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Introduction: Hepatocellular carcinoma (HCC) accounts for 80% of all liver cancers and is the 2nd leading cause of cancer-related 
death in Taiwan. Various factors, including rapid cell growth, a high recurrence rate and drug resistance, make HCC difficult to cure. 
Moreover, the survival rate of advanced HCC patients treated with systemic chemotherapy remains unsatisfactory. Hence, the 
identification of novel molecular targets and the underlying mechanisms of chemoresistance in HCC and the development more 
effective therapeutic regimens are desperately needed.
Methods: An MTT assay was used to determine the cell viability after cisplatin or doxorubicin treatment. Western blotting, qRT‒PCR 
and immunohistochemistry were utilized to examine the protein tyrosine phosphatase IVA3 (PTP4A3) level and associated signaling 
pathways. ELISA was utilized to analyze the levels of the inflammatory cytokine IL-6 influenced by cisplatin, doxorubicin and 
PTP4A3 silencing.
Results: In this study, we found that PTP4A3 in the cisplatin/doxorubicin-resistant microarray was closely associated with the overall 
and recurrence-free survival rates of HCC patients. Cisplatin or doxorubicin significantly reduced cell viability and decreased PTP4A3 
expression in hepatoma cells. IL-6 secretion increased with cisplatin or doxorubicin treatment and after PTP4A3 silencing. 
Furthermore, PTP4A3 was highly expressed in tumor tissues versus adjacent normal tissues from HCC patients. In addition, we 
evaluated the IL-6-associated signaling pathway involving STAT3 and JAK2, and the levels of p-STAT3, p-JAK2, STAT3 and JAK2 
were obviously reduced with cisplatin or doxorubicin treatment in HCC cells using Western blotting and were also decreased after 
silencing PTP4A3. Collectively, we suggest that cisplatin or doxorubicin decreases HCC cell viability via downregulation of PTP4A3 
expression through the IL-6R-JAK2-STAT3 cascade.
Discussion: Therefore, emerging evidence provides a deep understanding of the roles of PTP4A3 in HCC cisplatin/doxorubicin 
chemoresistance, which can be applied to develop early diagnosis strategies and reveal prognostic factors to establish novel targeted 
therapeutics to specifically treat HCC.
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Introduction
Hepatocellular carcinoma (HCC) accounts for almost 80% of all liver cancer cases and is the sixth most common cancer 
and the 3rd most common cause of cancer-related death worldwide.1,2 To date, patients with advanced HCC have an 
average survival time of less than one year since HCC is typically diagnosed in the advanced stage. To date, no 
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satisfactory systemic chemotherapy has been developed for patients with advanced HCC. This could be due to the natural 
chemoresistance of HCC and the high cytotoxicity of chemotherapy, leading to unfavorable outcomes for these 
patients.3,4 Furthermore, for most chemotherapeutic agents with a very low response rate, the chemoresistance issue 
needs to be addressed.3,5 Therefore, even though traditional surgical resection with chemotherapy is potentially curative 
in some advanced HCC patients with a poor prognosis, chemoresistance is still likely to contribute to rapid HCC growth 
and metastasis after surgical excision with chemotherapy.6–8

Systemic chemotherapeutics, such as cisplatin, doxorubicin, etoposide, 5-fluorouracil (5-FU) and their combinations, 
have been applied in advanced patients with HCC for more than 30 years.9 To date, doxorubicin has been widely applied 
as a chemotherapeutic drug for treating a large number of cancers, including advanced HCC, but has low efficacy and 
a response rate of approximately 15%.10 In addition, numerous reports have demonstrated the potential of doxorubicin to 
facilitate malignant tumor progression, with various mechanisms proposed for this phenomenon. From a molecular 
biology perspective, various genes have been shown to not only be involved in tumorigenesis but also contribute to the 
chemoresistance of HCC.11,12 Previously, Cox et al reported that doxorubicin could accelerate tumor cell invasion via 
regulation of P53, forkhead box O3 (FOXO3) and microRNAs or through the phosphatidylinositol 3-kinase (PI3K)/Akt 
and NF-κB signaling pathways.13 In addition to doxorubicin, cisplatin has been extensively utilized as 
a chemotherapeutic drug for HCC and has been found to be associated with chemoresistance in HCC. The mechanism 
of cisplatin resistance was proposed to involve human telomerase reverse transcriptase (hTERT) or topoisomerase 2A 
(TOP2A) dysregulation.14 Furthermore, the use of systemic chemotherapy with cisplatin or doxorubicin in patients with 
advanced HCC with vascular invasion or extrahepatic spread exhibited no survival benefit.3

Protein tyrosine phosphatase IVA (PTP4A) is a subfamily of protein tyrosine phosphatases (PTPs), including 
PTP4A1, PTP4A2 and PTP4A3, with at least 75% amino acid sequence identity.12,15 It can actively coordinate with 
protein tyrosine kinases to precisely modulate the intracellular phosphorylation levels to participate in many physiolo-
gical processes.16 PTP4A3 is a potential oncogenic phosphatase that plays a critical role in cancer progression.17 PTP4A3 
is overexpressed in numerous cancer types, such as liver, breast and bladder cancers, and is correlated with metastasis 
risk in uveal melanoma.16,18 Several reports have shown that PTP4A3 participates in cell growth, proliferation, invasion 
and metastasis in various types of cancers, and its expression is upregulated after interleukin (IL)-6 receptor (R) signaling 
or signal transducer and activator of transcription (STAT)3 and STAT5 activation.16,19,20 Previously, Brocke-Heidrich 
et al identified a phosphatase molecule, PTP4A3, which was defined as an IL-6-responsive gene, from the microarray 
database.21 Moreover, canonical IL-6R signaling has been shown to phosphorylate and activate downstream STAT3, 
followed by the activation of target genes.20 Additionally, PTP4A3 has been demonstrated to be a critical factor 
influencing the STAT3 phosphorylation status in multiple myeloma.22,23 Numerous reports have also shown that 
PTP4A3 can increase the expression of the antiapoptotic factor myeloid cell leukemia (Mcl)-1 and accelerate cell 
migration via the Akt/mTOR signaling pathway in glioblastoma cells.24,25

