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ABSTRACT
Expression of FGFsand FGFRsin Human

Hepatocdlular Carcinoma Cell Lines

Fibroblast growth factors (FGFs) play importanteslin angiogenesis, wound
repair, and development of cancer cell growth. TieaEGFs will activate signal
transduction pathways to stimulate cell growth bynpoting cell cycle progression
and inhibiting pathways of cell death. This studsned to seek for FGFs and
FGFRs which can be used as new therapeutic tabyetearch of those related
with the pathogenesis of hepatocellular carcinorhC(). To establish the
guantitative expression profiles in HCCs comparnmigh normal hepatocyte, |
performed real-time RT-PCR targeting all FGFs a@dRs.

Six HCC cell lines (SNU-398, SNU-449, SNU-761, SNMBO, SNU-886 and
Hep3B) and 2 hepatoblastoma cell lines (HepG2 add/PRF/5) were cultured
and obtained their cDNAs by reverse transcriptida.a control, commercially
available normal hepatocyte cDNA was purchased. t®a screening of

expressions including all 22 FGFs (FGF-1~FGF-23pk¢&GF-15) and 8 FGFRs



(FGFR1llIb~FGFR5) by RT-PCR, FGF-16 and 22 wereexgtressed in all cancer

cell lines and normal hepatocyte didn’t express fG#, 5, 8 and 20. FGFR-1 and

3, which have isotype lllb and llic via alternatiwplicing, were excluded in

guantitative analysis because exon-specific prin@ald not distinguish the

primary transcripts before alternative splicing amakure transcripts.

Compared with that in normal hepatocyte, expressfomost FGFs and FGFRs

in cancer cells are increased. On the basis of F&FSRs specific activity, most

FGF subfamilies showed increased expressions imlznds and their receptors.

However, FGF-6, 7, 21, and 23 were increased irmabrhepatocyte or not

expressed in cancer cells.

This is the first study of expression profiles targeting all known FGFs and

FGFRs in HCC and hepatoblastoma cell lines compavi¢id those in normal

hepatocyte.

Key words: fibroblast growth factor, fibroblast gvih factor receptor,

hepatocellular carcinoma cell lines, gene expressio
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Expression of FGFsand FGFRsin Human

Hepatocdlular Carcinoma Cell Lines

<Directed by Professor Byung-11 Yeh>

Jae Woo Kim
Department of Medicine

The Graduate School of Yonsa University

. INTRODUCTION

The growth of cancer cells is characterized asasuestl and dysregulated
features, and it is the main problem in clinicgbexgs. Several growth factors like
IGF, HGF, and TGF are identified as a cause of @anell growth and a target of
cancer treatment. Fibroblast growth factors (FGlich are 22 membered

polypeptide growth factors and their receptors (REFbelonging to receptor



tyrosine kinase (RTK) are one of growth factorsied with hepatocarcinogenesis.

23 FGFs have been identified in mice, but humandsehave 22 FGFs: FGF-19 is

the human ortholog of mouse FGF-15. Five FGFRs lhaes identified in human,

FGFR-1 to 5* with alternative splicing in FGFR-1, 2 and 3 ir thy-like domain

Il which divide them to isoform Illb and IlIt.? FGFs are grouped as seven

subfamilies on the basis of their sequence simylarand biochemical and

developmental properti€&sFGFs bind to their specific FGFRs with different

activitieS except FGF-11 to 14 which of their receptors siiit identified yet.

FGFs play important roles in angiogenésisyound repaif, and

development of cancer cell growtfhat is, FGFs will activate signal transduction

pathways to stimulate cell growth by promoting cellcle progression and

inhibiting pathways of cell death. These are twahamisms of FGFs signaling in

cancers. One is due to altered expression levete@sed expression of FGFs

and(or) FGFRs make more functional units of FGF$R&signaling. The other is

genetic alteration: the function of the mutantsF&Fs may be altered by the

changes of affinity to receptors and mutant FGFRy fanction independently of



presence of their ligands.

FGF-23 is elevated in ovarian cancErn acute leukemia, overexpression

of FGF-8 and FGF-17 was detectéd=GF-17 is increased in prostate cartéer.

Over-expression of FGFR-1 or FGFR-3 has been shiowbreast cancét or

thyroid carcinoma? respectively. Several mutations in FGFR3 is iditi in

transitional cell carcinoma of bladd&r® cervical carcinom& *" *° colorectal

cancer® % peripheral T cell lymphonfa and multiple myelom& In head and

neck squamous cell carcinoma, FGFR-4 polymorphiss: leen studied.Class

switch of llIb isoform to Ilic isoform of FGFR-2 iprostate cancétor FGFR-2

splice site mutation in gastric canteare also known mutations of FGFRs in

human cancers.

Hepatocellular carcinoma (HCC) accounts for betwBB®# and 90% of

primary liver cancef§ which are one of the fifth most common cancer dwitle,

the third most common cause of mortafityn Korea, epidemic area of HBV and

HCV infection which are well-established risk fast@of HCC, liver cancers are the

third and the sixth most common cancer in male fandale, respectivef? The



expression of insulin-like growth factor (IGF), lepcyte growth factor (HGF),

transforming growth factor (TGF) and wingless (Wrignaling have been

considered as causative pathways in human HEEst FGFs, several ligands and

receptors have been studied.

FGF-2 was related to the capsular invasion inteosending tissue$ and

FGF-3 over-expression was suggested to be assbciaihh metastasis and

recurrencé’ Opposite to concept of FGFs as tumor promotingvgrofactors,

FGF-21, preferentially expressed in the liYecould delay initiation of chemically

induced hepatocarcinogene$ldt is also reported FGF-1 was not expressed only

in normal hepatocyte, and FGF-7 was not both inmabrhepatocyte and

hepatoma-derived cell lines. For FGFRs, normal tuepg#es did not express

FGFR-2 lllb, 2 lllc and 3 IlIb but in HCC cell lisé* Finally, over-expression of

FGFR-3 in HCC¥ was associated with poor tumor differentiation arigh

nuclear grade and acyclic retinoid acid, which deagulate expression of FGFR-

3, resulted in growth inhibition of HCGS.

To sum up previous studies mentioned above, exprepsofiling of FGFs



and FGFRs in HCCs are not fully completed. A resdiliRT-PCR targeting all

FGFs and FGFRs in HCCs is not published yet. Evamespapers showing

guantitative analysis using RT-PCR data are pubtistthe discrepancy between

intensity of the PCR product under the UV transilioator and initial

concentration of target mMRNA have not been consilleFurthermore, the other

previous papers which performed real-time PCR dafeGFR-1, 2, and 3, didn’t

distinguish isotype lllb and llic which result imiptless data.

To establish the first quantitative expression igoin HCCs comparing

with normal hepatocyte as control, | intended tafgen reat-time RT-PCR

targeting all FGFs and FGFRs.



1. MATERIALS & METHODS

Cell culture

Six human HCC cell lines (SNU-398, SNU-449, SNU-73NU-761,

SNU-886 and Hep3B) and 2 human hepatoblastoma loedls (HepG2,

PLC/PRF/5) were purchased from Korean Cell LinelBgeoul, Korea). All cell

lines except HepG2 were cultured in RPMI-1640 vitglutamine (300 ml/L), 25

mM HEPES and 25 mM NaHGGsupplemented with 10% heat inactivated fetal

bovine serum and 1% penicillin and streptomycinp@&2 cell lines were cultured

in Dulbecco’s Modified Eagle Media (DMEM) with othsupplements same as the

other cell lines (all from Invitrogen, Carlsbad, CAIl cells were maintained on T-

25 cell culture flask (from Becton Dickinson LabwaFranklin Lakes, NJ) at 37'C

in a 5% CQ — 95% air atmosphere. All cells were observed siyognd

microscopically twice a day. Subcultures were cbmd when cell populations

were roughly 80% of confluency.



