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human RAETIB in complex with NKG2D (Radaev et al.  mapped on the 3-D structure model of macaque RAETIE
2001) from the Molecular Modeling Database (MMCB No. by using the Cn3D 4.1 program (http://www.ncbi.nlm.nih.
18231) was used as the reference. Polymorphic sites were  gov/Structure/CN3D/cn3d.shtml).

Table 1 Identified alleles of the ULBP4 gene in rhesus and cynomolgus

Species Aliele name Accession no. Reference animal Identical
sequence
Rhesus macaque Mamu- AB568525 R228, R367
ULBP4*1.1
Mamu- AB568533  R492, R396, R465
ULBP4*1.2

Mamu-ULBP4*2  AB568526 R283, R384, R328, R337

Mamu-ULBP4*3  AB568527 R346, R361, R396, R379, R408

Mmau-ULBP4*4  AB568528 R320, R490, R321, R465, R367, R446, R328, R234, R237, R314
Mamu-ULBP4*5  ABS568529 R430, R453, R325, R477, R439, R360, R379, R446, R355
Mamu-ULBP4*6  AB568530 R437, R350,

Mamu- AB568531 R325, R384, R491, R333, R337
ULBP4*7.1
Mamu- AB568544 R477
ULBP4*7.2
Mamu-ULBP4*8  AB568532 R408, R454, R241, R342, R316
Mamu- AB568534 R312, R314
ULBP4*9.1
Mamu- ABS568535 R333
ULBP4*9.2

Mamu-ULBP4*10 ABS568536 R316
Mamu-ULBP4*1] AB568537 R241
Mamu-ULBP4*12 AB568538 R342
Mamu-ULBP4*13 AB568539 R491
Mamu-ULBP4*14 AB568540 R495 Mafa-ULBP4*1.1
Mamu-ULBP4*15 AB568541 R350
Mamu-ULBP4*16 AB568542 R492
Mamu-ULBP4*17 ABS568543 R495
Mamu-ULBP4*18 ABS568545 R454
Mamu-ULBP4*19 AB568546 R321
Mamu-ULBP4*20 AB568547 R355
Mamu-ULBP4*2] AB571025 R437
Mamu-ULBP4*22 AB571026 R439
Crab-eating Mafa-ULBP4*1.] AB578934 MO1, P01, P02, C001, C003, C004, CO05, CO06 ~ Mamu-
macaque ULBP4*14
Mafa-ULBP4*1.2 ABS578935 MO02, C004
Mafa-ULBP4*2  ABS578936 P04, M06, C010, C011, C013
Mafa-ULBP4*3  ABS578938 Mo03, C007
Mafa-ULBP4*4  ABS578939 MO03, C006
Mafa-ULBP4*5  ABS578940 P04, P05, M05, M06, C012, C013
Mafa-ULBP4*6 ~ AB578941 Mos5, C010, CO11
Mafa-ULBP4*7.1 AB578942 MO1, C002
Mafa-ULBP4*7.2 ABS578943 P03, C008
Mafa-ULBP4*8  AB578944 P03, M04, C008, C009
Mafa-ULBP4*9  ABS578945 P01, C001, C002
Mafa-ULBP4*10  AB578946 M04, C009
Mafa-ULBP4*11  AB578947 P02, C007
Mafa-ULBP4*12  AB578948 M02, C005
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Fig. 1 Phylogenetic tree of
Mamu- and Mafa-ULBP4/
RAETIE alleles. A phylogenetic
tree of ULBP4/RAETIE
sequences spanning from exons
2 to 3, obtained in this study,
was constructed by using the
neighbor-joining method with
bootstrap values of 5,000
replications. Values are
indicated as percentages, and
only those with more than 50%
are shown. Sequences of human
ULBP4/RAETIE (AY252119),
chimpanzee MICH3
(AY032638), and rhesus
ULBP4/RAETIE (NC007861)
were underlined and included in
the analysis as reference
sequences. Alleles represented
with broken underlines had
identical amino acid sequences
predicted from the nucleotide
sequences. The allele containing
an in-frame termination codon
was boxed
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Results
ULBP4/RAETIE polymorphisms in the rhesus macaque

In the rhesus macaque genome (Gibbs et al. 2007), there are
two paralogous genes for ULBP4/RAETIE, one of which
appears to be functional, whereas the other is a pseudogene
because it contains a large deletion containing the most part of
exons 2, 3, and 4. Therefore, we designed primer pairs to
amplify the region containing exons 2 and 3, which encode for
ol and «2 domains of ULBP4/RAET1E molecule, respec-
tively, from the functional ULBP4/RAETIE. By using the
primer pair, we obtained ULBP4/RAETIE sequences from 38
individuals of rhesus macaque. Because one or two sequences
were obtained from each individual, the sequences were
considered to be alleles of ULBP4/RAETIE. They were
classified into 25 different alleles, designated as Mamu-
ULBP4*].1 to Mamu-ULBP4*22, submitted to DDBJ, and
given accession numbers (Table 1). The allele names with
different numbers indicate that they are different in predicted
amino acid sequences, whereas the alleles with the same
deduced amino acid sequences but different nucleotide
sequences, such as Mamu-ULBP4*1.] and Mamu-
ULBP4*].2, are designated as subtypes. None of the
sequences obtained in this study was identical to the reference
sequence, NC007861, which was previously deposited to the
GenBank database as the rhesus ULBP4/RAETIE. On the
other hand, when the sequences were aligned referring the
human ULBP4/RAETIE, ove thesus allele (Mamu-ULBP4*8)

was found to contain a nonsense mutation at codon 29, which
would make the ULBP4/RAET1E molecule non-functional.

ULBP4/RAETIE polymorphisms in the crab-eating
macaque

By using the primer pair designed for the rhesus ULBP4/
RAETIE, we could amplify the ULBP4/RAETIE sequences
from 24 individuals of the crab-eating macaque. Sequenc-
ing analysis revealed 14 different ULBP4/RAETIE alleles,
and inheritance of each allele was confirmed by family
studies. The identified allele sequences were submitted to
DDBJ, given accession numbers, and designated as Mafa-
ULBP4*1.1 to Mafa-ULBP4*]2 (Table 1). The nucleotide
sequences from exons 2 to 3 of Mamu-ULBP4*14 were
identical to those of Mafa-ULBP4*1.1 and differed by only
one nucleotide in intron 2 from those of Mafa-ULBP4*1.2.
In addition, a neighbor-joining analysis performed by using
nucleotide sequences spanning from exons 2 to 3 showed
that the alleles of rhesus and crab-eating macaques were not
separately clustered from each other (Fig. 1).

