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Abstract Background: Hepatocellular carcinoma (HCC) is a primary malignancy of the liver and a global health
problem because of its increasing prevalence worldwide and its poor prognosis. In fact, the incidence of HCC has increased
sharply in the last 5-10 years, with an especially high incidence in Egypt resulting from chronic HBV and HCV infections
due to agricultural pesticide and dietary aflatoxin exposures. Therefore, new and more specific markers for HCC are critically
needed. Angiopoietin-2 (Ang-2) is over expressed in HCC, a highly vascularized tumor, and associated with portal
infiltration, micro-vessel density, recurrence of HCC and decreased survival. Objectives: The aim of this study was carried
out to evaluate the role of serum Ang-2 and to assess its sensitivity and specificity as a diagnostic tumor marker in HCC
patients with liver cirrhosis. Subjects and Methods: This study was conducted on 72 subjects. Patients divided into two
groups: Group I comprised 25 patients with cirrhosis; group II comprised 22 patients with HCC. Both groups were compared
to 25 (age and sex matched) healthy persons (group III). Following clinical assessment and radiological investigations, viral
hepatitis markers, serum assay of Alpha-fetoprotein (AFP) and Ang-2 were performed using ELISA technique to all
participants. Results: Serum Ang-2 was significantly higher in HCC patients compared to liver cirrhotic patients and normal
controls. The sensitivity and specificity in diagnosis of HCC were 96% and 76% respectively at best cutoff points of 5360 pg
/ml with accuracy 90%. Conclusions: Higher levels of serum Ang-2 in HCC patients than controls propose it as a potential
tumor marker for diagnosis of this disease.
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liver necrosis, pregnancy, or gonadal tumors [13]. The use of
1. Introduction AFP as a diagnostic and screening test for HCC is limited.
This is in part due to the poor performance of available tumor
) ; ! - markers leading to delay in diagnosis [14]. Therefore, new
quality of life and responsible for a large proportion of ;14 more specific markers for early detection of HCC are

cancer deaths worldwide. [1, 2]. This cancer varies widely in ¢ ijcally needed to improve the survival of affected patients
incidence throughout the world, with rising incidence in [15, 16].

Egypt [3, 4]. Infections with hepatitis B or C virus, as well as
dietary aflatoxin exposure are considered major risk factors
for the progression to liver cirrhosis and HCC [5-7]. Egypt
has the highest prevalence of HCV in the world [3]. There
are no specific symptoms of HCC, making early diagnosis
and detection of the disease difficult [8-10]. When HCC
presents with specific clinical symptoms, the tumor is
typically very far advanced [11, 12]. Alpha-fetoprotein (AFP)
is the most validated serological diagnostic marker for HCC
[4, 8]. However, its diagnostic value is more and more
questioned. AFP levels drop markedly at birth, but are
elevated in patients with HCC, cirrhosis, chronic hepatitis,

Hepatocellular carcinoma (HCC) is rapidly reduces

Simultaneously, angiogenesis is the process of formation
of new capillaries from preexisting blood vessels [17, 18], it
represents an essential component of embryogenesis, normal
physiological growth, repair, tumor expansion and
progression of cancer, correlating with the metastatic
potential of tumor cells [19]. It is stimulated to provide
oxygen and nutrients to injured tissue; unfortunately, chronic
damage leading to capillarization of hepatic sinusoids, which
restricts the blood supply, exacerbating tissue injury,
fibrogenesis, and angiogenesis [20, 21]. This sequence of
events appears to govern the progression of CHC to cirrhosis
and HCC [22]. One of the most significant signaling
pathways in pathological angiogenesis and HCC is the
emyoussef4@gmail.com (Eman M. 1. Youssef) a'ngiopoietin/Tie2 system [23]. The'angiopoietins serve as
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proteins, termed angiopoietin (Ang)-1, Ang-2, Ang-3 and
Ang-4 20, 21]. Ang-2 (Ang-2; ANGPT2) is a member of the
angiopoietin protein family (angiopoietin-1, -2, -3, and -4
which plays an important role in the development and
maintenance of blood vessels and the lymphatic system
[24-26]. The gene for human angiopoietin-2 maps to
chromosome 8p23 and the mature protein contains 496
amino acid residues. After signal sequence processing and
maturation, Ang-2 becomes 478 amino acids long (from 19
to 496). In addition, several N-terminal truncated forms arise
due to alternative splicing, including Ang-2 443, expressed
by primary endothelial cells and tumor tissues [27, 28].

High serum Ang-2 values are found in patients with
inflammatory conditions as chronic HCV infection [29-31],
inflammatory bowel disease and sepsis [32, 33]. Also
production of Ang-2 has been implicated in tumor
development in human gastric and colon cancers [34],
human prostate carcinoma, and human breast cancers [35].
Ang-2 is overexpressed in HCC and associated with portal
infiltration, micro-vessel density, recurrence of HCC and
decreased survival [19, 29]. Recent studies reported high
serum Ang-2 values in patients with HCC suggesting that
Ang-2 might represent a useful marker for HCC and a
complementary diagnostic tool [36, 37].

