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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—17]. 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 [11,12.16.20,21], 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 [22--257.
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 [27.28.30,31].
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 11-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-DIK (Mabtech, Stockholm, Sweden). The appropriate
amount of peptide cocktails including 10 overlapping 11-mer
peptides were added in a volume of 50 uL, and then PBMCs
were added at 1 x 10° cells/well in a volume of 100 puL. 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-
v 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. CIR 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-v staining
assays.

2.7. HIV clones

The replication-competent molecular clones of p93JP-NH1
[37] 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 C1R 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-
vy mAb (BD Bioscience, CA). The percentage of IFN-
y"CD8™ cells was analyzed by flow cytometry.

3. Results

3.1. CDS™ 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 CI1R 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 CDS™ 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 11-mer peptides were recognized by the specific
CDS8™ 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 11-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 HLA 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. 2).

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

(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-y 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
LL11 (LKHIVWASREL), Gag AA9 (ATLEEMMTA), Pol GI9
(GQVDCSPGI), and Pol GL9 (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—5071 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 RVS, 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),
1 HLA-A*24:02-restricted epitope (Nef RF10; Fig. 3C), 1
HLA-B*52:01-restricted epitope (Gag RI§; 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--50], 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
AP8, 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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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 1/26
e P e 12/1494 47176 16/26
Others 953/1494 29/76 9/26
Nef RF10 Nef(134—143) RYPLTFGWCFE® 800/1494 0/76 2/25
C— 94/1494 56/76 10/25
others 600/1494 20176 13725
Gag LL11 pl7(31—41) LKHIVWASREL" 1182/1644 18/315 2/26
M—L 0/1644 147/315 14/26
others 462/1644 150/315 10726
Gag RV8 pl7(39—46) RELERFAV" 1299/1644 20/315 4/26
L 111/1644 217/315 17/26
others 234/1644 78/315 526
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 477315 1726
V— 121/1644 178/315 8/26
others 388/1644 90/315 17726
Gag EG11 p24(79-89) EWDRLHPVHAG" 921/1644 48/315 1726
—_— 107/1644 149/315 5/26
others 616/1644 118/315 20/26
Gag RI8 p24(143—150) RMYSPTSI" 1033/1644 30/315 2/26
V- 351/1644 212/315 15/26
others 260/1644 73/315 9726
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 1726
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 0726
Pol GL9 Integrase(94--102) GQETAYFLL" 519/1003 52/59 19/26
others 484/1003 /59 7/26
Pol ER10 Integrase(157—166) ELKKIIGQVR® 770/1003 40/59 21/26
others 233/1003 19/59 5126
Pol GI8 Integrase(197—204) GERIVDII® 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 RVS8, Gag AP8, Gag AV9, or Gag YI9 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

308

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
CDS8™" bulk T cells for target cells infected with HIV-1 clade
AJ/E clone or for those infected with HIV-1 clade B clone.
The CD8™ bulk T cells induced by Nef RF10, Gag RVS, Gag
AP8, 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. 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, K1-632, 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 CDS™ 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 (Fig. 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-1-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.

CI{)8+ 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-y 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). CDS8™ 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 RF10
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 (RYPLCFGWCEF; 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 HLA-B*40:02-restricted Nef
epitope was known to be presented by world-wise HLA allele
HILLA-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
{42]. 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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Reversibility of Tenofovir Nephrotoxicity

Introduction

Tenofovir disoproxil fumarate (TDF) is one of the most widely
used nucleotide reverse transcriptase inhibitors (NRTI) for
patients with HIV infection, with proven efficacy and safety
[1-6]. However, tenofovir is excreted by both glomerular
filtration and tubular secretion, and is known to cause renal
proximal tubular dysfunction. Moreover, long-term TDF use
reduces glomerular filtration rate more than other NRTIs [7-10].
Although the mechanism of tenofovir-induced kidney damage
is not fully understood, mitochondria toxicity, a well-known
adverse event of NRTIs [11,12], in the proximal renal tubular
cells is considered to be the main mechanism [13,14]. In
addition to renal dysfunction, TDF also reduces bone mineral
density, and both complications might lead to serious outcomes
with long-term use of TDF [9,15-19]. The concurrent use of
ritonavir-boosted protease inhibitors (Pl/r) is a risk factor for
TDF-associated nephrotoxicity, since Pl/r modifies tenofovir
clearance and thus increases the severity of tenofovir
nephrotoxicity [20,21].

