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Abstract

Background—HIV and HCV infections are both characterized by increased oxidative stress.
Information on the magnitude of this increase and its consequences in HIV/HCV co-infection and
viral replication is limited. We investigated the relationship between oxidative stress and HIV-
progression in HIV/HCV co-infected and HIV mono-infected adults.

Methods—106 HIV/HCV co-infected and 115 HIV mono-infected participants provided
demographic information and blood to determine 8-oxo0-dG and percent oxidized glutathione.

Results—HIV/HCV co-infected subjects had higher percent oxidized glutathione, higher HIV
viral load, lower mtDNA copies and higher liver fibrosis than mono-infected subjects. In a small
sample of HIV/HCV co-infected participants with liver biopsy, 8-oxo-dG was significantly lower
in participants with low fibrosis scores than those with high fibrosis scores, and the grade of
inflammation was strongly associated with oxidized glutathione.

Conclusions—HIV/HCV co-infection seems to diminish the capacity of the antioxidant system
to control oxidative stress, and increases HIV replication.

Index Terms
Glutathione (GSH); HIV/HCV co-infection; liver fibrosis index (FIB-4); oxidative stress

[. Introduction

Human immunodeficiency virus (HIV) is a lentivirus (a member of the retrovirus family)
that causes acquired immunodeficiency syndrome (AIDS) [1]-[2], a disease in humans in
which progressive failure of the systemic immune function allows life-threatening
opportunistic infections and cancers to thrive. HIV interferes with the human body's ability
to fight the organisms that cause disease by damaging human immune system. Hepatitis C is
an infectious disease affecting primarily the liver, caused by the hepatitis C virus (HCV) [3].
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Chronic infection of HCV causes a state of chronic oxidative stress and can lead to scarring
of the liver and ultimately contribute to liver fibrosis, cirrhosis, and carcinogenesis [4]-[6].
An important similarity between chronic hepatitis C and HIV/AIDS is that both infections
appear to progress more rapidly in situations of increased oxidative stress [7]. Oxidative
stress refers to a state in which there is an overabundance of molecules called free radicals.
Free radicals can damage cells and are involved in the processes of inflammation and
scarring [7].

Glutathione (GSH) is a small, ubiquitous antioxidant that plays key regulatory roles in
metabolic and cell-cycle-related functions [8]-[12]. This cysteine-containing tripeptide
(gamma glutamylcysteinylglycine) provides the principal intracellular defense against
oxidative stress caused by reactive oxygen species such as free radicals and peroxides [13]
and participates in detoxification of many physiological molecules [14]. GSH depletion,
caused for example by acetaminophen overdose and excessive alcohol consumption, results
in hepatic and renal failure and ultimately in death [14]. Deficiency of glutathione can lead
to immune suppression, decline of immune system function, and an increase in HIV
replication [15]. The level of glutathione has shown to be significantly depressed in many
people with hepatitis C [16]. HIV-infected people tend to have subnormal GSH levels in
plasma [17]-[18], lung epithelial lining fluid [19], peripheral blood mononuclear cells
(PBMC) [20] and, as determined by measuring GSH as intracellular glutathione-S-bimane
fluorescence (GSB) with the fluorescence-activated cell sorter (FACS), in individual CD4 T
and other blood cells [20]-[22]. In vitro studies show that lowering intracellular GSH levels
decreases cell survival [23], alters T cell functions [24], and increases HIV replication [25]-
[26], NF-kB activation [25]-[26], and sensitivity to tumor necrosis factor-induced cell death
[27]. Clinical studies reported that GSH status is associated with impaired survival in HIV/
AIDS disease [28]-[29] and may play a role in disease pathology [30]. As the liver is the
most important organ of plasmatic GSH production, low levels of glutathione have been
reported to have association with more active liver disease on liver biopsy, increased levels
of the liver enzyme ALT, and resistance to antiretroviral drugs and interferon treatment [31].
Low glutathione has been suggested as a factor in resistance to treatment that is seen with
both interferon treatment for HCV and anti-viral therapy for HIV [31]. Moreover, Highly
Active Antiretroviral Therapy (HAART) appears to increase chemically reactive species in
circulation, possibly by producing more oxidized metabolites deriving from the interaction
between ROS and infected cell biomolecules [32]-[37]. This is supported by several
biochemical mechanisms, such as mitochondrial interference, following treatment with
HAART-NRTI (Nucleoside Reverse Transcriptase Inhibitors) [35]-[37], and activation of
the P450 hepatic system by HAART, when including Protease Inhibitors (PI) [34].