Previously, PTP4A3 was demonstrated to be correlated with HCC development and associated with poor differentia-
tion in HCC.26 Vandsemb et al reported that PTP4A3 influences cell migration and plays a role in prostate cancer 
progression.27 However, the mechanisms underlying the role of PTP4A3 and/or IL-6R in cisplatin/doxorubicin che-
moresistance and HCC progression remain unknown. According to the evidence, we propose the potential role of 
PTP4A3 in the process of cisplatin/doxorubicin chemoresistance in HCC. Cisplatin or doxorubicin chemoresistance in 
patients with a low response rate has been frequently observed in various cancers. Hence, the identification of HCC- 
related targets is crucial for understanding the molecular mechanisms and developing HCC-associated targeted therapies 
to address chemoresistance.

In the present study, we found that PTP4A3 was expressed at higher levels at more advanced stages of HCC, and low 
expression of PTP4A3 was associated with better patient survival. Additionally, cell viability and PTP4A3 expression 
were downregulated by cisplatin or doxorubicin. IL-6 cytokine secretion was also induced by cisplatin or doxorubicin, as 
shown by ELISA. Moreover, these phenomenon regulated by cisplatin or doxorubicin may occur via the Janus kinase 
(JAK) 2-STAT3 signaling pathway. Therefore, we suggest that PTP4A3 should be defined as a marker involved in 
cisplatin- and/or doxorubicin-stimulated HCC.
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Materials and Methods
Cell Culture and Treatments
The human hepatoma cell lines HepG2, Hep3B, J7 and Huh7, which were purchased from ATCC (Hsinchu, Taiwan), 
were routinely cultured at 37°C in a humidified atmosphere of 95% air and 5% CO2 in Dulbecco’s modified Eagle’s 
medium (DMEM; Invitrogen, Grand Island, NY, USA) supplemented with 10% fetal bovine serum (HyClone, Road 
Logan, UT, USA). These cells were utilized and challenged with various stimulators, such as cisplatin (Pharmachemie 
BV, Short Hills, NJ, USA) and doxorubicin (Sigma–Aldrich, St. Louis, MO, USA).

MTT Assay
Cell proliferation ability was determined by the 3-[4,5-dimethylthiazol-2-yl]-5-[3-carboxymethoxyphenyl]2-[4-sulfophe-
nyl]-2H-tetrazolium (MTT) assay (Promega Corporation, Madison, WI, USA). Cells (5 × 104) were seeded on 96-well 
plates overnight. After the end of treatment, 20 μL of MTT solution was added to each well for 3 h at 37°C. The 
absorbance at 570 nm was measured using a SpectraMax microplate reader (Tecan, Männedorf, Switzerland).

Real-Time PCR
Total RNA was extracted using TRIzol reagent (Life Technologies), and the cDNA template was synthesized using oligodeox-
ythymidine (Promega Corporation, Madison, Wisconsin, USA) and Superscript II Reverse Transcriptase (Life Technologies, 
Carlsbad, CA, USA). The real-time PCR mixture contained 500 nM forward and reverse primers and 1× SYBR Green reaction 
mix (Applied Biosystems, Waltham, MA, USA). SYBR Green fluorescence was determined by the ABI PRISM 7500 detection 
system (Applied Biosystems, Waltham, MA, USA). The cDNA was amplified via PCR for 35 cycles at 95°C for 5 sec, 62°C, for 
30 sec. The primers used were as follows: PTP4A3 Forward-5’GCAGCTCACCTACCTGGAGAAATA3’, Reverse 
5’TGCGTGTGTGGGTCTTTGAA3’; 18SrRNA Forward-5’GCAGCTCACCTACCTGGAGAAATA3’, Reverse-5’TG 
CGTGTGTGGGTCTTTGAA3’. The primer sequences were designed with the Nucleotide section of NCBI (GenBank: 
AY889443) using Primer Express software (Thermo Fisher Scientific, Waltham, MA, USA).

Western Blotting
Total cell extracts (20 μg of protein) were fractionated by 10–12% SDS–PAGE, transferred to an immobilon poly-
vinylidene difluoride membrane (Amersham Biosciences, Corston, UK), and probed with one of the specific primary 
antibodies against PTP4A3 (1:1000, GTX100600, GeneTex, Hsinchu, Taiwan), p-STAT3 (1:1000, GTX104616, 
GeneTex, Hsinchu, Taiwan), STAT3 (1:1000, GTX11800, GeneTex, Hsinchu, Taiwan), STAT5A (1:1000, GTX113351, 
GeneTex, Hsinchu, Taiwan), FOXO3A (1:1000, GTX100277, GeneTex, Hsinchu, Taiwan), TERT (1:1500, GTX124242, 
GeneTex, Hsinchu, Taiwan), TOP2A (1:1500, GTX100689, GeneTex, Hsinchu, Taiwan) p-JAK2 (1:1000, GTX132784, 
GeneTex, Hsinchu, Taiwan), JAK2 (1:1000, GTX01195, GeneTex, Hsinchu, Taiwan), p-P65 (1:1000, GTX133899, 
GeneTex, Hsinchu, Taiwan), P65 (1:1000, GTX102090, GeneTex, Hsinchu, Taiwan) and β-actin (1:10,000, #4970, 
Cell Signaling Technology, Danvers, MA, USA) overnight at 4°C. Subsequently, the membrane was hybridized with 
appropriate HRP–conjugated secondary antibodies for 1 h at room temperature. Finally, immune complexes were 
visualized using the chemiluminescence method with an ECL detection kit (Merck Millipore, Temecula, CA, USA) on 
Fujifilm LAS-3000 (Fujifilm, Tokyo, Japan).

