
Role o f Survivin in the regulation of cell 
proliferation and differentiation in 

vertebrate lens development

Miguel Jarrin

Visual Neuroscience & Molecular Biology Group 
Cardiff School of Optometry and Vision Sciences 

Cardiff University 
2008



UMI Number: U585122

All rights reserved

INFORMATION TO ALL USERS 
The quality of this reproduction is dependent upon the quality of the copy submitted.

In the unlikely event that the author did not send a complete manuscript 
and there are missing pages, these will be noted. Also, if material had to be removed,

a note will indicate the deletion.

Dissertation Publishing

UMI U585122
Published by ProQuest LLC 2013. Copyright in the Dissertation held by the Author.

Microform Edition © ProQuest LLC.
All rights reserved. This work is protected against 

unauthorized copying under Title 17, United States Code.

ProQuest LLC 
789 East Eisenhower Parkway 

P.O. Box 1346 
Ann Arbor, Ml 48106-1346



"you see, Aiomo... it's fide tHis. Sometimes, wfien you've a very 

Urn# street aHeadof you, you tHind How terriBly ton# it is aruf 
feefsure you'iT never yet it swept... Aruf tHen you Hurry, you 
wordfaster aruf fas ter, arufevery time you lood tip tdere seems 
to Be Just as mucd to sweep as Before, aruf you try even 
Harder..., arufyou panic, aruf in tHe erufyou're out of BreatH 
arufHave to stop-arufstiif tHe street stretcHes away in from of 
you. So isn't one allowedto made it... one never may tHind in tHe 
wHole road at one time, Do you understand? One must tHind 
only of tHe next step, of tHe next BreatH, of tHe next Broom fine... 
Step - BreatH -  Broom fine... ayain aruf ayain oniy to tHe next... 
Then it modesfor Joy; tHat is important, aruftHen one modes its 
tHinyyood Aruf so it is to 6e... One notices at one time tHat one 
made step for step tHe wHole road One didnot notice at alf as, 
andone is not out of BreatH.. THat is important. "

Role o f Survivin in the regulation o f cell proliferation and differentiation in lens development



Ca r d if f
U N I V E R S I T Y

P R I F Y S G O L

C a eRDY[§>

Declaration:

This work has not previously been accepted in substance for any degree and is not 
being currently submitted in candidature for any degree.

Signed: D ate:......

STATEMENT 1

This thesis is being submitted in partial fulfilment of the requirements for the degree 
of PhD.

Signed: Date

STATEMENT 2

This thesis is the result of my own investigations, except where otherwise stated. 
Other sources are acknowledged by footnotes giving explicit references. A 
bibliography is appended.

Signed: Date:

STATEMENT 3

I hereby give consent for my thesis, if accepted, to be available for photocopying and 
for inter library loan, and for the title and summary to be made available to outside 
organisations.

Signed: Date M J /.M



Acknowledgement

ACKNOWLEDGEMENT

I feel a very unusual sensation - if it is 
indigestion, I think it must be gratitude.

(Benjamin Disraeli)

Role o f Survivin in the regulation o f cell proliferation and differentiation in lens development

not

II



Acknowledgement

First of all, I would like to thank my supervisors: Professor Mike Boulton and 

Dr. Mike Wride for giving me this opportunity, for their support, advice and guidance 

during this project. I am also grateful to Professor Wolfgang Drexler, Professor Keith 

Meek and Professor Tim Wess for their support during this last year of the thesis. I 

thank to Dr. Jez Guggenheim for his help, time and patience. I would also like to 

thank Dr. Fiona Mansergh for help and support me with PCR and Dr. Jon Erichsen 

for his time and advice.

During this study in Cardiff School of Optometry and Vision Sciences I have 

the opportunity to learn from very different students; Jack, Jen, Linda, Mat and 

Melissa. I would like thank to all previous students for their friendship and support: 

Aiwa, Amit, Bablin, Cameron, Debbie, Donna, Helen, Liu, Mareih, Mohamed, Ping, 

Rishi, Rosie, Tina and Yadan.

I am grateful to a number of people involved in the develop of my research, 

Gosia, for her help with real time PCR, Llinos for help me with WB, Magda for her 

support in those long days in histology lab and Tetyana for her patience to explain my 

stats questions. Special thanks go to Ankush, Aneesh, Claudia, Cris, George, Kinga, 

Lilian K, Paul, Paulina and Vedran for their moral support and friendship.

I am most grateful to my “adoptive Spanish family” in Cardiff: Alberto, 

Hector, Noelia and Yaiza. Thanks for help me settle here and made my life much 

easier. I could not have completed this work without their emotional support.

A big thank to all Cardiff School of Optometry and Vision Sciences office 

staff, Andy, Craig, John, Leanne, Phil, Rob, Sue, Stacey and Steve. They support was 

essential to complete this work.

Finally, my very special thank to my family and friends for their 

encouragement, understanding, firm faith and financial support.

Ill
Role o f Survivin in the regulation o f cell proliferation and differentiation in lens development



Abstract

ABSTRACT

Introduction: The lens is an unusual and transparent tissue. This transparency of the 
lens depends on a precise and fine regulation of cell proliferation and differentiation; 
when this control is disrupted cataract arises. Previous studies have identified 
regulators of the cell cycle in lens epithelial and fibre cells or in the identification of 
the main components of fibre cell differentiation. However, few studies have been 
carried out in order to understand how proliferation and differentiation are regulated 
and coordinated in the vertebrate lens. Survivin, also called Birc5, is the smallest 
member of the inhibitor of apoptosis protein (IAP) family. Survivin functions at a 
pivotal junction of the cell cycle/apoptosis balance and is vital in maintaining normal 
tissue homeostasis.

Purpose: The purpose of the present study was the analysis of the expression of 
Survivin in the lens during development in order to provide evidence that Survivin 
may have an important role as a regulator of cell proliferation and differentiation 
during lens development.

Methods: In order to clarify the role of Survivin in vertebrate lens development three 
models were used: embryonic chick lens, chick epithelial dissociated primary cell 
culture and postnatal mouse lens. A thorough spatio-temporal analysis of Survivin 
expression in the developing lens was carried out. RT-PCR, RT-QPCR, Western Blot 
and immunocytochemistry were used to study the expression of Survivin during lens 
development. Proliferation (PCNA) and denucleation pattern (TUNEL) were 
correlated with dynamic changes in the pattern of expression of Survivin during lens 
development.

Results: Survivin expression was detected in the three models studied. In embryonic 
chick lens model, Survivin expression was developmentally regulated with high peak 
at early embryonic lens stages of development (ED6). Finally, Survivin protein 
expression was absent of the lens before the denucleation in the fibre cells were 
observed at ED 16. In the chick lens epithelial dissociated cell culture, Survivin 
expression was associated with the increase of proliferation in cell culture. Survivin 
was detected in presence of denucleation and down regulation of Survivin was in 
coincidence of increase of denucleation at day 8 of cell culture. In postnatal mouse 
lens development, gene expression analysis confirmed the results observed in the 
other two models. The main difference was observed at protein level. The WB 
showed an additional band to Survivin wild type at NB and Pn7. Also, an increase of 
Survivin wild type was observed at Pn7, in coincidence with decrease in proliferation.

Conclusions: Overall, the results presented suggest that Survivin is an essential 
survival factor in vivo and in vitro during the development of the vertebrate lens and 
suggest that Survivin expression is critical to maintaining cell survival in cells that are 
continuously proliferating and in those younger lens fibre cells that withdraw from the 
cell cycle, but not in cells in quiescence i.e. the central lens epithelial cells, after 
ED 12 in chicken and at Pnl4 in mouse lenses.
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p21 Tumour suppress 21
p53 Tumour suppress 53
p57 Tumour suppress 57
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PDGF Platelet derived growth factor
pRb Retinoblastoma susceptibility protein
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PCR Polymerase chain reaction
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RT-QPCR Reverse transcriptase quantitative polymerase chain reaction
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Chapter 1

The game is afoot!

(Sherlock Holmes)
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Chapter I General Introduction

1.1 The lens

1.1.1 Introduction to the lens

The lens is a specialised epithelial tissue that is responsible for projecting the 

visual image on the retina. To perform this function, the lens must be transparent, 

have a higher refractive index than the medium in which it is suspended, and have 

refractive surfaces with the proper curvature (Beebe, 2003).

To maintain transparency and high refractive index, the lens fibre cells require 

a precise organisation. Disruption of this organisation of the lens fibre cells can 

destroy the transparency, a process known as cataract formation.

Cataracts are the leading cause of blindness worldwide and the removal of 

cataracts is the most common surgical procedure in the aged population (Foster and 

Johnson, 1990; Thylefors et al, 1995; WHOReport, 1997; McNulty et al, 2004; 

Streete et al, 2004). At least 18% of those aged 65-75 have lens opacities that affect 

vision. In the 75-85 year age range, as many as 50% may be affected.

Congenital cataracts, although much less common than age-related cataract, 

account for approximately one third of blindness in infants. Congenital cataracts are a 

significant cause of visual disease. Worldwide, 20 million children under the age of 

16 suffer from this illness and 1.4 million are blind (Johnson et al, 2003). Without 

prompt treatment, cataracts may interfere with sharp imaging on the retina, resulting 

in failure to develop normal retinal-cortical synaptic connections and placing children 

at risk of irreversible visual loss. Approximately 50% of congenital cataracts are 

inherited (Robinson et al, 1987; Hejtmancik and Smaoui, 2003) and are genetically 

determined. The cataract may be isolated, be associated with other developmental 

abnormalities of the eye, or form part of an inherited multisystem disorder (Online 

Mendelian Inheritance in Man, 2000).

The study of large families, using genotyping and subsequent linkage 

analysis, allow molecular geneticists to establish an approximate chromosomal 

location for the disease gene. Good candidate genes known to be important for lens
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development are initially screened (Reddy et al, 2004). In general, two big groups of 

mutations have been found, one group involves disruption of lens development and 

uncontrolled cell division (for specific mutations see Graw, 2003; Francis and Moore, 

2004; and Reddy et al, 2004) leading to the loss of cellular order in the lens and to 

light scattering. A second group results from aberrations of the lens crystallins or the 

intracellular environment (for specific mutations see Graw, 2004; Francis and Moore, 

2004; and Reddy et al, 2004) disrupting the ability of the crystallins to interact in a 

close and orderly fashion and causing them to aggregate or to precipitate and scatter 

light. These two processes are not necessarily mutually exclusive (Hejtmancik, 1998).

1.1.2 Structure o f  the adult lens

The lens is formed from two populations of specialised epithelial cells. A 

sheet of cuboidal cells, the lens epithelium, covers the anterior surface of the lens. 

The bulk of the lens consists of concentric layers of elongated fibre cells. These fibres 

extend from just beneath the epithelium to the posterior lens surface (Beebe, 2003). 

Surrounding the lens, there is an elastic extracellular matrix secreted by the epithelial 

and superficial fibre cells, the lens capsule (Beebe, 2003).

In the adult lens, most epithelial and all the fibre cells are non-dividing. Only 

cells of the equatorial margin of the lens epithelium proliferate slowly. The cells 

produced by mitosis in this region migrate towards the posterior of the lens and 

differentiate into fibre cells at the lens equator. These new fibre cells elongate 

towards the posterior ends along the surface of the capsule. Their anterior ends slide 

beneath the epithelium until they meet elongating cells from the other side of the lens 

near the posterior and anterior midlines. The junctions between the ends of the cells 

from opposite sides of the lens are called sutures.

The lens continues to increase in size and cell number through life. The new 

fibre cells are added to its outer surface and the mature fibres are gradually buried 

deeper in the lens as successive generations of fibres are laid down (figure 1.1).

3
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Figure 1.1. Diagrammatic cross- 
section o f  the lens. At the anterior 
(ant.), the lens is bounded by an 
epithelium (Ep). The bulk of the tissue 
is composed of concentric layers of 
fibre cells. Differentiating fibres (DF, 
shaded region) near the surface 
contain a normal complement of 
organelles. Mature fibres (MF) located 
in the central region of the tissue do 
not contain organelles. The diameter 
of whole lens is labelled as “a”. The 
diameter of the MF region is labelled 
as “b”. (From McNulty et al, 2004).

The cells that form the lens are originally part o f the surface ectoderm 

covering the head o f the embryo. As a result o f interactions between the future lens 

cells and nearby tissues, patches o f cells on either side o f the head express the 

transcription factor Pax-6. This Pax-6 expression is essential for eye formation 

(Walther and Gruss, 1991; Hill and Hanson, 1992; Li et al, 1994), including 

determination o f the lens placodes from the surface ectoderm (figure 1.2a), and in 

maintenance o f its own transcription in surface ectoderm domains that are 

independent o f the optic vesicles (Wride, 1996).

After they make contact, the optic vesicles and prospective lens cells secrete 

an extracellular matrix that causes them to adhere tightly to each other (Hendrix and 

Zwaan, 1975). The surface epithelial cells that adhere to the optic vesicle then 

elongate, thereby forming the thickened lens placode (Hendrix and Zwaan, 1974). 

After this, the lens placode and the adjacent cells o f the optic vesicle buckle inward 

(Schook, 1978) and, as a result of this, the optic cup is formed. This invaginated lens 

placode separates from the surface ectoderm by a process involving the death o f the 

cells in the connecting stalk between the cells o f the surface ectoderm and the lens 

(Garcia - Porrero et al, 1984).
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Figure 1.2. Schematic view o f a developing o f  ocular lens. This figure illustrates the progressive steps 
in lens development, a) The most important stages from the late gastrula to the optic cup stage are 
shown. The first main step occurs when the single central eye field splits into two lateral parts to form 
the optic vesicles and the lens placode. The invagination of the lens placode occurs after contact of the 
optic vesicles and surface ectoderm; the optic cup is formed as a result of this invagination, b) Once the 
lens vesicle has formed, the primary lens fibres elongate from the posterior epithelium of the lens 
vesicle and fill its entire lumen. The secondary fibre cells start to elongate at the lens bow region; the 
fibres from opposite sides meet at the anterior and posterior pole and give rise to the lens sutures. The 
final step in lens differentiation is the degradation of the cell nuclei and mitochondria. (From Graw, 
2003).

When the lens vesicle separates from the surface ectoderm, the cells in the 

posterior portion o f the vesicle begin to elongate (figure 1.2b). The elongation of 

these primary fibre cells soon obliterates the lumen of the vesicle as their apical ends 

contact the apical ends o f the anterior epithelial cells. Primary fibre formation 

establishes the fundamental structure o f the lens, with epithelial cells covering the 

anterior surface and elongated fibre cells filling the bulk of the lens.

The epithelial cells that give rise to the lens vesicle originally lay on a thin 

basal lamina. In the process of invagination, this basal lamina comes to surround the 

lens vesicle. It gradually thickens by deposition of successive layers of basal lamina 

material to form the lens capsule (Silver and Wakely, 1974; Parmigiani and McAvoy, 

1991). This lens capsule is a source o f essential survival factors for lens epithelial 

cells (De Iongh and McAvoy, 1992 and Tholozan et al, 2007).

At this stage, most of the lens epithelial cells are actively proliferating. Cells 

at the margin of the epithelium are pushed toward the equator and are stimulated to
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differentiate into secondary fibre cells by factors present in the vitreous body 

(Coulombre and Coulombre, 1963; Coulombre and Coulombre, 1969; Beebe et al, 

1980; Schulz et al, 1993). As secondary fibres elongate and their basal and apical 

ends curve toward the centre of the lens, they displace the central primary fibres from 

their attachments with the capsule and the lens epithelium.

1. 1.4 Lens fibre cell differentiation

1.1.4.1 Signalling o f cell cycle withdrawal in the lens epithelial cells

The differentiation of the lens epithelial cells is an elaborate process that 

requires the coordination of many different cellular signalling pathways (Menko, 

2002). The process begins as cells in the anterior lens epithelium, which are 

committed to the lens lineage, but are not yet differentiated; receive signals to enter 

the cell cycle. These signals require input from both integrins and growth factors and 

are mediated by SRC family kinases and the extracellular signal-regulated kinases 

(ERK) signalling pathway (Brewitt and Clark, 1988; Menko and Boettiger, 1988; 

McAvoy and Chamberlain, 1989; Ibaraki et al, 1995; Moro et al, 1998; Roovers and 

Assoian, 2000; Lovicu and McAvoy, 2001; Walker et al, 2002a).

The lens epithelial cells proliferate 

in the anterior aspects of the equatorial 

epithelium and, before they begin to 

express characteristics specific to the lens 

fibre cells, they withdraw from the cell 

cycle in the transition zone.

This proliferation / differentiation 

decision is a crucial step for these cells and 

is common to the regulation of many cell 

differentiation pathways. In the lens, this 

transition requires the suppression of SRC 

family kinase activity (Walker et al, 2002b) and requires the coordinated actions of

STRUCTURE O f THE 
VERTEBRATE LENS

Figure 1.3. Epithelial cells differentiate in 
the bow region to fibre cells. (From 
http://www.erin.utoronto.ca/~w3bio380/Ll 
7Frameset2.htm).
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molecules such as cyclin-dependent kinase (Cdk) inhibitors p27 and p57 (Zhang et al, 

1998; Lovicu and McAvoy, 1999) and retinoblastoma proteins (pRb proteins; Fromm 

et al, 1994). The ability o f the lens epithelial cells to transition from proliferative to 

postmitotic cells is correlated with the establishment o f stable N-cadherin junctions 

(Ferreira-Comwell et al, 2000).

The initiation o f the lens differentiation programme requires the coordinated 

action o f both integrins and growth factor receptors and the activation o f downstream 

signalling pathways, including the ERK pathway. Completion o f the differentiation 

programme o f the lens fibre cell then involves molecules that regulate cell elongation, 

membrane stabilization, cell-cell communication and the establishment o f cell 

transparency (Menko, 2002).

1.1.4.2 Primary lens fibre cell differentiation

Primary lens fibre cells are formed by the elongation o f the lens epithelial 

cells at the posterior o f the lens vesicle (Piatigorsky, 1981). In the primary lens fibre 

cells, denucleation occurs and is accompanied by the accumulation o f small granules, 

which are probably nucleosomes that condense to osmophilic bodies in the nucleus 

and the cytoplasm and become invaded by vesicles containing proteolytic enzymes. 

The breakdown products are extruded into the extracellular space and transported to 

the anterior and posterior pole o f the cells where they are digested and finally 

extruded from the lens (Vrensen et al, 1991). This process is different from that 

occurring in secondary lens fibres.

1.1.4.3 Secondary lens fibre cell differentiation

Secondary lens fibre cells are formed by the addition o f equatorial epithelial 

cells to the posterior compartment o f the lens through the cell cycle. During their 

differentiation, fibre cells withdraw from the cell cycle, elongate greatly, express 

large amounts o f protein, acquire several specialisations o f their plasma membranes 

and degrade all membrane organelles. (Piatigorsky, 1981; Wride, 1996)

7
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The lens fibre cell elongation may be driven by an increase in cell volume 

(Beebe et al, 1982). Initiation o f fibre cell elongation is accompanied by changes in 

the ionic permeability o f the plasma membrane. The resulting accumulation o f 

potassium and chloride ions in the cytoplasm leads to an osmotically driven increase 

in cell volume (Parmelee and Beebe, 1988). Continued cell elongation depends on 

sustained protein synthesis (Piatigorsky et al, 1972; Milstone et al, 1975).

The programmed removal o f nuclei and other organelles resembles apoptosis 

in many respects (Wride, 1996; Lang et al, 1997; Counis et al, 1998; Bassnett 2002). 

However, there are differences between the apoptotic process and the removal o f 

nuclei in lens fibre cell differentiation. The lens cells that lose their organelles persist 

throughout the lifetime o f the organism. Tumour necrosis factor-alpha (TNFa) may 

act as a trigger for nuclear degeneration (Wride and Sanders, 1998) and an increase o f 

hypoxia in the differentiating fibre cells may help in this organelle degradation 

(McNulty et al, 2004). Members o f the Bcl-2 family and caspases may also be 

involved in this pathway (Wride et al, 1999). Recently, our laboratory has 

demonstrated that additional regulators o f TNF signalling pathways are expressed in 

the developing chick lens, including TRAIL, TRAF1 and TRAF2 (Williams et al, 

unpublished).

The highly ordered spatio-temporal removal o f nuclei and organelles is of 

fundamental importance to the function o f the mature lens, since it leads to the 

formation o f a transparent region at the centre o f  the lens that has been termed the 

organelle-free zone (OFZ; Bassnett and Mataic, 1997).

1.2 Apoptosis and proliferation in the lens development

Vertebrate lens development is the result o f the coordination o f three basic 

events: cell proliferation, migration and apoptosis. The patterns o f proliferation, 

migration and cell death change during lens development. The maintenance o f the 

regulation o f these events during lens development and in the adult lens is strictly 

necessary and disruption o f one o f these events, or the factors that are controlling 

them, can cause cataracts.
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1.2.1 Overview o f Apoptosis

Apoptosis is generally defined as a genetic program of cellular suicide with 

unique morphological characteristics that include chromatin condensation, membrane 

blebbing and formation of so-called apoptotic bodies (Kerr et al, 1972). This type of 

cell death is essential to sculpt the developing organism during embryonic and foetal 

growth (Meier et al, 2000) and is critical in adult life to maintain the homeostasis of 

differentiated tissues (Hengartner, 2000) and removed damaged cells. Apoptosis is 

mediated by caspases, intracellular cysteine proteases that become activated in 

response to cell death stimuli and cleave a variety o f cellular substrates involved in 

DNA repair, cytoskeletal organization, nuclear integrity, and cell survival (Goyal, 

2001).

Apoptosis 
(Programmed Cell Death)

M embrane Blebbing
Normal cell

Cell shrinkage 
Chromatin Condensation

Apoptotic Body 
FormationLysis o f m 

A poptotic ^ *o<> 
Bodies Xniuclear Collapse 

Continued Blebbing

Figure 1.4. Schematic cell morphologic changes during apoptosis. The cytoplasm begins to shrink 
and chromatin condensation can also be observed. Membrane changes can often be observed 
morphologically through the appearance of membrane blebs, following by the cleavage of lamins 
and actin filaments and breakdown of chromatin and nuclear structural proteins. Cells package 
themselves into small vesicles called apoptotic bodies. The phagocyte cells are responsible for 
removing apoptotic cells from tissues in a clean and tidy fashion that avoids many of the problems 
associated with necrotic cell death. (From www-micro.msb.le.ac.uk).

Two main apoptotic pathways have been identified (Hengartner, 2000). An 

’’extrinsic* pathway critical for immune selection and inflammation (Krammer, 1998)
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is initiated by ligation o f cell surface death receptors, including the TNFa receptor 

and CD95 (Fas) (Ashkenazi and Dixit, 1998). This result in the formation of a 

supramolecular complex associated with the death receptors cytosolic tail that 

promotes the activation o f upstream caspase-8. Conversely, various intracellular or 

environmental stimuli converge on an "intrinsic’* apoptotic pathway, which is 

characterised by increased mitochondrial leakiness and a global collapse of 

mitochondrial functions (Kroemer and Reed, 2000). The two apoptotic pathways 

exhibit extensive functional crosstalk, and caspase-8 cleavage of a Bcl-2 protein, Bid, 

amplifies cell death by activating mitochondrial apoptosis (Luo et al, 1998).

Amongst the regulators of apoptosis, Bcl-2 proteins (Cory and Adams, 2002) 

act at the mitochondria to decrease (anti-apoptotic) or enhance (pro-apoptotic) 

permeability transition, typically by regulating cytochrome c release (Hengartner,

2000). These molecules form homo- and hetero-dimers at the outer mitochondrial 

membrane and the composition of the complex is thought to shift the balance 

between cell survival and cell death (Hengartner, 2000). Amongst pro-apoptotic Bcl- 

2 family members, the "BHB-only’* molecules Bax and Bak may be required to 

initiate most, if not all, mitochondrial-dependent apoptotic pathways (Wei et al,

2001).

Figure 1.5. Overview o f pathways regulating apoptosis. 
The two pathways that regulate cell fate are the extrinsic 
(green), the intrinsic (blue), (a) The extrinsic pathway 
centres on death receptors, exemplified by Fas in this 
figure. Ligand (FasL) binding results in binding of the 
cytosolic death domain of the receptor to an adaptor protein 
(FADD) containing a death domain. The adaptor protein 
also has a death effector domain to which a caspase can 
bind. All four molecules (ligand, death receptor, adaptor 
protein, and caspase) form a death-inducing signalling 
complex that activates the effector caspases. (b) The 
intrinsic pathway centres on the integrity of the 
mitochondria, which is maintained by the Bcl-2 family. 
The ratio of the pro- and anti-apoptotic Bcl-2 family 
members is tightly regulated by p53 amongst other 
molecules. If the ratio of the Bcl-2 family members tips 
towards the pro-apoptotic side, the mithochondria’s 
membrane integrity decreases and the pro-apoptotic 
factors, such as cytochrome c, are released. Cytochrome c 
binds to Apaf-1, and this complex activates initiator 
caspases that in turn activate effector caspases (Modified 
from Rowe and Chuang, 2004).
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1.2,2 Apoptosis in lens development

Apoptosis is a key player during eye development and alteration of the 

regulation of the apoptosis is associated with different diseases in cornea, lens and 

retina (Li, 1995; Lolley, 1995; and Wilson, 1999).

1.2.2.1 Apoptosis and lens development

The role of apoptosis is well documented during early stages of development 

(e.g. during the loss of the lens stalk coinciding with the pinching off the surface 

ectoderm, Garcia-Porrero et al, 1984; Ishizaki et al, 1993; and Steller, 1995).

The second role of apoptosis is involved in the regulation of lens size by 

controlling the number of lens epithelial cells that leave the cell cycle and start to 

differentiate into fibre cells (Bhat, 2001). The lens epithelial cells migrate to the 

equatorial region where they stop proliferating, leave the cell cycle and start to 

differentiate. When these cells cannot stop proliferating, then the apoptosis pathway 

is activated and the cells are removed to avoid disruption of the lens structure, loss of 

transparency and development of posterior subcapsular opacification (Bhat, 2001).

1.2.2.2 Apoptosis signalling during lens fibre differentiation?

There is no evidence for a role of apoptosis during primary fibre cell 

differentiation (Bhat, 2001). However, this situation changes during the maturation of 

secondary fibre cells, in which the machinery of cell death is activated (Appleby and 

Modak, 1977 and Wride and Sanders, 1998).

Secondary lens fibre cells differentiate from lens epithelial cells by a 

transformation which involves the loss of cellular organelles, including the nuclei, 

and the expression of various lens-specific crystallins which endow the lens with its 

characteristic optical properties (Piatigorsky, 1981; Wride, 1996; Bassnett, 2002). 

Despite this extreme course of events, the lens fibre cells persist, and their plasma 

membranes maintain their integrity. Because the degenerating nuclei bear many of
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the characteristics of the nuclei of apoptotic cells (Sanwal et al, 1986; Bassnett 1997; 

Counis et al, 1998; Wride and Sanders, 1998) the nuclear degeneration process has 

been likened to an apoptotic event, which is not accompanied by plasma membrane 

changes (Lang, 1997; Dahm, 1999 and Wride et al, 1999; 2000).

Lens epithelial cells can undergo apoptosis and they contain caspase-3 

(Ishizaki et al, 1998; Yao et al, 2003). Cataract formation may be associated with a 

decrease in caspase-3, suggesting either that even the differentiated lens fibre can 

undergo a form of apoptosis or that caspase-3 has functions other than apoptosis 

(Andersson et al, 2003).

The loss of the nucleus from lens is characterised by shrinkage of the nucleus 

and margination of the chromatin (as in apoptosis) followed by clustering of nuclear 

pores (Dahm and Prescott, 2002). Overexpression of bcl-2 slows denucleation 

(Fromm and Overbeek, 1997; Dahm, 1999; Sanders and Parker, 2003) and caspase 

inhibitors inhibit denucleation (Wride et al, 1999; Wride, 2000). As in many 

apoptotic cells, p35 is cleaved and Cdk5 is activated (Gao et al, 1997). Thus, lens 

denucleation can be considered to be an attenuated form of apoptosis (Dahm, 1999).

Comparisons between denucleation and apoptosis have been discussed by 

different authors (Chaudun et al, 1994; Wride, 1996; 2000; Bassnett and Mataic, 

1997; Dahm, 1999 and Bassnett, 2002). In conclusion, there is evidence in favour of 

the view that lens fibre cell denucleation is an apoptotic-like event in which the 

plasma membrane phenomena associated with apoptosis are absent.

Furthermore, cataracts result when essential genes involved in apoptosis 

signalling pathways, such as DNase II beta, are mutated (Nishimoto et al, 2003). The 

recent work of Weber and Menko (2005) indicates that the intrinsic mitochondrial 

apoptosis pathway also has a non-apoptotic role in initiating lens fibre cell 

differentiation by activation of caspases, albeit at lower levels and over a longer 

period of time than is required for complete apoptosis. This work suggest there is 

good evidence that the pathways involved are regulated by Survivin, a member of the 

inhibitors of apoptosis family (IAP), although this has not been thoroughly 

investigated.
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1.2.3 Apoptosis and lens pathology

In the previous sections of this chapter the role of apoptosis and its machinery 

in lens development have been discussed. In this section, lens pathologies derived 

from abnormal activation of the apoptosis pathway will be discussed.

aA-crystallins are proteins with multiple roles in the lens: structural proteins, 

molecular chaperones and antiapoptotic regulators (Bloemendal, 1982; Kantorow and 

Piatigorsky, 1994 and Horwitz, 2000). Double knockout mice for aA-crystallins and 

aB-crystallins enhanced expression and activity of both caspase -3 and -6, increasing 

apoptosis of the secondary fibre cells and eventual cataractogenesis (Bai et al, 2004).

Irradiation of rat lens cultures with ultra violet light (280 -  320 nm) triggers 

the activation of apoptosis signalling in the irradiated lens epithelial cells. The 

majority of the irradiated cells die through apoptosis; cataracts appear in the 

equatorial region and spread to the whole lens (Li and Spector, 1996).

Abnormal calcium homeostasis in the lens epithelial cells by incubation of the 

cells with calcimycin shows in vitro opacification after epithelial cell death (Clark et 

al, 1980; Duncan and Jacob, 1984; Hightower, 1985; Shearer et al, 1992 and Li et al, 

1995).

1.2.4 Proliferation in the lens

Regulation of cell proliferation is one of the critical aspects of lens 

development. Cell proliferation is restricted to the epithelial cells and this pattern of 

proliferation changes during development and in adult lenses. Cell cycle regulators 

have been shown to have the capacity to regulate this cell proliferation. When the 

epithelials cells arrive at the periphery of the lens, the cells withdraw from the cell 

cycle and start to differentiate into fibre cells (Garcia et al, 2005).
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1.2.4.1 Introduction to the Cell cycle

A cell reproduces by performing an orderly sequence of events in which the 

cell increases in size, duplicates its contents and then divides into two genetically 

identical daughters (Nyberg et al, 2002). This cycle o f growth, duplication and 

division is known as the cell cycle. The cell cycle is divided into four phases (figure 

1.6). The G1 phase in which the cell increases in size; the S phase in which the cell

duplicates the chromosomes; 

the G2 phase in which it 

checks the replicate 

chromosomes before the cell 

enters in to mitosis; and the 

mitosis or M  phase in which 

the cell undergoes 

caryokinesis and cytokinesis 

(Nurse, 2000). Traditionally, 

mitosis is divided into five 

states. During the first stage, 

prophase, the sister 

chromatids start to condense. 

In the next stage, prometaphase, chromosomes attach to the spindle microtubules via 

their kinetochore. During this stage, the nuclear envelope is broken down. The 

chromosomes begin to move apart until they arrive midway between the spindle 

poles at metaphase. During anaphase, the paired chromatids synchronously separate 

to form two daughter chromosomes. In the last phase, telophase, the two sets o f 

daughter chromosomes arrive at the poles o f the spindle and a new nuclear envelope 

re-assembles around each set.

During cytokinesis, the components o f the cell, such as membranes, the 

cytoskeleton, organelles, and soluble proteins are distributed to the new daughter 

cells. Then the contractile ring will tighten further and further until cell is pinched in 

two.

COM

COM

COM

COM

G0

F igure 1.6. The stages of the cell cycle. The site of 
activity of regulatory CDK/cyclin com plexes is also 
indicated. (From Vermeulen et al, 2003)
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The events of the cell cycle must also occur in a particular sequence and this 

sequence must be preserved even if one o f the steps takes longer than usual. All 

eukaryotic cells have evolved a complex network of regulatory proteins known as 

cyclin-dependent kinases (Cdks) that govern progression through the cell cycle 

(Morgan, 1997; Miller and Cross, 2001).

Cdks are serine / threonine proteins that are activated at specific points in the 

cell cycle (Schafer, 1998). There are at least nine Cdks but only four are active during 

the cell cycle (table 1.1).

Cdks are regulated by cyclins (table 1.1). These cyclins show a cyclic 

expression during the cell cycle (figure 1.6). Cyclins perform multiple regulatory 

functions. First, cyclins activate Cdks at the specific stage o f the cell cycle in which 

they have their effect (table 1.1).

Table 1.1. Cyclin-Cdk complexes are activated al specific points o f  the cell cycle.

Cdks Cyclins Cell cycle phase activity

Cdk4 Cyclin D l . D2, D3 G1 phase

Cdk6 Cyclin Dl, D2, D3 G1 phase

Cdk2 Cyclin E G1 /  S phase

Cdk2 Cyclin A S phase

Cdkl

(Cdc2)
Cyclin A G2 /  M  phase

Cdkl

(Cdc2)
Cyclin B Mitosis

(From Vermulen et al, 2003)

In general, the complexes o f the Cdks-cyclins regulate progression through 

the stages o f the cell cycle (figure 6.1). Two families o f proteins, (p i6 and p21) 

appear to be the most important inhibitors. The p i6 family includes p i6, p i5, p i 8 

and p i9, which inactivate only G1 Cdk4 and Cdk6 (Guan et al, 1994; Kamb et al, 

1994; Hirai et al, 1995; Washimi et al, 1995). These proteins form stable complexes 

with Cdks before they are bound to cyclins. By binding Cdk4 and Cdk6, p i6 family
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members prevent the phosphorylation of pRb (Schafer, 1998). The p21 family 

include p21, p27 and p57. The p21 family of proteins are of primary importance in 

G1 regulation (Deng et al, 1995).

This cell-cycle control also monitors conditions outside the cell, stimulating 

cell division when more cells are needed and blocking it when they are not. The cell- 

cycle control can stop the cycle at various checkpoints. In this way, the control 

system does not trigger the next step in the cycle unless the cell is prepared. Two 

important checkpoints occur in G1 and G2. The G1 checkpoint allows the cell to 

confirm that the environment and its size is favourable for cell proliferation and its 

DNA is intact before committing to S phase. The G2 checkpoint ensures that the cell 

does not enter mitosis until damaged DNA is repaired and DNA replication is 

complete.

The restriction point is a molecular gate that regulates the expression of genes 

required for cell cycle progression. This point is regulated by the retinoblastoma 

susceptibility protein (pRb) and a family of essential transcription factors known as 

E2Fs (Fung et al, 1987; Lee et al, 1987; Chellappan et al, 1991; Dyson et al, 1998; 

and Nevins, 1998). The retinoblastoma protein binds to an E2F-DP complex in early 

G1 cells and this leads to repression of E2F from activating transcription by binding 

to its transactivation domain. Cell cycle entry is dependent on the sequential 

activation of the cell cycle dependent kinases (Cdk4/6- cyclin D and Cdk2-cyclin E), 

which phosphorylate pRb and cause it to release E2F, which drives the cell into cell 

cycle progression (Trimarchi and Lees, 2002).

1.2.4.2 Cell cycle regulation in the lens

The study of the pattern of cell proliferation during lens development has 

been widely studied. However, there is little work focusing on identifying the cell 

cycle regulators that control cell division in the lens epithelium. The complex pattern 

of proliferation of the lens epithelium suggests the possibility that multiple factors 

contribute to the regulation of cell cycle control in this layer (Griep, 2006).
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Different studies tried to identify and localise, cyclins, cdks and cdks 

inhbitors in the different lens compartments (see table 2). Cyclins A and E and Cdk 4 

are found only in the epithelium layer (Gao et al, 1997; Fromm and Overbeek, 1996; 

and Hyde and Griep, 2002). The expression of these positive regulators of the cell 

cycle in the epithelium supports the evidence that cell division is restricted to the lens 

epithelium. Interestingly, cyclins B and D and the cdks 4 and cdc 2 are found in 

epithelium and fibre cells (Fromm and Overbeek, 1996; Gao et al, 1997; and Gong et 

al, 2001). These proteins are involved in the positive regulation in cell growth, but 

their presence in the fibre cells may indicate a role during cell differentiation (He et 

al, 1998).

The expression of the pRb and E2F families has been analyzed during lens 

development (Rampalli et al, 1998). Two of the members of pRb family, pRb, and 

p i07, have been described in both epithelial and fibre cells. However, p i30 appears 

to be degraded by a ubiquitin-dependent process in fibre cells (Rampalli et al, 1998). 

The members of the E2F family are found in epithelial and fibre cells with the 

exception of the 2 and 5 members, which are restricted to the epithelium. All these 

observations suggest an important role of these two families in the control of the 

initiation or withdrawal from the cell cycle in the lens.

Table 1.2. Expression o f cell cycle regulators in the lens.

Epithelium Fibres

Cyclins A, B, D, E B, D

Cdks 2,4, Cdc2 4, Cdc2

pRb family pRb, p i 07, p i 30 pRb, p i 07

E2F family /, 2, 3, 4, 5 1,3,5

(From Griep, 2006).
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1.2.4.3 Growth factor and proliferation

From the early stages of lens development to the adult, the pattern of 

proliferation is changed in a controlled manner. Growth factors are responsible for 

the control of these changes on the pattern of proliferation and differentiation. 

Different growth factors have been involved in the control of lens proliferation, but 

the signalling mechanism activated for these growth factors is not clear, although the 

evidence of the studies suggest a redundant machinery of signalling involved in 

maintenance of lens structure.

A wide range of growth factors have been studied as mitogenic factors in the 

lens of different species, although the main interest has been on: fibroblast growth 

factor (FGF) (McAvoy and Chamberlain, 1989) Platelet derived growth (PDGF) 

(Kok et al, 2002) Epidermal growth factor (EGF) (Reddan and Wilson-Dziedzic, 

1983 and Wang et al, 2005) and Hepatocyte growth factor (HGF) (Wormstone et al, 

2000 and Choi et al, 2004).

FGF family members play a role in the regulation of lens proliferation and 

differentiation (McAvoy et al, 1989 and Chamberlain and McAvoy, 1997). FGF 

stimulate proliferation and differentiation in a dose-dependent manner (McAvoy and 

Chamberlain, 1989). Low concentrations of FGF (<10 ng) induce cell proliferation 

through the activation of ERK in lens epithelial cells (Lovicu and McAvoy, 2001). 

High concentrations of FGF drive lens differentiation through upregulation of p57, a 

specific cell cycle inhibitor (Lovicu and McAvoy, 1999) using the ERK signalling. 

The differential cell responsiveness induced by different concentrations of FGF may 

be regulated by the intensity and / or duration of the downstream activated ERK 

signalling pathway (Marshall, 1995).

PDGF and its receptor are expressed in proliferating lens epithelial cells 

(Reneker and Overbeek, 1996). PDGF increase the synthesis of DNA in epithelial 

cells. Overexpression of PDGF produces hyperproliferation and increase of cyclin D2 

and cyclin A expression (Reneker and Overbeek, 1996). However, PDGF knockdown 

mice do not show lens abnormalities. PDGF induces cell proliferation in the lens
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epithelium by activation of ERK and JAK / STAT pathways (Potts et al, 1998; 

Chandrasekher and Sailaja, 2003 and Ebong et al, 2004).

EGF plays an important role in the regulation of cell growth, proliferation and 

differentiation and is well established as a promoter of the growth of lens epithelial 

cells (Ibaraki et al, 1995 and Maidment et al, 2004). EGF increases the expression 

and activity of CDK2, the cell cycle promoting protein, in many cell lines (Fan et al, 

1995; Mark and Storm, 1997; Ye et al, 1999 and Messner et al, 2001). On the other 

hand, p27 levels can be decreased by EGF (Ye et al, 1999 and Alisi et al, 2003). EGF 

induces proliferation by activation of the PI3 kinase pathway (Zatechka and Lou, 

2002 and Zhou et al, 2002).

Hepatocyte growth factor (HGF) is a multifunctional growth factor that is 

capable of acting as a potent mitogen, morphogen, and angiogenic factor in a wide 

variety of organs (Nakamura et al, 1989; Weidner et al, 1993; Vigna et al, 1994 and 

Zamegar and Michaelopoulos, 1995). In lens cultures, stimulation with HGF results 

in an increase of cyclin Dl in proliferating epithelial cells through the activation of 

ERK and JNK / SAPK signalling (Choi et al, 2004).

1.2.4.4 Deregulation o f  lens proliferation and pathology

Lens homeostasis is maintained by the perfect balance between cell 

proliferation and cell differentiation. This balance is a result of strict control of cell 

cycle regulation. When this control is disrupted by a change of conditions, aberrant 

growth of the lens epithelial cells can cause pathological conditions. This is the basis 

of some cataracts including the posterior capsule opacification (PCO), a secondary 

cataract. After cataract surgery the levels of mitogenic factors like FGF2 and HGF 

are increased in the aqueous humour and this influences lens epithelial proliferation 

(McAvoy and Chamberlain, et al, 1989; Wormstone et al, 2000; Choi et al, 2004; 

Mansfield et al, 2004 and Tanaka et al, 2004). High levels of mitogenic factors play 

an important role in the development of PCO (Wallentin et al, 1998 and Meacock et 

al, 2000) inducing deregulation of cell proliferation in the epithelium. This
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deregulation results in massive epithelial cell proliferation extended to other 

compartments of the lens. Moreover, transforming growth factor beta (TGF-B) has 

been shown to play a key role in PCO development (Liu et al, 1994; Hales et al, 

1995; Saika et al, 2001; 2002) in which it induces lens epithelial cells to undergo 

transformation into cells with fibroblastic and spindle-shape and myofibroblastic 

morphology (Ignotz and Massague, 1986; Hales et al, 1994 and Liu et al, 1994).

1.3 Survivin 

1.3.1 Introduction

Viral

The rapidly growing numbers of publications on Survivin following its 

discovery in 1997 indicate that Survivin has attracted substantial attention from 

different fields of the biomedical sciences. Its dual implication in cell death

regulation and mitotic progression has 

positioned Survivin at the crossroads 

of several fields of investigation in 

biology (Li, 2003 and Altieri, 2004).

The inhibitor of apoptosis 

(IAP) family of proteins, of which 

Survivin is a member, function as 

intrinsic regulators of the caspase 

cascade. Cellular proteins have been 

identified that inhibit specific 

'upstream' or initiator caspases, but the 

IAPs are the only known endogenous 

proteins that regulate the activity of 

both initiator (e.g. caspase-9) and 

effectors caspases (e.g. caspase-3 and - 

7) (Liston et al, 2003).

Nematode

Yeast

bir CARO UBC RING

Figure 1.7. BIR-containing proteins are 
represented from various species, highlighting 
the locations o f the BIR (black), CARD (light 
gray), RING (dark gray), and UBC (checkered) 
domains. (From Deveraux and Reed, 1999)
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Originally, IAPs were discovered in the baculovirus as a mechanism for 

avoidance of the host’s suicidal response to infection. Homologous IAPs have been 

found in nematodes, yeast, flies and mammalian cells (Crook et al, 1993; Bimbaum 

et al, 1994; Deveraux and Reed, 1999).

The members of IAPs (figure 1.7) are a family of proteins characterized by 

one or more ~70 amino-acid highly conserved baculoviral IAP repeat (BIR) domains. 

The BIR domain is a characteristic cysteine- and histidine-rich protein folding 

domain that chelates zinc and forms a compact globular structure consisting of four 

or five alpha helices and a variable number of antiparallel beta-pleated sheets. The 

core of a BIR domain consists of the variable consensus sequence, 

C(X)2C(X)6 W(X)3D(X)sH(X)6C, where X is any amino acid. Membership of the IAP 

family requires the presence of a BIR domain and the ability to suppress apoptosis 

(Deveraux and Reed, 1999)

The structure-function studies of IAPs suggest that at least one BIR domain is 

required for suppression of apoptosis (Deveraux and Reed, 1999). The prototype IAP 

family members identified in baculoviruses, as well as several of the mammalian 

IAPs, possess a carboxy-terminal RING zinc-finger (RZF). However, not all BIR- 

containing proteins possess this motif (table 1.3). This RZF domain allows the IAPs 

to polyubiquilate proteins that interact with them, such as caspases (Vaux and Silke,

2005). Certain IAPs also contain a caspase recruitment domain (CARD; Salvesen and 

Duckett, 2002).
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Table 1.3. The Mammalian IAP family (From Liston, etal, 2003)

H P Alierntinre names Otmtatns Cmpamr tpet tin ity Identified hunting proteins

NAIP BIRC 1 BIRO) Caspase-3 and -7 Htppncalcin
NOD
LRR

XIAP 8IKC4 BIRO) Caspasc-3. *7. and -9 Smac DIABLO
API? RING Omi HlrA2
MIMA XAFI
ILP-I TABI

NRAGE

c-IAPI BIRC2 BIRO) Caspase-3, -7. and -9 Smac DIABLO
APII CARD Omi HtrA2
MIHB RING IRAKI
h i a p : TRAF2

C-IAP2 •IR C ) BIRO) Caspase-3. -7. and -9 Smac DIABLO
API 2 CARD Omi HlrA2
MIHC RING TRAKI
MIAP2 T R A I2

Bel 10

Survivin BIRC 5 BIR Caspase-3 and -7 /l-tuhttlin
\PM Coiled coil Smac

I  IAP (mouse)

Livm BIRC 7 BIR Caspase-3. -7. and -9 Smac
KIAP RING
ML-IAP

Ts-IAP BIRCX BIR Caspase-9
ILP-2 RING

1.3.2 Survivin structure

Survivin is the smallest IAP family member (figure 1.8) consisting o f 142 

amino acids (16.5 kDa) and exhibits the most restricted expression of an IAP family 

member in adult tissues, although it is strongly expressed in embryonic and foetal

organs (Adida et al, 1998; Kobayashi et 

al, 1999). Structurally, Survivin is an 

unique IAP protein (Salvesen and 

Drucken, 2002), organised as a stable 

dimer (Verdacia et al, 2000) and 

containing a single BIR and a -COOH 

terminus coiled-coiled, but no other 

identificable domain (Ambrosini et al,

1997).

Figure I. 8. Predicted 3D structure 
modelling of Survivin. (From Caldas et al, 
2005a).

Survivin mRNA is found by 

Northern blotting only in occasional
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normal adult human or mouse tissues (Ambrosini et al, 1997). The Survivin promoter 

contains four copies of Gi repressor elements that have been implicated in controlling 

cell cycle periodicity in some G2/M-regulated genes (Li et al, 1998).

Moreover, when studied in reporter gene assays, the Survivin promoter 

exhibits typical M phase inducible transactivation, suggesting that Survivin is cell 

cycle regulated and is induced in dividing cells (Li et al, 1998). In HeLa cells,

Survivin mRNA is up-regulated -40-fold at G2/M (Li et al, 1998).

Immunohistochemical analysis and in situ hybridisation studies have demonstrated 

expression of Survivin in several apoptosis-regulated foetal tissues (Adida et al, 

1998). In the mouse embryo, prominent and nearly ubiquitous distribution o f Survivin 

was found at embryonic day (ED) 11.5, whereas at ED15-ED21, Survivin expression 

was restricted to only a few locations. The expression of Survivin in embryonic and 

foetal development may contribute to tissue homeostasis and differentiation, with the 

gene then becoming quiescent in most normal adult tissues (Adida et al, 1998).

After cell cycle-dependent expression at mitosis, Survivin localises to various 

components o f the mitotic apparatus (Li et al, 1998; Skoufias et al, 2000; Fortugno et

al, 2002), including centrosomes, 

microtubules o f the metaphase and

anaphase spindle, and midbodies (figure

1.9).

The Survivin gene has four exons 

in addition to one extra exon (exon 2B) 

and alternative splicing o f its pre-mRNA 

can produce four different Survivin 

mRNAs (Figure 1.10) in addition to the 

wild type Survivin mRNA described in 

both humans and mice (Mahotka et al, 

1999; Conway et al, 2000; Badran et al, 

2004; and Caldas et al, 2005b). O f the 

human splice variants, Survivin-2B, 165 

amino acids, is generated by the

Omni 
wadlt' n tta w r

I hwtfhitr tX fc

Figure 1.9. Immunochemically distinct 
Survivin pools localize to multiple components 
o f the mitotic apparatus, i n c lu d in g  

c e n t r o s o m e s ,  m e ta p h a s e  a n d  a n a p h a s e  s p in d le  

m ic r o t u b u le s  a n d  m id b o d ie s .  (From Altieri, 
2003)
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insertion of an alternative exon 2; Survivin-AEx-3 (137 amino acids arises) from the 

removal of exon 3; and Survivin-3B (120 amino acids) results from the introduction 

of a novel exon 3B (Mahotka et al, 1999; Conway et al, 2000; Badran et al, 2004; 

Caldas et al, 2005b). In Survivin-AEx-3, the splicing event introduces a frame shift 

that generates a unique — COOH terminus (Mahotka et al, 2002) containing a 

bipartite nuclear localisation signal (Rodriguez et al, 2002). Survivin-3B does not 

contain the tubulin-interacting carboxy-terminal coiled-coil region and the absence o f 

the coiled-coil domain may mean that the function o f Survivin-3B is not associated 

with G2/M phase. Finally, the last variant is Survivin 2a, a protein with 74 amino 

acids and the size of 8.5 kDa. This protein contains the coding sequences from exon 1 

and exon 2, and one additional amino acid before termination (figure 1.10). Survivin 

2a contains a truncated BIR domain and lacks the carboxy-terminal coiled-coil 

domain in its entirety.

Little is known about the differential function or expression of the Survivin 

alternative splice forms. The wild type Survivin is clearly the overwhelming form in 

all cell types tested so far (Mahotka et al, 1999) and this is in agreement with the 

intracellular topography of Survivin.

In tm n  1 Intm n 2A Intron 2B In Iron 3

— f— lien  2 —f  f—mmmm—f >— _juu*iA_—1 1—  Eion 4 -  pr®-mRNA

111bp 110bp S9bp I lS b p  87bp

1
p . ™ *  m R N A  s u r v iv i n

   ^  1
Exon 4 m R N A  s u r v iv i n  2 B

1
e .™  t  p . n .  ? Exon 4 3 -u tr  m R N A  s u r v iv i n  \ E x 3

  |________
F .n n i  f . « . i  p . a w  a  m R N A  s u r v iv i n  3 B

|  IM bp

Exoo I Exon 3 3UTB m R N A  S U f v M n  l a
ItTbp

Figure 1.10. Schematic representation o f  Survivin gene structure (From Caldas et al, 2005a). 
Survivin pre mRNA has four exons plus an extra exon. The different splicing of this pre mRNA 
produces the different isoforms. Survivin wild type has the typical four exons. Survivin 2B has an 
extra exon, exon 2B. Survivin AEx-3 lacks of exon 3 causing a different carboxy terminal. Survivin 
3B results from the insertion of a novel exon 3B, derived from intron 3. Survivin 2a contains the 
coding sequences from exon 1 and exon 2, and contains a truncated BIR domain and lacks the 
carboxy-terminal. coiled-coil domain. The line represents the BIR domain. The dotted line shows 
the coiled-coil domain.
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cytosolic, with a ratio of cytosolic vs nuclear Survivin of 6:1 (Fortugno et al, 2002). 

The functional significance of Survivin expression in the nucleus or cytosol is not 

clear. However, the nuclear translocation of Survivin might be a prerequisite for 

cancer cell proliferation, whereas the cytoplasmatic presence of Survivin may be 

associated with cell survival but not cell proliferation (Li et al, 2005).

It has been hypothesised that each of these isoforms has a unique function and 

a unique subcellular localisation pattern (Mahotka et al, 1999; 2002).

1.3.3 Dual fuction o f Survivin in apoptosis inhibition and control o f cell division

Several studies support the hypothesis that Survivin may be one of the 

proteins at the interface between programmed cell death and progression through the 

cell cycle. The over expression of a dominant negative Survivin construct in several 

human cell lines has resulted in both multinucleated, polyploid cells and caspase- 

dependent cell death (Li and Altieri, 1999). In addition, Survivin gene expression is 

cell-cycle regulated at the transcriptional level, with a 40-fold increase in Survivin 

mRNA levels in G2/M HeLa cells compared with HeLa cells in G1 phase (Li et al,

1998). Finally, the physical interaction between Survivin and tubulin, required for the 

inhibition of apoptosis, is controlled by the cell-cycle regulated state of microtubule 

polymerisation (Li et al, 1998).

Three lines of experimental evidence support a role of Survivin in suppressing 

cell death:

- First, over-expression of Survivin inhibits apoptosis initiated via the 

extrinsic or intrinsic apoptotic pathways (Ambrosini, et al, 1997; Kobayashi et al, 

1999; Mahotka et al, 1999; Islam et al, 2000; Kasof and Gomes, 2000; Suzuki et al, 

2000; Hoffman et al, 2001; Mirza et al, 2002; and Zaffaroni et al, 2002).

