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Figure 1. Immunohistochemical staining for p—-STAT3 in colon
adenocarcinoma. Rate of positive nuclear staining in the area of
overt adenocarcinomatous change (top) is significantly higher than
that of adenomatous area (bottom). LSAB method, counterstained
by hematoxylin. 37

Figure 2. Immunohistochemical staining for p—-STAT3 in colon
adenocarcinoma. Rate of positive nuclear staining in the area of
invasive adenocarcinoma (left) is significantly higher than that of
non-invasive adenocarcinoma area (right). LSAB method,
counterstained by hematoxylin. ........ccooviiiiiiiia 37

Figure 3. Immunohistochemical staining for p—-STAT3 in colon
adenoma. Cytoplasmic staining without nuclear staining is
demonstrated in the adenoma (bottom). Faint intracytoplasmic
staining without nuclear staining is identified in the adjacent
foveolar epithelia of the normal mucosa (top). LSAB method,
counterstained by hematoxylin. ... 38

Figure 4. Immunohistochemical staining for p—-STAT3 in colon
cancer. Nuclear as well as intracytoplasmic staining is identified in
adenocarcinoma. LSAB method. .....oooriiiiii i 38

Figure 5. Quantitative real-time PCR curves for p—STAT3 in colon
adenocarcinoma and normal mucosa. Top: reference amplification
curves of [-actin for adenocarcinoma and normal mucosa,
Bottom: target amplification curves of p—STAT3 for
adenocarcinoma and normal MUCOSA. ....c.evvviiiiierininiininaennnnn, 39



ABSTRACT

Significance of the STAT3 expression in human colorectal

adenoma and adenocarcinoma

Park, Jae—Kyoung

Advisor: Prof. Lim, Sung—-Chul, Ph.D.
Department of Medicine,
Graduate School of Chosun University

Colorectal adenocarcinoma is a major cause of morbidity and
mortality in Western countries. By the way, it appears to have
rapidly increased over the past two decades in Korea. The signal
transducer and activator of transcription 3 (STAT3) is a key
signalling molecule that's been implicated in the regulation of cell
growth and malignant transformation. To examine the relation
between p-STAT3 (activated form of STAT3) expression and
clinicopathologic parameters of human colorectal adenocarcinoma,
we  conducted immunohistochemical analyses on the
formalin—fixed tissue from 127 colorectal adenocarcinomas, 10
colorectal adenomas and 10 normal colon mucosa specimens. To
clarify the wvalidity of the immunohistochemical expression of
p—STAT3, quantitative real time-PCR were carried out on the fresh
tissue samples from 51 colorectal adenocarcinomas, which were
comprised of 4 intramucosal carcinomas and 47 invasive
carcinomas and each of the corresponding normal colon mucosa
specimens. Immunohistochemical analyses were conducted after
formalin fixation of specimens from 51 adenocarcinoma cases to
compare these results with the results of the real time—-PCR.

Ninety—-six of these 127 adenocarcinomas (76%) showed
immunoreactivity for p—~STAT3. Only two of the 10 adenomas (20%)



and none of the 10 normal mucosa specimens showed
immunoreactivity for p-STAT3, resulting in a significant difference
between the adenocarcinomas and adenomas (p=0.001), and
between the adenocarcinomas and normal mucosa specimens
(p=0.000). Among the 127 adenocarcinomas, p-STAT3
immunoreactivity was significantly correlated with the clinical stage,
which were comprised of early and late stages (p=0.000) and
nodal status (p=0.000). The intracytoplasmic expression of
p—-STAT3 was identified in 17 of 127 adenocarcinomas (13%), but
not in the adenomas or normal mucosa specimens. This was
significantly correlated with the clinical stage, which were
comprised of early and late stages (p=0.004), nodal status
(p=0.004) and survival length (p=0.018). Among the 51
adenocarcinomas, the result of real time-PCR was significantly
correlated with the tumor size (p=0.023), M-stage (p=0.000) and
clinical stage (p=0.036). The overall findings of the real time—-PCR
analyses were relatively very well correlated with the findings of
the immunohistochemical analyses.

