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Abstract Hepatocellular carcinoma (HCC) ranks as the fifth
most common malignancy worldwide. Early detection of HCC
is difficult due to the lack of reliable markers. We aimed to
assess the diagnostic role of annexin A2 (ANXA2) and
follistatin as serum markers for HCC patients. This study in-
cluded 50 patients with confirmed diagnosis of HCC, 30 pa-
tients with chronic liver disease, and 20 normal persons. Sub-
jects performed thorough assessment and laboratory investiga-
tions. Serum levels of alpha fetoprotein (AFP), annexin A2, and
follistatin were measured using ELISA technique. Annexin A2
significantly increased in the sera of HCC patients (median,
69.6 ng/ml) compared to chronic liver disease patients (median,
16.8 ng/ml) and control group (median, 9.5 ng/ml) (p<0.001).
Follistatin was higher in sera of HCC patients (median,
24.4 ng/ml) compared to the control group (median, 4.2 ng/ml)
(p=0.002) while no such significant difference was achieved
between HCC and chronic liver disease patients. At a cutoff
level 29.3 ng/ml, area under the receiver-operating characteris-
tic curve for ANXA2 was 0.910 (95 % confidence interval (CI)

0.84–0.97). For follistatin, it was 0.631 (95 % confidence inter-
val 0.52 0.74) at cutoff level 15.7 ng/ml. Combining both
annexin A2 and AFP increased the diagnostic efficiency
(98 % specificity, LR+41 and 97.6 % PPV). Follistatin com-
bined with AFP provided 92 % specificity while lower sensi-
tivity (50 %) was observed. Serum ANXA2 is a promising
biomarker for HCC, certainly when measured with AFP.
Follistatin could not differentiate between HCC and chronic
liver disease, but its combination with AFP improved the spec-
ificity for HCC diagnosis.
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Introduction

Hepatocellular carcinoma (HCC) is the fifth most common
worldwide malignancy [1]. In Egypt, incidence of HCC is
currently increasing, even with an observed doubling in the
incidence rate in the past 10 years [2, 3].

The diagnostic armamentarium of HCC includes various
laboratory and imaging modalities. Detection of serum
markers is usually considered the most effective method, be-
ing more convenient and inexpensive. However, their diag-
nostic efficiency is suboptimal.

Annexin A2 (ANXA2) belongs to the annexin family that
has been reported to play important carcinogenic roles, includ-
ing signal transduction, angiogenesis, apoptosis, tumor inva-
sion, and metastasis. It is a 36-kDa calcium-dependent
phospholipid-binding protein that is located on the surface of
most eukaryotic cells. ANXA2 is involved in several biological
processes, including anti-inflammatory effects, Ca2+
−dependent exocytosis, immune responses, and phospholipase
A2 regulation [4]. Increased expression of ANXA2 is
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documented in cancers of different sites such as the breast, liver,
prostate, and pancreas [5–8]. Moreover, ANXA2 has been re-
ported to play an integral role in cancer cell migration, invasion,
and adhesion processes which are crucial for the development
of cancer metastasis [9]. A previous study used the complemen-
tary DNA (cDNA) microarray technique and demonstrated that
ANXA2 gene was upregulated in tissue samples from HCC
lesions [10]. The human follistatin (FST) gene is another po-
tential serological marker for the diagnosis of HCC. It is com-
prised of six exons on chromosome 5q11.2 and gives rise to
two main transcripts: transcript variant FST344 and FST317
[11]. It is a secreted monomeric protein that is over-
expressed in rat and human liver tumors and contributes to
hepatocarcinogenesis through the inhibition of activins [12].
Activins are cytokines that belong to the transforming growth
factor-β (TGF-β) family [13]. Therefore, the activin/
follistatin system is thought to primarily act as a local growth
regulating system controlling proliferation, differentiation,
and apoptosis of many cell types in an autocrine and paracrine
manner [14, 15]. Follistatin mRNA was markedly over-
expressed in HCC cell line microarray studies, raising the
possibility to have an efficient role in HCC diagnosis [16].

In our study, we aimed to evaluate the potential role of
annexin A2 and follistatin as diagnostic serological markers
for detection of HCC. In addition, we will correlate them with
another well-documented HCC marker (alpha fetoprotein) for
a possibly higher diagnostic accuracy through improved sen-
sitivity and/ or specificity.

