two different antibodies recognizing Gag. We were unable
to detect a significant increase in the Enu:Gag ratio
(unpublished data), suggesting that the sparsomycin’s effect
on Gag-Pol:Gag ratio was specific. These data suggested
that the translational efficiencies of viral proteins were not
equally enhanced by sparsomycin. Altogether, it was
strongly suggested that the sparsomycins replication-
boosting effect on HIV-1 was partly due to the enhancement
of the -1 frameshift efficiency.

Discussion

In the present study, we have demonstrated that
sparsomycin is an enhancer of HIV-1 replication in many
human T cell lines at concentrations between 400-500nM.
Our preliminary observation suggested that HIV-1 replica-
tion was also enhanced in primary peripheral blood mono-
cyte culture {data not shown). Sparsomycin should be able
to accelerate the study on the low-fitness HIV-1 such as
drug-resistant mutants. As sparsomycin did not alter the
1C,, of multiple antiretroviral drugs on both wt and drug-
resistant HIV-1, its usage should be able to facilitate the
phenotypic resistance testing of clinical isolates and as a
result, benefit HIV-1-infected patients. Our observation
raised an immediate concern as to whether sparsomycin-
producing Streptomyces species caused an opportunistic
infection in humans, which influenced AIDS progression.
However, we did not find any reports suggesting so.

Sparsomycin and puromycin are the only antibiotics that
can inhibit protein synthesis in bacterial, archaeal and
eukaryotic cells (Ottenheijm ef al, 1986; Porse et a/., 1999).
Sparsomycin has the ability to enhance the —1 frameshift in
mammalian cells as well as S. cervisize (Dinman ef al,
1997). The proposed molecular mechanism behind this
ability was either through a higher affinity of the donor
stern for the ribosome and slowing down the rate of the
peptidyl transfer reaction, or a change in the steric align-
ment between donor and acceptor tRNA stems resulting in
decreased peptidyl-transfer rates. Conversely, puromycin is
not known to enhance the —1 frameshift in mammalian
cells. At sub-toxic concentrations, puromycin was unable to
enhance the HIV-1 replication (unpublished data). These
data, along with the data provided in this paper, implied that
the sparsomycin’s unique ability to enhance the —1 frameshift
might play a role in boosting the HIV-1 replication.

The maintenance of the —1 frameshift efficiency at the
optimal range is critical for HIV-1 to replicate (Jacks e£ a/.,
1988). Therefore, limiting Gag—Po/ production should lead
to an inhibition of viral replication because po/ encodes
enzymes essential for viral replication (Levin e£ al,, 1993).
In contrast, it was also reported that increasing the Gag—Pol
to Gag ratio by twofold resulted in a reduction of viral
replication (Hung ef al.,, 1998; Shehu-Xhilaga ez aZ, 2001).
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Thus, a modest alteration of the ~1 frameshift efficiency
should markedly affect the replication capacity of HIV-1.
Our data indicated that sparsomycin increased the effi-
ciency of —1 frameshift by 1.3-fold, which produces a better
replication capacity for HIV-1. As a result, we hypothesize
that HIV-1 has a ‘suboptimal’ -1 frameshift efficiency. In
theory, the 1.3-fold difference per one replication cycle
becomes approximately 10-fold after 10 rounds of viral
replication cycle because the effect accumulates exponen-
tially. The difference should become larger when HIV-1
replicates with the slower kinetics and the replication
profile is monitored over a longer time course. In fact, our
experimental data were in good agreement with the above
estimation. In nature, FHIV-1 does not accumulate muta-
tions within the frameshift signal to achieve the higher
frameshift efficiencies. This implies that there are multiple
and complex regulatory mechanisms that keep the effi-
ciency of the ~1 frameshift at suboptimum. Under these
conditions, the best efficiency of HIV-1 survival in the host
might be achieved. Altogether, one of the possible mecha-
nisms that sparsomycin boosted the HIV-1 replication
could be the enhancement of the ~1 frameshift efficiency.
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SUMMARY: The membrane-spanning domain (MSD) of HIV-1 envelope protein (Env) has an additional gly-
cine residue within a well-conserved putative transmembrane helix-helix interaction motif, GXXXG, and forms
a GG XX G sequence (G, glycine; X, any residues; the numbering indicates the position within the Env of
an infectious molecular clone, HXB2). Different from vesicular stomatitis virus G (VSV-G), the glycine residues of
the GXXXG motif of HIV-1 showed higher tolerance against mutations, and a simultaneous substitution of
G690 and G694 with leucine residues only modestly decreased fusion activity and replication capacity of HIV-1.
When G691 was further substituted with alanine, phenylalanine or leucine residue while G690 and G694
were substituted with leucine residues, the efficiency of membrane fusion decreased, with the decrease greatest
occurring with the leucine substitution, a less severe decrease with phenylalanine, and the least severe decrease
with alanine. Substitution with leucine residue also decreased the incorporation of Env onto virions, and the
mutant showed the most delayed replication profile. Thus the presence of the extra glycine residue, G691, may
increase the tolerance of the other two glycine residues against mutations than VSV-G. The fact that a more
severe defect was observed for the leucine residue than the phenylalanine residue suggested that the function of
Env depended on the steric nature rather than on the simple volume of the side chain of the amino acid residue at
position 691, Based on this result, we propose a hypothetical model of the association among MSDs of gp41. in
which G** locates itself near the helix-helix interface.

INTRODUCTION

The envelope protein (Env) of human immunodeficiency
virus type 1 (HIV-1) is a trimer of non-covalently associated
heterodimers of gp120 and gp41. As with other retroviruses,
gp120 (SU) and gp41(TM) play key roles in the determina-
tion of host range and membrane fusion, respectively.

For the three subdomains of HIV-1 gp41, the structure-
function relationship of the ectodomain during membrane
fusion has been elucidated at the molecular level (1.2). After
ep120 binds to the receptor/coreceptor, the ectodomain
undergoes a conformational change to form a six-helix bundle,
a common structure observed for the class I fusion protein
(3,4). Information on the structure-function relationships of
the membrane-spanning domain {(MSD) is rather limited.
Although the amino acid sequence of the MSD of HIV-1s
gp41 is highly conserved among different clades, the signifi-
cance of the specific amino acid sequence within MSD has
been underestimated, because some heterologous MSDs
can substitute functionally for the native MSD of gp41
(5.6). However, truncation of HIV-1 MSD by a glycosyl-
phosphatidylinositol anchor abolished the fusion activity (7).
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and Pathogenesis, AIDS Research Center, National Institute of
Infectious Diseases, Toyama 1-23-1, Shinjuku, Tokyo 162-8640,
Japan. Tel: +81-3-5285-1111, Fax: +81-3-5285-5037, E-mail:
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Furthermore, in viruses such as simian immunodeficiency
virus and the influenza virus, mutations introduced into the
MSD have been shown to impede the late stage of membrane
fusion (8-11). These data suggest the importance of the MSD
for the function of Env.

A glycine-containing helix-helix interaction motif, a
GXXXG motif, has been found in MSDs of many membrane
proteins such as glycophorin A (GpA) (12,13) and the hepa-
titis C virus envelope glycoproteins (14). In the case of HIV-1,
it occurs as a G¥'G¥XXG* sequence (G, glycine residue;
X, any amino acid residue; the number indicates the position
of each glycine residue in the Env of a molecular clone HXB2
[15]) within the MSD of gp41. The glycine residues within
the GXXXG motif are critical for the proper fusogenicity of
vesicular stomatitis virus G (VSV-G) (16). In a previous study
we have shown that the point mutations of the individual
glycine residue of the GXXXG motif of gp4l MSD were
well tolerated (17). The molecular basis for this high toler-
ance of gp41 MSD against mutations was not identified.

Here we hypothesize that the GXXXG motif of gp41, like
in other transmembrane helices, forms the helix-helix inter-
face of gp41 MSDs. We reevaluated the role of glycine
residues within the gp41 MSD by introducing a simultaneous
substitution of several glycine residues. We confirmed the
high tolerance of gp41 MSD against mutations through the
finding that any combinatorial mutations of two glycine resi-
dues with leucine residues were well tolerated. By using one
of the mutants, the LG*'XXL mutant, we evaluated the role
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of the extra glycine residue by substituting it with several
different amino acid residues, such as alanine, leucine, and
phenylalanine residue. These substitutions negatively affected
the function of Env, such as its fusogenicity or virion incor-
poration. We also found that there was a correlation between
the steric characteristics of the side chain of the residue
replacing G* and the alteration in the fimction of Env. Based
on these findings, we propose a potential association model
of gp41 MSD.

MATERIALS AND METHODS

Construction of plasmids: The substitution mutants were
generated by using the QuikChange Site-Directed Mutagen-
esis Kit (Stratagene, La Jolla, Calif., USA) using the subclone
containing the 1.2-kb Nhel-BamHI fragment covering the env
portion of HXB2RU3AN as described previously (17). The
complementary oligonucleotide pairs used were as follow:
691F, ATGATAGTAG GATTCTTGGT AGGTTTA/ TAAA
CCTACC AAGAATCCTA CTATCAT; 690/691-2L, GTACT
GCTCT TGGTAGGTTT AAGAATAGTT TTTG/ CAAA
AACTAT TCTTAAACCT ACCAAGAGCA GTAC; 690/
694-2L, ATTCATAATG ATAGTACTGG GCTTGGTACT
TTTAAG/ CTTAAAAGT ACCAAGCCCA GTACTATCAT
TATGAAT; 691/694-2L, TTCATAATGA TAGTAGGACT
CTTGGTACTT TTAAG/ CTTAAAAGTA CCAAGAGTCC
TACTATCATT ATGAA. PCR was performed using PfuTurbo
(Stratagene). The three glycine (G691) substitution mutants
were created by site-directed mutagenesis using one subclone
of the 2L mutants, 690/694-2L, as a PCR template and the
following complementary oligonucleotide pairs: 690/694-2L
+ 691A, ATTCATAATG ATAGTACTGG CCTTGGTACT
TTTAAG/ CTTAAAAGTA CCAAGGCCAG TACTAIC
ATT ATGAAT,; 690/694-2L + 6911, CATAATGATA GTA
CTGCTCT TGGTACTTTT AAGAAT/ ATTCTTAAAA
GTACCAAGAG CAGTACTATC ATTATG; 690/694-2L +
691F, ATTCATAATG ATAGTACTGT TCTTGGTACT
TTTAAG/ CTTAAAAGTA CCAAGAACAG TACTAIC
ATT ATGAAT). Following mutagenesis, the 1.2-kb Nhel-
BamHI fragments were sequenced and cloned back into the
pSP6SHXB2RU3AN or pElucEnv (17) plasmid. The entire
Nhel-BamHI portion, together with the junction, was verified
by sequencing after the fragments were back.

