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Human immunodeficiency virus type 1 (HIV-1) tropism plays an important role
in HIV-associated dementia. In this study, aimed at determining if the tropism
and coreceptor usage of circulating viruses correlates with cognitive function,
the authors isolated and characterized HIV from the peripheral blood of 21
Hispanic women using antiretroviral therapy. Macrophage tropism was de-
termined by inoculation of HIV isolates onto monocyte-derived macrophages
and lymphocyte cultures. To define coreceptor usage, the HIV isolates were
inoculated onto the U87.CD4 glioma cell lines with specific CCR5 and CXCR4
coreceptors. HIV isolates from cognitively impaired patients showed higher
levels of replication in mitogen-stimulated peripheral blood mononuclear cells
than did isolates from patients with normal cognition (P < .05). The viral
growth of HIV primary isolates in macrophages and lymphocytes did not dif-
fer between patients with and those without cognitive impairment. However,
isolates from the cognitively impaired women preferentially used the X4 core-
ceptor (P< .05). These phenotypic studies suggest that cognitively impaired
HIV-infected women receiving treatment may have a more highly replicating
and more pathogenic X4 virus in the circulation that could contribute to their
neuropathogenesis. Journal of NeuroVirology (2007) 13, 315-327.
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encephalopathy induced by increased viral infection
and fueled by immune activation of brain mononu-
clear phagocytes (perivascular and parenchymal
macrophages and microglia) (Diesing et al, 2002; Dou
et al, 2004; Marder et al, 1996). HAD occurs in ad-
vanced stages of HIV-1 disease and after acquired im-
munodeficiency disease (AIDS) progression because
of the loss of immune control, increased trafficking of
activated and/or infected monocytes into the central
nervous system (CNS), and the late emergence of
viral variants that affect CNS disease progression
(Ranki et al, 1995; Williams and Hickey, 2002). HIV-1
enters the CNS soon after the systemic infection and
affects the white matter, basal ganglia, and cerebral
cortex (Jones and Power, 2005; McArthur et al,
1999).
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HIV-1 entry occurs by direct fusion of the viral en-
velope protein gp120 with the target cell membranes.
The viral envelope glycoprotein (Env), which binds
with high affinity to the cellular CD4 receptor, me-
diates the fusion with the primary receptor on the
targeted cell surface (Berger et al, 1999; Chang et al,
2005; Huang et al, 2005; Sharma et al, 2005). The
seven-transmembrane G protein—coupled chemokine
receptors (CXCR4 and CCR5) function as coreceptors
for HIV entry. These coreceptors are expressed by pri-
mary lymphocytes and macrophages, the main cellu-
lar targets for HIV infection, and may influence cell
tropism (Goodenow and Collman, 2006).

HIV isolates may exhibit a macrophage, lympho-
cyte, or dual (i.e., growth in macrophages and lym-
phocytes) tropism. Macrophage (M)-tropic isolates
primarily infect macrophages and lymphocytes, but
not CD4-positive transformed cell lines; they typi-
cally are not syncytia-inducing (NSI) in infected lym-
phoid targets. These M-tropic isolates use predomi-
nantly the CCR5 coreceptor and have been termed
R5 viruses (Berger et al, 1998). T-cell line (T)-tropic
isolates infect lymphocytes and CD4-transformed
cells, causing the formation of multinucleated giant
cells or syncytia; they often are syncytia-inducing
(SI)(Bannert et al, 2000; Mack et al, 2005). T-tropic
isolates use predominantly CXCR4 and have been
termed X4 viruses (Berger et al, 1998). Some viruses,
such as the X4 primary isolate HIV-Tybe, do have the
capacity to infect macrophages through the CXCR4,
depending on the coreceptor’s density level or con-
formation (Yi et al, 2003, 2005). The determinants
of coreceptor usage and cell tropism lie mainly
within the V3 loop in gp120, although other enve-
lope regions, particularly V1/V2, may also contribute
(Hibbitts et al, 1999; Sirois et al, 2005; Watabe et al,
2005). Viral tropism and coreceptor utilization are de-
termined by virus-cell specific interactions and thus
may influence the development of clinical therapies.
For example, CCR5 and CXCR4 antagonists could
be used to inhibit selectively the entrance of HIV-
1 strains that use specific coreceptors for cell entry
(Yi et al, 2005). The interplay between viral tropism
and coreceptor utilization is still a subject of intense
debate (Goodenow and Collman, 2006; Poveda et al,
2006).

