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Short Communication

Transcriptional activity of blood- and cerebrospinal
fluid–derived nef /long-terminal repeat sequences
isolated from a slow progressor infected with
nef -deleted human immunodeficiency virus type 1
(HIV-1) who developed HIV-associated dementia

Melissa J Churchill,1 Anna Figueiredo,1,2 Daniel Cowley,1,7 Lachlan Gray,1,3 Damian FJ Purcell,3

John S Sullivan,4,5 Dale A McPhee,2,3,6 Steven L Wesselingh,1,7 Bruce J Brew,8 and Paul R Gorry1,3,7

1The Macfarlane Burnet Institute for Medical Research and Public Health, Melbourne, Victoria, Australia; Departments
of Microbiology2 and Medicine,7 Monash University, Melbourne, Victoria, Australia; 3Department of Microbiology and
Immunology, University of Melbourne, Melbourne, Victoria, Australia; 4Australian Red Cross Blood Service, Sydney,
New South Wales, Australia; 5Faculty of Medicine, University of Sydney, Sydney, New South Wales, Australia; 6National
Serology Reference Laboratory, St. Vincent’s Institute for Medical Research, Fitzroy, Victoria, Australia; and 8Department
of Neurology, St. Vincent’s Hospital, Darlinghurst, New South Wales, Australia

The authors studied the transcriptional activity of blood- and cerebrospinal
fluid (CSF)-derived nef /long-terminal repeat (LTR) sequences isolated from
a slow progressor infected with nef -deleted human immunodeficiency virus
type 1 (HIV-1) who developed HIV-associated dementia (HIVD). The transcrip-
tional activity of CSF-derived nef /LTR clones isolated during HIVD was up
to 4.5-fold higher than blood-derived clones isolated before and during HIVD
when tested under basal, phorbol 12-myristate 13-acetate- (PMA-), and Tat-
activated conditions, and was associated with the presence of duplicated nu-
clear factor (NF)-κB and specificity factor-1 (Sp-1) binding sites coupled with
a truncated nef sequence, increased replication capacity, and high CSF viral
load. Thus, nef and LTR mutations that augment transcription may contribute
to neuropathogenesis of nef -deleted HIV-1. Journal of NeuroVirology (2006) 12,
219–228.
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The nef gene is a major determinant of virulence in
primate lentiviruses. Strains of simian immunodefi-
ciency virus (SIV) with mutations in nef have atten-
uated replication capacity and pathogenicity, com-
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pared with wild type SIV strains (Chakrabarti et al,
1995; Desrosiers et al, 1998; Hofmann-Lehmann et al,
2003; Iafrate et al, 2000; Kestler et al, 1991; Messmer
et al, 2000). Similarly, mutations in the nef gene of
human immunodeficiency virus type 1 (HIV-1) may
promote long-term nonprogression or slow progres-
sion of HIV-1 infection in humans (Deacon et al, 1995;
Kirchhoff et al, 1995; Kondo et al, 2005; Mariani et al,
1996; Rhodes et al, 2000). The largest described co-
hort of long-term survivors infected with nef -deleted
HIV-1 is the Sydney blood bank cohort (SBBC), which
consists of multiple individuals who became infected
with an attenuated strain of HIV-1 via contaminated
blood products from a common blood donor between
1981 and 1984 (Deacon et al, 1995; Learmont et al,
1992, 1999). Viral attenuation has been attributed to
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gross deletions in the HIV-1 nef /long-terminal repeat
(LTR) region of the HIV-1 genome (Deacon et al, 1995).
The presence of duplicated and/or rearranged nu-
clear factor (NF)-κB and Sp-1 binding sites in the LTR
are also unique properties of viral strains harbored
by SBBC members (Churchill et al, 2004, 2006; Dea-
con et al, 1995). Despite being infected from a sin-
gle source, SBBC members comprise slow progres-
sors and long-term nonprogressors (Churchill et al,
2006). The SBBC therefore provides a unique oppor-
tunity to study the pathogenesis of nef -deleted HIV-1
in a naturally occurring human setting.

