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Abstract

Human immunodeficiency virus (HIV) carries abundant human cell proteins,
particularly human leukocyte antigen (HLA) molecules when the virus leaves
host cells. Immunization in macaques with HLAs protects the animals from
simian immunodeficiency virus infection. This finding offers an alternative
approach to the development of HLA molecule-based HIV vaccines. Decades
of studies have enhanced a great deal of our understanding of the mechanisms
of allo-immune response-mediated anti-HIV immunity. These include
cell-mediated immunity, innate immunity, and antibody response. These
studies provided a rationale for the future design of effective HIV vaccines.
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Introduction

Vaccination is the most efficient and cost-effective way to
prevent infectious diseases, which has been proven in diseases
such as smallpox, polio, and yellow fever. However, despite
decades of research, development of an effective human immu-
nodeficiency virus (HIV) vaccine has not been successful.
Currently, there are an estimated 37 million HIV-infected people
worldwide, and only half of them are receiving anti-retroviral
therapy (ART). It is unlikely that ART alone will stop all HIV
infections and end the epidemic, and an HIV vaccine is essential
for ending the HIV/AIDS pandemic'.

The concept of an allo-immunization vaccine strategy was
conceived decades ago’™. In 1991, James Stott and colleagues
first demonstrated that macaques immunized with human
T-cell lines alone exhibited sterilizing immunity to intravenous
challenge with simian immunodeficiency virus (SIV) grown in the
same T-cell lines’. Subsequent studies identified that human
leukocyte antigen (HLA) molecules expressed on the T-cell lines
play an important role in eliciting protection®. These findings
raised the possibility that HLAs in humans (allo-immune reac-
tions) can be used in HIV vaccines, as HLA genes are highly
polymorphic in the human population and induce potent cellular
and humoral immune responses. This idea of potentially using
HLA as constituents in HIV vaccines has been advocated by a
group led by Thomas Lehner in over a decade’s research, which
gained further insight into the mechanisms of allo-immunity-
mediated protection®*. These include antibodies, cell immu-
nity, and innate immunity. The use of purified recombinant HLA
class I and II alleles combined with viral antigens has demon-
strated the significant role of HLA molecules and viral antigens
in eliciting protection in macaques’. Similar studies were carried
out in allo-immunization in macaques by using recombinant
Mamu major histocompatibility complex (MHC) molecules
combined with SIV antigens®.

On its surface, HIV displays envelope (Env) glycoproteins
(termed spikes) that are composed of two subunits: three
molecules of gpl20 linked non-covalently to three molecules
of gp4l. Between the viral envelope proteins, the viral lipid
membrane contains abundant host cell-derived HLAs as well as
some other host-cell proteins which are selectively incorporated
into the envelope of the virions. One study estimated that more
HLA proteins than gpl40 molecules are incorporated into the
membrane of virions’. HLA molecules have both well-defined
and stable polymorphisms, making them an attractive alternative
target for HIV vaccine design.

This review will summarize previous studies on HLA-based HIV
vaccines and some recent new findings. It will also discuss the
future designs of HLA allo-antigen-based HIV vaccines.

HLA polymorphism

HLA class I molecules (A, B, and C) have over 12,000 differ-
ent alleles and class II molecules have over 4,000 alleles among
populations. HLA class I and II molecules are heterodimeric and
have variable extracellular and relatively constant transmembrane
and intracytoplasmic domains. The class I molecule consists
of a 45 kDa heavy chain and a light chain ($-2 microglobulin),
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and the MHC class II molecule is composed of two 30 kDa
membrane-spanning proteins. HLA genes contain eight exons.
Exons 2 and 3 encode the o-1 and o-2 domains for class I and the
o-1 and B-1 for class II, which both bind and present the peptide
to T cells. The great majority of the polymorphism found in the
class I and II genes occurs in the a-1 and o-2 (class I) and the o-1
and B-1 (class IT) domains'.

