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FAEGZBRFEHERMIE (8 3 USI R ARA B EE)
IS &

I EREHERN ~— b — D ERLICHT = E BN
PESHBELT BT L AT b O

WrEERE MHEER MSATEIEABLEMER LREE

WIRESE : ABIEIIIRE O BB M % FT6E & 4 2 MiEEE~—5 — %[
EL, FLWHEIMEST 2B T2 ERBICED S®5 2 L 2 RiKkH
BT D, RBECH LT, MROEBSEREOEICHBIZKE LT
WEPEALT 2 2 L3O DFEHIEMICE R L DESIER A 4~
=0 — ) ERIEZHEFE SN DICE S TV B, BE O INEALIC
B DHEEBEDCE(LEZ BB, hOoZREEZAVTAYF—r g
TEDBARDFE LRV, FEH A A~ — T — DR, WAL
O EHL TV,

Z ORI EFTRET 572, Multiple Reaction Monitoring (MRM)
EZISH L TEEEFORES v 30 B ERESEMNIEAIIZ >\ T, B2 iz
PEGHIEEZ L % EEMIZE = —TE 5 Energy resolved oxonium ion
monitoring technology (Erexim ¥E) #BH¥ L7-, WFEstE O —4EH T
BDWR 23 FEIZBWT, Bl BolETF NI4T
U (RXTF RESIE—E) ZHMEICHERL, 161 ST opgine s
DENVE 9% L EZ E® 5 20 EOREENTIMEN 2T F R4 Bk,
BT D Z LIl Lz, VT, TR BE % O F B MRM 540
CRONIZEEBNEESITT — & & RS O BRI 2 3EMIZTT 0,
EPEEMEEICB L TIRAEWT CTOEFR 0. 1%LL L, 58 10 amol (7
BV = 10" ® ) Dk, BIETEE 10° LLEORKE, EEM CRigl
HENY == a VOGN TE ZEEBSTEGEZRE LT,
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ARFRIZ BN TR 1L B A3 A SE TSR
THE—Lz 50 TRY, MEoREK, 7
CEHEABLIEEZEB8EF Lo Tn
Do TDTZOITITHYE R Llomz, &
IRARER LD BROERRE T, 721320
AR AZ R TE 22BN OBRILE
BRMfIEZ 5D 5, BRICBWTHiEDOR
W% RATITHES X BRRe . CT B2li7e S
PSS 2o TVWDR, Zhb X
VLR, hOoREREMOBERIZ D
OIS & FE R T 2 BT B A I EE
B AR TR T 5 IEEEN TRMIC
1T 2 5 TGS & Hrs WnE - C o e o
B U 2 7 W E CH N AIgRIC 22 AuiE,

(> TR BRI S E SN D
LHIFTED,

MEERRFIIZINE T, MFIC X DM
BEORMZMEZBIE L (e r/ o4 a7
17— AT 2 . BRI L
WTTHEBHREE AL B b A ZH O
HIER)~— I — B OREEIT> TE T2,
FITAMETIIENLETDY—I—&
TFE 2 X7 B R mEn T A O
BT S SREIC TR, T 50 L
IC Ko TiEE AR ATRE 22 BERE CRHIC
BRTDZ &), 61T HERAHIETT
DIUATDIEBREFRRICTHZ L) ZHEE
LD, RRMEINIERDOA LT vk
ALIFRLY 30 oM 1 7T ykAT
200 HE E TONRS F~v—h—ZRFIZE
BlbL., EFIEBEEOE V. Ziicbi
L RIEEEER L/ LN TED LD
W25,

B. #FFEHE
a. BEXTF FIEERER ORI

RGO b 1g6 &% > /37 B % 8M Urea
ZRUEM Ny 77 —CRRESE, BLT
VxR NALZIT 57, PD-Miditrap e 5
2 (GE Healthcare, Buckinghamshire, UK)
EFRWCERBT VE=U Ly 77—
EH L%, Y73 GOLD (Promega,
Madison, WI) T 12 ReElVH{L L7, (L% D
RTF RY 2 F V% OQasis HLB A— R U v
¥ (Waters, Milford, MA) CTRiREHIL . &
D ZYRIT HPLC Sy Bz fiE L7z,

F£9 4.6 mm x 500 mm Cadenza CD-C18
column  (Imtakt Kyoto,
Japan) Z VT, A [0.2% TFA), 1AM
B [75% acetonitrile, 0.1% TFA]. ¥AU B%
5-20 90 53277V = b, K 0.6 ml/min
DEMFT 1g6 R TF ROHE AT 1=,

PRI T T I a v R

Corporation,

0.1% TFA \ZFRAfFE L7, BB O 150
mn x 4.6 mm SunShell CI8 column
(Chromanik Corporation, Osaka, Japan)

WL D SR EREMET/-, 22T
IR oA [0.1% TFA] . A B [12%
0. 1% TFA]. ¥ B% 10-90
7oV bOEGER WL, SBLEE
TT77va XL, UBOERICHEL
7
b. Y HPLC 4347

