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Abstract. Platinum‑based drugs, including cisplatin (DDP) 
and oxaliplatin (L‑OHP), are among the most potent chemo-
therapy drugs, and are widely utilized for the treatment of 
human lung and ovarian cancer. However, certain patients 
do not respond to platinum‑based agents, and even those who 
initially benefit from the treatment will eventually exhibit 
resistance to these drugs. Although certain factors have been 
investigated for their potential to predict platinum resistance, 
more effective predictors for the improved management of 
patients with lung and ovarian cancer are required. Tongue 
cancer resistance‑associated protein 1 (TCRP1) is a newly 
identified gene, which was cloned from a multi‑drug resistant 
cell line of tongue cancer. Previous data has shown that TCRP1 
is able to mediate DDP resistance in human oral squamous 
cell carcinoma cells. However, the contribution of TCRP1 to 
the resistance of platinum agents in human lung and ovarian 
cancer cells remains to be elucidated. Our previous study 
showed that TCRP1 expression levels in samples of lung and 
ovarian cancer were significantly increased compared with 
normal controls. In the present study, it was demonstrated that 
TCRP1 contributed to the resistance to DDP and L‑OHP in 
human lung and ovarian cancer cells. Knockdown of TCRP1 
resensitized the cells to the platinum‑based agents. The 
present study identified a positive correlation between TCRP1 
expression and primary resistance to DDP and L‑OHP in lung 
cancer cells. In addition, it was observed that cells treated 
with nuclear factor (NF)‑κB inhibitor BAY 11‑7082 displayed 
increased sensitivity to DDP and L‑OHP. The results of the 
present study suggested that TCRP1 may be associated with 
resistance to DDP and L‑OHP in lung and ovarian cancer cells, 

and the Akt/NF‑κB signaling pathway may be involved in the 
functioning of TCRP1. These findings identify TCRP1 as a 
potential predictor of platinum resistance in the treatment of 
lung and ovarian cancer.

Introduction

Lung cancer is the most common and lethal type of cancer 
worldwide, and ovarian cancer is a leading cause of 
cancer‑associated mortality in women  (1,2). In 2012, the 
estimated global incidence rates for lung and ovarian cancer 
were 23.1 and 6.1 cases per 100,000  individuals, respec-
tively, and the estimated global mortality rates were 19.7 
and 3.7 mortalities per 100,000 individuals, respectively (3). 
Platinum‑based antitumor drugs, including cisplatin (DDP) 
and oxaliplatin (L‑OHP), are typical first‑line agents that are 
used for the treatment of various types of cancer, including 
lung and ovarian cancer, as well as head and neck squamous 
cell carcinoma and lymphoma (4,5). It is generally accepted 
that the efficacy of platinum‑based therapy is modulated by 
drug uptake and efflux, cellular proliferation, DNA adduct 
formation and DNA repair (6). Platinum‑based agents are 
able to form DNA intra‑ and inter‑strand crosslinks, and 
DNA‑protein complexes, which interfere with DNA synthesis, 
RNA transcription, the cell cycle and apoptosis (7,8). L‑OHP 
is a 1,2‑diaminocyclohexane‑containing platinum‑based 
compound that is known to induce a reduced number of DNA 
double‑strand breaks and possess decreased cytotoxicity 
compared with DDP (9,10). However, certain patients do not 
respond to treatment with platinum‑based agents, and even 
those who initially benefit from the treatment will eventually 
demonstrate resistance to these drugs (11,12).

Clinically, drug resistance is divided into natural and 
acquired resistance  (13). Acquired resistance to platinum 
develops during extended periods of treatment with 
platinum‑based agents, while natural platinum resistance 
occurs in cells that have not previously been treated with 
platinum‑based drugs (6). Therefore, predictive factors for 
improved management of lung and ovarian cancer patients 
with natural and acquired platinum resistance are urgently 
required. Although certain predictive markers, including 
excision repair cross‑complementation group 1 (ERCC1) 
and Tau, have been investigated for their potential to predict 
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platinum resistance in lung and ovarian cancer patients, 
more effective predictors require development and investiga-
tion (12,14).

