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chronic phases of an HIV-1 infection were well studied in
Caucasians infected with the clade B virus and in Africans
infected with the clade C virus [7—12], there are only a limited
number of studies about the cross-clade reactivity of CTLs
[13—171. However, even in such studies a comprehensive
analysis of cross-clade reactivity of the CTLs was not
performed.

In the context of HIV vaccine development, it is very
important to choose vaccine immunogens capable of eliciting
CTLs that can control the variable mutant viruses and exhibit
cross-reactivity across the different clade viruses [18,19]. The
conserved parts of HIV-1 are good candidates as vaccine an-
tigens {11.12,16,20.211], since they include epitopes conserved
among viruses not only in the same clade but also among those
clades. Indeed, CTL vaccines containing conserved epitopes
have been shown to elicit CTL responses to HIV-1 {22251
Although the safety of these consensus CTL vaccines was
confirmed in humans [26—32], such vaccines were poorly
immunogenic in previous phase I and II trials [27.28,30,311.
Thus more studies on cross-clade effective epitopes will be
needed for the development of more potent vaccines.

In the present study, we analyzed cross-clade CD8" T cells
between HIV-1 clade B and A/E viruses in chronically HIV-1
clade A/E-infected Japanese individuals. For this analysis, we
sought to identify cross-clade CTL epitopes between the clade
B and A/E viruses in the Japanese individuals by using 11-mer
overlapping peptides derived from the clade B consensus
sequence spanning Nef, Gag, and Pol regions. Thereafter, we
analyzed cross-clade CD8" T cell recognition for epitope
peptides between clade A/E and B as well as CTL recognition
for cells infected with the clade B or the A/E virus. This is the
first comprehensive study to identify cross-clade CD8" T cells
by using overlapping HIV-1 peptides.

2. Materials and methods
2.1. Patient samples

This study was approved by the Ethical Committee of in
National Center for Global Health and Medicine and Kuma-
moto University. Informed consent was obtained from all
subjects, according to the Declaration of Helsinki. Plasma and
peripheral blood mononuclear cells (PBMCs) were separated
from whole blood. HLA types of HIV-infected individuals
were determined by standard sequence-based genotyping.
HIV-1 subtypes were determined by the sequence results on
Pol and Gag, and confirmed by Env sequencing. All samples
were collected from the cohort in AIDS Clinical Center, Na-
tional Center for Global Health and Medicine.

2.2. Sequence of autologous virus

Viral RNA was extracted from plasma samples from HIV-1-
infected patients by the use of a QlAamp MinElute virus spin
kit (Qiagen). cDNA was synthesized from the RNA by use of
the SuperScript III First-Strand Synthesis System for RT-PCR
and random hexamers (Invitrogen). Nef, Gag, and Pol regions
were amplified by nested PCR using Taqg DNA polymerase
(Promega). The PCR products were purified by using
ExoSAP-IT (GE). All DNA sequencing was performed with a
BigDye Terminator v3.1 cycle sequencing kit (Applied Bio-
systems) and an ABI 3500 Genetic Analyzer.

2.3. Synthetic peptides

We previously designed overlapping peptides consisting
of 11-mer amino acids and spanning Gag, Pol, and Nef of
HIV-1 clade B consensus sequences. Each 11-mer peptide
was overlapped by 9 amino acids {33]. These 1l-mer
peptides and truncated peptides were synthesized by uti-
lizing an automated multiple peptide synthesizer and puri-
fied by high-performance liquid chromatography (HPLC).
The purity was examined by HPLC and mass spectrometry.
Peptides with more than 90% purity were used in the
present study.

2.4. ELISPOT assay

CD8" T cells were sorted from cryopreserved PBMCs
from 26 chronically HIV-1 clade A/E-infected Japanese in-
dividuals by using CD8 magnetic beads (Miltenyi Biotec
GmbH, Bergisch Gladbach, Germany). The sorted cells were
plated in 96-well polyvinylidene plates (Millipore, Bedford,
MA) that had been pre-coated with 5 mg/mL anti-IFN-y mAb
1-D1K (Mabtech, Stockholm, Sweden). The appropriate
amount of peptide cocktails including 10 overlapping 11-mer
peptides were added in a volume of 50 pl, and then PBMCs
were added at 1 x 10° cells/well in a volume of 100 pL. The
plates were incubated for 16 h at 37 °C in 5% CO, and then
washed with PBS before the addition of biotinylated anti-IFN-
Y Mab (Mabtech) at 1 mg/mL. After the plates had been
incubated at room temperature for 90 min and then washed
with PBS, they were subsequently incubated with
streptavidin-conjugated alkaline phosphatase (Mabtech) for
60 min at room temperature. Individual cytokine-producing
cells were detected as dark spots after a 20-min. reaction
with 5-bromo-4-chloro-3-idolyl phosphate and nitro blue
tetrazolium by using an alkaline phosphatase-conjugate sub-
strate (Bio-Rad, Richmond, CA, USA). The spot number was
counted by using an Eliphoto-Counter (Minerva Teck, Tokyo,

Fig. 2. Identification of HLA restriction of the responses to each 11-mer peptide Peptide-specific CD8™ bulk T cells were induced from PBMCs of the following 6
responders by stimulating the cells with each single peptide. KI-648 for Nef 41, Nef 42, Gag 171, Pol 141, and Pol 142 peptides, KI-632 for Nef 67, Pol 297, Pol
298, and Pol 436 peptides, KI-388 for Gag 16, Gag 20, Gag 104, Gag 105, Gag 106, and Pol 383 peptides, KI-724 for Gag 138 peptide, KI-964 for Pol 211, Pol
212, and Pol 405 peptides, and KI-837 for Pol 455 and Pol 456 peptides. Induced CD8* bulk T cells were stimulated with the corresponding peptide-prepulsed
CIR cells or 0.221 cells expressing each HLA-class I allele molecule. IFN-g production by CD8™ T cells was detected by performing the intracellular cytokine

staining (ICS) assay.
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Japan). The CD8" T cells without peptide stimulation were
used as a negative control. The number of spots for each
peptide-specific T cell response was calculated by subtracting
the number of negative-control spots (the number of spots in
wells without peptides). Spots giving a mean of more than + 2
SD of the negative-control spots were defined as positive re-
sponses. In order to find cross-clade CD8" T cells in our
cohort, we performed the ELISPOT assay by the same method
with 11-mer single peptides that were the components of the
cocktail peptides where 1) the frequency of responders was
more than 20% or 2) the frequency was less than 20% but in
which case at least 1 patient showed a high spot count (>750
spots).

2.5. Cells

721.221-CD4 cells expressing HLA-A*02:06, -A*33:03
or Cw*01:02 were generated by transfecting both human
CD4 gene and one of these HLA-class I genes into 721.221
cells. These cells were maintained in RPMI medium con-
taining 10% fetal calf serum (FCS) and 0.15 mg/mL
hygromycin B. CIR cells expressing HLA-A*02:06 and
those expressing HLA-A*33:03 were generated by trans-
fecting CIR cells with HLA-A*02:06 and -A*33:03,
respectively; and they were maintained in RPMI medium
containing 10% FCS and 0.15 mg/mL hygromycin. C1R and
721.221 cells expressing other HLAs used in this study were
previously generated and maintained in RPMI medium with
10% FCS and 0.15 mg/mL hygromycin B or 0.2 mg/mL
neomycin [33-36].

2.6. Induction of peptide-specific CTLs from PBMCs

PBMCs from HIV-1-infected individuals who showed the
responses to the cocktail peptides in the ELISPOT assay were
stimulated with 11-mer single peptide or optimal peptide
derived from consensus clade B HIV-1 (100 nM) and then
cultured in culture medium (RPMI-1640 containing 10%
FCS and 200 U/ml interleukin-2) for 2 weeks. These bulk
cultured cells were used for intracellular IFN-y staining
assays.

