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SU5402, a pharmacological inhibitor of fibroblast gowth factor receptor
(FGFR), effectively hampers the initiation and progession of fin regeneration
in teleost fish
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ABSTRACT

Tyrosine Kinase receptors (RTKs) are known to @agole in the regulation of number of important lakdr
activities. Growth factor signaling involves RTKsdamediates the proliferation of cells in varioystems, making
these receptors attractive targets for checkingdrous growth. The fibroblast growth factor (FGF)ceptors are
one such group of target receptors. Indolinone hitbrs such as SU5402, which bind irreversibly tege
receptors, are being widely used to block FGF sligigaand thereby curb uncontrolled proliferatiom the current
study, we have used the regenerating fin of telésistPoecilialatipinna and studied the effect &f5802 on this
non-cancerous model of extensive cell proliferati@ur results indicate an adverse effect of SU5402
regenerative outgrowth of fins and thereby reaffittme anti-proliferative effect of this FGF receptmhibitor.
Morphometric, immunohistochemical, biochemical &istological observations all explicitly show astdown in
the process of re-growth of amputated fins duelé482 treatment. The study also reveals a cruaé of FGF
signaling in successful fin regeneration.
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INTRODUCTION

It is well known that fibroblast growth factors (F& play important roles in processes such as gegesis, wound
healing and tumorigenesis. FGF signaling is seebetaipregulated in various types of cancers and ailser

systems of extensive cell proliferation such asenegating tissue. They mediate their effects thnoagset of
receptors, the FGF receptors (FGFRs), which anestnembrane tyrosine kinase receptors that belonthdo
immunoglobulin superfamily [1]. Protein tyrosinenises and serine/threonine kinases are implidatgdaying

crucial roles in the cellular processes such alf@ration, differentiation and survival.

Chemically diverse small-molecule protein kinad@bitors have been discovered to be potential ffertic agents
for various human diseases such as retinopathiesrosclerosis, psoriasis, rheumatoid arthritisioemetriosis and
solid tumor growth [2]. Based on the crystallogriamtudies of the catalytic domain of FGFR1 withdatinones|3,
4, 5]. Several classes of indolinones have emeggedhhibitors of various split kinases. SU5402 e csuch
indolinone that competes with ATP for binding te tbatalytic domain and inhibits the tyrosine kinas#vity of
FGFR1[6]. Considering the fact that SU5402 doesinbibit the phosphorylation of insulin receptonsdaalso
exhibits no inhibitory effects on EGF receptor ldeait is possible to hypothesize the use of SU5d9€2an
antiproliferative and/or antiangiogenic agent tormeract the uncontrolled proliferation and angreggs in cancer
[3]. Our current work is one such study testing @héproliferative effect of this drug. Here, weepent the use of a
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non-cancerous model of cell proliferation to tés tise of antiproliferative drug SU5402. We havedube sailfin
molly Poecilialatipinng which can entirely regenerate its tail-fin, if puated.

The regenerating fin of the teleost figh latipinna serves as a promising and convenient postembryonic
developmental model that mimics most of the stagfetumorigenesis like rapid remoulding of the eggitular
matrix followed by angiogenesis and proliferationnewly recruited pleuripotent cells before theyfatientiate.
Based on the major cellular events, the regeneratidail-fin in teleosts is divided into three désnible stageviz.,
wound healing, blastema formation and differentiati

Following amputation of the tail-fin, the epiderntalls surrounding the injury site proliferate anijrate to cover
the wound and form wound epidermisThis stage is under the influence of variousdiecincluding COX-2, FGFs,
Shh, BMPs, ActivinBA, anterior gradient (AG), and Wnts [7, 8, 9, 1Q, 12, 13, 14, 15, 16, 17]. Among these,
FGF-2 has been shown to have an indispensablérrdhe initiation of regeneration. Therefore, here test the
antiproliferative effects of anti-cancer drug SU24én a development model system, which is knowheavily
depend on FGF signalling.

