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Abstract. - OBJECTIVE: The aim of this study
was to determine the underlying effect of STA-
T5A-mediated fatty acid metabolism on the tum-
origenesis of gastric cancer cells.

MATERIALS AND METHODS: The expression
patterns of STAT5A and FASN in gastric cancer
were investigated based on the Cancer Genome
Atlas (TCGA) database and compared be
40 pairs of cancer samples and adjacent ti
The pathological significance of STAT5A i
tric cancer was explored by GESA assay,
the molecular mechanism of STAT5A-medid
FASN expression was investigaig
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CONCLUS ONS: Our results |nd|cate that STA-
bA-dependent FABP5 expression plays a car-

ty acid metabolism, which establishes a new
mechanism for the tumorigenesis of gastric can-
cer cells.
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Although in recent years its global incidence
by declined, gastric cancer is still one

ain reasons for tumor-related death, due
to its poor prognosis’. Recent epidemiological
data®? have shown that obesity was significantly
correlative with the risk of malignant tumors in
the population. Clinical evidence-based medical
research*¢ found that excessive body mass index
(BMI) or excessive waist circumference was one
of the important risks of gastric or esophageal tu-
mors. Although histological staining showed the
fat infiltration in gastric cancer tissues>"¥, the sta-
tus of fatty acid metabolism in gastric cancer and
its molecular mechanism is still confusing, and
there is no study to explore the role of lipid me-
tabolism - on clinical prognosis in gastric cancer.
In mammalian cells, lipid metabolism is
strongly associated with fatty acid binding pro-
teins (FABPs), belonging to the intracellular lip-
id-binding proteins (iLBPs) family and regulating
fatty acid uptake, transport, and metabolism’'".
Studies'”'? have shown that FABP5 was a major
member of the long-chain fatty acid binding pro-
teins in cells and involved in the activation of the
non-classical retinol nuclear receptor PPARJ/S.
Although the mechanism was still unclear, ab-
normal expression of FABPS resulted in diseases
such as atherosclerosis of the carotid artery and
coronary arteries, reflecting its important role in
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the cellular fatty acids metabolism'-"*. Interest-
ingly, FABPS5 has been indicated as an oncogene
in mammals and was highly expressed in many
human cancers®. In the MMT V-neu mouse model
of breast cancer, tumorigenesis was often accom-
panied with up-regulation of FABP5'. However,
the development of tumors can be significantly
inhibited by down-regulating FABPS5 in these
mice'”. However, the molecular mechanism of
FABPS5 in tumorigenesis and pathological pro-
cesses in gastric cancer remains unclear.

Signal transduction and transcriptional acti-
vator 5A (known as STATS5A) acts as a nuclear
transcription factor that can be activated by in-
flammatory cytokines or growth factor receptors,
not only functioning in many cellular physio-
logical processes, such as immune response and
inflammation, but also playing a key role in hu-
man cancers'®!"”. Excessive activation of STATSA
caused by self-mutation or hyper-phosphorylation
is a key mechanism for malignant proliferation of
tumor cells in breast cancer or cervical cancer®.
Studies®! have shown that STATSA was involved
in tumor progression by intermediating epitheli-
al-mesenchymal transition. Also, other reseg
es*? have found that high STAT5A expressi

cancer. Although those results reveal the sig
cance of STATS5A in the pathology of tumors,
role of STATSA in gastric cang
studied.
The aim of our study y
expression pattern of SR
functions in gastric ¢ )
i r lipid metab-
olism process pression of
FABPS5, whic i

s of STATSA and
understanding

ines, Reagents, and Antibodies

astric cancer cell lines used in this
udy (MKN28, MKN45, KATOIII, and AGS)
a normal human gastric mucosal epithelial
ine (GSE1) were purchased from American
Typ< Culture Collection (ATCC, Manassas, VA,
USA) and cultured in Roswell Park Memorial In-
stitute-1640 (RPMI-1640) medium supplemented

