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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, HIV-1 subtype C being the 

most dominant subtype in the world. Our hypothesis is the frequency of CSF CD3+CD56+ and 

CD3− CD56dim 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− CD56dim 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.
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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).
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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− CD56bright 

NK cells represent approximately 10% of PB NK cells, whereas CD3− CD56dim 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− CD56dim cells are considered mature NK cells; these cells originate from 

a differentiation process involving the loss of inhibitory receptors (Moretta, 2010). CD3− 

CD56dim 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− CD56bright, 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). 

Naïve CD3− CD56bright 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 (β-chemokines) (Kutsch et al., 2000). Tat also upregulates the expression of 

several cytokines including TNF-α (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 Tat chemokine 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; Björkström 

et al., 2010), we measured the frequencies of the two major NK cell subsets (CD3− 

CD56bright and CD3− CD56dim) 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; Björkström et al., 2010).

The present study aimed to 1) assess the relative frequencies of NKT (CD3+CD56+) and 

NK (CD3− CD56dim or CD3− CD56bright) 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 Clínicas, 

Universidade Federal do Paraná (HC-UFPR, Curitiba, Paraná, Brazil). Written informed 

consent was obtained from all participants prior to their enrollment 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 pol 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 
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HIV-1B sequences (N = 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 enrollment 

(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 ×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 μL 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 106 cells and 100 μL 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 ×g 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 μL 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 CD56dim and 

CD3− CD56bright 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; Rodríguez-Martín et al., 2015).

The CD3− CD56dim/ CD3− CD56bright 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 m24sp and m2000 Real-Time System (Abbott, 

Chicago, IL, USA) with 1 mL of CSF or plasma. The assays were performed immediately 
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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 log10 values. HIV groups were categorized based 

on the quantification of HIV RNA in paired CSF and PB samples. When CSF > PB, the 

discordance between levels was defined as the CSF HIV 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 t-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 (ρ) 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 α 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.
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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 (log10) 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 HIV 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 dim; in PB, the medians of CD3− 

CD56dim and CD3− CD56bright were greater than those in PWoH; CSF CD3− CD56 dim 

levels were undetectable in PWoH.

The proportion of CD3− CD56dim 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 CD56dim lymphocytes was comparable in the CSF and PB (Table 3; Fig. 1b). 

In the PB samples, the proportion of CD3− CD56dim lymphocytes was higher in the PWoH 

group than in the PWH group (p = 0.030 and p = 0.060, respectively).

CD3− CD56dim and CD3− CD56bright lymphocytes were not identified in any CSF sample 

from PWoH, while CD3− CD56bright lymphocytes were identified in one CSF sample from 

PWH (Table 2, Fig. 1b).
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The relative frequency of CSF samples with detectable CD3− CD56dim lymphocytes 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 HIV+ and HIV−, p value 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; (b)p-values before and after the BH correction. Group differences are 

presented as Cohen’s d; CI, 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; (c) 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− 

CD56dim 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− CD56dim lymphocytes 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− CD56dim 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− CD56dim 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− CD56dim/ CD3− CD56brigt ratio was numerically reduced in the aviremic 

group compared with the PWoH group, although not significantly (Supplementary Fig. 4).
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3.5. Correlations

In the PWH group, increases in the proportion of CSF CD3− CD56dim lymphocytes 

correlated with decreases in CSF and PB CD3+ lymphocytes [ρ = −0.684, p = 0.0009 

and ρ = −0.500, p = 0.025, respectively]. In this group, higher proportions of CSF CD3− 

CD56dim lymphocytes correlated with higher HIV RNA in CSF and PB (ρ= 0.651, p = 0.002 

and 0.433, p = 0.056, respectively) and with higher proportions of CD14++CD16+ in CSF 

(ρ = 0.554, p = 0.021) (Fig. 2a, b, f), but with lower proportions of CSF and PB CD3+ 

lymphocytes and PB CD14++CD16+ (ρ= −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 (ρ= 0.749, p = 0.0001) (Fig. 2c). In addition, we 

found that there was an increase in the proportion of CSF CD3− CD56dim cells when the 

CSF WBC count increased (ρ= 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+ (ρ= 0.016, p = 0.950), as well as CSF or PB HIV RNA 

(ρ= −0.114, p = 0.652 and ρ= −0.209, p = 0.404 respectively). However, PB CD3+CD56+ 

lymphocytes were positively correlated with PB CD3− CD56dim and CD3− CD56bright (ρ= 

0.457 and 0.505, respectively).