MATERIALS AND METHODS

Animals and Maintenance

Adult Sailfin Mollies, PoecilialatipinngLesueur, 1821), with a mean standard length af®Zcm, procured from a
local animal breeder, were maintained in aquariataining dechlorinated and constantly aeratedréttefresh
water. The daily photoperiod was kept at 12 hrigtittand 12 hr of darkness, and the temperaturgeraras 26 to
28°C. The fishes were fed with readymade fish fQafthite rose fish food, Mumbai, Indiad libitum The animals
were acclimatized for a week before the commenceifetine experiment. The experimental protocolsdugethe
current study were carried out in accordance toethieal guideline of Drugs and Cosmetics Rulegl589d, was
reviewed and approved by the Institutional Animahi&s Committee (No. ZL/IAEC/15-2010) prior to the
commencement of experiment.

Experimental Setup and Drug dosage

A total of 60 fishes were selected and divided Bitgroups of 20 animals each. Group C was controéreas LD
and HD were treated groups. A stock solution 06802 (Calbiochem, EMD Biosciences Inc., US) in 1%d%D
was prepared and stored at 4°C.

The treatment in each group was started a day éefoputation as intramuscular injections in thetiséue and
continued till the completion of the experimentoGp C was injected with 1% DMSO alone, whereas ggsduD
and HD received injections ofiy/gm body weight andi@/gm body weight of SU5402 respectively.

Caudal Fin Amputation and Measurements

30% of the total fin-length was amputated underotlyprmic anaesthesia by means of sterile surgiealeb The
time taken to reach various stages of fin regeitgratiz, wound healing,blastema formation and differeitiat
were recorded. The fin measurements were takerg wsidigital vernier calliper on"s 10" and 18" days post
amputation (dpa), and the photographs were caphy@dCanon PowerShot A1100 IS.

Localization of FGF2

Fresh frozen sections (8-10um) of blastema stalgeftam control as well as treated groups werecpssed as per
standard protocol for HRP-DAB system and observadeu a Leica DM2500 microscope. The images were
captured using EC3 Camera (supported by LAS EZvsoé).

Cellular synthetic activities

The fins from each group were pooled, homogeniped % and then further processed for estimatiegtircleic

acids as well as the protein contents in the tissueple. Nucleic acids were extracted by the mettesdribed by
Schneider and the DNA and RNA levels were estimatedhe DPA and Orcinol methods respectively [18]. 1
Protein was estimated using BCA (Bicinchoninic acidsay kit (Genei Products, Merck, USA) which emgplthe

method described by Sméhal.,[20].
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Histological analysis
The regenerate was excised, fixed in Bouin’s fsaftior 12h, decalcified with 10% EDTA for 3 daysdafurther
processed for H-E staining.

Statistical analysis

The data sets with continuous variable were subjetd Bartlett test for homogeneity and the sigaifice level of
the treatment groups with control group was evaldidhrough Student’s ‘t’ test with 95% confidengail. The
values are expressed as either Mean + SE or as Mibdeange in parenthesis. All statistical anal/svere done
using a statistical program SPSS, 11.0 (SPSS Imicago, IL, US).

RESULTS

Expression of FGF-2

Firstly, an immunolocalization experiment was czdrout to see the effect of SU5402 on the distidloubdf FGF-2

and its relative expression in fins. An observatifrihe fin sections revealed the presence of F@Gkagimally in

the growing regions of all the finFigure 1). However, greater immunoreactivity was seen édabntrol group fins
for all three stages of regeneration as comparethdocorresponding stages in the SU5402-treatedpgrorhis
difference in intensities was most prominent in esstemaRigure 1b) and the differentiationFigure 1c) stages
and negligible in the initial wound healing stagé&(re 14a).