These findings suggest that a p-STAT3 expression has an
important role related to tumorigenesis and tumor progression of
colorectal adenocarcinoma. Moreover, immunohistochemical analysis
of the p—STAT3 expression is a reliable and useful modality to
assess the p-STAT3 expression status in surgically resected
formalin—fixed tissue samples.

Key Words: Colorectum, Adenoma, Adenocarcinoma, STAT-3,

Immunohistochemistry, Real-time PCR
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E N2 H3lE SAHAOILD MAHE2Z ARE %= AIJ| H20ICH CH
0] ME-pMHAtE 2ol SHE HXM APC  (adenomatous
&Rl AA = HABH0|, DNA O3S w3

o
TT
K-ras =82 SHEH0|, S 24, pbd FEAS =HB0| S
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22 CeH STEHSIIF =XHOZ2 LMECHBuUrt et al., 1995).
CHEO gt &2 ARIE Wnt EZ2(pathway)2l =& ZH0H

(dysregulation)0ff &= U=s0, 0 S=0 2E APC, B
—catenin, axin S0l H&E LM S5tH SHHOIE L2331, O 2
Hl2l &k 3tE (nonphosphorylated)  B-cateninOl  FREIN  cyclin DI,
c-myc, c~Hun S &2 HE S|SHEXS & Attranscription)Jt L 0L
A &t (Oving & Clevers, 2002).

EI| M E(stem cell) €&t BHOF =] (embryonic patterning)= O
cl JHAl E22 MSHEAHN 2ot XET =0, 12 = oLt
JAK-STAT (Janus kinase-signal transducer and activator of

transcription) EZ0|Ct (O'Shea et al. 2002). STAT3= HIZZE & ALQ!

XHcytoplasmic transcription factor)@!dl, IL-6 =2H ASHELUEHO
OHOHKIZ2 M0 LT OL iR CIYst Dls2 9Hols HoZ2 9

NMOM, cytokineOlLt S&& QX =EX =8 OtLict src, sis St &
22 & X oncogene) SO0l 2ot 24350 =cHECt (Akira et al.
1994; Levy & Lee, 2002; Bowman et al. 2000). CytokineOl 12| =
Exo A D SAl JAK kinaseOll 2I5tH =EM 2l tyrosine Ql4tst
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(phosphorylation)Jt =eHEl =0l Ol ClAFSHE! tyrosine2 STATsO CH

St ZetdAE MBZM 4200 Z2&E STATs= QIAHSHIE =& O
p—-STATs2l &EH=zZ £EXNZ2RH ZEHA&AC 0l 0l 0leFs#
(dimerization)2 ot1) $#92 0|=(translocate)dttd 04 JIX EX &

XS L&EsS Z&GIH =T (Zhong et al. 1994).
HE 2NEZF= STATIS 2 ASIF ZeHEH /D, STATI &==2 X
St NIZ XY At(apoptosis)2t Z=eH=EICH (Bromberg, 2002; Garcia

et al. 2001). &, 0|Z=&= Sol Z24H3E STATI=E SUCHH
(oncoprotein)22 HE25 ol SE (OIRAHNNH ELs L2210
(Bromberg, et al. 1999). 0| 22 STAT3 EA0|&0 2st ME BHE

Ol=  cyelin DIOILE  c-mycdt 28 MNEFI| HE(cell cycle
progression)2 S&AIIIAHU/LD, be/~xL, mc/-101Lt  survivindt Z&
NEXNEAME AHols X2 &SI E(upregulation)nt 2H&0] U
Ct (Bromberg, et al. 1999; Epling-Burnette, et al. 2001a;
Epling—Burnette, et al. 2001b; Shen et al. 2001).

