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ABSTRACT
Role of CDK8 and B-catenin in colorectal

adenocarcinoma

Seo, Jong Og

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 Korea. The Wnt/B-catenin pathway plays an important
role in colon cancers. However, relatively little is known about the
regulatory mechanism of B—catenin in colon cancers.

CDK8 is a cyclin—dependent kinase (CDK) member of the
mediator complex that couples transcriptional regulators to the
basal transcriptional machinery, and is implicated in the
transcriptional regulation of key pathways involved in colon
cancers.

To determine the relationship between CDK8 and p-catenin
expressions, the author have conducted a population—based study
for immunohistochemical staining analysis of tumor tissues, and
Western blot analysis and CDKS8 interference studies of colon
cancer cell lines.

Here, the author tested the hypothesis that colorectal cancers
with  CDK8 expression have distinct clinical, prognostic and
molecular attributes. Among 127 colorectal cancers, CDKS8
expression was detected in 96 (76%) tumors by
immunohistochemistry. CDK8 and B-catenin expression had
significant  positive  correlation  with  carcinogenesis,  tumor



progression and patients' survival. Immunohistochemically, CDK8
expression in colorectal cancer was independently associated with
B-catenin activation (p=0.0002). However, B-catenin expression
was not completely suppressed by CDK8 interference in colon
cancer cell lines, HCT-116, HT-29 and SNU-C5.

These data support a potential link between CDK8 and B-catenin,
and suggest that CDK8 may identify a subset of colon cancer
patients with a poor prognosis. However, control of CDK8 is not
an effective therapeutic strategy through B-catenin regulation of
general colon cancer.

Key Words: Colorectum, Adenocarcinoma, CDK8, p-catenin,

Immunohistochemistry, Western blot analysis, CDOK8 interference
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O ]9 & LM XJ| HEO 208 Wnt/B-catenin 2t HE
Zo WELo LMUE 20i8tCt (Walther et al., 2009; Powell et
al., 1992). B-catenin Wnt ASHEEH =

(nuclear effector) Q10 Mel& AZUHAM Wnte B-
JI0IGHH L&t otESIE™ B-cateninOl SHED oz 0|SEHLL
Wnt/B-catenin 22 ZEHM= UHEA(S3I APC SHHOIIL U=
d2R)9 AN =28 IEs g8ttt (Firestein & Hahn, 2009). Al
ZZLH B-catenin0l tE 3TN SHLfE M 2[(translocation) e JIA

o & A AN AKX SHUHUA gl elatat =l

ol o 1)

4H|

catenin® CrE SO

gﬂ
(_1

ror

(nonphosphorylated) B-catenin0l SXZ O cyclin D1, c-myc, c—jun
St 22 EX RAEX A At(transcription)E &4 3HAI21= J1&(0ving
& Clevers, 2002)0l &t Olgl= OtX =& AFOIC

CDOK82  gGMXl 1380
regulators)2t &S 01201 A LI 20icte HMFO H=2
O MALEZEO 208t (Kim et al.,, 2006). L£&F B-catenin &4
MAF 2 B A (oncogenesis)2 CDK82l kinase &40l Z=X0|Ct

(Firestein et al., 2008; Morris et al., 2008).
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Ohetsl ZOf =XES 4um SHZ 2HEH0 X-tra™Z= 240l E(Surgipath,
Richmond, USA)0l S£Z5t0H xylenelll £ mictZlst § 24 23S,
90%, 75% L 50% OIEFS0 22t 224 H2|6l0f 84Al2) & 824

F ot citrate =t

tou
i
njo

= O
12
o
3
=
O
T
o
e
2
>
It
o
In
m|ru
0Q
S
I

Je
s
r

Z(pressure cooker)
= 50mM Tris 25 EH(TBS, pH 7.5)22 =8TM&ct
Lol Weld atstsaol 20 x2AMenedl & 0.3% hydrogen
peroxide-methanol0ll 1022t Xcl £ SF+2 MEGILD XHSME

A20AM 1022 BtS

2>
ror

=
N
n

S 1 g€XMel mouse monoclonal
RB—-catenin (Santa Cruz Biotechnology, Santa Cruz, CA, USA)1}
rabbit polyclonal CDK8 (Santa Cruz Biotechnology, Santa Cruz,
CA, USA)E 1:20022 3|AGIH A=20AM 1AI2H BFSAIZICH