Morphogenesis of fins

A primary observation of the effect of SU5402 oe tirowth of amputated fish fins was taken by rermyrdhe
length of the regenerate under treated and untteateditions. Group C showed a normal pattern eEbigment
with the fins healing at ldpaFigure 2a), reaching blastema stage at 4dpaggre 2b) and entering the
differentiation phase by 7dp&iQure 2¢). Fins from treated fish of groups LD and HD, heer failed to attain
these stages at the same time points. The combopgould complete the entire regeneration wiflirl7 days and
the fin length reached the initial fin length reded before amputation. On the other hand, it waeed in the
treated groups that the regeneration process waonpleted in 15 days. As shownTiable 1, there was a definite
delay in the appearance of structures that defiagarticular stages. Also, when the lengths ofélgenerates were
measured at specific time points, the treated gfmgwere seen to be lagging behind the contrasofiable 2
and 3).

Cellular synthetic activity

The determination of nucleic acid and protein cotgén the fin regenerate of experimental groupsivad that the
amount of protein present in the treated groupsedsed in a dose dependent manrfeble 4). The low
concentration of protein in the fins of SU5402-teghanimals indicates lower protein synthetic adibtis. Nucleic
acid content was also seen to be reduced due tp afministration Table 5). This coincides with the reduced
proliferation of cells which is an evident causetdf treated fins regenerating only partially.

Histological analysis

The SU5402 treated group showed a very thin laffepermis covering the wound surface, as opptsedthick
epithelial cap seen in the control fin sectionstba very first day after amputation. The epiderragler and
conjunctive tissues were all well formed and colkd clearly observed in the control fishes, whetbastreated
fishes showed poor formation of all these strudfggure 3a).

By 5dpa, the control group showed better growthhef epidermis basal layer and membrane as comparta
treated fins Figure 3b). A blastema could be localized in the interiortbEé conjunctive tissue of the distal
extremity of the fin in regeneration. The blastavh¢he control showed a reduced intercellular sgaceompared to
the treated fins.

7"dpa marks the onset of the differentiation phag&érfin’s regeneration.On this day, the healed githe fin had
grown showing the regenerative outgrowth in boté gnoups. However, there was a marked differencthén
development of the connective tissue, formatiothefbony rays and pigmentation of the regenerateb.Bf these
was observed at a much lower amount in the trefimsd(Figure 3c¢). The connective tissue had not yet formed
completely, leaving pronounced gaps in the intéutzel spaces. The epidermis basal layer as wah@snembrane
had not shown much improvement from theblastenagjest
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Table 1: Days taken to reach various stages of regeration in P. latipinna

Number of Days

Groups WH BL DIFF
Control “1 (1) 4 (4) *7(7-8)
Treated (LD) | ®1(1-2) | P4(4-5)" | "8(7-8)
Treated (HD | P2 (2)" | P5(5-6)" | P9(8-9)

WH: Wound healing stage; BL: Blastema stage; DIBEKferentiation stage; LD: Low-dose group; HD: Higlose group. Values are expressed
in Mode and Range in Parenthesis;Data prefixed wifferent alphabets are statistically significamithin the column’p<0.01;™ p<0.001;
n=5.

Table 2: Progression of regenerate in Control and feated fishes

Length of regenerate (mm)
Control Treated (LD) | Treated (HD)
5 [ °0.93+0.069] 0.63+0.033" | °0.370.040°
10 | °1.930.058] "1.53+0.061 | “1.27+0.046
15 [ %2.97+0.029] "2.00£0.066 | “1.53+0.02%"
LD: Low-dose group; HD: High-dose group. Values ampressed as MeantSEM;Data prefixed with diffeephabets are statistically

significant within the row!™ p<0.001; n=5.

Day

Table 3: Percentage growth rate of the regenerateuding initial (between day 5 & 10) and final (betwen day 10 & 15) stages of growth

phase
Day Percentage growth rate
Control Treated (LD) | Treated (HD)
0-5 °31.11+2.33] 18.89+2.94 | “12.22+1.15

5-1C °33.33+1.6/ | "30.00+1.3: 21.30+1.1;
10-15 | °34.44+2.75] *15.56+1.86" | °8.89+1.05
Overall | °98.89+3.44| "64.44+4.01" | 51.1143.7§
LD: Low-dose group; HD: High-dose group. Values ampressed as Mean+tSEM; Data prefixed with diffeedphabets are statistically
significant within the row’” p<0.001; n=5.

