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FIG. 2. Dimerization and packaging efficiencies of various deletion mutants of the U5/L stem-loop. (A) Schematic secondary structure of the
HIV-1 U5/L stem-loop. (B) Diagrams of U5/L, stem-loop deletion mutants. The lightly shaded lines represent deleted areas of RNA. (C) Rep-
resentative ImageGauge image of RNA detected by Northern blotting. The positions of dimeric and monomeric viral RNAs are indicated by solid
and open arrowheads, respectively. The various temperatures at which aliquots were incubated are indicated for the wild-type (WT) lane. The D
value and relative packaging efficiency of each mutant are shown below each blot. The packaging efficiencies were calculated from results for the
mutants, which do not contain a second copy of E/DLS. The results represent means = standard errors from at least three independent

experiments. Lane U, unheated sample,

Precise location of DIS/DLS within the U5/L stem-loop. To
identify the exact region responsible for RNA-RNA interac-
tion within the U5/L stem-loop region, we constructed a series
of U5/L stem-loop deletion mutants, dLA1-BA, dLA2-BA, and
dLA3-BA. The US/L stem-loop could be divided into four
parts, the top loop, the upper stem, the PBS loop, and the
lower stem (Fig. 2A). The top loop (9 bases; nucleotides [nt]
604 to 612 [the numbering starts at position +1 of the 5’ end
of the U3 region]) of the U5/L stem-loop was deleted in dLA1-
BA, the top loop and half of the upper stem (23 bases; nt 598
to 620) were deleted in dLA2-BA, and the top loop, the entire
upper stem, and the PBS loop (85 bases; nt 586 to 670) were
deleted in dLA3-BA (Fig. 2B). The virion RNAs from all dLA
mutants formed monomeric RNA at room temperature, quite
similar to that of DDNBA (Fig. 2C). This indicated that the
top loop, the upper stem, and the PBS loop of the U5/L
stem-loop do not contribute to RNA-RNA interaction in viri-
ons. We next introduced a deletion in the lower stem of the
U5/L stem-loop (Fig. 2B). The mutant dLB2-BA lacks 109
bases (nt 578 to 686), corresponding to the top loop, the entire
upper stem, the PBS loop, and half of the lower stem. The 19
bases (nt 577 to 585) of the 5' side of the lower stem were
deleted in dLB3-BA, and the 26 bases (nt 671 to 696) of the 3’
side of the lower stem were deleted in dLB4-BA. The RNA

isolated from dLB2-BA particles showed a profile similar to
that of DDNBA (Fig. 2C). The dLB3-BA RNA also formed
monomeric RNA, but the amount of monomer tended to be
reduced compared to that of DDNBA (Fig. 2C). On the other
hand, dLB4-BA RNA showed that the mutations caused se-
vere impairment in monomer formation. These results sug-
gested that the region affecting RNA dimer formation was
located in the deleted part of dLB4-BA and that the area
absent in dLB3-BA might partially contribute to dimer forma-
tion. Therefore, the 11 bases (nt 577 to 587) of the 5’ side and
the 10 bases (nt 687 to 696) of the 3’ side of the lower stem
appeared to affect RNA-RNA interaction in the HIV-1 ge-
nome.

The RNA profile from dLB3-BA showed that the intro-
duced deletion had an intermediate effect on dimer formation
(Fig. 2C). Since the ratio of monomer content to the total
RNA of the virion produced from DDNBA varied slightly
from experiment to experiment, we developed the following
formula to give an index value of the dimer formation ability
(D) of each mutant, to compare the effects of the mutation of
the DLS area more quantitatively: D = (Mu — W)/(BA — W),
where W, BA, and Mu represent the ratios of the monomer
content to total the RNA of virions produced from the wild
type, DDNBA, and each mutant based on the DDNBA con-
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FIG. 3. Dimerization and packaging efficiencies of lower-stem de-
letion mutants of the U5/L region. Diagrams of deletion mutants are
shown. The lightly shaded lines represent deleted areas of RNA. The
D value and relative packaging efficiency of each mutant is shown
below its diagram. The packaging efficiencies were calculated from
results for the mutants, which do not contain a second copy of E/DLS.
The results represent means * standard errors from at least three
independent experiments.

struct at room temperature. The D value of the wild type is 0,
‘and that of DDNBA is 1. When the mutation severely affects
dimer formation, the monomeric genome content of the virion
is reduced, and D becomes close to zero. Thus, the D value was
expected to represent the magnitude of the effect of the mu-
tation on RNA-RNA interaction in virions. We applied this
formula to the results of the dimerization assay of the mutants
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dLA1-BA, dLA-2BA, dLA3-BA, dLB1-BA, dLB2-BA, and
dLB3-BA. As shown in Fig. 2C, the values for the dLA1-BA,
dLA2-BA, and dLA3-BA mutants were close to 1, while that
for dLB2-BA was ~0.8 and that for dLB4-BA was ~0.25. The
D value for dLB3-BA was ~0.6. These results indicate that the
formula is useful to show the relative efficiency of the RNA
dimerization of each mutant quantitatively.