Tris 2AFHOZ ANHFGILD B-catenin® Polink-2 HRP plus mouse
DAB detection system (Golden Bridge International, Inc., WA, USA)
=, CDK82 Polink=2 HRP plus rabbit DAB detection system
(Golden Bridge International, Inc., WA, USA)E 0I&3dt0d =401 I
I SMES A>SIJUCH.  Mayer's hematoxylin@2 HEZMES ATt

2, Clearmount™ Mounting Solution (Zymed Laboratories, South

u

ol



San Francisco, CA, USA)e 2

W
ol

-

ol

HEZ2=2 COK8Se E%= UE A-0A CDK8 &0l

OF A
oo

R—catening|

IS ot A1,

0

o
Ko

ol
A

0
01
i

ol

-

10

Ok

00
=
U

0l
rH

CH==

X0
00

el s«

FALE.

110

KH

ol
)
ol

al
RO
K0
<0
R0

Jvmo
B

Gy
=
i
"
o
oy
c
N
i
=

0l

EX,

™=
A

ol
xr

80

CIALCH

SH
o

Xl Rot= EHOIA Al

83

10

A0

-

Al

ol

R—cateninOl CHSt

i0)

&l (weak expression),

S g
oF5t gt

OSH S4d(no expression),

#

Ju

&S (moderate/strong expression)2 &2 H

RO

50

A
%0

&0

-

al
E

ok

Rl
i

1+,

positive expression;

2= (2+,

J

weak expression; 0, no expression), MZEZ& HMAML(2+ positive

expression; 1+, weak expression; 0, no expression), A

=(0,

negative membrane

1+,

positive membrane expression;

0D

O4 AH
=}

B—catenin

expression).
3-501 oH

d S} (active)

A
[=]

fE| ™ RB-catenin0| &

C
o

et al., 1999).

CDK80il CH

-

n0
2l
80

OF

R0

JUJ
]
Il
1l

2l
30

ol

_lu_
ITe)
%0
EN]

o]
70
0l0

OF

R0

)
&3

2l
30

St(strong)

(DDFB

Hweak) E4& ZE S (moderate) EAH,

S

E

g 9
n

KK

i
iy

FHCH (Firestein et al., 2009).

= =
- O

Mo



3. CDK81} B—catenin2 Western blot analysis

b MR HH

OIMSeH HELMEZZE  HCT116 (Brattain et al., 1981), HT29

(Fogh, 1975)2t SNU-C5(Park et al., 1987)2 10% fetal bovine
serum (GIBCO BRL) 1X antibiotic—antimycotic (GIBCO BRL)OI

Hl

Sl RPMI 16400 HHLGIULCH OIS HIZEFE SAXNSLE BAMS X
2E 82 Q| Q= UEO MAESHA 22 ACH.
NS 37C, 5% CO, HHLII0IA 10 cm petri dish0l 1.5 x 10° JH<

NZ ZEIF SXNEH 2t = ot S ol 2= HelE ot

polyclonal rabbit anti-human CDK8 (H-139)2f monoclonal
anti-B—catenin (E-5)2 Santa Cruz Biotechnology (Santa Cruz, CA,
USA)O0IA, monoclonal mouse anti—actin® Sigma (St. Louis, MO,
USA)OIIA, ECL system2 Santa Cruz Biotechnology (Santa Cruz,
CA, USA)OIA SO0HGHACH el JIEF MBI ZRsh Al
GIBCO BRL (Grand lIsland, NY, USA)Ol A =20 ot RiCH

ro

Ct. e E ZcIE A

5 x 10°  HZ2 MNZEE 1000 T/C dish0l £3F5t2, 37C, 5%



trypsin/EDTAZ Xc2lotdd MEZEES
A5t = 91X
TmM

CO, BHDIOIAM 24A12F HH 2O LCY.
25t phosphate buffered saline (PBS, pH 7.4)2 MI&&t
CHAPS Zofi2=%(10 mM Tris HCI, pH 7.5, 1nM MgCl,
EDTA, 0.1 nM Benaxmidine, 5 mM B-mercaptoethanol, 0.5%
CHAPS, 10% Glycerol) 200 plZ2 XMclotl LS®0M 3022 2xIst
= 12,000 rom, 4COIAM 20272+ & =2clotH &SHS AL
150 mM NaCl, 1% Triton
, 1. mM

