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1) Using in-silico gene si

ovarian cancer cells. The

already in use in clinic.

inhibit phosphatidylinositol-3’-kinase

Map, is a potentially useful method to identify the unknown cellular function among the drugs

gnature based approach, we have demonstrated that thioridazine could
(PIBK)/Akt pathway, and thus exert cytotoxicity in|

current study indicated that in-silico approach, such as Connectivity

Owing to the property of Akt inhibition and additive cytotoxicity
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observed with the platinum compound, further research should be focused on this drug.

factors, serum HE4 may provide additional prognostic information.

2) We measured HE4 in pretreatment serum samples from 80 women with epithelial ovarian

cancer, using an enzyme-linked immunosorbent assay. The results were correlated with clinical
data. Pretreatment serum HE4 seems to be an additional factor for predicting the outcome of]

patients with epithelial ovarian cancer. Due to its independence from established prognostic

3) Among patients who achieved remission after six cycles of carboplatin-paclitaxel
chemotherapy, those with CA-125 of 10-35 U/ml at the time of remission were divided into|

two groups (group A: six cycles of standard chemotherapy vs. group B: two or more

and relevant criteria such

additional cycles) and were analyzed. The addition of two or more cycles of standard
chemotherapy based on posttreatment CA-125 levels was not beneficial.

4) We retrospectively reviewed records of 314 patients with EOC including 94 patients who
received NAC. After stratification by preoperative CA-125 levels, the progression—free survival
(PFS) was compared between the NAC group and the primary debulking surgery (PDS) group.
Our preliminary data suggests the possible interaction between CA-125 levels and survival
benefit of NAC. The randomized trial data about NAC should be stratified by the reproducible

of NAC in ovarian cancer.

as preoperative serum CA-125 level to elucidate true survival benefit
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Figure 4. Treatment of thioridazine inhibits cellular proliferation and activates caspase-dependent
pro-apoptotic activity. A. Effect of treatment with thioridazine (15 uM) was analyzed by
3-(4,5-dimethylthiazol-2-yl)-2.5-diphenyl-2H-tetrazolium bromide (MTT) assays. Inhibition of cellular
proliferation by cisplatin (20 pM) in HeLa cells was also illustrated for comparison. B. Early- and
late-stage apoptosis induced by thioridazine was analyzed by fluorescein isothiocyanate (FITC)-labeled
Annexin V assay. C. Caspase-3 enzymatic activity after treatment of thioridazine was determined using
actyl-DEVD-7-amino-4-trifluoromethyl coumarin as the substrate. D-E. Caspase-3 and PARP cleavages
induced by cisplatin and thioridazine treatments. Soluble protein extracts were conducted by

immunoblotting for cleaved caspase-3 and cleaved PARP. B-actin was used as an equal loading control.
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Figure 5. Thioridazine inhibits endothelial cell proliferation in vitro. (A) The angiogenic effects of
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treatment for 48 hours. cpm values of [‘H]thymidine were determined using a liquid scintillation

counter. (B) Migration. (C) Tube formation in HUVECs.
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Project Summary

Title of Project New biomarkers in ovarian cancer for individualized treatment (II)
Key Words ovarian cancer, biomolecular marker, prognosis, therapy
Project Leader Sokbom Kang, M.D.

Associated Company | N/A

1) Using in-silico gene signature based approach, we have demonstrated that thioridazine could|
inhibit phosphatidylinositol-3'-kinase (PI3K)/Akt pathway, and thus exert cytotoxicity in
ovarian cancer cells. The current study indicated that in-silico approach, such as Connectivity
Map, is a potentially useful method to identify the unknown cellular function among the drugs
already in use in clinic. Owing to the property of Akt inhibition and additive cytotoxicity
observed with the platinum compound, further research should be focused on this drug.

2) We measured HE4 in pretreatment serum samples from 80 women with epithelial ovarian
cancer, using an enzyme-linked immunosorbent assay. The results were correlated with clinical
data. Pretreatment serum HE4 seems to be an additional factor for predicting the outcome of]
patients with epithelial ovarian cancer. Due to its independence from established prognostic
factors, serum HE4 may provide additional prognostic information.

3) Among patients who achieved remission after six cycles of carboplatin-paclitaxel
chemotherapy, those with CA-125 of 10-35 U/ml at the time of remission were divided into
two groups (group A: six cycles of standard chemotherapy vs. group B: two or more
additional cycles) and were analyzed. The addition of two or more cycles of standard
chemotherapy based on posttreatment CA-125 levels was not beneficial.