Cells and antibodies: COS7 cells, 293 cells and 293CD4
cells (17) were grown in Dulbecco’s modified essential
medium (DMEM,; Sigma, St. Louis, Mo., USA) supplemented
with 10% fetal bovine serum (FBS) (HyClone Laboratories,
Logan, Utah, USA) and penicillin-streptomycin (Gibco-
BRL, Rockville, Md., USA). Jurkat cells were grown in RPMI
1640 (Sigma) supplemented with 10% FBS and penicillin-
streptomycin. Cells were kept under 5% CO, in a humidified
incubator. Anti-gp120 polyclonal antibody was obtained from
Fitzgerald Industries International, Inc. (Concord, Mass.,
USA). The hybridoma 902 and Chessie 8 were obtained from
Bruce Chesebro and George Lewis, respectively, through
the AIDS Research and Reference Reagent Program, Divi-
sion of AIDS, National Institute of Allergy and Infectious
Diseases, National Institutes of Health (18-20). Serum from
a patient infected with HIV-1 was kindly provided by T. H.
Lee of Harvard School of Public Health, Boston, Mass., USA.

Protein analysis: The provirus DNA constructs were
ransfected into COS7 cells by electroporation or lipofection.
In electroporation, COS7 cells (4 ug proviral DNA per
1 X 107 cells) were suspended in serum-free DMEM and
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electroporated at a 250-kV, 950-4F setting using Gene Pulsar
II (Bio-Rad, Hercules, Calif., USA). In lipofection, COS7
cells (3 X 10° cells) were transfected with 7 1g proviral DNA
by FuGene6 (Roche Molecular Biochemicals, Mannheim,
Germany). At 72 h after transfection, transfected COS7
cells were collected by scraping and were centrifuged at 2,000
X g for 10 min (Allegra 6KR system; Beckman Coulter,
Fullerton, Calif., USA). The cell pellets were dissolved in
radioimmunoprecipitation assay (RIPA) lysis buffer (0.05 M
Tris-Cl [pH 7.2] including 0.15 M NaCl, 1% Triton X-100,
1% sodium deoxycholate, and 0.1% sodium dodecyl sulfate
[SDS]) and the clear lysates were centrifuged at 314,00 X g
for 45 min at 4°C (Himac CS 120{x system; Hitachi, Tokyo,
Japan). The virus was sedimented from pre-cleared superna-
tants (centrifuged at 2,000 X g for 20 min; Allegra 6KR
system, then filtered through 0.45-ztm-pore-size filters:
Millipore, Bedford, Mass., USA) by centrifuging at 113,000
X g for 1.5 hat4°C on 3 ml of a 20% sucrose cushion (SW28
rotor; Beckinan Coulter). Virus pellets were dissolved in RIPA
lysis buffer. Both cell and virus lysates were runona 7.5~
15% gradient in a SDS-polyacrylamide electrophoresis
gel (PAGE) system (DRC, Tokyo, Japan), and proteins were
blotted onto Immobilon-P (Millipore) by passive transfer, as
described previously (21). The immunoblotting procedure was
as described previously (17). Enhanced chemiluminescence
{Roche Molecular Biochemicals) and a LAS-3000 (Fuji Photo
Film, Kanagawa, Japan) were used to detect the bands.

Infection study: For the infection study, the virus seed
was prepared by transfecting 1 1tg of the proviral DNA into
109 of the COS7 cells using FuGene6 {(Roche Molecular
Biochemicals). Jurkat cells were infected with each virus
adjusted by the p24 amount (10 ng per 106 cells). The infec-
tion was monitored by measuring the amount of p24 in the
culture supernatant at specific time points after infection (0,
8,15, 22 and 25 days). A p24 ELISA was performed using a
p24 RETRO-TEK ELISA kit (ZeptoMetnx, Buffalo, N.Y.,
USA).

Flow cytometry: The level of Env expressed on the cell
surface was monitored by fluorescence-activated cell sorting
analysis as described previously (17). Briefly, 48 h after
the COS7 cells were transfected with each Env expression
vector by FuGene6, the cells were stained with the 902 mono-
clonal antibody for 1 h at 4°C (10 #g/ml in phosphate-
buffered saline [PBS] with 2% FBS), incubated with biotin-
XX goat anti-mouse immunoglobulin G (Molecular Probes,
Eugene, Oreg., USA) for 30 min at 4°C, treated with
streptavidin Alexa Fluor 555 (Molecular Probes) for 30 min
at 4°C, and finally fixed with 1% paraformaldehyde in PBS.
Cells were suspended in PBS with 2% FBS and analyzed
with Becton Dickinson FACSCalibur and CellQuest soft-
ware (BD Biosciences Immunocytometry Systems, San Jose,
Calif,, USA). A double gate was defined by forward versus
side scatter and by the amount of GFP (FL-1). A total o 10,000
events within this gate were collected for analysis. An Env
KO that fails to express Env was used as a negative control,
as described previously (17).

T7 RNA polymerase (RNApol) transfer assay: The effi-
ciency of fusion pore formation was examined using T7
RNApol transfer assay as described previously (17). Briefly,
COS7 cells were transfected with each Env expression
vector together with the reporter plasmid pTM3hRL using
FuGene6. The reporter plasmid contains the T7 promoter-
driven renilla luciferase. At 48 h after transfection, the
transfected COS7 cells were cocultured with the 293CD4 cells
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that had been transfected with the T7 RNApol expression
vector, pPCMMP T7RNApoliresGFP (the ratio of cells was
1:1). At 12 h after the coculture, the cells were lysed. Firefly
luciferase activities, derived from the Env expression vector,
and renilla luciferase activities, activated by the T7 RNApol
transferred from 293CD4 cells through the generated fusion
pores, were determined using the Dual-Glo luciferase reporter
assay system (Promega, Madison, Wis., USA).

RESULTS

Mutagenesis of glycine residues within the GGXXG
sequence: In our previous study, mutations to an individual
glycine residue within gp41 MSD were well tolerated, and
high tolerance of gp41 MSD against mutations was expected
(17). Therefore this time we simultaneously mutated several
glycine residues within the MSD (Fig. 1). First, we substi-
tuted two glycine residues with leucine residues to create
three forms of 2L mutants: 690/691-2L, 690/694-2L. and 691/
694-2L. In the mutant 690/694-2L, the conserved glycine
residues corresponding to the GXXXG motif were substi-
tuted. A similar mutation introduced into that of VSV-G
resulted in functionally defective VSV-G (16). Next, to ad-
dress the significance of the additional glycine residue at
position 691, we substituted G691 with alanine, phenylalanine,
or leucine residue while G690 and G694 were substituted
with leucine residues. These substitutions formed the 2L +
691X mutants 690/694-2L + 691A, 690/694-2L + 691F, and
690/694-2L + 691L. Thus the sequence context of 2L + 691X
mutants is LXxxL (the small x represents the original sequence
of HXB?2). As a control, the single substitution of the G691
with phenylalanine (691F) in which the other two glycine
residues were left intact was generated (Fig. 1). The single
substitution of the G691 to alanine (691A) or leucine residue
(691L) was well tolerated and described in our previous study
as mentioned above (17).

The replication profile of the MSD mutants: To examine
replication capacity, Jurkat cells were infected with the
mutant viruses after the p24 amount was adjusted for. Virus
replication was monitored by measuring the amount of p24
released mto the culture supernatants at 0, §, 15, 22, and 25
days after infection. A representative result of the Jurkat cell
experiment is shown in Figure 2. The single substitution

WT: ylkLFIMIVGGLVGLRIVFAVLSIVnrv
691F: yikLFIMIVGELVGLRIVFAVLSIVnrv

2L mutants
698/691-2L: yikLFIMIVLLLVGLRIVFAVLSIVnrv
690/694-2L: yikLFIMIVLGLVLLRIVFAVLSIVnrv
691/694-2L: yikLFIMIVGLLVLLRIVFAVLSIVnrv
690/694-2L+691 mutants
690/694-2L+691A: yikLFIMIVLALVLLRIVFAVLSIVnrv
690/694-2L+691L: yikLFIMIVLLLVLLRIVFAVLSIVnrv
690/694~2L+691F: yikLFIMIVLFLVLLRIVFAVLSIVnrv

Fig. 1. The mutants of gp41 MSD studied. The primary structures of
the MSD mutants used in this study are shown using the one-letter
abbreviation of amino acid residues. The position numbering is based
on that used for HXB2 Env. The portion of the predicted MSD is
shown in capital letters. WT comresponds to the wild type HXB2,
Mutated residues are underlined.

mutant, 691F, was replicated with a slight delay compared
with the wild type (WT). Other single substitution mutants,
691A or 691L, were replicated as efficiently as the WT (de-
scribed in a previous study, data not shown) (17). The
2L mutants showed slightly delayed replication kinetics
compared to those of the WT. The replication of the 2L +
691X mutants was less efficient than that of the WT. Substi-
tution with leucine residue (690/694-2L + 691L) produced
the slowest replication profile in repeated experiments. These
data confirmed the high tolerance of the glycine residues
within the GXXXG motif of gp41 MSD against mutation.
Although the replication kinetics were generally slower in
the H9 cells, a similar replication profile was observed (data
not shown).