Western blot &4
, 50 mM HEPES,
10 yg/ml aprotinin@ 2
PN

ct.
£ PBSZ A
X-100, 5 mM EGTA, 50 mM glycerophosphate, 20 mM NaF
in &
. SEe
H ol

Hi 2=l Al I
NasVOa., 2 mM PMSF, 10 ug/ml leupeptin
AyECst = A Az HSSHAUCH
E5t 22l8 & nitrocellulose 20l s
= AMHGIALCH BtESAS= ECL system= 0l

ol Al A
SDS-PAGE (15%)E
"~ (S)

FOd immunoblotS Al

(AS) 2t scrambled

4, RNA interferences
CDK8 siRNA 5'-GUU UUU GCC GGU UGU CAA A(dTdT)-3
sequence 5 -CCU ACG CCA CCA AUU UCG
[k v

5-UUU GAC AAC CGG CAA AAA C(dTdT)-5

5-ACG AAA UUG GUG GCG UAG G(dTdT)-3
2/5t0d CIXtelsHD

10° JH& JET-PE

|.

RNA (Ctrl RNAI)
U(dTdT)-3" (S)
(AS)E BIONEER (Daejeon, Korea)0oll 2
CHEAANMEZZE= HCT116, HT29 2 SNU-CHE
— 9 —

Ct.



reagent (Polyplus—Transfection, France)S OI20ot0d MALXIL XIAlGH
= =AW M2k 5 yg siRNAE transfect AIZLCH transfect & MHES
= 48 Al2F HH2Fot(d total protein extractsE Z({ Western blot @ =

=24 ot UL

CHEZUH A CDOK8 % B-catenin &t (e Lagelstdy RAS0
et SHEE 2AM2 ¥ test, Fisher's exact test, ANOVA, logistic
regression analysisE 0|EolULH, SHSE 7o =&2 p<0.052
OtULH MZEZAZ2 Kaplan—Meier HEH2 2 ot LD log-rank testE Al
HEIULE =40 AIEE ZZ)8ES Stat View software package

(Abacus Concepts, Berkeley, CA, USA)OIC}.
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WNT R&EX & 0|2 AF22 WNT

Z20M SF8 dgs gYot= 20l B— atenin OIEH olel oty
(stability) APC complex 0l 2Iol Z=&EEICt. WNT %= 1ID+ 284
T H B-catenin 2 8 E-cadherin (CD/—/7) o =X
complex Ol U= kinase =0l MIZZELH B-catenin % Ol AFSEAIZH - U
£ E&l3t(degradation)& L22ICt. BtH, WNT =EMII 835
APC complex 0l A= kinase S0 AHETNH MEZZEL B-catenin 2
EM0| =D D 0|18 oz 0ISAH UYst B QTS MAIS
Z=ZXIAIZICE (Clevers, 2004). Ol2i0I& WNT ZZ0 TGF-B8 &=
(Attisano and Labbe, 2004), COX-2/prostaglandin ZZJ}
cross—talks Off 2t0ict= 222 LA XM UCH (Buchanan and DuBois,
2006; Castellone et al., 2005; Araki et al., 2003).
WNT/B-catenin &AlS2 40| HWEYS st
Of 28048tCt] 2edMd JU=0l HEL0H A COK81t B—catenin2l 2 H 0l

CH

~

L

N
o

OINl &l &M

A= 0l|0lst AAOICH (Samowitz et al., 2007; Zeng et al.,

o

2006; Thorstensen et al., 2005).

