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To the Editor,
Gallbladder cancer (GBC) is a rare neoplasm with poor

prognosis and overall survival [1]. Its underlying molecular
pathogenesis remains largely elusive and the accumulation of
multiple somatic genetic alterations as well as chronic inflam-
mation associated with gallstone formation promotes epithelial
dysplasia and progression to adenocarcinoma postulated [2–4].

It has been shown that some indigenous people and ethnic
groups have higher incidence and mortality rates, with differ-
ences within the same country and some populations identi-
fied as high-risk groups for GBC development. The highest
incidence rates are found in populations living west of the
Andes, northern India and populations of American and
Mexican Indians [1].

The potential association in genetically heterogeneous
Brazilian GBC patients has not been previously reported.
Based in a comprehensive study [4] and COSMIC database
(http://cancer.sanger.ac.uk/cosmic) we investigated the
contribution of TP53, KRAS, CDKN2A, PIK3CA and BRAF
and ancestry component to the pathogenesis of GBC in a
subset of Brazilian patients.

All GBC patients who underwent surgical procedure in our
Hospital (August 2011–December 2012) were eligible and
signed an informed consent, a study approved by the local
Ethics Committee. Clinical data were collected by a structured

questionnaire. Tumor related data such as histologic type and
staging were also obtained (Table 1).

Genomic DNA from peripheral blood and tumor DNA
were extraced using standard protocols. Tumor samples were
immediately placed in tubes containing RNAlater® and stored
at −80 °C. Subsequently, tumors were micro-dissected to en-
sure enrichment. To enable a specific amplification of all rel-
evant exons of BRAF, KRAS, P53, CDKN2A and PIK3CA
genes, primers were designed (sequences available on re-
quest). The PCR reaction followed protocol parameters of
AmpliTaq Gold® PCR Master Mix (Thermofisher
Scientific, São Paulo, Brazil). Bi-directional sequencing reac-
tions were performed and analyzed.

DNA from tumor tissue of GBC cases and peripheral blood
DNA from 75 healthy controls were genotyped independently
employing biallelic indels as described [5]. The Structure soft-
ware version 2.3, (http://pritch.bsd.uchicago.edu/structure.
html) estimated the biogeographical ancestry for each
individual. As parental populations, we used individuals of
European, African, and Amerindian origin (http://www.
cephb.fr/HGDP-CEPH-Panel). Mann-Whitney test was per-
formed to compare groups. PolyPhen-2 software evaluated
the impact of the amino acid substitution in protein structure
(http://genetics.bwh.harvard.mutations edu/pph2/) and
PROVEAN software (http://provean.jcvi.org/index.php)
indicated whether the change was deleterious.

Overall 12 cases were recruited and tumor characteristics,
relevant clinical and ancestry data are shown (Table 1); control
group included 75 healthy individuals.

Candidate genes genotyping and ancestry component are
shown in Table 2. One tumor had more than one mutation. In
three tumors no somatic mutations were found. Five tumors
displayed CDKN2A mutations, three harbored known KRAS
mutations and two presented TP53 mutations. Both patients
with somatic TP53 deletions exhibited a second anatomically
distinct tumor: an intrahepatic cholangiocarcinoma and a mel-
anoma of the nasal mucosa. Mutations in BRAF and PIK3CA
were not present.
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Table 1 Clinical and ancestry
characteristics of patients with
gallbladder cancer

