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Molecular Mechanisms of Chemoresistance and Cytotoxicity

Associated with Platinum Drugs

Li Yinyan, Wang Xiujun*
(Department of Pharmacology, College of Medicine, Zhejiang University, Hangzhou 310058, China)

Abstract Cisplatin, carboplatin and oxaliplatin have been used clinically for treatment of many types of
cancers, including ovarian, cervical, lung, colorectal cancer and relapsed lymphoma. Platinum-DNA adducts are
formed following the uptake of the drug into the cell nucleus. As a result, DNA structure is changed, leading to
the disorder of DNA replication and transcription, and eventually the cell death. Treatment with platinum agents is
characterized by resistance and toxicity through activating a number of signal transduction pathways. This article
highlights recent discoveries in cellular pathways responsive to the platinum agents, and provides a molecular
basis for understanding the differences in clinical application, cytotoxicity and drug resistance among the platinum
anticancer drugs.
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IO EEL8 252, (L IR Ay 5 RO 25 0 PR T 5. 4
(A VG . B yb A4 (oxaliplatin) A2 55 = ARH125T
Fedh, Hoor e, sEtE/D, i B S RETEAZ X
it 2, FERETEVR YT 45 e e LI i T3
AR IT RORP . AR ST H A A T4
R, E R AR YUE WG IR Y . AR T A
B EIEH] A 2513

1 $HEMEZAYRIIE KRN F

En HA U AEHR. 52U
AU RE R SR AL, Va7 I OP SR RSk
SR CSKAUE. SR, BES T IEAN 242
Y, 5L S R LINA AL 100%. BN S LY
THIHEIE80% L 1, SersaG AT 1337 MA (4 35987 H2
H ARSI, TR G FiAk 2297 VR iR T AR
FORMOR W, AOCERAERT S R I 5 &
mn HLEE R AN ARG 97 e J7 1, IR & 3
¥ (gemcitabine) FJ A A V6 T AF /1N GH 0 i e (1) — 2&
25y, Bk A R 52 i JE (pemetrexed) 7E I ARITHH 0 A A
H IRV TT RO, S5l i B R0 A B, 3
TEIT AR /N0 Wi 1) 5 VR AT — o AR, (R SR
i ZE A IUEE 5 R AR S G [ ] 2 4 P A, B 4
Vogelzang 5P ETT i PR A FE V6 T 20 P 959 32 1) 2 98
ORI, GUEFIEC FH 5 5% ith 28, RIS Rb 78 4E A2 2R B Al
2 i B S A R AT R, R VR 5 |k P B R H
FiAk, ARG JROT 1697 5 S0 AT 1R I IR V6 97 2%
Ko WAL, DD(dose-dense) 25167 Jr ik, RIK
AR AR 5 A7) B S A2 B IR 5 VR 7 WA L
OF=N 2l

R PO U AR AR, A I SR I
B3 AT /NG e T R S e v R B, M
TEARIG 26 %A RIS 2 0207 5 H R
e/ il e v R IR 60% ™. R EN A K FT IR T
(etoposide)-5 I A B & FF 7. %% K (irinotecan) A2 7 fiff
F— JEXHG T S B Be B A /N 40 I it e 35 A4 5L iy 7
B AR IR, RS SEAZEERT A /N4 il
ARG VR T AT

VbR IR R LA A TR e
5-FU(5-fluorouracil) MV I FR 16 5 . FH v 97 4 7% 1k
SiE W . AR AE ey 25N S A R
R R A DL, Wi WD I R A58 D) s,
TS EVF 2 BT IR N BRI BRI 45 1

R BLYL R B 45 24, AR 2R AE R AN B3, AN
YR 2 5 ARSI o A IR PRSI B
RIS MEA . A2 I (paclitaxel) = 34 6 H mT LA =K
1R I7 9N Bl 55-FUL R 55 Ath Vi (capecitabine) X
a2 OB IT S5 it . ST AR R T T
g W DI B 99 N B, K H DLAR PR BT (bevacizumab)#ifi
By BRI BRI I, B W R E K ARSI, BuxiaTT
J7 ZERCRABARN - By LRI R R AR T
WS BT s S, SGEEIRR, AS R RV R 0] L
mjj-%[lﬂo

