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ABSTRACT

A number of growth factors are known to play indispensible roles in the process of tail regeneration in lizard.
However, studies on the role of Epidermal Growth Factor (EGF) are few. The current study was aimed at
specifically studying the effect of exogenous administration of EGF on the proliferative and synthetic activities of
cells in the regenerating tail of adult wall lizard Hemidactylus flaviviridis. The lizard restores an amputated tail
through three major stages of growth, viz.,, Wound Epithelium, Blastema and Growth and Differentiation. These
stages, particularly the blastema stage, involve large scale proliferation of cells, which is naturally accompanied by
extensive DNA replication and protein synthetic activities. We have used biochemical estimations and
histofluorescence analysis to show that externally applied EGF enhances the process of early growth and repair in
an amputated tail. The synthesis of nucleic acids and proteins was also found significantly elevated. These results
suggest a definite role of EGF as a protagonist of healing and proliferation of an amputated tail in adult wall lizard.
Further studies identifying the cellular events which are being regulated by the timed expression of EGF are
required to draw a better understanding of the mechanism underlying epimorphic regeneration.
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Abbreviations: EGF- Epidermal Growth Factor, WE- Wound Epithelium, BL- Blastema, DF- Differentiation

INTRODUCTION

Though epimorphic regeneration has been extensistigied in amphibians, the mechanisms that regukit

regeneration in lizards are largely unknown. Earbtudies have revealed that the lizard tail regam is

influenced by several neuroendocrine factors [1H2\wever, recently the focus of research haseshtfd the role of
growth factors in epimorphic regeneration. Manyvgto factors like VEGF, FGF-2, EGF, TGF, NGF, etavé
been shown to influence the process. The role ibfgblast Growth Factor-2) FGF-2 in lizard tail esgration has
already been worked out [3]. An isolated study Hemonstrated the role of epidermal growth factodBRIE in

epimorphic regeneration [4]. However, an understanaf the stage specific influence of EGF on lizdail

regeneration is still at large.
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The process of epimorphic regeneration is charaetkrby three destined stages namely wound epitheli
regeneration blastema and differentiation. Immetijadfter autotomy of the tail, the first processaccur is the

migration of epithelial cells to cover the woundla site of amputation. After attaining functiomaturity, wound

epithelium helps in recruiting a pool of pleuripatdlastemal cells in the progress zone. Thess petlliferate and
differentiate to compensate the lost tail [5] sltherefore prudent to presume that several petédistors should be
acting in conjunction, in a specifically timed patt, to successfully attain each of these stagesgaieration.

EGF is suspected to be involved in the healing adescwhich involves inflammation, wound cell-migoat
mitosis, neovascularization and regeneration ofettteacellular matrix. Healing of a variety of walmin animals
and patients is in fact known to be enhanced bgtirent with various factors of plant and animaliorj an
important one being EGF [6, 7]. Combined applicataf recombinant human EGF (rhEGF) with recombinant
human FGF-2 (rhFGF-2) is found to be beneficialwtmund repair [8]. Systemic administration of EGPBmoted
hematopoietic regeneration in mice exposed to ledbae of radiation [9]. EGF application to cultdrenouse
intestinal epitheliatells dramatically increases migration into a waethérea [10Rnd similar results have been
reported with rabbit duodenatgan cultures [11] as well as cultured human dolaell linesor epithelia [12-14].
Furthermore, a clinical studydicates that topical EGF application is effectinvgreatmenof ulcerative colitis [15],
suggesting that the promotionwdund healing by this factan vitro effectively models thenvivo response.

Apart from its role in wound healing, EGF is knoas a proliferation inducing factor [16, 17]. Itshaeen shown to
be a mitogenic agemb vitro as well agn vivo. EGF stimulates mitogenesis of cultured neuropmitge cells [18-
20], helps in efficient liver regeneration [21] aradso plays an important role in cell proliferati@uring
embryogenesis [22]. The activities of epidermalgiofactor and its receptor the EGFR have beertiitksh as key
drivers in the process of cell growth and replimat{23, 24]. Heightened activity of the EGF receptwhether
caused by an increase in the concentration of diggnound the cell, an increase in receptor numbergceptor
mutation can lead to an increase in the drive foelato replicate. Epidermal growth factor is atbought to play a
role in tumor development and metastasis. EGF teceerexpression has been detected in a variehpman
breast cancer cells [25]. EGF has potent growtlmptng effects in mammary epithelium, stimulating\®
synthesis and cellular proliferation [26].

