RED DYREHHIVBEFFE DD DR 57

o

Masuda R, Oishi S, Tanahara N, Ohno H, Hirasawa A, Tsujimoto G, Kodama E, Matsuoka M, Fuji N.
Development and application of fluorescent SDF-1 derivatives. Future Med Chem 4: 837-844, 2012,

Li X, Qian H, Miyamoto F, Naito T, Kawaji K, Kajiwara K, Hattori T, Matsuoka M, Watanabe K, Oishi S,
Fujii N, Kodama EN. A simple, rapid, and sensitive system for the evaluation of anti-viral drugs in rats.
Biochem Biophys Res Commun 424: 257-261, 2012.

Hachiya A, Marchand B, Kirby KA, Michailidis E, Tu X, Krzystof Palczewski, Ong YT, Griffin DT,
Schuckmann MM, Junko Tanuma, Oka S, Singh K, Kodam ENa, Sarafianos SG. HIV-1 reverse transcriptase
(RT) polymorphism 172K, suppresses the effect of clinically relevant drug resistance mutations to both
nucleoside and nonnucleoside RT inhibitors. J Bio Chem 287: 29988-29999, 2012.

Michailidis E, Singh K, Ryan EM, Hachiya A, Ong YT, Kirby KA, Marchand B, Kedama EN, Mitsuya H,
Parniak MA, Sarafianos SG. Effect of translocation defective reverse transcriptase inhibitors on the activity of
n348i, a connection subdomain drug resistant hiv-1 reverse transcriptase mutant. Cell Mol Biol 58: 187-195,
2012.

[zumi K, Kawaji K, Miyamoto F, Shimane K, Shimura K, Sakagami Y, Hattori T, Watanabe K, Oishi S, Fuyjii
N, Matsuoka M, Kaku M, Sarafianos SG, Kodama EN. Mechanism of Resistance to S138A Substituted
Enfuvirtide and its Application to Peptide Design. Int J Biochem Cell Biol 45: 908-915, 2013.

R BEAT

1.  Tsuzuki T, Iwase H, Shimada M, Hirashima N, Hibino Y, 'Ryuge N, Saito M, Tamaki D, Kamiya A, Yokoi M,
Yokomaku Y, Fujisaki S, Sugiura W, Goto H. Clinical evaluation of peginterferon alpha plus ribavirin for
patients co-infected with HIV and HCV at Nagoya Medical Center. Nihon Shokakibyo Gakkai zasshi = The
Japanese journal of gastro-enterology 109(7):1186-1196, 2012.

2. Miyamoto T, Nakayama EE, Yokoyama M, Ibe S, Takehara S, Kono K, Yokomaku Y, Pizzato M, Luban J,
Sugiura W, Sato H, Shioda T. The Carboxyl-Terminus of Human Immunodeficiency Virus Type 2
Circulating Recombinant form 01 _AB Capsid Protein Affects Sensitivity to Human TRIMS5a. PloS one
7(10):e47757, 2012.

3. Kitamura S, Ode H, Nakashima M, Imahashi M, Naganawa Y, Kurosawa T, Yokomaku Y, Yamane T,
Watanabe N, Suzuki A, Sugiura W, Iwatani Y. The APOBEC3C crystal structure and the interface for HIV-1
Vif binding. Nature structural & molecular biology 19(10):1005-1010, 2012.

4. Hirano A, Tkemura K, Takahashi M, Shibata M, Amioka K, Nomura T, Yokomaku Y, Sugiura W. Short
communication: lack of correlation between UGT1A1%6, *28 genotypes, and plasma raltegravir
concentrations in Japanese HIV type 1-infected patients. AIDS research and human retroviruses
28(8):776-779, 2012.

KH TA

1.

Honda H, Gatanaga H, Aoki T, Watanabe K, Yazaki H, Tanuma J, Tsukada K, Honda M, Teruya K,
Kikuchi Y, Oka S. Raltegravir can be used safely in HIV-1-infected patients treated with warfarin. Int J
STD AIDS 23: 903-4, 2012.

(*corresponding author)



58

JVI

Joumnals. ASM.org

Selection and Accumulation of an HIV-1 Escape Mutant by Three
Types of HIV-1-Specific Cytotoxic T Lymphocytes Recognizing
Wild-Type and/or Escape Mutant Epitopes

Tomohiro Akahoshi,® Takayuki Chikata,® Yoshiko Tamura,® Hiroyuki Gatanaga,® Shinichi Oka,>® and Masafumi Takiguchi2
Center for AIDS Research, Kumamoto University, Kumamoto, Japan,2 and AIDS Clinical Center, National Center for Global Health and Medicine, Tokyo, Japan®

It is known that cytotoxic T lymphocytes (CTLs) recognizing HIV-1 escape mutants are elicited in HIV-1-infected individuals,
but their role in the control of HIV-1 replication remains unclear. We investigated the antiviral ability of CTLs recognizing the
HLA-A#24:02-restricted Gag28 -36 (KYKLKHIVW) epitope and/or its escape mutant (KYRLKHIVW) elicited in the early and
chronic phases of the infection. Wild-type (WT)-epitope-specific CTLs, as well as cross-reactive CTLs recognizing both WT and
K30R (3R) epitopes, which were predominantly elicited at early and/or chronic phases in HLA-A#24:02* individuals infected
with the WT virus, suppressed the replication of the WT virus but failed to suppress that of the 3R virus, indicating that the 3R
virus was selected by these 2 types of CTLs. On the other hand, cross-reactive and 3R-specific CTLs, which were elicited in those
infected with the 3R virus, did not suppress the replication of either WT or 3R virus, indicating that these CTLs did not contrib-
ute to the control of 3R virus replication. High accumulation of the 3R mutation was found in a Japanese population recently
recruited. The selection and accumulation of this 3R mutation resulted from the antiviral ability of these Gag28-specific CTLs
and high prevalence of HLA-A#*24:02 in a Japanese population. The present study highlighted the mechanisms for the roles of

cross-reactive and mutant-epitope-specific CTLs, as well as high accumulation of escape mutants, in an HIV-1-infected

population.

uman immunodeficiency virus type 1 (HIV-1)-specific cyto-
toxic T lymphocytes (CTLs) play an important role in the
control of HIV-1 during the acute and chronic phases of an HIV-1
infection (22, 40). However, HIV-1-specific CTLs cannot com-
pletely eliminate HIV-1-infected cells, because HIV-1 escapes
from CTL-mediated immune pressure by various mechanisms,
such as selection of escape mutations, Nef-mediated HLA class I
downregulation, and skewed maturation of memory HIV-specific
CD8* T lymphocytes (5, 8, 9). The most documented escape
mechanism is acquisition of amino acid mutations within the CTL
epitope and/or its flanking regions. These mutations lead to re-
duced ability of peptide to bind to HLA class I molecules, impaired
T cell receptor (TCR) recognition, and defective epitope genera-
tion (21, 31). These escape mechanisms are involved in impaired
activities of HIV-1-specific CTLs to kill target cells infected with
escape mutant virus and to suppress HIV-1 replication, con-
tributing to the selection of escape mutant viruses (5, 10, 13, 20,
29, 35, 41).

There is growing evidence that escape mutations selected by
HLA class I-restricted CTLs accumulate at the population level (7,
28, 36). The accumulation of escape mutants may affect the clin-
ical outcomes for HIV-1-infected individuals (11, 37, 38). On the
other hand, it is known that CTLs recognizing escape mutants are
elicited after the emergence of the escape mutant selected by
wild-type (WT) epitope-specific CTLs (2, 4, 12, 15, 33, 39). The
escape mutant-specific CTLs were also elicited in new hosts
carrying the same restricted HLA allele when they were infected
with the mutant (15). Several studies showed that CTLs cross-
recognizing the WT and its escape mutant epitopes are elicited
before or after the emergence of the escape mutant in the same
hosts (18, 25, 26, 33, 34). However, the antiviral abilities of
these cross-reactive CTLs remain unknown, since the recogni-
tion of cross-reactive CTLs for synthesized epitope peptides
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was characterized by using the enzyme-linked immunosorbent
spot assay (ELISPOT) or >1Cr cytotoxic assay in those studies. We
previously showed that HLA-A#24:02-restricted Nef 138-specific
CTLs recognizing an escape mutant had weaker ability to suppress
the replication of the mutant virus than that of the WT virus (15).
However, it still remains unclear whether cross-reactive or escape
mutant-specific CTLs contribute to the control of HIV-1, since
the CTLs have not been analyzed in detail.

To clarify the abilities of cross-reactive and escape mutant-
specific CTLs to recognize HIV-1-infected cells, we analyzed CTLs
specific for HLA-A#24:02-restricted HIV-1 Gag28-36 (KYKLKH
IVW; Gag28), which is the only immunodominant Gag epitope
presented by this HLA class I allele (24). Since HLA-A#24:02 is
found in approximately 70% of the Japanese population (42), the
mutants of HLA-A#*24:02-restricted epitopes may accumulate in
HIV-1-infected Japanese individuals. We previously suggested
that K30R (3R) in the Gag28 epitope is an escape mutation from
HLA-A#24:02-restricted Gag28-specific CTLs (30) and that CTLs
recognizing 3R are elicited in HIV-1-infected HLA-A*24:02% in-
dividuals (46). From these studies, we hypothesized that cross-
reactive CTLs recognizing WT and 3R mutant epitopes and/or
3R-specific CTLs are elicited in HLA-A*24:02% HIV-1-infected
individuals after the 3R mutant is selected and in new 3R virus-
infected hosts carrying HLA-A#*24:02. Here, we investigated the
elicitation of Gag28-specific CTLs in 12 HLA-A=*24:02% HIV-1-
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infected Japanese individuals who could be monitored from the
early phase to the chronic phase of an HIV-1 infection, as well as
the abilities of cross-reactive, 3R mutant-specific, and WT-
specific CTLs to kill WT or 3R virus-infected cells and to suppress
the replication of the WT or 3R virus. In addition, we investigated
the accumulation of the 3R mutation in HIV-1-infected nonhe-
mophiliac Japanese individuals, as well as in Japanese hemophili-
acs who had been infected around 1983. The results clarified the
role of CTLs recognizing the WT and/or 3R epitope in high
accumulation of the 3R mutant in HIV-1-infected Japanese
individuals.

MATERIALS AND METHODS

Samples from HIV-1-infected individuals. This study was approved by
the ethics committee of Kumamoto University and the National Center
for Global Health and Medicine. Informed consent was obtained from all
individuals according to the Declaration of Helsinki. For sequence anal-
ysis, blood specimens were collected in EDTA. Plasma and peripheral
blood mononuclear cells (PBMCs) were separated from whole blood.
HLA types were determined by standard sequence-based genotyping.
Twelve HLA-A#24:02% individuals who could be monitored from the
early to the chronic phase of an HIV-1 infection were recruited for CTL
analysis. Early HIV-1 infection was confirmed by seroconversion within 6
months or by an increasing number and density of bands on Western
blots. Four-hundred fifty-one chronically HIV-1-infected individuals
were also recruited for sequence analysis.

Cells. CIR cells expressing HLA-A#%24:02 (C1R-A2402) and 721.221
cells expressing CD4 and HLA-A#24:02 (721.221-CD4-A2402) were pre-
viously generated (27, 30). These cells were cultured in RPMI 1640 me-
dium containing 5 to 10% fetal bovine serum (FBS) and 0.15 mg/ml
hygromycin B. MAGIC-5 cells (CCR5-transfected HeLa-CD4/long termi-
nal repeat—3-galactosidase [LTR—-Gal] cells) were cultured in Dulbec-
co’s modified Eagle’s medium (DMEM) containing 10% FBS as described
previously (17).

