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FIG. 1. Quantification of HHV-8 DNA by real-time PCR.

Logo-transformed HHV-8 copy numbers per 10° leukocytes
are shown. The bar shows the mean and standard devia-
tions. The dotted line shows the detection limit of the assay.

hypergammaglobulinemia was significantly higher than in
subjects without hypergammaglobulinemia (Fig. 3b). HHV-8
DNA was detected in 24 of 44 (54.5%) HIV-infected subjects
with hypergammaglobulinemia, whereas it was found in 13
of 81 (16.0%) subjects without hypergammaglobulinemia
(p < 0.0001). We could not find any significant correlation
between HHV-8 DNA loads and CD4-positive T cell counts.

The effect of ART on HHV-8 DNA

HHV-8 DNA load in leukocytes in subjects with ART was
significantly lower than in subjects without ART (Fig. 4a).
HHV-8 DNA was detected in 12 of 58 (20.7%) HIV-infected
subjects with ART, whereas it was found in 25 of 67 (37.3%)
subjects without ART (p = 0.042). There was no difference in
the duration of ART between HHV-8 DNA-negative and
HHV-8 DNA-positive subjects with ART (3.161 + 2.764 vs.
3.575+ 2439 years, p=0624). HHV-8 DNA loads (logo)
per 10° leukocytes in subjects with a short duration of ART
(<6 months) were higher than in subjects with a long duration
of ART (=6 months), but the difference was not statistically
significant (0.758 4 0.447 vs. 0.323 £ 0.111, p=0.309).
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FIG. 2. HHV-§ DNA loads among the HIV-1-positive
subjects with or without KS. Log;g-transformed HHV-8 copy
numbers per 10" leukocytes are shown. The bar shows the
mean and standard deviations. p-values were estimated by
the Mann-Whitney U test. The dotted line shows the detec-
tion limit of the assay.

Longitudinal analysis of HHV-8 DNA loads
after initiation of ART

The longitudinal profiles of HHV-8 DNA loads were ex-
amined in nine subjects after initiation of ART (Fig. 4b).
Within | month after starting ART, HHV-8 DNA transiently
increased in three patients (Fig. 4b, black straight lines); in two
of the three patients, KS had progressed transiently. These
findings show the reactivation of HHV-8 by initiation of ART.
Three months after the initiation of ART, all nine patients had
achieved and maintained the decreased levels of HHV-8
DNA.

The influence of EBV on HHV-8 infection

Like HHV-8, EBV is lymphotropic and is a member of
the gammaherpesvirinae; it is reactivated by HIV-1 infec-
tion. Therefore, the influence of EBV on HHV-8 infection
was investigated. EBV-DNA loads {logo) per 10° leukocytes
were significantly higher in HHV-8 DNA-positive subjects
(0.69 £0.11 vs. 1.46£0.21, p = 0.0007) and EBV DNA was de-
tected in 32 of 88 (36.4%) HHV-8-negative subjects, whereas
they were found in 25 of 37 (67.5%) HHV-8-positive subjects
(p = 0.002).

Relationship between HHV-8 DNA
and thrombocytopenia

Figure 5 shows a case of Castleman’s disease in which the
platelet counts changed in inverse association with HHV-8
DNA in the leukocytes. Therefore, the association between
platelet counts and HHV-8 DNA in leukocytes was examined.
First, the changes in platelet counts and HHV-8 DNA were
analyzed in the nine subjects before and after the initiation
of ART (Fig. 6). Both the decrease in HHV-8 DNA and the
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FIG. 3. The correlation between HHV-8 DNA and HIV-1-related immunovirological parameters. (a) HIV-RNA loads among
the HIV-1-positive subjects with or without HHV-8 DNA. Log,g-transformed HIV-1 copy numbers/ml of serum are shown.
The bar shows the mean and standard deviation. p-values were estimated by the Mann-Whitney U test. (b) HHV-8 DNA
loads among the HIV-1-positive subjects with or without hypergammaglobulinemia. HHV-8 copy numbers per 10° leuko-
cytes are shown. The bar shows the mean and standard deviations. p-values were estimated by the Mann-Whitney U test.
The dotted line shows the detechion limit of the assay

increase in platelet counts were significant. Furthermore, the
correlation between changes in platelet counts and changes in
HHV-8 DN A was obtained (Spearman; r =-0.783, p = 0.0267).
Patients with HIV infection sometimes develop thrombocy-
topenia, and EBV is also reported to cause mild thrombocy-
topenia. Therefore, partial correlations were also used to
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assess this relationship while controlling for EBV-DNA and
HIV-RNA, and the correlation between the change in HHV-§
DNA and platelet counts was obtained (partial correlation
coefficient; r=-0.733, p =0.0219).

Next, all 125 subjects with HIV infection were analvzed.
There was no significant difference between the group with
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FIG. 4. The effect of ART on HHV-8 DNA. (a) HHV-8 DNA load in PBMCs in subjects with or without ART. HHV-8 copy
numbers per 10° leukocytes are shown. The bar shows the mean and standard deviation. p-values were estimated by the
Mann-Whitney U test. (b) HHV-8 DNA load after initiation of ART. HHV-8 DNA loads of the nine subjects were measured al
the indicated time points, The dotted line shows the detection limit of the assay
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Time course of the case of Castleman’s disease with HIV-1 infection. Platelet counts, log,o-transformed HHV-8 and

EBV copy numbers per 10° leukocytes, and log-transformed HIV-1 copy numbers/ml of serum are shown. The data were
excerpted from Minami and Yamamoto.'” PLT, platelet; HHV-8, human herpes virus 8; EBV, Epstein-Barr virus; 3TC,

lamivudine; ABC, abacavir; ATV, atazanavir.

