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Abstract

Background: We hypothesized that the induction of monocyte activation biomarkers, especially
soluble urokinase-type plasminogen activator receptor (SUPAR) and interferon -y-inducible protein
10 (IP-10), is lower in HIV-1C than HIV-1B owing to a defective Tat cysteine dimotif (C30S).

Methods: A total of 68 paired cerebrospinal fluid (CSF) and blood samples from persons with
HIV (PWH), free of CNS opportunistic infections, from a Southern Brazil outpatient HIV clinic
were evaluated; HIV-1B subtype (n= 27), HIV-1C (n=26), other (n=15), and 19 HIV-negative
controls. The levels of SUPAR, IP-10, neopterin, and B, microglobulin (8om) in the CSF and
serum were quantified using different immunoassays.

Results: Overall, in PWH, increases in CSF suPAR, CSF/serum suPAR, and CSF/serum Bom
correlated with worse working memory deficits (r= 0.303, 0.353, and 0.289, respectively, all
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p<0.05). The medians of IP-10, sSuPAR, neopterin, and Bom in CSF and serum, as well as the
CSF/serum ratio and suPAR index were comparable between the HIV-1B and HIV-1C subtypes.
CSF IP-10 and neopterin, and serum IP-10 and suPAR levels were higher in PWH than the
HIV-negative controls (p=0.015, p=0.001, p<0.0001, and p<0.001, respectively). Serum Bom level
was higher in HIV-associated dementia (HAD) than neuropsychologically normal (NP-NML) or
asymptomatic (ANI) (p= 0.024).

Discussion: We observed that higher levels of CSF suPAR and the suPAR quotient correlated
with worse working memory deficit. Elevated levels of monocyte activation were similar in both
HIV-1 B and C subtypes, providing no evidence of reduced neuropathogenicity of HIV-1 subtype
C Tat compared to subtype B.

Keywords

HIV-1; subtypes; HIV-associated neurocognitive disorders; cerebrospinal fluid; SUPAR; IP-10;
neopterin; P, microglobulin

1. INTRODUCTION

Persistent central nervous system (CNS) inflammation and chronic immune activation, play
important roles in neuronal damage in HIV-associated neurocognitive disorders (HAND)?.
Many studies on inflammatory biomarkers of HIV-1 infection have been carried out in
settings where HIV-1B predominates23456.7 As a result, little is known about these
markers in the non-B HIV subtypes.

Soluble urokinase plasminogen activator receptor (SUPAR), or cluster differentiation
(CD)-87, is the soluble form of uPAR. Circulating suPAR originates from the shedding

of UPAR. SUPAR is a marker of monocyte activation and chronic inflammation8. Levels

of suPAR are higher in the cerebrospinal fluid (CSF) of people with HIVV (PWH) and HIV-
associated dementia (HAD) than neurologically normal people without HIV3: 4 6. SUPAR is
involved in cell adhesion, migration, and chemotaxis. UPAR is a membrane-bound receptor
that is mainly expressed on immunologically active cells, such as monocytes, activated

T cells, neutrophils, tumor cells, megakaryocytes, and endothelial cells® 19, UPAR is a
receptor for uPA, a matrix-degrading proteolytic enzyme that disrupts the BBB1.

Previous studies have reported that human interferon y-inducible protein-10 (IP-10 or
CXCL10) levels are elevated in PWH compared to healthy control subjects®, and IP-10
stimulates HIV-1 replication2, The main biological activity of chemotactic cytokines, such
as IP-10, is the regulation and control of basal homeostatic and inflammatory leukocyte
movement!3. IP-10 attracts activated T lymphocytes and monocytes! and is induced by
proinflammatory stimuli, such as interferon-y (IFN-y)1°, tumor necrosis factor-a. (TNF-a.),
viruses, and microbial products!® 16. 17 eijther directly or through activation of nuclear
factor-kappa B (NF-kB)16: 18, IP-10 is produced by astrocytes and hepatocytes® 20, and its
increased production during HIV-1 infection has been partially attributed to HIV-1 proteins,
including HIV-1 accessory protein transactivator of transcription (Tat)21,
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The Tat protein plays a pivotal role in the induction of chemokine secretion, mainly

