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Abstract 

Background and purpose: Recently, evidence that Zinc transporter ZRT/IRT-like protein 4 
(ZIP4) is involved in invasiveness and apoptosis has emerged in pancreatic cancer and prostate 
cancer. Our aim was to assess the role of ZIP4 in invasiveness, migration and apoptosis of 
hepatocellular carcinoma (HCC). The prognostic value of ZIP4 in HCC after liver transplantation 
was evaluated. 
Methods: The role of ZIP4 in HCC was investigated by overexpressing ZIP4 in BEL7402 and 
HepG2 cells and inhibiting ZIP4 in HuH-7 and HepG2 cells, using overexpression and shRNA 
plasmids in vitro studies. Immunohistochemical analysis was used to evaluate ZIP4 expression in 
HCC tissues from 60 patients undergoing liver transplantation, 36 cirrhotic tissue samples, and 6 
normal tissue samples. Prognostic significance was assessed using the Kaplan-Meier method and 
the log-rank test. 
Results: Specific suppression of ZIP4 reduced cell migration and invasiveness, whereas ZIP4 
overexpression caused increases in cell migration and invasiveness. Furthermore, overexpression 
of ZIP4 resulted in increased expression of pro-metastatic genes (MMP-2, MMP-9) and decreased 
expression of pro-apoptotic genes (caspase-3, caspase-9, Bax). In contrast, suppression of ZIP4 
resulted in an opposite effect. ZIP4 was more highly expressed in tumor tissues than non-tumor 
tissues (P < 0.0001). ZIP4 expression was significantly associated with tumor recurrence (P = 
0.002), tumor node metastasis stage (P = 0.044), Child-Turcotte-Pugh score (P = 0.042), and 
tumor size (P = 0.022). Univariate analysis showed that ZIP4 expression was significantly associated 
with overall survival (P = 0.020) and tumor-free survival (P = 0.049). Multivariate analysis revealed 
that ZIP4 was an independent predictor of overall survival (P = 0.037) after liver transplantation. 
Conclusions: ZIP4 could promote migration, invasiveness, and suppress apoptosis in hepato-
cellular carcinoma, and represent a novel predictor of poor prognosis and therapeutic target for 
patients with HCC who undergo liver transplantation. 
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Introduction 
Hepatocellular carcinoma (HCC) is a major 

health problem and one of the most prevalent neo-
plasms worldwide, especially in China. An estimated 
626,000 new cases occur around the world annually; 
about half of them occur in China [1]. HCC is com-
monly lethal because of its aggressive metastasis and 
most cases are diagnosed at an already advanced 
stage. Liver resection and liver transplantation (LT) 
remain the most effective treatments for HCC [2]. 

LT is the best treatment option for patients with 
HCC accompanied by cirrhosis and hepatitis [3]. Early 
results of LT for HCC in the late 1980s were disap-
pointing [4-6], with high rates of tumor recurrence 
and poor (< 40%) 5-year survival. The main reason for 
these outcomes was the lack of stringent criteria for 
selecting patients with advanced tumors. In 1996, 
Mazzaferro et al. [7] introduced the Milan criteria 
(solitary tumor ≤ 5 cm or ≤ 3 tumors, each measuring 
< 3 cm), which have become the major criteria used to 
determine the indication for LT in patients with HCC 
worldwide [8]. However, the use of such restrictive 
inclusion criteria, which exclude a large pool of pa-
tients with HCC, has also been questioned [9]. Indeed, 
substantial evidence indicates good outcomes after LT 
among patients with HCC who do not satisfy the Mi-
lan criteria [10-13]. The establishment of optimal cri-
teria for LT in HCC is necessary and important. Given 
developments in molecular biology, criteria based on 
molecular biomarkers for LT in HCC will be devel-
oped for the future. Thus, the identification of molec-
ular biomarkers indicating LT for HCC is of great 
importance. 

Zinc is an essential trace element and cells have 
developed a complex system to regulate the balance 
of zinc uptake, intracellular storage, and efflux [14, 
15]. Two solute-linked carrier (SLC) gene families 
were identified in zinc transport: SLC30, which en-
codes zinc transporter (ZnT) proteins, and SLC39, 
which encodes Zrt-, Irt-like proteins (ZIP) [14, 16-18]. 
These proteins play opposite roles in cellular zinc 
homeostasis [19]. ZnT transporters promoting zinc 
efflux from cells or into intracellular vesicles cause 
decreased intracellular zinc levels. Simultaneously, 
ZIP transporters promoting extracellular zinc uptake 
and vesicular zinc release into the cytoplasm cause 
increased intracellular zinc levels. Recent studies 
demonstrated that ZIP proteins play important role in 
progression of solid tumors. ZIP6 (also known as 
LIV-1), a breast cancer-associated protein, which be-
longs to a new subfamily of ZIP transporters, has been 
found to be associated with estrogen-positive breast 
cancer and metastasis to lymph nodes [20]. ZIP6 and 

ZIP7 may play roles in the metastasis of estrogen re-
ceptor-positive breast cancer as well as in the prolif-
eration, migration, and invasion of cervical cancer 
[21-23]. Similarly, ZIP10 is involved in the invasive 
behavior of breast cancer cells [24]. 