thrombocytopenia and the group without thrombocytopenia
in terms of the number of subjects with ART, the duration of
ART, and the prevalence of subjects with splenomegaly (with
thrombocytopenia vs. without thrombocytopenia; 30.8% vs.
22.6%, p =0.520). Similarly, no significant difference was ob-
served between the group with HHV-8-DNA and the group
without HHV-8-DNA in terms of the duration of ART and the
prevalence of subjects with splenomegaly (with HHV-8 vs.

without HHV-8; 26.7% vs. 22.4%, p=0.647). The effects of
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HHV-8 DNA in leukocytes on platelet counts were examined
using ANCOVA, with EBV-DNA as a covariate. ANCOVA
revealed a significant interaction between EBV-DNA and
HHV-8 DNA but no significant interaction between throm-
bocytopenia and EBV-DNA. Post hoc tests revealed that
HHV-8 DNA was significantly higher in subjects with platelet
counts <150,000 platelets/ul than in subjects with platelet
counts =150,000 Plah.-lulﬁ,‘;;! (’Fig. 7a), HHV-8 DNA was de-
tected in 11 of 14 (78.6%) subjects with low platelet counts,
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FIG. 6. Changes in the platelet counts, HHV-8 DNA loads, EBV-DNA loads, and HIV-RNA of pre- and post-ART. Platelet
counts (a), HHV-8-DNA (b), EBV-DNA (¢}, and HIV-RNA (d) of the nine subjects were analyzed before (pre) and after 2 or 3
months of initiation of ART (post). The viral loads were log,, transformed. Bar shows the mean and standard deviation,
p-values for the difference between the two time points were estimated by the Wilcoxon signed rank test.
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FIG.7. Relationship between HHV-8 DNA and mild thrombocytopenia.(a) HHV-8 DNA load in leukocytes in subjects with
platelet counts of <150,000 platelets/mm” or with platelet counts of =150,000 platelets/mm®, HHV-8 copy numbers per 10°
leukocytes are shown. The bar shows the mean and standard deviation. The p-values were estimated bi‘-: a post hoc test after

ANCOVA with EBV-DNA as a covariate. (b) Platelet counts among the HIV-1-positive subjects wit

or without HHV-8

DNA. The bar shows the mean and standard deviation. The p-values were estimated by a post hoc test after ANCOVA with
EBV-DNA as a covariate. The dotted line shows the detection limit of the assay.

whereas it was found in 26 of 111 (23.4%) of subjects with
normal platelet counts (p=0,0059: estimated by post hoc
test after ANCOVA with the prevalence of EBV-DNA as a
covariate). The platelet counts were lower in HHV-8 DNA-
positive subjects than in HHV-8 DNA-negative subjects, but
not significaniyt (Fig. 7b). In subjects without ART, HIV-RNA
might be a confounding factor, and thus ANCOVA was con-
ducted with HIV-RNA and EBV-DNA as covariates.

In subjects without ART, HHV-8 DNA was also signifi-
cantly higher in subjects with mild thrombocytopenia with an
adjustment for EBV-DNA and HIV-RNA (p =0.013, data not
shown). HHV-8 DNA was not detected in the 12 subjects with
autoimmune thrombocytopenia. We also examined the cor-
relation between HHV-8 DNA loads and platelet counts in
subjects without KS, because the subject with KS might have
occult Castleman’s disease, which can cause thrombocyto-
penia, HHV-8 DNA was significantly higher in subjects with
platelet counts of <150,000 platelets/ul than in subjects with
platelet counts of =150,000 platelets/ul [log,, (HHV-8)=
2.103 4 1.797 vs, 0.438 + 0.924; p=0.0285]. HHV-8 DNA was
detected in 9 of 12 (75.0%) subjects with low platelet counts,
whereas it was found in 25 of 108 (23.1%) subjects with normal
platelet counts (p=0.0002). The platelet counts were signifi-
cantly lower in HHV-8 DNA-positive subjects than in HHV-8
DNA-negative subjects (21.5+£8.61/ul vs. 250+ 5.56/ul;
p=0.1319).

Discussion

Some previous studies have examined the prevalence of
HHV-8 infection in HIV-1-infected subjects. A unique aspect
of this study is that the effect of HHV-8 DNA in the peripheral

blood leukocytes on HIV-1 infection was examined; a signif-
icant association between HHV-8 DNA and the clinical ap-
pearance of HIV-1 infection, especially thrombocytopenia
complicated with HIV-1, was found.

Some reports have shown that the presence of KS was as-
sociated with the prevalence of HHV-8 DNA in leukocytes'
and the severity was associated with HHV-8 DNA loads in
leukocytes.'® The current data also showed a certain associ-
ation with the presence of KS and HHV-8 DNA load, but in
this study there were only five subjects with KS, because the
prevalence of KS in HIV-1-infected patients in Japan is low. As
a result, it was impossible to determine whether the HHV-8
DNA load predicted the onset and severity of KS. To draw
any conclusions concerning the clinical and prognostic utility
on KS, more subjects with KS need to be analyzed.

HHV-8 encodes homologues of cytokine and czrtnkine re-
sponse genes, such as viral interleukin-6 (vIL-6)"® and viral
interferon regulatory factor (vIRF). vIL-6 can bind the gp130
receptor to activate IL-6 response genes and promote B cell
activation, which is the mechanism of hypergammaglobuli-
nemia induced by HHV-8 infection. It was also found that
HHV-8 plays an important role in hypergammaglobulinemia,
which is often found in subjects with HIV-1 infection.