CC chemokines (B-chemokines) and IP-10 (a-chemokines)13 21, Tat also upregulates the
expression of several cytokines, including TNF-a22, which is attributed to the C30C31
dicysteine motif23. In vitro studies suggested that HIV-1 subtype C was less neuropathogenic
than subtype B, based on a defective Tat chemokine dimotif in the C30C31 position that
might influence cellular trafficking and CNS inflammation2* 25, 11 vitro, HIV Tat C (C30S)
was less effective at upregulating markers, such as TNF-a, in monocytes?® 27, Further, HIV
Tat C does not induce calcium influx, which results in lower levels of 1L-10 in monocytes?8.
In a Brazilian population, the frequency of C31S substitution in HIV-1 Tat C was 82% vs.
10% in HIV-1B (p<0.0001)2°.

SUPAR and IP-10 are positively correlated with IFN-y and TNF-a.30. Further, IFN-y and
TNF-a stimulations were dependent of intact HIV-1 Tat C30C31 dimotif. Notably, IP-10 is
directly stimulated by Tat?L. Based on the above, we hypothesized that the stimulation of
monocyte activation biomarkers, mainly suPAR and IP-10, would be lower in HIV-1C than
HIV-1B due to a defective Tat chemokine dimotif (C30C31).

The aims of this study were to compare the effects of HIV-1 subtypes B and C on
SUPAR, IP-10, neopterin, and B, microglobulin (8om) in CSF and serum; compare these
monocyte activation biomarkers levels in PWH and HIV-negative controls. Secondary
exploratory comparisons were done to assess the relationships between these biomarkers
and neurocognitive performance in the HIV groups.

2. METHODS
2.1 CSF and blood samples

In this study, 87 CSF and paired serum samples were collected from PWH (n=68) and
HIV-negative controls (n=19).

PWH were recruited from Hospital de Clinicas da Universidade Federal do Parana
(HC-UFPR), Brazil. Exclusion criteria included opportunistic CNS infections, loss of
consciousness for greater than 30 minutes, non-HIV-related neurologic injury or disorder
(e.g., epilepsy, stroke, and developmental delay), psychotic disorder, and significant levels
of current substance use defined as more than two alcoholic drinks per day over the past 30
days, or use of any illegal drugs in the past 30 days.

All volunteers underwent serological testing to confirm HIV status before enroliment. For
participants with a clinically resistant infection, the infecting HIV subtype was genotyped
using pol sequences, whereas env sequences were used for all other participants. Genotyping
revealed that 27 individuals were infected with HIV-1B while 40 were infected with non-B
HIV-1 subtypes (C, n = 26; BF, n =10; BC,n=1; CF, n=1; and F, n = 2). The subtype of
one participant could not be determined.

Nineteen age-matched subjects were recruited at the HIV Neurobehavioral Research
Center, University of California, San Diego (HNRC-UCSD) for the HIV-negative control
group, under a protocol approved by the IRB at the UCSD. As, according with the
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National Commission of Ethics in Research (CONEP, Brazil), lumbar punctures could

not be performed in HIV-negative subjects in Brazil. These subjects had no neurological
comorbidities or cognitive complaints and had negative serological tests for HIV, hepatitis C,
and syphilis. The CSF inclusion criteria for this group were white blood cell (WBC) count <
5 cells/mm3, total protein < 45 mg/dL, and glucose = 55 mg/dL.

2.2 Laboratory methods

2.2.1 Quantification of Inflammatory biomarkers—SuPAR was quantified in the
CSF and serum by high-sensitivity enzyme-linked immunosorbent assay (ELISA, R&D
Systems, Minneapolis, MN); IP-10 (CXCL10) was quantified in CSF and serum by
multiplex bead suspension array immunoassays (EMD Millipore, Billerica, MA); neopterin
was quantified in CSF by high-sensitivity ELISA (Thermo Fisher Scientific, Hennigsdorf,
Germany); and human Bom was quantified in CSF and serum using the nephelometric
method (Dade Behring BNII, Deerfield, IL) with reagent, N Latex B, microglobulin
(Siemens Healthcare Diagnostics Products GmbH, Marbug, Germany).

