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percentage of p24 expression between Ki-67" (31%) and
Ki-67" p-hepatocytes (33.1%), suggesting thar SDA-|
efficiently enters and replicates in both proliferating and
static hepatocytes.

Considering that SDA-1 can infect hepatocytes in vitro, it
would have been interesting to determine whether the
patient’s liver was infected in vivo. However, consent for a
liver biopsy was denied by the patient’s family. There was
no evidence of hiver dysfuncoon. When virus was isolated
from this patient; however, liver damage [an aspartate
anunotransferase (AST)/alanine aminotransferase (ALT)
ratio > 1| was observed at the end of the clinical stage.
Although the cause of hiver mjury was unclear, our
present data suggest that CD4-independent HIV-1
infection may lead to hepatocellular damage.

Discussion
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Fig. 4. SDA-1 enters and replicates in CD4~ human
p-hepatocytes. (a) Entry of SDA-1 into p-hepatocytes. The
p-hepatocytes were exposed to the indicated HIV-1 GFP-p
viruses for 48 h. Infectivity was determined as GFP ™ cells by
confocal microscopy. (b) Replication of SDA-1 Env-chimeric
viruses and SDA-1 virus stock in human p-hepatocytes. (c)
SDA-1 infects p-hepatocytes through CXCR4. The inhibitory
eftects of AMD 3100 (0.1, 0.3 and 1.0 uM) on SDA-1 Env-
chimeric viruses infection of p-hepatocytes were studied
Results shown are means of triplicate experiments. Bars,
SD. (d) SDA-1 replicates in both proliferating and static

In this srudy, we charactenized a quasispecies of a CD4-
independent HIV-1 isolate, termed SDA-1, which was
able to unlize either CXCR4 or CCR S in the absence of
CDA4. Moreover, we demonstrated that SDA-1 efficiently
entered and replicated in Huh-7 hepatoma cells and
normal human hepatocytes, through CXCR4, without
inducing apoptonc cell death.

Many SIVand HIV-2 1solates can infect cells without CD4,
at least to some extent. However, CD4-independent HIV-
1 viruses have been rarely isolated and, so far, only a few
laboratory-adapted CD4-independent HIV-1  variants
have been reported. It must be noted that CD4-
independent HIV-1 variants, isolated in vito by passage
through cells lacking CD4, have been shown to be more
sensitive to neutralizing antibodies than CD4-dependent
viruses |44,45]. Therefore, we might hypothesize that the
emergence of a quasispecies of HIV-1 with a reduced
requirement for CD4 is likely to be at a low abundance
relative to the more common CD4™ struins. However,
with disease progression, HIV-1 variants with reduced
atfinity for CD4 and with increased atfinity for chemokine
receptor could evolve and become more robust in the viral
quasispecies, disseminate in a variety of CD4 ™ tissues in vivo
under conditions of both reduced immunological pressure
and a dramatically reduced pool of targer CD4™ cells
concomitant with high levels of virus replicanon. It will be
important to search the viral quasispecies in other patients,
especially in the later stages of HIV-1 disease for the
existence of similar CD4-independent HIV-1 variants and
expanded cellular tropism.

Fig. 4. (Continued)

human p-hepatocytes. Intracellular stainings of HIV-1-
infected p-hepatocytes for p24 and Ki-67 were analyzed by
flow cytometry, CXCR4, chemokine (C-X-C motif) receptor 4;
GFP-p, GFP-pseudotypes
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Although the extent to which CD47 cells are infected in
vivo 15 unclear, it has been widely thought to be low.
Nornetheless, recent studies [11,12] unlizing the novel
approach of laser caprure microscopy have revealed HIV-
1 sequences 1n isolated CD4™ cells of kidney epichelum
and neuronal cells, indicating that latent infection night
occur n such cells or ussues i viro. The mechamsm of
viral entry into CD47 cells remains unclear, bue as we
show here the evidence of emergence of CD4-
independent strains i v must be kept i mind,