Cell harvest

After microscopic confirmation of confluency, cellsere washed with

phosphate-buffered saline then detached using OtBi9&in-EDTA solution (from

Invitrogen, Carlsbad, CA), followed by pipettingtivigrowth media including FBS.

After centrifugation at 2000 rpm for 3 minutes, sumtants were discarded.

Remaining cell pellets were washed using phosphatiered saline again and

centrifuged once more. Final cell pellets were uUsedRNA isolation.

RNA isolation & Reverse transcription

Purified total RNA were obtained from harvested tiaks using RNeasy

method according to manufacturer’s protocol (fronagen, Hilden, Germany).

The concentration and purity of purified RNA wereeasured using UV

spectrophotometer (from Biochrom, Cambridge, UKY ahecked 260/280 ratio

higher than 1.80. All RNA samples were diluted wRiNase-free water to final

concentration of 100 ng/ul. cDNAs from purified RBlAvere obtained using

reverse transcription according to manufacturer@qzol (from Qiagen, Hilden,



Germany). cDNAs were diluted by adding same voloindistilled water.

Normal hepatocyte cDNA

As a control to human HCC cell lines, normal hepgt® cDNA library and

normal hepatocyte cDNA were purchased from Takaoali® (Tokyo, Japan) and

Ambion Inc (Austin, TX), respectively.

Primers for RT-PCR and real-time RT-PCR

To analyze the expression of human FGF 1 to 23RER-1 Illb to 5 in

HCC cell lines and normal hepatocyte, the primersHCR were designed using

web resource of Primer3 (http://frodo.wi.mit.edirper3/input.htm) and asked

Genotech (Daejon, Korea) to synthesize them. Pripieking conditions were

specified as product size ranging from 80 bp to bpGand the others as default

settings. For some genes which have several tighscariants, primer sets

existing in all transcript variants were selectedr FGFR-1, 2 and 3, which have

isotype lllb and llic, primers are designed locatedexon 8 for isotype lllb in



FGFR-1 and 3 and exon 9 in FGFR-2 and exon 9 @y llic in FGFR-1 and 3

and exon 10 in FGFR-2. And additional primers ledain exon 6 and 10 are

designed to investigate the presence of otherpsatysequences are not shown).

Sequences of primers are listed in (table 1).



Table 1. Primer lists used for RT-PCR and real-time PCR

Gene Genebank ID Forward primer {(5'-3") Reverse primer (56'-3") Target
FGF1 MkA_000200 GGEECTTTTATACGGCTCACS | TTTGCAGCTCCCATTCTTICT - 387-R40
FGF2 MNh_002006 CAATTCCCATGTGCTETGAC | GGCAGACGAATGCCTTATGT | 2607-2763
FGF3 Mb_005247 ACCGEACGETETCTAGTACG CAGGGAGGACTTCTGTGTGE 892-1022
FGF4 Mk_002007 GATGAGTGCACGTTCAAMGGS  GAGGAAGTGGEGETGACCTTICA  7V6-928
FGF5 MiA_00 44640 TTETCCTTCCTCCTCCTCCT | GGLCAGAAGAGGAAGACATAG 244-414
FGF6 Nh_D20996 CCAGCTTCCAAGAAGAATGC | TTACCCGTCCGTATTTGCTC | 496-612
FGF7 Mk_002009 GACATEGATCCTGCCAACTT | GEGLTGEARMCAGTTCACATT 463-591
FGF8 Mb_033165 TCATCCEGACCTACCAACTC  ACTCGGACTCTGCTTCCAMY | 285-433
FGF9 Mk_0020710 GGEEGEAGCTETATGGATCAGS  CTCGEGGETCCCATCTTTATT . R4A2-GS6
FGF10 MNh_D0A45E5 CCGTACAGCATCCTGGAGAT | CCCCTTCTTGTTCATGGECTA . 319-414
FGF11 Mh_004712 ACTAGGGECTCTETGCTEGEAL | GUCARAGCCAACAGCTAGAC  1439-1580
FGF12 Mb_004713 TTCTGGEALCACCARCCATGS  TCCTTGEGTGEATTTACTGS 722-866
FGF13 MbA_0047714 TGETECATAAGAATGCCAAGC  TTICTTGETEGEEAGAGCARAT 16911740
FGF14 MNM_D04115 AATGAATGGAGGCAMACCAG  ACTTCCTGCTGCTCTTCAGC | 702-845
FGF16 Mb_O03268 GEAGTGGEACTCTEGGCCTGETA | CTGTTCCCEGEARAACACATT - 400-601
FGF17 Mb_O03267T ACCAGTACGTGAGGGEACCAS  TGAGCTTGGLAMACTTGTTG . 113-271
FGF18 Mb_O038E62 TGETGCTTCCAGGTACAGGTS  GGATGTGETTTCCCACTEGTC BA0-736
FGF19 MM_D0ET117 GEAGGAAGACTGTGCTTTCG | GGLCAGGALATGAGAGAGTGE  811-963
FGF20 Mb_07T9851 CCACAGCCTCTTCGGTATCT | GCTCCCTARAGATGCATTCG AO06-BEY
FGF21 Mb_0T9713 ACTCCAGTCCTCTCCTGCAY  ATCCTCCCTGATCTCCAGGT  248-348
FGF22 Mb_020837 CAGGACAGCATCCTEGAGAT CTGCAGTCCACGGTGTAGAS  208-341
FGF23 MNM_D20638 CAAGCCTTCGETTCTTCCTTG | CCTCATTTCAGCAAGCATCA | 1452-15E6
FGFR1IIb MM_023770 TACCAGCTGGEATGTCGETGGES | CTECEEGETCACTETACACT | 1669-17494
FGFR1lllc MM_0237710 ACCACCGACAMAGAGATGES GUAGAGTGATGEGAGAGTCC 1894-2003
FGFR2IIlb MW_000747 GLAGAAGTGECTGECTCTGTT  TGTTTTGGECAGGACAGTGAS 1601-1639
FGFR2lIllc MNM_D22970 CACCACGGACAMAGAGATTG | TAGAATTACCCGECCAAGCAC | 1611-1729
FGFR3lb | MM_000004, 10 CCTEGATCAGTGAGAGTGTGE AMATTGETGGCTCGACAGAG  9020-9116
FGFR3lllc | MM_000004, 10 CACCGACAAGGAGCTAGAGSE CCACGLAGAGTGATGAGARS 9314-0025
FGFR4 MkA_0020711 CAMAGACAACGCCTCTGACS  CACCAAGUAGETTGATGATG  1682-1732
FGFR5 AF27I689 AGACAAGGACCTTCCCTCGT | GGTACAACTTAGGGCCAGTA 1315-1446
GAPDH Mk_002046 GGECCTCCAAGGAGTAAGACT AGEGEGETCTACATGGECAAMCTG 1096—-1241

10



RT-PCR

Conventional RT-PCR was performed for preliminacgrsing before real-

time RT-PCR. cDNAs were used as templates for PIBIR.reaction volumes were

20 ul containing 0.5 ul of template cDNA, 2 ul afrper set of each 10 pmol, 2 ul

of 10X PCR buffer, 2 ul of dNTP mixture, 0.25 ulgT®NA polymerase (from

Takara Bio Inc, Shiga, Japan) and 14.25 ul of ltistiwater. PCR was performed

as follows: 95’'C at 3 minutes, followed by 35 cytd#f denaturation at 95’C for 30

seconds, annealing at 60’C for 30 seconds, exterai@2’C for 30 seconds then

final extension at 72'C for 2 minutes using prognaable thermal cycler from

Corbett Research (Mortlake, Austria) and MJ Rese@Matertown, MA). GAPDH

was used as positive control. 4 ul of DNA loadingférs (0.25% bromophenol

blue, 0.25% xylene cyanol FF, 30% glycerol inCHl were loaded into PCR

products and electrophoresed as follows : 2% agdffoam Cambrex Bio Science

Rockland, Rockland, ME) in 1X TAE buffer (40 mM $racetate, 1 mM EDTA pH

8.0), horizontal gel unit from SCIE-PLAS (Warwicksh) UK). Gels were

visualized at UV-transilluminator from Vilber Louah (Marne-la-Vallee, France)

11



and gel-documation system (from Eastman Kodak CompRochester, NY).

