?ﬁ}j{%ﬁ C120rf48, Termed PARP-1 Binding Protein (PARPBPgnhances Poly(ADP-ribose)

Polymerase-1 (PARP-1) Activity and Protects Partar€zancer Cells from DNA Damage

EEDS A4y F- . CL120rf481% PARP-1DTEMEZHINN &1 DNA Z A — BN AHIa 2 {5+ %

K4 Lianhua, Piao (fF S7E)

Introduction

Pancreatic cancer is the fourth leading cause méaradeath in the western world and shows the worst
mortality among common malignancies with a 5-yaawisal rate of lower than 5%. To identify novel
therapeutic targets for aggressive and therapgtesgi pancreatic cancer, we here focus on the
characterization of a novel gen€120rf48 (Chromosome 12 open reading frame 48) wiwvas found to
be trans-activated in pancreatic ductal adenoagamwan(PDAC) cells according to our previous micragrr
expression profile. We demonstrate that Cl12orfA@&eim can interact with PARP-1 directly and be
involved in the repair of DNA breaks through enhiagdPARP-1 activity. Thus, we termed this molecule
PARP-1 binding protein (PARPBP).

Poly(ADP-ribose) polymerase-1 (PARP-1), a nucleayeme, catalyzes the transfer of the ADP-ribose
unit from its substrate, NAD to some protein acceptors such as histones gsBPARP-1 itself. PARP-1,
a molecular nick-sensor of DNA breaks, is essemti#ihe repair of both DNA single-strand breaksB$S
as well as double-strand breaks (DSB). PARP-1vislwed in multiple cellular processes including DNA
repair, transcriptional regulation, chromatin maudifion, cell cycle progression, or genomic stapili
Inhibition of PARP-1 enhanced the cytotoxicity oNB-damaging agents and seemed to overcome one of

the causes of resistance in cancer cells to aggcdreatment.

Materialsand Methods

Cél Lines In our studies, we mainly used KLM-1 and SUIT-2ARDcell lines, which highly expressed
C120rf48 proteins.

Immunoprecipitation and Mass-Spectrometric Analysis Protein bands that specifically observed in
the cell extracts transfected with pCAGGS Flag-CBHA were excised and analyzed by liquid
chromatography-mass spectrometr. C-MS/MS).

In-vitro PARP-1 Auto-Poly(ADP-ribosyl)ation Assays Briefly, purified C120rf48 recombinant protein
and recombinant human PARP-1 were incubated inrfgniouffer (10mM Tris-HCI, pH 7.5, 1mM Mggl
1mM DTT) plus sonicated DNA. The reactions weretsthby adding?P-labeled NAD, and terminated
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with SDS sample buffer. Incorporation &%P-labeled NAD to poly(ADP-ribosyl)ated proteins was
visualized by autoradiography.

PARP-1 Activity in Cell Extracts PARP-1 activities in cell extracts were assayeidgushe universal
colorimetric PARP assay kit based on the incorpamabf biotinylated ADP-ribose onto histone H1
proteins. Briefly, cell extracts were loaded int8@Gwell plate coated with histone H1, and incubaigth
biotinylated poly(ADP-ribose) and nicked DNA, siaewhich are 200-500 base pairs that are considered
to be optimal for the PARP activation for 1 hourreptavidin-HRP (horseradish peroxidase) and
TACS-Sapphir® was added subsequently to develop colors, and therreaction was stopped by
addition of 5% phosphoric acid. Finally, the absorte was measured at 450nm in a
spectrometrophotometer.

Sensitivity to DNA Damage Shcontrol and shC120rf48 KLM-1 cells were seeddd i+well plates
(5x10 cells/well), and incubated with indicated concatitms of adriamycin for 24 hours 8 for 6
hours, or exposed to indicated intensity of UV a¢idin, and then incubated for 24 hours. Cell vigbitas
measured using Cell-counting kit-8, and then theodiance was measured at 490 nm, and at 630 nm with

a Microplate Reader 550.

Results and Discussion

C120rf48, the gene trans-activated in pancreatictadluadenocarcinoma (PDAC) cells through our
genome-wide microarray analysis was confirmed toverexpressed in five of the nine pancreatic cance
cases examined. Northern blot analysis using tH#o@48 cDNA fragment as a probe confirmed abundant
expression of a 4-kb transcript in most of the eBDAC cell lines we examined, but its expressi@asw
hardly detectable in any normal organs exceptelést Moreover, immunohistochemical analysis using
anti-C120rf48 antibody showed positive signals hie nuclei of 21 of 31 PDAC tissues, whereas no
staining was observed in any of normal pancremsties. MTT assay and colony formation assay reseal
that depletion of C120rf48 in KLM-1 and SUIT-2 cetiaused dramatic reduction in the number of viable
cells. Furthermore, we performed FACS analysis algpletion of C120rf48 by siRNA oligonucleotide in
KLM-1 and SUIT-2 cells and found a drastic increadecells at sub-G1 population. These findings

implied its critical roles in pancreatic carcinogeis.

