creative
comimons

C O M O N S
& X EAlI-HI el Xl 2.0 Gigel=
Ol OtcHe =2 E 2= FR0l 86tH AFSA
o Ol MHE=E= SN, HE, 8E, A, SH & &5 = AsLIC

XS Mok ELICH

MNETEAl Fots BHEHNE HEAIGHHOF SLICH

Higel. M5t= 0 &

o Fot=, 0l MEZ2 THOIZE0ILE B2 H, 0l HAS0 B2 0|8
£ 2ok LIEFLH O OF 8 LICEH
o HEZXNZREH EX2 oItE O 0lelet xAdE=2 HEX EsLIT

AEAH OHE oISt Aele 212 WS0ll 26t g&
71 2f(Legal Code)E OloiotI| &H

olx2 0 Ed=t

Disclaimer =1

ction

Colle


http://creativecommons.org/licenses/by-nc-nd/2.0/kr/legalcode
http://creativecommons.org/licenses/by-nc-nd/2.0/kr/

PKCK2¢l] ¢]slo] x4 % = PKCK2
E b

[®)
ol 71 54



PKCKZ2

-
T

SR

©

PKCK21| 2]

]

o

g

6

2016

o) 75} 3}

A
s

—



T1 tl H -8 ?l
]llo
= =
T1 o = ! ?l
9]
1/\]__?4 |
| o;g,
T1 tl T ! ?l
o]
IR
/\]/\]_ ]O}\
o] ==
IR 4
/\1/\]_

Q]
=
154 12
20



el 2

E

o

all

X
TH
~L

.*O_l

%0

A et

7
e

)

K

’

/ﬂxgu
kel EeFE A owmp, HlE 24 Y,

AF7h Sl

0] =
AA -

PN
T

o

o)

ol
Me

olad YHG <

E

R

o B4 Bt Aol A 2 o w

1

°
Q]

)

ol
NIl

571<1

o,
Qe A

A7

e 7]
Yok, a8

1

o
H

o,
el

Y

oful %

T



1) 3)3}

Ada H7 ow ol

S,

-5

Tor

X
TH

7_4'x

w5 R

HE7E Ho] Ao

Bl

15

wol ¥

A 7}

g2 shuA

1
s1,

sl

w00 2

ujJ
b}

bW A, vk, ofuk,

gojy, @

2

obgglol FUd

=
=

N4 A
U% gatsta

]

i

23 QA A9

38 olws
A}

-

& o] of A

1

s
L

1l
=

FE= A

AFEY

A} %



%%B_Cﬂ': .......................................................................... 1
1 }\1% ........................................................................... 5
. AE 2 Wy
1. /q]jvj_‘_ HHoolzﬂ }\]C_)_]': .................................................... 9
2. Western blOt analysis ............................................. 10
3. In vitro kinase ASSAY ™ vt et 11
4. OFAMET A ZF e 12

I11. 23

1. dol7} Jls F7lol A fast ok ME FE2] PKCK

EL‘_
sk’ d 2 catalytic subunit®! CK208] @9 Wy ¢

g A 1= =2 4 T

% ‘_’?l ....................................................... 13
2. PKCK2 Aol mh& EMT BA A} @ 3FQloeeeeenn 17
3. PKCK2 —E,io] 7]7\31 E}uﬂgg;ﬂg} TEBL coovvvvvveeeeeemnnnnnnen. 19

4. PKCK2 214k3) 712 @iz CDC37 ¢ 2 ¢t marker 24 2

7]_161/\04 Qg—] ............................................................ 22






aY 1. dolzk wIHE ArlelM Fad o AE

19 2. PKCK2 Aol whE EMT A&} 2384 ----18

13 3. PKCK2 Eo] 713 iz 22 o] ZEBL -+ 20

19 4. PKCK2 &Ado wE CDC37 2 Phosho-CDC37

=15 ooh

_1(
S
0o
=~

.



2}

PKCK29l 93t ZAEE PKCK2 E90] 712 3

ol ShAlE7E A qfo] AR FT|dA tE V=
AdE et ol gk hdo] IAAAM A EE
a4 *eds ZA "o oln sk Aol
Epithelial mesenchymal — transition (EMT)Z} &}, E-to N-
switchings EMT7} 2A st ] T Q3F dA| ZHo|t}.

