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Background and aims: Several angiogenic factors are involved in the development and
progression of hepatocellular carcinoma (HCC), a hypervascular tumor. Vascular endothelial
growth factor (VEGF) is a primary driving force for angiogenesis, and its overexpression has
been reported in HCC. However, the significance of plasma and tissue VEGF levels in HCC in
Egyptian patients with chronic hepatitis C (CHC) infection is understudied. The aim of this study
was to evaluate the role of VEGF (measured in plasma and liver tissue) in patients with hepatitis C
virus-related HCC and to assess its significance in the diagnosis and prognosis of HCC.
Materials and methods: A total of 90 subjects were studied. Among 90 subjects, 60 with
CHC were examined and were subdivided into two groups: 30 patients with CHC-related HCC
(HCC group) and 30 patients with CHC without HCC (non-HCC group). Thirty apparently
healthy subjects served as the control group. VEGF was estimated in plasma by enzyme-linked
immunosorbent assay and its expression in liver tissue was evaluated by real-time polymerase
chain reaction. VEGF expression level and its relationship to tumor parameters, patients’ liver
function profile, and patients’ clinical parameters were also investigated.

Results: Plasma VEGF levels in the HCC group were significantly higher than those of the non-HCC
group, and both groups had significantly higher plasma VEGF levels than did the control group.
Liver tissue VEGF expression was significantly higher in the HCC group than in the non-HCC group
and positively correlated with plasma VEGF in the HCC group. The plasma VEGF levels were
positively correlated with patients’ age, aspartate aminotransferase levels, serum alpha-fetoprotein
levels, the presence of portal vein thrombosis, and the number of hepatic focal lesions in the HCC
group. However, plasma VEGF levels were not significantly correlated with the Child-Pugh score,
alanine aminotransferase levels, the size of focal lesions, and Okuda stage. Using both the VEGF
and alpha-fetoprotein levels to detect HCC maximizes the sensitivity and specificity.
Conclusion: Plasma levels of VEGF may be a useful diagnostic and prognostic marker for
HCC in patients who have been diagnosed with CHC.
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Introduction
Hepatocellular carcinoma (HCC) is the fifth most common neoplasm in men, seventh
in women, and third highest cause of cancer-related deaths worldwide,' with 6 million
new cases diagnosed annually and approximately 600,000 deaths every year.!> HCC
is multifactorial in etiology and complex in the pathogenesis® and usually develops in
patients diagnosed with liver cirrhosis.*

Egypt has the highest hepatitis C virus (HCV) prevalence worldwide, and chronic
hepatitis C (CHC) is a major risk factor for the development of HCC,’> which is the
second most common malignant tumor in both sexes.®
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Angiogenesis is believed to play a major role in the
development and progression of HCC, a hypervascular
tumor.”® Angiogenesis is a very complicated process
regulated by many angiogenic factors, including vascular
endothelial growth factor (VEGF).” VEGF is one of the most
important angiogenesis regulators and has been suggested as
a useful biological marker of tumor invasiveness and prog-
nosis in HCC.!"*!"' VEGF is the most potent angiogenic factor
that promotes endothelial proliferation and increases vascular
permeability by binding to specific receptors in endothe-
lial cells.'? Because the majority of HCC cases develop in
cirrhotic livers, HCC surveillance with alpha-fetoprotein
(AFP) and ultrasonography (US) has been recommended for
persons with cirrhosis; however, the AFP level is insensitive
for early diagnosis of the disease.!* As early detection of HCC
is essential' new serologic markers with sufficient sensitivity
and specificity are needed.

The aim of this study was to evaluate the role of VEGF
(measured in plasma and liver tissue) in patients with HCV-
related HCC and to assess its significance in the diagnosis
and prognosis of HCC.

To our knowledge, this is the first study testing VEGF in
both plasma and liver tissue in Egyptian patients with HCV
where the prevalent genotype is genotype 4.

Methods

Patients
This study included 90 Egyptian participants and was con-
ducted at the Department of Hepatology, Gastroenterology,
and Infectious Diseases at Benha University Hospital, Egypt,
from November 2011 to December 2013. The study was
approved by the ethical committee of Benha Faculty of Medi-
cine. The patients provided written informed consent.
Sixty patients with CHC were subdivided into two
groups: 30 patients with HCV-related HCC (HCC group)
and 30 patients who had CHC but not HCC (non-HCC
group). The HCC group was subdivided into HCCI,
which included 15 patients with a compensated liver pro-
file (Child-Pugh class A),"”” and HCC2, which included
15 patients with HCC and decompensated cirrhosis (Child-
Pugh class B and C). The non-HCC group was subdivided
into non-HCC1, which included 15 patients with CHC (meta-
analysis of histological data in viral hepatitis [METAVIR]
F <4)!¢ and non-HCC2, which included 15 patients with
(Child—Pugh class B and C) post-HCV cirrhosis. The control
group included 30 apparently healthy subjects with matching
age and sex to the study groups. The control group showed
anormal liver profile and tested negative for hepatitis B and
C viral markers.