We also constructed three mutants which contained dele-
tions within the 10 bases of the 5’ side of the lower stem to
assess the precise location of the DLS/DIS (Fig. 3). The de-
leted area of dLC1-BA is 10 bases of the 3’ side of the lower
stem (nt 687 to 696), which is the region deleted from
dLB4-BA but still present in dLB2-BA. The upper and lower 5
bases of this area were deleted in dL.C2-BA (nt 687 to 691) and
dLLC3-BA (nt 692 to 696). The RNA profiles of these mutant
viruses were compared to those of DDNBA and the wild type,
and D values were calculated (Fig. 3). The D value of the
dLC1-BA mutant was ~0.35. This value was slightly higher
than that of dLB4-BA but still much lower than that of
DDNBA. The D values of both the dLC2-BA and dLC3-BA
mutants were ~0.6, showing partial inhibition of dimerization.
Thus, 10 bases just upsiream of the SL1 stem-loop play an
important role in mediating RNA-RNA interaction and/or in
forming overall structure necessary for dimerization in virions.

Functional areas for RNA dimerization within SL1. The
palindromic sequence on the loop of SL1 is believed to be the
dimer initiation sequence in vitro. We tried to identify the
region within the SL1 stem-loop which is responsible for RNA-
RNA interaction in vivo. We constructed five SL1 mutants as
derivatives of the pDDNBA construct. The mutants BsS1-BA,
BsT2-BA, and BsT6-BA contain a 5-base deletion, a 3-base
insertion, and a 4-base insertion, respectively, at the BssHII
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FIG. 4. Dimerization and packaging efficiencies of various SL1 mutants. (A) Schematic secondary structure of HIV-1 SL1 stem-loop. (B) Di-
agrams of SL1 stem-loop mutants. The inserted bases in BsT2 and BsT6 are indicated in large Jetters. The Miul recognition site introduced at the
position where SL1 is deleted in the mutant dM is indicated in large italic letters. The D value and relative packaging efficiency of each mutant
are shown below its diagram. The packaging efficiencies were calculated from resulis for the mutants, which do not contain a second copy of E/DLS.
The results represent means + standard errors from at least three independent experiments.
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FIG. 5. RNase protection assay measuring packaging efficiencies of pNLNh derivatives. The mutants were cotransfected into 293T cells along
with the wild-type (WT), pNLNh. The cytoplasmic RNA from the transfected cells and the virion RNA were subjected to RNase protection
analysis. The probe used was generated from pGEM(600-1000). This probe is complementary to a portion of the 5' untranslated region and the
gag gene from pNLNh and is capable of distinguishing the wild-type and each mutant RNA. The amount of probe loaded on the gel was 1/500 of
the amount of probe used in the experiment. The position of each diagnostic band for the viral RNA is indicated on the right of each gel. The
numbers in parentheses represent the sizes (in nucleotides) of the protected bands of the mutants.

recognition site in the hairpin loop of SL1 (Fig. 4B). The loop
and top stem of the authentic SL1 is deleted in the mutant
dL1-BA (21 bases; nt 703 to 723), and the base pairing of the
top stem is partially abolished in S1-BA (Fig. 4B). We exam-
ined the dimerization efficiencies of the genomic RNAs of
these mutants. As shown in Fig. 4B, the D value of dM-BA, in
which the entire SL1 was deleted, was almost 0, whereas those
of dL1-BA and BsS1-BA were ~0.5. These results indicate that
the hairpin loop and upper-stem region only partially contrib-
ute to dimer formation and that the entire stem-loop forma-
tion of the SL1 region is required for mediating RNA-RNA
interaction in vivo. On the other hand, the ability to form a
dimer was not altered by the hairpin loop mutations intro-
duced into BsT2-BA or BsT6-BA (Fig. 4B). This means that
enlargement of the hairpin loop does not affect dimerization.
The ability to form dimers was also maintained after the upper-
stem disruption introduced into the mutant S1-BA. This sug-
gests that the upper-stem formation of SL1 is not required for
RNA-RNA interaction.

The encapsidation signal expands to a much larger area
than the DIS/DLS. The E/psi site and the DIS/DLS site have
been believed to overlap, and they may cooperate during the
particle formation process. We tried to find the location of the
E/psi site by RNase protection assay using 5'-region deletion
mutants that do not contain a second copy of the E/DLS region
within their genomes. First, 293T cells were cotransfected with
equal amounts of pNLNh (the wild type) and a plasmid con-
taining various mutations examined above. The cytoplasmic

