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Expression of hsa-miR-9 and MYC Copy Number
Variation in Hereditary Diffuse Gastric Cancer
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Abstract. Background/Aim: Approximately, 15-50% of
families affected by hereditary diffuse gastric cancer (HDGC)
exhibit CDHI germline mutations. CDH1 gene encodes E-
cadherin, protein essential to the cell-cell contact of gastric
epithelium. Studies have shown that hsa-miR-9 participates
in this protein downregulation. Moreover, MYC is responsible
for the transcription of hsa-miR-9-3. In the present study, hsa-
miR-9 expression and MYC copy number variation were
investigated to elucidate the hsa-miR-9 role in HDGC.
Patients and Methods: Tumor samples were obtained from
nine individuals with HDGC history belonging to four
Brazilian families. Then, relative quantification of hsa-miR-
9 expression and MYC gene copy number variation analysis
were performed by real-time PCR. Results: In all the samples,
an overexpression of hsa-miR-9 and an increased MYC copy
number (=3 copies) were observed. Conclusion: hsa-miR-9
acts as an oncomiR in HDGC. In addition, we suggest that
hsa-miR-9 acts as second event in individuals with HDGC
carrying CDHI gene germinline mutations.

Hereditary gastric cancer syndromes are responsible for 1-
3% of gastric tumor cases (1, 2). Among the familial forms
of gastric cancer (GC), hereditary diffuse gastric cancer
(HDGC) is the only one with a well-defined genetic cause

Correspondence to: Danielle Queiroz Calcagno, Ph.D., Nicleo de
Pesquisas em Oncologia, Hospital Universitdrio Jodo de Barros
Barreto/UNACON, Av. Mundurucus 4487, Belém, CEP: 66073-000,
Brazil. Tel: +55 91 3201-6776, e-mail: danicalcagno@gmail.com

Key Words: CDHI1,HDGC, miR-9, hereditary diffuse gastic cancer.

(3., 4). Approximately, 15-50% of families affected by HDGC
are identified with germline mutations in the CDHI. HDGC
families individual members carrying CDHI pathogenic
mutations, have a risk of developing GC around 70% in men
and 56% in women up to 80 years old (5).

CDHI gene is located on chromosome 16q22.1 and
encodes an epithelial cadherin protein (6). E-cadherin is a
cellular adhesion protein that plays a critical role in cellular
polarity and it is essential to the cell-cell contact of gastric
epithelium, therefore suppressing invasion and acting as a
tumor suppressor gene (7).

In the carcinogenesis context, a larger number of studies is
focused on identifying key regulators of metastatic process,
including microRNAs (miRNAs) (8, 9). miRNAs are small
non-coding RNAs (19-25 nucleotides in length) that suppress
gene expression by interaction with untranslated 3' region
(UTR) of target mRNAs of genes involved in proliferation,
differentiation and apoptosis. Thus, miRNAs exert a
substantial influence in cancer pathogenesis (10-13).

Studies have demonstrated that hsa-miR-9 down-regulates
CDH1I expression in breast cancer, hepatocarcinoma and
esophageal squamous cell carcinoma (10, 14). In humans, the
mature hsa-miR-9 is encoded by three independent genetic
loci (hsa-miR-9-1, hsa-miR-9-2 and hsa-miR-9-3) (15). In
parallel, Ma et al. (12) demonstrated that MYC transcription
factor is responsible for the transcription of hsa-miR-9-3.

MYC deregulation is considered crucial to gastric
carcinogenesis, mainly due to genetic amplification (16, 17,
19-24). Previously, our research group demonstrated an
association between MYC overexpression with gastric
adenocarcinoma invasion and metastasis (24, 25). Therefore,
MYC can influence the hsa-miR-9 expression which, in turn,
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could negatively regulate the CDH1 expression. In this study,
the hsa-miR-9 expression and MYC copy number variation
were evaluated, for the first time, to elucidate the hsa-miR-
9 role in HDGC.

Patients and Methods

HDGC Families/Samples. Gastric tumor samples were obtained
from nine individuals with HDGC history belonging to four North
and Northeast Brazilian families selected according to the latest
International Consortium of Gastric Cancer (26). Additionally, a
retrospective study of family members was conducted to identify
affected members by these tumors and other cancer types in
previous generations (Figure 1).

The molecular analysis was performed in paraffin embedded
tissue from gastric tumor and paired adjacent non-neoplastic gastric
samples using micro-dissection. This study was approved by the
Research Ethics Committee of Jodo de Barros Barreto University
Hospital (HUJBB) under protocol 274/12 and all patients analyzed
signed a consent statement.