Effect of PTP4A3 Knockdown
Small interfering (si)RNA targeting PTP4A3 was purchased from Invitrogen. Cells were transfected with siRNA using 
Lipofectamine Reagent (Invitrogen, Carlsbad, CA, USA), and the expression of PTP4A3 was examined using Western blotting.

Clinical HCC Specimens
HCC tissues were obtained from the National Health Research Institute Biobank, and doxorubicin-treated HCC patient 
specimens were obtained from the human biobank of National Cheng Kung University Hospital. All clinical specimen 
experiments were performed in accordance with the guidelines of the Institutional Review Board of National Cheng 
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Kung University Hospital (IRB No: A-ER-109-533, A-ER-109-135). Informed consent was waived for the use of the 
specimens from the National Health Research Institute Biobank and human biobank of National Cheng Kung University 
Hospital.

Immunohistochemistry
Formalin-fixed and paraffin-embedded clinical HCC specimens were evaluated by immunohistochemistry staining using 
the avidin-biotin complex method, as described previously.28 Sections were air dried and fixed in ice-cold acetone for 10 
min, then rehydrated with PBS for 5 min, blocked with protein block (Dako) for 20 min, and incubated with polyclonal 
antibody against PTP4A3 (GeneTex, Hsinchu, Taiwan) for 1 h at room temperature. Positively stained cells with PTP4A3 
immunoreactivity were dark as visualized using DAB/nickel substrate (Vector Laboratories, Burlingame, CA, USA). We 
examined the PTP4A3 staining intensity using a microscope (Zeiss) equipped with a cooled charge-coupled device 
camera (Axiocam HRm; Zeiss, Oberkochen, Germany).

Statistical Analysis
The correlations between PTP4A3 levels (39-ΔCt) and clinicopathological indicators were assessed using the Wilcoxon 
rank sum test. Data are presented as the mean ± SD. Recurrence-free survival and overall survival were calculated using 
the Kaplan–Meier method, and the Log rank test was used to assess the differences between groups. A Cox proportional 
hazards regression model was used to measure the independence of different factors. Cox regression analysis was 
performed by forward stepwise analysis, and only the prognostic variables that were significant in the univariate analysis 
were included in the model. P values less than 0.05 were considered to indicate statistical significance.

Results
Selection of Cisplatin/Doxorubicin-Regulated Candidate Genes from the Overlap of 
Microarray Datasets
Previously, cisplatin or doxorubicin have been demonstrated to promote crucial mechanisms of chemoresistance that can 
influence the survival of HCC through numerous pathways.29,30 First, we retrieved data from three datasets, including the 
Roessler Liver microarray dataset from Oncomine31 and the cisplatin/doxorubicin resistance datasets for hepatoma cells 
established by Ng et al.32 The three microarray datasets were analyzed and compared to identify promising targets. The 
Roessler Liver microarray dataset was filtered to select candidates by (1) determining the fold change in the expression 
levels of the lowest 25% (in terms of survival rate) vs the top 25% in HCC tissues, (2) combining the Roessler Liver 
dataset with the cisplatin/doxorubicin regulation datasets obtained by Ng et al, and (3) identifying suitable cisplatin/ 
doxorubicin resistance genes aberrantly expressed in HCC specimens; the genes identified were selected for further study. 
We applied >1-fold change as the criterion for selection of cisplatin/doxorubicin-regulated candidates in cisplatin/ 
doxorubicin-resistant cells compared with HCC parental cells and > 1.1-fold as the criterion for selection of oncogenes 
in the lowest 25% (in terms of survival rate) vs the top 25% in HCC tissues of the Roessler Liver microarray for overlap 
analysis to identify the possible candidates for further testing. Based on these criteria, 66 initial candidate genes were 
consistently observed in the three databases (Figure 1A). According to the above search, the selected genes were filtered 
more stringently to identify highly significant molecules. PTP4A3 was the major gene correlated with cisplatin/ 
doxorubicin chemoresistance in liver cancer but has not been well investigated. Hence, we selected PTP4A3 for further 
study.

Verification of the Clinical Significance of PTP4A3 in the Roessler Liver Microarray 
Dataset
PTP4A3 is a member of the phosphatase of regenerating liver (PRL) subgroup of protein tyrosine phosphatases, which 
are involved in numerous signaling pathways and participate in many fundamental physiological processes.33,34 

Previously, PTP4A3 was shown to influence breast cancer cell proliferation and overall patient survival.35 Hence, 
PTP4A3 may be a promising candidate for further study. The Roessler Liver microarray provides large amounts of 
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clinical information, including pathological stage, tumor-node-metastasis (TNM) stage, alpha-fetoprotein (AFP) level, 
alanine aminotransferase (ALT) activity, tumor size, overall survival rate, recurrence status, and predicted risk metastasis 
signature score. Therefore, the correlation between clinical parameters and PTP4A3 expression was analyzed statistically 
to define the role of cisplatin/doxorubicin-regulated PTP4A3 in HCC progression.