HIV-1 invades the central nervous system (CNS)
early in the course of infection and causes HIV-
associated dementia (HIVD) or a milder form of neu-
rocognitive impairment termed minor cognitive mo-
tor disorder in 10% to 20% of patients with acquired
immunodeficiency syndrome (AIDS) (reviewed in
Dunfee et al, 2006; Gabuzda et al, 2002; Gonzalez-
Scarano and Martin-Garcia, 2005). Features of HIVD
include cognitive slowing and memory impairment
typically progressing to frank dementia and death
within a year of onset. CNS infection can cause
subacute encephalitis, characterized by reactive
astrocytes, white matter abnormalities, microglial
nodules, perivascular inflammation, multinucleated
giant cells, and neuronal cell loss (Dunfee et al, 2006;
Gabuzda and Wang, 2000). Highly active antiretro-
viral therapy (HAART) reduces cerebrospinal fluid
(CSF) HIV-1 RNA levels and improves neurocogni-
tive function and CNS abnormalities detected by neu-
roimaging studies (Sacktor et al, 2002). However, rel-
atively poor CNS penetration by most drugs used in
HAART contributes to the development of resistance
mutations and compartmentalized evolution of HIV-1
in the CNS (Smit et al, 2004; Strain et al, 2005).

Although the CNS is a well-characterized anatomi-
cal reservoir of HIV-1, the ability of nef -deleted HIV-1
strains to persist in the CNS and cause neurologic dis-
ease is unclear. Previous studies of SIV or chimeric
simian-human immunodeficiency virus (SHIV) with
mutations in nef showed diminished neurotropism
in macaque models (Singh et al, 2002; Thompson
et al, 2003). By analogy, nef is considered an impor-
tant factor in the neuropathogenesis of HIV-1 infec-
tion in humans. We recently reported HIVD in the
SBBC donor (subject D36), which coincided with a
decrease in CD4 cell count and the presence of high
viral load in both CSF and plasma, and was associ-
ated with compartmentalized evolution of the virus
in CSF (Churchill et al, 2004). This study provided
the first in vivo evidence that nef -deleted HIV-1 can
invade the CNS of humans, and that nef was not es-
sential for HIV-1 neuropathogenesis. The results fur-
ther suggest other viral factors may compensate to in-
crease the replication capacity of nef -deleted HIV-1
in the CNS to levels sufficient to cause neurologic
disease.

Because viruses harbored by SBBC members con-
tain alterations of NF-κB and Sp-1 binding sites in

the LTR that may affect transcriptional activity and
thus, replication capacity (Churchill et al, 2004, 2006;
Deacon et al, 1995), we examined the nucleotide se-
quence and transcriptional activity of nef /LTR clones
derived from blood and CSF of subject D36 to deter-
mine whether changes in LTR activity may contribute
to CSF viral load and neuropathogenesis of nef -
deleted HIV-1 infection. However, we acknowledge
that without brain-biopsy tissue for comparison, it
remains uncertain whether virus in the CSF is a
true reflection of virus replicating in cells of the
monocyte-macrophage lineage in the CNS. Periph-
eral blood mononuclear cell (PBMC)-derived HIV-1
isolated on six occasions prior to and during HIVD,
and HIV-1 RNA purified from CSF taken on one occa-
sion during HIVD was used in this study (Churchill
et al, 2004). The collection of blood and CSF was
in accordance with guidelines endorsed by the
Australian Red Cross Blood Service human ethics
committee. The viral phenotypes and analyses of
V3 Env amino acid sequences have been described
previously (Churchill et al, 2004). The clinical his-
tory of D36 has been described in detail previously
(Churchill et al, 2004, 2006; Learmont et al, 1999).
Briefly, in December 1998 the subject presented with
a 3-month history of increasing forgetfulness, poor
balance, action tremor, and urinary hesitancy. Clini-
cal examination revealed that he was mentally slow
and had bilateral extensor plantar responses and that
tandem gait was mildly impaired. A magnetic res-
onance imaging scan of the subject’s brain showed
periventricular changes in the white matter. A neu-
ropsychological assessment showed changes consis-
tent with subcortical dementia. The clinical, labora-
tory, and neuropsychological results supported the
diagnosis of moderate HIVD, which was the subject’s
AIDS defining illness. Clinical and laboratory data
relevant to HIV-1 isolates used in the present study
are summarized in Table 1. CD4+ T-cell counts de-
creased from 552 to 160 per μl between August 1995
and December 1998, which was accompanied by a
steady increase in plasma HIV-1 RNA levels from
1100 to 15,183 copies/ml. The diagnosis of HIVD
occurred with a CSF viral load of >750,000 HIV-1
RNA copies/ml. The subject was placed on a HAART
regimen of abacavir, nevirapine, and zidovidine in
January 1999, which suppressed plasma and CSF vi-
ral loads to below detectable levels and resolved the
symptoms of HIVD (Churchill et al, 2004; Crowe et al,
2005).

