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Abstract
Objective: Combined antiretroviral treatment (cART) has changed
the clinical presentation of HIV-associated neurocognitive disorders
(HAND) to that of the milder forms of the disease. Asymptomatic
neurocognitive impairment (ANI) is now more prevalent and is
associated with increased morbidity and mortality risk in HIV1–infected people. HIV-1 envelope (env) genetic heterogeneity
has been detected within the central nervous system (CNS) of
individuals with ANI. Changes within env determine co-receptor
use, cellular tropism, and neuropathogenesis. We hypothesize
that compartmental changes are associated with HIV-1 env C2V4
during ANI and sought to analyze paired HIV-1 env sequences
from plasma and cerebrospinal fluid (CSF) of a female subject
undergoing long-term cART.
Methods: Paired plasma and CSF samples were collected at
12-month intervals and HIV-1 env C2V4 was cloned and sequenced.
Results: Phylogenetic analysis of paired samples consistently
showed genetic variants unique to the CSF. Phenotypic prediction
showed CCR5 (R5) variants for all CSF-derived sequences and
showed minor X4 variants (or dual-tropic) in the plasma at later
time points. Viral compartmentalization was evident throughout the
study, suggesting that the occurrence of distinctive env strains may
contribute to the neuropathogenesis of HAND.
Conclusions: Our study provides new insights about the genetic
characteristics within the C2V4 of HIV-1 env that persist after longterm cART and during the course of persistent ANI.
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Introduction
HIV+ subjects may develop neurocognitive changes within
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the early stages of infection [1]. HIV-1–associated neurocognitive
disorders (HAND) are a collective term for the neurological
morbidities and neurocognitive impairment (NI) that develop
in approximately 40 to 56% of HIV-1 cases [2-4]. The clinical
categories of HAND are based on the disease severity: asymptomatic
neurocognitive impairment (ANI), mild neurocognitive disorders
(MND), and HIV-1–associated dementia (HAD) [5]. ANI, MND, and
HAD have an estimated prevalence of 33%, 12%, and 2%, respectively
[3]. Since the advent of combined antiretroviral treatment (cART),
the clinical features of HAND have shifted from those associated with
the severe forms of the disease to those associated with its milder
forms [4]. Consequently, the incidence of HIV+ cases presenting
severe HAND has declined, resulting in a greater prevalence of cases
with the asymptomatic form [3,4]. HIV+ subjects with neurological
comorbidities are at greater risk of mortality than those that are
neurologically intact [2]. HIV+ subjects with ANI have a greater
likelihood of symptomatic neurocognitive decline, a prognosis that
seems to be over represented in females and in subjects with low
nadir CD4+ levels [6].
In the plasma of recently infected individuals, HIV-1 genetic
diversity is low [7], and the invading viral population is exposed to
selective pressures that affect viral fitness, thereby allowing unique
viral genomes to prevail [8,9]. In addition, the diversification of
viral isolates is influenced by other means, such as error-prone
reverse transcriptase activity [10], extensive viral recombination
[11,12], and viral escape from adaptive immunity [13,14]. In the
CNS, viral diversity is constrained as well by the receptor and coreceptor expression phenotypes of the immune cells in the brain
[15-17]. HIV-1 env evolution in the CNS occurs independently
from the periphery [18,19]. HIV-1 env variants from the brains or
cerebrospinal fluid (CSF) of HIV+ subjects with or without overt NI
are genetically compartmentalized [20-23]. Functional studies of fulllength HIV-1 env obtained from the brain tissue of HIV+ subjects
with NI demonstrate enhanced CD4-gp120 interactions and a lower
CD4 dependence [24-26]. These observations highlight the functional
relevance of genetic compartmentalization in providing phenotypic
advantages for infectivity.While V3 loop variation is considered the
major determinant for modulating cellular tropism and co-receptor
usage [27-29], interactions of V3 with other regions are known to
influence these mechanisms as well [30,31].
The neurotropic and neurovirulent capacity of HIV-1 envs are
characterized by M-tropism [24,26,28,32]. Indeed, envs recovered
from the brains of demented patients are predominantly CCR5 and
M-tropic in vitro [33]. The relationship between the characteristics
which specify for CCR5 usage compared to the determinants of
M-tropism are highly complex and are not limited to the V3 loop
[24,34-37]. One mechanism by which HIV-1 Env M-tropism is
enhanced, is the deletion of a single potential N-linked glycosylation
(PNLG) site at position 386 of the V4 region [38]. In highly M-tropic
variants, Env has an enhanced ability to interact with CD4 at low
density and the resulting CD4-gp120 bound complex simultaneously
adopts a conformation that facilitates the interaction with the
N-terminus of the CCR5 co-receptor [39]. In contrast, the fusogenic
mechanism of CXCR4-restricted Env in macrophages requires a
critical isoleucine residue at position 326 of the V3 region coupled
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with additional determinants mapped to the V1/V2 and V5 regions
[28]. Taken together, these findings highlight the importance of
studying genetic variability within HIV-1 env as an additional risk
factor of NI. In our study, we used an in silico approach to analyze the
C2V4 regions in a total of 60 env sequences obtained from cell-free
CSF and plasma samples from a single donor across multiple time
points with chronic and stable ANI.