Table 4: Protein content in the fin regenerates ofontrol and SU5402 treated fish

Wound Healing stage| Blastema stage | Differentiation stage
(mg/100mg tissue) | (mg/100mg tissue)| (mg/100mg tissue)

Control 0.801%0.0% 0.900%0.01% 0.8600.01%

Treated 0.712+0.012* 0.807+0.018* 0.767+0.007*

Experimental Group

Table 5: Nucleic Acid levels in the fin regeneratesf control and SU5402 treated fish

Wound Healing Stage Blastema stage Differentiatiostage
Experimental DNA RNA DNA RNA DNA RNA
Group (Mg/100mg (Mg/100mg (1g/200mg (1g/200mg (ng/100mg (Mg/100mg
tissue) tissue) tissue) tissue) tissue) tissue)
Control 18.233 28.167 5.033 3.510 22.333 4.590
+0.14¢ +0.167 +0.03: +0.00¢ +0.167 +0.03¢
Treated 11.867 18.667 4.100 2.637 15.333 3.830
+0.186* +0.441* +0.058* +0.020* +0.333* +0.012*
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Figure 1: Immunolocalization of FGF2 in the regeneates of control (C) and SU5402 (2ug/g) treated (HDish during defined stages of
regeneration. CT-connective tissue; L-lepidotrichia

Figure 1a: Wound healing stage (1dpa)

200p

Figure 1b: Blastema stage (4dpa)

100p
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Figure 2: Morphometric analysis of regenerating tdlifin treated with FGFR1 inhibitor SU5402

Figure 2a: Progress of regeneration in amputated fi at the wound-epithelium stage. C: Growing fin otontrol fish; LD: Growing fin of
fish treated with low-dose of SU5402 (1ug/g); HD: @Bwing fin of fish treated with low-dose of SU54022ug/g). Magnification: 4X

C LD | HD '

Figure 2b: Progress of regeneration in amputated fi at the blastema stage. C: Growing fin of controlish; LD: Growing fin of fish
treated with low-dose of SU5402 (1pg/g); HD: Growig fin of fish treated with low-dose of SU5402 (2ug). Magnification: 4X

LD I HD I

Figure 2c: Progress of regeneration in amputated i at the differentiation stage. C: Growing fin of ontrol fish; LD: Growing fin of fish
treated with low-dose of SU5402 (1pg/g); HD: Growig fin of fish treated with low-dose of SU5402 (2ug). Magnification: 4X

C

LD D
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Figure 3: Effect of FGFR1 inhibitor SU5402 on the Istology profiles of the regenerating fin at varios stages. E: epidermis; BM: basal
membrane; CT: connective tissue; AEC: apical epithi@l cap; L: lepidotrichia; BL: blastema; ML: Melan ocytes

Figure 3a: Histology profiles of tail fin regenerats at Wound-epithelium stage from C: control fishnjected with 1% DMSO and T: test
fish injected with 2ug/g body weight of SU5402

Figure 3b: Histology profiles of tail fin regeneraes at Blastema stage from C: control fish injectedith 1% DMSO and T: test fish
injected with 2pg/g body weight of SU5402

Figure 3c: Histology profiles of tail fin regeneraes at Differentiation stage from C: control fish inected with 1% DMSO and T: test fish
injected with 2ug/g body weight of SU5402
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DISCUSSION

There is ample evidence suggesting that membetkeofibroblast growth factor (FGF) family along tvitheir
tyrosine kinase receptors (FGFR1-4) act as aute@well as paracrine (angiogenic) growth fadrorsany solid
tumors [21]. SU5402 is a potent anti-tumor compowfidhe current times. It has an indolin-2-one cara it
inhibits FGFRL1 tyrosine kinase by interacting witte ATP-binding site of the FGFR kinase domain. &g
selectivity of indolin-2-one compounds against [eoe tyrosine kinases is determined by substituertending
from the indolin-2-one core, SU5402 is a narrowgetyrosine kinase inhibitor [22].