Targets which expressed in hormal hepatocyte wadeeted for real-time RT-PCR.

Real-time RT-PCR

Selected targets were performed for quantitatiyression profiling using

real-time RT-PCR. Reactions were as follows: toézlction volume was 12.5 ul

containing 6.25 ul of SYBR Master Mix (from Qiagétijden, Germany), 0.5 ul of

template cDNA, 0.75 ul of primer set mix of each @fol and 5 ul of distilled

water and programmed at 95°C for 15 minutes fort laetivation, followed by 40

cycles of denaturation at 94'C for 20 seconds, almg at 60’'C for 30 seconds,

and extension at 72'C for 30 seconds with fluoresealetection at the end of each

cycles. Melt analysis was performed after all reast to identify homogeneity of

PCR products by waiting at 70’C for 30 secondsntteenp to 99'C rising by 1'C

with fluorescence detection. Real-time RT-PCR wadgosmed using Rotor Gene

3000 (from Corbett, Austria). All reactions wererfpemed in triplicate. GAPDH

was used as control to calculat€t values. Thresholds to determine Ct values

12



were manually selected at the starting point obeemtial phase.

As there exist so many kinds of FGFs and FGFRs;tirea RT-PCR was

performed and grouped on the basis of the 7 subéani

DNA sequencing

To confirm whether the PCR products are the samesFahd FGFRs as |

expected to amplify DNA sequencing was tried a®fahgs.

Amplified cDNAs of FGFs and FGFRs were isolatechifragarose gel and

purified with DNA PrepMat8” (Bioneer, Chungwon, Korea). They were then

subcloned by inserting the cDNA into a pMOSBIlue €Gtor (Amersham

Pharmacia Biotech., Uppsala, Sweden). Plasmid gongaamplified products of

cDNAs of FGFs and FGFRs were selectedimpmplementation. The clones from

each FGFs and FGFRs were randomly selected anchidl&NAs prepared from

each clone were used as templates for DNA sequgntiirwvas progressed by

Genotech (Daejon, Korea).

13



Statistics

ACt values of real-time RT-PCR were expressed asnmeastandard

deviation (S.D.) from triplicated reactions. Fotetenining statistical significances,

ACt values of each target were tested to confirneranal distribution using one-

sample Kolmogorov-Smirnov test. All values wergefit to a normal distribution

(data not shown). To comparing with the values fgmin normal hepatocyte and

other cell lines, one-way ANOVA test was performéd. tests were performed

using SPSS version 12.0 (from SPSS Inc, Chicagp, Statistical significances

were considered in case P-value of < 0.05.

14



1. RESULTS

Preliminary scanning of expressions of FGFs and R cancer

cell line

RT-PCR was performed to find expression profiles2@f FGFs and 8

FGFRs by use of normal hepatocyte cDNA (data notvsh and purified RNA

from SNU-739 cell line (figure 1).

M1 2 3 4 & & 7 8 9 W0 m 12 13 14 15 16

M 17 18 19 2 2 2 A M &5 & H A A A A

Figure 1. Preliminary scanning of 22 FGFsand 8 FGFRsin SNU-739 cedll line
FGF 16 and 22 were not expressed in SNU-739 cel IThe numbers of the lanes
indicate as followings: 1, FGF-1; 2, FGF-2; 3, F&H, FGF-4; 5, FGF-5; 6, FGF-
6; 7, FGF-7; 8, FGF-8; 9, FGF-9; 10, FGF-10; 11FFQ3; 12, FGF-12; 13, FGF-
13; 14, FGF-14; 15, FGF-16; 16, FGF-17; 17, FGFA®; FGF-19; 19, FGF-20;
20, FGF-21; 21, FGF-22; 22, FGF-23; 23, FGFR-1;I2d, FGFR-1 llic; 25,
FGFR-2 llIb; 26, FGFR-2 llic; 27, FGFR-3 llIb; 2BGFR-3 llic; 29, FGFR-4; 30,
FGFR-5; 31, GAPDH and M, molecular weight size nearfd 00 bp DNA ladder).
Two bands shown in lane M indicate the DNA siz&@d and 200bp.



All of the FGFs were expressed in cancer cellldinsed in this study, except FGF-

16 and 22 (figure 2). These two FGFs are excludeduantitative expression

profiling.

FGF-16

FGF-22

M 1 2 3 4 5 b 1 8

Figure 2. mRNA expressions of FGF-16 and 22 on 6 hepatocellular cell lines
and 2 hepatoblastoma cell lines

All tumor cell lines did not express FGF-16 and Zhe numbers of the lanes
indicate as followings: 1, SNU-761; 2, SNU-886;3\U-449; 4, SNU-739; 5,
SNU-398; 6, Hep3B; 7, HepG2; 8, PLC/PRF/5 and M lerwalar weight size
marker (100 bp DNA ladder). Two bands shown in I¥héndicate the DNA size
of 100 and 200 bp.



FGFs expression profiles in normal hepatocyte

RT-PCR product from normal hepatocyte cDNA showett £GF-3, 4, 5, 8,

and 20 were not expressed (figure 3). However,etliee FGFs were amplified

from SNU-739 cell line. To confirm the differencesexpressions of these FGFs

between normal hepatocyte and cancer cell lined? ®Rs were repeated using the

RNAs from all of cell lines used in this study (fig 4). In all of the HCC cell lines

FGF-3, 4, 5, 8, and 20 are expressed well, butmeormal hepatocyte .

1 £ 3 L b b M T i g 10 N

Figure 3. mRNA expressions of FGF-3, 4, 5, 8 and 20 in normal hepatocyte
compared with in HCC cell line (SNU-739)

In normal hepatocyteFGF-3, 4, 5, 8 and 20 were not expressed. PCR pt®du
from normal hepatocyte are loaded in lane 1 ton@, @NU-739 in lane 7 to 11.
The numbers of the lanes indicate as followingand 7, FGF-3; 2 and 8, FGF-4; 3
and 9, FGF-5; 4 and 10, FGF-8; 5 and 11, FGF-2@A?DH and M, molecular
weight size marker (100 bp DNA ladder). Two banisven in lane M indicate the
DNA size of 100 and 200 bp.