Induction of Gag28-specific T cells. PBMCs from HIV-1-infected
HLA-A#24:027" individuals were stimulated with WT or 3R peptide (1
uM) in culture medium (RPMI 1640 containing 10% FBS and 200 U/ml
human recombinant interleukin-2 [rIL-2]). After 14 days, the cultured
PBMCs were tested for gamma interferon (IFN-v) production by per-
forming an intracellular cytokine staining (ICC) assay.

1CC assay. C1R-A2402 cells were prepulsed or not with the WT or 3R
peptide at concentrations from 0.1 to 1,000 nM at 37°C for 1 h and then
were washed twice with RPMI 1640 containing 10% FBS. PBMCs cultured
for 2 weeks after peptide stimulation were incubated with the CIR-A2402
cells in a 96-U plate (Nunc) at 37°C. Brefeldin A (10 pg/ml) was added
after a 2-h incubation, and then the cells were incubated for an additional
4 h. Subsequently, the cells were stained with Pacific-blue-conjugated
anti-CD8 monoclonal antibody (MAb) (BD Biosciences) and 7-amino-
actinomycin D (7-AAD) (BD Biosciences) at 4°C for 30 min, after which
the cells were fixed with 4% paraformaldehyde solution and rendered
permeable with permeabilization buffer (0.1% saponin and 10% FBS in
phosphate-buffered saline) at 4°C for 10 min. Thereafter the cells were
stained with fluorescein isothiocyanate (FITC)-conjugated anti-IFN-vy
MAD (BD Biosciences) at 4°C for 30 min and then washed twice with the
permeabilization buffer. The percentage of CD8" cells producing IFN-vy
was analyzed by flow cytometry (FACSCanto II).

Generation of Gag28-specific CTL clones. Gag28-specific CTL clones
were generated from Gag28-specific bulk-cultured T cells by limiting di-
lution in 96-U plates, together with 200 pul of cloning mixture (1 X 106
irradiated allogeneic PBMCs from healthy donors and 1 X 10° irradiated
C1R-A2402 cells prepulsed with the WT or 3R peptide at a concentration
of 1 uM in RPMI 1640 containing 10% FBS, 200 U/ml rIL-2, and 2.5%
phytohemagglutinin [PHA] soup). After 14 to 21 days in culture, the
growing cells were tested for cytotoxic activity by performing the standard
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chromium release assay. Since TCRs on these CTL clones were not se-
quenced, it is still possible that they were oligonucleotide clones.

HIV-1 clones. An infectious provirus, HIV-1 pNL-432, was reported
previously (1). NL-432gagSF2 and NL-432gagSF2-3R were previously
generated (30).

Assay of cytotoxicity of CTL clones toward target cells prepulsed
with the epitope peptide. The cytotoxic activities of Gag28-specific CTL
clones were determined by use of the standard chromium release assay, as
described previously (15). Briefly, 721.221-CD4-A2402 cells were incu-
bated with 100 wCi of Na,5!CrO, in saline for 1 h and then washed 3 times
with RPMI 1640 containing 10% newborn calf serum. The labeled target
cells (2 X 103/well) were prepulsed with the WT or 3R peptide at concen-
trations of 1 to 1,000 nM for 1 h and then cocultured at 37°C for 4 h with
effector cells at an effector-to-target (E:T) ratio of 1:1 in 96-U plates
(Nunc). The supernatants were collected and analyzed with a gamma
counter. Spontaneous 5!Cr release was determined by measuring the
counts per minute in supernatants from wells containing only target cells
(cpm spn). Maximum 5'Cr release was determined by measuring the cpm
in supernatants from wells containing target cells in the presence of 2.5%
Triton X-100 (cpm max). Specific lysis was defined as (cpm exp — cpm
spn)/(cpm max — cpm spn) X 100, where “cpm exp” is the counts per
minute in the supernatant in the wells containing both target and effector
cells.

Assay of cytotoxicity of CTL clones toward target cells infected with
HIV-1.721.221-CD4-A2402 cells were infected with WT or 3R virus, and
then the infection rates were determined by detecting intracellular p24
antigen (Ag)-positive cells stained with FITC-conjugated anti-p24 Ag
MADb (KC57-FITC; BD Biosciences). When approximately 50% of the
total cells were p24 Ag-positive cells, they were used as target cells. The
51Cr-labeled target cells (2 X 10%/well) were cocultured with effector cells
at E:T ratios of 0:1 to 2:1 in 96-U plates at 37°C for 6 h. The supernatants
were collected and analyzed with a gamma counter.

Generation of HLA-peptide tetrameric complexes. HLA class I-peptide
tetrameric complexes (tetramers) were synthesized as previously de-
scribed (3). The WT or 3R peptide was added to the refolding solution
containing the biotinylation sequence-tagged extracellular domain of
the HLA-A%24:02 molecule and B2 microglobulin. The purified
monomer complexes were mixed with phycoerythrin (PE)-labeled
streptavidin (Molecular Probes) at a molar ratio of 4:1.

Tetramer binding assay. CTL clones were stained with PE-conjugated
tetramer at concentrations of 1 to 100 nM at 37°C for 30 min. After 2
washes with RPMI 1640 containing 10% FBS (R10), the cells were stained
with FITC-conjugated anti-CD8 MAb and 7-AAD at 4°C for 30 min.
Thereafter, the cells were washed twice with R10 and then analyzed by
flow cytometry (FACSCanto II). The mean fluorescence intensity (MFI)
of tetramer-positive cells among CD8-positive cells was calculated.

Replication suppression assay. The ability of Gag28-specific CTLs to
suppress HIV-1 replication was examined as previously described (43).
CD4* T cells were isolated from PBMCs of healthy HLA-A#24:02% do-
nors and incubated with a given HIV-1 clone at 37°C for 6 h. After 3
washes with R10, the cells (3 X 10%/well) were cocultured with Gag28-
specific CTL clones at E:T ratios of 0.1:1 to 1:1 in R10 containing 1%
nonessential amino acid solution and, 1% 100 mM sodium pyruvate
(complete medium) plus 200 U/ml rIL-2. From day 3 to day 7 postinfec-
tion, a 30-ul volume of culture supernatant was collected, and the volume
removed was replaced with fresh medium. The concentration of p24 Ag
was measured by using an enzyme-linked immunosorbent assay (ELISA)
(HIV-1-p24-Ag ELISA kit; ZeptoMetrix).

Replication kinetics assay. The replication kinetics of the WT and 3R
viruses were examined as previously described (17). After CD4™ T cells
(2 X 10°) had been exposed to each infectious virus preparation (500 blue
cell-forming units in MAGIC-5 cells) for 2 h and washed twice with R10,
they were cultured in 1 ml of R10 containing 1% nonessential amino acid
solution and 1% 100 mM sodium pyruvate (complete medium) plus 200
U/ml rIL-2. Then, 0.1 ml of the culture supernatant was collected from
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day 2 to day 10 postinfection, and the volume removed was replaced with
fresh medium. The concentration of p24 Ag in the supernatant was mea-
sured by using ELISA. Replication kinetics assays were performed in trip-
licate.

Sequence of autologous virus. Viral RNA was extracted from plasma
samples from HIV-1-infected individuals by using a QlAamp MinElute
virus spin kit (Qiagen). For clone sequencing, cDNA was synthesized
from the RNA with SuperScript III and Random Primers (Invitrogen),
and the Gag region was amplified by nested PCR with Tag DNA polymer-
ase (Promega). Then, the PCR products were gel purified and cloned with
a TOPO TA cloning kit (Invitrogen). For bulk sequencing, the Gag region
was amplified from the RNA by using the SuperScript IIT One-Step RT-
PCR System with Platinum Tag DNA Polymerase (Invitrogen) and Gag-
specific primers, and then the second PCR was done. We prepared the
Gag-specific primer sets shown below. For clone sequencing, 5'-TTTTT
GACTAGCGGAGGCTAGAA-3' and 5'-CACAATAGAGGGTTGCTAC
TGT-3' were used for the first PCR and 5'-GGGTGCGAGAGCGTCGG
TATTAAGC-3" and 5'-TAAGTTCTTCTGATCCTGTCTG-3' for the
second PCR. For bulk sequence, 5'-TCTCTCGACGCAGGACTC-3" and
5-AGGGTTCCTTTGGTCCTTGT-3" were employed for the reverse
transcription (RT)-PCR and 5'-TCTCTCGACGCAGGACTC-3" and 5’-
TCTCCTACTGGGATAGGTG-3' for the second PCR. All DNA sequenc-
ing was performed by using a BigDye Terminator cycle-sequencing kit
(Applied Biosystems) and an ABI Prism 310 or 3100 genetic analyzer.

RESULTS
Selection of the 3R mutation by WT epitope-specific CD8* T
cells in individuals infected with WT virus. We investigated 12
HIV-1-infected HLA-A#24:02" individuals who could be moni-
tored from the early to the chronic phases of their infections. We
first analyzed the sequence of the Gag28 epitope at an early phase
in the 12 HIV-1-infected HLA-A#24:02% individuals. The WT
sequence of the Gag28 epitope was detected in 4 of these individ-
uals, whereas 3R was found in the other 8, suggesting that the
former and the latter individuals had been infected with WT and
3R viruses, respectively (Table 1). This is consistent with a previ-
ous finding that the 3R mutant is found in approximately 70% of
HIV-1-infected HLA-A%24:02" individuals (30). We investigated
the elicitation of Gag28-specific CD8" T cells in the individuals
infected with WT virus. PBMCs from these individuals at early
and chronic phases were stimulated with WT or 3R peptide and
then cultured for 2 weeks. The frequency of Gag28-specific CD8*
T cells among the cultured cells was measured by performing the
ICCassay using WT and 3R peptides. Gag28-specific CD8* T cells
were detected at the early phase in 3 of the 4 individuals when the
PBMCs were stimulated with WT peptide (Table 2). In 2 individ-
uals, i.e., KI-092 and KI-161, Gag28-specific CD8* T cells were
much more WT specific than 3R mutant specific, whereas in KI-
158 they recognized both peptides, but especially the WT peptide
(Fig. 1). On the other hand, cross-reactive CD8*" T cells were
induced in KI-092 and KI-161 when their PBMCs had been stim-
ulated with 3R peptide, although the frequency of cross-reactive
CD8* T cells induced by stimulation with 3R peptide was lower
than that of WT-specific cells induced by stimulation with WT
peptide. The 3R peptide failed to induce Gag28-specific CD8* T
cells in PBMCs from KI-158. Thus, WT-specific CD8% T cells
were predominantly elicited at an early phase in the individuals
infected with WT virus, although a small but significant number
of cross-reactive T cells were also elicited in them.