- Second, genetic manipulation of Survivin in vivo caused enhanced cell 

viability in transgenic mice (Grossman et al, 2001) or resulted in increased cell death 

after conditional allele inactivation (Okada et al, 2004).
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- Thirdly, molecular antagonists of Survivin, including antisense, ribozymes, 

siRNA oligonucleotides or dominant-negative mutants caused caspase-dependent cell 

death, and enhancement of apoptotic stimuli (Li and Altieri, 1999; Kasof and 

Gomes, 2000; Olie et al, 2000; Kanwar et al, 2001; Shankar et al, 2001; Xia et al, 

2002; Yamamoto et al, 2002; Zhou et al, 2002; Choi et al, 2003; Pennati et al, 2003; 

Williams et al, 2003; and Beltrami et al, 2004).

Recent evidence suggests that Survivin cytoprotection may be more selective 

than that of other IAPs, and targeted at the upstream initiation of mitochondrial 

apoptosis (Altieri, 2004).

In addition to cell death inhibition, Survivin has also an essential role in cell 

division. This first surfaced is targeting experiments using antisense or dominant- 

negative mutants, which resulted in cell death by aberrant mitotic progression, with 

supernumerary centrosomes, multipolar mitotic spindles, failed cytokinesis, and 

multinucleation (Li and Altieri, 1999). Similar findings were obtained after 

inactivation of the Survivin gene, in vivo following homozygous deletion (Uren et al, 

2000) or tissue-specific conditional allele inactivation (Okada et al, 2004).

Recent data have suggested that Survivin may contribute to multiple phases of 

cell division, including targeting of essential components of the central spindle 

midzone, Aurora B kinase and INCENP (Wheatley et al, 2001; Bolton et al, 2002; 

and Honda et al, 2003), enhanced microtubule stability in metaphase spindle 

formation (Giodini et al, 2002; and Tran et al, 2002), and regulation of the spindle 

assembly checkpoint (Li et al, 1998; and Lens et al, 2003).

The apparent requirement for Survivin for normal cell division suggests that 

over expression of this protein could perturb normal cell cycle control. Such a 

response might well account for Survivin’s ability to block apoptosis given the 

intimate connection between cell cycle checkpoints and the commitment phase of 

apoptosis (Reed, 2001).
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Survivin is a relatively short-lived protein (ti/2= 30 min) and 

polyubiquitinylation followed by proteasomal destruction has been shown to 

contribute to cell cycle periodicity by keeping Survivin levels low at interphase (Zhao 

et al, 2000). In addition, mitotic phosphorylation of Survivin on Thr34 by p34cdc2- 

cyclin B1 has been associated with increased Survivin stability at metaphase 

(O’Connor et al, 2002).

The degradation of Survivin protein by the ubiquitin-proteasome pathway was 

found to be strictly regulated by an intact carboxyterminal region downstream of the 

BIR domain (Zhao et al, 2000). The loss of exon 3 in Survivin-AEx3 results in a BIR 

domain truncated at amino acid position 74 and a frame shift of the carboxyterminus. 

Remarkably, the Survivin-AEx3-carboxyterminus is completely different from the 

Survivin carboxyterminus, which might interfere with degradation of Survivin-AEx3 

protein by ubiquitin tagging. Survivin-AEx3, therefore, could evade the cell cycle- 

specific degradation by the ubiquitin-proteasome pathway (Mahotka et al, 1999).

In Survivin-2B, inclusion of the cryptic exon 2B encodes the insertion of 23 

additional amino acids into the BIR domain at essentially the same position, where 

the BIR domain of Survivin-AEx3 is truncated. Because Survivin-2B exhibited a loss 

of antiapoptotic potential (Mahotka et al, 1999), this Survivin variant might be a 

naturally occurring antagonist of anti-apoptotic Survivin and Survivin-AEx3, possibly 

by competitive binding to common interaction partners, as reported for Survivin and 

Survivin-2B interactions with polymerized tubulin (Islam et al, 2000)

Like Survivin, Survivin 2a is expressed at increased levels in transformed 

cells compared to non-transformed cells with a physical interaction with Survivin 

wild type (Caldas et al, 2005b).

In summary, Survivin has two main functions; one involve the participation of 

Survivin in the chromosome separation and more recently a second pool of Survivin 

has been described interacting with microtubules (Carvalho et al, 2003 and Lens et al,

2006) and the other function as an inhibitor of apoptosis (Adida et al, 1998). Survivin 

2B has been shown to be a pro-apoptotic protein that sensitises resistant leukemia 

cells to chemotherapy in a p53-dependent fashion (Zhu et al, 2004). Survivin-A Ex3
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functions as an anti-apoptotic protein and is up regulated in malignancies (Mahotka et 

al, 1999). No function has yet been described for Survivin-3B. Survivin 2a can 

attenuate Surviving anti-apoptotic activity (Caldas et al, 2005b).

1.3,4 Survivin intracellular localization

Expression studies in HepG2 cells using GFP-fusion constructs of Survivin, 

Survivin-2B, and Survivin-AEx-3 * previously showed that Survivin and Survivin-2B 

localised to the cytoplasm, while Survivin-AEx-3 localized to the nucleus (Mahotka 

et al, 2002).

Coexpression of Survivin with either 2B or AEx-3 results in an alteration in 

the subcellular localization of the protein complexes with the formation of 

perinuclear- and mitochondrial-associated structures (Mahotka et al, 2002).

The structure of the Survivin-AEx3 protein includes a mitochondrial 

localisation signal and a BH2 domain, the latter being required for binding to Bcl-2 

and inhibiting mitochondrial-dependent apoptosis. Caldas and colleagues report that 

Survivin splice variant complexes localise to mitochondria (Caldas et al, 2005b). By 

contrast the individual Survivin proteins, when expressed alone, do not localise to 

these organelles. This supports the hypothesis that heterodimerization of Survivin and 

the Survivin splice products may be required for the recruitment of the complexes to 

the mitochondria. Previous crystal structural analyses also support the hypothesis that 

Survivin can dimerize through its BIR domains (Verdecia et al, 2000).

Survivin 2a localised to the nucleus and the cytoplasm in interphase cells. In 

cells undergoing mitosis, Survivin 2a was confined to the cytoplasmic compartment. 

Interestingly, when co-expressed with Survivin, Survivin 2a co-localised with 

Survivin to the centromeres of the chromosomes in prometaphase and metaphase, and 

at the midbody during late telophase/cytokinesis (Caldas et al, 2005b). Moreover, the 

normal cytoplasmic localisation of Survivin shifted to the nucleus in interphase cells. 

These data suggest a direct interaction between the two proteins, as well as potential 

mechanism for the attenuation of Surviving anti-apoptotic activity by Survivin 2a. 

(Caldas et al, 2005b).
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More investigations that shed light on the interaction of Survivin with its 

partner-proteins and the subcellular locations in which these interactions take place 

are necessary for a better understanding of the role of Survivin in cell division control 

and apoptosis.

1.3.5 Why study Survivin in the lens?

The histological characterisation o f the lens that includes the mapping of the 

quiescent, proliferation and differentiation regions (figure 1.11) allows consideration 

o f the lens as an ideal model for studying the coordination of these events. In 

addition, studies o f these processes and their coordination and control will allow an 

improved understanding of cataract, which is due to a failure in the precise control of 

the spatio-temporal cell proliferation and differentiation in the lens.

Insights into normal vertebrate lens development and mechanisms that 

underlie lens dysfunction are being facilitated by the use of microarrays to carry out 

systematic searches for genes expressed in compartments and cells o f normal and 

cataractous lenses (Hawse et al, 2003; Tasheva et al, 2004; Hawse et al, 2005; Ivanov 

et al, 2005). Previous microarray analyses of both normal maturing mouse lenses and 

a mouse model for cataract (the Sparc KO mouse; Gilmour et al, 1998) reveal a 

significant number o f genes expressed during normal lens development and 

differentially regulated during the onset o f cataract (Wride et al, 2003; Mansergh et 

al, 2004; Evans et al, unpublished). Expression of differentially regulated genes was 

confirmed by RT -PCR. Differentially regulated genes in the cataractous lens include 

Survivin. Furthermore, microarray studies in our group also indicate expression of 

additional IAPs in the lens (CARD database; URL 1). Furthermore, Survivin is 

expressed in the embryonic chick lens at ED 10 (Weber and Menko, 2005). The
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Q u ie sc e n c e Figure 1.11. The developing lens. 
Central lens epithelial cells are quiescent 
while more peripheral cells are in 
various stages of proliferation, migration 
and differentiation into fibre cells. The 
central-most lens fibre cells are the 
oldest while the peripheral lens fibre 
cells are the youngest. Thus, a cross 
section of the lens provides a “spectrum” 
of cellsof different ages/stages of
differentiation, (adapted from Wride, 
1996).

29
Role o f Survivin in the regulation o f cell proliferation and differentiation in lens development



Chapter 1 General Introduction

authors suggested that Survivin has a role in regulating the activity of caspases 

involved in lens fibre cell differentiation and in creation of the central OFZ, although 

they did not investigate this directly. Neither did these authors investigate the 

potential role of Survivin in the regulation of lens epithelial cell proliferation in lens 

development.

Thus, the use of the lens development as model system allows for the unique 

situation in which direct correlations between Survivin expression and function can 

be made, since the specific phase of the cell cycle and/or the state of differentiation 

(dependant upon apoptosis signalling) are uniquely well defined in compartments of 

the developing lens.
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1.4 Purpose

Analysis o f the expression o f Survivin in the lens during 

development will provide evidence that Survivin may have an 

important role as a regulator o f cell proliferation and differentiation 

during lens development. These studies pave the way for future 

functional studies to understand the role o f Survivin in normal lens 

development and physiology.

1.5 Aims

1) To gain an overview of the Survivin expression profile during lens 
development using standard PCR and Real time PCR.

2) To validate reverse transcriptase real time PCR as a good tool for relative 
quantification of Survivin gene expression during lens development.

3) To study the spatio temporal changes in Survivin protein expression during 
lens development.

4) Characterization of lens epithelial dissociated cell culture as a good in vitro 
model to study Survivin role during lens development.

5) To confirm Survivin as an essential factor expressed in vertebrate lens, 
during embryonic and postnatal development.
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Chapter 2

I'm not going to tell you much more of the case, Doctor. 
You know a conjuror gets no credit when once he has 
explained his trick, and if I show you too much of my 
method of working, you will come to the conclusion that I 
am a very ordinary individual after all.

(Sherlock Holmes)
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2.1 Experimental animals

White Leghorn hens’ eggs (Henry Stewart, Co. UK) were incubated at 37°C at 

40% of relative humidity in an Octagon incubator (Brinsea, England). The embryos 

were collected from embryonic day (ED) 4 (23-24 HH stage) to ED20 (46 HH stage), 

every two embryonic days.

Male 129Sv/Ev mice (Mus musculus) were used at newborn (NB), postnatal 7 

days (Pn7), postnatal 14 days (Pnl4) and postnatal 4 weeks (Pn4w). The mice were 

housed under standardised conditions regarding day/night cycle, temperature and 

humidity, with free access to water and food.

The experiments were carried out in accordance with the UK legislation 

(Animals, Scientific Procedures, Act 1986) and European directive (86/609/EEC) and 

conform to the ARVO statement for the Use of Animals in Ophthalmic and Vision 

Research.

2.2 Tissue processing for histology

Tissue dissection, fixation and subsequent wax embedding are routine 

techniques of histology procedures for morphology studies. The lens is a very hard 

tissue with a special structure that makes difficult the dissection, fixation, hydration 

and the paraffin embedding of the cortical lens (3, 4, 5 and 6 steps on figure 2.1). A 

very short explanation of the most important steps in the preparation of sections for 

microscopy is showed in figure 2.1.

33
Role of Survivin in the regulation o f cell proliferation and differentiation in lens development



Chapter 2 Material and Methods

1. Removal of
tissue from animal

2. Cutting of
tissue into pieces

3. Fixation

M ounting and staining

4. Dehydration

a

b
Em bedding
a. In paraffin for LM
b. In plastic 'for EM

7. M ounting and staining 
of sections
a. On g lass  slides for LM
b. On metal m esh grids for EM

6. Sectioning
a. With steel knives for LM
b. With g lass or diam ond 

knives for EM

Figure 2.1. Major steps in the preparation o f  sections fo r  study light microscope (LM) and 
transmission electron microscope (EM). (Kessel, 1998). Tissue from animals was collected (1), 
dissected (2) and fixed (3). After fixation, the tissue was dehydrated (4) and embedded in wax for 
LM (5a) or plastic for EM (5b). After embedding tissue was sectioned at proper size (6) and 
collected on slides for LM (7a) or EM (7b).

2.2.1 Tissue dissection

2.27.7 Chicken embryo tissue dissection

The embryos were removed from the egg, washed in ice cold PBS (pH 7. 4) 

on a Petri dish (Sigma, UK) to remove the excess of blood and membranes. The head 

of the embryo were removed using a sharp scalpel blade and dissected to remove 

redundant tissues. The head of embryos from ED4 (23-24 HH stage) to ED6 (28-29 

HH stage) were fixed. The eyes from the rest of the stages were removed with the 

help of a fine watchmaker forceps (Swiff, Switzerland). The eyes were dissected 

under stereo binocular microscope (Nikon, Japan) in cold PBS and then the back of 

the eye was removed. Six eyes or heads were collected per stage.
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2.2.1.2 Mouse tissue dissection

Mice were sacrificed and the eyes were removed with the help of a fine 

watchmaker forceps (Swift, Switzerland) under microscope (Olympus, Japan) in cold 

PBS at the different postnatal stages. The eyes were dissected under stereo binocular 

microscope (Nikon, Japan) in cold PBS and then the back of the eye was removed. 

Six eyes or heads were collected per stage.

2.2.2 Tissue fixation and wax embedding

The fixation has the purpose of preserving the structure and components of 

the tissue. This fixation is the critical step of a long protocol before the sections for 

microscopy could be obtained. After fixation, the tissue is processed in order to 

embed the fixed tissue in a solid medium to be cut in sections of a few microns, 

maintained the original structure and with no degradation of the components.

2.2.2.1 Chicken embryo fixation and wax embedding

Two different protocols for fixation and embedding were used with the 

chicken tissues. The heads and eyes from ED4 (23-24 HH stage) to ED8 (33-34 HH 

stage) were fixed in 4% paraformaldehyde (PFA) and processed for the xylene wax 

embedding method. The eyes from ED 10 (36 HH stage) to ED20 (46 HH stage) were 

fixed with 10% neutral buffered formalin (NBF) and processed for the chloroform 

wax embedding method.
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2.2.2.1.1 PFA fixation

After dissection of the heads or eyes, tissues were fixed in a solution of 4% of 

PFA pH7.4 (Sigma, Germany) for 24 h at 4 °C, then the tissues were washed twice in 

PBS for 30 min. Tissues were put in a new tube with PBS and left overnight at 4 °C. 

The follow day tissues were processed following the protocol attached below.

The first step of tissue processing was dehydration. This process was carried 

out using a series of increasing grades of ethanol solutions (Fisher Solutions, UK). 

The tissues were soaked in a 50% ethanol solution for 30 min. Subsequent the tissues 

were soaked twice for 30 min at 70, 90 and 100% ethanol.

Once the tissue was dehydrated, it was very important to carry out a clearing 

step. The tissue was put in new glass vials and soaked for 30 min with 50% xylene 

(Fisher Scientific, UK) in ethanol and then soaked twice in xylene for 30 min.

After the clearing step, the excess of xylene was removed and the tissues were 

put in warmed glass vials, with wax, in a histology oven at 56°C. After 30 min, the 

wax was removed and new wax was added to the samples for 1 h. Then samples were 

collected, orientated in a plastic mould and embedded in new wax. The samples in the 

mould with the wax were left for 30 min on a cold plate - 12 °C to solidify and then 

stored at 4°C. Blocks were sectioned at 7 microns in a microtome (Microm, 

Germany) used a sharp blade (Nakura Systems, Japan).

2.2.2.1.2 10 % NBF fixation

Dissected eyes were fixed 48 h in 10% NBF pH 7.2 at 4°C. Then the eyes 

were washed twice in PBS for 30 min. The eyes were placed in a new tube and left in 

PBS overnight in PBS at 4 °C. The next day the eyes were embedded in wax.

After washing the samples overnight with PBS, the eyes were dehydrated. 

This process was carried using a graded series of ethanol solutions. The tissues were 

soaked in a 50% ethanol solution for 30 min. Subsequently the tissues were soaked
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twice for 30 min in 70% ethanol, washed for 30 min in a 90% ethanol solution and 

then put in new 90% ethanol solution overnight. Then, soaked twice with 100% 

ethanol.

Once the tissue was dehydrated, the ethanol was removed. With the eyes fixed 

with 10% NBF, chloroform (Fisher Scientific, UK) was used as the clearance agent. 

Then the samples were put in new glass vials and soaked for 30 min with 50% 

chloroform in ethanol and then the soaked twice in 100% chloroform for 30 min.

Then, the excess chloroform was removed and the tissues were put in warmed 

glasses vials with wax (Lamb, UK) in a histology oven at 56°C. After 30 min, the 

wax was removed and new wax was added to the samples for 1 h. Then samples were 

collected, orientated in a plastic mould and embedded in new wax. The samples in the 

mould with the wax were left for 30 min on a cold plate - 12 °C to solidify and then 

stored at 4°C. Blocks were sectioned at 7 microns in a microtome (Microm, 

Germany) used a sharp blade (Nakura Systems, Japan).

2.2.2.2 Mouse tissue fixation and wax embedding

After eyeball dissection, tissues were fixed in a solution of 4% of PFA, 

pH7.4 (Sigma, Germany) for 24 h at 4°C, and then the tissues were washed twice in 

PBS for 30 min. Tissues were put in a new tube with PBS and left overnight at 4°C. 

The following day, the tissues were processed following the protocol below.

The first step of tissue processing was dehydration. This process was carried 

out using a series of increasing grades of ethanol solutions (Fisher Solutions, UK). 

The tissues were soaked in a 50% ethanol solution for 30 min. Subsequently, the 

tissues were soaked once for 60 min in 70% ethanol. Then, soaked five times for 60 

min in 90% ethanol. Finally three times for 60 min in 100% ethanol.

Once the tissue was dehydrated it was very important to carry out a clearing 

step. The tissue was put in new glass vials and then soaked for 30 min with 50% 

xylene in ethanol. After this, the solution was removed and the tissues were placed
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overnight in fresh 50% of xylene in ethanol at 4°C. Then, soaked twice in xylene for 

60 min.

After the clearing step, excess xylene (Fisher Scientific, UK) was removed 

and the tissues were put in warmed glass vials with wax in a histology oven at 56°C. 

After 30 minutes, the wax was removed and new wax was added to the samples for 2 

h. After this, the eyeballs were soaked again for 2 h in new wax. Then samples were 

collected, orientated in a plastic mould and embedded in new wax. The samples in the 

mould with the wax were left for 30 minutes on a cold plate at - 12 °C to solidify and 

then stored at 4°C. Blocks were sectioned at 7 microns in a microtome (Microm, 

Germany) used a sharp blade (Nakura Systems, Japan).

2.3 Histochemistry protocol

Histochemistry is the science that uses different chemistry on cells or tissues 

to show and identify their microscopic structure. The staining of sections for light 

microscopy is an extensive field. In order to microscopically view a cell or tissue 

specimen that has been processed, sectioned, and mounted on a slide, the specimen 

must be stained to make the cells visible. The basic nature of histology slide staining 

is to stain the slide with two or more contrasting dyes that will highlight specific areas 

or entities with one colour, and leave a counterstaining background colour.

In histochemistry, the routine stain is the haematoxylin and eosin (H&E) stain. 

With rare exceptions, every specimen being examined will first receive this stain to 

give the investigator a look at the nucleus of the cells and their present state of 

activity. With most disease states there is abnormal growth and/or division in the 

nucleus of the cells.

The H&E stain uses two separate dyes, one staining the nucleus and the other 

staining the cytoplasm and connective tissue. Haematoxylin is a dark purplish dye 

that will stain the chromatin (nuclear material) within the nucleus, leaving it a deep 

purplish-blue colour.
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The word haematoxylin is derived from the old Greek words Haimato (blood) 

and Xylon (wood). Haematoxylin is a natural dye extracted by boiling the wood of the 

South American and West Indian logwood tree (Haematoxylon campechianum). The 

active dye is not haematoxylin itself, but its oxidized product, haematin. The 

oxidation is achieved by adding a wide variety o f oxidizing agents, the two most 

common being sodium iodate and mercuric oxide.

OH
Xcc?"

OH

Haematoxylin Haematin

Figure 2.2. Haematoxylin and haematin structure. Haematoxylin and haematin differ by only one hydrogen 
atom. Removal o f  this hydrogen from haematoxylin is accomplished either naturally by atmospheric oxygen 
or by using mild oxidizing agents, and results in a compound with a hydroxyl group adjacent to a carbonyl 
group. This configuration is one that facilitates the formation of co-ordination complexes with metals, (from 
the web site o f Stains file).

metallic salts (mordants) which couple it to the tissue, it is one of the best nuclear 

stains known. The combination of haematoxylin plus mordant is called a 

haematoxylin lake, and lakes with different metals have different colours. The 

aluminium lake formed with ammonium alum is particularly useful for staining 

nuclei.

Eosin Y is the most common counter stain to alum haematoxylin in the H & E 

method. It stains satisfactorily from both aqueous and ethanol solution. Eosin is an 

orangish-pink to red dye that stains the cytoplasmic material including connective 

tissue and collagen, and leaves an orange-pink counter stain. This counter stain acts 

as a sharp contrast to the purplish-blue nuclear stain of the nucleus, and helps identify 

other entities in the tissues such as cell membrane.
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NaO
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Figure 2.3. Structure o f eosin Y. The free radical, eosinol Y is made by treating the dye with 
hydrochloric acid (From the Stains file web).

The process of performing the H&E stain is relatively simple. The slides were 

selected and taken through 2 changes of xylene (5 minutes each), and then put in 

decreasing concentrations of ethanol (Fisher Scientific, England). The slides were 

soaked for 2 min at each concentration. From 100% ethanol (twice) to 50% ethanol 

and finally 5 min in distilled water to hydrate the tissue. This process was carried out 

in the fume hood.

The slides were then stained with Harris’s haematoxylin (Lamb, England), the 

nuclear dye, for 5 minutes, rinsed, then counterstained with 1% eosin (Surgipath, UK) 

the cytoplasm dye.

Harris haematoxylin stains everything on the slide and holds fast to the tissue 

when rinsed. Therefore, after staining and before using the eosin stain, it was 

necessary to rinse with water to remove the excess haematoxylin from everything 

except the nucleus.

After staining with haematoxylin, the slides were put in a bath with distilled 

water, were quickly dipped, and then put in other bath with tap water, until the water 

become clear.

After that, the slides were stained in 1% eosin Y for 3 minutes and then rinsed 

again in tap water, and then, run in the reverse manner from 50% ethanol to 100% 

ethanol for dehydration and twice in xylene for clearing. Finally, the slides were 

mounting with DPX permanent medium for microscopy (BDH, England). All
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haematoxylin and eosin stained sections were observed via bright field microscopy 

using Leica DMRA2 microscope (Leica, Germany).

2.4 Immunolabelling techniques

Immunolabelling techniques combines anatomical, immunological and 

biochemical techniques for the identification of specific tissue components by means 

of a specific antigen/antibody reaction tagged with an enzyme-labelled. The 

immunolabelling techniques visualise the distribution and localisation of specific 

cellular components within a cell or tissue. A great number of enzymatic methods are 

available for the immunohistochemical studies bases on the different sensitivity 

required, the protein that is analyzed, the type of cell or tissue, and the antibody that 

is used.

2.4.1 Immunofluorescence staining

The immunofluorescence method employed requires two sets of antibodies: a 

primary antibody, mouse anti-PCNA (Abeam, UK) is used against the antigen of 

interest, the proliferating cell nuclear antigen (PCNA) a marker of proliferation. 

Subsequently a secondary, dye-coupled antibody is introduced that recognizes the 

primary antibody. This secondary antibody is raised on goat against mouse and 

contains a fluorescent label, Alexa fluor 488 (Invitrogen, USA). The 4',6-diamidino- 

2-phenylindole (DAPI, Vectorlab, UK) fluorescent stain was used as counter stain. 

The fluorescence is then analyzed under a fluorescent microscope.

The slides were soaked for 10 min in xylene, twice, and then soak 5 min in 

ethanol from 100 % to 50 % ethanol to hydrate the tissues. Finally, the slides were 

soaked for 5 min in distilled water.
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Before starting the immunochemistry, antigen retrieval was necessary. For 

that, the slides were put in a pressure cooker (Tower, UK) with 1600 ml of distilled 

water and 15 ml of concentrated stock of antigen unmasking solution (Vectorlab, 

UK). After the unmasking process, lens sections were washed twice in PBS for 15 

min and subsequently incubated for 1 h with 1.5% goat serum in PBS containing 

0.2% Tween. Excess serum was drawn off and monoclonal primary antibody anti 

PCNA, raised on mouse (Abeam, UK), was added at 1:500 in 1% goat serum in 0.2% 

Tween 20.

Slides were incubated at room temperature for 1 h with the primary antibody, 

washed twice in PBS for 15 min and incubated with anti-mouse secondary antibody 

1:500 (Invitrogen, UK) for 1 h, washed twice in PBS for 15 min. The sections were 

stained with DAPI and mounting with fluorescent medium (Vectorlab, UK).

Lens sections were mounted and examined in a DMRA2 Leica microscope 

(Leica, Germany) equipped with a DC350 digital camera (Leica, Germany).

2.4.2 Immunohistochemistry staining

The Biotin-Avidin System was used (figure 2.4), due to the high sensitivity of 

the technique. Avidin is an egg-white derived glycoprotein with an extraordinarily 

high affinity (affinity constant > 1015 M '1) for biotin. Many biotin molecules can be 

coupled to a protein, enabling the biotinylated protein to bind more than one molecule 

of avidin. If biotinylation is performed under gentle conditions, the biological activity 

of the protein can be preserved. By covalently linking avidin with different ligands, 

such as fluorochromes, enzymes or EM markers, the biotin-avidin system can be 

utilised to study a wide variety of biological structures and processes.

The slides were soaked twice for 10 min each in xylene, and then soaked for 5 

min in a graded series of ethanol from 100 % to 50 % to hydrate the tissues. Finally, 

the slides were soaked for 5 min in distilled water.
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Figure 2.4. Schematic overview o f the avidin-biotin system. Tissue was incubated with the first 
antibody. After that, biotinylated secondary antibody was added. The avidin with the peroxidase 
enzyme, which forms a complex with biotin and avidin, therefore amplifying the signal. Finally, 
the enzyme substrate, diaminobenzidine (DAB) is added to specific visualization of the target. 
(Image taken from Vector labs web site)

Before starting the immunochemistry, antigen retrieval was necessary. For 

that, the slides were put in a pressure cooker (Tower, UK) with 1600 ml o f distilled 

water and 15 ml of concentrated stock of antigen unmasking solution (Vectorlab, 

UK). After the unmasking process, lens sections were incubated for 30 min with 3% 

H 202 (Sigma, Germany) to quench endogenous peroxidase, washed twice in PBS, 

and incubated for 1 h with 1.5% goat serum in PBS containing 0.2% Tween. Excess 

serum was drawn off and polyclonal primary antibody Survivin FI-142, raised in 

rabbit, (Santa Cruz Biotechnology, CA, USA) was added at 1:400 (final 

concentrations o f 0.5 mg/ml) in 1% goat serum in 0.2% Tween 20.

Slides were incubated overnight at room temperature with the primary 

antibody, washed twice in PBS and incubated with biotinylated anti-rabbit secondary 

antibody (Vectorlabs, UK) for lh, washed twice, and incubated for 1 h with avidin 

biotin enzyme reagent in 0.2 % of Tween 20. Finally, washed again twice in PBS and 

incubated with the peroxidase substrate diaminobenzidine, DAB, solution (Vectorlab, 

UK). Lens sections were mounting and examinated using a DMRA2 Leica 

microscope (Leica, Germany) equipped with a DC500 digital camera (Leica, 

Germany).
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2.5 Epithelial dissociated primary cell culture

Chicken lens epithelial cells were cultured following the protocol from Menko 

et al, 1984, however some modifications were included.

Approximately, 72 lenses were removed at ED 10 (26 HH stage) using 

Tyrode’s saline solution containing.gentamycin, (50 pg/mL). The lenses were washed 

3 times, and then the lenses were put in a tube with pre-warmed 1 mL of 2.5% trypsin 

solution.

The tube was incubated at 37°C for 15 min, the solution was passed through a 

22 G needle and then the tube was centrifuged at 10000 g for 2 min, and then the 

supernatant was removed. The pellet was re-suspended by pippetting 300 pL of 

medium 1999 (Gibco, UK) containing 10% foetal calf serum plus antibiotics and then 

the cell suspension was filtered using a 40 pm falcon cell strainer.

Cells were seeded into 24 well plates coated with 1.2 mg/mL of Matrigel 

(Collaborative Biomedical Research, UK). The wells were coated with Matrigel at the 

beginning of the experiment and allowed to air dry. The wells were washed with 

medium 199 before the cells were seeded.

Incubation of cells was carried out in a humid atmosphere at 37°C in 5% CO2 . 

Cells were allowed to attach and begin to spread for 24 h. The medium was 

subsequently changed every day.

2.6 Western Blot

Western blotting is a method for protein analysis based on the use of 

antibodies. This method can detect one protein from the sample of protein isolated 

from the target cell or tissue. This method has the limitation that it depends on a high- 

quality antibody directed against a desired protein.
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Proteins were collected and then diluted to the same concentration. The 

mixture of proteins collected was then separated by size on an electrophoresis gel. 

Then proteins were transferred to a nitrocellulose membrane. This membrane was 

blocked with a solution to avoid non-specific staining, and incubated with the primary 

antibody. This primary antibody was recognise with a secondary antibody conjugated 

with horseradish peroxidise enzyme. The incubation of the membrane with a 

substrate solution allowed for the visualization of the target protein.

2.6.1 Protein extraction

2.6.1.1 Tissue protein extraction

Lenses were collected from chicken embryos and mouse at the indicated stage 

as described in section 2.2.1. After dissection, the lenses were collected with a 

syringe (Terumo, Belgium) and put in a Dounce tissue grinder (Wheaton, NY, USA). 

1 x RIP A buffer solution (Pierce, UK) was prepared containing 100 pi of protease 

inhibitor cocktail solution (Sigma, USA). For lenses collected at ED6 (28-29 HH 

stage) to ED 10 (38 HH stage), 0.5 mL of this solution was added. For the rest of the 

stages and mouse samples 1 mL of the solution was added.

The samples were homogenised, transferred into a tube and then placed on a 

fridge table for 30 min at 4°C. Subsequently samples were centrifuged at 17000 g for 

30 min at 4°C and then the samples were aliquoted to 40 pL into separate 0.5 ml 

Eppendorff tubes and placed in a freezer and stored at - 20° C.

2.6.1.2 Cell protein extraction

Cells were grown into 24 well plates (5 x 105 cells / well) covered with 1.2 mg 

of Matrigel (Collaborative Biomedical Research, UK). Cells were washed twice with 

Tyrode’s solution and then trypsinized. Cells were washed three times with cold 0.2% 

Triton x-100 in PBS for 5 min each wash.
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After the last wash, 1 mL of 2.5% trypsin solution was added per well and 

then, incubated at 37 °C for 15 min. After trypsinization, cells were transfer into a 

tube and centrifuge at 10000 g for 5min. The trypsin solution was discarded, cells 

were resuspended in PBS and centrifuged again under the same conditions, twice. 

After the second centrifugation, the cells were re-suspended in 250 pL of cell lysis for 

protein extraction (Qiagen, Germany). Cells were incubated for 15 min at 4°C and the 

then the samples were store at 4°C until quantification.

2.6.2 Protein quantification

The protein quantification was carried out using bicinchoninic acid (BCA) 

protein method. The BCA assay is faster, involves fewer mixing steps and gives more 

stable colorimetric response than other protein assays.

The BCA method is a colorimetric assay based on the property of the protein 

to reduce Cu2+ ions from the cupric sulfate to Cu1+. The amount of Cu2+ reduced is 

proportional to the amount of protein present in the solution. One Cu1+ ion reacts with 

two molecules of BCA, forming a purple-coloured product. The amount of dye bound 

can then be detected by a spectrophotometer. The bovine serum albumin (BSA) was 

used as a protein concentration standard. Since the amount of absorbance for BSA is 

known, it produces a standard curve on a digital readout from which unknown protein 

sample concentrations can be measured.

The quantification assay was carried out following the specifications of the 

BCA protein assay kit (Pierce, USA). Working reagents were prepared as described 

in the manual. The chick samples were diluted five times in RIP A (Pierce, USA) 

solution. 25 pL of each sample or standard were put into a 96 well plate. Samples and 

standards were run in duplicate. 200 pL of working solution was added to each well. 

The standard curve was prepared using the follow concentrations of BSA: 2000, 

1500, 1000, 750, 500, 250, 125, 25 and 0 pg / mL.
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The 96 well plate was covered with foil and put in a histology oven at 37° C 

for 30 min. After this, the foil was removed and the plate was read at 550 nm. The 

readings from the plate reader were opened in Excel software (Microsoft, USA) and 

an XY scatter graph was made of the readings from the standards. A trend line and its 

equation were inserted into the graph. The rearranging of the formulae and the input 

of the absorbance values gave the concentration of the protein samples.

2.6.3 Assembly of the gel casting apparatus

The plates were cleaned with soap, rinsed with distilled water, dried, rinsed 

again with 75% ethanol and dried to ensure an even surface. Two different glass 

plates of different height were used per gel. A short plate was placed on top of the 

long plate. After assembling both plates together, plates were put into the casting 

frame. The casting frame was locked with the short plate in the front and was secured 

into the casting stand.

Before adding the gel solution, distilled water was added to the glass plates to 

check for leaks. The distilled water was removed using filter paper.

2.6.4 Preparation of the gels

For separation of the proteins a gel with two phases was used: a first stacking 

gel, a large pore gel follow by a second resolving gel. Each gel was made with a 

different buffer and concentration of the components. This discontinuous system 

allows an increase the discrimination power of the proteins.

The preparation of the gel system started with the preparation of the resolving 

phase. The resolution of the gel was different depending of the size of the protein 

studied. The table below (table 2.1) shows the components and concentrations used to 

prepare the resolving gel.
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Table 2.1: Resolving Gel fo r a final volume o f  lOmL.

Final % Gel 6% 6.5% 7% 7.5% 8% 10% 12% 15%

Range (Mw) 70-200 20-100 10-70 8-50

Acrylamide (30%) 2.0 2.2 2.3 2.5 2.7 3.3 4.0 5.0

Water 5.3 5.1 5 4.8 4.6 4 3.3 2.3

1.5M Tris pH8.8 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5

10% SDS 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1

10% APS 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1

TEMED 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02

A 12 % resolving gel was prepared as indicated in table 2.1. The solution was 

prepared and poured in the set of plates starting from one comer of the plate and 

finishing from the other comer. The gel was overlaid with distilled water to ensure a 

homogeneous surface with no air bubbles. The gel was allowed set up for 20 minutes. 

The water was removed, and the stacking gel was added. The composition of the 

stacking gel is shown on table 2.2. The comb was inserted to form the samples wells 

and the gel was allowed to set for 1 h.
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Table 2.2: Stacking Gel to a final volume o f  10 mL.

1.67 

5.83

2.5 

0.1 

0.05 

0.01

2.6.5 Preparation of the protein samples

Acrylamide (30%) 

Water

0.5M Tris pH 6.6 

10% SDS 

10% APS 

TEMED

All protein samples were diluted to the same concentration (10 pg /pL) in a 

total volume of 4 pL. 4 pL of Laemmli sample buffer (Biorad, Germany) containing 

5% p-mercaptoethanol was added to the samples. The mixed protein - Laemmli 

solution was boiled for 5 minutes at 100°C. After boiling the solution was loaded 

onto the gel.

2.6.6 Assembly of the electrophoresis apparatus

The plates containing the gel were removed from the gel casting cassette and 

were clamped on the electrophoresis tank. The area behind the gel was filled with 

running buffer (lx  TRIS / glycine / SDS, Biorad, Germany) and the assembly was 

checked for leakage. The electrophoresis tray was half -  filled with the same buffer. 

The comb was removed from the gel and 8 pL of the denatured protein samples were
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loaded onto the wells. The tank was covered and the electrodes were connected to the 

power pack and run at 200 volts 300 mA until the sample buffer blue dye rims off the 

gel.

2.6.7 Protein transfer

Transfer buffer (methanol / lx TRIS / glycine, Biorad, Germany) was made 

fresh. The nitrocellulose membrane (Amersham Biosciences, UK) was cut to the 

proper size using a short plate as a template. Filter paper, nitrocellulose membrane 

and fibre pads were placed in transfer buffer for 15 min in a rocker.

Once the run was completed, the plates were taken out from the apparatus. 

The gel was removed from the glass plates with the help of a glass separator. The gel 

was incubated for 15 min with transfer buffer on the rocker.

After 15 min, a gel sandwich was prepared. A fibre pad was put on the gel 

holder cassette. A filter paper (Biorad, Germany) was used to pick up the gel and put 

over the fibre pad. The gel was covered with the nitrocellulose membrane and over it 

a filter paper. A 20 mL tube was used to make even the surface between the 

membrane and the gel and avoid air bubble. Finally, a fibre pad was inserted and the 

cassette was firmly closed and put into the transfer unit and filled with transfer buffer. 

The unit was covered and run at 100 volts 350 mA for 1 h.

After the run was finished, the cassette was unpacked in the same order and 

the nitrocellulose membrane was placed into a plastic box with TBS /Tween 20 

(Sigma, Germany).

2.6.8 Ponceau S staining

The gel was removed from the glass plates and placed in a plastic tray. The 

membrane was washed two times with TBS / Tween 20 (Sigma, Germany) and then 

was stained with Ponceau S (Sigma-Aldrich, Germany) stain by shaking for 5 min.
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After the staining the membrane was washed twice to remove the excess staining. 

The Ponceau S solution stained the protein in the membrane to ensure adequate 

transfer of the proteins to the membrane.

2.6.9 Blocking

The nitrocellulose membranes were placed in a 50 mL tube for incubation 

with the antibodies. Before incubating the membrane with the antibody, a blocking 

step was performed to avoid non-specific interactions between antibodies and 

membrane. Membranes were incubated with 10 mL of 5 % of non fat milk (Fluka, 

Germany) solution for 1 h on a roller at room temperature. After the incubation, the 

membranes were washed six times with TBS / Tween 20 for 6 min.

2.6.10 Antibody binding

To detect the target proteins, different primary antibodies were used. The 

antibodies were diluted in a solution of 1 % non fat milk in TBS with 1% Tween. 5 

mL of this solution was prepared per membrane. Monoclonal anti-PCNA (Abeam, 

UK) and polyclonal anti-p-Actin (Santa Cruz, USA) were used at a 1:1000 and 

1:10000 dilution. The PCNA primary antibody was incubated overnight. The P-actin 

antibody was incubated for 1 h. After the incubation with the primary antibody the 

membranes were soaked 6 times for 5 min.

As secondary antibodies, the following were used: an anti-mouse monoclonal 

antibody (Santa Cruz, USA) was used for the membranes incubated with anti-PCNA 

antibody and an anti-goat polyclonal antibody (Santa Cruz, USA) for the membranes 

incubated with anti-P-actin antibody. All the secondary antibodies were used at 

dilution of 1:7500 for 1 h. After incubation with the secondary antibody the 

membranes were soaked 6 times for 5 min.
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2.6.11 Chemiluminescence

After washing, a Western blotting ECL reagent kit (Santa Cruz, UK) was used 

for chemiluminescent detection of the target proteins. The membrane was placed on a 

plastic wallet. The ECL solution was prepared using 2 mL of reagent A and 50 pL of 

the reagent B. 1 mL of this solution was added to the membrane. The plastic wallet 

was closed and the solution was spread out homogeneous through the surface of the 

membrane. The membrane was incubated for 5 min in dark.

2.6.12 X-ray film exposure

The plastic wallet was made flat and ensuring that no air bubbles appears on 

the membranes. An X ray film (Amersham Biosciences, UK) was put on top of the 

plastic wallet and exposed to the light given off from the chemiluminescent 

membrane for 2, 5 and 15 min.

The X ray was removed from the plastic wallet and incubated with developer 

for 3 min, washed with water and fixed for other 3 min and washed.

2.6.13 Controls

To check the specificity of the WB, one positive and two different negative 

controls were used. Developing brain chicken (ED6, 28-29 HH stage) was used as the 

positive control. As negative controls, omission of the secondary antibody and 

replacing the primary with mouse immunoglobulins were used.
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2.7 Terminal deoxynucleotidyl Transferase Biotin-dUTP Nick End 

Labelling (TUNEL) Technique

The Terminal deoxynucleotidyl Transferase Biotin-dUTP Nick End Labeling 

(TUNEL) is the most common technique used for studying apoptosis in histology 

sections. The technique is based on the detection of DNA fragments typical mark of 

apoptosis.

In order to analyse the denucleation profile during lens development, the 

TUNEL method was used. Labelling of fragmented DNA in lens sections was carried 

out using the DeadEnd fluorometric TUNEL kit (Promega, USA). The protocol used 

is attached below

2.7.1 Preparation and permeabilisation of the samples

2.7.1.1 Preparation and permeabilisation o f the tissue

Tissue was sectioned at 7 pm and before starting the TUNEL labelling 

different steps are required. Samples were soaked twice for 5 min in xylene. After the 

second wash, samples were rehydrated using a decreasing gradient of ethanol 

solution. Samples were washed twice for 10 min and then once for 5 min in 90%, 

70% and 50% ethanol. The slides were soaked for 5 min in PBS and then washed in 

0.85% NaCl for 5 min at room temperature. Finally, the slides were soaked twice in 

PBS for 5 min.

After these preparation steps, slides were fixed in 4% PFA for 15 min and 

then soaked twice in PBS for 5 min. Slides were incubated with 100 pL of 20 pg / 

mL of proteinase K to each slide. After 6 min of incubation, the slides were washed 

twice for 5 min and subsequently fixed with 4% PFA for 5 min. Previous to the 

permeabiliation step, slides were washed twice in PBS for 5 min. The slides were 

permeabilised by immersing the slides in 0.2% Triton x-100 in PBS for 5 min.
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2.7.1.2 Preparation o f the cells samples

Cells were grown on a glass coverslip covered with 1.2 mg of Matrigel 

(Collaborative Biomedical Research, UK) into 24 well plates (5 x 105 cells / well). 

Cells were washed twice with Tyrode’s solution and then were fixed with 0.5 mL per 

well of 4% PFA for 30 min. Cells were washed three times with cold 0.2% Triton x- 

100 in PBS for 5 min each wash. No permeabisation step was required

2.7.2 TUNEL assay

At the end of the permeabilisation step, the samples were equilibrated for 10 

min with the equilibration buffer. The excess of buffer was removed and the slides 

were incubated with TdT labelling reaction buffer (90 pL of equilibration buffer plus 

10 pL of nucleotide mix and 2 pL of rTdT enzyme 15 U/pL). The slides were 

covered with a plastic coverslip to spread buffer completely over the sample and to 

prevent evaporation. Samples were incubated in a humid chamber for at 60 min at 

37°C. The chamber was covered with aluminium foil to protect the samples from 

direct light.

After the incubation, the coverslips were removed and the excess of buffer 

discarded. The labelling reaction was stopped by immersion of the slides in a 2x SSC 

solution for 15 min. Then, the samples were washed 4 times with PBS for 5 min and 

counterstained with DAPI (Vectorlab, UK).

2.7.3 Negative Control

A negative control was used. The samples were carried out with the others 

until the labelling reaction. The labelling reaction buffer was prepared with the 

omission of the rTdT enzyme (90 pL of equilibration buffer plus 10 pL of nucleotide 

mix and 2 pL of autoclaved deionised water).
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2.7.4 Positive Control

A positive control was used. The samples were prepared as for the others until 

the end of the permeabilisation step. Then, the samples were incubated with DNase I 

buffer for 5 min. The buffer was removed and the slides were incubated with DNase I 

(5 U/pL) for 30 min at room temperature. The slides were covered with plastic 

coverslips. After the incubation, the coverslips were removed and the slides were 

washed twice in PBS for 5 min, with the labelling reaction subsequently carried out.

2.8 Gene Expression Analysis

2.8.1 Collection and preparation o f lenses for RNA isolation

2.8.1.1 Collection ofRNA from animals lenses

Lenses were collected from chicken or mouse at the indicated stage. The 

dissection tools were sterilized in the autoclave before starting the dissection. Lenses 

were dissected using a stereo binocular microscope (Nikon ZM800), using 

electrolytically sharpened tungsten needles (Harvard Instruments, USA). The lenses 

were placed in a plastic Petri dish (Falcon, UK) in cold PBS. Vitreous and other 

tissues were removed from the lenses using fine watchmakers’ forceps (Swift, 

Switzerland). The lenses were collected with a syringe (Terumo, Belgium) and placed 

in a Dounce tissue grinder (Wheaton, NY, USA) with 1 ml of TRIzol (Invitrogen, 

UK). The samples were homogenised thoroughly and stored at -20° C until RNA 

isolation was carried out.

For RNA isolation, samples were incubated at room temperature for 5 min, 

0.2 ml of chloroform (BDH, England) was added to precipitate protein and the tubes 

were centrifuged at 12,000 g for 15 min at 4°C in a refrigerated centrifuge (Kendro
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Lab, Germany). After centrifugation, three layers were observed: a lower red, an 

interphase and a transparent phase on the top. RNA remained in this upper aqueous 

phase. The aqueous phase was transferred to a new centrifuge tube. RNA was 

precipitated by addition of 0.5 ml of isopropyl alcohol and placed overnight at -20°C. 

The follow day, samples were incubated at room temperature and then centrifuged at 

12, 000 g for 15 min again. The supernatant was removed and the RNA pellet was 

washed with 1 ml of 75 % of ethanol. Centrifuged at 7,500 g. RNA can be seen as a 

pellet at the bottom of the centrifuge tube. The RNA pellet was briefly air-dried for 

15 min and then dissolved in RNase free water (Sigma, Germany). The samples were 

subsequently incubated at 55 -  60°C and store at -  20°C.

2.8.1.2 Collection o f RNA from chick epithelial dissociated primary cell
culture

For RNA isolation from chick epithelial dissociated primary cell culture an 

RNeasy Micro kit (Qiagen, Germany) was used. The RNeasy micro technology 

combines the selective binding properties of a silica gel based membrane with the 

speed of microspin technology. Samples were added to the RNeasy Minelute Spin 

Column. This system allowed the isolation of RNA molecules longer than 200 

nucleotides. DNA, any contaminants, and RNA with less than 200 nucleotides were 

washed away and high quality of RNA was obtained.

Cells were grown in a 24 well plate. Cells were washed twice with Tyrode’s 

solution and then, were trypsinized with 0.5 mL per well of 2.5% trypsin at 37 °C for 

10 min. Cells were centrifuge for 5 min and the supernatant was discarded. Cells 

were re-suspended in Tyrode’s solution, centrifuged again, the supernatant discarded 

and the pellet re-suspended in 350 pL of disrupting buffer RLT. The solution was 

homogenizated with a 20 G needle. 350 pL of 70% Ethanol was added to the lysis 

solution, mixed well and added to an RNeasy Minelute Spin column in a 2 mL 

collection tube. The tube was centrifuge for 20 s at 14000 g. The flow through was 

discarded.
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350 pL of RW1 buffer were added to the column and centrifuged at 14000 g 

for 20 sec. The samples were incubated with 80 pL of DNase I solution. After 15 

min, 350 pL of RW1 buffer were added to the column and centrifuged at 14000 g for 

20 sec. The flow through was discarded with the collection tube. The RNeasy 

Minelute Spin Column was placed into a new collection tube. 500 pL of RPE buffer 

was pippetted into the column and centrifuged for 20 sec at 14000 g. After the flow 

through was discarded, 500 pL of 80% ethanol was added and centrifuged for 2 min 

at 14000 g. The collection tube was discarded and the column was transfered to a new 

collection tube and centrifuged for 5 min. After discarding the collection tube, the 

column was transferred in to a 1.5 mL eppendorf tube. 14 pL of RNase-free water 

was pippetted into the column and centrifuged for 1 mL. The elute was stored at -  

20°C until quantification.

2.8.2 RNA quantification

2.8.2.1 Quantification o f the RNA collected from animals

The quality and quantify of the RNA for each of the different samples was 

checked. For quality, RNA was run on a formaldehyde denaturing gel on a horizontal 

electrophoresis unit (Jencon-PLS, England). The denaturing gel was prepared by 

dissolving 1.5 g of agarose in 72 mL of double autoclaved water. Then the agarose 

solution was heated 2-3 minutes. After heating 18 mL of formaldehyde and 10 mL of 

lOx MOPS were added in a fume hood. The solution was put in a tray with a comb 

and allow set up for 2 h.

4.5 pL of RNA per sample were added to 2 pL of lOx MOPS, 3.5 pL of 

formaldehyde (BDH, England), 10 pL of formamide (Ambion, UK) and 0.5 pL of 

ethidium bromide (Promega, UK). This denaturing solution was incubated at 55°C for 

15 min. After this, samples were chilled in ice and 5 pL of loading buffer was added 

per sample. 14 pL per sample were loaded to the gel and ran at 80V for 20 min.

The gel was visualized on a UV transilluminator and the image of the gel was 

captured with BioDoc-It and VisiDoc-It System (UVP, England) equipped with a
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thermal printer (Sony, Japan). Good quality of RNA samples was confirmed by the 

presence of two bands at 28S and 18S in the gel.

Quantification of RNA was carried out using a Pharmacia Gene Quant 

spectrophotometer (Amersham Biosciences, UK) at 260 and 280 nm. The absorbance 

values at 260 nm (A260) give the nucleic acid concentration. The concentration of 

RNA was calculated following this equation: RNA concentration = A260 x RNA 

constant x Dilution factor. The A280 is used to measure protein concentration in the 

sample. The quality of the RNA was determined by the ratio A260/A280. A ratio 

A260/A280 > 1.7 suggest a good quality of the nucleic acid with low contamination 

of proteins.

2.8.2.2 Quantification o f the RNA collected from chick epithelial dissociated
primary cell culture

The RNA samples isolated from the chick endothelial dissociated primary cell 

culture were quantified using RiboGreen® reagent method. RiboGreen® reagent is an 

ultrasensitive fluorescent nucleic acid stain for RNA quantification.

The Quant-iT™ RiboGreen® RNA Assay Kit (Invitrogen, USA) provides a 

rapid, sensitive, and specific method for RNA quantitation with minimal interference 

from DNA, protein, or other common contaminants that affect UV absorbance 

readings. This reagent enables quantification of as little as 1 ng/mL RNA

This sensitivity exceeds that achieved with ethidium bromide-based assays by 

200-fold and exceeds that achieved with ultraviolet absorbance determination by 

1,000-fold.

This method does not interfere with the several compounds commonly found 

to contaminate nucleic acid preparations, including nucleotides, salts, urea, ethanol, 

chloroform, detergents, proteins, and agarose.

58
Role of Survivin in the regulation of cell proliferation and differentiation in lens development



Chapter 2 Material and Methods

An RNA standard curve were prepared from ribosomal RNA (16S and 23S), 

diluting ribosomal RNA in TE at follow concentrations: 1 pg / mL, 750 ng / mL 500 

ng / mL, 250 ng / mL and 0 ng / mL. Samples collected at day 0, 2, 4 and 6 were 

diluted 10 fold times in TE to a final volume of 10 pL. 10 pL of working solution of 

RiboGreen were added to each sample and standard. Then, the samples were 

incubated for 5 min at room temperature protected from the light.

The concentrations and integrity of the samples were calculated measured the 

fluorescence in the samples and compared with the standards. Samples and standards 

were put into the Corbett Rotor Gene 6000. After this, the samples and standards 

were placed into Picodrop (Picodrop Technologies). Samples were measured and the 

fluorescence of the values from the blanks was subtracted from the samples values.

2.8.3 RNA Purification

After RNA isolation, DNA contamination was removed from the samples 

using the DNA-ffee kit (Ambion, UK). 1 pL of rDNase (2 U/pL) dissolved in DNase 

I buffer (0.1 volume of lOx DNase I buffer) was added to the samples. Samples were 

incubated at room temperature for 30 min. After the incubation, 0.1 x volume DNase 

inactivation reagent was added. After 2 min of incubation at room temperature, the 

samples were centrifuged at 10, 000 x g at 4°C for 5 min. The supernatant was 

transfered to a new centrifuge tube and stored at -  20°C.

2.8.4 cDNA synthesis

The cDNA synthesis was carried out using reverse transcriptase. The use of an 

enzyme that reduces RNase activity results in greater efficiency of synthesis and 

therefore higher yields of cDNA. The Superscript first-strand synthesis kit 

(Invitrogen, UK) was used. cDNA synthesis was initiated from 2.78 pg of RNA. 

Oligo-dT was selected as priming method for cDNA synthesis. Samples with oligo 

primers and 10 mM dNTPs mix were incubated at 65 °C for 5 min. Samples were 

place on ice for 1 min and then RNA with primers was incubated with a recombinant
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RNase inhibitor and reverse transcriptase buffer at 42°C for 2 min. Then, 1 pL of 

Superscript II RT enzyme (50 units) was added and the samples were incubated at 

42°C for 50 min. The cDNA synthesis reaction was finished at 70°C for 15 min and 

then chilled on ice. Then, 1 pi of RNase H was added to each sample and incubate for 

15 min at 20°C.

