18 . 176 BENES

Lol DBRERYESELRLL 20E J\F—E 2

foo MEARERY, WOV, MR ETT TR Y S R -
Bt MAERET Al HDSRI9ETH-7F- Mk
CDAITL , HIV 24 LA RIEERLLTF Ch -7 PRk
BLUBMMMR TIRRONEEREE FEBTAFRELEY

V. EANS II["- BELSVENFRLTCV L EZ
HAART £ #&L 7 MECEKELD-THASHSIIHE
AL ERWON— L EFnIIERMBRE L7 F0
HRIIMAE LR TR E - MR LRSS L. B4 10R
EMELMN L LA HDSRIZ20 itk CHB L Ty
o

fEW 4 28 @mn

BRIMUHAERA, 1B @Epc =% b ooz LEE
EMmepF M s < HiHEHL Tva, 20065024005
LObTHhEZHBELL HME6H, A—%u b)) > MOES
WD MitT L 2 it R T z*f.lmtfﬁﬂi‘?hm 2h, mE
IZARL HIVHSEEME L2 L5, BEEHBHL 2 WE
TH., RE-THHT -Z.G)H:Q;af-u.fz.'aw_ ITURASG
L7z {6l 37.7°C, ERE C S0 ieds L OFIR I e was iR
RNTWLHAEWIETE Y, LEolaEl %, SMad
B, GiEHLE, R, G R, Y A B
GRS Lo/, APRMESE MR Cix T M@ Rz Tk
ORI AROHRMEL AL (Figd), AKIHE
£ DENES, R cMEL, AR ﬂh’t‘l&\ﬂn&:ﬁ'ﬂi
ERLNIRE A LHDARORAIENEL Tue Biirae
THD, S0HFEOMEMN (2 105 B D= 2. MMSE £ 22
M, UHEIEMGTEXed o WAISRITEEEIQS. &)
FIEIQT70. £EIQB0 E|MTFLTEHY, Z2MEHETF, Gl
HMWEL YORHREREEE 282 SPECT Clramism
MEOMAIEF i, EWFHEGEOMEMNEA LD R
T NAEBISWE 2 A L b e, R RRGERR S - EL R ik
MHEEAL, MR CTLHRMELAEHSI LS
Rt HIVIREL S LTEN, ShHOARRBTH 1
BYEOREA FRERIITADAMRBETH - -l AE

L, TOEMASIZT HAART 2 ML A RELVH
64N RIS o TS A
LAHAL, BB EIEA (. HDSR 1227 f, MMSE 1225
g, 50 HROWANY (L 35 T iEAZAF fratHiit CTvese
VRSO AR & 4 - 2. HAART Wi & COHIE MRI %
kWS sk b¥VicwEizEsLTE), digEEry
HIVEGEOE G2 N/ ERLEZEBERZLTY

S

M5 63MBHE

WEITEN. 20008 HicMm L S oBR8, kMl
SHELZ 10 Aok b ERSizn: T8I, B
W, N AEDHBEL 10 Hhizeim b L skm o
WIEIZCTHBEAREL, BB CT (- TM RIS, WAmE T
KiZTHA PANOS A N AWBEYB L, HIV ITKRET
Bl MBEIEREL 72, KRRy, WIS Ak o, Pt
EMERE T, BIEEREN (Japan Coma Scale-2), B %H

140

2008 1 3

Fig. 2 Brain MRI (T2 weighted image) of case 4
It revealed that the diffuse high intensity area in cerebral
white matter spared the subcortex.
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Clinical features and courses of 5 cases with HIV encephalopathy

Rina Hashimoto, M.D.", Eiichiro Mukai, M., Yoshivuki Yokomaku, M.D.",
Naoto Mamiya M.D." and Motohire Hamaguchi, M.D.
Department of Neurology, National Hospital Organization Nagova Medical Center
" Department of Infectious Disease, National Hospital Organization Nagova Medical Center
Department of Clinical Reseach Center, National Hospital Organization Nagova Medical Center

Clinical features and courses of 5 cases with HIV encephalopathy were reported, The subjects were among
the patients registered as HIV patients at the Nagoya Medical Center. between 1996 and 2005, There were 458 pa-
tients with HIV infection including 127 cases of AIDS. All patients suffered {rom severe immunological deficiency
when HIV encephalopathy developed. Other opportunistic infections had also occurred in three patients. HIV en-
cephalopathy was one of the presenting manifestations of HIV infection in four patients, and no patients had re-
ceived antiretroviral therapy. HAART improved motor disturbance and their ADL became independent exeept
for one case. Improvements in neuropsychological examination scores were noted in all cases Recovery from psy-
chiatric symptoms, however, was incomplete. Four patients could not work, and 3 needed psychological treatment
due to behavioral abnormalities. HIV encephalopathy is not a lethal disease bur the functional prognosis was very
poor. New therapy is needed for HIV encephalopathy,

(Clin Neurol, 48: 173—178. 2008)
Key words: HIV, AIDS, cognitive impairment, behavioral change, prognosis
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There is much evidence that in human immunodeficiency virus type | (HIV-1)-infected individuals, strong
cytotoxic T lymphocyte (CTL)-mediated immune pressure results in the selection of HIV-1 mutants that have
escaped from wild-type-specific CTLs. If escape mutant-specific CTLs are not elicited in new hosts sharing
donor HLA molecules, the transmission of these mutants results in the accumulation of escape mutants in the
population. However, whether escape mutant-specific CTLs are definitively not elicited in new hosts sharing
donor HLA molecules still remains unclear. A previous study showed that a Y-to-F substitution al the second
position (2F) of the Nef138-10 epitope is significantly detected in HLA-A*2402" hemophilic donors. Presently,
we confirmed that this 2F mutant was an escape mutant by demonstrating strong and weak abilities of
Nef138-10-specific CTL clones to suppress replication of the wild-type and 2F mutant viruses, respectively. We
demonstrated the existence of the 2F-specific CTLs in three new hosts who had been primarily infected with
the 2F mutant. The 2F-specific CTL clones suppressed the replication of both wild-type and mutant viruses.
However, the abilities of these clones to suppress replication of the 2F virus were much weaker than those of
wild-type-specific and the 2F-specific ones (o suppress replication of the wild-type virus. These findings indicate
that the 2F mutant is conserved in HIV-1-infected donors having HLA-A*2402, because the 2F-specific CTLs
failed to completely suppress the 2F mutant replication and effectively prevented viral reversion in new hosts

carrying HLA-A*2402,

Cytotaxic T lymphocytes (CTLs) play an important role in
the control of human immunodeficiency virus type 1 (HIV-1)
replication during acute and chronic phases of HIV-1 infec-
tions (9, 28, 34). However, CTLs cannol completely eradicate
HIV-1 because HIV-1 escapes from the host immune system
by various mechanisms, including mutations of immunodomi-
nant CTL epitopes (10-12, 40). A substitution of one amino
acid within CTL epitopes is crucial for binding to HLA class |
molecules or for the interaction between the T-cell receptors
(TCRs) of specific CTLs and the peptide-HLA class [ complex.
Both mechanisms result in the loss of CTL activities against
target cells infected with HIV-1 and contribute 1o the selection
of a virus able to escape from CTLs (10, 13, 23, 26, 35). There
are many studies demonstrating that CTL-mediated immune
pressure selects CTL escape vanants during both acute and
chronic HIV-1 and simian immunodeficiency virus (SIV) in-
fections (2, 15, 31) and that selection of the escape mutants
could result in the loss of immune control and disease progres-
sion (6, 16, 23). The escape of HIV-1 from CTL responses has
been proposed to be an important obstacle for HIV-1 vaccine
development (7, 16, 39).

HIV-1 mutations that allow escape from HIV-1-specific
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CTLs are HLA dependent because HIV-1-specific T-cell re-
sponses are restricted by HLA alleles. This means that an
HIV-1 escape mutant can adapt in populations sharing some
dominant HLA alleles (33). An escape mutant can be trans-
mitted vertically from mother to child (21, 22) and horizontally
between individuals through unprotected sexual intercourse
(USI) (3, 20, 21, 29). A study on HIV-1 evolution has provided
direct evidence that an escape mutation of an HLA-B57/5801-
restricted CTL epitope is stable after transmission to individ-
uals who did not share HLA-B57/5801 and suggested the ac-
cumulation of the escape mutation in the population (29). On
the other hand, a recent study demonstrated that an escape
mutant selected by the CTLs specific for the wild-type (WT)
virus can elicit the escape mutant-specific CTLs in the same
domnors (4), suggesting the possibility that these escape mutant-
specific CTLs are elicited in new donors carrying the same
restriction allele. If these escape mutant-specific CTLs are
elicited in the donors, it is likely that the escape mutant cannot
adapt in them. However, it is well known that in both HIV-1
and SIV infections, common escape multations are poorly rec-
ognized in new hosts who share the same HLA alleles with a
donor (17, 32).

In a Japanese population infected with HIV-1 through USI,
mutant viruses with Y-to-F substitutions at the second position
(2F) in the HLA-A*2402-restricted, Nefl38-10 WT CIL
epitope (RYPLTFGWCEF) were shown to accumulate in HLA-
A*2402-positive and even HLA-A"2402-negative patients
(20). Nefl38-10-specific CTLs are frequently detected in
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chronically HIV-1-infected, HLA-A®2402-positive Japanese
individuals (25), suggesting that the Nef138-10 CTL epitope is
an immunodominant CTL epitope in the population. On the
other hand, the 2F mutation of this epitope impaired the cy-
totaxic activity of the Nefl38-10-specific CTLs, suggesting this
mutation to be an escape one (20). We found that Nef138-10
WT tetramer "CD8™ T cells frequently exist, even in HLA-
A*2402-positive Japanese patients with primary infections (un-
published data). As most of these Japanese patients were in-
fected with the 2F mutant virus, we speculated that 2F-specific
CTLs would be elicited in new hosts having HLA-A*2402.

