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Abstract Hepatic annexin A2 (ANXA?2) orchestrates multi-
ple biologic processes and clinical symptoms and plays a key
role in development, metastasis, and drug resistance of lethal
hepatocellular carcinoma (HCC). However, the prognostic
significance of ANXA?2 for HCC has not been elucidated up
to now. In this study, ANXA2 was frequently found to be up-
regulated in HCC tissues compared with benign liver disease
(BLD) tissues, which was consistent with the results in serum
samples and tissue specimens of patients with HCC. Further-
more, ANXA2 expression was significantly correlated with
differentiated degree, intrahepatic metastasis, portal vein
thrombus, and tumor node metastasis (TNM) staging. More
importantly, increased ANXA?2 level was first confirmed to be
closely associated with shortened overall survival of HCC
(x*=12.872, P=0.005) and identified as an independent prog-
nostic factor (hazard ratio 1.338, 95 % confidence interval
(CD 1.013~1.766, P=0.040), suggesting that ANXA2 up-
regulation might represent an acquired metastasis phenotype
of HCC, help to screen out high-risk population for HCC, or
more effectively treat a subset of postsurgical HCC patients
positive for ANXA2.
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Abbreviations

HCC Hepatocellular carcinoma

ANXA2  Annexin A2

BLD Benign liver diseases

TMA Tissue microarray

FFPE Formalin-fixed paraffin-embedded
ELISA Enzyme-linked immunosorbent assay
PBS Phosphate-buffered saline

qRT-PCR  Quantitative real-time polymerase chain reaction
HC Immunohistochemistry

SD Standard deviation

tPA Tissue plasminogen activator

AFP Alpha-fetoprotein

Introduction

Worldwide, hepatocellular carcinoma (HCC) has become the
third leading cause of cancer-related deaths with poor prognosis
[1], and the 5-year survival rate of HCC is merely 7 % [2]. HCC
is highly lethal because of its aggressive metastasis and an
advanced stage at the time of diagnosis [3, 4]. Therefore, the
early diagnosis is the only hope for curative therapies before
metastasis of HCC is finally conquered [5], but the most im-
portant thing is to effectively screen out high-risk population
for HCC according to prognostic factor [6]. With the increasing
understanding of tumor biology of HCC, many new prognostic
biomarkers of HCC [7, 8] have been successively identified by
clinical and/or pathological staging systems [9, 10]. The iden-
tification of these genetic and epigenetic abnormalities in HCC
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is likely to improve the prognostic prediction of HCC patients
and identify specific subgroups of tumor.

One of these prognostic factors recently described is
annexin A2 (ANXA2), a calcium-dependent phospholipid-
binding member of the annexin family [11, 12]. ANXAZ2 is
first identified as a phosphorylation substrate of v-Src [13] and
involved in diverse biological functions including vesicle traf-
ficking, differentiation, apoptosis, calcium-dependent signal-
ing transduction, actin rearrangement, cell motility, and
growth regulation [14, 15]. ANXA2 dysregulation has been
reported to correlate with the occurrence, development, and
prognosis, especially metastasis of many cancers [6]. ANXA2
is up-regulated and phosphorylated [16] as the membrane re-
ceptor for 32GP I [17] and identified as a discriminative se-
rological candidate in early HCC with a good diagnostic value
[18, 19]. Furthermore, ANXA?2 is found to interact with
HAb18G/CD147 [20], promote invasion and migration of
HCC cells via the activation of RhoA—Racl pathways and
regulation of CD147-harboring microvesicles shedding from
tumor cells [21], and induce resistance to 5-fluorouracil by
regulating (3-catenin and cyclin D1 expression [22]. However,
the relationship between ANXA?2 expression and prognosis of
patients with HCC has not been reported so far.

