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ABSTRACT

Objectives: We sought to determine the immunohistochemistry expression of mismatch
repair (MMR) and BRAF V600E proteins in sporadic young-onset colorectal cancer
(CRC) and their association with clinicopathological features in the Kelantan
population. Methods: This was a cross-sectional study of sporadic young-onset CRC
over 11 years from 1 January 2006 to 31 December 2017 in Kelantan. Formalin-fixed
paraffin-embedded tissue blocks were immunohistochemically stained with antibodies
for MMR (MLH1, MSH2, MSH6, and PMS2) and BRAF VG600E. These expressions
were correlated with clinicopathological parameters. Results: Our patient sample
included 31 patients with a mean age of 31.5 years. More than half (61.3%) of the patients
were women. The majority presented with abdominal pain (41.9%), and 71.0% had a
tumor located on the right side of the colon, with 83.9% being moderately differentiated
adenocarcinoma. The majority of patients presented at stage IV (54.8%). The most
frequent pattern was all MMR protein expressions, which constituted patients in the
microsatellite stable group (64.5%). Nine (29.0%) were microsatellite instability (MSI-
high), and two (6.5%) were MSI-low. Positive BRAF V600E expression was observed in
83.9% of patients. Only histopathological subtypes revealed a significant association with
BRAF V600E positive expression (p = 0.015). Conclusions: The majority of sporadic
young-onset CRC presented with abdominal pain and advanced cancer stage. Most were
microsatellite stable, and most cases showed positive expressions in all MMR markers
and BRAF V600E by immunohistochemistry method. This finding will pave the way for
further research on this disease.

olorectal cancer (CRC) is the most
common cancer in Malaysia, and
most prevalent cancer among men
(16.4%), and the second most common
cancer among women (10.7%)." In Kelantan, the
incidence of CRC shows an increasing trend from

1987 t0 2007.2

CRC commonly occurs in the older age
group with a mean age of 61.6 years.” Globally,
approximately 5% of CRC were young-onset.” The
incidence of CRC in this young population was
reported to range from 0.4% to 35.6% relative to the
total number of patients with CRC.> In Malaysia,
the incidence increased from 5% to 7% from 2008

to 20132

The microsatellite instability (MSI) pathway
contributes to 15% of sporadic young CRC
and more than 95% of hereditary nonpolyposis
CRC (HNPCC) or Lynch syndrome. MSI
occurs due to the defect in the DNA mismatch
repair (MMR) system that eventually leads
to an increased mutation rate in colorectal
mucosa cells.

MMR proteins are nuclear enzymes important
in repairing the base—base mismatch that occurs
during DNA replication. It helps initiate the process
of removing abnormal DNA by binding to abnormal
DNA and forming complexes. Loss of MMR protein
will result in accumulation of DNA replication error
known as MSL.¢
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Figure 1: Nuclear intensity scoring for the mismatch repair protein expression (MLH1, MSH2, MSHG, and
PMS2).(a) Score 0 (magnification = 100 x), (b) score 1 (magnification = 400 x), (¢) score 2 (magnification
=400 x), and (d) score 3 (magnification = 400 x). The nuclear intensity was compared with the internal
positive control (lymphocytes). A score of 3 indicates intensity as strong as the internal positive control.

MSI can be categorized as MSI-high (MSI-H),
MSI-low (MSI-L), or microsatellite stable (MSS).”
MSI-H is defined as the presence of a tumor with
two or more mutated microsatellite sequences.
MSI-L occurs when a tumor has only one mutated
microsatellite sequence, and MSS describes the
absence of mutation within the microsatellite panel.

Among all colorectal tumors with MSI, a large
proportion is via the acquired methylation of
MLHI1 alone.”® Tumors with hypermethylation of
MLH1 and BRAF mutation almost always represent
sporadic CRC, which is not associated with
HNPCC (Lynch syndrome).® The characteristic
features of sporadic CRC with MSI include the
absence of family history with the loss of MLH1

and/or PMS2 expression, and the presence of BRAF
(V600E) mutation.’