All samples were assayed concurrently in duplicate according to the manufacturers’
instructions. The acceptable coefficient of variation between duplicates was <20%. Where
the results fell below the minimum detection limit set by the kit manufacturers, the low-
detection-limit value was used in the statistical analysis.

The reference values for SUPAR, IP-10, and neopterin were calculated as mean + 2 standard
deviations in the HIV-negative control group. The reference values for om were 1.3+0.5
mg/L in the CSF and 0.9-3.0 mg/L in the blood3L.

To enhance the specificity of SUPAR as an inflammatory biomarker, the SUPAR index was
calculated as: SUPAR |ndex= (SUPAR csg % Albgerym)/ (SUPAR gserum X Albcsg). Albumin
levels in the CSF and serum were quantified using nephelometry (Dade Behring BNII,
Deerfield, IL) with antiserum N human albumin (Dade Behring BNII, Deerfield, IL). The
index was not calculated for IP-10 and Bom as they are small molecules (MW 8.6 and 17
kDa, respectively) that can cross the blood-CSF barrier independent of its integrity; this
is because diffusion through an intact barrier may occur along a concentration gradient32,
However, such diffusion may be affected by changes in the CSF flow rate. The index was
not calculated for neopterin, as its level in serum was not quantified.

2.2.2 Quantification of HIV RNA in plasma and CSF—HIV RNA levels in plasma
and CSF were measured using a branched DNA assay (VERSANT® HIV-1 RNA 3.0 bDNA
Kit, Siemens Healthcare Diagnostics, Tarrytown, NY, USA) with 1 mL of CSF or plasma.
Assays were performed immediately following sample collection. Samples with HIV RNA
levels <50 copies/mL were recorded as being below the detection limit.

2.2.3 Clinical laboratory measures—CD4 counts were quantified using flow
cytometry (FACSCalibur-Multitest). Nadir CD4 levels were retrieved from medical records.

J Acquir Immune Defic Syndr. Author manuscript; available in PMC 2023 May 01.
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CSF samples were collected purely for research purposes through lumbar puncture,
performed using atraumatic spinal needles under aseptic techniques. Total CSF protein,
glucose, and WBC counts were quantified using standard laboratory methods.

2.3 Neurobehavioral assessments, HAND diagnosis, and categorization

All PWH underwent neuropsychological (NP) assessments, as previously described33. The
NP test battery assessed seven domains (executive function, motor performance, verbal
fluency, recall, working memory, learning, and speed of information processing) and

was composed of 18 individual NP measures widely used to study HIV infection in

previous studies in English- and non-English speaking countries (Supplementary Table 1)33.
Instruments not already validated for use in Brazil were translated into Brazilian Portuguese,
back translated into English, and reviewed by several Brazilian native Portuguese speakers
to ensure cultural and linguistic appropriateness33.

Demographic corrections for each NP test were developed using data from Brazilian 48
HIV- controls. Norms were statistically derived by methods previously described33: 34,
Briefly, raw scores for the individual tests were converted to normally distributed scaled
scores, which have a mean of 10 and a standard deviation of 3. The scaled scores were then
converted to T-scores (mean 50, SD 10), with regression-based adjustments for the effects of
age, years of education, and sex.

Subjective neurocognitive difficulty was assessed using the Patient Assessment of Own
Functioning Inventory35. HAND diagnoses were assigned based on the Frascati criteria3®.
Additionally, the global deficit score (GDS) method was used to classify the overall NP
impairment status, as previously described. The GDS summarizes the number and severity
of neurobehavioral deficits across the entire test battery. A GDS cutoff of <0.50 was used
to classify overall NP impairment3’. To assess the specific neurocognitive performance
domains the domain deficit scores were calculated based on individual test deficit scores; it
is the mean of the individual test deficit scores that make up each domain.