4) We retrospectively reviewed records of 314 patients with EOC including 94 patients who
received NAC. After stratification by preoperative CA-125 levels, the progression—free survival
(PFS) was compared between the NAC group and the primary debulking surgery (PDS) group.
Our preliminary data suggests the possible interaction between CA-125 levels and survival
benefit of NAC. The randomized trial data about NAC should be stratified by the reproducible
and relevant criteria such as preoperative serum CA-125 level to elucidate true survival benefit
of NAC in ovarian cancer.
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Prediction of a high-risk group based on postoperative
nadir CA-125 levels in patients with advanced epithelial
ovarian cancer

Sokbom Kang'*, Tae-Joong Kim**, Sang-Soo Seo Kim’, Duk-Soo Bae’, Sang-Yoon Park’
'"Branch of Uterine Cancer, Research Institute and Hnspltal National Cancer Center Goyang, ‘Department of Obstetrics and
Gynecaloay, Samsung Medlml Center, Sunghkyunkwan University School of Medidine, Seoul, Korea

2601

Objective; We aimed to determine the ideal cut-cff of nadir serum CA-125 level for prediction of progression free survival.
Methods: Among 267 patients whe achieved complete remission after chemotherapy, the correlation between nadir CA-125
and progression free survival were compared among the subgroups classified according to the distribution of CA-125. The
diagnostic odds ratio and area under the receiver operator characieristics curve were compared at various cut-off points
Results: The nadir CA-125 levels did not have prognostic value under 12 UW/mL {to 75 percentile), In contrast, they were
sigrificantly correlated with progression free survival only when the CA-125 level was greater than 12, which was 75 percentile
(p=0.024). In predicting progression free survival <6 and 12 months, the cut-off value of 18 [90 percentile} showed superior
diagnostic performance over 10 or 12 U/mL. Compared with patients who showed nadir ievels between 0 and 12 U/mL {0t 75
percentile), those with nadir > 18 U/mL showed a hazard ratio of 2.85 {95% confidénce interval, 1.70 to 4.76; p<0.001); patients
with nadir levels between 18 and 12 W/mL showed a the hazard ratio of 1.68 (95% confidence interval, 1.11 to 2.56; p=0.015)
compared with those whose nadir levels were under 12 U/mL

Conclusion: The pradictive power of the traditional cut-off of 10 U/mL to classify a risk group or to identify high risk patients
was unsatisfactory. The optimal diagnostic performance was observed at the cut-off of 18 U/mL and this can be proposed to
dichotomize cut-off values te predict outcomes ameng individual patients.

Keywords: Biomarker, CA-125, Ovarlan cancer, Prognosis, Progression free survival, Risk factor

INTRODUCTION standardized treatment consisting of cytoreductive surgery
followed by platinum-based systemic chemotherapy, the

Epithelial ovarian cancer (ECC) iz the leading cause of gy-  prognosis of patients with advanced ovarian cancer is poar
necolegic cancer death in Western countries [1]. Despite  and the majority of them experience recurrences (23] As 2
result, there has been considerable interest in developing
Facaived Mar 8, 2017, Revised Jun 8, 2011, Acceptad Jun 14 301 £ predictive markers to assess the fisk of & relapse in advanced
EQC patients. The most famous biomarker in EOC is CA-1325,
which has been used in both diagnosis of the disease and
maonitoring of treatment [4-6]. Recent evidence indicates that
the nadir CA-125 level after completion of primary treatment
was associated with prognosis [7-11]. Though the use of prog-
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Serum HE4 Level is an Independent Prognostic Factor
in Epithelial Ovarian Cancer

Sun-Young Kong, MD, PhD'=, Mi Hwa Han, MS", Heon-Jong Yoo, MIY, Jong Ha Heang, MDY, Myong Cheol Lim,
MD, PP, Sang-Soo Seo, MD, PRD?, Chong-Woo Yoo, MD, PAD*, Jae-Hoon Kim, MD, PhI¥, Sang-Yoon Park,

MD, PhI¥*, and Sokbom Kang. MD, PhD™

’HemmIﬂgic Malignancies Branch, Research Institute and Hospital, Goyang, Republic of Korea: EDepanm:nt

of Labomtary Medicine, Research Institute and Hospitul, Govang, Republic of Korea; *Center for Utering Cancer, National
Cancer Center, Goyang, Repuhlic of Korea; *Division of Gynecologic Cancer Research, National Cancer Center, Goyang,
Republic of Koma; “Depatment of Obstetrics and Gynecology, Gangnam Severance Hospital and College of Medicine,

Yonsei Univemity, Seoul, Republic of Komy

ABSTRACT

Backgmound, This study was designed to determine
whether serum HE4 is an independent prognostic factor in
OVIrAN cancer patients,

Methods. We measured HE4 in pretreatment serum sam-
ples from #) women with epithelial ovarian cancer, using
un enzyme-linked immunosorbent assay. The resolts were
comelated with clinical data.

Results, The median seram HE4 level in ovaran cancer
patients wus 987 (range. B03-2228) pgml. Elevated
serum HE4 levels before therapy significantly correlated
with a poorer progression free survival (log-mnk test,
#F = 0017}, Multivanate analysis eveded serum HE4 o
be an independent prognostic factor for progression-free
survival {(F = (036} In multivariate regression analysis,
high serum HE4 levels significantly cormelated with high
tumor grade and serous histology (F = 0.004 and 0.017),
In addition, high serum HE4 levels were significantly
associated with msidusl twmor size and operative time
(P =0.003 md 0.033),

Conclusions. Pretreatment serum HE4 scems to be an
addittonal factor for predicting the outcome of patients
with epithelial pvarian cancer. Due to ity independence

Presenited o the 201 | Annu] Meeting of the Society of Oynecoknic
Omealamas

© Society of Swgical Oncokgy 2011
Firit Reaceived: 25 March 2011

& Kamg, MD, PHD
&-muil ek b gl com

Published saline: 21 July 2001

from established prognostic fadors, seum HE4 may pro-
vide additional prognostic informat ion.

