a diversity of sexual activities. Amebic infection, in
particular, is scarcely recognized as a sexually acquired
infection, and improved education is needed to prevent
these diseases. In Japan, measures to prevent the spread of
HIV and amebic infections are urgently needed.

In conclusion, although this study was conducted at 1
center and involved retrospective analysis of a relatively
small number of cases of amebic infection, the results
suggest that the number of amebic colitis patients with
or without HIV infection is tending to increase in Japan.
Younger men with syphilis and HIV infections are at
increased risk for amebic colitis. Route of infection differed
slightly in that contact with CSWs was more frequent
among HIV-negative patients than among HIV-positive
patients. Among HIV-positive patients, homosexual
intercourse, and not immunosuppressed status, seems to be
arisk factor for amebic colitis.
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ARTICLE INFO ABSTRACT

Host HLA class [ (HLA-I) allele-associated immune responses are major forces driving the evolution of
HIV-1 proteins such as Gag and Nef. The viral protein U (Vpu) is an HIV-1 accessory protein responsible
for CD4 degradation and enhancement of virion release by antagonizing tetherin/CD317. Although Vpu
represents one of the most variable proteins in the HIV-1 proteome, it is still not clear to what extent
Keywords: HLA-I influence its evolution. To examine this issue, we enrolled 240 HLA-I-typed, treatment naive,
HIV/AIDS chronically HIV-infected subjects in Japan, and analyzed plasma HIV RNA nucleotide sequences of the
Vpu vpu region. Using a phylogenetically-informed method incorporating corrections for HIV codon covaria-
HLA class | : . . e . . . . .
Viral evolution tion and linkage disequilibrium among HLA alleles, we investigated HLA-associated amino acid muta-
tions in the Vpu protein as well as in the translational products encoded by alternative reading frames.
Despite substantial amino acid variability in Vpu, we identified only 4 HLA-associations in all possible
translational products encoded in this region, suggesting that HLA-associated immune responses had
minor effects on Vpu variability in this cohort. Rather, despite its size (81 amino acids), Vpu showed
103 codon-codon covariation associations, suggesting that Vpu conformation and function are preserved
through many possible combinations of primary and secondary polymorphisms. Taken together, our
study suggests that Vpu has been comparably less influenced by HLA-I-associated immune-driven evo-
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lution at the population level compared to other highly variable HIV-1 accessory proteins.

© 2012 Elsevier Inc. All rights reserved.

1. Introduction

Immune-mediated adaptation occurs during an HIV-1 infection.
The HLA class I (HLA-I)-restricted CD8" cytotoxic T lymphocyte
(CTL) response is one of the major forces driving HIV evolution,
resulting in the selection of CTL escape mutants [1,2]. Despite the
extensive genetic diversity of both HIV-1 and HLA-I alleles, escape
pathways are reproducible and broadly predictable based on host
HLA-I alleles [3-6]. Moreover, analysis of linked HLA-I and HIV
datasets from large cohorts of HIV-infected subjects has facilitated
our ability to map the landscape of immune escape mutations
across HIV-1, identify immunogenic regions, and identify novel
CTL epitopes [3,7].

Viral protein U (Vpu) is an accessory protein that is unique to
HIV-1 and a subset of related simian immunodeficiency viruses.

* Corresponding author. Address: Center for AIDS Research, Kumamoto Univer-
sity, 2-2-1 Honjo, Kumamoto 860-0811, Japan. Fax: +81 96 373 6825.
E-mail address: uenotaka@kumamoto-u.ac.jp (T. Ueno).

0006-291X/$ - see front matter © 2012 Elsevier Inc. All rights reserved.
http://dx.doi.org/10.1016/j.bbrc.2012.04.002
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The HIV-1 Vpu protein has two major functions: degradation of
newly synthesized CD4 molecules in the endoplasmic reticulum
and enhancement of the release of progeny virions from infected
cells by antagonizing tetherin/CD317, a host restriction factor that
directly binds and retains viral particles on the surface of infected
cells (reviewed in [8,9]). As such, Vpu is thought to play a role in
virus spread and pathogenesis in vivo. Interestingly, Vpu is the
most variable protein among all HIV proteins as evidenced by a
cross-sectional comparison of HIV-1 sequences isolated from
HIV-infected individuals [10], raising the possibility that Vpu
undergoes adaptation in response to host immune responses.
However, Vpu has been shown to be a minor target for CTLs as re-
vealed by IFN-vy Elispot assays with overlapping peptides based on
the subtype B consensus sequence [11]. Considering the highly var-
iable nature of Vpu, it is possible to miss responses if the autolo-
gous virus sequence is markedly different from the peptide
sequence when using this Elispot assay system [12].

In the present study, we sought to identify HLA-associated poly-
morphisms in Vpu and alternate reading frames and examine to
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what extent they are involved in Vpu amino acid variability at the
population level. We utilize a published phylogenetic dependency
network model [13], a comprehensive evolutionary model that
considers all important confounding effects such as HIV phylogeny,
HIV codon covariation, and linkage disequilibrium of HLA alleles.

2. Materials and methods
2.1. Patient samples

A total of 240 chronically HIV-1-infected, treatment-naive sub-
jects (CD4, median 237; IQR, 160-397; viral load, median 33,200;
IQR, 222,000-55,400) followed at the AIDS Clinical Center, Interna-
tional Medical Center of Japan were enrolled in this study. All par-
ticipants provided written informed consent. HLA-I typing was
performed as previously described [14]. The most frequently ob-
served HLA-A, B, and C alleles in this cohort were HLA-A*24:02,
HLA-B*52:01, and HLA-C'01:02, respectively, consistent with HLA
class I allelic frequencies of the Japanese people [14].

2.2. Sequence analysis of vpu

HIV-1 particles were precipitated by ultracentrifugation
(50,000 rpm, 15 min) of patients’ plasma, after which the viral
RNA was extracted using standard methods. Following reverse
transcription, DNA fragments encoding Vpu proteins were ampli-
fied by nested PCR, and gel purified as previously described
[15,16]. The primers used were as follows: the primers for the first
round of amplification were VVVa-F (5'-TTAAAAGAAAAGGGGG
GATTGGGGG-3') and VVVb-R (5’-ATTCCATGTGTACATT GTACTGT-
3"); and those for the second round, VVVc-F (5-AGATAATAGTGAC
ATAAAAGTAGTGCCAAGAAG-3') and VVVd-R (5-CCATAATAGACT
GTGACCCACAA-3"). The vpu sequence was then directly analyzed
with an automated sequencer (Applied Biosystems 3500xL) and
aligned to the vpu sequence of the HIV-1 subtype B reference strain
HXB2 (Accession No. K03455). More than 90% of the subjects were
infected with subtype B, as determined by phylogenetic analysis of
concatenated sequences of vif, vpr, and vpu reading frames.

2.3. Analysis of amino acid sequence variability

A Shannon entropy score for each position in the Vpu protein
was calculated and used to analyze amino-acid sequence variabil-
ity, as described previously [10]. Entropy is a measure of the amino
acid variability at a given position that takes into account both the
number of possible amino acid residues allowed and their
frequency.

2.4. Analysis of association between Vpu sequence polymorphisms
and host HLA class I alleles

To identify HIV-HLA polymorphism associations, we employed
a phylogenetically dependency network model [13], which com-
prehensively includes all confounding effects of the analysis, such
as HIV founder effects, HIV codon co-variation, and linkage dis-
equilibrium of HLA-I alleles. Multiple comparisons are addressed
using g-values (refer the detailed methods given in refs.
[4,5,13]); in the present study, a cutoff of g <0.2 was used to de-
note statistically significant associations. HLA-associated polymor-
phisms were classified into two categories. “Nonadapted” amino
acids are enriched in the absence of the restricting HLA of interest.
Usually, “nonadapted” forms represent the consensus amino acid
at that position, and they can be thought of as the “wild-type” or
“susceptible” form particular to that allele. Conversely, “adapted”
amino acids are those enriched in the presence of the HLA allele;

these can be thought of as the escape variant particular to that
allele.