Analysis of the protein profiles of MSD mutants: The
protein profiles of the mutants depicted in Figure 1 were
examined by immunoblotting analysis using the senun from
an individual infected with HIV-1 and anti-gp120 polyclonal
antibody for both cell and virus lysates. Similar protein pro-
files were observed for all mutants and the WT in cell lysates
(Fig. 3A). Almost equivalent amounts of gp160 and gp120
were observed for all constructs, and there was no obvious
alteration in the processing. There was no difference found
in the processing of Gag and Pol products. In the virus
lysates, as in the cell lysates, no differences were found in
the profiles of Gag and Pol products (Fig. 3B). However the
amounts of gp120 found on 690/694-2L + 691L virions were
50-60% those of the WT (51.9% = 14.4 %, n = 3, the amount
of the incorporated Env was estimated by determining the
ratio of the intensity of the Env to the p24 bands). This result
is not due to the shedding of gp120, because the probing of
the virus lysates with anti-gp41 monoclonal antibody detected
a smaller amount of gp41 in 690/694-2L + 691L than in the
WT (Fig. 3C). Therefore the alteration of the replication
profiles observed for 690/694-2L + 691L (Fig. 2) may be
accounted for by a defect in the incorporation of Env onto
the virions. The reason other mutants manifested the slower
replication is not evident from the protein profiles.

Fusion activity of mutants evaluated by the efficiency
of fusion pore formation: Our previous study as well as
others (11,17,22), have shown that mutations of the MSD
sometimes negatively affect the fusogenicity of the Enwv.
Therefore, to investigate the reason for the delayed replica-
tion observed in Figure 2, we evaluated the fusion efficiency
of our mutants using the Env expression vector (Fig. 4A).
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Fig. 2. The replication profile of gp4] MSD mutants in Jurkat cells.
The replication of HIV-1 was monitored by measuring the p24 amount
in the culture medium at 0, 8. 15, 22 and 25 days. The replication of
691A and 691L was similar to that of WT, as reported previously
(17) and not shown here.
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Fig. 3. Protein profiles of cell and virus lysates of the WT and mutants.
The protein profiles of mutants were examined by immunoblotting.
The cell (A) and virus (B, C) Iysates prepared from transfected COS7
cells were used. The Env proteins (gpl60, gp120 and gpdl) were
detected using anti-gp120 polvclonal antibody or anti-gp41 mono-
clonal antibody, respectively. Gag (p17 and p24) and Pol (p31 and
p66) were detected using serum from an individual infected with
HIV-1. The names of the mutants are shown.

First, we confirmed that the surface expression level of Env
was similar by using the 902 monoclonal antibody in a flow
cytometric analysis (Fig. 4B). This confirmation further
supported the hypothesis that 690/694-2L + 691L has a
defect in the incorporation of Env onto the virions rather
than a defect in the intracellular transport of Env. We then
analyzed the fusion activity of Env mutants using the T7
RNApol transfer assay. In this assay, the T7 RNApol that is
transferred through the fusion pore between the Env- and
receptor-expressing cells activates the T7 promoter-driven
renilla Juciferase. The renilla luciferase activity was normal-
ized for transfection efficiency by the firefly luciferase
activity derived from the Env expression vector. The repre-

80

sentative data are shown in Figure 4C. Compared with WT,
the 2L mutants showed a decrease in fusion efficiency of about
30%. There were no significant differences in fusogenicity
among the different 2L mutants, a finding that was consistent
with the replication profile shown in Figure 2. Therefore, the
delayed replication observed for 2L mutants may be due to a
defect in fusion. The delayed replication of 691F may also be
due 10 a similar mechanism, although the observed decrease
in the fusogenicity of 691F is not statistically significant {Fig.
4C).

The effect of the mutations of the conserved glycine resi-
dues within the GXXXG motif of gp41 MSD was less severe
than in the case of VSV-G, in which a simultaneous substitu-
tion of two glycine residues corresponding to G690 and G694
resulted in almost complete elimination of fusion activity (16).
The presence of an additional glycine residue within the
GXXXG motif generates the GG*'XXG sequence in gp4l
MSD, which led us to evaluate the effect of substituting other
amino acid residues for the glycine residue at position 691 in
the 690/694-2L context for membrane fusion. Substituting
glycine residue with alanine residue did not reduce the fu-
sion efficiency further (for example, compare 690/694-2L
with 690/694-2L + 691A in Fig. 4C). However, changing the
glycine residue to phenylalanine reduced the fusion efficiency
significantly (690/694-2L versus 690/694-2L + 691F in Fig.
4C). The introduction of leucine residue in place of the
glycine residue had the most severely negative effect. Thus
the presence of a glycine residue at position 691 seems to
produce an apparently higher fusion efficiency for gp41 even
when the two other glycine residues constituting the GXXXG
motif were replaced with leucine residue. Furthermore, be-
cause substitution with leucine resulted in less fusogenic gp41
than did substitution with phenylalanine residue, it seemed
that the steric nature of the side chain at position 691, not
simple bulkiness, affected the outcome.

DISCUSSION

The importance of the GXXXG motif in helix-helix associa-
tion has been well established through the studies of GpA.
The glycine residues within the GXXXG motif play a critical
role in helix-helix interaction (13,23). Here we showed that
the mutations introduced in the conserved glycine residues
within the GXXXG motif of gp41 MSD were well tolerated.
Tls finding is quite different from that of the previous study
of VSV-G MSD, where a similar mutation corresponding to
the 690/694-2L mutant almost abolished the fusion activity
(16). Furthermore, we also observed that the substitution of
any two glycine residues within the GGXXG sequence of
gp41 MSD only modestly decreased the fusion activity (Fig.
4C). The expression, processing, and transport of Env pro-
teins to the cell surface were preserved (Fig. 3A and Fig. 4B).
Consistent with the modest decrease in fusion activity, the
replication profiles of these mutant viruses were only slightly
retarded when compared to that of the WT virus (Fig. 2).
This result confinmed the high tolerance of gp41 MSD that
allows the substitution of any two glycine residues within the
GGXXG sequence. The results for the 690/694-2L mutant
may suggest that the GXXXG motif of gp41 MSD does not
play arole as a helix-helix interaction motif or that there is
another mechanism that cancels out the introduced mutations.

The presence of the additional glycine residue within the
GXXXG motif is a well-conserved feature of gp41’s MSD
(15), and this feature is absent from VSV-G. The three
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Fig. 4. Evaluation of the cell surface expression and measurement of the fusion activity of mutant Env. (A) The map of the Env
expression vector, pElucEnv. pElucEnv supports the expression of HIV-1 env (gp120/gp41) and the gene of the EGFP-firefly
luciferase (EGFP-fLuciferase) hybrid protein, respectively, from two separate promoters. The Nkel and BamHI sites used for
cloning are indicated. The LTR. zaz, vpu, and rev of HIV-1 are shown. AmpR, $-lactamase gene; SV40, SV40 late promoter;
ColE1, ColEl replication origin. (B) Cell-surface expression of Env. FACS analysis of Env expressed on the surface of COS7
cells transfected with each pElucEnv construct was accomplished as described in the Materials and Methods section. The signal
for each Env is shown as a gray line. The filled area depicts the signal obtained for the control vector, Env KO. (C) Fusion activity
of the mutants evaluated by T7 RNApol transfer assay. The cell-cell fusion assay between the Env expressing cells (containing
T7 promoter-driven plasmid) and CD4+ cells (bearing the T7 RNApol expression plasmid) was used to evaluate the fusion
efficiency of mutant Envs. A representative result of four independent experiments is shown (*statistically not significant,
**statistically significant difference: P < 0.05 by Student’s 1 test). The results shown are means = s.d. (n = 4).

glycine residues will cluster within the gp41 MSD helix (Fig.
5 A, prepared by the program Insight IT; Accelrys, San Diego,
Calif., USA). Having a hydrogen atom as its side chain, the
clustering of three glycine residues may give the region more
flexibility to accommodate mutations. To test whether the
high tolerance of gp41MSD against mutations is attributable

St

to the presence of the extra glycine residue within the gp41
GXXXG motif, we further mutated the extra glycine residue
(G691) while the other two glycine residues were mutated to
leucine residues under the LG*®'XXL context. This also
allows us to obtain information on a potential helix-helix
interface among gp41 MSDs. We would expect the mutation
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Fig. 5. A structural model of MSD and a hypothetical arrangement of the MSD helices. (A) The MSD region (position 684-705 of
HXB2 Env, the amino acid sequence: LFIMIVGGLVGLRIVFAVLSIV) of the WT HXB2 was modeled in an a-helix conforma-
tion. Molecular dynamics simulations were carried out in the lipid-like environment. using the Generalized Bormn method with a
relative permittivity of 4.0 (25, 26). The most representative structure seen in the simulation was extracted by a principal component
analysis and is shown graphically. Three glycine residues (shown in red) colocalize each other and generate a hollow surface on
one aspect of the helix. Two different views (ball-and-stick and CPK) of the same helix are shown. (B) A hypothetical arrangement
of the MSD helices. The glycine residue at positions 691 and arginine residue at position 696 are shown in red and blue, respectively.
The potential interactions between amino acid residues are shown by the bold and dotted lines. respectively.

to have no significant effect if G691 was facing outward to
the lipid environment and was not involved in the helix-helix
interaction. We took a genetic approach and we created
the mutants 690/694-2L + 691A, 690/694-2L + 691F, and
690/694-2L + 691L. None of these mutations changed the
processing or surface expression of Env (Figs. 3A and 4B).
This suggests that these mutations did not induce drastic
confonmational changes that could be detected by a quality
control mechanism of endoplasmic reticulum. Indeed, our
molecular dynamics analyses of these mutants failed to
detect severe deformation of the structure of the individual
helix (data not shown).