Sporadic young-onset CRCs are primarily due
to epigenetic silencing of the MLH1 gene promoter.
Sporadic MSI-H CRC harbors the V600E
mutation of the BRAF oncogene. BRAF oncogene
is a member of the RAF family involved in the
mediation of cellular response to the growth signal
through the RAS-RAF-MAP kinase pathway.'’
BRAF V600E mutation is typically observed in
sporadic tumors and not in HNPCC.!"!?

The use of BRAF V600E mutation status has
been demonstrated to differentiate MLH 1-deficient
sporadic CRC from HNPCC due to germline
MLHI1 mutation.!! BRAF V600E mutation status
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Figure 2: Representative staining results for the mismatch repair (MMR) protein expression and BRAF
mutation through immunohistochemistry. (a) Colorectal sections using an antibody towards the MMR
protein showing positive nuclear staining (magnification = 400 x). (b) Colorectal cancer sections using an
anti-BRAF V600E antibody, showing positive cytoplasmic staining (magnification = 400 x).

is also an adverse prognostic biomarker in patients
with stage IV CRC, particularly those with MMR-
proficient tumors."

We aimed to determine the MMR protein
expression (MLH1, MSH2, MSH6, PMS2, and
BRAF V600E mutation) in the carly-onset CRC in
the Kelantan population. With the absence of MLH1
and/or PMS2 staining, positive BRAF V600E
expression, and negative family history of CRC, we
assumed that the patient was likely to have acquired
MLH] gene methylation, indicating the sporadic
cause of CRC. We also aimed to create awareness
for the early detection of CRC by recognizing the
characteristic features of sporadic young CRC in the
Kelantan population.

METHODS

We conducted a cross-sectional study in the Hospital
Universiti Sains Malaysia (USM) and Hospital
Raja Perempuan Zainab II from 1 January 2006
to 31 December 2017. The study was approved
by the human ethical committee of the School of
Medical Sciences, USM Medical Research and
Ethics Committee (MREC), Ministry of Health
in Malaysia.

We investigated 31 patients with sporadic young-
onset CRC. The definition of young-onset CRC
varies in the literature. Most articles defined young as
aged < 40 years.>'*" Therefore, 40 years old was used
as a cut-off point to define young-onset in our study.

Patients’ clinicopathological features were retrieved
from the medical record unit.

We aimed to analyze the characteristic features
of those who had no known risk factor at the time
of diagnosis (such as HNPCC), as reported in
the previous literature.® HNPCC is an autosomal
dominant genetic disorder characterized by a young-
onset CRC that fulfills the Amsterdam criteria.
These criteria include three patients with CRC in
a family in which one individual was a first-degree
relative of the other two. CRC occurred in at least
two generations, and one affected family member
was < 50 years.' CRC in HNPCC syndrome
is determined by a germline mutation in one of
MMR components.

Using the above criteria, patients who fulfilled
such criteria for HNPCC were excluded.'® In 1999,
a revised criteria was published, including non-
colonic tumors.”

A performa form was used to standardize the
data collection and immunohistochemical scoring.
Blocks of formalin-fixed paraffin-embedded tissue
comprising an area of CRC tissue with adjacent
normal colorectal mucosa were selected from
the archive.

The selected tissue blocks were sectioned into
4 pm and placed on poly-L-lysine slides. After
deparaffinization, antigen retrieval was carried
using a heat-induced method (pH 9). Polyclonal
primary antibodies were applied and incubated
for 60 minutes at room temperature. Monoclonal

il Cioigh csiog) cauiol
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Figure 3: Positive control for the anti-BRAF V600E antibody. (a) Melanoma tissue used as positive control
showing positive cytoplasmic staining for anti-BRAF V600E antibody (magnification = 400 x). (b) Positive
cytoplasmic staining was observed in the colorectal cancer tissue (magnification = 400 x). Twenty-six out of
31 patients show positivity towards the anti-BRAF V600E antibody.

rabbit anti-human MLHI1, MSH2, MSHG6, and
PMS2 (Dako, Denmark), and monoclonal rabbit
anti-human (anti-BRAF (mutated V60OE) antibody
[RMS8] (ab200535) (Abcam, UK) were used.

