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Abstract

Background: Colorectal cancers are a leading cause of mortality and
morbidity throughout the world. Up until now classic disease staging
remains the main modality of predictor of prognosis and treatment options.
So the need for certain easily available prognostic markers are still under search.
One such indicator is by assessing the Microsatellite instability by
Immunohistochemistry. In this study, we evaluate the status of
MLH1,MSH2,PMS2 expression in Colorectal carcinoma and the proportion of
MSI-H and MSS/MSI-low tumors thereby aiding in prognosis and
immunotherapy. Materials and Methods: This is a retrospective and
prospective study conducted in the Institute of Pathology-Madras Medical
College, Rajiv Gandhi Government general hospital for a period of 2 years from
June 2017- June 2019 after getting prior approval from Institution Ethics
Committee with IEC Reg No.ECR/270. The Hemicolectomy specimens with
the clinical details of respective patient are collected. Corresponding HPE slides
are prepared from formalin fixed paraffin embedded tissue of Hemicolectomy
specimens. Blocks of histopathologically proven colorectal carcinomas are
taken up for MLH1,MSH2,PMS2 immunohistochemical staining. Result: In
this study the alternative method of having 2 antibody panel of MLH 1
and MSH2 instead of the routine 4 antibody panel of MLH1 ,MSH2,
MSH6,PMS2 can be considered as a preliminary step in identifying
microsatellite instability in colorectal cancer since patients of MSI-H tumors
respond well with immunotherapy. Testing for MSI must be done for all
colorectal cancer patients, especially those younger than 50 years old and high-
grade CRCs. Conclusion: Testing for MSI should be done for all colorectal
cancer patients, especially those younger than 50 years old and high grade
colorectal cancers thereby aiding in providing targeted immunotherapy to MSI-
H patients.

INTRODUCTION

Colorectal carcinoma is a major cause of mortality
and morbidity throughout the world. It accounts for
around 9% of all cancer incidence. It is the third most
common cancer worldwide and the fourth most
common cause of death.] There are similar
incidence rates for cancer of the colon in both sexes,
and a slight male predominance for rectal cancer.l?!
More than 90% of colorectal cancer cases tend to
occur in people aged 50 or older.B4 However,
colorectal carcinomas appears to be increasing

among young persons recently.®! Cases occurring in
the young are mostly located on the distal colon and
rectum and show features associated with aggressive
behavior.[8]

Majority of colorectal cancer cases are sporadic
(about 75 %) which display no evidence of having
inherited disorders, whereas only 25 % of the patients
tend to have family history of the disease.l’] Both
environmental and genetic factors play an important
role in the aetiology of colorectal cancer.l®! Fat is
considered as the possible etiological agent because
it favors the development of a bacterial flora and
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capable of degrading bile salts to potentially
carcinogenic N- nitroso compounds.®% In addition,
some studies suggest that people having diet low in
fruits and vegetable fiber may have a higher risk of
colorectal cancer.'! Regular consumption of
alcohol, lack of physical activity in daily routine,
cigarette smoking attributed to the increased
incidence of obesity in men and women are all
associated with increased risk of colorectal
cancer.'23 Neoplastic polyps of the colorectum,
namely tubular and villous adenomas, are considered
precursor  lesions of  colorectal  cancer.[*]
Inflammatory bowel disease tend to increase an
individual's overall risk of developing colorectal
cancer.*® Approximately 5 to 10% of colorectal
cancers are considered a consequence of hereditary
conditions. The most common inherited conditions
are familial adenomatous polyposis (FAP) and
hereditary nonpolyposis colorectal cancer (HNPCC),
also called Lynch syndrome.