The present study addressed the following three questions.
Do Nef138-10-specific CTLs have strong abilities to suppress
HIV-1 replication, but fail to suppress replication of the 2F
mutant? Can the 2F escape mutant elicit 2F mutant-specific
CTLs in a new host? Can the 2F-specific CTLs suppress rep-
lication of 2F mutant and WT viruses? The answers to these
are expected to clarify the mechanisms of accumulation of
escape mutants in the population,

MATERIALS AND METHODS

Patient samples. This study was approved by the K University Eth-
ical Cs Informed was obtained (rom all subjects, according 1o
the Declaration of Helsinki. For lysis, blood specimens were col-
lected in EDTA. Plasma and peripheral blood me lear cells {PBMCs) were
\cpmmd fraom heparinized whole hlwd Patient HLA types were detlermined by

J bused genotyping. Donors with structured treatment iner-
ruption belonged to the dlnlcni trial designed as a prospective study of the AIDS
Clinical Center, International Medical Center of Japun.

Patients with early HIV infection, with or without acute retrovirl symptoms,

were recruiled. Early HIV infection was confirmed wilhin 6 months before
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10% FCS supplemented with 200 Utml binant human kin-2 and
stimulated weekly with wradiated target cells prepulied with the appropri
HIV-1-derived peptide.

HIV-1 ciones. Infectious provim! clones of HIV-1, pNL-432 und its Nef mutam
PNL-M20A (containing & substitution of Ala for Met s residue 20 of Nef),
reported previously, were used (1). For pNL-432-10F, pNL-432-2F10F, and
pNL-M20A-10F, mutations were miroduced by site-directed mutagenesis based
on overlap extension.

Flow i lysis for surface expression of HLA class | molecules on
HIV-1- lnkdd D4 T eells. HLA-A*2402-positive CDM4 " T cells infected with
HIV-1 done were stained to astess the expression of HLA class | in HIV-1-
infected CDA* T cells, as previously described (38), Bricfly, the cells were stained
with anti-A1l and -A24 monoclonal lntlhody(M]All 1 M. following sialning
with phycoerythrin (PE)-conjuga globulin (Ig) (Dako-
Cytomstion, Glostrup, Denmark) and thereafter were fixed and permenbilized
for intracellular HIV-] p24 staining with fluorescein isothiocyanate (FITC)-
conjugated anii-p24 MAb KC-57 ( Beckman Coulter, Miami, FL), The expression
of HLA cluss | molecules on HIV-1-infected CD4" T cells was analyzed by using
# flow cytometry.

Peptide-binding assay, The binding of peptides 1o HLA-A"2402 malecules
wits tested as previously described (251 HLA-A*2402 RMA-S transfectants,
which were transfected with HLA-A®2402 and human f-microglobulin, lacked
functional TAP2. They express a very low level of HLA class Tmolecules on the
cell surfaces when they are cultured at 37°C, while empty HLA class | molecules
are stably expressed if they are cultured at 26°C, because empty HLA elass |
molecules are unstable oo cell surfoces at 37°C but stahle at 26°C. The stabili-
aation of HLA class I molecules is dependent on peptide binding affinity (24, 30,
36). Briefly, RMA-5-A°2402 cells were coltured at 26°C for 14 to 18 h The cells
were incubated at 26°C for 1 b with WT (RYPLTFGWCF) or 2F (RFPLTFG
WCF) peptide at various concemtmations and then at 37°C for 3 h. After wo
washes with phosphate-bufiered saline (PBS) supplemented with 200 FCS
(PBS-20% FCS), they were Incubated for 30 min on ice with an sppropriaie
dilution of MAb TP25.99. After two washes with PBS-20% FCS, the cells were
Incubated for 30 min on lce with an appropriate dilution of FITC-conjugated
sheep [gG with anti-mouse Ig specificaty (Silenus Lab ies, Hawthom, Aus
Imllnl anﬂy. they were waa]:cd three hmcu with FBS-20% FCS, after which the

rec by a doc d history of seroconversion detected by enzy
linked immunosorbent assay or by a longitudinal increase in band density on
Western blots. Patients with active opportunistic infections or psychologicsl
disorders, or those trested with immunomodulatory agents, were excluded.

Sequence of nutologous virus, Viral RNA was extracted from samples of
plssma from HIV-1-infected patients by the use of n QlAamp MinElute virus
spin kit (QIAGEN), and cDINA was synthesized from the RNA with SuperScript
RNase H reverse transcriptase and primer (Invitrogen). The Nef region
was amplified by nested PCR using Tag DNA polymerase (Promega). Proviral
DNA was extracted from HIV-1-infected patient PBMCs by using a QlAamp
DNA blood mini kit (QIAGEN). We prepared the following nef-specific primer
sets: S“AGCAGCAGATGGGGTGGGAGC-Y and S-AGCATCTGAGGGA
COGCCACTCCC-3 for the first PCR primer set 1, $-TCOAGACCTOGAAA
AACATGGAGC-Y' and 5-AAAGTCCCCAGUGGAAAGTCOC-3' for the
second PCR primer set 1, S"TCGAGACCTGOGAAAAACATGGAGC-3' and
S.TAACCAGAGAGCACCCAGTACAGGC-3' for the fim PCR primer set 2,
and 5" GGCTAGAAGCACAAGAGGAGG-3 and 5 -AGCATCTGAGGGAC
GCCACTCCC-3' for the second PCR primer set 2, The PCR cycling conditions
were 94°C for 30 5, followed by 30 cycles of 30 5 at 94°C, 40 5 at 55 or 60°C, and
1 min at 72°C, with a final extension of 72°C for 7 min or 94°C for | min for the
first PCR, followed by 35 cycles of 1 min st 94°C, 1 min at 52°C, and 2 min ot
72°C, with a final extension of 72°C for 7 min for the second PCR. The PCR
products were then agarose gel purified and sequenced directly or cloned by the
use of a TOPQ TA claning kit { Lwi ). All DNA sequencing was performed
by using a BigDye Terminutor (version L1) cycle sequencing kit (Applicd Bio-
systems) and an ABI PRISM 310 genetic analyzer.

HIV-1-specific CTL clones. For the generation of KI-158-derved and KI-144-
derived CTL clones, PBMCs which were obtained at weeks 69 and 64, respec-
tively, after the first visil were used. Peptide-specific CTL clones were generated
from established pepnde-specific bulk CTLs by seeding cells of this population
o Li-bottom, 96-well microtiter plates together with 200 ul cloning mixture
(RPMI 1640 medium supplemented with 10% fetal call serurn [FCS| and 200
Uml i human leukin-2, irmdiated allogencic PBMCs from a
healthy donor, and irradisred C1R-A*2402 cells prepulsed with the correspond
ing peptide), as previously described (25). Nef138- 10-specific and Nef138-10-2F-
specific CTLs were generated by using WT' (RYPLTFGWCF) and 2F (RFPLT
FGWCTF) peptides, respectively. All CTL clones were cultured in RPMI 1640

144

c Y Wils d by using a flow cytometer (Becton Dickin
son, Mountain View, CA).
HLA-peptide tetrameric 1 The comph were synihe-

sized as previously described (5), Briefly, an ectodomain of HLA class | proteins
and human B, microglobulin, pmduc:\d in Elrhmrhm coli that had been truns-
formed with the rel , were first solubilized in denaturing
bufler containing 8 M urea .md reiolded in reluldmg baffer in the presence of a
sytithesized peptide for 45 h at 4°CC The resultant 45-kDa complex was purificd
by size exclusion (S Jex G75; A ham Pharmacia Biotech UK. Ltd., Buck-
inghamshire, En;lxncl) and anion exchange chromatographics (Mono() column;
Amersham Pharmacia Biolech UK, Ltd,, Bucktnghamshire, Englund), Purified
complexes were enzymatically biotinylated ut o BirA recognition sequence lo-
cated at the C terminus of the heavy chain and were mised with PE-conjugaied
avidin (ExtrAvidin-PE; Sigma-Aldrich, 8t. Louis, MO) at a molar matio of 4:1.

