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Abstract: There are two commonly accepted methods for detecting microsatellite status. One is to detect amplified 
microsatellite loci by polymerase chain reaction (PCR) and the other is to detect mismatch repair gene (MMR) 
protein expression by immunohistochemistry (IHC). PCR detection is considered to be accurate in clinical operations 
while IHC is widely used due to ease of operation and lesser expense. In order to compare IHC with PCR in detecting 
microsatellite status in colorectal carcinoma, a total of 569 samples of colorectal carcinoma resection were collected 
in the Department of Pathology, Nanjing Drum Tower Hospital, between June 2014 and June 2017. In all samples, 
IHC and PCR was used to detect microsatellite status and the consistency of results between the two methods was 
compared. We found that 48 cases of microsatellite instability (MSI) were detected by PCR including 37 cases of 
microsatellite instability high (MSI-H), 11 cases of microsatellite instability low (MSI-L), and 521 cases of MSS. MSI 
accounted for 8.44% of all cases and MSI-H accounted for 6.50%. IHC results of the 569 patients showed that 69 
cases were deficient mismatch repair (dMMR) and 500 cases were proficient mismatch repair (pMMR). dMMR ac-
counted for 12.13% of all cases. Loss expression of PMS2 protein was the most common while MSH6 was rare. 
The coincidence rate of the two methods for detecting microsatellite states was 91.92%. IHC and the PCR method 
had high consistency in microsatellite status. Compared with PCR, the IHC method is more economical and more 
convenient for clinical operations. When the 4 repair proteins were without deficiency detected by IHC, it could be 
diagnosed as MSS/MSI-L and further PCR was not necessary. When any repair protein was found to be deficient, 
PCR detection was needed to determine whether MSI existed. Our conclusion will save a lot of time and costs in 
clinical work.
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Introduction

Colorectal carcinoma is a common gastroin- 
testinal carcinoma. Its pathogenesis is complex 
and it can be divided into hereditary and 
sporadic colorectal carcinoma. Lynch syndrome 
is the most important etiology that relates to 
hereditary colorectal carcinoma. Incidence of 
colorectal carcinoma in East Asia is on the rise. 
In China, there were 376,300 new cases of 
colorectal carcinoma and 191,000 death cas- 
es in 2015 [1]. Incidence and mortality of 
colorectal carcinoma in Hong Kong ranks sec-
ond in malignant tumors. In colorectal carcino-
ma, microsatellite instability (MSI) exists, caus- 
ed by insertion or deletion of a microsatellite  

in a tumor that leads to change in microsatellite 
length, with new microsatellite alleles emerg-
ing. MSI correlates with development, progno-
sis, efficacy, and inheritance of colorectal carci-
noma [2-9]. Recent studies have shown that 
MSI is instructive for anti-PD-1 immunotherapy. 
The 0RR in dMMR and pMMR groups was 40% 
and 0%, respectively. DCR in the two groups 
was 78% and 11%, respectively, both with sig-
nificant differences [10].

In previous studies, MSI was presented in both 
hereditary and sporadic colorectal carcinomas. 
Approximately 15% to 24.3% of sporadic col- 
orectal carcinoma in Western countries pre-
sented MSI [11-14] with 7.75% to 13% in China, 
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which was close to South Korea but lower than 
Western population [15-18]. Different incidenc-
es of MSI were likely due to different genetic 
backgrounds and testing techniques. In heredi-
tary nonpolyposis colorectal carcinoma, limit 
ed reports from China showed the same result 
as Western countries, as MSI could be detect-
ed in 80 to 90% of patients [19, 20]. It is evi-
dent that detection of MSI in hereditary colorec-
tal carcinoma is essential.

