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Abstract
Background/Aims: Zinc finger antiviral protein (ZAP) has been reported to be expressed in 
hepatocellular carcinoma (HCC), and ZAP expression is associated with apoptotic signaling 
in cancer cells. This study aimed at investigating the expression of ZAP in HCC cells and its 
significance in clinical pathology. Methods: Real-time quantitative PCR and western blot assays 
were employed to detect ZAP RNA and protein expression in normal human hepatocytes, HCC 
cells, and five primary HCC cell lines. Immunohistochemistry was performed to detect ZAP 
expression in 147 paraffin-embedded HCC tissues and adjacent normal tissues. The clinical 
significance of ZAP expression was analyzed in tissue samples from patients with or without 
infection by hepatitis B virus (HBV). Results: ZAP expression in HCC cells and human primary 
HCC cell lines was significantly lower than that of normal human hepatocytes. Among 147 
HCC samples, ZAP expression was lower in HCC tissues than in adjacent normal tissues for 
107 (77.0%) samples. In patients with HCC and HBV infection, ZAP expression was related 
to pathological grade (P < 0.05); in HBV-negative patients with HCC, ZAP expression was 
associated with tumor size (P < 0.05) and clinical stage (P < 0.05). The overall survival time in 
patients with low ZAP expression was significantly shorter than survival times of those with 
high ZAP expression (P < 0.05), especially for patients with moderately to well-differentiated 
HCC (Grade 1–2) and HCC at stage T1 and T2 (P < 0.05). Cox multivariate analysis showed 
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that ZAP expression was an independent predictor of survival of patients with HCC (P < 0.01). 
Conclusion: Low ZAP expression is closely associated with disease progression and poor 
prognosis for patients with HCC.

Introduction

Hepatocellular carcinoma (HCC) is the third most common malignancy worldwide and 
the second leading cause of cancer-related deaths [1]. The occurrence and development of 
HCC are associated with chronic hepatitis, alcoholism, and toxin-induced liver injury. Chronic 
liver injury may progress into hepatic cirrhosis and hyperplasic liver injury, leading to HCC 
[2]. Studies have shown that tumor genesis of HCC may be related to genetic and epigenetic 
factors that disrupt key cellular processes and cause malignant transformation of normal 
cells [3]. Molecular mechanisms at the transcriptional level may profoundly reflect the type 
of cancer a patient develops. Previous studies have revealed that HCC pathogenesis is related 
to activation of c-my and mutations of the tumor suppressor gene p53, cyclin D1 (CCND1), 
c-Met, and genes in the Ras/PI3 kinase signaling pathway [4-9]. However, the specific 
molecular genetic mechanisms underlying HCC pathogenesis is still poorly understood. 
Currently, there are no guidelines for the diagnosis and treatment of HCC that are based on 
genetic testing. Thus, it is important to investigate new targets in the pathogenesis, diagnosis, 
and treatment of HCC.

Zinc finger antiviral protein (ZAP), is an RNA-binding protein that regulates the stability 
and translation of specific mRNAs. This gene encodes a CCCH-type zinc finger protein that 
is thought to prevent infection by retroviruses. It exerts an antiviral effect by recognizing 
and binding to viral RNA, thereby recruiting the host RNA degradation system, which 
degrades or inhibits the translation of viral RNA [10]. Besides its antiviral effect, Todorova 
et al. [11] found that ZAP exerts an antitumor effect by binding to cellular RNA to prevent 
apoptosis induced by tumor necrosis factor-related apoptosis inducing ligand (TRAIL). In 
our previous study, we found that a decrease of ZAP expression in cancer tissue compared 
with pericarcinous tissue is common in liver, colon, and bladder cancer [12], suggesting that 
loss of ZAP may indeed be favorable for the progression of certain cancers. Bioinformatic 
analysis of the cBioPortal database (http://www.cbioprotal.org) also revealed that HCC 
exhibits low expression of ZAP mRNA. However, the clinical significance of ZAP in HCC has 
never been reported.
In this study, we examined expression of ZAP in HCC cell lines, primary HCC cells, and clinical 
HCC tissues; investigated the relationship between ZAP expression and clinical factors, 
including chronic infection with HBV, hepatic cirrhosis, levels of alpha-fetoprotein (AFP), 
tumor size, pathological grade, clinical stage, tumor-node-metastasis (TNM) stage, vascular 
invasion, and recurrence; and explored the relationship between ZAP deficiency and survival 
of patients with HCC.