Tetrumer analysis. CTL clones were first stained with either PE-conjugated
WT or alloph in (APC)-conjugated mutant (2F) tetramer (final concen-
tration, 300 nM) at 37°C for 30 min. For the competitive assay, the clones were
stained with WT and 2F (final ion, 300 nM for each tet-
ramer) at the same time ot 37°C for 30 min. After two washes with RPMI 1640
medium supplemented with 10% FCS (RPMI 1640-10% FCS), the cells were
stained with FITC-conjugated anti-CD8 MAb a1 4°C for 30 min. For ex viva
analysis, thawed PBMCs were stained with PE-conjugated WT and APC-conju-
gated 2F (final ¢ 300 nM for each tetramer) at 3T°C for
30 min. Following two washes with RPM1 1640-10% FCS, the cells were stained
with FITC-conjugated anti-CD8 MAb at 4°C for 30 min and subsequently ana-
Lyzed by using flow oy y. The ¢ tage of cells among
CDE-positive cells was then nlcnlatcd

Replication suppression assay. The abilities of HIV-1-specific CTLa 1o sup-
press HIV-1 replication were examined as previously described (37). Briefly,
CD4"™ T cells were incubated with a given HIV-1 clone for 6 h at 37°C. After
three washes with RPMI 1640-10% FCS, the cells were cocultured with HIV-1-
specific CTL clones. From day 3 (o day 9 postinfection, 10 ul of culture super-
patant was collected and the of p24 antigen (Ag) was measured by
use of an enryme immunoassay (HIV-1 p24 Ag enryme-linked immunosorbent
assay kir; ZeptoMetrix Corporation, Buffulo, NY). The percentage of suppres-
sion of HIV-1 replication was calculated as follows: S suppression = (1 -
conceniration of p24 Ag in the supernatnt of HIV-l-infected CD4° T cells




140 FUITWARA ET AL
A
B
=E o)
'_—: 40
; )
7
(1]
c
(L™
O wi-maa
I | ERETES
b

Gag133-8 Pol797-8 Gag263-10 Nefl138-10

J. Virow

B sz 1364

e MNL-432 0 Al M2UA- (0 M1 -432-2)
=

&

(=

HLA clas | modixiiis

I) ey
o0 L O ni-soa-0
+ -I- O Mo
P08
0 - l—‘L’-I-I_
I i1 0,01 AL
Elfector 1o Target mlio

FIG. 1. Suppression of HIV-1 replication in HIV-l-infected CD4° T cells by HLA-A*2402-restricted HIV-1-specific CTLs. (A) Cytolytc
activities of HLA-A®2402 restricted HIV-1-specific CTLs (four Gagl33-S-specific, five Pol797-8-specific, four Gag263-10-specific, and four
Nef138-10-specific CTL clones) toward HLA-A*2402" cells pulsed with (w) the indicated peptides (1,000 nM). wio, without. The cells were tested
at an E-to-T ratio of 2:1. Values represent averages = standard deviations (SD) (error bars) of results from triplicate assays (B) CD4" T cells
derved from healthy donors were infected with NL-432, NL-M20A, NL-432-10F, NL-M20A-10F, or NL-432-2F10F and then cultured for 3 to 3
days. The cultured CI24~ T cells were stained with anti-p24 and A11.1 M anti-A11 and anti-A24 MAbs. (C) Suppression of HIV-1 replication by
HLA-A*2402-restricted CTLs. Cultured CD4™ T cells derived from an HLA-A®2402" donor were infected with NL-432 or NL-M20A and then
cocultured with HIV-1-specific CTLs at an E-to-T ratio of 1:1. HIV-1 p24 Ags in the supernatant were measured on day 6 postinfection by
conducting an enzyme immunoassay. The percentage of suppression of HIV-1 replication was calculated. Values represent averages = SD (error
bars) for four Gagl33-8-specific, three Pol797-8-specific, four Gag263-10-specific, and three Nef138-10-specific CTL clones. (D) The ability of
Nefl138-10-specific CTL clone 189 to suppress NL-432-10F and NL-M20A-10F replication in CD4* T cells. HIV-1-infected HLA-A*24027CD4"
T cells were cocultured with Nef138-10-specific CTLs at various E-10-T ratios. Values represent averages = 8D (error bars) of results from two

independent experiments, The P values were determined by nonparametric Mann-Whitney test.

cultured with HIV-1-specific CTLs/concentration of p24 Ag in the supernatant of
HIV- linfected CD4* T cells cultured without the CTLs) = 100

HCr release assay. The cytotoxicity of CTL clones against CIR-A* 2402 pre-
pulsed with appropriate peplide &l varous concentrations or HIV-i-infected
221-CD4* A 2402 cells was determined as previously described (37, 38), Briefly,
targed cells (2 ¥ 10°) were incubated lor 60 min with 100 pCi of Nl;“(‘l’(.L in
saline. Effector cells were cocultured with target cells (2 = 10%/well) for 4 h at
IT'C. The supernatants wete collected and analyzed with a gamma counter. The
spantaneous *'Cr release was determined by mewsuring the counts per minute
{cptn) in the supernatant in the wells containing only target cells (epm spn).
Maxmum release (cmp max) was delermined by measuring the release of ey
from the target cells in the presence of 25% Triton X-100, Specific lysis was
defined as (cpin exp — cpm spa)/(cpm max — cpm spn) > 100, where cpm exp
is the cpm in the ant in the wells ing both the target and effector
cells at an efector-to-target ratio of 21 The peptide concentration providing
half of the maximum percentage of specific lysis (LL.,) was calculated by using
KaleidaGraph (Hulinks, Inc,, Tokyo, lapan)

RESULTS
Complete suppression of HIV-1 replication by HLA-A*2402-
restricted Nefl38-10-specific CTLs. Since Nef138-10-specific
CTLs are frequently detected in HLA-A*2402-positive HIV-1-
infected individuals, it has been speculated that Nefl138-10 (RY
PLTFGWCY) is an immunodominant epitope and that these
specific CTLs can strongly suppress HIV-1 replication. To clarify

the abilities of Nef138-10-specific CTLs to suppress HIV-1 repli-
cation, we compared the abilities of four epitope-specific, HLA-
A*2402-restricted CTL clones to suppress HIV-1 replication by
assaying for the suppression of HIV-1 replication, All CTL clones
specific for the Gagl3i3-8, Pol797-8, Gag263-10, or Nefl38-10
epitope showed similar cytotoxic activities against target cells pre-
pulsed with the corresponding peptide (Fig. 1A). Gagl33-3,
Pol797-8, and Gag263-10 cpitopes arc conserved in both NL-432
and NL-M20A strains, the latter of which has the ability to down-
regulate the expression of CD4 molecules, but not the expression
of HLA class | molecules, on the cell surface, whereas the
Nefl38-10 epitope 15 not conserved in these strains. The
Nefl138-10 epitope has a tyrosme instead of phenylalanine at
pasition 10, but Nef138-10 epitope-specific CTLs effectively rec-
ognized both peptides, RYPLTFGWCF and RYPLTFGWCY.
We investigated HLA-A®2402 down-regulation on CD4" cells
mfected with NL-432 or NL-M20A. The down-regulation of
HLA-A*2402 was found on CD4 "~ cells infected with NL-432, but
not on those infected with NL-M20A (Fig. 1B). We measured the
abilities of these CTL clones to suppress HIV-1 replication in
primary CD4 " T cells infected with either HIV-1 done NL-432 or
HIV-1 clone NL-MZ0A. Nefl38-10-specific CTL clones com-
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pletely suppressed both NL-432 and NL-M20A replication at an
effector-to-target (E-to-T) ratio of 1:1, whereas CTL clones spe-
cific for the Gagl33-8, Pol797-8, or Gag263-10 epitope partially
suppressed NL-M20A replication but failed to suppress NL-432
replication (Fig. 1C), indicating that Nef138-10-specific CTls
have strong abilities to suppress NL-432 replication. We gener-
ated mutant viruses, NL-432-10F and NL-M20A-10F, carrving
the SF2 strain-derived Nef138-10 epitope because the CTL clones
specific for the SF2 strain-derived Nef138-10 epitope (RYPLTF
GWCF) had been established. Down-regulation of HLA-A*2402
was found on CD4" cells infected with NL-432-10F, whereas it
did not occur on those infected with NL-M20A-10F (Fig. 1B).
The strong ability of Nef138-10-specific CTL clone 189 to sup-
press the replication of both viruses was also found at an E-to-T
ratio of 0.1:1 (Fig. 1D). These results indicate that Nef138-10-
specific CTLs had strong abilities to suppress HIV-1 replication,
regardless of Nef-mediated down-regulation of HLA class I mol-
ccules. A significant difference between the abilities of the
Nef138-10-specific CTL clone to suppress NL-432-10F and NL-
M20A-10F replication was found at E-to-T ratios of (1.1:1 and
0.01:1, but not at an E-to-T ratio of 1:1 (Fig. 1D), suggesting that
the suppressive ability of this CTL clone was minimally affected by
Nef-mediated HLA class I molecules.

A previous study demonstrated that the 2F substitution of
this epitope is associated with HLA-A*2402" Japanese hemo-
philiacs (20). We therefore investigated HLA-A*2402-associ-
ated mutations of the Nefl138-10 epitope in chronically HIV-
I-infected Japanese hemophiliacs and nonhemophiliacs. We
sequenced the Nef138-10 epitope and its flanking region from
HIV-1 RNA from plasma samples from 41 HLA-A"2402-
positive and 22 HLA-A*2402-negative Japanese patients (Fig.
2A). We found mainly three types of mutation at the epitope
region: a Y-to-F substitution at the second position (2F), a
T-to-C substitution at the fifth position, and an F-to-Y substi-
tution at the tenth position. Only the 2F substitution was sig-
nificantly associated with HLA-A*2402 (Fig. 2B). Although we
detected an I-t0-T or [-to-V substitution at the - | position in
the N-terminal flanking region, we could not find any associ-
ation with HLA-A®2402 or other HLA alleles (data not
shown). We also analyzed the 2F substitution in two groups,
hemophiliacs and nonhemophiliacs who had become infected
through USI. In both groups, the 2F substitution was signifi-
cantly associated with HLA-A*2402 (Fig. 2C). A previous
study showed that the 2F substitution was significantly found in
the HLA-A*2402-positive Japanese hemophiliacs but not in
HLA-A*2402-positive patients infected through USI (20), Our
results confirmed the association of the 2F substitution with
HLA-A®2402 in Japanese hemophiliacs but suggested a differ-
ent conclusion for the Japanese patients infected through USL
The frequency of 2F substitutions was much higher in HLA-
A®24027 patients infected through USI than that in HLA-
A*2402° hemophiliacs (31% versus 0%), suggesting that this
mutation had accumulated in the HLA-A®2402 " population.

