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Abstract: Mismatch repair defective (MMRd) colorectal carcinoma (CRC) is a distinct molecular phenotype of
colorectal cancer, including 12% of sporadic CRC and 3% of Lynch Syndrome. In order to investigate the clinico-
pathological characteristics of MMRd colorectal carcinoma, and to find the most effective method for preliminary
screening, 296 CRC fulfilled revised Bethesda Guideline (RB) were selected from 1450 CRCs to perform both IHC
staining for MLH1, MSH2, MSH6, PMS2 and MSI analysis. Sixty-eight tumors were classified as MSI-H by MSI test.
Colorectal carcinomas with MSI-H were prone to be proximal located, poorly differentiated, and relatively early
staged, with infrequent metastasis to lymph node as well as to distant organs, compared with MSS ones. All of the
68 MMRd CRCs presented abnormal expression of at least one mismatch repair protein (MMRP), with 48 concur-
rent negative of MLH1 and PMS2, 14 concurrent negative of MSH2 and MSH6, 4 isolated negative of MSH6, 1
isolated negative of PMS2, and 1 concurrent negative of 4 MMRPs. All of the MLH1 negative tumors also showed
abnormal expression of PMS2. All of the MSH2 negative cases also presented negative expression of MSH6. The
sensitivity and specificity of the 2-antibody IHC test contained only PMS2 and MSHG6 for screening for MMRd CRC
were 100% and 98.2% respectively, exactly the same as that of the 4-antibody IHC test with all of the 4 MMRPs. The
diagnostic accordance rate of the 2-antibody approach and MSI analysis was 98.6%. In conclusion, MMRd CRC has
characteristic clinicopathological features different from MSS CRCs. The 2-antibody IHC approach containing MSH6
and PMS2 is the most easy and effective way to detecting MMR deficiency in CRC.
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Introduction

Colorectal carcinoma (CRC) is the third most
common cancer and the fourth leading cause
of cancer death in the world, according to the
GLOBOCAN 2008 estimates [1]. Cases and
deaths occurred in China are increasing rapidly
in recent years on account of the so called
“westernization” [2, 3]. The pathogenesis of
colorectal cancer is still unclear, but it could be
generally defined in two molecular pathways of
genomic instability. One is chromosome insta-
bility, which is involved in certain oncogenes
and cancer suppressor genes, such as APC,
KRAS, and P53 [4]. Another way is microsatel-

lite instability (MSI), which is due to mismatch
repair system defect, and account for approxi-
mately 15% of all colorectal carcinomas. Most
of the MSI colorectal carcinomas (12%) are spo-
radic MSI, which is attributed to acquired hyper-
methylation of MLH1 gene promoter, accompa-
nied by the CpG island methylation phenotype.
And 3% of the MSI CRCs are Lynch syndrome
related colorectal carcinomas, once defined as
HNPCC (hereditary non-polyposis colorectal
cancer), a classic model of hereditary colorec-
tal cancer [5]. The mismatch repair deficiency
of Lynch syndrome is caused mostly by germ-
line mutation of certain DNA mismatch repair
gene. Thus, colorectal cancers could be classi-
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fied under two molecular phenotypes, micro-
satellite instable and microsatellite stable
(MSS) phenotype. It is more and more im-
portant to reveal the molecular phenotype
of colorectal cancer, as different phenotype
means different pathogenesis, prognosis, even
treatment response. Mismatch repair-deficient
(MMRd) colorectal cancer has distinct clini-
copathological characteristics, including early
onset, proximal localization, Crohn’s-like lym-
phocytic reaction, mucinous/signet-ring differ-
entiation, and medullary growth pattern [6-9].
Furthermore, the clinical prognosis and treat-
ment response of patient are closely related to
the molecular mechanism underlying cancer
development. Patients with MSI-H colorectal
carcinoma have different outcome and chemo-
therapy response from those with microsatel-
lite stable (MSS) colorectal cancer [12-14]. So,
it has great significance to identify MSI in
colorectal carcinoma, not only because MSI
is a critical DNA marker for screening for Lynch
syndrome, but also because it can help to dif-
ferentiate MMRd colorectal cancers from MSS
ones, which will provide valuable information
for prognosis estimation and treatment indivi-
dualization.

