Table 3. Univariate Analysis of Risks for Kidney Tubular Dys-
function in Patients With HIV Infection Treated With Tenofovir

95% ClI PValue

Characteristic OR

CD4 count per 1/ul. decrement 1.002 .999-1.004 .261

Concurrent use 1.559 .322-7.555 681

of nephrotoxic drugs

C-reactive protein per 1 mg/dL 1.551

1249 AA 7.828 1.609-38.10 011

2934 GG 1.368 .167-11.07 775

2269 AA 2.756 .5630-14.34 228

4135 GG 1.254 450-3.494 .665

2759 TT 0.619 .220-1.738 .363

2677 AA

7.828

1.609-38.10 011

Abbreviations: Cl, confidence interval; eGFR: estimated glomerular filtration
rate; HIV, human immunodeficiency virus; OR, odds ratio.

® Due to low prevalence of minor alleles, rs56220353, rs11568630, and
rs2274407 were not included in this analysis.

associated with tenofovir-induced KTD (OR, 2.497; 95%
CI, .902-6.949; P =.077).

DISCUSSION

The present study demonstrated that genotype CC at position
—24 and genotype AA at position 1249 of ABCC2 gene are
associated with tenofovir-induced KTD in Japanese patients
with HIV-1 infection. The effect of SNPs was more evident in
patients with both —24 CC and 1249 AA homozygotes than
in those with either homozygote only. The findings of this
study resolve long-term controversy over the role of genetic

Table 4. Multivariate Analysis for the Risk of Tenofovir-induced
Kidney Tubular Dysfunction With Homozygotes at —24 and 1249
of ABCCZ2 in Patients With HIV Infection

ABCC2

Adjusted OR

95% Cl PValue

Homozygote at 1249 AA 16.21 1.630-161.1 .017

Each variable was adjusted for sex, age, weight, estimated glomerular
filtration rate, and hypertension.

Abbreviations: Cl, confidence interval; OR, odds ratio.

polymorphisms in tenofovir-induced KTD and confirm the
effect of the SNPs in ABCC2 gene in tenofovir-induced KTD.

CA haplotype (—24C, 1249A) of ABCC2 was associated with
tenofovir-induced KTD, whereas TG was a protective haplotype
(Table 5). Izzedine et al [13] reported the role of CATC haplo-
type (—24C, 1249A, 35631, 3972C) of ABCC2 in KTD.
However, 3563T did not play such role in this haplotype analy-
sis, because the prevalence of 3563T is 0% in the Japanese, ac-
cording to the HapMap data, and haplotype with only —24C
plus 1249A still exhibited its effect on tenofovir-induced KTD
(Table 5; www.hapmap.org). The reported association between
tenofovir-induced KTD and 526G and 2759C of ABCCIO de-
scribed by Pushpakom et al [21] was also not reproduced in this
study. Furthermore, SNPs in ABCC4, SLC22A6, and ABCBI in-
vestigated in the present study did not show a significant associ-
ation with tenofovir-induced KTD (Table 3).

Three main aspects of our study are important. First, this is
the first study to our knowledge that elucidated the effect of
SNPs on tenofovir-induced KTD conducted in a country other
than European countries or the United States. Our study ex-
amined Japanese patients of genetic background different
from patients of previous studies, which consisted mostly of
whites. While SNPs —24C and 1249A of ABCC2 have been
speculated to correlate with tenofovir-induced KTD in previ-
ous studies, the present study confirmed that these SNPs are
risk factors for tenofovir-induced KTD in nonwhites.

The result that the SNPs in ABCC2 are a risk for tenofovir-
induced KTD can also be applied to patients with other
genetic backgrounds who host SNPs —24C and 1249A.
Notably, the impact of SNPs on tenofovir-induced KTD might
be more significant in Africans and Indians than in Japanese
or whites, considering that the allele frequencies of —24C and
1249A are higher in these population according to the
HapMap data (—24C; Africans 96.9%, Indians 92.6%, Japanese
80.8%, whites 81.9%, 1249A; Africans 21.7%, Indians 30.7%,
Japanese 8.9%, whites 23.7%; www.hapmap.org).

Second, the study was designed to evaluate the exclusive
effect of SNPs on tenofovir-induced KTD by excluding
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Table 5. Association Between Haplotype in ABCC2 and ABCC4 and Kidney Tubular Dysfunction

Allele/Haplotype Frequency, %

Allele

SNP Marker/Haplotype

KTD Group (n=19)

Control Group (n=171) OR (95% CI)® P Value

10.22 (1.658-419.8

ABCC2 CA 28.9
haplotype TG 26

12.3 2.91(1.295-6.221) .01
216 0.098 (.002-.603) .003

559 G —T

ABCC4
haplotype

Abbreviations: Cl, confidence interval; KTD, kidney tubular dysfunction; OR, odds ratio; SNP, single-nucleotide polymorphism.
? ORs and P values are for comparisons of allele/haplotype frequencies between the kidney tubular dysfunction and control groups.

possible predisposing factors for KTD, for example, active in-
fection, malignancies, diabetes mellitus, and preexisting renal
impairment, which are known risks for KTD [35]. Patients
who showed no HIV-1 viral suppression were also excluded.
Furthermore, the enrolled patients were Japanese only, and
this helped to examine a study population with comparatively
similar genetic background. The study population was also on
the same antiretroviral regimen (ritonavir-boosted darunavir
plus tenofovir/emtricitabine), and this also helped to evaluate
more precisely the effect of SNPs, because plasma concentra-
tion of tenofovir is affected by concomitant antiretrovirals and
the delta change in plasma tenofovir concentration likely
differs in the presence of each concomitant drug [26].

Third, SNPs were examined in 190 patients in this study.
To our knowledge, the number of enrolled patients is the
largest among the studies that have so far examined the effect
of SNPs on tenofovir-induced KTD. Thus, this feature provid-
ed the study a higher statistical power than previous studies.

Why are polymorphisms in ABCC2 a risk for tenofovir-
induced KTD, even though it is controversial whether MRP2
plays a role in the excretion of tenofovir via the luminal mem-
brane? [18, 20] The exact mechanism has not been determined
yet, but we speculate 2 hypotheses. First, there might be
unknown endogenous substances that influence tenofovir
nephrotoxicity in renal tubular cells, and SNPs in ABCC2
modulate the function or transportation of such substances
[15]. Second, MRP2 may indeed take part in transporting te-
nofovir, because various substances including methotrexate
are reported to be a substrate of MRP2, and ABCC2 mutation
alters excretion of those substances [36, 37]. Further studies
are warranted to elucidate the exact mechanism of these SNPs
on tenofovir-induced KTD. Furthermore, the impact of these

SNPs on KTD with long-term TDF use needs to be evaluated
in prospective studies.

Several limitations need to be acknowledged. First, not all
polymorphisms in genes of the targeted transporter proteins
were examined. Thus, we might have missed other important
SNPs on the function of tenofovir transportation. There might
be other unknown transporter proteins for tenofovir excretion
in the kidney that contribute to susceptibility to tenofovir-
induced KTD as well. Second, the diagnostic criterja for TDF-
induced KTD are not uniformly established in the field and
are different in the published studies. The criteria applied in
this study are not entirely similar to the ones used in previous
studies that examined the role of SNPs in tenofovir-induced
KTD. However, by excluding other predisposing factors for
KTD and enrolling a large number of patients, this study suc-
ceeded in providing a clear-cut association between SNPs and
tenofovir-induced KTD.