At present, there are two methods to detect the 
stability of microsatellites. One is to detect the 
amplified microsatellite loci by PCR. Commonly 
used detection markers are BAT25, BAT26, 
D5S346, D2S123, and D17S250, as recom-
mended by the National Carcinoma Institute. 
The state of MSI is determined by comparing 
the shift of the markers in tumor tissue and nor-
mal tissue. High level of instability is gauged by 
tumors with a shift in at least two markers. At 
least 30 percent of interpretable markers were 
classified as having high levels of microsatellite 
instability (MSI-H), in accordance with interna-

tional criteria. A low level of microsatellite insta-
bility (MSI-L) was defined as a shift in only one 
dinucleotide marker. Tumors without any shift 
in markers were categorized as microsatellite 
stable (MSS) tumors. Another method is to 
determine microsatellite status by immunohis-
tochemistry (IHC) detection of proteins encod-
ed relating to DNA mismatch repair genes 
(MMR) including MLH1, MSH2, MSH6, and 
PMS2. Deficient mismatch repair (dMMR) was 
defined by the presence of either MSI-H or by 
loss of MLH1, MSH2, MSH6, or PMS2 protein 
expression, as outlined above. Proficient mis-
match repair (pMMR) was defined by presence 
of either MSS/MSI-L (i.e., instability at <30% of 
loci screened) or by intact MMR protein expres-
sion [21]. MSI-L has been shown to be biologi-
cally similar to tumors exhibiting MSS at all loci 
tested and these two molecular phenotypes 
can be grouped together. Detection of MSI sta-
tus by PCR is the earliest established molecular 
detection to identify MSI in colorectal carci- 
noma and is considered to be the gold stan-
dard for detecting MSI [22]. PCR shortcomings 

Figure 1. Results of paired normal and colorectal cancer DNA tissues tested for MSI using Bethesda recommended 
5 markers by PCR. A. MSS patient. B. MSI-H patient. Black arrows indicate the mutation sites.
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include a long experimental period, high labora-
tory conditions, and high cost. At present, with 
continuous understanding of the mechanism of 
MSI and popularity of commercial monoclonal 
antibody of MMR proteins, the simple IHC 
method is more often being applied for MSI 
screening in colorectal carcinoma. It has been 
reported that IHC detection of MSI had similar 
results with PCR [23, 24].

Materials and methods

Materials 

Patients and tissues: Five hundred sixty-nine 
surgical resection samples pathologically diag-
nosed as colorectal carcinoma were collected 
from the Department of Pathology, Nanjing 
Drum Tower Hospital, between June 2014 and 
June 2017. All samples satisfied the follow-
ing criteria: (1) sporadic colon or rectal cancer 
confirmed by pathological diagnosis, (2) no 
preoperative therapy, including preoperative 
radiotherapy, in rectal cancer patients, and (3) 
received radical resection or a palliative opera-
tion. Exclusion criteria were (1) tumors in the 
appendix and anal canal; (2) second primary 
tumor out of colorectal; (3) in situ carcinoma 
(high-grade intraepithelial neoplasia). This 
study was approved by the Ethics Committee of 
Nanjing Drum Tower Hospital. Written informed 

Methods

PCR-capillary electrophoresis detection for 
MSI: DNA was extracted from formalin-fixed 
paraffin-embedded tissue with QIAamp Tissue 
kit (Qiagen), according to manufacturer instruc-
tions. MSI detection kit was used to amplify the 
mutations of BAT25, BAT26, D5S346, D2S123, 
and D17S250. DNA samples from tumor tis-
sues and normal tissues were amplified in a 20 
μL volume containing 100 ng of DNA, 1 μmol/L 
of dye-labeled forward and unlabeled reverse 
primers, 200 μmol/L of deoxynucleotide, 1.5 
mmol/L of MgCl2, and 0.75 U of Taq DNA poly-
merase. PCR was performed under the follow-
ing conditions: denaturation at 95°C for 5 min-
utes, 35 cycles of denaturation at 95°C for 30 
seconds, annealing at 53°C for 30 seconds, 
and extension at 72°C for 30 seconds. Final 
extension was at 72°C for 10 minutes. PCR 
product was analyzed by a genetic analyzer (Ap-
plied Biosystems 3500, ABI). Raw data were 
analyzed using GeneMapper 4.1 software. In 
accordance with National Cancer Institute (NCI) 
guidelines, MSI at ≥ 2 loci was defined as MSI 
high (MSI-H) (Figure 1B), instability at a single 
locus was defined as MSI low (MSI-L), and no 
instability at any of the loci tested was defined 
as microsatellite stable (MSS) (Figure 1A). 
Because extensive data indicate that tumors 
with low frequency are biologically similar to 