2.7. HIV clones

The replication-competent molecular clones of p93JP-NH1
[371 and pNL-432 [38] reported previously were used in this
study. Viral stocks were generated from plasmid DNA as
described elsewhere [15,39].

2.8. HIV-1 infection of .221-CD4 cells expressing HLA
molecules or not

.221-CD4 cells expressing HLA molecules or not were
exposed to each virus for several days. These infected cells
were used as stimulator cells for performing an intracellular
cytokine staining assay (ICS) when approximately 30—60% of
the cells had been infected, which infection was confirmed by
intracellular staining for HIV-1 p24 antigen (KC-57-FITC;
Beckman Coulter).

2.9. Intracellular cytokine staining assay (ICS)

After .221 cells or CIR cells had been incubated for 60 min
with each peptide (0.01—100 nM), they were washed twice
with RPMI-1640 containing 10% FCS. These peptide-pulsed
or HIV-1—infected .221-CD4 cells (1 x 10° cells per well)
and bulk cultured cells (2 x 10* cells per well) were added to
wells of a 96-well round-bottomed plate, and then the cells
were incubated for 2 h at 37 °C. Brefeldin A (10 pg/ml) was
then added, after which the cells were incubated for a further
4 h. After having been stained with APC-labeled anti-CDS§
mAb (DAKO, Glostrup, Denmark), the cells were fixed with
4% paraformaldehyde and then made permeable with the
permeabilizing buffer (0.1% saponin and 5% FCS in PBS).
Thereafter the cells were stained with FITC-labeled anti-IFN-
v mAb (BD Bioscience, CA). The percentage of IFN-
y"CD8™ cells was analyzed by flow cytometry.

3. Results

3.1. CD8" T cell responses to HIV-1 clade B-derived
overlapping peptides by HIV-1 clade A/E-infected
individuals

To clarify cross-clade responses of CD8" T cells between
the clade B and A/E, we analyzed cross-clade responses of
CD8* T cells from 26 clade A/E-infected Japanese individuals
to 11-mer overlapping peptides derived from the consensus
sequence of HIV-1 clade B Nef, Gag, and Pol regions. We
measured the responses of CD8" T cells to cocktails including
ten 11-mer overlapping peptides by performing the ELISPOT
assay. The median of total magnitudes of the CD8" T cell
responses to Nef, Gag, and Pol cocktails were 483, 1037, and
2538, respectively (Fig. 1A). There were no significant dif-
ferences in total magnitude of the CD8" T cell responses
between the clade A/E-infected and 401 clade B-infected
Japanese individuals (the median of total magnitude against
Nef, Gag and Pol in the clade B-infected individuals were 529,

Fig. 3. Identification of optimal epitopes Truncated peptides were designed based on HLA binding motif, and CD8" bulk T cells were induced from PBMCs of the
following 6 responders. KI-648 for Nef 41, Gag 171, and Pol 141 peptides, KI-632 for Nef 67, Pol 297 and Pol 436 peptides, KI-388 for Gag 16, Gag 20, Gag 104,
Gag 105, Gag 106, and Pol 383 peptides, KI-724 for Gag 138 peptide, KI-964 for Pol 212 and Pol 405 peptides, and KI-837 for Pol 455 peptide. IFN-g production
by CD8* bulk T cells was measured by performing the ICS assay using the target C1R or.221 cells expressing HLA molecules prepulsed with truncated peptide or
11-mer peptide at a concentration of 100 nM. When the same level of response was seen at 100 nM, the ICS assay was performed again at concentrations from 0.1
to 100 nM. A. responses of HLA-A*02:06-restricted CD8" bulk T cells B. responses of HLA-B*40:02-restricted CD8" bulk T cells C. responses of HLA-

A#33:03, A*24:02, Cw*01:02 or B*52:01-restricted CD8" bulk T cells.
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1774, and 2300, respectively; H. Murakoshi et al. unpublished
observation), although the identities of amino acid sequence in
Nef, Gag, and Pol between clade the A/E and the clade B were
80.1, 84.3 and 92.3%, respectively. These results strongly
suggest that cross-clade CD8™ T cells were frequently elicited
in the clade A/E-infected individuals.

3.2. Identification of cross-clade CD8" T cells elicited in
HIV-1 clade A/E-infected individuals

To identify cross-clade CD8" T cells in the clade A/E-
infected individuals, we focused on the CD8" T cell re-
sponses found to be strong or at a high frequency in these
individuals (see Materials and methods). We selected the
CD8™ T cell responses to 13 cocktails including 2 Nef, 4 Gag,
and 7 Pol cocktails (solid bars in Fig. 1B). First, to clarify
which 1l-mer peptides were recognized by the specific
CD8™ T cells, we selected the clade A/E-infected responders
(KI-388, KI-632, KI-648, KI-659, KI-724, KI-837, and KI-
964) and measured the CD8" T cell responses to ten 11-mer
peptides in each cocktail by using the ELISPOT assay.
We found positive responses to three 1l-mer Nef peptides
(Nef cocktail 5: Nef 41 and 42, Nef cocktail 7: Nef 67), to ten
11-mer Gag peptides (Gag cocktail 2; Gag 11, 16, 19, and 20,
Gag cocktail 11: Gag 101, 104, 105, and 106, Gag cocktail 14:
Gag 138, Gag cocktail 18: Gag 171), and to eleven 11-mer Pol
peptides (Pol cocktail 15: Pol 141 and 142, Pol cocktail 22:
Pol 211 and 212, Pol cocktail 30: Pol 297 and 298, Pol
cocktail 39: Pol 383, Pol cocktail 41: Pol 405, Pol cocktail 44:
Pol 436, Pol cocktail 46: Pol 455 and 456) (data not shown).
We next sought to determine HLA restriction molecules in
these responses. PBMCs from these responders were stimu-
lated with the 11-mer peptides and then cultured for 14 days.
In order to determine the HILA restriction molecules, re-
sponses of the cultured cells against the corresponding pep-
tides were analyzed by performing the intracellular cytokine
staining (ICS) assay using HLA class I gene-transfected C1R
cells or 721.221 cells as stimulators. We found 10 HLA-
A*02:06-restricted responses, 6 HLA-B*40:02-restricted re-
sponses, 3 A*33:03-restricted responses, 1 HLA-A*24:02-
restricrted response, 1 HLA-B*52:01-restricted response, and
1 Cw*01:02-restricted response (Fig. 7).

We first analyzed the responses to the 10 HLA-A*02:06-
restricted responses. Concerning the responses to over-
lapping peptides at 3 locations (Nef 41/42, Pol 141/142, and
Pol211/212), we speculated that they would be the same
epitope-specific CD8™" T cell responses since the responses to
these overlapping peptides were restricted by HLA-A*02:06.
Therefore we focused on analyzing the response to Nef 41,
Pol 141 or Pol 211, which showed higher responses than those
to the other overlapping peptides (data not shown). We
generated truncated peptides that were speculated based on
HLA-A*02:06 binding motif (Ala, Thr or Gln at position 2)
{40~43] and then analyzed these CD8' T cell responses to
Nef 41, Pol 141, and Pol 212 by using them. As shown in
Fig. 3A, we identified 3 optimal epitopes: Nef GL9
(GALDLSHFL), Pol YI9 (YTAFTIPSI), and Pol SV9
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(SQIYAGIKV). CD8" T cell responses to Nef GL9 and Pol
SV9 were detected among the responses to other overlapping
peptides, Nef 42 and Pol 211, respectively (data not shown),
indicating that the responses to Nef GL9 and Pol SVO reflected
those to Nef 42 and Pol 212, respectively. In contrast, Pol 142
did not contain Pol YI9. We analyzed the CD8™ bulk T cells
induced by Pol 142 by using the truncated peptides and
identified Pol TI8 (TAFTIPSI) as an optimal epitope. How-
ever, the response to Pol TI8 in CD8" bulk T cells induced by
Pol 142 (4.24% IFN-v secretion at 100 nM peptide concen-
tration) was much lower than that to Pol TI8 in CD8" bulk T
cells induced by Pol 141 (12.07% at 100 nM; Fig. 3A), sug-
gesting that Pol TI8 may have been a very weak epitope.
Similarly, we analyzed the other 4 HLA-A*02:06-restricted
responses (Gagl6, Gagl71, Pol383, and Pol405) by using
truncated peptides and identified 4 optimal epitopes; Gag
LL1T (LKHIVWASREL), Gag AAY9 (ATLEEMMTA), Pol GI9
(GOVDCSPGI), and Pol GLY (GQETAYFLL; Fig. 3A).