Clinical manifestations such as lipoatrophy and neuropathy
caused by NRTI-induced mitochondria toxicity are difficult to
reverse [22,23], but whether TDF nephrotoxicity is reversible
after discontinuation of TDF remains unknown at present.
Unfortunately, the results of few small studies that have
examined this issue are contradictory [24-26]. Of note, there is
no randomized controlled study that has examined the
reversibility of TDF-associated nephrotoxicity.

Recently, antiretroviral therapy (ART) not containing NRTIs
(NRTI sparing regimens) has gained a wide attention, since
these combinations can avoid NRTI toxicity. Despite high
expectations, the results of studies on the efficacy and safety of
NRTI sparing regimens for treatment-naive patients showed
dismal results. A small single arm study of CCR5 inhibitor
maraviroc plus ritonavir-boosted Darunavir (DRV/r) showed a
high rate of virologic failure, especially in patients with high
baseline viral load of >100,000 copies/mL [27]. Raltegravir
(RAL) plus unboosted atazanavir in a small randomized trial
showed frequent grade 4 hyperbilirubinemia and emergence of
raltegravir resistance [28]. Even the combination of RAL, a
well-tolerated integrase inhibitor, and DRV/r, a protease
inhibitor with high barrier to drug resistance and favorable lipid
profile [29,30], showed a high prevalence of virological failure
for patients with high baseline viral load in a single arm study
[31].

At this stage, it is important to elucidate the effectiveness of
NRTI sparing regimen for patients with suppressed HIV-1 viral
load, because longer exposure with NRTls tends to result in

PLOS ONE | www.plosone.org

clinically overt NRTl-associated mitochondrial toxicity [22,32],
and NRTI sparing regimens may avoid such long-term NRTI
toxicity. Of note, the viral efficacy of NRTI-sparing regimen of
RAL plus DRV/r has not been evaluated in patients with
suppressed viral load [31].

Based on the above background, this multicenter
randomized trial was conducted to elucidate 1) the reversibility
of tenofovir nephrotoxicity, and 2) efficacy and safety of RAL
+DRV/r for patients with suppressed viral load.

Methods

This clinical trial was designed and reported according to the
recommendations of the Consolidated Standard of Reporting
Trials (CONSORT) statement [33]. The protocol for this trial
and supporting CONSORT checklist are available as
supporting information; see Checklist S1 and protocol S1.

Ethics Statement

The Research Ethics Committees of Hokkaido
University Hospital, Higashisaitama National Hospital, Niigata
University Medical and Dental Hospital, the Institute of Medical
Science, the University of Tokyo, Juntendo University School of
Medicine, Shirakaba Clinic, Saku Central Hospital, Hiroshima
University Hospital, Ehime University Hospital, National
Hospital Organization Kyushu Medical Center, Kumamoto
University Graduate School of Medical Sciences and National
Center for Global Health and Medicine approved the study
protocol. All patients enrolled in this study provided a written
informed consent. The study was conducted according to the
principles expressed in the Declaration of Helsinki.