BIE CHBERER L - S~ F P&
EmOVESEE A EESEH 7D, 2-7 3
B U EREREI X B HPLC 4T 24T
HEERE <75 F % (050
(Roche

acetonitrile,

> T,
N-glycosidase F Diagnostics,

Basel, Switzerland), 0.01% ProteaseMax



(Promega, Madison, WI) ] T 37°C. 8 W]
HILZITW AT F Ko ailr L7,
EEERESE AT O — 2 — N Y o DI T
MRS, Wik, -7 U DU LBE
LCERT I MEROGIZ K D 7~ b 1T
27,

7 ~N VAL BE #5413 MassPREP HILIC
pElution plate (Waters, Milford, MA) %
AW THEAREE ATV, Shimpack CLC-0DS
column (0.6 x 15 cm) |~ & %348 HPLC 5347
W L7c, SIS A [10 M D VB
TR DLy T 7—(pH = 3.8)], FEHEB
[0.5% 1-7'% 7 — N E BTV Al & AV,
WL B 200 CHEMHE AT o 7%, %B 50 &
THHMDT T MEMER L, gk
£ 320 nm, BRIV R 400 nm CHEEmEH %
BE Uz, A PR HEERIZ. PA-glucose
oligomer (Takara Bio Inc., Shiga, Japan)
ERALZva—2a=y b (GU) TH
IE, fET—F =R L OB EZIT £
HEHlcLi,

c. HUEEIES 3BoOoRTOE

80 pg D b TRV X<=T (HN—tTF
V). RNV T (TRAFV), BUF
VT (T—EF v I R) BEAEH SN

LTI FNAEAIT>m#% . 4 ug
endoproteinase Lys—C T 37°C. 2 BRI D
fbZziT>7, Z® LysC bz S 51T
Trypsin GOLD T 37°C. 4 BffiliH b & 1T o 7=,

HAETHIE % Oasis HLB 71—k U » 12T
JH3E 21TV, 15% acetnitrile TIEH. HF
NTF FESEEU L, 2B L Tk
INE 0. INEFBR T 5 fFICAmIR L7z b D& A

Wiz,

d. Multiple Reaction Monitoring (MRM)

MRM 3471213 4000QTRAP kY /L JUE
FRAE #5547 5F (AB Sciex, Foster City,
CA) IZ Agilent 1200 nano-HPLC system
(Agilent Technologies, Palo Alto, CA)
ZHEAE LT LC/MS/MS v AT K Lz,
Nano-HPLC ®# F A1 75 ym x 200 mm EST
sprayer tip packed with 3 pm Cl8 resin
(Nikkyo Technos, Tokyo, Japan) % FU>.
WA [0.1% FE]. WM B [70%
acetonitrile, 0. 1% FE2]. §iiiE 250 nl/min

DEMGCHEEEIT- T2,
4000QTRAP B £/ HTEt O EITILL T D
WY ThH D, 2200 V ionization spray

voltage; 12 psi curtain gas (N2); CAD =
4; 70 V declustering potential; 10 V
entrance potential; Q1 resolution, HIGH;

Q3 resolution, LOW; 2 ms pause in between,

e. T —ZfEMT

MRM T 54727 — & 1% MultiQuant
version 2. 02 (AB Sciex, Foster City, CA)
V7 =T ERNT ey E
BT 21T o 72,

C. WrsfsR

PEGHEIE N Y = —3 3 VEBLIELE
FETDITHIo>T, BYUTTF FESH D
T X BERLSIAE T, o pEHE S N R
ROFERTF RIATTYNRBETH T,
ZHEFIRESNTWRWD T, & b 16 4y



FHFFO—AD N BFEHEZET L E LT,
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St LT 5,

In

X1 HEfEEEEER TS
A7) OERK, 186 5 F OE->—EaT
D NBPESE IR AL &2 & de b U 7 ik
NRTF RFZHEEL, SblCZhzEEy
TRREWFRINT A T A CHBEREE LB D
HPLC 7 o~ 7T A, RFHRFL, 2 TR
L7 —273FNFNE 2 D Peak 1, 21T

R

WE~7"F K> PNGaseF % FV /- fEEsR
BOTHIIT & 0 BESEE oy 2 el < &, 2-&° )
PNAT v (2-PA) & R & W TCTHOBIER
BT ol I EBRENIE S 7 A% A
WoEE HPLC fTicfiE L7z 5 — &% o —4
B2 THDH, RO LIz v a—=x

Y A —OEHBER NS S ra—2a=
v FERD, GALAXY 72 CEEMOMESE ST
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BFF 29T O NG E S B R T &
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Peak 1 Peak 2
O v
OB, mdpA o mmea
Bo oB
300 -
mv| 500 5
mV &
o] ., 0
60 70 min 60 70 min

X2 M1FORESTFRL, 20658

ZEERMICOINT L. BB, HPLC T X

DIEEMRERELITo R, H—2 0

WHRHZ 7 va—22=y b (GU) 122

L, HEBEET — =R LRA LTk

Do AEEER s uw NS5 A EEICRL
77

AT — PR OB ER B E T — & ~N—
AR LT BESEE NN m— 2 Vi
BT NVITY XLERNT, EHERTHD
3 ODTKERERDMEFTMEITV, A
firDFERMEZEE LTz, X 3 IXERICEN
TREINEZEROD D N—ETF o (a),
TNRAF (b)) DERB 4y V2 AFL,



