1duosnue Joyiny 1duosnuep Joyiny 1duasnuen Joyiny

1duasnuen Joyiny

Author manuscript
Neurosci Res. Author manuscript; available in PMC 2015 November 01.

-, HHS Public Access
«

Published in final edited form as:
Neurosci Res. 2014 November ; 88: 16-22. doi:10.1016/j.neures.2014.08.013.

HIV-1 endocytosis in astrocytes: A kiss of death or survival of
the fittest?

Ashok Chauhan®, Akshay Tikoo, Jankiben Patel, and Arwa Mujahid Abdullah
Department of Pathology, Microbiology and Immunology, and Department of Pharmacology,
Physiology and Neuroscience, University of South Carolina School of Medicine, Columbia,
SC-29209

Abstract

The brain is a target of HIV-1 and serves as an important viral reservoir. Astrocytes, the most
abundant glial cell in the human brain, are involved in brain plasticity and neuroprotection.
Several studies have reported HIV-1 infection of astrocytes in cell cultures and infected brain
tissues. The prevailing concept is that HIV-1 infection of astrocytes leads to latent infection. Here,
we provide our perspective on endocytosis-mediated HIV-1 entry and its fate in astrocytes.
Natural entry of HIV-1 into astrocytes occurs via endocytosis. However, endocytosis of HIV-1 in
astrocytes is a natural death trap where the majority of virus particles are degraded in endosomes
and a few which escape intact lead to successful infection. Thus, regardless of artificial fine-tuning
(treatment with cytokines or proinflammatory products) done to astrocytes, HIV-1 does not infect
them efficiently unless the viral entry route or the endosomal enzymatic machinery has been
manipulated.
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Introduction

The central nervous system (CNS) is a target of HIV-1 infection (Epstein et al., 1984; Levy
et al., 1985; Petito et al., 1985; Fox and Cottler-Fox, 1986; Gabuzda et al., 1986; Navia et
al., 1986; Wiley et al., 1986) and serves as an important viral reservoir (Dahl et al., 2014).
HIV-1 enters the CNS soon after its transmission (Resnick et al., 1988; Churchill et al.,
2006; Ragin et al., 2012) and persists through the life of the infected individual. HIV-1
infection in significant number of patients produces HIV-associated neurocognitive
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disorders (HAND). Astrocytes are the predominant neuro-glial cells involved in brain
plasticity and neuroprotection (Giuliani et al., 1993; Piani and Fontana, 1994). Astrocytes
are also important in HIV-1-mediated neuropathology, serving as inflammatory cells in
response to viral- and inflammatory -products (Chauhan et al., 2003, Bruce-Keller et al.,
2003; Rostasy et al., 2003; Chauhan et al, 2007, Yadav and Collman, 2009; Xing et al.,
2009; Muratori et al., 2010; Woods et al., 2010; Mehla et al., 2012). In brain, HIV-1
infection in microglia and macrophages is often productive (production of infectious virus
particles) (Gabuzda et al., 1986; Gartner et al., 1986; Koenig et al., 1986; Wiley et al., 1986;
Pumarola-Sune et al., 1987; Vazeux et al., 1987; Strizki et al., 1996; Fischer-Smith et al.,
2001), while infection in astrocytes ranges from unproductive to productive (Stoler et al.,
1986; Wiley et al., 1986; Dewhurst et al., 1987; Koyanagi et al., 1987; Ward et al., 1987;
Cheng-Mayer, et al., 1987; Brack-Werner et al., 1992; Saito et al., 1994; Ranki et al., 1995;
Takahashi et al., 1996; Wiley and Achim, 1997; Sabri et al., 1999; Gorry et al., 1998 and
1999; Boutet et al., 2001; Trillo-Pazos et al., 2003; Vijaykumar et al., 2008; Churchill et al.,
2009; Chauhan et al., 2014). Recently, using immunohistochemistry on HIV-associated
neurocognitive disorders brain sections, productive HIV-1 infection was undetectable
(Tavazzi et al., 2014).

