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Raltegravir-associated perihepatitis and peritonitis: a single case report

Raltegravir, the first approved HIV integrase inhibitor,
has demonstrated an excellent safety and tolerability
profile in several clinical trials [1] and is currently used
widely as one of the key components of salvage regimens.
However, the duration of clinical use is relatively short,
and unknown adverse effect may occur. Here, we report
one case of peritonitis associated with use of raltegravir.
Abdominal symptoms appeared within 2 weeks of
commencement of treatment, and raltegravir had to be
stopped due to worsening of clinical condition.

Case report

The patient was a 49-year-old Japanese hemophiliac
coinfected with HIV and hepatitis C virus (HCV). HIV-
RINA was undetectable, and CD4™ cell count was above
500 cells/pl for more than 5 years under the combination
of abacavir, nevirapine and lopinavir/ritonavir. In January
2009, lopinavir/ritonavir was replaced with raltegravir
because of bleeding tendency related to the use of a
protease inhibitor. Abacavir and nevirapine were con-
tinued, and no other drugs were modified. The patient
visited the hospital on day 18 after the use of raltegravir,
complaining of a gradually worsening pain in the right
upper abdomen and lower chest wall for 3 days. A
nonsteroidal anti-inflammatory drug was not effective,
and a computed tomography (CT) scan performed 11
days after the onset of the symptom revealed contrast
enhancement of the liver surface (Fig. 1a) and fatty
stranding of the greater omentum (Fig. 1b), which are

findings compatible with perihepatitis and peritonitis. Oral
prednisone (60 mg/day for 3 days, then 30 mg/day for
3 days) was prescribed, and all the symptoms resolved
immediately. However, abdominal symptoms developed
again after withdrawal of prednisone, necessitating its
reintroduction on day 31 at 30 mg/day. Attempts to taper
prednisone led to worsening of abdominal pain and
development of stomatitis, resulting in continuation of
treatment at 20 mg/day. Raltegravir was switched to
lopinavir/ritonavir 11 weeks after the onset of abdominal
pain and, finally, all antiretroviral drugs were terminated
4 days later because of diarrhea and bleeding related to
lopinavir/ritonavir. Abdominal symptoms gradually im-
proved, and prednisone could be tapered to 10mg/day
within 2 weeks. A CT scan performed 10 days after
cessation of antiretroviral therapy showed an improvement
of perihepatic enhancement. C-reactive protein levels
increased to 1.42 mg/dl during raltegravir use and fell to
normal levels 6 days after discontinuation of raltegravir.
Other laboratory data including transaminase levels
showed no changes, and CD4" cell count and HIV-
RINA were stable throughout the course.

This is the first reported case of severe peritonitis
associated with raltegravir use. Although not described
here, we have experienced several other cases with similar
abdominal symptoms that disappeared after raltegravir
termination. Several case reports have recently described
previously unknown adverse effects related to raltegravir,
such as rhabdomyolysis [2] and exacerbation of depression
[3]. However, to our knowledge, raltegravir-associated
peritonitis has not been reported. In the BENCHMRK
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Fig. 1. A computed tomography scan performed 11 days after the onset of the symptoms. A computed tomography scan shows
contrast enhancement around the liver surface (a) and fatty stranding of the greater omentum (b).

(Blocking integrase in treatment Experienced patients
with a Novel Compound against HIV: MeRcK, MK-
0518) study [1], abdominal symptoms, such as diarrhea
and nausea, were noted in patients on raltegravir, and
some of which might be associated with mild peritonitis.

Fortunately, raltegravir-associated peritonitis seemed
reversible, at least to some extent. However, the longer
use of raltegravir after onset of symptoms may lead to
irreversible and lethal sequelae. Cessation of antiretroviral
therapy as a result of severe abdominal symptoms is
a potential risk for re-emergence of acute retroviral
syndrome or the further accumulation of HIV-resistant
mutations.

Whether the described side effects are universal or related
to Asians, hemophiliacs or those who have underlying
liver disease is unknown at present. Careful monitoring
of abdominal symptoms and the consideration of an
appropriate radiographic examination are warranted after
commencement of raltegravir-containing regimens.
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Impact of human leukocyte antigen-B*51-restricted
cytotoxic T-lymphocyte pressure on mutation patterns
of nonnucleoside reverse transcriptase
inhibitor resistance

Hiroyuki Gatanaga®, Hirotaka Ode®, Atsuko Hachiya™¢,
Tsunefusa Hayashida®®, Hironori Sato®, Masafumi Takiguchi®
and Shinichi Oka®”

Obijective: The objective of this study is to determine the impact of human leukocyte
antigen (HLA)-B*51-restricted cytotoxic T-lymphocyte (CTL) pressure on the develop-
ment of nonnucleoside reverse transcriptase inhibitor (NNRTI) resistance.