Antiviral activities of Nef138-10-specific CTLs toward NL-
432 and Nef138-10-2F mutant virus. To investigate the effect
of the 2F substitution in the Nef138-10 epitope on the antiviral
activities of Nefl38-10-specific CTLs, we first measured the
cytotoxic activity of these cells against WT or mutant epitope
peptide-prepulsed cells (Fig. 3A). Four CTL clones derived
from an HIV-l-infected Japanese patient (KI-158) showed
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F1G. 2. Frequency of mutation in the Nefl38-10 epitope and flank-
ing region. (A) Alignment of the amino acid sequences from 41 HLA-
A®24027 and 22 HLA-A*2402" patients. (B) Frequency of the sub-
stitutions in the Nef138-10 epitope. The Y-10-F substitution at position
2 was more frequently found in the HIV-1.infected Japanese popula-
tion expressing HLA-A*2402 (P = 0.0002). The vertical axis shows the
frequency (%) of mutation among 41 HLA-A®2402" and 22 HLA-
A*24027 patients. The horizontal axis shows the amino acid at each
position. (C) Y-to-F substitutions between hemophilises and nonhe-
mophiliacs (more than 2 years after infection). Bars indicate the per-
centages of individuals whose viral ces are 2F (shaded pan of
bar) or not (striped part of bar) in subjects either expressing HLA-
A*2402 (2F+) or not expressing it (2F—), The P values were deter-
mined by Fisher's exact test,

higher cytotoxic activities toward HLA-A24027 target cells
prepulsed with WT peptide (LLsg. 0.16 = 0.07 nM) than to-
ward those prepulsed with the mutant epitope peptide (LL.,
5.03 = 6,23 nM). The difference in CTL activity between the
two targets varied among the four clones. The binding affinity
of the WT peptide for HLA-A"2402 molecules was higher than
that of the mutant peptide, but the difference between these
peptides was minimal (Fig. 3B). These results indicate that
TCRs of Nefl38-10-specific CTLs could effectively recognize
the 2F mutant epitope. To investigate the effects of the 2F
substitution on the abilities of Nefl38-10-specific CTLs to rec-
ognize target cells infected with HIV-1, we measured the ac-
tivities of Nef138-10-specific CTL clones to kill HIV-1-infected
cells and to suppress HIV-1 replication in HIV-l-infected
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FIG. 3. Abilities of Nef138-10-specific CTLs o suppress replication of NL-432-2F10F. (A) Cytolytic activity of HLA-A"2402-restricted
Nel138-10-specific CTL clones toward HLA-A*2402 cells pulsed with WT or mutant (2F) peptides (0.1 to 100 aM). They were tested at an E-toT
ratio of 2:1. (B) Binding of WT and 2F peptides to HLA-A"2402 molecules was quantified by the HLA-A*2402 stabilization assay. (C) Cytolytc
activity of HLA-A*2402-restricted Nef1 38- 10-specific CTLs toward NL-432- 10F-infected or NL-432-2F10F-infected HLA-A"2402" cells (40% and
SO% p2d-positive cells, respectively) used as targets. Cytolytic activity of the CTLs was tested at an E-to-T rauo of 2:1. (D) Abilities of
HIV-1-specific CTLs to suppress NL-432-2F10F replication in CD4™ T eells, Cultured CD4"™ T cells derived from an HLA-A*24027 donor were
infected with NL-432-10F, NL-M20A-10F, or NL-432.2F10F and then cocultured with Nef138-10-specific CTLs at various E-to-T ratios. The

HIV-1 p24 Ag level in the supernatant was measured on day 6 postinfection by enzyme immunoassay.

CD4" T cells (Fig. 3C and D). For the assay, NL-432-2F10F,
carrying a Y-to-F substitution at the second position, had been
established. All four CTL clones strongly lysed NL-432-10F-
infected cells but not NL-432-2F10F-infected cells (Fig. 3C). In
addition, those CTL clones strongly suppressed the replication
of both NL-432-10F and NL-M20A-10F, but not that of NL-
432-2F10F (Fig. 3D), Taken together, these results indicate
that the 2F substitution is a mutation permitting escape from
Nefl38-10-specific CTLs.

Antiviral response to the 2F mutant of CTLs having high-
affinity TCRs for the 2F mutant epitope. Among the estab-
lished Nef138-10-specific CTL clones, we found three CTL
clones (from HIV-l-infected patient KI-144) to have much
higher cytotoxic activity toward cells prepulsed with mutant
peptide than toward those prepulsed with the WT peptide
(Fig. 4A). The cytotoxic activities of these CTL clones toward
the former were approximately 100-fold higher than those to-
ward the latter (Fig. 4A), suggesting that these CTL clones
carried TCRs that more effectively recognized the mutant
epitope than that of the WT. To test this possibility, we gen-
crated HLA-A"2402 tetramers with Nef138-10 and its 2F mu-
tant and then tested the abilities of these tetramers to bind to
the CTL clones at different concentrations of the tetramers.
Clone 82 exhibited stronger affinity for the 2F tetramer than
for the WT tetramer, whereas clone 189 showed weaker affinity
for the former tetramer than for the latter one (Fig. 4B). These
results indicate that clone 82 had a TCR with higher affinity for
the 2F mutant than for the WT.

It is speculated that CTLs carrying high-affinity TCRs for the

2F mutant would have the ability to recognize cells infected
with the 2F virus. Therefore, we investigated the activities of
clones 82, 98, and 108 against HIV-1-infected cells by measur-
ing their cytotoxic activities toward HIV-1-infected cells. These
CTL clones killed NL-432-2F10F-infected cells (Fig. 4C), in-
dicating that the Nef138-2F mutant cpitope was presented in
HIV-1-infected cells. Interestingly, they killed NL-432-10F-in-
fected cells more effectively than they did NL-432-2F10F-in-
fected cells (Fig. 4C). This finding indicates that the presenta-
tion of the 2F epitope was much weaker than that of the WT
one. The results may not reflect Ag presentation of the 2F
mutant epitope in HIV-1-infected CD4”™ T cells in vivo, be-
cause 221 transfectants highly expressing HLA-A*®2402 were
used as target cells in this assay. We therefore tested the
abilities of these CTL clones to suppress HIV-1 replication.
They significantly suppressed the replication of NL-432-2F10F
at an E-to-T ratio of 1:1 (Fig. 4D and E) and more effectively
suppressed the replication of NL-432-10F and NL-M20A-10F
than that of NL-432-2F10F (Fig. 4D), supporting the idea that
the 2F mutant epitope was presented more weakly than the
WT epitope was. Since KI-144-derived CTL clones had higher-
affinity TCRs for the 2F mutant and suppressed the replication
of NL-432-2F10F, we assume that the 2F mutant-specific CTLs
had been elicited by priming with the mutant epitope in this
patient.

Ex vivo analysis of the 2F mutant-specific CTLs in HIV-1-
infected individuals who had been infected with the 2F mutant
virus. Since the 2F mutant-specific CTL clones were estab-
lished from patient KI-144, we assumed that the 2F mutant-
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FIG. 4. Distinet antiviral activities toward NL-432-2F10F of KI-144-
derived Nef138-10-specific CTL clones. (A) Cytolytic activity of KI-144-
derived HLA-A*2402-restricted Nefl138-10-specific CTL clones toward
HLA-A*2402° cells pulsed with WT or mutant (2F) peprdes (0.1 to 100
nM). The clones were tested at an E-to-T ratio of 2:1. (B) WT and 2F
tetramer binding activities of CTL clones 189 (top) and 82 (bottom)
clones were determined. (C) Cytolytic activity of clones in panel A towird
NL-432-10F-infected or NL-432-2F10F-infected HLA-A®"2402° cells
(45% and 55% p24-positive cells, respectively) used as target cells. Cyto-
Iytic activity was tested at an E-1o-T ratio of 2:1. (D) Abilities of HIV-1-
specific CTLs to suppress NL-432-2FI0F replication in CD4" T cells.
Cultured CD4" T cells derived from an HLA-A*2402" donor were in-
fected with NL-432.10F, NL-M20A-10F, or NL432-2F10F and then
cocultured with KI-144-derived CTLs dominantly binding 2F tetramers.
The various Exto-T ratios arc indicated. The HIV-1 P24 Ag level in the
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specific CTLs were effectively elicited in this patient. To clarify
this pomnt, we mvestigated when and how many 2F-specific
CTLs were elicited in this patient. First we established a com-
petitive tetramer binding assay using two HLA-A*2402 ret-
ramers carrying the 2F and the WT peptides to detect the
respective 2F-specific and the WT-specific CD8" T cells.
When the CTL clones were stained with either tetramer at
different concentrations, clone 82 from patient KI-144 exhib-
ited stronger affimity for the 2F tetramer than for the WT one,
whereas clone 189 from patient KI-158 showed weaker affinity
for the former tetramer than for the latter (Fig. 4B). There-
fore, we expected that each CTL clone would bind to only its
higher-affinity tetramer when both tetramers were used at the
same concentration. Indeed, when clones 189 and 52 were
stained using these tetramers, clones 189 and 82 bound ta only
the WT and the 2F tetramers, respectively (Fig, 5A). By em-
ploying this assay, we investigated the appearance of Nefl38-
10-specific or 2F-specific CTLs in patients with early HIV-1
infection (Fig. 5B and C). Ex vivo analysis of PBMCs from
three patients, KI-092, KI-102, and KI-158, who had been
infected with the WT virus, showed that they had mainly the
WT-specific CTLs when the WT was found, and then 2F-
specific CTLs became predominant after the 2F mutant took
the place of the WT-specific CTLs (Fig. 5B). WT virus was
found in K1-092 and KI-102 for approximately 2 years after
infection, indicating that the 2F mutant had been slowly se-
lected by the specific CTLs. On the other hand, ex vivo analysis
of PBMCs from patients KI-091, KI-144, and KI-163 revealed
that they had the 2F-spedific CTLs only (Fig. 5C). In addiuon,
these patients had 2F sequences in both plasma RNA and
proviral DNA throughout their elinical course (Fig. SC). These
findings strongly suggest that these patients had been infected
with the 2F mutant. Thus, the 2F mutant-specific CTLs were
effectively elicited in donors who had been primarily infected
with the 2F mutant virus. However, it remains possible that the
number of WT-specific CTLs was too low to be detected by the
ex vivo tetramer binding assay. To exclude this possibility, we
investigated whether the patients had the WT-specific memory
CD8" T cells, We stimulated their PBMCs with either WT or
mutant peptide and cultured the PBMCs for 2 weeks, The WT
tetramer-binding CD8™ T cells were then counted by using the
competitive tetramer binding assay, The WT-specific CDS™ T
cells were not detected among the cultured cells (data not
shown), indicating that these patients did not have WT-specific
CTLs. These results indicate that when the 2F mutant virus
infects a new HLA-A*2402" host, this host recognizes the 2F
mutant epitope and elicits the 2F mutant-specific CTLs.

