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Abstract

The transactivator of transcription (Tat) is a HIV regulatory protein which promotes viral
replication and chemotaxis. HIV-1 shows extensive genetic diversity, H/V-1 subtype C being the
most dominant subtype in the world. Our hypothesis is the frequency of CSF CD3*CD56" and
CD3~ CD564M is reduced in HIV-1C compared to HIV-1B due to the Tat C30S31 substitution

in HIV-1C. 34 CSF and paired blood samples (PWH, n=20; PWoH, n= 14) were studied. In
PWH, the percentage of CD3*CD56" was higher in CSF than in blood (p < 0.001) comparable

in both compartments in PWoH (p = 0.20). The proportion of CD3~ CD56%M in CSF in PWH
was higher than PWoH (p = 0.008). There was no subtype differences. These results showed CNS
compartmentalization of NKT cell response in PWH.

Keywords

Human immunodeficiency virus (HIV); HIV-1C; Natural killer (NK) cells; T lymphocytes with
natural killer activity; (NKT); Flow cytometry; Immunophenotyping

1. Introduction

Natural Killer (NK) lymphocytes play a significant role in the control and prevention of
HIV-1 infections. HIV infection disrupts the phenotypes and functions of monocytes, NK
cells, and innate lymphoid cells, and subsequently, the relevant adaptive host immune
responses (Alter and Altfeld, 2009; Tomescu et al., 2011).

"Corresponding author at: Complexo Hospital de Clinicas—-UFPR, Secéo de Virologia, Setor Anélises Clinicas, Rua Padre Camargo,
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T lymphocytes with natural killer activity (NKT cells) are CD3* T cells that co-express
CD56, CD16, CD57, and CD69 (Uemura et al., 2008; Zhou et al., 2013; Bojarska-Junak et
al., 2010). NKT cells are part of the innate immune system and play an important role in
the immune response to viruses (Lanier et al., 1986; Elewaut and Kronenberg, 2000). They
are usually derived from lymphokine (mainly interleukin-2)-activated T-cells (Tarazona et
al., 2000; Olteanu et al., 2010). Antigens typically associated with NK cells may also be
expressed on T cells, particularly CD8* T cells that have a large granular lymphocyte
cytology and cytotoxic function similar to that of NK cells (Tarazona et al., 2000). Although
NKT cells constitute a small proportion of lymphocytes in normal individuals, this subset
of T cells may be expanded in the presence of chronic immune system activation, as can be
seen in autoimmune disorders or viral infections. They also provide support and help to B
cells which act as a microbial defense (Tarazona et al., 2000; Olteanu et al., 2010).

NK cells constitute approximately 10% of the mononuclear cells in human peripheral

blood (PB), and their function is regulated by a number of germline-encoded activating/
inhibitory receptors that orchestrate their activation (Raulet, 2003). The predominance in the
cerebrospinal fluid (CSF) of the adaptive immune system CD4 T cells over those of the
innate immune system may be related to the fact that under normal circumstances, the CNS
is much less exposed to pathogens (and auto-antigens) than peripheral organs (de Graaf et
al., 2011). It has been suggested that NK cells play a key role at the interface of innate and
adaptive responses in autoimmune diseases (Moretta et al., 2008; Nguyen et al., 2002). NK
cells contribute to both the effector and regulatory functions of innate immunity via their
cytotoxic activity and ability to secrete pro- and anti-inflammatory cytokines and growth
factors [Mayo et al., 2012]. NK cells have been classified into two major subsets based on
their surface expression of CD56 (neural cell adhesion molecule, NCAM). CD3~ CD56Pright
NK cells represent approximately 10% of PB NK cells, whereas CD3~ CD56%M NK cells
represent approximately 90% (Cooper et al., 2001; Michel et al., 2016; Taborda et al., 2014).
The differences between these two subsets also include their homing molecules and effector
capacities. CD3~ CD564M cells are considered mature NK cells; these cells originate from
a differentiation process involving the loss of inhibitory receptors (Moretta, 2010). CD3~
CD564IM are effector NK cells, which are predominant in PB, have reduced proliferative
capacity, and produce negligible amounts of cytokines, but are highly cytotoxic (Caligiuri,
2008). In contrast, the more immature (naive) subset, CD3~ CD5619"t is regulatory, found
in secondary lymphoid tissue and from other tissues, and is able to proliferate and secrete a
large range of cytokines, although they have minimal cytotoxic capacity (Poli et al., 2009).
Naive CD3~ CD56P19Mt cells dominate CSF (Gross et al., 2020). Overall, NK cells are
expected to boost the immune response within the CNS (Huang et al., 2006; Bielekova et al.,
2006). Paradoxically, NK cells appear to have an inhibitory role in autoimmune responses
within the CNS.

Tat protein plays a pivotal role in the induction of chemokine secretion, mainly by CC
chemokines (B-chemokines) (Kutsch et al., 2000). 7atalso upregulates the expression of
several cytokines including TNF-a (Chen et al., 1997; Bennasser and Bahraoui, 2002),
which is attributed to the C30C31 dicysteine motif (Albini et al., 1998; Beall et al., 1996).
In vitro studies have suggested that HIV-1 subtype C (HIV-1C) is less neuropathogenic than
subtype B based on a defective 7atchemokine dimotif in the C30S31 position that might
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influence cellular trafficking and CNS inflammation (Ranga et al., 2004; Williams et al.,
2020). In a Brazilian population, the frequency of the C30S31 substitution in HIV-1 Tat C
was 82% vs. 10% in HIV-1B (p < 0.0001; de Almeida et al., 2021). However, we did not
find that subtype C Tat was associated with less neurocognitive impairment than subtype B
(de Almeida et al., 2013).

It was demonstarted that HIV-1 Tat inhibits NK cell function by blocking L-type calcium
channels (Zocchi et al., 1998), the same group found that the Tat C- terminal domain
inhibited NK cell activation by dendritic cells (Poggi et al., 2002).

Since NK cell subset imbalance has been observed in subjects chronically infected with HIV
(Hu et al., 1995; Mavilio et al., 2003; Alter et al., 2005; Milush et al., 2013; Bjorkstrém

et al., 2010), we measured the frequencies of the two major NK cell subsets (CD3~
CD56P"i9Nt and CD3~ CD564M) in all HIV-infected subjects to verify that the NK cell subset
distribution in our subject cohort confirmed previous findings (Hu et al., 1995; Mavilio et
al., 2003; Alter et al., 2005; Milush et al., 2013; Bjorkstrom et al., 2010).

The present study aimed to 1) assess the relative frequencies of NKT (CD3*CD56%) and
NK (CD3~ CD5649M or CD3~ CD56Pr9t) cells in the CSF and PB, 2) determine whether
they differ in people with HIV (PWH) and without HIV (PWoH, HIV-negative controls)

and between people with HIV-1 subtypes B and C, 3) perform secondary exploratory
comparisons to evaluate the relationship between NKT and NK cell subpopulations and HIV
RNA in CSF and PB, and 4) explore differences in proportions of lymphocytes between
groups categorized by the distribution of HIV RNA in both compartments. We hypothesized
that the relative frequency of NKT cells and NK subsets in the CSF would be HIV-1
subtype-dependent such that people with HIV-1C would have a lower proportion of NKT
and NK cells than those with HIV-1B due to the Tat C30S31 cysteine substitution in HIV-1
subtype C.

