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Microsatellite Instability and Clinicopathologic
Significance in Colon Cancer Patients

Kyong Rae Kim, M.D., Soon Sup Chung, M.D., Hong
Yong Moon, M.D.", Yang Seok Chae, M.D.? and Seong Jin
Cho, MD.?

Purpose: Colon cancer shows various genetic alterations in
its development and progression. Recently, microsatellite
instability (MSI) has been related to a novel mechanism of
carcinogenesis, and might be a useful prognostic factor in
several gastrointestinal malignancies. The loss of heterozy-
gosity (LOH) is known to be related with the allelic loss of
various tumor suppressor genes, however, MSI, which has
been found to result from an erroneous DNA mismatch
repair system, has been known to be involved in the carci-
nogenesis of hereditary non-polyposis colon cancers and
some aspects of sporadic colorectal cancers. In this study,
the status of MSI was examined in sporadic colon cancers,
and its correlation with various clinico-pathological para-
meters investigated.

Methods: Fifty sporadic colorectal cancers, treated by
surgery alone, were analyzed for the presence of MSI using
microsatellite markers, and tumor and normal DNA, obtained
from formalin-fixed paraffin-embedded archival tissues. MSls
were examined at the BAT25, BAT26, D2S123, D5S346 and
D17S250 loci, as recommended in the 1997 NIH Inter-
national Workshop on Microsatellite Instabilites and RER
phenotypes.

Results: MSI was detected in 11 cases (22%), and was
more frequently detected in the non-metastatic adeno-
carcinoma and Astler-Coller stages A+B1+C1 groups than
in the metastatic and B2+C2+D groups. Also, there were
no metastatic cases in the MSI-high group, where more than
3 loci had MSI. LOH was detected in three of the recom-
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mended markers, and was observed in 17 cases (34%).
LOH was more highly detected in the metastatic and B2+
C2+D groups, but there was no correlation with the
clinico-pathological parameters. However, no LOH-positive
cases were found in the MSI-positive group.

Conclusion: These results suggest that MSI may be
partially involved in colorectal carcinogenesis and the meta-
stasis mechanism. Also, the clinical use of the MSI status
may help in determining the prognosis of colorectal cancer
patients. (J Korean Surg Soc 2003;65:234-240)

Key Words: Microsatellite instability, Loss of heterozygosity,
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Vogelstein 5 (2)ll 3l FFAAFAA T s ps3
Axpe] Ato] FEHA o] Zu} TheA W)l oA

3le] AFoA gEoz HYPS=  ‘adenoma-carcinoma
sequence’ 2= 71H o ® A AYPHYL, o] 7|AS FAHO
2 B2 o GAA FA, SRR e do] qf
HEO gtom,3) oy Wz A o]9 QIS0
TY e T A8 E oF A Bo] $E&HI Ath45)
shH, H A9 984 ®EA A} (polymorphic marker)
o o] o] & HE A4 (loss of heterozygosity: ©]3} LOH) &

9] & u| H-4=A| (microsatellite) ¥ o] 7} ©] 2] 2] Zokoﬁﬂ Al
Ao EAE AT RuHT 9o, LOHE F 4]
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Afdxre] A& #dHE 7107 4R Ut o] 2 £ 2% glycerol &4 2:E3F B7HFATHE AW, @A st
2 LOHY ==, 2ol 3 ds Hola Alx A AA Auj&2 AFSHEA 30 guage TAF v O]%’s}"%
A EEFo] Q& short tandem repeatZ T4 E micro- SpolE 2 HE FoUAoh mAEAEE dojd A ZF
satellite”} 83 FAAZ AMEE 4 doH, o] micro- 2 =& 32t X228 1.5 ml Eppendorf tubeol] B 11,
satellite®] T A|SH 3% WHols A7|GFolA £U% DNA 71e} ZE A H 7T EL 253 AY 1388 ALY

