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Abstract

Purpose of the review—In this review, the roles of Fc-gamma (Fcγ) receptor polymorphisms

are discussed in regards to HIV-1 vaccine efficacy, HIV acquisition, and disease progression. In

addition, the significance of the neonatal immunoglobulin G (IgG) Fc receptor and potential

effects of the aggregated IgA Fc receptor (FcαR) are addressed.

Recent findings—Fc receptors undoubtedly play an important role in antibody-mediated action

in HIV infection and vaccines. Several studies have determined an association between

polymorphic variants of FcγRIIA and FcγRIIIA in the acquisition and progression of HIV-1

infection, and in responses to vaccination regimens. A rather complex relationship exists between

the relative affinity of these molecules and their impact on HIV disease acquisition and

progression and HIV vaccine efficacy.

Summary—The discrepancies between different investigations of the role of Fc receptor

polymorphisms appear to derive from the complex nature of the Fc receptor functions including

factors like epistatic interactions and the race, gender, age and relative risk behavior of the

investigated individuals. Furthermore, Fc receptors in nonhuman primates (NHP), the key model

to study an AIDS-like disease in an animal model, appear to be even more diverse than in humans,

and the function of these proteins has not been extensively explored. Given the critical role of Fc

receptors in antibody-mediated function in humans and NHP, more investigations are needed to

fully understand and exploit these functions for vaccine design.
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Introduction

In the seminal study by Hessel et al. in 2007 [1], the role of Fc receptors (FcR) for HIV-

specific antibody function was demonstrated in the non-human primate (NHP) model. This

study showed a dramatic decrease in the protection afforded by broadly neutralizing

antibodies when the Fc-binding activity was engineered out. In addition, a recent study using
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mice expressing human FcγRs has also shown that broadly neutralizing hemagglutinin stalk-

specific antibodies require interaction with activating FcγRs to provide protection against

influenza [2]. Furthermore, the RV144 clinical trial in Thailand, which showed a modest

protective effect, demonstrated that in the presence of low levels of HIV-specific plasma

IgA, non-neutralizing IgG binding antibodies capable of antibody dependent cellular

cytotoxicity [ADCC] were associated with a decreased risk of infection [3,4]. The function

of FcR is, however, dependent on polymorphic allelic forms of these receptors. The

importance of FcR polymorphisms in clinical outcome has been extensively documented in

oncology where an increased relative affinity of the polymorphic Fc receptor allelic forms

resulted in a more efficient immunologic control of cancers [5]. In this review, we will

summarize the role of Fc-gamma receptor (FcγR) polymorphisms in vaccine efficacy and

HIV acquisition/infection and disease progression. In addition, we will discuss the potential

roles of the neonatal IgG Fc receptor (FcRn) and Fc-alpha receptor (FcαR) in HIV infection

and vaccines.

Fc receptors

Antibodies mediate some of their effector activities via their Fc domains attaching to cellular

receptors. Each subclass of antibody/immunoglobulin binds to different classes of receptors.

Fcγ receptors

Fcγ receptors (FcγR) are the cellular receptors which bind the crystallizable fragment or Fc

region of IgG subtype antibodies, i.e. the base portion of the “Y”-shaped immunoglobulin

monomer. FcR can be divided into two main types: activating and inhibitory. There are six

different types of FcγR: FcγRI (CD64), FcγRIIA (CD32A), FcγRIIC (CD32C), FcγRIIIA

(CD16A), FcγRIIIB (CD16B), which are all activating receptors, and FcγRIIB (CD32B), the

only inhibitory receptor [6]. The activating receptors, with the exception of FcγRIIA, require

association with a separate signaling protein, the γ-chain, in order for cell signaling to occur