Coreceptor utilization has been associated to the
pathogenesis of CNS (Spudich et al, 2005). Most of
the brain-derived viruses (i.e., SF-162, JR-CSF, JR-FL,
Yu2) are M-tropic and principally use CCR5 for cell
entry (D’Aversa et al, 2005; Gorry et al, 2001, 2002).
M-tropic variants are found throughout all stages of
disease and have been associated with increased se-
cretion of inflammatory mediators by macrophages
and development of HAD (Wojna et al, 2004a). T-
tropic and dual-tropic variants develop with disease
progression (Neil et al, 2005; Simmons et al, 1996).
These dual-tropic strains (R5X4) could use CCR5
and CXCR4 coreceptors to enter the macrophages
and T-cell lines. CXCR4 is expressed in T cells,

in macrophages, and in various tissues including
brain (astrocytes, cortical neurons, cerebellar granule
cells, and microglia) and is the major receptor pre-
ferred by strains of HIV-1 that arise during progres-
sion to immunodeficiency and development of HAD
(Gendelman, 2006; Yi et al, 2003, 2004). T-tropic
viruses generally do not replicate well in microglia,
despite the presence of the CXCR4 coreceptor, but
they can traffic in and out of the brain during progres-
sive HIV-1 disease. During disease development, the
blood-brain barrier is compromised, and X4 viruses
may play an important role in the neuropathogene-
sis of HAD by activating macrophages, microglia, and
astrocytes expressing the CXCR4 coreceptor by pro-
ducing neurotoxic factors and inducing apoptosis in
neurons (Fischer-Smith and Rappaport, 2005; Gen-
delman et al, 2006; Nath, 2002; Yi et al, 2003, 2004).

Studies comparing HIV tropism in the peripheral
blood and in the CNS are needed to define the
phenotypic determinants of HAD. Spudich and
collaborators have reported a mixture of R5 and X4
viruses that show promiscuity in their coreceptor
preference and can traffic between the peripheral
blood and the CSF (Spudich et al, 2005). Despite
various studies showing that genetic factors and
adaptation processes are responsible for the differ-
ences between cerebrospinal fluid (CSF)—derived and
plasma-derived viral populations (Di Stefano et al,
1998; Pillai et al, 2006; Strain et al, 2005), Burkala
and collaborators reported that viral isolates with
characteristics of peripheral origin were present in
the choroid plexus (Burkala et al, 2005). Consonant
with these findings, Korber and collaborators found
that isolates from blood and brain shared genetic
viral sequences, suggesting that there is a trafficking
of virus between the CNS and the periphery (Korber
et al, 1994). In recent studies using heteroduplex
tracking assays, Harrington and collaborators found
that besides CSF autogenous viral populations, there
were strains that were shared between the CSF
and the peripheral blood (Harrington et al, 2005).
Recently, important associations have been found
between the proviral DNA in circulating monocytes
and the pathogenesis of HAD (Shiramizu et al, 2005).

In the era of highly active antiretroviral therapy
(HAART), the CNS has become increasingly impor-
tant as a sanctuary for HIV-1. In addition to reducing
viral load and restoring T-cell function, HAART may
affect the HIV tropism, thereby causing a selection
of X4 viruses rather than R5 variants (Poveda et al,
2006). However, others have shown that HAART can
cause a delay in the emergence of X4 variants (Poveda
et al, 2006).

In this study, we examined the hypothesis that
HIV tropism and coreceptor usage of the viruses
present in the peripheral blood correlate with cogni-
tive function. Experiments were conducted to isolate
and determine the tropism of HIV variants from a
cohort of HIV-infected Hispanic women character-
ized for cognitive function (Wojna et al, 2006). The
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Table 1 Viral and immune parameters of a Hispanic Puerto Rican women cohort, by cognitive status

Viral load
, . (log o copies/ml)
Viral CD4 nadir CD4 count
Group isolate m-AAN¢ (cells/mm?) (cells/mm?) Plasma CSF Treatment®
Normal cognition 1 NC 39 199 4.67 2.53 None
2 NC 78 42 5.47 3.06 HAART
3 NC 185 100 4.99 ND? HAART
4 NC 192 223 4.48 2.51 HAART
5 NC 309 343 4.33 2.40 HAART
6 NC 127 127 4.34 2.58 HAART
7 NC 426 466 <1.7 <1.7 HAART
8 NC 171 272 4.53 4.14 HAART
9 NC 320 410 <1.7 <1.7 HAART
Cognitive impairment 10 A 5 15 3.59 <1.7 HAART
11 A 22 22 5.68 2.27 HAART
12 A 404 278 4.07 ND HAART
13 A 324 309 4.28 3.34 None
14 A 168 168 5.16 3.45 Monotherapy
15 MCMD 296 296 3.14 1.83 HAART
16 MCMD 225 210 4.17 ND HAART
17 MCMD 48 413 3.48 ND Monotherapy
18 HAD 42 388 4.50 1.85 HAART
19 HAD 304 385 2.97 <1.7 HAART
20 HAD 337 204 4.32 ND None
21 HAD 35 46 4.83 1.97 HAART

?Cognitive function determined using the American Academy of Neurology HIV-associated dementia criteria modified to include an
asymptomatic cognitively impaired group (m-AAN): normal cognition (NC), asymptomatic (A), minor cognitive motor disturbance

(MCMD), HIV-associated dementia (HAD).
bNot done.
¢Antiretroviral treatment.

prevalence of HAD in this cohort (28.6 %) has been
reported to be higher than that in other longitudinally
studied cohorts in the United States and the use of
this cohort was particularly valuable in testing our
hypothesis.