2. Methods

2.1. Ethics statement

This study was conducted in accordance with the principles of the Declaration of Helsinki.
The protocols were approved by the institutional review board of the Hospital de Clinicas,
Universidade Federal do Parana (HC-UFPR, Curitiba, Parana, Brazil). Written informed
consent was obtained from all participants prior to their enroliment in the study.

2.2. Study design and participants

This cross-sectional study explored monocyte phenotypes in the CSF of a subset of
participants enrolled in the HC-UFPR study. In this study, 36 PB and 34 paired CSF samples
were collected from 36 participants recruited from Curitiba, Southern Brazil (PWH, n=22;
PWoH, n= 14). HIV-1 subtypes were genotyped using the po/or env sequences. Genotyping
revealed that eight individuals were infected with HIV-1B, while 14 were infected with
non-B HIV-1 subtypes (C, n=9; BF, n=3; CF, n=1; and F, n = 1). In 9 participants the
subtype HIV-1B or C was confirmed by the Tat sequencing (de Almeida et al., 2021). All

J Neuroimmunol. Author manuscript; available in PMC 2024 January 26.
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HIV-1B sequences (V= 4) showed Tat sequence C30C31, and all HIV-1C (N = 5) showed
C30S31.

In the PWoH group, 14 age-matched subjects who underwent surgery under spinal
anesthesia were recruited. The indications for surgery were hernia (n = 3), lower limb
varicose veins (n = 3), column surgery (n = 2), hysterectomy (n = 2), knee surgery (n = 2),
hemorrhoidectomy (n = 1), and perineoplasty (n = 1). These participants had no neurological
comorbidities or cognitive complaints, and had negative serological tests for HIV, hepatitis
C virus, and syphilis. The CSF inclusion criteria for this group were as follows: white blood
cell (WBC) count <5 cells/mm3, total protein <45 mg/dL, and glucose =55 mg/dL.

All volunteers underwent serological testing to confirm their HIV status before enroliment
(Brasil, 2018). The PWH recruited did not have opportunistic CNS infections.

Demographic data, clinical and HIV infection characteristics, comorbidities, and
biochemical, cytological, and virological characteristics of the CSF samples are shown in
Table 1.

2.3. CSF and peripheral blood samples

The relative frequency of each lymphocyte population was determined using paired CSF and
PB samples from both the groups. CSF samples were collected via lumbar puncture (LP)
without the addition of an anticoagulant, and PB samples were collected with the addition of
ethylenediaminetetraacetic acid (K3 EDTA 7.5%).

2.4. Laboratory methods

2.4.1. Immunophenotyping—Multiparameter flow cytometry was used to identify and
quantify cellular phenotypes in CSF and PB. Immunophenotyping was performed on fresh
CSF samples processed within 20 min of LP. Preservative medium was not added.

PB samples were collected at the time of LP and processed in parallel with the CSF.

Fresh CSF samples (4-6mL) were centrifuged at 500 x g at room temperature for 5min.

The supernatant was aspirated, and not decanted to prevent excessive cell loss, and the cell
pellets were resuspended in 300 pL of 0.5% bovine serum albumin (BSA) and gently mixed.
The goal was to obtain at least 5000 events per tube. The cells were mixed well by inversion
and WBCs were counted using a hemocytometer (Sysmex, Roche, USA).

2.4.2. Sample processing—For the conventional technique, fresh PB samples
containing 108 cells and 100 pL of blood were incubated for 15 min at room temperature in
the dark with pre-titrated saturating amounts of four-color combinations of fluorochrome-
conjugated and monoclonal antibody (MoAb). An additional unstained sample was
processed in parallel to serve as a negative control. Non-nucleated red blood cells were

lysed using FACS lysing solution (BD Biosciences, San Jose, CA, USA) according to the
manufacturer’s instructions. The remaining cells were sequentially centrifuged at 500 xg at
room temperature for 5min, washed twice in phosphate-buffered saline PBS (pH 7.4) or PBS
plus 0.5% BSA (pH 7.4), and resuspended in 300 pL of PBS for FC acquisition and analysis
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(Craig et al., 2011). For each PB sample aliquot, a minimum of 50,000 events were acquired
using the CellQUEST software (BD Biosciences).

2.4.3. Flow cytometry analysis—CSF and PB cells were analyzed for surface markers
expression using flow cytometry. The cells were stained for flow cytometry with the
following monoclonal antibodies: control mouse isotypes and anti-human CD45 conjugated
with peridinin chlorophyllprotein/cyanin 5 (PerCP-Cy5.5), anti-human CD3 conjugated with
fluorescein isothiocyanate (FITC; BD Biosciences, San Jose, CA, USA), and anti-human
CD56 conjugated with phycoerythrin (PE, Beckman Coulter, CA, USA).

The cells were labeled with optimal concentrations of these monoclonal antibodies. CSF

cell staining was performed at room temperature in the dark, and washes and incubations
were performed in 0.5% PBS/BSA. Whole PB samples were labeled for 15 min at room
temperature and then lysed with 2mL lysis solution (Becton Dickinson, San Jose, CA,
USA). The cells were then washed twice. For data acquisition and analysis, a flow cytometer
(FACSCalibur ™ Four Color, BD Biosciences, San Jose, CA, USA) with Infinicyt software
2.0 (Cytognos, Salamanca, Spain) was used. CD3*CD56* (NKT) and CD3~ CD56" (NK)
lymphocytes were analyzed within the CD45 + -gated region. NK cell subsets CD564™ and
CD3~ CD56Pright were identified according to the staining intensity with the specific mAb.

The characterization of circulating NKT cell subsets was performed without CD16 and
with the CD56 marker (CD3*CD56), as described previously (Krijgsman et al., 2019;
El-Hagrasy and Hassanein, 2019; Rodriguez-Martin et al., 2015).

The CD3~ CD569M/ CD3~ CD56PMYN ratio was calculated to analyze the effector/regulatory
function.

The entire cell suspension was acquired for CSF samples. The median (interquartile range;
IQR) of events acquired and analyzed, for the total cell populations was 242 (132; 615)
events, the percentage of cell visibility was 29.40% (17.25%; 50.60%). The events acquired
and analyzed for CD3*CD56* (NKT) were 226 (132; 576) and for CD3~ CD56™ were 0.0
(0.0; 20) events. CSF samples with fewer than 10 cells (events) acquired in the phenotype
gate were considered to have zero events (Quijano et al., 2009). The percentage of

positive cells was measured from a cut-off set using an isotype-matched nonspecific control
antibody. The gating strategy used for flow cytometry experiments to define CD3*CD56"
and CD3~ CD56™" subpopulations were developed for PB samples and applied to CSF
samples (Supplementary Figs. 1 and 2).

