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Selection of TI8-8V Mutant Associated with Long-Term
Control of HIV-1 by Cross-Reactive HLLA-B*51:01-Restricted
Cytotoxic T Cells

Nozomi Kuse,* Tomohiro Akahoshi,* Hiroyuki Gatanaga,”" Takamasa Ueno,**

Shinichi Oka,*" and Masafumi Takiguchi®*

Elite controllers of HIV-1-infected HLA-B*51:01* hemophiliacs, who remain disease free and have a very low plasma viral load
for >30 y, had the 8V mutation at an immunodominant Pol283-8 (TI8) epitope, whereas the 8T mutant was predominantly selected
in other HIV-1-infected HLA-B*51:01" hemophiliacs, suggesting an important role of the 8V mutant selection in long-term
control of HIV-1. However, the mechanism of this selection and the long-term control in these elite controllers remains unknown.
In this study, we investigated the mechanism of the 8V mutant selection in these controllers. TI8-specific CTLs from these
individuals evenly recognized both TI8 peptide—pulsed and TI8-8V peptide—pulsed cells and effectively suppressed replication
of wild-type (WT) and the 8V viruses. However, the results of a competitive viral suppression assay demonstrated that CTLs from
the individual who had WT virus could discriminate WT virus from the 8V virus, whereas those from the individuals who had the
8V virus evenly recognized both viruses. The former CTLs carried TCRs with weaker affinity for the HLA-B*51:01-TI8-8V
molecule than for the HLA-B*51:01-TI-8 one, whereas the latter ones carried TCRs with similar affinity for both molecules. The
reconstruction of the TCRs from these CTLs in TCR-deficient cells confirmed the different recognition of the TCRs for these
epitopes. The present study showed that the 8V mutant virus could be selected by cross-reactive CTLs carrying TCR that could
discriminate a small difference between the two molecules. The selection of the 8V mutant and elicitation of these two cross-

reactive CTLs may contribute to the long-term control of HIV-1. The Journal of Immunology, 2014, 193: 4814-4822.

control of HIV-1 (1-9). However, HIV-1 can escape from
CTL-mediated immune pressure by various mechanisms
such as Nef-mediated HLA class I downregulation and mutation
to allow escape from HIV-1-specific CTLs (10, 11). The acqui-
sition of amino acid mutations within CTL epitopes and/or its
flanking regions leads to reduced ability for peptide binding to
HLA class I molecules, impaired TCR recognition, and defective
epitope generation (12, 13), resulting in lack of CTL activities to
suppress replication of HIV-1 mutant virus as well as in the se-
lection and accumulation of escape mutant viruses (10, 14-19).
A minority of HIV-1-infected individuals, who are known as
elite controller or long-term nonprogressors, remain disease free
and have a very low viral load (VL), even in the absence of anti-
retroviral therapy (20-22). A majority of these elite controllers carry
the HLA-B*57/58:01, HLA-B*27, or HLA-B*51 allele associated
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with slow progression to AIDS (23, 24), suggesting that HIV-1-
specific CTLs restricted by these HLLA alleles control HIV-1 in elite
controllers. The mechanism of the control by these CTLs has been
well studied in elite controllers and slow progressors carrying
HLA-B*57/58:01, HLA-B*27 or HLA-B*13. These studies showed
strong Gag-specific CD8" T cell responses in elite controllers or
slow progressors carrying these alleles, suggesting that they
may control HIV-1 (15, 16, 25-27). HLA-B*57-mediated immune
pressure selects the escape mutation T242N in the Gag TW10 epi-
tope. This mutation impairs viral replication, resulting in control
of HIV-1 in these HLA-B*57" individuals (28, 29). In the case
of HLA-B*27* individuals, the presence of Gag KKI10-specific
CD8" T cell is associated with the control of HIV-1 (4, 30-32). The
immunodominant KK10 epitope is almost invariably targeted by
CD8"* T cells, and the KK10-specific CD8" T cells display potent ef-
fector functions (4, 30, 31, 33). The conservation of this response
is thought to account for the control of HIV-1 in these individuals.
A previous study showed that the HLA-B*51:01 allele was
associated with long-term control of HIV-1 in HIV-1-infected
Japanese hemophiliacs, and the frequency of HLA-B*51:01-re-
stricted Pol283-290 (TI8: TAFTIPSI)-specific CD8™ T cells was
inversely associated with plasma VL in HIV-1-infected ones (34),
suggesting an important role of TI8-specific CD8"* T cells in the
long-term control of HIV-1 infections. Four mutations (8T, 8L,
8R, and 8V) at position 8 of the TI8 epitope were significantly
detectable in HLA-B*51" individuals more than in HLA-B*51~
individuals, suggesting that these mutations were selected by TI8-
specific CTLs (35). The 8T mutation is predominantly found in
HIV-1-infected HLA-B*51:01" donors. TI8-specific CTLs have
a strong ability to suppress the replication of wild-type (WT) and
the 8V mutant viruses in vitro but fail to suppress that of the 8T,
8L, and 8R mutant viruses (35, 36). A study using a Japanese
hemophiliac cohort showed that the 8V mutation is found in only
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HLA-B*B51:01" elite controllers (34), suggesting that the selec-
tion of the 8V mutant virus is a critical factor for long-term con-
trol of HIV-1 in Japanese hemophiliacs. However, the mecha-
nism underlying selection of the 8V virus in HLA-B*51:01" elite
controllers remains unclear.

In the present study, to clarify the mechanisms of the 8V mutant
selection, we investigated how TI8-specific CTLs from elite con-
trollers select the 8V mutant. We established TIS8-specific CTL
clones from three elite controllers and then analyzed their abilities
to suppress the replication of the 8§V virus and to select this mutant
in vitro. In addition, we assessed the TCR affinity of the CTLs for
HLA-B*51:01 with the 8V peptide or WT peptide and evaluated
the function of TCRs isolated from the CTL clones by recon-
structing them in TCR-deficient cells. In the present study, we
clarified the mechanism of the 8V selection and suggested its role
in the long-term control of HIV-1 in Japanese hemophiliacs.

