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To investigate the mechanism of receptor-interacting protein 3 on the proliferation, invasion and reactive
oxygen species levels of gallbladder cancer cells induced by tumor necrosis factor alpha. Gallbladder
cancer SGC-996 cells were divided into a control group, a plasmid cloning deoxyribonucleic acid-negative
control group, a plasmid cloning deoxyribonucleic acid-receptor-interacting protein 3 group, a plasmid
cloning deoxyribonucleic acid-receptor-interacting protein 3+tumor necrosis factor alpha group and a
plasmid cloning deoxyribonucleic acid-receptor-interacting protein 3+si-receptor-interacting protein
3 group. Reverse transcription polymerase chain reaction for messenger ribonucleic acid expression
in cells; detection of cell proliferation, invasion and reactive oxygen species in cells by cell counting
kit-8, Transwell and flow cytometry, respectively; detection of receptor-interacting protein 3, matrix
metallopeptidase-9, matrix metallopeptidase-2 proteins in cells (Western blotting method). The expression
of receptor-interacting protein 3 messenger ribonucleic acid was lower in gallbladder cancer cells than
in gallbladder epithelial cells (p<0.05) and lowest in SGC-996 cells (p<0.05). receptor-interacting protein
3 messenger ribonucleic acid, cell survival rate, invasion ability, reactive oxygen species level, receptor-
interacting protein 3, matrix metallopeptidase-2 and matrix metallopeptidase-9 protein were similar in
the control and plasmid cloning deoxyribonucleic acid-negative control groups (p>0.05), while receptor-
interacting protein 3 messenger ribonucleic acid, receptor-interacting protein 3 protein, reactive oxygen
species content were elevated. And cell survival, invasion ability, matrix metallopeptidase-2 and matrix
metallopeptidase-9 protein were decreased in the plasmid cloning deoxyribonucleic acid-receptor-
interacting protein 3 group (p<0.05). Compared with the plasmid cloning deoxyribonucleic acid-receptor-
interacting protein 3 group, receptor-interacting protein 3 protein, reactive oxygen species content were
increased and cell survival, invasion ability, matrix metallopeptidase-2 and matrix metallopeptidase-9
protein were decreased in the plasmid cloning deoxyribonucleic acid-receptor-interacting protein 3+tumor
necrosis factor alpha group and receptor-interacting protein 3 protein, reactive oxygen species content were
decreased and cell survival, invasion ability, matrix metallopeptidase-2 and matrix metallopeptidase-9
protein were increased in the plasmid cloning deoxyribonucleic acid-receptor-interacting protein 3+si-
receptor interacting protein 3 group (p<0.05). Overexpression of receptor-interacting protein 3 inhibited
tumor necrosis factor alpha induced proliferation and invasion of gallbladder cancer cells and promoted
reactive oxygen species levels in tumor necrosis factor alpha induced gallbladder cancer cells and its
mechanism was related to matrix metallopeptidase-2 and matrix metallopeptidase-9 protein expression.
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Gallbladder Cancer (GBC) ranks 6" in incidence
among all gastrointestinal tract tumors. There are
more than 52 800 new patients with GBC in China
every yearl?l. GBC is extremely malignant and prone
torecurrence and metastasis, resulting ina 5 y survival
rate of only 5 % to 15 %P, Currently, radical surgical
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resection is often used to treat GBC in clinical
practice; but the early symptoms are not significant
leading to the best time for surgery is often missed.
Although 10 % of patients with GBC can be treated
by surgery, the treatment effect is still unsatisfactory
due to the high recurrence rate and high chemotherapy
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resistancel®. Therefore, exploring the mechanism of
metastasis and treating GBC is currently a hot spot
of clinical research. Cellular necrosis, a common
mode of death, can mediate multiple modes of death
including organelle swelling, cell membrane rupture
and local inflammatory response due to release of
cellular contents?®. It has been demonstrated that
programmed necrosis is a modifiable mode of death,
among which Tumor Necrosis Factor Alpha (TNF-a)
induced programmed necrosis has been widely
studied by scholars in recent years!®. Receptor-
Interacting Protein 3 (RIP3) is a programmed
necrosis protein with specific serine/threonine kinase
activity. Although its C-segment structure does not
possess a death-related protein structural domain,
RIP3 can exert a regulatory effect on cell death by
sensing changes in the intracellular environment!”.
It was found that when the cytokine TNF-a binds to
TNFR®, it can induce the binding of RIP1 and RIP3,
which contributes to the activation of RIP3 and thus
mediates the development of programmed necrosis.
RIP3-dependent programmed necrosis is engaged in
lots of disease processes, including ischemic injury,
inflammatory diseases and tumors, but little has
been reported about its effect on GBC cell activity™.
Reactive Oxygen Species (ROS) are oxygen-derived
reactive small molecules and numerous studies have
confirmed that ROS are associated with tumors.
Reduced concentrations of ROS in cells can play a
role in promoting invasion and proliferation, while
high concentrations of ROS can promote cell death
by triggering oxidative damage to proteins, lipids,
Deoxyribonucleic Acid (DNA) and Ribonucleic Acid
(RNA)!'. Therefore, in this study, we induced GBC
with TNF-a and investigated the effect of RIP3 on its
activity and ROS level.