[7]. FcγRIIA and FcγRIIB have intrinsic signaling motifs, immunoreceptor tyrosine based

activation motif (ITAM) or immunoreceptor tyrosine based inhibition motif (ITIM),

respectively within their cytoplasmic tails. FcγR are expressed on most cells of the innate

immune system (monocytes, macrophages, natural killer [NK] cells, neutrophils, and others)

and on B cells, but not on T cells. NK cells typically express FcγRIIIA and in some

individuals FcγRIIC [8,9]. FcγRIIB is predominantly expressed on neutrophils, eosinophils

and B cells. FcγRIIA is the most widely expressed FcγR and is usually co-expressed with

FcγRIIB, as this receptor regulates the immune response [10]. FcγRIIA and FcγRIIIA retain

low affinity for monomeric IgG and preferentially bind to immune complexes [10]. FcγRI is

the only high-affinity FcγR in that it can bind both monomeric antibodies and immune

complexes. Upon ligation of the receptors with immune complexes, several effector

functions can be elicited including ADCC, antibody dependent cellular phagocytosis

(ADCP), and antibody dependent cellmediated virus inhibition (ADCVI).

Fcγ receptor single nucleotide polymorphisms (SNP)

Allelic variations in the form of a single nucleotide polymorphism (SNP) occur in FcγRIIA

and FcγRIIIA, at positions 131 and 158, respectively. Human FcγRI is not polymorphic.

These SNPs attain clinical and functional relevance, effecting IgG binding, immune effector
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functions and responsiveness to biological medicines [11]. FcγRIIA has a polymorphic

residue at position 131, either a histidine or an arginine (H131R). The presence of at least

one H allele is required for binding to IgG2, and binding to IgG1 and IgG3 is higher

compared to binding to receptors with R allele [12]. FcγRIIIA has a single nucleotide

polymorphism at position 158 resulting in either a phenylalanine (F) or valine (V). The V

allele has a greater affinity for IgG than the F allele, which has clinical implications in the

monoclonal antibody therapy for B-cell lymphoma and other cancers [5]. The pathogenesis

of infectious diseases can be modulated by these allelic variants. HIV disease progression,

risk of infection and vaccine efficacy have been shown to be affected by these

polymorphisms [13]. However, some study results appear contradictory or not replicated in

various patient cohorts.

FcγRIIA and HIV

Several studies have investigated the role of FcγRIIA polymorphism in HIV infection,

acquisition after vaccination, or disease progression. FcγRIIA genotype has been

demonstrated to predict progression of HIV infection. Specifically, patients homozygous for

the low binding allele, RR131, progressed to a CD4+ cell count of <200 cells/mm3 more

rapidly than individuals homozygous for the high binding allele, HH131, or heterozygous

for the two alleles (RH131). However, the same study also showed that individuals with the

HH131 genotype were more likely to develop pneumocystis jirovecci pneumonia as AIDS-

defining opportunistic disease [14]. Likewise, the HH131 genotype has been associated with

increased risk of placental malaria in HIV–infected women [15] and other perinatal

infections [16].

The presence of the H allele, either in the heterozygous RH131 or homozygous HH131

version, was associated with lower HIV replication in patients who mounted a robust anti-

p24 IgG2 response after vaccination with a highly attenuated recombinant fowlpox virus

vector expressing HIV Gag-Pol and interferon-gamma (IFN-γ)[17]. Moreover, individuals

with HH131 genotype exhibited the highest ADCVI responses after vaccination with

recombinant gp120 protein. The effect of the H allele was a dose-dependent, with RH131

having intermediate and RR131 the lowest ADCVI activity [18]. In contrast, other studies

including the RV144 trial and VAX004 trials have not found an association of this allele

with HIV infection or response to vaccination (poster 420, Kijak et al., CROI 2012 [19]).

