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Background: Transcriptional coactivator with PDZ binding motif (TAZ) regulates multiple biological 
processes and has been found to be related to hepatocellular carcinoma (HCC). However, common signaling 
pathways downstream after TAZ knockdown may also be important. 
Methods: TAZ was knocked down in an HCC cell line, and its potential target genes were analyzed. 
A decrease in the expression of zinc finger and SCAN domain-containing protein 31 (ZSCAN31) was 
observed. The difference in ZSCAN31 expression was evaluated, and its effect on survival in HCC patients 
who received surgical resection was determined. 
Results: ZSCAN31 was over-expressed in HCC tissues and was associated with low overall survival (OS) 
in HCC patients after surgical resection. Analysis of tissue samples from 83 HCC patients who underwent 
surgical resection in our hospital produced similar results. High ZSCAN31 expression was significantly 
associated with tumor size. High expression levels of both TAZ and ZSCAN31 were related to poor OS. 
A positive correlation was identified between ZSCAN31 expression and TAZ expression, and the protein 
binding of ZSCAN31 and TAZ was confirmed by co-immunoprecipitation (Co-IP) assay using an HCC cell 
line. 
Conclusions: ZSCAN31 is associated with TAZ expression in HCC cells, and the targeting of ZSCAN31 
and TAZ may represent a novel therapeutic approach in HCC.
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Introduction

Hepatocellular carcinoma (HCC) ranks as the third 
leading cause of cancer-related mortality worldwide and 
as the second-placed cause in China (1,2). However, HCC 
treatment has some limitations, resulting in a high rate of 

recurrence after liver resection, as well as a poor prognosis. 

Therefore, to improve the prognosis of HCC patients, new 

therapeutic targets desperately need to be discovered.

As one of the nuclear effectors of Hippo-related signaling 

pathways, transcriptional coactivator with PDZ binding motif 
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(TAZ), which is also referred to as WW-domain-containing 
transcriptional regulator protein 1 (WWTR1) (3), regulates 
the control of organ size, cancer stem cell properties, 
and epithelial-mesenchymal transition (EMT) (4-8). In 
our previous study, TAZ was found to be related to the 
survival, proliferation, and EMT of HCC cells, as well 
as survival, apoptosis, and drug resistance in intrahepatic 
cholangiocarcinoma (ICC) cells (9,10). 

In the present study, we analyzed the potential target 
genes of TAZ after its knockdown. Among the messenger 
RNA (mRNA) profiles, the expression of ZSCAN31 was 
observed to be decreased when TAZ was down-regulated. 
However, few studies to date have focused on the role of 
ZSCAN31 in tumorigenesis, especially in HCC. In this 
study, we also evaluated the change in ZSCAN31 expression 
and determined its effect on survival in HCC patients 
treated with surgical resection. 

The results showed that ZSCAN31 expression was 
significantly higher in HCC tissues, which indicated a poor 
prognosis. The combination of TAZ/ZSCAN31 could 
serve as a novel predictor of prognosis in HCC as well as 
a potential target for HCC therapy after resection. We 
present the following article in accordance with the MDAR 
reporting checklist (available at http://dx.doi.org/10.21037/
atm-20-6373).

Methods

Study subjects

Clinical tissue samples were collected from 83 HCC 
patients (70 males and 13 females) who underwent liver 
resection in the First Affiliated Hospital of Chongqing 
Medical University between Jan, 2006 and Dec, 2010. 
Signed informed consent forms were obtained from all 
patients. All procedures performed in this study involving 
human participants were in accordance with the Declaration 
of Helsinki (as revised in 2013). The study was approved 
by the Clinical Specimens Ethics Committee of the First 
Affiliated Hospital of Chongqing Medical University.

Genome-wide gene expression array

HCC cells (HepG2) were treated with si-NC or si-TAZ 
for 2 days. The gene expression profiles were detected 
using an Affymetrix Human U133 Plus 2.0 Array (Shanghai 
Biotechnology Corporation) in accordance with the 
manufacturer’s instructions.

The Cancer Genome Atlas (TCGA) database 

Fifty-one normal liver tissues and 270 HCC tissues were 
obtained from the TCGA database (https://tcga-data.nci.
nih.gov/tcga/) to validate mRNA expression after TAZ 
knockdown. A corresponding heat map of different mRNA 
expression was constructed using the heatmap package in 
R language. The prognostic significance of the mRNAs 
for overall survival (OS) was also evaluated, using Cox 
regression analysis and the Kaplan-Meier method, with 
the log-rank test used to compare the survival curves 
The corresponding clinical data of 179 HCC cases were 
downloaded from the Cancer Browser (https://genome-
cancer.ucsc.edu/). This study was carried out in accordance 
with the publication guidelines of TCGA. 

