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Purpose: BRAF mutation and expression of extracellular signal regulated kinase (ERK) are linked with colorectal carcino-
genesis through the serrated pathway. BRAF and ERK1/2 play important roles in the activation of mitogen-activated pro-
tein (MAP) kinase signaling pathways. The present study investigated the clinicopathologic outcomes of BRAF mutation 
and ERK1/2 expression in patients with colorectal cancer (CRC) and the possibility of using them as prognostic indicators.
Methods: Dual-priming oligonucleotide-based multiplex polymerase chain reaction for BRAFV600E mutation and immuno-
histochemical analysis of ERK1/2 were performed using 65 formalin-fixed, paraffin-embedded samples from patients with 
CRC. We analyzed the dependences of the clinicopathologic features on BRAF mutation and ERK1/2 expression.
Results: Out of 65 samples from CRC patients, BRAF mutation was detected in 3 (4.6%). The 3 patients with BRAF muta-
tion presented with T3 CRC with lymph node metastasis (stage III) showing moderately or poorly differentiated histol-
ogy. ERK1 and ERK2 were positively detected in 73.8% and 15.4% of the patients with CRC, respectively. ERK1 expres-
sion was significantly correlated with lymph node metastasis (P = 0.049). ERK2 expression was significantly correlated 
with tumor emboli (P < 0.05), tumor invasion (P = 0.035), lymph node metastasis (P = 0.017), and stage (P = 0.02).
Conclusion: BRAF mutation and ERK1/2 expression may be associated with advanced or more aggressive CRC. These 
molecular markers might play prognostic roles in CRC developed through the serrated pathway.
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INTRODUCTION

The development of colorectal cancer (CRC) is a multistep pro-
cess that occurs because of the accumulation of several genetic al-
terations, which are associated with oncogenes and tumor sup-
pressor genes, as well as genes involved in DNA damage recogni-
tion and repair. These genetic changes lead to CRC carcinogenesis 

through various morphological stages.
There are two traditional pathways in regard to CRC carcinogen-

esis. One is chromosomal instability, which leads to changes in the 
number or the structure in proto-oncogenes and tumor suppressor 
genes [1, 2]. The other is DNA replication errors caused by mis-
match repair gene defects [3, 4]. However, in addition to these, re-
cently, BRAF mutation and hypermethylation of DNA cytosine-
guanine base pairs (CpG islands), namely, an epigenetic alteration 
such as CpG island methylator phenotype (CIMP), have been 
found to play roles in CRC carcinogenesis [5].

Clinicopathologic differences are caused by different genetic or 
epigenetic alterations in CRC. About 70%–80% of CRC develops 
through the adenoma-carcinoma sequence. The remaining 20%–
30% of CRC develops through the serrated pathway, which could 
account for CRC without a prodromal change such as adenoma or 
with other prodromal lesions [6]. The serrated pathway is based 
on serrated polyps, which are classified into dysplastic and non-
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dysplastic polyps. Nondysplastic serrated polyps comprise hyper-
plastic polyps and sessile serrated adenoma/polyps. Dysplastic ser-
rated polyps include traditional serrated adenomas and sessile ser-
rated adenoma/polyps with dysplasia [7, 8]. These serrated polyps 
are associated with several somatic molecular alterations previ-
ously reported as BRAF mutations, KRAS mutations, MLH1 
methylation, MGMT (O6-methylguanine-methyltransferase)  
methylation, and CIMP [9]. Of these, BRAF mutation is the most 
common alteration in all serrated polyp types, with a rate of more 
than 80% in serrated carcinomas [6, 9]. Furthermore, BRAF muta-
tion, an important early event in the serrated pathway, is regarded 
as an indicator of poor prognosis [10].

The mitogen-activated protein (MAP) kinase pathway plays a 
central role in embryogenesis and in cell differentiation, prolifera-
tion and death. Extracellular signal regulated kinase 1/2 (ERK1/2) 
are important kinases in the MAP kinase pathway [11-13]. There-
fore, activation of ERK1/2 could be considered a target factor re-
lated with CRC carcinogenesis through the serrated pathway [14]. 
The present study investigated the clinicopathologic outcomes of 
BRAF mutation and ERK1/2 expression related with the serrated 
pathway to CRC and the possibility of their being used as prog-
nostic indicators.