2. Subjects and Methods

2.1. Subjects

The study included seventy two subjects; their ages ranged
40 - 69 years. Patients were attending the outpatient clinic of
Internal Medicine Department of Al-Zaharaa University
Hospital, Cairo, Egypt, from September 2013 till May 2014.
According to the results of abdominal ultrasound (US),
abdominal triphasic CT scan and laboratory investigation
including alpha fetoprotein, the patients were classified into
two groups as follows: Group I: included twenty two patients
HCC on top of chronic HCV induced cirrhosis. They were
(15 males and 7 females), their ages ranged between 45 and
69 years with a mean +SD (57.84£5.9 years). Group II:
included twenty five chronic hepatitis C virus (CHCV)
patients with liver cirrhosis and they were 16 males and 9
females and their ages ranged between 40 and 64 years old
with a mean £SD (54.746.2 years). Exclusion criteria: The
patients with known history of autoimmune diseases,
diabetes mellitus, hypertension, renal or cardiopulmonary
diseases, chronic inflammatory disease and a history of
cancer other than HCC and with metastatic HCC, as well as
patients with chronic liver disease other than chronic HCV
were excluded from this study. In addition to twenty five
healthy individuals with matched age and sex to the patients
were included into the study who served as a control group
(Group III), they were 18 males and 7 females their ages
ranged between 43 and 60 years with a mean +£SD (49.8+7.5
years). They were completely free (clinically, with normal
laboratory findings, negative viral hepatitis markers and

normal abdominal ultrasonographic findings). This study
was performed after obtaining informed consent from all
participating subjects enrolled in the study.

2.2. Methods

All patients and control were subjected to the following:
1- Full history taking and complete clinical examination with
stress on jaundice, hepatomegaly, ascites, splenomegaly,
lower limb oedema, and encephalopathy. 2- Abdominal
ultrasound, to assess the echo pattern and size of the liver and
the presence of ascites, the size of spleen or any other
abnormalities. 3- Triphasic computed tomography (CT) scan.
Laboratory investigation: Liver function tests in the form
of serum alanine aminotransferase (ALT), aspartate
aminotransferase (AST), alkaline phosphatase (ALP), total
bilirubin, complete blood picture, prothrombin concentration
(PT), ESR and hepatitis viral markers including HCV
antibody and HBV surface antigen.

Determination of HBV surface antigen (HBsAg) was
carried out by ELISA, one-step incubation, double antibody
sandwich principle and Anti-HCV employs solid phase,
indirect ELISA method for detection of antibodies to HCV
in two-step incubation procedure. Polystyrene microwell
strips are pre-coated with recombinant, highly
immunoreactive antigens corresponding to the core and the
non-structural regions of HCV (Third generation HCV
ELISA), and both kits were supplied from Wkea Med
Supplies Corp., Chenguang Gardon, Qianjin Street,
Changchun 130012 China.

Tumor markers: A 15 ml blood sample was drawn from
each subject immediately after diagnosis. Blood samples
were centrifuged at 2200 G/min for 10 minutes and serum
stored at —70°C until tested for AFP and Ang-2. Serum AFP
was measured using DRG® AFP ELISA Kit (Catalog
number: EIA-1468) by Kit supplied from DRG International
Inc., USA.

2.3. Detection of Human Angiopoietin-2 by ELISA
Method

Quantitative determination of human angiopoietin 2
(ANG-2) concentrations in serum by Human enzyme-linked
immunoassay Ang-2 (ELISA) kits (Biosource International,
USA), (Catalog number: MBS702275), according to the
manufacturer’s instructions, this assay employs the
quantitative sandwich enzyme immunoassay technique.
Antibody specific for ANG-2 has been pre-coated onto a
micro-plate. Standards and samples are pipetted into the
wells and any ANG-2 present is bound by the immobilized
antibody. Optical densities were measured at 450 nm using a
micro-plate reader set to 450 nm. The concentrations were
calculated from the standard curve generated by a four
parameter logistic (4-PL) curve-fitting programme.

2.4. Statistical Analysis

Data were collected, revised, coded and entered to the
statistical package for social science (SPSS) version 20. The
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quantitative data were presented as mean, standard
deviations and ranges. The comparison between the studied
groups were done by using One Way Analysis of Variance
(ANOVA) followed by post hoc analysis — least significant
difference (LSD) test. The receiver operating characteristic
curve (ROC) was used to assess the best cut off point with its
sensitivity, specificity and accuracy. The confidence interval
was set to 95% and the margin of error accepted was adjusted
to 5%. So, the p-value was considered insignificant at the
level of > 0.05, significant at the level of < 0.05 and highly
significant at the level of <0.01.

3. Results
This study included 47 Egyptian patients and 25 healthy

age and sex matched control subjects. Thirty six (77%) of
our patients were HCV-antibody +ve and none of them were
positive for HBsAg. The results obtained are presented in
tables (1-3) and figure (1). Detailed laboratory data of all
studied groups are shown in table (1).

This table shows laboratory data in all studied groups,
highly significant increase values of total leucocyte count,
hemoglobin, platelets and prothrombin concentration (PC) in
the control group when compared to both cirrhosis and HCC
groups. The mean value of ESR in the HCC group had highly
significant elevated levels when compared to both the
control and cirrhosis groups. Additionally, a highly
significant increase in AST, ALT, ALP, and total bilirubin
were detected in both patients group (cirrhosis and HCC
groups) compared to controls.

