Hashmi et al. World Journal of Surgical Oncology (2017) 15:116
DOI 10.1186/512957-017-1158-8 World Journal of

Surgical Oncology

RESEARCH Open Access

Mismatch repair deficiency screening in @
colorectal carcinoma by a four-antibody
immunohistochemical panel in Pakistani
population and its correlation with
histopathological parameters

Atif Ali Hashmi', Rabia Ali", Zubaida Fida Hussain', Naveen Faridi', Erum Yousuf Khan',
Syed Muhammad Abu Bakar', Muhammad Muzzammil Edhi* and Mehmood Khan®"

Abstract

Background: Microsatellite instability (MSI) operates as the second major pathway in the colorectal carcinogenesis.
Although genetic testing remains the gold standard for the detection of MSI, the College of American Pathologists
(CAP) recommends an initial immunohistochemical workup with a four-antibody panel (MLH1, PMS2, MSH2, and
MSH6) to screen for a defective mismatch repair system. An increased trend towards young age colorectal
carcinoma (CRC) has been noticed in our population over recent years; however, neither screening for MSI by
immunohistochemistry (IHC)/genetic testing was done nor were its morphological features studied. We aimed to
determine the frequency of mismatch repair deficiency (dMMR) by loss of IHC expression of the aforementioned
enzymes in CRC patients and its correlatation with clinicopathologic parameters.

Methods: This was a retrospective study conducted at Liaquat National Hospital, Karachi, between 2012 and

2015. A total of 100 cases of CRC were included in the study that underwent surgical resection. IHC stains using
antibodies MLH1, PMS2, MSH2, and MSH6 were performed by DAKO EnVision method on representative tissue
blocks. The results were interpreted by senior histopathologists and correlated with clinico-pathological parameters.

Results: A total of 100 cases of CRC were studied that included 51 males and 49 females. Thirty-four percent

(n = 34) of the patients showed loss of IHC staining for MMR markers. Combined loss of expression for MLH1/PMS2
were observed in 16% (n = 16) of the cases. Loss of MSH2/MSH6 were seen in 6% (n = 6) of the cases. Loss of
expression for all markers were noted in 7% (n =7) of the cases. There were 5% (n=5) of the cases that showed
isolated loss of MLH1 only. The tumors with dMMR status were significantly associated with right-sided location

(p =0.013), exhibited intra-tumoral lymphocytosis (p =0.007), and lymphovascular invasion (p = 0.043). No significant
association was seen with gender, age, tumor stage, grade, or other morphological features.

Conclusion: The frequency of mismatch repair deficiency in CRC patients was found to be 34% in Pakistani

population which warrants further genetic testing to exclude Lynch syndrome. Moreover, right-sided location and
intra-tumoral lymphocyte count may be used to identify patients who may need further workup.
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Background

There are different pathways of colorectal carcinogenesis
including chromosomal instability (CIN), microsatellite
instability (MSI), and CpG island methylation (CIMP)
with overlap between these pathways. CIN occurs in
about 85% of patients with sporadic CRC and familial
adenomatous polyposis (FAP) and is characterized by
aneuploidy, chromosomal rearrangements, and accumu-
lations of mutations in oncogenes and tumor suppressor
genes [1]. However, MSI is most likely to be found in
hereditary non-polyposis colon cancer [2] as well as in
sporadic CRC.

There are different ways for repairing DNA replication
errors of which one is mismatch repair (MMR) system
which functions to eliminate base-base mismatches and
insertion-deletion loops. To do so, at least five different
MMR proteins are required including MSH2, MLH]1,
MSH6, PMS1, and PMS2 [3]. Any inherited or somatic
mutation or epigenetic silencing of any aforementioned
genes lead to MSL

Microsatellites are tandem repeats of one to six nu-
cleotide repeats found throughout the genome. Their
instability is characterized by contractions or expansions
of these sequences within DNA [4]. Mutation rates in
tumor cells with dAMMR are 100-1000-fold as compared
with normal cells [5]. These mutations affect important
growth regulatory genes, for example, TGE-B1-RII [6],
TCF4, and BAX2.

