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Early antiretroviral therapy and its impact on natural killer cell
dynamics in HIV-1 infected men who have sex with men: a
cross-sectional pilot study evaluating the impact of early ART
initiation on NK cell perturbation in HIV infection
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ABSTRACT Phenotypic changes and functional impairment of natural killer (NK) cells
occur early in HIV-1 infection. Antiretroviral therapy (ART) effectively restores CD4+
T cell counts and suppresses HIV-1 to undetectable levels. The role and efficacy of
immediate ART initiation in mitigating NK cell aberrations remain to be elucidated
comprehensively. This study hypothesized that HIV-1 infection negatively influences
NK cell evolution and that early ART initiation restores these perturbations. Blood
samples were collected longitudinally from five acutely HIV-1 infected men who have
sex with men in Nairobi, Kenya. Participants were immediately initiated on ART after
HIV-1 diagnosis. Blood samples were drawn pre-infection and at sequential bi-weekly
post-infection time points. Peripheral blood mononuclear cells were stained with panel
NK cells surface markers to assess HIV-induced phenotypic changes by flow cytome-
try. Some cells were also stimulated overnight with K562 cell line, IL-2, and IL-15 and
stained for flow cytometry functionality. HIV-1 infection was associated with significant
reductions in the production of IFN-y (P = 0.0264), expression of CD69 (P = 0.0110), and
expression of NK cell inhibitory receptor Siglec7 (P = 0.0418). We observed an increased
NK cell degranulation (P = 0.0100) and an upregulated expression of cell exhaustion
marker PD-1 (P = 0.0513) at post-infection time points. These changes mainly were
restored upon immediate initiation of ART, except for Siglec7 expression, whose reduced
expression persisted despite ART. Some HIV-associated changes in NK cells may persist
despite the immediate initiation of ART in acute HIV-1 infections. Our findings suggest
that understanding NK cell dynamics and their restoration after ART can offer insights
into optimizing HIV-1 treatment and potentially slowing disease progression.

IMPORTANCE Natural killer (NK) cells play a crucial role in controlling of HIV-1
replication and progression to disease. Perturbations of their functionality may therefore
result in deleterious disease outcomes. Previous studies have demonstrated reduced
NK cell functionality in chronic HIV-1 infection that positively correlated to HIV-1 viral
load. This may suggest that control of HIV-1 viremia in acute HIV-1 infection may aid
in enhancing NK cell response boosting the inate immunity hence effective control of
viral spread and establishment of viral reservoir. Antiretroviral therapy (ART) effectively
supresses HIV-1 viremia to undectable levels and restores CD4+ T cell counts. Our study
highlights the significant role of early ART initiation in mitigating NK cell disruptions
caused by acute HIV-1 infection. Our results suggest that early initiation of ART could
have benefits beyond suppressing viral load and restoring CD4+ T cell counts. In
addition, it could boost the innate immunity necessary to control disease progression.
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he advent of antiretroviral therapy (ART) has revolutionized HIV management by

restoring CD4+ T cell counts and mitigating HIV viral loads (1). Beyond impacting
CD4+ T cells, HIV infection substantially influences the phenotype and functionality of
innate immune cells like natural killer (NK) cells (2, 3). Several studies have correlated a
decrease in NK cell functionality during HIV infection with HIV disease progression (1,
4). However, there are discrepant results from different studies regarding the restoration
of NK cell functionality after successful ART. Given the seminal role of NK cells in innate
immunity and their pivotal position as adaptive immunity modulators, this pilot study
sought to longitudinally assess the impact of early initiation of ART on the restoration of
phenotypic development and effector functions of NK cells in early HIV-1 infection.

Five acutely HIV-1 infected men who have sex with men, aged 18 years and above,
and participating in the International AIDS Vaccine Initiative's protocol Simulated Vaccine
Efficacy Trial (SIVET: P137/03/2015) in Nairobi, Kenya, were enrolled in the study. Refer
to Table S1 and Fig. S1a for the participants' demographic data and the series of
events at different time points pre and post ART initiation. The study was approved
by the Ethics and Review Committee of Kenyatta National Hospital, University of Nairobi
(P61/02/2017). Participants were immediately initiated on ART after HIV-1 diagnosis.
Blood samples were drawn pre-infection and at sequential bi-weekly post-infection
time points. Peripheral blood mononuclear cells (PBMCs) were isolated as previously
described (5) and stained with a panel of NK cell surface markers to assess HIV-induced
phenotypic changes by flow cytometry (activation panel). Some cells (functional panel)
were also stimulated overnight with K562 cell line, IL-2, and IL-15 and stained to assess
NK cell functionality (flow cytometry antibody panels are shown in Table S2). Gating and
definition for the different NK cell subsets was as illustrated in Fig. S2. Statistical analysis
was performed using GraphPad Prism software (version 8.0.1). Comparison between
time points was done using a two-tailed paired t test while comparisons among more
than two time points were done using unmatched, non-parametric one-way analysis of
variance (ANOVA) with multiple comparisons. The level of significance was calculated at
95% confidence interval (P < 0.05).

First, we assessed the effect of early initiation of ART on NK cell populations, absolute
CD4 counts, and HIV-1 viral loads. We observed no changes in total NK cell frequencies
and absolute CD4 counts across different time points. As expected, the HIV-1 viral loads
(copies/mL) decreased over time after ART initiation (Fig. S2b through d). From the
activation panel, we measured the expression of cell activation markers CD38, CD69,
and HLA-DR. Compared to the pre-infection time point, there was no change in the
expression of CD38 and HLA-DR but there was a reduction in the expression of CD69 that
was restored about 30 days upon ART initiation (Fig. 1a through c). We also evaluated the
expression of the cell exhaustion marker PD-1 in the total NK cell population and noted
its increased expression from the pre-infection time point to 0-5 days after ART (Fig. 1d;
P = 0.0513) but decreased to levels beyond the pre-infection time point by 11-15 days
after ART (Fig. 1d; P = 0.0140). We observed a reduction in the expression of inhibitory
marker Siglec7 in overnight stimulated NK cells by the 0-5 days after ART compared
to the pre-infection time point (Fig. 1f; P = 0.0093), and this was sustained to 25-30
days after ART. Changes in the frequency of cells expressing the phenotypic markers are
shown is Fig. S3.

