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Abstract

Glutathione S-transferase (GST) family of enzymes are involved in a two-stage detoxifica-

tion process of a wide range of environmental toxins, carcinogens and xenobiotics. The

GST enzymes play important roles in oxidative stress pathways, and polymorphisms in the

GSTM1 and GSTT1 genes mediate susceptibility and outcome in different diseases.

Human immunodeficiency virus (HIV) infection is associated with oxidative stress, but there

is limited data on the frequency of deleted GSTM1 and GSTT1 genes in HIV/AIDS patients

and their effect on progression among Ghanaians. This study sought to investigate the

association between homozygous deletion of GSTM1 and GSTT1 genes (both null deletion)

with HIV/AIDS disease progression in Ghanaian patients. HIV-infected individuals on antire-

troviral therapy (ART), ART-naïve HIV patients, and HIV seronegative individuals were

recruited for the study. HIV/AIDS disease progression was assessed by measuring CD4+

cell count and viral load of the patients, and GST polymorphism was determined by amplify-

ing the GSTT1 and GSTM1 genes using multiplex PCR, with CYP1A1 gene as an internal

control. The mean CD4+ count of patients that were naïve to ART (298 ± 243 cells/mm3)

was significantly lower than that of patients on ART (604 ± 294 cells/mm3), and viral load

was significantly lower in the ART-experienced group (30379 ± 15073 copies/mm3) com-

pared to the ART-naïve group (209882 ± 75045 copies/mm3). Frequencies of GSTM1 and

GSTT1 deletions were shown to be 21.9% and 19.8%, respectively, in the HIV patients, and

patients with homozygous deletion of both GSTM1 and GSTT1 were more likely to have

their CD4+ count rising above 350 cells/mm3 (OR = 6.44, 95% CI = 0.81–51.49, p = 0.039)

suggesting that patients with homozygous deletion of GSTM1 and GSTT1 genes have

slower disease progression. The findings of this study show that double deletion of glutathi-

one S-transferases M1 and T1 is statistically associated with normal CD4+ count in patients

diagnosed with HIV/AIDS. Further study is required to investigate the clinical importance of

the both null deletion in HIV patients.
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Introduction

Since its discovery more than three decades ago, HIV/AIDS has become one of the leading

causes of death worldwide, and an estimated 36.7 million people were reportedly living with

HIV as at 2015 [1]. Sub-Saharan Africa is the most affected region and makes up more than

70% of individuals living with HIV worldwide. The incidence of HIV and AIDS related deaths

is due to a continuous immunodeficiency associated with the depletion of CD4+ T lympho-

cytes, which leads to a compromised immune system [2].

Glutathione S-transferases (GST) are a family of drug metabolizing enzymes with a high

level of conjugation specificity for glutathione (GSH), and the enzymes are essential for metab-

olism of many substances. There are at least seven groups of enzymes namely alpha (GSTA),

mu (GSTM), pi (GSTP), kappa (GSTK), zeta (GSTZ), sigma (GSTS) and theta (GSTT) for

detoxification of compounds in drugs and carcinogens, and for inhibition of oxidative damage

to tissues [3]. The most studied GST genes are GSTM1 and GSTT1, and they have been

described as polymorphic in humans [4]. Polymorphisms in GST are linked to higher risk of

oxidative stress, which has been suggested to favour HIV replication [3, 5]. Two groups of

polymorphisms have been documented: the homologous deletion genotype (also called the

null genotype) and one or two undeleted alleles (called the non-null or present genotype) [4].

Individuals with the null genotype lack the GST enzyme, and studies have suggested that the

distribution of the genotypes vary among different ethnic groups [6]. The GSTM1 gene is

located on chromosome 1p13.3 and genetic differences in the gene can affect an individual’s

predisposition to cancer, as well as the toxicity and effectiveness of some drugs [7]. The

GSTT1 gene is found on chromosome 22q11.23 and the enzyme is involved in the conjugation

and detoxification of drugs containing butadiene epoxide, bromodichloromethane, dichloro-

methane, ethylene dibromide, methylene chloride and ethylene oxide [8, 9]. The deletion of

GSTM1 and GSTT1 genes (both null genotype) has been associated with a rise in a number of

cancers, possibly due to an amplified susceptibility to the harmful effects of oxidative stress,

environmental toxins and carcinogens [7, 10]. It has been reported that nearly 50% of Cauca-

sians and Asians have the both null genotype [6, 11] but in Nigerians and black South Africans,

the frequency is approximately 30% and 20%, respectively [4, 12].