DISCUSSION

A previous study showed that the 2F mutant was frequently
detected in chronically HIV-1-infected individuals having

supernatant was measured on day 6 posuniecunn by using the enzyme
immunoassay. (E) Replication of NL-432-2F10F at each E-to-T ratio.
Values represent the averages for the three CTL clones = standard
deviations (crror bars). Significant differences between cultures with
and without CTLs are shown (nonparamerric Mann-Whitney test)
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HLA-A®2402 and that Nef138-10-specific CTLs failed to kill
target cells infected with HIV-1 recombinant Sendai virus con-
taining the 2F mutant; data suggested that the 2F is a mutation
for escape from the specific CTLs (20). However, the question
remained as to whether Nefl38-10-specific CTLs can mediate
strong immune pressure on HIV-1 replication so that they
select the 2F mutant in vivo. In the present study, we clarified
this question by investigating the abilities of Nef138-10-specific
CTL clones to suppress replication of the WT and the 2F
mutant viruses. Each Nef138-10-specific CTL clone exhibited a
strong ability to suppress replication of Nef ™ HIV-1 at E-to-T
ratios of 1:1 and 0.1:1. This ability is much stronger than that
of most HIV-1-specific CTLs (19. 37. 38), suggesting that these
CTLs can mediate strong immune pressure in vivo. In addition,
our study using the HIV-1 2F mutant showed that Nef138-10-
specific CTLs failed to kill target cells infected with the 2F
mutant and to suppress replication of the mutant, confirming
that 2F is an escape mutant.

Escape mutations occur at sites within CTL epitopes, where
the substitution of an amino acid abrogates HLA binding,
reduces the recognition of the TCR, and/or interferes with
efficient Ag processing (14, 41), The 2F mutant peptide bound
to HLA-A"2402 molecules with an efficiency similar to that of
the WT peptide. Both the WT and the 2F tetramers bound to
Nef138-10-specific CTL clones, In addition, Nef138-10-specific
CTL clanes killed target cells prepulsed with Nef138-10-2F
peptide. These findings suggest that the escape mechanism of
the 2F mutant involves the disruption of cellular processing of
the 2F mutant peptide. However, since Nefl38-10-2F-specific
CTL clones effectively killed the target cells infected with the
2F mutant virus and suppressed the replication of the mutant
virus, the 2F peptide can be naturally processed and presented
by HLA-A*2402, The 2F-specific CTL clones could recognize
the 2F peptide much more effectively than the WT peptide,
whereas the clones showed much stronger abilities to suppress
replication of the WT virus than that of the 2F mutant virus.
These observations indicate that the change from Tyr to Phe
remarkably reduced the presentation of the epitope peptides in
Ag processing but that the 2F mutant could still be presented
in the cells infected with the mutant,

It is well known that in both HIV-1 and SIV infections,
escape mutations are poorly recognized in new hosts who share
the same HLA alleles with donors (17, 32). If escape mutant
peptides fail to bind to HLA class I restriction molecules or the
mutation critically affects the Ag processing, these escape mu-
tants are hardly recognized and fail to elicit the specific CTLs
in new hosts sharing the same HLA alleles. On the other hand,
if escape mutant peptides can bind to HLA class I restriction
molecules and can be processed and presented, it remains
possible that the mutant epitope is recognized in new hosts,
The 2F mutant peptide effectively bound to HLA-A*2402 (Fig,

ANTIVIRAL RESPONSES TO AN HIV-1 ESCAPE MUTANT 14§

3B), suggesting the possibility that the 2F mutant peptide is
presented by HLA-A®2402. We therefore selected the three
donors who were infected with the 2F mutant virus at an early
phase (within 10 weeks before the first visit) and investigated
whether the 2F-specific CD8" T cells were elicited in these
donors. It was strongly suggested that these patients had been
infected with the 2F virus, since in the donors who had been
infected with the WT virus, the 2F mutation was selected
approximately 2 years after infection. The 2F-specific CD8* T
cells were elicited in these three donors, although this mutant
epitope was very weakly presented by HLA-A®2402. Thus,
escape mutant-specific CTLs can be elicited in new hosts even
if the mutant epitope peptide is very weakly presented.

The reversion of a CTL escape mutation to the WT occurs
when the mutant virus is transmitted to a new host not sharing
HLA class [ alleles (18, 29) and even to a new host sharing
HLA class 1 alleles with the monkey donors before the specific
CTL is elicited (8, 27). Although the reversion of the 2F
epitope to the WT one was reported for chronically HIV-1-
infected individuals having no HLA-A*2402, the rate of rever-
sion was very low (20), suggesting that the Y-to-F substitution
does not inflict a large fitness cost on HIV-1. A previous study
showed that the 2F mutant was still detectable in 56% of
HLA-A®2402" Japanese patients infected through USI (20).
In contrast. in the present study, it was found in only 31% of
the patients, This difference between these two studies may
have resulted from the difference in the time when the se-
quence was analyzed after the infection. Although the fre-
quency of the 2F mutant in HLA-A*2402" Japanese individ-
uals s different between the two studies, the studies indicare
that 2F mutant did accumulate in HLA-A®2402 Japanesc
individuals infected through USL The reversion of this epitope
should occur but may be very slow in HLA-A*2402 donors. It
is thought that the reversion does not occur in HLA-A*2402°
individuals, because the 2F-specific CTLs can strongly suppress
replication of the WT virus. Indeed, the reversion was not
found in three patients who had been primarily infected with
the 2F mutant virus and monitored for 2 to 3 years. Thus, the
2F mutant is accumulating in the Japanese population, of
which 70% carry HLA-A*2402.

The competitive tetramer binding assay using the two tet-
ramers could distinguish CDS" T cells carrying high-affinity
TCRs for the WT epitope from those carrying high-affinity
ones for the 2F epitope. By using this assay, we found that
patients who had been infected with the WT virus first pro-
duced WT-specific CD8 " T cells and then 2F-specific CD8* T
cells approximately 6 to 12 months after the 2F mutant had
hecome predominant. In those patients, the 2F mutant virus
appeared more than 12 months after the WT virus infection,
These findings support our contention that 2F is an escape
mutant and that the three donors who had 2F sequences in

FIG. 5, Detection of Nefl38-10-2F-specific CTLs in HIV-1-infected patients who had been infected with 2F mutant virus. (A) Tetramer binding
of Nef138-10-specific CTLs. KI-158-derived CTL clone 189 (top) and KI-14d-derived CTL clone 82 (bottom) were stained with either WT (lefi panels)
or 2F (middle pancls) tetramers or both (right panels). The percentage of tetramer-positive cells among CDS* cells was measured. (B and C) Ex vivo
analysis of Nefl38-10-specific and Nefl33-10-2F-specific CTLs. Nef138-10-specific CTLs in PBMCs derived from HLA-A*2402" HIV-l-infected
individuals were I by using both WT and mutant (2F) tetramers. Symbols: @, WT tetramer-positive cells; &, plasma viral loads. The epitope
sequences from virl RNA (plasma) or provirus DNA (PBMCs) during the clinical course are shown. The x axis represents weekly course from the first
visit. The frequency of CDA” cells positive for each or both teframers is given in the quadrants befow the gruphs. VL, viral load.
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their plasma RNA and proviral DNA during the early phase
were primarily infected with 2F virus.

