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Abstract

Objective: This study is dedicated to assessing mismatch repair deficiency (AMMR) in gastric can-
cer utilizing immunohistochemistry (IHC) and determining microsatellite instability (MSI) via po-
lymerase chain reaction (PCR) testing. Its primary aim is to evaluate the consistency between these
diagnostic methods for dMMR and MSI in gastric cancer, and to comprehensively analyze the clin-
ical-pathological features that characterize these molecular markers. Methods: Between March
2020 and July 2022, we selected 85 gastric cancer patients from The Affiliated Hospital of Qingdao
University who had not received prior treatment and underwent radical surgery. These cases ex-
hibited dMMR based on immunohistochemistry (IHC) results for mismatch repair proteins. The
IHC results were reviewed by two pathologists. Polymerase chain reaction (PCR) was employed to
evaluate MSI status in the same cohort. Concurrently, we analyzed the clinicopathological charac-
teristics of AMMR/MSI-H gastric cancer. Results: In the analysis, all 85 gastric cancer samples ex-
hibited mismatch repair deficiency (dMMR), as determined by immunohistochemistry (IHC). Po-
lymerase chain reaction (PCR) testing on these samples identified 3 cases as microsatellite stable
(MSS). The concordance rate between IHC for dMMR and PCR results in these gastric cancer sam-
ples was 96.47%. The cohort predominantly consisted of male patients (61.2%), presenting a me-
dian age of 70 years at initial diagnosis (range: 45~86 years). The tumors were primarily located
in the gastric antrum (76.5%) and displayed a joint loss of MLH1 and PMS2 MMR proteins in 94%
of cases. Regarding histology, the mixed subtype according to the Lauren classification was most
frequent (43.5%). Stage II tumors were the most common (54.1%). PD-L1 expression, with a com-
bined positive score (CPS) of 25, was observed in 81.2% of the cases. EBER expression was nega-
tive in 98.9% of cases, and no HER2 gene amplification was detected across the cohort (100%). A
majority of patients (68.2%) did not undergo adjuvant chemotherapy. As of the last follow-up, with
a median duration of 17 months, 85.9% of patients exhibited no signs of recurrence or metastasis.
Conclusion: This study underscores a significant correlation between immunohistochemistry and
polymerase chain reaction in detecting mismatch repair deficiency and microsatellite instability
in gastric cancer. Key clinical-pathological features include a predominance of the condition in el-
derly males and a frequent tumor localization in the gastric antrum, leading to a generally favora-
ble prognosis for these patients.
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DNA B E (MMR)2 DNA $iAEENLHIF E BRI 2 —, X DNA & fill fi5E F EH S i e
RO AT IEAEE, FEH 4 A% H MLHI, MSH2, MSH6 #l PMS2 [1]. 4 NMEAHZ —HIL
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SR, 514 dMMR, S5 DNA #5155 #) o i T & (microsatellite, B 1 80 85 & B T/ DNA 1) EE
HHE RS, B MSLe B R RS K 8] TG VR 4 RF 2 fa g 58 DR 28 1) G 0 X AL T 1 AR RN R 2
71 & AN E2 5E (Mlicrosatellite Instability-High, MSI-H) [2]. H 8% F TR MMR K575 B4 3 fh: 450E1E
5 E AW 44Uk 2E 4 . (MMR-IHC) « 13 T2 X 38 5 & iy 4 50 < N (MSI-PCR) . MSI AR
(MSI-NGS)s MMR-THC Al /2 I R - MMR HRAS I (1) 5 8 FH 7535, ik 43 B DU R R 15K U8 MMR 1)
IHREIRAS . PCR y2/2& MSIASII “ EhrifE” , SHIEEFEARI IR FEAY 1 DNA F BN HL kil
AL . NGS AL DNA MSLARES, PR AR i BAFBIT KSR A, H AT AR B A2 I R S B
fEH, (HEFIE, AR NGS T & KM 2 F 75 PCR &kl MSI 5T & 21k 95% [3].