(wanian cancer is the leading cause of mortality among
women with gyneealogic malignaneies.'” Therefore, the
development of novel biomarkers that can sufficiently
contribute to pmﬁiﬂiﬂg the prognosis of this disease pro-
cess is paramount in wmufjmg spv:]tlc ;patl.cm_i who may
benefit from aggressive therapies.”

HE4 (WFDC2) is compaosed of two whey acidic protein
(WAPF) domains and a four-disulfide core and has been
shown to be overexpressed by epithehial ovaran cancer
tumams. =" HE4 is expressed primarily in the reproductive
tract and upper airways and can bhe detected in the sera of
pn:'rul'ls.u‘g‘m' '* Recent evidence has shown that the serum
HE4 thuman cpidi dvmal secretory proicin B4 WAP four-
disulfide core domain protein 2, WFDH2) level is a novel
biomarker for the eaty detection of ovarian cancer 51717

Although many studics have suggested that serum HE4
is nseful for the detection of ovarian cancer, its prognostic
role has not been determined, Thi present study investi-
gated the prognostic signi ficance of serum HE4 levels in 80
patients with primary ovanan cancer. The cormelation
hetween serum HE4 levels and other established prognostic
factors also was mvestigated.

MATERIALS AND METHODS
Patients

Blood sumples were obtained from patients with pri-
mary epithelial ovarian cancer before surgery between
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Is Neo-adjuvant Chemotherapy a “Waiver™ of Extensive Upper
Abdominal Surgery in Advanced Epithelial Ovarian Cancer?

Sokbom Kang, MD, Yoo Heon Jomg, MD, Jong Ha Heang, MD, Myong Cheol Lim. M, Sang-Soo Sea, MD,

Chong-Woo Yoo, MD, and Sang-Yoeon Park MD

Gy necologic Onoology Research Division, Uterine Cancer Center, National Cancer Center, Goyang, Repuehlic of Korea

ABSTRACT

Backgromnd. The goal of iz stedy was to explore the
necessity of extensive surgical pmoedures in patients who
meceived neoadjuvant chemotherapy (NAC).

Methods, We analyzed the surgical ouvicomes and fre-
quency of extensive procedurcs required for maximal
cytoreductive surgery afier NAC and pimary debulking
surgery {(PDS) i 256 women with advanced epithelial
GVATAD CATCET,

Results, MAC was performed in 116 of 256 women
(433%), In NAC group, complete cytoreduction mie md
optimal cytoreduction rate were 603 and 92 2%, respec-
tively. Although the NAC groep comprised patients with
higher risk of suboptimal cytoredection, complee cytore-
duction mie was similar o that of PDS group (57.9%,
P = 9. Morover, blood loss and surgical complexity
significandy reduced in NAC group (P =011 and 017},
Exensive upper shdominol surpery (EUUAS) was per-
formed in 70 of 116 patents (60.3%) in the NAC group.
The frequency of EDAS was zimilar hetween NAC and
PDS group (P =.60). Among NAC group, gross upper
ahdominal metastasis mguiring EUVAS was found in 51
patiens (44%, 95% confidence interval = 35.3-53.1%).
Conclusions, A significant proportion of patients who
meeived NAC still have gmss metastutic Nimors regquinng
EUAS. Gynecologic oncologists should be familiar with
EUAS and be ready to perform any requined procedures
together with multidisciplinary teams, even in the patients
who have received NAC

O Seciety af Swrgical Oncolagy 2011

First Reczived: 10 Manch 201 1;
Publised Online: 21 Jane 2011
§. Kang, MD
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Ovanan cancer is the leading casse of gynecologic
cancer death in Western countries.” The standard treatment
for advanced epithelial ovarian cancer (EOC) is maximal
eytoraductive surgery followed by chemotherapy with a
platinum and taxmne regimen, ™ Although optimal cyto-
redict ve surgery is the most important prognostic factar,
gyneoologic onoologists are often frustrated becawse opti-
mal cytoneductive surgery cannot be achieved in some
proportion of patients with advanced EOC, ™" Therefore,
many gynecologic oneologists administer neouadjuvant
chematherapy {NAC) in patients with advanced EOC when
they anficipate that optimal eytoreductive surgery may nol
be p-usrihl:."‘-J However, despite the msults of a recent
randomized trial, the tree henefit of NAC is still unclear.”

Although a varicty of benefits of NAC for the monagement
of EOC have been sug gested, many of the proposad benefits
have yet o be validatesd, = One of the suggesed benefits is
that MAC enables less extensive surgery io be p-erﬁcnmd.’ A%
Indeed, it was chimed that, with NAC, optimal sergery
raquires less exiensive pocedures, such as 4 significantly
reduced need for howel resections and splenectomies.

