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Abstract: The occurrence and progression of hepatocellular carcinoma (HCC) are affected by complicated signal 
transduction factors. Our previous study identified Ikaros as a novel reactivated therapeutic target that acts as a 
transcriptional repressor and reactivates anticancer mechanisms in HCC therapy. Annexin A4 (ANXA4) is a member 
of the Annexin family that plays an essential role in several cancers, but it has not been investigated in HCC pro-
liferation. Using cDNA microarrays, ANXA4 was shown to be associated with Ikaros in Ikaros-overexpressing cells. 
The aim of this work was to characterize the relationship between Ikaros and ANXA4 and the role of ANXA4 in HCC. 
The effect of Ikaros on ANXA4 was analyzed in HCC cell lines and HCC patient samples, and functional recovery 
experiments were performed between Ikaros and ANXA4. Furthermore, the effect of ANXA4 on cell proliferation in 
vitro was analyzed by MTT and colony formation assays in HCC cells. We used a subcutaneous xenograft model to 
elucidate the role of ANXA4 in vivo. We found that ANXA4 overexpression promotes HCC cell proliferation, but Ikaros 
can inhibit ANXA4 expression by repressing its promoter activity. Moreover, we demonstrated that downregulated 
expression of ANXA4 inhibited HCC cell proliferation and tumorigenesis in vitro and in vivo. Our findings indicate that 
ANXA4 may be a critical factor in HCC tumorigenesis. Ikaros is an attractive inhibitor of ANXA4 and may function as 
an anticancer agent in HCC.
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Introduction

Primary liver cancer is a common malignant 
tumor and ranks as the third most prevalent 
cancer worldwide. Remarkably, 90% of primary 
hepatic carcinomas are hepatocellular carcino-
mas (HCC), and due to its high prevalence, poor 
outcomes and low survival rate, HCC is the sec-
ond most common cause of cancer-related 
deaths worldwide [1, 2]. According to the World 
Cancer Report 2014, there were approximately 
782,500 incident cases of HCC in 2012, and 
the five-year survival rate is below 5%. Because 
of the large number of patients with hepatitis 
and cirrhosis in China, HCC represents a seri-
ous disease burden in China. HCC patients are 
usually diagnosed at an advanced disease 
stage [3] characterized by multiple organ 

metastases and poor prognosis [4]; thus, early 
diagnosis is critical for treating HCC [5]. 
Although hepatitis virus infection is an impor-
tant epidemiological cause of HCC, the mecha-
nism of HCC development remains unknown 
[6]. It is therefore critically necessary to eluci-
date the pathogenesis of HCC and find efficient 
therapeutic targets at the molecular level [7].

The Ikaros gene encodes a transcription factor 
that contains a specific Kruppel-like zinc-finger 
structure [8]. As a tumor suppressor, Ikaros is 
clinically relevant to some hematological malig-
nancies [9, 10]. Moreover, in our previous study, 
we revealed that CD133+ HCC cells have char-
acteristics of cancer stem-like cells, and Ikaros 
interacted with the transcription repressor 
CtBP as a complex and inhibited CD133 expres-
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sion by directly binding to its promoter in HCC. 
Ikaros can regulate the biological activation of 
CD133+ HCC cells and inhibit CD133+ HCC cell 
proliferation; in addition, patients with higher 
Ikaros expression exhibited longer survival [11]. 
Thus, our results suggested that reactivation of 
Ikaros is a novel strategy for HCC treatment. 
Furthermore, we performed cDNA microarray 
analyses in Ikaros-overexpressing cells to 
investigate the downstream molecular mecha-
nisms and identified that ANXA4 was signifi-
cantly downregulated in Ikaros-overexpressing 
cells. 

Annexins are members of a polygene family 
that maintain an evolutionarily conserved 
structure; they can bind with bivalent calcium 
ions, phospholipids and are located on the cell 
membrane [12-14]. Annexins consist of a vari-
able N-terminal region, which is thought to be 
responsible for their extensive bioactivities, 
and a conserved C-terminal domain [15, 16]. 