Patients and methods

Patients

This is a case-control study that was conducted over a period
of consecutive 6 months from April 2013 to September 2013.

Serum samples from 80 patients with different spectrum of
liver disease and from 20 apparently healthy persons were
analyzed. Subjects were classified into two groups: group (I)
included 50 patients with HCC, (mean age 59.9 years ±8.8
SD, they were 35 males and 15 females). HCC was diagnosed
in respect to AASLD guidelines [17]. The diagnosis of focal
lesions was originally detected by ultrasonography. We used
multidetector CTscan to confirm the presence of hypervascular
lesions in the arterial phase that washed out in the portal venous
or delayed phases. If lesions showed atypical findings, confir-
matory dynamic contrast-enhanced MRI was the following
step. No patients needed to be biopsied. Blood samples were
collected prior to initiation of any HCC treatment. Group (II)
included 30 cirrhotic patients (mean age 46.7 years ±14.1 SD;
they were 21 males and 9 females). The presence of cirrhosis
was diagnosed by ultrasonography that showed evident hepatic
changes as well as evidence of portal hypertension. Laboratory

profile including the different parameters of liver biochemical
profile potentiated the diagnosis of cirrhosis. All cirrhotic pa-
tients underwent regular ultrasonographic screening (every 4–
6 months) to exclude the development of any hepatic nodules.

Group III, considered as control group, included 20 appar-
ently healthy volunteering blood donors who attended the
blood bank of Kasr El Aini Hospital. All of them had negative
histories for chronic liver diseases and performed hepatitis
markers that excluded the seropositivity for HBV and HCV
(their mean age was 29.4±4.5 SD; they were 13 males and 7
females). Serum samples were assayed for AFP, ANXA2, and
follistatin to establish the normal reference range in Egyptian
population as controls.

The study protocol and the suggested informed consent were
submitted to the Institutional Review Board (IRB) of National
cancer institute and Endemic Hepatogastroenterology Depart-
ment before the start of enrolling participants. The study was
designed in compliance with the ethics principles of the decla-
ration of Helsinki with GCP guidelines.

The studied patients (group I and II) were recruited from
those presented to the outpatient clinic of the Endemic
Hepatogastroenterology Department of Kasr El Aini Hospital
(Cairo University, Egypt) and National cancer institute (Cairo
University, Egypt). A written informed consent was obtained
from all participants.

Methodology

All patients and controls were subjected to full clinical assess-
ment. Laboratory investigations included aspartate aminotrans-
ferase (AST), alanine transaminase (ALT), alkaline phospha-
tase (ALP), total bilirubin, and serum albumin. All were per-
formed on Beckman CX9 autoanalyser. Prothrombin concen-
tration and INR were done using automated coagulometer
(Sysmex CA 1500). Viral markers (HBsAg and anti-HCV an-
tibodies), serum ANXA2, and follistatin were tested using
ELISA method [18]. AFP was done using Architect based on
the Chemiluminescence Immunoassay (CLIA) technology
[19]. Radiological investigations included ultrasonography,
computed tomography, and/or magnetic resonance imaging
for patients.

Sample collection and storage

Ten milliliters of venous blood were withdrawn; 2 ml of them
were collected in a citrated tube for PT, PC, and INR, and the
other 8 ml were collected into sterile vacutainers with gel, left
to clot, centrifuged at 1000g for 10min, and then the sera were
separated and divided into four aliquots, one for the blood
chemistry which was assayed on the same day of sample col-
lection, the second for AFP, the third for Annexin II, and the
fourth for Follistatin. Annexin II was done using Uscn Life
Science Inc. Wuhan, China by Enzyme-linked Immunosorbent

Tumor Biol.



Assay Kit for ANNEXIN A2 (ANXA2), Catalog Number:
E91944Hu 96 tests [20]. Follistatin was done using Assay Bio-
technology Company, Inc. Sunnyvale, USA by Human
Follistatin Enzyme-linked Immunosorbent Assay (ELISA) Kit
(96 Tests), Catalog Number: OK-0116 [16].