3. Results and discussion
3.1. Genetic variability of the vpu gene

We successfully amplified DNAs encompassing the vpu region
from 216 of 240 samples (90%). Firstly, we analyzed the amino acid
variability at each codon of Vpu by determining its Shannon entro-
py score. Two amino acid residues, Trp23 and Arg49, showed
highly conserved (>98%) among individual sequences. Instead,
most codons displayed substantial variability, with the average of
the entropy score reaching 0.58 (Fig. 1A), confirming the findings
by Yusim et al., which showed that Vpu is a highly variable protein
[10]. Also, the amino acid variability of each codon in the present
study correlated strongly with that of published subtype B se-
quence data from the Los Alamos database (Fig. 1B), suggesting
that our observed pattern of amino acid variation in Vpu was gen-
erally representative of the variation observed in HIV-1 subtype B.
In fact, the consensus amino acid sequences of subtype B and the
present dataset were identical except for 3 amino-acid residues:
positions 3, 5, and 24 (Fig. 1C). These amino acid residues were
highly variable (Fig. 1A) and not directly associated with known
Vpu functions (Fig. 1C).

3.2. HLA-associated polymorphisms in Vpu

As HLA-I-mediated selective contributes to HIV-1 sequence var-
iability, especially the accessory protein Nef [4], we sought to
examine whether HLA-I-mediated selective pressure substantially
influenced the evolution of Vpu, another accessory protein. We ap-
plied a phylogenetic dependency network model [13], which ad-
justs for the confounding effects of HIV phylogeny, HIV codon co-
variation and linkage disequilibrium of HLA-I alleles.

In our dataset of 216 individuals, we identified only three HIV-
HLA associations in Vpu: a nonadapted association between C*03
and Glu-5, a nonadapted association between A*33:03 and Arg-
37, and an adapted association between A*33:03 and Lys-37. The
presence of both nonadapted and adapted A*33:03-associated
polymorphisms at Vpu codon 37 is consistent with an Arginine-
to-Lysine escape mutation occurring at the C-terminus of the
immunodominant HLA-A*33:03-restricted epitope in Vpu, °EYR-
KILRQR3” [11]. However, there was no HLA-restricted T cell epi-
topes around Vpu position 5 have been reported. Although we
might have missed some polymorphisms due to the limited sample
size in this study, these data suggest that HLA-I-mediated selective
pressure toward Vpu does not substantially drive Vpu variability at
the population level in this cohort.

3.3. HLA-associated polymorphisms in alternating reading frames

CTLs can recognize epitopes encoded by alternate reading
frames including the antisense-strand sequences of HIV-1 gag,
pol, and nef [17,18]. Therefore, we also investigated HIV-HLA poly-
morphism associations in peptide sequences encoded by alterna-
tive reading frames of the vpu gene. We observed no statistically
significant HLA-associated polymorphisms in alternate or anti-
sense reading frames, except for a single HLA-B*40:01 associated
“adapted” lysine polymorphism at codon 2 of the overlapping
Envelope reading frame which is initiated in the middle of the
vpu gene (ORF + 2; Table 1, Fig. 2). Although this association was
between Lys-2 of Env and HLA-B*40:01, no CTL epitopes have been
reported in the context of HLA-B*40:01 in this region. Using bioin-
formatic prediction programs Epipred [19] and BIMAS [20] we
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Fig. 1. Variability of the amino acid residues of HIV-1 Vpu. The amino acid sequence of Vpu was analyzed based on the cross-sectional studies on 216 HIV-infected subjects.
The amino acid variability at each position of Vpu was analyzed by determining its Shannon entropy score (panel A). The Vpu sequence (subtype B, n = 1139) was retrieved
from the Los Alamos HIV sequence database, analyzed for its amino acid variability, and compared with subtype B obtained from this study using Spearman Rank Order
Correlation (panel B). The consensus sequences of Vpu obtained from Los Alamos database and this study were aligned with reference strain HXB2 and regions responsible for
some key Vpu functions highlighted (panel C).

Table 1
Summary of HIV-HLA associations in the Vpu-encoded region.
RF Protein Pos HXB2 aa HLA Association p-Value g-Value Known epitope
Sequence Reference
+1 Vpu 5 E C*03 Nonadapted 213 x 10°3 152 x 107! none - '
37 R A*22:03 Nonadapted 3.40 x 107° 550 x 1072 29EYRKILRQR®7 [11]
37 K A*33:03 Adapted 2.80x 1073 1.52 x 107! 29EYRKILRQR?? [11]
+2 Env 2 K B*40:01 Adapted 1.63 x 10~° 1.67 x 107} none -

RF, reading frame; Pos HXB2, amino acid position when aligned to HXB2 sequence.

K A3303
Vpu protein aaa/aag
e et © CO3 R A3303
aga

gaa/gag
M Q 8 L Q I L A I V A LV YV AATITIATIV VWS IV F I EYIRI KTITILUZRUI QI RIKTID

atgcaatctttacaaatattagcaatagtagcattagtagtagcagcaataatagcaatagttgtgtggtccatagtattecatagaatataggaaaatattaagacaaagaaaaatagac

R L I p R I RUEIURAZEDSSGNZESEG GDQEZETLSA ALV EMGHHA AZPMWUDUVDD L *
aggttaattgatagaataagagaaagagcagaagacagtggcaatgagagtgaaggggatcaggaagaattatcagcacttgtggagatggggeacecatgeteettgggatgttgatgatetgtag

_»MRVKGIRKNYQHLWRWGTMLLGMLMIC
aaa

X B4001

Env protein

Fig. 2. The Vpu and a part of Env proteins and their associations with host HLA class I alleles. The nucleotide sequence and its deduced amino acid sequence of Vpu and of an
overlapping part of Env with reference to the subtype B consensus sequence of Los Alamos database is shown. The amino acid residues associated with the indicated HLA class
I alleles (p <0.05, g < 0.2) are shown with adapted (red) and nonadapted (blue) residues. (For interpretation of the references to colour in this figure legend, the reader is
referred to the web version of this article.)

attempted to predict B*40:01-restricted CTL epitopes, but found presence of several basic amino acids, such as Arg and Lys, in this
none (data not shown). This failure is most likely due to the region of Env (Fig. 2), as it has been shown that HLA-B*40:01
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Fig. 3. Amino acid codon-codon covariation in Vpu. The circular map, generated by
the PhyloDv software [13], shows Vpu codon-codon covariation associations as
inner arcs connecting the association sites, with the HLA associations as tags
pointing to their corresponding sites. Q values of individual codon pairs are
represented as a heat map shown at the right.

preferentially binds peptides with acidic residues at their anchors
[21]. This issue needs to be clarified in further studies using immu-
nologic assays. Taken together, our results suggest that HLA-I-
mediated selective pressure do not contribute to a large extent to
population-level sequence variation in HIV-1 Vpu.

3.4. Codon-codon covariation of Vpu

Given that Vpu is functionally important in viral replication
in vivo, the highly variable nature of Vpu amino acid sequences
could be explained by complex networks of codon-codon

covariation and/or secondary/compensatory mutation pathways.
We therefore examined the codon-codon covariation of Vpu by
using the phylogenetic dependency network model. Although
Vpu consists of only 81 amino acids, we identified 103 covarying
codon pairs in Vpu, displayed in Fig. 3. The covariation network
in Vpu showed an uneven distribution, with a large number of
codon-codon covariation networks at the N-terminal membrane-
spanning region, a region responsible for BST-2 interaction [22].
Interestingly, the 3 HIV-HLA associations (Table 1, Fig. 2) were
not significantly linked to any other amino acid residues. These
data suggest that the conformation and function of Vpu may be
preserved through many possible combinations of primary and
secondary polymorphisms and that the HLA-I-associated im-
mune-mediated selective pressure may have only a minor effect
on such Vpu polymorphisms.

3.5. Association between Vpu polymorphisms and clinical parameters

Finally, we explored associations between Vpu polymorphisms
and clinical parameters of HIV-infected patients (i.e., CD4 counts
and plasma viral load). We observed no significant associations be-
tween Vpu polymorphisms and CD4 counts. However we identified
a statistically significant association between amino acid residues
at position 5 and viral load (Fig. 4). The patients harboring Val at
Vpu-5 had significantly higher viral loads compared to those with
amino acid residues other than Val at this position. Thus, amino
acid residues at position 5 of Vpu showed several interesting fea-
tures, i.e., the highest variability of all Vpu amino acids (Fig. 1A),
nonadapted association of Glu-5 with HLA-Cw*03, and association
of Val-5 with the increased viral load. Considering that the amino
acid residue at this position is located in close proximity to the
membrane-spanning region and that this region is functionally
important for BST-2 binding, it would be interesting to examine
functional effects of amino acid polymorphisms at position 5,
whether they are mediated by host immune responses or
otherwise.