In the retrospective and the prospective obsery stional
cobont, we aimed to explone the need for exiensive surgical
procedures in patients who received NAC, To that end, we
unalyzed how often extensive procedures wene performed
o achieve maximal cytoreduction in patients who received
WAL hefore surgery,

MATERIAL AND METHODS
Patient Selection

We identified 256 patients who had undergone surgery
for stage T or IV EOC between Janeary 2001 md June
2000, from the institstional registry, All patients with EOC
treated at our institetion during that period were induded in
this analysis, and the patents with borderline mmors were
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Thioridazine, a derivative of phenothiazine, has been reported to have
antiproliferative activity on tumor cells. However, the mechanism has not been well
defined. Using in-silico gene signature based approach, we have demonstrated that
thioridazine could inhibit phosphatidylinositol-3 * -kinase (PI3K)/Akt pathway, and
thus exert cytotoxicity in ovarian cancer cells. The Connectivity Map indicated that
thioridazine induces gene signature similar to that of Akt inhibition. Moreover,
preexisting inhibitors of PI3K/Akt pathway were also found to reveal similar
signature. In SKOV-3 cells, immunoblot using p85 antibody showed that thioridazine
could inhibit PI3K signal. In addition, thioridazine was found to inhibit p-Akt (Ser
473) in a dose-dependent manner. Furthermore, thioridazine was found to decrease
cell viability and induce apoptosis. Exposure to thioridazine induced GO/G1 arrest
and down-regulated the cell cycle regulator, Cyclin D1 and CDK4, and up-regulated
p21, pl6, and p-CDC25A. Finally, additive cytotoxicity was observed when cisplatin
and thioridazine were treated simultancously. The current study indicated that
in-silico approach, such as Connectivity Map, is a potentially useful method to
identify the unknown cellular function among the drugs already in use in clinic.
Owing to the property of Akt inhibition and additive cytotoxicity observed with the

platinum compound, further research should be focused on this drug.

_35_

_36_




dstAANM Tag 4 FPL = integrin BAE AdlstE AXU NZAGAAE F

A7 We 2 A%

(1) 20119 = (2011 1€ - 12€9) ATH4

1) #A¢4 M EF)A thioridazined F¢ A &3 AN 2 AF

7} 9 M3EFof thioridazine 2] & MTT assaye ©]&3 w59 A&y 33

1. DAPIS} TUNEL ¥9& T3 Axuo] o] wsts dixgs} walste] &<l

t}. Flow cytometry2 ©]-&3lo] cell cycle W3} 2 cell division 4]

2. otz Ae] & WskEE ©@ud (CDK, Cyclin DI, p2l, pl6, p-CDC25A ete)& iz 9

A

Jz

M

2) Thioridazined M EALE 714 Z2 &2

7F. Western blotting & %3 A¥AE A& <2 [Caspase-3 (z-DEVD-fmk) and 9
(z-LEHD~-fmk) inhibitor #2])

1}, Thioridazine 2% M EZF9} PI3K inhibitord] LY294002 ¢ wortmannin® * 2] &
AEFE /M43 PIBK &4 Z2AF 2\l 14

o sEEe mE Akt A4S WSt #F 9 mTOR 2 AA]l Rapamycing A2 g Al X
Foke] Wil Z4 8 down-stream®] 4E-BP1 ©jd o] <l4tsl @izl

3) 7€ ¢ g3 a¥ld WRad s AS

7} 71 g EaE YetlE cisplatin® taxol & zkzF Ao A S A=A
ob g4 a¥E B 4 de=AS MTT assay % caspase activity assay WHS 53

_37_

(2) A72s%

1) ¢4 MEFA thioridazined AEW 7]%

BoAze WA g gAs] ¢ T d iu“’ﬂ/ﬂ Thioridazine®] 5742 %otw7] |3k
Pk AEZFQ SKOV-3 Alxe] s=dz Hudt & Ax AE=s fEaodch. 1A BA
= ovkel gol (2 1) FEol wEt ARAoR Axe AE s gade AFSE B F o
=2 AYPL ul 50% 7H7tel AE AES H T
(Thioridazine?] & F%5 20 pME BE Ago] ALE). olgjdt A4S F 9 AgstA =AM
S =95t A s 2 Ax 7]Ee] Al Cisplatin}

7] gkl chekd AEAE W =
A see] WolAu AXAEE FEGE AL 2
e

(]

q

it

=~

vl 4 g8 uf Cisplatin Bt oF7h bl
7} itk webd @ A7A] Thioridazineo]l 7HAlx e A &3 & o diEiA A

4
97 Wk g deelnE oA e BAR F § A4S ATE Bask dokn Aa

Atk
Control Thioridazine Cisplatin
\E\ : Mt o
\\§ - ry "
0 T T T T T
3 3 20 25

Thioridazine (uM)

i

4

C D E

TUNEL

Control Thioridazine Cisplatin
Control Contrull'{
S S e | <+— Pro-caspase-3

Thioridazine -|
cispto T —

i T T T T 1
) 2 2000 4000 6000 8000 10000
Cisplatin Caspase-3 activity (fluorescence)