In a previous study, we cloned a novel gene from the 
Tca8113/pingyangmycin (Tca8113/PYM)  tongue cancer 
multi‑drug resistant cell line, which was termed tongue cancer 
resistance‑associated protein 1 (TCRP1) (15). Notably, it was 
observed that TCRP1 contributed to DDP resistance in human 
oral squamous cell carcinoma (OSCC) cells (15‑17). TCRP1 
was reported to interact with Akt, and activation of the phos-
phoinositide 3‑kinase/Akt/nuclear factor (NF)‑κB signaling 
pathway was involved in the functioning of TCRP1 in OSCC 
cells (16,18). It was additionally demonstrated that TCRP1 
has a significant role in the mediation of DDP resistance via 
increased cellular proliferation and decreased apoptosis (15). 
In another previous study, we reported that TCRP1 contrib-
utes to DDP resistance in A549 lung cancer cells, and that 
DNA repair protein polymerase  β (Pol  β) is involved in 
TCRP1‑mediated DDP resistance (19). A previous study inves-
tigated the tissue‑specific expression of TCRP1, and it was 
observed that TCRP1 expression levels in samples of lung and 
ovarian cancer were significantly increased compared with 
normal controls (data not published). However, the participa-
tion of TCRP1 in the resistance to platinum‑based agents in 
human lung and ovarian cancer cells remains to be elucidated.

In the present study, the association between the expres-
sion of TCRP1 and the chemoresistance to DDP and L‑OHP 
was analyzed in human lung and ovarian cancer cells. It was 
demonstrated that TCRP1 contributed to the resistance to DDP 
and L‑OHP in lung and ovarian cancer cells, and knockdown 
of TCRP1 resensitized the cells to platinum‑based agents. 
In addition, the present study identified that the Akt/NF‑κB 
signaling pathway had a significant role in TCRP1‑mediated 
platinum resistance. In summary, the results of the present 
study suggested that TCRP1 may be a potential predictor of 
platinum resistance in the treatment of lung and ovarian cancer.

Materials and methods

Reagents. Platinum‑based agents DDP and L‑OHP were 
purchased from Sigma‑Aldrich (St. Louis, MO, USA). The 
NF‑κB inhibitor BAY 11‑7082 was obtained from EMD Milli-
pore (Billerica, MA, USA).

Cell culture. The A549 human lung adenocarcinoma epithelial, 
A549 DDP‑resistant (A459/DDP), COC1 human ovarian cancer, 
COC1  DDP‑resistant (COC1/DDP), MCF‑7  human breast 
cancer, MCF‑7 5‑fluorouracil (5‑Fu)‑resistant (MCF7/5‑Fu) 
and Tca8113 human OSCC cell lines were obtained from the 
China Center for Type Culture Collection (Wuhan, China). 
The PYM‑induced Tca8113/PYM multidrug resistant cell line 
was previously established by Dr Guopei Zheng at the Cancer 
Research Institute of Central South University (Changsha, 
China) (20). The cells were maintained in RPMI 1640 medium 
(Invitrogen; Thermo Fisher Scientific, Inc., Waltham, MA, 
USA) containing 10% fetal calf serum (Invitrogen; Thermo 
Fisher Scientific, Inc.) at 37˚C in a humidified atmosphere 
containing 5% CO2. To maintain drug resistance, A549/DDP 
and COC1/DDP cells were routinely cultured with an addi-
tional 2 µg/ml DDP, and Tca8113/PYM cells were cultured with 

an additional 100 ng/ml PYM (Harbin Bolai Pharmaceutical 
Co., Ltd., Harbin, China) at 37˚C in a humidified atmosphere 
containing 5% CO2. The cells were additionally cultured in 
drug‑free RPMI 1640 medium 1 week prior to starting the 
experiments at 37˚C in a humidified atmosphere containing 
5% CO2. Histopathological subtypes of 8 human lung cancer 
cell lines, H1299, H1975, H460, H446, SK‑MES‑1, SPC‑A‑1, 
LTEP‑a‑2 and 95D, were obtained from the China Center for 
Type Culture Collection and cultured in RPMI 1640 medium 
containing 10% fetal calf serum at 37˚C in a humidified atmo-
sphere containing 5% CO2.