 Immunohistochemistry

Immunohistochemistry (IHC) was carried out according 
to the procedures and regents detailed in our previous 
study (11). Tissue sections were incubated with human 
antibodies for TAZ and ZSCAN31 (dilution 1:500) at 4 ℃ 
for 24 hours. Then, the sections were cultivated by adding 
horseradish peroxidase (HRP) at room temperature for 
20–30 min, with 3,3’-Diaminobenzidine (DAB) as the color 
development reagent and hematoxylin for counterstaining. 
Immunoreactive density of ZSCAN31 was detected using 
Imagepro Plus 6.0 software. 

Co-immunoprecipitation (Co-IP)

Co-immunoprecipitation was performed as previously 
described (12). The experiment was carried out using 
a Dynabeads® Co-immunoprecipitation Kit in strict 
accordance with the user guide. Protein was extracted by 
resuspending cells in extraction buffer. The cell supernatant 
was then collected. For each antibody-coupled bead, beads 
were resuspended in cell lysate at 2–8 ℃ for 20–30 min. 
After that, the beads were rinsed with extraction buffer and 
last wash buffer, before being resuspended in elution buffer 
and incubated for 5 min. The elute liquid contained the 
purified protein complex. Western blot was performed to 
detect the proteins. 

Statistical analysis

Statistical analyses were carried out using SPSS 17.0. The 
potential correlation between TAZ/ZSCAN31 coexpression 
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and HCC clinicopathological parameters was examined by 
chi-square test or Fisher’s exact test. The Kaplan-Meier 
method was used to measure OS and disease-free survival, 
and the survival curves were compared with the log-rank 
test. P<0.05 indicated a statistically significant difference.

Results

Potential target genes of TAZ

The potential target genes of TAZ were analyzed with 
a genome-wide gene expression array. All altered genes 
were detected in TCGA database. The shared genes 
among following three groups were identified to further 
analyze the potential target genes of TAZ: (I) significantly 
changed genes in HCC cells after TAZ knockdown (274 
genes; Figure 1A); (II) differentially expressed genes in 
TCGA database (67 genes; Figure 1B); and (III) genes in 
TCGA database predicted to have a prognostic value (20 
genes). Furthermore, ZSCAN31 was highly expressed in 
HCC tissues and was revealed to be a poor prognostic 
factor in HCC after surgical resection (Figure 1B,C). As 
shown in Figure 2A, two genes were shared by these three 
groups. ZSCAN31 and DUSP1 were observed to be 
down-regulated in the HCC cells after TAZ knockdown  
(Figure 2B), which was consistent with our previous study’s 
findings on the function of TAZ in HCC. However, 
the TCGA analysis in our previous study revealed dual 
specificity phosphatase 1 (DUSP1) to have the opposite 
tendency to TAZ (9). Therefore, in this study, ZSCAN31 
was chosen as our terminal target. 

A significant change in ZSCAN31 mRNA expression 
was identified (fold change =2.24 and P=0.037) after TAZ 
knockdown (Figure 2B). In TCGA database, ZSCAN31 
expression was significantly increased (fold change =2.52 
and P<0.001) in HCC tissues, indicating a poor prognosis 
(HR =1.8 and P=0.032) after surgical resection for HCC. 

High ZSCAN31 expression was associated with low OS 
after surgical resection in HCC 

To verify the results of the gene array, reverse transcription-
polymerase chain reaction (RT-PCR) and western 
blot were carried out to detect ZSCAN31 expression 
in HCC cells. The results revealed that ZSCAN31 
mRNA/protein expression was significantly decreased 
after TAZ knockdown (Figure 3A ) .  Furthermore, 

ZSCAN31mRNA expression was higher in the HCC 
tissue samples than in the peritumoral tissues (Figure 3B).  
Figure 3C  shows the results of immunostaining of 
HCC tissues.  Compared with peritumoral  t issue, 
ZSCAN31 was mainly expressed in the nucleus of 
HCC cells. This expression location was consistent 
with that of TAZ (9). Meanwhile, the up-regulation of 
ZSCAN31 was associated with poor OS (Figure 4A).  
As shown in Table 1, a significant difference was found in 
the 5-year OS rates of patients with low (48.8%) and high 
(32.0%) expression of ZSCAN31 (P=0.043).