Study Design

The SPARE trial is an on-going phase 3B, multi-center,
randomized, open-label, parallel group study conducted in
Japan to compare renal function and viral efficacy of NRTI-
sparing regimen of RAL+DRV/r and a standard regimen of Pl/r
+ 2NRTIs [(lopinavir/ritonavir (LPV/r) plus fixed dose of
tenofovir/emtricitabine (TVD)] for 96 weeks, randomly allocated
to patients on LPV/r+TVD with suppressed viral load. With one
to one ratio, patients with suppressed viral load on LPV/r (800
mg/200 mg) plus fixed dose of TDF (300 mg)/emtricitabine
(200 mg) were randomly assigned to either RAL (800 mg) plus
DRV/r (800 mg/100 mg) or to continue LPV/r+TVD. Patient
enrolliment remained open between February 21, 2011 and
December 2011, and the follow-up period is scheduled to end
in December 2013. This report summarizes the findings after
48 weeks of treatment, including the primary endpoint.
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Randomization was stratified based on baseline body weight
of 60 kg because low body weight, especially body weight of
<60 kg, is an important risk for tenofovir nephrotoxicity
[4,18,34]. Randomization was conducted at the data center
with independent data managers, using a computer-generated
randomization list prepared by a stafistician with no clinical
involvement in the trial.

Study Patients

The study population included Japanese patients with HIV-1
infection, aged 220 years, who were on LPV/r plus TVD and
with suppressed HIV-1 RNA viral load of <50 copies/ml over a
period of more than 15 weeks. Patients were screened and
excluded if found positive for hepatitis B surface antigen, or
had history of virologic failure with regimens including protease
inhibitor or integrase inhibitor, or if they were considered
inappropriate for the study by the attending physicians.
Candidates were also excluded if the level of alanine
aminotransferase was 2.5 times the upper limit of normal,
estimated glomerular filtration rate (eGFR) calculated by
Cockceroft-Gault equation (CG equation) was <60 mi/min, {{(140
- age) x weight (kg)] / (serum creatinine x 72)] (x 0.85 for
females)} [35], or on treatment for opportunistic infection.
Actual body weight was used for the calculation of eGFR.
Patients who provided written informed consent started the
allocated regimens within 4 weeks of enroliment.

Study Procedure

Visits for clinical and laboratory assessments were required
within 15 weeks before registration for screening, at
registration, and every 12 weeks for the duration of the study.
Patients of the RAL+DRV/r arm were required to visit within 4
weeks after commencement of the allocated regimen to screen
for adverse events. Baseline evaluation and evaluations at
each visit covered medical history, including history of AIDS-
defining illness and other comorbidities, concurrent
medications, concurrent smoking, physical examination, CD4
cell count, HIV-1 RNA viral load, complete blood cell count,

blood chemistries (albumin, total bilirubin, aspartate
aminotransferase, alanine aminotransferase, lactate

dehydrogenase, alkaline phosphatase, creatine kinase, blood
urea nitrogen, serum creatinine, sodium, potassium, calcium,
phosphate, triglyceride, total cholesterol, low-density lipoprotein
cholesterol, high density lipoprotein cholesterol, glucose), and
urine examination (urine dipstick, phosphate, creatinine, B2
microglobulin,  N-acetyl-B-D-glucosaminidase (NAG), and
albumin). The values of urinary B2 microglobulin, NAG, and
albumin were expressed relative to urinary creatinine of 1 g/L
(/g Cr). Percent tubular resorption of phosphate was calculated
by the following formula: {1 — [(urine phosphate x serum
creatinine) / (urine creatinine x serum phosphate)]} x 100 [36].
All data, including HIV-1 RNA viral load, were collected at each
participating site and then transferred to a central data center.
Grade 3 or 4 serious adverse events were reported to the
independent data and safety monitoring board and analyzed for
their relation to the study drugs. The grade of adverse events
was classified according to the Division of AIDS Table for
grading the severity of adult and pediatric events, version 2004
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(URL:http://www.mtnstopshiv.org/sites/default/files/
attachments/

Table_for_Grading_Severity_of Adult_Pediatric_Adverse_Eve
nts.pdf). Independent monitors visited all facilities to conduct
source document verification to ensure the accuracy of all
submitted data by week 48 and compliance to the protocol. All
authors participated in the trial design, data analysis, and
preparation of the manuscript, and vouch for the completeness
and accuracy of the presented data.

