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Abstract 

Background: B-Raf is a serine/threonine protein kinase activating the MAP kinase/ERK-sig-

naling pathway. It has been shown that 50% of melanomas harbor activating BRAF muta-

tions, with over 90% being the V600E mutation. Objective: The goal of this research was to 

determine the prevalence of the BRAF V600E mutation in patients from Central Mexico diag-

nosed with primary melanoma. Methods: Skin biopsies from 47 patients with melanoma 

were obtained from the dermatology department of the Hospital General ‘Dr. Manuel Gea 

González’ in Mexico City. For BRAF mutation determination, after DNA isolation, the gene re-

gion where the mutation occurs was amplified by PCR. Subsequently, the presence or ab-

sence of the V600E mutation was detected by Sanger sequencing performed at the private 

molecular diagnostic laboratory Vitagénesis in Monterrey, Mexico. Results: Of the 47 pa-

tients sampled, 6.4% harbored the V600E mutation. No statistical significance was found be-

tween mutations and the type of tumor. © 2016 The Author(s) 

 Published by S. Karger AG, Basel 
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Introduction 

Contrary to some types of cancer whose incidence has decreased due to prevention and 
early diagnosis, the incidence of melanoma has increased from 18.0 per 100,000 in 1999 to 
22.2 per 100,000 in 2008, even in countries with a low prevalence [1, 2]. Only 5% of all der-
matology malignancies are due to metastatic melanoma [3], but it is responsible for 80% of 
all deaths. Because of a delay in diagnosis, it is estimated that only 14% of patients survive  
5 years after diagnosis [4]. Factors such as sun sensitivity, ultraviolet radiation exposure, 
and genetic predisposition have been associated with the development of melanoma [5]. 

In the genetic background, some rare activating mutations have been reported in genes 
such as the proto-oncogene BRAF, which is mutated in about 45% of cases in papillary thy-
roid cancer, 10% in colorectal cancer, and also with a low prevalence in other types of cancer 
including ovarian, breast, and lung cancer. In the case of melanoma, prevalence ranges from 
33 to 70% [6]. This gene is involved in the activation of the mitogen-activated protein kinase 
pathway, playing an important role in melanoma genesis by regulating different cell func-
tions such as proliferation, differentiation, and survival [7]. Mutations in this gene are relat-
ed to poor prognosis in melanoma cases [8]; nevertheless, this protein have been used for 
the design of therapeutics molecules, opening a new window for dealing with this type of 
cancer [9]. According to Ernstoff [10], the response rate with this kind of molecules in a 
phase 1 study was 69%. In another study, Yu et al. [11] showed BRAF inhibitor-induced tu-
mor regression in 70% of patients with the mutation. 

However, the function of BRAF mutations has been a matter of controversy, as evidence 
supporting the involvement of these isoforms in the initiation and/or progression of mel-
anoma has been published. In this context, while some researchers mentioned that muta-
tions are necessary for the appearance of tumors [12], others say that the mutations are not 
present since the beginning, but are developed as the tumors progress [13]. Regarding this,  
a prevalence study on BRAF mutation status in primary melanoma samples of patients from 
Northeast Mexico by Fajardo-Ramírez et al. [14] reported a prevalence of 70% in the cases 
analyzed. 

The objective of this study was to determine the status of the BRAF mutation V600E in 
patients diagnosed with melanoma attending a public clinic of dermatology located in Mexi-
co City (Central Mexico), and to correlate it with the clinical and histopathological features of 
the malignancy. 

Materials and Methods 

Samples 

Forty-seven melanoma samples were obtained between 2006 and 2012 from patients 
attending the dermatology service at the Hospital General ‘Dr. Manuel Gea González’ in Mex-
ico City (Central Mexico). Inclusion criteria were pathological diagnosis of melanoma be-
tween 2001 and 2012, Mexican ancestry up to grandparents, and a biopsy or full processed 
specimen embedded in paraffin. Exclusion criteria were any other kind of skin cancer, fine 
needle biopsy, incomplete sample, non-Mexican ancestry, and skin metastases from another 
primary tumor different from melanoma. Clinical variables included sex, age at diagnosis, 
and anatomic site of the tumor. The latter was determined by the skin biopsy sent to the 
pathology laboratory and was classified into five different categories: (1) head, face or neck, 
(2) trunk, (3) arms, (4) legs, and (5) mucosa. 
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BRAF Genotyping 

After appropriate pathological confirmation of melanoma, DNA extraction was per-
formed using the QIAamp DNA FFPE Tissue kit following the manufacturer’s instructions 
(Qiagen México S. de R.L. de C.V., Mexico City, Mexico). The BRAF mutation hotspot regions  
in exons 11 and 15 were amplified by PCR followed by the Sanger sequencing method in  
an Applied Biosystems 310 capillary electrophoresis apparatus (Life Sciences, Mexico City, 
Mexico) according to the manufacturer’s instructions. The protocol was carried out in the 
Instituto Nacional de Cancerología in Mexico City and in Vitagénesis, S.A. de C.V., Monterrey, 
Mexico. 

Statistical Analysis 

Excel and SPSS were used to create the database and analyze differences between BRAF 
V600E-positive and BRAF V600E-negative cases. The results were expressed as frequencies 
or as percentages, and the association between the clinical characteristics of the samples and 
BRAF V600E status was made using the χ2 or Fisher’s exact test. All tests were interpreted 
based on a two-tailed hypothesis with a significance level of p ≤ 0.05. 

