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Abstract – Objective: Defects in mismatch repair genes or microsatellite instability (MSI) are 
seen in colorectal cancers (CRCs) both in sporadic and more predominantly in hereditary cases. Loss 
of MutS homolog (MSH)-6 as a mismatch repair gene may be seen in the CRC. We aimed at evalu-
ating the expression of MSH-6 as a marker of MSI in a common tumor with hereditary and familial 
features for preventive, diagnostic, and therapeutic purposes.   

Patients and Methods: Paraffin blocks of 103 patients who underwent colonoscopy or exci-
sional biopsy with a pathologic diagnosis of CRC were selected and immunohistochemistry (IHC) 
with MSH-6 marker was done. 

Results: Of all patients, 53 (51.45%) were males and the age range was 29-87 years. Of these, 
96 (93.2%) were positive for the MSH-6 marker and 7 (6.8%) were negative. Of the 103 patients, 96 
had adenocarcinoma. No significant relationship was observed between MSH-6 marker and gender, 
age group, cancer location in the colon, and cancerous type (p-values: 0.261, 0.343, 0.75, and 0.401, 
respectively). Out of 7 cases with MSH-6 loss, female gender, early-onset (≤50 years), mucinous or 
poorly differentiated, proximal location, and absence of lymph node involvement were seen in 5, 
4, 3, 3, and 5 cases, respectively. 

Conclusions: According to the results and literature, MSH-6 IHC on CRC specimens is recom-
mended especially in young age females, with right-sided tumors, poor differentiation, and muci-
nous component. First-degree relatives of the patients with MSH-6 loss may be trained for strictly 
following the guidelines of colorectal cancer screening.
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cron cuts were prepared from paraffin blocks and 
IHC staining with MSH-6 marker was done. The 
IHC process and staining were according to the 
brochure of the kit. Rabbit Anti-human MSH-6 
Monoclonal Antibody (Clone EP49) of master di-
agnostic, Granada (Spain) was used (ready-to-use 
MAD-000635QD-3). Nuclear cell staining was 
evaluated and divided into two groups: MSH-6 
positive and MSH-6 negative. Quantitative eval-
uation of positive cells for MSH-6 was performed 
by the two observers, the pathologist and his as-
sistant (Figure 1). The intensity of staining was 
not assessed. Normal colon tissue was examined 
as an internal control for nuclear staining and 
then the staining of the tumor tissue nuclei was 
compared. All the slides were examined by light 
microscopy with X400 magnification and a lack 
of nuclear staining was considered as a mutation.

Statistical analysis

The data were analyzed using Pearson’s chi-
square and Fisher’s exact test and in SPSS version 
22 software (IBM Corp., Armonk, NY, USA).

RESULTS

In this study, 103 CRCs from 103 patients were 
evaluated. Of all patients, 53 (51.45%) were male. 
The age range was 29-87 years. As we know, the 
MSH-6 gene is a repair gene, and nuclear stain-
ing implies that the repair process is performed 
by this gene. Lack of staining of nuclei means 
non-function gene and presence of a mutation or 
misregulated epigenetic mechanisms. Of these, 
96 (93.2%) were positive for the MSH-6 marker 
and 7 (6.8%) were negative. Based on the Fisher 
Exact Test result, no significant relationship was 
observed between the MSH-6 marker and gen-
der in Table 1 (p = 0.261). Patients were grouped 
into 3 age groups considering the risk of CRC. 
These age groups consisted ≤ 45 years, 46-65 
years, and ≥ 66 years. Based on the Fisher Ex-
act Test result, no significant relationship was 
found between MSH-6 marker expression and 
age in Table 2 (p = 0.343). According to the site 
of involvement in pathology report the patients 
categorized in sigmoid, rectum, cecum, recto-
sigmoid, sigmoid, and colon, and the last group 
with no further designation as colon NOS (Not 
Otherwise Specified). So, the most common site 
of involvement was colon NOS with 49 cases re-
ported. Based on the Fisher Exact Test result, no 
significant relationship was observed between 
MSH-6 marker expression and cancer location in 