By using the same method identified the HLA-A*02:06-
restricted epitopes, we attempted to identify other epitopes.
We generated truncated peptides based on HLA binding motif
[7,33,40.44--50] and then the responses to these truncated
peptides were analyzed using the ICS assay. We finally iden-
tified 5 HLA-B*40:02-restricted epitopes (Gag RVE, Gag
AP8, Gag AV9, Gag EG11, and Pol GI8; Fig. 3B), 2 HLA-
A*33:03-restricted epitopes (Pol FR9 and Pol ER10; Fig. 3C),
I HLA-A*24:02-restricted epitope (Nef RF10; Fig. 3C), 1
HLA-B*52:01-restricted epitope (Gag RI8; Fig. 3C) and 1
HLA-Cw*01:02-restricted epitope (Gag YI9; Fig. 3C).

Eleven of the above 17 peptides were reported as epitopes
in previous studies {7,33,40—43.45.47 501, whereas the other
6 peptides (HLA-A*02:06-restricted Gag LL11, Pol SV9, and
Pol GI9, as well as HLA-B*40:02-restricted Gag RVS, Gag
APS, and Gag EG11) had not been previously reported to be
epitopes. Therefore, we examined whether the CD8" bulk T
cells specific for these 6 epitopes could recognize HIV-1 clade
B virus-infected cells. We measured the IFN-y production
from the CD8™" bulk T cells for target cells infected with HIV-
1 clade B clone, NL4-3. These CD8™ bulk T cells effectively
produced IFN-y (data not shown), indicating that these 6
peptides had been naturally processed and presented in cells
infected with HIV-1.

3.3. Cross-recognition between the clade B and A/E

We sequenced each epitope region in 26 HIV-1 clade A/E-
infected Japanese individuals and then compared these se-
quences to those from the clade A/E and B viruses reported in
the database of the Los Alamos National Library. The results
showed that the consensus amino acid sequences of these
epitopes in our cohort were the same as those in the database
of Los Alamos National Library. The clade B consensus se-
quences of 6 epitopes (Gag AA9, Pol YI9, Pol SV9, Pol GI9,
Pol GL9, and Pol ER10) were identical to the clade A/E
consensus ones, whereas other 11 epitopes showed different
consensus sequences between the clade B and A/E viruses
(Table 1).
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Table 1

Frequency of amino-acid sequence for each epitope region of clade A/E viruses from Los Alamos National Library database and our cohort patients.

Epitope HXB2 region Sequence Frequency of amino acid sequence of each clade virus
Clade B viruses for Los Clade A/E viruses for Los Clade A/E viruses for our
Alamos database Alamos database cohort patients

Nef GL9 Nef(83—91) GALDLSHFL" 529/1494 0/76 1126
—F——F= 12/1494 47/76 16/26
Others 953/1494 29/76 9/26
Nef RF10 Nef(134—143) RYPLTFGWCF" 800/1494 0/76 2/25
- 94/1494 56/76 10725
others 600/1494 20/76 13/25
Gag LL11 pl7(31—41) LKHIVWASREL" 1182/1644 18/315 2/26
M—1L 0/1644 147/315 14/26
others 462/1644 150/315 10/26
Gag RV8 p17(39—46) RELERFAV" 1299/1644 20/315 4/26
L 111/1644 217/315 17/26
others 234/1644 78/315 5/26
Gag AP8 p24(78~—85) AEWDRLHP" 1263/1644 53/315 1726
V- 128/1644 185/315 10/26
others 253/1644 77/315 15/26
Gag AV9 p24(78-86) AEWDRLHPV"® 1135/1644 47/315 1726
V— 121/1644 178/315 8/26
others 388/1644 90/315 17/26
Gag EG11 p24(79—89) EWDRLHPVHAG" 921/1644 48/315 1/26
A 107/1644 149/315 5/26
others 616/1644 118/315 20/26
Gag RIS p24(143—150) RMYSPTST" 1033/1644 30/315 2/26
V- 351/1644 212/315 15/26
others 260/1644 73/315 9/26
Gag YI9 p24(145—153) YSPTSILDI® 1032/1644 30/315 2/26
— 345/1644 212/315 15/26
others 267/1644 73/315 9/26
Gag AA9 p24(209-217) ATLEEMMTA" 1468/1644 285/315 25/26
others 176/1644 30/315 1/26
Pol YI9 RT(127—135) YTAFTIPSI® 574/1003 44/59 16/26
others 429/1003 15/59 10/26
Pol SV9 RT(268-276) SQIYAGIKV® 438/1003 38/59 18/26
others 565/1003 21/59 8/26
Pol FR9 RT(440--448) FYVDGAANR® 838/1003 9/59 9/26
—_—S- 47/1003 45/59 15/26
others 118/1003 5/59 2/26
Pol GI9 Integrase(50—60) GQVDCSPGI® 915/1003 55/59 26/26
others 88/1003 4/59 0/26
Pol GL9 Integrase(94—102) GQETAYFLL® 519/1003 52/59 19/26
others 484/1003 7/59 7/26
Pol ER10 Integrase(157—166) ELKKIIGQVR" 770/1003 40/59 21/26
others 233/1003 19/59 526
Pol GI8 Integrase(197—204) GERIVDIT® 535/1003 0/57 0/26
I— 378/1003 56/59 23/26
others 90/1003 3/59 3/26

# Amino acid sequence in clade B consensus used in this study.

We investigated the cross-recognition of these 11 epitope
peptides by CD8™ T cells that had been induced by stimulating
PBMCs from clade A/E virus-infected individuals with clade
B-derived epitope peptides. The CD8™ bulk T cells induced by
Nef RF10, Gag RV, Gag AP8, Gag AV9, or Gag Y19 peptides
recognized both clades B and A/E peptides evenly (Fig. 4A).
The CD8™ bulk T cells induced by Gag EG11, Gag RIS, or Pol
FR9 more strongly recognized the clade B-derived peptide
than the clade A/E-derived one, whereas those induced
by Nef GL9 or Pol GI8 more strongly recognized the clade
A/E-derived peptide than the clade B-derived one (Fig. 4A).
Interestingly, the CD8" bulk T cells induced by Gag 16 LL11

failed to recognized the clade A/E-derived Gag LL11-1M-4L
peptide (Fig. 4A).

