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CTBP2 contributes to cisplatin resistance in lung adenocarcinoma 
by inhibiting generation of reactive oxygen species 
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Background: Cisplatin (CP) is commonly used for the initial treatment of lung adenocarcinoma (LUAD). 
Resistance to CP has long been recognized as a significant obstacle to achieving improved therapeutic 
outcomes. Nevertheless, the intricate molecular mechanisms underlying the phenomenon remain 
incompletely understood.
Methods: The present study utilized the University of ALabama at Birmingham CANcer data analysis 
Portal (UALCAN) and Gene Expression Profiling Interactive Analysis (GEPIA) databases to conduct an 
analysis of the expression of C-terminal binding protein 2 (CTBP2) in LUAD. The correlation between 
CTBP2 expression and survival data was investigated by the Kaplan-Meier (K-M) plotter. Subsequently, the 
roles of CTBP2 in CP resistance were explored by analyzing cell viability, cell apoptosis, reactive oxygen 
species (ROS), and mitochondrial membrane potential (MMP) in CP-resistant cells (A549/DDP). 
Results: Our data indicated that the CTBP2 expression in LUAD exhibited a significant increase compared 
to the non-malignant tissues. CTBP2 overexpression showed a correlation to poor survival. CTBP2 
knockdown significantly enhanced cell sensitivity to CP in A549/DDP cells. The underlying mechanism is 
related to promoting ROS production and decreasing MMP after CP treatment. 
Conclusions: CTBP2 expression has been identified as a novel biomarker for resistance to CP, and its 
downregulation has been found to enhance sensitivity to CP. Therefore, CTBP2 can serve as a predictor 
related to CP resistance and a viable therapeutic target for CP resistance in LUAD.
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Introduction 

Cisplatin (CP), a platinum-based compound, is commonly 
utilized as a primary chemotherapeutic agent in treating 
lung cancer (1). However, the frequent utilization of CP 
has resulted in the emergence of resistance, which has been 
recognized as a contributing factor to the ineffectiveness 
of lung cancer treatments. Resistance to CP is associated 
with multiple complex system properties, such as enhanced 
drug efflux transporter activity (2), overexpression of copper 
transporter 1 (CTR1) (3), and importantly nucleotide 
excision repair (NER) mechanism (4). However, the 
molecular basis of CP resistance is still poorly understood. 
It is imperative to carry out further investigations to 
elucidate the fundamental mechanisms of CP resistance.

C-terminal binding protein 2 (CTBP2), a transcriptional 
co-repressor, has been found to participate in several 
physiological and pathological processes (5). Several recent 
studies have found that the excessive expression of CTBP2 
enhances tumor cell proliferation, invasion, and poor 
outcome in various types of tumor (6-8). Furthermore, 
CTBP2 has been revealed to be a promising therapeutic 
target that can be used to treat various neoplasms (8-10). In 
a recent study, CTBP2 was found to be a poor prognostic 
marker for lung adenocarcinomas (LUADs). Patients with 
CTBP2 overexpression tended to live shorter than those 
with low levels of CTBP2 (11). Moreover, overexpression of 
CTBP2 inhibited the apoptosis of esophageal cancer cells 
induced by CP through decrease in p53, Caspase 3, Caspase 
8, and Bax levels, while enhancing Bcl-2 expression (12). 
Nevertheless, the exact function of CTBP2 in conferring 

CP resistance in LUAD remains unelucidated.
We aimed to enhance our comprehension of the LUAD CP 

resistance mechanism by examining the impact of CTBP2 on 
CP resistance in CP-resistant cells (A549/DDP). Our results 
indicated that A549/DDP cells exhibited an upregulation of 
CTBP2. Downregulation of CTBP2 resulted in a reduction in 
mitochondrial membrane potential (MMP) and an elevation 
in cellular reactive oxygen species (ROS) production, thereby 
augmenting A549/DDP cell sensitivity to CP. The findings 
indicate that CTBP2 is involved in conferring resistance to CP 
in non-small cell lung cancer (NSCLC) and that CTBP2 may 
be an innovative therapeutic target for managing CP resistance 
in this context. We present this article in accordance with the 
MDAR reporting checklist (available at https://tcr.amegroups.
com/article/view/10.21037/tcr-23-2135/rc).