The nef /LTR region of the HIV-1 genome was
amplified either from phytohemagglutinin (PHA)-
activated, interleukin-2–stimulated PBMCs that were
infected with each of the blood derived HIV-1 isolates
or from CSF HIV-1 RNA by reverse transcriptase–
polymerase chain reaction (RT-PCR) using high-
fidelity DNA polymerase and nested primers, as de-
scribed elsewhere (Deacon et al, 1995; Rhodes et al,
2000). The products of six independent PCR reac-
tions from each blood or CSF sample (corresponding
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Table 1 Viruses, laboratory studies, and clinical history

Date of CD4+ Plasma viral CSF viral load
blood/CSF Years since T-cell count load (RNA

Virus sample infection (cells/μl) (RNA copies/ml) copies/ml) Clinical history

D36II 8/1995 14.4 552 1,100 N/A Diagnosed with HIVD 12/1998.
D36V 7/1996 15.6 414 2,600 N/A ABC, AZT, NVP
D36VIII 5/1997 16.4 540 4,020 N/A (1/1999–9/2004)
D36IX 12/1997 17.0 390 7,500 N/A ABC, NVP, 3TC
D36X 6/1998 17.5 325 15,183 N/A (9/2004–present)
D36XI 12/1998 18.1 160 9,900 >750,000

Note. CD4+ T-cell levels were measured by flow cytometry. HIV-1 RNA levels were measured using COBAS AMPLICOR HIV-1 mon-
itor version 1.0 (Roche Molecular Diagnostic Systems, Branchburg, NJ) prior to 1999 and version 1.5 after 1999. HIV-1 RNA levels of
<400 copies/ml (version 1.0) or <50 copies/ml (version 1.5) were considered below detection. BD, below detection; N/A, not available;
HIVD, HIV-associated dementia; ABC, abacavir; AZT, zidovudine; NVP, nevirapine; 3TC, lamivudine.

to nucleotides 8671 to 9641 of HIV-1 NL4-3) were
pooled and cloned into pGEM-T-easy (Promega,
Madison, WI). Nucleotide sequences deduced from
multiple, independent clones showed deletion mu-
tations of varying magnitude within the nef -alone
and nef /LTR overlap region as well as duplications
and/or rearrangements of NF-κB and Sp-1 binding
sites in the LTR (Churchill et al, 2004). These data are
represented schematically in Figure 1. To determine
transcriptional activity, three independent nef /LTR
clones from each blood or CSF sample were sub-
cloned into the pGL3 Basic plasmid (Promega), up-
stream of a Firefly luciferase reporter gene. The basal
promoter activity of the nef /LTRs was examined by
measuring Firefly luciferase activity in lysates of ju-
rkat cells that were transfected by electroporation
with 15 μg of each plasmid, at 72 h post transfec-
tion. The percentage of transfected jurkat cells was
typically 40% to 50%, as judged by flourescence-
activated cell sorting (FACS) analysis of cells trans-
fected with pEGFP (data not shown). To control for
transfection efficiency, cells were cotransfected with
0.5 μg of pGL3 Renilla plasmid (Promega), which
contains a Renilla luciferase reporter gene under the
control of a cytomegalovirus (CMV) promoter. Be-
cause Renilla and Firefly luciferase proteins have
different substrate requirements, the activity of both
proteins was measured using a dual-luciferase as-
say system (Promega), and Firefly luciferase activity
measurements were normalized to Renilla luciferase
activity.

When compared to basal transcriptional activ-
ity measured from the wild-type nef /LTR sequence
of HIV-1 NL4-3, nef /LTRs of the sequential blood-
derived D36 isolates exhibited modest (up to two-
fold) increases in transcriptional activity, which,
with the exception of nef /LTR of D36IX, reached
statistical significance (Figure 1). In contrast, the
nef /LTR of D36IX had transcriptional activity that
was similar to that of NL4-3. Interestingly, the tran-
scriptional activity of nef /LTRs cloned from CSF of
D36 during HIVD was not only significantly greater
than that of NL4-3 and other brain-derived wild-
type control nef /LTRs cloned from YU-2 and JR-FL

strains, but was significantly greater than that of the
blood-derived nef /LTR clones. Similar results were
obtained using 293T and CEM cells (data not shown).
These results suggest the basal promoter activity of
nef /LTRs cloned from CSF and most of the blood-
derived isolates is augmented when compared with
that of wild-type nef /LTR sequences of NL4-3, YU-2,
and JR-FL.

