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Increased expression of annexin A1 predicts poor prognosis
in human hepatocellular carcinoma and enhances cell malignant
phenotype
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Abstract Annexin A1 (ANXA1) belongs to the annexin

superfamily of proteins, which contribute to the patholog-

ical consequence and sequelae of most serious human

diseases. Recent studies have reported diverse roles of

ANXA1 in various human cancers; however, its involve-

ment in human hepatocellular carcinoma (HCC) still

remains controversial. To investigate the expression pattern

of ANXA1 in HCC tissues and evaluate its associations

with tumor progression and patients’ prognosis, immuno-

histochemistry was performed using 160 pairs of formalin-

fixed and paraffin-embedded cancerous and adjacent non-

cancerous tissues from patients with HCC. Then, the

associations between ANXA1 expression, clinicopatho-

logical characteristics, and prognosis of HCC patients were

statistically evaluated. In vitro migration and invasion

assays of siRNA-targeted ANXA1-transfected cells were

further performed. As a result, the expression levels of

ANXA1 protein in HCC tissues were significantly higher

than those in adjacent non-cancerous tissues (P \ 0.001).

High ANXA1 expression was closely correlated with

advanced TNM stage (P = 0.001) and high Edmondson

grade (P = 0.02). Then, univariate and multivariate anal-

yses showed that the status of ANXA1 expression was an

independent predictor for overall survival of HCC patients.

Furthermore, knockdown of ANXA1 by transfection of

siRNA–ANXA1 could suppress the migration and invasion

abilities of HCC cells in vitro. Collectively, these findings

offer the convincing evidence that ANXA1 may play an

important role in HCC progression and can be used as a

molecular marker to predict prognosis and a potential tar-

get for therapeutic intervention of HCC.
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Prognosis � Immunohistochemistry � Small interfering

RNA

Introduction

Hepatocellular carcinoma (HCC), the fifth (seventh) com-

mon cancer in men (women), has been the third leading

cause of cancer-related deaths worldwide [1]. Because of

its extremely unfavorable prognosis, the deaths and newly

diagnosed cases each year are almost equal. Currently,

hepatic resection is the most common treatment modality

for HCC and one of the most effective interventions for

achieving long-term survival [2]. In addition to this,

transplantation and radiofrequency ablation were both

potential curative methods for HCC [3]. However, the

majority of patients with this malignancy are diagnosed at

an advanced stage with underlying liver dysfunction, which

makes curative treatments not effective or feasible due to

tumor spread [4]. Only 10–20 % of tumors are resectable at

the time of diagnosis, and the 5-year survival is poor even
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compared with other gastrointestinal malignancies [5].

Therefore, it is of great importance to seek optimal bio-

markers for early-stage diagnosis, for predicting survival,

and for evaluating treatment efficiency.

Annexin A1 (ANXA1) belongs to the annexin super-

family of calcium- and phospholipid-binding proteins and

has been detected in miscellaneous organisms, including

vertebrates, invertebrates, and plants [6]. It is an endoge-

nous mediator of the anti-inflammatory effects of gluco-

corticoids through the inhibition of phospholipase A2,

including arachadonic acid [7]. Functionally, ANXA1 has

been reported to be involved in intracellular signaling, cell

growth, and cell differentiation [8]. Growing evidence

suggest that it contributes to the pathological consequence

and sequelae of most serious human diseases, including

cancers. As a potential marker for malignant progression,

ANXA1 expression levels have been observed to be

upregulated in melanoma, breast cancer, pancreatic cancer,

and colorectal cancer [9–13]. In contrast, reduced ANXA1

expression levels have been found in esophageal cancer,

gastric cancer, bile duct cancer, and prostate cancer

[14–17]. However, its expression pattern in human HCC

still remains controversial. Immunohistochemistry analysis

of Suo et al. [18] observed the upregulated expression of

ANXA1 protein in 20 HCC tissues compared to non-tumor

tissues, but Hongsrichan et al. [19] found that the expres-

sion of ANXA1 protein was negative in all histological

patterns for HCC. To confirm the expression pattern of

ANXA1 in HCC tissues and evaluate its associations with

tumor progression and patients’ prognosis, immunohisto-

chemistry was performed using 160 pairs of formalin-fixed

and paraffin-embedded cancerous and adjacent non-can-

cerous tissues from patients with HCC. Then, the associ-

ations between ANXA1 expression, clinicopathological

characteristics, and prognosis of HCC patients were sta-

tistically evaluated. In vitro migration and invasion assays

of siRNA-targeted ANXA1-transfected cells were further

performed.