Materials and Methods
Ethics statement
This study was approved by the Institutional Review Boards of
Ponce Health SciencesUniversity and the University of Puerto Rico,
Medical Sciences Campus. The samples were devoid of any personal
identification.

Samples
Paired cell-free plasma and cerebrospinal fluid (CSF) samples
were collected once a year during the evaluation period of the subject
within the Specialized Neurosciences Research Program (SNRP)
cohort at University of Puerto Rico, Medical Sciences Campus
[40,41]. The inclusion criteria, exclusion criteria, and evaluation have
been previously described [42]. The samples analyzed correspond
to evaluations 3, 5, and 7 out of a total of 9 evaluations that were
made over a 4.5-year period. The subject had been diagnosed with
asymptomatic neurocognitive impairment (ANI) [5] using a modified
American Academy of Neurology (AAN) AIDS Task Force guideline
[41]. The ANI diagnosis remained unchanged for more than 2.5 years.
Plasma and CSF viral loads were determined with the use of an ultrasensitive RNA Roche Amplicor at an ACTG-certified laboratory,
using a detection range of 50 to 75000 copies of RNA/mL. Cognitive
status was determined using the American Academy of Neurology
HIV-associated dementia guideline that had been modified (1991,
1996, AAN criteria, American Academy of Neurology AIDS Task
Force, m-AAN criteria) to include an asymptomatic stage (described
previously) [42]. Information related to cART therapy and CD4+ counts
was provided by the SNRP group.

Viral RNA extraction, envelope amplification, and cloning
The samples were thawed on ice and centrifuged, followed
by total viral RNA extraction using QIAamp® Ultra sense®
Virus Kit from QIAGEN®, according to the manufacturer’s
instruction. A 525 bp fragment containing the HIV-1 env C2V4 variable region was amplified by RT-PCR and nested PCR
using primers against the conserved regions C2 and C4 (forward
primer: 5’-CTGTTAAATGGCAGTCTAGC-3’; reverse primer:
5’-TGATGGGAGGGGTATACATT-3’ [43]. The PCR-amplified
product was verified by agarose gel electrophoresis, gel-purified, and
cloned into cloning vector pCR2.1 (Invitrogen). Eight to 10 clones
of each sample were sent to MCLAB (South San Francisco, CA) for
sequencing.

Sequence alignment and phylogenetic analyses
All the sequence files were first manually verified and edited as
necessary using the software Chromas Lite 2.0 (Technelysium Pty
Ltd, Australia). Edited sequences were aligned using BioEdit version
7.0.5.2 [44] and Clustal W [45]. The Clustal W program (runs within
BioEdit) was set to perform multiple sequence alignments using the
default penalties. The sequences were then subjected to phylogenetic
analysis, including tree construction, and divergence and diversity
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calculations using MEGA 6 [46]. Finally, sequences were translated
to amino acids using BioEdit. Envelope gene sequences from Clade B
HIV-1 HXB2, BaL, 89.6 and JR-CSF were used as reference sequences
for CCR5-, CXCR4-, and dual- tropic strains, respectively. The
evolutionary history was inferred using the neighbor-joining method
[47], whereas the evolutionary distances were computed using the
Jukes–Cantor method [48] and are in the units of the number of base
substitutions per site. The cumulative number of synonymous and
non-synonymous substitutions was estimated using the Synonymous/
Non-synonymous Analysis Program (SNAP; http://hiv-web.lanl.
gov ), which calculates rates of nucleotide substitutions from a set of
codon-aligned nucleotide sequences (based on the method of Nei and
Gojobori) [49-51].

