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ABSTRACT Objective: Hepatocellular carcinoma (HCC) is the fifth most common malignancy worldwide. The identification of new simple,

inexpensive and highly accurate markers for HCC diagnosis and screening is needed. This case-control study evaluates the role of

annexin A2 and voltage-gated calcium channels α2δ1 subunit as serum biomarkers for HCC diagnosis.

Methods: The study comprised three groups: group 1, 50 patients with an initial diagnosis of HCC associated with chronic

hepatitis C virus infection; group 2, 25 patients diagnosed with chronic hepatitis C virus infection and cirrhosis without any

evidence of HCC; and group 3, 15 healthy controls. All participants were subjected to clinical and laboratory investigations, and

radiological scanning. The serum levels of alpha-fetoprotein (AFP), annexin A2, and the α2δ1 subunit were evaluated by using

ELISA technique.

Results: The serum levels of annexin A2 significantly increased in patients with HCC (10.4±2.5 ng/mL; P<0.001) or with cirrhosis

(9.31±1.8 ng/mL; P<0.001) comparing to that of  healthy controls  (0.296±0.09 ng/mL).  However,  there was no significant

difference in serum annexin A2 levels in patients with HCC comparing to those with cirrhosis. Serum α2δ1 subunit significantly

increased in patients with HCC (20.12±3.7 ng/mL) comparing to that in patients with cirrhosis (10.41±3.4 ng/mL, P<0.001) and

healthy controls (10.2±2.9 ng/mL, P<0.001).

Conclusions: The serum α2δ1 subunit may function as a new biomarker for HCC diagnosis. Conversely, serum annexin A2 has

low diagnostic value as an HCC marker, especially in patients with underlying cirrhosis.
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Introduction

Liver  cancer  is  considered  to  be  a  global  health  dilemma.

Globally,  it  is  the  fifth  most  prevalent  malignancy  and  the

second  leading  cause  of  cancer  related  mortality1.  In  Egypt,

liver cancer is the most common malignancy in men and the

second  most  common  cancer  in  women,  as  declared  by  the

National  Population-Based  Registry  Program  of  Egypt

2008–20112.  Hepatocarcinogenesis  is  considered  a  complex,

slow, and progressive multistep process3.

Huge efforts have been undertaken to achieve the early

detection or prevention of this fatal cancer in an attempt to

improve  patient  survival  and  quality  of  l i fe.  The

identification of new accurate, valid and non-invasive serum

proteins  as  diagnostic  biomarkers  for  hepatocellular

carcinoma (HCC) forms part of HCC research4.

Annexin A2 (ANXA2, annexin II), also known as placental

anticoagulant protein IV and p36, is a member of the calcium

and  phospholipid-binding  protein  families.  The  protein,

which  is  expressed  in  endothelial  cells,  macrophages,

mononuclear cells, and several cancers exists as a monomer

or heterotetramer5. The main biochemical characteristics of

annexin  A2  are  the  calcium-dependent  association  with

phospholipids and an actin cytoskeleton. It  is  involved in

endocytosis,  exocytosis  and  cell  polarization6,  and  is

considered a cellular redox regulatory protein7, and interacts

with  tissue  plasminogen  activator  and  its  substrate,

plasminogen8.  The aberrant expression of annexin A2 was

found in several solid cancers, such as HCC9, lung10, breast11,

gastric12,  and  colorectal  cancer13.  The  overexpression  of

annexin A2 was also detected in hematological malignancies

such  as  acute  lymphoblastic  leukemia14  and  acute

promyelocytic leukemia15.  It  regulates several steps in the

carcinogenesis process, such as tumor cell to cell adhesion,
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growth, invasion, metastasis, and angiogenesis16. Annexin A2

prevents  radiation-induced  apoptosis17,  and  regulates

immune responses18.

Voltage-gated calcium channels (VGCC) exist throughout

the body and perform several key physiological functions.

