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Efficacy of hMLH1/hMSH2 Immunohisto- cer familial history, synchronous colorectal cancer, right side

chemical Staining as Representative Index tumor location, and poorly differentiated or mucinous cell
type. However, age, synchronous colorectal cancer, and right

for Microsatellite Instability Status in Spo- side tumor location were associated an the multivariate
radic Colorectal Cancer analysis. In the first round of immunohistochemical staining,

no expression of hMLHI| and/or hMSH2 was obserred in
Sang Hun Jung, M.D., Hee Cheol Kim, M.D., Jung-Sun 71 cases (12.5%), and the sensitivity and the specificity were
Kim, M_D,', Jene Choi, Ph.D.', Chang Sik Yu, M.D,, Jin 50.0% and 91.9%, respectively. After repetitive immuno-

Cheon Kim, M.D. histochemical staining for the 7| cases showing disagree-

ment with the to MSI status, the sensitivity and the spec-
Departments of Surgery, 'Pathology, University of Ulsan College of ificity of the second round of immunohistochemical staining
Medicine, and Colorectal Clinic, Asan Medical Center, Seoul, Korea were 53.3% and 97.6%, respectively. Conclusions: Sporadic

colorectal cancer with MSI appears to have distinct character-
Purpose: Sporadic colorectal cancer with micosatellite in- istics. However, immunohistochemical staining for hMLH |
stability (MSI) is supposed to have a distinct molecular pro- and hMSH2 is not accurate enough to be used instead of
file, distinct clinocopathologic feature, and a distinct prog- MSI. ] Korean Soc Coloproctol 2006;22:184-191

nosis. However, the test for MSI is still expensive, and a
big machine is needgd for routine screening. This study was Key Words: Sporadic colorectal cancer, Microsatellite insta-
performed to examine the clinicopathologic of character- T ) i o

istics of MSI sporadic colorectal cancer and the efficacy of bility, Immunohistochemical staining, hMLHI,
immunohistochemical staining for hMLHI and hMSH2. hMSH2

Methods: Five hundred sixty nine colorectal adenocarino- At oiEb e, so|25H £
mas resected from September 2003 to August 2004 at Zlstst AM  hMLH1, hMSH2
Asan Medical Center were prospectively collected. FAP (fa-

milial adenomatous polyposis), HNPCC (hereditary non-

polyposis colo-rectal cancer), and incomplete tests of im-

munohistochemical staining or MSI were excluded. The MSI A =

status was determined by using PCR (polymerase chain =

reaction). A first round of immunohistochemical staining for
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erformed for cases showing a disparity between the two o _

zxams. The cIinicopathoIogitg: variail)alesyregarding the MSI tEE Wkl 7191 71T SF F2 &l o5t

status were analyzed, and the sensitivity and the specificity SAEe fAdgo s AL WA B¢ @

of immunohistochemical staining were evaluated. Results:

Sporadic colorectal cancers withg MSI-H were 8.4% (n=48) kg el Sk 2K oncogene), F-F Al A (tumor

and were associated with age (<60 years), colorectal can- suppressor gene), 12131 & U X5 % A (mismatch
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repair gene) & THFE A 7S HE T HAF
M o] F 9Ho FAHAEL L 5} 27

3 BhSS o =sle AEE o] gH T
EYAETHAGE DNA EAHAGA A LA 8=
A719) BYAE wAHs= TS ok, olH T EIA
A Tlsade 53] 2 dA ) S48t
= F2 W 971441 microsatellite®] 2 o] 7} #ro}A]
Ay Zojx= A<l microsatellite instability (©] 3}
MSDE Z 3 MSIE B B75AA 7524
o xHYCF ofjgt Wizt A xS Y, v, A=
o ]

3
F710ll #AdFAY, AEIAE 2-EE 75 71
frzte] A std o] A FEo] Hopxlith ti <!
o] A$- 34 n]-8FZ <Y (heraditary non-polyposis
colorectal cancer, HNPCC)®] & X|&EFF-2 =} ujxd
Holo ofaf WAstaL, o] -9 o] ujAd Hole
KMLHIZ} hMSH2 A B8 0h” 2 o) geke] 73
$ 10~20%°1 A MSIE Ho|A g+ BEYX|HFFA} 7]
=
MSIE Hole 4hdA tidede 5442 9
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2003 99 H-E] 2004d 8L 7FA] Aol
FEFEYolA gAge 2 FHAES e
24 o g AFAoZ AFeAth <S4 855,
1, 22} Amsterdam 7|59l 3135 = HNPCC A=
e, MSIg W x2518H7 44 A7t 5%
AV #5317 oAHR A= AQdsAnh HEH
56078 2] A= HFoE 3o, HA) 358,
211802 Ht AHL 604(15~824) Atk 7H5E <]
NEe 1= 7 W e Aute S} sle
7359} Amsterdam 7]|Eol| 4 A| A3 HNPCC ## <9t
9 figo g Hedte fxrt Qle A5-E skSith