Methods

Examining the CTBP2 expression in LUAD

The Gene Expression Profiling Interactive Analysis 
(GEPIA) database was employed to validate CTBP2 
expression levels in both LUAD and normal tissue samples 
obtained from The Cancer Genome Atlas (TCGA) and 
Genotype-Tissue Expression (GTEx), with a significance 
threshold of P≤0.05 and an absolute value of log2FC ≥2. 
Additionally, the University of ALabama at Birmingham 
CANcer data analysis Portal (UALCAN) was employed 
to investigate CTBP2 expression replying on the data 
obtained from the TCGA database. The study was 
conducted in accordance with the Declaration of Helsinki 
(as revised in 2013).

Survival analysis of CTBP2 in patients with LUAD

The study employed the Kaplan-Meier (K-M) plot for 
evaluating the differences in overall survival (OS), first 
progression survival (FPS), and post-progression survival 
(PPS) among two groups categorized as high and low 
CTBP2 expression groups. The statistical significance level 
was established at a threshold of P<0.05.

CP sensitivity analysis of CTBP2 in LUAD

The Cancer Cell Line Encyclopedia was employed to 
analyze the CTBP2 gene expression in non-small cell lung 
cancer (NSCLC) cells. Furthermore, the CP sensitivity of 
these NSCLC cells were detected by the Genomics of Drug 
Sensitivity in Cancer Project.

Highlight box

Key findings
•	 C-terminal binding protein 2 (CTBP2) is involved in conferring 

resistance to cisplatin (CP) in non-small cell lung cancer and that 
CTBP2 may be an innovative therapeutic target for managing CP 
resistance.

What is known and what is new?
•	 High expression of CTBP2 was associated with the CP resistance 
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•	 Downregulation of CTBP2 increased the sensitivity of drug-
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species production.
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Cell lines and antibodies

A549 cells were procured from Nanjing Cobioer Co., Ltd. 
(Nanjing, China, Cat No. CBP60084) and went through 
culture in complete F12K medium (Boster, Wuhan, China, 
Cat No. PYG0055) at a temperature of 37 ℃ and with 
a 5% CO2 environment. A549/DDP cells, CP-resistant 
cells, were established following the previously described 
method (13), where the cells were subjected to culture in a 
complete F12K medium containing 2.5 μM CP (Beyotime, 
Shanghai, China, S1552). The following antibodies were 
utilized in our study CTBP2 (ZEN BIO, Chengdu, China, 
Cat No. R26639), Bcl-2 [Cell Signaling Technology (CST), 
MA, USA, Cat No. 3498S], Bax (CST, Cat No. 41162S), 
Cleaved-PARP (CST, Cat No. 32563S), Cleaved-Caspase 3 
(ZEN BIO, Cat No. 341034), beta-tubulin (ZEN BIO, Cat 
No. 250175), GAPDH (ZEN BIO, Cat No. R24404).

Short hairpin RNA (shRNA) and transfection

The CTBP2 express ion was  suppressed through 
the utilization of shRNA. The sequences employed 
i n  o u r  s t u d y  w e r e  a s  f o l l o w s :  s h C T B P 2 - 1 
(5′GCCTTTGGATTCAGCGTCATA3′), shCTBP2-2 
(5′CCTGAGAGTGATCGTGCGGAT3′). Lentiviruses 
containing shCTBP2 vectors were packaged in 293T 
cells. The A549/DDP cells were seeded into six-well 
plates at 5×105 cells per well and subjected to inoculation 
of lentiviruses mixed with polybrene (Beyotime, Cat No. 
C0351). Following this, the cells were treated with 5 μg 
puromycin dihydrochloride (Beyotime, Cat No. ST551) to 
ensure stable integration.

Cell proliferation assay

A549/DDP and A549/DDP-shCTBP2 cells went through 
seeding in 96-well plates (5×103 cells/well) and followed by 
overnight incubation. Subsequently, the cells underwent 
a 48 h exposure to different amounts of CP (0, 0.625, 
1.25, 2.5, 5, 10, 20, 40 μM). Upon completion of the 
incubation period, the cell viability was conducted using 
3-(4,5-dimethylthiazole)-2,5-diphenyltetrazolium bromide 
(MTT) assay.

Colony formation

A549/DDP or A549/DDP-shCTBP2 cells were maintained 
in a 6-well dish with 1,000 cells per well. To promote the 

formation of colonies, the cells underwent a 14-day exposure 
to CP at a concentration of 5 μM. The colonies were 
subjected to fixation and staining using a 0.1% solution of 
crystal violet at room temperature (RT). Subsequently, the 
colonies were imaged and counted using an Epson scanner 
and Image J, respectively. 