From the above review it is clear that EGF withpiteven influence in wound healing as well as pedliferation in
diversein vivo andin vitro models should be playing a definite role in onemany of the stages in lizard tail
regeneration. Hence, the present study was plamenedaluate the mitogenic potential of EGF duriagious stages
of tail regeneration in wall lizardjemidactylus flaviviridis.

MATERIALS AND METHODS

Animal Maintenance:

Adult wall lizards,Hemidactylus flaviviridis, of both sexes, with intact tails, weighing 10 + & gvere collected
from nearby households. All animals were screened the healthy ones were acclimatized to the standa
laboratory conditions before the commencement pEermentation. The lizards were housed at 30 +&8%€12:12
hour light to dark cycles. The animals were fechwit-house reared cockroach nymphs twice a weekparnitied
water was given dailyad libitum. The experimental protocol followed in the currettidy was reviewed and
approved by the Institutional Animal Ethics Comeét(IAEC). All procedures of amputation and treattaevere
done under hypothermic anesthesia [27] in striotl@ance with the ethical guidelines of CPCSEAi#nd

Chemicals:
EGF was purchased from Sigma Chemicals Co., StisL®O, U.S.A. All other chemicals were of AR graaled
procured from Sisco Research Laboratories Pvt, Mdmbai, India; Qualigens Fine Chemicals, Mumkradia.

Morphogenetic Progress of regeneration:

A total of 42 animals were acclimatized in the aalitmouse for 4 days, prior to the experim@&eaties 1: 12 animals

were used for the first part of the experimentjd#d into 2 groups of 6 each. The Control and Tneatt groups

were administered 0.6% Saline and EGFulRg body weight in 0.6% saline) respectively, atgsl locally at the
second segment of tail from the vent. Treatmenttwarfor 4 days, followed by autotomy of teferies 2: From the

remaining pool of animals, 12 animals that attaik'éd stage on the same day were selected for s2riébese

were divided into 2 groups of 6 each and treatetthénsame way as seriesSries 3: From the remaining pool of
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animals, 12 animals that attained BL stage on #meesday were selected for series 3. These werdedivinto 2
groups of 6 each and treated in the same way asattier series. The length of regenerates was une@dsn each
animal with a digital vernier caliper (Mitutoyo,pkn).

Histofluorescent Localisation of Nucleic Acids:

Animals from the above experiment were used fotoHisorescent analysis staining of nucleic acidsil T
regenerates from each stage of regenerating tissue collected under hypothermic anesthesia am$feeed to
cryostat microtome at —20. Tissues were mounted in cryo-embedding mediuss(iE-tek, Sakura Finetek, USA)
and sectioned at p@n. The sections were exposed to 0.1% Acridine Gran@.1M phosphate buffer (pH-6.0) and
observed under fluorescence microscope (Leica, MMR®With 410 nm excitation filter and 510 nm enissicut
off filter. Acridine Orange induces specific yelloemission for DNA and flame-red emission for RNA the
ultraviolet range [28].

Biochemical Estimations:

A total of 24 lizards were acclimatized for 4 datyghe animal house and divided into 2 groups oafitnals each.
The Control and Treatment groups were treated dbdrprevious experiment. Treatment began 4 daigs o
autotomy and continued till the end of the experim&egenerating tail tissue from 6 animals of egrtup which
attained Blastema stage was collected under mifzbtimermic anesthesia and 20% homogenate was pcepare
PBS. Similarly, regenerating tissue at the difféiegion stage was collected from 6 animals of egobup and
processed in the same way. Nucleic acids were atgiinaccording to the method of Schneider [29] t&tdl
protein was estimated using the method describddiyy et al. [30].

Satistical Analysis.

The quantitative data were subjected to Bartledt fer homogeneity and the significant variationtle means
between the treatment groups with control group evaduated through Student’s ‘t’ test with 95% d¢dafce limit.
The values are expressed as either Me&E or as Mode with range in parenthesis. All stiathl analyses were
done using SPSS v11.5 (IBM, USA).

RESULTS

Morhpogenetic changes during regeneration:

Administration prior to autotomy: Administration of EGF prior to autotomy in the dizl, Hemidactylus
flaviviridis, was found to enhance the process of tail regénardn EGF treated lizards, the wound was heéfded
days in advance to control lizards. Blastema forwnatvas also faster. Length of regenerates revealbdost in
growth in the treated animals. The growth ratehef tegenerate from 2-12mm and also from 12-24mmfouasd
significantly increased in the treated group (FEgWA and 1B). A 72.72% increase in the rate of ghowaf
regenerate was recorded in the EGF treated lif@msle 1). The onset of differentiation stage igereerates of the
EGF treated animals was also earlier than thabirrol animals.