In the present study, we demonstrated that new hosts could
effectively produce the 2F escape mutant-specific CTLs, even
though the 2F mutant epitope was very weakly presented by
HLA-A"2402 in HIV-1-infected cells. The 2F-specific CTLs
could suppress replication of the 2F mutant virus, but this
ability was much weaker toward the 2F mutant than toward the
WT virus. The reversion from 2F to WT was not found in the
three patients who had been infected primarily with the 2F
mutant virus and monitored for 2 to 3 years. This lack of
reversion is explained by the fact that the 2F-specific CTLs
could effectively suppress replication of the WT virus. This
mutant accumulated in HLA-A®2402" USI patients. Since
HLA-A*2402 is a common allele found in approximately 70%
of the Japanese population, the 2F mutant can accumulate in
the Japanese AIDS population,
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Short Communication

Effects of Low HIV Type 1 Load and Antiretroviral
Treatment on IgG-Capture BED-Enzyme Immunoassay

TSUNEFUSA HAYASHIDA. HIROYUKI GATANAGA, JUNKO TANUMA, and SHINICHI OKA

ABSTRACT

The IgG-capture BED-enzyme immunoassay (BED-CEIA) is used widely at present to detect recent HIV-1
seroconversion. However, antibody levels and antibody kinetics are impacted by HIV-1 load and antiretrovi-
ral treatment, which may have a significant effect on the assay results. In this study, we analyzed serial sam-
ples from 11 patients with recent infection. including four patients treated by structured treatment interrup-
tion (STI). and compared the results with those of 10 untreated and 7 treated patients with chronic infection.
The BED-CEIA missidentified one long-term nonprogressor hemophiliac with an extremely low HIV-1 load
and five patients with chronic infection who received antiretroviral treatment. We also found that the ODn
values increased slowly in patients with recent infection and low HIV-1 loads and that the ODn values Muc-
tuated in parallel with HIV-1 load during STL Our data indicate that the results of BED-CEIA are influenced
by HIV-1 load and antiretroviral treatment. Care should be taken when interpreting the results of BED-CEIA.
especially in individuals with low HIV-1 loads. Those on antiretroviral treatment should be excluded from

BED-CEIA testing to improve the predictive value of detecting recent infections.

coortnG 1o THE CommiTres on HIV/AIDS Trexos (the

Ministry of Health, Labor, and Welfare of the Japanese
government). the number of newly diagnosed cases of HIV-1
infection in Japan is continuously increasing and the most fre-
yuent mode of transmission is homosexual conlact among men
who have sex with men.! Assessing the incidence of recent in-
fection 1s important to monttor the current HIV-1 epidemic, al-
though the diagnosis of recent infections usually requires lon-
gitudinal follow-up. A new immunoglobulin G (1gG-capture
BED-enzyme immunoassay (BED-CEIA | (Calypte Biomedical
Corp.. Rockville, MD) was developed recently 1o identify re-
cent HIV-1 infections.™ BED-CEIA measures the proportion
of HIV-specific 1gG in serum or plasma samples, which in-
creases after seroconversion. [n brief, plates coated with goat
antihuman [gG are used to capture both HIV-specific and non-
HIV-1gG in test samples. The HIV-specific [gG is detected by
a branched multisubtype gpdl peptide labeled with biotin. In-
cubation with streptavidin-peroxidase followed by tetramethyl-

benzidine (TMB) substrate allows colorimetnc detection of

HIV-IpG, The optical density (OD) values of lest specimens

are normalized (ODn) relative to the value of a calibrator (spec-
tmen ODVealibmator OD) to mimimize intermun vanations, Ac-
cording to the instructions provided by the manufacturcr, an
ODn of 0.8 corresponds to a mean seroconversion duration of
153 days and the samples with an ODn of <0.8 are considerad
1o be from individuals with recent infection* To assess the ne-
Lability of BED-CEIA, we used multiple samples from 28 HIV
| subtype B-infected patients after obtaining written informed
consent.’

First, we analyzed the samples of 11 patients with recent in-
fection, 10 untreated patients with chronie infection, and 7
treated patients with chronie infection. The diagnosis of recent
infection was made based on the increasing bands of Westemn
hlotting against HIV-1 antigens and the used samples were
taken at the first visit. The BED-CEIA ODn values of all the
[1 samples of recent infection were <0.8 (mean 0118, SD
0.124) and were correctly identified as recent infection (Fig. 1).
Blood sumples were also taken from 10 antiretroviral treatment-
naive patients with chronic infection imore than 2 years afler
the first visit). The ODn values of nine of these samples were

AIDS Climcal Center, International Medical Center of Japan, Tokyo, Jopan
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FIG. 1. ODn values of BED-CEIA in three groups of cases

Shown are the ODn values of untreated patients with recent
HIV-1 infection and untreated and treated patients with chronic
HIV-1 infection.

#1. 4 and were correetly identified as long-term infection (mean
2462, 5D 07181 One sample, however, was missidentified as
recently infected (CDn - 04T ), which was taken from a long
term nonprogressor hemophiliae carrving an undetectable HIV
I load (+<<50 copres/ml) who had not recerved antiretroviral
treatment and who had sequired his HIV-1 infection before

ODn
4.0

3.0

2.0

1.0

2.8x10%
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1985 Blood samples were also taken from seven patients with
long-term infection who had ved antiretroviral treptmen
and whose virl load had been perastently suppressed below
the detection it Tor more than 2 years. Their BED-CEIA On
values (niean 0.508, SD 0.320) were lower than those of un-
treated patients with chronic infection (p - 0.0003), and five
of the seven were incomectly labeled as ecently infected, in-

dicating that antiretroviral trestment negatively alters the reli-
ability of BED-CEIA.

Nexl. we analyzed senal samples from the same patients to
determine the longitudinal changes in ODn. Four of the 1] pa
tents deseribed above with recent infection were subsequently
treated with structured trestment interruption (ST, which in-
virlves repeated cyeles of trentment and intermuption intended
toevoke a host immune response aganst HIV-1.* We compared
the ©On values of these patients with those of the other seven
patients who did nol receive any treatmenl to define the natural
change afler recent infection (Fig. 20, In four patients with log-
anthmic avernges of an HIV-| load of =20 % 10" copies/ml,
the ODn values gradually inceeased and all the samples taken
more than 153 days afler the first visit were comectly identi
fiedd as long-term infection. However, in the cther three patients
whose loganithmic averages of HIV-1 load were =28 x |0}
copres/ml (low viral load). the ODn values mcreased more
slowly and many samples were misslabeled as recent infection
although they were taken more than 1 year aller the firg visit
We also analyzed serial samples taken from the ireatment-nad ve
long-term nonprogressor hemophiline desenibed above, and,
surprisingly, found o slow inerease in the ODn value (Fig. 3
The OD0 value of & sample tuken in 2005, more than 20 years

2.7x104

5.1x104

1.2x10° low viral load

days

FI1G. 2. Senal change

900

1200

in Oln values of untreated patients with HIV-1 infection. Lines indicate senal changes in ODn values

of seven patients with recent ifection cluding three cases with low viral loads.
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ODn
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4 . . .
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1997/1 days

FI1G. 3. Senal change i ODn values of one long-term nonpro-
ssor hemophilise. The line indicates senal changes in ODn val-
ues of a long-term nonprogressor with persisiently undetectable
HIV-1 load who scquired infection before 1985 and had not re
cerved antiretroviral treatment. Day O is the date of his first visn
m January 19497,

after sequinng HIV- | infection. was 0.865. These du indicate
that the ODn values of patients with a low HIV-1 load increase
slowly and false-positive recent infection can occur in such
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Finally, we analyzed senal samples of four patients with re-
cenl infection who received antiretroviral ST1 therapy 1o deter-
mine the effect of such treatment on ODn values Figure 4
shows the changes in HIV-1 load and BED-CEIA ODn values
of one patient. in whom conventional continuous antiretroviral
treatment was admimstered 462 days after the completion of
STL After the introduction of the first course of antiretroviral
treatment, the HIV-1 load sharply decreased and ODn values
were persistently low (<0.201 Following a drop in HIV-1 load
1o below the detection limil (< 50 copies/ml), treatment was in-
terrupted for 26 days, during which the HIV-1 load rebounded
sceompanied by an increase in ODn 10 0.760, Then the second
course of trestment was intmduced, which resulted in a fall of
HIV-1 load (400 copes/ml) and ODn value (0.482). The Muc-
tuation in ODn valve panlleled the HIV-1 load dunng STI
Similar datn were obtained from the other three cases treated
with STI. Considered together, these findings indicate that in-
troduction of antiretroviral treatment resulted in a rapid fall n
BED-CEIA ODn values, probably due to antiretroviral treat
ment-induced suppression of HIV-1 Joad, suggesting that ODn
value are sensitive 1o changes in HIV-1 load

Recently, BED-CEIA has been used in a number of cross-sec-
tional populations 1o estimate incidence and showed excellent re-
sulte. "7 There was plausible agreement hetween the observed and
BED-CEIA-cstimated incidence with specimens oblained from a
longitudinal cohon study® and there wias no missclassification of
70 pregnant women with known long-term infection * However.
missidentification of long-term infection as recent infection can
happen in some cases* Our study indicates that such missiden-
tification s associated with low HIV-1 load and use of anti
retoviml treatment, which is consistent with a previous report. !
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FIG, 4, 1ffect of antiretroviml treatment on ODn valoes, Beld and dotted lines show changes in On values and HIV-1 loud,

respectively. in a patient who received STI followed by conventional antiretroviral treatment
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Therefore, whenever possible, those on antiretroviral realment

should be excluded from BED-CEIA testing to improve the pre-
dictive value of detecting recent infections.
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CTL-Mediated Selective Pressure Influences Dynamic
Evolution and Pathogenic Functions of HIV-1 Nef’