Although HIV and HCV infections are both characterized by increased oxidative stress,
information on the magnitude of the increase in oxidative stress and its consequences in
HIV/HCV co-infection and viral replication is limited. The findings of this study indicate
that HIV/HCV co-infection may contribute to higher oxidative stress and further disease
progression than HIV mono-infection. The objective of this study was to assess the
oxidative stress and HIV disease progression in HIV/HCV co-infection compared to HIV
mono-infection in an adult population in Miami, Florida.

[l. Materials and Methods

A. Materials

The DNA extraction kit, QlIAamp DNA blood mini kit, was purchased from Qiagen
(Valencia, CA). The protein assay kit, BCA protein assay kit, was purchased from Pierce
Biotechnology (Rockford, IL). All gene specific DNA primers were purchased from Sigma-
Aldrich (St. Louis, MO). iQ SYBR Green Supermix was purchased from BioRad (Hercules,

Int J Biosci Biochem Bioinforma. Author manuscript; available in PMC 2013 March 13.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Shin et al.

Page 3

CA). Human 8-oxoguanine DNA glycosylase (hOGG1) was purchased from New England
BioLabs (Ipswich, MA). Malondialdehyde (MDA) assay kit was purchased from Northwest
Life Science Specialties, LLC (Vancouver, WA, Canada). Complex | and IV human enzyme
activity kits were purchased from Mitosciences (Eugene, OR). Glutathione (GSH)
colorimetric detection kit was purchased from Arbor assays (Ann Arbor, Ml). BD
Vacutainer CPT tubes and Royal blue tubes were purchased from BD Diagnostics (Franklin
Lakes, NJ). 5-sulfosalicyclic acid and 2-vinylpyridine (97%) were purchased from Acros
Organics (Morris Plains, NJ).

B. Population

The study population of 106 HIV/HCV co-infected and 115 HIV mono-infected participants
was recruited for this study in Miami from April 2009 to December 2011. Participants were
between ages 18 and 60, and confirmed with HIV seropositive status. This study was
approved by the Florida International University (FIU) Institutional Review Board. Written
informed consent was obtained from all participants and clinical research was conducted
according to guidelines for human experimentation as specified by the US Department of
Health and Human Services and authors’

C. Preparation of Plasma and PBMCs

A 24 ml sample of blood from each participant was obtained in a fasting state defined as
nothing by mouth except water for =12 hours prior to the blood draw. Blood draws were
performed using BD Vacutainer CPT and Royal Blue tubes in the FIU Health Study clinic at
the Borinquen Health Care Center in Miami, Florida. Collected blood samples were
transported in a cold transporter to the FIU laboratory within 2 hours of collection and
immediately subjected to sample preparation. Plasma and PBMCs were recovered according
to the instructions of BD Vacutainer Blood Collection System with modification by author.
The collected plasma and PBMCs were divided into appropriate volumes and quantities of
cells in accordance with the designated application and stored at —80°C until use.

D. Preparation of DNA and Total Protein

Total DNA of each participant was extracted from PBMCs (~2 x 10° cells) using QlAamp
DNA blood mini kit (Qiagen) according to the manufacturer’s instructions. The extracted
DNA was subjected to determination of concentration by a spectrophotometric method and
securely stored at —20°C until use. Total protein was extracted from PBMCs of 3.0~5.5 x
109 cells according to the method described elsewhere [38]. The purified protein was
undergone for estimation of concentration using BCA protein assay kit (Pierce Technology)
and stored at —20°C for future application after appropriate concentration determined.