9 0]5 W32 YEI}EZ microsatellite 3 X AHS AF&-3H
2 A BE A7 FFAA A2 FHEHL

TS WO E & HIAY ATFdAN=
- A9014 A7, AFHoz
o HIHSHA dojgo] B E T (6-8)
23P71A 719w 7ol FEFAA, TSFAA
Zko]l wo] 9 LOH 9= EALF wA FHzt
(mismatch repair gene)E ] sttty WA Yt} =,
°]= DNA9 EA| o7 wAd| #Aqste FHARAEANA &
7t AA BdgsEeE NEE 7IHOZA microsatellite
instability (]} MSI)7} 22 2 =24 g3 o FH4 H]
ETA dZY Yz Y dFYd, fYY dFAT
MSI7} %t 71 o2 AF-8-ghrhar EEHL ATh9,10) 1
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(1) O|MZH| = Microdissection) ! DNA £=: X3 ]9
DNA AHE Sdtd 2t S8 & g2td 2o 23$ 6um
TS A&EHHO R 5] HAE FAE 3 &, E8tol=

. o]E g 23S xylenel 2 23] "gult# st 05

T e-E 12 pellets 23] A H g F 2~38-29] opA|
ES 7he o 58°C ol A 1587 S AT ARE AR
£ DNA extraction buffer(100 mM Tris-HCI, pH 8.0; 1%

Tween 20, 0.1 mg/ml proteinase K)7} € = 1.5 ml
eppendorf tubeol] W& & 52°C oA 2 FoF HFA] 4]
Ao wkgo] g Alge #t B 10870 WA

proteinase K] &5 EZASAZ $, o] F 5000E A
FEZ &7])3 o7]d Y F3 9] phenol/chloroform (1 : 1)
2 Y1 FZ39th 7133 DNAS NS 48 w7t o] 2
A& A% ‘%}5"‘0}—’ 5019 3.5 M sodium acetate®} 1 ml2]
100% ethanol2 ¥ a1 -20°Col| A 307t H]'X] 3 % 14,000
pm 4°CE 303+ AAE 2 5te] DNAE A A Zth DNA
= 1 ml] 70% ethanolZ 44| ¢+ & Speed-Vac Concentrator
2 7AZA7]31, DNA pellet2 579 200ulE =0]al 4°Co]l
HASAEA o] F &9 1WE FTFELAHT-S(2]5} PCR)
SZA 3 DNAZ ALE3gih

(2) Microsatellite alteration £41: F23}#= micro-
satellite 32 2= Th&-©] BAT25, BAT26, D2S123, D5S346,
D178250 5 57FAE 1 A9 = GIBCOAHUSA) A A2t
g A ARgetgl e, |71 MEe 22 YER Sl k(Table
). 4 FF F9% B FHolA 53 DNAS F3 O
2 3t Zt7} PCRS A5kl om, Z42be] PCR &S F
3 DNA 1y, 0.2 mM dNTP, 10x buffer, 10 pmol/ul primer,
1U Taq polymerase®| =752 715t 1202 A 3FAR L
PCRS 7 Fa2o] thake] 35%7) W AN ST BE
HF-S-2 thermal cycler (Perkin Elmer Cetus 9700, USA)ol A

T 0T
A #3IaT) 7R o gE 7 3] B WA w28 94°Cd

A,

=za =

Table 1. DNA sequences used in this study

Microsatellite analysis

BAT25 (f) 5-TCGCCTCCAAGAATGTAAGT-3’

(r) 5’-TCTGCATTTTAACTATGGCTC-3’
BAT26 (f) 5’-TGACTACTTTTGACTTCAGCC-3’

(r) 5-AACCATTCAACATTTTTAACCC-3’
D2S123  (f) 5’-AAACAGGATGCCTGCCTTTA-3’

(r) 5’-GGACTTTCCACCTATGGGAC-3’
D5S346  (f) 5’-ACTCACTCTAGTGATAAATCGGG-3’

(1) 5’-AGCAGATAAGACAGTATTACTAGTT-3’
D17S250 (f) 5’-GGAAGAATCAAATAGACAAT-3’
(r) 5°’-GCTGGCCATATATATATTTAAACC-3’
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A 30z, AFuEeE 55~60°Cl A 30%, ARRHEE 72°C
ol A 4024 Al3staL vpA et F7)9] AFuH-E-2 72°Ce) A
1027 vkg-A1 7] 2, 533 PCR AHE 31E 2% agarose gel
A719Ee= Q"Jo}?}q.

o]% 3¢ PCR 4FE3} formamide loading dye (95%
formamide, 20 mM EDTA, 10 mM NaOH, 0.05% bromphenol
blue, 0.05% xylene cyanol) 3uE # 3l 98°CollA] 587 &
HAAZ ¥, 9302 F3] AN o 3us A& A