The current data showed that HIV-RNA load in the serum
of HHV-8 DNA-positive subjects was significantly higher
than that found in the serum of HHV-8 DNA-negative sub-
jects. HHV-8 replication is activated by HIV-Tat,' and it has
been reported that HHV-8 reactivation is associated with
HIV-1 acute infection.' Furthermore, an open reading frame
(ORF), the major transactivator of the HHV-8 lytic cycle, can
also induce increased levels of HIV replication. In conclusion,
these findings show that HHV-8 coinfection is associated with
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immunological characteristics and disease severity of HIV
infection.

ART reduced HHV-8 DNA loads as well as HIV-RNA
(Fig. 4). The inhibition of HIV-1 replication with ART probably
leads to the reconstitution of the immune system and regen-
erates effective immune responses against HHV-8. Moreover,
protease inhibitors block the production of inflammatory cy-
tokines,'” which in turn may result in the downregulation of
HHV-8 replication. In this longitudinal study during ART,
HHV-8 DNA loads transiently increased in three subjects
soon after the initiation of ART. This might be due to the
disorder of cytokine balance, which occurs transiently in the
process of the reconstitution of the immune system, and this
might be one of the explanations for the immune reconstitu-
tion syndrome of KS. Some inflammatory cytokines are in-
duced in immune reconstitution syndromes. It has recently
been reported that some cytokines, which are associated with
the development of KS, were elevated in other reconstitution
syndromes.” It is possible that reactivation of HHV-8 by ART
might activate the inflammation of the other reconstitution
syndromes by the increase in vIL-6 or other cytokines.

The difference between HHV-8 DNA in the subjects with
platelet counts of <150,000 platelets/ul and in the subjects
with platelet counts of =150,000 platelets/ul was significant,
but the difference between the platelet counts in the HHV-8
DNA-positive subjects and the platelet counts in the HHV-8
DNA-negative subjects was not significant. This is because
HHV-8 DNA correlates with “mild” thrombocytopenia.

This is the first report that analyzed the association be-
tween HHV-8 DNA and thrombocytopenia in HIV-1-infected
subjects, though there are a few studies that showed the
relationship between HHV-8 infection and hematological
disorders® or p(:sttranszlantarinn bone marrow failure in
HIV-1-negative subjects.” Some case reports have described
thrombocytopenia complicated with HHV-8-induced Castle-
man’s disease, hemophagocytic syndrome, or other inflam-
matory syndromes. The HIV-1-positive subjects sometimes
develop thrombocytopenia, which has been thought to be
caused by an autoimmune mechanism. Recently, antibody
cross-reactivity between a known epitope region of HIV-1
proteins and platelet GPIl1a49-66 has been reported to be
responsible for HIV-1-associated thrombocytopenia.™ How-
ever, the present study showed that HHV-8 also contributes
independently to the thrombocytopenia complicated in HIV-1
infection.

The molecular mechanism of thrombocytopenia induced
by HHV-8 remains to be established, but it is possible that
some cytokines or chemokines induced by HHV-8 might be
involved in thrombocytopenia. For example, interleukin-8
(IL-8), which is induced by HHV-8 infection,” binds the re-
ceptors on megakaryocytes and platelets and inhibits mega-
karyocytopoiesis.™ Furthermore, HHV-8 is reported to infect
CD34-positive hematopoietic progenitor cells™*; HHV-8
harboring CD34-positive cells might also contribute to hema-
tological disorders including thrombocytopenia®™® Another
possible explanation for thrombocytopenia is an autoim-
mune mechanism such as immune thrombocytopenia (ITP).
Chronic stimulation of the B cell clones induced by HHV-8
could favor the production of autoantibodies, some of which
might react against platelet. In fact, Evan’s syndrome com-
plicating multicentric Castleman’s disease™ and ITP compli-
cating KS have been reported.™
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In Italy, the area of subendemicity of HHV-8, the presence
of HHV-8 DNA in HIV-1-negative elderly people has been
reported to be associated with mild thrombocytopenia.* In
Japan, HHV-8 infection in HIV-1-negative subjects is rare; as a
result, when the 12 subjects with autoimmune thrombocyto-
penia were examined, the association between HHV-8 and
autoimmune thrombocytopenia in HIV-1-negative subjects
was not distinct. However, the fact that HHV-8 DNA was not
detected in the HIV-1-negative subjects with autoimmune
thrombocytopenia suggests that HHV-8 is not a main causa-
tive agent of autoimmune thrombocytopenia.

In conclusion, a significant association was observed be-
tween HHV-8 infection and the clinical appearance of HIV-1
infection, especially in regard to mild thrombocytopenia, hy-
pergammaglobulinemia, and disease seventy. It is possible
that some of these effects of HHV-8 infection are related
to other independent etiological cofactor or some other
viruses, However, it may be useful to monitor HHV-8 DNA in
leukocytes of HIV-1-positive subjects to assess and predict
disease severity and to select the optimal treatment modali-
hes.
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A Study of the Dental-care Collaboration System for HIV Infected Patients
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Hiromasa YosHikawa', Tadashi Tacami®', Yasushi Yamacucur’', Hirovasu Tamaki®,
Yoshinori Higucnt® and Masahiro Y amamoro®
" Department of Dentistry and Oral Surgery, National Hospital Organization Kyusyu Medical Center
" Department of Dentistry and Oral Surgery, International Medical Center of Japan
" Department of Dentistry and Oral Surgery, National Hospital Organization Sendai Medical Center
" Department of Dentistry and Oral Surgery, National Hospital Organization Nagoya Medical Center

* Department of General Oral Care, Kyusyu University Hospital
“ Department of Internal Medicine, National Hospital Organization Kyusyu Medical Center

Objective : The purpose of this study was to conduct a questionnaire survey on dental care
cooperation for HIV patients at general dental clinics in major hospital block areas, including
Sendai, Tokyo, Nagoya, Osaka, and Fukuoka, and to investigate the factors inhibiting the
acceptance of such patients,

Subjects and Methods : A questionnaire survey regarding knowledge of HIV, dental care of
patients, and infection control was conducted, and the answers obtained—including 1,462
cases at general dental clinies—were analyzed.