17



1 2 3 4 5 6 7 &8 M 1 2 3 4 5 & 7 8
FGF-5 FGF-8

1?2 3 4 5 B 7 &8 M 1 2 3 4 5 6 7 8
FGH-20 GAPDH

1?2 3 4 5 6B 7T &8 M 1 2 3 4 5 B T 8

Figure 4. mRNA expressions of FGF-3, 4, 5, 8 and 20 in cancer cell lines

In all cancer cell lines, FGF-3, 4, 5, 8 and 20avexpressedlhe numbers of the
lanes indicate as followings: 1, SNU-761; 2, SNU688, SNU-449; 4, SNU-739;
5, SNU-398; 6, Hep3B; 7, PLC/PRF/5; 8, HepG2 andnhdjecular weight size
marker (100 bp DNA ladder). Two bands shown in I¥héndicate the DNA size
of 100 and 200 bp.



Isotype specific RT-PCR

Exon-specific primer sets were used in RT-PCR ofFR&, 2 and 3 to

check the presence of linked type of isotype b arnd the Ig-like domain llI.

Using forward primer located in exon 8 (for FGFRuid 3) or exon 9 (for FGFR-

2) and reverse primer located in exon 9 (for FGFad 3) or exon 10 (for FGFR-

2), | got the unexpected PCR product which contagjioth exon 8 (or 9) and exon

9 (or 10) in FGFR-1 and 3 (figure 5), not in FGFRdata not shown).

Quantitative expression profiles of FGFs and FGFRs

Expressions of 15 FGFs (FGF-1 to 23 except 3, 8, 86, 20 and 22) and

4 FGFRs (FGFR-2 lllb, 2 lllc, 4 and 5) were evaaghtby real-time PCR

19



FGFR-1

FGFR-3

M 1 2 3 4 3] 6 7 8
Figure 5. mRNA expressions of FGFR-1 and 3 using exon-specific primers

FGFR-1 and 3 contained both exon 8 (or 9) and A@rSNU-449 was used as

template. The numbers of the lanes indicate aeviiigs: 1, exon 6 - exon 10; 2,
exon 6 - exon 9; 3, exon 6 - exon 8; 4, exon 8onek0; 5, exon 9 - exon 10; 6,
exon 8 - exon 9; 7, exon 8 - exon 8; 8, exon 9oneX and M, molecular weight
size marker (100 bp DNA ladder).

20



DNA Sequencing
| found a few PCR products which were not amplifieghrevious reporfé.
That is, | could see the DNA bands for FGF-1 and-=Gn normal hepatocyte and
FGF-7 was also amplified from HCC cell lines. Tanfion the PCR products |
sequenced all of the PCR products. All of the sages were right ones, and the
PCR products for FGF-1 andGF-7 were proved to be originated from FGF-

1(figure 6) and FGF-7 (data not shown).

a0 100 110 120
TOGOG o000 0C TOG 2060 &0 4 AACCHTTACALCACC T TATA
TOC G & 000 G0CC TGO G 006 80 4 A8CCAHTTACAL CACC T TATA

Aol

Figure 6. Nucleotide sequences of FGF-1 from nor mal hepatocyte

These sequences corresponds to the sequences4&rp448¢" human FGF-1.

21



Expression of FGF subfamily 1

Table 2 shows expression profile of FGF subfamily Significant

differences including over-expressions of FGF-BhilU-449, FGF-2 of SNU-398,

FGFR-4 of Hep3B, HepG2, PLC/PRF/5 and FGFR-5 of S189, SNU-761 and

HepG2 and down-expressions of FGF-2 of HepG2, FGHRb of SNU-886,

SNU-449 and PLC/PRF/5 (last two cell lines showederpression) and FGFR-2

Illc of SNU-449, SNU-886 and PLC/PRF/5 were obsdrve

Expression of FGF subfamily 4

FGF-6 (table 3) was the only target of subfamilgvilable in this study. 4

cell lines (SNU-398, SNU-449, SNU-761 and SNU-88Bpwed no expression

and Hep3B showed significant down-regulation.

22



Table 2. mRNA expressionsin FGF subfamily 1

FGF-1 FGF-2 FGFR-2 Illb FGFR-2 lllc  FGFR-4 FGFR-5

Normal 16.320.36  14.9%1.63 14.750.81 14.542.72 9.990.85 10.5%0.20
SNU-398 18.381.47  7.491.37 18.56:2.10 14.1%1.99 8.1%0.82 8.0%2.68
SNU-449 10.020.58" 15.231.21  No expression 23.7%1.15 8.02:0.94 9.2%0.87
SNU-739 13.68:0.68  17.73:3.28 12.46:0.66 7.861.06’ 7.99:1.80 6.580.36’
SNU-761 12.7%1.74  13.150.77 16.9#1.27 13.9%1.10 5.990.63 5.9%0.18’
SNU-886 13.20.59  12.93:0.61 25.812.18’ 21.9%2.50° 9.13+0.29 8.8%0.32

Hep3B 20.2#1.95  20.24:0.66 10.2:0.99 13.360.25 6.2%3.00° 7.92+1.13

HepG2 17.45%1.17  24.20:2.60’ 19.16:2.52 18.691.51 4.9%0.25’ 5.93:0.82"

PLC/PRF/5 17.931.41 17.020.54 No expression 22.410.59 4.36t0.63’ 9.29+0.67

HCCs 14.743.82 14.46:4.41 14.0a:8.74 15.845.95 7.591.21 7.741.2¢8’

HBs 17.6%0.34  20.64t5.04 19.16:2.52 20.5%2.63 4.640.39’ 7.612.38

Allcancers  15.4%#3.52  16.0G:5.04 17.195.37 17.025.46 6.831.99’ 7.711.65

ACt values are expressed in mean = standard deviatidriplicate reactions.
Activities to FGFRs for FGF subfamily 1 are equalall FGFRs, but FGFR-5 is
known as receptor for FGF-2 only. FGFR-1 llIb, JI&IlIb and 3llic, receptors for
this subfamily, are excluded. * indicates p-valueD€5 in one-way ANOVA,
HCCs, average oACt values of HCC cell lines except those of nonregping
ones; HBs, average afCt values of hepatoblastoma cell lines except tlodsen-
expressing ones; All cancers, averagA®©f values of all cell lines except those of

non-expressing ones.

23



Table 3. mRNA expressionsin FGF subfamily 4

FGF-6 FGFR-2 llic FGFR-4

Normal 14+0.48 14.542.72 9.990.85
SNU-398 No expression 14.1°#1.99 8.11%0.82
SNU-449 No expression  23.7%1.15’ 8.02:0.94
SNU-739 15.12+2.95 7.861.06’ 7.9%1.80
SNU-761 No expression 13.91#1.10 5.990.63
SNU-886 No expression  21.9%2.50° 9.13:0.29
Hep3B 20.271.78 13.36:0.25 6.2%3.00’
HepG2 16.411.02 18.691.51 4.9%0.25’
PLC/PRF/5 18.182.12 22.430.59’ 4.36:0.63’
HCCs ND 15.84£5.95 7.591.21
HBs 17.3@:1.25 20.5%2.63 4.640.39

All cancers ND 17.025.46 6.8%1.99

ACt values are expressed in mean + standard davietitiplicate reactions. FGF-
4 and FGF-5, members of subfamily 4, and FGFR-d dahd 3 llic, receptors for
this subfamily, are excluded. Order of activitiesRGFRs in FGF subfamily 4 is
FGFR-1 lllc and FGFR-2 llic > FGFR-3 llic and FGHER+*indicates p-value <

0.05 in one-way ANOVA,; HCCs, average &€t values of HCC cell lines except
those of non-expressing ones; HBs, averag&Cifvalues of hepatoblastoma cell
lines except those of non-expressing ones; All eemaverage ofCt values of all

cell lines except non-expressing ones; ND, averegiee is not determined

because there were no PCR products in four HCGine8.
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Expression of FGF subfamily 7
FGF-3, 22 and FGFR-1 lllb were excluded in quatitigaprofiling. As
shown in (table 4), expression of FGF-7 is sigaifity decreased in SNU-449,
SNU-761, SNU-886, HepG2 and PLC/PRF/5 or even amib non-template
control (NTC) in Hep3B. SNU-449, SNU-739, SNU-76lepG2 and PLC/PRF/5
showed no expression of FGF-10 and SNU-886 wadfisigintly less expressed.