Thioridazine

— — e | 4—f-actin

Figure 1. The effect of thioridazine on cell growth. A) Various concentration of thioridazine used for
the assays (5~25 uM). SKOV-3 cells were treated with or without thioridazine. 24 hour after treated,
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cell viability was measured using MTT colorimetric assay. B) MTT assay was performed on SKOV-3
cancer cells treated for 24 hours with 20 pM drug. The relative rate of cell viability/proliferation was
determined using the MTT assays. The amount of MTT-formazan was measured as absorbance at 540
nm. Absorbance of sample was converted as the relative rate of proliferation. C) Apoptosis examined
by DNA fragmentations. Cells were stained with DAPI and visualized by fluorescence microscopy. The
arrow indicates DNA fragmentations. Size bar, 20 pm. D) Cultured SKOV-3 cells were treated with
and without thioridazine for 24 hours, cells were harvested, cell lysates prepared. Cell lysates were
incubated with substrate, and absorbance at 405 nM (Molecular Devices, Sunnyvale, USA) was
measured to determine caspase-3 activity. E) SKOV-3 cells were treated for 24 hours with/without 20 p
M thioridazine. Cell lysates were immnunoblotted with anti-caspase-3 (left), anti-caspase-9 (right), and

with B-actin for internal control.
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Figure 2. Effects of thioridazine of cell cycle progression of human SKOV-3 ovarian cancer cells. A)
SKOV-3 cells were exposed with and without drug for 24 hours. Cellular DNA was stained with
propidium iodide(PI) and cell cycle distributions was determined by flow cytometry (FACScalibur,
Becton Dickinson). When treated to only thioridazine, the cell proportion in G; phase increased,
indicating that thioridazine arrested the cell cycle at the Go-G; phase. B: Subsequently, the effect of
thioridazine on downstream expression profile of proteins associated with cell cycle arrest was tested.
Protein expression was visualized by immnunoblot analysis using the appropriate specific antibodies.
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Figure 3. The additive effects of cell cycle arrest by thioridazine and two conventional
chemotherapeutic agents. Cells were then incubated with each drug-agent for 24 hours. Cell viability
was then determined using a viable cell assay. Apoptosis was assessed by fluorescence microscopy.
Triplicate samples were determined for every data point and SDs indicated as error bars. The
experiments were repeated four times with similar results.
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Figure 4. Treatment of thioridazine inhibits cellular proliferation and activates caspase-dependent
pro-apoptotic  activity. A. Effect of treatment with thioridazine (15 pM) was analyzed by
3-(4,5-dimethylthiazol-2-yl)-2.5-diphenyl-2H-tetrazolium bromide (MTT) assays. Inhibition of cellular
proliferation by cisplatin (20 uM) in HeLa cells was also illustrated for comparison. B. Early- and

late-stage apoptosis induced by thioridazine was analyzed by fluorescein isothiocyanate (FITC)-labeled
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Annexin V assay. C. Caspase-3 enzymatic activity after treatment of thioridazine was determined using
actyl-DEVD-7-amino-4-trifluoromethyl coumarin as the substrate. D-E. Caspase-3 and PARP cleavages
induced by cisplatin and thioridazine treatments. Soluble protein extracts were conducted by

immunoblotting for cleaved caspase-3 and cleaved PARP. B-actin was used as an equal loading control.
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Figure 5. Thioridazine inhibits endothelial cell proliferation in vitro. (A) The angiogenic effects of
thioridazine on DNA synthesis in endothelial cells were followed with/without VEGF (10 ng/ml)
treatment for 48 hours. cpm values of [sli]thymidine were determined using a liquid scintillation

counter. (B) Migration. (C) Tube formation in HUVECs.
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Programmed cell death 6 (PDCD6) inhibits angiogenesis through PI3K/mTOR/p7056K

A gene signature-based approach identifies thioridazine as an inhibitor of Z :
pathway by interacting of VEGFR-2

phosphatidylinesitol-3’-kinase (PI3K)/AKT pathway in ovarian cancer cells
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ARTICLE INFO ABSTRACT
— - — — — ARTICLE INFO ABSTRACT
Arliche hisrory: DObjacrive. Thioridazine, a dervative of phenothiazine, has been reported to have antiproliferative activity
Received 21 Agmil 2010 an tumar calk. _Hnu_!\la_r_,ﬂaa mech_amismhas not been wall defined. o Aaticle histary: Programmed cell death & (PDCDG ) was originally found as a pro-apaptotic protein, but its molecular mech-
Availitile onfine 29 Ocober 2010 Methods, Using in-silico gene signature based approach, we have demonstrated that thioridazine could Hecelved 200 Apeil 2011 anism is not well understood. in this study, we have attempted to imvestigate the effects of PDCDE on the in-
Inhibit phosphatidylinositol-3*-kinase (PRK)/Akt pathway, and thus exert cytotoxicity in ovarian cancer cells. Keceived in revised fnm 2 August 2011 hibition of angisgmesis-mediated coll growth as a novel anti-angiogenic protein. Purified recombinant

Koyt Results. The Connectivity Map indicated that thioridazine induces gene signature similar to that of Akt Accepted 20 August 2011

zm‘:'lmy:mhd.zm : inhibition. Moreover, preeisting inhibitors of 3K/ Akr pathway were also found to mveal similar signature. Awailable ondine 26 August 2011

human POCDS inhibited cell migration in a concentration-time-dependent manner. We also found that over-
expressed PDCDG suppressed vascular endothelial gmoweh factor {VEGF-induced proliferation, imvasion, and