ANXA4 is a member of the Annexin family and 
was first detected in epithelial cells; it is report-
ed to be associated with cell metabolic pro-
cesses, such as cell cycle promotion, apoptosis 
inhibition, and anticoagulation [17]. With re- 
spect to cancer, we found that ANXA4 acts as 
an oncogene involved in promoting tumor cell 
proliferation, metastasis and drug resistance 
[18]. In the ovarian cancer cell lines OVTOKO 
and OVISE, ANXA4 knockdown significantly 
inhibits cell proliferation, increases cell sensi-
tivity to carboplatin and suppresses migration 
and invasion [19]. Helicobacter pylori is a risk 
factor for gastric tumors [14]. Elevated ANXA4 
and bivalent calcium ion levels were observed 
in gastric tumor cells infected with Helicobacter 
pylori [20, 21]. 

ANXA4 can activate the PI3K/Akt signaling 
pathway and sensitize the hyaluronan-mediat-
ed motility receptor (RHAMM) and cyclin-depen-
dent kinase 1 (CDK1), thus promoting tumori-
genesis in breast cancer [15, 22]. By triggering 
downstream signal, ANXA4 increases tumor 
cell proliferation and drug resistance in ovarian 
cancer [23, 24]. ANXA4 overexpression acti-
vates the NF-κB pathway via transcriptionally 
activating p65 subunit and promotes tumori-
genesis in gallbladder cancer (GBC) [25, 26]. In 
this study, we examined the expression profile 
of ANXA4 in HCC and described the biochemi-
cal and genetic interactions between Ikaros 

and ANXA4, demonstrating that ANXA4 acts as 
a carcinogenic factor in HCC.

Materials and methods

Patients and tissue samples

Samples from thirty-seven patients diagnosed 
with HCC were obtained from the Qidong Liver 
Cancer Institute. Each patient sample consist-
ed of cancer tissue and matched adjacent liver 
tissue. For all cases, pathological and clinical 
follow-up data were collected after obtaining 
ethical approval from the China Ethical Review 
Committee. HCC was diagnosed based on 
endocrine evaluations, clinical symptoms, and 
imaging examinations. 

Cell lines and culture conditions

The SMMC-7721 cell line was provided by the 
cell bank of the Institute of Biochemistry and 
Cell Biology of the Chinese Academy of Sciences 
(Shanghai, China). The Hep3B and PLC/PRF/5 
HCC cell lines were purchased from the 
American Type Culture Collection (Manassas, 
VA, USA). The MHCC-LM3 and MHCC-97L cell 
lines were obtained from the Liver Cancer 
Institute, Zhongshan Hospital of Fudan Uni- 
versity (Shanghai, China). The Huh7 cell line 
was obtained from the Riken Cell Bank (Ts- 
ukuba, Japan) as previously described [11]. The 
HCC-LY5 cell line was established in our labora-
tory. Confluent cells were cultured in Dulbecco’s 
modified Eagle’s medium (DMEM; Sigma-
Aldrich, USA) supplemented with 10% fetal 
bovine serum (FBS; Sigma, USA), and penicillin 
and streptomycin (100 μg/mL, Sigma-Aldrich, 
USA) at 37°C in 5% CO2.

Quantitative RT-PCR 

According to the manufacturer’s protocol, total 
RNA was extracted using TRIzol reagent 
(Invitrogen, Carlsbad, CA, USA), and reverse tr- 
anscription was performed using a Prime-Script 
RT Reagent Kit (TaKaRa, Shanghai, China). RNA 
concentration and purity were determined 
using an Agilent Technologies 2100 Bioanalyzer. 
The reaction conditions were 37°C for 15 min, 
85°C for 5 s, and 4°C for 5 min. Quantitative 
real-time polymerase chain reaction (qRT-PCR) 
were performed using a 7500 system (Thermo 
Scientific, MA, USA). The qRT-PCR primer 
sequences were as follows: ANXA4-F: 5’-ACC- 



Ikaros inhibits the expression of ANXA4 in HCC cells

1287 Am J Cancer Res 2017;7(6):1285-1297

AGCAGCAATATGGACGG-3’; ANXA4-R: 5’-TTCG- 
GTTCCGGGAACAGAG-3’; Ikaros-F: 5’-ATGGGC- 
GTGCCTGTGAAATGA-3’; Ikaros-R: 5’-GCCGTTC- 
TCCAGTGTGGCTTCTT-3’.