Materials and Methods

Cell lines
HCC cell lines, including HEP-3B, HUH-7, HUH-6, Sun-387, Sun-449, SK-HEP-1, Sun-182, Li-7, PLC, 

HEP-G2, and Bel-7402, and the normal liver cell line L-02 were maintained at 37°C with 5% CO2 supplemented 
with 10% (v/v) fetal bovine serum and 1% penicillin/streptomycin (Life Technologies, Shanghai, China). 
All cell lines were purchased from the American Type Culture Collection (Manassas, VA) and the Shanghai 
Institute of Cell Biology (Shanghai, China).

Primary normal hepatocyte cells were purchased from ScienCell Research Laboratories (Carlsbad, CA) 
and cultured according to the manufacturer’s instructions.

Primary HCC cells were collected from the surgical specimens of 5 patients undergoing treatment 
at the Department of Hepatic Surgery, the Third Affiliated Hospital of Sun Yat-sen University (Guangzhou, 
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China), in accordance with the rules and regulations of China concerning the ethical use of human subjects in 
biomedical research. Primary cancer cells were isolated from surgical tumor tissues using 0.1% trypsin and 
then cultured in medium (Dulbecco’s modified Eagle’s medium/Nutrient Mixture F-12, 1:1) supplemented 
with growth factor, 10% (v/v) fetal bovine serum, and 1% penicillin/streptomycin (Life Technologies).

Quantitative reverse transcription-PCR
Total RNA was extracted by using Trizol (Life Technologies) reagent in accordance with the 

manufacturer’s instructions. The extracted RNA was pretreated with RNase-free DNase, and then reverse 
transcribed to cDNA with oligo (dT). For the PCR amplification of cDNA, an initial amplification step using 
ZAP–specific primers was performed with denaturation at 95°C for 10 min, followed by 40 denaturation 
cycles at 95°C for 10 s and primer annealing/extension at 61°C for 30 s. A final extension step was performed 
at 72°C for 5 min after the denaturation cycles were completed, after which the reaction mixtures were 
stored at 4°C. Specific gene expression was quantified by using SuperReal PreMix SYBR Green (FP204-02, 
TIANGEN, Beijing, China) with an Applied Biosystems 7500 Fast Real-Time PCR system (Life Technologies). 
All gene expression levels were normalized to β-actin. The following amplification primers (Thermo 
Fisher Scientific, Waltham, MA) were used: ZAP sense (TCACGAACTCTCTGGACTGAA); ZAP antisense 
(ACTTTTGCATATCTCGGGCATAA); β-actin sense (GATCATTGCTCCTCCTGAGC); and β-actin antisense 
(ACTCCTGCTTGCTGATCCAC).

Antibodies and western blot analyses
Cells at 70% to 80% confluence were washed twice with ice-cold phosphate-buffered saline (PBS) 

and lysed on ice in Mammalian Protein Extraction Reagent (M-PER; Thermo Fisher Scientific) containing 
a complete protease inhibitor cocktail (Roche Applied Sciences, Penzberg, Germany). Fresh tissue samples 
were ground to powder in liquid nitrogen and then lysed with sodium dodecyl sulfate–polyacrylamide gel 
electrophoresis (SDS-PAGE) sample buffer. Equal amounts of protein samples (20 μg) were separated on 10% 
SDS-PAGE and then transferred to polyvinylidene fluoride membranes (Immobilon P, Millipore, Billerica, 
MA). The membranes were blocked with 5% fat-free milk in tris-buffered saline containing 0.1% Tween-20 
for 1 h at room temperature. The membranes were incubated first with primary antibody overnight at 
4°C, and then with the appropriate horseradish peroxidase (HRP)-conjugated secondary antibodies. The 
proteins were visualized with a Chemi Doc XRS+ 
System (Bio-Rad Laboratories, Hercules, CA) using 
Immobilon Western Chemiluminescent HRP Substrate 
(Millipore). The antibodies used in this study are as 
follows: ZAP (PA5-31650; Thermo Fisher Scientific) 
and glyceraldehyde 3-phosphate dehydrogenase 
(GAPDH; AP0060; Bioworld Technology, Inc., St. Louis 
Park, MN).