FcγRIIIA and HIV-1

There is still some uncertainty regarding the role of FcγRIIIA in HIV-1 infection, disease

progression, and vaccination. V158F polymorphism, which is caused by different isoforms

with either a valine (V) or a phenylalanine (F) in amino acid position 158 of FcγRIIIA,

results in different binding affinity to IgG1 and IgG3. Forthal et al. showed no effect of

V158F polymorphism on HIV-1 disease progression in infected individuals in the

Multicenter AIDS Cohort Study (MACS) [14]. However, they recapitulated findings of an

association of V158F gene polymorphism and the development of Kaposi’s sarcoma (KS) as

AIDS-defining illness [14,20]. In contrast, Poonia et al. showed that the homozygous

FcγRIIIA-VV158 genotype was associated with a higher rate of HIV disease progression

[21]. While VV158 individuals were predominantly in the HIV progressor group, higher
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frequencies of the V158 allele were also detected among all HIV infected patients compared

to natural virus suppressors and uninfected controls. Conversely, the combination of

FcγRIIIA-FF158 and FcγRIIA-RR131, i.e. double homozygosity for low activity alleles,

was associated with HIV disease progression [22].

FcγRIIIA-V158 has been associated with acquisition of HIV infection after vaccination in

different trials utilizing different vaccination regimens or vaccine modalities. After

vaccination with recombinant gp120 (HIV-1 envelope glycoprotein) in the Vax004 trial,

individuals with low sexual risk-behavior were found at enhanced infection risk when they

were homozygous VV158, with even higher infection risk than in individuals with the FF or

FV genotype and high behavioral risk. This increased risk based on the VV158 genotype

also became apparent, although not significantly, in the placebo vaccinated group [19].

Testifying to the complicated nature of Fc receptor and immune-related gene loci attributing

to HIV infection risk after vaccination, another analysis found no association between

FcγRIIA-H131R or FcγRIIIA-V158F variants alone and risk of infection. However, when

analyzed in combination with GM or KM alleles, genetic markers of immunoglobulin γ and

κ-type light chains, respectively, an association was noted between the GM23+/- allele and

the high affinity V158 allele. An association was lacking for GM or KM alleles alone and

KM/Fc receptor combinations [22]. Extensive analysis of the RV144 trial, revealed that the

vaccine more efficiently protected individuals with the FF158 genotype in regards to disease

progression to a CD4+ T cell count of <350 cells/μl, time to highly active antiretroviral

therapy (HAART) initiation, or AIDS-defining illnesses. These modulatory effects were

only significant in males (Poster 420, Kijak et al., CROI 2012). This gender bias observation

correlates with the previous study showing an effect of the FcγRIIIA genotype on

vaccination, compared to studies which could not replicate the effect, as the VAX004 trial

was a male only cohort. Therefore these studies point to risks with both the low-binding and

high binding alleles, depending on what other genetic factors and endpoints are considered.

Neonatal IgG Fc receptor in vaccination and infection

The neonatal IgG Fc receptor (FcRn) is a major histocompatibility complex (MHC) class I-

like heterodimer composed of the ligand binding α-chain non-covalently associated to β-2-

microglobulin, the signaling domain [23,24]. It is expressed in a variety of cells and tissues

including the mucosal epithelial cell barriers in the intestine, the lung, and at the maternal-

fetal barrier of the placental mucosal epithelium [25]. In early life, FcRn provides passive

immunity to the fetus in utero via transfer of maternal IgG [26]. In adults, its function is to

transport IgG across polarized epithelial cells and to rescue IgG and albumin from lysosomal

degradation, contributing to the long plasma half-life of these proteins [27]. A unique feature

of FcRn is the pH-dependent binding [28]. IgG is internalized into early endosomes, acidic

intracellular compartments, in which FcRn binds to the Fc region of IgG. The FcRn-IgG

complexes are transported from the apical cell membrane via recycling endosomes that bud

and mature into secretory vesicles to the opposite baso-lateral side of the cell where FcRn

releases IgG, mediated by the neutral pH at the plasma membrane [29].