2.8.5 Primers used

2.8.5.1 Standard PCR primers

The Survivin primers for standard PCR used for chicken amplification of the 

cDNA were taken from Johnson et al, (2002). The sequences were: forward 5'-TTT 

GAA AAA TGG CGG CCT ATG C-3’ and reverse 5'-CCC AGG AAA CAG TTA 

TTG AGA CAG-3'. The figure 2.5 shows the localization of the primers on the 

Survivin cDNA sequence.

1 cgcccaaccg ccctaatttcr aaaaataaccr crcctatcrctcr aaatgctgcc caaggaatgg
61 ctggtctacc tcgtctccac ccgcgccgcc accttccgca actggccctt caccgagggc

121 tgcgcctgca cgcccgagcg ggtgagcctt cccgggggaa ggtgggggag tggggggtgc
181 ggcggggtcc gggcggcgct gacggccttg gctgtgcccg cagatggcgg cggcgggctt
241 cgtgcactgc cccagcgaga acagccccga cgtggtgcag tgcttcttct gcctcaagga
301 gctggagggc tgggagcccg acgacgaccc gctgtgagtg gtggggcgcg gccgggccgg
361 ggaagggagc gggcggcggc cggagccgtt acgaaccgtt cggcgttgtt ttttcaggga
421 ggaacacaaa aagcactccg cgggctgcgc ttttgccgct cttcagaaag atccctctaa
481 cctgacggtg caggaattct tgaagctgga taaaaagcgg accaaaaacg taattgtacg
541 tactcctcgg cagcgtggtg gtgccccctg ccctgccctg cttccagccc tcgcctgact
601 gggccctgac accgactggt gctccgtgcg gtggcagaca gtaaggtttt gtttttattt
661 gcagaaaaaa gcaatttctc agaaggaaac tgatatcgaa gatgtagcca agggcgtgcg
721 gcacgcgata gagaacatgg gcccttaggt tcctctgggt ctacggtgta tgtgctgtga
781 cactgccacg ctcrtctcaat aactqtttcc tqcrcraccact tctgcaatgg ccacgcctgt
841 gagaagcaaa acagagctga actcttcttt actcacctga gtctgtccga gaagtacctg
901 gggtttggtg cattgcatat attgtctttt tcagcaggga ttcttttatt cttcctgtta
961 cttgtggttt tgtttgttct ttcttaaatt cttttgtaaa ctcagttctt cccatttggg

1021 aagtgccggt agccctgctg caaaaacttg tggaagctag cggatgtttc tggttttgta
1081 ctgaatgcta ccggtgctta aggatacttt tagaaataaa aaggattaaa actg

Figure 2.5: The figure shows the localisation o f  the primers in the Survivin cDNA sequence (374078). 
The primer binding sites are shown by the underlining.
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Control GAPDH reactions were also run to normalize values, the primers 

were taken from Faulkner-Jones et al (2003). The sequences were: forward 5'-GGA 

GAA ACC AGC CAA GTA TGA TG-3' and reverse 5'-AAA GGT GGA AGA ATG 

GCT GTC A-3\ The Figure 2.6 shows the localization of the primers on the GAPDH 

cDNA sequence.

1 accttctcac tgcgcgctgg ggccgttgac gtgcagcagg aacactataa aggcgagatg
61 gtgaaagtcg gagtcaacgg atttggccgt attggccgcc tggtcaccag ggctgccgtc

121 ctctctggca aagtccaagt ggtggccatc aatgatccct tcatcgatct gaactacatg
181 gtttacatgt tcaaatatga ttctacacac ggacacttca agggcactgt caaggctgag
241 aacgggaaac ttgtgatcaa tgggcacgcc atcactatct tccaggagcg tgaccccagc
301 aacatcaaat gggcagatgc aggtgctgag tatgttgtgg agtccactgg tgtcttcacc
361 accatggaga aggctggggc tcatctgaag ggtggtgcta agcgtgttat catctcagct
421 ccctcagctg atgcccccat gtttgtgatg ggtgtcaacc atgagaaata tgacaagtcc
481 ctgaaaattg tcagcaatgc atcgtgcacc accaactgcc tggcaccctt ggccaaggtc
541 atccatgaca actttggcat tgtggagggt cttatgacca ctgtccatgc catcacagcc
601 acacagaaga cggtggatgg cccctctggg aagctgtgga gagatggcag aggtgctgcc
661 cagaacatca tcccagcgtc cactggggct gctaaggctg tggggaaagt catccctgag
721 ctgaatggga agcttactgg aatggctttc cgtgtgccaa cccccaatgt ctctgttgtt
781 gacctgacct qccqtctqqa qaaaccaqcc aaqtatqatq atatcaagag ggtagtgaag
841 gctgctgctg atgggcccct gaagggcatc ctaggataca cagaggacca ggttgtctcc
901 tgtgacttca atqqtqacaq ccattcctcc acctttqatq cgggtgctgg cattgcactg
961 aatgaccatt tcgtcaagct tgtttcctgg tatgacaatg agtttggata cagcaaccgt

1021 gttgtggact tgatggtcca catggcatcc aaggagtgag ccaggcacac agcccccctg
1081 ctgcctaggg aagcaggacc ctttgttgga gcccctgctc ttcaccaccg ctcagttctg
1141 catcctgcag tgagaggcca gttctgttcc cttctgtctc ccccactcct ccaatttctt
1201 cctccacctg ggggaggtgg gagaggctga tagaaactga tctgtttgtg taccacctta
1261 catcaataaa agtgttcacc atctgaag

Figure 2.6: The figure shows the localisation o f  the primers in the GAPDH cDNA sequence (374193). 
The primer binding sites are shown by the underlining.

The primers used for standard PCR for the identification of mouse Survivin 

were taken from Conway et al, (2000). The sequences were: forward 5'-TCG CCA 

CCT TCA AGA ACT GGC CCT TCC TGG A-3' and reverse 5’-GTT TCA AGA 

ATT CAC TGA CGG TTA GTT CTT-3’. Figure 2.7 shows the localization of the 

primers on the Survivin sequence.
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1 gcgggcgagg gcgtggggcc ggggctctcc cggcatgctc tgcggcgcgc ctccgcccgc
61 gcgatttgaa tcctgcgttt gagtcgtctt ggcggaggtt gtggtgacgc catcatggga
121 gctccggcgc tgccccagat ctggcagctg tacctcaaga actaccgcat cqccaccttc
181 aacraactcrcrc ccttcctqqa ggactgcgcc tgcaccccag agcgaatggc ggaggctggc
241 ttcatccact gccctaccga gaacgagcct gatttggccc agtgtttttt ctgctttaag
301 gaattggaag gctgggaacc cgatgacaac ccgatagagg agcatagaaa gcactcccct
361 ggctgcgcct tcctcactgt caagaagcag atqqaaqaac taaccqtcaq tqaattcttq
421 aaactggaca gacagagagc caagaacaaa attgcaaagg agaccaacaa caagcaaaaa
481 gagtttgaag agactgcaaa gaotacccgt cagtcaattg agcagctggc tgcctaatgc
541 tgagcctttg ctgagataac ttggacctga gtgacatgcc acatctaagc cacgcatccc
601 agcttttcca gccagggcct cctagcagga tcttagagaa ggagacagtg gtattttgaa
661 actggatatc aaatattttt ggttttgctt taaagtggct acctctcttt ggttttgtgg
721 ctttgctcta ttgtgacgtg gacttaagca ataaggaagt gatgaaggga cagtgttctc
781 tgacaggacc tgtgggggtc ggggtgcctg tgcaaggtct tggttctgat tgtgatattt
841 ccatacaggg ctgctaatgc agcccatggg taagtgtggt tatatgtgtt tgtgctgata
901 attttgtcct gatgagtttt cctaccacgg ggtaacggaa taaaatcact tgaaaaagtg
961 gactgtaagc tcaaaaa

Figure 2.7: The figure shows the localisation o f  the primers in the Survivin sequence (009689.2). The 
primer binding sites are shown by the underlining.

Control GAPDH reactions were also run to normalize values. The primers 

were taken from Mansergh et al (2004). The sequences were: forward 5'-ACC AC A 

GTC CAT GCC ATC AC-3' and reverse 5'-TCC ACC ACC CTG TTG CTG TA-3’. 

The figure 2.8 shows the localisation of the primers on the GAPDH sequence.

All primers for standard PCR were ordered for synthesis from Operon and 

were delivered in freeze-dried form. RNase free water was added to the primers in an 

appropriate volume to obtain a concentration of 100 pM. The primers were stored at - 

20°C.
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1 agagacggcc gcatcttctt gtgcagtgcc agcctcgtcc cgtagacaaa atggtgaagg
61 tcggtgtgaa cggatttggc cgtattgggc gcctggtcac cagggctgcc atttgcagtg
121 gcaaagtgga gattgttgcc atcaacgacc ccttcattga cctcaactac atggtctaca
181 tgttccagta tgactccact cacggcaaat tcaacggcac agtcaaggcc gagaatggga
241 agcttgtcat caacgggaag cccatcacca tcttccagga gcgagacccc actaacatca
301 aatggggtga ggccggtgct gagtatgtcg tggagtctac tggtgtcttc accaccatgg
361 agaaggccgg ggcccacttg aagggtggag ccaaaagggt catcatctcc gccccttctg
421 ccgatgcccc catgtttgtg atgggtgtga accacgagaa atatgacaac tcactcaaga
481 ttgtcagcaa tgcatcctgc accaccaact gcttagcccc cctggccaag gtcatccatg
541 acaactttgg cattgtggaa gggctcatga ccacacrtcca tqccatcact gccacccaga
601 agactgtgga tggcccctct ggaaagctgt ggcgtgatgg ccgtggggct gcccagaaca
661 tcatccctgc atccactggt gctgccaagg ctgtgggcaa ggtcatccca gagctgaacg
721 ggaagctcac tggcatggcc ttccgtgttc ctacccccaa tgtgtccgtc gtggatctga
781 cgtgccgcct ggagaaacct gccaagtatg atgacatcaa gaaggtggtg aagcaggcat
841 ctgagggccc actgaagggc atcttgggct acactgagga ccaggttgtc tcctgcgact
901 tcaacagcaa ctcccactct tccaccttcg atgccggggc tggcattgct ctcaatgaca
961 actttgtcaa gctcatttcc tggtatgaca atgaatacgg ctacacrcaac acrcrcrtcrcrtcrcr
1021 acctcatggc ctacatggcc tccaaggagt aagaaaccct ggaccaccca ccccagcaag
1081 gacactgagc aagagaggcc ctatcccaac tcggccccca acactgagca tctccctcac
1141 aatttccatc ccagaccccc ataataacag gaggggccta gggagccctc cctactctct
1201 tgaataccat caataaagtt cgctgcaccc acaaaaaaaa aaaaaaaaaa aaaa

Figure 2.8: The figure shows the localisation o f  the primers in the GAPDH sequence (008084.2). The 
primer binding sites are shown by the underlining.

2.8.5.2 Quantitative PCR primers

The primers for QPCR were QuantiTect Primer Assays from Qiagen, 

Germany. These primers sets, Survivin, GAPDH and (3-Actin, are validated, and 

provide highly specify and sensitive results for chicken using SYBR Green based 

real-time RT-PCR. QuantiTect Primer Assays give lower Ct values compared with 

others assays. The primers were designed as the ideal tool for validation of RNAi 

assays (table 2.3).
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Table 2.3: Table collecting real time primers details used.

Name Species Entrez Gene ID Amplification length Detection Brand

Survivin Gallus gallus 374078 162 bp SYBR green Qiagen

GAPDH Gallus gallus 374193 78 bp SYBR green Qiagen

ft-Actin Gallus gallus______ 396526 120 bp SYBR green Qiagen

The primers were delivered lyophilized at room temperature. The vial 

containing the QuantiTect primers was briefly centrifuged and 1.1 mL TE, pH 8.0 

were added and mixed by vortexing the vial. The primers were stored at -20°C.

2.8.6 Standard PCR

Standard PCR was carried out for analysis and quantification o f Survivin 

expression during chicken and mouse lens development.at different stages. cDNAs 

were amplified on a thermal cycler (Techne, USA). The PCR was performed using 

the GoTaq Flexi DNA polymerase kit (Promega, USA). The protocol of reagents and 

concentrations are show in Table 2.4. The final volume of the PCR reactions was 50 

pL per sample.

Table 2.4. Reagents and concentrations usedfor PCR reaction, per sample.

5 x G reen  GoTaq Flexi buffer 10 pi lx

PCR n u c le o t id e  m ix , 10  mM ea c h 1 pi 0 .2  mM

MgCI2 so lu tion  2 5  mM 4 Ml 2 mM

U p strea m  prim ers 1 Ml 0 .2  mM

D o w n str e a m  prim ers 1 Ml 0 .2  mM

Gotaq DNA poly  (5 u /p l ) 0 .2 5  M< 1 .25  u

cDNA 1 Ml - -

N u c le a se  free  w a te r  to 50 Ml
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The expression of Survivin was analysed using the follow conditions 

summarized in Table 2.5:

Table 2.5. Summary o f the conditions for Survivin PCR.

Initial denaturation 9 5  °C 2 m in u te s 1 cycle

Denaturation 9 5  °C 1 m in u te 3 0  cy c les

Annealing 6 4 .5  °C 1 m in u te 3 0  cy c le s

Extension 72  °C 1 .2 0  m in u te 3 0  c y c le s

Final extension 72  °C 5 m in u te s 1 cyc le

Hold Uo

indefinite 1 cyc le

The analysis of the expression o f Survivin was normalised with respect to the 

expression of a housekeeping gene. In these experiments, GAPDH was selected as a 

reference gene to normalise the results. The GAPDH PCR was carried out using the 

same kits as those for Survivin and using similar conditions. The conditions for 

GAPDH PCR were summarised in Table 2.6. The volume for PCR reactions was 50 

pL per sample.

Table 2.6. Summary o f the conditions for GAPDH PCR.

Initial denaturation vO cn o n 2 m in u te s 1  cyc le

Denaturation 9 5  °C 1 m in u te 19 c y c le s

Annealing 6 2  °C 1 m in u te 19 c y c le s

Extension 7 2  °C 1 .2 0  m in u te 19  c y c le s

Final extension 7 2  °C 5 m in u te s 1 cyc le

Hold 4  °C indefinite 1 cyc le
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Three different pools of samples were used, and each sample was repeated at 

least two times for each gene.

2.8.7 Agarose gel electrophoresis

Agarose gel electrophoresis was the method selected for visualization of the 

PCR products. The gel was prepared by dissolving agarose (molecular biology grade; 

Sigma) in TE buffer (the concentration used was 1.5%). Agarose solution was heated 

in a microwave for 2-3 min until the agarose was completely dissolved. Then 5 pL of 

a solution of ethidium bromide (10 mg/mL) was added to the agarose solution. The 

solution with ethidium bromide was poured in to a tray with a comb to form wells. 

After 40 min of gel set up, 14 pL of PCR products were load to each well. The gel 

was electrophoresed at 80V until adequate separation of the bands. The gel was 

visualized on a UV transilluminator (UVP) and the image of the gel was captured 

with BioDoc-It and VisiDoc-It System (UVP, England) equipped with a thermal 

printer (Sony, Japan).

2.8.8 Quantitative PCR (QPCR)

QPCR is the method of choice for analysis of gene expression. The 

combination of this technology with reverse transcriptase makes it a powerful method 

for identification and quantification of RNA expression during development. Survivin 

expression levels during lens development were confirmed by QPCR with SYBR 

green master mix, SYBR Green Jumpstart Taq readymix (Sigma, UK) using a Roto- 

Gene 6000 (Corbett Research, UK). The reaction mixtures contained: 20 mM Tris- 

HCL (pH 8.3), 100 mM KC1, 7 mM MgC12, 0.4 mM each dNTP and 0.05 unit/pL 

Taq DNA polymerase, Jumpstart taq antibody and SYBR Green I (table 2.7).

The conditions for performing QPCR are collected in table 2.8. Samples for 

Survivin and GAPDH were run together using the same conditions. The volume of 

QPCR reactions was 25 pL per sample. Three different pools were used and each 

PCR reaction was performed in duplicate. The average result was used for
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calculations. Results from each sample were compared with respect to E D I2 (38 HH 

stage).

Table 2.7. Reagents and concentrations used for QPCR reaction, per sample.

SYBR G reen Jum pstart Taq R ead ym ix 1 2 .5  pi

Forward Primer 0 .1  pM 1 M»

R e v erse  Primer 0 .1  pM 1 pi

T em p la te  cDNA 1 Pi

N u c lea se  free  w a ter  to 25 pi

Melting peak analysis was used to confirm that the fluorescence observed 

during the PCR performance derives from the target product, rather than from non

specific amplification. Results were confirmed using a 1.5 % agarose electrophoresis 

gel. Quantification of the expression of Survivin during chick lens development was 

carried out using the 2~A*̂ Ct method (Livak and Schmittgen, 2001).

Table 2.8. Summary o f the conditions for QPCR.

Initial denaturation 9 5  °C 2 m in u te s 1 cyc le

Denaturation 9 5  °C 10 s e c o n d s 4 0  c y c le s

Annealing 6 0  °C 15 s e c o n d s 4 0  c y c le s

Extension 7 2  °C 2 0  s e c o n d s 4 0  c y c le s

Hold o n indefin ite
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2.9 Proliferation assay

Cells were seeded at 5 x 105 cells per well in a 24 well plate or 6 x 104 per 

well in a 96 well plate. For determination of the proliferation rate, two different 

methods were used: XTT assay and counting cells using a haemocytometer.

2.9.1 XTT assay

XTT is an assay to determine the proliferation rate by the production of the 

yellow formazan product upon cleavage of XTT by mitochondrial dehydrogenases 

(Roehm et al, 1991) in viable cells. The cells were seeded onto 96-well plates (6 x 

104 cells/well). The cells were incubated until day 0, 2, 4, 6 and 8. Then, at the 

required day, the cells washed out with Tyrode’s solution twice for 5 min. After the 

second wash, the cells were incubated with 100 pi of XTT solution (0.2 mg/ml). 

Absorbance values were later measured with a multiwell-plate reader (Anthos Labtec 

Instruments, Salzburg, Austria) at a wavelength of 450 nm. Background absorbance 

was measured at 690 nm and subtracted from the 450 nm measurement. The 

measurements were performed after 4 h and 24 h. The measurements were repeated 

three times, and eight replicates were prepared for each day tested. A solution of

0.1M H2O2 in Medium 199 (Gibco, UK) culture medium was used as a negative 

control and 60 ng/mL of PDGF as positive control.

The variation of the cell density amongst different wells was calculated as cell 

growth percentage using the following formula:

% Cell growth = (ODr ODo) / ODtx 100,

where, ODt was the optical density of those wells for this time point, and ODo was 

the optical density of those wells at time point 0.
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2.9.2. Counting cell number

Cell growth was measured using a haemocytometer. Cells were seeded onto 

24-well plates (5 x 105 cells / well). The cells were washed three times with Tyrode’s 

solution. After washing, cells were immediately trypsinized with 0.25% trypsin with 1 

mM EDTA in Ca2+. Cells were recovered and counted in a haemocytometer.

The variation of the cell density amongst different wells was calculated as cell 

growth percentage using the following formula:

% Cell growth = (Nt-No) / Ntx 100,

where, Nt was number of cells of those wells for this time point, and No was the 

number of cells of those wells at time point 0.

2,10 Statistical analysis

During statistical analysis of the results, a valid practical estimation of the 

results was used instead of a mathematically exact solution. Figure 2.9 shows the 

statistical decision tree followed to chose the best statistical approach.

Standard PCR and QPCR data were analyzed using SPSS 12 software 

package for Windows (SPPS Inc, USA). Comparison between the eight embryonic 

days groups was performed using the parametric analysis of the variance test 

followed by the appropriate post-hoc test. Significance was taken at/7 < 0.05.
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TypaofData Quantitative

Type of Question Differences

Number of Groups Multiple

Relation Between Samples independent

Number of Independent Variables

Distribution

One

N orm al
One-Way ANOVA

PostHocTest

No N erm al
Kruskal-WallisTest

Mann-Whitney

Figure 2.9: Statistical decision tree diagram. The selection o f the statistical test for the analysis o f the 
results from the different experiments was carried out following this decision tree diagram. The black 
boxes contain the questions necessary to consider in order to select the statistical tests. The purple 
boxes are the “answers” for our experimental conditions (Modified form Howell, 1999).
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Chapter 3

Whatever you can do, or dream you can do, begin it. 
Boldness has genius, power, and magic in it. Begin it 
now.

(William Hutchinson Murray)
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3.1 INTRODUCTION

The chick lens is a polarized tissue. The anterior surface of the lens is covered 

by an epithelial monolayer. Meanwhile the remainder, and majority, of the tissue is 

comprised of terminally differentiated fibre cells. Those fibre cells are formed 

throughout life by differentiation of the epithelial cells at the equatorial margin of the 

epithelium layer.

Normal development of the chick ocular lens is dependent upon a complex 

interplay of cell proliferation and differentiation (Piatigorsky, 1981; Bassnett, 1995 

and Wride et al, 1996). The proliferative activity observed is regulated, since the 

placode, pit and vesicle stages becomes spatially restricted to the anterior epithelium 

and ultimately to the annular pad during the lens development.

Secondary fibre cell differentiation is characterized by extensive cellular 

elongation and, in mature fibre cells, the degradation of cytoplasmic organelles 

(Bassnett, 1995 and Wride et al, 1999). The fibres elongate until their tips reach the 

anterior and posterior sutures. As lens growth proceeds, layers of more recently 

differentiated cells progressively bury the pre existing fibres. Because there is no cell 

turnover in the lens, all cells are retained, and consequently, each adult lens retains 

within itself a complete cellular record (Brown et al, 1987). Those cells that 

differentiated earliest in development are located in the centre of the lens, while those 

that differentiated more recently are located near the surface.

The programmed loss of lens cell organelles is one of the most characteristic 

features of lens fibre cell differentiation and also one of the least understood. 

Different models have been established to shed light on the mechanisms underlying 

this event (Modak and Bollum, 1972; Counis et al, 1981 and Chaudun et al, 1994). 

However, recent studies have led to the possibility that lens nuclei may be degraded
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through the action of a DNase II- like enzyme. A DNase II-like enzyme has been 

identified in the lens on the basis of activity assays and immunological approaches 

(Torriglia et al, 1995; and DeMaria and Bassnett, 2007).

Meanwhile the loss of organelles from lens fibre cells occurs over a time 

course of a few hours and within the space of a few cells (Bassnett and Beebe, 1992; 

and Bassnett, 1995), while the nuclear breakdown take some days. The nuclear 

breakdown begins shortly before cells reach the border of the OFZ. Over the space of 

20-30 cells nuclei undergo a dramatic transformation involving marginalization and 

subsequent collapse of the chromatin, loss of integrity of the nuclear lamina and 

nuclear envelope, and, finally, fragmentation of the DNA.

But how is denucleation triggered? The triggering occurs in the centre of the 

chick embryo lens on ED 12 (38 HH stage) and could be related to the increasing size 

of the lens because the distance from the border of the OFZ to the lens surface 

remains approximately constant through embryonic development. As the volume of 

the tissue increases, diffusion-generated gradients of metabolites will be established 

within the lens as described by Bassnett (Bassnett et al, 1987). A drop in cytoplasmic 

pH, a fall in oxygen tension, or the build up of metabolic waste products are all 

candidates for the triggering event (Bassnett and McNulty, 2003).

The purpose of this chapter is the analysis of lens morphology changes during 

lens development and the study of proliferation and differentiation patterns. Four 

different techniques were used in this chapter; histochemistry showed the 

morphological changes during lens development. Western blot (WB) and 

immunofluorescence for PCNA (a proliferator marker) were used to determine the 

proliferation pattern in the lens and finally, terminal deoxynucleotidyl transferase 

biotin-dUTP nick end labelling (TUNEL) technique allowed for the identification of 

the DNA fragmentation involved in lens epithelial differentiation.
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The specific aims to this chapter are:

1. To determine the structural morphological changes of the chick embryonic 

lens during development.

2. To quantify the PCNA protein in whole lenses during chick lens 

development.

3. To identify and localise the proliferation pattern during chick lens 

development.

4. To study the DNA fragmentation pattern involved in lens epithelial 

differentiation.
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3.2 EXPERIMENTAL DESIGN

In order to understand the potential role of Survivin is necessary to characterise 

the morphological changes in proliferation and differentiation during embryonic 

chick lens development.

Haematoxylin and Eosin staining on paraffin sections was used to evaluate 

morphological changes during chick lens development focus in number of cells, 

nuclei shape and number of epithelial cell layers from ED6 (28-29 HH stage) to 

ED20 (46 HH stage) as described in section 2.3.

Proliferation in whole chick embryonic lens was quantified by WB using the 

same embryonic stages than in the Haematoxylin and Eosin study. The antibody used 

was a monoclonal antibody for PCNA (Abeam, UK). WB was performed as 

mentioned in section 2.6.

The same monoclonal antibody for PCNA (Abeam, UK) used in WB was 

used to determine the pattern of expression during chick lens development by 

immunofluorescence.

The differentiation was studied by determination of the fibre cells 

denucleation pattern during chick lens development. In order to analyse this 

denucleation profile the Terminal deoxynucleotidyl Transferase Biotin-dUTP Nick 

End Labeling (TUNEL) was performed as described in section 2.7.

Results from proliferation and denucleation were analyzed using SPSS 12 

software package for Windows (SPPS Inc, USA). Comparison between the 

embryonic day groups was performed using the parametric analysis of the variance 

test followed by the appropriate post-hoc test. Significance was taken at p  < 0.05. 

When the data analysed were distributed only in two groups with Gaussianan 

distribution the comparison was performed using t- test with significance at p<  0.05.
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3.3 R E S U L T S

To characterise the alterations and changes in embryonic chick lens 

development, a number of different techniques have been used in this chapter. In the 

first section, a comparison between both protocols for chick eye or head embedding is 

summarized. The second section collects the results o f the morphological changes 

observed during lens development. In the third and fourth sections a quantification 

and description of the proliferation is shown. The fifth and last section collected the 

results of the analysis of denucleation during lens development.

For the interpretation of the results three regions were defined in the 

embryonic chick lens: the central lens epithelium, the periphery lens (region of 

transition between epithelium and fibre cells) and central fibre cells region.

Quiescence
C r j t r .1  r p . t M u l  n i b

Proliferatio
P erip h era l epithelial

tquA lonat ed it
(an n u la r pad)

Different i(

fibre* Central lea* fibre*

M igration

Region of .eeonilai 
fibre eell formation

Figure 3.1 Lens diagram showing the three regions defined for counting cells (adapted from Wride, 
1996).

3.3.1 Tissue fixation and wax embedding

The features o f the chicken tissue and the softness o f the embryonic tissue 

made the paraffin embedding and posterior sectioning easy. At ED4 (23-24 HH stage) 

and ED6 (28-29 HH stage) whole head embryos were embedded, whereas from ED8 

(33-34 HH stage) to ED20 (46 HH stage) only eyes were embedded with the back 

removed. Initially a remarkable problem was found at ED8 (33-34 HH stage). When 

the whole head at ED8 (33-34 HH stage) embryo was embedded, the result was a 

collapsed eye with all morphology structure disrupted. Then, eyes at ED8 (33-34 HH
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stage) were dissected, the back of those eyes were removed and then embedded 

without problems.

From ED 10 (36 HH stage) to ED 20 (46 HH stage) some difficulties were 

found in the sectioning and a second protocol was used. The fixation of the eyes with 

10% NBF and the use of chloroform as a clearance agent improved the quality of the 

sections.

The quality of the paraffin sections at 7 pm resulted in a good quality section 

suitable for histochemistry, immunochemistry and TUNEL studies.

3.3.2 Histochemistry study in embryonic chicken lens development

The morphogenesis of the chick lens development was analyzed using H&E. 

This technique shows the changes of cell shape, size and number of cell layers and 

the presence of pycnotic nuclei.

The results observed from the slides staining with H&E suggest that in 

agreement with previous studies, nuclear degeneration in the chicken lens during 

embryonic development follows a strict temporal and spatial pattern.

In general, the nuclei of the chicken lens epithelial cells changes shape from 

elongated to cuboidal and even round nuclei during development, with a reduction of 

the number of the cells in the epithelium layers in the previous stages of hatching.

Nuclear elongation in fibre cells occurred perpendicular to the lens capsule. 

The changes of the nuclei elongation in relation to the denucleation were observed in 

the different compartments of the maturation of the fibre cells in the developing lens.

The organelle free zone (OFZ) appears distinguishable after ED 12 (38 HH 

stage), and some pycnotic nuclei were observed at ED 12 (38 stage). The number of
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pycnotic nuclei is not significant until the OFZ is formed. These pycnotic nuclei 

appear in the border with the OFZ or very close to this border.

At ED4 (23-24 HH stage), the lens epithelial layer was pseudo-stratified, 

comprised of several cell layers. The cell nuclei in the epithelium were elongated and 

perpendicular to the capsule. The thickening of the lens epithelium was increased in 

the peripheral margins. The nuclei seem more concentrated along the outer surface 

(figure 3.2A-D). In fibre cells, nuclei were elongated and ellipsoid. Their long axes 

run perpendicular to the equator region axis (figure 3.2D).

At ED6 (28-29 HH stage), the epithelial nuclei became round in the central 

epithelium, but the elongated nuclei persist, mostly in the periphery. The central 

epithelium was thinner, although there were several cell layers. The presumptive 

annular pad became thicker than in the earlier stages (figure 3.2E-H). Mitosis was 

detected in the equator region, in epithelial cells and in the cells that started to 

elongate their nuclei. Some mitosis were detected in the fibre cells region also (figure 

3.2G).

The stain in the fibre cells was less homogenous than that in the epithelial cell 

layer. The nuclei in the fibre region were elongated and perpendicular to the equator 

axis. Some round nuclei were detected in the central region of the lens surrounded by 

the healthy nuclei of the fibre cells (figure 3.2H).

At ED8 (33-34 HH stage), the central epithelium was thinner, although the 

number of the cell layers was maintained. The nuclei were mainly round structures in 

the central region but in the equator region the nuclei were elongated. The annular 

pad was clearly one distinct structure with its characteristic shape (figure 3.3A-D).

In the fibre cell layers, a few intensely staining pycnotic nuclei appear in the 

central region of the fibre cells. The number of pycnotic nuclei increased during the 

following days. Some mitotic cells were detected in epithelial and fibre cells (figure 

3.3D).
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At ED 10 (36 HH stage), the central epithelium was thinner than previous 

stages and only one layer was observed. In the fibre cells, the number of pycnotic 

nuclei increased, and they appear amongst healthy nuclei in an enlarged region 

compare to that in the previous stages. This region was in the border of the one area 

that started to be observed with no nuclei (figure 3.3E-H).

At ED 12 (38 HH stage), no differences in the structure of the central 

epithelium and annular pad where found. Some mitotic nuclei were observed in the 

periphery of the epithelium. In fibre cell layers, the degenerating nuclei, in earlier 

stages of pycnosis, were observed in the central region of the lens around the OFZ 

(figure 3.4A-D). At this stage, the OFZ was clearly distinguished.
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Figure 3.2. Morphogenesis study o f chick lens development. H&E staining was 
used to study the changes in the number of lens epithelial cell layer and 
morphology of the nuclei of the fibre cells. Three regions of the lens were studied: 
central epithelial layers, bow lens region and central fibre cells. At ED4 (23-24 
HH stage) the central epithelium was pseudo-stratified formed by several layers 
(A, B). The nuclei of the fibre cells were elongated and ellipsoid (A, C and D). At 
ED6 (28-29 HH stage), the epithelial nuclei became round and thinner in the 
central epithelium (E, F). Mitosis was detected in the equator region, in epithelial 
cell and in the cells that started to elongate their nuclei. Some mitosis were 
detected in the younger fibre cells region (white arrows). The nuclei in the fibre 
region were elongated and perpendicular to the equator axis. Some round nuclei 
(yellow arrows) were detected in the central region of the lens surrounded by the 
healthy nuclei of the fibre cells (G, H).
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Figure 3.3. Morphogenesis study o f chick lens development stages ED8 to ED 10. 
H&E staining was used to study the changes in the number of lens epithelial cell 
layer and morphology of the nuclei of the fibre cells. Three regions of the lens 
were studied: central epithelial layers, bow lens region and central fibre cells. At 
ED8 (33-34 HH stage), the central epithelium was thinner and the nuclei were 
mainly round. The annular pad was clearly one distinct structure with its 
characteristic shape (A-B). In the fibre cell layers, a few intensely staining 
pycnotic nuclei appear in the central region of the fibre cells (C-D). At ED 10 (36 
HH stage), only one layer was observed in the central epithelium (E-F). In the 
fibre cells, the number of nuclei in very early pycnotic stages increases (white 
arrows), and they appear amongst healthy nuclei in an enlarged region compare to 
that in the previous stages (G-H).
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At EDM (40 HH stage), the lens grew considerably with respect to the 

previous stages. The fibre cells were more widely spaced. The pycnotic nuclei were 

substantially increased, well localised towards the centre of the fibre area (figure 

3.4E-H).

At ED 16 (42 HH stage), the lens increased in size without any changes on 

epithelium. In fibre cells, there is an increase of the area by nuclear degeneration 

(figure 3.4A-D).

Two classes of denaturing nuclei were observed. The advanced stages of 

pycnosis were localized exclusively towards the centre of the fibre region of the lens 

formed a circular area along the dorso-ventral plane of the lens. The pycnotic nuclei 

in earlier stages were more peripheral and formed a rim around it, surrounded by 

healthy fibre nuclei (figure 3.5D).

At ED 18 (44 HH stage) -  ED20 (46 HH stage), the small fragments had 

complete disappeared. The fibre cells contained a central OFZ surrounded by a rim of 

nuclei in early pycnosis (figure 3.5E-H).

84
Role of Survivin in the regulation of cell proliferation and differentiation in lens development



Chapter 3 Characterisation of the proliferation and denucleation profile during lens development

Figure 3.4. Morphogenesis study o f chick lens development stages ED 12 to EDM. 
H&E staining was used to study the changes in the number of lens epithelial cell 
layer and morphology of the nuclei of the fibre cells. Three regions of the lens 
were studied: central epithelial layers, bow lens region and central fibre cells. At 
ED 12 (38 HH stage), some mitotic nuclei were observed in the periphery of the 
epithelium. In fibre cell layers, the degenerating nuclei, in earlier stages of 
pycnosis (white arrows), were observed in the central region of the lens (A-D). At 
ED 14 (40 HH stage), the lens grew considerably respect to the previous stages. 
The fibre cells were more widely spaced (E-H). Some pycnotic nuclei were found 
in the central fibre cells region (white arrows).
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Chapter 3 Characterisation of the proliferation and denucleation profile during lens development

Figure 3.5. Morphogenesis study o f chick lens development stages ED 16 to ED20. 
H&E staining was used to study the changes in the number of lens epithelial cell 
layer and morphology of the nuclei of the fibre cells. Three regions of the lens 
were studied: central epithelial layers, bow lens region and central fibre cells. At 
ED 16 (42 HH stage), lens increased the size without any changes on epithelium. 
In fibre cells, there is an increase of the area by nuclear degeneration (A-D). Two 
classes of denaturing nuclei were observed (D). Early pycnotic round nuclei (white 
arrows) and nuclei in the last step of pycnosis (yellow arrows). At ED 18 (44 HH 
stage) -  ED20 (46 HH stage) the fibre cells contained a central OFZ surrounded 
by a rim of nuclei in different steps of pycnosis (E-H). The nuclei in the very early 
steps of pycnosis highlighted by yellow arrows, the round nuclei are marked in 
white arrows and finally the small fragments of the nuclei in the last steps of 
pycnosis are labelled with black arrows were decreased at this stage of chick lens 
development compare with ED 16 (42 HH stage).
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Chapter 3 Characterisation of the proliferation and denucleation profile during lens development

3.3.3 Western blot for PCNA

Analysis of the proliferation pattern in the chick lens embryonic development 

was performed using PCNA antibody. The first step of the Western blot is the 

analysis of the protein amount collected from the different samples. The final step is 

the analysis of the PCNA quantification

3.3.3.1 Protein isolation

Standards and samples solutions were incubated with the BCA chemistry for 

30 min at 37°C in dark in a 96 well plate. After this time, the plate was read at 550 

nm in a micro plate reader. The absorbance values were measured and the readings 

from the standards were used to calculate a trend line equation. This formula allowed 

the calculation of the protein concentration of the unknown samples. The table 3.1 

reports number of lenses used, the measures of absorbances, and concentrations of 

proteins.

Three pools of lenses were used for Western blot protein analysis. The lenses 

were collected from ED 6 (28-29 HH stage) to ED 20 (46 HH stage) at every two 

days. The number of lenses used for RNA isolation was the same in the different 

pools at the same stage. However, the number of lenses was decreased during the 

development of the chicken eye lens. The data collected in the table below (table 3.1) 

show a homogenous amount of protein collected with a very low variation between 

pools at the same stage. The big variation was found at ED 14 (40 HH stage) with a 

standard deviation (SD) of 0.372 (a 6.8 % change with respect to the average). The 

lowest variation was found at ED 12 (38 HH stage) with a SD of 10 (0.83% with 

respect to the average).
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Table 3.1. Table detailing the number o f  lenses and protein concentration. Average is shown in purple 
and SD in blue.

ED06 ED08 ED10 ED12 ED 14 ED16 ED18 ED20

N. lenses 40 40 36 36 32 32 28 26

1.24 3.04 5.09 4.83 5.17 6.96 7.87 8.78
Amount

0.99 3.65 4.93 4.79 5.92 6.93 7.60 8.37
(pg/pL)

1.14 3.42 5.13 4.87 5.60 6.78 7.77 8.63

Mean 1.12 3.37 5.05 4.83 5.57 6.89 7.15 8.59
±SD ±0.13 ±0.30 ±0.11 ± 0 .04 ± 0 .372 ±0.10 ±0.14 ±0.21

Figure 3.6 represents the values collected in the table 3.1. The histogram 

comparing the variation of the amount o f protein isolated per embryonic day group.

ED06 ED08 ED10 ED12 EDM ED16 ED18

Figure 3.6. The histograms show the representation o f  the amount o f protein isolated from the lenses 
at each stage. Three pools o f lenses were collected from ED 6 (28-29 HH stage) to ED 20 (46 HH 
stage) at every two days. The protein isolated was increasing with the age with the exception o f the ED 
12 (38 HH stage), which decreased due to over dilution. The number o f lenses using per embryonic 
day was reduced with the increasing stage. Histogram shows the mean o f the RNA amount collected at 
each stage with the SEM.
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3.3.3.2 PCNA quantification

To assess the proliferation pattern in the whole developing chick lens, WB 

was performed for PCNA, a protein that plays a critical role in DNA replication, is 

expressed during all phases of cell division.

Western blot analyses were performed on samples from of chick embryonic 

lens from ED6 (29-29 HH stage) to ED20 (46 HH stage). A monoclonal anti-PCNA 

antibody (Abeam, UK) has been selected for proliferation quantification during lens 

development. The anti-PCNA antibody detected a positive 35 kDa band in all 

samples. The bands detected during the early stages of chick lens development were 

stronger than the latest development stages studied (figure 3.7).

WB revealed intense expression of PCNA during the early stages of chick 

development. The strong expression of PCNA protein was found at ED6 (28-29 HH 

stage) with a value of 1.65 + 0.02 fold time the PCNA expression at ED 12 (38 HH 

stage). At ED8 (33-34 HH stage) the values decayed to 1.28 ± 0.02 fold time the 

PCNA expression at ED 12 (38 HH stage). At ED 10 (36 HH stage), the value was 

1.05 ± 0.03 fold time the PCNA expression at ED 12 (38 HH stage). After ED 12 (38 

HH stage), the PCNA expression was decayed abruptly. The value at ED 14 (40 HH 

stage) was 0.36 ± 0.02 fold time the PCNA expression at ED 12 (38 HH stage). The 

expression of PCNA at ED 16 (42 HH stage) was 0.20 + 0.03 fold time PCNA 

expression at ED 12 (38 HH stage). At ED 18 (44 HH stage) the PCNA expression was 

0.14 + 0.01 fold time the PCNA expression at ED 12 (38 HH stage). At ED20 (46 HH 

stage) was decayed to 0.04 + 0.01 fold time the PCNA expression at ED 12 (38 HH 

stage; figure 3.7).

The PCNA expression of embryonic day groups has clearly different 

distributions. The Shapiro-Wilk test (Shapiro and Wilk, 1965) showed Gaussian 

distribution of the data with a p value < 0.05. The ANOVA test was used to test for 

differences among the eight independent embryonic groups.

91
Role of Survivin in the regulation of cell proliferation and differentiation in lens development



Chapter 3 Characterisation o f the proliferation and denucleation profile during lens development

C+

36kDa

E E E E E E E E
D D D D D D D D
0 0 1 1 1 1 1 2
6 8 0 2 4 6 8 0

B

43kD a

PCN A

tAA  p-Actin

Omission

D

Mouse Ig

E

Relative PCNA expression
2.00

1 .50

1.00

0 .5 0

0.00 n n n
ED6 ED8 ED10 ED 12 E D 14 ED16 ED18 ED20

Figure. 3.7. Western blot analyses o f PCNA protein in chick lens development. 10 pg of protein per 
sample were loaded to the electrophoresis gel, transferred to nitrocellulose membrane and incubated 
with antibody raised against PCNA protein. A specific band o f about 35 kDa was observed for PCNA 
(A). p-Actin was used as housekeeping gene (B). The amount of PCNA was quantified by 
densitometry using the scan program and normalized by Actin protein. The values o f densitometry 
bands analysis were plotted (E). Chicken development brain was used as positive control (A). Two 
negative controls were used: The omission o f  the secondary antibody (C). Incubation o f the sample 
with mouse immunoglobulins instead o f primary antibody.
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ANOVA revealed at least one significant difference between the means of the 

embryonic days groups with a p value < 0.001. In order to analyse the differences 

found between groups a post-hoc test was used to analyse the differences found 

between groups. To select the adequate post-hoc, the homogeneity of variance of the 

data was tested using Levene’s test. Levene's test assessed the homogeneity of the 

variance of the data with a p value of 0.108. Due to this homogeneity of the variance 

and equal size of the groups, the more suitable post-hoc test to analyze the differences 

between groups is the HSD Tukey test.

Table 3.2 summarises the results analysed. In very brief, significant statistical 

differences were found between the expression levels of PCNA at ED 6 (28-29 HH 

stage) and the rest of the groups, between ED 8 (33-34 HH stage) and the rest of the 

groups. The only no statistical difference found in the PCNA levels of expression was 

between ED 10 (36 HH stage) and ED 12 (38 HH stage), but both were statistically 

significantly different with respect to the rest of the embryonic day groups.

Table 3.2: Summary o f  the results obtained from  HSD Tukey test. Cells in grey show values that were 
not statistically significances. Y: statistically significances; N: no statistically significances.

ED06 ED08 ED10 ED12 ED14 ED16 ED18 ED20

ED06 —

ED08 Y —

ED10 Y Y . . .

ED12 Y Y N —

ED14 Y Y Y Y —

ED16 Y Y Y Y Y —

ED18 Y Y Y Y Y Y . . .

ED20 Y Y Y Y Y Y Y
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3.3.4 Morphological determination o f  Proliferation during lens development

The lens grows throughout the life of the animal without appreciable cell loss. 

A strict regulation of the proliferation pattern during chick lens development has been 

described. The study of the different rates of cell proliferation during different stages 

of lens development provides a good system to understand the precise control 

between proliferation and differentiation in which Survivin may be involved in 

controlling the lens development.

To perform the morphological study to localise the expression of PCNA, a 

proliferation marker, in the different compartments of the embryonic chick lens a 

monoclonal antibody was used. The results analysed the expression of PCNA in all 

compartments of the ED4 (23-24 HH stage) until ED20 (46 HH stage).

The results observed from PCNA staining suggested temporal and spatial 

regulation of proliferation during embryonic lens development. Overall, the staining 

was limited to the nuclei of the cells. During the early stages, this staining was 

observed both in the nuclei of the chick lens epithelial cells and in fibre cells. During 

subsequent stages a reduction in the number of labelled epithelial cells was observed 

(figure 3.8-10).

Changes in the positive nuclei shape were detected. From the round nuclei of 

the central epithelium to the elongated and ellipsoid nuclei shape of the fibre cells 

(figure 3.8-10).

In more detail, the results showed all cells positive for PCNA labelling in all 

compartments of the lens: central epithelium, peripheral epithelium annular pad and 

primary fibre cells at ED4 (23-24 HH stage) and ED6 (28-29 HH stage). The positive 

lens epithelial layer was pseudo stratified, formed by several cells layers. The cell 

nuclei in the epithelium were round. The thickening of the lens epithelium was 

slightly increased in the peripheral margins. In the fibre cells, nuclei were elongated 

and ellipsoid (figure 3.8).
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At ED8 (33-34 HH stage) the PCNA staining in the fibre cells decreased. 

Only positive nuclei were observed close to the annular pad region. The nuclei in the 

fibre region were elongated and perpendicular to the equator axis (figure 3.9A-F).

The numbers of layers of pseudo stratified central epithelium were gradually 

reduced up to ED 10 (36 HH stage) (figure 3.12G-L), at which time only one layer 

was observed. However in the annular pad, the number of labelled layers was 

increased until ED 10 (36 HH stage). As embryonic development progress, the 

staining in the epithelium was decreased and was localised to the annular pad.
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Figure 3.8. Proliferation in lens development was studied using a monoclonal 
antibody against PCNA (PC 10, Abeam). At ED4 (A-F) all nuclei of epithelium 
and fibre cells were positive for PCNA. At ED6 (G-L) the staining disappeared in 
the central fibre cells.
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Figure 3.9. Proliferation in lens development was studied using a monoclonal 
antibody against PCNA (PC10, Abeam). At ED8 (A-F) the PCNA staining lost 
intensity. At this stage the PCNA staining is absence of the nuclei of the fibre 
cells. At ED 10 the numbers of positive layers of pseudo stratified central 
epithelium were gradually reduced (G-L). PCNA staining is absence of the nuclei 
of the fibre cells.
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At EDM (40 HH stage) the staining in the central epithelium disappeared and 

the staining in the periphery of the epithelium became very faint. The number of cells 

positive for PCNA is very low compared to the total cells in this region. The number 

of positive cells decreased in the annular pad, but the intensity of the labelling was 

still stronger than in the periphery of the epithelium (figure 3.10A-C).

At ED 16 -  ED 18 (42 - 44 HH stage) the proportion of proliferating cells was 

very low. The signal was absent ip the central and in the peripheral epithelium region 

of the lens. The staining in the annular pad became very faint and the number of 

positive cells in this region was very restricted (figure 3.10D-F).

Negative control sections were incubated with mouse immunoglobulins 

instead of anti-PCNA antibody. The sections were negative and no staining was 

observed (3.13G-H). As a positive control mouse lens was used as suggested by the 

company which provide antibody (abeam, UK; figure 3.101)

The number of PCNA positive nuclei was counted using three different eye 

lenses by duplication. Three different regions were considered for counting cells: 

central epithelium, periphery region and central fibre region. The results were 

expressed in % and collected in the table 3.3.

In the central epithelium, the number of PCNA nuclei was high in the early 

stages of lens development. At ED4 (23-24 HH stage) 95.96 + 1.40 % cells were 

found positive. At ED6 (28-29 HH stage) the number of cells for PCNA were 87.50 ± 

1.49 %. At ED8 (33-34 HH stage) the positive cells were 69.24 + 2.32 %. At ED 10 

(36 HH stage), the % of positive cells were 61.79 + 2.36 %. At ED 12 (38 HH stage), 

the % of PCNA positive cells decayed to 40.51 ± 2.49 %. After ED12 (38 HH stage) 

no positive cells were found in the central epithelium.

In the peripheral region, differences were observed compared to the other two 

regions, PCNA positive cells were found in all stages of chick lens development. At 

ED4 (23-24 HH stage) the % of PCNA positive cells were 96.87 + 1.85 %. At ED6 

(28-29 HH stage) the % of number of positive cells were 96.83 + 1.69 %. At ED8 

(33-34 HH stage) the cells were 92.50 + 1.75 %. At ED 10 (36 HH stage), the % were
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72.36 + 2.38 %. At ED 12 (38 HH stage), the % PCNA positive cells decayed to 68.33 

+ 1.49. At ED 14 (40 HH stage) the % o f number of PCNA positive cells was 67.36 + 

2.55. At ED16 (42 HH stage) the % o f PCNA positive cells was 50.96 + 1.45 %. At 

ED18 (44 HH stage) the % of PCNA positive decayed to 33.97 + 1.88. At ED20 the 

number of the positive cells is maintained to 33.30 + 2.49 %.

Finally, in the central fibre cell region only PCNA cells were detected only in 

two stages of the chick lens development. At ED4 (23-24 HH stage) the % of positive 

cells was 90.08 + 1.93 %. The number o f PCNA positive cells at ED6 (28-29 HH 

stage) was decayed to 58.75 + 1.56 %.

Table 3.3. Table detailing the number o f  PCNA positive cells. Three animals and six lenses were used 
to quantify the number o f positive nuclei. The % o f positive cells was calculated with respect to the 
total cells on each region. The mean is shown in red and SD in blue.

Central

Epithelium

Bow

region

Fibre cells

ED4 ED6 ED8 ED10 ED12 ED14 ED16 ED18 ED20

98.44% 86.67% 69.92% 65.04% 36.59%
- - - -

93.97% 90.00% 65.85% 60.98% 39.84% - -

95.31% 88.33% 67.48% 62.60% 42.28%
96.40% 85.83% 69.11% 60.16% 39.02%
94.53% 87.50% 72.36% 58.54% 43.09% - -

96.09% 86.67% 70.73% 63.41% 42.28%
- -

95.96 + 87.50 + 69.24 + 61.79 + 40.51 +
1.40 1.79 2.32 2.36 2.49

98.29% 99.17% 91.67% 69.17% 67.50% 70.25% 50.41% 33.40% 35.54%
97.44% 96.69% 90.83% 75.83% 68.33% 68.60% 52.89% 32.58% 33.06%
94.02% 97.52% 94.17% 74.17% 70.00% 66.94% 52.07% 33.06% 32.26%
96.58% 94.21% 90.83% 72.50% 65.83% 69.43% 50.41% 35.54% 36.74%
99.15% 95.87% 95.50% 71.67% 69.17% 65.29% 48.76% 37.00% 30.28%
95.73% 97.52% 95.00% 70.83% 69.17% 63.64% 51.24% 32.23% 31.70%
96.87 ± 96.83 ± 92.50 ± 72.36 ± 68.33 ± 67.36 ± 50.96 ± 33.97 ± 33.30 ±

1.85 1.69 1.75 2.38 1.49 2.55 1.45 1.88 2.49

90.48% 59.17% _ • _ _

87.30% 60.00% - - - - -

89.68% 57.50% - - - - -

92.86% 58.33% - - - - - - -

91.27% 60.83% - - - - -

88.89% 56.67%
' ' ' ' ' - -

90.08 ± 58.75 ±
1.93 1.56

101
Role o f Survivin in the regulation o f  cell proliferation and differentiation in lens development



Chapter 3 Characterisation of the proliferation and denucleation profile during lens development

Figure 3.10. Proliferation in chick lens development was studied using a 
monoclonal antibody against to PCNA (PC 10, Abeam). The PCNA staining after 
ED 12 (38 HH stage) decayed abruptly. At ED 14 (40 HH stage) the staining 
disappeared in the central epithelium (A) and very few epithelium nuclei were 
positive for PCNA in the periphery (B and C). At ED 16 (42 HH stage) the staining 
was absent from the epithelium nuclei with the exception of some nuclei in the 
annular pad (D-F). A negative control was used (G-H), ED6 (28-29 HH stage) 
sections were incubated with mouse immunoglobulins. As posive control (I) a 
post natal 7 days old mouse lens was used.
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Figure 3.11. Histograms comparing the mean o f % o f  PCNA positive nuclei during lens development. 
Three different eye lenses by duplication were used. The number o f PCNA nuclei was high in the early 
stages of lens development, after ED 12 (38 HH stage) PCNA positive nuclei were foundonly in the 
peripheral region o f the chick embryonic lens.

The PCNA data were statistical analyzed. The Shapiro-Wilk test showed 

Gaussian distribution of the data with a p value < 0.05 in all compartments of the 

lens. ANOVA test was used to analyse the results in the central epithelium and in the 

peripheral region. ANOVA revealed at least one significant difference between the 

means of the embryonic days groups with a p value < 0.001. Levene's test assessed 

the homogeneity of the variance o f the data with a p value of 0.349 and 0.655. The 

HSD Tukey post-hoc test was used to analyse the results in these two regions (central 

epithelium and peripheral region).

The table 3.4 summarises the results analysed with the HSD Tukey test. In 

central epithelium, significant statistical differences were found between all 

embryonic groups with positive cells (table 3.4A) with a p value < 0.05. In the 

peripheral region, ANOVA showed statistical significance between all groups with a 

p < 0.05 except between ED4 (23-24 HH stage) and ED6 (28-29 HH stage), ED 12 

(38 HH stage) and ED 14 (40 HH stage) and between ED 18 (44 stage) and ED20 (46 

HH stage; table 3.4B).
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Table 3.4: Summary o f  the results obtained from  HSD Tukey. A. Statistical analysis of the results in 
the central epithelium. B. Statistical analysis o f the results in the peripheral region of the lens. Cells in 
grey show values that were not statistically significances. Y: statistically significances; N: no 
statistically significances.

