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Significance and Impact of Study: Hepatitis C virus (HCV) is the most studied viral agent and the com-
mon cause of the chronic liver diseases. It is generally asymptomatic and causes hepatic inflammation
and tissue damage. Here, in this study, the potential hepatocellular damage due to the HCV was pre-
dicted by different metabolic pathways’ biochemical markers such as total antioxidant status, matrix
metalloproteinase (MMP)-2 and MMP-9. This manuscript may not only raise awareness in dental
patients, who are asymptomatic for HCV infection but also help predict any potential damage in liver
tissue without using an invasive diagnostic method even if the patients have normal alanine amino-
transferase and aspartate aminotransferase records.
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Abstract

The aim of this study is to predict potential hepatocellular damage by

determining total antioxidant status (TAS) and matrix metalloproteinases

(MMPs) 2 and 9 levels of different groups of dental surgery patients who are

asymptomatic (normal alanine aminotransferase, aspartate aminotransferase

records). Patients were divided into five groups according to the anamnesis

[to be diagnosed formerly as hepatitis C virus (HCV) infection or not],

microbiological (positive-anti-HCV antibodies and HCV RNA-positive or

negative) and biochemical test results. Except for the control group, serum

anti-HCV antibody levels and line immunoassay tests were found positive in

all groups. HCV RNAs were found positive only in group 3 whom were

formerly diagnosed with HCV infection, not under medical treatment and in

group 5 under medical treatment (<2 9 105 IU ml�1). Statistical analyses were

performed using one-way multifactorial ANOVA (MANOVA) at the statistical

significance level of 5% and were confirmed that the changes in biochemical

markers had significant effects on subjects who had been in different groups.

Following multiple comparisons, significant groups’ differences were obtained

in all biochemical markers. In conclusion, to determine not only TAS levels

but also the MMPs and evaluate those together may be noninvasive

biomarkers for predicting the inflammation in liver and approaching the

prognosis of HCV infection.

Introduction

Due to the gradual increase in the role played in chronic

hepatitis cases, cirrhoses and hepatocellular carcinoma

(Osella et al. 2001), hepatitis C virus (HCV) is still one of

the most studied viral agents. HCV infection results in

liver injury and long-term complications; yet, they are

generally asymptomatic and cannot be diagnosed with

routine biochemical tests [aspartate aminotransferase

(AST), alanine aminotransferase (ALT)]. Eighty-five per

cent of the infected individuals develop persistent chronic

infection and chronic hepatitis (Lauer and Walker 2001).
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Liver biopsy is still considered as the golden standard.

However, this procedure cannot be applied to everybody

since it is invasive and causes bleeding. Usually, it is pre-

ferred to use noninvasive, easier and cheaper biomarkers

to follow the prognosis of the asymptomatic patients.

Determination of anti-HCV antibodies by ELISA

method is the most commonly used diagnostic test

method. However, under some circumstances, it is possi-

ble to see false seropositive records. Besides, due to the

late formation of anti-HCV antibodies, especially during

the acute phase, this test is not always considered satisfac-

tory and reliable alone; and therefore, supplementary

diagnostic reconfirmation tests [line immunoassay and

quantitative PCR (qPCR)] are required to validate vire-

mia and prognosis of infection.

Fibrosis and cirrhosis develop during the course of

chronic liver disease. Several biochemical indicators have

been reported as potential noninvasive serum/plasma

markers of fibroproliferation. Among them, the matrix

metalloproteinases (MMPs) and their tissue inhibitors

(TIMPs) have been shown by several groups to correlate

in some way with the development of cirrhosis, the extent

of toxic damage to the liver in alcoholic liver disease and

the inflammatory activity in patients with chronic viral

hepatitis (Kasahara et al. 1997; Walsh et al. 1999; B€oker

et al. 2000). Until present, 28 extracellular MMPs classes

have been presented as inflammatory markers, which play

a role in tissue degradation by physiological and patho-

logical mechanisms. They are synthesized from various

cells of epithelial and mesenchymal origin, including

leucocytes, keratinocytes, fibroblasts, macrophages, chon-

drocytes and smooth muscle cells. MMPs, through their

proteolytic activity, play crucial roles in invasion and

metastasis; interfere with signalling pathways controlling

cell growth, survival, invasion, inflammation and angio-

genesis (Laack et al. 2002; Yang et al. 2005).