To clarify the specificity of Gag28-specific CD8* T cells at the
early phase in KI-092 and KI-161, we generated Gag28-specific
CTL clones by stimulating early-phase PBMCs from KI-092 and
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TABLE 1 Sequence at Gag30 in 12 HLA-A*24:027 individuals with an
early-phase HIV-1 infection

Sampling date Gag30

Patient ID? (molday/yr) sequence Method
KI-091 12/13/2000 3R Cloning
12/27/2000 3R Direct
1/712002 3R Direct
7/9/2003 3R Cloning
9/29/2004 3R Cloning
8/4/2005 3R Cloning
KI-092 1/22/2001 WT Cloning
11/21/2001 WT Cloning
12/10/2002 WT/3R Cloning
8/14/2003 3R Cloning
KI-102 5/11/2001 WT Direct
71512004 WT Direct .
3/28/2005 WT Direct
KI-126 7/19/2001 3R Direct
1/18/2002 3R Direct
11/15/2004 3R Direct
9/12/2005 3R Direct
KI-134 10/25/2001 3R Direct
6/30/2004 3R Direct
KI-136 10/29/2001 3R Direct
7/10/2003 3R Direct
KI-140 11/08/2001 3R Direct
KI-151 5/2/2001 3R Direct
8/28/2003 3R Direct
KI-154 4/12/2002 3R Direct
KI-158 6/14/2002 WT Direct
10/11/2002 WT Direct
8/25/2003 WT Direct
11/14/2003 WT/3R Direct
2/23/2004 3R/WT Direct
11/1/2004 3R Direct
4/4/2005 3R Direct
KI-161 2/15/2002 WT Direct
9/12/2002 WT Direct
3/4/2003 WT Direct
9/30/2003 WT/3R Direct
5/6/2004 3R Direct
1/27/2005 3R Direct
6/16/2005 3R Cloning
KI-163 8/30/2002 3R Direct
9/27/2004 3R Direct

21D, identifier.

KI-161 with the WT peptide. The CTL clones from KI-092 showed
amuch greater ability to kill cells prepulsed with WT peptide than
to kill those prepulsed with the 3R peptide (Fig. 2A), suggesting
that they were WT-specific CTLs. To further clarify the specificity
of these T cell clones, we investigated the binding affinity of the
clones for WT peptide-binding HLA-A*24:02 tetramer (WT te-
tramer) and 3R peptide-binding HLA-A#%24:02 tetramer (3R te-
tramer). These clones exhibited much greater binding ability to
the WT tetramer than to the 3R tetramer (Fig. 2B). These results
together indicate that these were WT-specific CTL clones. We
further analyzed the abilities of these clones to recognize HIV-1-
infected cells. These CTL clones effectively killed WT-virus-
infected cells, but not the 3R virus-infected cells (Fig. 2C), and
showed the ability to suppress the replication of WT virus, but not
to suppress that of the 3R virus (Fig. 2D). WT-specific CD8* T cell
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TABLE 2 Responses of CD87 T cells from individuals infected with WT virus to WT or 3R peptide

% IFN-vy-producing cells specific

) Virus sequence [mo/day/yr (type)] PBMC sampling date PBMGs cultured for each peptide among
Patient ID © o CD8* T cellg®
(mo/day/yr) with:
Early phase Chronic phase Without WT 3R
KI-092 1/22/2001 (WT) 8/14/2003 (3R) 5/24/2001 WT 0.2 34.4 13.7
3R 0.1 12.1 16.8
2/3/2003 WT 0.2 5.8 4.2
3R 0.6 0.3 0.3
KI-102 5/11/2001 (WT) 3/28/2005 (WT) 7/11/2001 WT 1.0 0.6 1.1
3R 1.1 1.5 2.0
71512004 WT 0.2 28.7 9.3
3R 0.6 0.7 0.6
KI-158 6/14/2002 (WT) 4/4/2005 (3R) 10/11/2002 WT 1.4 19.3 24.6
3R 0.1 0.5 0.4
4/4/2005 WT 0.3 23.3 23.8
3R 0.4 18.8 20.9
KI-161 2/15/2002 (WT) 6/16/2005 (3R) 7126/2002 WT 0.0 74.5 8.0
3R 0.2 55.1 41.8
5/6/2004 WT 0.1 21.4 4.9
3R 0.2 42.5 43.9

@ Without, without peptide. Boldface, positive IFN-y-producing response.

clones established from early-phase PBMCs of KI-161 also
showed a similar ability to kill WT virus-infected and 3R virus-
infected cells (Fig. 3). In these individuals, the 3R mutant virus
became dominant 1 to 2 years after the early phase (Table 1).
Taken together, these findings suggest that the 3R mutation was
selected by WT-specific CTLs.

The 3R virus was not detected by approximately 4 years postin-
fection in KI-102, who had been infected with the WT virus (Table
1). This individual did not have Gag28-specific CD8* T cells at an
early phase of the HIV-1 infection (Fig. 1). Interestingly, only
WT-specific CD8" T cells were induced from PBMCs of this pa-
tient 2.5 year later. Thus, WT-specific CD8* T cells did not select
3R within about 2 years after the WT-specific CD8* T cells had
been elicited in the patient.

Cross-reactive CD8* T cells in individuals who had been in-
fected with WT virus and had selected 3R virus. We investigated
whether the 3R-specific or cross-reactive CD8* T cells were elic-
ited after the 3R mutant had been selected in individuals who had
been infected with the WT virus. In KI-158, no Gag28-specific
CD8* T cells were induced from early-phase PBMCs stimulated
with the 3R peptide, whereas cross-reactive CD8" T cells were
induced from chronic-phase PBMCs stimulated with WT peptide
or 3R peptide (Fig. 1). In KI-161, Gag28-specific CD8" T cells
recognizing WT peptide more than the 3R peptide were induced
from early-phase PBMCs stimulated with WT peptide or the 3R
peptide, whereas cross-reactive CD8* T cells were predominantly
induced from chronic-phase PBMCs stimulated with the 3R pep-
tide (Fig. 1). These results indicate that cross-reactive CD8* T
cells became dominant in the Gag28-specific CD8* T cell popu-
lation after the emergence of the 3R virus in these 2 individuals.

To investigate the function of these cross-reactive CD8* T
cells, we generated Gag28-specific CTL clones from PBMCs at a
chronic phase in KI-161 by stimulating them with the 3R peptide.
The CTL clones evenly recognized both WT and the 3R peptides
(Fig. 3A) and showed the same binding affinity to the 2 tetramers
(Fig. 3B). These results suggest that the two peptides had the same
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binding affinity for HLA-A#%24:02. They effectively killed WT-
virus-infected cells and weakly killed the 3R virus-infected cells
(Fig. 3C), whereas they suppressed the replication of the WT virus
but not that of the 3R virus (Fig. 3D). These results indicate that
these cross-reactive CTLs contributed to the selection of the 3R
virus. In addition, the results strongly suggest weak presentation
of the 3R peptide in the cells infected with 3R virus, because the
cross-reactive CTL clones had TCR with the same binding affinity
for both HLA-A#24:02-WT peptide and HLA-A*24:02-3R pep-
tide complexes and because WT and 3R peptides had the same
binding affinity for HLA-A#24:02. This reduced presentation may
have affected the control of 3R virus by the cross-reactive CTLs.

Gag28-specific T cell repertoire in an individual infected
with WT virus. The results in Fig. 1 suggest that both WT-specific
and cross-reactive CD8™ T cells were elicited at an early phase of
HIV-1 infection in 3 individuals infected with WT virus (KI-092,
KI-158,and KI-161). To characterize Gag28-specific CTLs elicited
at that time, we established Gag28-specific CTL clones from
PBMC:s at an early phase in KI-161 by stimulating them with the
WT peptide. We found 3 types of CTL clones among the 8 clones
analyzed. As shown in Fig. 3A, 3 clones effectively recognized the
WT peptide but not the 3R peptide (WT specific), 3 clones recog-
nized the WT peptide more than the 3R peptide (WT dominant),
and 2 clones evenly recognized both peptides (cross-reactive). We
next investigated the binding affinity of TCRs on these clones to
WT tetramer and 3R tetramer. The results confirmed the specific-
ity of these 3 types of CTL clones (Fig. 3B). These results together
indicate that KI-161 had a multiple T cell repertoire for the Gag28
epitope before the 3R virus had been selected.

Next, we analyzed the abilities of these T cell clones to kill
HIV-1-infected cells. The WT-specific and WT-dominant CTL
clones effectively killed the target cells infected with WT virus but
failed to kill those infected with the 3R virus (Fig. 3C, left and right
graphs under early phase). On the other hand, cross-reactive CTL
clones weakly killed the target cells infected with the 3R virus and
effectively killed those infected with the WT virus (Fig. 3C, middle

Journal of Virology



62

KI-092

CTLs Recognizing HIV-1 Escape Mutant

KI-158

05/24/2001 02/03/2003 10/11/2002 04/04/2005
1 407 1 407
:2 1 35 . 357
WT peptide- :: ii : §§ :
induced 20 20 20 1
bulk CTLs 15+ 151 45
101 101 10

5

g

5 -

0 , 0
@ 04 1 10 1001000 0 04 1 10 100 1000 0 04 41 10 1001000 0 0.4 1 10 400 1000
40 7 49 7 407 40
35 357 351 351
o 2 30 30 - 20 - 30
3%_2 peptide- T s 95 4 251 251
1nduced b 20 20 20
bulk CTLs &, 151 15 15
o 10 10 10
O 5 5 5
2 o S o
g 0 04 1 10 1601000 O o4 1 10 100 1000 0 04 1 10 1001000 g 04 1 40 100 1000
o
@ ; & WT peptide
3 KiI-102 KI-161 & 3R peptide
o
&
E 07/11/2001 07/05/2004 07/26/2002 05/06/2004
T3 A0 407 80 80
g 35+ 35+ 70 707
WT peptide- * ¥ o ] oo
; ; = 25 25 50 50
induced L 5 20 401 407
bulk CTLs 5 151 151 30+ 307
& 107 10- 20 26 2
5 5 10 101
QM o 0 : " 0 B
0 04 4 10 10040600 0 04 4 40 100 1000 0 01 41 10 100 1000 0 01 1 40 1001000
40 407 801 801
351 351 701 707
e 30+ 30+ 601 ot -
3{-'2 peptide- 251 251 50 50
induced 20+ 201 40 401
bulk CTLs 157 151 30 304
10 10 201 20+
5 5 10 101
o=l pspmopem 0 0

o 61 1 10 100 1000 o 01 1

16 100 1000 0 04 1

10 100 1000 0 0.1 1 10 100 1000

Peptide concentration (nM)

FIG 1 Gag28-specific CD8* T cells from individuals infected with WT virus at early and chronic phases. Gag28-specific CD8* T cells were induced by
stimulating PBMCs from early and chronic phases in 4 WT-virus-infected HLA-A#24:02" individuals with WT or 3R peptide. The responses of these bulk-
cultured cells to CIR-A2402 cells prepulsed with WT or 3R peptide at concentrations of 0.1 to 1,000 nM were analyzed by using the ICC assay.

graphs under early phase). Then, we analyzed the abilities of these
CTL clones to suppress HIV-1 replication. Both WT-specific and
cross-reactive CTL clones effectively suppressed the replication of
the WT virus, whereas WT-specific and cross-reactive CTL clones
exhibited no and weak ability, respectively, to suppress that of the
3R virus (Fig. 3D). These results indicate that WT-specific and
cross-reactive CTLs could suppress the replication of the WT virus
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but that the former CTLs could not suppress the 3R virus in vivo.
The latter CTLs may weakly suppress 3R virus in vivo. Interest-
ingly, the WT-dominant CTL clones exhibited much weaker abil-
ity to suppress the replication of WT virus than did the WT-
specific and cross-reactive CTLs (Fig. 3D), although no difference
in killing activity against WT-virus-infected cells was found
among these 3 CTL clones. Overall, KI-161 had a multiple Gag28-
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FIG 2 Antiviral activity of Gag28-specific CTL clones generated from early-
phase PBMCs from patient KI-092, infected with WT virus. Gag28-specific
CTL clones were generated from early-phase PBMCs from KI-092 by stimu-
lating them with WT peptide. The activities of 3 CTL clones (1 = 3) were
analyzed. (A) Cytotoxic activity toward 721.221-CD4-A2402 cells prepulsed
with the WT or 3R peptide at concentrations of 1 to 1,000 nM. The cytotoxic
activity was measured at an E:T ratio of 1:1. (B) Binding affinity to WT and 3R
tetramers at concentrations of 1 to 100 nM. The MFI values of the T cell clones
are shown. (C) Cytotoxic activity against 721.221-CD4-A2402 cells infected
with NL-432gags™ (WT virus) or NL-432gag5"2-3R (3R virus). WT-virus-
infected (49.1% of total cells were p24 Ag™) and 3R virus-infected (48.6% of
total cells were p24 Ag™) cells were used as target cells. The cytotoxic activity
was measured at E:T ratios of 0.5:1, 1:1, and 2:1. (D) Abilities of the clones to
suppress the replication of WT or 3R viruses. The ability was tested at different
E:T ratios. The error bars indicate standard deviations.

specific CTL repertoire at an early phase of HIV-1 infection, but
only 2 types of Gag28-specific CTLs, which were the majority
among the Gag28-specific CTLs, contributed to the suppression
of WT virus replication.