As early as 2003, ZIP4 was reported to be asso-
ciated with acrodermatitis enteropathica[25-31]. Re-
cent studies found that ZIP4 was related to the oc-
currence and metastasis of pancreatic cancer and 
prostate carcinoma [14, 19, 20, 23]. In pancreatic can-
cer cells, ZIP4 was shown to promote the cell cycle, 
cell proliferation, and invasiveness. In vivo studies, 
silencing of ZIP4 increased the survival rate of nude 
mice with pancreatic cancer orthotopic xenografts 
significantly [32, 33]. Moreover, ZIP4 regulated the 
activity of the cyclic adenosine monophosphate re-
sponse element-binding protein, an important zinc 
finger transcription factor, and increased the expres-
sion of interleukin-6 in pancreatic cancer, leading to 
signal transducer and activator of transcription 3 
(STAT-3) activation [34]. In 2011, it was reported that 
overexpression of ZIP4 reduced the cell migration of 
prostate carcinoma cells significantly [35]. These 
findings suggest that ZIP4 plays an important, albeit 
not yet fully defined, role in the development of pan-
creatic and prostate cancer. In 2010, Glen Andrews’ 
group reported a high expression of ZIP4 in 16/23 
human HCC samples and a mouse model. They found 
that mZip4 (the murine equivalent of ZIP4) stimulat-
ed the cell cycle, reduced apoptosis, and induced cell 
migration in mouse Hepa cells [36]. 

Therefore, in the present study we evaluated 
whether ZIP4 could contribute to tumor invasiveness 
and reduced apoptosis in human hepatoma cells. We 
investigated the expression of ZIP4 in seven HCC cell 
lines and then explored how these changes in ZIP4 
expression influenced MMPs, Caspases and Bcl-2 
family. Finally, using immunohistochemical analysis 
in HCC samples, we firstly evaluated the prognostic 
value of ZIP4 in HCC after LT.  

Materials and Methods 
Cell culture 

The HCC cell lines Hep-G2, PLC, SK-HEP-1, 
BEL7402, SMMC-7721, and HuH-7, and the normal 
liver cell lines HL-7702 and Chang liver, were ob-
tained from the American Type Culture Collection. 
Hep-G2, PLC, SK-HEP-1, and Chang liver cells were 
cultured in Roswell Park Memorial Institute (RPMI) 
1640 medium supplemented with 10% foetal bovine 
serum (FBS); BEL7402, SMMC-7721, and HL-7702 
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cells were cultured in Dulbecco's modified Eagle's 
medium (DMEM) supplemented with 10% FBS. 

Plasmid construction and transfection 
ZIP4 shRNA with the following sequence was 

used: 5’-ACGTAGCACTCTGCGACATGGTCAGGA
TG-3’. The sequence was inserted into a 
pGPU6/GFP/Neo vector synthesised by GenePhar-
ma (Shanghai, China). A ZIP4 overexpression plasmid 
was generated by sub-cloning human ZIP4 cDNA 
(BC062625.1) into the mammalian expression plasmid 
EX-LV201 (provided by GeneCopoeia, Guangzhou, 
China). Hep-G2, BEL7402, and HuH-7 cells were 
transfected with 2 µg ZIP4 shRNA plasmid, 2 µg 
overexpression plasmid (Z1191), or 2 µg negative 
control plasmid (NC and NEG) per well using 
Lipofectamine 2000 transfection reagent (Invitrogen, 
Carlsbad, CA, USA). The transfection efficiency was 
estimated using green fluorescence. Cells were har-
vested for total protein or mRNA extraction 72 h after 
transfection. 

Real-time polymerase chain reaction 
RNA was extracted using the TRIzol reagent 

(Invitrogen) and used for cDNA synthesis with a 
M-MLV Reverse Transcriptase (TaKaRa, Dalian, 
China). Quantitative real-time polymerase chain 
reaction (qRT-PCR) was conducted with SYBR Green 
PCR Master Mix (Applied Biosystems, Foster City, 
CA, USA) using the ABI Prism 7500 Real-time PCR 
System (Applied Biosystems). The following primer 
sequences were used: ZIP4, 5’-ATGTCAGGAGCGGG
TCTTGC-3’ and 5’-GCTGCTGTGCTGCTGGAAC-3’; 
Bax, 5’–TGCAGAGGATGATCGCAGCTGTG-3’and 
5’-CCAATGTCCAGCCCATCATGGTC-3’; Bcl-2, 5’-T
TCTTTGAGTTCGGTGGGGTC-3’ and 5’-TGCATATT
TGTTTGGGGCAGG-3’; caspase-3, 5’-CAGTGGAGG
CCGACTTCTTG-3’and 5’-TGGCACAAAGCGACTG
GAT-3’; and caspase-9, 5’-TGTCCTACTCTACTTTCC
CAGGTTTT-3’ and 5’-GTGAGCCCACTGCTCAAAG
AT-3’. The products were detected with SYBR Green 
(ABI, San Francisco, CA, USA). Melting curve 
analyses were performed to confirm specificity. The 
2-ΔΔCt method was used for quantification [37]. Each 
sample was run in triplicate and β-actin was used as 
an internal control. 