Materials and Methods

Patients

Three HIV-1-infected, antiretroviral-naive Japanese hemophiliacs were
recruited for the current study, which was approved by the ethics com-
mittees of Kumamoto University (RINRI number 540, GENOME number
210) and the National Center for Global Health and Medicine (ID-NCGM-
A-000172-00). Written informed consent was obtained from all subjects
according to the Declaration of Helsinki.

Cells

CIR cells were purchased from American Type Culture Collection. C1IR
cells expressing HLA-B*51:01(C1R-B*51:01) were previously generated by
transfecting CIR cells with HLA-A*5]1:0] genes (37, 38). They were
maintained in RPMI 1640 medium containing 5% FBS (RS) and 0.15 mg/ml
hygromycin B. TCR-deficient mouse T cell hybridoma cell line TG40 cells
were provided by T. Saito (RIKEN Institute, Saitama, Japan). TG40 cells
expressing human CD8a (TG40/CDS8) were previously established by
transfecting TG40 cells with CD8a genes (39). TG40/CD8 and T1 cells,
purchased from American Type Culture Collection, were maintained in R5.

HIV-1 clones

A previously reported infectious proviral clone of HIV-1, pNL-432, was
used (40). Pol283-8V mutant viruses were previously generated on the
basis of pNL-432 (34, 35).

Generation of TIS-specific CTL clones

HLA-B*51:01-restricted TI8-specific CTL clones were generated from
HIV-1-specific bulk-cultured T cells by limiting dilution in U-bottom 96-
well microtiter plates (Nunc). Each well contained 200 pl cloning mixture
(~1 X 10° irradiated allogeneic PBMCs from healthy donors and 1 X 10°
irradiated CIR-B*51:01 cells prepulsed with the corresponding peptide at
I uM in RPMI 1640 medium containing 10% FBS [R10], 200 U/ml hu-
man rIL-2, and 2.5% PHA soup). These CTL clones were cultured in
RPMI 1640 medium containing 10% FBS, 200 U/ml human rIL-2, and
2.5% PHA soup. The CTL clones were stimulated biweekly with irradiated
target cells pulsed with the peptide.

Cytotoxic assay of CTL clones

The cytotoxic activity of TI8-specific CTL clones was determined by the
standard 'Cr release assay described previously (36). Briefly, CIR-
B*51:01 cells were incubated with 100 p.Ci Na25 'CrOy in saline for 60
min and then washed three times with RS5. Labeled target cells (2 X 10%
well) were added to each well of a U-bottom 96-well microtiter plate
(Nunc) with the appropriate amount of the corresponding peptide. After
a 1-h incubation, effector cells were added at an E:T ratio of 2:1, and then,
the cultures were incubated for 4 h at 37°C. The supernatants were col-
lected and analyzed with a gamma counter. Spontaneous > 'Cr release was
determined by measuring the number of 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 con-
taining 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 number of cpm in the supernatant in the wells
containing both target and effector cells.
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HIV-1 replication suppression assay

The ability of TI8-specific CTL clones to suppress HIV-1 replication was
examined as described previously (41). CD4* T cells were isolated from
PBMCs of HLA-B*51:01" healthy donors and incubated with the desired
HIV-1 clones for 4 h at 37°C. After three washes with R3S, the cells were
cocultured with TI8-specific CTL clones. From days 3 to 7 post infection,
culture supernatants were collected, and the concentration of p24 Ag in
them was measured by use of an ELISA kit (HIV-1 p24 Ag ELISA kit;
ZeptoMetrix).

In vitro competitive viral suppression assay

T1 cells (HLA-B*51:01") were coinfected with NL-432 and NL432-
Pol283-8V mutant viruses at a ratio of 9:1. The infected cells were incu-
bated with TI8-specific CTL clones at an E:T ratio of 0.05:1. From days 4
to 7 postinfection, culture supernatants were collected; and the concen-
tration of p24 Ag in these supernatants was measured by using the HIV-1
p24 Ag ELISA kit (ZeptoMetrix). Viral RNA was extracted from the
culture supernatant by using a QIAamp Viral RNA Mini kit (Qiagen) and
subjected to RT-PCR by use of a SuperScript III One-Step RT-PCR System
(Invitrogen). Nested PCR was subsequently performed for direct se-
quencing. The ratio of WT to mutant virus was determined by the relative
peak height on the sequencing electrogram.

Tetramer binding assay

HLA class I-peptide tetrameric complexes (tetramers) were generated as
described previously (34). CTL clones were stained with PE-conjugated
tetramers at 37°C for 30 min. The cells were then washed twice with RS,
followed by staining with FITC-conjugated anti-CD8 mAb and 7-amino-
actinomycin D (7-AAD) at 4°C for 30 min. Finally, they were washed
twice with RS. For the analysis of tetramer association, CTL clones were
stained with PE-conjugated tetramer at a concentration of 1 pM at 37°C
for various times (0, 2, 5, 10, 15, 30, and 60 min) and then washed as
described above. For the analysis of tetramer dissociation, CTL clones
were stained with PE-conjugated tetramer at a concentration of 1 uM at
37°C for 30 min. A portion of the cells was then removed periodically (0,
5, 10, 15, 30, 60, 80, and 110 min), and the cells were washed as described
above. The cells stained with tetramer were then analyzed by flow
cytometry (FACSCanto II).

