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KA DEEERIZP PO L METAEERIZEY A 70375 4 F A% EN (microsatellite
instability: MSI) & e A A7 E M (chromosomal instability: CIN) 23 4. CIN®EE & L THE4
A E D A VTR L, MSI @R i DNA 3 A< v FEH (MMR) ## O #%E (dMMR)
ThbIENMRENTHAD. SAFK4 i MMREERATDNA I AV v FOAE LT DNAZID
35 ¥ 17z 5-fluorouracil (5-FU) & 28tk LR E A Fli4 2 2 LR L2, CoZEEINET
12 MMR RIS AT AT 5-FU B8 @ benefit 235 5 11700 & OFSFRI Z BER O TS F G L v, i,
VY FREREEOA ) -2y D& BT a8 F VBEEEE LT MSIRAEAY TG LD
1270, DNA I A7y FRERBEOA D 2L A0REFOEHEEECLZ> TV THAE T,
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KD ADBAZF AL ERI G R A0
HREHLVIIHEREEE2TI2ROEALRLE
P (chromosomal instability: CIN) &, DNA3
2o F 51 (mismatch repair: MMR) B O
FELZ LD e B 0 {7 F 22 L (hypermutator) %
B9 5~ A0t 774 M9 5E M (microsatellite
instability: MSI) 235, L4, ADMBIET
=Ml B b ik D 72002 MSTARAEASH] FH ST
B0, ZOMAERMEYNIE T H720IZITBED
A THLHDNA MMRS 787 O F i ML
B (IHC) % 2 — 7 > — (NGS) 12 L) MSI
status FHEM 35 77 1 (MSI-NGS) Ze &L DA E 5
PIAMZ, DNA MMRBERE D A = Z LT 5
B R R A OB b L E ThHLE B
© B, AFETIE, fedll2 DNA MMR #4572k
W 2B A - TR R AR IEEI DS HERLL, £09)2

1) ERER AR RRREES

TDNA MMRBEHE D67 K D AE R O %
HZEALIZDOWT, EEDINT TI T TE-E
IS = =P BNl 2071 s S

1. DNA S AX v FEEREIED b AT
KD A DS FRIZFHIRE

KA A DBIRF A ZEEO KI5 TRkt
OB ED LT EEF 22T 5 CIN
RN Y, —F, PADREERORIC
B4 ORET OMWMPWZELP BRI D 9 5
FED —EDEIEGTHAL, TOMEEEED
W TELr 4T 5. 2 @Fidhypermutable
phenotype & L IZIL 5D, T DX HIThB A
=X AIE1990FERATFIZAL FCTIEAL S
TlE a7z, 19924F 12 Manuel Perucho @ 7
V=705 KIGDEA B ONEEEH & JENERE %
Hiv» T arbitrarily primed PCR % 47 L, PCR
EYOESIREI Y — R LA, #
12% D RIGVAEMIBWCIEFE LD b IE
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ROy FEPIT TR ES 0HHE
VOZEIHTE, Y- AICLNEL

olzb O VIR K LERYEETH S Z
EERRM LY. A, Stephen Thibodeau
DN =T TE~NT OESEDHE%E(oss of
heterozygosity: LOH) @&~ — 77 — |2 215 3
#eh R LECR 2 FH LS AIIEERE T ER O
BEL LTV FOBETHSIE, EES

@ CA repeat I TR I/ 7 >~ P HHHELIZ
HEshaslbax®EL, Z0LI =20
774 FMEROZELDIEST TR 2 %
MSIE L BESIho?. EOBRBEN LM
FOBERBIZLEY, 15%OKEPATIE<A 2
a7 74 FMERIZEBDONT T 2 RS S
o GEERECRAE L, MoXESALD LT
BARWEV) N RIERGEET 22 EH
ML TE4% ok MSIEHERE
PADHEZ B0 TRIZFER % A = X L H5H B
LD HEnZETHE.