Cell migration and invasion assay 
At 48 h after transfection, Hep-G2, HuH-7, and 

BEL-7402 cells were cultured in serum-free DMEM 
and RPMI 1640 medium for 24 h. The migration and 
invasion of cells were assessed using a Transwell 
chamber with 8-mm pore filters (Millipore, Billerica, 
USA). The filter used for invasion assays was coated 
with 100 mL Matrigel (BD Biosciences, San Jose, CA), 
diluted 1:10 in cold DMEM and RPMI 1640 to form a 

thin continuous film on the top of the filter. Cells were 
trypsinised and 5 × 104 cells in serum-free medium 
were added to the upper chamber. Then, 0.6 mL me-
dium supplemented with 10% FBS was added to the 
lower chamber. After incubation for 48 h, the cells 
were washed with phosphate-buffered saline (PBS), 
fixed with methanol, rinsed in PBS, and stained with 
0.2% crystal violet. The invaded cells were counted 
under a light microscope (at ×200 magnification). All 
experiments were performed in triplicate. 

Cell cycle and apoptosis analysis 
Cells were used 48 h after transfection. For cell 

cycle analysis, cells were fixed with ice-cold 75% ethyl 
alcohol at 4°C overnight and incubated with propid-
ium iodide (BD Biosciences) at 4°C in the dark for 
30–60 min. For apoptosis rate analysis, cells were in-
cubated with Annexin V–fluorescein isothiocyanate 
(BD Biosciences) and propidium iodide for 5 min at 
4°C in the dark. After staining, the cells were analysed 
using a Cytomics FC 500 flow cytometer (Beckman 
Coulter, Miami, FL, USA).  

Immunoblot analysis 
Proteins were extracted from HCC cell lines with 

radioimmunoprecipitation assay buffer (Beyotime, 
Shanghai, China), separated on an 8%–12% NUPAGE 
Bis-Tris Gel (Invitrogen) and transferred onto poly-
vinylidene difluoride membranes. Subsequent pro-
cedures were performed as described previously [38]. 
Primary antibodies against ZIP4 [rabbit monoclonal 
immunoglobulin G (IgG), dilution 1:2,000; Sig-
ma-Aldrich, , USA], matrix metalloproteinase 
(MMP)-2 (rabbit IgG, dilution 1:1,000; Epitomics, , 
USA), and MMP-9 (rabbit IgG, dilution 1:1,000) were 
used. Horseradish peroxidase (HRP)-conjugated an-
tibodies against rabbit IgG was used as secondary 
antibodies. Immunoreactive bands on the blots were 
visualised with an enhanced chemiluminescence re-
agent kit (Beit Haemek, Israel). 

Confocal immunofluorescence analysis 
Cells (5×103) were incubated in a cell culture dish 

(NEST Biotech, Hong Kong) for 24 h, fixed with par-
aformaldehyde for 30 min, and permeabilized with 
0.1% Triton X-100 for 5 min at room temperature, and 
then incubated with the primary polyclonal rabbit 
anti-human ZIP4 antibody (Sigma-Aldrich; dilution 
1:200) in the dark for 24 h at 4°C. Next, cells were in-
cubated with Alexa Fluor 488 donkey anti-rabbit IgG 
(1:500, Invitrogen, USA) for 1 h at room temperature. 
Fluorescence images were captured using a confocal 
microscope.  

Patients and clinical specimens 
The tumour specimens used in immunohisto-
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chemical analysis were obtained from 60 patients with 
HCC who underwent LT, 36 patients with liver cir-
rhosis, and six LT donors at the First Affiliated Hos-
pital of Zhejiang University School of Medicine, 
Hangzhou, between 2006 and 2009. Written informed 
consent was obtained from all donors and recipi-
ents. No donor liver was harvested from an executed 
prisoner. The characteristics of patients with HCC are 
summarised in Table 1. Two independent 
pathologists diagnosed HCC based on the World 
Health Organization criteria [39]. No patient received 
chemotherapy or radiotherapy before surgery. Tu-
mour specimens, adjacent non-tumorous tissues, and 
liver cirrhosis tissues were collected, fixed in 10% 
formaldehyde solution, and embedded in paraffin. 
Tumour-node-metastasis (TNM) staging was per-
formed according to the Sixth edition of the Classifi-
cation of the International Union against Cancer [40]. 
All data were analysed anonymously. 

Ethics statement 
The study protocol was approved by the Institu-

tional Review Board of the Key Lab of Combined 
Multi-Organ Transplantation, Ministry of Public 
Health. Informed written consent was obtained from 
patients in accordance with the Declaration of Hel-
sinki. 