Takamasa Ueno,”* Chihiro Motozono,* Sachi Dohki,* Philip Mwimanzi,* Susanne Rauch,’
Oliver T. Fackler,” Shinichi Oka,” and Masafumi Takiguchi*

HIV-1 Nef plays multiple roles in modulating immune responses, even though it is a dominant CTL target itsell. How Nef
accomplishes the balance between such conflicting selective pressures remains elusive. By genetic and functional studies, we found
that Arg”*Thr and Tyr**Phe mutations, located in a well-conserved proline-rich region in Nef, were differently associated with
escape from CTL responses specific for two overlapping HLA-B33-restricted epitopes. CTLs specific for an epitope, that selected
Tyr**Phe, were elicited earlier and had more potent lunctional avidities than did those that selected Arg’*Thr. Although the
double mutant could escape from both CTLs, the mutations are rarely observed in combination naturally. Introduction of both
mutations reduced Nef's HLA class | down-regulation activity and increased the susceptibility of virus-infected cells to recognition
by CTLs targeting other epitopes. Moreover, the mutant Nef was impaired in the association with activated cellular kinases and
in the enhancement of viral replication. These results highlight CTL immunosurveillance as important modulators of Nef's

biological activity in the infected host. The Journal of Immunology, 2008, 180: 11071116,

the pathogenesis of the primate lentiviruses, HIV-I,

HIV-2, and SIV. The importance of Nef in viral patho-
genesis was first shown in rhesus macaques, where a large deletion
of the nef gene severely reduced SIV pathogenicity (1). This find-
ing was supported by the fact that a cohort consisting of one blood
donor and eight transfusion recipients infected with Nef-defective
HIV-1 demonstrated dramatically decreased rates of disease pro-
gression (2, 3). The impact on the outcome of HIV/SIV infection
likely results from the synergy of multiple functions exerted by
Nef that may be differennally regulated over time (4). Nef en-
hances viral replication and virion infectivity (5-7) and affects
cells in many ways, including altering T cell activation and mat-
uration (6, 8-11), subverting the apoptotic machinery, and down-
regulating a number of cell surface receptors including CD4 and
HLA class [ (7, 12, 13). The down-regulation of MHC class |
(MHC-1)" by SIV Nef in rhesus macaques limits CD8 T cell-me-
diated killing and contributes to the pathogenic effect of Nef in

T he accessory gene product Nef is a critical determinant for
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vivo, highlighting the importance of Nef-mediated immunoevia-
sion to facilitate disease progression (14),

The initial peak of viral replication after pimary HIV mnfection
begins to decline simultaneously with the appearance of HIV-spe-
cific CD8 T lymphocytes (15, 16) that can climinate HIV-infected
cells directly by MHC-I-restricted cytolysis or indirectly through
the production of soluble factors such as cytokines and chemo-
kines (17, 18). The biological relevance of HIV-specific CTLs
HIV infection is also supported by the results of in vivo studies
demonstrating a dramatic nse of viremia and an accelerated clin-
ical disease progression in SIV-infected macaques after the artifi-
cial depletion of CDS™ cells (19, 20). Among HIV proteins tar-
geted by HIV-specific CTLs, HIV Nef protein is expressed at high
levels early in an HIV infection (21) and elicits a strong CTL
response in a number of subjects (22, 23). Most antigenic deter-
minants are located within a multirestricted, immunodominant
central region spanning residues 73-94 and 113-147 (22, 24),
including a highly conserved proline-rich region containing an
Sre homology 3 (SH3)-binding mouf, PxxP (Nef;; &0 PVR-
PQVPLRP) critical for several but not all Nef functions (6, 7,
25-27). In particular, HIV-infected subjects expressing the
HLA-B*3501 molecule, which prefers a proline residue on the
second position of its antigenic peptides, show vigorous HLA-
B35-restricted CTL responses toward the proline-rich region of
Nef (22, 28, 29).

In the present study, we focused on HLA-B35-resticted CD8 T
cell responses toward the functionally important PxxP region of
HIV-1 Nef to ask whether CTL responses can impose constraints
on Nef activity. Remarkably, sequence analysis of autologous vi-
ruses revealed the association of two different mutations with pa-
tients carrying HLA-B*35, one of which was earlier shown to be
a naturally occurring variation that can modulate Nef functions
(25). Further detailed analyses of CTL responses and Nef functions
demonsirated that Nel balances between the conflicting selective
pressures during the course of an HIV-1 infection. These findings
suggest an important role of HIV-1 Nef-specific CTL responses in
the control of Nef activity duning the progression of an HIV-|
infection.
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1108 CONFLICTING SELECTIVE PRESSURE ON HIV-] Nef
Table 1. Summary of HLA-B35™ subjects used in this study’
Months since Antiretoviral PBMC
Py HLA Class | Allele SEMOCOnVErsion Vil Load (log,/ml) CDd imem ) Therapy Nel Sequence Avuilability

D01 A2402/A2603, B3501/B4002 132 ND 2 + RPQVELRPMTE :
192 ig 223 + TPQUPLRPMTY *

003  A2402/A2601, B3501/B5101 72 ND 480 . RPQVFLRPMTE
144 ND 252 + TPUVPLRPMTY +
006 A24/A26, B35/B52 48 ND 102 + RPQVPLRPMTE B
015 AJI/A24, BIS/BS4 147 BD 383 + TPQVPLRPMTY +
016 A26/A33, BIS/B44 T ND 41 - APQUFLRPNTE -
017 A2/A24, BRI5/B48 192 BD 254 ¥ TPQVPLRAPNTY =
019 A2402/- R3501/B520] 18 47 524 RPQVPLEPMTE -
80 BD 1574 + TPOVPLRPMTY +

0215  AM/AdL B35 26 ND 50 + TPOVPLRPNTY
027 A4/A26, BIS/BI4 4 ND 84 + RPQVPLRPNTR o
033 AD207/A310{. B3501/B4601 iy 53 326 - TPQVPLAPNTY +
034 A2402/A2601, B3S501/B480] 48 44 201 = TPQVPLRPNTY g
42 A24/A3] BI5S/B6O 59 38 311 - TPQVPLRFMTY +
046 A2, BIS/BOI 48 BD 263 + TPQUPLRIMTY ¥
099 A2402/-, B3501/B61 12 39 984 - RPQUPLRPMTE +
100 A2600/—, BIS01/B400) 16 5.0 614 - RPQVPLRPMTR +
102 A24902/A0206, B3501/BO702 17 28 482 - RPQUPLRPMTE +
131 A2402/AG207. BIS0I/B4601 10 1.9 563 + RPOVPLRPMTE +
136 A2402/A2601, B3501/B5201 15 44 308 - RPQVPLRPMTR
141 AO20I/ATION B3S01/B540] 1[1] 53 382 - RPQVPLRPMTY +
20 5.1 360 =+ RPQVPLRPMTE *
145 AO2G7/A2600, BISO0I/BS101 f BD 648 - RPQVPLRPMTY =
18 4.6 685 - RPQVPLREPHTE +
161 A2402/A2601, B3501/85401 13 23 955 = RPQVPLRPMTR *
168 A2001/—, BISOI/— 5 23 408 + RPOVPLREMTY t
178 A280L/AZ10), BIS01/B460] 8 27 568 4 RPOVPLRPNTY t

“ND, Not deterimmned; BD, befow detection fimin. Bold, underiined leners in the

Materials and Methods
Subjects

A total of 23 individuals (HLA-B357™ ) with HIV infection followed at the
AIDS Clinical Center (International Medical Center of Iapan) were en-
mwlled for functional analysis of HIV-specific (D8 T cells and autologous
HIV-1 sequence analysis in this study. Subjects were selected based on the
availability of plasma and PEMC samples as well as HLA-B*35 expres-
sion. Clinical data of all subjects are listed in Table 1. Patients 01, 03, and
17 are hemophiliace who had been infected with HIV-] through contam-
inated blood products. Because the time of HIV-1 infection or the time of
seroconversion was not known for these subjects, we nuarmt that lhelr
Infection occurred in 1983 based on a survey done on J

sequenced represent mutaLons.

radiated allogeneic PBMC and CIR-B3501 cells pulsed with | uM peptide
in RPML 1640 with 10% FCS and 100 U/ml rlL-2}. Two weeks later, cells
showing substantinl Ag-specific eytalytic activity were maintained in the
miedium with peptide stimulation weekly.

Preparation of HIV-1 variants

The full-length HIV-1 pNL43 derivatives in which the nef gene was com-
pletely removed (pNL43ANef) or rt?lnr.ed wilh SF2 nef (pPNLAISF2Nef)
were created earlier (32), The Arg™ to Thr and Tyr*® 1o Phe mutations
were achieved by site-directed mutagenesis based on SF2 nef. 293T
cells were transfected with each of the constructs, and the mfectious HIV-1
vinons released into the medium were collected 48 h later. The p24 Ag

izcs. In addition, 41 individuals (negative for HLA- 8'35) with HIV in-
fections were enrolled for autologous HIV-1 sequence analysis. The study
was conducted in accordance with the human experimentation guidelines
of the International Medical Center of Japan and Kumamoto University.

Sequence analysis of awtelogous HIV-1

HIV-1 particles were precipitated by ultracentrifugation (50,000 rpm, 30
min} of patents’ plasma, afier which the viral RNA was extracted from
them. DNA fragmemts encoding Nef proteins were amplified by a nested
PCR. gel punified, and sequenced directly as described (29). The fragments
were cloned into a plasmid and then sequenced for phylogenetic tree
analysis.