In conclusion, the present study demonstrated that SNPs in
ABCC2 associate with tenofovir-induced KTD in Japanese pa-
tients, in a setting that excluded other predisposing factors. As-
sessment of renal tubular function is more cumbersome and
costly to monitor than serum creatinine. However, monitoring
tubular function is clinically important, because undetected long-
term tubular dysfunction might lead to premature osteopenia
due to phosphate wasting and accelerated progression of renal
dysfunction. Close monitoring of tubular function is warranted
in patients with ABCC2 —24C and 1249A under TDF treatment.

Notes

Acknowledgments. The authors thank Ryo Yamada, Takuro Shimbo,
Fumihiko Hinoshita, Yoshimi Kikuchi, Katsuji Teruya, Kunihisa Tsukada,
Junko Tanuma, Hirohisa Yazaki, Haruhito Honda, Ei Kinai, Koji

236

HIV/AIDS e CID 2012:55 {1 December) o 1565



Watanabe, Takahiro Aoki, Daisuke Mizushima, Yohei Hamada, Michiyo
Ishisaka, Mikiko Ogata, Mai Nakamura, Akiko Nakano, Fumihide Kanaya,
and all other staff at the AIDS Clinical Center for their help in completion
of this study.

Financial support. This work was supported by a Grant-in-Aid for
AIDS research from the Japanese Ministry of Health, Labour, and Welfare
(H23-AIDS-001), and the Global Center of Excellence Program (Global
Education and Research Center Aiming at the Control of AIDS) from the
Japanese Ministry of Education, Science, Sports, and Culture.

Potential conflicts of interest. S. O. has received honorariums and re-
search grants from MSD K.K., Abbott Japan, Janssen Pharmaceutical K.X.,
Pfizer, and Roche Diagnostics K.K.; has received honorariums from Astel-
las Pharmaceutical K.K., Bristol-Myers K.K., Daiichisankyo, Dainippon
Sumitomo Pharma, GlaxoSmithKline, K.K., Taisho Toyama Pharmaceuti-
cal, Torii Pharmaceutical, and ViiV Healthcare. H. G. has received hono-
rariums from MSD K.XK. Abbott Japan, Janssen Pharmaceutical K.K,,
Torii Pharmaceutical, Roche Diagnostics K.K., and ViiV Healthcare. The
remaining authors declare no conflict of interest.

All authors have submitted the ICMJE Form for Disclosure of Potential
Conflicts of Interest. Conflicts that the editors consider relevant to the
content of the manuscript have been disclosed.

References

1. Sax PE, Tierney C, Collier AC, et al. Abacavir/lamivudine versus teno-
fovir DF/emtricitabine as part of combination regimens for initial
treatment of HIV: final results. ] Infect Dis 2011; 204:1191-201.

2. Post FA, Moyle GJ, Stellbrink HJ, et al. Randomized comparison of
renal effects, efficacy, and safety with once-daily abacavir/lamivudine
versus tenofovir/emtricitabine, administered with efavirenz, in antire-
troviral-naive, HIV-1-infected adults: 48-week results from the
ASSERT study. ] Acquir Immune Defic Syndr 2010; 55:49-57.

3. Arribas JR, Pozniak AL, Gallant JE, et al. Tenofovir disoproxil fuma-
rate, emtricitabine, and efavirenz compared with zidovudine/lamivu-
dine and efavirenz in treatment-naive patients: 144-week analysis. J
Acquir Immune Defic Syndr 2008; 47:74-8.

4. de Vries-Sluijs TE, Reijnders JG, Hansen BE, et al. Long-term therapy
with tenofovir is effective for patients co-infected with human immu-
nodeficiency virus and hepatitis B virus. Gastroenterology 2010;
139:1934-41.

5. Izzedine H, Hulot JS, Vittecoq D, et al. Long-term renal safety of te-
nofovir disoproxil fumarate in antiretroviral-naive HIV-1-infected pa-
tients. Data from a double-blind randomized active-controlled
multicentre study. Nephrol Dial Transplant 2005; 20:743-6.

6. Nelson MR, Katlama C, Montaner JS, et al. The safety of tenofovir
disoproxil fumarate for the treatment of HIV infection in adults: the
first 4 years. AIDS 2007; 21:1273-81.

7. Cooper RD, Wiebe N, Smith N, Keiser P, Naicker S, Tonelli M. Sys-
tematic review and meta-analysis: renal safety of tenofovir disoproxil
fumarate in HIV-infected patients. Clin Infect Dis 2010; 51:496~505.

8. Verhelst D, Monge M, Meynard JL, et al. Fanconi syndrome and renal
failure induced by tenofovir: a first case report. Am ] Kidney Dis
2002; 40:1331-3.

9. Schaaf B, Aries SP, Kramme E, Steinhoff J, Dalhoff K. Acute renal
failure associated with tenofovir treatment in a patient with acquired
immunodeficiency syndrome. Clin Infect Dis 2003; 37:e41-3.

10. Peyriere H, Reynes J, Rouanet I, et al. Renal tubular dysfunction asso-
ciated with tenofovir therapy: report of 7 cases. ] Acquir Immune
Defic Syndr 2004; 35:269-73.

11. Kohler JJ, Hosseini SH, Hoying-Brandt A, et al. Tenofovir renal toxic-
ity targets mitochondria of renal proximal tubules. Lab Invest 2009;
89:513-9.

12. Herlitz LC, Mohan S, Stokes MB, Radhakrishnan J, D’Agati VD, Mar-
kowitz GS. Tenofovir nephrotoxicity: acute tubular necrosis with dis-
tinctive clinical, pathological, and mitochondrial abnormalities.
Kidney Int 2010; 78:1171-7.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

. Izzedine H, Hulot JS, Villard E, et al. Association between ABCC2

gene haplotypes and tenofovir-induced proximal tubulopathy. J Infect
Dis 2006; 194:1481-91.

Kiser JJ, Aquilante CL, Anderson PL, King TM, Carten ML, Fletcher
CV. Clinical and genetic determinants of intracellular tenofovir di-
phosphate concentrations in HIV-infected patients. ] Acquir Immune
Defic Syndr 2008; 47:298-303.

Rodriguez-Novoa S, Labarga P, Soriano V, et al. Predictors of kidney
tubular dysfunction in HIV-infected patients treated with tenofovir: a
pharmacogenetic study. Clin Infect Dis 2009; 48:¢108-16.

Uwai Y, Ida H, Tsuji Y, Katsura T, Inui K. Renal transport of adefovir,
cidofovir, and tenofovir by SLC22A family members (hOATI,
hOAT3, and hOCT2). Pharm Res 2007; 24:811-5.

Mallants R, Van Oosterwyck K, Van Vaeck L, Mols R, De Clercq E,
Augustijns P. Multidrug resistance-associated protein 2 (MRP2)
affects hepatobiliary elimination but not the intestinal disposition of
tenofovir disoproxil fumarate and its metabolites. Xenobiotica 2005;
35:1055-66.