Immunohistochemical staining 
All samples embedded in paraffin blocks were 

cut into 4-μm-thick sections, which were mounted on 
glass slides. Each slide was dewaxed in xylene, rehy-
drated in a graded series of alcohol solutions, and 
boiled in 10 mmol/L citrate buffer (pH 6.0) for antigen 
retrieval. After inhibition of endogenous peroxidase 
activity by incubation for 10 min with methanol con-
taining 0.3% H2O2, the sections were blocked with 2% 
bovine serum albumin for 30 min and incubated 
overnight at 4°C with a primary polyclonal rabbit 
anti-human ZIP4 antibody (Sigma-Aldrich; dilution 
1:200). After three washes with PBS, the slides were 
incubated with HRP-conjugated goat anti-rabbit IgG 
for 30 min, reacted with diaminobenzidine, and 
counterstained with haematoxylin. As a negative 
control, the primary antibody was omitted and sub-
stituted. 

Immunohistochemical evaluation 
To estimate the expression of ZIP4, 10 fields with 

a total of at least 1,000 tumour cells were evaluated by 
high-power microscopy. Two independent techni-
cians evaluated the immunostaining in a blinded 
manner, and re-evaluated immunostaining together 
to reach consensus in the case of a discrepancy. ZIP4 
expression was calculated as the percentage of posi-
tive cells.  

Statistical analysis 
All statistical data were analysed using SPSS 10.0 

(SPSS Inc. Chicago, IL, USA). Differences between 
groups were analysed by one-way analysis of vari-
ance, the Mann–Whitney U-test, or the chi-squared 
test. Cumulative survival was compared by the 
Kaplan–Meier test using the log-rank method. A mul-
tivariate Cox proportional-hazards regression model 
was used to identify independent prognostic factors. 
Statistical significance was set at P < 0.05. 

Results 
Location and expression of ZIP4 in HCC 

Using a laser-scanning confocal microscope, 
ZIP4 was detected in cell membranes and nuclei in 
cancer cell lines (HepG2 and BEL7402), but only at cell 
membranes in immortalized liver cells (HL-7702; Fig. 
1A). Expression of ZIP4 was higher in HCC cell lines 
(HepG2, SK-HEP-1, and BEL-7402) than in immortal-
ized liver cells (HL-7702 and Chang liver; Fig. 1B, 1C), 
and was highest in HepG2 cells. These results showed 
that ZIP4 was more highly expressed in HCC cells 
than in normal liver cells. 

We performed knockdown and overexpression 
experiments with shRNA-ZIP4 and Z1191 plasmids, 
respectively. ZIP4 expression was relatively lower in 
HuH-7 cells and higher in BEL-7402 cells than 
HL-7702 cells, respectively. Thus, we overexpressed 
ZIP4 in HuH-7 cells and knocked it down in BEL-7402 
cells. The efficiencies of knockdown and overexpres-
sion were confirmed by qRT-PCR and immunoblot-
ting (Fig. 1D-G). 

Effect of ZIP4 on invasiveness and migration in 
HCC 

In an invasion assay, we found significantly 
fewer migrated/invaded cells in the ZIP4-silenced 
group than in the negative control, but many more in 
the ZIP4 overexpression group than in the negative 
control (P < 0.05; Fig. 2(1)). It demonstrates that ZIP4 
can enhance HCC migration and invasion. 

Because MMPs are involved in the digestion of 
extracellular matrices, penetration of the stroma, and 
cancer cell motility, we examined the expression of 
MMP family members in different groups to explore 
the potential mechanisms of ZIP4-promoted inva-
siveness. We found that expression of MMP-2 and 
MMP-9 was markedly reduced in the ZIP4-silenced 
group and increased in the ZIP4 overexpression 
group, compared with their respective negative con-
trols (P < 0.05; Fig. 2(2)). Negative results are not 
shown. These data indicate that ZIP4 was involved in 
regulating the expression of MMP2 and MMP9. 
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Effect of ZIP4 on Cell cycle in HCC  
As shown in Figure 3A, silencing of ZIP4 in-

duced the accumulation of HepG2 cells in the G1 
phase and reduced the proportions of HepG2 cells in 
the S and G2 phases, whereas overexpression of ZIP4 
decreased the proportion of HepG2 cells in the G1 
phase and increased the proportions of HepG2 cells in 
the S and G2 phases. These demonstrate that ZIP4 
accelerates HepG2 cells growth. 

Effect of ZIP4 on apoptosis in HCC 
Decreased or increased ZIP4 expression led to an 

elevated or reduced rate of HCC cell apoptosis 

(P < 0.05; Fig. 3B). Results show that ZIP4 inhibited 
HCC apoptosis. 

The Bcl-2 and caspase pathways are considered 
classical apoptotic pathways. Thus, we next examined 
members of the Bcl-2 and caspase families. We found 
that ZIP4 silencing resulted in increased expression of 
pro-apoptotic genes (caspase-3, caspase-9, Bax) and 
decreased expression of Bcl-2, whereas ZIP4 overex-
pression had the opposite effect (P < 0.05; Fig. 3C-F). 
Negative results are not shown. It turned out that 
ZIP4 was involved in regulating the expression of 
caspase-3, caspase-9, Bax, and Bcl-2. 

