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Abstract. ATP-binding cassette, sub-family B (encoded by ABCB-lor MDR-1)
has an important role in cellular export of antiretroviral agents. A previous
study showed that ABCB-1 C3435T polymorphism affects plasma efavirenz and
nelfinavir concentrations and rate of CD4+ T cell recovery after starting anti-
retroviral treatment (ART). The present study examined the influence of ABCB-1
polymorphisms on plasma nevirapine and efavirenz levels when co-administered
with rifampicin in 124 HIV/TB patients who received nevirapine- (400 mg/day)
(n =59) and efavirenz- (600 mg/day) (n = 65) based ART. ABCB-1 C3435T poly-
morphisms were genotyped using real-time PCR. CD4 T cell counts and HIV-1
viral RNA were evaluated in response to ART. The frequencies of CC, CT and TT
genotypes of ABCB-1 C3435T polymorphism were 34% (n =42), 55% (n = 68) and
12% (n = 14), respectively. Contrary to the previous report, no association was
found among these genotypes and plasma drug concentrations at weeks 6 and
12 of ART and after rifampicin discontinuation. We also observed no differences
in CD4+ T cell recovery rate among different ABCB-1 C3435T genotypes. In ne-
virapine group, however, all the patients with CT genotype achieved HIV-1 RNA
levels of < 50 copies/ml, while 67% of those with TT and 95% with CC genotypes
achieved < 50 copies/ml (p = 0.040). These data suggested that ABCB-1 C3435T
polymorphisms do not affect plasma nevirapine and efavirenz concentrations in
HIV/TB co-infected Thai patients or their immunological outcome, but had an
effect on virologic outcome in the nevirapine-treated group.
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first-line drugs for HIV-1 treatment
worldwide (Hammer et al, 2006). These
drugs are potent and preferable options
for initial antiretroviral treatments (ART)
in both HIV and HIV/tuberculosis (TB)
co-infection. Concomitant administration
of HAART and anti-TB medications can
result in significant variations in drug
exposure that may cause loss of efficacy
or development of resistance, intolerance
or toxicity (Bonora and Di Perri, 2008). Ri-
fampicin is not only a critical component
of TB therapy, but also a potent inducer of
cytochrome P450 (CYP) enzyme activity
(Ward et al, 2003). CYP450 and multidrug-
resistance transporter gene 1 (MDR-1 or
recently named; ATP-binding cassette,
sub-family B (ABCB-1) have been reported
to play an important role in metabolism
and transport of antiretroviral agents
(Tsuchiya et al, 2004; Saitoh et al, 2005).

Although nevirapine- or efavirenz-
based HAART has been used as the
main therapy in Thailand, information
regarding the influence of host genetic
polymorphism on these drug levels
among Thai populations is limited so
far. We have recently reported the effects
of CYP2B6 G516T polymorphisms on
plasma efavirenz and nevirapine levels
when co-administered with rifampicin in
HIV/TB co-infected Thai adults, in which
CYP2B6-TT genotype has significant im-
pact on plasma drug concentrations, while
rifampicin co-administration has no effect
(Uttayamakul et al, 2010). However, the
effect of ABCB-1 C3435T polymorphism
on antiretroviral treatment response in
HIV/TB co-infected Thais has never been
evaluated.

