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Abstract: Hepatocellular carcinoma (HCC) is the second leading cause of cancer-related mortality
worldwide. In an attempt to understand some potential mechanisms of persistence and oncogenicity
of Hepatitis C virus (HCV)-related HCC, microfibrillar-associated protein 4 (MFAP4), fibrotic indices
and oxidative status biomarkers were assessed in the sera of 50 patients with HCV-associated HCC,
25 patients with HCV-related liver cirrhosis and 15 healthy individuals. Serum oxidized Coenzyme
Q10 (CoQ10) and malondialdehyde showed significant elevation in HCC patients compared to the
control group (p < 0.001), as well as cirrhotic patients (p < 0.05 and p < 0.001, respectively), while serum
glutathione content and superoxide dismutase activity were significantly decreased in HCC patients
compared to the control group (p < 0.001). Serum MFAP4, aspartate aminotransferase to platelet
ratio index (APRI), fibrosis index based on the 4 factors (FIB-4) and Forns index showed significant
increase in HCC patients compared to the control group (p < 0.001), while only APRI and FIB-4 were
significantly different between HCC and cirrhotic patients (p < 0.05), with a sensitivity of 86% and
92%, respectively, at cut off ≥0.7 for APRI and ≥1.57 for FIB-4. Therefore, increasing oxidative stress
and fibrosis might mediate HCV induced cirrhosis and HCC. APRI and FIB-4 may be used as a simple
non-expensive formula for the screening of HCC rather than MFAP4.
Keywords: HCC; MFAP4; fibrotic indices; oxidized Coenzyme Q10; oxidative status