71959 AFESFATE A7]95 S 1,400 VOl A 1A 7 ¥ 5
oF ATt & gelS & JASATE & FAL binding
solutiono]l 2]8] gelo] o] & Flo £ A2 GA§
71914 10% acetic acidZ 30237t TAAZ &, SHFZ 37
A 23] wrEsle] A& 3, silver nitrate Ao A 3087 B

SAZ g STRFAAM 243 HFHS I T, sodium
carbonate & A W7} F3lo] BY wj7px] BAAZ] &
oF Ao A ALE3 - N 10% acetic acidES g3} wt
5 FAANZ ¥ 0o AR E AFFHH
3) 4 o =X | ZAl
2E Zd9 ¥y 24L& 2% iRy AR} A
=S gq—&}gﬁz WHO¢$} UICCOH/\ TR 2434 55

MSI % LOH #74 2 Gel %49 bandE BEZA 715 o]&
slo] Z=4sta AAEF e 71 gy A1 ASe
MSIZE A9, AA ZF o) vls] Z9ZF 2 oA band 2

4| C’](length)g]r Z3}7] (intensity) 2] 50% )4 A4 A&
345 LOHZ ¥AagthFg 1). &£ 4 5

LOH =% 37§ A7 o]delM E=W MSI-High,
LOH-High 2.2 #7335t 4324 & &

Hole B9t FYAEG iz AX

=]
Sk A
= PCRO] 517 ol #4174 WelE FAT 4 Q& A

U ev v M ev v [P R RN (KRS

(non-informative)= A &] A Z t}.

EA87 BHogr: 7} ﬁz}gl AA F ZF microsatellite

markeroﬂ 8k MSI®} LOH 2
AT 2l A4 W) 2 A
% I ETS] AAAAE AT v
o2 ABRAE A=Y, P value?} 0.05 ©]&k¢l A
EATHOZ fogt Aoz AAHIAY.

p53 okl by W
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=
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S} Chi-square 7379
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Table 2. Clinicopathologic findings of colorectal adenocar-

cinomas

Clinicopathologic parameters

No. of case (%)

Tumor grade

Astler-Coller stage

LN metastasis

Well
Moderate
Poor
Mucinous

A
B1
B2
Cl
C2
D

)
Q)

17 (34)
28 (56)
1@
4 (3

5 (10)
9 (18)
13 (26)
3 (6)
14 (28)
6 (12)

23 (46)
27 (54)

MSI MSI

Fig. 1. Microsatellite alterations.
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3271 174(34%), 5% 3 =71 284(56%), AEst=
7F 1902%), AAAZE 494 8%)0l ATt Ad=9] Astler-
Coller 7]l WE EFZE A 59(10%), Bl 99(18%), B2
13¢)(26%), C134 (6%), C2 14%(28%), D 69(12%)°] %} 2.
o, FZH Aole 239 46%)oN A AN, 27 (54%)= A
o7} 1A TH(Table 2).

2) Microsatellite alteration Z3Z(Table 3)

(1) Microsatellite instability ! Loss of heterozygosity Zi
£ 4Ah: MSI= NIH International workshopoll Al @ik
BAT25, BAT26, D2S123, D5S346, D175250 5 57] EAAE
AESAT MSIE 29 Fde F 119 Q2%)01ReH, 11
off =5 BAT26 XA AL MSIZ} AEF At BAT25 %
A A= 499 9] informative S8 5 69(12.2%)° A1 MSIE
B3o ™, D2S123, D5S346, D1752508] MSI= 42} 444,
429, 444 9] informative 3-8 F 291(4.5%), 44(9.5%), 3
(6.8%)°] At}

LOHE= NIH A1 ¥ XA} 57] 3 BAT25, BAT26<S A
D2S123, D5S346, D175250 E A&} 5 37] A Aol A
F9len, LOHE B¢ Zd+v & 179(34%)°] 3 Mi,
A A 429, 459, 444 9] informative S|
(11.9%), 9¢1(20.0%), 841 (18.2%)°ll A} LOH7} 7%%21
H MSI-High< 59(10.0%)°] %1, LOH-High-& %i‘}i