To determine the relationship between basal tran-
scriptional activity of nef /LTRs and changes in
nef /LTR nucleotide sequence, a comparison was
made between the nef /LTR structure and the cor-
responding basal transcription data (Figure 1). The
increased basal transcriptional activity of nef /LTR
clones from D36II, D36V, and D36VIII viruses was
associated with the gain of two additional NF-κB
binding sites and an additional Sp-1 binding site,
and the presence of a fragmented 5′ nucleotide se-
quence in the nef -alone and nef /LTR overlap regions
consisting of multiple deletion mutations. The loss
of augmented basal transcriptional activity exhibited
by nef /LTR of D36IX was associated with retention
of most of the fragmented nucleotide sequence, but
with the loss of one of the additional NF-κB bind-
ing sites and the additional Sp-1 binding site, sug-
gesting that, in the context of a fragmented nef cod-
ing sequence, these two sites may be important for
the enhanced level of transcription. However, aug-
mented basal transcriptional activity was restored
in D36X and D36XI by the removal of additional
nef sequence, creating a single, large deletion span-
ning the nef -alone and the nef /LTR overlap regions.
This suggests that removal of redundant nef sequence
may compensate for the NF-κB and Sp-1 binding
site losses in D36IX by forming a nef /LTR regulatory
unit with greater efficiency. Of note, the nef /LTR of
D36XI, which was isolated from blood during HIVD,
regained the second additional NF-κB binding site.
Thus, in the context of nef -deleted HIV-1 harbored
by D36, duplication of NF-κB and Sp-1 binding sites
or the removal of redundant nef -coding sequence are
features that appear to be separately advantageous for
enhancing basal transcription. Our results are con-
sistent with those of previous studies that showed
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enhanced basal transcriptional activity of subtype C
LTR variants due to the presence of an additional NF-
κB binding site (Jeeninga et al, 2000). The data also
reflect the continually evolving nature of the nef /LTR
in HIV-1 harbored by D36 that selects for strains with
enhanced basal transcriptional activity, which may
contribute to enhancing replication capacity of nef -
deleted viruses.

The enhanced basal transcriptional activity of
nef /LTRs cloned from CSF was associated with
nef /LTR sequence deletions that were similar to those
harbored by the “late emerging” D36X and D36XI
viruses (Figure 1). However, the nef /LTRs derived
from CSF also contained an arrangement of addi-
tional NF-κB and Sp-1 binding sites that was simi-
lar to the “earlier” D36II, D36V, and D36VIII viruses.
Therefore, HIV-1 present in CSF of D36 harbored both
nef /LTR features that appear to be separately advan-
tageous for enhancement of basal transcription. This
suggests a cooperative effect of changes in nef and
LTR sequence may contribute to maximizing tran-
scriptional activity of the CSF-derived nef /LTRs.

Infected cells producing high levels of HIV-1 in
the CSF of D36 are likely to be activated. Further-
more, transcriptional activation of the LTR in vivo

Figure 2 PMA- and Tat-activated transcriptional activity of blood- and CSF-derived nef/LTRs. Jurkat cells were cotransfected with
15 μg pGL3 Basic plasmid encoding nef /LTRs, 0.5 μg pGL3 Renilla plasmid, and 1.5 μl pTat72 plasmid, or were treated with 25 ng/ml
PMA 24 h after being cotransfected with pGL3 Basic and pGL3 Renilla plasmids. Transcriptional activity of nef /LTRs under PMA or
Tat activation was measured by luciferase assays as described in the text, and normalized to transcriptional activity measured from
nef /LTR derived from HIV-1 NL4-3. Nef /LTR sequences derived from the brain-derived YU-2 (Li et al, 1991, 1992) and JR-FL strains of
HIV-1 (O’Brien et al, 1990) were included as additional wild-type controls. The results represent the mean values obtained from three
independent experiments. Error bars represent standard deviations. ∗ P < .05 for comparisons of transcriptional activity between D36 and
NL4-3 nef /LTRs. ∗∗ P < .05 for comparisons of transcriptional activity between D36 CSF nef /LTRs, and blood-derived D36 and NL4-3
nef /LTRs. P values were calculated using a paired Student’s t test.

