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ABSTRACT

Background: SIRT4 is among the few characterized sirtuin groups of nicotinamide adenine dinucleotide-
dependent enzymes base in the mitochondria which facilitates several significant processes at the cellular level
including stress response, metabolism, and longevity. SIRT4 can suppress and inhibits the growth, proliferation,
and transformation of tumor cells such as colorectal and gastric tumors by suppressing glutamine anaplerosis,
but no research reveals the roles and functions SIRT4 plays in the development of a prostate tumor.

Methods: Overexpression of SIRT4 in prostate cancer cell lines LNCaP was determined using RT-qPCR and
western blot analyses. CCK-8 and transwell analysis were utilized to establish SIRT4 overexpression effects on
cell proliferation and cell invasion respectively.

Results: This study first established SIRT4 overexpression in prostate cancer cell lines LNCaP, functional
experiment such as CCK-8 assay and transwell assay revealed that overexpression of SIRT4 inhibits cell
proliferation and invasion

Conclusions: SIRT4 has a tumor-suppressive function and may serve as a novel therapeutic target in prostate
cancer

Keywords: Cell Invasion, LNCaP cells, Prostate cancer, SIRT4 and Tumour suppressor

I. INTRODUCTION

Prostate carcinoma is among the frequently diagnosed stage of prostate cancer and also, have a higher
cancers globally[1] and also, the second main cause of mortality rate [3]. The incidence of prostate cancer
death of cancer origin among men in the United States increases with age. In 2018, the newly registered
[2]. Compared to white men, African men are more prostate cancer cases in the world accounted for

prone and likely to be diagnosed at the advance approximately 7.1% of all new cancer cases among
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men. Prostate cancer, therefore, remains a major
global health problem exploring the molecular
mechanism of prostate cancer pathogenesis is still very
essential to help develop new and effective treatment
methods for prostate tumors. Sirtuin family consists of
SIRT1-SIRT7[4]. Sirtuin serves a vital function in
different cellular processes such as mitochondrial
biosynthesis, fatty acid oxidation, insulin secretion,
lipid metabolism, cellular stress response, aging, and
apoptosis. It is revealed in a recent report that, the
sirtuin group displays ADP-ribosylase and ADP-
deacetylase activities [5-7]. Out of the 7 member
family of sirtuin, (SIRT1, 6 and 7) have been
established to be situated in the nucleus of the cell
while (SIRT2 and SIRT3) in the cytoplasm and lastly,
those in the cell mitochondrial are (SIRT4 and
SIRT5)[6, 8]. Past genetic studies categorized the
sirtuin family into four different classes. The SIRT4 is
categorized to belong to class II of the sirtuin family
[9]
SIRT4

expression has been found in numerous types of cells

Compare with other sirtuin families,
such as liver, testis, striated muscles, kidney vascular
smooth muscle, and f cells of the pancreas[10]. The
activity of the SIRT4 sirtuin family group is located on
ADP-ribosyltransferase instead of NAD-+-dependent
deacetylase activity[11]. A few research have reported
that SIRT4 is involved in a vital role to regulate
cellular ~metabolism and maintains
stability[12].

Other reports indicated that the inhibition of

genomic

glutamine catabolism is regulated by SIRT4 following
DNA damage.[13, 14]. The flux of damage DNA is
elevated through the pathway of pentose phosphate
and declines the update of glutamine and the
intermediates of TCA cycle levels. Glutaminase in the
mitochondrial can catabolize glutamine to glutamate
through the activities of mitochondrial GDH and AST
[15]. A previous study showed that damage DNA
induces the glutamine metabolism and anaplerosis by
SIRT4 ADP-ribosylation and GDH inhibition[16].
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Even though, the expression of SIRT4 in some cells
and tissue is up-regulated following DNA damage, in
several kinds of tumor cells the expression of SIRT4
was also found to be down regulated[17]. Reduction in
expression of SIRT4 leads to elevation of glutamine-
dependent proliferation and stress-induced genetic
instability, leading to a tumor with a phenotypic
pattern. Lack of SIRT4 in a damaged DNA delayed in
DNA repair as increase chromosomal
SIRT4

spontaneously preserve the damage of cells[18]. Other

well as

aneuploidies demonstrating that could
studies indicated that mice expressing no SIRT4
spontaneously develop lung cancer [12,19].

In addition to the above, it has been established in
current studies that, overexpression of SIRT4 in
colorectal tumor cells caused an elevated expression of
E-cadherin thereby impeding proliferation, migration,
and invasion of colorectal tumor cells this is due to the
function of SIRT4 as an inhibitor of glutamine
catabolism. It was further established that, as the
colorectal cancer invasion advances the expression
level of SIRT4 becomes lower[20].