End-stage liver disease 1s now becoming a frequent cause
of death in HIV-1-infected hospitalized pacients, HCV
and HBV comfection with HIV-1 has been shown ro
enhance the progression of liver damage [16]. However,
lirtle actention has been given to the direct virological
interaction between HIV and HCV/HBY in the liver, as
HIV has been thought not to infect hepatoeytes directly,
Nonetheless, a number of reports have documented that
histological liver abnormalities occurred solely as a result
of HIV-1 infection. In our study, we clearly demonstrated
that SDA-1 efficiently enters and replicates in both
prohferating and static hepatocytes through CXCR4, To
our knowledge, this 1s the first report that HIV-1 can
efficiently replicate in nornial hepatocytes, Furthermore,
we have shown thac HIV-1 infecnon did not mduce
significant cytocidal effects 1 the hepatocytes. I is
noteworthy that the hiver 1s a conunuously regenerating
organ. Therefore, if HIV-1 enters and integrates is DNA
into the host genome, hver cells contming HIV-1 DNA
will be conumuously generated by the division of the
mfected cells. Thus, the expression of HIV-1 proteins on
the intected cell surface might result in chronic damage of
the hiver cells by inducing host immune responses, Direct
virological interaction between HIV, HCV and HBV in
the liver or enhanced productnon of HIV-1 by
mbammatory cytokines produced by the HCV and
HBV-activated immune cells might also exacerbate the
liver injury. At present, however, we have no definite
information concerning the extent to which panents’
hepatocytes  harbor HIV-1  and  CD4-independent
HIV-1 varans.

Finally, a particularly important area of vaccine research
to take advantage of gpl120 structural information to
guide the design of novel envelope immunogens. As has
been reported, CD4-dependent viruses lude neutralizing
epiropes and only CD4 binding o gpl20 induces
conformanonal changes in gp120 to fully expose epitopes
for broadly neutralizing antibodies. The CD4-indepen-
dent strain we isolated here seems particularly important,
as it can cfficienty replicare in CD4~ hepatocyres.
Therefore, the gp120 strucrural alrerations, which might
expose the corecepror binding site withour binding to
CD4, may also open up other sites thar could yield
neutrahzing annbodies. Nevertheless, evidence of a
clinical CD4-independent R3X4 HIV-1 virus should
have mmportant imphcations concerming the range of

mutability and tropism of HIV-1 and the pathogenesis
of AIDS.
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Abstract

We analyzed a total of 12 near full-length genomes of drug-resistant HIV-1 spreading among therapy-naive in-
dividuals in Nagoya, Japan. Genomes comprised seven protease inhibitor (Pl)-resistant viruses possessing an
M6l (n = 6) or LOOM mutation (1 = 1) and five non-nucleoside reverse transcriptase inhibitor-resistant viruses
possessing a K103N mutation. All 12 viruses conserved both an H87Q mutation in the cyclophilin A-binding
site of Gag p24 (capsid) and a T23N mutation in the cysteine-rich domain of Tat protein. Pl-resistant viruses
commonly possessed two cleavage site mutations in the p6"!/protease of Pol polyprotein (F48L in p6"™!) and
the anchor/core domains of Nef protein (L57V). These amino acid mutations represent candidates for enhanc-
ing replication activity of drug-resistant viruses and supporting expansion of such viruses in therapy-naive in-

dividuals.

TR;\NﬁMIS‘SIUN oF DRUG-RESISTANT HIV-1 in therapy-naive
individuals represents a serious problem in therapy, as
such variants hinder antiretroviral therapy from the start.!?
Drug-resistant viruses were detected in 27 of 402 therapy-
naive patients (6.7%) in Nagoya, Japan, between 1999 and
2006 Importantly, phylogenetic analysis has revealed that
two main independent drug-resistant strains have been
spreading in this area. One is a protease inhibitor (Pl)-resis-
tant strain possessing an Md6l or LY9OM mutation in the pro-
tease. This strain started spreading in 2000 and was found
in a total of 13 therapy-naive patients. The other is a non-nu-
cleoside reverse transcriptase inhibitor (NNRTI)-resistant
strain possessing a K103N mutation in the reverse tran-
scriptase. This strain started spreading in 2003 and was
found in a total of five therapy-naive patients.” Importantly,
both strains are still growing. We recently started studying
why or how these drug-resistant strains can spread in ther-
apy-naive individuals while maintaining drug-resistant
amino acid mutations that generally confer replicative dis-
advantages. This study analvzed near full-length genomic
sequences of drug-resistant viruses to identify clues to bet-
ter understanding these epidemics.