The clinical significance of PTP4A3 expression in the Roessler Liver dataset was analyzed (Figure 1). Patients with 
low expression of PTP4A3 had a higher overall survival rate (log-rank P<0.05; PTP4A3 high: standard error, 2.368; 95% 
CI, 40.205–49.486; PTP4A3 low: standard error, 2.190; 95% CI, 46.617–55.203) and recurrence-free survival rate (log- 
rank P<0.05; PTP4A3 high: standard error, 2.456; 95% CI, 29.913–39.540; PTP4A3 low: standard error, 2.375; 95% CI, 
38.433–47.742) (Figure 1B and C). Moreover, PTP4A3 expression was significantly increased in patients with high AFP 
levels, a predicted risk factor for metastasis (Figure 1D and E), and more advanced pathological stages of HCC 
(Figure 1F). A high PTP4A3 level (39-ΔCt ≥ 16.1) in HCC was significantly associated with worse overall survival 
(P=0.010) (Figure 2A) and recurrence-free survival (P=0.032) (Figure 2B). A high PTP4A3 level in HCC was associated 
with higher AFP levels (P=0.039) (Figure 2C) (Table 1). Univariate analysis showed that cirrhosis (P=0.022), AFP level 
(P=0.033), tumor size (P=0.043), vascular invasion (P=0.005), American Joint Committee on Cancer (AJCC) stage 
(P=0.003), and high PTP4A3 level (P=0.035) were significant predictors of worse recurrence-free survival (Table 2). 
Multivariate analysis showed that AJCC stage (P=0.005, HR=2.049, CI=1.249–3.362) and high PTP4A3 level (P=0.046, 
HR=1.815, CI=1.010–3.263) were independently associated with recurrence-free survival (Table 2). Regarding overall 
survival, univariate analysis showed that cirrhosis (P=0.020), AFP level (P=0.012), tumor size (P=0.011), vascular 
invasion (P<0.001), AJCC stage (P=0.007), and high PTP4A3 level (P=0.013) were significant predictors of worse 
overall survival (Table 3). Multivariate analysis showed that vascular invasion (P=0.001, HR=2.244, CI=1.407–3.557) 

Figure 1 Low expression of PTP4A3 is related to better patient survival. (A) The diagram illustrates the strategy for cisplatin- and doxorubicin-regulated candidates. (B and 
C) Kaplan–Meier survival curves of 2 groups of patients with hepatocellular carcinoma defined by different PTP4A3 expression levels established on the basis of Roessler 
liver microarray scores (n for each group=121, cutoff point=4.86 (the median), log-rank P<0.05). (D–F) The PTP4A3 level was highly correlated with higher alpha- 
fetoprotein (AFP) levels and predicted a high metastasis risk signature score and advanced pathological stage.
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and high PTP4A3 levels (P=0.034, HR=2.119, CI=1.060–4.235) were independently associated with overall survival 
(Table 3). These data indicate that PTP4A3 expression is closely associated with HCC progression and could possibly be 
selected as a useful prognostic marker for HCC.

Table 1 Association of PTP4A3 Expression with Clinicopathologic 
Indicators of Hepatocellular Carcinoma

Factors Group PTP4A3 (Mean ± SD) P

Age <50 years 18.3928±1.2392 0.062
≥50 years 17.4949±3.2103

Sex Male 17.6999±2.9294 0.603
Female 17.4370±3.2579

Hepatitis viral Absent 17.9640±1.8569 0.912

Infection Present 17.5183±3.3093

Cirrhosis Absent 17.9202±2.5043 0.079
Present 17.1393±3.6887

Serum AFP <200 17.3686±3.0998 0.039*
(ng/mL) ≥200 18.0191±2.8544

Tumor W-M 17.5049±3.3648 0.854
Differentiation P 17.9485±1.8276

Tumor size < 5 cm 17.9604±1.6995 0.714
≥ 5 cm 17.4305±3.5740

Vascular Absent 17.4790±2.8421 0.204
Invasion Present 17.7298±3.1280

AJCC stage I 17.9745±1.8805 0.884

II–IV 17.5109±3.3137

Note: *P<0.05. Tumor differentiation by WHO. 
Abbreviations: AJCC, American Joint Committee on Cancer 2017; AFP, alpha- 
fetoprotein.

Figure 2 The PTP4A3 expression level is associated with overall survival in hepatocellular carcinoma (HCC). (A and B) Kaplan–Meier survival curves of 2 groups of patients 
with HCC defined by different PTP4A3 expression cycles using qRT–PCR (n for each group=36, cutoff point=17.51 (39-ΔCt, the median), log-rank P<0.05). Patients with low 
expression of PTP4A3 have a better overall survival rate than those with high expression. (C) qRT–PCR was used to determine the PTP4A3 expression level, shown as the 
gene expression cycle (39-ΔCt), in HCC specimens. PTP4A3 expression is higher in patients with high alpha-fetoprotein (AFP) levels than in those with low AFP levels.
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Study of the Regulation of PTP4A3 by Cisplatin/Doxorubicin Related to HCC 
Chemoresistance in vitro
We initially tried to treat hepatoma cells with various doses of cisplatin (Cis, 0–10 μg/mL) for 24 and 48 h to determine 
HCC cell viability. The data showed that cell viability decreased in a dose-dependent manner after cisplatin treatment in 
HepG2, Hep3B, Huh7, and J7 cells using the MTT assay (Figure 3A–D). Moreover, we tried to verify whether the 
phenomenon could be observed for doxorubicin-stimulated HCC. These cells were treated with various doses of 
doxorubicin (0–1 μg/mL) for 24 and 48 h. Similarly, doxorubicin decreased the viability of HepG2, Hep3B, Huh7, 
and J7 cells, as shown by the MTT assay (Figure 3E–H). In addition, we treated HepG2, Hep3B, Huh7 and J7 cells with 
5 μg/mL cisplatin, 0.3 μg/mL doxorubicin, and 5 μg/mL cisplatin combined with 0.3 μg/mL doxorubicin for 24 h. The 

