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Background: Oxaliplatin is a crucial chemotherapy drug that plays an important role in colorectal cancer and oral cancer
treatment. However, the molecular mechanism of oxaliplatin in killing tongue squamous cell cancer cells is still
unknown. This paper investigates the mechanism of by which oxaliplatin regulates tongue squamous cell car-
cinoma Tca8113 cell survival and death.

Material/Methods: Tca8113 was treated with 1 pmol/L oxaliplatin for 24 h. Tca8113 cell proliferation and apoptosis were deter-
mined by MTT method and flow cytometry, respectively. Western blot was applied to detect receptor-interact-
ing protein kinase 1 (RIP1) level. Tca8113 was transfected with siRNA RIP1 and then treated with 1 pmol/L ox-
aliplatin, and the cell apoptosis was detected.

Results: We found that 1 pmol/L oxaliplatin could inhibit Tca8113 cell growth (cell survival rate was 19.3%), reduce mi-
tochondrial membrane potential (reduce 82.3%) and phosphatidylserine eversion (positive rate was 62.7%),
and activate caspase-3 (increased 2.6 times). We also found that 1 pmol/L oxaliplatin treatment could increase
RIP1 expression in Tca8113 cells. Cell apoptosis rate increased after sSiRNA RIP1 and 1 pmol/L oxaliplatin treat-
ment (apoptosis rate was 90.2%).

Conclusions: Down-regulating RIP1 promotes oxaliplatin induced Tca8113 cells apoptosis.
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Background

Oxaliplatin is a crucial chemotherapy drug that plays an im-
portant role in colorectal cancer and oral cancer treatment.
However, the molecular mechanism of oxaliplatin in killing
tongue squamous cancer cells is still unknown [1,2]. Previous
studies demonstrated that oxaliplatin could kill cancer cells
through induction of apoptosis of tongue squamous cells [1,2].
However, the mechanism by which oxaliplatin exert its func-
tion on the induction of apoptosis is still unknown as is the
molecule involved in this process.

The main target of oxaliplatin is protein kinase, such as Ras,
Raf, and receptor-interacting protein kinase 1 (RIP1), which is
an important protein kinase in apoptosis [3], necroptosis [4],
autophagy [5], and NF-kB signaling pathway [6]. Research has
shown that knockdown RIP1 level can enhance oxaliplatin-in-
duced apoptosis of oral cancer cell KB [6] and gastric cancer
cells [7]. Further studies showed that RIP1 could activate cas-
pase, leading to caspase-dependent apoptosis [3,6]. However,
the molecular mechanism of oxaliplatin in killing tongue squa-
mous cell cancer is still unknown. This study investigated the
mechanism of oxaliplatin in regulating tongue squamous cell
carcinoma Tca8113 survival and death.

Material and Methods

Reagents

We purchased 3-(4,5-dimethyl-2-thiazolyl)-2,5-diphenyl-2-H-
tetrazolium bromide (MTT), Escort™ Transfection Reagent, and
RIP1 primary antibody from Sigma. Tetramethylrhodamine eth-
ylester (TMRE), FITC-Annexin-V, caspase-3, and caspase-8 ac-
tivity detection kits were bought from Beyotime Biotechnology
Co., LTD (Haimen, China). RIP1 siRNA was designed and syn-
thesized by Genepharma (Shanghai, China). The sequence
was: RIP1 siRNA 5’-GGGATTTTCCGGGAATTT-3’, negative con-
trol 5’-AAATATTCCGAATAATTT-3’. DMEM medium and fetal bo-
vine serum were from Dingguo Biological Technology Co., LTD
(Beijing, China).

Cell culture

Tongue squamous cell carcinoma Tca8113 was bought from
the American Type Culture collection (ATCC). The cells were
maintained in DMEM medium (containing 10% FBS, 100 U/ml
penicillin, and 100 pg/ml streptomycin) at 37°C and 5% CO,.
Cells in different groups were treated by 1 pmol/L oxaliplat-
in or DMSO for 24 h.
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Transfection

RIP1 siRNA at 50 nM was mixed with transfection reagent at
room temperature for 20 min, then they were added to the
cells and incubated for 24 h for the following experiments [8].

MTT assay

Cell survival and growth was determined by MTT method [9].
Cells at 10 000 cells/well in 96-well plate were cultured for
24 h, and then MTT solution was added to each well and cul-
tured at 37°C and 5% CO, for 4 h. After adding 160 pl DMSO
for 8 min, the absorbance (OD) value of each well was detect-
ed by microplate reader at a wavelength of 490 nm to calcu-
late the cell proliferation rate.