Comparative analysis of ULBP4/RAETIE

The alignment of ULBP4/RAETIE sequences from rhesus
and crab-eating macaques with those from humans and
chimpanzees showed that the macaque genes were homol-
ogous to the human gene by more than 90% and were
equally diverged (Fig. 2). In addition, rhesus and crab-

50
Human :GHSLCFNFTI KSLSRPGQPW CEAQVFLNKN LFLQYNSDNN MVKPLGLLGK KVYATSTwge
Chimpanzee :---------- - L s e e e e —— Y
Rhesus macaque :A---—--—--= —- Wommmmm M-K- ~~--- D—8~ —————————— -~ N-———— o-
Crab-eating macagque :A--------- -- Wo—mmmmm - M--- -E---D—SN ---------- -- N----- Q-

100
Human :ltgtlgevgr dlrmllcdIK PQIKTSDPST LOVEMFCQRE AERCTGASWQ FATNGEKSLL
Chimpanzee :---M------ ------ L--= --==-- G--~ —m--mmmemm mmmmmemm - I--mmm—
Rhesus macaque :-~~K--==== ——ew--lm¥- —=—-=-GRm- ——--- Lrmmm e e e ~II-~-=C--
Crab-eating macaque :---------- -IM---L-V- P----- G=== Lm-=-L-=== —==——————— -I----C--
180
Human :FDAMNMIWTV INHEAskike twkkdrglek yfrklskgdc dhwlreflgh weampEPTV
Chimpanzee :-—--———-——- ———— - e e e e Q
Rhesus macaque (F----M---- ---- AS---- --- K--—--- —————- M--- N------ L-- Q-A--—-—- Q
Crab-eating macaque :----====~== —=~== S-=== mmmmm e e M~--~ N-WLR-~-~-~- Q--===- TQ

Fig. 2 Alignment of deduced amino acid sequences of xl and o2
domains of ULBP4/RAETIE. Amino acid sequences were deduced
from the nucleotide sequences of ULBP4/RAETIE or MICH3 from
humans (AY252119), chimpanzees (AY032638), rhesus macaques
(NC007861), and crab-eating macaques (AY032639). Numbers above

the sequences represent the amino acid positions in mature protein.
Dashes indicate identical sequences. Sequences for the predicted o
helix structure were indicated by small italicized characters. Positions
of polymorphic sites in the human, rhesus macaque, and crab-eating
macaque were underlined
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Table 2 Single nucleotide polymorphisms of ULBP4 gene among human and Old World monkeys

Number of alleles Exon 2 Intron 2 Exon 3
Polymorphism  Non-synonymous  Polymorphism  Polymorphism  Non-synonymous
change (%) change (%)
Human 5 2 2 (100%) 3 3 3 (100%)
Rhesus macaque 25 9 5 (55.6%) 22 22 14 (63.6%)
Crab-eating macaque 14 17 9 (52.9%) 18 16 9 (56.3%)

eating macaques showed a higher degree of polymorphism
in the analyzed region, namely, exon 2, intron 2, and exon
3, than in humans (Table 2). All polymorphisms found in
exons of human ULBP4/RAETIE were non-synonymous,
whereas a considerable part of the polymorphisms were
synonymous in the Old World monkeys. On the other hand,
the polymorphic sites in the rhesus macaque (positions 29,
46, 59, 64, 79, 88, 112, 121, 126, 135, 136, 144, 157, 158,
161, 168, 171, and 173) and the crab-eating macaque
(positions 32, 39, 40, 59, 72, 73, 79, 91, 112, 136, 163,
164, 165, 171, 178, and 179) were shared at five positions
(59, 79, 112, 136, and 171) by each other, whereas only one
position (position 112) was shared with polymorphic sites
in humans (positions 53, 99, 112, and 113) (Fig. 2). In
addition, a termination at position 29 was found in a rhesus
macaque allele Mamu-ULBP4*8; a single amino acid
deletion caused by deletions of a total of three nucleotides
was found in a crab-eating macaque allele Mafa-ULBP4*6
[i.e., TGGCTCAGG sequences corresponding to codons
163-165 were changed to TGCTCA, which may be due to
two different deletions at codons 163 (from TGG to TG)
and 165 (from AGG to A)], whereas such polymorphisms
were not observed in humans. These findings suggest that a
selection pressure to generate and maintain the polymorphic
sites might be considerably different between the lineages
of humans and the Old World monkeys.

Discussion

It has been suggested that the ancestral gene for the ULBP/
REAT molecule of placental mammals was originally
diverged and duplicated in each species after an emigration
from the MHC region (Kondo et al. 2010). In humans, MHC
genes (HLA genes) are clustered and mapped on the short
arm of chromosome 6, 6p21.3, whereas the ULBP/RAETI
genes are located on the long arm of chromosome 6, 6g25.1.
As for the MHC genes in the macaque, it was previously
reported that rhesus macaque MHC, e.g., BAT1 gene, was
localized to chromosome 6q24 by using fiber-fluorescence in
situ hybridization (Huber et al. 2003) and cynomolgus (crab-
eating) macaque MHC, e.g., Mafa-A and Mafa-B genes, was
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cytogenetically mapped to chromosome 6pl3 (Liu et al.
2007), although the rhesus macaque MHC is mapped on the
short arm of chromosome 4 in the draft genome sequence
database of rhesus macaques (Gibbs et al. 2007); e.g,
Mamu-A and BAT1 were mapped from positions 29, 517,
308 to 29, 520, 221 and from 31, 164, 822 to 31, 175, 032,
respectively, on chromosome 4 (data were obtained from the
UCSC Genome Browser at http://genome.ucsc.edw/cgi-bin/
hgGateway). The discrepancy between the cytogenetic
mapping and the assignment in draft genome sequence
should be resolved in the future. On the other hand, it is
interesting to note that each member of the ULBP/RAETI
gene family, except for ULBPG, is completely or partially
duplicated in the rhesus genome. As for the ULBP4/
RAETIE, two related sequences, LOC695031 (NC007861)
and LOC694265, have been identified as orthologs of human
ULBP4/RAETIE. On the other hand, the configuration of
ULBP/RAETI loci in the crab-eating macaque genome
remained unknown. Because LOC694265 was a pseudogene
lacking most part of the coding exons, we designed PCR
primers by referring the NC007861 sequence. By using the
designed primers, we could successfully amplify ULBP4/
RAETIE alleles from both rhesus and crab-eating macaques.

In this study, we identified a total of 25 and 14 alleles
from rhesus and crab-eating macaques, respectively. One of
the rhesus macaque alleles had identical sequences to one
of the crab-eating macaque alleles, and the phylogenetic
analysis demonstrated that the ULBP4/RAETIE alleles were
widely diverged. None of the alleles identified in this study
were identical to the previously reported sequence
NC007861, which was derived from an individual of
Indian rhesus macaque. Given that we analyzed rhesus
macaques of Burmese origin in this study, and allele
distribution of MHC-related polymorphic genes are well
known to be largely dependent on the habitat regions, the
extent of diversity and variation in ULBP4/RAETIE may be
further expanded.

It was demonstrated that the diversity of ULBP4/
RAETIE in the Old World monkeys was much higher than
that of human ULBP4/RAETIE. It is possible that the genes
in the ULBP/RAETI locus, in particular, ULBP4/RAETIE
and ULBP/RAETIs, might be highly polymorphic in the
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Old World monkeys. We therefore investigated ten unrelat-
ed rhesus macaque subjects, in which we had detected 16
ULBP4/RAETIE alleles for polymorphisms in the adjacent
ULBP/RAETI genes. We found one ULBPI/RAETII allele,
seven ULBP2/RAETIH alleles, and one ULBP3/RAETIN
allele in these subjects. The observation suggested that
ULBP4/RAETIE was highly polymorphic as compared to
the adjacent ULBP/RAETI genes.