E=2 20AM STAT3 ZEZO0Ot ZMotH, =&st o= & &0l &
gt 20| JUs He=2 X2 Y2l (Masuda et al. 2002;
Benekli et al. 2002; Horiguchi et al. 2002), &0 &L XO0|X Rt
O E0 Z=s AZI/H80 e 270 2R, I8 S22 S0
ME cyclin D18 285t MZEFIIE =&® X=36HK8t (Masuda et
al. 2002), ALEME NEZUHM= NESAS St&EEE(downregulate)
Ste A2 B ELH (Kortylewski et al. 1999).
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HESEZE L oY &Xe =H U= H mRNA =2 RNeasy
protocol (Qiagen, Hilden, Germany)0il et AIH3tRUCEH. total RNA 1
ug=S avian myeloma leukemia virus (AMV) S & ALS A (reverse
transcriptase) 2t oligo dT primers (Promega, Madison, USA)Jt &0
Aqs E2H 20 plHUIA HAXIE ME8 =210 et cDNAZ S M AL
OIRULCH. STAT3 cONA ZEH MAIZt SESA HAMEIE =EF2 Fast
Start DNA Master SYBER Green | Kit (Roche Diagnostics,
Manheim, Germany)E O0I&3dt0{ Light Cycler Instrument (Roche)&
ZHOtALCH (Schulz et al. 2003). &=(amplification) &t=20] SHtEX

£ E0I5t)| 6t ethidium bromideZ Y& 2% agarose gelOl A

PCR product®2 THHE STAT30 st S0| Zetol  X(specific
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3', antisense primer 5' AGG CGC CTC AGT CGT ATC TTT 3'0I%LCt
(BHOILLIOF MIZ). 2 BtS(20 ul)& 2 ul cDNA, 2.5 mM MgCly, 2
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STAT3= c-Jun NH:-terminal kinases, growth factor tyrosine
kinases S2 &0 28t Tyr7052 2l4Hst(phosphorylation)0il 216+
g 43t &0 Guschin et al, 1995). Q&S0 0l STAT3= OIS
& (dimerization)S ot QCtHFIL OIRUHAN 2=z 0|SotHl &
(Turkson & Jove, 2000). MetM, STAT3= HMIEZZEO EIHSHCHL
p-STAT3Z MBI M3} ReHTI®H SHoA LAHAECH

Berclaz S(2001)2 HIEXXI&N HMs St 2EH K A3

STAT32l 243 EEI2! phospho-Tyr70501 SO0I&Ql p-STAT3 & Xl
Jt JrEoii "D (Bartoli et al, 2000), &S (HA2Z & HFUAN &
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CHE CH(Campbell et al, 2001). Dolled-Filhart §(2003)2 SY2= O
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SHH HI22| I&HSDL serine (residue 727)0IA L O{LE STAT32 & Ak
S (transcriptional activity)2 ZZ&S&tCh= 2401 3 XIH A (Sadowski
et al, 1993; Ram et al, 1996; Wen et al, 1995), p—STAT3 (Ser727)
o JIsol tist AL EI A= p-STAT3 (Tyr705)0 HIGHH M=
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STAT3= matrix metalloproteinase 2 Z&= ZTItAIZ|1], 0l &2
MOl & HSD A22ADIL JUTCH(Xie et al, 2004). L&t 245HE
STAT3= ZHEH2=Z VEGF, cyclin D1 2 c-myc 3LREX
(oncogene)2l MALE ZItAIZIZD(Wei et al, 2003; Bromberg et al,
1999; Nakajima et al, 1996), Bcl-xLDt Mcl-11t 22 NZXZAF &
N S & Xt(antiapoptotic genes)E 2 A Al2ICH(Catlett—-Falcone et al,
1999; Niu et al, 2002). Z= p-STAT3= I &E(invasion), 2

& M (angiogenesis), MIZ=D|(cell cycle) ¥ AIZAMZ=(cell survival)zt



0l

by

o
Rl
Kd

e

Kl

ok

-

KO
7

ol

o0
Kl

2

s

ol
i00
30

1)
ol

Kl
Ok

oy
ol
)

Z AL

FLFQI p—STAT3 (Tyr705)0t CH&

2124

& &0l ¥

2| 11
e =

S,

Kt

grotLlct

8=

180

ol
A
J
=

ol
00
30

H

-

~J

KiJ

pom

<

10

Al
U

RO
=
io!