Administration at WH stage: Animals treated with EGF at WH stage developedtbiaa faster than control
animals (Table 1). Proliferative activities in thegenerates of EGF treated animals were significgp&0.01)
higher in comparison to control animals (Figuredd 1B). The initiation of differentiation alscotoplace earlier
in the EGF treated animals. The percent rise irrdtee of growth was 30.81% at this stage.

Administration at BL stage: Treatment with EGF at BL stage increased the o&tgrowth of regenerate during
initial events (Figure 1A and 1B), but later onerd was no significant increase in the growth cdteegenerate
(Table 1).

Nucleic acid content in tail regenerates:

Large scale proliferation of cells begins from Biastema stage and continues to the end of reganerdherefore,
nucleic acids were estimated from the Blastemaestagyvards. The DNA content was found to be sigaifity
(p<0.01) higher in blastema of EGF treated animalssrwbompared to that in control (Figure 2A and ZB)is
result indicates heightened DNA synthetic activillyresponse to EGF administration. RNA content &b
significantly (p£0.01) higher in the treatment group, showing inseglatranscriptional activity and increased protein
content after EGF treatment (at(05) showed increased translational activity (FégRA and 2B).
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DF stage:At differentiation stage, a significant{p.01) hike was observed in the DNA content of tagenerates
in EGF treated animals as compared to that in obliards. However, RNA and protein levels at thiage were
comparable in both the groups (Figure 2A and 2B).

Histofluorescent staining of nucleic acids:

Acridine orange staining was used for localizatddmucleic acids in the growing tail tissue at gdolastema, late
blastema and differentiation stages. Intense ye#itaining of the epidermal region at all stageimdicative of the
extensive proliferation occurring in the epiderntscope with the growing mass of tissue underniaffhe early
and late blastema stages both show greater infenfsigellow fluorescence in the sections from tne@nt group
(Figure 3A and 3B). Towards the late blastema phtéeeintensity of red fluorescence increases afiéats the
increase in protein synthetic activity as cellsibeg progressively mature (Figure 4A and 4B). &et®ns from
tissues collected during the differentiation stagere areas are stained red, which could be atref@levated
expression of a variety of genes associated wéldifierentiation of proliferating cells into spécicell types. Cells
of the ependyma region are stained red, probabingwo their differentiation into cartilage. Musdbeindles can
also be seen in these sections, growing as bundide getting differentiated. The sections from woh and

treatment groups at this stage do not show anymad#ference in the staining intensity or pattesind certainly not
as pronounced as that seen in the blastema (FiAirend 5B). Overall, throughout the process of negation,

there is high RNA synthetic activity in the meseyrola, while DNA synthetic activity is majorly seen the

epidermis.

DISCUSSION

The present study revealed a positive influenceEGHF on tail regeneration imemidactylus flaviviridis.
Administration of epidermal growth factor to theiraals accelerated the process of wound healing aftotomy
of the tail. This could be due to the rapid closofr¢he wound by the epithelial cells. Thus, EGFyrha stimulating
epithelial cell proliferation during the early hieg process. The proliferation of epithelial cedisthe amputation
site is accompanied by migration over the woundaser Various studies have shown that activatiorthef
epidermal growth factor (EGF) receptor followingdnd binding may play an important role in epithlefiepair
processes by inducing cell migration, proliferatiamd differentiation [31]Xu et al. [32] have also shown that
epithelial wound healing is, at least in part, nagégllin an autocrine fashion by epidermal growth factweptor
(EGFR)-ligand interactions.

The healing of wound is followed by proliferativetiaities in cells of the newly formed blastemaag&iema from
animals treated with EGF showed heightened cellfpration. In vitro studies have previously shown that EGF has
the capacity to trigger cell proliferatig83, 34] and to rescue cells froapoptosis [35]. Though EGF has been
shown to be mitogenic for epithelial cells [36-318],the regenerating blastema it might be promogirgiferation

of the blastemal cells, which are pleuripotent &iune. The observed accelerated growth of the éifestin EGF
treated animals can be credited to the influencexofjenous EGF. Therefore, lizards treated with EGdwed an
early attainment of blastema and differentiaticmges. Geimer and Bade [39] demonstrated that EGFpistent
mitogen for most cultured celisxd has previously been shown to induce the magraif rat liverepithelial cells.
The involvement of EGF in cell proliferation wasnéiomed by nucleic acid quantification studies. fighevas a
significant increase in the DNA content in the megates at the blastema and differentiation stamgkzards treated
with EGF. Histofluorescence studies showed an alsviocrease in intensity of staining of nucleicdacin the
apical epithelial cap of EGF treated lizards (FeguB and 4), indicating a rise in DNA syntheticiatt in this
region.