The relationship between PB CD3− CD56dim lymphocytes 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 HIV 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 CXCR6, these chemokine ligands (MIP-1α, MCP-1, MIP-1β, 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− CD56dim, 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− 

CD56dim 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− CD56bright (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− 

CD56bright 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− 

CD56dim cells was lower in the CSF, whereas CD3− CD56bright 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− CD56bright 

cells, and the reduced recruitment of CD3− CD56dim 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 

CD56bright/CD56dim ratio is increased in MS (Rodríguez-Martín 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− CD56dim 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− CD56dim was lower 

than that of PWoH, whereas PB CD3− CD56bright was comparable in PWH and PWoH. 

However, in the CSF, the proportion of CD3− CD56dim 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 HIV 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− CD56dim 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− CD56dim/CD3− 

CD56brigt ratio was numerically reduced in the aviremic group compared with the PWoH 

group due to decrease of CD3− CD56dim, which are mature NK cells.

In this cohort, CSF CD3− CD56bright lymphocytes were present in one sample of PWH, the 

CSF CD3− CD56dim / CSF CD3− CD56bright 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− CD56bright 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− CD56bright is observed, which is associated 

with a good response to treatment (Bielekova et al., 2011; Martínez-Rodríguez et al., 2011; 

Nabatanzi et al., 2018).

In this cohort, among the PWH, CSF predominates CD3− CD56 dim, which are effector 

lymphocytes, whereas in PB, the medians of CD3− CD56dim and CD3− CD56bright were 

greater than in the PWoH group; however, CD3− CD56 dim 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− CD56dim or CD3− CD56bright 

lymphocytes. (e) In this study CD56− CD16+ cells were not investigated. Although a 

vast majority of NK cells can be included in the CD3− CD56dim or CD3− CD56bright 

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; 

Björkströ 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− CD56dim in the CSF of PWH when compared to the PWoH 

group. The impact of HIV-1 Tat on 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.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Fig. 1. 
Proportion of CD3+CD56+ and CD3− CD56dim lymphocytes in gated CD45 in 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. a) CD3+CD56+ and b) CD3− 

CD56dim 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. 
c) CD3+CD56+ and d) CD3− CD56dim were compared between the groups categorized 
according to the 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− CD56dim (black) and CD3+CD56+ (gray) lymphocytes between the groups 

categorized according with the 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.)
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Fig. 2. 
Scatterplots of correlations between biomarkers in CSF and PB. Correlation coefficients (ρ, 

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

de Almeida et al. Page 23

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

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

de Almeida et al. Page 24

Ta
b

le
 1

D
em

og
ra

ph
ic

, H
IV

 in
fe

ct
io

n,
 a

nd
 C

SF
 c

ha
ra

ct
er

is
tic

s 
of

 P
W

H
 a

nd
 P

W
oH

.

al
l H

IV
+ 

(n
 =

 2
2)

H
IV

- 
(n

 =
 1

4)
P

B
 (

n 
= 

8)
C

 (
n 

= 
9)

P

A
ge

, y
ea

rs
43

.5
 (

40
; 5

0)
43

 (
35

.5
; 5

2.
5)

0.
98

7
43

 (
41

; 4
8.

50
)

43
 (

39
.5

0;
 5

4)
0.

74
3

M
al

e,
 n

 (
%

)
14

 (
63

.6
4)

5 
(3

7.
71

)
0.

17
1

8 
(1

00
)

3 
(3

3.
3)

0.
00

9

A
ID

S,
 n

 (
%

)
15

 (
68

.1
8)

-
-

6 
(7

5)
5 

(5
5.

56
)

0.
62

0

D
ur

at
io

n,
 m

on
th

s
15

3 
(6

4.
97

; 1
82

.5
)

-
-

15
6.

7 
(9

4.
48

; 1
59

.7
0)

15
0.

0 
(6

7.
08

; 1
84

.5
0)

0.
48

1

N
ad

ir
 C

D
4,

 c
el

ls
/m

m
3

21
9 

(3
2.

5;
 5

31
.5

)
-

-
92

.0
0 

(2
6.

00
; 6

75
.0

0)
13

8.
0 

(2
6.

50
; 8

00
.5

0)
0.

