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Background: Microsatellite instability (MSI) is one of the most important molecular
characteristics of colorectal cancer (CRC), which mainly results from defective DNA mis-
match repair (MMR). This study was performed to investigate the concordance between
deficient MMR and MSI testing, and to evaluate the association of these two results with
clinicopathological characteristics in Chinese CRC patients.

Methods: A total of 738 CRC patients were included. Tumor tissues and paired peripheral blood
specimens were obtained. Screening for MMR was investigated using immunohistochemical
(IHC) technique, and multiple polymerase chain reaction-capillary electrophoresis (PCR-CE)
method was performed to detect the MSI status. All clinicopathological data, immunohistochem-
istry and microsatellite instability analyses were then statistically analyzed.

Results: Of the 738 (17.75%) CRC patients, 131 expressed as deficient mismatch repair
(dMMR) status, and postmeiotic segregation increased 2 (PMS2) deficiency was the most
frequent deficiency among these four MMR proteins. MSI-high (MSI-H) status occurred in
74 of the 738 (10.03%) CRC patients, 55 of whom showed instability at all six mononucleo-
tides repeat markers. dAMMR was significantly associated with MSI-H and moderate con-
cordance was observed between IHC and PCR-CE in evaluating deficient MMR/MSI
through Kappa test. Statistically, dJMMR was significantly associated with younger age,
right-sided colon and poor differentiation. MSI-H was associated with younger age, right-
sided colon, poor differentiation, mucinous type and tumor, node, metastasis (TNM) stage II.
Conclusion: A moderate concordance between deficient MMR and MSI testing indicates
that both IHC and PCR-CE methods should be routinely tested to provide reliable data for
clinical treatment decisions.

Keywords: deficient mismatch repair, microsatellite instability, clinicopathological features,

colorectal cancer

Introduction

MSI is characterized by abnormal insertions/deletions in short tandem repeats, which
largely results from dysfunction of MMR genes.' In particular, the immunological
(anti-PD-1)

Pembrolizumab and Nivolumab were recommended by National Comprehensive

checkpoint inhibitors anti-programmed cell death protein 1

Cancer Network (NCCN) clinical practice guidelines for the first time in the treat-
ment of metastatic colorectal cancer (mCRC) with dMMR/MSI-H molecular
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phenotype in 2017.> Anti-PD-1 provided durable responses
and sustained disease control in dAMMR/MSI-H mCRC
patients. Furthermore, dIMMR is often applied to diagnose
Lynch syndrome (LS), a hereditary non-polyposis color-
ectal cancer due to germline mutations in MMR system
(mutL homologue 1 (MLHI1), postmeiotic segregation
increased 2 (PMS2), mutS homologue 2 (MSH2) and
6 (MSH6) proteins) but silencing with BRAF mutation.’
Additionally, MMR status has been demonstrated to pro-
vide valuable prognostic analysis.*> dAMMR/MSI-H have
been mainly observed within CRC and endometrial cancer.’

CRC is the third most commonly diagnosed cancer and
takes the fourth place as a cause of cancer death in the
worldwide.”® Alarmingly, it is increasing sharply in some
Asian countries including China.” MSI has been regarded
as one of the three main molecular variations implicated in
the development of CRC.'” CRC patients showing
dMMR/MSI-H had better stage-adjusted clinical outcome
and could benefit differently from a variety of therapies
including adjuvant chemotherapy, targeted therapy and
immunotherapy.'''* However, MSI-H stage II CRC
patients respond inferiorly to individual 5-fluorouracile
(5-FU) based chemotherapy.'® Therefore, it is recom-
mended to detect all CRC patients who undergone surgery
for MMR/MSI status testing.

As far as we know, MSI can be determined through PCR-
CE method, THC staining technique can identify presence or
absence of MMR proteins,” or next-generation sequencing
(NGS) analysis can detect MMR gene mutation.'® Although
determination of MSI by PCR-CE method is recommended by
many researchers, [HC analysis of MMR proteins expression
is often used instead of clinical practice which chiefly because
of its widely used in general laboratories. Besides, there are
some problems such as costly, high requirement and time-
consuming in NGS analysis. Additionally, markers involved
in MSI testing assessed by PCR-CE method also vary in
different studies, mainly including Bethesda panel (3 dinucleo-
tide repeats and 2 mononucleotide repeats) recommended by
the 1997 National Cancer Institute (NCI)-sponsored MSI
workshop and Promega systems (5 mononucleotide repeats)
emerged later.'® With conflicting results, some studies have
declared that IHC for MMR analysis is an advisable surrogate
for PCR in the determination of MSI status, while some
reported undesired discordance among these two
methods.'”"'® Misdiagnosis of dMMR/MSI-H status may be
responsible for primary resistance to immunotherapy for CRC
patients displaying dMMR or MSI. In addition, the association
of dAMMR/MSI-H and clinicopathological parameters had

