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Abstract
Background: Colorectal cancer (CRC) is a multistep
process occurring due to the accumulation of several
genetic alterations. The most important ones are RAS and
RAF that have been implicated as key intermediates in
RAS-mediated signaling cascade. KRAS and BRAF protein
expression levels and prognostic evaluation in CRC
patients remains unknown. Moreover, minimal evidence
exists regarding the predictive role of KRAS and BRAF for
fluoropyrimidine-based adjuvant chemotherapy. Hence,
present study aimed to investigate the prevalence of
KRAS and BRAF protein expressions in CRC patients and
further to correlate the results with clinicopathological
parameters and prognosis.
Methods and findings: A total 82 CRC patients were
included in this retrospective study. KRAS and BRAF
protein
expressions
were
studied
by
immunohistochemistry
technique
using
paraffin
embedded tumor tissue blocks. The data was analyzed
using SPSS software. p value ≤ 0.05 was considered as
statistically significant. Immunohistochemical localization
of KRAS and BRAF showed cytoplasmic staining in 34%
and 63% of patients, respectively. BRAF immunopositivity
was found to be significantly higher in patients with
positive nodal status (p=0.018), presence of perineural
invasion (p=0.039) and ≥ 5.0 ng/mL pre-operative serum
CEA levels (p=0.008) as compared to their respective
counterparts. Moreover, a trend of higher positive BRAF
expression was observed in advanced stage patients as
compared to early stage patients (p=0.080). Survival
analysis demonstrated a significant reduced relapse-free
survival (RFS) with KRAS positive expression in rectal
cancer patients (p=0.045). Similar trend of reduced RFS
was observed with positive KRAS expression in the
subgroup of rectal cancer patients treated with adjuvant
therapy (p=0.073). However, BRAF protein expression
failed to show any prognostic or predictive value in CRC
patients.

Conclusion: KRAS and BRAF protein expression might be
associated with disease aggressiveness in CRC. Further,
KRAS protein expression could be useful prognostic and
predictive marker in rectal cancer patients.
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Abbreviations: BRAF: v-Raf murine sarcoma viral
oncogene homolog B1; CEA: Carcino Embryonic Antigen;
CRC: Colorectal Cancer; EGFR: Epidermal Growth Factor
Receptor; IHC: Immunohistochemistry; KRAS: v-Ki-ras2
Kirsten rat sarcoma viral oncogene homolog; MAPK:
Mitogen-Activated Protein Kinase; OS: Overall Survival;
PTC: Papillary Thyroid Cancer; RFS: Relapse-Free Survival;
SPSS: Statistical Package for the Social Sciences.

Introduction
Colorectal cancer (CRC) is a heterogeneous disease that
manifests through variable clinical course and with significant
inconsistency in the response to treatment, even within
tumors with similar histopathological characteristics [1].
Current researchers mostly focus on the theory of
heterogeneity of CRC tumors, which highlights the differences
of the KRAS mutational status between primary and
metastatic tumors [2]. Moreover, abnormalities of KRAS are
key events in colorectal carcinogenesis and mutations in this
gene occur early during malignant transformation in 20-50% of
the tumors [3]. KRAS is a major downstream component of the
epidermal growth factor receptor (EGFR) pathway [4], and it
activates its primary downstream target protein BRAF, a
serine-threonine protein kinase that mediates the KRAS signal
toward the downstream effectors, eventually leads to the
activation of genes involved in cell proliferation. The KRAS and
BRAF mutations as key mediators in EGFR signaling pathway
play a crucial role in the colorectal pathogenesis and are
associated with primary resistance to EGFR therapy [2].
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Although the predictive role of KRAS and BRAF mutations to
recognize resistance to anti-EGFR therapy in advanced CRC
patients has been accepted widely, the efficacy of KRAS and
BRAF protein expressions in CRC is still unidentified. Several
reports investigated KRAS immunohistochemical localization,
but it requires further studies for validation as a predictive
marker for resistance to anti-EGFR therapy [5]. Moreover,
minimal evidence exists regarding the predictive capacity of
KRAS with fluoropyrimidine-based adjuvant chemotherapy [6].
Further, KRAS expression levels and prognostic evaluation in
CRC patients remains unknown. On the other side, clinical
studies have shown an association between BRAF mutation
and clinical progression, invasion, and recurrence in various
malignancies including CRC. However, there are rare studies
showing BRAF protein expression especially in thyroid
carcinoma [7,8]. To the best of our knowledge, there are no
studies available regarding investigations of BRAF protein
expression in CRC. Therefore, exploring KRAS and BRAF protein
expression could be helpful in management of CRC patients.
In the present study, we investigated the incidence of
KRAS and BRAF protein expression and their association with
clinicopathological parameters in CRC patients. In addition, the
prognostic and predictive role of KRAS and BRAF protein
expression was analyzed in CRC.