Western blot analysis. Immunoblotting was performed as 
described previously  (16). Briefly, whole cell lysates were 
prepared with radioimmunoprecipitation assay lysis buffer 
[50 mM Tris‑Cl (pH 7.4), 150 mM NaCl, 1% Triton X‑100, 
1% sodium deoxycholate, 0.1% sodium dodecyl sulfate (SDS), 
1 mM sodium orthovanadate, 10 mM sodium fluoride and 1% 
protease inhibitor cocktail; Thermo Fisher Scientific, Inc.]. 
The proteins were separated by 10% SDS‑polyacrylamide 
gel electrophoresis and transferred onto a polyvinylidene 
difluoride membrane (Thermo Fisher Scientific, Inc.). The 
membrane was blocked with 5% v/w non‑fat milk in 1X phos-
phate‑buffered saline with Tween 20 to prevent non‑specific 
binding, incubated with polyclonal rabbit anti-human TCRP1 
(cat. no. sc-138365; 1:200; Santa Cruz Biotechnology, Inc., 
Dallas, TX, USA), monoclonal mouse anti-human β‑actin 
(cat. no. sc-843; 1:500; Santa Cruz Biotechnology, Inc.), poly-
clonal rabbit anti-human p‑Akt (cat. no. 9275; 1:1,000; Cell 
Signaling Technology, Inc., Danvers, MA, USA), monoclonal 
rabbit anti-human p‑IκB (cat. no. 2859; 1:1,000; Cell Signaling 
Technology, Inc.) and polyclonal rabbit anti-human B‑cell 
lymphoma (Bcl)‑2 (cat.  no.  2876; 1:1,000; Cell Signaling 
Technology, Inc.) primary antibodies and horseradish 
peroxidase-conjugated goat anti-rabbit (cat. no. 7074; 1:2,000; 
Cell Signaling Technology, Inc.) and horse anti-mouse 
(cat. no. 7076; 1:2,000; Cell Signaling Technology, Inc.) IgG 
secondary antibodies and detected with chemiluminescent 
substrate (ECL Western Blotting Detection kit; GE Healthcare 
Life Sciences, Chalfont, UK).

Reverse transcription‑quantitative polymerase chain reac‑
tion (RT‑qPCR). Cellular RNA was extracted from cells using 
TRIzol® reagent (Thermo Fisher Scientific, Inc.). The RNA was 
treated with 2 units DNase I (Thermo Fisher Scientific, Inc.). 
Complementary (c)DNA was synthesized using a First Strand 
cDNA Synthesis kit (Thermo Fisher Scientific, Inc.) according 
to the manufacturer's protocols. The expression levels of glyc-
eraldehyde‑3‑phosphate dehydrogenase, which served as an 
internal control, and TCRP1 were verified by RT‑qPCR using 
the Applied Biosystems 7500 Real‑Time PCR System (Thermo 
Fisher Scientific, Inc.) with the SYBR Green Master Mix 
(Thermo Fisher Scientific, Inc.). PCR was performed under the 
following conditions: 95˚C for 10 min, followed by 40 cycles 
of 95˚C for 15 sec and 60˚C for 1 min. β‑actin was used as 
an internal control. The fold change in relative expression of 
the target gene relative to β‑actin was calculated as described 
previously (16). The following primers were designed using 
Primer3 (primer3.ut.ee/): TCRP1 forward, 5'‑CCA​ATA​GTC​
CCA​GTT​ATG​CTC​CA‑3' and reverse, 5'‑TGC​TTG​GTA​AGT​
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TCG​GTT​CTCG‑3'; and β‑actin forward, 5'‑CTC​ACC​ATG​
GAT​GAT​GAT​ATC​GC‑3' and reverse, 5'‑AGG​AAT​CCT​TCT​
GAC​CCA​TGC‑3'. Primers were synthesized by Invitrogen 
(Thermo Fisher Scientific, Inc.). Experiments were performed 
in triplicate.

Cytotoxicit y assay. The cytotoxicity of DDP and 
L‑OHP in various cell lines was determined by 3‑(4,5‑ 
dimethylthiazol‑2‑yl)‑5‑(3‑carboxymethoxyphenyl)‑2‑(4‑sulfo 
phenyl)‑2H‑tetrazolium assay, as previously described (16). 
The absorbance was recorded at 490 nm using a Synergy 2 
Multi-Mode plate reader (Bio‑Tek Instruments, Inc., Winooski, 
VT, USA). Cell proliferation in the presence of DDP or L‑OHP 
was detected based on the half maximal inhibitory concentra-
tion (IC50) values determined by the dose‑response curve.