Next, we investigated whether CD8™ T cells recognizing
these 10 clade A/E peptides could recognize clade A/E-
infected cells. We measured IFN-y production from the
CD8™ bulk T cells for target cells infected with HIV-1 clade
A/E clone or for those infected with HIV-1 clade B clone.
The CD8™ bulk T cells induced by Nef RF10, Gag RVS, Gag
APS8, Gag AV9, Gag EG11, Gag YI9, Gag RIS, or Pol GI8
recognized not only the clade B virus-infected cells but also
the clade A/E virus-infected ones (Fig. 4B), indicating that
these cross-clade epitopes had been naturally processed
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Fig. 4. Cross-recognition by CD8™ T cells from HIV-1 clade A/E-infected individuals IFN-y production by CD8™ bulk T cells in response to stimulator cells with
optimal epitope peptides and to cells infected with clade B or clade A/E viruses was measured by use of the ICS assay. Nef GL9 specific bulk T cells were induced
from PBMCs of KI-648, Nef RF10 and Pol FR9 specific bulk T cells were induced from PBMCs of KI-632, Gag LL11, Gag RVS8, Gag APS8, Gag AV9 and Gag
EGT11 specific bulk T cells were induced from PBMCs of KI-388, Gag RI8 and Gag YI9 specific bulk T cells were induced from KI-724, and Pol GI8 specific bulk
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Fig. 5. CD8™ T cell responses to clade B-drived epitope peptides in HIV-1 clade A/E-infected Japanese individuals CD8™" T cell responses to 15 clade B-derived
epitope peptides were analyzed by performing ELISPOT assay using CD8™ T cells from seven clade A/E-infected individuals (KI-388, KI-632, KI-648, KI-659,

KI-724, KI-837, and KI-964). >200 spots were evaluated as positive response.

and presented in cells infected with these viruses. On the
other hand, CD8" bulk T cells induced by Pol FR9 recog-
nized the clade B virus-infected cells but failed to recognize
the clade A/E virus-infected cells (Fig. 4B). This finding is
consistent with the low ability of these cells to recognize the
clade A/E peptide (Fig. 4A). In contrast, CD8" T cells
induced by Nef GL9 recognized the clade A/E virus-infected
cells but failed to recognize the clade B virus-infected cells
although these T cells could recognize GL9 peptide. This
result may be explained by the fact that the amino acid
sequence of the clade B consensus peptide is different than
that of the clade B clone, NL4-3(Ala and Val at position 1
and 3, respectively, in Nef GL9 region). Thus, CD8" T cells
induced by 8 out of 10 clade B-derived epitope peptides
successfully recognized both the clade B virus-infected and
clade A/E-infected cells.

3.4. Detection of cross-clade CD8" T cell responses in
the clade A/E-infected Japanese individuals

To confirm CD8" T cell responses to the 15 epitopes
including Nef GL9, we analyzed CD8™ T cell responses to the
clade B-derived epitope peptides in clade A/E-infected in-
dividuals who had HLA alleles restricting these epitopes.
Positive CD8™ T cell responses to these 15 clade B-derived
epitope peptides were detected in PBMCs from chronically
HIV-1 clade A/E-infected individuals (¥ig. 5). These results
indicate that these cross-clade CTLs are elicited in these
individuals.

4. Discussion

Previous studies, which focused on known CTL epitopes
for the clade B or C viruses, showed the existence of cross-
clade CTLs in HIV-1l-infected individuals by demonstrating
that CTL clones established by using clade-matched peptides
from the clade B-infected or the clade C-infected individuals
recognize the cells infected with other clade viruses [13—17].
These studies also showed that conserved epitopes across the
clades are more likely recognized by the T cell clones and
suggested that conserved epitopes would be a more preferable
target for a widely effective CTL vaccine than variable ones.
In the present study, we for the first time performed a
comprehensive analysis of cross-clade CD8™ T cells by using
11-mer overlapping clade B-derived peptides to stimulate
CD8* T cells from HIV-1 clade A/E-infected individuals.
Interestingly, we found a similar level of CD8' T cell re-
sponses to clade B-derived Nef, Gag, and Pol peptides in the
clade A/E virus-infected individuals as compared to those to
the same peptides in clade B-infected individuals. These re-
sults strongly suggested the existence of a high number of
cross-clade CTLs in the clade A/E virus-infected individuals.
Indeed, we finally identified 15 cross-clade CTL epitopes from
only 13 out of 85 overlapping peptide cocktails. These results
strongly suggest that a large number of cross-clade CTLs were
elicited in the clade A/E virus-infected individuals.

CDS8™ T cells induced by Pol FR9 recognized to a much
lesser extent the clade A/E-derived peptide (FR9-8S) than the
clade B-derived peptide and recognized cells infected with

T cells were induced from KI-837. A. Cross-recognition of HIV-1 clade B (open circle) and clade A/E (closed square) optimal epitope peptides of the consensus
sequence. These analyses were performed at peptide concentrations from 0.1 to 100 nM. B. Cross-recognition of cells infected with clade B or clade A/E virus.
IFN-vy production by CD8™ bulk T cells in response to HLA-positive cells prepulsed with clade B or clade A/E consensus optimal peptide and that in response to
HLA-negative cells infected with the virus and to uninfected HLA-positive cells were measured as positive and negative controls, respectively. All epitope se-
quences derived from the clade B or the clade A/E were identical to the sequences from clone virus (NL4-3 or 93JP-NH1) except for clade B Nef GL9 epitope
(GALDLSHFL). NL4-3 has Ala and Val at positions 1 and 3 of this epitope, respectively.
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clade B virus but not those infected with A/E viruses, sug-
gesting that PolFR9-8S was not an epitope. Indeed, the HLA-
A*33:03" individuals were infected with the clade A/E virus
carrying Pol FR9 sequence but not Pol FR9-8S one (data not
shown). The CD8" T cells induced by Nef GL9 recognized
the clade A/E virus-infected cells, whereas they failed to
recognize the clade B-infected ones. These T cells could
recognize GL9 peptide, though they recognized more effec-
tively Nef GL9-3F-7F peptides than the Nef GL9 one.
However, CD8" T cells specific for both Nef GL9 and Nef
GL9-3F-7F were detected in 3 of 7 HLA-A*02:06" in-
dividuals (data not shown). These results suggest that Nef
GL9-3F-7F had been presented in the clade A/E-infected
individuals. Therefore, the failure of the T cells to recog-
nize cells infected with NL4-3 virus may have resulted from
a different amino acid sequence of this epitope between the
clade B consensus peptide and NL4-3 (Ala and Val at posi-
tion 1 and 3, respectively, in Nef GL9 region). CD8™" bulk T
cells induced by 8 other diverse epitopes effectively recog-
nized both the clade B-infected and the clade A/E-infected
cells, suggesting that these diverse epitopes could be cross-
recognized by the T cells.

We previously reported that Phe at position 2 of Nef RFI10
is an escape mutation in the clade B virus [48]. This escape
mutation was frequently found in the clade A/E virus, though
the consensus sequence was RF10-5C (RYPLCFGWCE; Table
1). Since RF10 and RF10-5C were cross-recognized by the
CD8" T cells induced by the RF10 peptide, these T cells
would be expected to select 2F mutants in the clade A/E-
infected individuals. These results indicate that RF10-5C
was an HLA-A*24:02-restricted epitope in the clade A/E-
infected individuals and that RF10-5C-specific CD8" T cells
could cross-recognize the RF10 epitope.

Since these epitopes were restricted by Asian HLA alleles,
vaccine targeting these epitopes can cover Asian countries
including south-east Asia and China where clade A/E and
clade B viruses are prevalent. An HLLA-B*40:02-restricted Nef
epitope was known to be presented by world-wise HLA allele
HLA-B*40:01 [33]. In addition, a previous study showed that
Pol GL9-specific CD8" T cells were elicited in a vaccinated
individual carrying world-wise HLA allele, HLA-A*02:01
{421, These studies together suggest that some of the HLA-
B*40:02-resticted and HLA-A*02:06-restricted  epitopes
identified in this study may be CTL epitopes presented by
these world-wise HLA alleles. Thus, vaccine targeting the
cross-clade epitopes identified in this study may cover coun-
tries in Europe, and northern and southern Americas in addi-
tion to Asian countries.