Statistical Analysis

The tested hypothesis was that more patients in the RAL
+DRV/r arm will experience >10% improvement in eGFR from
the baseline than patients in the LPV/r+TVD arm after
switching from LPV/r+TVD to RAL+DRV/r. Sample size
calculation was based on the assumption that 50% of the
patients of the RAL+DRV/r arm and 10% of the patients of the
LPV/r + TVD arm will experience >10% improvement in eGFR
from the baseline to week 48. With a 2-sided alpha level of
0.05 and 80% power, the estimated population sample required
in this study was 50 patients (25 per single arm). To account
for dropouts, we planned to enroll 27 patients per one arm. The
study was not fully powered for secondary analysis. Per
protocol population while on the initial randomized regimen was
used for the analysis of the primary endpoint.

The primary endpoint was the proportion of patients with
>10% improvement in eGFR at 48 weeks from the baseline
calculated with the CG equation [35]. The baseline eGFR was
estimated from the average of serum creatinine measured at
baseline and at screening for enroliment. eGFR at week 48
was estimated from the average of serum creatinine at weeks
36 and 48. The proportion of such patients was compared
between the two arms by the Fisher exact test. The following
three equations for eGFR were also used for sensitivity
analysis: 1) A 3-variable equation for the Japanese set by the
Japanese Society of Nephrology (JSN equation): [194 x (serum
creatinine)'.9%x (age)®?®7x (0.739 for female patients)][37], 2)
the Modification of Diet in Renal Disease (MDRD) equation
adjusted with coefficient for the Japanese [0.808 x 175 x
(serum creatinine)*1%* x (age)®2%x (0.742 for female patients)]
[37], and 3) Chronic Kidney Disease Epidemiology
Collaboration (CKD-EPI) equation adjusted for the Japanese
[0.813 x 141 x min (serum creatinine/k, 1)®x max (serum
creatinine/k, 1) 2% x (0.993)%°x (1.018 for females)] (where k
is 0.7 for females and 0.9 for males, a is -0.329 for females and
-0.411 for males, min represents the minimum of serum
creatinine/k or 1, and max is the maximum of serum creatinine/
K or 1) [38]. Furthermore, the percent improvement in eGFR
from baseline to week 48, calculated with all four equations
described above, was compared between the two arms by the
Student’s t-test. Because the percent improvement in eGFR
may depend on the baseline value, a correlation between the
percent improvement in eGFR and the baseline value was
tested, and the results showed very weak correlation
(0.001<r<0.2) for all four equations for eGFR. Accordingly, the
comparison of the percent improvement was conducted by the
t-test as described above.
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The secondary renal endpoint was changes in per protocol
renal tubular markers from the baseline to week 48, and the
results were compared by the Mann-Whitney test. The
secondary efficacy endpoint was the proportions of patients
with HIV-1 RNA <50 copies/mL at weeks 24 and 48. Data of
both per protocol population and the intent-to-treat (ITT)
population, comprising all randomized treatment-exposed
subjects were used for the assessment of efficacy. With regard
to analysis on the viral efficacy in this study, per protocol
analyses were more important than ITT analyses, because
some patients enrolled in the RAL+DRV/r arm were expected
to develop adverse events due to switching to the new
medications and subsequent discontinuation of the allocated
regimen, whereas new adverse events were not likely in
patients of the LPV/r+TVD arm solely by continuing the same
regimen as before. Baseline parameters were compared
between the two arms by the Student’s t-test for continuous
variables and by either the x? test or Fisher's exact test for
categorical variables. Statistical significance was defined at
two-sided p values <0.05. All statistical analyses were
performed with The Statistical Package for Social Sciences ver.
21.0 (SPSS, Chicago, IL).