Results : Regarding how to respond to the situation when HIV patients visit, 332 (23.8%)
general dentists answered that they would see the patients. Bul, 1,011 (72.5%) general
dentists answered that they would ask for the dental treatment of the patents from major
hospital block arcas. 51 (3.6%) general dentists answered that the treatment would be re-
fused. As for reasons why care is difficult, the answer from the vast majority at general dental
clinics was that infection control is not sufficiently covered, and other answers included a lack
of information about dental care, thus also indicating staff were unwilling. As for infection
control, no manuals had been created in 48.9% of all surveyed dental clinics. With regard
to sterilizing handpieces, 256 (18.6%) general dental clinics answered that sterilization is
carried out for all patients, As for wearing gloves in practice, 795 (57.0% ) general dentists
responded that they always wear gloves, The wearing of gloves decreased with age.

Conclusion : From these results, it appears that inadequate infection control and a lack of
information about dental care make dental care for HIV patients difficult, and comprehensive
standard precautions, the disclosure of information for HIV dental care. training focused on
major hospitals, and furthermore, increased financial support from the government are re-
quired in order to promote cooperation in this matter.

Key words : HIV patient. dental care. cooperation of dental care. infection control
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Non-Cleavage Site Gag Mutations in Amprenavir-Resistant Human
Immunodeficiency Virus Type 1 (HIV-1) Predispose HIV-1 to Rapid
Acquisition of Amprenavir Resistance but Delay Development of

Resistance to Other Protease Inhibitors’
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In an attempt to determine whether mutations in Gag in human immunodeficiency virus type 1 (HIV-1)
variants selected with a protease inhibitor (PI) affect the development of resistance to the same or a
different Pl(s), we generated multiple infectious HIV-1 clones carrying mutated Gag and/or mutated
prolense proteins that were identified in amprenavir (APV)-sclected HIV-1 variants and examined their
virological characteristics. In an HIV-1 preparation selected with APV (33 passages, yielding HIV jpy0),
we identified six mutations in protease and six apparently critical mutations at cleavage and non-cleavage
sites in Gag. An infectious recombinant clone carrying the six protease mutations but no Gag mutations
failed Lo replicate, indicating that the Gag mutations were required for the replication of HIV  py sy, An
infections recombinant clone that carried wild-type protense and a set of five Gag mugtlnns
(rHIVw,P,gw”m””"‘“"“} replicated comparably to wild-type HIV-1; however, when exposed to APV,
PHIV g, | 793 12A2049%8%8 1 pidly acquired APV resistance. In contrast, the five Gag mutations signifi-
cantly delayed the acquisition of HIV-1 resistance to ritonavir and nelfinavir (NFV). Recombinant HIV-1
clones containing NFV resistance-associated mutations, such as D30N and N88S, had increased suscep-
tibilities to APV, suggesting that antiretroviral regimens including both APV and NFV may bring about
favorable antiviral efficacy. The present data suggest that the preexistence of certain Gag mutations
related to Pl resistance can accelerate the emergence of resistance to the Pl and delay the acquisition of
HIV resistance to other Pls, and these findings should have clinical relevance in the therapy of HIV-1

infection with Pl-including regimens.

Combination antiretroviral therapy using reverse transcrip-
tase inhibitors and protease inhibitors (PIs) produces substan-
tial suppression of viral replication in human immunodefi-
ciency virus type 1 (HIV-1)-infected patients (3, 27, 28, 42).
However, the emergence of drug-resistant HIV-1 variants in
such patients has limited the efficacy of combination chemo-
therapy. HIV-1 variants resistant to all of the currently avail-
able antiretroviral therapeutics have emerged both in vitro and
in vivo (6, 16, 27, 30). Of note, a number of PI resistance-
associated amino acid substitutions in the active site of pro-
leuse have been identified, and such substitulions have consid-
erable impact on the catalytic activity of protease. This impact
is reflected by impaired processing of Gag precursors in mu-
tated-protease-carrying virions and by decreased calalytic effi-
ciency of the protease toward peptides with naturel deavage
sites (7, 29, 31, 43).

However, the highly Pl-resistant viruses frequently have
amino acid substilutions at the p7-pl and pl-p6 cleavage
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8556, Jupan, Phune: (81) 96-373-5156. Fax: (81) 96-363-5265, E-mull:
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sites in Gag. These mutations have been identified in PI-
resistant HIV-1 variants selected in vitro (2, 5, 8, 29) and in
HIV-1 isolated from patients with AIDS for whom chemo-
therapy including PIs wes failing (26, 40, 47, 48). These
mutations are known to compensate for the enzymatic im-
pairment of protease, per se, resulting from the acquisition
ol PI resistance-conferring mutations within the protease-
encoding region. Moreaver, certain mutations at non-cleav-
age sites in Gag have been shown previously to be essential
for the replication of HIV-1 variants in the presence of Pls
(14, 15). Although a few amino acid substitutions al cleav-
age and non-cleavage sites in Gag have been shown to be
associated with resistance to Pls, the roles and impact of
amino acid substitutions in Gag for the HIV-1 acquisition of
PI resistance remain to be elucidated.