RNA was isolated from these cells, and the virion RNA was
isolated from the medium as previously described (32); both
were subjected to RNase protection analysis with a riboprobe
capable of detecting both wild-type and mutant RNAs (Fig. 5).
The relative encapsidation efficiencies of the mutants were
determined by calculating the ratio of the mutant RNA to the
wild-type RNA in the virion relative to the ratio of the two
RNAs in the ¢ytoplasm. Quantitation of the unspliced viral
RNA in the cytoplasm by RNase protection assay indicated
that all mutants expressed similar levels of steady-state cyto-
plasmic RNA relative to the wild type (Fig. 5 and data not
shown). As shown in Fig. 1B and previous reports (33, 34),
complete deletion of the R/US, US5/L, and SL1 stem-loop re-
gions resulted in harsh reduction of packaging efficiency. On
the other hand, deletion of the PBS and the upper stem-loop
region of US/L (dLA1, dLA2, and dLA3) did not affect pack-
aging (Fig. 2B). The packaging efficiencies of the mutants
dLB2, dL.B3, and dLLB4 were seriously impaired, showing that
the entire lower stem of the U5/L region plays an important
role in RNA encapsidation (Fig. 2B). These results indicated
that the packaging signal does not completely coincide with the
DIS/DLS, since the R/US stem-loop and the areas deleted
from the mutant dLB2 contributed little to the dimer forma-
tion function. The mutant dLC1 showed a significant impair-
ment in packaging, whereas the mutants dLC2 and dLC3 did
not (Fig. 3). Top-stem truncation, top-stem corruption, or hair-
pin loop deletion of the SL1 stem-loop region only partially
reduced packaging ability (Fig. 4B). Enlargement of the hair-
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pin loop of SL1 also only partially affected encapsidation (Fig.
4B, BsT2 and BsT6).

DISCUSSION

In this work, we used a previously reported system (38) to
study the RNA-RNA interaction that occurs in mature HIV-1
virions. This system has several advantages for analyzing the
RNA dimerization of HIV in vivo. First, we can see the in vivo
dimerization of the mutant of the packaging signal region
without affecting the encapsidation ability of RNA. Second, we
can limit the area for analyzing dimerization to the 5’ leader
region. There are several reports suggesting that the area other
than the primary 5’ DIS/DLS affects retroviral genome dimer-
ization in vivo (39, 43). Even in the reports describing the
importance of the primary DIS/DLS site of HIV-1, a significant
amount of dimerized genome from the DIS/DLS mutants is
usually observed (9, 26, 40). These facts obviously suggest the
presence of the secondary or tertiary DLS within viral RNA.
Our system facilitates the analysis of the 5" DIS/DLS directly
and independently of these secondary or tertiary DLSs.

The first experiment gave clear-cut results (Fig. 1). The
R/US5 loop and the PBS were not included in the DIS/DLS,
whereas the SL.1 and U5/L stem-loop regions played critical
roles in genome dimerization. In subsequent experiments, we
anatomized the U5/L stem-loop to identify the region respon-
sible for dimer formation. Most of the U5/L stem-loop is not
required, and only 10 bases of lower stem play an important
role in inducing RNA dimerization. These results are consis-
tent with recent reports suggesting the participation of the
U5/L region in RNA dimerization in vivo (27, 40). We also
found that the 5’ side of the lower stem contributes partially to
dimer formation (Fig. 2). :

Unexpected results were obtained from the experiments
with the SL1 stem-loop. Surprisingly, all SL1 mutants except
dM-BA partially or fully retained dimerization activity. The
mutant BsS1-BA lacks a palindromic sequence in the hairpin
loop, so the initial interaction between the authentic and ec-
topic SL1 sequences on the same RNA would be ablated.
BsT6-BA has a longer palindromic sequence (10 bases), which
could potentially lead to more stable interaction between the
two SL1 hairpins intermolecularly while intramolecule loop
interaction would still be mediated by 6-base palindromic se-
quences. BsT2-BA contains an interrupted palindrome that
might interfere with stable association between the two hair-
pins. Based on a previous analysis of mutants containing le-
sions in the hairpin loop (15, 28), the mutations in BsS1-BA
and BsT2-BA would abrogate the homodimer formation of
SL1 in vitro. Since it is believed that the palindromic sequence
on the top of SL1 initiates dimer formation, BsS1-BA and
BsT2-BA were expected to have a lethal defect in dimer for-
mation. Nevertheless, BsT2-BA completely retained the ability
to form dimers, and BsS1-BA partially retained the function.
BsT6-BA and S1-BA were also unchanged in terms of dimer-
ization. These results suggested that the contributions of the
top hairpin loop and upper stem of SL1 to dimer formation are
limited. Instead, the entire SL1 stem-loop, or possibly the
lower stem of SL1, is required for complete RNA dimerization.
In addition, the result for BsT2-BA clearly showed that the
palindromic sequence on the hairpin loop of SL1 is not re-
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FIG. 6. Functional mapping of the 5’ region of HIV-1. The func-
tional maps of RNA dimerization (top) and genome packaging (bot-
tom) are shown separately. The shadowed open lines represent the
areas dispensable for each function. The solid bold lines represent the
areas essential for each function. The shaded lines represent the areas
important for efficient functions. The dashed lines represent the areas
not yet analyzed.

quired for RNA-RNA interaction in the virion. In contrast, all
SL1 mutations resulted in a reduction of packaging efficiency
(Fig. 4B). Even the mutations that did not affect dimerization
(BsT2, BsT6, and S1) caused some defect of encapsidation.
These results indicate that the hairpin loop and top stem of
SL1 are much more important in the generation of a packaging
signal than in RNA dimerization. Consistent with this finding,
Harrison et al. reported that SL1 stem corruption or loop
deletion caused partial packaging and replication defects
(20).