Variables N %

Age Median 65

Variation 48–75

Gender Male 3 25

Female 9 75

Histology Adenocarcinoma 12 100

Smoking Yes 1 8,33

No 9 75

Ex-smoker 1 8,33

unknown 1 8,33

Alcoholism Yes – –

No 10 83,33

Ex 1 8,33

unknown 1 8,33

Cholelithiasis Yes 9 75

No 2 16,66

unknown 1 8,33

Positive family history of cancer Yes 4 33,33

No 2 16,66

unknown 6 50

Tumor Staging (AJCC) I 1 8

II 2 17

III 2 17

IV 7 58

Ancestry European >0.80 9 75

European <0.80 3 25

African >0.2 2 16.7

African <0.2 10 83.3

Amerindian >0.2 0 0

Amerindian <0.2 12 100

AJCC, american joint committee on cancer classification

Table 2 Genotyping and ancestry component of patients with gallbladder cancer

Patient TP53 CDKN2A PIK3CA KRAS BRAF Component of Ancestry

European African Amerindian

1 – – – – – 0,975 0,013 0,013

2 – – – – – 0,914 0,039 0,048

3 – – – p.Gly12Val – 0,795 0,192 0,013

4 – p.Ala127Ser – – – 0,926 0,038 0,036

5 – – – – – 0,948 0,033 0,019

6 c.345_373del p.Ala148Thr – – – 0,837 0,14 0,023

7 – – – p.Gly13Asp – 0,585 0,394 0,021

8 – – – p.Gly12Arg/ p.Ile55Thr – 0,969 0,013 0,018

9 – p.Trp15X – – – 0,905 0,091 0,004

10 c.909_993 + 14 del – – – – 0,796 0,1 0,104

11 – p.Ala127Ser – – – 0,875 0,119 0,005

12 – p.Ala148Thr – – – 0,877 0,021 0,101
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There was no difference in genomic ancestry among
Brazilian GBC patients and healthy control individuals and
the strong imprint of European genomic ancestry was con-
firmed (Table 2).

The clinical features were similar to previous reports [1]
with the majority being females, having current or past gall-
stones and diagnosed at an advanced stage.

Two GBCs showed TP53mutations, an important and ear-
ly event in gallbladder tumorigenesis [6]. Indeed, somatic
TP53 mutations range from 27% to 70% in ethnically diverse
populations [4–7] rates that are higher than the one reported
herein (16.7%) which could be explained by ethnic differ-
ences and our small sample size.

KRAS is the most studied oncogene in GBC with a
reported mutation rate ranging from 2.7% to 100% [8]
In Western countries, these mutations are uncommonly
found (0–10%) whereas in Japan can reach 100% [9], a
discrepancy attributed to ethnic and geographical varia-
tions. In the present study, 33% of samples carried
KRAS mutations probably reflecting the ethnic makeup
of our population. One interesting finding was a novel
missense mutation in codon 55 (p.Ile55Thr) that localizes
to a conserved protein region, being deleterious to predic-
tion algorithms. Further studies evaluating the rate and
functional effect of this mutation are clearly warranted.

Mutations in the CDKN2A gene have been reported in
~ 50% of GBC cases [1]. In the present series two se-
quence variants (p.Ala127Ser, p.Ala148Thr) were detect-
ed. The A148T mutation is a rare polymorphism reported
in approximately 2% of the European population. Yet, this
variant has been associated with an increased risk to mel-
anoma [10]. The second variant (A127S) is a predicted
damaging mutation, has not been reported in GBC and
was previously reported as a germline mutation in skin
neoplasms [11]. Yet, no consistent conclusion as to the
putative role of A127S has been reached.

Studies evaluating the expression, deletion andmethylation
of CDKN2A gene clearly show its importance in GBC patho-
genesis. We detected a bona fide mutation (W15X) in a single
GBC, a mutation previously described in melanoma, pancre-
atic cancer, hepatic cancer and aero digestive tract carcinoma
(COSMIC database). Given that only a few studies have
looked for CDKN2A somatic mutations in GBC, the current
study emphasizes the need to expand the number of GBC
genotyped mutations in this gene.

The fact that we could not show any mutations in relevant
regions in the PIK3CA and BRAF genes may reflect the small
number of tested individuals or the ethnic makeup of our
population.

Some indigenous people and ethnic groups have higher
incidence and mortality rates of GBC [1]. Brazil is home of
genetically heterogeneous people, the product of admixture
between Amerindians, Europeans, and Africans. We used a

set of indel polymorphisms to properly characterize of our
studied samples [6]. Despite these heterogeneous ancestral
roots we did not find differences in genomic ancestry between
groups indicating that, at least in Brazilian GBC patients, ge-
nomic ancestry does not seem to have a role. However, larger
sample of patients with GBC need to be investigated.

In conclusion some analyzed GBC did not exhibit muta-
tions in the tested genes; however, about 75% had mutations
in a gene related to cancer. This finding emphasizes the need
to expand the panel of genes tested to better understand the
molecular mechanisms of these rare neoplasms.
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