I RE T 7T 2 2L (ACRG) ¥ B 8 49 MST A4 P2 52 5 (Mlicrosatellite Stability, MSS)#i K2R [4],
MSI BRI R R R Z RO, 5 B RE BB 8%~25% (5], W W T4 tt, HATms . Kl
(Lauren 43 70). 2 SR B 20 JHAT AT 3H) . Dk LS F R 50 55 6], 55 MSS B EAHLL, HaiFRiGs T
(1) MSI B B e J 3 TS AT (7] 554 MSI-H M8 B 1w g Gt FIAH AR EE PR T bk O 40 s 0 S5 A
RO TR G B O SE, KT MST 2 B9k U, AR R iaTT 7 AR SRR IR AT A IR,
1H 5 WG V697 3R 35 [8] [9]. Eb i #E KEYNOTE-062 HF 78 7, A8 41 Bk B 5T B 245 25 1K) ORR A 57.1% (95%
CI: 28.9%~82.3%), M FIER AR A 1LIT 41K ORR N 64.7% (95% CI: 38.3%~85.8%), F4lifbyr 4l
ORR 9 36.8% (95% CI: 16.3%~61.6%) [10].

H A E Py 55T B MST RFRIE R, AR THC 45 58 dMMR (1) 8 9% R £ & PCR VEHHTH:
M MST, L B e MMR/MSI AN [FEREI 75 vk — 2k, R0 dMMR B I R EREE AT S, $6 3
[HZRZ2ig

2. HRER*
2.1. #%

WEFLEEL 2020 4 3 H & 2022 £ 7 HE B RFMEERARTEREIRIT . 2 BEREARNELESE
(MMR) %5 [ THC Al 45 54 dMMR 1 8 R 05 51 3L 85 1.

2.2. A&

2.2.1. SfEE KRN R RIERIE

85 BIARJGIHELFEARIIZ 3. 7% HEFEER E, AEAE, 3 um Y/, 7 Roche Benchmark XT &Y
Benchmark Ultra V- &7 G A0 Yettn, 6 10 R 25 B0 FH R B pk w5 2 Al 22 . ESOS (MLHI1). FE11
(MSH2). EP49 (MSH6). EP51 (PMS2).

M 2 2R E IRV HE V)4 Rl 28 &, IRt THC 25 SRt AT Sz se, ik mi—5.

2.2.2. PCR & MSI K7

Xt 85 151l AMMR 5 J A FH 7 AL 3R 55 & Miicroread Yo ifRT 20 4R IE 5 4140 NDA F NR21.Bat26.
NR27. Bat25. NR24. Mono27 6 N HAZE B RN ST . 6 MNRZEFRRR TR A 2 N Ek 2
AL EHIATEE AR E XN MSI-H, 1AM s IASEEE RS € O B RS AR EMSI-L), &H
B AR 8 IRE € X MSS.

2.2.3. YR 85 I B BR A B & lIm R 554
ELFEAERS VRS IR A B L FERE  Lauren 20 TNM 43 #(UICC/AJCC 28 8 fi) HER2 (FISH/SISH
frill). EBER. PD-L1 CPS (22C3). WRAHSE. RIB S MR S s R B2 AR5 i B 7 S5 G R kL
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HXRNHAEBEERITERLEAKEY . AMALT R REWREERCHEEZ LS HEZMAMEFEHRS
QYFYWZLL28299).

3. &R
3.1. MMR IHC #&5NZ 8

X} 85 il B JEFEA MMR IHC 25 R EFT AL S5 E %, 4 dMMR, Hi MLHI HH5 PMS2 &HH
ILFEE I 80 H1(80/85, 94%), 73 PMS2 £ H FEAMER & 2 5], MSH6 £ [ 3Rk s 2K 1 1], MSH2. MSH6
FEAILFEEL 1], MLHI. PMS2. MSH2 & A3t RIH 2% 1 4.

MSI PCR fill 2558 : 85 #i12 PCR &kl MSI B4+, MSI-H 4 82 f5], MSS 4 3 fil. 7£ IHC
HHN AMMR 525 MSI-H 5651, dMMR 5 MSI-H f—F0% 9 96.47% (4 1 A1 1),

Table 1. Immunohistochemical detection results of mismatch repair protein and microsatellite instability test results based on
multiplex PCR method in 85 gastric cancer samples (example)

= 185 fIBEHARREEEAREENENERMNET ZE PCRIZNMIBENRERNLER )
BT 2 H PCR AR LR A RE RN 45 R

HIREY RS R Rl LT N 1%

MSI-H MSS

MLHI1/PMS2 (-) 80 78 2

PMS2 (-) 2 1 1

MSH2/MSH6 (-) 1 1 0

MSH6 (-) 1 1 0

MLH1/PMS2/MSH2 (-) 1 1 0

&t 85 82 3

MSI-H: PR EEATEE: MSS: MERRE.

