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Abstract
AIM: To investigate the characteristics and diagnostic 
value of annexin A2 (ANXA2) expression in cancer-
ous tissues and sera of patients with hepatitis B virus 
(HBV)-related hepatocellular carcinoma (HCC).

METHODS: Levels of liver ANXA2  gene transcription 
or protein expression were analyzed in HCC-, their self-
controlled precancerous-, and distant cancerous- tis-
sues from 30 HCC. Serum levels of ANXA2 expression 
in 115 patients with HCC, 25 with metastatic liver can-

cer, 35 with chronic hepatitis, 28 with acute hepatitis, 
38 with cirrhosis, and 30 healthy controls were deter-
mined. Clinicopathological characteristics of circulating 
ANXA2 expression were analyzed, and its diagnostic 
efficiency and clinical values in HCC were evaluated. 

RESULTS: ANXA2 expression was localized in both cell 
membrane and cytoplasm in HCC tissue, mainly in the 
cytoplasm of matched adjacent cancerous tissue, and 
there was almost no positive staining in matched distant 
cancerous tissue. Abnormal expression of liver ANXA2 
was present in HCC tissues compared with self-con-
trolled adjacent- and distant-cancerous tissues at pro-
tein or mRNA level. Circulating ANXA2 in HCC patients 
was significantly higher than that of other liver diseases 
(P  < 0.01) except metastatic liver cancer. If the diag-
nostic cutoff value of ANXA2 level was more than 18 ng/
mL, the incidence of serum ANXA2 was 86.96% in the 
HCC group, 80% in the metastatic liver cancer group, 
31.58% in the liver cirrhosis group, none in the chronic 
hepatitis or acute hepatitis or normal control group, 
respectively. Serum ANXA2 expression in HCC patients 
was correlated with HBV infection (27.38 ± 5.67 ng/mL 
vs  18.58 ± 7.83 ng/mL, P  < 0.01), extrahepatic metas-
tasis (26.11 ± 5.43 ng/mL vs  22.79 ± 5.64 ng/mL, P  < 
0.01), and portal vein thrombus (26.03 ± 5.99 ng/mL 
vs  23.06 ± 5.03 ng/mL, P  < 0.01), and was significantly 
higher (P  < 0.01) in the moderately- (26.19 ± 5.34 ng/
mL) or the poorly- differentiated group (27.05 ± 5.13 
ng/mL) than in the well differentiated group (20.43 ± 
4.97 ng/mL), and in the tumor node metastasis stages 
Ⅲ-Ⅳ (P  < 0.01) than in stages Ⅰ-Ⅱ. ANXA2 was not 
correlated with patient sex, age, size or α-fetoprotein 
(AFP) level. Area under the receiver operating charac-
teristic curve for the whole range of sensitivities and 
specificities was 0.796 for ANXA2 and 0.782 for AFP. 
Combining detection of serum ANXA2 and AFP substan-
tially improved the diagnostic efficiency (96.52%) and 
the negative predictive value (96.61%) for HCC.

CONCLUSION: The characteristics and distribution 
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of ANXA2 expression has good diagnostic potential for 
HCC diagnosis.

© 2012 Baishideng. All rights reserved.
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INTRODUCTION
Hepatocellular carcinoma (HCC), as one of  the most 
malignant tumors, is the third leading cause of  cancer-re-
lated death, especially in the inshore area of  the Yangtze 
River[1,2]. Surgical resection is not suitable for a consider-
able number of  HCC cases because of  metastasis, and 
the long-term survival of  postoperative HCC patients is 
not satisfactory[3,4]. Its early detection and treatment is an 
effective way to improve patient survival. Detection of  
circulating markers is the most effective method because 
it is simple, accurate and low cost, but no ideal biomarker 
has been found so far[5,6]. Recent studies showed that an-
nexin A2 (ANXA2) plays an important role in hepatocyte 
malignant transformation and HCC development[7-9]. 
ANXA2, as the best characterized of  the Annexin fam-
ily, is a calcium-dependent phospholipid-binding protein 
that plays a key role in the regulation of  cellular growth 
and signal transduction pathways[10]. It is reported that 
ANXA2 expression is upregulated in HCC compared 
with benign liver disease. Furthermore, its phosphoryla-
tion at residues of  Tyr23 by c-Src is also increased[11,12], 
and overexpression and tyrosine phosphorylation of  
ANXA2 may be of  functional relevance. 