In summary, we report here comparably fewer HLA-associated
mutations in Vpu in this cohort although host HLA class I allele-
associated immune responses are major forces driving the evolution
of HIV-1 accessory proteins, such as Nef. Taken together, we con-
clude that the influence of immune selection on evolution of Vpu

7 p=0.136, q=0.477 p<0.001, g=0.123 p=0.895, g=0.645 p=0.179, q=0.477 p=0.199, q=0.477
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Fig. 4. Association between plasma viral load and amino acid polymorphism at position 5 of Vpu. HIV plasma viral loads, stratified by amino acid expression at Vpu codon 5,
are shown. Vpu codon 5 exhibited 11 different amino acids positioning in our dataset; only those observed in >10 patients are shown here. Horizontal bars indicate medians.

Statistical analysis was performed using the Mann-Whitney U-test.
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at the population level may be reduced compared to other highly
variable HIV-1 proteins, providing us with additional insight into
differential evolutional pathways among viral accessory proteins.
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High Incidence of Renal Stones Among
HIV-Infected Patients on Ritonavir-Boosted
Atazanavir Than in Those Receiving

Other Protease Inhibitor-Containing
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Background. Little information is available on the incidence of renal stones with ritonavir-boosted atazanavir
(ATV/r) use.
Methods.
ciency virus (HIV)-infected patients who commenced ritonavir-boosted atazanavir (ATV/r)-containing antiretro-
viral (ARV) therapy (the ATV/r group) and those who were receiving other protease inhibitors (the other Pls
group). The effects of ATV/r were estimated by univariate and multivariate Cox proportional hazards regression
models. Other possible risk factors were evaluated by univariate analysis, and those found to be significant were

entered into multivariate analysis.

Results. Renal stones were diagnosed in 31 patients (23.7 cases per 1000 person-years) in the ATV/r group
(n=465) and 4 in patients (2.2 cases per 1000 person-years) in the other PIs group (n=775). ATV/r use was
significantly associated with renal stones, by univariate and multivariate analyses (adjusted hazard ratio, 10.44;
95% confidence interval [CI], 3.685-29.59; P <.001). ATV/r remained a significant risk factor for renal stones in
all subgroups stratified by the median values of baseline variables. In the 31 patients receiving ATV/r who devel-
oped renal stones, the median time from commencement of ATV/r to diagnosis was 24.5 months (interquartile
range, 14.7-34.6 months). Of the 18 patients who continued ATV/r despite the diagnosis of renal stones, 6
(33.3%) experienced recurrence. No patient who discontinued ATV/r experienced recurrence during the observa-
tion period (250.6 person-months).

Conclusions. The incidence of renal stones was substantially higher among patients in the ATV/r group, com-
pared with patients in the other PIs group. Continuation of ATV/r after diagnosis of renal stones was associated
with a high rate of recurrence. Switching ATV/r to other ARV is warranted in patients who develop renal stones.

In a single-center study, the incidence of renal stones was compared between human immunodefi-

Ritonavir-boosted atazanavir (ATV/r) is a widely used
protease inhibitor (PI) in combination with other anti-
retroviral drugs for patients infected with human im-

Received 11 April 2012; accepted 19 June 2012; electronically published 19
July 2012.

Correspondence: Hiroyuki Gatanaga, MD, PhD, AIDS Clinical Center, National
Center for Global Health and Medicine, 1-21-1, Toyama, Shinjuku-ku, Tokyo 162-
8655, Japan (higatana@acc.ncgm.go.jp). .

Clinical Infectious Diseases  2012;55(9):1262-9

© The Author 2012. Published by Oxford University Press on behalf of the Infectious
Diseases Society of America. All rights reserved. For Permissions, please e-mail:
journals. permissions@oup.com.

DO 10.1093/cid/cis621

munodeficiency virus type 1 (HIV). According to the
present guidelines, ATV/r is one of the key first-line
drugs because of its high efficacy, tolerability, favorable
lipid profile, and once-daily dosing [1-4]. However, renal
stone formation has been reported in patients receiving
ATV/r-containing antiretroviral therapy (ART) [5, 6].

1262 o CID 2012:55 (1 November) o HIV/AIDS

187



Urolithiasis is a well-known side effect of indinavir (IDV),
and its etiology is considered to be drug crystallization in the
urine [7]. Previous studies identified ATV-containing urolith-
iasis, suggesting a similar etiology [5, 6, 8, 9]. However, there is
virtually no information on the incidence of ATV/r-induced
renal stones, although ATV/r is one of the most frequently
prescribed PlIs. It is important to elucidate the incidence of
ATV/r-associated renal stones, since renal stones are risk
factors for chronic kidney diseases (CKD), an important co-
morbidity associated with AIDS and death [10-12].

On the basis of this background, we conducted a retrospec-
tive study to compare the incidence of renal stones among pa-
tients receiving an ATV/r-containing regimen with the
incidence among patients receiving one of the following com-
monly used PIs: unboosted fosamprenavir (FPV), ritonavir-
boosted fosamprenavir (FPV/r), lopinavir/ritonavir (LPV/r),
and ritonavir-boosted darunavir (DRV/r).

METHODS

Ethics Statement

This study was approved by the Human Research Ethics Com-
mittee of our hospital, the National Center for Global Health
and Medicine, Tokyo. Each participant provided a written in-
formed consent. The study was conducted according to the
principles expressed in the Declaration of Helsinki.

Study Subjects

We performed a retrospective, single-center cohort study of
HIV-infected patients using the medical records at our hospital.
Our facility is one of the largest clinics for patients with HIV
infection in Japan, with >2700 registered patients. The study
population was HIV-infected patients aged >17 years who com-
menced treatment with ART containing ATV/r, FPV/r, FPV,
LPV/r, or DRV/r between 1 January 2004 and 30 june 2010.
Both treatment-naive and treatment-experienced patients were
included. The follow-up period started at the time of com-
mencement of ART that contained the above-mentioned drug
for the first time during the study period, and patients were
followed until 30 June 2011. Patients were excluded if (1) they
had started the above-mentioned ART during the study period
at other facilities, (2) they were prescribed unboosted ATV, or
(3) they were receiving treatment for urolithiasis at the time
they commenced the above-mentioned ART. Patients with pre-
vious exposure to one of the above-mentioned drugs before the
present study and commenced the same drug in this study were
also excluded from the analysis. ‘

The attending physician selected ATV/r, FPV, FPV/r, LPV/r,
or DRV/r at baseline. The use of these drugs was based on the
Japanese guidelines, which placed all of the above-mentioned
drugs as the preferred choice, at least for 3 years during the

study period [13]. The attending physician also selected the
concurrent drugs, including nucleoside reverse-transcriptase
inhibitors (NRTIs), non-NRTIs (NNRTIs), integrase inhibi-
tors, and CCR5 inhibitors. None of the patients received 2 Pls
during the study period.

Measurements

The primary investigator (Y. H.) reviewed the medical records
of all study patients who started new key drugs during the
study period, to identify renal stone cases. Then 2 experienced
HIV physicians (T. N. and K. W.) reviewed the set of medical
records of each renal stone case to determine whether the
cases fit into the following predefined criteria for renal stones:
cases with a clinical diagnosis by the attending physician
based on new onset of acute flank pain, plus one of the follow-
ing: (1) new-onset hematuria confirmed by urine dipstick test;
(2) documented presence of stones or radiological findings
suggestive of renal stones, such as hydronephrosis or obstruc-
tion or dilatation of the ureter, by either abdominal ultraso-
nography or computed tomography; or (3) stone passage
confirmed by either the patient or the attending physician. Pa-
tients with acute flank pain due to etiologies other than renal
stones were excluded. In case of disagreement between the 2
reviewers, a third independent reviewer (H. K.) evaluated the
deidentified document set by the same criteria to make the
final determination. At the time of diagnosis of renal stones,
the attending physician selected either continuation or modifi-
cation of ART. In our clinic, it is customary for the patient to
visit the clinic every month before the initiation of ART and
until suppression of HIV load, but the visit interval is extend-
ed up to every 3 months after viral load suppression.