IR BT 290 R 0 A7 A ) & BRI, 2 5 oAt
AP . BTSRRI, BYbARLEL. AR, R4
X4 B 4 22 P450(cytochrome P450) )L - ¥ A3 # 1Hl
YRR, 3K Al 1 B IX LR 2590 5 JLAh 25 4 ml LAaEAT 1
FHUSY, SR A3 B [ 7 T A= B (NTH) O 1 R 38 56
M ik (http://www.clinicaltrails.gov) {5 21l ) H 1 £ 58 1
BUEAEREAT AP0 2590 5 oA 25 P 15 F 1 i R
PRI Fie, 45 53R W IDE HH LAt 25 W o0) MG B 2K 25 9)
I ARST R0k TR KAEH]

Bl 7313 1) 259 (1) [ 1, 22 BhE ) 2454 O A
I R R SE HoE 29 A B, JEEUS T AN
57 %% eV (herceptin) At # ZHDNARAT A 1 N E AL
T REPUA, EREPEAE I THER-28 (1, F IR e Al
IEEA IR 5 R BT — B ¥R 7 W 00 B e = 24 T ST Ak
DT 960D W I IE 5 IR 1 P 24 7 ). 22 v
Pi(rituximab) &£ XFCD20 N/ & 5.t v T
YEITAR PR R . M ZE KRR . K F = B i
T BYPREHERS ARG R 2 E B htH TR =
RAHEVR MR A bk Rt DA A B R 4T
I P 7 2B K IR 7~ 32 A (vascular endothelial growth
factor, VEGF) I N YR AL HL 5T, B A < B0 /N 40 i
Jili e 6 A IR 60% LA b, BeA VAR HTIa T AE /N4
60 i i A7 5 2R W S 1A Y, Y 22 3 BR 4T (cetuximab)
& — PR X2 B 2 K I 7 52 A (epidermal growth
factor receptor, EGFR)IJ ¥ v [ HiAk, V92 H Hhih
EGFR45 7 G BH Wr e 4 o (5 5 4% 3, (e ik 52 1k P&
filto 531 B0 n) 259 Eh 1R U ¥ 5 Jé J (tarceva) Pt R
(IAE FH AL 322 0 0 I EGFR I 22 B W i Py 1 1R
1k, 7 A% JE (gefitinib) 1) /E F AL 3 22 42 18 e 1]
EGFR [ 5 ol 1 A4 171y BE i 4% 2, 4902 Jieb e 40 e 1 38
T, SEEREE VR TT, XA 2540 5 AR IR H 5 AT A7 2%
YR IT R I AR TS, Ak, A 2R AR
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Fig.1 The chemical structures of cisplatin, transplatin, oxaliplatin and mechanisms of their actions
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Table 1 Clinical trails for platinum-based combination

AR R AR TT 25 BIT I T H i
Platinum Drugs in combination therapy Disease Identifier
Cisplatin Irinotecan Gastrointestinal cancer (Phase II trails) NCT00353015%
Cediranib, Capecitabine Lung cancer (Phase I trails) NCT00960349%
Topotecan Small cell lung cancer (Phase III trails) NCT00320359%
Afatinib, Paclitaxel, 5-FU Cancer (Phase I trails) NCT007164172
Transplatin Paclitaxel Peritoneal cancer (Phase I trails) NCT00085358%
CDP791 Non squamous non-small cell cancer (Phase II trails) NCT001524772
BIIB022, Paclitaxel Small cell lung cancer (Phase I trails) NCT009705802
Trastuzumab, Ixabepilone Breast cancer (Phase II trails) NCT00077376%
Oxaliplatin Capecitabine Colorectal cancer (Phase II trails) NCT00677144%
Bevacizumab, Capecitabine Gastrointestinal cancer (Phase II trails) NCT01061515P
5-FU, Leucovorin Lung cancer (Phase II trails) NCT004479672
ON 01910.Na Liver cancer (Phase I trails) NCT00861783°¢
Fludarabine, Cytarabine, Rituximab Leukaemia (Phase I, I trails) NCT00452374%
Gemcitabine, Erlotinib Pancreatic cancer, Bile duct cancer (Phase I trails) NCT002660972

Information from http://www.clinicaltrails.gov; “completed, *recruiting, ‘uncompleted.
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MR DNA ) 140
2.1 lingH. FEATEREES