E. Enzyme Digestion and Quantitative PCR of mtDNA Damage

Four hundred nanograms of total genomic DNA were digested to completion with 2 units of
hOGG1 at 37°C for 1.5 hours. The hOGG1was treated to remove mutagenic lesions and
form a strand break in the ribose-phosphate backbone of the DNA strand as described
elsewhere [39]. The hOGG1lenzyme is an 8-oxoguanine DNA glycosylase which acts both
as a N-glycosylase and an apurinic (AP) lyase [40]-[41]. The reaction products containing
an 80 ng mass of digested DNA were immediately applied to the quantitative PCR. Real-
time quantitative PCR of 8-0x0-2" deoxyguanosine (8-0x0-dG) on mtDNA was performed
using iQ5 real-time PCR system (BioRad, Hercules, CA). Four gene-specific primers with
incorporation of redesigning of a reverse primer were used for the real-time quantitative
PCR [39], [42]. The sequences of the gene-specific primer set employed for the real-time
PCR amplification of mitochondrially encoded NADH dehydrogenase 1 gene in human
(MT-ND1) were as follows: forward primer, 5’CACCCAAGAACAGGGTTTGT-3’
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(nucleotide numbers, 3212 ~ 3231) and reverse primer, 5’-
TGGCCATGGGTATGTTGTTAA-3’(nucleotide numbers, 3319 ~ 3299) registered in
GenBank (accession number: NC_012920). The primer sequences used for real-time PCR
amplification of positive control, 18S ribosomal RNA (rRNA) gene, were as follows:
forward primer, 5’-TAGAGGGACAAGTGGCGTTC-3’(hucleotide humbers, 1586 ~ 1605)
and reverse primer, 5’-CGCTGAGCCAGTCAGTGT-3’(nucleotide numbers, 1689 ~ 1672)
registered in GenBank accession number: K03432). The quantitative PCR was performed
under the following conditions in duplicate: 1 cycle of hot start at 95°C for 10 min, 43
cycles of annealing/extension at 95°C for 15 s and 60°C for 1 min. The result of the
amplified target DNA fragments was measured by the intensity of fluorescence SYBR green
at the end of every extension phase at 60°C.

F. Measurement of Level of Glutathione

Whole blood samples for the determination of all forms of GSH were collected in BD blood
collection tubes containing K, EDTA as an anticoagulant. Appropriate amount of whole
blood freshly collected was mixed immediately with 5% sulfosalicyclic acid at a ratio of 1:1
and was subjected to the further procedures of the sample preparation according to the
manufacturer’s instructions [43]. The recovered GSH samples were stored at —80°C until
use. The levels of glutathione (total, reduced and oxidized forms) in whole blood were
measured using glutathione colorimetric detection kits (Arbor Assays, Ann Arbor, MI)
according to the manufacturer’s instructions after treatment with 2-vinylpyridine [44]. The
level of glutathione in each sample was diluted appropriately according to the sample’s
condition and was subjected to the measurements of concentrations ranging 0.78 — 25 uM at
an OD450 nm with a GSH standard run with each set of samples.

G. Liver Fibrosis

In order to determine the stage of liver disease and the extent of liver fibrosis, the fibrosis
index (FIB-4) was measured [45]. The FIB-4 is a validated and non-invasive method to
estimate fibrosis stage. This method uses a formula based on age, aspartate aminotransferase
(AST), alanine aminotransferase (ALT) and platelet count that corresponds with the stage of
liver fibrosis in HIV/HCV co-infection [46]. We determined whether there was a meaningful
difference in the proportion and degree of liver damage between the HIVV/HCV co-infected
and the HIV mono-infected groups and whether there was a relationship between the stage
of liver disease and the levels of oxidative stress.

H. Statistical Analysis

Data analysis was performed using a 2-tailed Student’s t test with pooled variance, as well
as regression analyses. Data are expressed as mean + S.D. of at least two sample replicates,
unless stated otherwise. Student’s t test was used to compare the mean values between the
HIV mono-infected and HIV/HCV co-infected groups.

[1l. Results and Discussion

A. Population

Analysis was performed on a total of 221 participants, of which 115 (52%) were HIV/HCV
co-infected and 106 (48%) were HIV mono-infected (Table I). The sample was 66% male
and 34% female. Of these subjects, the ethnic breakdown was 68.42% Black Non-Hispanic,
20.57% White Hispanic, 6.70% White Non-Hispanic, 3.35% Black Hispanic, and 0.96%
American Indian. Among all subjects, the mean age was 49.26 + 6.43 years. Mean values
for BMI and Waist/Hip Ratio were 27.61 and 0.93, respectively. The percentage of subjects
receiving ART was 81%. The only significant differences in demographic characteristics
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between the HIV/HCV co-infected and HIV mono-infected groups were in age; the co-
infected group was significantly older (50.76 + 6.90 vs. 47.90 + 5.67, p=0.001). To account
for this difference, all subsequent analyses were controlled for age.