As the neonatal IgG Fc receptor (FcRn) transports IgG in mucosal epithelia, fusion proteins

were engineered to target antigens at mucosal surfaces, allowing transcytosis to the antigen
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presenting cells (APCs) on the other side. Fusion proteins of HIV-Gag (p24) to the Fc region

of IgG in the presence of the adjuvant CpG were administered to mice intranasally. This

immunization regimen resulted in local and systemic immunity, including Gag-specific

antibody responses in serum and at mucosal sites. In addition, durable memory responses

were induced, such as antibody secreting plasma cells and IFNγ-producing T cells that

provided protection against challenge with a recombinant vaccinia virus expressing HIV

Gag protein [30].

FcRn has been attributed to facilitating sexual transmission of HIV-1 by enhancing

transcytosis across cervico-vaginal, penile urethra, and intestinal epithelia. Anti-HIV-1-

specific-IgG-complexed HIV-1 isolates showed enhanced transcytosis, augmented by the

acidic pH of cervico-vaginal or seminal fluids, facilitating viral transmission to susceptible

target cells in the mucosal tissue. The transcytosis was abrogated in FcRn-knockdown cells

or when FcRn-IgG interaction was blocked. Strong binding antibodies resulted in a more

FcRn-dependent transcytosis rendering the virus more infectious, while strong neutralizing

antibodies reduced the infectivity of the transcytosed virus [31]. These investigations raise

questions whether non-neutralizing, binding antibodies are at all beneficial for containment

of viral spread, which is an issue that requires further exploration utilizing animal models.

FcαR and HIV

The role of IgA antibodies in HIV-1 vaccines remains subject to debate. The RV144 clinical

trial indicated that augmented HIV-Env specific serum IgA levels correlated with decreased

protection efficacy; however, mucosal IgA was not measured [3]. In a recent DNA-based

vaccine study aimed at elucidating the role of mucosal IgA in vaccine efficacy, macaques

receiving an additional mucosal adjuvant had a protection rate of 80% compared to 60%

with the DNA vaccine only. Protected monkeys had increased levels of vaginal IgA, but a

correlation with serum IgA was lacking. The greatest viremic control was achieved in

monkeys with the highest levels of vaginal IgG and IgA. The authors concluded that vaginal

IgA is protective against mucosal transmission and that mucosal sampling should be

included in future clinical studies (oral abstract OA04.02, Hutnick et al., AIDS Vaccine

2013). In light of these findings a deeper understanding of the receptors for IgA is warranted

in both humans and macaques.

FcαR has been shown to alternatively splice in both humans and macaques, with ten and six

splice variants reported, respectively. In addition, a single nucleotide polymorphism (SNP)

is present in the cytoplasmic domain of human FcαR (also known as CD89), resulting in

either serine or glycine at position 248 (S248G). These alleles differ significantly in calcium

mobilization, degranulation, and cytokine release. The G248 allele mediates interleukin-6

(IL-6) release independently of FcR γ-chain association, whereas the S248 allele cannot.

Similar to some FcγR allelic forms, the G248 allele occurs enriched in systemic lupus

erythematosus populations and therefore may contribute to the pro-inflammatory potential

of IgA [32]. The role of FcαR in HIV-1 infection and vaccination remains unclear. Future

studies may help examine whether FcαR are polymorphic in widely used NHP models and

elucidate their role in HIV/SIV infection and vaccines.
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Nonhuman primate studies of Fc receptors

NHP such as rhesus, pig-tailed and cynomolgus macaques are widely used in the pre-clinical

evaluation of monoclonal antibodies and vaccine candidates. As NHP can be infected with

pathogenic simian immunodeficiency virus (SIV), the simian equivalent for HIV, the

SIV/NHP animal model is one of the most important research tools in the quest for an

effective HIV-1 vaccine. As the effector functions of antibodies are mediated by FcR, the

sequence and function of the receptors in NHP are of crucial importance to translate into

optimized vaccine design by addressing efficient antibody production and function. FcγR in

rhesus macaques are highly polymorphic, with three FcγRI, five FcγRIIA and three

FcγRIIIA allelic variants being described in a small cohort of nine animals [33]. Another

study identified different FcγRIIIA allelic variants in rhesus macaques. These allelic variants

resulted in different outcomes after administration of an anti-CD20 antibody [34].

