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ABSTRACT... Objective: To assess the expression of KRAS in tissue samples of colorectal carcinoma and to correlate
it with histopathological parameters. Study Design: Cross Sectional study. Setting: Department of Pathology, PNS Shifa
Hospital Karachi. Period: March 2016 to February 2019. Material & Methods: A total of 51 cases of CRC were analyzed
for immunohistochemical staining using KRAS antibody on representative tissue blocks. Clinical and pathological records
were retrieved for collection of data. The results of immunohistochemical analysis were correlated with the recorded clinico-
pathological parameters. Results: In this study 51 cases of CRC were analyzed for immunoexpression of KRAS. The age
of the patients ranged from 14 to 85 years with the mean age of 60.96 years. Among the 51 cases, 37(72.5%) cases were
males and 14(27.4%) were females. 37(72.5%) were localized to left side colon and 14(27.4%) were found in the right
colon. For KRAS immunostaining, 41(80.3%) out of 51 cases showed overexpression. Significant association was seen
between KRAS overexpression and histological variants i.e. glandular carcinomas. Conclusion: In the present study over
expression of KRAS was observed in advanced tumors. Majority of these cases were adenocarcinomas with few showed
mucinous histology. The present study signifies that established KRAS expression is usually seen in rapidly dividing cells
with association of advanced tumors.
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INTRODUCTION

Colorectal cancer represents almost 10% of all
registered malignant diseases. Being the third
leading cause of deathword over, itisalso the third
most prevalent cancer in both male and female
genders."? The estimated 5-year prevalence
rate is about 3.2 million.3#* CRC incidence rises
with age, up to 10% of CRC patients are younger
than 50 years, the median age being 42-44 years.
About one million cases of colorectal cancer are
diagnosed annually in the world.®

In Pakistan CRC accounts for 52% of all
gastrointestinal tumors.®” Both environmental
and genetic factors as well as various molecular
pathways like chromosomal instability (CIN),
microsatellite instability (MSI), and the CpG island
methylation phenotype (CIMP) are responsible

for the pathogenesis of colorectal cancer. These
pathways are mediated by some important tumor
suppressor genes and proto-oncogene.®® Among
them KRAS proto-oncogene being the prime
oncogenic factor for colorectal cancer plays a
significant role in its pathogenesis.°

The RAS family is known as the most commonly
mutated proto-oncogene which presents in all
humanmalignancies including colorectal cancer.!
The most frequently occurring gene of RAS family
is KRAS which mainly accounts for colorectal
carcinogenesis. It possesses an important
guanosine triphosphate/ guanosine diphosphate
(GTP/GDP) binding properties which activates
KRAS and leads to stimulation of MAPK and PI3K/
AKT signaling pathway, thereby causing rapid
cell growth. The detection of KRAS expression
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can be done by routine immunohistochemistry
in histopathological laboratories.’? This study
hence aims at evaluating expression of this
marker in our population and to correlate it with
various clinicopathological features in order to
aid selection of effective treatment options.

MATERIAL & METHODS

This cross sectional study was based on the
analysis of colonic biopsies received in the
Department of Pathology, PNS Shifa Hospital
Karachi. After attaining Ethical approval (FRC/
BUMDC/Path/003) samples were collected
including both biopsies and colectomy
specimens. Sample size was calculated using
software G- POWER (version 3.1.9.2), taking
95% confidence interval and 5% margin of error.
The required sample size was found to be 51. All
colonic surgical specimens diagnosed as primary
colorectal carcinoma obtained prior to therapy
and patients who were willing to participate in the
study were included, whereas poorly fixed tissue,
inadequate material, metastatic tumors, post
radiotherapy specimens as well as patients who
refused to participate in the study were excluded
from this research.

During the study period, from March 2016
to March 2019, 291 colorectal samples were
received at our setup. Both biopsies (h=29) and
colectomy specimens (n=22) were analyzed for
histopathological diagnosis. Among them 240
cases were reported as benign lesions while
51 cases were diagnosed as colorectal cancer.
Hematoxylin and eosin as well as anti-KRAS
immunohistochemical staining was performed
on the formalin-fixed paraffin-embedded tissues.
The clinicopathological data including age, sex,
location, microscopic types, and histological
grade were collected for statistical analysis. For
immunohistochemistry sections of 3 to 5um
thickness were taken from FFPE tumor blocks
picked on poly-L-lysine coated slides. Antigen
retrieval was done using retrieval solution (pH
6.0 citrate buffer 10 x) in water bath at 98-99 2
C for 40 minutes. Endogenous peroxidase was
blocked using hydrogen peroxide blocking
solution. Primary antibodies were applied to
cover the section. Sections were incubated for

30 min with labeled secondary antibody. DAB
substrate chromogen solution (1 ml substrate
buffer + 1 drop DAB chromogen) was applied to
cover section, incubated for 2 minutes, washed
and counterstained with hematoxylin, dehydrated
with ethanol, cleared in xylene and mounted.
The slides were then visualized under a light
microscope. Tissue samples to which no primary
antibody had been added were used as negative
controls.