We revealed a high degree of polymorphism in the
ULBP4/RAETIE of the rthesus and crab-eating macaques,
although about half of the polymorphisms were synony-
mous changes (Table 2). Albeit the expression of the
ULBP4/RAETIE molecule is known to be involved in the
recognition of tumor cells by the NKG2D receptor (Cao et
al. 2008; Kong et al. 2009), the functional significance of
the polymorphisms in the extracellular domain of the
ULBP4/RAET1E molecules remained unknown. To inves-
tigate a possible role of the polymorphisms, we have
created a 3-D structure model of rhesus ULBP4/RAETI1E
molecule by using the structure data of human ULBP3/
RAETIN in complex with NKG2D (Radaev et al. 2001) as
the reference. As shown in Fig. 3, only one polymorphic
site at 173 was on the surface of the « helix pointing to the
NKG2D receptor, five sites at 59, 136, 144, 161, and 165
were positioned outside the « helix, and only two sites at
32 and 91 were mapped on the {3 sheet in the groove. The
other polymorphic sites were on the 3 sheet outside of the
groove or were not on the surface of the o helix. In
addition, expression of ULBP4/RAETIE is predominantly
found in the skin and tumor tissues and not induced by viral
infection in normal cells (Chalupny et al. 2003; Eagle et al.
2006). These observations suggest that the polymorphisms
are unlikely to be involved in the differential presentation

Fig. 3 Mapping of polymorphic
sites on the structure model

of the macaque ULBP4/RAET1E
molecule. Polymorphic sites
found in the Old World

monkeys were mapped on the 3-
D structure model of ULBP4/
RAETIE. Residues on the upper
and outer sides of the & helix
structure were indicated by

a circle and squares, respectively.
Residues not found on the
surface of the « helix were
underlined, and those on the 3
sheet structure were represented
by rhombi

« helix

{surface, upper side)

of characteristic small molecules bound by the ULBP4/
RAETI1E molecules, as found in the presentation of
antigenic peptides by the MHC molecules. Nevertheless,
highly prevalent polymorphisms leading to amino acid
replacements suggest that a selection pressure had operated
on the configuration of diversity in ULBP4/RAETIE.

Of particular interest in this study was the rhesus
macaque allele Mamu-ULBP4*8, which was supposed to
contain a stop codon in the exon 2 coding sequence that
would truncate the most part of the molecule. This is the
first report of a non-functional ULBP/RAETI allele in
primates; however, a similar situation was reported for
another NKG2D ligand gene, MIC. For example, a specific
human MIC haplotype linked to HLA-B*048 consists of
non-functional MIC genes, in which MICA was deleted and
MICB contained a termination codon (Ota et al. 2000); the
non-functional MIC haplotype is widely distributed in the
East Asian populations (Komatsu-Wakui et al. 2001). It is
interesting to note that there are two distinct and poly-
morphic genes for MIC in the rhesus macaque, MICA
(previously designated as MICI and MIC3) and MICB
(previous MIC2); however, they are not considered to be
orthologous to the human MICA and MICB genes,
respectively (Seo et al. 1999, 2001; Doxiadis et al. 2007;
Averdam et al. 2007). Because members of the MIC and
ULBP/RAET! molecules are structurally related (Li et al.
2002), there is a functional redundancy in the recognition
by NKG2D, and thus, the presence of a null allele had been
allowed during the evolution of primates.

In the present study, we demonstrated the ULBP4/
RAETIE allelic polymorphisms not only in the rhesus
macaque but also in the crab-eating macaque. Although the
localization of ULBP4/RAETIE in the crab-eating macaque

|

A0

183,184

a hefiz
(surface, ouler side)

@ helix
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genome is unknown, a homology search showed that a
Mafa-MICH3 gene (AY032639) was homologous to Mafa-
ULBP4/RAETIE because the nucleotide sequences of
Mafa-ULBP4*1.1 showed a 96% homology to Mafa-
MICH3. Similarly, nucleotide sequences of a chimpanzee
gene, Patr-MICH3 (AY032638), showed a 94% homology
to the rhesus ULBP4/RAETIE. These findings strongly
suggest that MICH3 in the crab-eating macaque and
chimpanzee is orthologous to ULBP4/RAETIE in the
human and rhesus macaque.

In conclusion, we revealed a large diversity of ULBP4/
RAETIE in two related species of the Old World monkey.
Because there were extremely large polymorphisms in the
extracellular domain of the ULBP4/RAETI1E molecule in
the Old World monkey, which was larger than that in the
human, the functional impact of the polymorphisms and its
significance in the evolution of primates should be
investigated in future studies.
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HIV-1 infection results in persistent viral replication
progressing to AIDS. Recent advances in antiretro-
viral therapy have been expected to contribute to
decrease the risk of viral transmission from HIV-1-
infected people under therapy as well as their bet-
ter prognosis. Precisely understanding of virological
and pathological features of HIV-1 infection is impor-
tant for preventing viral transmission via sexual in-
tercourse or accidental exposure including iatrogenic
infection and for aveiding unnecessary protective ac-
tions, leading to the world with HIV-1-infected and un-
infected living comfortably together.

Keywords: human immunodeficiency virus type-1 (HIV-
1), acquired immunodeficiency syndrome (AIDS), route
of HIV-1 transmission, HIV-1 testing, anti-HIV-1 agents

1. Introduction

In the 30 years since 1981, when the acquired im-
munodeficiency syndrome (AIDS) epidemic in the United
States was first reported [1]. Despite great efforts to pre-
vent human immunodeficiency virus type 1 (HIV-1) pan-
demic, 1.8 million people have died of AIDS-related dis-
ease in the world in 2009, estimated by UNAIDS, the
Joint United Nations Program on HIV/AIDS) [2]. UN-
AIDS has set up a slogan “Getting to three Zeros; zero
new HIV-1 infection, zero discrimination, and zero AIDS-
related death” in 2011.

2. Virological and Immunological Aspects of
HIV Infection

For preventing HIV-1 transmission, it is essential to
know the HIV-1 infection route and the mechanism for
disease progression. After exposure, HIV-1 replicates ef-
ficiently in CD4 positive cells, and several weeks later,
plasma viral loads reach to the peak and then are reduced.
Cytotoxic T lymphocyte (CTL) responses induced in the
acute phase play a central role in this reduction of vi-
ral loads but fail to control viremia resulting in persistent
HIV-1 replication. Anti-HIV-1 antibodies, in contrast, are
not induced rapidly and remain undetectable during so-
called “window period” in the very early phase of infec-
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tion. Acquired immune response exerts suppressive pres-
sure on HIV-1 replication, contributing to viral diversity
by selecting viral genome mutations resulting in viral es-
cape from the immune responses.

3. HIV-1/AIDS Epidemic

Table 1 shows the global prevalence of the HIV-1 in-
fected people in the world (estimated by UNAIDS). To-
day, 33 million persons are globally living with HIV-1;
2.6 million people were newly infected with HIV-1 and
1.8 million people died of AIDS in 2009. The main HIV-1
transmission route and the trends in HIV-1 infection differ
by regions, so it is important to know the exact status of
global HIV-1 epidemic even in domestic HIV-1 control.

3.1. HIV-1 Infection in Sub-Sahara

Twenty-two million out of 33 million of HIV-1-infected
people (64%) in the world are living in the Sub-Saharan
region. Despite great efforts for open access to antiretro-
viral medication, the number of the HIV-1 infected people
increased and 1.4 million people died of AIDS in 2008.
Regarding HIV-1 subtypes, HIV-1 clades A and C are
prevalent, and the number of women suffers is signifi-
cantly higher than that of men [2, 3].

3.2. HIV-1 Infection in Asia

In Asia, there are 4.3 million of HIV-1-positive peo-
ple. The number of newly HIV-1-infected people was
3.5 hundred thousand in 2009; that peak was in 1990’s.
The improvement of access to highly-active antiretroviral
therapy (HAART) has contributed to the reduction in the
number of HIV-1 infected people in this region. Majority
of HIV-1-positive people were infected with HIV-1 clade
E[2,3].