flo

oN

2) MSI S&tsAMES

MSIZE &<213}7] $3}e] National Cancer Institute
(Bethesda, Md., USA)°l A @Asl= BAT25, BAT26,
D178250, D5S346, D2S123 57}A| & ¥ A AH(based on
NCI recommendation, 2004)E ©|-&3lo =23 &
FxAH o FTHFELANTEES AAsATE FHEL
A ur-3-S 93] 10 pM primer, 1.5 mM MgCI2 20ul,
deoxyribonucleoside triphosphate Z}Z} 0.2 mM, 0.75 U
Tag-DNA polymerase (Promega, Madison, Wis., USA)E
st 2509 WHSAS FHEAT FH B
HH-8-2 94°Col A 4 minZt Z7] WA F, 94°Coll A 30
%, 45~60°Col A 30%, 72°Coll A 3025 3557] &<t

[8 g & wpx)Eto 2 72°Co A 627F AgNEES A
139 FFELANS B ABI 3100 ge-
netic analyzer (ABI 3100 Automatical Capillary DNA
Sequencen & ©|&3te] B3 H T 5719 RAAF F 2
7| o]’dell A Bt S B 7% MSI-H (microsatellite
instability-high), 17} A ESHdA-& R Y 74-¢ MSI-L

S
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(microsatellite instability-low), ¢+ 8 A o] gl 252
5

MSS (microsatellite stable)® 2] E 3}t
3) hMLH1/hMSH2H 91 = X| 5} SHx o A

Az s}etA G FEE FFES7E E
e et E=of 245 5pm FAE AT, 60°Coll A
FRAN F AdAow dedS AASL 100%,
95%, 80%, 70% <AL =Z A3ttt Sodium citrate
buffer (pH 6.0) &S o]&al FAS ==FAIZ F,
0.1% H0,-methanol &3} 0.05 M Tris-HCI buffer (pH
70)5 AHE3t] W1 Aitstass AR ZH 4%
skimmed milkel]l 1083 ¥+8-A1%1 ¥ hMLH1 (clone
G168-728, Pharmigen, San Diego, CA, USA)3} hMSH2
(clone G219-1129, Pharmigen, San Diego, CA, USA)ell
HF-3-3}= 213 (mouse monoclonal antibody)Z 41 -&
o Al 1A1ZF E<F WA AT 0.05 M Tris-HCI buffer

(pH 7.6)2Z A3+ 3 Peroxidase-labeled streptavidin
(DAKO)S 4204 10%7F 8F&A1Z] F 0.05 M Tris-
HCl (pH 7.6)Z A3} t}t. DAB (diaminobenzidine
hydrochloride)E chromogen®. 2 o]&-3}o] 58 J= 2
2o A BT F{HGE FAISA T Harris Hema-
toxylin® 2 3&37+ 2 FAAIZ] & @43} 3L Canada
balsam©. £ %933 th.”* hMLH12} hMSH2 W &=
2 3}shA Aol 5L 2] M HE 9
3 FEEHUeH, 22 24 U AAES G Ux
TOo R st FTYERZ Y AEF o] Aoz A
0] 10% o]’dolH g T = =313 thFig. 1).
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Fig. 1. Immunohistochemical staining for hMLH1/hMSH2 in colorectal cancer. (A) Tumor cells show abundant brown-nuclear
staining of hMLH1 protein (x40). (B) Tumor cells are absent hMLHI1 expression (x40). (C) Tumor cells show abundant
brown-nuclear staining of hMSH2 protein (x40). (D) Tumor cells are absent hMSH2 expression (*40).
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Table 1. Clinicopathologic characteristics according to mi-
crosatellite status (MSI-H vs MSI-L/MSS) in sporadic
colorectal adenocarcinoma

MSI-H MSI-L/MSS  Total

(%) (%) (%)  P-value
n=48 n=521 n=569

Sex 0.641
Male 32 (66.7) 326(62.6) 358 (62.9)
Female 16(333) 195(37.4) 211 (37.1)

Age (years) 0.023
<60 31(65.6) 243 (46.6) 274 (48.2)
>60 17 (35.4) 278 (53.4) 295(51.8)

Familial history 0.001
Colorectal 10208) 31(59) 41(72)

cancer
Others cancer*  3(63)  55(10.6) 58 (10.2)
None 35(72.9) 435(83.5) 470 (82.6)

Synchronous cancer 0.024
Yes 6(125) 2242 28(49
No 42 (87.5) 499(95.8) 541 (95.1)