MLHI (-) MSH2 (+) MSH6 (+) PMS2 (-)

T NEP R
h".o,, % -r‘.‘&«!(“ 1 &

Figure 1. Immunohistochemical staining of mismatch repair protein in representative cases between dMMR and MSS (im-
munohistochemical staining x100)

E 1.dMMR 5 MSS A —HRKEMROERIEEEARRARUFRE(REARAUFLEEX100)

3.2. A(MMR B E & IEKFBRIEFFE

FFEroMNBRIER) 85 B, Bk 52 N, @ik 33 N, WISH A AAERRLE 70 3 (45 $~86 %), A
R S BB 31.8% (27/85), A iR S i s B 1 30.6% (26/85), R T B FE, & 76.5% (65/85), Lauren
ST AT TR AL IRAT A 33.0%. 23.5%. 43.5%, LA I N FE(54.1%), FHOh 1T
(25.9%), 1344 20.0%, PD-L1 3Ri& CPS >5 (81.2%). CPS 1~4 (8.2%). CPS <1 (3.5%), EBER &iX NEA
P£(98.9%) BHTE(1.1%), HER2 B EH HE(100%), REZHHIIT R EE 68.2%, BBV, H
85.9% B3 A HINE K UL LR (R A2 BE VI 18] 17 H) (G5 2)
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Table 2. Clinicopathological features of 85 dMMR GC patients

%< 2. 85 5 AIMMR B ¥Z B & G R RIRYHIE

e PRARFAIE

NS B)
5
&

FReCrEIF RN - %)

R 32N B/ L)
&l
x5

52 (61.2%)
33 (38.8%)
70 (45~86)

27 (31.8%)
58 (68.2%)

Ji B R 2 (A B Bl
A
i
B A ABU L)

I

11

11 34

ERALA B EL )
H %

EELVY)

26 (30.6%)
59 (69.4%)

17 (20.0%)
46 (54.1%)
22 (25.9%)

65 (76.5%)
20 (23.5%)

SHERE (NS
iK1k
ok
Lauren 4%l
I7EiE)

R

it

45 (52.9%)
40 (47.1%)

28 (33.0%)
20 (23.5%)
37 (43.5%)

HER2 R7&
FAtE
EBER RZ
PR
FAE
PD-L1 CPS

<1

85 (100.0%)

1(1.1%)
84 (98.9%)

3 (3.5%)
7 (8.2%)
69 (81.2%)
6 (7.1%)
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gk
wEnbsr
Wz 27 (31.8%)
RIEZINE S 58 (68.2%)
BRI
H 7 (8.2%)
X 73 (85.9%)
EN 5 (5.9%)

3.3. EtELEER PCR TR G

mE 1.

MSI £ #%¢ % PCR Al &5 IR :

JEZHZR: NR21 [t Bat26 [1%: NR27 BAE Bat25 BitE NR24 [t Mono27 B4

IEHHZ: NR21 Bt Bat26 £ NR27 B4 Bat25 [1E NR24 Bi% Mono27 B4

g LA MSS FaE

s 2,

MSI £ E ¢ PCR K6l 45 5«

FEALZ: BAT26 FHTE: BAT25 BHE D5S346 B D17S250 FE D2S123 fHE

IEH L. BAT26 BT BAT25 BT D5S346 B D17S250 [HPE D2S123 [k

gER A MSI-H #5455 i
4. g

B ARy B AR TR WM AN S = O RESE T IR N, HRiUE AMY S I R 40 A 5%, I8 EX
VR AN [R] R 4 25 B 2 R R AVRE 52 143 10 B8 o MISTUIRAS AT DA S B2 g /) T3 175 40, 49 2 11 #9 MST-H 45
B (CRO) TG R AF, HABEMNRUIREENE KRBT ik as, A HEERMBIIT[11]. [FFE MSI-H IR
S5 R E RN RG], EWEHFIAA T8 MSI-H 2 59 1) Bl F A 8107 T feff B 53k
AP A AR AR [8] 5 A MMR ASllE ] DA S AMEAGIRTT 77 R H1E « T dMMR 5 i K SRR
(B SV L T2 (R B A AR X S Ve T A B R S . AR 10% MST a5 441 22 B
WA REEN, WTAES Lynch ZEAMEAESE, Kk, MMR K AT LK B 30907 25 Y 50 e oh A A% P e i
PR B N [12]