Results

Patient cohort

Viral and immune parameters, along with cognitive
status, of the patient cohort are presented in Table 1.
The age range of the patients was 22 to 47 years, with
amean + SD of 34 + 6 years. The mean CD4 cell count
was 234 + 140 cells/mm?®. The mean HIV viral load
was 4.1 £ 1.1 logy copies/ml in plasma and 2.4 £ 0.7
logyo copies/ml in CSF. Mean age, CD4 counts, and
viral load did not significantly differ between those
with and those without cognitive impairment (P >
.05), as has been reported elsewhere (Wojna et al,
2006). The predominant risk factor for HIV infection
in this cohort was heterosexual transmission (Wojna
et al, 2006).

Viral isolation

HIV was recovered from only 21 women (Table 1)
following coculture of peripheral blood mononu-
clear cells (PBMCs) from 62 HIV-seropositive women
using combined antiretroviral therapy. These co-
cultures were amplified with fresh phytohemag-
glutinin (PHA)-activated PBMCs in three separate
experiments, each using blood from different HIV-
seronegative donors. Viruses isolated from patients

with cognitive impairment had significantly higher
HIV p24 antigen levels (median 382.80) than did
viruses isolated from patients with normal cognition
(median 311.90) at day 14 post infection (P < .05)
(Figure 1).

Macrophage and lymphocyte tropism of HIV-1
primary isolates

To determine the tropism of viruses present in the
blood of women with cognitive impairment as com-
pared with that in women with normal cognition,
macrophages from an individual HIV-seronegative
donor were inoculated with HIV isolates from
patients with normal cognition or with cognitive
impairment.

For the characterization of M-tropism, 14-day
supernatants from HIV-infected monocyte-derived
macrophages (MDMs) were tested for replication lev-
els by HIV p24 antigen, and only 8 of 21 (38%) HIV
isolates replicated in macrophages (Table 2). Five iso-
lates from patients with normal cognition replicated
in MDMs: four showed high HIV p24 antigen levels
that ranged from 5 to 446 ng/ml; one (viral isolate
7) showed low levels of HIV p24 antigen in MDMs
and was not syncytia-inducing (NSI) on MT-2 cells.
Three isolates from women with cognitive impair-
ment showed higher replication in MDMs (levels that
ranged from 26 to 4912 ng/ml) (Table 2). There was
no significant difference between the M-tropism of
viral isolates from patients with and those without
cognitive impairment (P = .538).
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Table 2 Tropism and coreceptor usage of HIV-1 primary isolates from peripheral blood of women

U87.CD4°
Viral isolate Cognitive function® MT-2 cells MDM? Cell tropism CCR5 CXCR4 Coreceptor tropism
1 NC NSI (+++) M-tropic (+++) (=) R5
2 NC SI (+++) Dual (=) (+++) X4
3 NC SI (+++) Dual (+++) (+++) Dual
4 NC NSI (=) N/D9 (+++) (=) R5
5 NC SI () T-tropic (=) (+++) X4
6 NC NSI (- N/D (+/-) (+) Dual
7 NC NSI (+/-) M-tropic (+++) (=) R5
8 NC NSI (+++) M-tropic (+++) (+/-) Dual
9 NC NSI (=) N/D (+++) (=) R5
10 CI SI (=) T-tropic (+++) (+++) Dual
11 CI NSI (+++) M-tropic (++-+) (4+++) Dual
12 CI SI (=) T-tropic (=) (+++) X4
13 CI SI (=) T-tropic (+++) (+++) Dual
14 CI SI (=) T-tropic (=) (4+++) X4
15 CI SI (=) T-tropic (=) (+++) X4
16 CI NSI (-) N/D (+/-) (=) R5
17 CI SI (=) T-tropic (+++) (+++) Dual
18 CI ST (-) T-tropic (=) (++) X4
19 CI SI (=) T-tropic (+++) (+++) Dual
20 CI SI (+++) Dual (+++) (+++) Dual
21 CI NSI (4+++) M-tropic (=) (+++) X4
LAI° N/A SI (=) T-tropic (=) (+++) X4
BAL/ N/Aé# NSI (+++) M-tropic (+++) (=) R5

“Cognitive function includes two groups: NC (normal cognition) and CI (cognitive impairment). Cognitive impairment was determined
using the American Academy of Neurology HIV-associated dementia criteria. The CI group includes asymptomatic (A), minor cognitive
motor disturbance (MCMD), and HIV-associated dementia (HAD).
bMonocyte-derived macrophages.

“p24 antigen in ng/ml: (-): <0.2 ng/ml; (+/—): 0.2-0.5 ng/ml; (+): 0.5—1 ng/ml; (++): 1-2 ng/ml; (+++): >2 ng/ml.

4N/D: Not determined because of lack of viral replication in phytohemagglutinin (PHA)-stimulated peripheral blood mononuclear cells

(PBMCs).

°HIV-1 laboratory strain, prototype T-tropic.
JHIV-1 laboratory strain, prototype M-tropic.
8N/A: Not applicable.