For secondary antibody and detection system,
horseradish peroxidase (HRP) polymer solution
and 3,3-diaminobenzidine from DAKO were
applied to the sections and incubated for one
minute at room temperature. Slides were analyzed
under a microscope (Olympus CX31) at 400 x
magnification using semiquantitative scoring for
MMR and BRAF antibodies.

Scoring for MLH1, MSH2, MSH6, and PMS2
immunohistochemical markers was based on the
method adopted from Felsberg et al.'® Their nuclear
immunoreactivity was evaluated semiquantitatively
and categorized based on score 0 (no cell positivity),
score 1 (1-10% positive tumor cells), score 2 (11-
50% positive tumor cells), and score 4 (> 80%
positive tumor cells). The intensity of nuclear staining
of malignant epithelial cells was measured on a scale
of 0 to 3 and compared to the intensity of the positive
control cells. A score 0 indicated no reactivity, and
3 denoted an intensity of tumor cells equivalent to
the positive control. Both the nuclear score and the
percentage of tumor positivity were multiplied to
determine the status of the MMR protein as suggested
by Barrow et al."” A total score of > 4 is positive while
< 4 is negative, as shown in Figures 1 and 2.

The staining pattern for anti-BRAF V600E
antibody is cytoplasmic staining. The tumor was
scored positive when unequivocal cytoplasmic
staining was seen. For any nuclear staining, weak
cytoplasmic staining of isolated tumor cells or no
staining was scored as negative. BRAF V600E
mutation staining was scored as positive when
> 80% of tumor cells showed immunopositivity
[Figures 2b and 3]."

All the data obtained were analyzed using SPSS
Statistics (IBM Corp. Released 2016. IBM SPSS
Statistics for Windows, Version 24.0. Armonk,
NY: IBM Corp.). The association between
clinicopathological characteristics with loss of
MMR protein expression and positive BRAF V600E
expression were analyzed using Fisher’s exact and
Kruskal-Wallis tests. The level of significance was
set at 0.050.

RESULTS

A total of 31 cases were included, with the mean age
of 31.5 years (range = 17-39 years). The frequency
of sporadic young-onset CRC increased from 2006
to 2017 with the peak number of cases diagnosed in
2017 (six cases).

The sociodemographic profiles of cases were
presented in Table 1; 61.3% were female, while
38.7% were male. The majority of CRC patients
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Table 1: Sociodemographic characteristics among
patients with young-onset colorectal cancer (n = 31).

Variables Frequency (%)
Age, years 315+5.8"
Race
Malay 31(100.0)
Gender
Male 12 (38.7)
Female 19 (61.3)
Symptoms
Abdominal pain 13 (41.9)
Rectal bleeding/bloody stool 2(65)
Dark-colored stool 1(32)
Constipation 2(65)
Diarrhea 1(32)
Unknown 12 (38.7)
Location
Right side 22 (71.0)
Left side 9(29.0)
Histology
Moderately differentiated 26(83.9)
adenocarcinoma
Mucinous adenocarcinoma 3097
Signet ring cell carcinoma
Poorly differentiated adenocarcinoma 1
Stage
Il 5(16.1)
1 9.(29.0)
v 17 (54.8)
MMR protein
MSS 20 (64.5)
MSI-L 2(6.5)
MSLH 9.(29.0)
BRAF V600E
Positive 26 (83.9)
Negative
Equivocal 2(65)

“mean + standard deviation.
MMR: mismatch repair; MSS: microsatellite stable; MSIL: low microsatellite
instability; MSI-H: /aig/} microsatellite instability.

complained of abdominal pain (41.9%), followed
by rectal bleeding (6.5%), constipation (6.5%), dark-
colored stool (3.2%), and diarrhea (3.2%). Twelve
(38.7%) cases had unknown presenting symptoms.
Twenty-two (71.0%) cases were located on the right
side of the colon, while nine (29.0%) cases were on
the left side.

For histopathological subtype, 83.9% were
moderately differentiated adenocarcinoma, 9.7%

were mucinous adenocarcinoma, 3.2% were poorly
differentiated adenocarcinoma, and 3.2% were signet
ring cell carcinoma [Table 1]. Majority (54.8%) of
cases presented with stage IV, 29.0% with stage I11,
and 16.1% with stage IL.