VGCC  activation  is  mandatory  for  the  release  of

neurotransmitters  at  synapses  in  the  brain in  addition to

spinal and hormone secretion19. The α2/δ subunit is a trans-

membrane protein that forms glycosyl-phosphatidylinositol

(GPI)  anchored protein20,  which can change the  calcium

channel  function  by  increasing  the  rate  and  voltage

dependent  calcium  channel  gating21.  The  VGCC  α2/δ
subunit  is  a  member of  the α2/δ  subunit  family,  which is

encoded by  CACNA2D1 and has  five  isoforms.  The  α2/δ
subunit is as a functional hepatic cancer stem cell, a marker

of tumor-initiating cells and controls calcium influx into liver

tumor-initiating cells through L and N-type voltage-gated

calcium channels. The overexpression of α2/δ was attributed

to  the  increase  of  Ca2+  in  Hep-11  cells,  whereas  the

knockdown of α2/δ in Hep-12 cells contributed to a decrease

of Ca2+. The α2/δ subunit upregulated the expression of the

a1B,  a1C,  and  a1F  subunits.  Moreover,  α2/δ  knockdown

inhibited ERK1/2 phosphorylation and enhanced apoptosis22,

furthermore, is implicated in extracellular signaling23.

This  work  aimed  to  evaluate  serum  annexin  A2  and

voltage-gated calcium channel subunit α2/δ1 as potential new

diagnostic biomarkers for HCC.

Patients and methods

Patients

This  study  is  considered  to  represent  a  case-control  study,

which was conducted between February and October in 2016.

Serum  blood  samples  were  collected  and  analyzed  from  75

patients and from 15 apparently healthy volunteers who were

classified into three groups.

Group I: 50 patients with HCC, who presented and were

treated  at  the  Oncology  Center  of  Mansoura  University,

Mansoura, Egypt.

Group II: 25 patients with chronic hepatitis C infection

and cirrhosis without any evidence of HCC, who were treated

at the Outpatient Clinics of Specialized Medical  Hospital,

Mansoura University, Mansoura, Egypt.

Group III: 15 apparently healthy volunteers comprise the

normal  control  group;  all  were  without  histories  of  any

medical disorder, acute or chronic liver diseases, and were

sero-negative  for  hepatitis  B  surface  antigen  (HBsAg),

hepatitis  C  virus  antibodies  (anti-HCV),  and  human

immunodeficiency virus (HIV) antibodies.

The protocol of the study was reviewed and approved by

the Research Ethics Committee of the Faculty of Pharmacy,

Mansoura University, Mansoura, Egypt. The study complied

with the ethics principles of the 1964 declaration of Helsinki

and all subsequent revisions in addition to the guidelines of

Good Clinical Practice (GCP).

All participants in the study have signed informed consent.

Methods

All  patients  and  the  volunteers  in  the  control  group  were

subjected  to  full  a  clinical  evaluation  (clinical  examination

history  collection).  The  laboratory  investigations  included

complete  blood  count  (CBC),  liver  function  tests,  including

alanine  aminotransferase  (ALT),  aspartate  aminotransferase

(AST),  gamma  glutamyl  transferase  (GGT),  prothrombin

time  (PT),  international  normalized  ratio  (INR),  serum

albumin, serum total bilirubin (T. Bil), viral markers (HCV-

antibodies,  HBs-antigen,  and  HIV-antibodies),  serum

creatinine,  random  blood  sugar,  and  serum  levels  of  alpha-

fetoprotein  (AFP),  annexin  A2,  and  the  α2δ1  subunit.  The

radiological  investigations  included  ultrasonography  for  all

patients  (group  I,  II)  and  the  control  group.  Ultrasound

studies  were  conducted  to  evaluate  the  liver  portal  vein  and

spleen. Ultrasonography was used for the initial detection of

hepatic  focal  lesions,  and  triphasic  computed  tomography

(CT)  scans  or  dynamic  contrast-enhanced  magnetic

resonance imaging (MRI) was used to confirm the diagnosis

of  HCC  in  the  presence  of  underlying  cirrhosis.  The

diagnosis  of  HCC  was  in  accordance  with  the  National

Comprehensive Cancer Network guidelines version 1.201624.

All  patients in the enrolled groups were > 18 years old,

performance  status  (PS)  ≤  2  according  to  Eastern

Cooperative  Oncology  Group,  performance  status  in

addition to Child–Pugh classification A. Patients with other

types  of  malignancy,  pregnancy,  advanced  organ  failure,

active  infection  in  addition  to  advanced  medical  co-

morbidity were excluded from the study.