KJ

ol

ki

0lJ
Al

StX HXAZ

0
ud
X

0l

™

M OEXIDOE /e



Py

Ol oH
OH OH R+l

O=|ﬁ\_(
enoma-carcinoma sequence)0l

=
=2

gxAH 2

B
o o

GI, cytokinelt

(=3
=)

P

Ol At

STAT3S

R0

u

]
1o

o
__o=._
&r

gl

-

nJ

<
Rl

a

0
RO

=
2l

&0

&M
ol
=)
Rr
Kq
3r

iy

(m}

O

-

<0

ol
Rr
KA

-

ol

-

KO

ak

ki

A1

Rr
for

ki

ol

iod
oD

Kt

oT
HHOZ p-STAT3 (

-~
Y

ol
0y
Rr
Kq
3r
ol

ol
=)
Rr
Kq
3r
ol

—_

=
Bl

0

b Hlw

=
A<

0
R0
KIr

o]
010
nJ

3
8]

<
ilod
oD
Ki0

-

~J

<

53

<+

ol
W

<l

[[e]
[
K0

i

0

Ol:l:i:| s
2FHH 3t (oncogenesis, neoplastic

ki

transformation) Oll

53

W

ol

ol

O

N

J
110
i
0J
ol
~

Kl

pem

<

9]

&l

(tumor progression) 0l

KD

ol
00
K0
w.o

ol
0lJ

=1

&0

H

I

p—STAT3 (Tyr705)2 Al

53

WA

ol
o

O

N

]
110
i
0J
ol
~

KiJ

<

10

gl

ot
110

ol
ioll
3r

0

ot
110

KJ

ak

MetM, p—STAT3 (Tyr705)=

o
0
EY



_ o =
<1153

Akira S, Nishio Y, Inoue M, Wang XJ, Wei S, Matsusaka T, Yoshida K,
Sudo T,Naruto M, Kishimoto T. Molecular cloning of APRF, a novel
IFN—-stimulated gene factor 3 p91-relatedtranscription factor involved in
the gp130—-mediated signaling pathway. Cell 8; 63-71, 1994

Bartoli M, Gu X, Tsai NT, Venema RC, Brooks SE, Marrero MB, Caldwell
RB. Vascular endothelial growth factor activates STAT proteins in aortic
endothelialcells. J Biol Chem 27; 33189-92, 2000

Benekli M, Xia Z, Donohue KA, Ford LA, Pixley LA, Baer MR, Baumann
H, Wetzler M. Constitutive activity of signal transducer and activator of
transcription 3protein in acute myeloid leukemia blasts is associated with
short disease—free survival. Blood 99; 252-7, 2002

Berclaz G, Altermatt HJ, Rohrbach V, Siragusa A, Dreher E, Smith PD.
EGFR dependent expression of STAT3 (but not STAT1) in breast cancer.
Int J Oncol 19; 1155-60, 2001

Bowman T, Garcia R, Turkson J, Jove R. STATs in oncogenesis.
Oncogene 15; 2474-88, 2000

Bromberg J. Stat proteins and oncogenesis. J Clin Invest 109; 1139-42,
2002

Bromberg JF, Wrzeszczynska MH, Devgan G, Zhao Y, Pestell RG,
Albanese C, DarnellJE Jr. Stat3 as an oncogene. Cell 6; 295-303, 1999

Burt RW, DiSario JA, Cannon—Albright L. Genetics of colon cancer:
impact of inheritance on colon cancer risk. Annu Rev Med 46: 371-379,
1995

Campbell CL, Jiang Z, Savarese DM, Savarese TM. Increased expression
of the interleukin—11 receptor and evidence of STAT3activation in
prostate carcinoma. Am J Pathol 158; 25-32, 2001

Catlett—-Falcone R, Landowski TH, Oshiro MM, Turkson J, Levitzki A,
Savino R,Ciliberto G, Moscinski L, Fernandez-Luna JL, Nunez G, Dalton
WS, Jove R. Constitutive activation of Stat3 signaling confers resistance
to apoptosis inhuman U266 myeloma cells. Immunity 10; 105-15, 1999