Evaluation of  the diagnostic value of  ANXA2 in 
highly differentiated liver tumors suggests that adding si-
nusoidal ANXA2 expression to the marker panel [glypican 
3, hepatoma-specific gamma-glutamyl transferase (HS-
GGT), and heat shock protein 70] increases the reliability 
and objectivity of  HCC diagnosis[13]. In addition, serum 
ANXA2 levels in HCC patients are elevated by a quan-
titative sandwich enzyme linked immunosorbent assay 
(ELISA) method[14]. It may be a serological marker for 
HCC to enable early diagnosis, as well as monitoring of  
aggressiveness, treatment responsiveness, recurrence and 
survival. However, the clinicopathologic characteristics 
of  hepatic ANXA2 expression and the evaluation of  its 

diagnostic value for hepatitis B virus (HBV)-related HCC 
have not been reported up to now. In this study, the ex-
pression of  hepatic and circulating ANXA2 was investi-
gated in HCC patients and compared with expression in 
benign liver diseases to evaluate the pathologic character-
istics and efficiency in HCC diagnosis. 

MATERIALS AND METHODS
Collection of serum samples
We evaluated 115 HCC patients (88 men and 27 women) 
who were treated at the Affiliated Hospital of  Nantong 
University, Nantong, China. Patient age ranged from 
25 to 81 years (median, 48.3 years). Other cases studied 
included 35 with chronic hepatitis, 28 with acute hepati-
tis, 38 with cirrhosis, and 25 with metastatic liver cancer 
(liver metastasis of  lung cancer, 6; gastric cancer, 6; acute 
myeloid leukemia, 3; breast cancer, 3; colorectal cancer, 3; 
cervical cancer, 2; and pancreatic cancer, 2) and samples 
from 30 healthy people with hepatitis viral markers 
[HBV-DNA, HBV surface antigen, and anti-hepatitis C 
virus (HCV)] and a normal alanine aminotransferase level 
obtained from the Nantong Central Blood Bank as con-
trols. All cases were diagnosed by biochemical tests, viral 
histology, and B-ultrasonic examination. Blood samples (5 
mL) were collected with heparin in the morning and sera 
separated immediately. α-fetoprotein (AFP) level was de-
tected by a radiological method[15].

Collection of liver specimens
The cancerous-, the self-matched adjacent cancerous- 
(more than 3 cm to cancer focus), and the distant cancer-
ous- (more than 5 cm) specimens after surgical operation 
were respectively taken from 30 HCC patients who were 
treated at the Affiliated Hospital of  Nantong University, 
Nantong, China. One portion of  each specimen was 
immediately frozen in liquid nitrogen for total RNA 
extraction [ANXA2 mRNA by real time quantitative 
polymerase chain reaction (qPCR)], an extract was used 
to determine liver ANXA2 by Western blotting, and the 
remaining sample was fixed with 10% (vol/vol) forma-
lin for ANXA2 immunohistochemistry. The diagnosis 
of  HCC and viral hepatitis was based on the criteria 
proposed by the Chinese National Collaborative Cancer 
Research Group[16] and at the Chinese National Viral 
Hepatitis Meeting[17], respectively. Prior written informed 
consent was obtained from all patients according to the 
World Medical Association Declaration of  Helsinki, and 
the study received ethics board approval from the Affili-
ated Hospital of  Nantong University, Jiangsu Province, 
China. 

ELISA
The level of  serum ANXA2 was detected by using a hu-
man ANXA2 ELISA kit (Uscn Life Science Inc., Wuhan, 
China) according to the manufacturer’s instructions. To 
each well was added 100 μL of  serum sample or standard 
separately, and then 100 μL of  detection reagent A was 
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added and incubated for 1 h at 37 ℃. Subsequently, 100 
μL of  detection reagent B was added and incubated for 
0.5 h at 37 ℃. Then, 90 μL of  substrate solution was 
added and incubated for 25 min at 37 ℃. Finally, 50 μL 
of  stop solution was added to each well, and absorbance 
was read at 450 nm. During the procedure, washing the 
plate was according to the ELISA routine method.

