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Abstract
Background: Hepatitis C virus infection is a global health challenge with Egypt being one of the highly affected
countries. IL-10 has been suggested as a suitable marker to assess necroinflammation and to monitor the
progression of liver damage. Vascular endothelial growth factor (VEGF) is a potent angiogenic factor playing a
central role in many physiological as well as pathological processes. Several factors can be predictive of the
response to treatment and achievement of SVR; some of which are host-related, and others are virus-related. The
gene expression of IL-10 and VEGF have multiple effects for treatment response. The aim of the present work was
to study the effect of treatment with directly acting agents (DAA) on the expression of VEGF and IL-10 genes in
chronic hepatitis C virus-infected Egyptian genotype-4a patients. Twenty-five HCV subjects where evaluated for IL10 and VEGF gene expression before and after treatment with DAA.
Results: IL-10 expression was downregulated in 92% of the cases. VEGF expression was heterogeneous showing
spreading of values along a wide range with 64% of the cases being downregulated.
Conclusion: DAAs do not completely reverse the immunological imprints established upon chronic HCV infection.
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Background
Hepatitis C virus (HCV) infection is a global health challenge with Egypt being one of the highly affected countries [1]. HCV genome exhibits significant genetic
variability which leads to its classification into 7 major
genotypes and up to 67 different subtypes. This genetic
variability affects the response to treatment and the virus
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capability to escape the immune surveillance [2]. Genotype 4 is the most common genotype in Egypt [3].
In 2018, a meta-analysis for HCV viremic rate among
the Egyptian population indicated that HCV prevalence
was estimated by 11.9% among the general population;
67% of them are chronically infected and are in need for
treatment [4].
Both innate and adaptive immune responses are essential for viral clearance. The innate response is the first
line of defense during infection [5]. Cytokines play an
important role in viral clearance, inflammation, regeneration, and fibrosis. Interleukin 10 (IL-10) and vascular
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endothelial growth factor (VEGF) are key players in the
immune response against HCV infection. Both are seen
elevated in patients with HCV, cirrhosis, and HCC and
their levels are associated with disease progression and
prognosis [6]. IL-10 can also be used as a marker to assess necroinflammation and to monitor the progression
of liver damage [7]. High levels of IL-10 are associated
with Th-2-like response which leads to viral persistence
and chronicity. Moreover, IL-10 inhibits Th-1-like response that is responsible for viral clearance after acute
infection [8].
The adaptive immune response through CD4+T cells
has a central role in induction of anti-viral immune response against viral infection which can be subdivided
according to two predominant profiles referred to as T
helper 1 (Th1)-like and T helper 2 (Th2)-like responses.
Th1-like responses include the secretion of IL-2, TNF-α,
and IFN-γ which are required for generation of cytotoxic
T lymphocytes and activation of natural killer (NK) cells,
while Th2-like responses produce IL-4 and IL-10, which
inhibit development of the Th1 response [9]. In early
HCV infection, those who clear the infection have significant Th1 responses with high IFN- γ and IL-2, while
those who progress to chronicity have a significantly
high magnitude of IL-10 and significantly higher ratio of
IL-10 to IFN-γ production early in infection and along
the course of the disease [10].
VEGF is a potent angiogenic factor playing a central
role in many physiological as well as pathological processes. VEGFs exert their effects by activation of different signaling pathways stimulating endothelial cell
proliferation and migration and increasing the vascular
permeability [11, 12]. It is a powerful mitogen for microvascular and macrovascular endothelial cells. VEGF reduces hepatocellular tight junction (TJ) integrity and
hepatocellular polarity through a VEGFR-2 dependent
pathway [13]. The increased hepatic angiogenesis in
chronic HCV could provide the molecular basis for liver
carcinogenesis and contribute to the increased risk of
HCC in patients with cirrhosis on top of HCV [14].
“The goal of treatment of HCV-infected persons is
to reduce mortality and liver-related health adverse
consequences, including end-stage liver disease and
hepatocellular carcinoma, by the achievement of virologic cure as evidenced by a sustained virologic response.” as recommended by the EASL-IDSA. The
introduction of the directly acting anti-viral agents
(DAAs) in the treatment of chronic HCV infections
has led to dramatic improvement in outcome of
HCV-infected patients [15].
The present work aimed to study the effect of treatment with directly acting agents (DAA) on the expression of VEGF and interleukin-10 genes in chronic HCVinfected patients in Alexandria, Egypt.
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Methods
After the approval of the Ethical Committee of the Medical Research Institute, 25 chronic HCV genotype-4infected patients were selected from the Department of
Experimental and Clinical Internal Medicine, Medical
Research Institute, Alexandria University. An informed
consent was taken from each patient. The 25 HCVpositive patients were assessed before and after the end
of DAA treatment. Exclusion criteria included coinfection with HBV infection, co-morbidities with renal
or cardiac diseases, having any malignancies, and any
immunological disorders.
The 25 HCV-positive patients were diagnosed by positive anti-HCV test result and confirmed by measuring
the viral load by real-time polymerase chain reaction
(PCR). The patients received sofosbuvir/ledipasvir once
daily for 12 weeks. Virological response was assessed at
the end of treatment. In this prospective study, the following was performed for all patients:
Complete physical examination