In this study, the primary exposure variable was ATV/r use
over other PIs (FPV, FPV/r, LPV/r, and DRV/r). The potential
risk factors for renal stones were determined according to pre-
vious studies and were collected from the medical records, to-
gether with the basic demographic characteristics [8, 9, 14].
They included age, sex, body weight, body mass index (BMI;
defined as the weight in kilograms divided by the square of
the height in meters), baseline laboratory data (CD4 cell
count, HIV load, estimated glomerular filtration rate [eGFR],
serum uric acid, and urine pH), and presence or absence of
other medical conditions (ie, concurrent use of tenofovir
[TDF]; past history of renal stones; previous exposure to IDV;
coinfection with hepatitis B virus [HBV], defined by detection
of HBV surface antigen; and coinfection with hepatitis C virus
[HCV], defined by detection of HCV load). eGFR was calcu-
lated using the equation from the 4-variable Modification of
Diet in Renal Diseases study [15]. Among patients receiving
ATV/r-containing ART, the total serum bilirubin level mea-
sured on the day of stone diagnosis (for patients with renal
stones) or 2 years after ATV/r initiation (for patients without
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renal stones) was used. For patients who discontinued ATV/r
within 2 years, the value closest to the day of discontinuation
was used. At our clinic, weight was measured on every visit,
whereas other variables were measured in the first visit and at
least once annually. We used the data on or closest to and
preceding the day of starting ART by <180 days.

Statistical Analysis

Baseline characteristics were compared using the unpaired
Student  test or the % test (e, the Fisher exact test) for quan-
titative or qualitative variables, respectively. The time to the
diagnosis of urolithiasis was calculated from the date of com-
mencement of predefined PI-containing ART to the date of
diagnosis for urolithiasis. Censored cases represented those
who discontinued the PIs, dropped out, were referred to other
facilities, or at the end of the follow-up period. The time from
the start of ART to the diagnosis of renal stones was analyzed
by the Kaplan-Meier method for patients who started ATV/r
(the ATV/r group) and those who started other PIs (the other
PIs group), and the log-rank test was used to determine the
statistical significance. The Cox proportional hazards regres-
sion analysis was used to estimate the impact of ATV/r use,
compared with other Pls, on the incidence of renal stones.
The impact of basic demographic characteristics, baseline lab-
oratory data, and other medical conditions listed above was
also estimated with univariate Cox proportional hazards re-
gression. To estimate the unbiased prognostic impact of ATV/
r use over other PIs for renal stones, we conducted 3 models
using multivariate Cox proportional hazards regression analy-
sis. Model 1 was the aforementioned univariate analysis for
ATV/r use over other PIs. Model 2 included age, sex, and
weight plus model 1 in order to adjust for basic characteristics.
In model 3, we added variables with P values of < .05 in uni-
variate analysis after adjustment (these included eGFR per 10
mL/min/1.73 m® and serum uric acid per 1 mg/dL). Possible
risk factors for ATV/r-induced renal stones identified in previ-
ous studies were also added to model 3 (these included past
history of renal stones and prior exposure to IDV) [8, 9].

To elucidate whether the impact of ATV/r on renal stones
persist in subgroups, we divided patients into 2 groups on the
basis of sex, age, baseline body weight, eGFR, and serum uric
acid level, using the respective median value of each parame-
ter. Then, the above-mentioned univariate analysis was con-
ducted for each subgroup. In addition, to examine the
association between total serum bilirubin level during ATV/r-
containing ART and the incidence of renal stones, the median
total serum bilirubin levels were compared between stone
cases and nonstone cases, using the Mann-Whitney U test.

To explore the impact of urolithiasis on renal function, the
change in eGFR was compared between stone cases (ie, the
eGFR change between baseline and the diagnosis of renal

stones) and nonstone cases (ie, the eGFR between baseline and
2 years after initiation of ATV/r) in patients receiving ATV/r,
using the Student ¢ test.

Statistical significance was defined as a 2-sided P value of
<.05. We used hazard ratios (HRs) and 95% confidence inter-
vals (Cls) to estimate the impact of each variable on renal
stones. All statistical analyses were performed with SPSS,
version 17.0 (SPSS, Chicago, IL).

RESULTS

A total of 1498 patients commenced or switched key drugs
(PIs, NNRTIs, or an integrase inhibitor) between 1 January
2004 and 30 June 2010. Of the 1240 patients who were includ-
ed in the analysis, 465 (37.5%) started ATV/r-containing ART,
while 775 (62.5%) started other Pl-containing ART
(Figure 1). Table 1 shows the baseline characteristics of the
study population. The majority of the study population was
male, of East Asian origin, and comparatively young. The
ATV/r group included significantly more patients of East
Asian origin (P=.015) and had a significantly higher body
weight (P <.001), higher CD4 cell count (P <.001), lower viral
load (P <.001), higher baseline serum uric acid level (P =.034),
and lower eGFR (P=.012). In contrast, patients in the other
PIs group were significantly more likely to be treatment naive
(P <.001) and significantly less likely to have had previous expo-
sure to IDV (P =.036). However, all other major background
parameters were similar in the 2 groups (Table 1).

The primary investigator (Y. H.) identified 37 renal stone
cases, and 2 of these were excluded by the reviewers. Thirty-five
patients fulfilled the predefined criteria for renal stones. Renal
stones were identified in 31 patients (6.7%) from the ATV/r
group and in 4 (0.52%) from the other PIs group, with an esti-
mated incidence of 23.7 cases and 2.20 cases per 1000 person-
years, respectively. The incidence of renal stones in the ATV/r
group was approximately 10 times the incidence in the other
PIs group. Of those renal stone cases, 4 and 14 patients were
diagnosed on the basis of hematuria and stone passage, respec-
tively, as defined above. Furthermore, 17 cases were diagnosed
on the basis of radiological findings, of which renal calcification
was identified in 4 cases. Figure 2 is a Kaplan-Meier curve of
the time from initiation or switching of PIs defined above to the
diagnosis of renal stones in the 2 groups. Patients in the ATV/r
group were significantly more likely to develop renal stones,
compared with those of the other PIs group (P<.001, by the
log-rank test). The median time from the commencement of
ART to the diagnosis of renal stones was 24.5 months (inter-
quartile range [IQR], 14.7-34.6 months) for the ATV/r group
and 21.9 months (IQR, 10.1-45.1 months) for the other Pls
group. The total observation period was 1310.1 patient-years
(median duration, 31.0 months; IQR, 15.0-48.7 months) for the
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Initiation of a new ART regimen

' between

1 Jan 2004 and 30 Jun 2010
n=1488

Initiation of ART without ATV or other Pls
n=184
Initiation of ATV- or other Pl
containing ART regimen
n=133%4
Excluded n =94

Anitigtion of ART at other facilities (n=67)
Age <18 years (n=2)

Previous exposure to the sare Pls {(n=3)
Receiving freatment for renal stones (n=2)

Included in the analysis Unboosted ATV (n=20)
n=1,240
ATVirgroup Other Pls group
n=465 n=775

FPV (n=45)
FPVIr (n=93)
LPVIr {n=546)
DRVE (n=81)

Figure 1. Flow diagram of patient selection. ®Three patients were excluded for past lopinavir/ritonavir (LPV/r) exposure and commencement of LPV/r
in the study. Abbreviations: ART, antiretroviral treatment; ATV, atazanavir; ATV/r, ritonavir-boosted atazanavir; DRV/r, ritonavir-boosted darunavir; FPV,
fosamprenavir; FPV/r, ritonavir-boosted fosamprenavir; LPV/r, lopinavir/ritonavir; Pls, protease inhibitors.

