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ABSTRACT

Sensitization of Cancer Cells
to TRAIL by Inhibiting

Protein Kinase CK 2

Hyeyeon Choi

Department of Medical Science
The Graduate School, Yonsal University

(Directed by Professd¢ unhong Kim)

Protein Kinase Casein Kinase 2 (PKCK2) is a sdahnednine kinase that is
known to play an important role in cell cycle cattrcellular differentiation, and
proliferation. We revealed a mechanism by whichcearcells acquire a resistance
against TRAIL-mediated apoptosis using six humamceacell lines. We found that
PKCK2 phosphorylates procaspase-2 at serine-1Bikltls preventing its dimerization
and activation. When PKCK2 activity is down-regathtby a specific inhibitor,
procaspase-2 is dephosphorylated, dimerized, atvhesrl. The activated caspase-2
then processes procaspase-8 monomers betweerrgbealed small subunits, thereby

priming cancer cells for TRAIL-mediated apoptosi®. confirm whether this newly



discovered mechanism for regulating TRAIL-mediategoptosis is generally
applicable to other cancer cells lines or primanymhn tumors, we evaluated
intracellular PKCK2 activity, procaspase-2 activityd correlated them with TRAIL
sensitivity using 31 human cancer cell lines omaggd from colon, breast, liver,
stomach, uterine cervix, brain, lung, esophagudameeyte, and blood. Among 31
cancer cell lines, only 6 cancer cell lines wereAllRsensitive (19.4%), and all the
other TRAIL-resistant cancer cell lines were sérsit to TRAIL by PKCK2 inhibition.
PKCK2 activity was high in TRAIL-resistant but lom TRAIL-sensitive cancer cell
lines (P=0.0002). Contrary to the PKCK2 activitygspase2 activity was high in
TRAIL-sensitive but low in TRAIL-resistant canceelclines (P=0.0002). When we
examined TRAIL sensitivity and PKCK2 activity inimprary human hematologic
malignancy, the results were the same as the sashtihined from the cancer cell lines.
Taken together, we confirmed here that intracellBIRCK2 activity is a major

determinant for TRAIL sensitivity in cancer cells.

Key words: TRAIL, protein kinase CK2, procaspaseqiyptosis, cancer cell.



Sensitization of Cancer Cells
To TRAIL by inhibiting

Protein kinase CK 2

Hyeyeon Choi

Department of Medical Science

The Graduate School, Yonsel University

(Directed by Professd¢ unhong Kim)

|. Introduction

Tumor necrosis factor-related apoptosis-induciggnid (TRAIL) is a potent
inducer of apoptosis of transformed and cances dmlt not of most normal cells or
tissues™? However, one potential obstacle that may limi ttinical efficacy of
TRAIL lies in the fact that many cancer cells deyeh TRAIL-resistance phenotypé
Post-translational modifications of pro- or antbpfotic molecules like Bt BAD®’,

or Bcl-2, such as their phosphorylation, can change theegtisility of cancer cells to



TRAIL. Caspases play important roles in the initiatand execution of apoptosis and
their activation can also be regulated by phosghtion. For example, caspase-9
cannot be activated when it is phosphorylated bRkt at serine-196or by ERK at
threonine-125, and when caspase-8 and caspase-3 are phospednbgt p38-
mitogen-activated-protein-kinase (MAPK) they becoimactivated". Protein kinase
casein kinase 2 (CK2) has traditionally been cl@ssias a messenger-independent
protein serine/threonine kinase that is typicalbyurfd in tetrameric complexes
consisting of two catalytioo( and/ora’) subunits and two regulatofy subunits™? ™ It
plays a key role in cell cycle control, cellulaffeientiation, and proliferation®*>
Since not much attention has been paid to caspasedlse caspase-2-deficient mice
showed only subtle phenotyp&¥, little is known about the mechanism by which
caspase-2 becomes activated or the role caspasay® m particular apoptotic
pathways. Recently, we found that PKCK2 phosphteglarocaspase-2 at serine-157
residue, thereby preventing its dimerization antvatton. When PKCK2 is blocked
by a specific inhibitor, 5,6—dichloro—1-beta—D-filb@nosyl benzimidazole (DRB),
procaspase-2 is dephosphorylated, dimerized, atnehterd, and then procaspase-8 is
cleaved by caspase-2. When TRAIL is engaged intb sigface TRAIL-death
receptors, the cleaved procaspase-8 is then redrimto death inducing signaling
complex (DISC), and became fully activated followsdapoptosis (Fig. 1).