In conclusion, we here performed the first comprehensive
study of cross-clade T cell responses and demonstrated that
CD8™ T cell responses to clade B-derived Nef, Gag, and Pol
peptides were successfully induced in the clade A/E virus-
infected individuals. We finally identified the 15 cross-
clade epitopes which include not only conserved epitopes
but also polymorphic epitopes across the different clades.
These epitopes can thus be candidate targets of CTL-based
vaccines.
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Introduction

Tllicit drug users, especially injection drug users (IDU), are at high
risk of infection with HIV-1 [1,2]. They are one of the “difficult to
reach” populations, especially with regard obtaining accurate
prevalence data [3]. In Japan, the prevalence of illicit drug use in
the general population is only 2.9% according to the 2009
Nationwide General Population Survey on Drug Use and Abuse
[4,5] (http://www.ncnp.gojp/nimh/pdf/h21.pdf. in Japanese)
(http://www.mhlw.go.jp/bunya/iyakuhin/yakubuturanyou/
torikumi/dl/index-04.pdf. in Japanese). To our knowledge,
however, no study has examined the prevalence of illicit drug
use among patients with HIV-1 infection in Japan.

Among patients with HIV-1 infection, illicit drug use is
associated with lower antiretroviral therapy (ART) uptake and
inferior adherence [6-9], which leads to suboptimal treatment
outcome, compared with patients with other risk categories [10—
12]. The aim of the present study was to examine the prevalence
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of illicit drug use in patients with HIV-1 infection and its
association with characteristics of the patients in Japan, in order to
establish effective intervention strategies.

Methods

Ethics Statement

This study was approved by the Human Research Ethics
Committee of National Center for Global Health and Medicine,
Tokyo, Japan. The Committee waived a written informed consent,
because this study only used data of patients from routine clinical
practice. However, at our clinic each patient provided a written
informed consent for the clinical and laboratory data to be used
and published for research purposes [13]. We conducted this study
according to the principles expressed in the Declaration of
Helsinki.

December 2013 | Volume 8 | Issue 12 | e81960

307



Study design

This study was designed and reported according to the
recommendations of Swengthening the Reporting of Observa-
tional studies in Epidemiology (STROBE) statement [14]. We
performed a single center cross-sectional study of patients with
HIV-1 infection to examine the prevalence of illicit drug according
to patient characteristics including sexual orientation, primarily
focusing on men who have sex with men (MSM). Illicit drugs were
defined as legally prohibited substances in Japan; They included
amyl nitrite and 5-methoxy-diisopropyltryptamine, which became
prohibited by law in 2006 and 2005, respectively, in Japan [15].
This study was conducted at the AIDS Clinical Center, Tokyo.
Our facility is one of the largest clinics for HIV care in Japan with
more than 3,300 registered patients [13]. Considering that the
total reported number of patients with HIV-1 infection is 21,415
by the end of 2011, this clinic treats approximately 15% of the
HIV-1 infected patients in Japan (http://api-netjfap.orjp/status/
2011/ 1Inenpo/hyo_02.pdf, in Japanese).

Study Subjects

The study population comprised patients with HIV-1 infection,
aged >17 years, who visited our clinic for the first time from
January 1, 2005 to August 31, 2010. The following exclusion
criteria were applied; 1) those who visited the clinic for a second
opinion, 2) those referred to other facilities on their first or second
visit.  These patients were excluded because the structured
interview on social demographics was often not conducted in
these patients, 3) patients infected through contaminated blood
products (e.g. hemophiliacs) and mother to child transmission, and
4) patients who refused to be included in the study.

Measurements

Variables were collected through a structured interview
conducted at the first visit as part of routine clinical practice by
the nurses specializing at the HIV outpatient care. The interview
by these “coordinator nurses” included the following variables:
history of illicit drug use and injection drug use (and their types if
available), perceived route of transmission, sexual orientation (men
were asked whether they have sex with men), history of gay
bathhouse use (if MSM), working status, and living status (alone or
with someonc else) [16]. Because interviews could potentially
underestimate the prevalence of illicit drug use, we also searched
the medical records for information on illicit drug use and related
variables covering the period from the first visit to December
2012. Data of age, sex, ethnicity, current treatment status for HIV
infection, and history of AIDS (defined as history of or concurrent
23 AIDS-defining diseases set by the Japanese Ministry of Health,
Labour and Welfare) were obtained from the medical records
(http:/ /www.haart-supportjp/pdf/guideline2012.pdf in  Japa-
nese). The laboratory data of CD4 cell count, HIV-1 viral load,
hepatitis C antibody on the first visit were also collected, and when
these tests were not conducted on that day, data within three
months from the first visit were used.

Statistical analysis

Patients’ characteristics and social demographics were com-
pared between MSM and non-MSM groups by the Student’s t-test
for continuous variables and by either the %” test or Fisher’s exact
test for categorical variables. Logistic regression analysis was used
to estimate the odds of association of MSM, relative to non-MSM,
with illicit drug use. The odds of association of each basic
demographics, baseline laboratory data, and other medical
conditions listed above was also estimated with univariate analysis.
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To estimate the odds of association of MSM over non-MSM
with illicit drug use, we conducted multivariate logistic regression
analysis adjusted by age and ethnicity. Age and ethnicity
(Japanese) were selected among four variables with p value
<0.05 in univariate analysis, because age is a basic demographic
and the literature had reported that population/ethnicity can
affect the prevalence of illicit drug use [17]. The two variables;
“ART” and “history of AIDS” were not included because they
were not considered to be related to illicit drug use.

To estimate the odds of association of different age categories
with illicit drug use, we divided the group into three age
subgroups: =30, 31 to 40, and >40 years. Then, the above-
mentioned multivariate analysis was conducted for each subgroup.

Statistical significance was defined at two-sided p value of
<0.05. We used odds ratios (ORs) and 95% confidence intervals
(95% Cls) to estimate the odds of association of each variable with
licit drug use. All statistical analyses were performed with The
Statistical Package for Social Sciences ver. 20.0 (SPSS, Chicago,
1L).

Results

During the study period, 1,366 patients with HIV-1 infection
visited the AIDS Clinical Center for the first time, and 170
patients were excluded from the analysis based on the above-
mentioned exclusion criteria (Figure 1). For the 1,196 patients
included in the study, the perceived route of transmission was
male-to-male sexual contact in 948 (79%), heterosexual contact in
173 (14%), IDU in 22 (2%), and unknown in 53 (4%). The
majority of the study patients were relatively young Japanese men
with a median age of 36 years. Most patients were ART-naive,
with a median CD4 count of 245/pl (Table 1).

Among the 1,196 patients, 415 (35%) had used or were illicit
drug users, and 53 (4%) were IDUs while 63 (5%} reported using
methamphetamine. With regard to social history, 27 (2%) had
been detained or arrested due to possession or use of illicit drugs
(Table 1). Among the illicit drugs used, amyl nitrite and 5-
methoxy-diisopropyltryptamine were the most commonly named
by the patients. 3,4-methylenedioxymethamphetamine, cannabis,
heroin, cocaine, and opium were also mentioned (numbers not
counted except for methamphetamine).