Abdominal examination for signs of hepatic failure as ascites. Abdominal ultrasound to confirm the presence or
absence of cirrhosis and any liver mass if present and
Child-Pugh classification [16].
Blood sampling

Sampling was performed at baseline and at the end of
treatment. Ten milliliters of venous blood was withdrawn from each patient and divided into different vacutainers for molecular studies, coagulation studies, and
complete blood count. Sera was separated for the determination of the concentrations of serum levels of albumin [17], total and direct bilirubin [18], and serum
activities of the enzymes alanine and aspartate aminotransferases using fully automated chemistry analyzer
Beckman AU400 [19, 20]. Also, plasma prothrombin activity (PT) was done [21].
Determination of HCV viral load

Viral RNA was extracted from patients’ sera using
QIAamp viral RNA mini spin Kit (Qiagen®) according to
manufacturer’s instructions. The extracted viral RNA
was used as a template for HCV viral load determination
before initiation of treatment and 12 weeks after treatment using Artus HCV QS-RGQ-PCR Kit (Qiagen®) and
real-time PCR machine MX3000 TM (Stratagene) according to manufacturer’s instructions [22].
Determination of HCV genotype

HCV genotype via amplification, sequencing, and nucleotide blasting of NS5b domain. Briefly, cDNA strand
was synthesized from HCV RNA using RevertAid First
Strand cDNA Synthesis Kit (Thermo Scientific) using
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random hexamer primers provided with the kit. NS5b
domain was amplified using nested PCR primers JA 230
CTACCATCATGGCTAA(A/G)AA(C/T)GAGGT
JA
233 ATGATGTTATGAGCTCCA(A/G)GTC(A/G)TA
JA 231 TATGA(C/T)ACCCGCTG(C/T)TTTGAC 50 JA
232 CCTGGTCATAGCCTCCGTGAA. The PCR reaction was performed in 25 μl final reaction containing 2×
DreamTaq green PCR master mix (Thermo Scientific,
USA) and 5 μM of each primer and 1 μl of cDNA or
first amplification. The thermal cycling consisted of 35
cycles of denaturation at 95 °C for 30 s, annealing at 50
°C for 30 s and extension at 72 °C for 30 s, and preceded
by 1 cycle of initial denaturation at 95 °C for 5 min and
followed by 1 cycle of final extension at 72 °C for 5 min.
The same reaction was used for the second amplification
(nested) in 50 μL final reaction volume containing 1 μL
of the first amplification product as a template. The
purified NS5b PCR products were sequenced using the
BigDye Terminator V 3.1 Cycle Sequencing Kit (Applied
Biosystems) on the automated sequencer ABI prism 310
genetic analyzers (Applied Biosystems). For determination of HCV genotypes and subtypes, NS5b sequencing
results were analyzed using a HCV BLAST free online
tool from HCV sequence database (https://hcv.lanl.gov/
content/sequence/BASIC_BLAST/basic_blast.html).