In addition, HCV infections are also thought of causing

enhanced oxidative stress associated with hepatic free rad-

ical formation (Ferre et al. 2005). The increased produc-

tion of reactive oxygen species (ROS) depends on an

imbalance of oxidant/antioxidant systems and the

destructive chain reaction initiated by ROS can be termi-

nated by antioxidants. (Sies 1997; Kohen and Nyska

2002).

The aim of this study is to predict potential hepatocel-

lular damage due to the HCV by determining total anti-

oxidant status (TAS), MMP-2 and MMP-9 levels of the

patients who are asymptomatic for this infection and can

be transmitted by HCV via any possible inappropriate

way of transmission. Thereby, it is thought that this

report may not only raise awareness in dental patients,

who are asymptomatic for HCV infection but also help

predict any potential damage in liver tissue without using

an invasive diagnostic method even if the patients have

normal ALT and AST records.

Results and discussion

In this study, our main objective was to suggest noninva-

sive predictors as indicative of liver damage in HCV-

infected patients or patients susceptible of being infected

by HCV. Together with conventional biochemical mark-

ers, such as ALT and AST levels, present work focuses in

two putative predictors, the levels of TAS, MMPs 2 and 9

analysed in the serum of asymptomatic patients who were

planned to undergo dental surgery.

Currently, it was reported that three to four million

people have been newly infected by HCV each year

(Bellentani et al. 2000; Shepard et al. 2005). In Turkey,

although HCV seroprevalence has been considered to be

low (%0�3–1�8), it was estimated that approximately

700 000 people had been affected (Karaca et al. 2006).

Unfortunately, because most of them are asymptomatic,

hepatitis C is rarely identified or reported. On the other

hand, although the transmission of HCV due to dental

needle injury is reported to be as low as 3% (Scully and

Greenspan 2006; Tarantola et al. 2006), dental practitio-

ners and their patients are highly exposed to HCV since

HCV transmission may occur via directly saliva or con-

taminated dental instruments that comprises micro/

macro amount of blood. In addition, respiratory and

permucosal transmission is accounted for the other ways

of contamination. Thus, determining the presence of viral

agents with the easy and cost-effective methods in every

hospital’s microbiology and biochemistry laboratories

would be an initial step for further protective measures.

Determination and confirmation of anti-HCV antibody

presence using molecular techniques such as qPCR vali-

date the diagnosis of the infected individual, who poses

the risk and capacity of transmission. But under the cir-

cumstances that HCV RNA was found negative, the

prognosis of infection and the status of tissue damage

has been thought to be unclear. In our study, except for

the control group, serum anti-HCV antibody levels and

line immunoassay tests were found positive in all groups.

But HCV RNAs were found positive only in patients of

groups 3 and 5 (<2 9 105 IU ml�1). In acute HCV

infection, significantly higher ALT levels have been found

in HCV-infected patients but in chronic state, they were

mostly within the normal scores. The descriptive statistics

of biochemical parameters of our study; AST (U l�1),

ALT (U l�1), TAS (mmol l�1), MMP-2 (ng ml�1),

MMP-9 (ng ml�1) among groups were presented in

Table 1. A one-way MANOVA revealed a significant multi-

variate main effect for groups, Wilks’ k = 0.019, F(20,

173�4) = 19�965, P = 0.0001, partial eta squared = 0.629.
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Power to detect the effect was 1. Thus, it was confirmed