METHODS

We analyzed 65 formalin-fixed, paraffin-embedded samples of re-
sected tissues taken from patients with CRC and well preserved at 
Chung-Ang University Hospital between February and December 
2011. The medical records of patients enrolled in the study were 
retrospectively analyzed. Histologic diagnoses were classified in 
accordance with the World Health Organization criteria [15]. 
Pathologic staging was performed according to American Joint 
Committee on Cancer (AJCC) Cancer Staging Manual [16].

Dual-priming oligonucleotide (DPO)-based multiplex poly-
merase chain reaction (PCR) was performed using the Seeplex 
BRAF ACE detection system (Seegene, Seoul, Korea) to detect 
BRAFV600E mutation. Two pathologists reviewed the slides with tis-
sues stained by using hematoxylin & eosin dyes and marked the 
area of CRC. The genomic DNA could be extracted from 5-μm-
thick paraffin sections by using the QIAamp DNA mini Kit (Qia-
gen, Chartsworth, CA, USA). The PCR reaction mixture con-
tained 4 μL of 5× BRAF primer, 3 μL of extracted DNA (10 ng/μL), 
3 μL of 8-methoxypsoralen solution (0.01%), and 10 μL of 2× mul-
tiplex master mix (Seegene). After 15 minutes of incubation at 
94°C, amplification was performed in a GeneAmp PCR system 
7500 (Applied Biosystems, Foster City, CA, USA) with 35 cycles of 
denaturation at 94°C for 30 seconds, annealing at 62°C for 30 sec-
onds, extension at 72°C for 60 seconds, and a final extension at 
72°C for 10 minutes. The amplified PCR products were analyzed 
using the ScreenTape system (Lab901, Edinburgh, UK) (Fig. 1).

Immunohistochemical analyses were performed in the same 
blocks that were used for the analyses of BRAFV600E mutation. Sec-

tions (4 to 5 μm thick) of paraffin-embedded samples were depa-
raffinized in xylene by using three changes of 5 minutes each and 
were then rehydrated in 90%, 75%, and 50% absolute alcohol for 
2 minutes each. Endogenous peroxidase was inactivated by incu-
bation with 0.3% hydrogen peroxide in methanol for 10 minutes, 
was washed with 50-mM tris buffered saline (pH 7.5), and was 
pretreated with normal goat serum for 30 minutes to reduce non-
specific reactions. Sections were incubated at room temperature 
for 2 hours with each primary antibody. The primary antibodies 
used were ERK1 (1:200; Epitomics, Burlingame, CA, USA) and 
ERK2 (1:150; Epitomics). Immunohistochemical staining was 
performed using a standard avidin-biotin complex method. 
3-amino-9-ethylcarbazole (ACE) was used as a substrate, and 
Mayer’s hematoxylin was used for counterstaining. Light micro-
scopic evaluations of all immune-stained slides were performed 
by one experienced pathologist. Nuclear Staining in more than 
15% of the tissue or cytoplasmic staining in more than 50% of the 
tissue was considered positive (Figs. 2, 3).

Correlations between the clinicopathologic factors and BRAF or 
ERK1/2 were analyzed with the Pearson chi-square test and the 
Pearson correlation coefficient. Statistical analyses were per-
formed using IBM SPSS Statistics ver. 19.0 (IBM Co., Armonk, 
NY, USA). A probability of 0.05 or less was considered statistically 
significant.
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Fig. 1. Representative results from the dual-priming oligonucleotide-
based multiplex polymerase chain reaction using the Seeplex BRAF 
ACE detection system (Seegene, Seoul, Korea) for the detection of 
BRAFV600E mutation. (A) The purple curve represents the internal 
control (IC). (B) The blue curve (V600E, right side) represents mu-
tant probes. All of them have a cycle threshold value of less than 35. 
RFU, relative fluorescence units.
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RESULTS

The mean age of the 65 patients enrolled in this study was 67.2 ± 
10.8 years (range, 38–91 years). Of these, 35 patients (53.8%) were 
aged 67 and over. Male patients were 34 (52.3%). In the histologic 
classification according to World Health Organization criteria, 
well-differentiated tumors were observed in 11 patients (16.9%), 
moderately differentiated in 53 (81.5%) and poorly differentiated 
in 1 (1.5%). Tumor emboli were present in 21 patients (32.3%). 
The TNM stages of the patients are presented in Table 1.

