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Abstract

Objective(s): The RV144 vaccine trial resulted in a decreased risk of HIV acquisition that was 

associated with a non-neutralizing antibody response. The objective of this study was to determine 

the impact of an additional boost to the RV144 vaccine regimen on antibody effector function and 

durability.
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Design: RV306 was a randomized, double-blind late boosting of the RV144 prime-boost regimen 

in HIV-uninfected Thai Adults (NCT01931358). This analysis included study participants who 

received the RV144 vaccine regimen and received no additional boost (Group 1) or were boosted 

with ALVAC-HIV and AIDSVAX (Group 2) or only AIDSVAX alone (Group 3) 24 weeks after 

completing the RV144 series.

Methods: Plasma samples from RV306 study participants were used to measure antibody 

dependent cellular phagocytosis (ADCP), antibody dependent neutrophil phagocytosis (ADNP), 

antibody dependent complement deposition (ADCD), antibody dependent cellular cytotoxicity 

(ADCC), and trogocytosis.

Results: Additional boosting increased the magnitude of all Fc mediated effector functions two 

weeks following the additional boost compared to two weeks after completing the RV144 regimen. 

However, only trogocytosis remained higher 24 to 26 weeks after the last vaccination for the study 

participants receiving an additional boost compared to those that did not receive an additional 

boost.

Conclusions: Additional boosting of RV144 improved the magnitude but not the durability of 

some Fc mediated effector functions that were associated with vaccine efficacy, with trogocytosis 

being the most durable.
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Introduction

To date, RV144 is the only HIV vaccine that showed some overall efficacy in preventing 

infections in a phase III clinical trial[1]. However, protective efficacy waned from 60% at 

12 months to 31% after 3.5 years, suggesting a decline of the protective immune responses. 

The RV144 vaccine regimen consisted of ALVAC-HIV administered at weeks 0, 4, 12, and 

24 together with AIDSVAX at weeks 12 and 24. Low Env-specific IgA responses or a high 

IgG/IgA ratio combined with high ADCC responses were identified as a secondary correlate 

of decreased risk of infection[2]. Studies conducted in non-human primates confirmed the 

efficacy of this regimen and that non-neutralizing functions of antibodies were associated 

with reduced risk of infections[3–5]. An association between non-neutralizing Fc-mediated 

effector functions of antibodies and reduced risk of HIV or SIV infection has also been 

reported for other vaccine regimens using DNA, protein, and, or viral vectors[6–8], therefore 

highlighting the importance that these functions may play in preventing HIV infection.

RV306 was a phase I clinical trial that administered the RV144 regimen with an 

additional boosting consisting of AIDSVAX B/E gp120 alone or together with ALVAC-

HIV (vCP1521)[9]. The additional boosting led to improvement in magnitude and 

durability of CD4 T cell responses, binding antibodies, and neutralization. However, the 

impact of the additional boost on Fc-mediated functions has not yet been characterized. 

Therefore, we sought to determine how antibody dependent cellular phagocytosis (ADCP), 

antibody dependent neutrophil phagocytosis (ADNP), antibody dependent complement 
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deposition (ADCD), trogocytosis, and antibody dependent cellular cytotoxicity (ADCC) 

were longitudinally impacted by an additional boosting in RV306 study participants.

Materials and methods

Study Design and Participants

The RV306 clinical trial (NCT01931358) was conducted in healthy Thai volunteers as 

previously described[9]. Plasma samples from Groups 1, 2, and 3 at weeks 0, 26, 50, and 

72 were used measure ADCP, ADNP, ADCD, ADCC, and trogocytosis. All plasma samples 

were run in parallel for ADCP, ADNP, ADCD, and trogocytosis. Effector cells for ADCC, 

ADNP, and trogocytosis were from one control donor each. Additional methods describing 

cell lines, primary cells, Fc-mediated effector function assays, and IgG subclasses binding 

are available in the supplementary material.