Clinical samples and clinical staging system
This study assessed 147 paraffin-embedded HCC 

samples that were histopathologically and clinically 
diagnosed at the Sun Yat-sen University Cancer Center 
(State Key Laboratory of Oncology in South China, 
Guangzhou, China).

Clinical and clinical pathology classification 
and staging were determined in accordance with the 
criteria of the American Joint Committee on Cancer. 
Patient consent was obtained prior to the use of these 
clinical materials for research purposes. The patient 
consent form and the study protocol were approved 
by the Institutional Research Ethics Committee of 
our institution. The clinical data of the patients and 
samples are summarized in Table 1. The follow-up 
duration ranged from 3 months to 81 months; median 

Table 1. Summary of patients’ clinical and 
pathological characteristics and clinical samples. 
Abbreviations: AFP, alpha-fetoprotein; cm, 
centimeters; H, high; HBSAg, serum hepatitis B 
surface antigen; L, low; SD, standard deviation; 
ZAP, zinc finger antiviral protein

 

ZAP(L) 

n = 107 

ZAP(H) 

n = 40 
P-value 

HBSAg(+), %, n/N 76.6%, 82/107 77.5%, 31/40 0.9119 

Sex, n (M/W) 83/24 35/5 0.1782 

Cirrhosis, %, n/N 56.1%, 60/107 62.5%, 25/40 0.4827 

AFP, mean ± SD (U/ml) 9369 ± 2296 5402 ± 2166 0.3213 

Size, mean ± SD (cm) 6.786 ± 0.2854 6.183 ± 0.5617 0.2991 

Grade, n (1/2/3/4) 8/68/24/2 8/22/7/3 0.0611 

Stage, n (I/II/III/IV) 17/32/49/9 8/11/20/1 0.5823 

T Classification, n (1/2/3/4) 16/38/31/22 11/13/11/5 0.3051 

N Classification, n (0/1) 104/4 37/3 0.3339 

M Classification, n (0/1) 102/6 40/0 0.1280 

Vessel Invasion, %, n/N 52.3%, 56/107 47.5%, 19/40 0.6016 

Relapse, %, n/N 47.7%, 51/107 47.5%, 19/40 0.9859 
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follow-up duration was 30 months. For each patient, the presence of cirrhosis and the nature and size of 
the tumor were confirmed by final pathological examination. Serum AFP load (IU/mL) was determined and 
defined as negative when below the lower limit of detection (20 U/mL). Serum hepatitis B surface antigen 
(HBsAg) was detected with an enzyme-linked immunosorbent assay kit (KEHUANG Company, Shanghai, 
China).

Tissue microarray analysis of clinical samples
Tissue microarrays (TMAs) of the 147 clinical samples were provided by Dan Xie of the State Key 

Laboratory of Oncology in South China, Sun Yat-sen University Cancer Center. Eight matched HCC tissues 
and adjacent normal tissues were collected for each patient. Immunohistochemical (IHC) staining was 
performed on 5-μm sections of the TMAs to assess cytoplasmic expression of ZAP. TMA slides were scanned 
using the Aperio slide scanner and analyzed using Image Scope software (Aperio, Leica Biosystems Inc., 
Buffalo Grove, IL). The degree of immune staining of the formalin-fixed, paraffin-embedded sections was 
evaluated independently by two observers who were blind to the histopathological features and clinical 
data associated with each sample. The expression index scores given by the two independent investigators 
were averaged and were based on both the proportion of positively-stained tumor cells and the intensity 
of staining. The expression index score was derived as follows: score = proportion of cells with positive 
expression (0–10%: 1; 10–25%: 2; 25–50%: 3; >50%: 4) × mean intensity of staining (0–3). An optimal 
cut-off value was determined as follows: low expression of ZAP was defined as a ratio of (expression index 
score of tumor/expression index score of paired adjacent non-neoplastic tissue) < 1 and normal or high 
expression of ZAP was defined as a ratio ≥ 1.

Study approval
Use of the primary cancer tissue specimens was approved by the ethics review committee of Sun Yat-

sen University.