Prediction of co-receptor usage and cellular tropism
We used previously validated tools for the prediction of coreceptor use and cellular tropism based on the V3 genotype [52].
These methods are based on the principle of the net V3 loop charge
in combination with the presence of basic amino acid residues
(i.e., lysine and aspartate) at position 11/25 in clade B subtypes. V3
sequences with a net charge ≥ +5 are associated with the X4 and R5/
X4 phenotype, whereas a net charge of <+5predicts an R5 phenotype
[53,54]. The genotypic algorithm position-specific scoring matrix
(PSSM) (http://indra.mullins.microbiol.washington.edu/webpssm/)
allows the prediction of co-receptor usage with a 97% specificity
and 68% sensitivity [52,55,56]. We also supplemented co-receptor
prediction analysis by using the geno2pheno tool (http://coreceptor.
bioinf.mpi-inf.mpg.de/) [57].

Potential N-linked glycosylation sites (PNLGs)
The N-GlycoSite tool (http://www.hiv.lanl.gov ) was used to
highlight PNLGs from motifs with the amino acid context of N-XS/T, in which an arginine (N) in the 1st position is followed by
any amino acid (X, with the exception of proline) and a threonine
or serine at the 3rd position [58]. Nucleotide sequences. Sequences
in this report are available from GenBank (accession numbers:
KM247301 to KM247359).

Results
Clinical findings and description of the study subject
We analyzed the HIV env C2V4 region obtained from paired
longitudinal plasma and CSF from a single HIV-infected female with
an ANI diagnosis. She was infected by heterosexual contact, had a
negative toxicology report, and was negative for the hepatitis C virus.
Table 1 summarizes the clinical data of the subject. The subject was
evaluated in the SNRP cohort for 4.5 years, with evaluations every
6 months, for a total of 9 evaluations [40,42]. The data presented
correspond to evaluations 3, 5, and 7. Initially, she was undergoing
a cART regimen consisting of AZT-3TC (Combivir) and efavirenz
(Sustiva) by evaluation 3 and 5 and was subsequently modified to
receive AZT-3TC (Combivir) and Nelfinavir (Viracept) by visit 7
(Table 1). During all visits, the ANI diagnosis remained consistent.
A decrease in the performance of her neuropsychological compound
score was observed in evaluation 3, going from -0.5 to -0.8 NPZ.
A continuous decline in her CD4+ cell count was also observed,
decreasing from 408 cells/µL (initial evaluation) to 58 cells/µL, being
lowest at evaluation 7. With time, the CD4+ cell count increased
slightly to 80 cells/µL (data not shown).
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CSF variants are unique within the C2V4 region of env
We examined the HIV-1 C2V4 region from both plasma- and CSFderived sequences as surrogate sources of peripheral and CNS viral
isolates, respectively, to assess whether viral compartmentalization
was evident. A consensus bootstrap tree was inferred by using 1000
replicates (Figure 1). Neighbor-joining phylogenetic reconstruction
revealed compartmentalization between the CSF and plasma
sequences. The nucleotide composition within the C2V4 region
revealed the occurrence of unique CNS env subpopulations by visit
7 (Figure 1, open circles). CSF sequences from visits 3 and 5 were
phylogenetically closer to HIV-1 BaL (Figure 1, grey circle). Although
we did not detect intermixed sequences between compartments,
we found that in the plasma compartment, C2V4 sequences were
intermixed in visits 3 and 5 (Figure 1).