We have summarized the results in schematic functional
maps (Fig. 6). It should be emphasized that there are parallel
interrelations between DIS/DLS and E/psi in some regions
presented. For example, complete deletion of SL1 resuited in
a marked reduction of both dimerization and encapsidation
abilities, whereas a top-stem truncation or top-loop deletion
produced only a partial reduction of these two functions (Fig.
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4B). Similarly, the mutations introduced in dLLB4, dLC1, dLC2,
and dLC3 affected, almost in parallel, the magnitudes of the
packaging and dimerization functions (Fig. 2 and 3). More-
over, we could not find a region that is functional only for
dimerization and not for packaging, whereas we observed re-
glons functional for packaging but not dimerization (e.g., the
entire R/US stem-loop or the upper region of the U5/L lower
stem). In other words, the regions important for dimerization
were always important for packaging. Previously, we reported
that two E/DLS molecules are required but that dimerized
RNA strands do not need to be packaged into HIV-1 virions
(37). Taken together, our results strongly suggest that the
RNA linkage structures and/or their interaction is required for
packaging. We hypothesize that the RNA-packaging event
consists of multiple steps and that RNA dimerization is one of
the steps. We also assume that E/DLS RNA must be recog-
nized as an intact packaging signal by viral protein only after a
secondary or higher structure is formed by two E/DLS mole-
cules. It should be noted, however, that the assumption that in
our experimental system the intermolecular and intramolecu-
lar dimers are selected equally well for packaging is untested.

It has been suggested that the upper-stem-loop parts of the
US/L region form a relatively complicated structure for the
uptake of tRNA primer into the PBS (5, 24). Our results
showed that this region is not necessary for dimer formation or
the encapsidation of RNA (Fig. 2) and might suggest that the
region exists primarily for primer uptake, even though it is
located at the center of the E/DLS. We also found that the PBS
site itself is required for neither dimerization nor packaging
(Fig. 1), and these facts might imply that the primer binding
event occurs independently of the packaging-dimerization
event.

Our result with the mutants dLB3 and dL.B4 (Fig. 2) showed
that the contributions to dimerization of each side of the U5/L
lower stem were not identical. This suggested that the primary
structure rather than the stem structure in this region is im-
portant for mediating RNA dimer formation and/or that the
lower stem region of the U5/L. stem-loop might form differ-
ently. In addition, we could not deny the possibility that the
large-deletion mutations might change the overall structure of
the E/DLS region. The RNA structure model we used in this
study was based on the Mfold program and is a relatively
simple one (34). There is accumulating evidence that the
HIV-1 leader RNA folds into a more complicated secondary,
and probably tertiary, structure (4, 12, 21). However, the mod-
els currently suggested are based on in vitro experiments
and/or computational analysis, and the HIV-1 RNA structure
in vivo is still unclear. As our experiments were performed in
an in vivo system, our data would thus be one of the clues to
unveil the in vivo structures of E/DLS. The results of our
DIS/DLS analysis contain some discrepancies from other re-
ports using different systems (40). On the other hand, in a
recent paper studying packaging signals in the U5/L stem-loop
region (8), the regions shown to be necessary for encapsidation
were quite similar to those in our results. These facts might
also imply the complexity of E/DLS formation and structure in
vivo.

HIV dimeric RNA is apparently stabilized by the action of
NC protein in mature virions (13, 14, 16, 17). While we mea-
sured the extent of dimerization of the RNA in mature parti-
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cles, the RNA is undoubtedly packaged without the stabilizing
effect of free NC protein. It is at least a theoretical possibility
that some RNAs are packaged without RNA-RNA interac-
tions but are then converted to dimers by the action of NC
when the virus matures. According to this strict approach, our
data would suggest that the ability of the E/DLS region to form
RNA dimers in mature particles is necessary but not sufficient
for packaging.

In conclusion, we have demonstrated that the HIV-1 U5/L
and SL1 regions could be a multifunctional domain and sug-
gested that E/DLS dimerization might be an essential step for
the genome packaging of HIV-1. As the region we have dis-
cussed was necessary but not sufficient for dimerization and/or
packaging, more studies are under way to elucidate the mini-
mum region required and sufficient for RNA dimerization of
HIV-1 in vivo.
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No significant enhancement of protection by Tat-
expressing Sendai viral vector-booster in a
macaque AIDS model

Tetsuro Matano®®, Munehide Kano®, Akiko Takeda®®,

Hiromi Nakamura®, Nobuhiko Nomura®, Yousuke
Furuta®, Tatsuo Shioda? and Yoshiyuki Nagai®®

We previously developed a DNA-prime/Gag-
expressing Sendai virus (SeV) vector-boost vac-
cine system, and showed its excellent protective
efficacy against a pathogenic SHIV infection in
macaques. Alternative antigens may be used
instead or together with Gag for the booster. We
examined the potential of Tat as the booster
antigen in our DNA-prime/SeV-boost system.
However, boosting by Tat-expressing SeV in-
duced no significant enhancement of protection
against SHIV infections.

Cellular immune responses play a critical role in the
control of immunodeficiency virus infections [1]. We
previously developed an AIDS vaccine system using an
env and nef-deleted SHIV proviral DNA, which in-
duces SHIV-specific cellular immune responses effi-
ciently {2]. Furthermore, we established a recombinant
Sendai virus (SeV) vector-based AIDS vaccine system
[3,4]. We combined these two systems to develop a
DNA-prime/Gag-expressing  SeV  (SeV—Gag)-boost
vaccine, and showed its excellent protective efficacy
against a pathogenic SHIV89.6PD infection in maca-
ques [5]. The DNA-prime/SeV-boost regimen is
therefore a promising vaccine delivery system.