Design: The prevalence of HIV-1 harboring an escape mutation, [135X, in a major
epitope of HLA-B*51-restricted CTL located in reverse transcriptase is increasing
worldwide. We analyzed the effects of escape mutations on the emerging mutation
patterns of NNRTI resistance.

Methods: Monoclonal HIV-1 sequences harboring each of the escape mutations,
including 11350 (HIV-Ty1351), 1135V (HIV-1)135), 1135T (HIV-1,1357), and 1135R
(HIV-1y435r) in reverse transcriptase, and a wild-type monoclonal HIV-T (HIV-1y7)
were cultured in the presence of increasing concentrations of efavirenz. Induced
mutations during culture passages of the culture were analyzed.

Results: E138K emerged during the cultural passages of HIV-1135y, HIV-111357, and
HIV-1;1358, but not during the passages of HIV-1yy. The combination of [135T, the most
frequent escape mutation, and E138K (HIV-1,1351/£138x) conferred significant resistance
to efavirenz, nevirapine, and etravirine. The HIV-T 135, /£138x and HIV-1 q35r/£138¢ Were
significantly resistant to nevirapine and etravirine, respectively, though each solo of
escape mutations and E138K did not confer significant resistance to NNRTI. Compu-
tational analysis indicated that 1135T and E138K cooperatively extend the gap between
the binding site of reverse transcriptase and NNRTI.

Conclusion: HLA-B*51-restricted CTL can induce novel mutation patterns of NNRTI
resistance by selecting escape mutations. The spread of CTL escape variants may alter
the mutation patterns of drug resistance.
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Introduction

Cytotoxic T lymphocytes (CTLs) are one of the
antiretroviral host factors that can modify the clinical
course of HIV-1 infection [1]. However, HIV-1 evades
these cells by acquiring escape mutations in recognized
epitopes, and some of the CTL-escape variants remain
stable without reversion even in the absence of such
selective pressure [2]. TAFTIPSI (reverse transcriptase
128—-135) is a major epitope recognized by human
leukocyte antigen (HLA)-B*51-restricted CTL [3], and
we recently reported that its escape mutation, 135X, is
detected in the majority of HLA-B*51-positive infected
individuals and also in a significant proportion of HLA-
B*51-negative individuals, and that 1135X can exist
persistently even in HLA-B*51-negative individuals
probably because it does not cause a significant fitness
cost [4]. Consequently, 1135X can spread as a poly-
morphic mutation among infected individuals and has in
fact accumulated in the HIV-positive populations,
especially among the Japanese, in whom HLA-B*51 is
highly prevalent. Previous studies reported that 1135X
was associated with low-level resistance to nonnucleoside
reverse transcriptase inhibitors (NNRTIs) [5-7] and
suggested that 135X may be a determinant of evolutional
patterns of NNRTT resistance [8,9], though it has also
been reported that there is no correlation between the
presence of 1135X at baseline and efficacy of NNRTI
[10]. To determine whether CTL escape mutations alter
the development of drug resistance, we focused on [135X
and induced NNRTT resistance from I1135X-harboring
HIV-1s by cultural passages in the presence of increasing
concentrations of efavirenz (EFV).

Materials and methods

HIV-1 sequences and human leukocyte antigen
types in treatment-naive patients

We recently reported the frequent prevalence of [135X
mutations in Japan [4]. To confirm the same and to
determine the frequency of each mutation, we used
another cohort that included 575 treatment-naive newly
diagnosed HIV/AIDS patients recruited from across
Japan between January 2003 and December 2004 [11].
Among them, data of HLA typing were available for
97 patients.

Generation of recombinant HIV-1 sequences
The desired mutations were introduced into the Xmal-

Nhel region of pTZNX, which encodes Gly-15 to
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Ala-267 of HIV-1 reverse transcriptase (strain BH10) [12].
The Xmal-Nhel fragment was inserted into pNLipj0q,
which was modified from pNL101 and encoded the full
genome of HIV-1. Each molecular clone was transtected
into COS-7 cells, and the obtained virions were harvested
48 h after transfection and stored at —80°C until use.