Blood sample collection and storage

All blood samples were collected at time of diagnosis. Fasting

blood  samples  (5  mL)  were  collected  from  all  patients  and

control  groups  and  divided  into  two  portions.  The  first

portion  was  collected  within  tubes  containing

ethylenediaminetetra-acetic  acid  (EDTA)  and  analyzed

within 5 h. The second portion was collected in a Monovette

without additives. This blood was left to clot for 20–30 min at
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37°C,  followed by  centrifugation at  1700  rpm for  15  min to

obtain  the  clear  non-hemolyzed  serum.  When  the  analysis

was not performed immediately, the samples were frozen and

stored at 80°C until use.

Biochemical analysis parameters

Complete  blood  counts,  liver  function  tests  in  the  form  of

serum  ALT,  AST,  GGT  activities,  and  total  bilirubin  and

albumin  levels,  prothrombin  time  and  INR,  serum

creatinine, and random blood sugar levels were measured by

using commercially available kits.

Viral  markers  (HBsAg,  anti-HCV antibodies,  and HIV

antibodies)  and  serum AFP level  was  measured  by  using

ELISA kits (Diametra, Italy).

The serum concentration for annexin A2 was determined

by a commercially available ELISA kit (Mybiosource, catalog

no: MBS 760680, USA).

The  serum  concentration  of  the  α2δ1  subunit  was

measured by using an ELISA kits (Mybiosource, catalog No.

MBS 9330037, USA).

Statistical analysis

IBM  SPSS  Advanced  Statistics  version  20  (SPSS  Inc.,

Chicago,  IL,  USA)  was  used  to  compute  the  statistical

analysis.  A  Chi-square  test  was  used  to  estimate  the

relationship  between  the  qualitative  variables,  which  were

presented  as  frequencies  and  percentages.  The  quantitative

variables were presented as the mean ± standard deviation or

median percentile of the inter-quartile range (25th to 75th) for

data that were not normally distributed (SD > 25% of mean)

and  were  analyzed  by  using  the  Mann-Whitney  test;

comparison between two / all study groups was conducted by

using the Kruskal-Wallis test (non-parametric ANOVA). The

receiver operating characteristic (ROC) curve was applied to

identify  the  best  cut-off  values  for  annexin  A2,  the  α2δ1

subunit,  and  AFP.  P  values  of  <  0.05  and  <  0.01  were

considered  to  represent  significant  and  highly  significant

changes respectively.

Results

Group I comprised 50 patients with HCC (11 women and 39

men; 50–73 years old; mean age, 60.34 ± 6.19 years old), who

had performance status ≤  2,  and Child- Pugh score A at  the

time of diagnosis. All patients developed HCC in addition to

cirrhosis, which was related to chronic HCV infection and all

patients  were  sero-negative  for  HBV  and  HIV  antibodies.

Fifteen  patients  (30%)  had  single  hepatic  focal  lesions,  35

patients  (70%)  had  multiple  hepatic  focal  lesions.  Sixteen

patients  (32%) had unilobar  tumors,  34  patients  (68%) had

bilobar tumors, and portal vein thrombi were detected in 22

patients (44%). Twenty-nine patients (58%) had tumors ≤  5

cm and 21 patients (42%) had tumors > 5 cm. Metastasis was

detected in 7 patients (14%).

Group II comprised 25 patients with cirrhosis (13 women

and 12 men; 20–78 years old,  mean age,  50 ± 13.23 years

old). All patients were sero-positive for HCV antibodies and

sero-negative for HBV and HIV infections.

Group III comprised 15 apparently healthy volunteers (4

women and 11 men,  20–36 years  old,  mean age,  26 ± 3.6

years old). All patients were sero-negative for HCV, HBV,

and HIV antibodies, with normal clinical;  laboratory, and

radiological findings.

The  patients  in  group  I  and  group  II  experienced  a

significant decrease in the concentration of serum albumin

and in platelet count compared with the group III,  with a

non-significant increase in serum albumin concentration and

platelet  count  in  group I  compared with  group III  and a

highly significant increase in serum was detected in group I

and II in comparison with group III (Table 1).