Table (1). Statistical comparison among all studied groups as regard laboratory parameters (Mean=SD)

Parameters HCC Cirrhosis Control One Way ANOVA

(n=22) (n=25) (n=25) F P-value

WBCs count (10%/1) 5902 + 1996 5135+ 1689.6 7177 £ 1790 13.958 <0.001
HB (g/dl) 11.0+2.8 8.83+£5.7 13.0£ 1.5 36.434 <0.001

Plts count (10°/1) 138.7+70.5 120.5 +56.8 301+ 99.9 60.342 <0.001
ESR (2"'hr) (mm) 69.9 402 38.5 4309 20.6+9.8 23.554 <0.001
Total bilirubin (up to 1mg/dl) 320+04 20+£0.9 0.95+0.07 9.144 <0.001
ALT (30-65 U/T) 49.2+£29.3 48.5+19.7 23.42+49 15.775 <0.001
AST (15-37 U/ 58.99+ 40.55 4598 +29.1 22.98+9.79 12.331 <0.001
ALP (61-171 U/) 200.0 = 89.2 150.3 £ 126.90 69.4+40.2 14.607 <0.001
PC (%) (80-100%) 59.8+20.3 50.9 £20.1 983+£5.5 68.427 <0.001

Post Hoc Analysis: LSD test (P-value)

Parameters HCC vs Cirrhosis HCC vs Control Cirrhosis vs Control
WBCs count (10*/1) 0.149 0.002 <0.001
HB (g/dl) 0.009 <0.001 <0.001
Plts count (10°/1) 0.254 <0.001 <0.001
ESR (2"hr) (mm) 0.003 <0.001 <0.001
Total bilirubin (up to 1mg/dl) 0.836 <0.001 <0.001
ALT (30-65 U/1) 0.162 <0.001 <0.001
AST (15-37 UN) 0.271 <0.001 <0.001
ALP (61-171 U/l 0.127 <0.001 0.001
PC (80-100%) 0.092 <0.001 <0.001

Table (2). Statistical comparison between all studied groups as regard serum Ang-2 and AFP levels (Mean + SD)

Parameters HCC Cirrhosis Control One Way ANOVA
(n=22) (n=25) (n=25) F P-value
AFP ng/ml 172.40+269.28 32.5+40.6 7.99+3.54 8.634 <0.001
Ang-2 pg/ml 11142.5+6222.8 6230.3+3053.4 546.8+199.5 63.831 <0.001
Post Hoc Analysis: LSD test (P-value)
Parameters HCC vs Cirrhosis HCC vs Control Cirrhosis vs Control
AFP ng/ml <0.001 <0.001 <0.001
Ang-2 pg/ml <0.001 <0.001 <0.001
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Table (3). Validity of AFP and Ang-2 levels in diagnosis of HCC

Tumor Markers AUC Sensitivity % Specificity % PPV% NPV% Accuracy% Cut off
AFP ng/ml 78.2 84.00 72.00 67.5 81.5 75% 58.9
Ang — 2 pg/ml 92 96.00 76.00 80.0 95.0 90% 5360
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Figure (1). ROC curve for AFP versus Ang — 2 in diagnosis of HCC

Regarding the results of mean serum levels of AFP in the
studied groups it showed that HCC group had the highest
level compared to other groups with statistically significant
difference (p value<0.001) between HCC versus other
groups. As regard the results of the levels of serum Ang-2
between the studied groups it showed that HCC group had
the highest mean levels of serum Ang-2 compared to other
groups (p value<0.001), also significant difference between
HCC versus control and cirrhotic groups (p value<0.001)
(Table 2).

In the present study, there was no significant correlation
between laboratory tests TLC (r = 0.99; p = 0.229), Hb (r =
-0.138; p = 0.450), Plts (r = -0.267; p = 0.153) ESR (r =
0.198; p = 0.296), total bilirubin (r = 0.360; p = 0.049),
ALT(r =-0.199; p = 0.282), AST(r =-0.030; p=0.878) and
ALP(r = 0.220; p=0.255), while indirect correlation between
serum Ang-2 and PC in the cirrhosis group (r=-0.499;
p=0.001). There was no statistically significant correlation
between serum Ang-2 and serum AFP in both cirrhosis
(r=-0.231; p=0.241) and HCC(r=-0.169; p=0.359) groups.

Currently, the diagnostic accuracy of AFP and Ang-2 in
detection of HCC was shown in receiver operator
characteristic (ROC) curve analyses for two markers (Table
3 and Figure 1). Area under the curve for HCC diagnosis was
78.2 with sensitivity 84%, specificity 72%, positive
predictive value (PPV) 67.5%, and negative predictive
values (NPV) 81.5%, at cut off point 58.9 and accuracy 75%
in analysis of AFP. Regarding the diagnostic accuracy of
Ang-2 analysis, area under the curve (AUC) was 92. At a cut

off value 5360 pg/ml, serum Ang-2 showed 96% sensitivity,
76% specificity, 80% PPV, 95% NPV with accuracy 90%.