RNA extraction and quantitative reverse transcription 
polymerase chain reaction (qRT-PCR)

The total RNA extraction was conducted through the 
RNA Easy Fast kit (TIANGEN, Beijing, China, Cat No. 
DP451) following the protocol. Subsequently, qRT-PCR 
was performed by BeyoFast™ SYBR Green One-Step 
qRT-PCR Kit (Beyotime, Cat No. D7268). Real-time PCR 
was conducted using the following primers: CTBP2_qF 
(5′GCAGGATTTGCTGTATCAGAGCG3′), CTBP2_
qR (5′CTGCGTTCACAAGGAATGCTCC3′), GAPDH_
qF (5 ′GTCTCCTCTGACTTCAACAGCG3 ′),  and 
GAPDH_qR (5′ACCACCCTGTTGCTGTAGCCAA3′). 
The LightCycler96 detection system (Roche Molecular 
Systems, Inc., Basel, Switzerland) was utilized to identify 
SYBR fluorescence. A fold change was calculated by 
comparing CTBP2 relative messenger RNA (mRNA) levels 
to GAPDH mRNA levels.

Flow cytometry assay

The transfected cells went through seeding in a 6-well plate 
(2×105 cells/well) and subsequently received treatment with 
5 μM CP. Following a 24-h incubation, the cells received 
trypsin digestion and were subsequently sensed twice with 
cold phosphate buffer saline (PBS). Following that, the 
cells were resuspended again in 500 μL of binding buffer 
followed by 15 min of incubation with 5 μL of FITC-
Annexin V and 10 μl of propidium iodide (PI) at RT in 
darkness. To identify cell apoptosis, flow cytometry was 
employed using a BD Accuri C6 flow cytometer (BD 
Biosciences, San Jose, CA, USA). 

Western blot (WB)

The RIPA lysis buffer (Beyotime, Cat No. P0013) 
was supplemented with a protease mixture inhibitor 
(MedChemExpress, Monmouth Junction, NJ, USA, Cat 
No. HY-K0010) for the purpose of extracting total cellular 
proteins. Afterward, a quantity of 20 μg of total proteins 
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was separated on a 12% SDS-PAGE gel and subsequently 
transferred and fixed onto polyvinylidene Fluoride 
(PVDF) membranes (Millipore, Billerica, MA, USA, Cat 
No. ISEQ00010). Following this, the membranes were 
subjected to a blocking step using 5% nonfat milk at RT for 
2 h. This was followed by overnight incubation at 4 ℃ with 
specific primary antibodies. Subsequently, the membranes 
were incubated with the appropriate IRDye® secondary 
antibodies at RT for an additional hour. The acquisition of 
blot images was carried out using an Odyssey® CLx imaging 
system (LI-COR, Lincoln, Nebraska, USA).

Measurement of intracellular ROS

Intracellular ROS was measured using 2’,7’-dichlorodihy
drofluorescein diacetate (DCFH-DA, Beyotime, Cat No. 
S0033). A 12-well plate was utilized to seed cells at 1×105 
cells/well density. Following overnight incubation, cells were 
subjected to a 24-h treatment with 5 μM CP. Subsequently, 
the cells received treatment with a concentration of 10 μM 
DCFH-DA for 30 min at a temperature of 37 ℃. The stained 
cells were instantly imaged using an inverted fluorescence 
microscope (Olympus BX53, Tokyo, Japan).

Measurement of MMP

The MMP of A549/DDP or A549/DDP-shCTBP2 cells 
was detected using 5,5′,6,6′-tetrachloro-1,1′,3,3′-tetraethyl-
imidacarbocyanine iodide (JC-1) reagent (Beyotime,  Cat 
No. C2005). The transfected cells were subjected to 
incubation with JC-1 solution at a temperature of 37 ℃ 
for 30 min. The nucleus was subsequently stained using a 
4’,6-diamidino-2-phenylindole (DAPI) solution (Beyotime,  
Cat No. C1002) following the protocols. The fluorescence 
variations of JC-1 were observed and documented through 
the utilization of a fluorescence microscope from Olympus 
(Model BX53, Tokyo, Japan). 