From 31 cases, 20 (64.5%) cases expressed all
four panels of MMR proteins (MSS), nine (29.0%)
patients showed loss of more than one MMR protein
expression (MSI-H), and two (6.5%) cases loss of
one MMR protein expression (MSI-L). BRAF
VG0OE positivity was seen in 26 (83.9%) cases while
three (9.7%) cases were negative for BRAF V600E
expression and two (6.5%) cases were equivocal
[Table 1].

The distribution of cases based on the groups for
MMR protein (MSS, MSI-H, MSI-L) and BRAF
V600E expression are shown in Table 1. There
were 64.5% (n = 20) of MSS and 83.9% (n = 26)
of positive BRAF expression for V60OE mutation
discovered in the present study.

There were no significant associations between
gender, symptoms, anatomic location, histology
subtypes, and cancer stage with MMR protein
expression [Table 2]. The majority of cases were
moderately differentiated adenocarcinoma, and
92.3% were positive for BRAF mutation. Only the
histology subtype showed a significant association
with positive expression of BRAF V60OE (p =0.015).

DISCUSSION

Molecular sub-classification of young CRC into
sporadic and hereditary is important for the
treatment, prognosis, and management of patients
in the youngage group. Molecular characterization is
time-consuming, expensive, and requires the expert
technical staff that have been trained in molecular
diagnostic and specialize infrastructures associated
with genetic testing.

The sub-classification of young-onset CRC
into sporadic and Lynch syndrome is crucial.
Early detection of hereditary nonpolyposis CRC
can result in early screening of the affected family
members. MMR proteins (MSH2, PMS2, PSH6,
and MLH1) and BRAF are parameters included
in the sub-classification of young-onset CRC.
Currently, immunohistochemistry of MMR proteins
(MLH1, PMS2, MSH2, and MSH6) and BRAF
V600E has been developed to screen this young age
group of CRC that demonstrates similar specificity

@l CIoioiH ¢ loal ol
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Table 2: Association between clinic-pathological characteristics with types of mismatch repair (MMR)
protein expression and BRAF mutation status (n = 31).

Variables Types of MMR protein p-value BRAF mutation status p-value
Frequency (%) Frequency (%)
MSS MSI-L MSI-H Positive Negative Equivocal

Age 325(80)  30.0(0.0) 340(10.0) 0.052*  335(8.0) 250(00) 32.0(00) 0373

Gender
Male 8 (66.7) 1(8.3) 3(250)  >0950° 9(75.0)  2(167) 1(8.3) 0.610°
Female 12 (63.2) 1(5.3) 6(31.6) 17 (89.5) 1(5.3) 1(5.3

Abdominal pain
Yes 8 (61.5) 2 (154) 3(23.1)  0817°  10(769)  2(154) 1(7.7) 0927
No 4(66.7) 0(0.0) 2(33.3) 6(100) 0(0.0) 0(0.0)
Unknown 8 (66.7) 0(0.0) 4(33.3) 10 (83.3) 1(8.3) 1(8.3)

Abdominal mass
No 12(632)  2(10.5) 0712°  16(842)  2(10.5) 1(53)  >0.950°
Unknown 8 (66.7) 0(0.0) 4(33.3) 10(833)  1(8.3) 1(8.3)

Rectal bleeding
Yes 2 (100) 0(0.0) 0(00) 0763  2(100) 0(0.0) 0(00)  >0950°
No 10 (58.8) 2(11.8) 5(29.4) 14 (82.4) 2(11.8) 1(5.9)
Unknown 8 (66.7) 4(33.3) 10 (83.3) 1(8.3) 1(8.3)

Constipation
Yes 1(50.0) 0(0.0) 1(500)  0720°  2(100.0)  0(0.0) 0(0.0)  >0.950"
No 11(647)  2(11.8)  4(235) 14(824)  2(1L8) 1(59)
Unknown 8 (66.7) 0(0.0) 4(33.3) 10 (83.3) 1(8.3) 1(83