Results

Patient disposition and baseline characteristics

Between February and December of 2011, 59 patients from
11 centers were enrolled in the study and randomized. Of
these, 29 and 30 patients were allocated to the RAL+DRV/r
and the LPV/r+TVD arm, respectively (Figure 1). One patient in
the RAL+DRV/r arm withdrew consent before starting the
allocated regimen, thus was excluded from the analysis. The
baseline demographics and characteristics of the participating
patients are listed in Table 1. Most patients were men who
have sex with men, with well-maintained CD4 count. Patients
of the LPV/r+TVD arm were younger (p=0.040) and had lower
CD4 count (p=0.029) than those of the RAL+DRVr arm. All
other major variables were similar between the two arms.

Primary endpoint

At week 48, six patients (25%) out of 24 in the RAL+DRV/r
arm and 3 patients (11%) out of 28 in the LPV/r+TVD arm,
experienced >10% improvement in eGFR from baseline, and
the difference was not statistically significant (p=0.272, 95% Cl
-0.067 to 0.354). Sensitivity analysis with three other equations
for eGFR (JSN, CKD-EPI, and MDRD) showed the same
results; no difference in the proportion of patients with
improvement of >10% in eGFR was noted between the two
arms (JSN equation: 4/24 in RAL+DRV/r, 3/29 in LPV/r+TVD,
p=0.688, 95% CI -0.126 to 0.267) (CKD-EPI equation: 2/24 in
RAL+DRV/r, 2/29 in LPV/r+TVD, p=1.000, 95% CI -0.148 to
0.197) (MDRD equation: 5/24 in RAL+DRV/r, 3/29 in LPV/r
+TVD, p=0.444, 95% CI -0.093 to 0.313) (Table 2).

Additional analysis showed that the percent improvement in
eGFR from the baseline to week 48 calculated using all four
equations was not significantly different between the two arms
[CG equation: difference in mean % improvement (DRV/r+RAL
versus LPV/r+TDF/FTC) -8.7%, 95% Cl -18.2 to 0.8, p=0.071]
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Table 1. Baseline characteristics of the enrolled patients.

RAL+DRV/r (n=28) LPV/r+TVD (n=30) P vaiue

Sex (male), n (%) - 28(100) 2007 1000
Age (years)t 44 (37-51) 39 (34-45) 0.040
CD4 count ()t~ ' 549 (384-710) 456 (330-592) 0029
Route of transmission

27 (96) 24 (80) 0.151
(homosexual contact), n (%)
Historyof AIDS,n (%) 10(36) oueEn 1000
Body weight (kg)* 66 (59-75) 66 (59-72) 0.502
Bodymassindex (kgim®)yl  22(2125)  226(19.9246) 0440
eGFR by JSN equation

87 (76-103) 85 (70-90) 0.356

(ml/min/1.73 m?)t

eGFbeyCG‘equ:aﬁoh (mif o
il e ) ™ 11988143

108 (89-120)

0456

0.78 (0.70-0.87)
Urinary albumin (mg : ‘
Urinary B2 microglobulin
(Hglg Cre)t

452 (178-1566)

ﬁhﬁsphate %)

NAG (Ufg Cr)t 6.2 (3.7-11.6)

0.76 (0.67-0.83) 0.184

o

424 (204-2275) 0.234

5.2 (3.7-8.3) 0.183

17 (61) 8 (27)
0 10
13’(46) ' 13(43)
Hepéﬁus : ,:0"‘,(6)' - . o{(O)ﬂ! .
Duration of tenofovir use 163 (109-224) 124 (85-212) 0.721

(weeks)

Hypertension was defined by current treatment with antihypertensive agents or
systolic blood pressure >140 mmHg or diastolic blood pressure >90 mmHg.
Dyslipidemia was defined by current treatment with lipid-lowering agents or low-
density lipoprotein cholesterol >140 mg/dl, high-density lipoprotein cholesterol <40
mg/dl, total cholesterol >240 mg/dl, or triglyceride >500 mg/dl. IQR: interquartile
range, AIDS: acquired immunodeficiency syndrome, eGFR: estimated glomerular
filtration rate, LDL: low-density lipoprotein, JSN: the Japanese Society of
Nephrology equation [37], CG: Cockcroft-Gault equation [35]

t median (interquartile range)