2.4 Data analyses

The results are presented as median and interquartile range (IQR) or number and percentage
(%), as appropriate. Demographic data, HIV disease characteristics, and CSF biochemical,
cytological, and virology measures were compared between individuals with subtypes B
and C infections using the independent samples #test for continuous variables and Fisher’s
exact test for binary and categorical variables (sex, AIDS diagnosis, ART, and HIV RNA in
plasma and CSF). Demographic data and CSF biochemical and cytological measures were
compared between PWH (including subtypes B, C, BF, BC, CF, and F) and HIV-negative
controls using the same methods.

CSF and serum biomarker values were logq-transformed to improve the normality of data
distribution. Using linear regression (adjusted analysis), the four biomarker levels were
compared primarily between 1) PWH and HIV-negative controls controlling for age; and
2) subtype B and C groups controlling for plasma HIV viral load suppression and nadir
CD4 count. Correlation analyses between the biomarkers and neurocognitive performance
(GDS and domain scores), CSF WBC, CD4 (nadir, current, and recovery), infection

J Acquir Immune Defic Syndr. Author manuscript; available in PMC 2023 May 01.
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duration, age (current and at beginning of infection), CNS penetration effectiveness (CPE)
HIV RNA (plasma and CSF), Q Alb, and the seven specific cognitive domains assessed,
were carried out. Correlation coefficients (o) were estimated using Spearman’s rank-order
method. In addition, secondary exploratory comparisons were done to assess the differences
in inflammatory biomarkers in the PWH groups categorized by the HAND classification
were explored using the Kruskal-Wallis or Mann-Whitney nonparametric tests (unadjusted
analysis).

Results were considered statistically significant at the 5% alpha level. Cohen’s d effect sizes
(and 95% confidence intervals [Cls]) were reported for between-group differences.

2.5 Standard protocol approvals, registrations, and patient consents

This study, a cross-sectional survey using stored blood and CSF samples, was approved

by the UCSD (San Diego, CA, USA) institutional review board (IRB), Hospital de Clinicas—
Universidade Federal do Parana (HC-UFPR, Curitiba, Parand, Brazil) IRB, and CONEP
(Brazil). All participants signed informed consent forms approved by the IRBs in the

United States and Brazil. CSF samples were collected through an NIMH-funded study (R21
MHO076651-01).

2.6 Data Availability

Anonymized data from the current study will be made available at the request of qualified
investigators if approved by our Research Ethics Board.

3. RESULTS

Demographic, clinical, and laboratory characteristics were compared between PWH and
HIV-negative controls, and individuals infected with HIV subtypes B and C (Table 1).
Subtype B- and C-infected individuals were similar in age, sex, and years of education.
Subtype B-infected participants had non-significantly lower nadir CD4 counts (median, 82
cell/mms3 vs. 159 cell/mm3, p=0.29) and were non-significantly more likely to be on ART
(89% vs. 69%; p=0.099). ART included non-nucleoside reverse transcriptase inhibitors for
9 of the 21 (43%) patients with subtype B infections vs. 4 of the 15 (27%) patients with
subtype C infections (p=0.48) (Table 1).

3.1 PWH versus HIV-negative controls and HIV-1 subtype B versus subtype C

The median CSF IP-10 and neopterin levels and serum IP-10 and suPAR levels were
higher in PWH than the HIV-negative controls (p=0.015, p=0.001, p<0.0001, and p<0.001,
respectively); however, CSF suPAR values were comparable between PWH and the HIV-
negative controls (p>0.05) (Table 2). The medians of 1P-10, SuPAR, neopterin, and fom

in CSF and serum, as well as the CSF/serum ratio and suPAR index were found to be
comparable between HIV-1B and HIV-1C.

The medians of SuPAR, IP-10, neopterin, and Bom in CSF and serum, as well as the CSF/
serum ratio and suPAR index were comparable in the GDS =0.5 and normal GDS groups.