Patients
A total of 82 CRC patients underwent surgical resection at
The Gujarat Cancer and Research Institute, Ahmedabad
between 2013 and 2015 were included in this study. The key
inclusion criterion was the untreated CRC patients with
histopathologically confirmed adenocarcinoma without any
prior history of anticancer treatment. Patient and tumor
characteristics are shown in Table 1. The primary treatment
offered to the patients was either surgery alone (20%, 16/82)
or surgery followed by chemotherapy (56%, 46/82) or surgery
followed by chemoradiotherapy (19%, 16/82) or surgery
followed by radiotherapy (5%, 4/82). The main
chemotherapeutic treatment included were 5-fluorouracil,
capecitabine or in combination with oxaliplatin. Out of 82
patients enrolled, 78 patients who followed up for the period
of 24 months or until death within that period, were included
for Overall survival (OS) analysis.
Table 1 Patient and tumor characteristics.
N (%)

Age (years) (Range: 20-80 years) Median age: 56 years
<56

41 (50)

≥ 56

41 (50)

Gender
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Habit*
No

44 (54)

Yes

38 (46)

Tumor site
Colon

48 (59)

Rectum

34 (41)

Tumor size
T2

14 (17)

T3

62 (76)

T4

06 (07)

TNM stage
I

08 (10)

II

39 (48)

III

32 (39)

IV

03 (03)

Early stage (I+II)

47 (57)

Advanced stage (III+IV)

35 (43)

Histological type

Materials and Methods

Characteristics

2018

Female

37 (45)

Male

45 (55)

Adenocarcinoma

61 (74)

Mucinous adenocarcinoma

21 (26)

Tumor differentiation
Well

13 (16)

Moderate

59 (72)

Poor

10 (12)

Recurrence/Metastasis (N=63)
Absent

57 (90)

Present

06 (10)

Disease outcome (N=78)
Alive

62 (79)

Dead

16 (21)

Note: *Tobacco chewing, smoking, alcohol, snuff (any one or
in combination).
For OS, three patients who died with advanced stage
disease and one patient who lost to follow-up were excluded.
Out of these 78 patients, 15 patients with persistent disease
were excluded from relapse-free survival (RFS) analysis. Thus,
63 patients were included for RFS analysis. Survival analysis
was also performed in the subgroups of patients with early
stage and advanced stage disease; as well as in colon cancer
and rectal cancer patients after sub-grouping them according
to tumor site. Further, to investigate the predictive value of
KRAS and BRAF, survival analysis was performed in patients
treated with adjuvant therapy (RFS: N=54; OS: N=64).
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Sample collection
The study has been approved by Institutional Scientific and
Ethical Committees and informed consent was obtained from
all patients prior to sample collection. To study KRAS and BRAF
protein expression, paraffin embedded tumor tissue blocks
were retrieved from histopathology department of the
institute.

KRAS and BRAF protein
immunohistochemistry

expression

by

Immunohistochemistry for KRAS and BRAF was performed
on formalin-fixed, paraffin embedded 4 µm thick tumor tissue
sections. The sections were stained using mouse and rabbit
specific HRP/DAB (ABC) Detection IHC kit (Abcam) according to
manufacturer’s protocol. The primary antibody used was KRAS
mouse monoclonal (Clone-F234, Santacruz biotechnology
dilution: 1:10) and BRAF mouse monoclonal (Clone-1H12F1,
1H12G10, 1F12F11C9, Thermo scientific, dilution: 1:200). Prior
to application of the primary antibody, antigen retrieval was
performed for 20 minutes in a pressure cooker. All sections
were scored in a blinded fashion by two independent
observers familiar with immunohistopathology, unaware of
clinical outcome of the patient. A semiquantitative score
ranging from negative (no staining or, 10% of cells stained) to
3+ (1+ staining in 11-30% of the cells: weak, 2+ staining in
31-50% of cells: moderate, and 3+ staining in >50% of cells:
intense) was used.

Statistical analysis
The statistical data analysis was performed with the help of
SPSS (Statistical Package for the Social Sciences) software
version 17. Two tailed chi square (χ2) test was used to
determine the association of clinicopathological variables with
KRAS and BRAF protein expression. Correlation between two
parameters was calculated using Spearman’s correlation
coefficient (r) method. RFS and OS were calculated using
Kaplan-Meier estimates and the difference in survival curve
was calculated using Log rank test. P value ≤ 0.05 was
considered to be significant.