Dixon MR, Haukoos JS, Udani SM, Naghi JJ, Arnell TD, Kumar RR,
Stamos MJ. Carcinoembryonic antigen and albumin predict survival in

patients with advanced colon and rectal cancer. Arch Surg 138; 962-6,
2003

Dolled=Filhart M, Camp RL, Kowalski DP, Smith BL, Rimm DL. Tissue
microarray analysis of signal transducers and activators of transcription3
(Stat3) and phospho-Stat3 (Tyr705) in node-negative breast cancer
showsnuclear localization is associated with a better prognosis. Clin
Cancer Res 9; 594-600, 2003

Epling—Burnette PK, Liu JH, Catlett—-Falcone R, Turkson J, Oshiro M,
KothapalliR, Li Y, Wang JM, Yang-Yen HF, Karras J, Jove R, Loughran
TP Jr. Inhibition of STAT3 signaling leads to apoptosis of leukemic large
granular lymphocytes and decreased Mcl-1 expression. J Clin Invest 107;
351-62, 2001a

Epling—Burnette PK, Zhong B, Bai F, Jiang K, Bailey RD, Garcia R, Jove
R, DjeudY, Loughran TP Jr, Wei S. Cooperative regulation of Mcl-1 by
Janus kinase/stat and phosphatidylinositol3—kinase  contribute  to
granulocyte—macrophage colony—stimulating factor—delayed apoptosis in
human neutrophils. J Immunol 15; 7486-95, 2001b

Garcia R, Bowman TL, Niu G, Yu H, Minton S, Muro—Cacho CA, Cox CE,
Falcone R, Fairclough R, Parsons S, Laudano A, Gazit A, Levitzki A,
Kraker A, Jove R. Constitutive activation of Stat3 by the Src and JAK
tyrosine kinases participates in growth regulation of human breast
carcinoma cells. Oncogene 3; 2499-513, 2001

Greene FL, Page DL, Fleming ID. AJCC cancer staging manual, 6th ed.
New York: Springer—Verlag, 2002

Guschin D, Rogers N, Briscoe J, Witthuhn B, Watling D, Horn F,
Pellegrini S, Yasukawa K, Heinrich P, Stark GR, et al. A major role for
the protein tyrosine kinase JAK1 in the JAK/STAT signal transduction
pathway in response to interleukin—6. EMBO J 3; 1421-9, 1995

Harnois C, Demers MJ, Bouchard V, Vallee K, Gagne D, Fujita N, Tsuruo
T, VezinaA, Beaulieu JF, Cote A, Vachon PH. Human intestinal epithelial
crypt cell survival and death: Complex modulations of Bcl-2 homologs by
Fak, PI3-K/Akt—-1, MEK/Erk, and p38 signaling pathways. J Cell Physiol
198; 209-22, 2004



Hierholzer C, Kalff JC, Chakraborty A, Watkins SC, Billiar TR, Bauer AJ,
Tweardy 0OJ. Impaired gut contractility following hemorrhagic shock is
accompanied by IL-6 and G-CSF production and neutrophil infiltration.
Dig Dis Sci 46; 230-41, 2001

Hong R, Lim SC, Suh CH, Jeon HJ, Lee MJ, Kee KH. Pathologic
significance of connexin 26 expression in colorectal adenocarcinoma. Kor
J Pathol 40; s117, 2006

Horiguchi A, Oya M, Shimada T, Uchida A, Marumo K, Murai M.
Activation of signal transducer and activator of transcription 3 in renal
cell carcinoma: a study of incidence and its association with pathological
features and clinical outcome. J Urol 168; 762-5, 2002

lto A, Koma Y, Uchino K, Okada T, Ohbayashi C, Tsubota N, Okada M.
Increased expression of connexin 26 in the invasive component of lung
sguamouscell carcinoma: significant correlation with poor prognosis.
Cancer Lett 28; 239-48, 2006

Jass JR, Sobin LH. Histological typing of intestinal tumours, 2nd ed.
Berlin: Springer—Verlag, 1989

Kanczuga—-Koda L, Sulkowski S, Koda M, Skrzydlewska E, Sulkowska M.
Connexin 26 correlates with Bcl-xL and Bax proteins expression in
colorectal cancer. World J Gastroenterol 14; 1544-8, 2005a

Kanczuga—-Koda L, Sulkowski S, Koda M, Sulkowska M. Alterations in
connexin26 expression during colorectal carcinogenesis. Oncology 68;
217-22, 2005b