Statistical methods

Data was analyzed using IBM SPSS advanced statistics ver-
sion 20 (SPSS Inc., Chicago, IL). Chi-square test was used to
examine the relation between qualitative variables. For not
normally distributed quantitative data, comparison between
two groups was done usingMann-Whitney test (non-paramet-
ric t test). Comparison between three groups was done using
Kruskal-Wallis test (non-parametric ANOVA) then post Hoc
"Scheffe test" on rank of the variables was used for pair-wise
comparison. The Receiver Operating Characteristic (ROC)
curve was used for prediction of cutoff values. A p value<
0.05 was considered significant.

Results

In our study, 50 HCC patients were recruited (group I).
The majority (92 %) had a compensated liver status (24
and 22 patients were Child Pugh scores A and B, respec-
tively while only 4 were Child Pugh score C). They pre-
dominantly developed liver cirrhosis and HCC on top of
chronic HCV infection (80 %) rather than HBV infection
(14 %) while 7 patients (14 %) were tested negative for
both hepatitis viruses. Moreover, 27 patients (54 %) had
single hepatic focal lesions while 40 % developed three or
more malignant hepatic lesions. Concerning the biochem-
ical parameters among the different groups, high statisti-
cal significance was documented for all the laboratory
parameters (ALT, AST, ALP, INR, serum albumin,
and bilirubin) (Table 1).

The tumor markers were compared with the different prog-
nostic factors that could be related to HCC (Table 2). The
studied tumor markers were not statistically different in

comparison to the selected prognostic factors (age, sex, child’s
grade, and number of focal lesions).

Evaluation of serum ANXA2 for HCC diagnosis

Annexin A2 was significantly higher in the sera of HCC pa-
tients (median=69.6 ng/ml) compared to the cirrhotic group
(median=16.8 ng/ml) and the normal control group (median=
9.5 ng/ml) (p<0.001). It showed 100 % sensitivity and a good
specificity (84 %) at a cutoff level of 29.3 ng/ml. Positive
(PPV) and negative (NPV) predictive values were 100 and
86.2 %, respectively, which provided 92 % diagnostic accura-
cy (DA). Meanwhile, Youden index J and positive likelihood
ratio were 0.84 and 6.25, respectively.

As for AFP, serum levels were significantly higher in the
HCC patients (median, 376.5 ng/ml) compared to the cirrhotic
group (median, 3.7 ng/ml) and normal control group (median,
2.3 ng/ml) (p<0.001). It showed a sensitivity of 82 % and a
specificity of 88 % at a cutoff level of 12.9 ng/ml. The PPV
was 87.2 %, NPV was 83 %, and the DAwas 85 %. Combin-
ing annexin A2 with AFP markedly increased the specificity
(98 %) and the PPV (97.6 %) for HCC diagnosis, while
Youden index J and positive likelihood ratio were 0.80 and
41, respectively (Tables 3 and 4). As for the area under the
receiver operating characteristic curve (ROC) for the whole
range of sensitivities and specificities, our results showed that
it was 0.91 (95 % CI 0.84 0.97) for ANXA2 and 0.93 (95 %
CI 0.89 0.97) for AFP (Fig. 1).

Evaluation of serum follistatin for HCC diagnosis

Follistatin was significantly higher in the sera of HCC patients
(median, 24.4 ng/ml) compared to the normal control group
(median, 4.2 ng/ml) at p value=0.002. However, this statisti-
cal significance was not observed between HCC and cirrhotic
groups (p=0.8). Follistatin showed a sensitivity and specific-
ity of 66% at a cutoff level of 15.7 ng/ml, while Youden index
J and positive likelihood ratio were 0.32 and 1.94, respectively
(Tables 3 and 4). Combining Follistatin with AFP markedly
increased the specificity (92 %), PPV to 86.2, diagnostic ac-
curacy to 71 %, Youden index J to 0.42 and LR+to 6.25

Table 1 Biochemical parameters
among the different studied
groups

Group I Group II Group III P value

ALT (U/L) 51.5 (8–247) 34 (5.4–270) 20.4 (7.7–39.3) <0.001

AST (U/L) 78 (24–1299) 42.7 (9.6–297) 25.5 (12.3–47) <0.001

ALP (U/L) 162.5 (47–901) 96 (24–581) 77.5 (29–120) <0.001

Albumin (g/dl) 3 (1.5–4.9) 2.8 (1.3–4.3) 3.5 (2.6–4.5) 0.008

Total Bilirubin (mg/dl) 1.3 (0.2–16) 0.9 (0.12–16.4) 0.63 (0.23–0.98) 0.001

INR 1.18 (1–2.62) 1.54 (1–2.2) 1.09 (1–1.13) <0.001

Results presented as median (range)
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for HCC diagnosis. The area under the curve (AUC) in ROC
analysis was 0.63 (95 % CI 0.52–0.74) (Fig. 1).