4. Discussion

HCC is a common problem worldwide which ranks the
Sth and 7th most common cancer among men and women
respectively [38, 39]. The main aim of this study is to study
the role of serum Ang-2 levels in HCC Egyptian patients, to
compare all groups with each other and with the normal
controls and to verify the possibility of using serum Ang-2
levels as a potential biomarker in diagnosis of HCC. In the
current study, thirty six patients (77%) were selected to have
anti-HCV sero-positivity due to its high prevalence rate in
our country and this was in agreement with Nair et al. [40]
who found that 80% of HCC patients were HCV positive. A
total of 53% of our patients were cirrhotic and this was the
major clinical risk factor for HCC development, this was in
agreement with Blum et al. [41] who reported that 90% of
patients developed HCC on top of cirrhosis.

Concerning laboratory parameters in this study, most of
the patients with cirrhosis and HCC had significantly lower
hemoglobin levels and platelet counts (p<0.001) in
comparison to the healthy control group. Also, serum
hemoglobin was lowest in patients with liver cirrhosis and
HCC and highest in the control group which was statistically
highly significant (p<0.001). This difference could be
explained by acute and chronic gastrointestinal blood loss,
folate deficiency, hypersplenism, bone marrow suppression
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and the anemia of chronic disease. This is in agreement with
Sakisaka et al. [42] who stated that although raised serum
erythropiotin (EPO) levels may be present in up to 23 % of
patients with HCC, elevations in hemoglobin concentration
or packed cell volume are uncommon, and most patients are
anemic at diagnosis because of other effects of the tumor.

The total leucocyte count and platelet count were
significantly lower in all groups compared with the control
group (p<0.001) which agreed with Pratt and Kaplan [43]
who explained that leucopenia observed with liver cirrhosis
is due to hypersplenism with splenic margination while
thrombocytopenia is mainly caused by portal hypertension
with attendant congestive splenomegaly. An enlarged spleen
can result in temporary sequestration of up to 90% of the
circulating platelet mass. Decreased thrombopoietin levels
may also contribute to thrombocytopenia.

In the present study we found that prothrombin
concentration was statistically highly significantly low in
patients with liver cirrhosis and HCC (p<0.001) compared to
controls. This could be explained by decreased synthesis of
coagulation factors by the diseased liver. This agreed with
what was reported by Tripod et al. [44] who observed poor
utilization of vitamin k in advanced parenchymal liver
disease.

Additionally, a highly significant increase in AST, ALT,
ALP, and total bilirubin were detected in cirrhosis and HCC
groups compared to the control group. These tests were
significantly worse in both patients group when compared to
controls and this result comes in accordance with previous
work by Sherlock and Dooley [45] who stated that, the liver
function tests usually indicate the type and severity of liver
injury. This study revealed no statistical significant
difference in AST, ALT, ALP, and total bilirubin between
both HCC and cirrhosis groups. Also, our results come in
agreement with previous study by Kew [46] who declared
that the conventional tests of hepatic function do not
distinguish HCC from other hepatic masses or from cirrhosis,
and so they contribute little to the diagnosis of the tumor.
This is also in agreement with Sugiyama et al. [47] who
found that liver function tests were significantly elevated in
HCC patients (p<0.001) when compared to chronic liver
disease (CLD) patients. In agreement with our findings,
HCC group had the highest values for various concurrently
measured liver function tests significant higher values of
AST/ALT, ALT, AST (each, p<0.001) than cirrhotic patients.
Also, this is in agreement with Abdel-Rahman et al. [13] who
stated that liver function tests were significantly elevated
(p<0.001) in patients with HCC when compared to CLD.

The current study showed that the results of mean serum
levels of AFP in all studied groups it showed that HCC group
had the highest level compared to other groups with
statistically significant difference (p value<0.001) between
HCC versus other groups, a finding that came in agreement
with previous studies of many authors Mittal et al. [48] and
Guan et al. [49]. Also comparable to Gad et al. [5S0] found a
significantly higher sensitivity of AFP in Egyptian patients
in comparison with Japanese patients for HCC diagnosis

(99% versus 67% P < 0.001). Similarly, Hussein et al. [51]
showed a significant difference in AFP levels between
patients with HCC (1040.29 + 2315 ng/ml), chronic liver
disease (8.47 = 20.035 ng/ml) and controls (2.207 + 1.44
ng/ml) (p < 0.05). AFP was higher in HCC patients when
compared to patients with chronic liver disease with
significant difference (p<0.05). This was disagreement with
Abdel-Rahman et al. [13] who stated that AFP levels are
frequently normal in patients with small HCC and are not
elevated in a significant portion in patients with early stage,
potentially curable HCC. Also, in contrary with the study
done by Huo et al. [14], who concluded that the serum AFP
level was a weak diagnostic predictor in HCC patients.

