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HIV-1 infections commonly occur following exposure to semen at anogenital mucosae. Semen 

contains factors capable of both enhancing and diminishing the likelihood of HIV-1 transmission [1]. 

Understanding how semen contributes to the transmission of HIV-1 could assist with vaccine design. 

 

Semen from HIV-1-infected men contains anti-HIV-1 IgG that trigger antibody-dependent NK cell 

activation [2, 3]. Anti-HIV-1 antibodies with ADCC capacity in breast milk associate with protection of 

infants from mother-to-child transmission [4]. The relevance of semen-derived anti-HIV-1 IgG with 

Fc-dependent functions to mucosal HIV-1 transmission remains unknown. A characteristic of semen 

that could contribute to mucosal HIV-1 transmission is its immunosuppressive capacity. 

Immunosuppressive factors within semen could quell anti-viral immune responses and promote HIV-

1 transmission [5]. We previously demonstrated that seminal plasma (SP) from both HIV-1-

uninfected and -infected donors inhibits both direct and antibody-dependent responses of NK cells 

[6].  

 

Herein, we assessed: (1) if antiretroviral therapy (ART) resulted in a waning of the antibody-

dependent NK cell activation potential of semen-derived IgG; (2) if seminal anti-HIV-1 IgG with the 

capacity to trigger antibody-dependent NK cell activation recognize CD4-induced epitopes, such as 

the epitope recognized by the A32 monoclonal antibody, as is the case for anti-HIV-1 antibodies in 

blood plasma from infected individuals or vaccinees [7, 8]; and (3) If SP from donors with viremic 

versus ART-suppressed HIV-1 infections, or with or without active bacterial sexually transmitted 

infections, differ in terms of immunosuppressive capacity.     

 

We obtained paired SP and sera samples from dates prior to and following ART initiation from 11 

HIV-1-infected participants in the Opposites Attract study [9] (donor characteristics are listed in 
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Table S1 within the Supporting Material). Anti-HIV-1 antibody-dependent NK cell activation was 

measured using a previously described intracellular cytokine staining (ICS) assay (Figure 1A; 

Methodology is within Supporting Material) [6, 10]. No significant differences in anti-HIV-1 antibody-

dependent NK cell activation between samples from dates prior to and following initiation of ART 

were observed for a 1:1000 dilution of blood sera [median: 3.93% (0.26%–17.84%) vs 3.90% (0.20%–

21.65%), p=0.88] or SP-derived IgG utilized at the equivalent of a 1:10 dilution [2.83% (0.16%–

14.80%) vs 4.47% (0.23%–14.20%), p=0.46] (Figure 1B). As represented in Figure 1C, a positive 

correlation (r=0.86, p=0.002) was noted between the capacity of paired blood sera (1:1000 dilution) 

and SP-derived IgG (1:10 dilution) samples to trigger anti-HIV-1 antibody-dependent NK cell 

activation. 

 

We next assessed if SP-derived anti-HIV-1 IgG capable of activating NK cells recognize similar CD4-

induced epitopes as blood sera IgG. For this purpose, we performed a series of anti-HIV-1 antibody-

dependent NK cell activation ICS assays using Fab fragments of the A32 monoclonal antibody to 

block its CD4-induced epitope on cell surface-bound gp120. As shown in Figure 1D, the presence of 

A32 Fab significantly inhibited anti-HIV-1 antibody-dependent NK cell activation triggered by IgG 

derived from SP samples (used at equivalent of a 1:10 dilution) from nine HIV-1-infected donors 

[70.90% inhibition (14.03%–87.13%), p=0.004]. Similarly, A32 Fab fragments significantly inhibited 

anti-HIV-1 antibody-dependent NK cell activation by 1:10,000 dilutions of blood sera samples from 

nine HIV-1-infected donors [75.17% inhibition (28.18%–84.67%), p=0.004 ; Figure 1E]. 

 

Next, we assessed if viremic HIV-1 or active bacterial sexually transmitted infections altered the 

capacity of SP to suppress direct and antibody-dependent NK cell activation. We studied direct NK 

cell activation through intracellular IFNγ production following stimulation with MHC I deficient 

721.221 target cells, as previously described [6]. Antibody-dependent NK cell activation was 

measured as intracellular IFNγ production following stimulation with Rituximab-coated 721.221 
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target cells, as previously described [6]. The gating strategy used to analyze the capacity of SP to 

inhibit direct and antibody-dependent NK cell activation is depicted in Figure 2A. No significant 

difference was observed in the inhibition of direct [94.66% inhibition (82.3%–98.0%) vs 95.33% 

inhibition (56.26%–98.33%), p=0.62; Figure 2B] or antibody-dependent [89.53% inhibition (65.85%–

92.03%) vs 87.86% inhibition (85.01%–92.62%), p=0.76; Figure 2C] NK cell activation by 1:100 

dilutions of SP samples from 11 donors obtained at dates prior to or during ART. Similarly, no 

significant difference was observed in inhibition of direct [96.70% inhibition (90.51%–98.72%) vs 

95.63% inhibition (89.15%–97.98%), p=0.73; Figure 2D] or antibody-dependent [85.94% inhibition 

(70.72%–90.22%) vs 84.43% inhibition (65.99%–89.49%), p=0.25; Figure 2E] NK cell activation for 

1:100 dilutions of SP samples from nine additional Opposites Attract participants collected during 

urethral or rectal bacterial sexually transmitted infection(s) (Neisseria gonorrhoeae and/or 

Chlamydia trachomatis) or times when no infection was present.               