Flow cytometry

TMRE and FITC-Annexin-V were used to detect Tca8113 cell
apoptosis [10,11]. We resuspended 80 000 cells in 250 pl
Annexin V-FITC binding buffer, and 5 pl Annexin V-FITC reac-
tion liquid was added and incubated at room temperature away
from light for 20 min. The cells were detected on a flow cytom-
etry instrument with the exciting and absorbed wavelength as
488 nm and 625 nm, respectively. Mitochondrial membrane
potential detection was as follows: the cells were incubated
in 10 pmol/L TMRE at room temperature away from light for
20 min and measured by flow cytometry.

Western blot

The cells were digested with lysis buffer as previously report-
ed [12]. Total protein was separated by denaturing 10% SDS -
polyacrylamide gel electrophoresis. Detection was performed
with chemiluminescence and calculated with Quantity One.

Caspase-3 activity detection

Caspase-3 activity was tested by use of a kit, following the
manual [13]. Cell lysis was added to the cells and incubat-
ed for 10 min at 4°C. After adding the substrate for 5 min at
room temperature, the plate was read on a microplate read-
er at 560 nm wavelength.

Statistical analysis

All statistical analyses were performed using SPSS18.0 soft-
ware (Chicago, IL). Numerical data are presented as means and
standard deviation (+SD). Differences between groups were
analyzed using one-way ANOVA. P<0.05 was considered as a
significant difference.
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Figure 1. Oxaliplatin inhibits Tca8113 cell proliferation. After
treatment of Tac8113 cells by oxaliplatin, MTT assay
was used to evaluate the effect of oxaliplatin on the
proliferation of Tac8113 cells.

Results

Oxaliplatin inhibits Tca8113 cell proliferation

We first tested oxaliplatin’s impact on tongue squamous cell
carcinoma Tca8113 cells proliferation. We used 3 different con-
centrations — 0.1 pmol/L, 1 pmol/L, and 10 pmol/L - and found
no obvious apoptosis under the concentration of 0.1 pmol/L
and 100% apoptosis under 10 pmol/L. Therefore, we chose the
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concentration of 1 pmol/L. As shown in Figure 1, oxaliplatin
treatment significantly inhibited Tca8113 cells growth. Tca8113
cells survival rate decreased to 19.3% after 1 pmol/L oxalipla-
tin treatment. Oxaliplatin could restrain Tca8113 cells growth.

Oxaliplatin induces Tca8113 cell membrane potential
reduction

We then detected oxaliplatin’s effect on Tca8113 cell mito-
chondrial membrane potential. As shown in Figure 2, oxali-
platin treatment significantly decreased Tca8113 cells mito-
chondrial membrane potential by 82.3%. The results suggest
that oxaliplatin may cause apoptosis in tongue squamous can-
cer Tca8113 cells.

Oxaliplatin induces Tca8113 cell apoptosis

As shown in Figure 3, oxaliplatin could cause phosphatidylser-
ine eversion in Tca8113 cells, with the positive rate as 62.7%,
revealing that oxaliplatin may cause Tca8113 cells apoptosis.

Oxaliplatin activates Caspase-3 in Tca8113 cells

As shown in Figure 4, Tca8113 cells underwent caspase-3 ac-
tivation under the effect of oxaliplatin, and the caspase ac-
tivity increased by 2.6 times. However, under the same con-
dition, caspase-8 was not activated. The results suggest that

Figure 2. Oxaliplatin induces Tca8113 cell
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Figure 4. Oxaliplatin activates Caspase-3 in Tca8113 cells.
Tac8113 cells were treated with oxaliplatin and ELISA
was used to evaluate the effect of oxaliplatin on
caspase-3 activation in Tac8113 cells.

oxaliplatin can cause tongue squamous cancer cells Tca8113
cells apoptosis.

Oxaliplatin up-regulates RIP1 expression in Tca8113 cells
Western blot was applied to detect of oxaliplatin effect on

RIP1 expression in Tca8113 cells. As shown in Figure 5, RIP1
expression increased after oxaliplatin treatment.
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Figure 5. Oxaliplatin up-regulates RIP1 expression in Tca8113
0 Control Oxaliplatin cells. Western blot was used to evaluate the effect of
oxaliplatin on the expression of RIP1 in Tca8113 cells

after treatment with oxaliplatin.