“Mutator Phenotype” (& 1970 4F 1 7> & 1908
FERICEFEY SRS, 1990 FE KD
|2 iZ DNABIEIZ 22 5 W/ET DA THLATER
HTHoIEHHHELET. BEMEYODNA
MMR#ERE (X, MBI oSz BT % DNA
BRI —2RETLIHREE,LED Lo TW
5. DNA#HEOE, DNAKRY x5 -t~ A
2077 4 MEEIZBWTEY & B ok
FWMNADLVEEEDH D, FOBE—EIC
insertion-deletion loop (IDL) 2SI &1 5. &
@ & 5 7% IDL % DNA MMR B 782 1 L 157
TAHDTH LA, DNA MMREEHE A HE fEA 4=
IZka% & O IDLOBENATRRERY, Uw
TIEIDNA#RE @Y ET -7V —LT 7T
MY T v hRFrEr AN Ty hAERE
N, TOWERELELH L ERMUERY 898
EEENDLEICEEY, ZO—EOAH=X
L HTDNA MMR#$HE O i f2 0 4% 54 1 % MSI
ko5 T RIZFHRETH D, IMFLEHE T
DNA MMR#ER Iz 2 b a5 T3 %%d 0 Ik
WICHEMETH 555, DNA MMREER O F il &
7 A MutSa % H 3 5 MSH2 & MSH6, MutL
al BT 2 MLHL & PMS2 O % % H]%ET 2
9% M % 1t % (Immunohistochemistry: IHC)
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L2, HEHIRARTRE ) T b, AR
2N T v M2 5§ DNA MMR AT D9
MZEALIZ X D 5] &# 2 S 415 MSI status % 7€
T 5 MSIHAE, & 52 rFIERBEO KA
Z) ==y FoEE LTHEShTWwaY.

2. DNAIARYFEBRAVNIBRETHD
[¥DNA S AV Y FEEXMOAH TR

DNA MMRBRED 58S 5 D13 Bl & DNA
Ay FIHEEMRV - THEOA TR,
SN1 type methylating agents K m B (2 L 1)
DNA WIZTEHE & #1172 O°-meG:thymine I A<
FHE 5t & B 12 0%-meGicytocine I A ¥ v
FIREN 2R L, AREMCBTEG Mo
arrest # 5| Z2 2 L7z Y, 6-Thioguanine DM
12 & ) DNAPHZIZHE S 1172 me6TG: thymine 3
Ay FHENFZFEBL CSHDarrest 25| &
BRI L2) &35 %72, 20034 O Ribic
HOFEE B Y2, MSI-H/AMMR K B 5%
ANTIRIC T R B EIC B VT 7 v LY
) 3 ¥ ¥ FREY @ 5-fluorouracil (5-FU) i E:
benefit 7518 S e v & DEFFEIIC b EE L
ARV TRESRZ"Y, 20X L
R R 72> 5, SNI type methylating agents %
6-Thioguanine &[] U<, 5-FU  DNA S A~¥ v
FASTEREAG & AT & 72D T interaction 5 DT
FRnhEBBINBICES 7.

3. DNAICHVAEN7/=5-FUlZ
DNA S AT Y FRUINIEEHIC
KYREEIND

5-FUD—EIERNAD & 7% 53 DNAIZHLD
AFNBZEFINFE TOEMFN, ML
W AR THRES L TWES, FITES
# & T John M. Carethers @ 7" )l — 7' (%, DNA
PIZHCY 3A % 72 5-FU 28 MutSa %° MutSp i2
Lo THMEND P EL T L7, MutSa
WAEEOKE B I MSH2 & MSH6 # 383 &
Hh/zo, FLAZRUMBEENF2 T YAV
THLAGDOELEBARWNF 207 1 )V AEE
TFW~R 2 % —F : BEVS) ##IN L 7>, BEVS



