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Background : Serum response factor (SRF) is a transcriptional factor that plays an important
role in cell growth and differentiation for several types of cells. The expression of SRF in cholan-
giocarcinoma (CC) and its potential role has not been examined. The aim of this study was to
determine the relationship between the expression of SRF in CC and the clinicopathological
parameters, as well as patient survival. Methods : We analyzed the expression of SRF in 84
surgically resected cases of CC (33 cases of intrahepatic CC [ICC] and 51 cases of extrahep-
atic CC [ECC]) by using immunohistochemistry. Results : The positive expression of SRF was
detected in 48.8% of the cases of CC (42.4% in ICC, 52.9% in ECC). SRF was predominant-
ly expressed in the CC cells with intense labeling in the nucleus. A SRF expression was sig-
nificantly associated with the cell proliferation rate (Ki-67 labeling index, p=0.046) and poor
patient survival (p=0.002). The tumor differentiation (p=0.038), the T category (p<0.001),
lymph node and distant metastasis (p<0.001, p=0.009) and nerve and vessel invasion
(p=0.010, p=0.012) were also found to be significantly associated with a poor CC prognosis.
Conclusions : These results suggest that the SRF may play a role in the tumor cell prolifera-
tion of CC, and its expression in tumor cells can provide additional prognostic information.
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Fig. 1. Immunohistochemical staining for SRF in cholangiocarcinoma. (A) Negative expression of SRF in normal ductal epithelial cells and
strong nuclear SRF expression in vascular smooth muscle cells (arrow: internal positive control) ( x 200). (B) Nuclear expression of SRF in
poorly differentiated extrahepatic cholangiocarcinoma ( x 200).

Table 1. Correlations between SRF expression and clinicopathologic factors in 84 cholangiocarcinomas

Total cholangiocarcinoma Intrahepatic cholangiocarcinoma Extrahepatic cholangiocarcinoma
Category SRF expression (%) SRF expression (%) SRF expression (%)
Negative Positive P Negative Positive P Negative Positive .
Differentiation 0.408 0.490 0.504
Well 19 (65.9) 15 (44.1) 9(75.0) 3(25.0) 10 (45.5) 12 (54.5)
Moderately 16 (43.2) 21(56.8) 5(41.7) 7(58.3) 11(44.0) 14 (56.0)
Poorly 8(61.5) 5(58.5) 5(55.6) 4(44.4) 3(75.0) 1(25.0)
T category 0.057 0.192 0.202
T1,T2 34 (57.6) 25 (42.4) 17 (63.0) 10(37.0) 17 (53.1) 15(46.9)
T3, T4 9(36.0) 16 (64.0) 2(33.3) 4(66.7) 7(36.8) 12 (63.2)
LN metastasis 0.456 0.490 0.324
Absent 35(52.2) 32(47.8) 15 (55.6) 12 (44.4) 20 (50.0) 20 (50.0)
Present 8(47.1) 9(52.9) 4(66.7) 2(33.3) 4(36.4) 7(63.6)
Distant metastasis 0.384 0.616 0.443
Absent 38 (50.0) 38(50.0) 17 (56.7) 13(43.3) 21(45.7) 25 (54.3)
Present 5(62.5) 3(37.5) 2(66.7) 1(33.3) 3(60.0) 2(40.0)
Nerve invasion 0.141 0.324 0.107
Absent 31(56.4) 24 (43.6) 17 (54.8) 14 (45.2) 14 (58.3) 10(41.7)
Present 12 (41.4) 17 (58.6) 2(100) 0(0) 10(37.0) 17 (63.0)
Vessel invasion 0.1238 0.193 0.367
Absent 36 (55.4) 29 (44.6) 18 (62.1) 11(37.9) 18 (50.0) 18 (50.0)
Present 7(36.8) 12 (63.2) 1(25.0) 3(75.0) 6 (40.0) 9(60.0)

SRF, serum response factor; LN, lymph node.