In this study, on the basis of our previous evaluation, the
diagnostic value of ANXA2 for HCC [18], ANXA2 over-
expression was firstly confirmed in serum samples and tissue
specimens of patients with HCC as well as ANXA2 messen-
ger RNA (mRNA) up-regulation in HCC tissues. Sequential-
ly, a scientific and reasonable four-level grading system was
established for ANXA2 staining in HCC tissue microarray
(TMA) so as to define the cutoff value. Furthermore, the cor-
relation of ANXA?2 expression with clinicopathologic features
of HCC patients was analyzed. Finally, univariate and multi-
variable analysis was carried out on Cox regression model in
order to screen out significant prognostic variables of overall
survival according to patient follow-up data.

Materials and methods

Ethics statement

The study was approved by the Institutional Review Ethics Com-
mittee (No: 2012(1)) of Affiliated Hospital of Nantong Univer-
sity, Jiangsu Province, China. The diagnosis of HCC, cirrhosis,
and viral hepatitis was based on the criteria proposed by the
Ministry of Health of the People’s Republic of China [23] and
the Chinese National Viral Hepatitis Meeting [24], respectively.

Blood samples

We evaluated 115 cases of HCC and 74 cases of benign liver
disease (BLD) patients who were treated at the Affiliated
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Hospital of Nantong University, Nantong, China. The age of
HCC patients ranged from 25 to 81 years old (median,
48.3 years), including 88 men and 27 women. BLD patients
were consisted of 30 cases of liver cirrhosis, 24 cases of chron-
ic hepatitis, and 20 cases of acute hepatitis. All the cases were
diagnosed by biochemical tests, viral histology, and B-
ultrasonic examination. Five milliliters of blood were collect-
ed with heparin in the morning and separated sera at once.
Alpha-fetoprotein (AFP) level was detected by radiological
method. Prior written informed consents were obtained from
all patients according to the World Medical Association Dec-
laration of Helsinki [25].

Liver specimens

Thirty pairs of fresh HCC tissues and self-matched para-car-
cinoma tissue specimens after surgery in Affiliated Hospital of
Nantong University, Jiangsu Province, China were respective-
ly collected with prior written informed consents [25] and
immediately frozen in liquid nitrogen for total RNA extraction
and ANXA2 mRNA detection. And, total 84 cases of HCC
and 59 cases of BLD formalin-fixed paraffin-embedded
(FFPE) liver tissue blocks were prepared and used for tissue
microarray (TMA). No informed consent (written or verbal)
was obtained for use of retrospective tissue samples from the
patients in the study, most of whom were deceased, since the
consent was not deemed necessary by the ethics committee
[26]. The serum samples, the frozen tissues used for mRNA
analysis, and FFPE tissues used for TMA respectively
belonged to different, random cohort of patients.

Enzyme-linked immunosorbent assay

The level of serum ANXA2 was detected by using a human
ANXA2 enzyme-linked immunosorbent assay (ELISA) kit
(USCN Life Science Inc., Wuhan, China) according to the
manufacturer’s instructions. One hundred microliters of serum
samples or standard was separately added into each well, and
then, 100 puL of detection reagent A was added and incubated
for 1 h at 37 °C. Subsequently, 100 puL of detection reagent B
was added and incubated for 0.5 h at 37 °C. Then, 90 uL of
substrate solution was added and incubated for 25 min at
37 °C. Finally, 50 uL 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.

Real-time quantitative polymerase chain reaction

Total RNA was isolated from 50 mg of liver tissue, using
TRIzol reagent (Invitrogen, Carlsbad, CA, USA) according
to the manufacturer’s instructions. The integrity of the total
RNA was examined by 1 % agarose gel electrophoresis, the
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quantity was determined based on absorbance at 260 nm
(4260), and the purity was analyzed based on the absorbance
ratio at 260 and 280 nm (A40,280) (Bio-Rad SmartSpec™
plus, USA). The ANXA2 complementary DNA (cDNA)
was synthesized from 1 pg of total RNA using First Strand
cDNA Synthesis Kit (Fermentas, Canada) according to the
manufacturer’s instructions.