 

 
Figure 1. (A) Laser-scanning confocal microscope was used to detect the distribution of ZIP4 in HepG2, BEL7402, and HL-7702 cells (magnification: 
×1260). Cells were incubated in a cell culture dish, fixed with paraformaldehyde for 30 min, and permeabilized with 0.1% Triton X-100 for 5 min at room 
temperature and incubated with primary polyclonal rabbit anti-human ZIP4 antibody. Cells were then washed and incubated with Alexa Fluor 488 donkey 
anti-rabbit IgG. The green signal represents staining for ZIP4 protein. ZIP4 located in cell membranes of HL-7702 cells, but not in nuclei. ZIP4 accumulated 
in the nuclei in HepG2 and BEL7402 cells. (B) The mRNA levels of ZIP4 in seven liver cell lines. We used the TRIzol reagent (Invitrogen) to extract total 
RNA and performed cDNA synthesis using M-MLV reverse transcriptase (TaKaRa, Dalian, China). ß-actin was the endogenous control. All the samples 
were normalized to human ß-actin according to the 2-ΔΔCT method. ZIP4 mRNA levels in immortalized liver cells (HL-7702) was the negative control. The 
x-axis represents multiples of mRNA levels in HL-7702 cells. (C) ZIP4 protein levels in eight liver cell lines. (D) The mRNA levels of ZIP4 in BEL7402 and 
HepG2 cells with ZIP4 silencing (shRNA-ZIP4) and negative control (NC) cells. β-actin was used as an internal control. (E) ZIP4 protein levels in BEL7402 
and HepG2 cells with ZIP4 silencing (shRNA-ZIP4) and negative control (NC) cells. (F) ZIP4 mRNA levels in HuH-7 and HepG2 cells with ZIP4 over-
expression (Z1191) and negative control (NEG). β-actin was used as an internal control. (G) ZIP4 protein levels in HuH-7 and HepG2 cells with ZIP4 
overexpression (Z1191) and a negative control (NEG). Data are from one of three repeated independent experiments. *P < 0.05. 



Int. J. Biol. Sci. 2014, Vol. 10 
 

 
http://www.ijbs.com 

250 

 
Figure 2. (1-B), (1-D), (1-F), and 
(1-H) Cells were transfected with 
ZIP4-shRNA plasmid 
(shRNA-ZIP4). (1-J), (1-L), (1-N), 
and (1-P) Cells were transfected 
with ZIP4 overexpression plasmid 
(Z1191). (1-A), (1-C), (1-E), (1-G), 
(1-I), (1-K), (1-M), and (1-O) Cells 
transfected with a negative control 
plasmid (NC or NEG; magnifica-
tion: ×200). Right: statistical analysis 
of the numbers of invaded/migrated 
HepG2, HuH-7, and BEL7402 cells. 
Student's t-test was used for statis-
tical comparisons. Data are from 
one of three repeated independent 
experiments. *P < 0.05. (2-A) 
mRNA of MMP-2 and MMP-9 in 
BEL7402 and HepG2 cells with 
ZIP4 silencing (shRNA-ZIP4) and 
HuH-7 and HepG2 cells with ZIP4 
overexpression (Z1191) was de-
tected by quantitative real-time 
polymerase chain reaction 
(qRT-PCR). (2-B) Protein levels of 
MMP-2 and MMP-9 in BEL7402 and 
HepG2 cells with ZIP4 silencing 
(shRNA-ZIP4) and HuH-7 and 
Hep-G2 cells with ZIP4 overex-
pression (Z1191) were detected by 
immunoblotting. 
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Figure 3. (A) Cell cycle distribution of HepG2 cells transfected with shRNA (shRNA-ZIP4), overexpression (Z1191), or negative control plasmids (NC or 
NEG). 2N, diploid DNA content; 4N, tetraploid DNA content. (B) Percentages of apoptotic cells in BEL7402 and HepG2 cells transfected with shRNA 
(shRNA-ZIP4) and HuH-7 and Hep-G2 cells transfected with an overexpression plasmid (Z1191). Student's t-test was used for statistical comparisons. 
*P < 0.05. (C), (D), (E), and (F) mRNA of caspase-3, caspase-9, Bax, and Bcl-2 in HepG2 cells with ZIP4 silencing (shRNA-ZIP4) or ZIP4 overexpression 
(Z1191) were detected by qRT-PCR. NC and NEG denote cells transfected with a negative control plasmid. Data shown are representative of at least three 
separate experiments. *P < 0.05. 

 

Relationship between ZIP4 and 
clinicopathological features 

ZIP4-positive cells showed stained nuclei in 
immunohistochemical staining (Fig. 4A). The density 
of ZIP4-positive cells was significantly higher in tu-
mor tissues than in peritumoral tissues, cirrhotic liver 
tissue, and normal liver tissue (P < 0.0001; Fig. 4A). 