Synchronous adenoma 0.759
Yes 18 (37.5) 214 (41.1) 232 (40.8)

No 30 (62.5) 307 (58.9) 337(59.2)

Tumor location 0.001
Right 37(77.1) 105(20.2) 142 (25.0)

Left 11(22.9) 416(79.8) 427 (75.0)

Cell differentiation 0.001
WD/MD 30(62.5) 449 (86.2) 479 (84.2)
PD/MUC 18 (37.5) 72(13.8) 90(15.8)

Tumor stage 0.579
T1/T2 8(16.7) 112 (21.5) 120(21.1)

T3/T4 40 (83.3) 409 (78.5) 449 (78.9)

Node stage 0.102
NO 31(64.6) 281(53.9) 312 (54.8)

N1/N2 17 (65.4) 240 (46.1) 257 (45.2)

*HNPCC related cancer. MSI-H = microsatellite instability
high; HSI-L = microsatellite instability low; MSS = mi-
crosatellite stable; Right = proximal location to splenic
flexure; Left = distal location to splenic flexure; WD = well
differentiated; MD = moderately differentiated; PD = poorly

differentiated, MUC = mucinous.
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test & Logistic regression analysis 74| 7] < ©]-&-3}
293519t 7= SPSS (version 12.0) ZZ 138 A}
&stRom P ko] 005 HNtY A5 FAASE 9w
thar B3R T Microsatellite statusol] ™2 hMLHI1/
hMSH2 Wz 3}8H% 4 A3E Blushgon,
MSI-H/MSI-L¢} MSSol| tgh 1, 23} W x 2 3}51
A o] W (sensitivity), 5 ©] = (specificity), %F-d o
=E (positive prediction rate, PPR), 24 o] =
prediction rate, NPR) 1&]3L

= (negative

&% (accuracy) & FA}

st
2
1) MsI9} 2lAtz|sts =3

5694 9] #x} 5 MSI-HE YERA 2= 489(8.4%) X
om, MSI-LS MSSE 747} 124 (2%) <t 50941 (89.5%)
ATt 604 o]at, thdete] 7HEE, A S, ¢
Soll dAgh oot B ookl Al xS A&
o) AY HHAGQ AS BATH R ofn] QIA MSIS]
HE7h Eoko, St A, 859 /7, T4
x}];} 101: gg ]Fﬂjixé x%o]‘— Eﬁ]x%g]—x% z}o]a
o] A e¥SkTH(Table 1). Lejut Tt F Al A= &2t
o] (P=0.025), A1 ™7 (P=0.034) 1811 ¢
S e B@<0.00n= FAHORE ourt
Ao}, et 7=y 9 AMEEste #HAo
Sl= o= JETH(Table 2).
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2) MSI2} 1A} hMLH1/hMSH2 T424 = X|5}

2

12} W Z22518% A2 o4 hMLH1®| T ¥ 73
L 5409 (94.9%), hMSH27} ¢33 E A= 5219
(91.5%)¥ 31, hMLHIo] 3 Ex e A= 299
(5.1%), hMSH27} W3 5 =] @k 73%5 48(8.5%) =
hMLHI1©|Y} hMSH27} 31} & & o} 435 ge

Table 2. Logistic regression analysis of clinicopathologic
variables regarding MSI-H

OR 95%CI P-value
Age 3230 1.160~8.989 0.025
Familial history 1.468  0.500~1.890 0.474
Synchronous cancer 2212 1.051~2.890 0.034

5.001~71.685 <0.001
0.740~1.615 0.261

Tumor location 18.394
Cell differentiation 1.525

OR = odds ratio; CI = confidence interval.
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Table 3. Results of first round IHC for hMLH1/hMSH2

according to MSI status

hMLH1 (+) hMLH1 (+) hMLH1 (-) hMLHI1 (-)
hMSH2 (+) hMSH2 (-) hMSH2 (+) hMSH2 (-)
MSS (n=509) 468 (94.0) 23 (54.7) 13 (56.5) 5 (83.3)
MSI-L (n=12) 10 (2.0) 2 (4.8) - -
MSI-H (n=48) 20 (4.0) 17 (40.5) 10 (43.5) 1 (16.7)
Total (n=569) 498 (100.0) 42 (100.0) 23 (100.0) 6 (100.0)
IHC = immunohistochemistry.

