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ORIGINAL ARTICLE

Abstract

Breast cancer is a public health problem that represents the 1st cause of cancer death in Mexican women aged 20 years 
and over (14.8%). Metastases occur in 7% at the time of diagnosis and are usually directed to vital organs such as lung, 
brain, liver and bone tissue; which leads us to the need to have methods that allow us to diagnose early this phenomenon 
that is related to a worse prognosis of this disease. We studied the polymorphism at codon 655 of the HER2 gene that results 
from the change of an isoleucine (ATC) to a valine (GTC), this codon is located in the transmembrane region and may affect 
the function of this gene when the allele mutated valine, increasing the kinase activation of the HER2 protein, contrary to the 
decreasing kinase effect with the leucine allele. Our results show that the cases presented a significant difference (p = 0.0006) 
from the isoleucine/valine and valine/valine genotypes compared to controls, in which the predominant genotype was iso-
leucine/isoleucine.
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Introduction

Currently, the genetic aspects of cancer, in general, 
have acquired great relevance. According to National 
Institute of Statistics and Geography 2016 data, malig-
nant tumors of the breast are regarded as the cancer 
with the largest presence in 20-year-old and older 
Mexican women (19.4%), i.e.,  three out of every ten 
women in this age range have breast cancer, with a 
mortality rate of 15 deaths per 100,000 women aged 
20 years and older. The incidence of breast cancer in 
2015 in the population of women aged 20  years and 
older was 14.80 new cases per 100,000 population1.

Metastases occur in 7% of cases at the time of diag-
nosis and are usually directed to vital organs such as 
the lung, brain, liver and bone tissue. In addition, when 
breast carcinoma is confined to the mammary gland, 
cure is known to occur in more than 90% of cases1. 
However, long-term survival depends on the spread of 
the primary tumor to vital organs (viscera and brain), 
which decreases 5-year survival to less than 20% and, 
given that current predictive sources of breast cancer 
clinical behavior for developing metastases (e.g., lymph 
node status and histological grade) have been inaccu-
rate, there is ongoing research trying to find other pre-
dictive markers of this fatal complication. Cases with 
the same disease stage can show marked differences 
in treatment response; however, patients undergoing 
chemotherapy or hormone therapy have the risk of 
metastasis reduced by approximately one third. Adju-
vant treatments of this neoplasm based on histological 
and clinical characteristics (T, N, M) improve the survi-
val of patients at early clinical stages with negative 
lymph nodes to up to 90%. However, advances in re-
cent years in breast cancer molecular classification in 
four types (luminal A, luminal B, HER 2, basal-like and 
triple-negative) have been helpful for improving selec-
tive treatment according to this classification. Luminal 
tumors have positive hormone receptors, HER2 tumors 
show HER2 expression, and basal-like or triple-negati-
ve tumors do not express hormone receptors or HER2. 
Luminal subtype A is the one with the best prognosis, 
while basal-like has the worst2.

Metastasis3 is defined as a progressive growth of 
cells in a site that is discontinuous from the primary 
tumor; cancer cells can spread to distant organs throu-
gh the bloodstream and/or lymphatic system.

The HER2 gene, also known as ERBB2/HER2/Neu4, 
is a proto-oncogene that belongs to the family of epi-
dermal growth factor receptors (EGFR) and plays an 
important role in the pathophysiology of cell growth and 

differentiation and tissue development, as well as in the 
process of oncogenesis and metastasis. The HER2 
gene is located at chromosome 17 (q11.2-12) and en-
codes a 1,255-amino acid (185 Kd) transmembrane 
glycoprotein that activates tyrosine kinase.

In 1986, Yamamoto et al.5 described the relationship 
of HER2 gene overexpression with neoplastic proces-
ses that were secondary to a truncated transcript of 
2.3 Kb (normal transcript, 4.6 kilobases), resulting from 
the deletion of a large part of the extracellular li-
gand-binding domain, which produced a constitutively 
active oncogenic receptor that stimulated cell prolifera-
tion even at epidermal growth factor (EGF) and related 
hormones’ low concentrations.