Imaoka T, Kusuhara H, Adachi M, Schuetz JD, Takeuchi K, Sugiyama
Y. Functional involvement of multidrug resistance-associated protein
4 (MRP4/ABCC4) in the renal elimination of the antiviral drugs ade-
fovir and tenofovir. Mol Pharmacol 2007; 71:619-27.

Kohler JJ, Hosseini SH, Green E, et al. Tenofovir renal proximal
tubular toxicity is regulated by OAT1 and MRP4 transporters. Lab
Invest 2011; 91:852-8.

Ray AS, Cihlar T, Robinson KL, et al. Mechanism of active renal
tubular efflux of tenofovir. Antimicrob Agents Chemother 2006;
50:3297-304.

Pushpakom SP, Liptrott NJ, Rodriguez-Novoa S, et al. Genetic variants
of ABCC10, a novel tenofovir transporter, are associated with kidney
tubular dysfunction. J Infect Dis 2011; 204:145-53.

Hoffmeyer S, Burk O, von Richter O, et al. Functional polymorphisms
of the human multidrug-resistance gene: multiple sequence variations
and correlation of one allele with P-glycoprotein expression and activ-
ity in vivo. Proc Natl Acad Sci USA 2000; 97:3473-8.

Horinouchi M, Sakaeda T, Nakamura T, et al. Significant genetic linkage
of MDR1 polymorphisms at positions 3435 and 2677: functional rele-
vance to pharmacokinetics of digoxin. Pharm Res 2002; 19:1581-5.
Kurata Y, leiri I, Kimura M, et al. Role of human MDRI1 gene poly-
morphism in bioavailability and interaction of digoxin, a substrate of
P-glycoprotein. Clin Pharmacol Ther 2002; 72:209~19.

Han WK, Waikar SS, Johnson A, et al. Urinary biomarkers in the
early diagnosis of acute kidney injury. Kidney Int 2008; 73:863-9.
Kiser JJ, Carten ML, Aquilante CL, et al. The effect of lopinavir/rito-
navir on the renal clearance of tenofovir in HIV-infected patients.
Clin Pharmacol Ther 2008; 83:265-72.

Goicoechea M, Liu S, Best B, et al. Greater tenofovir-associated renal
function decline with protease inhibitor-based versus nonnucleoside
reverse-transcriptase inhibitor-based therapy. J Infect Dis 2008;
197:102-8.

Rodriguez-Novoa S, Labarga P, Soriano V. Pharmacogenetics of teno-
fovir treatment. Pharmacogenomics 2009; 10:1675-85.

Cockeroft DW, Gault MH. Prediction of creatinine clearance from
serum creatinine. Nephron 1976; 16:31-41.

Salem MA, el-Habashy SA, Saeid OM, el-Tawil MM, Tawfik PH.
Urinary excretion of n-acetyl-beta-D-glucosaminidase and retinol
binding protein as alternative indicators of nephropathy in patients
with type 1 diabetes mellitus. Pediatr Diabetes 2002; 3:37-41.

Ezinga M, Wetzels ], van der Ven A, Burger D. Kidney tubular dys-
function is related to tenofovir plasma concentration, abstract 603. In:
Program and abstracts of the 19th Conference on Retroviruses and
Opportunistic Infections. 5-8 March 2012, Seattle, Washington.
Gupta SK, Eustace JA, Winston JA, et al. Guidelines for the manage-
ment of chronic kidney disease in HIV-infected patients: recommen-
dations of the HIV medicine association of the infectious diseases
society of America. Clin Infect Dis 2005; 40:1559-85.

1566 o CID 2012:55 (1 December) e HIV/AIDS

237



33.

34.

35.

Gatanaga H, Tachikawa N, Kikuchi Y, et al. Urinary beta2-microglo-
bulin as a possible sensitive marker for renal injury caused by tenofo-
vir disoproxil fumarate. AIDS Res Hum Retroviruses 2006; 22:744-8.
Hirakawa M, Tanaka T, Hashimoto Y, Kuroda M, Takagi T, Naka-
mura Y. JSNP: a database of common gene variations in the Japanese
population. Nucleic Acids Res 2002; 30:158-62.

Ando M, Yanagisawa N, Ajisawa A, Tsuchiya K, Nitta K. Kidney
tubular damage in the absence of glomerular defects in HIV-infected

36.

37.

patients on highly active antiretroviral therapy. Nephrol Dial Trans-
plant 2011; 26:3224-9.

Hulot JS, Villard E, Maguy A, et al. A mutation in the drug transport-
er gene ABCC2 associated with impaired methotrexate elimination.
Pharmacogenet Genomics 2005; 15:277-85.

Suzuki H, Sugiyama Y. Single nucleotide polymorphisms in multidrug
resistance associated protein 2 (MRP2/ABCC2): its impact on drug
disposition. Adv Drug Deliv Rev 2002; 54:1311-31.

238

HIV/AIDS e CID 2012:55 (1 December) o 1567



Research Letter

AIDS 2012, 24:000-000

Once-daily darunavir/ritonavir plus abacavir/
lamivudine versus tenofovir/emtricitabine for
treatment-naive patients with baseline viral load
>100,000 copies/mL

Takeshi Nishijima®®, Hirokazu Komatsu®, Katsuji

Teruya®, Junko Tanuma®, Kunihisa Tsukada®, Hiroyuki
Gatanaga™®, Yoshimi Kikuchi® and Shinichi Oka®®

The efficacy and safety of fixed-dose abacavir/
lamivudine against tenofovir/emtricitabine, both
with once-daily darunavir/ritonavir, was examined
in 80 treatment-naive patients with baseline HIV-1
viral load >100,000 copies/ml. The time to virolo-
gic failure by 48 weeks was not different between
the two groups. The percentage of patients with
viral suppression was not significantly different
with per protocol population. Tenofovir/emtrici-
tabine showed better tolerability; more patients on
abacavir/lamivudine changed regimen than those
on tenofovir/emtricitabine. A randomized trial to
elucidate the efficacy and safety of these two regi-
mens is warranted.

Little information is available on the efficacy and safety of
antiretroviral therapy (ART) of ritonavir-boosted dar-
unavir (DRV/r) plus fixed-dose abacavir/lamivudine
(ABC/3TC) [1,2]. DRV/r is a protease inhibitor with
proven efficacy and safety, and with high barrier to drug
resistance [3,4]. ABC/3TC is an alternative choice of
nucleoside reverse transcriptase inhibitors (NRTI) in the
American Department of Health and Human Services
Guidelines [5]. Here we conducted a single-center,
observational pilot study to compare the efficacy and
safety of DRV/r plus ABC/3TC versus TDF/FTC in
patients with baseline HIV-1 wviral load (VL)
>100,000 copies/ml. Subjects with such VL were chosen
because ACTG 5202 demonstrated that the time to
virologic failure (VF) was significantly shorter with ABC/
3TC than with TDF/FTC in patients with VL
>100,000 copies/ml on efavirenz or ritonavir-boosted
atazanavir [6]. All subjects were treatment-naive who
commenced once-dailly DRV/r plus either fixed-dose
ABC/3TC or TDF/FTC from November 2009 to
August 2011 at the AIDS Clinical Center, Tokyo.
Baseline data (basic demographics, CD4 count, and VL)
were collected. VL was measured by Cobas TagMan
HIV-1 real-time PCR wversion 1.0 assay (Roche
Diagnostics, NJ) to the end of November 2011, and
later by Cobas TagMan version 2.0 assay. It was the
decision of the attending physician to start ART with
either TDF/FTC or ABC/3TC, because the Japanese

DOI:10.1097/QAD.0b013e32835cadb7

guidelines consider both TDF/FTC and ABC/3TC the
preferred NRTIs [7].

