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Abstract
Chronic hepatitis C virus (HCV) and hepatocellular carcinoma (HCC) are common

liver diseases that lead to death in Egypt, especially in men. The current study aimed to
evaluate the diagnostic sensitivity of arginase (ARG) activity, alpha-1 antitrypsin (AAT),
and alpha-fetoprotein (AFP) in the sera of patients with HCV (with & without viremia)
and HCC. A total of 190 men classified as 40 healthy used as control (G1), 100 infected
with HCV (subdivided into 50 with viremia (G2) and 50 without viremia (G3), and 50
with HCC (G4). The activity of ARG significantly decreased in HCV and HCC groups
along with significant elevation in the level of AAT and AFP as compared with the con-
trol. Although a non-significant variation was scored in AST/ALT, significant differences
were observed among AST/ARG and ARG/ALT in the pathogenic groups as compared
with the healthy group. Moreover, significant variations in ARG, AAT, AFP, AST/ARG,
and ARG/ALT were observed between viremia and non-viremia. Although AFP scored
significant change among the viremia and HCC, the rest parameters scored non-significant
changes between both groups. Furthermore, a receiver operating characteristic curve
(ROC) showed the diagnostic ability for the selected parameters with high sensitivity and
multiple linear regressions exhibited good associations between those parameters. These
findings suggest the using possibility of ARG, AAT, and AFP in the diagnosis and/or
follow-up of patients with HCV or HCC.

Keywords: Hepatitis C virus, hepatocellular carcinoma, viremia, arginase, Alpha-1 antitrypsin,

alpha-fetoprotein

Introduction
HCV is a health burden that infects nearly 170 million people worldwide [1], accounting for

3% of the world’s population with 3-4 million new diseases and 3.5-5 thousand deaths per year. In

Egypt, the condition is quite worse as it has the highest prevalence in the world of 22% of HCV [2],

and is unique in its mode of treatment history, epidemiology, risk factors and genotype. The key risk

factors for this tremendous prevalence of HCV have traditionally been the insufficient sterilization

and reuse of needles in the mass campaigns for schistosomiasis care in Egypt between the 1960s

and 1980s [3]. HCV viremia subjects constitute the reservoir for ongoing transmission that occurs

primarily through the parental path, especially among people who inject drugs the community in

many countries is most at risk for HCV infection. HCV causes acute, often subclinical, hepatitis,

but the persistence of the infection and the severity of the resulting inflammation can lead to chronic

hepatitis that is aggravated by cirrhosis and/or HCCC in about 80% of infected subjects [4]. Many

extrahepatic symptoms are often associated with chronic HCV infection, which raises the rate of

death in infected patients such as increasing risk of type 2 diabetes mellitus, circulatory disorders of

the thyroid, renal disease, esophageal, and prostate cancer [5].
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As no drug is available for complete neutralization of HCV,
early diagnosis is important for treatment and prevention mea-
sures. To date, the main serological tests for HCV diagnosis are
indirectly by detecting specific antibodies to HCV and directly
by detecting HCV-RNA and core antigen. Molecular virological
techniques play a key role in diagnosis and monitoring of treat-
ment for HCV because it is difficult to cultivate the virus in cell
culture, molecular techniques were instrumental in first identify-
ing HCV, making it one of the first pathogens to be identified
by purely molecular methods [6]. Due to cost concerns, molecu-
lar laboratory facilities are either not available or not commonly
used. Compared to molecular approaches, we need user-friendly
tests, need low scientific knowledge, low cost, facilitate clinical
monitoring of a patient’s treatment, regardless of the genotype
of HCV in addition to high sensitivity as the lower sensitivity
of the HCV core Ag assay limits its usefulness as a significant
limitation [2].

HCC is a universal health problem with variations in epi-
demiological data from one location to another. It is the most
common cause of death-and morbidity-related cancer in Egypt,
particularly in males [7]. Many hospital-based studies have re-
ported changes in the incidence of HCC [8,9]. The cause for
increased prevalence may be due to better screening services
and testing methods, an improvement in the survival rate of cir-
rhotic patients who are more likely to develop HCC. Recently,
liver transplantation and resection surgery are key surgical care
choices for HCC. Although the mortality of HCC has signifi-
cantly decreased with the development of surgical techniques,
about 60%-100% of the patients suffered from HCC recurrence
ultimately even after curative resection, and it has become the
most important factor that limits the long-term survival of HCC
patients [10]. To date, no biomarker mixture has been effective
enough to diagnose a lesion as HCC without confirmatory histo-
logical or radiological characteristics. Diagnostic accuracy, par-
ticularly for early stage HCC, can be enhanced by combining
two or three biomarkers to achieve a fair (>80 per cent) sensi-
tivity with a small decrease in specificity. For this cause, the
precision of the marker may also be improved by measuring
the overtime variability of the marker. Future studies may de-
velop useful biomarkers to monitor treatment activity, diagnose
early response to treatment, and classify patients that are more
likely to benefit from treatment [11]. This results in the discov-
ery of sensitive markers for early diagnosis and postoperative re-
currence of HCC and the availability of effective care for HCC
patients.