Eﬂ Trastuzumab

60

Olotl
Otot2
@lot3
BEiotd

Relative Abundance %

Olotl
Olot2
Biot3
Elotd

Relative Abundance %

l@(& .;

ma

B3 EreximiEZHAWT _EBHAERS F
OPEFHEIZTT 2 2 v MELERE{T- 72
R, (a)Trastuzumab, (b)Bevacizumab |2

FHET D RFERZ2 3 FEOREHEEIC DV T,

4 oDERDLHT Yy NERIE LR, *i
Student T-test 2T p < 0.05 DHEZEMN
RSl L ERT, =7 —/— %
triplicate B % 3 EHLITIT o 7R %
H£FH L TROZbDOTH D,

fiEn v OBV & - THESEEEITIER
WCHEFRF STV B E 2 0 o LIZRER
Thd, BITRLIZEREDZMUEN
FESRIEIE TS, MEIPIEEEL Lo T
EEEO Y NEREERH D Z E NS00
o ZIZICRELTZLS D, IS B4
TORESHIEE % 5FMM0 U755, RRERAY I8
HENENEEOFIENEEITHEML T
LT EBRALMEIRST, THNAF N

LU CIESH B AT S Tz niafsss
YA T DEmBER S h iz,

2]

2.0e6 Fab glycopeptides
MNSLQSNDTSTAIYYCAR

Fc glycopeptides
EEQYNSTYR

/

0 fk AL
1

4 16 18
Retention time, min

1.0e6

Intensity, CPS

o;@ ) [Ol@ v
(=] Saped |oLaded

m/fz 996.90
RT = 18.25 min

m/z 996.65
RT = 18.5 min

K4 Cetuximab ¢ Fab $8I. Fc fEIKICF
BT HREEEEN) =—> 3 CORKER
ST, (@MRM 7 v~ R A02EE, +
L2 7 FTOWENTF RBHRIC B S -
ETEETETVWDZ ER005, (b) AL
FreiEA SNz MERNTHREREZ D 5
5LEZbNDIEE NEFEEREED—HF,

Rz, ALK TEEEFEOHD oy D
T—¥EX vy A% ANFL, FDA TOEFY
B ORBEE > TWATF 7 4T % —

“a vy 7 OFRA% BreximiETHRET Lz, 7

— &y 7 AIMBREN A EIC S N Y
PEHDN —AREM SN EE 2 ->TRY .,
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L. £5oi3k MERTOHFEMEEZRLT



WDDPBRETHo, £, EDL D
IRREED EREHURMEOER & 72> TV B
HHEERICTHRD Z e R TERD-TZ,

TS LAREIN T, X 4() 1R
& 91T Fab ¥E$H & Fe FESHZ FATEIZE &, &
HIRFE CorBfE L7- B¢, fF7EL 5 D RS
ExRNFERLTHZ ERAREE R0 Tz,
SHOIZEDOFRERPBIL, ThETHDL
LT\ o 7o dE e MEREGREE S Fab 8
Wb DHMEEN (b) . TR RERCE
BECTRIETHT 74 7F%F—a vy
DFERTIER20 LRI, () ITiE,
B S RER > T VLA & X RlfE
e N-T VIV AT UBREATES
DIFEEZ TR L TN B,

BLERRVVEN R & L Cid, B 5 1R k&
21T, Fl— Ig6 ¥ (F—E & v R) Lk
OFEHTHHIZH M B9, Fab fEBICNT
MU 72BES & . Fe SEIRICATIN U7 BEGH e
D3 MSE U 7 BRI IERE AL A R > Tz
RThD, AIMKEREOCRIEREZE 25 k
T. Fe fABLICITE MEUGESH L STRER$,
Fab fEIUZHES LICHESHO RS8BTk +
TUFESH Ch o To IR CEERFRE S
R B

X5 Cetuximab ¢ Fab &1 (7). Fc fHI
H) IfmEn-EsEEE0EEN o
7 7 A IVEER,

D. BR

A Erexim 77 /0P —OBBIZ L -
T, PRI TIXEEM 2 b8, A 284
DR ERESH A IS OB E R T n 7
7A VTR BIZ40~50 ¥ o S ARET
EDH XD hhots, SBIT, MRNTATREHE
HBE LB RN F—AF v U 2EAL
72 &IC &V, Immunoglobulin BESHDIFIE
ETEZERTEDIE L OEBEL ERTREL
8o T, BE BT OFESEINENL & Fo &
YT B OIS T, FRFERON
B D77 7 A VE—SHTET T
EBE0IR oDV EHNTH D,

AEIRPERIER SN TV D ERS,
DFHI I E R IR 2 K EDEAMT A & 9 0%
PO LEMTRIT LN~ TF o, 7
NRAF v T—=EE v 7 ZADH5HTiE, »
THHBEILHON TV ARD > T EER
RBZEEON, A& CERESNRK
A2 BEGEE OB, T/ IMkII o
ETHREAES LTV o 2B B A B2
{EEEAD. ZOEDH~DEESE M
ER~OTUFEME S T-BBE A TIIRATH
Do ZHLIBER Yy NETELLST W
STEEE TICB W TERZ2NE R LR
TLDZITERARETH D DT, A%ITK
RRER2ZEEZRIA LT, 295 Lfuhg
ey &2 TREHFL TP LEN
HBHIEAD,