Sequencing of plasma RNA

Viral RNA was extracted from the plasma of chronically HIV-1-infected
individuals by using a QIAamp Mini Elute Virus spin kit (Qiagen). cDNA
was synthesized from the RNA with Superscript III and random primer
(Invitrogen). We amplified HIV reverse transcriptase (RT) sequences by
nested PCR with RT-specific primers 5'-ACACCTGTCAACATAATTGG-
3" and 5'-TGTATGTCATTGACAGTCCA-3' for the first-round PCR and
5'-GGGCCTGAAAATCCATACAA-3" and 5'-GGTGATCCTTTCCATCCC-
TG-3' for the second-round PCR. PCR products were sequenced directly or
cloned with a TOPO TA cloning kit (Invitrogen) and then sequenced. Se-
quencing was done with a BigDye Terminator version 1.1. cycle sequencing
kit (Applied Biosystems) and analyzed by use of an ABI PRISM 310 or 3100
Genetic Analyzer.

TCR clonotype analysis

CTL clones were stained with PE-conjugated tetramers, anti-CD8 mAb, and
7-AAD, and then, tetramer"CD8*7-AAD™ cells were sorted by using
a FACSAria. Unbiased identification of TCR-a3-chain usage was assessed
as described previously (42). TCR gene designations were based on the
ImMunoGeneTics database.

Reconstruction of TCRs on TCR-deficient T cells

The cDNAs encoding full-length TCRa and TCRB of TI8-specific CTL
clones were obtained by a previously described method (42). cDNA
was then amplified by nested PCR with TCR-o~specific primers 5'-
GGAATTCGCCGCCACCATGCTCCTGCTGCTCGTCCCAG-3" and 5'-
ATTTGCGGCCGCAGATCTCAGCTGGACCACAGCCGCAG-3" or 5'-
GGAATTCGCCGCCACCATGGAAACTCTCCTGGGAGTGT-3' and with
TCR-B-specific 5'-GGAATTCGCCGCCACCATGGCCTCCCTGCTCTT-
CTTCT-3" and 5'-ATTTGCGGCCGCCTAGCCTCTGGAATCCTTTCTC-
TTGA-3" or 5'-GGAATTCGCCGCCACCATGGGCACCAGGCTCCTCT-
GCT-3’. The amplified genes were separately cloned into a retrovirus vector
pMX and used to transfect TG40/CDS, as described previously (39). Briefly,
the genes of TCR were subcloned into the retroviral vector pMX. First, the
ecotropic virus packaging cell line Platinum-E was transfected with the
constructs. Two days later, the culture supernatant containing recombinant
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virus was collected and then incubated with TG40/CD8 cells in the presence
of 10 pg/ml polybrene for 6 h. The cells were cultured for an additional 2 d —
for analysis of TCR gene expression. Finally, the cells showing bright 8 a o ] = o
staining with PE-conjugated anti-mouse CD3" mAb (2C11; BD Pharmin- S D‘Z ] o“ o
gen) were sorted by using the FACSAria. § 2 :“ 2 S\),” :5 i
— y —
IL-2 secretion assays 7 a o
TG40/CDS cells transfected with TCRs (4 X 10%well) were cultured with
CIR-B*51:01 (4 X 10%well) in 200 rl RS in the presence of various =
concentrations ,0f peptides in U-bottom 96-well microtiter plates (Nunc) 2 g NELA- 8 g 9«
for 48 h at 37°C. The culture supernatants were then collected, and the Oz |T®vevar o o ©n
concentration of IL-2 in them was measured by use of an IL-2 ELISA kit =
(eBioscience).
Results .$|8858x o o 88| .
. . . + SR s s Y T =) ) 3 I O <
Slow selection of Pol283-8V mutant in HLA-B*51:01 & VV VYV vV oV oV Z
Japanese elite controllers ~ g
We previously revealed that only 3 (patients KI1-021, KI-051, and 2
KI-124) of 108 Japanese hemophiliacs who had survived without Plagds qays aaa® §
antiretroviral therapy for ~15 y, from 1983 to 1998, exhibited glaaaq E 55 [2 E & A B E
a strong inhibition of HIV-1 for an additional 10 y (34). All 9 © :\a’
three of these elite controllers recruited from 1997 to 1999 had El 2
HLA-B*51:01 and the 8V mutation at position 8 in the TI8 . & % 8
epitope. To identify when the 8V emerged, we performed lon- g 5 |888858L288288| &
gitudinal sequence analysis of the TIS epitope in these three B £ T T E
patients. KI-021 and KI-124 already had the 8V mutant in % =
September 1997 and January 1998, respectively. KI-051 had § S
only the WT sequence in October 1999, the 8V mutant in 63% A~ e R S !
of the clones analyzed in July 2002, and then only the 8V g o | g L | E
mutant in October 2006 (Table I). Since KI-051 had been ;: ElE|rrvr x> 2
infected with HIV-1 before 1985, these results indicate that the é‘ g E e i;;
WT virus predominantly existed for >17 y after HIV-1 infec- 8 Sl 5
tion. Thus, this mutant was slowly selected and had accumulated 2 P ?
in this patient. g 'g
< —_ =
Recognition of the 8V mutant by TI8-specific CTLs ’—é g § 5®enl3y 2 g == ;g
A previous study showed that the 8V mutation weakly reduced the 8 3 § =2 & % S § S 28 %
recognition of TI8-specific CTL clones established from KI-051 :T: §§ S 5 5 g 5 g 8 S § 3
in July 2002 (34, 35). We first reconfirmed this finding by using > 78 R
three TI8-specific CTL clones (2B5, 2C6, and 2D1), which were E %
established from KI-051 in July 2002 when the WT virus was still ° E
detectable. The results for a representative CTL clone (2C6 clone) g’ § § § §
are shown in Fig. 1A. This clone effectively suppressed both WT % 217 - - ;‘
and 8V mutant viruses but revealed slightly weaker ability to 3 3 &
suppress the replication of the 8V mutant than the WT virus at 2 ©la a = R
higher E:T ratios. All three CTL clones revealed significantly e S X g g 2
weaker ability to suppress the replication of the 8V mutant than § ; g
the WT virus at an B:T cell ratio of 1:1 (Fig. 1B, 1C). We further 0 S g :
established 11 TI8-specific CTL clones from three elite controllers 2 . S 3 =) § 3
(KI-051 in June 2009, KI-021 in September 1997 and January = % < © " - -
2005, and KI-124 in August 2001) and investigated the ability of 3 < | < E §
these TI8-specific CTL clones to recognize the WT and the mutant £ 217z o S |5 8
epitopes. We first measured the killing activity toward target ;5) = S A 5 g
cells prepulsed with the WT or the 8V mutant peptide. All 11 & &
CTL clones as well as 2BS5, 2C6, and 2D1 clones showed the '§< ~ . ° B é
same killing activity toward target cells prepulsed with the % § E § s P
8V peptide as that of those prepulsed with the WT peptide S o 55
(Supplemental Fig. 1). We next analyzed the ability of these CTL 2 < 8 §,
clones to suppress the replication of the 8V virus. CTL clones kS < g 8 5 % E §
2B, 7B, and 7F, which were established from KI-051 in June 2 & S - ‘E g g .
2009 when only the 8V virus was detectable, exhibited a similar % g Zg
ability to suppress both the 8V and the WT virus at the same & - — < %5 ; i
level (Fig. 1B, 1C). The CTL clones from KI-021 and KI-124 — g & § = % E'E :
also showed characteristics similar to those of these clones from 2 =i M ¥ |FRze
KI-051 (Fig. 1B, 1C). =
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FIGURE 1. Abilities of TI8-specific CTL clones to
suppress the replication of the 8Vmutant virus. (A)
Ability of TI8-specific CTL clone 2C6, which was
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was still detectable, to suppress the replication of §> 250
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In vitro selection of the 8V mutant by TIS-specific CTLs