Arginase (ARG) is a member of the ureohydrolase family of
enzymes that catalyze the last stage of the urea cycle contribut-
ing to ammonia detoxification in mammals. Two ARG isoen-
zymes are encoded by separate genes and are called ARG-1 and
ARG-2. They have the same biochemical reactions but are dif-
ferent in cellular expression and localisation. ARG-1 accounts
for 98% of ARG production is cytoplasmic and is predominantly
synthesized in hepatocytes [12]. Therefore, differences in ARG

activity may indicate liver disorders, including carcinogenesis
[13]. Alpha-1-antitrypsin (AAT) is the most prevalent serum pro-
teinase inhibitor in human plasma. It is primarily synthesized,
secreted and cleared by hepatocytes [14]. It is also an acute
phase reactant and its plasma concentrations rise in response to
tissue damage, including liver disease [15,16]. The literature
on AAT deficiency and its relationship with liver and lung dis-
ease has been immense, but there is no knowledge of its use as
a liver-specific biomarker. Alpha-fetoprotein (AFP) is a glyco-
protein synthesized by the fetal liver and a prominent portion
of serum proteins in early embryonic existence. The AFP level
starts to decline after birth and is low in healthy adults as mature
hepatocytes, although it can increase again in patients with liver
disease [17], especially HCC [18]. This study aims to determine
the level of ARG, AAT, and AFP and their association with other
routine biomarkers in HCV-infected patients (with and without
viremia) and patients with HCC that may serve in understanding
the pathogenesis of this disease and may greatly advise in the
diagnosis.

Materials and Methods
Study design, samples collection, and preparation

This study comprised 190 males matched in age (40- 65
years) and under medical follow-up in Maadi Military Hospi-
tal, Cairo, Egypt. They were divided into 4 groups; the control
group (G1) that has 40 normal healthy subjects. HCV group
without viremia (G2): 50 subjects who are HCV-PCR negative
or under detectable level and they have HCV-Ab positive. HCV
group with viremia (G3): 50 subjects who are HCV-PCR pos-
itive. The HCV- patients are not related to any hepatic tumor.
HCC group (G4): consisting of 50 patients with malignant hep-
atic tumor and they are not related with any viral hepatitis. All
samples were collected before the beginning of any treatment.
Morning blood samples (5 ml) were collected at 8 O’clock in
clean dry plastic tubes left to clot for 20 minutes at 37 °and then
centrifuged at 3000 xg for 15 minutes. The sera were divided
into 4 aliquots and saved at -80 °for further determinations of
ARG, AAT, and AFP as well as routine analyses.

Ethical statement
The study approved by the local ethical committee and an

informed written consent was taken from all patients.

ARG activity, AAT and AFP concentrations determination
ARG activity was measured using the colorimetric method

of [19]. The concentration of AAT was determined using the
radial immunodifusion (RID) process, which is typically used
to calculate the concentration of different soluble antigens in
biological fluids according to [20] as well as [21] procedures.
The approach requires an antigen that radially diffuses from a
cylindrical well into an agarose gel containing an effective mono-
specific antibody. Antigen-antibody complexes are formed and,
under the right conditions, form a precipitin ring (Figure 1). The
AAT concentration (mg/L) referring to each ring diameter was
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obtained from the RID comparison table included with the kit.
AFP level was determined by the ELISA technique according to
the method of [21].

Figure 1. RID plates showed varied precipitin rings.

Determination of AST, ALT, T.BIL, and ALB
Aspartate aminotransferase (AST) activity and Alanine amino-

transferase (ALT) were measured using Reitman and Frankel
[23] method. Total bilirubin (TBIL) and albumin (ALB) were de-
termined used Jendrassik and Grof [24] and Doumas and Biggs
[25] procedures, respectively.