The efficacy outcomes were the time from commencing
ART to VF (defined as VL >1,000 copies/ml at or after
16 weeks and before 24 weeks, or >200 copies/ml at or
after 24 weeks) [6], and the proportion of patients with
VL <50 copies/ml at 48 weeks regardless of previous VE
The tolerability outcome was the time to any regimen
modification. Intent-to-treat (ITT) population, compris-
ing all subjects, was used for all efficacy and tolerability
analyses, while per protocol population was used in the
efficacy analysis of the suppressed VL. Censored cases
represented those who dropped out, referred to other
facilities, or reached 48 weeks. Time-to-event distri-
butions were estimated using the Kaplan-Meier method.
Uni- and multivariate Cox hazards models estimated the
impact of ABC/3TC use over TDF/FTC on the
incidence of VE

The study included 80 patients [ABC/3TC: 21, TDF/
FTC: 59, median age: 37.9 years, males: 74 (92.5%), East
Asian origin: 72 (90%)], of whom 66 (82.5%) were
infected with HIV-1 through homosexual contact.
Patients on ABC/3TC had lower baseline CD4 count
46/l versus 100, P=10.031), higher VL (5.7510og10/ml
versus 5.58, P=10.044), and more likely to have history of
AIDS (71.4% versus 37.3, P=0.010), than patients with
TDE/FTC. All subjects were HLA-B*5701-negative,
and all underwent HIV-1 drug-resistance tests before
commencement of ART and none  had
resistant mutations.

The time to VF with ABC/3TC [3 patients (14.3%)] was
not significantly different from that with TDF/FTC
[4 (6.8%)] by 48 weeks (Fig. la), by univariate
and multivariate analyses adjusted by CD4 count and
VL (HR, 2.651; 95% CI, 0.592-11.88; P=10.203,
adjusted HR, 1.589; 95% CI, 0.341-7.401; P=0.555).
At week 48, ITT analysis showed more patients with
TDF/FTC had VL of <50copies/ml (ABC/3TC:
38.1%, TDEF/FTC: 64.4%, P=0.043) (Fig. 1¢), whereas
with per protocol analysis, no difference was noted
(ABC/3TC: 57.1%, TDF/FTC: 73.1%, P=0.328)
(Fig. 1d).

Among the seven patients with VE three (ABC/3TC: 1,
TDE/FTC: 2) achieved sustained VL suppression after
week 60 of the initial regimen. The other four underwent
drug-resistance tests. One on ABC/3TC was switched to
TDF/FTC at week 41; however, viral suppression was
not achieved until raltegravir was added at week 74. The
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Fig. 1. Efficacy and tolerability results over 48 weeks. (a) Time to protocol-defined virologic failure. (b) Time to tolerability
endpoint, defined as first change in treatment regimen. Percent of patients with HIV-1 RNA <50 copies/m} atweek 12, 24, 36, and
48, regardless of previous virologic failure, with (c) intention-to-treat population, and with (d) per protocol population.

other with ABC/3TC was switched to TDF/FTC at
week 49 and achieved viral suppression despite emer-
gence of protease mutation M46l. Another patient on
TDF/FTC had persistent viremia (100—-200 copies/ml)
without mutation. Another patient on TDF/FTC
showed emergence of reverse transcriptase mutation
V75L and viremia persisted with 200-500 copies/ml.
Reverse transcriptase mutation M1841/T/V did not
emerge in any patients.

More patients on ABC/3TC changed or discontinued
the initial regimen during the research period [ABC/
3TC: 8 (38.1%), TDFE/FTC: 4 (6.8%), P=0.001]
(Fig. 1b). Six [ABC/3TC: 4 (19%), TDF/FTC: 2
(3.4%)] changed ART due to adverse events or VF
[ABC/3TC: VF (n=1), limb paresthesia (n=1),
and nausea (n=2); TDF/FTC: tenofovir nephro-
toxicity (n=2)]. None developed ABC-associated
hypersensitivity.

240

This is the first comparison report of the efficacy and
safety of ABC/3TC against TDF/FTC with DRV/r in
treatment-naive patients with VL >100,000 copies/ml.
The time to VF by 48 weeks was not different between
the two groups. Although a higher percentage of patients
on TDE/FTC showed viral suppression than those on
ABC/3TC at week 48 with ITT population, the
difference was not significant with per protocol
population. TDF/FTC showed better tolerability, as
more patients on ABC/3TC changed regimen than those
on TDE/FTC.

These results need to be interpreted with caution, because
the baseline characteristics of patients of the two groups
were not well-matched due to the nature of the
observational study, and this study did not have sufficient
power due to the small number of enrolled patients.
Because our patients had small stature with median body
weight of 58.1 kg, a risk factor for TDF nephrotoxicity, it
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is sometimes our practice to avoid TDF in patients with
multiple risks, such as advanced HIV-1 infection, to
prevent possible acute kidney injury [8-10]. This is
presumably the reason for prescribing ABC/3TC to
patients with worse disease condition in this study. This
allocation bias might have worked as a disadvantage for
the efficacy and tolerability results of ABC/3TC.

The usefulness of ABC/3TC has recently received higher
recognition than it did in the past; the FDA meta-analysis
did not confirm the association between ABC use and
myocardial infarction [11], and it became clear that TDF
use is associated with decreased bone mineral density and
renal dysfunction, both of which might develop into
serious complications with long~term TDF use [12-17].
Thus, once-daily DRV/r, a protease inhibitor with high
barrier to drug resistance, plus ABC/3TC could be good
alternative, especially in patients who cannot tolerate
TDE A randomized trial to elucidate the efficacy and
safety of ABC/3TC and TDEF/FTC with once-daily
DRV/r is warranted.
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Abstract. Impaired renal function caused by tenofovir
disoproxil fumarate (TDF) is considered reversible by dis-
continuing TDF administration, but there are occasional
cases of incomplete recovery. We investigated the recovery
of renal function after the discontinuation of TDF. Subjects
comprised patients who had been started on TDF but in
whom it was later discontinued because of impaired renal
function. We investigated renal function until 96 weeks
after the discontinuation of TDF, and the duration of TDF
administration, up to May 2010. TDF was discontinued
because of impaired renal function in 21 of 766 patients
(2.7%). Following discontinuation, a significant recovery
was seen in eGFR (p = 0.003). The median duration of
administration was 28 days (6-941 days) in 9 patients
whose eGFR recovered to pre-administration levels,
405 days (250-1,379) in 7 patients m whom mild recovery
was seen, and 1,110 days (421-1,470) in 5 patients in whom
eGFR was much lower than at the time of discontinuation.
A significant correlation was seen beétween the eGFR
recovery rate and the duration of TDF administration.
TDF administration was discontinued because of renal

M. Yoshino (E5) - H. Yagura - H. Kushida

Department of Pharmacy, National Hospital Organization Osaka
National Hospital, 2-1-14 Hoenzaka, Chuo-ku,

Osaka 540-0006, Japan

e-mail: yoshino@onh:go.jp

H. Yonemoto - H. Bando - Y. Ogawa - K. Yajima -

D. Kasai - T. Taniguchi - D, Watanabe ~ Y. Nishida -

T. Uehira ~ T. Shirasaka

AIDS Medical Center, National Hospital Organization Osaka
National Hospital, Osaka, Japan

T. Kuwahara
Department of Pharmacy, National Hospital Organization
Minami Kyoto National Hospital, Kyoto, Japan

impairment in 2.7% of patients. The duration of TDF
administration was short in patients whose renal function
recovered to pre-administration levels, but patients in whom
sufficient recovery was not seen after discontinuation had
received TDF over long periods and included many whose
renal function gradually declined, even after discontinua-
tion. Recovery of renmal function after discontinuation
of TDF is likely affected by the duration of TDF
administration.