Induction of efavirenz-resistant HIV-1

The infectious HIV-1 clones were propagated in MT-2
cells in the presence of increasing5 concentrations of EFV
[12]. Briefly, MT-2 cells (1 x 10°) were exposed to 500
blue cell-forming units (BFUs) in MAGIC-5 cells
(CCRS5-expressing and CD4-expressing HeLa-LTR-B-
D-gal cells) of each monoclonal HIV-1 and cultured
in the presence of EFV at an initial concentration of
3nmol/l. The culture supernatant was harvested on day 7
of culture and used to infect fresh MT-2 cells for the next
round of culture. When the virus began to propagate in
the presence of the drug, the drug concentration was
increased by half-log fold. This selection was carried out
until the EFV concentration reached 1000 nmol/L
Proviral HIV-1 reverse transcriptase gene in the infected
MT-2 cells was amplified and sequenced at several
passages.

Drug susceptibility assay

EFV and nevirapine (NVP) were generously provided by
Merck Co., Inc. (Rahway, New Jersey, USA) and
Boehringer Ingelheim Pharmaceutics Inc. (Ridgefield,
Connecticut, USA), respectively. Etravirine (ETR) was
purchased from Toronto Research Chemicals Inc. (North
York, Ontario, Canada). Recombinant HIV-1 suscepti-
bility to EFV, NVP, and ETR was determined in triplicate
using MAGIC-5 cells [12]. The drug susceptibility assay
was performed in triplicate and repeated three times. Fold
resistance was calculated by comparing viral 1Cs, with
that of monoclonal wild-type HIV-1 (HIV-1y). Drug
resistance was considered significant when it was higher

than three-fold.

Structural modeling

We constructed structural models of the HIV-1 reverse
transcriptase and NNRTI complex by computational
analysis. First, we constructed the initial models of wild-
type reverse transcriptase with one of the three NNRTIs
by homology modeling using Molecular Operating
Environment (MOE) 2007.09.02 (http://www.chem
comp.com/). The crystal structures of reverse transcrip-
tase with NNRTI (PDB code: 1IKW [13], 1VRT [14],
and 1SV5 [15]) were used for template structures. The
(194 force field and distance-dependent electrostatic
energy function were applied in the modeling. Next,
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we refined the initial models by energy minimization
using sander module of AMBERY software package
through two steps. In the first step, energies for the
NNRTI in the complex models were minimized at
the gas phase by the conjugated gradient method. In the
second step, energies of whole structures were converged
up to 0.5 kcal/mol/A by 50 steps of the steepest descent
method and the subsequent conjugated gradient method
at implicit water solvent condition. In each minimization,
the AMBER ff03 [16,17], the general AMBER force
field (gaff) [18], and the generalized Born implicit solvent
surface area (GBSA) method (IGB = 2) [19] were applied
for potential energy calculations. The charges and atom
types of every atom in NNRTT were automatically assigned
using the AMBER9 Antechamber module. We also
constructed the respective mutant reverse transciptases
with the NNRTT by considering every possible conformer
of the respective mutant models. The possible conformers
were generated from the wild-type homology models
using PyMOL version 0.99rc6 (http://www.pymol.org).
The structural model of each conformer was refined by a
method similar to that used in the wild-type models.
Among the refined conformers, we selected those with the
lowest energy as each mutant model.

Results

The 135th amino acid in HIV-1 reverse

transcriptase and human leukocyte antigen-B*51
We analyzed the relationship between HLA-B*51 and the
135th amino acid of HIV-1 reverse transciptase in 97
infected individuals newly diagnosed in Japan between
January 2003 and December 2004 (Table 1). As expected,
CTL escape mutations 1135X, including 1135T, 1351,
and 135V, were observed in all but one HLA-B*51-
positive patient (94.1%), representing a significantly
higher prevalence than in the HLA-B*51-negative
patients (Fisher’s exact test; P=0.01). However, in the
HLA-B*51-negative patients, escape mutations were still
observed at a high frequency (62.5%), indicating that
[135X variants can transmit from HLA-B*51-positive
patients to HLA-B*51negative individuals and can persist
even in the absence of HLA-B*51-restricted CTL
pressure. Overall, I135X mutations were observed at a
high frequency in the treatment-naive patients in Japan,
and the most frequent amino acid was 1135T (35.1%),

which was more frequent than the wild-type 1135
(32.0%).