Allogeneic non-self-antigens are responsible for inducing
allo-immune reaction. HLAs are the major allo-antigens. These
highly polymorphic antigens, which are expressed on all nucle-
ated cells, are capable of eliciting unusually large polyclonal
T-cell responses and antibodies. Two forms of allo-recognition
of foreign HLA molecules exist. The first involves recogni-
tion by T cells of intact non-self-MHC molecules complexed to
endogenous peptides (“direct” allo-recognition). The second
pathway involves the recognition of allogeneic MHC mole-
cules as peptides presented by self-MHC molecules (“indirect”
allo-recognition). Allo-recognition is characterized by uniquely
high frequencies of responding T cells. The mechanism of allo-
recognition is believed to be part of the self-restricted T-cell
repertoire established by “positive selection”. Direct alloreac-
tivity is the result of cross-reactivity of T-cell receptors (TCRs)
that bind self-HLA-restricted peptides. However, recognition of
MHC allo-antigens by allo-specific B cells is quite different from
T cells. Allo-antigen polymorphic determinants are readily bound
by B-cell receptors (surface immunoglobulins), which can be
internalized and present as HLA-peptide antigen to T cells. This
represents an important route of amplifying immune response
and also producing anti-HLA antibodies''.

Cell-mediated anti-HIV allo-immunity

T-cell response to allogeneic HLA molecules represents a
powerful natural immune response. Development of allogeneic
responses seems to be not uncommon among the human
population, and this has been described in heterosexual and
homosexual monogamous partners practicing unprotected sex,
which showed allogeneic CD4* and CDS8* T-cell prolifera-
tive responses to the partners’ unmatched cells'>'?. CD4* T cells
from these allogeneic responders (recipients) also showed resist-
ance to HIV infection in vitro, suggesting that cell-mediated
allogeneic response may play an important role in the preven-
tion of HIV infection"”. Genetic, epidemiological, and experi-
mental evidence showed that the HLA molecules are critical in
controlling HIV infection'*. Sharing HLA class I molecules,
particularly HLA-B alleles, is associated with an increased risk
of HIV-1 transmission in discordant couples and HIV verti-
cal transmission between mother and child"*-". These findings
suggest that allogeneic immune responses elicited by HLA-B
may play an important role in the protection against HIV transmis-
sion. Early studies demonstrated that both systemic allo-immu-
nization in humans and mucosal allo-immunization in macaques
significantly upregulated the concentrations of CD8 cell-
derived soluble anti-HIV factors, such as HIV suppressor factor,
CCL2, 3, and 5, which also downregulated the proportion of
cells expressing CCRS and CXCR4, the co-receptors for HIV
infection. These in vivo allogeneic stimulated CD4* T cells
also showed a dose-dependent decrease in HIV/SIV infectiv-
ity in vitro'*". In addition to producing anti-HIV soluble factors,
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allogeneic CD8* T-cell responses were reported to be able to
kill incoming infected CD4* cells which may carry viral anti-
gen-associated HLA class I molecules and therefore may play a
complementary role in reducing cell-associated transmission®’.
It is interesting to note that only HLA-B-mediated allogeneic
cytotoxic T lymphocyte (CTL) responses can lead to significant
cell killing”. The reason for this is not clear; it may be because
of higher precursor frequency against HLA-B alleles than
HLA-A alleles observed in the human population”'**.

Innate immunity

Innate immunity is an early response system, largely inde-
pendent of prior encounter with a pathogen. Innate immunity
can be classified into cellular, extracellular, and intracellular
components. The human immune system has developed a number
of innate mechanisms that can interrupt HIV infection at vari-
ous stages: (i) inhibition of HIV-1 by downmodulation or block-
ing of the CCRS co-receptor induced by an increase in the CC
chemokines CCL3, CCL4, and CCLS5 and (ii) inhibition of HIV-
1 which may have escaped the CCRS5-mediated mechanism
by upregulation of intracellular host-encoded HIV-1 restriction
factors by interfering with viral RNA reverse transcription and
post-integration restriction and adherence. In recent years, a
number of restriction factors of HIV replication have been
described, such as APOBEC3G (A3G, apolipoprotein B mRNA
editing enzyme, catalytic polypeptide-like 3G) or F protein,
TRIMS5-a, Tetherin, SAMHD, and MX2%,