We evaluated the functionality of the total NK cell population and the NK cell subsets
after HIV-1 infection. In both, there was a significant increase in the expression of CD107a
from the pre-infection time point to about 2 weeks after ART initiation (Fig. 2a through e)
that was restored around 1 month after ART initiation. Contrary to the degranulation,
production of IFN-y by NK cells was reduced early in HIV-1 infection. This decrease was
restored in both the total NK cell population and in the NK cell sub populations apart
from the CD56"™" and the CD56“™ naive NK cell population 1 month after ART. Similar
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Expression levels of NK cell phenotypic markers. Cell activation markers CD38 (a), CD69 (b), and HLA-DR (c); cell exhaustion marker PD-1 (d); NK

cell activation marker NKG2C (e); and NK cell inhibitory maker Siglec7 (f) on total NK cell population in pre-infection (pre-in) and in early HIV-1 infection

at different time points upon ART initiation. Statistical test used between time points: two-tailed paired t test. Statistical test used across time points:

unmatched, non-parametric one-way ANOVA with multiple comparisons [mean of each column with the mean of a control column (pre-infection time point);

Geisser-Greenhouse correction used]. Each symbol indicates a participant. Line indicates mean value. Error bars indicate standard deviation. *P < 0.05, **P < 0.01,

***P <0.001.

trends were observed in the frequency of cells producing IFN-y. Detailed illustrations for
the NK cells functional changes are shown in Fig. 2 and Fig. S4.

Our study demonstrated early perturbations of NK cell phenotypes and functionality
following HIV-1 infection. We observed significant reductions in the intensity and
frequency of total NK cells expressing CD69, a marker for early cell activation. These
findings are congruent to others reported elsewhere (6) that noted significant reductions
of CD69 expression levels by NK cells and the NK cells expressing CD69 in in HIV-1
infected individuals compared to healthy individuals (6). Our prospective study revealed
a restoration of CD69 levels to near pre-infection levels 1 month after ART initiation. It
will be interesting to unravel the mechanism by which HIV-1 leads to this downregula-
tion as this could be a possible therapeutic target. Increased levels of PD-1 were associ-
ated with limited NK cell proliferation in a study by Norris et al. (7). Therefore, both our
results and those of Norris' group suggest that HIV-1 infection could possibly interfere
with NK cell proliferation as a way to evade the body's first line of immunity.

A previous study showed that Siglec7 receptor defines highly functional NK cells (8).
In our study, we observed a reduced production of IFN-y and this could be explained by
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FIG 2 Changes in NK cell effector functions (degranulation as defined by expression of CD107a and production of IFN-y) from pre-infection time point to
25-30 days post ART initiation. Expression levels of CD107a (a through e) and IFN-y (f through j) in total NK cell population (a and f) and in the different NK
cell sub populations; (b and g) CD56""" NK cell population, (c and h) CD56"™ naive NK cells, (d and i) CD56“™ intermediate NK cells, and (e and j) CD56"™ fully
differentiated NK cells across the different sample collection time points. Pre-In = sample collected before the first HIV-1 sero-positive test (pre-infection time
point). Statistical test used between time points: two-tailed paired t test. Statistical test used across time points: unmatched, non-parametric one-way ANOVA
with multiple comparisons [mean of each column with the mean of a control column (pre-infection time point); Geisser-Greenhouse correction used]. Each

symbol indicates a participant. Line indicates mean value. Error bars indicate standard deviation. *P < 0.05, **P 0.01.

the decrease in the expression of Siglec7 receptor on the NK cells. These observations
point to an important role of Siglec7 receptor in NK cell function and further elucidation
on the mechanism by which HIV-1 interferes with its expression could guide to a
therapeutic target. The cytolytic function of NK cells is mediated by granzyme and
perforin degranulation, leading to infected cells' apoptosis. Our results showed an
increase in the degranulation of NK cells very early in HIV-1 infection. This was restored to
the pre-infection levels between 15 and 30 days after ART initiation, suggesting ART-
mediated suppression viral replication hence reduced NK cell degranulation. Our
observations are consistent with a study that evaluated phenotypes and functionality of
NK cells in ART-treated chronic HIV-1 infected individuals, in which expression of CD107a
and production of granzyme B were significantly lower in the ART-treated HIV-1 infected
individuals compared to the uninfected controls (9). In contrast to degranulation, we
observed a significant decrease in the production of IFN-y, a very potent anti-viral
cytokine. IFN-y is critical in controlling viral replication and dissemination. HIV-1
interference with NK cell production of this cytokine could be among the many ways of
evading the immunity.

Our findings suggest that early initiation of ART is effective and may be important in
boosting innate immunity and restoring some perturbations of NK cells resulting from
HIV-1 infection. To elucidate the nuanced interactions and counteractions between NK
cells and HIV-1, future investigations should aim to unveil the interplay between viral
mechanisms and individual NK cell receptors and their associated signaling pathways.
Understanding the persistence and restoration of specific NK cell markers and receptors
post-ART can offer insights into potential therapeutic targets and strategies to bolster
the innate immune response against HIV-1 and other viral infections.
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