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1. Introduction

HIV-2 was discovered in West Africa patients [1,2] shortly after
the discovery of HIV-1, with HIV-2 entering humans via zoonoses
distinct from the entry of HIV-1 some time in the early 20th
century [3]. The two viruses have 60-80% sequence homology
and have similar genomic organization, yet the viruses have dis-
tinct transmission rates and disease associations (reviewed in Ref.
[4]). Although some HIV-2-infected patients progress to AIDS, the
majority control infection [5-7] and patients with low VL sur-
vive longer [8]. Early descriptions of HIV-2 observed differences in
the virus genetics [9] and noted that the HIV-2 epidemic behaved
liked a mixture of pathological and non-pathological viruses [5,10].
Studying and understanding HIV-2 represents a possibility to dis-
cover how a potentially lethal lentivirus infection can be controlled
by humans.
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There are limited data on HIV-2 sequence variation associated
with either long-term control or progression to disease [9,11,12].
Although some correlation of Nef variation with disease has been
observed [13], most HIV-2 sequences in the public databases are
derived from viruses isolated from AIDS patients where high VLs
facilitate virus isolation and sequencing which could introduce
bias in the data. Sequences derived from patients with low VL are
essential for understanding disease non-progression in HIV-2 infec-
tion. A community cohort to study HIV was established in Caio,
Guinea Bissau in 1988 [50], reviewed in Ref. [4]. HIV screening
of the entire adult population in the Caio community cohort have
identified HIV-2-positive subjects with a wide spectrum of clinical
symptoms and survival [4,10,14]; a sequence analysis of the virus
among these patients could identify virus variations that influence
outcome.

The capsid (CA) protein (p24 in HIV-1; p26 in HIV-2) has a struc-
ture that is conserved among retroviruses [15,16]. p26 accumulates
during replication as a Gag polyprotein, assembles into spherical
structures that package viral RNA and is subsequently processed
by the viral protease and reassembled into the mature virus cores
[16-18]. The CA has a distinct amino-terminal domain (residues
1-145), that is exposed on the surface of cores, and a C-terminal
domain (residues 146-230) which is required for oligomerization
[19]. The 20 amino acid major homology region (MHR) in the C-
terminal domain is highly conserved; changes in this motif can
interfere with CA assembly, maturation and early stages of infec-

261



C.0. Onyango et al. / Vaccine 28S (2010) B60-B67 B61

Table 1

Comparison of the cohort p26 residues 119, 159 and 178 to HIV-2gop p26; variation with viral load.
D Source VL 119 159 178 ID Source VL 119 159 178
ROD P P P ROD P P P
Co310 RNA <100 . 4 . C0309 RNA 283 Q S .
C0315 DNA <100 C0316 RNA 372 . .
C0318 PRO <100 C0364 RNA 387 E .
C0319 RNA <100 C0314 DNA 393 . S A
C0324 RNA <100 C0354 DNA 413 J .
C0326 RNA <100 C0323 RNA 497 A . .
C0327 DNA <100 C0365 RNA 523 A S A
C0339 RNA <100 C0350 RNA 540 A S A
C0349 RNA <100 C0322 RNA 610 s S A
C0359 RNA <100 C0355 RNA 651 A ; A
CO360 RNA <100 . C0357 RNA 813 A S Q
C0344 DNA <100 A C0332 RNA 1085 A ‘ v
C0346 DNA <100 A C0305 RNA 1343 A
C0351 RNA <100 A . C0340 RNA 1587 ;
C0308 RNA <100 Q . C0321 RNA 1608 i
C0337 DNA <100 . T C0342 RNA 1907 A S .
C0361 RNA <100 A S C0325 RNA 1999 : i .
C0366 RNA <100 A S C0330 RNA 2653 A S 5
C0367 DNA <100 A S C0331 RNA 2949 A S A
C0363 DNA <100 Q S v C0320 RNA 3241 A ‘
C0335 RNA <100 A . A C0307 RNA 3764 G .S
CO336 RNA <100 A 8 A C0368 RNA 6431 A T S
C0341 RNA <100 A . A C0345 RNA 9659 A i .
C0362 DNA <100 A . A C0312 RNA 9979 A S A
C0301 DNA <100 A S . C0334 RNA 10752 . S J
C0O306 DNA <100 A S A C0311 RNA 14104 A S A
C0333 RNA <100 A S C0313 RNA 17067 A S A
C0302 RNA 109 . i C0369 RNA 22446 Q S ‘
C0304 DNA 114 . C0343 RNA 25836 A S 3
C0303 RNA 154 A S A C0338 RNA 28581 Q S A
C0356 DNA 182 . . C0317 RNA 37503 A S A
C0328 RNA 198 A C0347 RNA 146284 A b J
C0353 DNA 234 b . C0348 RNA 148593 A : A
C0329 RNA 267 A S S C0358 RNA 283542 A S .
€0352 RNA 275 . S

Samples from 69 HIV-2 singly-infected patients collected in 2006 were used for sequencing (see Section 2). Patient plasma VL was assayed by RT-PCR with a lower limit of
detection of 100 virus copies/ml. For statistical analysis, undetectable viremia was given a value of 50 copies/ml. Viral loads (copies/ml) are indicated in second column. The
source of template for the PCR reaction (circulation RNA (RNA) or proviral DNA (DNA)) is indicated. The reference sequence derived from HIV-2ggp p26 is listed in the first
row, in the subsequent rows identity with the HIV-2rop p26 sequence is indicated with a period (.).

tion [19,20]. The multiple functions impose strict constraints on
the amino acid changes allowed in CA. Studying the limited vari-
ations that do occur in p26 can provide important information on
both protein function and the selective forces acting on HIV-2. In
this study, we have tested the hypothesis that HIV-2 p26 capsid
variants modulate HIV-2 viral load.

2. Methods
2.1. Patient cohort.

Study subjects were recruited from the community-based
cohort in Caio, Guinea Bissau (study subjects described in Ref. [14]).
Briefly, HIV screening was performed with a Murex ICE HIV-1.2.0
immunoassay (Murex Diagnostics), confirmed and differentially
diagnosed (HIV-1/HIV-2) using HEXAGON HIV (Human GmbH).
Dually HIV-1+2 positive samples were subjected to peptide-based
assays (Pepti-Lav 1-2, Sanofi Diagnostics Pasteur) and HIV-1 and
HIV-2-specific polymerase chain reaction (PCR) with primers tar-
geted to the long terminal repeats [7,8]. HIV-1+2 infected patients
were excluded from the study. HIV-2 plasma viral load was quan-
tified by PCR based method [7,21] with a lower limit of detection
of 100 copies/ml, for analytic purposes, undetectable samples were
assigned a value of 50 copies/ml. All participants were antiretrovi-
ral naive at the time of the study and provided informed consent.
The study was approved by the Gambian Government/MRC Ethics
Committee, The Republic of Guinea Bissau Ministry of Health,
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and the Oxford Tropical Research Ethics Committee (OXTREC),
UK.

2.2. p26 gene amplification strategy, optimization of primers.

p26 gene amplification primers were designed by selecting con-
served sequences flanking the p26 coding region from all HIV-2
isolates in the Los Alamos HIV Database to be used as targets for
PCR primers. Coupled reverse transcriptase and nested PCR reac-
tions were performed with plasma-isolated virus RNA as template.
The following primer sequences in various combinations were used
for amplification:

MOO017(OF, outer forward) GTCTGCGTCATTTGGTGCAT
MOO18(IF, inner forward) CTGCAGAGAAAATGCCAAGCA
MOO019(OR outer reverse) GGGCAGTTTGTCATGATGTGTCC
MOO020(IR, inner reverse) GCCCTTCCTTTCCACAGTTCCA
MO021(IR) GCCCTTCCTTTCCACAATTCCA
MOO030(OF)CACGCAGAAGAGAAAGTGAAAG

MOO031(0OR) CGGGGAAGTTGCGRGGCTT

MOO032(IF) AGTAGACCAACAGCACCACC

MOO036(0F) GTGGGCAGCGAATGAATTGG

MOO037(0F) GTGGGCAGCGAACGAATTGG

MOO038(0R) AAAGAGAGAATTGAGGTGCAGCA.

In case none of the primer combinations amplified a product
from RNA, amplification of provirus was performed with the same
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series of primers using genomic DNA from the patients’ peripheral
blood mononuclear cells (PBMCs) as template. The origin of the
sequence (viral RNA or proviral DNA) is indicated in Table 1. PCR
products were excised from preparative gels, purified by QiaQuick
columns, sequenced using the inner PCR primers from both direc-
tions and aligned using ClustalW; ambiguities were resolved by
direct analysis of sequencing scans using a sequence alignment
editor BioEdit [22].

The p26 sequences were monitored to rule out cross-
contamination during sample handling or PCR. Contamination
among different samples would generate multiple sequences
with 100% identity. A phylogenetic analysis showed no identi-
cal sequences, with the closest pairs (C0336 and C0335) showing
0.58% difference (4 differences in 690 nucleotides). BLAST analyses
revealed no homology greater than 94% with any sequence in the
GenBank database (results not shown). All the p26 sequences were
consistent with HIV-2 subtype A infections.

2.3. HIV-2 envelope gene amplification

Envelope sequences were obtained from 34 HIV-2 isolates
selected randomly from the set of 69 Caio viruses (see below).
The following PCR primers targeted to conserved envelope flanking
sequences were used:

MO080 (outer forward) CAGTCATCACAGAGTCATGTG
MOO076 (outer reverse) TCCTTGTGGATAYGAYCTGT
MOO072 (inner forward) TCATGTGAYAAGCACTATTGGGA
MOO077 (inner reverse) GGAAGAGAAAACAGGCCTATAGCC.