that the changes in biochemical markers had significant

effects on subjects who had been in different groups,

which were enrolled into the study. Given the signifi-

cance of the overall test, the univariate main effects were

examined. Significant univariate main effects for groups

were obtained for ALT, F(4, 56) = 7�57, P = 0.0001, par-

tial eta square = 0.351, power = 0.995; for AST, F(4,

56) = 12�89, P = 0.0001, partial eta square = 0.479,

power = 1; for TAS, F(4, 56) = 7�94, P = 0.0001, partial

eta square = 0.362, power = 0.996; for MMP-2, F(4,

56) = 8�37, P = 0.0001, partial eta square = 0.374,

power = 0.998; for MMP-9, F(4, 56) = 161�5, P = 0.0001,

partial eta square = 0.92, power = 1. Following multiple

comparisons, significant groups’ differences were

obtained in ALT, AST, TAS, MMP-2 and MMP-9

(Table 2). According to the statistical analyses, in com-

parison with groups 1, 2, 3, 4 with group 5, ALT

(P < 0�001) and AST (P < 0�05) levels were found statis-

tical significant even if they were within the test intervals.

On the other hand, the highest ALT and AST levels were

found in chronic asymptomatic HCV patients (group 5),

and this group was found to be statistically significantly

different from all of the groups in the study including

the control group.

In accord with our findings, it was also reported that

ALT flare-ups of the patients were associated with

increased levels of oxidative stress markers. Besides, it was

suggested that increased oxidative stress in liver tissue dur-

ing disease activation might reflect a tendency of decreased

plasma TAS (Vendemiale et al. 2001). Our results indi-

cated statistically significant decreased TAS levels

(P ≤ 0�001) in all of the groups, in comparison with the

control group, which was found to be in line with the

study of Vendemiale et al. 2001;. The minimum TAS

levels were found in chronic asymptomatic HCV patients

who might have still been under surveillance and taking

some medications. None of our patients in the control

Table 1 Serum AST (U l�1), ALT (U l�1), TAS (mmol l�1), MMP-2 (ng ml�1) and MMP-9 (ng ml�1) levels of all groups

Groups

Serology
Molecular tests Biochemical parameters (mean � SD)

Anti-HCV Ab HCV LIA HCV RNA ALT (U l�1) AST (U l�1) TAS (mmol l�1) MMP-2 (ng ml�1) MMP-9 (ng ml�1)

Group 1

Control

(n = 10)

Negative Negative Negative 12�30 � 3�43 12�20 � 1�81 1�94 � 0�03 457�41 � 116�72 Not detectable

Group 2

(n = 13)

Positive Positive Negative 11�92 � 1�18 15�38 � 6�72 1�08 � 0�58 386�10 � 56�63 276�85 � 59�10

Group 3

(n = 15)

Positive Positive Positive 13�66 � 3�82 15�80 � 7�36 1�06 � 0�48 990�11 � 45�71 64�51 � 6�21

Group 4

(n = 13)

Positive Positive Negative 11�75 � 1�60 14�16 � 4�62 1�18 � 0�49 495�08 � 118�03 159�90 � 18�05

Group 5

(n = 10)

Positive Positive Positive 35�70 � 29�70 40�00 � 18�93 0�91 � 0�59 684�59 � 59�33 96�64 � 5�46

ALT, alanine aminotransferase; AST, aspartate aminotransferase; HCV, hepatitis C virus; MMP, matrix metalloproteinase; TAS, total antioxidant

status.