A germ-line mutation in one of the MMR gene is the
cause of dMMR in patients with HNPCC (Lynch
syndrome) [7]. These tumors show high levels of MSI
(MSI-H). Approximately 15% of sporadic colorectal can-
cers with no family history also exhibit MSI [8]; however,
in sporadic cases, mutation of MMR genes are infre-
quent whereas biallelic hypermethylation of promotor of
MLH1 appears to be the most important mechanism for
inactivation of MMR genes [9].

Some studies have shown that individuals with MSI-H
tumors (sporadic and germ line) have improved survival
rates to those with microstallite stable (MSS) tumors of
similar stage [10]. Also, few studies suggest that patients
with MSI-H tumors are most likely to have a risk of
metachronous cancers [11]. Furthermore, MSI-H tumors
may be resistant to conventional chemotherapeutic
agents [12]. Knowing whether the patient has Lynch syn-
drome is important as decisions like the extent of sur-
gery (segmental versus total colectomy) [13] and doing
other prophylactic surgeries (hysterectomy or oophorec-
tomy), choosing appropriate therapy, and screening
family member for the same mutation have to be taken.

Although genetic testing remains the gold standard for
detecting MSI, the College of American Pathologists
(CAP) recommends an initial IHC workup using a four-
antibody panel including MLH1, MSH2, MSH6, and
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PMS2 which detects the presence or absence of protein
products. Although MSI testing is the gold standard,
due to limited resources, we preferred using immunohis-
tochemistry as a screening modality.

In the past, survival studies have shown distinct
clinico-pathological features of dAMMR tumors such as
poor differentiation, mucin secretion, proximal colon lo-
cation, and lymphocytic infiltration are associated with
favorable prognosis. Until now, no/limited data is pub-
lished on the role of MMR status in Pakistani CRC pa-
tients and the relationship between MMR status and
clinico-pathological features is also not certain. In this
study, we aim to evaluate the role of MMR status in re-
lation to pathological features in CRC patients.

Method

A total of 102 primary CRC cases were included in the
study. All patients underwent surgical resections be-
tween 2013 and 2015 at Liaquat National Hospital
(Karachi, Pakistan). All cases were biopsy proven. Two
patients had a history of pre-operative chemoradiation
therapy and were excluded from the study. Moreover, no
clinical information was available of patients who re-
ceived chemotherapy after surgery. Finally, 100 cases
were analyzed. The study was approved by the hospital
ethical committee.

All slides of all cases were retrieved and were reviewed.
Then, representative paraffin-fixed tissue blocks were se-
lected that showed both tumor and adjacent non-tumor
colonic epithelium.

Immunohistochemical study

A four-antibody panel of MMR proteins including
MLH1, MSH2, MSH6, and PMS2 was performed by
using DAKO EnVision method on the representative
paraffin-fixed tissue blocks. Four-micrometer-thick tis-
sue sections were deparaffinized in xylene, rehydrated in
alcohol, and washed in distilled water. All the antibodies
were ready-to-use monoclonal antibodies provided in
liquid form in a buffer containing stabilizing protein and
0.015 mol/L sodium azide (MSH6 clone, EP49; PMS2
clone, EP51; MSH2 clone, FE11; MLH1 clone, ESO05).
The formalin-fixed, paraffin-embedded tissue sections
were pretreated with heat-induced epitope retrieval
(HIER) at 97 °C for 35-40 min at high pH (50x). The
slides were then incubated with the following antibodies:
MLH1, MSH2, MSH6, and PMS2. Immunohistochemis-
try was done manually.

According to the CAP protocol for immunohisto-
chemistry interpretation, any nuclear staining even
patchy is taken as “no loss of expression” and only abso-
lute absence of nuclear staining should be considered
“loss of expression” provided internal controls are posi-
tive. Hence, carcinoma was considered dMMR when
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there was absence of nuclear staining for at least one
protein. Adjacent normal colonic epithelium, lympho-
cytes, and stromal cells served as positive internal con-
trols. Expression of proteins was then grouped into five
categories: no loss of expression, loss of expression of all
four proteins, combined loss of MLH1/PMS2, combined
loss of MSH2/MSHS6, and isolated loss of MLH1.