MATERIALS AND METHODS
Reagents and instruments:

GBC, NOZ cells (HSRRB, Japan); gallbladder
epithelial GBC-SD cells and GBC SGC-996
cells (Shanghai Cellular Institute, China); RIP3-
overexpressed plasmid cloning (pcDNA-RIP3)
and its pcDNA-Negative Control (pcDNA-NC)
(Gikai Gene Synthesis, China); TRIzol, Reverse
Transcription Polymerase Chain Reaction (RT—
PCR) kit (Chengdu Weike Biotechnology Co.,
Ltd.); RIP3 interference plasmid (si-RIP3)
(Beijing Genesis Biotechnology Co., Ltd.); TNF-a
(Shanghai Biobot Biomedical Ltd.); Cell Counting
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Kit-8 (CCK-8) reagent (Tong Ren Chemical
Research Institute, Japan); transfection reagent
Lipofectamine™ 2000 (Invitrogen, United States
of America (USA)); rabbit anti-human RIP2, Beta
(B)-actin polyclonal antibody (Sigma, USA); RNA
extraction kit (Takara, Japan) and Thermo FC
Enzyme Labeler (Thermo, USA).

Cell culture:

The GBC cell NOZ and SGC-996 and gallbladder
epithelial cell GBC-SD were obtained and cultured
in Dulbecco's Modified Eagle Medium (DMEM)
medium (10 % Fetal Bovine Serum (FBS)). Then,
penicillin-streptomycin double antibodies were
added, with a constant temperature incubator at
37° and the Carbon dioxide (CO,) content was set
at 5 %. The culture medium was changed once in
48 h.

Transfection and grouping:

Logarithmically grown SGC-996 cells were taken
and inoculated in 6-well plates and the cells were
cultured until the fusion reached 80 %-90 % for
transfection. The control, pcDNA-NC, pcDNA-
RIP3, pcDNA-RIP+TNF-a and pcDNA-RIP+si-
RIP3 groups were established. The pcDNA-RIP
group was transfected with RIP3 plasmid (pcDNA-
RIP3); the pcDNA-NC group was transfected
with pcDNA-NC; the pcDNA-RIP3+TNF-a group
was first induced with TNF-a (15 pg/l) and then
transfected with the pcDNA-RIP3 plasmid. The
pcDNA-RIP+si-RIP3 group was transfected with
the pcDNA-RIP3 plasmid and RIP3 interference
plasmid (si-RIP3) into SGC-996 cells; the control
group was not transfected with any plasmid
into SGC-996 cells and no TNF-a was added.
Lipofectamine™ 2000 liposome transfection
reagent instructions were used.

RIP3 messenger RNA (mRNA) expression by
RT-PCR:

Total RNA was extracted after
cell lysis. RIP3 upstream primers:
5'-GGTGTGAACCATGAGAAGTATGA-3";
downstream primers:
5'"-GAGTCCTTCCACGATACCAAAG-3';

B-actin upstream primers:
5'"-ATACAACTGCTCTGGGGTGC-3"
and downstream primers:

5'-GGCCTTCTTGCGAACCTACT-3". The primers
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were transiently centrifuged and deionized water
was added, thoroughly mixed and made into a
100 pmol/l storage solution. The concentration
of the primers was diluted to 10 pumol/l. PCR was
repeated 40 times 24T method to analyze RIP3,
mRNA expression.

CCK-8 for proliferation:

Adjust the density of SGC-996 cells to 1.5x10*
cells/ml and inoculate the cells in 96-well plates.
The cells were cultured with complete DMEM
medium and the medium was incubated at 37° for
48 h, setting the CO, concentration at 5 % and the
cells were incubated with 100 pul of CCK-8 solution
for a total of 1.5 h. The OD values were measured
by an enzyme marker (450 nm).

