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Abstract

S100A8 and S100A9 are members of the Alarmin family; these proteins are abundantly expressed in
neutrophils and form a heterodimer complex. Recently, both proteins were identified as novel biomarkers
of SARS-CoV-2 infection and were shown to play key rolesin inducing an aggressive inflammatory
response by mediating the rel ease of large amounts of pro-inflammatory cytokines, called the “cytokine
storm.” Although co-infection with SARS-CoV-2 in people living with HIV-1 may result in an
immunocompromised status, the role of the SI00A8/A9 complex in HIV-1 replication in primary T cells
and macrophages is still unclear. Here, we evaluated the roles of the proteinsin HIV replication to
elucidate their functions. We found that the complex had no impact on virus replication in both cell types;
however, the subunits of SI00A8 and S100A9 inhibits HIV in macrophages. These findings provide

important insights into the regulation of HIV viral loadsin SARS-CoV 2 co-infection.
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I ntroduction
S100A8 and S100A9 also known as myeloid-related protein (MRP) 8 and MRP14 are members of the
S100 calcium binding protein family and belong to alarmin family protein [1,2]. They are low-molecular-
weight (9-14 kDa) acidic proteins with important regulatory functions, including regulation of calcium
buffering, cell differentiation, proliferation, cytoskel etal-membrane interactions, embryogenesis, cell
migration, and inflammation [3-5]. The expression of human S100A8 and S100A9 are associated with
acute and chronic inflammatory diseases [5-7]. SLO0A8 and S100A9 are expressed as homodimers or
heterodimer complexes (SLO0A8/A9) and are constitutively expressed in neutrophils and monocytes
[1,2,7,8]. They are not detected in resting tissue macrophages and lymphocytes but induced in
macrophages upon stimulation [7,9]. S100A8, S100A9 and S100A8/A9 are chemoattractants for
neutrophils [10] and stimulate the neutrophils’ adhesion to fibronectin [11]. It is also reported that
S100A9 and S100A8/A9 enhance monocyte transmigration across endothelial cells[12].

During inflammation, the concentration of S100A8 and S100A9 in serum may rise up to near 100
ug /mL at local sites of inflammation [13]. Moreover, elevated serum levels of SI00A8/A9 have recently
been reported in patients infected with severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2).
Additionally, the SI00A8/A9 complex released from neutrophilsis considered a biomarker of Covid-19
infection [14,15] and is involved in the induction of cytokine storms[16]. It is reported that SLI00A8 and
S100A9 complex is an endogenous ligand of Toll-like receptor 4 (TLR4) on dendritic cells (DC) and a
recent study using primary dendritic cells demonstrated that cytosolic S100A9 suppresses HIV replication
by inhibiting reverse transcription [17]. On contrary, S100A8 or S100A9 have been reported as HIV
inducers/activatorsin studiesusing T cell lines or promonocytic cell line [18,19], however, arole of each
S100A protein on HIV replication in primary cells were not investigated well yet.

Co-infection with SARS-CoV 2 in people living with HIV (PLWH) with poorly controlled viral load
may result in an immunocompromised status. Although the increase of S100A8/A9 in plasmais reported,

the impact of extracellular SLOOA8/A9 on HIV replication in primary cells has not been thoroughly


https://doi.org/10.1101/2021.10.20.464686
http://creativecommons.org/licenses/by/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2021.10.20.464686; this version posted October 21, 2021. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made
available under aCC-BY 4.0 International license.

investigated. Therefore, in this study, we assessed the roles of SI00A8 and S100A9 in HIV replicationin

primary macrophagesand T cells.

Materials and M ethods
Cellsand Reagents

Peripheral blood mononuclear cells (PBMCs) were isolated from peripheral blood of healthy donors

as previously described [20], after we obtained approval from the National Institute of Allergy and

Infectious Diseases Institutional Review Board. CD4" T cells and CD14" monocytes were isolated

from PBMCs using CD4 and CD14 beads (Miltenyi Biotech, Auburn, CA, USA), respectively. PBMCs
and CD4" T cells were stimulated with 5 pg/ml of PHA (Sigma Aldrich, St Louis, MO, USA), and CD14"
monocytes were differentiated into macrophages (MDMs) using M acrophage-colony stimulatory factor
(M-CSF) (R&D systems, Minneapolis, MN, USA) as previously described [20]. Recombinant human
S100A8 and S100A9 were obtained from Sino Biological Inc. (Beijing, China) and SLI00A8/S100A9
complex was purchased from R&D systems. Anti-SPTBN and anti-b-actin antibodies were obtained from

Abcam (Waltham, MA, USA) and Sigma Aldrich, respectively.