When the fusion activity of the 690/694-2L + 691X mutants
was evaluated, there was no statistically significant difference
between glycine and alanine residue (Fig. 4C). This finding
is consistent with the observation that alanine residue can
functionally substitute glycine residue in transmembrane
helices (23). The substitution of glycine residue with a bulky
residue, namely phenylalanine residue (690/694-2L + 691F),
resulted in a significant reduction in fusion activity. The
fusion efficiency of 690/694-2L + 691F was about 50% that
of WT. Substitution with leucine residue (690/694-2L + 691L)
had an even greater negative effect on fusogenicity, and
the fusion efficiency of 690/694-2L + 691L was about 30%
that of WT (Fig. 4C). The replication efficiency somewhat
reflected these changes in fusion activity, although we could
not attribute the defect of 690/694-2L + 691L to the defect in
fusion alone because 690/694-2L + 691L had an additional
defect in Env incorporation (Figs. 3B and C). These results
showed that the presence of glycine residue at position 691
seemed to reduce the negative effects of the leucine residue
substitution of glycine residue at positions 690 and 694.

It is noteworthy that we have observed the phenotypic
changes of gp41 according to the nature of the substituted
amino acid residue at the position 691 (Figs. 2 -4). Interest-
ingly, the negative effect of mutations was not dependent on

the mere volume of the side chain (F > L), but rather on the
steric nature of the side chain. The introduction of another
branched amino acid residue, isoleucine residue, at position
691 also resulted in decreased fusion activity (data not shown).
This may suggest that the mutation may affect the interhelix
association of MSDs, and the changes in association among
MSDs may affect the function of gp41. Indeed our prelimi-
nary analysis of the measurement of helix-helix interaction
by means of TOXCAT (12) analysis indicated that 690/694-
21 + 691L had a slightly stronger association than WT (E.
Matthews and D. M. Engelman, unpublished data). Based on
these data, we present our hypothetical model of the associa-
tion of the three MSDs in which the GXXXG motif is facing
inward as shown in Figure 5B. Under this configuration,
the G691 locates itself near the helical interface. Although
this model is consistent with our observation, it places
the highly conserved arginine residue downstream of the
GXXXG motif toward the lipid environment. This may not
be a thermodynamically favorable arrangement despite the
recent finding that suggested that arginine residue can be
accommodated into a lipid bilayer more easily than previ-
ously expected (24). Therefore we cannot rule out alternative
arrangements of the gp41 MSDs at present. The observed
high tolerance of glycines constituting this hypothetical inter-
face may also suggest that the potential interaction among
gp41 MSDs may be a rather weak one. To prove our model,
the physical structure of the gp41 MSDs in lipid environ-
ments must be determined.

Here we have shown that the efficiency of the Env-
mediated fusion pore formation and the incorporation of Env
onto virions were affected by alterations within the MSD of
gp41. This confirms that the specific primary structure of
MSD is important for its proper function. Our findings also
suggest that a subtle change in the structure within MSD
can affect the conformations of other subdomains of gp41.
Conversely, they may suggest that the conformational changes
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in other subdomains may affect the structure of the MSD. This
may have implications for the mechanism of disassembly and
for that of uncoating events, and may also suggest that the
MSD of gp41 may become another target for therapeutic
intervention against HIV-1 infection.
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Abstract

An casy, inexpensive competitive RT-PCR assay for HIV-1 RNA quantitation was constructed. A 138-bp scquence in the HIV-1 gag p24 region
was selected as the target and co-amplified with competitor RNA containing an internal 44-bp deletion. Quantitation of serial dilutions of control
RNA samples prepared from the LAI isolate demonstrated a good linearity (R*=0.991) within the range between 10 and 250 copies/sample. The
detection limit of the assay was determined to be 3.8 copies/sample by Probit analysis and corresponded to 110 copies/ml in plasma. The intra-
assay CV value was 9.1%, and the inter-assay value was 25.9%. Both were comparable (o those obtained with commercially available HIV-] RNA
quantitation kits. The correlation efficient for the results obtained in 47 plasma samples from HIV-1-infected individuals (subtype A in I, subtype B
in 25, subtype Cin 4, subtype Fin 1, and CRFO1_AE in 16) with the competitive RT-PCR and Cobas Amplicor HIV-1 Monitor test v1.5 was 0.956
for subtype B and 0.947 for subtype non-B. The assay devised is a good alternative for monitoring antiretroviral therapy in resource-poor countrics.

© 2007 Elsevier B.V. All rights reserved.

Keywords: HIV-1; Monitoring; Competitive RT-PCR; Viral load

1. Introduction

The pandemic of human immunodeficiency virus type 1
(HIV-1) infection has been the greatest threat to human health
worldwide since its emergence two decades ago, and today about
40 million pcoplc are living with HIV/AIDS (Simon ctal., 2006).
As has been the pattern with respect to many other infectious dis-
cascs, the regions of the world experiencing the most significant
spread of HIV-1 infection arc poor. Ninety five percent of indi-
viduals infected with HIV-1 are living in developing countries
with few resources, such as the countries of sub-Saharan Africa
and Southcast Asia. According to the World Health Organization
(WHO), nearly 6 million HIV/AIDS patients are in urgent need
of antirctroviral therapy (ART), yet only 5% have access to the
necessary drugs, and the remaining 95% are hopelessly wait-
ing to die (WHO, 2004). To address this problem, WHO has

* Corresponding author. Tel.: +81 3 3353 1211x61230: fax: +81 3 5360 1508.
E-mail addresy: skato@sce ite keio.ac.jp (S. Kato).

0166-0934/$ — sce front matter © 2007 Elsevier B.V. All rights reserved.
doi: 10.1016/).jviromet.2007.01.012

launched the so-called “3 by 5” initiative (Jong-wook, 2003),
which sought to treat 3 million people by the cnd of the year
2005, a goal made more likely by agreements cnabling the use
of generic antiretroviral drugs. The project appears to be oper-
ating effectively, and more patients than ever arc being treated
with antiretrovirals. Ironically, the introduction of antiretrovi-
rals o countrics with few resources has raised another issue:
how best to monitor paticnts’ response to treatment. In most
developing countrics where the “3 by 57 initiative has been
implemcnted, it has been difficult to routinely monitor patients’
CD4-positive T-cell counts or, what is worse, their plasma viral
RNA concentrations (Russell, 2004). The plasma viral load is
an important surrogate marker that is used to make prognoses,
evaluate response to treatment, and estimate the probability of
emergence of drug resistance (Kalish et al.. 1999: Kempf ct
al., 1998: Leriche-Guerin et al.. 1997: McDermott et al.. 2005:
Pilicro, 2003). Three types of viral load quantitation Kits are
available commercially: the Cobas Amplicor HIV-1 Monitor
test (Roche Diagnostics, Branchburg, NJ) (DiDomenico et al..
1990), the Quantiplex HIV-1 RNA Assay (Baycr, Mannheim,

Please cite this article in press as: Hamatake, M. et al., A simple competitive RT-PCR assay for quantitation of HIV-1 subtype B and non-B
RNA in plasma, J. Virol. Methods (2007), doi:10.1016/j.jviromet.2007.01.012
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Germany) (Collins et al., 1997: Pachl et al., 1995), and the
NucliSens EasyQ HIV-1 assay (bioMérieux, Boxtel, The Nether-
lands) (Kievits etal., 1991: de Baarctal., 1999: Yao et al., 2005).
All three commercial kits have high sensitivily and reproducibil-
ity, and have been strictly validated. One significant drawback,
however, is their high price. The cost per sample between 50 and
&0 US dollars is too expensive to use for routine monitoring in
resource-poor countries.

Competitive reverse transcription (RT)-PCR was the first
method to quantitate HIV-1 RNA in plasma and used to show that
viral load in plasma can be used as an important surrogate marker
to assess the disease progression and the efficacy of ART (Piatak
et al., 1993). Competitive RT-PCR involves co-amplification of
a competitive RNA template that uses the same primers as for
the target cDNA but that can be distinguished from the target
after amplification by introducing a deletion, insertion, or a new
restriction enzyme site. In conventional competitive RT-PCR,
the amplified products of the target sequence and competitor
are quantitated on agarose gel electrophoretograms, which is
easy and inexpensive to perform, but has never been developed
as a commercial assay. Several in-house competitive RT-PCR
methods have been reported (Ernest et al.. 2001; Johanson et al.,
2001), but they have not been fully evaluated for quantitation
of HIV-1 subtype non-B RNA in plasma samples. This paper
describe a simplified, less expensive protocol for plasma viral
load quantitation that is also applicable to HIV-1 subtype non-B.

2. Materials and methods
2.1. Subjects

Blood samples were obtained from 47 HIV-1 seropositive
individuals (subtype A in 1, subtype B in 25, subtype Cin 4, sub-
type Fin 1, and CRFO1_AE in 16). The subtype was determined
by phylogenetic analysis of sequences in RT and PR regions in
pol and the env V3 region (Kato et al.. 2003). The patients pro-
vided written informed consent to the study, and the study was
approved by the local ethics committee.

2.2. Preparation of competitor RNA and control HIV-1 RNA

A template DNA consisting of an HIV-1 gag sequence (posi-
tions 1372-1509) with a 44-bp deletion (1418-1461) (Fig. 1)
and a T7 promoter (TAATACGACTCACTATAGGGAGA) at the
5" end was constructed from HIV-1 DNA clone NL4-3 by the
recombinant PCR technique (Higuchi, 1990). Competitor RNA
was synthesized from the template DNA with an in vitro tran-
scription system and T7 RNA polymerase (Promega, Madison,
WI). QlAamp UltraSens Virus Kit (QIAGEN, Hilden, Germany)
was used toextract HIV-1 LAI RNA from the culture supernatant
of peripheral blood mononuclear cells infected with the LAl iso-
late, and the extracted LAl RNA was stored at —20 °C until used
as an external control for HIV-1 quantitation. The exact HIV-1
RNA concentration of the LAl RNA solution was determined
by spectrophotometry and Poisson distribution analysis of the
positive scores of nested RT-PCR at the endpoint dilution (Kato
et al.. 20006).