The real-time quantitative polymerase chain reaction
(qPCR) was run on an Applied Biosystems StepOne™ real-
time PCR system according to the manufacturer’s recommen-
dations. The reaction solution contained 25 L 2x SYBR Pre-
mix Ex Taq (TaKaRa, Japan), 2 pL primer mix, 1 pL 50x ROX
Reference Dye I, 4 uL ¢cDNA, and 18 uL deionized water to
make a total volume of 50 uL. ANXA2 primers were as fol-
lows: forward, 5'-TGAGCGGGATGCTTTGA AC-3’, and; re-
verse, 5'-ATCCTGTCTCTGTGCATTGCTG-3’; (-actin
primers were as follows: forward, 5'-ATTGCCGACAGG
ATG CAGA-3', and reverse, 5'-GAGTA CTTGCGCTCAGG
AGGA-3' used as an internal control [27], while no template
control (H,0O) was included in each reaction run. The optimized
PCR conditions were as follows: 1 cycle at 95 °C for 2 min;
40 cycles 0f 95 °C for 10 s, 62 °C for 1 min; and final extension
at 60 °C for 15 s. The relative quantitative analysis was per-
formed by comparison of the 27" values.

Tissue microarray construction

As previously described [28], TMA was generated using the
manual Tissue Microarray System Quick-Ray (UT06,
UNITMA, Korea) in the Department of Clinical Pathology,
Affiliated Hospital of Nantong University (Jiangsu Province,
China). Specifically, core tissue biopsies (2 mm in diameter)
were taken from individual FFPE blocks, cut into 4-pum sec-
tions, and placed on super frost-charged glass microscope
slides to generate TMA slides. In total, four TMAs were made
for immunohistochemistry analysis.

Immunohistochemistry

Immunohistochemistry (IHC) analysis was performed as pre-
viously described [28]. Tissue sections were deparaffinized
and rehydrated through graded alcohols. Endogenous peroxi-
dase activity was blocked by incubation in 3 % H,O,. Antigen
retrieval was carried out with 0.01 M citrate buffer pH 6.0 and
microwave heat induction. ANXA2 was detected by a diluted
mouse-anti-human ANXA?2 monoclonal antibody (1:500,
Santa Cruz Biotechnology, USA). Reactions were detected
with Envision™ peroxidase kit (Dako, Carpinteria, CA,
USA). Color development was accomplished by incubating
with 3,3’-diaminobenzidine plus (Dako, Carpinteria, CA,
USA), counterstained with hematoxylin, dehydrated through
graded alcohols, cleared in xylene, and coverslipped with per-
manent mounting media.

Immunohistochemistry evaluation

All sections were scored in a semiquantitative manner accord-
ing to the method described previously [18], which reflects
both the intensity and percentage of cell staining. Staining
intensity was scored as follows: 0 (no staining), 1 (weak stain-
ing), 2 (moderate staining), and 3 (strong staining). The per-
centage of ANXA2-positive cells was also classified as four
categories where 1 (0~25 %), 2 (25~50 %), 3 (51~75 %), and
4 (>75 %). The product of the intensity and percentage scores
was used as the final ANXA?2 staining score. The cutoff point
for a statistically significant ANXA2 expression score in
terms of survival was set using the X-tile software program
(The Rimm Lab, Yale University; http:/www.tissuearray.org/
rimmlab) and defined the ANXA2 staining using a four-level
grading system as follows: negative (—): (0~4), weakly posi-
tive (+): (4~6), moderately positive (++): (6~9), and strongly
positive: (9~12). Staining was scored independently by the
two individuals who were blinded to each other’s findings
and the clinical characteristics of these sections.