TIRABGE T O IR T I A
s OFRBEHMEN /L THBY, 4k
Tyl RHERN ZEICELLRROEY
EHEEEMET R LR ¥ o0 B
%, RU~FYry7u0E—%—-OF#ET AR
WZHEETE AL TH D, F9 MSH2 & MSH6
DWEEHETHALIMUSalZFEAL, I Ay F
% 38 & 72  heteroduplex oligonucleotide, 147
FGT 3 A= FH5l Ak T 172 heteroduplex
oligonucleotide, Z L T5-FUS14 T #ll & &
F 11 7z heteroduplex oligonucleotide % 1 # %,
Z 1 & @ heteroduplex oligonucleotide & BEVS
THER L -MutSa i & & BT S bR,
electromobility gel shift assays (EMSA) % % Hi L
fo. ZOHER, FE L7 MutSaBEEHIZGT 3
A % 7 7 heteroduplex oligonucleotide & 5-FU
A4 A oA F A1 7z heteroduplex oligonucleotide
TERTLIILERL S HICKKRENZR
WA L% Blg 4 5 72 ® (2 surface plasmon
resonance * W TEIE L/ L2 5, K77
/3 YBR(ATP)IRAT TI NG 2HHD
heteroduplex oligonucleotide i3 5 < MutSa &
BOTHZEHBALEY. AkoNEEH
VT MSH2 & MSH3 O #5114 Ta & MutSp#
%, I Ax v T &7 % v heteroduplex
oligonucleotide, 343 F )V — 7 Hi i& % & ©»
heteroduplex oligonucleotide, € L T5-FUZ'1
arfA & A F L7z heteroduplex oligonucleotide
L FENFNREE Y, EMSAB L Usurface
plasmon resonance T 1 # L 7. MutSp ¥ &
kb MutSa & Flkk, ATPIRATTHFIV—7
fif 7 % ¥ € heteroduplex oligonucleotide, 3
X T5-FU D195 F #l A 3A F 4172 heteroduplex
oligonucleotide & (5 < #5& L 72, BBREEZ
12, 5-FUDRERRD R S X MutSpHEEE L Y
b MutSad i3 9 A55sEh - 721,

4. 7LV I REME
DNA X A7 FERIEIE
(HRREHFRLIRE)

2D & A LR 2 HRET T MutS f5° MutS
a*DNAFODS5-FUZERT A L 2 RELL

fo@, WOEEMIIAEATDNAILE D AT
725FU & [[A##% 12 DNA MMR # > /78272 & D72
e, MEELS SR THENTHo 7.
FZTH41E, DNA MMREHASLEFTH D
(pMMR) KB % A2 & DNA MMR % > /%%
HRIB L T4 (AMMR) KBS AMBLZ L Eh
12, DNAWZHLY A F 72 5-FU A & 3 A7z,
EDXHIZLTDNAKTD AE L /z5-FU% T
WA Vv FREPEFEBLIA, N7t 77—
VERAWTHBELA-—FREHTI A I FDNAIZ
5-FU 147 F # & & 1L 7 oligonucleotide %
TZ—NVEELOLIIR] AT —ERIEB LT
FTATr—Ta YRIEE{THI I ET5-FUAND
TAREHT T A I FDNA #ER L, MMR status
D% 5 KD AN S A, MleEEE
rRERAICEBIE L BEOGE-Z 212, fRIE
Ribic & DEFE 7 — & O £ FH#E, dMMRK
W ds AABRERRIZ5-FUA D @77 A 3 FDNAL
ARV M 5 AL & L7 A AMMR R Ak
TR EDRESFEICIG o7, T4b
H, WAIN/T I AI FDNAPD5-FUIE

‘DNA MMR % > 73272 X 1) GE5% & Aot o fe 55

BT AR N

5. 5-FU &{LEEHE LT3
trifluridine (FTD) &
DNA I A7 v FEELHIE

FOHBEA DT NV— 7L, 5-FU L AL E
AT 5 trifluridine (FTD) 127 H L TR
DOIEET R ATz. FORBEFIDS IR LT
(X, MMR7SIEH T % (pMMR) K205 AR
& dMMR A A% A L o [ L2 A i e 5L o g
WA b WHTY . MMREERE OREREC X
NEDBENLMBDAMIETFO 7L —43 7 b
N Ty bhEES E, 5-FUGAREGE ST FTDIC
bIMEETHALZ EEHRE LA™Y, 6Tk
WERE G NV — T b, B MSL(MSI-H)
F 2 dMMR O EENEAZKREF = v 7 KA
Y MNHEEPEFHTHLEVI A 257 FDOH
BIEN 2 ENT VA", DNA MMREEHE D
2 (2 & D % 12 hypermutable phenotype &
%V, %4 % neoantigen # 415 Z & T,
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BIEF = v 7 B A ¥ FEEERS DL L EER
ENRERLTVWERIEILRLZEPEFOV LD
THhb.