Fig. 1. Construction of the competitive RT-PCR assay: target genome and primer
design. An HIV-1 gag p24 region was selected as the target for the competitive
RT-PCR. Both the target and the competitor RNA molecules were co-amplified
with a primer mixture of GAR, GAF1, and GAF2. The amplicons of the target
and the competitor were distinguished by a 44-bp deletion. The primer sequences
of GAR, GAF1, and GAF2 are shown. The nucleotide numbers are based on the
HIV-1 NL4-3 sequence (GenBank accession no. M19921).

2.3. Competitive RT-PCR assay for viral RNA quantitation

Primer binding sites were selected in the most conserved
sequences in the p24 region of the gag gene among all subtypes
and CRFs of HIV-1 (Fig. 1) according to the HIV sequence
database (Los Alamos database— http://hiv-web.lanl.gov/
content/hiv-db/mainpage.html). Two oligonucleotides that dif-
fer in nucleotide at positions 1374 and 1380, GAF! and GAF2,
were used together as upstream primers to minimize mismatches
with HIV-1 sequences reported in the database (Fig. 1). The
size of amplicons of the target RNA and competitor RNA was
expected to be 138 and 94 bp, respectively.

RNA was extracted from 140 ul of patient plasma with a
QlAamp Viral RNA kit (QTAGEN) with elution in 80 1. A 20 pl
volume of 1, 1/10, and 1/100 dilutions of the eluate were used for
subsequent competitive RT-PCR. Three different copy numbers
of LAT RNA (10, 50, and 250) were assayed in duplicates as
external controls.

RT-PCR was carried out in a 50wl solution containing
primers (0.2 .M GAR, 0.1 puM GAFI, and 0.1 pM GAF2),
competitor RNA equivalent to 50 copies, and [ x SuperScript
Il RT/Platinum Tug Mix (Invitrogen, Carlsbad, CA) with a
GeneAmp PCR System 9700 (Applied Biosystems, Foster City,
CA). The thermal profile of RT-PCR was: 10min at 50°C for
RT; 2 min at 94 °C for initial denaturation; 5s at 94°C, 10s at
48°C, and 15sat 72°C for 5 cycles; Ssat 94°C, 10s at 62°C,
and 155 at 72 °C for 35 cycles; and | min at 72 °C for extended
elongation. Introduction of the elongation step at 48°C was
intended to minimize the effect of mismatches between primers
and naturally occurring HI'V-1 variants.

The plasma samples were also assayed with COBAS
Amplicor HIV-1 Monitor Test v1.5 (Roche Diagnostics).

2.4. Electrophoresis and evaluation
A 20 pl sample of PCR products was electrophoresed in a

2% agarose gel at 160V for 40 min. The gel image was pho-
tographed with a Polaroid camera under UV illumination and
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scanncd with a CanoScan FB-636U scanncr (Canon, Tokyo,
Japan). The band intensity of targets and competitors was eval-
vated with the NIH Image program (http://rsb.info.nih.gov/
nih-image/Default.html). A calibration curve was obtained from
the ratios between the bands of the external controls and com-
petitors with MS Excel software (Microsoft, Seattle, WA). The
copy numbers of the samples were determined by fitting their
ratios to thc calibration curve.

3. Results
3.1. Competitive RT-PCR sysiem

Five different copics (10, 25, 50, 125, and 250) of control
HIV-1 LAl RNA were amplified together with a fixed dose of
competitor RNA, and the ratios between the band intensity of
target RNA and the band intensity of competitor RNA were
plotied against the input copy numbers of target RNA (Fig. 2A).
Good lincarity was obtained, with a high correlation cocfficient
of 0.995.

A photograph of a typical elcctrophorclogram of competitive
RT-PCR for RNA samples from plasma of HIV-1-infected indi-
viduals is shown in Fig. 2B. DNA fragments of two different
sizes were obscrved: a 138-bp fragment amplified {rom target
HIV-1 RNA and a 94-bp fragment amplified from competitor
RNA. In practical runs, acalibration curve was obtained {rom co-
amplification of each of three different numbers of copies (250,

(A) _ 12

Target to competitor ratio
o

0 160 200 3
HIV-1 RNA (copies/sample)

(B) Control RNA Sample
{copy number) RNA

250 50 10 Pt-1 Pt2

Target
Competitor

Fig. 2. Lincarity and a typical agarose clcctrophoretogram of the results of
competitive RT-PCR. (A) Lincar relationship between target/competitor band
ratios and initial HIV-1 RNA copy numbers. Each mecasurement was performed
in five replicates. Means and standard deviations are indicated by circles and
bars. respectively. (B) Lanes 1-3 are control LAl RNA at levels ot 250, 50. and
10 copies/samiple, respectively. Lancs 4 and 5 arc two clinical samples (Pt-1 and
Pt-2). Target/competitor band ratios of the clinical samples (2.66 and 4.10) were
translated into copy numbers (160 and 240 copies per smmple) using a calibration
curve obtained from lanes 1-3.

Table |
Detection limit of competitive RT-PCR by limiting dilution assay

HIV-1 RNA (copics/sample) Target amplification

+ -
20 10 0
10 10 0
5 7 3
2.5 2 8

Control LAl RNA samples of two-fold serial dilutions were assayed in 10
replicates, and the detection limit was calculated by Probit analysis.

50, and 10) of LAl RNA with compctitor RNA. Fig. 2B shows
that ratios of target and competitor RNA bands for patients I and
2 were calculated as 2.66 and 4.10, respectively, and applying
them to a calibration curve revealed HIV-1 RNA copy numbers
per milliliter of 4500 and 6600, respectively.

3.2. Detection limit and reproducibility of the competitive
RT-PCR

The lower detection limit of the assay was assessed by testing
multiple replicates of dilutions of the HIV-1 LAI RNA (subtype
B) that had been quantitated by using the Poisson distribution
analysis. Dilutions equal to 560, 280, 140, and 70 copics/ml were
tested in 10 replicates at cach dilution (Table 1). A Probit anal-
ysis showed that the 50% detection limit was 110 copies/ml.
Since samples of HIV-1 subtypes A, B, C, and Fand CRFO1_AE
cxhibited equivalent efficiency of amplification and detection as
described below (Fig. 3), the detection limit for subtype non-
B viruses was concluded to be at the same level. The dynamic
rangc of 110-700,000 copies/ml was obtained by testing three
serial dilutions (1, 1/10, and 1/100) of the RNA sample.

The reproducibility of the competitive RT-PCR assay was
asscssed by assaying five scroncgative plasma samples spiked

Competitive RT-PCR
l (log HIV-1 RNA copies/ml)
IR SO

[
L

-
b=
~

T T T T T 1

12 3 4 5 6

LbL Roche Amplicor
({log HIV-1 RNA copies/ml)

Fig. 3. Comparison between the results of competitive RT-PCR and Cobas
Amplicor HIV-1 Monitor test v1.5. Plasma HIV-1 RNA levels of 47 clinical
specimens containing subtype B (solid circle) and non-B (open square) are plot-
ted. The lower detection limit (LDL) by competitive RT-PCR and Amplicor was
110 and 50 copics/ml, respectively. The correlation coefficient was 0.956 for
subtype B and 0.947 for non-B. Simple regression lines for subtype B (dotted
line) and non-B (solid line) arc shown.
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Table 2
Reproducibility of competitive RT-PCR
Test® Sample® (copies)

A B C D E Mean £SD
I 48.5" 394 37.2 36.8 30.9 37.2 + 6.4
2 47.6 35.8 379 34.8 27.4 35.8 £ 7.3
3 41.5 47.8 40.2 36.2 33.2 40.2 £ 5.6

* Viral RNA extraction and competitive RT-PCR reaction were performed in
triplicate in three independent experiments.

b Fifty copies of LAl RNA were added to the plasma [rom a healthy human
subject in each sample tube.

with 50 copies of HIV-1 LAI RNA in triplicate (Table 2). The
inter-assay and intra-assay CV values were 25.9% and 9.1%,
respectively, and comparable to those obtained with commer-
cially available quantitation kits (16.2-87.5%) (Lin et al., 1998;
Muyldermans et al., 2000).

3.3. Quantitation of clinical samples

The HIV-1 RNA concentration of 47 seropositive plasma
samples of subtypes A, B, C, and F and CRFO1_AE was ana-
lyzed with both Cobas Amplicor HIV-1 Monitor test v1.5 and
the competitive RT-PCR assay (Fig. 3). The results showed good
agreement between the two assays: the correlation coefficient for
subtype B and subtype non-B was 0.956 and 0.947, respectively;
and the ratio between the two measurements was 0.97 £0.10
(mean = S.D.) for the subtype B samples and 1.01 +0.07 for
the subtype non-B samples. Although the number of samples in
this study was limited, these data suggest that the competitive
RT-PCR allows quantitation of both subtype non-B and subtype
B of the viral load.

4. Discussion

In order to establish a quantitation method for HIV-1 RNA in
plasma that could be used as a routine clinical test in resource-
poor countries, an attempt was made (o develop an alternative
to the commercial kits. The assay described above is based on a
competitive RT-PCR technique and is characterized by several
improvements over similar methods reported previously. First,
it enabled quantitation of HIV-1 RNA in 47 plasma samples
containing different HIV-1 subtypes (A, B, AE, C, F) belonging
to group M. The viral loads measured with the present assay
were consistent with those determined with Cobas Amplicor
HIV-1 Monitor, and the ratio was 0.97 4 0.10 (mean £ S.D.) for
the subtype B samples and 1.01 4 0.07 for the subtype non-B
samples. Two competitive RT-PCR assays have been previously
reported to detect or quantitate non-subtype B viruses (Emery
et al., 2000; Ernest et al.. 2001), but since both assays tested pri-
mary isolates containing extremely high titers instead of viruses
in patients’ plasma, the inhibitory effect of plasma components
on RT or PCR was notexamined. The target of PCR in the present
study was selected as the most conserved sequence in the gag
gene among all subtypes and CRFs of HIV-1 group M (HIV
Sequence Database, Los Alamos). Furthermore, to mitigate the

influence of sequence variations among subtypes on viral RNA
quantitation, a mixture of two upstream primers was employed
that differ at two nucleotide positions to minimize mismatches
between primers and HIV-1 RNA variants, and 5 cycles with a
low annealing temperature of 48 °C were introduced during the
early phase of PCR.