Statistical analysis

The comparison between mean was analyzed with Student’s ¢
test. The comparison of ranked data was evaluated with rank-
sum test. Survival curves were calculated using the Kaplan—
Meier method, and differences in survival were determined by
the log-rank analysis. Factors shown to be of prognostic sig-
nificance with the univariate Cox regression model were sub-
sequently investigated with the multivariate Cox regression
model. P<0.05 was considered significant. The statistical data
were obtained using an SPSS software package (SPSS 13.0
Inc, Chicago, IL, USA).

Results

Over-expression of serum ANXA?2 in hepatocellular
carcinoma patients

The levels of serum ANXA?2 expression in patients with HCC
(n=115) or BLD (n=74) including liver cirrhosis and chronic
or acute hepatitis are shown in Fig. la. Circulating ANXA2
levels were the normal distribution among these cases, and
significantly higher expression (=10.32, P<0.001) was
found in the HCC group (24.82+8.18 ng/mL) more than those
(12.80+7.21 ng/mL) in the BLD group.

Up-regulation of ANXA2 messenger RNA expression
in hepatocellular carcinoma tissues

The analysis of ANXA2 mRNA expression in 30 pairs of
HCC and their surrounding tissues by qPCR technology is
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Fig. 1 Serum ANXA2 level in patients with HCC or benign liver
diseases and ANXA2 mRNA expression in HCC and their para-
carcinoma tissues. a ELISA showed that the expression level of serum
ANXA?2 was normally distributed and apparently higher in 115 cases of
HCC group than in 74 cases of benign liver disease (BLD) samples,

shown in Fig. 1b. The level of ANXA2 mRNA (0.43+0.10)
was significantly lower (r=12.45, P<0.001) in the para-
carcinoma tissues than that (1.00+0.04) in the HCC tissues
with exuberant hepatic nucleic acid metabolism and abnormal
ANXA2 mRNA transcription.

Increased expression and distribution of ANXA2
in hepatocellular carcinoma

Representative images of hepatic ANXA?2 staining by immu-
nohistochemical analysis are shown in Fig. 2. The staining of
positive ANXA2 was predominantly localized to the cellular
membrane and cytoplasm in the HCC tissues; some localiza-
tion was detected in the nucleus. However, only a few positive
staining was found in the BLD tissues. The summary of he-
patic ANXA2 staining in HCC or BLD tissues by the TMA
analysis is shown in Table 1. The incidence of positive
ANXA? staining was 73.81 % (62 of 84) in the HCC tissues
and 35.59 % (21 of 59) in the BLD tissues. Significant differ-
ence of liver ANXA2 staining (Z=5.237, P<0.001) was pre-
sented between HCC and BLD tissues, and the data were
consistent with serum ANXA?2 expression or hepatic ANXA2
mRNA transcription in HCC patients.

Clinicopathologic characteristics of ANXA2 expression
in hepatocellular carcinoma

The clinicopathologic features of hepatic ANXA2 expression
in HCC patients are shown in Table 2. The increasing ANXA2
expression was significantly correlated with intrahepatic me-
tastasis (£Z=2.288, P=0.022), portal vein thrombus (Z7=2.972,
P=0.003), and tumor node metastasis (TNM) staging (Z=
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including 30 cases of liver cirrhosis, 24 cases of chronic hepatitis, and
20 cases of acute hepatitis (24.82+8.18 vs 12.80+7.21 ng/mL, r=10.32,
P<0.001). b qPCR indicated that the level of ANXA2 mRNA was
significantly higher in 30 cases of HCC tissues than self-matched para-
carcinoma tissues (1.00+0.04 vs 0.43+0.10, r=12.45, P<0.001)

2.251, P=0.024). In contrary, no significant correlation was
found between ANXA2 expression and other clinical vari-
ables of the patients, such as sex, age, tumor size, AFP level,
HBYV infection, liver cirrhosis, and tumor nodes. In particular,
significant difference was presented between well/moderate
differentiation group and poor differentiation group (Z=
2.157, P=0.031, data not shown). Taken together, ANXA2
expression was elevated along with the occurrence of
intrahepatic metastasis and portal vein thrombus, the decline
of differentiated degree, and TNM staging.