80
5

C
ur

re
nt

 C
D

4,
 c

el
ls

/m
m

3
48

7 
(4

03
; 7

22
)

-
-

63
7.

6 
(4

54
.2

; 7
97

.1
)

40
3.

3 
(3

26
.7

; 4
38

.7
)

0.
06

5

C
ur

re
nt

 C
D

8,
 c

el
ls

/m
m

3
82

5 
(7

05
; 1

57
1)

-
-

83
8.

5 
(7

16
.0

; 1
25

9.
0)

76
1.

0 
(6

88
.0

; 1
66

5.
0)

0.
86

7

C
D

4 
re

co
ve

ry
, c

el
ls

/m
m

3
35

9 
(−

34
.3

0;
 6

70
)

-
-

32
6.

8 
(5

3.
20

; 9
82

.6
0)

35
9.

4 
(−

27
.3

5;
 5

87
.2

0)
0.

53
5

on
 C

A
R

T,
 n

 (
%

)
15

 (
68

.1
8)

-
-

6 
(7

5.
0)

5 
(5

5.
56

)
0.

62
0

C
PE

6 
(6

; 8
)

-
-

7 
(6

; 9
)

6
0.

53
7

L
og

10
 P

la
sm

a 
H

IV
 R

N
A

1.
60

 (
1.

60
; 2

.5
5)

-
-

1.
6 

(1
.6

; 1
.6

)
2.

12
 (

1.
60

; 3
.5

5)
0.

28
1

Pl
as

m
a 

H
IV

 R
N

A
 <

 5
0 

co
pi

es
/m

L
, n

 (
%

)
14

 (
63

.6
4)

-
-

7 
(8

7.
50

)
4 

(4
4.

44
)

0.
13

1

C
SF

, n
20

14
-

7
8

-

W
B

C
, c

el
ls

/m
m

3
2.

80
 (

1.
20

; 6
.5

5)
1.

75
 (

0.
6;

 2
.5

)
0.

12
8

1.
20

 (
0.

60
; 6

.8
5)

4.
80

 (
2.

00
; 1

7.
80

)
0.

12
1

W
B

C
 c

ou
nt

 >
 5

 c
el

ls
/m

m
3 ,

 n
 (

%
)

6 
(3

0)
0

0.
03

1
1 

(1
4.

3)
4 

(5
0)

0.
28

2

G
lu

co
se

, m
g/

dL
57

.5
 (

53
; 6

1.
0)

59
.5

 (
54

.0
; 6

4.
5)

0.
47

3
60

.0
0 

(5
9.

00
; 6

9.
00

)
53

.0
0 

(5
0.

00
; 5

6.
50

)
0.

04
0a

To
ta

l p
ro

te
in

, m
g/

dL
36

.2
5 

(2
8.

90
; 4

3.
55

)
30

.5
5 

(2
7.

35
; 3

1.
75

)
0.

03
4

42
.0

0 
(4

0.
65

; 5
4.

55
)

28
.9

0 
(2

4.
80

; 3
9.

90
)

0.
07

2

To
ta

l p
ro

te
in

 >
 4

5 
m

g/
dL

, n
(%

)
4 

(2
0)

0
0.

12
6

2 
(2

8.
60

)
2 

(2
5)

1

L
ac

tic
 a

ci
d,

 m
m

ol
/L

1.
4 

(1
.3

; 1
.6

5)
1.

4 
(1

.1
; 1

.5
)

0.
43

2
1.

3
1.

65
 (

1.
30

; 1
.7

0)
-

R
B

C
, c

el
ls

/m
m

3
0.

45
 (

0.
3;

 3
.7

5)
2.

7 
(0

.3
; 1

2.
6)

0.
34

4
0.

60
 (

0.
30

; 7
.5

0)
1.

75
 (

0.
15

; 1
01

.7
0)

0.
61

3

L
og

10
 C

SF
 H

IV
 R

N
A

1.
6 

(1
.6

; 2
.9

1)
-

-
1.

6 
(1

.6
; 2

.4
6)

1.
6 

(1
.6

; 3
.4

6)
0.

69
4

C
SF

 H
IV

 R
N

A
 <

 5
0c

op
ie

s/
m

L
, n

 (
%

)
13

 (
65

)
-

-
5 

(6
2.

5)
4 

(4
4.

4)
0.