Pathological analysis

Pathological records of 100 cases were reviewed. Informa-
tion like patient’s age, gender, tumor laterality, lymphovas-
cular invasion, peri-neural invasion, T stage, and N stage
were obtained from the records.

Histopathological features

One H&E slide per case was reviewed by two senior his-
topathologists independently. Histopathological evalu-
ation of tumor features and host response were done
using the following criteria.

Tumor features
Mucinous histology Extracellular mucin accumulation
bounded either by neoplastic epithelium or stroma.
Tumors were subgrouped as mucinous histology be-
ing absent, <10%, 10-50%, and >50% of tumor area
involved [14].

Signet ring cells Presence of tumor cells with intra-
cytoplasmic mucin and peripherally displaced crescent-
shaped nucleus, whether present within extracellular
mucin pools or infiltrating stroma.

Cribriform growth pattern Neoplastic epithelial islands
with sharp punched out glandular spaces. Semi-quantitative
subgrouping into 10-50% and >50% was done.

Poor differentiation Solid or sheet-like pattern of
tumor cells in more than 70% of tumor.

Medullary pattern Sheets, trabeculae, or nests of small-
to medium-sized tumor cells exhibiting syncytial pattern,
frequent mitosis, and abundant stromal lymphocytic
infiltration.

Mixed growth pattern Distinct and different growth pat-
terns adjacent to each other in the same histological section.

Necrosis Presence of dirty necrosis. Subgrouped into
focal and widespread.

Host immune response features

Crohn’s-like peri-tumoral reaction Pronounced lymph-
oid reaction to tumor, composed of lymphoid follicles
with germinal centers at tumor edges, not associated
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with either mucosa or pre-existing lymph node. Two or
more large lymphoid aggregates in a section were re-
quired for the presence of this feature [15].

Intra-tumoral lymphocytic infiltrate The presence of
small round lymphocytes within neoplastic epithelial cells.
This category was subgrouped into mild to moderate (up to
three intra-epithelial lymphocytes (IEL)/HPF) and marked
(>3 IEL/HPF) in accordance with the CAP guidelines.

Results

Out of total 100 CRC cases, 34% (1 = 34) showed loss of
expression of at least one MMR protein (AIMMR). Seven
percent (n=7) of the cases showed loss of expression of
all four MMR proteins; 16% (n=16) showed loss of
MLH1/PMS2 proteins expression; 6% (n=6) showed
lack of MSH2/MSH6 protein expression; and isolated
loss of MLH1 was noted in 5% (17 =5) of the cases. No
tumor showed loss of staining with MSH6, MSH2, or
PMS?2 protein alone.

A total of 51 males and 49 females were enrolled. No
gender preponderance with MMR status was observed
(p =0.082). The patient ages ranged from 19 to 85 years
with a median age of 53 years. Age was subgrouped
into <50 and >50 years. Thirty-seven patients were youn-
ger than 50 years of which only seven had a right-sided
tumor (18%; 7/37). Like gender, no significant association
with age was seen.

Tumors with dMMR status were significantly associ-
ated with right-sided location (p = 0.013). Eighty percent
of the cases (4/5) showing isolated MLH1 loss and 66%
(4/6) tumors with MSH2/MSH6 loss were right sided.
Seventy percent (1 =70) of tumors were left sided while
30% (n =30) tumors were right sided. Fifty-three percent
(16/30) of the right-sided tumors and 25.7% (18/70) of
the left-sided tumors were dAMMR.

A significant association between abnormal (loss)
expression of MMR proteins and tumor-infiltrating
lymphocytes (TILs) was noted (p =0.007). There were
no tumor-infiltrating lymphocytes in 57% (n=57) of
tumors, while 24% (n = 24) exhibited mild to moderate
TILs and 18% showed marked TILs. In tumors with loss
of expression of all markers (n=7), 72% (5/7) of the
cases exhibited TILs. TILs were seen in 81% (13/16) of
tumors with MLH1/PMS?2 loss and 50% (3/6) of tumors
with MSH2/MSHS6 loss, while only 20% (1/5) of tumors
with isolated MLHI1 loss showed intra-tumoral lympho-
cytosis (Figs. 1, 2, 3, and 4).