IL-10 and VEGF relative gene expression:

Peripheral blood mononuclear cells (PBMC) were isolated from anticoagulated blood by Ficoll-Paque™
method then total RNA was purified from mononuclear
cells using Qiagen RNeasy Mini Kit Spin Technology according to manufacturer’s instructions. The concentration of RNA was determined using Nano Drop Thermo
Spectrophotometry (Thermo Scientific) by measuring
the absorbance at 260 nm A260. The purity of RNA was
assessed using ratio A260/A280 ratio. Ratio between 1.7
and 1.9 was considered acceptable. Reverse transcription
of 1 ug of RNA and effective genomic DNA elimination
was performed by the Quantitect Reverse Transcription
kit according to manufacturer’s instructions then quantification of IL-10, VEGF, and GAPDH genes was performed using SBR-green real-time PCR. QuantiTect
Primer Assays (Qiagen®) was used for accurate real-time
quantification of target RNA. The reaction was performed in 20 μl final volume containing 10 μl Quantitect
sybr green PCR Master Mix, 2 μl Quantitect primer
assay, and 2.5 μl template cDNA on real-time PCR machine MX3000 TM (Stratagene). The reaction took place
under the following thermal profile: initial incubation at
50 °C for 15 min to activate the DNA polymerase. This
was followed by 45 cycles of 3 PCR-step amplification,
denaturation at 94 °C for 15 s, followed by annealing at
57 °C for IL-10 and 60 °C for VEGF for 30 s, and
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followed by extension at 72 °C for 30 s, with real-time
fluorescence detection.
Calculation of relative gene expression

Relative expression of target genes (IL-10, VEGF) was
calculated using the comparative CT method (2−ΔΔCT
method) [23]. CT values of the target genes were normalized against the CT value of housekeeping gene
(GAPDH). The fold changes after treatment was compared to the control group (before treatment) which was
set to 1 [24].
Calculation of platelet ratio index (APRI) and fibrosis(FIB-) 4 scores

Platelet ratio index (APRI) and fibrosis- (FIB-) 4 indexes
were calculated using simple mathematical formulas as
follows [25]:
APRI : ðAST ½level=AST½upper limit of normal=platelet count ½109=LÞ  100

For APRI, cut-off value of < 0.5 rules out fibrosis while
≥ 1 was assigned for marked fibrosis and ≥2 for
cirrhosis.
FIB−4 : age ½years  ðAST ½U=L platelets  109=L
 ALT1=2 ½U=LÞ:
For FIB-4, a cut-off value of < 1.45 rules out advanced
fibrosis while ≥ 3.25 was assigned for marked fibrosis.
Statistical analysis

Data were fed to the computer and analyzed using IBM
SPSS software package version 20.0. (Armonk, NY: IBM
Corp.). Qualitative data were described using number
and percent. The Kolmogorov-Smirnov test was used to
verify the normality of distribution. Quantitative data
were described using range (minimum and maximum),
mean, standard deviation, and median. Significance of
the obtained results was judged at the 5% level. The Student t test was used for normally distributed quantitative
variables to compare between two studied groups while
Mann-Whitney test was used for abnormally distributed
quantitative variables. Correlations between quantitative
continuous variables parameters were evaluated by linear
regression with analysis of Pearson’s coefficients.

Results
A total of 25 HCV genotype-4-infected patients were enrolled in the present study; all of which (100%) were
treatment-naïve cases. Females represented 52% (13/25)
while males were 48% (12/25) and their ages ranged
from 17 to 65 years.
There is a statistically significant difference between
the ALT and AST activity as well as prothrombin activity (INR) before and after treatment in the studied cases
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(p = 0.0003, p = 0.0001, p = 0.022, respectively). There is
no correlation between the viral load and ALT and AST
activity, albumin, bilirubin level (total and direct), or the
studied hematological parameters before treatment
(Table 1).
Child-Pugh score, APRI, and FIB-4 were calculated for
all cases enrolled in the present study before treatment
to estimate the severity of liver injury and the majority
of the patients were categorized as Child-Pugh class (A)
88% (22/25), while class (B) were 12% (3/25), and none
were classified as class (C). Additionally, APRI and FIB-4
were calculated for all cases in the present study as a
non-invasive marker for assessment of hepatic fibrosis
or cirrhosis before and after treatment. Before treatment,
APRI ranged from 0.108 to 2.43 with a mean of 0.87
while FIB-4 ranged from 0.27 to 6.49 with a mean of
2.20. After treatment, APRI ranged from 0.214to 0.987
with a mean of 0.44 while FIB-4 ranged from 0.27 to
4.88 with a mean of 1.60. The difference between the
APRI and FIB-4 scores before and after treatment was