2.4.4. Clinical laboratory measurements—Nadir CD3*CD4* counts were retrieved
from the medical records. Total CSF protein, glucose, and white blood cell (WBC) counts
were quantified using standard laboratory methods. The total CSF WBC count (cells/mm3)
was quantified using fresh, non-centrifuged CSF samples immediately after LP.

2.4.5. Quantification of plasma and CSF HIV RNA levels—HIV RNA levels in
PB and CSF were quantified using the n24sp and m2000 Real-Time System (Abbott,
Chicago, IL, USA) with 1 mL of CSF or plasma. The assays were performed immediately

J Neuroimmunol. Author manuscript; available in PMC 2024 January 26.
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after sample collection. Samples with HIV RNA levels of >40 copies/mL were within the
detection limit. The data are presented as logg values. HIV groups were categorized based
on the quantification of HIVV RNA in paired CSF and PB samples. When CSF > PB, the
discordance between levels was defined as the CSF HIVV RNA level with any value greater
than the PB viral load, PB > CSF, and suppressed (aviremic) in both compartments.

2.5. Data analyses

The demographic and HIV disease characteristics and CSF biochemical, cytological,

and virology measures are presented as the median (IQR or range) or number (%),

as appropriate, and compared in individuals infected with HIV-1B and —1C using the
independent samples £test for continuous variables and Fisher’s exact test for binary and
categorical variables. Similar methods were used for comparisons between PWH (including
subtypes B, C, BF, BC, CF, and F) and PWoH.

The proportion was assigned a missing value if the denominator (event) was zero.

Comparisons of monocyte subsets in CSF versus PB, PWH vs. PWoH, and HIV-1B vs.
HIV-1C in CSF and PB were performed separately using linear regression. To stabilize the
variance and improve normality properties, the proportion of monocyte subsets was arcsine
square root-transformed prior to statistical analysis.

For some lymphocyte subsets, the Wilcoxon test was used due to highly skewed data;
Welch’s two-sample t-test was conducted when two groups had unequal variance (i.e.,
variance =0 for one group). Multiple testing correction for multiple related biomarkers was
performed using the Benjamini-Hochberg (BH) procedure or Tukey’s honestly significant
difference (HSD) test, as appropriate. Age and sex were considered as covariates in the
biomarker comparisons between the PWH and PWoH groups, and blood/CSF HIV viral load
suppression as covariates in the biomarker comparisons between HIV-1B and -1C.

In the exploratory analysis, PWH were categorized into three groups (i.e., CSF > PB,
CSF < PB, and aviremic) based on the distribution of HIV RNA in the CSF and PB. The
proportions of NKT and NK lymphocytes in the CSF and PB were compared among the
groups using the Kruskal-Wallis test, and pairwise comparisons were performed using the
Mann-Whitney test.

Correlation coefficients (o) were estimated using Spearman’s rank-order method; for
example, the correlations between the proportions of NKT and NK lymphocytes in CSF and
PB, the main lymphocyte and monocyte subpopulations in CSF and PB (described in detail
in de Almeida et al., 2022), CSF characteristics (WBC count and total protein), CSF and
PB HIV RNA, nadir CD3*CD4", PB CD3*CD4* recovery, duration of infection, and CNS
antiretroviral Penetration-Effectiveness Rank (CPE, Letendre et al., 2010), were estimated
using Spearman’s rank-order method.

R (version 3.4.1) was used to perform statistical analyses. The significance level of a was
set at 5%. The effect size (ES), analogous to Cohen’s d (and 95% confidence interval [Cis]),
was estimated as the coefficient divided by the residual standard deviation.

J Neuroimmunol. Author manuscript; available in PMC 2024 January 26.
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3. Results

3.1. Subject characteristics

Subject demographics, HIV disease status, and CSF characteristics are presented in Table 1.
The age and sex were comparable between the PWH and PWoH groups. Among PWH, the
median (IQR) CD4 nadir was 219 (33, 532) cell/mm3; median plasma HIV RNA (logyq) was
1.60 (1.60, 3.21); 68% were on ART, and 14 (63.64) were suppressed.

Individuals infected with HIV-1C and HIV-1B did not differ in age and HIV infection
characteristics, including duration of infection, CSF and plasma HIV RNA, nadir CD4
counts, CSF WBC count, and frequency of cases on ART (p > 0.05), but differed in sex
(33.3% females vs. 100% males, p=0.009).

3.2. CD3*CD56" lymphocytes (NKT cells) in CSF and PB

The proportion of CD3*CD56* lymphocytes in PWH was lower than that in PWoH (2.00%
vs. 7.10%, p<0.001) in PB, but comparable in CSF (7.95% vs. 5.05, p=0.210). PWH had a
higher proportion of CD3*CD56* lymphocytes in the CSF than in the PB (Cohen’s d = 1.03,
95% CI = 0.50-1.56, p < 0.001), but were comparable in both compartments in the PWoH
group (p=0.200) (Table 2; Fig. 1a).

In the comparisons between HIV-1 subtypes B and C, the proportion of CD3*CD56*
lymphocytes was comparable in the CSF and PB. In the HIV-1B group, the proportion

of CD3*CD56* lymphocytes in the CSF was higher than that in PB [d = 1.33, 95% CI =
0.35-2.31, p=0.016; p=0.011 in the model controlling for plasma HIVV RNA). In the
HIV-1C group, CSF with PB had comparable proportions of NKT cells (Table 3; Fig. 1a).

The frequency of CSF samples with detectable CD3*CD56* lymphocytes was comparable
between the PWH and PWoH groups [15/18 (83.33%) vs. 10/14 (71.43%), respectively,
p=0.669], as well as between HIV-1B and HIV-1C CSF samples [6/7 (85.71%) vs. 4/6
(66.67%), respectively, p=0.559].

3.3. NK lymphocytes subsets in CSF and PB

In PWH in CSF and PB predominated CD3~ CD56 4iM: in PB, the medians of CD3~
CD564%M and CD3~ CD56119Mt were greater than those in PWoH; CSF CD3~ CD56 dim
levels were undetectable in PWoH.

The proportion of CD3~ CD564™ lymphocytes in the CSF of PWH was higher than that in
PWoH (d = 0.99, 95% CI = 0.31-1.68, p=0.008). Concerning HIV-1 subtypes B and C, the
proportion of CD569™M [ymphocytes was comparable in the CSF and PB (Table 3; Fig. 1b).
In the PB samples, the proportion of CD3~ CD569M lymphocytes was higher in the PWoH
group than in the PWH group (o= 0.030 and p = 0.060, respectively).

CD3~ CD569M and CD3~ CD56P"9Mt [ymphocytes were not identified in any CSF sample
from PWoH, while CD3~ CD56°19"t lymphocytes were identified in one CSF sample from
PWH (Table 2, Fig. 1b).

J Neuroimmunol. Author manuscript; available in PMC 2024 January 26.
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The relative frequency of CSF samples with detectable CD3~ CD56%M [ymphocytes was
higher in PWH than in PWoH (8/20 vs. 0/14, p = 0.011) and numerically higher in patients
with HIV-1C than in those with HIV-1B; however, the difference was not significant (5/8 vs.
2/7, p=0.315).