052 1 0 sk 4 Bh B ek 3 i il 4% 18 - (copper
transport protein 1, CTR1)iz fi JE A 4i ffd i, 3 1E A
N B AZAE FH FDNAS 1o i 55 DNASS B B T Bk
f111,2-d(GpG). 1,3-d(GpTpG)FHLAFT7 RNAZE £ il ()
G54, XA AT 5 R BH A5 40 i & L A i 52
A 5 ) 30 P 72, HMG(high mobility group)/&
— 80N AR A ) A A, AT RLRBIE HLAs &
FIDNA L, 51,2-d(GpG)J¥ i 28 k. HMGBI(high-
mobility group box 1 protein) ;£ HMGIH] %X & Al i,
WEGT R DL, AR R LU FHMGB1 5 DNA L )1,2-
d(GpG)4i #r, T i 41-DNA-HMGB1 & & 1, MM
FHAGDNATK & i 55 5 5% P21 52 0 41 2000 i 4r A
PR RS R i, AR AT RE 2 A 2 M HMG R
FI2I5 . HMGB1 5 pS3 H 0T, pS3 A JdiE
I AL 7, 3E o fe i AL PTE IR S R IR, /EDNAH
1 5, HMGBI1 5p53 1 & A7 A2 AH B AE T, JL 45 &
FIDNA_E, 5 3hp53/r FHIDNAB E . Hild1& 2 &
FIMutsZ 5 I 5 [ IDNAME &, Rl RE S D00 i
H-DNAK &4, Pifs T U HEH-DNAR &), 1
Muts AL {41 A, JSUEH 245 2800) 2 1 ™). A e
S P] LSS e AR B S b, (et s SRR
MR T RS W50, T T L 755 p38
MAPK (mitogen-activated protein kinase)il i, R 1L
L FH3[MSer-10, LBALAL R FIHA™ . AR AT
BAVE T T 400 5, J00S 40 H P9 ROA5  3 K, B fp38.
MAPK. JNK(c-Jun N-terminal kinase). ERK(extr-
acellular signal-regulated protein kinase)™!{5 5 1l
Y s PR, DT S e i PR R ik A L (&1 1B)

B B VB AR RS RO, R B 22 ) A
TIEHP-DNALL G W) AN, BRI R AAIR 7 2L
RAgs, PN RS DNATE N 5, R
L B A A KV RIS E M, R B 1 2 AR G
I, B SER N TCH R TFRR, 3K — A B H B
WD IR, o — D R O A, 3K — 2D A e,
WFFEACI, & 50 40 AT R BRAEHTTR, R4 70 40 )
P ALpSIRAL, FEERKHIG I/, T T4
{8
22 BSFISHIEREE S

BRI S WU R AL o S5 R 2= AR T
B A H(EI1A) A — N 1,2- 2 AR 3R 2 Ak

(diaminocyclohexane ligand, DACH), %1 Jii ¥ 45
DNAJE AR U K IFPt-DNALL & #1(E 1C), T2
DNA B HEAE 52 F0 50052 B, 155 3 5 22 4 S g 1120
1E PR TE B AR R K [ PE-DNALL 54, BIF ¢ & B,
L MGUEFT 25 JBE K R B b R B S ol 1 A T) A2 Tk B /D081,
HMGR B0 H] £ 1) 2% A0 ) 1 552 AR AT - BH AR
#: 3% X F YB-1(Y-box binding protein) 1] &5 {5 £ B
DAY B P-DNAK &4 B, 78 5 I 558k
FESAT T, MR 32 222 i ie 1 52l Wos T
G-MBY B, 1y By R 8 3 B00E T Gi-SBY B, BH BT
T Go-MI B Beo WFFUR IR, L5 B vb M 40 0 458 A0 O
RIT17ANJE R, A 794 55 WA RS AH [R] PR A H L 6 x
(1838 ik AT D1 i By M) 00 ) o RS AR 10 31 1 o AH
S M, MBS 33X 3 84 ik DAL 2 TG O B 7] s A st 44
I, T i o S #A A 22 ICDK L . eycelin BAE H it 8
38N FE DA Y g A R, XA AT LAARRE P A
FLEAN[R] F s PRIV, [ I FEAR PR 5 A 30, v
BRGNS 5 B A, R AR
() — AR P, T2 HARM . R, R
YRIERAE I s AR 2.

