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Abstract 

Purpose: To investigate the effect of activating transcription factor 3 (ATF) on dichloroacetic acid (DCA) 
for the treatment of cervical cancer. 
Methods: 3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) assay and flow cytometry 
assays were first used to determine the effect of DCA treatment on SW756 cells. Next, western blotting 
was performed to test apoptotic markers and activating transcription factor 3 (ATF3) expression. MTT 
and flow cytometry assays were conducted to test the effect of ATF3 on the viability and apoptosis of 
cervical cancer cells. Finally, western blotting, quantitative real-time polymerase chain reaction (qRT-
PCR), and flow cytometry assays were used to examine the causality between ATF3 and P53. 
Results: The expression of ATF3 was significantly upregulated (p < 0.001) in cervical cancer cells 
treated with DCA. ATF3 overexpression consolidated the suppressive effect of DCA on cell proliferation 
and induced apoptosis (p < 0.001), suggesting that tumor protein 53 (P53), a tumor suppressor, was 
responsible for ATF3-mediated anti-tumorigenesis in DCA-treated cervical cancer. 
Conclusion: These results indicate that ATF3/P53 signaling is critical to treating cervical cancer with 
DCA and provides new insights into cervical cancer diagnosis, treatment and prognosis. 
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INTRODUCTION 
 
Cervical cancer, including squamous cell 
carcinoma and adenocarcinoma, results from the 
transformation of normal cervix epithelial cells 
into malignant cancer cells [1,2]. Several factors 
such as human papilloma virus (HPV) infection, 
oral contraceptives, and tobacco smoke are 
implicated in cervical cancer development [3]. 

Among these factors, HPV infection is the most 
consequential, with an estimated 85 % of cervical 
cancer cases triggered by the infection [4-6]. The 
HPV vaccine protects against HPV infection and 
reduces the risk of cervical cancer. Treatment 
options for patients with cervical cancer are 
traditional therapeutic regimens, surgery, 
radiation therapy, and chemotherapy [7-9]. 
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Dichloroacetic acid (DCA), an analog of acetic 
acid, has been shown to suppress tumor growth 
in many preliminary studies [10]. However, its 
underlying mechanism of action in cervical 
cancer remains unclear. Recently, Wang et al. 
proposed that activating transcription factor 3 
(ATF3) may disturb the interaction of E6 and 
E6AP and further suppress tumor formation via 
activating P53 pathway [11]. Therefore, this 
study aimed to determine the potential function of 
ATF3 in cervical cancer after DCA treatment. As 
a transcription factor, ATF3 belongs to the 
ATF/CREB family of transcription factors [12-14]. 
In cancers, ATF3 plays a distinct role. Some 
investigators revealed that ATF3 expressed by 
non-cancer host cells promotes breast cancer 
metastasis [15]. Others indicated that ATF3 
activates P53 and eventually defends against 
HPV-induced cervical cancer [11]. 
 
EXPERIMENTAL 
 
Cell culture 
 
Human cervical squamous epithelial cancer cells, 
SW756, were purchased from the Bena Culture 
Collection Co., Ltd (Jiangsu, China). In brief, the 
SW756 cell medium contained Dulbecco’s 
modified Eagle’s medium (DMEM). In addition, 
10 % fetal bovine serum and 1 % 
penicillin/streptomycin were added (Gibco, 
Rockville, MD, USA) for good culture condition. 
All cell cultures were incubated in a humidified 
atmosphere containing 5 % CO2. 
 
DCA consumption 
 
Dichloroacetic acid (Sigma, USA) at different 
concentrations (0, 20, 40 and 60 nM) was added 
to the SW756 cells at 80 % confluence. The cells 
were incubated for 24 or 48 h. Finally, the cells 
were collected for ATF3 examination and 
functional assays. 
 
RNA extraction and real-time PCR analysis 
 
mirVana miRNA kit (Takara, Dalian, China) was 
used to extract total RNA from the cultured cells. 
Total RNA was reversed transcribed into cDNA 
using PrimeScriptRT reagent kit (Takara, Dalian, 
China). The expression of ATF3 were quantified 
by real-time PCR mixture assays (Takara). The 

primers used in this study are presented in the 
Table 1. 
 