Kim DH, Ahn YO. Molecular epidemiology of colon cancer. Cancer Res
Treat 36; 93-99, 2004

Kim KJ, Min YD, Lim SC, Choi CH, Ryu SY, Lee TB. Expression of
cyclooxygenase—2 protein  and its relationship to nuclear p53
accumulation in colorectal cancers. J Kor Soc Colpoproctol 22; 184,
2006

Korea National Cancer Center: Cancer Death Rate—2004. Korea National
Cancer Center, http://www.ncc.re.kr, 2006



Korea National Cancer Center: Cancer Incidence 1999-2001. Korea
National Cancer Center, http://www.ncc.re.kr, 2006

Korea National Statistical Office; Annual Report of Causes of Death—-2004.
Korea National Statistical Office, http://nso.go.kr, 2006

Kortylewski M, Heinrich PC, Mackiewicz A, Schniertshauer U, Klingmuller
U, Nakajima K, Hirano T, Horn F, Behrmann |. Interleukin—-6 and
oncostatin M—induced growth inhibition of human A375 melanoma cells is
STAT-dependent and involves upregulation of the cyclin—dependent
kinase inhibitor p27/Kip1. Oncogene 24; 3742-53, 1999

Kusaba T, Nakayama T, Yamazumi K, Yakata Y, Yoshizaki A, Nagayasu
T, Sekine |. Expression of p—STAT3 in human colorectal adenocarcinoma
and adenoma; correlation with clinicopathological factors. J Clin Pathol
58; 833-8, 2005

Leu CM, Wong FH, Chang C, Huang SF, Hu CP. Interleukin—6 acts as an
antiapoptotic factor in human esophageal carcinoma cells through the
activation of both STAT3 and mitogen—activated protein kinase pathways.
Oncogene 30; 7809-18, 2003

Levy DE, Lee CK. What does Stat3 do? J Clin Invest 109; 1143-8, 2002

Masuda M, Suzui M, Yasumatu R, Nakashima T, Kuratomi Y, Azuma K,
Tomita K, Komiyama S, Weinstein |B. Constitutive activation of signal
transducers and activators of transcription 3correlates with cyclin D1
overexpression and may provide a novel prognostic marker in head and
neck sguamous cell carcinoma. Cancer Res 15; 3351-5, 2002

Nakajima K, Yamanaka Y, Nakae K, Kojima H, Ichiba M, Kiuchi N,
Kitaoka T, FukadaT, Hibi M, Hirano T. A central role for Stat3 in
IL-6-induced regulation of growth and differentiation in M1 leukemia
cells. EMBO J 15; 3651-8, 1996

Newland RC, Dent OF, Lyttle MN, Chapuis PH, Bokey EL. Pathologic
determinants of survival associated with colorectal cancer with lymph
node metastases. A multivariate analysis of 579 patients. Cancer. 15;
2076-82, 1994

Niu G, Bowman T, Huang M, Shivers S, Reintgen D, Daud A, Chang A,



Kraker A, JoveR, Yu H. Roles of activated Src and Stat3 signaling in
melanoma tumor cell growth. Oncogene 10; 7001-10, 2002

O'Shea JJ, Gadina M, Schreiber RD. Cytokine signaling in 2002: new
surprises in the Jak/Stat pathway. Cell 109; S121-31, 2002

Oving IM, Clevers HC. Molecular causes of colon cancer. Eur J Clin
Invest 32; 448-57, 2002

Ram PA, Park SH, Choi HK, Waxman DJ. Growth hormone activation of
Stat 1, Stat 3, and Stat 5 in rat liver. Differential kinetics of hormone
desensitization and growth hormone stimulation of both tyrosine
phosphorylation and serine/threonine phosphorylation. J Biol Chem 8;
5929-40, 1996

Sadowski HB, Shuai K, Darnell JE Jr, Gilman MZ. A common nuclear
signal transduction pathway activated by growth factor and cytokine
receptors. Science 24; 1739-44, 1993