Sequences obtained from pig-tailed macaques confirmed a high degree of polymorphism in

FcγRIIA, with eight distinct allelic variants identified [35]. These studies indicate that a

more thorough investigation of the full range of FcR in different NHP species, utilizing

larger cohorts from several breeding colonies, is warranted for a more accurate interpretation

of vaccine and therapeutic antibody studies in NHP models.

As NHP are extensively used to study an AIDS-like disease in an animal model and/or serve

as study subjects in preclinical AIDS vaccine trials, the diversity and function of FcR is

currently being extensively investigated in a number of laboratories including our own. In

light of the difficulty in eliciting broadly neutralizing antibodies, multiple laboratories are

investigating the efficacy of antibodies that are specifically designed either in regards to

their immunoglobulin class and/or their relative activity of the Fc domain and the antibody

glycosylation pattern [36]. Passive immunization strategies in NHP are extensively

performed to determine which characteristics of antibodies may yield the best possible

outcome in low dose AIDS virus challenge studies [37].

Conclusions

While the clinical advantage of relative high affinity polymorphic forms of FcR has been

extensively documented in oncology, the functions of these receptors appear to be by far

more complex in HIV-infected individuals and vaccine trials. Reasons for this heterogenic

outcome are likely multifarious; it is conceivable that the number of individuals investigated

is still too low to determine a definitive conclusion. In addition, the particular circumstances

of HIV-infected individuals or vaccinees may significantly influence whether the overall

impact of the polymorphisms is more beneficial or not. While a relatively higher affinity

will result in an increased efficacy, this could also mean that the overall immune activation

is increased, which is not necessarily beneficial in HIV infection. A further complication is

the observation that certain bacterial, viral and parasitic protozoal infectious agents may

benefit from higher affinity polymorphic Fc receptors, and thus an increased pathogenicity

may be observed in humans [14,15,20,38].
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More detailed investigations are needed to fully appreciate the overall role of Fc receptors in

HIV pathogenesis in humans and NHP. The ultimate goal should be to determine how this

knowledge can be harnessed for optimal design of an effective HIV vaccine.

Acknowledgments

This work was supported by the National Institutes of Health grant AI097315 and the Center for HIV-AIDS
Vaccine Immunology-Immunogen Design (CHAVI-ID) grant AI100645.

References and recommended reading

1. Hessell AJ, Hangartner L, Hunter M, Havenith CE, Beurskens FJ, Bakker JM, Lanigan CM,
Landucci G, Forthal DN, Parren PW, et al. Fc receptor but not complement binding is important in
antibody protection against HIV. Nature. 2007; 449:101–104. [PubMed: 17805298]

2*. Dilillo DJ, Tan GS, Palese P, Ravetch JV. Broadly neutralizing hemagglutinin stalk-specific
antibodies require FcgammaR interactions for protection against influenza virus in vivo. Nat
Med. 2014 Provides mechanisitic insights into the role of Fc-FcγR interactions of broadly
neutralizing antibodies.

3. Haynes BF, Gilbert PB, McElrath MJ, Zolla-Pazner S, Tomaras GD, Alam SM, Evans DT,
Montefiori DC, Karnasuta C, Sutthent R, et al. Immune-correlates analysis of an HIV-1 vaccine
efficacy trial. N Engl J Med. 2012; 366:1275–1286. [PubMed: 22475592]

4. Gottardo R, Bailer RT, Korber BT, Gnanakaran S, Phillips J, Shen X, Tomaras GD, Turk E, Imholte
G, Eckler L, et al. Plasma IgG to linear epitopes in the V2 and V3 regions of HIV-1 gp120 correlate
with a reduced risk of infection in the RV144 vaccine efficacy trial. PLoS One. 2013; 8:e75665.
[PubMed: 24086607]