Correlations between ZSCAN31 expression and the 
clinicopathological characteristics of HCC patients

Table 2 shows the clinical characteristics of the 83 HCC 
patients in our study. As with the expression of TAZ in 
our previous study, ZSCAN31 expression was significantly 
correlated with tumor volume (P<0.000), but not with 
portal vein emboli or metastasis (P=0.287). ZSCAN31 was 
highly expressed in the tissue samples of 50 patients (60.2%).

Coexpression of TAZ and ZSCAN31 has a better prognostic 
value for HCC after surgical resection

The expression levels of TAZ and ZSCAN31 in the 83 
clinical HCC samples were further analyzed. A positive 
correlation was identified between TAZ and ZSCAN31 
(r=0.788, P<0.01) (Figure 4B). Tumors tissue samples were 
divided into three groups based on the expression levels of 
TAZ and ZSCAN31 (Figure 4C). Group A (n=19) had low 
expression of TAZ and ZSCAN31; group B (n=24) had 
high expression TAZ or ZSCAN31; in group C (n=40), 
both TAZ and ZSCAN31 were highly expressed. Group A 
patients had a better OS rate than patients in group B and C 
(P=0.007) (Figure 4C, Table 1). Co-IP was used to detect the 
functional relevance of the interaction between TAZ and 
ZSCAN31. TAZ/ZSCAN31 was observed in complex with 
ZSCAN31/TAZ (Figure 4D). Taken together, our results 
show that the co-expression of TAZ and ZSCAN31 is a 
powerful predictor of poor prognosis after HCC surgical 
resection.

Discussion

As one of the nuclear effectors of the Hippo-related 
signaling pathways, the TAZ protein regulates cancer stem 
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Figure 1 Potential target genes of TAZ were analyzed after knockdown of TAZ, and the effect of their expression on the OS of 
hepatocellular carcinoma patients was evaluated. (A) Detection of gene expression after TAZ knockdown using the Affymetrix Human 
U133 Plus 2.0 Array; (B) a heat map of the differential expressions of validated mRNAs in 51 normal liver tissues and 270 HCC tissues from 
TCGA database. Red indicates high expression; green indicates low expression; (C) Kaplan-Meier survival analysis of overall survival for 
the validated mRNAs. A high expression of ZSCAN31 and a low expression of DUSP1 were related to poor OS. OS, overall survival. TAZ, 
transcriptional coactivator with PDZ binding motif; DUSP1, dual specificity phosphatase 1; ZSCAN31, SCAN domain-containing protein 
31; HCC, hepatocellular carcinoma; TCGA, The Cancer Genome Atlas.
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cell properties and the control of organ size (4,13-16).  
These biological processes have been observed in liver 
tumors, including HCC and ICC. In this study, ZSCAN31 
was found to be down-regulated after TAZ knockdown, and 
high expression of ZSCAN31 was an indicator of poor OS 
in HCC patients. Additionally, a positive association was 
identified between the expressions of ZSCAN31 and TAZ 
in HCC, and Co-IP confirmed the interactions between the 
two genes. These results prove that ZSCAN31 expression 
can be analyzed to inform risk classification and treatment 
decision-making in HCC. 

ZSCAN31 (also called ZNF323) plays an active role in 
human embryonic development (17). ZSCAN31 expression 
has been detected in many human organs, suggesting that it 
might be related to the development of multiple embryonic 
organs, including the liver. As a zinc-finger protein 
containing an N-terminal acidic domain and a C-terminal 
domain, ZSCAN31 may be involved in transcriptional 
regulation. Transcription factors (TFs) are the main 
regulators of gene expression in normal organ development, 
while changes in their expression pattern or function play a 
role in oncogenesis.

Previous studies have revealed that zinc-finger TFs 
have crucial involvement in tumorigenesis. For instance, 
the average ZNF165 mRNA expression in HCC is 88-fold 
higher than that in paired noncancerous liver tissues (18). 

ZSCAN31 is situated on the major histocompatibility 

complex (MHC) region. This region on chromosome 6 
is known to regulate multiple tumors, including Hodgkin 
lymphoma, esophageal squamous cell carcinoma, and 
HCC (19-21). The human leukocyte antigen (HLA)-G is 
a MHC class Ib gene, located on chromosome 6. Variant 
expression of HLA-G has been found in hepatitis B and C 
virus infections (22,23). Moreover, numerous studies have 
confirmed that HLA-G is expressed at high levels in HCC, 
finding HLA-G to be enriched in HCC tumor tissues and 
negatively associated with OS and recurrence in the HCC 
patients (24,25). This evidence suggests that ZSCAN31 is 
likely to be the susceptibility gene of HCC. 

In summary, the clinical significance of the human 
SCAN/C2H2 zinc-finger transcription factor and 
ZSCAN31 we have analyzed. The biological function and 
the mechanism of the ZSCAN31 gene in HCC need further 
exploration.