RNA interference. The cells were transiently transfected 
with the small interfering (si)RNA sequence against TCRP1 
(5'‑CCG​AGA​ACC​GAA​CUU​ACC​A‑3') and control oligo-
nucleotides, as described previously  (19). Lipofectamine® 
2000 (Thermo Fisher Scientific, Inc.) was used to transfect the 
siRNA into the cells according to the manufacturer's proto-
cols. The expression of TCRP1 was determined by western 
blot analysis.

Statistical analysis. Quantitative values are expressed as the 
mean ± standard deviation. Spearman's rank correlation was 
calculated using SPSS version 13.0 (SPSS Inc., Chicago, IL, 
USA). Student's t‑test was utilized to compare corresponding 

data. P<0.05 was considered to indicate a statistically signifi-
cant difference.

Results

TCRP1 expression is associated with sensitivity to DDP in 
lung and ovarian cancer cells with acquired platinum resis‑
tance. To examine the role of TCRP1 in the acquired platinum 
resistance to DDP in lung and ovarian cancer cells, 4 cell lines 
and their drug‑resistant equivalents were treated with various 
concentrations of DDP (2.5, 5.0, 10.0, 15.0, 25.0  µg/ml). 
IC50 values were determined by dose‑response curve, and 
the mRNA and protein levels of TCRP1 were analyzed. As 
shown in Fig. 1A, the IC50 values of A549/DDP, COC1/DDP 
and Tca8113/PYM cells to DDP were significantly increased 
compared with parental cells (P=0.015, P-0.021 and P=0.039, 
respectively). The results of RT‑qPCR and western blot analysis 
revealed that A549/DDP, COC1/DDP and Tca8113/PYM cells 
expressed a significantly increased level of TCRP1 compared 
with the parental controls (P=0.016, P=0.035 and P=0.041, 
respectively), in terms of the mRNA and protein levels 
(Fig. 1B and C). The present study demonstrated that the 
MCF7 and MCF7/5‑Fu cells were sensitive to DDP treatment, 
and the expression levels of TCRP1 were relatively low in 
these two cell lines (Fig. 1A‑C).

Subsequently, the effect of the siRNA knockdown 
of TCRP1 was detected in TCRP1‑proficient cell lines, 
Tca8113/PYM, A549/DDP and COC1/DDP, and the TCRP1 
siRNA or control was transfected into these three cell lines. 

Figure 1. TCRP1 contributes to DDP resistance in lung and ovarian cancer cells with acquired platinum resistance. (A) IC50 values for DDP were analyzed. 
A549, COC1, Tca8113, MCF‑7 and their relative drug‑resistant cells were treated with various concentrations of DDP (2.5, 5.0, 10.0, 15.0, 25.0 µg/ml), and IC50 
values were determined by dose‑response curve. *P<0.05 vs. control. (B) mRNA expression levels of TCRP1 in A549, COC1, Tca8113, MCF‑7 and their drug 
resistant cells were detected by reverse transcription‑quantitative polymerase chain reaction. *P<0.05 vs. control. (C) Protein levels of TCRP1 in the cell lines 
were analyzed by western blotting. (D) TCRP1 siRNA or scramble control was transfected into Tca8113/PYM, A549/DDP and COC1/DDP cells for 48 h. The 
IC50 values for DDP in the indicated TCRP1 siRNA‑treated cells and controls were investigated. *P<0.05 vs. control. (E) Protein expression levels of TCRP1 
were detected by western blot analysis in the indicated TCRP1 siRNA‑treated cells and controls. TCRP1, tongue cancer resistance‑associated protein 1; DDP, 
cisplatin; IC50, half maximal inhibitory concentration; PYM, pingyangmycin; 5‑Fu, fluorouracil; siRNA, small interfering RNA; si, siRNA‑treated; con, control.
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The cells were treated with the indicated concentrations of 
DDP and the dose‑response curves were analyzed. The IC50 
values for sensitivity to DDP following TCRP1‑knockdown 
in Tca8113/PYM, A549/DDP and COC1/DDP cells were 1.8‑, 
2.3‑ and 2.1‑fold lower compared with the controls, respectively 
(Fig. 1D). These results showed that the knockdown of TCRP1 
increased the sensitivity to DDP in Tca8113/PYM, A549/DDP 
and COC1/DDP  cells (P= 0.037, P=0.022 and P=0.030, 
respectively) (Fig. 1D and E). Therefore, this suggested that 
the expression of TCRP1 may be correlated with DDP resis-
tance in lung and ovarian cancer cells with acquired platinum 
resistance.