An approximately 1500 bp fragment (HIV-2gop C2 to gp41, posi-
tions 6783-8285) was amplified in a nested RT-PCR from plasma
virus. PCR products were purified as described above, sequenced
using inner PCR primers from both directions. If the initial four
primers failed, these additional primers were used:

MO122a GTGGACTAACTGCAGAGGAGAATT
MO125 AGTTCTGCCACCTCTGCACT
MO125a AGAAAACCCAAGAACCCTAGCAC.

A fragment of approximately 1300 bp corresponding to HIV-2gop
positions 6849-8210 was used for the phylogenetic analysis. The
P26 and Env sequences described in this manuscript were submit-
ted to GenBank (accession numbers GQ485448-GQ485550).

2.4. Molecular modelling

Three-dimensional (3-D) models of HIV-2 CAs were constructed
by the homology-modelling technique using the Molecular Operat-
ing Environment (MOE) (Chemical Computing Group Inc., Quebec,
Canada) as described in Refs. [23-26]. The two crystal structures of
the HIV-1 CA proteins were used as templates for the modelling;
a CA monomer at a resolution of 3.00A (Protein Data Bank (PDB)
code: 1E6] [27]) and the dimer of CA C-terminal domain at a res-
olution of 1.70 A (PDB code: 1A80 [19]). The amino acid sequence
identity of HIV-1 (1E6]J) and HIV-2 CA (CO310 in this study) is about
70.5%. The sequence similarity is sufficient to construct a struc-
tural model with an r.m.s. deviation of approximately 1.5 A for the
main chain between the predicted and actual structures [28]. The
3-D structures were optimized thermodynamically by energy min-
imization using MOE and an AMBER99 force field [29] and further
refined the physically unacceptable local structures on the basis of
evaluation of unusual dihedral angles, ¥ and ¢, by the Ramachan-
dran plot using MOE.

The binding energies of the p26 dimer models, Ey;,q, were
calculated as described elsewhere [25] [30], using the formula

Ebind = Edimer — 2Emonomer, Where Egimer is the energy of the p26
dimer; Emonomer is the energy of the p26 monomer. Spearman’s rank
correlation coefficient for viral load and capsid binding energy and
its statistical evaluation were calculated by SPSS ver 14 (SPSS Inc,
Chicago).

2.5. Expression of TRIM5«

Construction of recombinant Sendai viruses (SeVs) carrying
human MT4-TRIM5a-tag (Hu-TRIM5a-Sev) and cynomolgus mon-
key TRIM5a lacking the SPRY domain (CM-SPRY(-)-Sev) was
described previously [23].

2.6. Construction of HIV-2 GH123 capsid variants

Mutant DNA constructs of infectious molecular clones of HIV-2
GH123 carrying alanine 119 (GH123/119A) was described previ-
ously [23]. Note that because of an insertion in the GH123 p26
protein, positions 120, 160 and 179 from Ref. [23] correspond
to positions 119, 159 and 178 in this work. PCR-based mutage-
nesis with primer pairs P1, P2 and P3, P4 was used to generate
mutant GH123 carrying alanine 178 (GH123/178A). Mutant GH123
carrying serine 159 and 178A (GH123/159S-178A) was then con-
structed using primer pairs P1, P5 and P4, P6 with GH123/178A
as a template. Mutant GH123 carrying 119A, 159S and 178A
(GH123/119A-159S-178A) was constructed with primer pairs P1,
P5 and P4, P6; and both GH123/119A and GH123/178A as tem-
plates. Infectious viruses were prepared by transfection of 293T
cells with mutant proviral DNA clones.

P1:CTTCCCTGTACAACAGACA, P2: TTTACTGCTGCATCTGTTTGTTCTG,
P3:CAGAACAAACAGATGCAGCAGTAAA,
P4:GTGCAGCAAGTCCTCTGTC
P5:TAGCTCTGGAATGATTCCTTTGGTCC,
P6:GGACCAAAGGAATCATTCCAGAGCTA

3. Results
3.1. p26 CA variation in the Caio cohort.

HIV-2 positive subjects were selected from the Caio community
cohort to assess HIV-2 sequence variation among a wide range of
VL (<100 to >280,000 copies/ml). PCR was attempted from a total of
92 subjects and p26 sequences were obtained from 69 subjects; 53
sequences were derived from viral RNA and 16 were from proviral
DNA. Additional clinical features of these patients were previously
described [14].

Caio p26 sequences were compared to either the Caio 69 p26
consensus sequence (Fig. 1 upper) or to the reference strain HIV-
2grop P26 [31] (Fig. 1 lower) to identify amino acid polymorphisms
in p26. HIV-2pgp was chosen as a reference because the virus was
isolated early in the epidemic in Cape Verde, islands historically
linked to Guinea Bissau. Both comparisons show a similar pat-
tern with variant amino acid sites clustering outside of the alpha
helices (marked in black) required for CA folding (Fig. 1). Vari-
ations that associate with high or low VL (Mann-Whitney test,
p<0.05, except for position 178) are highlighted with a dotted
line. The polymorphisms at position 119, 159 and 178 were of
special interest because they showed 35-70% variation from HIV-
2rop and involved changes from the reference sequence proline,
a change expected to strongly alter protein structure. The non-
proline residues were either alanine (38 cases), glutamine (5), or
glycine (1) at position 119, serine (29) or threonine (2) at 159,
and alanine (18), serine (2), gultamine (1), or valine (1) at 178.
Viruses in low VL patients often had proline at these three positions
while in higher VL samples these sites were frequently occupied by
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Fig. 1. Amino acid polymorphisms in the Caio HIV-2 p26. Polymorphisms in the p26 coding sequence are displayed as the percentage of the 69 sequences that differ at each
position from either the Caio p26 consensus sequence (determined as the majority amino acid at each position, upper panel) or from the HIV-2gop p26 sequence (middle
panel). Conserved alpha helices (in black) and the Major Homology Region (MHR) are indicated in the lower panel. Sites of variation that were associated with VL are indicated

with dotted lines (Mann-Whitney test) (p <0.05). [NB p=0.07 for P178].

non-proine residues (Table 1). Three of the significantly varying
positions (35, 120 and 206) were too infrequent for further study.

3.2. p26 CA variation correlating with VL

The association of proline 119, 159 and 178 with reduced VL
becomes apparent when the log-transformed VL for each sample is
plotted as a function of the total number of prolines at these three
sites Fig. 2A. A Tobit regression analysis showed a clear relationship
of increased VL with decreasing prolines in these three positions
(p=0.003).

To examine proline variation in more detail, CA types were
grouped according the residue at each of the three positions using
the code P (proline), N (not proline), or the wild card * (any amino
acid) and ordered by increasing VL (Fig. 2B). Among the progression
of median viral loads, there was a pattern of decreasing prolines,
starting with the PPP group, through the intermediate forms to the
complete non-proline NNN group (Fig. 2B). The two exceptions to
this trend (the single proline NPN group had a lower median VL
than the PNP and NPP groups) indicated that there may be inter-
actions between specific combinations of these prolines in their
effects on viral load but the number of examples was too small to
demonstrate such effects statistically.

Considering the effect of single proline changes, proline 119
(P119) CAs (the P group) were isolated more frequently from
patients with low VL with a 4.9-fold difference in the median VL
of P** group compared to the N** group (p=0.0205; Fig. 2B).
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Proline 159 (P159) had a stronger effect on VL with at least 6.1-
fold difference in the median VL of the *P* group compared to the
*N* group (p =0.0075; Fig. 2B). This site is of special interest being
within the highly conserved MHR (Fig. 1) [20], essential for virion
assembly.

Proline 178 (P178) showed modest variation with VL with only
3.5-fold difference in the median VL of the **P group compared to
the **N group (p=0.0709; Fig. 2B,). However, the presence of P178
was linked to the other two prolines: all CAs with both P119 and
P159 had P178 (i.e. the PPP group = the PP* group, Fig. 2B). This may
be due to a p26 folding requirement and/or genetic linkage.

Stronger associations were observed when the positions were
analyzed in combination. The median VL in subjects with PP*
viruses differed from NN* viruses by at least 13.6-fold (p = 0.0028,
Fig. 2B). Importantly, median VL in subjects with viruses having all
three prolines (PPP) compared to those lacking a proline at the sites
(NNN) differed by at least 18.8-fold (p=0.0013, Fig. 2B).