Stimulation of human CD4* T cells with allogeneic cells or
recombinant HLA-A construct in vitro upregulated A3G mRNA,
which is correlated with the allogeneic T-cell proliferative
responses”**. The mechanism of upregulation of A3G mRNA
involves interaction between HLA on dendritic cells (DCs) and
TCR of CD4* T cells, which is ZAP70 and downstream ERK
phosphokinase signaling dependent and induces CD40L and
A3G mRNA expression in CD4* T cells”. Allo-immune
response-induced A3G was found to be significantly increased
in CD4*CD45RA* naive, CCR5"* and CD45RACCR7- effector
memory T cells”. In vivo studies of women allo-immunized with
their partners’ peripheral blood mononuclear cells also showed
a significant increase in A3G protein in CD45RO* memory
and CCR7- effector memory T cells. The functional effect of
allo-stimulation upregulating A3G was demonstrated by a
significant decrease in in vitro infectivity™.

Systemic immunization of rhesus macaques with recombinant
HLA constructs, linked with HIV/SIV antigens and heat shock
protein 70 (HSP70) to dextran, showed significant upregulation
of A3G in CD27* memory B cells and CD4* effector memory
T cells®. Interestingly, activation-induced cytidine deaminase
(AID), a member of the deaminase family, is also upregulated.
AID is important for antibody somatic hypermutation and class
switch recombination, and upregulation of AID in B cells is
directly correlated with A3G in B and T cells, and both AID
and A3G upregulation was correlated with protection against
SHIV (simian/human immunodeficiency virus) challenge in
macaques™. There was also an increase in interleukin-15 (IL-15)
in DCs and CD40L in CD4* T cells. IL-15 binds the IL-15 receptor
complex in CD4* T and B cells and upregulates A3G, which can
be further enhanced by CD40L—CD40 interaction.
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The role of antibodies

The role of anti-cell antibodies, particularly anti-HLA antibodies,
in protection against SIV/HIV infection has been studied exten-
sively. Numerous studies have demonstrated that antibodies to
HLA molecules can effectively neutralize HIV-1 in a comple-
ment-dependent manner™**’~*. These studies also shed some light
on the mechanisms of anti-HLA antibodies produced in macaques
(xeno) and in humans (allo) in protection against SIV/HIV
infection and the importance of adequate antibody titers and
adjuvant used.

In xeno-immunization of macaques with human T-cell lines, the
induction of anti-HLA antibodies plays an important role in pro-
tection™’. Recent studies using recombinant HLA class I and
IT and HIV/SIV antigens demonstrated that anti-HLA antibody
alone is not sufficient in eliciting protective immunity against
heterologous SHIV challenge in rhesus macaques. The protec-
tion was achieved in combination with viral antigens and was
able to be passively transferred by serum’. There is evidence
that allo-antibodies can also protect against HIV/SIV infection®.
Immunization of macaques with recombinant Mamu MHC
constructs and HIV gpl20 elicits plasma and mucosal IgG
and IgA antibodies to the antigens and protects against rectal
challenge with SHIV. In humans, induction of allo-antibodies
has been demonstrated in women receiving whole-cell
allo-immunization in the form of leukocyte immunotherapy for
recurrent spontaneous abortion'’. The role of anti-HLA anti-
bodies in protection against HIV infection in vivo is not clear;
in vitro studies suggest that the antibodies can neutralize
HIV-1 infection in cell-based assay’’. Both anti-HLA antibod-
ies induced in macaques (xeno) and humans (allo) neutralize
SIV/HIV grown in the donor CD4* T cells in a complement-
dependent manner’"’~’.

The binding epitopes of polyclonal anti-HLLA antibodies induced
in macaques (xeno) and in humans (allo) are significantly
different. It has been shown using HLA bead arrays that
macaque anti-HLA antibodies were directed against whole HLA
structure (polymorphisms and non-polymorphism determinants)
and bound to almost all HLA alleles irrespective of the HLA
alleles used for immunization, and this was demonstrated in
cell line-immunized” and purified HLA molecule-immunized
macaques’. In contrast, polyclonal allo-antibodies produced in
humans, such as transplant patients” and multiparous women’',
are usually directed against HLA polymorphism. Furthermore,
allo-antibodies induced in allo-immunized women are demon-
strated to be specific to HLA molecules present in the donor
haplotype but not recipient haplotypes®. This difference
may explain the different efficacy between xeno- and allo-
immunization in protection against SIV/HIV infection.