INTRODUCTION

Microsatellites as repeated sequences of DNA 
are prone to mutations during replication1-3. Four 
genes with a role in correcting errors in replication 
or mismatch repair are MutL homolog (MLH)-1, 
MutS homolog (MSH)-2, MSH-6, and PMS-2. 
Defect in these genes culminates in microsatellite 
instability (MSI). This alteration may be seen in 
some tumors, including colorectal cancers (CRCs) 
especially hereditary nonpolyposis colon cancers 
or Lynch syndrome (LS). MSI is seen in about 15-
20% of sporadic cases of CRC and more than 90% 
of cases with LS1. LS is often underestimated4-6. 
In this syndrome especially with a mutation in 
MSH-6 colonoscopy is suggested to begin at the 
age of 30 years and repeated every 1-2 years7-9. 
The detection of mutation is important not only in 
LS but also in sporadic CRCs. In the later finding, 
the mutation can impact on prognosis and treat-
ment method9,10. Microsatellite Path Score is used 
by the pathologists considering age, anatomical 
site, degree of differentiation, and tumor-infiltrat-
ing lymphocytes, and other pathological features 
for prediction of MSI and had a good correlation 
with mutations in MLH-1 and MSH-2 genes, but 
MSH-6 needs further research11,12. Also, MSH-6 
mutation carriers often do not fulfill Amsterdam’s 
criteria for LS13-15. MSI is seen in cancer of the 
stomach, endometrium, and other cancers along 
with CRC15,16-21. CRC is the third most common 
cancer in the world with an increase of incidence 
in Iran22-25. CRC in Iran is higher in younger age 
groups with positive family history than in west-
ern countries26-28. The prevalence of LS in Iran is 
an estimated 5.5% of CRCs29. We aimed to evalu-
ate the expression of MSH-6 as a marker of MSI 
in a common tumor with hereditary and familial 
features for preventive, diagnostic, and therapeu-
tic purposes.

MATERIALS AND METHODS

This cross-sectional and analytical study was ap-
proved by the Local Ethics Committee (Code: IR.
KUMS.1397.534). Paraffin blocks of patients who 
underwent colonoscopy or excisional biopsy with 
a pathologic diagnosis of CRCs were selected 
from archives of the Pathology Department from 
2014 to 2018. In this study, 111 blocks of colorec-
tal specimens from 111 patients were used. Eight 
specimens were removed due to improper slide or 
lack of tumor in the slide and finally, 103 speci-
mens were evaluated. The hematoxylin and eosin 
(H&E) stained slides were reviewed by a patholo-
gist for re-confirmation of diagnosis. Then 4-mi-
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ately differentiated neuroendocrine carcinoma 
of the right colon, 5 cm without lymph node 
involvement. 3) Female, 68-year-old, moderate-
ly differentiated adenocarcinoma of the cecum, 
5 + 3 cm with half of lymph node involvement. 
4) Female, 50-year-old, moderately differentiat-
ed adenocarcinoma of sigmoid, 3.5 cm without 
lymph node involvement. 5) Female, 72-year-
old, adenocarcinoma of the colon with no further 

Table 3 (p = 0.750). Of the 103 patients, 96 had 
adenocarcinoma. Based on the Fisher Exact Test 
result, no significant relationship was observed 
between MSH-6 marker expression and cancer-
ous type in Table 4 (p = 0.401). Seven cases with 
loss of MSH-6 described with details as follows: 
1) Female, 40-year-old, poorly differentiated ad-
enocarcinoma of the colon, 6 cm without lymph 
node involvement. 2) Male, 37-year-old, moder-

Fig. 1. Immunohistochemistry staining of MSH-6. A, Negative, Adenocarcinoma; B, Positive, Adenocarcinoma; C, Positive, 
Malignant lymphoma; D, Positive, Adenocarcinoma with neuroendocrine features; E, Negative, Adenocarcinoma with muci-
nous features; F, Positive, Adenocarcinoma with mucinous features. All X40 magnification.
Abbreviations: M, methylated; U, unmethylated; NBM, normal bone marrow.
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DISCUSSION