HIV replication assay

The HIV stocks of X4 (HIVnws) [21] and R5 (HIVaps) [22] viruses were prepared by
transfection of the plasmid encoding each HIV strain into HEK293T cells, and the viruses were
then purified from culture supernatants of the transfected cells using ultracentrifugation with
20% sucrose at 100,000 x ¢ for 2h and infectious titers were determined by the endpoint assay as

previously described [23].The HIV replication assay was performed as previously described [20,24].

Briefly, PHA-stimulated CD4" T cells were infected with X4 HIV-1 (MOI=0.001), and MDMs were
infected with R5 HIV-1 (MOI=0.05). The infected PBMCs and CD4+ T cells were cultured at 37°C in

humidified air with 5% CO, in the presence of 20 U/mL of IL-2 (Roche Diagnosis, Indianapoalis, IN,
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USA), with various concentrations of S100A8 or S100A9 in RPMI-140 (Thermo Fisher, Waltham,
MA) containing 10% fetal bovine serum (FBS; Cytiva, Marlborough, MA) [23]. HIV-infected
MDMs were cultured for 14 days in Dulbecco’s modified Eagle medium (Thermo Fisher)

containing 10% FBS. Culture medium was changed every three to 4 days with 50% concentration of

S100 protein. The level of HIV-1 replication was determined by measuring p24 antigen in the culture

supernatant using a kit (Perkin EImer Inc, Shelton, CT, USA).

Quantitation of HI'V-1 Proviral DNA Copy Number

MDMs were treated or untreated with 1 pg/mL of S100A8 or S100A9 and cultured for 24 h at 37
°C. Pretreated cells were infected with DNase |-treated HIV aqg Virusfor 2 h at 37 °C. Cells were washed
and cultured for additional 24 h. Absolute numbers of copies of proviral DNA were determined by real
time PCR using custom made probes (Thermo Fisher). To obtain absolute proviral DNA copy numbers,
standard curves were generated using serial dilutions of a plasmid encoding HIV gag region (pHIV gag)

and RNaseP gene (pRNaseP) as previously described [24,25].

FACSanalysis

MDMswere cultured at 37 °C in humidified air with 5% CO, for 24 h in the presence of media
aone, 1 ug/ml of SI00A8 or S100A9. After pretreatment, cells were washed with cold PBS, and then
stained with fluorescein isothiocyanate (FI TC)-conjugated anti-CD4 (BD-PharMingen, San Diego, CA,
USA), or PE conjugated anti-CCR5 or anti-CD4 as previously described [26]. The stained cells were
analyzed by using a Coulter XL flow cytometer (Beckman-Coulter, Fullerton, CA, USA). Eventswere
collected by gating on forward and 90° light scatter. Positive fluorescence was determined using a

matched isotype control 1gG conjugated with FITC or PE (BD-PharMingen).

HIV binding Assay
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MDMs cells were pretreated with or without 1 pg/ml of SI00A8 or S100A9 for 24 h. Cells were then
incubated with DNase-treated HIV-1 at 4 °C for 2 h, followed by washing with ice-cold PBS. Total RNA
was isolated using RNeasy Kit (Qiagen, Germantown, MD, USA) and reverse transcribed as previously
described [24]. HIV-1 binding amount was evaluated by measuring HIV gag gene expression by real time

PCR as described previously [24].

Western blotting

Western blotting was performed as previously described [27]. MDMs were treated with or without 1
pg/ml of S100A8, S100A9 or 10 ng/mL of LPS for 2 days. Cells were lysed in radioimmunoprecipitation
assay (RIPA) buffer(Boston, MA USA) supplemented with protease inhibitors (Sigma-Aldrich) and
phosphatase inhibitor (Thermo Scientific, Rockford, IL). Protein amounts were determined using the
BCA protein assay kit (Thermo Scientific). A total of 20 pg of whole cell lysate were resolved on a 3-8%
Tris-Acetate NUPAGE (Invitrogen) and analyzed by immunoblotting with anti-SPTBN1, anti-
APOBEC3G, (Abcam, Cambridge, MA, USA), or anti-Beta-Actin (Santa Cruz) as previously described
[27]. Signals on the membranes were detected using HRP-conjugated anti-rabbit or anti-mouse
immunoglobulins (GE Healthcare) with an ECL-plus kit (GE Headlthcare). Theintensity of the bands was

anayzed by NIH Image J (http://rsbweb.nih.gov/ij/).