Immunoreactivity was scored taking into account
the percentage of stained tumor cells (Yellow
brown color) and intensity of staining. For KRAS
membranous staining was scored as 3(+) when
the majority of cells (>75%) showed positive
staining, 2(+) when 50-75% and 1(+) when
25-50% of cells were stained. The staining was
taken as negative when <25% cells revealed
staining with KRAS protein. Scores 3(+), 2(+)
and 1(+) were considered as expression of
KRAS protein. The intensity of KRAS staining
was graded as strong (3+), moderate (2+) weak
(1+) and no staining (0). Human Placental tissue
was used as positive control. Statistical analysis
was done using SPSS version 23.0 Continuous
variables were presented as mean and standard
deviation. Categorical variables were presented
as frequency and percentage. P<0.05 was
considered statistically significant.

RESULTS

Among 51 cases subjected to KRAS
immunostaining, 41 casesshowed overexpression
of KRAS. The positivity was strong (3+) in 23
cases, moderate (2+) in 20 cases. The remaining
8 cases showed weak staining intensity (1+) with
KRAS protein on immunohistochemistry.

In this study 51 cases of colorectal carcinomas
were included, among them 16 showed mucinous
histology with signetring cells, 1 showed cribriform
pattern, 2 were poorly cohesive tumors, while the
rest 32 were adenocarcinomas.

Table-l shows intensity and extent of
immunoexpression of KRAS protein in diagnosed
malignant cases of colorectal samples. Out of
51 cases of colorectal cancer 23 cases showed
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strong staining for KRAS protein with 18 cases
showing strong reactivity in >75% of tumor cells,
3 cases showed strong reaction in almost 60%
of cells, 1 case had strong reactivity in >50% of
tumor cells and 1 case showed strong reactivity
in <25% of tumor cells.

Table-Il compares the extent and intensity of
KRAS immunoreactivity according to degree of
differentiation in colorectal cancers. From 32 well
differentiated cases of adenocarcinomas 16(50)
% of cases showed strong intensity for KRAS
protein in >75% of tumor cells. The remaining 16
cases showed weak to moderate staining in 60%
of neoplastic cells.

Among 14 cases of moderately differentiated
carcinoma only 1 case showed strong intensity
in >75% of tumor cells, the remaining 3 cases
showed strong reaction in approximated 60% of
tumor cells. 2 out of 5 cases of poorly differentiated
carcinoma showed strong intensity in >75% of
tumor cells, while remaining 3 showed weak to
moderate staining intensity in 60% of tumor cells.

Table-lll correlates the expression of KRAS
with different clinicopathological parameters.
Total 51 cases of malignant colorectal cancer
included in the present study, were evaluated by
immunostaining of KRAS protein. The age of the
patients ranged from 10- 89 years with the highest
occurrence found to be in 50-59 years age group.

Out of 37 male patients, 29 cases showed
positive expression i.e, moderate (2+) to strong
(3+) while remaining 8 cases were associated
with either weak or no KRAS immunoexpression.
In female gender total 14 cases were diagnosed
as malignant colorectal cancer. Out of them 12
cases showed moderate to strong expression of

Extent
0 1 2 3
2 (25%) 3 (37.5%) 1 (12.5%) 2 (25%)
1(5%) 5 (25%) 3 (15%) 11 (55%)
1 (4.3%) 1(4.3%) 3 (13.04%) 18 (78.2%)

0 (0%)
0 (0%)
0 (0%)

KRAS protein while 2 cases revealed weak/focal
expression.

Thirty seven out of 51 cases of colorectal
cancers were localized to the left side. Among
them 30 cases showed strong to moderate
immunoreactivity, whereas 7 cases showed weak
or no expression of KRAS. 14 malignant cases
were found to be involving the right colon, 11
out them showed moderate to strong expression
while remaining 3 cases of right sided tumor
revealed weak or negative immunoreactivity with
KRAS protein.

Inthisstudy positive KRAS expressionwasdetected
in 32 cases of glandular adenocarcinoma. 29
cases with glandular histology showed KRAS over
expression. 3 cases of adenocarcinoma showed
weak or negative KRAS protein expression.

12 out of 16 cases of mucinous and signet ring
cancers revealed KRAS over expression, whereas
4 cases expressed weak or no immunoreactivity.
Other histological variants observed in this study
include 2 cases diagnosed as poorly cohesive
tumors which showed no association with
KRAS over expression. While one case showed
cribriform pattern and showed with negative
KRAS expression on immunohistochemistry.

Extent of reactivity: 0, <25%; 1+, 25-50%; 2+,
50-75%; 3+, >75% Intensity of reactivity: 0 =
no staining; 1+ = weak staining; 2+ = moderate
staining, 3+ = strong staining.

Extent of reactivity: 0, <25%; 1+, 25-50%; 2+,
50-75%; 3+, >75%.

Intensity of reactivity: 0 = no staining; 1+ = weak
staining; 2+ = moderate staining, 3+ = strong
staining.