Conclusions

In this study, ZSCAN31 was observed to be down-
regulated after TAZ knockdown. A high expression level 
of ZSCAN31 was also found to be a predictor of poor OS 
in HCC patients. Additionally, ZSCAN31 expression was 
positively associated with TAZ expression in HCC, and the 
interactions between the two genes were confirmed with 
Co-IP. This study is the first to report that ZSCAN31 is an 

Figure 2 ZSCAN31 is a potential interacting gene of TAZ. (A) The shared genes among the three groups: (A1) significantly changed 
genes in HCC cells after knockdown of TAZ (274 genes); (A2) differentially expressed genes in TCGA database (67 genes); and (A3) genes 
in TCGA database predicted to have prognostic value (20 genes). (B) The expressive discrepancy and prognostic value two genes shared 
by these three groups in HCC. TAZ, transcriptional coactivator with PDZ binding motif; HCC, hepatocellular carcinoma; TCGA, The 
Cancer Genome Atlas.
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Figure 3 ZSCAN31 was down-regulated after TAZ knockdown and highly expressed in HCC tissues after surgical resection. (A) 
Determination of the expression level of ZSCAN31 in HCC cell line (HepG2) by reverse transcription-polymerase chain reaction and 
western blot. Data are expressed as mean ± standard deviation (SD). *, P<0.05. (B) Determination of the protein levels of TAZ in 83 clinical 
HCC samples. (C) Immunostaining of HCC samples in a tissue microarray with a monoclonal anti-ZSCAN31 antibody (up 40×, down 
100×). TAZ, transcriptional coactivator with PDZ binding motif; ZSCAN31, SCAN domain-containing protein 31; HCC, hepatocellular 
carcinoma.
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Figure 4 Combination of TAZ and ZSCAN31 with a better prognostic value for HCC after surgical resection. (A) Comparison of the OS 
rates of 83 HCC patients after liver resection between the low- and high-ZSCAN31 groups. (B) Correlation between TAZ expression and 
ZSCAN31 expression in HCC tissues from 83 patients. (C) Relationship between OS and co-expression of TAZ and ZSCAN31. In group 
A (n=19), both TAZ and ZSCAN31 were expressed at low levels; in group B (n=24), either TAZ or ZSCAN31 was highly expressed; in 
group C (n=40), both TAZ and ZSCAN31 were highly expressed. (D) Co-immunoprecipitation assay confirms the protein binding between 
TAZ and ZSCAN31. TAZ, transcriptional coactivator with PDZ binding motif; ZSCAN31, SCAN domain-containing protein 31; HCC, 
hepatocellular carcinoma; OS, overall survival.
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Table 1 Correlation of ZSCAN31/TAZ coexpression and survival rate

Expression density
Survival measurement

P value
1-year OS (%) 3-year OS (%) 5-year OS (%)

Low ZSCAN31 81.8±6.7 63.6±8.4 48.8±9.2 0.043

High ZSCAN31 64.0±6.8 32.0±6.6 32.0±6.6

Group A 84.2±8.4 84.2±8.4 75.8±11.0 0.002

Group B 79.2±8.3 41.7±10.1 29.2±9.3

Group C 60.0±7.7 27.5±7.1 27.5±7.1

Group A: tumors with low expression of both TAZ and ZSCAN31; Group B with a high expression of TAZ or ZSCAN31; Group C with a 
high expression of both TAZ and ZSCAN31.

Table 2 Correlations between ZSCAN31 expression and the clinicopathological characteristics of HCC patients

Variable Low ZSCAN31 expression High ZSCAN31 expression P value

In general

Adjacent tissue 65 18 <0.000#

Tumor tissue 33 50

Sex

Male 29 41 0.55

Female 4 9

Age (years)

≤50 9 14 0.573

>50 24 36

Tumor size (cm)

≤5 18 5 <0.000#

>5 15 45

HBsAg

Positive 30 46 0.58

Negative 3 4

Liver cirrhosis

Yes 12 19 0.534

No 21 31

Portal vein emboli and metastasis

Yes 3 8 0.287

No 30 42

TNM stage (AJCC)

1–2 16 27 0.394

3–4 17 23

Tumor differentiation

1–2 21 31 0.534

3–4 12 19
#, P values indicate significant difference. Tumor differentiation 1–4 in pathology diagnosis refers to normal tissue, well-differentiated, 
moderately-differentiated, and poorly differentiated or undifferentiated, respectively. AJCC, American Joint Committee on Cancer.
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oncogene, particularly in HCC.
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