In the comparison between HIVV+ and HIV—, pvalue was adjusted for age and gender in
the adjusted model, and then corrected for multiple testing with the BH method within
CSF and blood and cell subtype separately; all p-values were corrected for multiple testing
using the BH method; (®) p-values before and after the BH correction. Group differences are
presented as Cohen’s d; Cl, confidence interval; the Cohen’s d (95%CI) effect sizes for the
comparisons between blood and CSF (A vs. C and B vs. D) are shown in Supplementary
Table 1; © effector / regulatory ratio.

3.4. CD3*CD56" and CD3~ CD56" lymphocyte subpopulations in the CSF and peripheral
blood of PWH categorized according to HIV RNA in both compartments

Based on HIV RNA in the CSF and PB compartments, PWH were categorized into three
groups: CSF > PB and CSF < PB in viral load (people with unsuppressed VL) and aviremic
in CSF and PB (people with suppressed VL). The proportions of CD3*CD56* and CD3~
CD56%M lymphocytes in the CSF and PB were comparable among the three groups (Table
4, Fig. 1c and d).

The frequency of CSF samples with detectable CD3*CD56* lymphocytes was numerically
higher in the aviremic group (10/11, 91.00%) than in the CSF > PB group (2/3, 66.67%) and
PB > CSF group (3/4, 75%), but the difference was not statistically significant (p = 0.534).
In contrast, the frequency of CSF samples with detectable CD3~ CD56%M [ymphocytes was
higher in the viremic group (CSF > PB, 2/3, 66.67%; PB > CSF, 3/4, 75%) than in the
aviremic group (3/13, 23.07%), although this difference was also not statistically significant
(p=0.106). The frequency of CD3~ CD564M in the CSF was significantly higher in the
groups with unsuppressed viral load in both CSF and PB than in the PWoH group (Fig. 1e,
p=0.022 and 0.005 for the comparisons of a vs. d and b vs. d, respectively). Comparisons
between the unsuppressed groups (a and b) and the aviremic group (c) were not statistically
significant (p»> 0.05). Additionally, the frequency of CD3*CD56" in the CSF was higher in
the aviremic group than in the unsuppressed group, but the difference was not statistically
significant (p > 0.05).

The frequency of CSF samples with CD3~ CD564™ was significantly higher in PWH with
unsuppressed viral loads in both CSF and PB than in the PWoH group (Fig. 1e, p = 0.022
and 0.005 for the comparisons of a vs. d and b vs. d, respectively). Comparisons between the
unsuppressed groups (a and b) and the aviremic group (c) were not significant (p > 0.05).
Additional, the frequency of CSF samples with CD3*CD56" was higher in the aviremic
group than the unsuppressed group but the p-value in comparison was not significant (p >
0.05).

The PB CD3~ CD56%M/ CD3~ CD56PM9t ratio was numerically reduced in the aviremic
group compared with the PWoH group, although not significantly (Supplementary Fig. 4).

J Neuroimmunol. Author manuscript; available in PMC 2024 January 26.
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3.5. Correlations

In the PWH group, increases in the proportion of CSF CD3~ CD564M lymphocytes
correlated with decreases in CSF and PB CD3* lymphocytes [p = -0.684, p = 0.0009

and p = —0.500, p=0.025, respectively]. In this group, higher proportions of CSF CD3~
CD564M lymphocytes correlated with higher HIV RNA in CSF and PB (o= 0.651, p= 0.002
and 0.433, p= 0.056, respectively) and with higher proportions of CD14**CD16" in CSF
(p=0.554, p=0.021) (Fig. 2a, b, f), but with lower proportions of CSF and PB CD3*
lymphocytes and PB CD14**CD16" (o= -0.684, p = 0.0009; —0.500, p = 0.025 and -0.639,
p=0.004, respectively) (Fig. 2d, e, g). The proportions of CSF and PB CD3~ CD56dim
lymphocytes were also strongly correlated (o= 0.749, p=0.0001) (Fig. 2c). In addition, we
found that there was an increase in the proportion of CSF CD3~ CD564M cells when the
CSF WBC count increased (o= 0.507, p=0.023).

There was no correlation between CSF CD3*CD56" lymphocytes and any of the variables of
interest, including PB CD3*CD56™ (o= 0.016, p = 0.950), as well as CSF or PB HIV RNA
(o= -0.114, p=0.652 and p= -0.209, p = 0.404 respectively). However, PB CD3*CD56*
lymphocytes were positively correlated with PB CD3~ CD56%M and CD3~ CD560"19M (o=
0.457 and 0.505, respectively).

The relationship between PB CD3~ CD56%M [ymphocytes and CSF variables of interest is
shown in Supplementary Fig. 3.

4. Discussion

In the present study, we analyzed the proportion of NKT and NK cells in the CSF and
PB between PWH and PWoH and assessed the differences in the proportions of these cells
between HIV-1B and HIV-1C subtypes.

While the fact that NKT cells are expanded in chronic infection is already known
(Slauenwhite and Johnston, 2015), the finding of NKT cells were significantly high in

the CSF, but not PB, of PWH compared to healthy controls is a meaningful observation.
These results showed compartmentalization of the innate immune response cell levels in
PWH, with levels in the CSF being higher than levels in the blood, but comparable between
HIV-1B and HIV-1C. These differences were not driven by CSF HIVV RNA as there was no
correlation between CSF or PB HIV RNA and CSF CD3*CD56* lymphocytes.

Persistent CNS inflammation and chronic immune activation play important roles in
neuronal damage in HIV-associated neurocognitive disorders (HAND) (de Almeida et

al., 2016; Zipeto et al., 2018; Ruhanya et al., 2021). In response to both peripheral and
intrathecal inflammation, CD3 + CD56+ cells may be more likely to travel to the CNS,
than in its absence, or these cells may be retained or survive for longer in the CSF
compartment. Inflammatory factors driving differential accumulation of these cells to the
CSF are associated with tissue expression of chemokines, which provide insights into how
NKT cells establish tissue tropisms (Kim et al., 2002). NKT cells are specialized in both
cytokine production and expression of chemokine receptors (Kim et al., 2002). The impact
of infection on the tissue localization and function of NKT remains largely understudied
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(Slauenwhite and Johnston, 2015). The trafficking machinery of NKT, including expression
of chemokine receptors, is not clear. Most NKT cells express CCR1, CCR2, CCR5, CXCR3,
CXCR4, and CXCR®, these chemokine ligands (MIP-1a, MCP-1, MIP-18, IP-10) are
widely expressed in extra-lymphoid tissues and up-regulated by inflammatory signals (Kim
et al., 2002). These chemokines are associated with HAND pathophysiology (de Almeida et
al., 2016). Studies about CNS NKT cells transmigration are even more limited. MCP-1 and
its receptor CCR2 are primarily expressed by microglia (Monteiro de Almeida et al., 2005;
Conductier et al., 2010).