Alternative antigens may be used instead or together
with Gag for the booster. Recently, the importance of
immune responses specific to viral early regulatory
proteins such as Tat in the control of immuno-
deficiency virus infections has been stressed [6], and
several kinds of Tat-based AIDS vaccines have been
reported to show protective efficacies in macaque
AIDS models [7-9]. However, failure in the control of
SIV infection by vaccine-induced Tat-specific T-cell

responses was also reported [10]. The efficacies of Tat-
based AIDS wvaccines may thus be dependent on
antigen-delivery systems. In this study, we examined
the efficacies of a Tat-expressing SeV (SeV-Tat)-
booster in our prime/boost system.

A recombinant SeV-expressing HIV-1nr4.3 Tat was
constructed and recovered as described [3]. Efficient
Tat expression in SeV-Tat-infected CV-1 cells was
confirmed by Western blotting using an anti-Tat anti-
body (data not shown). All the macaque experiments
were performed in accordance with the institutional
guidelines for laboratory animals. Three rhesus maca-
ques (Macaca mulatta) were vaccinated with DNA-
prime/SeV~Tat-boost; the animals received the provir-
al DNA vaccinations for the priming as described [5]
and an intranasal inoculation with 1 X 10® infectious
units of SeV—Tat for the booster at week 12 after the
initial DNA vaccination. SHIV-specific T-cell levels
were measured by flow-cytometric analysis of antigen-
specific IFN-y induction as described [5]. All the
animals showed the induction of SHIV-specific T cells
by DNA vaccinations, and after the booster, the
expansion of SHIV-specific T cells, particularly SHIV-
specific CD4 T cells (data not shown).

The animals were intravenously challenged with a
pathogenic SHIV89.6PD (provided by Y. Lu) [11] at
the dose of 10 TCID;p (50% tissue culture infective
doses) 14 weeks after the booster. Their protection
levels were compared with those in two control
groups; one was a naive control group and the other
received proviral DNA vaccinations [5] (Fig. 1). In the
naive control group, all four animals showed acute
depletion of peripheral CD4 T cells, three of them
failed to control viraemia and two developed AIDS to
be euthanized in 10 months (R010 at week 41 and
RO14 at week 36). In the second group vaccinated
with DINA alone, all three animals showed lower
setpoint viral loads and were protected from progres-
sion to AIDS, although one of them showed acute
CD4 T cell depletion. Similarly, in the DNA/SeV-
Tat-vaccinated group, all three macaques controlled
viraemia and were protected from disease progression,
but one of them showed acute CD4 T cell depletion.

In conclusion, we found no significant differences in
protection levels between the DNA-vaccinated and the
DNA/SeV—Tat-vaccinated groups. In our previous
report [5], all the DINA/SeV—-Gag-vaccinated macaques
showed reduced levels of peak viral loads during the
acute phase of SHIV89.6PD infection and were pro-
tected from acute CD4 T cell depletion. In this study,
however, DNA/SeV~Tat vaccination failed to consis-
tently protect animals from acute CD4 T cell depletion.
Boosting by SeV—Tat alone was thus not so effective
in our prime/boost system. These results do not deny
the potential of Tat-based AIDS vaccines, but suggest
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Fig. 1. Protection of vaccinated macaques against SHIV89.6PD challenge. Left panels show the naive control animals:
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relative peripheral CD4 T cell counts. In each animal, the CD4 cell count at the challenge is rated as 100, and the relative values
of the CD4 cell counts to that at the challenge are shown. Lower panels show changes in plasma SHIV RNA copy numbers

{copies/ml) measured as described [2].

the importance of the careful selection of antigens for
the development of an AIDS vaccine.
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HLA-B Polymorphism in Japanese HIV-1-Infected
Long-Term Surviving Hemophiliacs

MWANSA MUNKANTA,! HIROSHI TERUNUMA,> MEGUMI TAKAHASHI,3
HIDEJI HANABUSA,* TAKUMA MIURA,3 SHUICHI IKEDA,> MICHIO SAKAI,’
TERUHISA FUJIIL® YOSHIHIRO TAKAHASHIL® SHIN-ICHI OKA,'® JUZO MATSUDA,!!
MASAAKI ISHIKAWA,!2 MASASHI TAKL" YOSHIFUMI TAKASHIMA, 4
JUN-ICHI MIMAYA,'* MASAHIKO ITO,! AKINORI KIMURA,? and MICHIO YASUNAMI3

