oh i 2] 5 5] =] 1997; 31: 617627

clelrAl o]l A] Microsatellite Instability 2]
RIEe} FoF #4442 24

Farl5WRl 9 Agoi g o) sholE e s

dads - & & HEs - 3y

Microsatellite Instability and the Expression
of Tumor-associated Genes in Multiple Cancer

Kyung Soo Kim, M.D., Chan Choi, M.D.*, Chang Soo Park, M.D.*
and Sang Woo Juhng, M.D.*

Department of Anatomical Pathology, Kwangju Christian Hospital
Department of Pathology, Chonnam University Medical School®

Genetic changes associated with oncogenes or tumor suppressor genes are frequently observed
in human cancers. These changes may be more frequent in multiple primary cancers than sporadic
cancers. These expeniments were designed in order to know the genetic changes using micro-
satellite PCR technique and the expression of tumor-associated genes by immunohistochemistry
for c-myc and p53 in 17 cases of multiple primary carcinomas. The microsatellite instability (MSI)
were found in 8 of 17 cases (47.1%); six cases showed MSI in more than two microsatellite
loci and two cases revealed MSI in one locus. MSI was found in 2 out of 7 patients (28.6%)
of multiple primary carcinomas arising from the unrelated organs, and 6 out of 10 patients
(60.0%) arising from the same or related organs. When each case of multiple primary carcinomas
was examined, immunochistochemistry for c-mye was positive in 25 cases (71.4%) and p53 was
positive in 21 cases (60.0%) out of 35 cases. But there was no correlation between MSI and
expression of tumor-associated genes. From the above the results, MSI is more important in
carcinogenesis of multiple primary carcinomas arising from the same or related organs than those
from unrelated organs. (Korean J Pathol 1997; 31: 617 —627)

Key Words: Microsatellite instability, c-mye, p53, Multiple cancer
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M '

B qle] Foke] Fof St fsie] o
chAle] FHAHel Hils FHEo] Wagss Feg
ek ek 3 A&l FAE 2 oAl T
o Thiboz WA oldd M4l HE wIwe
Hoeg Af=le]l Zck, Foke] A Pl sis
hst, erb-B. fns, ras. abl, myc 53} & Fok {2
2} Rb, p53, APC, Wr-1, DCC, NF-1.2, VHL F2| 3}
A4 FHze Fdde] FE HFF-H A2 Adel
Hhaislo] deako] A= ZAlew gEA] gl o)
§ QA B ohUet Aol G W EEA o
2ot hereditary  non-polyposis  colorectal cancer, HNPCC)
ofl4 =& dIER HEEE microsatellite instability
(MSD7} i) 3 flelew AAxa gleb,

Faf b gl obd kel 192 A U
A A gpekAet fHE a9l T4 Zel,
AFame) o], #43 gl Fo| Azt
slgt Q9lFely FrAe He|E deds
agle g MSIZ} Zg3le] vhibd dF& WHAY
2lct.

Microsatellitei= simple sequence length polymorphism
(SSLP) == short tandem repeat polymorphism(STR)
ogx Fele 270 WA 57 #®2 d7] wAdol
HbEE = e =3t g 27 oF 100 bpe| i,
olzke] FH 2 el oF 30,0007 HE7 EAEe A
oz <A QU gdae] FHAE FFA o
A (polymorphism)e] #3glcH= B2 o|F o] o}
off ¥t edtrl ghibs] FeYx|e], MSIZE FHA ¥
34 o D Ande] dlerlen A
3, 1 flele g RMSH2UF hMLHI® 32 mismatch
repair gene defectsl] 2]zle] Hal] e]fe] wbafals
Ao g Y. 2 F MSIP} Foks] &4 §19
o] Xy Fde|s] EA|AZAMLY 54T 3
Hbqlh 7]l ¥ E2 lH Qalel] 2fste] replica-
tion errors(RER)7} whalsled Fok FAH a2} ok
Az e Sddo]E Yo Fobs whAA dcle
7hde] a5 76l o] Zgic},

olof] HA= b4l §HFoll A MSIE] HlEE =4
sl %Al ol4zhel WAE Twaw Tk SAA
S} gtodl FAAE WelzARuY Juoz AE
sol chitdl e o A AWE PR Sls
of B d-1E A =3