60
8

H
IV

 R
N

A
 C

SF
 >

 b
lo

od
, n

 (
%

)
3 

(1
5)

-
-

1 
(1

4.
3)

1 
(1

2.
5)

1

C
A

R
T

 =
 c

om
bi

na
tio

n 
an

ti-
re

tr
ov

ir
al

 th
er

ap
y;

 C
PE

 =
 a

nt
i-

re
tr

ov
ir

al
 C

N
S 

Pe
ne

tr
at

io
n 

ef
fe

ct
iv

en
es

s 
ra

nk
 (

L
et

en
dr

e 
et

 a
l.,

 2
01

0)
; W

B
C

, w
hi

te
 b

lo
od

 c
el

l; 
R

B
C

, r
ed

 b
lo

od
 c

el
l.

a C
SF

 g
lu

co
se

 w
as

 s
ig

ni
fi

ca
nt

ly
 h

ig
he

r 
in

 H
IV

-1
 s

ub
ty

pe
 B

 th
an

 C
, b

ut
 in

 b
ot

h 
gr

ou
ps

 C
SF

 g
lu

co
se

 le
ve

ls
 w

er
e 

un
de

r 
re

fe
re

nc
e 

ra
ng

e.

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



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

de Almeida et al. Page 25

Ta
b

le
 2

C
om

pa
ri

ng
 p

ro
po

rt
io

ns
 o

f 
C

D
3+

C
D

56
+
 a

nd
 C

D
3~

C
D

56
+
 s

ub
se

ts
 in

 g
at

e 
C

D
45

 in
 C

SF
 a

nd
 p

er
ip

he
ra

l b
lo

od
 b

et
w

ee
n 

th
e 

PW
H

 a
nd

 P
W

oH
 g

ro
up

s.

A
-P

W
H

B
-P

W
oH

C
oh

en
’s

 d
A

 v
s.

 B
C

- 
P

W
H

D
- 

P
W

oH
C

oh
en

’s
 d

C
 v

s.
 D

A
 v

s.
 C

B
 v

s.
 D

(n
 =

 2
0)

(n
 =

 1
4)

(9
5%

 C
I)

p
(n

 =
 2

2)
(n

 =
 1

4)
(9

5%
 C

I)
p

p
p

C
SF

P
er

ip
he

ra
l b

lo
od

C
D

3+
C

D
56

+
7.

95
 (

1.
18

; 1
00

.0
)

5.
05

 (
0.

00
; 7

.5
5)

0.
70

 (
−

 0
.4

1;
 

1.
80

)
0.

21
0

2.
00

 (
0.

76
; 3

.0
3)

7.
10

 (
3.

00
; 9

.9
0)

−
 1

.9
6 

(−
 2

.7
3.

 1
.1

9)
<

0.
00

1
<

0.
00

1
0.

20
0

C
D

3−
C

D
56

+
(N

K
 

to
ta

l)
0.

00
 (

0.
00

; 3
.3

5)
0.

00
 (

0.
00

; 0
.0

0)
1.

88
 (

0.
65

; 3
.1

2)
0.

01
6

8.
68

 (
5.

54
; 1

1.
80

)
12

.1
6 

(8
.2

2;
 

18
.1

5)
−

 0
.8

3 
(−

 1
.5

0;
 −

 0
.1

6)
0.

02
1/

 0
.0

60
 

b
<

0.
00

1
<

0.
00

1

C
D

3 
C

D
56

di
m

0.
00

 (
0.

00
; 2

.6
0)

0.
00

 (
0.

00
; 0

.0
0)

0.
99

 (
0.

31
; 1

.6
8)

0.
00

8
8.

59
 (

5.
24

; 1
0.

82
)

11
.5

7 
(7

.7
6;

 
17

.5
6)

−
 0

.7
8 

(−
 1

.4
6;

 −
 0

.1
1)

0.
03

0/
 0

.0
60

 
b

<
 0

.0
01

<
0.

00
1

C
D

3-
C

D
56

br
ig

ht
0.

00
 (

0.
00

; 1
.8

0)
a

0.
00

 (
0.

00
; 0

.0
0)

-
-

0.
31

 (
0.

23
; 0

.7
2)

0.
69

 (
0.

42
; 0

.9
1)

−
 0

.5
6 

(−
 1

.2
3;

 0
.1

2)
0.

16
<

 0
.0

01
<

0.
00

1

C
D

56
di

m
/

C
D

56
br

ig
ht

 (c
)

0.
00

 (
0.