MSI is a kind of genomic instability arising when
mutations occur in nucleotide repeat sequences
throughout the genome. These repeat sequences are
known as microsatellites, and the discrepancy which
arises between these sequences in tumor and
germline cells is known as microsatellite
instability.r”1 MSI arises from defects in the DNA
mismatch repair (MMR) system which corrects any
errors made by DNA polymerases during the
replication of DNA.I8 Lynch Syndrome is caused by
autosomal  dominant  heterozygous  germline
mutations in one of the four main MMR genes — the
mutL homologue 1 (MLH1) (chromosome 3p21.3),
mutS homologue 2(MSH2)(chromosome 2p22- 21),
mutS homologue 6 (MSH6)(chromosome 2p16) or
postmeiotic  segregation increased 2 (PMS2)
(chromosome 7p22.2) genes.!**) MSI sporadic CRCs
were caused primarily by somatically acquired
hypermethylation of both alleles of the MLH1
promoter. 2]

In this study we evaluated the role of
immunohistochemical markers MLH1, MSH2,
PMS2 in identifying microsatellite instability in
colorectal carcinoma and correlated their expression
with various clinico-pathologic variables like age,
gender, family history, tumor site, grade, stage,
histological characteristics that might help in risk
stratification and patient management.

Aims and Objectives

To evaluate the role of immunohistochemical
markers MLH1, MSH2, PMS2 in identifying
microsatellite instability.

To correlate the immunohistochemical expression of
these markers with various clinico pathological
variables like age, gender, family history, tumor site,
grade, stage, histological characteristics thereby
aiding in prognosis and treatment.

MATERIALS AND METHODS

Study design and setting: In this study, we performed
both prospective and retrospective analysis of

patients who were diagnosed to have biopsy proven
Colorectal carcinoma over a period of two years from
June 2017 to June 2019 in Institute of Pathology,
Madras medical College, Rajiv Gandhi Government
General hospital, Chennai after getting prior approval
from Institution Ethics Committee with IEC Reg
No.ECR/270.
During our study period, we received 23,348
specimens for Histopathological examination. Of the
total specimens 234 cases of colectomy specimens
and 952 cases of colonic small biopsies were
received. All 234 colectomy specimens were
subjected for Histopathological examination and 112
cases were reported as low grade colorectal
carcinomas, 87 cases were high grade colorectal
carcinomas, 9 cases diagnosed as other malignant
colorectal neoplasms, 26 cases showed features of
benign and nonneoplastic conditions
Inclusion Criteria
All colectomy specimens which were histologically
diagnosed as colonic and colorectal carcinomas
irrespective of age, gender, grade and stage was
included in this study.
Exclusion Criteria
+ Lack of representative tumor tissue
» Patients treated with chemotherapy or
radiotherapy prior to surgery
Data Collection: Detailed history of the cases
regarding age, sex, family history, associated
polyposis, type of procedure done were obtained for
all 199 cases reported during the study period from
surgical pathology records. Representative sections
were taken from Hemicolectomy, APR, Anterior
Resection specimens after subjecting for routine
Histopathological examination. The following
clinical and pathologic parameters were evaluated:
Age, Gender, Tumor site, Size, Tumor grade, Stage,
Tumor  invasion, Lymphovascular  invasion,
Perineural invasion. Colorectal Carcinomas are
graded as high grade and low grade based on
architecture. Among 199 cases 50 cases were
selected randomly. Out of 50 cases 42 cases were low
grade and 8 cases were high grade. These 50 cases
were analysed for immunohistochemical expression
of MLH1, MSH2, PMS2.
Immunohistochemical analysis of MLH 1, MSH 2,
PMS 2 were performed in paraffin embedded tissue
samples using super sensitive polymer HRP system
based on non biotin polymer technology. 4 micron
thick sections were cut from formalin fixed paraffin
embedded tissue samples and transferred onto
positively charged slides. Heat induced antigen
retrieval was done. The antigen was bound with
mouse monoclonal antibody against MLH 1 and
rabbit monoclonal antibody against MSH2, PMS2
and then detected by adding secondary antibody
conjugated with horse radish peroxidase -polymer
and diaminobenzidine substrate. The antibody treated
slides were analyzed for the presence or absence of
reaction, localization of staining pattern, percentage
of cells stained and intensity of the reaction
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Evaluation of MLH1, MSH2, PMS2 Staining:

For assessing the positivity scoring system as
mentioned by Venetia R Sarode et al21 is followed.
According to this system only nuclear staining
pattern with appropriate staining of internal and
external controls was considered positive (Retained
expression) and the level of MLH1,MSH2,PMS2
expression was assessed semi quantitatively by the
intensity and percentage of cells stained on a scale of
0-3+.Cytoplasmic  staining was  considered
nonspecific. Non-neoplastic colonic mucosa, stromal
cells, infiltrating lymphocytes or the centres of
lymphoid follicles, were used as positive internal
controls.

Score Localization | Intensity | Percentage of
cells stained
Score 0 Nil Nil No cell stained

Score 1+ | Nuclear Weak More than 10%
Score 2+ | Nuclear Moderate | More than 10%
Score 3+ | Nuclear Strong More than 10%

There is an entity called Indeterminate when less than
10 % tumor cell nuclei show positive staining which
indicates further workup in that patient. Since the
immunohistochemical expression of these markers
can even be focal lack of staining in a small biopsy
sample may not be reliably interpreted as loss of
protein in the entire tumor, thus limiting the utility of
IHC in small biopsy specimens.

Cases were categorised into positive (nuclear staining
within tumor cells) and negative (complete absence
of nuclear staining within tumor cells with concurrent
internal positive controls). Then cases were
interpreted as Microsatellite stable (MSS) when all
the three antibodies show positive nuclear staining of
the tumor cells, as Microsatellite unstable low (MSI-
L) when one antibody shows negative nuclear
staining of the tumor cells and as Microsatellite
unstable high (MSI-H) when two antibodies or more
show negative nuclear staining of the tumor cells.
Statistical Analysis: The statistical analysis was
performed with IBM-SPSS statistical package for the
social sciences version 20. An initial analysis of
collected variables was performed.
Immunohistochemical analysis of MLH1, MSH2,
PMS2 were analyzed and correlated with clinical
variables like age, gender, size, site and pathologic
variables like histologic grade, stage. Pearson Chi
square test was used in analyzing these variables.
Immunohistochemical correlation of MMR status
with age, sex, site, stage, and grade were analysed. In
the present study, the P value below 0.05 is
considered significant.

RESULTS

Total of 50 cases were included in the final analysis.
In our study youngest patient was 28 years and oldest
was 70 years. Majority of cases were in between 31-
40 years with male preponderance.

(E XY ¥ Y TV Y LT

Figure 1:

A: Anterior Resection - Ulceroproliferative Growth
Sigmoid Colon

B: Moderately differentiated Adenocarcinoma:50- 95%
gland formation with characteristic dirty necrosis
(100x)

C: MLH 1 strong nuclear positivity

D: PMS 2 strong nuclear positivity

E: MSH 2 strong nuclear positivity

Microsatellite Stable (MSS)

In our study, among 50 cases the commonest
histologic subtype is Adenocarcinoma NOS
constituting 74 % in 37 cases followed by poorly
differentiated adeno carcinoma constituting 14% in 7
cases, mucinous adenocarcinoma constituting 10 %
in 5 cases and signet ring cell adenocarcinoma
constituting 2% in 1 case.

Other rare histologic subtypes like Squamous cell
carcinoma, undifferentiated carcinoma and other
malignant neoplasms like neuroendocrine tumor,
malignant  Gastrointestinal ~ stromal  tumor,
Lymphoproliferative disorder was also been reported
in our institute.