A. Central epithelium

ED04 ED06 ED08 ED10 ED12

ED04 —

ED06 Y —

ED08 Y Y —

ED10 Y Y Y —

ED12 Y Y Y Y —

B. Peripheral lens region

ED04 ED06 ED08 ED10 ED12 ED14 ED16 ED18 ED20

ED04 —

ED06 N —

ED08 Y Y —

ED10 Y Y Y —

ED12 Y Y Y Y —

ED14 Y Y Y Y N —

ED16 Y Y Y Y Y Y —

ED18 Y Y Y Y Y Y Y
ED20 Y Y Y Y Y Y Y N

The results of the central fibre cells region were statistically analysed using 

the t-test. The t- test showed statistically significance between ED4 (23-24 HH stage) 

and ED6 (28-29 HH stage) with a p value < 0.001.
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3.3.5 Analysis o f denucleation during lens development

The TUNEL technique is a reliable technique to identify cells undergoing to 

DNA fragmentation during chick embryo development (Wride et al, 1994). The aim 

of this heading is to analyze the condensation and fragmentation state of chromatin 

during chick lens embryonic development. Different paraffin lens sections at 7 

microns were used at each stage of development and the cells nuclei were double 

labelled for DAPI and TUNEL.

The TUNEL staining used for characterization of the presence of nuclear 

degeneration in the lens fibre cells during development did not reveal any sign of 

chromatin condensation or nuclear degeneration in any of the compartments of the 

chick lens during early stages of development, ED4 (23-24 HH stage) -  ED 14 (40 

HH stage).

ED 16 (42 HH stage) was the first stage at which positive staining was 

observed in the nuclei of the central fibre cells (figure 3.12A). However, this positive 

TUNEL staining was strictly localised in the nuclei of the mature central lens fibres. 

No DNA staining or chromatin condensation was observed in the fibre cell nuclei of 

lens cortex, where young fibres are localised. Those negative TUNEL nuclei 

presented different morphology shape from round (outer) to elongated (middle 

region; figure 3.12B). The TUNEL positive nuclei were found deeper in the lens 

cortex, showing evidences of chromatin condensation. Those nuclei had slightly oval 

shaped or even already started to round (figure 3.12A-B).

At ED 18 (44 HH stage) staining was clearly observed in the degenerated 

nuclei of central fibre cells in different stages. A gradation in the morphology was 

found in the degenerating nuclei of the lens fibres. Lens fibres having completely 

condensed chromatin were found and with stronger TUNEL staining at a deeper level 

than the previously described cells, whereas adjacent nuclei, further from the centre 

of the lens, showed much less pronounced staining and exhibited an elongated
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morphology (figure 3.12C). The number of positive nuclei was increased with respect 

to the total number of the central fibre nuclei (figure 3.12C-D).

The number of TUNEL positive nuclei in the central fibre cells was counted 

in three different eyes by duplication. The mean of % of TUNEL positive cells at 

ED16 (42 stage) was 55.72 ± 0.99 % (figure 3.13). At EDI8 (44 HH stage), the mean 

of the % of TUNEL positive cells was 92.30 ± 1.17 % (figure 3.13). The normal 

distribution of the results was confirmed with Shapiro-Wilk test, with a p value =

0.985 for ED 16 (42 HH stage) data and p value of 0.981 for ED 18 (44 HH stage) 

data. The t-test was used for study the significance or not of the difference between 

these two groups. The test revealed a statistical difference between the two groups 

with a p value < 0.001.

In negative control sections, all nuclei were TUNEL negative (figure 3.15E-F) 

while in positive control sections, nuclei in all regions of the lens were intensely 

TUNEL positive (figure 3.15G-H). The number of positive nuclei was similar to the 

total nuclei in whole lens.
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Figure 3.12. Study o f the nuclear degeneration during chick lens development, 
using TUNEL technique. No staining was detected before ED 16 (42 HH stage). 
(A) The first stage in which nuclei TUNEL positive staining was detected was at 
ED 16 (42 HH stage). TUNEL positive nuclei were detected in the central fibre 
cells region. The positive nuclei presented a condensed morphology. The number 
of the positive nuclei in the central fibre cell region was low with respect to the 
total number of nuclei in this region (B). After ED 16 (42 HH stage) the staining 
was more intense and the number of the positive nuclei increased. (C) Detail of 
central fibre region at ED 18 (44 HH stage). The number of TUNEL positive nuclei 
was increased with respect to the total number of nuclei of the fibre cells (D). The 
morphology of the degenerating nuclei was more heterogeneous that at ED 16 (42 
HH stage). (E) The negative control (ED20, 46 HH stage) was prepared without 
rTdT enzyme. (F) DAPI counterstaining of the negative control. (G) ED6 (28-29 
HH stage) chick lens section was incubated with DNase II and used as a positive 
control of TUNEL reaction. The number of positive nuclei was similar to the 
number of total nuclei in whole lens (H).
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The histogram compares the variation in number o f TUNEL positive nuclei in 

the central fibre cells at ED 16 (42 HH stage) and ED 18 (44 HH stage) with the total 

cells in the same area at the same development stages.
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Figure 3.13. The histograms compare the mean o f  TUNEL positive nuclei at central fibre cells. Three 
different eyes by duplication were used at ED16 (42 HH stage) and ED 18 (44 HH stage). The %r of 
TUNEL positive cells was increasing with the age. The difference between ED 16 (42 HH stage) and 
ED 18 (44 HH stage)at ED16 (42 HH stage) was statistical significant with a p value < 0.001.

During lens fibre differentiation a heterogeneous pattern of nuclear 

morphology has been described by different authors (Modak et al, 1969; Modak and 

Pursue, 1970; Counis et al, 1989; Wride et al, 1998 and de Maria and Arruti, 2004).

At ED 18 (44 HH stage), this pattern o f variation o f the shape and morphology 

of the chick lens fibre cells in the central region was found most remarkable. During 

the last step o f this study of the denucleation of the secondary lens fibre cells, a 

morphological comparative study of the nuclei of central fibre cell was carried in lens 

sections at ED 18 (44 HH stage). Three different eyes and two lens section were used 

per eye. Three different techniques were used to study the morphology of the central 

fibre nuclei: haematoxylin-eosin, TUNEL and DAP1 staining. Figure 3.14 shows the 

results of this morphological study.
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During early stages of postmitotic differentiation, in the outer region of the 

central fibre cells, elongated shaped nuclei were observed with H&E and DAPI 

(figure 3.14A, K). No condensation of the chromatin was observed. These nuclei 

were negative for TUNEL (figure 3.14F).

The next type of nuclei observed became more oval shaped and presented 

small condensation of the chromatin (figure 3.14B, L). These oval shaped nuclei were 

TUNEL positive (figure 3.14G). .

Deeper in the mid cortex of the lens, some nuclei with clearly condensed 

chromatin were observed. The shape of these nuclei was irregular with different sizes 

between the nuclei observed at the same position in the central fibre cell region 

(figure 3.14C, M). Those all nuclei were TUNEL positive (figure 3.14H).

The nuclei in the cortex close to the OFZ were rounded shaped with 

homogeneous condensation and TUNEL positive staining (figure 3.14D, I and N). 

Between those rounded nuclei, some remnants of nuclei in the latest step of nuclear 

degradation were observed. These remnants exhibited a hyper condensation of the 

chromatin and strong TUNEL labelling (figure 3.14E, J and O).
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Figure 3.14. Detailed morphology o f  the TUNEL labelled nuclei o f the fibre cells 
at ED18 (44 HH stage). A  morphological study of the nuclei of the chick lens 
central fibre cells was carried out using H&E, TUNEL and DAPI. Lens sections 
for three different eyes were used by duplicate. Five types of nuclei were 
observed. The first type was elongated nuclei of postmitotic fibre cells localised in 
the outer region of the central fibre region with no chromatin condensation (A) 
(K) and no TUNEL staining (F). The second type was oval shaped nuclei with 
small chromatin condensation (B) (L) and TUNEL positive (G). The third type 
was localised in the deeper mid cortex with irregular shape nuclei and 
heterogeneous sizes of the nuclei at the same depth of the central fibre region. 
Those nuclei presented clearly chromatin condensation (C) (M) with TUNEL 
staining (H). The fourth type was rounded nuclei with homogeneous chromatin 
condensation close to OFZ (D) (N) with TUNEL staining (I). Finally, the last type 
was remnant nuclei in the latest step of degradation localised between the rounded 
nuclei, with high chromatin condensation (E) (O) and strong TUNEL staining (J).
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3.4 DISCUSSION

Different approaches have been used to try to understand how cell 

proliferation and differentiation are regulated in the lens. Different lenses at different 

stages were selected to study how these proliferation and differentiation patterns 

change during the different stages of chick lens embryonic development.

3.4.1 Fixation, dehydration and clearance

Probably the most important step in histology is the fixation of the specimen 

to study. The fixation preserves the tissue with the minimal structural alteration. The 

good fixative should rapidly penetrate, immobilize the molecules and increase the 

hardness of the tissue. There are a great variety of the fixatives and the choice of the 

fixative depends of the class of tissue and experiment.

Other features that were considered to select the best fixative for the 

experimental conditions employed are: inexpensive, easily available, convenient to 

store and safe to use. Finally, the fixative selected should permits use in combination 

with other fixatives. Processing tissues with inadequate fixative or with an inadequate 

fixation (overfixation or non-fixation) causes severe and permanent artefacts without 

the possibility to correct these problems. The dehydration process of the tissues with 

inadequate fixation increases those artefacts, which results in a poor quality, lost of 

the entire morphology of the sections or even in the impossibility of tissue sectioning.

Paraformaldehyde (PFA) is the polymeric form of formaldehyde. Normally, 

PFA is a white powder which is added to water and heated above to 60 °C to obtain a 

formalin solution. PFA was used in this project for two reasons: paraformaldehyde 

penetrates quickly in the tissue, and provides a fixation free of extraneous additives, 

like methanol, which has been described to interfere with a histological reaction and 

embedding process (Humason, 1967). In addition, tissue fixed with paraformaldehyde
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should show a good morphology with very few artefacts, and there should be no 

interference with immunochemistry. Paraformaldehyde can be used for wax 

embedding, frozen sections or non-emdedded tissue.

The fixation method selected was the immersion of the head or eye in the 

fixative solution. Using 4% PFA two problems were found. At ED8 (33-34 HH 

stage), the whole embryo was fixed and processed. During this process the eye 

collapsed and the morphology of the whole eyeball was lost. The problem was solved 

by dissecting the eye, removing the back of the eye and then fixing the eye.

The second problem ocurred after ED8 (33-34 HH stage) when the presence 

of the capsule and the thickness of the lens tissue were a handicap for proper fixation 

of the lens, and in particular the core of the lens. The problem was more complicated. 

The time of fixation could not be increased to fix the core better because then, the rest 

of the lens would be overfixed, and no immunochemistry could be carried out.

The avascular structure of the lens does not allow consideration of perfusion 

of the chick eye. Combining different fixatives was avoided because this option could 

interfere with immunochemistry, thereby masking the antigen.

The use of 10 % neutral buffered formalin (10% NBF) was considered to fix 

eyes from ED 10 (36 HH stage) to ED20 (46 HH stage). 10% NBF is one of the most 

popular fixative solutions used in the laboratory. Using this solution ensures that the 

pH of the fixative remains constant before and during fixation. The other advantage 

of this fixative is the high stability that makes the possibility of very long term 

storage until 6 months. The main disadvantage of this fixative is the penetration in the 

tissue is very slow and it requires a long time of fixation however no artefacts were 

observed with this reagent.

Tissues fixed with 4% PFA or for 24 h or with 10% NBF for 48 h require 

soaking in buffer to remove excess fixative. After an overnight soak in PBS, tissues 

were placed in 50% ethanol solution, this low ethanol solution allowed for the start of 

the dehydration process and at the same time removed the salts of the buffer solutions 

used in the fixation and during the overnight wash. These salts precipitate at higher
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ethanol concentrations. Washing 4% PFA or 10% NBF fixed tissues can eliminate 

this problem provided the tissue is properly fixed.

After fixation, the tissues were dehydrated using a graduated ethanol solution 

until the tissues are ready for clearance of wax. Alcohol is a non-miscible product 

with wax, and the clearance is an intermediate step between dehydration and wax 

infiltration in which the tissue is threat with a clearance agent miscible with both, 

alcohol and wax. There different clearance agents but the two more important are: 

chloroform and xylene.

In the study, initially, chloroform was use for clearance in all samples. The 

chloroform is a slow clearance agent with slow penetration and requires a lot of time 

to penetrate into the lens and did not increase the hardness of the tissue in the early 

steps of development, ED4 (23-24 HH stage) to ED8 (33-34 HH stage). The use of 

xylene increased the time of the lens for clearance and the xylene penetrated more 

efficiently in the lens and increased the hardness of the tissues in the early stages of 

development. However, chloroform was a better option in the tissues fixed with 10% 

NBF, ED 10 (36 HH stage) to ED 20 (46 HH stage).

3.4.2 Proliferation profile during chick lens development

3.4.2.1 PCNA as marker o f proliferation

Accurate evaluation of cell proliferation during development is necessary to 

understand biological behaviour (Turner and Wass, 1999). The detection of cell 

proliferation can be done for different methods. The main technique used is the 

incorporation of 5’-bromodeoxyuridine (BrdU) into the nuclei during the S phase 

(Alison, 1995).

However this method has three big disadvantages: The first required injecting 

living animals BrdU, a technique that requires additional animal handling and 

training. The limitation to this injection resides in the adequate uptake of the BrdU by
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the target tissue. The second, BrdU is incorporated to cells in S phase and during 

DNA repair and the third, BrdU is a mutagen (Muskhelishvili et al, 2003).

Alternative immunohistologic assessment could be used for proliferation 

studies (Ghazvini et al, 1995; Muskhelishvili et al, 2003 and Ishikawa et al, 2006). 

The use of the immunochemical methods to detect molecules involved in DNA 

replication and cell cycle regulation are a routine technique in the lab (Tinnemans et 

al, 1995). Between the different antibodies for cell proliferation immunoassays, Ki67 

and PCNA are more frequently used.

Ki67 is an antibody that recognizes non histone proliferation associated 

nuclear proteins that are present during G l, S and G2/M phases, but is absent in GO 

(Gerdes et al, 1984). Although this method is highly used, some controversies are 

reported about Ki67 protein expression, half life, localisation during the cell cycle 

and between cell types (Louis et al, 1998 and Zuber et al 1988). Because Ki67 

monoclonal antibody is raised against the human protein, it often presents a low cross 

reactivity between species. In addition, this antibody is limited to fresh or frozen 

sections, that exclude the possibility of using fixed sections (Muskhelishvili et al, 

2003).

In this study PCNA (PC 10) antibody was used due to its wide use in different 

species, the possibility to use the antibody with fixed tissue and the correlation with 

BrdU (Hall et al, 1990; Katsuda et al, 1993), although some differences were found 

depending on the cell type analysed (Coltrera and Gown, 1991).

PCNA was identified in 1978 in the nucleus of dividing cells of patients with 

systemic lupus erythematosis (Miyachi et al, 1978). Subsequent works have explored 

the role of PCNA and showed this protein as essential component of the DNA 

metabolism.

In summary, PCNA plays a coordinating role for numerous proteins involved 

in different process as DNA replication, DNA excision repair and chromatin
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metabolism (Maga and Hubscher, 2003 and Prosperi, 2006). Nowadays, it’s clear 

that PCNA has no endogenous enzymatic activity and its interesting structure suggest 

the possibility that PCNA is adapter allowing the cell recruits proteins with low DNA 

sequence specificity during the S phase. The levels of PCNA is low in the nucleus 

upon the cell is entering in S phase, when the level of PCNA increase in the nucleus 

(Li et al, 1996).

The levels of PCNA protein are undetectable during GO and Gl. The levels 

increase to the threshold detection at the end of the Gl/S and decrease after S phase 

(Morris and Mathews, 1989). This cell cycle regulation of PCNA with the versatility 

of the use of fixed sectioned tissue, and no restriction to human samples made this 

method of evaluate cell proliferation a good alternative to the BrdU technique.

3.4.2.2 Proliferation profile in the embryonic chick lens development

The lens is an excellent model for proliferation studies because is an avascular 

and isolated organ, which allows its manipulation, isolation and organ culturing (Jean 

et al, 1998; McAvoy et al, 1999 and Chow and Lang, 2001). Proper lens structure 

depends of the control of proliferation and differentiation. The actual players in signal 

transduction cascades that are required for the regulation of lens epithelial cell 

proliferation and differentiation have not been clearly identified. To understand the 

molecular control of those mechanisms it is necessary to gain a precisely description 

of the changes in the pattern of proliferation and differentiation during lens 

development.

In our study PCNA was used as a proliferation marker during embryonic 

chick development. The expression of PCNA was detected using WB and 

immunofluorescence. The WB assay showed detection of PCNA is all stages from 

ED6 (28-29 HH stage) to ED20 (46 HH stage). This pattern of cell proliferation was 

similar to previous studies using [3H] thymidine (Hanna and Keatts, 1968 and Persons 

and Modak, 1970) which showed a developmental regulation of the proliferation
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profile. The assessment of proliferation using WB for PCNA resulted in a good, 

reliable and reproducible method for quantification of proliferation.

The use of immunofluorescence allowed the study of the distribution of 

PCNA in the lens and intracellular during chick embryonic lens development. The 

intracellular distribution of PCNA was exclusive in the nucleus of dividing cells. 

During early development, ED4 (23-24 HH stage) proliferation was detected in 

epithelial cell layer and in the inner fibre cells. This pattern decreased significantly in 

the fibre cells region at ED6 (28-29 HH stage), but it is not until ED8 (33-34 HH 

stage) the staining is not detected. The results were slightly different to the results 

obtained by Person (Person and Modak, 1970), where at ED5 (26-27 HH stage) no 

proliferating cells in the inner region of the fibre cells were detected. However the 

results found with immunofluorescence confirmed the results described previous to 

Person’s work (Hanna and Keatts, 1968).

The proliferation in the epithelial layer was similar to the results described by 

those authors. With the progress of the chick lens development the number of 

dividing cells were decreased in the epithelium and annular pad. The staining at 

ED 14 (40 HH stage) was restricted to a narrow layer in the epithelium cell layer. 

After ED 14, the staining was only detected in the periphery of the epithelium.

The differences found between the results described here and the results 

obtained by Person (Person and Modak, 1970) in the central region of the fibre cells 

can be explained due to the different methods used. The experiments carried out by 

Person depended on the incorporation of [3H] thymidine into the cells of the chick 

lens in culture. The cessation of DNA synthesis has been described for some authors 

(Zelenka and Vu, 1984 and Hyatt and Beebe, 1992) during lens epithelial culture. The 

other consideration to those experiments is the limitation of the uptake of BrdU by 

the central fibre cells.

In this thesis the method for measuring proliferation is the detection of PCNA 

by WB and immunofluorescence. PCNA synthesis is increased during the last step of 

G1 and is detectable by immunofluorescence at S phase. At the end of this stage
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PCNA became undetectable with immunochemistry. Some authors have reported in 

some tissue that PCNA has a long half life and it could be detected for cells in the 

middle of G2 (McCormick and Hall, 1992 and Katsuda et al, 1993). This could be 

explaining the detection of cells in the inner fibre cell region at ED6 (28-29 HH 

stage). These cells have finishing the DNA synthesis and are undergoing to the last 

mitosis before leaving the cell cycle and start to differentiate.

3.4.3 Denucleation profile during secondary fibre cells

Secondary lens fibre cells are formed by the addition of equatorial epithelial 

cells to the posterior part of the lens. One of the terminal events in the differentiation 

of the lens fibre is the degeneration of cell nuclei, followed by their disappearance. 

Nuclear degeneration in chick lens fibre cells involves pycnotic changes and is 

accompanied by a progressive loss of DNA (Modak and Perdue, 1970). This nuclear 

degeneration in the fibre cells follows a strict temporal and spatial pattern.

The morphological study carried out showed the presence of the degenerated 

nuclei, pycnosis, in the central fibre cell region between ED8 (33-34 HH stage) and 

ED 10 (36 HH stage). As development proceeds the number of pycnotic nuclei 

increased and spread laterally from the centre of the lens to the periphery. This study 

showed that pycnosis results in condensation of chromatin, a gradual breakdown of 

the nuclear membrane, fragmentation of chromatin, and the final loss of the fine 

structure in the remnants of the degenerating nuclei in chick lens fibres.

These results were similar to previous works (Porte et al, 1963; Modak and 

Perdue, 1970; Sanders and Wride, 1995 and Wride and Sanders, 1998).

To analyse in more detail the condensation and fragmentation state of 

chromatin during lens differentiation, TUNEL and counterstaining with DAPI were 

used. The TUNEL assay allows the detection of cells with DNA fragmentation by 

incorporation of labelled nucleotides to 3’-OH ends of nicked DNA, using TdT 

(Gavrieli et al, 1992 and Wride et al, 1994). TUNEL has been used to detect
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degenerating nuclei during lens development (Wride, 1996 and Bassnett and Mataic, 

1997).

The level of DNA fragmentation with 3’OH ends is very low during the early 

stage of development and the TUNEL assay only detected those nuclei at ED 16 (42 

HH stage). The TUNEL positive nuclei were detected only in the central fibre cells 

region in the chick lens. The results were similar to those describe in the literature 

(Modak and Perdue, 1970; Wride, 1996 and Bassnett and Mataic, 1997).

In sectioned lenses at ED 18 (44 HH stage), the TUNEL method intensely 

labelled the nuclei in the central fibre region. There was clearly a gradation of 

morphology in the TUNEL positive nuclei extending outwards from this condensed 

and strongly TUNEL labelled nuclei in the central region of the lens. Adjacent to the 

central nuclei, round nuclei with less intense staining and less condensation were 

found. In the periphery of the central fibre cells, elongate nuclei with faint TUNEL 

staining were detected. At the transition region, elongated nuclei with condense 

chromatin and no TUNEL staining were described, corresponding to younger fibre 

cells.

This pattern described above is essentially similar with the results from Wride 

and Sanders (1998). The main difference is that this pattern was described at ED 15 

(41 HH stage); meanwhile in the current study, the TUNEL assay revealed only 

staining in the central fibre cells at ED 16. The gradual morphology pattern described 

by Wride at ED 15 (41 HH stage), was found at ED 18 (44 HH stage) in this work.

DNA fragmentation has been described as a late event during lens fibre cell 

differentiation. Chromatin degradation occurs when the nuclear envelope is partially 

breaking down. Interestingly, the TUNEL assay in chicken showed DNA 

fragmentation early in the degeneration of nuclei of the fibre cell, when the nuclei 

were condensed and started to round up. This has been described as well in chicken 

(Wride and Sanders, 1998) and in bovine lens fibre cells (DeMaria and Arruti. 2004).
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The results suggest that DNA fragmentation, at least in chicken, happens early in the 

differentiation of the fibre cells, just after chromatin condensation.

The other remarkable conclusion from those results reveals that during fibre 

cell differentiation, nuclei of the fibre cells are removed following an ordered spatio 

temporal pattern, unlike with apoptotic nuclei which die randomly. This suggests that 

the nuclei of the differentiating lens fibre cells are physiologically programmed to 

disappear. This special feature of the denucleation pattern in lens fibre cells offers 

the advantage that the expression of the molecules involved in nuclear fate can be 

examined, allowing the study of expression of inhibitors and effectors and tracking 

them during the different steps of the denucleation.

3.4.4 Control of proliferation and denucleation during lens development

The spatial organization of the lens can be explained by the precise control of 

cell proliferation and differentiation, which drive the precise and stable determination 

of lens cells position and polarity.

This pattern of proliferation and differentiation is changes during lens 

development and drives the morphological modifications in lens structure observed 

during the embryonic development. The ability of the lens to form a new boundary 

between epithelial cells and differentiating fibre cells reveals the continued plasticity 

of the lens epithelium in the embryo, due to those changes in proliferation and 

differentiation patterns. These changes reflect the interaction of a complex network of 

mitogenic agents in the anterior part of the lens and differentiation agents in the 

posterior part of the lens.

Different studies are focusing in the identification of the proliferation agents 

and those involved in the differentiation into fibre cells (Reddan and Wilson- 

Dziedzic, 1983; McAvoy and Chamberlain, 1989; Wormstone et al, 2000; Kok et al, 

2002; Choi et al, 2004; Maidment et al, 2004; Lovicu and McAvoy 2005 and Wang et 

al, 2005). Those studies have been reported a number of growth factors involved in
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proliferation and differentiation. An accurate description of the expression of cell 

cycle regulators and inhibitors has been carried out in different part of the lens.

As a result of these studies the cell signalling involved during cells 

proliferation and differentiation in lens development and during cataract start to be 

dissected and understood. But however, the molecules that are involved in the control 

of both events still no clear.

The identification and functional analysis of the factors involved in the control 

and modulation of both: proliferation and differentiation, during lens development is 

an essential step to complete our understanding of the normal lens development and a 

first requisite to design a potential approach to treat cataract.
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3.5 CONCLUSIONS

1. The chick eye lens changes its morphology and structure during embryonic 

development. Those changes could be associated with changes in cell 

proliferation and differentiation patterns in the same embryonic stages.

2. The WB quantification of PCNA results in a good, reliable and reproducible 

alternative to BrdU technique for quantification of proliferation in chick eye 

lens.

3. The use of fixed sections and immunofluorescence for PCNA were found to 

faithfully localise cell proliferation in the different compartments of the lens 

and allowed detection of changes of those patterns during development. 

Although some differences were found in the early stages of lens 

development, ED4 (23-24 HH stage) and ED6 (28-29 stage) with previous 

works.

4. The TUNEL assay showed that DNA fragmentation in the fibre cells 

happens shortly after chromatin condensation and followed an ordered spatio 

temporal pattern, suggesting that denucleation of the chick lens fibre cells is 

a programmed process.
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Chapter 4

The best scientist is open to experience and begins with 
romance - the idea that anything is possible.
(Ray Bradbury)
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4.1 INTRODUCTION

Ordered development o f the lens and the proper control of cellular 

homeostasis depend on the strict control o f cell division and differentiation. 

Dysregulation of this control results in defects o f lens organogenesis and cataract.

Survivin has been described as a master regulator of organ and tissue 

homeostasis, required to preserve cell viability and proliferative activity (Li and 

Brattain, 2006), as well as being a modulator o f apoptosis (Tran et al, 2002 and 

Altieri, 2006).

A lot of work has been done to elucidate the function and pattern of 

expression of Survivin and a high numbers of different transcription factors, 

modulators and regulators have been described that interact with Survivin (Altieri, 

2008). Considering all o f these molecules that interact with Survivin, a wide network 

of pathways involved in cell division, genome fidelity, microtubule formation, anti 

apoptosis and cell death can be delineated. The interaction between these independent 

and different pathways, not surprisingly, results in a complex and redundant network 

involved in development and pathology. It is, however, surprising to discover that 

Survivin has emerged as a central node of the interaction between the different 

pathways (Altieri, 2008; Figure 4.1).

Figure 4.1. Connectivity links between cell division and cell death networks. The functions of 
Survivin intersect with mechanisms o f cell division control, genomic fidelity, mitotic spindle 
assembly, subcellular trafficking, checkpoint regulation and apoptosis (from Altieri, 2008).
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Previous work suggests a developmentally regulated expression of Survivin 

with low expression in adult tissues, and a strong expression in cancer cells, 

suggesting that Survivin is cancer (Dohi et al, 2004; Gritsko et al, 2006 and Semba et 

al, 2006) and embryo (Adida et al, 1998; Murphy et al, 2002; Jeon et al, 2007 and Ma 

et al, 2007) specific. New evidence suggests an important role for Survivin in normal 

tissues. Survivin has been reported as a factor involved in normal physiology in adult 

vascular endothelial cells (Mesri et al, 2001 and Blanc-Brude et al, 2003), 

polymorphonuclear cells (Altznauer et al, 2004), T cells (Okada et al, 2004 and Xing 

et al, 2004), erythroid cells (Gurbuxani et al, 2005) and haematopoietic progenitor 

cells (Fukuda and Pelus, 2001; Fukuda et al, 2004 and Gurbuxani et al, 2005).

High expression of Survivin has been associated with high proliferative 

activity. However, the expression of Survivin in normal tissues with high 

proliferation is lower than in cancer. Interestingly, expression of Survivin is also high 

in Ki67 negative MCF7 breast cancer (Altieri, 2003), suggesting that Survivin 

expression may not be a direct consequence of cell proliferation. The intracellular 

pathways that regulate, activate or deactivate Survivin expression may be different in 

malignant than in normal tissues (Fukuda and Pelus, 2006). This suggestion for 

different regulation of Survivin in normal physiology and in pathologies is supported 

by the results from normal development of haematopoietic cells (Fukuda and Pelus, 

2001; Fukuda et al, 2004 and Gurbuxani et al, 2005), where up-regulation of Survivin 

was observed during G0-G1 in stimulated CD34+ cells and in non-proliferating 

terminally differentiated human neutrophils (Altznauer et al, 2004).

The conclusion from the literature makes it clear that Survivin can regulate 

apoptosis, the cell cycle and cytokinesis. However, the mechanisms whereby Survivin 

regulates these events is poorly understood. Embryonic lens development is a good 

model to dissect, reveal and shed light on the role of Survivin during cell proliferation 

and differentiation. At the same time, the results obtained from this study could be of 

help in designing new approaches to cataract treatment and the prevention of 

posterior cataract opacification.
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The specific aims o f  this chapter are:

1. To validate the dissection method for RNA isolation from the eye lens.

2. To assess the quality, quantity and purity of the RNA isolated.

3. To analyse and quantify Survivin gene expression during development of the 
lens using two different techniques of gene quantification (RT-PCR and 
QPCR).

4. To analyse and quantify the Survivin protein expression profile changes in 
the whole lens during chick embryonic development.

5. To reveal the spatio-temporal pattern of localisation of Survivin protein 
expression during chick lens embryonic development.

6. To correlate the patterns of Survivin expression with the patterns of 
proliferation and denucleation previously observed during embryonic lens 
development.
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4.2 EXPERIMENTAL DESIGN

Within this chapter, a spatio-temporal analysis of Survivin was carried out 

during embryonic chick development. The Survivin gene expression changes were 

evaluated in the whole developing chick lens by Standard PCR and QPCR. The 

expression of gene was analysed in chick embryos from ED6 (28-29 HH stage) to 

ED20 (46 HH stage), as described in section 2.8.

Protein quantification was determined by WB in whole chick lens 

development using the same embryonic stages as in the gene analysis. The antibody 

used was a polyclonal antibody for Survivin (Santa Cruz, USA). WB was performed 

as described in section 2.6.

The same polyclonal antibody for Survivin (Santa Cruz, USA) used in WB 

was used to determine the pattern of expression during chick lens development by 

immunochemistry. Three regions of the chick embryonic lens were examined: the 

central epithelium, peripheral region and central fibre cells (figure 3.1). The 

percentage of positive cells for Survivin was quantified in each time-point from three 

different animals, on two different sections.

Standard PCR / QPCR, WB and Immunochemistry data were analysed using 

SPSS 12 software package for Windows (SPPS Inc, USA). Comparison between the 

embryonic days groups was performed using the parametric analysis of ANOVA test 

followed by the appropriate post-hoc test. Significance was taken at p  < 0.05.
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4.3 RESULTS

The description of the results from the experiments carried out during this 

chapter of the thesis is shown under the follow sections. The first section describes 

the results of the integrity, purity and concentration of the RNA isolated from chicken 

lens. In the second section, the dilution of primers and optimisation of the PCR are 

explained. The third section describes the results of standard PCR, and in the fourth 

section, the QPCR results are described.

The protein expression of Survivin was also analysed during chick lens 

embryonic development. In the fifth section, the protein expression was analysed and 

quantified in the whole lens through embryonic development. In the sixth section, 

Survivin protein expression localisation was studied in the different compartments of 

the lens through development using immunohistochemistry.

For interpretation of the results of the immunochemistry, three regions were 

defined in the embryonic chick lens: the central lens epithelium, the periphery (region 

of transition between lens epithelium and lens fibre cells) and the central fibre cells 

region (figure 3.1).

4.3.1. RNA integrity, purity and quantification

RNA was isolated from the lenses collected as described in the material and 

methods (section 2.8.1). After isolation, the RNA of each sample was quantified and 

the integrity checked. If the RNA sample was intact, two separate bands appeared on 

the denaturing gel, corresponding to the 28S and 18S ribosomal RNA bands. The 28S 

band appeared at a ratio 2:1 with respect to the 18S band. If the RNA had degraded 

during the collection or storage, a smear appeared on the gel. Figure 4.2 shows 

successful samples for chick RNA.
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The quantification and purity o f the RNA isolated were measured using a 

spectrophotometer, specifically the absorbance at 260 nm and 280 nm was measured. 

The absorbance at 260 nm allows for the calculation of the concentration of the RNA 

in each sample. The ratio o f 260 / 280 nm allows for measurement of the purity of the 

RNA. Samples with a ratio between 1.7 and 2.0 have a suitable quality to be used in 

standard PCR and QPCR assays. Table 4.1 reports the measures of absorbances, ratio 

and concentrations o f RNA.

E E E E E E E E E E
D D D D D D D D D D
0 0 1 1 1 0 0 1 1 1
6 8 0 8 6 6 8 0 2 4

Figure 4.2: Total RNA integrity was tested using an agarose electrophoresis gel. The RNA integrity 
observed at each state showed three bands clearly distinguish. The bands corresponding with 28S, 18S 
and 5S ribosomal RNA. The double intensity o f  the 28S band showed indicates the high quality o f the 
RNA isolated from the lenses at each stage.

Four pools o f lenses were used for the standard PCR and QPCR. The lenses 

were collected from ED 6 (28-29 HH stage) to ED 20 (46 HH stage) every two 

stages. The number o f lenses used for RNA isolation was the same in the different 

pools at the same stage. However, the number of lenses decreased during the
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development o f the chicken eye lens. The data collected in the table below (table 2.8) 

shows that a reasonably homogenous amount of RNA was collected, with a very low 

variation between pools, at the same stage. The big variation was found at ED 12 (38 

HH stage) with a standard deviation (SD) o f 192.51 (a 9 % change with respect to the 

average). The lowest variation was found at ED 14 (40 HH stage) with a SD of 10 

(0.22% with respect to the average). The A260/A280 ratio obtained for each stage 

varied between 1.7 and 1.9. No differences were found that link the quality of the 

RNA collected and the embryonic day at which they were collected.

Table 4.1. Table detailing the number o f  lenses, calculated absorbances, ratio ofA260/A280 as a 
marker o f the quality and total RNA yield. Average is shown in purple and SD in blue.

N° Lenses A260 A280 Ratio 260/280 Yield (ng/mL)

0.395 0.219 1.8 790

0.408 0.215 1.9 816

ED06 72 0.421 0.221 1.9 842

0.467 0.264 1.8 934

1.9 845.5 ±  62.70

0.601 0.336 1.8 1202

0.618 0.340 1.8 1236

ED08 72 0.650 0.340 1.9 1300

0.667 0.368 1.8 1334

1.8 1268 + 59.89

0.847 0.451 1.9 1694

0.886 0.484 1.8 1772

ED10 60 0.902 0.519 1.7 1804

0.918 0.513 1.8 1836

1.8 1776.5 ±  60.89
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0.913 0.495 1.8 1826

1.100 0.596 1.8 2200
ED12 60 1.106 0.615 1.8 2212

1.110 0.628 1.8 2220

1.8 2114.5 + 192.51

2.241 1.246 1.8 4482

2.247 1.250 1.8 4494

48 2.249 1.286 1.7 4498
ED14

2.253 1.269 1.8 4506

1.8 4495 + 0.22

2.384 1.278 1.9 4768

2.392 1.324 1.8 4784

ED16 48 2.396 1.342 1.8 4792

2.401 1.769 1.8 4802

1.8 4786.5 + 0.30

2.342 1.242 1.9 4684

2.356 1.345 1.8 4712

ED18 48 2.363 1.353 1.8 4726

2.471 1.355 1.8 4942

1.8 4766 + 118.62

0.499 0.272 1.8 998

0.533 0.294 1.8 1066

ED20 36 0.552 0.306 1.8 1104

0.600 0.350 1.7 1200

1.8 1092 + 84.30
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Figure 4.3 represents the values o f RNA collated in Table 4.1. The histogram 

shows the mean and standard error o f the mean (SEM) of the four different pools 

collected per embryonic day.

6000

5000
4000

r  3000
I  2000
I  1000 

0

Figure 4.3. The histograms show the representation o f  the amount o f  RNA isolated from the lenses at 
each stage. Four pools o f  lenses were collected from ED 6 (28-29 HH stage) to ED 20 (46 HH stage) 
at every two days. The RNA isolated was increasing with the age with the exception o f the ED 20, 
which decrease due to over dilution. The number o f  lenses using per embryonic day was reduced with 
the increasing stage. Histogram shows the mean o f the RNA amount collected at each stage with the 
SEM.

4.3.2 Standard PCR optimisation

Before starting the standard PCR, an optimisation protocol was used in order 

to get good sensitivity, specificity and reproducibility between samples and 

replicates.

The first step after re-suspending the primers at 100 pM was to run them out 

on a 1.5% agarose gel in order to check that the actual concentrations were similar for 

each primer. This was done in order to minimise the formation of primer dimers and 

to ensure approximately equal amounts o f forward and reverse primers were used in 

the PCR in order to ensure the efficiency o f the PCR reaction. A picture was taken 

and the intensity o f the bands was measured to determine the degree of equal loading.
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Figure 4.4A shows an example o f optimal primer amounts, and figure 4.4B an 

example o f unequal loading o f the primers.

Gel A G el B

Survivin GAPDH Survivin GAPDH B-actin

F B F B  F B F B F B

Figure 4.4. Agarose gel showing primer band intensities. Gel A shows an optimal concentrations and 
equal loading o f the primers for Survivin and GAPDH. Gel B shows different concentrations o f  the 
primers. Clearly the reverse primer for Survivin is more highly concentrated that the other primers. 
GAPDH Backward is more highly concentrated than the Forward and finally the Forward (3-actin 
primer is more concentrated than the backward.

The second step was to chose one o f the stages as a calibrator i.e. one stage 

with respect to which all the others could be normalised. ED 12 (38 HH stage) was 

chosen as a calibrator and different series o f standard PCR were carried out using this 

stage. These standard PCRs were performed under the same conditions (see table 2.5) 

changing only the number o f cycles; starting at 11 cycles and finish 27 cycles (see 

figure 4.5).

PCR products were run on a 1.5% agarose gel for 40 min. No bands were 

detected at 11 and 15 cycles. The first band detected was at the 17th cycle and was 

very faint. At the 23rd cycle, the PCR reaction arrived at the saturation point. No 

differences were detected in the densitometry measurements o f the bands between 

23rd and 27th cycle. All bands detected were at the correct size o f 160 bp.
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160 bp
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Figure 4.5. A summary o f  the GAPDH standard PCR optimisation. ED 12 was chosen as a calibrator 
and standard PCR was carried out under the same conditions at different cell cycles: 11, 15, 17, 19, 21, 
23 and 27 cycles. A shows the agarose gel with the bands at different cycles. A very faint band was 
detected at cycle number 17. (B) Graphical representation o f the data obtained from measuring the 
density o f the bands using densitometry. The selected cycle for performing PCR was selected in the 
exponential range o f the PCR graph (marked with the arrow).

Once the conditions and number of cycles for performing GAPDH standard 

PCR were fixed, the third step o f this standard PCR optimisation was the 

normalisation o f the samples with respect to GAPDH. All samples were run together 

under the same conditions and the number of cycles until the same intensity of 

GAPDH bands was detected for each set o f results.

This normalisation o f the samples with respect to GAPDH was repeated for 

each of the three pools of GAPDH used for the standard PCR quantification.
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ED06 ED08 ED10 ED12 ED14 ED16 ED18 ED20

IGAPDH

B

.2 1.02

g 1.01

5  0.98

□ Sample 1 

■ Sample 2

□ Sample 3

Figure 4.6. A summary o f the GAPDH standard PCR. Three different pools o f samples from ED 6 (28- 
29 HH stage) to ED 20 (46 HH stage) were used for normalising the samples before the start with 
standard PCR for the target gene. All samples were run on agarose gels and the volume of sample 
added was modified until equal band intensities were observed. A shows an example of the primer set 
performance. B shows a graph collecting the expression o f the three pools o f samples used for carrying 
out the standard PCR.

Finally, the last step in this protocol o f optimisation of the standard PCR was 

to run PCRs under similar conditions changing only the number of the cycles used for 

detecting Survivin. ED 12 (38 HH stage) was chosen as the calibrator. The PCR 

performance started with 18 cycles and finished with 42 cycles (see figure 4.7).

PCR products were run on a 1.5% agarose gel for 40 min. No bands were 

detected at 18 and 22 cycles. The first band detected was at the 26th cycle, but was 

very faint. At the 38th cycle the PCR arrived at saturation at which no differences
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were detected in the densitometry measurement of the bands between the 38th and

42nd cycle. All bands detected were at the expected size of 500 bp.

22 26 30 34 38 42

500 bp

Number of C ycles

Survivin

B

S u rv iv in  S t a n d a r d  C u r v e

160 

140 

120 

I* 100
Eo 80 
'55

&  60  
40

20

0
18 22  26  30  34

P C R  C y c l e s

38 42

Figure 4.7. A summary o f  the Survivin standard PCR optimisation. ED 12 (38 HH stage) was chosen 
as the calibrator and standard PCRs were carried out under the same conditions at different cell cycles: 
18, 22, 26, 30, 34, 38 and 42 cycles. A shows the agarose gel with the bands at different cycles. A very 
faint band was detected for the first time at cycle number 26. (B) A graphical representation of the data 
obtained from measurement o f  the densitometry o f the bands. The selected cycles for performing PCR 
were selected in the exponential range o f the PCR graph (marked with arrow).

4.3.3 Standard PCR results

In this study, reverse transcription PCR (RT-PCR) amplification was 

performed from RNA templates derived from chick embryo lenses from ED6 (28-29 

HH stage) to E20 (46 HH stage). Expression o f Survivin was detected at all stages 

(figure 4.8A). Only one product, corresponding to the predicted 500-bp wild type
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Survivin-142, was amplified. This splice variant is the most highly expressed during 

normal development. No others products were observed during this study.

Three different pools were used and the PCR reactions were run in duplicate 

and the average of the results was normalized with respect to the housekeeping gene, 

GAPDH, (figure 4.8). The pattern of expression levels of Survivin during lens 

development was found to be very homogeneous among the different repetitions and 

pools. As a calibrator, ED 12 (38 HH stage) was used. The values plotted are 

expressed as fold expression of calibrator, where ED 12 (38 HH stage) was considered 

as 1 (table 4.2).

Levels of Survivin-142 mRNA are most highly expressed during early stages 

of lens development. For semi-quantification, the results were normalized with 

respect to GAPDH values (figure 4.8). The selection of ED 12 (38 HH stage) as the 

calibrator was due to the fact that the degeneration of the nuclei of the central fibre 

cells starts at this stage. Before ED 12 (38 HH stage), Survivin was highly expressed 

(figure 4.8B and table 4.2). At these earlier stages, the proliferation rates are high in 

all cells of the lens. The maximum peak of Survivin expression was at ED6 (28-29 

HH stage), 2.13 fold the value of ED12 (38 HH stage), and ED8 (33-34 HH stage), 

1.49 fold times the values at ED12 (38 HH stage; Figure 4.8B, C). At ED10 (36 HH 

stage) the values were similar to ED 12 (38 HH stage). After ED 12 (38 HH stage), 

when the degenerated nuclei are present in the fibre cells, the expression of Survivin 

decayed (figure 4.8B, C) until, it was 0.58 times ED12 (38 HH stage) at ED14 (40 

HH stage). The expression during ED 16 (42 HH stage) and ED20 (46 HH stage) was 

0.39 and 0.29 fold times the value at ED 12 (38 HH stage; Figure 4.8B, C). Finally at 

ED 18 (44 HH stage) the levels increase to 0.44 times ED 12 (figure 4.8, and table 

4.2).
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Detection of RT-PCR products in a 1.5 % agarose gel
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Figure 4.8. Semi-quantification o f Survivin expression in chick lens development. (A) A sample of a 
1.5% o f agarose gel showing only one product detected in each sample, corresponding with Survivin 
or GAPDH. (B) Bars chart summary o f the semi-quantification o f Survivin using PCR. Three different 
pooled whole lens samples were used at each stage and each was repeated 2 times. Survivin was 
normalized with respect to GAPDH. ED 12 was used as calibrator.

Table 4.2 Mean values o f  expression o f  Survivin during chick lens development using RT-PCR with 
respect to EDI2 (38 HH stage).

ED06 ED08 ED10 ED12 ED14 ED16 ED18 ED20

Mean 2.13 1.49 1.07 1.00 0.58 0.39 0.44 0.29

SD 0.02 0.03 0.03 0.00 0.24 0.22 0.02 0.02
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The values from the 6 measures from RT-PCR were analyzed statistically. 

The Gaussian distribution of the data was tested using the Shapiro-Wilk test (Shapiro 

and Wilk, 1965). This is a test to determine whether or not a small sample population 

(between 3 and 2,000 data points) is defined by a normal distribution.

The test showed a normal distribution of the data for each embryonic stage 

with a p value < 0.05. The normal distribution of the data allowed the use of the one 

way analysis of variance (ANOVA). ANOVA was used to test for differences among 

the eight independent embryonic groups.

ANOVA test revealed at least one significant difference between the means of 

the embryonic day’s groups with a p value < 0.001. To check which group means are 

significantly different, two approaches were used. First, the data were plotted. The 

box plot graph (figure 4.9) allowed for the analysis of the groups and confirmed the 

results observed form the simple observations and representation of the values. 

Survivin expression values were high at ED 6 (28-29 HH stage), lower expression of 

Survivin was detected at ED 8 (33-34 HH stage) and the values between ED 10 (36 

HH stage) and ED 12 (38 HH stage) were similar to each other. The ED 14 (40 HH 

stage), ED 16 (42 HH stage), ED 18 (44 HH stage) and ED 20 (46 HH stage) group 

appear down-regulated with respect to ED 12 (38 HH stage). These stages reveal 

similar Survivin expression values to each other, but are significantly different with 

respect to the calibrator (ED 12, 38 HH stage).

The second approach allowed for the analysis of these differences between 

groups a post-hoc test was used to analyse the differences between groups. In order to 

select the adequate posthoc test, the homogeneity of variance of the data was tested 

using Levene’s test. The Levene's test is an inferential statistic used to assess the 

equality of variance in different samples. Levene's test assessed the homogeneity of 

the variance of the data with a p value of 0.281.
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Figure 4.9. Graphical representation o f the values o f  Survivin expression during chick lens embryonic 
development using semi-quantitative PCR. Error bars represent the standard error o f the mean.

Tukey’s HSD test was selected to determine the significant differences 

between the mean of the lens embryonic day groups found with the ANOVA test. 

This post-hoc test is more stringent than regular t-tests and is used for testing the 

degree of significance o f pair-wise comparisons, ensuring that the chance of finding a 

significant difference in any comparison is maintained at the alpha level (p < 0.05) of 

the test. Tukey’s HSD test is one o f the most robust post-hoc tests for equal number 

of samples per group (Keselman and Toothaker, 1974 and Winer et al, 1991).

Table 4.3 summarises the results analysed with Tukey’s HSD test. In brief, 

significant statistical differences were found between the expression of Survivin at 

ED 6 (28-29 HH stage) and the rest o f the groups, between ED 8 (33-34 HH stage) 

and the rest o f the groups. The levels o f expression at ED 10 (36 HH stage) and ED
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12 (38 HH stage) were not significantly different, but both were significantly 

different statistically with respect to the rest of the embryonic day groups.

Of the groups down-regulated with respect to the calibrator, only ED 14 (40 

HH stage) was significantly different to the other three groups. ED 16 (42 HH stage) 

was not significantly different to ED 18 (44 HH stage) and ED 20 (46 HH stage). 

Statistical differences were found between ED 18 (44 HH stage) and ED 20 (46 HH 

stage).

Table 4.3: Summary o f  the results obtained from  Tukey’s HSD test. Cells in grey show values that 
were not statistical significances. Y: statistically significance; N: No statistically significance.

ED06 ED08 ED10 ED12 ED14 ED16 ED18 ED20

ED06 —

ED08 Y —

ED10 Y Y —

ED12 Y Y N —

ED14 Y Y Y Y —

ED16 Y Y Y Y Y —

ED18 Y Y Y Y Y N —

ED20 Y Y Y Y Y N Y

4.3,4 Quantitative PCR results

The levels of expression of Survivin during chick lens development were 

confirmed by RT-QPCR. The primers were designed to flank a common region 

present in all isoforms of Survivin, so that the total Survivin mRNA transcripts 

could be quantified. Relative quantification is based on the expression levels of a 

target gene compared to the expression of an internal reference gene, thus standards 

with known concentrations are not required. To determine the relative expression the 

2‘AACt method was used (Livak 1997 and 2001; Livak and Schmittgen 2001).
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4.3.4.1 Efficiency and reproducibility o f the results

The similar efficiencies of the amplification reaction for the target and 

housekeeping genes are an essential marker for confirming the good performance of 

the QPCR assay. The efficiencies of the QPCR were measured using a serial dilution 

of cDNA of the calibrator for the target gene and internal housekeeping gene (table 

4.4). The efficiency of the target gene Survivin was 1.11+ 0.09 whereas that of the 

internal housekeeping gene, GAPDH, was 1.12 + 0.08 which is a good indicator of 

the QPCR assay. The low variation of the efficiencies between different QPCR runs 

becomes crucial for reliable comparison of the results.

To confirm accuracy and reproducibility of QPCR results, three different 

whole lens samples were used per group and the QPCR reactions were run in 

duplicate and normalized for the housekeeping gene, GAPDH, (Table 2.12). The 

pattern of expression levels of Survivin during lens development was found to be 

very homogenous among the six different repetitions at the same embryonic day. The 

comparison of the Ct of these six replicates showed a low variation between the same 

QPCR run and between inter-assay variations, based on the standard deviation (SD) 

(table 4.4).

Table 4.4: Reproducibility o f  sample preparation method.

Survivin GAPDH

Sample Ct Mean SD Efficiency Ct Mean SD Efficiency

15.07 1 . 0 1 12.13 1.04

15.24 1 . 0 1 12.14 1.04

15.12 1.19 12.16 1.19

15.23 1.19 12.17 1.19

15.17 1 . 1 1 1 2 . 1 2 1.14

1 5 1 1  15.16 0.07 1 . 1 1 12.12 12.14 0.02 1.14
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ED08 1 8 : 2 2  1.01 12.16 1.04

1 8 1 5  1.01 12.18 1.04

18-23 1.19 1 2 . 2 0  1.19

1 8 2 2  1.19 12.22 1.19

18-16 l . i i  12.17 1.14

18 19 18.20 0.03 1.11 12.15 12.18 0.03 1.14

ED10 18-76 1.01 12.12 1.04

18-94 1 . 0 1  12.13 1.04

18-76 1.19 12.11 1.19

18-85 1.19 12.12 1.19

1 8 7 9  i . n  12.13 1.14

1886 18.83 0.07 1.11 12.14 12.13 0.01 1.14

ED12 1878 i.oi 12.14 1 . 0 4

1 8 8 1  1.01 1 2 1 1  1.04

18.82 i #i 9  12.13 119

18.79 1 . 1 9  12.12 1 . 1 9

18.83 i . n  12.15 1 . 1 4

1877 18.8 0.02 1.11 12 17 12.14 0.02 1.14

ED14 19-58 1 . 0 1  12.12 1.04

19.62 1 . 0 1  12.13 1 0 4

19.60 1.19 12.14 1 19
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19.61 i 1 9  12.12 i 1 9

19.63 i i i  12.14 i 1 4

1959 19.60 0.02 1.11 12.15 12.13 o.Ol 1.14

ED 16 20.65 1 0 1  12.15 1.04

20.67 1.01 12.17 1.04

20.63 i 1 9  12.14 i 1 9

20.67 1 19 12.15 1 19

20.68 i i i  12.15 1 14

2 0 . 6 6  2 0 . 6 6  0 . 0 2  1 . 1 1  12.15 1 2 . 1 5  o.Ol 1.14

EDI8 20.96 1 . 0 1  12.12 1.04

20.88 1 . 0 1  12.13 1.04

20.93 i 1 9  12.15 1 1 9

20.95 1.19 12.17 1.19

20.91 l.H  12.16 1.14

20.97 20.93 0.03 1.11 12.18 12.15 0.02 1.14

ED20 22.61 1 . 0 1  12.13 1.04

22.63 1 . 0 1  12.14 1.04

22.57 1.19 12.14 1 19

22.59 1.19 12.15 1.19

22.65 l.H  12.16 i 1 4

22.64 20.62 0.03 1.11 12-13 12.14 0.02 1.14
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4.3.4.2 Confirmation o f primer specificity

The specificity o f the QPCR products was tested. Fluorescence data were 

converting into melting peaks (figure 4.10A and B). The melting peak analysis 

allowed for removal o f background fluorescence and the effect of temperature on the 

fluorescence, allowing for confirmation of the specificity of the fluorescence for 

Survivin and GAPDH. The melting curve analysis was performed, which resulted in a 

single product at a specific temperature as follows: Survivin, 83, 6 °C; GAPDH, 82, 

1°C. No primer dimers were generated during the QPCR amplification cycles. This 

analysis was confirmed with high resolution gel electrophoresis (figure 4 .IOC and D).