Table 2 Tukey significant multiple comparison test results for the dif-

ferences of biochemical markers among groups

Variables Groups Significance

Confidence interval

Lower Upper

ALT 2 5 0�0001 �38�2 �9�3
3 5 0�0001 �36�01 �8

4 5 0�0001 �37�9 �9�1
1 5 0�001 �38�76 �8�03

AST 2 5 0�0001 �36�61 �12�62
3 5 0�0001 �35�84 �12�55
4 1 0�047 �24�08 �0�08
4 5 0�0001 �37�38 �13�38
1 5 0�037 �26�5 �0�5

TAS 2 1 0�001 �1�4 �0�3
3 1 0�0001 �1�42 �0�33
4 1 0�0001 �1�45 �0�32
1 5 0�0001 0�44 1�63

MMP-2 2 3 0�0001 �583�18 �171�33
2 5 0�0001 �495�8 �38�64
3 4 0�006 55�7 467�55
3 1 0�004 81�4 525�11

MMP-9 2 3 0�0001 181�51 242�9
2 4 0�0001 84�46 148�1
2 1 0�0001 242�67 310�91
2 5 0�0001 146�03 214�27
3 4 0�0001 �126�73 �65�23
3 1 0�0001 31�41 97�64
4 1 0�0001 126�38 194�62
4 5 0�0001 29�74 97�98
1 5 0�0001 �132�92 �60�36

ALT, alanine aminotransferase; AST, aspartate aminotransferase;

MMP, matrix metalloproteinase; TAS, total antioxidant status.
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group had positive results from the HCV RNA assays,

which was accepted as a finding also supporting the

hypothesis that a relation between oxidative stress and

HCV infection may not become clinically significant in

patients with low disease activity and normal ALT levels.

In another study, it was reported that levels of antioxidant

agents increased in the serum of HBV- or HCV-infected

uraemic patients, and they concluded that increased

plasma antioxidant capacity might reflect oxidative injury

in liver tissue (Pawlak et al. 2004). On the other hand,

clinically inactive HCV infection was reported to be asso-

ciated with reduced oxidative stress, compared with active

HCV infection or HCV-negative patients undergoing hae-

modialysis (Sezer et al. 2006; Tutal et al. 2010). These

results were not completely in agreement with ours. The

most possible cause of this paradox could be the differ-

ences in patient groups of the two studies since their

patients were uraemic or receiving haemodialysis. The

authors suggested that this may be a reactionary decrease

to increased oxidative load at the tissue level; or secondary

to decreased liver biosynthetic activity. Plasma or serum

TAS has been shown to be directly related to complica-

tions. The altered concentrations of antioxidants suggest

that the defence system is active and effective, with lower

levels showing depletion due to utilization. TAS levels of

body fluids are directly related to antioxidant levels and

free radical production. In our study, we showed that the

presence of chronic HCV infection was associated with

decreased plasma antioxidant status. However, higher

antioxidant status was observed in HCV RNA-negative

patients, in comparison with HCV RNA-positive subjects.

TAS contends the cumulative action of all the antioxidants

present in plasma and body fluids, thus providing an

integrated parameter in a short period of time with less

cost than the sum of all measurable antioxidants. It is

presently the preferred and widely used method for the

assessment of oxygen radical absorbance status capable of

protecting the cells via inhibition of oxidant reactions

(Wang et al. 2001). Therefore, TAS may act as a protective

antioxidant to combat the metabolic oxidative stress-

induced.

It is known that core protein of HCV can also trigger

the inflammatory cells (Dolganiuc et al. 2003; Natter-

mann et al. 2005) Inflammatory processes are also

known to promote oxidative stress and increase ROS

production in the organism and are therefore regarded

as one of the major causes of inflammation. The micro-

environmental tissue damage has been linked to the

release of ROS, and reactive species, which are released

by activated neutrophils can easily attack almost every

cell component. Moreover, environment, sex, age,

hormones, lifestyle and dietary factors are all potential

factors involved in the redox modulation of humans

(Halliwell and Whiteman 2004). In our study, we used

MMP-2 and MMP-9 markers to discuss the inflamma-

tory status of patients. MMP-2 (gelatinase A, collagenase

IV) and MMP-9 (gelatinase B, collagenase 3) are proteo-

lytic enzymes, which are responsible for the degradation

of Type IV collagen and change intact status of liver tis-

sue eventually leading to liver damage. Besides, they were

linked to causation of invasion into tissues and corre-

lated with tumour aggressiveness and metastatic poten-

tial. (Miller et al. 1993; Wang et al. 2001; Laack et al.