Statistical analysis
In this study, the SPSS program (IBM SPSS-23Inc, USA)

was utilized for the data entry and analysis. Clinical data are ex-
pressed mean ± SEM in each studied group was made on the ob-
tained values from the numbers of patients in each group. One-
way analysis of variance (ANOVA) followed by Turkeyś hon-
estly significant difference (HSD) test was applied to match be-
tween the studied groups where P < 0.05 value was set as statis-
tically significant. The Receiver operating characteristic (ROC)
curves were plotted for each subgroup of patients to assess the
diagnostic performance of the biomarkers by determining the
area under the curve (AUC) as well as a P-value. The sensitiv-
ity and specificity of ARG, AAT, and AFP were calculated us-
ing the Youden index method. Multiple linear regressions were
used to identify the associated factors for the studied parameters
(ARG, AAT, and AFP) with routine analyses (AST, ALT, TBIL,
and ALB) as well as enzyme ratios (AST/ALT, AST/ ARG, and
ARG/ALT).

Results
Arginase activity, AAT, and AFP concentration

The enzymatic activity of ARG (38.67, 57.96, and 55.65%,
respectively) was significantly decreased (p < 0.05) in G2, G3,
and G4 as matched with control. Although a significant (p <
0.05) decrease in ARG activity was observed in G3 and G4 as

compared with G2, a non-significant (p > 0.05) difference was
observed between G3 and G4 (Figure 2). Inversely, the serum
concentrations of AAT (29.09, 82.89, and 82.45%, respectively)
were markedly (p < 0.05) increased in the same groups as com-
pared with the control level. While a significant (p < 0.05) rise
in the level of AAT was observed in G3 and G4 when compared
with G2, a non-significant (p > 0.05) variation in AAT serum lev-
els was observed when G3 compared with G4 (Figure 3). Fur-
thermore, the serum concentration of AFP was significantly in-
creased (p < 0.05) in G3 and G4 (2587.53, and 113288.53%, re-
spectively) as compared with G1, while G2 scored a non-significant
(p > 0.05) increase by 29.57%. A significant (p < 0.05) higher
level in AFP was observed in G3 and G4 when compared with
G2. Also a significant (p < 0.05) increased level in AFP serum
levels was observed when G4 compared with G3 (Figure 4).

Figure 2. Comparison ARG activities in all studied groups . Each value repre-
sents the mean ± SEM.

AST, ALT activities, TBIL and ALB concentrations
A non-significant (p > 0.05) increase in enzymatic activity

of AST (3.67, 5.33, and 8.64%, respectively) in G2, G3, and
G4 as matched with control. Also, a non-significant (p > 0.05)
variation in AST activity was observed between all pathogenic
groups (Table 1). G2 and G3 (1.3 and 2.3% respectively) scored
a non-significant (p > 0.05) increase in ALT activity as com-
pared with G1 while this increase was significant (p < 0.05) in
G4 (10.73%) as compared with G1. G2 scored a non-significant
(p > 0.05) decrease in ALT activity as compared with G3 but this
decrease was significant (p < 0.05) as compared G4 and the non-
significant (p > 0.05) variation between G3 and G4 continue also
in ALT activity (Table 1). T.BIL concentrations (79.29, 167.84,
and 217.18%, respectively) in G2, G3, G4 were markedly (p <
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Figure 3. Comparison AAT concentrations in all studied groups. Each value
represents the mean ± SEM.

Figure 4. Comparison AFP concentrations in all studied groups. Each value
represents the mean ± SEM. Means with different letters indicated the vari-
ations between the groups within the same column using Turkeyś honestly
significant difference (p < 0.05) test. G1: Control group, G2: HCV-PCR nega-
tive group, G3:HCV-PCR positive group, G4:hepatocellular carcinoma group.

0.05) increased as compared with the control levels. A signifi-
cantly higher level of T.BIL was observed in G3 and G4 when
compared with G2 but also a non-significant variation in T.BIL
serum levels were observed comparing G3 with G4 (Table 1).

Concerning the serum concentrations of ALB, a significant (p <
0.05) decrease levels were observed in G2, G3, and G4 (19.04,
22.73, and 25.31% respectively) as compared with G1. The level
of ALB of G2 scored a non-significant (p > 0.05) increase as
compared with G3 and no statistical variation (p > 0.05) was
observed between G3 and G4 (Table 1).

