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EEFRHES

[Z{t. #LicBiT 5 DNABEOREICRET 56%)
FHEFRE BPEAR KREXFEREGIFEry— 3

WRES x o
FAFFIZ. Bk, BLICBT % DNABEOREOBITLHMEL T, 1) L MIBITAEEE
EBLX 7 V3T FREBEBBOEN. 2) 20RBCLIBHEE OGS TFREOHENT. B
S, 3) X7 LAF FREBERBYYRAIIBITIRNEBSRENBHBROBT 2772,
FEBOELZRBIIUTOLICHRETEL, 1) FRBHE XAB2 3. XS RE A B
(XPA) . I7 A4 VEBEFEA. B (CSA. CSB) EHE. RNA polymerasel £ b & L. BE
LHRBLARZ VAT FREBEBBICES T2 THEE TR L, 2) XAR2BHERELYE
BEGERET 5, XABRHEAHROBEEITY, 22 L3 1 0ELELOBBENXAB2 EEKE
KEIH, EROOT I/ BEFIFREL., YHBEETFERAZELL: 3) ¥ T AXABR BETO
HWETHPIZL 2%, XA BRIZFO/ v 279 F3BREE 20T L #BAhIC L,
4) 274 HERRE L ELDERE T T cerebro-oculo-facio-skeletal (COFS) SEBREEMA L b
XAB2cDNA %118 L, direct sequencing L7245, BREESP5 2P o7, 5) XPABETF#K
REQLTTARTILERELY ., 5 OORMBMRKREERT Lz, 2o oRMEMERIL.
UV BRZEOMBEEBHMF v 281 > Mg, I X~y FBEFEEPETLTVWEZIER RO
2o DWT, XPAMSH2 ¥ 7V R 7 A2ERTAZLIZE D, IRy FHBEREAERMN UV
B OMBEMF = v 7 K4 ¥ MERRUMIEICEE LTV I L # R L. 6) RLGS
(restriction landmark genomic scanning) T X D, XPAREB~ VY AD UV EBEEIZEST 58z
FERZ)=2Y 7L, Demo-l BRIEFPERBERTERBL CL0IIH L, E¥EEEEE
TREBRBFRDOON 2L o7z, 8) KBE) KV -2/ 72y VEHEY 2 FT28(E
F (psLBEF) 2BALA I YRAT 229 29 AL XPARIBTY 23R L. S48
FEOXPARE I AR LR IZBIT S psL BETF LOBRER LR/, 20RKR. ¥
BEREDOENMMEH T XPA RE-7 A TRENRBHCBROLERSEAS RIS
PIZL72e 9) XPABII CSBEMREY Y A IIBICEHLAGEENREL LO X 20O L
T XPA/CSB ¥ 7NV RIE< Y A1d&H 3 ~ 4 BTHIZ, /AN EERRE 1235 > T neuroblast DA
BRUTHEN= T ADOTE, Pukinje MBEOBREBEESRO 6N, DT &id, XPA it CSB
BHEZ, 227 LA F FREBEEUSNCEE 2 MBOBEL RO L2 RBT 5, 1 0) XPA
RIFT 7 A TREFEBENC X DARMEEEE L NKBREFERICHRI S A, Thoniis
ByBEE ( prostaglandin E2 2S5 35 Z £ 2R L7z, DLEOERIE, £ MIBUIAEEL DNAE
BB L UL DORBOGTREOBHICHI TEELAO%RMI 2 0L 5,
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A BIEOHBY