The present assay is simple and easy to perform, and the entire
procedure, from RNA extraction to analysis of electrophoresis
images, takes only 4 h. The use of hot-start DNA polymerase
(Platinum Tuq) enables preparation of PCR samples at room
temperature and combination of RT and PCR into one step.
Because of the shortness of the amplicon (138 bp), brief reaction
times were adequate for RT (10 min) and DNA elongation (155
each) during PCR. High sensitivity for HIV-1 RNA detection
was also achieved. A Probit analysis showed a 50% detection
limit of 110 copies of HIV-1 RNA per ml in plasma, which is
comparable with the results reported in previous studies (Piatak
et al., 1993; Venturi et al.. 2000), although a smaller sample
volume (140 pl) was used than in those studies (2.8 and 1.8 ml,
respectively).

Several commercial HIV-1 quantitation assays, such as
Amplicor (Roche Diagnostics), Nuclisens (bioMérieu), and
Quantiplex (Bayer), are being used as routine tests to moni-
tor patients being treated with antiretroviral drugs in developed
countries. However, they are expensive and require the use of
special instruments that are often unaffordable in developing
countries. The present method costs only about 10 dollars per
sample and does not require any special instruments except
a microcentrifuge, gel electrophoresis system, and ultraviolet
transilluminator, and the simplicity of the method means that
no special training program is needed for clinical technologists.
These features should be advantageous in regard to adoption of
the assay in resource-poor countries.

One common problem of competitive RT-PCR is the narrow
dynamic range. In the current assay, 1-, 1/10-, and 1/100-
fold dilutions of plasma RNA samples were subjected to
RT-PCR separately to cover a quantitation range from 110 to
700,000 copies/ml. Because an adequate dilution ratio cannot
be predicted for each plasma sample, a fixed amount of com-
petitor RNA (50 copies) is added to a reaction mixture rather
than a plasma sample. Thus, this protocol does not correct mea-
surements of viral loads in terms of RNA extraction efficiency,
although the recovery of RNA by QlAamp Viral RNA kits (QIA-
GEN) was found to be almost constant at 77% (Table 2).

In conclusion, the competitive RT-PCR assay described in
this study is a good candidate for an HIV-1 viral load assay for
use in monitoring ART in resource-poor settings.

Acknowledgments

We thank Ms. Mary Phillips and Ms. Yumi Fujiuchi for
preparation of the manuscript, and Ms. Rie Tanaka for tech-
nical assistance. This study was supported by a Grant-in-Aid
for AIDS research from the Ministry of Health, Labour, and
Welfare of Japan, and by the Program for Promotion of Funda-
mental Studies in Health Sciences of the National Institute of
Biomedical Innovation (NIBIO).

Please cite this article in press as: Hamatake, M. et al.,, A simple competitive RT-PCR assay for quantitation of HI'V-1 subtype B and non-B
RNA in plasma, J. Virol. Methods (2007), doi: 10.1016/j.jviromet.2007.01.012

— 136 —



M. Hamatake et al. / Journal of Virological Methods xxx (2007) xxv-xxx 5

References

Collins, M.L.. Irvine. B., Tyner, D., Fine. E., Zayati, C., Chang, C., Hom, T..
Abhle. D., Detmer. 1, Shen. L.P., Kolberg. J.. Bushnell, S., Urdea, M.S.. Ho.
D.D.. 1997. A branchcd DNA signal amplification assay for quantification
of nucleic acid targets below 100 molecules/ml. Nucleic Acids Res. 25 (15).
2979-2984.

de Baar. M.P.. van der Schoot. A.M., Goudsmit. J., Jacobs. F.. Ehren. R.. van
der Horn, K.H.. Oudshoorn. P.. de Wolf. F,, de Ronde. A.. 1999, Design
and cvaluation of a human immunodceficiency virus type | RNA assay using
nucleic acid sequence-based amplification technology able to quantify both
group M and O viruses by using the long terminal repeat as target. J. Clin.
Microbiol. 37 (6). 1813-1818.

DiDomenico. N.. Link. H.. Knobel. R., Caratsch. T., Weschlcr. W.. Loewy. Z.G..
Rosenstraus. M.. 1996. COBAS AMPLICOR: fully automated RNA and
DNA amplification and detection system for routine diagnostic PCR. Clin.
Chem. 42 (12), 1915-1923,

Emery, S., Bodrug. S.. Richardson. B.A., Giacheti, C.. Bott. M.A., Pantcleelf.
D.. Jagodzinski. L.L., Michael. N.L.. Nduati. R.. Bwayo. J.. Kreiss. J.K.,
Overbaugh, J., 2000. Evaluation of performance of the Gen-Probe human
immunodeliciency virus type I viral load assay using primary subtype A. C,
and D isolates from Kenya. J. Virol. Meth. 38 (7), 2688-2695.

Emest, 1., Alexandre. 1.. Zammattco. N.. Herman. M., Houbion. A.. De Lecner.
E,, Fransen. K., van der Groen. G., Remacle, J.. 2001. Quantilative assay for
group M (subtype A-H) and group O HIV-1 RNA detection in plasma. J.
Virol. Meth. 93 (1-2). I-14.

Higuchi, R.; 1990. In: Innis, M.A., Gelfand, D.H., Sninsky, J.J.. White, T.J.
(Eds.), Recombinant PCR. In PCR Protocols: A Guide to Methods and
Applications. Academic Press. San Dicgo, pp. 177-183.

Johanson. J., Abravaya, K.. Caminiti, W., Erickson. D.. Flanders. R., Leckic,
G.. Marshall. E.. Mullen, C.. Ohhashi. Y.. Perry. R., Ricci, J.. Salituro.
1., Smith, A., Tang. N., Vi, M., Robinson, J., 2001. A new ultrascasitive
assay for quantitation of HIV-1 RNA in plasma. J. Virol. Meth. 95 (1-2).
81-92.

Jong-wook. L., 2003. Global hicalth improvement and WHO: shaping the future.
Lancct 362 (9401). 2083-2088.

Kalish, L.A.. McIntosh, K.. Read. J.S.. Diaz, C.. Landesman, S.H., Pitt, J., Rich.
K.C., Shearcr, W.T.. Davenny, K.. Lew, LE. 1999, Evaluation of human
immunodeficiency virus (HIV) type | load. CD4 T cell level. and clinical
class as time-fixed and time-varying markers of discase progression in HIV-
I-infected children. J. Infect. Dis. 180 (5). 1514-1520.

Kato, S.. Saito, Y., Tanaka. R., Hiraishi. Y., Kitamura, N.. Matsumoto, T..
Hanabusa, H.. Kamakura, M., lkeda, Y., Negishi, M., 2003. Differential
prevalence of HIV type 1 subtype B and CRFOI_AE among different sexual
transmission groups in Tokyo, Japan, as revealed by subtype-specific PCR.
AIDS Res. Hum. Retroviruses 19 (1), 1057-1063.

Kato, S.. Hanabusa. H., Kaneko. S., Takakuwa. K., Suzuki, M., Kuji, N., Jinno.
M., Tanaka, R.. Kojima, K., Iwashita. M.. Yoshimura, Y.. Tanaka. K., 2006.
Complete removal of HIV-1 RNA and proviral DNA from scmen by the
swim-up method: assisted reproduction technique using spermatozoa free
from HIV-1. AIDS 20 (7). 967-973.

Kempf, D.J., Rode. R.A., Xu. Y., Sun. E.. Heath-Chiozzi. M.E.. Valdes. J..
Japour, A.J., Danner, S.. Boucher. C.. Molla. A.. Leonard. 1.M., 1998. The
duration of viral suppression during protease inhibitor therapy for HIV-1
infection is predicted by plasma HIV-1 RNA at the nadir. AIDS 12 (5).
F9-F14.

Kievits. T., van Gemen. B.. van Strijp. D.. Schukkink. R., Dircks, M.. Adriaanse.
H.. Malck. L., Sooknanan, R.. Lens. P.. 1991. NASBA isothcrmal enzymatic
in vitro nucleic acid amplification optimized for the diagnosis of HiV-1
infection. J. Virol. Meth., 35 (3). 273-286.

Leriche-Guerin. K. Trabaud. M.A.. Cotte, L.. Bissucl. E. Deruclle. E., Rougier,
P.. Trepo. C.. 1997. Correlation between antirctroviral resistance mutations.
biological parameters. and clinical evolution in zidovudine-treated paticnts
infected with human immunodeficiency virus type 1. Eur. J. Clin. Microbiol.
Infect. Dis. 16 (9), 660-668.

Lin. HJ.. Pedncault. L., Hollinger. F.B.. 1998. Intra-assay performance charac-
teristics of five assays for quantification of human immunodclicicncy virus
type I RNA in plasma. J. Clin. Microbiol. 36 (3), 835-839.

McDermott, A.Y.. Terrin, N., Wanke. C.. Skinner. S.. Tehetgen. E., Shevitz. AH.,
2005. CD4+ ccll count. viral load. and highly active antiretroviral therapy use
arc independent predictors of body composition alterations in HI V-infected
adults: a longitudinal study. Clin. Infect. Dis. 41 (11). 1662-1670.

Muyldermans. G.. Debaisicux. L.. Fransen, K.. Marissens. D.. Miller. K.. Vaira,
D.. Vandamme, A.M., Vandenbroucke, A.T.. Verhofstede. C.. Schuurman,
R., Zissis, G.. Lauwers. S.. 2000. Blinded, multicenter quality control study
for the quantification of human immunodeficiency virus type 1 RNA in
plasma by the Belgian AIDS reference laboratories. Clin. Microbiol. [nfect.
6(4),213-217.