By studying Ang-2 levels in different groups, the serum
Ang-2 had the highest mean levels in HCC group compared to
other groups (p<0.001), also significant difference between
HCC versus control and cirrhotic groups (p<0.001).This data
comes in consistent with previous work by Badran et al. [29]
who reported angiopoietin-2 serum levels were elevated in
patients with liver cirrhosis and HCC patients compared to
healthy controls (1671.6+284.2 vs1416.6£502.7 and
194.97476.9 ug/ml P < 0.0001). Highest Levels were
detected in HCC patients compared to cirrhosis patients
(P < 0.0003). Additionally, Diaz-Sanchez et al. [36] who
concluded that the Ang-2 seems to play an important role in
the angiogenic processes of HCC and its serum levels are
associated with tumor characteristics and invasive behavior.
Another study done by Scholz et al. [52] who found a
statistically highly significant elevation of Ang-2 serum
levels in HCC patients when compared to cirrhotic patients
and also reported that Ang-2 mRNA was expressed in most
of HCC cryopreserved biopsies using in situ hybridization in
addition to also agree with a previous work done by Hunter
et al. [53] who reported a statistically highly significant
elevation (p<0.001) in the mean serum Ang-2 in HCC group
(10855 + 5321.92 pg/ml) when compared with both the
control (480.67 + 202.3 pg/ml) and cirrhosis (5578.33 =
2928.21 pg/ml) groups.

In the current study, the results revealed that there was a
statistically highly significant elevation (p<0.001) in the
mean serum Ang-2 in cirrhosis group when compared to
control group. These results are consistent with Scholz et al.
[52] who reported a statistically highly significant elevation
of Ang-2 serum levels in cirrhotic patients when compared to
control subjects. Ang-2 is released in inflammatory
conditions such as chronic HCV infection. In situ
hybridization data had shown that Ang-2 mRNA expression
was absent from hepatocytes of cirrhotic livers. Apart from
endothelial cells of blood vessels, Ang-2 positive cells were
found also within the connective tissue strands spanning
between the portal tracts. Ang-2 expressing cells may
include endothelial cells as suggested by their typical cellular
morphology, as well as inflammatory and mesenchymal cells.
These data may argue against inflammation as the sole
reason for elevated Ang-2 levels in serum of cirrhotic
patients and emerge the fibrosis process as an extra
explanation.
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Concerning the correlation between laboratory data and
serum Ang-2 levels, this study revealed that there was no
significant correlation between all of the previous parameters
and serum Ang-2 levels, among both cirrhosis and HCC
groups, with the exception of indirect significant correlation
between prothrombin concentration and serum Ang-2 in the
cirrhosis group. Also, there was no correlation between
serum Ang-2 and serum AFP in patients of both the cirrhosis
and HCC groups in our study. This was in agreement with
Scholz et al. [52] who reported no correlation between both
markers in patients with HCC and in patients with cirrhosis.

Further analysis of the data using ROC curve analysis and
the corresponding area under the curve were attempted for
the studied markers to investigate their diagnostic accuracy
of HCC group demonstrating cut off values with their
specificity, sensitivity, PPV and NPV. Serum levels of AFP
had a sensitivity of 84% and specificity of 72% at cut off
value 58.9 ng/ml, PPV 67.5%, NPV 81.5% and accuracy
75% between HCC and other groups. This result suggested
that diagnostic accuracy of AFP in the diagnosis of HCC was
poor as AUC was 78.2. These results were comparable to
those of Gad et al. [50] showed cut off value for AFP similar
to the present study, where they reported sensitivity of 86%
and specificity of 78% at a cut off value of 10ng/ml for
selective detection of HCC group over non HCC group. Also
a study done by Hussein et al. [51] on an Egyptian
population detected 89.8% sensitivity and 93.3% specificity
for AFP at a cut off value of 7.7ng/ml. Our findings also are
supported by Hernandez et al. [54] constructed a ROC curve
for AFP to diagnose HCC. The area under the curve was
0.846. They used a diagnostic threshold of 19.07ng/mL, at
which sensitivity was 68.2%, specificity was 90%, PPV was
45.45% and NPV was 96.8%.

ROC curve analysis was done in this study for serum
Ang-2 to in HCC. It showed that Ang-2 sensitivity and
specificity for diagnosis of HCC were 96% and 76% at a best
cut off value 5360 pg/ml with area under the curve (AUC)=
92. The PPV and PNV were 80% and 95% respectively. The
diagnostic accuracy of serum Ang-2 was 90%. So this lead to
that best use or validity of Ang-2 was in diagnosis of HCC
with high validity and overall accuracy. These results are
consistent with Hunter et al. [53] who found that the cutoff
level of Ang-2 for diagnosis of HCC was 8100 pg/ml, with a
sensitivity and specificity of 70% and 80% respectively.
Serum Ang-2 was significantly elevated in HCC patients
with portal vein thrombosis than those without. There was a
significant positive correlation between the number of
hepatic focal lesions and the serum level of Ang-2 and
concluded that the combined use of the two markers (AFP
and Ang-2) led to an increase in the sensitivity of AFP from
53.3% to 83.3%. And also concluded that the serum Ang-2 is
elevated in patients with cirrhosis and further elevated in
patients with HCC, so its use as an independent tumor
marker in the diagnosis of HCC is to be considered and the
detection rates could increase when using both markers. On
the other hand, our findings were in contrary with Badran
et al. [29] who reported that serum angiopoetin levels was

not different among HCC cases who had AFP>200 ng/ml
and those who had lower AFP levels (1279.12+476.6
vs1493.984+507.7) P=0.059. So from our results and that of
others we found that the serum angiopoietin-2 levels can be
used in selective detection and a good diagnostic biomarker
for HCC and it is relatively comparative to AFP and it is
superior to it in diagnosis of HCC patients.