EGFR overexpression can affect the cellular pheno-
type and contribute to its transformation. This HER2 
gene overexpression is generally due to amplification 
of the gene, even with normal numbers of gene copies, 
with the latter being explainable by transcriptional upre-
gulation or posttranscriptional modification.

In most cases, HER2 gene overexpression has been 
associated with breast cancer aggressive behavior, 
with poor prognosis and low survival. Recently, single 
nucleotide polymorphisms (SNPs) have been described 
in the proto-oncogene in the region that encodes the 
transmembrane domain of the protein, located at co-
dons 6545 and 6556-8, and whose allelic frequencies for 
the wild-type Ile/Ile allele and for Ile/Val wild-type/mu-
tated allele, also referred to as B1 and B2 are reported 
to be 0.782 and 0.206, respectively, according to the 
Genome Database Nomenclature. In addition, a rare 
allele known as B3 that is Val/Val (both mutated), who-
se allelic frequency is 0.012, has been described.

Xie D et al.9 suggest that the polymorphism in HER2 
gene codon 655 is associated with an increased risk 
for breast cancer, particularly in young women 
(< 45  years) and, in a meta-analysis, lower risk was 
observed in oriental women in comparison with a hi-
gher risk in western women10, which suggests that it 
can be used as an indicator of genetic susceptibility for 
breast cancer. However, this polymorphism was not 
associated with poor prognosis in a study conducted in 
Australian patients with ovarian cancer11. The polymor-
phism in codon 65512 specifically results from the chan-
ge of an isoleucine (ATC) for a valine (GTC). This codon 
is located at the transmembrane region, and in vitro 
studies of this polymorphism have shown that it can 
affect HER2 gene function when the mutated valine 
allele is present, which increases HER2 protein kinase 
activation, with the kinase decreasing effect being 
opposite with the leucine allele13. In some ethnic 
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groups, such as Ashkenazi women, HER2 gene 1655V 
polymorphism, the mutated valine allele, is reported to 
be associated with an increase in breast cancer. The 
frequency of isoleucine-valine heterozygotes and vali-
ne-valine homozygotes in Chinese women was 21.7% 
and 0.3% respectively, which are percentages well be-
low those reported in Caucasian women (40% and 
12%, respectively). These data are consistent with ob-
servations reported in other studies indicating that Chi-
nese women have a low risk for developing breast 
cancer in comparison with Caucasian women, which 
shows once again that allelic frequencies are different 
according to the studied population9-22; therefore, the 
results of a studied population cannot be extrapolated 
to others. The truth is that, with regard to HER2 poly-
morphisms, the results have been conflicting and have 
even been inversely related to the risk of breast cancer, 
especially in older women (> 45 years)23.

The association of certain polymorphisms with 
tumors in particular organs might be related to the sus-
ceptibility of breast cancer to develop distant metasta-
ses in specific organs, depending on the type of 
polymorphism that is present.

Material and method

This was a pilot study and the design of the research 
project is of the prospective, observational, descriptive, 
open label, case-control type. It was conducted at 
ISSSTE 20 de Noviembre National Medical Center, and 
in collaboration with the Institute of Breast Diseases 
(FUCAM). The study was carried out using peripheral 
blood samples of 31 patients who agreed to participate 
in the study after having signed the consent letter and 
after verifying they met the criteria for hereditary breast 
and ovarian cancer syndrome (HBOCS) according to 
the Colima 2010 Breast Consensus,24 which include: 
patients younger than 40 years of age, tumor bilatera-
lity, and a history of breast cancer in first and se-
cond-degree relatives, among others. This group of 
patients has a worse prognosis associated with youn-
ger age at cancer presentation, which usually transla-
tes into metastasis. The controls were obtained from 
the ISSSTE 20 de Noviembre National Medical Center 
Genomic Medicine Department DNA bank.

Total DNA extraction and quantification

It was carried out using the kit for DNA extraction 
from biological samples (Qiagen. DNeasy 96TM proto-
col), following the manufacturer’s instructions. Once 

extracted, total amount in each sample was quantified 
using a spectrophotometric method (NanoDropTM).

Preparation of agarose gels to confirm 
total DNA integrity

Corresponding aliquots were subjected to agarose 
gel electrophoresis, under appropriate conditions, and 
the gels were then visualized using an ultraviolet (UV) 
transilluminator, with the images being captured and 
their integrity analyzed.