Keywords HIV - Antiretroviral therapy - Tenofovir -
Renal function - Nephrotoxicity - Reversibility

Introduction

Tenofovir disoproxil fumarate (TDF) is recommended in
the major guidelines as the first-choice nucleoside reverse
transcriptase inhibitor (NRTI) that can be administered
once daily {1]. However, mild and sometimes severe renal
impairment have been reported in patients taking TDF
[2, 3], and clear standards for discontinuation have not
been defined. Renal impairment caused by TDF is thought
to be reversible after the discontinuation of TDF, but cases
in which renal function does not recover even after
discontinuation are occasionally reported. In this study, we
retrospectively investigated the recovery of renal function
in patients following the discontinuation of TDF.

Patients and methods

Subjects were Japanese outpatients in the Osaka National
Hospital Department of Infectious Disease who began
antiretroviral therapy (ART), including TDF, by May 2010
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and in whom TDF was discontinued because of renal
impairment. The changes in estimated glomerular filtration
rate (eGFR)' up to 96 weeks after discontinuation of TDF
were evaluated using the Wilcoxon signed-rank test. In
addition, patients discontinuing TDF administration were
divided into three groups based on the eGFR recovery
rate until 96 weeks after the discontinuation of TDF:
(1) patients whose eGFR recovered to 100% pre-adminis-
tration levels (recovery group), (2) patients whose eGER
recovered to >20% of the level at the start of administra-
tion (mild recovery group), and (3) patients in whom no
recovery from the level at discontinuation or exacerbation
was seen (exacerbation group). The eGFR recovery rate
and duration of TDF administration were investigated in
these groups, and the correlation between eGFR recovery
rate and duration of TDF administration was evaluated
using Spearman’s rank correlation test.

Results

ART including TDE was started in 766 patients; TDF
caused renal impairment and was discontinued in 21 of
these patients (2.7%). TDF was discontinued in all these
patients because serum creatinine (sCr) had risen to
abnormal levels with the administration of TDE.

The characteristics of the patients are shown in Table 1.
The median age of patients in whom TDF was discontinued
was 45 years (range 25-61), and included 20 men and 1
woman, TDF was the first treatment in 15 patients and the
continuing treatment in 6. AIDS had developed in 13
patients. The eGFR (median) at the start of TDF admini-
stration was 74.7 mL/min/1.73 m” (range 48.1-289.3), the
duration of TDF administration (median) was 57 weeks
(range 1-210), and the observation period (median) after
TDF discontinuation was 131 weeks (range 20-284).

Changes in €GFR for the 21 patients in whom TDF was
discontinued are shown in Fig. 1. A decrease was seen
from 74,7 mL/min/1.73 m? (interquartile range 65.8-83.9)
to 48.3 mL/min/1.73 m> (interquartile range 45.3-54.3).
After the discontinuation of TDF, eGFR recovered rapidly
for 12 weeks, after which significant recovery was seen
until 96 weeks. At 96 weeks after TDE administration,
eGFR was 65.9 mL/min/1.73 m® (interquartile range
50.1-82.8) (vs. time of discontinuation, p = 0.0003), The
most improved eGFR up to 96 weeks after discontinuation
was 67.2 mL/min/1.73 m* (interquartile range 59.6-85.3)
(vs. time of discontinuation, p < 0.0001).

1 E‘;};i caleulation for Japanese (2008 Japanese Society of Nephrol-
ogy caleulation): eGFR (mLJmin/1.73 m®) = 194 x G0 x
age "7 (for women, x0.739).
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The eGFR recovery rate until 96 weeks after the dis-
continuation of TDF and the duration of TDF administra-
tion are shown in Table 2. Nine patients (42.9%; recovery
group) showed eGFR recovery after the discontinuation of
TDF to the level seen pre-administration. Seven patients
(33.3%; mild recovery group) showed eGFR recovery after
discontinuation, but not to ‘the level seen at the start of
administration. Five patients (23.8%; exacerbation group)
showed worsening of the eGFR after discontinuation.
Changes in eGFR after discontinuation are shown in Fig. 2.
The duration of TDF administration was 28 days (range
6-941 days) in the recovery group, 405 days (range
250-1,379) in the mild recovery group, and 1,110 days
(range 421-1,470) in the exacerbation group. Recovery of
eGFR was quicker with a shorter duration of TDF
administration. Spearman’s rank correlation test for eGFR
recovery rate and duration of TDF administration showed a
significant negative correlation (r = —0.73, p = 0.0002).

Discussion

Based on its effective anti-HIV activity and the simplicity
of being taken once a day, TDF is recommended as the
first-choice NRTI in major guidelines and is widely used.
However, renal impairnient as an adverse reaction has been
reported. The renal impairment caused by TDF is thought
to be an impairment in renal tubular function, but the
detailed mechanism remains unknown. Tenofovir, the
active component of TDF, is almost entirely eliminated
unchanged in the urine, but a portion is taken up by tubular
cells from the blood mainly via organic anion transporters
1 and 3 (OATI and OAT3), and eliminated in urine via
multidrug resistant protein 4 (MRP4), a carrier protein [4].
It has been suggested that tenofovir contributes to mito-
chondrial toxicity in tubular cells in this transport process
and leads to impairment of renal function [5, 6].

In observational studies in other countries investigating
renal impairment caused by TDF, Nelson et al. reported
elevated sCr of grade 1 or higher in 2.2% of patients [7],
and Madeddu et al. [8] reported elevated sCrof grades 24
in 2.5% of patients. The incidence of renal impairment in
these studies was similar to that in the Japanese patients in
the present study.