HE ¥
LI =2

o AN 9endmA] ek wiel| A
FTof AgkE g ghalgelld ol odEFEE 7
Ao, =HEtHog Hold 9bFo| opi, sbelal
25 Hi ddrl odEsin, 44 2E5E g
3l Tl 1748 4oz sle] 44, |73, 715
2, glul wldo] B2 =5 #helalelch(Table 1) o
42 Jdae 89, oA 9ol Agh ki) HF
o] & 5644 0] i}

2. Microsatellite instability

1) DNA F&: =72 DNA & Flsbed gh=
2 25 #Huo|Hetels PNzle] slapg Lof]e
A o] Bojub Hale] o] Bupqich sebgl Eef] s
10 ypm T2 103] whdste] dajeld AHE A3
3, o 7lel] 190 pl2] 1 X standard sodium citrate plus
0.01M EDTA® 10 pl2] 20 % sodium dodecyl sulfate
ooz EeflAH H 4 mgmle proteinase K5 3
7heke] 3TCollA] 484)7F Eob whAl# chel Ang
B Azd. 2 ¥ PCI-9(25:24:1, phenol/chloroformy
isoamyl alcohol E=3F #94) 200 uwl§ H7lste] 3-5
BE7b E50] vheA171 F 4°Coll4] 8,000 rpme g #]
4 Halsle] 4= o4& 2gich of4] chloroform$
Bk Arlbsled wbgAIFl 5, T2 278 (Y
2l AE HEg dojdic &5 F2] Y0 &
eko] IM sodium acetate(pH 5.5 Y3 7 wj2] J
T HEDE Y4 23ASE 3Hvisle] DNAE A
71 o}, o] 0% LIALTE HHI F wsich ol
Z FHetaF100-200 g2 G Sieredl 5o B
dEAE FEE S4edch

2) PCR X Microsatellite instabilitys 7] &+]7]
glsbe] DI04, D2571", D2s119Y, D3s1067",
D55107"7, D6S87"”, DESETY, D115905", D175250" 2]
primer® A%, §H5% primersll [r-32P]ATPE
Hapa# #Hael| Agsddc). PCR whE FE3bi2 10
mM Tris(pH 8.0), 50 mM KCl, 1.5 mM MgCLE =
¥ IX PCR buffer, 1 gM primer, 50 ng template
DNA, 0.5U Taq DNA polymerase, 200 uM dNTP&
7haled £ BAe] 10 pir} = A gk FEEEd
Huk-2polymerase chain reaction, PCR) ZF 3Ll
eate] 32078 dhEeg s, BE 432 Thermal
cycler{Perkin Elmer Ceius 480, USA)ell4] 4] 8§ =]gic}h
Zt FrlellA WA whe-& 94°Coll4] 1E, AY 4HE
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Table 1. Summary of clinical and pathologic features in multiple cancer patients

Case Sex Age Family history Site
Hl female 51 none A descending coloniadenoca.)
B thyroid{papillary ca.)
H2 female 40 none A breast(infiltrating ductal ca.)
B cervix{carcinoma in situ)
H3 male 50 none A thyroid{papillary ca.)
B mediastinumisquamous cell ca.)
H4 female 37 nomne A breast(infilirating ductal ca.)
B ascending  colon{mucinous ca.)
H5 female 63 MO A thyroid(papillary ca.)
B stomach(adenoca.)
Hé6 male 58 Mone A larynxi{squamous cell ca.)
B bile duct{adenoca.)
H7 female 44 none A breast{infilirating ductal ca.)
B stomach{adenoca.)
51 fernale 48 none A cervix{adenoca,)
B endometriumiadenaca. )
52 female B0 none A cervin(squamous cell ca.)
B endometriumiadenoca.)
53 male 64 none A stomachi{adenoca.)
B stomachiadenoca.)
S4 male 73 none A stomachi{adenoca.)
B stomachiadenoca,)
55 male 6l none A cecum(adenoca.)
B stomachiadenoca )
56 female 54 none A transverse colon(adenoca.)
B stomachi{adenoca.)
57 female 67 none A rectumiadenoca.
B stomachi{adenoca.)
S8 male 66 none A ectumiadenoca.)
B stomach(adenoca.)
59 male i3 Father A descending colon{adenoca.)
gasiric ca B descending colon(adenoca.)
510 male T0 none A ascending colon{adenoca.)
B ascending colon(adenoca.)
[ ascending colon{adenoca.)