Although several studies showed astrocytes to be restricted to HIV-1 infection (Wiley, 1986;
Brack-Werner et al., 1992; Blumberg et al., 1994, Neumann et al., 1995; Gorry et al., 2003;
Petito 2004; Deiva et al., 2006), but few have reported non-permissiveness of astrocytes to
the virus infection (Sharpless et al., 1992; Clark et al., 2006). Several others have, however,
shown that HIV-1 infection in astrocytes is moderately productive (Nath et al., 1995;
Brengel-Pesce et al., 1997; Wiley and Achim, 1997; McCarthy et al., 1998; Brack-Werner,
1999; Li et al; 2007; Vijaykumar et al., 2008; Chauhan et al., 2014; Chauhan 2014 in press).
In infected brain tissues, 3—-19% of astrocytes have been found to carry HIV-1 DNA as an
unproductive infection (Dewhurst et al., 1987; An et al., 1999a; An et al., 1999b; Trillo-
Pazos et al., 2003; Lambotte et al., 2003; Churchill et al., 2006; Churchill et al., 2009;
Desplats et al., 2013; Smith et al., 2014). Recently, we have found that an extremely low
rate (0.025%) of productive HIV-1 infection occurs in astrocytes (Chauhan et al., 2014).
Based on the published evidences, the current status of HIV-1 infection in astrocytes is
discussed.

HIV-1 infection in astrocytes

In several studies, evidence of HIV-1 infection in astrocytes was based on the detection of
viral antigens by immunocytochemistry (Ward et al., 1987; Kure et al., 1990; Tornatore et
al., 1994; Saito et al., 1994; Ranki et al., 1995; Bagasra et al., 1996; Trillo-Pazos et al.,
2003; Thompson et al., 2011) and HIV-1 DNA (Dewhurst et al., 1987; An et al., 1999a; An
etal., 1999b; Trillo-Pazos et al., 2003; Lambotte et al., 2003; Churchill et al., 2006; Desplats
etal., 2013; Smith et al., 2014). In a study on HIV-1-infected brain tissues, infection was
detected in perivascular macrophages and astrocytes without p24 expression and with no
other histopathological changes (Thompson et al., 2006). Evidence of HIV-1 infection in
these brain tissues was obtained by triple nested polymerase chain reaction (PCR) for viral
DNA and the infection was assumed to be latent. Further, sequencing data on the gag gene
from these HIV-1-infected brain tissue macrophages showed homology with astrocyte-
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derived HIV-1 DNA with substitution of one amino-acid. Identification of this small
variation in the gag gene sequence could be possible by PCR. None the less, the significance
of these observations is that the same type of HIVV might be infecting macrophages and
astrocytes.

In another study, 19% of astrocytes were found to contain viral DNA when double
immunohistochemistry was coupled with laser capture microdissection on HIV-demented
patents’ brain-tissue sections (Churchill et al., 2009). As in an earlier study, these astrocytes
were in close proximity to perivascular macrophages and HIVV-1 DNA was detected by
triple-nested PCR. However, in another study using in-situ DNA PCR on HIV-demented
brain tissue sections showed the viral DNA signal in only 3% of astrocytes. Several other
studies, using in-situ PCR or PCR on DNA extracted from astrocytes have demonstrated
viral DNA (Nuovo et al., 1994; Bagasra et al., 1996; An et al., 1999a,b; Trillo-Pazos et al.,
2003). Detection of HIV-1 DNA in astrocytes by PCR in the above studies is a significant
revelation; nevertheless, it is not obligatory that viral DNA is in the integrated state — a
condition critical to HIV-1 replication. Seldom studies have reported on the integrated viral
DNA in HIV-infected brain tissues. Overall, the investigations on HIV-infected brain tissues
have inferred latent or unproductive infection in astrocytes.

