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Molecular Mechanisms of DNA Repair Defects and
Heterogeneity in Xeroderma Pigmentosum
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Radiation Biology Center, Kyoto University

Summary Xeroderma pigmentosum (XP) is an autosomal recessive
hereditary disease, first described about 100 years ago. Ultraviolet light
in solar spectrum has been believed to cause the skin lesions which often
develop into skin cancers. Cleaver’s discovery (1968) that the defect in
repair of UV damage in DNA is responsible for the disease suggested that
there is common DNA repair mechanisms between human being and
microorganisms in which the molecular mechanisms of the repair defects
have been extensively investigated. This prediction has turned out to be
generally true by using the techniques similar to those applied in micro-
organisms.

Fifty XP patients in Japan were examined for their clinical charac-
teristics and the DNA repair of their cells. Results are summarized as
follows. (1) More than a half of the patients were children under 13
yvears of age. (2) Genetic complementation tests were performed on 23
cell strains from the patients; 21 belonging to group A, 1 to D and 1 to
E. There was no group C patient which is the most frequent in Europe
and US.A. (3) Host-cell reactivation of UV-irradiated herpes simplex
virus has been shown to be the most reliable method for decisive diagnosis
of the XP, reflecting the relative capacities of excision repair.

The high frequency of XP patients with low DNA repair capacities,
including group A patients, may account for the apparent high frequency
of XP patients in Japan. Age distribution of the cancer bearing patients
and their DNA repair characteristics suggest that almost all XP patients
except for those with nearly normal level of excision repair have developed
or will develop skin cancers.

LEME R (xeroderma pigmentosum, LT XP LEEET2) I HELEAESHE
BT I RERET, KBLCEbIhEENGRLE LERERYEL, KEHD
BEVEERALETICESD., TOFREIRBXboRME (UV) wisdolFx
Bhteay, 19684 Cleaver? 12 XP B ofifast DNA wa U UV EEL2EE
TRV ERRBELTHFNELETE L. DNA BEOHREFhECRECKBESR B
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THEY THRIED DN, FORERIDIELL, o TEYEHIIEC X D EEL M
BB Eho2H -7, XP © DNA BEREBERZOEEXAREED UV BEZHER
EREOLDEABNCRA—TH D Z EXERHIH, ChE COBERDTHT BEARD
GRS e ORFEMEE, FREFNABBONRCELOFEELIRENIE V2 5.

BEZHLATFELBEEEOFEL BT L TEDL LR, BEF T XP it 5 BoiEH
ML variant L L2323 0DH 6 BREETL L IATWS. B0 XP BER X
Uz ofifao DNA BE W T, EE LA 2L TS BB L To 7. *
DFMTFERE LY, o HEL BABREFROLEEL PLEE .
1. DNA EREZORMR

19584, REBEE CEWMIC UV CERZHORRKELEENSEESh, Bs (Bic Bsop &
HRT DR, RELBORL DETHELEEREE (BEITC - CHLEEZETOK
EBOBOHTHO 1D UV HBE LIV BV 25 T00, #EOE L FTIRBET
Elchhode. 1964 T, 7A Y IO OO EIA—TH, 2o UV SRS
DNAA T UVEE (€Y ivvad4~~) 2BETCEAVWC IR I - TETE L
FEM LIz, Fhabb, HBEOKBE (BEHE X DNAAUCBEOAR L BET
BENTEBDEHL, UV BERSHETIFOBEOEZERECRENS 575, DNA
WhETK UV BELALTOEERD, BRGFLLD0TH 5.

IDLX OISR LT/ DNABEORIL, TOHROBTEMCBRENREY e, 3
bbb RBEORAME LIBEBETI V20 IESh, TOBEBBIABEEED
DNA #iTid, 77—v0 DNA o UV EELEBETEL L, BPRER SR
BrRB7E (excision repair) R Cla <, B2 KHEKR L /BE (recombinational repair)
LHE5HZ L, ChBEOBEIILATS AL T REE (photoreactivation) & 13T
ThbHo, EATHEERIRA—THBE, UV UADXBREZHEC L > TELK
DNA #EL A LDEBERO—HC L - TEEIRD 2L, HEHEEDFOEFE
A, 2, SETLHENEEE 2 bhilih bW 08 ERESFThH- . Lnl, =
hodh ETLHMAEDEED, BESELOMBELR TV B I 5L LR,

LIAP L BUBERBE e P ELDB LW BROFEBEIKREn o1, FhETE
F oz EoEEflTcd DNA BEOFFERHEE Ih Ty, KEEO X 57 UV
BREFEEOSEIRIIE T, Ldho CREEREGLZ B H00REETH 5B EENW
B BFIN TR ote. ThABERBEL VI TEELL D i3, AFEE
FH RS D THRESRDOC L TRH-Th, KBETOEL- UV BREZE, Tiob
BEFENOHEERM- Cic DNA BERRHZECRAkELEEZ o .