Survivin melting peak analysis B GAPDH melting peak analysis

c Survivin product on gel agarose

30
25

20

10
s
0

75 80 as 90 as

ED06 ED08 ED10 ED12 ED14 ED16 ED18 ED20

162 bp

D GAPDH product detected in gel agarose

ED06 ED08 ED10 ED12 ED14 ED16 ED18 ED20

78 bp

Figure 4.10. Confirmation o f  the specificity o f the QPCR products. Fluorescence data were 
transformed into melting peaks (A, B). The analysis o f the amplicon products showed only one splice 
variant o f Survivin (A) and GAPDH (B). The Real time RT-PCR products were run out on a 1.5 % 
agarose gel. Only one product was detected in each sample for Survivin (C) and GAPDH (D). Three 
different pooled whole lens samples were used at each stage and each was repeated 2 times.
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4.3.4.3 Analysis o f relative gene expression using 2'AACt method

The data from QPCR were analysed using the 2'MCt method (Livak and 

Schmittengen, 2001). This method allowed for analysis of the change of expression 

of Survivin compared to the expression of GAPDH, an internal gene housekeeping 

gene, and expressed the relative amount of Survivin compared to ED 12 (38 HH 

stage). For use of this method, the efficiency of Survivin and GAPDH QPCR should 

be similar.

Survivin- mRNA was highly expressed before ED 12 (38 HH stage), at early 

stages of lens development. The selection of ED 12 (38 HH stage) as the calibrator 

was due to the fact that the degeneration of the nuclei of the central fibre cells starts at 

this stage. At these early stages of eye lens development, the proliferation rates were 

high in all cells of the lens. The maximum peak of Survivin expression was at ED6  

(28-29 HH stage), 10.39 fold the value of ED 12 (38 HH stage), and the value at ED8  

(33-34 HH stage), 2.59 fold times the values at ED 12 (38 HH stage; figure 4.11). At 

ED10 (36 HH stage), the values were similar to ED12 (38 HH stage). After ED12 (38 

HH stage), when the degenerated nuclei are present in the fibre cells, the expression 

of Survivin decayed (figure 4.11) until it was 0.47 times ED 12 (38 HH stage) at 

ED 14 (40 HH stage). The expression during ED 16 (42 HH stage) and ED20 (46 HH 

stage) was respectively 0.16 and 0.14 fold times the value at ED 12 (38 HH stage; 

figure 4.11). Finally, at ED 18 (44 HH stage), the levels increase to 0.27 times ED 12 

(figure 4.11).
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Figure 4.11. A Graphical representation o f  the values o f  Survivin expression during chick lens 
embryonic development using QPCR. Error bars represent the standard error o f the mean. Survivin 
values were highly expressed at ED 6 (28-29 HH stage), lower expression o f Survivin expression was 
detected at ED 8 (33-34 HH stage) and the values between ED 10 (36 HH stage) and ED 12 (38 HH 
stage) were similar. The EDM (40 HH stage), ED 16 (42 HH stage), ED 18 (44 HH stage) and ED 20 
(46 HH stage) are down-regulated compared to ED 12 (38 HH stage).

The means o f embryonic day groups have clearly different distributions. The 

Shapiro-Wilk test (Shapiro and Wilk, 1965) showed Gaussian distribution of the 

groups with a p value < 0.05. The ANOVA test was used to test for differences 

among the eight independent embryonic groups. ANOVA revealed at least one 

significant difference between the means of the embryonic days groups with a p value 

< 0.001. To check which groups were different between them, a post-hoc test was 

used to analyse the differences found between groups. In order to select the adequate 

post-hoc, the homogeneity o f variance o f the data was tested using Levene’s test. 

Levene's test assessed the heterogeneity o f the variance of the data with a p value of 

0 .001.

Due to heterogeneity o f the variance and equal size o f the groups, the more 

suitable post-hoc test to analyze the differences between groups is the Dunnett T3 test 

(Miller, 1981). This post-hoc test is a pair-wise comparison test, based on the

149
Role o f Survivin in the regulation o f cell proliferation and differentiation in lens development



Chapter 4 Analysis of Survivin expression during chick lens development

Studentized maximum modulus and is used for testing the significance of pair-wise 

comparisons, ensuring that the chance of finding a significant difference in any 

comparison is maintained at the alpha level (p < 0.05) of the test.

Table 4.5 summarises the results analysed with the Dunnet T3 test. In brief, 

significant statistical differences were found between the expression levels of 

Survivin at ED 6  (28-29 HH stage) and the rest of the groups, between ED 8  (33-34 

HH stage) and the rest of the groups. The levels of expression at ED 10 (36 HH stage) 

and ED 12 (38 HH stage) were not significantly different between them, but both 

were statistically significantly different with respect to the rest of the embryonic day 

groups.

Of the groups down-regulated compared to the calibrator, only ED 14 (40 HH 

stage) was significantly different to the other three groups. ED 16 (42 HH stage), ED 

18 (44 HH stage) and ED 20 (46 HH stage) were not significantly different between 

them.

Table 4.5: Summary o f  the results obtained from  Dunnet T3 test. Cells in grey show values that were 
not statistically significances. Y: statistically significance; N: No statistically significance.

ED06 ED08 ED10 ED12 ED14 ED16 ED18 ED20

ED06 —

ED08 Y —

ED10 Y Y —

ED12 Y Y N —

ED14 Y Y Y Y —

ED16 Y Y Y Y Y . . .

ED18 Y Y Y Y Y N . . .

ED20 Y Y Y Y Y N N
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4.3.5 Western blot for Survivin

The pattern of Survivin protein expression was analysed and quantified using 

WB during chick lens development. WB analyses were performed on samples of 

chick embryonic lenses from ED6  (29-29 HH stage) to ED20 (46 HH stage). A 

polyclonal antibody (Santa Cruz, USA) was selected for Survivin quantification 

during lens development. All samples were collected and quantified as described 

before (section 2.6.1). The relative quantification of the expression of Survivin was 

calculated with respect to ED 12 (38 HH stage).

Survivin antibody detected a positive 16.5 kDa band in all the early stages of 

the development. Decreasing expression of the Survivin protein was observed at 

chick lens development (figure 4.12A). A single band corresponding to p-Actin was 

observed at all stages of development (figure 4.12B). Negative controls were carried 

out (figure 4.12C, D). Densitometry analysis was carried out and Survivin values was 

normalised to P-Actin (figure 4.12E).

This densitometry analysis confirmed a decreasing Survivin expression 

pattern (figure 4.12E) with the highest value at ED6  (28-29 HH stage) with 22.94 ±

1.64 fold times the expression of Survivin at ED 12 (38 HH stage). At ED8  (33-34 HH 

stage), the value reduced to 20.71 + 1.01 fold times the expression of Survivin at 

ED 12 (38 HH stage). At ED 10 (36 HH stage), the value decayed abruptly to 7.31 + 

0.36 fold times the expression at ED 12 (38 HH stage). After ED 12 (38 HH stage), 

Survivin expression decayed to 0.30 + 0.03 fold times the expression at ED 12 (38 HH 

stage) and after ED 14 (40 HH stage) no expression was detected (figure 4.12).
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A. Survivin expression during chick lens development
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E. Survivin quantification during chick lens development

Survivin quantification
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Figure. 4.12. Western blot analysis o f  Survivin protein expression during chick lens development. 10 
pg o f protein per sample was loaded to the gel, transferred to nitrocellulose membrane and incubated 
with antibody raised against Survivin. Specific bands were observed for Survivin (A) and P-Actin was 
used as a housekeeping gene control (B). The amount o f Survivin was quantified by densitometry 
using the scan program and normalised with respect to P-Actin protein. Chicken embryo development 
brain (ED6, 28-29 HH stage) was used as positive control (A, B). Two negative controls were used: 
The omission o f the secondary antibody (C). Incubation o f the sample with rabbit immunoglobulins 
instead o f primary antibody (D). The values o f  densitometry bands analysis were plotted (E). The 
values shown represent the mean o f three separate experiments. Error bars represent SEM.

The expression o f Survivin protein during chick lens development clearly 

varies between different embryonic stages. To analyse these differences, statistical 

analysis was used. Normal distribution o f the results was tested using Shapiro-Wilk 

test with a p value < 0.05. Once the normal distribution of the data was confirmed, the 

ANOVA test was used to test for differences among the groups studied.

ANOVA revealed at least one significant difference between the means of the 

embryonic days groups with a p value < 0.001. To check which groups were 

significantly different from each other a post-hoc test was used. In order to select the 

adequate post-hoc, the homogeneity o f variance o f the data was tested using Levene’s 

test with a p value o f 0.001.

153
Role o f Survivin in the regulation o f  cell proliferation and differentiation in lens development



Chapter 4 Analysis o f  Survivin expression during chick lens development

Due to the heterogeneity o f the variance and the equal size of the groups, the 

most suitable post-hoc test to analyze the differences between groups is the Dunnett 

T3 test. Table 4.4 summarises the results analysed with the Dunnet T3 test. In brief, 

significant statistical differences were found between the expression levels of 

Survivin between all embryonic groups with the exception between ED 6 (28-29 HH 

stage) and ED 8 (33-34 HH stage; table 4.4).

The only group down-regulated compared to the calibrator was ED 14 (40 HH 

stage), which was significantly different. After ED 14 (40 HH stage), no expression 

o f Survivin was detected.

Table 4.6 Summary o f  the results obtained from  Dunnet T3 test. Cells in grey show values that were 
not statistically significances. Y: statistically significances; N: no statistically significances.

ED06 ED08 ED10 ED12

ED06 —

ED08 N —

ED10 Y Y —

ED12 Y Y Y —

ED14 Y Y Y Y

4.3.6 Immunohistochemistry localisation o f  Survivin

Immunochemistry was carried out on chicken embryonic lens from ED4 (23- 

24 HH stage) to ED20 (46 HH stage). The lens was positive for Survivin expression 

during early embryonic stages and this pattern o f expression changed with 

development. Immunohistochemistry showed absence o f staining after ED 12 (38 HH 

stage) suggested a role o f the Survivin in the regulation o f the early stages of the lens 

embryonic development.

In summary o f the results, the epithelial cells at early stages of development 

showed positive staining. This stain was stronger in the peripheral epithelium close to
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the bow region (figure 4.4). The fibre cells nuclei were also positive for Survivin, and 

at ED 12 (38 HH stage), pycnotic nuclei were observed with a strong positive signal 

(figure 4.4).

The Survivin staining showed two pools of Survivin protein: cytoplasmatic 

and nuclear pools (figure 4.13). The two pools had different pattern of expression. 

The nuclear pool was the strong expression, observed from ED4 (23-24 HH stage) to 

ED 12 (38 HH stage). Meanwhile, the cytoplasmatic staining for Survivin was 

observed in the lens at ED4 (23- 24 HH stage) and ED6  (28-29 HH stage). This 

strong lens cytoplasm lens signal disappeared at ED 10 (36 HH stage) in the central 

region (figure 4.13). The morphology of positive nuclei for Survivin suggested a 

mitotic state of the cell.

In a more detailed analysis of the results at ED4 (23-24 HH stage), a positive 

signal was found in the central and peripheral epithelial cells. This staining was 

observed in the fibre cells, in the equator and central region of the lens. Cytoplasm 

staining was observed in the epithelium and fibre cell compartments (figure 4.13A- 

C).

At ED6  (28-29 HH stage), the staining followed the same pattern as that 

observed at the previous stage of development in the epithelial and fibre cell regions 

(figure 4.4D-F). Two differences were noted at this stage. The first was the lower 

intensity of the staining compared to ED4 (23-24 HH stage; figure 4.13D). The 

second difference was the presence of a gradient of staining. The staining in the 

central epithelium was lower than in the equator region (figure 4.13D). The 

cytoplasm staining in the fibre cells was very faint. This was associated with the 

lower positive intensity of the nuclear staining compare to ED4 (23-24 HH stage) in 

this same region. No morphology evidences for mitotic or pycnotic nuclei were 

observed (figure 4.13D-F).

At ED8  (33-34 HH stage), Survivin staining was found in both the epithelial 

and fibre cell compartments. The number of positive epithelial cell layers for Survivin 

was reduced to one layer in the central epithelium (figure 4.13H). In the peripheral 

region, in the region that will become the annular pad, several Survivin positive 

nuclei layers were detected (figure 4.131). Strong cytoplasm staining was only
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associated with the epithelium at this stage (figure 4.13G). Interestingly, a gradient of 

staining was observed through out the lens. The staining in the central epithelium was 

lower than in the equator region (figure 4.13G-I), but the cells in the central region 

showed a stronger nuclear staining than in the rest of compartments of the lens at this 

stage of development (figure 4.13G-I).

At ED 10 (36 HH stage), a significant decrease in the number of Survivin 

positive nuclei was observed in the central epithelium. The number of positive nuclei 

increased in the peripheral region; however, the number was lower than at the 

previous stages of development (figure 4.13J-L). Strong staining was observed in the 

fibre cells and this staining became stronger in the nuclei close to the central lens 

region. Different nuclei shapes were observed in the Survivin positive fibre cells, 

although no pycnotic nuclei were distinguishable (figure 4.13J-L).

At ED 12 (38 HH stage), the pattern of Survivin expression in the epithelium 

was similar to ED 10 (36 HH stage). The crucial observation at this stage of chick lens 

development was in the central lens fibre cell compartment, in which a significant 

reduction of positive nuclei was detected. The remarkable feature was that all of these 

Survivin positive nuclei were pycnotic (figure 4.14E). These degenerating nuclei 

were exclusively localised to the centre of the fibre cell compartment and two 

different states of pycnosis could be distinguished. State 1, the early stage of 

pycnosis, in which the nuclei were shrunken and assumed a spindle shape. At this 

stage of degeneration only one part of the nucleus stains intensely, leaving large areas 

unstained (figure 4.14E; white arrows). In the second stage of degeneration, state 2, 

the nuclei became completely round, with homogeneous, intensely stained 

marginalized chromatin and a reduced size of the nuclei. These nuclei were lower in 

number (figure 4.14E; yellow arrows).

Cells were counted in three different regions of the lens: central epithelium, 

peripheral region and central fibre region (as explained in figure 3.1). Three different 

animals were used and cells were counted twice per animal (a total of six lenses were 

used). The results were expressed in % and collected in the table 4.7.
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In the central epithelium, the number of Survivin labelled nuclei was high in 

the early stages of lens development. At ED4 (23-24 HH stage) 96.35 + 1.45 % cells 

were found to be positive. At ED6  (28-29 HH stage) the % positive of cells for 

Survivin were 91.41 + 1.64 %. At ED8  (33-34 HH stage), the positive cells were 

72.27 + 2.14 %. At ED 10 (36 HH stage), the % of positive cells was 41.80 + 1.46 %. 

At ED 12 (38 HH stage), the % of positive cells decayed to 30.42 + 1.52 %. After 

ED 12 (38 HH stage), no positive cells were found in the central epithelium (table 

4.7).

In the peripheral region at ED4 (23-24 HH stage), the % of Survivin positive 

cells was 93.62 + 2.12 %. At ED6  (28-29 HH stage), the % of number of positive 

cells decayed to 76.82 + 1.28 %. At ED8  (33-34 HH stage), % positive cells was 

74.22 ± 1.48 %. At ED10 (36 HH stage), the % was 58.72 ± 1.48 %. At ED12 (38 

HH stage), the % of positive cells was 49.09 + 1.52. After ED12 (38 HH stage) no 

positive cells were found in the peripheral lens region (table 4.7).

Finally, in the central fibre cell region the % of Survivin positive at ED4 (23- 

24 HH stage) was 89.45 + 1.46 %. At ED6  (28-29 HH stage), the % number of 

positive cells reduced to 56.38 + 2.06 %. At ED8  (33-34 HH stage) the % of positive 

cells reduced further to 17.45 ± 1.69 %. At ED 10 (36 HH stage), the % of positive 

cells was 15.10 + 1.45 %. And at ED 12 (38 HH stage), the % of positive cells was 

only 6.64 + 0.82 %. After ED 12 (38 HH stage), no positive cells were found in the 

central fibre cell region (table 4.7).
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Figure 4.13. Expression o f  Survivin in chick embryonic lens development. 
Paraformaldehyde fixed paraffin embedded eyes were immunostained with a 
polyclonal antibody against Survivin (FI-142, Santa Cruz). Immunohistochemistry 
shows strong expression of Survivin during early stages, ED4/ED6, (A-F) in the 
lens epithelium (LECs) and lens fibre cells (LFCs). After ED8  (G-I), the staining 
of lens fibre cell nuclei is increased. Cytoplasmic staining was observed only in 
the lens epithelial cell layer. The staining in the nuclei of the lens epithelium is 
decreased after ED8  and becomes faint at ED 10 (J-L).
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Figure 4.14. Morphology o f the central lens fibre cell nuclei during chick lens 
development. Positive staining for Survivin was detected in the central nuclei of 
fibre cells at all stages. During early stages, ED4 (A) and ED6  (B) the 
morphology of the positive nuclei was more homogeneous. At ED8  (C) the 
nuclei became more heterogeneous. At ED 10 (D) The number of positive nuclei 
was clearly reduced compared to previous stages, but it was not until ED 12 (E), 
when Survivin positive-pycnotic nuclei were detected. These positive nuclei 
showed chromatin condensation, possibly indicatives of the early stages of 
denucleation. White arrows show nuclei in early state of pycnosis, state 1 and 
yellow arrows showed nuclei in late state of pycnosis, state 2. (F) As a negative 
control lens was incubated with rabbit immunoglobulins. (G) Developing mouse 
brain (ED 12.5) was used as positive controls (E l2.5).
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Table 4.7. Table detailing the % o f  Survivin positive cells. Three animals and six lenses were used to 
quantify the number o f positive nuclei. The % o f positive cells was calculated with respect to the total 
cells on each region. The mean is shown in red and SD in blue. Y: statistically significances; N: no 
statistically significances.

Central Epithelium

Bow region

Fibre cells

ED4 ED6 ED8 ED10 ED12

96.09% 93.75% 75.00% 39.84% 29.07%

97.66% 92.97% 70.31% 42.97% 30.59%

94.53% 91.41% 69.53% 42.19% 28.81%

98.44% 90.63% 71.88% 40.63% 30.25%

96.09% 89.84% 74.22% 41.41% 31.34%

95.31% 89.84% 72.66% 43.75% 32.45%

96.35 +_1.45 91.41 +_1.64 72.27  + .2.14 41.80 +_1.46 30.42 +_1.37

94.53% 78.13% 75.00% 57.03% 47.66%

92.97% 77.34% 75.58% 55.47% 48.44%

96.09% 78.13% 72.66% 61.72% 50.00%

93.75% 75.00% 73.44% 60.16% 51.56%

94.53% 75.78% 75.78% 59.38% 49.22%

89.54% 76.56% 72.66% 59.59% 47.66%

93.62 + 2.12 7 6 .8 2 +  1.28 74.22 + 1.48 58.72 + 2.23 4 9 .0 9 +  1.52

90.63% 58.59% 16.41% 14.84% 7.03%

89.06% 57.03% 17.97% 13.28% 6.25%

88.28% 57.81% 18.75% 17.19% 7.03%

91.41% 54.69% 14.84% 16.41% 7.81%

89.84% 57.03% 17.19% 14.84% 6.25%

87.50% 53.13% 19.53% 14.06% 5.47%

8 9 .4 5 +  1.46 56.38  + 2 .06 1 7 .4 5 + 1 .6 9 1 5 .1 0 + 1 .4 5 6.64 + 0.82

For this immunochemistry study, two types of controls were used to confirm 

that the staining was the result o f the specific binding of the antibody to the specific 

target protein. As negative control, the sections were incubated with rabbit 

immunoglobulin (figure 4.14F). As positive control embryonic developing mouse
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brain (ED 12.5; figure 4.14G) was used as recommend by the company which provide 

the antibody (Santa Cruz, USA).

□  Central epithelium  ■  Bow region □  Central fibre cell —

(/)
k.a

jp
V) ll

ED4 ED6 ED8 ED10 ED12 ED14 ED16 ED18 ED20

Figure 4.15. The histograms compare the mean o f  number o f  Survivin positive nuclei in different lens 
compartments during lens development. Three different animals and six lenses were used. Histogram 
shows the mean o f the % o f Survivin positive cells in the central epithelium region (bottom o f the 
column), peripheral lens region (middle section o f the column) and central fibre cell region (top o f the 
column). The number o f Survivin nuclei in the three regions was found developmentally regulated 
with highest levels at the early stages. After ED 12 (38 HH stage), no Survivin positive nuclei were 
found.

The Survivin positive cell results were statistical analysed. The Shapiro-Wilk 

test showed Gaussian distribution of the data with a p value < 0.05. Once the normal 

distribution of the results was confirmed, ANOVA was used to analyse the results in 

the central epithelium, in the peripheral region and in the central fibre cells. ANOVA 

revealed at least one significant difference between the means of the embryonic days 

groups with a p value < 0.001. Levene's test assessed the homogeneity of the variance 

of the data with a p value of 0.689 for central epithelium, 0.784 for the bow region 

and 0.307 for the central fibre cells. Due to the homogeneity of the variance, HSD 

Tukey post-hoc test was used to analyse the results in these two regions.
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Table 4.8 summarises the results analysed with the HSD Tukey test. In the

three regions studied: central epithelium, peripheral region and central fibre cell

significant statistical differences were found between all embryonic groups with

positive cells with a p value < 0.05 (table 4.8).
*

Table 4.8: Summary o f  the results obtained from  HSD Tukey. A. Statistical analysis of the results in 
the central epithelium. B. Statistical analysis o f the results in the peripheral region of the lens.C. 
Statistical analysis o f the results in the central fibre region o f the lens. Cells in grey show values that 
were not statistically significant.

A. Central epithelium

ED04 ED06 ED08 ED10 ED12

ED04 —

ED06 Y —

ED08 Y Y —

ED10 Y Y Y —
ED I2 Y Y Y Y —

B. Peripheral lens region

ED04 ED06 ED08 ED10 ED12

ED04 —

ED06 Y —

ED08 Y Y —
ED10 Y Y Y —
ED12 Y Y Y Y —

C. Central fibre cells region

ED04 ED06 ED08 ED10 ED12

ED04 —

ED06 Y —

ED08 Y Y —
ED10 Y Y Y —
ED12 Y Y Y Y —
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4.4 DISCUSSION

•Survivin is one of the potential targets for cancer therapeutics, but very few 

studies have been carried out to investigate the potential role of Survivin during 

normal physiology, organogenesis and development. Clearly, from previous studies 

(Adida et al, 1998; Uren et al 2000; Jiang et al, 2005; Li et al, 2005 and Lens et al,

2006), Survivin is an essential regulator of mitosis, and acts as an apoptosis inhibitor, 

with a different expression pattern in pathological cells than in normal cells.

Studies targeting Survivin in pathological conditions (Mesri et al, 2001; 

Altieri 2003; Wall 2003 and Otto et al, 2005) suggested that it may have a low 

toxicity to normal cells, but no final evidence has been provided to confirm or deny 

this. This absence of evidence comes from the lack of identification of the different 

mechanisms of regulation and function of Survivin in normal cells and tissues, 

suggesting that it might ultimately provide the basis for novel approaches for disease 

treatment with low toxicity.

The study of Survivin expression during lens development has a double aim. 

In the first aim, the lens was used as a suitable developmental model to study the 

potential role of Survivin during development. The particular and precise regulation 

of the developing lens allows for the unique situation in which direct correlations 

between Survivin expression and function can be made, since the specific phase of 

the cell cycle and/or the state of differentiation (dependant upon apoptosis signalling) 

are uniquely well defined in compartments of the developing lens (Wride, 1996).

In the second aim, the results obtained from the first aim will be used to shed 

light onto the potential role of Survivin in lens pathology. The clarification of the role 

of Survivin during normal lens proliferation and differentiation will result in a new 

exploratory option to understand the mechanism(s) involved in cataract formation, 

and offers an opportunity to identify new options for cataract treatment.
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In brief, the results obtained during this section analyse, quantify and localise 

the expression of Survivin in chick lens development. The gene expression analysis 

showed a precise developmental regulation of Survivin during lens development. The 

WB results showed that Survivin is expressed in a strictly regulated manner during 

chick lens embryonic development. This result is in agreement with previous studies 

in mouse and xenopus development (Adida et al, 1998 and Murphy et al, 2002). The 

immunolocalisation of Survivin in the chick lens suggested an important role in the 

control of lens embryonic cell mitosis/cytokinesis and apoptosis signalling. This was 

observed in different models and tissues (Murphy et al, 2002; Kawamura et al, 2003 

and Jiang et al, 2005).

4.4.1 Common source o f variability for PCR /  QPCR

Standard PCR and QPCR have been described as the most popular, fast and 

reliable techniques for nucleic acid quantification (Heid et al, 1996; Orlando et al, 

1998; Bustin et al, 2005 and Nolan at al, 2006). The combination of reverse 

transcriptase (RT) with PCR (RT-PCR) or QPCR (RT-QPCR) has permitted the 

development of a powerful and flexible technique of RNA quantification 

(Raeymaekers, 1995). The widespread use of these techniques has resulted in the 

development of numerous protocols that generate different results from different 

sources. This obvious flexibility of the protocols due to differences in sample 

collection, RNA isolation and processing has an implication for the reliability, 

relevance and reproducibility of the results (Bustin, 2002; Bustin and Nolan, 2004 

and Bustin et al, 2005). The unpredictability of the results of a non-validated QPCR 

constitute a serious obstacle to the usefulness of this assay as an accurate method for 

nucleic acid quantification (Bustin and Nolan, 2004)

During this discussion, a detailed examination of the main sources of PCR 

variability is provided. The first step to consider is the common sources of variation 

in both techniques (figure 4.16). The next step is a comparison of both PCR and 

QPCR as powerful techniques for nucleic acid quantification during chick embryonic 

lens development and finally the relevant biological implications of Survivin 

expression during chicken lens embryonic development are discussed.
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Lens collection

RNA purityRNA quality

Optimisation

Standard PCR
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QPCR
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Reverse Transcriptase

Figure 4.16. Steps involved in gene quantification associated with the source o f variability during 
quantification. Rose cells show common steps to standard PCR and QPCR. Green cells are steps 
involved in the validation and optimisation o f standard PCR. Yellow cells are steps involve in the 
validation and optimisation o f real time PCR.
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The common steps to RT-PCR and RT-QPCR associated with the sources of 

variability are examined to validate the method of obtaining RNA. This RNA 

collection is the first crucial step. The second crucial step involved the analysis of the 

trahsformation of this RNA into cDNA to validate reverse transcriptase as a suitable 

tool for use in combination with Standard PCR or QPCR.

4.4.1.1 RNA extraction

The accuracy of gene expression is influenced by the quantity and quality of 

the starting RNA. Purity and integrity of RNA are critical elements for the overall 

success of the RT-PCR and RT-QPCR (Raeymaekers, 1995 and Mannhalter et al, 

2000).

As a consequence, several steps during tissue handling have to be carefully 

controlled in order to preserve the quality and integrity of the RNA. The lens is an 

avascular tissue. Lenses were collected and rinsed in cold PBS and RNA was isolated 

using TRIzol (Invitrogen, UK). The integrity and any contamination of the total RNA 

isolated was checked. There are different methods for checking the integrity and 

purity of the RNA (Ribogreen, Agilent BioAnalyzer, Nanodrop, spectrophotometer, 

and agarose gel). Analysis of these different methods shows different results (Bustin 

et al, 2005). To more accurately measure the RNA isolated from the lenses, two 

different methods were used: spectrophotometry and agarose gel electrophoresis. The 

average ratio of A260 / A280 of the samples collected was 1.8, which is considered as 

a good marker of RNA integrity (Sambrook et al, 1989). These results were 

confirmed using gel electrophoresis with RNA stained with ethidium bromide. In all 

samples, the classical bands of 18S and 28S of the ribosomal RNA were detected. 

The disadvantage of this method is that requires significant amount of precious RNA.

Some authors have reported differences in the integrity or quantity collected 

when RNA is extracted in vivo (Fink et al, 1993 and Khodosevich et al, 2007), due to 

the different cell types within the tissue or the different state of the cells during 

development. In our case, the lens is a relative simple tissue with only two types of 

cells that make easy the RNA extraction. Indeed, the values for integrity and amount 

of RNA collected were very homogeneous between samples.
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4.4.1.2 Reverse transcriptase

The second crucial method is the production of one single stranded DNA from 

the RNA isolated. The amount of cDNA produced by the RT must accurately 

represent the RNA input. These RNA samples are frequently contaminated with 

proteins or DNA. Any DNA contamination will create inaccuracies in nucleic acid 

quantification. Here, DNA contamination was removed using a DNAse kit (DNA-free 

kit, Ambion, UK) before RT was performed.

The RT reaction is one of the largest sources of variation, due to the different 

enzymes, reaction conditions, enzymes and priming methods (Hayward et al, 1998; 

Freeman et al, 1999 and Raja et al, 2000). To avoid all those sources of variability, 

the same protocol was used with all samples in order to allow comparison between 

them.

The method for primer selection for the RT reaction was oligo-dT, due to its 

specificity in obtaining a better cDNA representation of the starting RNA amount 

(Bustin et al, 2005). The only limitation for this choice is that it requires high quality 

RNA, which was not a problem in this experiment.

The RT reaction is catalyzed by the Superscript II enzyme. This enzyme has 

been engineered to retain the full DNA polymerase activity found in RNase H 

Moloney Murine Leukemia Virus (M-MLV) RT and it has reduced RNase H activity. 

This improves the enzyme’s ability to copy long RNA as compared to M-MLV RT. 

This allows the enzyme to be used for cDNA synthesis from total RNA samples 

because the enzyme is not inhibited by ribosomal or transfer RNA.
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4.4.2 RT-PCR versus RT-QPCR

In this section, a comparison of the two common techniques for nucleic acid 

quantification has been provided. The advantages of the RT-QPCR, as a new 

technology are due to the continuous advances in enzymology, chemistry and 

instrumentation that result in low cost, high specificity and sensitivity, and absence of 

post-PCR manipulations. However, the use of RT-PCR is an established technique 

widely use for developmental studies. The long experience with RT-PCR has resulted 

in the development of markers and protocols which reduce the variability between 

assays and ensure increased reproducibility of the RT-PCR results compared to RT- 

QPCR, due to the lack of agreement about QPCR validation (Bustin 2002).

Whereas the RT reaction is quite variable, PCR and QPCR assays are 

remarkably reproducible when run under optimal conditions. In a first approach, 

QPCR, as a new technology, presents a higher sensitivity and specificity when 

compared to semi-quantitative PCR. However, in a more detailed view, while QPCR 

is a new approach for nucleic acids quantification, in fact, this technique inherits the 

same problems of variability associated with semi-quantitative PCR. The problems 

related to the variability of the samples being studied, plus the new problems 

associated with the new chemistries, quantification methods and statistical analyses 

make it necessary to develop protocols for indentification and reduction of this 

variability and the posibility of misinterpretation of the results. At the moment, such 

methods are still in development.

In QPCR, there is a range of chemistries currently in use, which can be 

broadly categorized as specific or non-specific for the amplicon's sequence 

(Whitcombe et al, 1999). For this study, SYBR I green, a non-specific sequence 

intercalating dye (SYBR Green I JumpStart Taq ReadyMix, Sigma, USA) was used. 

SYBR I green offers the advantages of low cost, simplicity and a higher degree of 

flexibility than the specific sequence methods, with the same comparable dynamic 

range of sensitivity (Schmittgen et al, 2000). SYBR I green dye binds to any double

stranded DNA generated during the PCR reaction and emits enhanced fluorescence 

(Bustin and Nolan, 2004). Disadvantages include the indiscriminate binding of the
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dye to any double-stranded DNA, which can result in fluorescence readings in the "no 

template controls" or inaccurate quantification due to primer dimers. Since this assay 

is more specific than conventional PCR, the use of melt curves and “no template 

controls” are obligatory, thereby adding complexity to the data analysis.

In our experiments, no detectable fluorescence was observed in the “no 

template controls” and no primer dimers were observed in the melting curve analysis 

due to the use of well-designed and validated primers. The use of serially diluted 

ED 12 (38 HH stage) samples during QPCR performance for Survivin and GAPDH 

amplifications allowed for confirmation of the absence of inhibitors of QPCR in the 

samples, which could modify the efficiency of the amplification reaction and cause a 

false quantification of the samples.

Standard PCR has been used to obtain quantitative data, with promising 

results (Mackay et al, 2001). The main difference between PCR and QPCR resides in 

the process of amplification product detection. The amount of amplified target is 

directly proportional to the input amount of target only during the linear range of 

amplification. In PCR, this linear range of amplification is determined empirically. In 

the experiments described here, the equivalent amount of ED 12 (38 HH stage) was 

amplified over different cycles of PCR and, following staining, an agarose gel with 

ethidium bromide was run in order to determine this linear range of amplification. 

However, this approach requires a lot of cDNA and suffers from the labourious post- 

PCR handling steps required to evaluate the PCR products. This helps to increase the 

chances of contamination and the variability of the quantification between repetitions 

(Guatelli et al, 1989 and Schmittgen et al, 2000). Although variability of the PCR 

results was reported for these authors, the results presented here (table 4.9) suggest a 

very low variability between assays.

In contrast, QPCR offers the possibility of monitoring the QPCR products 

after each cycle of the amplification. QPCR ensures detection during the linear range 

of amplification and the quantification is carried out at the end of the QPCR cycles in 

the same tube without any post handling processing, which reduces the variability of 

the quantification (table 4.9) and the amount of cDNA required for the experiment.
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Probably the most important step of the QPCR and the biggest source of 

controversy is the quantification. Generally, two ways of quantification could be 

carried out: firstly, the comparison of the levels of target gene with an external 

calibration curves. This allows for calculation of the exact number of copies from the 

cDNA input. The second option allows for observation of physiological changes of 

gene expression based on the comparison of the target gene versus a reference gene. 

The units used to express relative quantities are irrelevant and could be compared 

across multiple QPCR experiments (Orlando et al, 1998).

The relative quantification method determines the changes of Survivin gene 

expression versus GAPDH, a housekeeping gene. Running Survivin and GAPDH in 

the same QPCR allowed RT and QPCR inhibitor controls to be carried out, thereby 

checking the efficiency of the QPCR. RT variations or contamination of the samples 

could modify the efficiency of QPCR for Survivn or GAPDH. The QPCR 

performances here obtain similar values for the efficiency of amplification for 

Survivin and GAPDH, confirming the absence of inhibitors that could affect the 

efficiency of the reaction (table 4.4).

To calculate the expression of Survivin in relation to GAPDH the 2~AACt 

method was used (Livak and Schmittgen, 2001). The important step of this method is 

confirming the good selection of an internal reference gene. GAPDH is one of the 

historical internal reference gene using different nucleic acid quantification 

techniques. In our experiments, GAPDH expression is homogenous during 

development. The second consideration is to confirm similar values of the 

efficiencies for Survivin and GAPDH.

The values obtained for RT-PCR and RT-QPCR (table 4.9) showed a different 

pattern of expression of Survivin during lens development. In both techniques, the 

level of expression of Survivin is higher at early stages of development and decreases 

as embryonic development continues. Interestingly, values at ED6  (28-29 HH stage) 

were quite different. With QPCR, the value was 10.23 times the expression of ED 12 

(38 HH stage), meanwhile with the PCR it was only 2.13 times the expression of 

ED 12 (38 HH stage). Although more differences were found, the variability between 

the results of both techniques was lower (see table 4.9).
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No explanation was found for this big difference. The six replications of ED6  

(28-29 HH stage) gave similar values, as the SDs show. All RNA was collected under 

the same conditions, as was the RT reaction with all groups from the same set 

together. Furthermore, the PCR or QPCR was run with one set of groups (all groups 

from the same set were run together).

Table 4.9: Collection o f  the mean values o f  quantification o f  Survivin during chick lens development.

ED06 ED08 ED10 ED12 ED14 ED16 ED18 ED20

PCR 2.13 ±0.02 1.49± 0.03 1.07± 0.03 1.00 0.58± 0.24 0.39± 0.22 0.44± 0.02 0.29± 0.02

QPCR 10.32 ±0.2 2.59± 0.02 1.09± 0.09 1.00 0.47± 0.04 0.16± 0.02 0.27± 0.03 0.14± 0.04

The statistical analysis of the results for RT-PCR and RT-QPCR gave similar 

results; the only differences were between ED 18 (44 HH stage) and ED 20 (46 HH 

stage). RT-QPCR results showed no significant differences and in the PCR results the 

differences were significant.

4,4.3 Biological implication o f  Survivin gene analysis during chick lens 

development

Survivin, a member of the inhibitors of apoptosis protein (LAP) family, is 

prominently expressed in embryonic tissues and relatively undetectable in normal 

adult tissues, with the exception of tissues undergoing self-renewal or with a high 

amount of cell proliferation (Adida et al, 1998 and Kobayashi et al, 1999). More 

recent experiments suggest a pro-survival role in addition to the anti-apoptotic factor 

role of Survivin (Ambrosini et al. 1998; Altieri and Marchisio, 1999). Most of this 

work focuses on cancer however. The expression and function of Survivin in normal 

tissues are not well defined (Fukuda and Pelus, 2006).
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The regulation of programmed cell death signalling and proliferation are 

critical to developmental homeostasis and normal morphogenesis of the lens (Wride 

and Sanders, 1995; and Wride, 2000). The development of the lens depends on 

precise spatio-temporal control of these events. Although different studies were 

carried out investigating the role of apoptosis signalling during lens development or 

characterization of the proliferation ratio in the lens, little is known about which 

factors influence the anti-apoptosis / pro-survival pathways in the lens. Survivin 

represents a pivotal link between cell proliferation and apoptosis signalling. Different 

authors have detected the expression of Survivin in mouse lens during postnatal 

development (Foley et al, 2004 and Geatrell et al, in preparation) and chick lens 

embryonic development at ED 10 (Weber and Menko, 2005). These data reveal a 

potential role of Survivin in the lens. However, neither of these studies investigated 

the implications of Survivin expression in the regulation of lens epithelial cell 

proliferation and differentiation in lens development. This is the first work to try to 

shed light on the normal physiology of Survivin during lens development.

During this experimental work, we tried to describe the relationship between 

mRNA expression and translation of Survivin throughout chick lens development. In 

this first chapter, RNA expression of Survivin was studied and its temporal 

distribution determined during chick lens embryonic development. No spatial 

expression of Survivin mRNA profiles were done between the different parts of the 

lens, due to limited amounts of Survivin mRNA during the last stages of the chick 

development.

Two different techniques were used to quantify the levels of the expression of 

Survivin. Although with some nuances, both techniques demonstrated a differential 

pattern of Survivin expression in the lens during development. Survivin expression in 

the normal lens is developmentally regulated with highest expression during the early 

stages of development, suggesting an important role at these stages. Furthermore, the 

expression of the gene in the lens decreases with advancing lens development.

174
Role of Survivin in the regulation of cell proliferation and differentiation in lens development



Chapter 4 Analysis of Survivin expression during chick lens development

This gene expression profile suggests that Survivin is an important pro

survival and anti-apoptotic molecule during chick lens embryonic development. In 

order to confirm this hypothesis, a spatio temporal analysis of Survivin protein 

expression during lens embryogenesis by immuonocytochemistry and Western 

blotting was carried out in order to correlate with the characterisation of the 

proliferation and denucleation pattern of the chick embryonic lens analysed in the 

previous chapter.

4.4.4 Quantification of Survivin protein in whole chick lens

Survivin gene expression was detected during all stages of lens development 

studied. This analysis showed that, after formation of the OZF (ED 12, 38 HH stage), 

the detection of Survivin gene expression declined rapidly to low levels (figure 4.15).

The WB analysis of Survivin protein in whole lens development showed a 

developmental regulation of expression similar to the pattern observed with mRNA. 

The highest levels were found at the early embryonic stages, ED6  (28-29 HH stage) -  

ED8  (33-34 HH stage). The protein expression decayed abruptly after ED 12 (38 HH 

stage). After ED 14 (40 HH stage), protein expression was undetectable.

This relative high expression observed during the early stages of development 

could be associated with a high amount of cell proliferation in the lens during the 

early lens development. This could indicate a role for Survivin in cell cycle regulation 

during these early stages of development and it would be important to compare 

whether the role for Survivin in early stages of embryogenesis could reflect the role of 

Survivin described in cancer studies (Li and Brattain, 2006).

If a correlation between PCNA and Survivin (table 4.10) quantification is 

done during chick lens development (table 4.10). Clearly, a strong temporal 

correlation is observed between Survivin down regulation and decrease of 

proliferation (table 4.10). Survivin protein expression at ED 10 (36 HH stage) before
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the OFZ started is 7.31 + 0.36 fold times the expression at ED 12 (38 HH stage). The 

expression at ED 14 (38 HH stage), after OFZ started, is declined to 0.30 + 0.03 fold 

times the expression at ED 12 (38 HH stage). This precise pattern of Survivin protein 

expression allows a hypothesise of an essential role for Survivin in lens 

morphogenesis and tissue homeostasis during development.

Table 4.10. Correlation o f  PCNA and Survivin quantification by WB during chick lens development. 
The values showed represent the mean o f three separate determinations. Pearson’s coefficient showed 
a strong positive correlation between PCNA and Survivin values with a p value < 0.01

ED06 ED08 ED10 ED12 ED14 ED16 ED18 ED20

PCNA 1.65 ± 1.28 ± 1.05 ± 1.00 0.36 ± 0.20 ± 0.14 ± 0.04 ±
0.02 0.02 0.03 0.02 0.03 0.01 0.01

Survivin 22.94 ± 
1.64

20.71 ± 
1.01

7.31 ± 
0.36 1.00 0.30 ± 

0.03 0 0 0

Pearson's Coef 0.862; p< 0 .01

Different studies supported the idea of Survivin as an essential molecule for 

the control of development (Uren et al, 2000; Conway et al, 2002 and Kawamura et al

2003). Deletion of the Survivin gene by homologous recombination in mice disrupted 

microtubule formation, caused polyploidy, and embryos failed to survive beyond 4.5 

days post coitum (Uren et al, 2000 and Conway et al, 2002). Other studies showed 

that the treatment of early mouse embryos with Survivin antisense oligonucleotides 

not only disrupted mitosis, but also induced apoptosis (Kawamura et al 2003).

One of the papers, which best showed the clear evidence of the essential role 

of Survivin during organogenesis was carried out using Cre-loxP mice to confirm the 

essential role of Survivin during early mouse brain development (Jiang et al, 2005). 

Conditional deletion of Survivin neuronal precursor cells from ED 10.5 resulted in 

striking apoptosis in neuronal precursor cells. Although these mice were bom at the 

expected Mendelian ratios, they died shortly after birth. The newborn mutant mice 

showed a much smaller brain with severe apoptosis in the cerebrum, cerebellum,
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brainstem, spinal cord, and retina, which was associated with a significant increase in 

caspase-3 and -9 activities (Jiang et al, 2005).

4.4.5 Immunolocalisation o f Survivin during chick lens development

Survivin expression was originally detected during mouse embryonic 

development (Adida et al, 1998) and Survivin was strongly expressed in several 

apoptosis-regulated foetal tissues. In this thesis, the expression of Survivin mRNA 

was confirmed using RT-PCR and RT-QPCR in whole chick lens development. This 

pattern was confirmed at protein level with WB. Here the focus is on the analysis of 

the immunolocalisation of Survivin through lens development. Complementary to 

this study, a correlation between PCNA immunolocalisation and denucleation profiles 

(chapter 3) with Survivin immunolocalisation was done.

The histochemistry study carried out on chick embryo lens showed a strict 

spatio-temporal pattern of dramatic changes in shape, length, and volume, in the cells 

of the lens, especially in the fibre cells. The differentiation of the lens fibre cells 

consists of two intense phases: first, the cells differentiate from the lens epithelium in 

order to begin elongation and second, after elongation is accomplished, the deeply 

buried fibres eliminate organelles and convert to quiescence.

From previous cancer (Baba et al, 2002; Draviam, et al, 2004 and Gollin et al,

2004) and cellular studies (Uren et al, 2000; Fortugno et al, 2002 and Colnaghi et al,

2006), Survivin seems to exist in 2 subcellular pools: cytoplasmic and nuclear 

(Fortugno et al, 2002). There is much debate in the literature about the nuclear- 

cytoplasmic transport of Survivin and its implications for tumorigenesis (Knauer et al,

2007), but there is a general idea that Survivin can shuttle between the nucleus and 

the cytoplasm (Stauber et al, 2007) and this would appear, from the data presented 

here, to also be the case in the lens.
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Survivin is usually detected in the cytoplasm of tumour cells, and it is, 

therefore, widely regarded as a cytoplasmic protein (Ambrosini et al, 1997), but the 

mechanisms that control its nuclear-cytoplasmic localization are not known. 

However, Survivin has been described in the nucleus of some tumour cells in clinical 

samples of lung (Vischioni et al, 2004) pancreatic (Tonini et al, 2003) and gastric 

(Okada et al, 2001) cancer. In the present experiments the main localisation of 

Survivin was nuclear although some cytoplasmatic was observed during early stages 

of lens development.

The pattern of expression of Survivin in the embryonic chicken lens follows 

the morphological pattern observed with histochemistry in the early stages of lens 

development. At ED4 (23-24 HH stage)-ED6  (38-29 HH stage), a pseudo-stratified 

epithelium with several layers is present. The nuclei of both the lens pseudo-stratified 

epithelium and fibre cells were immunoreactive for Survivin. Cytoplasmic staining 

was also observed. The expression of the two pools of Survivin in different 

compartments of the cell suggests an active role of Survivin (Knauer, 2007). At this 

stage of development, the pattern of PCNA staining analysed in chapter 3 (table 3.3) 

correlate with the immunolocalisation of Survivin at this stage of development.

This is consistent with its function in the regulation of both cell viability and 

cell division (Li, 2003). A likely possibility is that the differential localisation might 

reflect different functions of Survivin, in respect of inhibition of apoptosis or 

regulation of the cell cycle (Fortugno at al, 2002). Strong expression of Survivin in 

the nucleus may represent increased mitotic events (Uren et al, 2000). The defects in 

chromosome segregation and stability have been recognised as common features in 

human cancer (Draviam, et al, 2004 and Gollin et al, 2004). In gastric cancer, 

polyploidy/aneuploidy has been shown to be linked with high metastatic, invasive 

status, and poor prognosis (Baba et al, 2002). Interestingly, during chick lens 

development, no morphological mitotic nuclei were found positive for Survivin in the 

lens epithelium cell layer. The presence of Survivin in the nuclei of the young fibre, 

which have left the cell cycle, support the hypothesis of an additional role of Survivin 

in the nucleus during lens fibre cell differentiation.
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On the other hand, in the cytoplasm, Survivin inhibits the apoptosis pathway 

(Caldas et al, 2005). This cytosolic pool includes Survivin complexed with 

centromeres, microtubules, and other components of the mitotic apparatus (Skoufias 

et al, 2000; Fortugno et al, 2002 and Altieri, 2003) and it was suggested the Survivin 

cytoplasmic pool may interplay with the apoptotic machinery controlling cell 

survival, but not cell proliferation (Stauber et al, 2007).

At ED8  (33-34 HH stage), the lens epithelium became thinner than previous 

stages of development. The nuclei of this lens epithelium were positive for both 

PCNA and Survivin. However, a statistically significant decreasing number of 

positive cells in the lens epithelium were observed for both PCNA and Survivin with 

respect to ED4 (23-24 HH stage; table 3.3 and 4.7). This parallel down-regulation of 

Survivin and reduction in proliferation (PCNA) at this stage of development may 

support the association between Survivin expression and proliferation in lens 

epithelial cells.

Interestingly, a gradient staining for Survivin was observed through the lens. 

The staining in the central epithelium was lower than in the equator region. However 

in the cells starting to differentiated into fibre cells, the nuclear staining was stronger 

than in the rest of compartments of the lens at this stage of development. At this stage 

of development no expression of PCNA was observed in these fibre cells.

The absence of PCNA expression in the lens fibre cells showed non

proliferating cells which express Survivin. This observation could suggest a second 

function of Survivin in fibre cell maturation. The requirement of Survivin for cell 

maturation has been described in erythroid cells (Gurbuxani et al, 2005 and Leung et 

al, 2007), where erythroid colony formation was decreased to 50% by decreasing 

Survivin expression, revealing that Survivin is as an essential molecule for erythroid 

development.
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At ED 10 (36 HH stage), the pattern of expression of PCNA was similar to 

previous stages of development, with a decreasing number of positive cells in the 

bow region (table 3.3). Survivin expression was similar to ED8  (33 HH stage) with a 

reduction in the number of positive cells in the central lens epithelium and bow 

region, but not in the fibre cell compartments (table 4.7), where strong staining was 

observed. This staining became stronger in the nuclei close to the central lens region. 

Different nuclei shapes were observed in the Survivin positive fibre cells, although no 

pycnotic nuclei were distinguish.

This reproducibility of the results for Survivin may suggest a role for Survivin 

as an essential molecule for lens organogenesis, with a role in regulation of the 

proliferation and maturation of the fibre lens. The detection of the different shapes of 

the positive nuclei of the fibre cells confirmed the requirement of Survivin expression 

during different stages of development.

At ED 12 (38 HH stage), a significant reduction was detected in the number of 

positive nuclei in the central fibre cell compartment (figure 4.14 and table 4.7). A 

remarkable feature was that all of the Survivin positive nuclei were pycnotic.

Lens fibre cell maturation is complex multi-step process that requires a 

coordination and regulation of the different events: change of cell shape, packing, 

increase in size, synthesis of proteins, modifications of cytokesleton, membranes 

modifications, organelle degradation and, finally, denucleation (Kuwabara, 1975; 

Bassnett 1992 and 1995).

The temporal pattern of Survivin expression in the fibre cell compartment, 

during chick embryonic development is consistent with a role in regulating the 

activation of the apoptosis-related pathways that initiate lens differentiation (Wride, 

2000; Weber and Menko, 2005).
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In the developing chicken lens fibre cells, complete maturation of the fibre 

cells is completed before ED 12 (38 HH stage; Shestopalov and Bassnett, 2000). The 

last step, lens fibre cell differentiation, starts with the trigger of organelle degradation 

in the core of the chick lens followed by nuclear degradation (Shestopalov and 

Bassnett, 2000). However, at ED8  (33-34 HH stage), fragmentation of the 

mitochondria was observed without phosphatidylserine flipping, an early event 

required for apoptosis signalling activation (Wride and Sanders, 1998). The absence 

of phosphatidylserine flipping supports the finding that apoptotic pathways are 

controlled and are activated only at low levels for signalling lens cell differentiation. 

The absence of degraded caspase 'substrates, such as actin (Lee et al, 2000 and Lee et 

al, 2 0 0 1 ), supports the hypothesis of low activation apoptosis signalling during the 

initial stages of the lens fibre cell differentiation.

The regulation of cell differentiation by members of the apoptosis pathway 

(Bcl-2, cytochrome c, and caspases) is not unique to lens cells (Ishizaki, 1998 and 

Wride et al 1999). Caspases are involved in the differentiation of keratinocytes, 

erythroblasts, macrophages, skeletal muscle cells, and osteoblasts (Weil et al, 1999; 

Zermati et al, 2001; Fernando et al, 2002 and Mogi and Togari, 2003), but the stage 

of differentiation affected by caspases is specific to the cell type. B c 1 - x l  and Bcl-2 

play critical roles in the differentiation process and survival of erythroid cells 

(Motoyama et al, 1999 and Hafid-Medheb et al, 2003).

No expression of Survivin was observed with immunochemistry after ED 12 

(38 HH stage), but Survivin expression was detected at ED 14 with WB. This 

difference could be explained because WB is a more effective and sensitive method 

for protein detection (Reinart et al, 1979).

The denucleation study showed TUNEL positive staining at ED 16 (42 HH 

stage) in the nuclei of the central fibre cells (chapter 3). Survivin protein expression 

was not detected by WB and immunochemistry. All of these results together suggest 

a role for Survivin as a cell survival factor during early embryonic stages of lens 

development.
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4.5 CONCLUSIONS

1. The chick eye lens, and the technique used for micro-dissection, resulted 
in suitable RNA extraction, with RNA of good quality, purity and a 
reasonable quantity.

2. The method for cDNA synthesis was adequate to faithfully represent the 
starting RNA extracted from chick lens development.

3. RT-PCR / RT-QPCR, WB and immunochemistry were excellent tools 
for the evaluation of Survivin expression during chick lens 
development. However, there were noticeable differences in the fold- 
change values between sample stages when comparing RT-PCR and 
RT-QPCR, but the overall trends were similar.

4. Survivin is expressed during early embryonic lens development and 
reduced with the beginning of the formation of the OFZ at ED 12.

5. The pattern of Survivin expression is localised with proliferation and 
differentiation compartments of the lens.

6 . The results suggest a pro-survival role for Survivin in the regulation of 
lens cell proliferation and apoptosis signalling pathways, potentially 
involving differentiation in the lens fibre cells.
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Chapter 5

A pessimist sees the difficulty in every opportunity; an 
optimist sees the opportunity in every difficulty.

(Winston Churchill)
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5.1 INTRODUCTION

The study of the coordination between proliferation and differentiation of the 

lens epithelial cells is essential for understanding the development and growth of the 

lens, but in vivo studies have limitations. The use of chick lens epithelial dissociated 

cell cultures has facilitated the possibility of dissecting the pathways involved in both 

events, avoiding the limitations of in vivo models. In consequence, the introduction of 

lens epithelial dissociated cell culture has provided a novel tool for developmental 

studies that offers total control of the experimental conditions.

Chick lens epithelial cultures have become a useful tool for studying the 

potency of proliferation of lens epithelial cells and their differentiation into cells with 

the features of lens fibre cells.

The culture of dissociated lens epithelial cells from chicken has been long 

used (Okada et al, 1971, 1973; Menko et al, 1984; Wride and Sanders, 1998 and Le 

and Musil, 2001). The culture at high density of these dissociated cells, for relatively 

long periods, on Matrigel covered plates (Wride and Sanders, 1998) allows the 

differentiation of the epithelial cells into organized structures of fibre-like cells called 

lentoids (Menko et al, 1984). The lentoids are aggregates of cells with similar 

characteristics to lens fibre cells, including the synthesis of 8 -crystallin, the 

membrane protein 28 (Menko et al, 1984 and Le and Musil, 2001) and the formation 

of extensive junctional membranes.