Polymorphisms in GSTM1 and GSTT1 gene sequences affect expression of the GST

enzyme while increasing susceptibility to oxidative stress in addition to altered risk of several

diseases [13–15]. Furthermore, the GST variants alter the catalytic activity of the enzymes and

thus, persons producing less definite detoxification enzymes could be at a higher risk of

adverse outcome of disease [16]. Studies that did not observe an association between the null

genotype and cancers tried to explain that other members of the GST enzyme family must

have compensated for the absence of a functional enzyme in the double deletion subjects [17,

18]. In the current study, the association of GSTM1 and GSTT1 polymorphisms with oxidative

stress among Ghanaian HIV/AIDS patients was studied.

Methods

Study design and sample collection

This is a cross-sectional study with the study participants recruited from the Fevers Unit of the

Korle Bu Teaching Hospital in Accra, Ghana. The study was approved by the Institutional

Review Board (IRB) of the Noguchi Memorial Institute for Medical Research, and all the par-

ticipants signed a consent form after the objectives of the study has been explained to them

(Study number 068/14-5). Blood samples were collected from each recruited individual under

aseptic conditions into EDTA tubes and used for CD4+ count and viral load as well as gene
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polymorphism analysis. CD4+ count was stratified by the Centers for Disease Control and Pre-

vention (CDC) staging criteria [19]. In addition to the CDC stratification, a CD4+ count of less

than 350 cells/mm3 is required for antiretroviral therapy (ART) initiation at the time of the

study design. Questionnaires were used to collect data on socio-economic status and medical

history of the patients. A total of 242 adults were recruited for the study which included 60

HIV negative individuals as controls, 105 HIV infected patients on ART, and 77 HIV infected

patients who are ART-naïve.

Markers of HIV disease progression

An automated Becton Dickson (BD) FACSCount machine (Becton, Dickson and Company,

Brussels, Belgium) was used to determine the absolute count of CD4+ T cells in whole blood

according to the manufacturer’s instructions. The COBAS AmpliPrep/COBAS TaqMan

machine (ROCHE, USA) was used to quantify HIV RNA, as a measure of the viral load, in the

plasma samples by following the manufacturer’s protocol.

GST polymorphism assay

Genomic DNA was extracted from 200 μL of whole blood using the QIAamp DNA Mini kit

(Hilden, Germany) per the manufacturer’s protocol, and Nanodrop Lite (Thermo Fischer,

Massachusetts, United States) was used to check the purity and yield of the DNA obtained.

The DNA was used in a multiplex PCR assay using the Qiagen multiplex PCR kit (Hilden, Ger-

many) with primer sequences and cycling conditions as shown in Gattas et al., 2004 [20].

Briefly, 2.5 μL of DNA was amplified in a 50 μL multiplex PCR reaction which contained a

mixture of the PCR master mix (32.5 μL) and 2.5 μL each of the following GSTM1 primers

(forward– 5’ GAA CTC CCT GAA AAG CTA AAG C 3’ and reverse– 5’ GTT GGG
CTC AAA TAT ACG GTG G 3’), GSTT1 primers (forward– 5’ TTC CTT ACT GGT
CCT CAC ATC TC 3’ and reverse– 5’ TCA CCG GAT CAT GGC CAG CA 3’), and

primers for exon 7 of the CYP1A1 gene (forward– 5' GAA CTG CCA CTT CAG CTG TCT
3' and reverse– 5' CAG CTG CAT TTG GAA GTG CTC 3') which was used as an inter-

nal control (Fig 1). The PCR products from the co-amplification of GSTM1 (215 bp) and

GSTT1 (480 bp) were visualized on an ethidium bromide-stained 2.0% agarose gel [20]. Based

on the bands observed on the gel, the samples were put into two groups as either present or

null genotypes.

Fig 1. Electrophoresis of PCR products from the co-amplification of GSTM1, GSTT1 and the internal control,

CYP1A1 gene. Ethidium bromide stained 2% agarose gel. N = negative control, M = 100bp molecular weight marker.