Table 2. Correlations between SRF expression and Ki-67 label- O E Cox 37 Be E4L A 47 T W7(p=0.019)
ing index and P53 expression in 84 cholangiocarcinomas 9 YxA Aol B (p=0015)u0] EPHC] o 2T A9
SRF expression (%) o)A BT Table 4).
p
Negative Positive
Ki-67 index 0.046
<10% 10(76.9) 3(23.1) I &
>10% 33 (46.5) 38(53.5)
P53 expression 0.176 e e = o ok co
Negative 20(58.8) 14.(41.2) SRF= AlEe] %3t 23l ddd g fddes =
Positive 23 (46.0) 27 (54.0) Al= d m¢ 293 938 sl FHoL koA SRF-J

SRF, serum response factor. Ao )3k A7t ¥ BRIFHTE JOoP Qs A=
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Table 3. Univariate analysis for overall survival in 84 cholangio-

1.0F carcinomas
08 Lamemy p=0.002 Overall survival, median, 95% Cl
Nl I
3 'll Category No. L ower Median  UPPer P
= L bound bound
3 06} Lotaimq
g i_ SRF expression 0.002
-c% "'E SRE negative Negative 43 23.063 57.968  92.873
S 04F B | Positive 41 15.999 20.065 24.130
S i Differentiation 0038
o 1 Well 34 16.682 48935 81.189
02r b Moderately 37 4698 29935 55173
SRE positive Poorly 13 15.851 20.839  25.827
0ok T category <0.001
’ . . . . . . T,T2 59 18.125 48935  79.746
0 20 40 60 80 100 T3, T4 25 8343  14.387  20.431
Survival time (month) Q LN metastasis <0.001
Absent 67 18.566 32.258 45950
10k 0 Present 17 9263 14323 19.382
b Distant metastasis 0.009
Fwm s A p=0002 Absent 76 23004 29935 36.867
0.8} i Present 8 13.582 14.323  15.063
= Lo—q Nerve invasion 0.010
3 06 i Present 29 9292 16968 24.644
e 4 T 1 Vessel invasion 0.012
(—3 04l i Absent 65 15.234 30.710  46.185
g ’ i Present 19 11.223 18.387 25551
1
© 0ol o SRF, serum response factor; LN, lymph node.
SRE postt Table 4. Multivariate Cox regression analysis for overall survival
positive . . ]
0o ‘ ‘ ‘ ‘ ‘ in 84 cholangiocarcinomas
0 20 Surv‘:\(/)al time (r6T(1)0nth) 8 100 Factors Hazard ratio 95% Cl p
SRF (positive vs. negative) 2.022 0.904-4.519 0.086
10l Differentiation
' Well - - 0.276
3 Moderately 1.402 0.602-3.263 0.433
081 T Poorly 2.235 0.834-5.993 0.110
= i T category 2.484 1.1568-5.329 0.019
g | (T3, T4vs T1, T2)
2 0.6 l: LN metastasis 3.573 1.283-9.951 0.015
_g :L (present vs absent)
g 04l SRE negative Distant metastasis 0.936 0.236-3.708 0.924
g (present vs absent)
8 Nerve invasion 1.211 0.525-2.791 0.653
02k (present vs absent)
SRE posit Vessel invasion 1.071 0.435-2.634 0.882
positive
(present vs absent)
0.0
L L L w L SRF, serum response factor; LN, lymph node.
0 20 40 60 80
Survival time (month)
Fig. 2. Survival curves of cholangiocarcinoma patient according to Tl AR, A & AEZoM= SRF7F geER] ¥y g
SlFR expression. (A)gotEal chﬁlang!ocar:c;noma. (B) .Intrahepanc ch- OFE(48.8%) ¢ 29k Mol SRF/} W ES 239 &
olangiocarcinoma. (C) Extrahepatic cholangiocarcinoma. A, BkelEd|A] SRFS] Wb WS Ki-67 A A2} o3k
= X A Qb Aol tigk At Ag o] &= & F AT AA, HHLElA SRF A}
Agoltk, AREL GAYFAN SRFS] BAS ZAG B A $ae) LR 50} wo] 18-S Slakgick