Figure 2. Immunohistochemical expression of MLH1 and PMS2 and HE 
staining in colorectal cancer tissue (SP ×100). A. HE staining in colorectal 
cancer tissue. B. Negative expression of MLH1 in colorectal cancer tissue. C. 
Positive expression of MLH1 in colorectal cancer tissue. D. Positive expres-
sion of PMS2 in colorectal cancer tissue.

consent was obtained from 
each individual. 

Reagents: Anti-MLH1, mouse 
monoclonal, ES05, 1:100 dilu- 
tion, Leica/Novocastra, UK; 
anti-PSM2, rabbit monoclo-
nal, EP51, 1:100 dilution, Ep- 
itomics, USA; anti-MSH2, mo- 
use monoclonal, FE11, 1:100 
dilution, Dako, Denmark; an- 
ti-MSH6, rabbit monoclonal, 
EP49, 1:150 dilution, Epi-
tomics, USA; MSI MIX 1, 140  
μL, Yuanqi Bio-Pharmaceuti-
cal CO, Shanghai, China; MIX 
2, 200 μL, Yuanqi Bio-Phar-
maceutical CO, Shanghai, Ch- 
ina; PCR Premix (containing 
AmpliTaq Gold DNA Polym- 
erase buffer, magnesium ch- 
loride and dNTPs), Yuanqi Bio-
Pharmaceutical CO, Shang-
hai, China.
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those exhibiting MSS, these two molecular 
phenotypes were grouped as MSS.

Tumor MMR protein expression detected by 
IHC: Specimens of colorectal carcinoma were 
fixed in 10% neutral formalin for 24-48 hours. 
After routine dehydration, fixation, paraffin 
embedding, and a series of routine IHC pro-
cedures such as dewaxing, antigen repair, st- 
aining, dehydration, and mounting were per-
formed (primary antibodies inferred in the 
above were anti-MLH1, anti-PSM2, anti-MSH2, 
and anti-MSH6). Adjacent normal tissue from 
each sample served as positive controls. Im-
munohistochemical staining results are inter- 

Results

PCR detection for microsatellite status

Of the 569 patients with colorectal carcinoma 
that underwent PCR detection (Figure 3A), 521 
were MSS, accounting for 91.56%, 48 were 
MSI, accounting for 8.44%, of which 37 were 
MSI-H and 11 were MSI-L, accounting for 
6.50% and 1.93%, respectively. 

IHC detection for microsatellite status

Of the 569 cases receiving IHC staining of MMR 
proteins (Figure 3B), there were 69 cases of 
dMMR and the remaining 500 cases were 
pMMR. Incidence of dMMR and pMMR was 
12.13% and 87.87%, respectively.

Comparison of IHC and PCR detection

PCR is shown in Table 1 and Figure 3C. Except 
for one case in which MLH1, MSH2, MSH6, and 
PMS2 expression was deficient, expression of 
MMR protein was positive in the other 36 cases 
of MSI-H. It is worth noting that there were 7 
cases determined as MSI-H by PCR while all of 
the MMR proteins were positively expressed, 

Figure 3. Results of immunohistochemistry (IHC) and polymerase chain 
reaction(PCR) in detecting microsatellite status in colorectal carcinoma. A. 
PCR detection for microsatellite status. B. IHC detection for microsatellite 
status. C. Expression of MMR protein in 37 cases of MSI-H colorectal cancer 
which were determined by PCR.

presented, according to the 
literature (Figure 2). Two in-
dependent observers carri- 
ed out immunohistochemistry 
analysis, both observers were 
blinded to any prior informa-
tion regarding clinical or path-
ological characteristics of the 
cases. If there was discrep-
ancy between analyses per-
formed by the two observers, 
the slides were reinvestigated 
by both investigators using a 
multi-headed microscope and 
a consensus was reached. 