Lanes 2, 6, 7, 18 and 21 were positive for GSTT1 deletion genotype. Lanes 1, 11, 15, 17, 19, 20 and 22 had GSTM1

deletion genotype. Lanes 9 and 10 represented individuals with a deletion of both genotypes. Lanes 3, 4, 5, 8, 12, 13, 14

and 16 had both genes present.

https://doi.org/10.1371/journal.pone.0195954.g001
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GST enzyme activity

GST activity was assayed spectrophotometrically by monitoring the conjugation of 1-chloro-

2,4-dinitro benzene (CDNB) with glutathione (GSH) at λmax = 340 nm at 37 0C as previously

done [21].

Statistical analysis

Shapiro-Wilk normality test was used to distinguish between parametric and non-parametric

data, with the parametric data represented as mean ± standard deviation. One-way ANOVA

was used to analyse differences among the data, followed by a post-hoc analysis. Chi-square

test and Fisher Exact test were applied to assess the association between the categorical vari-

ables according to pre-established cut-off points. Odds ratios (ORs) and 95% confidence inter-

val (CI) were calculated. IBM SPSS 22 and GraphPad Prism v6 were used for the statistical

analysis, and the statistical significance level was set at p-value <0.05.

Results

The distributions of demographical characteristics are shown in Table 1. Females were more

than males, whilst the ART patients were older (45.6 ± 0.9 years p�0.01) than the ART-naïve

(41.1 ± 1.4 years) and control groups (38.7 ± 1.9 years).

The CD4+ count among the individuals on ART (604 ± 294, p�0.005) was significantly

higher than those who are ART-naïve (298 ± 243) (Table 2). Conversely, viral load among the

ART patients (30379 ± 15073, p�0.001) was significantly less than those who were not on

ART (209882 ± 75045). More than three-quarters of the patients on ART had CD4+ counts

that were more than 350 cells/mm3, whilst 41.5% of the patients who were not on treatment

had CD4+ counts below 200 cells/mm3.

Table 1. Basic demographic data of study population stratified by ART use.

Patient groups Control (N = 60) p-value

ART (N = 105) ART-naïve (N = 77)

Age (years) ± SE 45.6 ± 0.9 41.1 ± 1.4 38.7 ± 1.9 0.01

Male n (%) 45 (42.9%) 21 (27.3%) 19 (31.7%)

Female n (%) 60 (57.1%) 56 (72.7%) 41 (68.3%)

Data are presented as mean ± standard error of mean (SE). p-value was obtained from One-way ANOVA. ART = Antiretroviral treatment.

https://doi.org/10.1371/journal.pone.0195954.t001

Table 2. Comparison of CD4+ counts, viral load and CDC staging of CD4+ count among the HIV seropositive groups.

Patient groups p value

ART ± SE (N = 105) ART-naïve ± SE (N = 77)

CD4+ count (cells/mm3) 604 ± 294 298 ± 243 0.005�

Viral load (copies/mm3) 30379 ± 15073 209882 ± 75045 < 0.001�

CDC staging of CD4+ count groups

< 200 (cells/mm3) 5 (4.8%) 32 (41.5%) <0.001��

200–349 (cells/mm3) 17 (16.2%) 16 (20.8%)

> 350 (cells/mm3) 83 (79%) 29 (37.7%)

Values for CD4+ counts and viral load were rounded to the nearest hundredth.

�p values were determined from t-test and

��p value was from the Pearson Chi-square test.

https://doi.org/10.1371/journal.pone.0195954.t002
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Amplicons from samples positive for GSTM1 and GSTT1 genotypes yielded band sizes of

215 bp and 480 bp, respectively, while the internal positive control (CYP1A1) PCR product

corresponded to 312 bp, and absence of the 480 bp and 215 bp bands indicated null genotypes

for GSTM1 and GSTT1, respectively (Fig 1).

A total of 53 (21.9%) individuals had the GSTM1 deletion and among them, 25 were on

ART, 17 were ART-naïve and 11 were healthy controls (Table 3). Among those with the

GSTT1 deletion, 20 were on ART, 16 were ART-naïve and 12 were HIV seronegative controls

(Table 3). The majority, 120 (49.6%), of the study population had both GSTM1 and GSTT1

present whilst 21 (8.7%) had both genes deleted (Table 3). The difference between the ART-

naïve and control groups for the both null genotype was statistically significant (p< 0.05).

There was however no significant difference for the other genotypes in the study groups

(p> 0.05).