been evaluated in previous studies, and with evidence that
dMMR/MSI-H is associated with proximal tumor location
and poor differentiation.'”° However, most of these studies
had a relatively small number of CRC cases and there were
relatively few reports for Chinese patients.

Based on the studies above, we further evaluated the
concordance between deficient MMR and MSI testing and
their association with clinicopathological features in
a large cohort of 738 Chinese patients pathologically diag-
nosed with CRC. Our study provided reliable evidence for
which CRC patients must undergo deficient MMR/MSI
testing on the basis of clinicopathological data and offered
some valuable suggestions on the selection of detection
methods, thus contributing to personalized management of
CRC patients.

Materials and Methods

Samples

738 patients who received surgical CRC resections during
April 2016 and October 2018 at The Department of
Gastrointestinal Surgery, The First Affiliated Hospital of
Chongging Medical University (Chongging, China) and
were then pathologically diagnosed with CRC were
enrolled in our study. Patients with insufficient clinicopatho-
logical data or specimens were excluded from our study.
According to the 8th edition of the American Joint
Committee on Cancer (AJCC), the TNM staging was
defined.?' Clinicopathological data including age, sex,
tumor location, differentiation, histologic type, distant metas-
tasis, proliferation maker Ki-67 protein expression and TNM
stage were retrospectively collected from medical records.
Formalin-fixed paraffin-embedded (FFPE) tumor tissues and
paired peripheral blood specimens of 738 CRC cases were
applied to subsequent IHC and MSI detections. Our study
was approved by the ethics review board of The First
Affiliated Hospital of Chongqging Medical University and
informed consent was obtained from all patients. This clin-
ical study was conducted in accordance with the Declaration
of Helsinki. The written informed consent, including mole-
cular genetic test and medical record reviews, was obtained
from each patient or their next of kin. The data were anon-
ymized for analysis to protect patients’ confidentiality.

Assessment of Deficient MMR by IHC
Analysis

FFPE tumor tissue sections of each CRC patients were
divided into two parts, one for IHC analysis and the other
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for MSI testing by PCR-CE method. Briefly, FFPE tumor
tissue sections were dewaxed, hydrated and rinsed with
phosphate buffer saline (PBS) successively. Endogenous
peroxidase activity was inhibited by peroxidase blocker.
Primary antibodies which were specific to MSH1, MSH2,
MSH6 and PMS2 proteins were added at 4°C overnight,
respectively. Following this, the sections were reacted
with biotinylated goat anti-mouse IgG antibody and per-
oxidase-labeled streptavidin successively, and then were
detected by streptomycin-avidin-biotin-peroxidase com-
plex (SABC) method, following by color rendering with
diaminobenzidine (DAB) and counterstaining with hema-
toxylin-eosin. Slides dehydration and sealing were finally
performed routinely. The aforementioned antibodies were
provided by Maixin Biotechnology Development Co. Ltd.
(Fuzhou, China). Furthermore, under the condition of posi-
tive expression, para-carcinoma tissues including normal
epithelial cells, lymphocytes, and mesenchymal cells were
used as the internal control. MLH1, MSH2, MSH6 and
PMS2 proteins were all located in the nucleus. Deficiency
of any products of these four MMR proteins was stated as
dMMR, while proficient MMR (pMMR) was determined
if all MMR proteins positively expressed.