To confirm whether this newly discovered mechanismregulating TRAIL-

mediated apoptosis is generally applicable to athecer cells lines or primary human



tumors, we evaluated intracellular PKCK2 activitprocaspase-2 activity and

correlated them with TRAIL sensitivity.



Il. Materials and methods

1. Cell linesand culture conditions.

The human leukemia cell lines (K562, U937, Jurk&tP-1 and NB4), human
colon cancer cell line (DLD-1), human hepatoma tiek (Hep3B), human gastric
cancer cell lines (SNU638, SNU668), and human ¢gdstbma (A172) were cultured at
37°C in RPMI1640. The human esophageal canceticedi (TE2, HCE4) and human
colon cancer cell line (SW480), human cervical icemma cell lines (HelLa, Caski) and
human glioblastoma (U87MG¥ere grown in DMEM. The human breast cancer cell
lines (MDAMB231, T47D, MDAMBA435), human colon camceell line (HT29),
human hepatoma cell lines (HepG2 and [H4 2), humatanoma cell lines
(MALME3M, SkMel24, SkMel28), human gastric canceglicline (AGS), human
cervical carcinoma cell line (C33A), human glioldtamsa (T98G), and human lung
cancer cell lines (A549, NCI-H1299, NCI-H69) werndtared at 37°C in MEM. All
the media contains 10% fetal bovine serum, 100 Waticillin and 100 ug/ml
streptomycin. The cells were treated for 2 h will® hg/mITRAIL*® and inhibition of
PKCK2 was achieved by incubating the cells for 2#ith 5,6—dichloro—1-beta—D-

ribofuranosyl benzimidazole (DRB, 40/, Calbiochem, Darmstadt, Germaﬁ?z)

2. I solation of leukemic cdlls.

Fifteen adults withde novo AML were enrolled in this studyn conjunction



with the institutional review board-approviedatment protocol, bone marrow aspirates
were prepared prospectivédlpm the patients before the initiation of chemo#psy.
Marrowswere sedimented on a Ficoll-Hypaque (PharmaciaeBigtUppsalésweden)
density gradient. After washing the mononuclearscabllected from the upper
interface, T-cell depletion was performeging a high-gradient magnetic cell
separation system/anti-CD8onoclonal antibody (Miltenyi Biotech, Auburn, CA)
accordingo the manufacturer’s instruction. A morphologieahluatiorindicated that

>05% of the isolated cells were leukemic bla&ts

3. Cell viability.

Cells (7x18 cells/well) were seeded in the 96-well plate amibated for 24
h. The cells were treated with the 01 DRB for 24 h followed by subsequent
incubation with TRAIL (100 ng/ml) for 2 h. For tRdTT assay, cells were incubated
with 2 mg/ml MTT (Sigma Chemical Co., St. Louis, MASA). The cells were further
incubated at 3 for Zh. The supernatants were then removed and (100
dimethylsulfoxide (DMSO) (Biobasic INC., Torontoa@ada) was added plates were
gently shaken and incubated at(37 for 10 min. Atesoce (A) was then recordad
570 nm using SpectraMax ELISA read&uqnyvale, CA, USAY. For suspension
cells, MTS assay was performed using the Cell T@&rAqueous One Solution Cell

Proliferation Assay (Promega, Midison, WI, USA) aating to the manufacturer's



instruction?.