Induction of efavirenz-resistant HIV-1

As described above, 11351, 1135V, I135T, and [135R
mutations were detected in treatment-naive patients. In
order to analyze their effects on the mutation pattern for
NNRTI resistance, EFV resistance was induced from
monoclonal HIV-1s harboring each of these mutations by
culturing them in the presence of increasing concen-
trations of EFV. These induction experiments were
performed independently in triplicate. In one of the three
induction experiments on HIV-1y135, V179D emerged
when EFV concentration reached 100 nmol/], as well as
emergence of KI103R in the presence of EFV at
1000 nmol/1 (Fig. 1a). We previously reported that the
combination of K103R and V179D confers significant
resistance to NNRTIs [12]. In another experiment,
V1081 emerged at an EFV concentration of 100 nmol/1
and L1001 at an EFV of 1000 nmol/1 (Fig. 1b). Both L1001
and V108I are listed in the International AIDS Society
(IAS)-USA Resistance Table [20] as EFV resistance
mutations. In the last experiment on HIV-1[135,, G190A
emerged followed by V106A (Fig. 1¢). The latter two are
also listed 1n the IAS-USA Table. In one of the three
induction experiments on HIV-1y;35y E138K emerged
at an EFV of 100nmol/l and L100I at an EFV of
1000 nmol/1 (Fig. 1d). E138K is a rare mutation and not
listed as a resistance mutation in the IAS-USA Table. It
was reported that E138K alone did not alter drug
susceptibility significantly, though it emerged during
resistance induction experiments with ETR and other
experimental NNRTIs (Brillant ef al. 13th International
HIV Drug Resistance Workshop, 2004; Su et al. 16th
International HIV Drug Resistance Workshop, 2007)
[21-23]. L100I emerged first followed by Y188H in
another experiment, and L1001 emerged first followed by
V1081 in the last experiment (Figure le and f). In one of
the three induction experiments on HIV-1{y35, V1081
emerged at an EFVof 100 nmol/1and K101E atan EFV of
1000 nmel/]1 (Fig. 2a). In another experiment, V1061
emerged first followed by V179D (Fig. 2b). The
combination of V106l and V179D was confirmed to
confer a significant NNRTI resistance by our group
(unpublished data). In the last experiment, V108]
emerged first followed by E138K and L1001 (Fig. 2c).
In one of the three induction experiments on HIV-
111351, L1001 emerged at an EFV of 100 nmol/1 followed

Table 1. Frequency of amino acids at codon 135 of HIV-1 reverse transcriptase in human leukocyte antigen-Bx51-positive and human leukocyte

antigen-B*51-negative patients.

135th amino acid | L vV T R
Bx51 (+)/17 (%) 1(5.9) 3(17.6) 1(5.9 12 (70.6) 0 (O
B*51 (—)/80 (%) 30 (37.5) 13 (16.3) 11(13.8) 22 (27.5) 4 (5.0
Total/97 (%) 31 (32.0) 16 (16.5) 12 (12.4) 34 (35.1) 4 (4.1}

HLA type was determined by standard sequence-based genotyping. HLA, human leukocyte antigen.
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Fig. 1. Induction of efavirenz resistance from HIV-1y;35, and HIV-1j335v. HIV-1;35, (a—c) and HIV-1yy35y (d—f} were propagated
in MT-2 cells in the presence of increasing concentrations of EFV. The induced amino acid substitutions were analyzed at several
passages by sequencing proviral HIV-1 RT gene in MT-2 cells. EFV, efavirenz; RT, reverse transcriptase.

by E138K at an EFV of 1000 nmol/1 (Fig. 2d). In another induction experiments, all the induced mutations were
experiment, E138K emerged first then G190A and V1081 already known NNRTI-resistance mutations except for
(Fig. 2e). In the last experiment, L100I emerged first E138K, which emerged in one of the three induction
followed by K101E (Fig. 2f). In summary, during the experiments on HIV-1y135y; in one of the three induction
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Fig. 2. Induction of efavirenz resistance from HIV-1y;3571 and HIV-1y4358. HIV-1); 357 (a—c) and HIV-1; 355 (d—f) were propagated
in MT-2 cells in the presence of increasing concentrations of EFV. The induced amino acid substitutions were analyzed at several
passages by sequencing proviral HIV-1 RT gene in MT-2 cells. EFV, efavirenz; RT, reverse transcriptase.
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experiments on HIV-1j3sp, and in two of the three
induction experiments on HIV-1jj355. We also per-
formed EFV-resistance induction experiments on HIV-
1w in triplicate using the same procedure. All the
induced mutations were already known NNRTI-
resistance mutations, whereas E138K did not emerge
in any of the three induction experiments on HIV-1
(data not shown).