Total RNA isolation and synthesis of cDNA
Total RNA was isolated from 50 mg of  liver tissue, using 
Trizol reagent (Invitrogen, United States) according to 
the manufacturer’s instructions. The integrity of  the total 
RNA was examined by 1% agarose gel electrophoresis, 
the quantity was determined based on absorbance at 260 
nm (A260), and the purity was analyzed based on the ab-
sorbance ratio at 260 nm and 280 nm (A260/280) (Bio-RAD 
smartspecTM plus, United States). The ANXA2 cDNA 
was synthesized from 1 μg of  total RNA using First 
Strand cDNA Synthesis Kit (Fermentas, Canada) accord-
ing to the manufacturer’s instructions.

qPCR
The qPCR was run on an Applied Biosystems StepOneTM 
real-time PCR system according to the manufacturer’s 
recommendations. The reaction solution contained 25 μL 
2 × SYBR Premix Ex Taq (TaKaRa, Japan), 2 μL primer 
mix, 1 μL 50 × ROX Reference Dye I, 4 μL cDNA, and 
18 μL deionized water to make a total volume of  50 μL. 
ANXA2 primers were as follows: forward, 5’-TGAGC-
GGGATGCTTTGAAC-3’, and; reverse, 5’-ATCCT-
GTCTC TGTGCATTGCTG-3’; β-actin primers were as 
follows: forward, 5’-ATTGCC GACAGGATGCAGA-3’, 
and reverse, 5’-GAGTACTTGCGCTCAGGAGGA-3’ 
used as an internal control[18], while no template control 
(H2O) was included in each reaction run. The optimized 
PCR conditions were as follows: 1 cycle at 95 ℃ for 2 
min; 40 cycles at 95 ℃ for 10 s, 62 ℃ for 1 min and final 
extension at 60 ℃ for 15 s. The relative quantitative anal-
ysis was performed by comparison of  the 2-∆∆Ct values.

Western blotting
Liver tissues were homogenized in an ice-cold homogeni-
zation buffer containing 50 mmol/L 3-(N-Morpholino) 
propanesulfonic acid buffer (pH 7.4), 100 mmol/L KCl, 
320 mmol/L sucrose, 50 mmol/L NaF, 0.5 mmol/L 
MgCl2, 0.2 mmol/L dithiothreitol, 1 mmol/L EDTA, 1 
mmol/L EGTA, 1 mmol/L Na3VO4, 20 mmol/L so-
dium pyrophosphate, 20 mmol/L β-phosphoglycerol, 
1 mmol/L p-nitrophenyl phosphate, 1 mmol/L benza-
midine, 1 mmol/L phenylmethylsulfonyl fluoride, and 
5 μg/mL each of  leupeptin, aprotinin, and pepstatin A. 
The homogenates were centrifuged at 800 g for 10 min at 
4 ℃. The supernatants were collected, and total protein 
concentrations were determined by an enhanced bicin-
choninic acid protein assay kit (Beyotime Institute of  
Biotechnology, China). A total of  20 mg of  protein of  
each sample was run on a 15% sodium dodecyl sulfate-
polyacrylamide gel electrophoresis. The proteins were 

then transferred onto polyvinylidene fluoride membranes 
and blocked with 5% bovine serum albumin in tris-buff-
ered saline, pH 7.5 (100 mmol/L NaCl, 50 mmol/L Tris, 
and 0.1% Tween-20). Membranes were immunoblotted 
overnight at 4˚C with the anti-ANXA2 and anti-β-actin 
antibodies (Santa Cruz Biotechnology, United States), 
followed by respective horseradish peroxidase-conjugated 
secondary antibodies. The bands were subsequently vi-
sualized by a chemiluminescence detection system (Mil-
lipore, United States), and density analysis was performed 
by an image analyzer. The ANXA2 level was expressed 
with the relative ratio (RR), which was calculated by the 
following formula using signal intensity (SI) of  ANXA2 
and β-actin. RR = SI ANXA2/SIβ-actin.