The relationship between ZIP4 expression and 
clinicopathological parameters is described in Sup-
plemental Table 1. Using the median (50%) density of 
ZIP4-positive cells as the cut-off value [41], patients 
were divided into high (n = 40) and low expression (n 
= 20) groups. High expression of ZIP4 correlated sig-
nificantly with high Child-Turcotte-Pugh (CTP) score 
(P = 0.042), late TNM stage (P = 0.044), tumor recur-
rence (P = 0.002), large tumor size (P = 0.022), and 
high alanine aminotransferase level (P = 0.043) (Table 

1). ZIP4 expression did not correlate significantly with 
gender, age, cirrhosis, α-fetoprotein (AFP) level, or 
hepatitis B surface antigen (Supplemental Table 1). 

Relationship between ZIP4 and survival 
In univariate analyses, tumor size, vascular in-

vasion, cancer embolus, AFP level, history of hepati-
tis, distant metastasis, bile duct invasion, prothrombin 
time, total bilirubin level, and TNM stage were 
prognostic factors for overall survival and/or dis-
ease-free survival (Table 2). The density of 
ZIP4-positive cells was correlated significantly with 
overall survival (P = 0.020) and tumor -free survival (P 
= 0.049). Overall survival and tumor-free survival 
rates were poorer in patients with higher ZIP4 ex-
pression than in those with lower ZIP4 expression 
(Fig. 4B).  

In a multivariate analysis, the expression of ZIP4 
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was an independent prognostic factor for overall sur-
vival (hazard ratio = 4.343, P = 0.037), but not tu-
mor-free survival (P = 0.075; Table 2). Multivariate 
analysis (without ZIP4) showed that tumor size (P = 
0.002) and total bilirubin level (P = 0.011) were two 
independent prognostic factors for overall survival. 
To verify the effectiveness of ZIP4, we constructed TT 
Model (based on tumor size and total bilirubin level) 
and TTZ Model (based on tumor size, total bilirubin 
level and ZIP4). The equation of TT Model was TT 
model=- 1.701×Tumor size+ (-1.362×TBIL level) (tu-
mor size, 1 for tumor size≥8cm, 2 for tumor size<8cm; 
TBIL level, 1= Normal; 2= Abnormal). The equation of 
TTZ Model was TTZ model=(- 1.622)×tumor size+ 
(-1.249×TBIL level) +1.723×ZIP4 (tumor size, 1 for 
tumor size≥8cm, 2 for tumor size<8cm; TBIL level, 1= 
Normal, 2= Abnormal; ZIP4, Low=1, High=2). The 
receiver operating characteristic curve (ROC) was 
used to assess which model was better (Fig 5). Area of 
the TTZ Model under the curve is 0.852 and the TT 
Model is 0.765. The ROC indicated the prediction was 
improved when combined with ZIP4. These data 
suggest ZIP4 was a very effective prognostic factor for 
overall survival. These results show that the expres-
sion of ZIP4 can serve as an effective predictor for 
survival in HCC patients after LT. 

 

Table 1. Correlation between ZIP4 expression and clinicopath-
ologic characteristics. 

Characteristics  ZIP4 positive cell density of cells (%)  
Low (n=20) (33.3%) High (n=40) 

(66.7%) 
P 

Tumor size(cm)   0.022 
<5 11(55%) 10(25%)  
≥5 9(45%) 30(75%)  
Tumor number   0.041 
Single 13(65%) 14(35%)  
Multiple 7(35%) 24(65%)  
Tumor recurrence   0.002 
Yes 3(15%) 23(57.5%)  
No 17(85%) 17(42.5%)  
Ascites    0.022 
Yes 5(25%) 1(2.5%)  
no 15(75%) 39(97.5%)  
ALT level   0.043 
Normal 9(45%) 8(20%)  
Abnormal 11(55%) 32(80%)  
TNM stage   0.044 
I+II 13(65%) 15(37.5%)  
III+IV 7(35%) 25(62.5%)  
CTP    0.042 
A 12(60%) 13(32.5%)  
B/C 8(40%) 27(67.5%)  
Abbreviation: ALT: alanine aminotransferase; CTP Child–Turcotte–Pugh scores. 
AFP: alpha fetoprotein;γGT: γ- glutamyl transferase; CEA: carcinoembryonic 
antigen; CHE: cholinesterase; TBIL: total bilirubin; ALB: Serum albumin; PT: 
prothrombintime; INR: International Normalized Ratio; ALT: alanine aminotrans-
ferase; DBIL: bilirubin direct. Chi-square tests for all other analyses. 

Table 2. Univariate and Multivariate analysis of factors associated with survival and recurrence (n=60). 