Table 4. Results of hMLH1/hMSH2 expressions after second round IHC for 71 cases showing disagreement to MSI status

First round IHC

Second round IHC

hMLHI (+) hMLHI (+) hMLHI () hMLHI (9 hMLHI (+) hMLHI (+) hMLHI(-) hMLHI (9

hMSH2 (+) hMSH2(-) hMSH2 (+) hMSH2 () hMSH2 (+) hMSH2 () hMSH2 (+) hMSH2 (-)
MSS (n=41) - 23 13 5 29 5 3 4
MSI-L (n=10) 10 - - - 10 - - -
MSI-H (n=20) 20 - - - 18 1 1 -

= 714(12.5%)Z YEFSLTH(Table 3).
MSS—‘% ®2l 5094 % hMLH1¥%} hMSH27} =% 2
H 5= 4689(91.9%), hMLHI©|1} hMSH27} &}
2o E o EdEzA A= 4198.1%) R
, MSI-HZS H.o]& 48¢] 5 289(58.3%)°l 4] hMLH1
o]y hMSH27} 3ty &2 & o w3 EHA &tom,
209 (41.7%) hMLH13} hMSH27} 25 & & Qo).
MSI-L 124]¢] 7% 10<](83.3%)°l 4] hMLH13} hMSH2
7} % dEEoH 29(16.7%)= hMLH2Y & 5
2] 9 9kTH(Table 3).

oF O
E

/g

3) MSI2} 2X} hMLH1/hMSH2 T193 =X
OF AH

MSI AR} 12} o 2251 8H2] dAollA B
X<l MSS 419, MSI-L 109 1231 MSI-H 204 &
of o A A xZ 3} stA S A ARSI T

MSSE Ho]WXA hMLHI 3-° hMSH27} & & A

F 2 41¢] = 299(70.7%)°1 4] hMLH13} hMSH27} &

O];(]E

19

o
T BE 5 on MSI-HE Ho]HA hMLH1Z} hMSH2
7} 25 2HEE 209 F 24(10.0%)91 4 hMLH1 <

hMSH27} @ = =] &gkth. MSI-L+ 23} ﬂﬂo_,ﬂil}:@}
2 @A 12} HAx At GAo] U A
£ H A TH(Table 4).

4) MSI status (MSI-H/MSI-L vs. MSS)E 0f| &5}
= ZAlRAO| BojzA|sialx ofu

MSIo|'H A hMLHI1°|Y hMSH27} 3y & & o
HEE 2 g2 A= 3092 12 HExZ 35 o
Ao MAEE 500%9°H, MSSo|WA hMLH1%}
hMSH27} 25 S5 E Eol% & 919% 2 Vel 1
2 g A e = 77t 42.3%,
93.9% 2 87.5% = E}THTable 5). 28]l 1x} A Y
%23}k G MSI HAMA A2 g JﬂrE
of AAAPL o] Foll 71 & A% 23 W
1703?:]_6:}-}(-] oﬂAﬂ_g] u]71—1: oolz/ké c;ﬂé.g’ %}51

98 2 A== 47 94.6%

a1

=
-
o=
o=
%8, S48 2

=,

g_s]—}\] Z]
, 5O|%,
53.3%, 97.6%, 72.7%,
1831 92.9%F YEFSTH(Table 6).

o] MSI &A= 9} 4 2] st
A 54 3 dqzAsisty o] ek Eavk 9]
o2 o} A 7k7] 500¢] o)/de] dlFE HE i
© 2 MSI 43 hMLH1%} hMSH2 W& % %] $}8}%]
A4S Bl dge gl & A9 1dzk diE
dor fEAESs B2 I T FAAH WESS
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Table 5. Efficacy of first round IHC of hMLH1/hMSH?2 as
representative index for MSI status

£] 591 1 2k Aol A MSIAEIE WHeElE A EE A hMLHI/hWMSH2 49 #8284 189

Table 6. Efficacy of second round IHC of hMLH1/hMSH2
as representative index for MSI status

[HC HC
MSI status MSI status
MSI* Mss' Total MSI* Mss' Total
MSI 30 30 60 MSI 32 28 60
MSS 41 468 509 MSS 12 497 509
Total 71 498 569 Total 44 525 569

*MSI in terms of IHC: hMLH1 (-) or/and hMSH2 (-);
"MSS in terms of THC: hMLHI (+) and hMSH2 (+).
Sensitivity = 50%; Specificity = 91.9%; PPV = 42.3%; NPV
= 93.9%; Accuracy = 87.5%.
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*MSI in terms of IHC: hMLH1 (-) or/and hMSH2 (-);
"MSS in terms of IHC: hMLHI (+) and hMSH2 (+).
Sensitivity = 53%; Specificity = 97.6%; PPV = 72.7%; NPV
= 94.6%; Accuracy = 92.0%.
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JJrhMSH2 HA A s}ehE g -840 el =
=do] etk BEB i HIC) 7 W o] (missense muta-
tion)U} 7+ o] (truncating mutation)®l] <3t AMLHI
A2} 7)5AaAo] dojt 9= hMLHLY] tid |
Az A3 etz Gl kAol =k S’ ey Abak
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