This study was conducted on 103 CRC cases in 
the west of Iran in which 7 cases (6.8%) showed 
loss of MSH-6. Five of mutant cases (5/7) had no 
lymph node involvement. Karahan et al 30 found 
a loss of MSH-6 in 7/186 (3.7%) of their cases in 
Turkey, which was lower than our result of 6.8% in 
Iran in their neighborhood. They suggested screen-
ing for MSI by IHC for finding familial cases and 
LSs. According to their findings, this screening 
must be applied at least to right-sided tumors with 

information. 6) Female, 46-year-old, mucinous 
adenocarcinoma of the colon with signet ring 
cells, 3 cm without lymph node involvement. 7) 
Male, 58-year-old, mucinous adenocarcinoma in 
the ascending colon and cecum, 7 cm without 
lymph node involvement. In summary, out of 7 
cases with MSH-6 loss, female gender, early-on-
set (≤50 years), mucinous or poorly differenti-
ated, proximal location, and absence of lymph 
node involvement were seen in 5, 4, 3, 3, and 5 
cases, respectively. Some data was not available 
for definite characterization in this case series. 

TABLE 1. Relationship between gender and MSH-6 staining (p=0.261).

Variable	 Positive n, (%)	 Negative n, (%)	 Total n, (%)

Male	 51 (96.2%)	 2 (3.8%)	 53 (100.0%)
Female	 45 (90.0%)	 5 (10.0%)	 50 (100.0)
Total	 96 (93.2%)	 7 (6.8%)	 103 (100.0%)

TABLE 2. Evaluation of the association between age group and MSH-6 staining (p=0.343).

Variable	 Positive n, (%)	 Negative n, (%)	 Total n, (%)

≤ 45 years	 12 (85.7%)	 2 (14.3%)	 14 (100.0%)
46-65 years	 38 (92.7%)	 3 (7.3%)	 41 (100.0%)
≥ 66 years	 46 (95.8%)	 2 (4.2%)	 48 (100.0%)
 Total	 96 (93.2%)	 7 (6.8%)	 103 (100.0%)

TABLE 3. Evaluation of the association between cancer location and MSH-6 staining (p=0.750).

Variable	 Positive 	 Negative	 Total

Colon NOS	 44 (89.8%)	 5 (10.2%)	 49 (100.0%)
Sigmoid	 30 (96.8%)	 1 (3.2%)	 31 (100.0%)
Rectum	 7 (100.0%)	 0 (0.0%)	 7 (100.0%)
Cecum	 11 (91.7%)	 1 (8.3%)	 12 (100.0%)
Sigmoid and Rectum	 3 (100.0%)	 0 (0.0%)	 3 (100.0%)
Sigmoid and Colon	 1 (100.0%)	 0 (0.0%)	 1 (100.0%)
 Total	 96 (93.2%)	 7 (6.8%)	 103 (100.0%)

Abbreviation: NOS, Not Otherwise Specified.

TABLE 4. Evaluation of the association between cancer type and MSH-6 staining (p=0.401).

Variable	 Positive 	 Negative	 Total

Variable	 Positive	 Negative	 Total
Adenocarcinoma	 90 (93.8%)	 6 (6.3%)	 96 (100.0%)
Signet cell carcinoma	 1 (100.0%)	 0 (0.0%)	 1 (100.0%)
Carcinoma	 2 (66.7%)	 1 (33.3%)	 3 (100.0%)
Malignant lymphoma	 2 (100.0%)	 0 (0.0%)	 2 (100.0%)
Carcinosarcoma	 1 (100.0%)	 0 (0.0%)	 1 (100.0%)
 Total	 96 (93.2%)	 7 (6.8%)	 103 (100.0%)

Abbreviation: NOS, Not Otherwise Specified.
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the suspected cases of LS in the early-onset group 
had tumors on the left side of the colon rather than 
the right side4. Our result in cancer location is not 
statistically significant and this result may be due 
to the low sample number. Meanwhile, we could 
not identify the exact site of some cases and put 
them in the category of colon NOS. Loss of MSH-
6 has also been proven in sebaceous neoplasms of 
Muir-Torre syndrome39,40. Despite ideas of higher 
family history of CRC in Iran26, Geramizadeh1 
found that the expression of molecular biomarkers 
of CRCs is similar between Iranian and western 
populations. Therapeutic use of MSI has been em-
phasized by Valeri et al41,42. They showed that mi-
croRNA-21 overexpression downregulated mis-
match repair and culminates in a low therapeutic 
response to 5-fluorouracil (5-FU) chemotherapy41. 
Similar results are obtained by microRNA-15542. 
However, Kawakami et al43 recommended 5-FU-
based chemotherapy regimens only for stage III 
and not stage II patients. The current study used 
a small group of samples, with consequential lack 
of statistical power; however, it may represent a 
source for scientific community which may em-
ploy for future meta-analyses. Although this study 
has limitations including a few numbers of cases 
and evaluating only one marker due to limited 
resources, highlighting a special group (young 
age females, right-sided tumors with poor differ-
entiation and mucinous component) is a point of 
strength. Evaluating the first-degree relatives of 
this special group with a low cost may culminate 
in early diagnosis of cancer and saving lives.