Statistical analysis:

All statistical analysis was performed using Graph Pad Prism version 9.4.1 for Mac OS 

(GraphPad Software, La Jolla, CA, USA). Paired comparisons within one Group were 

performed using Wilcoxon test. Comparisons between Groups were performed using the 

Mann-Whitney test. P values below 0.05 were considered significant.

Results

Reduced risk of infection in RV144 was associated with non-neutralizing function of 

antibodies. However, protection was found to decline rapidly over time. Therefore, we 

evaluated the impact of an additional boost on the RV144 vaccine regimen on Fc-mediated 

antibody effector functions magnitude and durability using plasma samples from RV306. 

Groups 2 and 3 received an additional vaccination at week 48 consisting of ALVAC-

HIV (vCP1521) together with AIDSVAX B/E gp120 or AIDSVAX B/E gp120 alone, 

respectively, and Group 1 consisted of the RV144 vaccine regimen without additional 

boosting (Supplemental Figure 1). ADCP, ADNP, ADCD, ADCC, and trogocytosis were 

evaluated longitudinally at weeks 0 (baseline), 26 (RV144 peak immunogenicity), 50 (2 

weeks post additional boost), and 72 (24 weeks post additional boost). All Fc-mediated 

functions were increased at week 50 compared to week 26 for both Groups 2 and 3 except 

for ADCD in Group 2 and ADCC in Group 3 (Figure 1A-E). All functions declined by 

week 72, although most study participants from Groups 2 and 3 maintained detectable 

ADCP and trogocytosis (Figure 1A and D). There was no difference in the magnitude of the 

Fc-mediated functions between Groups 2 and 3 after the additional boost (week 50) except 

for ADCD and ADNP (Figure 1B and C). Group 2 participants, receiving both ALVAC-HIV 

and AIDSVAX, had higher ADCD and ADNP compared to those of Group 3. For ADCD, 

there was a significant difference between Groups 2 and 3 already at week 26 (Figure 1C). 

There were no significant differences between Groups 2 and 3 at week 72 for all functions.

Next, we evaluated the impact of an additional boost on the durability of the Fc-mediated 

effector functions 24 to 26 weeks after the last vaccination by comparing Groups 2 and 

3 at week 72 to Group 1 (no additional boost) at week 50. There was no difference in 

ADCP, ADNP, ADCD, and ADCC between the groups (Figure 1A, B, C, and E). However, 
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study participants receiving an additional boost (Groups 2 and 3) had higher trogocytosis 

compared to those that did not (Group 1) (Figure 1D).

Finally, we measured the gp120 binding titer for IgG subclasses longitudinally in RV306 

participants. IgG1 and IgG4 titers were increased after an additional boost at week 50 

compared to week 26 for Groups 2 and 3 (Figure 2A and C). On the opposite, IgG3 titers 

were decreased at week 50 compared to week 26 for participants that received an additional 

boost (Figure 2B). No IgG2 binding was detected at any time point (data not shown). IgG1 

durability was increased with the additional boost when comparing Group 2 and 3 at week 

72 to Group 1 at week 50 (Figure 2A).

Discussion

One possible strategy to improve the durability of the RV144 vaccine regimen is additional 

boosting vaccinations. Here, we specifically looked at the effect of an additional boost 

on Fc-mediated antibody effector functions, some of which have been associated with 

reduced risk of infection in clinical trials or in animal models. Previous work using cross 

sectional samples evaluated the impact of two additional boosts on the RV144 vaccine 

regimen with an interval of 6 to 8 years and found that the additional boosts restored 

ADCP back to RV144 peak levels but increased the peak magnitude of other Fc-mediated 

functions[10]. Here, using longitudinal samples, we report that ADCP, similar to other Fc 

mediated functions, is also increased by an additional vaccination 24 weeks later. Similarly 

to the same previous study[10], we found that an additional boost increased both IgG1 and 

IgG4 but decreased IgG3. A similar pattern for IgG3 and IgG was also reported in the 

VAX003 and VAX004 that included additional protein boosts compared to RV144[11]. This 

may be important as the functional profile varies between the IgG subclasses. IgG3 has 

been associated with lower risk of infection in RV144[12] and high Fc-mediated antibody 

polyfunctionality while IgG4 has been negatively associated with antibody functionality[13]. 