In the present study, we identified novel Gag non-cleavage
site mutations in addition to multiple mutations in the protease
gene during in vitro selection of HIV-1 variants highly resistant
to amprenavir (APV). We show that the non-cleavage site
mutations were important for not only the replication of the
mutated-protease-carrying HIV-1 but also the accelerated ac-
quisition of HIV-1 resistance to APV and an unrelated PI,
nelfinavir (NFV). We also show that recombinant HIV-1
clones containing NFV resistance-associated mutations, such

235
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as D30N and N88S, had increased susceptibility to APV, sug-
gesting that antiretroviral regimens mcluding both APV and
NFV may bring about favorable antiviral efficacy.

MATERIALS AND METHODS

mm.ummurzmdmuemmpmmnm 16-‘0-
based cuhure medivm, and 293T cells were propagated in D %
Eagie's medium. These media were supplemented with 10% fetal call sorum
(HyClone, Lasm.UT] SDUhﬂpemnEhlndiﬁwnlnmmwu
kindly prowid Kline, R h Triangle Park, NC. Saquinavir
(5QV) and :ltnuuvir (RTV) were provided by Roche Products Ltd, (Webwyn
Garden City, United Kingdom) and Abbott Laboratories (Abbott Park, TL),
respeetively, NFV and indinavir (IDV) wers kindly provided by Japan Energy
Ine., Tokyo,

Generation of Pl-resistant HIV-1 in vitro. For the generation of Pl-resistant
HIV-1, various Pl-resistant HIV-1 strains were propagated in the pressncs of
increasing concentrations of a drug in a cell-free fashion ma described previously

J. YiroL

exyme | ,l;mem(" tpulse F; Fujirebio Inc, Tokyo), The drug
jons that suppr thcpwduc:bnnfpﬂﬂqpmﬂnbyiﬂi(m
inhibi ons [1Cs)) were d g the levelsof p24
podnnmn with rhat in a drug-free contra] call culwre, All assays were par-
formed in triplicate.
Replication kivetic assay. MT-2 or MT-4 cells (10) wers exposed to each
!n.rn:uuul-mf 1 m(smd;ma.gmmmmmw twice with
buflered saline, and coltured in 10 ml of complete medinm a5 de-
m—bedpmrbuly(! 14). Culture supernatants (50 i) were harvested every
other day, and the p24 Gag amounh were determined s described above,
CHRA. Two titrated infectious elmu 1o be compared for their replicative
capabillties or fitness in the ¥ e HIV-1 replication sssay (CHRA)
were combined and added to [reshly prepared MT4 cells (2 % lﬂ’)hula
ot 4b of various fons of Pls as descrity
(21 36). Briefly, a fixed amount (200 TCID,g) of one infectious clone w—u
combined with three different amounts (100, 200, and 300 TCIDy,) of the
other infections clons, and the mixture was added to the culture of MT-4
calls, On the fallowing day, one-third of infectad MT-4 cells were harvestad
and washed twice with phosphate-buffered saline, and cellular DNA was

(44, 45), Inbrief, on the flrst passage, MT-2 or MT-4 cells (5 x 10") were exp

to 500 30% tissue culture infective doses (TCIDy,) of each infections molecular
HIV-1 clone and culizred in the presence of various Pls t initial concentrations
ol 001 10 0.06 uM. On the last doy of esch passage (approximately day 7), | ml
of the cell-frée supernatant was harvesied nnd tramaferred to & culture of fresh
uninfected cells in the presance of increased concentrations of the drug for the

d and subj to nested PCR and sequencing as described sbove.
The HIV-1 coculture that best app d s 50:50 on day 1 was
Turther d, and the ni were discarded. Every 7 days,

ey

the cell-free supernatant of the virus coculiure was iransmitted 10 fresh
uninfected MT-4 cells. The m[l.lhzmmdnwzcndatmsmmpwm

foliowing round of culture. In this round of cnllnn, three drn‘

wbjucl.ed o direct DNA seq! g and \urai 3y were
ined. The p of tbe gl muo ulil lnbwtnthu was
firmad for all { clones used (n this assay.

(increased by one-, two-, and threefold to the p
were !mp}uycd.wmmnep!!uﬁonofmvnn:hawlmmmnmﬂrmudw

substantial Gag protein production (greater than 200 ng/ml), the highest drug
concentration among the three concentrations was used to continue the selection

Statistical snalysis of selection profiles of infections HIV-1 clones. The selec-
tion profiles of various infections HIV-1 clones were e.mnpmﬂ as !num
The logarithms of the were modeled as
varlables with possible left censoring. The mean was assumed tobes qua-