The percentage of NKT cells in PB in PWH was lower than that in PWoH; however,

for CSF, PWH and PWoH did not differ. The reduced PB NKT cell population in

PWH individuals is likely due to a combination of factors, which include direct HIV-1
infection of NKT cells and subsequent cell death, impaired generation and/or responsiveness
to cytokines that promote NKT cell survival, and tissue redistribution of NKT cells
(Slauenwhite and Johnston, 2015). The fact that, in our study, NKT cells are significantly
higher in the CSF than PB, could represent the redistribution of NKT cells to the CNS.

NKT cells are highly susceptible to infection with HIV-1 due to the expression of multiple
co-receptors for viral fusion and entry, including CD4 and the chemokine receptors CCR5,
CXCR4, and CXCR6 (Kim et al., 2002; Motsinger et al., 2002; Fleuridor et al., 2003). The
results of this study point to the contribution of NKT cells to the CNS influx of HIV. The
lack of correlation of CSF NKT cells with CSF or PB HIV RNA do not corroborate this
hypothesis. However, the limited number of samples limits any robust conclusion.

The role of NKT cells in HIV-1 infection remains unclear since some studies report no
correlation between NKT cell numbers and HIV disease progression, while others have
suggested an association between higher levels of CD4+ NKT cells and lower plasma
viremia (Motsinger et al., 2002; Slauenwhite and Johnston, 2015). In our study, there was no
correlation of NKT cells in CSF or PB with any of the variables of interest, including the
HIV infection characteristics (i.e. CSF and PB HIV RNA, nadir CD3*CD4*, PB CD3*CD4"*
recovery, duration of infection, and CPE).

In this study, there was a higher number of samples with NK cells identified in the PWH
group than in the PWoH group, which is in accordance with the described function of these
cells. The proportion of CSF CD3~ CD56%M, which are effector cells, increased with greater
immunological impairment (lower PB CD3*) and higher CSF and PB HIV RNA. NK cells
are functionally defined by their ability to spontaneously lyse virally infected or tumor cells
without major histocompatibility complex (MHC) restriction. A small proportion of the
CD3~ CD56™ NK cell subset has been described in normal individuals, representing <2% of
PB lymphocytes (Trinchieri, 1989).

Similar to our study, the distribution of CD3*CD56* cells in the CSF and PB of healthy
volunteers without history of any neurological or other major medical disorders was
comparable (Svenningsson et al., 1995). In individuals without neurological diseases, the
percentage of CSF NKT and NK cells is <5% in most CSF samples (de Graaf et al., 2011;
Svenningsson et al., 1993, 1995; Kowarik et al., 2014).
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In this study, CSF analysis revealed that the majority of CSF NK cells were CD3~
CD564M cells in the PWH group, which contrasts what has been found in individuals

with multiple sclerosis (MS) or other diseases associated with neuroinflammation, where
the majority of intrathecal NK cells were CD3~ CD56P19Mt (Gross et al., 2016; Hamann et
al., 2013). Enhanced adhesion and transmigration of this subset across primary human brain
microvascular endothelial cells (HBMECs) suggest that the increased proportion of CD3~
CD56PrigNt cells is at least partially attributable to their higher trafficking capacity across
the BBB. CSF subsets of NK cells differ from those in blood. The proportion of CD3~
CD564M cells was lower in the CSF, whereas CD3~ CD56PM19t cells were overrepresented
and showed an activated phenotype because they were able to degranulate more (Han et
al., 2014). The enhanced presence of regulatory immune cells, such as CD3~ CD56Pright
cells, and the reduced recruitment of CD3~ CD564IM cells, limits the potential for immune-
mediated destruction of CNS tissues (Han et al., 2014).

The mode of NK cell entry into the CNS and the molecules leading to this recruitment are
poorly understood. This recruitment could be coordinated by CNS resident cells, such as
microglia, astrocytes, and neurons, which secrete chemokines involved in NK cell migration,
including CCL2, CXCL10, and CX3CL1 (Trifilo et al., 2004; Shi et al., 2011; Hansen et al.,
2007; Khan et al., 2006).

In a previous study of PWH, the percentage of NK cells in the CSF was similar to our
findings (Kowarik et al., 2014) however, studies on NK cells in the CSF of PWH are scarce.
Patients with viral meningitis have higher NK cell counts than patients with headache or
Guillain-Barré syndrome, MS, or HIV (Kowarik et al., 2014). NK cells display a correlation
with the dysfunction of the blood—CSF barrier (Kowarik et al., 2014). The CSF NK cell
CD56PrighYyCD564IM ratio is increased in MS (Rodriguez-Martin et al., 2015).

NK cells were rare in the CSF of PWH and PWoH groups, although the absolute counts
of CSF NK cells were significantly higher in PWH than PWoH (Ho et al., 2013). Other
flow cytometry analyses of CSF and PB showed that the frequencies of CD3~ CD56* and
CD3*CD56 cells did not differ between the control and PWH (Grauer et al., 2015).

NK cells are also believed to play a role in controlling HIV infection, although their role is
less well-characterized (Pohlmeyer et al., 2019).

Chronic HIV infection is also associated with phenotypic changes in NK cells, including
increased expression of activation markers and reduced expression of natural cytotoxic
receptors (De Maria et al., 2003; Fogli et al., 2004; Mantegani et al., 2010).

Although there are reports of increased NK cell activity during viremic HIV infection (Alter
et al., 2004; Eller et al., 2009), during the chronic phase of HIV infection, NK cell numbers
are low in the absence of ART (Azzoni et al., 2002; Alter et al., 2005; Mantegani et al.,
2010), and most have a diminished ability to perform cytolysis and secrete cytokines (Cai et
al., 1990; Brenner et al., 1993; Ullum et al., 1995, 1999; Azzoni et al., 2002; De Maria et
al., 2003; Mavilio et al., 2003, 2006; Fogli et al., 2004; Barker et al., 2007; Brunetta et al.,
2009; Mantegani et al., 2010). With continued viral replication, the CD3~ CD56%M subset
previously expanded in acute infections decreased in number and function (De Maria and
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Moretta, 2008). The phenotypic and functional profiles of NK cells of HIV-infected patients
who have been rendered aviremic by HAART for >2 years are similar to those of healthy
donors (Mavilio et al., 2003). In our study, in the CSF and PB samples of antiretroviral
controlled participants (aviremic group), the proportion of PB CD3~ CD56%M was lower
than that of PWoH, whereas PB CD3~ CD56P19Mt was comparable in PWH and PWoH.
However, in the CSF, the proportion of CD3~ CD56™M cells in the PWH group was higher
than that in the PWoH group.

In this study, secondary exploratory comparisons were performed to assess the relationship
between NKT and NK cell subpopulations and HIV RNA in CSF and PB in samples
categorized by the distribution of HIVV RNA in both compartments.

The proportions of CD3*CD56™ and CD3~ CD56™ lymphocyte subpopulations in CSF
or PB were comparable in PWH with unsuppressed viral load (i.e., CSF > PB and CSF
< PB in viral load) and suppressed viral load in CSF and PB. This is important, as it
provides evidence for CNS HIV compartmentalization and immune stimulation, even in
CNS HIV-suppressed participants.