The complete process of restoration of tail fintéefeost fish, called epimorphic regeneration, osdtrough the
establishment of a balanced growth state, whichli@s specific mechanisms that temporally and afhatiegulate
cell proliferation [23]. Fibroblast growth facto(6GFs), which play an important role in a variefybiological
processes, are known to be involved in the formatiod organization of the extracellular matrixthe production
of growth factors as well as cytokines and chemed{i24], all of which are notable events of epimarph
regeneration. During this process, a blastema gigesto all the mesenchymal cells, whereas defiaieas of the
epidermis proliferate leading to its extension,sthallowing the enlargement of the whole structlieis occurs
through strict growth controls and cell reprogramgnoccurring in adult tissues followed by sequérstieps of cell
differentiation and patterning leading to the faithrestoration of the lost parts [25]. This makhe regenerating
tail fin of Poecilialatipinnaan attractive model for studying SU5402, a potelnibitor of FGF signalling.

When we studied the effect of this potential antirbr compound on the regenerating teleost fishviia,found a
profound negative impact on its growth. Firstly, nimmolocalization of FGF-2 in the regenerating fisstie
suggested a reduction in its expression and changs localization pattern upon treatment with S03. This
observation finds support in a study by Hoffman andorkers, which shows a decrease in expressidrGet-2
after SU5402 treatment in the developing submanailbglands of mice [26]. In our study, while thdfelience in
expression as seen by immunohistochemistry waerathbtle during the wound healing stage, the rgaludn
expression during the subsequent stages was moneyrced. We hypothesize that since SU5402 is eptec
inhibitor, it does not affect the FGF-2 expressimmediately after treatment. It however leads touatulation of
FGF-2 which, on failing to bind its receptors, etwely suppresses its own expression.

A record of the progress of growth of the fin owemperiod of 15 days, revealed a radical impacthef drug
treatment. Control fins fared far better than theatied ones. SU5402 treatment caused a signifidalaty in
attainment of the specific stages of epimorphicensgation,viz, wound healing, blastema and differentiation.
Fischeret al, [27] had observed that treatment of non-small keng cancer cells with SU5402 inhibited
proliferation of the cells in a dose-dependent neanmvhich helps explain our current results. Thewgh of
regenerate in the case of our model of study néyumvolves and in fact depends heavily on largmle
proliferation of cells from the blastema stage aiphie very end. Any negative effect that the druguestion has on
proliferative activities of cells is bound to hamplee progression of tail re-growth.

Further, the biosynthesis of proteins is one of mimst important biochemical processes during regdioa as

reported by Thornton and Bromley [28]. Hence it vtlasught worthwhile to study the effect of FGF2 epior

inhibitor SU5402 on the protein content of the fiResults showed a lower content of protein intthated fins as
compared to the control ones, supporting the knéaehthat FGF-2 signalling leads to activation afiiamber of

genes and therebge novosynthesis of a number of proteins. In absence GF Signalling, the proliferative
activities of blastemal cells are also hampered¢lwvkhows up in our results as reduced nucleic amident.

Hematoxylin-eosin stained sections help us seesthite of the progress of regeneration at the eelligivel in a
holistic way. Our results in this respect are caonitant with the observations of Kaftan and othevhp have
recently given histological evidence of SU5402 dagisa dose-dependent delay in the healing of patéar
tympanic membranes in rats [29].

CONCLUSION
The regenerating fin of teleost fish is a modeleatensive cell proliferation and patterning. A magignal

influencing this process is the ubiquitous fibrablgrowth factor 2 that acts by binding to a specifyrosine
Kinase Receptor, the FGFR1. By using this modelhereby confirm the anti-proliferative effects di%$102, a
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specific pharmacological inhibitor of FGFR1, whialas found to affect various key events of regeimraand
hence altering the caudal fin regeneration at uaritefined stages.
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