DNA Extraction and MSI Analysis

In order to obtain higher-purity tumor areas, tumor tissue
sections were evaluated by professional pathologist again.
DNA was extracted from the tumor-rich areas tissues of
each patient’s colorectal tumor and paired peripheral
blood specimens as the normal control using a universal
FFPE DNA extraction kit according to the manufacturer’s
protocol (Amoy Diagnostics Co. Ltd, Xiamen, China).
DNA concentration was measured using a NanoDrop
2000 Spectrophotometer (Thermo Fisher Scientific Co.
Ltd, Rockford, USA). MSI analysis in CRC cases was
performed by PCR-CE method and comparing amplified
microsatellite repeats size along with DNA in tumor cells
versus paired white blood cells of peripheral blood speci-
mens using microsatellite instability analysis kit (Beijing
Microread Gene Technology, Co. Ltd, Beijing, China).
DNA from tumor tissues and peripheral blood specimens
were detected using a panel of six mononucleotide repeats
(BAT25, BAT26, NR21, NR24, NR27 and MONO27) for
MSI analysis. Meanwhile, another two pentanucleotide
repeats (Penta C, Penta D) and one gender loci (Amel)
were also applied to identify tissue mix-up. Each antisense
primer of above markers was labeled with a fluorescent dye.

The test was carried out according to the manufacturer’s
instructions. MSI detection data were analyzed by
GeneMapper software (Thermo Fisher Scientific). In com-
parison with DNA in paired peripheral blood specimens,
MSS was defined if none of six markers showed instability
in DNA of tumor tissues, MSI-low (MSI-L) if only one
marker showed instability and MSI-H if two or more mar-
kers demonstrated instability by referring to the NCI

standard.

Statistical Analysis

Categorical data were summarized with frequencies. The
Pearson chi-square test or Fisher’s exact test was used as
appropriate to compare categorical variables. All statistical
analyses were evaluated using GraphPad Prism 5 and
statistical significance is indicated as p<0.05.

Results

CRC Patient Characteristics

A total of 738 patients pathologically diagnosed with CRC
were enrolled in our study. According to clinicopathological
features, we found that most of the patients under surgery
were older than 50 years old. A total of 174, 183, and 381
patients were diagnosed with left-sided colon cancer, right-
sided colon cancer, and rectal cancer, respectively.
Moreover, the vast majority of them were well or moderate
differentiated, non-mucinous and non-distant metastasis
tumors. The data showed that 724 (98.10%) patients had
a high expression of Ki-67 (=20%). CRC was more inclined
to occur in TNM stage 11 (44.44%) and 1T (35.50%) than
other stages (Table 1).

Assessment of MMR Proteins Expression

Using IHC Method

131 of 738 (17.8%) CRC cases with AIMMR were observed
in our study, representative negative and positive samples of
MLHI1, MSH2, MSH6 and PMS2 proteins expression
assessed by IHC method are shown in Figure 1A. In detail,
we found that PMS2 protein loss (43, 32.82%) was the most
frequent deficiency among these four proteins, following by
the separate deficiency of MLH1 (29, 22.14%), meanwhile,
the deficient accident of combined MLH1 with PMS2 (19,
14.50%) or combined MSH2 with MSHG6 (14, 10.69%) also
played an important role in all types (Figure 1B). In terms of
the number of deficiency, only one MMR protein loss
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Table | Clinicopathological Characteristics of CRC Patients

Characteristics All
Total, n 738
Age at Surgery, n (%)
<50 years 126 (17.07)
250years 612 (82.93)
Sex, n (%)
Male 433 (58.67)
Female 305 (41.33)
Tumor Location, n (%)
Left-sided colon 174 (23.58)
Right-sided colon 183 (24.80)
Recta 381 (51.62)
Differentiated Degree, n (%)
Well or moderate 578 (78.32)
Poor 160 (21.68)
Histological Type, n (%)
Non-mucinous 587 (79.54)
Mucinous 151 (20.46)
Distant Metastasis, n (%)
No 703(95.26)
Yes 35(4.74)
Ki-67 (%), n (%)
<20 14(1.90)
=20 724(98.10)
TNM Stage, n (%)
I 113 (15.31)
I 328 (44.44)
i 262 (35.50)
v 35 (4.74)

Abbreviations: CRC, colorectal cancer; TNM, tumor, node, metastasis.

(67.10%) was the most part in all CRC patients defined as
dMMR (Figure 1C).

Assessment of MSI Status Using PCR-CE
Method

Among these tumors, MSI status was established using
PCR-CE method. 738 CRC patients were correctly classi-
fied in the panel of six mononucleotide repeat markers,
and representative examples of MSI phenotypes are pre-
sented by Figure 2. 74 of 738 (10.03%) CRC cases with
MSI-H were found in our study, of which most (55,
74.32%) showed instability at all six mononucleotide
repeat markers. The remainders were composed of only
one case with MSI-L and 663 cases with MSS (Figure 3).