8_._

400

200

p24 antigen at 14 days (ng/mL)

Isolates from normal cognition patients

Isolates from cognitively impaired patients

Figure 1 Isolation of HIV-1 variants from peripheral blood of HIV-positive women characterized for cognitive function. Peripheral blood
mononuclear cells (PBMCs) were isolated from women with normal cognition and women with cognitive impairment and cocultured
with HIV-1-negative PBMCs. Culture supernatants were tested for HIV p24 antigen concentration at day 14 post infection to detect virus
replication. Isolates from HIV patients with cognitive impairment showed significantly higher HIV p24 titers (* P = .049) than those from
HIV patients with normal cognition.



Characterization of T-tropism was determined by
the formation of syncytia on MT-2 cells. Among the
isolates from women with normal cognition, 3 of 9
(33%) formed syncytia; among those from women
with cognitive impairment, 9 of 12 (75%) did so.
The difference between the T-tropism of isolates from
women with normal cognition and that from women
with cognitive impairment approached statistical sig-
nificance (Fisher’s exact test, P = .087) (Table 2).

When the results from MT-2 and MDM assays
were combined to determine the predominant cell
tropism, we found that among the viruses isolated
from patients with normal cognition, three of the six
tested (50%) demonstrated preferential macrophage
tropism, one of six (17%) demonstrated preferential
lymphocyte tropism, and two of six (33%) demon-
strated dual tropism. Three viruses (isolates 4, 6,
and 9) were not tested for tropism on lymphocyte
and macrophage cultures because of insufficient vi-
ral replication levels in both target cells. Among
those viruses isolated from women with cognitive
impairment, 2 of 11 (18%) demonstrated preferen-
tial macrophage tropism, 8 of 11 (73%) demonstrated
preferential lymphocyte tropism, and 1 of 11 (9%)
demonstrated dual tropism. There was one viral iso-
late (number 16) that did not grow in any of the target
cells (Table 2).

HIV-1 coreceptor usage

We determined the coreceptor usage of the HIV
isolates by using the transfected glioma cells
U87.CD4.CCR5 and U87.CD4.CXCR4, which express
the R5 and X4 chemokine coreceptors, respectively.
We then compared the coreceptor usage of these pri-
mary isolates with the cognitive status of the patients.
In each cell line, we first confirmed by flow cytometry
that R5 and X4 coreceptor expression was optimal.
Both cell lines (U87.CD4.CCR5 and U87.CD4.CXCR4)
showed R5 and X4 coreceptor expression of more
than 60% (data not shown).

The X4 and R5 coreceptor usage of the 21 HIV
isolates was determined by monitoring the levels
of HIV p24 antigen on the U87.CD4.CXCR4 and
U87.CD4.CCR5 cell lines inoculated with HIV iso-
lates containing 25 ng/ml of HIV p24 antigen. Five
of nine (55%) viral isolates from women with nor-
mal cognition released more than 0.2 ng/mL of HIV
p24 antigen from CXCR4 cell supernatants, thus
demonstrating preferential use of the X4 corecep-
tor (Figure 2A). Of these five isolates, two (isolates
2 and 5) showed preference for the utilization of the
X4 coreceptor, whereas three (isolates 3, 6, and 8)
were characterized as dual-tropic for coreceptor us-
age because they also demonstrated replication in the
CCR5 cell line (Table 2). Isolates 4 and 8 showed a
rapid replication in X4 cells that was followed by a
reduction in the HIV p24 antigen levels at day 13 post
infection (Figure 2A). Even the CXCR4-positive con-
trol, HIVy a1, demonstrated a similar reduction. Seven
of nine (77%) viral isolates from patients with nor-
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mal cognition replicated well (HIV p24 > 0.2 ng/ml)
in the R5 cell line (Figure 2B). Four of nine isolates
from patients with normal cognition showed pre-
dominant CCR5 coreceptor usage, three were con-
sidered dual because of an efficient replication in
the CCR5 and CXCR4 cells, and two showed pre-
dominance for the X4 coreceptor (Table 2). Similar
to the X4 line, some viruses (isolates 2, 5, and the
CCR5-positive control HIVpa;,) showed a rapid repli-
cation in the CCR5 cells that was followed by de-
creased HIV p24 antigen titer 8 days post infection
(Figure 2B). The predominant coreceptor usage of
these isolates was as follows: four of nine (44%) iso-
lates used CCR5, two of nine (22%) used CXCR4, and
three of nine (33%) used both coreceptors. Among the
three HIV isolates whose predominant tropism could
not be determined because of insufficient growth
on lymphocytes, MT-2 cells, and macrophages, two
showed R5 coreceptor usage and one was dual-tropic,
thus demonstrating the increased sensitivity of core-
ceptor usage over replication capacity for tropism
determination.