Patients who refused to give consent and, also, patients
with chronic liver disease of causes other than chronic HCV
infection (including coinfection with hepatitis B virus) were
excluded.

The 60 patients gave a full and detailed medical history
and underwent a complete clinical examination, routine labo-
ratory tests with emphasis on liver and kidney profiles, viral B
and C markers, abdominal US and Doppler US and triphasic
computed tomography (CT), plasma VEGF levels, in addition
to US-guided liver biopsy for HCC1 and non-HCC1 groups.
The 30 controls were subjected to clinical, routine laboratory
tests, viral B and C markers and plasma VEGFE.

HCC was diagnosed using clinical criteria and the find-
ings obtained by B-mode US and CT.

Biochemical studies

Blood samples were collected from all 90 participants in
the morning in plasma separator tubes and were centrifuged
at 3,000x g for 15 minutes followed by plasma separation;
plasma was then stored at —80°C. At the time of analysis, all
reagents and samples were allowed to reach room tempera-
ture, and all samples, standards, and controls were assayed.
An investigator blinded to the clinical data quantitatively
measured plasma VEGF concentrations using an enzyme-
linked immunosorbent assay kit (Quantikine Human VEGF
Immunoassay; R&D Systems, Inc., Minneapolis, MN, USA),
according to the manufacturer’s instructions. US-guided liver
biopsy was performed in the Department of Hepatology, Gas-
troenterology, and Infectious Diseases at Benha University
Hospital. Physicians used a tru-cut needle (16-gauge) for
patients who had no contraindications or expected risks for
this procedure. Liver biopsies were taken from the hepatic
focal lesion before tumor ablation in all patients in the HCC1
group and from liver tissue in all patients in the non-HCC1
group. Liver tissue samples were stored at —80°C until real-
time quantitative reverse transcription polymerase chain
reaction (PCR) was performed to measure the VEGF levels
via liver expression of VEGF-165 mRNA.

Detection of VEGF gene expression
by real-time PCR

Extraction of RNA from liver biopsy

Total RNA was extracted from liver tissue biopsy using
SV Total RNA Isolation system (Promega Corporation,
Fitchburg, WI, USA). The yield of total RNA obtained was
determined spectrophotometrically at 260 nm. The extracted
RNA was reverse transcribed into cDNA using Real-time
Polymerase Chain Reaction (RT-PCR) kit (Stratagene,
La Jolla, CA, USA).
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The VEGF gene-specific forward and reverse primer pair was
normalized. Each primer (forward and reverse) concentration
in the mixture was 5 pmol/uL. The forward VEGF primer
was: 5-ATGAACTTTCTGCTGTCTTGG-3’. The reverse
VEGF primer was: 5-TCACCGCCTCGGCTTGTCACA-3".
PCR conditions were as follows: at 92°C for 2 minutes. 55°C
for 30 seconds, 72°C for 30 seconds (30 cycles), 92°C for
2 minutes, 55°C for 30 seconds, and 72°C for 5 minutes. The
instrument used was ABI Prism 7900HT Fast Real Time PCR
system (Applied Biosystems, Foster City, CA, USA). At the
end of a quantitative PCR run, the relative quantification was
used to assess the results.

Statistical analysis

Statistical analysis was performed using the Statistical Package
for the Social Sciences (SPSS version 11.0; SPSS, Chicago,
IL, USA). Quantitative variables were summarized using
means and standard deviation (SD). Qualitative data were
summarized using frequencies and percentage. Unpaired
Student’s #-tests (two-sided) were used to test the significance
of difference between the mean value of the two studied
groups, and the chi-square test was used to compare categorical
variables. Pearson’s correlation test was used when indicated.
P-values =0.05 were considered statistically significant.

Results

Plasma VEGF levels were significantly higher in the HCC
group (488.46+139.07 pg/mL) than in the non-HCC group
(197.93+£50.37 pg/mL), and both groups had significantly
higher plasma VEGF levels compared to the control group
(134.13+£51.94 pg/mL) (P=0.001). Liver tissue VEGF lev-
els were significantly higher in the HCC group (1.9240.6)
as compared to the non-HCC group (0.62%0.28) (Table 1).
This number represents the results normalized in relation to
those of the housekeeping gene (beta-actin).