Relative quantification of hsa-miR-9 expression. Formalin-fixed,
paraffin-embedded (FFPE) tissue samples were deparaffinized and
underwent miRNA extraction using miRNeasy FFPE Kit (Qiagen,
Hilde, Germany) according to the manufacturer's instructions.
miRNA yield was determined through a NanoDrop ND-1000
spectrophotometer (Thermo Scientific, Wilmington, DE, USA), and
the quality was assessed by 1% agarose gel electrophoresis.

Reverse transcription was performed using TagMan Small RNA
Assays kit (Applied Biosystems, Foster City, CA, EUA), according
to the manufacturer’s recommendations. Immediately, the cDNA
obtained was stored at —20°C and, posteriorly, they were mixed in 96-
well plates with 7.5 ul of 1x TagMan Universal PCR Master Mix II
(Life Technologies, Carlsbad, CA, EUA) and 0.5 pl of TagMan®
Advanced miRNA Assays for hsa-miR-9 (478214_mir) (Life
Technologies, Carlsbad, CA, EUA), according to the manufacturer’s
recommendations. SNORD7 (Hs03298738_s1) assay (Life
Technologies, Carlsbad, CA, EUA) was selected as an internal control
for monitoring RNA input and reverse transcription efficiency.

Copy number variation (CNV). DNA was extracted using a QIAamp
DNA FFPE tissue kit (Qiagen, Hilden, Germany) according to the
manufacturer’s instructions. Duplex quantitative real-time PCR
(real-time qPCR) was performed using the FAM/MGB-labeled
TagMan probes for MYC (Hs01764918_cn) and VIC/TAMRA-
labeled TagMan CNV RNAse P (#4403326) was used for the
internal control. All real-time qPCR reactions were performed in
quadruplicate with gDNA according to the manufacturer’s protocol
using a 7500 Fast Real-Time PCR system (Life Technologies, Foster
City, CA, USA). The copy number of each sample was estimated
by CNV analysis using Copy Caller Software V1.0 (Life
Technologies, Foster City, CA, USA). Known Human Genomic
DNA (Promega, Madison, WI, USA) was used for calibration.

Statistical analysis. The normality of variable distributions was
determined using the Shapiro-Wilk test. Association between hsa-
miR-9 expression and clinical pathological features were analyzed
using the Mann—Whitney tests. p-Values less than 0.05 were
considered significant.
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Results

Overexpression of hsa-miR-9 was observed in HDGC tumor
samples (1.78+0.50; median+interquartile range) compared
with parried non-neoplastic adjacent tissue samples. The
difference in expression of hsa-miR-9 between families with
(1.55£0.02) and without CDHI1 germline mutations
(2.15+£0.17) was not statistically significant (p=0.0706)
(Figure 2). Additionally, an increase in copy number
variation of MYC gene (23 copies) was observed in HDGC
families analyzed.

Discussion

Mutations in the CDHI gene affect protein integrity, thereby,
causing disturbances in cell-cell adhesion on epithelial tissues,
enhancing the cellular motility and potentiating the infiltrative
tumor behavior and metastasis development (27-29).

In gastric carcinogenesis, loss of E-cadherin expression is
associated with disease
aggressiveness and poor prognosis (27). However, the

a common event and is

molecular mechanisms underlying the invasive process,
associated to E-cadherin dysfunction, are far from being
understood (27-30).

Moreira-Nunes et al. (31) were the first study to evaluate
germline mutations in the CDHI gene simultaneously with
the methylation pattern of promoter region and E- cadherin
expression in Brazilian families with HDGC. Despite the
absence of E-cadherin expression found in all families, the
CDHI gene promoter region was not methylated and
mutations were observed only in 50% (2/4) of the evaluated
families. Moreover, the Comparative Genomic Hybridization
analysis (aCGH) showed no gains or losses events,
suggesting that other mechanisms could be involved in the
E-cadherin expression silencing.

The present study investigated the hsa-miR-9 expression
in HDGC families previously analyzed by Moreira-Nunes et
al. (31), with the aim of elucidating the involvement of this
miRNA in E-cadherin negative regulation. It was observed
hsa-miR-9 overexpression in HDGC (1.78+0.50) compared
to paired adjacent non-neoplastic specimens. Although
higher hsa-miR-9 levels were observed in samples of
families’ members without germline mutation in CDHI gene
(2.15+0.17), the difference of hsa-miR-9 expression was not
statistically significant independently of germline mutations
in CDHI (p=0.0706). Thus, these results suggest an
oncomiR role of hsa-miR-9 in HDGC and this implies a
negative regulation of E-cadherin regardless of the presence
of germline mutation in the CDHI gene.