Construction of stable cells with ATF3 
overexpression or inhibition 
 
Human ATF3 and control plasmids, si-ATF3, and 
si- NC were purchased from Hanbio Co., Ltd. 
(Shanghai, China). Lentiviral packaging kits 
(Origene, TR30037) were applied to assess the 
expression of ATF3. Briefly, before lentivirus-
mediated transfection, 1×105 cells were 
subcultured into a 24-well plate for 24 h. The 
next day, 2 ml fresh DMEM medium with 6 
mg/mL polybrene was added to the wells and 
then cultured at 37 °C. After 4 h, an additional 2 
mL fresh DMEM medium was added to the wells, 
followed by another 24 h of incubation. Finally, 
western blotting, immunostaining, or 
fluorescence-activated cell sorting assays were 
used to test the expression of target mRNA. 
 
MTT assay 
 
An MTT assay kit (Thermo Fisher Scientific, 
USA) was used to assess the viability of SW756 
cells infected with ATF3 or si-ATF3. In brief, 20 
μL MTT was added to each well and incubated 
the cells at 37 °C for 2 h. Then, the medium was 
aspirated the medium and added 100 μL 
dimethyl sulfoxide to dissolve the formazan 
crystals. A microplate reader was used to 
determine the absorbance of the wells at 570 
nm. 
 
Western blot. Expression of ATF3 and markers 
associated with p53 signaling were determined 
by western blot. Briefly, the lysate of SW756 cells 
was prepared with radioimmunoprecipitation 
assay buffer and quantified the protein using a 
BCA protein assay kit (CWBIO, CW0014, China). 
Following primary antibodies were used for 
detecting the expression levels of corresponding 
proteins: rat anti-ATF3 (1:1000, Santa Cruz 
Biotechnology, Inc. Santa Cruz, CA, USA), rat 
anti-p53, and rabbit anti-BAX (1:800, Santa Cruz 
Biotechnology, Inc. Santa Cruz, CA, USA). 
Secondary antibodies conjugated with a 
horseradish peroxidase label were applied for the 
expression of ATF3, P53, and BAX test using a 
chemiluminescence reagent. Human β-actin was 
used as the loading control. 

 
Table 1: Primer sequences for qRT-PCR 

 
Primer Sequence 5′ > 3′ 
ATF3-forward TCTGGAACCAGACAGCACCT 
ATF3-reverse GTGCTGGACTGCTGGAAAGT 
GAPDH-forward GGAGCGAGATCCCTCCAAAAT 
GAPDH-reverse GGCTGTTGTCATACTTCTCATGG 
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Apoptosis assay 
 
Apoptosis of SW756 cells was determined using 
an apoptosis assay kit (ab39674, Abcam, USA). 
In brief, we first harvested 1 × 106 cells in some 
experiments. Drug-treated cells were washed 
with phosphate-buffered saline three times and 
then resuspended in buffer A (500 μL). Finally, 
SW756 cervical cancer cells were added to 5 µL 
annexin V/FITC and 1 µL propidium iodide. A 
flow cytometer (BD Biosciences, USA) was used 
to quantify the proportion of apoptotic cells. 
 
Statistical analysis 
 
Data are expressed as mean ± standard 
deviation. Statistical analysis was performed 
using Student’s t-test or one-way analysis of 
variance followed by the least significant 
difference post-hoc test via SPSS 16.0 (SPSS 
Science, Chicago, IL). Differences with p values 
less than 0.05 were considered statistically 
significant. 
 
RESULTS 
 
DCA decreased the viability of cervical 
cancer cells  
 
First SW756 cell viability and apoptosis was 
examined after treatment with DCA. As shown in 
Figure 1 A, DCA significantly reduced the viability 
of cervical cancer cells in a dose-dependent 
manner. In addition, the results of the apoptosis 
assay further demonstrated that DCA promote 
cancer cell apoptosis in dose-dependent manner 
(Figure 1 B). The expression of apoptosis-
associated proteins, caspase-3 and poly (ADP-
ribose) polymerase (PARP), were upregulated 
(Figure 1 C), indicating a pro-apoptotic role of 
DCA in cervical cancer cells. 
 