3.3. HIV-1 Infection in Japan

According to the committee on AIDS Trends in Japan,
over 10,000 pwrsons are living with HIV-1, and the num-
ber of newly HIV-1-infected people was approximately
one thousand in 2009. Most HIV-1 transmission was
throguh homosexual contacts among men, but the het-
erosexual transmission incidence is currently increasing.
Fewer 10 people died of AIDS in 2009 (Fig. 1).
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Table 1. Epidemic in global in 2009.

Adults and children Newly infected ~ Deaths due to AIDS
infected with HIV-1 people with HIV
Africa
Sub-Sahara 22.5 million 1.8 million 1.3 million
Middle east and North 460 000 75 000 24 000
Asia
South and South east 4.1 million 270 000 260 000
Asia
East Asia 770 000 82 000 36 000
America
Central and South 1.4 million 92 000 58 000
America
North America 1.5 million 70 000 26 000
Other reagions
Europe 82 000 31000 26 000
Oceania 57 000 4500 1400
Total 33.3 million 522.6 million 1.8 milliom

Data is from the by UNAIDS Report on the Global AIDS epidemic 2010. Refer to

http://www.unaids.org/en/dataanalysis/epidemiology/, for details.

1600 -

- =
NB
@
< o
L 1

1000 A
w HV

& AIDS

# Fatalitis

800 -

600

400

200 -

(=]
L

1990 1995 2000 2005 2009

Number of HIV-positive person

Year

Data is provided in Annual reports by the committee on
AIDS trend in Japan.
Refer to http://api-net.jfap.or.jp/status/2010.htm

Fig. 1. Trends in numbers of HIV-1 linfected people in Japan.

4. Diagnosis and Testing of HIV-1 Infection

There are two widely used methods to detect HIV-1 in-
fection; one is based on anti-HIV-1 antibody detection and
the other on the viral genome. Because the current screen-
ing test of HIV-1 infection is the former that is based on
detection of anti-HIV-1 antibodies, we should be careful
of the risk of HIV-1 transmission from those in the win-
dow period who are not recognized as HIV-1 positive in
spite of their high viral loads [4, 5]. Thus, it is important
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to diminish the window period by improving the methods
for detection of HIV-1 infection.

4.1. Detection of Anti-HIV-1 Antibodies

Generally, anti-HIV-1 antibodies are detected by West-
ern blotting. This testing will be beneficial for diagnosis.
If the false-negative is suspected, retest has been recom-
mended 2 or 3 months later.

4.2. Detection of HIV-1 Genomes

The HIV-1 viral genome is detected using by PCR.
PCR is highly sensitive and can potential to detect HIV-1
in blood from those in the window period. Thus, it has
been widely used for HIV-1 screening of blood donated
for transfusion. However, it is not easy to detect all the
HIV-1 subtypes prevalent because of the HIV-1 genetic di-
versity [6-9]. Thus, primer sets for PCR have been modi-
fied for testing Blood Bank samples.

5. Routes for HIV-1 Transmission and Prophy-
laxis

It is important to understand the routes for HIV-1 trans-
mission for effective prevention. Of note that the exposed
viral load is a key risk factor for efficacy of HIV-1 trans-
mission.

Journal of Disaster Research Vol.6 No.4, 2011
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Table 2. Recommended prophylaxis for accidental and occupational HIV-1 exposure.

a) For exposure by injured skin or needle-stick

Infection status of source

Source with HIV-1 positive
HIV-negative HIV'
risk factors VL<1500 >1500
Less severe
(Example; superficial injure) Not needed ~ Recommended Recommended
2-drugs 2-drugs 3-drugs
More sever 3dr
Not needed 2-drugs ugs 3-drugs

(Example; deep puncture)

Data is summarized from Guideline provided by MMWR[11].

b) For exposure by mucosal or intact skin

Infection status of source

Source with HIV-1 positive
HIV-negative HIV-
risk factors VL<1500 >1500
Small volume
(ex; a few drops) No needed Generally Recommended 2-drugs
no warranted 2-drugs
No needed 2-drugs 2-drugs 3-drugs

Large volume

Data were summarized of Guideline provided by MMWR[11].

1. HIV screening in early pregnancy
Seropotitive

2. Anti-retroviral treatment
3.Ceserean section
4. Avoiding breast feeding

Refer to {10]; http://api-net.jfap.or.jp/library/guideLine/boshi/index.html,
for details.

Fig. 2. Prevention strategy for maternal-infant transmission
of HIV-1 infection.

5.1. Sexual Transmission

Medication is inappropriate to prevent HIV-1 infection
in the form of sexual transmission. Promoting education
concerning safer sex and screening/nationwide surveil-
lance to detect potential HIV-1-infected person should be
effective.

Journal of Disaster Research Vol.6 No.4, 2011

5.2. Mother-Infant Transmission

HIV-1-testing for pregnant women is considered the
most effective prophylaxis to prevent maternal-infant
HIV-1 transmission in Japan. A study group supported
by the Ministry of Health, Labor and Welfare in Japan
established a guideline for pregnant women in 2000, rec-
ommending HIV-1-testing in early pregnancy [10]. Ad-
ditionally, in case of HIV-1 positive, mothers are also
recommended to undergo antiviral therapy during preg-
nancy, to have cesarean section at delivery, and to avoid
breast feeding. Recently, in Japan, some 97% of pregnant
women in Japan undergo HIV-testing, and 9 in 100,000
pregnancies are founded to be in HIV-1-positive. The
HIV-1 positive ratio is increasing slightly each year, but
the risk of mother-to-child transmission is expected to be
reduced to 0.5% if HIV-1-positive pregnant women re-
ceive antiretroviral therapy and elective cesarean section
(Fig. 2).

5.3. Accidental and Occupational Exposure
to HIV-1

Needle-stick injury at hospitals and laboratories is a
representative example of accidental or occupational ex-
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Table 3. Anti-HIV agents approved in Japan.

Class

Agent

Nucleoside Reverse transcriptase inhibitor (NRTI)

Non- Nucleoside Reverse transcriptase inhibitor (NNTI)

Protease Inhibitor (PI)

Integrase Inhibitor

CCRS5 Inhibitor

Zidovudine;AZT, Lamivudine;ABC,
Savudine; d4T, Didanosine, ddI
Tenofovir;TDF,  Emtricitabine;FTC
Nevirapine;NVP, Efavirenz;EFV
Etravirine; ETR

Indinavir;IDV, Sagnavir; SQV
Ritonaver;RTV  Nelfinavir;NFV
Fosamprenavir; FPV, Lopnavir;LPV
Atazanavir; ATV, Darunavir; DRV
Raltegravir;RAL

Maraviroc;MVC

Table 4. Anti-HIV immunotherapy under development and clinical trials.

Candidate Aim Current status and Feasibility
HAART initiation during Preserves HIV-1specific CTL Needs further study
acute HIV infection
IL-7 therapy Increases CD4 and Impact clearly

CD8-positive cells

Therapeutic vaccination

Induces potential and long-lasting
HIV-specific CTL

demonstrated in several studies

Not yet tested

Refer to [13] .

posure to HIV-1. Previous study reported that the av-
erage HIV-1 transmission risk after a precautious ex-
pose to HIV-1-infected blood has been estimated to be
approximately 0.3%, which is lower than that of other
viruses, such HBV and HCV. Mucosal membrane expo-
sure runs an average risk of approximately 0.09% (95%
CI = 0.006 — 0.5%). [11]. Moreover, the average risk of
HIV-1 transmission after exposure through intact skin is
considerably lowers than that though other routes. Viral
input dose and infection routes thus strongly affect the in-
fection risk. The immediate medication is the most effec-
tive to prevention HIV-1 infection in such accidental and
occupational exposure to HIV-1 (Table 2). It was reported
that the HIV-1 infection risk can be reduced by one-fifth
if four-week HAART is started within the first 8 hours of
viral exposure [12].