TCRP1 mediates resistance to L‑OHP in lung and ovarian 
cancer cells with acquired platinum resistance. L‑OHP is a 
third‑generation platinum‑based agent and has a markedly 

different spectrum of activity compared with DDP in vitro 
and in vivo (21). Clinical data has revealed that L‑OHP has 
reduced toxicity and is therapeutically beneficial in the 
treatment of DDP‑resistant tumors  (10). To investigate 
whether TCRP1 mediated resistance to L‑OHP in lung 
and ovarian cancer cells, A549, COC1, Tca8113, MCF‑7 
and their relative drug‑resistant cells were incubated with 
various concentrations of L‑OHP and IC50 values were 
determined. Increased resistance to L‑OHP was observed 
in TCRP1‑proficient  cells A549/DDP, COC1/DDP and 
Tca8113/PYM compared with their controls, and there 
was no significant change in sensitivity to L‑OHP in the 
MCF‑7  TCRP1‑deficient  and MCF‑7/5‑Fu  drug‑resistant 
cells (P=0.153) (Figs. 1C and 2A). To additionally identify 
the role of TCRP1 in L‑OHP resistance, the expression of 
TCRP1 was knocked down in Tca8113/PYM, A549/DDP and 

Figure 3. TCRP1 expression is associated with primary resistance to DDP and L‑OHP in lung cancer cells. (A) A total of 9 lung cancer cell lines were treated 
with various concentrations of DDP, and IC50 values were determined by dose‑response curve. (B) mRNA expression levels of TCRP1 in 9 lung cancer cell 
lines were detected by reverse transcription‑quantitative polymerase chain reaction. (C) Protein levels of TCRP1 in the 9 lung cancer cell lines were detected 
by western blotting. (D) Various concentrations of L‑OHP were added to the 9 lung cancer cell lines and the cells were cultured for 72 h. 3‑(4,5‑dimethyl-
thiazol‑2‑yl)‑5‑(3‑carboxymethoxyphenyl)‑2‑(4‑sulfophenyl)‑2H‑tetrazolium assay was performed and the IC50 values for L‑OHP were determined. TCRP1, 
tongue cancer resistance‑associated protein 1; DDP, cisplatin; L‑OHP, oxaliplatin; IC50, half maximal inhibitory concentration.
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Figure 2. TCRP1 mediates resistance to L‑OHP in lung and ovarian cancer cells with acquired platinum resistance. (A) A549, COC1, Tca8113, MCF‑7 and 
their drug‑resistant cells were treated with various concentrations of L‑OHP, and IC50 values were determined by dose‑response curve. *P<0.05 vs. control. 
(B) Tca8113/PYM, A549/DDP and COC1/DDP cells were transfected with TCRP1 siRNA or control siRNA, and the IC50 values for L‑OHP were determined 
by dose‑response curve. *P<0.05 vs. control. TCRP1, tongue cancer resistance‑associated protein 1; L‑OHP, oxaliplatin; siRNA, small interfering RNA; si, 
siRNA‑treated; con, control; IC50, half maximal inhibitory concentration.
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COC1/DDP cells and IC50 values for L‑OHP were detected. 
As a result, increased sensitivity to L‑OHP was detected in 
cells treated with TCRP1‑knockdown, indicating that down-
regulation of TCRP1 may sensitize cells to L‑OHP treatment 
(Fig. 2B). Taken together, these results suggested that TCRP1 
may mediate resistance to L‑OHP in lung and ovarian cancer 
cells with acquired platinum resistance.