with 10% fetal bovine serum (FBS; Gibco, Grand
Island, NY, USA), and 1% penicillin-streptomy-
cin (GleO Grand Island, NY, USA). All cells
were negative for rnycoplasma tested widda
MycoProbe Detection Kit (R&D Sysig

mary antibody recogniz
cam, Cambridge, M
Abcam, Cambrid

es and para-cancer tissues
rgery. This investigation was

malin was made into - section (3-5 um) in a par-
affin-embedded state. Then, the deparaffinized
and rehydrated sections were boiled in 10 mM
citrate buffer (pH 6.0) for 5 min for antigen re-
trieval. 3% hydrogen peroxide in methanol was
used to inactivate endogenous peroxidase for 10
min at room temperature, followed by blocking
with 5% bovine serum albumin (BSA). After in-
cubation with primary antibody for 1 h at 37°C,
protein expression in tissues was detected using
diaminobenzidine (DAB) labeled secondary anti-
bodies according to the manufacturer’s protocol.
The staining results were imaged using a Leica
microscope and the expression levels of STATSA
in 40 gastric cancer tissues were scored.

Virus Packaging and Infection

The packaging plasmid pMDLg/pRRE, pC-
MV-VSVG, and the pRSV-REV plasmid contain-
ing specific shRNA targeting STATSA or FABP5
were co-transfected into 293T cells. The super-
natant of the 293T cells containing the virus was
collected and centrifuged at 32000 g to prepare
a concentrated virus suspension. Once infected
with indicated virus for 24 h, MKN28 and AGS
cells were screened with G418 (Geneticin, 800 ng/
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mL) for 1 week to obtain a cell line stably knock-
ing down the targeted gene.

Dual-Luciferase Reporter Gene Assay
Plasmids carrying firefly Luciferase and dif-
ferent-fragments of the FABPS promoter or pGL3
vectors were co-transfected into MNK28 and
AGS cells with plasmid expressing STAT5A and
the plasmid pRL-TK carrying Renilla Luciferase.
After 48 h of transfection, Luciferase activity was
detected using a Dual-Luciferase reporter assay
kit (Promega, Madison, WI, USA) according to
the manufacturer’s instructions. All experiments
were performed in triplicate and the data are ex-
pressed as mean + SD (Standard Deviation).

Quantitative Real-Time PCR Analysis

Total RNA in the tissues freeze in liquid
nitrogen or indicated cells was extracted with
TRIzol reagent (Invitrogen, Carlsbad, CA,
USA) according to the manufacturer’s protocol.
After detecting the quality and concentration of
the extracted RNA by Nano-Drop 2000 system,
2 pg total RNA was reverse-transcribed into
cDNA with a reverse transcriptase kit (T@XO-
BO, Osaka, Japan). The mRNA levels
targeted genes were detected with the

internal reference for ead
used in this study w

Quantification of Triglycerides
and Phospholipids

According to the manufacturer’s instructions,
cellular phospholipid assay kit (Invitroge :
bad, CA, USA) and triglyceride assa
rogen, Carlsbad, CA, USA) were u

as mean = SD.

Clonal Formation
Cells (1000 cel

the medium
fixed with

different cell lines was de-
ounting kit-8 (CCK-8) kit

i 06-well plates for 24 h. The medium was then
vith medium containing 10% CCK-8
d inCW¥bation continued for 1 h. OD450 was
measured using a microplate reader [Multiskan
FC, Thermo Fisher Scientific (Waltham, MA,
USA)]. The measurement was continued for 3
days, and each set of experiments was repeated
3 times.