Table 1 Hematological, chemical profile, and viral load of HCV
patients before and after DAA treatment
Before treatment

After treatment

p value

Min–max

13–135

4–35

0.0003*

Mean

46.40

21.08

Min–max

8–124

16–35

Mean

43.96

21.96

Min–max

2.8–5.2

3.5–4.8

Mean

3.98

4.04

ALT (U/L)

AST (U/L)
0.0001*

found statistically significant (p = 0.002, p = 0.048 for
APRI and FIB-4, respectively).
The majority of HCV patients (80%) had a viral load
ranging between > 105–< 107 IU/ml. The remaining 20%
had a viral load < 105. NS5b region was successfully
amplified and sequenced in all 25 patients included in
this study. The 25 HCV patients involved in this study
were genotyped as HCV genotype 4a.
As regards the relative expression of IL-10 (Fig. 1),
92% (23/25) of the cases showed downregulated expression and only 2 (8%) showed upregulated expression. As
for the relative expression of VEGF (Figure 2), 64% (16/
25) of the cases showed downregulated expression while
36% (9/25) of the cases showed upregulated expression
(Table 2).
Correlation between IL-10 expression and the liver
functions, hematological parameters, viral load, and calculated fibrosis scores before treatment shows a strong
positive correlation with the viral load (r = 0.721, p =
0.0001) while other parameters show no correlation,
while correlation between VEGF expression and liver
functions, hematological parameters, viral load, and calculated fibrosis scores before treatment shows a positive
correlation with AST activity (r = 0.573, p = 0.003) as
well as with the viral load (r = 0.488, p = 0.013) while
other parameters show no correlation (Table 3).
Correlation between IL-10 and VEGF expression and
the liver functions (AST, ALT, bilirubin total and direct,
albumin), hematological parameters (platelet count,
INR), viral load, and calculated fibrosis scores (APRI and
FIB-4) after treatment shows no correlation with any of
the mentioned parameters.

Albumin (g/dl)
0.3310

Total bilirubin (mg/dl)
Min–max

0.3–3.05

0.3–1.2

Mean

0.73

0.67

0.406

Direct bilirubin (mg/dl)
Min–max

0.1–2.14

0.1–0.6

Mean

0.35

0.26

0.155

Platelets count (× 103/μl)
Min–max

40–304

55–266

Mean

178.08

177.28

Min–max

1–1.9

1–1.2

Mean

1.18

1.08

0.481

PT (INR)
0.022*

HCV load (×105 IU/L)
Min–max

0.241–130

Mean

13.22

*Statistically significant at p ≤ 0.05

Undetectable

_

Discussion
The use of DAAs for the treatment of viral hepatitis has
led to dramatic improvement in outcome of HCVinfected patients. They target 3 main parts of viral particle NS3/4A protease, NS5A, and NS5B RNAdependent polymerase [26].
In the current study, all HCV patients received
sofosbuvir-based regimen for 12 weeks. The results
showed that 100% of the cases (25/25) achieved SVR by
the end of the treatment course confirmed by an undetectable PCR viral load. This is consistent with other
studies that reported high SVR on sofosbuvir-based regimen. El Raziky et al. [27] had presented his results from
a phase II open-label study (OSIRIS) conducted in Egypt
on 63 patients with/without cirrhosis and has reported
100% SVR-12 for both groups. Similar results were reported by Lawitz et al. (2015) [28], Feld et al. [29], and
Gayam et al. (2018) [30].
Although HCV RNA monitoring during HCV treatment has been a standard practice, aminotransferases
(ALT and AST) monitoring is also important to assess
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Fig. 1 Box plot showing the expression of IL-10 in HCV patients before and after DAA treatment