Statistics

Data were analyzed by Sta- 
tistical Package for the Social 
Sciences for Windows version 
19 (SPSS Inc., Chicago, IL, 
USA). Consistency of the two 
methods was analyzed by 
Kappa consistency test. The 
significance level was set at 
P<0.05.

Table 1. Expression of mismatch repair gene 
proteins in 37 cases of MSI-H colorectal carci-
noma determined by PCR (n)
MMR - + 2+/3+
MLH1 12 17 8
MSH2 4 10 23
MSH6 3 8 2
PMS2 25 7 5
Note: PCR, polymerase chain reaction; MSI-H, microsatel-
lite instability high; MMR, mismatch repair gene.
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meaning that these 7 cases should be judged 
as MSS/MSI-L by IHC. There were even two 
cases expressing moderate/strong positive of 
all four proteins. Only one of the cases was neg-
ative for both PMS2 and MSH6. Among 532 
cases of MSI-L/MSS determined by PCR, 493 
were pMMR and the rest were dMMR. 

Sensitivity and specificity of IHC for detection of 
MSI-H were 81.08% and 92.67%, respectively. 
Positive predictive value and negative pred- 
ictive value was 43.48% and 98.60%, if us- 
ing PCR method as the gold standard for cli- 
nical detection of microsatellite status (Tab- 
le 2). Coincidence rate of the two methods  
was 91.92% (523/569), with good consistency 
(Kappa = 0.526).

There were 500 cases of pMMR (MSI-L/MSS) 
detected by IHC and just 7 cases were judged 
as MSI-H by PCR. The error rate was only 
1.40%. There were 69 patients with dMMR 
(MSI-H), of which 39 were judged as MSI-L/
MSS by PCR, accounting for 56.52%. The error 
rate was very high. 

Expression of MMR proteins in colorectal car-
cinoma of MSI-H determined by PCR

In 37 cases of colorectal carcinoma with MSI-H 
determined by PCR, the rate of expression loss 

colorectal carcinoma of MSI-L/MSS deter-
mined by PCR

In 11 cases of colorectal carcinoma deter-
mined as MSI-L by PCR, there were eight cases 
expressing positive of all four proteins, showing 
the same results with PCR. There were still 3 
cases found with negative staining but they 
were dMMR. The error rate was 27.27%. Among 
521 cases of colorectal carcinoma detected as 
MSS by PCR, 485 were judged as pMMR by 
IHC, consistent with results of PCR. However, 
there were also 36 cases of dMMR and the 
error rate was 6.91%.

Therefore, in 532 cases of MSS and MSI-L 
determined by PCR, there were 39 cases deter-
mined as MSI-H by IHC. The total error rate was 
7.33%. Among them, 9 of the cases were nega-
tive for MLH1, 5 for MSH2, 3 for MSH6, 27 for 
PMS2. Only 1 case was negative for both MSH2 
and MSH6, 1 case for both MLH1 and MSH6, 
and 2 cases for both MLH1 and PMS2. We did 
not find any cases negative for both PMS2 and 
MSH6, nor with more than 2 deletions of MMR 
protein expression.

Discussion

Colorectal carcinoma remains an important 
risk factor for human life and health. Micr- 
osatellite status has had a great impact on  
its chemotherapy and immunotherapy [2-10], 
which is of great significance in determination 
of treatment, judgment of prognosis, and scr- 
eening of family genetic diseases. In our experi-
ment, PCR and IHC were used to detect micro-
satellite status of colorectal carcinoma. Results 
show that the coincidence rate was 91.92%, 
which was high in consistency. In our study, MSI 
cases accounted for approximately 8.44%-
12.13% of all 569 cases, lower than that 
reported in Western populations [11-14] but 

Table 2. Comparison between IHC and PCR of microsatellite 
status in 569 cases of colorectal carcinoma (n)

IHC
PCR

Total Kappa consistency testMSI-H MSI-L/MSS
MSI-H 30 39 69 0.526
MSI-L/MSS 7 493 500 P<0.001
Total 37 532 569
Note: PCR, polymerase chain reaction; IHC, immunohistochemistry; MSS, 
microsatellite stable; MSI-L, microsatellite instability low; MSI-H, microsatel-
lite instability high.