AST/ALT, AST/ARG, and ARG/ALT
A non-significant (p > 0.05) variation in AST/ALT (2.09,

1.24, and 1.69%, respectively) in G2, G3 and G4 as matched
with control. Also, a non-significant (p > 0.05) variation in
AST/ALT was observed between all pathogenic groups (Table
1). Inversely a marked (p < 0.05) variation in AST/ARG (67.20,
144.55, and 144.26%, respectively) was observed in G2, G3,
and G4 as compared with G1. Moreover, a significant varia-
tion in AST/ARG was observed between G2 and G3 but a non-
significant variation was observed when comparing G3 with G4
(Table 1). Interestingly the other ratio of ARG/ALT showed a
significant (p < 0.05) variation; in all pathogenic groups G2, G3,
and G4 (39.41, 58.78, and 59.95% respectively) as compared
with G1, in G2 as compared with G3and G4 but no statistical
variation (p > 0.05) was observed between G3 and G4 (Table
1).

ROC curve analysis
ROC curve analysis was used to assess whether the decreased

ARG activity or increased levels of AAT, as well as AFP, may
serve as a predictor of the severity of HCV and HCC. In com-
paring ARG activity of G2, G3, and G4 with G1, all AUCs were
1.0 and P values < 0.001 while the associated diagnostic sen-
sitivities were 100 and specificities were 5 at cut-off values of
40.36 U/L, 24.95 U/L, and 26.57 U/L respectively. At the same
values of cut-off (24.95 U/L and 26.57 U/L respectively), the
ROC curve results differentiate significantly (P< 0.001) between
G3 as well as G4 when compared with G2 where AUC is also
equal unity with associated diagnostic sensitivities were 100 and
specificities were 5 for both groups. While comparing ARG ac-
tivity between G4 with G3, a good association (P < 0.005) was
observed at AUC 0.756 and the diagnostic sensitivity was 100
but the specificity increased to 45 at ARG activity of 32.04 U/L
(Figure 5 A-F).

Comparing AAT concentrations of G2, G3, and G4 with G1,
significant associations (P< 0.001) were observed (at 1520 mg/L,
2310 mg/L, and 2175 mg/L respectively), the AUCs were 1, and
the sensitivities were 100 while the specificities were 26, 5 and
10 respectively. The AAT concentration significant association
(P < 0.001) between G3 as well as G4 with G2 took the same
trend of G1, the AUC was 1.0 and the associated diagnostic
sensitivity was 100 (at 2310 mg/L and 2175 mg/L respectively)
and specificity was 5 and 10 respectively. In comparing the AAT
level of G4 with G3 a non-significant association (P = 0.707)
at 2065 mg/L cut off was observed, the AUC was 0.535, the
associated sensitivity was 50 and the specificity was 55 (Figure
5 G-L).
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Table 1. Comparison between ALT, AST, AST/ALT, AST/ARG, ARG/ALT, T.BIL and ALB levels in different studied groups.

AST (U/L) ALT (U/L) AST/ALT AST/ARG ARG/ALT T.BIL (mg/dL) ALB (g/dL)

G1 27.20 ±0. 972a 30.30 ±0. 864a 0.9102 ±0.042a 0.3872 ±0.01817a 2.3721 ±0.06623a 0.5675 ±0.0298a 4.0700 ±0.0802a

G2 28.20 ±0.851a 30.70 ±0.782a,b 0.9293 ±0.037a 0.6474 ±0.0198b 1.4372 ±0.0364b 1.0175 ±1.137b 3.2950 ±0.0816b

G3 28.650 ±0.762a 31.00 ±0.778a,b 0.9215 ±0.0392a 0.9469 ±0.0308c 0.9778 ±0.0325c 1.5200 ± 0.1448c 3.1450 ±0.0530b,c

G4 29.5500 ±0.908a 33.55 ±0.969b 0.8948 ±0.0389a 0.9458 ±0.0399c 0.9498 ±0.0225c 1.800 ±0.1227c 2.910 ±0.0763c

Each value represents the mean ± SEM. Means with different letters indicated the variations between the groups within the same row using Turkeyś honestly significant difference (p <
0.05) test. G1: Control group, G2: HCV-Nonviremic group, G3 HCV-Viremic group, G4 Hepatocellular Carcinoma group.