Statistical analysis
The primary endpoint of this study was the overall survival (OS). OS was defined as the duration from 

the date of each patient’s random assignment to the date of death from any cause or the censoring of the 
patient at the date of the last follow-up. All statistical analyses were performed with the SPSS 20.0 statistical 
software package (IBM Corp., Armonk, NY). The relationship between ZAP expression and clinic pathological 
characteristics was analyzed with chi-square and Fisher’s exact tests. Bivariate correlations between study 
variables were calculated as Spearman’s rank correlation coefficients. Survival curves were plotted using 
the Kaplan–Meier method and compared with the log-rank test. Clinical and pathological characteristics 
typically used to predict prognosis in clinical practice were evaluated by using univariate and multivariate 
Cox regression analyses; we chose the forward method of Cox analysis. In all cases, a P-value of less than 
0.05 was considered statistically significant.

Results

ZAP expression is downregulated in liver cancer cell lines
To evaluate the expression of ZAP in HCC, we first examined protein and mRNA 

expression in 11 HCC cell lines (HEP-3B, HUH-7, HUH-6, Sun-387, sun-449, SK-HEP-1, Sun-
182, Li-7, PLC, HEP-G2, and Bel-7402) and compared the observed expression to that of 
normal human hepatocytes (L-02 cells). The results showed that both ZAP mRNA and ZAP 
protein levels were significantly lower in the HCC cell lines than in normal hepatocytes (Fig.  
1A, B). We also examined the ZAP mRNA and ZAP protein levels in primary HCC cultures and 
found that both were significantly lower in HCC cells than in normal hepatocytes (Fig. 2A, B).

ZAP expression is down regulated in liver cancer tissues
Molecular pathological methods were employed to detect ZAP expression in HCC tissues 

from 147 patients. For each patient, eight matched pairs of HCC tissue and adjacent normal 
tissue were subjected to TMA analysis with IHC for ZAP. In the samples of some patients, 
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Fig. 3. Zinc finger antiviral protein (ZAP) protein expression in tumor samples. Top row: Representative 
images of ZAP protein expression in hepatocellular carcinoma tissues from patients with tumors of different 
grades: (A), grade 1; (B), grade 2; (C), grade 3; (D), grade 4. Bottom row: Immunohistochemical analysis 
of ZAP protein expression in four pairs of matched HCC tissues. The boxed area of each image is shown at 
higher magnification in the inset. (Scale bars, 50 μm).

Fig. 1

Fig. 2

Fig. 3

Fig. 1. Low expression of zinc finger 
antiviral protein (ZAP) protein 
and ZAP mRNA in hepatocellular 
carcinoma cell lines. (A and B). 
Expression of ZAP protein and ZAP 
mRNA in hepatocellular carcinoma 
cell lines (HEP-3B, HUH-7, HUH-6, 
Sun-387, Sun-449, SK-HEP-1, PLC, 
HEP-G2, and Bel-7402) and a normal 
liver cell line (L-02) was examined 
by western blot (A) and quantitative reverse transcription PCR (B), respectively. Expression levels were 
normalized against glyceraldehyde 3-phosphate dehydrogenase (GAPDH) (A) and β-actin (B). The error 
bars in B represent the standard deviation of the mean (SD) calculated from three parallel experiments. 
*P<0.05.

Fig. 1

Fig. 2

Fig. 3

Fig. 2. Low expression 
of zinc finger antiviral 
protein (ZAP) protein 
and ZAP mRNA in 
primary cultured 
liver cancer cells. 
Expression of ZAP 
protein expression 
and ZAP mRNA 
expression in normal hepatocytes (leftmost sample of A and B) and five primary cultures of liver cancer 
cells (remaining samples) was examined by western blot (A) and quantitative reverse transcription PCR 
(B), respectively. (A) glyceraldehyde 3-phosphate dehydrogenase (GAPDH) was the loading control. (B) 
Expression was normalized against GAPDH. The error bars in B represent the standard deviation of the 
mean (SD) calculated from three parallel experiments. *P<0.05.

Fig. 1

Fig. 2

Fig. 3
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we observed dark brown staining in the 
adjacent normal tissues, suggesting high 
levels of ZAP expression. In contrast, ZAP 
protein expression was low in HCC tissues 
(Fig. 3). In addition, TMA analysis revealed 
that ZAP expression in HCC tissues was 
significantly lower than that of adjacent 
normal tissues for 77% of cases (107 
samples). In contrast, only 23% of cases 
had normal or high expression of ZAP in 
HCC tissues.