Previously, immunohistochemistry (IHC) of mis-
match repair protein (MMRP) and MSI test were
widely used for screening for HNPCC. And the
MSI analysis based on PCR is the gold standard
approach for detecting microsatellite status.
American National Cancer Institute (NCI) rec-
ommended five DNA markers for MSI test.
These markers are five microsatellite sequenc-
es including BAT25, BAT26, D2S123, D5S346
and D17S250. It is defined as high frequency
of microsatellite instability (MSI-H) when two
or more of the five markers in the tumor DNA
were positive. If only one marker was positive,
the tumor is termed as low frequency of MSI
(MSI-L). And MSS is determined when all of
the five markers were negative [7]. Another
sensitive and specific method for MSI detection
is IHC for MMRPs, which often involves in a
traditional panel including MLH1 and MSH2.
Absent expression of any one of the MMRPs
indicates defective mismatch repair system in
the tumor detected. It is considered that adding
PMS2 can elevate the sensitivity of screening
for HNPCC [15]. In the past decade, a four-anti-
body panel including MLH1, MSH2, MSH6, and
PMS2 was becoming popular for screening
for HNPCC and mismatch repair deficiency of
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CRC. Recent data suggest that a two-antibody
panel approach using only PMS2 and MSHG6
is an effective screening protocol for HNPCC
related colorectal carcinoma, and even extrain-
testinal tumors [16-18]. In this study, the rela-
tionship between clinicopathological features
and mismatch repair status was further asse-
ssed, and IHC test for mismatch repair gene
proteins and MSI analysis were compared for
subtyping of colorectal carcinoma by mismatch
repair competency.

Materials and methods
Patients

A total of 1450 colorectal carcinomas were
recruited from Fu Dan University Shanghai
Cancer Center between January 2007 and
March 2010. Clinical and family history of these
patients was reviewed, and clinical-pathologi-
cal features were examined based on the
revised Bethesda Guideline [7]. Finally, 296
cases were selected for analysis, which ful-
filled at least one of the following criteria: (1)
Colorectal cancer diagnosed in a patient who is
less than 50 years of age; (2) Presence of syn-
chronous, metachronous colorectal, or other
HNPCC-associated tumors [including colorec-
tal, endometrial, stomach, ovarian, pancreas,
ureter and renal pelvis, biliary tract, and brain
(usually glioblastoma as seen in Turcot syn-
drome) tumors, sebaceous gland adenomas
and keratoacanthoma in Muir-Torre syndrome,
and carcinoma of the small bowel], regardless
of age; (3) Colorectal cancer with the MSI-H his-
tology (presence of tumor infiltrating lympho-
cytes, Crohn’s-like lymphocytic reaction, muci-
nous/signet-ring differentiation, or medullary
growth pattern) diagnosed in a patient who is
less than 60 years of age; (4) Colorectal cancer
diagnosed in one or more first-degree relatives
with an HNPCC-related tumors, with one of the
cancers being diagnosed under age 50 years;
(5) Colorectal cancer diagnosed in two or more
first- or second-degree relatives with HNPCC-
related tumors, regardless of age [7]. The in-
formed consents of all patients and approval of
Medical Ethical Committee of Shanghai Cancer
Center, Fudan University were obtained at the
beginning of the study.