Table 2 Prognostic Significance of Clinicopathologic Indicators and PTP4A3 for Disease-Free Survival in the 
Clinical Cohort

Factor DFS Univariate DFS Multivariate

Group HR 95% CI P HR 95% CI P

Age <50/≥50 years 0.815 (0.477–1.394) 0.456
Sex Male/female 0.889 (0.566–1.395) 0.608

Viral infection 0.248

No/B 0.607 (0.307–1.202) 0.152
No / C 1.012 (0.530–1.932) 0.970

No / B+C 0.773 (0.403–1.484) 0.440

Cirrhosis -/+ 1.602 (1.069–2.401) 0.022* NS
Serum AFP <200/≥200 ng/mL 1.548 (1.037–2.312) 0.033* NS

Differentiation W-M/P 0.991 (0.631–1.555) 0.967

Tumor size <5/≥5 cm 1.531 (10.13–2.315) 0.043* NS
Vascular invasion -/+ 1.818 (1.199–2.758) 0.005* NS

AJCC stage I / II–IV 2.100 (1.282–3.440) 0.003* 2.049 (1.249–3.362) 0.005*

PTP4A3 Low/high 1.876 (1.044–3.370) 0.035* 1.815 (1.010–3.263) 0.046*

Notes: *P < 0.05; Tumor differentiation according to WHO system. 
Abbreviations: DFS, disease-free survival; AFP, alpha-fetoprotein; AJCC, American Joint Committee on Cancer 2017.

Table 3 Prognostic Significance of Clinicopathologic Indicators and PTP4A3 for Overall Survival in the Clinical 
Cohort

Factor OS Univariate OS Multivariate

Group HR 95% CI P HR 95% CI P

Age <50/≥50 years 0.763 (0.4381.328) 0.338

Sex Male/female 0.981 (0.6191.556) 0.936

Viral infection 0.281
No/B 0.698 (0.343–1.421) 0.322

No / C 1.079 (0.555–2.099) 0.823

No / B+C 0.708 (0.358–1.398) 0.320
Cirrhosis -/+ 1.632 (1.080–2.466) 0.020* 1.551 (1.018–4.340) 0.041*

Serum AFP <200/≥200 ng/mL 1.692 (1.122–2.551) 0.012* NS

Differentiation W-M/P 1.330 (0.851–2.079) 0.210
Tumor size <5/≥5 cm 1.778 (1.139–2.776) 0.011* NS

Vascular invasion -/+ 2.370 (1.501–3.742) <0.001* 2.244 (1.407–3.557) 0.001*

AJCC stage I/II–IV 2.076 (1.224–3.521) 0.007* NS
PTP4A3 Low/high 2.401 (1.205–4.786) 0.013* 2.119 (1.060–4.235) 0.034*

Notes: *P < 0.05; Tumor differentiation according to WHO system. 
Abbreviations: OS, overall survival; AFP, alpha-fetoprotein; AJCC, American Joint Committee on Cancer 2017.
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MTT assay results indicated that cotreatment with cisplatin and doxorubicin decreased cell viability more obviously than 
cisplatin or doxorubicin alone in HepG2, Hep3B, Huh7 and J7 cells (Supplementary Figure 1). Taken together, the results 
show that HCC cell viability could be significantly decreased by cisplatin or doxorubicin chemotherapy.

After retrieving data from the Roessler Liver microarray and cisplatin/doxorubicin resistance datasets,31,32 we found 
that PTP4A3 expression was highly correlated with numerous clinical parameters and the 5-year survival rate (Figure 1). 
To further verify the cisplatin/doxorubicin regulation of PTP4A3, Western blotting was performed with cisplatin or 
doxorubicin treatment. We treated HCC cells with various doses of cisplatin (Cis, 0–10 μg/mL) and doxorubicin (Dox, 0– 
1 μg/mL) for 24 and 48 h, and the PTP4A3 expression level in HepG2, Hep3B, Huh7, and J7 cells was obviously 
decreased by cisplatin (Figure 4A–D) or doxorubicin (Figure 4E–H), as determined using Western blotting. Based on the 
evidence, cisplatin or doxorubicin decreased HCC cell viability through downregulation of PTP4A3 expression.

Figure 3 Examination of HCC cell viability after cisplatin or doxorubicin stimulation. The viability of HepG2 (A and E), Hep3B (B and F), Huh7 (C and G) and J7 (D and H) 
cells was determined after treatment with various concentrations of cisplatin (Cis, 0–10 μg/mL, A–D) or doxorubicin (Dox, 0–1 μg/mL, E-H) using the MTT assay. HCC cell 
viability decreased with cisplatin or doxorubicin treatment in a dose-dependent manner.