Transwell assay for cell invasiveness:

Cell suspensions were made from each group of
cells, centrifuged in a centrifuge, washed after
discarding the medium, added to DMEM with
0. 1 % FBS, resuspended, and adjusted to a cell
concentration of 1.5x10% cells/ml. Matrigel was laid
flat in the Transwell upper chamber and sterilized
by Ultra-Violet (UV) light for 6 h; cell suspension
(200 pl) were added to upper chamber and DMEM
(10 % FBS) to lower chamber; incubated at 37°
for 24 h, setting the CO, concentration at 5 %.
Then, the cells and Matrigel remaining in the
upper chamber were scraped off and placed in
formaldehyde solution for fixation; 10 min later,
the upper chamber was stained with crystal violet
(0.1 %). After 10 min, the chambers were washed
and placed with the bottom facing upward. Then,
the chambers were placed under a microscope and
cell invasion ability was analyzed.

ROS level measurement:

1.5x10%ml of SGC-996 cells were inoculated in
6-well plates, each group of cells was digested with
trypsin for 24 h. Dichloro-Dihydro-Fluorescein
Diacetate (DCFH-DA) (10 umol/l) was added, 30
min later, flow cytometry to detect ROS levels.

Western blotting:

Trypsindigestionofcellsand 3,3’-Diaminobenzidine
(DAB) assay for total protein concentration in
cells. An equal concentration of protein solution
was prepared at 2 pug/ml and the corresponding
volume of boiling solution was added at a ratio of
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6:1. Boil for 10 min and store in the refrigerator
(-20°). Take 30 pg of the protein sample, perform
electrophoresis on the sample and transfer it to the
polyvinylidene Difluoride (PVDF) membrane, then
5 % skimmed milk powder was added, 1 h later,
add the primary antibody (1:1000), incubate the
primary antibody at 4° overnight, PVDF membrane
was then washed, add the corresponding secondary
antibody (1:1000) and incubation at 25° for 2 h.

Statistical analysis:

Data analysis using GraphPad Priam 8.0
software. Measurement data were expressed by
mean+standard deviation (X£s). One-way Analysis
of Variance (ANOVA) was used for comparison
among multiple groups and Least Significant
Difference test (LSD-t) was used for pairwise
comparison between groups. p<0.05 represents
significance.

RESULTS AND DISCUSSION

Compared with the GBC-SD cells, RIP3 mRNA
expression in NOZ and SGC-996 cells was reduced
(p<0.05) and the reduction was most pronounced
in SGC-996 cells (p<0.05) (fig. 1A). Compared
with the control group, RIP3 mRNA expression
of the pcDNA-RIP3 group was higher (p<0.05) as
shown in fig. 1B.

Cell survival rates were similar in the control and
pcDNA-NC groups (p>0.05) and decreased in the
pcDNA-RIP3 group (p<0.05). Compared with the
pcDNA-RIP3 group, the cell survival rate was
reduced in the pcDNA-RIP3+TNF-0 group and
increased in the pcDNA-RIP3+si-RIP3 group
(p<0.05) as shown in fig. 2.

Number of cell invasion were similar in the control
and pcDNA-NC groups (p>0.05) and decreased
in the pcDNA-RIP3 group (p<0.05). Compared
with the pcDNA-RIP3 group, the number of cell
invasion was reduced in the pcDNA-RIP3+TNF-a
group and increased in the pcDNA-RIP3+si-RIP3
group (p<0.05) as shown in fig. 3.

ROS content were similar in the control and
pcDNA-NC groups (p>0.05) and increased in the
pcDNA-RIP3 group (p<0.05). Compared with the
pcDNA-RIP3 group, ROS content was increased
in the pcDNA-RIP3+TNF-a group and reduced
in the pcDNA-RIP3+si-RIP3 group (p<0.05) as
shown in fig. 4.
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RIP3, Matrix Metallopeptidase (MMP)-2 and
MMP-9 protein expression were similar in the
control and pcDNA-NC groups (p>0.05), while
RIP3 was elevated and MMP-2 and MMP-9 were
decreased in the pcDNA-RIP3 group (p<0.05).
Compared with the pcDNA-RIP3 group, RIP3
protein expression was increased and, MMP-
9 and MMP-2 were decreased in the pcDNA-
RIP3+TNF-a group and RIP3 was decreased and,
MMP-9 and MMP-2 were increased in the pcDNA-
RIP3+si-RIP3 group (p<0.05) as shown in fig. 5.