But SNU-398 showed up-regulated FGF-10 expressitim statistical significance.

Expression of FGF subfamily 8

Although SNU-398 showed up-regulated expressior@F-17, SNU-449

was down-regulated and PLC/PRF/5 showed no expres€iver-expression of

FGF-18 was observed in SNU-398 and SNU-739 (taple 5

Expression of FGF subfamily 9

SNU-398 showed significant over-expression of FGIB® SNU-449 did

not express at all (table 6).
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Table 4. mRNA expressionsin FGF subfamily 7

FGF-7 FGF-10 FGFR-2 lllb
Normal 11.18-0.56 18.180.37 14.7%0.81
SNU-398 11.810.80 13.440.42 18.56:2.10
SNU-449 16.33:1.06’ No expression No expression
SNU-739 8.770.29 No expression 12.46:0.66

SNU-761 16.97%0.72" No expression 16.9#1.27

SNU-886 16.16:0.92" 20.320.84" 25.812.18’
Hep3B No expression 19.08:0.48 10.2€0.99
HepG2 17.56:1.37 No expression 19.16:2.52

PLC/PRF/5 17.0%0.97° No expression No expression

HCCs 14.013.38 ND 14.0at8.74
HBs 17.32:0.35’ No expression 19.16:2.52
All cancers 14.95:3.26 ND 17.195.37

ACt values are expressed in mean + standard davietitiplicate reactions. FGF-
3 and FGF-22, members of subfamily 7, and FGFRH, Ilteceptor for this
subfamily, are excluded. Order of activities to FRBFin FGF subfamily 4 is
FGFR-2 llIlb > FGFR-1 IlIb. * indicates p-value <08. in one-way ANOVA;
HCCs, average oACt values of HCC cell lines except those of nonregping
ones; HBs, average afCt values of hepatoblastoma cell lines except tlodsen-
expressing ones; All cancers, averagA®©f values of all cell lines except those of
non-expressing ones; ND, average value is not miéted because there were no

PCR products in four HCC cell lines.
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Table 5. mMRNA expressionsin FGF subfamily 8

FGF-17 FGF-18 FGFR-4 FGFR-2 llic
Normal 17.081.24 16.7%#0.18 9.99+0.85 14.542.72
SNU-398 11.08:0.86’ 8.31+0.48’ 8.110.82 14.1%1.99

SNU-449 19.95:1.19" 14.8%0.19 8.02:0.94 23.791.15
SNU-739 14.62:0.18 9.980.79’ 7.9%1.80 7.861.06’
SNU-761 14.66£0.35 16.231.34 5.990.63 13.931.10
SNU-886 14.910.45 18.280.78 9.13+0.29 21.9%2.50"
Hep3B 15.63t0.23 15.5%0.66 6.27%3.00° 13.36:0.25
HepG2 15.3#0.92 14.2@0.63 4.91+0.25’ 18.6%1.51
PLC/PRF/5 No expression 15.481.14  4.36:0.63’ 22.410.59"
HCCs 15.14+2.84 13.8%3.88 7.59:1.21 15.845.95
HBs 15.3%0.92 14.840.91 4.64+0.39’ 20.55%2.63

All cancers 15.1#2.53 14.183.26 6.85:1.99’ 17.02:5.46

ACt values are expressed in mean + standard davietitiplicate reactions. FGF-
8, members of subfamily 8, and FGFR-3 llic, 1 léled 3 llib, recpetors for this
subfamily, are excluded. Order of activities to FRBFin FGF subfamily 8 is
FGFR-3 llic > FGFR-4 > FGFR-2 llic > FGFR-1 llic 33GFR-3 lllb. * indicates

p-value < 0.05 in one-way ANOVA; HCCs, averageAat values of HCC cell
lines except those of non-expressing ones; HBsragee of ACt values of

hepatoblastoma cell lines except those of non-esjimg ones; All cancers,

average oACt values of all cell lines except those of nonfesging ones.
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Table 6. MRNA expressionsin FGF subfamily 9

FGF-9 FGFR-2 llic FGFR-4

Normal 17.03:3.54 14.542.72 9.990.85
SNU-398 7.370.23 14.1#1.99 8.1%0.82
SNU-449 No expression  23.7%1.15 8.02+0.94
SNU-739 14.930.59 7.861.06’ 7.9%1.80
SNU-761 16.16:0.38 13.9%1.10 5.920.63
SNU-886 20.56:2.47 21.9%2.50" 9.13:0.29
Hep3B 21.4%0.63 13.3&0.25 6.2%3.00°
HepG2 18.021.24 18.621.51 4.9%0.25’
PLC/PRF/5 20.04:0.48 22.430.59 4.36:0.63’
HCCs 16.10:5.30 15.845.95 7.5921.21
HBs 19.031.43 20.5%2.63 4.640.39"

All cancers 16.94:4.69 17.025.46 6.8%1.99"

ACt values are expressed in mean + standard davietitiplicate reactions. FGF-
16 and FGF-20, members of subfamily 9, and FGFR€ 1 llic and 3 llib,
receptors for this subfamily, are excluded. Ordeadivities to FGFRs in FGF
subfamily 9 is FGFR-3 llic > FGFR-2 llic > FGFR-1d and FGFR-3 lllb >>
FGFR-4. * indicates p-value < 0.05 in one-way ANOMACCs, average oiCt
values of HCC cell lines except those of non-exgingsones; HBs, average H€Ct
values of hepatoblastoma cell lines except thosenmf-expressing ones; All

cancers, average afCt values of all cell lines except those of nonfesging ones.
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Expression of FGF subfamily 19
Even in same subfamily, members of this subfamipwed obvious
contrast of expressions (table 7). FGF-19 was gptated in SNU-398, SNU-739,
SNU-886 and Hep3B. But FGF-21 were down-regulatedhe same cell lines
except Hep3B, and HepG2 also showed decreasedssiqre6 of 8 cell lines used

in this study showed no expression of FGF-23 angG% one of expressing ones,

was significantly decreased.
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Table 7. mMRNA expressionsin FGF subfamily 19

FGF-19 FGF-21 FGF-23 FGFR-2 llic FGFR-4
Normal 16.1+0.84 6.350.42 13.330.9 14.542.72 9.99+0.85
SNU-398 10.210.7¢’ 13.8:1.3% No expression 14.17%1.99 8.11+0.82

SNU-449 16.83:0.82 19.03:0.49" No expression  23.791.15° 8.02:0.94
SNU-739  11.14:0.16"  15.1%0.53 13.36:0.83 7.86+1.06" 7.99+1.80
SNU-761 7.81+0.13 14.950.51" No expression 13.911.10 5.990.63
SNU-886  12.361.00°  18.3:0.357  Noexpression  21.972 50 9.13+0.29
Hep3B 9.23:0.20" 9.04+0.79 No expression  13.36:0.25 6.273.00’
HepG2 14.1£0.92 14.42+4.29 18.36:2.23" 18.6%1.51 4.91+0.25

PLC/PRF/5  14.9%0.67 1512043’  Noexpression  22.410.59 4.36+0.63

HCCs 11.26:3.14  15.053.58° ND 15.84:5.95 7.59%1.21
HBs 14.550.63  14.7%0.49 ND 20.55:2.63 4.64:0.39
Allcancers  12.082.98"  14.983.21° ND 17.02+5.46 6.85:1.99"

ACt values are shown with mean + standard deviatibririplicate reactions.
FGFR-1 lllc and 3 llic, receptors for subfamily He excluded. Activities of
FGFRs for FGF subfamily 19 are equally weak in FGFRc, 2 llic, 3 llic and 4.