Patients in group I and group II displayed a significant

increase in serum AST, ALT, and GGT activities and total

bilirubin concentration compared with group III, whereas no

significant difference in serum GGT activity was observed in

patients  in  group  I  compared  with  patients  in  group  II

(Table 1).

No significant difference was found in the serum levels of

annexin A2 or the α2δ1 subunit and the clinicopathological

features  of  patients  with  HCC  with  age,  sex,  tumor  size,

portal vein invasion, metastasis, Child Pugh score of 5 and 6,

and performance status (1 and 2).  For AFP, no statistical

significance was found, except for tumor size (P = 0.02). The

serum level of AFP was higher in larger tumors (Table 2).

Measurement of serum annexin A2 for HCC
diagnosis

The  serum  levels  of  annexin  A2  were  significantly  higher  in

group  I  (mean  =  10.04  ng/mL)  and  group  II  (mean  =  9.31

ng/mL) compared with group III (mean = 0.296 ng/mL) at P

< 0.001.  However,  no  significant  difference  was  observed  in

the annexin A2 serum level  between patients in group I  and

group II (Table 3, Figure 1).

When ROC calculation and analysis was used to study the
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potential of annexin A2 as a biomarker for the diagnosis of

HCC at  a  cut-off  ≥  9.82 ng/mL, the area under the curve

(AUC) was 0.606 and the P-value was 0.135. These values

were  not  statistically  significant  for  diagnosis  and  the

diagnostic accuracy was 49% (Table 4, Figure 2).

Detection of serum α2δ1 subunit for HCC
diagnosis

The serum level of the α2δ1 subunit was significantly higher

with  patients  in  group  I  (mean  =  20.12  ng/mL)  compared

Table 1   Laboratory parameters among groups

Control (n=15) Cirrhosis (n=25) HCC (n=50) Test of significance

WBCs (count × 103/μL)

　Mean ± SD 6.68±1.95 6.53±1.7 7.17±2.9 F=0.65

　Range 4–10.3 3.64–9.1 2.54–17.03

Hb (g/dL)

　Mean ± SD 13.67±1.51 13.11±2.7 12.9±1.9 F=0.76

　Range 10.4–15.9 6.69–15.7 8.23–15.8

PLT (count × 103/μL)

　Median (IQR) 196 (170–229) 142$ (113–204) 142.5$ (100.89–202.25) KWχ2=7.21

　Range 152–239 14–335 32.86–455

PT (seconds)

　Mean ± SD 13.05±0.79 13.46±1.65 14.62$*±1.97 F=6.6

　Range 12–13.6 11.2–18.5 12–24.7

INR (seconds)

　Mean ± SD 1.14±0.11 1.11±14 1.24$*±0.16 F=8.4

　Range 1–1.38 0.93–1.48 1–2

ALT (U/L)

　Median (IQR) 37.0 (20–55) 40.22$ (28.44–78.5) 50.25$* (36.85–75.66) KWχ2=29.8

　Range 10–80 13–155 15.12–178.61

AST (U/L)

　Median (IQR) 28.0 (21.0 -38.0) 48.0$ (28.15–69.5) 70.5$* (54.7–92.5) KWχ2=7.2

　Range 17–48 21–138 22.6–222.3

Albumin (g/dL)

　Mean ± SD 4.48±0.28 4.04$±0.52 3.80$±0.64 F=8.49

　Range 3.90–4.80 3.10–5.00 2.80–5.04

T.Bil (mg/dL)

　Mean ± SD 0.61±0.15 0.94$±0.33 1.28$±0.5 F=16.06

　Range 0.40–0.90 0.60–1.70 0.45–2.68

GGT (U/L)

　Median (IQR) 14.0 (11.0–19.7) 33.6$ (17.2–62.5) 33.15$ (18.6–53.85) KWχ2=14.6

　Range 7–27 5.50–110.8 6.30–121

n: number of subjects in each group, IQR: interquartile range, SD: standard deviation, HCC: hepatocellular carcinoma, WBCs: white blood
cells, Hb: hemoglobin, PLT: platelets, INR: international normalized ratio, ALT: alanine aminotransferase, AST: aspartate aminotransferase,
T.Bil: total bilirubin, GGT: gama glutamyl transferase, KWχ2: Kruskal -Wallis test, F: One Way ANOVA test, $: significance against control
group (P<0.05), *: significance against cirrhotic group (P<0.05)
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with  the  patients  in  group  II  (mean  =  10.41  ng/mL,  P  <

0.001) or the group I (mean = 10.2 ng/mL, P < 0.001), (Table

3, Figure 1).