Statistical analysis

The statistical analyses were performed utilizing GraphPad 
Prism 9.0.0 (GraphPad Software, Inc. La Jolla, CA, USA). 
The statistical analysis of the differences between groups 
was performed through Student’s t-test. P<0.05 was 

determined to be significant for statistical comparisons.

Results

CTBP2 expression was higher in LUAD tissues than in 
normal lung tissues

The results obtained from both the GEPIA and UALCAN 
databases revealed that CTBP2 exhibited a significant elevation 
in LUAD tissues, in contrast to non-malignant tissues (Figure 
1A,1B). Furthermore, the results obtained from the UALCAN 
data revealed that the expression of CTBP2 was higher in 
stage 1 to stage 4 compared to normal tissues, furthermore, the 
expression of CTBP2 in stage 3 and stage 4 increased compared 
to that in stage 1, illustrating that CTBP2 was associated 
with the LUAD stages (Figure 1C). CTBP2 expression was 
elevated in Caucasian, African-American, and Asian patients 
relative to all race normal (Figure 1D). However, there were 
no differences in CTBP2 expression between the sexes  
(Figure 1E).  Figure 1F  i l lustrates that CTBP2 was 
significantly overexpressed in patients with smoking and 
reformed smoking compared to patients with non-smoking. 
Importantly, CTBP2 was significantly overexpressed in 
metastatic foci compared to normal tissues; however, 
nodal metastasis status did not show significant differences  
(Figure 1G). Additionally, CTBP2 expression in patients 
with TP53 mutation was no different in contrast with that in 
patients with non-TP53 mutation (Figure 1H). 

CTBP2 overexpression level in patients with LUAD was 
associated with a poor prognosis

The KM plot was utilized in the context of survival analysis to 
assess the relation between CTBP2 expression level and the 
outcome of patients diagnosed with LUAD. The OS curves 
revealed that in patients with LUAD, CTBP2 overexpression 
resulted in a significantly low survival probability  
(Figure 2A). Additionally, the FPS and PPS curves also 
indicated that overexpressed CTBP2 reflected a poor 
prognosis. Figure 2B,2C demonstrate that elevated CTBP2 
content was linked to poor FPS and PPS, respectively. In 
summary, the analysis of survival curves demonstrated that 
CTBP2 overexpression is a reliable predictor of unfavorable 
prognosis among patients with LUAD.
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Figure 1 CTBP2 expression in patients suffering from LUAD. CTBP2 expression in LUAD was evaluated through both (A) the GEPIA 
database, and (B) the UALCAN database. CTBP2 expression in LUAD based on (C) individual cancer stages, (D) patients’ race, (E) patients’ 
gender, (F) smoking habits, (G) nodal metastasis status (N0: no regional lymph node metastasis; N1: metastases in 1 to 3 axillary lymph 
nodes; N2: metastases in 4 to 9 axillary lymph nodes; N3: metastases in 10 or more axillary lymph nodes), and (H) TP53 mutation status 
(N: normal; T: tumor; **, P<0.01 vs. normal, ***, P<0.001 vs. normal, ##, P<0.005 vs. stage 1). TPM, transcript per million; LUAD, lung 
adenocarcinoma; CTBP2, C-terminal binding protein 2; TCGA, the Cancer Genome Atlas; GEPIA, Gene Expression Profiling Interactive 
Analysis; UALCAN, University of ALabama at Birmingham CANcer data analysis Portal.
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Figure 2 CTBP2 overexpression is correlated to poor overall survival (A, n=719), first-progression survival (B, n=125), and post-progression 
survival (C, n=461) in patients with LUAD. CTBP2, C-terminal binding protein 2; HR, hazard ratio; CI, confidence interval; LUAD, lung 
adenocarcinoma.

The relationship between CTBP2 expression and CP 
sensitivity in LUAD

We wondered whether different expression of CTBP2 in 
lung cancer cells were related to the sensitivity of CP. The 
data showed the expression of CTBP2 was different in 
various cell types (Figure 3A). Based on the median value 
of CTBP2 mRNA expression, the cells were divided into 
low- and high-expression groups (Figure 3B). Furthermore, 
CP sensitivity was evaluated on these cells by the datasets 
form Genomics of Drug Sensitivity in Cancer Project. As 
shown in Figure 3C,3D, the CP half maximal inhibitory 
concentration (IC50) values in high-expression CTBP2 cells 
were higher than that in low-expression cells. However, 
CTBP2 high expression cell lines had low IC50 values 
compared to CTBP2 low expression cells, the relationship 
between CTBP2 expression and CP sensitivity is not 
absolute.