Serum Response Factor in Cholangiocarcinoma

SRF& HAA| 6We] 98k FAAEAM M) A% 2
sl AHE FAAEY T8 24 AAtelH, wjo} & A
I 48 A9 FEA T8 A4S 513 SRES whE-3t
o] c-fos, junB, egr-2 @ 5o AHH FHAAE E3sle] oF
3069%9 FAAE AT F2 ZF] AT} Eajo)
gk SRFE 98| gk A7t A& FHId HHEY
0 O fdeh 0 FoF Al EoAM 9] SRFY] Fade]

He

HyE ey & AtdAE SRFO wdo] FoF Alxe] =3t
of HAEY, B} ¥ AEoAM= SRF7F EAHA gkon,

Fp AZo) N SRR W Fopel BokE, B T W% B
A7) Aok RRIANE WA olel@ ATE B FFY 9F
oA SRFS] Walo] 4ol WAt 1] BALTH: Ho|
A7 BT 01;<]%1:}.16~17*1920

TAEYFANA SRFS] WL A Q7oA 1] F
ZAEANAE SRFS] WHo] HBEA 29k, bl

12 2 oox

SRF¢| Wddo] g W olgt SRFS] Wao] 7FUAE9
Balo] gEso] oty BIHAT” £ AuH T 7HE
M EZ &2 A3H epithelial mesenchymal transition)©] Lojwt

C

[¢)
820k 7hH| L= (sarcomatoid hepatocellular carcinoma) Al

°ﬂ Al SRF¢] #rgo] #A#E Y, ol2jgt SRF] a2
] A ZY FAAQ] vimenting] WS =771ty BH1E
1% o]2j8 Adh= SREZF AM Zol A ZHEAMER) 4
%} o #ojatH, SRFO Ldel| wa} T4 Axs Ax A%
off A3, MEY o]F FTHo| FTletHA FH ZAHOE)
A5 g A712 dolrh A9AA B HAFEoh
A M Eol A PN EZS] FAAS HHol| A SRF target
gene€l c-foso] 9& =% E-cadherin® & 7A=E <lg)
TF AEY AFH Aot TURITE Eik 2 & UM
o} Choi %73 QLA ot 7hel ﬂo]?l WAgE ol&
gk AFolA FF AxAA ] SRFE Lo Ay et
7t Aolg 3013} A S, I 710 E FF Axe] JFEFEAR]
E-cadherin®] 8 749} f-catenin®] & Wy 77 A=
o] Q&S Wth L3 SREE T Aol Z3A| Al
Ze W g AES o]Fe AF FHo| TS B
o3k Feke] AR kel Fod 3y Al
(Vascular endothelial growth factor, VEGF)ol| 93l &3 Al
Aol = SRE7} o] HIFTE! whgh A A B
o & A7 AAE T FHLE A EZAAM ] SRFE
WS SAAF] B B B Rl Fog TS F A

_r_>.i;2r\' [Tl
—Etmﬂ-lNOP

53] & Aol £ Ao SRF wdoe] el Fieds

Al & Aololl BAIEHOR fofdt AEES zfolE

, THS 244 fost AaaAl g BolA] ¢ko} SRF
%“ AF Ak YA o % QAR HIldle F

°1H WM d%5 7kE & de dF

L2 AFdME =2 T W),

LI A

521

HAGE v w3, = Aol % g 7] MojelA SRF
o o] Frkste AFE HASY BATH fo42 (i
ok e ARE] #E Ve A9l AwE A &l
SRE7F A4 5% AE9] 10% o) BAHNS e o=
ek, SRFO) ds w2 Fake, & T H7]9% g 7]
o7k FAIRH] folg HHAE Kol SRF7F g edEe
AP} Ao g & AT o] 22 Aole] AU £
of olgd A = % ¥ A% V1E Ao] MEoR AL
[¢)