A recent report also indicated that glutamine
supplementation promoted by the mammalian target
of the rapamycin complex 1 (mTORC1) activates
GDH, which requires SIRT4 transcriptional
repression. Precisely, mTORCI inhibits SIRT4 by
destabilizing the connection of the cAMP-sensitive
element 2 (CREB2). Besides, leucine is a key regulator
of mTORC1 and SIRT4 can control its activity by
reducing intracellular leucine levels [21]. Therefore,
SIRT4 is an essential part of the DNA damage response
which the

obstruction of glutamine metabolism, cell cycle, and

pathway, can regulate metabolic

tumor suppression.

Furthermore, a clinical meta-analysis showed that
the expression of SIRT4 mRNA was down-regulated
in several malignant tumors and SIRT4 down-
regulation was closely correlated with numerous
tumors such as breast, and

aggressive gastric,
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colorectal cancers[6, 20, 22]. The role of SIRT4 is,
however, completely unknown in prostate tumors.

In this research, we established the expression of
SIRT4 and assessed the significant roles of SIRT4 in
suppressing LNCaP prostate cancer cell lines by
impeding cell proliferation and invasion providing
information about the possibility of considering SIRT4

as a new treatment target of prostate tumor.

II. METHODS AND MATERIALS

Cell lines and culture

LNCaP prostate tumor cell lines and normal prostate
cell lines RPWE-1 were acquired from the cell bank
of the Chinese Academy of Sciences (Shanghai,
China). Cells were cultured in RPMI-1640 and KSM
(Gibco, Grand Island, NY, USA)
comprising 100 U / ml penicillin, 10% fetal bovine
serum (FBS), 100 pg/mL streptomycin and 200 pM L-
Glutamine (Gibco, USA), the cells were cultured at
37°C incubator with 5% CO2.

Plasmid and cell transfection

serum media

Plasmids containing SIRT4 were acquired from the
Biological Engineering Co., Ltd. (Shanghai, China).
The expression of SIRT4 was first determined in
LNCaP and RPWE-1 cells using standard molecular
techniques with an empty vector as control. The
following forward and reverse sequences of SIRT4
were used:

forward: 5-AAGAGTTACAGCGCTTCATCACC-3’
and reverse: 5’5CGATTGCAATACTGAACATTGG-3'.
Lipofectamine 3000 (Thermo Fisher Scientific, Inc.,
Waltham, MA, USA) was used in transfection. To
generate stably transfected cells, the modified eagle
medium (Opti-MEM) was changed to RPMI-1640
medium, which contained 100 pg/ml streptomycin, 10%
fetal bovine serum, 100 U/ml penicillin, and 200 pM
of L-glutamine (Gibco, USA). The transfected cells
were cultured in an incubator with 5% CO: at 37°C.
Following transfection for 48 hours, SRT4 expression
was established by RT-qPCR and Western blot.
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RNA extraction and qRT-PCR

TRIzol reagent (Invitrogen; Thermo Fisher
Scientific, Inc.) was used to extract total RNA from
the cells base on the instructions from the

manufacturer. For RNA extraction. Prime Script RT
Master Mix (Takara, Japan) was used to reverse
transcribedl pg cDNA base on the instructions from
the manufacturer. Then, qRT-PCR was done using
QuantStudio with SYBR green. Expression of Relative
mRNA was normalized against GAPDH and the
2-AACt method was used to analyze the relative
expression level.
Western blot analysis

According to the manufacturer's instructions, total
protein was extracted using RIPA buffer (Beyotime,
Suzhou, China). Bradford test [23] was used to
measure the concentration of protein. 10% SDS-
PAGE gel electrophoresis was used to separate an
equal quantity of protein samples which were then
transferred to the nitrocellulose filter membrane
(EMD Millipore, Billerica, MA, USA). 5% skim milk
mixed in 1xTBS containing 0.05% Tween-20 was used
to block the membrane for 1 hour at room
temperature. The following target antibodies PSA
ABclonal (Wuhan, China), P53, GLUD-1 MTOR-1
(Abcam) and GAPDH (Sigma, USA) were used to
incubate the membrane overnight at 4 ° C. After that,
it was washed 3 times with 1 x TBST, and then placed
in horseradish peroxidase-conjugated secondary
antibody (Sigma, USA) at room temperature for 1
hour, and then washed with 1 x TBST again for 10
minutes. An enhanced chemiluminescence system
instructions from the

was used base on the

manufacturer to visualize the specific protein bands.

CCK-8 assay

To detect SIRT4 overexpression effect on cell
proliferation, CCK-8 analysis was done base on the
the

transfection for48 h, cells were collected and seeded

instructions from manufacturer. Following

into 96-well plates at a density of 4 x 10° well-! and
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placed in an incubator at 37°C using 5% CO:2 for 0, 24,
48, and 72h. Afterward, 20pL of CCK8 reagent
Biological Engineering Co., Lt (Shanghai) was added
to each well of the SIRT4 overexpression group and
control group, and the plate was placed back in the
incubator for additional 2hours. Multiplate reader
(BioTek, Winooski, VT, USA) was utilized to measure
the absorbances at 450nm. Finally, Excel and
GraphPad 6.01 were used to analyze half-maximal
inhibitory concentration (IC50) values and draw IC50
curves.