Other antibodies

Allo-immunization with unmatched leukocytes from partners
of women with recurrent spontaneous abortion elicits specific
antibodies to the CCRS, the co-receptor for RS HIV. These
antibodies were also found in the sera of multiparous women
who were naturally immunized by semi-allogeneic fetal
antigens. Antibodies to CCRS have been isolated from healthy
donors, in CCR5-lacking subjects (Delta32 mutation) who were
sensitized with CCR5* cells, in HIV-infected patients, and from

Page 3 of 6



HIV-exposed, seronegative (ESN) subjects”. Antibodies to
CCRS were also found in rhesus macaques immunized with SIV
grown in human CD4* T cells” and allo-immunized women™.
CCRS antibodies were also demonstrated in macaques immu-
nized with various domains of CCR5 molecules and significantly
protect macaques from SIV infection®. Recent studies found
that administration of antibodies to the integrin 04f7, the hom-
ing receptor, leads to significant protection from transmission’’.
Whereas antibodies to CCRS can inhibit RS HIV entry by
blocking CCRS5 on the cell surface, the antibodies against o437
incorporated into the envelope of HIV-1 virions™ may play an
important role in protection.

The prospect of an HLA molecule-based vaccine

Most research in developing HIV vaccines has been focused
on the induction of protective immune responses against HIV-
encoded proteins. It is well known that HIV uses several
strategies to evade the host immune system. A high degree of
glycosylation in combination with an error-prone reverse
transcriptase leads to conformational masking of conserved
epitopes. High mutation rates not only make it difficult for the
immune system to generate broadly neutralizing antibodies
against HIV-1 Env but also enable the virus to escape the
CD8* T-cell-mediated CTL response. The abundant host
membrane proteins, particularly HLA molecules that can elicit
protective immunity in macaques, present an alternative approach
to developing effective HIV vaccines™™***.

There are a number of obstacles to be overcome in design-
ing HLA molecule-based vaccines. It is evident that an HLA
molecule as a xeno-antigen is more effective in macaques to
protect against SIV or SHIV infection. Emerging evidence shows
that immune response to HLA non-polymorphic regions may play
an important role in eliciting protection, as was demonstrated in
xeno-immunized macaques™”. In contrast, in allo-immunized
humans, immune response is largely directed against HLA mol-
ecule polymorphism”~'. The importance of immune responses
to non-polymorphic epitopes in protection against HIV infection
can also be envisaged, given that HIV carries a donor’s HLA
only in the initial exposure to the virus when the recipient’s
allo-immune response may have the best opportunity to prevent
infection. Once the virus has established infection in the
individual host, the viral envelope will carry recipient HLA
molecules and the allogeneic-based immune response directed to
the polymorphism may diminish its effect to eliminate the virus.
To induce immune response to HLA non-polymorphic epitopes,
which are effectively auto-antigens, one needs to break down
immune tolerance. This can be achieved by using a different
immunization regime or by inducing cross-reactions to HLA
non-polymorphic determinants through the modification of
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antigens. However, if one induced immune response to HLA
non-polymorphism, the risk for the host is not clear, as some
antibodies against T-cell surface molecules can cause severe
adverse effects’’. An effective HLA antigen-based vaccine also
needs to be able to elicit high titers of antibodies, which were
demonstrated to be correlated with HIV-neutralizing activity
in vitro and the viral load in the infected macaques in vivo'. In
order to achieve a high titer of antibodies, particularly in humans
of allo-immunization, one needs to consider using more potent
adjuvants, such as TLR agonist HSP70’.

A vaccine including only HLA molecules may not be sufficient
to elicit protection’. Other antigen components, such as viral
antigens, may be required in order to achieve protection’. The
reason for this is not clear. Studies have shown that antiviral
activity of anti-HLA allo-antibodies can be greatly enhanced in
combination with anti-HIV protein antibodies®. Heteroliga-
tion of HIV gp140 and non-HIV antigens greatly increases the
binding affinity of antibodies, and many conventional anti-HIV-
neutralizing antibodies cross-react with cell-associated antigens,
which may contribute to the neutralizing effect”. Furthermore,
multiple components likely increase vaccine immunogenicity to
elicit humoral, cellular, and innate immune responses.