BEEFEEIE (xeroderma pigmentosum; XP) X, X7 L
7+ FBEBIE (nucleotide excision repair; NER) #&HE(C
EEZROL MREEBT, HARME UV) IKL5%
FERERABRE L | e OWMARRER RIS Y &
5. XPIiZIZAD DL GH (XP-A-XP-G) &7 b
XP-V) D 80D RGHIBHMHIFEL. XPA (A B
XP} . XPB. XPC, XPD. XPF, XPG, XPV RIZFHEE
70—y XS, NER OG- FHRIBOEBEIREICE
BLTw3, —}, NER {EGEEHE L FHR2EELHS,
EEH ED DNA BEIFEEH oL Y LR {E
BEINLBBEIFEL., [EELEBELAXZLEFF
BEMB8E ] (tanscritioncoupled NER; TC-NER) &F:iTh
5, EEHUNOEBRI®- Y EBEESA, [#/ 4
2D ]  (global genome NER; GG-NER) & IEifi
bo A4 A VEMBEE (Cockayne syndrome; CS) 13, B
B, MR T, e 0RPEE{BEL LETT
FMEEERTH B, CS MR UV CEHRSEETRL,
TC-NER #EBRAICRBLTVA I LB T2,
CSIZit AL BEEOD 2 o0BGHMBHEE (CS-A L CS-
B) BHEAEL. CSAAECS) . CSBREF»EIcro—
Sy yERTVS, 177, XP-C Tit TCNER #i#idE
E75H, GG-NER SIS RMICREL TV,
AHAETIE, 1) BAPRRALHHRELE T, XPA,
CSA. CSB. RNA polymerase II £ #4 L. TC-NER & i
B8 28 57 5 XAB2 (XPA-binding protein2) OHEEED
BT #ED, TCNER OFTRIEB I UZOREICL S
TFRECOBHZMEEHN S Lz, T2, 2) XPAXiB
VAR CSBRIETTAEAWT, UVIL L 2EHER
B EBOGTRIEORE, MEZHREOSTTREDRE

b ) —2OEAME L

B. 5 &

1) BEf¥ Two Hybrid System # A\ 72, XPAEHE &4
ETL2HHREOHYE XAB2 OBREF 7 0—= > 7it,
pGBT9-XPA % bait {2 L T, pGADGH-HeLa cDNA library
ERAZ )= T EIEIE DT,

2) XAB2 & CSA. CSB O EHILBEERIZIL,
heamagglutinin (HA)-tag * 2 CSA % 52X CSB ¢DNA
TRBPELLCS-ABIVTCSBHBERV . ZA6D
MR T L HA U CRIELIE L. 20BgEIc
XAR2 BEEhadhE, Hi XAR HilkF AV TR ¥
¥ 7y METHEPD I, XAB2 £ RNA polymerase I &
OREIEETIL, RNA polymerasel ;e K7 2= b
it ae/sru—F At EW,

3) XAB2 EHEOREEREITII. MXAR MFFEE
E¥e MREFHROBRE M 70T zr ¥
ayL. 2 4EHRICEIBES L. TEH DNA 5
PEIREGFHERO RNA SROBRICEEN D L 05w
2E—IIVF TG T4 —EEBOTITo %,

4) XPARET T ADENEREEHZ L ) R LR BB
LY EREMBEES oY L, £ 50 DNA BEE
PHRBRAF v 7 BA Y MEOBITEITo 72,
5)XPARBY 7 AERBEHE IS THRIEFORER,
FI 6O RLGS % (Biochem. Biophys. Res. Comm.,
196, 1566-1572, 1993) 12k W7o 72,

6} XPA/CSB RIE~ 7 A OFBZENBATICIT, £% 8 H
&1 4 HERD XPA/CSB REB< 7 AR EHE L., 4 %/
FEMLATLMTE FERTEHELZZ.EE1 0 m®d
PR ZERLL. Tho% Nisslelifs, fir Ly 74
VRBIZI DT L, TAHE M- A3 TUNEL &
DR LA MR~ Y AR BdU S XY
Y7 RT o1, MBAUHBZ AW THREE T 72,
7) XPA KRBT A BITAENGHES RO TR S &
5 ¥ ¥ v {I5E 1} enzyme immunoassay THTvy, T TR ¥ 7



TV EREER L OBEIL. COX-1, COX-2. cytosolic
phospholipase A2 BIZFDHIM% RT-PCR TN T 5
NP N S/ T