To further assess nucleotide differences (per evaluation and
compartment), we used the nucleotide alignments to calculate: 1) the
mean pairwise nucleotide diversity in sequences from plasma and CSF
and 2) nucleotide divergence, as a measure of the genetic distance of
the sequences between compartments [59,60]. As expected, we found
that genetic diversity in the envs from plasma was higher than it was
for CSF env, and was so at all visits. Nucleotide diversity for plasma
sequences during visits 3, 5, and 7 were, respectively, 3.75% ± 0.96%,
3.24% ± 0.90%, and 0.83% ± 0.31%. The mean diversity in the C2V4 of
CSF envs was low and accounted for 0.28% ± 0.12%, 0.58% ± 0.24%,
and 0.41% ± 0.17% at, respectively, visits 3, 5, and 7. The divergence
between plasma and CSF sequences was 12.6% ± 1.8% and 12.4% ±
1.4% for evaluations 3 and 5 respectively. Sequence divergence was
the highest at evaluation 7, 15.8% ± 1.8%. The results of the genetic
relationship are in accordance with previous reports stating that the

Table 1: Clinical history of study subject. Blood and CSF samples were collected in three consecutive visits one year apart. Blood samples were used to determine
CD4+ T-cell counts and viral load and the CSF sample was used for viral load. The neurological status of the subject was examined in each visit by a battery of
neurological tests.
Evaluation

Age

CD4+ T-cell
count

Antiretrovirals

Plasma viral load
(RNA copies/mL)

CSF viral load
(RNA copies/mL)

Clinical (Neurological)/BDI*

3

41

183

AZT-3TC (Combivir);
Efavirenz (Sustiva)

138,255

4,345

Asymptomatic/ 2

5

42

235

AZT-3TC (Combivir);
Efavirenz (Sustiva)

1,580

< 50

Asymptomatic/ 0

7

43

58

AZT-3TC (Combivir);
Nelfinavir (Viracept)

116,934

< 50

Asymptomatic/ 0

*Cognitive impairment was defined according to the American Academy of Neurology (AAN) HIV criteria modified to identify asymptomatic cognitive impairment as
described in the Materials and Methods. BDI= Beck's depression index.

Figure 1: HIV-1 env sequences from the CSF and the plasma of a female subject with persistent asymptomatic neurocognitive impairment are genetically
distinct within the C2V4 region despite ongoing long-term cART regimen. The evolutionary history was inferred using the neighbor-joining method [47]. The
bootstrap consensus tree inferred from 1000 replicates is taken to represent the evolutionary history of the taxa analyzed [65]. Branches corresponding
to partitions reproduced in fewer than 50% bootstrap replicates are collapsed. The evolutionary distances were computed using the maximum composite
likelihood method [66] and are in the units of the number of base substitutions per site. The analysis involved 64 nucleotide sequences. The codon positions
included were 1st+2nd+3rd+Noncoding. All positions containing gaps and missing data were eliminated. There were a total of 355 positions in the final dataset.
Evolutionary analyses were conducted in MEGA6 [46]. Filled black symbols represent plasma-derived sequences, whereas open symbols represent CSFderived sequences. Grey symbols represent env sequences from the following HIV-1 strains: JR-CSF X4R5 (diamond), JR-CSF R5 (open square), HXB2 X4
(triangle), 89.6 X4R5 (square), and BaL R5 (circle).
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properties of all sequences. The data in Table 2 revealed that the
presence of env sequences found in CSF were R5-utilizing isolates,
whereas plasma-derived envelopes were either an R5 or dual predicted
phenotype for the first 2 visits. Plasma clones amplified during the last
visit exhibited a predicted R5 phenotype (Table 2).

V3 nucleotide diversity of the viral CNS population is lower than that of
the plasma population in autologous samples [14,61].
The inferred amino acid sequences of HIV-1 env isolates were
aligned by region using BioEdit 7.0.9. Changes in amino acid
composition within the V3 and V4 regions are in bold (Table 2)
compared to Clade B consensus sequence (HIV-1 BaL). An analysis
of the V3 region from inferred amino acid composition did not reveal
any conserved motifs for the plasma or CSF variants. However, we
detected a conserved amino acid motif, GGEFFXXNXXXLFNSTW,
within the V4 region of all the sequences (Table 3).