The plasma VEGF levels were significantly correlated
with the age of patients, the number of HCC focal lesions,
portal vein thrombosis, and the aspartate aminotransferase and
serum AFP levels. Plasma VEGF levels were not significantly
correlated with the maximum size of the tumors. They were

not significantly correlated with Child-Pugh class or Model for
End-Stage Liver Disease (MELD) score.!” Moreover, plasma
VEGF levels were not correlated with serum albumin, alanine
aminotransferase (ALT) levels, serum bilirubin, or interna-
tional normalized ratio (INR) among HCC groups (Table 2).
In addition, plasma VEGF levels were not correlated with
Okuda stage (r=—0.057, P-value =0.764).

Liver tissue VEGF expression levels were significantly
related to patients’ age, plasma VEGF levels, and MELD
score; however, liver tissue VEGF expression levels were
not significantly correlated with the Okuda stage or AFP
level (Table 3).

We assessed plasma VEGF levels at different cutoff
values. At a cutoff value of 271.85 pg/mL, both the sensitivity
and specificity for detecting HCC were 90%, with an area
under the receiver operating characteristic curve (AUROC) of
0.972 (Figure 1). Using both plasma VEGF and serum AFP
levels increased the sensitivity and specificity for detecting
HCC to 100% and 98.7%, respectively (AUROC =0.99)

Discussion

In this study, the mean plasma VEGF level in the HCC
group (488.46 pg/mL) was significantly higher than that of
the non-HCC group (197.39 pg/mL), and both groups had
a significantly higher median plasma VEGF level compared
to the control group (134.13 pg/mL). This significant eleva-
tion was expected, since angiogenesis is critical for both
the development and progression of HCC. The finding that
VEGF is overexpressed in the non-HCC patients might
be explained by the assumption that activation of VEGF
precedes the appearance of hepatic neoplasia. This finding
agrees with El-mezayen and Darwish."® Also, this finding
supports Mukozu et al'® work which concluded that the
serum VEGEF level was significantly higher in HCC patients
than in non-HCC patients. However, it reported no signifi-
cant difference in plasma VEGF levels between the control
group and the non-HCC group.” Similarly, Guo et al*
reported that the median serum VEGF level in the HCC
patients (285 pg/mL) was significantly higher than that of
healthy controls (P=0.021), which also supports the results
of Kamaiyama et al,*' Liovet et al,* and Niizeki et al.?

Table | VEGEF levels in patients (HCC, non-HCC) and control groups

VEGF HCC group Non-HCC group Control group P-value
Plasma VEGF, pg/mL Mean * SD 488.46+139.07 197.93+£50.37 134.13£51.9 0.001*
Liver tissue VEGF Mean = SD 1.92+0.6 0.621+0.28° - 0.001*

Notes: P, comparison of plasma VEGF levels between the control group and the HCC and non-HCC groups; and between HCC and non-HCC group. It also includes
comparison of expression levels of liver tissue VEGF between HCCI and non-HCCI groups. Dash indicates no data, as the control group did not undergo liver biopsy.
*Indicates statistically significant values. *represents (HCCI); brepresents non (HCCI).

Abbreviations: VEGF, vascular endothelial growth factor; HCC, hepatocellular carcinoma; SD, standard deviation.
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Table 2 Correlation between plasma VEGF level and clinical, laboratory and imaging findings of the all HCC studied patients

Correlation Plasma VEGF

Age Number of Maximum focal Child- MELD PV ALT AST Total Salb INR AFP
(years) focal lesions lesion size Pugh class score thrombosis bil
Pearson 0.378  0.683 0.101 —-0.061 0.202  0.266 0.3 0259 0.18] -0204 -0017 0398
correlation (r)
P-value 0.003*  0.001* 0.596 0.645 0.122  0.04* 0.389 0.045* 0.166 0.117 0.899 0.002*

Note: *Significance level at P<<0.05.

Abbreviations: VEGF, vascular endothelial growth factor; MELD, model for end-stage liver disease; PV, portal vein; ALT, alanine aminotransferase; AST, aspartate
aminotransferase; bil, bilirubin; s alb, serum albumin; INR, international normalized ratio; AFP, alpha-fetoprotein; HCC, hepatocellular carcinoma.