In the investigation at our hospital, there was a significant
decrease in eGFR from the level at the start of administra-
tion in the 21 patients in whom TDF was discontinued
compared with all patients (median: all patients 120.0 mL/
min/1.73 m” vs. discontinuation patients 74.7 mL/min/
1.73 m* p < 0.0001). When administering TDF to patients
with decreased renal function, it is advisable to select a drug
after adequately evaluating renal function using eGFR or
other parameters. In addition, when other causes of renal
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Table 1 Characteristics of patients

Variable No. of patients (%)
All patients (n = 766) TDF discontinuation patients (n = 21)

Sex

Male 745 (97.3) 20 (95.2)

Female 21 2.7) 1(4.8)
Subjects

Naive patients 529 (69.1) 15 (71.4)

Experienced patients 237 (30.9) 6 (28.6)
Development of AIDS 167 (21.8) 13 (61.9)
Third drug

EFV 268 (35.0) 4 (19.0)

ATVr 240 (31.3) 7 (33.3)

LPV/r 136 (17.8) 7 (33.3)

Others 403 (52.6) 3 (14.3)
Variable Median (range)

All patients (n = 766)

TDF discontinuation patients (n = 21)

Age (years)

HIV RNA (copies/mL)

CD4 cell count (cells/mm?)

eGFR (mL/min/1.73 m%)

TDF duration (weeks)

Observation period after TDF discontinuation (weeks)

37 (18-73) 45 (25-61)
55,000 (<40-31,700,000) 95,000 (<40-3,500,000)
205 (0~1,700) 110 (6-647)
120.0 (37.4-326.7) 74.7 (48.1-289.3)
107 (1-393) 57 (1-210)

_ 131 (20-284)

Fig. 1 Changes in eGFR
(median £ interquartile range)
in TDF discontinuation patients. 85 -

eGFR (mb/minf1.73m? )
®

The trend in éGFR
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after the discontinuation of TDF 75 |
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¥ p<0.0001 vs. time to stait
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impairment were investigated in the 21 patients in whom
TDF was discontinued, 13 (61.9%) had developed AIDS and
received nephrotoxic drugs for treating opportunistic
infections, 8 (38.1%) smoked, 5 (23.8%) had dyslipidemia,
2 (9.5%) had hypertension, and 2 (9.5%) had diabetes.
Among these 21 patients, AIDS was particularly common,
and it presented with Preumocystis jirovecii pneumonia

(n = 8), cytomegalovirus infection (n = 3), oropharyngeal
candidiasis (n = 2), progressive multifocal leukoencepha-
lopathy (n = 2), mycobacterium tuberculosis infection
(n = 1), cryptococeal infection (n = 1), and Mycobacte-
rium. avium complex infection (n = 1). Furthermore, the
most commonly used treatment drug for these opportunistic
infections was trimethoprim-sulfamethoxazole (n = 7),
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Table 2 eGFR recovery rate and duration of TDF administration in TDF discontinuation patients

No. of patients (%) Median (interquartile range)

eGFR at TDF discontinuation
(mL/min/1.73 m®)

Duration of TDF
administration (days)

(1) Recovery group

Patients with 100% recovery of eGFR after TDF 9 (42.9%) 48.1 (46.6-57.7) 28 (6-941)
discontinuation

(2) Mild recovery group
Patienits with mild recovery of ¢GFR after TDF 7 (33.3%) 48.2 (41.4~51.7) 405 (250-1,379)

discontinuation
(3) Exacerbation group

Patients with exacerbation of eGFR after TDF discontinuation 5 (23.8%)

49.2 (48.3-52.3) 1,110 (421-1,470)

Fig. 2 Changes in ¢GFR eGFR (mUmin/1.73m? )

@ (1) Recovery group
A (2) Mild recovery group
B (3) Exacerbation group

(median =+ interquartile range) 100
in each eGER recovery rate
group of TDF discontinuation 90
patients. TDF discontinuation
patients were divided into a 80
recovery group (9 patients),
mild recovery group (7 70
patients), and exacerbation
group (5 patients), and the 80
changes in eGFR
(median =+ interquartile range) 50 4
after discontinuation are shown
for each group 40
WR
0 \
oot ﬁ\(\\fé\\(’“
o™
No. of patients (1) 8 9
@ 7 7
B 5 5

followed by ganciclovir and fluconazole (n = 4 each),
rifabutin, pentamidine, sulfamethoxazole, and azithromycin
(n = 2 each), and isoniazid, ethambutol, amikacin, and
clarithromycin (n = 1 each). Most patients received com-
bination therapy with 2-4 of these drugs. In AIDS patients,
there is a possibility of deceased renal function both from
AIDS itself and from drugs used to treat opportunistic
infections; thus, sufficient caution is needed inthese patients.

The renal impairment caused by TDF is thought to be
reversible with the discontinuation of TDF [9-12], but in
investigations using eGFR, there are patients in whom a full
recovery is not seen following the discontinuation of TDF
[13, 14]. In the present results, eGFR recovered rapidly for
12 weeks after discontinuation, and significant recovery
was seen until 96 weeks. However, eéxamining individual
cases tevealed that some patients exhibited only a mild
recovery of eGFR after the discontinuation of TDF, oreven
exacerbated decreases in eGFR from the level at the time of
discontinuation. Recovery of eGFR to the level at the start
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of TDF was seen in 42.9% of patients, similar to the 42%
reported by Wever et al, [14]. The fact that patients are
occasionally seen in whom renal function does not recover
even after discontinuation suggests the possibility that
impairment of renal function may be irreversible after the
discontinuation of TDF, depending on the patient.

To investigate the possible factors related to this irre-
versible impairment of renal function, we classified the
trends in eGFR following TDF discontinuation into a
recovery group, a mild recovery group, and an exacerbation
group, and investigated the effect of duration of TDF
administration. The recovery of eGFR was quicker with
shorter durations of TDF administration. Full recovery was
not seen in patients who received TDF over a long period
and in whom renal function declined gradually. In 5 of 9
patients in the recovery group, renal function declined
rapidly within 1 month of the start of TDF administration,
and in each of these 5 cases, eGFR recovered quickly after
discontinuation to the level at the start of administration.



J Infect Chemother (2012) 18:169-174

173

In the mild recovery and exacerbation groups, however,
none of the patients showed a rapid decline in renal function
within 1 month. The decline was gradual over a long period
in neatly all of these patients, and insufficient recovery or an
exacerbation in eGFR was seen after discontinuation.
Therefore, in patients who receive TDF over a long period,
a state of gradual decline in renal function continues with
accumulating damage to renal tubules from TDF, whichis a
likely factor in the irreversibility of damage to renal func-
tion after the discontinuation of TDF. The analysis per-
formed in this study was done with a limited number of
patients, so the factors related to irreversible damage to
renal function after discontinuation of TDF could not be
fully clarified. However, a correlation was confirmed
between the duration of TDF administration and the eGFR
recovery rate.

In recent years, Japanese and other Asians, who have a
small build, have been reported to be susceptible to renal
impairment caused by TDF [15, 16]. We investigated
whether the recovery of renal function after the discon-
tinuation of TDF varied depending on the eGFR equation
used. No differences were observed between the eGFR
equation for Japanese individuals (2008 Japanese Society
of Nephrology calculation) and the eGFR equation that
used a Cockeroft-Gault (CG) equation that considered the
effects of body weight, and a similar trend was seen in the
eGFR recovery rate after the discontinuation of TDF. On
the other hand, body weight data could not be obtained at
all measurement points during follow-up in the present
study, and an analysis of eGFR using the CG equation and
an investigation of the effects of body weight therefore
could not be sufficiently conducted. In the future, it may be
necessary to investigate relationships to body weight and
body surface area, as well as the effects of TDF blood
concentrations, in Japanese patients, who have a small
build, and AIDS patients, who have a tendency to lose
weight.

Our findings suggest that when discontinuation criteria
for TDFE are established based on sCr or eGFR, renal
function may not recover following the discontinuation of
TDF, particularly among patients who have received long-
term administration of TDF and exhibit a gradual decline in
renal function. Uritlary fp-micioglobulin and tubular
reabsorption of phosphate have been reported to be useful
markers for detecting renal tubular dysfunction caused by
TDF at an earlier stage [13]. Because long-term adminis-
tration of TDF is expected to continue in the future, it is
important to investigate the use of markers that enable
earlier and more sensitive detection of renal impairment
caused by TDF to complement the assessment of renal
function using eGFR.