Of the 1,196 patients, 973 (81%) were MSM regardless of the
perceived route of transmission (e.g., if a patient considered to
have been infected with HIV-1 through injection drug use and was
MSM, he was classified as MSM in Table 1). Compared with non-
MSM patients, MSM were significantly younger and more likely
to be Japanese. MSM patients were more likely to have
experienced illicit drugs [392 (40%)] than non-MSM [23 (10%),
p<0.01], and have used methamphetamine [57 (6%) versus 6
(8%), p=0.07], and to have been arrested/detained due to illicit
drug use/possession [(26 (3%) versus 1 (0.4%), p = 0.04) (Table 1).
There was no difference in the percentage of IDUs among the
MSM and non-MSM groups [44 (5%) versus 9 (4%), p=0.73].
The CD4 count of MSM patients tended to be higher, and MSM
were less likely to present with AIDS than non-MSM, although
HIV viral load of MSM was significantly higher than that of non-
MSM. MSM were more likely to have a job and be living alone.
Further analysis showed that 47% of MSM patients used a gay
bathhouse, and among them, the prevalence of illicit drug use was
higher (49%) than all MSM (40%). The prevalence of illicit drug
use was even higher in MSM aged =30 years (52%).

Univariate analysis showed a significant relationship between
MSM and illicit drug use (OR=5.87; 95% CI, 3.74-9.20;
p<<0.01) (Table 2, Model 1). Furthermore, younger age, being
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HiIV-1 infected patients who visited The AIDS Clinical Center
for the first time between January 1, 2005 to August 31, 2010

n=1,366

Excluded n=170

Visit for a second opinion n=142
Referred on the first/second visit n=16
Infected with contaminated products n=11
Infected with vertical transmission n=1

Enrolled in the study n=1,196

Route of fransmission:

Homosexual contact n=948
Heterosexual contact n=173
Intravenous drug use n=22
Unknown n=53

Figure 1. Patient enroliment.
doi:10.1371/journal.pone.0081960.g001

Table 1. Baseline characteristics of total study patients, MSM, and non-MSM.

Total (n=1,196) MSM (n=973) Non-MSM (n=223) P value

Age (years) 36 (29-43) 35 (29-42) 38 (31-47) <0.01

Injection drug use, n (%) 53 (4 44 (5) 9 (4) 0.73

Arrested due to illicit drugs, n (%) 27 (2) 26 (3) 1 (0.4) 0.04

Ethnicity, n (%)*

Asian 70 (6) 29 (3) 41 (18)

Black 26 (2) ‘ 2(02) 24 (1)

Working status, n (%)

Working 902 (75) 763 (78) 139 (63)

Housewife 11 (N 0 11 (5

CD4 count (/uh™ 245 (101-379) 252 (114-380) 207 (50-379) 0.08

On antiretroviral thera

120 (10) 85 (9) 35 (16)

Positive HCV antibody, n (%) 38 (3) 19 (2) 19 (9) <0.01

Tmedian (interquartile range).
Data of three, ®one, “fifteen, %two, and *four patients were not available (missing).
doi:10.137 1/journal.pone.0081960.t001
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Japanese, on ART, and history of AIDS were associated with illicit
drug use. On the other hand, without a job, living alone, and
positive HCV antibody were not associated with illicit drug use.
Multivariate analysis identified MSM to be signilicantly associated
with illicit drug use after adjustment for age and Japanese (adjusted
OR =4.60; 95% CI, 2.88-7.36; p=<<0.01) (Table 2, Model 2).

Subgroup analysis of the patients stratified by three age groups
(=30, 31 to 40, and >40) showed that the odds of association of
MSM with illicit drug use was the strongest in the youngest age
group (=30 years: adjusted OR=7.56; 95% CI, 2.86-20.0;
p<0.01), followed by the oldest (>40 years: adjusted OR =6.15;
95% CI, 2.40-15.8; p<<0.01), and the weakest in the group aged
31 o 40 (adjusted OR=3.39; 95% CI, 1.73-6.63; p<<0.01)
(Table 3).

Discussion

The prevalence of illicit drug use among patients with HIV-1
infection in this large urban HIV clinic in Tokyo, which treats
approximately 15% of patients with HIV-1 infection in Japan, was
high at 35%. The prevalence was higher among HIV-1 infected
MSM (40%), especially among young MSM aged =30 vears
{(52%). Furthermore, HIV-1 infected MSM were more likely to use
methamphetamine and to be arrested due to illicit drugs,
compared with non-MSM. It should be emphasized that these
numbers are likely to be underreported, since some patients would
not admit illicit drug use to the mterviewers on their first visit.

To our knowledge, this is the first study on the prevalence of
illicit drug use among patients with HIV-1 infection in Japan.
Although the prevalence of illicit drug use is considered extremely
low among the general population in Japan with lifetime
prevalence of 2.9% in 2009, high prevalence of illicit drug use
in patients with HIV-1 infection, especially among HIV-1 infected
MSM, was demonstrated [4,5] (http://www.ncnp.go.jp/nimh/
pdfi/h2l.pdf. in  Japanese) (http://www.mhlw.go.jp/bunya/
iyakuhin/yakubuturanyou/torikumi/dl/index-04.pdf. in  Japa-
nese). The prevalence of methamphetamine use and incarceration
due to illicit drug was also high, suggesting a substantial impact of
illicit drugs, not only on the well-being of this population in terms
of both medical and social perspectives, but also on public health
perspectives [11,12].

In Japan, the number of illicit drug users arrested in 2010 was
14,965. Among these, 12,200 used methamphetamine, followed
by cannabis (2,367), while only several hundred at most used other
drugs (http://www.mhlw.go.jp/bunya/iyakuhin/yakubuturanyou/
torikumi/dl/index-01.pdf in Japanese). Of note, the number of
arrestees due to other injectable drugs, such as heroin and
cocaine, was small (22 and 112, respectively). Thus, most
injection drug users in Japan are methamphetamine users.
Majority of the patients identified as IDU in this study were
considered to be methamphetamine users as well.

llicit Drug Use in HIV-1 Patients in Tokyo

Table 3. Results of multivariate analysis of the association of
MSM over non-MSM for illicit drug use according to age.

Adjusted OR

95% CI P value

MSM vs, non-MsMm

MSM vs. non-MSM 3.39

1.73-6.63 85 <0.01

M5M vs, non-MSM 6.15 2.40-15.8 <0.01

MS5M was adjusted with the same variables as Model 2, Table 2.
MSM: men who have sex with men.
doi:10.1371/journal.pone.0081960.t003

By the end of 2011, of 19,976 patients {excluding those infected
with contaminated blood products) reported to be infected with
HIV-1, 108 (0.5%) were reported to be infected through injection
drug use according to the surveillance conducted by the AIDS
Surveillance Committee of the Japanese Ministry of Health,
Labour and Welfare (http://api-net.jfap.orjp/status/2011/
Inenpo/hyo_02.pdf in Japanese). The prevalence of IDUs in
this study is substantially higher; 53 (4%) of the 1,196 were IDUs,
suggesting a considerable underreporting of IDU in the surveil-
lance data. It is well known that for IDUs, prognosis is much worse
than non-injecting drug users, as one multicenter study conducted
in Europe and North America reported that IDUs experienced
approximately five times higher mortality rates than patients
infected through sexual intercourse [18]. Although the prevalence
of IDUs among patients with HIV-1 infection in Japan is still
much Jower than that in neighboring countries, such as Taiwan
(27.6%) and China (24.3%), there is an urgent need to develop
effective prevention programs for HIV-1 infected illicit drug
users [19] (http://www.unaids.org.cn/download/2009% 20China%
20Estimation%20R eport-En.pdf) (http://www.cde.gov.tw/english/
list.aspx?treeid = 00ED75D6CE87BB27&nowtreeid = 3342073091
C8677).

Although the prognosis of injection drug users is reported to be
worse than that of non-injection drug users [20], this study
primarily focused on illicit drug use as a whole, rather than
injection drug use. This is because only a few studies focused on
llicit drug use among HIV-1 infected patients, although a large
number of studies focused on injection drugs [21-25]. Illicit drug
use in patients with HIV-1 infection is an important issue, because
not only illicit drug use lead to inferior treatment outcome
compared with non users [10-12], but also non injection drug
users are prone (o practice high risk sexual behaviors, which might
lead to transmission of HIV and other infectious diseases [8,26].
Studies from the US reported that especially MSM who use illicit

Table 2. Results of multivariate analysis of the association of MSM over non-MSM for illicit drug use.