The overall frequency of BRAFV600E mutations was 4.6% (3/65). A 
significant correlation existed between BRAFV600E mutation and 

histologic grade (P = 0.026). All 3 patients with BRAFV600E mutation 
were aged 67 and over and presented with T3 CRC with lymph 
node metastasis (stage III), but correlations with age and CRC stage 
did not reach statistical significant (Table 2).

The immunostaining pattern for ERK1/2 was nuclear and cyto-
plasmic. Immunostaining for ERK1 was positive in 73.8% of the 
cases (48/65). A significant correlation existed between lymph node 
metastasis and ERK1 (P = 0.049). CRC with lymph node metastasis 
had positive immunostaining in 83% of the cases (30/36). However, 
other clinicopathologic factors were not correlated with ERK1 (Ta-
ble 3). Immunostaining for ERK2 was positive in 15.4% of the cases 
(10/65). A significant correlation existed between tumor emboli 
and ERK2 (P < 0.05). Immunostaining for ERK2 was positive only 
in patients with T3 CRC (P = 0.035). Also, lymph node metastasis 
and stage were positively correlated with Immunostaining for 
ERK2 (P = 0.017 and P = 0.02, respectively) (Table 4).

Fig. 2. Immunohistochemical staining for extracellular signal regu-
lated kinase 1. Strong cytoplasmic and nuclear immunoreactivity is 
seen in a colonic adenocarcinoma (×200).

Fig. 3. Immunohistochemical staining for extracellular signal regu-
lated kinase 2. Moderate cytoplasmic immunoreactivity is seen in a 
colonic adenocarcinoma (×200).

Table 1. Clinicopathologic characteristics of enrolled patients (n = 65)

Variable Value

Age (yr)

   Mean ± SD 67.2 ± 10.8

   <67 30 (46.2)

   ≥67 35 (53.8)

Sex

   Male 34 (52.3)

   Female 31 (47.7)

Tumor differentiation (WHO criteria)

   Well 11 (16.9)

   Moderately 53 (81.5)

   Poorly 1 (1.5)

Tumor emboli

   Negative 44 (67.7)

   Positive 21 (32.3)

Tumor invasion

   T1 6 (9.2)

   T2 11 (16.9)

   T3 48 (73.8)

Lymph node metastasis

   Absent 29 (44.6)

   Present 36 (55.4)

Stage (AJCC)

   I 16 (24.6)

   II 12 (18.5)

   III 37 (56.9)

Values are presented as number (%) unless otherwise indicated.
SD, standard deviation; WHO, World Health Organization; AJCC, American Joint 
Committee on Cancer.
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DISCUSSION

The BRAF (B-Raf proto-oncogene) encodes a serine/threonine 
kinase that plays an important role in intracellular signaling and 
cell growth and is a downstream effector of KRAS, which leads to 
epidermal growth factor receptor-independent activation of MAP 
kinase signaling pathways [17, 18]. Much histologic research in-
creasingly supports the colorectal carcinogenesis through the ser-
rated pathway, which is linked with BRAF mutation [5-7, 19]. 
Furthermore, BRAF mutation is associated with poor prognosis 
in metastatic CRC [10] and confers a worse prognosis to stages II 
and III colon cancer patients independently of disease stage and 
therapy [20, 21].

BRAF mutations have been identified in various cancer cell 

lines, which include melanoma, CRC, glioma, lung cancer, sar-
coma, ovarian carcinoma, breast cancer, and liver cancer [22]. The 
BRAF gene sequence variant p. Val600Glu, often called V600E, is 
the main sequence variant in this gene that is associated with 
CRC [22, 23]. Therefore, we performed DPO-based multiplex 
PCR to detect BRAFV600E mutation. 