In vitro, restricted HIV-1 infection was shown in astrocytes because of the absence of CD4-
receptor (Sabri et al., 1996; Boutet et al., 2001; Canki et al., 2001; Schweighardt and
Atwood, 2001; Schweighardt et al., 2001; Willey et al, 2003; Deiva et al., 2006; Li et al.,
2007; Chauhan et al., 2014). In addition, a few studies in astrocytes have reported abundant
‘adsorption’ of HIV-1 particles (Clark et al., 2006; Li et al., 2007; Chauhan et al., 2014),
although one study noted adsorption but no viral reverse transcription product (Clark et al.,
2006). However, despite the absence of reverse transcription product, early viral transcripts
were detected in astrocytes by RT-PCR. Although several in-vitro studies have been done on
astrocytes, the majority of studies have been done on transformed astrocytic cells and
primary human fetal astrocytes, but only a few on adult astrocytes (Sharpless et al., 1992;
Willey et al., 2003; Neil et al., 2005). The studies on primary adult human astrocytes, which
have used several primary HIV-1 isolates for infection (Wiley et al., 2003; Neil et al., 2005),
have found only one or two HIV-1 strains to be infectious, suggesting the existence of an
astrocyte-tropic strain. Given the scenario in brain, it seems unconceivable that astrocyte-
tropic strains have been able to evolve when virus per se cannot even efficiently enter these
cells. Another question that remains unanswered is why virus should adapt to astrocytes,
when other permissive cells such as microglia and macrophages are present in the brain.
However, limited evidence from a study using M- and T-tropic HIV-1 strains, including
brain-derived HIV-1 strains, suggests limitedly productive infection in astrocytes (Chauhan
et al., 2014). This indicated that astrocytes equally restrict both M- and T-tropic HIV-1, and
was because of viral entry restriction.

The insufficiency in data on HIV-1 infection in astrocytes is presumably a consequence of
the complexity of the mechanism of infection and failure to detect authentic viral infection.
However, development of recombinant HIV-1-expressing fluorescent reporter and use of
fluorescent reporter astrocytes has unambiguously revealed authentic, but low level of
productive infection in astrocytes. Our use of recombinant fluorescent HIV-1 demonstrated
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an extremely low level of productive infection in astrocytes, far below the limit of the p24
detection assay (ELISA) (Chauhan et al., 2014). Fluorescent reporter HIV-1 infection in
astrocytes was first observed on Day 4 and peaked on Day 12 post-infection, which did not
correlate with extracellular p24 levels for the initial 10 days. Similar results, obtained by
infecting ectopically-CD4-expressing HFA or astrocytic reporter cells, suggested an
incubation period of 4-5 days (Chauhan et al., 2014). Further, positive signal for Alu-HIV
LTR PCR in HIV-1-infected astrocytes corroborated infection as a post viral-DNA
integration event. Authentic viral infection (productive) in astrocytes was further
demonstrated by abrogating the import of nascent HIV cDNA into the nucleus by depleting
TNPO3 (Zhang et al., 2010; Chauhan et al., 2014). Thus, we have provided precise evidence
for the peculiar profile of extracellular p24 levels between Days 1 and 10 after HIV-1
infection of astrocytes is, and report that it is, in fact, a result of the adsorbed viral inoculum
and not the true replicated virus (Chauhan et al., 2014). This was in corroboration with
earlier study (Clark et al., 2006), which except for early viral transcripts could not detect
authentic viral infection (productive) in astrocytes. It seems that the residual viral activity
from Day 1 to 10 is more prominent in astrocytes than in other cells (Clark et al., 2006; Li et
al., 2007; Chauhan et al, 2014). In general, contrary to the evidence on human brain tissues
suggesting presence of viral DNA in 3-19% astrocytes as unproductive infection, in vitro
data inferred the occurrence of infinitesimal productive HIV-1 infection due to restriction at
the viral entry step. Recently, SHIV infection in rhesus monkeys showed virus-infected
astrocytes in brain (Zhuang et al., 2014) thus, corroborating in-vitro HIV-1 infection results.

HIV-1 endocytosis, a kiss of death in astrocytes

As reported earlier, HIV-1 infection in astrocytes is impaired at the viral entry level (Boutet
et al., 2001; Canki et al., 2001; Schweighardt and Atwood, 2001; Vijaykumar et al., 2008;
Chauhan et al., 2014). Moreover, intracellular restrictions for HIV-1 infection in astrocytes
have also been reported (Neumann et al., 1995; McCarthy et al., 1998; Gorry et al., 2003). In
all these studies, HIV-1 infection in astrocytes was detected by conventional p24 assay.
However, the most convincing findings on HIV-1 infection in astrocytes have emerged from
studies where recombinant HIV-1-expressing fluorescent reporter is coupled with a
traditional viral detection assay (Li et al., 2007; Vijaykumar et al., 2008; Chauhan et al.,
2014; Chauhan 2014, in press). Using fluorescent labeled HIV-1 particles, virus infection
was found to be merely 1% and the majority of virus particles were adsorbed onto astrocytes
(Li et al., 2007).