Mouse Xenograft

5.0x10° stable FABP5-KD or FABP5-KD/
STATSA-OE cell lines and control cells were re-
suspended in phosphate-buffered saline (PBS),
and Matrigel (BD Biosciences, San Jose, CA,
USA) was mixed in samples in a 1:1 ratio (v/v).
The indicated cells were injected subcutaneously

Primers (5’ to 3’, forward/reverse)

GCAGAGTCCGTGACAGAGG/CCACAGGTAGGGACAGAGTCT
TGAAGGAGCTAGGAGTGGGAA/TGCACCATCTGTAAAGTTGCAG
AAGGACCTGTCTAGGTTTGATGC/TGGCTTCATAGGTGACTTCCA
GCTCCTTGTCACCTGCTTCT/CAAGGCCAAGCCATCCTGTA
GGCGCATACATGAAGGAGACCT/AGGTGAAAGCCTTCAGTCCAGC
CTGGACAATACCTCGGAGCC/AACGTCACAAAGAACGCTGC
GGAGCGAGATCCCTCCAAAAT/GGCTGTTGTCATACTTCTCATGG
GAGGAGCAGAAGGTCAGGGAG/CGGGCGAGTCCCTGCTTGCAG

GAPDH mRNA
FABPS promoter
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back of 5 weeks old male BALB/C nude
browth size was measured every
. days when palpable tumor-like products were
gduced (about 4 mm in diameter) and tumor

th curves were plotted. Four weeks later, the
were sacrificed and tumors were harvested

mic
for further analysis. All protocols were approved
by the Institutional Animal Ethics Committee.

survival of patients with gastric cancer was calculated using Kaplan-Meier

D-E, Relative mRNA and protein expression level of STATS5A in

d to GESI1 cells. GAPDH served as endogenous control. F, STATSA mRNA expression
cer tissues (Cancer) and adjacent tissues (Normal). G, STATSA mRNA expression
rades of 40 calfCer samples. H, Representative IHC image show STATSA expression pattern in gastric
cation 100X and 600X). I, Correlation of STATSA expression and BMI was statistically analyzed with

Statistical Analysis

Statistical analysis of the data in this study was
performed using SPSS 21.0 software (Version X;
IBM, Armonk, NY, USA), and plots were drawn
with GraphPad prism 7.0 (Version X; San Diego,
CA, USA). The distribution differences of quanti-
tative data were analyzed with one-way ANOVA
or two-sided #-test, and Bonferroni test was used
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to validate ANOVA for pairwise comparisons.
The relationship between STATSA expression
and BMI was detected by y’-test. p < 0.05 was
considered as statistically significant.

Results

Expression Pattern of STAT5A
in Gastric Cancer

To explore the potential role of STATSA in
the pathogenesis of gastric cancer, the expres-
sion pattern of STATS5A was first analyzed.
The TCGA database showed a raising mRNA
expression level of STATSA in gastric cancer
compared to adjacent tissues (Figure 1A). After
classifying these gastric cancers, it was found
that STATS5A expression increased with the
pathological stages (Figure 1B). Patients with
high STAT5A expression showed worse surviv-
al than those in low STAT5A expressed patients
(Figure 1C). To further validate the expression
pattern of STATS5A in gastric cancer, STATSA
expression was compared in four gastric cancer
cell lines and normal gastric cell lines (Gak
The results showed that STATSA expr@e
in gastric cancer cells was higher than t
GSEl, and STATS5A expressing in MKN28
AGS cells was the most evident.
Further, the expression of STAdl

nalyze the relationship be-
ression and clinical charac-

Pelationship between STATSA ex-
Pression and body mass index (BMI) in gastric
gcer patients (y>-test, p=0.0361; Figure 1H). To

overweight (BMI>25) and high expression of

STATSA in gastric cancer tissues, while 72.5%
(29/40) patients showed consistent feature of BMI
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and STATS5A expression (Figure 11). These results
demonstrated that STATSA expression in gastric
cancer tissues was associated with patient BMI.

STAT5A Function on Fatty Acid
Metabolism in Gastric Cancer 4
Numerous studies?*-* have ingfted the key

is associated with BM
further verify wheth

ure ZB). It is spec-
that STATSA was Mivolved in the regu-
metabolism and combined
olic signaling pathway with
ion in the development and

programming fatty acid metabolism in gastric
gll lines, we examined the expression
; key fatty acid metabolic enzymes en-
riched in the fatty acid metabolism pathway of
GSE69306 in STATS5A knockdown cells, and
the results showed that FASN, ACOX1, CPT1A,
ACCI, and FABP5S mRNA expression levels were
down-regulated in STATSA knockdown MKN28
and AGS cells. Surprisingly, FABPS mRNA lev-
els showed the greatest change, and exogenous
overexpression of STATSA can significantly res-
cue FABPS expression (Figure 2C).