MDR-1 or ABCB-1 encodes P-gly-
coprotein (P-gp), which is an integral
membrane protein of 170 kDa and is
responsible for multidrug resistance in
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cancer cells and functions as an energy-
dependent drug-transport pump (Kimchi-
Sarfaty et al, 2007). P-gp actively pumps
a variety of drugs, chemotherapeutic
agents, cardiac drugs, antibiotics, steroids
and antiretroviral drugs (Sparreboom et
al, 2003; Sakaeda 2005). Several studies
have suggested that ABCB-1 C3435T mu-
tant can predict more favorable virologic
responses in patients with efavirenz-con-
taining regimens (Fellay et al, 2002; Haas
et al, 2005). This C3435T polymorphism
is known to affect both single-dose and
steady-state pharmacokinetic of efavirenz
(Mukonzo et al, 2009). However, no influ-
ence on plasma drug levels was found in
other studies (Winzer et al, 2003; Haas et al,
2004; Tsuchiya et al, 2004). MDR-1 3435T
allele has been reported to delay disease
progression to pediatric AIDS, but has
no effect on HIV-1 vertical transmission
(Bellusci et al, 2010), while it does not
influence the response to antiretroviral
therapy in drug naive HIV-positive pa-
tients (Benish et al, 2010). However, the
findings from one population may not
be generalized to other populations due
to the ethnic differences in drug effect
and body weight of the patients. High
body weight was evidenced to be as-
sociated with low plasma concentration
at weeks 6 and 12 of efavirenz-based ART
in Thai HIV/TB patients (Manosuthi et al,
2009b).

Therefore, the main objective of the
study was to investigate whether ABCB-1
C3435T polymorphisms could influence
plasma nevirapine and efavirenz levels
when co-administered with rifampicin in
HIV/TB infected Thai adults. HIV-1 RNA
levels and CD4 T cell counts in relation to
this polymorphism were used to evaluate
their effects on virologic and immunologi-
cal outcomes.
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MATERIALS AND METHODS

Patients

One hundred twenty-four rifampicin
recipients with concurrent HIV-1/TB coin-
fection were studied. Sixty-five patients
received efavirenz- (600 mg/day) based
ART, while 59 received nevirapine- (400
mg/day) based ART. These patients were
initially recruited in a randomized con-
trol trial study to compare the efficacy
of efavirenz and nevirapine among HIV-
infected patients receiving rifampicin
at Bamrasnaradura Infectious Diseases
Institute (BIDI), Nonthaburi, Thailand
since December 2006 (Manosuthi et al,
2009a). They are ARV naive patients
with active tuberculosis and received
rifampicin-containing anti-TB regimen
for 4-6 weeks prior to enrollment. In this
study, only 124 patients who have com-
plete data sets of plasma drug levels at
week 6 and 12 of ART and 1 month after
rifampicin discontinuation were included
as previously described (Uttayamakul et
al, 2010). The patients received oral lami-
vudine (150 mg) and stavudine (30 mg
for those who weighed <60 kg and 40 mg
for those who weighed >60 kg) every 12
hours. They were randomized to receive
either efavirenz (600 mg) at bedtime while
fasting or nevirapine (200 mg) every 12
hours after 2 weeks at a starting dose of
200 mg every 24 hours. The dosage of
rifampicin was 450 mg/day for patients
who weighed <50 kg and 600 mg/day for
those who weighed >50 kg. The anti-TB
drug regimen was isoniazid, rifampicin,
ethambutol and pyrazinamide for the first
two months, followed by isoniazid and
rifampicin for the subsequent 4-7 months.
The study was approved by Institutional
Ethics Committees of Bamrasnaradura In-
fectious Diseases Institute (BIDI) and the
Ministry of Public Health, Thailand and
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written informed consents were obtained
from all participants.

Blood samples

EDTA blood samples were collected
for single nucleotide polymorphism (SNP)
genotyping, CD4 T cell counts and HIV-
1 viral load. Lithium heparinized blood
samples were collected after 12 hours of
drug administration (C,,) at weeks 6 and
12 of ART and after rifampicin discontinu-
ation for 1 month for analysis of plasma
nevirapine and efavirenz concentrations.
Plasma were separated by centrifugation
at 1,800¢ for 20 minutes and stored at
-20°C.