improvement of liver injury, drug side effects or interactions, and treatment response. Typically, SVR is accompanied by normalization of ALT, AST which reflects a
positive response to therapy and subsequent reduction
in risk for progressive cirrhosis and HCC [31]. In the
present study, cases showed normalization of the mean
of liver enzymes after treatment. There is a statistically
significant difference between the ALT and AST activity
before and after treatment. In agreement with these results, Huynh T et al. (2018) [32] assessed the dynamic
patterns of both ALT and AST during and after DAA
treatment for HCV infection and the study provided evidence that normalization of both ALT and AST is well
associated with sustained HCV clearance and could be a
potential biochemical marker to assess HCV treatment
responses. In addition, some authors [31, 33] concluded
that AST and ALT may serve as a more economical predictive factor for viral clearance for SVR.

Chronic HCV-infected patients are at high risk for development of advanced fibrosis as part of the natural
course of the disease, 20% of patients will progress to advanced liver disease with cirrhosis or HCC [34]. In the
present study, 12% of the cases were categorized by
Child-Pugh score as class B while 88% were classified as
class A. Before treatment, APRI index had a mean of
0.87 while the FIB-4 had a mean of 2.2. After treatment,
APRI index showed a mean of 0.44 while the FIB-4
showed a mean of 1.6. The difference between the APRI
score and FIB-4 index before and after treatment was
statistically significant.
Bachofner et al. (2017) [35] measured the transient
elastography (TE) and calculated the FIB-4 and APRI
scores for 549 HCV patients who received a DAA-based
treatment and reported that the cases recorded an improvement in liver stiffness recorded by TE and regression of validated fibrosis scores of the FIB-4 and APRI in

Fig. 2 Box plot showing the expression of VEGF in HCV patients before and after DAA treatment
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Table 2 IL-10 and VEGF gene expression among HCV-infected
patients
Gene expression

Number

%

23

92

>1

2

8

Range

0.093-7.345

Mean ± SD

1.00 ± 1.50

IL-10
<1

VEGF
<1

16

64

>1

9

36

Range

0.258–6.712

Mean ± SD

1.32 ± 1.35

concordance with the HCV eradication by DAAs. Additionally, Hengst et al. [36] reported a rapid decline in
APRI and FIB-4 scores after treatment coinciding with
HCV clearance. Although this study results are in concordance with the previous reported studies but these
results raise a question of whether this improvement in
liver status reflects a true regression of fibrosis or merely
resolution of chronic liver inflammation as the course of
improvement is too short for such significant remodeling in liver tissue and such improvement requires longterm follow-up to confirm it.
Several studies addressed the effect of DAAs on the
host immune response indicating the reconstitution of
innate immunity and downregulation of interferon (IFN)
cell signaling after DAA treatment suggesting that the
rapid reduction in viremia induced by DAAs may attenuate inflammation with minimizing effects on hepatitis progression [37].
The aim of the present study was to investigate the effect of DAAs on VEGF and IL-10 expression coinciding