Firestein S(2008)2 B-catenin 2| translaton & =&X
(post—translational modifier) ¥ &8 220 EEol=JI2 &
ot high—-throughput screening 9+ AI&at0d{ CDK8 &t
H CHES 2HXHel Bt Ol &M copy number ES50| ZMFt= 2410t

2HE 22 HOIYUOCH. 0l==2 E£8 murine cell HIZ¥ASE S E6H0



CDK 7, CDK8 1t CDK9 = & AFJ|Z(transcriptional machinery)2t &
&8 &20 SN 262 X&Estlh. £05l CDOK8 2 012 IEY

Cyclin C, MED12 & MED13 It &Ml HAIXE0N S=&Hl A

o
oo

got= JACtet HME S8 Ml mediator complex 'CDK8 module' £
sdsttt. 12l CDK8 module #8492 MED12, MED13 Ol
B-catenin B4&o ZEXNZM HEZ &HCtD HSBMU (Firestein and
Hahn, 2009, Casamassimi and Napoli, 2007; Gold and Rice,
1998). L&t CDK8 2 2&HQlI &HOZ B-catenin & SIAIZ =
JA=0l B-catenin & LA Hot= E2F1 = S8 Z-O0ICH. =, COK8 0]
E2F1 £ AMSt=0l 2= E2F12] B-catenin LHMS0l 246t 21t
HO=Z B-catenin 0l ZII6tH ECH (Morris et al., 2008). 0l2/0%
CDK82 JIM &AFIIF(basal transcriptional machinery)2t Notch
(Fryer et al., 2004) Lt p53 (Donner et al., 2007) 1t &2 XAQIX}
ot ZEotH ZAMIES AEZFIIZEU 20 8HCH.
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Table 1. Frequency of CDKS8 expression in colorectal adenocarcinoma
according to clinical and pathologic feature (%)

Clinical and

pathologic feature Total No CDKS8 + P value
All cases 127 96(76)
Gender <0.005
Male 66 46(70)
Female 61 50(82)
T stage
1 5 3(60) Referent
2 24 16(67)
3 98 77(79) <0.005
4 0 0
Lymph node <0.0005
- 86 58(67)
+ 41 38(93)
Distant metastasis <0.0005
- 123 92(75)
+ 4 4(100)
Clinical stage
I 27 19(70) Referent
I 58 43(74)
111 38 33(87) <0.01
v 4 4(100) <0.0005
B-catenin, nuclear
- 53 33(62) Referent
1+ 40 31(78) <0.05
2+ 34 27(79) <0.05
B-catenin, cytoplasmic
- 73 46(63) Referent
1+ 44 33(75) <0.01
2+ 10 3(80) <0.005
B-catenin, membrane <0.05
Expressed 51 32(63)
Lost (1+) 76 60(79)

(Continued to the next page)




. .
B-catenin, overall score

<0.0005
0-2 (inactive) 72 43(60)
3-5 (active) 55 45(82)
Normal colon mucosa 10 1(10)"
Tubular adenoma 10 6(60)°

Only significant p values are described.

"B-catenin score was calculated as the sum of nuclear (0-2), cytoplasmic (0-2) and
membrane (0-1) scores as described in the materials and methods.
" CDKS staining was detected as weak (+) positive.

* Tubular adenomas showed 1 weak (+), 4 moderate (+) and 1 strong (+) CDKS8
staining.
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Figure 1. Immunohistochemical staining of colonic adenocarcinoma
for CDK8. Tumor cells showed diffuse strong positive nuclear
staining. Polink-2 HRP plus rabbit DAB detection system,
counterstained by hematoxylin.

Figure 2. Immunohistochemical staining of colonic adenocarcinoma
for B-catenin. a: Tumor cells showed diffuse positive nuclear
staining and some membranous staining. b: Tumor cells showed
diffuse positive cytoplasmic staining. Polink—=2 HRP plus mouse
DAB detection system, counterstained by hematoxylin.

Figure 3. Immunohistochemical staining of colonic adenocarcinoma
for B—catenin. a: Tumor cells showed diffuse positive membranous
staining. b: Tumor cells showed negative membranous staining.
Polink—2 HRP plus mouse DAB detection system, counterstained
by hematoxylin.

Figure 4. Western blot analysis of colon cancer cell lines for
CDK8 and B-catenin. Each cell line expressed CDK8 and
B—catenin intensely. After serum starvation for 24 h, CDK8 level
was decreased in each cell lines nevertheless, B—catenin level was
increased in each cell lines.

Figure 5. Effect of CDK8 interference on B-catenin expression in
colon cancer cell lines. Significant suppression of B-catenin was
identified in HCT-116 and SNU-C5, but not significant in HT-29.

Figure 6. Cumulative survival curves of colon cancer patients by

CDK8 expression. CDK8 expression group showed significant low
survival compared to CDK8 negative group.
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