1. Introduction
Hepatocellular carcinoma (HCC) is a sophisticated health challenge; it represents the second
leading cause of cancer-related mortality worldwide [1]. In Egypt, the National Population-Based
Cancer Registry ranks liver cancer as first cancer among males and the second among females after
breast cancer [2]. Hepatitis C virus (HCV) attributes to about 90% of the HCC patients in the Egyptian
population [3], where Egypt has the highest prevalence of HCV infection in the world (15%) and the
main HCV genotype (90%) is type 4 [4].
Hepatic carcinogenesis is a slowly progressive, poorly understood multistep process [5].
Alteration in hepatic microenvironment mediates the carcinogenesis and carries the clues for better
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treatment strategies [6]. HCV can significantly disturb the cellular redox status which provokes
alteration in the liver microenvironment via a change in respiratory, energetic, regenerative capacities,
cytokine release, immune response, angiogenesis, collagen genes expression [7,8] and activation of the
hepatic stellate cell which is the key in liver fibrogenesis [9].
Oxidative stress, an imbalance between the generation of free radicals and antioxidant defenses,
plays a significant role in HCV pathophysiology [10]. CoQ10 is considered the main lipid-soluble
antioxidant, which effectively prevents oxidation of lipids, proteins, and DNA [11]. CoQ10 can be easily
and reversibly reduced by several dihydronicotinamide adenine dinucleotide phosphate (NADPH)
oxidoreductases in both blood and tissues to maintain a high level of the active form (reduced
CoQ10) [12]. Reduced CoQ10/total CoQ10 fraction is tightly regulated in healthy adults regardless of
age, sex, race or cigarette smoking [13].
The persistent infection with HCV may progress to liver fibrosis [14], a dynamic scarring process
due to the accumulation of collagen and extracellular matrix (ECM) proteins, which act as a precursor
of cirrhosis and the development of HCC. Many non-invasive methods are used in clinical practice to
evaluate liver fibrosis as aspartate aminotransferase to platelet ratio index (APRI) [15], fibrosis index
based on the 4 factors (FIB-4) [16] and Forns index [17]. These non-invasive methods were recently
introduced in clinical trials for prognosis [18,19], and for diagnosis of HBV-related HCC [20] and
HCV-related HCC [21], but up till now no consensus on optimal cut off value for these indices.
Microfibrillar-associated protein 4 (MFAP4) is an extracellular glycoprotein localized to ECM
fibers [22]. Since MFAP4 is involved in proper elastin fiber organization [23], the MFAP4 expression
is upregulated in fibrotic and cirrhotic septae [22]. Patients with higher amounts of elastin fiber
have significantly a higher risk of HCC development [24]. Furthermore, systemic MFAP4 increases
significantly with progressive fibrosis stage among HCV infected patients [25] and can be used as a
biomarker to assess hepatic fibrosis in HCV patients [26]. However, MFAP4 has not been evaluated
before in HCC.
The work is carried out to evaluate the oxidative status and some fibrotic biomarkers in
HCV-associated HCC patients, to explore their effects in initiation and progression of HCC, and to
evaluate the diagnostic performance of MFAP4 and other fibrotic indices.
2. Materials and Methods
2.1. Patients
This study represents a case-control study. It was carried out from March 2016 to November 2016
with three enrolled groups:
Group I included 50 patients diagnosed with HCC associated with chronic HCV infection at
outpatient clinics of Oncology Center of Mansoura University, Mansoura, Egypt.
Group II included 25 patients diagnosed with chronic hepatitis C related cirrhosis without any
evidence of HCC at outpatient clinics of Specialized Internal Medical Hospital, Faculty of Medicine,
Mansoura University, Mansoura, Egypt.
Group III included 15 healthy individuals as a control group with no apparent evidence of active
disease or medical disorders.
All cases involved in this study were clinically, radiologically and pathologically examined in
the Oncology Center and the Specialized Internal Medical Hospital, Mansoura University. No prior
CoQ10 supplement or HMG-CoA reductase inhibitor was received. Patients with advanced organ
failure, any other types of malignancy, advanced medical co-morbidity including diabetes mellitus,
hypertension and atherosclerotic cardiovascular disease, active infection and Barcelona Clinic Liver
Cancer stage D were excluded from the study. The severity of liver disease was assessed by the
Child–Pugh classification [27], and all patients are Child-Pugh score A with performance status ≤ 2
according to Eastern Cooperative Oncology Group Performance Status.
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The Research Ethics Committee of the Faculty of Pharmacy, Mansoura University, Mansoura,
Egypt reviewed and approved the study on 13 February 2016 with code number 2016-8,
which complies with the ethical principles of the 1964 Declaration of Helsinki and its later amendments.
Written informed consent was obtained from all participants.
2.2. Blood Sampling
Fasting blood samples were collected from all patients and healthy individuals by vein puncture
and then divided into three portions. The first portion was collected in a tube containing ethylene
diamine tetraacetic acid for complete blood counts within 5 h. The second portion was collected in
tubes containing sodium citrate for determination of prothrombin time within 3 h. The third portion
was left to clot for 20–30 min at room temperature, followed by centrifugation at 1700 rpm (Sigma
2–16P) for 15 min to obtain clear non-hemolyzed serum. The serum samples were divided and
maintained at −80 ◦ C until use.
2.3. Assessment of Biochemical Parameters
Laboratory investigations, including complete blood count, viral markers (HCV antibodies,
hepatitis B surface antigen (HBsAg) and human immunodeficiency virus (HIV) antibodies),
liver function tests (alanine aminotransferase (ALT), aspartate aminotransferase (AST),
gamma-glutamyl transpeptidase (γ-GT) activities, total bilirubin, albumin levels and prothrombin
time) and lipid profile (cholesterol, triglyceride (TG), low-density lipoprotein (LDL) and high-density
lipoprotein (HDL) concentrations), were measured using standard methodologies. Enzyme-Linked
Immunosorbent Assay (ELISA) kit (DiaMetra Company, Perugia, Italy) was used to measure the
serum level of α-fetoprotein. The serum level of MFAP4 and oxidized CoQ10 were measured using
commercially available ELISA kits (MyBioSourse, San Diego, CA, USA). Serum malondialdehyde
(MDA), glutathione (GSH) levels and superoxide dismutase (SOD) activity were measured using
commercially available colorimetric kits (Bio Diagnostic, Giza, Egypt).
The following combination algorithms: APRI, FIB-4, and Forns index were calculated as the
following:

•
•
•

APRI [15] = ((AST (U/L))/(AST [the upper limit of normal]))/(Platelet [109 /L])) × 100
√
FIB-4 [16] = (Age [years] × AST [U/L])/(Platelet [109 /L] × (ALT [U/L]))
Forns index [17] = 7.811 − (3.131 × ln platelet [109 /L]) + (0.781 × ln GGT [U/L]) + (3.647 × ln age) –
(0.014 × cholesterol [mg/dL])

2.4. Statistical Analysis
All Statistical computations were analyzed using the SPSS version 22 (Chicago, IL, USA), while the
graphic presentation of the data was done using Graph Pad Prism version 5 (La Jolla, CA, USA).
The results were presented as the mean values ± standard error (SE) for parametric data and the
median interquartile range (IQR) for nonparametric data. Student’s t-test was used for comparison
between the two groups. One way ANOVA followed by Turkey post hoc test and Kruskal-Wallis were
used for comparison between more than two groups. The cut-off value was determined according
to the highest sensitivity and specificity of a given marker. Survival analysis was done using the
Kaplan–Meier test. p value was considered significant at the level of <0.05, highly significant at the
level of <0.01 and extremely significant at the level of <0.001.
3. Results
This study included three groups:
Group I enrolled fifty HCC patients (11 females and 39 males; aged from 50 to 73 years with a
mean ± SE of 60.34 ± 0.88 years). All of them developed HCC associated with cirrhosis related to
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chronic hepatitis C infection and were seronegative to HBsAg and HIV antibodies. The characteristics
of HCC patients are summarized in Table 1.
Group II enrolled twenty-five patients with chronic hepatitis C related cirrhosis (13 females and
12 males; aged from 40 to 78 years with a mean ± SE of 59.44 ± 1.81 years). All were seropositive to
HCV antibodies and seronegative to both HBsAg and HIV infection.
Group III enrolled fifteen matched apparently healthy individuals (4 females and 11 males;
with matched ages ranging from 39 to 63 years with a mean ± SE of 55.73 ± 1.63 years). All were
seronegative for HCV, HBsAg and HIV antibodies with normal laboratory and radiological findings.
The liver functions and lipid profile of the study groups were summarized in Table 2.
Table 1. The characteristics of 50 patients with hepatocellular carcinoma (HCC).
Variable
Age
≤60 years
>60 years
Gender
Male
Female
Number of lesions
Single
Multiple
Site of lesion
Unilobar
Bilobar

No. of Patients (%)
21 (42%)
29 (58%)
39 (78%)
11 (22%)
15 (30%)
35 (70%)
16 (32%)
34 (68%)

Variable
Size of lesion
≤5 cm
>5 cm
Portal vein
Thrombosed
Patent
Lymph node involvement
N0
N1
Distal metastasis
M0
M1

No. of Patients (%)
21 (42%)
29 (58%)
22 (44%)
28 (56%)
31 (62%)
19 (38%)
43 (86%)
7 (14%)

N0 , no lymph node involvement; N1 , cancer spread to nearby lymph nodes; M0 , no distant cancer spread was
found; M1 , distant metastases were found.

Table 2. Comparison of biochemical parameters in hepatocellular carcinoma (HCC), cirrhotic patients
and control group.
Parameters

Control (n = 15)

Cirrhosis (n = 25)

HCC (n = 50)

ALT activity (U/L)
AST activity (U/L)
γ-GT activity (U/L)
Total bilirubin (mg/dL)
Albumin (mg/dL)
Prothrombin time (s)
α-Fetoprotein (ng/mL)
Cholesterol (mg/dL)
TAG (mg/dL)
LDL (mg/dL)
HDL (mg/dL)

37.0 (20.0–55.0)
28.0 (21.0–38.0)
14.0 (11.0–19.7)
0.61 ± 0.04
4.48 ± 0.07
13.05 ± 0.21
0.86 ± 0.085
170.7 ± 9.79
96.6 ± 15.6
103.7 ± 6.81
50.39 ± 3.97