With advances in treatment, HIV infection has gone from
being a fatal condition to being a chronic disease that can be

managed medically. At the same time, the various side
effects that accompany long-term medication are becoming
clear, and measures to improve the long-term prognosis of
HIV-infected patients will be an issue in the coming years.
In the guidelines of the United States Department of Health
and Human Services, revised January 10, 2011, the first
recommendation as an NRTI is TDF/emtricitabine (FTC)
alone [1]. Thus, the number of patients who continue ART
including long-term TDF administration is predicted to
increase, and management of remal function will be
important, It is reported that approximately 30% of patients
with HIV infection have pre-existing renal abnormalities,
and factors in renal disease are reported to be adverse
effects from anti-HIV drugs or agents to treat opportunistic
infection and complications such as HIV-associated
nephritis, diabetes mellitus, and hypertension {17, 18].
Given the possibility that the duration of TDF administra-
tion affects recovery from renal impairment caused by TDF,
it is important when using TDF to consider the increased
risk factors for concomitant diseases such as diabetes and
hypertension with aging of the patient, in addition to
avoiding renal impairment from drugs, such as concurrent
medications. Moreover, when renal function declines
gradually in patients who receive long-term administration
of TDF, sufficient care must be exercised in the manage-
ment of renal function and in attempts to improve the long-
term outcome.
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Selection and Accumulation of an HIV-1 Escape Mutant by Three
Types of HIV-1-Specific Cytotoxic T Lymphocytes Recognizing
Wild-Type and/or Escape Mutant Epitopes
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Center for AIDS Research, Kumamoto University, Kumamoto, Japan,2 and AIDS Clinical Center, National Center for Global Health and Medicine, Tokyo, Japan®

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

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

population.

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

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

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

MATERIALS AND METHODS

Samples from HIV-1-infected individuals. This study was approved by
the ethics committee of Kumamoto University and the National Center
for Global Health and Medicine. Informed consent was obtained from all
individuals according to the Declaration of Helsinki. For sequence anal-
ysis, blood specimens were collected in EDTA. Plasma and peripheral
blood mononuclear cells (PBMCs) were separated from whole blood.
HLA types were determined by standard sequence-based genotyping.
Twelve HLA-A%24:027 individuals who could be monitored from the
early to the chronic phase of an HIV-1 infection were recruited for CTL
analysis. Early HIV-1 infection was confirmed by seroconversion within 6
months or by an increasing number and density of bands on Western
blots. Four-hundred fifty-one chronically HIV-1-infected individuals
were also recruited for sequence analysis.

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

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

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

Generation of Gag28-specific CTL clones. Gag28-specific CTL clones
were generated from Gag28-specific bulk-cultured T cells by limiting di-
lution in 96-U plates, together with 200 pl of cloning mixture (1 X 106
irradiated allogeneic PBMCs from healthy donors and 1 X 105 irradiated
CIR-A2402 cells prepulsed with the WT or 3R peptide at a concentration
of 1 uM in RPMI 1640 containing 10% FBS, 200 U/ml rIL-2, and 2.5%
phytohemagglutinin [PHA] soup). After 14 to 21 days in culture, the
growing cells were tested for cytotoxic activity by performing the standard
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chromium release assay. Since TCRs on these CTL clones were not se-
quenced, it is still possible that they were oligonucleotide clones.

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

Assay of cytotoxicity of CTL clones toward target cells prepulsed
with the epitope peptide. The cytotoxic activities of Gag28-specific CTL
clones were determined by use of the standard chromium release assay, as
described previously (15). Briefly, 721.221-CD4-A2402 cells were incu-
bated with 100 uCi of Na,*!CrO, in saline for 1 h and then washed 3 times
with RPMI 1640 containing 10% newborn calf serum. The labeled target
cells (2 X 10%/well) were prepulsed with the WT or 3R peptide at concen-
trations of 1 to 1,000 nM for 1 h and then cocultured at 37°C for 4 h with
effector cells at an effector-to-target (E:T) ratio of 1:1 in 96-U plates
(Nunc). The supernatants were collected and analyzed with a gamma
counter. Spontaneous 3!Cr release was determined by measuring the
counts per minute in supernatants from wells containing only target cells
(cpm spn). Maximum >!Cr release was determined by measuring the cpm
in supernatants from wells containing target cells in the presence of 2.5%
Triton X-100 (cpm max). Specific lysis was defined as (cpm exp — cpm
spn)/(cpm max — cpm spn) X 100, where “cpm exp” is the counts per
minute in the supernatant in the wells containing both target and effector
cells.

Assay of cytotoxicity of CTL clones toward target cells infected with
HIV-1.721.221-CD4-A2402 cells were infected with WT or 3R virus, and
then the infection rates were determined by detecting intracellular p24
antigen (Ag)-positive cells stained with FITC-conjugated anti-p24 Ag
MADb (KC57-FITC; BD Biosciences). When approximately 50% of the
total cells were p24 Ag-positive cells, they were used as target cells. The
S51Cr-labeled target cells (2 X 10%/well) were cocultured with effector cells
at E:T ratios of 0:1 to 2:1 in 96-U plates at 37°C for 6 h. The supernatants
were collected and analyzed with a gamma counter.

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

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

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

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

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

RESULTS

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

To clarify the specificity of Gag28-specific CD8* T cells at the
early phase in KI-092 and KI-161, we generated Gag28-specific
CTL clones by stimulating early-phase PBMCs from KI-092 and
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TABLE 1 Sequence at Gag30 in 12 HLA-A*24:02* individuals with an
early-phase HIV-1 infection

Patient ID# Sampling date Gag30 Method
(mo/day/yr) sequence
KI-091 12/13/2000 3R Cloning
12/27/2000 3R Direct
1/7/2002 3R Direct
7/9/2003 3R Cloning
9/29/2004 3R Cloning
8/4/2005 3R Cloning
KI-092 1/22/2001 WT Cloning
11/21/2001 WT Cloning
12/10/2002 WT/3R Cloning
8/14/2003 3R Cloning
KI-102 5/11/2001 WT Direct
7/5/2004 WT Direct
3/28/2005 WT Direct
KI-126 7/19/2001 3R Direct
1/18/2002 3R Direct
11/15/2004 3R Direct
9/12/2005 3R Direct
KI-134 10/25/2001 3R Direct
6/30/2004 3R Direct
KI-136 10/29/2001 3R Direct
7/10/2003 3R Direct
KI-140 11/08/2001 3R Direct
KI-151 5/2/2001 3R Direct
8/28/2003 3R Direct
KI-154 4/12/2002 3R Direct
KI-158 6/14/2002 WT Direct
10/11/2002 WT Direct
8/25/2003 WT Direct
11/14/2003 WT/3R Direct
2/23/2004 3R/WT Direct
11/1/2004 3R Direct
4/4/2005 3R Direct
KI-161 2/15/2002 WT Direct
9/12/2002 WT Direct
3/4/2003 WT Direct
9/30/2003 WT/3R Direct
5/6/2004 3R Direct
1/27/2005 3R Direct
6/16/2005 3R Cloning
KI-163 8/30/2002 3R Direct
9/27/2004 3R Direct

<D, identifier.