00
; 1

.2
8)

a
0.

00
 (

0.
00

; 0
.0

0)
-

-
17

.1
5 

(1
1.

92
; 3

9.
43

)
18

.5
1 

(1
0.

53
; 

35
.2

2)
0.

09
 (

−
 0

.5
8;

 0
.7

7)
0.

79
<

0.
00

1
<

0.
00

1

V
al

ue
s 

re
pr

es
en

t m
ed

ia
n 

(I
Q

R
) 

or

(a
) m

ed
ia

n 
(r

an
ge

).

In
 th

e 
co

m
pa

ri
so

n 
be

tw
ee

n 
H

IV
+

 a
nd

 H
IV

-,
 p

 v
al

ue
 w

as
 a

dj
us

te
d 

fo
r 

ag
e 

an
d 

ge
nd

er
 in

 th
e 

ad
ju

st
ed

 m
od

el
, a

nd
 th

en
 c

or
re

ct
ed

 f
or

 m
ul

tip
le

 te
st

in
g 

w
ith

 th
e 

B
H

 m
et

ho
d 

w
ith

in
 C

SF
 a

nd
 b

lo
od

 a
nd

 c
el

l 
su

bt
yp

e 
se

pa
ra

te
ly

; a
ll 

p-
va

lu
es

 w
er

e 
co

rr
ec

te
d 

fo
r 

m
ul

tip
le

 te
st

in
g 

us
in

g 
th

e 
B

H
 m

et
ho

d;

(b
) p-

va
lu

es
 b

ef
or

e 
an

d 
af

te
r 

th
e 

B
H

 c
or

re
ct

io
n.

 G
ro

up
 d

if
fe

re
nc

es
 a

re
 p

re
se

nt
ed

 a
s 

C
oh

en
’s

 d
; C

I,
 c

on
fi

de
nc

e 
in

te
rv

al
; t

he
 C

oh
en

’s
 d

 (
95

%
C

I)
 e

ff
ec

t s
iz

es
 f

or
 th

e 
co

m
pa

ri
so

ns
 b

et
w

ee
n 

bl
oo

d 
an

d 
C

SF
 (

A
 v

s.
 

C
 a

nd
 B

 v
s.

 D
) 

ar
e 

sh
ow

n 
in

 S
up

pl
em

en
ta

ry
 T

ab
le

 1
;

(c
) ef

fe
ct

or
 / 

re
gu

la
to

ry
 r

at
io

.

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



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

de Almeida et al. Page 26

Ta
b

le
 3

C
om

pa
ri

ng
 p

ro
po

rt
io

ns
 o

f 
C

D
3+

C
D

56
+
 a

nd
 C

D
3~

C
D

56
+
 s

ub
se

ts
 in

 g
at

e 
C

D
45

 in
 C

SF
 a

nd
 p

er
ip

he
ra

l b
lo

od
 b

et
w

ee
n 

H
IV

 s
ub

ty
pe

s 
B

 a
nd

 C
 g

ro
up

s.

A
. H

IV
1-

B
B

. H
IV

1-
C

C
oh

en
’s

 d
A

 v
s.

 B
C

. H
IV

1-
B

D
. H

IV
1-

C
C

oh
en

’s
 d

C
 v

s.
 D

A
 v

s.
 C

B
 v

s.
 D

(n
 =

 7
)

(n
 =

 8
)

(9
5%

C
I)

p
(n

 =
 8

)
(n

 =
 9

)
(9

5%
C

I)
p

p
p

C
SF

P
er

ip
he

ra
l b

lo
od

C
D

3+
C

D
56

+
5.

70
 (

3.
55

0;
 1

00
.0

)
4.

98
 (

0.
0;

 1
00

.0
)

−
 0

.8
8 

(−
2.

03
, 

0.
27

)
0.

12
2.

15
 (

1.
15

; 2
.8

4)
3.

21
 (

2.
24

; 3
.7

8)
0.

19
 [

−
 1

.1
2,

 1
.5

1]
0.

75
0.

01
6

0.
36

C
D

3−
C

D
56

+
 (

to
ta

l 
N

K
)

0.
0 

(0
.0

; 4
.8

0)
1.

63
 (

0.
00

; 3
.9

2)
0.

44
 (

−
 0

.5
8,

 1
.4

5)
0.

63
7.

81
 (

4.
84

; 1
3.

73
)

9.
35

 (
7.