Table 1. Baseline Demographic Characteristics and Laboratory Data for 1240 Patients Who Received Ritonavir-Boosted Atazanavir— vor
Other Protease Inhibitor-Containing Antiretroviral Therapy

Variable ATV/r (n = 460) Other Pls (n=775)

Ageyears o b L 3g0ug 8 aB0a s L

Male sex - 433(93) 712 (91.9) ’ A
Race (EastAsianorioiny v o D i dgieedy e g
Body weight, kg ; 650+105 62.1 £ 10.7

BMERgRT e e e

cD4 cell count cells/uL ’ ’ 303. 9 & 184 7 ; 176.4 £ 170. 9 B

HiVioad logeopiosiml | aseaiz 0 amera0

Treatment na|ve 282 (60.6) 555 (71 6)

oot e L e

eGFR mL/mln/1 73m ’ ; 1174+258 1217+336

Seumuricacidlevel, mg/dl . © se0et31 0 BgiinEa

Unne pH 6.30 £ 0. 67 6.32 = 0.62

HBVorHCVconfecon  srgzam im0

Past htstory of unnary stone ; 35 (7 5) - 41 (5.3)

Previous exposure to DV o ameny . 47(61)

Data are No. (%) of patients or mean =+ standard deviation.

Abbreviations: ATV/r, ritonavir-boosted atazanavir, BMI, body mass index; eGFR, estimated glomerular filtration rate; HBV, hepatitis B virus; HCV, hepatitis C
virus; HIV, human immunodeficiency virus; 1DV, indinavir; Pl, protease inhibitor.

2 The %2 test or Fisher exact test was used for categorical data, and the Student ¢ test was used for continuous variables.

HIV/AIDS e CID 2012:55 (1 November) o 1265

190



1.0

g ATVA

b s t group

% L1 o R s Other Pls group

E

g

G 067

@

2

@

e

204

@

B

2

E 0.2+

i

0 ﬂ
0.0 e ' )

T U T -
g 12 24 36 48

Time to diagnosis of renal stones (months)

Figure 2. Kaplan-Meier curve showing time to diagnosis of renal stones.
Abbreviations; ATV/r, ritonavir-boosted atazanavir; Pls, protease inhibitors.

ATV/r group and 1821.3 patient-years (median duration, 23.0
months; IQR, 10.3-42.4 months) for the other PIs group.

Univariate analysis showed a significant relationship between
ATV/r use and renal stones (HR, 10.44; 95% CI, 3.685-29.59;
P <.001; Table 2). Lower baseline eGFR (HR, 1.180; 95% CI,
1.042-1.336; P=.009) and higher serum uric acid level (HR,
1.334; 95% ClI, 1.085-1.640; P =.006) were also significantly as-
sociated with the development of renal stones. On the other
hand, body weight, BMI, history of IDV use, and past history of
renal stones were not associated with renal stones (Table 2).
Multivariate analysis identified ATV/r use as a significant risk
for renal stones after adjustment for age, sex, and weight (adjust-
ed HR, 9.339; 95% CI, 3.254-26.80; P <.001; Table 3, model 2)
and also after adjustment for other risk factors (adjusted HR,
10.08; 95% CI, 3.487-29.17; P < .001; Table 3, model 3).

Figure 3 shows subgroup analysis of the patients stratified
by sex and the median of the above-mentioned baseline vari-
ables. In all the subgroups, ATV/r remained an independent
risk for renal stones. The median total bilirubin values in
stone cases and nonstone cases were not significantly different
(2.4 mg/dL [IQR, 1.8-3.4 mg/dL] and 2.3 mg/dL [IQR, 1.6-
3.1 mg/dL], respectively; P = .376).

Of the 31 patients who developed renal stones in the ATV/r
group, 13 discontinued ATV/r. Of the 18 patients who contin-
ued ATV/r despite the diagnosis of renal stones, 6 (33.3%) ex-
perienced recurrence of renal stones. The median time from
the first episode of renal stones to recurrence was 4.9 months
(IQR, 1.5-12.2 months). No patient required invasive proce-
dures, such as lithotripsy. None of the 13 patients who discon-
tinued ATV/r experienced recurrence during the observation
period (total observation period, 250.6 person-months).

Table 2. Univariate Analysis to Estimate the Risk of Various
Factors on Renal Stone Formation

Hazard
Ratio 95% Cl P

ATV/ruse : 1044 36852959  <.001
Age per1 yearmcrease 1.012 .981-1 043 456
Male sex 1380 3215754 659
Race (East Asian ongm) 1927 264-14.08 518
Body weight, per1 kg 0994  962-1.028 740

ndrease. - = =
BI\/H per 1 kg/m |ncrease 0.997 ‘ .954
CD4 cell count, per 0 1013 -.096

cells/ul increase s ...
HIV load, per logso/mL 0.909 729-1.133 395
Treatment naive 0565  .291-1.099 092
Tenofovir use ’ 0.623 .299-1.299 207
Baseline eGFR peri0Oml/ 1180  1.042-1 336 009

- min/1 73m decrease. e : e i
Baseline serum uric acid 1.334 1.085-1.640 .006

level, per 1 mg/dL

increase ; ; - N
Baseline urine p i‘per 1 0385  133-1.119 080

increase - S -
HBV or HCV comfectnon ; 1.629 .712-3.729 .248
Pasthistory of renal stone 2109 818-5438 122
Previous exposure to IDV 2.072 .860-4.996 105

Abbreviations: BMI, body mass index; Cl, confidence interval, eGFR,
estimated glomerular filtration rate; HBV, hepatitis B virus; HCV, hepatitis C
virus; HIV, human immunodeficiency virus; IDV, indinavir.

The mean eGFR decreased more significantly in the stone
cases than in nonstone cases (30.7 vs 8.1 mL/min/1.73 m?;
P <.001). In the 13 patients who discontinued ATV/r after
the first episode, the mean eGFR recovery was 20.1 mL/min/
1.73 m? in 6 months after ATV/r discontinuation.

DISCUSSION

In the present study, the incidence of renal stones among pa-
tients receiving ATV/r was approximately 10 times the inci- '
dence among those receiving other Pls. Univariate and
multivariate analyses identified ATV/r use as an independent
risk factor for renal stones, with a high HR.

This study estimates the incidence of ATV/r-induced renal
stones, using clinically feasible criteria: acute flank pain with
clinical diagnosis of renal stones by the attending physician,
confirmed by radiological findings, new-onset hematuria, or
confirmation of stone passage. A single previous report com-
pared the incidence of renal stones among patients receiving
ATV/r and those receiving other antiretrovirals [16]. However,
the diagnosis of renal stones in that study was based only on
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Table 3. Muiltivariate Analysis to Estimate the Risk of Ritonavir-Boosted Atazanavir— or Other

Containing Antiretroviral Therapy on Renal Stone Formation

Protease [nhibitor—

Model 1, Crude

Model 2, Adjusted Model 3, Adjusted

(n=1240) (n=1115) (n=1115)

HR 95% ClI HR 95% ClI HR 95% Cl
44 3685-2959 9339 3254-2680 1008  3.487-29.12
1.012 .980-1.046 1.002 .965-1.040
- L1781 378793 1222 2576799
Body Welght per1 kg increase ; 07980 N ;-944‘1-018 0.965 .927-1.004
Baseline 6GFR, per 10 mL/min/1.73 m? de o o a7 gse 3wy
Baselme serum uric acxd Ieve{ per1 mg/dL mcrease - 1.423 1 091 -1 856
Past history of renal stone . 1182 3104501
Past exposure to IDV 1.265 .415-3.859

Abbreviations: ATV/r, ritonavir-boosted atazanavir; Cl, confidence interval, eGFR, estimated glomerular filtration rate; HR, hazard ratio; IDV, indinavir.

radiological findings. It is likely that the incidence of ATV/
r-induced renal stones was underestimated in that study,
because radiological studies were not necessarily performed
on all patients suspected of renal stones. Accordingly, the re-
ported incidence of ATV/r-induced renal stones was much
lower (7.3 cases per 1000 person-years), compared with 23.7
cases per 1000 person-years in our study. Thus, our results
more likely reflect the true incidence of ATV/r-induced renal

The development of renal stones is a risk factor for
CKD [10, 11]. Many studies have also demonstrated that ATV/r
use is a risk factor for renal dysfunction or CKD [17-19]. The
high incidence of renal stones with ATV/r use may in part
contribute to ATV/r being a risk factor for CKD. Thus, ATV/r
should be carefully introduced to patients with concomitant
predisposing factors for CKD.