Plasmid constructs

First, we amplified the human ANXA4 gene cod-
ing sequence and inserted it into the empty 
vector pWPXL at the BamHI and EcoRI sites. 
We cloned the ANXA4 promoter sequence from 
-1078 bp to +37 bp and deleted the regions 
from -900, -750, -500, and -300 bp to +37 bp 
to generate truncated promoter plasmids. A 
plasmid containing a mutated DNA binding site 
(-1043 bp to -1031 bp) was also created. All the 
promoter sequences were inserted into pGL3-
enhancer at the BglII and MluI sites.

Western blot analyses

Proteins were extracted from cell lines or tissue 
lysates and lysed in Tissue Protein Extraction 
Reagent (Thermo Scientific, MA, USA) with 1 × 
phosphatase inhibitor cocktail and 1 × prote-
ase inhibitor cocktail (Roche) for 5 min on ice, 
followed by centrifugation (12,000 rpm, 4°C, 
15 min). Soluble proteins in the supernatant 
were separated by sodium dodecyl sulfate poly-
acrylamide gel electrophoresis (SDS-PAGE) and 
transferred onto nitrocellulose membranes 
(Bio-Rad, Hercules, USA). Nonspecific binding 
was blocked by incubating the membranes in 
5% nonfat milk for 1 h at room temperature. 
The membranes were then incubated overnight 
at 4°C with either an anti-ANXA4 monoclonal 
antibody (1:200, MAB-4146, R&D) or an anti-
Ikaros polyclonal antibody (1:100, SC-13039, 
Santa Cruz). After washing in phosphate-buff-
ered saline with 1% Tween 20 (PBST), the  
membranes were incubated with horseradish 
peroxidase (HRP)-conjugated anti-mouse or 
anti-rabbit secondary antibodies (1:3000; 
Sigma-Aldrich) at room temperature for 2 h and 
then washed again in PBST. Western blots were 
visualized using an enhanced chemilumines-
cence (ECL) detection reagent with an ECL kit 
(Thermo Scientific). The monoclonal anti-β-
actin-peroxidase antibody (1:2,0000, A3854, 
Sigma-Aldrich) was used to visualize the 
amount of protein loaded as an internal loading 
control.

Cell proliferation assay

For the colony formation assay, cells were tryp-
sinized, counted, and seeded at a density of 
three thousand cells per well in 6-well plates. 
During colony growth, the culture medium was 
replaced every 3 days, and two weeks later, 
10% formaldehyde was added for 30 min at 
37°C. Next, the cells were stained with Giemsa 
solution and washed, and the number of cell 
colonies was determined.

For the MTT assay, thiazolyl blue tetrazolium 
bromide (MTT) (M5655) was purchased from 
Sigma-Aldrich. A total of two thousand cells per 
well were seeded into 96-well plates. After 24 h 
of incubation, 10 µL of MTT solution (5 mg/mL) 
was added to the medium in each well, followed 
by 4 h of incubation at 37°C. Then, the culture 
medium was removed, and 150 μL of MTT sol-
vent (DMSO) was added to the plate. The opti-
cal density (OD) values were read at 570 nm for 
the cell proliferation assay.

Short hairpin RNA-mediated gene knockdown 
assay

To generate stable ANXA4 knockdown cell 
lines, we transfected cells with three short hair-
pin RNAs (shRNAs) targeting ANXA4 mRNA 
(shANXA4-1, shANXA4-2, shANXA4-3) and a 
negative control nonspecific shRNA (shNC) syn-
thesized by GenePharma (Shanghai, China). 
ANXA4 knockdown was confirmed by qRT-PCR 
and western blot. The shRNA sequences tar- 
geting ANXA4 were as follows: shANXA4-1F:  
CGCGTccccCCGATGAAGACGCCATTATttcaagag- 
aATAATGGCGTCTTCATCGGtttttGGAAAT; shAN- 
XA4-1R: cgatTTCCaaaaaCCGATGAAGACGCCAT-
TATtctcttgaaATAATGGCGTCTTCATCGGGGGGA; 
shANXA4-2F: CGCGTccccGGATATCACAGAAGG- 
ATATttcaagagaATATCCTTCTGTGATATCCtttttG- 
GAAAT; shANXA4-2R: cgatTTCCaaaaaGGATAT- 
CACAGAAGGATATtctcttgaaATATCCTTCTGTGA- 
TATCCGGGGA; shANXA4-3F: CGCGTccccGAG- 
GAACAAATCTGCATATttcaagagaATATGCAGAT- 
TTGTTCCTCtttttGGAAAT; shANXA4-3R: cgatTT- 
CCaaaaaGAGGAACAAATCTGCATATtctcttgaa- 
ATATGCAGATTTGTTCCTCGGGGA.