HIV patients with the GSTM1 deletion were 42, and 9 of them had CD4+ counts below 200

cells/mm3, 6 had CD4+ count between 200 cells/mm3 and 349 cells/mm3 whiles 27 people had

their CD4+ count above 350 cells/mm3. Those with the GSTT1 deletion totalled 36. Among

the HIV patients with both genes present, 23 had CD4+ count below 200, 15 had CD4+ count

between 200 and 350 and 55 had CD4+ count more than 350. Persons with the GSTM1 or

GSTT1 deletions were not associated with increased risk of having CD4+ count less than 350,

but individuals who had both genes deleted were more likely to have CD4+ count above 350

cells/mm3 (Table 4).

GST activity in individuals that had both GSTM1 and GSTT1 present (79.35 ± 6.80) was

not statistically different from the activity in those with either GSTM1 or GSTT1 absent, or

with the both null genotype, suggesting that GST polymorphism does not affect GST enzyme

activity (Fig 2).

Table 3. GST genotypes distribution in study population.

Genotypes ART

(N = 105)

ART-naïve

(N = 77)

Control

(N = 60)

Total

GSTM1 null 25 (47.1) 17 (32.1) 11 (20.8) 53

GSTT1 null 20 (41.7) 16 (33.3) 12 (25.0) 48

GSTM1 + GSTT1 51 (42.5) 42 (35.0) 27 (22.5) 120

Both null 9 (42.9) 2 (9.2) 10 (47.6) 21

N is the population of the subgroups. Genotype frequency is expressed as n (%), where n is the total number of patients with defined genotype.

https://doi.org/10.1371/journal.pone.0195954.t003

Table 4. Association of GST genotypes with CD4+ count above 350 cells/mm3.

Genotypes CD4+ count (cells/mm3) Odds Ratio 95% CI p-value

>350 200–349 <200

GSTM1 null 27 6 9 1.10 0.54–2.25 0.475

GSTT1 null 22 9 5 0.92 0.44–1.95 0.488

GSTM1+GSTT1 55 15 23 0.74 0.40–1.35 0.199

Both null 10 1 0 6.44 0.81–51.49 0.039�

�Statistically significant p-value.

The odds ratio, confidence intervals and p-values were obtained by a one-tail test analysis using the online tool from http://vassarstats.net/odds2x2.html. The

comparison was done between patients with CD4+ counts >350 cells/mm3 and <350 cells/mm3.

https://doi.org/10.1371/journal.pone.0195954.t004
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Discussion

The study, to the best of our knowledge is the first to assess the association between homozy-

gous deletion of GSTM1 and GSTT1 genes with HIV/AIDS disease progression in Ghanaian

patients. Higher average CD4+ counts were observed in patients on ART compared to their

ART-naïve counterparts; making the naïve patients to be at increased risk of having oppor-

tunistic infections. The low CD4+ count in the individuals who are not on ART suggests a

weaker immune system than the ART group and consistent with the ART-naïve group being

at significant risk of acquiring opportunistic illnesses [22, 23]. ART is administered in order

to mitigate HIV replication, which would subsequently lead to a rise in CD4+ count levels

while providing protection against opportunistic infections [24, 25]. The protection provided

by the therapy explains the generally high CD4+ count in the patients on ART in this study,

although few individuals on ART also had CD4+ counts below 200 cells/mm3 (Table 2). Vari-

ous studies have suggested that the CD4+ counts vary between people due to diverse factors

such as recent vaccinations, exercise, lack of sleep, time of day, or smoking among others [26–

28]. It is therefore possible that these factors could have contributed to the low CD4+ counts

observed in some of the patients who are on ART, suggesting that a one-time CD4+ count may

Fig 2. Effect of GST polymorphism on GST enzyme activity. GST polymorphism was obtained by PCR

amplification of the GSTM1 and GSTT1 genes, with CYP1A1 gene used as control. GST enzyme activity was assayed

spectrophotometrically.

https://doi.org/10.1371/journal.pone.0195954.g002
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not be reliable and therefore recommended that the test be repeated once every three to six

months [29].

In keeping with the relatively high CD4+ count, the viral load in the patients on ART was

significantly lower than in the ART-naïve group. Viral load is a measure of plasma HIV RNA

and reflects the levels of viral replication in the patients, and therefore the low viral load that

was observed in the ART group in this study suggests that there was reduced risk of disease

progression, and the high viral load in the ART-naïve patients suggests that viral replication

was high and the infection could progress rapidly to AIDS [24].