MMRP immunohistochemistry

Immunohistochemistry for the four most com-
mon mismatch repair proteins were performed
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in all of the 296 cases using the standard
Envision two-step procedure. Tumor represen-
tative blocks were carefully selected for analy-
sis with normal-tumor junction in order to
assess staining result properly. Primary mono-
clonal antibodies against MLH1 (clone ESO05,
Novocastra, Leica Biosystems Newcastle Ltd,
Newcastle Upon Tyne, UK, 1:30), MSH2 (clone
FE11, Calbiochem, Merck KGaA, Darmstadt,
Germany, 1:50), MSH6 (clone EPR3945, Epito-
mics Inc, Burlingame, California, USA, 1:200),
and PMS2 (clone EPR3947, Epitomics Inc, Bur-
lingame, California, USA, 1:200) were applied
to 4-pm-thick 10% formalin-fixed, paraffin-
embedded tissue sections. The sections were
deparaffinized in xylene for three times, every
time for 10 minutes, and subsequently rehy-
drated through graded alcohols to distilled
water. Antigen heat retrieval was performed in
1 mM EDTA (pH 9.0) for 10 minutes (PMS2 15
minutes) using a microwave oven, after that the
sections were cooled down in room tempera-
ture for 1.5 hours. After rinsing in distilled water
and TBS successively, sections were incubated
with specific monoclonal antigen at 4°C over-
night. The Dako REAL™ EnVision™ Detection
System (Dako, Shanghai, China) was used as
the secondary detection system according to
manufacturer’s instructions. The reaction is
visualized by Dako REAL™ DAB + Chromogen,
and slides were counterstained with hemato-
xylin.

Non-neoplastic colonic mucosa, stromal cells,
infiltrating lymphocytes or the centers of lym-
phoid follicles were used as internal positive
controls. And the known MMR deficient colorec-
tal carcinomas served as external negative
controls. Two experienced pathologists evalu-
ated the staining results independently and
blindly to the MSI status. Normal expression
was defined as nuclear staining within tumor
cells, while negative protein expression was
defined as complete absence of nuclear stain-
ing within tumor cells with concurrent internal
positive controls. If internal non-neoplastic tis-
sues showed invalid negative staining, proce-
dure was routinely repeated.

Microsatellite instability analysis
Genomic DNA of matched tumor and non-neo-

plastic tissue was extracted from the paraffin-
embedded tissue sections by manual micro-

20990

dissection on the basis of a HE-stained slide,
using the QlIAamp DNA Mini Kit (QIAGEN China
(Shanghai) Co., Ltd., Shanghai, China). For mic-
rosatellite instability analysis, the panel of 5
markers BAT26, BAT25, D5S346, D2S123, and
D17S250, recommended by NCI [19], was em-
ployed to test all of the 296 paired DNA sam-
ples. This panel composed of 2 mononucleo-
tide repeat sequences BAT26, BAT25, and 3
dinucleotide repeat markers, D5S346, D2S-
123, and D17S250. The primers used for ampli-
fication were just as described previously [20].
The forward primers (Applied Biosystems, Life
Technologies Corporation, California, USA) were
marked with a fluorescent tag (FAM-BAT25/
D2S123/D17S250, NED-BAT26, PET-D5S346)
at the 5 end. Fluorescence multiplex poly-
merase chain reaction (PCR) was performed
with a 20 uL reaction system consisted of 10
pL 2x Tagq PCR premix (containing Taq Poly-
merase, magnesium chloride and dNTPs) (San-
gon Biotech, Shanghai, China), 2 pyL of mixed
primers, 1 uL genomic DNA (100 ng) and 7 uL
DNASE-free H,O. After initial pre-denature at
95°C for 9 minutes, 35 cycles of: denaturation
at 95°C for 30 seconds, annealing at 53°C for
30 seconds and extension at 72°C for 1 minute
were performed. Final extension was at 60°C
for 45 minutes. PCR reaction product (1 uL)
was then mixed with 0.1 pyL LIZ (internal size
standard) (Applied Biosystems) and 9 pl of Hi-Di
formamide (denaturant) (Applied Biosystems).
Heat pre-denaturation was performed on the
mixture at 95°C for 5 minutes, and the sample
was kept at 4°C for 5 minutes. Then the prod-
uct was put in a 96 well plate, and capillary
electrophoresis was performed with an ABI
3500 Genetic Analyzer (Applied Biosystem
Shanghai Division, Shanghai, China) for 45
minutes. Data was automatically collected and
then analyzed with Genemapper v4.1 (Applied
Biosystems). The presence of peaks in the fluo-
rescence profile of the amplified microsatellite
DNA that were absent in a corresponding pro-
file derived from the matched normal muco-
sa was interpreted as microsatellite instability.
If there were two or more of the 5 markers
showed instability, tumors were defined as
high frequency microsatellite instability (MSI-
H); instability at a single locus was defined as
low frequency microsatellite instability (MSI-L);
and if none of the markers showed instability,
the tumor was considered to be microsatellite
stable (MSS).
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Table 1. Clinicopathological features and microsatellite status

was defined as the P value

o ) MSI- MSI- P- p- p- <0.05. All data were pro-
Clinicopathological features HooL ™SS hust* Huss Lvss cessed using SPSS 16.0
Sex (SPSS, Chicago, IL, USA).