2. BFRMEZRIEICSHITS DNA EERE

XP oW 2h0EERD o7z, TTHRME L Loy, BE,bEE
BEEESREE B VAR, ch i CRHEM L Hela gt »Liilas »rc B LA T
EICHREYREEC L o TES R E TR o Te. R DNA BEOREI T LA ST
NTKBEL EOBEY TR I TERI LS, HEEHYEEC L o TEFLELVAT
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K 2. UV EattoRED DNA GER BIE T 20k

BHole. BEDL DX EMEDL, XP HREOEE®RIARZ I h>2L EEOHED
N AR U TEL Do .

XP o DNA BRI, KBE CREBE (excision repair) & LTHERI LD
CEUEBC LS. b1k UV itk - DNA R URBESY HE
2T, HEEREDTHLOIRLTBEEINS. XP TRIZOBBORADOER, Tibh
b UV BEPNL=v FRI7 V7 ~ERRBL TS0, EERMETL T340 EE L
LR TS, FOEWINL 20550, ki 2 EEFBRK OB DR LB L, 72
FIVA 77~y TA cabhTlihTws UV BEEEN =V FR 2 v 7 ~—¥V
FUVEBHLAXP filgcs2 s, Ao EUVEENEETS. =vFz2Lv7—¥
VIIBREBEOE | BECE{EERETH Y, OoWFRIe L7y~ vOBEREONE
HEHRL TS,

EER XP 5 LuBFAKZ LR, DNA BEAEEISHRECHE TS 2 LA
BT, —~ BT b e 5 5L, MIVWEEERI 2 LY, BEL TRESFHE
BEEC, #hic UVBHLEE, H-7 1 2 v HEE5ELCTEY DNA a2 ilET 3
(K2). cOFERSFPATAY v —~FEBLLREL T2, RELEBYBERRED
HAEO TR 52, 1ETHTEENHS & 5T 500 iERR I CEECHLO
BEYETALLLCLARNERELMHAMB LS olRERES. LL, B
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ECTRHAEATIME WO T T2 5WMESELHLTH L L, ERFZHETHE-T

3 100% B L30T, XP BHioBRHFL LTHENEER L -TW5.

XP HEZETHNEEZTHR ThOLVHARIEREZ TR T Ewbh T 55, SN
TRMBOERHBEIE &L ORFINE S TER . FBCdN5 X 5 CHBHEECR L
5. RESRARERTHTACRERCEHYEETRER S, —RBaREA T,
BRUCBET A M 275 2 & EE L.,

3. BENEREOEGHEHE

XP oWEFMERTRIEATHEDIEA T v #TH%. D. Bootsma &b &35
e A~ T IR EREOSTE CEEVA, Lo AL T XP oBENHEEY
TR, ZFOBD T AV IO I—TFP BIOEELY OF—2 L b C4H TR
F1IDIS L 6HEYTBREZENb2TwE. COSBBELT £ U A TLHLD
o T 5720 C, Cockayne SERBEXHRL CWTEBRRAIEE LD 5. EFIZ, +
SYFR1IFE (26) LA 1A 53 TB L. Variant BEBEEAR CIIES L
RATE g, fOFERCL - TRk ) DNABRERRE BB L30T, BEE

% 1. XP BROBRGEIHHER
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E 40~70% rlL FIvE, BER (2FKEOR)
(Variant) 100% L Bk, AR, 1A5=n
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£ 2. BORP LEAVD XP AL

TEREMERE -
OB (Variant) & §
A B C D E
H X 21 0 0 1 1 3 26
Bk 9 1 12 3 2 4 31

BEEACE T2 BRRBEOREBLEE L DA TW3.

BRI IRD 2 HEE, o CTHBESEEC X - TR Ik HV] (Sendai virus)
X AMERAET, R3WRLLL K, BhsEAkMcB L cizsvis sy,
BEPHCE - TERTREETE LWL ORRBEABEEY RT I I3 RETHS.
AADEBEZEDOMIIC O THEARBRIE, E2RARTISERKRDFT—2LELL R
Tz, TZREZTRTVERVWEAEBCLOWTE]L OBESROLEH LHEELTATD,
COEMIELY, CHOBEZEIARCIRE WitLAWLTHART, ARNKELHD
. BRLBKRDZID L 5 EZRILNTLIBIRY SRV L. Bloom fEfRE
B cystic fibrosis DX SKHATIRIZE A ERDH LR WEERKIISZ L, HOBE
L 5%. ¥l ABO MEE T REETKE V.