Diarrhea
Yes 1(100) 0(0.0) 0(0.0)  0811°  1(100) 0(0.0) 0(00)  >0950°
No 11(61.1)  2(1L1) 5(27.8) 15(833)  2(1L1) 1(
Unknown 8 (66.7) 0(0.0) 4(33.3) 10 (83.3) 1(8.3) 1(

Nausea vomiting > 0.950°
No 12(632)  2(105) 5(263) 0712 16(842)  2(105) 1(5.3)
Unknown 8 (66.7) 0(0.0) 4(33.3) 10 (83.3) 1(8.3) 1(8.3)

Fatigue
No 12(632)  2(105)  5(263) 0712  16(842)  2(10.5) 1(53)  >0950°
Unknown 8 (66.7) 0(0.0) 4(33.3) 10 (83.3) 1(8.3) 1(8.3)

Weight loss
No 12(632)  2(105)  5(263) 0712 16(842)  2(10.5) 1(53)  >0950°
Unknown 8 (66.7) 0(0.0) 4(33.3) 10 (83.3) 1(8.3) 1(8.3)

Loss of appetite
No 12(632)  2(105)  5(263) 0712 16(842)  2(10.5) 1(53)  >0950°
Unknown 8 (66.7) 0(0.0) 4(33.3) 10 (83.3) 1(8.3) 1(8.3)

Dark stool
Yes 0(0.0) 0(0.0) 1(100) 0370 1(100) 0(0.0) 0(0.0)  >0.950
No 13(684)  2(105)  4(21.1) 16(842)  2(10.5)
Unknown 7 (63.6) 0(0.0) 4(36.4) 9(81.8) 1(9.1) 1(9.1)

Location
Right side 13 (59.1) 2(9.1) 7(318)  0839°  17(77.3)  3(13.6) 2(9.1) 0572
Left side 7(77.8) 0(0.0) 2(222) 9 (100) 0(0.0) 0(0.0

Histology
Moderately 18 (69.2) 1(3.8) 7(269)  0.183  24(923)  1(3.8) 1(3.8) 0.015
differentiated
adenocarcinoma

OMAN MED J, VOL 36, NO 4, JULY 2021
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Table 2: Association between clinic-pathological characteristics with types of mismatch repair (MMR)

protein expression and BRAF mutation status (n = 31).

-continued
Variables Types of MMR protein
Frequency (%)
MSS MSI-L MSI-H
Mucinous 1(33.3) 1(33.3) 1(33.3)
adenocarcinoma
Signet ring cell 0(0.0) 0(0.0) 1(100)
carcinoma
Poorly 1(100) 0(0.0) 0(0.0)
differentiated
adenocarcinoma
Stage
1l 3(60.0) 0(0.0) 2 (40.0)
11 7(77.8) 1(11.1) 1(11.1)
v 10 (58.8) 1(5.9) 6(35.3)

p-value BRAF mutation status p-value
Frequency (%)
Positive Negative Equivocal
2(66.7) 1(33.3) 0(0.0)
0(0.0) 1(100) 0(0.0)
0(0.0) 0(0.0) 1(100)
0.669° 5(100) 0(0.0) 0(0.0) 0.914°
8(88.9) 1(11.1) 0(0.0)
13 (76.5) 2(11.8) 2(11.8)

MSS: microsatellite stable; MSLL: low microsatellite instability; MSEH: high microsatellite instability.
“Fishers exact test was applied.; "Kruskal-Wallis test was applied; p-value is ﬂgnﬁmm (< 0.050).

and sensitivity with the polymerase chain reaction-
based approach.”

MMR protein expression can be grouped into
MSS, MSI-H, and MSI-L. In this study, 64.5% of
sporadic young-onset CRC were MSS, defined as
the presence of immunohistochemistry expression
in all microsatellite panels used (MLH1, MSH2,
MSHG6, and PMS2). The MSI that includes both
MSI-H and MSI-L was evident in 11 (35.5%)
patients. A previous study showed a similar pattern
of MMR protein expression in sporadic young-onset
CRC. From their study, 256 of 310 patients were
MSS (82.6%).2"

Cytoplasmic staining was assessed in anti-BRAF
V600E antibody. Positive staining was observed
in 26 (83.9%) patients, whereas three (9.7%)
patients were negative for BRAF V600E mutation
immunohistochemistry expression. Two out of 31
patients showed an equivocal result. This outcome
was due to positive BRAF V60OE antibody at the
normal surface of the colonic epithelium and tumor

122
$

tissue. A study by Day etal,” reported similar findings
in the adjacent normal colonic tissue. Repeated
staining were performed for these two patients with
a shorter incubation time for the primary antibody
yielding similar results. Only the intensity of the
cytoplasmic staining was slightly reduced with a
shorter incubation period.