CONCLUSIONS

According to the findings of this research and lit-
erature review, we suggest MSH-6 IHC staining of 
CRC specimens, especially in young age females, 
with right-sided tumors with poor differentiation 
and mucinous component. First-degree relatives 
of the patients with MSH-6 loss may be trained in 
strictly following the guidelines of CRC screening.
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poor differentiation, mucinous component, and 
prominent tumor infiltrating-lymphocytes in col-
orectal adenocarcinomas. Tumors with these cri-
teria had a higher probability of MSI. However, it 
must be noticed that tumors may be heterogeneous 
for IHC staining and larger surgical specimens 
are more informative than small colonoscopy bi-
opsies30. In another study from Turkey, Ozkara et 
al31 evaluated 608 cases of CRCs, 27 of them were 
high-risk groups of MSI. They demonstrated loss 
of MSH-6 in 7/20 (25.03%) of the high-risk cases. 
They proposed an MSI positive group with better 
prognosis, less lymph node metastasis, but less 
responsive to adjuvant chemotherapy. In a study32 
in Pakistan, neighboring south-west of Iran, none 
of the 212 cases of definite or suspected LS were 
positive for MSH-6 mutation similar to the studies 
in Slovenia in Europe13 and Boston in the USA33. 
In China 6/146 of CRCs were mutant for MSH-634. 
Others confirmed the idea of MSI positive CRCs 
with different clinicopathological characteristics, 
including right-sided location, poor differentia-
tion, less lymph node involvement, and metastasis, 
with a presentation in early stage35. This report35 
suggested a 2-antibody panel (PMS-2 and MSH-
6) as effective as a four-antibody panel (MLH-1, 
MSH-2, PMS-2, and MSH-6). Qin Q analysis re-
vealed 90/440 (20.5%) MSI in CRC and suggested 
MSI as an independent prognostic factor. They also 
confirmed a higher meaningful loss of repair genes 
in right-sided, mucinous, poorly differentiated tu-
mors, albeit with higher disease-free survival36. 
Molaei et al37 used a four-antibody panel of MSI in 
104 patients with CRC, all of them with early-onset 
presentation (Age range: 20-50 years). They found 
29 MSI-positive patients (27.9%). Loss of MSH-
6 was found in 9 patients (8.6%). Meanwhile, the 
loss of MSH-2 and MHS-6 together was associated 
with a higher P53 expression that is a marker of 
chromosomal instability. However, they suggested 
PMS-2 IHC as a screening tool in early-onset CRC. 
In another program, this researcher evaluated 343 
CRCs and found 14 MSI in a four-antibody panel 
(4.08%). The loss of MSH2/MSH-6 was found in 
12 patients. They confirmed right-sided involve-
ment and more association with positive family 
history, but non-significant better survival29. 

Goshayeshi et al38 found 33 MSI positive cases 
in 322 CRCs in which nine of them had MSH-6 
loss. They revealed that 29 cases had a positive 
screen for LS. Finally, they suggested at least a 
2-antibody panel (PMS-2 and MSH-6) for screen-
ing added to clinical criteria. In another research4, 
321 CRCs were evaluated in two groups of ear-
ly-onset (≤50 years) and late-onset (>50 years). 
The difference between groups for MSI positivity 
was not significant. Authors found that most of 



6

EXPRESSION OF MSH-6 IMMUNOHISTOCHEMISTRY MARKER IN COLORECTAL CANCER

  14.	 Sjursen W, Haukanes BI, Grindedal EM, Aarset H, 
Stormorken A, Engebretsen LF, Jonsrud C, Bjørnevoll 
I, Andresen PA, Ariansen S, Lavik LA, Gilde B, Bow-
itz-Lothe IM, Maehle L, Møller P. Current clinical cri-
teria for Lynch syndrome are not sensitive enough to 
identify MSH6 mutation carriers. J Med Genet 2010; 
47: 579-585.