COLSEBBEATFUVATREDI S L 23070, BERIAFE
BEnThil., ZV A2 BEERLTWAY 7=y b RRTEZEL BT S OnE
BhErhshs (EziT4d=vFx2Vv7—EVIXE/=~) DT, RMOFHEERT»
BEL T3, YA YAHBELSD EELZE LD,

KEBHE T B-E 0L 5 hfHEBEORREREN L VOREENE I BRBR 52,
BE O RRERGY DT IRCHBECRBEZEO D ORT 2R BEHEENESN D
BEAHLRITELTWS, b FOBERIL, FOX5BRARVOTENARY b L%
RTOTHA 5.

4. BROBZFUEREOZOHOEZE

# 31, BADBEOFND F L DEFERBINCR L. BRI SXI0BEHTo%/hED
EENKEVDIL, FIBOARRE - LEBEELTHELDTHSL 5. Thbh DNA
BEOKEDE: (ABIZ—ECEHDTE) MIEEE T2 BEIERIEL H bbb,
BRERRD, KESRALRELSRET S, £ 3 ClREERAILAOFFR226NC FE L T 3 33,
SNRBEIE LA ETNTEREE T DA REESE {, FENTIZ0%REDBEIT K
ERADRENTFHEINS.

ERBILSEBEROBEELMBEFRN D b, REAX%RE, SE0FHONR
Tk S, WECBEDSOEHE (2RETET) 8 (5B 1ANIMSL-B\), FHE
mL22, FHIEE TS, ZOEEIH 2T EE—T X » THE IR i40%P
I D RREND, FIEAS R D TIOF —~ 20 bBRETFHEESRDD 2 IR L.
KEE2BH L, BRREL bREAIEXPEZERSE VL WIHSREZT 5. Chly



134 Jap. J. Human Genet. Vol. 22, No. 2.3, 1977

# 3. BAROBEMEAEE (19764E%K)

& B B REE (BT BEAR (FEFE%)
TOWRSA) T g e <10 25~50 70=
0~9 22(3) 5(4) 0 17 22(3) 0 0
10~19 10(7) 7(5) 3 0 8(6) 1(1) 1
20~29 7(5) 2(1) 5 0 1(1) 2(2) 4(2)
30~39 4(3) 1 3 0 0 2(2) 2(1)
40=< 6(4) 0 6 0 0 22 4(2)
() REEERASD
& E 49(22) 15(10) 17 17 31(10) 7(7) 11(5)

PRIACER N5 F105% \ Fod s Litioo.

HIEEIETT, BEUE, BSTHSER L OMBERI—BICA, DEBCSHRETLESAT
50, HEOAFWIA2E (GRUTOWERELFL [7RA] L LTHB) HREL T 5.
DHDO1IPIREETH -l BEZCREMHBIERY S NITHETS 5.

5. ZOWMOBGFHFMER

LD X 5ie XP 0BEHEEOEERIE DNA BHEC OV TS T VUL & TS
BEATHDEOD, Mk ESBRBICBINAELERE . =07 L DBZ T
PIRSTHIAMEE SO TH o 7cz &P 26 XP L ABO o@EBEsisfish, XP B
?mﬁm%Q%é%m&%dﬁ&hfbém.L#L,EK@%%T@%@&:E%&&
TREDVEELTERVT~2 Laiw. ABFASHTHARTRTBE L ABETH S0,
B D@EBbE L2 b BR, F—2RETHB.

6. BEYERUERERERNS AN

:@ﬁﬁXPﬁ%m%bfﬁﬁwmﬁ%@%%m.ﬁ%mm%éﬁ,%ﬁm@gvmk

- CURSGETE BIE, BANRERETINHMHINLEL D L, = 2T
ﬁ%%ﬁﬁ%%ﬁh@—o0@%ﬁﬂkbfh5%zﬁ%T?k&&®tm CDELF
BAIRRRTF (KRKZEEZRE) OBHIERRLOKBE COERIFLSYS &5 205
HBRE.

XP i3, REBECRBELETS. L2523 DNA BERBREBEUICLS D, BE
BEIARLTCB), EREALDSThb0BE @BHL TERBEEL X5 2
LVERCH. LIHPEEBEEILELIEBERY (=5 —) #8550 T7i
Hb, BETHETSEE DNARIE L oW B (=22R%FE) 24835 51Ck 5.
[RAL %D X 57 DNA OB X o TiB 7 biF, XP AERBAMETHL = & s
BRCTXX5. COX5ELHIKBECHETSH, BD DL\ (error-prone) 2
RRERCFERATHD LI HERIIECDERFEEC L o THEIIT LS.