In general, the exclusive CCR5 co-receptor is favored for V3
loops having an overall net positive charge lower than +5, while
CXCR4 and dual use are more common among viruses having
a highly positive V3 loop greater than or equal to +5 (based on
collective charges of amino acid side chains in this variable domain)
[53,54]. Multiple comparisons of the net charges of V3 and V4
regions revealed significant differences between plasma and CSF
compartments (Figure 2). However, within each compartment, V3
charge in CSF was significantly different when comparing evaluation
3 to evaluations 5 and 7 (Figure 2A). Whereas for the V4 region,
statistical differences were found only between plasma isolates from
visits 3 and 7 (Figure 2B). The mean net charge within V4 was -4, and
no statistical significances were observed in the CSF variants

All envelopes amplified from CSF were predicted to be R5
The amino acid sequence of the V3 loop of HIV-1 env has a major
role in determining co-receptor use and cellular tropism. Major
co-receptor (R5 or X4) phenotypes can reasonably be predicted by
observation of a 35 amino acid segment of the envelope protein
extending from amino acids 296 to 330. We explored the relationship
using validated genotype inference methods, which predict viral
phenotypes and co-receptor usage based on V3 sequences [54,56].
The deduced amino acid sequences of the envelope V3 region were
then used to predict the co-receptor usage and syncytium-inducing

The pattern of potential N-linked glycosylation sites differed
in plasma and CSF isolates
The inferred amino acid compositions in V3 and V4 of both CSF

Table 2: V3 amino acid sequences and co-receptor usage prediction by HIV-1 virus clones isolated from plasma and CSF. Co-receptor usage was determined using
various computational methods. V3 loop sequences derived from clones isolated from plasma and CSF are presented. Changes in the amino acid sequence as
compared to the V3 loop of the Clade B consensus sequence are in bold. Underlined N marks the PNLG site at position 301.
Clonesa
Clade B