  15.	 Vasen HF. Review article: the Lynch syndrome (heredi-
tary nonpolyposis colorectal cancer). Aliment Pharma-
col Ther 2007; 26: 113-126.

  16.	 Yamamoto H, Imai K. Microsatellite instability: an up-
date. Arch Toxicol 2015; 89: 899-921.

  17.	 Lorenzi M, Amonkar M, Zhang J, Mehta S, Liaw K-L. 
Epidemiology of Microsatellite Instability High (MSI-H) 
and Deficient Mismatch Repair (dMMR) in solid tumors: 
a structured literature Review. J Oncol 2020; 2020: 
1807929.

  18.	 Shokal U, Sharma PC. Implication of microsatellite 
instability in human gastric cancers. Indian J Med Res 
2012; 135: 599-613.

  19.	 Li K, Luo H, Huang L, Luo H, Zhu X. Microsatellite in-
stability: a review of what the oncologist should know. 
Cancer Cell Int 2020; 20: 16. 

  20.	 Bonneville R, Krook MA, Kautto EA, Miya J, Wing MR, 
Chen HZ, Reeser JW, Yu L, Roychowdhury S. Landscape 
of Microsatellite Instability Across 39 Cancer Types. JCO 
Precis Oncol 2017; 2017: PO.17.00073.

  21.	 Baudrin LG, Deleuze JF, How-Kit A. Molecular, and 
computational methods for the detection of microsat-
ellite instability in cancer. Front Oncol 2018; 8: 621.

  22.	 Malehi AS, Rahim F. Prognostic classification index in 
Iranian colorectal cancer patients: survival tree analysis. 
South Asian J Cancer 2016; 5: 23-26.

  23.	 Zare-Bandamiri M, Khanjani N, Jahani Y, Mohammad-
ianpanah M. Factors affecting survival in patients with 
colorectal cancer in Shiraz, Iran. Asian Pac J Cancer Prev 
2016; 17: 159-163.

  24.	 Pourhoseingholi MA, Zali MR. Colorectal cancer screen-
ing: time for action in Iran. World J Gastrointest Oncol 
2012; 4: 82-83.

  25.	 Pourhoseingholi MA, Faghihzadeh S, Hajizadeh E, Aba-
di A, Zali MR. Bayesian estimation of colorectal cancer 
mortality in the presence of misclassification in Iran. 
Asian Pac J Cancer Prev 2009; 10: 691-694.

  26.	 Dolatkhah R, Somi MH, Bonyadi MJ, Asvadi Kermani I, 
Farassati F, Dastgiri S. Colorectal cancer in Iran: molec-
ular epidemiology and screening strategies. J Cancer 
Epidemiol 2015; 2015: 643020.

  27.	 Hessami Arani S, Kerachian MA. Rising rates of colorec-
tal cancer among younger Iranians: is diet to blame?. 
Curr Oncol 2017; 24: e131-e137.

  28.	 Ansari R, Mahdavinia M, Sadjadi A, Nouraie M, Kaman-
gar F, Bishehsari F, Fakheri H, Semnani S, Arshi S, Zahedi 
MJ, Darvish-Moghadam S, Mansour-Ghanaei F, Mosavi 
A, Malekzadeh R. Incidence and age distribution of 
colorectal cancer in Iran: results of a population-based 
cancer registry. Cancer Lett 2006; 240: 143-147. 

  29.	 Molaei M, Mansoori BK, Ghiasi S, Khatami F, Attarian 
H, Zali M. Colorectal cancer in Iran: immunohisto-
chemical profiles of four mismatch repair proteins. Int 
J Colorectal Dis 2010; 25: 63-69.

  30.	 Karahan B, Argon A, Yıldırım M, Vardar E. Relationship 
between MLH-1, MSH-2, PMS-2, MSH-6 expression 
and clinicopathological features in colorectal cancer. Int 
J Clin Exp Pathol 2015; 8: 4044-4053.

  31.	 Ozkara S, Sari B, Yesil A, Aktekin A, Sezikli M, Cet-
inkaya Z, Aker F. Evaluation of colorectal adenocarcino-
mas at single-institution with respect to microsatellite 
instability. Chirurgia (Bucur) 2013; 108: 473-477.

Conflict of interest: 
There are no conflicts of interest.