A positive correlation exists between TCRP1 expression 
and primary resistance to platinum in lung cancer cells. 
To assess the role of TCRP1 in the primary resistance to 

platinum‑based agents, the IC50 values for DDP in 9 distinct 
histopathological subtypes of lung cancer cell lines were 
analyzed, and the TCRP1 expression was detected. The 
results of this analysis revealed that cell lines with higher 
expression levels of TCRP1 mRNA and protein demon-
strated increased resistance to DDP (Fig. 3A‑C). A positive 
correlation was observed between TCRP1 mRNA levels 
and DDP resistance in the 9 lung cancer cell lines (r=0.78; 
P=0.021). L‑OHP sensitivity was additionally detected in 
the aforementioned cell lines and it was observed that the 
IC50 values for L‑OHP were increased in the cell lines with a 

Figure 5. Akt/NF‑κB signaling pathway is involved in TCRP1‑mediated platinum resistance. (A) COC1/DDP and 95D cells were transfected with TCRP1 
siRNA for 48 h and the expression of p‑Akt, p‑IκBα and Bcl‑2 was investigated using western blotting analysis. (B) COC1/DDP, A549/DDP, Tca8113/PYM, 
95D and H1299 cells were treated with NF‑κB inhibitor BAY 11‑7082 for 24 h, and IC50 values for DDP were determined. *P<0.05 vs. control. (C) Cells were 
treated with BAY 11‑7082 and the IC50 values for L‑OHP were identified. *P<0.05 vs. control. (D) COC1/DDP and 95D cells were treated with BAY 11‑7082 
for 24 h and p‑IκBα and Bcl‑2 were tested using western blotting analysis. NF, nuclear factor; TCRP1, tongue cancer resistance‑associated protein 1; DDP, 
cisplatin; L‑OHP, oxaliplatin; siRNA, small interfering RNA; si, siRNA‑treated; con, control; p, phosphorylated; IκBα, nuclear factor κB inhibitor α; Bcl‑2, 
B‑cell lymphoma 2; PYM, pingyangmycin; IC50, half maximal inhibitory concentration.

Figure 4. TCRP1 contributes to primary platinum resistance in lung cancer cells. (A) 95D and H1299 cells were transfected with TCRP1 siRNA or control. A 
total of 48 h after siRNA transfection, the cells were treated with various concentrations of DDP for 72 h, and the IC50 values were determined by dose‑response 
curve. *P<0.05 vs. control. (B) IC50 values for L‑OHP were determined by dose‑response curve in 95D and H1299 cells treated with TCRP1‑knockdown. 
*P<0.05 vs. control. (C) Expression of TCRP1 was examined by western blotting analysis. TCRP1, tongue cancer resistance‑associated protein 1; siRNA, small 
interfering RNA; DDP, cisplatin; con, control; IC50, half maximal inhibitory concentration.
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higher expression level of TCRP1 (Fig. 3D). A positive corre-
lation additionally existed between the mRNA expression of 
TCRP1 and L‑OHP resistance in the 9 lung cancer cell lines 
(r=0.7; P=0.036). Thus, the results indicated that TCRP1 
expression may be associated with the primary resistance to 
DDP and L‑OHP in lung cancer cells.

Primary platinum resistance in lung cancer cells may be 
reversed by TCRP1‑knockdown. To further investigate the 
role of TCRP1 in the primary platinum resistance in lung 
cancer cells, the 95D and H1299 cell lines were selected as 
representatives of TCRP1‑proficient and TCRP1‑deficient 
lung cancer cells, respectively. The IC50 values for DDP 
and L‑OHP in the 95D and H1299 cells were determined 
following TCRP1‑knockdown. As shown in Fig. 4A‑C, knock-
down of TCRP1 resulted in the reversal of primary resistance 
to DDP and L‑OHP in TCRP1‑proficient 95D cells, while 
in TCRP1‑deficient H1299 cells, no significant changes in 
platinum resistance were observed with or without TCRP1 
knockdown (P=0.210 and P=0.186, respectively). This 
suggested that TCRP1 expression contributed to the primary 
resistance to platinum in lung cancer cells.

Akt/NF‑κB signaling pathway is involved in TCRP1‑mediated 
platinum resistance. Previously, we reported that the Akt/NF‑κB 
signaling pathway participated in TCRP1‑associated DDP 
resistance in OSCC cells (16). To provide additional evidence 
that Akt/NF‑κB mediated the platinum resistance of TCRP1 in 
lung and ovarian cancer cells, the expression of phosphorylated 
(p)‑Akt, p‑NF‑κB inhibitor α (IκBα) and Bclκ‑2 was investigated 
using western blotting following the knockdown of TCRP1 in 
COC1/DDP and 95D cells (Fig. 5A). As the activation of NF‑κB 
requires removal of IκB by targeted phosphorylation and subse-
quent degradation, the expression of p‑IκBα was assumed to 
represent the activity of NF‑κB (22). Significant decreases in 
p‑Akt, p‑IκBα and Bcl‑2 were observed in TCRP1‑knockdown 
cells compared with the controls (Fig. 5A).