H : patients in multiple primary cancer arising from unrelated organs
S ¢ patients in multiple primary cancer arising from same or related organs

o 7}rb 53°C(DIS104, D2871, D58107, DESST), 55°C
(D25119, D3S1067, D6S87, D175250), 58°C(D115905)
oM 18, a3 e TCel 1RoE FAHS
3, whAu 3719 ezt e 1080zl

sbeAlEch & oA &2 A e Fok =Aw Y

Z#& 2] PCR AHEE TM urea?} #7115 6% polyacryl-
amide gel -gell4 12413+ 5t 56°Cell4] A7 45
AL ¥ 12-1643F E9F Xeray filme]] FHgAl# @
daled FHbsliglc

3) Microsatellite instability ¥4: Microsatellite in-
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stabilityt:= A4 =23} Fok ==§F w|izsled PCR
AHE 2] o]z Ade] TS uwfE wHoR FHEHE I,
A B wzA] ofgfHae] 244 o] Fl g
48] A 2l(loss of heterozygesity, LOH) 2 F3 s)glch

4) T HEE A 108 T4 HF EEUF
off mAgh &£ 2t telsl Eef2F 3 m FHE
kA aled Probe-On s2ebel S(Fisher Scientific, USA)
o RHAA AzAZ e Al Agstele.
gkl cmye FFA AHEel] i Al (Novocastra,
UsA)gl wild®# muam®E S 2% P8 4 A
p53 HAab Aol ofEh gha](Novocastra)E 1502
72 #lHdeled ABsled s avidin-biotin complex(ABC)
WMoz o4 gk cmed FYHAEe] H 2"
N ouEE dest AAAE uo 20 e o
Moz dAstgln, psis o4 g A== FEA
7l A2 5% o] 49l HEE dHdoE WU
o SAdEE da A of4l k| 24 RE o
gohelch

! *

chubd b obRe s B Ave 437
Az 13d|(764%)ele, 52 - F% 3
oll(17.6%), FHkelh 3el, o4 AJ4]7] Fof dodlo]gich

Microsatellite instabiliy== A2l Sefl 17+ 3 8]
(47.1%)0l 4 BabElgel. 58 =33 A8l &
Aste] wld D A7) FHFF FE AV A8 3

2lefl 4] bl FSTeR ERske] P34, HEE
Tell 3 200(2B6%)0] 9 St 1000 F 6adl(60.0%)
eleichFig. 1). ¢]Felli= MSI2] w1%7F 1702] primer
off ]uk T ol 26, 270 o] primeref] ]
2HE]l of|= eodlo]glc) Microsatellite instability= HS
Zelloll 4 5 Foko] T Eoko] HAGEFIE 2

o1}, o)) ZEell(He, 53, 55, 56, 57, S5

H5 S3 S10

e
SR = iy
-

-

D8S87

Fig. 1. One example of microsatellite instability in mult-
ple primary carcinomas. Replication errors were detected
in H3, 83 and S10 patient when DESET primer was used.
ABC: each tumor

N: normal tissue

S10

tir

|

i
D251

ABCN ABCN ABCN

s 00

i

IR .

19  D8S87

Fig. 2. Heterogenic patiern of microsatellite instability in multiple primary carcinoma of S10 patient.
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Table 2. Results of microsatellite instability in 17 multiple cancer patients