Association between ZAP expression 
and clinical features of patients with 
HCC
To correlate the expression of 

ZAP with clinical characteristics of 
patients with HCC, the 147 patients who 
contributed samples to the TMAs were 
divided into two groups based on ZAP 
expression: normal or high (normal/
high) and low. We then compared clinical 
features of the groups: sex distribution, 
age, presence of cirrhosis or HBV 
infection, level of AFP, tumor size, tumor 
grade, clinical stage, T classification, N 
classification, M classification, presence 
of vessel invasion, and occurrence of 
relapse. No significant between-group 
differences were observed for any of 
these parameters (Table 1). Our analysis 
revealed that although patients with HCC 
and HBV infection were mainly male 
and had pre-existing hepatic cirrhosis, 
infection status was not associated with 
ZAP expression (Tables 2, 3). However, 
we discovered significant between-
group differences in pathological grade 
among patients with both HCC and 
HBV infection (P < 0.05): HBV-positive 
patients in the low expression group 
were under-represented for grade 1 
(well differentiated) HCC (45.5% of 
patients), but over-represented for grade 
2 (moderately differentiated) HCC and 
grade 3/4 (poorly or non-differentiated) 
HCC (76.1% and 74.3% of patients, 
respectively), when compared to those in 
the high ZAP expression group (Table 4).

IHC analysis also revealed that clinical 
progression of HCC (i.e., an increase in 
clinical stage) was correlated with decreased expression of ZAP (Fig. 3). Among HBV-negative 
patients with HCC, tumor size was larger for patients in the low expression group than for 
those in the normal/high expression group (6.944 ± 0.5682 cm vs. 4.656 ± 0.9567 cm; P < 

Table 2. Correlation of the presence or absence of 
hepatitis B infection with clinical and pathological 
characteristics of patients and samples for patients 
in the low ZAP expression group. Abbreviations: AFP, 
alpha-fetoprotein; cm, centimeters; H, high; HBSAg, 
serum hepatitis B surface antigen; L, low; SD, standard 
deviation; ZAP, zinc finger antiviral protein

 

HBsAg (-), ZAP(L) 

n = 25 

HBsAg (+), ZAP(L) 

n = 82 
P-value 

Age, mean ± SD, years 50.04 ± 2.287 46.46 ± 1.349 0.1964 

Sex, n (M/W) 12/13 71/11 0.0002 

Cirrhosis, %, n/N 28%, 7/25 64.6%, 53/82 0.0012 

AFP, mean ± SD, (U/ml) 2166 ± 954.4 11565 ± 2944 0.0832 

Size, mean ± SD, (cm) 6.944 ± 0.5682 6.738 ± 0.3314 0.7614 

Grade, n (1/2/3/4) 3/17/5/0 5/51/24/2 0.5297 

Stage, n (I/II/III/IV) 2/9/11/3 15/23/37/6 0.5378 

T Classification, n (0/1/2/3/4) 4/10/4/7 12/28/27/15 0.3945 

N Classification, n (0/1/2/3) 25/0/0/0 78/4/0/0 0.2604 

M Classification, n (0/1) 23/2 42/82 0.6753 

Relapse, %, n/N 44%, 11/25 48.8%, 40/82 0.6753 

 

 Table 3. Correlation of the presence or absence of 
hepatitis B infection with clinical and pathological 
characteristics of patients and samples for patients 
in the high ZAP expression group. Abbreviations: AFP, 
alpha-fetoprotein; cm, centimeters; H, high; HBSAg, 
serum hepatitis B surface antigen; L, low; SD, standard 
deviation; ZAP, zinc finger antiviral protein
 

 

HBsAg (-), ZAP(H) 

n = 9 

HBsAg (+), ZAP(H) 