During the culture of lens epithelial cells, three stages are observed. During 

the first stage, an epithelial monolayer of cells forms. During the second stage, 

developing lentoid structures start to appear and a decrease in DNA synthesis begins. 

At the third stage, lentoid development is extensive, involving almost the entire 

culture with very low of numbers of cells undergoing DNA synthesis (Menko et al, 

1984). The lentoids cells differentiating in culture exhibited no morphological signs 

of “classic” apoptosis other than the breakdown of their nuclei (Wride and Sanders, 

1998).
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How proliferation and differentiation are regulated in the lens is still not clear, 

although different studies identified the role of different growth factors and cytokines 

affecting both processes in many species (Ibaraki et al, 1995; Lang, 1999; Ireland and 

Mrock, 2000; Le and Musil, 2001 and Lovicu and McAvoy, 2001).

Although different models for studying lens development can be found in the 

literature, the chick lens epithelial dissociated cell culture is one of the most widely 

used because it offers the possibility to control the proliferation of the chick embryo 

lens epithelial cells or to start them differentiating into lens fibre cells, by adding 

different growth factors to the cultures. Thus the chicken model has a big advantage 

over mouse or rabbit cell culture models, which do not present this differentiation 

pattern. The special feature of the chick lens model, joined with the versatility of the 

cell culture model, offers the possibility of using cell and molecular techniques, in 

combination with cell culture, to manipulate the system, thereby offering a wide 

range of options for research.

In this chapter, Survivin gene expression will be described during lens 

development in vivo. The next step will be the characterisation of the expression of 

Survivin in an in vitro model. The primary dissociated chick epithelial culture has 

two advantages. The first advantage is the possibility to extrapolate the results from 

the cell culture and compare with the in vivo model, because both results are from the 

same species. The second advantage resides on the fact that the lens epithelial cells 

can differentiate into fibre cells in culture. The analysis and characterisation of this 

model allows experiments that dissect the roles of Survivin in normal lens 

development.
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The specific aims to this chapter are:

1. To assess the quality, quantity and purity of RNA isolated from the chick 

epithelial dissociated cell primary culture.

2. To analyse and quantify the variation of Survivin expression in the chick 

epithelial dissociated primary cell culture at different stages.

3. To determinate the proliferation pattern in the chick epithelial dissociated 

primary cell culture.

4. To determine the denucleation pattern in the chick lens epithelial dissociated

primary cell culture.

5. To analyse and quantify the Survivin protein expression profile changes in

chick lens epithelial dissociated primary cell culture.
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5.2 EXPERIMENTAL DESIGN

The chick lens epithelial dissociated primary cell culture was used to understand 

the role of Survivin during proliferation and differentiation. The chicken lens 

epithelial cells were obtained at ED 10 (26 HH stage) following the protocol from 

Menko et al, 1984, however some modifications were included as explained in 

section 2.5.

In the first part of the study, different techniques were carried out in order to 

characterise the chick lens epithelial dissociated primary cell culture as a model for 

studying the role of Survivin during differentiation and differentiation. The 

proliferation pattern was determined by two different methods. The evaluation of the 

proliferation was carried out using an enzymatic assay, the XTT, and repeated by 

counting cells using a haematocytometer (section 2.9). In the second part of the 

study, the morphological proliferation and differentiation patterns were determined in 

the chick lens epithelial dissociated primary cell culture.

In the third part, the suitability of the chick lens epithelial dissociated primary 

cell culture for gene expression analysis was studied by evaluation of the purity, 

quality and quantity of the cDNA obtained from the cell cultures from day 0 to day 8  

of culture.

In the fourth and fifth parts of the study, a spatio-temporal analysis of Survivin 

was carried out during cell culture. The Survivin expression changes were evaluated 

by QPCR and WB using the same primers and antibody as described in chapter 4. 

Finally, the pattern of denucleation was determined by TUNEL (section 2.7).

The Results were analyzed using SPSS 12 software package for Windows 

(SPPS Inc, USA). Comparison between the embryonic day groups was performed 

using the parametric analysis of the variance test followed by the appropriate post- 

hoc test. Significance was taken at p  < 0.05. When the data analysed were distributed 

in only two groups, each with a Gaussian distribution, the comparison was performed 

using a t- test with significance at p  < 0.05.
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5.3 RESULTS

5.3.1 Proliferation assay

Cells were seeded at 5 x 105 cells per well in a 24-well plate or 6  x 104 per 

well in a 96-well plate. Determination of proliferation was determined using two 

different methods: a XTT assay and counting cells using a haemocytometer.

5.3.1.1 XTT assay

The values obtained after 4 h are described in figure 5.1. The negative control 

values were lower than the values for the cell cultures incubated with 10% FCS. The 

highest number of cells was found in the cultures incubated with 10% FCS and these 

values increased with the time of incubation. Interestingly, the values of the positive 

control (PDGF) were lower than for the other groups. The other remarkable 

observation was the variability of the values inter-group.

The large variability of the results, which can be seen in the large SEM 

associated with some groups (figure 5.1), can be explained by variation in the time 

taken to metabolize the XTT reagent. To check this, the cultures were also expose to 

the XTT reagent for 24 h.
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□ 0.1 M H202 ■ 10% FCS □ 60 ng/mL PDGF
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Figure 5.1: Cell proliferation measured using XTT assay at 4 h. Cells were incubated 4 h with 
XTT reagent. 0.1 M H202 was used as negative control. 60 ng / mL of PDGF was used as 
positive control. The results showed an increase in the number of cells compared to day 0. The 
positive control group showed the lowest cell growth rate and the cells incubated with 10% 
FCS showed the highest cell proliferation rate. The negative control increases the number of 
cells with the time of incubation.

The values obtained for 24 h are presented in the figure 5.2. The values of 

XTT measured after 24 h of incubation were more homogeneous that the previous 

measured after 4 h, as consequence a lower SEM was associated with the mean for 

each group. The negative control group had increases in cell growth with the time of 

incubation that were similar to the cells incubated with 10% FCS (figure 5.2). The 

values of the positive control were close to the other groups, with the exception of 

day 4, which had the lowest values.
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□ 0.1 M H202 ■ 10% FCS □ 60 ng/mL PDGF

70

Figure 5.2: Cell proliferation measured using XTT assay at 24 h. Cells were incubated for 24 h 
with XTT reagent. 0.1 M H 202 was used as negative control. 60 ng / mL of PDGF was used as 
positive control. The results showed an increase in the number o f cells compared to day 0. The 
positive control group showed the lowest cell growth rate at day 2 and 6. The cells incubated 
with 10% FCS showed the highest cell proliferation ratio at day 2 and 6. The negative control 
increases the number o f cells with the time o f incubation.

5.3.1.2 Counting cells using a haemocytometer

Cell growth was measured using a haemocytometer. Cells were seeded onto 

24-well plates (5 x 105 cells / well). The cells were incubated until day 0, 2, 4, 6 and 

8. Cells were incubated with 10% FCS in M l99 (Gibco, UK). As a negative control, 

cells were incubated with 0.1M H 2 O2 . Then, at the determinate day, the cells were 

washed out with Tyrode’s solution three times for 5 min. After washing, cells were
^ I

immediately trypsinised with 0.25% trypsin with 1 mM EDTA in Ca . Cells were 

recovered and counted in a haemocytometer.

The results, presented in figure 5.3, showed an increase in the number of cells 

with the time of incubation in both groups. In the negative group, the proliferation 

ratio was maintained around x 105 power. In the group of cells incubated with 10% 

FCS, a significant difference was found between the different days of incubation. The 

other interesting difference observed was the time that the cell growth in the cell 

culture started to decrease. The decrease in cell growth was detected after day 4 in the 

negative control and day 6 in the group incubated with 10 % FCS. The homogeneity 

of the results was observed in both groups and during all days (figure 5.3).
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Figure 5.3: Cell proliferation measured using haematocytometer. Cells were seeded onto 24 well 
plates. The cells were incubated until day 0, 2, 4, 6 and 8. Cells were incubated with 10% FCS in 
M l99 and 0.1M H 202 as negative control. Cells were trypsinized with 0.25% trypsin with 1 mM 
EDTA in Ca2+. Cells were recovered cells and counted in a haemocytometer. The cell growth increase 
with the time o f incubation until day 6 in the negative control group and day 8 in the cells incubated 
with 10% of FCS. However, in the negative group proliferation was always in the order of xlO5.

5.3.2 Morphological characterisation o f the lens epithelial dissociated primary 

cell culture

During the 8 days o f cell culture, a progression of morphological development 

was observed (figure 5.4) from the original chick lens epithelial monolayer observed 

at early stages o f cultures, to irregular shaped clumps of cells and a mixed culture of 

cells and lentoids characteristic o f the intermediate stages of culture. Finally, at the 

last stages o f culture, there was extensive lentoid development.

The chick lens epithelial cells were plated as single cells and allowed to attach 

for 24 h to the substrate (figure 5.4A-C). After 24 h, the cells did not spread out, and 

were formed as a monolayer mass in the centre of the well, with some tending to 

group together in small clumps (black arrows).
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After two days of culturing (figure 5.4D-F), the morphology of the chick lens 

epithelial dissociated primary culture changed. Cells started to spread out on Matrigel 

and, as a result, isolated clumps of cells were found in all parts of the wells. The 

irregular shape of the clumps, asymmetrical and angular (figure 5.4.E), suggested a 

multi-directional migration of the chick lens epithelial cells. During the early stages 

of culture, the colonies of cells were found to be flat under phase contrast 

microscopy.

At day 4 of culture (figure 5.4G-I), lentoids were clearly distinguished (black 

arrows). Lentoids were multi-cellular and multi-layer complex structures resulting 

from fusion and differentiation of the chick lens epithelial clumps. These lentoids 

were isolated dimensional structures under phase-contrast microscopy. Between these 

lentoids, flat cells and small colonies of cells were found (white arrows).

At day 6  (figure 5.4J-L), the Matrigel substrate was covered by a large mass 

of lens epithelial cells at different stages of differentiation (figure 5.4K), presumably 

as result of the confluence and fusion of the small clumps observed in the previous 

stages. The lentoids were grown and started to make inter-connections (figure 5.4L).

At day 8  (figure 5.4M-0), a terminally differentiated lens culture was 

observed. Extensive lentoids covered the Matrigel substrate (figure 5.4M). Figure 

5.40 shows an almost complete fusion of all lentoids into one mass.
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Figure 5.4. Morphogenesis study o f  the chick lens dissociated epithelial primary 
cell cultures. Phase contrast micrograph of chick lens epithelial dissociated cell 
culture was taken at different times of culture. The first column of pictures (A, D, 
G, J and M) shows an overview of the cultures. The second column of pictures (B, 
E, H, K and N) shows a magnification of the cultures (x20). Finally, the third 
column (C, F, I, L and O) shows a detail of lentoids (x40).

At day 0 (A-C), cells were attached to the substrate coated with Matrigel. 
Lens epithelial cells did not spread out, and cells were formed as a monolayer 
mass in the centre of the well and some of them tended to group together in small 
clumps (black arrows).

After two days of culturing (D-F), cells started to spread out on Matrigel 
and formed large isolated clumps of cells. During this early stage of culture, the 
colonies of cells were found to be flat under phase^contrast microscopy.

At day 4 of culturing (G-I), lentoids were clearly distinguishable (black 
arrows). Lentoids were multi-cellular and multi-layered complex structures. 
Lentoids were isolated dimensional structures under phase contrast microscopy. 
Between these lentoids, flat cells and small colonies of cells were found (white 
arrows).

At day 6  (J-L), the Matrigel substrate was covered by a large mass of lens 
epithelial clumps in different stages of differentiation. The lentoids had increased 
in size and started to make inter-connections.

At day 8  (M-0)i a terminally differentiated lens culture was observed. 
Extensive lentoids covered the Matrigel substrate (M). The figure O shows an 
almost complete fusion of all lentoids into one mass.
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5.3.3 RNA integrity and quantification

RNA was isolated from the chick lens dissociated primary cell culture, as 

described in the material and methods (section 2.8 .1.2). After isolation, RNA of each 

sample was quantified and the integrity checked.

The most commonly used technique for measuring nucleic acid concentration 

is the determination of absorbance at 260 nm (A260). The major disadvantages of the 

absorbance-based method are the large relative contribution of proteins and free 

nucleotides to the signal, the interference caused by contaminants commonly found in 

nucleic acid preparations and the relative insensitivity of the assay (an A260 of 0.1 

corresponds to a 4 pg/mL RNA solution). The use of sensitive, fluorescent nucleic 

acid stains alleviates many of these problems.

The RNA samples isolated from the chick endothelial dissociated primary cell 

culture were quantified using the RiboGreen® reagent method. The concentrations of 

the samples were calculated measured the fluorescence in the samples and compared 

with the standards. Samples and standards were put into Corbett rotor gene 6000. 

After this, samples and standards were placed in a Picodrop instrument (Picodrop 

Technologies, USA) and quality and quantity was measured. Fluorescence of the 

values from the blanks was subtracted from the sample values. Table 5.1 reports the 

measures of absorbances, ratio and concentrations of RNA.

Three pools of lenses were used for QPCR. The lenses were collected from 

cultures from day 0 to day 8 , every two days. The number of cells used for RNA 

isolation was the same in the different pools at the same stage. The data collected in 

table 5.1 shows a quite homogenous amount of RNA collected with a very low 

variation between pools at the same stage. The big variation was found at day 8  with 

a standard deviation (SD) of 15.31 (an 11.7 % change with respect to the average). 

The lowest variation was found at day 0 with a SD of 5.11 (2.37% with respect to the 

average).
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Table 5.1 Table detailing the total RNA yield collected from the lens epithelial dissociated primary 
cell culture.

Amount (ng /jjL) Quality

Day 0

Day 2

Day 4

Day 6

Day 8

217.12 1.85

209.51 1.92

219.23 1.87

Mean + SD 215.29+ 5.11 1.88 + 0.04

378.97 1.88

374.12 1.91

391.07 1.96

Mean + SD 381.39+ 8.73 1.92 + 0.04

458.80 2.01

447.21 2.00

457.87 1.99

Mean + SD 454.63 + 6.44 2.00 + 0.01

302.08 1.95

315.24 1.92

305.45 1.97

Mean + SD 307.59 + 6.84 1.95 + 0.03

123.47 1.79

147.98 1.83

119.84 1.85

Mean + SD n f t /n  , 1.82 + 0.03-  130.43 + 15.31 ~
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Figure 5.5 presents the mean values collected in Table 5.7. The histogram 

shows the mean and SEM of the amount of RNA isolated per embryonic day group.

Day 0 Day 2 Day 4 Day 6 Day 8

Figure 5.5 The histogram presents the amount o f  RNA isolated from the lens cultures at each stage. 
Three pools of lens cultures were collected from day 0 to day 8 every two days. The RNA isolated 
increased with the age until day 4, at day 6 the amount o f RNA collected decreased and at day 8 the 
lowest amount of RNA was collected.

5.3.4 Quantitative PCR results

The levels o f expression of Survivin during chick lens epithelial dissociated 

primary cell culture were studied by RT-QPCR. The primers were designed to flank a 

common region present in all isoforms of Survivin, so that the total 

Survivin mRNA transcripts could be quantified. Relative quantification is based on 

the expression levels o f a target gene compared to the expression of an internal 

reference gene, thus standards with known concentrations are not required. To 

determine the relative expression the 2"AACt method was used (Livak 1997 and 2001 

and Livak and Schmittgen 2001).
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5.3.4.1 Efficiency and reproducibility o f the results

The similar efficiencies of the amplification reaction for the target and 

housekeeping genes are an essential marker for confirming the good performance of 

the QPCR assay. The efficiencies of the QPCR were measured using a serial dilution 

of cDNA of the calibrator for the target gene and internal housekeeping gene (table 

5.2). The efficiency of the target gene Survivin was 1.04 + 0.05, whereas that of the 

internal housekeeping gene, GAPDH, was 1.01 + 0.02, which is good indicator of the 

efficiency of the QPCR assay. The low difference in the efficiencies between 

different QPCR runs becomes crucial for reliable comparison of the results.

To confirm accuracy and reproducibility of QPCR results, three different 

samples were collected per group and the QPCR reactions were run in duplicate and 

normalised with respect to the housekeeping gene, GAPDH, (table 5.2). The pattern 

of expression of Survivin during lens development was found to be very similar 

between the six different repetitions at the same embryonic day. The comparison of 

the Ct of these six replicates showed a low variation between the same QPCR run and 

between inter-assay variations, based on the SD (table 5.2).

Table 5.2 Reproducibility o f  sample preparation method.

Sample Ct Mean SD Efficiency Ct Mean SD Efficiency

Survivin GAPDH

DayO 21.69 1.09 11.93 1.03

21.50 1.09 11.94 1.03

21.45 1.00 11.86 1.00

21.38 1.00 11.87 1.00
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2 1 5 9  1.03 11.92 1.01

2 1 -3 7  21.50 0.12 1.03 11.79 11.89 0.06 1.01

Day 2 I 9 - * 9  1.09 11.76 1.03

l 9 - 8 6  1.09 11.81 1.03

2<>-18 1.00 11.79 1.00

2 0 1 4  1.00 11.77 1.00

1 9  9 3  1.03 11.83 1.01

I 9 -8 9  19.99 0.14 1.03 11.85 11.80 0.03 1.01

Day 4 17.76 1 . 0 9  11.76 1.03

17.84 !.09 11.73 i.03

17.62 i.oo 11-71 1.00

17.55 i.oo 11.72 1.00

17.94 1.03 11.74 1 . 0 1

17.88 17.77 0.15 1.03 H -7 9  11.74 0.03 1.01

Day 6 18-38 1.09 H -8 4  1.03

I8-4 ! 1.09 l l - 8 6  1.03

I 8 -2 9  1.00 l l -7 3  1.00

I 8 -3 3  1.00 11 -72  i .o o

IS-4 3  1.03 11-65 l.oi

I 8 -3 7  18.37 0.05 1.03 11-67 n .7 5  0.09 1.01

Day 8 20-58 1 . 0 9  11.59 1.03
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20.62 1.09 11.63 1.03

20.60 1 . 0 0 11.61 1 . 0 0

20.61 1 . 0 0 11.67 1 . 0 0

20.63 1.03 11.78 1 . 0 1

2059 20.61 0.02 1.03 11.84 11.69 0.10 1 . 0 1

5.3.4.2 Confirmation o f  primer specificity

The specificity of the QPCR products was tested. Fluorescence data were 

converting into melting peaks (figure 5.6A and B). The melting peak analysis allowed 

the removal of background fluorescence and the effect of temperature on the 

fluorescence, that, in turn, allowed confirmation of the specificity of the fluorescence 

for Survivin and GAPDH. The melting curve analysis was performed, which resulted 

in a single product at a specific temperature as follows: Survivin, 83. 6 °C; GAPDH, 

82.1°C. No primer dimers were generated during the QPCR amplification cycles. 

This analysis was confirmed with high resolution gel electrophoresis (figures 5.6C 

and D).
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A Survivin melting peak analysis B GAPDH melting peak analysis

2D

5%,5

0

C Survivin product on gel agarose

Day 0 Day 2 Day 4  Day 6 Day 8

162 bp

D GAPDH product detected in gel agarose

Day 0 Day 2 Day 4 Day 6 Day 8

78 bo

Figure 5.6. Confirmation o f the specificity o f  the QPCR products. Fluorescence data were transformed 
into melting peaks (A, B). The analysis o f the amplicon products showed only one splice variant of 
Survivin (A) and GAPDH (B). The Real time RT-PCR products were run out on a 1.5 % agarose gel. 
Only one product was detected in each sample for Survivin (C) and GAPDH (D). Three different 
pooled chick lens epithelial dissociated primary cell culture samples were used at each stage and each 
was repeated 2 times. The gel showed is a representative gel.

201
Role o f Survivin in the regulation o f cell proliferation and differentiation in lens development



Chapter 5 Study o f  Survivin expression in the chick lens epithelial dissociated cell culture

5.3.4.3 Analysis o f relative gene expression using 2~AACt method

The data from QPCR were analysed using the 2*AACt method (Livak and 

Schmittengen, 2001). This method allowed for analysis of the change of expression 

of Survivin compared to the expression of GAPDH, an internal gene housekeeping 

gene, and expressed the relative amount of Survivin compared to day 0. For use of 

this method, the efficiency of Survivin and GAPDH QPCR should be similar.

Survivin- mRNA increased in expression during cell culture with the peak at 

day 4 and the lowest point at day 8 (figure 5.7). The pattern of Survivin expression 

was variable during the cell culture period. At day 2 (figure 5.7), the expression of 

Survivin was 1.19 ± 0.03 times the expression at day 0. At day 4, Survivin expression 

was 2.17 + 0.05 times the expression at day 0. At day 6 (figure 5.7), Survivin 

expression decayed to 1.04 + 0.02 times the expression at day 0. Finally, at day 8 

(figure 5.7), the expression of Survivin reached to the lowest value 0.38 + 0.03 times 

the expression of Survivin at day 0.

2 00-

2 4 6 80

Cell culture day

Figure 5.7. A Graphical representation o f the values o f Survivin expression during chick lens 
epithelial dissociated primary cell culture using QPCR. Error bars represent the standard error o f the 
mean. Survivin values was highly expressed at day 4 and the lowest value of Survivin expression was 
detected at day 8. The values at day 2 and day 6 were similar to day 0.
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The means of cell culture days groups have clearly different distributions. The 

Shapiro-Wilk test (Shapiro and Wilk, 1965) confirmed the Gaussian distribution of 

the groups with a p value < 0.05. Once the normal distribution of the data was 

confirmed, the ANOVA test was used to test for differences among the five 

independent cell culture groups.

ANOVA revealed at least one significant difference between the means of the 

cell culture days groups with a p < 0.001. A post-hoc test was used to analyse the 

differences found between groups. The Levene's test showed the heterogeneity of the 

variance of the data with a p value of 0.05.

Due to heterogeneity of the variance and equal size of the groups, the more 

suitable post-hoc test to analyze the differences between groups is the Dunnett T3 test 

(Miller, 1981), ensuring that the chance of finding a significant difference in any 

comparison is maintained at the alpha level (p < 0 .0 1 ).

Table 5.3 summarises the results analysed with the Dunnet T3 test. In brief, 

significant statistical differences were found between the expression levels of 

Survivin at day 2 and the rest of the groups, between day 4 and the rest of the groups. 

Only at day 8 , Survivin expression was down-regulated, compared with day 0, and 

this difference was significantly different to day 0  and to the other groups.

Table 5.3: Summary o f  the results obtained from  Dunnet T3 test. Cells in grey show values that were 
not statistically significances. Y: statistically significance; N: No statistically significance.

Day 0 Day 2 Day 4 Day 6 Day 8

DayO —

Day 2 Y —

Day 4 Y Y —

Day 6 Y Y Y —

Day 8 Y Y Y Y —
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5.3.5 Western blot protein analysis

The protein expression in the cell culture was analysed by WB. The first step 

is the analysis of the overall protein amount collected from the different samples. The 

final step is the PCNA and Survivin analysis and quantification.

5.3.5.1 Protein isolation

Three pools o f protein samples were isolated from chick lens dissociated 

epithelial cell cultures from day 0 to day 8, every two days. The amount of protein 

collected from the cell cultures is shown in table 5.4. The data show a homogenous 

amount of protein collected with a very low variation between pools at the same day 

of cell culture. The amount o f protein isolated from the chick lens dissociated 

epithelial primary cell culture increased with the time of incubation, with the highest 

value at day 8 at 0.825 + 0.02.

Table 5.4. Table detailing protein concentration. Average is shown in purple and SD in blue.

Day 0 Day 2 Day 4 Day 6 Day 8

0.445 0.577 0.574 0.663 0.803

Amount (pg/pL) 0.422 0.579 0.536 0.687 0.847

0.436 0.559 0.567 0.671 0.825

0.434 0.572 0.559 0.674 0.825
+ 0.01 ± 0.01 ± 0.02 + 0.01 + 0.02
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Figure 5.8 represents the values collected in the table 5.4. The histogram 

shows the mean and SEM of the amount o f protein isolated per embryonic day group.

Figure 5.8. The histograms show the amount o f  protein isolated from the lens cultures at each stage. 
Three pools o f  protein were collected from day 0 to day 8 every two days. The protein isolated 
increased with the time o f cell culture with the highest value at day 8. The histogram shows the mean 
o f the protein amount collected at each stage with the SEM.

5.3.5.2 Protein quantification

To assess protein quantification during chick lens epithelial dissociated 

primary cell culture, WB was performed for PCNA and Survivin. As a loading 

control, p-actin was used. WB analyses were performed on samples from chick lens 

dissociated epithelial cells obtained from ED 10 (36 HH stage). Proteins were 

collected from cultures at day 0, 2, 4, 6 and 8.

A monoclonal anti-PCNA antibody was selected for proliferation 

quantification during lens development. The anti-PCNA antibody detected a positive
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30 kDa band in all samples. The bands detected during the early stages of chick lens 

development were stronger than the later cell culture stages studied and a 

comparatively lower optical density was recorded at each developmental stage (figure 

5.9A).

WB revealed that the extent of PCNA expression increased with the time of 

cell culture (figure 5.9A). At day 4, PCNA protein expression increased to 1.5 ± 0.01 

times the expression at day 0. The highest expression of PCNA protein was found at 

day 6  with a value of 5.83 + 0.08 times the PCNA protein expression at day 1. After 

this stage, the value of PCNA decreased to 1.24 times the expression of PCNA at day 

0 (figure 5.9A).

A polyclonal antibody for Survivin was used to analyse the pattern of 

expression of this protein during chick lens epithelial dissociated primary cell culture. 

WB showed expression of Survivin protein in all stages studied. A single band was 

detected in all stages at 16.5kDa (figure 5.9B). Survivin expression showed 

differential expression during the chick lens epithelial dissociated primary cell 

culture.

The relative quantification of the expression of Survivin was calculated with 

respect to day 0. The results showed the highest value was obtained at day 6  and, 

after this stage, Survivin protein was down regulated. At day 2, the value of Survivin 

was 3.50 ± 0.04 times the expression of Survivin at day 0 (figure 5.9B). At day 4, the 

values increased suddenly to 21.72 ± 0.40 times the expression at day 0 (figure 5.9B). 

At day 6 , the Survivin expression peaked at a value of 24.62 + 0.24 times the 

expression at day 0 (figure 5.9B). Finally the expression at day 8  was decayed to 1.44 

± 0.06 times the expression at day 0 (figure 5.9B).
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A. PCNA expression during chick lens epithelial dissociated differentiation in vitro
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B. Survivin expression during chick lens epithelial dissociated differentiation in vitro
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F. PCNA quantification during chick lens epithelial dissociated differentiation in vitro
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Figure. 5.9. Western blot analyses o f protein in chick lens dissociated primary cell culture. 5 pg of 
protein per sample were loaded to the electrophoresis gel, transferred to nitrocellulose membrane and 
incubated with antibody raised against target protein. Specific bands were observed for PCNA (A). 
Survivin (B), P-Actin was used as housekeeping gene (C). The amount of PCNA and Survivin were 
quantified by densitometry (table 5.13) using the scan program and normalised with respect to P-actin 
protein. The values of densitometry bands analysis were plotted (F, G). Chicken development brain 
was used as positive control (A, B). Two negative controls were used: The omission of the secondary 
antibody (C). Incubation o f the sample with immunoglobulins instead of primary antibody (D). The 
values shown represent the mean o f three separate determinations.
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The Shapiro-Wilk test (Shapiro and Wilk, 1965) confirmed the Gaussian 

distribution of the data with a p value < 0.05. Once the normal distribution of the data 

was confirmed, the ANOVA test was used to test for differences among the groups 

studied.

ANOVA revealed at least one significant difference between the means of the 

groups with a p value < 0.001 for PCNA and Survivin. To check which groups were 

different between them a post-hoc test was used to analyse the differences found 

between groups. In order to select the adequate post-hoc test, the homogeneity of 

variance of the data was tested using Levene’s test. Levene's test assessed the 

homogeneity of the variance of the PCNA data with a p value of 0.081 and the 

heterogeneity of the variance of the Survivin results with a p value of 0.044.

The homogeneity of the PCNA data allowed the use of HSD Tukey post-hoc 

test (table 5.5A) to analyse the difference between groups. The heterogeneity of the 

Survivin data allowed the use of Dunnett T3 post-hoc (table 5.5B). The significant 

difference in any comparison is maintained at the alpha level (p < 0.05) of the test.

Table 5.5 summarises the results analysed with the Post-hoc test. In brief, 

significant statistical differences were found between the PCNA expression levels 

between all groups except between day 0 and day 2 (table 5.15A). The statistical 

analysis of Survivin expression showed significant differences between all groups 

studied (table 5.5B).
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Table 5.5: Summary o f  the results obtained HSD Tukey (A) and Dunnett T3 (B) tests.. Y: statistical 
significance; N: No statistical significance.

A. Statistical analysis of PCNA results

Day 0 Day 2 Day 4 Day 6 Day 8

Day 0 —

Day 2 N —

Day 4 Y Y —

Day 6 Y Y Y —

Day 8 Y Y Y Y —

B. Statistical analysis of Survivin results

Day 0 Day 2 Day 4 Day 6 Day 8

DayO —

Day 2 Y —

Day 4 Y Y —

Day 6 Y Y Y —

Day 8 Y Y Y Y —
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5.3.6 Analysis o f the denucleation during lens development

The chick lens dissociated epithelial cells were seeded in a glass coverslip 

covered with 1.2 mg/mL of Matrigel. For the interpretation of the results, five regions 

were defined (figure 5.10) on the glass coverslip surface. The regions were delimited 

using an objective x 20. The picture of each region was taken and then cells were 

counted per each region on the computer screen.

Figure 5.10. Diagram showing the five regions fo r  counting cells. Lens epithelial dissociated primary 
cell cultures were grown on glass coverslips coated with 1.5 mg/ mL of Matrigel. The coverslips were 
divided into 5 regions and cultures were viewed using x20 objective and TUNEL positive cells were 
counted.

The TUNEL technique was used to identify cells undergoing DNA 

fragmentation during chick lens epithelial dissociated cell culture. The aim was to 

analyse the changes in condensation and fragmentation pattern during culturing. The 

chick lens epithelial dissociated primary cell cultures were counter-stained with 

DAPI.

TUNEL staining revealed the presence of low levels of nuclear degeneration 

at day 0 of chick lens epithelial dissociated culture (figure 5.11). The TUNEL 

staining was not distributed homogeneously. In detail, this technique revealed 

chromatin condensation or nuclear degeneration in only two of the five fields studied, 

field 3 and 5, which were in the periphery of the cell culture. The number of TUNEL
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positive cells detected at this stage was 3.13 + 0.03 % of the total number in the cell 

culture.

At day 2 (figure 5.12 and 5.16), the number of TUNEL positive nuclei 

observed was increased. TUNEL positive nuclei were detected in three of the five 

fields (fields number 2, 3 and 5). The staining observed was detected in the periphery 

of the cell culture. The number of positive cells increased, however the total number 

of cells was also increased. The number of positive cells was 3.03 + 0.08 % of the 

total number of cells.

At day 4 of chick lens epithelial dissociated culture (figure 5.13 and 5.16), 

TUNEL staining was detected in four of the five fields (fields number 1, 3, 4 and 5). 

TUNEL revealed chromatin condensation and nuclear degeneration in the centre of 

the cell culture. The number of TUNEL positive cells detected at this stage was 2.66+ 

0.07 % of the total number of cells.

At day 6  of chick lens epithelial dissociated culture (figure 5.14 and 5.16), 

TUNEL staining was detected in all fields studied. TUNEL revealed an increase in 

the number of positive cells. The number of TUNEL positive cells detected at this 

stage was the 9.7 + 0.14 % of the total cells in the culture.

Finally, at day 8  of cell culture, TUNEL positive cells were detected (figure 

5.15 and 5.16) in all fields. The number of positive cells represented 26.54 + 0.19 % 

of the total cells in the culture.
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Figure 5.11. Study o f nuclear degeneration during chick lens epithelial 
dissociated primary cell culture using TUNEL technique at Day 0. The TUNEL 
staining was not distributed homogeneously. In detail, this technique revealed 
chromatin condensation in two of the five fields studied. The number of TUNEL 
positive cells detected at this stage was the 3.13 + 0.03 % of the total cells culture. 
A-B. Negative control. C-D Positive control. E-F field 1. G-H field 2. I-J field 3. 
K-L field 4. M-N field 5.
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Figure 5.12. Study o f  nuclear degeneration during chick lens epithelial 
dissociated primary cell culture using TUNEL technique at Day 2. The number of 
TUNEL positive nuclei observed was increased. The staining observed was 
detected in the periphery of the cell culture. The number of positive cells 
increased, however the total number of cells also increased. The number of 
positive cells represents 3.03 ± 0.08 % of the total cells. A-B. Negative control. C- 
D Positive control. E-F field 1. G-H field 2 .1-J field 3. K-L field 4. M-N field 5.
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Figure 5.13. Study o f nuclear degeneration during chick lens epithelial 
dissociated primary cell culture using TUNEL technique at Day 4. The TUNEL 
staining was detected in four of the five fields. TUNEL revealed chromatin 
condensation in the centre of the cell culture. The number of TUNEL positive cells 
detected at this stage was 2.66 + 0.07 % of the total cells in the culture. A-B. 
Negative control. C-D Positive control. E-F field 1. G-H field 2. I-J field 3. K-L 
field 4. M-N field 5.
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Figure 5.14. Study o f  nuclear degeneration during chick lens epithelial 
dissociated primary cell culture using TUNEL technique at Day 6. The TUNEL 
staining was detected in all fields studied. TUNEL revealed an increase in the 
number of positive cells. The number of TUNEL positive cells detected at this 
stage was 9.7 + 0.14 % of the total cells culture. A-B. Negative control. C-D 
Positive control. E-F field 1. G-H field 2 .1-J field 3. K-L field 4. M-N field 5.
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Figure 5.15. Study o f nuclear degeneration during chick lens epithelial 
dissociated primary cell culture using TUNEL technique at Day 8. TUNEL 
positive cells detected at day 8  of cell culture was found in all fields. The number 
of positive cells represented 26.54 + 0.19 % of the total cells in the culture. A-B. 
Negative control. C-D Positive control. E-F field 1. G-H field 2. I-J field 3. K-L 
field 4. M-N field 5.
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Figure 5.16 compares the numbers o f TUNEL positive nuclei in chick lens 

epithelial dissociated primary cell cultures. The TUNEL positive nuclei were counted 

24 h, 2, 4, 6 and 8 days after seeding the cells.

Day 0 Day 2 Day 4 Day 6 Day 8

Figure 5.16. The histograms compare the mean o f TUNEL positive nuclei during lens epithelial 
differentiation into fibre cells in vitro. Three different primary cell cultures were used. The TUNEL 
staining was studied at day 0, 2, 4, 6 and 8. The histogram shows the mean and SEM o f the number of 
TUNEL positive cells. The number o f TUNEL positive cells increased with time in culture.

The Shapiro-Wilk test confirmed the normal distribution o f the groups with a 

p value < 0.05. Once the normal distribution o f the data was confirmed, the ANOVA 

test was used to test for differences among the five independent cell culture groups.

ANOVA revealed at least one significant difference between the means of the 

cell culture days with a p value < 0.001. The homogeneity o f variance o f the data was 

tested using Levene’s test. Levene's test assessed the homogeneity of the variance of 

the data with a p value o f 0.255.

Due to homogeneity o f the variance and equal size o f the groups, the more 

suitable post-hoc test to analyse the differences between groups is the HSD Tukey, 

ensuring that the chance o f finding a significant difference in any comparison is 

maintained at the alpha level (p < 0.05) o f the test.
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Table 5.16 summarises the results analysed. In brief, significant statistical 

differences were found between groups. All groups were significantly different from 

each other, with the exception of day 0 and day 2. The number of TUNEL positive 

cells was increased with the time of incubation, with the highest values at day 8 .

Table 5.6: Summary o f  the results obtained HSD Tukey test. Y: statistically significance; N: No 
statistically significance.

Day 0 Day 2 Day 4 Day 6 Day 8

DayO —

Day 2 N —

Day 4 Y Y —

Day 6 Y Y Y —

Day 8 Y Y Y Y —

During the experiments, two different controls were used. As negative control 

omission of the rTdT enzyme was used. As a positive control, cells were incubated 

with DNase II before the TUNEL labelling.
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5.4 DISCUSSION

Different approaches have been used to understand how cell proliferation and 

differentiation are regulated during lens development. The use of in vitro models 

offers the opportunity to control and manipulate the different mechanisms of 

proliferation and differentiation in order to shed light on the regulation of lens 

development.

Chick lens epithelial dissociated primary cell culture has been used previously 

(Menko et al, 1984; Wride and Sanders, 1998 and Blakely et al, 2000) to investigate 

the mechanism of fibre cells differentiation. In this study, chick lens epithelial 

dissociated primary cell culture was used as an effective tool for studying the 

potential role of Survivin as an essential molecular regulator of lens development.

The first step of the research was the analysis of the suitability of chick lens 

epithelial dissociated primary cell culture to meet the research aims. In order to check 

the suitability of this in vitro model, lens proliferation was studied using two different 

methods: XTT assay and cell counting using haematocytometer. After this, a 

temporal morphological characterisation of the lens epithelial dissociated primary cell 

culture was carried out in order to have a clear idea of the changes of the cell 

culturing.

Once the chick lens epithelial dissociated primary cell culture proliferation 

was confirmed, a temporal analysis of Survivin protein expression was carried out 

from 24 h after the chick lens dissociated epithelial cells were seeded (called day 0) to 

day 8  after culturing. RT-QPCR was used to analyse the pattern of expression of 

Survivin mRNA during chick lens epithelial dissociated primary cell culture. The 

protein identification and quantification of Survivin protein expression and WB 

analysis was carried out.

Finally, two further analyses were carried out in order to shed light on the 

potential function of Survivin during chick lens development. A PCNA protein
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analysis was carried out in order to check cell proliferation. The denucleation analysis 

was carried out using TUNEL labelling.

5.4.1 Chick lens dissociated epithelial primary cell culture proliferation assay

Different methods have been described to study cell viability and proliferation 

in cell culture (Cook and Mitchell, 1989). The most popular assays have been 

optimised for use in the 96-well format, in order to facilitate the experiments, save 

time and money, and to increase the number of samples that can be analyzed.

In the literature, the choice of the optimum method for measuring cell 

viability is debatable (Ulukaya et al, 2008). This variability between cellular assays is 

due to the different parameters used to evaluate cell death and proliferation. This 

requires a careful interpretation of the tests, and the specific mechanism of cell death 

and proliferation in the target cell culture, for a successful assay.

One of the parameters for cell death is the integrity of the cell membrane, 

which can be measured by the cytoplasmic enzyme activity released by damaged cells 

(Weyermann et al, 2005).

In the present study, the use of studies based on the evaluation of the presence 

of enzymes released due to loss of the membrane integrity (Korzeniewski and 

Callewaert, 1983) were discarded. During chick lens dissociated epithelial cells 

primary cell culture, differentiation of the lens epithelial into fibre cells started early. 

During this differentiation, a change of shape, increase in size, and formation of 

inter-cellular communications were observed (Menko et al, 1984). All of these 

changes require reorganization and modification of the membranes during cell
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culturing and could interact with the results giving false results. To avoid this 

problem, the colorimetric method was selected.

Colorimetric assays of cellular viability are important tools in the study of 

eukaryotic cell activity. These methods are based on the evaluation of cellular 

metabolic activity. The evaluation of the metabolism is performed indirectly through 

the use of tetrazolium salts (Smith, 1951). Tetrazolium salts are reduced only by 

metabolically active cells and is revealed by a change in colour (Mosmann, 1983). 

The first assay developed was based on the reduction of the 3- (4,5-dimethylthiazol- 

2-yl)-2,5-diphenyltetrazolium bromide (MTT) to formazan (Mosmann, 1983). A 

second method was developed, that was very similar to the first method, that was 

based on the reduction of 2,3-bis(2-methoxy-4-nitro-5-sulfophenyl)-5- 

[(phenylamino) carbonyl]-2H-tetrazo-lium hydroxide (XTT) (Pauli et al, 1988).

The XTT is converted to a coloured formazan in the presence of metabolic 

activity (Altman, 1976; the primary mechanisms of XTT-to-formazan conversion are 

the mitochondrial succinoxidase and cytochrome P450 systems, as well as 

flavoprotein oxidases). In summary, this method has a higher sensitivity than MTT, 

requires less manipulation, and consequently has a reduced risk of error. Finally the 

optical density (OD) reading in XTT is taken immediately after incubation, whereas 

in MTT a solubilisation of the precipitate is required before a reading (Kuhn et al, 

2003).

The results obtained with this method were not expected and did not reflect 

the microscope observations, which an increase in the number of cells was clearly 

observed. The OD readings were measured after 4 h, as suggested by the 

manufacturer of the assay. These readings were quite heterogeneous between 

repetitions; for example, at day 2, in the cells incubated with 10% FCS, one of the 

readings was four times the value of the other two (table 5.4). In addition to this huge
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variability, no differences were observed with respect to the negative control and, 

interestingly, the positive control showed the lowest values when compared to the 

other two groups.

To test the possibility that the reduction of XTT required more time in the 

chick lens dissociated epithelial primary cell cultures, a second measurement was 

made after 24 h (figure 5.2). The values were more homogeneous but again, no 

differences were observed between groups and the lowest values were obtained in the 

positive control group.

To understand why the XTT assay did not have limitations, it is useful to 

review the literature. Cooke and O’Kennedy described a lack of sensitivity of this 

method in the absence of optimisation of cell density (Cooke and O’Kennedy, 1999), 

but during the preliminary experiments, different concentrations were tried without 

appreciable differences. More recently, a difference in the metabolisation of the XTT 

salt has been reported during experimental conditions in cell culture assays (Kuhn et 

al, 2003).

The second possibility is that some of the chick lens dissociated epithelial 

cells were metabolically inactive and, for that reason, were detected as cell death, but 

the inclusion of a positive control excluded this possibility.

The lowest values observed in the positive control (cells incubated with 

PDGF) are in agreement with results observed in a study of cell viability in response 

to cytokines, where interaction of the cell factors activated in response to the 

cytokines with XTT was observed (Barbu and Welsh, 2004). Although, the XTT 

assay has been used widely, there are other evidences of failures in neuronal cultures 

(Green et al, 2000) and false negative results during cell growth (Hanauske, 1993).
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To characterise the differences in proliferation between groups, cell viability 

was measured using a haemocytometer. This assay is an inexpensive, accurate, 

although tedious, method to quantify the number of cells, which allows for analysis of 

statistically significant differences.

The use of the haemocytometer is a simple and effective method for studying 

the cell proliferation ratio (Chen et al, 1998). The haemocytometer consists of a glass 

slide with a chamber which contains a specific volume and which is covered by a 

coverslip. Grids engraved on the surface of the glass allow a consistent area to be 

counted each time it is used. The data observed suggests an increase in the number of 

cells during cell culturing until day 6 . At day 8 , the number of cells observed was 

reduced. However this method is limited in the information it can provide about cell 

proliferation or differentiation state of the cell culture status (Stewart et al, 1999). 

Although, the morphological analysis suggests that the reduction of cell proliferation 

is due to an increase on differentiation ratio.

5.4.2 Morphological characterisation o f the lens epithelial dissociated primary cell 

culture

The culture of chick lens dissociated epithelial cells could be of great 

importance for the study of the normal lens physiology and for investigation of the 

aetiology of cataract formation (Menko et al, 1984; Wride and Sanders, 1998 and 

Berthoud et al, 1999).

These cultures of chick lens dissociated cells have been used to study the 

growth and development of the lens, since these cultures appear to mimic the 

differentiation of lens cells in vivo (Menko et al, 1984). During a culture period, 

epithelial-like cells differentiate into birefringent structures called lentoids which are 

rich in gap junctions (Berthoud et al, 1994; TenBroek et al, 1994) and the membrane 

protein, MP26 ( Menko et al, 1987 and TenBroek et al, 1994).
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The chick lens dissociated epithelial primary cell culture was selected in order 

to study the potential role of Survivin during lens development. The main 

characteristic of this system is the possibility to proliferate and differentiate. 

Significant studies were carried out in order to optimise the chick lens dissociated 

epithelial cell culture conditions to promote cell division and differentiation (Ireland 

et al, 1993 and Le and Musil, 2001).

The efficiency of the chick lens dissociated primary cells resides in the 

features of cellular homogeneity, avascular and non-innervated population of 

embryonic lens cells (Beebe et al, 1980). However, it is important to clarify that these 

cultures are derived from different regions of the chick lens, which includes cells in 

different stages of the cell cycle. The trypsinisation and posterior filtration using 40 

pm falcon cell strainer allowed the removal of the fibre cells and only lens 

dissociated epithelial cells were seeded at the specific density on a Matrigel coated 

substrate. Although the differentiated fibre cells were removed, epithelial cells that 

left the cell cycle and started to express some of the differentiation factors were 

seeded as well. One of the limitations of this in vitro system is that it causes a 

reduction in the number of the cells collected due to trypsinisation and filtration.

Some authors have reported contradictory results using in vitro systems where 

lens cells were decapsulated (Bassnett and Beebe, 2004), but in the present work, the 

epithelial cells behaved and differentiated into fibre cells in a similar manner. No 

evidence of alteration in behaviour was observed as alteration in cell proliferation, 

cell death or lack of differentiation. Indeed, great reproducibly of the cell culture was 

observed.

During the eight days of culture, the dissociated lens epithelial cells passed 

through the different morphological changes until differentiation and formation of the 

lentoids was completed.

At day 0, the lens epithelial cells did not spread out, and cells were formed as 

a monolayer mass in the centre of the well, although some of these cells tended to 

group together in small clumps. It was not until the second day of cell culture that

230
Role of Survivin in the regulation of cell proliferation and differentiation in lens development



Chapter 5 Study of Survivin expression in the chick lens epithelial dissociated cell culture

changes in cell morphology were observed. Cells started to spread out on Matrigel 

and, as a result, big isolated clumps of cells were found in all parts of the wells. The 

irregular shape of the clumps, asymmetrical and angular, suggests a multi-directional 

migration of the chick lens epithelial cells. During early stages of cultures the 

colonies of the cells were found to be flat under phase contrast microscopy.

At day 4 of culturing, lentoids were clearly distinguishable. These lentoids 

were multicellular and multilayer complex structures resulted from fusion and 

differentiation of the chick lens epithelial clumps. The lentoids were isolated 

dimensional structures under phase contrast microscopy. Between these lentoids, flat 

cells and small colonies of the cells were found. At day 6 , the Matrigel substrate was 

covered with a big mass of lens epithelial clumps in different stages of differentiation, 

as a result of the confluence and fusion of the small clumps observed in the previous 

stages. The lentoids were grown and started to make connection between them.

At day 8 , a terminally differentiated lens culture was observed. Extensive 

lentoids were covered the Matrigel substrate. These lentoids exhibited characteristics 

similar to those of the fibre cells of the intact lens.

In summary, the morphological characterisation of lens chick dissociated 

epithelial primary cell culture proves the effectiveness of this in vitro model in 

mimicking the major aspects of lens development as it occurs in vivo. The main 

advantage of this approach is the possibility to control and manipulate the conditions 

in order to link functional and morphological phenomena. This is especially valuable 

in a spatio-temporal gene analysis, or in biochemical and morphological studies of 

lens development.

5.4.3 Temporal Survivin mRNA analysis in chick lens dissociated epithelial 

primary cell culture

The chick lens dissociated epithelial primary cell cultures have been defined 

as a good model for studying changes in the profile of gene expression during lens
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development with similar patterns as those observed during lens development in vivo 

(Menko et al 1984). Survivin mRNA expression was studied by RT-QPCR during the 

eight days of cell culturing. The sources of variability were examined to validate the 

method of obtaining RNA, the first crucial step to carry out RT-QPCR.

5.4.3.1 RNA extraction, integrity and quantification

The accuracy of gene expression is influenced by the quantity and quality of 

the starting RNA. Purity and integrity of RNA are critical elements for the overall 

success of RT-QPCR (Raeymaekers, 1995 and Mannhalter et al, 2000).

As a consequence, several steps during tissue handling have to be carefully 

controlled in order to preserve the quality and integrity of the RNA. The lens is an 

avascular tissue, which reduces the possibility of contamination with blood or other 

factors. At the same time, the risk of RNA degradation is reduced and it is easy to 

isolate RNA.

RT-QPCR is an excellent method for quantification of low amounts of 

mRNA. In chapter 4, this technique was validated as a suitable method to analyse the 

gene pattern expression during lens development.

The mRNA isolated from chick lens dissociated primary cell culture was 

considerably reduced in quantity compared to the RNA isolated from tissue in vivo. 

For accurate evaluation of the quality and quantity of the low mRNA sample, 

sensitive methods are required. The development of modem spectrometric methods 

like Picodrop (Picodrop Technologies, USA) allows the analysis of RNA integrity 

with a dramatically reduced amount of sample required.

The combination of the Picodrop® system with the Ribogreen® dye 

(Molecular probes) allow for reliable detection of RNA with a sensitivity 200 times 

greater than the one obtained with ethidium bromide. The Ribogreen® assay offers 

accuracy and precision of measurement (Jones et al, 1998).
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The integrity of the samples was quite good and reproducible with an integrity 

ratio over 1. 8  in all cases with a low SD. The quantification showed a homogeneous 

yield of RNA collected from chick lens dissociated epithelial primary cell culture in 

all groups and between repetitions. The maximum amount of RNA collected was at 

day 4 of cell culturing when the culture presented a high ratio of proliferation and 

some isolated lentoids were observed.

5.43.2 Survivin gene expression analysis by RT- QPCR

In a first approach, QPCR assays are remarkably reproducible when run under 

optimal conditions and present a higher sensitivity and specificity when compared to 

semi-quantitative PCR. However, some problems were encountered that related to the 

variability of the data. This variability is linked to the source of the samples being 

studied, plus the problems associated with the new chemistries, quantification 

methods and statistical analyses making it necessary to develop protocols for 

indentification and reduction of this variability and the posibility of misinterpretation 

of the results. At the moment, such methods are still in development (Bustin and 

Nolan, 2004).

For this study, SYBR I green, a non-specific sequence intercalating dye 

(SYBR Green I JumpStart Taq ReadyMix, Sigma, USA) was used. SYBR I green 

offers the advantages of low cost, simplicity and a higher degree of flexibility than 

the specific sequence methods, with the same comparable dynamic range of 

sensitivity (Schmittgen et al, 2000), which reduces the variability of the quantification 

and the amount of cDNA required for the experiment.

QPCR assay using SYBR I green and relative quantification is a suitable 

option to study physiological changes of gene expression based on the comparison of 

the target gene in cell culture (Orlando et al, 1998). To ensure the specificity of this
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method to investigate the changes in gene expression, normalization of the results, 

with respect to an internal gene, and the use of the 2'AACt method are required (Livak 

and Schmittengen, 2001) for quantitative analysis of the samples.

The most important step of this method of quantification is confirming the 

selection of a good internal reference gene. GAPDH is one of the historical internal 

reference genes in various nucleic acid quantification techniques. In these 

experiments, GAPDH expression was homogenous during development and showed 

similar efficiency values for Survivin and GAPDH, which is an essential factor for 

the 2'MCt method (Livak and Schmittengen, 2001).

In these experiments, no detectable fluorescence was observed in the “no 

template controls” and no primer dimers were observed in the melting curve analysis 

due to the use of well-designed and validated primers. The use of serially diluted 

samples from day 0 during QPCR performance for Survivin and GAPDH 

amplifications allowed for confirmation of the absence of inhibitors of QPCR in the 

samples, which could modify the efficiency of the amplification reaction and cause a 

false quantification of the samples.

RNA expression of Survivin was studied and its temporal distribution 

determined in vitro during chick lens differentiation. The values obtained for RT- 

QPCR (figure 5.7) showed a statistically significant different pattern of expression of 

Survivin during cell culturing. All data were expressed with respect to the gene 

expression (Survivin or GAPDH) at day 0. The expression of Survivin increased with 

the highest value at day 4 and then decreased again. Survivin expression was only 

down regulated at day 8 .

This gene expression profile suggests that Survivin is an important pro

survival and anti-apoptotic molecule during chick lens dissociated epithelial primary 

cell culture. During the early stages of culturing, day 0 to 4, proliferation was high.
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During this stage of cell culturing, a high activity in DNA synthesis and gene 

expression has been described by other authors (Menko et al, 1984 and Blakey et al, 

2000). The gene expression of Survivin increased until day 4, but at day 6  the 

expression was reduced and became down regulated at day 8 , when extended lentoids 

were observed (section 5.4.2).

5.4.4 Western blot protein analysis in chick lens dissociated epithelial primary

cell culture

Three pools of lens protein from chick lens dissociated primary cell culture 

were collected per group of cell culture. All samples were homogeneous in all groups 

(table 5.4) as the size of the SD showed (the highest SD was 0.02). The amount of 

protein collected increased with the cell culturing day to give the highest values at 

day 8 .