REFERENCES

    1.	 Geramizadeh, B. Molecular biomarkers of colorectal 
cancer: a review of published articles from Iran. Ann 
Colorectal Res 2015; 3: e30100.

    2.	 Eckert KA, Hile SE. Every microsatellite is different: 
intrinsic DNA features dictate mutagenesis of common 
microsatellites present in the human genome. Mol 
Carcinog 2009; 48: 379-388.

    3.	 Dieringer D, Schlötterer C. Two distinct modes of 
microsatellite mutation processes: evidence from the 
complete genomic sequences of nine species. Genome 
Res 2003; 13: 2242-2251.

    4.	 Goshayeshi L, Ghaffarzadegan K, Khooei A, Esmaeilz-
adeh A, Rahmani Khorram M, Mosannen Mozaffari H, 
Kiani B, Hoseini B. Prevalence and clinicopathological 
characteristics of mismatch repair-deficient colorec-
tal carcinoma in early-onset cases as compared with 
late-onset cases: a retrospective cross-sectional study 
in Northeastern Iran. BMJ Open 2018; 8: e023102.

    5.	 Bansidhar BJ. Extracolonic manifestations of lynch syn-
drome. Clin Colon Rectal Surg 2012; 25: 103-110.

    6.	 Lynch HT, Lynch PM, Lanspa SJ, Snyder CL, Lynch JF, 
Boland CR. Review of the Lynch syndrome: history, 
molecular genetics, screening, differential diagnosis, 
and medicolegal ramifications. Clin Genet 2009; 76: 
1-18.

    7.	 Keutgen XM, Filicori F, Lee SW, Zarnegar R. En bloc 
right hemicolectomy and pancreaticoduodenectomy 
for HNPCC with simultaneous mutations of MSH-2 and 
MSH-6. Int J Colorectal Dis 2011; 26: 527-529.

    8.	 Jang E, Chung DC. Hereditary colon cancer: lynch syn-
drome. Gut Liver 2010; 4: 151-160.

    9.	 Boland CR, Goel A. Microsatellite instability in colorec-
tal cancer. Gastroenterology 2010; 138: 2073-2087.e3.

  10.	 Xicola RM, Llor X, Pons E, Castells A, Alenda C, Piñol 
V, Andreu M, Castellví-Bel S, Payá A, Jover R, Bessa X, 
Girós A, Duque JM, Nicolás-Pérez D, Garcia AM, Rigau 
J, Gassull MA. Performance of different microsatellite 
marker panels for detection of mismatch repair-defi-
cient colorectal tumors. J Natl Cancer Inst 2007; 99: 
244-252.

  11.	 Bessa X, Alenda C, Paya A, Álvarez C, Iglesias M, Seo-
ane A, Dedeu JM, Abulí A, Ilzarbe L, Navarro G, Pellise 
M, Balaguer F, Castellvi-Bel S, Llor X, Castells A, Jover 
R, Andreu M. Validation microsatellite path score in a 
population-based cohort of patients with colorectal 
cancer. J Clin Oncol 2011; 29: 3374-3380.

  12.	 Jenkins MA, Hayashi S, O’Shea AM, Burgart LJ, Smyrk 
TC, Shimizu D, Waring PM, Ruszkiewicz AR, Pollett AF, 
Redston M, Barker MA, Baron JA, Casey GR, Dowty JG, 
Giles GG, Limburg P, Newcomb P, Young JP, Walsh MD, 
Thibodeau SN, Lindor NM, Lemarchand L, Gallinger S, 
Haile RW, Potter JD, Hopper JL, Jass JR; Colon Cancer 
Family Registry. Pathology features in Bethesda guidelines 
predict colorectal cancer microsatellite instability: a popu-
lation-based study. Gastroenterology 2007; 133: 48-56.

  13.	 Berginc G, Bracko M, Ravnik-Glavac M, Glavac D. 
Screening for germline mutations of MLH1, MSH2, 
MSH6, and PMS2 genes in Slovenian colorectal cancer 
patients: implications for a population-specific detec-
tion strategy of Lynch syndrome. Fam Cancer 2009; 8: 
421-429.