(2) MSIQ} 2l At z|5hA EA‘I‘I’;OI At oA, Z2oko)
To] W& MSIE ZEIA 9= 179 = 44 (23.5%),
3} 9= 284 F 69(21.4%), AEFAE =4 14
0q, AALE 4o F 1925%)1A HAEZH o E3lx9)
MSIZtol = 4 BA7E SIATHP > 0.05).
k9] Ao wE MSI= A H7] 59 £

o

N
o j&
rEL' £ e o

ofN
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o{x oM Hr fl
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29| (40%),

r:{o

Bl 94 3 39(33.3%), C1 3¢ 3 09, B2 13¢] 3 39
(23. 1%), C2 149 F 39(21.4%), D 64 = 0|7} AZHA
oqu :Zy}x]u]- Zof ;doo] 9= A+B1+C19]
A5 1704] Z 59(29.4%) A,
+C24DTAN M= 339 T 69(18.2%)2] MSIV} ZHZEE o
Zoko] AH Zolo wl MSI AEEo| Y& A3dS By
Sy SATAHR] o492 glAThP>0.05).

YA o] oo wE MSIE H|HolA Fkol| A 274
Z 89)(29.6%), HolA F 234 F 34(13.0%)91A HEH
o} u]x%o]/a Zo*to] x%o]/ﬂoﬂ H]OH MSI UEEO] _n_/]/d
A=A THP=0.021).

Lvﬂ MSI-high 4=

TG o] AS IWE B2

A, Bl, B2woll A 247} 1, 2, 24| 4
AZHAJoH, B2+C2+DF A A= wi-f- A AESHAS
U, Mol FdAAE AL ol BATHLE Fos)
AP <0.001). MSI-L #o]Y MSI-S ol & 4o I&
Zolg} Mol R ote AdAAZE AATh

3) LOHe} e[ty S4nto| &z

O — -

opN

o] A& Ao WE LOHE A % 7] 0¢1(0%), Bl 3¢
(33.3%), C1 29](66.7%), B2 6°(46.2%), C2 4°1(28.6%), D
291(33.3%)9 A HEHNLH, A+BI+CITY A 59
(29.4%)° A, B+C2+Dol A= 129(36.4%)2] LOH7}
AZE T4 FA& Zo7t 5 LOH A= W=7t =
RAA T, FATA F94L IATHP >0.05).

gz o] ofFo wE LOH= HIZ oA FdolA 94
(33.3%), W0l Ek 8] (34.8%)N A HEH o] Mol &
o] HlHMo] e Bl LOH7} T4 %o, oS §l
Atk (P=0.14). ¥ LOH-High & 3 %= At

gk, MSISF LOH 7o) 43 #AIE XY LOHE R

T

Table 3. Results of microsatellite alterations

Case no 12 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28
BAT25 o N o N
BAT26 N o N

D2S123 e N N . e N e N N
D5S346 U e O o N e N o °

D17S250 N e N N N . o . . o °
Case no 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 LOH (%)
BAT25 o o N

BAT26 o N N o o

D2S123 N N e 5/42 (11.9)
D5S346 e N o N o U o 9/45 (20.0)
D17S250 N . U e N 8/44 (18.2)
0 = MSI; ¢ = LOH; N = non-informative case.
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Table 4. MSI and LOH according to the clinicopathological parameters (%)

Px* factors Case no. MSI (high) MSI-H (low) MSI-L (stable) MSI-S LOH
Stage
A 5 2 (40) 1 (20) 1 (20) 3 (60) 0 (0)
B1 9 3 (33.3) 2 (22.2) 1 .(1L1) 6 (66.7) 3 (33.3)
B2 13 3 (23.1) 2 (15.4) 1.(7.7 10 (76.9) 6 (46.2)
Cl 3 0 (0.0) 0 (0) 0 (0) 3 (100) 2 (66.7)
C2 14 3 (21.4) 0 (0) 3 (21.4) 11 (78.6) 4 (28.6)
D 6 0 (0) 0 (0) 0 (0) 6 (100) 2 (33.3)
Invasion depth
A+B1+Cl1 17 5 (29.4) 3 (17.6) 2 (11.8) 12 (70.6) 5 (29.4)
B2+C2+D 33 6 (18.2) 2 (6.1) 4 (12.1) 27 (81.8) 12 (36.4)
LN Metastasis
LN (0 27 8 (29.6) 5 (18.5) 3 (11.1) 19 (70.4) 9 (33.3)
LN (+) 23 3 (13.0) 0 (0) 3 (13.0) 20 (87.0) 8 (34.8)