with the viral clearance. The information on the expression of VEGF and IL-10 mRNA is still incomplete and it
has not yet been determined in cases of HCV genotype4 under DAAs treatment which makes the approach of
this study a novel one since other studies used the protein serum level [38, 39].
In the present study, the gene expression of IL-10 in
HCV genotype-4 patients before and by the end of treatment with DAAs drugs was measured. IL-10 expression
was downregulated in 92% (23/25) of the cases, while 8%
(2/25) of the cases were upregulated with a range from
0.093 to 7.345. Despite of the apparent differences in expression levels within the studied group, the majority of
the cases showed IL-10 down expression after DAA
treatment coinciding with the viral clearance which can
be explained by improvement of the inflammatory
process ongoing with the persistent HCV infection and
normalization of the liver functions. As for 2 cases who
showed upregulation of IL-10 expression, they had the
highest viral load of all the studied cases which may explain the delay in normalization of the immune response
due the possible larger burden of the high viral load on
the immune system of these 2 cases.
In this study, the data was grouped according to viral
and host factors that influence or reflect progression of
the disease, i.e., HCV RNA load, ALT, AST, and the
stage of fibrosis. Before treatment, IL-10 showed a positive correlation with the HCV viral load which coincides
with the previously mentioned reports linking high HCV
replication with upregulation of IL-10 explained by inhibition effector T cell responses.
Several studies investigated the hypothesis that DAAs
may modify the inflammatory pattern along the course
of treatment. Saraiva et al. (2018) [40]; studied the dynamics of 30 different circulating cytokines and growth
factors in HCV patients before DAA therapy initiation

Table 3 Correlation between IL-10 and VEGF gene expression with other studied variables before and after DAA treatment
IL10 gene expression

VEGF gene expression

Before treatment

After treatment

Before treatment

After treatment

Pearson correlation p value Pearson correlation p value Pearson correlation p value Pearson correlation p value
ALT

− 0.205

0.325

− 0.128

0.551

0.361

0.076

0.280

0.184

AST

− 0.192

0.358

− 0.172

0.421

0.573**

0.003

0.269

0.204

Albumin

− 0.041

0.846

0.050

0.813

0.060

0.775

− 0.248

0.232

Total bilirubin

0.051

0.809

− 0.237

0.265

− 0.035

0.868

− 0.068

0.754

Direct bilirubin − 0.004

0.986

− 0.228

0.284

− 0.173

0.409

− 0.227

0.286

PT (INR)