Nonnucleoside reverse transcriptase inhibitor
resistance conferred by E138K combined with
135X

During the induction experiments on HIV-1s harboring
1135X, the emergence of E138K, which is usually a rare
mutation, was often observed. To analyze the effects of
E138K alone and its combination with 1135X on
NNRTT susceptibility, a panel of recombinant HIV-1
clones was constructed and their ICsy values for EFV,
NVP, and ETR were determined. As expected, 1135X
alone did not confer significant NNRTI resistance (Table
2). The combination of I135T and E138K (I135T/
E138K) conferred significant resistance to EFV, NVP, and
ETR, though E138K alone did not change NNRTI
susceptibility as reported previously (Su et al. 16th
International HIV Drug Resistance Workshop, 2007)
[22,23]. T135L/E138K and I135R/E138K conferred
significant resistance to NVP and ETR, respectively. In
summary, E138K conferred significant resistance when
combined with some of the [135X mutations, especially
[135T, which is the most prevalent in treatment-naive
individuals in Japan (Table 1).

Structural modeling of reverse transcriptase
harboring 1135T and E138K

The in-vitro drug susceptibility assay described above
showed that [135T/E138K conferred the most efficient
resistance to EFV and significant resistance to NVP and
ETR. To analyze the molecular mechanisms by which
E138K combined with 1135T alter NNRTT susceptibility,
we conducted a structural analysis that included
computational methods. A total of 12 structural models
of reverse transcriptase-NNRTIT complexes were con-

structed with four reverse transcriptases (wild-type,
[135T, E138K, and 1135T/E138K) and three NNRTIs
(EFV, NVP, and ETR). We first calculated the binding
energies between reverse transcriptase and NNRTI.
Differences in the binding energies between mutant and
wild-type complexes (AAGb) were calculated using the
models. The AAGDb value correlated positively with the
logarithm of fold resistance value obtained by our in-vitro
drug susceptibility assay described above: a greater
reduction in the binding energy correlated with a greater
resistance (r=0.77, P<0.02) [24], suggesting that our
modeling appropriately reflects the actual binding mode
between the reverse transcriptase molecule and NNRTL
In the 12 models tested, the AAGD value of the 1135T/
E138K RT-NNRTI complex was persistently larger than
wild-type and single mutation reverse transcriptases,
indicating that I135T/E138K caused a larger loss of
interactions between reverse transcriptase and NINRTI
than the single mutations. We then examined the
structural changes in the loss of interactions by 1135T/
E138K. In the wild-type reverse transcriptase, the E138
positioned relatively closely to the EFV, which could
contribute to the generation of van der Waals and
electrostatic interactions between reverse transcriptase
and NNRTT (Fig. 3a). The I135T single substitution
caused no significant changes in the steric position of the
E138 side chain (Fig. 3b). E138K substitution caused
significant changes in the steric position of the E138 side
chain (Fig. 3c), whereas the calculated van der Whaals
energy was similar to that of wild-type reverse
transcriptase. 1135T/E138K also caused significant
changes in the steric position of the K138 side chain,
but the orientation of the side chain was different from
that of the E138K single mutant reverse transcriptase,
possibly due to the interactions between T135 and K138
(Fig. 3d). The K138 conformation in the RTy351/E1338K
generated a steric gap between K138 and EFV, and
significantly reduced van der Waals energy. In addition,
the conformational change necessitated increased elec-
trostatic energy of the reverse transcriptase—EFV com-
plex. These data suggest that an appropriate steric
position of the 138th residue is critical for the generation

Table 2. Nonnucleoside reverse transcriptase inhibitor susceptibility of recombinant HIV-1 sequences.

Mean 1Csq (pmol/ly+SD (fold resistance™)

HIV-1 EFV NVP ETR
Wild-type 0.002 +0.0007 0.05+0.01 0.001240

11351 0.003 +0.0005 (1.5) 0.07 +0.01 (1.4) 0.0012 +0.0002 (1)
1135V 0.0024 +0.0003 (1.2) 0.0440.01 (0.8) 0.0011 £0.0001 (0.9
1135T 0.002£0.001 (1) 0.06+0.01 (1.2) 0.0016+0.0002 (1. )
1135R 0.003+0.001 (1.5) 0.03%0.01 (0.6) 0.0012 +0.0002 (1)
E138K 0.004 +0.0004 (2) 0.08+0.01 (1.6) 0.0026 +0.0001 (2.2)
1135L/E138K 0.003 +0.001 (1.5) 0.2340.02 (4.6) 0.0033 +0.0006 (2.8)
[135V/E138K 0.006+0.001 (3) 0.04+0.01 (0.8) 0.0033 +0.0006 (2.8)
1135T/E138K 0.01440.002 (7) 0.19+0.06 (3.8) 0.005 +0.0002 {4.2)
1135R/E138K 0.005 +0.002 (2.5) 0.1440.04 (2.8) 0.0047 £0.0003 (3.9)