6. Current Anti-HIV-1 Therapy

Antiretrovirals are the most effective tool for decreas-
ing viral loads in HIV-1-infected people. Inducting com-
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bination anti-retroviral therapy dramatically reduced the
mortality due to AIDS in developed countries in the
1990s. The current standard treatment against HIV-1-
infection is HAART, a combination regimen including
three drugs at least. Table 3 shows anti-retroviral drugs
approved in Japan. The rise in drug-resistant HIV-1 vari-
ants and their adverse effects are the serious obstacles for
continuous long-term therapy for AIDS prevention. Thus,
many attempts toward development of a new anti-HIV-
1 therapy such as immunotherapy have been performed
(Table 4).

References:

[1] “Pneumocystis pneumonia — Los Angeles,” CDC, MMWR; 30,
pp. 250-252, 1981.

[2] “Global epidemic,” UNAIDS, 2011.

[3] J. E. Osbone, “HIV: the more things change, the more they stay the
same,” Nat Med. 10, pp. 991-993, 1995.

[4] L. Novack, N. Galai, A. Yaari, M. Orgel, E. Shinar, and B. Sarov,
“Use of Seroconversion panels to estimate delay in detection of
anti-Human immunodeficiency virus antibodies by Enzyme-liinked
immunosorbent assay of pooled compared to singleton serum sam-
ples,” J. Clin. Micorobiol, 8, pp. 2909-2913, 2006.

[5] J. Stekler, J. Maenza, C. E. Stevens, P. D. Swenson, R. W. Coombs,

Journal of Disaster Research Vol.6 No.4, 2011



R. W. Wood, M. S. Campbell, D. C. Nickle, A. C. Collier, and M.
R. Golden, “Screening for acute HIV infection: Lesson learned,”
Clin.Infect. Disease, 44, pp. 45-461, 2007.

[6] M. Bggh, R. Machuca, J. Gerstoft, C. Pedersen, N. Obel, B. Kvi-
nesdal, H. Nielsen, and C. Nielsen “Subtype-specific problems
with qualitative Amplicor HIV-1 DNA PCR test,” J Clin Virol., 3,
pp. 149-153, 2001.

{7} A. Alaeus, K. Lidman, A. Sonnerborg, and Albert JAIDS,
“Subtype-specific problems with quantification of plasma HIV-1
RNA,” AIDS, 7, pp. 859-865, 1997.

[8] “Quantization of viral load in patients infected with HIV-1 subtype
E or A,” Kansenshogaku Zassi, 6, pp. 609-614, 1998 (in Japanese).

[9] P. Swanson, V. Soriano, S. G. Devare, and J. Hackett Jr., “Compar-
ative performance of three viral load assays on human immunodefi-
ciency virus type 1 (HIV-1) isolates representing group M (subtypes
A to G) and group O: LCx HIV RNA quantitative, AMPLICOR
HIV-1 MONITOR version 1.5, and Quantiplex HIV-1 RNA version
3.0,” J. Clin Microbiol, 3, pp. 862-870, 2001.

[10] Study group supported by Ministry of Health, Labour
and Welfare. “Guideline for prevention of Mother-to-
child transmission of HIV-1” (in Japanese), http://api-
net.jfap.or.jp/library/guideLine/boshi/index.html

[11] “Updated U.S. Public Health Service Guidelines for the Manage-
ment of Occupational Exposures to HBV, HCV, and HIV and Rec-
ommendations for Postexposure Prophylaxis,” MMWR, 50. RR11,
pp. 1-42, 2001.

[i2] “Guideline for prevention of Needle-stick,” Study group
supported by Ministry of Health, Labour and Welfare.
http://www.acc.go.jp/clinic/hari/07-01.pdf

[13] D. Trono, C. Van Lint, C. Rouzioux, E. Verdin, F. Barré-Sinoussi,
T. W. Chun, N. Chomont, “HIV persistence and the prospect of
long-tem remissions for HIV-1 infected individuals,” Science 329,
pp. 174-180, 2010.

Name:
Saori Matsuoka

Affiliation:
Researcher, AIDS Research Center, National In-
stitute of Infectious Deceases

Address:
1-23-1 Toyama, Shinjuku-ku, Tokyo 162-8640, Japan

Brief Career:

1997 AIDS Clinical Center (ACC), International Medical Center of Japan
2006- PostDoc Fellow, Institut National de la Santé et de la Recherche
Meédicale, France (INSERM)

2009- Project Researcher, University of Tokyo

2011- AIDS Research Center, National Institute of Infectious Diseases
Selected Publications:

e “Modulation of HIV-1 infectivity and cyclophilin A-dependence by Gag
sequence and target cell type,” Retrovirology, 6, 21, March, 2009.
Academic Societies & Scientific Organizations:

o The Japan association of Virology

o The Japan association for AIDS Research

Journal of Disaster Research Vol.6 No.4, 2011

Strategy for Prevention of HIV-1 Transmission

Name:
Tetsuro Matano

Affiliation:
Director, AIDS Research Center, National Insti-
tute of Infectious Diseases

Address:
1-23-1 Toyama, Shinjuku-ku, Tokyo 162-8640, Japan

Brief Career:

1985 Orthopaedic Surgeon, Faculty of Medicine, Univ. of Tokyo

1995 Visiting Fellow, LMM/NIAID/NIH

2001 Associate Professor, Graduate Sch. of Medicine, Univ. of Tokyo
2006 Professor, Inst. of Medical Science, Univ. of Tokyo

2010 Director, AIDS Res. Ctr., Natl. Inst. of Infectious Diseases
Selected Publications:

o “Cytotoxic T lymphocyte-based control of simian immunodeficiency
virus replication in a preclinical AIDS vaccine trial,” Matano et al. J. Exp.
Med. 199, pp. 1709-1718, 2004.

e “Impact of cytotoxic-T-lymphocyte memory induction without
virus-specific CD4+ T-Cell help on control of a simian immunodeficiency
virus challenge in rhesus macaques,” Tsukamoto et al. J. Virol. 83,

pp- 9339-9346, 2009.

Academic Societies & Scientific Organizations:

e American Society for Microbiology

o International AIDS Society

o Japan Medical Association

o The Japanese Society for Virology

o The Japanese Society for AIDS Research

425



Microbiol Immunol 2011; 55: 768~773
doi:10.1111/].1348-0421.2011.00384.x

ORIGINAL ARTICLE

Major histocompatibility complex class I-restricted cytotoxic
T lymphocyte responses during primary simian
immunodeficiency virus infection in Burmese rhesus
macaques
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ABSTRACT

Major histocompatibility complex class I (MHC-I)-restricted CD8% cytotoxic T lymphocyte (CTL) re-
sponses are crucial for the control of human immunodeficiency virus (HIV) and simian immunodefi-
ciency virus (SIV) replication. In particular, Gag-specific CTL responses have been shown to exert strong
suppressive pressure on HIV/SIV replication. Additionally, association of Vif-specific CTL frequencies
with in vitro anti-SIV efficacyhas been suggested recently. Host MHC-I genotypes could affect the immun-
odominance patterns of these potent CTL responses. Here, Gag- and Vif-specific CTL responses during
primary SIVmac239 infection were examined in three groups of Burmese rhesus macaques, each group
having a different MHC-I haplotype. The first group of four macaques, which possessed the MHC-I hap-
lotype 90-010-Ie, did not show Gag- or Vif-specific CTL responses. However, Nef-specific CTL responses
were elicited, suggesting that primary SIV infection does not induce predominant CTL responses specific
for Gag/Vif epitopes restricted by 90-010-Ie-derived MHC-I molecules. In contrast, Gag- and Vif-specific
CTL responses were induced in the second group of two 89-075-Iw-positive animals and the third group
of two 91-010-Is-positive animals. Considering the potential of prophylactic vaccination to affect CTL
immunodominance post-viral exposure, these groups of macaques would be useful for evaluation of
vaccine antigen-specific CTL efficacy against SIV infection.