The results described above strongly suggest that the 8V was an
escape mutant selected by TI8-specific CTLs having the ability to
discriminate this mutant from WT. The 8V virus had the same
replication capacity as the WT virus in a competitive proliferation
assay for 7 d (Supplemental Fig. 2). Therefore, to confirm this
selection by the TI8-specific CTLs, we investigated whether TIS8-
specific CTL clones could select this mutant virus in vitro by
competitive viral suppression assay for 7 d. The TI8-specific CTL
clones were cultured with HLA-B*51:01-positive CD4™ T cells
infected with NL-432 and the 8V mutant virus together at a ratio
of 9 to 1. The ratio of the 8V mutant virus to the WT one increases
if the TI8-specific CTLs have ability to suppress WT virus more
than the mutant virus. Indeed, CTL clones 2B35, 2C6, and 2DI
from KI-051, which exhibited weaker ability to suppress repli-
cation of the 8V virus compared with that to suppress that of the
WT (Fig. 1), selected the 8V mutant virus in this competitive viral
suppression assay (Fig. 2A). In contrast, other CTL clones, which
exhibited similar ability to recognize the 8V as the WT (Fig. 1),
did not select the 8V mutant virus (Fig. 2A). These results indicate
that the 8V mutant was selected as an escape mutant by CTLs that
could discriminate the 8V virus from the WT virus but not by
other CTLs, which could not do so. HIV-1 p24 Ag levels in the
culture supernatant in the presence of the CTL clones were very
low compared with those in the absence of these clones (Fig. 2B),
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confirming that all CTL clones used in this experiment strongly
suppressed the replication of both viruses.

TCR affinity of TIS-specific CTL clones

We found two types of TI8-specific CTL clone for the 8V rec-
ognition. To further characterize the 8V recognition by these CTL
clones, we investigated the TCR affinity of these clones by using
tetramers of HLA-B*51:01 with TI8 peptide (WT tetramer) and
with the 8V mutant peptide (8V tetramer). Clone 2BS exhibited
significantly weaker affinity for the 8V tetramer than for the WT
one (ECsp: 60.7 = 14.3 nM for WT and 332.5 = 32.7 nM for 8V;
p < 0.00019; Fig. 3A). In contrast, clone 2B from KI-051 after the
emergence of the 8V mutant and clone 3B from KI-021 showed
almost the same affinity for both tetramers (ECsy: clone 2B, 116.3 =
52.3 nM for WT and 115.1 = 39.2 aM for 8V; p < 0.98; clone 3B,
104.5 = 16.5 nM for WT and 112.5 = 56.1 nM for 8V, p < 0.82;
Fig. 3A). The TCR affinity for the 8V tetramer of all CTL clones
was compared in terms of ECsq ratio of WT to 8V tetramer. The
ECs ratio of the CTL clones from KI-051 in July 2002 was sig-
nificantly lower than that of the CTL clones from KI-051 in June
2009 and from KI-021 in September 1997 and January 2005
(Fig. 3B). These results taken together indicate that 2B5 carried
TCR’s with weaker affinity for the 8V tetramer than for the WT
one, whereas 2B and 3B carried TCR’s with similar affinity for
both tetramers.
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FIGURE 2. In vitro selection of the 8V mutant virus by TI8-specific CTL clones. (A) Ability of TI8-specific CTL clones to select the 8V mutant. T1 cells

expressing HLA-B*51 and CD4 molecules were infected with NL-432 or NL432-Pol283-8V virus together at a ratio of 9:1. The infected cells were
cocultured with TI8-specific CTL clones at an E:T ratio of 0.05:1. The culture supernatants were collected from days 4 to 7 postinfection. The population
change in the viral mixture was determined by the relative peak height on the sequencing electrogram. (B) Ability of TI8-specific CTL clones to suppress
the replication of HIV-1. HIV-1 p24 Ag levels in the supernatant were measured by use of an enzyme immunoassay (sensitivity: 7.8 pg/ml). The con-

centrations of HIV-1 p24 Ag in the collected supernatants were >0.1 ng/ml.