Immunohistochemistry for ANXA2
The 3 μm thick sections were prepared from formalin-
fixed, paraffin-embedded tissue blocks. Sections were de-
paraffinized in xylene twice for 10 min, then dehydrated 
through graded ethanol to distilled water for 5 min. 
Deparaffinized 5 µm thick liver sections were washed 
three times with phosphate buffered solution (PBS) 
(pH 7.4), incubated in endogenous peroxidase blocking 
solution (Immunostain EliVision Kit, Maxim Biotech, 
United States), and then treated with 0.01 mol/L citrate 
buffer pH 6.0 for 10 min in a microwave oven at 650 W. 
Non-specific-antibody binding was blocked by pretreat-
ment with PBS containing 0.5% bovine serum albumin 
(fraction V powder, Sigma, United States). Sections were 
then rinsed in PBS and incubated overnight at 4 ℃ with 
diluted anti-human ANXA2 antibody (1:500, Santa Cruz 
Biotechnology, United States) followed by three washes 
in PBS containing 0.05% Tween-20. The steps were 
performed using Immunostain EliVision kit according 
to the manufacturer’s instructions. Sections were stained 
with 3,3’-diamino-benzidine tetrahydrochloride as a chro-
mogen. The slide was rinsed with distilled water, coun-
terstained with hematoxylin, dehydrated, air dried, and 
mounted. The negative control slides were treated with 
nonspecific mouse IgG. The sections were examined 
under light microscopy. ANXA2 staining was assessed 
using the immunoreactive score. In detail, the percent-
age of  positive cells was assessed semiquantitatively and 
classified as follows: diffuse positive staining (+++) of  
more than 50% of  total cells; moderate staining (++), 
16%-50%; weak staining (+), 5%-15%; and negative 
staining (-), < 5%[19]. The results of  staining were evalu-
ated by two independent pathologists without knowledge 
of  the clinicopathologic features, and any difference in 
interpretation was resolved by consensus. Duplicate tissue 
cores for each tumor showed high levels of  homogene-
ity for staining intensity and percentage of  positive cells. 
The higher score was taken as the final score in cases of  
a difference between duplicate tissue cores.

Statistical analysis
The data are expressed as mean ± SD. Differences be-
tween different groups were evaluated by using a Student 
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Immunohistochemistry for ANXA2 expression and cell 
distribution
The expression and distribution of  hepatic ANXA2 in 
30 self-controlled HCC tissues, their matched adjacent- 
and distant-cancerous specimens are shown in Figure 2. 
The positive ANXA2 protein was localized in both cell 
membrane and cytoplasm (Figure 2A) in HCC tissue (30 
of  30, 100%), mainly in the cytoplasm (Figure 2B) in 
matched adjacent cancerous tissue (27 of  30, 90%), and 
there was almost no positive staining (Figure 2C) in their 
matched distant cancerous tissue (0 of  30, 0%). The in-
tensity and comparative analysis of  ANXA2 expression 
in different liver tissues are shown in Table 1. Although 
no significant difference in the positive rate of  ANXA2 
expression (χ 2 = 3.518, P = 0.070) was found between 
the HCC group and the adjacent cancerous group, the 
intensity of  ANXA2 expression in the HCC group was 
significantly higher than that in the adjacent cancerous 
group (Z = 6.113, P < 0.001) or the distant cancerous 
group (Z = 7.328, P < 0.001). 

Circulating ANXA2 and AFP level in patients with liver 
diseases
The levels of  circulating ANXA2 and AFP expression 
in 241 patients with liver diseases are shown in Table 2. 
The mean level of  serum ANXA2 expression in HCC 
patients was significantly higher than in the cases with 

t test, a χ 2 test or a rank-sum test. P < 0.05 was consid-
ered significant. Receiver operating characteristic (ROC) 
curves were constructed by calculating the sensitivities 
and specificities at several cutoff  points[15]. Efficiency 
evaluation was calculated according to sensitivity, speci-
ficity, accuracy, positive predictive value, and negative 
predictive value.

RESULTS
ANXA2 expression level in HCC tissues
ANXA2 protein and mRNA levels were detected in 30 
self-controlled HCC tissues, and their matched adjacent- 
and distant-cancerous specimens by Western blotting 
and real-time PCR, respectively. As shown in Figure 1, 
the ANXA2 protein level was obviously higher in HCC 
tissues than in the self-controlled adjacent- and distant-
cancerous specimens (F = 498.221, P < 0.001). The 
relative qPCR analysis (Table 1) indicated that the level 
of  ANXA2 mRNA expression in the HCC tissues (2-

∆∆Ct = 1.00) was significantly higher (F = 7908.11, P < 
0.001) than in the matched adjacent cancerous tissues (2-