Schulz C, Wolf K, Harth M, Kartzel K, Kunz-Schughart L, Pfeifer M.
Expression and release of interleukin—8 by human bronchial epithelial
cells from patients with chronic obstructive pulmonary disease, smokers,
and never—smokers. Respiration 70; 254-61, 2003

Shen Y, Devgan G, Darnell JE Jr, Bromberg JF. Constitutively activated
Stat3 protects fibroblasts from serum withdrawal and UV-induced
apoptosis and antagonizes the proapoptotic effects of activated Statl.
Proc Natl Acad Sci USA 13; 1543-8, 2001

Steinberg SM, Barwick KW, Stablein DM. Importance of tumor pathology
and morphology in patients with surgically resected colon cancer.
Findings from the Gastrointestinal Tumor Study Group. Cancer 15;
1340-5, 1986

Takeda K, Noguchi K, Shi W, Tanaka T, Matsumoto M, Yoshida N,
Kishimoto T, Akira S. Targeted disruption of the mouse Stat3 gene leads
to early embryonic lethality. Proc Natl Acad Sci USA 15; 3801-4. 1997

Turkson J, Jove R. STAT proteins: novel molecular targets for cancer
drug discovery. Oncogene 27; 6613-26, 2000

Wei LH, Kuo ML, Chen CA, Chou CH, Lai KB, Lee CN, Hsieh CY.

Interleukin—6  promotes cervical tumor growth by VEGF-dependent
angiogenesis via STAT3 pathway. Oncogene 13; 1517-27, 2003



Wen Z, Zhong Z, Darnell JE Jr. Maximal activation of transcription by
Statl and Stat3 requires both tyrosine and serine phosphorylation. Cell
28; 241-50, 1995

Xie TX, Wei D, Liu M, Gao AC, Ali-Osman F, Sawaya R, Huang S. Stat3
activation regulates the expression of matrix metalloproteinase—2 and
tumor invasion and metastasis. Oncogene 29; 3550-60, 2004

Yang SF, Yuan SS, Yeh YT, Wu MT, Su JH, Hung SC, Chai CY. The role
of p—STAT3 (ser727) revealed by its association with Ki-67 in cervical
intraepithelial neoplasia. Gynecol Oncol 98; 446-52, 2005

Zhong Z, Wen Z, Darnell JE Jr. Stat3: a STAT family member activated

by tyrosine phosphorylation in response to epidermal growth factor and
interleukin—6. Science 264; 95-8, 1994



Table 1. Relations between p-STAT3 immunoreactivity and the
clinicopathological features of the tumors. (%)

STAT3 immunoreactivity STAT3 cytoplasmic staining

N + - + -

Normal mucosa 10 0 10(100) 0 10(100)
Adenoma 10 2(20) 8(80) 0 10(100)
Total adenoca 127 96(76) ** 31(24) 17(13) 110(87)
T stage

1 5 3(60) 2(40) 0 5(100)

2 24 17(71) 7(29) 1(4) 23(96)

3 98 75(77) 23(23) 16(16) 82(84)

4 0 - - - -
Lymph node ! !

- 86 57(66) 29(34) 6(7) 80(93)

+ 41 39(95) 2(5) 11(27) 30(73)
Distant mets

- 126 95(75) 31(25) 17(14) 109(86)

+ 1 1(100) 0 0 1(100)
Clinical stage

I 27 18(67) 9(33) 1(4) 26(96)

IIa 56 38(68) 18(32) 5(9) 51(91)

Iy 3 1(33) 2(67) 0 3(100)

100N 1 0 1(100) 0 1(100)

11y 27 27(100) 0 6(22) 21(78)

e 13 12(92) 1(8) 5(39) 8(61)

I\% 0 - - -

adenoca: adenocarcinoma, mets: metastasis
* . normal mucosa vs. adenocarcinoma, p<0.0001, §: adenoma vs. adenocarcinoma,
0<0.001, #: p<0.0001, §: p<0.005



Table 2. Relations between p—STAT3 immunoreactivity or STAT3 real
time PCR and the clinicopathological features of the tumors. (%)
STAT3 ImmunoRT  STATS3 cytoplasmic staining PCR T/N ratio™