In the present study, HCC tissue samples had significantly
higher VEGF expression levels (1.915+0.604) than did the
non-HCC liver tissue samples in the non-HCC patients
(0.625+0.281). Kwon et al** and Stroescu et al*® reported
similar results. All these results demonstrate that angiogen-
esis drives the rearrangement of the hepatic architecture and
leads to neoplastic transformation and that VEGF is a very
important angiogenesis factor for HCC growth.*

The positive correlation between tissue and plasma VEGF
levels suggests that the plasma VEGF level mirrors liver
tissue expression. This finding suggests that plasma VEGF
levels could be used to reflect liver tissue VEGF expression
and HCC angiogenic activity, without performing invasive
procedures for diagnosis. Obtaining plasma VEGF levels is
an easy and simple procedure, which makes long-term moni-
toring of VEGF levels feasible, even after local intervention
and therapies for HCC. Moreover, the absence of correla-
tion between plasma VEGF levels on one hand and each of
serum albumin, ALT levels, serum bilirubin, or INR among
all the studied groups, suggests that VEGF reflects neither
the hepatic synthetic functions nor inflammatory activity.
This can exclude the possibility that the mere inflammatory
process could have an influence on VEGF.

Plasma VEGF levels, in our study, were not significantly
correlated with Child-Pugh class, MELD score, ALT levels,
albumin and bilirubin levels, INR or Okuda stage in the
HCC patients. The present results indicate that VEGF was

Table 3 Correlation between liver tissue VEGF and age, plasma
VEGEF level, AFP, Okuda stage, and MELD score among the HCCI
patients

Correlation Age Liver tissue VEGF
(years)  Plasma AFP  Okuda MELD
VEGF stage score
Pearson 0.726 0.962 0323  -0.208 0.486
correlation (r)
P-value 0.001* 0.001* 0.082 0457 0.006*

Note: *Significance level at P<0.05.
Abbreviations: VEGF, vascular endothelial growth factor; AFP, alpha-fetoprotein;
MELD, model for end-stage liver disease; HCC, hepatocellular carcinoma.

positively correlated with patients’ age, the number of HCC
focal lesions, aspartate aminotransferase, AFP level, and
presence of portal vein thrombosis. This in agreement with
Sergio et al.”’

In the present study, the plasma VEGF level was not sig-
nificantly correlated with the size of HCC focal lesions. This
in agreement with Li et al,® Poon et al,”” and El-Houseini
et al.’** However, Tseng et al*' and Sergio et al”’ reported a
significant positive correlation between plasma VEGF levels
and the size of HCC focal lesions. In our study, the sample
size was small and we assessed the correlation between
plasma VEGF and the size of the largest focal lesion, not
the sum of the focal lesions’ sizes, which Tseng et al*! and
Sergio et al”’ assessed. Additionally, this variability in results
could also be due to the different vascular growth patterns
of HCC, as suggested by Jeng et al.*?

Our results show that the plasma VEGF level was
positively correlated with portal vein thrombosis, which is
another determinant of tumor stage.” This is in agreement
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Figure | Receiver operating characteristic (ROC) curve showing the performance of
plasma vascular endothelial growth factor for detecting hepatocellular carcinoma.
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with Poon et al?’ and Sun et al.>* Sun et al showed that high
expression of VEGF may reflect the vascular invasion of
liver tumors.** Yao et al** studied the expression of VEGF
and micro vessel density in the serum and liver tissues and
their clinicopathologic features in HCC; they found that
the serum VEGF levels in patients with portal vein emboli,
metastasis, or a large HCC lesion (>5 cm) were signifi-
cantly higher than in patients without portal vein emboli or
metastasis, or those with small HCC lesions. In our study, the
optimal cutoff value of plasma VEGF for diagnosing HCC
was 271.85 pg/mL with a sensitivity of 90% and specificity
0f'90%, an accuracy of 87.3%, a positive predictive value of
92.3%, and a negative predictive value of 88.1% (AUROC
=0.97). When both AFP and VEGF levels were used to
diagnose HCC, the sensitivity and specificity for HCC
detection were increased to 100% and 98.7%, respectively,
with an accuracy of 98.9%. The simultaneous determination
of both markers would improve the overall sensitivity for
HCC detection. Our findings support the recommendations
of El-Houseini et al** and Mukozu et al.'® Also, this is in
agreement, with El-mezayen and Darwish'® who generated
a score incorporating both plasma VEGF and serum AFP
beside other parameters for early detection of HCC.

In this work, we evaluated patients for both plasma and
liver tissue VEGF. Their significant positive correlation could
provide a noninvasive method for the diagnosis of HCC. Also,
the significant correlation between plasma VEGF and the
number of focal lesions and presence of portal vein thrombosis
may indicate its value as a potential prognostic marker.

It is important to point out that our study has some limita-
tions including the small number of patients and that long-
term follow-up was not done and could be investigated in
another study. Future studies incorporating plasma VEGF in
the screening programs of HCC are warranted and may
increase their sensitivity. However, standardization of the
assay and the cut points will remain a challenge and therefore
will benefit from large collaborative studies.
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