J Acquir Immune Defic Syndr. Author manuscript; available in PMC 2023 May 01.
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3.2 Correlations with GDS and specific cognitive domains

3.3 HAND

Overall PWH, none of the four biomarkers studied in CSF or serum, nor the CSF/serum
ratio or SUPAR index correlated with GDS. However, higher CSF suPAR, CSF/serum
SUPAR, and CSF/serum Bom correlated with worse working memory deficits ([o = 0.303
(0.043; 0.524), p= 0.020]; [0 = 0.353 (0.099; 0.564), p= 0.006], and [p = 0.289 (0.028;
0.514), p= 0.026], respectively; Figure 1). Lower serum Bom levels correlated with worse
motor performance deficit (o = —0.271[-0.497; —0.011], p=0.036). CSF neopterin, serum
SUPAR, and IP-10 (CSF, serum, or CSF/serum ratio) were not correlated with the cognitive
domains studied (p>0.05).

The median (IQR) serum Bom levels across the HAND groups categorized based on the
Frascati criteria increased from neuropsychologically normal (NP-NML) to HAD (p= 0.024,
Figure 2A). However, the levels of the other inflammatory biomarkers were comparable
(Figure 2B, Table 3). Pairwise comparisons between the HIV-negative control group (Table
2) and PWH categorized based on the Frascati criteria (Table 3) showed higher values

in PWH than HIV-negative controls for serum suPAR and IP-10, and CSF neopterin (all
ps<0.05); however, the values of CSF suPAR and IP-10 were comparable between the two
groups (all p>0.05).

The suPAR index was elevated for both the PWH NP-NML and ANI groups versus HIV-
negative controls (p<0.0001 both); comparison of HAD group with HIV-negative control
group (p=0.248) (Table 2 and 3).

3.4 Correlations with Inflammatory biomarkers and other CSF measures

Higher levels of SUPAR, IP-10, neopterin, and S,m in CSF or serum, as well as their CSF/
serum ratios were associated with higher CSF WBC, higher HIV RNA in CSF or plasma,
and higher QAIb, but they were correlated with lower current CD4 and lower CD4 recovery
(Supplementary Table 2). Higher suPAR index was associated with lower QAIlb (o = —0.705
[-0.810; —0.555], p<0.0001), but had no correlation with cognitive domains. No correlations
were found with the other variables studied.

4. DISCUSSION

The present study evaluated the monocyte activation biomarkers, SUPAR, IP-10, and Bom,
in CSF and serum, and neopterin, in serum, in PWH with chronic infection. IP-10 and
neopterin in CSF samples, and IP-10 and suPAR in serum samples were higher in PWH
than the HIV-negative controls. The increase in these biomarkers in the CSF and serum

of PWH was subtype-independent; therefore, our findings did not confirm the original
hypothesis of the study. The increases in CSF suPAR, Q suPAR, and Q pom were correlated
with worse working memory deficits, while the other biomarkers were not correlated with
specific cognitive domains. These findings indicated that an increase on CNS monocyte
activation and chronic inflammation decreases the cognitive skill to hold in mind and
mentally manipulate information over a short period of time when faced with distractions.
Further, working memory is important for reasoning and decision-making and behavior38.

J Acquir Immune Defic Syndr. Author manuscript; available in PMC 2023 May 01.
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The levels of the four biomarkers in CSF and serum were comparable between the groups
with neurocognitive impairment and normal cognition as measured by the GDS; however,
none was found to be correlated with GDS.

When study participants were categorized based on the Frascati criteria3®, serum p,m, but
not CSF Bom, levels were increased in the HAD group, despite the few participants in this
group. Contrary to the findings of our study, high levels of po,m were previously detected
in the CSF of PWH with HAND3%40, The other inflammatory biomarkers studied were
comparable in the CSF and serum, in contrast to previous studies? 3 4 5 6, though many
of these studies included high proportions of PWH without viral suppression on ART.
However, another study revealed that CSF suPAR levels were decreased in PWH?,

The findings of the present study provide additional support for our previously published
studies that found no differences in the frequency of HAND between HIV-1B and
HIV-1C33. Moreover, CSF inflammation, investigated based on the increase in CSF