Six of the 18 patients who continued ATV/r despite the di-

stones. agnosis of renal stones experienced recurrence. In contrast,
Hazard Ratio (85% C1)
ATV Group, Othigr Pls group,

Subgroup aventsipy at risk (events/1000py) Pvalue

' - 1044 {3685~2950) <00
Age

e 15.26 (1063 1174) oo

>37 years 19/939{30.0) B34 {3 . B958{2649-3029) <001

29M2001{24.2) —— $029(3490-2825) <001

el 1131 {2569--49.79) 00

g 9719(2.259-4234) bo2

- 4931 {1.023-23.78) 047

5.7 mghdl 20842{31.4) 2813 (25) e 12,90 (28275177} 001

HTAmMUMINITI®  20732(213)  M863(34) —w— 7EO7(2342-2658 001

e 1T AS{2 11132 8) 007

[ p—
a8 100 500
Renal stone  Renal stone
less ikely more fikely
Figure 3. Estimated effect of ritonavir-boosted atazanavir, compared with other protease inhibitors on the hazard of renal stone formation, according

to baseline characteristics. Abbreviations: ATV/r, ritonavir-boosted atazanavir; Cl, confidence interval;, eGFR, estimated glomerular filtration rate; Pl,
protease inhibitor; py, person-years.
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none who discontinued ATV/r experienced recurrence. Thus,
replacement of ATV/r with other drugs should be considered
for patients who receive a diagnosis of renal stones, to prevent
further deterioration in renal function.

Subgroup analysis showed that ATV/r was a risk factor for
renal stones in all subgroups. Thus, we could not find any al-
leviating or aggravating factors for ATV/r-induced renal
stones. Previous reports suggested several risk factors for
ATV-induced renal stones, such as chronic renal impairment,
coinfection with hepatitis virus, and past history of renal
stones [9, 16]. However, the statistical methods used in those
studies were inadequate to elucidate risks for ATV/r-induced
renal stones. Our study did not add new findings to the risk
for ATV/r-induced stones because of the small number of pa-
tients, leading to a low statistical power in subgroup analysis.

The mechanism of ATV/r-induced renal stone formation is
not fully understood. However, like IDV stones, the precipita-
tion of pure ATV is suggested as a possible etiology [9]. About
7% of ATV and 20% of IDV is excreted unchanged in the
urine, which may contribute to the stone formation [24, 25].
In contrast, urolithiasis associated with other PIs, such as
LPV/r, nelfinavir, and amprenavir, is rare, and this could be
due to the minimal (<3%) excretion of these PIs [20-23].
Rockwood et al [16] found a close association between hyper-
bilirubinemia and the development of renal stones. This may
be explained by the previously reported data that plasma ATV
concentrations correlate with serum bilirubin level [26].
However, our data showed no relation between serum biliru-
bin level and the occurrence of renal stones. The concomitant
use of TDF lowers plasma concentrations of ATV [1], and it is
of interest whether the incidence of ATV/r-stones is lower
among patients with concomitant use of TDF than among
those without concomitant TDF use. Nevertheless, the present
study did not find concomitant TDF to be a protective factor
against ATV-renal stones.

There are several limitations to our study. First, because of
the retrospective nature of the study, the baseline characteris-
tics of the enrolled patients were not controlled. Thus, it is
possible that more patients with potential risks for renal
stones were included in the ATV/r group. Patients in the
ATV/r group had hyperuricemia, which is a known risk factor
for renal stones. However, ATV/r use remained a strong risk
factor by multivariate analysis, even after adjustment for possi-
ble risk factors, including hyperuricemia. Second, the defini-
tion of renal stones in our study did not necessarily require
radiological confirmation in all cases. However, the definition
used in our study is well suited to cover clinically significant
renal stone cases, especially considering that many ATV-
induced renal stones are radiolucent [9]. Third, none of the
patients with renal stones had stone composition analysis per-
formed. Therefore, it is possible that renal stones with other

etiologies were included. Fourth, because the number of indi-
viduals receiving efavirenz or raltegravir was small in our
cohort, they were not included in the analysis, and we thus
could not compare the effect of ATV/r to effect of these
widely used antiretroviral drugs on the development of renal
stones (Figure 1). Last, since most of the patients were of East
Asian origin, our results may not be applicable to other
populations.

In conclusion, the present study demonstrated a high
incidence of renal stones among patients receiving ATV/r-
containing ART, compared with those receiving other PI-
containing ART. ATV/r use was an independent risk for renal
stones in a robust statistical model that included ATV/r use as
a primary exposure. ATV/r should be carefully prescribed to
patients with predisposing factors for renal stone formation or
those with CKD. For those who develop ATV/r-induced renal
stones, discontinuation of ATV/r is warranted because of the
high risk of recurrence.
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Single Nucleotide Polymorphisms in ABCC2
Associate With Tenofovir-Induced Kidney
Tubular Dysfunction in Japanese Patients With
HIV-1 Infection: A Pharmacogenetic Study

Takeshi Nishijima,"? Hirokazu Komatsu,® Koichiro Higasa,’ Misao Takano,' Kiyoto Tsuchiya,’ Tsunefusa Hayashida,'
Shinichi Oka,"? and Hiroyuki Gatanaga"?

'AIDS Clinical Center, National Center for Global Health and Medicine, Tokyo; ZCenter for AIDS Research, Kumamoto University; 3Department of
Community Care, Saku Central Hospital, Nagano; and “Center for Genomic Medicine, Kyoto University Graduate School of Medicine, Japan

Background. Tenofovir is a widely used antiretroviral drug although it can cause kidney tubular dysfunction
(KTD). The aim of this study was to determine the association between polymorphisms in genes encoding drug
transporters and KTD in Japanese patients treated with tenofovir.

Methods. The association between tenofovir-induced KTD and 14 single nucleotide polymorphisms (SNPs)
in the ABCC2, ABCC4, ABCC10, SCL22A6, and ABCBI genes was investigated in 190 Japanese patients. KTD was
diagnosed by the presence of at least 3 abnormalities in the following parameters: fractional tubular resorption of
phosphate, fractional excretion of uric acid, urinary B2-microglobulin, urinary ol-microglobulin, and urinary
N-acetyl-B-D-glucosaminidase. Genotyping was performed by allelic discrimination using TagMan 5’-nuclease
assays with standard protocols. Associations between genotypes and KTD were tested by univariate and multivar-
iate logistic regression analyses.

Results. KTD was diagnosed in 19 of the 190 (10%) patients. Univariate and multivariate analyses showed a
significant association between KTD and genotype CC at position —24 CC (adjusted odds ratio [OR], 20.08; 95%
confidence interval [CI], 1.711-235.7; P=.017) and genotype AA at position 1249 (adjusted OR, 16.21; 95% CI,
1.630-161.1; P=.017) of ABCC2. Multivariate analysis showed higher adjusted OR for patients with both homo-
zygotes (adjusted OR, 38.44; 95% CI, 2.051-720.4; P =.015). ABCC2 haplotype —24T and 1249G was a protective
haplotype for KTD (OR, 0.098; 95% CI, .002-.603; P =.003

Conclusions. This is the first study of our knowledge to identify the association between SNPs in ABCC2 and
tenofovir-induced KTD in an Asian population. Close monitoring of renal function is warranted in tenofovir-
treated patients with these SNPs.

Tenofovir disoproxil fumarate (TDF), a prodrug of te-
nofovir, is a nucleotide reverse transcriptase inhibitor
widely used for the treatment of human immunodefi-
ciency virus type 1 (HIV-1) infection and hepatitis B
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infection [1-4]. Tenofovir is excreted by a combination
of glomerular filtration and active tubular secretion.
Although the nephrotoxicity of tenofovir is regarded
mild and tolerable [5-7], several cases of tenofovir-
induced nephrogenic diabetes insipidus, Fanconi syn-
drome, and acute renal failure have been reported, and
prognosis of renal function with long-term tenofovir
use remains unknown [8-10].