SNP genotyping of ABCB-1 C3435T

Genomic DNA was extracted using
QIAamp DNA blood Mini kit (QIAGEN,
Hilden, Germany) and stored at -20°C
until used for SNP genotyping. Genotyp-
ing of ABCB-1 C3435T (rs 1045642) was
carried out using real-time polymerase
chain reaction (PCR) with allele-specific
fluorogenic 5" nuclease chain reaction as-
say of ABI PRISM 7500 sequence detection
system (Applied Biosystems, Foster City,
CA) as the primers and TagMan MGB
probe assay protocol ID C_7586657. Each
25 ul PCR mixture contained 20 ng of ge-
nomic DNA, 900 nM of primers, 200 nM
TagMan of minor groove binder (MGB)
probe and 12.5 pl of TagMan universal
PCR master mix. The thermal cycler pro-
gram was set up as follows: at 95°C for 10
minutes, repeated 45 cycles at 95°C for 15
seconds and 60°C for 1 minute. The plate
was read using the allelic discrimination
settings. The SNP assay was set up using
SDS, version 1.3.0 as an absolute quan-
tification assay. Post-assay analysis was
performed using SDS software.

Determination of plasma nevirapine and
efavirenz concentration
Plasma nevirapine and efavirenz
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concentrations were measured using
reverse phase high performance liquid
chromatography (HPLC) method at the
HIV-Netherlands-Australia-Thailand
(HIV-NAT) Research Pharmacokinetic
Laboratory, Chulalongkorn Medical
Research Center, Bangkok, Thailand.
HPLC was performed in accordance with
the protocol developed by Department
of Clinical Pharmacology, University
Medical Center Nijmegan, Nijmegan, The
Netherlands (Hollanders et al, 2000).

CD4 T lymphocyte counts and plasma
HIV-1 RNA quantitation

CD4 T lymphocyte counts were ana-
lysed at baseline and every 12 weeks after
initiation of antiretroviral treatment by
flow cytometry using monoclonal anti-
bodies with three colors reagent (TriTEST,
Becton Dickinson BioSciences, Franklin
Lakes, NJ) and analyzed by FACScan flow
cytometer (Becton Dickinson BioSciences,
San Jose, CA). Plasma HIV-1 RNA was
determined by reverse transcriptase-PCR
atbaseline and every 12 weeks after initia-
tion of ART and quantified using COBAS
Amplicor, version 1.5 (Roche Molecular
System Pleasanton, CA). The lower de-
tection limit for HIV-1 RNA level is 50
copies/ml.

Statistical analysis

Different genotypes in relation to
body weight, age at baseline and plasma
drug levels were analysed using SPSS
software version 14.0 (SPSS, Chicago, IL).
One-way analysis of variance (ANOVA)
was used to determine statistical sig-
nificance levels for differences in mean
values of plasma drug levels among vari-
ous genotype groups. CD4 T cell counts
and HIV-1 viral load in patients carrying
different genotypes were compared by
Kruskal-Wallis test. A difference in pro-
portion of patients who achieved plasma
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HIV-1 RNA < 50 copies/ml at week 24
of ART was evaluated by chi-square or
Fisher’s exact test. A p-value of < 0.05 is
considered statistically significant.

RESULTS

Patients’ characteristics

The baseline characteristics of pa-
tients were evaluated for gender, age,
body weight and liver enzymes. All 124
patients were ethnically Thai and among
these, 68% and 65% were male in nevi-
rapine and efavirenz group, respectively.
The patients had mean age of 38.0+8.6 and
35.948.2 years and mean body weight of
54.449.4 kg and 53.3+9.8 kg in nevirapine
and efavirenz group, respectively. When
subgroups of bodyweight were analyzed
at baseline in nevirapine group, the dif-
ference was seen in ABCB-1 C3435 CT
heterozygote (51.6£9.3) compared to CC
(58.8+7.4) and TT genotypes (56.0+13.1)
(p = 0.018), whereas no difference among
patients receiving efavirenz with CT
(54.9£11.7), CC (51.546.8) and TT geno-
types (51.948.1) (p=0.540) was found.
Similar levels of clinical laboratory pa-
rameters including alkaline phosphatase,
aspartate aminotransferase and alanine
aminotransferase were seen in both pa-
tient groups.