BEOT—EH vy 7 AZELTIE, #
BUDEEBEIZRBNTCT 7 4T % —
Ya v I PHERINTEEIVIREND D
23 (N Engl J Med. 2008 Mar 13; 358(11):
1109-17) . EOHEMKIET —E X v 7 2D
FFO Fab FIBESHOIZ L A Y& 5D 53
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MIARE & 72 DRI OB IZ T LT,
AEMfiEEAT TV E LT EEHEE
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773, Erexim {EIZJRIRAVIC & OFRT T S0
2N BRRIIR, Tihbh, K
DHEEITH D, FEFEH O EHENE
o~ — I — R T B BRI AL
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A 5 N7 B OREITED T BEfET
HD,
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Cl20rf48, Termed PARP-1 Binding Protein, Enhances
Poly(ADP-Ribose) Polymerase-1 (PARP-1) Activity and
Protects Pancreatic Cancer Cells from DNA Damage

Lianhua Piao,' Hidewaki Nakagawa, ? Koji Ueda,” Suyoun Chung,' Kotoe Kashiwaya,' Hidetoshi Eguchi,’
Hiroaki Ohigashi,3 Osamu Ishikawa,’ Yataro Daigo,' Koichi Matsuda,' and Yusuke Nakamura'*

"'Laboratory of Molecular Medicine. Human Genome Center, Institute of Medical Science, The University of Tokyo, Tokyo, Japan
fLabora‘cory for Biomarker Development, Center of Genomic Medicine, RIKEN, Yokohama, Japan
’Department of Surgery, Osaka Medical Center for Cancer and Cardiovascular Diseases, Osaka, Japan

To identify novel therapeutic targets for aggressive and therapy-resistant pancreatic cancer, we had previously performed
expression profile analysis of pancreatic cancers using microarrays and found dozens of genes trans-activated in pancreatic
ductal adenocarcinoma (PDAC) cells. Among them, this study focused on the characterization of a novel gene ClZ2orf48
whose overexpression in PDAC cells was validated by Northern blot and immunohistochemical analysis. Its overexpression
was observed in other aggressive and therapy-resistant malignancies as well. Knockdown of Cl20rf48 by siRNA in PDAC
cells significantly suppressed their growth. Importantly, we demonstrated that Cl20rf48 protein could directly interact
with Poly(ADP-ribose) Polymerase-1 (PARP-1), one of the essential proteins in the repair of DNA damage, and positively
regulate the poly(ADP-ribosyl)ation activity of PARP-1. Depletion of Cl20rf48 sensitized PDAC cells to agents causing
DNA damage and also enhanced DNA damage-induced G2/M arrest through reduction of PARP-1 enzymatic activities.
Hence, our findings implicate C120rf48, termed PARP-1 binding protein (PARPBP), or its interaction with PARP-1 to be a

otential molecular target for development of selective therapy for pancreatic cancer. © 2010 Wiley-Liss, Inc.
P g P PY P 4
INTRODUCTION atic cancer is eagerly awaited. We had previously
Pancreatic cancer is the fourth leading cause of performed extensive  genome-wide  expression
cancer death in the western world and shows the pvroﬁl.e ana]ysw Ot' pancreatic cancer CC%JS ln. com-
worst mortality among common malignancies bination with microdissection to enrich cancer
with a S5-vear survival rate of lower than 5% cell population (Nakamura et al., 2004), and dem-
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and functions of the target proteins. Through its
physical association with partner proteins or by
the poly(ADP-ribosyl)ation of them, PARP-1 is
involved in multple cellular processes including
DNA repair, transcriptional regulation, chromatin
modification, cell cycle progression, or genomic
stability (Ogata et al., 1981; Kameshita et al.,
1984). PARP-1 is a molecular nick-sensor of
DNA breaks and has a critical role in the spatial
and temporal organization of the DNA repairs
(de Murcia et al., 1994). The activation of PARP-
1 after DNA damage provides rapid signals to
halt transcription and recruits enzymes required
for DNA repair to the site of DNA damage,
including XRCC1, DNA ligase III, and DNA
polymerase B. PARP-1 is essential in the repair of
both DNA single-strand breaks (SSB) as well as
double-strand  breaks (DSB) (Durkacz et al.,
1980; D'Silva et al., 1999; Dantzer et al., 2000;
Audebert et al., 2004, 2006; Wang et al., 2006).
The involvement of PARP-1 in the DNA repair
system prompted us to investigate the effect of
PARP-1 inhibition on DNA-damaging anticancer
therapies (Daniel et al., 2009; Horton et al.,
2009). Inhibition of PARP-1 enhanced the cyto-
toxicity of DNA-damaging agents and seemed to
overcome one of the causes of resistance in can-
cer cells to anticancer treatment (Hoeijmakers
et al, 2001; Longley and Johnston, 2005). Cur-
rently, several PARP-1 inhibitors have already
been taken into the clinical trials as chemo-
potentiating or radio-potentiating agents, and
have shown promising results (Miknvoczki et al.,
2007; Plummer et al, 2008; Rottenberg ct al.,
2008; Horton et al, 2009; Jones et al., 2009;
O’Shaughnessy et al., 2009).