Further, we measured the effect of STATS5A
expression on the content of fatty acids and their
metabolic intermediates in gastric cancer cells.
Our data showed that knockdown STATSA in
MKN28 and AGS cells resulted in a significant
decrease in intracellular triglycerides and phos-
pholipids levels, whereas restoring STATSA ex-
pression increased the levels of triglycerides and
phospholipids in MKN28 and AGS cells (Figure
2D, 2E). Moreover, cellular staining confirmed the
content of neutral lipids in MKN28 and AGS cells
were significantly reduced by silencing STAT5A,
while exogenous expression STATSA restored
the cellular content of neutral lipids to a certain
degree (Figure 2F). These results indicated that
STATSA had a potential effect on the expression
of fatty acid metabolism-related enzymes, which
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Dependent FABP5 Expression

ty Acid Metabolism

Gastric Cancer Cells

o confirm that STATSA has a potential effect
expression of FABPS in gastric cancer cells,
we 1irst explored the relationship of FABPS and
STATSA expressed in gastric cancer. The results
showed that the mRNA expression level of FABP5

in gastric cancer tissues was significantly higher
than that in normal tissues (Figure 3A, Supple-
mentary Table SII). Moreover, the expression lev-
el of FABPS in gastric cancer had a significant pos-
itive correlation with STATSA (Figure 3B). FABP5
expression was significantly downregulated in the
stable STATSA knockdown MKN28 and AGS
cells, but FABPS level was also up-regulated after
exogenous overexpression of STATSA (Figure 3C).
Those disclosed that STATSA can regulate FABP5
expression in gastric cancer cells.
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To explore how STATSA regulated FABPS gene. Truncates of the FABPS5 promoter region
expression in gastric cancer, we tested wheth- were cloned into vectors containing the Lucifer-
er STAT5A bind to the promoter of the FABP5 ase reporter gene (Figure 3D). By measuring the
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gure 3. STAT5A dependent FABPS expression mediates fatty acid metabolism in gastric cancer cells. A, Expression lever
ABP5 mRNA in gastric cancer contract to normal tissues. B, FABP5 co-expressed with STAT5A in gastric cancer based on
tric cancer tissues. C, Relative protein expression of FABPS in the indicated cells. D, FABPS promoter deletions fused to
iferase reporter gene were transfected with STATSA in MKN28 and AGS cell lines. E, ChIP assay was used to examine
the interaction of FABPS promoter with STST5SA in MKN28 and AGS cell lines. F, Relative mRNA expression of FABPS in

the indicated cells. G-H, The levels of phospholipids (G) and triglycerides (H) were measured in the indicated cells. I, The
neutral lipid content was detected by double staining with BODIPY 493/503 dye in the indicated cells (magnification 600 x).
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Fim of the FABPS promoter by ap-
v ox1rnately 300 bp, the reporter gene expression
ensity was significantly reduced (Figure 3D).
gfore, we hypothesized that approximately
300 Op upstream of the FABPS promoter are suf-
ficient as a binding site for STATSA.In addition,
the ChIP-qPCR assay indicated that STAT5A was

lism promotes tumorigenic ability of gastric cancer cells in vitro and in vivo.

able to significantly enrich the 300 bp upstream
of the FABPS gene promoter (Figure 3E). Those
results indicated that STATSA was a transcription
factor of FABPS5 in gastric cancer cells.