Cross-reactive CD8* T cells and 3R-specific CD8* T cells in
individuals who were infected with 3R virus. Next, we analyzed
the elicitation of Gag28-specific CD8* T cells in 5 individuals
infected with the 3R virus. Gag28-specific CD8" T cells were de-
tected at both early and chronic phases in 3 individuals, whereas
they were found at only the chronic phase in the other 2 (Table 3).
Cross-reactive CD8™ T cells were induced by stimulating KI-091
PBMCs from both early and chronic phases, not only with 3R
peptide, but also with WT peptide. To characterize Gag28-specific
CD8* T cells in KI-091, we generated Gag28-specific CTL clones
from PBMCs at a chronic phase in KI-091 by stimulating them
with 3R peptide. We investigated the recognition of 3 CTL clones
for WT and 3R peptides. These CTL clones evenly recognized both
peptides (Fig. 4A) and revealed the same binding affinity for the 2
tetramers (Fig. 4B), indicating that they were cross-reactive CTLs.
They moderately killed target cells infected with either WT or 3R
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virus (Fig. 4C) but did not suppress the replication of the WT and
3R viruses (Fig. 4D). Thus, Gag28-specific CD8" T cells elicited in
KI-091 had no ability to suppress the replication of WT and 3R
viruses. Further analysis of 13 other clones revealed similar char-
acteristics (data not shown), supporting the data indicating that
cross-reactive CTLs were predominantly elicited in KI-091.

In the chronic phase, KI-091 had cross-reactive CD8% T cells,
whereas 3R-specific CD8* T cells were found in 4 other individ-
uals (Table 3). To characterize these 3R-specific CD8* T cells, we
generated 3R-specific CTL clones from KI-163 PBMCs at the
chronic phase by stimulating them with 3R peptide. All 3 clones
recognized the 3R peptide much more effectively than the WT
peptide (Fig. 4A). These CTL clones bound to 3R tetramer, but not
to WT tetramer (Fig. 4B), indicating that these CTL clones carried
a 3R-specific TCR. In addition, we analyzed the abilities of these
CTL clones to recognize virus-infected cells and found that they
effectively killed target cells infected with 3R virus, but not those
infected with WT virus (Fig. 4C). However, they failed to suppress
the replication of either 3R or WT virus (Fig. 4D). These results
indicate that Gag28-specific CD8* T cells elicited in all individuals
infected with 3R virus had no ability to suppress the replication of
WT or 3R virus. Thus, Gag28-specific CD8" T cells seem to have
failed to control the 3R virus, although they were elicited in indi-
viduals infected with the 3R virus.

High accumulation of the 3R variant in the Japanese popula-
tion. The results described above strongly suggest that WT-
specific and cross-reactive CD8* T cells selected the 3R mutation
in the individuals infected with the WT virus and that 3R-specific
and cross-reactive CD8" T cells failed to control the 3R virus in
the individuals infected with it. Therefore, we assume that this 3R
mutation has accumulated in the HLA-A#24:02* individuals. In
addition, since HLA-A#24:02 is found in approximately 70% of
Japanese, we speculate that the mutation has accumulated to high
levels in the Japanese population.

A previous study analyzed the frequency of 3R in only 32 HLA-
A#24:02% and 26 HLA-A#24:02~ individuals chronically infected
with HIV-1 and showed that the frequency of 3R was significantly
higher in HLA-A#%24:02% individuals than in the HLA-A#24:02~
individuals (30). To confirm the association of this mutation with
HLA-A*24:02, we analyzed a large number of chronically HIV-1-
infected nonhemophiliac individuals (220 HLA-A#24:02% and
154 HLA-A#24:027 individuals) recruited from April 2008 to
March 2011 (2008 to 2011 cohort). The results confirmed that the
frequency of 3R was significantly higher in HLA-A%24:02% indi-
viduals than in the HLA-A*24:02~ individuals (P < 0.0005) (Fig.
5). Since 3R was found in 74.7% of the HLA-A*24:02~ individuals
in this cohort, we speculate that the mutation has been accumu-
lating in the Japanese population. Therefore, we analyzed HIV-1-
infected nonhemophiliac Japanese individuals who had been re-
cruited from 1996 to 2002 (1996 to 2002 cohort), as well as
Japanese hemophiliacs who had been infected around 1983 (he-
mophiliac cohort), and then compared them to the 2008 to 2011
cohort (Fig. 5). The association of this mutation with HLA-
A%24:02 was also found in both the 1996 to 2002 cohort and the
hemophiliac cohort (P < 0.01 and P = 7.4 X 1077, respectively).
The frequency of this mutation in HLA-A#24:027 individuals sig-
nificantly increased from 0% in the hemophiliac cohort to 50.0%
in the 1996 to 2002 cohort (P = 0.0084) and to 74.7% in the 2008
to 2011 cohort (P = 2.6 X 10~7). These results indicate that the 3R
mutation was strongly selected by Gag28-specific CTLs and has
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FIG 3 Antiviral activities of Gag28-specific CTL clones generated from PBMCs of patient KI-161, infected with WT virus. Gag28-specific CTL clones were
generated from early-phase and chronic-phase PBMCs isolated from KI-161 after stimulating them with the WT and 3R peptides, respectively. Three types of
Gag28-36-specific CTL clones, i.e., WT specific (left), cross-reactive (middle), and WT dominant (right), were generated from the early-phase PBMCs. (A)
Cytotoxic activity against 721.221-CD4-A2402 cells prepulsed with the WT or 3R peptide at concentrations of 1 to 1,000 nM. The cytotoxic activity was measured
atan E:T ratio of 1:1. (B) Binding affinity toward WT and 3R tetramers at concentrations of 1 to 100 nM. The MFIs of the T cell clones are shown. (C) Cytotoxic
activity against 721.221-CD4-A2402 cells infected with WT virus or 3R virus. WT-virus-infected (49.0% of total cells were p24 Ag™) and 3R-virus-infected
(50.0% of total cells were p24 Ag™) cells were used as target cells. The cytotoxic activity was measured at E:T ratios of 0.5:1, 1:1, and 2:1. (D) Abilities of the clones
to suppress the replication of WT or 3R virus. The ability was tested at different E:T ratios. n, number of clones tested. The error bars indicate standard deviations.

been accumulating during the past 30 years in the Japanese pop-

ulation.

It is well known that some escape mutations affect replication
capacity and that HIV-1 containing such mutations reverts to WT
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in individuals not carrying HLA class I restriction alleles (23, 32).
We previously showed that the 3R mutation does not affect repli-
cation capacity when 2 T cell lines are used in an assay measuring
it (46). Since a different effect of mutations on replication capacity
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TABLE 3 Responses of CD87" T cells from individuals infected with 3R virus to WT or 3R peptide

% IFN-vy-producing cells specific

Pationt ID Virus sequence [mo/day/yr (type)] PBMC sampling date PBMCs cultured for each peptide
(mo/day/yr) with: among CD8* T cells®
Early phase Chronic phase Without WT 3R
KI-091 12/13/2000 (3R) 8/4/2005 (3R) 12/13/2000 WT 0.2 74.6 71.2
3R 0.3 55.4 71.9
9/29/2004 WT 0.2 77.7 65.5
3R 0.2 61.1 69.3
KI-134 10/25/2001 (3R) 6/30/2004 (3R) 10/25/2001 WT 0.4 0.6 0.8
3R 1.0 1.1 5.7
1/21/2004 WT 0.8 1.0 0.7
3R 0.7 0.6 2.0
KI-136 10/29/2001 (3R) 7/10/2003 (3R) 10/29/2001 WT 0.1 0.4 0.2
3R 0.1 0.2 0.2
5/15/2003 WT 0.4 0.8 0.4
3R 0.1 0.2 24.8
KI-151 2/15/2002 (3R) 6/16/2005 (3R) 11/21/2001 WT 0.3 0.7 0.8
3R 0.7 0.6 10.8
7/28/2004 WT 0.4 0.7 1.3
3R 0.1 0.1 44.5
KI-163 8/30/2002 (3R) 9/27/2004 (3R) 8/30/2002 WT 0.2 0.3 0.2
3R 0.2 0.4 0.2
8/29/2005 WT 0.3 0.5 0.2
3R 0.4 0.6 6.9

« Without, without peptide. Boldface, positive IFN-y-producing response.

between cell lines and CD4™ T cells from a healthy individual is
known (23), we measured the replication capacity of the 3R virus
by using CD4™" T cells from a healthy individual. The results con-
firm that this mutation did not affect the replication capacity (Fig.
6), suggesting that the 3R mutant could not revert in HLA-A#*24:
02~ individuals.

DISCUSSION

It is known that CTLs recognizing escape mutants are elicited after
the escape mutant had been selected by WT epitope-specific CTLs
(2,4, 12, 15, 33, 39) or in new escape mutant virus-infected hosts
having the same restricted HLA allele (15). However, since the
CTLs recognizing escape mutants have been not well analyzed, the
role of these CTLs in the control of HIV-1 infections remains
unclear. In the present study, we investigated 2 groups, HLA-
A#24:027 individuals infected with WT virus and those infected
with 3R escape mutant virus. We found that both WT-specificand
cross-reactive CD8* T cells were elicited in individuals infected
with WT virus. Interestingly, cross-reactive T cells had been elic-
ited before the emergence of the 3R escape mutant virus, though a
similar finding was made in previous studies that analyzed other
epitope-specific CTLs (18, 25, 26, 34). The present study shows
that WT-specific CD8* T cells were predominantly elicited in an
early phase of the infection and that the number of cross-reactive
CD8* T cellsincreased in the chronic phase. The CTL clones from
early and chronic phases in KI-161 showed similar abilities to kill
WT virus-infected or 3R virus-infected cells and activities to sup-
press both viruses, suggesting that cross-reactive CD8* T cells
elicited at the early phase were expanded via antigen presentation
by 3R virus-infected cells at the chronic phase.