Mutation analysis

The SNP in the HER2 gene protein transmembrane 
segment was determined by amplifying the DNA seg-
ment according to codon 655, using the polymerase 
chain reaction (PCR) technique, followed by the restric-
tion fragment length polymorphism (RFLP) technique25. 
The transmembrane segment, which corresponds to a 
148  bp fragment, was amplified by PCR, using ge-
ne-specific oligonucleotides (HER2  655 Forward 
5’-AGAGCGCCAGCCCTCTGACGTCCAT-3’ and 
HER2 655 Reverse 5’TCCGTTTCCTGCAGCAGTCTC-
CGCA-3’13 [InvitrogenTM]). A  Gradient Palm-CyclerTM 
thermal cycler (Corbett Research) was used. The PCR 
products were subjected to electrophoresis in 2% aga-
rose gel (UltraPureTM Agarose InvitrogenTM Cat. 
No 16500-500), stained with ethidium bromide (Et-Br) 
and visualized under UV light in a transilluminator with 
the sole purpose to assess for integrity and specificity. 
For the RFLP analysis, the PCR product was subjected 
to enzymatic digestion with the BsmAI restriction endo-
nuclease (New England BioLabs Cat No R0529S). Two 
fragments are obtained from BsmAI endonuclease di-
gestion, one of 116bp and another of 32bp for the mu-
tated valine (GTC) allele, which corresponds to one of 
enzyme 5’-GTCTC (N1). 3’ recognition sites; as for the 
wild-type isoleucine (ATC) allele, there is no recognition 
by the enzyme, and thus the 148bp fragment remains 
intact.

Results

Total cases were 31 patients with criteria for HBOCS; 
seven cases were excluded from the study because 
there was not enough DNA for analysis. There was a 
total of 24 cases and 24 controls.

Tables 1 and 2 show cases and controls allelic dis-
tributions, respectively, showing the difference with re-
gard to the I/V and V/V genotypes in the cases in 
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comparison with controls, in which wild-type genoty-
pe I/I predominates. Case and control PCR-RFLPs are 
shown in figures 1 and 2.

The chi-square statistical test was performed both on 
cases and controls, with a statistically highly significant 
result (p = 0.0006). Cases were observed to exhibit the 
Ile655Val polymorphism in heterozygous and homozy-
gous subjects for the G>A mutation in comparison with 
controls.

The analysis of alleles at one degree of freedom 
showed a p ≤ 0.0001result. The result is also statisti-
cally highly significant for the change of the wild-type 
adenine nucleotide (ATC) for the guanine-mutated nu-
cleotide (GTC) in codon 655.

Sensitivity of the test was observed to be 70.83%, 
with a specificity of 79.17%, a positive predictive value 
(PPV) of 79.17%, a negative predictive value (NPV) of 
79.17% and test concordance of 75.0%.

Table 3 describes the genotyping and allelic frequen-
cies for each clinical stage (CS) of the studied cases. 
Advanced CS is observed to be most commonly related 
to the mutated allele, which would be important to con-
sider, since it might be a HBOCS molecular marker. In 
addition, the fact that that 15  (62.5%) of the 24 cases 
were diagnosed at late stages stands out.

Table 4 shows the 24 cases and the epidemiological 
data considered in this study. Patient average age was 
44.6  years, with a standard deviation of 11  years 
(28-68 years of age). Eight of them had a family history 
of breast cancer, eight had a history of another type of 
cancer; five had a family history of breast cancer and 
another type of cancer (ovarian, colon and pancreas, 
among others) and three had no history of familial 
cancer.

Only one case was bilateral and its genotype was 
homozygous for the polymorphism mutation.

Discussion

The present study is the first one performed in Mexi-
can patients with HBOCS to analyze its relationship 
with HER2 gene Ile655Val polymorphism, which has 
been studied in several populations of the world and 
has been associated with predisposition to breast can-
cer and its severity. Our results, although preliminary, 
given that the sample is small, are statistically signifi-
cant with regard to the predictive value of the 

Table 1. HBOC cases genotype distribution 

IIe/IIe homozygote 7

IIe/Val heterozygote 5

Val/Val homozygote 12

Total 24

Table 2. Controls without cancer genotype distribution 

IIe/IIe homozygote 19

IIe/Val heterozygote 4

Val/Val homozygote 1

Total 24

Figure  1. The PCR-RFLP gel of any of the cases with 
HBOCS is observed; most are homozygous for the G>A 
mutation and only case 7 was heterozygous for the wild-
type and mutated alleles.