{hrmemnmndnf ,.Thh 1 was y usad until the drug
pguuu-.i, Dm from Ihu ly- dratic I ofthe I bes. The q.smm between two curves was
umoriufwudumumdw was subjected to 'Ir;wwbiuins the esti d covar ighted differences of the
o = Mebacs cloning and the - datermi- linear and quadratic coeficionts and comparing the result to computer sim-
nation of of HIV- 1p d in the p of each PI ulations for the same guantity generated under the specific null bypothesis for

were performed as described previously (44 45). Inbriaf, huh-malnml.l:mngm
DNA was exiracted from HIV-l-infacted MT-1 and MT-4 cells by using the
InstaGene matrix (Bio-Rad Laboratories, Hercules, CA) and was subjected 1o
molectilar cloning, followed by sequence determination. The primers used for
the first-round PCR amplification of the entire Gag- and protease-encoding
reglons of the HIV-| genome were LTR F1 (5-GAT GCT ACA TAT AAG
CAG CTG C-3') and PR12 (-CTC GTG ACA AAT TTC TAC TAA TGC-3').
The A d PCR of 5 i of provirl DNA solution, 2.0 U
of premix Tag (Ex Tag version; Takara Bio Inc., Owu, Japan), and 12.5 pmal of
each of tbe first-round PCR primers in a total volume of 50 ul. The PCR
conditions used were an inltial 2-min step 1 84'C, followed by 30 cycles of 30 s
at £4'C, 30 5 at 58°C, and 3 min ot 72°C, with a final 8 min of extension at 72°C.
The first-round PCR products (1 wl) were used directly in the second round of
PCR with primers LTR F2 (5-GAG ACT CTG GTA ACT AGA GAT C-3") and
Ksmal 1 (§"-CCA TCC CGO GCT TTA ATT TTA CTO OTA C-3") under the
mmo PCR conditions described sbove. The sscond-round PCR products were
purified with spin columns (MicroSpin 5-400 HR; Amersham Biosciences Corp,,
Piscataway, NJT), clooed directly, and subjectad to sequencing with a model 377
automated DNA sequencer (Appliad Blosysiems, Foster City, CA),

Generatlon of recombinant HIV-1 clones. The PCR products cbisined as
denﬁdeemdwﬂmmdhm“mmw,
Smal, snd the obiai were Juced into pHIV-1y 5o, designed
mtmnSmIsubgehwmwmun(mmmnorpm Inras
(15, 19). To generate HIV-1 dm c-'ryin. the mllthw. site-directed ma-
tagenesis using the QuikChange i B u: (Stratags La
Tolla, CA) was performed, and the J i gments were
inuwduwdmmpl-ﬂ'\'luu_.r otr.he Jeatid, of
plasmids confirmed that each cione had the desired murations but no unlnmdcd
muuwtions. 293T cells were fected with each binant plsmid by vsing
Lipofectamine 2000 resgent (Invitrogen, Carlsbad, CA), and the thus-obtained
infectious wirfons were harvested 48 h after transfection and sored ar -80°C
until oee.

Drug sensitivity assays. Assays for HIV-1 p24 Gag protein production were
performed with MT4 cells as described previously (1, 20, 24). In brief, MI-4
cells (10%ml) were exposed to 100 TCIDy, of infections molecular HIV-1 clones
in the presence or ab of various bl { drugs and were (ncubated
8t 3I7°C. On day 7 of culture, the sup was h d and the of
p24 Gag protein were determined by using-a fully automated chemfluminescent

that difference. SAS 9.1.3 (SAS [nstitule, Cary, NC) wus ssed for all the
computations. All P values are two tailed, and for figures with more than two
curves, the values were corracled by the Hochbery method for maltiple
pairwise comparisons.

RESULTS

Amino acid sequences of Gag and protease of HIV.1 pas-
saged in the presence of APV. A wild-type HIV-1 strain
(HIVy) was propagated in MT-2 cells in the presence of
mcreasing concentrations of APV, and the proviral DNA se-
quences in those MT-2 cells were determined at passages 3, 12,
and 33 (Fig. 1). By passage 3, when HIV-1 was propagating in
the presence of 0.04 pM APV (yielding HIV ey 5), no amino
acid substitutions in protease were identified but 5 of 10 clones
had acquired the substitution of arginine for leucine at position
75 (L75R) in Gag. By passage 12 (at 0.18 pM APV), two
APV-related resistance mutations (L10F and M46L) in pro-
tease hud emerged and one mutution (H219Q) in Gag hud
been added. By passage 33 (at 10 pM; yielding HIV ,py,33), six
APV-related amino acid substitutions, one primary mutation
(I84V) and five secondary mutations (L10F, V32I, M46l,
154M, and AT71V), in protease had emerged (Fig. 1A). In
addition, a p1-p6 cleavage site mutation in Gag (L449F) was
identified in all 10 HIV-1 clones of HIV s py ;5 examined, and
five pon-cleavage site mutations (E12K, L75R, H219Q,
V390D, and R409K) were seen in Gag of HIV ,pv,a; (Fig. 1B).
Cleavage site mutations have been known to emerge when
amino acid substitutions in protease are accumulated and
HIV-1 develops resistance to PIs both in vitro and in vivo (5,
8). Intriguingly, the present data suggest that certain amino
acid substitutions in non-cleavage sites of Gag (i.e., L75R and
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FIG. 1. Amino acid sequences deduced from the nucleolide sequences of protease (A)- and Gag (B)-enwdin; regions of proviral DNA isolaled
at the indicated passages (p3, p12, and p33) from HIV-1y; 4 5 variants selected in the presence of APV,
In14.3 fre shown at the top as a reference.

and Ciag proteins of wild-type HIV-

The amino acid sequences of the prolease

Identity to the e at individual amino acid positions is

indicaled by dots. The numbers of clones with the given amino acid substitutions among & total of 10 clones are listed.