4. Caspase-2 activity assays.
Caspase-2 activity was evaluated by using a codédrim assay kit (R & D

systems, Minneapolis, MN, USAJ.

5. PKCK 2 kinase activity assay.

The phosphotransferase activity of PKCK2 was messiny using a Casein
Kinase-2 Assay Kit (Upstate Biotechnology, LakedrlaNY, USA). Recombinant
full-length human PKCK2 protein that containsasubunit N-terminal 6xHis tag and
a -subunit N-terminal GST tag (Upstate Biotechnololggke Placid, NY, USA) was

used as a positive contrd



[1l. Results

1. TRAIL cytotoxicity toward various cancer cell lines.

To generalize our previous observation that PKCKHviy determines
TRAIL sensitivity, we randomly chose 31 cancer dales originated from colon,
breast, liver, stomach, uterine cervix, brain, luegophagus, melanocyte, and blood
(Table 1). To examine TRAIL cytotoxicity toward «am cell lines, cell viability was
measured by using MTT or MTS assay. Among 31 cacektines, only 6 cancer cell
lines (TE2, SW480, A172, A549, SNU638, and SNU66&re TRAIL-sensitive
(19.4 %, Fig. 2). All the TRAIL-resistant cancelldmes were sensitized to TRAIL by

a PKCK2 inhibitor, DRB, pre-treatment (Fig. 2).



Intracellular PKCK2 is high Intracellular PKCK2 is low or downregulated

\TRAI

'®  Apoptosis X
y

Procaspase-8

3 Procaspase 8

Figure 1. Proposed mechanism of PKCK2 involvement in TRAIL-mediated
apoptosis. When PKCK2 is high, TRAIL-mediated apoptosis car accur (Left).
When PKCK2 is low or inhibited, procaspase-2 andis-8&lephosphorylated1{ ),
dephosphorylated procaspase-2 is dimerized andagati (2) ), activated caspage
binds to dephosphorylated procaspasé38 ( ), andedethe procaspaskbetween
the large and small subunit¢D( ). When TRAIL is aegh (5 ), the cleaved
procaspase-8 is recruited into DISG® ( ). Once cléafierther cleavage between the
prodomain and large subunit can occur by inducedowierization (© ), and
procaspase-8 can be fully activatéd) ( ) , and finaIRAIL-mediated apoptosis can

occur (Right).
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Table 1. Cancer cell linesused in the experiment and their TRAIL sensitivity

Origin Cell line TRAIL Sensitivity*

SW480 S
Colon cancer HTZ29 R
DLD-1 R

MDA-MB231
Breast cancer T47D
MDA-MB435

oz sl Y

HepG2
Hepatoma H41I2
Hep3B

LI~ vy

MalMe3M
Melanoma SK-Mel24
SK-Mel28

ol ey

AGS R
Gastric cancer SNU638
SNU668

nww

Hel.a
Cervical cancer Caski
C33A

s oy

T98G
Glioblastoma U87MG
Al172

X=X

NCI-H69
Lung cencer A549
NCI-H1299

w0 A

U937
K562
Leukemia Jurkat
THP-1
NB4

Lol viov e i el

TE2
Esophageal cancer HCE4

o w

* TRAIL sensitivity S: TRAIL-sensitive R : TRAIL-resistant

11



% Cell viability

—_-

e =;] o (=] N
=] =
g

n
S o o a9
——

E 2

SNU&3s _—"‘

E B

s saamaand

E
E i)

HCE4 P’

1

HT29 IP’:

DLD‘?F'—"?
T47D IF’ 4

MOAMB231 |

MDAMB435 IF—"
5 : ; :

1]
I j—

HepG2 ——

Hep3B | 3

e

I 3 3 ; A :,

Haliz F”'
Malile-3M I—l

>
- ; :
E )