Comeparison of the Concordance of MMR

Proteins Expression and MSI Status

A recent study demonstrated that patients with a dIMMR/
MSI-H phenotype had a promising response to
immunotherapy.®> Hence, it is essential for the reliability
in detecting MMR/MSI status. In our study, we found
that MSI-H was statistically associated with dMMR
(»<0.001; Table 2). Additionally, moderate concordance
between IHC method for MMR proteins expression and
PCR-CE method for MSI status was observed in our
study through Kappa test with a concordance rate of
0.547 (Table 2). Subsequently, we also analyzed the dis-
cordant tumors of loss of MMR proteins expression and
MSI status as depicted in Figure 4. 69 tumor samples
which exhibited a dMMR with THC but a MSS pheno-
type with PCR-CE was tested as more commonly MLH1
protein deficiency (59.4%, p=0.029), nevertheless, 62
tumor samples which exhibited a dAMMR/MSI-H mole-
cule phenotype were identified as PMS2 protein defi-
ciency mostly (32.2%), although it was not statistically
significant (p=0.764). Moreover, it had also to be noted
that 12 samples with pMMR were found to display
instability at all six mononucleotide repeat markers
(data not given).

Association of MMR Proteins Expression
and MSI Status with Clinicopathological

Features from CRC Patients

We then associated MMR proteins expression and MSI
from CRC
patients and performed a pooled analysis including age,

status with clinicopathological features
sex, tumor location, differentiated degree, distant metas-
tasis, histology type, Ki-67 protein expression and TNM
stage. As shown in Table 3, dIMMR was more likely to
occur in CRC patients under 50 years old (28.24% vs
14.66%, p<0.001). Meanwhile, dIMMR was more likely
to occur in right-sided colon (p<0.001), poor differentia-
tion tumor tissues (p=0.048), but not associated with dis-
tant metastasis, Ki-67 protein expression and TNM stage,
consistent with previous literature.>? Similarly, as shown
in Table 4, MSI-H occurred in CRC patients under 50
years old (36.49% vs 14.91%, p<0.001). Compared with
MSI-L/MSS, MSI-H was associated with right-sided
colon (p<0.001), poor differentiation (p<0.001), mucinous
type (p=0.037) and TNM stage Il (p<0.001), and was
independent of distant metastasis and Ki-67 protein
expression.
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Figure | (A) Representative examples of MMR by immunohistochemistry in CRC patients. Indicated are negative and positive samples in rows for MLH I, MSH2, MSH6 and
PMS2 proteins in columns, respectively. The images were taken atx400 magnification. Scale bars represent 100 um. (B) Distribution of loss of MMR proteins expression in
dMMR CRC cohorts. (C) The proportion of the number of MMR proteins deficiency in dMMR CRC cohorts.Notes: *Statistical significance, P < 0.05.Abbreviations: MMR,
mismatch repair; CRC, colorectal cancer; dMMR, deficient MMR; +, the combined deficiency of MMR proteins; ALL: the combined deficiency of MLHI, MSH2, MSH6 and

PMS2 proteins expression.

Discussion

Various nucleotide makers have been proposed to detect MSI
status. In 1998, the NCI recommended a panel of five mar-
kers including BAT25, BAT26, D2S123, D5S346 and
D178250, and a pattern known as Bethesda panel.®
However, the NCI meeting in 2002 disputed the limitations
of three dinucleotide repeats used to assess the microsatellites

status including D2S123, D5S346 and D17S250, and also
advised another more sensitive and specific system (NR27,
NR21, NR24, BAT25 and BAT26).** According to our
results based on the system recommended by NCI meeting
in 2002, MSI-H occurred in 74 CRC patients, of which
74.3% showed instability at all six mononucleotide repeats.
Youn Jin et al** presented a very evidential disagreement in

Cancer Management and Research 2020:12

submit your manuscript

2867

Dove


http://www.dovepress.com
http://www.dovepress.com

Bai et al

Dove

A ]