NGSR 7N T) X h&EHWE@RICL S
MSI O EHIEH % 1T » 729 A TOEEM T
i3, MSIOEED L, E6I2I ALY AN
7 b &Y L DNAWOIERT OIFA 7213
RENZE B3) T b(Indel /30 T > M) %
WIBE D) AARIETF 2 v 7 B A v FHEED
WEPHRILLEOIETHLY, 0L,
MSI status DIIRIEATA OEFELEIRD S 2 TE
ETHHLIENAZ, AHOPABEELTL
FTIIMSIH I T = F B E LT
WHEhTn b,

6. MSIREH XURHEDEREEIC
hhbhB2E AT LIEE

Wi & 5 1220184E12 H, FTATEIZBWT
GiEF v s RA Y PEHERLTTDY A2
T AACEREE R I L 22T - 50
MSI-H % £ % [EA% A (5 Y 2 1575 5 I
AR S) IBER &2 ), ZhFETIC
U Y FEEHOA ) — = IR s LCRIE
SN TV MSLHASY, RGO @G
WD T 8= Y3l E LT b BRI
&Nz, MSI-H#% A 4 B E 2RO BRI
A2 B DI TH L. FO—), Latham
SOWMEIZL DL, MSI-HE Bl & iy
ABEDI163% D) ¥ FEBEHETH L LN
HBILTEY, THAMIZH,2b 6 ¢ MSI-H/
MMR-D @A ABE T » FREEREOZ
WT D 720 D BABF WA K3 <X TH A
DAy =T ERLTVDEY, RRER
L7284 idbid LS, HASH, &
fafBdER, SEERENENON % S
HEWTES - TRARRA WAL ZERAE L, L, BHER
KIEE L2 HBHEY AT A BEOEEEO—
DBEEINTEELTHES,

MAZHEOMR A TIE, MSIHELIZ X ) MSI-H
VRS b HE, NATO) A THERT
HoEE, BT FERBETH LMD
HELLHEWH H%E, MSIstatus T & DY) > F4E
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BEREOMEE 2 &% b L2, #EIS, b Red
{, LdbREgEoEEWI D = vk
dhbHIZERENTIC, MENICHHTESLZ
ENRETHLERDNL, /2 MSI-HTH -
Pedpe, ) TIEEREEE A A (KGR ART
BN &) IS AR RARETHY
Y EGEHOTRAE U s 0™, AR
B2 Db B EOBEEr L TH ) v FiEMRRE
OIEERIZ DR L - DRITAYEHE L3
HEWVIREPVETHDLELD

R TBERAOH T T, ) > FREEED
A7) ==y ZHNTINETIZITbTwd
MSIHED~ A 7 0% 554 r~v—H—t v b
(REAFw—H— 1HEERVELRTSH
% BAT25, BAT26 & UF245 338V ik LT
@ % D2S123, D5S346, D17S250) &, A7
) A< 7 OHEGHED 28O MSIHED ~ A
yOHFS 4 bw—d—ty FQEEREDE
L BC#Td % BAT25, BAT26, NR21, NR24,
MONOQ27) »* # 7% » 72 0, NGSIZ & § MSI
status % HfEifll 3 % 5 3 (MSI-NGS) 3G #1912 H
e, JEEOMMRY ¥ 2382 OIHCT
MMRBERE I % &7l 2 HENHVW S NZD
&, MMRBEFED KIBOA ME% H5E 5 s
BMEFAET B0, TNEFNOHET R 5
Z E DR RO R B E B,
BIZEFEOBETIE, ToAAT IV A
T ReeE N A S IMEIZE D) v FEEREO—
WA 2 ) ==, MSIHZECMMR % > /52
DIHCIZE % ik Ay 1) —= %, MMRiiiz
FORRF A L DY) o FIEEREOMES
B, v, v F g LT
DOMSIHRELILD LI ET, —kAZ ) —=v
THRERINDZ LD {MSI-HZ AT 5 A
ABENRIES 7 1) ¥ SRS I D
Mz 5 EBbE, F/2, Latham b DO#HET,
MSI-HA#AFET A1) v FIEEERZ O 45%
T ¥ FHEEROBEENRE T IT ) 72D DR
PREIMTEEEE A 72 L Cune ozl s Y,
1) FIEMERE AR 2 GRS ATEE L Tk
{TOMSI-H AT A0 ABRE I, #ifzT
e L) Y FEEROBGICMLTE L ICE
RO ERRMTEL L AT AMEYV R THS
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IO EH, EIMLERT bbby F
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FRIEH T o) T EOBREEEY EOR
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HkOERIEH 7 vt T — I EN A v ¥
Fa—%fFw, 794<Y - ¥ 7ICBITAHHEE
EROBDIREEICOE H KB EFT- 2%, 20
R KETIHERINDSTIA=Y - FTE
B HOBEH T ) v SIKEDE L, RSRE
A T ) v T R R N R
REAREFICOWTHAREEHFINTHWEZ
EDHIBBLA:. ThDLRETIEIT A= -
7 O THEEEEPDRENICITORTEY,
oL RILFET - SR, BE, Kk
FLTHBIZFEY R 7 7TIZB 50 TiEL
W EERENE, IO LX) RO B R
BHIZEATHE, MSIMIFED AR LT IAD
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%, HIBORSEIZELE T AT ARELTT-
TW IR THLDD LitewkELET
Wi,