Male 41 5 115 1.000 0.26 1.000

Female 27 4 104 Results
Age Of the 296 cases match-

<50 41 4 104 0.585 0.065 1.000 ed RB criteria, 68 (23.0%,

250 2r 5 115 68/296) were classified as
Tumor site MSI-H, 9 (3.0%, 9/296) were

Right colon 35 1 64 0.037 0.002 0.228 MSI-L, and 219 (74.0%,

Left colon 19 4 107 219/296) were MSS by MSI

Rectum 14 4 48 analysis. The clinicopatho-

logical characteristics of
Tumor grade .
MSI colorectal carcinomas

/11 46 7 176 0.815 0.029 0.261 were different from MSS

i 22 2 43 ones. Especially for tumor
Mucinous/signet ring differentiation location, tumor grade, TNM

Yes 23 4 61 0.798 0.345 0.482 stage, lymph nodes metas-

No 45 5 158 tasis, and distant metasta-
Lymphocytic infiltrationt sis, the differences were

Yes 14 0 29 0.198 0.138 0.608 statistically significant as

No 54 9 190 showed in Table 1. Com-
TNM stage pared with MSS CRC, MSI-H

1l 46 5 104 0.729 0.004 0.893 Ezgtevéei;erighotfogiqgggt:i

. ) 22 4 115 differentiated, at relatively
Lymph nodes metastasis early TNM stage, less lym-

Yes 21 4 112 0.662 0.003 0.957 ph node metastasis as well

No 4r 5 107 as infrequent distant meta-
Distant metastasis stasis. Although the clini-

Yes 2 2 34 0.099 0.011 0.941 copathological features of

No 66 7 185 MSI-L tumors had no signifi-
N 68 9 219 cant differences compared

*P-HvsL, P-HvsS, P-LvsS refers to P value of Pearson’s test or Fischer’s exact test for
the comparison of clinicopathological features of CRC with different microsatellite
status, MSI-H group with MSI-L group, MSI-H group with MSS group, and MSI-L group
with MSS group; right colon including cecum, ascending colon, and hepatic flexure;
left colon including splenic flexure, decending colon, and sigmoid colon; Tumor grade

1/11/111 correspond to Well/moderately/poor differentiation.

Statistical analysis

The correlation between clinicopathological
features and microsatellite status were ana-
lyzed using x? test. Sensitivity was defined as
the IHC negative expression of mismatch re-
pair gene products (MLH1, MSH2, MSH®6, and
PMS2) in screening for MMRd, with MSI test as
gold standard. And specificity was the normal
IHC result of MMRPs in MSI-L/MSS colorectal
cancer. P values were reported correspond to
two-sided test. And the statistical significance
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either to MSI-H CRC or to
MSS CRC, except tumor site,
the clinicopathological char-
acteristics of MSI-L group
was more close to that of
MSS group.

When it came to IHC test of MMRPs, there were
72 (24.3%, 72/296) tumors showed absence
expression of at least one MMRP, with 68 MSI-
H, 2 MSI-L, and 2 MSS. Of the 72 cases, PMS2
was negative in 52 (17.6%, 52/296) tumors, 50
of which were MSI-H, 2 were MSS. And MLH1
was negative in 51 (17.2%, 51/296) tumors,
49 of that were MSI-H, and 2 were MSS. Fifty-
one tumors displayed absent co-expression of
PMS2 and MLH1. All MLH1 negative tumors
also showed absent expression of PMS2, with
only one PMS2 negative tumor displaying intact
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Figure 1. Immunohistochemical staining pattern of a MSI-H colorectal carcinoma with isolated loss of PMS2 (A), and
intact staining of MLH1 (B), MSH2 (C) and MSH6 (D).