5. Conclusions

Conclusively, serum Ang-2 levels were elevated in HCC
patients than patients with liver cirrhosis and then normal
controls. Also Ang-2 is relatively comparative to AFP in
detection of HCC among high risk groups and superior to
AFP. No significant correlation was found between the two
markers in HCC and in the cirrhosis groups. Also it was
found that when considering a cutoff level of AFP at 58.9
ng/dl with a sensitivity of 84% and a specificity of 72%. The
cutoff value of Ang-2 for diagnosis of HCC in this study was
5360 pg/ml, with a sensitivity and specificity of 96% and
76% respectively. These results suggest that Ang-2 was a
potential diagnostic tumor marker for HCC, especially
among high-risk group of patients. This value extends
beyond the traditional tumor biomarkers as AFP, as it
possess good prognostic value. Although, AFP has to be
considered ‘the golden standard’ for HCC serum markers for
years, in the view of our data and that of others; the
usefulness of AFP testing for the population at risk should be
seriously questioned. Ang-2 levels appear to be an additional
tumor biomarker for HCC detection especially among high
risk group of patients.

Our study have a limitation that we assessed the levels of
AFP and the level of Ang-2 in a limited number of patients
and should be higher than the number included in our study.
Another important issue that limits the potential utility of
Ang-2 levels as a specific biomarker for cancer is that Ang-2
level is also increased in a range of inflammatory syndromes.
A screening program for early detection of HCC is
recommended to all patients with liver cirrhosis by the use of
tumor-markers and ultrasonography. Triphasic CT scan
and/or liver biopsy may be needed to confirm the diagnosis.
Therefore, further careful evaluation with one standardized
assay system will be needed to gain greater insight into the
potential usefulness of Ang-2 in patients with.

REFERENCES

[1] Robert YS, Nancy M, Katsuhiro H, Donald H, Victor DG,
Christina AR, Hirohito T and Sherri OS (2012): Host
immune status and incidence of hepatocellular carcinoma
among subjects infected with hepatitis C virus: A nested
case-control study in Japan. Gut; 48:605.

[2] Bertino G, Demma S, Bertino N and Ardiri A (2014):
Management of hepatocellular carcinoma: an update at the
start of 2014. J Gastroint Dig System; 4: 178.



[11]

[12]

[15]

[17]

Research In Cancer and Tumor 2015, 4(1): 7-14 13

Morcos NY, Ekram ZI, Mohamed SM, Mamdouh MA and
Abdel-Halim AH (2012): Evaluation of biomarkers for the
detection of hepatocellular carcinoma in patients with
hepatitis C virus. Journal of Experimental and Integrative
Medicine; 2(4):321-329.

Hafez S, El Sebai A, Abd-AL Aziz M, Abdel-Baky M, El
Maraghy MO, Khalifa MO and Musa NI (2013):
Alfa-fetoprotein L3 subfraction and osteopontin: Novel
markers for the diagnosis of hepatocellular carcinoma.
Journal of American Science; 9(3).

Della C and Colombo M (2012): Surveillance for
hepatocellular carcinoma. Semin Oncology; 39: 384-398.

Hsu CY, Lee YH, Hsia CY, Su CW and Lin HC (2013):
Performance status in patients with hepatocellular carcinoma:
determinants, prognostic impact, and ability to improve the
Barcelona. Hepatology; 57(1):112-9.

Finn RS (2013): Overview and description of hepatocellular
carcinoma. Clin Adv Hematol Oncology; 5: 4-7.

Lok AS, Sterling RK, Everhart JE, Wright EC, Hoefs JC and
Di Bisceglie AM (2010): Des-gamma-carboxy prothrombin
and alpha-fetoprotein as biomarkers for early detection of
hepatocellular carcinoma. Gastroenterology; 138(2):493-502.

Bertino G, Ardiri A, Malaguarnera M, Malaguarnera G and
Bertino N (2012): Hepatocellualar carcinoma serum markers.
Semin Oncology; 39: 410-433.

John DC, Novak P, April DL, Nelly A, Donald R, Paul LS,
Michael DR, Bernard WF, Lehman-McKeeman LD and
Nathan JC (2014): Characterization of hepatocellular

carcinoma related genes and metabolites in human
nonalcoholic fatty liver disease. Dig Dis Science;
59:365-374.

Lin CL and Kao JH (2013): Risk stratification for hepatitis B
virus related hepatocellular carcinoma. J Gastroenterol
Hepatology; 28: 10-17.

Baffy G, Brunt EM and Caldwell SH (2013): Hepatocellular
carcinoma in nonalcoholic fatty liver disease: an emerging
menace. J Hepatology; 56:1384—1391.

Abdel-Rahman NZ, Alam El-Din HM, Bahnassy AA, Zayed
NA, Waleed SM, El-Masry SH, Gouda SK and Esmat G
(2010): Serum levels of soluble Fas, soluble tumor necrosis
factor-receptor II, interleukin-2 receptor and interleukin-8 as
early predictors of hepatocellular carcinoma in Egyptian
patients with hepatitis C virus genotype-4, Comparative
Hepatology; 9:1.