3 SHEMBEAYNSE

B PO 25 W0 LR P A B 1 1 D R 3
415 7 SDNATE AL &4, idn. a1, 3
PRI A R S50 S I E5 AT 5% IVEARI B2
RS54 YEDNA LR [ — AN o5, AER AL
WITESi ) EA R R ZE 00, 2 e IIDNAR A5 )
Bl 2 W P R B RO IR R ) AT BT AS TR0, g
HCAE 52 B R 2 1 O AL S e D A
[, PRI AR, X P 5 AN A 52 1 5
PRz —R00, T, RET. YRS R
W3,

NG e 1 LR PR B B . WU IR, X
124995 NV S I 02 R, 28 S ik 2 B A
ThfERsrs, B A I AR A BN
R, 128240 o B S Bk, BNk I 2 A
AR I U R U D 23%119%, 4 K B s il
H R R FIEAEACEE . IRPIE S A E
AR T DA 55 S A (0 1 S i e Ath P Ak
ZRARER, BIHNE BT, O 2 N T I AR AR I
B EE BEE, AT RRE . kA, AT
XEME. ARG, ARG WAL B O
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B RR R G AR R G AT EERIVERICS . SoBin)
JHF 4 L () TE 0 R B, AT MK K/ERKGE 1, 52
M BH3-only 8 25 11, [ A ILERK IR 5 W 59
59 MRS RS R R PERT

R R R £ I BRI TSR Y,
NAAREAEAE R R R, AR I BE s,
ILERMLAE, BEAE 7S SG I, 00 25 A1 50 Y,
R B 5 H At S A0 1) 24 40 K B R) I T80T
SINEILRER . Bok, RE B ImIE. ML RS
JIF AR R Ge b AT dE I E IR,

BB RN A A i R B WA 2k
UG, PRI B 25 I TR KOG TEIRR T SE 5
R B, SR P BV R B s e AR R I e R
IR, 2 Ao AR h BRI R, A2k
245 J5 15 DL o I i1 . Misset 52 g i ai, D Il
IRAF SR IR, BB R EBC AT R B fh ek 21 5 K 52
Fl 2 5, X3 N R LAVE A 1 s 2 A 1, £
FREF ML R Y . fh 2Rt ST, W ELEh 29nT
2524 5 REIITAT IR N R B A Gt L ml i i i

gk, AEIRUIRIERE R, Ve i, SRR
L MR . T A, I At 9, M5 R A 5 R 5
Bt AR UL H P e R 20 A% T 0 9 R L A S A
HIRBsh MR T IEIR. HHT, 1755085 R 51
YOREHSE A TR T 8 B T AT, S5 1R AN
MEEREEATIR KRR AR, A7 S A DAL AW 1
P58 1 I 25 W REIE BIAEAS R W VbR AA T T ORI
Bentlh b, SRR EEN, BeA, BYRIHN I R
g BlrE ARG E e

4 SAENEHYIN AR

IR 25 2 S 25 LA HE =5 i (1)259)
TRE k>, 29I S I, 2 S A P 259
WRER D, (2)4% W H ik (glutathione, GSH)F1 H-Al $1 48
WP TR U 2R R, A e IO 41 e
W o 71N BOKSEAPAE (0 AT P Rl 24
FHIG =K, 23 6 H IK mT LARIPYE BPt-GST, FHASPtS
DNAIWI 25 &, AE A 40 M P4 A 25 46 T 3G 560, 40 B B S0
2y; () HDNAME & 5 B N 5210, 4525 T

R2 HMEHEDHMIERER

Table 2 The cellular targets of platinum anticancer drugs

R
Model

ARG LT I AL
Platinum Drugs targets Molecular mechanism
Cisplatin Transcription factor Inhibition of T7 RNA polymerase
. Induces the participation of mismatch repair
DNA repairing R
protein Muts and HMGB1
Cellular signal Promotes apoptosis factor pS3 expression, and
transduction enhances HMGB1 combination to Pt-DNA
. Induces histone H3, H4 posttranslational
Translation . .
modification
. . Activiates p38, MAPK and ERK pathway and
Signaling pathway . .
induces apoptosis
Carboplatin DNA Combination with genomic DNA
Signaling pathway Induces apoptosis via p53, MEK/ERK pathway
Oxaliplatin L Induces G>/M phase; Inhibits the expression of
DNA replication

DNA repairing

Translation

Drug uptake

cell cycle proteins CDK1 and cyclin B

Induces HMGBI participation in formation of the
Pt-DNA complex, and alters DNA transcription

Induces transcription factor YB-1 participation in
formation of the Pt-DNA complex

Affects sodium channel

Escherichia coli BL21PY

Escherichia coli BL21); cervical cancer
cell line Hela

Rabbit?®?!