 

We demonstrate that anti-HIV-1 antibodies within semen overlap with antibodies present in blood 

plasma. Indeed, antibodies within paired SP and blood sera samples similarly recognize the CD4-

induced A32 epitope within the Cluster A region of HIV-1 envelope. Furthermore, the capacity of SP-

derived IgG to trigger anti-HIV-1 antibody-dependent NK cell activation correlates with the capacity 

of blood sera antibodies from the same donor to trigger NK cell activation. Lastly, we note that 

active HIV-1 infection, or bacterial infection(s), does not influence the capacity of SP to inhibit direct 

or antibody-dependent NK cell activation. Future research is needed to determine if seminal anti-

HIV-1 antibodies contribute to mucosal HIV-1 transmission efficiency. Furthermore, the impact of 

SP-mediated immunosuppression on vaccine-induced responses within mucosal tissues requires 

investigation.       
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Figure Legends: 
 
Figure 1. Anti-HIV-1 antibody-dependent NK cell activation by seminal plasma (SP) and blood 

antibodies. Anti-HIV-1 antibodies, derived from seminal plasma (SP) (n=11) or within paired blood 

sera samples (n=11) from HIV infected donors, were assessed for anti-HIV-1 antibody-dependent NK 

cell activation capacity. (A) Gating implemented to assess NK cell activation, identifying lymphocytes, 

single cells, CD56dimCD3- NK cells and revealing the proportion of NK cells expressing IFN in the 

presence of HIV-1- serum (top), presence of HIV-1+ serum (middle) or presence of SP-derived IgG 

from an HIV-1+ donor (bottom). (B) The relative anti-HIV-1 antibody-dependent NK cell activation 

triggered by 1:1,000 dilutions of paired blood sera samples (left) or by SP-derived IgG utilized at the 

equivalent of a 1:10 dilution (right) from samples collected prior to and following ART. Data were 

analyzed with Wilcoxon matched pairs tests. p<0.05 was considered significant. (C) The relationship 

between anti-HIV-1 antibody-dependent NK cell activation triggered by anti-HIV-1 antibodies within 

paired pre-ART blood sera and SP. Data were analyzed by Spearman correlation. p<0.05 was 

considered significant. (D-E) Percent inhibition of anti-HIV-1 antibody-dependent NK cell activation 

triggered by (D) SP-derived IgG or (E) blood sera against gp120-coated CEM.NKr-CCR5 target cells 

pre-treated or not with A32 Fab. Data were analyzed with Wilcoxon matched pairs tests. p<0.05 was 

considered significant. Lines on graphs depict the medians. The data represented within (A-C) are 

single measurements collected within a single experiment. The data represented in (D-E) are single 

measurements collected in two independent experiments.     
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Figure 2. Capacity of seminal plasma (SP) from viremic or suppressed HIV-1 infection or from 

sexually transmitted bacterial infections to inhibit NK cell activation. NK cells within PBMC were 

stimulated with 721.221 target cells uncoated or coated with the Rituximab (RTX) anti-CD20 

monoclonal antibody. NK cell activation was measured as intracellular IFN by flow cytometry. 

Experiments were conducted in the presence or absence of paired SP samples from HIV-1-infected 

donors, collected prior to (n=11) or following (n=11) initiation of ART or paired SP samples collected 

during (n=9) or before/after (n=9) Chlamydia trachomatis (CT) and/or Neisseria gonorrhoeae (GC) 

infection, to determine the relative ability of the SP samples to inhibit NK cell activation. (A) Gating 

implemented to assess NK cell activation, identifying lymphocytes, single cells, CD56dimCD3- NK cells 

and revealing the proportion of NK cells expressing IFN following direct (top) and antibody-

dependent stimulation (bottom) in the absence (No SP) or presence (With SP) of SP. (B) Graph 

depicts relative inhibition of direct activation of NK cells by 721.221 target cells by paired SP samples 

collected prior to and following initiation of ART. (C) The graph depicts the relative inhibition of the 

antibody-dependent activation of NK cells by RTX-coated 721.221 target cells by paired SP samples 

collected prior to or following initiation of ART. (D) The relative inhibition of direct NK cell activation 

by paired SP samples collected during or before/after CT and/or GC infection. (E) The relative 

inhibition of antibody-dependent NK cell activation by paired SP samples collected during or 

before/after CT and/or GC infection. Red lines in (D) and (E) indicate samples with urethral infections 

and black lines indicate samples with rectal infections. Data were analyzed with Wilcoxon matched 

pairs tests, and p<0.05 was considered significant. The data represented in (A-C) are single 

measurements collected across two experiments. The data represented in (D-E) are single 

measurements collected across two experiments.          
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Semen from HIV-1-infected men contains anti-HIV-1 antibodies and immunosuppressive factor(s). 

We assessed if suppression of viremia with antiretroviral therapy (ART) impacted seminal plasma 

immunosuppressive capacity or the Fc-dependent functions of seminal anti-HIV-1 antibodies. We 

also tested if active bacterial sexually transmitted infections (STIs) altered the immunosuppressive 

capacity of SP.  

 

 

 