There are practical difficulties of sequencing circulating RNA
genomes, especially from patients with <100 copies viral RNA per
ml of plasma. Sixteen of the 69 sequences were derived from provi-
ral DNA (listed as DNA in Table 1) because multiple attempts to
obtain RNA sequence failed. To test if proline/VL associations were
biased by the inclusion of these proviral sequences, the analysis
was repeated after excluding the data from these 16 samples. The
association of higher VL with non-proline residues remained sig-
nificant at positions 119 (p=0.0123) and 159 (p=0.0043), and for
the combined positions 119+159 (p=0.0012) and 119+159+178
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Fig.2. HIV-2 VL correlates with amino acid variation at three p26 sites. (A) Relation-
ship between VL and the number of prolines. Log-transformed VL for each sample
was plotted as a function of the total number of prolines at p26 positions 119, 159
and 178. Tobit regression (Stata10, StatCorp TX, USA) was used to investigate the
relationship between VL and the number of prolines at positions 119, 159 and 178.
This form of regression is able to allow for censoring of viral loads below 100 in the
dataset. The regression line was drawn with the equation log;oVL=3.15 — 0.46 x No.
of prolines. (B) Relationship between VL and type of PPP motif. Log-transformed VL
for each sample is plotted as a function of amino acid variation at p26 position 119,
159 and 178. Median VL are indicated by horizontal bars. The patients were stratified
by the presence of proline (P) no proline residue (N) or any amino acid (*) at each
of the positions 119, 159 and 178. For example, PPP= proline resides at positions
119, 159 and 178, NNN=no proline at the three positions. Comparisons of plasma
VLs for different amino acid polymorphisms of particular interest were made using
the non-parametric Mann-Whitney test (GraphPad Prism 5). p-values for these are
shown above the figure.

(p=0.0024) (Table S1, lower panel). We conclude that independent
of the origin of the sequences, there exists an association between
low VL and proline residues at positions 119 and 159 indepen-
dently, and with 119, 159 and 178 combined.

3.3. p26 CA variation influences susceptibility to TRIM5c

The TRIM5a was identified as a limit to cross-species retrovi-
ral infection [32-35]. This has led to a model of TRIM5a blocking
retroviral infection by binding to the CA during entry, accelerating
virus uncoating, and limiting subsequent steps in the infection pro-

cess [32,34,36,37]. P119 was recently identified as a determinant
of TRIMSa restriction [23] with HIV-2 CAs derived from TRIM5a
sensitive viruses bearing a proline, and resistant strains having an
alanine or glutamine at this site. It is possible that the reduced
replication of the PPP viruses we observed in patients was part of
the same phenomenon. Accordingly, the contribution of all three
proline residues to TRIM5a: restriction of replication was directly
examined in vitro. Starting with the HIV-2 strain GH-123 as a PPP
virus, P119, P159 plus P178, or all three prolines were altered to
alanine or serine using site-directed mutagenesis. The growth of
these variant viruses was compared in cells modified to express
human TRIM5«; a parallel cell line expressing TRIM5a missing the
SPRY domain, essential for p26 interaction, was used as a control
to determine if these p26 changes altered virus replication inde-
pendent of TRIM5a function [23]. Altering P119 (to produce APP)
or P159+P178 (to produce PSA) allowed 3-fold greater virus repli-
cation Fig. 3A. Alteration of all three prolines to ASA resulted in a
6-fold increase in virus replication. Thus the GH-123 variants dis-
played replication in vitro that closely mimic the behavior of the
HIV-2 variants in vivo.

3.4. Phylogenetic analysis of p26 CA variation

One possible origin of the PPP form of p26 is that such a CA
was encoded by a founder variant of HIV-2. The reduced growth of
PPP viruses could be due to the p26 itself or to other shared and
co-evolved features in these viruses. Alternately, changes at these
three codons could occur more frequently. A phylogenetic anal-
ysis of Caio HIV-2 was performed to distinguish the PPP founder
virus model from a multiple occurrence model. A founder effect
with the appearance and spread of a PPP virus would appear as
phylogenetic clustering of these variants. Ongoing selection for or
against prolines in p26 would result in a phylogeny lacking PPP
clustering. Because results derived from the 960 bp containing p26
coding could be dominated by variation in codons 119, 159 and
178, phylogeny was also inferred from a larger sequence span-
ning approximately 1300 bp of the envelope gene and including
the highly variable V3 and V4 loops. The inferred phylogenies show
that HIV-2 isolates encoding PPP p26 are distributed throughout the
P26 and envelope trees (Fig. SI), supporting the conclusion that the
occurrence of PPP p26 is not associated with a specific phylogenetic
branch of Caio HIV-2 and is unlikely to be associated with a single
occurrence of this CA motif. This conclusion is also supported by
the high bootstrap values for some of the branches. These results
are consistent with selection for and multiple appearance of the
PPP p26 in the Caio population.

3.5. Modelling p26 CA sequence variation on structure and dimer
formation

The bulky and constrained structure of proline strongly
influences protein secondary structure; proline is inimical to
alpha-helices and can kink otherwise flexible loops [38]. Thus
polymorphisms involving prolines residues could alter the p26
structure. Using homology modelling, three-dimensional struc-
tures of six of the Caio HIV-2 p26 molecules (2 PPP, 2 ASA and
2 intermediate forms, APP and ASP) were constructed. The ther-
modynamically optimized 3-D structure models showed that the
HIV-2 p26 consists of two packed core structures of N-terminal
and C-terminal domains, a similar conformation to HIV-1 p24 [39].
Superimposition of the six HIV-2 p26 models showed that the
overall 3-D structures of the variants were very similar with an
exception: the amino acid substitution at position 119 from pro-
line to alanine induced marked changes in the configuration of
the loop between helices 6 and 7, as found previously with HIV-
2 p26 N-terminal domain model [23]. In contrast, the substitution
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Fig. 3. HIV-2 capsid changes alter TRIM5a susceptibility and capsid stability. (A)
Growth of HIV-2 GH123 (PPP) and its mutant viruses HIV-2 GH123/119A (APP),
HIV-2 GH123/1595-178A (PSA), and HIV-2 GH123/119A-159S-178A (ASA) in the
presence of human TRIM5c. MT4 cells (10%) were infected with Hu-TRIM5x-SeV or
CM-SPRY(-)-SeV at a multiplicity of infection of 10 plaque forming units per cell. 9h
after infection, the cells were superinfected with 20 ng of p26 of HIV-2 GH123, HIV-2
GH123/119A, HIV-2 GH123/159S-178A, or HIV-2 GH123/119A-1595-178A viruses.
The culture supernatants were collected 6 days after infection, and the level of p26
was measured by using a RETROtek antigen ELISA kit (ZeptoMetrix Corp., Buffalo,
NY). Ratios of HIV-2 CA levels of Hu-TRIM5a-SeV-infected cells to those of CM-
SPRY(-)-SeV-infected cells are shown as percent growth. Error bars denote standard
deviations in quadruplicate samples. A Kruskal-Wallis test for the entire data set
clearly detected the difference of viral growth among those four viruses (p=0.006).
Furthermore, comparison of each mutant virus with GH123(PPP) using the Dunnett
test also showed statistically significant differences of PPP vs. APP p<0.05, PPP vs.
PSA p<0.05, and PPP vs. ASA p <0.01. (B) Dimer binding energies as a function of
capsid type. Samples were grouped into PPP, IM (intermediate, with proline at one or
two of the three sites) or ASA, based on the amino acid at position 119, 159 and 178.
The capsid dimer binding energies (absolute value) for each sequence were deter-
mined by homology modelling (see Section 2); the mean values for each group are
indicated. Comparison between the PPP and the ASA group using the non-parametric
Mann-Whitney test (GraphPad Prism 5) provided the indicated p-value.

at positions 159 or 178 induced no major changes in the main-
chain backbone of HIV-2 CA (data not shown), suggesting that the
structure of the CA can accommodate alternative residues at these
sites.

Positions 159 and 178 are located in the C-terminal portion of
p26 required for dimer formation as well as virion shell assembly
[18]. Homology modelling of the p26 dimer was used to calcu-
late binding energy for dimer formation. Since the C-terminal
sequences used to prepare the initial six structures were common
toa larger set of p26 sequences, dimer binding energies for 29 of the
Caio CAs could be calculated. These calculations revealed that the
PPP p26 dimers had weaker binding energies, the ASA dimers had
stronger binding energies and the intermediate forms with only
one or two of the prolines altered (IM) had intermediate binding
energies (Fig. 3B). In addition, the viral loads of the 29 patients were
modestly correlated with the absolute values of the binding energy
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of the viral CA (rs=0.383, p=0.040). We conclude that the amino
acid changes at positions 159 and 178 influence p26 dimer stability,
with ASA CA dimers having a higher stability than PPP or APP CA
dimers and the increased stability may be related to elevated VL in
these patients.

4. Discussion

This study represents a detailed examination of HIV-2 p26
sequence variation within a set of 69 sequences isolated from sub-
jects with both high and low VL. Disease progression after HIV-2
infection is highly dependent on VL [40] with subjects who con-
trol HIV-2 replication continuing to do this over a period of many
years, suggesting that virus-host interactions result in a stable set-
point of virus replication. The current study identified three sites of
p26 variation correlating with VL. This study reveals a previously
undescribed pattern of variation in the highly conserved p26 and
indicates that the outcome of HIV-2 infection is partially predicted
by the form of the p26 carried by the virus. In addition to confirm-
ing the importance of P119 as a determinant of TRIM5a« restriction,
the current study identified two additional amino acid positions
(159 and 178) whose identities correlate with virus load. Although
these associations were not significant after stringent adjustment
for multiple comparisons, HIV-2 encoding p26 specifically modified
at these three positions showed in vitro replication levels consistent
with the in vivo VL data and further supported the conclusion that
the three residues 119, 159 and 178 are important determinants of
virus growth and influence TRIM5a restriction (Fig. 3).

Virus replication in vivo is influenced by a large number of host
and viral factors and it would be naive to conclude that these
three residues are the sole determinants. That additional factors
influence the course of infection is reflected in the VL data and
the exceptions from the pattern (e.g. the three PPP viruses with
greater than 10e3 VL and the 2 NNN viruses with undetectable
VL). However, the power of such a population study is that pat-
terns of HIV-2 behavior appear when large nufmbers of infection
are monitored. As shown in Fig. 2, the substantial and statistically
significant change in VL that accompanies the variation from PPP to
NNN viruses strongly supports our conclusions that this p26 motif
is an important determinant of the course of infection.