 
 
Figure 1: DCA-induced apoptosis in cervical cancer 
cells. (A) Results of the MTT assays revealed that 
DCA reduce the viability of cervical cancer cells in a 
dose-dependent manner. (B) At higher DCA 
concentrations, higher proportions of apoptotic SW756 
cells were observed. (C) DCA facilitated the 
expression of apoptosis-associated cleaved-caspase 3 
and cleaved PARP. **P < 0.01, ***p < 0.001 vs. control 
 

ATF3 increased after treatment of DCA in 
cervical cancer cells 
 
Next, the expressional changes in DCA-treated 
cervical cancer cells was examined.  Notably, the 
level of ATF3 was observed to be significantly 
upregulated upon DCA challenge. To verify these 
results, qRT-PCR and western blotting was 
performed, and the results indicated that ATF3 
expression was upregulated in SW756 cells after 
treatment with DCA (Figure 2 A, B). Moreover, 
this effect was greater at higher DCA 
concentrations or longer exposure time. 
 

 
 
Figure 2: ATF3 expression significantly increased in 
SW756 cells treated with DCA. (A, B) Results of qRT-
PCR and western blotting showed that ATF3 was 
significantly increased by DCA treatment in a time- 
and dose-dependent manner. (C) DCA inhibited 
SW756 cell proliferation. (D, E) High doses of DCA 
promoted SW756 cell apoptosis; ***p < 0.001 vs. 
control at 24 h. ### p < 0.001 vs. control at 48 h 
 
Inhibition of ATF3 reversed the effect of DCA 
on cervical cancer malignancy 
 
To test the hypothesis that ATF3 inhibition 
promoted cervical cancer malignancy, stable 
cervical cancer cells infected with siATF3 was 
established (Figure 3 A). As expected, after 
treatment with DCA, ATF3 inhibition promoted 
malignant proliferation in cervical cancer cells 
(Figure 3 B) and reversed the apoptotic effect of 
DCA in SW756 cells (Figure 3 C). The results of 
western blotting also demonstrated that apoptotic 
markers, such as cleaved-caspase-3 and 
cleaved PARP, were decreased after ATF3 
inhibition (Figure 3 D). 
 
Overexpression of ATF3 suppressed 
malignancy of cervical cancer after treatment 
with DCA 
 
To further assess the effect of ATF3 on DCA-
treated SW756 cells, ATF3 was stably 
overexpressed in SW756 cells (Figure 4 A), the 
results showed that the combined utilization of 
ATF3 and DCA significantly decreased the 
viability of SW756 cells (data not shown). 
Overexpression of ATF3 markedly augmented 
P53/BAX/PUMA signaling pathway, which is 
important in regulating cell apoptosis. 
 



Mutalifu et al 

Trop J Pharm Res, December 2018; 17(12): 2396 
 

 
 
Figure 3: ATF3 inhibition reversed the effects of DCA 
on SW756 cancer cells. (A) Results of qRT-PCR and 
western blotting showed that stable cell lines with 
ATF3 inhibition were successfully established. (B) 
After treatment with DCA in SW756 cells, ATF3 
inhibition can facilitate cancer cell proliferation. (C) 
ATF3 inhibition decreased the proportion of apoptotic 
cancer cells. (D) ATF3 inhibition downregulated the 
expression of cleaved-caspase 3 and cleaved PARP, 
both of which were major elements of the apoptosis 
signaling pathway in DCA-treated SW756 cells. ***P < 
0.001 vs. control 
 
In contrast, ATF3 inhibition suppressed 
P53/BAX/PUMA signaling pathway (Figure 4 B). 
To verify the causality between ATF3 and P53, 
ATF-3-overexpressed cells were infected by 
siP53, and the results showed that P53 inhibition 
in cervical cancer cells reversed the effect 
caused by ATF3 overexpression (Figure 4 C, D 
and E). In addition, P53-mediated pro-apoptotic 
signaling pathway was also inhibited (Figure 4 
F). 
 