T In SKOV-3 cells immuncblot using p8S antibody showed that thioridazine could inhibit PIK signal In eywints capillary-ike structure tube formation in vitm. PDCDS suppressed phosphorylation of signaling regulators
Chemical seresning addition, thioridazine was found to inhibit p-Akt (Ser 473] in a dose-dependent manner. Furthermore. Anglogenesis downstream from FI3K induding Akt, mammalian target of rapamycin {mTOR). glycogen synthase kinase-
thioridazine was found to decrease coll viability and induce apoptosis. Exposurs to thioridazine induced GGy S T RTS8 pathway 3BIGSK-32 ], ribosomal protein 56 kinase [ p7036K), and also decreased oyclin D1 expression. We found bind-
amest and down-regulated the cell cycle regulator, Cyclin D1 and COK4. and up-regulated p21, pi6, and p- Apaptasks ing POCDS to VEGFR-2, key player in the PI3K/mTOR/ PT0S6K signaling pathway. Taken together, these data
COCSA. Finally, additive cytotoxicity was chserved when cisplatin and thiordazine were treated Endothelial c2ll suggest that PDCDG plays a si ke in lating cellular
simultanecusly. Trogrammed cell death & © 2011 Elsevier Inc All Aghts reserved.
Conclusians. The cument study indicated that in-silico approach. such as Connectivity Map, is a potentially
wseful method to identify the unlnown callular function among the drigs already in us in clinic Owing to
the property of Akt inhibition and additive cytomxicity ohserved with the platinum compound, further "
research shoukd be focused on this drug. 1 Introduction regu[a\_lzd. I?f down- re:g_ularad in avarld.m tumors. In some cancers,
© 2010 Elsaviar Ine. All tights resered. the phy al e leg. mRNA and protein
The 22-kDa calcium-binding protein d cell death & levels) in the cancer cells differ from those in normal cells, Our
(PDCDB) was first identified a5 a pro-apoptotic protein in a genetic major focus is the regulatory mechanisms of human umbilical vein
screen, PDODG con@ins fve EF-hand motfs and an open reading endathelial cell (HUVEC) and cancer cells, However, we did not inves-
I tradadth an activator of Akt, which cansists of catalytle subinits {110 kD) and frame encoding 191 amino acids [1]. During the formation of an organ- tigate the functional rale of PDCDE in angiogenesis further,

Owarian cancer is the leading cause of gynecologic cancer death in
Western countries [1]. At least two-thirds ol the women with avarian
cancer have advanced disease ar the time of thelr diagnosis. Despite
recent advances in treatment strategy, the prognosis of patients with
advanced ovarlan cancer is poor. The major limitation of standard

regulatory subunits (85 kDa) |8). This gene has been proposed as a
putative oncogens in ovarian cancer and its amplification was found
to give rise 1o the activation of Akt|9-12 1 In ovanan cancer, activation
af Akt pathway has been associated with aggressiveness of the umar
behavior and decreased survival [13,14].

Thquldazlnc [ 102+ T-methyl-2-piperidyl ) ethyl}-2-methylthio-

treatment with platinum and taxane is the development of ch
sistance | 2], Suppression of apoplosis is generally accepted as one of
the major contibuting factors to chemoresistance.
Phasphatldylinosital 3-kinase { PE2K)/ Al signal transduction plays
a critleal role In cell survival through suppression of apoptosis in
varlous types of human cancers including ovarlan cancer [3-6).
Activation of Akt also promotes tumor invasion and metastasis,
antagonizes cell-cyde armest, and phospharylates mTOR ( mammalian
target of rapamycin) protein klndsr_ Thc phaspharylation of Akt is
mediated by phosphatidyli -3 4-hisphasphate and phosphati-
dylinosital-34.5-triphosphate that are gene mted by {PIEK) 71 PIEK s

* (onespanding author. Research lissitite and Hespiti, Nafional Canesr Cemter,
Coyeng Repibilic of Kores. Fax! +82 39201238
Eanadl peldress: sakbamyghail carm {S. Kang)

00908233 - 4= front matter © 2010 Esvier Inc All rights reservad
dei: 10101 6/ yg v 2010.10.003

I 1. a phenathiazine derivative, is 2 piperidine antipsy-
chotic drug belonging to the phenothiazing drug group. In the
management of advanced cancer, the drug has been used to treat
cancer-related sweating |15,16 ] and depression [17]. However, there
have been several reports that the drug shows cytotoxie effects and
reversal of drug resistance [18-22] Although several mechanisms
including DNA damage [23], inhibition of P-glycoprotein [24], ar
antioxidant activity | 25] have been proposed (o explain the anticancer
effect of the drug the true mechanism of anticancer effect of
thiondazine is unclear. Recently, a group of researchers ohserved
that the antipraliferative effect of chlorpromazine, anather phenathi-
azine derlvative. can be blocked by wortmannin a selective PI3K
inhibitor | 26].