When analyzing AFP levels in G2, G3 and G4 with G1 a
strong associations (P<0 .004, P < 0.001, P <0.001 & AUC =
0.828, 1.0 and 1.0 respectively) were observed (at 3.57 ng/ml,
65.55 ng/ml and 2487 ng/ml respectively) while the diagnostic
sensitivities were 100 and the specificities were 5. Moreover sig-
nificant associations (P < 0.001) also observed when analyzing
G3 as well as G4 with G2 (at 65.55 ng/ml & 2487 ng/ml) as well
as analyzing G4 with G3 (at also 2487 ng/ml), the AUCs were 1,
the associated diagnostic sensitivities were 100 and specificities
were 5 (Figure 5 M-R).

Multiple regression analysis
The three models of ARG, AAT and AFP are significant (P

<0.05) at R square of 0.982, 0.887, and 0.433 respectively. In
ARG model, AST, ALT, ALB, AST/ARG & ARG/ALT were
significantly (p < 0.05) independent variables with regression
coefficient (β = 0.098; 0.219; 0.032; - 0.093, and 0.965 respec-
tively), while TBIL and AST/ALT were non-significant predic-
tors (P > 0.05 with β = 0.005; - 0.082 respectively). In AAT
model, ALB, AST/ALT, AST/ARG &ARG/ALT were signifi-
cantly (p < 0.05) independent variables with regression coeffi-
cient (β = - 0.079; - 0.265; 0.855 and - 0.132 respectively) while
AST, ALT and TBIL were non-significant predictors (P > 0.05
with β = - 0.132; - 0.075 and 0.027respectively). While in AFP
model, AST, ALT, TBIL, ALB, AST/ARG &ARG/ALT were
the significant (p < 0.05) independent variables with regression
coefficient (β = - 0.499; 0.653; 0.279; - 0.353; 0.682 and 0.633
respectively) while AST/ALT were a non-significant predictor
(P > 0.05 with β = 0.349) (Table 2).

Discussion
Chronic liver diseases (CLDs) are primarily characterized by

the gradual destruction of hepatocytes that can cause alterations
in the normal functioning of the liver over time. Worldwide,
viral hepatitis is still the leading known etiology of CLDs, espe-
cially in Egypt [26] and HCC-related deaths are increasing faster
than those for any other cancer [7]. Patients with CLDs express
an excessive burden due to their disease which includes substan-
tial healthcare expenses, negative employment impact, and sig-
nificant impairment in their quality of life [27]. Thus the burden
of CLDs should be investigated not only from the epidemiologi-
cal perspective but also from the economic context.

Circulating diagnostic and prognostic biomarkers could be
used in the proper postoperative treatment of patients at the early

Table 2. Multiple regression analysis to identify association of serum ARG,
AAT and AFP with some routine analyses and enzymes ratios in all studied
groups.

Dependent Variable Independent variable coefficient P-value

ARG (R2=0.982) (P <0.0001) Model (1) AST 0.098 0.005

ALT 0.219 0

TBIL 0.005 0.733

ALB 0.032 0.034

AST/ALT -0.082 0.055

AST/ARG -0.093 0.008

ARG/ALT 0.965 0.0001

AAT (R2=0.887) (P <0.0001) Model (1) AST -0.132 0.132

ALT -0.075 0.324

TBIL 0.027 0.424

ALB -0.079 0.039

AST/ALT -0.265 0.014

AST/ARG 0.855 0.0001

ARG/ALT -0.132 0.12

AFP (R2=0.433) (P <0.0001) Model (1) AST -0.499 0.011

ALT 0.653 0.0001

TBIL 0.279 0.0001

ALB -0.353 0.0001

AST/ALT 0.349 0.147

AST/ARG 0.682 0.001

ARG/ALT 0.633 0.001

stages of CLDs development. The most pressing concerns are
the detection of sensitive markers for early diagnosis and moni-
toring of patients with CLDs. ARG is mainly secreted via hep-
atocytes to catalyze the conversion of L-arginine to L-ornithine
and urea which is the final step of urea cycle [28]. The results
of this study indicating the lower serum ARG activities in all
pathogenic groups as compared with control. This low ARG
activity that was observed in the patients’ groups may be due
to the failure of seriously damaged hepatocytes to synthesize
and/or liberate normal enzymes into the bloodstream. Another
logic cause for ARG decreased activity particularly in G3 and
G4 may be the competition for the substrate between ARG and
nitric enzyme synthase (NOS) that catalyze the conversion of L-
arginine to nitric oxide (NO) and L-citrulline especially many
studies showed a relation between a high level of NO and HCV
viral load [29,30] and HCC progression [31,32]. In this study,
we observed that a significant decrease in ARG activity in the
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Figure 5. Area under the ROC curve (AUC) and P value for the three studied parameters ((A-F) ARG= Arginase, (G-L) AAT= Alpha-1 antitrypsin and (M-R)
AFP= alpha fetoprotein) to discriminated between pathogenic groups (G2, G3 and G4; Nonviremic-HCV, Viremic-HCV and HCC respectively) and control (G1)
as well as between pathogenic groups itself.
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G3 group as compared with G2. This may be due to the asso-
ciation between viral particles load in serum and increased NO
production by NOS that compete with ARG for a substrate.