When the  ROC curve  was  applied  to  select  the  cut-off

value,  the  data  revealed  that  the  serum level  of  the  α2δ1

subunit at the cut-off value ≥ 14.22 ng/mL had a sensitivity of

100%, a specificity of 96%, a positive predictive value (PPV)

of 98%, and a negative predictive value (NPV) of 100%. The

AUC showed a high accuracy for the α2δ1 subunit (AUC =

0.97) compared with AFP (AUC = 0.94) or annexin A2 (AUC

= 0.606), as illustrated in (Table 4, Figure 2), so the serum

level of α2δ1 subunit may be a novel diagnostic biomarker.

Discussion

In  majority  of  patients,  HCC  has  a  high  prevalence  and

dismal prognosis. The screening of high risk groups by serum

AFP  level  and  hepatic  ultrasonography  every  6  months  is  a

common practice25.  Despite this, AFP is usually not elevated

in  the  early  stages  of  HCC26.  The  updated  American

Association for  Study  of  Liver  Diseases  guidelines  no longer

recommend  the  serum  AFP  level  as  part  of  the  diagnostic

procedure  for  HCC.  AFP  does  not  provide  a  sensitive  or

specific  test  for  HCC  and  is  elevated  in  some  cases  of

intrahepatic  cholangiocarcinoma,  metastasis  to  liver,  and

other non-malignant conditions24,26. This work revealed that

an AFP of < 400 ng/mL in approximately 21 of 50 (42%) of

the patients with HCC and cirrhosis related to chronic HCV

infection. No statistically significant correlation was observed

between  the  serum  AFP  level  clinicopathological  features

(age, sex, vascular invasion, or metastasis),  except for tumor

size. The serum AFP at the cut-off level of 418.5 ng/mL had a

Table 2   Comparison among the annexin A2 (ng/mL), α2δ1 subunit (ng/mL) and AFP (ng/mL), as well as clinicopathological features of HCC

Annexin A2 P α2δ1 subunit P AFP P

Age, years 0.92 0.71 0.24

　Up to 60 10.06±2.5 19.9±3.7 560 (29–1000)

　> 60 10±2.5 20.3±3.8 1000 (71–1000)

Sex 0.87 0.37 0.43

　Male 10.07±2.5 20.37±3.5 1000 (128–1000)

　Female 9.93±2.6 19.22±4.3 51 (14–1000)

Hepatic lesions 0.46 0.66 0.92

　Single 9.6±2.1 20.4±3.4 627.5 (33–1000)

　Multiple 10.2±2.6 19.9±3.8 960 (41–1000)

Vascular invasion 0.59 0.23 0.73

　Present 10.3±2.7 20.8±4.01 980 (24–1000)

　Absent 9.87±2.42 19.56±3.4 418 (48.5–1000)

Tumor size, cm 0.82 0.62 0.02

　≤ 5 10.26±2.7 20.2± 3.7 53 (32–1000)

　> 5 9.9± 2.4 20± 3.74 1000 (258–1000)

Metastasis 0.43 0.23 0.30

　Yes 11.3±1.4 18.6±1.3 1000 (937.7–1000)

　No 9.83±2.6 20±3.6 493 (33–1000)

Child score 0.66 0.26 0.99

　5 10.19±2.2 19.5±3.5 787.8 (39–1000)

　6 9.8±2.8 20.7±3.8 743 (37.7–1000)

ECOG PS score 0.23 0.23 0.7

　1 10.5±2 19.3±3.3 560.2 (43.5–1000)

　2 9.6±2.7 20.6±3.9 1000 (30.5–1000)

Data were presented as median in addition to IQR. AFP: alpha fetoprotein, ECOG: Eastern Cooperative Oncology Group.
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sensitivity of 58%, a negative predictive value of 54%, and a

diagnostic  accuracy  of  72%.  These  data  were  in  agreement

with  the  analysis  performed  on  AFP  levels  in  309

pathologically  confirmed  patients  with  HCC,  which  showed

that  serum  AFP  was  not  a  sensitive  biomarker,  especially  in

the  early  stages  of  HCC.  This  analysis  contributed  to  the

inconclusive  correlation  between  AFP  and  many  clinical

pathological  features  in  most  studies  with  an  arbitrarily

chosen AFP cut-off  in different  populations and in different

geographic areas26.