Lymphovascular invasion was seen in 14% (1/7) of tu-
mors with abnormal expression of all MMR proteins,
12% (2/16) of tumors with MLH1/PMS2 loss, 16% (1/6)
of tumors with MSH2/MSH®6 loss, and 80%(4/5) of tu-
mors with isolated MLH1 loss. A significant association
was observed (p = 0.043).
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Fig. 1 Infiltrating adenocarcinoma (H&E stain)
. /

No significant association was seen with tumor grade
or tumor type. There was only one medullary carcinoma
in the study, and that showed dMMR with loss of
MSH2/MSHS6 (p = 0.004).

Similarly, no significant association was noted with T
stage, N stage, signet ring or mucinous histology, poor
differentiation, necrosis, or peri-tumoral Crohn’s like
lymphocytic response (Table 1).

Personal and family history suggestive of inherited
cancer susceptibility was revealed in six cases, most of
which were associated with MSH2/MSHS6 loss as shown
in Table 2 (p value <0.001).

Discussion

The current study determined the frequency of dAMMR
status in CRC in Pakistani population which turned out
to be 34%. Furthermore, tumors with dAMMR status had
distinct clinico-pathological features.

It is now known that a significant proportion of spor-
adic CRC arise through a MSI pathway characterized by
defect in MMR genes. Our study demonstrates that
dMMR status in CRC may be characteristic of Lynch

Fig. 2 Tumor-infiltrating lymphocytes (TILS)
(.

Fig. 3 MLH1 negative with built-in control (x20)
.

syndrome and of patients with favorable prognosis and
better survival after adjuvant chemotherapy [16]. This
group of patients may be recognized on the basis of
histopathology together with IHC. While PCR amplifica-
tion of microsatellite repeats remain the gold standard
for recognition of MSI phenotype, this approach is not
feasible in routine pathology lab. Since MSI-H CRC
share some morphological features (young patient age,
right-sided location, mucinous and signet ring histology,
intra-tumoral lymphocytosis), careful observation of
tumor histology can help identify these tumors [17]. A
study used parameters of right-sided location and TILs
(with a positive predictive value of 57% and a negative
predictive value of 95%) to identify MSI tumors. How-
ever, morphology alone would miss up to 40% of MSI-H
tumors. Hence, the study states that IHC detection of
protein products is a highly specific approach to pick
MSI-H tumors [18].

In our study, tumors with dMMR status accounted for
34% of the total cases. Concurrent loss of MLH1/PMS2
was the most common pattern of abnormal protein ex-
pression followed by concurrent MSH2/MSHS6 loss. This

Fig. 4 MSH6 positive (x20)
.
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Table 1 Expression of MSi markers in colorectal carcinoma and its correlation with clinico-pathological features
Characteristics No loss of Loss of expression MLH1/PMS2 loss MSH2/MSH6 loss Isolated MLH1 loss Total n=100 p value
expression of all markers n=16 n==6 n=>5
n=066 n=7
Age
<50 years 27(41%) 2(28.5%) 5(31%) 3(50%) 0(0%) 37 0.374
>50 year 39(59%) 5(71%) 11(68%) 3(50%) 5(100%) 63
Gender
Male 29(44%) 4(57%) 10(62%) 6(100%) 2(40%) 51 0.082
Female 37(56%) 3(43%) 6(37%) 0(0%) 3(60%) 49
Laterality
Right 14(21%) 2(29%) 6(37%) 4(66%) 4(80%) 30 0.013
Left 52(79%) 5(71%) 10(62%) 2(33%) 1(20%) 70
Lymphovascular invasion
Present 19(28.7%) 1(14%) (12%) 1(16%) 4(80%) 27 0.043
Absent 47(71%) 6(86%) 14(88%) 5(84%) 1(20%) 73
T stage
T 1(1.5%) 0(0%) 0(0%) 0(0%) 0(0%) 1 0.835
T2 3(4.5%) 1(14%) 2(12.5%) 1(16%) 0(0%) 7
T3 55(83%) 4(57%) 13(81%) 5(84%) 4(80%) 81
T4 7(10%) 2(29%) 1(6.2%) 0(0%) 1(20%) 11
N stage
NO 20(30%) 3(43%) 6(37.5%) 3(50%) 0(0%) 32 0.561
N1 21(31%) 1(14%) 6(37.5%) 1(16%) 1(20%) 30
N2a 11(16%) 1(14%) 4(25%) 1(16%) 2(40%) 19
N2b 14(21%) 2(29%) 0(0%) 1(16%) 2(40%) 19
Tumor grade
I 1(1.5%) 1(14%) 1(6.2%) 0(0%) 0(0%) 3 0487
Il 50(76%) 3(43%) 14(87%) 4(66%) 3(60%) 74
Il 15(23%) 3(43%) 1(6.2%) 2(33%) 2(40%) 23
Tumor type
NOS 56(84.8%) 4(57%) 15(94%) 3(50%) 2(40%) 80 0.177
Mucinous 7(12.5%) 2(28.5%) 1(6%) 2(33%) 2(40%) 14
Medullary 0(0%) 0(0%) 0(0%) 1(16%) 0(0%) 1
Signet ring 3(4.5%) 1(14%) 0(0%) 0(0%) 1(20%) 5