SKMel-24 F“

I el

SKMel-28 F
; . ; ; :

AGS

Hﬁ'—ﬂF'ﬂl

I i

Caski F—"‘

C33A 4

I 3

UBTMGF

E h

TQBGF :

I L

NCI-H83 F’

T

NCI-HTQQQIF'

K562

12

jodiu0D O

ga4d4d

1IVHLl+8Ha = iydLlwe



Figure 2. TRAIL cytotoxicity toward various cancer cell lines. Cell viability was
measured by the MTT or MTS assay using cancer icelidated with or without DRB
(40 uM) for 24 h, and then subsequently treated with TIR#r 2 h. The data are

expressed as mean = SD for triplicate, and simi#sults were obtained from two

independent experiments.
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2. Correlation between TRAIL sensitivity and their intracellular PK CK 2 activity.
Then, we checked intracellular PKCK2 activity oincar cell lines. TRAIL-
sensitive cancer cell lines showed low intracellURKCK2 activity but TRAIL-

resistant cancer cell lines showed high PKCK?2 &gt{¥ig. 3, Aand B).

14
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Figure 3. Correlation between TRAIL sensitivity and their intracellular PKCK2

activity. A. PKCK2 activity in various cancer cell lines. Thhosphotransferase
activity of PKCK2 was measured by using a Caseinaké-2 Assay Kit (Upstate
Biotechnology, Lake Placid, NY, USA). The data aepressed mean = SD for

duplicate, and similar results were obtained fram independent experiments.
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B. PKCK2 activity and TRAIL sensitivity. TRAIL-seitsre cancer cell lines (n=6)
have low PKCK2 activity and TRAIL-resistant canae=ll lines (n=25) have high

PKCK2 activity (p=0.0002, Wilcoxon rank sum testhe line represents the mean

value.

16



3. Correlation between intracellular PK CK 2 activity and caspase-2 activity.

As we previously demonstrated that PKCK2 activiéggulates procaspase-2
activity by phosphorylating at serine-157, we theramined caspase-2 activity of
cancer cell lines. As we expected, endogenous saspactivity was high in TRAIL-
sensitive cancer cell lines that have low PKCK2vitgt but low in TRAIL-resistant

cancer cell lines that have high PKCK2 activityg(H, A and B).

17
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Figure 4. Correlation between intracellular PK CK 2 activity and caspase-2 activity.
A. Caspase-2 activity. Caspase-2 activity was nredsusing colorimetric assay kits
(R & D systems, Minneapolis, MN, USA). The data aspressed mean = SD for

duplicate, and similar results were obtained framo independent experiments. B.
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Caspase-2 activity and TRAIL sensitivity. TRAIL-s#tive cancer cell lines (n=6)
have high caspase-2 activity and TRAIL-resistamtcea cell lines (n=25) have low
caspase-2 activity (p=0.0002, Wilcoxon rank sunt)téhe line represents the mean

value.

19



4. Correlation between TRAIL sensitivity of primary hematologic malignancy
and their intracellular PKCK 2 activity.

To examine whether PKCK2 also determines TRAIL ity in primary
human hematologic malignancy, leukemia blasts wedtated from 15 patients
diagnosed as acute myelogenous leukemia (AML). AmbB cases, 8 cases were
TRAIL-sensitive (53.3%). All the TRAIL-resistant &&s became sensitized to TRAIL
by DRB pre-treatment (Fig. 5A). Then, we evaluatgdacellular PKCK2 activity of
15 cases to see whether there is a correlationeleetWRAIL sensitivity and PKCK2
activity. As expected, all the TRAIL-sensitive cadead low PKCK2 activity but all

the TRAIL-resistant cases had high PKCK2 activitig( 5B)