Subjects comprised a total of 12 therapy-naive patients,
Among these, seven patients were identified with Pl-resis-
tant HIV-1 possessing an M4l mutation (n = 6) or LY0M
mutation (n = 1). The remaining five patients displayed
NNRTI-resistant HIV-1 possessing a K103N mutation by
routine genotypic drug-resistance testing from 2000 to 2006."
Genomic sequencing of HIV-1 was performed using plasma
samples obtained at the first medical examination. HIV-]
RNA was purified from a plasma sample using a QlAamp
viral RNA mini kit (QIAGEN, Tokyo, Japan). A single DNA
fragment containing gag to nef genes was reverse transcribed
and amplified by reverse transcription (RT)-nested poly-
merase chain reaction (PCR) using the Superscript [l one-
step RT-PCR system with platinum Taq high-fidelity kit (In-
vitrogen, Tokyo, Japan) and LA Taq polymerase (Takara,
Shiga, Japan). Sense and antisense primers [or RT-PCR were
INF-13 and LTR-E, respectively. Sense and antisense primers
for nested PCR were INF-12 and LTR-D, respectively. INF-
19 or INF-11 primers were sometimes used instead of INF-
13, and INF-20 or INF-10 primers were sometimes used in-
stead of INF-12. Nucleotide sequences of primers were as
follows: INF-13, 5'-GGT GAG TAC GCC ATT TAT TTG ACT

Clinical Research Center, National Hospital Organization Nagoya Medical Center (Tokai Area Central Hospital for AIDS Treatment and
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Pl-resistant viruses with
an M46| or L90M mutation
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FIG. 1. Phylogenetic analysis of drug-resistant HIV-1. A phylogenetic tree was constructed using the neighbor-joining
method with near full-length genomic sequences. Bootstrap values were calculated by 1,000 analyses and values greater
than 70% were shown at the nodes of the tree. Scale bar represents nucleotide substitutions per site. Group O_MVP5180
was used as the outgroup. Pl-resistant viruses possessing an M461 or LYOM mutation are shown with closed or open tri-
angles, respectively. NNRTI-resistant viruses possessing a K103N mutation are shown with closed squares. Pl, protease in-
hibitor; NNRTI, non-nucleoside reverse transcriptase inhibitor.
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AG-3; LTR-E, 5-CTT ATA TGC AGC TTC TGA GGG C-3";  CGC ACA GCA AGA GGC GAG-3', The RT-PCR program
INF-12, 5-ATT TAT TTG GCG CGC GGA GGC TAG AA-  consisted of one cycle of RT reaction (60 min at 50°C), 1 cy-
3"; LTR-D, 5'-GCA TCA TTA ATT AAC CCT GGA AAG  cle of pre-PCR (2 min at 94°C), and 40 cycles of PCR (155 at
TCC CCA GCG GAA-3'; INF-19, 5'-GGT GAG TAC GCC  94°C, 30sat 50°C, and 10 min at 68°C). The nested PCR pro-
AAA AAA CTT TTG ACT AG-3; INF-20, 5-AAA CTT TIG  gram consisted of one cycle of pre-PCR (2 min at 94°C) and
GCG CGC GGA GGC TAG AA-3' INF-11,5-TCT CTCGAC 40 cycles of PCR (15 s at 94°C, 30 s at 50°C, and 10 min at
GCA GCGA CTC GGC TTG-3'; INF-10, 5-GCT GAA GCG  70°C). A labeling reaction for DNA sequencing was per-
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FIG, 2. Candidates for amino acid mutations that possibly enhance the replication activity of drug-resistant HIV-1. Pro-
tease inhibitor-resistant HIV-1 commonly possessed an F48L mutation in the carboxyl terminus of p6™! (A) and an L57V
mutation in the carboxyl terminus of Nef anchor domain (B). All drug-resistant viruses dis layed conservation of an HE7Q
mutation in the cyclophilin A-binding domain (Pro85 to Pro93) of Gag p24 (capsid) (C). Alrdrug-re:s'istanl viruses also con-
served a T23N mutation in the cysteine-rich domain (Cys22 to Cys37) of Tat protein (D). Candidate mutations are shown
in bold. Cleavage points are represented as triangles in A and B. Mixed-type amino acids are represented as follows: X,
D/A; Xz, R/C; and X3, V/1. Amino acid sequences of NL4-3 and HXB2 were used as references, AA#, amino acid number,
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formed using the BigDve terminator cycle sequencing kit
(Applied Biosystems, Tokyo, Japan), and DNA sequences
were determined using an ABI PRISM 310 Genetic Analyzer
(Applied Biosystems). In phylogenetic analyses, multiple se-
quence alignment was performed using CLUSTAL W, and
genetic distances were calculated based on the Kimura two-
parameter model using MEGA software version 3.1.* Phy-
logenetic trees were constructed using the neighbor-joining
method with 1,000 bootstrap analyses. Genomic sequences
of reference HIV-1 strains were obtained from the HIV se-
quence database in the Los Alamos National Laboratory.’
Recombinant formation was checked using the Recombinant
Identification Program version 3.0 in the HIV sequence data-
base.