was similar to another study [19]. The frequency of loss
of expression was found to be quite variable in different
studies. It was 21% in Singapore population [20], 6.9% in
Chinese population [21], and approximately 15% in
western studies [22].

MSI-H cancers often evoke a host response resulting
in migration of activated T cells into neoplastic epithe-
lium™", The immune system recognizes neoplasia
poorly, but in MSI-H cancers with TILs, the mechanisms
of T cell cytotoxicity are activated [23]. The T cells are
CD8+, TCR+ cells. Whether improved prognosis of
MSI-H colonic cancers is related to upregulated immune
system that prevents emergence of metastatic deposit is

not known. Tumor-infiltrating lymphocytes have been
independently associated with improved survival after
curative surgery [24]. In our study, a significant associ-
ation of dMMR was seen with tumor-infiltrating lym-
phocytes (p=0.007). Thomas in his study concluded
that quantification of TILs may provide a simple, single
criterion for choosing CRC patients as candidates for
MSI testing. According to his study, consideration of
TILs could reduce the number of CRC referred for MSI
testing by one half, yet 93% of MSI-H cancers would be
identified [25]. According to Greenson et al., TILs can
correctly classify tumors as MSI-H with approximately
85% probability [26].
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Table 2 Expression of MSi markers in colorectal carcinoma and its correlation with histological parameters
Characteristics No loss of Loss of expression MLH1/PMS2 loss MSH2/MSH6 loss Isolated MLH1 loss Total p value
expression of all markers n=16 n==6 n=>5 n=100
n=66 n=7
Mucinous histology
<10% 6(9%) 3(43%) 2(12.5%) 0 1(20%) 12 0334
10-50% 4(6%) 1(14%) 1(6.25%) 1(17%) 0 7
>50% 7(11%) 1(14%) 2(12.5%) 2(33%) 1(20%) 13
Absent 49(74%) 2(29%) 11(69%) 3(50%) 3(60%) 68
Signet ring differentiation
Present 10(15%) 1(14%) 4(25%) 0 1(20%) 16 0.696
Absent 56(85%) 6(86%) 12(75%) 6(100%) 4(80%) 84
Poor differentiation
Present 4(6%) 1(14%) 1(6.25%) 2(33%) 1(20%) 9 0.188
Absent 62(94%) 6(86%) 15(94%) 4(67%) 4(80%) 91
Medullary differentiation
Present 0 0 0 1(17%) 0 1 0.004
Absent 65(98%) 7(100%) 16(100%) 5(83%) 5(100%) 99
Necrosis
Focal 47(71%) 4(57%) 10(63%) 5(83%) 4(80%) 70 0.198
Widespread 17(26%) 1(14%) 5(31%) 0 1(20%) 24
Absent 2(3%) 2(29%) 1(6.25%) 1(17%) 0 6
Tumor-infiltrating lymphocytes
None 45(68%) 2(28%) 3(19%) 3(50%) 4(80%) 57 0.007
Mild to moderate 15(22.7%) 3(43%) 6(81%) 1(50%) 0 25
Marked 6(9%) 2(28%) 7(81%) 2(50%) 1(20%) 18
Peri-tumoral lymphocytic response
None 45(68%) 5(71%) 11(69%) 2(33%) 4(80%) 67 0454
Mild to moderate 13(20%) 1(14%) 2(13%) 1(17%) 1(20%) 18
Marked 8(12%) 1(14%) 3(19%) 3(50%) 0 15