5*. Mellor JD, Brown MP, Irving HR, Zalcberg JR, Dobrovic A. A critical review of the role of Fc
gamma receptor polymorphisms in the response to monoclonal antibodies in cancer. J Hematol
Oncol. 2013; 6:1. Excellent review that touches on the impact of Fc receptor polymorphisms and
efficacy of immunologic control of oncologic diseases. [PubMed: 23286345]

6. Nimmerjahn F, Ravetch JV. Fcgamma receptors: old friends and new family members. Immunity.
2006; 24:19–28. [PubMed: 16413920]

7. Wirthmueller U, Kurosaki T, Murakami MS, Ravetch JV. Signal transduction by Fc gamma RIII
(CD16) is mediated through the gamma chain. J Exp Med. 1992; 175:1381–1390. [PubMed:
1314888]

8. Metes D, Ernst LK, Chambers WH, Sulica A, Herberman RB, Morel PA. Expression of functional
CD32 molecules on human NK cells is determined by an allelic polymorphism of the
FcgammaRIIC gene. Blood. 1998; 91:2369–2380. [PubMed: 9516136]

9. Ernst LK, Metes D, Herberman RB, Morel PA. Allelic polymorphisms in the FcgammaRIIC gene
can influence its function on normal human natural killer cells. J Mol Med (Berl). 2002; 80:248–
257. [PubMed: 11976734]

10. Nimmerjahn F, Ravetch JV. Antibody-mediated modulation of immune responses. Immunol Rev.
2010; 236:265–275. [PubMed: 20636822]

11. Bournazos S, Woof JM, Hart SP, Dransfield I. Functional and clinical consequences of Fc receptor
polymorphic and copy number variants. Clin Exp Immunol. 2009; 157:244–254. [PubMed:
19604264]

12. Bruhns P, Iannascoli B, England P, Mancardi DA, Fernandez N, Jorieux S, Daeron M. Specificity
and affinity of human Fcgamma receptors and their polymorphic variants for human IgG
subclasses. Blood. 2009; 113:3716–3725. [PubMed: 19018092]

13. van Sorge NM, van der Pol WL, van de Winkel JG. FcgammaR polymorphisms: Implications for
function, disease susceptibility and immunotherapy. Tissue Antigens. 2003; 61:189–202.
[PubMed: 12694568]

14. Forthal DN, Landucci G, Bream J, Jacobson LP, Phan TB, Montoya B. FcgammaRIIa genotype
predicts progression of HIV infection. J Immunol. 2007; 179:7916–7923. [PubMed: 18025239]

Cocklin and Schmitz Page 7

Curr Opin HIV AIDS. Author manuscript; available in PMC 2015 May 01.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



15. Brouwer KC, Lal AA, Mirel LB, Otieno J, Ayisi J, Van Eijk AM, Lal RB, Steketee R, Nahlen BL,
Shi YP. Polymorphism of Fc receptor IIa for immunoglobulin G is associated with placental
malaria in HIV-1-positive women in western Kenya. J Infect Dis. 2004; 190:1192–1198.
[PubMed: 15319871]

16. Brouwer KC, Lal RB, Mirel LB, Yang C, van Eijk AM, Ayisi J, Otieno J, Nahlen BL, Steketee R,
Lal AA, et al. Polymorphism of Fc receptor IIa for IgG in infants is associated with susceptibility
to perinatal HIV-1 infection. AIDS. 2004; 18:1187–1194. [PubMed: 15166534]

17. French MA, Tanaskovic S, Law MG, Lim A, Fernandez S, Ward LD, Kelleher AD, Emery S.
Vaccine-induced IgG2 anti-HIV p24 is associated with control of HIV in patients with a ‘high-
affinity’ FcgammaRIIa genotype. AIDS. 2010; 24:1983–1990. [PubMed: 20634666]