In this study, both NKT and NK cells were identified in the group with HIV infection
controlled in CSF and PB (aviremic group); in fact, CSF NKT cells were present in a higher
number of aviremic samples than in viremic ones. The distribution of CD3~ CD564™ was
higher in the viremic groups than in the aviremic and PWoH groups, although the difference
was not statistically significant. This finding is consistent with the persistence of immune
activation in the CNS reservoir. Persistent immune activation, particularly in the CNS, is
involved in the neuropsychological decline of HIV patients and the development of MRI
signal abnormalities despite the presence of Cart (Grauer et al., 2015). These data also
indicate that it is not sufficient to only suppress the viral load below the detection level but
also to inhibit virus replication, which might prevent chronic immune cell activation, similar
to the findings of previous studies (Grauer et al., 2015). We found PB CD3~ CD56%M/CD3"
CD56"19t ratio was numerically reduced in the aviremic group compared with the PWoH
group due to decrease of CD3~ CD569M, which are mature NK cells.

In this cohort, CSF CD3~ CD56Prght [ymphocytes were present in one sample of PWH, the
CSF CD3~ CD56YM / CSF CD3~ CD56M19Mt ratio was 2.3% / 1.8%. A participant infected
by HIV-1C and CNS genetic compartmentalization. The CSF sample included in this study
was collected 2.5 years after the diagnosis of CSF compartmentalization and the ARV
scheme was modified to a better penetration ARV scheme, with improvement of clinical
symptoms (de Almeida et al., 2017). CSF CD3~ CD5619M has a regulatory function. In
neuroimmunological diseases such as MS, following several MS therapies (e.g., daclizumab
or IFN-b), an expansion of regulatory CD3~ CD56°"19" js observed, which is associated
with a good response to treatment (Bielekova et al., 2011; Martinez-Rodriguez et al., 2011;
Nabatanzi et al., 2018).

In this cohort, among the PWH, CSF predominates CD3~ CD56 9™ which are effector
lymphocytes, whereas in PB, the medians of CD3~ CD56%M and CD3~ CD56P119Mt were
greater than in the PWoH group; however, CD3~ CD56 4iM predominated.
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The findings of the present study provide additional support and evidence for our previously
published studies that found that CSF inflammation biomarker levels were comparable
between HIV-1B and HIV-1C (de Almeida et al., 2016, 2020, 2021), as well as the
frequency of HAND (de Almeida et al., 2013).

The main strength of this study was that it is the first to examine NKT and NK
subpopulations in the CSF and blood of PWH infected with HIV-1 subtype C, compared
to HIV-negative healthy controls. All previous studies analyzed only HIV-1 subtype B.
Additionally, participants with HIV-1 subtypes B and C were from the same geographical
region in southern Brazil and were similar in age and HIV infection characteristics. HIV-
positive and HIV-negative samples were concurrently analyzed.

This study had the following limitations: (a) The cross-sectional design limited the study;
(b) PWH who were on antiretroviral treatment or untreated were enrolled, with most of

the participants being on ART. We attempted 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 terms of the CSF-to-plasma HIV RNA ratio. (c) The small
sample size limits the validity of some findings, especially in groups categorized according
to HIV RNA in CSF and blood compartments. (d) Furthermore, the low number of events
acquired in CSF samples limited the analysis mainly for CD3~ CD56%M or CD3~ CD56Pright
lymphocytes. (e) In this study CD56~ CD16" cells were not investigated. Although a

vast majority of NK cells can be included in the CD3~ CD56%M or CD3~ CD56Pright
groups, another subpopulation has been defined, CD56~ CD16%, with low cytotoxic activity
and cytokine production. Chronic HIV infection leads to alterations in NK cell subset
distribution, with a decline in the proportion of CD56™ NK cells and a dramatic expansion
of CD56~ CD16* cells (Alter et al., 2005; Mavilio et al., 2005; Alter and Altfeld, 2009;
Bjorkstro et al., 2010; Hong et al., 2010).

5. Conclusion

The results showed compartmentalization of NKT cells in PWH, with levels being higher
in the CSF than in the PB, but no differences between the HIV subtypes B and C. There
was an increase in CD3~ CD564M in the CSF of PWH when compared to the PWoH
group. The impact of HIV-1 7aton the innate immune response is not subtype-dependent.
This is the first study to evaluate NKT and NK lymphocytes in the CSF and PB of HIV-1
subtype C patients, thereby contributing to the knowledge of mechanisms underlying the
pathophysiology of HIV infection in the CNS, as well as the impact of HIV-1 genetic
diversity on these cells activation. However more studies are necessary due to the scarce
number of these cells in CSF.
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Fig. 1.

Pr%portion of CD3*CD56" and CD3~ CD569™ lymphocytes in gated CD45in CSF (black)
and peripheral blood (blue) by HIV serostatus and HIV-1 subtype. From a) to d), the box
plots represent the medians and interquartile ranges, whiskers represent the maximum and
minimum values, and dots represent individuals. The red dashed lines indicate mean *

two standard deviation in the HIV negative control group. 4) CD3*CD56* and b) CD3~
CD5649M were compared between PWH and PWoH, HIV-1 subtypes B and C, and plasma
and CSF. *p = 0.060 after multiple testing correction using Benjamini Hochberg method.
¢)CD3*CD56" and d) CD3~ CD56%M were compared between the groups categorized
according tothe HIV RNA in CSF and peripheral blood compartments. *p= 0.11 after
adjusting for multiple comparisons with Tukey’s HSD test. e) the frequency of CSF
samples CD3~ CD564M (b/ack) and CD3*CD56™ (gray) lymphocytes between the groups
categorized according withthe HIV RNA in CSF and blood compartments. Ctrl, HIV
negative control group. (For interpretation of the references to color in this figure legend, the
reader is referred to the web version of this article.)

J Neuroimmunol. Author manuscript; available in PMC 2024 January 26.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnue Joyiny

1duosnue Joyiny

de Almeida et al.

o

°
)
2
g
14 g
%3- s *
|| 5
@
¢
. . o0
T T
0 3 6
CSF CD3'CD56%™ (%)
a. p=0.651(0.280; 0.853), p= 0.002
.
B,
-
2| e
< %
4
>
T
£, o .
° o oo .

o
o

3
CSF CD3'CD56%™ (%)

b. p=0.433(-0.026;0.741), p=0.056

20

PB CD3'CD56™ (%)
3
;

3
CSF CD3'CD56%™ (%)

C. p=0.749 (0.448; 0.898), p= 0.0001

100—®

g

&

Ses]

[T

0}

O
90 .

Ch g

3
CSF CD3'CD56%™ (%)

d. p =-0.684(-0.868; -0.333), p= 0.0009

Fig. 2.
Scatterplots of correlations between biomarkers in CSF and PB. Correlation coefficients (p,

95% confidence intervals) estimated using Spearman’s rank-order method.