Results
Incidence of KRAS and BRAF protein expression
Both KRAS and BRAF protein expression showed
heterogeneous and cytoplasmic immunostaining pattern. KRAS
immunopositivity was detected in 34% of tumors, while 66% of
tumors were KRAS negative. On the other side, 63% of tumors
showed BRAF positive protein expression, while 37% of tumors
were BRAF negative. Figure 1 represents the
photomicrographs for KRAS and BRAF staining (40x).

© Copyright iMedPub

Figure 1 Representative photomicrographs of KRAS and
BRAF immunostaining in tumor tissues (40X).

Association of KRAS and BRAF protein
expression with clinicopathological parameters
BRAF immunopositivity was found to be significantly higher
in patients with positive nodal status (79%) as compared to
those with negative nodal status (54%; χ2=5.609, r=+0.262,
p=0.018); in patients with presence of perineural invasion
(87%) as compared to those with absence of perineural
invasion (58%, χ2=4.278, r=+0.228, p=0.039); as well as in
patients with ≥ 5.0 ng/ mL pre-operative serum CEA levels
(76%) as compared to those with <5.0 ng/mL pre-operative
CEA levels (47%; χ2=6.885, r=+0.292, p=0.008). Further, a trend
of higher positive BRAF protein expression was found in
advanced stage (III+IV) patients (74%) as compared to early
stage (I+II) patients (55%; χ2=3.111, r=+0.195, p=0.080).
However, KRAS protein expression showed no significant
correlation with any of the clinicopathological parameters.

Association of KRAS and
expression with survival

BRAF

protein

When prognostic value of KRAS protein expression was
evaluated, Kaplan-Meier univariate survival analysis showed a
significant association of KRAS protein expression with RFS in
the subgroup of rectal cancer patients only (N=23). A
significant higher incidence of disease relapse was observed in
rectal cancer patients with positive KRAS protein expression
(25%) as compared to those with negative KRAS protein
expression (0%; χ2=0.4010, df=1, p=0.045; Figure 2a).
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Discussion
The development of colorectal cancer is a multistep process
that occurs due to the accumulation of several genetic
alterations. The most important ones are RAS and RAF that
have been implicated as key intermediates in RAS-mediated
signaling cascade [9].

Figure 2a A significant reduced RFS with positive KRAS
expression in rectal cancer patients.
However, no significant association of KRAS protein
expression with RFS or OS was observed in total patients or in
the subgroups of early stage, advanced stage and colon cancer
patients (data not shown). Further, when predictive value of
KRAS protein expression was evaluated in patients treated
with adjuvant therapy (N=54), only in the subgroup of rectal
cancer patients (N=20), KRAS protein expression showed a
trend of higher incidence of disease relapse in patients with
positive KRAS expression (25%) as compared to those with
negative KRAS expression (0%; χ2=3.209, df=1, p=0.073; Figure
2b). On the other side, BRAF protein expression failed to show
any prognostic or predictive value when correlated with
survival (data not shown).

Figure 2b A trend of reduced RFS with positive KRAS
expression in rectal cancer patients treated with adjuvant
therapy.