(JSN equation: -1.1%, -6.9 to 4.8, p=0.720) (CKD-EPI
equation: -1.6%, 95% Cl 4.7 to 1.6, p=0.323) (MDRD
equation: -1.1%, 95% CI -6.9 to 4.8, p=0.722) (Table 2). Thus,
this study demonstrated that switching to NRTI-sparing
regimen of RAL+DRV/r did not increase the proportion of
patients who showed >10% improvement in eGFR, compared
to continuation of LPV/r+TVD.

Secondary renal endpoints
Among the four renal tubular markers used in this study, the

improvement in urinary 2 microglobulin from baseline to week
48 was significantly larger in the RAL+DRV/r arm (n=23) than
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Assessed for eligibility n=126

Excluded n=67
Not meeting inclusion criteria n=21

Declined to participate n=33
Other reasons n=13

Randomized n=59

Raltegravir + Darunavir/r
Randomized n=29
Exposed to freatment n=28 (97%)

Lopinavir/r + Tenofovir/Emtricitabine
Randomized n=30
Exposed to treatment n=30 (100%)

Completed 48 weeks n=24 (86%)

Completed 48 weeks n=29 (97%)

Censored n=4 (14%) Censored n=1(3%)
Numbness 1 (4%) Lost to follow up 1(3%)
Fatigue 1(4%)
Withdraw consent 1(4%)
Lost to follow up 1 (4%)
Analyzed Analyzed
Intention to treat n=28 Intention to treat n=30
Per protocol n=24 Per protocol n=28

Figure 1. Enrollment, randomization, and disposition of patients. Darunavir/r, ritonavir-boosted darunavir; Lopinavir/r,

ritonavir-boosted lopinavir.
doi: 10.1371/journal.pone.0073639.g001

in the LPV/r+TVD arm (n=28) (-271 versus -64 ug/g Cr,
p=0.026) (Figure 2A). However, urinary albumin, the percent
tubular resorption of phosphate, and NAG showed little change
from baseline, and the observed changes were not significantly
different between the two arms (Figure 2B, C, D).

Secondary efficacy endpoints
Among the per protocol population, the proportion of patients
with HIV RNA <50 copies/mL was 96.2% for the RAL+DRV/r
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arm and 96.7% for the LPV/r+TVD arm at week 24, with a
difference of -0.5% (95% Cl, -10% to 9%), and 100% for the
both arms at week 48, with a difference of 0% (95% CI -0.1 to
0.1) (Figure 3A). ITT analysis showed that the proportion was
89.3% and 96.7% for the RAL+DRV/r and LPV/r+TVD arms,
respectively, at week 24, with a difference of -7% (95% CI,
-21% to 6%), and 85.7% and 96.7%, respectively, at week 48,
with a difference of -11% (95% ClI, -25% to 4%) (Figure 3B).
There was no significant difference in viral efficacy between the
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Table 2. Proportion of patients with >10% and mean percent improvement in eGFR at 48 weeks from the baseline calculated

by the four equations.

Cases with >10% increase

from baseline P value (95% CI)

Mean % improvement in eGFR
from baseline

Difference in mean % improvement (95% Cl)
(DRVIr + RAL versus LPVir + TDF/FTC)

P value

DRV/r + RAL 6/24

JSN equation

LPV/r + TDF/FTC  3/29 1.5%

DRV/r + RAL 224 1.000 (-0.148 t0 0.197) 1

9%

-1.6% (-4.7 t0 1.6)

MDRD equation

LPV/r + TDF/FTC  3/29 1.7%

DRV/r: ritonavir-boosted darunavir, RAL: raltegravir, LPV/r: ritonavir-boosted lopinavir, TDF: tenofovir, FTC: emtricitabine, CG: Cockcroft-Gault equation [35], JSN: the

Japanese Society of Nephrology equation [37], CKD-EP!I: Chronic Kidney Disease Epidemiology Collaboration (CKD-EPI) equation adjusted for the Japanese[38], MDRD:

the Modification of Diet in Renal Disease equation adjusted with coefficient for the Japanese [37]

two arms at weeks 24 and 48. At week 48, all patients of the
RAL+DRV/r arm on the allocated regimen (n=24) had a viral
load of <50 copies/mL.