In our extensive studies of HIV-1 infection in primary astrocytes using recombinant viruses
expressing yellow fluorescent protein (YFP) reporter, we found that the virus enters these
cells by endocytosis, resulting in infinitesimal productive infection (Fig. 1) (Vijayakumar et
al, 2008; Chauhan et al., 2014; Chauhan, 2014, in press). Endocytosis is a complex process
wherein virus particles move along the intracellular endocytic pathway, involving early, late,
and recycling endosomes, whose functioning involves Rabs and associated proteins
(Martinez and Goud, 1998). Rabs are gaunosine triphosphatases (GTPases) of the Ras
superfamily. Rab (Ras-related proteins in brain) proteins are important factors in
discriminating between pathways leading to different intracellular locations (Mainou and
Dermody, 2012; Macovei et al., 2013). They regulate specific steps of endocytosed vesicles
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from the plasma membrane to early endosomes (Rabs 4 and 5) (Gorvel et al., 1991), late
endosomes, lysosomes (Rab7) (Bucci et al., 2000), and vesicle-recycling endosomes (Rabs 4
and 11) (Urbe et al., 1993; Ullrich et al., 1996).

In natural infection of lymphocytes, HIV-1 enters via a pH-independent pathway using a
classical receptor-coreceptor mechanism. However, in natural infection of astrocytes, HIV-1
enters via a pH-dependent endocytic route in which endosomal internal machinery degrades
virus particles (Vijaykumar et al., 2008; Chauhan et al., 2014). The latter has been amply
evidenced by in our studies on treatment with lysosomotropic agents (Chloroguine and
bafilomycin), which led to the increase in HIV-1 infection, in our studies (Vijaykumar et al.,
2008; Chauhan et al., 2014). Corroborating above studies, similar observations in non-
astrocytes were reported by others (Vidricaire and Tremblay, 2005; Khatua et al., 2010;
Gobeil et al., 2013). Further evidence on the endocytic entry of HIV-1 in astrocytes was
shown in our study, by abrogation of productive viral infection after depleting Rabs 5, 7 or
11, thereby indicating the involvement of early and late endosomes (Chauhan et al., 2014).
Overall, endocytosis of HIV-1 in astrocytes is not an efficient process, given that endosomal
and proteasomal inhibitors do not increase susceptibility to infection beyond 0.5% (Chauhan
et al., 2014). Thus, vesicular internalization of HIV-1 particles, independent of viral receptor
in CD4-negative astrocytes, provides resistance to productive infection. Although most
HIV-1 particles internalized by the vesicular pathway appear to be degraded in
endolysosomes, a few escape the acidic environment in endosome vesicles without damage
and enter the cytoplasm. Thus, HIV-1 endocytosis in astrocytes is a kiss of death; only few
virus particles escape the degradation and establish productive infection. When endosomal
pH was increased with Chloroquine or bafilomycin A, infection with both M- and T-tropic
HIV-1 were equally increased several fold, ruling out any viral tropism bias in astrocytes
(Chauhan et al., 2014).

Evidence of endocytic entry of HIV-1 was also supported by the finding that depletion of
leukocyte-specific protein 1 (LSP1) substantially decreased the rate of endocytosis. LSP1,
an F-actin binding protein, has been shown to direct HIV-1 particles to endosomes and
proteasomes in non-astrocytes and hence facilitates viral degradation (Smith et al., 2007). Its
depletion with RNAI decreased HIV-1 infection in astrocytes, supporting the conclusion that
whatever little productive viral infection occurred in astrocytes, it was a result of
endocytosis (Chauhan et al., 2014). Impairing the endocytic pathway disrupts HIV-1
trafficking, but crippling endosomal enzymatic machinery facilitates viral survival.
Vesicular stomatitis virus (VSV) enters target cells via endocytosis and produces robust
productive infection. Enhancing HIV-1 endocytosis by using VSV envelope to pseudotype
HIV-1, leads to extremely productive viral infection in astrocytes (Fig. 2) (Canki et al.,
2001; Li et al., 2007; Vijaykumar et al, 2008; Chauhan et al., 2014). Mechanistically, the
VSV envelope is internalized by endocytosis and, being pH-dependent, it needs an acidified
environment to reach the cytosol. Therefore, natural endocytosis of HIV-1 in astrocytes is an
inefficient route for productive infection because the viral envelope is sensitive to acidic pH
of the endolysosomes.
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Does HIV-1 replication in astrocytes face intracellular restrictions