Transwell assay

To establish the effect of SIRT4 overexpression on cell
invasion, Transwell analysis was carried out using a
Transwell chamber (Corning, NY, USA) base on the
instructions from the manufacturer. 15 uL Matrigel
(Corning) was used to coat the Transwell inserts.
1x 10 cells were seeded into the upper chamber of
the transwell after transfection which contained
200 uL. RPMI-1640 serum-free medium and 600 pL of
RPMI-1640 comprising 200pM L-Glutamine, 10%
FBS, 100 pg/mL streptomycin and 100 U/ml penicillin
was added to the lower chamber of the transwell and
then placed in an incubator for 24 h with 5% CO2at
37 °C. All cells in the upper chamber were removed
using cotton swabs. 4% (v/v) PFA was used to fix the
cells that crossed the filter and stained using 0.1%
(w/v) crystal violet. The cells were incubated again at
a temperature ranging from 20-25 °C for 20 minutes.
Finally, the cells were taken randomly from 6 fields
counted and analyzed with an inverted microscope

(Leica Microsystems).

III. RESULTS AND DISCUSSION

RT-qPCR of SIRT4 gene expression in prostate tumor

cells and Normal prostate cells
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Relative mRNA levels
of SIRT4

NORMAL LNCaP

Fig. 1 The expression of SIRT4 gene was considerably lower in
LNCaP prostate cancer cells compared to the normal prostate cell
(RWPE-1). ."P<0.05.

RT-qPCR of SIRT4 gene over-expression in LNCaP

cells

#* Em SIRT4
CONTROL

Relative mRNMNA levels
of SIRT4

SIRT4

CONTROL

Figure 2 SIRT4 gene was transfected in the SIRT4 group of the
LNCaP cell lines and empty vector as a control group for 48h. The
expression level in both groups was analyzed using RT-qPCR.
SIRT4 gene significantly overexpressed in the SIRT4 group
compare to the control. **P<0.01

Growth of LNCaP cells after 48hours of transfection
with overexpressed SIRT4 gene
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SIRT4 Control

Fig 3. The number of LNCaP cells in the SIRT4 overexpressed
group considerably declined compared to the control group. Also,
the cells in the overexpressed SIRT4 group looks more round and
triangular compare to the control.

Effect of SIRT4 overexpression on cell proliferation.

LNCaP

= CONTROL

w
M

- SIRT4

OD450 (nm)
~
M

-
M

Figure 4 Cell proliferation was analyzed by the CCK-8 assay. Cells
overexpressing SIRT4 progressively decreased in growth
compared to the control P, <0.05.

Effect of SIRT4 overexpression on cell invasion.
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Transwell assay

CONTROL

I SIRT4
m NC

-
o
N

d
o
1

Relative number
of invaded cells

0.0-

SIRT4

CONTROL

Fig. 5 Transwell analysis was utilized to determine the effect of
SIRT4 on cell invasion. Stained cells that crossed the Matrigel

were observed using a light microscope. The image was

quantified and analyzed using GraphPad 6.0. The overexpressed
SIRT4 group significantly inhibited the number of invaded cells
compared with the control “p, 0.05.

RT-qPCR result of target genes

The mRNA level of the target gene using qRT-PCR,
genes such as MTOR and GLUD1 mRNA expression

levels were detected

Fig. 6 RT-qPCR results of the target genes; Compared
to the control group, the MTOR gene in the SIRT4
overexpression group was up-regulated * p <0.05.
However, compared to the control group, GLUDI1 in
the SIRT4 overexpression group was down-regulated.
p >0.05.
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B SIRT4

* CONTROL

1- - 1

*

0. [ = |

Relative mRMNA levels
of SIRT4

MTOR GLUD1

Fig. 6 The SIRT4 overexpressed group of mTOR was significantly
Increased in expression compared to the control *p<0.0],
However, the SIRT4 overexpressed group of GLUDI was
significantly decreased compared to the control “p<0.05.

Western blot result of target proteins related to SIRT4

The following targeted proteins MTOR and GLUDI
with GAPDH as housing keeping protein were
detected. mTOR protein was significantly up-
regulated in the overexpressed SIRT4 group compare
to the control group, However GLUDI protein was
downregulated in the overexpressed SIRT4 group
compare to the control group indicating consistent

expression at both the nucleic acid and protein levels.
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Western blot
A mTOR GILD1

5

- &

SIRT4 CONTROL

SIRT4  CONTROL

Hm SIRT4
2.5

*k
2.0 T
1.5
*
1.0 —_
0‘5— '
0.0- T T

GLUD1

CONTROL

Relative protein
levels

MTOR

Fig. 7 Western blot result of target gene-related to SIRT was
detected using western blot. The relative protein levels in control
and cells overexpressing SIRT4 were analyzed. Data indicate
mean = sd. of at least three independent experiments
mTOR™p<0.01, and GLUDI"p<0.05.