We here focus on the characterization of a
novel gene C120rf48 (Chromosome 12 open reading
Jrame 48). We demonstrate that C120rf48 protein
can interact with PARP-1 directly and be
involved in the repair of DNA breaks through
enhancing PARP-1 activity. Thus, we termed this
molecule PARP-1 binding protein (PARPBP).
These findings indicate that Cl2orf48, or its
interaction with PARP-1 could be a promising
molecular target for the development of novel
treatment for pancreatic cancer.

MATERIALS AND METHODS

Cell Lines

PDAC cell lines, KILM-1, SUIT-2, KP-IN, PK-
1, PK-45P, and PK-59, were provided from Cell
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Resource  Center for Biomedical Research,
Tohoku University (Sendai, Japan). MIAPaCa-2,
Panc-1 and COS7 cell lines were purchased from
the American Type Culture Collection (ATCC,
Rockville, Maryland). KLLM-1, SUIT-2, PK-1,
PK-45P, PK-59 and Panc-1, were grown in RPMI
1640 (Sigma-Aldrich, St. Louis, Missouri), and
COS7, MIAPaCa-2 in DMEM (Sigma-Aldrich),
with 10% fetal bovine serum and 1% antibiotic/
antimycotic solution (Sigma-Aldrich).

Semi-Quantitative Reverse Transcription-PCR

Microdissection of PDAC cells and normal
pancreatic ductal cells were described previously
(Nakamura et al., 2004). RNAs from these cells
were subjected to two rounds of RNA amplifica-
tion using T7-based in vitro transcription (Epi-
center Technologies, Madison, Wisconsin). Total

RNAs from human PDAC cell lines were
extracted using  Trizol reagent (Invitrogen)
according to the manufacturer’s instructions.

Extracted RNAs were treated with DNase |
(Roche, Mannheim, Germany) and reversely tran-
scribed to single-stranded ¢DNAs using oligo
(dT)2-15 primer with Superscript I reverse tran-
scriptase  (Invitrogen). The primer sequences
were S-TTGGCTTGACTCAGGATTTA-3 and
reverse  5-ATGCTATCACCTCCCCTGTG-3
for  B-actin (ACTB), and 5-CTCAGCTGGG
AAAGCTACAGAT-Y and 5-CATGCCAGGT
AGTTCTTCCATC-3" for CiZorf48 (GenBank
Accession no. NM_017915). Each PCR regime
involved initial denaturation at 94°C for 2 min
followed by 23 cycles (for ACTB), 28 cveles (for
C1207f48) at 94°C for 30 sec, 55°C for 30 sec, and
72°C for 1 min.

Northern Blot Analysis

One pg each of polyA RNA extracted from eight
PDAC cell lines (KLM-1, PK-59, PK-45P, MIA-
PaCa-2, KP-IN, Panc-1, PK-1, and SUIT-2) and
seven adult normal tissues (heart, lung, liver, kid-
ney, brain, tests, and pancreas, from BD Bio-
science, Palo Alto, CA) was blotted onto a nylon
membrane. The 305-bp probe specific to C720f48
was prepared by PCR using the primer set
described above. The cancer membrane and
human Multiple Tissue Northern blot membrane
(Clontech, Mountain View, CA) were hybridized
with the ¢DNA probe labeled with o**P-dCTP
using Mega Label kit (GE Healthcare, Piscataway,
New Jersey). Prehybridization, hybridization, and
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washing were performed according to the manu-
facturer’s instruction. The blots were autoradio-
graphed at —80°C for 10 days.

Generation of Antibodies to Cl20orf48 and
Immunocytochemistry/lmmunohistochemistry

Plasmids expressing two fragments of C120rf48
(codons 1-150 and 328-498) in pET21a(+) vector
(Novagen, Madison, Wisconsin) were constructed
to produce recombinant proteins in k. co/i. The
recombinant C12o0rf48 proteins were purified
using Ni-NTA resin agarose (Qiagen, Valencia,
CA) and used to immunize rabbits. The sera
from the immunized rabbits were purified by
antigen-Affi-Gel 10 (Bio-Rad Laboratories, Her-
cules, CA) affinity column chromatography. For
immunocytochemical analysis, KLM-1 cells fixed
by 4% paraformaldehyde were incubated with
rabbit anti-C120rf48 polyclonal antibody for 1 hr.
After washing with PBS, the cells were stained
by Alexa 488-conjugated anti-rabbit 1gG second-
ary antibodies (Molecular Probes, Eugene, Ore-
gon) for 1 hr. Stained preparations were mounted
with VECTASHIELD mounting medium with
DAPI (Vector Laboratories, Burlingame, CA). For
immunohistochemistry, tissue sections of PIDACs
were obtained from the Osaka Medical Center
for Cancer and Cardiovascular Diseases under the
written informed consent. Human PDAC tissue
microarrays  were  purchased from ISU-ABXIS
(Accurate Chemical Corp., Westbury, New York).
The sections were deparaffinized and autoclaved
at 108°C in Dako Cytomation Target Retrieval
Solution High pH (Dako Cytomation, Carpinte-
ria, CA) for 15 min. After blocking, the sections
were incubated with rabbit anti-C120rf48 anti-
body (dilution 1:2,500) at room temperature for 1
hr, washed three times in PBS, and incubated
with peroxidase labeled anti-rabbit immunoglobu-
lin (Envision kit; Dako Cytomation). Finally, the

reactants were developed with 3,3-diaminobenzi-
dine. Counterstaining  was performed  using
hematoxylin.