8) WREH TORER | ABFETHERT S ¢ Mgz
Ny Z7%IN AR LAY, Thoofiais, 2Lk
D7=SIERT % £ v 9 informed consent D b & THER S
NzbDTH) KETHEATL Z LIC/REHBZRG
Tz\g
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1) XAB2 EHHE . XPA. CSA, CSB&EHHE. RNA
polymerasell & fE&T 5 Z L5 6, TC-NER (25§ 27]
MR E Nz, 2EE R XAB? ik (REED
XAB2 {253 B Hifd antiXAB2FL & , XAB2 @ C #iZat
AP antiXAB2C) R4 EMREII~v s 7 uf P
Ya ¥ L, TCNER gV # il S h s 0T e i<l £
DFEER, WTHROBEIZ Lo TH, XP-C HigizBiT 2
S EEEROREY DNA &5, RU. FEMBO%E
SHRIEETA O RNA S50 BE A E I IZHIH] & 1. XAB2
EHEN, TCNER ZLEOETFTH B Z L FHL I
% 72 .antiXAB2C T3 kBT ML 0 RNA RO HE %
ST hh ozt L antiXABZFL # <A 27 04 ¥ Uz
Zyarvyhi, XBEMEO RNA FERLHIGE S,

XAB2 EHEREEZOLDOICLEELRREEL R T
ARSI o T,

2) XAB2 &HH (3 tetratrichopeptide repeat (TPR) motif %
¥bh, EREHSHAHERICNE T3 LR g aEhl,

BE, FEMRMEEEFVAET S L . XAB2(100kDa)
12 700kDa LLEDKELR 7 73 a v IiTRBE RS,

XAB2 HEHOMEE %, FLAGXAB2 # R X 47 Hela
MR E M FLAGIRET 7 74 =74 -3 5 6% A
WTITW, A ES 1 0EB EOEHE XAR A
KCEINEILEHELPICI LIz, BESIEICL Y,

EFNODOT I /BRI EHREL, YSFBETFEREL .
Fh 513, premRNA processing, MR F = v 7 K4
Y MBETALOTH oD, RNAKSE. NTPEE.
AN —AN AL ELEORRERAETH 7. T
DT — %1, XAB2 % TC-NER REEBEIZEST 282
ERL—HEL, XAB2 HEKOHERIZL D H LV AESHE
S S NI % BEREMEATRIE S N7z,

3) TYAXABRR WIZTE I I - XL, FOHES

iz, #1LC, XAB2 #5100 ¥ -7 57407 %
T, XAB2 BIEFO/ v 777 MIBREFEEZ L7256
T EARBEEN,

4) 16 A, CS EEUDIEREZ RT cerebro-oculo-
facio-skeletal (COFS) FEMRREEEMAL L ¥ XAB2DNA %
MR L, direct sequencing L724%, BERE R obh 6% o
7Za

5) fih, XPA RIEv Y AL, XP EE - ERIEEE
DUVEHIZIVEREXERETRELA. £L T,
XPARBT T AIITEERBE LD, 5oOKEEEAR
PREMWI L7z, Th6OEFBMAIEIL, NER 8% KI5
L7FETHHI2 0 0b 6§, UV ICEHZIRANE %
L, UVEBRHEDGISDF v 781 MEBICES
REOILEHELAICLL, S50, BEEMARKTIE
IRTYy FHEESEENEA L. I A7y FEEEE
BETLTWE I LR B2, DWW T, XPA/MSH2 ¥
TVRBIIAZERTAI EI2L ), I A<y FIBE
BEHESUVEHBEOGYS DF = v 7 #4 > M, O
WTHUVERBICHEE L TWAZ LMLz, 34
Ty FBREEFEREBARICERLRZEERL
TWwBILERBL,

6 ) RLGS (restriction landmark genomic scanning) #42 & V) |
XPAREY 7V ADUVEERBICMS T 58EF2 A7
) —=Y7 L, Demo-1 BEFHFEREMETERERL
TVBOIH L, EBEREETIRBEMNEL b AL
L EROIT/A, Bait. Demo-1 237K b — 2 2#HIC
5Tl gEshTBh). EREREERIIBVT,
Demo-1 BERICLAT R - AREHIEE LTV
ARSI,

8) RKBEVRY—am/hF T2y VEAEF - F
T 5EET (psLBIEF) 2EALALIN S VAV =y
7wy AL XPA KRBT AL, ENERMED
XPA R~ AKBLEEICBITE psL BIEFLEDER
BREFNI, TOHE. FEIVEBREOENERET
b XPA RE~ 7 A TIRENRRRICHROLERENE
ASNLZZEZWHRIIL20H B,