Figure 2. Some HER2 gene IIe655Val polymorphism PCR-
RFLP controls are observed, as well as the HER2 gene and 
its genotype, which shows the wild-type homozygote and 
three heterozygote controls for the G>A change (21,22,23).
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determination of the polymorphism under study in its 
mutated G>A form in homozygous and probably in he-
terozygous subjects. The G>A genotype, both in its 
heterozygous and homozygous forms, was observed in 
70.8% of the cases, in comparison with controls, where 
it was only observed in 20.8%.

The cases with metastases to vital organs (clinical 
stage IV) and their association with the Ile655Val poly-
morphism in its homozygous G>A form were observed 
in young patients, as reported in the literature, and their 
manifestations were more aggressive.

If the performance of a broader analysis in terms of 
the number of patients confirms that the presence of 
HER2 gene Ile655Val polymorphism in patients with 
HBOCS is related to a worse prognosis and associated 
with metastasis to vital organs, it would be a highly va-
luable tool in this group of breast cancer patients, since 
when detecting patients who carry the G>A mutation of 
this polymorphism, they could be offered a more indivi-
dualized treatment that would improve their quality of life.

Conclusions

This study demonstrates that the majority of patients 
with HBOCS carry the valine mutation in the homozy-
gous form in comparison with controls, which in a first 
analysis suggests that this would be directly associated 
with the development of breast cancer and, given the 
criteria involving young patients, and that in most of 
them tumors occur in aggressive forms, a relationship 
of the polymorphism with this circumstance would also 
be established. Although data are clear in this pilot 
study, we must recognize that it would be interesting to 
conduct a study in a larger number of cases in order 
to confirm the observations of this preliminary analysis, 
as well as carrying out a more detailed study, as it 
would be with real-time PCR, which has already been 
proposed by the working group.

Ethical considerations

Being able to offer breast cancer patients a predictive 
molecular study that allows a more specific follow-up 

Table 4. Epidemiological data of a total of 24 cases with 
HBOCS

Characteristics Average ± SD (range)

Current age (years) 33 (28‑68)

Age at diagnosis (years) 44.6 (de 11)

Evolution time (years) 8.6

Menarche (age) 12.7 (10‑16)

No. %

History of breast cancer 8 33.33

History of other cancer 8 33.33

History of two or more cancers* 5 20.83

No history of cancer 3 12.5

Breastfed (Yes/No) 15/8

*Breast cancer and another type of cancer
SD: standard deviation.

Table 3. Cases genotyping and allelic frequencies 

Cases according to clinical stage (CS)
Characteristics

No. (%) Genotyping Alleles 

Clinical stage A/A A/G G/G A G

NC 2 (8.3) 2 4 0

I 3 (12.5) 1 2 2 4

IIA 4 (16.66) 1 3 5 3

IIB 7 (29.16) 1 7 2 14

IIIA 3 (12.5) 2 4 0

IIIB 2 (8.3) 1 1 1 3

IIIC 1 (4.16) 1 2

IV 2 (8.3) 1 1 1 3

Total 24 7 (29.16) 5 (20.83) 12 (50.0) 19 (39.6) 29 (60.4)
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and individualized treatment with improvement of their 
quality of life, places them in a beneficial state that 
cannot be ignored, especially considering that this con-
dition is a public health problem that in Mexico is the 
leading cause of death associated with tumors in wo-
men older than 35 years. For the sake of fairness, all 
these women should be offered the necessary measu-
res to improve their general health status and, in the 
case of the group under study, patients with HBOCS, 
which comprises mostly young women in reproductive 
and productive ages, it is essential to continue in the 
search for tools that help them lead a dignified and 
comfortable life and avoid, to the extent possible, death 
due to complications such as metastases to vital or-
gans, which physically, emotionally and economically 
wear out the patient and her family.
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