Men who have sex with men® 5.87

Japanese

Model 1 Crude n=1,196

3.74-9.20

Model 2 Adjusted n=1,196

4.60 2.88-7.36

174 1.07-2.82

Tp<0.05.
doi:10.1371/journal.pone.0081960.t002
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drugs are at high risk for HIV and sexual transmitted infections
due to close associations between risky sexual behaviors and illicit
drug use [27,28] Furthermore, illicit drug use, especially opioid
use, can be a trajectory into injection drug use [29,30].

Several limitations need to be acknowledged. First, due to the
nature of single-center study, this is a convenience sample and the
results of this study do not necessarily represent the prevalence
of illicit drug use in all patients with HIV-1 infection in Japan.
However, as mentioned above, our clinic treats approximately
15% of the total HIV patients in Japan, and furthermore,
most HIV-1 infected patients reside in urban areas such as
Tokyo metropolitan area (http://api-net.jfap.or.jp/status/2011/
11nenpo/hyo_02.pdf in Japanese). Thus, the discrepancy in the
prevalence of illicit drug use between the study patients and all
HIV patients in Japan should not be too large. Second, the
structured interview method to collect data cannot avoid
underreporting of illicit drug usage. Thus, the prevalence of illicit
drug use in this population is very likely to be higher than what is
reported here. However, underreporting to a certain degree is
unavoidable with regard to issues such as illicit drug use [3].

In conclusion, the prevalence of illicit drug use in patients with
HIV-1 infection in this large HIV clinic in Tokyo was high at
35%, and was higher in HIV-1 infected MSM (40%). Despite the
low prevalence of IDUs (0.5%) among HIV-infected patients
reported by the AIDS Surveillance Committee, 5% of patients in
this study were IDUs. All relevant parties to the issue of illicit drug
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use in patients with HIV-1 infection need to recognize that illicit
drug use is a huge burden in care and well-being of this population
even in Japan, a country with very low prevalence of illicit drug
use in the general population. Appropriate measures for preven-
tion and intervention of illicit drug use are urgently needed to
ensure proper treatment and prevention of spread of HIV
infection.
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Introduction

Advances in antiretroviral therapy (ART) had turned HIV/
AIDS into a chronicdisease [1-5]. As a consequence of living
longer, chronic kidney disease (CKD) has become an important
cause of morbidity and mortality in HIV-infected patients
[1,3-5]. Several studies have reported increased prevalence of
CKD, ranging from 4.9% to 8.4% in such patients [6-9]. In
addition to the established risk factors, such as aging, diabetes
mellitus (DM) and hypertension [2,10], other factors related to
the virus itself and to the treatment [e.g., exposure to tenofovir
(TDF), a commonly used antiretroviral (ARV)], are thought to
be related to nephrotoxicity in HIV-infected patients[2,11,12].
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To date, the benefit of TDF first line treatment is considered
to outweigh the risk of TDF-induced nephrotoxicity. A recent
meta-analysis study has reported that the use of TDF is
associated with a statistically significant though only modest
renal dysfunction, and recommended no restriction of TDF use
when regular monitoring of renal function and serum phosphate
levels is impractical [13]. Furthermore, the 2010 WHO
guidelines for ART in adults and adolescents recommended
TDF as part of the first line regimens (URL: http:/
whqlibdoc.who.int/publications/2010/9789241599764_eng.pdf).

However, several studies have reported that low body weight
is an independent risk factor for TDF-associated nephrotoxicity
and might lead to potentially higher risk for larger drug
exposure and thus, more severe toxicity [14-17]. Under such
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scenario, regional prevalence of CKD may influence the
approach to screening and monitoring of HiV-infected patients
initiated on ART. In particular, most nucleoside/nucleotide
reverse transcriptase inhibitors (NRTIs), such as TDF and 3TC/
FTC, are excreted by the kidney and may require dose
adjustment in individuals with reduced glomerular filtration rate
(GFR), and may require more intensive monitoring in patients
with pre-existing CKD.

Following the 2010 WHO guidelines, the use of TDF has
been increasing rapidly in Vietnam, where patients are more
likely to have smaller body weight compared to Caucasians. At
this stage, little is known about CKD among Vietnamese HIV-
infected patients. In this context, it is important to determine the
prevalence of CKD and its risk factors including TDF exposure
and low body weight in this region. The present study was
conducted to evaluate the above factors in Vietnamese HIV-
infected patients.

Methods

Study design

We performed a cross-sectional study with an observational
single-center cohort of Vietnamese HIV-infected patients on
ART. This cohort was established since 2007 at the National
Hospital of Tropical Disease in Hanoi, one of the largest
outpatient clinics for HIV infected-patients in Vietnam. Clinical
data are collected twice a year (in April and October) in this
cohort. The population of this cohort comprised HIV-infected
patients on ART aged more than 17 years. To evaluate CKD in
this group, serum creatinine had been examined since October
2011. Serum creatinine was measured in October 2011 and
April 2012. Patients whose creatinine was not obtained at both
time points were excluded from the study. Other clinical data
were collected twice a year (in April and October) as well. The
study was approved by the Human Research Ethics Committee
of National Hospital of Tropical Disease and Hanoi city. Each
patient included in this study provided a written informed
consent for the clinical and laboratory data to be used for
publication. The study was conducted according to the
principles expressed in the Declaration of Helsinki.

Measurements

Data included demographic variables (height, weight, sex
and age); a complete history of ART; use of cotrimoxazole;
CD4 cell count (cell/mm?, measured by flow cytometry); plasma
HIV-RNA (copies/ml, measured by the Roche COBAS TagMan
HIV monitor assay); serum creatinine (mg/di, measured by
Jaffe method); date of HIV diagnosis and other comorbidities.
CKD was defined as creatinine clearance (Ccl) estimated by
the Cockcroft-Gault formula of <60 mi/min at October 2011 and
April 2012 (6 months apart). Renal dysfunction at each time
point was also classified into five stages according to the
guidelines of the National Kidney Foundation [18]: normal renal
function: Ccl 290 ml/min; mild renal dysfunction, Ccl between
60-89 ml/min; moderate, Ccl 30-59 ml/min; severe renal
dysfunction, Ccl 15-29 ml/min; and renal failure or dialysis, with
Ccl of <15 ml/min.
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Statistical analysis

Statistical analysis included descriptive (mean and standard
deviation), univariate and multivariate analyses. Absolute and
relative  frequencies were utilized for continuous and
categorical variables, respectively. To evaluate the association
between CKD and categorical variables, the chi-square test or
Fisher exact test was applied as required. Independent T test
or one-way analysis of variance (ANOVA) was used to
compare mean values of normally distributed data and the
Mann Whitney test or Kruskal-Wallis test for parameters with
skewed data distribution. Variables significantly associated with
renal dysfunction in univariate analysis (p<0.05) were entered
into multivariate analysis. Logistic regression was used to
determine the faciors associated with CKD in univariate and
multivariate analyses. Statistical significance was defined at
two-sided p value <0.05. We used the odds ratio (OR) and 95%
confidence interval (95% Cl) to estimate the association of
each variable with renal dysfunction. All statistical analyses
were performed with The Statistical Package for Social
Sciences ver. 17.0 (8PSS, Chicago, IL).

Results

Patients on TDF

The percentage of TDF use in our cohort increased from
11.9% in April 2011 to 40.3% in April 2012. in contrast,
stavudine (d4T) use decreased from 37.8% in April 2011 to
14.6% in April 2012, The patterns of use of TDF and d4T well
reflected the recommendation of the 2010 WHO ART
guidelines; recommendation for the use of TDF or zidovudine
(AZT) and phasing out of d4T.