Cervical cancer cell line Hela and breast
cancer cell line MCF-74

Cancer cell lines IMR90, HaCaT, Hela,
A431, HN30, HN19, 293T, and Cos7>

Human bladder cancer cells®

Cervical cancer cell lines SiHa and CaSki'”!

Cervical cancer cell line HCT1163%%;

Colorectal cancer cell line CT264

Colorectal cancer lines SW480 and HT29"*")

Biopsies from in 22 cancer patients®"!
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Table 3 Cytotoxicity of platinum anticancer drugs

RSN EATY) 21 A
Platinum Cytotoxicity Model
Cisplatin Renal cytotoxicity Cancer cell line HEK293"); lymphoma patients'**

Peripheral nerve cytotoxicity

Gastrointestinal cytotoxicity

Carboplatin Hematologic cytotoxicity
Bone marrow suppression
Visual impairment
Ototoxicity

Oxaliplatin Peripheral nerve cytotoxicity

Cryaesthesia

Gastrointestinal cytotoxicity

11 ovarian cancer patients!*'!

399 cancer patients'*’

31 cancer patients™*

Ovarian cancer patients®”’
Malignant glioma patients™*”
Chinchilla*

C57BL/6J mice™™; cancer patients!*

C57BL/6 mice!”

266 B6D2F Imice!*®

HATRIFFTR LB . R BV RIEA A 2L
4.1 JsA. FEAMIZHH1IE

WGEFIE S 7 Joe e — BN T i, MUAARAEAT: L 24
PG, LRI YT IO R x5 1 e R0 e ok
Vi, AL N ISR 25, 1 AR SR S e, B2
R SRAF RN 2 WP 5T A3, CTRIA] LA 5 A |
R BRI s N T, AECTRIVTER K
BEAH I A X LIRS W) s/ 22 24 24 4
(multidrug-resistance-associated-protein-2, MRP2) 5
IGUER TR 245 A 5%, BUBA R 24 4 B8 € 2% 967 40 i MR P2
FImRNAM & 7KV B] 248 0, # AP-DNAKE &)
W % 95/l AT WMRP2 4 500 4l g A< B 1) — SR 4
fF B, ATP7A(P-type adenosine triphosphate)H £
A IUEA f Zh BE, N SR 40 i K B3- 144 YeATP7A4
Ji, R NGUEFI AR 125 7 AR T 2450% 0 TR T8 e 7 i
BAVTR 24 40 3R v e A 0TS, A2780NUEH T 24 4 Jif
R Bel-23 a8 38 n, A BEH Ik TEER. BTk
L, Bim(Bcl-2 homology 3-only proapoptotic protein)
% FIERKA ™ T R 1R A0 A T B e, AT -3 SR
iy 2§55, Brozovic%§P* %k i, caspase-8. caspase-9
Flcaspase-37E it #A i 245 40 M & k% 3 3%, SAPK/
JNK(stressactivated protein kinase/c-Jun N-terminal
kinase) {5 5 il B MIp38/15 5 Wit L1, 1641 i A BE Bk
FRWE T MITFRVIRE E RG0S B 254 1K
KFR. EHRY)ER1E S 5> 4 transcription-coupled

NER(TC-NER)Figlobal genome NER(GG-NER), 5K
55 B, TC-NERGR 2K (1) 41 Ji % Nt 51 7 5 B0JK, T
GG-NERX A i 24 5% i A I 35060,

ST 24 90 T LG R )N, (H A 2 E F BLEE
K, R 0T 2 0L Bt AR AL, DR B
] I T 250 y4% 24 Wk % B I (y-glutamyltransferase,
GGT)IE ik 18 0 40 g A GSHIK) 7K ~F- S0 188 518 40 ity o -F
BARIAR FEAE HIPT . R 634N L O S g 3R AT LU RE I
2RISR I, R AT AT 24 55 1 e 40 6 5 DR 4 A
Lb, A B2 () SR A5, RS8P g A A7
525 5%, Noteh3 5 314 55 {14 O 53 40 i 2 AH
Lt RAEIITCs I 238 0, 1X i B Notch3 1) 7 i ik
{573 5N HL9 I 24, >4 O S 40 i ROVCAR3 R R IL
Notch3 Ji A7 38 i1~ 41 1 245 345
4.2 BCFEATZAHLE