B. CD4 Cell Count and HIV Viral Load

Among all study participants, mean CD4 cell count was 526.8 + 353.9 cells/uL and mean
HIV viral load was 2.52 + 1.17 logyg copies/mL. CD4 cell count did not differ significantly
between the HIV/HCV co-infected and HIV mono-infected groups, but a significant
difference was observed in HIV viral load. Subjects co-infected with HIV/HCV had a mean
viral load of 2.73 + 1.28 log; ¢ copies/mL, while HIV mono-infected subjects had 2.33 =
1.03 logyg copies/mL (p=0.012) (Table 1) after controlling the analyses for age, gender, and
antiretroviral medication adherence. This higher HIV viral load observed in co-infected
individuals suggests an effect of HIV/HCV co-infection on increasing rates of HIV viral
replication by diminishing the ability of the immune system to control viral load. This result
supports literature suggesting accelerated HIV disease progression in states of elevated
oxidative stress, such as that found in HCV co-infection [7], [4]-[6]. The lack of relation
between CD4 cell count and HCV status indicates that HIV/HCV co-infection does not
directly impair immune status as a component of disease progression, which is consistent
with the previous literature [47]. Analyses that compared markers of oxidative stress with
the severity of the disease were controlled for HIV viral load and antiretroviral therapy.

C. Cellular Antioxidant Status

In order to estimate the level of oxidative stress in each participant, the three types of
glutathione (GSH) naturally occurring in the body (total, reduced and oxidized forms) were
measured using a colorimetric detection kit (Table I1). Average concentration of oxidized
glutathione (GSSG) was 217.6 uM for the HIV mono-infected group and 270.4 uM for the
HIV/HCV co-infected group. Percentage of GSSG was 22.52% for mono-infected subjects
and 26.50% for those who were co-infected. As both concentration and ratio of oxidized
glutathione in the HIV/HCV-co-infected group were higher than those in the mono-infected
group, the results suggest that HIV patients who have been co-infected with HCV generate
higher oxidative stress and that they may suffer from more oxidative damage than HIV
mono-infected individuals. The relationship between HIV/HCV co-infection and percentage
of oxidized glutathione remained significant after controlling for age and gender ($=2.82,
SE=1.13, p=0.013). Glutathione is a powerful small antioxidant molecule, which is
produced mainly in the human liver, and plays pivotal roles in metabolic and cell-cycle-
related functions [8]-[12]. GSH levels have been investigated in a varieties of disorders,
including alcohol damage [48], respiratory disease [49], cancer [50]-[51], digestive
disorders [52], diabetes [53], HIV/AIDS and HCV infections [28], [54]. A decrease in GSH
levels with concomitant decrease in oxidized glutathione (GSSG) cause neurotoxicity due to
oxidative stress in rats [55]. A recent report demonstrated that HIV and HCV may
cooperatively drive hepatic fibrogenesis via induction of oxidative stress and inhibition of
NF«xB activation [56]. Taken together, the results suggest that increased level of GSSG may
contribute to fibrogenesis in HIV/HCV co-infected subjects. 8-0xo0-2’ deoxyguanosine (8-
0x0-dG) To investigate oxidative damage of mitochondrial DNA (mtDNA), quantitative
real-time PCR detecting the level of mtDNA damage caused by mutagenic 8-oxo-dG was
performed using 80 ng of total genomic DNA extracted from PBMCs. Threshold cycle (Ct)
values were obtained for both enzyme-treated and non-enzyme-treated samples (Ct, and Ct;,
respectively). Mean difference of threshold cycle (Ct,-Ct;=ACt) was measured at 0.64 for
HIV mono-infected group and 0.43 for HIV/HCV co-infected. Thus the mtDNA damage in
the HIV/HCV co-infected participants was higher than that in the HI\VV mono-infected
participants. When the threshold cycles were analyzed separately, the enzyme-treated Ct,
values between the mono-infected and co-infected groups showed similar mean values
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(16.21 for mono-infected and 16.17 for co-infected) while non-enzyme-treated Ct; mean
values were significantly different (15.57 for mono-infected and 15.74 for co-infected,
p=0.002) (Table I1I). The higher mean Ct; value observed in the HIV/HCV co-infected
group indicates that these subjects have a lower mtDNA copy number. In summary, the
HIV/HCV co-infected subjects had more mtDNA damage and a lower mtDNA copy number
than the HIVV mono-infected patients.