How might the PPP motif function? Our data support a destabi-
lization of the CA by the three proline residues. P119 may directly
form a recognition signal for TRIM5a binding, and the three pro-
line residues may result in less tightly packed core that is more
readily dismantled and processed after TRIM5a recognition. Our
preliminary immunological studies show that patients with PPP
virus mount stronger T cell responses to p26 and to the entire
HIV-2 proteome (A.L, S.RJ. unpublished results) and this increased
immune exposure might be a consequence of TRIM5a recognition
and more efficient antigen presentation.

These results are consistent with TRIM5a restriction playing a
direct role in limiting HIV-2 replication and a more indirect role in
enhancing the immune response to the virus. The in vitro studies
(Fig. 3A), although using manipulated cells and monitoring virus
replication only over a short period of replication, demonstrated
that variation in these three CA residues influence the susceptibil-
ity of HIV-2 replication to TRIM5ca. In vivo, it is likely that TRIM5a
effects are both manifested over multiple rounds of infection and
TRIM5a may cooperate with other processes such as the adap-
tive immune response; in vitro cell culture conditions and growth
in immortalized cell lines are unlikely to fully recreate these pro-
cesses. We believe that our in vivo virus load data are the strongest
support for the hypothesis that the PPP motif modulates VL.

If our hypothesis is correct, incident infections in Caio, infected
patients that progress to require anti-retroviral therapy and moth-
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ers who infected their children should have a marked abundance of
non-PPP forms. In fact, our phylogenetic analysis demonstrated no
PPP virus clusters while there are some clusters of non-PPP viruses
(Fig. 51), suggesting more frequent transmission of non-PPP viruses
than PPP virus. We are currently examining these possibilities.

If the PPP p26 molecule is associated with a number of fitness-
decreasing properties, what maintains this less fit gene in the
population? One possibility is that there may be direct HLA selec-
tion for proline residues at these p26 positions. All three proline
sites lie within or adjacent to known HLA epitopes. The presence
of these key proline residues could either block the host immune
recognition of these epitopes or interfere with processing to release
the epitope. HIV-1 clearly adapts to its current host's HLA system
by changing recognized epitopes [41-45] and it is likely that HIV-2
is subject to the same host HLA selection. Thus virus evolution may
be driven by a shortsighted response to HLA selection resulting in
PPP p26 that in the long term results in reduced viral replication.
An abundance of HLA alleles in Caio that select for PPP p26 may be
responsible for the high frequency of controlled HIV-2 infections in
Caio. A cross-sectional study on HLA associations with p26 varia-
tion is underway. Adaptation to the current host's HLA haplotype
has important consequences for the design of T cell based vaccines
and could be exploited in vaccines to encourage the evolution of
less aggressive variants.
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TIM1 haplotype may control the disease progression
to AIDS in a HIV-1-infected female cohort in Thailand

Nuanjun Wichukchinda®', Toshiaki Nakajima®™', Nongluk Saipradit®,
Emi E. Nakayama®, Hitoshi Ohtani®, Archawin Rojanawiwat®,
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Objective: To investigate association of TIM1 sequence variations with HIV/AIDS
progression.

Introduction: HiV-1 infected individuals have wide variations in disease progression
including AIDS. T cell immunoglobulin and mucin 1 (TIM1) is a cell surface protein
involved in the regulation of Th1/Th2 immune response.

Materials and methods: We sequenced the highly polymorphic exon 4 of TIM1 from
246 individuals of HIV-1 infected Thai female cohort to determine their 7/M1 haplo-
types. Associations of TIM1 haplotypes with baseline clinical data (sero-status, plasma
viral load, CD4 cell count, and symptomatic AIDS) and survival status during 3 years of
follow-up were evaluated.

Results: Seven TIMT haplotypes, D3-A, D4, D3-C, D1, W-A, W-C, and D3-C*, were

.found in the cohort. Patients possessing the D3-A haplotype showed trends towards
higher CD4™ cell count (P=0.06) and lower proportion of AIDS-related symptoms
(P=0.022) than the other patients at the baseline. Kaplan—Meier analysis demonstrated
that patients carrying the D3-A haplotype had a better survival rates (P = 0.019) than the
others. D3-A haplotypes was tightly linked to the lower expression levels of TIM1.

Conclusion: TIM1 D3-A haplotype is associated with the delay of disease progression
to AIDS in the HIV-1 infected Thai females.

© 2010 Wolters Kluwer Health | Lippincott Williams & Wilkins
AIDS 2010, 24:1625-1631 A
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Introduction hepatitis A cellular receptor 1 (HAVCR1) because it was
originally identified as a receptor for hepatitis A virus [3].
TIMT1 is also known as kidney injury molecule 1 (KIM1)

[4] and encodes for 359-amino acid membrane protein

T-cell immunoglobulin (Ig) and mucin domain (TIM)
proteins, which expressed on T cells, play a central role in

regulating Thl-cell and Th2-cell mediated immune
response [1,2]. The genes for human TIM proteins are
located on chromosome 5q31-33 and include three
members; TIM1, TIM3, and TIM4. TIM1 is called a

containing a putative signal sequence (residues 1-20), Ig
domain (residues 21—121), mucin domain (residues 130—
205), transmembrane (residues 291-311), and 50-amino
acid long cytoplasmic tail [5].
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TIM1 is associated with Th2 type immune responses and
selectively expressed on Th2 cell [1,6]. Human TIM1
exhibits a high degree of amino-acid variability in the
extracellular mucin domain encoded by exon 4 [7].
Because mucin domain is involved in the recognition of
molecules outside the cells, it was suggested that TIM1
might have been under the selective pressure in the course
of human evolution, and the variation in this gene might
be involved in the difference in the susceptibility to
immune-related diseases including infectious and auto-
immune diseases. There are several reports on the
association of polymorphisms in TIM1 with allergic
diseases [8—12]. In addition, Nuchnoi et al. [13] have
recently reported that a TIMI promoter haplotype,
which was linked to higher expression of TIM1, was
associated with the resistance to cerebral malaria in Thais.

HIV-1 infection is characterized by its chronic disease
course, in which CD4" T cells gradually decrease that is
followed by the dysfunction of host immune system.

During the course of HIV-infection, the balance between

Th1 and Th2 immune responses played a crucial role in
the control of viral replication [14,15]. Therefore, it is
highly possible that polymorphisms of genes involved in
the Thl and Th2 immune responses potentially
contribute to the disease progression to AIDS and/or
the susceptibility to HIV-1 infection.

In this study, we investigated the association of TIM1
polymorphisms with the disease progression of HIV/
AIDS in 246 HIV-1-infected Thai females. It was found
that the TIM1 haplotype D3-A significantly delayed the
progression to AIDS.

Materials and method

Individuals

We investigated a cohort composed of 246 HIV-1-
infected women obtained from the HIV clinic in the Day
Care Center of Lampang Hospital in north Thailand
between July 6, 2000 and July 12, 2001 as described
previously [16]. They were recruited when they visited
the clinic. Although the dates of HIV infection and
seroconversion were not assessed or estimated for the
individuals, they were free from antiretroviral drug at the
time of recruitment. We also investigated 74 exposed
seronegative (ESN) Thai women [17]. For a control
group, we collected blood samples from 119 female blood
donors at the blood bank of the same hospital. EDTA-
blood was taken from each individual at the time of
recruitment, and separated for plasma and pack red cell.
Plasma HIV-1 RNA copy number was measured by using
a commercially available kit (Amplicor HIV-1 Monitor
Test; Roche Molecular System, Inc. Branchburg, New
Jersey, USA), which had a lower limit of detection at
400 copies/ml. CD4™" cell count was measured by using

FACScan (BD Biosciences, California, USA). The
survival status of participants until 1 Gctober 2003 was
ascertained from the cohort database, mailing letters, and
death certificates at the Lampang Provincial Health
Office. Data were double entered and validated using the
access program. This study was approved by the Ethical
Review Committee for Research in Human individuals,

Ministry of Public Health, Thailand in January 2000.

Genotyping

Genomic DNA was extracted and purified from the

frozen buffy coat by using QlAamp DNA Blood Mini

kit (QIAGEN GmbH, Hiden, Germany). Each sample
was analyzed for polymorphisms in the TIM1-exon 4
by direct sequencing. The primer pair, forward
5-GGGCAATGACCAAGATTGAC-3' and reverse
5'-ACCTTGATACAATGCCCTGG-3/, was used to
amplify the 470-bp fragment of TIMI-exon 4 by
polymerase chain reaction (PCR) that was performed
in a total volume of 25ul containing 20-50ng of
genomic DNA, 100 nmol/1 of each dNTPs, 0.2 wmol/1
of each primer, 2.5 mmol/1 of MgCl,, and 0.5 U of Taq
DNA polymerase (Immolase DNA polymerase; Bioline
USA, Inc. Massachusetts, USA). Amplification profile
included initial incubation at 94°C for 5'min, 30 cycles of
94°C for 30, 55°C for 30 s and 72°C for 30s, followed by
a final extension at 72°C for 5min. The PCR products
were purified by sephadex gel centrifugation, and 1wl
of purified product was then used as a template for
sequencing using BigDye Terminator v 3.1 cycle
sequencing kit (Applied Biosystems, Foster City,
California, USA) in a total volume of 10 pl containing
the PCR forward primer. Sequence analysis was done by
ABI Prism 3100 Genetic Analyzer and SeqScape software
version 2.5 (Applied Biosystems). Determination of
TIM1 haplotypes was base on the previous report [7].
Because there were four common insertion/deletion
polymorphisms in TIM1-exon 4, each pattern of
heterozygous samples was also analyzed by cloning the
PCR product into a plasmid vector (TOPOT TA
Cloning Kit; Invitrogen, Carlsbad, California, USA)
according to the manufacturer’s instruction and six
colonies of each sample were sequenced to further
determine the TIM1 haplotypes.