* indicates p-value < 0.05 in one-way ANOVA; HCGaierage ofACt values of
HCC cell lines except non-expressing; HBs, average ACt values of
hepatoblastoma cell lines except non-expressingj;cAhcers, average AACt
values of all cell lines except non-expressing; dierage value is not determined
because there were no PCR products in five HCC tiets and one

hepatoblastoma cell line.
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Expression of FGF subfamily 11

FGF subfamily 11, which known as fibroblast groviéictor homologous

factors (FHFs}/ have 4 members but no receptors identified yemificant over-

expressions of FGF-11 (FHF-3) of SNU-398, SNU-788pG2 and PLC/PRF/5,

FGF-12 (FHF-1) of SNU-449, Hep3B, PLC/PRF5, FGREBF-2) of HepG2 and

FGF-14 (FHF-4) of SNU-398, SNU-739, SNU-761, SNUW&ihd Hep3B were

observed. But down-regulation of FGF-14 of SNU-4¥8s also existed and many

cells showed no expression of members in this farRiGF-12 expression was not

detected in SNU-398 and HepG2. 6 cell lines inclgdsNU-398, SNU-449, SNU-

739, SNU-886, Hep3B and PLC/PRF/5 didn’t expres$HG. 2 hepatoblastoma

cell lines, HepG2 and PLC/PRF/5, didn't show a sijmmplification of FGF-14

(table 8).
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Table 8. MRNA expressionsin FGF subfamily 11

FGF-11 FGF-12 FGF-13 FGF-14
Normal 13.96t0.50 25.061.60 21.5%1.97 17.860.32
SNU-398 5.65+0.37 No expression No expression 13.410.89°
SNU-449 11.84:0.58 18.520.67" No expression 22.10:0.95
SNU-739 9.93:0.64’ 23.06:0.22 No expression 14.4%1.32
SNU-761 11.54:0.57 23.062.25 17.181.17 12.760.5’
SNU-886 15.3#0.54 26.21.58 No expression 15.0%0.42°
Hep3B 12.08:0.95 20.260.48’ No expression 13.120.58’
HepG2 9.38:0.72’ No expression 12.80:1.96’ No expression
PLC/PRF/5  10.3®0.29’ 15.6%1.77 No expression No expression
HCCs 11.0%3.19° 22.242.92 17.181.66 15.163.37
HBs 9.69:0.44’ 15.6%1.77 12.831.96’ No expression
All cancers 10.722.7¢0° 21.143.70 14.9%2.76 15.%#3.37

ACt values are shown with mean + standard deviatibrriplicate reactions.
There's no known about activities of FGF subfarhily * indicates p-value < 0.05
in one-way ANOVA,; HCCs, average afCt values of HCC cell lines except those
of non-expressing ones; HBs, averageA@t values of hepatoblastoma cell lines
except those of non-expressing ones; All canceresage ofACt values of all cell

lines except those of hon-expressing ones.
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Summary of expression profiles of FGFs and FGFRs

Compared with that in normal hepatocyte, expressfomost FGFs and FGFRs

in cancer cells are increased. However, FGF-6,17ad 23 were increased in

normal hepatocyte or not expressed in hepatoceltalecinoma cell lines (table 9).
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Table 9. Summary of Expression Profiles of FGFsand FGFRs

Normal HCCs (6) HBs (2) All cancers (8)
FGF-1 16.32+0.36 14.74+3.82 17.69+0.34 15.47+3.52
FGF-2 14.97+1.63 14.46+4.41 20.64+5.04 16.00+5.04
FGF-6 14.00+0.48 ND 17.30£1.25 ND
FGF-7 11.18+0.56 14.01+3.38 17.32+0.35* 14.95+3.26
FGF-9 17.03+3.54 16.10+5.30 19.03+1.43 16.94+4.69
FGF-10 18.18+0.37 ND No expression 17.61+3.22
FGF-11 13.96+0.50 11.07+3.19* 9.69+0.44* 10.72+2.70
FGF-12 25.06+1.60 22.24+2.92 15.67+1.77* 21.14+3.70
FGF-13 21.55+1.97 17.10+1.66 12.80+1.96* 14.95+2.76
FGF-14 17.86+0.32 15.16+3.37 No expression 15.18#3.
FGF-16 No expression No expression No expression exgoession
FGF-17 17.01+1.24 15.14+2.84 15.63+0.23 15.17+2.53
FGF-18 16.77+0.18 13.85+3.88 14.84+0.91 14.10+3.26
FGF-19 16.10+0.84 11.26+3.14* 14.55+0.63 12.08+2.98
FGF-21 6.35+0.42 15.05+3.58* 14.77+0.49* 14.98+3.21
FGF-22 No expression No expression No expression exgoession
FGF-23 13.33+0.90 ND ND ND

FGFR-2 llIb 14.75+0.81 14.00+8.74 19.16+2.52 173.3%
FGFR-2 llic 14.54+2.72 15.84+5.95 20.55+2.63 17926

FGFR-4 9.99+0.85 7.59+1.21 4.64+0.39* 6.85+1.99*
FGFR-5 10.51+0.20 7.74+1.28* 7.61+2.38 7.71+1.65*
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ACt values are shown with mean + standard deviaifotmiplicate reactions. The
real-time RT-PCR for FGF-3, 4, 5, 8, and 20 waspeformed because RT-PCR
showed no products with normal hepatocyte. Amoreg3hSNU cell lines FGF6

and FGF23 were not amplified by RT-PCR in 4 celk§. * indicates p-value <
0.05 in one-way ANOVA; HCCs, average &€t values of HCC cell lines except
those of non-expressing ones; HBs, averag&Cifvalues of hepatoblastoma cell
lines except those of non-expressing ones; All eemaverage ofCt values of all

cell lines except those of non-expressing ond®, average value is not
determined because there were no PCR productsria than half of the HCC cell

lines and hepatoblastoma cell line. ND also indisanRNA expression is very

low compared with that in normal hepatocyte.
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V. DISCUSSION

As a kind of medical therapy for cancer the inkdpit of growth by

blocking the signal transduction pathway is beirigdt One group of the FDA

approved widely prescribed drugs is composed of commal antibodies for

growth factor receptors or receptor tyrosine kin@SEK) inhibitors. For colorectal

cancers, bevacizumab (Avastinor cetuximab (ErbitUX) and panitumumab

(Vectibix®) are designed to inhibit the growth signaling Hgcking VEGF or

EGFR, respectively. Trastuzumab, famous for theinh name Hercepfih blocks

growth of breast cancer by blocking Her2. Inhitstaf receptor tyrosine kinase

like ZD6474 (Zactim8), GSK572016 (Lapatinit) and Erlotinib (Tarcev® are

indicated to treat non-small cell lung cancer @dst cancer by inhibiting RTK of

VEGF, EGFR and Erb2.

The choice of treatment for hepatocellular carciadiCC), which can be

expected complete cure, is surgical operation fiongry cancer with no metastasis.