Discussion

Hepatocellular carcinoma (HCC) is most common primary
cancer of the liver, the fifth most common malignancy world-
wide [1] and the third leading cause of cancer-related death
[21]. It has always been described as a tumor of poor progno-
sis. Most of studies referred this dismal prognosis to the late
onset of diagnosis and the absence of the ideal diagnostic
marker with sufficient diagnostic efficiency. Annexin A2
(ANXA2) is a 36-kDa calcium-dependent phospholipid-
binding protein that is located on the surface of most eukary-
otic cells [22]. It has been implicated in exocytosis, endocy-
tosis, vesicle transport, regulating ion channels, immune re-
sponse, cell to cell adhesions, and fibrinolysis [4, 22, 23]. It is
also documented as one of key players in carcinogenesis [22].
Follistatin (FST) is a glycoprotein that could inhibit the release
of follicle-stimulating hormone from pituitary cells [24]. It
interacts with activins and other members of the transforming

growth factor β (TGF-β) family. Several reports have shown
that follistatin regulates a variety of processes of angiogenesis,
metastasis, and cell apoptosis [25–27].

Our results revealed that annexin A2 was significantly higher
in the sera of HCC patients compared to the cirrhotic and the
normal control groups. This was documented by previous studies
that demonstrated a similar role for ANXA2 in HCC develop-
ment [10, 20, 28, 29]. In our study, the area under the receiver
operating characteristic curve (AUC) was 0.91 (95 % CI
0.84 0.97) for ANXA2. It ranged between 0.73 and 0.8 in differ-
ent studies that compared ANXA2 in sera of HCC patients ver-
sus control groups that included normal individuals, chronic viral
hepatitis as well as cirrhotic patients [10, 20, 29].

We found a more potent diagnostic role for ANXA2 when
we combined it with AFP. Specificity increased to 98 % and
the positive predictive value to 97.6 % while the sensitivity
decreased. These results were in agreement with other re-
searchers who reported that the sensitivity and specificity of
the combination of annexin A2 and AFP were 76 and 80.5 %,
respectively, while improving only the specificity [29]. An-
other study stated that combined detection of serum ANXA2
and AFP substantially improved the diagnostic efficiency

Table 3 Descriptive statistics of the studied tumor markers in the different studied groups

Group I Group II Group III P value

Annexin A2 (ng/ml) 69.6 (30.1–543)ª 16.8 (10.2–162.5)b 9.5 (1.3–19.7) <0.001

Follistatin (ng/ml) 24.4 (1.6–578.7)ª 23.9 (1.6–86.7)ª 4.2 (2.3–10.6)b 0.002

AFP
(ng/ml)

376.5 (3.4–414,377)ª 3.7 (0.9–62.7)b 2.3 (0.7–4.5) <0.001

Results presented as median (range). Groups having the same letter are not statistically significant

Table 2 Association between the studied tumor markers and the different prognostic factors in the HCC group

Annexin A2 p value Follistatin p value AFP p value

Age (years) 0.408 0.690 0.070

Up to 60 70.5 (33.9–542.1) 24.9 (2–89) 173.2 (3.4–414377)

>60 69.5 (30.1–543) 22.8 (1.6–578.7) 2891 (3.4–137743)

Sex 0.941 0.899 0.743

Males 69.5 (31.8–543) 23.9 (1.6–97.2) 416 (3.4–368530)

Females 69.7 (30.1–400.4) 24.9 (3.1–578.7) 117 (5.2–414377)

Child score 0.035 0.218 0.180

A 82 (30.1–543) 16.1 (1.6–97.2) 531.5 (4.8–414377)

B 54.6 (31.8–400.4) 25.4 (2.6–38.4) 162.1 (3.4–368530)

C 235 (40.2–542.1) 63.2 (23.9–578.7) 14992.4 (3.4–38810)

Hepatic lesions 0.663 0.154 0.175

Single 70 (30.1–300.3) 23.3 (1.6–41.5) 454.5 (3.4–414377)

Multiple 69.4 (31.8–543) 24.9 (2–578.7) 77.9 (3.4–38810)

Results presented as median (range)

Tumor Biol.