Several factors in astrocytes have been implicated in restricting HIV-1 infection. As noted
previously, the natural endocytic route offers intracellular resistance to HIV-1 in astrocytes.
What other intracellular restrictions for HIV-1 replication in astrocytes may possibly exist?
The significant among these is the malfunction of the HIV-1 Rev protein (Fisher et al., 1994;
Neumann et al., 1995; Noguchi et al., 2012), which is involved in transporting unspliced and
partially spliced viral mMRNA transcripts from the nucleus to the cytoplasm (Fischer et al.,
1994; Noguchi et al., 2012). Rev-interacting human protein fragment (16.4.1) (Risp) was
shown to be present at high levels in astrocytes. The Risp impedes Rev activity and cripples
HIV-1 replication in astrocytes, whilst its ablation leads to efficient HIV-1 replication
(Vincendeau et al., 2010). Ludwig et al. (1999) found that in astrocytes Rev accumulates in
the nucleus, resulting in impairment of its function. The same group has reported that Rev is
restricted to the cytoplasm and may not function efficiently in exporting HIV-1 RNA from
the nucleus to the cytoplasm (Neumann et al., 1995 and 2001). Currently, there is concrete
evidence that not only Rev function is intact after HIV-1 bypasses viral entry by adopting
endocytic route, but also the viral replication machinery works optimally, in astrocytes (Fig.
2) (Canki et al., 2001; Li et al., 2007; Vijaykumar et al., 2008; Chauhan et al, 2014;
Chauhan 2014, in press).

Dead box RNA helicases, DDX1 and DDX3, as well as an RNA helicase A (RHA), have
been implicated in HIV-1 replication by imparting normal functioning of Rev (Yedavalli et
al., 2004; Fang et al., 2005; Ishaq et al., 2008). DDX3, an ATP-dependent RNA helicase,
functions as a cellular co-factor for CRM1-dependent nuclear export of HIV-1 RNA
('Yedavalli et al., 2004; Nashchekin et al., 2006). Similarly, another double-stranded RNA
binding protein TRBP, a TAR-binding protein involved in inhibiting PKR activation and a
component of miRNA (micro RNA) processing machinery, is under-expressed in astrocytes
(Gatignol et al., 2005; Daher et al., 2009; Daniels et al., 2009; Sanghvi et al., 2011) . It was
found that primary fetal astrocytes express barely detectable levels of TRBP (Ong et al.,
2005; Chauhan et al., 2014; Chauhan, 2014, in press) and DDX3, compared to astrocytic
cells (Chauhan 2014, in press). DDX3 is essential for HIV-1 replication and its barely
detectable natural levels were adequate to support viral replication (Chauhan, 2014, in
press).

Natural under-expression of TRBP in astrocytes has been implicated in restricted HIV-1
replication (Gatignol et al., 2005; Ong et al., 2005). In these studies, ectopic TRBP
supplementation in astrocytes resulted in normalization of HIV-1 replication which occurred
through inhibition of PKR activation (Ong et al., 2005) . Apart from its direct activation
effect, TRBP has also been found to reverse PKR-induced suppression of HIV-1 LTR
promoter activity (Park et al., 1994; Daher et al., 2009; Sanghvi and Steele 2011). In
contrast, we have found that supplementation with DDX3 or TRBP or ablation of PKR
yielded no advantage to HIV-1. However, unnatural strategies such as the use of VSV-
pseudotyped virus or ectopic introduction of HIV-1 infectious molecular clone in astrocytes
to bypass natural viral entry led to robust viral replication (Fig. 2) and extracellular release
of infectious virus particles (Tornatore et al., 1991; Bencheikh et al., 1999; Canki et al.,
2001; Li et al., 2007; Vijaykumar et al., 2008; Chauhan et al., 2014). These investigations
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indicate that the intracellular environment in astrocytes is conducive to HIV-1 replication.
Above all, in 110-day to 160-day follow-up of VSV-HIV-1-infected primary astrocytes,
robust viral replication observed by fluorescence (Fig. 3) and extracellular viral release
again suggested that astrocytes do not lack the factors required for normal viral replication
(Chauhan et al., 2014; Chauhan, 2014 in press). Also, ectopic CD4-expression in primary
astrocytes has led to efficient HIV-1 infection (Schweighardt and Atwood, 2001; Chauhan et
al., 2014). Although some regulatory factors in astrocytes are barely expressed and many
have not yet been investigated, HIV-1 entering astrocytes by other than the natural entry
route do not face major intracellular resistance.