We next examined the kinetics of the TCR/HLA—peptide in-
teraction. We first measured the time for half-maximal binding of
these CTL clones by using the tetramers. The results showed that
the time of this binding was nearly identical among these three
clones (time of half-maximal binding: clone 2BS5, 1.70 #* 0.48
min for WT and 1.71 & 0.23 min for 8V, p < 0.99; clone 2B,
3.30 * 0.66 min for WT and 3.06 = 1.78 min for 8V; p < 0.83;
clone 3B, 1.81 * 0.36 min for WT and 1.61 = 0.13 min for 8V;
p < 0.43; Fig. 4A). Because the affinity of the TCR/HLA-peptide
interaction is mainly controlled by its dissociation rate (43, 44),
we additionally performed a tetramer dissociation assay to com-
pare the stabilities of tetramer—-TCR binding among these three
clones. Clone 2B5 showed a faster dissociation rate of the 8§V
tetramer compared with that of the WT one (half-lives: 1530 =
407 min for WT and 140 = 53 min for 8V; p = 0.027; Fig. 4B),
whereas clone 2B and 3B showed similar dissociation kinetics of
both tetramers (half-lives: 2B, 1347 = 75 min for WT and 2058 =
382 min for 8V; p = 0.50; 3B, 300 * 68 min for WT and 471 *
189 min for 8V; p = 0.50; Fig. 4B). These results demonstrated
that the binding stability between clone 2B5 TCR and HLA-
B#51:01-TV8 peptide was weaker than that between the TCR and
HLA-B*51:01-TI8, suggesting that the reduction in the 8V rec-

ognition and selection of the 8V virus resulted from this lower
stability.

Reconstruction of the TCR function in TCR-deficient cells

To characterize TI8-specific CTLs at the molecular level, we an-
alyzed the TCR-af genes of a TI8-specific CTL clone. Clone
2B5 expressed the TRAV8-2/TRBV24-1 clonotype, whereas clone
3B expressed the TRAVI7/TRBV7-3 one (45). The TRAV17/
TRBV7-3 clonotype is a public clonotype in TI8-specific CTLs
and predominantly detected in KI-021 and KI-051 (45). This TCR
clonotype was expressed on all CTL clones from KI-021, whereas
the TRAV8-2/TRBV24-1 clonotype was on all three clones from
KI-051 in July 2002 (data not shown). To confirm TCR function,
we cloned their TCRs and then reconstructed them in TCR-
deficient mouse T cell line TG40 transfected with human CD8«
(TG40/CDS8). TG40/CD8 cells transfected with 2B5-TCR or
3B-TCR genes (TG40/CD8-2B5 TCR or TG40/CD8-3B TCR)
expressed CD3 (Fig. 5A), suggesting that these TCRs had been
successfully reconstructed on the surface of the TG40/CDS cells.
In addition, TCR-transfected TG40/CD8 cells could produce
IL-2 in response to stimulation with anti-CD3mAb (Fig. 5B), con-
firming functional TCR/CD3-mediated signaling in these cells. To
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investigate whether 2B5 TCR and 3B TCR had Ag specificity, we
coincubated TCR-transfected cells with C1R-B*51:01 prepulsed
with various concentrations of the TI8 peptide. Both TG40/CD8-
2B5 TCR and TG40/CD8-3B TCR cells showed IL-2 secretion
in response to the peptide (Fig. 5C), indicating that TRAV8-2/
TRBV24-1 and TRAV17/TRBV7-3 TCRs, respectively, were func-
tionally expressed on these transfected cell lines. We further
analyzed the recognition by these cells for the 8V mutant peptide.
The cells expressing TRAV17/TRBV7-3 TCR exhibited a similar
response to 8V as that to WT (ECsp: 1.38 = 0.07 uM for WT and
1.90 = 0.35 pM for 8V; p = 0.14), whereas the cells expressing
TRAVE-2/TRBV24-1 exhibited a weaker response to 8V than that
to WT (ECsg: 0.74 * 0.23 uM for WT and 4.12 = 0.39 uM for
8V; p = 0.0002) (Fig. 5C). These results confirmed that the rec-
ognition of the 2BS TCR for 8V was weaker than that for WT and
that 3B TCR evenly recognized both 8V and WT.

Discussion

We established TI8-specific CTL clones from three elite controllers
at various time points and then analyzed the function of these
clones. All CTL clones established from two of the elite controllers
(K1-021 and KI-124) having only the 8V mutant virus and those
from KI-051 after the emergence of the 8V mutant had almost the
same ability to suppress the replication of the 8V as they did that of
the WT one, whereas CTLs established from KI-051 having the WT
virus had weaker ability to suppress the replication of the 8V virus
than that of the WT one. These findings indicate that two types of
CTLs for recognition of the 8V mutation were elicited in these elite
controllers. Furthermore, the results of the in vitro competitive
viral suppression assay revealed that the CTL clones established
from KI-051 having the WT virus could select the 8V virus, whereas
those from KI-051 having the 8V virus and other patients could not.
Taken together, these results indicate that the 8V was an escape
mutant selected by the former CTLs that could discriminate the
8V from WT and that HIV-1 was controlled by the latter ones
after the emergence of the 8V virus.

The tetramer binding assay revealed that clone 2B5 carried
TCR’s with a little weaker affinity for the 8V tetramer than for the
WT one, whereas clones 2B and 3B carried TCRs with similar
affinity for both ligands. In addition, the tetramer dissociation
assay demonstrated that the half-life of binding of the 2B5 TCR
to the 8V tetramer was ~10-fold shorter than that to the WT one
but that the 2B and 3B TCRs exhibited similar half-lives to
both tetramers. Thus, the weaker recognition of clone 2BS for
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the 8V mutant epitope resulted from a reduced binding stability
between 2B5 TCR and HLA-B#51:01-TVS peptide. To confirm
the ability of these TCRs to recognize WT and mutant viruses,
we reconstructed 2B5 TCR or 3B TCR on the surface of TG40/
CDS8 cells by transfecting the cells with these genes. The analysis
using the cells expressing these TCRs also demonstrated the
reduced ability of the 2B5 TCR to recognize the 8V peptide.
These results confirmed that 2B5S TCR recognized the 8V peptide
weaker than the WT one and that 3B TCR evenly recognized
both peptides.