19
; 1

1.
22

)
0.

25
 (

−
 0

.9
3,

 1
.4

3)
0.

92
<

 0
.0

01
0.

00
3

C
D

3−
C

D
56

di
m

0.
0 

(0
.0

; 4
.8

0)
1.

63
 (

0.
00

; 3
.1

0)
0.

39
 (

−
 0

.6
3;

 1
.4

0)
0.

63
7.

26
 (

4.
30

; 1
3.

09
)

9.
03

 (
7.

21
; 1

0.
45

)
0.

21
 (

−
 0

.7
7;

 1
.1

9)
0.

92
<

 0
.0

01
0.

00
3

C
D

3−
C

D
56

br
ig

ht
0.

0 
(0

.0
; 0

.0
0)

0.
00

 (
0.

00
; 1

.8
0)

a
-

-
0.

46
 (

0.
22

; 0
.7

3)
0.

37
 (

0.
29

; 0
.9

7)
0.

34
 (

−
 0

.6
4;

 1
.3

2)
0.

92
-

<
0.

00
1

C
D

56
di

m
/C

D
56

br
ig

ht
0.

0 
(0

.0
; 0

.0
0)

0.
00

 (
0.

00
; 1

.2
8)

a
-

-
13

.3
9 

(1
1.

92
; 5

1.
38

)
17

.7
1 

(1
0.

85
; 

28
.1

5)
−

 0
.0

5 
(−

 1
.0

3;
 0

.9
3)

0.
92

-
<

0.
00

1

T
he

 v
al

ue
s 

ar
e 

m
ed

ia
n 

(I
Q

R
) 

or

a m
ed

ia
n 

(r
an

ge
).

 p
-v

al
ue

 w
as

 a
dj

us
te

d 
fo

r 
pl

as
m

a 
H

IV
 v

ir
al

 lo
ad

 s
up

pr
es

si
on

 a
nd

 n
ad

ir
 C

D
4 

co
un

t i
n 

th
e 

co
m

pa
ri

so
n 

of
 H

IV
-1

B
 a

nd
 H

IV
-1

C
 b

ut
 n

ot
 a

dj
us

te
d 

fo
r 

co
va

ri
at

es
 in

 th
e 

pa
ir

ed
 c

om
pa

ri
so

n 
be

tw
ee

n 
C

SF
 a

nd
 b

lo
od

 (
A

 v
s.

 C
 a

nd
 B

 v
s.

 D
);

 a
ll 

p-
va

lu
es

 w
er

e 
co

rr
ec

te
d 

fo
r 

m
ul

tip
le

 te
st

in
g 

us
in

g 
th

e 
B

H
 m

et
ho

d.
 G

ro
up

 d
if

fe
re

nc
e 

is
 p

re
se

nt
ed

 a
s 

C
oh

en
’s

 d
; C

I,
 c

on
fi

de
nc

e 
in

te
rv

al
. T

he
 C

oh
en

’s
 d

 
(9

5%
C

I)
 e

ff
ec

t s
iz

e 
fo

r 
th

e 
co

m
pa

ri
so

ns
 o

f 
gr

ou
p 

A
 v

s.
 C

 a
nd

 B
 v

s.
 D

 a
re

 s
ho

w
n 

in
 S

up
pl

em
en

ta
ry

 T
ab

le
 1

.

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



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

de Almeida et al. Page 27

Ta
b

le
 4

Pr
op

or
tio

n 
of

 C
D

3+
C

D
56

+
 a

nd
 C

D
3~

C
D

56
+
 ly

m
ph

oc
yt

es
 in

 g
at

e 
C

D
45

, i
n 

C
SF

 a
nd

 p
er

ip
he

ra
l b

lo
od

 b
y 

gr
ou

ps
 c

at
eg

or
iz

ed
 a

cc
or

di
ng

 to
 th

e 
di

st
ri

bu
tio

n 

of
 p

la
sm

a 
an

d 
C

SF
 H

IV
 R

N
A

.

A
- 

C
SF

 >
 P

B
B

- 
P

B
 >

 C
SF

C
- 

A
vi

re
m

ic
pa

C
 v

s.
 C

tr
l

D
- 

C
SF

 >
 P

B
E

- 
P

B
 >

 C
SF

F
- 

A
vi

re
m

ic
P

a
F

 v
s.