Univariate and multivariate analyses of prognostic
variables

The univariate and multivariable analysis of prognostic vari-
ables for 5-year survival rate of HCC is shown in Table 3. The
results of univariate Cox regression analyses for all variables
showed that up-regulated ANXA2 was a significant prognos-
tic factor for HCC (hazard ratio 1.567, 95 % confidence inter-
val (CI) 1.209-2.030, P=0.001). Kaplan—Meier survival anal-
ysis of ANXA2 further confirmed that increasing ANXA2
level was significantly associated with shortened overall sur-
vival of HCC, which was gradually decreased with the in-
crease of ANXA2 expression (Fig. 3a, x>=12.872, P=
0.005). Survival curve corresponding to different ANXA2
level showed a good distinction without too much overlap,
presenting the success of score standard for evaluating the
ANXAZ? staining and the reliability of ANXAZ2 as a prognostic
factor.

Besides, differentiated grading (hazard ratio 0.342, 95 %
CI10.206-0.567, P<0.001), tumor nodes (hazard ratio 0.348,
95 % CI 0.196-0.619, P<0.001), intrahepatic metastasis
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Fig. 2 Representative tissue
microarray-based
immunohistochemistry images of
different ANXA?2 staining level.
A four-level grading system was
used to evaluate ANXA2
immunohistochemical staining in
HCC and benign liver diseases by
tissue microarray. ANXA2
staining score was the product of
the intensity and percentage
scores. The cutoft point for a
statistically significant ANXA2
expression score in terms of
survival was set using the X-tile
software program and defined as
follows: negative (—): (0-4),
weakly positive (+): (4-06),
moderately positive (++): (6-9),
and strongly positive (9—12). The
staining in HCC and benign liver
diseases tissues was scored
independently by the two
individuals who were blinded to
each other’s findings and the
clinical characteristics of these
sections (left panel, x40, bar

500 um; right panel, X400, bar
50 pum)

HCC

Benign

T

Liver Disea_ses

(hazard ratio 3.134, 95 % CI 1.785-5.503, P<0.001), portal 95 % CI 4.466—-14.760, P<0.001) were all significantly asso-
vein tumor thrombus (hazard ratio 5.621, 95 % CI 2.381—  ciated with the patient survival. Kaplan-Meier survival curves
13.268, P<0.001), and TNM staging (hazard ratio 8.119,  revealed that the patients with well-differentiated grading
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(x*=46.305, P<0.001), single tumor node (x*=7.707, P=
0.005), and early TNM stage (y*=44.188, P<0.001), without
intrahepatic metastasis (x*=8.534, P=0.003) and portal vein
tumor thrombus (x>=19.988, P<0.001) had a significantly
better prognosis (Fig. 3b—f).

Multivariate Cox regression analysis of the same set of
HCC (Table 3) further demonstrated that the up-regulation
of ANXA2 was found to be an independent poor prognostic
marker for the patient’s survival (hazard ratio 1.338, 95 % CI
1.013-1.766, P=0.040). In addition, intrahepatic metastasis
(hazard ratio 0.419, 95 % CI1 0.191-0.915, P=0.029) and tu-
mor TNM staging (hazard ratio 18.243, 95 % CI 7.277-
45.734, P<0.001) were also independent prognostic factors
of overall survival.

Discussion

In the present study, ANXA2 was frequently found to be up-
regulated in HCC TMA compared with BLD tissues, which
was consistent with the results in serum samples and tissue
specimens of patients with HCC. According to the four-level
grading system, ANXA?2 expression was analyzed to be sig-
nificantly correlated with differentiated degree, intrahepatic
metastasis, portal vein thrombus, and TNM staging. Increased
ANXA2 expression was confirmed to be closely associated
with shortened overall survival of HCC patients for the first
time, which was gradually decreased with the increase of
ANXA2 expression. Importantly, ANXA2 expression was
identified as an independent poor prognostic factor for HCC
patients.