Results 

We analyzed the BRAF V600E status in 47 samples that fulfilled the inclusion criteria. 
The mean age of the patients was 54.5 ± 19.7 years, and 26 out of 47 (55.3%) were women. 
Regarding origin, the Distrito Federal (DF) was the main place of origin, accounting for 
66.0% (n = 31) of cases, followed by the states of Mexico and Oaxaca with 10.6 and 8.5%, 
respectively, with the majority of the population studied coming mainly from Central Mexi-
co. The clinical and pathological characteristics are shown in table 1. The quality of DNA 
suitable for analysis was determined (data not shown). 

With respect to the BRAF V600E mutation, it was found that in 3 patients (6.4%) it was 
positive, while in 44 patients (93.6%) it was negative. Regarding gender distribution, there 
were 21 men (44.7%) and 26 women (55.3%), with the BRAF V600E mutation being positive 
in 1 out of 21 men (4.8%) and in 2 out of 26 women (7.7%) with no statistical difference. 
Tumor location sites were the head and neck in 9 (19.1%), the trunk in 4 (8.5%), the arms in 
10 (21.3%), and the legs in 24 (51.1%); in the mucosa and in undetermined sites there were 
no cases. BRAF status did not influence tumor location. With respect to clinical diagnosis and 
BRAF status, there was no association either. 

As to pathological characteristics, based on Breslow’s thickness, it was observed that in 
29 cases (61.7%) the tumor was ≥1.01 mm, with 1 case (3.4%) being positive for the V600E 
mutation. The BRAF mutation did not influence Breslow’s tumor thickness. 

Discussion 

The analysis of BRAF mutation V600E in samples from patients from Northeast Mexico 
diagnosed with primary melanoma found that 73% of patients harbored the V600E muta-
tion [14]. The clinical implications of this type of studies are related to the evidence of im-
proving melanoma treatment with BRAF inhibitors [9]. Several studies have been carried out 
to evaluate the prevalence of BRAF mutations in melanoma patients, with mutations on 
BRAF ranging from 25 to 73% in several populations worldwide [5, 6]. 
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Contrary to Fajardo-Ramírez et al. [14], we found the V600E mutation in 6.4% (n = 3) of 
patients. This difference can be explained based on the population screened, as we analyzed 
patients from Central Mexico, while Fajardo-Ramírez et al. screened patients from the 
Northeast, and Mexico’s ethnic diversity is well known. Another possible explanation is the 
method used, as both studies used different genotyping methods. In this context, Yancovitz 
et al. [15] used two methods for screening this mutation, and found differences between 
mutant-specific PCR and conventional sequencing. They reported a 32% prevalence by 
means of sequencing, and a prevalence of 76% using mutant-specific PCR. This study re-
vealed a low BRAF mutation frequency in a population from Central Mexico. Additionally, 
determining the BRAF status in early stages of the disease helps to identify those patients 
with high risk of developing metastatic melanoma for carrying this critical factor as well as 
patients who need special follow-up; also, the BRAF status helps to identify who will benefit 
from BRAF kinase inhibitor therapy. 

Finally, we are planning further studies to describe not only the V600E mutation in mel-
anoma patients from Mexico, but also to screen the entire gene in search for additional mu-
tations that could be driving the tumor, in addition to studies comparing the prevalence of 
the BRAF mutation and other genes involved in the mitogen-activated protein kinase path-
way, between primary and metastatic melanoma in Mexican patients. 
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Table 1. Characteristics of the population analyzed 

     
     
Characteristic n (%) Frequency of  

BRAF-positive  

cases, n (%) 

Frequency of  

BRAF-negative  

cases, n (%) 

p 

     
     
Sex     

Male 21 (44.7) 1 (4.8) 20 (95.2) n.s. 

Female 26 (55.3) 2 (7.7) 24 (92.3)  

Anatomic site of the tumor     

Head/face/neck 09 (19.1) 1 (11.1) 08 (88.9) n.s. 

Trunk 04 (8.5) 0 (0.09) 04 (100)  

Upper extremities 10 (21.3) 0 (0.0) 10 (100)  

Lower extremities 24 (51.1) 2 (8.3) 22 (91.7)  

Mucosa 00 (0.0) 0 (0.0) 00 (0.0)  

Unknown 00 (0.0) 0 (0.0) 00 (0.0)  

Clinical diagnosis     

Nodular melanoma 10 (21.3) 0 (0.0) 10 (100) n.s. 

Acral lentiginous melanoma 28 (59.6) 2 (7.1) 26 (92.9)  

Superficial spreading melanoma 09 (19.1) 1 (11.1) 08 (88.9)  

Metastatic melanoma 00 (0.0) 0 (0.0) 00 (0.0)  

Malignant melanoma 00 (0.0) 0 (0.0) 00 (0.0)  

Otherwise specified 00 (0.0) 0 (0.0) 00 (0.0)  

Breslow’s thickness     

≤1.00 mm 18 (38.3) 2 (11.1) 16 (88.9) 0.343 

≥1.01 mm  29 (61.7) 1 (3.4) 28 (96.6)  

Unknown 00 (0.0) 0 (0.0) 00 (0.0)  

     
     
BRAF-positive cases: n = 3 (6.4%); BRAF-negative cases: n = 44 (93.6%). 

n.s. = Not significant. 
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