Figure 4. Expression of MMR protein in 37 cases of 
MSI-H colorectal cancer determined by PCR. White: 
negative expressive, gray: weak positive expression 
or “+”, black: strong positive expression or “++/+++”.

of MMR was 81.08% (30/37) (Figure 
4). The vast majority of occurrences 
with dMMR were due to inactivation 
of PMS2 (67.57% (25/37)), similar to 
previous reports [24-26]. MSH2 and 
MSH6 account for a much smaller 
percentage (10.81% and 8.11) while 
MLH1 accounted for 32.43%. Nega- 
tive staining was not found in the 7 
MSI-H cases.

Expression of MMR protein in 
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close to reports from Korea. This may be relat-
ed to differences with race, genetics, and life-
style [15-18].

Our study results showed that deletion rate of 
PMS2 was the highest among four MMR while 
MSH6 was the lowest. We saw that negative 
staining for PMS2 protein had higher sensitivity 
but lower specificity for detecting microsatellite 
status, while MSH6 showed the opposite.

With improvement of molecular biological ex- 
periments, accuracy and convenience of micro-
satellite detection has been greatly enhanced 
but with the sensitivity and specificity of IHC 
detection, 100% is still difficult to reach. It has 
been reported that detection of MSH6 mis-
match repair protein expression in vitro or 
MSH6 mutant mice may be regarded as MSS 
by PCR [27-29] and even 14/18 (78%) cases 
were regarded as MSS or MSI-L when MSH6 
expression was abnormal [30]. The results of 
our study also demonstrated that 39 out of 532 
MSI-L/MSS cases were regarded as dMMR by 
IHC and 7 out of 37 MSI-H cases were regarded 
as pMMR by IHC. The reasons for different 
results between the two detection methods 
may include the following aspects: (1) PCR 
detection showed that some of the genes that 
affected microsatellite status were mutated 
but the antigenic determinant of expression 
production was not undermined. Although the 
production was not functional, IHC result was 
still positive, which may lead to false negatives; 
(2) Due to MMR protein’s functional redundan-
cy, it may not be enough to lead to occurrence 
of MSI-H when individual MMR protein was 
missing; (3) The time of tissue fixation and 
staining will also affect IHC results during the 
process; (4) Sensitivity of IHC is also dependent 
on its antibody type and other types of MMR 
genes can also lead to dMMR besides MLH1, 
MSH2, MSH6, and PMS2.

Because IHC detection of microsatellite status 
has the advantages of being a simple opera-
tion, short time of operation, low cost, low 
requirement of experimental instruments, and 
display of each repair protein, it has high appli-
cation value. It can be used as a first-line 
screening method for detecting microsatellite 
status in colorectal carcinoma. However, Vasen 
et al. [31] indicated that IHC could not com-
pletely replace PCR method in determining mic-
rosatellite status until other dMMR genes were 

elucidated. Our study shows 500 cases of 
pMMR detected by IHC. Just 7 cases were 
judged as MSI-H by PCR and the error rate was 
only 1.40%. There were 69 patients with dMMR 
(MSI-H), 39 were judged as MSI-L/MSS by PCR, 
accounting for 56.52%. The error rate was very 
high. Therefore, we believe that when the 4 
repair proteins were without deficiency detect-
ed by immunohistochemistry, it could be diag-
nosed as MSS/MSI-L and further PCR was not 
necessary. But when any repair protein was 
found to be deficient, PCR detection was need-
ed to determine whether microsatellite instabil-
ity existed. Our conclusion will save a lot of time 
and cost for clinical work.

In order to reduce false negatives and posi- 
tive proportions detected by IHC method during 
our application, we strictly performed every 
step of the operation and results of IHC were 
confirmed by two experienced pathologists, 
independently. Errors caused by subjective fac-
tors should be avoided as much as possible. It 
is critical that we discover new genes that 
affect deletion of MMR proteins.
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