Quantification of TIMT1 transcript in human B
lymphoblastoid cell lines

Human B lymphoblastoid cell lines were cultured in
RPMI medium 1640 supplemented with 10% fetal
bovine serum under 5% CO,. Cells were collected at
growing phase and approximately 107 cells were subjected
to total cellular RNA preparation by RNeasy mini kit
(Qiagen). One microgram of RINA was used to synthesize
cDNA by Superscript II reverse transcriptase (Invitrogen)
according to the manufacturer’s instruction. Quantitative
real-time PCR used iCycler iQ Real-Time PCR
Detection System (Bio-Rad) and iQ SYBR Green
Supermix kit (Bio-Rad) to measure relative amount of

Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.
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mRINNA by cycle threshold. Expression level of TIM1 was
normalized by the expression level of GAPDH and the
ratio of TIM1/GAPDH was arbitrarily expressed as
arbitrary unit (AU) for comparison of the expression
levels in different cell lines. Primers and probe for
quantification of TIMI and GAPDH transcripts are as
follows TIM1 sense primer 5'-CCACCAGCTCACCA
TTGTACT-3'; antisense primer 5-TCTGCTTGGA
CTTCCTTTTCA-3'. GAPDH primer sequences are as
follows sense primer 5'-CTTCACCACCATGGAGA
AGGC-3'; antisense 5-GGCATGGACTGTGGTCAT
GAG-3. Relative expression level was expressed
arbitrarily as the ratio of TIM1/GAPDH.

Statistical analysis .
Association of TIM1 haplotype with the disease pro-
gression was assessed with respect to baseline clinical data
including plasma viral load, CD4 cell count, proportion of
symptomatic AIDS, and survival status during the follow-
up period for 3 yzars. Continuous variables of two groups
with different genetic background were compared by a
two-tailed nonparametric Kruskal—Wallis test. Qualitative
variables of two groups were compared by a chi-squared
test, and the statistical significance was not corrected for
multiple testing. Significance in Kaplan—Meier analysis
‘was assessed by a log-rank test. Statistical analyses were
carried out using Epi Info versiorr 3.01 (US-CDC). Crude
and adjusted hazard (HR) and their 95% confidence
_intervals (CI) were calculated by Cox proportional hazard
models using StatView (SAS Institute Inc., Cary, North
Carolina, USA). For adjustment of CD4 cell count,
patients were categorized into three groups, namely, those
with CD4 cell count {cells/pl) below 50, those with
50-199, and those with 200 and over.

Result

TIM1-exon 4 haplotype distribution in Thais

We previously reported a total of eleven TIM1 haplotypes
in various ethnic groups [7]. In the present study, six out
of the 11 TIM1 haplotypes were found in the studied Thai
population that was composed of 246 antiretroviral drug-

Table 1. TIM1 haplotypes found in the Thai population.

free HIV-positives, 74 ESNs, and 119 controls, with the
most prevalent haplotype D3-A (Table 1). In addition, we
found a novel haplotype (D3-C*) in one individual
carrying a frame-shift mutation, a single base (A) deletion
at the 3rd codon of amino acid residue 207. The
distribution of TIM1 haplotypes did not differ among the
HIV-positives, ESNs, and controls, suggesting that the
TIM1 haplotypes were not associated with the suscepti-
bility or resistance to the HIV-1 infection (Table 1).

TIM1 haplotylpe and disease status of HIV-1
infection viral load, CD4 cell count, and clinical
status :

We analyzed viral load, CD4 cell count, and clinical status
among the antiretroviral drug-free women at the recruit-
ment by stratifying the individuals according to their TIM1
genotypes. We found that patients homozygous or
heterozygous for the D3-A haplotype showed a tendency
towards higher CD4" cell count (P=0.06) than patients
with other genotypes. Further analyses revealed that the
patients carrying the D3-A haplotype had lower pro-
portion of AIDS-related symptoms (P=0.021) than the
other patients, although the difference was not statistically
significant after the correction of P values for multiple
testing (Table 2).

We also found that the D3-C haplotype behaved opposite
way to the D3-A haplotype, although there were only two
nucleotide differences between the D3-A and D3-C
haplotypes (Table 1). CD4 cell count was lower in the
patients homozygous or heterozygous for the D3-C
haplotype than in those with the other genotypes, although
the difference did not reach statistical significance
(P=0.07). Further analysis on the proportion of AIDS-
related symptoms showed marginally significant difference
(P=0.05). The other TIM1 haplotypes did not show any
apparent association with the HIV-1 disease status.

TIM1 haplotype and survival status

Because the cross-sectional study demonstrated a possible
association of TIM1 D3-A haplotype with relatively
benign disease status of HIV infection, we intended to

Polymorphic site Haplotype frequency
18 bp -
3bp deletion » 3 bp 1 bp deletion HIV-  ESN*'  Control*?

TIM1 T>C deletion (6AA 161- C>T deletion (frameshift ~ A>G G>T infected (2n=  (2n=
haplotype (Thr158Met) (Thr160del) 166 del) (Pro180Leu) (Thr201del) fs207) (Thr208Ala) (Thr208Thr) (2n=492) 148) 238)
W-A T w w C w w G G 0.018 0 0.008
W-C T w w C w w A G 0002 0 ]

D1 C del w T w w A T 0.016 0.020 0.008
D3-A C w del C w w A G 0.652 0.676 0.697
D3-C T w del C w w G G 0.112 0.149 0.092
D3-Ckx T w del C w del G G 0.002 O 0

D4 T w w c del w A G 0.205 0.155 0.193

#1; exposed seronegative individuals. #2; healthy blood donors.
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investigate the association of TIM1 D3-A haplotype with
the disease progression to AIDS. Among 246 HIV-
positive individuals, we obtained follow-up information
from 238 individuals (96.7%) with the median (inter-
quaternary range) of follow-up day at 964 (495-1072)
days. The details of follow-up information were reported
in our previous study [16]. During the follow-up period,
65 cases died. When we used death as a marker for the
disease progression to AIDS, we found that mortality rate
of patients possessing the D3-A haplotype was slightly
lower than the other patients (Table 2). Kaplan—Meier
analysis showed significantly better survival for the D3-A
haplotype-carriers than the others (P=0.044, log-rank
test) (Fig. 1a).

=239

n
(9.73,15.51)

Absence
5.07
[4.33-5.57}
[71-422]

W-A
262

Presence
[4.25-5.44]
0.9635
354]
0.304
57.1 (4)
(-~5.31,16.85)

258
[25

Absence
n=161
5.07
[4.39-5.57]
262
[66-421]
38.5 (62)
(8.48,15.32)

D4

In addition, during the follow-up period, 55 patients had
started antiretroviral drug treatment. To adjust the
possible effects of antiretroviral treatment on survival,
we subtracted the number of days after the patients started
the antiretroviral drug from the observation period. As

. shown in Fig. 1b, we obtained almost identical results to
those shown in Fig. 1la. The statistical significance of
better survival of patients carrying the D3-A haplotype
was found (P=0.019), even after the adjustment for the
effect of antiretroviral treatment. We also compared the
survival prognosis between the homozygous and hetero-
zygous D3-A haplotype carriers for the possible gene
dosage effect, but no difference in the survival curves
between them was observed (data not shown). These
results suggested that the D3-A haplotype could exert a
dominant effect on the HIV-1 diseases progression. On
the contrary, Kaplan—Meier analysis showed that no other
haplotypes significantly affected the survival prognosis in
our population samples (data not shown).

85
[4.28-5.51]
0.6323
(8.36,18.32)

Presence
270

n
5.08
[76-416]
0.826
40.0 (34)

Absence

194
4.25-5.57]
(8.19,14.25)

n
35.8 (69)

5.02
275
[94-422])

D3-C

n=>52
[4.54-5.55)
0.2736
(9.86,24.24)

Presence
174

5.20
[52-374]
0.067
50.9 (27)
0.05
17.05

18
105.60

Absence
n=42
5.1
[4.28-5.51]
81.03

19.75
(11.08,28.42)

169
{50-371]
54.8 (23)

The risk of death for patients carrying the D3-A
haplotype during the untreated period was significantly
lower than the other patients [hazard ratio (HR) =0.51,
Cox model; 95% confidential interval (CI) = 0.29-0.90].
HR conferred by the D3-A haplotype did not
significantly change after the adjustment for age
(HR =0.52; 95% Cl1=0.29-0.92), plasma viral load
(HR =0.51; 95% CI=0.29-0.91), or the presence of
other risk factors, RANTES-28G (HR =0.56; 95%
CI=0.31-0.99) or IL4-589T R =047; 9%
CI=0.27-0.84), in which we previously. observed
apparent protective effects against the disease progression
in the same set of samples [16]. On the contrary,
adjustment for the baseline CD4 cell count diminished
the significant protective effect of D3-A haplotype
. (HR=0.72; 95% CI=0.40-1.28), suggesting that the
protective effect conferred by the D3-A haplotype may be
due to its effect on the CD4 cell count.