18. Forthal DN, Gilbert PB, Landucci G, Phan T. Recombinant gp120 vaccine-induced antibodies
inhibit clinical strains of HIV-1 in the presence of Fc receptor-bearing effector cells and correlate
inversely with HIV infection rate. J Immunol. 2007; 178:6596–6603. [PubMed: 17475891]

19. Forthal DN, Gabriel EE, Wang A, Landucci G, Phan TB. Association of Fcgamma receptor IIIa
genotype with the rate of HIV infection after gp120 vaccination. Blood. 2012; 120:2836–2842.
[PubMed: 22915639]

20. Lehrnbecher TL, Foster CB, Zhu S, Venzon D, Steinberg SM, Wyvill K, Metcalf JA, Cohen SS,
Kovacs J, Yarchoan R, et al. Variant genotypes of FcgammaRIIIA influence the development of
Kaposi’s sarcoma in HIV-infected men. Blood. 2000; 95:2386–2390. [PubMed: 10733511]

21. Poonia B, Kijak GH, Pauza CD. High affinity allele for the gene of FCGR3A is risk factor for HIV
infection and progression. PLoS One. 2010; 5:e15562. [PubMed: 21187939]

22. Pandey JP, Namboodiri AM, Bu S, De Dieu Tapsoba J, Sato A, Dai JY. Immunoglobulin genes
and the acquisition of HIV infection in a randomized trial of recombinant adenovirus HIV vaccine.
Virology. 2013; 441:70–74. [PubMed: 23582638]

23. Kuo TT, Baker K, Yoshida M, Qiao SW, Aveson VG, Lencer WI, Blumberg RS. Neonatal Fc
receptor: from immunity to therapeutics. J Clin Immunol. 2010; 30:777–789. [PubMed: 20886282]

24. Rath T, Kuo TT, Baker K, Qiao SW, Kobayashi K, Yoshida M, Roopenian D, Fiebiger E, Lencer
WI, Blumberg RS. The immunologic functions of the neonatal Fc receptor for IgG. J Clin
Immunol. 2013; 33(Suppl 1):S9–17. [PubMed: 22948741]

25. Zhu X, Meng G, Dickinson BL, Li X, Mizoguchi E, Miao L, Wang Y, Robert C, Wu B, Smith PD,
et al. MHC class I-related neonatal Fc receptor for IgG is functionally expressed in monocytes,
intestinal macrophages, and dendritic cells. J Immunol. 2001; 166:3266–3276. [PubMed:
11207281]

26. Brambell FW. The transmission of immune globulins from the mother to the foetal and newborn
young. Proc Nutr Soc. 1969; 28:35–41. [PubMed: 4182340]

27. Chaudhury C, Mehnaz S, Robinson JM, Hayton WL, Pearl DK, Roopenian DC, Anderson CL. The
major histocompatibility complex-related Fc receptor for IgG (FcRn) binds albumin and prolongs
its lifespan. J Exp Med. 2003; 197:315–322. [PubMed: 12566415]

28. Raghavan M, Bonagura VR, Morrison SL, Bjorkman PJ. Analysis of the pH dependence of the
neonatal Fc receptor/immunoglobulin G interaction using antibody and receptor variants.
Biochemistry. 1995; 34:14649–14657. [PubMed: 7578107]

29. Lencer WI, Blumberg RS. A passionate kiss, then run: exocytosis and recycling of IgG by FcRn.
Trends Cell Biol. 2005; 15:5–9. [PubMed: 15653072]

30. Lu L, Palaniyandi S, Zeng R, Bai Y, Liu X, Wang Y, Pauza CD, Roopenian DC, Zhu X. A
neonatal Fc receptor-targeted mucosal vaccine strategy effectively induces HIV-1 antigen-specific
immunity to genital infection. J Virol. 2011; 85:10542–10553. [PubMed: 21849464]