Table 3   Serum levels of annexin A, α2δ1 subunit and AFP in studied groups using ELISA tests

　　Item Control (n=15) Cirrhosis (n=25) HCC (n=50) Test of significance

Annexin A (ng/mL)

　Mean ± SD 0.296 ± 0.09 9.31$ ± 1.8 10.04$ ± 2.5 F=127.23

　Range 0.143–0.54 6.59–12.99 5.1–14.54

α2δ1 subunit (ng/mL)

　Mean ± SD 10.2 ± 2.98 10.41 ± 3.4 20.12$* ± 3.7 F=86.47

　Range 6.69–15.52 7.06–23.76 14.87–28.38

AFP (ng/mL)

　Median (IQR) 0.84 (0.6–0.99) 4.49$ (2.35–9.1) 787$* (39–1000) KWχ2=57.3

　Range 0.5–1.78 0.69–86.2 1–1000

HCC: hepatocellular carcinoma, IQR: interquartile range, compared using Mann-Whitney test, KWχ2: Kruskal-Wallis test, F: one way
ANOVA test, n: number of subjects in each group, $: significance against control group (P<0.05), *: significance against cirrhotic group
(P<0.05).

Table 4   Diagnostic accuracy of annexin A2, α2δ1 subunit and alpha fetoprotein (AFP) in HCC patients

　　Item AUC P Cut-off
point

Sensitivity
(%)

Specificity
(%) PPV (%) NPV (%) Accuracy (%)

Annexin A2 (ng/dL) 0.606 0.135 ≥ 9.82 58% 68% 78% 44% 49%

α2δ1 subunit
(ng/dL) 0.977 <0.001 ≥14.22 100.0 96.0 98.0 100.0 98.7

AFP (ng/dL) 0.942 <0.001 ≥418.5 58.0 100.0 100.0 54.3 72.0

HCC: hepatocellular carcinoma, AUC: area under the curve, PPV: the value of positive predictive, NPV: the value of negative predictive.
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Figure 1   Serum levels of annexin A2 (ng/mL) and α2δ1 subunit

(ng/mL)(mean ± SD) in studied groups.
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Figure 2   ROC curve comparing annexin A2, α2δ1 subunit and

AFP in HCC patients.
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This study found that the serum levels of annexin A2 were

significantly elevated in patients with HCC and patients with

cirrhosis compared with the normal control group at P  <

0.001; but no statistically significant difference was observed

in serum annexin A2 levels between patients with HCC and

patients  with  cirrhosis  and  no  statistically  significant

correlation  was  found  serum  annexin  A2  level  and

clinicopathological  features,  such as  age,  sex,  tumor size,

vascular invasion, or metastasis. These results were similar to

those published by Liu et al.27 who concluded that neither

serum nor tissue annexin A2 were useful biomarkers for the

diagnosis  of  patients  with  HCC  and  cirrhosis,  but  may

instead be a marker of liver cirrhosis. Moreover, Liu et al.27

found no significant correlation between the levels of either

serum or tissue annexin A2 and the tumor characteristics. In

addition,  El-abd  et  al.28  and  Ibrahim  et  al.29  found  no

significant correlations between the levels of serum or tissue

annexin A2 and the tumor clinicopathological characteristics.