The drug susceptibility assay was performed in triplicate and repeated three times. EFV, efavirenz; ETR, etravirine; NVP, nevirapine.
*Fold resistance was calculated by comparing viral ICso with that of wild-type HIV-1,
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Fig. 3. Structural models of HIV-1 reverse transcriptase—efavirenz complexes. The binding clefts of four complex models are
shown. (@) RTuwiid-ypes (0) RTii357, (€) RTg138¢ and (d) RTi1357/6138k- Sticks indicate the amino acids at positions 135 and 138 of RT,
and the atoms of EFV. The mutated residues (1135T and E138K) and the EFV atoms are highlighted with orange and cyan sticks,
respectively. The dotted circle in panel D indicated the enlarged gap by 1135T/E138K mutations. EFV, efavirenz; RT, reverse

transcriptase.

of an optimal EFV binding pocket, and that 1135T/
E138K, but not the single mutations, effectively break the
binding pocket for EFV.

Discussion

As the HIV-1 pandemic progresses, viral genetic diversity
is increasing and becoming geographically heterogeneous
[25,26]. We recently indicated that HIV-1 adapts to CTL
by acquiring escape mutations in the CTL epitopes, and
that such escape variants are increasing in the populations
at an alarming high rate of corresponding HLA alleles [4].
When escape mutations occur in drug target proteins,
they may alter the mutation patterns of drug resistance
even if they do not confer drug resistance themselves. In
this study, we focused on 135X in reverse transcriptase,

36

which are escape mutations of HLA-B*51-restricted
CTL, because 135X are the prevailing mutations and
accumulating in Japan, where the frequency of HLA-
B*51 is high (~20%). Cultural passages of HIV-1
sequences harboring 1135X in the presence of increasing
concentrations of EFV induced the emergence of E138K,
which is not listed as a resistance mutation in the IAS-
USA Table. The analysis of recombinant HIV-1
sequences showed that the combination of E138K and
some of the [135X, especially I135T, which is most
frequent, conferred significant resistance to NNRTI,
though solo E138K did not alter drug susceptibility
significantly. However, E138K did not always emerge in
triplicate experiments of EFV-resistance induction from
HIV-1 sequences harboring [135X, whereas the already
known NNRTI-resistance mutations emerged. Impor-
tantly, variable mutation patterns emerged under the
same conditions of resistance induction experiments,
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indicating that the drug selective pressure is one of the
driving forces making the genetic diversity of HIV-1 at
population levels as CTL pressure does (HLA-B*51-
restricted CTL pressure selects not only I1135T but also
other 1135Xs).

In clinical data, Richard ef al. [27] examined HIV-1
reverse transcriptase sequences in treated Ugandans. In
their longitudinal cohort, the HIV-1 infecting one patient
(JLTO5) acquired 1135T/E138K during EFV-containing
treatment without any other NNRTI resistance-associ-
ated mutations (GenBank: AY556834). Marconi et 4l.
[28] performed genotypic resistance testing in patients
who experienced virologic failure during their first
antiretroviral therapy, and the HIV-1 in one patient
(SW065) was found to have 1135T/E138K after the
failure of EFV-containing treatment (EU308076). In
tipranavir clinical trials, the HIV-1s of seven cases
who experienced NNRTI treatment failure harbored
I1135T/E138K (IDQ880123, DQB880358, DQ879290,
DQ880378, DQ877823, DQ878145, and DQ878874)
[29]. These data indicate that [135T/E138K confers
significant NNRTT resistance in vivo also, suggesting that
HLA-B*51-restricted pressure may alter the mutation
patterns of NNRTI resistance by inducing escape
mutations.

