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Abstract

AIM: To evaluate for the first time the protein and
mMRNA expression of 14-3-3¢ in gastric carcinogenesis.

METHODS: 14-3-3¢ protein expression was deter-
mined by western blotting, and mRNA expression was
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examined by real-time quantitative RT-PCR in gastric
tumors and their matched non-neoplastic gastric tissue
samples.

RESULTS: Authors observed a significant reduction of
14-3-3¢ protein expression in gastric cancer (GC) sam-
ples compared to their matched non-neoplastic tissue.
Reduced levels of 14-3-3¢ were also associated with
diffuse-type GC and early-onset of this pathology. Our
data suggest that reduced 14-3-3¢ may have a role in
gastric carcinogenesis process.

CONCLUSION: Our results reveal that the reduced
14-3-3¢ expression in GC and investigation of 14-3-3¢
interaction partners may help to elucidate the carcino-
genesis process.

© 2012 Baishideng. All rights reserved.
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INTRODUCTION

Although gastric cancer (GC) rates have decreased sub-
stantially in most parts of the world, it is still the fourth
most frequent cancer type and the second highest cause
of cancer mortality worldwide. A total of 989 600 new
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stomach cancer cases and 738 000 deaths are estimated
to have occurred in 2008, accounting for 8% of the total
cases and 10% of total deaths by cancer".

About 90% of stomach tumors are adenocarcino-

as”. However, the etiology and disease evolution may
vary among populations, primary tumor location, histo-
logical subtypes of adenocarcinoma, and other variables".

GC, as with other neoplasms, is a multifactorial dis-
ease that results from a combination of environmental
factors and accumulation of generalized and specific ge-
netic and epigenetic alterations. Chromosomal instability
is characterized by changes in chromosome copy number
(aneuploidy) and alterations in chromosomal regions,
which may induce oncogene activation, tumor suppressor
gene inactivation, or both!. The chromosomal aberra-
tions that are constantly found in GC include gains of
3q, 7p, 79, 8q, 13q, 17q, 20p and 20q and losses of 4q,
9p, 17p and 18q (for a review, see™). Our research group
previously reported that the loss of one copy of TP53
locus (17p13) is commonly found in gastric tumors of
individuals from a Brazilian populationm, as well as in GC
cell lines”™. Although TP53 is a key tumor suppressor
gene in the carcinogenesis process'", additional genes at
17p13 may play a role in gastric carcinogenesis.

The YIWHAE gene is located at 17p13.3 and encodes
the 14-3-3¢ protein, one of the mammalian 14-3-3 pro-
tein family members that are highly conserved in eukary-
otes. There are at least seven distinct 74-3-3 genes in ver-
tebrates, giving rise to nine isoforms (at, B, v, 6, &, £, n, ©
and t/v, with o and § being phosphorylated forms of B
and (, respectively)'"'"?. The 14-3-3 proteins are predom-
inantly dimetic within the cell and bind either to multiple
sites within single proteins or act as a bridge between two
targets““sl. Up to now, > 300 proteins have been report-
ed to interact with 14-3-3 proteins, including key signal-
ing components, such as p53, Raf-1 kinase, Bcl-2 antago-
nist of cell death, protein kinase C, phophatidylinositol
3-kinase, and cdc25 phosphatase (RASGRF1)!"*!>>1,
Although the exact 14-3-3 protein functions are not fully
known, these proteins may act as a molecular scaffold,
bringing together proteins that interact functionally and
effecting phosphorylation-dependent cell regulationml.
This protein family is involved in several biological pro-
cesses and plays a regulatory role in processes such as
apoptotic cell death, mitogenic signal transduction, and
cell cycle control™",

The isoform 14-3-3¢ is the most highly conserved
member of the 14-3-3 family, with conserved sequence in