D. Liver Fibrosis

In a comparison of oxidative stress levels in HIVV/HCV co-infected subjects between those
with low (<1.45) and high (>1.45) FIB-4 values, no significant results were observed in
levels of CD4 cell count, HIV viral load, 8-0xo-dG or percent oxidized glutathione.
However, in subjects for whom liver biopsy results were available, a significant positive
relationship was observed for both liver fibrosis and activity with the concentration of
oxidized glutathione, and of liver fibrosis with HIV viral load (Figures 1 and 2). Although
only a small number of the study subjects had biopsy results at this time (7= 11), liver
biopsy represents the gold standard for assessing liver fibrosis and inflammation [57]. This
indicates that even though FIB-4 does not appear to have a correlation with the targeted
markers, liver fibrosis appears to be related to increased oxidative stress and HIV replication
in HIV/HCV co-infected individuals.

IV. Conclusion

In conclusion, higher oxidized glutathione level and higher mtDNA damage were observed
in the HIV/HCV co-infected group, compared to the HIV mono-infected group. In addition,
lower mtDNA copy number and more progressive FIB-4 were shown in the HIV/HCV co-
infected group. This suggests that HIV/HCV co-infection diminishes the capacity of the
antioxidant system to control oxidative stress, and may increase HIV replication and
decrease mtDNA gene copy number. Longitudinal studies are needed to evaluate cause and
effect, and to design interventions to improve the antioxidant capacity by stimulating the
enzymatic antioxidant system or supplementing effective antioxidants in HIV/HCV co-
infected patients.
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Fig. 1. Correlation of liver disease progression with HIV viral load and oxidative stress
Figure 1 indicates correlation between liver fibrosis and HIV viral load
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Fig. 2. Correlation of liver disease progression with HIV viral load and oxidative stress
figure 2 represents correlation between liver fibrosis and oxidized GSSG level.
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Comparison of demographics, CD4 and viral load between HIV/HCV co-infection and HIV mono-infection.

Characteristic Overall HIV/HCV HIV only P-value
(n=221) (n=115) (n = 106)
Male [% (1)] 66.21% (145) 67.62% (77) 64.91% (68) 0.674
Age (years) [mean + SD] 49.26 £ 6.43 50.76 + 6.90 47.90 £+ 5.67 0.001%
BMI [mean + SD] 27.61+£5.27 27.68 £5.74 27.58 +£5.02 0.905
Waist/hip ratio [mean + SD] 0.93 +0.08 0.918 +0.08 0.933+0.08 0.225
CD4 cell count (cells/uL) [mean + SD] 526.77 +353.90 539.70+335.90 515.30+370.20 0.615
HIV viral load (logyo copies/mL) [mean + SD] 252+1.17 2.73+1.28 2.33+1.03 0.012%
Receiving ART [% ()] 81% (179) 99.1% (114) 57.6% (61) 0.303

*
Indicates statistically significant results.
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TABLE Il

Comparison of reduced and oxidized glutathione levels in HIV/HCV co-infection and HIV mono-infection.

Characteristic Overall HIV/HCV  HIVonly P-value
(n=192) (n=89) (n=103)

Oxidized form (uM)  242.06 270.40 217.60 0.0001

Oxidized form (%) 2451 26.50 22.52 0.0005 ™

*
Indicates statistically significant results

Int J Biosci Biochem Bioinforma. Author manuscript; available in PMC 2013 March 13.



1duasnuey Joyiny vd-HIN 1duasnue Joyiny vd-HIN

wduosnue Joyiny vd-HIN

Shin et al.

TABLE Il

Comparison of mitochondrial DNA damage in HIVV/HCV co-infection and HIVV mono-infection.

Characteristic Overall HIV/HCV  P-value
(n=192) (n=89)

Average Ct; (no-enzyme treated) 15.74+0.71 1557 +1.26 0.304

Average Ct, (enzyme treated) 16.17+1.10 16.21+1.48 0.854
ACt (=Ct, - Cty) 0.43+0.51 0.64 +0.04 0.002 *

*
Indicates statistically significant results
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