MSS

-

MSI-H

MSI-L o

M

A Nan an - _—

Figure 2 Representative examples of MSI profiles obtained with a panel of six makers (NR21, BAT26, BAT25, NR27, NR24, and MONO?27). (A) MSS, microsatellite stable;
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Figure 3 Distribution of all six mononucleotide repeat markers status among 74 MSI-H and only one MSI-L CRC patients.Abbreviations: MSI-L, low microsatellite
instability; MSI-H, high microsatellite instability; CRC, colorectal cancer; Number: the number of mononucleotide repeat markers instability in CRC patient tumor tissue.

the results of the two MSI systems and found higher intratu-
moral heterogeneity (ITH) originated from dinucleotide

repeat markers. Furthermore, mononucleotide repeats were

Table 2 Comparison of MMR Tested by IHC Technique and MSI
Status Analyzed by PCR-CE Method in CRC Patients

IHC PCR-CE Total Kappa Value p-value
MSI-H MSI-L/MSS

dMMR [ 62 69 131 0.547 <0.001 *

pMMR 12 595 607

Total 74 664 738

Notes: *p-value was calculated by Pearson chi-square test, and statistical significance.
Abbreviations: IHC, immunohistochemical; PCR-CE, PCR-capillary electrophor-
esis; CRC, colorectal cancer; MSI, microsatellite instability; MSS/MSI-L, microsatel-
lite stable or low microsatellite instability; MSI-H, high microsatellite instability;
MMR, mismatch repair; dMMR, deficient MMR; pMMR, proficient MMR.

also confirmed to simplify interpretation of the data.®*’

MONO27, a mononucleotide repeat that is out of the
system recommended by NCI meeting in 2002, was also
applied in our study and demonstrated to be another valuable
marker in MSI determination which showed instability in
most CRC patients with MSI-H in our study. We further
optimized the panel for MSI detection by checking the cor-
respondence between tumor tissues DNA and paired periph-
eral blood specimens DNA. Microsatellite status was
defined as MSI-H, MSI-L and MSS on the basis of above
MSI-L and MSS were
classified as the same subgroup in our study because no

six mononucleotide repeats,

obvious differences were observed in clinical manifestations
and pathological parameters of these two molecular

phenotypes.
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Figure 4 The percentage of loss of MLHI, MSH2, MSHé and PMS2 proteins
expression in dMMR/MSS and dMMR/MSI-H CRC patients.Note: *Statistical sign-
ificance.Abbreviations: dMMR/MSS, deficient mismatch repair by immunohisto-
chemistry but microsatellite stable by PCR-capillary electrophoresis; dMMR/MSI-H,
deficient mismatch repair by immunohistochemistry and high microsatellite instabil-
ity by PCR-capillary electrophoresis; CRC, colorectal cancer.

dMMR is clinically equivalent to MSI-H, whereas
PMMR is the same as MSI-L or MSS.?® According to
our results, among the 131 CRC patients with dMMR
detected by IHC, PMS2 protein loss was the most com-
monly observed pattern (60 cases), followed by the MLH1
protein, which is also consistent with previous literature.?’
A recent study demonstrated that PMS2 gene could man-
ifest LS phenotype in other ways.*° In addition, our study
reported similar numbers of absent MLHI/PMS2 and
MSH2/MSH6 proteins, and it may be associated with
protein heterodimers, MSH2 dimerizes with MSH6 and
MLHI1 dimerizes with PMS2 form the functional complex
Escherichia coli MutS homologs o (MutSe) and E.coli
MutL homologs a (MutLa), respectively.’’ We were sur-
prised to find that the combined deficiency of MSH2 and
MSHG6 proteins was higher than MSH6 protein alone. This
is because that MSH2 protein is the prerequisite of their
heterodimer, mutation of MSH2 often causes concurrent
loss of MSH2 and MSH6 proteins, whereas MSH6 muta-
tion often causes MSH6 protein loss only. Because the
function of the secondary protein MSH6 may be compen-
sated by other proteins, such as MSH3.*> Some scholars
proposed that proliferating cell nuclear antigen could
increase the mismatch-binding specificity of MSH2 and
MSH6.** To our knowledge, IHC technique is economical,
of low requirement for experimental instrument, making it
a more commonly used method to assess MMR/MSI status
in clinic practice. Besides, the variations of MMR genes

may be identified indirectly because of loss of MMR

Table 3 Association of MMR Proteins
Clinicopathological Characteristics from CRC Patients