Frequencies of ABCB-1 C3435T genetic
polymorphisms

When the ABCB-1 C3435T in 124 HIV/
TB co-infected adults were genotyped, the
frequency of CC, CT and TT genotypes
was 34% (n = 42), 55% (n = 68) and 11%
(n = 14), respectively. Likewise, the fre-
quency in minor T allele genotype was
0.35 and 0.42 in nevirapine and efavirenz
group, respectively. The overall minor
allele frequency of ABCB-1 C3435T poly-
morphisms in 124 cases was 0.39, which
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Table 1
Genotype distribution and allele frequency of ABCB-1 C3435T in HIV/TB co-infected
Thai adults.

ABCB-1 C3435T genotype frequency (%)

ARV treatment Wild type  Heterozygous Homozygous No.
CcC CT TT of patients
Number (%)  Number (%) Number (%)

Nevirapine 21 (36) 35 (59) 3(5) 59
Efavirenz 21 (32) 33 (51) 11 (17) 65
Overall genotype frequency 42 (34) 68 (55) 14 (11) 124

C allele frequency (%) 61

T allele frequency (%) 39

ABCB-1 C3435T polymorphisms were found to be in Hardy-Weinberg equilibrium.

was in agreement with Hardy-Weinberg
equilibrium (Table 1).

Association of ABCB-1 C3435T genetic
polymorphisms with plasma nevirapine
and efavirenz concentrations

The ABCB-1 C3435T polymorphism
was evaluated in relation to plasma
nevirapine and efavirenz levels which
showed that the mean plasma nevirapine
concentrations of patients with CT geno-
type at weeks 6 and 12 of ART and one
month after rifampicin discontinuation
(6.0+4.2, 5.542.9 and 7.0+3.9 mg/l, respec-
tively) were not significantly different
from those with CC genotype (5.612.7,
5.6+2.3 and 6.9+2.4 mg/l, respectively) or
TT genotype (5.4+1.6, 5.9£1.9 and 4+1.3
mg/l, respectively) (Table 2). Similarly, in
efavirenz group, the mean plasma drug
concentrations of patients with CT
genotype at weeks 6 and 12 of ART and
1 month after rifampicin discontinuation
(4.845.0, 5.747.8 and 3.7+3.2 mg/l, re-
spectively) were not different from those
with CC genotype (3.7+2.4, 3.0+2.7 and
3.5+2.1 mg/l, respectively) or TT geno-
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type (3.6+2.0, 3.4+2.3 and 2.8+1.8 mg/],
respectively). It should be noted that
rifampicin induces P-gp in hepatic and
intestinal cells through activation of the
nuclear receptors (Manceau et al, 2010),
but its effect on plasma drug level during
co-administration and after discontinua-
tion could not be observed in this study.

Association of CD4 T cell counts with
HIV-1 viral load among patients with
ABCB-1 C3435T genotypes

The numbers of CD4 T cells in pa-
tients with CC, CT and TT genotypes
increased in a similar manner at weeks
12, 24, 36 and 48 of ART compared to the
baseline in both nevirapine and efavirenz
groups (Fig 1). No significant differences
in the median CD4 T cell counts of each
genotype at different time points were
also seen in nevirapine and efavirenz
groups (p=0.155, 0.582, 0.232, 0.756 and
0.573, respectively). When the number of
CD4 T cell counts at week 24 of nevirap-
ine based ART was compared to those at
the baseline, patients with CT, CC, and
TT genotypes gained 138 cells/ul (from
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Table 2
Plasma nevirapine and efavirenz concentrations at weeks 6, 12 and after rifampicin
discontinuation in each ABCB-1 C3435T genotype.

Mean + SD of plasma efavirenz and
nevirapine concentrations in each genotype

Plasma drugs concentration N p-value
CcC CT TT

Nevirapine (mg/1) 59 n=21 n=35 n=3

Week 6 5.6+2.7 6.0£4.2 5.4+1.6 0.872
Week 122 5.6+2.3 5.542.9 5.942 0.972
After rifampicin discontinuation 6.9+2.4 7.0+£3.9 4+1.3 0.330
Efavirenz (mg/l) 65 n=21 n=33 n=11

