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VE1 immunohistochemistry accurately detects BRAF V600E
mutations in colorectal carcinoma and can be utilized
in the detection of poorly differentiated colorectal serrated
adenocarcinoma
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Abstract Serrated adenocarcinoma (SAC) is a recently de-
fined subtype of colorectal carcinoma (CRC). However, in
cases where an adjacent serrated adenoma is absent and the
differentiation is poor, the diagnosis of SAC can be challeng-
ing. BRAF V600E mutation is a characteristic molecular
change for the serrated route, but the utility of the newly
described BRAF V600E-specific immunohistochemistry in
the recognition of SAC is unclear. In this study, we conducted
immunohistochemical determination of BRAF V600E muta-
tion and correlated the results to BRAF mutation status and
the histological features of SAC in a cohort of 147 CRC
patients. There were 13 (8.8 %) BRAF-mutated CRCs con-
firmed by DNA sequencing. The sensitivity of immunohisto-
chemistry in detecting BRAF V600E mutation was 100 %
(13/13) and the specificity was 99.3 % (133/134). Three
evaluators independently analyzed the immunohistochemical
sections and the correlation between all the evaluators was
perfect (κ=1). In histologic examination, 33 (22.4 %) of the
CRCs were classified as SACs. Twelve of 13 (92.3 %) BRAF-
mutated CRCs were evaluated to represent serrated type
growth pattern. One of 13 (7.7 %) showed poor differentiation

not enabling convincing classification. In conclusion, we
found immunohistochemistry to be accurate in the detection
of the BRAF V600E mutation, with potential applications in
the recognition of the BRAF-mutated SACs. Especially in
cases where the adjacent adenoma is absent and the tumor is
poorly differentiated, BRAF immunohistochemistry could be
utilized as an aid to detect SACs.
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Abbreviations
CC Conventional adenocarcinoma
CRC Colorectal cancer
EGFR Epidermal growth factor receptor
HP Hyperplastic polyp
IHC Immunohistochemistry
MAPK-ERK Mitogen-activated protein

kinase-extracellular signal-regulated kinase
MMR Mismatch repair
MoAbs Monoclonal antibodies
MSI Microsatellite instability
SAC Serrated adenocarcinoma
SSA Sessile serrated adenoma
TMA Tissue microarray
TSA Traditional serrated adenoma

Introduction

In the Western world, colorectal cancer (CRC) is among the
three most common cancer types [1]. There are at least three
distinct molecular pathways leading to CRC. About 60–80 %
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are associated with early APC mutations and chromosomal
instability [2]. Microsatellite instability (MSI) characterizes
the rest of CRCs. Majority of MSI cancers are sporadic,
resulting mainly from silencing of MLH1 by promoter meth-
ylation [3]. About 3 % of all CRCs are associated with Lynch
syndrome, a result of germline mutation of DNA mismatch
repair (MMR) [4].

Serrated adenocarcinoma (SAC) is a recently defined sub-
type of CRC arising via the serrated pathway and representing
at least 10 % of all CRCs. Its occurrence is more frequent in
women and the majority of them are located either in the
cecum and ascending colon or in the rectum [5, 6]. Current
diagnostic criteria for SAC are based on the recognition of the
adjacent serrated polyp (hyperplastic polyp, HP; sessile ser-
rated adenoma, SSA; or traditional serrated adenoma, TSA)
next to the carcinoma or the defined histological criteria
included in the World Health Organization (WHO) classifica-
tion [7, 8]. However, in cases where the adjacent adenoma is
absent, and the differentiation is poor, the recognition of the
SAC can be challenging.

SACs differ from the conventional adenocarcinomas (CC)
also on the molecular basis. In conventional adenomas and
carcinomas, MSI occurs infrequently, while in serrated polyps
and carcinomas, it is a common phenomenon [5, 9, 10] mostly
resulting from the hypermethylation of the CpG islands in the
promoter area of the MMR gene MLH1 [11, 12]. Besides
MSI, oncogenic mutation in BRAF is characteristic to the
serrated pathway and is present in the vast majority of the
sporadic MSI CRCs [13–15].

BRAF is one of the direct downstream effectors of KRAS
and an important participant of the mitogen-activated protein
kinase-extracellular signal-regulated kinase (MAPK-ERK)
pathway [16]. MAPK-ERK mediates the cellular response to
extracellular signals regulating cell growth, differentiation, and
apoptosis. In BRAF-mutated CRCs, somatic BRAF mutation
is an early phenomenon in carcinogenesis detected already in
aberrant crypt foci [8, 17]. The most common BRAFmutation
is V600E, accounting for nearly all of the oncogenic BRAF
mutations in CRC. This mutation is strongly associated with
DNA methylation abnormalities and MSI [18, 19].