H219Q) may emerge eatlier and in greater numbers than
amino acid substitutions in protease, at least in the case of
HIV-1 selection with APV, The amino acid substitutions that
emerged in the virus and the pattern and order of such sub-
stitutions were largely in agreement with the data in the pre-
vious report by Gatanaga et al. (15). The present results sug-
gested that the non-cleavage site mutations observed may play
a key role in the development of HIV-1 resistance against Pls
and that especially the two Gag mutations H219Q and R409K
may be required for the development of PT resistance.
Mutations in Gag are required for the replication of
HIV ,pvgas: In order to examine the effects of the mutations
identified in Gag as described above on the replication pro-
file of HIV-1, we generated infectious recombinant HIV-1
clones containing the six mutations (L10F, V32I, M4él,
I54V, AT1V, and 184V) in protease seen in HIV ipy 53 A
recombinant HIV-1 clone containing the protease of
HIV ypypas plus a wild-type Gag (THIV ypypaspra 55) 01
the L449F cleavage site mutation-containing Gag
(THIV ppvpasero’  #°8) failed to replicate in MT-2 cells over
the 7-day period of culture (Fig. 2A), indicating that these
Gag species do not support the growth of HIV apy a5
Therefore, we next generated a recombinant HIV-1 clone con-
taining the protease of HIV ypyy5 and the Gag protein with
the five non-cleavage site mutations (E12K, L75R, H219Q,
V390D, and R409K; rlﬁvmﬂhm‘mmwm"), which
replicated moderately under the same conditions (Fig. 24).
The addition of the cleavage site mutation L449F, generating
THIV jpypaspre 1 9AA044S83 further improved the rep-
lication of the virus. In MT-4 cells, in which HIV-1 generally
replicates more quickly and efficiently than in MT-2 cells,

tHIV  pysspeo 28 and tHIV 30,0 758 replicated mod-
erately; fowever, both :HIVm:::D 127SAINNMRES gy
tHIV o Z7IRISBROSORA4EE replicaled comparably to
HIVgr (Flg. ?B) due presumably to the greater replication of
HIV-1 in MT-4 cells, making the difference relatively indis-
tinct. These data clearly indicate that both non-cleavage site
and cleavage site mutations in Gag contribute to the robust
fitness of HIV ypyp33. We also atiempted to examine the effects
of combined Gag mutations on the replication of HIV-1 con-
taining wi&d-rype proteasc and ge.ncra:ed unm:. ;{mbiuam
HIV clones, o8 IV 194092 and
THIV. rmonsd WZE’"‘ The rcplxummrstﬁ of these
three recambinant clones tumed out to be comparable to that
of HIVy when examined in MT-2 and MT-4 cells (Fig. 2C
and D), unlike the finding by Doyon and his colleagues that the
cleavage site mutation L449F compromised the replication of
HIV-1 containing wild-type protease (8).

Gag muiativns predispose HIV-1 to rapidly acquire APY
resistance. The appearance of two non-cleavage site mutations
(L75R and H219Q) in Gag prior to the emeérgence of muta-
tions in protease (Fig. 1) prompted us to examine whether
these two Gag mutations predisposed the virus to the acquisi-
tion of APV resistance-associated mutations in protease, We
thus attempted to select APV-resistant HIV-1 by propagating
HIVygp 0.5 (HIVyry) and tHIVeyr, 73319823 in the presence of
increasing concentrations of APV (Fig. 3). When we compared
the selection curves of these two viruses, there was no signifi-
cant difference (P, 0.53 and 0.65 for propagation in MT-2 and
MT-4 cells, respectively). We then examined the effects of two
mutated Gag species containing two and five mutations
(H219Q and R409K and E12K, L75R, H219Q, V390D, and
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clones with or without protease mutations. MT-2 cells (A and C) und MT-4 cells (B and D) were

F1G. 2. Replication kinetics of

L] 7

Gag
exposed 10 Gag mutant clones with (A and B) or without (C and D) protesse mutations. Virus replication was monitored by the amounts of p24
Gag produced in the culture supernatants, The results shown are Tepresentat ive of results from three independent experiments. HIV iy variants
bad six mutations (L10F, V321, M4é6l, 154M, A71V, and [84V) in the viral protease.

R409K [yiclding mGag!?7¥19300/30%888] respectively) on the
selection curves. The selection profile of a newly generated
recombinant HIV clone (tHIV yp,,. > ***°#8) was not differ-
cnt from that of HIVyyr in MT-2 cells (P = 0.22); however,

of APV.rest
(n;mmuthu.HWm{ljnrdl}ummfmstIVdm

FIG. 3. Invitro selects using HIV.-1 carrying
Iy, 2008 (8),  (HIVyy 26 (0),  and
IHIVW‘““‘ # (0), were pcopagalad in the presence of
hwenﬁngmmnnmﬁnmufﬂ?(shﬂmgmﬂ&plﬂ)mmzm
(A) or MT-4 cells (B). The selection was carried oul in a cell-free
manner for & total of 14 to 29 passages. The results of statistical
evaluation of the selection Fmﬁ!es are as follows: panel A,
HIV ¢ versus tHIV. = 053; HIVyr vemus
IHIVw-r W = (.0080; W Versus

Moy, B = 03 HIVIL Ao
S0, P = 0,0065; tHIVigryre VP ver

Versus r

sus tHIVy %' P =015 and :}uvwwmmm ver-

sus tHfV "“’"" P = 0.0018, and panel B, HIVy.

versus :W , P — 065 HIVgr vesus

xH.IV ”‘“"ﬂmm"', P < 0.0001; HIVy, vem.m
5 0.0001; tHIV.

wuu. rﬁw m‘”“”w P < 0.0001; rmv\.mﬁzm“ﬂm

sus (HIVyp J04988, P < 0,0001; and tHTVypr,
Versus rl-ﬂw\}-::, nInws p = 0,088, =

238

THIV g0 249%8%8 acquired resistance to APV much earlier
than HIV g when propagated in MT-4 cells (P < 0.0001). The
recombinant clone with five non-cleavage site mutations
(THIV gy, -27#2190%040%28) glarted 1o propagate in both cell
Iimes in the presence of APV significantly earier than HIV g,
with P values of 0.0080 and <0.0001 for MT-2 and MT-4 cells,
respectively (Fig. 3).