Short-Hairpin RNA-Expressing Constructs

The psiU6BX3.0 vector for expression of short-
hairpin RNA (shRNA) was constructed to knock
down the expression of the target genes, as
described previously (Taniuchi et al, 2005b).
The target sequences for (120148 were 5'-
CACAGTATCTCCTAGTCAA-3Y (sil), 5-GTT
GCTCAGGATTTGGATT-3 (si2), 5-GCAGC
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TAATGCTCCTACCA-3  (si3), and 5-GAAG
CAGCACGACTTCTTC-3 (siEGFP) as a nega-
tive control. PDAC cell lines, KLM-1 and SUIT-
2, were transfected with each of these shRNA-
expression vectors using FuGENE6 (Roche), and
selected with Geneticin (GIBCO, 0.5 mg/mL for
KLM-1 cells and 0.9 mg/mL for SUIT-2 cells,
respectively). Cell viability was measured using
cell-counting kit-8 (DOJINDO, Kumamoto, Ja-
pan) 6 days after the transfection. Absorbance
was measured at 490 nm, and at 630 nm as refer-
ence, with a Microplate Reader 550 (Bio-Rad).
After 2 weeks of the selection, cancer cells were
fixed with 100% methanol and stained with 0.1%
of crystal violet-H,O.

Immunoprecipitation and Mass-Spectrometric
Analysis

The pCAGGS Flag-C12o0rf48-HA vector was
constructed by PCR cloning, and was transfected
to HEK293 cells. The transfected cells were
lysed in lysis buffer (50 mmol/L. Tris-HCI [pH
8.0], 0.4% NP-40, 150 mmol/L NaCl, Protease In-
hibitor Cockrail Set 1II [Calbiochem, San Diego,
CA]). Cell extracts were precleared by incubation
with CL-4B sepharose (Sigma-Aldrich) at 4°C for
1 hr, and incubated with anti-FLAG M;-agarose
(Sigma-Aldrich) for 1 hr. The proteins were sepa-
rated in 5-20% gradient SDS-PAGE gels (Bio-
Rad) and stained with a silver-staining kit (Invi-
trogen). Protein bands that specifically observed
in the cell exwtacts transfected with pCAGGS
Flag-C12orf48-HA were excised and analyzed by
liquid chromatography-mass spectrometry (LC-
MS/MS). The excised proteins were reduced in
10-mM  ris(2-carboxyethyl)phosphine  (Sigma-
Aldrich) with 50-mM ammonium bicarbonate
(Sigma-Aldrich) for 30 min at 37°C and alkylated
in 50-mM iodoacetamide (Sigma-Aldrich) with
50-mM ammonium bicarbonate for 45 min in the
dark at 25°C. Porcine trypsin (Promega, San Luis
Obispo, CA) was added for a final enzyme to pro-
tein ratio of 1:20. The digestion was conducted at
37°C for 16 hr. The resulting pepride mixture
was separated on a 100 pm x 150 mm HiQ-Sil
C18W-3 column (KYA Technologies, Tokyo,
Japan) using 30 min lincar gradient from 5.4 to
29.2% acetonitrile in 0.1% trifluoroacetic  acid
(TFA) with total flow of 300 nL/min. The eluting
peptides were automatically mixed with matrix
solution (4 mg/mL  a-cyano-4-hydroxy-cinnamic
acid (Sigma-Aldrich), 0.08 mg/mL ammonium ci-
trate in 70% acetonitrile, 0.1% TFA) and sported
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onto MALDI rarget plates (KYA Technologies).
Mass spectrometric analysis was performed on
4800 Plus MALDI/TOF/TOF Analyzer (AB
SCIEX Foster City, CA). MS/MS peak list was
generated by the Protein Pilot version 2.0.1 soft-
ware (AB SCIEX) and exported to a local MAS-
COT  search engine version 2.2.03 (Matrix
Science) for protein database search.

Flow Cytometry and Synchronization

KLM-1 cells were wransfected with C7207/468-
specific  siRNA  duplex  (5-CUAGUCAACUA
CUGGAUUU-3"), PARP-I-specific siRNA duplex
(5-GAUAGAGCGUGAAGGCGAA-3"), and siEG
FP duplex (5-GAAGCAGCACGACUUCUUC-
3') as a negative control, respectively, by using
Lipofectamine RNAIMAX (invitrogen) according
to the manufacturer’s recommendations. 96 hr af-
ter the transfection, the cells were fixed with
70% ethanol in PBS at 4°C, and incubated with
500 pl. of PBS containing 0.5 mg of boiled
RNase at 37°C for 30 min. Finally, 2 x 10* cells
stained with 50 pg/mL propidium iodide were an-
alyzed by means of Cell Lab Quanta™ SC MPL
Flow Cytometer (Beckman Coulter, USA). A
complete block at G1/S-phase was achieved by
treatment with 2 pg/mL aphidicolin for 24 hr.
Then, cells were released from the cell-cycle
arrest, harvested, and prepared for flow cytometry
analysis (IFACS).