Recently, immunohistochemical analysis was reported be-
ing an accurate and rapid method for detecting the presence of
BRAF V600E mutation in patients with metastatic melanoma
[20], and its feasibility was soon established also in CRC
[21–23]. Although BRAFV600Emutation has been proposed
to be specific for SACs and its precursors [13, 24], the utility
of BRAF V600E-specific immunohistochemistry (VE1 IHC)
in the detection of SAC is unclear.

In this study, we conducted VE1 IHC on 147 CRCs and
correlated the results on the BRAF mutational status. Our
specific point of interest was to find out whether VE1 IHC
can be utilized as an aid to detect poorly differentiated or
undifferentiated SACs.

Materials and methods

Patients

All newly diagnosed CRC patients operated surgically in Oulu
University Hospital between the years 2006 and 2010 were
introduced in this study. One hundred forty-seven patients
were both eligible for the study and had signed informed
consent to participate [25]. The Ethical Committee of Oulu
University Hospital accepted the study design (58/2005, 184/
2009). Clinical records and a questionnaire were used in the
collection of the clinical details of the patients and controls.
The patients with T3 or T4 rectal tumors (n=32) received
preoperative radiotherapy or chemoradiotherapy [25].

Histological analysis

The surgical samples were fixed in 10 % formalin and em-
bedded in paraffin. Five-micrometer sections cut from the
embedded specimens were stained with hematoxylin-eosin
(H & E). Histological type of the tumors, WHO grade, and
TNM stage were evaluated from the H & E sections. The
SACs were detected by the established criteria [7, 8, 26],
including epithelial serrations, clear or eosinophilic cyto-
plasm, abundant cytoplasm, vesicular nuclei, distinct nucleoli,
intracellular and extracellular mucin production, and absence
or scarceness of necrosis (Table 1). In mucinous SACs, cell
balls and papillary rods were considered to support the diag-
nosis of SAC (Fig. 1). The histological type of the CRC was
evaluated without the knowledge of the BRAF mutation
status.

Table 1 Characteristics of the serrated adenocarcinoma [8]

1. Epithelial serrations

Includes epithelial tufts composed only of epithelium or epithelium and
basement membrane material

Excludes papillary projections with fibrovascular core and serrated-like
structures resulting from tumor cell necrosis

2. Clear or eosinophilic cytoplasm

3. Abundant cytoplasm

4. Vesicular nuclei

Chromatin condensation at the nuclear envelope, accompanied by
abundant amount of euchromatin

5. Discernible nuclei

A subjective observation about combined pattern of abundant,
eosinophilic, or clear cytoplasm and chromatin condensation
at the nuclear envelope

6. Absence of necrosis

7. Mucin production

8. Cell balls and papillary rods
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Tissue microarray construction

A tissue microarray (TMA) was utilized in the immunohisto-
chemical analyses in this study. The H& E slides were used to
mark the desired tumor locations. Depending on the size of the
tumor, a total of one to four (median 3) cores of 3.0 mm
diameter were manually sampled for each case yielding an
overall tumor area of 7.1–28.3 mm2. One to three (median 2)
of these cores were acquired from invasive front of the tumor
containing the point of deepest invasion and the rest were
from intratumoral locations.

DNA extraction and BRAF mutation analysis

Ten-micrometer-thick sections were cut from paraffin-
embedded tumor samples. The sections were placed on a glass
slide and the tumor area was scraped with a surgical blade.
DNAwas extracted by standard phenol chloroform extraction.

Mutation analysis of BRAF V600E was done by direct
sequencing of PCR-amplified DNA. For PCR procedure, a
Phusion High-Fidelity PCR kit (New England Biolabs, UK)
was used and PCR reaction conditions were selected according
to the kit’s guidelines using 25 ng of template DNA. The primers
used in the analysis were 5′-AAACTCTTCATAATGCTTGC
TCTG-3′ (forward) and 5′-GGCCAAAAATTTAATCAGTG
GA-3′ (reverse) for BRAF V600E. In PCR amplification, a
PTC-200 thermal cycler (MJ Research, Waltham, MA, USA)
was used. PCR conditions are available on request. Five mi-
croliters of PCR products were enzymatically purified before
sequencing using a 2.5-μl mixture of exonuclease I (Exo 1,
Fermentas #EN0581) and shrimp alkaline phosphatase (SAP,
Fermentas #EN0511) containing 10 U Exo 1 and 2 U SAP.

The DNA sequencing was performed in both directions by
ABI 3130 xl Genetic Analyzer (Applied Biosystems, Foster
City, CA, USA), and the sequencing data was analyzed with
Chromas 1.6 sequencing analysis software (Technelysium

Pty, Halensvale, Australia). Mutations were ensured by re-
peating the PCR and sequencing procedures.