Variables Overall survival Disease-free survival 
 Univariate  Multivariate* Univariate Multivariate* 
 HR P HR P HR P HR P 
Age, <50/≥50 years 0.725 0.522   0.598 0.258   
Tumor size, <8/≥8cm 0.161 0.001 NA 0.179 0.349 0.031 NA 0.545 
Tumor number, Single/Multiple 2.192 0.122   1.607 0.325   
Distant metastasis, Yes/no 2.072 0.327   4.948 0.005 NA 0.209 
Tumor differentiation, I/II-III 0.610 0.334   0.732 0.502   
Liver cirrhosis, Yes/No 0.483 0.199   1.239 0.774   
History of hepatitis, Yes/No 0.205 0.001 0.156 0.029 0.472 0.224   
HBsAg, Negative/Positive 0.761 0.682   2.757 0.214   
AFP level, ≤400/＞400 ng/mL 1.050 0.928   2.799 0.022 NA 0.277 
AFP level, ≤20/＞20 ng/mL 2.068 0.249   2.322 0.169   
γGT level, Normal/Abnormal 1.863 0.325   1.537 0.443   
CEA level, Normal/Abnormal 1.751 0.378   0.401 0.357   
CHE level, Normal/Abnormal 0.484 0.143   0.751 0.532   
Ascites , Yes/no 0.044 0.251   0.043 0.184   
TBIL level, Normal/Abnormal 0.261 0.004 NA 0.410 0.914 0.863   
ALB level, Normal/Abnormal 0.378 0.061   0.866 0.753   
PT, Normal/Abnormal 0.369 0.072   0.329 0.025 4.192 0.041 
INR level, Normal/Abnormal 0.774 0.624   1.300 0.587   
Serum creatinine 0.669 0.450   1.252 0.633   
ALT level, Normal/Abnormal 1.289 0.647   1.151 0.778   
DBIL level, Normal/Abnormal 0.458 0.110   0.946 0.910   
ZIP4 positive rate of cells, Low/High 7.613 0.020 10.071 0.037 3.216 0.049 NA 0.075 
CTP, A/B+C 1.506 0.445   1.005 0.991   
TNM stage, I+II/III+IV 3.820 0.005 NA 0.330 3.396 0.005 NA 0.301 
Univariate and multivariate analysis: Cox proportional hazards regression model. Abbreviation: HR, Hazard Ratio; NA, not applicable; AFP: alpha fetoprotein;γGT: 
γ- glutamyl transferase; CEA: carcinoembryonic antigen; CHE: cholinesterase; TBIL: total bilirubin; ALB: Serum albumin; PT: prothrombintime; INR: International Nor-
malized Ratio; ALT: alanine aminotransferase; DBIL: bilirubin direct. *Multivariate variables were adopted by univariate analysis (P<0.05). 
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Figure 4. (A) Immunohistochemical staining of ZIP4 (magnification: ×200). Numerous tumor cells were ZIP4-positive. In peritumoral, cirrhotic, and 
normal tissues, almost no cells were ZIP4-positive. ***P < 0.0001. (B) Patients with high ZIP4-positive cell densities (dashed lines) had significantly poorer 
survival compared with individuals with low ZIP4-positive cell densities (solid lines). 

 
 

Table 3. Multivariate analysis of factors associated with survival 
without ZIP4. 

*Variables P OR (95% CI) 
Tumor size, <8/≥8cm 0.002 0.182(0.061-0.545) 
TBIL level, Normal/Abnormal 0.001 0.256(0.090-0.730) 
Abbreviations: TBIL, total bilirubin; CI, confidence interval; OR, odds ratio. 

 

 
Figure 5. The prediction of TT Model and TTZ Model were assessed by 
receiver operating characteristic curve (ROC). The area under the curve 
of TTZ Model was 0.852 and TT Model was 0.765. 
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Discussion 
Carcinogenesis is a complex and multifactorial 

process, resulting from many environmental effects. It 
involves the combined actions of multiple oncogenes 
and tumor suppressor genes. HCC is commonly lethal 
due to its aggressive metastasis, and migration and 
invasion are important features of cancer cells gener-
ally [42]. However, the molecular mechanism under-
lying HCC metastasis remains unclear. Therefore, the 
identification of novel molecular markers will provide 
new opportunities for the prevention of HCC recur-
rence and metastasis. In previous studies, ZIP4 was 
reported it could promote the cell invasiveness in the 
human pancreatic cancer and induced cell migration 
in mouse Hepa cells. In this study, we found that ZIP4 
contributed to invasiveness and migration of hepa-
toma cells. Furthermore, we discovered ZIP4 could 
influence the expression of MMP2 and MMP9, which 
are directly linked to angiogenesis and the degrada-
tion of basement membrane collagen, and their ex-
pression and activity correlate with metastatic ability 
and the prognosis of cancer [43]. Therefore, ZIP4 in-
creasing the gene expression of MMP2 and MMP9 
lead to promote invasiveness and migration of hepa-
toma cells. Recent studies indicate that MMP consist 
of a family of zinc-containing enzymes, and their ac-
tivities can be activated by zinc. ZIP4, zinc trans-
porter, might regulate the expression of MMP2 and 
MMP9 by influence on the concentration of Zinc. 