D3-A

204
[4.33-5.57]
0.5975
(8.13,13.97)

Presence
278

n
5.05
[90-437]
0.0615
35.8(73)
0.021
11.05

49
443.47

Absence
n=238
5.06
[4.28-5.55]
62
12.11
(9.28,14.94)

[71-422]
38.2 91)
511.93

266

D1

Presence
5
[4.95-5.90]
0.3909
62.5 (5)
0.155
3
12.58
23.85

5.4

169
[48-356]
(~0.26,47 96)

TiM1 D3-A haplotype and the expression of
TIM1

We investigated the association between the TIM1
haplotypes and the expression levels of TIM1 in B

(logio)
symptoms % ()

[IQR]
P

count
cell/pl [IQR]

P

IQR; Interqualtile range, PYO; person years of observation. W-C and D3-Ck were not shown because only one heterozygote was observed.

Table 2. Clinical parameters of HIV-1 infected individuals stratified by the presence of each TIM1 haplotype.

Median viral load
Median CD4 cell
Mortality rate (%)

HIV-1 related
{95%C1)

Death (n)

P
PYO
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Fig. 1. Kaplan-Meier analysis of the effect of TIM7 haplotype on the disease progression of HIV-1/AIDS. Kaplan-Meier analyses
on the survival in the antiretroviral drug-free HIV-1 infected Thai females during the total follow-up period (a) or untreated period
(b). In (a) and (b),. patients were stratified by the presence and absence, respectively, of the D3-A haplotype.

lymphoblastoid cell lines. The amounts of TIM1 mRINA
were normalized by GAPDH mRNA among 22 cell
lines. As shown in Fig. 2a, the cell lines homozygous or
heterozygous for the D3-A haplotype expressed signifi-
cantly lower levels of TIM1 than those with other
genotypes [D3-A carrier (n=14) vs. noncarrier (n = 8);
5494210 AU vs. 7.56 £1.85 AU, P=0.042, two-
tailed Mann—Whitney test).

We also analyzed the associations of two tightly linked
promoter sequence variations, rs7702919 and
1541297577, with the expression levels of TIMI.
Although these two promoter SNPs were reported. to

be significantly associated with higher expression levels of

/

TIM1 [13], we could not replicate the associations; there
was virtually no difference in the TIM1 expression
depending on the SNP genotypes or SNP haplotypes
(Fig. 2b and c).

- Discussion

We demonstrated that TIM! D3-A haplotype was
associated with slower progression to HIV-related disease
in a Thai cohort. Although the statistical significance for
the association of D3-A haplotype with HIV-related

symptoms in the cross sectional study was lost after the

(a) 14 . (b) (0
P=0.0421 14 14}
(Mann—Whitney test)
12¢ 1
. 12} 12}
10} : * ¢
* 10} 10}
I * T I
° ; s ° . © .
s ¢ ¢ Z 6l ¢ : $ s ¢ : $
- ! ' = ' 3 - |
* *
4 ¢ 4t . at .
L * *
2F 2l 2t
0 * . 0 - + L 0 L ~ L
D3-A (+/+) D3-A (-/-) AA AG GG cc CG GG
D3-A (+/~) ) rs7702919 genotype rs41297577 genotype

Fig. 2. Correlation between the TIM7 polymorphisms and the expression levels of TIM7 in B lymphaeblastoid cell lines.
Expression levels of T/M1 were represented by cycle threshold values calculated from quantitative real-time PCR evaluation for
TIM1 transcripts normalized by the GAPDH transcripts. The ratio of TIM1/GAPDH was used to compare the expression levels in
different B cell lines stratified by the presence or absence of D3-A haplotype (a), rs7702919 genotype (b), and rs41297577

genotype (c).
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adjustment for multiple testing, Kaplan—Meier analysis
showed that the patients carrying the D3-A haplotype
followed a better survival prognosis during the untreated
clinical course than the others. We also found that
the TIM1 expression level was lower in the cells with the
D3-A haplotype than those without D3-A haplotype.

It has been reported that TIM1 was expressed in the Th2
type CD4™ cells and played crucial roles in the regulation of
Th1/Th2 balance by promoting Th2 cells and augmenting
Th2 cytokine production [1,2]. A six-amino-acid inser-
tion/deletion polymorphism, which is tightly linked to the

- D3-A haplotype (Table 1), has been reported to be

associated with the susceptibility to atopic disease in HAV-
seropositive individuals [8—12]. It is suggested that the
effect on Th1/Th2-subset differentiation appears to be a
plausible mechanism how the TIM! polymorphism
determines the susceptibility to atopic disease, because
this polymorphism did not affect the infectious rates of
HAV. It follows from these lines of evidence that the TIM1
D3-A haplotype might be associated with low levels of
Th2 promotion due to low expression of TIM1. Low levels
of Th2 promotion would result in enhanced Thl type
responses. It is possible that the enhanced Thl type
immune responses in the HIV-1 infected individuals
promote proliferation of CCR5-expressing CD4™ cells,
which can enhance the replication of HIV-1 in the infected
cells and lead to the rapid progression to AIDS.

On the contrary, however, it is also possible that Th1 type
immune responses may promote the proliferation of
cytotoxic T cells that can suppress the HIV-1 replication
in the infected individuals and lead to the slow
progression to AIDS as observed in the study presented
here. In the present study, we observed that individuals
carrying the D3-A  haplotype possessed relativelz
increased number of CD4* cells (Table 2) and CD8
cell (data not shown) at the baseline. It has been reported
that in-vitro stimulation of CD4™ T cells with a TIM1-
specific monoclonal antibody enhanced the T-cell
proliferation, suggesting that TIM1 haplotypes and the
expression levels of TIM1 might be linked to CD4™" and/
or CD8" T-cell counts. It is thus necessary to analyze the
number of CD4™ T cells and the proportion of Th1/Th2
CD4" T cells in individuals with different TIM1
haplotypes to clarify the effect of D3-A haplotype on
the regulation of Th1/Th2 balance in the initial course of
HIV-1 infection.

Nuchnoi et al. [13] reported an association of TIM1
promoter haplotypes with the susceptibility to cerebral
malaria. They also reported that the promoter haplotype

associated with the resistance to cerebral malaria showed a _

higher expression of TIM1. We, however, could not
replicate the associations of promoter SNPs with the
TIM1 expression in this study. We also studied the
structure of linkage disequilibrium in TIM1 by using
three ethnic population samples from African—American,

Caucasian, and Japanese. Sequence variations in exon 4 of
TIM1 were not in significant linkage disequilibrium with
the promoter SNPs (data not shown). These observations
suggested that the association between the D3-A
haplotype and TIM1 expression was not depending on
the promoter SNPs.

Among 439 Thais analyzed in the present study, we
identified a novel frame-shift mutation, a single base (A)
deletion at the 3rd-codon of amino acid residue 207. This
deletion causes a premature termination of TIM1 protein,
resulting in a production of aberrantly truncated protein of
220 amino acids long. Therefore, individuals with this rare
allele would produce nonfunctional TIM1, because the
truncated protein should lack the transmembrane region
and cytoplasmic tail. The effect of this frameshift mutation
on the HIV-1 infection and/ or disease progression to AIDS
may be interesting, but we could not obtain definite
findings, because there was only one case with this
mutation. Further epidemiological studies using larger
population samples are required to clarify the impact of the
frameshift mutation on the susceptibility to HIV-1/AIDS.

There are several limitations in our study. First, accurate
time of HIV infection and dates of seroconversion were not
available in our HIV-infected individuals. To study the
exact effects of TIM1 haplotypes on the disease progression
and survival time, information on the HIV infection and
seroconversion will help further inspections. Second, this is
the first report of the association. It is hence to investigate
another cohort to replicate the finding. Third, our cohort
was composed of HIV-infected women and there might be
sex difference. Then, it is worth testing whether the effect
of TIM1 haplotypes could be found in male cohorts.
Finally, this study was performed in a Thai population.
Because the contribution of a genetic factor could be
different depending on the races or ethnic groups, study
in other ethnic groups is needed to further confirm
the association of TIM1 haplotypes with the disease status
and/or disease progression of HIV/AIDS.

In conclusion, we revealed that a common TIM1?
haplotype D3-A was associated with the relatively slow
disease progression in HIV-infected Thai women. We also
demonstrated that this haplotype wes linked to the

- decreased expression of TIM1. These observations

suggested that the TIM? haplotype might have impacts
on the susceptibility to HIV-1/AIDS via altered Th1/
Th2-subset differentiation.
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Effects of CYP2B6 G516T polymorphisms on
plasma efavirenz and nevirapine levels when
co-administered with rifampicin in HIV/TB
co-infected Thai adults
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Abstract

Background: Cytochrome P450 2B6 (CYP2B6) metabolizes efavirenz and nevirapine, the major core antiretroviral
drugs for HIV in Thailand. Rifampicin, a critical component of tuberculosis (TB) therapy is a potent inducer of CYP
enzyme activity. Polymorphisms of CYP2B6 and CYP3A4 are associated with altered activity of hepatic enzyme in
the liver and pharmacokinetics resulting in treatment efficacy. This study aimed to investigate whether CYP2B6 or
CYP3A4 polymorphisms had effects on plasma efavirenz and nevirapine concentrations when co-administered with
rifampicin in HIV/TB co-infected Thai adults.