Pachl. C.. Todd. J.A., Kern. D.G.. Sheridan. PJ.. Fong, S.J., Stempicn, M.,
Hoo. B.. Bescmer, D., Yeghiazarian, T., Irvine, B.. Kolberg, ., Kokka, R.,
Neuwald, P., Urdea, M.S.. 1995. Rapid and precise quantification of HIV-1
RNA in plasma using a branchcd DNA signal amplification assay. J. Acquir.
Immune Defic. Syndr. Hum. Retrovirol. 8 (5). 446454,

Piatak Jr.. M., Saag, M.S.. Yang, L.C.. Clark, S.J., Kappes. J.C., Luk, K.C.,
Hahn, B.H., Shaw, G.M.. Lifson. 1.D., 1993. High levels of HIV-1 in plasma
during all stages of infection determined by competitive PCR. Science 259
(5102), 1749-1754.

Pilicro. P.J., 2003. Early factors in successful anti-HIV treatment. J. Int. Assoc.
Physicians AIDS Care (Chic 111) 2 (1), 10-20.

Russell, S., 2004. The cconomic burden of illness for houscholds in devel-
oping countrics: a review of studics focusing on malaria, tuberculosis, and
humanimmunodeficiency virus/acquired immunodeficiency syndrome. Am.
J. Trop. Med. Hyg. 71 (2 Suppl.), 147-155.

Simon, V.. Ho, D.D., Karim. Q.A., 2006. HIV/AIDS cpidemiology. pathogenc-
sis. prevention. and treatment. Lancet 368 (9534), 489-504.

Venturi, G., Ferruzzi. R.. Romano. L.. Catucci. M., Valensin. P.E., Zazzi, M.,
2000. Ultrasensitive in-house reverse transcription-competitive PCR for
quantitation of HIV-1 RNA in plasma. J. Virol. Meth. 87 (1-2), 91-97.

World Health Organization. 2004. The world health report 2004-changing his-
tory. Geneva, Switzerland.

Yao.J..Liu. Z., Ko, L.S.. Pan. G.. Jiang, Y.. 2005. Quantitative detection of HIV-1
RNA using NucliSens EasyQ HIV-1 assay. J. Virol. Meth. 129, 40-46.

Please cite this article in press as: Hamatake, M. et al., A simple competitive RT-PCR assay for quantitation of HIV-1 subtype B and non-B
RNA in plasma, J. Virol. Methods (2007), doi: 10.1016/j.jviromet.2007.01.012

— 137 —



Jpn. J. Infect. Dis., 59, 122-125, 2006

Short Communication

Analysis of a Long-Term Discrepancy in Drug-Targeted Genes in
Plasma HIV-1 RNA and PBMC HIV-1 DNA in the Same Patient

Shuzo Usuku*, Yuzo Noguchi, Mitsuo Sakamoto', Takuya Adachi?, Hiroko Sagara?, Koji Sudo’,
Masako Nishizawa®, Makiko Kondo?, Osamu Tochikubo® and Mitsunobu Imai®

Department of Testing and Research, Yokohama City Institute of Health, Kanagawa 235-0012;
'The Jikei University School of Medicine, Tokyo 105-8461;

*Department of Infectious Diseases, Yokohama Municipal Citizen's Hospital, Kanagawa 240-8555;
‘Microbiology Division, Kanagawa Prefectural Institute of Public Health, Kanagawa 253-0087;
‘AIDS Research Center, National Institute of Infectious Diseases, Tokyo 208-0011; and
YYokohama City University School of Medicine, Kanagawa 236-0004, Japan

(Received March 14, 2005. Accepted January 30, 2006)

SUMMARY: Drug-resistance genotypes were investigated in a patient under treatment with anti-HIV drugs.
Since the drug resistance-associated mutations in plasma HIV-1 RNA and provira] DNA in peripheral blood
mononuclear cells (PBMCs) were inconsistent, changes were followed over time, and the discrepancy was
shown to persist for a long period. In plasma HIV-1 RNA, D67N, K70R, T215Y, and Y 188L were present in
the reverse transcriptase (RT) region, and two primary mutations, 184V and L90M, were noted in the protease
(Pro) region. In contrast, in proviral DNA, no drug resistance-associated mutations were found in the RT region,
and mutations such as L90L/M were only infrequently present in the Pro region. This situation persisted
for more than 3 years. In addition, sequencing analysis of the V3 loop in the envelope gene showed that non-
syncytium-inducing/macrophage-tropic viruses contribute to acquisition of drug resistance. In this study, drug-
resistant viruses were produced primarily at macrophages, and drug-sensitive viruses were maintained in PBMCs

as a reservoir.

Smith et al. noted a discrepancy between peripheral blood
mononuciear cell (PBMC) proviral DNA and HIV-1 RNA
isolated from plasma by culture in an AIDS patient under
zidovudine (AZT) monotherapy (1), and Kaye et al. reported
detecting AZT resistance mutations in plasma HIV-1 RNA
earlier than in PBMC proviral DNA in patients under AZT
monotherapy (2). After detection of drug-resistance mutations
in plasma HIV-1 RNA, 25 days were required, on average, to
detect the same mutations in proviral DNA (2). There have
been several reports of a transient discrepancy in resistance
mutations between different test specimens (3-7), but the
mechanism and frequency of such discrepancies are unclear.
In the patient we encountered, drug-resistance mutations
occurred primarily in plasma HIV-1 RNA during highly
active antiretroviral therapy (HAART) given for 6 years,
exhibiting a discrepancy from resistance mutations in PBMC
proviral DNA. Moreover, this discrepancy persisted for more
than 3 years. Thus, we retrospectively analyzed the gene
mutations associated with drug resistance. In addition, we
analyzed the sequences of the V3 loop in the envelope (env)
gene to identify cell tropism.

The objective of this study was to analyze anti-HIV drug-
resistance mutations in plasma HIV-1 RNA and PBMC
proviral DNA by genotypic assay in a patient showing muta-
tional discrepancies, in order to clarify the relationship between
the test results in different specimens.

Sequential blood was used from a patient infected with
HIV-1 through homosexual activity. Anti-HIV therapy was

*Corresponding author: Mailing address: Yokohama City Insti-
tute of Health, Takigashira 1-2-17, Isogo-ku, Yokohama City,
Kanagawa 235-0012, Japan. Tel: +81-45-754-9804, Fax: +81-
45-754-2210, E-mail: sh00-usuku(@city.yokohama.jp

™
jae]

&

initiated in November 1997, and the anti-HIV drugs admin-
istered are shown in Table 1. Informed consent for perfor-
mance of the study was obtained from the patient.

Plasma was separated by centrifugation from 5 ml of blood
from the HIV-1-infected patient, and PBMCs were isolated
by the Ficoll method and stored at —80°C. Plasma HIV-1 RNA
and PBMC proviral DNA were extracted. When viral isolation
was possible, culture supernatant was used for extraction. For
amplification of gene fragments of the reverse transcriptase
(RT), protease (Pro), and gp120 V3 regions, RT-nested PCR
was used for culture supernatant and plasma HIV-1 RNA,
and nested PCR was used for PBMC proviral DNA.

PBMCs were isolated by the Ficoll method from 20 ml of
blood collected from the HI'V-1-infected patient at designated
times C (February 2002) and D (February 2003). Using anti-
CD8 antibody-conjugated beads (Dynabeads M-450 CDg),
CD8" cells were removed from PBMCs from a healthy sub-
ject and the patient, and 5% 10 PBMCs/5 ml from each were
mixed and co-cultured for 3 days in the presence of anti-CD3
antibody to enhance the T-cell response (8). P24 antigen in the
supernatant of the passage culture was measured to confirm
replication of HIV.

The base sequences were determined by direct sequencing
of the PCR products of plasma HIV-1 RNA, PBMC proviral
DNA, and cloned colonies. A BigDye Terminator Cycle
Sequencing Ready Reaction kit (Applied Biosystems, Foster
City, Calif., USA) was used for the cycle sequence reaction,
and sequences were determined using an ABI PRISM 310
Genetic Analyzer (Applied Biosystems). Amplicons (326 bp)
of the RT region and amplicons (165 bp) of the gp120 V3
region were used for phylogenetic tree analysis. Nucleotide
and amino acid sequences were aligned using Genetyx
Mac software version 10.1.1 (Software Development Co.,



Tokyo, Japan). Multiple alignments were performed with
CLUSTALW (9). The phyvlogenctic tree was constructed by
the neighbor-joining (NJ) method based on Kimura's two-
parameter distance matrix with 1000 bootstrap replicates.
The trees were visualized using TREEVIEW (10). The base
sequences ablained tor the RT and Pro region were analyzed
by a beta test program provided by Stanford 1 Iniversity Medi-
cal Center (available online at httpz-hivdbo.stanford.edu), and
drug resistance-associated mutations were identified.

HIV-1 eny sequences corresponding to the gp120 V3 loop
were used (o predict syneytium-inducing (SI) and non-
syncytium-inducing (NSI) genotypes, based on the presence
of basic or acidic residues at positions 11 and 25 of the V3
loop (11,12).

Codons related to drug resistance in the Pro and RT
regions of plasma HIV-1 RNA and PBMC proviral DNA and
viral isolates were analyzed in an AIDS patient undergoing
treatment with HAART (Table 1). There were no major
drug-resistance mutations in plasma HIV-1 RNA and PBMC
proviral DNA before initiation of antiretroviral therapy
in September 1997. However, we subsequently observed
discrepancies in the genotypes associated with drug resist-
ance, especially after July 1999. At time A (March 2000),
four drug resistance-associated mutations, D67N, K70R,
Y188L, and T215Y, were detected in the RT region, and two
primary mutations, 184V and L.90M, were detected in the Pro
region in plasma HIV-1 RNA. In contrast, no mutations were
detected in PBMC proviral DNA. At time B (April 2001),
D67N, K70R, Y188L, and T215Y were detected in the RT
region, and M46L, 184V, and L90M were detected in the Pro
region in plasma HIV-1 RNA, while only L90L/M in the Pro
region was detected as a resistance-associated mutation in
PBMC proviral DNA. The ratios of clones containing resist-
ance mutations at times A and B were compared using the
cloning method, and these data are summarized in Table 2.
At times A and B, D67N, K70R, Y188L, and T215Y were
detected in all the plasma HIV-1 RNA clones, but not in the

PBMC proviral DNA clones. In contrast, for DNA, 9 of
the 13 clones and 8 of the 14 clones contained no resistance
mutations at times A and B, respectively. In addition, some
DNA clones contained multiple resistance-related mutations:
T215Y, D67N + K70R; and D67N + K70R + T215Y. No DNA
clones contained the RT-region mutation Y 188L, which is
related to resistance to non-nucleic acid RT inhibitors, at
either time A or time B. Since efavirenz (EFV) therapy was
initiated 4 months before time A, and all plasma HIV-1 RNA
clones contained Y 188L, PBMC proviral DNA clones contain-
ing resistance mutations were not actively replicating viral
clones, but instead clones accumulated due to resistance
mutations that had occurred in the past.