Among those from women with cognitive impair-
ment, 11 (92%) viral isolates demonstrated HIV p24
antigen levels of more than 0.2 ng/ml in CXCR4 cells
(Figure 2C). Most of these isolates showed higher in-
fection levels in the X4 cells than did the isolates
from patients with normal cognition (Figure 2C; Ta-
ble 2). Among the 11 isolates that used the CXCR4, 6
also used the CCR5, showing a dual coreceptor usage.
There was more homogeneity between the viruses
from both groups of patients in terms of infection lev-
els in CCR5 cells (Figure 2D; Table 2). Only one virus
(isolate 16) showed preference for R5 usage alone,
and its replication levels were relatively low com-
pared with the other isolates that used the R5 core-
ceptor. There was no difference in HIV p24 antigen
levels on the CCR5 line between those with cogni-
tive impairment and those with normal cognition at
8 (P =.538) or 13 (P = .537) days. However, patients
with cognitive impairment had significantly higher
HIV p24 antigen levels on the CXCR4 line than did
those with normal cognition at 8 (P = .048) and 13
(P =.047) days.

The predominant coreceptor usage of the HIV
isolates was as follows: 5 of 12 (42%) of those
with cognitive impairment showed preference for
the CXCR4, 1 of 12 (8%) showed preference for
the CCR5, and 6 of 12 (50%) were dual-tropic
(Table 2). These isolates from cognitively impaired
patients were predominantly dual-tropic and X4
tropic.

Cytopathic effects induced by primary isolates

The cytopathic effect was evaluated to determine the
ability of the isolates to infect cell lines express-
ing each coreceptor. The formation of multinucle-
ated giant cells or syncytia occurs as a consequence
of the cell-to-cell fusion or interactions between the
viral envelope glycoprotein of infected cells and the
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Figure 2 Coreceptor usage of peripheral blood primary isolates. Coreceptor specificity was defined through the transfected glioma cell
lines U87.CD4.CCR5 and U87.CD4.CXCR4, which express CCR5 and CXCR4 coreceptors, respectively. Cells were inoculated with 25 ng
of HIV p24 antigen of primary HIV isolates from women with normal cognition (isolates 1 to 9) and with cognitive impairment (isolates
10 to 21). Infection was monitored by HIV p24 antigen ELISA at 8 and 13 days post infection. The laboratory-adapted isolates, HIVga1,,
and HIVy,;, were used as the R5 and X4 positive controls, respectively. CXCR4 and CCR5 coreceptor utilization by HIV-1 primary isolates
from patients with normal cognition is shown in A and B, respectively. CXCR4 and CCR5 coreceptor usage of HIV-1 primary isolates
from patients with cognitive impairment is shown in C and D, respectively. Results are representative of one experiment in duplicate.
There was no significant difference between HIV p24 titers in the R5 line between isolates from patients with (D) and those without (B)
cognitive impairment at 8 (P = .538) or 13 (P = .537) days post infection. Isolates from patients with cognitive impairment (C) showed
higher HIV p24 levels in the X4 line than the isolates from women with normal cognition (A) at 8 (P = .048) and 13 (P = .047) days post

infection.

CD4 surface molecules present in uninfected cells.
We found that syncytia formation correlated with
the replication of 17 of the 21 (81%) isolates in the
cell lines expressing coreceptors. Figure 3F-I shows
a representation of the multinucleated giant cells
formed as a result of an effective replication in the
U87.CD4 lines (R5 and X4). Five of the seven viruses
isolated from patients with normal cognition that
showed replication in the R5 line also induced syn-
cytia formation. However, two viral isolates (3 and
6) showed a productive infection over time (HIV p24
antigen >0.2 ng/ml), but did not cause any cytopathic
effect in these cells (Figure 2). In particular, isolate 3
showed productive infections in all cell types and
was characterized as dual-tropic, but it did not in-
duce any cytopathology in the CCR5 cell line. Iso-
late 6 grew efficiently in mitogen-activated PBMCs,
as well as in the CCR5 and CXCR4 cell lines (Table
2), but it did not infect macrophages and did not in-
duce syncytia formation in MT-2, R5, or X4 cell lines.

Viral isolates from patients with cognitive impair-
ment showed several discrepancies between syncy-

tia formation and coreceptor usage. Of the seven iso-
lates that infected the CCR5 line as determined by
high HIV p24 antigen, two (isolates 16 and 17) did
not induce syncytia formation in these cells. The cell
tropism could not be determined for isolate 16, which
(like isolate 6) did not grow in either macrophages or
the MT-2 cell line. This isolate grew well on PHA-
activated PBMGCs, but it did not show any replication
in the CXCR4 cells. Isolate 17 showed high replica-
tion levels in PHA-activated PBMCs and in MT-2,
with no replication in MDMs (Table 2). When char-
acterized for coreceptor usage in the U87.CD4 R5 and
X4 cells, it showed high replication levels (HIV p24
> 2 ng/ml) in both cell lines (Table 2), with no syncy-
tia formation in the U87.CD4.CCRS5 cell line. A lack
of cytopathology was also observed in CXCR4 cells
with isolates 11 and 18. Viral isolate 11 was char-
acterized as M-tropic and NSI in the MT-2 cells, but
was still considered as dual-tropic because of its high
replication levels in both R5 and X4 U87.CD4 lines.
However, this virus did not form syncytia in the U87
cultures (Table 2). Isolate 18 was characterized as
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Figure 3 Cytopathic effects of HIV-1 primary isolates in MT-2 and U87.CD4 cell lines. Cytopathic effects for lymphocyte tropism was
determined in the MT-2 cell line with the uninfected negative control (A) and the T-tropic isolate as positive control, HIV-1; 4;(B). Isolates
were characterized as not syncytia-inducing (NSI) (isolate 9) (C) or syncytia-inducing (SI) (isolate 12) (D) variants. Syncytia formation
was also used as a parameter to determine coreceptor usage in the U87.CD4 glioma cells with laboratory-adapted isolates HIV-1;5; (H) and
HIV-154r, (I) used as positive controls for the U87.CD4.CXCR4 and U87.CD4.CCR5 lines, respectively. The negative control of the assay is
shown in (E). Cells were screened every 3 days for cytopathic effects on U87.CD4.CCR5 (isolate 11) (F) and U87.CD4.CXCR4 (isolate 3)
(G) lines. Data are representative from three different experiments performed in duplicate.