Key words cytotoxic T lymphocyte, human immunodeficiency virus, major histocompatibility complex, simian immunode-
ficiency virus.

Virus-specific CD8% CTL responses are crucial for the  class I) genotypes with rapid or delayed AIDS progres-
control of HIV and SIV replication (1-5). CTLs recognize sion in HIV-infected people (6-8). For instance, most of
specific epitopes which are presented on the target cell ~ the HIV-infected individuals possessing HLA-B*57 have a
surface by binding to the MHC-I molecule. There have  better prognosis and smaller viral loads, implicating HLA-
been many reports indicating association of MHC-I (HLA ~ B*57-restricted epitope-specific CTL responses in control
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of this virus (9, 10). Indian rhesus macaques possessing
the MHC-I allele Mamu-B*17 tend to show smaller vi-
ral loads after STVimac239 challenge (11). These findings
imply possible HIV control by induction of particular ef-
fective CTL responses.

The potential of Gag-specific CTL responses to con-
tribute to viral control was suggested by a cohort study
indicating association of HIV control with the breadth
of Gag-specific CTL responses (12). This was supported
by an in vitro study indicating the ability of Gag-specific
CTLs to respond rapidly to SIV infection (13). We pre-
viously developed a prophylactic AIDS vaccine using a
Sendai virus vector expressing SIVmac239 Gag (14) and
showed that Gag-specific CTL responses were responsible
for vaccine-based SIV containment in a group of Burmese
rhesus macaques possessing the MHC-I haplotype 90—
120-Ia (15, 16). Furthermore, our recent study analyzing
the potential of CD8™ cells to suppress SIV replication in
vitrosuggested association of in vitroanti-SIV efficacy with
numbers of Vif-specific CTL frequencies (17). We also
found weaker correlation between anti-SIV efficacy and
numbers of Nef-specific CTL frequencies. These results
imply the potency of Gag- and Vif-specific (and possibly
Nef-specific) CTLs in suppressing HIV/SIV replication.

The immunodominance patterns of these potent CTL
responses could be affected by host MHC-I genotypes (18,
19). Better understanding of these MHC-I-associated CTL
immunodominance patterns during primary HIV/SIV in-
fection would contribute to elucidation of the interac-
tion between viral replication and host CTL responses. In
the present study, we examined whether Gag- and Vif-
specific CTL responses are efficiently induced during pri-
mary SIVmac239 infection in three groups of Burmese
rhesus macaques possessing different MHC-I haplotypes.
One group did not induce Gag- or Vif-specific CTL re-
sponses, whereas the other two groups elicited Gag- and
Vif-specific CTL responses efficiently. These groups of
macaques would be useful for analysis of the impact of
Gag- and Vif-specific CTL responses on SIV replication in
vivo.

MATERIALS AND METHODS

Animal experiments

Animal experiments using Burmese rhesus macaques
(Macaca mulatta) possessing either the MHC-I haplo-
types 90-010-Ie, 89-075-Iw or 91-010-Is were performed
in the Institute for Virus Research, Kyoto University, in
accordance with the institutional regulations approved by
the Committee for Experimental Use of Non-human Pri-
‘mates. The MHC-I haplotypes of macaques were deter-
mined as described previously (20, 21). These animals

(© 2011 The Societies and Blackwell Publishing Asia Pty Ltd
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Fig. 1. Plasma viral loads after SIV challenge. (a) The first group
of Burmese rhesus macaques, which possessed MHC-| haplotype 90-
010-le (R-510, R-514, R-522, and R-529) and (b) the second group,
which possessed 89-075-w (R-511 and R-518) and the third group,
which possessed 97-070-s (R-512 and R-533) were challenged with
SiVmac239. The viral loads (SIV gag RNA copies/mL) were determined as
described previously (15).

were challenged intravenously with 1000 50% tissue cul-
ture infective doses (TCIDsg) of SIVmac239 (22).

Analysis of virus-specific cytotoxic T
lymphocyte responses

Virus-specific CD8*" T-cell frequencies were measured
by flow cytometric analysis of IFN-y induction af-
ter specific stimulation as described previously (17).
PBMCs were cocultured with autologous herpesvirus
papio-immortalized B-lymphoblastoid cell lines pulsed
with peptide pools using panels of overlapping peptides
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spanning the entire SIVmac239 Gag, Pol, Vif, Vpx, Vpr,
Tat, Rev, Nef, and Env amino acid sequences. Intra-
cellular IFN-y staining was performed with a Cytofix-
Cytoperm kit (Becton Dickinson, Tokyo, Japan) and
fluorescein isothiocyanate-conjugated anti-human CD4
(Becton Dickinson), peridinin chlorophyll protein-
~conjugated anti-human CD8 (Becton Dickinson),
allophycocyanin-conjugated anti-human CD3 (Becton
Dickinson), and phycoerythrin-conjugated anti-human
IFN-y monoclonal antibodies (BioLegend, Tokyo, Japan).
Specific CD8" T-cell frequencies were calculated by sub-
tracting nonspecific IFN-y+ CD8% T-cell frequencies
from those after peptide-specific stimulation. Specific
CD8* T-cells counts of less than 100 per million PBMCs
were considered negative.

RESULTS

In the present study, we used eight Burmese rhesus
macaques consisting of four animals possessing MHC-
I haplotype 90-010-le, two possessing 89-075-Iw, and
two possessing 91-010-Is. After a SIVmac239 challenge,
all these animals failed to control viral replication and
had high set-point plasma viral loads (geometric mean:
3 x 10° copies/mL) (Fig. 1).

We examined SIV-specific CD8% T cell responses at
week 2 and week 6 or 12 after SIV challenge in these
animals by detection of specific IFN-y induction after

stimulation using peptide mixtures (Figs. 2 and 3). At
week 6 or 12, we examined CD8 T cell responses specific
for the N-terminal half of Gag (Gag-N), the C-terminal
half of Gag (Gag-C), Vif, Nef, the N-terminal half of Pol
(Pol-N), the C-terminal half of Pol (Pol-C), Vpx, Vpr, the
N-terminal half of Env (Env-N), the C-terminal half of Env
(Env-C), Tat, and Rev. At week 2, however, we examined
only Gag-N-, Gag-C-, Vif- and Nef-specific CD8" T cell
responses because of limited availability of PBMCs.

In the first group of macaques, which possessed 90-010-
Ie, neither Gag- nor Vif-specific CD8" T cell responses
were induced efficiently at week 2 (Fig. 2). Even at week
12, these responses were undetectable in most of the ani-
mals. In contrast, Nef-specific CD8* T cell responses were
detected at week 2, 6, or 12 in all four animals. Env-specific
CD8™* T cell responses were detectable at week 12 in three
of them. These results indicate that, during primary SIV
infection in 90-010-Ie-positive macaques, Gag- or Vif-
specific CD8* T cell responses are not induced, however
Nef-specific CD8™ T cell responses are.