To now, most Western research has reported that BRAF muta-
tion occurred in about 10%–20% of CRC patients [20, 21, 24, 25], 
but the present study showed a lower prevalence of BRAF muta-
tions, only 4.6%. Other Korean studies also reported only 4.5%–
9.6% of BRAF mutation in cases of CRC [26, 27]. The lower prev-
alence of BRAF mutations may be associated with racial and eth-
nic differences. In recent Japanese studies, the prevalence of BRAF 
mutations also tended to be lower, 4.7%–6.7% [28, 29]. Further 

Table 2. Correlation between BRAF mutation and clinicopathologic 
characteristics (n = 65)

Variable
BRAF mutation

P-value
– + (%)

Age (yr) NS

   <67 30 0 (0)

   ≥67 32 3 (8.6)

Sex NS

   Male 33 1 (2.9)

   Female 29 2 (6.5)

Tumor differentiation (WHO criteria) 0.026

   Well 11 0 (0)

   Moderately 51 2 (3.8)

   Poorly 0 1 (100)

Tumor emboli NS

   Negative 43 1 (2.3)

   Positive 19 2 (9.5)

Tumor invasion NS

   T1 6 0 (0)

   T2 11 0 (0)

   T3 45 3 (6.3)

Lymph node metastasis NS

   Absent 29 0 (0)

   Present 33 3 (8.3)

Stage (AJCC) NS

   I 16 0 (0)

   II 12 0 (0)

   III 34 3 (8.1)

Total 62 3 (4.6)

Values are presented as number (%).
NS, no statistical significance; WHO, World Health Organization criteria; AJCC, 
American Joint Committee on Cancer.

Table 3. Correlation between ERK1 expression and clinicopatho-
logic characteristics (n = 65)

Variable
ERK1 expression

P-value
– + (%)

Age (yr) NS

   <67 7 23 (76.7)

   ≥67 10 25 (71.4)

Sex NS

   Male 9 25 (73.5)

   Female 8 23 (74.2)

Tumor differentiation (WHO criteria) NS

   Well 2 9 (81.8)

   Moderately 15 38 (71.7)

   Poorly 0 1 (100)

Tumor emboli NS

   Negative 13 31 (70.5)

   Positive 4 17 (81.0)

Tumor invasion NS

   T1 4 2 (33.3)

   T2 3 8 (72.7)

   T3 10 38 (79.2)

Lymph node metastasis 0.049

   Absent 11 18 (62.1)

   Present 6 30 (83.3)

Stage (AJCC) NS

   I 7 9 (56.3)

   II 4 8 (66.7)

   III 6 31 (83.8)

Total 17 48 (73.8)

Values are presented as number (%).
NS, no statistical significance; WHO, World Health Organization criteria; AJCC, 
American Joint Committee on Cancer. 
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study about the association between BRAF mutation and life style 
or dietary habits, besides racial and ethnic differences, should be 
conducted in the future. 

In the present study, all 3 patients with BRAF mutation pre-
sented with T3 CRC with lymph node metastasis (stage III) show-
ing moderately or poorly differentiated histology. These data sug-
gest that BRAF mutation could be considered as a poor prognos-
tic marker for CRC. Several Asian reports suggested that tumors 
harboring BRAF mutations had different clinicopathologic fea-
tures, including older age, proximal site, tumor grade (especially 
for poorly differentiated or mucinous type), microsatellite insta-
bility high, and poor overall survival [26, 28]. Although BRAF 
mutation has prognostic value according to some reports [10, 26, 
28, 29], a large multicenter study would be needed to evaluate the 

prognostic significance in Korean CRC patients because of the 
low prevalence of BRAF mutations in Korean patients with CRC.