∆∆Ct = 0.43 ± 0.10) or the distant cancerous tissues (2-∆∆Ct 
= 0.23 ± 0.07). In short, ANXA2 was overexpressed in 
HCC tissues compared with the self-controlled adjacent- 
and distant-cancerous tissues, whether protein level or 
mRNA level. 
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Figure 1  Annexin A2 protein level in liver tissue of hepatocellular carcinoma. A: Representative images of Western blotting. The protein levels of annexin 
A2 (ANXA2) and β-actin were detected and the latter served as the control; B: The statistical results indicated that the level of ANXA2 expression was obviously 
increased in hepatocellular carcinoma (HCC) tissues compared with the matched adjacent- or the distant-cancerous tissues (P < 0.001). Three independent experi-
ments were repeated, and the results are given as mean ± SD. HCC-T: HCC tissues; AC-T: Adjacent cancerous tissues; DC-T: Distant cancerous tissues. 

Table 1  Relative quantity of hepatic annexin A2 mRNA and annexin A2 expression in hepatocellular carcinoma-, adjacent-, and 
distant-cancerous tissues (n  = 30) (mean ± SD)

Group CtANXA2 Ctβ-actin ∆Ct 2-∆∆Ct Annexin A2 intensity Z

- + ++ +++

HCC tissues 21.63 ± 0.09 21.19 ± 0.07 0.44 ± 0.06 1   0   1   7 22
Adjacent cancerous tissues 24.29 ± 0.09 22.60 ± 0.08 1.70 ± 0.12 0.43 ± 0.10b   3 16 11   0 6.113b

Distant cancerous tissues 24.71 ± 0.06 22.13 ± 0.06 2.57 ± 0.07 0.23 ± 0.07b 30   0   0   0 7.328b

bP < 0.01 vs the hepatocellular carcinoma (HCC) tissue group. -: Negative staining; +: Weak staining; ++: Moderate staining; +++: Diffuse positive staining.
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liver cirrhosis, chronic hepatitis, or acute hepatitis, or in 
control subjects (P < 0.001), but not compared with the 
metastatic liver cancer group. If  the diagnostic cutoff  
value was more than 18 ng/mL, the incidence of  circulat-
ing ANXA2 was 86.96% in the HCC group, 80% in the 
metastatic liver cancer group, 31.58% in the liver cirrho-
sis, and zero in the chronic hepatitis group, the acute hep-
atitis group or the normal control group. The incidence 
of  serum AFP in the HCC patients (81 of  115, 70.44%) 
was significantly higher than in the metastatic liver cancer 
group (12 of  25, 48%, P < 0.05), the liver cirrhosis group 
(6 of  38, 15.79%), the chronic hepatitis group (5 of  35, 
14.29%), the acute hepatitis group (4 of  28, 14.29%), and 
was zero in the normal control group. 

Clinicopathologic features of circulating ANXA2 
expression
The clinicopathologic features of  circulating ANXA2 ex-
pression in 115 HCC patients are shown in Table 3. The 

higher level of  serum ANXA2 expression was correlated 
with HCC patients with HBV infection (Figure 3A, t = 
6.820, P < 0.001), extrahepatic metastasis (t = 3.191, P 
= 0.002), or portal vein thrombus (t = 2.859, P= 0.005). 
Serum ANXA2 expression was graded, with 20.43 ± 4.97 
ng/mL in the well differentiated group and significantly 
lower (P < 0.001) in the moderately- (26.19 ± 5.34 ng/
mL) or the poorly- differentiated (27.05 ± 5.13 ng/mL) 
group, and levels of  ANXA2 expression were obviously 
higher (P < 0.001) in tumor node metastasis (TNM) stage 
Ⅲ or Ⅳ than in TNM stage Ⅰ or Ⅱ. ANXA2 expression 
was not correlated with patient sex, age, tumor size or se-
rum AFP level (Figure 3B). Both circulating ANXA2 and 
AFP are useful biomarkers for HCC diagnosis.

Evaluation of serum ANXA2 level for HCC diagnosis 
The evaluation of  serum ANXA2 and AFP levels for 
HCC diagnosis is shown in Figure 4. The comparative 
analysis of  two markers for the whole range of  sensitivi-
ties and specificities was 0.796 in ANXA2 and 0.782 in 
AFP according to under the area under the ROC curve. 
The clinical evaluation of  serum ANXA2 or/and AFP 
levels for HCC diagnosis is shown in Table 4. The sensi-
tivity of  serum ANXA2 only was 86.96%, while a com-
bination of  ANXA2 with AFP could increase the rate 
of  HCC diagnosis (96.52%), and the negative predictive 
value was improved to 96.61%. 