All pathogenic groups have higher serum AAT concentration
as compared with G1. This increase may be due to the massive
inflammation of the liver caused by a viral infection and liver
cancer. It is probable that during a liver injury in hepatitis there
is an increased synthesis along with the increased transport of
AAT to the damaged sites, thereby counteracting the release of
serine proteases produced by neutrophils to exterminate the mi-
croorganisms. Increased neutrophils in the patients might con-
tribute to tissue damage and autoimmune diseases, where the
presence of inflammatory mediators is prevalent in both infec-
tive and non-infective pathologies [33]. Thus, the high level of
AAT in serum may be derived from normal liver cells and rep-
resent self-protective responses to the viral particles especially
HCV-NS3 which is essential for viral maturation and replication
that have serine protease activity when complex with the viral
NS4A [34]. Further, Oguz et al., [35] have showed that the re-
lease of acute-phase proteins increases with HCV viremia, this
may explain the significantly high level of AAT in G3 as com-
pared with G2. Moreover, there has been considerable evidence
that the lysosomes of tumor cells produce the proteases [36],
which may result in the subsequently enhanced synthesis of AAT
in the liver cells to compensate for the activity of proteases. Our
results were compatible with the observation of Tan et al., [15]
who have showed that AAT is highly expressed in serum samples
of patients with HCC and HCV, The authors have suggested the
specific secretion of AAT from normal hepatic tissues to serum
as they found that the level of AAT gene expression was higher
in normal hepatic tissue than HCC and HCV hepatic-diseased
tissues.

AFP is widely used as a serum marker for diagnosing HCC
although its level was found to be elevated also in benign CLDs
such as chronic viral hepatitis without HCC [37]. In this study,
the highest level of AFP was observed in the HCC group as com-
pared with control and HCV groups. Cancer cells can modify
their surface antigen and change the microenvironment around
the tumor lesion to implement their immune escape. Produc-
tion of AFP by HCC cells can not only promote the angiogene-
sis and proliferation, but also enhance the anti-apoptosis effect
of cancer cells. Moreover, AFP can inhibit the maturation and
induce apoptosis of dendritic cells the main antigen-presenting
cells that activating T lymphocytes, so that cancer cells could
escape from host immune surveillance [38]. We also observed a
significant increase in AFP level in G3 as compared with control.
Tai et al., [37] showed that the increased AFP in HCV-infected
patients positively correlated with the rate of fibrosis in liver
cells but not correlated to HCV genotype. Moreover, hepatic
stellate cells are the principal hepatic fibrogenic cells generating
scar tissue in response to persisting liver injury. These cells are
highly expressed in HCV patients where they express high lev-
els of AFP their presence is related to the severity of fibrosis,

and expression of these cells has been associated with response
to treatment, being higher in non-responders compared with re-
sponders [39]. Furthermore, HCV gene products can activate
cellular oncogenes [40] such as AFP [41,42]. Additionally, the
presence of increased injury and inflammation in case viremic
patients may enhance the production of AFP [43] in G3 as com-
pared to G2.

The significant results of ROC curve analysis showed that
the decreased ARG activities, as well as the increased levels of
AAT and AFP, are good biomarkers with high sensitivity in the
diagnosis of HCV (with or without viremia) and HCC patients.

Conclusion
This study demonstrated that decreased serum ARG activ-

ity, as well as increased AAT and AFP levels, can significantly
differentiate between the viremic and non-viremic status in pa-
tients infected with HCV. Therefore, these parameters can be
used for follow-up patients infected with HCV and under treat-
ment to evaluate the improvement of treatment with low eco-
nomical cost. The combination of ARG, AAT alongside AFP
may increase the sensitivity of detection and early diagnosis of
HCC especially in low-AFP producing HCC. Moreover, ARG
ratios with aminotransferases (AST/ARG and ARG/ALT) can
be useful in the liver profile of chronic disease than aminotrans-
ferase ratio. These findings should be validated in further studies
recruiting a larger number of patients.
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