The chick lens dissociated epithelial primary cell culture is a mix model of 

proliferation and differentiation. During the early stages of cell culture, proliferation 

is the predominant event. In the morphological analysis, epithelial differentiation into 

fibre cells started at day 2, with clear lentoids observed from day 4 and 6 , but it was 

not until day 8  that extended lentoids were detected. This differentiation process is 

under genetic control, which requires differential gene expression, which is translated 

into a different protein expression (Ursprung, 1965). The increase in the amount of 

protein collected was explained by the variable expression of protein during cell 

culturing, with the highest values at late days of cell culture where differentiation is 

the main event. This high synthesis of proteins is a hallmark of the beginning of the 

lens fibre cell differentiation (Walton and McAvoy, 1984 and Peek et al, 1992).

As mentioned earlier, the proliferation and differentiation are coordinated to 

allow for maintenance of the chick lens dissociated epithelial primary cell culture and 

to drive the formation of the lentoids. Accurate evaluation of cell proliferation during
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development is, thus, necessary to understand biological behaviour (Turner and Wass, 

1999). The detection of cell proliferation can be achieved by different methods.

Analysis of cell proliferation in vitro may involve various assays, from simply 

counting absolute cell numbers over time, to identifying proliferation markers. The 

task of proliferation assessment is relative simple issue for in vitro models formed 

from one unique cell type (Stewart et al, 1999).

The use of antibodies for specific proliferation markers offers the possibility 

of getting information about the cell cycle status of the cell culture by the 

identification of proteins expressed in specific stages of the cell cycle. In this study, 

PCNA (PC 10) antibody was used due to its wide use in different species, (Hall et al, 

1990 and Katsuda et al, 1993), although some differences were found depending on 

the cell type analysed (Coltrera and Gown, 1991).

The PCNA (PC 10) antibody was used due to its wide presence in different 

species, the possibility of using the antibody with fixed tissue, and the correlation of 

the antibody with BrdU (Hall et al, 1990 and Katsuda et al, 1993), although some 

differences were found depending on the cell type analysed (Coltrera and Gown, 

1991).

WB revealed that the PCNA expression increased with the time of cell culture 

(figure 5.9A). No statistical differences were found between day 0 and 2. At day 4, 

the PCNA protein expression increased to 1.5 + 0.01 times the expression at day 0. 

The highest expression of PCNA protein was found at day 6  with a value of 5.83 +

0.08 times the PCNA protein expression at day 1. After this stage, the value of PCNA 

decreased to 1.24 times the expression of PCNA at day 0 (figure 5.9A).

A polyclonal antibody for Survivin, FI 142 (Santa Cruz, USA) was used to 

analyse the pattern of expression of this protein during chick lens epithelial 

dissociated primary cell culture. A single band was detected in all stages at 16.5kDa 

corresponding with Survivin. Survivin showed a pattern of expression increasing with
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the time of culture until it reached the highest value at day 6  and then abruptly 

decayed to values close to day 0  by day 8 .

Table 5.7 summarises the PCNA and Survivin data correlations, using the 

Pearson method, that assessed if there was any pattern of PCNA and Survivin 

expression during chick lens dissociated epithelial cell culture.

Table 5.7. Correlation o f  PCNA and Survivin quantification by WB during chick lens dissociated 
epithelial primary cell culture. The values showed represent the mean o f three separate determinations. 
Pearson’s coefficient showed a strong positive correlation between PCNA and Survivin values with a p 
value <0.01.

Day 0 Day 2 Day 4 Day 6 Day 8

PCNA 1.00 1.01+0.01 1.5 + 0.01 5.83+0.08 1.24 + 0.02

Survivin 1.00 3.50 + 0.04 17.72 + 0.40 20.62 + 0.24 1.44 + 0.06

Pearson ’s Coef 0.736; p< 0.01

A strong linear correlation was found between PCNA and Survivin with a 

Pearson’s coefficient of 0.736. During the early stages of cell culture, a high rate of 

proliferation was described with different methods, with the haemocytometer and by 

using detection of a marker of proliferation (PCNA). A similar pattern was found 

with Survivin, which is highly expressed at cell culture days 4 and 6  . The maximum 

value for PCNA and Survivin was found on day 6 . The second interesting observation 

is the abrupt decay in both proteins at day 8 . These similarities suggest a role for 

Survivin as a cell survival factor during chick lens dissociated primary cell culture. 

However, two final considerations are necessary. The chick lens epithelial dissociated 

primary cell culture was obtained from cells in different states of proliferation and/or 

differentiation, and this mix of cells is maintained during the cell culture period. The 

second consideration is that, while the expression of Survivin was dramatically higher 

than PCNA and the values of protein expression at days 4 and 6  were similar to each 

other, this was not observed in the PCNA data.
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5.4.5 Analysis of the denucleation during chick lens dissociated epithelial primary

cell culture

The differentiation of the secondary lens fibre cells is accompanied by a 

number of important changes, including alterations in cell shape, massive synthesis of 

lens-specific proteins (crystallins), and organelle loss (Piatigorsky, 1981 and Wride,

1996). The developmentally programmed loss of nuclei during secondary lens fibre 

differentiation has been demonstrated both in vivo and in vitro in a number of 

different species, including bovine (Dahm et al, 1998), primate (Bassnett, 1997), 

rodent (McAvoy and Richardson, 1986), and avian (Chaudun et al, 1994; Bassnett 

and Mataic, 1997; Wride and Sanders, 1998 and Wride et al, 1999) lenses. The 

programmed removal of nuclei and other organelles resembles, in many respects, 

apoptosis or programmed cell death (Wride, 1996; Lang, 1997; Counis et al, 1998). 

However, unlike the situation in apoptosis in which the apoptotic cell is removed by 

macrophages (Sanders and Wride, 1995), the lens cells that lose their organelles 

persist throughout the lifetime of the organism.

The TUNEL assay allows the detection of cells with DNA fragmentation by 

incorporation of labelled nucleotides to 3’-OH ends of nicked DNA, using TdT 

(Gavrieli et al, 1992 and Wride et al, 1994). TUNEL has been used to detect 

degenerating nuclei during lens development (Wride, 1996 and Bassnett and Mataic,

1997).

To analyse, in more detail, the condensation and fragmentation state of 

chromatin during chick lens dissociated epithelial primary cell culture, TUNEL and 

counterstaining with DAPI were used. The level of DNA fragmentation with 3’OH 

ends is very low during the early days of cell culture and no statistically significant 

differences were observed between day 0 and day 2. Interestingly, the percentage of 

TUNEL positive cells decreased significantly to 2.66 ± 0.07 %. This decrease in the 

percentage of apoptotic cells occurs in parallel with the increase in the proliferation 

rate. The number of cells increased in a short time. Meanwhile, the rate of apoptosis 

is the same as that in the previous stages of cell culture. The TUNEL positive nuclei 

increased to 9.7 + 0.14 % at day 6 and to 26. 54 ± 0.19 % at day 8.
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The TUNEL positive nuclei were detected through the coverslip and no 

apparently consistent spatial pattern of TUNEL labelling was observed. However, 

this increase in the TUNEL positive nuclei followed a clear temporal pattern, with a 

low percentage of positive cells during the early days of culturing and an increase in 

the last days of culturing, which correlated with the spread of the lentoids in cell 

culture. This suggests that the nuclei of the differentiating lens fibre cells are 

physiologically programmed to disappear during culture and that the cells do not lose 

their nuclei randomly.

Considering all the data together, the PCNA and Survivin protein expression 

reached its highest levels at day 6 of cell culturing. After this day of cell culture, the 

expression decreased. The overlap at day 6 with maximum expression of Survivin 

and a moderate increase of the percentage of TUNEL positive nuclei cells detected 

may look paradoxical at first glance. However, it is important to remember that the 

chick lens dissociated epithelial cell culture is a mix model of cell proliferation and 

differentiation (Menko et al, 1984; 1987 and Wride and Sanders, 1998). At day 6, the 

rate of proliferation is highest, which is a result of a high cellular activity which 

coincides with a high expression of Survivin. The cells reached a critical number and 

started to differentiate into lentoids, which resulted in a moderate increase in the 

positive nuclei cell percentage, while the main cellular population are proliferating. 

At day 8, the number of cells reduced, correlating with the expression of PCNA and 

Survivin, and the subsequent abrupt increase in the proportion of TUNEL positive 

nuclei cells and the presence of the extensive lentoids through the cell culture.

5.4.6 Potential role of Survivin in chick lens dissociated epithelial primary cell 

culture

The identification and functional analysis of the factors involved in the control 

and modulation of both proliferation and differentiation during lens development is 

an essential step to gain insight into normal lens development. During the previous
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chapters the analysis of the role of Survivin was carried out in vivo. Chick lens 

dissociated primary cell culture was selected as in vitro model to shed light on the 

role of Survivin in proliferation and differentiation.

The changing pattern of proliferation and differentiation during cell culture 

drives the morphological modifications of the lens dissociated epithelial cells 

observed during the differentiation into lentoids. These changes reflect the interaction 

of a complex net of mitogenic agents (de Pablo et al, 1993; Sanders and Wride 1997 

and Le and Musil, 2001).

During this chapter, evidence for the suitability of this in vitro model for 

studing the role of Survivin in lens development has been presented. The first 

evidence showed that the chick lens dissociated primary cell cultures mimic the 

morphological events observed in vivo during chick embryonic lens development. 

The second evidence was the analysis of the proliferation and differentiation pattern 

during cell culture, which showed a similar pattern to that observed in vivo. This 

second evidence suggests than the mechanisms involved in control of the 

morphological changes observed during the cell culture may be similar to those 

activated in vivo. Finally the third evidence showed that the detection of Survivin 

gene and protein expression changes during cell culture may suggest an active role of 

Survivin during fibre cell differentiation in cell culture.

The removal of nuclei during secondary lens fibre differentiation has been 

demonstrated both in vivo and in vitro in a number of different species, including 

bovine (Dahm et al, 1998), primate (Bassnett, 1997), rodent (McAvoy and 

Richardson, 1986), and avian (Chaudun et al, 1994; Bassnett and Mataic, 1997; 

Wride and Sanders, 1998) lenses The programmed removal of nuclei and other 

organelles resembles, in many respects, apoptosis or programmed cell death (Wride, 

1996; Lang, 1997 and Counis et al, 1998).

On the other hand, evidence like the absence of capases 3 activity in the lens 

fibre cell (Zandy et al, 2005) allowed some authors to conclude that the disappearance
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of lens fibre cell nuclei differs significantly from the process of classical apoptosis in 

terms of its time course and the sequence of events. These authors have proposed a 

model in which a build-up of metabolic waste products, a drop in cytoplasmic pH, 

and a fall in oxygen tension, due to the increase in size of the lens, may act as a 

trigger for nuclear degeneration in lens fibres (Bassnett and Mataic, 1997; Bassnett 

and McNulty, 2003 and Bassnett et al, 2005).

Although those theories supporting the presence of one or more triggers of 

denucleation during lens fibre cells differentiation can partially explain the events 

observed in vivo, no evidence of how it could work in vitro were found.

The chick lens dissociated epithelial primary cell culture is an asynchronic 

culture, in which epithelial cells were in different states of cell cycle. This intrinsic 

feature of the culture explained the formation of lentoids, when the main cellular 

population was still in proliferation (Menko et al, 1984; 1987 and Wride and Sanders,

1998). This coincidence between proliferation and cells that start to differentiate or 

that are already differentiated into lentoids, makes it difficult to support the 

explanation that the removal of the nuclei is due to a factor such as the absence of 

oxygen or a changes in pH, which should affect all cells in the cell culture.

This difference in cell differentiation and proliferation in chick lens 

dissociated epithelial primary cell culture may suggest the idea that denucleation is a 

programmed event which is activated when the lens epithelial cells are in high 

density, and have established communication between each other (Ishizaki et al, 

1993). It was following this observation that the suggestion was made that Survivin 

could have a role as cell survival factor. This observation also fits with the role of 

Survivin as modulator of the canonical intrinsic pathway (Weber and Menko, 2005). 

This theory suggests the moderate activation of apoptosis signalling during lens fibre 

cell differentiation. This activation is modulated by anti-apoptotic and pro-apoptotic 

factors that allow the controlled activation or de-activation of the apoptotic pathway 

(Weber and Menko, 2005).
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Great effort has been devoted to studying lens cell proliferation and the 

differentiation events (Ishizaki et al, 1993), but remarkably little work has been done 

on the control of cell survival. Vertebrate cell types require signals for cell survival, 

just as they are required for cell growth, proliferation or differentiation (Sato, 1979; 

Ham, 1981 and Basserga, 1985). If deprived of their survival factors, these cells die 

by programmed cell death, usually with the morphological features of apoptosis, in 

which the cells shrink and often fragment (Kerr et al, 1972; Wyllie et al, 1980 and 

Searle et al, 1982).

The expression of Survivin during chick lens dissociated primary cell culture 

suggests a role as a cell survival factor expressed during lens proliferation and 

differentiation stages. However, further experiments are required to understand the 

mechanism used by Survivin in lens development.
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5.5 CONCLUSIONS

1. Chick lens dissociated epithelial primary cell cultures change their 

morphology and structure during cell culture. These changes mimic the 

changes in cell proliferation and differentiation patterns observed in vivo 

during chick lens embryonic development.

2. The chick lens dissociated epithelial primary cell culture resulted in a good 

model for studying changes in gene expression due to its suitability for 

extracting RNA with good quality, purity and o f  a reasonable quantity.

3. The WB quantification o f  PCNA results in a good, reliable and reproducible 

technique for quantification o f  proliferation in chick lens dissociated 

epithelial primary cell culture

4. The TUNEL assay showed that D N A  fragmentation in the fibre cells 

followed an ordered temporal pattern in correlation with the presence o f  

lentoids, suggesting that denucleation o f  the chick lens fibre cells is a 

programmed process.

5. RT-QPCR and WB were excellent tools for the evaluation o f  Survivin 

gene and protein expression during chick lens dissociated epithelial primary 

cell culture confirming the pro-survival role o f  Survivin in the regulation o f  

cell proliferation and differentiation in the lens observed in vitro.
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Chapter 6

What is a scientist after all? It is a curious man 
looking through a keyhole, the keyhole of nature, trying 
to know what1s going on.

(Jacques Yves Cousteau)
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6.1 INTRODUCTION

The development o f  the lens depends on a delicate balance between cell 

proliferation, and differentiation. Deregulation o f  any o f  these processes may not only 

result in developmental defects, but may also lead to formation o f  cataract.

During development o f  the mouse lens, different apoptotic factors are 

expressed (Wride et al, 2000). Precise control o f  this apoptotic cascade is required 

during lens development. The inhibitor o f  apoptosis protein (IAP) family o f  genes are 

potential candidates to modulate this process (Weber and Menko, 2005). 

Considerable interest is focused on Survivin. Survivin is an inhibitor o f  apoptosis, but 

also a chromosomal passenger protein that mediates the spindle assembly checkpoint 

and cytokinesis.

Wild type mouse Survivin is 83.1% identical to the human variant. Both are 

characterized by a single baculovirus inhibitor o f  apoptosis protein repeat (BIR), a C- 

terminal coiled-coil domain, the absence o f  a C-terminal RING finger domain and 

both appear to exist as homodimers (Sun et al, 2005). In addition to the wild type, two 

more murine splice variants were found. Survivingi lacking the coiled-coil domain 

and Surviving lacking the IAP repeat as w ell as the coiled-coil structure have been 

described (Conway et al, 2000 and Li, 2005). Although murine Survivin is almost 

undetectable in interphase cells, there is a pronounced upregulation o f  survivin during 

the G2/M phase o f  the cell cycle followed by a rapid decline in G1 (Zhao et al, 2000). 

Survivin expression is critical for global normal mouse embryonic development, as 

proven by the early embryonic lethality o f  mice with homozygous deletions in the 

Survivin gene locus (Uren et al 2000).

The molecular mechanisms by which Survivin and Survivin splice variants 

control cell division and counteract apoptosis have been explored, but are not yet 

complety understood (Vagnarelli and Eamshaw, 2004 and Yang et al, 2004). The
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various intracellular localizations o f  Survivin reported range from predominantly 

cytoplasmic, nuclear and mitochondrial to components o f  the mitotic apparatus and 

support surviving potential to act as a multifunctional protein (Altieri, 2003 and 

Vagnarelli and Eamshaw, 2004).

Although the low  molecular weight (16.5 kDa) would allow Survivin to 

access intracellular compartments by passive diffusion, regulated subcellular 

localization has been proposed for human Survivin (Rodriguez et al, 2002). 

Nucleocytoplasmic transport is regulated by specific signals and transport receptors 

and takes place through the nuclear pore complex (Pemberton and Paschal, 2005). 

Active transport signals have been identified in an increasing number o f  cellular 

proteins executing various biological functions (Xu and Massague, 2004), including 

mitosis (Wang et al, 2005) and apoptosis (Ferrando-May, 2005).

The purpose o f  this chapter is the analysis o f  Survivin gene expression during 

postnatal mouse lens development in order to understand the main role o f  Survivin in 

normal physiology and provide important insights into the potential role o f  Survivin 

in the mechanisms that coordinate cell proliferation and differentiation during 

vertebrate lens development. Different techniques are used in this chapter. RT-PCR is 

used to gain an overview o f  the Survivin expression profile during mouse lens 

postnatal development using standard PCR and Real time PCR. Histochemistry has 

been used to show the morphological changes occurring during lens development. 

The pattern o f  proliferation was analysed using WB. The spatio temporal analysis o f  

Survivin protein was carried out using WB and immunohistochemistry.
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The specific aims to this chapter are:

1. To quantify Survivin gene expression during mouse postnatal lens 

development.

2. To determine the structural morphology changes o f  the mouse postnatal lens 

during development.

3. To identify and localise the proliferation pattern during mouse lens 

development.

4. To quantify and localise Survivin protein during mouse lens development.
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6.2 EXPERIMENTAL DESIGN

Different techniques were carried out in order to understand the potential role o f  

Survivin during postnatal mouse lens development in the regulation o f  the cell 

proliferation and differentiation. A  spatio temporal analysis o f  Survivin was carried 

out during postnatal development. The Survivin gene expression changes were 

evaluated in whole developing chick lens by Standard PCR. The expression o f  gene 

was analysed from NB to Pn4W as described in section 2.8.

Haematoxylin and Eosin staining on paraffin sections was used to evaluate the 

main morphological changes during postnatal mouse lens development as described in 

section 2.3.

The protein quantification o f  PCNA (proliferation) and Survivin was 

determined by WB in whole mouse lens using the same stages than in the gene 

analysis. The antibodies used were a monoclonal antibody for PCNA (Abeam, UK) 

and a polyclonal antibody for Survivin (Santa Cruz, USA). WB was performed as 

mentioned in section 2.6.

The same antibodies for PCNA and Survivin used in WB were used to 

determine the pattern o f  expression during postnatal mouse development by 

immunochemistry. Three regions o f  the chick embryonic lens were examined: the 

central epithelium, peripheral region and central fibre cells (figure 3.1).

The Results were analyzed using SPSS 12 software package for Windows 

(SPPS Inc, USA). Comparison between the embryonic day groups was performed 

using the parametric analysis o f  the variance test followed by the appropriate post-hoc 

test. Significance was taken at p  < 0.05. When the data analysed were distributed only 

in two groups with Gaussianan distribution the comparison was performed using t- test 

with significance at p <  0.05.
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6.3 RESULTS

In this chapter preliminary results are presented in order to characterise mouse 

postnatal lens development as a good model for studying Survivin expression. In the 

first part o f  the results, a temporal analysis o f  the gene expression is presented. In the 

second part, a morphological study o f  the changes during mouse postnatal lens 

development was carried out. In the third part, a quantification o f proliferation and 

Survivin protein expression was performed. The fourth part focused on the localisation 

the proliferation pattern in the lens and expression o f  Survivin protein.

6.3.1 RT-PCR results

RT-PCR amplification was performed from RNA templates derived from 

postnatal mouse lenses from NB to adult lens, Pn4w. Expression o f  Survivin was 

detected at all stages (figure 6.1). Only one product, corresponding to the predicted 

225-bp wild type Survivin was amplified. This splice variant is the most highly 

expressed during normal development. N o others products were observed during this 

study.

Only one pool was used and only one PCR reaction was run and normalised 

with respect to the housekeeping gene, GAPDH, (figure 6.1). As a calibrator, NB was 

used. The values plotted are expressed as fold expression o f  calibrator, where NB was 

considered as 1.

Levels o f  Survivin m RNA are most highly expressed during early stages o f  

lens development. For semi quantification, the results were normalised with respect to 

GAPDH values (figure 6.1). Survivin was highly expressed at NB (figure 6.1) and 

after this stage the values decreased. At NB the proliferation rates are high in all cells 

o f the lens. At Pn7 the expression is 0.91 fold times the expression at NB. At P nl4  the 

values o f  Survivin gene expression reduced to 0.27 fold times the expression at NB.
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Interestingly, the Survivin expression increased to 0.58 fold times the expression at 

NB at Pn4w.

GAPDH

Survivin

N P P P N N N N
B n n n R R R R

7 1 4 T T T T
4 w C C C C

160 bp

225 bp

B

Survivin expression

Figure 6.1. Semi-quantification o f  Survivin expression in postnatal mouse lens development. (A) A 
sample o f a 1.5% o f agarose gel showing only one product detected in each sample, corresponding with 
Survivin or GAPDH. (B) Bars chart summary o f the semi-quantification o f Survivin using RT-PCR.
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6.3.2. Lens fixation and embedding.

In the material and methods a description o f  the final protocol used is included 

(section 2.2.22). This protocol was developed by an empirical approach. In this 

section, the results o f  the main steps for the fixation and embedding optimisation 

protocol are described.

Lenses from N B, Pn7, P n l4  and Pn4w were collected. Two approaches were 

attempted, paraffin embedding and frozen sections. In the first case, four different 

protocols were used for embedding the mouse lens, and between them some 

modifications were made (table 6.1).

In the first protocol, eyes from Pn4w were fixed in 4% PFA and chloroform 

was used as clearing agent. Tissue was fixed for 3h by immersion. This time was 

selected to avoid problems with over fixation. Two eyeballs were embedded and 2 

lenses. The lenses were lost in the wax block and were impossible to find them in the 

block. With Respect to the eyeballs, after sectioning, no tissue was in the wax 

sections, only a hole. A  modification was made to increase the time o f  fixation to 24 h 

at 4°C. Then, there was no lens in the wax sections, but this time around the hole 

appeared tissue disrupted.

In the second protocol, the eyes were sectioned into two halves after hydration 

with 70% o f  ethanol. Chloroform was changed for xylene and the time for clearing 

was increased in xylene and the time in wax was reduced. Eyeballs from Pn4w mouse 

were embedded. The results were only from two mouse eye lenses. Wax sections were 

obtained at 10 pm, with bad morphology and no more than 2 sections were obtained. 

Then, a modification using a vacuum pump was made with eyeballs from Pn4w. No 

mouse lens sections appeared, only a hole without tissue around.
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In the third and final protocol, the time in xylene was increased and the time 

for wax infiltration. Serial lens sections were taken from each ages o f  study at 7 pm.

Table 6.1. Summary ofprotocols fo r  mouse eyes ns embedding in paraffin.

Samples Number Protocol Modification Results

Mouse P4w 2 mice Protocol 1 . . No sections

Mouse P4w 4 mice Protocol 1 24 h No lens

Mouse P4w 8 mice Protocol 2

Obtained sections in only 

two eyes and with bad

Mouse P4w 6 mice Protocol 2 Vacuum pump

morphology 

No sections

Mouse 

NB, Pn7, Pnl4, 

and Pn4w

- Protocol 3 --
Serial lens sections with 

reasonably good quality

6.3.3 Histochemistry study o f postnatal mouse lens development

The H&E staining o f  the mouse lens allows for an analysis o f  the temporal and 

spatial sequence o f  the most important changes in the development o f  the lens from 

the newborn to adult stage. The time and location o f  the nuclear changes in both, 

epithelial and fibre cells were studied at NB, Pn7, P n l4  and Pn4w mice.

In the postnatal states o f  mouse lens development, no changes in the nuclei 

size or shape o f  the epithelial cells were detected. In the fibre cells, the nuclei were 

rounded. Pycnotic nuclei or haematoxylin positive remnants o f  the nuclei were found 

at NB and Pn7, but not from P n l4  (figure 6.2 and 6.3).
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The description o f  the results during postnatal mouse lens development is 

described below, and the results are presented in figures 6.2 and 6.3.

At NB stage, the lens epithelium was at the anterior surface o f  the lens. The 

central epithelial cells were formed by one single layer o f  cells (figure 6.2A-D) that 

were converted in two layers in the periphery. In the equator region, the epithelium 

formed a cloud o f  nuclei o f  epithelial and fibre cells (figure 6.2A-D). Nuclei o f both, 

epithelial and fibre cells were round (figure 6.2A-D). Some pycnotic nuclei o f  the 

fibre cells were detected close to the OFZ (figure 6.2A-D).

At Pn7 (figure 6.2E-H), the structure o f  the epithelial cells was similar to the 

previous stage with only one single epithelial layer maintained. In the periphery, there 

were in two layers. The fibre cells were distributed from the equator region round the 

OFZ, and below the epithelial cells (figure 6.2E-H). The concentration o f  the fibre 

cells was bigger in the equator region. In the core o f  the lens, some nuclei in the last 

step o f pycnosis were detected (figure 6.2H).
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Figure 6.2. Morphogenesis study o f  the postnatal mouse lens development. H&E 
staining was used to study the changes in morphology o f  the different 
compartment o f  the lens during mouse postnatal development. Three regions o f  
the lens were studied: central epithelium, periphery region o f  the lens and central 
fibre cells. At N B (A-D) the central epithelium was pseudo-stratified (A, B). The 
nuclei o f  the fibre cells were rounded (A, C and D). Some pycnotic nuclei o f  the 
fibre cells were detected (white arrows) close to the OFZ at NB (D). At Pn7 (E-H), 
central epithelium was organised in one layer o f  round nuclei (E, F). The 
concentration o f  the fibre cells was bigger in the equator region (E, G). The nuclei 
o f the central fibre cells in the core o f  the lens were in the last stages o f  pycnosis 
(H).
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At P n l4  (figure 6.3 A -D ), the epithelium was a thin layer o f  round nuclei and 

the number o f  the cells in the periphery region decreased (figure 6.3A-D). A 

characteristic H&E pattern o f  the expression was observed. A central transparent and 

big circle taking up the mostly central region o f  the lens was observed, and 

surrounded this circle, other stained only with eosin. No nuclei, or remnants o f  

positive haematoxylin nuclei were detected along this eosin circle (figure 6.3A-D).

Fibre cells nuclei appeared rim this eosin circle, in the transition with the 

hematoxilyn staining. A ll nuclei o f  the fibre cells were rounded and with condensed 

nuclei (figure 6.3A-D).

At P4w (figure 6.3E-H), the central epithelium was similar to previous stages 

and the number o f  the cells in the periphery was reduced compared to previous 

stages. The H&E pattern observed at P n l4  was confirmed. The transparent circle was 

increased the size, occupying the mostly lens and only a fine eosin ring is observed 

between epithelial cell layer and the transparent circle (E, G). Nuclei o f  the fibre cells 

in the core o f  the les were in the last step o f  pycnosis (H).

6.3.4 Western blot protein analysis

Survivin and PCNA expression in mouse postnatal lens development was 

analysed by WB. The proliferation expression was analysed using a monoclonal anti 

PCNA antibody (Abeam, UK). To assess protein quantification o f  Survivin a 

polyclonal antibody (Santa Cruz, U SA ) was used. As a loading control p-actin (Santa 

Cruz, USA) was used. WB analyses were performed on three pools o f  samples o f  NB, 

Pn7, P nl4  and Pn4W. The protein quantification was calculated with respect to the 

protein expression at NB.
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WB revealed a positive 30 kDa band, corresponding to PCNA expression in 

NB, Pn7 and P n l4  but not at Pn4w (figure 6.4A). The band detected at NB stage was 

strongest than the others observed in all samples. After NB the intensity o f the bands 

was reduced through development until Pn4w, at this stage no band was observed. At 

Pn7 the expression was 0.09 + 0.01 fold times the PCNA expression at NB. At Pnl4  

the PCNA protein expression was reduced to 0.02 ±  0.01 fold times the PCNA 

expression at NB.

The polyclonal antibody for Survivin was used to analyse the expression o f  

this protein during postnatal mouse lens development. WB showed expression o f  

Survivin protein at all stages studied. A  single band was detected in all stages at 

16.5kDa (figure 6.4B). Survivin was differentially expressed during mouse lens 

postnatal development. In addition to this band corresponding to wild type Survivin a 

second band was observed at 16 kDa at N B and Pn7.

Survivin wild type expression was increased at Pn7 with a value o f  3.43 + 

0.17 fold times Survivin expression at NB (figure 6.4B). At Pnl4, Survivin 

expression was reduced to 0.90 ± 0 .1 0  fold times the expression o f  Survivin at NB 

(figure 6.6B and table 6.4B). At Pn4w, the value was 0.56 ±  0.06 fold times the 

expression o f Survivin at NB (figure 6.4B).

The expression o f  the second band observed at 16 kDa was detected only in 

the two earliest stages o f  development studied. The expression was down regulated. 

The expression o f  this second band at Pn7 stage was 0.56 ±  0.03 fold times the 

expression o f  Survivin at NB (figure 6.4B). After this stage, no more bands were 

observed.
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F. PCNA quantification during postnatal mouse development
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G. Survivin quantification during postnatal mouse development
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H. Quantification of Survivin additional band during postnatal mouse development
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Figure. 6.4. Western blot analyses o f  protein in postnatal mouse lens development. 5 pg o f  p ro te in  per 
sample were loaded to the electrophoresis gel, transferred to nitrocellulose membrane and incubated 
with antibody raised against target protein. Specific bands were observed for PCNA (A). Survivin  (B), 
p-Actin was used as housekeeping gene (C). Two negative controls were used: The om ission o f  the 
secondary antibody (D). Incubation o f  the sample with immunoglobulins instead o f primary antibody 
(E). The values shown represent the mean o f three separate determinations. The amount o f  P C N A  and 
Survivin and Survivin additional bands were quantified by densitometry using the scan program  and 
normalised by p-actin protein. The values o f  densitometry bands analysis were plotted (F, G and  H).
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The protein expression o f  PCNA and Survivin during postnatal mouse lens 

development has clearly different distributions. The Gaussian distribution o f the data 

was confirmed using Shapiro-Wilk test (Shapiro and Wilk, 1965).

ANOVA revealed at least one significant difference between the means o f  the 

groups with a p value < 0.001 for PCNA and Survivin. The homogeneity o f variance 

o f the data was tested using Levene’s test. Levene's test assessed the homogeneity o f  

the variance o f  the PCNA data with a p value o f  0.247 and the heterogeneity o f  the 

variance o f  the Survivin results with a p value o f  0.043.

The homogeneity o f  the PCNA data allowed the use o f  HSD Tukey posHoc 

(table 6.2A) test to analyse the difference between groups. The heterogeneity o f  the 

Survivin data allowed the use o f  Dunnett T3 posHoc (table 6.2B). The significant 

difference in any comparison is maintained at the alpha level (p < 0.05) o f  the test.

Table 6.2 summarises the results analysed with the Poshoc test. In brief, 

significant statistical differences were found in the PCNA expression levels between 

all groups (table 6.2A). The statistical analysis o f  Survivin expression showed 

significant differences between all groups studied except between NB and P n l4 (table 

6.2B).

The data obtained from the densitometry analysis o f  the Survivin additional 

band region were statistically analysed using the t-test. The t-test showed statistically 

significance between NB and Pn7 with a p value < 0.001.
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Table 6.2 Summary o f  the results obtained from HSD Tukey (A) and Dunnett T3. Cells in grey show 
values that were not statistically significances. Y: statistically significances; N: no statistically 
significances.

A. Statistical analysis of PCNA results

NB Pn7 P n l4

NB —

Pn7 Y —

Pnl4 Y Y —

Statistical analysis of Survivin results

NB Pn7 Pnl4 Pn4w

NB —

Pn7 Y —

Pnl4 N Y —

Pn4w Y Y Y —

6.3.5 Morphological determination o f  Proliferation during lens development

The lens grows throughout the life o f  the animal without appreciable cell loss. 

A strict regulation o f  the proliferation pattern during postnatal mouse lens 

development has been observed in the work described in this thesis. The study o f the 

different rates o f  cell proliferation during different stages o f  lens development 

provides a good system to understand the precise control between proliferation and 

differentiation in which Survivin is may be involved in controlling the lens 

development.

263
Role o f  Survivin in the regulation o f cell proliferation and differentiation in lens development



Chapter 6 Role of Survivin during postnatal mouse lens development

A polyclonal antibody anti PCNA (Abeam, UK) was used to analyse the 

pattern o f  proliferation in the different compartments o f  the lens during postnatal 

mouse development. To perform this morphological study, lenses from NB, Pn7, 

Pnl4 and Pn4w were used.

The results observed from PCNA staining suggested temporal and spatial 

regulation o f  proliferation during embryonic lens development. Overall, the staining 

was reduced to the nuclei o f  the cells. During the early stages, this staining was 

observed both, in the nuclei o f  the mouse lens epithelial cells and in the fibre cells. 

During subsequent stages, a reduction in the number o f  labelled epithelial cells were 

observed (figure 6.5-6). Changes in the positive nuclei shape were detected. From the 

round nuclei o f  the central epithelium to the elongated and ellipsoid nuclei shape o f  

the fibre cells (figure 6.5-6).

The number o f  PCNA positive nuclei was counted using three different 

animals and one lens per animal. The results were collected in table 6.9. In more 

detail, our results showed PCNA positive cells in all compartments o f  the lens: 

central epithelium, peripheral epithelium and central primary fibre cells at NB stage 

(figure 6.5 and table 6.3). The cell nuclei in the epithelium were round and 93.19 + 

2.75 % o f  the cells were positive. The thickening o f  the lens epithelium was slightly 

increased in the peripheral margins. In the fibre cells, nuclei were elongated and 

ellipsoid and 93.19 + 2.75 % were labelled (figure 6.5 and table 6.3). Finally, 50.81 + 

2.40 % o f  the cells were PCNA positive in the central fibre cell compartment o f  the 

lens.

At Pn7 (figure 6.5 and table 6.3), the PCNA staining in the central fibre cells 

completely disappeared (figure 6.5). The number o f  the positive cells in the central 

epithelium was reduced to 61.86 + 2.92 % (table 6.3). Finally, only 69.53 + 1.55 % 

(table 6.3) o f  nuclei were PCNA positive in the peripheral region o f  the lens (figure

6.5 and table 6.3).
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At P n l4  (figure 6.6 and table 6.3), the only positive staining was observed in 

the periphery o f  the mouse lens with 61.24 + 1.01 % (table 6.3) o f  the nuclei positive 

for PCNA. N o other staining was detected at this stage. At Pn4w, no staining was 

observed in the different compartment o f  the lens (figure 6.6 and table 6.3).

Negative control sections were incubated with mouse immunoglobulins 

instead o f  anti-PCNA antibody. The sections were negative and no staining was 

observed.
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Figure 6.5 Proliferation in postnatal mouse lens development was studied using a 
monoclonal antibody against PCNA (PC 10, Abeam). At NB (A-E) all nuclei o f  
epithelium and fibre cells were positive for PCNA. At PN7 (F-J) the staining 
disappear in central fibre cells nuclei. (A ) and (F) are merged pictures (DAPI and 
PCNA) showing a general overview o f  the lens.
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Figure 6.6 Proliferation in postnatal mouse lens development was studied using a 
monoclonal antibody against PCNA (PC 10, Abeam). At P n l4  (A-E) the PCNA  
staining was detected only in the periphery o f  the lens. At Pn4w (F-J), the PCNA  
is complete absence o f  the lens. (A ) and (F) are merged pictures (DAPI and 
PCNA) showing a general overview o f  the lens.
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Table 6.3. Table detailing the % o f  PCNA positive cells. The mean is shown in red and SD in blue.

NB Pn7 Pnl4 Pn4w

96.36 63.46

Central Epithelium 91.67

91.53

63.63

58.49

93.19 ±  2.75 61.86 ±2.92 — —

92.72 68.02 61.21

Periphery lens region 92.50 69.44 60.25 —

95.75 71.12 62.28

93.64 ± 1 .79 69.53 ±  1.55 61.24 ± 1.01 —

49.43

Central fibre cells 53.57

49.41

50.81 ±  2.40 — — —
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■  C entral Epithelium ■  Peripheral Epithelium □  Central fibre

PN 14 P n4w

Figure 6.7. The histograms compare the mean o f%  o f  PCNA positive nuclei during postnatal mouse 
lens development. Three different animals were used. The % o f PCNA nuclei was high in the early 
stages of lens development. After NB, no PCNA positive nuclei were found in the central fibre cells 
compartment o f the lens. After Pn7, no PCNA positive nuclei were found in the central fibre cells. The 
% o f the positive cells in the peripheral region o f the lens was reduced with development until 
disappear at Pn4W stage.

The PCNA results were normal distributed according to Shapiro-Wilk test 

with a p value < 0.05.

Once the normal distribution o f  the results was confirmed the t-test was used 

to determine significant differences between the only two stages o f postnatal mouse 

lens development with positive cells in the central epithelium. The test revealed a 

statistical difference between the two groups with a p value < 0.001.

ANOVA test was used to analyse the results in the peripheral region o f  the 

lens. ANOVA revealed at least one significant difference between the means o f the 

groups with a p value < 0.001. Levene's test assessed the homogeneity o f the variance 

of the data with a p value o f  0.096. The HSD Tukey post-hoc test was used to analyse
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the results. The table 6.4 summarises the results analysed with the HSD Tukey test. In 

the periphery region, ANO VA showed statistical significance between all groups with 

ap  < 0.001.

Table 6.4: Summary o f  the results obtained from  HSD Tukey. Statistically analysis of the results in the 
periphery region o f the lens. Y: statistically significances; N: no statistically significances.

Central epithelium

NB Pn7 P n l4

NB —

Pn7 Y —

Pnl4 Y Y —

6.3.6 Morphological determination o f  Survivin expression during postnatal 

mouse lens development

Survivin protein expression was analysed during postnatal mouse lens at NB, 

Pn7, Pnl4 and Pn4w. Immunochemistry was positive for Survivin expression during 

all stages. The pattern o f  Survivin expression changed with development. In 

summary, the epithelial cells at early stages o f  development showed positive staining 

and with development the staining disappeared from the central epithelium. The 

staining in central fibre cells was observed from NB to Pnl4. After Pnl4, no staining 

for Survivin was observed in this compartment o f  the mouse lens (figure 6.8 and table 

6.5).

Survivin staining showed two pools o f  Survivin protein: cytoplasmic and 

nuclear pools (figure 6.8). The two pools had different patterns o f expression. The 

nuclear pool presented the highest expression at NB and Pn7. After this stage, the 

nuclear staining became stronger than in the early stages o f  postnatal mouse lens.

272
Role of Survivin in the regulation of cell proliferation and differentiation in lens development



Chapter 6 Role o f Survivin during postnatal mouse lens development

Although this cytoplasmic staining became faint after Pn7, the staining was observed 

in later stages o f  m ouse lens development.

At NB (figure 6.8A-C), a positive signal was found in the central epithelium 

and central fibre cells. In the central epithelium, the % o f  Survivin nuclei was 93.05 +

1.05 % (table 6.5). The % o f  Survivin positive cells in the periphery region was 96.38 

+ 0.62 %. Meanwhile the % o f  Survivin positive cells found at the central fibre cells 

was 89.98 + 1.00 % (table 6.5). Cytoplasmic staining was observed in all 

compartments o f  the lens (figure 6.8A-C).

At Pn7 (figure 6.8D-F), nuclear staining was observed in all compartments o f  

the lens at this stage: central epithelium, periphery o f  the lens and central fibre cells 

(figure 6.8D-F). The nuclear staining in the central epithelium was fainter than at NB, 

however, the % o f  Survivin cells were similar with 92.44 + 2.88 % (table 6.5). The % 

o f Survivin positive cells in the peripheral region was 96.47 ±  0.97 % (table 6.5). The 

nuclear staining in the central fibre cells was stronger than at NB and the % o f  the 

positive cells for Survivin was increased to 92.39 ±  1.63 % (table 6.5). The 

cytoplasmic staining followed the same pattern observed at the previous stage o f  

development, with expression in all compartments o f  the lens (figure 6.8D-F).

At P n l4  (figure 6.8G-I), Survivin staining was absence from the central 

epithelium. The % o f  Survivin positive cells in the periphery region was 93.66 + 0.51 

%. The nuclear staining in the central fibre cells was stronger than early stages o f  

postnatal mouse development. The % o f  positive epithelial cells for Survivin was 

reduced to 76.84 + 0.58 % (table 6.5). Although the cytoplasmic staining observed 

was fainter than at Pn7, this cytoplasm was distinguished through all mouse lenses 

(figure 6.8).
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At Pn4w (figure 6.8J-L), a significant decrease in Survivin staining was 

observed in the lens. Survivin positive cells disappeared from the central epithelium 

and central fibre cells in the core o f the lens. The only Survivin staining observed was 

in the peripheral region o f the lens with a strong staining in the nuclei. The % of 

positive nuclei was 92.68 ±  0.84 % (table 6.5).

For this immunochemistry study, two types o f controls were used to confirm 

the specificity staining o f the results. As negative control, the sections were incubated 

with rabbit immunoglobulin (figure 6.8M). As positive control embryonic developing 

mouse brain (ED 14.5; figure 6.8N) was used as recommend by the company which 

provide the antibody (Santa Cruz, USA).

Table 6.5. Table detailing the % o f Survivin positive cells. Three animals and one eye per animal were 
used to quantify the % o f  positive nuclei. The % o f  positive cells was calculated with respect to the 
total cells on each region. The mean is shown in red and SD in blue.

NB Pn7 Pnl4 Pn4w

93.33 % 91.11 %

Central epithelium 93.94 % 

91 .89%

90.48 % 

95.75 % — —

93.05 ±  1.05 92.44 ±  2.88 — . . .

96.35 % 97.35 % 94.12% 93.25 %

Periphery region 95.78 % 95.42 % 93.75 % 91.72%

97.02 % 96.64 % 93.11 % 93.06%

96.38 ±  0.62 96.47 ± 0 .9 7 93.66 ± 0 .51 92.68 ± 0 .8 4

89.83 % 91.84% 76.19%
—

Central fibre cells 89.06 % 94.23 % 77.00 %

91.05 % 91.11 % 77.32 %

89.98 ±  1.00 92.39 ±  1.63 76.84 ± 0 .5 8 —
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Figure 6.9. The histograms compare the mean o f % o f Survivin positive nuclei in different lens 
compartments during lens development. Three different animals were used. The % o f  Survivin positive 
cells in the central fibre cells region was reduced at P n l4  compared with previous stages. No Survivin 
positive cells were detected after P n l4 . In the peripheral lens region, Survivin positive cells were 
found in all stages o f  development with a slightly reduction in % o f  Survivin positive cells in the late 
stages o f  development. The % o f  Survivin positive cells in the central epithelium region was detected 
in the central epithelium only at NB and Pn7 with similar values.

The Shapiro-Wilk test showed a Gaussian distribution for the data with a p 

value < 0.05. Once the normal distribution o f the results was confirmed the t-test was 

used to analyse significant difference between the only two stages of postnatal mouse 

lens development with positive cells in the central epithelium of the lens. The test 

revealed no statistical difference between the NB and Pn7 at central epithelium with a 

p value of 0.072.

ANOVA was used to analyse the results in the peripheral of the lens and in 

the central fibre cell compartment. ANOVA revealed at least one significant 

difference between the means o f the postnatal development stages with a p value of

0.001 for the peripheral region and p value < 0.001 for central fibre cells. Levene's 

test assessed the heterogeneity o f the variance o f the data. Due to the homogeneity of 

the variance of peripheral region (p value o f 0.600) the HSD pos hoc test was used.
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Due to the heterogeneity o f the variance in the central fibre cells region (with a p 

value o f 0.041) Dunnet T3 post-hoc test was used to analyse the results.

Table 6.6 summarises the results analysed with the post hoc test. In the three 

regions studied: central epithelium, peripheral region and central fibre cell significant 

statistical differences were found between all embryonic groups with positive cells 

with a p value < 0.05 (table 6.6).

Table 6.6: Summary o f the results obtained from post hoc analysis. A. The statistical analysis o f  the 
peripheral region o f  the lens, using HSD Tukey test showed no differences between NB and Pn7 and 
between Pnl4 and Pn4w. B. The statistical analysis o f  the results in the central fibre region o f  the lens, 
using Dunnet T3 showed no differences between NB and Pn7. Cells in grey show values that were not 
statistically significant. Y: statistically significances; N: no statistically significances.

A. Peripheral region

NB Pn7 P n l4 Pn4w

NB —

Pn7 N —

Pnl4 Y Y —

Pn4w Y Y N —

B. Central fibre cells region

NB Pn7 P n l4

NB —

Pn7 N —

Pnl4 Y Y —
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6.4 DISCUSSION

Different approaches have been used to try to understand the role o f  Survivin 

during postnatal mouse lens development. During this chapter proliferation pattern 

was analysed using WB and immunochemistry. Expression o f  Survivin was analysed 

using: RT-PCR, WB and immunochemistry.

6.4.1 Survivin gene expression in the lens development

How the lens develops and acquires its distinctive morphology and growth 

patterns has been a major question in developmental biology (Ang et al, 2004). The 

mouse postnatal lens is a good m odel for understanding the potential role o f  Survivin 

in lens organogenesis. Survivin m RNA expression was studied by RT-PCR at NB, 

Pn7, Pnl4 and Pn4w stages.

In a first approach, RT-PCR assays are remarkably, reproducible when run 

under optimal conditions and have been used to obtain relative quantitative data, with 

promising results (Mackay et al, 2001). In our experiments, no PCR detectable 

product was observed in the “no template controls” and only one band corresponding 

with Survivin in all stages studied and no other unspecific bands were observed in the

1.5 % agarose gel (figure 6.1).

Although the data presented in this section are preliminary, the results 

suggested a different temporal distribution during postnatal mouse development. All 

data were expressed with respect to gene expression (Survivin or GAPDH) at NB 

stage. The expression o f  Survivin decreased during lens postnatal mouse 

development. The highest expression o f  Survivin was observed at NB and the lowest 

value at P n l4 . After P n l4 , the expression o f  Survivin increased again. This gene 

expression profile may suggest that Survivin is an important pro-survival and anti- 

apoptotic molecule during postnatal mouse lens development.
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6.4.2 Tissue fixation and wax embedding

Success in the fixation and embedding process is the limiting step for 

subsequent morphological studies including histochemistry and immunochemistry. 

The problem with the mouse lens tissue was the hardness and the presence o f  a thick 

lens capsule. This structure was a handicap for the proper fixation and embedding o f  

the lens.

For the optimisation o f  a good protocol o f  fixation and embedding different 

combination o f  chemistries were used. In the material and methods section (section 

2.2.2.2) a description o f  the final protocol employed was described. During this 

discussion, the focus is on the explanation how this final protocol was obtained.

Good fixation preserves the tissue with minimal structural alteration. As good 

fixative should rapidly penetrate, immobilize the molecules and increase the hardness 

o f  the tissue. In order to choose the proper fixative, the hardness o f  the mouse lens 

had been considered. In addition, the mouse structure is not permeable to chemistries 

and the presence o f  the capsule increased this problem. The avascular structure o f  the 

lens did not allow considerer the perfusion o f  the eye mouse with a fixative. 

Combining different fixatives was avoided because this could interfere with 

immunochemistry, thereby masking the antigen.

Paraformaldehyde (PFA) was used in this project for two reasons: PFA 

penetrates quickly in the tissue, and provides a fixation free o f  extraneous additives 

(Humason, 1967). In addition, tissue fixed with PFA should show a good morphology 

with very few  artefacts, and there are not interferences with immunochemistry. PFA 

can be used for wax embedding, frozen sections or non-embedded tissue.
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The fixative method selected was the immersion of the head or eye in the 

fixative solution. Once the fixative method was selected, the next difficulty was the 

determination of fixation time. A short time of fixation resulted in absence of fixation 

in the core of the lens. The time of fixation could not be increased indeterminately in 

order to obtain a perfect fixation of the lens core because then, the rest of the lens 

would be overfixed, and no immunochemistry could be carried out. The proper 

fixation time was determined for the experiments by an empirical approach in order 

to select the most suitable.

Tissues were fixed with 4% PFA for 24 h. After overnight soak in PBS, 

tissues were placed in 50% ethanol solution, allowing the dehydration to begin and 

the same time removing the salts of the buffer solutions used in the fixation and 

during the overnight wash. These salts precipitate at higher ethanol concentrations. 

Washing 4% PFA fixed tissues can eliminate this problem.

After fixation, the tissues were dehydrated using graded ethanol solutions 

until the tissues arrive at the clearance step. Alcohol is a non miscible product with 

wax, and the clearance is an intermediate step between dehydration and wax 

infiltration in which the tissue is treated with a clearance agent miscible with both, 

alcohol and wax. There are different clearance agents but the two more important are: 

chloroform and xylene.

Two methods of embedding are commonly used in normal histology: paraffin 

embedded and frozen sections. The morphology and details of the tissue is better in 

wax sections, but some antibodies or some molecular techniques work only in frozen 

sections. In this chapter, wax section was mainly used, although frozen sections were 

considered if eventually some antibodies do not work in wax.

A good embedding process depends on a good combination of the hydration, 

clearance and wax infiltration. In this study, initially, chloroform was used for
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clearance, but the chloroform increased the hardness of the tissue. To overcome this, 

the lens was soaked in chloroform briefly. But the chloroform did not penetrate in to 

the lens core. The use of xylene improved clearance and the xylene penetrated 

efficiently into the lens.

The capsule of the lens and its difficulty to be penetrated by the chemicals 

was probably the cause of this delay. These problems were overcome by a proper 

combination of hydration, clearance and wax infiltration with the right fixation.

6.4.3 Determination o f  proliferation during postnatal mouse development using 

anti-PCNA antibodies

Cell proliferation and differentiation are precisely regulated during lens 

development (Jean et al, 1998; McAvoy et al, 1999; Chow and Lang, 2001; Menko, 

2002). The interest has been focus on the identification of grow factors involve in the 

regulation of lens proliferation or differentiation. In this section, an accurate 

evaluation of cell proliferation during development was carried out in order to 

explore the potential role of Survivin as a regulator of proliferation during mouse lens 

development. Although different methods for measuring cell proliferation have been 

described, in this section the assessment of proliferation in the mouse lens was carried 

out using immunohistochemistry determination for PCNA.

PCNA was identified in 1978 in the nucleus of dividing cells of patients with 

systemic lupus erythematosis (Miyachi et al, 1978). Subsequent works have explored 

the role of PCNA and showed that this protein is an essential component of DNA 

metabolism. PCNA protein is undetectable during GO and Gl. The levels increase to 

the threshold detection at the end of the Gl/S and decrease after S phase (Morris and 

Mathews, 1989). This cell cycle regulation of PCNA with the versatility of the use of
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fixed sectioned tissue, and no restriction to human samples made this method of 

evaluating cell proliferation a good alternative to the BrdU technique.

The expression of PCNA was detected using WB and immunofluorescence. 

The WB assay showed detection of PCNA in the early postnatal stages of 

development from NB to Pnl4, but not in the adult mouse lens at Pn4w. This pattern 

of cell proliferation showed a reduction of PCNA expression through postnatal 

development with the highest expression at NB. In this study, the assessment of 

proliferation using WB for PCNA resulted in a good, reliable and reproducible 

method of proliferation quantification.

The use of immunofluorescence allowed the study of the distribution of 

PCNA in the lens. The intracellular distribution of PCNA was exclusively in the 

nucleus of dividing cells. During early postnatal development, NB proliferation was 

detected in epithelial cell layer and in the inner fibre cells. This pattern decreased 

significantly in the epithelium and was completely absent from the fibre cell region at 

Pn7. At Pnl4, the staining was not detected in the central epithelium and in the fibre 

cells, but it was not until Pn4w when staining completely disappeared from the whole 

lens. This immunochistochemistry study confirmed the WB results, suggesting that 

detection of PCNA protein expression in postnatal mouse lens development using 

antibodies is a good, sensitive and reliable technique in both WB and 

immunohistochemistry techniques.

The spatial organization of the lens can be explained by the precise control of 

cell proliferation and differentiation, which drives the precise and stable 

determination of lens cells position and polarity (Jean et al, 1998; McAvoy et al, 

1999; Chow and Lang, 2001; Menko, 2002). This pattern of proliferation and 

differentiation in changes during lens development drives the morphological 

modifications in lens structure. The ability of the lens to form a new boundary 

between epithelial cells and differentiating fibre cells reveals the continued plasticity
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of the lens epithelium, due to those changes in proliferation and differentiation 

patterns. These changes reflect the interaction of a complex network of mitogenic 

agents in the anterior part of the lens and differentiation agents in the posterior part of 

the lens.

Different studies are focusing in the identification of the proliferation agents 

and those involved in the differentiation into fibre cells (Reddan and Wilson- 

Dziedzic, 1983; McAvoy and Chamberlain, 1989; Wormstone et al, 2000; Kok et al, 

2002; Choi et al, 2004; Maidment et al, 2004; Lovicu and McAvoy 2005 and Wang et 

al, 2005). Those studies have been reported a number of growth factors involved in 

proliferation and differentiation. An accurate description of the expression of cell 

cycle regulators and inhibitors has been carried out in different part of the lens.

As a result of these studies, the cell signalling involved during cells 

proliferation and differentiation in lens development and during cataract start to be 

dissected and understood. However, the molecules that are involved in the control of 

both events are still no clear.

Survivin has a potential role during proliferation during postnatal mouse lens 

development. But in order to shed light in the biological function of Survivin in 

postnatal mouse lens development the first requisite is to complete determination of 

the proliferation and differentiation pattern during normal lens development.