1920 Abnormal expression of

plants, yeast, and mammals
14-3-3¢ has been found in some types of cancers. How-
ever, the role of 14-3-3g in the carcinogenesis process is
ambiguous and contradictory. Low expression of 14-3-3¢
occurs in small cell lung cancer”'| laryngeal squamous
cell carcinoma™, and medulloblastoma™, which suggest
its role as a tumor suppressor gene. On the other hand,
high expression of 14-3-3g has been detected in renal
carcinoma® astrocytoma™
endymomasm, and, thus, probably it acts as a oncogene.
To the best of our knowledge, no study has evaluated
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the role of 14-3-3¢ in gastric carcinogenesis until now. In
the present study, we analyzed the 74-3-3¢ gene and pro-
tein expression in GC and matched non-neoplastic gas-
tric samples. We also evaluated the possible associations
between 14-3-3g and clinicopathological characteristics.

MATERIALS AND METHODS

Tissue samples

14-3-3¢ protein expression was evaluated in 20 pairs of
GC samples and corresponding non-neoplastic gastric
tissues (distant location of primary tumor). The mRNA
expression was evaluated in 31 pairs of GC samples and
corresponding non-neoplastic gastric tissues. Dissected tu-
mor and paired non-neoplastic tissue specimens were im-
mediately cut from stomach samples, frozen in liquid ni-
trogen, and stored at -80 °C until use for protein and RNA
extraction. All the gastric samples were obtained surgically
from Jodo de Barros Barreto University Hospital (HUJBB)
in Para State, Northern Brazil. Informed consent with ap-
proval of the ethics committee of HUJBB was obtained.
All patients had negative histories of exposure to either
chemotherapy or radiotherapy before surgery and there
was no other co-occurrence of diagnosed cancers. All
samples were classified according to Laurén™ and tumors

were staged using standard criteria by TNM staging™.

Protein and mRNA purification

Total protein and total mRNA were simultaneously iso-
lated from gastric tissue samples using the AllPrep DNA/
RNA/Protein Kit (Qiagen, Hilden, Germany) according
to the manufacturer’s instructions. To allow greatest solu-
bilization, the protein pellet was dissolved in buffer con-
taining 7 mol urea, 2 mol thiourea, 4% CHAPS, 50 mmol
dithiothreitol, 1% Protease Inhibitor Cocktail (Sigma, St
Louis, MO, United States), and 0.5% of each Phosphatase
Inhibitor Cocktail 1 and 2 (Sigma-Aldrich, St Louis, MO,
United States). Protein concentration was determined by
the method of Bradford (Sigma-Aldrich). RNA concen-
tration and quality were determined using a NanoDrop
spectrophotometer (Kisker, Germany) and 1% agarose
gels. Samples were stored at -80 ‘C until use.

14-3-3< expression by western blotting

Reduced protein (30 pg) of each sample was separated on
12.5% homogeneous SDS-PAGE gel and electroblotted to
a polyvinylidene fluoride (PVDF) membrane (Hybond-P;
GE Healthcare, Uppsala, Sweden). The PVDF membrane
was blocked with PBS containing 0.1% Tween 20, 5% low-
fat milk, and incubated overnight at 4 ‘C with correspond-
ing primary antibodies to anti-14-3-3¢ (sc-31962, 1:100; San-
ta Cruz Biotechnology, Santa Cruz, CA, United States) and
anti-B-actin (Ac-74, 1:3000; Sigma-Aldrich). After extensive
washing, a peroxidase-conjugated secondary antibody was
incubated for 1 h at room temperature. Immunoreactive
bands were visualized using western blotting Luminol re-
agent and the images were acquired using an ImageQuant
350 digital image system (GE Healthcare, Uppsala, Sweden).

The B-actin was used as a loading reference control.
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Figure 1 Expression of 14-3-3¢ in tumor and non-neoplastic gastric tissue. A: Protein expression normalized by B-actin (ACTB); B: Ratio of protein expression
between tumor and matched non-neoplastic gastric tissues; C: Western blotting using anti-14-3-3¢ and anti-B-actin antibodies; D: mRNA expression normalized by
the internal controls ACTB and glyceraldehyde-3-phosphate dehydrogenase; E: Relative mRNA quantification-gastric tumor samples normalized by matched non-

neoplastic gastric tissues. T: Tumor samples; N: Non-neoplastic samples.