occurs in response to HIV-1 Tat. Therefore, we next
measured the transcriptional activity of blood- and
CSF-derived nef /LTRs in transfected jurkat cells
under PMA- or Tat-activated conditions. Activa-
tion of control nef /LTRs derived from wild type
NL4-3, YU-2 and JR-FL HIV-1 strains with PMA
or Tat led to an approximately 6- and 58-fold in-
crease in transcriptional activity, respectively, when
compared to basal transcriptional activity (data not
shown). When compared to transcriptional activity
measured from wild-type control nef /LTRs, nef /LTRs
of the sequential blood-derived D36 isolates exhib-
ited modest (up to 1.5-fold) increases in transcrip-
tional activity in response to PMA or Tat (Figure 2),
which were similar to the modest increases in tran-
scriptional activity measured under basal conditions
(Figure 1). However, transcriptional activity of CSF-
derived nef /LTRs in response to PMA or Tat was
approximately 4.5-fold greater than that of wild-
type control nef /LTRs, and 3- to 4.5-fold greater
than that of the blood-derived D36 nef /LTR clones.
These results demonstrate augmented promoter ac-
tivity of nef /LTRs cloned from CSF of D36 during
HIVD, under PMA- and Tat-activated conditions. To-
gether, the results of basal, PMA- and Tat-activated
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transcriptional activation studies suggest that aug-
mented transcriptional activity of CSF-derived
clones may contribute to increasing the replication
capacity of nef -deleted HIV-1 to levels that reflect the
high viral load in CSF (Table 1), and which may be
sufficient for nef -deleted HIV-1 to cause neurologic
disease.

Our results are consistent with those of previ-
ous studies suggesting augmented LTR activity con-
tributes to the neuropathogenesis of HIV-1 infection
(reviewed in van Marle and Power, 2005). Changes
in CCAAT/enhancer binding protein (C/EBP) bind-
ing sites, which have been linked to efficient HIV-1
replication in macrophages (Ross et al, 2001b), have
been shown to occur in brain-derived LTRs from pa-
tients with HIVD, and affect LTR activity (Burdo et al,
2004a, 2004b; Hogan et al, 2003; Millhouse et al,
1998; Ross et al, 2001a; Schwartz et al, 2000). In ad-
dition, the LTR promoter proximal Sp1 binding site
has been shown to interact with the Sp1 transcription
factor family of transcription regulators, including
both activators and repressors of promoter activity.
Single-base mutations within this binding motif in
the brain-derived, macrophage-tropic YU-2 strain of
HIV-1 altered binding to this site, and resulted in a
40% loss of promoter activity when analyzed in both
T-cell and astrocytic-cell lines (Millhouse et al, 1998).
These studies suggest unique regulatory mechanisms
governing HIV-1 replication are likely to be present
in brain and may contribute to HIV-1 neuropathogen-
esis. However, more detailed studies using expanded
numbers of brain-derived LTRs are required to fully
elucidate the role of C/EBP and Sp1 motifs or other
cis-acting elements in the transcriptional regulation
of HIV-1 replication in brain. Of note, C/EBP binding
sites occur in regions of the LTR that are deleted from
D36 viruses (data not shown), whereas the Sp1 bind-
ing sites are maintained as high-affinity binding sites
in both wild type and D36 variants. This suggests that
other cis-acting regulatory elements may contribute
to the augmented transcriptional activity and neu-
ropathogenesis of nef /LTR-deleted HIV-1 harbored
by D36.

Previous studies showed that LTR variants with
augmented transcriptional activity enhance replica-
tion of HIV-1 (Jeeninga et al, 2000). To determine
whether D36 nef /LTRs affect replication capacity
of HIV-1 in vitro, full-length chimeric molecular
clones of HIV-1 NL4-3 were constructed by replac-
ing the wild-type, nef /LTR region (corresponding to
nucleotides 8671 to 9641) with that of D36II-, D36IX-,
D36XI-, and CSF-derived nef /LTRs (referred to as
NL-D36II, NL-D36IX, NL-D36XI, and NL-D36CSF
viruses, respectively). Virus stocks were produced by
transfection of 293T cells, filtered through 0.45-μm
filters, quantified by reverse transcriptase (RT) as-
says (Gorry et al, 1998) and stored at −80◦C. Control
viruses included wild-type NL4-3 and an isogenic
strain containing a 222-bp deletion in the nef alone
region surrounding the XhoI restriction site that does

Figure 3 Replication of chimeric HIV-1 viruses in PHA-activated
PBMCs. PHA-PBMC were infected with equivalent amounts of
each chimeric or control virus, as described previously (Gorry et al,
2001; Gray et al, 2005), and cultured for 20 days. Virus production
in culture supernatants was measured by RT assays. Values shown
are means from triplicate infections. Error bars represent standard
deviations. Results are representative of two independent experi-
ments using cells from different donors.