Conclusions

Since it was discovered that xeno-immunization response
induced by human T-cell lines can protect macaques from SIV
infection, a great deal of research has been carried out on the
possibility of using human cell antigens, in particular HLA
molecules, as allo-antigen-based HIV vaccines. The polymor-
phic nature of HLA molecules and the potency of allogeneic
immune reaction have been demonstrated to elicit anti-HLA
antibodies, T-cell-mediated anti-HIV immunity, and innate
anti-HIV immunity that can neutralize HIV, inhibit HIV infection
by blocking viral entry or post-entry transcription, or eliminate
virus-infected cells. Studies also show that immune response
to HLA non-polymorphic determinants may be important in
protection against HIV infection. Harnessing this potent force
of allogeneic immune responses could benefit our design of
HLA molecule-based HIV vaccines which can play an important
role in combating the HIV pandemic.

Competing interests
The author declares that they have no competing interests.

Grant information

The author(s) declared that no grants were involved in supporting
this work.

F1000 recommended

1. Fauci AS: An HIV Vaccine Is Essential for Ending the HIV/AIDS Pandemic.
JAMA. 2017; 318(16): 1535-6.
PubMed Abstract | Publisher Full Text | F1000 Recommendation

2. Shearer GM, Clerici M, Dalgleish A: Alloimmunization as an AIDS vaccine?
Science. 1993; 262(5131): 161-2.
PubMed Abstract | Publisher Full Text

Page 4 of 6


https://f1000.com/prime/733460536
http://www.ncbi.nlm.nih.gov/pubmed/29052689
http://dx.doi.org/10.1001/jama.2017.13505
https://f1000.com/prime/733460536
http://www.ncbi.nlm.nih.gov/pubmed/8211133
http://dx.doi.org/10.1126/science.8211133

20.

21.

22.

28.

Lehner T, Shearer GM, Hackett CJ, et al.: Alloimmunization as a strategy for
vaccine design against HIV/AIDS. AIDS Res Hum Retroviruses. 2000; 16(4):
309-13.

PubMed Abstract | Publisher Full Text

Lehner T, Shearer GM: Alternative HIV vaccine strategies. Science. 2002;
297(5585): 1276-7.
PubMed Abstract | Publisher Full Text

Stott EJ: Anti-cell antibody in macaques. Nature. 1991; 353(6343): 393.
PubMed Abstract | Publisher Full Text | F1000 Recommendation

Chan WL, Rodgers A, Hancock RD, et al.: Protection in simian
immunodeficiency virus-vaccinated monkeys correlates with anti-HLA class |
antibody response. J Exp Med. 1992; 176(4): 1203-7.

PubMed Abstract | Publisher Full Text | Free Full Text

Mormer A, Jansson M, Bunnik EM, et al.: Immunization with recombinant
HLA classes | and II, HIV-1 gp140, and SIV p27 elicits protection against
heterologous SHIV infection in rhesus macaques. J Virol. 2011; 85(13): 6442-52.
PubMed Abstract | Publisher Full Text | Free Full Text | F1000 Recommendation

Yang GB, Wang Y, Babaahmady K, et al.: Immunization with recombinant
macaque major histocompatibility complex class | and Il and human
immunodeficiency virus gp140 inhibits simian-human immunodeficiency virus
infection in macaques. J Gen Virol. 2012; 93(Pt 7): 1506—18.

PubMed Abstract | Publisher Full Text

E Arthur LO, Bess JW Jr, Sowder RC 2nd, et al.: Cellular proteins bound to
immunodeficiency viruses: implications for pathogenesis and vaccines.
Science. 1992; 258(5090): 1935-8.

PubMed Abstract | Publisher Full Text | F1000 Recommendation

Williams TM: Human leukocyte antigen gene polymorphism and the
histocompatibility laboratory. J Mol Diagn. 2001; 3(3): 98—104.
PubMed Abstract | Publisher Full Text | Free Full Text

Lakkis FG, Lechler RI: Origin and biology of the allogeneic response. Cold
Spring Harb Perspect Med. 2013; 3(8): pii: a014993.