Our recent study demonstrated that 2B5 and 3B CTLs expressed
TRAVS-2/TRBV24-1 and TRAV17/TRBV7-3 TCR clonotypes, re-
spectively (45). The latter clonotype was predominantly detected
in TI8-specific CTLs from KI-021 and KI-051 after emergence of
the 8V virus, whereas the former was found in seven TI8-specific
CTL clones established from KI-051 when WT virus was still
detectable (45). The CTL clones expressing TRAVS-2/TRBV24-1
clonotype were predominantly established from PBMCs in July
2002 from KI-051 but not detected in ex vivo PBMCs (45), sug-
gesting that the CTLs expressing this clonotype were in the mi-
nority but had a strong ability to proliferate by Ag stimulation.
Unlike the TCR detected in HLA-B27-restricted KK10-specific
CTLs, the 3B TCRs exhibited very weak affinity for HLA-
B*51:01-TI8 as compared with pathogenic epitope-specific TCRs.
However, the parental CTLs had strong ability to suppress the
replication of HIV-1 in vitro. These findings indicate that even
CTLs having weak TCR affinity could effectively control HIV-1.

The substitution from Val (GTA) to Leu (TTA or CTA) is easily
produced by only a single nucleotide substitution because Val at
position 8 is encoded by the “GTA” nucleotide codon, whereas
more than two nucleotide substitutions are required for the change
from Val to Thr (ACA) or to Arg (CGA or AGA). TI8-specific
CTLs having the ability to discriminate the 8V mutant from WT
highly cross-recognized the 8L mutant peptide but failed to sup-
press the replication of the 8L mutant virus (34, 35), suggesting
that the 8L mutation has a deleterious effect on Ag processing of
TI8 epitope. Therefore, it is likely that TI8-specific CTLs estab-
lished from KI-051 at the different time points or from the other
patients also failed to suppress the 8L virus. These facts suggest
that the 8L mutant can be selected by a second immune response.
Indeed, a previous study of a Chinese cohort infected with the
8V mutant virus as the founder virus showed that most of the
HLA-B*51:017 patients had the 8L mutation, not the 8T one (46).
However, selection of the 8L from the 8V mutant was not driven
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by the TI8-specific cross-reactive CTL response in our three elite
controllers. We speculate that the CTLs elicited in these three elite
controllers strongly inhibited HIV-1 replication in the acute phase
of HIV-1 infection and maintained VL at a very low level for the
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WT, although the CTLs could effectively recognize the 8V mutant.
A similar mutation is known in the KK10 epitope. The L268M
mutation in the KK10 epitope restricted by the HLA-B*27 allele
is selected by WT KK10-specific CTLs under the control of virus

long time so that selection of the mutant virus may have been very
slow in these patients. The exact mechanism by which the SL
mutant was not selected in these elite controllers remains unclear.
Therefore, further study is required to clarify it.

It is well known that escape mutants are selected by WT epitope-
specific CTLs that cannot recognize the mutant virus (10, 16, 18,
47). In the present study, we demonstrated that the 8V virus was
selected by TI8-specific CTLs that could discriminate 8V from

replication, and then, cross-reactive KK10-specific CTLs effec-
tively recognizing WT and L268M are elicited after the emergence
of this L268M mutation (48, 49). The cross-reactive TI8-specific
CTLs evenly recognizing 8V and WT epitopes were elicited after
the emergence of the 8V mutant, but they failed to select further
escape mutants such as the 8L and 8T. In contrast to TI8-specific
CTLs, cross-reactive CTLs together with WT KK10-specific CTLs
finally select the R264K mutant with the compensatory S173A
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FIGURE 5. Reconstruction and recognition of TI8-specific TCRs on TCR-transfected TG40/CDS8 cells. (A) CD3 expression in TG40/CDS8 cells
transfected with 2B5S TCR or 3B TCR. The TCR-transfected cells were stained with anti-CD3e mAb (open histogram) or with an isotype control (shaded
histogram), and then, CD3 expression on the cells was analyzed by flow cytometry. (B) IL-2 secretion by 2B5 TCR- or 3B TCR-TG40/CDS8 cells stimulated
with anti-CD3e mAb. The cells were cultured in CD3e mAb—coated wells for 48 h, and the amounts of IL-2 in supernatants were measured by use of an
enzyme immunoassay. The data are shown as the means and SD of triplicates (2B5 TCR: 445 = 16 pg/ml; 3B TCR: 529 = 47 pg/ml). Another independent
experiment gave similar results. (C) IL-2 secretion by 2B5 TCR- or 3B TCR-TG40/CD8 cells stimulated with TI8 (WT) or TV8 peptide. These cells were
coincubated for 48 h with CIR-B*51:01 cells prepulsed with various concentrations of TI8 or TV8 peptide (0.03-10 pM). The amounts of IL-2 in supernatants
were measured by the enzyme immunoassay. The data are shown as the means and SD of triplicates. Another independent experiment gave similar results.
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mutation (49, 50). These mutations (S173A/R264K/L268M) crit-
ically reduce the binding to HLA-B*27 so that WT and cross-
reactive KK10-specific CTLs fail to control the escape mutant
virus (16, 17, 51). Thus, the events of the 8V selection and the
control of HIV-1 by TI8-specific CTLs were quite different from
those in the case of the KK10-specific CTLs.

A previous study showed that the 8T and the 8R mutation were
selected within only 6 and 12 mo after the first test, respectively, in
acutely infected HLA-B#51:01% patients who had been infected
with the WT virus (35). Longitudinal sequence analysis of the TI8
epitope in KI-051, who had been infected with HIV-1 around
1983, revealed that 37% of the HIV-1 isolates were the WT virus
in July 2002, with the 8V mutant being predominantly detected at
this time, indicating that the WT virus had existed for ~20 y in
this patient. Thus, the 8V mutant was very slowly selected in KI-
051, whereas the L268M mutation was mostly selected within 1-
3y after HIV-1 infection by highly effective KK 10-specific CTLs
recognizing the WT but not the L.268M mutant (49, 52). We found
that CTLs had a strong ability to inhibit the 8V virus in vitro and
that elite controllers carrying the 8V mutant maintained a very low
level of VL for a long time. However, because the highly effec-
tive WT-specific and L268M cross-reactive KK10-specific CTLs
can select new escape mutants (49), other mechanisms may be
involved in maintenance of the 8V in HLA-B*51:01%elite con-
trollers.