T-tropic because it showed an effective replication in
PHA-activated PBMCs, induced syncytia formation
in the MT-2 cells, and did not grow in MDMs. It was
also characterized as X4 because it replicated well
in the U87.CD4.CXCR4 cells, but did not induce any
cytopathic changes in these cells.

Discussion

In this study we tested the hypothesis that HIV
tropism and coreceptor usage of the viruses present
in the peripheral blood correlate with cognitive func-
tion. We found that HIV isolates from women with
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cognitive impairment did not differ in macrophage
and lymphocyte tropism, but the isolates did show
significant differences in both their replication ca-
pacity and their coreceptor usage, which was pre-
dominantly X4 viruses. Our results are in accord
with studies demonstrating that HIV tropism and
coreceptor usage can be different (Goodenow and
Collman, 2006). Although tropism and coreceptor
usage are determinants of pathogenesis, our finding
of predominant X4 viruses in patients with cogni-
tive impairment has important implications for the
use and development of CXCR4 coreceptor-blocking
agents to prevent HIV-induced neuropathogenesis (Yi
et al, 2005).

We initially performed viral isolation in periph-
eral blood mononuclear cells (PBMCs) from normal
donors by examining replication. We recovered virus
from PBMCs of 21 out of 62 (34%) HIV-positive
women. The susceptibility of the donor’s PBMCs to
infection and the patient’s therapy were factors that
possibly contributed to the low viral recovery in this
cohort. Studies demonstrate that cell susceptibility to
viral infection depends on the genetic variability that
affects coreceptor expression, viral entry, and repli-
cation (Huang et al, 1996; Samson et al, 1996). In
addition, a variety of viral strains develop different
levels of replication in each patient, and only the pre-
dominant strains are able to infect new and different
cells (Steain et al, 2004).

We next determined the predominant viral tropism
primarily by examining the replication properties of
the primary isolates from women characterized for
cognitive function in the lymphocyte cell line, MT-
2, and in macrophages (MDMs). Lymphocyte-tropic
viruses induced HIV replication and cell fusion in
the MT-2 lymphocyte cell line, causing the forma-
tion of syncytia. In general, SI variants induce more
cytopathic changes than do the NSI (Kwa et al, 2001).
Although not significant, we found a higher propor-
tion of SI variants in patients with cognitive impair-
ment. The proportion of macrophage-tropic viruses
between patients with normal cognition and cogni-
tive impairment was not significant. The small sam-
ple size combined with the low sensitivity of these
assays for tropism could contribute to the results re-
ported here.

Macrophages express CD4, CCR5, and low levels of
CXCR4, but the ability of a virus to use any of these
coreceptors will vary even between macrophage-
tropic strains (Bakri et al, 2001; Goodenow and
Collman, 2006; Lathey et al, 2000). CCR5 is the major
coreceptor used by primary HIV-1 isolates that infect
macrophages (M-tropic viruses) and is the major core-
ceptor used in the primary infection of an individual
(Kramer-Hammerle et al, 2005). In late stages of HAD
there is a development of strains that preferentially
use the CXCR4 (T-tropic viruses) and dual-tropic vari-
ants(Bajetto et al, 1999). When we used U87.CD4.R5
and U87.CD4.X4 cell lines to examine the coreceptor
usage of the primary isolates, we found that the lev-

els of replication differed between the isolates from
the normal cognition and the cognitive impairment
groups. The isolates from patients with cognitive im-
pairment showed preference for CXCR4 coreceptor
utilization. A switch to CXCR4 and dual-tropic vari-
ants could have occurred in patients with cognitive
impairment, and this switch may contribute to the
HIV neuropathogenesis.