Statistical analysis

Statistical analysis was performed using the Analysis ToolPak from Microsoft Excel. Results were
representative of at |east three independent experiments. The values were expressed as mean and SD of
individual samples. Statistical significance was determined by the Student’ st test. A p-vaue < 0.05 was

considered a significant difference between the experimental groups.

Results and Discussion
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To assess the function of each protein in HIV replication in primary cells, the activated CD4"-T cells and
MDMs were infected with X4 HIV-1 and R5 HIV-1, respectively [23]. The infected cells were cultured at
37°C under physiological concentrations (0—10 pg/mL) of recombinant SI00A8/A9 by exchanging half
of the medium every 3—4 days with fresh medium containing the same concentration of protein[23]. As
shown in Fig. 1aand 1b, the SI00A8/A9 complex had no impact on HIV replication in CD4" T cells and
MDMs. S100A8 and S100A9 have been reported to induce HIV in T cell lines[19]; thus, we assessed the
impact of each recombinant protein on HIV replication in primary T cellsand MDMs. HIV-infected T
cellsand MDMs were cultured in the presence of different concentration of SI00A8 or S100A9.
Interestingly, although both proteins had no effect on HIV replication in primary T cells (Fig. 1¢), they
inhibited HIV replication in MDMs in a dose-dependent manner (Fig. 1d). In the presence of 10 pg/mL
S100A8 and S100A9, HIV replication in MDMs was suppressed by 89+10% and 79+5.4% (n=3,
p<0.05), respectively, indicating that SLO0A8 and S100A9 exhibited anti-HIV effectsin primary MDMs.
To further characterize these anti-HIV effect, we pulse-treated MDMs with 1 ug/mL of each
protein for 24 h and then infected the pre-treated cells with HIV . Infected cells were cultured in the
absence of S100 proteins and viral replication was monitored. Monitoring of viral replication (Fig. 1€)
showed that the SLO0A8- and S100A9-treatment were sufficient to suppress HIV replication by 65+9.9%
and 77+6.7% (p<0.05, n=3), respectively. Thisinhibitory effect may involve suppression of HIV
infection or interference with the viral cycle after infection. To further elucidate the inhibitory mechanism,
we first compared the expression levels of CD4 and CCR5 in pulse-treated cells using FACS, as
previously described. FACS analysis demonstrated no changesin CD4 (Fig. 1f) or CCR5 expression (Fig.
1g). Thus, we assumed that the inhibition was caused by suppression of virus binding to receptors.
Conseguently, we conducted HIV binding assays using qRT-PCR. Pretreated cells were incubated with
HIV for 2h at 4°C. Total RNA (cellular RNA and viral RNA on the cell surface) was extracted, and gqRT-
PCR was then conducted. HIV gag viral RNA levels were normalized to GAPDH mRNA levels, and the

amount of HIV RNA was then compared. Pre-treatment had no effect on HIV binding (Fig. 1h). Next, we
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assessed the inhibitory effects of reverse transcription by measuring the copy numbers of proviral DNA
using gPCR. HIV-infected cells were cultured for 24 h, and genomic DNA was extracted and subjected to
gPCR as previously described [23]. S100A8 and S100A9-treatment decreased proviral DNA copy
numbers by 63+ 3.1% and 63+9.2 % (p<0.01, n=3) (Fig. 1i), suggesting that pre-treatment suppressed
HIV replication during reverse transcription after infection. We previously reported that Spectrin § Non-
Erythrocytic 1 (SPTBN1) plays akey role on HIV replication in MDMs and downregulation of the
expression of SPTBN1 suppressed HIV reverse transcription [23]. To address a potential mechanism of
S100A8 or S1I00A9-mediated RT suppression, we conducted Western blotting using cell lysates from the
pre-treated cells and anti-SPTBN1 antibody [23]. S100A8- and S100A9-treatment demonstrated a partial
downregulation of SPTBN1 expression to 58+24% and 60+£28% (p>0.05, n=3), respectively (Fig. 1j ),
indicating that SPTBN1 may be involved in HIV inhibition in the pretreated cells. HIV reverse
transcription is regulated by many host-required factors [23]; thus, further studies are needed to elucidate
the mechanisms mediating these inhibitory effects.