0.983

0.133

0.525

− 0.032

0.881

− 0.103

0.624

0.005

PLT

− 0.158

0.451

− 0.147

0.484

0.110

0.600

0.189

0,365

ASPRI

0.047

0.822

0.114

0.597

0.272

0.189

− 0.061

0.777

FIB-4

0.045

0.829

0.078

0.718

0.134

0.524

− 0.035

0.873

*Statistically significant at p ≤ 0.05
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and after the end of therapy. The study concluded that
there was a decrease in IL-10 serum levels in association
with viral clearance after DAA therapy suggesting that it
could be explained by loss of the suppressive function of
regulatory T cells (Treg) which secrets IL-10 and other
anti-inflammatory cytokines. Also, Villani et al. [41];
confirmed that DAAs resulted in a very rapid decline in
viremia and normalization of ALT in less than 4 weeks;
together with remarkable decrease in serum IL-10 coinciding with the viral clearance indicating a systemic inflammatory pattern change occurring in chronic HCV
patients with very long lasting inflammation. Moreover,
Alhetheel et al. [42] reported that following successful
treatment with DAAs, the IL-10 levels declined with a
concomitant increase in the serum IL-12 levels.
On the other hand, Hengst et al. [36] study showed
that treatment with DAAs showed a dramatic response
in clearance of the viral load and normalization of ALT
but the studied cytokines (including IL-10) showing a
baseline increase in expression although had significantly
decreased during and after therapy but they did not
completely reach normal values suggesting that the inflammatory changes are not fully reversible upon viral
clearance.
These conflicting results in literature could be attributed to the differences in the ability of each patient to
trigger an efficient immune response against HCV infection. In addition, age, gender, viral load, and liver disease
status are also considered interference factors in HCV
infection pathogenesis and response of the immune system to treatment. Also, longer follow-up is required to
answer the important question of whether the inflammatory parameters will further decline over time in successfully treated patients with HCV infection and whether
long-term restoration of the interferon system is
achieved after HCV clearance [43].
In the present study, the hypothesis that DAAs cause
an increase in VEGF which may be a risk factor for
HCC development was addressed. By evaluating the
serum expression of VEGF before and after DAA treatment in our cohort of HCV genotype-4 patients, VEGF
expression was heterogeneous showing spreading of
values along a wide range showing 64% (16/25) of the
cases being downregulated, while 36% (9/25) of the cases
were upregulated. This heterogeneity can be explained
by variability in the immune response among the studied
patients; although all patients were chronically infected
with HCV, but they differed in many ways as the duration of illness, clinical stage of the disease, host genetic,
and immune background. Moreover, further follow-up
for this group was performed clinically by doing ultrasound at least once after end of treatment and none
showed any detectable masses through the period of
follow-up (6 months). A positive correlation was found
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between VEGF expression and each of the viral load as
well as AST activity.
Up to our knowledge, only a limited number of studies
have been performed to investigate effect of DAAs on
different cytokines and growth factors but none of these
studies has evaluated the expression level in the setting
of follow-up study along the course of DAA treatment
as the present study. Different researchers investigated
the assumption that treatment with DAA increases the
risk for occurrence/recurrence of HCC.
Saraiva et al. in 2018 [40] investigated the circulating
levels of inflammatory and profibrogenic cytokines (including VEGF) in 88 patients before and after the end of
treatment with DAAs. Serum level of VEGF was increased in HCV-infected patients before treatment while
there was a significant decrease after anti-viral therapy.
The final conclusion of the study suggested that viral
control induced by DAA therapy restores inflammatory
mediators in association with improvement in liver function. Similarly, Hengst et al. [36] showed that the expression of VEGF was significantly higher in all patients
before treatment which normalized by end of treatment.
On the other hand, Debes et al. [44] in 2018 evaluated
serum levels of 52 immune mediators (including cytokines, growth factors, and apoptosis markers) before,
during, and after DAA treatment. VEGF-A which
showed significantly higher serum expression levels before DAA treatment in patients that later developed
HCC. These results potentially suggest that immune
modulation by DAA probably does not trigger HCC development but rather that the immune background
could be already affected before DAA treatment and induced a carcinogenic or pre-carcinogenic activity. Kawaguchi et al. [45] in 2018 reported that VEGF was
continuously rising and maintained a high level until 12
weeks after DAA treatment ended in patient that
showed rapidly growing HCC after treatment. Villani
et al. [41] measured the pattern of change in VEGF
which showed a 4-fold increase at week 4 after start of
DAA treatment and remained elevated up to the end of
treatment. The study concluded that the increase of
VEGF and change in the inflammatory pattern may alter
the balance between inflammatory and antiinflammatory processes and modify anti-tumor surveillance in the host.
The increased risk for HCC reported by the previous
studies was explained by the fact that DAA-mediated
clearance of HCV leads to loss of intrahepatic immune
activation by IFN-α which activates immune cells as natural killer cells and macrophages that directly inhibits
tumor cell proliferation. Consequently, loss of immune
activation of these cells by IFN-α may allow tumor
growth [46]. However, there are no robust preclinical
studies to support this hypothesis. Additionally, even
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using the best imaging modality cannot exclude a small
HCC mass before treatment with certainty [47].
A moderate positive correlation between IL-10 and
VEGF genes was shown in the studied group which was
statistically significant. IL-10 and VEGF have some similarities and overlap in various functions as the processes
of inflammation and angiogenesis are intimately linked,
inflammatory mediators have a significant effect on the
process of angiogenesis, and the reverse is also true [48].

Conclusion
DAAs has shown excellent SVR in HCV genotype-4 patients reaching 100% in this study which is associated
with improvement in the liver functions and fibrosis
scores indicating an improvement in liver inflammation
and progression of fibrosis. The relative expression of
IL-10 has shown a strong positive correlation with the
viral load and data from this study provide evidences
that successful viral clearance induced by DAAs leads to
the downregulation of IL-10 expression in the majority
of cases that could be explained by a possible shift in the
pretreatment Th2 dominant immune response to the
Th1 response. Despite of the viral clearance, relative expression VEGF was heterogeneous although showed a
positive correlation with IL-10 but the upregulation in
its expression after treatment in a considerable fraction
of patients in this study shows that DAAs do not completely reverse the immunological imprints established
upon chronic HCV infection. Another investigation at
the SVR or even later may be needed to determine sustained outcome of the DAA therapy on the immunological response of chronic HCV-infected patients.
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