We then asked whether additional amino acid substitutions
occurred and accelerated the acquisition of APV resistance by
the virus when the Gag mutations were preseot. To investigate
this issue, we determined the nucleotide sequence of the pro-
tease-encoding gene of each virus. Only one protease mutation
(L10F) was scen by passage 20 when HIVyr and
tHIVigypyo 21958 were propagated in MT-2 cells in the pres-
ence of APV (Fig. 4A and B). In contrast, two mutations
(M46L and 184V) had been acquired by rmvwﬁ,,”*m by
passage 20. Of note, when rHIVyr,,'37521%30%8%8 a5
propagated in MT-2 cells in the presence of APV, 2 mutation
(L10F) hud vecurred by un early pussage (passage 5) and four
mutations (L10F, V321, M46l, and [84V) had emerged by
passage 17 (Fig. 4D). When examined in MT-4 cells, HIVyr
and tHIV ., ™21%8 had acquired two mutations (L10F and
184V and M46L and [84V, respectively) by pa.ssase 10 al-
though THIVyrpeot %% and rHIV
had acquired three and four mutations (L10F, M461, and 184\'
and L10F, V321, M46]1, and 184V, respectively) by the same
passage (Fig. 4E to H). These data, taken together, indicate
that the two sets of Gag mutations (H219Q and R409K and
E12K, L75R, H219Q, V390D, and R409K) clearly predisposed
the virus to rapidly acquire APV resistance-associated muta-
tions in protease and begin to propagate in the presence
of APV.

Gag mutations in HIV (5, delay viral acquisition of re-
sistance to other Pls. We next asked whether the presence of
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FIG. 4. Number of amino acid substitulions corresp

presence of APV. Nucleotide sequences of proviral DNA o! I-IIV“ {A and E) and thres infectious HIV-1 clones, rHIV.

tHIV. 2100828 (C and G), and cHIV.
and l\r“l:l'rr,

A10gag (B and F),
1WHANNSE (D) and H), were determined using lysates of HIV-1- mlwm 2cells (A to D)

“4 cells (E to H) at the termination of each passage and compared to the nucleotide sequence of HIV-1yye.y. The number within each

symbol rep the ber of i

the five Gag mutations (E12K, L75R, H219Q, V390D, and
R409K) accelerated the viral acquisition of resistance to
other currently available PIs (SQV, IDV, RTV, and NFV)
(Fig. 5). To this end, we propagated two HIV-1 strains
(HIVyr and rHIVy, arhmen é‘""""'} in MT-4 cells in
the presence of inm:asmg concentrations of each PI and
compared the replication profiles. The initial drug concen-
trations vsed were 0.01 uM for SQV, 0.03 pM for IDV and
NFEV, and 0.06 uM for RTV, and each virus was selected by a
concentration of up to 5 wM. The selection was carried out in
a cell-free manner for a total of 13 to 32 passages as described
previously (44, 45). There was no significant difference in the
selection profiles of the two strains when they were passaged in
the presence of SQV (P 0 8) or IDV (P = 0.22) (Fig. 5A and
B). However, tHIVyy, o/ 27%2192%04%8% gatted 1o replicate sig-
nificantly later in the presence of RTV (P = 0. [IIII ig. SC). The
selection profiles of HIVyr and rHIVyry, . "SF””‘Q"
the presence of NFV were examined in two independent ex-
periments. Both curves in the first and second sets depicted in
Fig. 5D showed statistically significant difference, with P values
of <0.0001 and 0.0016, respectively, These duta sirongly sug-
gest that the Gag mutations seen in HIV ypypa; predispose
HIV-1 to the rapid acquisition of APV resistance; however,
such Gag mutations delay the viral acquisition of resistance to
other Pls.

Gag mutations seen in HIV, py 44 do not affect viral suscep-
tibilities to Pls. Since the Gag mutations seen in HIV 455
wete found to contribute to the rapid acquisition of viral
resistance to APV but they delayed the emergence of viral
resistance to other PIs, we examined whether such Gag
mutations affected the susceptibilities of HIV-1 to various
Pls in the HIV-1 drug susceptibility assay. As shown in
Table 1, none of three sets of Gag mutations, as examined in
the context of tHIVyrrpr *2'%8%, rHIV yypo? 749, and

identified in the protease when each infectious HIV-1 clone was selected in the presence of APV,

Corcantrations of drug (M)
s
]
g

10 - 1 10 20 30

1
Fassage
F1G. 5. Invitro selection of P1-resistant variants
Gag mutations. HIVyr (M and #) and tHIVyrpee %(Oaml
L) were in MT-4 cells in the
trations of SOV (A), IDV (B), RTV ( tp)
concentrations used were (.01 uM for VOCBuMIorIDVand

and 0.06 uM for RTV, md:nchmmnled.edby\plouSuM
concentration of each PL The selection was carried oul in a cell-free
manner for a total of 13 to 32 passages. NFV selection was performed
twice. Data from the first selection are shown with a solid line; the second
selection was started using the HTV-1 from passage 10 of the first selection
(MthNFVaxOTpM).mdthedaumlhawnwiﬂucluhadhe.m
resully | evaluation of the selection profiles sre us follows:
pu.ndA.P 0.50; panel B, P = 0.22; panel C, P = 0.0001; and panel D,
first selection, P < 00001, and second selection, P = 0.0016.
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