Immunohistochemistry

Immunohistochemical staining of BRAF V600E was per-
formed with BRAF V600E-specific monoclonal antibody
(VE1; Spring Bioscience, Pleasanton, CA) at a dilution of
1:2,000 with OptiView Amplification using Ventana Bench-
Mark XT immunostainer (Ventana Medical Systems, Tucson,
AZ) [23].

Statistical analyses

The statistical analyses were carried out using statistical anal-
ysis software SPSS Statistics 20 (IBM, Chicago, IL). Cross-
tabulation was used to present the associations between the
categorical variables. The chi-square test was used to estimate
the statistical significance. p value under 0.05 was considered
statistically significant. The kappa coefficient (κ) was used to
measure inter-rater agreement.

Results

Immunohistochemistry

After an overview of the immunohistochemical sections, we
decided to evaluate them on a two-tiered scale, 0 denoting
negative and 1 defined as positive staining. The prerequisite
for the positivity was diffuse distribution in the tumor cells.
The sections were independently evaluated by three re-
searchers. Immunohistochemistry using BRAF V600E
mutation-specific antibody VE1 was successful in all 147
cases, and an excellent correlation existed in detecting
V600E mutation by immunohistochemistry and by

Fig. 1 Representative images of serrated adenocarcinoma histology. a
BRAF V600E-mutated CRC displaying characteristic features of colo-
rectal serrated adenocarcinoma, including epithelial serration,

eosinophilic cytoplasm, and well-preserved polarity. b A traditional ser-
rated adenoma (TSA) adjacent to the cancer
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sequencing a corresponding area of BRAF exon 15 (Table 2).
DNA sequencing revealed 13 (8.8 %) BRAF V600E-mutated
cases, and VE1 antibody stained all of these cancers. All or
almost all tumor cells showed diffuse and strong cytoplasmic
positivity, whereas stromal cells did not show any VE1 stain-
ing (Fig. 2a, b). Other mutations of BRAF, such as
BRAFV600K, were not detected in the sequencing procedure.

According to the genetic analyses, 134 of the CRC cases
were carrying wild-type BRAF protein. One hundred thirty-
three genetically wild-type CRCs (99.3 %) were also negative
in VE1 staining when only one genetically BRAF wild-type
case was VE1 positive in immunohistochemistry. This

particular case remained VE1 positive when the immunohisto-
chemistry was repeated on whole sections, while the repeated
sequencing showed BRAF V600E mutation once and wild-
type BRAF twice. This case was histologically poorly differ-
entiated and all tumor areas contained a high number of
nontumor cells. Thus, the high number of nonneoplastic cells
might have been the source of false-negative results in PCR-
based sequencing. Thus, the IHC proved better in the detection
of BRAF V600E mutation, and the sensitivity of sequencing in
detecting BRAF V600E mutation was 100 % (13/13) and the
specificity was 99.3 % (133/134). The correlation between all
three evaluators was perfect (κ=1).

Table 2 Comparison of BRAF
V600E-specific immunohisto-
chemistry with BRAFV600E
mutation status

BRAF IHC Total, n (%)

Negative, n (%) Positive, n (%)

Mutation status BRAF wild type 133 (99.3) 1 (0.7) 134 (100.0)

BRAF V600E mutation 0 (0.0) 13 (100.0) 13 (100.0)

Total 133 (90.5) 14 (9.5) 147 (100.0)

Fig. 2 Representative images of BRAF immunohistochemistry. a, b Two
examples of CRC with BRAF V600E mutation detected by DNA se-
quence analysis showing strong immunoreaction against BRAF in

epithelial cells while stromal cells are negative. c CRC with no evidence
of BRAF V600E mutation in DNA sequence analysis

640 Virchows Arch (2014) 464:637–643



Correlation between BRAF mutation and serrated
morphology

In histologic examination, 33 (22.4 %) of the CRCs were
classified as SAC and 114 (77.6 %) were classified as CCs.
Sixteen (48.5 %) of the SACs had an adjacent serrated ade-
noma, and of these, ten (62.5 %) were TSAs, five (31.3 %)
were SSAs, and one (6.3 %) harbored features of SSA and
TSA. All adenomas contained cytological dysplasia.

Twelve of 13 (92.3 %) genetically tested BRAF-mutated
CRCswere evaluated to represent serrated type growth pattern
and five of them (38.5 %) had an adjacent serrated polyp. The
only BRAF-mutated case classified as CC showed poor dif-
ferentiation and also had some features of SAC, including
eosinophilic cytoplasm, easily discernible vesicular nuclei,
distinct nucleoli, and scarcity of necrosis. Twenty (14.9 %)
of the genetically wild-type BRAF CRCs were classified as
SACs.