The concentrations of SIOOA8/A9 proteins are increased in patients with SARS-CoV 2 infection
[14], and these proteins are involved in the cytokine storm. Thus, we speculated that elevation of the
concentrations of both proteins may affect HIV replication in patients with HIV infection in whom the
disease is poorly controlled by combination antiretroviral therapy because HIV replication was shown to
be enhanced by S100A8 and S100A9 in a previous report [19]. However, our data indicated that the
complex proteins did not alter HIV replication in primary cells, suggesting that although the protein
concentration was increased in PLWH co-infected with SARS-CoV 2, these proteins may not directly
enhance HIV replication and instead each subunit may inhibit HIV replication. SLI00A9 is an intracellular
HIV inhibitor that suppresses the HIV reverse transcription reaction[17], and our data demonstrated that
the protein is an extracellular inhibitor; therefore, SI00A9 may have applications as therapeutic reagents.

Impact of SLI00A8 and S100A9 in co-infection with SARS-CoV 2 and other viruses, such as influenza
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virus or Hepatitis C virus, should also be considered, and further studies may provide important insights

into the regulation of viral load in SARS-CoV 2 co-infection.
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FigureLegend

Figure 1. Evaluation of anti-HIV effect of SI00A8/A9, S100A8 and S100A9 in primary cells. (a-b) T-
cells (a) and MDMs (b) were infected with HIV-1 and then cultured in the presence of different
concentrations of SI00A8/A9 combination. As a positive control of TLR4 stimulation, 10 ng/ml of LPS
(Sigma Aldrich) was used. Each assay was performed in quadruplicate and half of the culture
supernatants were changed in all experiments on every 3" or 4™ day with the fresh media containing the
same concentration of the recombinant proteins. HIV-1 replication was monitored HIV p24 antigen in the
culture supernatant by a p24 antigen capture assay. Data show means + SD and are representatives of
three independent experiments. (c and d) HIV-infected T cells (¢) and MDMs (d) were cultured in the
presence of different concentrations of SLI00A8 or S100A9. Each assay was performed in quadruplicate.
HIV-1 replication was monitored HIV p24 antigen in the culture supernatant by a p24 antigen capture
assay. Data show means + SD. and are representatives of three independent experiments. (€) MDMs were
pulse-treated with SI00A8 or S100A9 for 24 hr, and then the treated cells were infected with HIV. The
infected MDMs were culture for 14 days in the absence of S100 proteins with changing fresh medium on
every 3" or 4" day. HIV-1 replication was monitored HIV p24 antigen in the culture supernatant by a p24
antigen capture assay. Data show means + SE (n=3). (f and g) CD4 (f) and CCR5 (g) expression on the
treated cells were compared to that on untreated cells. Back shows isotype control, gray, red and blue
histogram indicate untreated cells, SI00A8 and S100A9-treated cells, respectively. Data shows a
representative of three independent experiments. (h) The binding assay was performed using the

pretreated MDMs. The cells were incubated with HIV on ice for two hr to alow virus binding. Virus
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RNA on cell surface was determined by gRT-PCR. The data show the means + SE of three independent
experiments. (i) MDM cells were pretreated with S100A8 and S100A9 for 24 h at 37°C. Cellswere
washed and infected with HIV for 2 h. The cellswere washed and then cultured for an additional 24 hin
the absence of recombinant proteins. The genomic DNA was isolated and used in gPCR for quantification
of proviral DNA copy numbers. A standard curve was generated using seria dilutions of plasmids
encoding HIVV gag or RNaseP gene to obtain absolute proviral DNA copy humbers as previously
described[23]. The results represent DNA copy numbers per 1 x 10° cells. The data show the means + SE
from three independent experiments. (j and k) Expression levels of SPTBN1in MDMsin whole-cell
lysates from two independent donors' cells were compared by Western blotting using an anti-SPTBN1
antibody (Abcam)[23]. As an internal control, anti-b-actin (Sigma Aldrich) was used. The intensity of
Western blot bands was analyzed using the ImageJ (NIH). Statistical analysis was done using Prism
(GraphPad). Statistical significance was determined by the Student’ st test. A p value<0.05 was
considered a significant difference. * p<0.05, **p<0.01.
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