ANXA2 is involved in malignant transformation of HCC,
which is a multifactor, multistep, multigene, and complicated
process [29]. The predominant reason for carcinogenesis can
be attributed to down-regulation of tumor suppressor genes by
epigenetic inactivation and up-regulation of oncogenes or
cancer-promoting genes by epigenetic derepression [30].
ANXAZ2, as a cancer-promoting factor, is frequently reported
to be significantly up-regulated in most types of cancer includ-
ing HCC, colorectal cancer, breast cancer, pancreatic cancer,
acute promyelocytic leukemia, and renal cell carcinoma and
while down-regulated in prostate cancer, esophageal squa-
mous carcinoma, and nasopharyngeal carcinoma and

Table 1  Expression analysis of ANXAZ2 staining in patients with HCC
or benign liver disease tissue microarray

Group All cases ANXA2 staining Z value P value
- 4+

HCC 84 22 9 34 19 5237 <0.001%*

Benign liver diseases 59 38 11 7 3

* vs HCC group; *P<0.03, statistically significant

@ Springer

sinonasal adenocarcinoma [31, 32]. Previous papers have
shown that ANXA2 was mainly localized in cancer cells,
especially in poorly differentiated HCC [33]. ANXA2 expres-
sion was up-regulated at both the transcriptional and transla-
tional levels in cancerous and noncancerous regions of HCC
tissues compared with normal, chronic hepatitis, and cirrhosis
liver tissues, and furthermore, ANXA?2 was more dramatically
expressed in the cancerous portion than in the noncancerous
portion of HCC [16, 34]. Similarly, ANXA2 was confirmed to
be significantly increased in the serum of HCC compared with
the healthy, benign tumors, hepatitis, cirrhosis, controls, and
other malignant tumors [18, 19]. Herein, we further confirmed
that ANXA2 was distinctly over-expressed in patients with
HCC compared with BLD including liver cirrhosis, chronic
hepatitis, and acute hepatitis (Figs. 1 and 2, Table 1), which
was consistent with previous research results. These results
suggest that ANXA?2 is distinguish expressed in patients with
HCC or BLD, and increased ANXA?2 plays an important role
in the malignant transformation process leading to HCC.
ANXA2 promotes metastasis of HCC, although the under-
lying molecular mechanisms need yet to be uncovered. Previ-
ous research suggested that ANXA2 directly induced plas-
minogen conversion to plasmin, thereby leading to activation
of metalloproteinases, degradation of extracellular matrix
components, and promotion of neoangiogenesis [32, 35].
But, the recently accumulated evidence suggests that it is
ANXA2/S100A10 complex, rather than ANXA2 monomer,
that plays as the plasminogen receptor and directly combines
with plasminogen and tissue plasminogen activator (tPA) so as
to regulate plasmin generation. Actually, ANXA?2 is found to
interact with a variety of binding protein, not only S100A10,
and collectively mediate the metastasis of multiple tumors
[13]. ANXA2 was further confirmed to enhance migration
of HCC cells in vitro via interaction with HAb18G/CD147
[20], pancreatic cancer cells via combining with S100A6
[36], and breast cancer cells via binding to tPA [35] and pro-
mote invasion of HCC cells via activation of RhoA—Racl
pathways and regulation of CD147-harboring microvesicles
shedding from tumor cells [21, 37]. Conversely, ANXA2 de-
pletion was proved to inhibit invasion [27], delay epidermal
growth factor receptor (EGFR) endocytic trafficking via
cofilin activation, and enhance EGFR signaling and metasta-
sis formation [38]. In this study, metastatic potential of HCC
cells promoted by ANXA2 was further confirmed. The in-
creased ANXA2 expression level was found to be significant-
ly correlated with differentiated degree, intrahepatic metasta-
sis, portal vein thrombus, and TNM staging (Table 2), while
the latter three characteristics were closely related to HCC
metastasis. That is to say, elevation of ANXA2 expression in
HCC tissues with metastasis further confirmed that ANXA2
up-regulation promotes HCC metastasis. Actually, our previ-
ous studies have confirmed that ANXA?2 silencing inhibited
invasion and migration potential of hepatoma cells [27].
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Table 2  Clinicopathologic features of ANXA2 in HCC tissues