n = 31 
P-value 

Age, mean ± SD, years 52.44 ± 3.749 45.84 ± 2.511 0.2025 

Sex, n (M/W) 6/3 29/2 0.0318 

Cirrhosis, %, n/N 33%, 3/9 80.0%, 22/31 0.0401 

AFP, mean ± SD (U/ml) 445.6 ± 220.8 6841 ± 2749 0.2220 

Size, mean ± SD (cm) 4.656 ± 0.9567 6.626 ± 0.6551 0.1452 

Grade, n (1/2/3/4) 2/6/1/0 6/16/6/3 0.6920 

Stage, n (I/II/III/IV) 4/3/2/0 3/9/18/1 0.0737 

T Classification, n (0/1/2/3/4) 4/4/1/0 7/9/10/5 0.2301 

N Classification, n (0/1/2/3) 8/1/0/0 29/2/0/0 0.6404 

M Classification, n (0/1) 9/0 16/31 0.4182 

Relapse, %, n/N 55.5%, 5/9 45.2%, 14/31 0.5825 
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0.05; Table 5). Patients in the low expression group also exhibited more advanced clinical 
stages than did those in the normal/high expression group (P < 0.05): samples from 5 of 7 
patients with stage I HCC (71.4%) showed normal or high ZAP expression, but samples from 
9 of 11 patients with stage II HCC (81.8%), 11 of 13 patients with stage III HCC (84.6%), and 
3 of 3 patients with stage IV HCC (100%) had low ZAP expression (Table 5). Taken together, 
these results indicate that low expression of ZAP is related to the clinical progression of HCC 
for patients who are not infected with HBV.

Association between ZAP expression and patient survival
Survival analysis showed that the cumulative OS of HCC patients was negatively correlated 

with a deficiency of ZAP protein expression in tumor samples (P < 0.05; Fig. 4B). Further 
analysis was performed after patients were stratified by tumor stage and T classification. 
The results indicate that ZAP expression was correlated with OS for patients with moderately 
to well-differentiated HCC (stage 1–2, log-rank test, P < 0.05), but not for those with poorly 
differentiated HCC (stage 3–4, log-rank test, P = 0.102; Fig. 4C, D). In addition, low expression 
of ZAP in samples from patients with T1 and T2 HCC was significantly correlated with a 
lower OS (Fig. 4E, log-rank test, P < 0.05). Moreover, Cox regression analysis revealed that 
low ZAP expression was an independent predictor of poor prognosis (Table 6). However, no 
association between ZAP expression and T classification was noted for patients with T3 and 
T4 HCC (Fig. 4F, log-rank test, P = 0.209).

Table 4. Correlation of ZAP expression with clinic 
pathological characteristics of patients and samples 
among HBV-positive patients. Abbreviations: 
AFP, alpha-fetoprotein; cm, centimeters; H, high; 
HBSAg, serum hepatitis B surface antigen; L, low; 
SD, standard deviation; ZAP, zinc finger antiviral 
protein

 

HBsAg (+), ZAP(L) 

n= 82 

HBsAg (+), ZAP(H) 

n = 31 
P-value 

Age, mean ± SD, years 46.46 ± 1.349 45.84 ± 2.511 0.8162 

Sex, n (M/W) 71/11 29/2 0.3007 

Cirrhosis, %, n/N 64.6%, 53/82 80.0%, 22/31 0.5249 

AFP, mean ± SD (U/ml) 11565 ± 2944 6841 ± 2749 0.3549 

Size, mean ± SD (cm) 6.738 ± 0.3314 6.626 ± 0.6551 0.8680 

Grade, n (1/2/3/4) 5/51/24/2 6/16/6/3 0.0464 

Stage, n (I/II/III/IV) 15/23/38/6 3/9/18/1 0.5149 

T Classification, n (1/2/3/4) 12/28/27/15 7/9/10/5 0.7802 

N Classification, n (0/1) 78/4 29/2 0.7393 

M Classification, n (0/1) 78/4 31/0 0.2105 

Vessel Invasion, %, n/N 51.2%, 42/82 51.6%, 16/31 0.9702 

Relapse, %, n/N 48.8%, 40/82 45.2%, 14/31 0.7311 

 

Table 5. Correlation of ZAP expression with 
clinical and pathological characteristics of patients 
and samples among HBV-negative patients. 
Abbreviations: AFP, alpha-fetoprotein; cm, 
centimeters; H, high; HBSAg, serum hepatitis B 
surface antigen; L, low; SD, standard deviation; ZAP, 
zinc finger antiviral protein

 