However, the operability is dependent upon the sftetumor and general

conditions of patients. As many cases are diagnafied the cancer is progressed
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to the later there used to be a big problem tostnmgery for HCC. Less invasive

treatments including percutaneous ethanol injectamterial chemoembolization

and radio frequency ablation are other strategeseat HCC, but they are not

definitive therapies so far. To secure survivaldfgrand enhanced quality of life in

even advanced stages, medical treatment targetamgec growth should be

accentuated.

As the drugs mentioned above being progressed, diexelopment

targeting HCC begins by profiling of growth fact@msd their receptors. This is the

first study of expression profile targeting all kmo FGFs and FGFRs in HCC and

hepatoblastoma cell lines compared with normal toEmyée which enables

establish the targets in further investigation kiledl proliferation assay.

Among 22 FGFs, FGF-16 and 22 were not expressedl target cDNAs

including normal hepatocyte. FGF-3, 4, 5, 8, andv2de not performed real-time

PCR because of no expression in normal hepato®ue.these 5 FGFs were

expressed in several cell lines, showing definitiifferent of ‘all-or-none’, not

‘much more’ compared with normal hepatocyte. Thiggands will be the first
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targets of cell proliferation study using blockitigeir signaling by neutralizing

antibodies and/or siRNAs.

124

Asada et a

reported FGF-1 was only expressed in hepatomaatkedell

lines and FGF-7 was not both in normal hepatocktk leepatomoma-derived cell

lines. However, | could get the PCR product, aretdtbNA sequencing to confirm

the product. DNA sequencing showed the PCR prodfi€iGF-1 and FGF-7 are

true ones. | tried RT-PCR once again with the prértee used, but | couldn’t get

any PCR products. Therefore, | determined Asaddaimers were not good and

FGF-1 and FGF-7 are expressed both in normal hepatand HCC cell lines.

FGF subfamily 11, including FGF-11, 12, 13 and i54no known about

activities to FGFRs. But, expression level of F@Bfamily 11 was quite different

from normal hepatocyte. Further studies about ifleng specific receptors for

FGF subfamily 11 should be needed.

This study initially aimed to complete the quariiita expression profiling

of all FGFs and FGFRs, but isotype Illb and lllcFé3FR-1 and 3 were impossible

to perform quantitative comparison because of thve $pecificity of the primers
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and existences of a variety of DNA fragments a$fglicing. Primers used in this

study are designed using exon 8 and exon 9 segaidocésotype Illb and llic,

respectively. RT-PCR using other primers locate@xon 6 and exon 10 showed

unexpected product which has a product of exondB%asimultaneously. This can

be explained in two ways. One is that there’s agoisotype having both exon 8

and exon 9 in Ig-like domain Ill. For FGFR-1, | édbdind this isotype cloned, but

not for FGFR-3. The other is that primary mRNA saript before alternative

splicing was detected by RT-PCR. Primers used werse transcription were a

mixture of oligo-dTs and random hexamers, thus #@swpossible for cDNA

synthesis to be performed using primary mRNA trapscTo distinguish these, as

primers located in only exon 8 or exon 9 can beeirfgrt, specific primers

including boundary between exon 8 and exon 10dwotype llIb, exon 7 and exon

9 for isotype llic, which don’t exist in primaryatnscripts has to be used for RT-

PCR. I tried to design these isotype-specific pranbéut | couldn’t make specific

primers because there are high G/C content at layndegions. Besides

conventional RT-PCR of isotypes and real-time PGIR no distinction of isotypes,

39



there’s no previous reports performed real-time R&RBeting isotype Illb and llic.

The authors might have experienced the same situafith me.

Although many FGFs and their receptors are incoeasecancer cells, |

could find some exceptions. FGF-6, 21 and 23 werereased in normal

hepatocyte or not expressed in cancer cells armbthe consistent with previous

study”®. Further investigations will have to be proceededconfirm what this

phenomenon means. If we can interpret the effettfamction of the FGF-6, 7, 21,

and 23 in HCC pathogenesis, it'll be very helpfubket up strategies for solution of

HCC.

Taken together, this study could establish expoesprofiles of FGFs and

FGFRs in HCCs. In most FGFs and FGFRs, cancer shitsved up-regulated

expressions, but FGF-6, 7, 21 and 23 might haviecanter properties in normal

hepatocyte. FGFs or FGFRs which show significaffeidinces will be used as

targets for novel pathway of cancer growth inhdbiti

In summary, | completed the of expression profdésll known FGFs and

FGFRs in HCC cell lines compared with those in ralrirepatocyte. To discover
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the new therapeutic target for HCC future studpeeded to develop the method

for blocking the expression of FGF-3, 4, 5, 8, &ddand to know the role of FGF-

6, 7, 21, and 23 for HCC pathogenesis.

41



10.

11.

12.

13.

REFERENCES

Powers, C.J., S.W. McLeskey, and A, WellstEiroblast growth factors,
their receptors and signaling. Endocr Relat Cancer, 20000(3): p. 165-97.
Ornitz, D.M., et al.Receptor specificity of the fibroblast growth factor
family. J Biol Chem, 1996271(25): p. 15292-7.

Givol, D. and A, YayonComplexity of FGF receptors. genetic basis for
structural diversity and functional specificity. Faseb J, 19926(15): p.
3362-9.

Jaye, M., J. Schlessinger, and C.A., Dionfidroblast growth factor
receptor tyrosine kinases. molecular analysis and signal transduction.
Biochim Biophys Acta, 19921135(2): p. 185-99.

Ornitz, D.M. and N, ItohFibroblast growth factors. Genome Biol, 2001.
2(3): p. REVIEWS3005.

Zhang, X., et aReceptor specificity of the fibroblast growth factor family.
The complete mammalian FGF family. J Biol Chem, 2006281(23): p.
15694-700.

Folkman, J. and Y, Shindngiogenesis. J Biol Chem, 1992267(16): p.
10931-4.

McNeil, P.L., et alGrowth factors are released by mechanically wounded
endothelial cells. J Cell Biol, 1989109(2): p. 811-22.

Chai, N., et alFGF is an essential regulator of the fifth cell division in
preimplantation mouse embryos. Dev Biol, 1998198(1): p. 105-15.
Tebben, P.J., et dtlevated fibroblast growth factor 23 in women with
malignant ovarian tumors. Mayo Clin Proc, 20080(6): p. 745-51.
Nezu, M., et alExpression of the fetal-oncogenic fibroblast growth
factor-8/17/18 subfamily in human hematopoietic tumors. Biochem
Biophys Res Commun, 200335(3): p. 843-9.

Heer, R., et aFibroblast growth factor 17 is over-expressed in human
prostate cancer. J Pathol, 200404(5): p. 578-86.

Yoshimura, N., et allhe expression and localization of fibroblast growth
factor-1 (FGF-1) and FGF receptor-1 (FGFR-1) in human breast cancer.

42



14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

Clin Immunol Immunopathol, 19989(1): p. 28-34.

Onose, H., et aDverexpression of fibroblast growth factor receptor 3 in
a human thyroid carcinoma cell line results in overgrowth of the confluent
cultures. Eur J Endocrinol, 199940(2): p. 169-73.

Cappellen, D., et akrequent activating mutations of FGFR3 in human
bladder and cervix carcinomas. Nat Genet, 19923(1): p. 18-20.
Kimura, T., et alThe incidence of thanatophoric dysplasia mutations in
FGFR3 gene is higher in low-grade or superficial bladder carcinomas.
Cancer, 200192(10): p. 2555-61.