A total of 12 near full-length genomic sequences of drug-
resistant HIV-1 were successiully obtained from therapy-
naive patients. Seven Pl-resistant viruses and five NNRTI-
resistant viruses separately clustered together with reference
subtype B viruses on a phylogenetic tree (Fig. 1). This is con-
sistent with our previous result obtained by phylogenetic
analysis using pol gene fragment alone* We separately con-
firmed that they were subtype B and not recombinant forms
using the Recombination Identification Program (data not
shown).

We and others have previously reported that acquisition
of an M46l, L90M, or K103N major mutation enables HIV-1
to survive under pharmacotherapeutic pressure but simul-
taneously sacrifices the replicative activity of such viruses in
the absence of drug.®” This fact forced us to hypothesize that
our drug-resistant viruses restored reduced replication ac-
tivity by acquiring some mutations in the genome, which
thus consequently survive and expand under drug-free con-
ditions such as in therapy-naive patients. We therefore ex-
tensively searched for candidate amino acid mutations that
might offer advantages in viral replication, revealing four in-
teresting mutations,

The first was an F48L mutation located in the carboxyl ter-
minus of p6'!, and the second one was an 157V mutation
located in the carboxyl terminus of the Nef anchor domain
(Figs. 2A, 2B). These were specified in the Pl-resistant HIV-
1 strain, Findings of A431V, L449F, and P453 mutations in
the p7/pl and p1/p6®E cleavage sites of Gag polyprotein,
and associated restorative activities on viral replication of PI-
resistant HIV-1 have been reported,*® bul our viruses dis-
played no such mutations. The F48L mutation in pé"
and/or the L57V mutation in the Nef protein might have
restoration activity in our Pl-resistant viruses,

The third was a non—cleavage site mutation found in Gag
p24 (capsid). Several amino acid mufations in the
non—cleavage site of Gag polyprotein have been reported
to restore reduced replication activity of Pl-resistant HIV-
1. One of these is an H219Q mutation also known as an
H87Q mutation in the capsid. Amino acid 87H is located in
the cyclophilin A-binding site, and the H87Q mutation re-
duces incorporation of cyclophilin A into HIV-1 virions,
thus elevating HIV-1 replication.!! Interestingly, all our
drug-resistant viruses commonly possessed the H87Q mu-
tation in the capsids, suggesting that replicative activities
were enhanced by this mutation (Fig. 2C). Notably, in ad-
dition to the H87Q mutation, V86A/P, 191H/V, and A92P
mutations were frequently found in the cyclophilin A-bind-
ing site. These additional mutations may also be associated
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with viral replication activity through binding modulation
to cyclophilin A.