Safety and tolerability

One patient from each arm was lost to follow-up. Three
patients of the RAL+DRV/r arm discontinued the allocated
regimen by week 48 (one discontinued the regimen at week 4
due to weakness in the lower extremities and one at week 24
because of fatigue, which was later found to be related to acute
hepatitis B infection). The other patient withdrew consent at
week 24, because it was easier for him to maintain a good
medication adherence with once-daily LPV/r+TVD (the regimen
the patient used before enrollment). None of the patients of the
LPV/r+TVD arm discontinued the allocated regimen by week
48. Thus, at week 48, 24 patients (86%) out of 28 in the RAL
+DRV/r arm and 29 (97%) of 30 in the LPV/r+TVD arm, were
on the allocated regimens.

The following grade 3 or 4 laboratory data or abnormal
symptoms that were at least one grade higher than the
baseline were encountered in this study: RAL+DRV/r arm: a
rise in ALT (due to acute hepatitis B infection, n=1), and
elevated LDL-cholesterol (n=3), LPV/r+TVD arm: elevated
LDL-cholesterol (n=1), and hypophosphatemia (n=3). The
above side effects did not lead to discontinuation of the study
drugs.

Discussion
This randomized trial elucidated the recovery of TDF-

associated nephropathy after discontinuation of TDF. The
results demonstrated no significant increase in the proportion

PLOS ONE | www.plosone.org

of patients who showed >10% improvement in eGFR after
switching to NRTI sparing regimen of RAL+DRV/r, compared to
continuation of LPV/r+TVD. This finding could be due to any of
the following reasons; 1) Relatively preserved baseline renal
function of the enrolled patients, with a median eGFR of 86
ml/min/1.73 m? (IQR 75-97, JSN equation), with only one
patient with CKD stage 3 due to persistent +1 proteinuria, and
no patients with stage 4 or more. Although the number of
patients is relatively small, a previous pilot study of 21 patients
reported improvement of eGFR (by CG equation) in most
patients after switching from Pl/r+TVD to PI/r+RAL in patients
with proteinuria and suppressed HIV viral load [39]. Thus,
improvement of eGFR after discontinuation of TDF might be
more significant in patients with severe to moderately impaired
renal function. Larger studies are needed to investigate this
issue thoroughly. 2) Study patients had been on TDF for a long
period of time at enrollment (median: 136 weeks, range 27-370
weeks, 72% were on TDF for more than 2 years), although
shorter duration of TDF therapy is likely to be associated with
greater eGFR improvement after discontinuation [26].
Furthermore, because TDF-induced renal dysfunction is mainly
observed during the first 6 months after commencement of
such therapy [18,19,40], it is possible that patients who
developed severe renal dysfunction soon after starting TDF
might have already discontinued TDF and therefore not
included in the study.

Although the present study did not show an increase in
eGFR after discontinuation of TDF, it is noteworthy that the
value of urinary $2 microglobulin, a sensitive marker for TDF-
induced tubulopathy [41,42], improved significantly in the RAL
+DRV/r arm compared to LPV/r+TVD, even in patients with
relatively preserved eGFR. It is of importance considering that
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Figure 2. Median changes in markers of renal tubular function beiween baseline and 48 weeks. (A) Urinary B2 microglobulin,
(B) Urinary albumin, (C) Percent tubular resorption of phosphate, (D) Urinary N-acetyl-B-D-glucosaminidase. RAL, raltegravir;
DRV/r, ritonavir-boosted darunavir; LPV/r, ritonavir-boosted lopinavir; TVD, fixed dose of tenofovir/emtricitabine.

doi: 10.1371/journal.pone.0073639.g002

proximal tubulopathy is associated with bone mineral density
abnormality and possible long-term nephrotoxic effect
[17,43-45]. Further large and long-term studies are needed to
elucidate the long-term impact of TDF-induced tubulopathy on
GFR.