Therefore, we have hypothesized the presence of possible
connection betweeen the anticancer effect of thioridazine and PIEK/
Akt pathway. Given that thioridazine Is a drug used in clinleal practice
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ism, the balance between cell growth, differentiation, and apoptosis is
controlled by 2 number of regulatory genes, Alterations in this balance
are found in diseases such as cancer [2]. The caldum-binding domain
of PDCDE plays 2 signi role in ization and in the struc-
ural changes required for binding to various intracellular pmtein part-
ners, including Alix [3.4), Fas |5, annexin X1 [5], DAPK1 |7], TSG 101 [8],
Sec31A |9], and PLSCR3 |10},

Several cancer studies have analyzed the mRNA and protein ex-
pression of PDCDE in tissues and cell lines, PDCDE is ubiquitously
expressed in adult mouse tissues but is over-expressed in rat liver
hepatoma cells compared to normal liver tissues [11]. PDCDE expres-
sion also appears to be up-regulated in lung cancer patients [11].In
contrast, reduced PDCDE expression was recently observed in gastric
@ncer [12]. Hence, we examined whether PDCDG is generally up-

Ablney o ETOIL msmmalian Siget of sy S5 1, rbosansl 70 5 binsse
MITT, 345 dimethyl 1-21)-2 5-diphenyl liwm bromide; FLVES, huron
unihiliczl vein endothelial clls; st smaﬁ interfering NA; POCDE programmed cell
death &.

* Comesponding authar Tel! +82 31 920 238, fax: + 8231 920 23599,

E-mall address: sheho@nee e ke (S8 Kha)

(0898 6358/5 - sex (rant matter € 2011 Elsevier Ine. All rights reserved.
doi:10.101 6 cellsig 201108013

In this study, we investigated the detailed functions of PDODGd wing
angiogenesis using an in vitro HUVEC system and purified PDCDE. Spe-
cifically, we characterized the maolecular mechanism of PDCDG as a
novel anti-angiogenic protein. PDCDG inhibited HUVEC migration in &
concenmaton- and time-dependent manner. In addidon, PDCDG sup-
pressad phosphorylation of signaling components downstream from
PLEK, such as Akt, mammalian target of rapanycin (mTOR ), glycogen
synthase kinase-3p(GSK-33), ribosomal protein 56 kinase (p70S6K)
through direct interactions with VEGFR-2. These interactions signifi-
canthy control potent ant-zngiogenic and anti-tumor activity, There-
fore, our results strongly suggest that PDCDE plays 2 significant role in
modulating cellular angiogenesis.

2. Materials and methods
2.1, Cell lines, fissue samples, cell culture, and antibodies

Primary HUVECs ( #CC-2519; Clonetics, San Diego, CA) were culiured
an 03% gelatin-coated dishes ( Sigma, St Louis, MO) wsing EGM-2 Bullekit

medium (Clonetics). OVCAR-3 ovarian cancer cells were maintained in
DMEM medium supplemented with 10% fetal bovine serum (FBS). All
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CYR61 controls p53 and NF-kB expression through PI3K/Akt/mTOR
pathways in carboplatin-induced ovarian cancer cells
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PDCD6 additively cooperates with anti-cancer drugs through activation of

NF-B pathways
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Keywards:
CENI (CYRS1)
Apopiasts
Carboplatin

CYRE1 over-sxpression promotes cell praliferation by inhibiting carboplatin-induced apop-
tosis, decreasing Bax expression, and increasing Bel-xL, Mcl-1, and Bel-2 At the same time,
dowrrregulating p53 expression, while up-regulated NF-«B expression. Additionally, p21
and p53 promoter activities were reduced, while NF-cB and Bolk2 activities increased. In
parallel, CYRG1-expressing cells, during carboplatininduced apoptosis. resulted in an
increase of Akt phosphorylation, while rapamycindtreated cells were not affected. Carbo-
platineffectively inhibited the activation of mTOR signaling cascade, which includes mTOR,
AE-BP1. p7OSGK, HIF-1o and VEGF. These results provide evidence that CYRG1 promates
ol proliferation and inhibits apoplosis

Aenie hiare ‘The exness som of programmmed cal death & ( PDCDS) s knawn ta be down-regulated in cancer cell lines and

e e 50 Ot 2071
Accemad 3 Movemizer W11
Awallable noliee o

awvarim camcer txmes comyperad o nommal ezl and tmues. in the crment shudy, we charactenized the specfic
funcgion of BI04 2 3 mervel pro-apoqotis protem. Tadefine the rodes o 06 and cxplatin m fumorgeness,
e it cv-expresssd POCDG o st f with ciplin in SKOW-3 v anc s cels. foth PICDS and ci-

NF-wE
A3 AKL
Ovarian carcinema cells

@ 2011 Elsevier Ireland Ltd All rights reserved.

1. Introduction

Cysteine-rich 61 {CYRG1}, one of the tissue growth fac-
tors in the CCN family (CYRG1/CTGF/NOVY), is highly ex-
pressed in warious cancer tissues and cell lines, including
breast cancer, endometrial cancer, MCF-7 cells, SKOV-3
cells, gastric cancer cells, benign prostatic hyperplasia, gli-
omas, and melanomas [1-7]. In contrast, resting cells were
down-regulated, but various agents incleding growth fac-
tor are involved in regulating the resting cells [8], The var-
ious agents are also responsible for regulating multiple
cellular functions, such as cell proliferation, inflammation,

bbrevi CYRS1, cysteine-rich &1; C 1 - dammine -

1, 1-cychbutamadi carboxylate-plat imum 11; DAPL, 45-diami ding-2- phen -

ylindale; mTOR, the mammalian trger of rapamycn, MTT, 3-(45-

dimethylhazal-2-y11-2 5-dipheayl *H-tetrazalium bromide; FITC fhu-
rescein isthiocyanate; P, propidium indide

+ Comesponding suthor. Tel: 482 31 920 2383; foe 18231 920 2399
E-inadl address: shrha@noecreke (5 B Rho)

0304-3835/8 - see front matter & 2011 Ekevier lreland Lid Al rights reserved

ol TOTOG]] canler 201110016

cell adhesion, migration, embryogenesis, and wound heal-
ing [659-12]. Interestingly, the over-expression of CYRE1
inhibits apoptosis, which is mediated by paclitaxel and cis-
platin, and may also contribute to cancer cell viability
3,13,14]. In addition, CYRE1 protein promotes angiogene-
sis and migration, as well as adhesive signaling by interact-
ing with 2vp3 and 631 [15,16).