We, like Alexander et al. [27], found that presence of
peri-tumoral Crohn’s-like lymphocytic response (PTL)
was an insensitive marker for MSI-H tumors. Some
studies have identified this feature as an independent
prognostic variable™, The frequency of detecting PTL
among CRC cases in our study might be limited due to
examination of only one slide per case.

In our study, 30% (30/100) of tumors were located on
the right side (from cecum to splenic flexure), out of
which 53% (16/30) were dMMR. While of the 70 left-
sided tumors, only 25.7% (18/70) showed loss of expres-
sion of MMR proteins. Hence, a strong association of
dMMR was seen with right-sided location (p =0.013). A
study suggests that MSI screening should be done for
right-sided colon cancers in patients younger than
60 years [28].

MSI-H CRC has characteristic profile typically forming
right-sided, lymphocyte rich tumors that are often
mucinous [29]. Many studies have shown significant

association between dMMR status and mucinous hist-
ology [30]. MSI-H mucinous tumors have better prognosis
than MSS mucinous tumors. In our study, no significant
association was found with mucinous histology.

In the current study, cases of both sporadic and her-
editary CRC were included. Approximately 10-15% of
sporadic colon cancers are MSI-H; this is due to somatic
hMLH1 promotor hypermethylation resulting in epigen-
etic silencing and absent protein expression [31]. In our
study, five cases showed isolated loss of MLHI. All
patients were above 50 years of age at diagnosis. Two
cases exhibited mucinous histology, and one was poorly
differentiated. Eighty percent of the cases (4/5) were
right sided. Such cases warrant testing for BRAF V600E
mutation and MLH1 promotor hypermethylation testing
prior to MSI testing.

In our study, we observed that out of 34 cases that
showed any loss of expression, 61.7% (21/34) of the
cases showed MLH1 loss with or without concurrent
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PMS2 loss. Of these cases, only one (4%; 1/21) case had
a family history of colonic or endometrial cancer. We
also observed that MLH1/PMS2 loss was the most fre-
quent pattern while MSH2/MSHS6 loss was less frequent
and more significantly associated with inherited cancer
susceptibility.

According to our results, tumors with dMMR status
are more often located on the right side and are lympho-
cyte rich. Other established features of MSI like younger
age, female gender, mucinous and signet ring morph-
ology, or poor differentiation showed no significant
correlation with dMMR status.

Conclusions

The prevalence of abnormal expression of MMR pro-
teins in Pakistani population was quite high as compared
to international literature. In all cases of CRC, all histo-
logical parameters must be evaluated. If a tumor is right
sided and exhibits tumor-infiltrating lymphocytes, then
tissue should be subjected to immunohistochemistry
using a four-antibody panel. And if required, MSI testing
should be done if Lynch syndrome is expected.

Abbreviations
CAP: College of American Pathologists; dMMR: Mismatch repair deficiency;
MSI: Microsatellite instability

Acknowledgements
We gratefully acknowledge all staff members of the Department of Pathology,
Liaquat National Hospital, Karachi, Pakistan, for their help and cooperation.

Funding

Funding was provided by Liaquat National Hospital and Medical College,
Pakistan. Funding was used in the design of the study and collection,
analysis, and interpretation of the data.

Availability of data and materials
Please contact the author for data requests.

Authors’ contributions

RA and AAH are the main authors of the manuscript and had made
substantial contributions to the conception and design of the study. ZFH,
NF, and EYK had been involved in the requisition of the data. SMA, MME,
and MK had been involved in the analysis of the data and gave final
approval and revision of the manuscript. All authors read and approved the
final manuscript.

Competing interests
The authors declare that they have no competing interests.

Consent for publication
The written consent is available for review by the Editor-in-Chief of
this journal.