WBC, p-chemokine, interleukin levels, 1gG intrathecal synthesis, and the presence of
oligoclonal bands, as well as CSF discordance or CSF viral escape, occurred at comparable
frequencies between HIV-1 subtypes C and B#! 42. 43, However, previously, we found
subtype-dependent differences in amyloid pathway impairment#4 45,

In this study, the increase in CSF and serum suPAR correlated with an increase in CSF
WBC, while the increase in serum suPAR correlated with an increase in CSF and plasma
HIV RNA levels. In animal studies, uPAR is expressed in resident microglial cells in

the normal brain and in both acute and chronic inflammation*€. Monocytes/macrophages
are important migratory cells and uPAR is expressed by cells of the monocyte lineage®
and is induced by cytokines, in particular, transforming growth factor 1 (TGFB1)*’.
Under normal conditions, uPAR expression is negligible. However, under challenge, they
display defective recruitment and migration of neutrophils and lymphocytes*8. Low levels of
UPAR expression was observed in cultured microglial cells, although expression increased
upon lipopolysaccharide (LPS) stimulation. However, uPAR was undetected in microglia
immediately ex vivo*®. Binding of uPA to uPAR facilitates the activation of proteases

at the cell surface and in the extracellular spaces, and also activates cell signaling
pathways directed by proximal transmembrane co-receptors, promoting cell migration.
UPAR promotes cell migration by activating proteases and through its effects on cell
signaling®°.

In this study, the increase in CSF and serum IP-10 correlated with the increase in CSF
WBC, CSF, and plasma HIV RNA levels. Further, the increase in CSF and serum IP-10
levels correlated with poor CD4 recovery, and the increase in serum IP-10 was correlated
with a decrease in current CD4. The ability of IP-10 to enhance its own inducer, IFN-y,
supports the hypothesis that a positive amplification loop exists between IP-10 and IFN-y /n
viveeL. This chemokine has been proposed to be involved in the recruitment and potentiation
of Thl responses. Tat and cytokines, IFN-y and TNF-a, also synergistically increase the
expression of IP-10 in human astrocytes, providing an important reservoir for the generation
of inflammatory mediators. For instance, IP-10 acts as a neurotoxin and a chemoattractant>2,
Further, HIV-1 Tat induces IP-10 expression in astrocytes?l.

J Acquir Immune Defic Syndr. Author manuscript; available in PMC 2023 May 01.
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We also evaluated neopterin and Bom, which are traditional inflammatory biomarkers for
HAND diagnosis3?: 40. These markers were found to be elevated in the CSF of patients
with HAD, suggesting that increased immune activation is related to more severe damage?.
Our study revealed a positive correlation between Bom levels in CSF and serum in the
group with cognitive impairment measured using GDS (=0.5) and the cognitively normal
group (GDS <0.5). In a previous report, HIV-infected individuals without dementia showed
a strong correlation in the levels of po,m between plasma and CSF. However in patients
with dementia, pom levels were independently higher in CSF than in plasma, suggesting
intrathecal Bom production?. Contrary to these findings, our study showed that B,m levels
were lower in CSF than serum across all groups.

CSF molecules can be derived exclusively from the blood, brain parenchyma, or from

the leptomeninges32. Our data indicate that IP-10 and suPAR are derived from intrathecal
synthesis, either because the concentration was higher in the CSF than serum, or because the
coefficient of variation was smaller in the CSF than serum in the control group, respectively.
The latter result suggests that inter-individual variations in CSF biomarkers do not depend
on serum concentrations32,

The main strength of this study was the fact that it was the first to examine inflammatory
stimulation by quantifying suPAR, IP-10, neopterin, and Bom in CSF and serum of PWH
infected with the HIV-1 subtype C. All previous studies analyzed only HIV-1 subtype

B. Additionally, the participants with HIV-1 subtypes B and C were from the same
geographical region in southern Brazil and were similar in age and sex. PWH and HIV-
negative samples were analyzed concurrently. The suPAR index was calculated to quantify
intrathecal SUPAR; sUPAR molecular weight is similar to that of albumin (67 kDa; and Rh
3.51 nm). As a result, its diffusion does not occur through a functional blood-CSF barrier
(BCSFB). The sample size was sufficient for power analysis of the comparisons of the
PWH and HIV-negative control groups, as well as HIV-1B and HIV-1C, as the absolute
values of Cohen’s d effect sizes were medium to large. However, when the PWH group was
categorized based on HAND diagnosis, the number of cases was small, especially within the
symptomatic HAND subgroups (HAD and MND), thereby limiting the conclusion on the
association between monocyte activation biomarkers and neurocognitive impairment.