31*. Gupta S, Gach JS, Becerra JC, Phan TB, Pudney J, Moldoveanu Z, Joseph SB, Landucci G,
Supnet MJ, Ping LH, et al. The Neonatal Fc receptor (FcRn) enhances human immunodeficiency
virus type 1 (HIV-1) transcytosis across epithelial cells. PLoS Pathog. 2013; 9:e1003776.
Intriguing observation that provides critical analysis as to the function of binding versus
neutralizing HIV-specific antibodies during initial HIV infection. [PubMed: 24278022]

32. Wu J, Ji C, Xie F, Langefeld CD, Qian K, Gibson AW, Edberg JC, Kimberly RP. FcalphaRI
(CD89) alleles determine the proinflammatory potential of serum IgA. J Immunol. 2007;
178:3973–3982. [PubMed: 17339498]

Cocklin and Schmitz Page 8

Curr Opin HIV AIDS. Author manuscript; available in PMC 2015 May 01.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



33. Nguyen DC, Scinicariello F, Attanasio R. Characterization and allelic polymorphisms of rhesus
macaque (Macaca mulatta) IgG Fc receptor genes. Immunogenetics. 2011; 63:351–362. [PubMed:
21327607]

34. Miller CJ, Genesca M, Abel K, Montefiori D, Forthal D, Bost K, Li J, Favre D, McCune JM.
Antiviral antibodies are necessary for control of simian immunodeficiency virus replication. J
Virol. 2007; 81:5024–5035. [PubMed: 17329327]

35. Trist HM, Tan PS, Wines BD, Ramsland PA, Orlowski E, Stubbs J, Gardiner EE, Pietersz GA,
Kent SJ, Stratov I, et al. Polymorphisms and Interspecies Differences of the Activating and
Inhibitory FcgammaRII of Macaca nemestrina Influence the Binding of Human IgG Subclasses. J
Immunol. 2014; 192:792–803. [PubMed: 24342805]

36. Moldt B, Shibata-Koyama M, Rakasz EG, Schultz N, Kanda Y, Dunlop DC, Finstad SL, Jin C,
Landucci G, Alpert MD, et al. A nonfucosylated variant of the anti-HIV-1 monoclonal antibody
b12 has enhanced FcgammaRIIIa-mediated antiviral activity in vitro but does not improve
protection against mucosal SHIV challenge in macaques. J Virol. 2012; 86:6189–6196. [PubMed:
22457527]

37*. Barouch DH, Whitney JB, Moldt B, Klein F, Oliveira TY, Liu J, Stephenson KE, Chang HW,
Shekhar K, Gupta S, et al. Therapeutic efficacy of potent neutralizing HIV-1-specific monoclonal
antibodies in SHIV-infected rhesus monkeys. Nature. 2013; 503:224–228. This publication
demonstrates the potential of neutralizing antibody-mediated control of AIDS-virus infections.
[PubMed: 24172905]

38. Zuniga J, Buendia-Roldan I, Zhao Y, Jimenez L, Torres D, Romo J, Ramirez G, Cruz A, Vargas-
Alarcon G, Sheu CC, et al. Genetic variants associated with severe pneumonia in A/H1N1
influenza infection. Eur Respir J. 2012; 39:604–610. [PubMed: 21737555]

Cocklin and Schmitz Page 9

Curr Opin HIV AIDS. Author manuscript; available in PMC 2015 May 01.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



Key points

1. Fc receptors play an important role in antibody-mediated action of HIV-specific

antibodies.

2. As a consequence of the importance of Fc receptors in HIV antibody function,

polymorphic allelic forms of FcγRIIA and FcγRIIIA with a higher affinity

“should” be associated with a more benign disease course of HIV infection

and/or more efficient vaccine protection. However, a conclusive result as to the

relative role of polymorphic allelic variants of these receptors is still elusive.

3. Recent observations have shown that the neonatal IgG Fc receptor may enhance

HIV-1 transcytosis across epithelial cells.
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