Isolates at times C (February 2002) and D (February 2003)
were obtained by a high-sensitivity culture method. In the
genotypic assay for times C and D, L210W at time C, and
L210W, M41L, and M184V/] at time D in the RT region
were added in plasma HIV-1 RNA as drug-resistance gene
mutations compared to the results of time B. The genotypic
results at times C and D were inconsistent between plasma
HIV-1 RNA and PBMC proviral DNA, as were the results at
times A and B, and drug-resistance gene mutations in the
viral strains obtained by isolation culture were similar to those
in PBMC proviral DNA, except for the Pro region at time D
(Table 1).

A phylogenetic tree for the RT and gp120 V3 region at
time A revealed that plasma HIV-1 RNA clones were descen-
dants of PBMC proviral DNA (Fig. 1): one DNA clone in the
gp120 V3 region (Fig. 1B) had the same scquence as that of
RNA clones.

Deduced amino acid sequences for the V3 loop were com-
pared between the plasma HIV-1 RNA and PBMC proviral
DNA clones at time A (Fig. 1). The basic amino acid lysine
(K) at positions 25 of the V3 loop associated with the SI
phenotype were found in DNA clones (11,12). All RNA clones
were of the NSI genotype, while 7 of the 10 DNA clones
were of the SI genotype, with the basic amino acid lysine (K)

Table 1. Resistance mutations in the RT gene and major resistance mutations in the protease gene obtained by direct sequencing"

Dat P;;ff/za Plasma HIV-1 RNA PBMC proviral DNA Viral isolate Antiviral medications
ate i
(copies/ml) RT Protease RT Protease RT Protease NRTls NNRTIs Pls
Sep-97 1.9 % 10° “) ) “) “) NT NT
Aug98  84x10° D67N.K7OR,T215Y  D3ON T215Y/T  D30N NT NT  AZT.ddl NFV
Jul-99 NT D67N, K70R, T21SF/Y ) =) ) NT NT  d4T, ddl RTV, SQV
0ct-99 NT D67N, K70R, T215Y  L9OM (o) L9OM NT NT 44T, ddI RTV,SQV
Dec-99 1.8 x10°  D6TN,K70R, T21SY 184V, L90M -) ) NT NT  d4T.ddl  EFV APV
A Mar-00 3.1 10° ?;Z?Y K70R YI88L,  1e4v Loom =) “ NT NT  d4T.ddl  EFV APV
Dec00  41x10t  DOTLKTORVISSL epyoom o) “) NT  ONT 4T ddi APY
7
Feb-0l 1.3 % 10* ,[;,61' ?{( K70R,YI8BL. 1e4v L.o0M =) -) NT NT 44T, ddi APV
B Apr0 2.0 X 10° ?517;\’9 K70R, Y1881, ﬁ@?ﬁ‘ 184V, (-)  L9OL/M NT NT 44T ddi APV
A . M4
sep-01  28x10' 207N KTOR YIBEL. WoSL 184V () 2’19‘:)6&%’ NT NT 44T, ddI APV
D67N, K70R, Y188L.,  MA46L. 184V, 184V/1, 184V/1
; , KT0R, : ~ : B ,
€ Feb-0z  37X10° 10w Taisy L90M ) LoomiL ) pgom 94T dd APV
M4IL DETN,KTOR, o jon MA6MIL,
D Feb-03  50x10°  MIS4V/, YISSL. oo () IS4V, ) =) 3TC,ddI LPV/RTV
L210W, T215Y L90L/M

I A major mutation was defined based on reference (17).

NT. not tested; RT, reverse transcriptase; NRTI. nucleoside reverse transcriptase inhibitor: NNRTL. non-nucleoside reverse transcriptase inhibitor;

PI. protease inhibitor. (-): No drug-resistant mutations were detected.
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Fig.1. Neighbour-joining phylogenetic tree depicting the relationship of the nucleotide sequences of partial reverse transcriptase
(A) and gp120 V3 (B) clones in plasma HIV RNA and PBMC proviral DNA at time A (Mar-2000). Branch lengths are drawn to
scale, and bootstrap values greater than 70% are shown at the nodes for 1,000 replicates. S or N indicates the SI or NSI genotype,
respectively. The reference sequence CM240 was used as an outgroup. GenBank accession numbers are shown below. CM240
(U54771), Q23-17 (AF004885), JRFL (U63632). PBMC proviral DNA, O; Plasma RNA, 0.

Table 2. Frequencies of drug-resistance mutations of the RT region
in plasma HIV-1 RNA and PBMC proviral DNA

Time A (Mar-00)  Time B (Apr-01)

Resistant mutations of RT Plasma PBMC Plasma PBMC

RNA DNA RNA DNA
(=) 0 9 0 8
T215Y 0 2 0 1
D67N, K70R 0 1 0 3
D67N, K70R, T215Y 0 I 0 2
D67N, K70R, Y188L, T215Y 11 0 12 0
Total 11 13 12 14

RT, reverse transcriptase. (-): No drug-resistant mutation was detected.

at position 25 in the V3 loop. The other 3 clones were of the
NSI genotype.

We identified a unique case of HIV-1 infection that showed
discrepancies in drug-resistance mutations between plasma
HIV-RNA and PBMC proviral DNA for more than 3 years.
Multiple drug-resistant viral clones were observed in all of
plasma HIV-RNA clones at time A, and the genotype in the
RT region was shown to be notably discordant with that of
PBMC proviral DNA by cloning and sequencing (Table 1, 2).
Furthermore, deduced amino acid sequences in the V3 loop
showed that all the plasma HIV-RNA clones analyzed at
time A had NSI genotypes, whereas SI genotypes were pre-
dominant in the PBMC proviral DNA clones (Fig. 1). These
findings indicate that an actively replicating virus with drug
resistance in plasma has distinct sequence properties from
those of PBMC proviral DNA, and that an NSI/macrophage-
tropic virus can contribute to acquisition of drug resistance.

Zhang et al. (13) studied env region sequences prior to and
during the course of AZT therapy, and demonstrated that dif-
ferent HIV substrains coexist and evolve independently within
an individual. Our results are consistent with this observa-
tion.

On the other hand, we cannot rule out the possibility that
resistant viruses in plasma that replicate and flow into the
circulation in patients under drug therapy are derived not from
the PBMC provirus population but from other infected cell
populations. The cell population associated with acquisition
of drug resistance is unclear, but the present results indicate
that HIV-1 infected macrophages may be the cell population
that acquires drug resistance under antiretroviral therapy
because the NSI/macrophage-tropic genotype is a major popu-
lation in plasma HIV-RNA.

The genotypes of viral isolates were found to be similar
to those of PBMCs in genotypic assays performed at time
C and D (Table 1). This finding indicates the presence of
drug selection-unloaded infectious viruses in PBMCs. Our
results are congruent with those reported by Ruff et al. (14),
who observed the dynamic characteristics of replication-
competent viruses isolated from resting memory CD4" T cells
that developed HIV-1-drug resistance following HAART, and
demonstrated that archival wild-type HIV-1 persists in resting
CD4" T cells free of selective pressure from antiretroviral
drugs. Several studies have indicated the existence of long-
lived reservoirs, composed primarily of resting memory CD4*
T cells, and recovered viruses do not show mutations associ-
ated with resistance to the relevant antiretroviral drugs (8,
14,15). In addition, Wang et al. recently found that IL-7 is a
more effective enhancer of the HIV-1 provirus than [L-2, or a



combination of IL-2 with phytohemagglutinin (PHA), in CDS-
depleted PBMCsy;: they showed by phylogenctic analysis
that distinct proviral q-tmshspccics were activated by 1L.-7,
compared with those activated by H.-2 and PHA (16). Our
culture technique might have activated resting CD47T cells
or another population activated by a cytokine such as IL-7.
Although further studies are needed to clarify which popula-
tion of proviruses in PBMCs was obtained in our culture
technique, the results suggest that the recovered viruses in
this study are archival drug-sensitive replicates and have the
potential to serve as a stable viral reservorr. It is particularly
striking that thesc reservoirs appear (o be in major compart-
ments in PBMCs, and are maintained for a long period.
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Nagano ranks third in Japan in terms of the percentage of HIV-positive people in its population.

We analysed the number of CD4+ T cells, the ratio of AIDS in HIV-positive people, diagnostic clues and
the past histories in 125 patients who visited the AIDS base hospitals in Nagano from January 2001 to August
2005.

58.49% of patients had developed to AIDS when they were diagnosed as HIV positive. CD4+ T cells were
below 200/ in 64.8% and severe immunosupression (CD4+ T cells below 50/ 1) was observed in 40.8%. The
median number of CD4-+ T cells at diagnosis was 70.5/ul. Frequent clues to the diagnosis of HIV infection
were found to be pneurnocystis pneumonia, oral candidasis and body weight loss. Herpes zoster infection,
sexually transmitted infections (STIs), and refractory eruptions were observed in past histories.

In Nagano Prefecture, many of the patients were diagnosed as HIV positive when they had already
developed to AIDS. Past histories such as herpes zoster infection, STTIs, and refractory eruptions seemed to be
clues for making an early diagnosis by general clinicians, which will be essential to improve the prognosis and
prevent the spread of the disease. Shinshu Med J 54 : 183—187, 2006
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