HBsAg (-), ZAP(L) 

n= 25 

HBsAg (-), ZAP(H) 

n = 9 
P-value 

Age, mean ± SD, years 50.04 ± 2.287 52.44 ± 3.749 0.5908 

Sex, n (M/W) 12/13 6/3 0.3360 

Cirrhosis, %, n/N 28%, 7/25 33%, 3/9 0.7633 

AFP, mean ± SD (U/ml) 445.6 ± 220.8 2166 ± 954.4 0.2937 

Size, mean ± SD (cm) 6.944 ± 0.5682 4.656 ± 0.9567 0.0469 

Grade, n (1/2/3/4) 3/17/5/0 2/6/1/0 0.6810 

Stage, n (I/II/III/IV) 2/9/11/3 5/2/2/0 0.0227 

T Classification, n (1/2/3/4) 4/10/4/7 4/4/1/0 0.1766 

N Classification, n (0/1) 25/0 8/1 0.0907 

M Classification, n (0/1) 23/2 9/0 0.3818 

Vessel Invasion, %, n/N 56%, 14/25 33.3%, 3/9 0.2435 

Relapse, %, n/N 44%, 11/25 55.5%, 5/9 0.5515 
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Discussion

Our results clearly indicate that mRNA 
and protein expression of ZAP in both 
immortalized HCC cell lines and primary 
HCC cells is reduced significantly compared 
to expression in normal hepatocytes 
and commercial primary hepatocytes. 
A histopathological microarray assay 
also indicates that ZAP expression was 
markedly lower in HCC tissues than in 
adjacent normal tissues. These findings are 
consistent with those reported by Lin et al. 
[12]: low ZAP expression was observed in 
69% of patients with HCC, 52% of those 
with colon cancer, and 61% of those with 
bladder cancer. Low expression of ZAP has 
been observed in multiple cancers, and 
our study confirms that ZAP expression 
is decreased in HCC. Thus, the function 
of the ZAP gene in the occurrence and 
development of cancers, especially HCC, 
needs to be further elucidated.

Fig. 4. Analysis of the association between 
zinc finger antiviral protein (ZAP) protein 
expression and overall survival (OS). A–F 
show the results of uni- or multivariate 
analyses of OS with Cox-regression 
analysis of ZAP protein expression in 
patients with hepatocellular carcinoma 
(HCC). All panels compare OS for patients 
in the low and high ZAP expression 
groups. For A–F, the x-axis shows survival 
time (in months); the y-axis shows 
cumulative survival. For A–E, the solid 
line represents survival of the high ZAP 
expression group and the dashed line 
represents that of the low ZAP expression 
group. For F, the solid line represents 
survival of the low ZAP expression group 
and the dashed line represents that of the 
high ZAP expression group. (A) A Kaplan–
Meier curve with univariate analysis (log-
rank). (B) Multivariate analysis of OS for 
all patients. (C) Multivariate analysis of 
OS for patients with Grade 1 or 2 HCC. (D) 
Multivariate analysis of OS for patients 
with Grade 3 or 4 HCC. (E) Multivariate 
analysis of OS for patients with T1 or T2 
grade tumors. (F) Multivariate analysis 
of OS for patients with T3 or T4 grade 
tumors.

Fig. 4

Table 6. Multivariate analyses* of prognostic 
parameters for patients with hepatocellular 
carcinoma. * Cox-regression analysis (overall 
survival was modeled). Abbreviations: HBSAg, 
Serum hepatitis B surface antigen; ZAP, zinc finger 
antiviral protein
 No. patients  P-value  Relative risk 95.0% confidence interval 

ZAP  

0.005 2.686 1.339–5.388 Low Expression of ZAP 107 

High Expression of ZAP 40 

HBSAg 113 0.019 2.153 1.132–4.096 

T Classification     

T  0.007   

T1 27    

T2 51 0.841 1.068 0.564–2.023 

T3 42 0.014 2.675 1.216–5.886 

T4 27 0.002 10.626 2.341–48.232 

N Classification     

N  

<0.001 9.422 3.054–29.063 N0 141 

N1 7 

Vessel Invasion 75 0.003 4.286 1.617–11.356 
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IHC and analysis of clinical characteristics showed that low ZAP expression was found 
primarily in grade 2 and grade 3/4 tumors of patients infected with HBV; in HBV-negative 
patients with HCC, low ZAP expression was associated with tumor size and clinical stage. 
Our results indicate that decreased ZAP expression is associated with disease progression of 
HCC. Previous studies have demonstrated that the carcinogenesis of HCC is associated with 
the mutation or activation of numerous genes [8, 9, 13]. In the present study, HBV-positive 
patients with HCC often had hepatic cirrhosis and were mainly male, features consistent 
with the characteristics of patients with HBV infection [14]. The clinical parameters that 
were correlated with low ZAP expression differed between HCC patients who were HBV-
positive and those who were HBV-negative. However, the specific mechanisms that give rise 
to these differences are still unclear and needed to be examined in detail.