Materials and methods

Patients and tissue samples

This study was authorized by the Research Ethics Com-

mittee of Fuzhou General Hospital and People’s Hospital

Affiliated to Fujian University of Traditional Chinese

Medicine, China. All patients agreed to the procedure and

signed consent forms. All specimens were handled and

made anonymous according to the ethical and legal

standards.

This was a retrospective study based on archived

materials. A total of 160 pairs of formalin-fixed and

paraffin-embedded cancerous and adjacent non-cancerous

tissues from patients with HCC were surgically obtained

between 2000 and 2008 in Fuzhou General Hospital and

People’s Hospital Affiliated to Fujian University of Tra-

ditional Chinese Medicine, China. The patients were

selected according to the following criteria: (1) primary

HCC and (2) previously untreated and with surgery as the

first treatment. Thus, data analysis in this series would

reflect actual impact of the tumor biology on the clinical

outcome. There were 130 men and 30 women ranging in

age from 20 to 80 years (median age 60 years). Tumor

differentiation was defined according to the Edmondson

grading system [20], and tumor stage was performed

according to the sixth edition of the tumor-node-metastasis

(TNM) classification of the International Union against

Cancer. Liver function was assessed using Child–Pugh

classification. The patient characteristics, including

patients’ age, gender, levels of preoperative alpha-feto-

protein (AFP), status of hepatitis B e antigen (HBeAg),

cirrhosis, tumor size, number of tumor nodule, tumor

capsula, vascular invasion, Edmondson grade, Child–Pugh

grade, and TNM stage, are summarized in Table 1.

The survival information from the postoperative follow-

up of all 160 HCC patients was received by telephone or

mail. The median follow-up time was 26 months (range

2–72 months). The overall survival was defined as the

interval from the end of treatment to death due to any cause

or to the date of last contact.

Cell culture

Human HCC cell lines HepG2 and BEL-7402 were pur-

chased from American Tissue Type Collection (Manassas,

VA). All cells were cultured in RPMI-1640 medium sup-

plemented with 10 % fetal calf serum (GIBCO) in a

humidified atmosphere of 5 % CO2 at 37 �C.

Immunohistochemical staining for ANXA1 protein

Tissue sections (4 lm thick) were deparaffinized with

xylene, rehydrated, and subjected to microwave antigen

retrieval in citrate buffer (pH 6.0) for 20 min. Endogenous

peroxidase was quenched with 3 % hydrogen peroxide for

10 min. The sections were then incubated with rabbit anti-

annexin A1 antibody (1:1,000 dilution; Abcam, Cam-

bridge, UK) at 4 �C overnight. The slides were incubated

for 30 min with donkey anti-rabbit IgG polyclonal anti-

body, biotin conjugated (1:200 dilution; Abcam, Cam-

bridge, UK) after being washed with Tris-buffered NaCl

solution for 30 min. Then, the sections were washed with

phosphate-buffered saline (PBS) for three times and further

incubated using the PV-9000 Polymer Detection System

(GBI Labs, Mukilteo, WA, USA) and color reacted with
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3,30-diaminobenzidine (DAB) solution (Zhongshan, Bei-

jing, China) as a chromogen.

Immunostainings were evaluated by two experienced

pathologists who were blinded to the clinical data reviewed

the stained tissue sections, using the semiquantitative scoring

system linking the staining intensity with the percentage of

positive cells, according to the previous studies [21, 22]. The

intensity was classified as follows: 0, negative staining; 1,

weak staining; 2, moderate staining; and 3, strong staining.