40.22 (28.44–78.5)
48.0 (28.15–69.5) *
33.6 (17.2–62.5) **
0.94 ± 0.07
4.04 ± 0.1
13.46 ± 0.33
9.2 ± 3.35
170.3 ± 7.42
115.3 ± 9.46
90.8 ± 4.4
55.6 ± 3.7

50.25 (36.59–75.66) *
70.5 (54.7–92.5) *** ##
33.2 (18.28–53.85) **
1.28 ± 0.07 *** ##
3.8 ± 0.09 ***
14.62 ± 0.28 ** #
636.3 ± 92.57 *** ###
177.7 ± 7.72
130.4 ± 6.77
114.31 ± 7.35
37.27 ± 2.0 * ###

ALT, alanine aminotransferase; AST, aspartate aminotransferase; γ-GT, gamma-glutamyl transpeptidase; TAG,
triacylglycerol; LDL, low-density lipoprotein; HDL, high-density lipoprotein. Values are expressed as the mean
± standard error (SE) while Values of ALT, AST and γ-GT are given as median (interquartile range) instead of
mean ± SE due to non-parametric distribution. n = Number of subjects in each group. * = Significance against
control group (p < 0.05); ** = Significance against control group (p < 0.01); *** = Significance against control group
(p < 0.001); # = Significance against cirrhotic group (p < 0.05); ## = Significance against cirrhotic group (p < 0.01);
### = Significance against cirrhotic group (p < 0.001).

3.1. Oxidative Stress Status
Serum oxidized CoQ10 and MDA concentrations were significantly increased in HCC (p < 0.001
for both) and cirrhotic patients (p < 0.01 and p < 0.001, respectively) compared to the control group.
In addition, there was a statistically significant increase in serum oxidized CoQ10 (p < 0.05) and MDA
concentrations (p < 0.001) in HCC patients as compared to cirrhotic patients. However, serum GSH
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Table 3. Diagnostic performance of APRI and FIB-4 in hepatocellular carcinoma patients vs. cirrhotic
Table 3. Diagnostic performance of APRI and FIB-4 in hepatocellular carcinoma patients vs. cirrhotic
patients and control group.
patients and control group.
Variable

AUC

Variable

AUC

APRI
FIB-4
APRI

0.76
0.82
0.76

p-Value

p-Value
<0.001

<0.001
<0.001
FIB-4
0.82
<0.001
AUC,
area under
the curve;
PPV,

Cut Off

Sensitivity

Specificity

Accuracy

PPV (%)
(%)
Cut
Off Sensitivity
Specificity
PPVNPV
NPV
Accuracy
Point
(%)
(%)
(%)
Point
(%)
(%)
(%)
(%)
(%)
≥0.7
86.0
70.0
78.18
80.0
78.89
≥1.57
92.0
60.070.0 74.1978.18 85.71
77.78
≥0.7
86.0
80.0
78.89
≥1.57predictive 92.0
60.0 predictive
74.19value;
85.71
77.78
positive
value; NPV, negative
APRI, aspartate

aminotransferase to platelet ratio index; FIB-4, fibrosis index based on the 4 factors.

AUC, area under the curve; PPV, positive predictive value; NPV, negative predictive value; APRI,
aspartate aminotransferase to platelet ratio index; FIB-4, fibrosis index based on the 4 factors.
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a cut-off of ≥1.98 were 76%, 46.7%, 70.4%, 53.8%, and 65%, respectively, while the diagnostic
performance of oxidized CoQ10 at a cut-off of ≥126 were 64%, 40%, 63.3%, 35.3%, and 53.2%,
respectively.
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of ≥1.98 were 76%, 46.7%, 70.4%, 53.8%, and 65%, respectively, while the diagnostic performance
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AUC

p-Value
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Cut Off Sensitivity Specificity PPV NPV Accuracy
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(%)
(%)
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PPV (%)
NPV (%)
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(%)
(%)
≥1.98
76.0
46.7
70.4 53.8
65.0
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76.0
46.7 40.0 70.4 63.3 53.835.3
65.0
64.0
53.2
≥126