Prevalence of CKD and renal dysfunction at each time
point

To determine the prevalence of CKD, serum creatinine was
measured in 771 patients in October 2011 and April 2012. CKD
was diagnosed in 56 (7.3 %) patients and classified as
moderate in 54 and severe in 2 (Table 1). The number of
patients with moderate and severe renal dysfunction increased
from 74 (9.6%) in October 2011 to 111 (14.4%) in April 2012.
The data of serum creatinine by CKD stage are shown in Table
1.

Baseline demographics and laboratory data

Table 2 compares the baseline demographics and clinical
variables of patients with or without CKD for the data of
October 2011. Patients with CKD were significantly older, more
likely to be diabetic females treated with TDF and lopinavir
boosted with ritonavir, and of significantly lower body weight
with higher serum creatinine, and with history of AIDS-defining
disease, compared to those without CKD. CD4 count, HIV RNA
viral load, and duration of ART were not significantly different
between the two groups. The mean CD4 count was >300/mm?®
and the mean HIV RNA load was <100 copies/ml in both
groups.
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Table 1. Prevalence of CKD and renal function at two time
points in 771 HIV-infected Vietnamese on ART.

Impact of TDF on CKD

Table 3. Factors associated with CKD based on uni- and
multivariate analyses (n=771).

CKD Oct 2011

Apr 2012

Normal 90 or more -

178 (23.0)

159 (20.8)

Renal dysfunction was classified according to the guidelines of the National Kidney
Foundation (18)

CKD was defined as Ccls of <60 mi/min at both time points (October 2011 and
April 2012).

CKD; chronic kidney disease, ART; antiretroviral therapy

doi: 10.1371/journal.pone.0079885.t001

Table 2. Baseline demographics and laboratory data of 771
patients measured at October 2011.

Age, years 36.417.86  46.5£11.5 35.646.9

Body weight, kg 55.0684  47.146.3 55.648.2

Serum creatinine, mg/dl 0.95+0. 15 1.11£0.22 0.94+0.13

HIV RNA, log1g c/ml 1.79£0.52 1.80£0.47 1.7920.52

Data are mean+SD or n (%).

CKD; chronic kidney disease, ART; antiretroviral therapy, TDF; tenofovir
doi: 10.1371/journal.pone.0079885.t002

Factors associated with CKD

Univariate analysis identified older age per year-increase,
female sex, body weight per 1 kg-decrement, use of TDF, use
of lopinavir boosted with ritonavir, diabetes mellitus, and AIDS-
defining diseases as factors significantly associated with CKD.
After adjustment by multivariate analysis, older age per year-
increase (OR=1.229; 95%Cl, 1.170-1.291; p<0.001), body
weight per 1 kg-decrement (OR=1.286; 95%Cl, 1.193-1.386;
p<0.001), and use of TDF (OR=2.715; 95%CI, 1.028-7.168;
p=0.044) were associated significantly with CKD (Table 3).

Discussion

We documented in the present study the prevalence of CKD
and the associated risk factors in our Vietnamese cohort. CKD
was identified in 7.3% of the patients between October 2011
and April 2012. Although severe renal dysfunction was
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Univariate analysis

Multivariate analysis

Age per year-increase

Bo y weight per

1170 1.119-1.223 1.286 1.193-1.386 <0.001
decrement

Use of Lopinavir 2.257 1.165-4.370 1.439 0.460-4.497 0.531

HIV-RNA level per log 10
copies/ml

1.055 0.641-1.736

1.740 0.966 - 3.134
OR = Odds ratio; Cl = confidence interval; CKD; chronic kidney disease, ART;

Use of cotrimoxazole

antiretroviral therapy, TDF; tenofovir
doi: 10.1371/journal.pone.0079885.t003

observed in only 2 cases, we consider this finding quite
alarming in our study setting, since it is more than double that
reported in a previous study (3.1%) on the prevalence of CKD
among Vietnamese healthy volunteers aged more than 40
years [19]. Our cohort comprised relatively younger and stable
patients on ART with a mean age of 36.4 years.

In addition to the high prevalence of CKD, a striking finding in
this study was that TDF use has increased steeply since the
2010 WHO ART guidelines that recommended the use of TDF;
TDF use was also an independent risk for CKD in Vietnamese,
in addition to low body weight. We reported previously that
Japanese patients with small body weight (<59 kg) treated with
TDF were at high risk of renal dysfunction [16], whereas those
with body weight of >67 kg had negligible risk, similar to the
patients reported by Cooper et al [13]. One experimental study
of rhesus macaques also reported that TDF-associated
nephrotoxicity was dose-dependent [20]. The mean body
weight of the patients enrolled in the present study was 55 kg,
which is about 30 kg less than that of American males of
similar age (88 kg) (URL:http://www.cdc.gov/nchs/data/nhsr/
nhsr010.pdf). To prevent TDF-related CKD in patients with a
small body weight, the efficacy and safety of low-dose TDF
adjusted to low body weight should be evaluated in a clinical
trial.

One study argued that the initial decline in eGFR following
the commencement of TDF therapy stabilized later after the
first 6 months [21]. However, whether or not the initial decline
stabilizes later in patients with low body weight remains to be
documented in a longitudinal study of our cohort. It is true that
the future risk of TDF-related CKD is still uncertain. In this
study, almost all patients who experienced renal dysfunction
continued the same ART regimen because renal dysfunction
was relatively moderate as shown in Table 1. Although one
severe case showed improvement of renal function after
cessation of TDF, normalization of renal function after
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withdrawal of TDF was reported to be incomplete in some
cases [22]. Previous studies recommended dose reduction of
drugs that are cleared by the kidney, such as lamivudine and
TDF, when Cdl falls below 50 ml/min [23], to avoid further
worsening of renal dysfunction. Early detection of eGFR
decline is important for switching from TDF to AZT or abacavir
to preserve renal function. Despite those concerns, however,
there is no doubt that TDF is still an important drug with
enough anti-HIV potency and less mitochondrial toxicity among
NRTIs. In this regard, serum creatinine should be monitored
even in resource-limited situations.

Furthermore, another study that compared patients with or
without TDF use depicted that TDF was more likely to be used
in the salvage regimen so far; patients on TDF had the longer
duration of ART and more positive viral load (Table 2). Based
on this analysis, patients on TDF were more likely to develop
CKD, although the mean body weight was not significantly
different between the two groups. In addition, in terms of
another antiretroviral agent, protease inhibitor (Pl), also known
as a risk factor for CKD [11], 97 (12.6%) patients used Pls (all
Pls were ritonavir boosted lopinavir). Of 97 patients, 83
(85.6%) were co-administered with TDF. Although univariate
analysis suggested that the use of Pls was associated
significantly with CKD, multivariate analysis did not (Table 3).
The reason of this result could be explained by the short
duration of co-administration and its effect as a confounding
factor for TDF use.

The present study has several limitations. Due to its cross-
sectional nature, we can only draw association of events and
not demonstrate causative relationship between TDF and renal
dysfunction. Further longitudinal studies are required fo
determine the impact of the aforementioned factors on renal
function. Second, co-infection with HCV, a known risk factor for
CKD, was not included in this analysis due to lack of available
data in our cohort. The prevalence of HCV in Vietnamese is
relatively high because injecting drug use is one of the main
routes of infection in Vietham. We are adding data for a
longitudinal study on TDF toxicity in our cohort. Lastly, the
Modification of Diet in Renal Disease formula (MDRD) or
Chronic Kidney Disease Epidemiology Collaboration (CKD-epi)
is commonly used for evaluation of renal function at present
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