The percent of positive cells was judged followed by

Remmele W’s criteria [23]: (1) 0–25 %; (2) 26–50 %; (3)

51–75 %; and (4)[75 %. A final immunohistochemical score

was achieved by multiplying the intensity and the percent of

positive cells. In order to classify all 160 HCC patients into

high ANXA1 expression and low ANXA1 expression groups,

a cutoff value for ANXA1 expression levels was chosen on the

basis of a measure of heterogeneity with the log-rank test

statistic with respect to overall survival.

RNA interference of ANXA1

Human HCC cell lines HepG2 and BEL-7402 were trans-

fected with scrambled control (si-con) and human ANXA1-

specific siRNA (si-ANXA1), which were purchased from

Bioneer (Daejeon, Korea), during the logarithmic growth

phase using Lipofectamine 2000 liposome (Invitrogen Co.,

Carlsbad, CA, USA) according to the manufacturers’

instruction. Cells were verified and used for analysis 48 h

after transfection.

Western blot analysis

Human HCC cell lines HepG2 and BEL-7402 were har-

vested 48 h after transient transfection, and Western blot

analysis was performed to detect the expression levels of

ANXA1 protein. Standard Western blotting was performed

using a rabbit anti-annexin A1 antibody in a 1:1,000

dilution (Abcam, Cambridge, UK) and a donkey anti-rabbit

IgG polyclonal antibody (Abcam, Cambridge, UK). Equal

protein sample loading was monitored by probing the same

membrane filter with an anti-b-actin antibody (Santa Cruz

Biotechnology, Santa Cruz, USA), which was used as an

internal control for the normalization of candidate proteins.

Protein expression was assessed by enhanced chemilumi-

nescence and exposure to chemiluminescent film (Pierce

Biotechnology).

Cell migration and invasion assay

The migration abilities of human HCC cell lines HepG2

and BEL-7402 transfected with ANXA1 siRNA (si-

ANXA1) and scrambled control (si-con) were tested in

Corning transwell insert chambers. Briefly, 48 h after

transfection, cells that were resuspended in 200 ll serum-

free 1,640 medium were placed into the upper chamber of

the insert without Matrigel. Medium with 5 % FBS was

added into the lower chambers as a chemoattractant. After

24 h of incubation, cells remaining on the upper membrane

were carefully removed. Cells that had migrated through

the membrane were manually counted at 2009 magnifi-

cation from ten different fields of each filter.

Table 1 Association of annexin A1 (ANXA1) expression with dif-

ferent clinicopathological features of hepatocellular carcinoma (HCC)

patients

Clinicopathological

features

No. of

cases

P P P

High (n, %) Low (n, %)

Age

\60 60 40 (66.67) 20 (33.33) NS

C60 100 50 (50.00) 50 (50.00)

Gender

Male 130 75 (57.69) 55 (42.31) NS

Female 30 15 (50.00) 15 (50.00)

Levels of preoperative AFP (ng/ml)

\20 50 25 (50.00) 25 (50.00) NS

C20 110 65 (59.09) 45 (40.91)

HBeAg status

Negative 30 15 (50.00) 15 (50.00) NS

Positive 130 75 (57.69) 55 (42.31)

Cirrhosis

Absent 20 10 (50.00) 10 (50.00) NS

Present 140 80 (57.14) 60 (42.86)

Tumor size (cm)

\5 70 35 (50.00) 35 (50.00) NS

C5 90 55 (61.11) 35 (38.89)

Number of tumor nodule

Single 140 80 (57.14) 60 (42.86) NS

Multiple 20 10 (50.00) 10 (50.00)

Tumor capsula

Absent 130 75 (57.69) 55 (42.31) NS

Present 30 15 (50.00) 15 (50.00)

Vascular invasion

Absent 60 40 (66.67) 20 (33.33) NS

Present 100 50 (50.00) 50 (50.00)

Edmondson grade

I–II 70 30 (42.86) 40 (57.14) 0.02

III–IV 90 60 (66.67) 30 (33.33)

Child–Pugh grade

A 150 85 (56.67) 65 (43.33) NS

B 10 5 (50.00) 5 (50.00)

TNM stage

I–II 85 30 (35.29) 55 (64.71) 0.001

III–IV 75 60 (80.00) 15 (20.00)