For phylogenetic tree analysis of intrapatient evolution of the nef gene
(HXB2 coordinmle, §932-9555), nucleotide sequences were initinlly
aligned by using Clustal W and then manually adjusted to maximize align-
ment of codon tnplet as needed. Regions that could not be unambiguously
aligned were removed from subsequent phylogenetic analysis. The
MEGA3 package of sequence analysis progmms was used for deuled
phylogenetic analysis {30), Pairwise evolutionary distances were calculaied
by using the Kimura 2-parameter model for estimation of distances,
and phylogenetic trees were cor ed by the neighbor-joming method.

Generarion of T cell clones

CTL clones or lines were established by stimulation of PBMC with a
synthetic peptide, as previously desenbed (31). Brefly, a bulk CTL culture
was seeded at a density of (L8 or § cellsfwell with a cloning mixture (ir-
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of virus stocks were determined by p24 Ag ELISA.

Flow eytometric analysis

HLA sabilization agsay. Peptide-binding activity for HLA-B*3501 was
assessed by an HLA stabilization sssay using RMA-S cells expressing
HLA-B*3501 as descnibed earlier (31).

HILA tetramer analysis. The HLA-B350! tetramers in complex with the
VY8 and RY 11 peptides were prepared o&"‘”“‘“" described (31). Cryo-
preserved PBMC of HIV-positive (2 % 10%) or -negative donors (3 % 10°)
were stained with the PE- and allophycocyanin-labeled tetramers at 37°C
for 15 min followed by anti-CDS-PerCP (BD Biosciences/BD Pharmingen)
and anti-CD3-FITC (DakoCytomation) at 4'C for 15 min, The
CD3'CD8" cells were gated rnd then analyzed for binding with the tet-
mmers by fiow cytometry (FACSCalibur; BD B:omcmm

Intracellular cytokine staining assay. Intrscellilar cytok of
Ag-specific CTL clones was done as previously described (33). Brul‘l;.
CTL clones (4 % |0 cells) were incubated with CIR-B3501 cells (4 = 10*
cells) alone or pulsed with various concentritions of peptides for 6 h at 37
*C in the presence of brefeldin A (10 pg/ml). The cells were stained first
with anti-CD8 mAb and 7-amincactinomycin D (7-AAD), permeabilized
in a detergent buffer, and then stmined with mAb specific for [FN-y or
TNF-a (BD Biosciences/BD Pharmingen)

Cwvtotoxic assays

Toward peptide-loaded cells. The cytotoxic activity of the CTL clones
was determined by a standard *'Cr-relense assay as described previ-
ously (31)
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FIGURE 1. Dynami lution of autol Nef sequences in HIV-infected individuals expressing HLA-B*35. A, Frequency of clones representing

the HIV-1 Nef amino acid sequence at the RY 11 epitope region as { in pie chans, based on the results from the Los Alamos database (leff). The
frequencies of individuals whose autologous viruses had the Nef amino acid sequences indicated when the pl samples were collected from HIV-
infected individuals negative (middle) or positive (right) for HLA-B*35 are shown. Statistical analysis was performed by using the X test. B, Differences
in the duration of HIV infection hs since seroc jon) and the autologous nef genotypes, wt, Tyr*'Phe (F85) or Arg*Thr (T75) in HLA-B35~
patients. Boxes indicate values between 25th and 75th percentiles. Horizontal lines across boxes indicate the median value = SD. Lines extend from the
box 1o the highest and lowest values. Data include outliers (@). Statistical analysis was performed by use of the Mann-Whitney L/ test. , A neighbor-joining
phylogenetic tree analysis of intrahost evol of autologous nef gene, Plasma HIV-1 RNA samples were collected from patient 19 at the indicated time
paints. The nef gene segment wus PCR.amplified, cloned into a plasmid. and sequenced (7 = 61). The amino acid sequences of the epitopic region are

indicated at the right of the tree

Toward HiV-infected primary CD4® eells, CD4" cells were purified
from PBMC taken freshly from HIV-negative donors expressing HLA.
B*3501 by using a magnetic cell separation system (Miltenyi Biotec) and
stimlated with PHA (3 pg/ml; Sigma-Aldrich) for 4 days. The activated
CD4™ cells were then infected at relatively high titers (1 ug of p24 Ag per
10° cells) with wild-type (w1) or various variant HTV-1 for 6 h, and incu-
bated for an additional 3-5 days. The HIV-infected CD4™ cells (4000
cells/well) were then mixed with CTL clones at various ET ratios for 6 h
at 37°C after having been labeled with *'Cr. It should be noted that 30 =
5% of the cells were p24 Ag" as revealed by intracellular flow cytometric
analysis of HIV-infected CD4™ cells.

HIV-| replication assay

PBMC samples freshly isolated from HIV.seronegative donors were first
infected with wt or various variant HIV-1s at 5 ng of p24 Ag in 5 % 10°
cells for 4 h. The cells were washed, suspended in a culture medium (RPMI
1640, 10% FCS), and seeded in a 96-well plate at 10° cells/well. Three
days later, the cells were stimulated with PHA at 2 pg/ml. Culture super-
notants were collected and replaced with a fresh medium supplemented
with human rlL-2 every 3 days. To monitor viml replication, we deter-
mined the amount of p24 Ag in the culture supematant by a specific
ELISA.

In vitre kinase assay (IVKA)

IVKA was performed as described earlier (34), Briefly, Jurkal cells (107)
expressing wi or various variant Nef-GFP fusion proteins were lysed in
KEB (50 mM Tris-HCI (pH 8), containing 137 mM NaCl, 2 mM EDTA,
0.5% Nonidet P-40, Na,VO,, protease inhibitor mixture) ot 24 h postelec-
troporation. Cleared lysates were immunoprecipitated with anti-GFP poly-
clonal Ab and the i precipi were pended in KAB (50 mM
HEPES (pH 8), containing 150 mM NaCl, 5 mM EDTA, 0.02% Triton
X-100, 10 mM MgClL,) with 10 uCl of [v-P)ATP (Amersham) for § min.
Bound proteins wene then separated by SDS-PAGE and subjected 1o phos-
phorimager (Bio-Rad) visualization and quaniification. Levels of immu-
noisolated Nef-GFP were d ined by Western-blotting of the IVKA
reactions and subsequent quantification by LICOR Odyssee.

Statistical analysis

Statistical analysis and graphical presentations were done by using a com-
puter program, SigmaPlot, with a statistical package (Hulinks). Unless oth-
erwise indicated, results were given as median or mean = SD. Statistical
analysis of significance (p values) was based on the y’. Mann-Whitney
rank sum, or two-tailed ¢ test, or a one-way ANOVA, where applicable, and
p < 0.05 was considered to be significant.

Results
Evolution of PxxP region of Nef associated with HLA-B*35

We previously reported that the Arg™ to Thr mutation (175, amino
acid numbers based on SF2 sirain) in Nef was functionally asso-

ciated with escape from a CTL response specific for the RY 1]
epitope (Nef,s_ g5 RPQVPLRPMTY) presented by HLA-B*35 in
patients in the chronic phase of an HIV-1 infection (29). When we
recruited more subjects including some in the early phase of in-
fection and analyzed their autologous nef genotypes, another mu-
wation, Tyr*® to Phe (F85), was also found in some of these HLA-
B35™ patients (Table I). As a result, ~50 and 40% of autologous
nef alleles encoded the F85 and T75 mutation, respectively, in
patients with HLA-B*35 (Fig. 14), whereas either mutation was
found in only ~5% of patients ncgative for HLA-B*35 as well
s in all sequences from the Los Alamos HIV database (www.
hiv.lanl.gov/). These data demonstrate that both T75 and F85 sin-
gle mutations in Nef were differently associated with autologous
viruses in patients with HLA-B*33 expression.

Because the F85 mutation was seemingly found in HLA-B35"
HIV-infected subjects <2-year since seroconversion, we next an-
alyzed the correlations between the duration of HIV infection and
autologous nef genotypes in HLA-B35 ™ subjects (Fig. 18). The
median { =SD) number of months since seroconversion in subjects
with autologous wi, F85, and T75 Nef sequences was 7.0 = L1,
16.0 £ 9.4, and 72.0 * 19.5, respectively (Fig. 18). This cross-
sectional analysis demonstrated that HIV-1 acquired the F85 mu-
tation earlier and the T75 mutation later concomitant with the re-
version of the F85 mutation to the wt during an HIV-1 infection in
subjects with HLA-B*35 expression.

Intrahost evolution of Nef mutations associated with HLA-B*315

To ask whether these mutations and reversions occurred sequen-
tially within a subject. we collected plasma viral RNA samples at
additional time points from three subjects, patients 001, 003, and
019. The amino acid sequence in the epitopic region sequentially
changed trom RPQVPLRPMTE to TPQVPLRPMTY (different
amino acid residues are underlined; referred to as RF and TY,
respectively, hereafter), within each subject (Table ).

To further characterize the intrapatient evelution in this region,
the nef genotypes of plasma HIV-1 RNA of patient 19 were
determined at several time points. The neighbor-joining phyloge-
netic tree showed that successive fixation of advantageous muta-
tions and the extinction of unfavorable lineages had occurred, sug-
gesting that the focus of the CTL response and/or the balance
between the selective pressures that were at work on the epitope
had changed over time (Fig. 1C). 1tis of interest to note that when
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