AR A B B EF ORI = L

mX W

1) Lengauer C, Kinzler KW, Vogelstein B: Genetic
instabilities in human cancers, Nature, 396: 643-
649, 1998.

2)  Iwaizumi M, Shinmura K, Mori H, Yamada H, Suzuki
M, Kitayama Y, et al.: Human Sgol downregulation
leads to chromosomal instability in colorectal cancer,
Gut, 58: 249-260, 2009.

3) lonov Y, Peinado MA, Malkhosyan S, Shibata D,
Perucho M: Ubiquitous somatic mutations in simple
repeated sequences reveal a new mechanism for
colonic carcinogenesis, Nature, 363: 558-561, 1993.

4) Thibodeau SN, Bren G, Schaid D: Microsatellite
instability in cancer of the proximal colon, Science,
260: 816-819, 1993.

5)

6)

7)

8)

9)

10)

11)

12)

13)

14)

15)

16)

17)

18)

L

Boland CR, Goel A: Microsatellite instability in
colorectal cancer, Gastroenterology, 138: 2073-2087,
2010.

Pritchard CC, Grady WM: Colorectal cancer
molecular biology moves into clinical practice, Gut,
60: 116-129, 2011.

Grilley M, Holmes J, Yashar B, Modrich P: Mechanisms
of DNA-mismatch correction, Mutat Res, 236: 253-
267, 1990.

KAt A FES i WREREFABHRT A F I
A 2 20164FRR, EFIAR, et 2016.
Carethers JM, Hawn MT, Chauhan DP, Luce MC,
Marra G, Koi M, et al.: Competency in mismatch
repair prohibits clonal expansion of cancer cells
treated with N-methyl-N'-nitro-N-nitrosoguanidine,
J Clin Invest, 98: 199-206, 1996.

Stojic L, Mojas N, Cejka P, Di Pietro M, Ferrari
S, Marra G, et al.: Mismatch repair-dependent
G2 checkpoint induced by low doses of SN1 type
methylating agents requires the ATR kinase, Genes
Dev, 18: 1331-1344, 2004.

Carethers JM, Smith EJ, Behling CA, Nguyen L, Tajima
A, Doctolero RT, et al.: Use of 5-fluorouracil and survival
in patients with microsatellite-unstable colorectal cancer,
Gastroenterology, 126: 394-401, 2004.

Jover R, Zapater P, Castells A, Llor X, Andreu
M, Cubiella J, et al.: The efficacy of adjuvant
chemotherapy with 5-fluorouracil in colorectal
cancer depends on the mismatch repair status, Eur
] Cancer, 45: 365-373, 2009.

Ribic CM, Sargent D], Moore M], Thibodeau
SN, French AJ, Goldberg RM, et al.: Tumor
microsatellite-instability status as a predictor
of benefit from fluorouracil-based adjuvant
chemotherapy for colon cancer, N Engl ] Med, 349:
247-257,2003.