Week 6 3.7+2.4 4.845.0 3.6+2.0 0.523
Week 122 3.0+2.7 5.7+7.8 3.4+2.3 0.234
After rifampicin discontinuation 3.542.1 3.743.2 2.8+1.8 0.663

aco-administration with rifampicin

38 to 176 cells/ul), 129 cells/ul (from 40
to 169 cells/ul), and 79 cells/ul (from 177
to 256 cells/ul), respectively, but there
is no significant difference among these
genotypes. In efavirenz group, patients
with CT, CC, and TT genotypes gained
113 cells/ul (from 38 to 151 cells/ul), 138
cells/ul (from 57 to 195 cells/ul) 153 cells/
ul (from 57 to 210 cells/ul), respectively.
Again, there is no significant difference
among these genotypes.

The proportions of patients with HIV-
1 RNA levels less than 50 (log 1.69) copies/
ml among the different ABCB-1 C3435T
genotypes at week 24 of ART were com-
pared, which showed that in nevirapine
group, 100% (34/34) of the patients with
CT genotype achieved the HIV-1 RNA lev-
els less than 50 copies/ml, while 67% (2/3)
of those with TT genotype and 95% (20/21)
of those with CC genotype achieved HIV-
1 RNA levels less than 50 copies/ml (p =
0.040) (Fig 2). These proportions were
paralleled the gain in CD4 cell counts
at week 24 of ART from baseline. Con-
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versely, in efavirenz group, 100% (11/11)
of those with TT genotype, 97% (32/33) of
those with CT genotype and 86% (18/21)
of those with CC genotype achieved the
HIV-1 RNA levels of less than 50 copies/
ml. The difference in the proportion in
efavirenz group, however, did not reach
statistical significance. Consistently, there
is a significant difference in HIV-1 RNA
levels at 24 weeks of ART among CC, CT,
and TT genotypes in nevirapine group (p
=0,012), but there is no such difference in
efavirenz group.

DISCUSSION

In this study, the effects of ABCB-
1 C3435T polymorphism in HIV/TB
co-infected Thai adults who received
nevirapine- and efavirenz- based regi-
men were evaluated. This is the first
report of the evaluation of the effects of
ABCB-1 C3435T gene polymorphisms on
plasma nevirapine and efavirenz levels
during rifampicin co-administration
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Fig 1-Time course of CD4 T cell counts among
HIV/TB adults with different ABCB-1
C3435T genotypes in (a) nevirapine
group and (b) efavirenz group. (—e—) CC
genotype, (—a-) CT genotype, (—) TT
genotype.

and after discontinuation. Concerning
the influence of ABCB-1 C3435T poly-
morphism on plasma nevirapine levels,
the results were concordance with the
study in pregnant Thai women in which
no association of this polymorphism on
the persistence of plasma nevirapine
concentration could be found (Chanta-
rangsu et al, 2009). Likewise, no effect
of ABCB-1 C3435T polymorphism on
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Fig 2-Percentage of patients reaching plasma
HIV-1 RNA of less than 50 copies/ml
at week 24 after starting anti-retroviral
therapy among ABCB-1 3435-CC, CT and
TT genotypes in (a) nevirapine group,
p=0.040 by Fisher’s exact testand (b) efa-
virenz group, p=0.229 by chi-square test.

plasma efavirenz levels was seen in this
study as previously shown in several
studies (Winzer et al, 2003; Haas et al,
2004; Tsuchiya et al, 2004) except for one
study that showed significant differences
among different ABCB-1 C3435T genotype
(Fellay et al, 2002).

The frequencies of ABCB-1 3435 CC,
CT and TT among 124 Thai adults in the
present study (33.9, 54.8 and 11.3%, re-

Vol 43 No. 1 January 2012



INFLUENCE OF ABCB-1 C3435T PoLYMORPHISMS ON PLASMA NEVIRAPINE AND EFAVIRENS LEVELS

spectively) were slightly different from
those Thai women in the recent report
(32.4,48.2 and 19.4%, respectively) (Chan-
tarangsu et al, 2009). The CC genotype
frequency among Thai populations in
this study was higher than that reported
among Caucasians (26%) but lower than
West Africans (83%) and African Ameri-
cans (61%) (Schaeffeler et al, 2001). It is
also possible that ethnic diversity affects
metabolism of antiretroviral drugs as
Asian ethnicity is associated with a higher
efavirenz accumulation in peripheral
blood mononuclear cells (PBMCs) was
evidenced (Elens et al, 2010).