With regard to the viral efficacy and safety of RAL+DRV/r, all
patients in that arm who continued the allocated regimen
accomplished viral suppression of <50 copies/ml at week 48
(n=24). Only one (3.6%) patient discontinued RAL+DRV/r due
to a side effect possibly related to RAL+DRV/r (weakness of
the lower extremities), confirming the safety of this
combination. To: our knowledge, this is the first study to
examine the viral efficacy of RAL+DRV/r in patients with
suppressed viral load. The KITE study, an industry-sponsored
pilot study, examined the viral efficacy of RAL+LPV/r in patients
with suppressed viral load [46]. However, LPV/r is placed as an
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alternative Pl in the American Department of Health and
Human Services Guidelines, mainly because of the higher
rates of gastrointestinal side effects and hyperlipidemia
compared with other Pls (URL: http:/aidsinfo.nih.gov/
ContentFiles/AdultandAdolescentGL.pdf). Because the number
of enrolled patients is relatively small and this study does not
have sufficient power to elucidate viral efficacy, further studies
are needed to confirm the viral efficacy of RAL+DRV/r in
patients with suppressed viral load. If the NRTI sparing
regimen of RAL+DRV/r is proved to be efficacious in
maintaining viral suppression in treatment-experienced
patients, switching to this combination for patients with
suppressed viral load should become an atiractive treatment
option for patients who cannot tolerate NRTI toxicity or to
prevent further NRTI toxicity.
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Figure 3. Proportion of patients with HIV RNA <50 copies/ml at 24 and 48 weeks. (A) Per protocol analysis. (B) Intention-to-
treat analysis. VL, viral load; RAL, raltegravir; DRV/r, ritonavir-boosted darunavir; LPV/r, ritonavir-boosted lopinavir; TVD, fixed dose

of tenofovir/emtricitabine.
doi: 10.1371/journal.pone.0073639.g003

Several limitations must be acknowledged. First, as
mentioned above, this trial has sufficient power for the primary
endpoint only; other results should be interpreted with caution.
Further larger studies are needed to confirm the improvement
in urinary 32 microglobulin after switching ritonavir-boosted P!l
to NRTI sparing regimen of RAL+DRV/r and the viral efficacy of
RAL+DRV/r in patients with suppressed viral load. Second, the
enrolled patients had relatively preserved renal function. This
was a study-design related issue; patients with severely
impaired eGFR, the population in whom TDF nephrotoxicity
can be reversible is clinically important, were excluded from the
study. Based on the study design and need for randomization,
patients of one arm needed to continue treatment with TDF,
and it was considered ethically inappropriate to have patients
with impaired renal function to continue TDF. Third, all study
subjects were Japanese and almost exclusively men (mostly
men who have sex with men). Further studies are needed to
determine whether the findings of this study are also applicable
to females, patients with different routes of transmission, and
patients of different racial background.

In conclusion, this trial showed that discontinuation of LPV/r
+TVD and switching to NRTI-sparing regimen of RAL+DRV/r
did not result in improvement of renal function among patients
with relatively preserved eGFR and suppressed HIV viral load.
However, urinary B2 microglobulin, a sensitive marker of TDF-
induced tubulopathy, improved after discontinuation of TDF
plus ritonavir-boosted PI, suggesting switching TDF to NRTI
sparing regimen might be beneficial in the long-term. RAL
+DRV/r showed favorable viral efficacy and safety in patients
with suppressed viral load, but further larger studies are
needed to confirm the viral efficacy of this combination.

PLOS ONE | www.plosone.org
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