Protein kinase casein kinase 2 (PKCK2)+= A3 oA o

LA

g te 71d ddes kst Fowa NI, T4,
AEAL, =3F 5 B Aeridel] dejdtta A9l

gt - Haro] whEW PKCK2E ENTOl &= #Hefsle] o]}
Aedds zddta daldgleh. o]l s PKK2E £3] A

Hol oF 2F oy oF AE FolA 2 FAo] FThE] Ut
El

oFE Eo A} 3z £ AW 7158 S= predictive

biomarker© == (companion diagnostics®] 7N} H 3§y

=

4 Ang

ofof s}, ¥ =2 PKCK2E RAOZE st Ak

—



Algst7] sl dold S 7HA=, = PKCK2¢Y 24
°of & @A v AMT = PRCK2 el Vds was)
of Xt marker =M JfZatolof vy, SEAIRE o2 ¢ AE
Fo| A 7|EA Q] PKCK2EA I} catalytic subunitQl CK2a2]

7%

=)
e

T2 gl A3 PRCK2Zd 3 wldEshA &= A

rl
4

o

5
geled 5 AT, LB PKCK2Zd S7hel whek oo i

o

Fel Aolg welrl, 1 FHS dhEs) & 5 e 714

r [

=
O

waEste] gl

2

A ¢k xA o] PKKR2EAES (HHAo=R
AAE = dA A markerE Jsto]of sl agjnwE B
AT M= 2] PKCK2 712 dWld =S ~32Yd 3} PKCK2
didol| wet Wsteln o 2ES diWE = ¢ e 71E o
HAES AA FoE delA 1 A S S AAdE T

1= biomarker & AbgH oA 7h5AdS A|A S LA ST},

4

A, AE delA 7 AFA SR PRK2 E4s 58T
T U= in vitro kinase assayE F3sFe] Z} A|E2] PKCK2
848 =4 3k t}t. AW in vitro kinase assay+s A 3E 9]
FEES AL P B AFE S AgolmR gadelA
G2 AREstld e AT vl A E AT

o2 oy ¢ ME F 9 epithelial marker$! E-

cadherin®} mesenchymal markerQl N-cadherin® =& &



o)

N-cadhering W3 &

Fth. PKCK29] EAdo] we

gols

AAAgo] o}, PKCK2E4A ¥ E-cadhering

=
L

o
o

o)
HH

7%

B

B Skt

013

el A &

F-o| A ZEB19]

Ry =
)
AYA T

= o9 A

3 ek Al
A, gt g A

T

7EB1¢]

3]

v
s

Wt

o
T

23}

1

o)

Tl = o

& zbo] 7} PRCK2EAd ol <

Ry
s

Eis

+ 7EB19]

S
-

o] 2]

hya
s ol

Al

PKCK2 A4S o

7EB1&

o ThE

W3 marker 2 A}

iElA

ulx] 9k o = PKCK2

F9iTh. PKCK2¢]

[e] =1 =]
HsE& 2ds

3

o

Aakst 7d = kel CDC379

714 e w4 CDC37

o

o
éa
H

ruzel

s}

)1\1,

]

—_
o

e

= (DC37&
1=
F= 10719 A

Aol A PKCK2

=

3HA PKCK2ZA o whe} 12

°
9

Ak

s}

l

o

39

]

B

o

2 phospho—-CDC3798] ¥

o A CDC37

v
s

v
s

el Al

0
N



o) A ABEe FF shol B 0 Aok wushe oY

ok, A, 7Y, AT o8 AXE S A E-cadherind

ZHAM, PRCK2 245 diuid = deS &9 & 5 sl
Afx oz Ao A E-cadherin, CDC37 L#]al phospho-
CDC37¢ &+ immuno-histochemistry® S3led #o] i1 9
2 s Hu A&t ZEge] ' @ 4 = marker =