BRAF mutation is a common genetic alteration found in re-
search related to serrated polyps [5, 6]. BRAF mutations present 
in more than 50% of hyperplastic polyps, in about 80% of sessile 
serrated adenomas/polyps, and in about 60% of traditional ser-
rated polyps [6]. These data are not much different from the Ko-
rean data, but the prevalence in Korea is slightly lower [30]. CRC 
in general develops through one of two independent molecular 
pathways that involve sequences of genomic and epigenomic al-
terations associated with pathologic and clinical features, the ade-
noma-carcinoma sequence in 70%–80% of the cases and the ser-
rated pathway in the remaining 20%–30% [6]. BRAF-mutated 
CRC was observed in only 4.6% of the cases in the present study; 
this result indicates that various factors contribute to activating 
the MAP kinase signaling pathway in the serrated pathway to 
CRC. Previous publications described somatic molecular altera-
tions, besides BRAF mutation, that were associated with the ser-
rated pathway; these include KRAS mutations, MLH1 methyla-
tion, MGMT methylation, and CIMP [31].

Various types of molecular markers have been developed to 
identify carcinogenesis of CRC through serrated pathways. 
Among them, the MAP kinase signaling pathway is a common 
mechanism of signal transduction in many cellular processes, 
such as proliferation, differentiation, development, stress re-
sponse, and apoptosis [32]. ERK activation in the MAP kinase 
signaling pathway occurs in the majority of patients with primary 
colon cancer, and ERK nuclear expression is positively correlated 
with tumor stage [25]. The present study also found that ERK1/2 
were significantly correlated with advanced CRC. Expression of 
ERK1/2 may possibly be associated with a more aggressive phe-
notype, such as tumor invasiveness.

Levidou et al. [25] used polyclonal antibody for ERK1/2 immu-
nostaining, and positive nuclear immunostaining (staining in 
more than 15% of the tissue) occurred in about 50% of the cases 
and positive cytoplasmic immunostaining (staining in more than 
50% of the tissue) occurred in about 70% of the cases. However, 
we used monoclonal antibody for both ERK1 and ERK2, and im-
munostaining for ERK1 and ERK2 was positively detected in 
73.8% and 15.4% of the cases, respectively. Pathologic presenta-
tions were somewhat different between ERK1 and ERK2. How-
ever, no difference in clinicopathologic outcomes existed between 
nuclear and cytoplasmic immunostaining, which might have 
been due to the small sample size. A further study using multivar-
iate and long-term survival analyses needs to be performed with a 
larger number of patients to improve the accuracy of prognostic 
predictions using ERK1/2.

The present study could not identify any clinicopathologic cor-
relation between BRAF mutation and ERK1/2 due to a low preva-
lence of BRAF mutations. Levidou et al. [25] reported that expres-
sion of ERK1/2 was not correlated with the mutational status of 
the KRAS or the BRAF genes. Even now, the genetic nature of the 

Table 4. Correlation between ERK2 expression and clinicopatho-
logic characteristics (n =65)

Variable
ERK2 expression

P-value
– + (%)

Age (yr) NS

   <67 24 6 (20.0)

   ≥67 31 4 (11.4)

Sex NS

   Male 29 5 (14.7)

   Female 26 5 (16.1)

Tumor differentiation (WHO criteria) NS

   Well 11 0 (0)

   Moderately 43 10 (18.9)

   Poorly 1 0 (0)

Tumor emboli 0.042

   Negative 40 4 (9.1)

   Positive 15 6 (28.6)

Tumor invasion 0.035

   T1 6 0 (0)

   T2 11 0 (0)

   T3 38 10 (20.8)

Lymph node metastasis 0.017

   Absent 28 1 (3.4)

   Present 27 9 (25.0)

Stage (AJCC) 0.020

   I 16 0 (0)

   II 11 1 (8.3)

   III 28 9 (24.3)

Total 55 10 (15.4)

Values are presented as number (%).
NS, no statistical significance; WHO, World Health Organization criteria; AJCC, 
American Joint Committee on Cancer.
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constitutive activation of the RAS/RAF/MEK/ERK pathway in 
CRC without KRAS or BRAF mutation is not well known.

In conclusion, the incidence of BRAF mutations was 4.6% in Ko-
rean patients with CRC, and BRAF mutation may be associated 
with advanced stage. ERK1 and ERK2 may be associated with a 
more aggressive type of CRC, which would indicate a poor prog-
nosis. In the future, further study with a larger number of patients 
focusing on the prognostic and predictive role of the molecular 
markers associated with the serrated pathway to CRC is required.
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