To additionally investigate the functional effect of NF‑κB 
on platinum resistance, a platinum sensitivity assay was 
performed by treatment with NF‑κB inhibitor BAY 11‑7082. 
In acquired platinum resistance COC1/DDP, A549/DDP and 
Tca8113/PYM cell lines, the cells treated with BAY 11‑7082 
exhibited increased sensitivity to DDP, compared with control 
cells (P=0.043, P=0.036 and P=0.029, respectively). The IC50 
value of 95D primary platinum resistance cells for DDP was 
significantly reduced following treatment with BAY 11‑7082 
compared with the controls (P=0.033) (Fig. 5B). Similarly, 
as shown in Fig. 5C, COC1/DDP, A549/DDP, Tca8113/PYM, 
95D and H1299 cell lines exhibited increased sensitivity to 
L‑OHP following treatment with BAY 11‑7082, compared 
with the controls (P=0.030, P=0.033, P=0.041 and P=0.037, 
respectively). In addition, the expression of p‑IκBα and Bcl‑2 
was downregulated in the COC1/DDP and 95D cells following 
treatment with NF‑κB inhibitor, suggesting that the knock-
down of TCRP1 and the inhibition of NF‑κB exhibited similar 
effects on the expression of p‑IκBα and Bcl‑2 (Fig. 5D). The 
results confirmed that TCRP1 was involved in the Akt/NF‑κB 
signaling pathway, and that the platinum resistance mediated 
by TCRP1 may function at least partially via NF‑κB and Bcl‑2 
in lung and ovarian cancer cells.

Discussion

The present study reports that TCRP1 has a significant role 
in platinum resistance in lung and ovarian cancer cells. The 
results of the present study demonstrated that TCRP1 expres-
sion is associated with sensitivity to DDP and L‑OHP in lung 
and ovarian cancer cells with acquired platinum resistance, 
and that the knockdown of TCRP1 increases the sensitivity 
to DDP and L‑OHP. It has additionally been identified that 
a positive correlation exists between TCRP1 expression and 
primary resistance to DDP and L‑OHP in lung cancer cells. 
Furthermore, it was observed that the Akt/NF‑κB signaling 
pathway is involved in TCRP1‑mediated platinum resistance. 
Therefore, the results of the present study suggest that TCRP1 
may be a potential predictor for platinum resistance in the 
treatment of lung and ovarian cancer.

Although DDP and L‑OHP are two of the most 
commonly used antitumor agents, resistance to platinum 
rapidly emerges following commencement of treatment (23). 
Primary resistance and acquired resistance are the two major 
forms of platinum resistance. A number of studies have 
focused on various mechanisms of platinum resistance (6). 
A serine/threonine protein kinase p70 ribosomal S6 kinase 
was reported to contribute to DDP resistance in lung cancer 
cells, and downregulation of this gene may circumvent DDP 
resistance (24). Yamano et al (23) compared the gene expres-
sion profiles between 3 DDP‑sensitive OSCC cell lines and 
their relative DDP‑resistant cell lines, and identified 5 novel 
genes that may have the potential for predicting the efficacy 
of DDP‑based chemotherapy against OSCC. ERCC1 has been 
reported to be positively associated with the resistance to 
platinum‑based chemotherapy in various tumors (25,26). A 
microtubule‑associated protein, Tau, has additionally been 
identified as a potential predictive marker in epithelial ovarian 
cancer patients treated with platinum and paclitaxel  (12). 
However, more effective predictors of platinum resistance are 
required for the improvement of the diagnosis and treatment 
of lung and ovarian cancer.