Tumor xenograft models

For the in vivo tumor proliferation assay, we 
established a subcutaneous HCC model. Six-



Ikaros inhibits the expression of ANXA4 in HCC cells

1288 Am J Cancer Res 2017;7(6):1285-1297

week-old BALB/c (nu/nu) male mice were raised 
in a specific pathogen-free laboratory. The mice 
were randomly divided into four groups and 
injected with 2 × 106 MHCC-LM3, 3 × 106 
Hep3B cells or stable ANXA4 knockdown ver-
sions of these cell lines. Four weeks after HCC 
cell inoculation, all animals were euthanized. 
The tumor tissues were weighed and fixed with 
10% neutral formalin.

Luciferase reporter assay

Cells were cultured in DMEM and, after reach-
ing approximately 90% confluence, transfected 
with the corresponding reporter plasmids and 
the pRL-TK reporter construct. After 48 h, a 
Dual-Luciferase Reporter Assay Kit (Promega, 
USA) was used to measure the Renilla and fire-
fly luciferase activity.

Immunohistochemistry (IHC)

Human primary HCC tissue sections were 
probed with an anti-ANXA4 polyclonal antibody 

(HPA007393) (1:80, Sigma-Aldrich), and then 
an HRP-conjugated secondary antibody was 
applied. The HCC tissue microarray preparation 
and IHC were performed according to our previ-
ously described procedures [27].

Statistical analysis

We used SPSS 13.0 software to analyze the 
statistical data in this study, and the data are 
expressed as the mean ± standard deviation 
(SD). Student’s t test was used to analyze dif-
ferences between two groups. P < 0.05 was 
considered statistically significant.

Results

ANXA4 is negatively associated with the 
expression of Ikaros and is downregulated by 
Ikaros

Ikaros is a transcriptional inhibitor and a no- 
vel reactivated therapeutic target. It can also 

Figure 1. Ikaros represses ANXA4 expression in HCC. A. Analysis of Ikaros and ANXA4 mRNA and protein levels 
in HCC cell lines. B. ANXA4 expression was detected by qRT-PCR and western blot when Ikaros was stably overex-
pressed in HCC cells. C. The relationship between Ikaros and ANXA4 in HCC tissues was evaluated by western blot, 
indicating that the expression of Ikaros protein is negatively associated with ANXA4. *P < 0.05, **P < 0.01.
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repress HCC proliferation and reactivate anti-
cancer mechanisms in HCC therapy. To investi-
gate the molecular mechanisms underlying the 
inhibitory effect of Ikaros on HCC cell prolifera-
tion and downstream differentially expressed 
genes, we performed cDNA microarray analy-
ses. The ANXA4 gene was dramatically differ-
entially expressed in Ikaros-overexpressing 
cells compared with the control group and was 
therefore selected for further investigation in 
HCC. 

We first detected the endogenous expression 
of Ikaros and ANXA4 in eight HCC cell lines. 
Ikaros was expressed at a low level in Hep3B, 
Huh7, and PLC/PRF/5 cells, while ANXA4 
expression was high (Figure 1A). We then 
established Ikaros-overexpressing HCC cell 
lines and confirmed that ANXA4 was downregu-
lated at both the mRNA and protein levels in 

stable Ikaros-overexpressing HCC cells (Figure 
1B). We corroborated our in vitro data with an 
investigation in HCC patients (Figure 1C). The 
negative relationship between Ikaros and 
ANXA4 in HCC cell lines and human primary 
HCC tissues led us to hypothesize that ANXA4 
is a target of Ikaros.