DISCUSSION
HCC prognosis is poor, and early detection is of  the 
utmost importance. Although serum AFP is a useful 
biomarker for the detection and monitoring of  HCC, 
the false-negative rate using the AFP level alone may be 
as high as 40% for HCC patients with small size tumors. 
A previous report implied that ANXA2 expression was 
upregulated in HCC and it could be a useful molecular 
marker for HCC[10-12]. In this study, the expression of  
hepatic and circulating ANXA2 was investigated in HCC 
patients and compared with that in cases of  benign liver 
diseases to explore the clinicopathological characteristics 

CBA

50 μm 50 μm 50 μm

Figure 2  Immunohistochemistry of hepatic annexin A2 expression and distribution. Representative images of immunohistochemistry in the hepatocellular carci-
noma (HCC), self-controlled adjacent- and distant- cancerous tissues (400 × magnification). A: Hepatocyte annexin A2 (ANXA2) expression in HCC tissue; B: Hepato-
cyte ANXA2 expression in matched adjacent cancerous tissue; C: Hepatocyte ANXA2 expression in matched distant cancerous tissue. The level of ANXA2 expression 
was obviously increased in HCC tissues compared with that in the matched adjacent- or the distant-cancerous tissues. 

Table 2  Serum annexin A2 and α-fetoprotein levels in 241 
patients with liver diseases (mean ± SD)

Group n (ng/mL) q P  value Pos. (%) χ 2 P  value

ANXA2
   HCC 115 24.60 ± 7.60 100 (86.96)1

   MLC   25  24.22 ± 9.153   0.482    0.803 20 (80.00)3   0.812    0.368
   LC   38  16.35 ± 8.863 11.621 < 0.001 12 (31.58)3 44.652 < 0.001
   CH   35    6.85 ± 1.563 22.566 < 0.001 0 (0.00)3 91.304 < 0.001
   AH   28    6.92 ± 1.413 20.948 < 0.001 0 (0.00)3 80.971 < 0.001
   NC   30    6.16 ± 1.273 22.757 < 0.001 0 (0.00)3 84.058 < 0.001
AFP
   HCC 115   1446.76 ± 1573.46 81 (70.44)2

   MLC   25    1241.76 ± 1349.143 1.087    0.442 12 (48.00)3   4.635    0.031
   LC   38      73.73 ± 168.033 7.969 < 0.001 6 (15.79)3 34.771 < 0.001
   CH   35      69.05 ± 106.733 6.761 < 0.001 5 (14.29)3 34.583 < 0.001
   AH   28      70.54 ± 107.113 7.306 < 0.001 4 (14.29)3 29.446 < 0.001
   NC   30    6.06 ± 1.633 7.506 < 0.001 0 (0.00)3 47.874 < 0.001

1Serum annexin A2 (ANXA2) level > 18 ng/mL or 2Serum α-fetoprotein 
(AFP) level > 50 ng/mL was abnormal; 3Compared with the hepatocellular 
carcinoma (HCC) group. MLC: Metastatic liver cancer; LC: Liver cirrhosis; 
CH: Chronic hepatitis; AH: Acute hepatitis; NC: Normal controls; Pos. (%): 
Positive case number (%). 
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and diagnostic value in HCC.
The expression of  hepatic ANXA2 was associated with 

hepatocyte malignant transformation. Hepatic ANXA2 
was overexpressed in HCC tissues compared with their 
matched adjacent- and distant tissue, not only at protein 
level (Figure 1) but also at mRNA level (Table 1). Although 
no significant difference in the positive rate of  ANXA2 
expression was found between the HCC group and the 
adjacent cancerous group, the intensity of  ANXA2 ex-
pression in the HCC group was significantly higher than 
in the adjacent cancerous group or the distant cancerous 
group (Table 1). There was a consistent overexpression 
of  ANXA2 protein level and ANXA2 mRNA level. It is 
reported that adding ANXA2 to the established marker 
panel for the detection of  early and well-differentiated 

HCC should increase the diagnostic reliability and ob-
jectivity, which may particularly improve the accuracy of  
HCC diagnosis in minute tissue samples[13]. It is worth 
mentioning that ANXA2 levels in HCC adjacent tis-
sue present a very good intermediate state at protein or 
mRNA level, which might result from the change in the 
tumor microenvironment and the transfer of  tumor cells, 
because a previous report suggested that ANXA2 binds 
with plasminogen and tissue plasminogen activator on 
the cell surface and promotes tumor metastasis by induc-
ing the conversion of  plasminogen to plasmin, which 
leads to activation of  matrix metalloproteinases and deg-
radation of  extra-cellular matrix components[7-9].