[}
B2 SRF9 &d s} Qgyesty <l
o F QIAEAY BFEs M E B
of i EelA el 7
oz Az,

SRF+ c-fos, bel-2, Smad3 5<] thfet Faa1e} ks
Az F43 AEAEAE iéiﬁh“% 258 Ao SRE
o] WL Ki-67 BA A9}t £A 8 FHAAE Han.
2 Ao AMEE Ki-67 Al -r7H Zéﬂ"ﬂ Hofdle= 3 o
O GOt Gl 2715 A A A F7]0A4 BdEw, F
Ashs AEE AR dEHQ otk FaAgolA
SREF9] Wl A2 F4] 2 1 "J Ki 67«] “Lfﬂﬂr«l ‘“E/i Ellnss
IAZ Ho} SRF7} £ =2
3 AdE 9L —iré'p} 4: b O]Eid 7Ur~ A
HYEAY SRESH AE S 3e] Adds A7 Aot 94
3ty £3] SRFE immediate early geneS SAISA|A A EF
719] GO71elA G17129] Aol Fad 4TS sty A
ATk A EejA SRFE] 43he Hgh Fte] ATolA #<
¥ 7 A% F SREZL ARE HEE S0 o024

Yeths Zlo] #FHJY® SRFE AHHOZ skeletal a-
actln, a-myosin heavy chain (e-MHC), f-MHC 5¢] v
gk el B 2Aste] JAE] F4, T3k AEARE
z;@ah:].% EEU]_ Heemers _\;:27 o xq@/qoloﬂ /q o]-: iﬂ] 2=
Ao F=2lA}(cofactor) ¢l FHL29 W3lo] SRF7} #odahm,
SRE Ao Al Ay Hxe] F2o] Asfgs #Eds
SRE7} ARG A SAF gl - A
BY39Th o3t HuES F9slH SRF 2

g THH PP AT S0 BelY w1} o)
=,
o

ll‘

=
o

mZir

ﬂl
A
38

dlo

bl o [

rlo r%

% iy
Ho 30

™
N
=

=0
[}

=
3
1o

H oy
i 2
A=) ofX
i o2
ol 2
o N
%
T
r8 fi
n =
% )
~
jalu) iﬁ
i I,
o2 oy
ofN
0 ox
s
rl‘(; o
ke )
K3

l
1o
ofN
_IZ r
=3
wn
=
]
L

-
ol
o
> o
re
s
2



522

Il

{IEH

1. Esposito I, Schirmacher P. Pathological aspects of cholangiocarci-
noma. HPB 2008; 10: 83-6.

2. Shore P, Sharrocks AD. The MADS-box family of transcription fac-
tors. Eur ] Biochem 1995; 229: 1-13.

3. Treisman R. Transient accumulation of c-fos RNA following serum
stimulation requires a conserved 5" element and c-fos 3’ sequences.
Cell 1985; 42: 889-902.

4. Gilman MZ, Wilson RN, Weinberg RA. Multiple protein-binding
sites in the 5-flanking region regulate c-fos expression. Mol Cell Biol
1986; 6: 4305-16.

5. Treisman R. Identification of a protein-binding site that mediates
transcriptional response of the c-fos gene to serum factors. Cell 1986;
46: 567-74.

6. Norman C, Runswick M, Pollock R, Treisman R. Isolation and prop-
erties of cDNA clones encoding SRF, a transcription factor that binds
to the c-fos serum response element. Cell 1988; 55: 989-1003.

7. Chai J, Tarnawski AS. Serum response factor: discovery, biochem-
istry, biological roles and implications for tissue injury healing. J Ph-
ysiol Pharmacol 2002; 53: 147-57.

8. Schratt G, Weinhold B, Lundberg AS, et al. Serum response factor is
required for immediate-early gene activation yet is dispensable for
proliferation of embryonic stem cells. Mol Cell Biol 2001; 21: 2933-43.

9. Camoretti-Mercado B, Liu HW, Halayko AJ, et al. Physiological con-
trol of smooth muscle-specific gene expression through regulated
nuclear translocation of serum response factor. J Biol Chem 2000; 275:
30387-93.

10. Ding W, Gao S, Scott RE. Senescence represses the nuclear localiza-
tion of the serum response factor and differentiation regulates its nu-
clear localization with lineage specificity. J Cell Sci 2001; 114: 1011-8.

