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Abstract

Monocytes and macrophages activation are crucial in human immunodeficiency virus (HIV) central
nervous system (CNS) infection and HIV associated neurocognitive disorders (HAND) pathogenesis. The
soluble form of CD14 (sCD14) is a marker of monocyte activation. We hypothesized that sCD14 levels
would be lower in people with HIV-1 subtype C (HIV-1C) than in HIV-1B owing to a variant Tat cysteine
dimotif (C30S31) with reduced chemotactic activity. A total of 68 paired cerebrospinal fluid (CSF) and
blood samples from people with HIV (PWH); 27 samples of the HIV-1B subtype and 40 of the non-B HIV-
1 subtypes (including 26,HIV-1C), and 18 HIV-negative controls were included. sCD14 levels were
quantified using a high-sensitivity enzyme-linked immunosorbent assay. sCD14 increase in serum, but
not in CSF, was higher in samples from HIV-1B than HIV-1C (p = 0.002; Cohen's d, 0.7). CSF or serum
sCD14 values were not correlated with global deficit score or specific cognitive domains. The impact of
HIV-1 on monocyte stimulation biomarkers evaluated by sCD14 in serum was subtype-dependent, higher
in HIV-1B than HIV-1C, consistent with reduced chemotactic activity as hypothesized.
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Introduction

Persistent central nervous system (CNS) inflammation and chronic immune activation, which are
accompanied by the production of proinflammatory cytokines, play important roles in neuronal damage
associated with human immunodeficiency virus (HIV)-associated neurocognitive disorders (HAND)
(Zipeto et al., 2018; Ruhanya et al., 2021).

Monocytes and macrophages activation are crucial in HIV CNS infection and HAND pathogenesis. These
cells are central in HIV transport from periphery to brain, in establishing and maintaining reservoirs in
specific tissues as CNS, as well as in maintaining neuro-inflammation (Burdo et al., 2013; Campbell et al.,
2014; Wong et al., 2019; León-Rivera et al., 2021).

Many studies on inflammatory biomarkers of HIV-1 infection, including the soluble form of CD14
(sCD14) a marker of monocyte activation, have been carried out in settings where the HIV-1B subtype
predominates (Lyons et al., 2011; Kamat et al., 2012; Shive et al., 2015; Gianella et al., 2019; Jumare et al.,
2020). However, little is known about these markers in non-B HIV subtypes.

The HIV Tat protein upregulates the expression of several cytokines (Chen et al., 1997; Bennasser and
Bahraoui, 2002), this is attributed to the C30C31 dicysteine motif (Albini et al., 1998; Beall et al., 1996). Tat-
B (C30C31) is associated in vitro with higher inflammation and higher monocyte expression of
inflammatory biomarkers, such as TNF-α, interleukin (IL)-6, IL-10, and C C chemokine ligand 2 (CCL2)
(Campbell et al., 2007; Wong et al., 2010). The expression of higher levels of CCL2 may support a pro-
inflammatory state in the CNS; cerebrospinal fluid (CSF) CCL2 levels are associated with increased sCD14
levels (Thames et al., 2015). IL-10, which is upregulated by HIV-Tat (Gee et al., 2007), enhances CD14
expression in monocytes (Sandanger et al., 2009) and positively correlates with sCD14 (Williams et al.,
2018). On the other hand, in vitro, Tat-C (C30S31) showed lower inflammation with lower monocyte
expression of IL-6 and TNF-α (Campbell et al., 2007; Gandhi et al., 2009). Furthermore, HIV Tat C does not
induce calcium influx, which results in lower levels of IL-10 in monocytes (Wong et al., 2010; Williams et
al., 2020). All these can result in lower levels of sCD14 in HIV-1C subtype. However, CD14 activation was
not studied yet in HIV-1C CSF or serum samples compared with HIV-1B.
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Our group, studying human CSF and serum samples from people with HIV (PWH), described comparable
CSF level of inflammation biomarkers between HIV-1 subtypes C and B, as well as no differences in the
frequency of HAND (de Almeida et al., 2013; de Almeida et al., 2016a; de Almeida et al., 2020a; de Almeida
et al., 2021b), in contrast with the previous in vitro studies.

We hypothesized that stimulation of sCD14 levels would be lower in samples with HIV-1C than in those
with HIV-1B, due to a defective Tat chemokine dimotif (C30S31). To investigate this hypothesis, we
conducted a cross-sectional survey analyzing stored CSF and blood samples. This study aimed to: (a) to
compare the effects of HIV-1 subtypes B and C infection on sCD14 in CSF and serum, (b) assess sCD14
levels in PWH compared with HIV-negative controls (people without HIV; PWoH). (c) Secondary
exploratory comparisons were performed to assess the relationship between the sCD14 in both
compartments (i.e. CSF and serum) in neurocognitive impairment in PWH.

Section snippets

CSF and blood samples

In this study, 86 CSF and paired serum samples were collected purely for research purposes from PWH
(n = 68) and PWoH, (n = 18).

PWH were recruited from Hospital de Clínicas–Universidade Federal do Paraná (HC-UFPR), Brazil. All
volunteers underwent serological testing to confirm the HIV status before enrollment. Exclusion criteria
included opportunistic CNS infections, loss of consciousness for greater than 30 min, non-HIV-related
neurologic injury or disorder (e.g., epilepsy, stroke, and…

Results

Demographic, clinical, and laboratory characteristics were compared between PWH and PWoH and
individuals infected with HIV subtypes B and C (Table 1). Subtype B- and C-infected individuals were
similar in age, sex, and years of education. Subtype B-infected participants had nonsignificantly lower
nadir CD4 counts (median, 82 cell/mm  vs. 159 cell/mm , p = 0.29) and were more likely to be on ART (89%
vs. 69%; p = 0.099). ART included non-nucleoside reverse transcriptase inhibitors for nine of…

Discussion

We evaluated sCD14 in CSF and serum in PWH with chronic infection and without CNS opportunistic
infections, compared with a group of PWoH. The sCD14 levels were higher in PWH than in PWoH in the
serum, but not in the CSF. The sCD14 increase was subtype-dependent higher in HIV-1B than HIV-1C,
which was in accordance with our hypothesis. The p-values were adjusted for plasma HIV viral load
suppression and nadir CD4 count. The sample size was sufficient for power analysis of the comparisons of
the …
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