Focal positive staining was also observed
in these cases, contributing to interpretative

difficulties. This was initially thought to be

caused by unequal distribution of the antibody
during the staining procedure. However, similar
results were observed after performing repeated
staining. Therefore, the confirmation of BRAF
status should be verified using a more sensitive
molecular method.

Present data analysis showed a significant
association between histology subtypes and BRAF
mutation (p = 0.015). The majority of patients
had moderately differentiated adenocarcinoma,
and 92.3% were positive for BRAF V600E
expression. A previous study reported that the
immunohistochemistry characteristic of sporadic
CRC is loss of MLHI and/or PMS2 with BRAF
mutation.” In this study, only four of 31 (12.9%)
patients presented with this characteristic feature.
PMS2 negative with positive BRAF protein
mutation expression was observed in only one (3.2%)
patient. From these patients (the absence of MLH1
and/or PMS2 staining with positive BRAF V600E
expression and negative family history), the authors
assumed that the patient is likely to have experienced
methylation of the MLH1 gene promoter that acts as
a sporadic cause for young CRC that needs further
molecular study.

The frequency of BRAF V600E positive
expression observed in patients with MSS was 17/20
(85.0%) and MSI tumors 9/11 (81.8%), indicating
a big difference compared to that of a previous study
reportingonly 4% and 39% of patients, respectively.”
Further genetic testing of the MLH1I gene and/or

@l CIoioiH ¢ loal ol
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BRAF mutation is reccommended for confirmation.’
However, the positivity of BRAF V600E in these
patients is in favor of sporadic young-onset CRC.

BRAF V600E immunohistochemistry expression
is found in approximately two-thirds of CRC with
loss of MLHI. Its occurrence with MSI due to
Lynch syndrome is not yet reported. Genetic testing
for suspected Lynch syndrome is offered to those
who had MLH1 expression loss without BRAF
mutation. BRAF V600E mutation in the MSS-
stable group is a different entity that emerges as a
poor prognosis.

Identifying MSI-H, MSI-L, or BRAF mutation
in young-onset CRC is important for treatment
selection and prognostic value. Without adjuvant
chemotherapy, patients with MSI-H generally have
better survival than those with MSS or MSI-L.2*
However, patients with MSI-H may not benefit
from fluorouracil-based adjuvant chemotherapy
than those with MSS and MSI-L who showed
improved overall survival.?* Furthermore, evidence
shows that BRAF mutation is associated with a
poorer prognosis.”

The present study had limitations in the sample
size, as we had difficulties extracting CRC data
due to the retrospective nature of this study. Some
clinical notes were not available, and medical records
were inactive due to non-compliance or defaulted
follow-up and death. Another limitation is due to
budget constraints; thus, we were unable to perform
germline mutation analysis.

The authors would like to expand the sample size
of the young-onset CRC by collaborating with other
institutions in other states. In addition, molecular
and genetic testing for these patients should be
explored to understand the genetic component of
young-onset CRC better.

CONCLUSION
A majority of patients with young-onset CRC
present with abdominal pain at an advanced
stage. Most tumors are moderately differentiated
adenocarcinoma and located at the right side of the
colon. They are predominantly MSS, in which they
expressed all MMR proteins panel with a majority
being positive for BRAF V600E expression. A
significant association between histological
findings and BRAF V600E positive expression was
identified via the immunohistochemistry method.

This knowledge and understanding will allow us
to develop a clinicopathological profile for young-
onset CRC, thereby providing the community with
a better insight into the disease. Consequently, early
detection and intervention can be implemented.

This finding should shed light on further research

on this disease.
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