Both MLH-1 and PMS-2 were positive in 38% of
cases (19 cases), both were lost in 56% (28 cases),
and PMS-2 loss without MLH-1 loss was seen in
4%(2 cases). MLH -1 positive in 42% (21
cases),negative in 56%(28 cases),PMS 2 positive in
38%(19 cases),negative in 60%(30 cases),MSH-2
was positive in 58% of cases(29 cases) negative in
42% of cases (21 cases) MLH-1,PMS 2 shows
indeterminate staining in 2%(1 case).Accordingly
30% (15cases) of cases were MSS, 12% (6 cases)
were MSI-L, and 56%(28 cases) were MSI-H,1 case
showed indeterminate staining-2%.
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Figure 2: A) SIGNET RING CELL Adenocarcinoma:
>50% Tumor cells showing signet ring cell features
(100x) B) MLH 1 negative staining C) PMS 2 negative
staining D) MSH 2 negative staining

Microsatellite Unstable-High (MSI-H)

35%

0%
26%

25%

20%

10%

5%

INDETERMINATE MSI-H MSI-L MSS

= ADENOCARCINOMANOS M MUCINOUS

POORLY DIFFERENTIATED ™ SIGNETRING

Figure 3: Correlation of MMR Status with Histologic
Subtype

Pearson Chi-Square=8.799 p=0.456
In our study of 50 cases MSI-H showed predominant
histologic pattern of Adenocarcinoma NOS(34% in

17 cases) followed by poorly differentiated
carcinomas(14% in 7 cases) then mucinous
adenocarcinoma (6% in 3 cases) and signet ring cell
adenocarcinoma (2 in 1 case),MSI-L showed
Adenocarcinoma NOS (12% in 6 cases),MSS showed
Adenocarcinoma NOS (26 % in 13
cases),Indeterminate showed Adenocarcinoma NOS
(2% in 1 case).There was no significant statistical
correlation between MMR status and histologic type
of colorectal carcinomas.

Pearson Chi-Square=2.103 p=0.551

In our study of 50 cases MSI-H cases were
predominantly seen in proximal region (36% in 18
cases), MSI-L tumors were seen predominantly in
proximal region (8% in 4 cases), MSS tumors were
seen predominantly in distal region (16% in 8 cases),
Indeterminate tumors were seen in proximal region
(2% in 1 case). There was no significant statistical
correlation between MMR status and site of
colorectal carcinomas.

35%

30%

20% 7

15%

INDETERMINATE MSI-H MSI-L MSS

M Distal M Proximal

Figure 4: correlation of MMR status with site

Table 1: Age and sex wise distribution of cases.

Age group (years) No. of cases Males Females
21-30 7 3 4

31-40 13 10 3

41-50 11 7 4

51-60 8 6 2

61-70 11 6 5

Total 50 32 18

Table 2: Total number of colorectal carcinomas diagnosed during study period

Histologic_type Frequency Percent
Adenocarcinoma NOS 37 74.0
Mucinous Adenocarcinoma 5 10.0
Poorly Differentiated Adenocarcinoma 7 14.0
Signet Ring Cell Adenocarcinoma 1 2.0
Total 50 100.0

DISCUSSION

Colorectal cancers are a leading cause of mortality
and morbidity throughout the world. There are
similar incidence rates for cancer of colon in both
sexes and slight male predominance for rectal
cancer.™

Up until now classic disease staging remains the main
modality of predictor of prognosis and treatment
options. Though there exists various prognostic
indicators like age, site, tumor histology, grade,
lymphovascular invasion, perineural invasion search
for certain easily available prognostic markers which
could serve in the segregation of patients more likely
to respond to chemotherapy and immunotherapy are
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still under search. One such indicator is by assessing
the Microsatellite instability by
Immunohistochemistry.

Majority of colorectal cancers display chromosomal
instability and follow the classical adenoma-
carcinoma progressive pathway.15% colorectal
cancers display DNA mismatch repair deficiency and
shows microsatellite instability. In Familial form
genetic basis of instability is largely due to inherited
mutations of MMR genes (MLH1, MSH 2, MSHS,
PMS2). In sporadic form it is mainly due to MLH1
inactivation due to epigenetic hypermethylation of
promoter.