DISCUSSION 
 
DCA can be applied as potential therapeutic 
option in multiple human disorders, such as 
diabetes mellitus, lipid and lipoprotein disorders, 
acquired and congenital lactic acidosis, and 
several solid tumors [17]. Many preliminary 
studies have revealed that DCA inhibits pyruvate 
dehydrogenase kinase (PDK) [18], activates 
pyruvate dehydrogenase (PDC) and oxidative 
phosphorylation, and inhibits Hif1a expression, 
thereby facilitating cancer initiation or 
development [18]. In addition, DCA increases 
reactive oxygen species production and causes 
tumor cell apoptosis and restricted cancer cell 
proliferation [19]. 

 

 
 
Figure 4: ATF3 prevented DCA-treated malignancy in 
cervical cancer cells by regulating P53 signaling. (A) 
qRT-PCR and western blotting results showed that 
stable cell lines with ATF3 overexpression were 
successfully established. (B) ATF3 overexpression 
activated the expression of P53, BAX, and puma and 
indicated the activation of P53 signaling. However, 
after ATF3 inhibition, p53-mediated apoptosis was 
significantly down-regulated. (C, D) P53 inhibition 
facilitated SW756 cell proliferation with ATF3 
overexpression plus DCA exposure. (E) P53 inhibition 
decreased the proportion of apoptotic SW756 cells 
after ATF3 expression plus DCA treatment; **p < 0.01, 
***p < 0.001 vs. control 
 
Although phase I clinical trials were applied to 
test the efficiency of DCA in cancers, there were 
no relative reports on the effectiveness of DCA 
for treating cancer [20,21]. Therefore, to date, the 
underlying mechanisms of DCA’s action in 
cancers remain largely unknown. The inhibitory 
efficiency of DCA on cervical squamous epithelial 
cancer cells examined. The results showed that 
DCA effectively inhibits SW756 cells proliferation 
and promotes cervical cancer cell apoptosis. 
 
More recent studies have shown that ATF3 plays 
an important role in cancers. Some investigators 
have revealed that ATF3 expressed by non-
cancer host cells promotes breast cancer 
metastasis [15]. Paradoxically, another scientific 
paper reported that ATF3 was commonly down-
regulated and closely associated with the 
proliferation of clone cancer cells and the 
tumorigenicity of colorectal cancer cells [22]. 
However, contradictory results may be caused by 
distinct pathogenesis of different cancer types. 
For example, ATF3 was also reported to activate 
P53 signaling by disrupting the interaction 
between E6 and E6-associated protein in 
cervical cancer cells [11].  
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Interestingly, when Oh and colleagues further 
studied the function of paclitaxel in cervical 
cancer cells, it was found that paclitaxel-induced 
ATF3 caused P21 or BAX transcription. 
Eventually, overexpression of ATF3 enhanced 
TAP73b transactivation and pro-apoptotic 
activities [16], suggesting that DCA can 
theoretically elevate ATF3 expression and 
consequently inhibit cervical cancer malignancy. 
In this study, DCA treatment elevated ATF3 
expression in cervical cancer cells in a dose-
dependent manner. Furthermore, the combined 
use of ATF3 and DCA facilitated cancer cells 
apoptosis and restricted SW756 cells 
proliferation. 
 
The phenotype of ATF3 in cervical cancer cells 
led to the question whether ATF3 affect cancer 
cell proliferation and apoptosis and by what 
mechanism of action. Previous studies indicated 
that ATF3 is a common activator of P53 [23]. As 
a tumor suppressor, and mutant P53 is almost 
observed in all cancers including cervical cancer. 
Moreover, P53 is also involved in cell cycle 
arrest, apoptosis, and senescence [24]. In 
present study, ATF3 potentiated P53 signaling as 
evidenced by the increased expression of P53, 
BAX, and PUMA in ATF3-overexpressed SW756 
cells.  In addition, P53 inhibition showed 
inhibitory effects on SW756 cell proliferation and 
promoted apoptosis. 
 
CONCLUSION 
To the best of our knowledge, this study is the 
first to report that DCA initially regulates ATF3 
expression and further regulates cervical 
squamous epithelial cancer cell proliferation and 
apoptosis via P53 signaling. The identification of 
ATF3 not only provides a predictable marker for 
cervical squamous epithelial cancer development 
but also a new druggable loci. 
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