Intensity Total
1 2 3
8 (100%) 0 (0%) 0 (0%) 8
0 (0%) 20 (100%) 0 (0%) 20
0 (0%) 0 (0%) 23 (100%) 23

Table-I. Intensity and extent of KRAS-immunoreactivity in diagnosed cases of colorectal carcinoma. (n=51)
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Histological Grades LS o

of Cases 0

Well differentiated carcinoma (G1) 32 2
(62.7%) (6.2%)

Moderately differentiated carcinoma 14 1
(G2) (27.4%) (20%)

. ) . 5 1
Poorly differentiated carcinoma (G3) ©9.8) (20%)

Table-Il. Relationship between KRAS immunostaining and histological grades. (n=51)

Clinicopathogical Features Total Numbers

Male = 37
Gender
Female = 14
) Right-sided =14
Tumor Location )
Left-sided = 37

Glandular Adenocarcinoma 32 (62.7%)
16 (31.4%)
2 (3.9%)

1(2.0%)

Mucinous Carcinoma/Signet ring
Poorly cohesive
Ciribriform pattern

4
Extent Intensity
1 2 3 0 1 2 3
5 5 20 0 5 11 16
(15%) (15%) (62%) (0%) (15%) = (34%)  (50%)
3 3 7 0 2 8 4
(21%) (21%) (50%) (0%) (14%) = (57%)  (28%)
1 0 3 0 2 1 2
(20%) (0%) (60%) (0%) (40%) = (20%) = (40%)
KRAS Over Expression P-Value
Positive Negative
29 8
0.707
12 2
11 3
1.00
30 7
29 3
12 4
0.003
0 2
0 1

Table-lll. Association of clinicopathological features with KRAS overexpression. (n=51)

Association of clinicopathological features with KRAS overexpression

35 4
30
25 4

20 4

15

10 A

o1l |

0 4 - - 1 - - | I -

gender

location glandular
adenocarcinoma  /sigent ring
=32 =16

mucinous  poorly cohesive ciribriform
=2 =1

M=37 L=37

Figure-1

DISCUSSION

This study has been done with the aimto determine
the frequency of colorectal cancers received at
our setup and to evaluate the overexpression of
KRAS proto oncogene as an established marker
in advanced tumors.

In the present study the mean age for colorectal
carcinoma was found to be 60.96 years. These
findings are similar with the figures documented
in Shaukat Khanum Memorial Cancer Hospital,
Lahore, Pakistan. According to which the

estimated mean age for males and females were
reported as 53 years and 50 years respectively.'
Whereas a study which included 131 young
patients, showed comparatively lower mean
age which was documented as 33.3 years. This
distinction may be attributed to the sample size
variation.'

In the present study out of 51 cases of colorectal
carcinomas, 37 (72.5%) cases were present in
males, while the remaining 14(27.4%) cases of
colorectal cancer were seen in females. Similar
results were reported in a study showing that
colorectal cancer was diagnosed in 65.8% male
and 34.2% of female patients.™

In the present study most commonly observed
grade was well differentiated adenocarcinoma,
whereas the common microscopic variants were
reported as adenocarcinoma, and mucinous-
signet ring type carcinoma. A study reported
similar histological variants such as 22(84.6%)
cases of adenocarcinoma, 2(7.7%) cases
of mucinous carcinoma, and 2(7.7%) cases
as signet ring cell carcinomas. There is an
ambiguity in a study where most of the cases of
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colorectal cancer were identified as moderate to
poorly differentiated tumors.'®

In the present study on KRAS immunostaining,
out of 51 cases, 41(80.39%) cases of colorectal
cancer showed over expression for KRAS protein
while remaining 10(19.60%) cases revealed no
expression of KRAS on IHC. These results are in
agreement with other studies which concluded
positive expression for KRAS protein on IHC.17:1819
Various studies showed overexpression of KRAS,
BRAF, MEK, and ERK both by IHC and q PCR
and suggested that IHC to be an equally effective
diagnostic technique.2°?'

In the current study we observed the association
of KRAS over expression with different
clinicopathological parameters including, age,
gender, tumor localization, tumor grades and
histological variants. Patient’s age, gender and
tumor location did not reveal any significant
correlation with  KRAS overexpression in
colorectal cancer patient in our population. Our
results are in agreement with some other studies
which reported no significant relation between
age, gender and tumor laterality with KRAS
over expression in colorectal cancer patient.??23
Histological variants however, revealed a
significant correlation with KRAS over expression
in the present study. Other studies have also
shown significant association between KRAS
expression and histological variants.'32*

As the present study has  utilized
immunohistochemistry to evaluate expression of
KRAS protein in colorectal cancer, we can use
our results as a foundation for further researches
evaluation KRAS expression. Molecular analysis
would be required to strength the results in future.

The limitations of the study included data from
single tertiary represent the general population.
Further large scale multicentric studies will be
required to assess the burden of mutations in our
population. Additional, relevant clinical data could
not be ascertained because of inaccessibility to
the record files.

CONCLUSION

In the present study over expression of KRAS was
observed in advanced tumors. Majority of these
cases were adenocarcinomas with few showed
mucinous histology. The present study signifies
that established KRAS expression is usually
seen in rapidly dividing cells with association of
advanced tumors.

Copyright© 28 May, 2021.
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