9) XPA KIE~ 7 A TIXEIMHERATIZ X b MRtz
ENK HRESEL(BEING, $HEBHEOES
MEEHDOTORY 5 U E2 % enzyme immunoassay
ETHE LR XPAKIBT YA TR ERw YA L
BLT7aRy XSV r B BERXOERL LE 3D
720 % 72, cyclo-oxygenese (COX)mRNA D FI % RT-PCR



BETEH Li-s 25 XPA R 7 A Tid COX-2mRNA
OEBRFPENFRITICI D ELIHBE LA, T2,
Indomethacin OFESTIh b O BEBAHM S h, RIE
b B E s,

1 0)XPA &%\ id CSB HHOBEF RV ATAH
LN BHEIERD, FhER2RIIRSTFITAV/ v 2T
Fey ATIEEEFLL. AR 3 2L 4AHMTHEICRS
TEEFHLMI L, REMBILERNRBETICLD, A
AN I BN T — O TFR VOB LT
KF—LVAOTHE, 71E3 v IHROEREESRE R
hizZ&db, ThoERNEORREREZEIERE
FOERO—2TH5H I EFRENL, ThHOWE
FERIT.NER QOB FTIZL 20T AR { . XP # CS
PWECICRETE 2 RMOEBBRIRE L LD
BETH HUTREIRES NI,

D. 28

TC-NER RUEERBIIES L, TPREF - 72 &HOH
HEOE XAB2 OWEBTEENLE LT, XAB2 BHE
HEGROBELBEEFOREZRA. TR E2ER L,
T XAR BEFO/ v 27y by AEROERL.
BREFEE G726 L 2BLMIC LA, COFS BFiz
BT 5 XAR BETORREROBIT 2T o 1205, BR
FRD LN b oz, ABIFIE. NER L EEBBORAE
RIS T 2 HHBHEOBIT 2 To b0 TH Y,
HRPDE { OB RBEHZ DFEEE2 B> TV 5 TC-NER
BEOLL LT, FHROEGRROBIICERT 5T
HEFED. 45, BRLLXAR HSEOBBRIRT LT
Do BIRIE.DNA. RNAB LU 2 09 F v iontT 2564
. EEREESE (ChitlEBLEVWI L2HLD
CLTwa, ) . BEEMREM., pre-mRNA processing 15
H2BET 5. EEMIRP O RNA polymerase I HHEIFEE
i T arrest L 72B% D tertially complex 38 & (FCSB # &% 7:
quaternary complexes | XAB2 B EAPES T 5iEH 24
THP, HBVIZENL D complex L EBET 2iFEEEE
TE59% 7y b7 METHNS, XAB2 &6 E
By AEEEFICH L TR ERREROBHEE,
ARV a vETEERBLICEAL.,
TC-NER REEIZHEBERIZTIEIE WS, XAR2
27T UM ARBREF L o/, HizkOH
LAHRE WPEP T RA. EOMIEO TC-NER, EE,
pre-mRNA processing. DNA fRIBIZ L 2B F = v 7