Tajima A, Hess MT, Cabrera BL, Kolodner RD,
Carethers JM: The mismatch repair complex hMutS
alpha recognizes 5-fluorouracil-modified DNA:
implications for chemosensitivity and resistance,
Gastroenterology, 127: 1678-1684, 2004.

Tajima A, Iwaizumi M, Tseng-Rogenski S, Cabrera
BL, Carethers JM: Both hMutSa and hMutS
DNA mismatch repair complexes participate in
5-fluorouracil cytotoxicity, PLoS One, 6: €28117, 2011.
Iwaizumi M, Tseng-Rogenski S, Carethers JM:
DNA mismatch repair proficiency executing
5-fluorouracil cytotoxicity in colorectal cancer cells,
Cancer Biol Ther, 12: 756-764, 2011.

Suzuki S, Iwaizumi M, Yamada H, Sugiyama T,
Hamaya Y, Furuta T, et al.: MBD4 frameshift
mutation caused by DNA mismatch repair
deficiency enhances cytotoxicity by trifluridine, an
active antitumor agent of TAS-102, in colorectal
cancer cells, Oncotarget, 9: 11477-11488, 2017.
Suzuki S, Iwaizumi M, Tseng-Rogenski S, Hamaya
Y, Miyajima H, Kanaoka S, et al.: Production of

§49% 2% 202044H 115



19)

20)

21)

22)

23)

116

truncated MBD4 protein by frameshift mutation
in DNA mismatch repair-deficient cells enhances
5-fluorouracil sensitivity that is independent of
hMLHLI status, Cancer Biol Ther, 17: 760-768, 2016.

Le DT, Uram JN, Wang H, Bartlett BR, Kemberling
H, Eyring AD, et al.: PD-1 Blockade in Tumors
with Mismatch-Repair Deficiency, N Engl ] Med,
372: 2509-2520, 2015.

Mandal R, Samstein RM, Lee KW, Havel J], Wang
H, Krishna C, et al.: Genetic diversity of tumors with
mismatch repair deficiency influences anti-PD-1
immunotherapy response, Science, 364: 485-491, 2019.
Latham A, Srinivasan P, Kemel Y, Shia J, Bandlamudi
C, Mandelker D, et al.: Microsatellite Instability Is
Associated With the Presence of Lynch Syndrome
Pan-Cancer, ] Clin Oncol, 37: 286-295, 2019.

Le DT, Durham JN, Smith KN, Wang H, Bartlett
BR, Aulakh LK, et al.: Mismatch repair deficiency
predicts response of solid tumors to PD-1 blockade,
Science, 357: 409-413, 2017.

ERSTEE, RIS, A —HE, 72 ¥ — X w4 7,

RiIEEA DA DRETHRE T74=0 - 57O
WA - s Y T -0 Y F a2k
BANILE -, EAGHE, 66 (suppl): 255, 2018.

DNA mismatch repair system and therapeutic

sensitivity in colorectal cancer
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Summary

In colorectal cancer progression, two forms of
genomic instability have been identified: microsatellite
instability (MSI) and chromosomal instability (CIN).
About 85% of colorectal cancers display recurrent
and tumor-specific chromosome alterations and the
identification of specific patterns of chromosome gains
and losses during tumor progression is consistent with
the idea that CIN is an etiological factor in colorectal
cancer. On the other hand, MSI is generally due to
dysfunction of DNA mismatch repair (MMR) proteins
such as MSH2 and MSH6 that form MutSa complex
and MLH1 and PMS2 that form MutLa complex, and
about 15% of colorectal cancers show some form of MSL
Nowadays, MSI testing is used for screening of Lynch
syndrome which is one of hereditary colorectal tumor
syndromes caused by germline pathogenic variant of
DNA MMR genes, and companion diagnostics to decide
whether a patient with solid tumor can be effective for
anti PD-1 antibody. To make the most of MSI testing
and associated laboratory testing, it would be important
to understand clinical practice associated with DNA
MMR system as well as mechanisms of MSI and DNA
MMR deficiency. In this review I first explain functions
of MSI, mechanisms of disease progression and
sensitivity/resistance for antitumor agents when DNA
MMR is disrupted.
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DNA mismatch repair system