The HLA-B*51:01 allele was associated with slow progression
to the disease in HIV-1-infected Japanese hemophiliacs, and
the frequency of HLA-B*51:01-restricted TI8-specific CTLs is
inversely correlated with the plasma VL in chronically HIV-1-
infected Japanese hemophiliacs (34). These findings indicate that
the TI8-specific CTLs control HIV-1 in these patients. In contrast,
the escape mutations 8T, 8R, and 8L were found to accumulate in
several populations (35). A recent analysis using Japanese cohorts
also showed that the WT sequence 81 is present in only 13.5%
of chronically HIV-1-infected Japanese individuals (53). These
findings suggest that TI8-specific CTLs are hardly elicited in
HLA-B*51:017" individuals recently infected with HIV-1 because
the escape mutations in the TI8 epitope accumulate in epidemic
HIV-1. Thus, the HLA-B*51:01 allele is then no longer associated
with slow progression to AIDS. Indeed, this allele is not associ-
ated with the slow progression in Japanese individuals recently
infected with HIV-1 (54).

In conclusion, we found two different TI8-specific CTLs rec-
ognizing the 8V mutant in HLA-B*51:01* elite controllers. We
showed that 8V was an escape mutant selected by cross-reactive
CTLs having weaker ability to recognize 8V virus-infected cells
than WT virus—infected ones and that this 8V mutant could elicit
CTLs evenly recognizing 8V virus—infected cells and WT virus—
infected ones in the elite controllers. These two cross-reactive
CTLs effectively suppressed HIV-1 for a long time. Our findings
provide a novel mechanism concerning selection of the 8V mu-
tant and long-term control of HIV-1 in HLA-B*51:01% elite
controllers. Further studies clarifying why these elite controllers
carrying the 8V mutant do not select other escape mutants such as
the 8L mutant may impact on the fields of pathogenesis and im-
munotherapy in AIDS research.
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Supplementary Figure 1:

Recognition of TI8 (WT) and TVS8 (8V) peptides by TI8-specific CTL clones.
Cytotoxic activity toward CIR-B*51:01 cells prepulsed with TI8 or TV8 peptide
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concentrations of 1 to 100 nM was determined. The cytotoxic activity was measured at an
E:T ratio of 2:1.
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Supplementary Figure 2:

Replication capacity of WT and the 8V mutant viruses.

A competitive proliferation assay using WT and the 8V mutant viruses. T1 cells were
infected with WT and the 8V mutant viruses at a ratio of 1:1. The culture supernatants
were collected from day 4 to day 7 post infection. Viral RNA extracted from the
supernatants was subjected to RT-PCR followed by nested PCR for direct sequencing.

The population change in the viral mixture was determined by the relative peak height
on the sequencing electrogram.
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Background: The use of tenofovir has been rapidly increasing in Vietnam. Several studies identified low
body weight as a risk factor for tenofovir-induced nephrotoxicity. However, little is known about the
impact of tenofovir on renal function in HIV-infected Vietnamese with generally low weight.
Methods: An observational single-center cohort of adult HIV-infected patients on antiretroviral therapy
at National Hospital of Tropical Diseases, Hanoi. Patients on tenofovir or with creatinine clearance
<60 ml/min at baseline were excluded. The incidence of renal dysfunction was compared between pa-
tients who switched to tenofovir and those who did not. Renal dysfunction was defined as 25% decline of
creatinine clearance from baseline. Time to renal dysfunction was analyzed by the Kaplan—Meier method
between the two groups. The Cox hazard model was used to determine risk factors for renal dysfunction
in uni- and multivariate analyses.
Results: Of 556 patients enrolled in this study, 403 were non-tenofovir group while 153 were the
tenofovir-switched group. Renal dysfunction occurred at a higher rate in the tenofovir-switched group
(92.5 per 1000 person-years) than the non-tenofovir group (47.8 per 1000 person-years)(p = 0.023, Log-
rank test). Multivariate analysis confirmed that tenofovir use, low body weight and glucosuria were
significant risk factors for renal dysfunction (hazard ratio = 1.980; 95% confidential interval, 1.094—3.582,
HR = 1.057; 95%C], 1.016—1.098, HR = 5.202; 95%Cl, 1.245—21.738, respectively).
Conclusions: Tenofovir use, low body weight and glucosuria were significant risk factors for renal
dysfunction. We suggest close monitoring of renal function in patients with these risk factors even in
resource-limited setting.
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Treatment with TDF and low body weight were significant risk factors for renal dysfunction in Viethnamese HiV-treated patients.
Given that the average body weight of Viethamese is small, close monitoring of renal function in HIV-1-infected patients is
important during treatment with TDF.
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1. Introduction

Although renal dysfunction is an important cause of morbidity
and mortality in HIV-infected patients {1--7], only limited infor-
mation is available on renal function in Vietnamese HIV-infected
patients. Along with the 2010 WHO guidelines which phased out
stavudine and recommended tenofovir (TDF) (URL: htti://
whalibdocwho.int/publications/2010/9789241589764 _eng.pdi),
the use of TDF had been increasing in Vietnam in recent years.