WT-specific and cross-reactive CTL clones from KI-092 and
KI-161 at an early phase of the infection effectively killed WT-
virus-infected cells and suppressed the replication of the WT vi-
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rus, whereas they exhibited no and weak ability, respectively, to
suppress that of the 3R virus. Cross-reactive CTL clones had the
same ability to suppress the replication of WT virus as did the
WT-specific CTL clones. These results strongly suggest that both
CTLs selected the 3R virus in these individuals infected with the
WT virus. The 3R virus was not selected within at least 1 year after
Gag28-specific CTLs had been detected in the individuals infected
with the WT virus. This finding indicates that the 3R mutation was
more slowly selected by these CTLs than escape mutants selected
at an acute phase of the infection (16, 19, 34, 44, 45). On the other
hand, a previous study suggested that acute accumulation of mu-
tations in this epitope occurs after an HIV-1 infection (6). How-
ever, the data shown in that study concerned mutations contained
at position 1 of the epitope. In addition, those data may have
included cases in which the individuals had been infected with the
3R mutant virus, because it may be assumed that 3R virus had accu-
mulated in the cohorts analyzed. Cross-reactive CTL clones estab-
lished from PBMCs at both early and chronic phases of KI-161 killed
3R virus-infected cells, though the killing activity against the 3R virus-
infected cells was weaker than that against the WT virus-infected cells.
These CTL clones weakly suppressed the replication of the 3R virus
(Fig. 3C). This weak ability to suppress it might have delayed the
emergence of the 3R mutation in these patients.

WT-specific CTLs were not induced by stimulation of early- or
chronic-phase PBMCs from the 5 individuals in which the 3R
mutation had been detected at the early phase with WT peptides.
This finding supports the possibility that these individuals had
been infected with the 3R virus. Only KI-091 had cross-reactive T
cells at early and chronic phases of the infection. All CTL clones
established from this patient had cross-reactivity, implying that
the patient had been infected with WT virus and that 3R had been
selected at an early phase. However, WT-specific CTL clones were
not established from this patient. In addition, the cross-reactive
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FIG 4 Antiviral activities of cross-reactive and 3R-specific CTL clones gener-
ated from patients KI-091 and KI-163 infected with 3R virus. Gag28-specific
CTL clones were generated from chronic-phase PBMCs isolated from patients
KI-091 and KI-163 after their stimulation with 3R peptide. The following
activities of these CTL clones were analyzed. (A) Cytotoxic activity against
721.221-CD4-A2402 cells prepulsed with the WT or 3R peptide at concentra-
tions of 1 to 1,000 nM. The cytotoxic activity was measured at an E:T ratio of
1:1. (B) Binding affinity toward WT and 3R tetramers at concentrations of 1 to
100 nM. The MFIs of the T cell clones are shown. (C) Cytotoxic activity against
721.221-CD4-A2402 cells infected with WT virus or 3R virus. WT-virus-
infected and 3R virus-infected cells were used as target cells. The frequency of
p24 Ag® cells among the HIV-1-infected cells was as follows: WT-virus-
infected cells, 49.1% and 43.1% for CTL clones from KI-091 and
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FIG 5 Frequencies of the 3R mutation in a Japanese hemophiliac cohort and
nonhemophiliac cohorts recruited from 1996 to 2002 and from 2008 to 2011.
The frequencies of mutations at position 3 of the Gag28 epitope in chronically
HIV-1-infected HLA-A#24:02% or HLA-A%24:02~ hemophiliac individuals
and nonhemophiliac individuals recruited from 1996 to 2002 or from 2008 to
2011 are shown. The consensus sequence of this epitope in HIV-1 subtype B is
KYKLKHIVW. The frequency of the 3R mutation between HLA-A#24:02+
and HLA-A#24:02~ subjects in each cohort or that in HLA-A#24:02" or HLA-
A#24:02~ subjects among the 3 cohorts was statistically analyzed by using
Fisher’s exact test.

CTL clones established from KI-091 did not have the ability to
suppress the replication of the WT virus, although the CTL clones
from individuals who had been infected with the WT virus had
strong ability to suppress it. These findings suggest that this pa-
tient had been infected with the 3R virus rather than with the WT
virus. However, it remains unknown why 3R-specific CTLs were
elicited in the other 4 individuals but not in this patient. Thus, the
abilities of CTLs to respond to WT peptide and to suppress the
replication of WT virus together supported the idea that the indi-
viduals who had 3R virus in the early phase had been infected with
3R virus, although the possibility that they had been infected with
WT virus cannot be completely excluded.

The 3R mutant epitope peptide would have been processed
and presented to 3R-specific CTLs in 3R virus-infected cells, since
3R-specific and cross-reactive CTL clones effectively killed 3R
virus-infected cells. However, these CTL clones failed to suppress
the replication of the 3R virus. 721.221-CD4-A2402 cell lines were
used as target cells for the killing assay, whereas CD4* T cells from
healthy individuals were used for the replication suppression as-
say. The former cells express HLA-A#*24:02 to a much higher de-
gree than the latter cells. This difference between the 2 cell lines
may account for the discrepancy of the results between the 2 as-
says. 3R-specific CTL clones failed to suppress the replication of
the 3R virus, whereas cross-reactive CTLs from the individuals

KI-163, respectively, and 3R-virus-infected cells, 48.6% and 45.6% for CTL
clones from KI-091 and KI-163, respectively. The cytotoxic activity was mea-
sured at E:T ratios of 0.5:1, 1:1, and 2:1. (D) Abilities of the clones to suppress
the replication of WT or 3R virus. The abilities were tested at different E:T
ratios. n, number of clones tested. The error bars indicate standard deviations.
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FIG 6 Replication kinetics of WT and 3R viruses in CD4™ T cells. CD4* T
cells (2 X 10°) isolated from PBMCs from a healthy donor were infected with
WT or 3R virus in triplicate at a blue-cell-forming unit of 500 (in MAGIC-5
cells) in a total volume of 0.2 ml and then incubated at 37°C for 2 h. The
infected cells were washed twice with R10 and then cultured in 1 ml of com-
plete medium plus rIL-2 at 37°C. A 0.1-ml volume of the culture supernatants
was collected at days 2 to 10 postinfection. The concentration of p24 Ag was
measured by using ELISA.

infected with WT virus effectively suppressed the replication of
the WT virus but failed to suppress that of the 3R virus. These
findings suggest that 3R virus-infected CD4% T cells could not
effectively present the 3R mutant epitope. This finding also suggests
that 3R virus-infected CD4*% T cells were not the main source of
antigen-presenting cells in 3R virus-infected individuals. A previous
study showed that HIV-1-infected macrophages effectively present
HIV-1 epitopes more than HIV-1-infected CD4* T cells (14), imply-
ing that 3R virus-infected macrophages are the main antigen-
presenting cells and contribute to the elicitation of 3R-specific and
cross-reactive CTLs in 3R virus-infected individuals. A further study
should clarify the role of macrophages in the elicitation of 3R-specific
and cross-reactive CTLs in 3R virus-infected individuals.

Cross-reactive CTLs were found in individuals infected with
the WT virus or with the 3R virus. The CTL clones established
from individuals infected with the WT virus had a strong ability to
kill WT-virus-infected cells and to suppress the replication of the
WT virus, whereas those established from an individual infected
with the 3R virus showed moderate ability to kill WT-virus-
infected cells and no ability to suppress the replication of WT
virus. These findings indicate that cross-reactive CTLs from an
individual infected with the 3R virus may have had less ability to
recognize the WT epitope than those from an individual infected
with the WT virus. Indeed, the former CTL clones exhibited lower
sensitivity to reaction with WT peptide-pulsed cells than the latter
CTLs, indicating that cross-reactive CTLs elicited in individuals
infected with the WT virus had higher-affinity TCRs for WT pep-
tide than those in an individual infected with the 3R virus. In
addition, the latter CTL clones weakly killed 3R virus-infected
cells, whereas the former clones showed the same killing activity
against 3R virus-infected cells as against WT-virus-infected cells.
Thus, cross-reactive CTLs in individuals infected with 3R virus
have different characteristics than those in individuals infected
with the WT virus. This finding suggests that cross-reactive CTLs
elicited in individuals infected with the WT virus had TCRs with
higher affinity for WT and 3R peptides than those in individuals
infected with the 3R virus.
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Japanese hemophiliacs were infected with HIV-1 via blood
products from the United States around 1983, and HLA-A#24:02
is a rare allele in North America. Therefore, it may be speculated
that HIV-1 in the blood product had not yet accumulated escape
mutations. Indeed, the 3R mutation was not found in the 12 HLA-
A#24:02~ hemophiliacs tested, though other amino acid variants
at position 3 were detected in 2 of these hemophiliacs. This muta-
tion was found in 50.0% of HLA-A#%24:02~ individuals in the 1996
to 2002 cohort and in 74.7% of those in the 2008 to 2011 cohort,
indicating that the mutation had accumulated in the Japanese
population. The frequency of this mutation in HLA-A%24:02~
individuals thus increased about 1.5-fold during the approxi-
mately 10-year period between these 2 nonhemophiliac cohorts.
Thus, the mutation greatly accumulated over the last 10 years.
Since HLA-A#*24:02 is found in approximately 70% of Japanese,
the high prevalence of the allele is the cause of the high accumu-
lation of the 3R mutation in the Japanese population. In addition,
this high accumulation resulted not only from a strong selection of
the 3R mutation by WT-specific and cross-reactive CTLs elicited
in the donors infected with WT virus, but also from a lack of
reversion of the mutation in the HLA-A#%24:02~ individuals.

Our previous study concerning HLA-A#24:02-restricted
Nef138-specific CTLs demonstrated that only WT epitope-
dominant CTLs, which suppress the replication of WT virus but
fail to suppress that of mutant virus, are elicited at an early phase
in HLA-A%24:02" individuals infected with the WT virus and that
mutant-epitope-dominant CTLs but not cross-reactive CTLs are
elicited after the emergence of the mutant virus in them (15). In
addition, only mutant-epitope-dominant CTLs are elicited in
those individuals infected with the mutant virus. The mutant-
epitope-dominant CTLs suppress the replication of WT virus but
weakly suppress that of mutant virus (15). Thus, Nef138-specific
CTLs elicited in individuals infected with WT or mutant viruses
had different characteristics in terms of the recognition of WT and
mutant epitopes than the Gag28-specific CTLs analyzed in the pres-
ent study. The difference between Nefl38-specific and Gag28-
specific CTLs might be explained by a different CTL repertoire elic-
ited at an early phase. These 2 studies suggest the elicitation of various
HIV-1-specific CTLs in regard to recognition of escape mutations.

In the present study, we demonstrated that WT-specific and
cross-reactive CTLs were elicited at an early phase in individuals
infected with the WT virus and that cross-reactive CTLs were
dominant in Gag28-specific CTLs after the emergence of the 3R
virus. On the other hand, 3R-specific and cross-reactive CTLs
were elicited in individuals infected with the 3R virus, though the
former CTLs were predominantly elicited in these individuals.
The CTLs elicited in the individuals infected with the WT virus,
which had a strong ability to suppress the replication of WT virus,
played a central role in the accumulation of the 3R mutation. In
contrast, the CTLs elicited in those infected with 3R virus, which
failed to suppress the replication of WT and 3R viruses, did not con-
tribute to the control of the 3R virus infection. In addition, the high
prevalence of HLA-A#24:02 and lack of effect of the 3R mutation on
viral fitness may have strongly contributed to the high accumulation
of the mutation in HIV-1-infeceted Japanese individuals.
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Efficacy and safety of once-daily ritonavir-boosted
darunavir and abacavir/lamivudine for treatment-
naive patients: a pilot study

Takeshi Nishijima®®, Kunihisa Tsukada?, Katsuiji
Teruya?, Hiroyuki Gatanaga®®, Yoshimi Kikuchi® and
Shinichi Oka®"

The efficacy and safety of once-daily darunavir/
ritonavir and fixed-dose abacavir/lamivudine was
examined in 22 treatment-naive patients with
HIV-1 infection. Three patients discontinued anti-
retroviral therapy due to mild adverse events.
Among 18 patients who continued therapy,
66.7% had viral load less than 50 copies/ml at week
48. Only two patients experienced virologic failure
with the emergence of resistant virus. This pilot
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study demonstrated the viral efficacy and safety of
darunavir/ritonavir and abacavir/lamivudine.