64.0
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Figure 3. Receiver Operating Characteristics (ROC) curve for aspartate aminotransferase to platelet
Figure 3. Receiver Operating Characteristics (ROC) curve for aspartate aminotransferase to platelet
ratio index (APRI) and Fibrosis index based on the 4 factors (FIB-4) in hepatocellular carcinoma patients
ratio index (APRI) and Fibrosis index based on the 4 factors (FIB-4) in hepatocellular carcinoma
vs. cirrhotic patients and control group.
patients vs. cirrhotic patients and control group.
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Using a cut-off value of 1.98 ng/mL for MFAP4 and 126 ng/mL for oxidized CoQ10, determined
cut-off value
1.98
for MFAP4
and 126
ng/mL for analyzed
oxidized for
CoQ10,
determined
by ROCUsing
curveaanalysis
(Tableof4),
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that were
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ng/mL
at
diagnosis
showed
significant difference as regards mean survival time when compared to those with MFAP4 levels lowerno
significant
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as regards
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with MFAP4
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than
the cut-off
value (mean
survival
time:survival
6.02 vs.time
7.85,when
p > 0.05;
Figure 4a).
Furthermore,
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(mean
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p > 0.05;
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levels lower than the cut-off value (mean survival time: 6.36 vs. 6.83, p > 0.05; Figure 4b).
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can stimulate the production of reactive oxygen species (ROS) through the electron
transport
chain
mitochondria
[10],[10],
which
is known
to exacerbate
hepatic
inflammation,
which
is responsible
for the
of mitochondria
which
is known
to exacerbate
hepatic
inflammation,
which
is responsible
for
pathogenesis
of liver
and HCC
[21]. [21].
the pathogenesis
of fibrosis
liver fibrosis
and HCC
CoQ10
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antioxidant
In order
as an antioxidant,
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antioxidant
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In order
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as act
an antioxidant,
CoQ10
must must
be inbethe
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b5b5
reductase
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in the
reduced
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(NADPH Quinone
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reductase
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1) are
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[29]. HCV
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ROS
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increaseininoxidation
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Moreover,
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triggers
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by
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of
57% [30]. Moreover, infection with HCV triggers the inflammatory response by expression of
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[31],and
andless
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lead
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In
addition,
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and
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a
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the level
level of
In addition, patients with cirrhosis and HCC show a significant elevation in
of MDA,
MDA,
and a significant decrease in the level of both GSH and SOD when compared to control subjects. Our
and a significant decrease in the level of both GSH and SOD when compared to control subjects.
results regarding oxidative stress status are in agreement with Ansari et al., who found that total
Our results regarding oxidative stress status are in agreement with Ansari et al., who found that total
antioxidant status and GSH level were decreased, while oxidized glutathione and MDA were
antioxidant status and GSH level were decreased, while oxidized glutathione and MDA were increased
increased in different HCV genotypes [32]. Another study revealed that HCC related to HCV
in different HCV genotypes [32]. Another study revealed that HCC related to HCV infection in the
infection in the presence or absence of cirrhosis had significantly increased levels of MDA and lower
presence or absence of cirrhosis had significantly increased levels of MDA and lower antioxidant
antioxidant enzymes activities, such as SOD, catalase, and GSH peroxidase [33]. Also, a previous
enzymes activities, such as SOD, catalase, and GSH peroxidase [33]. Also, a previous study from our
study from our lab showed increased serum MDA level and decreased serum GSH level in HCC and
lab showed increased serum MDA level and decreased serum GSH level in HCC and cirrhotic patients
cirrhotic patients as compared to healthy individuals [34].