20



%% Cell viability

TE2 #1 #2 #3 #4 #5 46 #7 #8 HCE4 #9 #10 #11 #12 #13 #14 #15

Patient #

2001

—_
w
o

—_
o
o

PKCK2 activity
(cpm/ug protein/min)
o
o

TE2Z #1 #2 #3 #4 #5 #6 #7 #8 HCE4 #9 #10 #11 #12 #13 #14 #15

Patient #

21



120 -

N

40

PKCK2 activity (cpm/ug protein/min)

_@_

o L— \ I
TRAIL-S TRAIL-R

Figure 5. Correlation between TRAIL sensitivity of primary hematologic
malignancy and their intracellular PKCK2 activity. A. TRAIL cytotoxicity toward
primary hematologic malignancy. Cell viability waseasured by the MTS assay using
cancer cells isolated from 15 AML patients incubatédth or without DRB (4QuM)

for 24 h and then subsequently treated with TRAILZ h. The data are expressed as
mean = SD for triplicate, and similar results wetatained from two independent
experiments. B. PKCK2 activity in hematologic mabacy. TE2 and HCE4 were used
as control for TRAIL-sensitive and TRAIL-resistaz@ncer cell lines, respectively. C.
PKCK2 activity and TRAIL sensitivity. TRAIL-sensite leukemia (n=8) have low
PKCK2 activity and TRAIL-resistant leukemia (n=7a high PKCK2 activity

(p=0.0001, Wilcoxon rank sum test). The line repngés the mean value.
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V1. Discussion

Recently, we revealed a mechanism by which careler acquire a resistance
against TRAIL-mediated apoptosis. We found that RR@hosphorylates procaspase-
2 at serine-157, thereby preventing its dimerizatdmd activation. When PKCK2 is
inhibited by a specific inhibitor (DRB), procaspasés dephosphorylated, dimerized,
and activated. The activated caspase-2 then pexesscaspase-8 monomers between
the large and small subunits, thereby priming caoe#ls for death-receptor-mediated
apoptosis. To confirm whether this newly discoveméchanism for regulating
TRAIL-mediated apoptosis is generally applicable dancer cells, we examined
intracellular PKCK2 activity, procaspase-2 activégd correlated them with TRAIL
sensitivity of each cancer cell line. We testedhBinan cancer cell lines originated
from colon, breast, liver, stomach, uterine certargin, lung, esophagus, melanocyte,
blood and tested 15 primary human hematologic tsmémong 31 cancer cell lines,
only 6 cancer cell lines were TRAIL-sensitive (194), and among 15 cases of
primary tumors, 8 cases were TRAIL-sensitive (53.3%ll the TRAIL-resistant
cancer cell lines and primary hematologic tumorsavgensitized to TRAIL by PKCK2
inhibition. PKCK2 activity was high in TRAIL-resisht but low in TRAIL-sensitive
cancer cell lines and primary tumors. These resdtdgirm that intracellular PKCK2
activity is a major determinant for TRAIL sensitiiin cancer cells. However, this
mechanism may not be applicable to cancer cells lthae epigenetic or genetic

changes in the molecules involved in apoptosis sich mutation of DR5 found in

23



head and neck cancer, and non-small cell lung eafité& a homozygous deletidi
mutations *, or polymorphism® # found in the death domain region of DR4,
inactivation of caspase-8 by DNA methylation or gjeteletiorf®3"

Here we show that PKCK2 activity determines TRARnsitivity of cancer
cells. Targeting PKCK2 for inhibiting its activitpay widen the therapeutic window of

TRAIL in cancer therapy.

24



V. Conclusion

1. PKCK2 inhibition sensitized TRAIL-resistant cancell lines to TRAIL.

2. PKCK2 activity was low in the TRAIL-sensitive ri@er cells but high in the
TRAIL-resistant cancer cells.

3. In contrast, caspase-2 activity was high in TRAIL-sensitive but low in the
TRAIL-resistant cancer cells.

4. The TRAIL-resistance phenotype of primary henwgfic malignancy was also

attributed from high intracellular PKCK2 activity.

25
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