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

% IFN-vy-producing cells specific

) Virus sequence [mo/day/yr (type)] PBMC sampling date PBMCs cultured for each peptide among
Patient ID . CD8* T cells
(mo/day/yr) with:
Early phase Chronic phase Without WT 3R
KI-092 1/22/2001 (WT) 8/14/2003 (3R) 5/24/2001 WT 0.2 344 13.7
3R 0.1 12.1 16.8
2/3/2003 WT 0.2 5.8 4.2
3R 0.6 0.3 0.3
KI-102 5/11/2001 (WT) 3/28/2005 (WT) 7/11/2001 WT 1.0 0.6 1.1
3R 1.1 1.5 2.0
7/5/2004 WT 0.2 28.7 9.3
3R 0.6 0.7 0.6
KI-158 6/14/2002 (WT) 4/4/2005 (3R) 10/11/2002 WT 1.4 19.3 24.6
3R 0.1 0.5 0.4
4/4/2005 WT 0.3 23.3 23.8
3R 0.4 18.8 20.9
KI-161 2/15/2002 (WT) 6/16/2005 (3R) 7/26/2002 WT 0.0 74.5 8.0
3R 0.2 55.1 41.8
5/6/2004 WT 0.1 21.4 4.9
3R 0.2 42.5 43.9

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

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

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

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

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

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

Next, we analyzed the abilities of these T cell clones to kill
HIV-1-infected cells. The WT-specific and WT-dominant CTL
clones effectively killed the target cells infected with WT virus but
failed to kill those infected with the 3R virus (Fig. 3C, left and right
graphs under early phase). On the other hand, cross-reactive CTL
clones weakly killed the target cells infected with the 3R virus and
effectively killed those infected with the WT virus (Fig. 3C, middle
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FIG 1 Gag28-specific CD8* T cells from individuals infected with WT virus at early and chronic phases. Gag28-specific CD8* T cells were induced by
stimulating PBMCs from early and chronic phases in 4 WT-virus-infected HLA-A%24:02* individuals with WT or 3R peptide. The responses of these bulk-
cultured cells to C1R-A2402 cells prepulsed with WT or 3R peptide at concentrations of 0.1 to 1,000 nM were analyzed by using the ICC assay.

graphs under early phase). Then, we analyzed the abilities of these  but that the former CTLs could not suppress the 3R virus in vivo.
CTL clones to suppress HIV-1 replication. Both WT-specificand  The latter CTLs may weakly suppress 3R virus in vivo. Interest-
cross-reactive CTL clones effectively suppressed the replication of  ingly, the WT-dominant CTL clones exhibited much weaker abil-
the WT virus, whereas WT-specific and cross-reactive CTL clones ity to suppress the replication of WT virus than did the WT-
exhibited no and weak ability, respectively, to suppress that of the  specific and cross-reactive CTLs (Fig. 3D), although no difference
3R virus (Fig. 3D). These results indicate that WT-specific and in killing activity against WT-virus-infected cells was found
cross-reactive CTLs could suppress the replication of the WT virus  among these 3 CTL clones. Overall, KI-161 had a multiple Gag28-

February 2012 Volume 86 Number 4 jviasm.org 1975

253



Akahoshi et al.

A s0, =3 AW Bsno~ n= LN WT
70 1L1}3R 800- LF3R

S 700- '

o 50 600-

2 40y o 500

£ 309 = 400 i

g 20 3004 .’ %‘

@ 104 200- K e
0 1004 = _.-LF
40— . o L , :

0 1 10 1001000 1 10 100

Peptide -concentration (nM)

C ~f- NL-432gags2 5
- NL-432gags™-3R
~@)- Uninfected

Tetramer concentration (nM)

~fr- A\ NL-432gag5F2

~Hi [ NL-432gag®F2.3R
A ] HiA-mismatched CTL
50~

n=3 500, N=3

= 404
& =
2 30 E
£ 2
= _
% 10 «?{1
L0 & o
& P

ol

-40

11 0.8:10.1:1 01
Effector: Targst ratio

0:1 0.8:1 11 24
Effector : Target ratio
FIG 2 Antiviral activity of Gag28-specific CTL clones generated from early-
phase PBMCs from patient KI-092, infected with WT virus. Gag28-specific
CTL clones were generated from early-phase PBMCs from KI-092 by stimu-
lating them with WT peptide. The activities of 3 CTL clones (n = 3) were
analyzed. (A) Cytotoxic activity toward 721.221-CD4-A2402 cells prepulsed
with the WT or 3R peptide at concentrations of 1 to 1,000 nM. The cytotoxic
activity was measured at an E:T ratio of 1:1. (B) Binding affinity to WT and 3R
tetramers at concentrations of 1 to 100 nM. The MFI values of the T cell clones
are shown. (C) Cytotoxic activity against 721.221-CD4-A2402 cells infected
with NL-432gagS¥ (WT virus) or NL-432gag5"2-3R (3R virus). WT-virus-
infected (49.1% of total cells were p24 Ag™) and 3R virus-infected (48.6% of
total cells were p24 Ag™) cells were used as target cells. The cytotoxic activity
was measured at E:T ratios of 0.5:1, 1:1, and 2:1. (D) Abilities of the clones to
suppress the replication of WT or 3R viruses. The ability was tested at different
E:T ratios. The error bars indicate standard deviations.

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

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

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

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

A previous study analyzed the frequency of 3R in only 32 HLA-
A#%24:02% and 26 HLA-A#*24:02~ individuals chronically infected
with HIV-1 and showed that the frequency of 3R was significantly
higher in HLA-A#24:02% individuals than in the HLA-A#%24:02~
individuals (30). To confirm the association of this mutation with
HLA-A#24:02, we analyzed a large number of chronically HIV-1-
infected nonhemophiliac individuals (220 HLA-A%24:02% and
154 HLA-A#24:02~ individuals) recruited from April 2008 to
March 2011 (2008 to 2011 cohort). The results confirmed that the
frequency of 3R was significantly higher in HLA-A#24:02* indi-
viduals than in the HLA-A#24:02~ individuals (P < 0.0005) (Fig.
5). Since 3R was found in 74.7% of the HLA-A*24:02~ individuals
in this cohort, we speculate that the mutation has been accumu-
lating in the Japanese population. Therefore, we analyzed HIV-1-
infected nonhemophiliac Japanese individuals who had been re-
cruited from 1996 to 2002 (1996 to 2002 cohort), as well as
Japanese hemophiliacs who had been infected around 1983 (he-
mophiliac cohort), and then compared them to the 2008 to 2011
cohort (Fig. 5). The association of this mutation with HLA-
A*24:02 was also found in both the 1996 to 2002 cohort and the
hemophiliac cohort (P < 0.01 and P = 7.4 X 1077, respectively).
The frequency of this mutation in HLA-A#*24:02~ individuals sig-
nificantly increased from 0% in the hemophiliac cohort to 50.0%
in the 1996 to 2002 cohort (P = 0.0084) and to 74.7% in the 2008
t0 2011 cohort (P = 2.6 X 1077). These results indicate that the 3R
mutation was strongly selected by Gag28-specific CTLs and has
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