Evidences for the interactions between CTL and drug
resistance mutations are accumulating [30—34]. Con-
sidering that HIV-1 adapts to particular human HLA
alleles and evolves among infected individuals, drug
mutation patterns may be affected and altered in currently
prevailing viruses. Analysis of drug resistance mutations
and development of new antiretroviral agents against
laboratory HIV-1 strains derived from isolates obtained
decades ago may not always be a suitable strategy. The use
of recently obtained clinical isolates may be critical and
indispensable in some studies.
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Abstract

Infection with HIV-1 causes CD4" T-cell dysfunction, including unresponsiveness to antigenic stimuli. To understand the mechanism of
virally induced T-cell dysfunction, we investigated changes occurred in functional CD4™ T-cell subsets in the peripheral CD4™ T-cell pool in
chronically infected aviremic individuals treated with antiretroviral therapy. We phenotypically defined CD4 ™ T-cell subsets by surface markers
and determined the frequency of each subset by flow cytometry. A substantially low naive and elevated effector subsets were observed in
chronically infected patients with nadir CD4 counts <100 cells/pl. The skewed distribution persisted in these patients even after their CD4
counts increased, and the subset imbalance was still observed in all four subsets after years of successful antiretroviral therapy. They also showed
a limited recovery of CD4" T-cell counts compared to those who maintained at least 250 CD4™" T cells/ul after 3—11 years of successful
treatment since CD4 nadir time points. The difference was pronounced in the absolute numbers of naive and Tgy; cells. Our results suggested
a significant and prolonged impact of nadir CD4 counts on the balanced distribution of the functional CD4™ T-cell subsets and may explain

partially why antiretroviral therapy needs to be initiated while patients’ CD4 counts remain relatively high.

© 2010 Elsevier Masson SAS. All rights reserved.

Keywords: HIV-1; CD4 subset; Nadir CD4 count

1. Introduction

Human CD4" T lymphocytes are commonly divided into
functionally distinct subsets. Two primary categories are cells
that are not previously exposed to antigen (naive) and those that
are antigen-experienced (memory). The memory subpopulation
is a heterogeneous pool and can be further divided into two
broad subsets, central memory (Tcn) and effector memory
(Tgm), based on their functional properties [1—4]. Each subset
expresses a characteristic set of surface glycoproteins, which
serves as a marker for their functional capacity. These pheno-
typic markers provide means to examine the prevalence and
differentiation/activation state of CD4" T cells on a cell-by-cell
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basis, using flow cytometry [3,5—9]. Surface markers used to
characterize CD4" T cells include CD45RA/RO, CCR7, CD27,
and CD28 [3,5—7,10—13]. Most studies used either CD27 or
CD28 in conjunction with CD45RA/RO and CCR7 to define
CD4™" T-cell subsets. However, we recently analyzed CD4" T
cells in detail, using all four markers and characterized the
function of each subset based on their ability to produce
cytokine upon stimulation [7]. Our study and others showed
that the majority of naive CD4" T cells exhibited the
CD45RA™ CCR7" CD27" CD28" phenotype and sequentially
lost CD45RA and CCR7 expression followed by CD27 down
regulation as they progressed through stages of differentiation
to become Tcy (CD4SRA™ CCR7T CD27" CD287), Tem
(CD45RA™ CCR7~ CD27"~ CD28"), and effector cells
(CD45RA™ CCR7 CD27~ CD287) [7,10].

Flow cytometric analyses have been performed to examine
CD4" T-cell function in patients infected with human
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immunodeficiency virus type 1 (HIV-1) [14—25]. Numerous
studies reported the lack of antigen-specific proliferation and
immune responsiveness of CD4™ T cells in HIV" patients
[24,26—38] and a correlation between prognosis and the CD4
counts at which antiretroviral therapy (ART) was initiated [39—
41]. These studies indicated that the functional defects of CD4 ™"
T cells persisted in chronic patients, even though ART restored
the number of CD4" T cells. However, the underlying mech-
anism of why the regeneration of CD4™ T cells did not lead to
the functional recovery of CD4™ T cells is not well understood.
To develop a better framework for delineating the mechanism
of CD4" T-cell dysfunction in HIV" patients, we examined the
homeostatic balance of peripheral CD4™ T-cell subsets in
individuals chronically infected with HIV-1. In this study, we
phenotypically defined CD4" T cell into functionally distinct
subsets with four surface markers and compared the frequency
of each subset in infected patients with that in HIV-negative
individuals, using flow cytometry. We also investigated the
extent of immune imbalance among patients over time and
searched factors that may predict the severity of imbalance.

2. Materials and methods
2.1. Subjects

The study was conducted in accordance with the Declaration
of Helsinki and approved by the International Medical Center
of Japan and the Kumamoto University Ethical Committee.
HIV' blood samples were obtained from 34 chronically
infected patients who enrolled at the AIDS Clinical Center,
International Medical Center of Japan. All the patients were on
antiretroviral therapy and aviremic at the time of sample
collection. 18 out of 34 patients were selected for longitudinal
analysis based on the availability of samples. In some patients,
CD4 counts reached their nadir after the initiation of ART,
presumably due to the emergence of drug resistant viruses.