The fourth was again a non-cleavage site amino acid
mutation found in the cysteine-nich domain of Tat protein.
A previous study reported T23N as a polymorphic mutation
that increased Tat transactivation activity on HIV-1 pro-
virus gene expression.'? Interestingly, all our drug-resistant
viruses also commonly possessed this T23N mutation (Fig,
2D). Elevated Tat activity may plausibly support the repli-
cation of drug-resistant viruses,

As another interesting mutation, we found an insertion
mutation of RPEP in the PTAPP motif of p6* in four cases
of NNRTl-resistant HIV-1 (data not shown). At present,
whether this insertion mutation confers any advantage for
NNRTI-resistant viruses to survive under drug-free condi-
tions is unclear.'*13

In conclusion, we successfully found primary candidates
of amino acid mutations that might enhance the replicative
activity of drug-resistant HIV-1 for surviving under drug-
free conditions. Further investigations are required to eluci-
date whether these mutations substantially support the repli-
cation of drug-resistant viruses, Preliminary findings from
our recent experiments have demonstrated positive roles of
such mutations, particularly for H87Q mutation in the cap-
sid.
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Table 1 Complications of HIV infection in central nervous system

July 2000 August 2000-A pril 2003 May 2003 November 2005
Toxoplasmic encephalitis 3 | 2
PML 2 1
Cryptoccocal meningitis '} 1 1
Primary CNS lymphoma 1 |
HIV encephualopathy 5
Tuberculous meningitis i
Cy loviral encephali 1
Other Unknown 1 Viral meningitis |
Amebic encephalits | Hydrocephalus |

Total 7 5 13
HIV infectious cases (AIDS cases) 106 (19) 231 (56) 363 (127)
Rate of CNS complications with AIDS 368% S0 4%

PML: Progressive multifocal leckeencephalopathy

Table 2 Counts of CD4 + lymphoeytes and HIV viral load before and after HAART

Case | 3 4 5
CD4+ lymphocytes 71276 11—281 874 17 =244 5 —= 254
(before ~ after HAART)
Cuhh
I;I'} viral load ] «10# 53= 106 33108 12107 13= 700
Ibefore — after HAART) <50 ~< 30 ~< 30 —~12% 100 e 5l

leopies mi)

Table 3 Findings of cerebrospinal fluid ar time of 111V encephalopathy diagnosis

Case | 2 3 4 3
Cell counts (/ulh 2 5 7 3 47
Protein (mg/dl) 45 46 ] % 21
Glucose (blood glucoss) (myg/dl 20 (80 100 48 (126) 48 (96) 85 1244)
-2 microglobulin (pg/mi) 71 — — 45 T
HIV viral load (copies/ml) FLES (1 = 1.7 % 100 1Bx 10 3= 10

=—: not exmmined
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IREEECTH D, HCV Hitk, e, B-D-ouh >, 4 p AN
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VA raeh AR TR GBS TR -7 MY (Ta-
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Fig. 1 Brain MRI (FLAIR) of case |

revealed a diffuse lesion with b

A and B which were done at : zh signal in the brain stem,
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phy in the white v progressed
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Fig. 2 Hrain MRI (T2 weighted image) of case 4
It revealed that the diffuse high intensity

area in cerebral

white matter spared the subcortex.
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Abstract

Clinical features and courses of 5 cases with HIV encephalopathy

Rina Hashimote, M.D.", Eiichiro Mukal, M.D.", Yoshiyuki Yokomaku, M.D.",
Naoto Mamiya. M.D." and Motohiro Hamaguchi, M.D,"
Department of Neurology, National Hospital Organization Nagoya Medical Center
“Department of Infectious Disease, National Hospital Organization Nagoyva Medical Center
"Department of Clinical Reseach Center, National Hospital Organization Nagova Medical Center

Clinical features and courses of 5 cases with 111V encephalopathy were reported. The subjeets were among
the patients registered as IV patients at the Nagoya Medical Center, between 1996 and 2005. There were 458 pa-
tients with HIV infection including 127 cases of AIDS. All patients suffered from severe immunological deficiency
when HIV encephalopathy developed. Other opportunistic infections had also occurred in three patients. HIV en-
cephalopathy was one of the presenting manifestations of HIV infection in four patients, and no patients had re-
ceived antiretroviral therapy. HAART improved motor disturbance and their ADL became independent except
for one case. Improvements in neuropsychological examination scores were noted in all cases, Recovery from psy-
chiatric symptoms, however, was incomplete. Four patients could not work. and 3 needed psychological treatment
due to behavioral abnormalities. HIV encephalopathy is not a lethal disease but the functional prognosis was very
poor. New therapy is needed for HIV encephalopathy.

{Clin Neurol, 48: 173—178, 2008)
Key words: HIV, AIDS, cognitive impairment, behavioral change, prognosis
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