expression of MLH1 (Figure 1). Simultaneously,
21 of 296 (7.1%) tumors showed absent exp-
ression of MSH6, of which 19 tumors were
classified as MSI-H, 2 were MSI-L. And 15 of
296 (5.1%) cases displayed negative expres-
sion of MSH2; all of the 15 tumors were defined
as MSI-H by MSI test. Similarly, all of the MSH2
negative tumors also showed absent expres-
sion of MSH6 protein, and 6 cases exhibited
just MSH6 negative with normal expression of
MSH2 (Figure 2). The two MSS tumors with
abnormal MMRP expression showed exactly
the same IHC pattern, which was concurrent
negative of MLH1 and PMS2 with clonally
absent of MSHG6. The results of the 296 cases’
MSI status and IHC expression pattern of
MMRPs are listed in Table 2. The sensitivity
and specificity of the 2-panel IHC test including
PMS2 and MSHG6 for screening for mismatch
repair defect were 100% and 98.2% respec-
tively, exactly the same as that of the 4-anti-
body panel IHC with all of the 4 MMRPs. For the
2-antibody IHC involving MLH1 and MSH2 pre-
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viously used, the sensitivity and specificity
for MMRd detection were 92.6% and 99.1%
separately. Detecting of PMS2 and MSH6
improved the sensitivity of the old IHC screen-
ing method, without reducing the specificity
obviously, although the difference was not sig-
nificant statistically (P=0.058). The diagnostic
accordance rate of IHC test with PMS2 and
MSH6 and MSI analysis was 98.6% (Table 3).

Discussion

The molecular phenotype of colorectal carcino-
ma is closely related to its clinicopathological
characteristics, biological behavior, prognosis
and even therapy response of patient, both in
sporadic and hereditary colorectal cancer [4,
10, 11, 21]. So, it is important to recognize
different CRC by pathological-molecular fea-
tures. Microsatellite instability (MSI) is a dis-
tinct characteristic of mismatch repair defec-
tive CRC, which including 12% of sporadic CRC
and 3% of hereditary CRC, Lynch syndrome [5,

Int J Clin Exp Med 2015;8(11):20988-21000
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Figure 2. Immunohistochemical staining pattern of a MSI-H colorectal carcinoma with isolated loss of MSH6 (A) and
intact staining of MSH2 (B), MLH1 (C), and PMS2 (D).

Table 2. The IHC expression patterns of MMRPs and mic-

rosatellite status in colorectal carcinomas

prognosis and chemotherapy respon-
se [23-25]. Even recently, Le etc. re-

ported that mismatch-repair status

IHC expression Number Microsatellite status

pattern of cases MSI-H (%) MSI-L (%) MSS (%)
at least 1 MMRP (-) 72 68 (94.4) 2(2.8) 2(2.8)
MLH1 (-) PMS2 (-) 50 48 (96.0) 0(0) 2 (4.0)*

predicted clinical benefit of immune
checkpoint blockade with pembroli-
zumab [26]. In order to define the
clinicopathological features of MMRd

PMS2 (-) alone 1 1(100) 0(0) 0(0) colorectal carcinoma, and to find the
MSH2 (-) MSH6 (-) 14 14 (100) 0 (0) 0 (0) most effective screening method for
MSH® (-) alone 6 4(66.7) 2(33.3) 0(0) MMRd colorectal carcinoma, we re-
4 MMRPs (-) 1 1 (100) 0(0) 0(0) cruited 296 tumors matched revised
4 MMRPs (+) 224  217(96.9) 7(31)  0(0) Bethesda Guidelines from 1450 CRCs.

*2 MSS tumors presented concurrent loss of MLH1 and PMS2 with

clonal loss of MSH6.