Case RER  Site DIS14  D2571  D2S119 D351076 D5S107 D6SE7T  DBSET DIIS905 D175250
HI —  colon - - - - -
thyroid - — - - - -
H2 breast - - = -
cervix - - - - - - -
H3 - thyroid - - - - -
mediasfinom  — - - - - - -
H4  —  breast - - - - - -
colon - - - — — — _
H5 4 thyroid ' L + L - + +
stomach - L - + L - + - +
Ho +  larynx - - - - - - -
hile duct - = — — - - — -
H7Y - breast - - - - - -
stomach — - = - —
51 - cervix — - — - -
endometrium  — - - - - - -
52 - CErViX — - - - - - -
endometrium — - — — — -
53 4 stomach - — — — - = —
stomach I - - - - + - -
54 - stomach - — — - - —
siomach - — - - — - —
55 — CECUTT - — — + - — — +
stomach — — - — - - +
S6 +  colon - + i - + + + +
stomach - - - - - -
57 +  rectum L - — - — + — + +
stomach - — - — — — -
58 - rectum - - - - - - — —
stomach - - - — — — _
59 +  stomach - - + - - - - —
stomach _ - - + - - -
510 +  colon i + + - - - + — -
colon + + & - — — + :
colon + + - - - - - - -

H : patients in multiple primary cancer arising from unrelated organs
5 : patients in multiple primary cancer arising from same or related organs

L : loss of heterozygosity

P Sl 2b FokSe] vl ®aks jehlgiv}
(Fig. 2). MSIol| okAlQl ojzbal Fok F 34(85, 86,
S1)7F % oA AEFR 4 gEE FlAa
9%l om, Héell 4= LOH7} $HE=|gicHTable 2),

HAg =28t Aol 5N zZHgF F 25
FTHTLA%)A A c-myeo] Fe]ar, 217 FHE0.0%)
of| 4] pS3e] ekde)gichFig 3, 4). gl HF2 c-mye
o deled 85.7%(12/14), psiell disbed 57.1%(8/14)7}
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abde|e 7, S c-myveell Hele 819%{1321), 033
) hsled 619%013207) ekde] ek Table 31 MS1
7} akadol 7] HFEE comyco| 21%, piia] 784
abd S Hely S8 cmyeo] 29%, pido] 38FE]
wdER viebdle] MSIs F ke Ry
2 e ehTable 4, 50

| &

eldig] Fakelld o LA o]daly fial Hol

Fip. 3. linmunchisiochermismry for
C-MVC N gasAie pdeTIOCHICINGTIE
200X

Fig. 4. lmmumohistochemisiry for
33 e eolomic  adenecarcinoms
200X,

Fbee wiEa faglch, okl {7 By
o7} Rlddtels AES Fake] o 74
ol =] AFelele AAE ¥ 7 gloh FHt w1
Aol ofstalz] Adulz Fok fAlabe] 24 g
oA FHAE FEAR 7| HE elE T saddd
alv} WlTslE 7)ol 2lufed wrA® Fhgalfel gl
oA 1 gagel FEa gt

o|E 4l f#FE deld A dlbHeli DNA
cvtometry, DNA lingerprinting, microsatcllitc -4 e
G, olHtt W& T #47 wolk 04 Fo
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Table 3. Summary of microsatellite instability, c-myve and p53

Case RER C-myc p33 Case RER C-mycC P33
HI-A — + - 51 -A - -
B + + B - +
H2-A + 4 82 -A + |
B - I - B +
H3-A } - S3 -A — + +
B - + B + + +
H4-A - - 54 -A - + —
B + + B — i —
H5-A b + S5 -A + . +
B + + B + + |
Ho-A - + 56 -A + —
B + + B i
H7-A - | + 57 -A + + -
B + + B - + +
58 -A - + _
B — —
59 -A + i +
B + + +
S10-A | + t
B + — +
C + — +

H : patients in multiple primary cancer arising from unrelated organs
5 © patients in multiple primary cancer arising from same or related organs

RER : replication errors

Table 4. Correlation of microsatellite instability o c-mye
and p53 in multiple primary cancer of unrelated

organs
Microsatellite instability
Positive  Negative Total
no.(%) no( ) no. (%)
c-myc
Positive 3(21) 9(64) 12(86)
Negative (N0} 2(14) 2(14)
P33 suabilization
Positive 1{7) T(50) B(57)
Negative 2(14) 4(29) 6(43)

Table 5. Correlation of microsatellite instability to c-mye
and p53 in multiple primary cancer of same or
related organs