*Px = prognosis.
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A AR ol g3te) JBAS Wl ge A7Eol A

Ao Frhal o] FAH FeIA FHAS 2B
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¥ o] (mutated microsatellite loci) S| & otk 4= U=
tl, B2 Tl o] EdHolE HES

9} MSI EAAE AL Jth(6-8) = microsatellite
alteration microsatellite DNA 3 7141 € 2] thf3k A o]
2 o}7]5 = Z o)W microsatellite= DNA E-A] Fof] AA L
7] A& AeZ o= B {§34] DNA Bt} &g 4 <]
A3, FZ F3A7F obd non-coding DNAY X3l &
Zdol At microsatellite= Mt} 7toll A4 & X 5H &
F G714 gt v 2 0]z} o8 A (polymorphism)
o] Aatar g A9 diy FHA YollM= 7] v wj g
F7F Zol7F Y= E40] Ao primary gene mapping@}

i
ol
rr
N
i)
o
frtt
oy
@)
jan)

genetic linkage analysisol] A8 $1, T3 LOHY] &
2 GAA M o= 54 R ] A (allelic loss)S 3ot
& 4 k(213 4, BEALF wg FHAY o]l
microsatellite®] W& @7]A ] WIS of7| At AR
ol Y=l ©] 22 DNA 5 759 23S YellF
= 548 Eddo] 2 Eo] 571 mutator phenotype .
2 ®sta Mst 1 HEvE 2§ glnkal doh417) &,
DNA 54| &F w7 FHzte] E243td] 7]90g o] &nt
mutator pathwayZ U3 ZAWo]E0| repetitive genomic
sequence®l B A FHEHM MSIZF vE o] ZE
mutator pathwayS YEIFE T X A7) Ao} F 2 o]
MSIZF fr378 HI&FA g SFTolA A st=

O

ol = W= A& & A 9o, MSIZF &
d ARG, 9, A= g3, Y T U o

] 4 F 10~ 15% = 2 7| Ho g 23ttt B
LEE o] B FHI 9T} (18-25)

) gtel A ] /fE A 72 we], LOH, MSIe| o g
ATE o] o]FoIHAT IYoM e FH WA= T
Hol o}, t$-o] LOH, MSI, F4x} &adS ¥
A5t JH et x| ARgS S
TE dAolg, B AFoHEs MSI A&S Yl 19973
NIHOA 43 H&S 98] #Ag BAT25, BAT26,
D2S123, D55346, D175250 572 E A AHE A}-8-51 9 Th(26)
BAT26 919 D2S123 &9& 2p21-2pled] X8h1
hMSH2 73249} dgo] 9131, D5S3462 5q210 $)x]8baL
APC f3Ae} o] glom, D175250 H9= GAA
17q11.2-q12¢] $1X8}H, BRCA 8219 A#Eo] o},

2 AFdA MSIE & 114 22%)914 AE=HAoH, =

re
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€ dlolA BAT2690 4 2] MSIZF 191t} 53] BAT26> MSI
5 ZAbske o MIGEZE WS =2 9, 9548 A
7F grobd 83 BAAE LA < L(27) B A o)A

FALE A2 FoH A oy MSI AEE0| & ¥
AEo] Ha] Be HLQd 2%04 AZHAEH o]
MSI-high 0] obd MSIHow o] th HEE 7] W0

2 F4 =™ Halford 5(28)2 A7 A7} 2= A
o7t vldel g Y f2F ol AESA ¥ 7
AN MSIZF =4 AEEHAL, B7] C1 2 D ol AE MSI

) H‘l kit
rlr Sl

I

7} 3 = AEEH A Fgron, Ihlgh Sdle E5 8
o] Aolth Ed MSIE Ho]A] &= MSISTS F49
& o)} Aol ofiol= Ad BAAVE AF floir MSIE

T2 IH %5 YE FE AR gddn o=
MSI+ F 2] 7] HE ps 2
43} 7|d e g2 A It 7HS Ze ReE F
E:RaR=N