In this present study, it was observed for the first time in Ghana that the frequency of dele-

tion of GSTM1 was 21.9% whilst the GSTT1 was 19.8% (Fig 2). Parsons et al. in 2013 observed

that the GSTM1 genotype that codes for a functional enzyme was not equally distributed by

race [30], and different frequencies of the genes have been shown among three ethnic groups

in Nigeria [4]. The functional GSTM1 enzyme has been shown to play a role in cancer preven-

tion [31] and suggesting that the low frequency of GSTM1 gene deletion in Ghanaians in gen-

eral will result in a better protection from the effects of reactive metabolites such as, benzo(a)

pyrene, known to cause lung cancer than in Asians and Caucasian Whites [4]. Some pathways

involving GST enzymes have however been shown to produce toxic products, and as a result,

expression of GSTM1 and GSTT1, and exposure to certain compounds might pose a risk

rather than confer protection [4, 32]. For instance, when methylchloride is exposed to GST, it

is converted to formaldehyde which is more toxic [33]. The deleterious effects as well as the

advantages of GST polymorphisms could be the reason why nature preserves the null pheno-

types in populations.

Furthermore, when the GST polymorphisms were grouped by CDC staging of CD4+ count

(Table 3), it was observed that HIV patients who had both GSTM1 and GSTT1 deleted were

more likely to have CD4+ counts above 350 cells/mm3. This showed a weak but significant

association between carriers of the GSTM1 and GSTT1 homozygous deletion and a favourable

immune function. Moreover, this indicates that full loss of both GSTT1 and GSTM1 activities

did not pose a risk of decreasing CD4+ count. It was expected that individuals with both genes

deleted will not have the complete functional activity of the GST enzymes, and therefore

respond poorly to drug metabolism with an associated low CD4+ count as previously reported

[34]. Contrarily, the current results which showed no change in enzyme activity and elevated

CD4+ count were not in agreement with the previous findings. This suggests that there could

be a compensatory mechanism by other members of the GST family or other enzymes that

play a role in metabolising xenobiotics. This was confirmed by the lack of significant difference

in GST activity among the GST polymorphism groups (Fig 2). Studies by Gronau et al., 2003

and Konig-Greger et al., 2004 observed that persons with GSTM1 null mutation recorded sim-

ilar GST enzyme activity as those with the functional GSTM1 enzyme [17, 18]. Furthermore,

Bhattacharjee et al., 2013 used in silico, in vitro and in vivo approaches to prove that the

absence of GSTM1 was compensated by the overexpression of GSTM2 [35].

Females were 64.9% of the study population; accounting for 57% of those on ART, 72.7%

ART-naïve and 68.3% of the seronegative controls. Due to the high proportion of female to

male HIV patients, some studies have suggested an increased risk in females getting infected.

According to the CDC HIV Surveillance Report of 2014, the risk of a woman contracting HIV

during intercourse is higher than it is for the man [19]. Besides, some of the women may not

be aware of their male sexual partner’s risk factors for HIV; which may include multiple sexual

partners, and drug abuse. Moreover, HIV policies in many countries have mandated pregnant

women to undergo an HIV test and this could account for the reason why more women have

tested positive than males. The World Health Organization (WHO) AIDS Epidemic Report of

2004 stated that sub-Saharan African women were more severely affected by HIV/AIDS, and
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those of reproductive age constituted about 57% of adults living with HIV, and this age

accounted for up to 80% of HIV infected women in the world [36, 37].

The significant difference in age between patients on ART and those who are ART-naïve

also backs the notion that HIV/AIDS infection may be acquired at an early age; possibly during

the reproductive years of life. The strict eligibility criteria that qualifies an HIV patient to initi-

ate ART (WHO recommends CD4+ <350 cells/mm3) could also be a contributing factor to

the significant differences in age between those on ART and the ART-naïve group. This means

that there is a time lag between the time some individuals test positive for HIV and the time

ART is initiated.

Conclusion

The findings of this study show that double deletion of glutathione S-transferases M1 and T1

with normal CD4+ count in patients diagnosed with HIV/AIDS may be as a result of compen-

satory effect to reduce oxidative stress.
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