Microsatellite instability

Positive  Negative Toal
no.( %) no.( %) no.( %)
c-myc
Positive 6(29) T(33) 13(62)
Negative 4(19) 4019 B(38)
P53 stabilization
Positive R(38) 5(24) 13(62)
MNegative 2(10) B(29) B(38)

2] oF 80% e]gollA g 2 e SHA
B854 diaielat =8 dat S e # MSIs
hMSH2, hMLHI, hPM3I1, hPMS528} 7+ mismatch

repair gene Hihel] 2]3F M4 o] 4HRER)el] 2]}
PR = e ehy A, AubAl(sporadic) ok
ofl 4] MSI+ polymerase delta genes} 2 o} &4
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2ol Salulolel] olefe] wbaldicar oA glep
Microsatelliter= 270 =] 542 g2 g7 sidel
HhEE = fAe] 2@ e g o YHE PCRE FF
% ouf cofEAe] FAEe] FHAL EHALAE H
Qg <+ qde}”,

] Microsatellite DNAZ] 7)52 21#s] o] &=
aoglAlE gk e, ©EEd exond AHAFH F
© 2v] gle #FHAunk)ebs g el gel =7t
A drEEE 9] APE FAxle] @A fkel
homologous recombinationel] &l o] (barrier) <= &
& 3= Aog HYrrEo A3 Yo}, gFollHE o
28k WhEE = 7] e Heg gl we] o
#2] 4ale] wIH# recombinations|t} fH#b 2
& dhaA] she] g T BedF Fog PE
o] Ze}t, ezl Ms12] felel swmbility gene2] A%
AH % DNA repair, mismatch repair, AL} F2]2]
Aol 5 st F FHAHras, Rb, p53el] E=
He| & fuldle] FoFE whadA] glopa AHTRE AL
qiel,

Apubal ebdbal ghEefl 4 MSIZ dl%yE AFAY
ob 13%~, AFEsE 17-22%7, gigk 634%™,
Axkol 15972 oAl 13-30% o|E Haalw gl
b e chebal faba Zekeld Msie) wIEE
=48 gy B3 oy o F2 6580571
Rasiar gle] cpubd Foke| whibA Hokell wlsh
of fAake] Sk o] g3gk dele] sl A
o2 sl gk B g AnE oy §HE
ol 4] MsI2] dlxrl 47% 2 o E Haabse] kA
ShE(10~30%)6l vlsbe] o] F£ wlsrp FAED
dof, chitdl obFo| fAAe] EhHAA o HH
o] et Hmel dx)sigict. 53 a2l A
chybd obEa] dbdglk HSTH2] MSI 8Bl =7l 60.0%
2 ol A7dlA il ehFe] wbAR FHT)
2] 28.6%el wltle] Fel ol Ar|7} MSISE o
ek fAl7 9S8 Aeg £5 =Hedo a2 old
g Ane w2 S 47 277 MSie ¢
WA BAZE Qle] vk =A fEE Heg
Ak 4 glou), &8l 2re] MSI ¥lE7F 0% ol
Weles e oAl o =2 A 4o A
I MSI7F Ealsle Aol A W= fd Fof
o] HbAlEE F FHE =2 9le A7 FF A
off ik Frdel o E Eel o|ab FHoko] At
M} e ArlelA o whidtaiA g Aleg
A zHslglc), o8} 2 FHE FoF w4E F A
212]9] field cancerization” # tichA] ukel A (multi-

siep carcinogenesis) 5 A zhabwl 7hgalel field can-
cerizations= 2] yhalle] q)e] g 4 A Eejl4 Yoo}
= e ohzl T FAel gl A=l FHnbe] #H
A doju}= vigkAde| gbd Fwiofl4 Faoko| wubay
gtk Ao m, chkA ek EAL o] chAle] #
Az Wzlel] 2)sle] Foke] bRl FHe|dl
ole} 73 feld cancerization2] o &ks}ol] 9l A
A7lell A FAA2] Eqbgde] glckd 2osiA=
chehA|e] wbgl #del] o] & wiztd Hoz A7tz
o] e}