14-3-3c mRNA expression by real-time quantitative RT-
PCR

First, cDNA was synthesized using High-Capacity cDNA
Archive kit (Applied Biosystems, Warsaw, Poland) ac-
cording to the manufacturer’s protocol. All real-time
qRT-PCR reactions were performed in triplicate for
both target gene (YWHAE: Hs00356749_g1, Applied
Biosystems, United States) and internal controls (B-actin:
Hs03023943_g1; glyceraldehyde-3-phosphate dehydro-
genase: Hs99999905_m1; Applied Biosystems, United
States). To compare 14-3-3¢ mRNA expression between
GC and non-neoplastic gastric samples, we converted ACt
(ACt = Ct of YWHAE - Ct of internal controls) to linear
form (2*). Relative quantification of the gene expres-
sion was calculated according to Pfaffl method™. Non-
neoplastic gastric samples were designated as a calibrator
of each paired tumor sample.

Statistical analysis

We first evaluated the normal distribution of all data us-
ing the Shapiro-Wilk normality test to determine subse-
quent use of appropriate tests for statistical comparison.
Since 14-3-3g¢ mRNA and protein data did not present
with a normal distribution, we performed parametric
tests with bootstrapping, a re-sampling method. The re-
sampling methods are relatively powerful and can control
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a type 1 error (false positive), reducing over-fit bias and
internally validating the accuracy estimates. Bootstrapping
methods also produce confidence intervals (Cls) around
the observed effects. Paired 7 test was performed to com-
pare the mean of 14-3-3g expression between neoplastic
and matched non-neoplastic samples. The associations
between clinicopathological parameters and the mean
of 14-3-3¢ expression were assessed using a 7 test for
independent samples. The correlation among the 14-3-3¢
mRNA and protein expression was analyzed by Pearson
test. All the analyses performed in this article were based
on 1000 bootstrap samples. In all analyses, the CI was
95% and P < 0.05 was considered significant.

RESULTS

14-3-3¢ protein expression was significantly reduced in GC
samples (densitometry units: 0.656 + 0.552) compared to
matched non-neoplastic gastric samples (1.656 * 1.158) (P =
0.005, 95% CI: -1.59 to -0.53). 14-3-3¢ protein was 1.5-fold
lower in 60% of GC samples compared to their paired
non-neoplastic gastric tissues. However, 14-3-3g mRNA
expression did not differ between GC (2 0.492 + 0.325)
and corresponding non-neoplastic gastric tissue (0.579
+ 0.272) (P = 0.075, 95% CI: -0.18 to 0.003) (Figure 1).
Although mRNA and protein were simultaneously purified,
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Variable 14-3-3¢ protein expression 14-3-3: mRNA expression
Total Ratio T/N Adjusted 95% ClI Total Relative Adjusted 95% CI
P-value quantification P-value

Gender
Male 10 0.418 + 0.41 0.210 -0.13 to 0.63 18 1.404 +1.43 0.279 -1.38 to 0.40
Female 10 0.667 + 0.47 13 0.898 +1.09

Onset (yr)
<45 6 0.303 + 0.26 0.052 -0.68 to -0.05 8 0.583 + 0.31 0.028° -1.49 to -0.25
=45 14 0.646 + 0.48 23 1.403 +1.45

Tumor location
Cardia 3 0.293 +0.11 0.067 0.03 to 0.56 4 0.796 + 0.35 0.177 -0.12t0 1.23
Non-cardia 17 0.587 + 0.47 27 1.250 +1.39