AbgEE = e The e AAE g AT

A= = PKCK2, EMT, companion diagnostics,

predictive marker



o] 714 4

E

PKCK2 5

-

QAT Yok o 7heta

PKCK20l| ¢J3te =ZH=]

w0 o m T
w B w ~ A
oo . B
= W2 om
DI~ T
N _ 0 JH\_ \N_‘_
5 ~ X
ojy oo XN
Sty
ARG oo
0 El_ fife)
&.U _ ~ &o
= ~ N 1r~|
(@) —_— ‘@l X
o ®om
T
o ™ n Do
< ® Moo
o " o= oo
N o) T
I~
ol m° TK
A o
TR R
o o0 N
o o Mol_
R e
of = o T
l — ~ -
oH = oR M m {
Pow A Bl
" 5 H oW o .
e ® oz g _ﬁ
. w7
— of M T x



molecular targeted therapy (MIT, ¥4 XZW)7F A& o] Fa
A
Classical cadherin ¢ &=+ E-cadherin, N-cadherin % P-
cadherine] 4ow 6 o]83t cadherinES EA AMXE, A ¥
waa o LT, o]F E-cadherine polarized epithelial
H

cellol A =4 2w += ¥bHA N-cadherin® mesenchymal cellolA]
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2 WHEt) ? Epithelial-mesenchymal transition (EMT)-S
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Adatal gAIEe] 54 g5sA He 3 on et BT
Ae AR HMEEL polaritys 2284 aL, cell-cell junction©]
2] = =54 0] S7racte ENT+= implantation,
embryogenesis, organ development, wound healing, tissue
regeneration, organ fibrosis, ZL#]3al tumor progressions ¥
S B A R A A tdd AESH Aol dAawS

ENT= §F dol7t st Tad 7[do= defA . o]
3k EMT7F ¥ojyb= #4o| A E- to N- cadherin switching®] &3}
A EdkE o} 710 Cadherin switchingo] &%= %<k E-cadherin
Wy 4ol F93 7]AE E-cadherin® AAF JAlolth. M Zinc
finger transcriptional repressor$l Snail superfamily=H
Snaill,™" Snail2 (Slug);'™ ZEB familyol <3}= ZEBL (TCF8 &
= dEF1), ZEB2 [ZFXHIB Hi= SMAD interacting protein(SIP1)];'%"
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oF A9 PKCK2 A4S dF5T 5 A& (d, Agsst 94 )
surrogate markers A3t} FQITh. Marker®] SHEZEA = o
2] 71E A5 FalA PKCK29] 71H2A SRlEo] 1 dEiEe] b
Aol ZF7FsbAY (Snail 2 ZEB1), PKCK2el 2]3F ¢1xt3l B9=
A4 4 = QAAkst Eol4 A (Phospho-(DC37) H+& PKCK29
gAol oaf ENT7F frbd 4 7ol A AlESt FFAEAA A
2 ety oz wesl= dwd (E-cadherin ¥ N-cadherin)S of
o o] HolAHom PKCK2Ed S uiwa] 1, A= A

o] i 9% 2 & A8 F F U= biomarkerE: HS oA 3
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Aol M EFQ HT-29, HCT116, SWE20, $JSFA|:ZF<1 SNU-
16, AGS, SNU-719, G-HFel A< MDA-MB231, MDA-MB 435, =<t
M EFQ NCI-H1299, NCI-H460 = RPMI-1640 MEDIUM (1X) (Hyclone,

Logan, UT, USA), <17t Al=9F AXFQ TE2 A*E, <t

L

A EFQ] MCF7 A3+ DMEM/High glucose  (Hyclone), #H <+
AT Calu-3 + Minimum Essential Medium (MEM 1X) (Gibco-
BRL, Carlsbad, CA, USA) = wjstAtlh. 7z wjFde] 10% fetal
bovine serum (FBS) (Gibco-BRL)¥} 100 mg/ml streptomycin
(Gibco-BRL), 100 units/ml penicillin (Gibco-BRL) < H7}38to

AHgateie.

2. Western blot analysis

Al

B

FEE2 50 mM Tris (PH 7.5), 150 mM EGTA, 0.25% sodium
deoxycholicacid, 150 mM NaCl, 1% NP-40 2 mM B-glycerophosphate,
1 mM phenylmethylsulfonyl fluoride (PMSF) (USB, Cleveland, OH,
USA), Protease inhibitor cocktail (R&D Systems, Minneapolis,