Although the mechanisms of  hepatocarcinogenesis 
have not been elucidated, a long-lasting inflammation 

Table 3  Pathologic characteristics of annexin A2 expression in sera of 115 hepatocellular carcinoma patients (mean ±SD)

Group n (ng/mL) t P  value Pos. (%) 
> 18 ng/mL

χ 2 P  value

Sex Male 88 24.56 ± 5.84 0.150 0.881 78 (88.64)  0.933 0.334
Female 27 24.79 ± 5.33 22 (81.48)

Age (yr) ≥ 50 87 24.84 ± 6.07 0.798 0.427 76 (87.36)  0.050 0.822
< 50 28 23.83 ± 4.56 24 (85.71)

Tumor size (cm)  ≥ 5.0 75 24.38 ± 5.68 0.850 0.397 66 (88.00)  0.207 0.649
 < 5.0 40 25.35 ± 5.95 34 (85.00)

α-fetoprotein (ng/mL)   ≥ 400 53 24.91 ± 5.52 0.531 0.596 45 (84.91)  0.365 0.546
  < 400 62 24.34 ± 5.96 55 (88.71)

HBsAg Positive 79 27.38 ± 5.67 6.820 < 0.001 73 (92.41)  6.605 0.010
Negative 36 18.58 ± 7.83 27 (75.00)

Differentiated grading Well 37 20.43 ± 4.97 25 (67.57)
Moderate 43 26.19 ± 5.34  4.9661 < 0.0011 41 (95.35) 10.6311 0.0011

Poor 35 27.05 ± 5.13  5.5611 < 0.0011 34 (97.14) 10.6331 0.0011

TNM staging Stages Ⅰ-Ⅱ 52 21.16 ± 5.97 38 (71.43)
Stages Ⅲ-Ⅳ 63 27.44 ± 6.01  5.5942 < 0.0012 62 (97.06) 16.1222 < 0.0012

Extrahepatic metastasis With 62 26.11 ± 5.43 3.191 0.002 58 (93.55)  5.514 0.023
Without 53 22.79 ± 5.64 42 (79.25)

Portal vein thrombus With 60 26.03 ± 5.99 2.859 0.005 56 (93.33)  4.498 0.034
Without 55 23.06 ± 5.03 44 (80.00)

1Compared with the well differentiated group; 2Compared with the tumor node metastasis (TNM) stage Ⅰ -Ⅱ group. HBsAg: Surface antigen of the hepatitis 
B virus; Pos. (%): Positive case number (%). 
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Figure 3  Relationship between serum annexin A2 level and hepatitis B virus infection or serum α-fetoprotein level in hepatocellular carcinoma patients. A: 
The scatter figure indicated that serum annexin A2 (ANXA2) level was obviously correlated with hepatitis B virus (HBV) infection. The serum ANXA2 level in hepato-
cellular carcinoma (HCC) patients was higher (t = 6.820, P < 0.001) in the positive-surface antigen of the HBV (HBsAg) group than that in the negative-HBsAg group; B: 
The scatter figure of denary logarithm indicated no significant correlation between serum ANXA2 and α-fetoprotein (AFP) level in HCC patients.
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induced by hepatitis virus infection is a definite risk for 
neoplastic degeneration and the accumulation of  genetic 
alterations. The diagnosis and monitoring of  small size 
tumors have been always difficult due to the lack of  ef-
fective biomarkers that can characterize the formation 
and progression of  HCC development[20,21]. The ability of  
several biomarkers, such as lens cularis agglutinin-reactive 
AFP-L3[22], HS-GGT, and glypican-3[23], to detect early 
HCC has been examined, but the sensitivity and specific-
ity are still not satisfactory. In this study, the circulating 
ANXA2 level was investigated in HCC patients and cases 
with benign liver diseases (Table 1). If  the cutoff  value 
of  ANXA2 abnormality is more than 18 ng/mL, its inci-
dence in patients with HCC (86.96%) or metastatic liver 
cancer (80%) was significantly higher than in cases with 
liver cirrhosis (31.58%), chronic hepatitis (0%), acute 
hepatitis (0%), or controls (0%). The value of  ANXA2 
in patients with cirrhosis is intermediate, and it may be 
considered as an early marker during malignant transfor-
mation of  liver cells. Serum AFP is a useful serological 
marker for HCC diagnosis; however, a high false negative 
rate has been found in patients with benign liver diseases, 
and our study suggests that serum ANXA2 is superior to 
AFP and a relatively distinct marker for HCC diagnosis.