Figure 4 Assessment of PTP4A3 expression after cisplatin or doxorubicin stimulation. The PTP4A3 expression of HepG2 (A and E), Hep3B (B and F), Huh7 (C and G) and 
J7 (D and H) cells was determined after treatment with various doses of cisplatin (Cis, 0–10 μg/mL, A–D) or doxorubicin (Dox, 0–1 μg/mL, E-H) using Western blotting. 
The level of PTP4A3 expression in HCC cells was obviously decreased by cisplatin or doxorubicin.
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Assessment of the Effect of PTP4A3 on Cisplatin/Doxorubicin-Regulated Viability in 
HCC Cell Lines
PTP4A3 expression at both the mRNA and protein levels has been shown to be upregulated in numerous cancer types, 
including liver cancer.16 To determine the roles of PTP4A3, the basal expression levels of PTP4A3 in HCC cell lines, 
including J7, Hep3B, HepG2 and Huh7 cells, were determined by Western blotting. PTP4A3 was highly expressed in J7, 
HepG2 and Huh7 cells (Figure 5A); hence, we utilized J7 and HepG2 cells to silence PTP4A3 expression to determine its 
effect. PTP4A3 expression was successfully silenced with specific PTP4A3 siRNA (KD1, KD2) in J7 (Figure 5B) and 
HepG2 (Figure 5C) cells, and the vector control (VC) was used for comparison. Previously, PTP4A3 was shown to play 
a role in cell proliferation in chronic myeloid leukemia (CML) and influence cell proliferation via the C-terminal Src kinase 
(Csk)-Src cascade in human embryonic kidney 293 (HEK293) cells.36,37 Subsequently, we examined whether PTP4A3 
plays a role in HCC progression, and the viability of J7 and HepG2 cells was found to decrease in PTP4A3-silenced cells 
compared with vector control cells by the MTT assay (Figure 5B and C, lower panel). Moreover, we found that the decrease 
in cell viability induced by cisplatin (10 μg/mL) or doxorubicin (1 μg/mL) was more obvious in PTP4A3-silenced (PTP4A3 

Figure 5 Assessment of the effect of PTP4A3 on cell viability. (A) The PTP4A3 basal level was determined by Western blotting. (B and C) PTP4A3 expression in J7 (B) and 
HepG2 (C) cells was silenced with PTP4A3 siRNA (KD1, KD2). The expression of PTP4A3 was obviously decreased after PTP4A3 siRNA transfection (KD1, KD2) 
compared with the vector control (VC) transfection. Cell viability was analyzed after PTP4A3 silencing using the MTT assay, and PTP4A3 slightly decreased cell viability in 
both J7 and HepG2 cells (B and C). (D and E) Cell viability was examined after PTP4A3 silencing with cisplatin (Cis) or doxorubicin (Dox) stimulation using the MTT assay, 
and PTP4A3 silencing further decreased the viability of J7 (D) and HepG2 (E) cells treated with cisplatin and/or doxorubicin. 
Abbreviation: KD, knockdown.
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KD) cells than in vector control (VC) J7 and HepG2 cells (Figure 5D and E). The evidence indicated that PTP4A3 plays 
a role in the cisplatin- and doxorubicin-regulated progression of HCC.

Chong et al reported that IL-6R signaling may be influenced by PTP4A3 to alter the phosphorylation status of 
downstream STAT3.22,23 It has been shown that the downstream IL-6R signaling JAK/STAT pathway can be phosphory-
lated to influence their transcriptional activation.38 Therefore, we analyzed whether cisplatin or doxorubicin could 
regulate the phosphorylation status of STAT3 in HCC. We treated HepG2 and Huh7 cells with various doses of cisplatin 
(Cis, 0–10 μg/mL) or doxorubicin (Dox, 0–1 μg/mL) for 24 and 48 h, the levels of p-STAT3, STAT3, p-JAK2, JAK2, 
STAT5 were analyzed, we found these molecules were decreased with cisplatin or doxorubicin treatment at 24 and 48 
h in both HepG2 and Huh7 cells. These reductions were dose dependent. The basic levels of p-STAT3 and p-JAK2 were 
higher at 48 h than 24 h in both HepG2 and Huh7 cells. However, the un-phosphorylated STAT3 and JAK2 of basic 
levels were similar at both 24 and 48 h in both HepG2 and Huh7 cells (Figure 6). The unphosphorylated forms STAT3 
and JAK2 were also analyzed in the same SDS-PAGE, the STAT3 basic levels were similar at 24 and 48 h in both HepG2 
and Huh7 cells, in which the levels were higher in Huh7 cells. In addition, the JAK2 levels were a little higher at 48 h in 
both HepG2 and Huh7 cells, in which the levels were higher in HepG2 cells compared to Huh7 cells (Supplementary 
Figure 4). The mechanism by which cisplatin or doxorubicin regulate p-STAT3 is similar to the mechanism of JAK2 
regulation. Taken together, the results show that cisplatin or doxorubicin regulates PTP4A3 expression through the 
JAK2-STAT3 cascade. In addition, the expression of FOXO3, Akt and NF-κB was decreased in HepG2 and Huh7 cells 
treated with 0.5 and 1 μg/mL doxorubicin at 24 and 48 h, as shown by Western blotting. Moreover, telomerase reverse 
transcriptase (hTERT) or topoisomerase 2A (TOP2A) expression was also reduced with 1–10 μg/mL cisplatin treatment 
for 24 and 48 h, as shown by Western blotting (Supplementary Figures 2 and 3). These reductions were dose dependent. 
Therefore, we suggest that HCC cells treated briefly with cisplatin or doxorubicin exhibited reduced expression of 
resistance targets, including FOXO3, Akt, NF-κB, hTERT and TOP2A.