In Vitro PARP-I Auto-Poly(ADP-Ribosyl)ation
Assays

In vitro PARP-1 automodification assays were
performed as described previously (Di Palma
ct al, 2008). Briefly, 200 ng of the purified
C120rf48 recombinant protein and 25 ng of the
recombinant human PARP-1 (Alexis, San Diego,
CA) were incubated in binding buffer (10 mM
Tris-HCL, pH 7.5, 1 mM MgCl,, 1 mM DTT)
plus 10 pg/mL of sonicated DNA at 37°C for 10
min. The reactions were started by adding **P-la-
beled NAD™, and incubated at 37°C for 10 min.
After terminating the reactions with SIS sample
buffer, the proteins were fractionated by 8%
SDS-PAGE  gel. Incorporation of ¥*P-labeled
NAD™ to poly(ADP-ribosylated proteins was
visualized by autoradiography.

PARP-1 Activity in Cell Extracts

KLM-1 and SUIT-2 cells were transfected
with C7207/48-siRNA, PARP-7-siRNA, or siEGFP
(as a control), and collected 72 hr after the trans-
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fection. The knockdown effects were confirmed
with anti-C120rf48 antibody and anti-PARP-1
antibody (Santa Cruz Biotechnology), respec-
tively. PARP-1 activities in cell extracts were
assayed using the universal colorimetric PARP
assay kit (Trevigen, Gaithersburg, Maryland)
based on the incorporation of biotinylated ADP-
ribose onto histone H1 proteins. Briefly, cell
extracts were loaded into a 96-well plate coated
with histone H1, and incubated with biotinylated
poly(ADP-ribose) and nicked DNA (Trevigen),
size of which are 200-500 base pairs that are con-
sidered to be optimal for the PARP activation, for
1 hr. After wash with PBS containing 0.1% (v/v)
Triton X-100, streptavidin-HRP (horseradish per-
oxidase) was added and incubated additionally
for 20 min. TACS-Sapphire™ was added subse-
quently to develop colors and the reaction was
stopped by addition of 5% phosphoric acid.
Finally, the absorbance was measured at 450 nm
in a spectrometrophotometer. PARP-1 enzymatic
activities were also evaluated by the use of
mouse anti-polv(ADP-ribose) (PAR) monoclonal
antibody (Trevigen). 25 pg of the cell extracts
obtained from the KILLM-1 cells that were trans-
fected with C720/f48-siRNA, PARP-1-siRNA, or
siEGFP (as a control), or 5 ng of recombinant
human PARP-1 (Trevigen) were incubated for 20
min at 37°C in binding buffer (10 mM Tris-HCI,
pH 7.5, 1 mM MgCL, 1 mM DTT) plus 10 pg/
mL of sonicated DNA, and 200 pM NAD®
(Sigma-Aldrich).

Sensitivity to DNA Damage

KLM-1 cells were transfected  with  oligo
C1201f48-siRNA or siEGFP (as a control), and
incubated for 48 hr to knockdown C120rf48
expression as described above. These transfected
KLM-1 cells were trypsinized, and the number of
living cells was counted. 5 x 10° cells were re-
seeded into the 6-well plates, and incubated with
indicated concentrations of Adriamyein for 24 hr,
H;0; for 6 hr, or exposed to indicated intensity
of UV radiation, and then incubated for 24 hr.
Cell viability was measured using Cell-counting
kit-8 as described above.

RESULTS

Overexpression of Cl20rf48 in PDAC Cells
Among the transactivated genes that were

identified through our genome-wide microarray

analysis of pancreatic cancer cells (Nakamura
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Figure |. Overexpression of Cl2orf48 in PDAC cells. (a) Semi-
quantitative RT-PCR validated that C120rf48 expression was upregu-
lated in the microdissected PDAC cells (Lanes 5-9), compared with
microdissected normal pancreatic ductal cells (NP}, whole normal pan-
creatic tissue (Panc), and vital organs (heart, lung, kidney, and liver).
Expression of ACTB served as the quantitative control. (b) Left panel;
multiple tissue Northern blot analysis showed the limited expression of
Cl20rf48 in the testis, among the human adult organs. Right panel;
Northern blot analysis for Cl20rf48 expression showed that several