Results: We studied 124 rifampicin recipients with concurrent HIV-1/TB coinfection, receiving efavirenz (600 mg/
day) (n = 65) or nevirapine (400 mg/day) (n = 59) based antiretroviral therapy (ART). The frequencies of GG, GT and
TT genotypes of CYP2B6-G516T were 38.46%, 47.69% and 13.85% in efavirenz group and 44.07%, 52.54% and 3.39%
in nevirapine group, respectively. The mean 12-hour post-dose plasma efavirenz concentration in patients with TT
genotype at weeks 6 and 12 of ART and 1 month after rifampicin discontinuation (10.97 + 2.32, 1362 + 4.21 and
848 * 1.30 mg/L, respectively) were significantly higher than those with GT (343 + 029, 3.35 + 0.27 and 3.21 %
0.22 mg/L, respectively) (p < 0.0001) or GG genotypes (2.88 + 0.33, 245 + 0.26 and 2.08 + 0.16 mg/L, respectively)
(p < 0.0001). Likewise, the mean 12-hour post-dose plasma nevirapine concentration in patients carrying TT
genotype at weeks 6 and 12 of ART and 1 month after rifampicin discontinuation (14.09 + 949, 7.94 + 2.76 and
944 + 0.17 mg/L, respectively) tended to be higher than those carrying GT (5.65 + 0.54, 5.58 + 048 and 7.03
0.64 mg/L, respectively) or GG genotypes (542 + 048, 534 £ 0.50 and 6.43 + 0.64 mg/L, respectively) (p = 0.003,
p = 0409 and p = 0.448, respectively). Compared with the effects of CYP2B6-516TT genotype, we could observe
only smal! effects of rifampicin on plasma efavirenz and nevirapine levels. After 12 weeks of both drug regimens,
there was a trend towards higher percentage of patients with CYP2B6-TT genotype who achieved HIV-1 RNA

levels <50 copies/mL compared to those with GT or GG genotypes. This is the first report to demonstrate the
effects of CYP2B6 G516T polymorphisms on plasma efavirenz and nevirapine concentrations when

co-administered with rifampicin in HIV/TB co-infected Thai adults.

Conclusions: CYP2B6-TT genotype had impactbon plasma efavirenz and nevirapine concentrations, while rifampicin
co-administration had only small effects.
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Background

Tuberculosis (TB) is the most common opportunistic
infections in human immunodeficiency virus (HIV)
infected individuals, accounting for more than 30% in
Thailand, and up to 50% of them die during treatment
[1]. The mortality is reduced in HIV-TB co-infected
patients who have started the combination antiretroviral
therapy after diagnosis of TB [2]. Concomitant adminis-
tration of highly active antiretroviral therapy (HAART)
and anti-TB medications is often complicated due to the
drug-drug interaction and the adverse effect profile. Efa-
virenz and nevirapine based HAART regimens have
mostly recommended to use as components of first-line
antiretroviral drug regimens worldwide [3]. As efavirenz
and nevirapine are potent non-nucleoside reverse tran-
scriptase inhibitors (NNRTIs), they are the preferable
option for initial antiretroviral treatments (ART) in
HIV/TB co-infection. Rifampicin is a critical component
of TB therapy while it is a potent inducer of cytochrome
P450 (CYP) enzyme activity [4]. The available pharma-
cokinetic data showed that rifampicin reduced the
plasma concentration of efavirenz and nevirapine of 13-
25% and 40%, respectively [5-7]. Recently, efavirenz was
shown in vitro to be primarily metabolized by hepatic
CYP2B6, with minor contributions from CYP3A4 and
CYP2A6 [4,8]. While rifampicin is an inducer of
CYP3A4, nevirapine induces more CYP2B6 than
CYP3A4 [9]. Nevirapine was also shown to be princi-
pally metabolized by CYP3A4 and CYP2B6 [10].

CYP2B6 and CYP3A4 genotypes are evidenced to be

associated with altered activity of hepatic enzyme in the
liver and pharmacokinetics that may influence efficacy
of treatment, since rifampicin causes decrease in efavir-
enz and nevirapine concentrations [11-13].

The CYP2B6 and CYP3A4 genes are highly poly-
morphic [14] and are subject to pronounce interindivi-
dual variability in expression and activity. A single
nucleotide polymorphism (SNP) at position 516 on the
CYP2B6 gene has been widely reported to play an
important role in the metabolism of antiretroviral drugs
[15-18]. This CYP2B6 genetic variant affects the efavir-
enz and nevirapine pharmacokinetics [16,19,20] and
associated with clinical response to nevirapine-contain-
ing regimens in children [16]. Significant advances have
led to a greater understanding of interactions between
genetic and host factors that influence the efficacy and
toxicity of efavirenz [19,21]. However, the findings from
one population may not be generalised to other popula-
tions due to the ethnic differences in drug effect and
body weight of the patients. In Thailand, it has been
recently reported that CYP2B6-G516T polymorphism
significantly affected the drug metabolism of efavirenz in
HIV-infected Thai children [22], while its impact on
nevirapine concentrations was less pronounced after
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intra-partum single-dose nevirapine in HIV-infected
mothers [23]. As efavirenz or nevirapine-based HAART
is being used as the main therapy in Thailand, however,
limited information was obtained so far among various
Thai population regarding the influence of host genetic
polymorphism on these drug levels especially nevirapine
when co-administered with rifampicin which is essential
for optimization of ARV dosage or drug-drug interac-
tion. Therefore, the main objective of the present study
is to investigate whether CYP2B6 and CYP3A4 poly-
morphisms could influence the plasma efavirenz and
nevirapine levels when co-administered with rifampicin
in HIV/TB infected Thai adults. The evaluation of clini-
cal and immunological outcomes was also aimed.

Methods

Patients

One hundred and twenty four rifampicin recipients with
concurrent HIV-1/TB coinfection were studied. Sixty-
five of them received efavirenz (600 mg/day) based ART
while 59 received nevirapine (400 mg/day) based ART.
Initially, 142 patients were recruited for the study on a
randomized control trial to compare the efficacy of efa-
virenz and nevirapine among HIV-infected patients
receiving rifampicin at Bamrasnaradura Infectious Dis-
eases Institute (BIDI), Nonthaburi since December 2006
[24]. They are ARV naive with active tuberculosis and
received rifampicin containing anti-TB regimens for 4-6
weeks prior to enrolment. The patients received oral
lamivudine (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. Among 142 patients recruited, 25 patients
(9 in the efavirenz group and 16 in the nevirapine
group) failed to continue the study because of hepatitis
(2 cases in the nevirapine group), skin rash (3 in the efa-
virenz group and 2 in the nevirapine group), death (2 in
the efavirenz group and 6 in the nevirapine group),
transfer to the other hospital (1 in the nevirapine
group), or lost to follow up (4 in the efavirenz group
and 5 in the nevirapine group). In the present study, we
analyzed 124 patients who have a complete data set of
plasma drug levels at week 6 and 12 of ART and 1
month after rifampicin discontinuation. The study was
approved by Institutional Ethics Committees. of Bamras-
naradura Infectious Diseases Institute and the Ministry
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of Public Health, Thailand and the written informed
consents were obtained from all participants.

Blood samples

EDTA bloods were collected from patients for SNP gen-
otyping, CD4 T cell counts and HIV-1 viral load.
Lithium heparinized bloods were collected after 12
hours of drug administration (C;,) at weeks 6 and 12 of
ART and after rifampicin discontinuation for 1 month
for analysis of plasma efavirenz and nevirapine concen-
trations. The plasma were separated by centrifugation at
1800 g for 20 minutes and stored at -20°C.

SNP genotyping of CYP2B6 and CYP3A4

The genomic DNA was extracted by using QIAamp
DNA blood Mini kit (QIAGEN, Hilden, Germany) and
stored at -20°C for SNP genotyping. Genotyping of alle-
lic variants in CYP2B6 and CYP3A4 were carried out by
real-time PCR using the allelic-specific fluorogenic 5’
nuclease chain reaction assay by ABI PRISM 7500
sequence detection system (Applied Biosystems, Foster
City, CA) as described previously [15]. Seven SNPs were
genotyped: 4 SNPs of CYP2B6-G516T, -C777A, -A415G
and -C1459T and 3 SNPs of CYP3A44-T566C, -T878C
and C1088T. Each 25 pl PCR mixture contained 20 ng
of genomic DNA, 900 nM primers, 200 nM TagMan
minor groove binder (MGB) probes and 12.5 ul TagMan
universal PCR master mix. The thermal cycler program
was set up at 95°C for 10 minutes, and then repeated 40
cycles with 95°C for 15 seconds and 60°C for 1 minute.
The plate was read by the allelic discrimination settings.
The SNP assay was set up using SDS, version 1.3.0 as
an absolute quantification assay. Post-assay analysis was
done by using SDS software. .

Determination of plasma efavirenz and nevirapine
concentration

Plasma efavirenz and nevirapine concentrations were
measured by reverse phase high performance liquid
chromatography (HPLC) method at the HIV-Nether-
lands-Australia-Thailand (HIV-NAT) Research Pharma-
cokinetic 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) [25].

CD4 T lymphocyte counts and plasma HIV-1 RNA
quantitation

The CD4 T lymphocyte counts were done at baseline
and every 12 weeks after initiation of antiretroviral treat-
ment by flow cytometry using monoclonal antibodies
with three colors reagent (TriTEST, Becton Dickinson
BioSciences, USA) and analyzed by FACScan flow
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cytometer (Becton Dickinson BioSciences, USA.). Plasma
HIV-1 RNA was determined by RT-PCR at baseline and
every 12 weeks after initiation of ART and quantified
using the COBAS Amplicor, version 1.5 (Roche Diag-
nostics, USA). The lower detection limit for HIV-1 RNA
level is 50 copies/mL.