Figure 6 Assessment of the expression of PTP4A3-related molecules after cisplatin or doxorubicin stimulation. The levels of phospho (p)-STAT3, STAT3, p-JAK2, JAK2 and 
STAT5 in HepG2 (A and C) and Huh7 (B and D) cells were determined with various doses of cisplatin (Cis, 0–10 μg/mL, (A and B) or doxorubicin (Dox, 0–1 μg/mL, 
(C and D) using Western blotting. The levels of p-STAT3, STAT3, p-JAK2, JAK2 and STAT5 were obviously decreased with cisplatin or doxorubicin treatment.
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Previously, the IL-6 pathway was demonstrated to alter the phosphorylation status of STAT proteins via the activation of 
the JAK-STAT pathway in multiple myeloma.39 Additionally, Brocke-Heidrich et al found that both STAT3 and PTP4A3 were 
regulated by IL-6 using microarray analysis.21 Therefore, we determined whether IL-6 could be regulated with cisplatin or 
doxorubicin treatment in HCC. J7 cells were stimulated with various concentrations of cisplatin (Cis, 0–10 μg/mL) and 
doxorubicin (Dox, 0–1 μg/mL) for 24 and 48 h, and IL-6 expression was significantly induced in a dose-dependent manner 
(Figure 7A and B). Moreover, we analyzed whether PTP4A3 plays a role in cisplatin- and doxorubicin-regulated IL-6 
secretion. IL-6 secretion increased in PTP4A3-silenced (PTP4A3 KD) cells compared to vector control (CTL) cells according 
to ELISA (Figure 7C). Additionally, the STAT3 and JAK2 levels were decreased after transfection of PTP4A3 silencing 
compared with the vector control into J7 cells according to Western blotting; however, the IL-6R level was not altered 
(Figure 7D). Collectively, we suggest that cisplatin- or doxorubicin-induced IL-6 secretion may occur via decreased PTP4A3 
expression, and the dysregulation is independent of IL-6R regulation.

Furthermore, we analyzed the role of the IL-6 receptor (R) in HCC, and the expression of IL-6R was correlated with 
clinical parameters and survival rate. We found that low IL-6R expression was associated with a higher overall survival rate 
and recurrence-free survival rate, and a high predicted risk metastasis signature score was associated with significantly higher 
IL-6R expression (Figure 7E–G). Taken together, the results show that IL-6R signaling plays a critical role in HCC 
progression and is implicated in the survival rate and outcome. Based on the evidence, we conclude that cisplatin or 
doxorubicin reduces HCC cell viability through the regulation of PTP4A3 via the IL-6R-JAK2-STAT3 cascade.

Moreover, we analyzed the levels of PTP4A3 in clinical HCC specimens, and liver tissues of doxorubicin-treated 
patients were collected. We examined 10 pairs of liver tissues from doxorubicin-treated HCC patients, and PTP4A3 
expression was almost higher in tumor tissues than in normal control tissues using qRT‒PCR (Figure 8A). 
Immunochemistry was also utilized to detect PTP4A3 levels, and we found that PTP4A3 expression was obviously 
higher in tumor tissues (Figure 8B, b) than in normal tissues from HCC patients (Figure 8B, a). Collectively, we found 

Figure 7 Assessment of IL-6/IL6R expression in clinical HCC specimens. (A–C) The levels of IL-6 were determined after cisplatin (A) or doxorubicin (B) treatment or 
PTP4A3 silencing (PTP4A3 knockdown (KD), (C) in J7 cells using ELISA. (D) The levels of STAT3, JAK2, IL-6 receptor (R) were determined with PTTP4A3 silencing 
(PTP4A3 KD) compared with vector control (CTL) by Western blotting. (E and F) Kaplan–Meier survival analysis of the overall and recurrence-free survival of HCC 
patients sorted into two groups based on PTP4A3 expression level (established on the basis of Roessler liver microarray scores) (n for each group=121, cutoff point=7.60 
(median), log-rank P<0.05). (G) IL-6R expression was higher in patients with a high predicted risk metastasis signature score.
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that PTP4A3 was highly expressed in tumor tissues compared with normal tissues, implying that PTP4A3 plays an 
oncogenic role in HCC progression, and which was supported by the analyses of overall and recurrence-free survival 
rates from both our cohort and the Roessler liver microarray cohort.

Discussion
In the present study, we selected a critical factor, PTP4A3, which was highly correlated with overall and recurrence-free 
survival rates and might be involved in cisplatin- and doxorubicin-regulated cell viability. Cisplatin or doxorubicin 
significantly reduced cell viability and decreased PTP4A3 expression in hepatoma cells. IL-6 secretion increased with 
cisplatin or doxorubicin treatment and after PTP4A3 silencing in J7 cells. Cisplatin or doxorubicin also decreased the 
p-STAT3 and JAK2 levels, and IL-6R was highly correlated with the survival rate and predicted risk metastasis signature 
score. We found that cisplatin or doxorubicin reduced the expression of PTP4A3 and p-STAT3 according to Western 
blotting (Figures 4 and 6). Moreover, the inflammatory cytokine IL-6 was also induced by cisplatin or doxorubicin in J7 
cells, as shown by ELISA (Figure 7A and B). Moreover, the IL-6 levels were significantly increased after PTP4A3 
silencing (Figure 7C). In the present study, we provided indirect evidence to interpret the relationship of PTP4A3, IL-6 
and p-STAT3. Previously, the IL-6 pathway was demonstrated to alter the phosphorylation status of STAT proteins via 
activation of the JAK-STAT pathway in multiple myeloma.39 Therefore, we suggest that cisplatin or doxorubicin 
decreases HCC cell viability via the downregulation of PTP4A3 expression through the IL-6R-JAK2-STAT3 cascade.