In our study, some HIV isolates showed discrep-
ancies between the predominant tropism observed
in the lymphocyte cell lines and MDMs and their
coreceptor usage observed in the U87.CD4 cell lines
(in either R4 or R5, or in both). For example, viral
isolate 3 was characterized as dual-tropic on the ba-
sis of its replication capacity in MDMs and its in-
duction of syncytia in MT-2; but when isolate 3 was
tested for coreceptor usage, it replicated well only
in the U87.CD4.CXCR4 cell line, indicating a pref-
erential X4 coreceptor usage. Thus, this virus could
have infected macrophages through the X4 receptor,
as has been demonstrated in previous studies (Yi et al,
2003). Two factors might account for a virus’s ability
to use the different coreceptors present in a cell. First,
each isolate can selectively use the CD4 receptor and
coreceptor conformation expressed at different levels
in the target cell types (Gorry et al, 2004; Gray et al,
2005; Lee et al, 1999). This can be a limiting factor for
viral entry and replication in cell lines used to char-
acterize their coreceptor usage. Second, viral isolates
have different molecular abilities to grow in primary
target cells and in transfected cell lines. Therefore an
isolate that can be characterized as dual-tropic in in-
dicator cell lines will not necessarily be dual-tropic
for coreceptor usage in primary cells.

Recent studies indicate that coreceptor usage de-
termination with the U87.CD4 cell lines is the most
sensitive method to determine HIV tropism (Poveda
et al, 2006). These genetically transformed cells ex-
press higher levels of coreceptors than natural tar-
get cells such as macrophages or lymphocytes. Thus,
Poveda et al (2006) suggested complementing this
method with the lymphocyte cell line MT-2 for de-
termination of predominant tropism. We have per-
formed the characterization of HIV isolates with all of
these approaches, and indeed the U87.CD4 cell assay,
which is linked to coreceptor usage, was more sensi-
tive to the detection of differences related to cogni-
tive function, despite our having a small sample size
(Table 2).

When we tested isolates for syncytia formation
in MT-2 and in U87.CD4.CCR5 or U87.CD4.CXCR4
cell lines, we found that some isolates that were
NSI in the MT-2 cell line induced syncytia in the
U87.CD4.CXCR4 line. In addition, 8 of 14 isolates
that replicated well in the U87.CD4.CCR5 line did not
replicate in MDM, and 2 of 8 isolates that grew well
in MDM did not use the R5 receptor. Both of the iso-
lates that grew well in MDM used the X4 coreceptor,
suggesting that they infected macrophages through
this coreceptor. In addition, we observed that some



isolates that produced high HIV p24 antigen levels
in the R5 U87.CD4 and/or X4 U87.CD4 lines, did not
induce syncytia formation. For example, six viruses
(isolates 3, 6, 11, 16, 17, and 18) replicated well in
both U87.CD4.CCR5 and U87.CD4.CXCR4, but did
not induce syncytia in these cell lines. Therefore, HIV
P24 antigen production in these cell lines is a more
sensitive method than syncytia formation to deter-
mine HIV replication.

Although two different approaches were per-
formed to isolate viruses from the CSF of women with
detectable CSF viral load (more than 1000 copies/ml),
we were not successful, most likely because of alower
viral load in the CSF than in plasma. Another pos-
sibility is that the viruses in the CNS are compart-
mentalized and sequestered in the brain, or defective
owing to the effect of antiretroviral therapy.

One limitation of this study is the small sample
size for each cognitive status category reflecting the
effects of HAART in decreasing viral load of the 62
patients studied. Despite this limitation, the charac-
terization of these primary isolates showed that HIV
patients with cognitive impairment have viral popu-
lations in the peripheral blood that exhibit high lev-
els of replication in PHA-activated PBMCs and in
CXCR4 cell lines, reflecting a transition to the X4 phe-
notype. Studies on the effects of antiretroviral ther-
apy on the course of HIV infection show that HAART
might cause a switch from R5 to X4 viral variants, a
change that can be extremely deleterious to individ-
uals on therapy (Delobel et al, 2005; Johnston et al,
2003). Other studies state that HAART might sup-
press the emergence of X4 variants and this may give
the R5 variants the advantage of being highly replica-
tive (Galan et al, 2004; Skrabal et al, 2003). Our re-
sults suggest that antiviral therapy may not be pro-
moting the transition of R5 to X4 because, although
both groups of patients were under therapy, the X4
predominance was observed only in the HIV isolates
from the patients with cognitive impairment. We ob-
served a tendency toward the predominance of T-
tropic strains in patients with cognitive impairment.
This finding demonstrates that coreceptor usage can-
not always be equivalent to viral tropism despite their
relation and importance in HIV pathogenesis. The
characterization of HIV variants from our Hispanic
women cohort indicates that changes in viral deter-
minants occur in the peripheral blood and could be
associated with HIV neuropathology. Further studies
are in progress to confirm the neurotoxicity of these
HIV isolates and their association with the secretion
of toxic factors in the CNS.

Materials and methods

This study was approved by the Institutional Review
Board of the University of Puerto Rico, School of
Medicine, and was carried out with the informed con-
sent of the participating women.
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Patient cohort

This study was conducted as part of the NeuroAIDS
Specialized Neuroscience Research Program (SNRP)
at the University of Puerto Rico Medical Sciences
Campus. HIV-1-seropositive women were recruited
from primary HIV clinics at the Puerto Rico Medi-
cal Center and the University of Puerto Rico Med-
ical Sciences Campus. The study had the approval
of the Institutional Review Board (number 0720102)
and was conducted with the informed consent of
all participants. HIV was isolated from 21 of 62
HIV-seropositive women who fulfilled the inclusion
criteria. The inclusion criteria, exclusion criteria,
recruitment, and evaluation have been described pre-
viously (Wojna et al, 2004a, 2006). Plasma and CSF
viral loads were determined with use of an Ultra-
sensitive RNA Roche Amplicor at an ACTG Certi-
fied Laboratory with a detection range of 50 to 75000
copies of RNA/ml.