Discussion

To our knowledge, this was the first study to investigate the
feasibility of the VE1 IHC in detecting the BRAF V600E-
mutated SACs.We found an excellent correlation between the
VE1 IHC and mutation analysis; 12 of 13 BRAF-mutated
CRCs were classified as SACs and 1 of 13 was poorly
differentiated but had some features of SAC histology when
all H & E slides were carefully examined. Around one third of
SACs have been reported to carry BRAF V600E mutation,
which means that VE1 was not sensitive but highly specific
for detecting SAC [24, 27].

Several studies have reported of the high accuracy of VE1
mutation-specific IHC in CRC [21, 22] which is in concor-
dance with our findings. So far, the studies have suggested that
VE1 IHC may have potential clinical significance in the
exclusion of Lynch syndrome from the MSI-H CRCs
[28–30] based on the concept of Lynch syndrome rarely
harboring the BRAF mutation [31].

In this study, all BRAF-mutated CRCs showed diffuse and
strong VE1 staining and VE1 staining (sensitivity 100 %).
Only one case was evaluated VE1 IHC positive in the absence
of mutation on initial DNA sequencing. Thus, the specificity
was 99.3 %. The discrepancy between staining and mutation
analysis in the single case might have been caused by the high
number of nontumor nuclei and thus enrichment of normal
overmutated BRAF allele. This would lead to the nonrepeated
sequencing result and conflicting interpretation of the muta-
tion status.

So far, only one study has examined the feasibility of the
novel VE1 IHC for detecting the polyps of the serrated route
[32]. In that study Mesteri et al. found 141 of 194 (72.7 %)
serrated lesions to show the positive, cytoplasmic staining for

the BRAF V600E antibody: 100 % of SSAs/SSPs, 94 % of
TSAs and 62% of HPs while all conventional adenomas were
negative for VE1. This is in concordance with the earlier
reports based on mutation analyses and highlights the impor-
tance of early BRAF mutation in the serrated route of CRC
[24].

Recently published studies have also indicated that the
BRAF-mutated CRCs favor the proximal location, female
gender, and older patient age [8]. These clinicopathological
characteristics are typical of SACs supporting the concept of
the specificity of BRAF mutation to SAC. Our results are
convergent with these findings since ten (76.9 %) of the
BRAF-mutated CRCs were female and the patients’ mean
age was 71, the youngest being 52 and the oldest 87. Interest-
ingly, the distribution of the cases differed from expected as
nine (69.2 %) of the cases were localized in the distal colon,
and the remaining four cases (30.8 %) were proximal.

To our knowledge, this is the first study testing the utility of
VE1 IHC on the detection of SACs. Twelve of 13 BRAF-
mutated CRCs were evaluated as SACs prior to the stratifica-
tion with the BRAF mutation status. One of 13 BRAF-
mutated CRC showed poor differentiation which made the
precise classification demanding without consideration of
BRAF mutation status. However, this case showed also some
features of SAC, and the existence of BRAF mutation in
addition to SAC features suggests the serrated origin of this
case also. Taken together, our results are in concordance with
earlier reports of the specificity of BRAF mutation to SACs
[14, 24, 33], suggesting that BRAF immunohistochemistry
can be utilized as an aid to detect poorly differentiated SACs
harboring BRAF mutations.

The identification of BRAF mutation may also be impor-
tant when choosing the treatment. Recent studies have linked
the BRAF-mutated CRCs with the suboptimal response with
anti-EGFR monoclonal antibodies (MoAbs), which has al-
ready been detected with the KRAS mutation [34–36]. This
is reasonable when considering the constant activation of the
MAPK pathway by either KRAS or BRAF mutations inde-
pendently of the epidermal growth factor receptor (EGFR)
[17, 37].

In addition to selecting patients not benefiting the anti-
EGFR treatment, VE1 IHC could be used to select patients
to treat with V600E-mutated BRAF inhibitors vemurafenib
(PLX4032) and dabrafenib. In V600E-mutated metastatic
melanoma cases, these BRAF inhibitors induce tumor regres-
sion in a high proportion of patients and vemurafenib im-
proves overall survival as compared with standard of care
chemotherapy [38]. So far, the CRC treatment experiments
with BRAF inhibitors have shown disappointingly limited
therapeutic potential in CRC, but in the future, the combina-
tion of BRAF inhibitors with other treatment strategies and/or
PI3k/mTOR inhibition could lead to better response rates in
CRC [39].
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In conclusion, we proved VE1 IHC to be accurate in the
detection of the BRAF V600E mutation, with potential appli-
cations in the recognition of the BRAF-mutated SACs. Espe-
cially in cases where the adjacent adenoma is absent and the
tumor is poorly differentiated, VE1 IHC could be utilized as
an aid to detect SACs. In the future, VE1 IHC might also help
to identify patients who would benefit from anti-EGFR
MoAbs and V600E-mutated BRAF inhibitor therapy.
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