IV. DISCUSSION

discovered SIRT4 is

downregulated in numerous malignant growth cells

Past reports have that
including gastric and colorectal tumors [24,25] yet the
role of SIRT4 in prostate cancer cell lines has not
been known. To explore the role of SIRT4 in prostate
malignant cells, we first compared the SIRT4
expression in prostate malignant cell lines LNCaP and
normal prostate cell lines RPWE-1 using RT-qPCR.
The expression of the SIRT4 level was significantly
lower in LNCaP cells compared to normal prostate
cells (P<0.05). Transfection was then carried out to
insert SIRT4 plasmid in one group and an empty
vector as a control group in LNCaP cells. The
expression of SRT4 was determined 48 hours after
transfection using RT-qPCR. The expression level of

cells transfected with the SIRT4 plasmid significantly
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increased in LNCaP cells compared to the control (* *
P<0.01).

After transfection, the condition of the cells was also
observed under an inverted microscope to compare
the growth changes of cells in both the SIRT4
overexpressed (SIRT4 OE) group and control. The
number of LNCaP cells in the SIRT4 OE group was
significantly reduced compared to the control group.
The shape of cells in the SIRT4 OE group was also
found to be more round and triangular indicating that
SIRT4 overexpression plays a role in morphological

changes and decreases the number of LNCaP cells.

A recent study showed that overexpression of SIRT4
inhibited  cell
proliferation[24, 25].To determine the function of

in  colorectal tumor cells

overexpressed SIRT4 on prostate cancer cells,

proliferation analyses were carried out in LNCaP cells.

SIRT4 OE group significantly decreased the rate of
cell growth compared to the control. This indicates
that SIRT4 overexpression might play a role in

impeding cell proliferation in prostate cancer cells.

A metastatic complication of a prostate tumor remains
a significant challenge in the treatment of prostate
the

phenotypes of SIRT4 in colorectal cancer was

malignant growth; impact of metastatic

confirmed by substantial inhibition of cell invasion[4].

To establish the effect of SIRT4 overexpression on cell
invasion, Transwell analysis was carried out. The
overexpressed SIRT4 group inhibited the number of
invaded cells compared to the control group. We can
confirm that overexpressed SIRT4 inhibits cell

invasion in prostate cancer cell lines LNCaP.

Recent studies have shown that mammalian targets of
rapamycin complex (mTORC1) promote glutamine
the
repression of SIRT4 required for GDH. To be precise,
mTORCl1 SIRT4 by breaking the

association of cAMP-responsive element-binding 2

supplementation to activate transcriptional
eliminates

(CREB2). Furthermore, leucine is a key regulator of
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mTORCI1 and SIRT4 can control its effect by reducing
intracellular leucine levels.[26]. Therefore, SIRT4 is
an important part of the DNA damage response
pathway, which can regulate metabolic obstruction of
cell
suppression. In this study, the mRNA levels of mTOR

glutamine metabolism, cycle, and tumor
and GLUDI1 expression were determined by RT-qPCR
and western blot. After transfection for 48 h, the
mRNA level of the overexpressed SIRT4 group and
control was analyzed. The overexpressed SIRT4 group
of mTOR was significantly increased in expression
compared to the control **p<0.01. However, the
SIRT4 of GLUDI
significantly decreased compared to the control

“p<0.05.

overexpressed group was

To further assess the activity level of mTOR and
GLUDI1 at the protein level a western blot was
conducted in control and cells overexpressing SIRT4.
Data indicate mTOR*p<0.01, and GLUDI p<0.0b.
The expression levels of both genes at the protein and
nucleic acid levels were consistent with previous
studies indicating that both genes may play a similar

role in prostate cancer.

V. CONCLUSION
This study merely investigated the regulation of SRT4
overexpression in prostate cancer cells, but the
downstream regulation role of SIRT4 in a prostate
cancer cell is not yet clear. The research findings
indicate that SIRT4 can be

overexpressed in prostate cancer cell lines LNCaP,

stimulated to be

SIRT4 overexpression acts as a tumor suppressor by
the
suppression of SIRT4 by target genes may be the

inhibiting cell proliferation and invasion,

underlying  mechanism  of inhabitation of
proliferation and invasion in LNCaP cell lines. In
conclusion, we suggest that SIRT4 may serve as a

novel therapeutic target of prostate cancer.
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