ABSTRACT

Approximately 30% of patients with hemophilia in Japan were infected with human immunodefi-
ciency virus (HIV) in early 1980s through contaminated blood products. In 1995, a cohort of HIV-
infected, asymptomatic patients with hemophilia was set up for follow-up study. Although the pa-
tients met the criteria for long-term non-progressor (LTNP) at the entry to the cohort, some of them
later developed lymphopenia during five more years of observation. We collected blood samples
from 80 long-term survivors; 42 of them did not require antiviral therapy, but the rest were under
treatment. Analysis of HLA-B genotype revealed that carriers of known HIV-resistant alleles such
as HLA-B*5701, B#5801, and alleles of B27 antigenic group were not increased in frequency, but
that HLA-B*1507 was increased in the cohort (6.25% vs. 1.03%, OR = 6.40, p = 0.039). We also
observed the decrease in carriers of HLA-B#*5401 (3.75% vs. 14.95%, OR = 0.22, p = 0.016). HLA-
B#5401 is a relatively common allele in East Asian populations and belongs to the same B22 anti-
genic group as B55 and B56 which were reported to associate with rapid progression. Our data in-
dicated that HLA class I is one of the host factors involved in the retardation of HIV disease
progression as also reported in the previous studies; however, the alleles associated with this resis-
tance were not the same because of divergent host genetic background.
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HLA-B IN JAPANESE SLOW/NON-PROGRESSORS

INTRODUCTION

APPROXIMATELY 0.1% of the adult Japanese popula-
tion is infected with the human immunodeficiency
virus (HIV) (1). The number of reported HIV cases, par-
ticularly through heterosexual contact, is steadily rising
with a doubling of annual cases from the numbers seen
in the 1990s to those reported recently (2), but the ma-
jor source of infection was imported blood products ad-
ministrated to patients with hemophilia at the beginning
of the HIV endemic in Japan (3). The first reported cases
of AIDS in Japan were noted in patients with hemophilia
in 1985. Thereafter a national HIV/AIDS surveillance
study was conducted. By 1998, it was reported that 1404
patients with hemophilia were infected with HIV and that
502 among them had died, after developing AIDS (2).
Approximately 30% of hemophiliac patients were found
to be HIV carriers within the seven years from 1985 when
heated plasma concentrates were generally used. In 1995,
we set up a cohort of HIV-infected, asymptomatic pa-
tients with hemophilia for follow-up study. Upon the en-
try to the study, it had already been more than 10 years
since exposure to the virus for all patients.

In the natural course of HIV infection, initial viremia
accompanied by general manifestations such as fever

takes place in the acute phase. Then, most of patients re- .

cover more or less from peak viremia to certain levels of
viral load or “set points,” presumably at least in part
through the elimination of viral infected cells by cyto-
toxic T lymphocyte (CTL) response of the host immune
system (4). After years of an asymptomatic period, a con-
siderable number of the patients develop AIDS charac-
terized by the deficit and dysfunction of CD4-positive T
lymphocytes along with the re-elevation of viral load, if
they do not take any anti-viral measures, such as highly
active anti-retroviral treatment (HAART). In the latter
viremic phase, the viral genome will have accumulated
several mutations, some of which are advantageous to es-
cape from host immune surveillance (4). A small part of
infected patients maintain low viral loads, high CD4™%
cell count and remain asymptomatic for seven years or
more. These are known as long term non-progressors
(LTNP) (5). The presence of slow progressors and LTNP
has attracted research interests in general because they
may hold the underlying biological mechanisms against
HIV disease progression.

CTL responses are HLA class I restricted and most
immune evasion mutations tend to take place in the cod-
ing sequence of the CTL epitope. The CTL epitopes vary
with polymorphisms in the peptide binding groove of
HLA class I molecule. Therefore HLA class 1 polymor-
phism is one candidate factor which elucidates the in-
dividual difference in anti-viral response and clinical
features. Indeed, there have been many studies which de-

501

scribe that some HLA-alleles are associated with resis-
tance to HIV, and that other alleles were associated with
susceptibility (5). In the present study, we examined
HLA-B polymorphism in the cohort of Japanese patients
with hemophilia who had been infected with HIV for 10
years or longer without progression to AIDS.

MATERIALS AND METHODS

Patient samples. All the protocol of the present study
was approved by Bthics Reviewing Board of Yamanashi
University and the Medical Research Institute of Tokyo
Medical and Dental University as well as all hospitals in
which the samples were taken. Upon the set-up of the co-
hort of HIV-infected Japanese patients with hemophilia
in 1995, all patients were infected for longer than ten
years but asymptomatic without any antiviral measures.
Blood samples were collected from 80 well-characterized
patients who were selected from the cohort after obtain-
ing written informed consent. At the time of sample col-
lection, 42 of them were still asymptomatic and main-
tained their CD4* T cells at certain level (no less than
200/mm?), but the rest were under anti-retroviral treat-
ment (HAART) because of development of CD4 reduc-
tion less than 200/mm?. Quantification of viral RNA in
the plasma was carried out by the Roche Amplicor ver-
sions 1.5 assay (Roche Diagnostics, NJ) on the sample
collection and will be reported elsewhere in detail. The
DNA was prepared from the blood samples by the use of
Wizard genomic DNA purification kit (Promega, WI).

HLA-B typing. HLA-B genotype was determined by
using Dynal RELI SSO HLA-B typing kit (Dynal
Biotech, Oslo, Norway) and Pattern Matching Program
(Dynal Biotech) and/or sequence-based typing (SBT)
method essentially according to the 13th International
HLA Workshop and Congress (IHWC) technical manual
published on the IHWC web site {(www.ihwc.org). De-
tailed method of SBT is available on request. In brief,
the sequences around exons 2 and 3 were amplified in
separate PCR. Amplified DNA was treated with Exo-
SAP-IT (Amersham Biosciences, NJ) according to the
manufacturer’s recommendation, and then the sequence
was determined by using BigDye Terminator v1.1 cycle
sequencing kit (Applied Biosystems, CA) and ABI 3100
Genetic Analyzer (Applied Biosystems).