11. Bertolotto C, Ricci JE, Luciano F, Mari B, Chambard JC, Auberger P.
Cleavage of the serum response factor during death receptor-induced
apoptosis results in an inhibition of the ¢-FOS promoter transcrip-
tional activity. ] Biol Chem 2000; 275: 12941-7.

12. Zhang X, Chai ], Azhar G, et al. Early postnatal cardiac changes and
premature death in transgenic mice overexpressing a mutant form
of serum response factor. ] Biol Chem 2001; 276: 40033-40.

13. Alberti S, Krause SM, Kretz O, et al. Neuronal migration in the mu-
rine rostral migratory stream requires serum response factor. Proc
Natl Acad Sci USA 2005; 102: 6148-53.

14. Charvet C, Houbron C, Parlakian A, et al. New role for serum res-

ponse factor in postnatal skeletal muscle growth and regeneration

YA - R - 2t 9 79

via the interleukin 4 and insulin-like growth factor 1 pathways. Mol
Cell Biol 2006; 26: 6664-74.

15. Patten LC, Belaguli NS, Baek MJ, Fagan SP, Awad SS, Berger DH.
Serum response factor is alternatively spliced in human colon can-
cer. ] Surg Res 2004; 121: 92-100.

16. Park MY, Kim KR, Park HS, et al. Expression of the serum response
factor in hepatocellular carcinoma: implications for epithelial-mes-
enchymal transition. Int ] Oncol 2007; 31: 1309-15.

17. Choi HN, Kim KR, Lee JH, ef al. Serum response factor enhances liver
metastasis of colorectal carcinoma via alteration of the E-cadherin/
beta-catenin complex. Oncol Rep 2009; 21: 57-63.

18.Song XC, Fu G, Yang X, Jiang Z, Wang Y, Zhou GW. Protein expres-
sion profiling of breast cancer cells by dissociable antibody microar-
ray (DAMA) staining. Mol Cell Proteomics 2008; 7: 163-9.

19. Gavert N, Ben-Zéev A. Epithelial-mesenchymal transition and the
invasive potential of tumors. Trends Mol Med 2008; 14: 199-209.

20. Mejlvang J, Kriajevska M, Berditchevski F, et al. Characterization of
E-cadherin-dependent and -independent events in a new model of
c-Fos-mediated epithelial-mesenchymal transition. Exp Cell Res 2007;
313: 380-93.

21. ChaiJ, Jones MK, Tarnawski AS. Serum response factor is a critical
requirement for VEGF signaling in endothelial cells and VEGF-in-
duced angiogenesis. FASEB ] 2004; 18: 1264-6.

22. Lee HJ, Yun CH, Lim SH, et al. SRF is a nuclear repressor of Smad3-
mediated TGF-beta signaling. Oncogene 2007; 26: 173-85.

23. Schratt G, Philippar U, Hockemeyer D, Schwarz H, Alberti S, Nord-
heim A. SRF regulates Bcl-2 expression and promotes cell survival
during murine embryonic development. EMBO ] 2004; 23: 1834-44.

24, Gerdes J, Lemke H, Baisch H, Wacker HH, Schwab U, Stein H. Cell
cycle analysis of a cell proliferation-associated human nuclear anti-
gen defined by the monoclonal antibody Ki-67. ] Immunol 1984; 133:
1710-5.

25.Sun K, Battle MA, Misra RP, Duncan SA. Hepatocyte expression of
serum response factor is essential for liver function, hepatocyte pro-
liferation and survival, and postnatal body growth in mice. Hepa-
tology 2009; 49: 1645-54.

26. Zhang X, Azhar G, ChaiJ, et al. Cardiomyopathy in transgenic mice
with cardiac-specific overexpression of serum response factor. Am
J Physiol Heart Circ Physiol 2001; 280: H1782-92.

27. Heemers HV, Regan KM, Dehm SM, Tindall DJ. Androgen induc-
tion of the androgen receptor coactivator four and a half LIM domain
protein-2: evidence for a role for serum response factor in prostate
cancer. Cancer Res 2007; 67: 10592-9.