2.2. Flow cytometric and statistical analysis of
peripheral CD4™" T cells

PBMCs were isolated from the samples by Ficoll—Paque
PLUS (GE Healthcare) density gradient centrifugation and
stained with the following fluorescently labeled monoclonal
antibodies: allophycocyanin-conjugated (APC) CD4 (Dako-
Cytomation), phycoerythrin (PE)-Texas Red-conjugated CD28
(Beckman Coulter), APC-Cy7-conjugated CD27 (BD Biosci-
ences), Fluorescein isothiocyanate  (FITC)-conjugated
CD45RA (BD Biosciences), and PE-Cy7-conjugated CCR7
(BD Biosciences). Cells were first incubated with the antibody
cocktail to the CD molecules on ice for 30 min. Subsequently,
they were washed with FACS buffer (10% newborn calf serum
in phosphate-buffered saline) and stained with CCR7 antibody
for 30 min at room temperature. After washed with FACS
buffer, cells were fixed with 1% paraformaldehyde for 20 min.
Flow cytometric data were collected on a FACScanto II flow
cytometer (BD Biosciences) immediately after staining and
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analyzed using Flowjo software (Tree Star, Inc). For statistical
analysis, Student’s t-test was used to determine p-value.

3. Results

3.1. Skewed distribution of functional CD4™ T-cell
subsets in chronic HIV" patients

To understand the mechanism of virally induced CD4" T-
cell dysfunction, we examined the balance of functional
populations in peripheral CD4™" T-cells from patients chroni-
cally infected with HIV-1 (Supplementary Table 1). Using
flow cytometry, we phenotypically characterized CD4™ T cells
based on a set of four surface markers (Fig. 1A). CD4™ T cells
from 15 healthy individuals were predominantly divided into
five subpopulations (Fig. 1B). An average of 55.8% of cells
showed the CD45RA™ CCR7" CD27" CD28" naive pheno-
type, 16.0% were CD45RA~ CCR7" CD27" CD28" Tcum
cells, and 13.0% were in the CD45RA~ CCR7~ CD277"
CD28" population (Fig. 1B), a subset reported to contain
primarily ThO and Thl Tgy cells [5,7]. Another 7.3%
belonged to the CD45RA~ CCR7~ CD27~ CD28" subtype,
a heterogeneous population of ThO, Thl, and Th2 Tgy cells as
well as a small number of Thl and Th2 effector Tells [7]. A
low frequency of cells, approximately 2.5%, displayed the
CD45RA™ CCR7 CD27 CD28" phenotype, which mainly
consists of Thl effector [7]. We performed the same analysis
on peripheral CD4" T cells from 34 patients chronically
infected with HIV-1 (Supplementary Table 1). All of the
patients were on ART and did not have detectable viral loads.
In contrast to uninfected individuals, only 31.0% of peripheral
CD4" T cells belonged to the naive subset in the patients
(p < 0.0001, Fig. 1B). The CD4" T-cell pools were skewed
away from the naive subset and, instead, towards Tcy (29.4%,
p=0.0001) and effector (9.9%, p <0.001, Fig. 1B). A
considerable reduction was also observed in patients’ Tgy
(10.1%, p =0.005). These results suggested that the homeo-
static balance of peripheral CD4" T subsets was disturbed in
chronically infected patients even after years of ART.

3.2. The impact of nadir CD4 counts on the distribution
of the functional CD4™ T-cell subsets

Frequencies of the naive CD4% T-cell subset varied
considerably among patients, ranging from 3.6% to 71.2%
(Fig. 1B). In 25 out of 34 patients, the frequencies were more
than two standard deviations below the mean of the uninfected
naive subset (HIV" < 2SD, shaded circles in Fig. 1B). For the
rest of the HIV™" individuals, the mean percentage of the naive
subset was 57.9% (HIV" w/i 2SD, open circles in Fig 1B),
approximately the same as that of uninfected group. Compared
to the w/i 2SD group, the HIV" < 2SD group showed a signif-
icantly smaller naive subset and elevated Ty and effector
subsets. To identify factors affecting the phenotypic difference
between the two HIV™ groups, we compared their clinical data.
The HIV™ < 2SD and w/i 2SD groups did not have statistically
significant difference in CD4 counts at the time of sample