MN, USA), 1 mM sodium orthovanadate (Sigma-Aldrich)”7} E°i%l+=



RIPA buffer &= 20 mM Tris (pH7.5), 150 mM NaCl, 1 mM EDTA, 1
mM EGTA, 1% Triton X-100, 2.5 mM sodium pyrophosphate, 2 mM B-
glycerophosphate, 1 mM PMSF, protease inhibitor cocktail, 1 mM
sodium orthovanadate 7} 3¥3%% CLB (cell lysis buffer)E& A}-&
ate] Zbzb g3 AlFAT. &3lE AEES 4 T ellA] 13,200 rpmS

2108 78 94 Bgd 3, AEdE FHEa Bradford assay

Eako] owlAS  SDS-polyacrylamide geloll #H7|9d% &9
polyvinylidene fluoride (PVDF) membranes (Millipore Co.,
Bedford, MA, USA)el| transfer3dt$tt. Membranes 0.1% (v/v)
tween 20 (Sigma-Aldrich)e] X3 Tris-buffer (pH 7.4)9} 5%
non fat Difco™ skim milk (BD biosciences, Sparks, MD, USA)<
o]-83ato] blocking & F 12 FAE vk, AMES 1A} A=
PKCK2at (Millipore, CA, USA), E-cadherin (Invitrogen, Camarillo,
California, USA), N-cadherin (Invitrogen), GAPDH (Millipore),
B-actin  (Sigma-Aldrich), pro-caspase-2 (BD Transduction
Laboratories, Sparks, MD, USA), (DC37 (Sigma-Aldrich),
phospho—-CDC37 (Sigma-Aldrich) oJt}. A3} FA12 Lumi-Light
Western Blotting Substrate (Roche, Indianapolis, IN, USA)S A}t

g3ravh.
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3. In vitro kinase assay

AE FE2ES 27 918l AEE CLB (cell lysis buffer)&
. galE AMEZELS 4 ColA] 13,200 rpm o2

15 & 7+ 44 Bk, A5 9NS FsHaL Bradford assay (Bio-
G AS gRetar Qakst Whgel= 100 g 9

=i 7 I et i B o A

3 ugel GST-CS (GST tagged CK2 Substrate) &S glutathione
Sepharose 4B bead®} 4 T oA 1A]ZF &H<F Wk A]7]3 1x kinase
=M (4 mM MOPS, pH 7.2, 5 mM B-glycerolphosphate, 1 mM EGTA,
200 pM sodium orthovanadate, 200 uM DIT)E o]&3lo] F W Al

Fich. 100pgel DAL TEE A

B

FEAE F 50 plY
kinase reaction €% [5X kinase €% 10 ul, magnesium/ATP
cocktail solution 10 pul [75 mM MgClo/500 mM ATP 90 pl$} (y-"*P)-
ATP 10 pl (100 pCi)l<} 30 C ol A 20&-3F ¥ A HT, ¥Hg F 1X
kinase ¢=NE o] &3to] 4 A A5t 1X SDS sample loading £+
!

Ark. BAY Fel GSICSF ABHJEAZ HAI] kol

Oft

A 20ulS Yl 12% polyacrylamide gelS AF&3te] A7 %

coomassie brilliant blue (CBB) 94ME 3} GST-CS bandE &<l

3t 3 gelS W autoradiographyS A8 sFitt.
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. XHAEF A F

37}A] ®E] el Envelope glycoprotein && WE (pMD2.G), gag-
pol & ¥ (pMDLg/pRRE), —zz]al & ®E (pRSV-Rev)E
packaging M| 2 A}-&3}S0 0. HEK293T Ao Zhzb 1:1:19] H]
&2 polyexpress™ (Excellgen, USA)o]&3le] PKCK2a 9} #o]

transfectiondFth. 48A17F ol viral WE Yx7} EZ 3 A

B

kNS o] 0.45um membrane filter (Milipore)® 4

i)

7ug/ml polybren (Sigma-Aldrich)S Z7}ste] #2 AlEe| 7

@A 7T,
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1. Aol7} R F7|dA FHA & AE FE PKCK2 84 %2

X
catalytic subunitQl CK20o] @9z Wy =3

PKCK2¢] &A4s tiHd &+ e 7H A2 markers shH=

2 APA FFoA MAE U PKCK29] A4S SAsk+ 7P AR A
o5 =X ¢ g Wl in vitro kinase assay® 3 ZF Al
X PRCK2EA S SAGAT. 2 A3 12709 Ax F=5 8719
M 5= (HT-29, HCT116, AGS, MD-AMB-231, MD-AMB-435, NCI-H460,
NCI-H1299)7} A& o2 =& PRKCK2EAd S HAa, 4719 AxE 5
(MCF7, Calu-3, SW620, SNU719)7} @< PKCK2EA S BT (1™
1-71).