The presence of MSI predicts a good outcome in
colorectal cancer22.1t was reported that the survival
rate of CRC patients with MSI is up to 15% higher as
compared with that of CRC patients with
microsatellite stable (MSS) tumors. .MSI-H tumors
tend to express high level of checkpoint proteins
including  programmed death 1(PD-1) and
programmed death ligand 1(PDL1) which interfere
with body’s antitumor T cell response. By disabling
these proteins, checkpoint inhibitors enable T cells to
attack and kill tumor cells indicating good prognosis
with immunotherapy.

In this present study Immunohistochemistry was
done on 50 cases and evaluated the status of
expression of MLH1, MSH2, PMS 2 and the
proportion of MSI-H, MSI-L and MSS tumors
thereby aiding in prognosis and immunotherapy.
During the study period of 24 months from June
2017-June 2019 234 colectomy specimens were
received. Of these 112 cases were reported as low-
grade colorectal carcinomas, 87 as high-grade
colorectal carcinomas, 9 as other malignant
colorectal neoplasms, 26 benign and non-neoplastic
conditions.

In our study of 50 cases MLH1 and PMS2 were
positive in 36%, both were lost in 56% cases and
PMS2 loss without MLH1 loss seen in 6% cases.
According to Eman M.Salem et al MLH1 and PMS2
were positive in 61.5% cases, both were lost in 30.8%
cases and PMS2 loss without MLH1 loss seen in
7.7% cases.

So with this study the alternative method of having 2
antibody panel of MLH 1 and MSH2 instead of the
routine 4 antibody panel of MLH1, MSH2, MSHS,
PMS2 can be considered as a preliminary step in
identifying microsatellite instability in colorectal
cancer.[?!

In this present study MSI-H tumors were
predominantly Adenocarcinoma NOS (34%), seen in
proximal region (36%) in 30-60 years age group
(42%) and stage 1l (26%). According to Suzaan
M.Talaat et al MSI-H tumors were Predominantly
Adenocarcinoma NOS (23.1%), seen in proximal
region (21.2%), stage Il thus correlating with our
study.?2

In this present study MSI-L tumors were
predominantly Adenocarcinoma NOS (12%), seen in
proximal region (8%) in 30-60 years age group (8%)
and stage 11(6%). According to Suzaan M.Talaat et al

MSI-L tumors were predominantly Adenocarcinoma
NOS (11.5%), seen in distal region (21.2%),stage 111
thus correlating with our study.?

In this present study MSS tumors were
predominantly Adenocarcinoma NOS (18%), seen in
distal region (16%) in 30-60 years age group (8%)
and stage 111 (14%).According to Suzaan M. Talaat et
al MSI-L  tumors  were predominantly
Adenocarcinoma NOS (48.1%),seen in distal region
(45%),stage 111 thus correlating with our study.

Limitations of the Study

Through these discussions, limitations of the present
study were also noted.

The cases were selected on the basis of
Histopathological classification in a tertiary care
centre and not a population-based study, which will
not reflect the true prevalence of the general
population

Establishing the presence of MSI requires PCR based
technology by examining DNA sequences of tumor
tissue. They give more accurate results in identifying
microsatellite instability however the disadvantage
being very expensive

Different patterns of staining have caused much
confusion in interpretation-Focal staining, Lack of
positive internal control and cytoplasmic staining.
With experience accurate interpretation by IHC
staining is still easily achievable

CONCLUSION

This is a hospital based study and may not represent
the true incidence of disease in the community. As
many patients present with advanced disease the need
for easily available less expensive prognostic marker
is increasing and this can be accomplished by using
the two antibody panel of Immunohistochemical
markers MLH1 and MSH2 so that MSI-H patients
can be easily identified and they can be given targeted
immunotherapy to which the response is very good.

Further studies are needed on the molecular
characteristics of certain histologic types and it will
improve our understanding of their prognostic
implications and contribute to the tailored treatment.
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