CTBP2 overexpression correlated to CP resistance in 
A549/DDP cell lines

For investigating the correlation between CTBP2 and CP 
resistance, A549/DDP cells were subjected to transfection 
with CTBP2 shRNA lentivirus, resulting in generating 
A549/DDP-shCTBP2 cells. Initially, the quantification 
of CTBP2 mRNA and protein expression was conducted 
through qRT-PCR and WB in both A549 and A549/
DDP cell lines, revealing that both CTBP2 mRNA and 
protein expression levels were significantly higher in A549/

DDP cells than in A549 cells (Figure 4A-4C). Meanwhile, 
a significant decrease in CTBP2 protein expression was 
observed in A549/DDP cells after the introduction of 
CTBP2 shRNA lentivirus (Figure 4D,4E). The sensitivity 
of CP in A549/DDP and A549/DDP-shCTBP2 cells 
was evaluated through the utilization of the MTT assay, 
revealing that A549/DDP-shCTBP2 cells exhibited a 
significant enhancement in their responsiveness to CP in 
comparison to A549/DDP cells (Figure 4F). The clone-
formation assay results indicated that the presence of 
CTBP2 did not exert any influence on the colony count in 
A549/DDP in the absence of CP. Additionally, the number 
of A549/DDP-shCTBP2 cell colonies was observed to 
reduced significantly after treatment with CP compared to 
A549/DDP cells when exposed to 5 μM CP (Figure 4G,4H). 
The findings suggest that CTBP2 plays a pivotal role in the 
modulation of resistance to CP in NSCLC.

CTBP2 knockdown induced A549/DDP cell apoptosis in 
treatment with CP

T h e  M T T  a s s a y  r e s u l t s  r e v e a l e d  t h a t  C T B P 2 
downregulation significantly enhanced A549/DDP 
cell sensitivity towards CP. Therefore, to validate the 
inhibitory effect of CTBP2 knockdown on A549/DDP cell 
proliferation in CP presence, the apoptotic status of cells 
was evaluated by annexin V-FITC/PI double staining and 
flow cytometry. The findings indicated that the transfection 
of shCTBP2 in A549/DDP cells led to a rise of ~22% in 
cell apoptosis, as compared to the transfection of shLuc 
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Figure 3 CTBP2 expression is co-related to sensitivity of cisplatin in NSCLC cells. (A) Expression of CTBP2 was verified in the NSCLC 
cell lines using the Cancer Cell Line Encyclopedia. (B) NSCLC cells were divided into high- and low-expression of CTBP2 groups 
according to median value (***, P<0.001, n=12). (C) The IC50 values of cisplatin in NSCLC cells were obtained using the Genomics of 
Drug Sensitivity in Cancer Project. (D) The IC50 values of cisplatin were determined in high- and low-expression of CTBP2 groups (*, 
P<0.05, n=12). CTBP2, C-terminal binding protein 2; TPM, transcript per million; IC50, half maximal inhibitory concentration; NSCLC, 
non-small cell lung cancer. 

when exposed to 5 μM CP (Figure 5A,5B). Furthermore, 
WB was employed for determining the proteins related 
to cell apoptosis, revealing that Cleaved-Caspase 3 was 
significantly overexpressed in the A549/DDP cells subjected 
to a 24-h treatment with 5 μM CP compared to the 
untreated control cells (Figure 5C,5D). It should be noted 
that Cleaved-Caspase 3 was significantly overexpressed 
in A549/DDP-shCTBP2 cells treated with 5 μM CP 
compared to A549/DDP cells treated with 5 μM CP. In 
addition, the A549/DDP-shCTBP2 cells treated with 5 μM 
CP exhibited a Bcl-2 suppression and Bax and Cleaved-
PARP overexpression. The Bcl-2/Bax ratio exhibited a 
significant decrease in the A549/DDP-shCTBP2+CP 
group in comparison to the A549/DDP, A549/DDP+CP, 
and A549/DDP-shCTBP2 groups. Our findings suggest 
that CTBP2 inhibition increased A549/DDP cell apoptotic 

response to CP treatment. This effect was attributed to Bcl-
2 suppression as well as Bax, Cleaved-PARP, and Cleaved-
Caspase 3 overexpression.