In the second group of macaques, which possessed
89-075-Iw, Gag- and Vif-specific CD8" T cell responses
were elicited efficiently (Fig. 3a). In the third group of
macaques, which possessed 91-010-Is, Gag-, Vif- and Nef-
specific CD8" T cell responses were elicited efficiently
(Fig. 3b). Other SIV antigen-specific CD8" T cell re-
sponses were not efficiently induced in these two groups
except for Tat-specific CD8™ T cell responses in macaque
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R-512. Thus, in the four animals possessing 89-075-Iw
or 91-010-Is, Gag- or Vif-specific CD8" T cell responses
were induced more efficiently than Nef-specific ones at
week 2. These responses in PBMCs were mostly dimin-
ished at week 12; possibly reflecting the considerable CTL
consumption in the effector sites in animals with high
viral loads.

DISCUSSION

Previous studies have indicated the potential of Gag-
specific CTL responses to suppress HIV/SIV replication
in vivo (12, 13, 16). Further, our recent study suggested
the potency of Vif-specific CTL responses (17). Then,
in the present study, we examined Gag- and Vif-specific
CTL responses during primary SIV infection in three
groups of animals, each group having a different MHC-I
haplotype. Although the numbers of CTL frequencies
differed between groups, the CTL responses tended have
similar patterns.

Our previous study showed vaccine efficacy in a group
of macaques with the MHC-I haplotype 90-120-Ia (15,
16). Unvaccinated 90-120-Ia-positive macaques predom-
inantly induce Gag-specific CTL responses but fail to
control viremia, while vaccinated ones show enhanced
Gag-specific CTL responses and control SIV replica-
tion. Gagaps—216 epitope-specific and Gagai—49 epitope-
specific CTL responses were shown to be responsible for
this vaccine-based viral control (16). However, some Gag-
specific CTLs may be effective while others are not. Further
analysis of this type of vaccine efficacy would contribute to
understanding the requisites for vaccine-based viral con-
trol. Possibly, the 89-075-Iw-positive or 91-010-Is-positive
animals presented in this study may be a candidate model
for such analysis. : '

In primary SIVmac239 infection, it is speculated that
some MHC-I haplotypes (referred to as type 1) are asso-
ciated with Gag/Vif-specific CTL responses while others
(referred to as type 2) are not. The MHC-I haplotype 90-
120-Ia described above belongs to type 1. In the present
study, the second group, which possess MHC-I haplotype
89-075-Iw, and the third, which possess 91-010-Is, both
showed efficient Gag- and Vif-specific CTL responses in
primary SIV infection, although it remains undetermined
whether these MHC-I haplotypes belong to type 1. In con-
trast, the first group of macaques, which possess MHC-I
haplotype 90-010-Ie did not show efficient Gag- or Vif-
specific CTL responses in primary SIV infection. Instead,
Nef-specific CTL responses were induced in all four ani-
mals. This suggests that the MHC-I haplotype 90-010-Ie
belongs to type 2; that is, primary SIV infection induces no
predominant CTL responses specific for Gag/Vif epitopes
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restricted by 90-010-Ie-derived MHC-I molecules. Our
results imply that CTLs exerted selective pressure on SIV
gag and vif in the second/third groups but not in the first
group. Larger number of animals would enable us to com-
pare those with type 1 and 2 MHC-I haplotypes, which
would contribute to our understanding of the efficacy of
Gag- and Vif-specific CTL responses against SIV infection.

In developing a prophylactic CTL-inducing AIDS vac-
cine, it would be important to induce CTL memory
resulting in potent CTL responses post-HIV exposure,
while prophylactic vaccination can affect the immun-
odominance patterns of CTL responses post-viral ex-
posure (23, 24). Gag- and Vif-specific CTL memory
induction may be a promising vaccine strategy, but the in-
fluence of prophylactic vaccination on the patterns of CTL
responses post-viral exposure would be affected by MHC-I
genotypes. In the hosts in which Gag- and Vif-specific CTL
responses are induced during the natural course of STV in-
fection, Gag- and Vif-specific CTL memory induction by
prophylactic vaccination would predominantly enhance
these CTL responses. In contrast, in those in whom no
Gag- or Vif-specific CTL responses occurred during the
natural course of SIV infection, prophylactic vaccination
inducing Gag- and Vif-specific CTL responses would re-
sult in broader CTL responses. Macaques in which both

MHC-T haplotypes belong to type 2 may be ideal for eval-

uation of this type of vaccine efficacy, but it is very difficult
to accumulate those animals. It would be reasonable to use
groups of macaques possessing type 2 haplotypes such as
the group 1 (90-010-Ie-positive macaques) presented in
this study for such evaluation.

In summary, by focusing on Gag- and Vif-specific CTL
responses, we found two types of rhesus macaques that
showed different patterns of CTL responses during pri-
mary SIV infection; one elicited Gag- and Vif-specific CTL
responses but the other did not. Accumulated analyses in
both types of animals would contribute to understanding
the impact of these potent CTL responses on primary SIV
infection.
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ARTICLE INFO ABSTRACT
Article history: Viral vectors are promising vaccine tools for eliciting potent cellular immune responses. Pre-existing anti-
Received 5 July 2011 vector antibodies, however, can be an obstacle to their clinical use in humans. We previously developed
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a Sendai virus (SeV) vector vaccine and showed the potential of this vector for efficient CD8* T-cell induc-
tion in macaques. Here, we investigated the immunogenicity of SeV vector vaccination in the presence of
anti-SeV antibodies. We compared antigen-specific CD8* T-cell responses after intranasal or intramuscu-
lar immunization with a lower dose (one-tenth of that in our previous studies) of SeV vector expressing
simian immunodeficiency virus Gag antigen (SeV-Gag) between naive and pre-SeV-infected cynomol-
gus macaques. Intranasal SeV-Gag immunization efficiently elicited Gag-specific CD8* T-cell responses
not only in naive but also in pre-SeV-infected animals. In contrast, intramuscular SeV-Gag immunization

Keywords:
CD8* T-cell responses
Sendai virus vector

Intranasal
Pre-existing antibody induced Gag-specific CD8" T-cell responses efficiently in naive but not in pre-SeV-infected animals. These
AIDS vaccine results indicate that both intranasal and intramuscular SeV administrations are equivalently immuno-

genic in the absence of anti-SeV antibodies, whereas intranasal SeV vaccination is more immunogenic
than intramuscular in the presence of anti-SeV antibodies. It is inferred from a recent report investigating
the prevalence of anti-SeV antibodies in humans that SeV-specific neutralizing titers in more than 70% of
people are no more than those at the SeV-Gag vaccination in pre-SeV-infected macaques in the present
study. Taken together, this study implies the potential of intranasal SeV vector vaccination to induce
CD8* T-cell responses even in humans, suggesting a rationale for proceeding to a vaccine clinical trial
using this vector.

© 2011 Elsevier Ltd. All rights reserved.