Ethics approval and consent to participate

The ethics committee of Liaquat National Hospital approved the study.
Written informed consent was obtained from the patients for

the participation.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Page 7 of 8

Author details

"Histopathology department, Liaquat National Hospital and Medical College,
Karachi, Pakistan. *Surgery department, Rhode Island Hospital and Brown
University, Providence, Rhode Island, USA. 3Medicine department, Dhaka
University, Dhaka, Bangladesh.

Received: 8 November 2016 Accepted: 23 April 2017
Published online: 26 June 2017

References

1. Smith G, Carey FA, Beattie J, Wilkie MJ, Lightfoot TJ, et al. Mutations in APC,
Kirsten-ras, and p53—alternative genetic pathways to colorectal cancer.
Proc Natl Acad Sci U S A. 2002;99:9433-8.

2. Pino MS, Chung DC. Microsatellite instability in the management of
colorectal cancer. Expert Rev Gastroenterol Hepatol. 2011,5:385-99.

3. Fishel R, Lescoe MK, Rao MR, et al. The human mutator gene homolog
MSH2 and its association with hereditary nonpolyposis colon cancer. Cell.
1993;75:1027-38.

4. Kolodner RD, Marsischky GT. Eukaryotic DNA mismatch repair. Curr Opin
Genet Dev. 1999:9:89-96.

5. Parsons R, Li GM, Longley MJ, Fang WH, Papadopoulos N, Jen J, Modrich P.
Hypermutability and mismatch repair deficiency in RER+ tumor cells. Cell.
1993;75:1227-36.

6. Myeroff LL, Parsons R, Kim S-J, Hedrick L, Cho KR, Orth K, Mathis M. A
transforming growth factor beta receptor type Il gene mutation common in
colon and gastric but rare in endometrial cancers with microsatellite
instability. Cancer Res. 1995;55:5545-7.

7. Zhang J, Lindroos A, Ollila S, Russell A, Marra G, et al. Gene conversion is a
frequent mechanism of inactivation of the wild-type allele in cancers from
MLH1/MSH2 deletion carriers. Cancer Res. 2006;66:659-64.

8. Kim H, Jen J, Vogelstein B, et al. Clinical and pathological characteristics of
sporadic colorectal carcinomas with DNA replication errors in microsatellite
sequences. Am J Pathol. 1994;145:148-56.

9. Veigl ML, Kasturi L, Olechnowicz J, et al. Biallelic inactivation of hMLH1 by
epigenetic gene silencing, a novel mechanism causing human MSI cancers.
Proc Natl Acad Sci U S A. 1998,95:8698-702.

10. Lothe RA, Peltomaki P, Meling Gl, et al. Genomic instability in colorectal
cancer: relationship to clinicopathological variables and family history.
Cancer Res. 1993;53:5849-52.

11. Sengupta SB, Yiu CY, Boulos PB, et al. Genetic instability in patients with
metachronous colorectal cancers. Br J Surg. 1997,84:996-1000.

12. Carethers JM, Chauhan DP, Fink D, et al. Mismatch repair proficiency and in
vitro response to 5-fluorouracil. Gastroenterology. 1999;117:123-31.

13. Rodriguez-Bigas MA, Vasen HF, Pakka-Meclin J, Myrhoj T. Rectal cancer risk
in hereditary non-polyposis colorectal cancer after abdominal colectomy.
Int Collaborative Group of HNPCC. Ann Surg. 1997,225:202-7.

14. Wiggers T, Arends J, Schutte B, Volvics L, Bosman FT. A multivariate analysis
of pathologic prognostic indicators of large bowel cancers. Cancer.
1988;61:386-95.

15. Graham DM, Appelman HD. Crohn's-like lymphoid reaction and
colorectal carcinoma: a potential histological prognosticator.

Mod Pathol. 1990;3:332-5.

16. Watanabe T, Wu TT, Catalano PJ, Ueki T, Santorio R, Haller DG, Benson AB.
Molecular predictors of survival after adjuvant chemotherapy of colon
cancer. N Engl J Med. 2001;344(16):1196-206.

17. Jass JR, Do KA, Simms LA, et al. Morphology of sporadic colorectal cancer
with DNA replication errors. Gut. 1998;42:673-9.