N + - + - >1 <1

CIS 4 1(25) 3(75) 0 4(100) 4(100) 0
Total adenoca 47  39(83)" 8(17) 9(19)” 38(81) 37(79) 10(21)
Differentiation § §

Well 12 7(58) 5(42) 2(17) 10(83) 9(75) 3(25)

Moderately 29 27(93) 2(7) 5(17) 24(83) 22(76) 7(24)

Poorly 4 4(100) 0 1(25) 3(75) 4(100) 0

Mucinous 2 1(50) 1(50) 1(50) 1(50) 2(100) 0
Tumor size $

< bem 28 24(86) 4(14) 6(21) 22(79) 23(82) 5(18)

> 5cm 19 15(79) 4(21) 3(16) 16(84) 14(74) 5(26)
T stage s

1 2 1(50) 1(50) 0 2(100) 2(100) 0

2 8 5(63) 3(37) 1(13) 7(87) 7(88) 1(12)

3 33 31(94) 2(6) 8(24) 25(76) 24(73) 9(27)

4 4 2(50) 2(50) 0 4(100) 4(100) 0
N stage

0 23 17(74) 6(26) 4(17) 19(83) 19(83) 4(17)

1 16 15(94) 1(6) 4(25) 12(75) 14(88) 2(12)

2 8 7(88) 1(12) 1(13) 7(87) 4(50) 4(50)
M stage '

0 41 33(81) 8(19) 5(12) 36(88) 31(76) 10(24)

1 6 6(100) 0 4(67) 2(33) 6(100) 0
Clinical stage $ 1

I 5 2(40) 3(60) 0 5(100) 4(80) 1(20)

I 15 12(80) 3(20) 2(13) 13(87) 12(80) 3(20)

I 20 18(90) 2(10) 2(10) 18(90) 14(70) 6(30)

IIa 7 7(100) 0 5(71) 2(29) 7(100) 0

g 0 - - - - - -

Il 0 - - - - - -

I\% 0 - - - - - -
V. invasion

- 37 30(81) 7(19) 6(16) 31(84) 30(81) 7(19)

+ 10 9(90) 1(10) 3(30) 7(70) 7(70) 3(30)
Site $ :

Rt 12 12(100) 0 5(42) 7(58) 9(75) 3(25)

Lt 7 5(71) 2(29) 1(14) 6(86) 6(86) 1(14)

Rectum 28 22(79) 6(21) 3(11) 25(89) 22(79) 6(21)

CIS: carcinoma /n situ, adenoca: adenocarcinoma, mets: metastasis, V: vascular, —:
absent, +: present, Rt: right colon, Lt: left colon, ImmunoRT: immunoreactivity, *See
Materials and Methods for interpretation of real time PCR results. *: CIS vs.
adenocarcinoma, p<0.05, §: p<0.05, §: p<0.001, t: p<0.005
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Figure 1. Immunohistochemical staining for p—-STAT3 in colon
cancer. Rate of positive nuclear staining in the area of overt
adenocarcinomatous change (top) is significantly higher than that
of adenomatous area (bottom). LSAB method, counterstained by
hematoxylin.

Figure 2. Immunohistochemical staining for p—-STAT3 in colon
cancer. Rate of positive nuclear staining in the area of invasive
adenocarcinoma (left) is significantly higher than that of
non-invasive adenocarcinoma area (right). LSAB method,
counterstained by hematoxylin.

Figure 3. Immunohistochemical staining for p—-STAT3 in colon
adenoma. Cytoplasmic staining without nuclear staining is
demonstrated in the adenoma (bottom). Faint intracytoplasmic
staining without nuclear staining is identified in the adjacent
foveolar epithelia of the normal mucosa (top). LSAB method,
counterstained by hematoxylin.

Figure 4. Immunohistochemical staining for p-STAT3 in colon
cancer. Nuclear as well as intracytoplasmic staining is identified in
adenocarcinoma. LSAB method.

Figure 5. Quantitative real-time PCR curves for p—STAT3 in colon
adenocarcinoma and normal mucosa. Top: reference amplification
curves of [-actin for adenocarcinoma and normal mucosa,
Bottom: target amplification curves of p—STAT3 for
adenocarcinoma and normal mucosa.
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