22]. Microsatellite instability was well defined
in Lynch syndrome, and then recommended to
be screened with Bethesda guidelines, which
was revised in 2003 [7]. It was issued that
colorectal carcinoma with MSI-H (MMRd CRC)
has characteristic clinical and pathological fea-
tures different from MSS CRC, even including
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MSI analysis revealed 68 CRCs with
MSI-H, 9 with MSI-L and 219 with MSS.
The analysis of correlation between
clinicopathological characteristics and
different microsatellite status showed that
MMRd CRCs truly have distinct clinical and
pathological features. Colorectal carcinomas
with MSI-H in this study display a predilection
for right colon, with 51.5% of MMRd CRCs locat-
ed in proximal colon, which is similar to the
result of previous studies [27-30]. Compared to
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Table 3. Comparison of the three IHC panels for predicting MSI in

colorectal carcinomas

PCR-capillary electroph-
oresis. But it is complex

MLH1+MSH2  MLH1+MSH2+PMS2+MSH6 PMS2+MSH6

and costly. Another com-

At least Intact At least

At least  Intact mon method for MMRd

MSI status g R g
1MMRP express 1MMRp MECLEXPIES- )\ uep expres- detecting is immunohis
negative sion negative negative  sion tochemistry test of mis-

MSI-H 63 5 68 68 0 match repair gene prod-

MSI-L/MSS 2 226 4 4 294 ucts. Negative expres-

ion of anyon f th

Total number 65 231 72 72 224 sion of anyone of the

MMRPs in the tumor

MSS CRCs, 32.3% of CRCs with MSI-H showed
poor differentiation, which is significantly differ-
ent from MSS CRCs (19.6%). But when it came
to mucinous or signet ring differentiation, the
difference between MMRd (51.1%) and MSS
(38.6%) colorectal carcinomas was not so sig-
nificant as the results of other studies [6, 9, 29,
31-35]. That is partially in line with these previ-
ous researches. Lymphocytic infiltration is gen-
erally recognized as a striking characteristic of
MMRd CRCs, as many studies issued [6, 29,
31, 33, 36-38]. In our study, 20.6% of MMRd
CRCs presented Crohn-like lymphoid reaction,
peritumoral lymphocytes, or tumor-infiltrating
lymphocytes, which is relatively higher than
MSS CRCs (13.2%), but with no statistic differ-
ences. Patients with MSI-H colorectal carcino-
ma in our series have relatively lower stage
compared with patients with MSS tumor, with
32.4% of MMRd CRCs and 52.5% of MSS CRCs
at Ill/IV TNM stage. And MMRd tumors less
prone to metastasize to lymph nodes or distant
organs compared to MSS ones, with only 30.9%
and 2.9% of tumors have lymph nodes and
distant metastasis respectively. That is similar
to the results of previous researches [39-41],
and can possibly explain the relative better
prognosis of MMRd colorectal cancers com-
pared with MSS ones [42, 43]. Additionally,
our study suggest that colorectal carcinomas
with MSI-L in this series are more close to MSS
ones morphologically and biologically, as previ-
ous studies issued [44, 45]. Although neither
the differences between the MSI-L group and
MSI-H group, nor the differences between
MSI-L group and MSS group are statistically
significant.

Microsatellite instability is caused by mismatch
repair deficiency, presenting accumulation of
insertion or deletion mutations at microsatel-
lite across entire genome. The most reliable
method for MMRd detecting is microsatellite
segments analysis with fluorescent multiplex
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tissue indicates to mis-
match repair deficiency of the tumor. Most
researches around 2000 recommended the
classical panel containing MLH1 and MSH2,
with considerable predictive value for a MSI-H
phenotype or germline mutation of MMR gene
[46-49], but always missed cases with abnor-
mal MSH6 or PMS2, or protein intact missense
mutation of MLH1 [50-52].