BB ) o B T e 3\ 40 M S, GSHAT
LS HUR TR RE AW, FAR BRI s e, 5
T R IR f5 K DX S T8 A8 STt 24, A5 )T
5 KB, MMR (mismatch repair)if P S 2T <44
WIETEIN 2. 78 NSRRI R, O R I A 6Fh L [
Z 5 MMREFE, 2094 hMLHI . hMLH2. hPMS?2.
hMSH?2. hMSH3. hMSHG6. hMLHIME D5 3 5 5 5
WA RIE G, g1 iR HIDNA % 1 6E 10k 55, 40
Jf A KRS 5 3L, 51T 25 . MMRIELDH b alig %
WG AL b R AR 25 5% AN R G A Ik, AT
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Table 4 Mechanisms of resistance to platinum anticancer drugs
RSB AR T [EESTIN it
Platinum Contributing factor Mechanisms of resistance Model
Cisplatin Ctrl protein reduces the intracellular accumulation Yeast, rat®'); ovarian cancer cell line
Decreased drug uptake . . 66
of cisplatin A2780¢)
Increased ATP7A expression Human breast cancer cell lines!®”); skin
Increased efflux Altered copper metabolic pathways cancer cell line KB-3-15); melanoma
Increased MRP2 levels cancer cell line MeWol*
) ) o Cancer tissues'®; ceivical cancer cell line
Increased detoxification Increased GSH and metallothioneins Hela™"
ela
. IJNK, c-Jun, FasL and Fas pathway, and ERK Ovarian cancer cell lines 2008 and
Altered signal pathways . o
mediated by MKP-1 2008C131
Increased tolerance of DNA Removal of cisplatin-DNA complex by TC-NER Skin cancer cell line™®; ceivical cancer cell
adduct Depletion of MMR line Helal™
Increased DNA repair Overexpression of DNA polymerase zeta Eukaryocyte!™
L . . ) . Ovarian cancer cell line A2780"%; drug-
Increased apoptosis inhibitors ~ High Bcl-2 protein family expression . i
resistance cancer cell line™"
Carboplatin Increased efflux Increased ATP7A, ATP7B mediated drug transport ~ Ovarian cancer cell line 2008
. . Upregulation of y-glutamyltransferase and . .
Increased detoxification . Cervical cancer cell line Helal™”
Glutathione
DNA Genetic changes Ovarian cancer cell line )
Altered signal pathways Activated Notch3, leading to cancer recurrence Ovarian cancer cell line OVCAR3P”
Oxaliplatin Increased Ctrl protein reduces the intracellular
Decreased drug uptake ) o Mouse embryo fibroblast™
accumulation of oxaliplatin
. . . Colorectal cancer cell lines HT-29, HCT-8,
Increased DNA repair Altered ERCC1, XPA protein expression

Transcription factor

. P53 high expression
Altered signal pathways

Activated Akt pathway by sCLU

Increased apoptosis inhibitors

Altered molecular chaperone

Elevated levels of NFIB

Increased PUMA expression

Increased Hsp90 protein expression

SW620, HCT-116, COL0O205, and Lovo!™
Colorectal cancer cell line DLD1%

Colorectal cancer cell line HCT1168%;
Hepatocelluar carcinoma'®”!

Colorectal cancer cell lines Lovo and
SW116

Colorectal cancer cell lines HCT116,
SW620 and HT29; nude mice!®"

Ae oy DEAE R SAR . FEhEAH SR B R 3) 1 i
BEAR GO, B RIEH R AR 245 DR . R B A
HICAE 52 G0 1 R A8 AN [ B 1 5 1 5% s A2 I BIL
fiil, 55 NER(nucleotide excision repair)ifl # 7 ¢, H:
ERCCl(excision repair cross-complementation group 1)+
XRCC1(X-ray cross-complementing group 1).
XDP(xeroderma pigmentosum group D){E B ¥) ) 41
A PR B B A S AE, T AR D TN 24 M) U Y
FRFRO. BRI BLAN, 7E 0T 58 By F A TR 24 1) 45 o
S JBS DR AN AR b, A AR BRLE  BOR, K HL180
APl 13, e s R (14.6%) « AR ARG
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45 i 40 i b I 55 BV R AR T 25 4H 5CT. Moser
SOOI 5% & I, 0 Hsp90(heat shock protein 90) 1]
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