Only very little information is available on the efficacy and
safety of the combination antiretroviral therapy (ART) of
ritonavir-boosted darunavir (DRV/r) and fixed-dose
abacavir/lamivudine (ABC/3TC) [1]. DRV/r 1s a protease
inhibitor with proven efficacy and safety as well as with a
high barrier to drug resistance [2,3]. ABC/3TC is an
alternative choice of nucleoside reverse transcriptase
inhibitor (NRTT) backbone in the American Department
of Health and Human Services (DHHS) Guidelines and is
the other preferred backbone regimen for treatment-natve
patients in other international guidelines [4,5]. In this pilot
study, we evaluated the efficacy and safety of DRV/r and
ABC/3TC for treatment-naive patients in a single-center,
observational cohort.

The participants of this retrospective study were all
treatment-naive patients with HIV infection who com-
menced once-daily DRV/r and fixed-dose ABC/3TC
from November 2009 (when the first patient commenced
such regimen at our clinic) to November 2010 at our clinic
(AIDS Clinical Center, Tokyo, Japan). All patients were
followed for at least 48 weeks after commencement of
treatment at our facility. Baseline data, including age, sex,
mode of infection, ethnicity, CD4 cell count, and HIV
viral load, were collected from the medical charts. The
Cobas TagMan HIV-1 real-time PCR version 1.0 assay
(Roche Diagnostics, NJ) was used to measure HIV-1 viral
load throughout the research period. For those who
discontinued either DRV/r or fixed-dose ABC/3TC
before reaching 48 weeks, the reasons for discontinuation
were collected. All patients provided written informed
consent for the data to be published. Primary outcomes
were the proportion of patients with viral load less than
50 copies/ml at 24 and 48 weeks. Safety parameters
through 48 weeks were also collected.

The study included 22 patients [1 (4.6%) female] of
East Asian origin, with a median age of 34.5 years
[interquartile range (IQR) 27.5-43.8]. The route of
transmission was homosexual intercourse 86.3%, hetero-
sexual 9%, and unknown in one patient. HLA was
examined in 20 patients and all were HLA-B*5701-
negative. Twenty-one patients had HIV-1 drug-resistant
testing before commencement of ART and none had
resistant mutations related to NRTTs, protease inhibitors,
or non-NRTIs. At baseline, the median CD4 cell count
was 47/l QR 27.5-187.8), whereas the HIV viral load
was 5.61 logy, copies/ml (IQR 4.57-6.01 logyo copies/
ml). In three patients, ART was either changed or
discontinued during the study due to adverse events [skin
rash (n=1), vomiting (n=1), and limb paresthesia
(n=1)] and one patient changed the regimen due to a
concern with drug interactions with antipsychotics
before 48 weeks. The skin rash was due to darunavir,
because the rash disappeared after switching darunavir to

raltegravir, while continuing ABC/3TC. This patient was
HLA-B*5701-negative. None presented with ABC-
associated hypersensitivity or with grade 3 or 4 liver
enzyme elevation.

On-treatment analysis of the 18 patients (excluding the
above four patients who discontinued the regimen)
showed 72.2% had viral load less than 50 copies/ml at
week 24 (88.9% viralload <200 copies/ml), and 66.7% had
viral load less than 50 copies/ml at week 48 (88.9% viral
load <200 copies/ml). Intention-to-treatment analysis
showed 59.0% with viral load less than 50 copies/ml at
week 24 (77.3% viral load <200 copies/ml), and 54.6%
with viral load less than 50 copies/ml at week 48 (72.7%
viral load <200 copies/ml) (Fig. 1). Four patients showed
rebounds greater than 200 copies/ml (<1000 copies/ml)
after 24 weeks; two of them were single rebounds and were
considered blips. The other two patients showed two
consecutive viral load greater than 200 copies/ml, fulfilling
the criteria of virological failure (11.1% at 48 weeks). The
latter two patients underwent a genotypic resistance test
that detected, in one case, the reverse transcriptase
mutation M184V and, in the other, the protease mutation
MA461.

In the 12 patients with baseline viral load above 100 000
copies/ml, on-treatment analysis showed viral load of less
than 200 copies/ml at 24 weeks in 10 (83.3%) patients,
and less than 50 copies/ml at both 24 and 48 weeks in
seven (58.3%). In comparison, all six patients with
baseline viral load below 100000 copies/ml showed
suppression of the load to below 50 copies/ml at both
24 and 48 weeks. The median increment in CD4 cell
count at 48 weeks was 187/ul IQR 82.5-264.5/pl).

Discussion

To our knowledge, this is the first published study on the
efficacy and safety of the combination of once-daily
DRV/r and fixed-dose ABC/3TC in treatment-naive
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Fig. 1. Proportions of patients with viral load below
50 copies/ml at 48 weeks with on-treatment and intention-
to-treat (ITT) analysis.
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satients. This combination ART resulted in viral
uppression, although the baseline viral load was above
00000 copies/ml in 66.6% of the patients. Only 13.6%
liscontinued this regimen due to adverse events before
I8 weeks and none of the adverse events was serious.
Considering that most patients in this cohort were at an
wdvanced stage of HIV infection with a low median
saseline CD4 cell count of 47/pl, we conclude that
JRV/r and ABC/3TC is a well tolerated and efficacious
:ombination ART.

The DHHS guidelines for the treatment of HIV infection
n the USA list ABC/3TC as alternative NRTIs since
ibacavir can potentially cause serious hypersensitivity
-eaction in 5—-8% of the patients and its viral efficacy in
satients with baseline viral load of above 100 000 copies/ml
s inferior to fixed-dose tenofovir/emtricitabine (TDF/
FTC) when used with efavirenz or ritonavir-boosted
rtazanavir as a key drug [4,6]. However, the incidence of
ABC-related hypersensitivity is low among the HLA-
B*5701-negative population, such as the Japanese [7,8].
Moreover, the HEAT study demonstrated that the viral
sfficacy of ABC/3TC was not inferior to that of TDF/
FTC when used with lopinavir/ritonavir for treatment-
naive patients [9]. Taking this background into account,
once-daily DRV/r and ABC/3TC could be a good alter-
native, especially in patients with a low prevalence of
HLA-B*5701 who cannot tolerate tenofovir due to its
nephrotoxicity [10].

In conclusion, this single-center pilot study demonstrated
the viral efficacy and safety of once-daily DRV/rand ABC/
3TC in treatment-naive patients with HIV-1 infection.
This regimen could be a suitable alternative to DRV/r
and tenofovir/emtricitabine or other first-line regimens.
Nevertheless, the number of patients in this cohort is too
small to allow firm conclusions and further studies of larger
samples (ideally a clinical trial that compares the viral
efficacy of TDF/FTC to ABC/3TC with once-daily
DRV/r) are needed to elucidate this issue.
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Objective: The objective of this study was to delineate the trends in early and late diagnosis of HIV-1
infection in newly diagnosed Tokyoites.

Methods: The BED assay was used to identify cases diagnosed at an early stage of infection. BED-positive
non-AlDS cases with a CD4 cell count >200/.! were defined as cases with recent infection. The rates of
AIDS and recent infection in 809 newly diagnosed Tokyoites during 2002-2010 were analyzed.

Results: The AIDS rate was 22.5%. AIDS patients were older (40.4 years) than non-AIDS patients (35.0
years), and a smaller proportion were men who have sex with men (MSM) in AIDS patients (81.7%) than

Keywords: in non-AIDS patients (89.9%). The AIDS rate was persistently lower (<14.3%) in <29-year-old than in
BED assay >30-year-old MSM. The rate of recent infection was 24.4%. Individuals with recent infection (33.0 years
Subtype B old) were younger than the others (37.2 years). The rate of recent infection was lower (<18.5%) in MSM
J'\;lsg’:l ese aged 24.10 years than in those aggd <39 years during the study‘ period, gxcept for 2007 and 2008.

Tokyoites Conclusions: Younger MSM Tokyoites appear to be aware of the risk of their sexual behavior, sufficient to

take voluntary HIV testing repeatedly, resulting in early diagnosis. Older MSM did not take HIV testing

frequently enough and may be a good target for campaigns promoting testing.
© 2011 International Society for Infectious Diseases. Published by Elsevier Ltd. All rights reserved.

1. Introduction

The overall growth of the global AIDS epidemic appears to have
stabilized. The annual number of new cases of HIV infection has
been in steady decline since the late 1990s." In Japan, however, the
annual number of newly diagnosed cases has almost doubled
during the most recent decade (791 cases in 2000 and 1544 cases in
2010), although the prevalence of HIV in the adult population
remains <0.1%.2 The distribution of these cases is heavily
concentrated in large cities, and approximately 35% of the newly
diagnosed cases have been identified in Tokyo.?

Early diagnosis of HIV infection is critically important because
some AIDS-defining diseases are fatal, even in the era of combination
antiretroviral treatment (ART); also the introduction of ART after the
development of AIDS is often complicated with immune reconsti-
tution inflammatory syndrome (IRIS).*® In this regard, the
introduction of ART at the early stages seems to significantly reduce
the sexual transmission of HIV-1.%7 Thus, it is important to identify
newly infected individuals and provide early ART to reduce the

* Corresponding author. Tel.: +81 3 3202 7181; fax: +81 3 5273 6483.
E-mail address: higatana@acc.ncgm.go.jp (H. Gatanaga).

incidence of AIDS and transmission of HIV. Knowledge about the
proportion of patients diagnosed at the early stage of an HIV
infection in the newly diagnosed cases is also useful for planning and
evaluation of any prevention program and for resource allocation.¥
However, it is usually difficult to distinguish recent from long-
standing HIV infections except for acute symptomatic infections.'®
Simple prediction of the infection time from CD4 cell counts appears
inaccurate because the disease progression rate varies enormously
among infected individuals.'! The BED HIV-1 capture enzyme
immunoassay (BED assay) uses the branched peptide to detect HIV-
1 IgG antibodies from all subtypes (i.e., HIV-1 B, E, and D gp41
immunodominant sequences are included on a branched peptide
used in the assay) and measures levels of anti-HIV-1 IgG relative to
total IgG.'? Since the ratio of anti-HIV-1 IgG to total IgG increases
with time shortly after HIV-1 infection, the HIV-1-infected patient is
considered to have recently acquired the infection when the
normalized optical density (ODn) is less than 0.8 on the BED assay
(ODn reaches 0.8 on average 197 days after seroconversion.).*®
The present study was an attempt to delineate the trends in
early diagnosis of HIV-1 infection in Tokyo from 2002 to 2010 by
using the BED assay. The aim of this analysis was to enhance our
understanding of the status of HIV-1 spread in Tokyo and to help in
the design of strategies to control the HIV-1 epidemic in Japan.