2002; Yang et al. 2005). They have been activated during

hepatic fibrogenesis and contributed to liver damage. On

the other hand, MMPs play an important role in orches-

trating leucocyte extravasation into the inflammatory

focus (Shukla et al. 2012). So, they facilitate penetration

of inflammatory cells into the liver and enhance local

tissue damage.

The highest levels of MMP-2 have been found in the

study group 3. In comparison with group 3 with other

groups (1, 2 and 4), statistical significant decrease was

found between the MMP-2 levels of other groups. This

can be explained by these patients who are formerly diag-

nosed as HCV infection and supposed to be as carriers

(positive HCV RNA), since they have been kept under

medical surveillance for HCV infection. MMP-2 levels of

group 2 was found statistically significant in comparison

with the levels of chronic asymptomatic HCV patients

who have the highest ALT and AST levels among the

patients in other groups. This can be explained by inva-

sion of this agent into the liver tissue and the status of

the inflammation. Due to several cofactors (age, diet,

obesity, lifestyle, alcohol use, lack of medical controls

etc.), MMP-2 levels of these patients might be affected.

Therefore, these patients are not needed to be followed or

to take any medication.

On the contrary, the highest levels of MMP-9 have

been found in patients of group 2 as they were healthy

and negative for HCV RNA and even if they were not as

much as MMP-2 levels. For MMP-9 biomarker, only in

HCV-free dental patients, MMP-9 levels were found

undetectable as expected in healthy people. According to

this biomarker, in comparison all of the groups with each

other, statistically significant difference was found in each

of the groups (P = 0�0001) except between the groups 3

and 5.

Especially, in comparison with the chronic asymptom-

atic patients with other groups’, it was found that MMP-

9 might play an important role for predicting the status

of liver damage and inflammation. As the scores were

found statistically significant even if the ALT and AST

levels were within normal intervals, and the patients were

clinically asymptomatic for HCV. This leads us to con-

clude that MMP-9 may be the major and/or key
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modulator of signalling pathway regulation, which is

responsible for invasion of cells.

In conclusion, the mechanisms by which HCV causes

cell damage still need to be elucidated and clearly defined.

Based on the findings of this study, we may suggest the

use of the selected biomarkers in monitoring the status of

patients, in the determination of prognosis and in the

management of HCV infection. Furthermore, even if the

patients are asymptomatic, these biomarkers would pro-

vide necessary data for predicting the level of the damage

in liver tissue. Hereby, to determine not only TAS levels

but also the MMPs and evaluate these records together

may be a noninvasive approach for predicting the inflam-

mation in liver, and the role of HCV in pathophysiology

of infection and its comorbidity. On the other hand, there

might be several cofactors (age, diet, obesity, lifestyle,

overuse of alcohol etc.) that may influence the results of

the study. Therefore, further studies with larger sample

size are imperative to define the role of MMPs and TAS

biomarkers for evaluating liver damage.

Material and methods

The patients who are planned to undergo dental surgery

in Gazi University Faculty of Dentistry were enrolled in

this study. An informed consent was obtained from all

the subjects, and the research was made according to Hel-

sinki Declaration. Before surgery, for standard preopera-

tive procedures, serum of the patients was taken for

routine haematologic, biochemical and microbiological

tests to apply premedication. Tests in this study were also

run routinely on these patients’ serum. Patients (n = 61)

were divided into five groups: The first group (Group 1,

n = 10) includes individuals who will undergo various

dental procedures with the test results as anti-HCV anti-

bodies are negative and studied as the control group.