Several studies have described that hsa-miR-9 expression
levels are significantly associated with different diseases,
including breast cancer, ovarian cancer, renal cell carcinoma
and GC (32-36). Moreover, studies have shown a strong
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Figure 1. Pedigrees charts of hereditary diffuse gastric cancer families.
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(A), (B), (C) and (D) represent the four families presented in this study.

The numbers under the symbols represent the age at diagnosis. The solid symbols correspond to the affected members with confirmed diffuse GC
diagnoses. Upper left arrows indicate the probands. CDHI positive represent members carrying CDHI gene germline mutations, and CDH1 negative

are members without CDHI gene germline mutations described by Morei

correlation of these expression levels with pathologic clinical
conditions, as tumor stage, metastasis and survival outcome
(15, 32, 36-39).

In GC, Rotkua et al. (40) concluded that hsa-miR-9 was
positively expressed in GC samples and could be involved in
gastric carcinogenesis via CDX2 downregulation, resulting in
promotion of cell growth. In the other hand, Luo et al. (31) and
Zheng et al. (41) demonstrated reduced levels of hsa-miR-9 in
tumor samples relative to non-neoplastic tissue and concluded
that this miRNA suppresses the expression of cyclin D1 and
ETS1, inhibiting the proliferation, invasion and metastasis. Thus,
the hsa-miR-9 has a controversial role in gastric carcinogenesis.

These conflicting data of hsa-miR-9 expression could be
related to the differential processing of mature hsa-miR-9 from
three primary precursors, hsa-miR-9-1, hsa-miR-9-2 and hsa-
miR-9-3. Negative adjustments in precursor regions, due to
aberrant hypermethylation have been reported by independent
studies in different types of cancer (15, 37, 42-43).

Additionally, it is important to highlight that hsa-miR-9-3
transcript is up-regulated by the MYC transcription factor
(12). This transcription factor is an important regulator of
metabolism and cell proliferation and it is usually found
deregulated in GC (12, 20-25, 44-45).

ra-Nunes et al. (2014).

p=0.0706

1.0

0.5

hsa-miR-9 relative quantification

0.0-

CDH1 negative

CDH1 positive

Figure 2. Relative quantification of hsa-miR-9 expression in HDGC
families. The difference in expression of hsa-miR-9 between families
carrying CDHI gene germline mutations (CDH1 positive) and without
CDH1 germline mutations (CDHI negative) was not statistically
significant (p=0.0706).

In the current study, MYC gene copy number variation
increase (=3 copies) was observed in HDGC analyzed
samples. These findings corroborate with Ma et al. (12) that
proposed MYC as a transcriptional factor to hsa-miR-9-3
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Figure 3. The hsa-miR-9 action as a second hit mechanism in two hits hypothesis in CDHI gene germline mutations carriers. (A) Epithelial cells
with CDHI germline mutations as first hit loose cell-cell adhesion and gain epithelial-mesenquimal transition characteristic. (B) In GC, MYC gene
amplification is a frequent event and this gene acts regulating positively the hsa-miR-9. In turn, the hsa-miR-9 overexpression is responsible to
regulates negatively the CDHI gene. Thus, spontaneous tumors clusters emerges. (C) Consecutively, the microenvironment is altered generating
progressive cell growth and additional genetic events enable the installation of malignancy with stromal interaction and invasion.

locus, causing activation of mature hsa-miR-9 expression in
tumors cells (43-44). Furthermore, these authors suggested
that mature hsa-miR-9 can suppress E-cadherin expression
resulting in motility promotion of carcinoma cells with
invasion ability.

Conclusion

In summary, hsa-miR-9 was overexpressed in all samples of
HDGC compared to paired adjacent non-neoplastic tissue,
suggesting that this miRNA would play an oncomiR role.
Moreover, MYC amplification was observed in the HDGC
analyzed samples.

Therefore, considering the classic two-hits hypothesis
(46), this study suggests that the second hit occurrence and,
consequently, the total inactivation of E-cadherin protein,
would be the hsa-miR-9 deregulation expression as result of
MYC amplification in HDGC samples of the families’
members carrying CDHI germinal mutation (Figure 3).
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