Correlation between KRAS and BRAF protein
expression
Positive correlation was observed between KRAS and BRAF
protein expression. However, the data was not statistically
significant (r=+0.120, p=0.284).
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RAS proteins are proto-oncogenes that are frequently
mutated in human cancers. Despite the prevalent role of KRAS
mutations in tumorigenesis, few studies have been reported
with regard to KRAS protein expression, especially in CRC.
Several recent studies indicated that KRAS amplification
occurred only in a small percentage of several different solid
malignancies, including non small cell lung cancer, head and
neck squamous cell carcinoma, ovarian and breast cancer [5].
One report in CRC showed that KRAS amplification was an
infrequent event (0.67%) and found to be mutually exclusive
with KRAS mutations. They further compared KRAS gene copy
numbers by real-time PCR with IHC KRAS status using the same
clone SC-30, which we used in present study, and found that
all positive cases for real-time PCR were strongly positive by
IHC technique also. But it requires further studies for
validation as a predictive marker for resistance to anti-EGFR
therapy [5]. Further, Horsch et al. showed genome-wide
transcriptional changes in KRAS transfected cell lines [10].
More recently, Zhou et al. focused on RAS expressions by realtime PCR in AML and detected KRAS overexpression in 35/143
(24%) of AML patients [11].
Present study examined KRAS protein expression by IHC in
CRC and observed cytoplasmic KRAS immunopositivity in 34%
of tumors. Further, none of the clinicopathological parameters
were found to be significantly correlated with KRAS protein
expression. Likewise, Piton et al. in patients with CRC observed
distinct cytoplasmic staining of KRAS expression in neoplastic
areas in 33% of patients [12]. A small number of studies have
examined IHC localization of KRAS and its association with
clinicopathological parameters in CRC. In accordance with
present study, one report in metastatic CRC observed KRAS
cytoplasmic positivity in 42.3% of cases and found no
significant correlation between clinicopathological parameters
and KRAS staining results [13]. Another study conducted by
Zlatian et al. in 50 CRC patients detected KRAS
immunopositivity in 52% of cases and observed that KRAS
expression was significantly increased in poorly differentiated
adenocarcinoma (p=0.037) [14].
KRAS expression levels and prognostic evaluation in CRC
patients remains unknown. To the best of our knowledge, this
is the first study to demonstrate prognostic and predictive role
of KRAS immunohistochemical localization in CRC. We
observed that the subgroup of rectal cancer patients showed a
significant reduced RFS with KRAS positive expression as
compared to KRAS negative expression (p=0.045). Similar
trend of reduced RFS was observed with positive KRAS
expression in the subgroup of rectal cancer patients treated
with adjuvant therapy (p=0.073).
Hence, present study demonstrated that positive
cytoplasmic KRAS protein expression probably could be a
This article is available from: http://colorectal-cancer.imedpub.com/
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useful biomarker in predicting unfavorable prognosis and
treatment response in rectal cancer patients. However, further
studies with larger patient size and longer follow-up are
needed to better understand the prognostic and predictive
role of KRAS protein expression in CRC, which would aid in
determination of therapeutic response and prognosis of
patients.
BRAF, the downstream target of KRAS, is a key activator of
the MAPK pathway that transmits signals from the surface of
cells to the nucleus and regulates cell survival, differentiation,
apoptosis and proliferation. When it is activated by mutation,
inappropriate signaling promotes malignant cell proliferation
and survival. BRAF protein expresses with varied levels
according to the type of tissue. Several recent studies have
been aimed to determine the sensitivity, specificity and
predictive values of specific monoclonal antibody (VE1 clone)
which targets the mutated form of the Braf protein (V600E
Braf) since immunohistochemical testing would be an optimal,
an inexpensive and widely available clinically applicable
methodology of testing for the Braf V600E mutation in routine
practice.
In the present study, BRAF (Clone 1H12F1, 1H12G10,
1F12F11C9) protein expression showed heterogeneous and
cytoplasmic staining pattern. Positive immunoreactivity was
noted in 63% of CRC patients, while 37% of CRC patients were
BRAF negative. In accordance to the present study, Piton et al.
in patients with CRC observed finely granular cytoplasmic
staining of BRAF (VE1) expression in neoplastic areas in 66%
patients [12]. Affolter et al. analyzed BRAF specific to the
V600E-mutated protein in 31 colon tumors with (n=14) and
without (n=17) the BRAF V600E mutation [15]. They
demonstrated cytoplasmic positivity in tumor cells in 45%
(14/31) tumors. Sinicrope et al. [16] in their study used two
different types of BRAF antibody (pan-BRAF antibody and
BRAF V600E) in human colon carcinomas with the aim to
evaluate an anti-BRAF antibody for the detection of mutant
BRAF V600E proteins. Using a pan-BRAF antibody, total protein
expression was observed in the tumor cell cytoplasm in 74 of
75 colon carcinomas whereas BRAF V600E antibody identified
diffuse cytoplasmic staining in 49 of 74 (66%) cancers. In
contrast, comparably, lower incidence of BRAF positivity was
reported by Capper et al. [17] and Day et al. [18]. In both the
studies, the authors used BRAF (VE1) antibody and observed
finely granular cytoplasmic staining reaction in tumor cells in
only 13.2% of colorectal cancer specimens. Beside CRC, there