However, El-abd et al.28, Ibrahim et al.29, and Shaker et al.30

found that  serum levels  of  annexin  A2 were  significantly

increased in patients with HCC compared with patients with

chronic liver disease and the control group. No significant

difference was detected between patient with chronic liver

disease and the controls. This discrepancy from our results

could  be  explained  partly  by  the  variability  in  the

characteristics  of  included  populations  by  Mohammad

et  al.31  who found that  levels  of  annexin  A2  protein  and

mRNA  were  rarely  found  in  both  normal  and  chronic

hepatitis  liver tissues,  but were overexpressed at  both the

transcriptional and translational levels in malignant and non-

malignant  cirrhotic  regions  of  HCC.  Zhang  et  al.32  who

dynamically  studied  the  proteins  related  to  hepatic

fibrogenesis in various stages (S0-1, S2, and S3-4) through

plasma membrane proteomic technology, found that annexin

A2  was  highly  elevated  in  S4  compared  to  that  S0-1  and

concluded that annexin A2 was a valid biomarker for non-

invasive diagnosis of hepatic fibrosis. Elgezawy et al.33 also

found  that  the  serum  annexin  A2  level  was  significantly

elevated in liver fibrosis, liver cirrhosis, early and late HCC,

but  was  not  elevated  in  patients  with  chronic  hepatitis

compared with the control group (P < 0.01).

To the  best  of  our  knowledge,  this  study is  the  first  to

evaluate the α2δ1 subunit of VGCC as a potential biomarker

for HCC diagnosis. The results revealed that the serum level

of the α2δ1 subunit was highly promising as a single, non-

invasive biomarker for the diagnosis and early detection of

HCC, as  it  was  significantly  higher  in patients  with HCC

compared to patients with cirrhosis and the normal control

group (P  < 0.001),  with 100% sensitivity,  96% specificity,

98% PPV, and 100% NPV, 98.7% accuracy when the ROC

curve was  used to  select  the  optimal  cut-off  point  (14.22

ng/dL), and an AUC of 0.977.

No statistically significant correlation was found between

the  serum  level  of  the  α2δ1  subunit  and  the  clinico-
pathological features of patients.

VGCCs are functionally activated in non-excitable cells,

furthermore, they contribute to Ca2+  dependent signaling

processes34. VGCCs are expressed in several cancers at both

the gene and protein levels35, and are implicated in many of

the hallmarks of cancer biology34, proposed by Hanahan and

Weinberg36,  which  are:  sustaining  proliferative  signaling

pathways,  escaping growth suppression,  resistance to cell

death,  enabling  replicative  immortality,  inducing

angiogenesis, activating invasion and metastasis, and finally,

enabling the hallmarks of reprogramming energy metabolism

and  evading  destruction  by  immune  response36.  L-type

channel voltage-gated calcium channels have been found in

lymphocytes,  although  their  functional  role  is  not

determined37.  Buchanan  &  McCloskey34  indicated  the

potential of repurposing calcium channel blockers for cancer

therapy.

Zhao et al.22  identified the α2δ1 subunit as a functional

liver tumor - initiating cell marker. The α2δ1 subunit plays a

crucial role in cell adhesion/extracellular signaling, which is

not clearly related to traditional calcium channel functions23.

The eradication of hepatic cancer stem cells is a target for the

improvement  of  the  outcome  of  patients  with  HCC38.

Although pregabalin and gabapentin are known to bind to

both the α2δ1 and α2δ2 subunits, which are present in the

central  nervous  system  and  neuronal  tissues39;  the  exact

mechanism  of  action  is  not  completely  clear,  but  they

undergo negligible metabolism (< 1% of the dose). Neither

gabapentin  nor  pregabalin  inhibits  cytochrome  P450

enzymes40, but no studies have previously reported their role

as a blocker for α2δ1 in liver cells.

Conclusions

This  study  introduced  the  serum  level  of  a  hepatic  cancer

stem cell  marker,  the  α2δ1  subunit  of  VGCC,  as  a  potential

novel biomarker for HCC, but larger, well planned phase III

studies are crucial to validate the accuracy of the serum level

of the α2δ1 subunit for the diagnosis of HCC.

Our results also revealed that the serum level of annexin

A2 might not be an appropriate biomarker for the diagnosis

of  HCC  in  the  presence  of  underlying  cirrhosis,  as  no

statistically  significant  difference  was  detected  between

patients with HCC and those with cirrhosis, but it might play
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a role in progression of chronic liver disease.
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