PKCK2¢] &S tiid 5 e = uE A4 markers bt
24 PKCK29] catalytic subunit®! CK2a7} PKCK2 &3} 1] & 3F=4
S Slstaa oy S AE FolA (K2af] 9¥ld 2d 55
western blot analysisE& &3dle] &21%t = PKCK2 &4} WL
A stk 2 Ay oY oF AlE 5 e PRCK2EA I CK2ao] &

= <
ma wd 5

aly
2,

o] AH A wE

MN



(149 1-1h).

kA CK2oo] @i wd S PR S dids] = & 9l
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2. PKCK2 &Adol| u}E EMT X2} @& &<l

A ool Fagh ENT 2h= 7] ellA] PKCK2 7} 2H-8-3to] %o
4E 7S Elve Ad JATEAYNE EYE PKCK2 47 &
dolote] FBAAE ofe] o AE FolA Belstauxl 3T}

PKCK2 g zte] Agd S vlal 4] & A3}, N-cadherin 9 &
4250l PKCK2  &Ao] o MDAMB-43, NCI-H1299 Al 3ol A
Soldom A wdsta e s g o v Alx
Fo) 4= PKCK2 &4 3} N-cadherin & zte] AAAAES g9 & &
ek, 2@y PRCK2 &Ao] W& HT-29, SNU16, SNU719, MCF7,
Calu-3 °llA] E-cadherin ©] ¥&o] ki, W PKCK2 &4o] &2
HCT116, AGS, MDAMB-231, MDAMB-435, NCI-H1299 olA& E-
cadherin ¢ o] WA YebEdS &1 Fo = PKCK2 &4 7 E-

cadherin ¢ 2& AU}

"

o zzowm dAAYS AL

golstdt (29 2-71)
olH 3 AFNES EUE PKCK2 47 & AAAHS YeER = E-

cadherin & 7Z+A7F PKCK2 AL tiHs] = £ 9dE
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3. PKCK2 59| 7|2 9223 9] ZEB1

T U PKCK29] 714 ARl ZEB1S EMTZHY oAl E-cadherin
AAAE 2Fg-shm PRCK2ol of s Q1aksts o 1 kAol 574
ok oleldt AR S-Sl HEK293T Aol QAfH o2 (K2aE
S7F AFE W ZEBLe] /P A el Srbeklon, PRCK2EA el St
H TE2-CK200 A3zl A thzaQl TE2 Al3zel Hl&| ZEB19] e <=
o] dAsHA F7kE e AT (2™ 3-7F). 2o ZEB1o] o
2 Al Fol A PKCK2 A4S di¥sl = 5 U= marker 2 AR
o]& 4 d=A] 3els] H 1A} western blot analysisE 33}
t}. 1 A} in vitro kinase assay’y2 PKCK2 A3} ZEB19] 4t

A FFel Fuet A AE FAA JRHOR Be WAL )

.

A, A, Y AlE FeM = giAlz BEo] HA ¥ A
(3]

Aog AzZtEY, adeR Z4ZEe] MAE U 7]EAHQ iy 4
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93, PKCK2 5ol 71d dwd =R el 7ZEBL. (7}) PSG5-flag ZEB1,

18]35 PCMV-HA CK20Z HEK293T A|3Eo] Z+Zb transfectiondt 3

il
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oo
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£
Y
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K
o
Do
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Y
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Hlo] 2] A5 o] &3&lo] TE2AM E7}F (K202 3 o & & 9= <A

EFQ TE2-CK2a S #12H3E % western blot analysis ¥} y-"*P-ATP

il
o

o] 8-3}o] jn vitro kinase assayE T3} e. ZH7te] A=
o]-gste] HA dwjde] Wy ks sl o™ GAPDHE loading
control® ARSI 5. (W) sk, #1¢F, 3%, #Ag Ax =
E5& o] 83} western blot analysisS 39S, AE F=F A

S RIPA bufferZ o]&alo] A3l & 20 pgd &S A3}
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4. PKCK2 43 712 ¥ (DC37 ¢ A marker 249 7HsA

2

PKCK2 712 whulel (DC37 & PKCK2 o olaf ¢14bste v okef A
ATF. ol g CDC37 9 JArs;t HE7F PRCK2 €4S uied
A=A s wazk 3FtE. PKCK2 Aol WA &4 dhe
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ABSTRACT

Identifying PKCK2-specific substrate regulated by PKCK2.