1201-9712/$36.00 - see front matter © 2011 International Society for Infectious Diseases. Published by Elsevier Ltd. All rights reserved.
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2. Materials and methods
2.1. Newly diagnosed patients

This study included all ART-naive HIV-1-infected individuals
who met the following criteria: (1) those who visited the AIDS
Clinical Center, National Center for Global Health and Medicine,
Tokyo, between 2002 and 2010 within 30 days of their diagnosis
with an HIV-1 infection and (2) availability of plasma samples
taken at the first visit under signed informed consent for use in
viral, immunological, and epidemiological studies. Participant
information including CD4 count, HIV-1 load, age at the first visit,
gender, nationality, probable HIV-1 transmission route, and
history of HIV testing, were collected from the medical records.
According to the Japanese law for infection control, physicians are
obliged to report newly diagnosed HIV/AIDS cases to the National
AIDS Surveillance Committee (the Ministry of Health, Labor, and
Welfare of the Japanese Government). A total of 11 673 HIV/AIDS
cases nationally, including 4048 cases diagnosed in Tokyo (Tokyo
cases), which were entered into the registry of this committee from
2002 to 2010, were used as the control populations to evaluate the
representativeness of the patients enrolled in the present study
(AIDS Clinical Center cases).>> Plasma samples obtained from the
participants were stored at —80 °C. The viral subtype in each case
was determined from the HIV-1 protease-reverse transcriptase
sequence (which was analyzed for drug resistance genotyping) by
the neighbor-joining method using the Genetic-Win system
(Software Development, Tokyo).'*

This study was conducted according to the principles of the
Declaration of Helsinki and was approved by the ethics committee
of the National Center for Global Health and Medicine.

2.2. BED assay

The BED HIV-1 capture enzyme immunoassay (BED assay;
Calypte Biomedical Corp., Portland, OR, USA) was used to estimate
the time of HIV-1 infection.’ In accordance with the manufac-
turer’s instructions, 5 .l of plasma was diluted with 500 .l of the
diluent in the kit, and the proportion of anti-HIV-1-specific IgG to
the total IgG in the sample was measured by optical density (OD).
The OD values of the test specimens were normalized (ODn)
relative to the value of a calibrator (specimen OD/calibrator OD) to
minimize inter-run variation. Samples with ODn <0.8 were
considered to be from individuals who had seroconverted within
197 days and were defined as BED-positive.'® BED-positive non-
AIDS cases with CD4 cell counts >200/uwl were defined as
individuals with recent infection. The others were defined as
chronic infection.

2.3. Statistical analysis

Differences in demographic data including age, gender, risk
behavior, nationality, and AIDS development among the AIDS
Clinical Center cases, national cases, and Tokyo cases, were
examined for significance using one-way analysis of variance
(ANOVA) and the Tukey test, or Pearson’s Chi-square test.
Differences in demographic data including age, CD4 count,
logarithmic HIV-1 viral load, nationality, transmission category,
HIV-1 subtype, cue for HIV diagnosis, and history of HIV testing,
between AIDS and non-AIDS patients and between recent and
chronic infection, were examined for significance using the t-test
or Pearson’s Chi-square test. To estimate the correlation with the
development of AIDS, binominal logistic regression analysis
including age, nationality (Japanese or not), and transmission
category (men having sex with men (MSM) or not) was performed.
A p-value of less than 5% denoted statistical significance. Statistical

analyses were performed with SPSS Statistics 17.0 (IBM Japan Inc,,
Tokyo, Japan) and Stat Mate Il (NANKODO, Tokyo).

3. Results
3.1. Newly diagnosed cases of HIV-1 infection

The study subjects were 809 ART-naive HIV-1-infected
patients. All of them had visited the AIDS Clinical Center, National
Center for Global Health and Medicine, Tokyo, within 30 days of
the diagnosis of HIV-1 infection (median 8 days) between 2002 and
2010. They included 741 Japanese, 35 Asians other than Japanese,
and 33 from other countries. They represented 20.0% of the total
number of newly diagnosed Tokyoite cases during the same period
(Table 1). There were no significant differences in the proportion of
AIDS (22.5% vs. 21.9%), percentage of males (96.2% vs. 94.3%), or
proportion of Japanese (91.6% vs. 90.7%) between our study
patients and those of the Tokyo registry, although our patients
included a significantly smaller proportion of AIDS cases (22.5% vs.
30.4%) and significantly larger population of male patients (96.2%
vs. 91.8%) and Japanese patients (91.6% vs. 88.5%) compared with
the patients of the national registry. Furthermore, our patients
were significantly younger than the patients of the Tokyo and
national registries (36.2 vs. 37.7 and 38.0 years), and the
proportion of MSM among male patients was significantly higher
than in the Tokyo and national registries (88.0% vs. 72.8% and
59.8%).

Subtype analysis successfully determined the HIV-1 subtype in
807 patients (99.8%); the majority were infected with HIV-1
subtype B (742 patients, 91.9%), while 5.7% were infected with
HIV-1 subtype AE, which is comparable to previously published
subtype data in Japan.'®* The HIV-1 subtype could not be
determined in two patients because the viral load was below
the detection limit (<40 copies/ml), although they were not being
treated with anti-HIV drugs.

3.2. Features of AIDS patients

Among the 809 cases, 182 (22.5%, 95% confidence interval (95%
Cl) 19.6-25.4) had already developed AIDS at the first visit, while
the other 627 were non-AIDS cases (Table 2). AIDS cases were
significantly older (40.4 years, 95% CI 38.8-41.9 vs. 35.0 years, 95%
Cl34.2-35.9), and as expected, had lower CD4 counts (61.7 /.1, 95%
(I 50.6-72.8 vs. 318.0/ul, 95% CI 303.0-333.0) and higher viral
loads (5.22 log VL/ml, 95% CI 5.13-5.31 vs. 4.63 log VL/ml, 95% CI
4.56-4.70) than non-AIDS patients. There were no significant
differences in nationality (Japanese 91.8%, 95% Cl 87.8-95.8 vs.
91.5%, 95% C1 89.4-93.7) or HIV-1 subtype (subtype B 89.0%, 95% Cl
84.5-93.6 vs. 92.5%, 95% C190.4-94.6) between AIDS and non-AIDS

Table 1
New cases of HIV-1-infected patients diagnosed between 2002 and 2010
Japan® Tokyo® This study
Number of cases 11673 4048 809
Age, years (mean =+ SD) 38.0+11.8° 37.7+11.9¢ 36.2+11.0
Males 10 721 (91.8%)° 3819 (94.3%) 778 (96.2%)
Men having sex 6408 (59.8%)° 2780 (72.8%)° 685 (88.0%) -
with men

Japanese 10 335 (88.5%)¢ 3673 (90.7%) 741 (91.6%)
AIDS cases 3551 (30.4%)° 885 (21.9%) 182 (22.5%)

Statistical analyses were performed by one-way ANOVA and Tukey test, or Chi-
square test.

4 Provided by the National AIDS Surveillance Committee (the Ministry of Health,
Labor, and Welfare of the Japanese Government).

b Pprovided by the Bureau of Social Welfare and Public Health, Tokyo.

¢ p<0.001, compared with the study participants.

4 p<0.01 compared with the study participants.
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Table 2
Demographics of participants with and without AIDS
- AIDS (n=182) Non-AIDS (n=627) p-Value®
Mean (95% CI) Mean (95% CI)
Age (years) 404 (38.8-41.9) 35.0 (34.2-35.9) <0.001
CD4 count /ul 61.7 (50.6-72.8) 318.0 (303.0-333.0) <0.001
Log viral load/ml 522 (5.13-5.31) 4.63 (4.56-4.70) <0.001
n % (95% CI) n % (95% CI)
Nationality 0.424
Japan 167 91.8 (87.8-95.8) 574 91.5 (89.4-93.7)
Asia other than Japan 11 6.0 (3.3-10.8) 24 3.8 (2.6-5.7)
North and South America 2 1.1 (0.2-4.0) 17 2.7 (1.7-4.3)
Africa 2 1.1 (0.2-4.0) 6 1.0 (0.4-2.1)
East and West Europe 0 0 (0-2.0) 4 0.6 (0.2-1.6)
Oceania 0 0(0-2.0) 2 0.3 (0-1.1)
Transmission category
Male 175 96.2 (93.4-98.9) 603 96.2 (94.7-97.7) 0.024
MSM 143 81.7 (76.0-87.4) 542 89.9 (87.5-92.3)
Heterosexual 21 12.0 (7.2-16.8) 43 7.1 (5.4-9.6)
IDU 1 0.6 (0-3.2) 2 0.3 (0.1-1.2)
Unknown 10 5.7 (3.0-10.5) 16 2.7 (1.6-4.3)
Female 7 3.8(1.7-7.9) 24 3.8 (2.6-5.7) -
Heterosexual 7 100 (46.8-100) 24 100 (100-100)
Subtype 0.351
B 162 89.0 (84.5-93.6) 580 92.5 (90.4-94.6)
AE 16 8.8 (5.4-14.3) 30 4.8 (3.4-6.8)
C 1 0.5 (0-3.0) 7 1.1 (0.5-2.3)
G 2 1.1 (0.2-4.0) 3 0.5 (0.1~1.4)
AG 1 0.5 (0-3.0) 3 0.5 (0.1-14)
A 0 0(0-2.0) 2 0.3 (0-1.1)
Unknown 0 0 (0-2.0) 2 0.3 (0-1.1)
Cue for HIV diagnosis <0.001
Voluntary testing 12 6.6 (3.7-11.5) 283 45.1 (41.2-49.0)
Provider-initiated testing 167 91.8 (87.8-95.8) 338 53.9 (50.0-57.8)
Unknown 3 1.6 (0.4-4.8) 6 1.0 (0.4-2.1)
Previous testing <0.001
Yes 29 15.9 (10.6-21.3) 282 45.0 (41.1-48.9)
No 65 35.7 (28.8-42.7) 254 40.5 (36.7-44.4)
Unknown 88 48.4 (41.1-55.6) 91 14.5 (11.8-17.3)
BED assay <0.001
Recent (ODn <0.8) 47 25.8 (19.5-32.2) 255 40.7 (36.8-44.5)
Chronic (ODn >0.8) 135 74.2 (67.8-80.5) 372 59.3 (55.5-63.2)

Cl, confidence interval; MSM, men who have sex with men; IDU, intravenous drug user; ODn, normalized optical density.

@ By t-test or Pearson’s Chi-square test.

cases (Pearson’s Chi-square test). MSM activity was the most
frequent transmission route in both groups, and still more frequent
in non-AIDS cases (89.9%, 95% Cl 87.5-92.3) than in AIDS cases
(81.7%, 95% Cl 76.0-87.4). A larger proportion of patients in the
non-AIDS group than in the AIDS group had undertaken previous
HIV testing (45.0%, 95% CI 41.1-48.9 vs. 15.9%, 95% CI 10.6-21.3)
and had been diagnosed with HIV-1 infection by voluntary testing
(45.1%, 95% C141.2-49.0 vs. 6.6%, 95% C1 3.7-11.5), suggesting that
repeated voluntary testing may prevent disease progression to
AIDS in the high-risk groups.

Binominal logistic regression analysis of age, nationality
(Japanese or not), and transmission category (MSM or not)
identified age as the most significant factor associated with the
development of AIDS (per 1-year increment, (hazard ratio) HR
1.041, 95% CI 1.026-1.057; p < 0.001).