V3 region
CTRPNNNTRKSIHIGPGRAFYTTGEIIGDIRQAHC

V3 chargec

11/25 Ruled

Geno2phenoe

PSSMf

5

R5

R5

R5

R5

Plasma

Visit 3b
7
3
1
1
Visit 5
2
2
1
3
Visit 7
11
1

CTRPNNNTRKSINIGPGRAFYTTGDIIGDIRKAYC

4

R5

R5

CTRPNNNTKKSISLGPGRVLYTTGQIIGDIRKAYC

5

R5

R5

X4

CTRPNNNTRKSIDIGPGRAFYTTGDIIGDIRKAYC

3

R5

R5

R5

CTRPNNNTRKSINIGPGRAFYTTGDIIEDIRKAYC

3

R5

R5

R5

CTRPNNNTKKSISLGPGRVLYTTGQIIGDIRKAYC

5

R5

R5

X4

CTRPNNNTRKSINIGPGRAFYTTGDMIGDIRKAYC

4

R5

R5

R5

CTRPNNNTRKSINIGPGRAFYTTGDIIGDIRKAYC

4

R5

R5

R5

CTRPNNNTKKRIYLGPGKAFHTTGQIVGDIRKAYC

7

X4

X4

X4

CTRPNNNTRKSINIGPGRAFYTTGDIIGDIRKAYC

4

R5

R5

R5

4

R5

R5

R5

CTKPNNNTRKSINIGPGRAFYTTGDIIGDIRKAYC

CSF

Visit 3
8
1
1
Visit 5
8
1
Visit 7
7
1

CTRPNNNTRKSINIGPGRALYTTGEIIGDIRQAHC
RTRPNNNTRKSINIGPGRALYTTGEIIGDIRQAHC

4

R5

R5

R5

5

R5

R5

R5

CTRPNNNTRKSINIGPGRALYTTGEVIGDIRQAHC

4

R5

R5

R5

CTRPNNNTRKSIHIGPGRAWYTTGEIIGDIRQAHC

5

R5

R5

R5

CTRPNNNTRKSIHIGPGRAWYTTGGIIGDIRQAHC

6

R5

R5

R5

CTRPNNNTRKSINIGPGRAFYTTGQIIGDIRQAHC

5

R5

R5

R5

5

R5

R5

R5

CTRPNNSTRKSINIGPGRAFYTTGQIIGDIRQAHC

The number indicates the total number of clones with the same env V3 sequence.
One clone from visit 3 had a significant deletion of 31 amino acids within the V3 region (not shown).
V3 charge was determined by subtracting the total number of negatively charged amino acids (D+E) from the total number of positively charged amino acids (H+K+R).
Higher positive charge has been correlated with the likelihood of CXCR4 use.
d
Sequences with positively charged amino acids at positions 11 and/or 25 within the V3 loop were classified as having an 11/25 genotype (believed as X4 or X4/R5
strain). Positions 11 and 25 are highlighted in grey.
e
Geno2pheno, env V3 sequence was aligned to the reference strain HXB2 and predicted as to whether the corresponding virus is capable of using CXCR4 as a
coreceptor (R5/X4 or X4 variants) or not (R5 variants).
f
PSSM, Position-specific scoring matrix (PSSMX4R5 and PSSM SINSI)
a
b
c
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Table 3: V4 amino acid sequences by HIV-1 virus clones isolated from plasma and CSF. V4 loop sequences derived from clones isolated from plasma and CSF are
presented. Changes in the amino acid sequence as compared to the V4 loop of the Clade B consensus sequence are in bold.
Clonesa

V4 region

V4 charge b

PNGL c

Clade B

CGGEFFYCNSTQLFNSTWNVTE--ESNNTVENNTITLPC

-4

4

CGGEFFFCNTTQLFNSTWKSTG--ESNNTAGNGTIILPC

Plasma

Visit 3
2
3
1
1
5

-1

5

CGGEFFFCNTTRLFNSTWNWNGTEESNNTAGNGTIILPC

-2

5

CGGEFFFCNTTQLFNSTWYSNG--ESNNTAGNGTIILSC
RGGEFFFCNTTQLFNSTWQSTG--ESNNTAGNGTIILPC

-2

4

-1

4

CGGEFFFCNTTQLFNSTWYSNG--ESNNTAGNGTIILPC

-2

4

CGGEFFFCNTTQLFNSTWYSNG--ESNNTAGNGTIILPC

Visit 5
4
2
1
1

-2

4

CGGEFFFCNTTQLFNSTWNSTG--ESNNTAGNGTIILPC

-2

5

CGGEFFFCSTTQLFNSTWNSTG--ESNNTAGNGTIILPC

-2

5

CGGEFFFCNTTLLFNSTWNGT---ESNNTAGNGTIILPC

-2

5

CGGEFFFCNTTQLFNSTWN-NG--ESNNTAGNGTIILPC

Visit 7
2
4
2
2
1

-2

4

CGGEFFFCNTTQLFNSTWY-NG--ESNNTAGNGTIILPC

-2

4

CGGEFFFCNTTQLFNSTWSSNG--ESNNTAGNGTIILPC

-2

4

CGGEFFFCNTTQLFNSTWNSNG--ESNNTAGNGTIILPC

-2

4

CGGEFFFCNTTQLFNSTWSSNG--ESNNTAGNGTIILTC

-2

4

CGGEFFYCNSTQLFNSTWNVTE--ESNNTVENNTITLPC

-4

5

CGGEFFYCNSTQLFNSTWNVTE--ESNNTVENSTITLPC

-4

5

CGGEFFYCNSTQLFNSTWNVTE--ESNNTVENNTITLPC

-4

5

CGGEFFYCNTTQLFNSTWFDNDT-SPNDGRNDTNITLPC

-4

5

-4

4

CGGEFFYCNTTQLFNSTWFDSDT-SPNDGRNDTNITLPC

-4

3

CSF

Visit 3
9
1
Visit 5
9
Visit 7
5
1
2

CGGEFFYCNTIQLFNSTWFDNDT-SPNDGRNDTNITLPC

The number indicates the total number of clones with the same env V4 sequence.
b
V4 net charge was determined by subtracting the total number of negatively charged amino acids (D+E) from the total number of positively charged amino acids
(H+K+R) [28].
c
PNLG: Potential N-Linked Glycosylation Site; PNLG in position 386 (gray). Loss of PNLG at this site is described to confer higher macrophage tropism and is
associated with severe HIV-associated dementia as described by Dunfee et al. 2007.
a