not overlap the LTR (NL4-3deltaNef) (Gorry et al,
1998). We examined the capacity of chimeric NL4-3
viruses carrying D36 nef /LTRs to replicate in PHA-
activated PBMCs (PHA-PBMCs) compared to wild-
type NL4-3 and the NL4-3deltaNef deletion mutant,
as described previously (Gorry et al, 2001). Wild-type
NL4-3 replicated rapidly to high levels, with peak
virus replication occurring at day 3 post infection
(Figure 3). In contrast, NL4-3deltaNef had reduced
and delayed replication kinetics when compared to
NL4-3, indicating that the presence of a full-length
nef gene is required for optimal replication of NL4-
3 in PHA-PBMCs. However, the differences in repli-
cation kinetics between wild type and nef -deleted
NL4-3 were modest, consistent with previous studies
(Miller et al, 1994; Ryan-Graham and Peden, 1995).
Chimeric viruses containing blood-derived nef /LTRs
also had delayed replication kinetics similar to NL4-
3deltaNef, but the peak levels of replication that oc-
curred at day 7 post infection differed; NL-D36II virus
reached levels of replication that were similar to NL4-
3deltaNef. NL-D36IX virus replicated to peak levels
that were lower than NL4-3deltaNef, and NL-D36XI
virus replicated to peak levels that were greater than
NL4-3deltaNef. Thus, our results show a direct asso-
ciation between transcriptional activity of the blood-
derived nef /LTRs (Figures 1 and 2), and the peak lev-
els of virus replication achieved in PHA-PBMCs by
chimeric viruses carrying the respective nef /LTRs.
However, despite the nef /LTRs of D36II and D36XI
having augmented basal and Tat-activated transcrip-
tional activities compared to wild-type NL4-3 (Fig-
ures 1 and 2), augmented transcriptional activity of
these clones was not sufficient to increase replication
capacity of HIV-1 in PHA-PBMCs to levels achieved
by NL4-3.
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In contrast to viruses carrying blood-derived
nef /LTRs, NL-D36CSF virus replicated rapidly to
high levels in PHA-PBMCs (Figure 3). The replica-
tion kinetics and levels of virus replication were
similar to wild-type NL4-3 at day 3 post infection.
However, NL-D36CSF continued to replicate to lev-
els that exceeded those achieved by NL4-3, peaking
at day 7 post infection. Thus, the nef /LTR derived
from CSF of D36, which had augmented basal, PMA-,
and Tat-activated transcriptional activities com-
pared to wild-type and blood-derived D36 nef /LTRs
(Figures 1 and 2), was sufficient to restore replication
of HIV-1 in PHA-PBMCs to levels equal to or greater
than those achieved by NL4-3. Together, our results
suggest that unique structural features of the CSF-
derived nef /LTR restore efficient replication capacity
of nef -deleted HIV-1 in PHA-PBMCs by enhancing
transcription.

Whether increased transcriptional activity of the
CSF-derived nef /LTR actually caused or contributed
to high levels of HIV-1 in CSF, or indeed to neu-
ropathogenesis, is unclear. However, our results sug-
gest that the unique structure of the CSF-derived
nef /LTR may contribute to enhancing replication of
nef -deleted HIV-1 in the CNS to levels sufficient
to cause neurologic disease. This possibility is sup-
ported by previous studies that showed LTR variants
with additional NF-κB binding sites are hyperrespon-
sive to activation by tumor necrosis factor (TNF)-α
(Jeeninga et al, 2000), which is a proinflammatory cy-
tokine elevated in HIVD and implicated in HIV-1 neu-
ropathogenesis (Wesselingh et al, 1993). However,
high levels of viral antigen in the CNS per se is not suf-
ficient to cause neurologic disease (Joag et al, 1995;
Korber et al, 1994; Mankowski et al, 1997; Power
et al, 1994), suggesting that additional viral factors
other than those that enhance replication in brain are
necessary for HIV-1 neurovirulence. To this end, it is
important to note that the Env of blood-derived D36
viruses is dual-tropic (R5X4), whereas the Env of HIV-
1 in CSF of D36 is CCR5-restricted (R5) (Churchill
et al, 2004). Although R5X4 strains have been recov-
ered from brain (Gorry et al, 2001, 2002; Ohagen
et al, 2003; Peters et al, 2004), their presence is
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