as compared to healthy individuals [34].
Patients with chronic hepatitis C exhibit an increased production of tumor necrosis factor-α, a
cytokine that is able to initiate oxidative stress by stimulating the production of ROS that can further
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Patients with chronic hepatitis C exhibit an increased production of tumor necrosis factor-α,
a cytokine that is able to initiate oxidative stress by stimulating the production of ROS that can further
damage hepatic cells by causing lipid peroxidation, and production of toxic and reactive aldehyde
metabolites such as MDA, as well as, depletion of intracellular, and/or mitochondrial GSH content [35].
On the other hand, the decrease in SOD activity could be due to either overutilization of this enzymatic
antioxidant to scavenge oxidative stress or decrease in synthetic capacity of the liver in patients with
HCV-associated HCC.
The aldehyde degradation products of lipid peroxidation are toxic to cells. It can activate
hepatic stellate cells (HSCs), which are the major source of ECM, stimulating collagen synthesis
and liver fibrosis [36], and also can form covalent adducts altering the structure and function of
nucleic acids and proteins, and are responsible for the cytotoxicity of these molecules, and thereby may
promote mutagenesis [37]. Moreover, the decrease of GSH content and SOD activity in HCC patients
could impair multiple physiological functions and antioxidant defense, which may further facilitate
cancer development.
Additionally, we found no significant changes in serum LDL, cholesterol, and TG between
different studied groups, but HDL, which has potent anti-inflammatory, anti-oxidant and
anti-thrombotic effects [38], was significantly decreased in HCC patients compared to cirrhotic patients
and the control group. Besides, HCC and cirrhotic patients exhibited a significant elevation in serum
γ-GT activity when compared to control group, which could be correlated with GSH depletion and
oxidative stress in these cells. γ-GT enables more cysteine to re-enter these cells so and thereby
maintain high GSH concentrations intracellularly to protect the cancer cells from toxicity and maintain
redox balance that is critical for cell proliferation and differentiation processes [39].
The risk of hepatic carcinogenesis may persist in those with cirrhosis or severe fibrosis, in spite
of achieving sustained viral response after antiviral treatment [5]. Our results revealed a significant
increase in serum level of MFAP-4 in patients with HCV-related cirrhosis compared to the control
group, and this data is in agreement with many reports [22,25,26]. Additionally, our data revealed a
highly significant increase in serum MFAP4 in HCC patients compared to the control group, but the
serum level of MFAP4 was non-significantly increased in HCC patients compared to cirrhotic patients.
Patients with HCV have enhanced hepatic fibrosis progression through the generation of ROS
inducing transforming growth factor beta 1 (TGF-β1) expression. TGF-β1, one of the most potent
profibrogenic cytokines, is involved in the initiation and maintenance of fibrogenesis by triggering the
proliferation and transformation of HSCs [40]. Activated HSCs secrete abundant extracellular proteins
that contribute to liver fibrosis and cirrhosis, a significant cause of HCC [41]. In the cirrhotic liver,
HSCs are the main cell type responsible for the synthesis of MFAP4 in the cirrhotic septa [22], and their
activation results in elevated levels of MFAP4 in patients with HCV-related cirrhosis and HCC.
The calculated combination algorisms to evaluate liver fibrosis, APRI and FIB-4, were significantly
elevated in HCC patients compared to either cirrhotic patients or the control group, but Forns index
showed non-significant difference between HCC and cirrhotic patients. These results are supported by
Sato et al., who found that high APRI and FIB-4 in HCC patients compared to HCV patients without
HCC [42]. Several studies revealed that APRI could predict the risk of hepatic carcinogenesis in chronic
HCV patients after viral eradication [21,43]. However, Nishikawa et al., found that higher FIB-4 rather
than APRI was an independent predictor of liver carcinogenesis among treated chronic hepatitis B
patients [20].
5. Conclusions
In conclusion, the present study suggests that oxidative stress status and fibrosis are potential
mechanisms for HCV persistence and oncogenicity, which might be targeted for better treatment plans
for HCV sequels. HCV induces oxidative stress, which activates HSCs to secrete MFAP4 contributing
to liver fibrosis and cirrhosis, a significant cause of HCC. Additionally, APRI and FIB-4 potentially
are simple, non-expensive, non-invasive and dynamic surrogates for hepatic fibrosis and screening
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algorisms for risk of carcinogenesis, unlike the serum level of MFAP4 and Forns index that were not
statistically different between HCC and cirrhosis.
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