ANXA4 is upregulated in human primary HCC 
tissues 

We analyzed ANXA4 expression in primary HCC 
patient tissues (K), and compared with matched 
normal liver tissues (N), ANXA4 protein was 
overexpressed in 15/24 (62%) of the HCC tis-
sues, whereas it was downregulated in 3/24 
(13%) cases, and no difference was observed 
in 6/24 (25%) of the HCC tissues (Figure 2A, 
2B). We also confirmed the above results by 
analyzing the protein expression of ANXA4 in 

Figure 2. ANXA4 is upregulated in human primary HCC tissues. A, B. The protein level of ANXA4 was typically up-
regulated (62%, 15/24) in primary HCC patient tissues (K) compared with matched noncancerous liver tissue (N). 
ANXA4 was downregulated in 3/24 (13%) cases, and no difference was observed in 6/24 (25%) of the HCC tissues. 
C. Representative images of IHC analysis of ANXA4 expression in HCC tissues, in which 58% (34/59) of the HCC 
tissues displayed high positive staining, 27% (16/59) showed moderate staining, and only 15% (9/59) exhibited low 
staining. Original magnification 40 × (left) and 200 × (right). 
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59 human primary HCC tissues using IHC, 
which demonstrated that 58% (34/59) of the 

HCC tissues displayed high positive staining, 
27% (16/59) exhibited moderate staining, and 

Figure 3. Overexpression of ANXA4 in HCC cells promotes proliferation in vitro. A. qRT-PCR analysis of ANXA4 ex-
pression in HCC cell lines (left), and western blot analysis of ANXA4 expression in HCC cell lines (right). B. qRT-PCR 
analysis of ANXA4 expression in HCC cells stably transfected with ANXA4 or control plasmids (left), and western blot 
analysis of ANXA4 protein expression in HCC cells stably transfected with ANXA4 or control plasmids (right). C. Cell 
growth was analyzed at different time points by MTT assay. D. A colony formation assay was performed in HCC cells 
stably transfected with ANXA4 or control plasmids (left). The results of the statistical analysis are shown on the right. 
*P < 0.05, **P < 0.01. 
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only 15% (9/59) showed low staining (Figure 
2C). Thus, the abnormal upregulation of ANXA4 

in HCC tissues led us to explore its function in 
HCC.

Figure 4. Knockdown of ANXA4 inhibits cell proliferation in vitro. A. Western blot analysis of ANXA4 expression in four 
shANXA4-HCC cell lines. B. Cell growth was analyzed at different time points by MTT assay. C. A colony formation 
assay was performed in 4 HCC cell lines stably transfected with shANXA4 or control plasmids (shNC) (images). The 
results of the statistical analysis are shown in a bar graph. *P < 0.05, **P < 0.01.
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ANXA4 promotes HCC cell proliferation 

To determine the function of ANXA4 in HCC, we 
detected the endogenous expression of ANXA4 
mRNA and protein in thirteen HCC cell lines by 
qRT-PCR and western blot (Figure 3A). In the 
HCC cell lines Hep3B, Huh7, PLC/PRF/5, and 
MHCC-LM3, ANXA4 was upregulated, whereas 
it was barely detectable in SMMC-7721, HCC-
LY5, MHCC-97L and Li7 cells. We cloned the 
complete coding sequence of ANXA4 into a len-
tiviral vector and transfected it into cells to 
establish the following HCC cell lines: SMMC-

7721-ANXA4, HCC-LY5-ANXA4, MHCC-97L-AN- 
XA4, and Li7-ANXA4. The empty vector pWPXL 
was used as a control (Figure 3B). MTT and 
colony formation assays were performed to 
investigate the effect of ANXA4 on prolifera-
tion, and we found that ANXA4 promotes HCC 
cell growth in vitro (Figure 3C, 3D).