The mechanism of tenofovir-induced kidney
damage is not fully understood. However, mitochon-
drial damage in the proximal renal tubular cells was
observed in patients with prominent tenofovir-
induced kidney tubular dysfunction (KTD) [11, 12].
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Because the characteristics and severity of tenofovir-induced
KTD vary widely among individuals, the role of host genetics
has drawn a particular attention. Single nucleotide polymor-
phisms (SNPs) in transporter proteins of renal tubular cells
have been investigated to elucidate their roles in tenofovir-
induced KTD [13-15].

Tenofovir enters kidney tubular cells through the basolateral
membrane and is transported mainly by organic anion trans-
porter (OAT) 1 and, to a lesser extent, OAT 3, encoded by
genes SLC22A6 and SLC22A8, respectively [16]. Tenofovir is ex-
creted into the urine at the apical membrane by 2 transporters
on the luminal membrane; multidrug resistance protein (MRP)
4 and MRP 2, encoded by the adenosine triphosphate-binding
cassette (ABC) genes ABCC4 and ABCC2, respectively [17, 18].
Although the role of MRP4 in transporting tenofovir has been
well established, that of MRP 2 remains controversial [19, 20].
Recently, MRP 7, encoded by ABCCI0 gene, was also reported
to take part in the excretion of tenofovir [21]. P-glycoprotein is
a membrane protein expressed on the cells of renal proximal
tubule, intestine, and hepatocytes. Encoded by ABCBI gene,
P-glycoprotein transports TDF, the prodrug of tenofovir. SNPs
on ABCBI might alter the expression of P-glycoprotein and
thus affect exposure of tenofovir [22-24].

Previous studies reported inconsistent findings on the asso-
ciation of the SNPs of the transporter protein on tenofovir-
induced KTD [13-15]. Several pathological processes could
induce KTD, such as active infection, inflammation, diabetic
nephropathy, concurrent use of nephrotoxic drugs, and preex-
isting renal impairment, and thus it is difficult to evaluate
KTD induced exclusively by tenofovir [25]. Moreover, drug
interaction with other antiretrovirals, especially ritonavir-
boosted protease inhibitors, modifies tenofovir clearance and
thus the severity of tenofovir-induced KTD [26, 27]. Previous
studies examined patients treated with various antiretroviral
combinations, which might also contribute to the inconsistent
findings. Thus, the effect of SNPs on tenofovir-induced KTD
remains to be clarified and isolated from other abovemen-
tioned conventional risk factors for KTD [15, 28]. Of note,
the population investigated in previous studies on the role
of SNPs in tenofovir-induced KTD was mostly whites, and
patients of other genetic background have hardly been
examined.

Based on the above background, the present study was de-
signed to elucidate the association between polymorphisms in
genes encoding drug transporters in renal tubular cells and
tenofovir-induced KTD, in a setting designed to exclude other
predisposing or intervening factors: the inclusion of Japanese
patients with HIV infection on the same antiretroviral
combination with suppressed HIV-1 viral load, and free of
preexisting renal impairment, major comorbidities, and active
infections.

METHODS

Ethics Statement

This study was approved by the Human Genetics Research
Ethics Committee of the National Center for Global Health
and Medicine, Tokyo, Japan. Each patient included in this
study provided a written informed consent for genetic testing
and publication of clinical data for research purposes. The
study was conducted according to the principles expressed in
the Declaration of Helsinki.

Study Design

We performed a single-center cohort study to cross-sectionally
elucidate the association between SNPs in genes encoding
renal tubular transporters in Japanese patients with HIV infec-
tion and tenofovir-induced KTD.

Study Subjects

The study included consecutive Japanese patients with HIV
infection, aged >17 years, with HIV-1 viral load <200 copies/
mL, and on at least 4-week treatment with once-daily ritonavir
(100 mg)-boosted darunavir (800 mg) plus fixed dose teno-
fovir (300 mg)/emtricitabine (200 mg), seen at our clinic
between 1 October 2011 and 31 March 2012. The exclusion
criteria were (1) active infection, (2) malignancy, (3) diabetes
mellitus, defined by the use of anti-diabetic agents or fasting
plasma glucose >126 mg/dL or plasma glucose >200 mg/dL on
two different days, (4) alanine aminotransferase 2.5 times
more than the upper limit of normal, (5) estimated glomerular
filtration rate (eGFR) calculated by Cockcroft-Gault equation
of <50 mL/minutes [creatinine clearance = [(140 — age) x
weight (kg)]/(serum creatinine x 72)(x0.85 for females)] [29],
and (6) patients without consent to the study.

Measurements

Blood and spot urine samples were collected either on the day of
enrollment or on the next visit, together with body weight mea-
surement. The blood samples were used to measure serum creat-
inine, serum uric acid, serum phosphate, CD4 count, and C-
reactive protein, whereas urine samples were used to measure
phosphate, uric acid, creatinine, B2-microglobulin (B2M),
ol-microglobulin (01M), and N-acetyl-B-D-glucosaminidase
(NAG). The values of p2M, alM, and NAG measured in the
urine samples were expressed relative to urinary creatinine of
1 g/L (/g Cr).

Urinary concentrations of f2M and alM were measured
with latex aggregation assay kits (B2M: BMG-Latex X1
“Seiken”; Denka Seiken Co, Niigata, Japan; o1M: Eiken o1M-
11I; Eiken Chemical Co, Tokyo, Japan), and those of NAG by
colorimetric assay of enzyme activity with 6-methyl-2-pyridyl-
N-acetyl-1-thio-B-D-glucosaminide as substrate = (Nittobo
Medical Co, Tokyo).
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Definition of Renal Proximal Tubular Dysfunction
KTD was defined as the presence of at least 3 abnormalities in
the following 5 parameters: fractional tubular resorption of phos-
phate {1 - [(urine
creatinine x serum  phosphate)]} x 100 of <82%,

phosphate x serum  creatinine)/(urine
fractional
excretion of uric acid {[(urine uric acid x serum creatinine)/
(urine creatinine x serum uric acid)] x 100)} of >15%, pB2-
microglobulinuria (B2M > 1000 pg/g Cr), ol-microglobulinuria
(01M>16.6 mg/g Cr), and high-NAG level in urine (NAG>
5.93 U/g Cr). The above cutoff levels were selected on the basis
of data reported previously by various investigators [15, 30, 31].

The potential risk factors for KTD were determined accord-
ing to previous studies and collected together with the basic
demographics from the medical records [6, 27, 32, 33]. They
included age, sex, body weight, and presence or absence of
other medical conditions (concurrent use of nephrotoxic
drugs such as ganciclovir, sulfamethoxazole/trimethoprim,
and nonsteroidal antiinflammatory agents, coinfection with
hepatitis B, defined by positive hepatitis B surface antigen, co-
infection with hepatitis C, defined by positive HCV viral load,
hypertension, defined by current treatment with antihyperten-
sive agents or 2 successive measurements of systolic blood
pressure >140 mmHg or diastolic blood pressure >90 mmHg
at the clinic, dyslipidemia, defined by current treatment with
lipid-lowering agents or 2 successive measurements of either
low-density lipoprotein cholesterol >140 mg/dL, high-density
lipoprotein cholesterol <40 mg/dL, total cholesterol >240 mg/dL,
triglyceride >500 mg/dL. At our clinic, blood pressure and
body weight are measured every visit. We used the data on or
closest to and preceding the day of blood/urine sample collec-
tion by no more than 180 days.

Genetic Polymorphisms

SNPs in genes encoding tubular transporters were selected on
the basis of their functional significance, findings of previously
published reports, and/or reported minor-allele frequencies
>5% in the Japanese [13-15, 21, 28]. The allele frequency data
for the Japanese were obtained from the Japanese Single Nu-
cleotide Polymorphisms (JSNP) database [34]. The 14 SNPs
selected were (1) ABCC2 (encodes MRP2) —24C — T (in the
promoter; rs717620); 1249G — A (Val417Ile; rs2273697);
2366C — T (Ser789Phe; rs56220353); 2934G — A (Ser978Ser;
rs3740070), (2) ABCC4 (encodes MRP4) 559G —T
(Gly187Trp; rs11568658); 912G — T (Lys304Asn; rs2274407);
2269G — A (Glu757Lys; rs3765534); 3348A — G (Lys1116Lys;
rs1751034); 4135T — G [in the 3’ untranslated region (UTR);
(rs3742106)]; 4976T — C (3’ UTR; rs1059751), (3) ABCC10
(encodes MRP10) 526G — A (intron; rs9349256); 2759T — C
(Ile920Thr; rs2125739), (4) SLC22A6 (encodes OATI1)
180C — T (Asn60Asn; rs11568630), and (5) ABCBI (encodes
P-glycoprotein) 2677T — A/G (A:Ser893Thr, G:Ser893Ala;
rs2032582).