H RITASI MMR ) JURR 732 o8 A J& MMIR-THC AT MST 2347 (FII ] PCR =80 NGS K463 DNA
M R EREN). FIRIIVER AR, TR R E B LA TORGUEAT RS, o THC 3% &
VAT, REUES, (FE 517, @ikl lyMsEme s Ea e, (A Rt — LAl MMR &
G R, T H TR R i, BRI AT RE A — 2. PCR A AR e e my, REREEE
HHBEAT AL, (AR A, HXREARMESR S, FESIEFHIITRMA SR . NGS 2=%2Y
ook R I, RRIATE T XS REAR M M A VETE L, MR A MLARRE A o] LLSE BRI, 6T 75 22 [R] Ak A
IR IR B R IR TR T A KR DR SRR (1 R TE O A, (A AT DAYk > N D A S B ) ) 22 SR 13 ]

S AN [ MMR Aar il 77 v I 75 B3 AN A Rsr il 285 SR — SR ) L, A5 9T 5T 3 B MMIR-THC #1 MSI 434
AN — BN 1%~10% » TN 12 B ARAS U4 A AH 50 o 6 A f i LI AN — £ 5 (R 2 MSS UIRZS 1) MSH6
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ik, BT MSH6 FIHAth MMR & H Z [AMFEDIREE SR, 24 MSH6 HhE Ay, MSH2/MSH3 5
TRAREAC MSH6 EiEL MMR 240, MR MSS ARAS[14]. ASHE 78 F F THC A 45 5/ dMMR
() 85 151 5 Je i A NI e %, 0o o4 Sk AT B A A PCR VEIGE, 45 48R 85 14 PCR VELRAIE MSI
BIEFEAT, A 3 6] AMMR AR MSS, H A P 5129 MLH1/PMS2 FIAGJ (K 1), H —5128 PMS2
FakBRIE, AREIE R MSH6 Fik B, 1l Re S AT iR FEAEA RSFHH K.

TEIG RSB, THC Al AL T PCR A MST il /2 78 15 5 PG MMR ARSI R 7, WG
HFNFE R, REBE >90% [15]. AWFFNH 2 8 PCR KHEW) & Fi1K 96%, 5 FRBF LR —.
FE AR MST L8 an 45 s 01~ 5 A e o, R A THC 7250 PCR Al MST 2R 16 F 4 B — [ 16],
P A B B 8 AR0E R T B PN e P G AR A I MMR & (R FH £ 8 PCR 541 MST R
A, BHEW)E I 90%LL B[17] [18]. AT, B IXFA 0@ H IR AT 5, (HIEREHOL T, TRES HIL
AR B 2 I 1 5 L, 04 LI T LA JR] I F MMIR-THC A1 MIST 2347 795 7 925 0 12 1 MIMIR HR 25 O o 12k o
FAMEAR AT AT LA FEAE I NGS A0, — UL HE 645 1] 11 4k 18 s (1) KBS 50 & B, MSI-NGS F
MMR-IHC 2 [A] (1) — 1 100%, 20 %] MSI EEHAH 19 #1(95%)fFEZ /D 1 Fl MMR & H R,
Horb 14 5] MLH1 F1 PMS2 $R2%; 2 6] PMS2 $R2k; 2 ] MSH2 F1 MSH6 25 ; 1 5] MSH6 Sk, 5 1
HIPUFH MMR 25 H ) 5% MRz g o, BN NATAE19]. BT, M NGS K0 MSIHIRZ 5 THC
VREGE PCR A — Bk, 10 H AT Ag 58 BRe A0, AT LASE IR R b 1) i A7 6 8138 e A 32 J i ) 4
PR R [EP A [20],  [RIF Latham 5521130, 7EZBS MRS, kL S5, MSI-NGS 7]
DA B 8 Lynch £5-GELE SSAR R A i S5003 2 R VT A5 IR 3 28 DR R AS