RA Y FREOHESOBBBEITZT ). XAB2DC K
BRI EBLLIBY T4 7 LT, BFEICLRS
VI ARERL., BHEORFRE, £k, BLFC
DWTHEIT 5,

i, XPAREZ T AIBITE UVEEREROFITICE
WT, IA7y FHEZEAEF UV FEHREARF = v
7 R4 ~ b, Demmol HE{EF 4% D upregulation 12 L 57
RE— T AHGFIBBICEAS LT E I L2 TRBLC, O
hoid, UV EERBOBEEEICER T 2 Wikt &
D, T2, XPARIB T AIIBIT B RIMNEIIE & BIEH
HOFEAMMITITEABIZL S COX2 BHEDOHFEZ
WITUAY Y390 B2 BEOREVFRSTHIL
A58 C RIE 8 N7z XPA/CSB RIBV 7 AT BT 5 Wik
MBTOERIL., BEEEEESL T 1 VERHEOEE
TROLONZHEERFABROBERE 2B 28
BRICREVPELZBRFISEI SN TWIT R
RTLDTH b, LRABC. ChEFTELONTELIE
8% DNA BEOERVFEELZREL. HEHA
OEEHBLIUHRIEL L % ) WEEROFIE £I0%
B3] LI RRICH L T—BE2RLIEELRHARTH 5,
IOZERBEER, 4% XP ° CS TRONSWMEE
REREBROVD - FIT- - LORIZLTELTWAE
OHBEESPIZL T LEND S,
DEOEBRICE Y, Efb, BLiZBiT5 DNA BENE
oV TEL R BB EMAI,

E. &
FAVBRALIHFHEZEBHR T, XPA. CSA. CSB, RNA
polymerase I £ #4& L, TC-NER & EZE#BICHl5 T2
XAB2 OB E RO, T XPARIBT T A %
AwT, UV ZX2BEEERRBROT FHEEL BN L
720
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Abstract

Xeroderma pigmentosum group A gene (XPA)-deficient mice are
defective in nucleotide excision repair (NER) and are therefore highly
sensitive to ultraviolet (UV)-induced skin carcinogenesis. We established
cell lines from skin cancers of UVB-irradiated XPA-deficient mice to
investigate the phenotypic changes occurring during skin carcinogenesis.
As anticipated, the skin cancer cell lines we.re devoid of NER activity but
were less sensitive to killing by UV-irradiation than the XPA(-/-) fibroblast
cell line. The lines were also more resistant to 6-thioguanine {6-TG) than
XPA(-/-) and XPA(+/+) fibroblasts, which was suggestive of a mismatch
repair (MMR) defect. Indeed, in vitro mismatch-binding and MMR activity
were impaired in several of these cell lines. Moreover, these celi lines
displayed cell cycle checkpoint derangements following UV-irradiation and
6-TG exposure. The above findings suggest that MMR downregulation may
help cells escape killing by UVB as was seen previously for methylating
agents and cisplatin and thus that MMR deficient clones are selected for

during the tumorigenic transformation of XPA(-/-) cells.

1. Introduction



The nucleotide excision repair (NER) system eliminates a variety of
DNA lesions; including UV-induced cyclobutane pyrimidine dimers (CPD) and
(6-4) photoproducts, a wide variety of chemical adducts and certain types of
DNA crosslinks [1, 2]. The biological relevance of NER is illustrated by distinct
genetic diseases in which NER is defective: xeroderma pigmentosum (XP),
Cockayne syndrome (CS)} and frichothiodystrophy (TTD): [3]. XP is an
autosomal recessive disease, characterised by hypersensitivily to sunlight,
predisposition to skin cancer and neurological abnormalities, and consists of
seven different complementation groups, XP-A to XP-G. In the last decade, all
the genes have -now been cloned, and the repair reaction has been
reconstituted in vitro.with purified proteins. There are two sub-pathways of
NER: transcription-coupied NER (TCR) that accomplishes efficient removal of
lesions blocking trahscripﬁon. and global genome repair (GGR), which
addresses lesions in the non-transcribed regions of the genome [4]. Most XP
groups have defects in both NER sub-pathways, while CS and XPC are
associated with specific defects in TCR and GGR éub-pathways, respectively.
In order to understand the molecular mechanisms of skin carcinogenesis and
neurological abnormalities in XP, we generated XPA-deficient mice [5], which
are defective in NER and are highly susceptible to UVB- or DMBA-induc-ed.
skin carcinogenesis [5,6]. These animals thus represent a valid mode! of
human malignancy in XP-A individuals. Indeed, the spectrum of pS3 mutations

in UV-induced skin tumours of the XPA-deficient mice was characteristic of a



NER defect [7]. in an attempt to elucidate the molecular events invoived in the
transformation of XPA (-/-) cells to tumors, we decided to examine the
phenotypic traits in cell lines generated from skin tumors of the XPA-deficient