This study had the following limitations: (a) both PWH who were on antiretroviral treatment
or untreated were enrolled, with most of the participants being on ART. We tried to
overcome this limitation by considering the plasma HIV viral load in the multivariate
analysis. Nonetheless, HIV-1B and HIV-1C were found to be comparable in the CSF to
plasma HIV RNA ratio; and (b) the cross-sectional design limited the study. A longitudinal
study might be able to predict the development of HAND in patients without apparent
symptoms. (c) The method we used to quantify HIV RNA had a limit of detection of

50 copies/mL, which is less sensitive than some other assays currently available. Single-
molecule assays, which quantifies plasma HIV-1 RNA down to a single copy, has enhanced
the understanding of the source and dynamics of persistent HIV-1 in the plasma, cells

as well reservoirs of PWH33. The application of single cell sequencing (ScCRNA-seq)
technologies has emerged as an essential tool for studying perturbations to host immune
cells during systemic HIV infection, and to understanding HIV reservoirs®* %5, Future CSF

J Acquir Immune Defic Syndr. Author manuscript; available in PMC 2023 May 01.
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studies will benefit from the utilization of these methodologies, as it was demonstrated
viremia persists in the plasma and CSF after years of effective therapy®3.

5. CONCLUSION

To our knowledge, this is the first study to evaluate monocyte activation stimulation in both
CSF and serum of the HIV-1 subtype C, thereby contributing to the understanding of the
pathophysiology of HIV infection in the CNS and the impact of HIV-1 genetic diversity on
monocyte activation biomarkers. The impact of HIV-1 on the studied monocyte stimulation
biomarkers was not found to be subtype-dependent. Further, higher CSF suPAR, and suPAR
quotient correlated with a higher working memory deficit.
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Figure 1. Correlations of working memory deficit with inflammatory biomarkers
A. Correlation of working memory deficit and CSF suPAR (pg/mL), red dotted line indicates

CSF suPAR reference value (1154 pg/mL).

B. Correlation of working memory deficit and Q suPAR (CSF/serum).

C. Correlation of working memory deficit and Q B2 microglobulin (QB,m, CSF/serum).
Correlation coefficients (o) were estimated using Spearman’s rank-order method; results
were shown in p (95% confidence interval [CI]).
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Figure 2. Inflammatory biomarkers in the HIV-1 groups categorized by the HAND classification
by the Frascati criteria.

Boxes show median and interquartile range (IQR), and whiskers indicate maximum and
minimum values. The dots indicate the number of individuals in each group.

HIV associated neurocognitive disorder (HAND, Antinori et al., 2007): HIV-associated
dementia (HAD); minor neurocognitive disorder (MND); asymptomatic neurocognitive
impairment (ANI); PWH neuropsychologically normal (NP NML). HIV-negative controls
(Ctrl).

A. B2 microglobulin (2m, mg/L) in CSF (gray graphic) and serum (black graphic), gray
dotted line indicates reference value of CSF p2m (1.8 mg/L), red dotted line indicates
reference value of serum $2m (3.0 mg/L) (Caudie et al, 2005). Pairwise comparisons of CSF
2m in HAND groups all p>0.05.
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B. CSF neopterin (nmol/L), red dotted line indicates reference value (8.13 nmol/L). The
values of the CSF neopterin median numerically increased from the Ctrl group to the
HAD group. Pairwise comparisons of HIV negative control group (HIV- ctrl) with HAND
categorized according to the Frascati criteria (HIV- ctrl vs. NP NML, p= 0.0006; vs. ANI,
p=0.0027; vs. HAD, p=0.019). Pairwise comparisons between the groups with HAND, all
p>0.05.
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