Huo TI, Wu JC and Lin HC (2004): Determination of the
optimal model for end-stage liver disease score in patients
with  small  hepatocellular  carcinoma  undergoing
loco-regional therapy. Liver Transpl., 10(12):1507-13.

Santambrogio R, Salceda J, Costa M, Kluger MD, Barabino
M and Laurent A (2013): External validation of a simplified
BCLC staging system for early hepatocellular carcinoma. Eur
J Surg Oncology; 39(8):850-7.

Nault J C, Guyot E and Laguillier C (2013): Serum
Proteoglycans as Prognostic Biomarkers of Hepatocellular
Carcinoma in Patients with Alcoholic Cirrhosis. Cancer
Epidemiol Biomarkers Prev., 22: 1343-52.

Leow CC, Coffman K, Inigo I, Breen S, Czapiga M and

(18]

(21]

(23]

(24]

(23]

[26]

[30]

[31]

Soukharev S (2012): MEDI3617, a human anti-angiopoietin 2
monoclonal antibody, inhibits angiogenesis and tumor growth
in human tumor xenograft models. Int J Oncology;
40:1321-30.

Linares PM, Chaparro M and Gisbert JP (2013):
Angiopoietins in inflammation and their implication in the
development of inflammatory bowel disease: a review.
Journal of Crohn’s and Colitis; vol. 8, no. 3, pp. 183—190.

Zhu AX, Duda DG, Sahani DV and Jain RK (2013): HCC and
angiogenesis: possible targets and future directions. Nat Rev
Clinical Oncology; 8:292-301.

Matsubara T, Kanto T and Kuroda S (2013): TIE2-expressing
monocytes as a diagnostic marker for hepatocellular
carcinoma correlate with angiogenesis. Hepatology;
57(4):1416-1425.

Sharma BK, Srinivasan R and Kapil S (2013): Serum levels
of angiogenic and anti-angiogenic factors: their prognostic
relevance in locally advanced hepatocellular carcinoma. Mol
Cell Biochem., 383(1-2): 103-112.

Sanz-Cameno P, Trapero-Marugan M, Chaparro M, Jones EA
and Moreno-Otero R (2010): Angiogenesis: From chronic
liver inflammation to hepatocellular carcinoma. J Oncology;
272170.

Cascone T and Heymach JV (2012): Targeting the
angiopoietin/Tie2 pathway: cutting tumor vessels with a
double-edged sword? J Clin Oncology; 30(4):441-444.

Gerald D, Chintharlapalli S, Augustin HG and Benjamin LE
(2013): Angiopoietin-2: an attractive target for improved
antiangiogenic ~ tumor  therapy.  Cancer  Research;
73(6):1649-1657.

Chen HH, Weng BQ, Cheng KJ, Liu HY, Wang SQ and Lu
YY (2014): Effect of the vascular endothelial growth factor
expression level on angiopoietin-2-mediated nasopharyngeal
carcinoma growth. Vasc Cell; 6: 4.

Sallinen H, Tommi H, Koponen J, Veli-Matti K, Heinonen S,
Yli-Herttuala S and Maarit AS (2014): Serum angiopoietin-2
and soluble VEGFR-2 levels predict malignancy of ovarian
neoplasm and poor prognosis in epithelial ovarian cancer.
BMC Cancer; 14:696.

Sarah Y and Robert R (2010): Regulation of endothelial
barrier function. Integrated system physiology: From
molecule into function. ISBN: 978-1-61504-120-6.

Fagiani E1 and Christofori G (2013): Angiopoietins in
angiogenesis. Cancer Lett., 1;328(1):18-26.

Badran HM, Elshenawy NA, Elsaiid MH, Rewisha EA (2009):
Serum angiopoietin-2 in Egyptian patients with HCV induced
liver cirrhosis and hepatocellular carcinoma. Gut; 58 (Suppl II)
A492.

Herna'ndez-Bartolome” A’, Lo" pez-Rodri'guez R,
Rodri’guez-Mun“oz Y, Marti'n-Vi'lchez S and Borque MJ
(2013): Angiopoietin-2 serum levels improve noninvasive
fibrosis staging in chronic hepatitis c: a fibrogenic-angiogenic
link. PLOS One; 8(6): €66143.

Abd-El-Moety HA, Magour GH, Maharem DA and Hussein
AM (2011): Evaluation of serum angiopoietin-II in HCV
related glomerulonephritis. Alexandria Journal of Medicine;
47,97-103.



14

(33]

[34]

[36]

[39]

[40]

[43]

Eman M. 1. Youssef et al.:

The Potential Role of Angiopoietin-2 as a

Diagnostic Tumor Marker for Hepatocellular Carcinoma

Davis JS, Yeo TW and Piera KA (2010): Angiopoietin-2 is
increased in sepsis and inversely associated with nitric
oxidedependent microvascular reactivity. Critical Care; vol.
14, no. 3, article R89.

David S, Mukherjee A and Ghosh CC (2012): Angiopoietin-2
may contribute to multiple organ dysfunction and death in
sepsis. Critical Care Medicine; vol. 40, no. 11, pp.
3034-3041.