Cognitive impairment was determined in accor-
dance with the American Academy of Neurology
HIV associated dementia criteria (1991; 1996) (AAN
criteria) (American Academy of Neurology AIDS
Task Force), modified (m-AAN criteria) to include
an asymptomatic cognitively impaired group (Wojna
et al, 2006). The asymptomatic cognitively impaired
group is defined as patients with abnormal neuropsy-
chological tests (1 SD in two or more tests or 2 SD in
one or more tests below the normal control group)
but who presented neither functional/emotional nor
neurological findings. According to the m-AAN crite-
ria, patients were classified as having normal cogni-
tion, asymptomatic cognitive impairment, minor cog-
nitive motor disturbance (MCMD), or HAD (Table 1).
For our study, patients with asymptomatic cognitive
impairment, MCMD or HAD were grouped together
under the term cognitively impaired (CI) and were
compared with patients having normal cognition
(NC). Of the 21 women whose viruses were isolated,
9 had normal cognition and 12 had cognitive impair-
ment (Table 1). All patients included in this study
had negative toxicology results.

Viral isolation

Peripheral blood samples were collected from pa-
tients and diluted in phosphate-buffered saline (PBS)
and processed by Ficoll-Hypaque density gradient
for peripheral blood mononuclear cell (PBMC) iso-
lation, as described previously (Melendez-Guerrero
et al, 2001). Plasma from HIV-infected patients was
collected after centrifugation and stored frozen for
viral load determinations. Patients’ PBMCs were co-
cultured with the 3-day mitogen phytohemagglutinin
(PHA)-activated HIV-1-negative and CD8-depleted
PBMC s for virus isolation at a concentration of 1 x
10%/ml in coculture medium (RPMI, 5% interleukin-
2, 20% fetal bovine serum). One milliliter of plasma
from HIV-infected patients was added to the mitogen-
activated PBMCs for viral isolation. Culture su-
pernatants were centrifuged and tested for HIV-1
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p24 antigen (Ag) secretion with use of an enzyme-
linked immunosorbent assay (ELISA) commercial kit
(Coulter, Miami, F1.) at 14 days post infection. Pri-
mary cultures with 50 pg/ml of HIV p24 antigen were
considered as positive in accordance with the ATCG
Virology Manual (1994). Viral HIV p24 antigen titers
were amplified further by an additional macrocul-
ture on mitogen-activated cells, as described previ-
ously (Arroyo et al, 2002). For viral tropism studies, a
titer of 0.2 ng/ml or higher was considered as positive
(Arroyo et al, 2002).

Macrophage and lymphocyte tropism by HIV-1
primary isolates
Peripheral blood monocytes were isolated from
healthy donors by Ficoll density gradients (Feige
et al, 1982) or by leukopheresis, as described (Weiner
and Shah, 1980). Monocytes were found to be ~90%
pure as determined by fluorescein isothiocyanate
(FITC)-conjugated CD14 staining and flow cytometry
analysis before cell plating. We resuspended mono-
cytes at a concentration of 1 x 108 cells/ml in mono-
cyte medium (Dulbecco’s modified Eagle’s medium
[DMEM], 1000 U macrophage colony-stimulating fac-
tor [M-CSF], 10% human serum, 1% r-glutamine, 50
pug/ml gentamicin, and 10 pg/ml ciprofloxacin) and
seeded them in a T75 flask for 7 days. Medium was
half-exchanged every 2 to 3 days. At day 7, the super-
natant was removed and cells were washed with PBS
at room temperature to remove serum. Macrophages
(2 x 10%) were inoculated with HIV isolates contain-
ing 25 ng of p24 antigen per well. Cells were incu-
bated at 37°C overnight with virus and thereafter each
flask was washed with DMEM once with serum-free
medium at room temperature to remove unbound
virus. After three DMEM washes, cells were resus-
pended with fresh M-CSF—free medium at the same
concentration (1 x 10° cells/ml). Supernatants were
collected at 14 days post infection and viral titers
were determined by ELISA HIV-1 p24 antigen (Coul-
ter), according to the manufacturer’s instructions.
Lymphocyte tropism was determined with the MT-
2 lymphocyte cell line by the induction of syncy-
tia. The assay was performed in duplicate in a 96-
well flat-bottom culture plate with the use of cell-free
supernatants from plasma or PBMC cocultures de-
rived from study subjects. Samples were incubated
for 2 weeks and examined every 3rd day for pro-
duction of syncytia (giant cells or balloons). Syncy-
tia formation was recorded over 14 days in culture.
MT-2 cells were obtained from the NIH AIDS Re-
search and Reference Reagent Program and cultured
in RPMI 1640 supplemented with 2 mM l-glutamine,
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