Knockdown of ANXA4 suppresses HCC cell 
proliferation in vitro and in vivo

Next, we designed three shRNA lentiviral vec-
tors to specifically knock down endogenous 

Figure 5. ANXA4 silencing suppresses HCC tumorigenesis in vivo. (A) MHCC-LM3 cells stably transfected with 
shANXA4-3 were subcutaneously injected into nude mice; shNC was used as a control, and the tumors were re-
moved from the nude mice after 4 weeks. (B) The weight of the xenograft tumors shown in (A) was quantified in (B). 
(C) qRT-PCR and western blot analysis of ANXA4 expression in the MHCC-LM3 cell-derived xenograft samples. (D-F) 
We observed the same subcutaneous tumorigenesis result in mice injected with Hep3B HCC cells stably transfected 
with shANXA4-3. *P < 0.05, **P < 0.01.
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ANXA4 expression in MHCC-LM3, Huh7, PLC/
PRF/5, and Hep3B cells (Figure 4A). Cell prolif-
eration assays showed that ANXA4 knockdown 
had a significant effect on HCC cell proliferation 
in vitro (Figure 4B, 4C). Furthermore, to trans-
late our in vitro data to a more human-like set-
ting, we analyzed the in vivo tumorigenesis of 
human HCC cells. The in vivo tumorigenic role 
of ANXA4 was assessed using subcutaneous 
xenograft models. In mice injected with the 
HCC cell line MHCC-LM3, the tumor weights 
indicated that ANXA4 knockdown significantly 
suppressed HCC tumorigenesis (n = 11, Figure 

5A-C). We observed the same subcutaneous 
tumorigenesis result in mice injected with the 
HCC cell line Hep3B (n = 7, Figure 5D-F). Thus, 
these findings indicated that ANXA4 knock-
down decreased the tumorigenic potential in a 
subcutaneous xenograft model and that ANXA4 
is crucial for HCC proliferation.

Ikaros inhibits the expression of ANXA4 by 
repressing its promoter activity

Ikaros is a crucial regulator in HCC suppression, 
and ANXA4 is negatively associated with the 

Figure 6. Ikaros directly binds to and represses the ANXA4 promoter in HCC cells. A. Identification of potential Ikaros 
binding sites in the ANXA4 promoter according to the PROMO and Gene Regulation databases. B. Activity of the 
ANXA4 promoter after transfection of Ikaros into HCC cells. C. The promoter activity of ANXA4 was detected after 
transfection with truncated ANXA4 promoter constructs. D. The mutated sequence is shown at the predicted Ikaros 
binding site on the ANXA4 promoter. E. The activities of the ANXA4 promoter and mutant promoter after transfection 
of HCC cells with Ikaros. F. The binding of Ikaros to the ANXA4 promoter in HCC cells was determined by chromatin 
immunoprecipitation, and qRT-PCR was used to analyze the ANXA4 promoter (top); agarose gel electrophoresis 
shows the crosslinking status (bottom). *P < 0.05, **P < 0.01.
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expression of Ikaros and is downregulated by 
Ikaros. To determine whether Ikaros downregu-
lates ANXA4 via binding to the ANXA4 promot-

er, we analyzed all potential Ikaros binding sites 
along the ANXA4 promoter from -1.5 kb to +0.1 
kb of the transcription start site using  

Figure 7. Reintroduction of ANXA4 impairs Ikaros-induced suppression of HCC cell proliferation. A. Western blot and 
qRT-PCR analyses of Ikaros or ANXA4 expression in Ikaros-transfected HCC cells and control cells. B, C. Cell growth 
at different time points was analyzed using MTT and colony formation assays. *P < 0.05, **P < 0.01.
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the PROMO and Gene Regulation databases. 
ANXA4 promoter recombinant expression plas-
mids were constructed, and the primary bind-
ing sites were determined to be located in the 
ANXA4 promoter region from -1078 bp to +37 
bp (Figure 6A). Reporter assays showed that 
ANXA4 promoter activity was inhibited in HCC 
cells overexpressing Ikaros (Figure 6B). 

The above results suggested that the promoter 
activity of ANXA4 was directly or indirectly 
downregulated by Ikaros. Next, we successively 
deleted sequences from the ANXA4 promoter 
and investigated the activity of these truncated 
promoters. The promoter activity was increased 
when the -1078/-900 bp sequences were 
deleted (Figure 6C). Based on this result, we 
hypothesized that this region may contain the 
binding site for the transcriptional repressor 
Ikaros. After analyzing the potential Ikaros bind-
ing sites using the Gene Regulation database, 
we constructed a plasmid containing a muta-
tion in the potential binding site at -1043 bp to 
-1031 bp (Figure 6D). The reporter activity 
assay (Figure 6E) was performed, and a chro-
matin immunoprecipitation assay confirmed 
that Ikaros indeed bound this site on the ANXA4 
promoter (Figure 6F).