1. Introduction vectors can induce natural infection in humans. Thus, pre-

existing antibodies against the vector virus itself could be an

Virus-specific CD8* T-cell responses are crucial for the controt
of human immunodeficiency virus (HIV) and simian immun-
odeficiency virus (SIV) replication [1-6]. Efficient induction of
virus-specific CD8* T-cell responses is an important strategy for
AIDS vaccine development, and recombinant viral vectors are
promising vaccine tools for CD8* T-cell induction [7,8]. Recent
studies have indicated the potential of prophylactic viral vec-
tor immunization to induce virus-specific CD8* T-cell responses
and reduce postchallenge viral loads in macaque AIDS mod-
els [9-13]. Most of the parental or related viruses of these

* Corresponding author at: AIDS Research Center, National Institute of Infectious
Diseases, 1-23-1 Toyama, Shinjuku-ku, Tokyo 162-8640, Japan.
Tel.: +81 3 5285 1111; fax: +81 3 5285 1165.
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0264-410X/$ - see front matter © 2011 Elsevier Ltd. All rights reserved.
doi:10.1016/j.vaccine.2011.09.028

obstacle to viral vector-based CD8* T-cell induction in humans.
Indeed, a clinical trial of a vaccine using adenovirus serotype
5 (AdV5) vectors has shown reduction in efficiency of vaccine-
based CD8* T-cell induction in people with pre-existing anti-AdV5
antibodies [14-17].

We previously developed an AIDS vaccine using a recombi-
nant Sendai virus (SeV) vector and showed that intranasal SeV
vector immunization results in efficient induction of antigen-
specific CD8* T-cell responses in macaques [9,18,19]. SeV, murine
parainfluenza virus type 1 (PIV-1), is an enveloped virus with a
negative-sense RNA genome. SeV replication is localized in the
airway because it requires a protease localized in the airway
epithelium for envelope protein processing [20]. Thus, replication-
competent SeV vectors [21] have been administered intranasally,
while replication-defective SeV vectors [22] may be administered
intramuscularly as well as intranasally. However, we have not
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Fig. 1. Gag-specific CD8* T-cell responses after intranasal boost with lower doses of F(—)SeV-Gag. Cynomolgus macaques received a DNA vaccination, and six weeks later,
were intranasally boosted with 6 x 10° (109), 6 x 108 (108), or 6 x 107 (107) CIU of F(-)SeV-Gag, respectively. Gag peptide pool-specific CD8* T-cell frequencies (percent in
CD8* T lymphocytes) two weeks after the boost are shown. A panel of overlapping peptides spanning the entire SIV Gag amino acid (aa) sequence was divided into 7 pools,
1-65 (corresponding to the 1st-65th aa in SIV Gag), 55-139 (55th~139th aa), 129-213 (129th-213th aa), 202-292 (202nd-292nd aa), 282-364 (282nd-364th aa), 354-442
(354th-442nd aa), and 432-510 (432nd-510th aa), and used for the stimulation to detect peptide pool-specific CD8* T cells, respectively.

yet examined the immunogenicity of intramuscular SeV vector
vaccination.

The natural host of SeV is mice and its natural infection has
not been observed in primates including humans [20]. Antibodies
against human PIV-1 (hPIV-1), whose natural infection frequently
occurs in humans, are known to cross-react with SeV [23,24]. Our
recent analyses in macaques showed efficient Gag-specific CD8*
T-cell induction by an intranasal immunization with 6 x 10° CIU
of F(-)SeV-Gag more than one year after an initial SeV vec-
tor inoculation, suggesting a possibility of antigen-specific CD8*
T-cell induction by SeV vector administration in the presence
of SeV-specific neutralizing antibody (NAb) responses [25,26].
However, it remains unclear to what extent SeV-specific NAbs
could have adverse effect on CD8* T-cell induction by SeV vector
vaccination.

In the present study, we investigated antigen-specific CD8*
T-cell responses after intranasal or intramuscular immunization
with a lower dose of SeV vector in macaques pre-infected with
SeV to sensitively examine the effect of pre-SeV-infection on SeV-
based CD8* T-cell induction. Our results revealed that intranasal
SeV administration is more immunogenic than intramuscular in
the presence of anti-SeV NAbs and suggested the potential of this
vector to induce antigen-specific CD8" T-cell responses even in
humans.

2. Materials and methods
2.1. Animal experiments

The animal experiments were conducted through the Coop-
erative Research Program in Tsukuba Primate Research Center
(TPRC), National Institute of Biomedical Innovation with the help
of the Corporation for Production and Research of Laboratory
Primates. All animals were maintained in accordance with the
guidelines for laboratory animals of the National Institute of Infec-
tious Diseases. Blood collection and vaccination were performed
under ketamine anesthesia. Cynomolgus macaques (Macaca fas-
cicularis) of the TPRC breeding colonies derived from Indonesia,
Malaysia, and the Philippines were used for this experiment.
All animals received a DNA vaccine followed by a single boost
with a replication-defective (non-transmissible) F-deleted SeV
expressing SIVmac239 Gag, F(—)SeV-Gag, as described previously
[9]. The DNA, CMV-SHIVdEN, used for the vaccination was con-
structed from an env- and nef-deleted SHIVypi4yg molecular
clone DNA [27] and has the genes encoding SIVmac239 Gag,
Pol, Vif, and Vpx, SIVmac239-HIV-1 chimeric Vpr, and HIV-1 Tat

and Rev [19]. At the DNA vaccination, animals received 5 mg of
CMV-SHIVAEN DNA intramuscularly. Six weeks after the DNA
prime, animals intranasally or intramuscularly received a single
boost with 6 x 107, 6 x 108, or 6 x 102 cell infectious units (CIU)
of F(—)SeV-Gag [22,28]. Group Il and IV animals were intranasally
infected with 1x 108 CIU of replication-competent (transmissi-
ble) V-knocked-out SeV [18,21] nine weeks before the DNA
prime.

2.2. Measurement of Gag-specific CD8* T-cell responses

We measured Gag-specific CD8* T-cell levels by flow-cytometric
analysis of gamma interferon (IFN-y) induction after specific
stimulation as described previously [9]. Peripheral blood mononu-
clear cells (PBMCs) were cocultured with autologous herpesvirus
papio-immortalized B lymphoblastoid cell lines (B-LCLs) pulsed
with peptide pools using panels of 117 overlapping peptides
(mostly 15-mer) spanning the entire SIVmac239 Gag amino acid
sequences [25] (Fig. 1) or a vaccinia virus vector expressing
SIVmac239 Gag (Figs. 3 and 4) for Gag peptide pool-specific
or Gag-specific stimulation. Intracellular IFN-y staining was
performed using CytofixCytoperm kit (BD, Tokyo, Japan) and
the following monoclonal antibodies: fluorescein isothiocyanate
(FITC)-conjugated anti-human CD4 (BD, #556615, M-T477), peri-
dinin chlorophyll protein (PerCP)-conjugated anti-human CD8 (BD,
#347314, SK1), allophycocyanin (APC)-conjugated anti-human
CD3 (BD, #557597, SP34-2), and phycoerythrin (PE)-conjugated
anti-human IFN-y antibodies (BD, #557074, 4S.B3). Specific
CD8* T-cell levels were calculated by subtracting non-specific
IFN-y* CD8* T-cell frequencies from those after Gag peptide
pool-specific or Gag-specific stimulation. Specific CD8* T-cell lev-
els less than 0.02% of CD8* T lymphocytes were considered
negative.

2.3. Measurement of anti-SeV IgG levels

The plasma anti-SeV immunoglobulin G (IgG) levels were mea-
sured by an enzyme-linked immunosorbent assay (ELISA) (Denka
Seiken, Tokyo, Japan) using whole inactivated SeV (HV] Z strain)
particles and a peroxidase-conjugated anti-monkey IgG antibody
[29].

2.4. Measurement of anti-SeV neutralizing titers

We measured plasma SeV-specific neutralizing titers on LLC-
MK2 cells using a recombinant SeV expressing enhanced green