TDF-associated nephrotoxicity is well known adverse effect.
However, a meta-analysis study that evaluated the safety of TDF
concluded that TDF-associated nephrotoxicity can be considered
negligible and thus there is no need to restrict TDF use even when
regular observation of renal function is not feasible {8]. Other
experimental and clinical studies, however; provide a different
scenario: one study of rhesus macaques described a dose-
dependent nephrotoxic effect for TDF [9] and several studies re-
ported cases of TDF-associated nephrotoxicity in low-body-weight
HIV-infected patients [10,11]. Our group also reported that low
body weight and use of TDF were significantly associated with
chronic kidney dysfunction in Vietnamese HIV-infected patients in
a cross-sectional study {12]. Since Vietnamese have a considerably
smaller body weight compared with Caucasians, and the use of TDF
in Vietnam is increasing throughout the country, the potential risk
for TDF-related nephrotoxicity is a concern in Vietnam. This is also
true in all countries in the region since the Asian population is, in
general, of low body weight. To examine this issue in more detail,
we conducted a longitudinal study to evaluate the incidence of
renal dysfunction in Vietnamese HIV-infected patients and the risk
factors of such morbidity, including use of TDF and low body
weight.

2. Patients and methods
2.1. Study design

We performed a prospective observational study of a single-
center cohort of Vietnamese HIV-infected patients on antiretrovi-
ral therapy (ART) to evaluate the impact of TDF and low body
weight on renal function. This cohort was established in 2007 at the
National Hospital of Tropical Disease (NHTD) in Hanoi, one of the
biggest outpatient clinics for HIV infected-patients in Vietnam. The
population of the cohort consists of Vietnamese HIV-infected pa-
tients on ART aged more than 17 years referred to NHTD.

To evaluate renal function, serum creatinine had been measured
since October 2011, which is the baseline of this study. Entry criteria
were patients who were registered in this cohort on October 2011.
Patients taking TDF or with serum creatinine clearance (Crcl) of
<60 ml/min at baseline were excluded. Also excluded from the
study were patients whose creatinine was not obtained twice at
least. The follow-up period was 18 months (between October 2011
and April 2013). All patients of this cohort received ART at baseline.
ART included Zidovudine (AZT)/Lamivudine (3 TC), Stavudine
(d4T)/3 TC or TDF/3 TC as nucleoside/nucleotide reverse tran-
scriptase inhibitors (NRTIs) in combination with efavirenz (EFV),
Nevirapine (NVP) or ritonavir boosted lopinavir (LPV/r). To estimate
the incidence of renal dysfunction in this population, patients were
divided into those who switched to TDF and those who did not.
Laboratory data, including serum creatinine, were measured twice
ayear (in April and October) in this cohort. The study was approved
by the Human Research Ethics Committee of NHTD. Each patient
included in this study provided a written informed consent for the
clinical and laboratory data to be used for publication. The study
was conducted according to the principles expressed in the
Declaration of Helsinki.

2.2. Measurements

Clinical and laboratory data included demographic variables
(age, sex and weight), serum creatinine (mg/dl, measured by Jaffe
method), CD4 cell count (cell/mm?, measured by flow cytometry),
plasma HIV-RNA (copies/ml, measured by the Roche COBAS Taq-
Man HIV monitor assay), complete history of ART, use of cotri-
moxazole, date of HIV diagnosis, and presence of other
comorbidities such as hepatitis B and C virus, diabetes mellitus and
AIDS defining diseases. Renal dysfunction was defined as 25%
decline in Crcl estimated by the Cockcroft—Gault formula, relative
to the baseline.

2.3. Statistical analysis

Baseline characteristics were compared between case patients
and control patients by the Student's t-test for continuous variables
and by either the ¥ test or Fisher's exact test for categorical vari-
ables. The time from baseline to renal dysfunction was analyzed by
the Kaplan—Meier method for patients who switched to TDF and
those who did not, and the log-rank test was used to determine the
statistical significance. Censored cases represented those who died,
dropped out, or were referred to other facilities before the end of
follow-up period. The Cox proportional hazards regression analysis
was used to estimate the impact of TDF use on the incidence of
renal dysfunction. The impact of basic demographics, baseline
laboratory data, and other medical conditions was also estimated
with univariate Cox proportional hazards regression. Variables
significantly associated with renal dysfunction in univariate anal-
ysis (p < 0.05) were entered into multivariate analysis. Statistical
significance was defined at two-sided p value < 0.05. We used the
hazard ratio (HR) and 95% confidence interval (95%Cl) to estimate
the association of each variable with renal dysfunction. All analyses
were performed in SPSS (version 22.0).

3. Results

At baseline, 793 Vietnamese HIV-infected patients on ART were
registered in this study. However, 237 patients were excluded from
the study due to existing renal dysfunction at baseline
(Crcl < 60 ml/min, n = 72), had already been treated with TDF at
baseline (n = 143), and lack of repeated measurements of Crcl
(n = 22). Thus, 556 patients who received ART met the study
criteria and were included in the study. Of these, 153 patients were
switched to TDF during the study period, while 403 patients
continued treatment with non-TDF-containing regimen. The
criteria for switch to TDF were adverse event caused by ART or
induction of treatment for chronic hepatitis B virus infection.

Table 1 compares the baseline demographics and clinical vari-
ables of patients of the TDF-switched group and the non-TDF group.
The TDF-switched group was significantly more likely to be males,
hepatitis B virus S antigen-positive and hepatitis C virus antibody-
positive compared to the non-TDF group. The TDF-switched group
had marginally significant trend to be older and have diabetes
mellitus. Body weight, serum creatinine, CD4 count, HIV RNA viral
load, duration of ART, frequency of proteinuria and glucosuria, use
of ritonavir boosted lopinavir (LPV/r) and cotrimoxazole, and his-
tory of AIDS-defining disease were not significantly different be-
tween the two groups. The mean CD4 count was >300/mm° and
the mean HIV RNA load was <100 copies/ml in both groups.

During the observation period, renal dysfunction, defined as 25%
decline in Crcl, was observed in 19 (12.4%) of the TDF-switched
group and 27 (6.7%) of the non-TDF group, with an estimated
incidence of 92.5 and 47.8 per 1000 person-years, respectively.
Fig. 1 depicts the time from the baseline to the development of
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