Laurén classification
Diffuse-type 4 0.244 +0.14 0.024° 0.12 to 0.65 13 1119+ 1.04 0.785 -0.69 to 1.07
Intestinal-type 16 0.618 £ 0.46 18 1.245+1.49

Stage
Early 4 0.517 + 0.64 0.921 -0.55 to 0.81 4 0.549 + 0.38 0.046" -1.41 to -0.16
Advanced 16 0.549 + 0.41 27 1.287+1.37

Tumor invasion
T1/T2 8 0.491 + 0.49 0.674 -0.48 t0 0.34 9 0.642 + 0.33 0.052 -1.40 to -0.13
T3/T4 12 0.578 £ 0.43 22 1.417 +1.49

Lymph node metastasis
Absent 6 0.672 + 0.57 0.510 -0.29t0 0.72 8 0.687 + 0.53 0.069 -1.31 to -0.01
Present 14 0.488 + 0.39 23 1.367 +1.45

Distant metastasis
Unknown/absent 16 0.557 + 0.47 0.754 -0.42 to 0.47 23 0.978 £ 0.99 0.242 -2.25t00.51
Present 4 0.486 + 0.37 8 1.807 +1.89

Differentially expressed between groups, ‘P < 0.05. T: Tumor gastric samples; N: Non-neoplastic gastric samples.

no correlation was observed between 14-3-3g mRNA and
protein expression (R = 0.236, P = 0.345).

The associations between clinicopathological character-
istics and 14-3-3¢ expression are summatized in Table 1. A
significant decrease in 14-3-3g mRINA level was observed
in early-onset GC (at age < 45 years"™) compared to late-
onset GC (P = 0.028, 95% CI: -1.49 to -0.25). Moreover,
a tendency towards 14-3-3¢ protein down-expression was
also observed in early-onset compared to late-onset GC (P
= 0.052, 95% CI: -0.69 to -0.05).

The 14-3-3¢ mRNA level was reduced in early GC
compared to advanced GC (P = 0.046, 95% CI: -1.41
to -0.16) and tended to present reduced levels with less
invasive tumors (P = 0.052, 95% CI: -1.40 to -0.13). In
contrast, these observations were not observed for protein
level.

Concerning the 14-3-3¢ protein, we observed that the
diffuse-type GC presented reduced expression compared
to intestinal-type GC (P = 0.024, 95% CI: 0.12-0.65).
However, a significant difference was observed between
non-neoplastic gastric tissues and intestinal-type GC (P =
0.045, 95% CI: -1.55 to -0.29) and diffuse-type GC (P =
0.024, 95% CI: -2.22 to -1.14).

DISCUSSION

Cancer cells have defects in regulatory circuits that gov-
ern normal cell proliferation and homeostasis””. The
14-3-3 proteins continue to generate intense interest due
to their roles in signal transduction pathways that control

(4 9

_gu;ﬁfm,@ WJG | www.wjgnet.com

cell cycle checkpoints, mitogen-activate protein kinase
activation, apoptosis, and regulation of gene expression.
14-3-3 stabilizes non-native conformations of bound
ligands to promote their interactions with downstream
targets, or facilitates their subsequent modification by ki-
nases and phosphatases''”,

In the present study, we evaluated the 14-3-3¢ mRNA
and protein expression in gastric carcinogenesis. To the
best of our knowledge, no study has evaluated 14-3-3¢ ex-
pression in this neoplasm. Here, we observed that 14-3-3¢
protein expression was reduced in GC samples compared
to matched non-neoplastic gastric tissue. Low expression
of 14-3-3g¢ has also been reported in small cell lung can-
cer™, laryngeal squamous cell carcinoma®, and medullo-
blastoma™, suggesting a tumor suppressor function. The
reduced 14-3-3¢ expression may be in part due to the loss
of its locus (17p13), which is a common finding in gastric
tumors of individuals from the studied population'”.