NS refers to the difference without statistical significance
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The invasion abilities of human HCC cell lines HepG2

and BEL-7402 transfected with ANXA1 siRNA (si-

ANXA1) and scrambled control (si-con) were tested in

Matrigel coated cell culture chambers (8 lm pore size,

Millipore, Billerica, MA, USA). Briefly, cells were trans-

fected and cultured to confluence or near ([90 %) con-

fluence in 24-well dishes. Then, cells that were

resuspended in 200 ll serum-free 1,640 medium were

placed into the upper chamber of the insert with Matrigel.

Medium with 5 % FBS was added into the lower chambers

as a chemoattractant. After 24 h of incubation, cells

remaining on the upper membrane were carefully removed.

Cells that had invaded through the membrane were man-

ually counted at 2009 magnification from ten different

fields of each filter.

All assays were conducted in triplicate, and the mean

values were calculated.

Statistical analysis

All statistic analyses were performed by SPSS 17.0 (SPSS

Inc, Chicago, IL, USA). Continuous data were expressed as

mean ± standard deviation (SD). Comparison among dif-

ferent groups was analyzed using paired samples t tests or

Mann–Whitney U tests as appropriate. Fisher’s exact test

and Chi-square test were performed to evaluate the asso-

ciations between ANXA1 expression and different clini-

copathological characteristics. Univariate and multivariate

analyses were performed by Kaplan–Meier method and

Cox proportional hazards regression model. Differences

were considered statistically significant when P was\0.05.

Results

Expression of ANXA1 protein is upregulated in human

HCC tissues

Immunostaining of ANXA1 protein was mainly localized

in the cytoplasm of tumor cells with varying staining

intensity as shown in Fig. 1a, but was seen faintly or with

no staining in hepatocytes of adjacent non-cancerous tis-

sues as shown in Fig. 1b. The statistical analysis showed

that the mean immunohistochemical scores of ANXA1

protein in HCC and adjacent non-cancerous tissues were,

respectively, 3.86 (range 2.0–6.04) and 1.92 (range

0.79–3.72). Thus, the expression level of ANXA1 protein

was significantly higher in HCC tissues than in adjacent

non-cancerous tissues (P \ 0.001; Fig. 1c).

Based on the measure of heterogeneity with the log-rank

test statistic with respect to overall survival, an optimal

cutoff value (3.87) was identified: the low ANXA1

expression group (expression level lower than the cutoff

value; mean expression value 3.00, n = 70, 43.75 %) and

the high ANXA1 expression group (expression level higher

than the cutoff value; mean expression value 4.53, n = 90,

56.25 %).

Increased expression of ANXA1 protein associates

with aggressive progression of HCC patients

Table 1 summarized the association of ANXA1 protein

expression with clinicopathological parameters of HCC

patients. High ANXA1 expression was closely correlated

with advanced TNM stage (P = 0.001, Table 1) and high

Edmondson grade (P = 0.02, Table 1). However, ANXA1

immunoreactivity showed no significant correlation with

patients’ age, gender, levels of preoperative AFP, status of

HBeAg, cirrhosis, tumor size, number of tumor nodule,

tumor capsula, vascular invasion, and Child–Pugh grade

(all P [ 0.05, Table 1).

Increased expression of ANXA1 protein predicts poor

prognosis in HCC patients

To evaluate the prognostic value of ANXA1 protein

immunostaining with overall survival of HCC patients,

Fig. 1 Immunostaining of annexin A1 (ANXA1) protein in hepato-

cellular carcinoma (HCC, a) and adjacent non-cancerous tissues (b).

c The expression level of ANXA1 protein was significantly higher in

HCC tissues than in adjacent non-cancerous tissues (P \ 0.001, c)
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clinical follow-up was performed for all 160 patients in the

current study. In the univariate analysis, we found a sig-

nificant difference in patients’ overall survival between low

ANXA1 expression and high ANXA1 expression groups

(P \ 0.001; Fig. 2; Table 2). In addition to ANXA1

expression, tumor size (P = 0.01), vascular invasion

(P = 0.02), Edmondson grade (P = 0.001), and TNM

stage (P \ 0.001) were also correlated with overall sur-

vival of HCC patients (Table 2). In the multivariate ana-

lysis using the Cox proportional hazards model with

significant parameters in univariate analysis, we further

found that ANXA1 expression (P = 0.008), tumor size

(P = 0.03), Edmondson grade (P = 0.01), and TNM stage

(P = 0.006) were independent prognostic factors for

overall survival in HCC patients (Table 2).