Reintroduction of ANXA4 impairs Ikaros-in-
duced suppression of HCC cell proliferation

Transcription factors can bind to their target 
gene promoter region and regulate their expres-
sion. We demonstrated that stable overexpres-
sion of Ikaros suppressed the proliferation of 
HCC cells in vitro, whereas restored expression 
of ANXA4 antagonized the inhibition of the in 
vitro proliferation of HCC cells (Figure 7A-C). In 
this functional rescue experiment, reintroduc-
tion of ANXA4 reversed the Ikaros-induced 
repression of cell proliferation. Thus, ANXA4 
can promote cell proliferation in HCC, and it is a 
downstream regulatory target of Ikaros.

Discussion

By inducing cell differentiation, the transcrip-
tion factor Ikaros can suppress and control the 
development of leukemia, while mutations in 
Ikaros lead to decreased response to treat-
ment and shorter long-term survival in leuke-
mia patients [28, 29]. Moreover, Ikaros protein 
expression can also be observed in liver tissue 
[30]. Downregulation of Ikaros expression is 

correlated with the malignant progression of 
acute lymphoblastic leukemia and 13 other 
types of cancer, including breast, skin, and 
ovarian cancers [19]. In a previous study, we 
determined that Ikaros induces the differentia-
tion of CD133+ HCC cells and that Ikaros sup-
presses CD133 expression; thus, inhibition of 
the stemness property of CSCs is one function-
al role of Ikaros in HCC [11].

ANXA4 is a member of the Annexin family [31]. 
The human ANXA4 gene is located on chromo-
some 2p13, and the molecular mass of the 
ANXA4 protein is 35.9 kDa. Each Annexin con-
sists of five α-helices and four Annexin domains 
[32]. By interacting with NF-κB p50, ANXA4 pro-
motes the development of ovarian clear cell 
carcinoma [33]. According to lung cancer stud-
ies, fragile histidine triad (Fhit) gene mutations 
were detected in almost 80% of non-small cell 
lung cancer patients, and mutant Fhit increas-
es paclitaxel resistance in lung cancer. ANXA4 
is involved in the drug resistance mechanism, 
exhibiting a synergistic effect with Fhit [34]. 
Based on its importance in other cancers, we 
examined the function of ANXA4 in HCC cells.

ANXA4 has been shown to be essential for 
maintaining normal physiological cell condi-
tions and is involved in the formation of mem-
branes, membrane transport, signal transduc-
tion, and a series of calmodulin-dependent cell 
activities on the cell membrane surface, such 
as endocytosis and exocytosis [35]. In our 
study, we examined ANXA4 expression in pri-
mary HCC tissues. Compared with normal adja-
cent liver tissues, ANXA4 was frequently upreg-
ulated in HCC tissues. When we established 
stable Ikaros-expressing HCC cell lines, and 
found that ANXA4 was downregulated at both 
the mRNA and protein levels. Furthermore, our 
data also showed that ANXA4 promoted cell 
proliferation and contributed to the growth of 
HCC cells in vitro and in vivo. Thus, additional 
studies are needed to elucidate the molecular 
mechanism underlying the effects of ANXA4 on 
tumorigenesis in HCC and its different func-
tions in different tumors.

Upon further examination, we found that Ikaros 
inhibited the expression of ANXA4 by repress-
ing its promoter activity. To identify potential 
Ikaros binding sites along the ANXA4 promoter, 
we searched the PROMO and Gene Regulation 
databases and then successively deleted these 
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predicted binding site sequences from the 
ANXA4 promoter. Next, we investigated the 
activity of these truncated promoters. We found 
that the promoter activity was increased when 
the -1078/-900-bp sequences were deleted. 
We then constructed a plasmid containing a 
mutant version of the potential binding site 
between -1043 bp and -1031 bp, and a report-
er assay confirmed that this site was the bind-
ing site for Ikaros on the ANXA4 promoter.

In summary, we demonstrated that Ikaros acts 
as a transcriptional repressor of ANXA4 in HCC, 
and our data indicate that ANXA4 inhibition 
may be a potential strategy for anticarcinogenic 
therapy of HCC.
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