Pharmacogenetic Analyses

Genomic DNA was extracted from peripheral-blood leuko-
cytes using the protocol described in the sheet enclosed with
the QIAamp DNA MiniKit (Qiagen, Valencia, California). All
genotyping was performed by allelic discrimination using
TagMan 5'-nuclease assays with standard protocols (TagMan
SNP Genotyping Assays; Applied Biosystems, Foster City,
California). The primer and probe sequences are available on
request.

n=244

Japanese patients with once-daily
DRVIr plus TOFIFTC for >4 weeks

Excluded n=54

Envolled in the study
n=180

Did-not consent =34
HIV viral load »200 coplesiml  n=6
Diabetes mellitus n=4
ALT 2.5 times >ULN n=1
Did not visit during study period n=8

!

]

2.

Patients with Patients with normal
kidney tubuiar dysfunction Kidney tubutar function
=18 =171

Figure 1.
TDF/FTC, tenofovir/emtricitabine; ULN, upper limit of normal.

Patient enroliment. Abbreviations: ALT, alanine transaminase; DRV/r, ritonavir-boosted darunavir; HIV, human immunodeficiency virus;
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Statistical Analysis

Baseline characteristics were compared between patients with
KTD and without tubular dysfunction by the Student  test for
continuous variables and by either the % test or Fisher exact
test for categorical variables. Statistical comparisons for geno-
type frequencies between 2 groups were made by use of 2 x 3
table Fisher exact test (2 x 6 table for rs2032582). Associations
between genotypes and KTD were tested by univariate and
multivariate logistic regression analyses. The impact of other
variables was estimated with univariate analysis, and those
with P <.20 were incorporated into multivariate analysis, in
addition to the basic demographics such as age and sex. Statis-
tical significance was defined at 2-sided P value <.05. We used
odds ratios (ORs) and 95% confidence intervals (95% ClIs) to
estimate the impact of each variable on KTD. The Haploview
software was used to test Hardy-Weinberg equilibrium and
ABCC2 and ABCC4 haplotype analysis. All other statistical

analyses were performed with the Statistical Package for Social
Sciences ver. 17.0 (SPSS, Chicago, Illinois).

RESULTS

A total of 190 patients who provided blood and urine samples
and satisfied the inclusion and exclusion criteria were enrolled
in the study (Figure 1). KID was diagnosed in 19 of the 190
patients (10%). The baseline characteristics and laboratory
data for patients with and without KTD are listed in Table 1.
Patients with KTD were older (P <.001), had smaller body
weight (P=.006) and lower eGFR (P=.003), and were more
likely to be hypertensive than patients with normal tubular
function (P =.088). The median duration of tenofovir therapy
was 71.5 weeks (interquartile range [IQR]: 36.8-109.2 weeks)
for the entire study population, which was not different
between the 2 groups (P =.888).

Table 1. Characteristics of Patients With and Without Kidney Tubular Dysfunction

Patients With Normal Tubular

Patients With KTD (n= 19) Function (n=171) PVaIue
Variables for kidney'tubular,markeirs* Lo i , .- e
Urinary B2M (ug/g Cr)? 3066 (2247 10068) 209.2 (114.2-536.2) <. 001
~ Urinary o1M (mg/g Cr®. 2650198374 795(602-119) <001
Urinary NAG (U/g Cr? 9(6.2-14.3) 3.74 (2.84-4.95) <.001
i;,;,'FractlonaI tubular resorption of phosphate 3 9 (81177"92)[ e k ;;;,91 9(88.8-944) <001
Fractlonal exoretlon of uric acfda (8 1-1 274) 4(5.0-9. O) <.OO1
Contribution of each parameter to KTD e .
Urmary BZI\/I > 1000 ug/g Cr, No. (%) (1 OO 21 (12.3) <. 001
Urinary o.1M > 16.6 mg/g Cr, No. (%) g@47 . t7@9) <001
Urinary NAG >5.93 U/g Cr, No. (%) 7 (89.5) 23(13.5) <.001
- Fractional tubular resorption of phosphate <82%, No. (%) 5263 . o = <001
Fractional excretion of uric acid >15% No (%) (10 5) 4(2.3) 112
Characteristics . . .
Sex (male) No. (%) ;, (94 7) 166 (971 473
Age® : : 60 . e T
Route of transm|5510n (homosexua! contact) No %) 6 (84.2) 153 (89.5) 5628
~ Weight (kgi® - : . 6635665 672(881-75) 008
’ Esﬂmated glomerular ﬂltrat;on rate (mL/mmutes/1 73 m ) 75 5 (62.8- 93. 5) ; 87.7 (77 B— 98) ; 1003
‘ Serum creatmme {mg/dL)?® : 0. 85 (0. 68—0 96) 0 80 (©. 73 0. 88) : 168
CD4 cell count (uL)? 380 (194-501) 379 (275—533) .261
~ Serum phosphate (mg/dL)* 342737 32(29-36) 815
Serum uric aCId (mg/dL 4 7 (4 2- 5 7) 5, 6 (4 8—6 4) .080
‘ 'NephrotOX|c drug, No. (%} 2 (10 5) : ,12 (7 O) _‘420‘
Hepatms C, No. (%) o@ 3018 728
 Hepatitis B, No. (%) 2(105 24.(14) 501
Dysllpxdem:a No. (%) 4(21.1) 54 (31. 6) 253
: Hypertensron No (%) o ' (42 T)ﬂ o T 42 (24, 6) 088
C-reactive protein (mg/dL)? O 07 (0 03—0 28) O 07 (O 03-0. 16) . 277
* Duration of treatment with TDF (weeks)® - 60.3(17.7-115.4) 733 (37.7-109.1) 888

Abbreviations: KTD, kidney tubular dysfunction; NAG, N-acetyl-B-p-glucosaminidase; TDF, tenofovir disoproxil fumarate.

& Median (interquartile range).
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Table 2. Genotype Frequencies at ABCC2, ABCC4, ABCC10, SLCZ2A6, and ABCB1 in Patients With and Without Kidney Tubular

Dysfunction

Genotype

Amino Acid

Patients With KTD (n = 19)

Patients With Normal Tubular
Function (n=171)

PValue?

ABCC2(MRP2) =~
-24C T, rs717620
cr
W

1249 G - A, 152273697
AG
ANA

2366 C — T, rs56220353

: ‘C/C‘_" :
o

2934 G - A, 153740070

GG
G/A
ABCC4 (MRP4)
559 G — T, rs11568658
G/G
6T
/T

Vala17lle
 Ser78%Phe

' ; Ser9788er

. GVI87TTp

912G T, 152274407

oG
e
v

| 2269G A 153765534

G/G
G/A
AA

3348 A -G, rs1751034

A/A

G/G

4135 TG, rs3742106

/T o
G/G

4976T - C, 151059751

oo
ge
c/c

ABCC10 MRP7)

526G — A, 159349256

MG
CAA

- ‘Glum7'57ly.ys,

Lys116Lys

18(947)

11(67.9)

~ 5(263)
- 3(15.8)

. e

oo
0o

1(6.3)

13 (68.4)

2210

150789

_— 2(1055) S

2(10.5) ’

k k13 (68;4) ’k

30158

- 3(15.8)

6(316)
7368
6 (31.6)

6316

B2

9474
68316

s

3505

- 108(632)

52 (30.4)

: 1 ‘(6.'4)2”'1 o

ims

34 (19.9)

- erern

3(1.8)

133 (77.8)

403

102 (59.6)

. bzigod .
17.9.9)

75.4)

7 (4'1);

98(57.3)

e
15 (88)
46 (26.9)
61269

Cmaen

65 (38)

74433

woe
86503
39228

018

o017

- 1.000

126

iass

s i

0%

569

1562 e CID 2012:55 (1 December) e HIV/AIDS

199