7

EXPRESSION OF MSH-6 IMMUNOHISTOCHEMISTRY MARKER IN COLORECTAL CANCER

ee O, Lari S, Bahari A, Allahyari A, Bari A, Ganji A, 
Goshayeshi L, Rajabzadeh F, Esmaeili J. Screening for 
Lynch syndrome in cases with colorectal carcinoma 
from Mashhad. Arch Iran Med 2017; 20: 332-337.

  39.	 Chhibber V, Dresser K, Mahalingam M. MSH‐6: ex-
tending the reliability of immunohistochemistry as a 
screening tool in Muir‐Torre syndrome. Mod Pathol 
2008; 21: 159.

  40.	 Kientz C, Joly MO, Faivre L, Clemenson A, Dalac S, 
Lepage C, Chapusot C, Jacquot C, Schiappa R, Lebrun 
M. A case report of Muir-Torre syndrome in a woman 
with breast cancer and MSI-Low skin squamous cell 
carcinoma. Hered Cancer Clin Pract 2017; 15: 6.

  41.	 Valeri N, Gasparini P, Braconi C, Paone A, Lovat F, 
Fabbri M, Sumani KM, Alder H, Amadori D, Patel T, 
Nuovo GJ, Fishel R, Croce CM. MicroRNA-21 induces 
resistance to 5-fluorouracil by down-regulating human 
DNA MutS homolog 2 (hMSH2). Proc Natl Acad Sci U 
S A 2010; 107: 21098-21103. 

  42.	 Valeri N, Gasparini P, Fabbri M, Braconi C, Veronese A, 
Lovat F, Adair B, Vannini I, Fanini F, Bottoni A, Costin-
ean S, Sandhu SK, Nuovo GJ, Alder H, Gafa R, Calore 
F, Ferracin M, Lanza G, Volinia S, Negrini M, McIlhatton 
MA, Amadori D, Fishel R, Croce CM. Modulation of 
mismatch repair and genomic stability by miR-155. Proc 
Natl Acad Sci U S A 2010; 107: 6982-6987.

  43.	 Kawakami H, Zaanan A, Sinicrope FA. Microsatellite 
instability testing and its role in the management of 
colorectal cancer. Curr Treat Options Oncol 2015; 16: 
30.

  32.	 Rashid MU, Naeemi H, Muhammad N, Loya A, Lubiński 
J, Jakubowska A, Yusuf MA. Prevalence and spectrum 
of MLH1, MSH2, and MSH6 pathogenic germline 
variants in Pakistani colorectal cancer patients. Hered 
Cancer Clin Pract 2019; 17: 29.

  33.	 Mueller J, Gazzoli I, Bandipalliam P, Garber JE, Syngal 
S, Kolodner RD. Comprehensive molecular analysis 
of mismatch repair gene defects in suspected Lynch 
syndrome (hereditary nonpolyposis colorectal cancer) 
cases. Cancer Res 2009; 69: 7053-7061.

  34.	 Jin HY, Liu X, Li VK, Ding Y, Yang B, Geng J, Lai R, Ding 
S, Ni M, Zhao R. Detection of mismatch repair gene 
germline mutation carrier among Chinese population 
with colorectal cancer. BMC Cancer 2008; 8: 44.

  35.	 Yuan L, Chi Y, Chen W, Chen X, Wei P, Sheng W, Zhou 
X, Shi D. Immunohistochemistry and microsatellite 
instability analysis in molecular subtyping of colorectal 
carcinoma based on mismatch repair competency. Int J 
Clin Exp Med 2015; 8: 20988-21000.

  36.	 Qin Q, Ying J, Lyu N, Guo L, Zhi W, Zhou A, Wang J. 
[Analysis of the relationship of DNA mismatch repair 
with clinicopathologic features and prognosis of colon 
cancer]. Zhonghua Zhong Liu Za Zhi 2015; 37: 591-596.

  37.	 Molaei M, Mansoori BK, Ghiasi S, Nemati F, Almasi S, 
Fatemi SR, Motlagh AG, Zali MR. Cancerogenesis in 
colorectal neoplasms: evidence from early-onset col-
orectal cancer. Clin Cancer Investig J 2012; 1: 57-64.

  38.	 Goshayeshi L, Khooiee A, Ghaffarzadegan K, Rahmani 
Khorram M, Bishehsari F, Hoseini B, Akhavan Rezayat 
K, Esmaeilzadeh A, Mosannen Mozaffari H, Ghanay-