The ANXA2 gene is upregulated in HBV- and/or 
HCV-associated HCC[24]. ANXA2 induces cell migration 
and neoangiogenesis via tissue plasminogen activator-
dependent plasmin generation[25], represents metastatic 
potential[18], and promotes invasion and migration of  
HCC in vitro via its interaction with HAb18G/CD147[7]. 
Moreover, Tyr23 phosphorylation-dependent cell-surface 
localization of  ANXA2 is required for invasion and me-
tastases[12]. The clinicopathologic features of  circulating 
ANXA2 expression in HCC patients (Table 3) demon-
strated that there is a very close relationship between 
ANXA2 level and invasion and metastasis, as well as 
HBV infection. The higher level of  ANXA2 expression 

in HCC patients was correlated with HBV infection (Fig-
ure 3A), extra-hepatic metastasis, portal vein thrombus, 
differentiated grading, and TNM staging. However, no 
significant correlation was found between serum ANXA2 
level and tumor size, or AFP level (Figure 3B). It de-
serves to be mentioned that there was no significant dif-
ference between the moderately differentiated group and 
the poorly differentiated group, or TNM staging Ⅲ-Ⅳ. 
The efficiency evaluation of  serum ANXA2 or/and AFP 
level for HCC diagnosis (Table 4, Figure 4) indicated that 
serum ANXA2 detection has higher sensitivity, accuracy, 
negative predictive value and complementary diagnostic 
value in combination with AFP for HCC diagnosis.

In conclusion, hepatic ANXA2 expression is associ-
ated with hepatocyte malignant transformation and plays 
an important role in hepatic active metabolism, develop-
ment, microenvironment, and prognosis of  HCC. The 
higher intensity of  ANXA2 expression in HCC tissues 
and circulating ANXA2 was correlated with HBV infec-
tion, extrahepatic metastasis and portal vein thrombus. 
Therefore, it could be developed as an effective diagnos-
tic marker for HCC by a series of  further independent 
and prospective studies, and become a research hotspot 
to reveal the mechanism of  metastasis resulting from 
ANXA2 in the near future.
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patients’ survival. Annexin A2 (ANXA2) could be used as a new marker for HCC 
in the future.
Research frontiers
It is reported that ANXA2 expression and its phosphorylation is upregulated 
in HCC compared with benign liver disease. Moreover, the dose-response 
relationship between ANXA2 and optical density was linear in the range of 0-10 
μg/mL. However, little research on the about expression characteristics and 
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Table 4  Efficiency evaluation of serum annexin A2 or/and 
α-fetoprotein levels for hepatocellular carcinoma diagnosis1

Project of evaluation ANXA2 (%) AFP (%) Both (%)

Sensitivity 86.96 70.43 96.52
Specificity 66.67 73.08 68.67
Accuracy  75.28 71.96 80.07
Positive predictive value 65.79 65.85 68.10
Negative predictive value 87.39 77.03 96.61

1Serum annexin A2 (ANXA2) level >18 ng/mL or α-fetoprotein (AFP) 
level > 50 ng/mL was abnormal.
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Applications
The expression characteristics and specific distribution of ANXA2 have good di-
agnostic potential for HCC, and could be developed into an effective diagnostic 
marker for HCC by a series of further independent and prospective studies.
Terminology
ANXA2 as a member of the Annexin family is a calcium-dependent phospholip-
id-binding protein and is involved in the regulation of cellular growth and signal 
transduction pathways. Its expression is upregulated in HCC with increased 
molecular phosphorylation at residues of Tyr23 by c-Src.
Peer review
The evaluated manuscript reports ANXA2 as biomarker of HCC. The study has 
been well conducted and provide further validation. 
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