Statistical analysis. Frequency of carriers of each al-
lele between patient group and controls were compared.
The controls were from random sampling of healthy vol-
unteer (n = 194). Odds ratio (OR) was calculated by
Woolf’s formula (7), for which Haldane’s modification
was applied upon necessity (8). Statistical significance of
the difference in frequencies was evaluated by ¥ test
with Yates’ correction (9).
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TaBLE 1. CarrIERS OF HLA-B ALLELES IN JAPANESE LONG-TERM SURVIVING, HIV-INEECTED HEMOPHILIACS

HIV-infected hemophiliacs Controls
(n = 80) (n = 194)

Allele (%) (%) Odds rario? P
B*0702 12.5 11.9 1.06 ns
B*1301 2.5 0.5 4.95 ns
B#1302 13 0.0 (7.34) ns
B*1501 22.5 15.0 1.65 ns
B*1502 0.0 1.6 (0.34) ns
B*1507 6.3 1.0 6.40 0.039
B*1511 2.5 2.6 0.97 ns
B*1518 2.5 5.2 0.47 ns
B*2704 13 0.0 (7.34) ns
B#2705 0.0 0.5 (0.80) ns
B#*3501 7.5 10.3 0.71 ns
B*3701 13 0.0 (7.34) ns
B*3802 0.0 1.0 (0.48) ns
B#*3901 3.8 4.6 0.80 ns
B*3902 0.0 0.5 (0.80) ns
B*3904 0.0 0.5 (0.80) ns
B*4001 12.5 10.3 1.24 ns
B*4002 213 11.3 2.11 0.052 (ns)
B*4003 2.5 0.5 4.95 ns
B*4006 6.3 10.8 0.55 ns
B*4402 38 0.5 7.52 ns
B*4403 11.3 13.4 0.82 ns
B*4501 0.0 0.5 (0.80) ns
B*4601 7.5 11.3 0.63 ns
B*4801 2.5 7.7 0.31 ns
B*5101 213 11.3 2.11 0.052 (ns)
B*5102 0.0 0.5 (0.80) ns
B#5201 17.5 27.3 0.56 ns
B*5401 38 15.0 0.22 0.016
B#5502 6.3 6.2 1.01 ns
B*5504 0.0 0.5 (0.80) ns
B*5601 1.3 2.6 0.48 ns
B*5603 13 1.0 1.22 ns
B*5801 2.5 1.0 2.46 ns
B#5901 3.8 5.7 0.69 ns
B*6701 6.3 2.1 3.17 ns
Bw4/Bw6
Bw4 58.8 ‘ 521 1.31 ns
Bw4-80Thr 213 15.5 1.48 ns
Bw4-80Hle 45.0 41.8 1.14 ns
Bwo 90.0 87.6 1.27 ns
Supertype
B7 50.0 54.1 0.84 ns
B27 10.0 19.0 0.47 ns
B44 55.0 42.7 1.63 ns
Bs58 2.5 1.0 2.46 ns
B62 55.0 50.0 1.22 ns

20dds ratio was calculated by Woolf’s formula. Value in parenthesis was from Haldane’s modification when Woolf’s formula
was inappropriate. The p value was calculated by y? test with Yates’ correction.
ns, not significant.
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TaBLE 2. HLA-B SUPERTYPES AND OUTCOME OF LONG-TERM SURvIVING, HIV-INFECTED HEMOPHILIACS
Non-progressors Patients under HAART
(n = 42) (m = 38)
Supertype (%) (%) Odds ratio® P
B7 429 57.9 0.55 ns
B27 2.4 18.4 0.11 0.044
B44 54.8 55.3 0.98 ns
B58 4.8 0.0 (4.75) ns
B62 57.1 42.1 1.83 ns
aSee footnote of Table 1.
RESULTS public antigens or subtypes of Bw4 were not different be-

Analysis of HLA-B alleles. HLA-B genotype of 80
hemophiliac patients was determined and frequency of
carriers of respective alleles was calculated (Table 1).
HLA-B*5701, B58 alleles, and B27 alleles that were re-
ported to be associated with resistance to HIV infection
in the North American, European and African popula-
tions were not found or significantly changed in fre-
quency in our cohort (6,10). Instead, the frequency of
HLA-B*1507 carrier was significantly increased in the
patients in comparison to the controls (6.25% vs. 1.03%,
OR = 6.40, p = 0.039). Carriers of HLA-B*4002 and
those of HLA-B*5101 were also marginally increased.
On the contrary, carriers of HLA-B*5401 were signifi-
cantly decreased in patients (3.75% vs. 14.95%, OR =
0.22, p = 0.016). Bw4 and Bw6 are mutually exclusive
public epitopes on most of HLA-B alleles and are shared
by a small group of HLA-A alleles. The Ile80 subtype of
Bw4 was reported to associate to HIV-resistance pre-
sumably via interaction with its receptor on natural killer
cells, KIR-3DS1 (11). However, the frequencies of Bw-

TABLE 3.

tween patients and controls (Table 1).