Knocking down ANXA1 expression suppresses

the migration and invasion potentials of HCC cell lines

Since the increased expression of ANXA1 protein was

associated with aggressive tumor progression and poor

prognosis in patients with HCC as mentioned above, we

hypothesized that ANXA1 might influence the malignant

phenotypes of HCC cells. We succeeded establishing two

ANXA1-silencing HCC cell lines: HepG2-siANXA1 and

BEL-7402-siANXA1. As shown in Fig. 3, the expression

levels of ANXA1 protein in two transfected HCC cell lines

were both significantly lower than those in the control cells

(both P \ 0.001). In addition, the results shown in Fig. 4

indicated that the migratory potentials of si-ANXA1-

transfected HepG2 and BEL-7402 cells were both dra-

matically reduced, and suppression of ANXA1 in both cell

lines with si-ANXA1 also inhibited the cell invasion abil-

ities in the Matrigel substrate (all P = 0.01).

Discussion

HCC remains incurable to most of patients and recurrences

after surgical treatment occur in approximately 70 % of the

patients within 5 years [24]. Although several molecular

factors and histological features have been reported to be

associated with the progression and prognosis of HCC,

more effective biomarkers are necessary for the early-stage

diagnosis and the accurate prediction of the clinical out-

come of HCC patients. In the current study, we detected the

subcellular localization and the expression pattern of

ANXA1 protein in a large cohort of HCC and adjacent

non-cancerous tissues. Most primary HCC tissues showed

strongly positive immunostaining of ANXA1 protein in

cytoplasm of malignant cells with significant upregulation

of ANXA1 expression relative to normal control tissues.

Our data are consistent with the previous findings of Suo

Fig. 2 Kaplan–Meier analyses for the correlation between annexin

A1 (ANXA1) expression and survival. The overall survival of HCC

patients with high and low expression is shown. Log-rank test showed

that patients with high ANXA1 expression had a significantly poorer

overall survival versus patients with low ANXA1 expression

(P \ 0.001)

Table 2 Univariate and multivariate analyses of prognostic param-

eters in patients with HCCs by Cox regression analysis

Variables Overall survival

Univariate

log-rank

test (P)

Cox

multivariable

analysis (P)

Relative

risk

(RR)

Age

\60 vs. C60 NS - –

Gender

Male vs. female NS - -

Levels of preoperative AFP (ng/ml)

\20 vs. C20 NS - -

HBeAg status

Negative vs. positive NS - -

Cirrhosis

Absent vs. present NS - -

Tumor size (cm)

\5 vs. C5 0.01 0.03 5.66

Number of tumor nodule

Single vs. multiple NS - -

Tumor capsula

Absent vs. present NS - -

Vascular invasion

Absent vs. present 0.02 NS 3.68

Edmondson grade

I–II vs. III–IV 0.001 0.01 16.02

Child–Pugh grade

A vs. B NS - -

TNM stage

I–II vs. III–IV \0.001 0.006 22.23

ANXA1 expression

Low vs. high \0.001 0.008 19.88

NS refers to the difference without statistical significance
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et al. but different from those of Hongsrichan et al. [19].

The reasons for the difference may include different

genetic backgrounds and a larger study cohort (160 vs. 46).