To further investigate the effect of STA-
T5A-dependent FABPS transcription on fatty
acid metabolism in gastric cancer cells, we con-
structed a stably knock down FABP5 MKN28
and AGS cell line, and exogenously expressed
STATS5A in this cell line can restore the expres-
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sion level of FABPS to some extent (Figure 3F).
By measuring the levels of fatty acids and their
metabolites in those cell lines, we found that
knockdown FABPS5 significantly down-regulat-
ed the levels of triglycerides and phospholipids
in MKN28 and AGS cells, while restoring STA-
T5A rescued intracellular levels of triglycerides
and phospholipids (Figure 3G, 3H). This result
was consistent with the staining result of neu-
tral lipids in MKN28 and AGS cells (Figure 3I).
These results indicated that STATSA can affect
fatty acid metabolism by regulating the expres-
sion of FABPS in gastric cancer cells.

STAT5A-Regulated Fatty Acid Metabolism
Promotes Tumorigenic Ability of Gastric
Cancer Cells

To assess whether STATS5A-mediated FABP5
expression has an effect on the tumorigenic ca-
pacity of gastric cancer cells via regulating fatty
acid metabolism, we next investigated the effect
of STAT5A-regulated FABPS expression on the
proliferation of gastric cancer cells in vitro. In the
MKN28 and AGS cell lines that have been con-
structed stably knock down FABPS, the Cigk
assay showed that silencing FABP5 signi
ly down-regulated cell viability, but cell
ity increased significantly after overexpres

of STATSA (Figure 4B, 4
results can be inferr

on the tumori-
Y1 vivo. A stable

or model displayed that
only significantly down-

g results indicated that STATS5A-regulated
acid metabolism promotes tumorigenic
ability of gastric cancer cells in vivo via raising
the expression of FABPS.
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Discussion

The association between metabolism and the
development and treatment of cancer hagedans

opment and treatment
explored, which fu

olism was also
the initiation,
cancer?. To,

about lipid me-
ells may be a viable strategy
velopment, progression, and

nd that fatty acid metabolism
cells can also significantly af-

gsregulation of fatty acid binding protein
ificantly reduce the tumorigenic ability
of gastric cancer cells in vivo accompanying with
the reducing content of fatty acids in the cells.
Therefore, in the future, further exploration of
lipid metabolism in gastric cancer will provide a
new dawn for the treatment of gastric cancer.

STATSA was widely recognized as a tu-
mor-promoting gene in tumors*. STATSA has
been recognized as transcription factor that pro-
motes the proliferation, differentiation, and the
pathogenesis of tumors, and this has been empha-
sized in some breast cancer models®. In the WAP-
TAg mouse model of breast cancer, the STATSA
hemizygous mice sufficiently resulted with a less,
smaller, and delayed tumor formation than the
wild type mice**. Furthermore, in a mouse model
overexpressing STATSA, mice were more suscep-
tible to tumors®. These studies indicated that ab-
normal expression of STATSA was an important
factor in the progression of tumor pathology.

In this research, we sought to clarify the spe-
cific function of STAT5A in the pathogenesis of
gastric cancer and its molecular mechanism. We
not only found that STAT5A was up-regulated
in gastric cancer, but STATS5A can significantly
affect the fatty acid metabolism pathway in gas-
tric cancer cells, which was a new discovery of
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STATS5A in the field of cancer research. In addi-
tion, except for fatty acid metabolism pathways,
we also found that STATSA significantly enrich
glucose-related pathways, such as “fructose and
mannose metabolism”, “pentose and glucuronate
interconversions”, and “starch and sucrose me-
tabolism” pathway. This evidence fully demon-
strated the important role of STATSA in the field
of tumor metabolism. In conclusion, a more in-
depth understanding of how STATSA activity is
regulated in gastric cancer will bring new dawn
to the treatment of gastric cancer.

Conclusions

In summary, our study described a novel
mechanism of STAT5A on the fatty acid metab-
olism of gastric cancer. In addition, we demon-
strated for the first time that STATSA can signifi-
cantly affect the tumorigenic ability of gastric
cancer cells by regulating the expression of
FABPS5 in gastric cancer, and confirmed that the
up- regulated STATS5A plays a cancer—promotlng
function in the pathological process of
cancer. Besides, it provides a new pers
for STATSA in cancer research.
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