Most HLA class I alleles fall in to several groups called
as supertype in terms of their preference in binding to
antigen peptide (12). Therefore, the alleles classified to
the same HLA supertype are assumed to be roughly
equivalent in their function. Among five known HLA-B
supertypes, B58 supertype was reported to confer the host
resistance to HIV (13). The frequencies of HLA-B su-
pertypes were not different between patients and controls
(Table 1).

Can HLA-B predict the long-term prognosis? Al-
though the patients had been so-called non-progressors
or slow progressors for more than ten years at the entry
of the cohort, some of them developed immune dys-
function and required introduction of HAART to prevent
further progression. When we compared the HLA-B al-
leles and supertypes between patients who had not in-
troduced HAART (n = 42) and those who were under
HAART (n = 38), B27 supertype carrier was more in
patients under treatment (Table 2). The alleles of B27
supertype found in the patients were HLA-B*1518,

HIV Loap anp HLA-B SUPERTYPE CARRIERS?

Supertype carriers (%)

HIV load
QOutcome (copies RNA/mL) B7 B27 B44 B58 B62
Non-progressors (n = 40)°
<10? 9 55.6 0.0 77.8 0.0 55.6
102-103 11 36.4 9.1 54.5 0.0 54.5
103104 12 50.0 0.0 50.0 8.3 50.0
10%< 8 25.0 0.0 50.0 12.5 75.0
Patients under HAART (n = 38)
<10?% 23 69.6 8.7 60.9 0.0 34.8
102-10° 3 66.7 333 0.0 0.0 66.7
103< 12 333 333 58.3 0.0 41.7

aEach outcome group of patients was stratified according to the viral load.

bData was not available for two non-progressors.
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B*2704, B*3901and B*4801, the presence of which may
unfavorable for the host to control virus for extended pe-
riod (12). When the patients were further classified ac-
cording to the viral load in the peripheral blood, no HLA
supertypes affected of the levels of HIV load after seven
to eight years of observation period in both outcome
groups (Table 3). Therefore, HLA-B could not predict
the long-term prognosis of non-progressors in the present
study.

DISCUSSION

The rate of progression from HIV infection to AIDS
is controlled by several host and viral factors. Polymor-
phisms in chemokine and chemokine receptor genes have
been repeatedly observed to associate with host resis-
tance, which may affect viral propagation in the host or-
ganism through the changes in infectivity (14,15). HLA
class I polymorphism is another key factor for host
resistance against HIV. Several alleles such as HLA-
B*5701, B58 alleles and B27 alleles were demonstrated
to be associated with resistance and others such as HLA-
B*-0702, B35, B53, and B22 alleles were associated with
rapid progression (6,10,16-19). In addition to association
of specific alleles, groups of functionally equivalent al-
lele are also associated with the progression of disease
and the viral load, which force the viral genome to evolve
80 as to fit to the prevalent host HLA polymorphism (13).
An increase of B27 super type in patients under HAART
in comparison to LTNP in the present study appeared to
be discrepant with the previous findings in which B27
supertype was associated to resistance. This might be be-
cause of difference in observation period after infection
of the studies or difference in genetic background of the
patient ethnic group.

HLA-B*1507 was associated to long term survival
upon HIV infection in our cohort. Although HLA-
B*1507 encodes B62 serological antigen, data concern-
ing binding peptide motif for this allele has not been
available yet. Therefore, no supertype was designated
for HLA-B*1507 (12). Bioinformatics has been applied
to infer the supertype for the alleles without peptide
binding data, but the results require to be confirmed by
experiments (20). Analysis of escape mutations in HLA-
B*1507 carriers would be helpful for understanding of
the mechanism of resistance against HIV. On the con-
trary, we observed decreased frequency of HLA-B*5401
in the long-term survivors. LTNP group alone reached
to significant level (not listed in the table). HLA-B*5401
were not evaluated in the previous studies with non-
Asian ethnic groups, because the frequency of this allele
is very low in the population. Because HLA-B*5401 be-
longs to B22 antigenic group together with B55 and B56

MUNKANTA ET AL.

alleles, which were reported associate with rapid pro-
gression in MACS and other cohorts, this allele might
be unfavorable for the host (18). This would be an im-
portant public issue because HLA-B*5401 is the second
most prevalent allele in the Japanese, and also highly
prevalent in China (21).

We collected samples from the cohort of HIV infected
hemophiliac patients under close follow-up by multiple
hospitals in Japan for over fifteen years. The number of
the samples may not sufficient to reveal the presence of
genetic factors with weak to moderate effect. It is not
practical to increase the sample size to confirm our re-
sults without compromising sampling criteria. As ap-
proximately one third of hemophiliac patients who were
exposed to contaminated blood products were actually
infected with HIV in the early 1980s, there should be a
group of hemophiliac patients who were exposed but
sero-negative (ESN). Indeed, there were many hepatitis
virus type C (HCV) carriers among hemophiliac patients
presumably infected through blood products. A study
with such ESN patients may provide us some other as-
pects of information on host-HIV interaction.
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