We used all of the four MMRPs including MLH1,
MSH2, MSH6 and PMS2 for IHC detecting, to
select the most effective panel for MMRd
screening. In the 72 tumors with at least one
MMRP negative, the most frequent expres-
sion pattern of MMRPs was concurrent lost of
MLH1 and PMS2, account for 69.4% (50) of all
cases. And the concurrent negative expression
of MSH2 and MSH6 was the second common
pattern, with 19.4% (14) of tumors showed as
this. Isolated MSHG6 lost was presented in 6
cases (8.3%), followed by isolated PMS2 nega-
tive in 1 case (1.4%). That is similar to the result
of the previous related studies list in Table 4
[14-16, 51-54]. And one tumor displayed nega-
tive expression of all of the four MMRPs (1.4%).
This pattern as well as some staining variants
listed in Table 4 is rare, and the mechanism is
still unclear. Neither isolated MLH1 nor isolated
MSH2 lost was found in our series. The result
is concordant to the molecular characteristics
of MMRPs. As researches in vitro and in vivo
proved [13, 55-61], that mismatch repair gene
products existing in cells are always stay as
heterodimers complex. And MLH1 and MSH2
are obligatory partners, combined with their
secondary partners PMS2 and MSH6 respec-
tively. If degradation of the former partners
occurs, caused by the mutation of respective
MMR gene, the later partners will not exist any-
more. But the opposite situation is not true. Of
the 72 tumors with abnormal MMRPs expres-
sion, 68 were classified as MSI-H, 2 were MSI-L
and 2 were MSS by MSI analysis. That is all of
the 68 MSI-H colorectal cancers present abnor-
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Table 4. Immunohistochemichal staining patterns for MLH1, MSH2, MSH6 and PMS2 in colorectal carcinomas in literatures

IHC patterns

Reference Patients nJcr:zler >1 MLH1- MSH2- PMS2- MSH6- Other abnormal patterns Intact ex-
MMRP-* PMS2- MSH6- alone alone pression
Mojtahed et al. [16] Selectedt 323 59 4 (58%) 12 (20%) 5(8%) 8(14%) 0 264
Hall et al. [15] Unselected 344 104 9 (86%) 3 (13%) 1 (1%) 1 (1%) 1 (MLH1-PMS2-MSH®6-) 240
Shia et al. [14] RB (190), <40y (42) 232 70 41 (59%) (20%) 9(13%) 6 (9%) 0 162
Hampel et al. [51] Unselected 483 71 45 (63%) 2 (17%) 2(3%) 9(13%) 1 (MLH1-), 1 (MLH1-PMS2-MSH6-), 1 (MLH1-MSH6-) 412
Watson et al. [52] <60y, MSI 69 60 35(58%) 17 (28%) 2 (3%) 3(5%) 1 (MSH2-), 1 (PMS2-MSH6-), 1 (MLH1-PMS2-MSH6-) 88§
Truninger et al. [53] Unselected 1048 139 103 (74%) 5 (11%) 6 (12%) 5 (4%) 0 909
Southey et al. [54] <45y 105 26 13 (50%) 7 (27%) 2(8%) 4 (15%) 0 79
Our study RBt 296 72 50 (69%) 14 (19%) 1 (1%) 6 (8%) 1 (MLH1-MSH2-MSH6-PMS2-) 224
Total 2900 601 410 (68%) 104 (17%) 38 (6%) 42 (7%) 2298

*At least one mismatch repair protein negative. tRevised Bethesda Guideline. $Study groups consisted of 63 unselected cases and 260 cases selected based on one of the conditions: age <50 years; RB;