Their results were also assessed by line immunoassay and

qPCR and found to be negative. Second group (Group 2,

n = 13) includes asymptomatic patients who are formerly

diagnosed with HCV infection but not under medical

treatment until present, with the test results as anti-HCV

antibodies and HCV line immunoassay tests are positive,

but HCV RNAs are negative. The third group (Group 3,

n = 15) includes asymptomatic patients who are formerly

diagnosed with HCV infection but not under medical

treatment with the test results as anti-HCV antibodies,

HCV line immunoassay tests and HCV RNAs are posi-

tive. The forth group (Group 4, n = 13) includes asymp-

tomatic patients who are never diagnosed with HCV

infection before with the test results as anti-HCV anti-

bodies and line immunoassay tests are positive, but HCV

RNAs are negative. The fifth group (Group 5, n = 10)

includes asymptomatic chronic HCV patients, who are

formerly diagnosed with HCV infection and medicated,

with the test results as anti-HCV antibodies, line immu-

noassay tests and HCV RNAs are positive.

Microbiological, serological and molecular methods

Anti-HCV antibodies were detected by the ELISA tests

carried out using the commercial 4th generation anti-

HCV enzyme immunoassay kit (cat: no 4NAE3; General

Biological Co, kaohsiung, Taiwan), and the results were

calculated spectrophotometrically from optical densities

(ELx800; BioTek, Winooski, VT, USA). For the correction

of false seropositiveness of anti-HCV positive results, line

immunoassay was performed using the ‘strip design Inno-

LiaTM HCV Score’ (Innogenetics NV, Headquarters, Gent,

Belgium) kit. This kit was used for utilizing well-defined

antigens derived from HCV immunodominant proteins

from the core region, the E2 hypervariable region (HVR),

the NS3 helicase region and the NS4A, NS4B and NS5A

regions. The antigens used are either recombinant proteins

or synthetic peptides, highly purified and fixed on a nylon

membrane. For discriminating acute and occult HCV infec-

tion, qPCR was carried out using Artus HCV RG-PCR kit

(Qiagen, Venlo, the Netherlands). HCV RNA was isolated

using the QIAamp DSP Virus Kit (Qiagen, Venlo, the

Netherlands), and analysis was carried out on the Rotor-

Gene 6000 Instrument (Qiagen, Hilden, Germany). The

numbers of HCV RNA were defined as copy ml�1.

Biochemical procedures

AST (U l�1) and ALT (U l�1) levels were determined with a

clinical chemistry analyser (Roche/Hitachi Modular Analyt-

ics System, Modular P800 Module; Roche Diagnostics,

Basel, Switzerland) and commercial kits. The matrix metal-

loproteinase-2 (MMP-2; ng ml�1) and matrix metallopro-

teinase-9 (MMP-9; ng ml�1) (Human, BiotrakTM ELISA

System from GE Healthcare, Uppsala, Sweden) assays were

based on a two site ELISA ‘sandwich’ format.

Total antioxidant status determination (TAS assay)

Plasma TAS (mmol l�1) was measured with Randox com-

mercial kit (Randox Laboratories Ltd., Crumlin, UK).

The principle of the assay is incubating 2,2′-Azino-di-
[3-ethylbenzthiazoline sulphonate] (ABTS) with ferryl-

myoglobin radical, formed by the activation of a

peroxidase (metmyoglobin) with hydrogen peroxide

(H2O2), to produce the radical cation ABTS+. This has a

relatively stable blue–green colour, which is measured at

600 nm. Antioxidants in the added sample cause suppres-

sion of this colour production to a degree proportional to

their concentrations (Miller et al. 1993).
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Statistical analysis

A one-way multivariate analysis of variance (MANOVA) was

used to determine whether the biochemical markers influ-

enced the groups of patients in the study. When MANOVA

indicated this influence, a one-way analysis of variance

was carried out to verify, which groups were influenced

by biochemical markers. For this purpose, the Tukey

multiple comparison test was used to identify the differ-

ences among groups. For the tests performed, the signifi-

cance level was set at (a) 0�05. All the tests were

performed with a statistical software package (SPSS V21

for Macintosh; IBM, Chicago, IL, USA).
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