In addition, the relationship between clinicopathological

features and ANXA1 expression showed that ANXA1

expression was positively correlated with TNM stage and

Edmondson grade (both P \ 0.05). To evaluate the prog-

nostic value of ANXA1 expression in HCC patients, we

divided them into two subgroups (high ANXA1 expression

and low ANXA1 expression) and compared outcome

between the two groups. The Kaplan–Meier survival ana-

lysis revealed that patients with high ANXA1 expression

had a significantly shorter overall survival than those with

low ANXA1 expression. In the multivariate analysis, we

observed that ANXA1 expression, together with some

traditional prognostic factors (tumor size, Edmondson

grade, and TNM stage) were independent risk factors in the

prognosis of HCC patients. To the best of our knowledge,

this is the first study which demonstrated that ANXA1 may

play an important role in the progression of HCC, and it

may be used as a candidate prognostic biomarker for this

disease.

The regulations of cell migration and invasion are cru-

cial for maintaining cellular homeostasis, and their loss is a

basic feature of cancer cells. Recent studies have reported

that ANXA1 may function as either a negative or a positive

regulator of malignant phenotypes of various cancer cells.

For example, downregulation of ANXA1 expression with

specific ANXA1 siRNA in human breast cancer cell line

MDA-MB-231 led to decreased cancer cell migration and

invasion [10]; Ang et al. [25] observed that silencing of

ANXA1 with specific ANXA1 siRNA could reverse the

estrogen-dependent proliferation as well as growth arrest of

MCF-7 breast cancer cells; Boudhraa et al. [9] reported that

in a B16Bl6 spontaneous metastasis model, a siRNA-

induced decrease in tumoral ANXA1 expression signifi-

cantly reduced tumoral MMP2 activity and number of lung

metastases, and in human melanoma cell lines, ANXA1

Fig. 3 Relative expression of annexin A1 (ANXA1) protein in

hepatocellular carcinoma (HCC) cell lines HepG2 and BEL-7402

transfected with ANXA1 siRNA (si-ANXA1) and negative control

siRNA (si-con). a Representative bolts showing expression of

ANXA1 in HepG2 and BEL-7402 transfected with ANXA1 siRNA

(si-ANXA1) and negative control siRNA (si-con). Expression of

b-actin was used as a loading control. b Statistical analysis showed

that the expression levels of ANXA1 protein in two transfected HCC

cell lines were both significantly lower than those in the control cells

(both P \ 0.001)
Fig. 4 Knocking down annexin A1 (ANXA1) expression inhibits

hepatocellular carcinoma (HCC) cells’ migration and invasion

in vitro. a, b Transwell migration assay and Matrigel invasion assay

of HCC cell HepG2 transfected with si-ANXA1 and si-con.

c Migratory activity of si-ANXA1-transfected HepG2 and BEL-

7402 cells was dramatically reduced, and suppression of ANXA1 in

both cell lines with si-ANXA1 also decreased invasion in the Matrigel

substrate. **P = 0.001 when comparison with control cells
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level was positively correlated with in vitro invasion

capacity, whereas normal melanocytes contained low

ANXA1 levels; and Gao et al. [11] indicated that the forced

ANXA1 expression in gastric cancer cells resulted in cell

growth inhibition. Since the biological functions of

ANXA1 in HCC are incompletely understood, in the cur-

rent study, we knocked down the ANXA1 expression and

investigated its effects on the biological behavior. ANXA1

knockdown in HepG2 and Bel-7402 cells contributed to

inhibit the migration and invasion of cells, which suggested

that ANXA1 might be associated with metastatic events in

HCC cells. These findings are also consistent with obser-

vations in other human cancers mentioned above. But more

research about the exact mechanism is needed.

In conclusion, our results offer the convincing evidence

that ANXA1 may play an important role in HCC pro-

gression and can be used as a molecular marker to predict

prognosis and a potential target for therapeutic intervention

of HCC.

Conflict of interest None.

References

1. Jemal A, Bray F, Center MM, Ferlay J, Ward E, Forman D.

Global cancer statistics. CA Cancer J Clin. 2011;61:69–90.

2. Fattovich G, Stroffolini T, Zagni I, Donato F. Hepatocellular

carcinoma in cirrhosis: incidence and risk factors. Gastroenter-

ology. 2004;127(5 Suppl 1):S35–50.

3. Thomas MB, Zhu AX. Hepatocellular carcinoma: the need for

progress. J Clin Oncol. 2005;23:2892–9.
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