Engin H, Ustundag Y, Tekin 10, Gokmen A, Ertop $ and
flikhan SU (2012): Plasma concentrations of angiopoietin-1,
angiopoietin-2 and Tie-2 in colon cancer. Eur Cytokine Netw.,
23: 68-71.

Ping L, Quanyong H, Chenqun L and Liyuan Q (2015):
Diagnostic and prognostic potential of serum angiopoietin-2
expression in human breast cancer. Int J Clin Exp Pathology;
8(1):660-664.

Diaz-Sanchez A, Matilla A, Nuiiez O, Raquel L, Alejandro F,
Rincén D, Rocio C, Bafiares R, and Gerardo C (2013): Serum
angiopoietin-2 level as a predictor of tumor invasiveness in
patients with hepatocellular carcinoma. Scand J Gastroenterol;
Vol. 48, No. 3, Pages 334-343.

Kelley RK, Siu LL and Van Loon K (2014): Phase 1
first-in-human (FIH) study of nesvacumab (REGNO910) a
fully human and selective angiopoietin-2 (Ang2) monoclonal
antibody (MADb): Results from hepatocellular carcinoma
(HCC) cohort. J Clin Oncology; 32(Suppl; abstr 2540):5s.

Globocan 2008, International agency for Research on cancer
—WHO: Cancer incidence, mortality and prevelance
worldwide in 2008. GLOBOCAN 2008 (IARC), Section of
Cancer Information.

Zhao YJ, Ju Q and Li GC (2013): Tumor markers for
hepatocellular carcinoma. Mol Clin Oncology;1, 593-8.

Nair S, Shiv Kumar K and Thuluvath PJ (2002): Mortality
from hepatocellular and Dbiliary cancers: changing
epidemiological trends. Am J Gastroenterology; 97(1):
167-171.

Blum HE (2002): Molecular targets for prevention of
hepatocellular carcinoma. Dig Dis.,20(1):81-90.

Sakisaka S, Watanabe M, Tateishi H, Harada M, Shakado S,
Mimura Y, Gondo K, Yoshitake M, Noguchi K and Hino T
(1993):  Erythropoietin  production in hepatocellular
carcinoma  cells  associated  with  polycythemia:
immunohistochemical evidence. Hepatology; 18(6):1357-62.

Pratt D and Kaplan M (1999): Evaluation of the Liver A:
Laboratory Tests. In: Schiff's Diseases of the Liver, Eighth

[44]

(48]

[49]

[51]

Edition (Eds), Lippincott Williams Wilkens, Philadelphia.
p.205.

Tripodi A, Salerno F, Chantarangkul V, Clerici M,
Cazzaniga M and Primignani M (2005): Evidence of normal
thrombin generation in cirrhosis despite abnormal
conventional coagulation tests. Hepatology; 41(3):553-8.

Shrelock S and Dooley J (2002): Malignant liver tumors. In
Disease of the liver and biliary system (11" edition),
Published by Blackwell Company, London. Chapter 31; P
537- 563.

Kew MC (2002): Hepatic tumors and cysts. Gastrointestinal
and liver disease (6th edition), Philadelphia: W.B. Saunders;
P 2007-2020.

Sugiyama M, Kanno T, Ohkubo A, Muto Y, Murata K and
Ueno Y (1992): The clinical usefulness of the molar ratio of
branched-chain amino acids to tyrosine (BTR) in
discriminating stage of chronic liver diseases. Rinsho Byori.,
40:673-678.

Mittal A, Sathian B and Chandrashekharan N: (2008):
Diagnostic significance of alpha fetoprotein in carcinomas of
liver and biliary tract - a comparative study from western
region of nepal. Asian Pac J Cancer Prev.,12, 3475-8.

Guan C-N, Chen X-M and Lou H-Q (2012): Clinical
significance of axin and B-catenin protein expression in
primary hepatocellular carcinomas. Asian Pac J Cancer Prev.,
13, 677-81.

Gad A, Tanaka E, Matsumoto A, Serwah A, Attia F and
Hassan A (2005): Ethnicity affects the diagnostic validity of
alpha-fetoprotein in hepatocellular carcinoma. Asia-Pacific
Journal of Clinical Oncology; 1: 64-70.

Hussein MM, Ibrahim AA, Abdella HM, Montasser IF and
Hassan MI (2008): Evaluation of serum squamous cell
carcinoma antigen as a novel biomarker for diagnosis of
hepatocellular carcinoma in Egyptian patients. Indian Journal
of Cancer; 45 (4): 167-172.

Scholz A, Rehm VA and Rieke S (2007): Angiopoietin-2
serum levels are elevated in patients with liver cirrhosis and
HCC. Am J Gastroenterology; 102 (11):2471-81.

Hunter S, Hassab-Allaah MS, El-Ansary MA and El
Shanawani MH (2010): Significance of Angiopoietin-2 as a
Serum Marker for Hepatocellular Carcinoma. Journal of
American Science; 66:1114-1123.

Hernandez JC, Samada M, Roque A, Cruz Y, Howland I and
Fernandez I (2011): Diagnostic value of alpha-fetoprotein for
hepatocellular carcinoma Biotecnologia Aplicada; 28: 34-39.



	1. Introduction
	2. Subjects and Methods
	3. Results
	4. Discussion
	5. Conclusions