Inclusion of ALVAC-HIV in the boost did not impact the levels of ADCP, trogocytosis 

or ADCC at the peak immunogenicity time point (week 50) but increased the levels of 

ADNP and ADCD. However, the levels of ADNP and ADCD were mostly undetectable 

for both Groups 24 weeks post vaccination, suggesting that if there is an additive effect of 

ALVAC-HIV on those functions, it is short lived. In fact, only monocyte mediated functions, 

ADCP and trogocytosis, remained detectable in most study participants 24–26 weeks after 

the last vaccination, indicating that activation of monocytes may have a lower threshold 

than activation of neutrophils and NK cells. This could be due in part to differences in 

expression of Fcγ receptors (FcγR) between the cell types as well as differences in affinity 

between the FcγR. HVTN702 tested ALVAC-HIV and bivalent gp120 subtype C together 

with MF59 and included additional boosts compared to RV144 but did not show efficacy[14]. 

This observation further highlights that strategies other than additional boosting will be 

needed to improve the durability of ADCC that was identified as a secondary correlate 

of reduced HIV acquisition risk in RV144. Delayed boosting, novel adjuvants, and novel 

antigens are some of the possible strategies that could be tested. Interestingly, trogocytosis 

was the only function in which both peak magnitude and durability were increased by an 

additional boost. Several functions have been associated with trogocytosis including immune 

evasion of target cells, increased antigen presentation by the effector cells, and target cell 
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killing (reviewed in [15]). Trogocytosis could play different functions in the context of 

natural infection compared to vaccination. One study using plasma samples from people 

living with HIV suggested that trogocytosis could reduce the viability of target cells and was 

associated with the development of broadly neutralizing antibodies[16]. More investigations 

are needed to understand the role of trogocystosis in the control of viral infections. Finally, 

understanding the determinants of vaccine durability would be beneficial for all HIV vaccine 

strategies.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Peak levels of Fc-mediated effector function are increased following an additional boost 
to the RV144 vaccine regiment.
ADCP (A), ADNP (B), ADCD (C), trogocytosis (D), and ADCC (E) were measured at 

weeks 0, 26, 50, and 72 in RV306 study participants. Black, red, and blue represent Groups 

1, 2, and 3 respectively. For ADNP and trogocystosis N= 21, 25, and 25 for Groups 1, 2, 

and 3 respectively. For ADCP, N= 21, 25, and 23 for Groups 1, 2, and 3 respectively. For 

ADCD, N= 21, 17, and 23 for Groups 1, 2, and 3 respectively. For ADCC, N= 9, 18, and 

18 for Groups 1, 2, and 3 respectively. The percentage of positive responses at each time 

point for each Group is indicated at the top of each graph. Dotted lines indicate the cutoff for 
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positivity. Error bars represent the median and interquartile range respectively. * indicates p 

< 0.05, ** indicates p < 0.01, and *** indicates p < 0.001.
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Figure 2. IgG subclass binding titer to gp120.
IgG1 (A), IgG3 (B), and IgG4 (C) antibody binding titers to HIV-1 gp120 A244 were 

measured by ELISA at weeks 0, 26, 50, and 72 in RV306 study participants. Black, 

red, and blue represent Groups 1 (N=21), 2 (N=25), and 3 (N=25) respectively. Each 

symbol represents the average of triplicate measurements for a participant. The percentage 

of positive responses at each time point for each Group is indicated at the top of each 

graph. Dotted lines indicate the cutoff for positivity. Error bars represent the median and 
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interquartile range respectively. *** indicates p < 0.001 ** indicates p < 0.01, and * 

indicates p < 0.05.
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