6.4.4 Survivin protein localisation during postnatal mouse development

Survivin expression was originally detected during mouse embryonic 

development (Adida et al, 1998) and Survivin was strongly expressed in several 

apoptosis-regulated foetal tissues. In this chapter of the thesis, the expression of
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Survivin RNA expression was confirmed using RT-PCR in samples prepared form 

whole postnatal mouse lens development, at NB, Pn7, Pnl4 and Pn4w. This gene 

expression showed a developmental expression through development with a down 

regulation of Survivin through the development, with up regulation of Survivin gene 

expression at adult stages.

Survivin protein expression was analysed during whole postnatal mouse lens 

development. Interestingly, the protein expression was different to the gene pattern 

observed. The WB data revealed that the Survivin protein expression pattern changed 

through postnatal mouse development. After NB, the expression of Survivin 

increased and after Pn7 the expression was reduced to the value detected at NB. In 

adult stage, Pn4w, the protein expression was down regulated. In summary, the main 

differences between gene and protein expression patterns are as follows: in gene 

expression, the pattern was down regulated through postnatal mouse development 

with up regulation during adult stage. The protein expression pattern showed the up 

regulation at Pn7 and the lowest expression was found in the adult lens.

The second difference between the gene and protein pattern was the presence 

of one additional band at 14 kDa in WB analysis close to the right size of Survivin 

band (16.5kDa). This additional band was detected at NB and Pn7 showing a down 

regulation protein pattern. No other bands at 37, 50 kDa were observed as mentioned 

by the company (Santa Cruz, USA). Although the presence of different splice 

variants of Survivin is mainly studied in cancer cells (Mathotka et al, 2002 and 

Fortugno et al, 2004) a similar band was observed by Conway in lysates from normal

12.5 days murine embryos (Conway et al, 2000), which identified this band with the 

Survivin splice variant 121. The main different of the results presented here with 

respect to this work is the absence of detection of Surviving with RT-PCR.
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The immunolocalisation study of Survivin through mouse lens development 

was carried out in order to shed light on the potential function of Survivin in the 

different compartments of the lens. The Survivin staining was localised in two pools 

of protein: cytoplasmic and nuclear pools. The two pools had different patterns of 

expression. The nuclear pool presented the highest expression at NB and Pn7. After 

this stage, the nuclear staining became stronger than in the early stages of the 

postnatal mouse lens. Although this cytoplasmic staining became faint after Pn7, the 

staining was observed in late stages of mouse lens development.

Survivin is usually detected in the cytoplasm of tumour cells, and it is, 

therefore, widely regarded as a cytoplasmic protein (Ambrosini et al, 1997), but the 

mechanisms that control its nuclear-cytoplasmic localisation are not known. 

However, Survivin has been described in the nucleus of some tumour cells in clinical 

samples of lung (Vischioni et al, 2004) pancreatic (Tonini et al, 2003) and gastric 

(Okada et al, 2001) cancer. In the present experiments, the main localisation of 

Survivin was nuclear although strong cytoplasmatic staining was observed during at 

NB and Pn7.

The expression of the two pools of Survivin in different compartments of the 

cell suggests an active role of Survivin (Knauer, 2007). This is consistent with its 

function in the regulation of both cell viability and cell division (Li, 2003). A likely 

possibility is that the differential localisation might reflect different functions of 

Survivin, in respect of inhibition of apoptosis or regulation of the cell cycle (Fortugno 

at al, 2002). Strong expression of Survivin in the nucleus may represent increased 

mitotic events (Uren et al, 2000). Defects in chromosome segregation and stability 

have been recognised as common features in human cancer (Draviam, et al, 2004 and 

Gollin et al, 2004). In gastric cancer, polyploidy/aneuploidy has been shown to be 

linked with high metastatic, invasive status, and poor prognosis (Baba et al, 2002). 

Interestingly, during chick lens development no morphological mitotic nuclei were 

found positive for Survivin in the lens epithelium cell layer. The presence of Survivin
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in the nuclei of the young fibres, which are withdrawing from the cell cycle, 

supported the hypothesis of additional/alternative roles of Survivin in the nucleus.

On the other hand, in the cytoplasm, Survivin inhibits the apoptosis pathway 

(Caldas et al, 2005). This cytosolic pool includes Survivin complexed with 

centromeres, microtubules, and other components of the mitotic apparatus (Skoufias 

et al, 2000; Fortugno et al, 2002 and Altieri, 2003) and it was suggested the Survivin 

cytoplasmic pool may interplay with the apoptotic machinery controlling cell 

survival, but not cell proliferation (Stauber et al, 2007).

The pattern of expression of Survivin in postnatal mouse lens follow the 

morphological pattern observed with the histochemistry study. At NB, a positive 

signal was found in the central epithelium. Staining was observed in the central fibre 

cells. Strong cytoplasm staining was observed in all compartments of the lens. At 

Pn7, the nuclear staining was observed in all compartments of the lens at this stage: 

central epithelium, periphery of the lens and central fibre cells. The nuclear staining 

in the central epithelium was fainter than at NB. However, the nuclear staining in the 

central fibre cells was stronger than at NB. The cytoplasm staining followed the same 

pattern observed at the previous stage of development, with expression in all 

compartments of the lens. At Pnl4, Survivin staining was absence from the central 

epithelium. The nuclear staining in the central fibre cells was stronger than early 

stages of postnatal mouse development. Although the cytoplasm staining observed 

was fainter than at Pn7, this cytoplasmic staining was distinguished through all mouse 

lenses. At Pn4w, a significant decrease in Survivin staining was observed in the lens. 

Survivin positive cells disappeared from the central epithelium and central fibre cells 

in the core of the lens. The only Survivin staining observed was in the periphery 

region of the lens with a strong staining in the nuclei.

Interestingly, a gradient of staining for Survivin was observed through the 

lens. The staining in the central epithelium was lower than in the equator region. 

However, in the cells starting to differentiated into fibre cells, the nuclear staining
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was stronger than in the rest of compartments of the lens at this stage of development. 

Although Survivin and PCNA presented different pattern of expression, a parallel 

down regulation of Survivin and reduction in proliferation (PCNA) through postnatal 

development may support the association between Survivin expression and 

proliferation in lens epithelial. However, the absence of PCNA expression in the 

mouse lens at Pn4w stage while Survivin expression was detected may suggest a 

second function of Survivin in mouse lens maturation. The requirement of Survivin 

for cell maturation has been described in erythroid cells (Gurbuxani et al, 2005 and 

Leung et al, 2007) where erythroid colony formation was decreased to 50% by 

decreasing Survivin expression revealing that Survivin is as an essential molecule for 

erythroid development.

Lens fibre cell maturation is complex multi-step process that requires a 

coordination and regulation of the different events: proliferation, migration and 

differentiation (Wride, 1996; Jean et al, 1998; McAvoy et al, 1999; Chow and Lang, 

2001; Menko, 2002). The temporal pattern of Survivin protein expression during 

mouse postnatal development is consistent with a role in cell signalling controlling 

lens maturation.
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6.5 CONCLUSIONS

1. RT-PCR was an excellent tool for the evaluation and relative quantification 

of Survivin gene expression during postnatal mouse lens development.

2. The mouse eye lens changes its morphology and structure during postnatal 

development. Those changes could be associated with changes in cell 

proliferation and differentiation patterns.

3. The WB quantification results in a good, reliable and reproducible technique 

for PCNA and Survivin quantification during postnatal mouse development.

4. The use of fixed sections and immunolocalisation (immunofluorescence or 

immunohistochemistry) for PCNA and Survivin were found to faithfully 

localise cell proliferation in the different compartments of the mouse lens 

and allowed to detect changes of those patterns during postnatal 

development.
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Chapter  7

Everything that happens once can never happen again. But 
everything that happens twice will surely happen a third 
time.

(Paulo Coelho)
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7,1 Introduction

In the present study, different approaches have been used to try to understand 

how cell proliferation and differentiation are regulated in the vertebrate lens during 

development. Although previous studies have studied the expression of specific 

regulators of the cell cycle in the lens or how lens differentiation is regulated, few 

studies have been carried out to try to find genes that control and regulate both 

processes.

Survivin has stimulated the interested of biomedical researchers, because it is 

involved in both the cell cycle and apoptosis. The lens is an ideal model system in 

which cell proliferation is balanced with denucleation of the fibre cells and this 

process shows many of the characteristics of apoptosis (Piatigorsky, 1981; Jean et al, 

1998; Wride, 2000 and Bassnett and Beebe 2004). The development of the lens 

depends on precise spatio-temporal control of lens epithelial cell proliferation and 

differentiation in which younger cells are laid down around a core of older cells. This 

allows for the unique situation in which direct correlations between Survivin 

expression and function can be made, since the specific phase of the cell cycle and/or 

the state of differentiation (dependant upon apoptosis signalling) are uniquely well 

defined in compartments of the developing lens.

Previous experiments of our group had shown Survivin gene expression in the 

postnatal mouse lens (Mansergh et al, 2004). Survivin expression was down regulated 

during cataract progression in the Sparc knockout mouse model. This difference in 

Survivin gene expression between normal and cataractous lenses may suggest that 

Survivin is a candidate factor for regulating the normal morphology and physiology 

of the vertebrate lens.

Based on observations from the current literature, an increasing number of 

studies support the conjecture that Survivin is not only an essential molecule for the 

regulation of the progression of mitosis and apoptosis inhibition (Li and Ling, 2006), 

but that it also plays an essential role in certain physiological processes (Li and
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Brattain, 2008). This includes roles for Survivin in embryonic development (Adida et 

al, 1998 and Iskandar and Al-Joudi, 2006), haematopoietic cell survival/proliferation 

(Gurbuxani et al, 2005), T-cell development/maturation (Xing et al, 2004) and in the 

organogenesis of the brain (Jiang et al, 2005), liver (Adida et al, 1998 and Deguchi et 

al, 2002) and pancreas (Adida et al, 1998 and Liggins et al, 2003).

The purpose o f the present study was the analysis of the expression of 

Survivin in the lens during development in order to provide evidence that Survivin 

may have an important role as a regulator of cell proliferation and differentiation 

during lens development. These studies pave the way for future functional studies to 

understand the role of Survivin in normal lens development and physiology.

In order to clarify the role o f Survivin in lens development, this study was 

divided into different stages. In the first stage, the Survivin gene expression profile 

was analysed during lens development. In the second stage, the morphological 

changes during lens development were studied. In the third stage of the study, the 

proliferation and denucleation pattern was determined during lens development. 

Finally, the last stage focused on a spatio-temporal analysis of Survivin protein 

expression during lens development.

In this Chapter o f  the thesis, all these steps are put together and compared 

with the literature to shed light on the role of Survivin during normal development of 

the lens, which has implications for the role of Survivin in development in general.

7.2 Survivin is expressed in vertebrate lens development

Vision is one of the most important animal senses, although invertebrate eyes 

arise from a variety of developmental processes, basic eye organogenesis is generally 

assumed to be similar among vertebrates (Piatigorsky and Kozmik, 2004). Lens 

transparency results from appropriate architecture of lens cells and tight packing of 

their proteins (Benedek, 1971 and Delaye and Tardieu, 1983). The molecular basis 

for the coordinated developmental process that results in the fundamental optical
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properties o f  the lens are not completely understood, but the mechanisms that control 

lens development are common between vertebrate species (Gehring et al, 2002).

This high conservation of the mechanism regulating lens development through 

vertebrates species, plus the high conservation and wide expression of Survivin offers 

a unique opportunity to use different models to shed light on the role of Survivin in 

the lens. In this study, three different models were employed: two different animals 

models and one additional in vitro. The election of these models is summarised 

below.

The embryonic chick lens development model allowed the study of the role of 

Survivin from early stages of development ED4 (28-29 HH stage) to late embryonic 

stages, prior to hatching at ED20 (46 HH stage). The election of this model was due 

to the ease o f collection of embryonic lenses, the short time of embryonic 

development and the reduced space needed to store a large number of samples. The 

chicken has been considered an excellent embryologic model, used since the times of 

Aristotle.

Chick lens epithelial dissociated cell culture is one of the most widely used 

models because it offers the possibility to control the proliferation of the chick 

embryo lens epithelial cells or to start them differentiating into lens fibre cells by 

adding different growth factors to the cultures. This special feature of the chick lens 

model, along with the versatility of the cell culture model offers the possibility for 

using cell and molecular techniques in combination with the cell culture in order to 

manipulate the system, thereby offering a wide range of options to carry out 

functional studies.

Otherwise, the standard animal in research, and probably the most widely 

used in cellular and molecular laboratories, is the mouse. For example, antibodies and 

microarrays are readily available for mouse. Compared to the chick lens, mouse lens 

development is not completely finished until postnatal development. This difference
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allows the study of Survivin during early postnatal stages of mouse in the presence of 

a high rate of proliferation. This difference between mouse and chick lens 

proliferation allows for determination o f  whether Survivin expression depends only 

on changes in proliferation and differentiation or if the expression of Survivin could 

be related to differences between species, because although different stages of 

development were used, there is a correlation in the development between both 

species (i.e. the opening of the eyes occurs at hatching in chick and Pnl4 in mouse or 

the presence of the a mature OFZ at ED 16 (42 HH stage) in chick and Pn7 in mouse).

In figure 7.1 the gene and protein expression for Survivin, in whole lens, was 

summarised for each model studied. PCNA protein expression was added in order to 

see how Survivin expression changed with respect to proliferation.

During chicken embryonic lens development (figure 7.1 A), gene expression 

was analysed using two different techniques (RT-PCR and RT-QPCR). The results 

showed developmentally regulation o f  Survivin expression, with high expression 

during early stages of development and a gradual reduction in levels of expression as 

development continued. The protein expression analysis by WB confirmed this 

pattern. A parallel was observed w ith PCNA protein expression, which was also 

down regulated as chick lens development progressed. These results confirmed 

previous studies, where expression o f  Survivin was associated with proliferation in 

foetal tissues (Adida et al, 1998, Jian et al, 2005) and cancer studies where the high 

cell proliferation was a remarkable feature (Jiang et al, 2008 and Koike et al, 2008).

Survivin expression in chick lens dissociated epithelial primary cell cultures 

(figure 7.IB) showed contradictory results, when only the Survivin results are 

considered. At both levels (gene and protein expression), Survivin was increased with 

the cell culture time, reaching a peak at day 4 for gene expression and day 6  for 

protein expression. After the peak, reduction of Survivin expression occurred rapidly. 

To understand the results, it is important to consider that in the chick lens dissociated 

epithelial cell culture the rate of proliferation is increasing with the time of culture 

reaching the peak also at day 6  (figure 7 .IB). At this time, a significant increase in the 

percentage of TUNEL positive nuclei was observed compared with the earlier stages
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A .  Summary o f  Survivin and PCNA results in chick embryonic lens development
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B. Summary o f  Survivin and PCNA results in chick lens epithelial dissociated primary cell 
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C. Summary o f  Survivin and PCNA results in postnatal mouse lens development
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Figure 7.1. Summary o f the results for Survivin and PCNA expression for the three models used. The 
diagrams showed the analysis carried out for Survivin and PCNA in whole lens for the three models 
studied. The cones represent the mean o f  the measurements made. RT-PCR, shows the values o f  
Survivin gene expression using RT-PCR while RT-QPCR shows the values o f  Survivin gene 
expression using this technique. Srv, shows the values o f  the Survivin protein expression determined 
by WB. PCNA are the values obtained by WB.

Role o f  Survivin in the regulation o f  cell proliferation and differentiation in lens development
295



Chapter 7 Final discussion, Future work and Conclusions

of cell culture, but most cells are proliferating. At day 8, the proliferation is reduced, 

coinciding with Survivin protein reduction.

Finally, in postnatal mouse lens development (figure 7.1C), Survivin was also 

developmentally regulated with highest expression at early stages of postnatal 

development (NB and Pn7). However, the main differences were found using this 

model. During the gene analysis, a significant increase of Survivin expression was 

observed in the adult (Pn4w) with respect to the previous stages. This increase was 

not observed at the protein level. The proliferation in postnatal mouse lens decayed 

abruptly after NB. Interestingly, the expression of Survivin was increased 

significantly at Pn7 and then progressively reduced in the lens, but was observed in 

all stages studied (figure 7.1C), suggesting an additional role of Survivin in the 

absence of proliferation. The protein analysis showed the presence of one additional 

band at 14 kDa only at NB and Pn7. A similar band was observed in protein lysates 

from normal 12.5 days murine embryos (Conway et al, 2000), which identified this 

band with the Survivin splice variant 121.

Taken together, all of these results reveal that a consistent pattern of 

expression is observed in the three models studied. In addition, the high homology of 

the chick and mouse variants with respect to the human variant (77 % and 81%) and 

the similarities observed in the pattern of expression in vivo an in vitro may suggest 

the expression of Survivin as an essential factor with a potential role in vertebrate 

lens development. The results further suggest that although the function of Survivin is 

maintained through evolution, differences have been revealed between chick and 

mouse lens models, possibly due to the presence of additional splice variants or 

additional roles of Survivin in absence of high proliferation. Further experiments are 

required to clarify if the differences observed are due to differences between species 

or differences in the mechanisms involved in lens development during embryogenesis 

and postnatal development.

Immunolocalisation studies of Survivin and its correlation with PCNA and 

TUNEL were carried out to shed light on the potential function of Survivin in 

vertebrate lens. The first observation from the immunochemistry study was the 

detection of two pools of Survivin in both, chicken and mouse lenses: cytoplasmic
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and nuclear pools. Survivin is usually detected in the cytoplasm of tumour cells, with 

a ratio 6:1 (Ambrosini et al, 1997), but the mechanisms that control its nuclear- 

cytoplasmic localisation are not known. However, Survivin has been described in the 

nucleus of some tumour cells in clinical samples of lung (Vischioni et al, 2004) 

pancreatic (Tonini et al, 2003) and gastric (Okada et al, 2001) cancer. In the present 

study, the main localisation of Survivin was nuclear, although strong cytoplasmatic 

staining was observed at early stages of development, especially in postnatal mouse 

lens development at NB and Pn7, although its expression was detected at all stages of 

development examined.

Although the roles of the different pools of Survivn are not clear, the 

cytoplasmic Survivin may inhibit the apoptosis pathway (Caldas et al, 2005). This 

cytoplasmic pool includes Survivin complexed with centromeres, microtubules, and 

other components of the mitotic apparatus (Skoufias et al, 2000; Fortugno et al, 2002 

and Altieri, 2003) and it was suggested that the Survivin cytoplasmic pool may 

interplay with the apoptotic machinery controlling cell survival, but not cell 

proliferation (Stauber et al, 2007).

The expression of Survivin during development has been described as mainly 

nuclear (Jiang et al, 2005 and Knauer, 2007). The presence of two pools of Survivin 

in different compartments of the cell suggests an active role of Survivin (Knauer, 

2007). This is consistent with its function in the regulation of both cell viability and 

cell division (Li, 2003). Strong expression of Survivin in the nucleus may represent 

increased mitotic events (Uren et al, 2000). Defects in chromosome segregation and 

stability have been recognised as common features in human cancer (Draviam, et al, 

2004 and Gollin et al, 2004).

The nuclear expression of Survivin has been widely discussed in chapter 4 

(chick embryonic lenses) and in chapter 6 (postnatal mouse lens development). In 

figure 7.2, a schematic diagram is presented designed to summarise the expression of 

Survivin during chick and mouse lens development and to help follow the analysis of 

Survivin localisation in the lens through development.
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In the early stages of lens development, strong staining was observed 

associated with a high percentage of Survivin positive cells. This high percentage of 

Survivin positive cells was reduced during development. This reduction followed a 

strict pattern associated with the reduction of PCNA positive cells (figure 7.2A). 

Although this parallelism in reduction of the percentage of positive nuclei is clear in 

the epithelium, in the compartment of the young fibre cells positive cells for Survivin 

were also observed, suggesting a second role of Survivin in fibre cell maturation.

The requirement of Survivin for cell maturation has been described in 

erythroid cells (Gurbuxani et al, 2005 and Leung et al, 2007).

During postnatal mouse lens development, Survivin positive cells were 

localised in all compartments of the lens at NB (figure 7.2B). After this stage, 

Survivin staining was removed from the central fibre cell compartment, but not from 

the younger fibre cells and expression of Survivin was also observed in the rest of 

this compartment until the adult stage, where positive nuclei for Survivin were 

observed in the peripheral region in the absence of proliferation.

Interestingly, in both models of study, a gradient of staining for Survivin was 

observed through the lens. The staining in the central epithelium was lower than in 

the equator region. However, in the cells starting to differentiate into fibre cells, the 

nuclear staining was stronger than in the rest of the compartments of the lens at this 

stage of development.

Overall, the results presented suggest that Survivin is an essential survival 

factor in vivo and in vitro during the development of the vertebrate lens and suggest 

that Survivin expression is critical to maintaining cell survival in cells that are 

continuously proliferating and in those younger lens fibre cells that withdraw from the 

cell cycle, but not in cells in quiescence i.e. the central lens epithelial cells, after 

ED 12 (38 HH stage) in chicken and at Pnl4 in mouse lenses.
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A. Diagram showing nuclear staining in chick embryonic lenses 
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B. Diagram showing nuclear staining in postnatal mouse lenses
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| Figure 7.2. Diagrams show nuclear staining during vertebrate lens development A. Schematic 
diagram summarised the nuclear staining o f Survivin and PCNA observed during chick embryonic lens 
development. B. Schematic diagram summarised the nuclear staining of Survivin and PCNA observed 
during postnatal mouse lens development. The diagrams are only illustrative, complete analyses were 
performed in chapter 4 and chapter 6.-^ Nuclear staining. <^»No nuclear staining.
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The central role of Survivin is preventing cell death in both models of lens 

development, but with differences. In the chick embryonic lens model, Survivin 

protein expression is removed from the lens fibre cells before denucleation is 

detected. This observation may indicate that Survivin needs to be down regulated 

before the OFZ is completely formed or that other molecules are involved in the 

control of nuclei removal.

In postnatal mouse lens development, the expression of Survivin is maintained 

in the adult lens only in peripheral region, but no proliferation was observed at this 

stage (figure 7.2B). This could confirm the role of Survivin in the maturation of the 

young fibre cells, before complete maturation.

7.3 Potential function o f  Survivin in lens development

Survivin is a master switch of organ and tissue homeostasis (Zwerts, et al, 

2007), an essential regulator of cell division (Lens et al, 2006), a modulator o f 

apoptotic and non-apoptotic cell death (Altieri et al, 2006), and a stress response 

factor ensuring continued cell proliferation and cell survival (Li and Brattain, 2006). 

Although there is a huge amount of published work on Survivin, complete knowledge 

of its mechanism of regulation, transcriptional networks and modifiers that, directly 

or indirectly, are involved in its functions still needs to be determined (Altieri, 2008). 

Survivin is encoded by a complex gene, which is extensively alternatively spliced, 

and its expression is finely regulated by transcriptional (Mirza et al, 2002) and post- 

transcriptional mechanisms (Esteve et al, 2005), expressed in several sub-cellular 

compartments and dynamically regulated (Fortugno et al, 2002).

Development of the lens involves dramatic morphogenetic changes that begin 

after undifferentiated epithelial cells from the anterior surface of the lens enter the
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equatorial zone, where they first pass through a zone of proliferation and then initiate 

their differentiation program (Piatigorsky, 1981 and Bassnett, 2005). Much of this 

morphogenetic differentiation occurs in the cortical region of the embryonic lens 

where the fibre cells become organized with precise hexagonal packing coincident 

with their tremendous elongation so that they span from the anterior to the posterior 

aspects of the lens (Piatigorsky, 1981; Menko et al, 2002 and Bassnett, 2005). This 

dramatic morphogenesis involves molecular remodelling of the cytoskeleton and cell

cell adherents junctions (Ferreira-Comwell et al, 2000). Only after these 

morphogenetic changes have occurred do the maturing lens fibre cells lose their 

organelles and nuclei in a wave that spreads outwards from the central nuclear fibre 

cell region (Modak and Perdue, 1970; Kuwabara and Imaizuimi, 1974; Kuwabara, 

1975; Bassnett and Beebe, 1992; Bassnett et al, 1995; Wride, 2000 and Bassnett, 

2002).

Recently, Weber and Menko (Weber and Menko, 2005) suggests the existence 

of a molecular net of factors that modulate the activation of the intrinsic apoptosis 

pathway in order to allow the activation of proper lens development. This net of 

factors drives the selective activation of the factors required for lens development in 

specific compartments and at specific times in lens development.

In summary the results presented may suggest that Survivin is conserved and 

expressed in different vertebrate lenses and in an in vitro model, and although further 

experiments are required to check the function of Survivin in the lens, this accurate 

spatiotemporal analysis may suggest that Survivin is an essential protein during 

evolution that is indispensable for cell survival in the lens. The up-regulation of 

Survivin may suggest possible mechanisms of compensation to assure cell survival 

not only in proliferation, but in the cells that stop and withdraw from the cell cycle 

prior to differentiation. The importance of Survivin with respect to other potential 

members of this net of pro survival factors is that it is one of the few molecules that 

are involved in both the proliferation and differentiation pathway. Second, the main 

feature of Survivin is the surprisingly high number of molecules, regulators, 

transcriptional networks and modifiers that, directly or indirectly, are involved in its
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functions (Altieri, 2008), which make Survivin an important node of this net, at 

which all those factors converge and could make this protein an important target for a 

pharmacology approach to treat cataracts.

7.4 Future work

The present study is a first step in a long chain in order to shed light on how 

lens development is regulated and how the particular and precise structure of the lens 

is maintained during embryonic and postnatal development. The specific purpose of 

the present study was the analysis of the spatio-temporal pattern of expression of 

Survivin and to correlate this with the patterns of proliferation and differentiation 

observed in the lens in order to understand norm al lens development and physiology 

and to provide important evidence suggesting roles for Survivin in the control of 

proliferation and differentiation in vertebrate lens development.

Information on the extensive potential net of molecules that are described to 

potentially regulate and interact with Survivin directly or indirectly come from 

different tissues, models and pathologies (Altieri et al, 2008). It will be possible to 

design new experiments to confirm the interaction of these molecules in the lens to 

test the hypothesis that Survivin has an important and emerging role in the molecular 

net of pro survival factors in the lens. The experiments suggested to follow on from 

the work already described here are focused on confirm the evidence observed during 

this project and in providing functional insights into the role of Survivin in the control 

of proliferation and differentiation in vertebrate lens development.
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In the first approach, Survivin sub-cellular localisation will be analysed in two 

in vitro models: using the chick lens dissociated primary cell culture and a established 

mouse lens epithelial cell line (TN4-1).

- Survivin sub-cellular localisation: In a first approach, Survivin expression will be 

analysed in the different compartments of the lens cells (e.g. mitochondria, Golgi, 

ER, nucleus). The use of confocal laser scanning microscope in combination with sub 

cellular markers Probes (e.g. Mitotracker CMXRos for mitochondria; SelectFX Alexa 

Fluor 488 Endoplasmic Reticulum Labelling Kit for ER; Anti-golgin-97, for the 

Golgi) will offer the possibility to localise Survivin with respect to these organelles 

and nuclei before and during differentiation.

In the second approach, Survivin will be manipulated in vitro. Chick lens 

epithelial dissociated primary cell culture will be use as an in vitro system. This 

primary cell culture will be incubated with 10% FCS (proliferation and differentiation 

mix model) with PDGF (cells only proliferate) and a third model incubated with 

FGF2 (differentiation model)

- Survivin expression knock down: siRNA will be utilised in order to knockdown 

survivin expression in cultures (Qiagen, Germany). Different siRNA molecules will 

be designed that are specific to chick Survivin. The effect of knockdown on the 

relevant cultures will be determined using quantitative PCR. Should siRNA prove 

ineffective, antisense RNA (Qiagen, Germany) will be used and neutralising 

antibodies to Survivin. Appropriate controls will be used (e.g. scrambled 

oligonucleotides and transfection reagent alone). Assays will be performed at various 

times following Survivin siRNA treatment in culture (2,4,6, 8  days). Effects of 

manipulation of Survivin expression on lens fibre cell differentiation will be 

investigated using antibodies to crystallins and major intrinsic protein of lens fibres 

(MIP) in immunocytochemistry and WB of cultures. Effects on cell proliferation will 

be assayed using antibodies to PCNA and BrdU incorporation. Effects of
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manipulation o f Survivin expression on lens fibre cell denucleation will be 

investigated using TUNEL and annexin V. Effects on organelle loss will be explored 

using markers to various intracellular organelles in lens epithelial cells and fibre cells 

in vitro (as described above). Caspase activity will be ascertained by a standard 

caspase fluorometric assay (CaspACE Assay system, Promega Labs).

- Survivin over-expression: the ORF Cloning System (Invitrogen) and the 

Mammalian Lumio™ Gateway® Vector (Invitrogen) will be employed to over

express mouse Survivin in mouse alpha TN4-1 cells and to allow detection of their 

expression due to an attached fluorescent tag. Analysis of the resulting phenotype will 

be performed as mentioned above.
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7.5 FINAL CONCLUSIONS

1. RT-PCR and RT-QPCR were excellent tools for the evaluation of 
Survivin gene expression during vertebrate lens development in both chick 
and mouse.

2. Survivin is expressed during early embryonic lens development and its 
expression is reduced through as lens development proceeds. The pattern 
of Survivin expression localised with proliferation and differentiation 
compartments of the lens and protein expression is absent in chick lens 
development by ED 14 (40 HH stage).

3. Chick lens dissociated epithelial primary cell cultures in vitro change 
their morphology and structure during cell culture. These changes mimic 
the changes in cell proliferation and differentiation patterns observed in 
vivo during chick lens embryonic development. Evaluation of Survivin 
gene and protein expression during cell culture supports the hypothesis 
that the role of Survivin in the lens is in cell survival, and in the regulation 
of cell proliferation and differentiation.

4. The postnatal mouse lens is a good, reliable and reproducible model for 
study of Survivin gene and protein expression, where correlations in the 
changes of Survivin expression could be associated with changes in cell 
proliferation and differentiation patterns.

5. The results suggest a pro-survival role for Survivin in the regulation of 
vertebrate lens cell proliferation and apoptosis signalling pathways, 
potentially involved in differentiation in the lens fibre cells.
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Appendix I

The most exciting phrase to hear in science, the one that 
heralds new discoveries, is not 'Eureka!' but 'That's 
funny... '
(Isaac Asimov)
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H a m b u r g e r  H a m i l t o n  S t a g e s

(from http://em bryology.m ed.unsw .edu.au/O therEm b/chickl.htm , UNSW Embryology)

Hamburger
Hamilton

Stages
Age Identification of Stages

Before Laying

Early
cleavage

3.5-4.5 hr Shell membrane of egg formed in isthmus of oviduct

During
cleavage

Germ wall formed from marginal periblast

Late cleavage 4.5-24.0hr Shell o f egg formed in uterus

After Laying

1 Preprimitive streak (embryonic shield)

2 6-7 hr Initial primitive streak, 0.3-0.5 mm long

3 12-13 hr Intermediate primitive streak

4 18-19 hr Definitive primitive streak, ±1.88 mm long

5 19-22 hr Head process (notochord)

6 23-25 hr Head fold

7 23-26 hr 1 somite; neural folds

7 to 8- ca. 23-26 hr 1-3 somites; coelom
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8 26-29 hr 4 somites; blood islands

9 29-33 hr 7 somites; primary optic vesicles

9+ to 10- ca. 33 hr 8-9 somites; anterior amniotic fold

1 0 33-38 hr 10 somites; 3 primary brain vesicles

1 1 40-45 hr 13 somites; 5 neuromeres of hindbrain

1 2 45-49 hr 16 somites; telencephalon

13 48-52 hr 19 somites; atrioventricular canal

13+to 14- ca. 50-52 hr 2 0 - 2 1  somites; tail bud

14 50-53 hr
22 somites; trunk flexure; visceral arches I and II, 

clefts 1 and 2

14+to 15- ca. 50-54 hr 23 somites; premandibular head cavities

15 50-55 hr 24-27 somites; visceral arch III, cleft 3

16 51-56 hr 26-28 somites; wing bud; posterior amniotic fold

17 52-64 hr 29-32 somites; leg bud; epiphysis

18 3 day
30-36 somites extending beyond level of leg bud; 

allantois
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19 3.0-3.5 day 37- 40 somites extending into tail; maxillary process

2 0 3.0-3.5 day 40-43 somites; rotation completed; eye pigment

2 1 3.5 day 43-44 somites; visceral arch IV, cleft 4

2 2 3.5-4.0 day Somites extend to tip of tail

23 4 day Dorsal contour from hindbrain to tail is a curved line

24 4.5 day Toe plate

25 4.5-5.0 day Elbow and knee joints

26 5 day 1st 3 toes

27 5.0-5.5 day Beak

28 5.5-6.0 day 3 digits, 4 toes

29 6.0-6.5 day Rudiment of 5th toe

30 6.5-7.0 day Feather germs; scleral papillae; egg tooth

31 7.0-7.5 day Web between 1st and 2nd digits

32 7.5 day Anterior tip of mandible has reached beak

33 7.5-8.0 day Web on radial margin of wing and 1st digit
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34 8  day Nictitating membrane

35 8 .5-9.0 day Phalanges in toes

36 1 0  day

Length of 3rd toe from tip to middle of metatarsal joint 

= 5.4±0.3mm; length of beak from anterior angle of 

nostril to tip of bill = 2.5mm; primordium of comb; 

labial groove; uropygial gland

37 1 1  day
Length of 3rd toe = 7.4±0.3mm; length of beak = 3.0 

mm

38 1 2  day
Length of 3rd toe = 8.4±0.3 mm; length of beak = 3.1 

mm

39 13 day
Length of 3rd toe = 9.8±0.3 mm; length of beak = 3.5 

mm

40 14 day
Length of beak = 4.0 mm; length of 3rd toe = 12.7±0.5 

mm

41 15 day
Length of beak from anterior angle of nostril to tip of 

upper bill = 4.5 mm; length of 3rd toe = 14.9±0.8 mm

42 16 day
Length of beak = 4.8 mm; length of 3rd toe = 16.7±0.8 

mm

43 17 day
Length of beak = 5.0 mm; length of 3rd toe = 18.6±0.8 

mm
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44 18 day
Length of beak = 5.7 mm; length of 3rd toe = 20.4±0.8 

mm

45 19-20 day

Yolk sac half enclosed in body cavity; chorio-allantoic 

membrane contains less blood and is "sticky" in living 

embryo

46 2 0 - 2 1  day Newly-hatched chick
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Appendix II

A statistical analysis, properly conducted, is a delicate 
dissection of uncertainties, a surgery of suppositions.

(M.J. Moroney)
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CHAPTER 3

Section 3.3.3

- Table collecting the results from the Shapiro-Wilk test for PCNA WB results. Values showed the 
normal distribution o f  the data collected on each embryonic data. Df: freedom degree. Values at ED 12 
(38 HH stage) were constants.

ED06 ED08 ED10 ED12 ED14 ED16 ED18 ED20

d f
3 3 3 3 3 3 3 3

Significance
0.995 0.493 0.575 . . . 0.107 0.515 0.410 0.948

- Collection o f the p values obtained from HSD Tukey test test for PCNA WB results. Cells in grey 
show values that were not statistically significances.

ED06 ED08 ED10 ED12 ED14 ED16 ED18 ED20

ED06 —

ED08 p< 0.001 —

ED10 p< 0.001 p< 0.001 —

ED12 p< 0.001 p< 0.001 p= 0.093 —

ED14 p< 0.001 p< 0.001 p< 0.001 p< 0.001 —

ED16 p< 0.001 p< 0.001 p< 0.001 p< 0.001 p< 0.001 —

ED18 p< 0.001 p< 0.001 p< 0.001 p< 0.001 p< 0.001 0.017 —

ED20 p< 0.001 p< 0.001 p< 0.001 p< 0.001 p< 0.001 p< 0.001 p< 0.001
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CHAPTER 3

Section 3.3.3

- Table collecting the results from the Shapiro-Wilk test for PCNA WB results. Values showed the 
normal distribution o f  the data collected on each embryonic data. Df: freedom degree. Values at ED 12 
(38 HH stage) were constants.

ED06 ED08 ED10 ED12 EDI 4 ED16 ED18 ED20

d f
3 3 3 3 3 3 3 3

Significance
0.995 0.493 0.575 — 0.107 0.515 0.410 0.948

- Collection o f the p values obtained from HSD Tukey test test for PCNA WB results. Cells in grey 
show values that were not statistically significances.

ED06 ED08 ED10 ED12 ED14 ED16 ED18 ED20

ED06 —

ED08 p< 0.001 —

ED 10 p< 0.001 p< 0.001 —

ED12 p< 0.001 p< 0.001 p= 0.093 —

ED 14 p< 0.001 p< 0.001 p< 0.001 p< 0.001 —

ED16 p< 0.001 p< 0.001 p< 0.001 p< 0.001 p< 0.001 —

ED18 p< 0.001 p< 0.001 p< 0.001 p< 0.001 p< 0.001 0.017 —

ED20 p< 0.001 p< 0.001 p< 0.001 p< 0.001 p< 0.001 p< 0.001 p< 0.001
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Section 3.3.4

-  Table collecting the results from the Shapiro-Wilk test for PCNA immunofluorescence results. Values 
show the normal distribution o f  the data collected on each embryonic day. Df: freedom degree. A. 
Central epithelium, B. Periphery region. C Central fibre cells.

A. Central epithelium

ED04 ED06 ED08 ED10 ED12 ED14 ED 16 ED 18 ED20

d f
6 6 6 6 6 6 6 6 6

Significance
0.423 0.610 0.986. 0.985 0.441 — — . . . . . .

B. Peripheral region

ED04 ED06 ED08 ED10 ED12 ED14 ED16 ED18 ED20

d f
6 6 6 6 6 6 6 6 6

Significance
0.965 0.925 0.321 0.986 0.605 0.754 0.917 0.221 0.583

C. Central fibre cells

ED04 ED06 ED08 ED10 ED12 ED14 ED16 ED18 ED20

d f
6 6 6 6 6 6 6 6 6

Significance
1.000 0.959 . . . — . . . . . . . . . . . .
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- Collection o f  the p  values obtainedfrom  H SD  Tukey PCNA immunofluorescence results. A. Statistical 
analysis o f the results in the central epithelium. B. Statistical analysis of the results in the peripheral 
region o f the lens. Cells in grey show values that were not statistically significances.

A. Central epithelium

ED04 ED06 ED08 ED10 ED12

ED04 —

ED06 p< 0 . 0 0 1 —

ED08 p< 0 . 0 0 1 p< 0 . 0 0 1 —

ED10 p< 0 . 0 0 1 p< 0 . 0 0 1 p< 0 . 0 0 1 —

ED12 p< 0 . 0 0 1 p< 0 . 0 0 1 p< 0 . 0 0 1 p< 0 . 0 0 1

B. Peripheral lens region

ED04 ED06 ED08 ED10 ED12 ED14 ED16 ED18 ED20

ED04 . . .

ED06 p=1.000 —

ED08 p=0.011 p=0.013 —

ED10 p<0.001 p<0.001 p<0.001 —

ED12 p<0.001 p<0.001 p<0.001 p=0.026 —

ED14 p<0.001 p<0.001 p<0.001 p=0.002 p=0.994 —

ED16 p<0.001 p<0.001 p<0.001 p<0.001 p=0.009 p<0.001 —

EDI8 p<0.001 p<0.001 p<0.001 p<0.001 p<0.001 p<0.001 p<0.001

ED20 p<0.001 p<0.001 p<0.001 p<0.001 p<0.001 p<0.001 p<0.001 p=1.000
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CHAPTER 4 

Section 4.3.3

- Table collecting the results from the Shapiro-Wilk test fo r Survivin RT-PCR results. Values showed 
the normal distribution o f  the data collected on each embryonic data. Df: freedom degree. Values at 
ED 12 (38 HH stage) were constants.

ED06 ED08 ED10 ED12 ED 14 ED16 ED18 ED20

d f
6 6 6 6 6 6 6 6

Significance
0.651 0.335 0.443 — 0.483 0.463 0.949 0.08

- Collection o f  the p  values obtained from  Tukey’s HSD test fo r Survivin RT-PCR results . Cells in grey 
show values that were not statistical significances.

ED06 ED08 ED10 ED12 ED14 ED16 ED18 ED20

ED06 —

ED08 p< 0.001 —

ED 10 P< 0.001 p< 0.001 —

EDI2 p< 0.001 p< 0.001 p= 0.587 —

EDI4 p< 0.001 p< 0.001 p< 0.001 p< 0.001 —

ED16 p< 0.001 p< 0.001 p< 0.001 p< 0.001 p< 0.001 —

ED18 p< 0.001 p< 0.001 p< 0.001 p< 0.001 p= 0.010 p= 0.933 —

ED20 p< 0.001 p< 0.001 p< 0.001 p< 0.001 p< 0.001 p= 0.166 p< 0.001

Section 4.3.4

- Table collecting the results from the Shapiro-Wilk test fo r  Survivin RT-QPCR results. Values show 
the normal distribution o f the data collected on each embryonic day. Df: freedom degree. Values at 
ED 12 were constants.

ED06 ED08 ED10 ED12 EDI 4 ED16 ED18 ED20

d f
6 6 6 6 6 6 6 6

Significance
0.573 0.893 0.637 — 0.843 0.637 0.780 0.843
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- Collection o f  the p  values obtained from Dunnet T3 test for Survivin RT-QPCR results. Cells in grey 
show values that were not statistically significances.

ED06 ED08 ED10 ED12 ED14 ED16 ED18 ED20
ED06 —

ED08 p= 0.011 —

ED10 p= 0.009 p= 0.005 —

ED12 p= 0.010 p= 0.018 p= 0.811 —

ED14 p= 0.009 p= 0.007 p= 0.023 p= 0.008 —

ED 16 p= 0.008 p= 0.007 p= 0.015 p= 0.001 p= 0.010 —

ED18 p= 0.009 p= 0.007 p= 0.015 p= 0.002 p= 0.020 p= 0.050

ED20 p= 0.008 p= 0.005 p= 0.008 p= 0.003 p= 0.004 p= 0.995 p= 0.079

Section 4.3.5

- Table collecting the results from  the Shapiro-Wilk test fo r  Survivin WB results. Values show the 
normal distribution o f the data collected on each embryonic day. Df: freedom degree. Values at ED12 
were constants.

ED06 ED08 ED10 ED12 ED14 ED16 ED 18 ED20

d f
3 3 3 3 3 3 3 3

Significance
0.523 0.830 0.237 — 1.000 — — —

- Collection o f the p  values obtained from  Dunnet T3 test fo r  WB results. Cells in grey show values that 
were not statistically significances.

ED06 ED08 ED10 ED12

ED06 —

ED08 p= 0.700 —

ED10 p= 0.015 p= 0.004 —

ED12 p= 0.010 p= 0.005 p= 0.006 —

ED14 p= 0.010 p= 0.004 p= 0.005 p= 0.003
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Section 4.3.6

- Table collecting the results from  the Shapiro-Wilk test for Survivin positive cells Values show the 
normal distribution o f the data collected on each embryonic day. Df: freedom degree. A. Central 
epithelium, B. Periphery region. C Central fibre cells.

A. Central epithelium

ED04 ED06 ED08 ED10 ED12

d f
6 6 6 6 6

Significance
0.995 0.607 0.987. 0.983 0.442

B. Periphery region

ED04 ED06 ED08 ED10 ED12

d f
6 6 6 6 6

0.441 0.507 0.113 0.987 0.452
Significance

fibre cells

ED04 ED06 ED08 ED10 ED12

d f
6 6 6 6 6

0.960 0.423 0.963 0.732 0.820
Significance
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- Collection o f  the p  values obtained from  HSD Tukey Survivin positive cells. A. Statistical analysis of 
the results in the central epithelium. B. Statistical analysis of the results in the peripheral region of the 
lens.C. Statistical analysis o f  the results in the central fibre region o f the lens. Cells in grey show values 
that were not statistically significant.

A. Central epithelium

ED04 ED06 ED08 ED10 ED12

ED04 —

ED06 p< 0.001 —

ED08 p< 0.001 p< 0.001 —

ED10 p< 0.001 p< 0.001 p< 0.001 —

ED12 p< 0.001 p< 0.001 p< 0.001 p< 0.001

B. Peripheral lens region

ED04 ED06 ED08 ED10 ED12

ED04 —

ED06 p< 0.001 —

ED08 p< 0.001 p= 0.033 —

ED10 p< 0.001 p< 0.001 p< 0.001 —

ED12 p< 0.001 p< 0.001 p< 0.001 p< 0.001 —

C. Central fibre cells region

ED04 ED06 ED08 ED10 ED12

ED04 —

ED06 p< 0.001 —

ED08 p< 0.001 p< 0.001 —

ED10 p< 0.001 p< 0.001 p=0.026 —

ED12 p< 0.001 p< 0.001 p< 0.001 p< 0.001 —
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CHAPTER 5

Section 5.3.4

- Table collecting the results from  the Shapiro-Wilk test fo r  Survivin QPCR results during chick lens 
epithelial dissociated primary cell culture. Values show the normal distribution o f the data collected on 
each embryonic day. Df: freedom degree. Values at day 0 were constants.

Day 0 Day 2 Day 4 Day 6 Day 8

d f
6 6 6 6 6

Significance
— 0.817 0.735 0.557 0.660

- Collection o f  the p  values obtained from  Dunnet T3 test test fo r Survivin QPCR results during chick 
lens epithelial dissociated primary cell culture.. Cells in grey show values that were not statistically 
significances.

DayO

Day 0 Day 2 Day 4 Day 6  Day 8

p<  0 . 0 0 1

p <  0 . 0 0 1 p <  0 . 0 0 1 —

p <  0 . 0 0 1 p <  0 . 0 0 1 p <  0 . 0 0 1 —

p <  0 . 0 0 1 p <  0 . 0 0 1 p <  0 . 0 0 1 p <  0 . 0 0 1
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Section 5.3.5

- Table collecting the results from the Shapiro-Wilk test. Values show the normal distribution o f the 
data collected for PCNA (A) and Survivin (B) WB results during chick lens epithelial dissociated 
primary cell culture. Df: freedom degree. Values at day 0 were constants.

A. Analysis of the normal distribution of the PCNA results

Day 0 Day 2 Day 4 Day 6 Day 8

d f
3 3 3 3 3

Significance
— 0.750 1.000 1.000 1.000

B. Analysis of the normal distribution of the Survivin results

Day 0 Day 2 Day 4 Day 6 Day 8

d f
3 3 3 3 3

Significance
— 0.843 0.819 0.743 0.463

- Collection o f  the p  values obtained from  HSD Tukey (A) and Dunnett T3. Cells in grey show values 
that were not statistically significances.

A. Statistical analysis of PCNA results

Day 0 Day 2 Day 4 Day 6 Day 8

Day 0 —

Day 2 p = 0.992 —

Day 4 p <  0 . 0 0 1 p <  0 . 0 0 1 —

Day 6 p <  0 . 0 0 1 p <  0 . 0 0 1 p <  0 . 0 0 1 —

Day 8 p <  0 . 0 0 1 p <  0 . 0 0 1 p <  0 . 0 0 1 p<  0 . 0 0 1
—
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B. Statistical analysis of Survivin results

Day 0 Day 2 Day 4 Day 6 Day 8

Day 0 —

Day 2 p <  0.001 —

Day 4 p = 0.001 p = 0.001 —

Day 6 p <  0.001 p <  0.001 p =  0.006 —

Day 8 p =  0.025 p <  0.001 p =  0.001 p <  0.001

Section 5.3.6

- Table collecting the results from the Shapiro-Wilk test fo r  TUNEL positive cells during chick lens 
epithelial dissociated primary cell culture. Values show the normal distribution of the data collected on 
each embryonic day. Df: freedom degree. Values at day 0 were constants.

Day 0 Day 2 Day 4 Day 6 Day 8

d f
6 6 6 6 6

Significance
1.000 0.637 0.688 0.959 0.792

- Collection o f the p  values obtained from  HSD Tukey test fo r  TUNEL positive cells during chick lens 
epithelial dissociated primary cell culture. Cells in grey show values that were not statistically 
significances.

Day 0 Day 2 Day 4 Day 6 Day 8

Day 0 —

Day 2 p = 0.831 —

Day 4 p = 0.004 p = 0.017 —

Day 6 p <  0.001 p <  0.001 p <  0.001 —

Day 8 p <  0.001 p <  0.001 p <  0.001 p <  0.001
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CHAPTER 6  

Section 6.3.4

- Table collecting the results from  the Shapiro-Wilk test fo r  WB in mouse lens development . Values 
show the normal distribution o f  the data collected for PCNA (A), Survivin (B) and Survivin additional 
band (C ) . Df: freedom degree. Values at day 0 were constants.

A. Analysis of the normal distribution of the PCNA results

NB Pn7 Pnl4 Pn4w

d f
3 3 3 —

Significance
. . . 1.000 1.000 —

B. Analysis of the normal distribution of the Survivin results

NB Pn7 Pnl4 Pn4w

d f
3 3 3 3

Significance
. . . 0.616 0.194 0.298

C. Analysis of the normal distribution of the Survivin additional band results

NB Pn7

d f
3 3

0.817
Significance

- Collection o f the p  values obtained from  HSD Tukey (A) and Dunnett T3. Cells in grey show values 
that were not statistically significances.
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A. Statistical analysis of PCNA results

NB Pn7 Pnl4

NB —

Pn7 p <  0.001 —

Pnl4 p <  0.001 p = 0.004 —

B. Statistical analysis ofSurvivin results

NB Pn7 Pnl4 Pn4w

NB —

Pn7 p = 0.005 —

Pnl4 p = 0.582 p = 0.001 —

Pn4w p < 0.022 p = 0.001 p = 0.043

Section 6.3.5

- Table collecting the results from  the Shapiro-Wilk test for % o f  positive cells for PCNA Values show 
the normal distribution o f the data collected on each embryonic day. Df: freedom degree. A. Central 
epithelium and B. Periphery region.

A. Central epithelium

NB Pn7 Pnl4 Pn4w

d f
3 3 3 3

Significance
0.069 0.077 — —
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B. Periphery region

NB Pn7 Pnl4 Pn4w

d f
3 3 3 3

Significance
0 . 1 2 1 0.909 0.946 —

- Collection o f  the p  value obtained from  HSD Tukey. Statistically analysis o f the results in the 
periphery region o f  the lens.

Central epithelium

NB Pn7 Pnl4 Pn4w

NB —

Pn7 p <  0 .0 0 1

Pnl4 p <  0 .0 0 1  p <  0 .0 0 1

Section 6.3.6

- Table collecting the results from  the Shapiro-Wilk test fo r  Survivin posive cells. Values show the 
normal distribution o f  the data collected on each embryonic day. Df: freedom degree. A. Central 
epithelium, B. Periphery region. C Central fibre cells.

A. Central epithelium

NB Pn7

*

Significance
0.558 0 . 2 1 1
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B. Periphery region

NB Pn7 Pn4w Pn4w

d f
3 3 3 3

Significance
0.900 0.709 0.705 0.215

C. Central fibre cells

NB Pn7 P nl4

d f  3 3 3

Significance
0.753 0.428 0.531

- Collection o f  the p  values obtained from  post hoc analysis fo r  Survivin posive cells. A. The statistical 
analysis o f the peripheral region o f  the lens, using HSD Tukey test showed no differences between NB 
and Pn7 and between P n l4  and Pn4w. B. The statistical analysis o f  the results in the central fibre 
region o f the lens, using Dunnet T3 showed no differences between NB and Pn7. Cells in grey show 
values that were not statistically significant.

A. Peripheral region

NB Pn7 P n l4  Pn4w

NB —

Pn7 p= 0.999 —

Pnl4 p= 0.010 p= 0.008 —

Pn4w p= 0.001 p= 0.001 p= 0.439

B. Central fibre cells region

NB Pn7 P n l4

NB —

Pn7 p= 0.360 —

Pnl4 p=0.001 p= 0.005 —
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Appendix III

Success consists of going from failure to failure without 
loss of enthusiasm.

(Winston Churchill)
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1. Solutions used in histology 

10% NBF

4 g NaH2P04

6.4 g Na2HP04

900 mL H202

100 mL 36% Formaldehyde

lOx PBS

80 g NaCl

6.4 g KC1

14.4 g Na2HP04

2.5 g KH2P04

800 mL H202

4% PFA

4 g PFA

100 mL lx PBS

1 mL lMNaOH
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2. Solutions used in molecular biology

lOx MOPS electrophoresis buffer

50 mM Sodium Acetate

0.2 M MOPS

1 mM EDTA

Adjust to pH 7.0 with NaOH

RNA denaturing gel

18 mL Formaldehyde

10 mL 1 Ox MOPS

72 mL ddH20

1.5 g Agarose

RNA running buffer

83 mL Formaldehyde

100 mL 1 Ox MOPS

817 mL ddH20
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3, Solutions used in cell culture

Typrode’s Solution

80 g NaCl

2 g KC1

1 mL lMNaOH

0.5 g NaH2P04. H20

1 0 g Glucose

to 1 L H202 and autoclave

4. Solutions used in WB

1.5M Tris-HCl pH 8.8

27.23 g Tris base

80 mL Distilled H202

Adjust to pH 8 . 8  with HC1.

Bring up to 150ml with distilled H202

0.5M Tris-HCl pH6.8

6  g Tris base

60 mL Distilled H202

Adjust to pH 6 . 8  with HC1

Bring up to 100ml with distilled H202
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10% APS

100 mg ammonium persulphate

10 mL distilled H202

10 x TBS (to make 1L)

12.1 g lOmM Tris

8.7 g 150mMNaCl

Adjust to 1 L ddH20

Adjust to pH 7.6
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