Does HIV-1 infection persist in astrocytes

Even though long-term studies on HIV-1-infected astrocytes are lacking, HIV-1 infection
has been shown to enter into a latent state that is amenable to reactivation (Chiodi et al.,
1987; Tornatore et al., 1991; Atwood et al., 1994; Lawrence et al., 2004; Narasipura et al.,
2014). In one of the studies (Tornatore et al., 1991), HIV-1 infection in astrocytes was
inducible, although active virus was recovered only after co-culture with lymphocytes. It
was concluded that reactivation of latent infection in astrocytes was too meager to be
detectable by p24 assay, so that co-culture was needed to detect new virus particles. Given
the limited infection in astrocytes, this could be possible.

Given the nature of productive HIV-1 life cycle to revert to a latent state in permissive cells
(lymphocytes), it is possible that astrocytes may show this quiescent state of the virus. Also,
limited division of adult astrocytes in the brain is another reason to believe that HIV-1
infection may undergo a latent state in this cell type. Several factors, such as
underexpression of DDX3 and TRBP and high basal levels of antiviral PKR in astrocytes
(Chauhan, 2014, in press), could contribute to this latent state. p-TEF-b is another factor that
regulates HIV latency in permissive cells (Choudhary et al., 2008; Hoque et al., 2011;
Bartholomeeusen et al., 2013; Xing and Siliciano, 2013; Budhiraja et al., 2013; Mbonye and
Karn, 2014; Ramakrishnan et al., 2014), but has never been investigated in astrocytes. In our
study, low levels of DDX3 and TRBP did not affect HIV-1 replication in astrocytes, except
upon complete depletion of DDX3. Ectopic overexpression of DDX3 and TRBP, and
ablation of PKR by RNA.I did not provide any advantage to HIV-1 replication in astrocytes.
Intriguingly, we found persistently productive HIV-1 infection in primary astrocytes (Fig. 3)
throughout the 160-day duration of follow-up with no effect of latent viral reactivators
(Chauhan et al., 2014; Chauhan 2014, in press). Similarly, other studies have found
persistent productive infection in human astrocytes using wild type HIV-1 (Rothenaigner et
al., 2007) or VSV-pseudotyped HIV-1 viruses (Bencheikh et al., 1999; Canki et al., 2001).
Since the introduction of fluorescent reporter HIV-1, the detection of authentic viral
infection in astrocytes has resolved ambiguity, from viral entry to latent infection. Indeed,
more studies are needed to substantiate the claim in adult astrocytes.

A recent study has shown latent viral infection in the brain tissue of HIV-1-infected patients.
Immunocytochemical examination of these tissues showed elevated levels of Bcl 11B, a
factor described as regulating HIV-1 silencing, in microglia and astrocytes. In this study,
latent infection was identified on the criteria of the presence of viral DNA but the absence of
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viral RNA and p24 protein (Desplats et al., 2013). Although, microglia and astrocytes were
indicated to have latent HIV-1 infection, lack of precise evidence gives rise to a need for
further investigations. In an in-vitro study, Bcl-11B protein was identified as a factor in
silencing HIV-1 in microglia and was reported to regulate HIV/-1 latency in U1 and
microglia (Marban et al. (2007). However, this study lacked data on true viral latency. Thus,
even if Bel 11B regulates HIV-1 silencing in microglia (Marban et al., 2006), there still is no
information on its role in HIV-1 latent infection of astrocytes. The pertinent question that
still remains unanswered is whether HIV-1 latency in astrocytes is a consequence of a
suspended state (unintegrated) or integrated viral DNA. Overall, studies of the occurrence of
a latent HIV-1 state in adult astrocytes need use of fluorescent reporter HIV-1.