Apoptosis is intimately connected with the 
elimination of potentially malignant cells, hyperplasia 
and tumor progression [44]. Apoptosis of tumor cells 
was related to the tumor growth and the apoptosis 
was also an important feature of cancer cells. In the 
process of the cell culture, we observed cells growth 
status and found more dead cells in the ZIP4 sup-
pressive group than the negative control. The previ-
ous studies showed that mZip4 (the murine equiva-
lent of ZIP4) reduced apoptosis in mouse Hepa cells. 
Thus, we speculated ZIP4 might reduce apoptosis of 
human hepatoma cells. As we surmised, ZIP4 could 
reduce apoptosis of heptama cells in this study. Bcl-2 
and Caspases pathways have been considered as 
classical apoptotic pathways and these two pathways 
mediated most of the cell apoptosis. Therefore, we 
firstly assessed the effect of ZIP4 on these two path-
ways. The results showed exactly what we expected: 
ZIP4 upregulated apoptosis-related proteins caspa-
se-3, caspases-9, and Bax, whereas expression of Bcl-2 
was decreased. From this, ZIP4 decreasing gene ex-
pression of Caspase-3, Caspase-9 and Bax and in-
creasing the gene expression of Bcl-2 result in inhibi-
tion of apoptosis in hepatoma cells.  

These results consistently indicate that knocking 
down ZIP4 by shRNA, might be an effective method 

to control HCC growth, and represent a novel and 
potent treatment method for ZIP4-overexpressing 
HCC. It may ultimately have potential use in the 
clinical treatment of HCC. However, individuals may 
respond to ZIP4 shRNA therapy differently. It may be 
necessary to use multiple cycles of shRNA treatment 
due to the short lifespan of shRNA. Thus, compre-
hensive treatment with ZIP4 shRNA and 
chemo/radiation therapy may increase the efficacy of 
each individual therapy. These results show that ZIP4 
represents a novel and potent target in 
ZIP4-overexpressing HCC. 

HCC recurrence, a major lethal problem of LT 
for HCC, is well known to be a close correlation with 
TNM stage, tumor size and tumor metastasis. Highly 
metastatic tumour, such as HCC with large tumor 
size, was the key risk factor of tumor recurrence. 
Since, in vitro study, ZIP4 induced invasiveness and 
migration and inhibited apoptosis of hepatoma cells, 
which contributed to tumor size and tumor metasta-
sis. We speculated that ZIP4 expression is correlated 
with clinicopathological parameters of LT and could 
be an important factor related to clinical outcome of 
HCC patients after LT. As we expected, ZIP4 was 
associated with tumor recurrence, tumor size, TNM 
stage, and CTP score. Further, our results indicated 
that patients with high expression of ZIP4 have a 
higher recurrence rate and shorter survival time. 
Thereafter, through assessing TT Model and TTZ 
Model, we found ZIP4 was a very effective prognostic 
factor for overall survival. Thus, ZIP4 expression was 
an independent and effective prognostic factor for 
overall survival after LT for HCC.  

The selection criterion for LT in HCC is very 
important in determining outcome of transplantation 
in the recipient. All of those conventional criteria 
(Milan criteria et al) are pathological TNM criteria, 
based on the morphological characteristics of HCC [9, 
45] and do not appear to be sufficiently prognostic 
with regard to survival and risk of HCC recurrence 
after LT [46]. As molecular biomarker of tumor de-
velopment, biomarkers of tumors can provide a more 
standardized approach at the molecular level for tu-
mor classification [47]. Therefore, we've been com-
mitted to finding biomarkers can be used in criteria 
for selecting LT candidates among patients with HCC. 
Our results indicate that ZIP4 may be one of tumor 
biomarkers probably used in LT criteria. 

The detection of a membrane protein in the nu-
cleus is difficult to explain. Several studies have found 
that the locations of some members of the ZIP family, 
such as ZIP1, ZIP3, and ZIP7, may move from intra-
cellular organelles to cell surfaces when zinc is limited 
[48-50]. This process may partly explain the presence 
of ZIP4 in nuclei. Unlike in immortalized liver cells, 
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ZIP4 was located not only at membranes, but also in 
nuclei, in cancer cells. Thus, cancer may enable the 
presence of ZIP4 in cell nuclei. We speculated that 
ZIP4 may take part in some as yet unknown func-
tional change during the transformation of normal 
cells into tumor cells, and that its transfer to the nu-
cleus may be an important step. Whether ZIP4 can 
function as a transcription factor or a kinase in the 
nucleus is unknown and needs to be studied further. 

This report is the first to show the potential of 
ZIP4 as a predictive biomarker for HCC recurrence or 
patient survival in patients with HCC undergoing LT. 
Limitations of this study include the small number of 
patients and its retrospective design. It is unclear that 
whether ZIP4 directly or indirectly influence the ex-
pression of MMP2 and MMP9 and the specific 
mechanisms that ZIP4 regulating apoptosis-related 
proteins need to be further study. Well-designed 
studies with larger samples are needed to further 
evaluate the role of ZIP4 in predicting HCC recur-
rence after transplantation. 

In summary, ZIP4 increasing the expression of 
MMP-2 and MMP-9 result in increased invasiveness, 
and reducing expression of the apoptosis-related 
genes caspase-3, capase-9, and Bax result in reduced 
apoptosis. More importantly, expression of ZIP4 was 
associated with outcome after LT in patients with 
HCC. ZIP4 is a novel treatment target and a suitable 
prognostic marker for LT in HCC. 
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