mice. Our findings are described below.
2. Materials and Methods

2.1. Cell lines and Culture Conditions

Five tumor cell lines were established from UVB-induced skin cancers
in XPA-deficient mice by the method described before [8]. As shown in Table,
they were designated as 18, 26, 108, 161, and 174, respectively. The 18, 26,
108 and 174 cell lines were derived from squamous cell carcinoma, while 161
was from fibrosarcoma. The XPA (-/-) genotype of these cancer celi lines was
confirmed by PCR and subsequent Southern blot analysis using mouse XPA

c¢DNA as a probe, and no genomic rearrangement in the XPA (-/-) allele was
detected. The tumor cell lines were maintained in ocMEM (Gibco-BRL)

supplemented with 10 % fetal calf serum and grown in a 5 % CO, atmosphere
at 377°C. The 207 and Mi—X cell lines were spontaneously ransformed ccnﬁ'ol
fibroblasts from XPA (/) mouse embryos (E14). The 202 cell line was a
spontaneously fransformed control fibroblast derived from XPA (+/+) mouse
embryo (E14). Two skin cancer cell lines derived from spindie cell carcinomas
in the UVB-irradiated normal mice were kindly provided by Dr. Chikako

Nishigori [8]. These cell lines were maintained in Dulbecco’s modified MEM



(Gibco BRL) suppiemented with 10 % fetai calf serum.

2.2. Cell Survival Assay

For cell survival assays, 4000 cells from exponentially growing
cuitures were seeded into 10 cm plastic Petri dishes. Six hrs iater, the cells
were either UV-irradiated or exposed continuously to various concentrations
of 6-TG in the culture medium. After six days, the cells were fixed with 3.7 %
formalin in PBS and stained with 0.1 % (w/) crystal violet (Sigma). Colonies
containing more than 50 cells were counted. The experiment was repeated at

least three times.

2.3. Strand-specific DNA Repair Analysis

Repair of CPD was examined within the ftranscribed and non-
transcribed strand of a 20 kb BamHl| restriction fragment spanning the central
region of a DHFR gene, using methods described previously [9]. Cells were
UV-irradiated with 10 J/m? Iysed' immediately for an initial sample or
incubated in growth medium containing 5-bromodeoxyuridine to density iabel
newly replicated DNA, and then lysed at various time poinis. Density labeling
was performed during repair periods to aliow unreplicated DNA to be isolated
by cesium chioride isopyknic density gradient sedimentation. BamHI-treated
DNA samples from each time point were treated or mock-treated with T4
endonucliease V, electrophoresed in parallel under denaturing conditions,

Southern fransferred to a membrane, and hybridized with strand-specific RNA



probes generated by transcription in vitro. The ratio of full length restriction
fragments in the T4 endonuclease V treated and unftreated samples was
determined by phosphorimager analysis (Bio-Rad modei GS-363) and was
used to calculate the average number of CPD (endonuclease-sensitive sites)

- per fragment using the Poisson expression.

2.4.UV-induced unscheduled DNA synthesis and global DNA repair analysis
UV-induced unscheduled DNA synthesis in the confrol and skin
cancer cell lines was measured as described [5]). The relative number of CPDs
and 6-4 photoproducts in total genomic DNA from cells collected at various
times following UV-irradiation was determined using an immunoblot assay as

described [9].

2.5. Western Blot Analyses

‘Whole cell lysates were prepared using lysis buffer (§0 mM Tris-HCI
pH 8.0, 150 mM NaCl, 1% NP-40, 10 pug/ml aprotinin, 10 pg/ml leupeptin and
0.5 mM PMSF). Nuclear extracts were prepared according to the method of
Schreiber, E. et al. with some modification [10]. The harvested cells were
washed twice with PBS, collected and dissolved in 400 pl ofice cold buffer A
(10 mM HEPES, pH 7.9, 10 mM KCI, 0.1 mM EDTA, pH 8.0, 0.05% NP-40, 1
mM DTT, 1 mM PMSF). After 10 min. incubation on ice, the lysates were
centrifuged for 2 min. at 5000 rpm. The pellets were resuspended in 100 pi of

ice cold buffer C (50 mM HEPES, pH 7.9, 420 mM KCI, 0.1 mM EDTA, pH 8.0,