Perspective and conclusion

Given the current scenario, our perspective is that HIV-1 entry into astrocytes leads to barely
detectable productive infection because most of the endocytosed virus particles perish in
endosomes or proteasomes (Vijaykumar et al., 2008; Chauhan et al., 2014). In earlier
studies, ectopic CD4 expression in primary fetal astrocytes led to robust wild-type HIV-1
infection (Reeves et al., 1999; Schweighardt and Atwood 2001; Chauhan et al., 2014),
exquisitely demonstrating that the intracellular environment in astrocytes is conducive to
viral replication. However, the natural HIV-1 endocytic entry route is least productive as
compared to by-passed entry by VSV-pseudotyped HIV-1. Inhibition of endosomal
acidification in astrocytes bolstered the natural HIV-1 infectivity (Vijaykumar et al., 2008;
Chauhan et al., 2014). This inferred that in-vitro natural HI\V-1 infection in astrocytes is an
uncommon phenomenon (Chauhan et al., 2014; Chauhan, 2014, in press). Even using co-
culture of astrocytes with HIV-1-infected lymphocytes led to only little infection. Thus, it is
conclusively established that no matter what artificial fine-tuning (treatment with cytokines
or proinflammatory products) is done to astrocytes, HIVV-1 will not efficiently infect them
unless the viral entry route or, to certain extent, the endosomal enzymatic machinery has
been manipulated. Also, in an earlier study (Mehla et al., 2012) authors were unsuccessful to
provoke astrocytes into increasing their permissiveness to HIV-1, using cytokines or
proinflammatory molecules (IFN-y, TNF-a, IL-6, and IL-8) that were present at elevated
levels in the CSF of HIV-1-infected demented patients. However, lysosomotropic agents
significantly augmented HIV-1 infection in astrocytes, generating caution against using such
drugs on HIV-infected patients. Lysosomotropic drugs such as Chloroquine will help to
expand an unnatural HIV-1 reservoir in nonpermissive cells not only in the brain, but also
elsewhere in the body. HIV-1 indeed can productively infect astrocytes, but minimally by
endocytosis irrespective of viral tropism, and productive infection could persist for long
duration as shown in our follow up (Chauhan et al., 2014; Chauhan 2014, in press).
Moreover, astrocytes take up, transiently retain, and extracellularly release HIV-1 over
several days (7-10 days), indicating the existence of transient survival mechanism under
unfavorable conditions. Finally, the limited HIV-1 infection in primary astrocytes may not
contribute to the overall viral load in brain. However, astrocytes may serve as elusive long-
term viral reservoirs.
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RECOMBINANT HIV-1 REPORTER VIRUS NLENY1
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NLENY1 INFECTION OF HUMAN FETALASTROCYTES (16 DAYS)

Figure 1. Natural HIV-1 infection in primary human fetal astrocytes
(Upper panel): Diagrammatic view of recombinant HIV-1 infectious molecular clone,

NLENY 1 showing yellow fluorescent protein (YFP) gene insertion. (Lower panel): Human
fetal astrocytes after culture for a month were infected with NLENY1 (1.0 ug/mL p24
concentration). Infection was detected by green fluorescence in HIV-1 infected astrocytes on
day 16 post-infection.
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VSV-NLENY1 INFECTION OF HUMAN ASTROCYTES (26 DAYS)

Figure 2. Viral entry bypass produces robust HIV-1 infection in astrocytes
Primary human fetal astrocytes were infected with VSV-pseudotyped NLENY1 virus (200

ng/mL p24 concentration) and infection was monitored for green fluorescence under
fluorescent microscope. Green fluorescent astrocytes were showing HIV-1 infection (live)
on day 26 post-infection.
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VSV-NLENY1 INFECTION OF HUMAN FETAL ASTROCYTES (110 DAYS)

Figure 3. Persistent long term HIV-1 infection in astrocytes
Primary human fetal astrocytes were infected with VSV-pseudotyped NLENY1 virus (200

ng/mL p24 concentration) and monitored for green fluorescence using fluorescent
microscope. VSV-NLENY1 infected astrocytes were showing green fluorescence at day 110
post-infection.
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