2 odellA] MSIFE 4 ghakg 20 o] e]
primerel] 4] ekAdel 25 6all(80%) o|glul, o]+
MSIE uh=l= S Al siability gene)2] Fgte] o7
219 microsatellite lociell 53| o435 uhadd g
Aeg Azbglcy, elat Z} oprimersl] of¥ Ms1e]
Are] FE Al K] Fok Aeoleld Ae]r} gl
74 §-(He, §3, 85, 86, 57, S1007} w2 #HE sability
gene2] 7Aghell 2]8k MSI2] ubeo] <lE A o] opd
Haxlde s zt@sle] uldsl Sxog AzbE|gl
3 ool o BnzRETPa dxsie Aoy
ol gt o] AALS gl Fael FAlel wAUd H
Al ghEe] uigh #pAle] e o] BEZE wh
dl, % Fokoll4] MSI2] A#e] o|HHo g I3E]
W 5 Foko] Ho|wldrl opyd Faje] Hubdd Fok
a2 AlAbghcha shgleh”

MSIZE oA gl s Fok F 55 digels
AE 7§71 3675 R o E BaabE el 76% 9}
FrAEr Aerl faEglch olEigh £5 diEek &
Zhell 4] MSI7} =2 =g #EsicE AAE di3
obE 34 digsle] rlEdel =2 #3 HE 4
Halis dlell 28 & F s ATdM & o
AF7F dejel 4 Zoz A= gl

ol FokellH emye TefFle]l HEE PEH F
ok 60%", et S0%e}l AFHEY 2547, ket
66%", foF 23.5%" 2 HaiEa, ps3 Held che
g HE2 abdg 8522785, flel 53,
thzlel 465%%, 2let M58 Yy HaEw glch
BoAyelld FoF FHAHe-mye)2l A FHA
(p53yell izt wiedz=2 3 ebd oA HAE e-myes
71.4%(25/35), p53e 60.0%(21/35)0l4 =g o},
Ha otFe] Yy GHES YTy ok & %
A goletn Azkegd. e HY® STPeE §
Fated Dakalel 22 comyeo] 85.7%(12/14)%) 61.9%
(1321)2] ok4 & Ho|a, ps3= ZHzh ST1%(8/14)%)
61.9%(13/21)2] opAde] faslo], FASHew 27
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o] oaghel] ] MSI®} psze] lgt A7} FHobs 9l
e} Zpgufubelel] 4] rasih psidh e Tk A
Apg} AitAde] givks o Ve X sbglch

o]-g2| Hatelld o3t A7) ey g3t oy
A ghFelld MSIE] WXzl wjdf zbr] Fef| v]a}
o =7 f3Ee] AP Ay o] o MSIzl 23 g
dztdo] Q& zHeg A=, 3 Ha| Foko] b
A FE 2316 e §4 #@77F Trde] oS
%ﬂ} o|zt Fok yhle] {4 ZA7|ol 4 diubdt o

= AzbEle] ol ohubd fluby E&%ﬂﬂ H“ﬂ ]
4 #Holg gleg o dFE ek ¥ B 4
=) gl e},

=1

o=

e =

ek ek 7o & oo g ekl tigF micro-
satellite  instability(MSI-S  =Absla, £9F FAa}el
ps3 3t c-myco] whilo] i gz G
Alﬁﬂé}ﬂ:] MSIg} WA w)aste] ofSal 32 Ha)
+ st

MSI= 176l 8of47.1% el 4 T3bsElgla, o]F
T ofire] f el kol Hf= esdl(80%)0]2
ot vl Aol oA ghEe] wbAY FHT)
#hoalyl @z|olla] cpdd qhfe] whald FisHe
2 el My MsIg] wsr e 286%(2Te)
60.0%(6/10)e] ek, o] MSIS} edibslo] FEoko] ul
A ol 28 = e AT B =g B
7ol ulsho] chekAl9) et Bl H S Aol
¥ AAsgich. aelm MSI kgl o] WAe)
Zd57F eodlell A B3 5| replication errors2] b aol
27U E o 7 2l Fk FH el HE A
ozt el bt Tkl Fok FH)
(c-mvec)=} 'ﬁ‘tl Al FH ST TLA%2535)5) 60.0%

(211352 F2 Ydfe] shxEgle) MsIg o
A2 I g 5 ol
o] 4ke] Ao MSIE dleldl =74 whasl
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