and plasma isolates were analyzed using the N-GlycoSite tool (http://
www.hiv.lanl.gov). The data analysis showed a conserved PNLG site
at position 301 of the V3 region in all isolates from both plasma and
CSF (Table 2). In the V4 region, 1 sequence from plasma (visit 5,
clone 3; net charge=-2) and 1 sequence from CSF (visit 7, clone 3; net
charge=-4) had lost the PNLG at position 386 (Table 3). A conserved
motif of the first 18 amino acids (CGGEFFYCNXXQLFNSTW)
in V4 was present in all CSF clones. In all plasma clones, the motif
CGGEFFFCNTTQLFNSTW had a conserved phenylalanine (F)
residue which was not present in CSF plasma isolates (Table 3). The
amino acid composition within the V4 region CSF isolates from visit
3 and that from visit 5 were similar to that of HIV-1 BaL, which is
consistent with the phylogenetic grouping seen in Figure 1. However,
CSF sequences from visit 7 and sequences from plasma had distinct
glycosylation patterns in the V4 region (Table 3). We found that 6 of
8 isolates from visit 7 had a unique motif, FDNDTSPNDGRNDTN,
and that 3 clones had a loss a PNLG site (Table 3).

Discussion
We successfully amplified and characterized the C2V4 region of
Volume 4 • Issue 1 • 1000135

HIV-1 env isolates in matched CSF and plasma samples (collected
at 12-month intervals for 3 years) from a female subject diagnosed
with ANI [5,42]. Using the sequence data from matched samples, we
conducted phylogenetic analyses that revealed compartmentalization
across all sampling times. We expected to find lower genetic diversity
in the CSF compared to plasma diversity within sequences of envs
at all of the patient’s visits [14,61]. The results were in accordance
with those of previous reports wherein V3 nucleotide diversity of the
viral CNS population is lower than that of the plasma population in
autologous samples [14, 61]. To our knowledge, this is the first report
that describes the mean viral diversity in matched plasma and CSF
sequence from a Hispanic female subject with ANI who is undergoing
long-term cART.
The levels of CSF viral compartmentalization vary considerably
throughout the full course of disease, being high in those who are
chronically infected with HAD and low to undetectable in subjects
with early and acute HIV-1 infections [19]. Sequence analysis of the
plasma and CSF from our study patient indicates that longitudinal
compartmentalization in the C2V4 region persists without the
development of overt neurocognitive symptoms. Failure to detect
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that HIV-1 envs vary according to the compartment sampled and
the time of sampling. In general, exclusive CCR5 co-receptor usage
is favored for V3 loops with an overall net positive charge of less
than +5, while CXCR4 and dual usage is more common among
viruses with a highly positive V3 loop that ≥ +5 [53,54]. During the
first 2 visits, plasma and CSF envs from our ANI subject carried an
equal overall V3 loop charge. At the last evaluation, the CSF isolates
carried a higher overall V3 charge than did those found in plasma.
We found that CSF-derived isolates (relative to those derived from
blood) were enriched with predicted R5 variants. We believe that the
use of co-receptor prediction is informative since neurotropic and
neurovirulent HIV-1 strains isolated from CNS are reported to enter
into macrophages and microglia via CCR5 [24].
We also evaluated whether the amino acid composition in V4
would have value in correlating with Env phenotype. For plasma
isolates sampled in evaluation 3, an overall charge of -1 was observed
for 3 out of 12 clones (Table 3). In addition, 9 out of 12 clones from
evaluation 3, and all isolates from evaluations 5 and 7, carried a net
-2 charge within V4. Statistical analyses by group indicated that
the overall V4 net charge differed between CSF and plasma groups
(p-value<0.05). In addition, the V4 region of all CSF sequences (as
opposed to the consensus clade B sequence) retained a net charge of
-4 [28]. Together, these observations highlight that an overall charge
of -4 in the V4 region may be an important genetic feature for the
fitness of CSF envs. However, the clinical relevance of V4 loops during
the course of HAND remains unclear and requires further study if we
are to determine whether it is a useful region associated with HIV1 neuropathology [38]. Future studies should aim to evaluate the
usefulness of the V4 region in terms of its association with the decline
of neurocognitive status.
Figure 2: The V3 and V4 net charges significantly differed between CSF and
plasma isolates during the course of asymptomatic disease and cART. The
net charges of the gp120 regions V3 and V4 were calculated by subtracting
the number of negatively charged amino acids from the number of positively
charged amino acids. Error bars indicate the mean standard error. Statistical
comparisons were done using single factor analysis of variance (ANOVA)
followed by Tukey’s test (post hoc). Values of p<0.05 were considered to be
statistically significant.