In this study, ABCB-1 C3435T poly-
morphism influenced differently on ne-
virapine- and efavirenz- based treatment
outcome. Heterozygous CT genotype was
associated with a more rapid virologic re-
sponse in nevirapine-based antiretroviral
therapy after 24 weeks, whereas patients
on efavirenz-based regimen carrying ho-
mozygous TT showed a slightly better vi-
rologic response. The association between
ABCB-1 C3435T polymorphism and treat-
ment outcome reported so far has been
variable in many studies. In a previous
retrospective study, patients with 3435TT
genotype had more rapid CD4 recovery
than those with CT and CC genotype after
nelfinavir- or efavirenz-based treatment
(Fellay et al, 2002). In other studies, how-
ever, no associations were found between
ABCB-1 C3435T polymorphism and either
CD4 response or viral load (Nasi et al,
2003), and between genotype and either
HIV-1 viral decay or CD4 response in an
open label, single arm study (Fellay ef al,
2002; Haas et al, 2003; Nasi et al, 2003).
These discrepancies might be due to dif-
ferent study designs as clinical controlled
trials would be the ideal context for such
pharmacogenetic studies.

Although ABCB-1 encodes P-gp
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and is responsible for drugs transport,
nevirapine and efavirenz are not P-gp
substrates (Stormer et al, 2002; Almond
et al, 2005; Dirson et al, 2006). Nevertheless,
efavirenz has been shown to induce P-gp
function in an in vitro study (Weiss et al,
2009) and acts as an inducer of CYPs in vivo
(Weiss et al, 2009). Therefore, several
possible roles of P-gp in anti-retroviral
drug metabolism have been proposed,
including the interaction of P-gp with
other cellular membrane proteins (Dir-
son et al, 2006). However, its function in
other cell types is still unclear (Sankatsing
et al, 2004). Furthermore, P-gp function
on lymphocytes is affected by other fac-
tors including HIV infection, protease
inhibitors and NNRTI drugs (Sankatsing
et al, 2004). C3435T polymorphism has
been found to modulate P-gp function in
natural killer cells and the expression of
MDR1 mRNA in leukocytes (Hitzl et al,
2001). P-gp expression in the intestinal
epithelial cells is also affected by ABCB-1
C3435T polymorphisms (Hoffmeyer et al,
2000). The normal level of P-gp expres-
sion on C allele would lead to lower drug
concentration in plasma compared to that
in P-gp expression on T allele. However,
controversial results were also reported
(Sankatsing et al, 2004). Therefore, the
effects of this polymorphism on the
expression and function of P-gp in HIV
patients receiving HAART needs to be
further investigated. It is also important
to examine the intracellular concentra-
tions of anti-retroviral drugs in PBMCs
to evaluate the treatment outcome, as the
adverse events from efavirenz toxicity is
correlated with drug concentrations in
the intracellular compartment, but not
with those in plasma (Clifford et al, 2005;
Rotger et al, 2005).

It should be noted here that 9 efavi-
renz- and 16 nevirapine- treated patients
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failed to continue the study. Reasons
for the failure included development of
adverse drug effects (such as hepatitis,
skin rash), death, transfer to other hospi-
tals, and loss to follow-up. Although the
genotype distribution of ABCB-1 C3435T
in this study is in Hardy-Weinberg equi-
librium, there was an apparent reduction
of TT homozygotes in nevirapine group.
It is possible that many of nevirapine
patients who developed severe adverse
drug effects were TT homozygotes. It is
thus important to determine the ABCB-1
C3435T genotypes of those who failed to
continue the study.

In conclusion, the present results
indicated that ABCB-1 C3435T polymor-
phisms has no effect on plasma nevirapine
or efavirenz concentration in HIV/TB co-
infected Thai adults.
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