are reports on BRAF protein expression in other malignancies.
Mohamad et al. examined the impact of BRAF protein in 60
Iraqi breast cancer patients and observed BRAF was positive in
28.57% of benign sections and 65.96% of malignant sections
while totally negative expression in normal breast tissue
sections [19]. Jung et al. reported cytoplasmic and nuclear
protein expression of BRAF in 13% and 7.4% of breast cancer
patients, respectively using BRAF V600E mutation specific
antibody [20]. Feng et al. [8] and da Silva et al. [7] observed
BRAF (F-7) cytoplasmic immunoreactivity in 60% and 57% of
patients with thyroid cancer, respectively. In melanoma,
Hugdahl et al. [21] and Elmageed et al. [22] reported positive
cytoplasmic BRAF-V600E expression in 35% and 32% of the
© Copyright iMedPub
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cases, respectively. Further, Elmageed et al. observed both
cytoplasmic and nuclear staining pattern of BRAF-V600E in
30% cases [22]. Wen et al. studied the expression and clinical
significance of BRAF in prostate cancer; they found the positive
rate of BRAF had significant difference between patients with
prostate cancer and BPH (p<0.05) [23].
It is well established that expression of the BRAF protein is
of important clinical interest, particularly in the case of
resistance to conventional therapy. To the best of our
knowledge, less information is available on BRAF protein
expression with regard to clinicopathological variables in CRC.
Capper et al. observed CRC patients with BRAF-positive tumors
were of older age and female patients and no significant
difference was found of BRAF positivity according to tumor site
[17]. Further, Day et al. reported a higher frequency of BRAF
V600E positivity in female patients and tumors resected from
the right colon, exhibiting poor differentiation [18]. Present
study too speculated a significant higher BRAF
immunopositivity in patients with positive lymph-nodes (79%),
with presence of perineural invasion (87%); as well as in
patients with ≥ 5.0 CEA levels (76%) as compared to their
respective counterparts. Furthermore, a trend of higher
positive BRAF protein expression was found in advanced stage
patients (74%) as compared to early stage patients (55%).
Further, higher positive BRAF protein expression was observed
in T4 tumor (83%) than those with T2 (64%) and T3 tumor
(61%) size; and in elder age group (71%) than in younger age
group patients (56%), however such associations were not
statistically significant. In accordance to the present study,
besides CRC, in breast cancer patients, Mohamad et al.
reported that BRAF status had significant association with
increasing age and tumor stage and no significant correlation
with tumor grade [19]. Jung et al. observed that nuclear but
not cytoplasmic BRAF V600E status was significantly associated
with poor prognostic factors such as ER negativity, PR
negativity and TNBC molecular subtype [20]. Similarly, Feng et
al. [8] highlighted significant association of BRAF over
expression with worse prognostic factors such as lymph node
metastatic group than in the non- lymph node metastatic
group; and in papillary thyroid cancer than in nodular goiter
patients. Likewise, da Silva et al. found significant association
of BRAF over expression and extrathyroidal extension of the
tumor which represents a worse prognosis [7]. Wen et al. in
patients with prostate cancer found that the expression of
BRAF was correlated with grade and stage of prostate cancer
(P<0.05), but not to age of onset (P>0.05) [23]. Elmageed et al.
reported that nuclear localization of BRAF V600E was
significantly associated with melanoma aggressiveness viz
overall clinical stage, regional lymph node, depth of invasion,
Clark level, mitotic activity, ulceration [22]. In accordance to
above reports, our study demonstrated that BRAF over
expression in the patients with CRC was indeed associated
with worse prognostic factors. Contradictory, Koperek et al.
showed that the expression of the mutated BRAF V600E
protein seems not to be a marker of aggressiveness but is
already seen in clinically indolent microcarcinomas [24].
With regard to prognosis, in the current study presence or
absences of BRAF protein expression had no impact on survival
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in CRC patients. In contrast, Day et al. reported significant
higher risk with poor OS for metastatic CRC patients with BRAF
V600E tumors on IHC as compared to those with BRAF wild
type [18]. Hugdahl et al. reported BRAF-V600E protein
expression detected by IHC is independently associated with
reduced survival, whereas this was not the case for BRAF
mutation status [21]. Literature survey revealed several
conflicting reports on influence of BRAF mutation on survival
in various cancers including CRC. However, there exists scares
report on BRAF protein expression and survival. Further,
present study investigated intercorrelation between KRAS
protein expression and BRAF protein expression. However, no
significant correlation was observed between them. Therefore,
further studies are required for the better evaluation of BRAF
protein expression and its correlation with KRAS protein
expression in CRC.

Conclusion
Present study concluded that KRAS and BRAF positive
protein expression might be associated with disease
aggressiveness in CRC. Moreover, KRAS protein expression
might be helpful to predict prognosis and treatment response
and thus could be useful prognostic and predictive marker in
rectal cancer patients. Our findings may contribute into
evolution of better therapeutic approach in CRC patients.
However, this data needs to be validated in larger cohort to
potentially influence treatment decisions in CRC.
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