intermingled sequences between CSF and plasma suggests the
existence of reduced viral trafficking and, in addition, that there
might be some restriction on the ability of the virus to migrate freely
between the 2 compartments. One possible explanation for the
marked plasma/CSF env compartmentalization is the anatomical
restriction which in turn provides 2 distinct settings for genetic
adaptation within the same host. The brain, considered an immuneprivileged site, is anatomically isolated by the blood–brain barrier, is
devoid of lymphatic tissues, and is composed of the localized CNS
cell population, i.e., astrocytes, microglia, and neurons. Emergence of
novel CNS variants may result from both reduced immune pressure
[61] and low expression levels of the HIV-1 co-receptors in the CNS
[15,16].
The complexity of virus–cell interaction cellular entry arises
from interactions between CD4/gp120 and CCR5 and/or CXCR4
co-receptors which are distinct depending on the tissues infected
[28,39,62-65]. Inferring co-receptor usage with bioinformatics
tools remains an important tool for assessing the efficacy of
pharmacological therapies, such as the use of the CCR5 antagonist,
maraviroc, or the CXCR4 antagonist, AMD3100. Our results show
Volume 4 • Issue 1 • 1000135

Minor changes within the variable regions of HIV-1 env can
provide the virus with several novel characteristics [63]. Among the
observed biological changes associated with amino acid sequences
are the loss or gain of PNLGs, such as in the case with HIV-1 env
[38,58]. This has consequences in immune evasion, sensitivity to
entry inhibitors, the modulation of co-receptor preference and
cellular tropism, and altered CD4/CCR5 dependence for cellular
entry [13,25,28,32,38,58]. We found that 2 clones (plasma and CSF,
evaluation 5) lost a PNLG site at position 386 of V4. The importance of
identifying PNLGs in association with neurological status was further
noted in a study by Dunfee et al. [38], in which an env isolated from
the brain of a patient with HIV-1–associated dementia demonstrated
an enhanced fusogenic capacity into macrophages in vitro.
All CSF clones had a conserved 18 amino acids motif within
V4 (CGGEFFYCNXXQLFNSTW), and isolates from visits 3 and
5 were similar to those of HIV-1 BaL, which is consistent with the
monophylogenetic grouping seen in Figure 1. All plasma isolates
had a common phenylalanine (F) residue at position 384 of V4,
which residue was not present in the CSF isolates. Other groups
have described a conserved proline residue within V1 in X4-using
M-tropic strains from HIV+ brains; this residue was associated with
compartmentalization [28]. Despite the presence of a proline residue
in X4-using M-tropic strains, there was no functional advantage
characterized [28]. CSF sequences from evaluation 7 showed that the
8 clones had the motif FDNDTSPNDGRNDTN (position 395 to 413)
and the unique occurrence of 1 proline and 4 aspartate residues. In
our case, we would expect to see a functional impact on these envs
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from visit 7 since a variation in the glycosylation patterns in the V4
region (3 out of 8 clones) was identified within this motif.
While our study presents some interesting viral evolution
data from a Hispanic female with asymptomatic neurocognitive
impairment (ANI), it had several limitations. First, we analyzed the
C2V4 region of HIV-1 env (thus hindering our analysis of other
regions such as V1/V2 and V5) as well as limiting our interpretation
of the role of cART in shaping these compartments. However, we
would expect to see consistent evolution within other variable regions
throughout the course of disease, as previously reported to occur
in chronically infected subjects [19]. Second, considering that the
available inference bioinformatics tools for co-receptor prediction are
not 100% specific, we chose to select those with a greater than 85%
concordance of prediction with clade B consensus [64] for our coreceptor analyses. We found that CSF variants were genetically unique
within their C2V4 region during the setting of long-term suppressive
cART and persistent ANI. In sum, probing the functional phenotypes
of CSF-derived HIV-1 env variants will allow for the identification
of putative mutations present in the subjects with ANI and for the
identification as well of potential for neurotoxic properties that are
associated with the C2V4 region.
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