BATVRILER T34 AMMR B ¥ B354 PCR yEIGIE N MSS 4b, i A7 7E /D4 pMMR ¥ 35 4 PCR
ERLIA MSI-H (] 2). 28 MMR & A THC #&fi T 4o it 72, FAAE M PaE 8, =42 —# MLHI
AR A D g 2 RS CRAR, g THC ) DU 2] MLH1 )R (H 52r MMR & H B Difg, il
Jei 9 MSI [22]0 FoAth/b WL SR D5 B an S50 S BOR [0/, F4% PCR IR BLA& RS, X P i ml e 75 22 S0 A
DB A S0 T BRI R AE R E 53 AT bR o PRI A Joid o 1) A, iR 20 234N [ X 3T e A
AF MMR RAS, BEARBENMERRES FHA B R[14]. W], FEEHREY KD S(CAP)RE
MMR FI MSI #l48rE, HEFELEHD AR —BUG O, e B AT =A%, BRI 4 R o uerf v,
A48 FF AT G B AL AN PCR A IAS R R 41 2, DABGHIESS I — 250k, 0] BL25 RER A 3 7 vk 07
fli MMR RS, 1 NGS Rl o [RIEHERE XS T IE7E % 18 S e A A sl il a7 10 B B8 f/ N e 8%, M
i i MMR-IHC A1/8% MSI PCR, fitF NGS #J MSI #&[23].

MLHI (+) MSH2 (+) MSHS6 (+) PMS2 (+)

2T
~ W

Figure 2. Immunohistochemical staining of mismatch repair protein in representative cases inconsistent pMMR and MSI-H
(immunohistochemical staining x100)

2.pMMR 5 MSI-H A —HRFZMHHFHIERIEEEARREBANFRE(REARUFLE=100)

RHTFLAIN] 85 ] AMMR B i AE 8 3 « & 4F 5 1 3 rh O W, Lauren 73 B 22 72 AB R, TNM
SICLIL N E . 5 TCGA 173 2645 R UL DMAE AT FE 1308 5 T2 i BEANARE 10 B e ) S L T
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FELNE . Lauren BAL, TNM - B E(Z N 18I ) — @2 2[5] [24] [25]. XFPZERRAG A HESH
P72 A Ko (RN AHE 78 IMMR B e B R 5 R IR R 72 Ll 85.9% (A BE I 18] 17 ), #2
INRAETUE AT, FIRe S WM RSN R A L, EHEREKFE Ay Ome s, #—PiBes
I RARERER e/

MSI-H B B bR 7 H A MR I R BARFE LASL, 16y TR R B T T AR 00 . ARFFH, K
oy 3 2ULH PD-L1 mRIL, X5ZRTHIHEFAELI26], FERIRAT MSI B A 5 A7 45 2 Fh ez 7
THIFRIE, (EH AN RZEIT I AR, B R7T MSI B 5 PD-L1 (AH BAEFIALE], 7Ty MSI-H
TR0 E 0T DA A BT AR G0 2 R T B B 2 AR AR AT SN LI 85 151 B HER2 JE [R5 L3 1,
GE I SERE 70/ NH(ACRG)INT AL 45 5, 61 1) MSI-H B & S5 29K W, HER2 714, HER2 44 5 %
WLF MSS BEEE, $n B MSI-H 5 HER2 R Wl fEFE R KR, ARFEARRER LD, Bril
AR — B

2i BT, AR AMMR ()8 THC f1% 8 PCR A&M4E B — 8RR m, "LLE Nkb7e, B4
i 2 AR I 2 AR A FLIGUE . dMMR 15 8 A R BRI RO BRHAE ,  JC R AE Sy TR IR B 7 T, VPAS
MMR F RS F 3 B 3R B B 143 B 83 105 A48 S IR IRIVA T -

SANAKIE TR — TR BRI 7L, S A, BT AR AT PR A NGS R MST IR
SHGER, Tkt —5 oW AR R T B B MSURSIRNT . F— S RA TP FeBEA B 06 g0 AT
FUI AR AT AR (NGS) LAl MSTARAS, HAGIF RS MSS A BFI RS BEAF AL 3E AT %o JE (1 AFF 7 >k 5
I A5 AN [F] MMR CIRZS B e 8 RRIE S TS 500 (RIS AHIE FEBE U I (B 800 . BT R IR, &
BARSEEREERE U, O BRI TS AG T IR AL E 2 IR IR B S B .

E&WE

I RAHEHERS 2 2 % 5 GXZDH15 /8 H : PTEN /& PI3K/AKT/FOXO3 i e ik [ Wi R i 1 B
et 243 (¥ BLAR 7 7«
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