PTP4A3 possesses a unique prenylation motif at the C-terminal end. Nonprenylated PTP4A3 is inactive and is usually 
located in the nucleus, and prenylated PTP4A3 is active and can be found in membranes and intracellular structures.40 

Previously, PTP4A3 has been demonstrated to induce cell migration and invasion via activation of the Rho GTPase and 
PI3K/Akt cascades.41,42 In the current study, we found that cisplatin or doxorubicin reduced cell viability through the 
downregulation of PTP4A3 via JAK2-STAT3 signaling. The effect of PTP4A3 on cell migration in the presence of 
cisplatin or doxorubicin still needs to be clarified. Furthermore, whether PTP4A3 can regulate HCC cell apoptosis or 
autophagy still needs to be elucidated in the future.

Recently, emerging evidence has implicated dysregulation of protein tyrosine phosphatase activity in a variety of 
cancers.43 The PTP4A3 gene encodes a 22-kDa tyrosine phosphatase that is involved in tumorigenesis and metastasis.15 

Moreover, PTP4A3 has been implicated in drug resistance and cancer progression.24 Protein phosphorylation is mediated 
by protein kinases via posttranslational modification that leads to the activation of numerous signaling pathways 
implicated in various cellular biological processes, including cell growth, proliferation, and death. Protein dephosphor-
ylation is mediated by protein tyrosine phosphatases (PTPs) that lead to the termination of signal transduction, which 
results in the inhibition of cell proliferation and growth.35 PTPs have been demonstrated to have oncogenic roles and are 
promising candidates for the development of targeted therapies for numerous cancers. Phosphatases are defined as crucial 
growth-regulatory factors, and the cell growth of numerous cancer types is suppressed with silencing of oncogenic 

Figure 8 Assessment of PTP4A3 expression in clinical HCC specimens. (A) The levels of PTP4A3 in liver tissues of doxorubicin-treated patients were determined using 
qRT‒PCR. PTP4A3 expression was almost higher in tumor tissues (T) than in normal control tissues (N). (B) PTP4A3 expression was also higher in tumor tissues (B, b) of 
HCC patients than in normal control tissues (B, a) by immunohistochemistry.
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phosphatases.44 However, effective and safe methods for targeting cancer-stimulated molecules need to be discovered to 
cure various life-threatening cancer types.

Previously, PTP4A3 gene expression was demonstrated to be altered with IL-6R signaling activation and upregulated after 
STAT3 and STAT5 activation.16,20 It has been shown that the IL-6R signaling downstream molecule JAK/STAT can be 
phosphorylated to influence their transcriptional activation.38 Wang et al also reported that PTP4A3 could influence cell 
proliferation, migration and invasion via the Akt/mTOR signaling pathway in glioblastoma cells.25 Recently, PTP4A3 was 
demonstrated to be an oncogene that influences cancer cell progression, including tumor formation, growth, survival and 
metastasis. Numerous pathways are altered by PTP4A3; these include the platelet-derived growth factor (PDGF), integrin, 
EphrinA, PI3K-Akt, extracellular signal–regulated kinase (ERK)1/2, STAT3 and IL-6R pathways, which are involved in 
tumor development in several cancer types.22,35,44–46 Additionally, several signaling pathways, such as the epidermal growth 
factor receptor, mitogen-activated protein kinase, PI3K/Akt and Wnt pathways, are associated with chemoresistance in 
cancer.47 Previously, Guo et al reported that the phosphatase activity of PTP4A3 is important and correlated with tumor- 
associated angiogenesis and cancer metastasis.48 However, whether cisplatin- and doxorubicin-regulated cell migration and 
related phenotypes could be rescued by PTP4A3 needs to be elucidated in detail with experiments involving overexpression of 
PTP4A3, simultaneous stimulation with the PTP4A3 inhibitor BR-149 or silencing of PTP4A3 in the presence of cisplatin and/ 
or doxorubicin in the future. PTP4A3 has been defined as a p53-inducible gene and plays a role in both inducing and blocking 
cell cycle progression.12 Notably, high levels of PTP4A3 have been shown to predict poor survival in multiple patients with 
acute myeloid leukemia.50 STAT proteins are critical for signal transduction processes ranging from the extracellular to 
intracellular response, which is essential for numerous cellular functions, including cell proliferation, growth and apoptosis.51

Oncogenic tyrosine kinases, such as Jak2 and Src, play a role in the aberrant activation of STAT3 in cancers.52 

Furthermore, both autocrine and paracrine IL6 signaling promote constitutive activation of STAT3 via Jak2 signaling in 
multiple myeloma.52 Canonical IL-6 signaling has been reported to be modulated by repressors, such as Src homology 
containing protein 1 (SHP-1) and SHP-2 tyrosine phosphatases, that interact with suppressor of cytokine signaling 1 
(SOCS1). Disruption of this interaction results in hyperactivation of the JAK/STAT pathway. Indeed, the expression of 
SHP1, SHP2, and SOCS1 is silenced in malignant plasma cells, and this phenomenon is correlated with enhanced JAK/ 
STAT3 activity.53,54 In the present study, we found that the expression of JAK2 and p-STAT3 was reduced by cisplatin 
and doxorubicin. However, whether PTP4A3 can alter the levels of JAK2 and p-STAT3 in the presence of cisplatin or 
doxorubicin needs to be investigated in more detail.

In the present study, we selected an attractive candidate, PTP4A3, which was highly correlated with survival rate and 
related to numerous clinical parameters, from the Roessler Liver microarray and cisplatin and doxorubicin resistance 
datasets. Cell viability decreased with PTP4A3 silencing; hence, PTP4A3 has an oncogenic role in HCC. We found that 
cisplatin or doxorubicin decreased HCC cell viability through dysregulation of PTP4A3 via the IL-6-JAK2-STAT3 
cascade. In the future, we suggest that PTP4A3 may be a useful marker and therapeutic target to overcome the 
chemotherapy resistance and improve the survival of HCC patients.
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