LOHE= MSI #A&4 57FA % A1AF F D2S123, D5S346,
D178250 FAA 5 370 FAANAE HAEHJoH,
D58346 EAAANA 74 E=A HEHUAT F 34%00A]
LOHE X9 o1, LOH- HighiL% $12ith LoHE Aol &
T A& AoVt AEFE A AEEHAAT, B
A<l ool AL, Tk, MSIQ}% g4 BAE B

shm e ol WSy, ARAFol:, HALS

waha oAl o] n o F7h Erka Peid gt @ A
FANE MSI} el 57t & 3B FHA 542 B
9& AdFE Sol Agol gk 9 AL

g

Th2n) 9199 oF 43%01 4 MSIZF #EE 1 F=ZF o] Y
TEY Y 23w} Aol sde Bk 1o)X (29)
o F719] ¢4FS WFoE B e MSIel tig dlo]
E7} EAE oo & Ha s A Foh

ool A#E thete] WA gl LOHS MSIZt 4
7+ 2907 Fodale Ao FAEH, MSL LOH 7] A
o p53 59 A FHAA FH T VM) FHHOE
e Aol 7)1 VAT AAE 7 T TFFHoE

e 4 % B9l MsIsh LOH7} 43 A2 7
Gy 22 I ¢ B microsatellite A AS Ao 2 A
T8 da o] A7

4 =

50009 thAYS diAe® BAT25, BAT26, D2S123,
D5S346, D17S250 5 574 9] microsatellite markerS AH-&3}

bl
ARh frol g2 it
7

o] MSI, LOH—EE— AZstal Az gehA WP o s ps3 o
W oEs AT 29 gy 2 AES dth

(1) MSI= 1191(22%) A HAE=H Ao, vl T%
o] Mol v MSIZ}F fr A UA =& HEES B
I, AFZSA A& BeE 2 o) A& A H
3 MSI7F A HEHE BFES 2o L dFE Btk
£3] MSI-High S8l =5 vl HolA dFo vt AEH A
o, MSI-S## MSI-LEdl A= 4744 o Fzete] A

BeA7L B2 B

(2) LOHE 174 (34%)°1 A4 #

=

= o

F2% s AW %oﬂﬁ E}i o AZES B
= g4y

F3F LOHS} MSI 7H)

N

| #EE A
ol/Fe] A#E thete] WA g el LOHSH MSIZt 2}

7t FYHAHOE doste & Z aaHr, F2 dqA #
Z

MSIOﬂ «l?‘z} et Ao

REFERENCES

1) Central Cancer Registry Center in Korea, ministry of Health
and Welfare, Republic of Korea. 2001(1999.1-1999.12)

2) Vogelstein B, Fearon ER, Hamilton SR, Kern SE, Preisinger
AC, Leppert M, et al. Genetic alterations during colorectal
tumor development. N Engl J Med 1988;319:525-32.

3) Levine AJ. The p53 tumor superssor gene. N Engl J Med
1992;326:1350-2.

4) Robbins BA, de la Vega D, Ogata K, Tan EM, Nakamura RM.
Immunohistochemical detection of proliferating cell nuclear
antigenin solid human malignancies. Arch Pathol Lab Med
1987;111:841-5.

5) McCann A, Dervan PA, Johnston PA, Gullick WJ, Camey DN.
C-erbB2 oncoprotein expression in primary human tumors.
Cancer 1990;65:88-92.

6) Laurent-Puig P, Blons H, Cugnenc PH. Sequence of molecular
genetic events in colorectal tumorigenesis. Eur J Cancer Prev
1999;Suppl 1:39-47.

7) Berney C, Fisher R, Yang J, Russell P, Crowe P. Genomic
alterations (LOH, MI) on chromosome 17q21-23 and prognosis
of sporadic colorectal cancer. Int J Cancer 2000;89:1-7.

8) Massa M, Iniesta P, Gonzalez-Quevedo R, de Juan C, Caldes
T, Sanchez-Pernaute A, et al. Differential prognosis of repli-
cation error phenotype and loss of heterozygosity in sporadic
colorectal cancer. Eur J Cancer 1999;35(12):1676-82.

9) Fishel R, Lescoe M, Rao M, Copeland N, Jenkins N, Garber
J, et al. The human mutator gene homolog MSH2 and its
association with hereditary nonpolyposis colon cancer. Cell
1993;75:1027-38.