To delineate the trends in late diagnosis of HIV-1 infection, the
annual rates of AIDS cases in newly-diagnosed HIV-1-infected
patients were plotted through the study period. The rate of AIDS
cases remained around 30% between 2002 and 2004. It decreased
to 15.0% in 2005, but then showed a gradual increase annually,
reaching 24.8% in 2010 (Figure 1). To identify the population that
influenced the increase in the rate of AIDS cases in the most recent
years, we selected and categorized the study participants based on
their features. Specifically, we focused on MSM patients, because
85% of our patients were MSM. Based on the above results of the

significance of age in the binominal logistic regression analysis in
the development of AIDS, we examined the effect of age in more
detail by dividing the MSM patients into three age groups: those
aged <29 years (217 patients, 31.7%), 30-39 years (273 patients,
39.9%), and >40 years (195 patients, 28.5%). In the >40 years MSM
group, the rate was higher than 50% between 2002 and 2004, but
decreased to 21.4% in 2005 and further decreased to 14.3% in 2006,
but gradually increased and reached ~30% in 2009 and 2010
(Figure 1). On the other hand, in the <29 years MSM group, the
AIDS rate was steadily lower than 20%, indicating that most young
HIV-1-infected MSM were diagnosed before the development of
AIDS throughout the study period. The AIDS rate in the 30-39 years
MSM group was between those of the other two groups during
most of the study period. A significantly larger proportion of
patients in the <29 years MSM group had undergone voluntary
HIV testing (43.8%, p=0.002, Pearson’s Chi-square test) and
diagnosis with HIV (48.8%, p < 0.001, Pearson’s Chi-square test),
compared with the 30-39 years MSM group (43.6% and 36.6%,
respectively) and the >40 years MSM group (34.9% and 32.3%,
respectively). These results suggest that repeated voluntary testing
may have prevented disease progression to AIDS in the younger
MSM groups. The high rate of AIDS in all the study participants
observed in 2002-2004 seemed mainly due to the >40-year-old
MSM. Furthermore, the gradual increase in the AIDS rate in the
>40-year-old MSM since 2006 also seemed to have contributed to
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Figure 1. Annual rate of AIDS in newly diagnosed HIV-1-infected individuals. The annual AIDS rate for all study participants (809 patients; left panel), and men who have sex
with men (MSM) categorized by age: <29 years (n = 217), 30-39 years (n = 273), and >40 years (n = 195) (right panel). The 95% confidence intervals are also shown in the left
panel. Data including 95% confidence intervals for the MSM are provided in the Supplementary Information (Table S1).

the rising AIDS rate in all, suggesting that older MSM should be the
main target for interventions aimed at promoting HIV testing for
early diagnosis and prevention of the development of AIDS.

3.3. Trends in early HIV diagnosis
To identify individuals with recent HIV-1 infection, we

performed a BED assay for the 809 study participants. Before
analysis of the results, we dealt with the problem of potential

misclassification. Previous studies reported small levels of anti-
HIV-1-specific IgG relative to the total IgG in cases with both
recent HIV-1 infection and long-standing chronic cases with
severe immunodeficiency, which could result in false classifica-
tion of chronic cases as recent infection.'>'>'® To tackle this
problem, previous studies classified AIDS cases and cases with
CD4 cell counts <200/l as chronic infection cases, in accordance
with the Joint United Nations Programme on HIV/AIDS (UNAIDS)/
World Health Organization (WHO) guidelines.!”"?! We applied

Table 3
Demographics of participants with recent and chronic infection
Recent (n=197) Chronic (n=612) p-Value®
Mean (95% CI) Mean (95% CI)
Age (years) 33.0 (31.7-34.3) 372 (36.3-38.1) <0.001
CD4 count [l 423.2 (399.2-447.3) 207.9 (193.3-222.4) <0.001
Log viral load/ml 461 (4.46-4.76) 4.81 (4.74-4.87) 0.005
n % (95% Cl) n % (95% CI)
Nationality 0.101
Japan 189 95.9 (93.2-98.7) 552 90.2 (87.8-92.6)
Asia other than Japan 2 1.0 (0.2-3.7) 33 5.4 (3.9-7.6)
North and South America 3 1.5 (0.4-4.4) 16 2.6 (1.6-4.2)
Africa 1 0.5 (0-2.8) 7 1.1 (0.5-2.4)
East and West Europe 1 0.5 (0-2.8) 3 0.5 (0.1-1.4)
Oceania 1 0.5 (0-2.8) 1 0.2 (0~0.9)
Transmission category
Male 192 97.5 (95.3-99.7) 586 95.8 (94.2-97.3) 0314
MSM 177 92.2 (88.4-96.0) 508 86.7 (83.9-89.4)
Heterosexual 11 5.7 (3.1-10.2) 53 9.0 (7.0-11.8)
IDU 0 0(0-1.9) 3 0.5 (0.1-1.5)
Unknown 4 2.1 (0.7-5.3) 22 3.8 (2.5-5.7)
Female 5 2.5 (1.0-5.9) 26 4.2 (2.9-6.2) -
Heterosexual 5 100 (34.4-100) 26 100 (81.5-100)
Subtype 0.029
B 188 95.4 (92.5-98.3) 554 90.5 (88.2-92.8)
AE 4 2.0 (0.7-5.2) 42 6.9 (5.2-9.3)
C 1 0.5 (0-2.8) 7 1.1 (0.5-2.4)
G 1 0.5 (0-2.8) 4 0.7 (0.2-1.7)
AG 1 0.5 (0-2.8) 3 0.5 (0.1-1.4)
A 0 0(0-1.9) 2 0.3 (0~1.2)
Unknown 2 1.0 (0.2-3.7) 0 0 (0-0.6)
Cue for HIV diagnosis <0.001
Voluntary testing 102 51.8 (44.8-58.8) 193 31.5(27.9-35.2)
Provider-initiated testing 94 47.7 (40.7-54.7) 411 67.2 (63.4-70.9)
Unknown 1 0.5 (0-2.8) 8 1.3 (0.6-2.6)
Previous testing <0.001
Yes 116 58.9 (52.0-65.8) 195 31.9 (28.2-35.6)
No 57 28.9 (22.6-35.3) 262 42.8 (38.9-46.7)
Unknown 24 12.2 (7.6-16.8) 155 25.3 (21.9-28.8)

Cl, confidence interval; MSM, men who have sex with men; IDU, intravenous drug user.

4 By t-test or Pearson’s Chi-square test.
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Figure 2. Annual rate of recent infection in newly diagnosed HIV-1-infected cases. The annual rate of recent infection in all study participants (809 patients; left panel), and in
men who have sex with men (MSM) categorized by age: <29 years (n=217), 30-39 years (n = 273), and >40 years (n = 195) (right panel). The 95% confidence intervals are
also shown in the left panel. Data including 95% confidence intervals for the MSM are provided in the Supplementary Information (Table S2).

the same strategy in this study and thus defined only BED-
positive non-AIDS cases with CD4 cell counts >200/.l as recent
infection.

In the 456 non-AIDS cases with CD4 cell counts >200/pl, 197
cases were BED-positive and classified as recent infection (43.2%;
24.4% of the total cases) (Table 3). BED-negative cases, AIDS cases,
and cases with CD4 cell counts <200/l were classified as chronic
infection. Patients with recent infection were younger (33.0 years,
95% CI 31.7-34.3 vs. 37.2 years, 95% CI 36.3-38.1) and had higher
CD4 counts (423.2/ul, 95% Cl 399.2-447.3 vs. 207.9/ul, 95% CI
193.3-222.4), as expected, and lower viral load (4.61 log VL/ml,
95% C14.46-4.76 vs.4.81 log VL/ml, 95% C1 4.74-4.87), compared to
patients with chronic infection. A larger proportion of recent
infection (95.4%, 95% Cl 92.5-98.3) was caused by HIV-1 subtype B
than in those with chronic infection (90.5%, 95% Cl 88.2-92.8).
There were no significant differences in the nationality and
transmission category between recent and chronic infection cases
(Pearson’s Chi-square test), although the proportion of Japanese
patients was higher in recent infection (95.9%, 95% ClI 93.2-98.7)
than in chronic infection (90.2%, 95% CI 87.8~92.6) (p = 0.012, Chi-
square test). A significantly larger proportion of patients under-
went previous HIV testing (58.9%, 95% CI 52.0-65.8 vs. 31.9%, 95%
Cl 28.2-35.6) and were diagnosed with HIV-1 infection by
voluntary testing (51.8%, 95% Cl 44.8-58.8 vs. 31.5%, 95% Cl
27.9-35.2) among recent infection cases than chronic infection
cases (p < 0.001 in both, Pearson’s Chi-square test).

To delineate the trends in early diagnosis of HIV-1 infection,
the annual rate of recent infection in all 809 study participants
was plotted over the study period (Figure 2). The rate was stable at
~20% between 2002 and 2010, except for 2007 (26.1%) and 2008
(31.9%), when a slight increase was evident. In order to identify
the population that influenced the annual trends of early
diagnosis, we focused on MSM patients and again divided them
into three age groups: <29 years, 30-39 years, and >40 years. The
rates of recent infection in the <29 and >40 years MSM groups
were the highest and the lowest, respectively, in most years of the
study period. The rate in the <29 years MSM group was high,
ranging from 25.0% to 46.2% between 2002 and 2005, but it
decreased to 19.0% in 2006, and increased again in 2007 and
remained around 35% between 2007 and 2010. The rate of recent
infection in the >40-year-old MSM group was steadily low at
~10% between 2002 and 2006, but increased in 2007 to 25.9% and
2008 to 35.3%, then decreased to around 15% in 2009 and 2010.
The rate in the 30-39-year-old MSM ranged between those of the
other two groups during most part of the study period. These
results suggest that younger MSM tend to be diagnosed
persistently earlier, whereas older MSM are usually diagnosed
at a later stage of the HIV disease.

4. Discussion

The present study analyzed the trends in the proportion of AIDS
patients and patients with recent infection among 809 new cases
of HIV-1-infection diagnosed between 2002 and 2010. This group
recruited from our AIDS Clinical Center represents 20.0% of the
total number of newly diagnosed Tokyoites during the same
period. We found that MSM, especially younger MSM, tend to be
diagnosed at an earlier stage before the development of AIDS,
probably because of frequent voluntary HIV testing. The propor-
tion of AIDS cases remained at a steady low level and the rate of
recent infection remained at a high level in younger MSM patients,
indicating that younger MSM are aware of the risk of their sexual
behavior sufficient to take HIV testing repeatedly. On the other
hand, in the older MSM, the rate of AIDS was relatively high and the
rate of recent infection comparatively low, but transiently
increased in 2007 and 2008, suggesting that older MSM with a
high-risk of HIV infection usually do not take HIV testing
frequently and may respond to campaigns that promote such
tests. Interestingly, the Japan Foundation for AIDS Prevention
conducted several campaigns to promote voluntary HIV-1 testing
in 2007. A popular male Japanese singer took part in one such
campaign in July 2007, which was a great surprise among the
Japanese in general, and this was followed by an increase in
the number of voluntary HIV tests performed in 2007 and 2008.2
The event may have prompted older MSM at high risk to take
voluntary HIV testing, resulting in the transient increase in the rate
of early diagnosis for 2007 and 2008. The sharp decline in the rate
of early diagnosis observed in 2009 and 2010 in the older MSM
group coincided with reductions in the number of voluntary tests,?
and could be an omen of future increases in the number of AIDS
patients in this population. Early diagnosis followed by early
introduction of ART may reduce the spread of HIV-1 among MSM,
which could help to prevent an HIV epidemic in this popula-
tion.%7%2 A strategy based on the promotion of voluntary testing
needs to be formulated, similar to the 2007 campaigns that
resulted in significant increases in the rate of early diagnosis in
older MSM.

Discordant shifts were observed between the rates of AIDS and
recent infection. The reasons may be that AIDS usually develops
several years after HIV infection and that disease progression
varies enormously among infected individuals. Therefore, the
variable length of time during which HIV infection was ignored
resulted in the development of AIDS, the proportion of which does
not always correlate with the rate of recent infection in the same
year.!! Furthermore, disease progression has been suggested to
have become faster in a significant portion of Japanese patients,
probably because the prevailing HIV-1 strains in Japan have