Sibley, K., P. Stern, and M.A., Knowlds.equency of fibroblast growth
factor receptor 3 mutationsin sporadic tumours. Oncogene, 20020(32):
p. 4416-8.

van Rhijn, B.W., et alThe fibroblast growth factor receptor 3 (FGFR3)
mutation is a strong indicator of superficial bladder cancer with low
recurrence rate. Cancer Res, 20061(4): p. 1265-8.

Wu, R., et alSomatic mutations of fibroblast growth factor receptor 3
(FGFR3) are uncommon in carcinomas of the uterine cervix. Oncogene,
2000.19(48): p. 5543-6.

Jang, J.H., K.H. Shin, and J.G., Pavkutations in fibroblast growth
factor receptor 2 and fibroblast growth factor receptor 3 genes associated
with human gastric and colorectal cancers. Cancer Res, 200851(9): p.
3541-3.

Jang, J.H., et aNovel transcripts of fibroblast growth factor receptor 3
reveal aberrant splicing and activation of cryptic splice sequences in
colorectal cancer. Cancer Res, 20060(15): p. 4049-52.

Yagasaki, F., et akusion of ETV6 to fibroblast growth factor receptor 3
in peripheral T-cell lymphoma with a t(4;12)(p16;p13) chromosomal
trandocation. Cancer Res, 20061(23): p. 8371-4.

Chesi, M., et alFrequent translocation t(4;14)(p16.3;g32.3) in multiple
myeloma is associated with increased expression and activating mutations
of fibroblast growth factor receptor 3. Nat Genet, 1997.6(3): p. 260-4.
Streit, S., et allpvolvement of the FGFR4 Arg388 allele in head and neck

43



25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

squamous cell carcinoma. Int J Cancer, 200411(2): p. 213-7.
Kwabi-Addo, B., et alAlternative splicing of fibroblast growth factor
receptorsin human prostate cancer. Prostate, 20046(2): p. 163-72.
El-Serag, H.B. and K.L., RudolphHepatocellular carcinoma:
epidemiology and molecular carcinogenesis. Gastroenterology, 2007.
132(7): p. 2557-76.

Parkin, D.M.Global cancer statistics in the year 2000. Lancet Oncol,
2001.2(9): p. 533-43.

Shin HR, A.Y., Bae JM, Shin MH, Lee DH, Lee C@hrr HC, Ahn DH,
Ferlay J, Parkin DM, Oh DK, Park JGancer Incidence in Korea. Cancer
Res Treat, 20034(6): p. 405-408.

Breuhahn, K., T. Longerich, and P, Schirmachgsregulation of growth
factor signaling in human hepatocellular carcinoma. Oncogene, 2006.
25(27): p. 3787-800.

Mise, M., et alClinical significance of vascular endothelial growth factor
and basic fibroblast growth factor gene expression in liver tumor.
Hepatology, 199623(3): p. 455-64.

Hu, L., et al.Up-regulation of fibroblast growth factor 3 is associated
with tumor metastasis and recurrence in human hepatocellular carcinoma.
Cancer Lett, 2007252(1): p. 36-42.

Nishimura, T., et aldentification of a novel FGF, FGF-21, preferentially
expressed in the liver. Biochim Biophys Acta, 2000.492(1): p. 203-6.
Huang, X., et alForced expression of hepatocyte-specific fibroblast
growth factor 21 delays initiation of chemically induced
hepatocarcinogenesis. Mol Carcinog, 200645(12): p. 934-42.

Asada, N., et aExpression of fibroblast growth factor receptor genesin
human hepatoma-derived cell lines. In Vitro Cell Dev Biol Anim, 2003.
39(7): p. 321-8.

Qiu, W.H., et alOver-expression of fibroblast growth factor receptor 3 in
human hepatocellular carcinoma. World J Gastroenterol, 20051(34): p.
5266-72.

Shao, R.X., et ahcyclic retinoid inhibits human hepatoma cell growth by

44



37.

suppressing fibroblast growth factor-mediated signaling pathways.
Gastroenterology, 200328(1): p. 86-95.

Goldfarb, M.Fibroblast growth factor homologous factors: evolution,
structure, and function. Cytokine Growth Factor Rev, 2008(2): p. 215-
20.

45



FEac

A FNELF AEFANA AFEAE FJFAA9}

MREAE ZAZAA 849 8

A A

Jaal

)
—_

B

X F7)

A7) A

2

Fo

O

0

A

23]

D
oF

T
Nr

ol

el
B
B

ol

245k A7 ol

AA =

Ast= Al

=2 o
= 71

A A}

23]

Nr
ol

TH

A

Z T A

*F Al

-
X

ko] ZHA

]

o

|
B

ke

=

A

JeERL B!

f
RN

—
o

ol

H

ATALE A F7A

E

el

7 9

o

=
=

LoEAl

46



o,

SNU-886, Hep3B3 271

]_

Ol

Al

)=
T

A

o

FAsts 98 dFoR s oby

6712 HAEAT AEFE (SNU-398, SNU-449, SNU-761, SNU-739,

Lo

DRAEF AE (HepG2, PLC/PRF/5)E Hi ok

of oAl EAE o]§3to] cDNAZ FAUTH FAToRE A4 7

E9| cDNAE FI5te] Abgatsinh 2279 AR A

kel
ox
o
r o
5y
=
=

+

B 2307k, 150 EASA 2)s Sl MFRAL 44

Al (b oM 574A) & idem b AF G Aol A, TR

rr
oX,
o
ro
B
w
_ri
N
EE
[6]]
_ri
(0]
EE
N
Q
g
o
)
z
r 1
ol
X
&8
rr
=Y
o
b
T
fuj
3T
O

AelE A=, olglgt primer 52 Azt whEol AApA| 9t HFH

2 Aad ArE Ed = Q7] wiol e AsE dAbA R

Jm

o] &Rl primer & A|&tsty A

¥, 199 GIC I fo] Eobd Asakglnh.

A% 20

e

of A--oF vasiE w), thite] AREAE AdARlAket

47



}

[
T

Hel
oh

=

A
1=l

=

=

ol
ol A

hvA

12} 69, 79,

A

Apol 4=g-A)

1

|

il

3

)
X

I

A

, -] subfamily ol A

AL ofel
Fol 4 2]

j
fn i

o

=

ir

1] L oj A]
T AE

o}
A=}

}

[
T

AY
X

JA ol A T

%

Te AE
AFAA Aozl BE HHE
o 7h

RN

AFE

E

214, 23

ﬂ e R 1er ﬂw i
B = o 5 5
T = 3w ~
ﬂd ﬂmo },_m JAlO o -
_ ° & x
%O Y < i ol oo
TO o
) o R il b
ﬂl ﬂAro ,13@.1_ oW 3 1_,_A|
o %0 e T 1 3
N J)J wi i
52 2 g ¢ -
T < = o =
2n o ° 7 N A
o= &3l £ =
i T 23 >
= 5 5 i
= L ME b oF
Iy % %o R | <H
il o O M WK £3
5 ; . %
s T X ol o
e 2, Z1 wu HL WM RO
T E ® L P W <
i~
. B v ow ¥y o
Eoowo ow o=z %5 oF
o) dd
T [y 1 o el Ar <
7 i ) = o i w
: il
r 5 B I @ @ .
: pe o 7
= FE oz o+ oz )
= B T <F
) T N = £ W w

48



	CONTENTS
	Abstract
	I. Introduction
	II. Materials and Methods
	III. Results
	IV. Discussion
	References
	Abstract in Korean