240 tjeteutets| Al s M 65 M 3= 2003

10) Rhyu MG, Park WS, Meltzer SJ. Microsatellite instability oc-
curs frequently in human gastric carcinoma. Oncogene 1994;
9:29-32.

11) Weinberg RA. Oncogenes, antioncogenes and the molecular
bases of multistep carcinogenesis. Cancer Res 1989;49:
3713-21.

12) Weisenbach J, Gyapay G, Dib C. A second-generation linkage
map of the human genome. Nature 1992;359:794-801.

13) Ionov Y, Peinado MA, Malkhosyan S, Shibata D, Perucho M.
Ubiquitous somatic mutations in simple repeated sequences
reveal a new mechanism for colonic carcinogenesis. Nature
1993;363:558-61.

14) Loeb L. Microsatellite instability: marker of a mutator phe-
notype in cancer. Cancer Res 1994;54:5059-63.

15) Borresen A, Lothe R, Meling G, Lystad S, Morrison P, Lipford
J, et al. Somatic mutations in the hMSH2 gene in microsa-
tellite unstable colorectal carcinomas. Hum Mol Genet 1995;4:
2065-72.

16) Leach F, Nicolaides N, Papadopoulos N, Liu B, Jen J, Parsons
R, et al. Mutations of a mutS homolog in hereditary nonpoly-
posis colorectal cancer. Cell 1993;75:1215-25.

17) Eshleman J, Markowitz S. Mismatch repair defects in human
carcinogenesis. Hum Mol Genet 1996;5:1489-94.

18) Aaltonen L, Peltomaki P, Leach F, Sistonen P, Pylkkanen L,
Mecklin J, et al. Clues to the pathogenesis of familial colorec-
tal cancer. Science 1993;260:812-6.

19) Peltomaki P, Lothe R, Aaltonen L, Pykkanen L, Nystrom-Lahti
M, Seruca R, et al. Microstallite instability is associated with
tumors that characterize the hereditary non-polyposis colorectal
carcinoma syndrome. Cancer Res 1993;53:5853-5.

20) Lothe RA, Arzimanoglou II, Gilbert F, Barber HRK. microsa-
tellite instability in human solid tumors. Cancer(phila)
1998;82:1808-20.

21) Miyoshi E, Haruma K, Hiyama T, Tanaka S, Yoshihara M,

Shimamoto F, et al. Microsatellite instability is a genetic
marker for the development of multiple gastric cancers. Int J
Cancer 2001;95:350-3.

22) Momoi H, Itoh T, Nozaki Y, Arima Y, Okabe H, Satoh S,
et al. Microsatellite instability and alternative genetic pathway
in intrahepatic cholangiocarcinoma. J of Hepatology 2001;35:
235-244.

23) Dobosz T, Lukienczuk T, Sasiadek M, Kuczynska A, Jan-
kowska E, Blin N. Microsatellite instability in thyroid papillary
carcinoma and multinodular hyperplasia. Oncology 2000;58:
305-10.

24) Wu MS, Lee CW, Shun CT, Wang HP, Lee WJ, Sheu JC,

et al. Clinicopathological significance of altered loci of repli-

cation error and microsatellite instability-associated mutations
in gastric cancer. Cancer Res 1998;58:1494-7.

Boland CR, Sato J, Saito K, Carethers JM, Marra G, Laghi

L, et al. Genetic instability and chromosomal aberrations in

25

~

colorectal cancer: a review of the current models. Cancer
Detect Prev 1998;22:377-82.

26) Boland CR, Thibodeau SN, Hamilton SR, Sidransky D, Eshle-
man JR, Burt RW, et al. A National Cancer Institute Work-
shop on Microsatellite Instability for cancer detection and
familial predisposition: development of international criteria
for the determination of microsatellite instability in colorectal
cancer. Cancer Res 1998;58:5248-57.

27) Hoang IM, Cottu PH, Thuille B, Salmon RJ, Thomas G,
Hamelin R. BAT-26, an indicator of the replication error phe-
notype in colorectal cancers and cell lines. Cancer Res 1997,
57:300-3.

28) Halford S, Sasieni P, Rowan A, Wasan H, Bodmer W, Talbot
I, et al. Low-level microsatellite instability occurs in most
colorectal cancers and is a nonrandomly distributed quanti-
tative trait. Cancer Res 2002;62:53-7.