CTBP2 knockdown induced ROS-dependent mitochondrial 
dysfunction in the presence of CP

ROS detection was carried out to assess CTBP2-induced 
apoptotic mechanisms, revealing that shCTBP2 transfection 
and CP treatment induced a significant elevation in 
ROS production in A549/DDP cells (Figure 6A,6B). 
Furthermore, a JC-1 kit was utilized for detecting the MMP, 
indicating that transfection with shCTBP2 resulted in a 
significant reduction in the relative JC-1 polymer monomer 
fluorescence ratio when compared to A549/DDP cells 
treated with 5μM CP (Figure 6C,6D). The findings indicate 
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Figure 4 CTBP2 affects cell proliferation and cisplatin resistance in A549/DDP cells. (A) Quantitative reverse transcription polymerase 
chain reaction detection of CTBP2 levels in A549 and A549/DDP cells (***, P<0.001 vs. A549 cells, n=3). (B) The detection of CTBP2 
expression in A549 and A549/DDP cells through WB analysis. (C) CTBP2 protein optical density in A549 and A549/DDP cells is relative 
to GAPDH protein optical density (***, P<0.001 vs. A549 cells, n=3). (D) Expression of CTBP2 protein was determined by WB following 
lentiviral infections of A549/DDP cells with shLuc and shCTBP2, respectively. (E) The relative optical density of the CTBP2 protein 
to GAPDH in A549/DDP cells transfected with shLuc or shCTBP2 (***, P<0.001 vs. A549/DDP cells, n=3). (F) The effect of CTBP2 
knockdown on cisplatin efficacy was determined through an MTT assay. (G) Colony formation ability of CTBP2 combined with 5 μM 
cisplatin in A549/DDP and A549/DDP-shCTBP2 cells was determined by crystal violet staining. (H) The relative area of colonies in each 
well was analyzed by image J (**, P<0.01; ***, P<0.001, n=5). CTBP2, C-terminal binding protein 2; GAPDH, glyceraldehyde-3-phosphate 
dehydrogenase; WB, western blot; MTT, 3-(4,5-dimethylthiazole)-2,5-diphenyltetrazolium bromide.

that the downregulation of CTBP2 increased A549/DDP 
cell sensitivity to CP, which is attributed to a reduction in 
MMP levels and an elevation in ROS production.

Discussion

The formation of a cross-linked complex between CP and 
DNA has been observed to elicit DNA damage, ultimately 
resulting in apoptosis and subsequent cell death in cancer 
cells. CP is a platinum-based chemotherapeutic agent that 
is commonly utilized as a primary treatment option for 
LUAD (14). Nevertheless, the frequent utilization of CP 
has led to an increased prevalence of resistance, which has 
been identified as a contributing factor to the ineffectiveness 

of LUAD treatment. Hence, it is necessary to identify 
a potential therapeutic target to address the issue of CP 
resistance in LUAD.