Variables All cases ANXA? staining Z value P value
- ++ o+

Sex 1.643 0.100
Male 65 16 25 18
Female 19 6 9 1

Age (years) 1.095 0.273
>50 54 13 20 15
<50 30 9 14 4

Tumor size (cm) 0.282 0.778
>5.0 35 9 13 9
<5.0 49 13 21 10

Fetoprotein (ng/mL) 0.422 0.673
>400 25 7 10 5
<400 59 15 24 14

HBYV infection 1.085 0.278
Positive 68 18 31 12
Negative 16 4 7

Liver cirrhosis 0.781 0.435
With 61 17 26 12
Without 23 5 8 7

Differentiated grading
Well 11 4 3 3
Moderate 49 15 22 7 0.152% 0.879**
Poor 24 3 9 9 1.173%* 0.241%***

Tumor nodes 1.637 0.102
Single 65 19 27 12
Multiple 19 3 7 7

Intrahepatic metastasis 2.288 0.022%*
With 21 3 7 9
Without 63 19 27 10

Portal vein tumor thrombus 2972 0.003*
With 7 0 2 5
Without 77 22 32 14

TNM staging 2251 0.024*

-1 46 16 18 7

H-1v 38 6 16 12

** ys well-differentiated group; *** vs well-differentiated group; *P<0.05, statistically significant

Without doubt, the molecular mechanisms underlying HCC
metastasis promoted by ANXA?2 still need to do further going
and systematic research.

Increased ANXA2 is correlated with poor prognosis of
HCC patients. Previous research has shown that ANXA2
over-expression is correlated with poor prognosis of human
gastric carcinoma [39], conventional renal cell carcinoma
[40], nonsmall cell lung cancer [11, 41], esophageal squamous
cell carcinoma [42], urothelial carcinoma [43], multiple mye-
loma [44], and colorectal cancer [12] and predicts rapid recur-
rence after surgery of endometrial cancer [45] and in

pancreatic cancer patients undergoing gemcitabine-adjuvant
chemotherapy [46]. ANXA2 down-regulation is associated
with recurrence and poor prognosis of prostate cancer [47]
and oral squamous cell carcinoma [48]. However, although
dysregulation of ANXA?2 expression predicts adverse progno-
sis of patients with a wide variety of malignant tumors accord-
ing to a systematic review and meta-analysis [49], there is
increasing evidence that ANXA?2 is a differential diagnostic
tissue and serum marker for HCC [13]; the relationship be-
tween ANXA2 expression and prognosis of HCC patients has
not been previously reported. Our results firstly confirmed that
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Table 3  Univariate and multivariate analyses of prognostic variables