et al., 2004), we here focused on a novel gene
1207148 for this study. Semi-quantitative reverse
transcription (RT)-PCR confirmed (1207148 over-
expression in five of the nine pancreatic cancer
cases examined (Fig. la). Northern blot analysis
using the C7207f48 ¢cDNA fragment as a probe
confirmed abundant expression of a 4-kb tran-
script in most of the eight PDAC cell lines we
examined, but its expression was hardly detecta-
ble in any normal organs except the testis (Fig.
1b). The predicted C120rf48 protein does not
contain any reported motifs or conserved domains
in the database, but PSORTII program indicated
Cl12o0rf48 likely to be a nuclear protein, which
was confirmed by following immunocytochemical
analysis using anti-C120rf48 polyclonal antibody
we generated (Fig. 1c). Moreover, immunohisto-
chemical analysis using anti-C120rf48 antibody
showed positive signals in the nuclei of 21 of 31
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PDAC cell lines (KLM-1, PK-59, PK-45P, and SUIT-2) strongly expressed
Cl20rf48, while other normal adult organs did not. (c) Immunocyto-
chemical analysis with anti-C120rf48 polyclonal antibody showed that
C120rf48 protein (green) was localized in the nuclei of KLM-| cells. (d)
Immunohistochemical study on PDAC tissues with anti-C|20rf48 anti-
body. C120rf48 was strongly stained in the nuclei of PDAC cells (CI x
200, C2 x 200, C3 x 200), while it was not stained in acinar cells and
ductal epithelium cells of normal pancreatic tissues (N, %x200). In total,
21 of 31 (67.7%) PDAC tissues showed positive staining for C120rf48.

PDAC rtissues (Fig. 1d, panels C1-C3), whereas
no staining was observed in any of normal pan-
creatic tissues (panel 7 in Fig. 1d).

Attenuation of PDAC Cell Viability by Cl20rf48
Knockdown

To investigate the biological significance of
C120rf48 in PDAC cells, we constructed shRNA-
expression vectors specific to C1207f48 (sil, si2,
s13) as well as that to siEGFP as a negative con-
trol, and transfected each of them into KLLM-1
and SUIT-2 cells. Semi-quantitative RT-PCR
showed  significant  knockdown  effects  on
C1207f48 expression in the cells transfected with
sil and si3, compared with the control (Fig. 2a).
MTT assay and colony formation assay revealed
that depletion of C120rf48 in KLM-1 and SUIT-
2 cells (Figs. 2b and 2¢) caused dramatic
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Figure 2. Effect of Cl20rf48-shRNA on growth of PDAC cells. (a)
Semi-quantitative RT-PCR examined the knockdown effect on C/20rf48
expression in PDAC cells (KLM-I and SUIT-2 cells) transfected with
shRNA-expressing vectors specific to C/20rf48 (sil, si2, si3) or control
shRNA (siEGFP). (b) PDAC cells transfected with C120rf48 sil, or si3
shRNA vectors showed a drastic reduction in their viabilities. Each av-
erage is plotted with error bars indicating the standard deviation (SD)
after 6-day incubation with Geneticin. Y-axis means absorbance at 490

reduction in the number of viable cells. Further-
more, we performed FACS analysis after deple-
ton of Cl2orf48 by siRNA oligonucleotide in
KLM-1 cells and found a drastic increase of cells
at sub-G1 population (40.96%, Fig. 2d). We also
observed similar effects of siRNA oligonucleotide
for C120rf48 in SUIT-2 cells (data not shown).
These findings indicated that Cl2orf48 could
play critical roles in the growth of PDAC cells.

Interaction of Cl20rf48 with PARP-|

Since the biological functions of C120rf48 remain
totally unknown, we attempted to isolate a pro-
tein(s) that could physically interact with C120rf48
protein. Protein complexes were immunoprecipi-
tated by anti-IFlag M; agarose from the lysates of the
HEK293 cells in which Flag-tagged C120rf48 was
exogenously introduced. The immunoprecipitated
complexes were separated on SDS-PAGE and sil-
ver-stained. We found three bands (110, 90, and 63
kDa) in the immunoprecipitated complexes from
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nm, and at 630 nm as reference, measured with a microplate reader.
These experiments were carried out in triplicate (*P < 0.005, Student’s
t test). (c) Colony formation assays in PDAC cells after C/20rf48
knockdown. Cells were stained with 0.1% crystal violet after |4-day
incubation with geneticin. (d) FACS analysis was performed 96 hr after
transfection with the indicated siRNA. The percentage of cells in
subGl phase was calculated. Treatment of KLM-| with siRNA specific
to C/ 20rf48 caused a drastic increase in sub-G| population (40.96%).

the lysates of ClZorf48-overexprerssing cells, but
not in those from the mock cells (Fig. 3a). Among
the three bands, the 63 kIDa-band was considered to
be Flag-tagged C120rf48 itself. We excised 110- and
90-kDa bands, and analyzed them by LC-MS/MS as
described in Materials and Methods. As a result, the
110-kDDa  protein  coimmunoprecipitated  with
C120rf48 protein was identified to be PARP-1 and
the 90-kDa protein to be HSP90a (Fig. 3a). Imnmu-
noblotting by anti-PARP-1 antibody confirmed that
PARP-1 was coimmunoprecipitated with Flag-
tagged Cl2orf48 protein  (IFig. 3b). Moreover,
Cl120rf48 was also confirmed to be coimmunopreci-
pitated with PARP-1 protein (Fig. 3c).

Positive Regulation of PARP-1 Activity
by Cl2orf48

To investigate the functional significance of the
interaction between PARP-1 and C120rf48, PARP-1
automodification was investigated by incorporation
of [**PINAD™ in the absence or presence of purified