Down-regulating RIP1 promotes oxaliplatin induced
Tca8113 cell apoptosis

As shown in Figure 6, RIP1 expression level decreased after siR-
NA transfection protein kinase 1 (RIP1) of siRNA, while oxalipl-
atin treatment further induced caspase-3 activation. The cell
apoptosis rate (phosphatidylserine eversion rate) was 90.2%.
The results indicate that down-regulating RIP1 could promote
oxaliplatin-induced Tca8113 cells apoptosis.
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Figure 6. Down-regulating RIP1 promotes oxaliplatin-induced Tca8113 cell apoptosis. Tac8113 cells were transfected by siRNA RIP1
or siRNA control followed by treatment with oxaliplatin. Western blot was used to evaluate the effect of oxaliplatin on RIP1

expression and apoptosis of Tca8113 cells.

Discussion

Oxaliplatin is an important anti-cancer drug in clinical use [1,2].
Studies have shown that the RIP1siRNA could enhance the oral
cancer cell KB apoptosis induced by oxaliplatin [6]. We inves-
tigated oxaliplatin’s effect on tongue squamous cancer cell
Tca8113 growth and apoptosis.

First, we investigated oxaliplatin’s effect on Tca8113 surviv-
al. The results showed that oxaliplatin significantly inhibited
Tca8113 cells growth, which is consistent with previous reports.
Then, we studied the role of oxaliplatin in inducing Tca8113
cells apoptosis. Flow cytometry and Caspase-3 activity detection
results revealed that oxaliplatin may cause Tca8113 cells mito-
chondrial membrane potential reduction, phosphatidylserine
eversion, and Caspase-3 activation. It suggested that oxalipla-
tin can induce Tca8113 cell apoptosis, which is consistent with
previous results [14,15]. These results suggest that oxaliplatin
might exert its anti-cancer effect through induction of apopto-
sis of Tca8113 cells, which needs to be confirmed in further in
vivo studies. On the other hand, multiple results exhibited that
Tca8113 showed more sensitivity to oxaliplatin compared with
oral cancer cell KB. This may be because different cells show
different sensitivity to the same chemotherapy drugs [16-18].

The main target of oxaliplatin is protein kinase, such as Ras,
Raf, and receptor-interacting protein kinase 1 (RIP1). Receptor-
interacting protein kinase 1 (RIP1) is an important protein ki-
nase in apoptosis [3], necroptosis [4], autophagy [5], and NF-xB
signaling pathway [6]. Research has shown that knockdown
RIP1 level can enhance oxaliplatin-induced oral cancer cell KB
apoptosis [6]. Further studies showed that RIP1 could acti-
vate caspase, leading to caspase-dependent apoptosis [3,6].
Therefore, in this study, we chose RIP1 as the target. We spec-
ulate that oxaliplatin might induce cell apoptosis through af-
fecting caspase-3 activation, either directly or indirectly.

There are 2 types of apoptosis: death receptor-mediated exter-
nal signaling pathway [19,20] and mitochondria-mediated sig-
naling pathway [21,22]. We investigated the specific pathway
during oxaliplatin-induced Tca8113 cells apoptosis. Death re-
ceptor-mediated external signaling pathway and mitochondri-
al-mediated internal signaling pathway induced different cas-
pases. The former mainly causes caspase-8 activation, while
the later mainly activates caspase-3/7. Our results show that
oxaliplatin could activate caspase-3 but not caspase-8, reveal-
ing that oxaliplatin-induced Tca8113 cells apoptosis is mainly
through the mitochondrial internal signaling pathway. This is
consistent with previous research [19,21]. These results were
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consistent with previous studies, suggesting that mitochon-
dria-induced cell apoptosis might be another pathway for in-
tracellular cell apoptosis.

RIP1 plays an important role in apoptosis [3], necroptosis [4],
autophagy [5], and NF-kB signaling pathway [6]. RIP1 siRNA can
enhance oxaliplatin-induced oral cancer cell KB apoptosis [3].
We used RIP1 siRNA knockdown RIP1 expression in Tca8113
cells, and treated them by oxaliplatin. We found that Tca8113
cell apoptosis rate increased, suggesting that down-regulating
RIP1 expression can promote Tca8113 sensitivity to oxaliplatin.

Our results suggest that further investigation of oxaliplatin
should focus on the following aspects: firstly, collecting clinical
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