Variables All cases Univariate Multivariate
P value Hazard ratio 95 % CI P value Hazard ratio 95 % CI
Sex 0.158 0.651 0.359-1.181
Male 65
Female 19
Age (years) 0.321 1.337 0.754-2.370
>50 54
<50 30
Tumor size (cm) 0.496 1.205 0.705-2.062
>5.0 35
<5.0 49
Fetoprotein (ng/mL) 0.218 0.676 0.363-1.260
>400 25
<400 59
HBYV infection 0.374 1.366 0.687-2.714
Positive 68
Negative 16
Liver cirrhosis 0.239 1.454 0.780-2.711
With 61
Without 23
Differentiated grading <0.001* 0.342 0.206-0.567 0.106 0.591 0.313-1.117
Well 11
Moderate 49
Poor 24
Tumor nodes <0.001* 0.348 0.196-0.619 0.092 1.801 0.908-3.574
Single 65
Multiple 19
Intrahepatic metastasis <0.001* 3.134 1.785-5.503 0.029* 0419 0.191-0.915
With 21
Without 63
Portal vein tumor thrombus <0.001* 5.621 2.381-13.268 0.240 1.911 0.648-5.634
With 7
Without 77
TNM staging <0.001* 8.119 4.466-14.760 <0.001* 18.243 7.277-45.734
-0 47
-1V 37
ANXA?2 intensity 0.001* 1.567 1.209-2.030 0.040%* 1.338 1.013-1.766
- 22
+ 9
++ 34
o 19

*P<0.05, statistically significant

ANXA? up-regulation was found to predict poor prognosis of
HCC patients. Higher ANXA?2 expression in HCC tissues was
significantly associated with inferior survival independently
of conventional prognostic factors (Fig. 3, Table 3). It is worth
mentioning that 5-year survival rate of HCC patients is grad-
ually decreased with the increase of ANXA2 expression.

@ Springer

In conclusion, the data demonstrated that ANXA2 expres-
sion was frequently up-regulated in HCC tissues; increased
ANXA2 might represent an acquired metastasis phenotype
for HCC. More importantly, this is firstly confirmed that
ANXA? acted as a new adverse independent prognostic factor
and could be developed as a useful biomarker for HCC by a
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Fig.3 Kaplan—Meier survival analysis of HCC patients (log-rank test). a
Increased ANXA?2 expression was significantly associated with
shortened survival of HCC patients (y*=12.872, P=0.005). Five-year
overall survival rate of HCC patients is gradually decreased with the
increase of ANXA2 expression. b Overall survival rate in HCC patients
with poorly differentiated tumors was significantly lower than that with
moderately to highly differentiated tumors (x*=46.305, P<0.001). C
Overall survival rate in HCC patients with multiple tumor nodes was
significantly lower than that with single tumor node (x*=7.707, P=

Survival Functions

101 Differentiated Degree
~i1Poor
7IModerate
Well
0.8+ —+— Poor-censored
= Moderate-censored
Well-censored
K
2 067
>
-
3
(2]
£
3 0.4
(5]
0.2
0.0
T T T T T T T
0.00 10.00 20.00 30.00 40.00 50.00 60.00
month
D Survival Functions
1.0 Intrahepatic Metastasis
~Without
TIWith
~+=Without-censored
0.8 —+=With-censored
"
> 064
>
-
3
(7]
£
3 0.4
(]
0.2+
0.0
T T T T T T T
0.00 10.00 20.00 30.00 40.00 50.00 60.00
month
F Survival Functions
1.0+ TNM Staging
-1
-V
—+ I -ll-censored
0.8 = 1lI-IV-censored
"
2 067
>
<
]
7]
£
3 0.4+
(3]
1
I
L -
oq T e
0.0
T T T T T T T
0.00 10.00 20.00 30.00 40.00 50.00 60.00
month

0.005). d Overall survival rate in HCC patients with intrahepatic
metastasis was significantly lower than that without intrahepatic
metastasis (y>=8.534, P=0.003). e Overall survival rate in HCC
patients with portal vein tumor thrombus was significantly lower than
that without portal vein tumor thrombus (X2=19.988, P<0.001). £
Overall survival rate in HCC patients with tumor TNM stages III-1V
was significantly lower than that with tumor TNM stages I-1I (x*=
44.188, P<0.001)
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series of further independent and retrospective studies, so as to
help doctors to screen out high-risk population for HCC and
more effectively treat a subset of postsurgical HCC patients
with positive for ANXA2.
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