 C
tr

l

(n
 =

 3
)*

(n
 =

 4
)*

(n
 =

 1
3)

P
b

(n
 =

 3
)*

(n
 =

 4
)*

(n
 =

 1
4)

P
b

C
SF

P
er

ip
he

ra
l b

lo
od

C
D

3+
C

D
56

+
10

0.
0 

(0
.0

0;
 

10
0.

0)
*

5.
50

 (
0.

00
; 

10
0.

0)
*

6.
60

 (
4.

70
; 1

00
.0

)
0.

77
5

0.
11

2
1.

38
 (

0.
62

;2
.1

7)
3.

57
 (

1.
87

; 7
.5

7)
*

1.
58

 (
0.

54
0;

 2
.7

1)
0.

07
0

0.
00

05

C
D

3−
C

D
56

+
 (

to
ta

l 
N

K
)

2.
90

 (
0.

00
; 5

.8
0)

*
3.

85
 (

0.
00

; 3
.9

4)
*

0.
0 

(0
.0

0;
 0

.5
8)

0.
07

4
-

16
.3

6 
(9

.3
5;

 1
7.

37
)

9.
86

 (
8.

80
; 1

6.
45

)
6.

14
 (

5.
02

; 1
0.

22
)

0.
04

3
0.

00
3

C
D

3−
C

D
56

di
m

2.
90

 (
0.

00
; 5

.8
0)

3.
85

 (
0.

00
; 3

.9
4)

0.
00

 (
0.

00
; 0

.5
8)

0.
02

3
-

15
.9

4 
(8

.9
5;

 1
7.

20
)

9.
30

 (
8.

59
; 1

6.
20

)
5.

81
 (

4.
66

; 9
.4

9)
0.

03
5

0.
00

2

C
D

3−
C

D
56

br
ig

ht
0.

00
 (

0.
00

; 0
.0

0)
0.

00
 (

0.
00

; 0
.0

0)
0.

00
 (

0.
00

; 1
.8

0)
*

0.
76

4
-

0.
40

 (
0.

17
; 0

.4
2)

0.
27

 (
0.

21
; 0

.8
4)

0.
33

 (
0.

24
; 0

.9
3)

0.
67

3
0.

20
6

C
D

56
di

m
/C

D
56

br
ig

ht
0.

00
 (

0.
00

; 0
.0

0)
0.

00
 (

0.
00

; 0
.0

0)
0.

00
 (

0.
00

; 1
.2

8)
*

-
-

37
.9

5 
(2

2.
38

; 1
01

.2
0)

37
.4

2 
(1

0.
83

; 
64

.8
0)

14
.4

9 
(1

1.
33

; 
23

.9
2)

0.
10

5
0.

53
5

V
al

ue
s 

re
pr

es
en

t t
he

 m
ed

ia
n 

(I
Q

R
) 

or

* m
ed

ia
n 

(r
an

ge
);

 C
tr

l =
 th

e 
co

nt
ro

l g
ro

up
.

Pa
ir

w
is

e 
co

m
pa

ri
so

n 
(M

an
n-

W
hi

tn
ey

) 
fo

r 
pe

ri
ph

er
al

 b
lo

od
 C

D
3−

C
D

56
+

 (
to

ta
l N

K
):

 D
 v

s.
 E

, p
 =

 0
.6

29
; D

 v
s.

 F
, p

 =
 0

.0
51

; E
 v

s.
 F

, p
 =

 0
.0

80
.

a K
ru

sk
al

-W
al

lis
 te

st
.

b M
an

n-
W

hi
tn

ey
. G

ro
up

 d
if

fe
re

nc
es

 p
re

se
nt

 a
s 

C
oh

en
’s

 d
 (

95
%

 c
on

fi
de

nc
e 

in
te

rv
al

) 
fo

r 
th

e 
av

ir
em

ic
 g

ro
up

 v
s.

 th
e 

co
nt

ro
l g

ro
up

 f
or

 C
D

3−
C

D
56

+
 (

to
ta

l N
K

),
 C

D
3−

C
D

56
di

m
, a

nd
 C

D
3+

C
D

56
+

 in
 b

lo
od

 
w

er
e 

1.
20

 (
0.

06
; 2

.3
4)

, 1
.2

3 
(0

.0
8;

 2
.3

7)
, a

nd
 1

.9
5 

(1
.0

2;
 2

.8
9)

, r
es

pe
ct

iv
el

y.

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