Page 23

L ]
50 T T
0 3 6
CSF CD3'CD56%™ (%)
e. p=-0.500 (-0.777; -0.060), p= 0.025
g
02l o
o
0
t °
< [ ]
o'
O
%
3 [ ]
04 e [ ] [ ]
T T

3
CSF CD3'CD56%™ (%)

f.p = 0.554 (0.084; 0.822), p=0.021

2

PB CD14"'CD16" (%)

3
CSF CD3'CD56%™ (%)

g. p = -0.639 (-0.856; -0.231), p= 0.004

6

CSF HIV RNA (Log)
)

0 10
PB CD3'CD56%™ (%)
h. p = 0.547 (0.138; 0.797), p= 0.010

20

J Neuroimmunol. Author manuscript; available in PMC 2024 January 26.



Page 24

"abues aoualayal Japun a1am s|ans| 8soanib 45D sdnoub yiog ui ng ‘O ueyy g adAigns T-AIH ut Jaybiy Apuediiubis sem asoon|f u_mow

"|139 POO|q Pal ‘DgY ‘1189 POO|q a1YM ‘DG (0TOZ “'[e 18 81pUalaT) Yuel SSBUSAINIBYS UONEIBUSd SND [edIA0Ial-1ue = 34D ‘Adelay) [elIA0L8I-1IUR UOITRUIGWIOD = 1 HVD

de Almeida et al.

T sz T (evDT - - (sme (%) u 'poolq < 450 YNY AIH
8090 () ¥ (529) s - - (59) €T (%) u wysadoans > YN AIH 45D
769°0 (ove'91) 9T (9v'z9T) 9T - - (T162'91) 91 WNY AIH 450 %607
€190 (0L'TOT !ST'0) GL'T (05°2'0£0) 090  ¥¥E0 (9zTrie0) L2 (SLe'e0) svo gWwi/s|180 ‘ogy

- (0£'T'0£T) G9'T €T ¢ero STITDYT (ST e VT J/10Www ‘pioe d130e7]

T (so)e (0982)z 9210 0 (02) v (%)u “Tp/Bw Gy < ursioud feroL
2L00 (06'6€ ‘08'v2) 06'82  (S5'%G:G9°0¥) 002y  ¥€0'0  (GL'TE !SE'L¢) S0 (SG'EV 106'82) G2'9E Tp/Bw ‘utsjold eyoL

g070°0 (0595 :00'06) 00'€S  (00°69 ‘00°65) 0009 €L¥'0 (5%9 ‘0%5) G565 (079 '€5) 528 TIp/Bu ‘8s0an|9
282°0 09) v €¥1)T T1€00 0 (02)9 (%) U 'gWw/s|I80 G < 3UN0d OEM
1210 (08'2T:002) 08'% (58'9:09°0) 02T 82T°0 (Szi90)6LT (55'9:02'T) 08'C WS89 ‘OaM

- 8 L - 121 0z u'4s0
1€T°0 (v'v) ¥ (05'28) L - - (79'€9) ¥T (%) U "wysardod 0 > WNY AIH euseld
182°0 (s5'€'09°T) 2T°C (919191 - - (552 :09°T) 09'T VNY AIH ewseld 07607
L€50 9 (6:9) 2 - - (89) 9 3d0
0290 (95'39) § (059 - - (87'89) ST (%) U ‘19w uo
Ges0 (0z'.85'SeLe-) v'6G€  (09'286 ‘0Z'€S) 8'9¢2€ - - (029 ‘0e've-) 6SE gluys| 120 ‘Alenodel ¥ao
1980 (05997 ‘0'889) 0°'T9.  (0'652T ‘0°9TL) §'8€8 - - (TLST 'S02) 628 cWw/s||99 ‘ga walnd
G900 (Lgeviroze) eeor  (T°26L2'¥Sk) 9°L€9 - - (zzL cov) 87 cWW/s||80 ‘$a waLnd
G080 (05008 :05'92) 0°'8€T  (00°S29 ‘00°9¢) 00'26 - - (5'1€S '5°2€) 612 gWW/s|I90 'yAD AIpEN
1870  (0S'v8T '80°29) 0'0GT  (0L'6ST ‘8v'¥6) L'9ST - - (9281 L6'%9) €5T syjuow ‘uolyeinQ
0290 (95'59) § (519 - - (81'89) ST (%) u'saiv
6000 (eee) € (ooT) 8 T.TO (tL28)s (79'€9) ¥1 (%) u ‘areN
£VL°0 (¥S '05'6€) €V (os'8v 'Tv) €V 186°0 (525 'g'se) ev (05 ‘ov) '€y sieak ‘aby

d 6=u)0 (8=u)g d (FT=U)-AIH (cz=u) +AIH 1B

"HOMd pue HAd JO Sa11S1I81oRIRYD 4SD pue ‘uondajul AlH ‘olydesbowsg
T 3|qeL

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

J Neuroimmunol. Author manuscript; available in PMC 2024 January 26.



Page 25

‘o1res Aiore|nbai / 1010849

©)
‘T a1qeL Arejuswiajddns ur umoys aJe (Q 'SA g pue D
"SA V) 4SD puUe poo|q Usamiag suostiedwod ay) 1oy sazis 19843 (109%G6) P S.UBY0D ay} ‘[eAlaiul 8dUuspiuod ‘| p S,Uayo Se pajuasaid ale Saouasaylp dnols) "Uuo11d81100 HY 8y} JaYR pue a10jaq sanjend

@

‘poyraw Hg ay1 Buisn Bunsal ajdnjnu Joy Pa1dalI0d aiam sanjend |e ‘Ajaleedas adAigns
1189 puUe PO0|g pUe 4SD UIYNM poylaw Hg 8yl yim Bunsal ajdinw Joj paidaiiod uayl pue ‘|apow pajsnipe ayy ui Japuab pue abe 1oy paisnipe sem anjead ‘“AlH pue +AlH Usamiag uostiedwod ayj uj

"(abue.) uelpaw

®

10 (4O1) ueipaw juasaidal sanjen

(zz'se (5) WBLG9SAD

T000>  T000> 6.0 (22°0:85°0 -) 600 ‘€G°0T) IS8T (Ev'6€ ‘26'TT) ST'LT - - (000'00'0) 000 (827 :00°0) 000 Jwip95Ad

000> 000 > 910  (210'€2T-)950-  (16'0:2¥'0) 69°0 (22'0'€20) 1€0 - - (000%00'0) 000 #(08'T:00°0) 000 161g95AD-€AD

q (9521

T000> TO00>  0900/0€00 (TT0-:9¥'T-)8L0- 9/°1) IS'TT (z80T'vzs) 658 8000 (89°T:T€0)66'0 (000:000)000  (09°Z:000) 000 wip9§a €AD

q (sT8T (je101

T000> TO0'0>  090°0/T200 (9T°0-:0GT-) €80 - ‘228) 9T'CT (08TT 'v5'S)89'8 9100 (2T'€:590)88T (000:000)000  (SE'€:000) 000  MN),95AD-£AD

(08'1

0020  TOO0> 100°0> (6TT°€L2-)96T-  (06'6:00€)0T'L (€0°€:92°0) 00°C 0120 ‘T7'0-) 0.0 (85°2:0000)S0'G  (0°00T ‘8T'T) S6°2 +9500,£Q0
poojq ressydiied 450
d d d (1D %56) wT=u) (¢z=u) d (1D %56) WwT=u) (0z=u)
ashg D SAY ashd ps.Uayod HOMd -a HMd-O g sAY ps.Usyod HOMd-9 HMd-V

de Almeida et al.