Statistical analysis

The different genotypes in relation to plasma drug levels
were analysed by SPSS software version 14.0 (ID
5038562) (SPSS Inc., Chicago, IL, USA). If unpaired
one-way analysis of variance (ANOVA) was significant
(p < 0.05), then post hoc Scheffe’s F test was applied for
multiple comparison. When plasma drug levels of differ-
ent time points were compared, paired T test was used.
The CD4 T cell counts and HIV-1 viral load in patients
carrying different genotypes were compared by Kruskal-
Wallis test. A difference in proportion of patients who
achieved plasma HIV-1 RNA < 50 copies/ml at week 12
of ART was evaluated by Chi square or Fisher’s exact
test. A p value of < 0.05 was considered statistically
significant.

- Results

Patient characteristics

The baseline characteristics of patients are shown in
Table 1. All 124 patients were ethnically Thai and
among these, 64.6% and 67.8% were male in efavirenz
and nevirapine groups, respectively. The patients had
the mean ages of 35.89 + 8.17 and 38.03 + 8.60 years
and the mean body weights of 53.30 + 9.79 and 54.39 +
9.39 kg in efavirenz and nevirapine groups, respectively.
Similar levels of laboratory parameters including alkaline
phosphatase, aspartate aminotransferase, alanine amino-
transferase; total bilirubin and direct bilirubin were seen
in both patient groups. However, the levels of alkaline
phosphatase among patients carrying TT genotype in
efavirenz group were higher than those carrying GG or
GT genotypes, but this difference was not statistically
significant (p = 0.085). The median (interquartile range,
IQR) CD4 T lymphocyte counts were similar in both
groups. In nevirapine treatment group, the log number
of plasma HIV-1 viral load among patients carrying GG,
GT and TT genotypes seem to be significantly different
(p = 0.041).

* Frequencies of CYP2B6 and CYP3A4 genetic

polymorphisms

Seven SNPs: 4 SNPs of CYP2B6- G516T, -C777A,
-A415G and -C1459T and 3 SNPs of CYP3A4-T566C,
-T878C and -C1088T were genotyped. For CYP2B6-
G516T, 38.46% (25/65) of GG genotype (wild-type),
47.69% (31/65) of GT genotype (heterozygous mutant)
and 13.85% (9/65) of TT genotype (homozygous
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Table 1 Baseline characteristics of 124 HIV/TB co-infected patients with CYP2B6-G516T genotypes in efavirenz and

nevirapine groups.

Baseline characteristics Efavirenz group (n = 65)

Nevirapine group (n = 59)

CYP2B6-G516T CYP2B6-G516T
GG . GT T p-value GG GT CTT p-value
n=25 n =31 n=9 n=26 n =31 n=2
Sex Male: Female 16: 9 21:10 5.4 0.795 17:9 22:9 11 0.707
Age 3648 3568 35 0.882 3648 35.68 35 0467
years, mean (SD) (8.08) (8.82) 663) (8.08) 8.82) 6.63)
Body weight 529 5394 5222 0.872 5462 547 465 0489
kg, mean (SD) (1.87) (1.89) (3.04) (2.06) (1.52) 6.5)
Alkaline phosphatase, 1492 1371 2339 0.085 150.25 113.97 125 0458
U/L, mean (SD) (18.38) (16.91) (68.45) (289) 1) @)
Aspartate aminotransferase U/L, mean (SD)  32.8 4048 4322 0.202 4854 35.58 26 0.167
) (2.35) (332 (10.21) (7.31) (2.99) Q)
Alanine aminotransferase, U/L, mean (SD) 270 2855 31.22 0821 29381 2794 235 0877
(3.05) (2.89) (8.89) (3.95) (357) (5.5)
Total bilirubin, 49 056 043 0452 297 113 06 0.703
mg/dL, mean (SD) (4.34) (0.55) (007) (24) (0.57) 0.1)
Direct bilirubin, 045 037 0.21 0631 0.28 052 0.30 0.568
mg/dL, mean (SD) 0.14) 0.12) (0.05) (0.047) (0.199) (0.1)
CD4 count, 41 54 67 0818 355 45 305 0.595
cells/pl, median (IQR) (18-102) (24-120) (125-168) (235-97)  (25-113) (23
Log Plasma HIV-1 viral load 590 593 5.64 0.729 586 5.60 5.80 0.041*
median (IQR) (557-60) (53960 (5.50-6.0) (546-60) (541-581) (Q1 =559

* Statistically significant by Kruskal-Wallis test. SD: standard deviation. IQR: interquartile range.

mutant) were found among patients in efavirenz group,
while in nevirapine group, there were 44.07% (26/59) of
CYP2B6-516GG genotype, 52.54% (31/59) of GT geno-
type and 3.39% (2/59) of TT genotype. The genotype
frequencies of CYP2B6-C777A and -A415G in efavirenz
and nevirapine groups were 100% of homozygous
mutant AA and 100% of homozygous wild-type AA,
respectively. For CYP2B6-C1459T, there were 98.5%
(64/65) of CC homozygous wild-type and 1.5% (1/65) of
CT heterozygous mutant in efavirenz group, and 91.5%
(54/59) of CC homozygous wild-type, 6.8% (4/59) of CT
heterozygous mutant and 1.7% (1/59) homozygous
mutant in nevirapine group. Likewise, the genotype fre-
quencies in CYP3A4-T566C and -C1088T were 100% of
homozygous wild-type TT and homozygous mutant TT,
respectively, in both efavirenz and nevirapine groups.
For CYP3A4-T878C, there were 95.4% (62/65) of homo-
zygous TT and 4.6% (3/65) of heterozygous TC, and
98.3% (58/59) of homozygous TT and 1.69% (1/59) of
heterozygous TC in efavirenz and nevirapine groups,
respectively.

CYP2B6-G516T and CYP3A4-T878C genetic polymorphisms
and plasma efavirenz and nevirapine concentrations

Among 4 SNPs of CYP2B6-G516T, -C777A, -A415G
and -C1459T being evaluated, the frequencies of wild-
type, heterozygous mutant and homozygous mutant
were well distributed only in CYP2B6-G516T

polymorphism, therefore, the analysis of this gene poly-
morphism was further done in relation to plasma efavir-
enz and nevirapine levels. The mean plasma efavirenz
concentration in patients with homozygous TT genotype
at weeks 6 and 12 of ART and 1 month after rifampicin
discontinuation (10.97 + 2.32, 13.62 + 4.21 mg/L and
8.48 * 1.30 mg/L, respectively) were significantly higher
than those with GT genotype (3.43 £ 0.29, 3.35 + 0.27
mg/L and 3.21 + 0.22 mg/L, respectively) or GG geno-
type (2.88 + 0.33, 2.45 + 0.26 and 2.08 + 0.16 mg/L,
respectively) (p < 0.0001) (Figure 1la, b, ¢). Similar
results were found in nevirapine group (Figure 14, e, f)
in that the mean plasma drug concentration of patients
with TT genotype at weeks 6 and 12 of ART and 1
month after rifampicin discontinuation (14.09 + 9.49,
7.94 + 2.76 and 9.44 + 0.17 mg/L, respectively) tended
to be higher than those with GT genotype (5.65 + 0.54,
5.58 + 0.48 and 7.03 + 0.64 mg/L, respectively) or GG
genotype (542 + 0.48, 5.34 + 0.50 and 6.43 + 0.64 mg/
L, respectively) (p = 0.003, p = 0.409 and p = 0.448,
respectively).

One month after rifampicin discontinuation, there was
a clear trend towards lower plasma efavirenz levels than
those during concomitant rifampicin at week 6 and 12
of ART regardless of CYP2B6 G516T genotypes. In fact,
when we evaluated effects of rifampicin on plasma efa-
virenz levels without stratifying CYP2B6 G516T poly-
morphisms, the plasma efavirenz levels after rifampicin
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nevirapine group.

Figure 1 Mean plasma efavirenz and nevirapine concentrations in HIV/TB adults with different genotypes of CYP2B6-G516T
polymorphism. The scatter diagram of plasma efavirenz (Fig.1a, b, c) and nevirapine distribution (Fig. 1d, e, f) at weeks 6 and 12 of ART and 1
month after rifampicin discontinuation. The numbers of GG, GT and TT genotype patients were 25, 31 and 9 in efavirenz group and 26, 31, 2 in

@

discontinuation (3.5 + 2.67 mg/L) were significantly
lower thari those at week 6 (4.26 + 3.96 mg/L) (p =
0.043) and tended to be lower than those at week 12
(4.42 £ 5.97 mg/L) (p = 0.133). In contrast, plasma
nevirapine levels at 1 month after rifampicin disconti-
nuation (6.84 + 3.4 mg/L) were significantly higher than
those at week 6 (5.83 + 3.6 mg/L, p = 0.034) and those

at week 12 (5.56 + 2.63 mg/L, p < 0.001). The reason
for these discrepant results on effects of rifampicin on
plasma efavirenz and nevirapine levels is not clear at
present. Further studies including evaluation of plasma
drug levels at time points other than 12-hour post-dose
would be thus necessary. Nevertheless, we at least can
conclude that the magnitude of effects on plasma
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