In this study, we discovered that decreased ZAP expression was associated with a poorer 
prognosis and shorter survival of patients with HCC, particularly those with moderately- to 
well differentiated HCC (Grade 1-2) or stage T1 or T2 HCC. Multivariate Cox analysis also 
revealed that low expression of ZAP was an independent predictor of survival in HCC patients. 
These findings suggest that ZAP expression may be a prognostic indicator for patients with 
Grade 1/2 or stage T1/2 HCC. In our study, multivariate Cox analysis indicated that HBV 
infection, T classification, N classification, and vessel invasion were independent predictors 
of poorer cumulative OS, all of which are consistent with previous reports [15-18]. Similarly, 
human metallopanstimulin-1 (MPS-1) is a multifunctional ribosomal S27/nuclear zinc finger 
protein that is highly expressed in actively proliferating cells and tumor tissues. It may be 
involved in the growth of aggressive breast cancer and the carcinogenesis of hepatoma [19, 
20]. Fernandez-Pol et al. [21, 22] demonstrated its key role in growth regulation in Archaea, 
eukaryotic cells, DNA repair, translation, and viral replication.

ZAP acts at the posttranscriptional level through regulating the stability of RNA, and 
interfering with translation of specific mRNAs and modulating the miRNA silencing pathway 
[10, 23-28]. ZAP is an interferon-related gene with antiviral activity that may inhibit the 
replication of multiple viruses, including HBV, Moloney murine leukemia virus, human 
immunodeficiency virus 1, Ebola virus, Marburg virus, Sindbis virus, and Ross River virus 
[23, 24]. ZAP may recognize and bind to the RNA of HBV and then degrade viral RNA, 
exerting an antiviral effect [10, 23, 25, 26]. It is well known that HBV infection confers an 
increased risk of HCC, and that infection can cause HCC [2]. After HBV infection, chronic 
inflammation and altered expression of host genes are responsible for the pathogenesis of 
HCC [27, 28]. ZAP functions in HBV-infected hepatocytes primarily during the acute phase, 
and we suspect that its activity may prevent progression into chronic infection and reduce 
the occurrence of HBV-related HCC [28]. In addition, ZAP also represses the expression of 
cellular RNAs through RNA decay. Todorova et al. [29] found that the antitumor effects of 
ZAP arise from its ability to bind cellular RNA to promote immune responses mediated by 
TRAIL and to regulate the pro inflammatory and pro apoptotic effects of TRAIL receptor 4. 
A recent study has reported that TRAIL may inhibit cancer growth and improve survival in 
mice [30]. Thus, we speculate that ZAP may regulate some signaling pathways to affect HCC 
carcinogenesis. As has been observed in HCC, studies have indicated that ZAP expression 
may prevent leukemia in mice by inhibiting the replication of MLV [25].

Just like MPS-1 protein, its increased level in patients is useful for early detection, 
prevention and treatment [20, 31]. ZAP may thus be a useful marker to better understand 
the biological behavior of HCC and may become a new target for the development of an 
anticancer drug because of its ability to block the progression of HCC. A glycogen synthase 
kinase 3inhibitor has been tested as an antitumor drug in phase 2–3 clinical trials, and the 
results indicate that it can inhibit ZAP phosphorylation to exert anti-inflammatory and 
antitumor effects [32]. In addition, there is evidence that infection of cancer cells with an 
oncolytic virus may have an anti-tumor effect in cells with low ZAP expression [12].
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Conclusion

Our results indicate that low ZAP expression is common in HCC, is correlated with the 
progression of HCC and with a poorer prognosis for HCC patients, and plays an important 
role in HCC carcinogenesis. More clinical studies with larger sample sizes are needed to 
elucidate the correlation between HCC and ZAP expression. It will also be useful to identify 
ZAP as a tumor suppressor gene and to develop ZAP as a new target for the treatment of HCC.
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HCC (hepatocellular carcinoma); ZAP (zinc finger antiviral protein); TRAIL (tumor 
necrosis factor-related apoptosis inducing ligand); HBV (hepatitis B virus); AFP (alpha-
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