Previously, a high expression level of TCRP1 has been 
shown to cause DDP resistance in OSCC cells  (15). In 
the present study, it was observed that TCRP1 was highly 
expressed in acquired DDP‑resistant lung (A549/DDP) and 
ovarian cancer (COC1/DDP) cells. As platinum‑based agents 
are first‑line clinical therapies in lung cancer patients, and 
20% of tumors have been reported to exhibit primary resis-
tance in clinical trials, the present study collected 8 distinct 
histopathological subtypes of human lung cancer cell lines to 
investigate the association between TCRP1 expression and 
primary platinum resistance (27,28). The lung cancer cells that 
exhibited higher expression levels of TCRP1 showed increased 
resistance to DDP, and repression of TCRP1 expression 
contributed to the reversal of resistance to DDP and L‑OHP. 
A positive correlation was observed between the expression 
of TCRP1 and the resistance to DDP in the investigated lung 
cancer cell lines. This suggested that TCRP1 may be a poten-
tial predictor of platinum resistance and its expression may 
assist with the selection of cancer patients who will benefit 
from platinum‑based chemotherapy. Additional research is 
required to validate the results of the present study in a larger 
patient cohort.
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Akt is a serine‑threonine protein kinase that is involved in 
cell growth, survival and proliferation (29). Activation of the 
Akt pathway has been identified to be one of the key media-
tors of platinum resistance (30). A previous study revealed that 
the expression of Akt and NF‑κB is reduced in Tca8113 cells 
treated with TCRP1 siRNA  (18). In the present study, 
knockdown of TCRP1 expression contributed to increased 
sensitivity to platinum agents and downregulated expression of 
p‑Akt, p‑IκBα and Bcl‑2 in TCRP1 proficient cells, including 
COC1/DDP, A549/DDP, Tca8113/PYM and 95D cell lines. 
This suggested that the Akt/NF‑κB/Bcl‑2 signaling pathway is 
involved in TCRP1‑mediated platinum resistance in lung and 
ovarian cancer cells.

NF‑κB is a transcriptional regulator and has significant 
roles in the cell cycle, apoptosis and stress responses (21). 
The activity of NF‑κB is inhibited by IκBα in the cytoplasm. 
Various intra‑ and extracellular stimuli lead to the phosphory-
lation of IκBα, followed by subsequent polyubiquitination and 
degradation. Activated NF‑κB translocates into the nucleus 
and stimulates gene expression (31). In addition, constitutive 
NF‑κB expression has been reported to exert an antiapop-
totic effect on chemoresistance in cancer cells (32). NF‑κB 
binds the multidrug resistance protein 1 (MDR1) promoter 
and induces drug resistance via MDR1 expression (33). It 
is additionally known that NF‑κB blocks the cytotoxicity 
induced by antitumor drugs via suppression of Bcl‑2 phos-
phorylation (34). In the present study, knockdown of TCRP1 
led to reversal of platinum resistance and the downregulation 
of p‑IκBα. Therefore, the present study subsequently aimed 
to elucidate the mechanisms underlying this reversal and 
investigate whether NF‑κB is involved in TCRP1‑associated 
platinum resistance. The compound BAY 11‑7082 selectively 
blocks tumor necrosis factor‑α‑induced phosphorylation of 
IκBα and inhibits the activation of NF‑κB (35). The present 
study observed that the sensitivity to DDP and L‑OHP was 
markedly increased following treatment with BAY 11‑7082 
in platinum‑resistant cancer cells. The results of the present 
study indicated that NF‑κB may function as a downstream 
target protein involved in TCRP1‑mediated platinum resis-
tance. However, this observation requires further investigation 
in future studies.

Although previous research has focused on the functioning 
of TCRP1, the mechanisms of TCRP1 involvement in platinum 
resistance remain to be elucidated. One of our previous studies 
revealed that TCPR1 mediated DDP resistance via increasing 
the repair of DDP‑induced DNA damage by preventing Pol β 
degradation in lung cancer cells (19). In the present study, it 
was reported that TCRP1 expression is associated with the 
resistance to DDP and L‑OHP in lung and ovarian cancer 
cells and that the Akt/NF‑κB signaling pathway is involved 
in the functioning of TCRP1. The present study hypothesizes 
that there may be a functional link between the Akt/NF‑κB 
signaling pathway and Pol β expression, and this interaction is 
currently under investigation.

In conclusion, the present study has shown that TCRP1 
is associated with the resistance to DDP and L‑OHP in lung 
and ovarian cancer cells, and that the Akt/NF‑κB signaling 
pathway is involved in the functioning of TCRP1. The results 
of the present study suggest that TCRP1 may be a potential 
predictor of platinum resistance, and a novel target for the 

prevention and reversal of platinum resistance in the treatment 
of lung and ovarian cancer.
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