Expression with

Characteristics MMR, n (%) p-value
dMMR, pMMR,
n=131 n=607
Age, years <0.001*
<50 37 (28.24) 89 (14.66)
=50 94 (71.76) 518 (85.34)
Sex 0.845
Male 78 (59.54) 355 (58.48)
Female 53 (40.46) 252 (41.52)
Tumor location <0.001*
Left-sided colon 33 (25.19) 141 (23.23)
right-sided colon 60 (45.80) 12 (1.98)
Rectal 38 (29.01) 343 (56.51)
Differentiated degree 0.048*
Well or moderate 94 (71.76) 484 (79.74)
Poor 37 (28.24) 123 (20.26)
Distant metastasis 0.418
No 123 (93.89) 580 (95.55)
Yes 8 (6.10) 27 (4.45)
Histology type 0.056
Non-mucinous 96(73.28) 491(80.89)
Mucinous 35(26.72) 116(19.11)
Ki-67 (%) 0.732
<20 2 (1.53) 12 (1.98)
220 129 (98.47) 595 (98.02)
TNM stage 0.094
I 14 (10.69) 99 (16.31)
Il 69 (52.67) 259 (42.67)
1 40 (30.53) 222 (36.57)
v 8 (6.11) 27 (4.45)

Note: *Statistical significance.
Abbreviations: MMR, mismatch repair; dMMR, deficient MMR; pMMR, proficient
MMR; CRC, colorectal cancer; TNM, tumor, node, metastasis.

proteins staining, providing reference for further determi-
nation of targeted DNA sequences. When used in this
fashion, however, we must notice that deficiency in spe-
cific MMR proteins may result from mutations in
a different MMR gene or in other genes associated with
CRC.*

Some recent studies declared that IHC technique had
virtually equivalent value to PCR method for MSI testing
while some questioned.'®?* In our study, both IHC and
PCR method were successfully performed and Kappa test
showed moderate concordance between these two meth-
ods; however, we also observed the bigger discordance,
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Table 4 Association of MSI Status with Clinicopathological
Characteristics from CRC Patients

Characteristics MSI status, n (%) p-value
MSI-H, n=74 | MSI-L/MSS,
n=664
Age, years <0.001*
<50 27 (36.49) 99 (14.91)
=50 47 (63.51) 565 (85.09)
Sex 0.455
Male 40 (54.05) 393 (59.19)
Female 34 (45.95) 271 (40.81)
Tumor location <0.001*
Left-sided colon 23 (31.08) 151 (22.74)
right-sided colon 42 (56.76) 141 (21.23)
Rectal 9 (12.16) 372 (56.02)
Differentiated degree <0.001*
Well or moderate | 41 (55.41) 537 (80.87)
Poor 33 (44.59) 127 (19.13)
Distant metastasis 0.243
No 73 (98.65) 630 (94.88)
Yes I (1.35) 34 (5.12)
Histology type 0.037*
Non-mucinous 52(70.27) 535(80.57)
Mucinous 22(29.73) 129(19.43)
Ki-67 (%) 0.207
<20 0() 14 (2.11)
220 74 (100) 650 (97.89)
TNM stage <0.001*
I 3 (4.05) 110 (16.57)
Il 49 (66.22) 279 (42.02)
i 21 (28.38) 241 (36.30)
v I (1.35) 34 (5.12)

Note: *Statistical significance.

Abbreviations: MSI, microsatellite instability; MSI-H, high microsatellite instability;
MSI-L/MSS, low microsatellite instability or microsatellite stable; CRC, colorectal
cancer; TNM, tumor, node, metastasis.

especially in dIMMR/MSS groups which were determined
by a majority of MLH1 protein deficiency. A study from
Yu G et al explained our question® that germline mutation
of MMR was likely to lead to MMR proteins deficiency,
but was not demonstrated by PCR method, because these
mutations occur in a very early stage of oncogenesis.
Furthermore, MLH1 promoter methylation could also gen-
erate discordance between MMR proteins deficiency and
MSI status.*®*” The discrepancy could be partly explained
by variable technical protocols in different laboratories,