18. Ward R, Meagher A, Tomlinson |, O'Connor T, Norrie M, Wu R, Hawkins N.
Microsatellite instability and the clinicopathological features of sporadic
colorectal cancer. Gut. 2001;48:821-9.

19. Mojtahed A, Schrijver |, Ford JM, Longacre TA, Pai RK. A two-antibody
mismatch repair protein immunohistochemistry screening approach for
colorectal carcinomas, skin sebaceous tumors, and gynecologic tract
carcinomas. Mod Pathol. 2011,24(7):1004-14.

20. Chew MH, Koh PK, Tan M, Lim KH, Carol L, Tang CL. Mismatch repair
deficiency screening via immunohistochemical staining in young Asians
with colorectal cancers. World J Surg. 2013;37(10):2468-75.

21, Zhi W, Ying J, Zhang Y, Li W, Zhao H, Lu N, Shi S. DNA mismatch repair
deficiency in colorectal adenocarcinoma and its association with
clinicopathological features. J Clin Exp Pathol. 2015;5:2.



Hashmi et al. World Journal of Surgical Oncology (2017) 15:116

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

Guastadisegni C, Colafranceschi M, Ottini L, Dogliotti E. Microsatellite
instability as a marker of prognosis and response to therapy: a meta-analysis
of colorectal cancer survival data. Eur J Cancer. 2010;46:2788-98.

Dolcetti R, Viel A, Doglioni C, Russo A, Guidoboni M, Capossi E, Vecchato N.
High prevalence of activated intraepithelial cytotoxic T lymphocytes and
increased neoplastic cell apoptosis in colorectal carcinomas with
Microsatellite instability. Am J Pathol. 1999;154:1805-13.

Jass R. Lymphocytic infiltration and survival in rectal cancer. J Clin Pathol.
1986;39:585-9.

Smyrk TC, Watson P, Kaul K, Lynch HT. Tumor-infiltrating lymphocytes are a
marker for microsatellite instability in colorectal carcinoma. Cancer.
2001;91(12):2417-22.

Greenson JK, Huang SC, Herron C, Moreno V, Bonner JD, Tomsho LP.
Pathologic predictors of microsatellite instability in colorectal cancer.

Am J Surg Pathol. 2009;33(1):126-33.

Alexander J, Watanabe T, Wu T-T, Rashid A. Histopathological identification of
colon cancer with microsatellite instability. Am J Pathol. 2001;158(2):527-35.
Chou CL, Lin JK, Wang HS, Yang SH, Li AF, Chang SC. Microsatellite
instability screening should be done for right-sided colon cancer patients
less than 60 years of age. Int J Colorectal Dis. 2010;25(1):47-52.

Kakar S, Aksoy S, Burgart LJ, Smyrk TC. Mucinous carcinoma of the colon:
correlation of loss of mismatch repair enzymes with clinicopathologic
features and survival. Mod Pathol. 2004;17:696-700.

Kaur G, Masoud A, Raihan N, Radzi M, Khamizar W, Kam LS. Mismatch repair
genes expression defects & association with clinicopathological
characteristics in colorectal carcinoma. Indian J Med Res. 2011;134:186-92.
Imai K, Yamamoto H. Carcinogenesis and microsatellite instability: the
interrelationship between genetics and epigenetics. Carcinogenesis.
2008;29:673-80.

Page 8 of 8

Submit your next manuscript to BioMed Central
and we will help you at every step:

* We accept pre-submission inquiries

e Our selector tool helps you to find the most relevant journal

* We provide round the clock customer support

e Convenient online submission

e Thorough peer review

e Inclusion in PubMed and all major indexing services

e Maximum visibility for your research

Submit your manuscript at

www.biomedcentral.com/submit () BiolMed Central




	Abstract
	Background
	Methods
	Results
	Conclusion

	Background
	Method
	Immunohistochemical study
	Pathological analysis
	Histopathological features
	Tumor features
	Host immune response features


	Results
	Discussion
	Conclusions
	Abbreviations
	Acknowledgements
	Funding
	Availability of data and materials
	Authors’ contributions
	Competing interests
	Consent for publication
	Ethics approval and consent to participate
	Publisher’s Note
	Author details
	References