The proliferative role of EGF is effected by bingliwith its receptors. EGF binding to the EGFR rgpiditiates a
number of signaltransduction pathways, including Ras/Raf/MEK/ERKhogpholipaseC-y/PKC, and Pl 3-
kinase/Akt,that regulate cellular function [40]. fitaus studies have demonstrated the involvemerthefEGF
receptor and the MAP kinase signaling pathway iithepal cell proliferation [41, 42]. The observeide in the
levels of DNA in EGF treated animals explains tighirate of proliferative activities induced by EGHyldahl [43]
showed that EGF stimulates the initiation of DNAhesis in the corneahdothelial cells and also increases cell
division in lenses in culture [44].

Along with its role in cell proliferation and gromt EGF was also found to be involved in the symthattivities
during tail regeneration. The regenerates of lizgdrdated with EGF showed an increase in RNA antejr levels
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during early growth of the regenerate. Histoflooerece studies also showed a significantly higheallpation of
RNA in the regenerates of treated animals at thetbina stage (Figures 3 and 4). RNA staining washipent in
the lower margin of the AEC, indicating that as pheximal cells of the AEC are engaged in prolifeaactivities,
the distal ones start the synthetic processes. &ere EGF is known to enhance transcriptional andsiational
activities, as has been shown earlier by manyitro studies [36, 45-47]. During differentiation stagiee DNA
levels in the regenerates of the EGF treated asimvare higher than those in control lizards. Howgewe such
increase was observed in the RNA levels.

In summary, the administration of exogenous EGFaanbd the process of tail regenerationHiemidactylus
flaviviridis, particularly during the early stages. There wa®sitive correlation between EGF and the DNA Isvel
in the regenerates of lizards. EGF administratioortened the time taken by the animals to attatnWH and BL
stages, but had little influence on the differetivig tail. Thus, EGF, as is FGF-2, might be invalva the early
events of tail regeneration. However, further studythis respect needs to be carried out to gaiepee
understanding of the mechanisms by which epidergralvth factor influences the regeneration of tail i
Hemidactylus flaviviridis.

Table 1: Number of days taken by the animals to a#iin various stages of regeneration and the percergea increase in growth in the
treated versus control lizards

Number of days taken to attain a stage % incremsse of regeneration
Treatment schedulp  Experimental groyps Wour]d Blastema| Differentiation From 2-12 mrln From 12-24 mim
Epitheliurr
Prior to autotom Control ’ 9 17 : -
Y 'EGF 4 6 14 72.72 32.74
Control - 10 17 - -
AUWE stage EGF - 7 14 30.81 24.10
Contro - - 16 - -
At blastema stage EGE . . 15 T6.5C 79
35 |
3 _i T
e BEG -
> 25 |
=
T 1
5 |
E 2 _I
1.5 |
| 1732 2132 L79%
1 L : -
Prior WE BL

H control O treatment
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Figure 1: The rates of growth of regenerates from4) 2-12mm and (B) 12-24mm for three series of aninlwhere treatment began prior
to autotomy, at WE stage or at BL stage
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Figure 2: Nucleic acid and protein content in tissa regenerates of experimental animals at (A) Blastea stage and (B) Differentiation
stage. DNA and RNA values are ipg/100mgprotein and Protein content is in mg/100mgdgsue
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Figure 3: Nucleic acid localization in regeneratesf (A) Control and (B) EGF treated lizards at earlyblastema stage. Yellow fluorescence
shows DNA localization and red fluorescence showd\R localization. WE: Wound Epithelium, BL: Blastema
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Figure 4: Nucleic acid localization in regeneratesf (A) Control and (B) EGF treated lizards during late blastema stage. WE: Wound
Epithelium, BL: Blastema
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Figure 5: Nucleic acid localization in regeneratesf (A) Control and (B) EGF treated lizards during differentiation stage. M: Myomeres,
EP: Ependyma, C: Cartilage
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