leading to variations in staining quality and difficulty in

interpretation of IHC results. Abdel-Rahman et al also
reported that CRC patients with MSH6 mutations did not
demonstrate MSI-H by PCR-CE because of a functional
redundancy in the MMR system but demonstrated loss of
MSHE6 staining by IHC technique.>® As we shown, there
were 12 samples determined as MSI-H by PCR-CE
method but pMMR by IHC method. To our knowledge,
over one-third of MLH1 mutations were proved to be
missense mutations, which resulted in mutant proteins
that were catalytically inactive but antigenically intact,
thus making MSI-H by PCR-CE method but pMMR by
IHC method.*” Besides, other factors including ITH and
even clinic treatment will influence THC analysis.’”*°
Some researchers found that tumor heterogeneity could
influence MMR/MSI status.*' Remarkably, a recent study
presented by Cohen et al revealed that misdiagnosis of
MMR/MSI status was observed if only one method was
used and led to primary resistance to immune checkpoint
inhibitors in mCRC patients.** The two assays together are
complementary and failure to diagnose would preclude
recognition and clinical care. Studies found that assess-
ment of AMMR/MSI-H status had a false positive of 9% in
CRC patients included in trials of anti-PD-1.** Therefore,
we actively advocate that both IHC and PCR-CE methods
should be routinely tested for MMR/MSI to provide reli-
able data for clinical treatment decisions, in view of mod-
erate concordance between MMR and MSI testing in our
study. Besides, more advanced technology such as NGS
technology may have a more thorough assessment.'’
Several studies demonstrated that NGS-based method is
probably 95.8-100% concordant with PCR-CE testing.*?
Previous studies showed that the frequency of MSI-H
was ~15%.** In the present study, of the 738 CRC patients,
10.03% cases were with MSI-H phenotype, a slightly lower
than that previously reported, which might be partly ascribed
to distinct detection methods and diversity of CRC patients
enrolled. Our results showed that AIMMR/MSI-H was statis-
tically associated with less than 50 years age, right-sided
colon and poor differentiation, which is in keeping with

some other publications.'*>*¢

Significant difference
observed in tumor location suggested that mechanisms of
right-sided and left-sided colon cancer might differ at the
genetic level. Right-sided cancer occurs mainly due to muta-
tions in tumor-associated genes caused by replication error
(RER), while left-sided cancer is mainly related to mutations
in oncogenes and tumor suppressor genes through loss of
heterozygosity (LOH), indicating that dMMR/MSI-H is

mainly involved in the development of right-sided colon
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cancer.?? Our study showed that AIMMR/MSI-H was inclined
to poor differentiation, suggesting that CRC with MSI-H is
more malignant. However, some studies have reported that
CRC patients harboured MSI-H status had a swelling growth
pattern and were found to have low growth activity through
flow cytometry (FCM), suggesting a benign tendency.*’
Hence, the degree of malignancy exhibited by CRC patients
with MSI-H in biological behavior need to be further studied.
We also found that IMMR/MSI-H was not associated with
Ki-67 expression, which is in keeping with the view that the
expression of Ki-67 did not correlate with CRC biological
behavior and prognosis.***’ Additionally, our data also
showed that MSI-H was significantly associated with TNM
stage II. Several studies demonstrated that 5-FU-based adju-
vant chemotherapy not only was invalid but it might also
have a detrimental impact on survival in stage Il MSI-H CRC
patients.** Since MMR/MSI phenotype is related to prog-
nosis and responses to diverse clinic treatments; hence,
MMR/MSI testing plays a vital role in personalized manage-
ment of CRC patients especially in the most prevalent
immunotherapy.

Unfortunately, we did not distinguish between sporadic
and hereditary CRC patients which were enrolled in our
study. More detailed family histories and other genetic
analyses including BRAF V600E mutation, hypermethyla-
tion of MLH1 promoter and germline mutations of MMR
genes should be further considered by other methods.
However, we could guide the next plan for hereditary
CRC diagnosis and genetic counseling. Hereditary CRC
is caused by a germline mutation in one of the MMR
genes. When CRC patients with MLH1 loss, we should
detect MLH1 hypermethylation and BRAF V600E muta-
tion firstly. These two events are rarely seen in hereditary
CRC and therefore may be helpful for determining
whether a MSI-H CRC is more likely to be sporadic.
The reverse, the other MMR genes mutation should be
screened by NGS method.’® In a word, a more sensitive
and accurate technique for MMR/MSI assessment will
probably be an urgent question and could help more
patients to benefit from immunotherapy.
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