(96.5 %) and the negative predictive value (96.6 %) for HCC
[20]. These results encourage using ANXA2 with AFP for the
management of HCC diagnosis.

Comparing annexin A2 levels and the different
prognostic factors in the HCC group, showed no sig-
nificant difference, although annexin A2 level was
found higher in child’s C group compared to its levels
in patients with child’s grade A and B, statistical eval-
uation was not possible due to small number of pa-
tients in this group (four patients). Annexin A2 plays
an important role in hepatocyte malignant transforma-
tion and HCC development which might result from
the change in the tumor microenvironment and the
transfer of tumor cells. This may be related with the
advanced progression of liver cirrhosis that is consid-
ered as a precancerous step. In addition, previous re-
ports suggested that ANXA2 binds with plasminogen
and tissue plasminogen activator on the cell surface
and promotes tumor metastasis by inducing the conver-
sion of plasminogen to plasmin, which leads to activa-
tion of matrix metalloproteinase and degradation of
extracellular matrix components [22, 30].

Regarding follistatin, our results showed that it was signif-
icantly higher in the sera of HCC patients compared to the

normal control group, but there were no significant differences
between HCC and cirrhotic patients. Sensitivity and specific-
ity were 66 % at a cutoff level of 15.7 ng/ml with an AUC in
ROC analysis as 0.63 (95 % CI 0.52–0.74). No clear expla-
nation for the absence of statistical difference between HCC
and cirrhosis could be found. However, it may be assumed
that the discrepancy occurs between the normal persons and
the post-hepatitic status with all steps from chronic hepatitis to
cirrhosis and HCC. Combining Follistatin with AFPmarkedly
increased the specificity up to 92 % for HCC diagnosis. Al-
though AFP is best used as a prognostic rather than a diagnos-
tic marker, it still plays here a good role in raising the diag-
nostic power of other HCC markers. Other studies found a
similar good diagnostic role for follistatin while others proved
a more evident prognostic role and the higher the follistatin,
the worse was the survival of HCC patients [12, 31, 32]. A
study concluded that the balanced expression of follistatin
and activins becomes deregulated and shifted towards
follistatin during hepatocarcinogenesis. Other studies de-
scribed the release of follistatin from human hepatoma
cell lines [33, 34]. Moreover, it has been suggested that
follistatin, in concert with vascular endothelial growth
factor, may promote the formation of new blood vessels
by stimulating the production of matrix metalloproteinase-
2 (MMP-2), a proteolytic enzyme which has been impli-
cated in cancer angiogenesis and metastasis [35, 36].

Finally, our results suggested that annexin A2 is a
promising diagnostic marker for HCC, and its combina-
tion with AFP markedly increases the diagnostic power.
Its serum level can serve as a useful non-invasive tumor
marker for detection of HCC. In contrast, follistatin
could not differentiate between HCC and cirrhosis but
its combination with AFP appeared to enhance the
specificity for HCC diagnosis.

Conflicts of interests The authors declare that they have no conflict of
interest. The study was not sponsored by any organization.Fig. 1 Shows ROC curve comparing annexin A2, follistatin, and AFP

Table 4 Diagnostic accuracy of the studied tumor markers, either single or combined

Sensitivity (%) Specificity (%) PPV (%) NPV (%) Diagnostic accuracy Youden index LR+ LR-

Annexin A2a 100 84 86.2 100 92 0.84 6.25 0.0

Follistatinb 66 66 66 66 66 0.32 1.94 0.52

AFPc 82 88 87.2 83 85 0.70 6.83 0.20

Annexin A2 and AFP 82 98 97.6 84.5 90 0.80 41.0 0.18

Follistatin and AFP 50 92 86.2 64 71 0.42 6.25 0.54

PPV positive predictive value, NPV negative predictive value, DA diagnostic accuracy, DOR diagnostic odd’s ratio, LR+ positive likelihood ratio, LR-
negative likelihood ratio
a Cutoff value of annexin A2 at 29.3 ng/ml
b Cutoff value of follistatin at 15.7 ng/ml
c Cutoff value of AFP at 12.9 ng/ml
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