Studies show that GBC accounts for more than
90 % of all biliary tract malignancies!'!. This
observation shows that finding effective treatments
for GBC is particularly important for clinical
treatment. Numerous studies have confirmed!'*
that programmed necrosis can mediate the
development of various diseases including ischemic
injury, inflammatory diseases and tumors. RIP3 is
one of the key regulatory proteins of programmed
necrosis and it has been found that the absence
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of RIP3 expression in malignant tumors can help
tumor cells escape programmed necrosis!'3l. In
various tumors, deletion of RIP3 expression can
be caused by elevating the methylation pattern of
the RIP3 promoter region of necrosis factor, which
can exert a promoting effect on tumor cell growth
through defective programmed necrosis. RIP3
induces differentiation of leukemia-initiating cells
by promoting cell death, which in turn exerts an
inhibitory effect on the development of myeloid
leukemia¥. Our study confirmed that RIP3 levels
in GBC cells were lower than those in gallbladder
epithelial cells. Overexpression of RIP3 could
increase RIP3 levels in GBC cells and inhibit
proliferation, invasion and inhibition of RIP3
expression produces an opposite effect, suggesting
that overexpression of RIP3 is important for the
treatment of GBC. It has been demonstrated that
ectopic expression of RIP3 in RIP3-deficient
tumor cells contributes to the inhibition of tumor
growth!"],
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Fig. 1: Comparison of RIPA mRNA expression in cells, (A): Comparison of RIP3 mRNA expression in the gallbladder epithelial cell line GBC-SD
and GBC NOZ and SGC-996 cell lines and (B): Comparison of RIP3 mRNA expression in GBC SGC-996 cells
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Fig. 2: Cell survival rates
Note: *p<0.05, **p<0.01 and ***p<0.001
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Fig. 3: Invasive ability of cells, (A): Transwell assay for cell invasion and (B): Comparison of the cell invasion number
Note: **p<0.01 and ***p<0.001
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Fig. 4: ROS levels in the cells of each group, (A): Detection of ROS levels in cells by flow cytometry and (B): Comparison of ROS levels

Note: ***p<0.001
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Fig. 5: RIP3, MMP-2 and MMP-9 levels in each group of cells, (A): Western blotting of RIP3, MMP-9 and MMP-2; (B): Relative expression of RIP3;
(C): Relative expression of MMP-2 and (D): Relative expression of MMP-9
Note: **p<0.01 and ***p<0.001
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Metastasis of tumor cells depends on the ability
of cells to break through tissue barriers because
tumor cells can secrete many proteases that
provide favorable conditions for the metastasis
of tumor cells through the extracellular matrix
degradation. MMPs are proteases that degrade the
extracellular matrix and play an important role
in tumor metastasis. MMP-2 and MMP-9 have
strong degradation effects on the extracellular
matrix of tumors and can affect tumor recurrence
and metastasis by promoting the migration of
tumor cells!'®, We found that overexpression of
RIP3 inhibited GBC cell invasion, which may be
involved in inhibiting the activation of MMP-2
and MMP-9 proteins.

ROS homeostasis can play an important role
in cellular life activities. ROS can regulate the
biological activity of tumor cells through many
different signaling pathways, including apoptosis,
invasion and proliferation!'”. Under normal
conditions, the metabolism of intracellular ROS
is in dynamic equilibrium and when the redox
balance of cells is disrupted, large amounts of
ROS can be generated, causing apoptosis!'”. Our
study confirmed that overexpression of RIP3
increased ROS levels in GBC cells, suggesting that
overexpression of RIP3 may promote apoptosis in
GBC cells by generating large amounts of ROS.

TNF-a is the most common cytokine in the body,
which is produced in large quantities mainly by
activated monocytes and macrophages, and has a
direct tumor-killing effect. /n vitro experimental
studies have shown that wild-type TNF-a can
shrink or eliminate tumors by killing various
tumor cells!"™. RIP3 expressed by cells after
treatment with TNF-a shifts the cells toward
programmed necrosis. [t has been shown that RIP3
enhances TNF-a-induced programmed necrosis
in NIH3T3 cells and that knockdown of RIP3 in
cells avoids programmed necrosis of cells!’”. Our
study confirmed that compared to the pcDNA-
RIP3 group, the proliferation, invasion ability
and MMP-2 and MMP-9 levels in the pcDNA-
RIP3+TNF-a group were lower and the ROS level
was higher, suggesting that overexpression of
RIP3 could inhibit proliferation and invasion of
GBC cells induced by TNF-a and promote ROS
levels in cells, thus increasing TNF-o mediated
programmed necrosis, which is consistent with the
abovementioned findings.

139 Indian Journal of Pharmaceutical Sciences

In conclusion, overexpression of RIP3 inhibits
proliferation and invasion of GBC cells induced
by TNF-a, and promotes the content of ROS in
GBC cells. The mechanism was related to MMP-2
and MMP-9 protein expression.
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