Prior research has demonstrated that the upregulation 
of CTBP2 expression was observed in LUAD tissues in 
comparison to adjacent non-tumorous tissues (10,11,15). 
The findings of our study, which employed bioinformatics 
analyses, indicated a significantly overexpressed CTBP2 
in patients with LUAD as compared to those without 
malignancy and was correlated to LUAD stages I to IV. It 
should be noted that CTBP2 was found to be significantly 
overexpressed in patients with LUAD who smoke cigarettes. 
Based on the Cancer Cell Line Encyclopedia and the 
Genomics of Drug Sensitivity in Cancer Project databases, 
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Figure 5 Effect of CTBP2 on the apoptosis of A549/DDP cells treated with cisplatin. (A) CTBP2 knockdown increased A549/DDP cell 
apoptosis rate in cisplatin presence. (B) Apoptotic rates of each group were showed in bar graph (*, P<0.05; **, P<0.01; ***, P<0.001, n=3). (C) 
Determination of apoptosis-related protein levels through western blot. (D) Quantified data for apoptosis-associated protein were analyzed  
(*, P<0.05; **, P<0.01; ***, P<0.001, n=3). CTBP2, C-terminal binding protein 2.
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Figure 6 CTBP2 knockdown promotes ROS production and decreases MMP in cisplatin presence. (A) Characteristic fluorescence 
photographs of A549/DDP or A549/DDP-shCTBP2 cells stained with DCFH-DA, bar =20 μm. (B) Quantitative evaluation of DCF 
fluorescence intensity in cells per field (**, P<0.01; ***, P<0.001, n=3). (C) Fluorescent microscopic images of A549/DDP cells stained 
with JC-1. JC-1 probe reveals red fluorescence for normal MMP and green fluorescence for reduced MMP. Nucleuses stained with DAPI 
(blue), bar =20 μm. (D) Quantitative examination of the relative fluorescence intensity of the aggregates, the relative fluorescence intensity 
of the monomers, and the red/green ratio in cells per field (*, P<0.05; ***, P<0.001, n=3). CTBP2, C-terminal binding protein 2; DCF, 
2',7'-dichlorofluorescein; ROS, reactive oxygen species; MMP, mitochondrial membrane potential; DCFH-DA, 2',7'-dichlorodihydrofluore-
scein diacetate; JC-1, 5,5′,6,6′-tetrachloro-1,1′,3,3′-tetraethyl-imidacarbocyanine iodide; DAPI, 4',6-diamidino-2-phenylindole.
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high expression of CTBP2 was associated with the CP 
resistance in LUAD. Furthermore, CTBP2 was shown to 
be significantly overexpressed in A549/DDP cells compared 
to parental cells. Previous study indicated that loss of CTBP 
expression activated P53 and then suppressed cell cycle 
progression and promoted cell apoptosis (16). CTBP2 was 
negatively regulated by ALDOB, which induced apoptosis 
in colon cancer and inhibited intrahepatic metastasis and 
lung metastases in hepatic cancer (17,18). Furthermore, Shi 
et al. also found that CTBP2 overexpression in esophageal 
cancer cells mitigated the decrease in cell viability and the 
prevention of cell apoptosis initiated by CP (12). On the 
contrary, CTBP2 suppression was observed to result in 
increased sensitivity of esophageal cancer cells to CP by 
decreasing cell viability and promoting CP-induced cell 
apoptosis induced by CP. In the present study, CTBP2 
knockdown promoted A549/DDP cell sensitivity to CP. The 
A549/DDP-shCTBP2 cell proliferation was significantly 
inhibited at low concertation of CP compared with A549/
DDP cells. Taken together, CTBP2 serves a crucial role in 
tumorigenesis and angiogenesis of tumors and is a primary 
factor driving CP resistance in LUAD.

ROS are molecular entities that exhibit chemical 
reactivity and are characterized by the presence of oxygen. 
The interaction of ROS interaction with proteins and 
cancer cell generation, survival, metastasis, and drug 
resistance have been reported (19,20). The basal ROS level 
in CP-resistant ovarian cancer cells is significantly higher 
than that observed in the corresponding parental cells. 
However, Li et al. demonstrated that CAMK2G inhibitor 
significantly sensitizes ovarian cancer cells to CP treatment 
by regulating ITPKB activity to modulate CP-induced 
high ROS (21). Zhong et al. reported that tripartite motif 
17-mediated CP resistance was associated with attenuation 
of ROS production (22). In this study, the knockdown of 
CTBP2 did not increase intracellular ROS production. 
However, the ROS level was significantly increased 
by treating CP after the knockdown of CTBP2. The 
mitochondria constitute a significant origin of ROS, and 
the mitochondria that have been damaged by ROS produce 
a greater quantity of ROS. The generation of excessive 
ROS results in MMP loss, leading to mitochondrial 
pathway-dependent apoptosis (23). Our study showed that 
elevated ROS generation induced a decrease in MMP and 
triggered mitochondrial pathway-dependent apoptosis. 
Taken together, CTBP2 knockdown enhances CP-induced 
ROS production and restores CP sensitivity in CP-resistant 
LUAD cells.

Conclusions

The findings of the current investigation suggest that 
CTBP2 was overexpressed in LUAD tissues compared to 
non-cancerous tissues. Moreover, CTBP2 has also been 
observed to be overexpressed in LUAD cells that are 
resistant to CP compared to their parental counterparts. 
CTBP2 overexpression could serve as a specific prognostic 
biomarker for individuals diagnosed with LUAD, indicating 
a poorer prognosis. Moreover, CTBP2 knockdown enhances 
CP sensitivity in CP-resistant LUAD cells by inducing 
ROS production. This information could potentially offer a 
novel approach to mitigating chemoresistance to CP during 
the management of LUAD.	
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