Carboplatin  {cis-diammine-1,1-cyclobu tanedica rboxy-
late-platinum 11} is widely used clinically on various hu-
man carcinomas, including ovarian, lung, head, and neck
carcinomas [17-12]. Carboplatin, an analog to cisplatin,
has fewer adverse toxic effects, unlike cisplatin, which gen-
erally involves serious side effects, such as nephrotoxicity,
neurctoxicity, myelosuppression, nausea, and vomiting
[2021] As such, carboplatin has been suggested as a
means to suppress cell growth in cancer cells through the
death receptor [22,23].

Apoptosis plays an important role by which cells under-
go death to control cell proliferation. Generally, regulation
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Temoe sppresior pmisin POCDE n efrctve el garwih than with edther dmg frestmens alone, ut
P coff dodhs had mo effiect with the meatment of ciqused and e inhittors. Ceavages of cpase3, -8, -4 and paly
{ Al rise poaymsae {PARK) nmmmswmmwmmnmm:m
arian memrg e 1 treztme. in 111 and COKA, and the iduczon
s ol ody'lEande‘J‘as:c,th de‘pﬂdﬂnhaenﬂn‘nm i DTl
Cigtaa oof PEK, iz MUK 1 and Akt POSCL T8 b -cle-pen et et
M-8 sigmoiiing mﬂm;h the activation of M-t sigraling pathways. ingeasing fax, g3, and pil exgression, while alsa
down-reguiating Bc-2 and Bob-xl expression. The p21 and ps3 promoter huciferse acsvities were enhan ced
iy PINL, while there was o affect i p3—'~ and p21 ~~, At the same time, p43 acfivity was confimed by
UV imadation and SiFOCD6. T 2en together, these el prowide svidence that FOCOS cn mediate the pro-
apopintic activity of cmplatn o TN Shaugh the d ikatiom of NE-+)
& 2017 Beevier Inc. All mighis reserved.
1. lintroduetion the balanee: between cell differentd amion, profierackm, and apaptesis i
e lled by eeriin types of repulstory genes_ Alterstions in tis halanes
PDCDS | d cell death 61 & a calchem- inding modud are fonmed fin & variety of diseases, such & cancer [

protein sssocisted with cell pralierstion and death 1t is one of the
prototyple members of the penta EF-hand protein Camily, and 253
22 kDa protein, containg an apen reading frame encoding 191 amino
acids 1.2} PDODG. sbo well-known 25 ALG-2 {apoptosis-linked gane-
2], wias fhrat deseribhend 25 5 pro-spophod c pratein in 2 lindionsl soreen
al T-cell hybridoma cells [3L However, stundies showed that ALG-2-
defident mice exhibited normal T-cefl development and fundion (4]
Manetheless, patentlsl plysalogical functinm of PDCDS s madulstian
af endoplasmic reticulum | B)-sress-stimulsted cell desth | 5] newm-
nsl spopmsis diving ms:n hnmu-m jGL and canoer diseases {TRL

Several independent shudies reparted mRNA and protein exprer-
slem af FDCDE in vanioe tumar types. POODS has heen shewn 0o be
highly expressed in gat liver hepatoma cells and in hong cancer pa-
tients when companad To normal gssues | 7] On the ofer hand, down-
regulstion of PG sxpressian was recently abserved |ngastric cinver
anid Hels cells | 1011} In same type of temars, the eel hilar ghysialogical
states (o g endogenais miENA, poatei jon Jevels, and interam-
ing partners) (n the temor cells differ fram these in nomisl celle
This difference could passibly be due to the type of human wmor.

cxs.pd:m |(5P-a-2)-di smmiredichiomplatinum | & a well-kmown

e e repearted.| &6 ORI,

PO, st WGT, 3 3
Cigtats, (%41} Samminetchiompianamy MTT, 3 (43 dimertybtize Lyi
- H e B0l e oy { ADF-giBose
* Comesposdieg autor, T + 32 31 530338, Gy 442 31920739,
E-mit! e shshodor iy {55 B0,
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tic agent, wihich acts 25 a0 inducer of apoptasis and
medim of DNA replication [12.13] 1t has been used in the fira-
Hine ofthetspy for seversl malignancies, such 25 ovan an, cervical, heasd
and nedk, Wadder, colarectal gasivic. pancreate, fzstioular, mmall-cell
lung. and essphagesl tumars either slone or in combination with
ather snti-cancer kyents | 14-20} Unberunataly the use of this com-
pound is generally Umited by its dde effects becuse cytotoxlc
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