Little is known about the role of 14-3-3¢ in carcinogen-
esis. One of the major partners of 14-3-3¢ is the CDC25
protein. CDC25 protein is virtually inactive during inter-
phase, but undergoes a strong activation at mitosis due to
phosphorylation of its N-terminal regulatory domain®”
14-3-3¢ acts as a negative regulator of CDC25"*, The
overexpression of CDC25 proteins has previously been
described in GC™. Thus, the reduced expression of
14-3-3¢ in GC cells may enhance the ability of CDC25 to
induce mitosis, contributing to the gastric carcinogenesis
process.

Several classification systems have been desctibed for
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GC. According to the Laurén classification, one of the
most used, gastric adenocarcinoma is classified mainly
into intestinal and diffuse types™. Intestinal-type GC pro-
gresses through a number of sequential steps, beginning
with atrophic gastritis followed by intestinal metaplasia,
intraepithelial neoplasia, and carcinoma"”. In contrast, dif-
fuse-type GC generally does not evolve from precancer-
ous lesions™™), In the present study, we observed that the
expression of 14-3-3¢ protein was lower in diffuse-type
than in intestinal-type GC, confirming that these two his-
tological GC subtypes follow different genetic pathways
and may be two distinct entities”.

MYC deregulation is a frequent finding in GC". More-
over, MYC immunoreactivity seems to be more frequently
detected in intestinal-type than diffuse-type GC™*. Gene
amplification is the main mechanism of MYC deregula-
tion in GC™, and we have previously described a higher
frequency of MYC locus amplification in intestinal-type
than diffuse-type GCHH, Interestingly, one of the MYC
target proteins is CDC25, which is negatively regulated by
14-3-3¢. A correlation between MYC and CDC25 has pre-
viously been reported in GC™. Here, we hypothesize that
the relative increase of 14-3-3¢ in the subset of tumots of
the intestinal-type may be a compensatory mechanism to
control the increase of cell proliferation due to MYC and
CDC25 action. Moreover, MYC overexpression also in-
duces the production of reactive oxygen species, which may
lead to double-stranded DNA breaks and point mutations
resulting in genomic instabi]itym. Thus, the relative increase
in 14-3-3¢ in the intestinal-type GC may be also a compen-
satory response to other oncogenic mutations accumulated
in cancer cells, which lead to genomic instability and initi-
ate a DNA damage check-point in cells that contain some
functional p53 alleles, as already proposed for other 14-3-3
isoforms!.

Here, we also described a decrease in 14-3-3¢ expres-
sion in early-onset compared to late-onset GC. Early-
onset GC is observed in < 10% of GC patients, and only
10% of these patients have a positive family history”",
Most young patients present at an advanced clinical stage
similar to elderly patients, so the prognosis in both age
groups is poor. However, early-onset GC shows different
clinicopathological and molecular profiles compared to
late-onset GC, suggesting that they represent a separate
entity within gastric carcinogenesis, with genetic factors
probably presenting a more important role in early-onset
GC parjentsHs’SOJ. 14-3-3¢ deregulation may have a direct
or indirect function in eatly-onset GC because this pro-
tein interacts with several others.

In addition, no correlation was observed between
14-3-3¢ mRNA and protein expression, corroborating a
previous study of laryngeal squamous cell carcinoma™.,
The lack of correlation between 14-3-3g protein and
mRNA expression patterns indicates the post-translational
regulation mechanism involved in this protein expression,
and highlights the complexity of the relationship between
protein and mRNA expression.
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In conclusion, our data suggest that, for the first time,
reduced 14-3-3¢ may have a role in gastric carcinogenesis,
mainly in diffuse-type and early-onset GC. Moreover,
further investigations are necessary to understand which
proteins interact with 14-3-3¢ in these subtypes of GC.
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ous public health problem due to its high incidence and mortality, little is known
about the molecular events involved in gastric carcinogenesis.

Research frontiers

GC, as with other neoplasms, is a multifactorial disease that results from a
combination of environmental factors and the accumulation of generalized and
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