B M COBEREBATHCL, MIELVSATo XP o UV BREALRDIENL
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NIEEAOHEL Vg ExildEnil 5. TTRERERFERIC SOLTIREF
ELWI EXRFEH IR T B5Y, HBRENRBACOVCLEMNEED SIFEOHERE
BERTNS,

ZODBZFCE N ONDEEL DD, It L TESHBBE DK variant iw{ B4
DR DI DD TED, EH LI variant 3RBBEENMETLCWS 2 L2 RTF~ 2%
boTwdd, BEBBEELO AT VAR I o Tzl

XP st d, Fanconi fEFERE, Ataxia telangiectasia, Bloom fEEEE: KBRS A
BERT, 2»2 DNA BERBEHESBRIKDC208bR Tk D, XP i fFiEc
DWFED R D0 5. BVAKBBERD Frr 0k RDL—2DFELLTZDLS
7z DNA BERBREOH YL, EHILEOMHEE &L HET T E .

7. @ 3

XP OWFREER - FRC E0Y, LadEMNES L 0fFoleE 5 RERICR ) EALTH
DTHRERDDTH ot FD LS REH S DIy 277 v FLTF R » B RS A &
THRRAREXEL KN EERELATOEHCRH Licv». HEOKE, Bhrviikvwi-AHE
M, =REWR, BEE 5L, BEEE, £4RTEXR, FUE—, MRER, Bheafk (BERR) 0%
BRB#TsLobre, £ OFEM, B, BEOFEOB I L XPHRCEFTHZLTH
TEbr ol LRBNEE L.

X [

1) Cleaver, J.E. 1968. Defective repair replication of DNA in xeroderma pigmentosum.
Nature 218 : 652-656.

2) Cleaver, J.E. and Bootsma, D. 1975. Xeroderma pigmentosum. Biochemical and genetic
characteristics. Ann. Rev. Genet., 9: 18-38.

3) de Weerd-Kastelein, E.A., Keijzer, W., and Bootsma, D. 1972. Genetic heterogeneity of
xeroderma pigmentosum demonstrated by somatic cell hybridization. Nature New Biol.,
238 : 80-83.

4) El-Hefnawi, H. and Smith, S.M. 1965. Xeroderma pigmentosum. A brief report on its
genetic linkage with ABO blood groups in the United Arab Republic. Brit. J. Dermatol.,
77 1 35-41.

5) Kondo, S., Ichikawa, H., Iwo, K., and Kato, T. 1970. Base change mutagenesis and
prophage induction in strains of Escherichia coli with different DNA repair capacities.
Genetics, 66: 187-217.

6) Kondo, S. 1976. Misrepair model for mutagenesis and carcinogenesis. Proc. 6th Intern.
Symp. Princess Takamatsu Cancer Res. Fund, * Fundamentals in Cancer Prevention
(P.N. Magee, ef al., eds.) Univ. Tokyo Press, 417-429.

7) Kraemer, K.H., de Weerd-Kastelein, E.A., Robbins, J.H., Keijzer, W., Barrett, S.F.,
Petinga, R.A., and Bootsma, D. 1975. Five complementation groups in xeroderma
pigmentosum. Mutation Res., 33: 327-340.

8) Maher, V.M., Curren, R.D., Ouellette, L.M., and McCormick, J.J. 1976. Effect of DNA
repair on the frequency of mutation induced in human cells by ultraviolet irradiation
and by chemical carcinogens. Proc. 6th Intern. Symp. Princess Takamatsu Cancer
Research Fund, “Fundamentals in Cancer Prevention,”” (P.N. Magee et al., eds.) Univ.
Tokyo Press, 363-382.

9) Neel, J.V., Kodani, M., Brewer, R., and Anderson, R.C. 1949. The incidence of con-
sanguineous matings in Japan with remarks on the estimation of comparative gene



136 Jap. J. Human Genet, Vol. 22, No. 2-3, 1977

frequencies and the expected rate of appearance of induced recessive mutations, A,
J. Human Genet. 1: 156-178.

10) tExRIER, R B 1976, WIABWMCET 2BEEEO workshop. ZAE Wil B
20 : 838-839.

11) Takebe, H., Miki, Y., Kozuka, T., Furuyama, J., Tanaka, K., Sasaki, M.S., Fujiwara,
Y., and Akiba, H. 1977. DNA repair characteristics and skin cancers of xeroderma pig-
mentosum patients in Japan. Cancer Res. 37: 490-495.

12) Tanaka, K., Sekiguchi, M., and Okada, Y. 1975. Restoration of ultraviolet-induced
unscheduled DNA synthesis of xeroderma pigmentosum cells by the concomitant treat-
ment with bacteriophage T, endonuclease V and HVJ (Sendai Virus). Proc. Natl. Acad.
Sei. US. 72: 4071-4075.

13) Westerveld, A., Jongsma, A.P.M., Khan, P.M., van Someren, H., and Bootsma, D.
1976. Assignment of the AK,: NP: ABO linkage group to human chromosome 9. Proc.
Nati. Acad. Sci. US. 73 : 895-899.