Hanseul Kim

Department of Medical science

The Graduate School, Yonsei University

(Directed by professor Kunhong Kim)

Cancer metastasis is a phenomenon that a cancer cell immigrates from its
organ of origin to another organ, and through this process a cancer cell
acquires invasiveness and mobility. A phenomenon called epithelial -
mesenchymal transition (EMT) occurs in cancer metastasis, and E-to-N
switching is an important precondition in the occurrence of EMT.

Protein kinase casein kinase 2 (PKCK2) is known to be involved in many
physiologic mechanisms, e.g. cell growth, proliferation, apoptosis, aging, by
phosphorylating many other substrate proteins. Furthermore, recent reports
indicate PKCK2 is also involved in EMT, regulating cancer metastasis and
invasion. The activity of PKCK2 is increased especially in human cancer
tissue or cancer cell line. Therefore we are under development of an anti-
metastasis molecular target drug which targets PKCK2. Development of
molecular target drug should be undergone simultaneously with excavation of
predictive biomarkers (developing companion diagnostics) that enables
screening of target patient population. Thus, to apply molecular target therapy
that targets PKCK2, we should excavate PKCK2-specific substrates and
develop those as diagnostic markers. However, we acknowledged that the
basal PKCK2 activity and the expression level of CK2a protein, a catalytic

subunit, are not correlated in many cancer cell lines. So, we have to develop a
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indirect clinical marker to represent and be correlated with PKCK2 activity in
primary cancer tissue by finding representative substrate of PKCK?2 in clinical
field. Therefore in this research, we present substrate proteins that can
represent PKCK2 activity by screening many PKCK2 substrate proteins,
showing possibility of using those proteins as biomarkers for screening high-
risk population for metastasis in clinical field.

First, we measured PKCK2a activity by in vitro kinase assay that is method
to directly measure PKCK2 activity in cell. However, in vitro kinase assay is a
procedure using y-**P with cell extract, limiting its use in clinical diagnostic
tool, so we tried to figure out another method measuring PKCK2 activity. And
there are any correlation between CK2a, PKCK2 catalytic subunit, and
PKCK2 activity.

Second, we confirm the expression level of E-cadherin, an intracellular
epithelial marker, and N-cadherin, a mesenchymal marker, in the cell lines of
colon, stomach, lung and breast cancer, which frequently metastasizes. N-
cadherin does not have a correlation with PKCK2 activity, but the down -
regulation of E-cadherin has a strong interconnection with PKCK2 activity.

Third, we measured the expression levels of ZEBI, confirmed as a
substrate of PKCK2 by our previous research. As a result, we found there are
high expression level of ZEBI1 in breast and lung cancer cell lines, but not in
colon and stomach cancer cell lines. ZEBI1 has a diverse expression level in
many tissues. Thus, the different ZEBI level in this research is due to
different basal level of each cell lines originated different organ. Therefore, It
is necessary to research the possibility to using ZEB1 for biomarker to
represent PKCK?2 activity.

Finally, we measured the expression level of CDC37, a substrate for
phosphorylation by PKCK2. As a result, we find that PKCK2 up-regulates the
stabilization of CDC37 by phosphorylation. Corresponding this, CDC37 and
phospho-CDC37 level has a correlation with PKCK2 activity in 10 cell lines
of 12 cell lines.

In summary, E-cadherin and CDC37, phospho-CDC37 have a strong
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correlation with PKCK2 activity in many cancer cell lines, so they can
directly represent the PKCK?2 activity. As a result, in this research, we can
present the possibility that E-cadherin, CDC37 and phospho-CDC37 can be
used for a biomarker to accurate diagnose high-risk population for metastasis

as a clinical diagnostic tools, like immuno-histochemistry.

Key Words: PKCK2, EMT, companion diagnostics, predictive marker
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