Fig1 IP: Flag M, b IP: Flag M, Fig.2 a 2p_NAD + . .
Flag- mock + R DNA + + +
KD mock  C120rfd8
Flag-C120rf48 - + rhPARP-1 + +
07 PARP-1 + . thC120t48  + +
~ < paRPA
- o < HSP0a B ( gk;?_ﬁl)a e
o £ |
e _‘j < Flag-C1201f48 b KLMA sUIT2

P<0.

P
IP: c-Myc P<0.005 ’

4 P<0.005
PARP-1 Myc
Flag-C120rfd8 + + input

<0.005 0.005
B
0
C1201t48 siEGFP siC120rf48 siPARP-1 siEGFP siC120rf48 siPARP-1

-

8

[S)

Absorbance

Importantly, we demonstrated that C120rf48 protginld physically interact with PARP-1(Fig. 1) and
positively regulate the enzymatic activity of PARAFg. 2). We observed that addition of C120rf48
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protein significantly enhanced the incorporation[8P]JNAD* to recombinant PARP-1 protein in vitro
when damaged DNA was co-incubated (Fig. 2a). PAR&tlvities to modify histone H1 were also
significantly enhanced by overexpression of C1Zbifd HEK293 cells. Furthermore, Concordant with
C120rf48 expression, the PARP-1 activities to mpdtitone H1 were decreased to 40.8% and 34.8% in
C120rf48-depleted KLM-1 and SUIT-2 cells, respesliyy compared with the control cells (Fig. 2b). The
magnitude of this suppressive effect of C120rf48PARP-1 activity was almost same as the effect when
PARP-1 itself was knocked down (Fig. 2b). It sudgdsthat depletion of C120rf48 could decrease
PARP-1 enzymatic activity both in vivo and in vitrdogether, these findings presumably explain that
C120rf48 depletion lead to the reduction of panizeeancer cell viability, in part, through its dat
interaction with PARP-1. However, it cannot be exldd that other C120rf48-specific and
PARP1-independent effects can also affect candkviasbility, and further study is required to digrthe
roles of C120rf48 in cancer.

PARP-1 has an emerging and indispensable roleeimgpair of both DNA single-strand breaks (SSBs)
and double-strand breaks (DSBs). In regard to DEWage signaling, PARP-1 is promptly stimulated and
recruits the enzymes required for DNA repair to siie of DNA damage. Hence, the activity of PARP-1
plays a key role in signaling and initiating thgsecesses. It has been reported that inhibitioRAGRP-1
activity could increase the susceptibility of cetts DNA damaging agents. Given the findings that
C120rf48 could regulate PARP-1 activity, we assgdbat the C120rf48 depletion could sensitize cance
cells to various DNA damaging agents. As a residi2orf48-depleted KLM-1 cells showed much higher
sensitivities to adriamycin treatment, UV irradiatj and HO, treatment (Fig. 3). These findings indicated
that C120rf48 might protect cancer cells from delath following the DNA damage or cellular stredges
cancer cells through the regulation of poly(ADPegpl)ation activity of PARP-1. It also suggesteé th
possibilities that C120rf48, termed PARP-1 bindprgtein (PARPBP)might be involved in multiple
cellular processes including DNA repair, chromatiodification, cell-cycle progression and genomic
stability through the interaction and regulatiorP&iRP-1.
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In our studies, we also investigated that knockdow@120rf48 as well as PARP-1 caused the faildire o
the G1/S cell-cycle checkpoint which would usugltgvent the replication of cells having defect®MA.
Hence, this G1/S checkpoint failure induced by egmh of C120rf48 or PARP-1 in cancer cells could
increase a possibility of accumulation of genetigtations and/or genomic instability, resulting iowth
retardation of cancer cells. Moreover, knockdownCd®orf48 in cancer cells enhanced G2/M arrest in
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PDAC cells after gamma-irradiation, consistent vptievious reports describing that PARP-1 inhibitors
enhanced the G2 arrest after gamma-irradiation. édew since the underlying mechanism of PARP-1
enzymatic activity in G2-arrest regulation is umejeadditional studies will be required to clarify

Together, development of drugs inhibiting the iattion between C120rf48/PARPBP and PARP-1
should be a good therapeutic approach to achieme specific cytotoxicy to some of pancreatic cancer

cells with minimum risk of adverse effects to normi@ans.
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