'sdnoJB HoAd Pue HA 34} usamiaq poolq [edaydiuad pue 4SO ul GyQD a1eb ul s18sqns L95AD~£AD PuUe L95AD.,£AD 40 suoiuodoid Buredwo)

¢ dlqeL

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

J Neuroimmunol. Author manuscript; available in PMC 2024 January 26.



Page 26

de Almeida et al.

‘T 91qeL Arejuswsa|ddns ur umoys ate @ 'SA g pue D 'sA  dnoub Jo suosiiedwiod ayl 1oy azi1s 19843 (12%S6)
P S,UBY0D YL ‘JeAlalul 3oUBPIUOI ‘1D ‘P S.UsYoD se pajuasald sI soualayip dnols ‘poylsw HE ayl Buisn Bunsel ajdinw 104 Pa19a.109 a1am sanjeAd e {(Q "SA g pue D SA ) poo|q pue 4SO Usamiaq
uosiiedwod pasied ay) ul saeLIeA0D 10} parsnipe 1ou g DT-AIH pue 9T-AlH J0 uosiiedwod ayl ul Junod ) Jipeu pue uoissaiddns peoj [esin AIH ewseld oy paisnipe sem anjen-d *(abueu) cm_ume

10 (4O1) Uelpaw ale sanjeA ayl

100°0> - 260 (£6'0'€0'T -) G500 - ”mw.osﬁw.mm (8€'1G '26'TT) 6€'€T - - (8271000 00'0 (000:00) 00 wpug9SAD/wip9SAD
100°0> - 260 (@€T%90-)ve0  (16'0'62°0) €0 (2°022°0) 970 - - (087 :00°0) 00°0 (00'00°0) 0'0 wbug99A0-£A0
€000 T000> 260  (6TT!LL0-)Te0  (SPOTTZ'L) €06 (60°€T ‘0EY) 92°L €90 (ovT:€90-)6e0  (0T'€:000)€9°T (08v:00) 00 wp95a-£AD
OIN
€000  T000> 260  (ev1'e60-)Sz0  (czTT'6T'L) GE6 (€L€T'¥8'Y) 18'L €90 (Sr1'850-)¥y0  (26'€:00°0) €9'T (08v:00) 00 [e101) ,9502-€AD
(Lz0
9€0 9100 G0 [tgtzrT-l6T0 (8L'e'vze) 12e (¥82'STT)ST'C 210 ‘€02-)880-  (0°00T :0'0) 86  (0°00T ‘0SG°€) 0L'S +95d0,€Ad
poo|q [esaydiaad 4S80
d d d (10%56) (6=u) (8=u) d (10%56) (8=u) (L=u)
ashd OSAY AdSsAD P s.Usyod JTAIH d QIAIHD gAY P s.Usyod O-TAIH 9 Q-TAIH V

'sdnoJb 9 pue g sadAigns AlH usamiag poolq [edsyduad pue 45D ul GyQD areb ul s18sgns L95aD~£AD PuUe L95AD.,£AD 40 suoinodoid Burredwo)

€ 9lqeL

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

J Neuroimmunol. Author manuscript; available in PMC 2024 January 26.



Page 27

de Almeida et al.

poo|q ul +95a0, £AD pue ,E_u@mn_0|moo ‘(YN 1e303) , 950D _€AD 404 dnouf |013u02 dY} "sA dnoub dlwdIIAR dU} 104 (JeAlaul BIUBPIUOD 9G6) P S.UBYOD Se Juasaid saouasapp dnoo “Asurym-uuein

"Alannoadsal ‘(68'Z ‘20°'T) S6°T PUB ‘(L€°Z '80°0) €2°T (¥€'Z 190°0) 0Z'T 8Jam

q

1158 SHEM-TeSII,

'080°0 =0 '4"SA TG00 =0 4 'SAQ '629'0 =¢ ‘3 'SA A :(MN [€303) ,95QD_eAD Poolq [esayduad 10} (AUNy-UURIA) UosHedLOd asimIred

*dnoub jonuod ayy = 111D ‘(ebues) ueipaw
*

10 (40O1) uelpaw sy Jussaidal sanjeA

GES'0  SOTO Mmm.:vmw.m Mmm.odﬁmw.wm (0z'T0T ‘8€°22) G6°L€ - - ,(82T:000) 000 (00'0 :00°0) 00°0 (00'0:00°0) 000 wBLgISAD/wp9SAD
9020 €90  (e60'vz0)€€0  (¥8°0:T2°0) £2°0 (2v'0'L1°0) 070 - yoro »(08T000000  (op'0000) 00°0 (000 :00°0) 00°0 wbug95a0-€00
2000 S€0°0 (6v'6'99'7) 18S  (0C'9T '65'8) 0€'6 (0z'27'56'8) ¥6'ST - €00  (850:000)000 (¥6°€ 100°0) G8'€ (08'5:000) 06'C wp9sdI-£AD
OIN
€000 €¥00  (220T'209)vT'9 (Gr'9T:08'8)98%6  (L£LT'SE'6) 98°9T - 100  (850:000)00 (P6€000)S8€ ,(08'G:000)06  fesor) ,9500-€AD
L (0007 L (0007
S0000 000  (1220v50)85T (LS4 8T)iGE (LT2290) 8T ZIT0 6220 (0°00T '0L%) 09°9 '00°0) 05°G '00°0) 0°00T +9502,£A2
poo|q |edayditad 450
od _ T Gi=u =) Le=1) gd eT=u T=u =0
Mo ed SIWBIINY o 4S0<ad 3 Gd<dso-d mowo5 el QIWBIINY -0 4S0<dad-d dd <450 -V

Author Manuscript

Author Manuscript

¥ alqeL

Author Manuscript

"WNY AIH 4SO pue ewse|d jo
uonnqusip ays 0y Buipiodge paziiobsred sdnosf Aq poojq esaydiiad pue 4S9 ut ‘spgo 81eb ul sa1fooydwA| 95aD~£AD pue ,95AD,£AD 40 uoiodold

Author Manuscript

J Neuroimmunol. Author manuscript; available in PMC 2024 January 26.



	Abstract
	Introduction
	Methods
	Ethics statement
	Study design and participants
	CSF and peripheral blood samples
	Laboratory methods
	Immunophenotyping
	Sample processing
	Flow cytometry analysis
	Clinical laboratory measurements
	Quantification of plasma and CSF HIV RNA levels

	Data analyses

	Results
	Subject characteristics
	CD3+CD56+ lymphocytes (NKT cells) in CSF and PB
	NK lymphocytes subsets in CSF and PB
	CD3+CD56+ and CD3− CD56+ lymphocyte subpopulations in the CSF and peripheral blood of PWH categorized according to HIV RNA in both compartments
	Correlations

	Discussion
	Conclusion
	References
	Fig. 1.
	Fig. 2.
	Table 1
	Table 2
	Table 3
	Table 4