CRC with MSI-H histology; §7/8 tumors with variable heterogeneous staining of one or more mismatch repair proteins.
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mal MMRPs expression. Forty-eight of them
displayed concurrent absent expression of
MLH1 and PMS2. The 14 cases with concurrent
negative expression of MSH2 and MSH6, and
the one with all 4 MMRPs negative were all
MSI-H tumors. The other MSI-H tumors were 4
isolated MSH6 negative, and 1 isolated PMS2
negative. Both of the 2 MSI-L tumors were iso-
lated MSH6 absent, which is concordant with
the fact that MSH6 mutations often cause low
frequency MSI [62, 63]. An interest phenome-
non was observed in our study, that 2 MSS
tumors with concurrent negative of MLH1 and
PMS2 also displayed clonally absent expres-
sion of MSH6. And the staining heterogenicity
is different from the focal, weak, or ambiguous
IHC staining of MSH6 discussed in limited arti-
cles [16, 61]. Shia et al. [63] described some
similar IHC patterns of limited expression of
MSH®6, and issued that the completely loss of
MLH1 and PMS2, with simultaneously reduc-
tive staining of MSH6 pattern might be attrib-
uted to neoadjuvant chemotherapy or somatic
mutation of the coding region microsatellite of
MSH6 gene. But it is worth noticing that, in our
cases, the MSH6 negative tumor tissues in the
same tumor were different from those positive
morphologically. Positive tumor glands showed
strong staining of MSH6, and negative tumor
glands presented completely loss of MSH6,
without any transition between them. Actually,
the positive tumor glands and the negative
glands were slightly different in differentiation.
The 2 tumors with special staining pattern of
MLH1, PMS2 and MSH6 are both MSS (the
MMR status were confirmed for the second
test). And both of the two patients haven’t re-
ceived neoadjuvant chemotherapy. The mole-
cular mechanism under the phenomenon is
unclear, and further study is needed to eluci-
date it.

Because that every tumor with absent MLH1
expression also showed negative expression
of PMS2, and every tumor with absent MSH2
expression also showed negative expression of
MSHB, the sensitivity and specificity of the IHC
panel including PMS2 and MSH®6 for screening
for MSI-H tumor were the exact same as that of
the traditional 4 MMRPs panel (Table 3), using
MSI analysis as golden standard. To detect
PMS2 and MSH6 can recognize missed cases
by old panel of MLH1 and MSH2, with extreme-
ly high sensitivity reaching 100%.
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Microsatellite instability test as the golden
standard for MMRd screening is used in many
clinical and pathological laboratory in devel-
oped contrary. But the complicated procedure
and the expensive cost make it difficult to be
universally implemented in small laboratories
especially in developing countries. Immuno-
histochemistry test for MMRPs is simple and
economical [64], with ideal sensitivity and
specificity, compared with MSI analysis. Every
clinical and pathological laboratory with IHC
facilities can carry out the MMRPs detection
for MMRd screening. Additionally, the MMRP
detection result could direct the follow-up gene
test of Lynch syndrome validation. Actually, for
some cases that the tumor tissue contained
scarce tumor cells, such as mucin-rich and des-
moplastic adenocarcinomas, IHC has its unique
advantage compare to molecular test [32]. So,
as a sensitive and economical method easily
implemented, IHC test for MMRPs should be
carried out universally in clinical and pathologi-
cal laboratories for MMRd screening and genet-
ic counseling of Lynch syndrome, especially in
developing countries. However, MSI test is a
method for function detect, which can’t be
replaced in certain conditions, such as MSI
tumors with intact IHC expression (non-func-
tional protein expression), or abnormal of other
mismatch repair genes other than the tradi-
tional four genes [64]. The uncertainty of IHC
staining and the subjectivity of result interpre-
tation were also noticed by the writers and pre-
vious researchers [16, 18, 46, 54]. Internal
control should be emphasized, and ambiguous
staining should be reconfirmed by repetition.
Actually, IHC staining for MLH1, PMS2, MSH2
and MSH6 was repeated for 2-3timesin 7,9, 1
and 3 tumors respectively to finally confirm the
result. And the selection of proper antibodies of
MMRPs initiatively is very important. So the
quality control of IHC for MMRPs, the standard-
ization of interpretation and the experience of
interpreting pathologists are basically required.
In order to obtain enough cases for study in
limited time, we used the revised Bethesda
Guideline as an initial screening method for
MMRd validation. A random designed prospec-
tive study should be put into practice for further
research.

In conclusion, MMRd CRC is a distinct molecu-

lar phenotype of colorectal carcinoma, with
characteristic clinicopathological features. A

Int J Clin Exp Med 2015;8(11):20988-21000
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two-antibody panel containing PMS2 and
MSH6 is the simplest method for primary
screening for MMRd CRC. And it is as effective
as the traditional four-antibody panel, with halv-
ing of the expenditure. It should be universally
carried out in clinical and pathological labo-
ratories for molecular subtyping of CRC based
on MMR competency, especially in developing
countries.
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