PubMed Abstract | Publisher Full Text | Free Full Text | F1000 Recommendation
Peters B, Whittall T, Babaahmady K, et al.: Effect of heterosexual intercourse

on mucosal alloimmunisation and r 1ce to HIV-1 infection. Lancet. 2004;
363(9408): 518-24.

PubMed Abstract | Publisher Full Text

Kingsley C, Peters B, Babaahmady K, et al.: Heterosexual and homosexual
partners practising unprotected sex may develop allogeneic immunity and to a
lesser extent tolerance. PLoS One. 2009; 4(11): e7938.

PubMed Abstract | Publisher Full Text | Free Full Text | F1000 Recommendation

Goulder PJ, Walker BD: HIV and HLA class I: an evolving relationship.
Immunity. 2012; 37(3): 426-40.

PubMed Abstract | Publisher Full Text | Free Full Text | F1000 Recommendation
Dorak MT, Tang J, Penman-Aguilar A, et al.: Transmission of HIV-1 and HLA-B
allele-sharing within serodiscordant heterosexual Zambian couples. Lancet.
2004; 363(9427): 2137-9.

PubMed Abstract | Publisher Full Text

Lockett SF, Robertson JR, Brettle RP, et al.: Mismatched human leukocyte
antigen alleles protect against heterosexual HIV transmission. J Acquir Immune
Defic Syndr. 2001; 27(3): 277-80.

PubMed Abstract | Publisher Full Text

MacDonald KS, Embree J, Njenga S, et al.: Mother-child class | HLA
concordance increases perinatal human immunodeficiency virus type 1
transmission. J Infect Dis. 1998; 177(3): 551-6.

PubMed Abstract | Publisher Full Text | F1000 Recommendation

Wang Y, Tao L, Mitchell E, et al.: Allo-immunization elicits CD8* T cell-
derived chemokines, HIV suppressor factors and resistance to HIV infection in
women. Nat Med. 1999; 5(9): 1004-9.

PubMed Abstract | Publisher Full Text | F1000 Recommendation

Bergmeier LA, Babaahmady K, Wang Y, et al.: Mucosal alloimmunization
elicits T-cell proliferation, CC chemokines, CCR5 antibodies and inhibition of
simian immunodeficiency virus infectivity. J Gen Virol. 2005; 86(Pt 8): 2231-8.
PubMed Abstract | Publisher Full Text | F1000 Recommendation

Sabbaj S, Scanlon N, Du VY, et al.: Brief Report: Enhanced Allogeneic Cellular
Responses to Mismatched HLA-B Antigens Results in More Efficient Killing of
HIV Infected Cells. J Acquir Inmune Defic Syndr. 2016; 71(5): 493—7.

PubMed Abstract | Publisher Full Text | Free Full Text

Roelen DL, van Bree SP, van Beelen E, et al.: Cytotoxic T lymphocytes against
HLA-B antigens are less naive than cytotoxic T lymphocytes against HLA-A
antigens. Transplantation. 1994; 57(3): 446-50.

PubMed Abstract | Publisher Full Text

Zhang L, van Bree S, van Rood JJ, et al.: The effect of individual HLA-A and -B
mismatches on the generation of cytotoxic T lymphocyte precursors.
Transplantation. 1990; 50(6): 1008—10.

PubMed Abstract | Publisher Full Text

E Bosinger SE, Utay NS: Type | interferon: understanding its role in HIV
pathogenesis and therapy. Curr HIV/AIDS Rep. 2015; 12(1): 41-53.
PubMed Abstract | Publisher Full Text | F1000 Recommendation

F1000Research 2018, 7(F1000 Faculty Rev):874 Last updated: 22 JUN 2018

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

Scheller J, Singh M, Bergmeier L, et al.: A recombinant human HLA-class |
antigen linked to dextran elicits innate and adaptive immune responses.
J Immunol Methods. 2010; 360(1-2): 1-9.

PubMed Abstract | Publisher Full Text

Pido-Lopez J, Wang Y, Seidl T, et al.: The effect of allogeneic in vitro
stimulation and in vivo immunization on memory CD4* T-cell APOBEC3G
expression and HIV-1 infectivity. Eur J Immunol. 2009; 39(7): 1956—65.
PubMed Abstract | Publisher Full Text | F1000 Recommendation

Wang Y, Whittall T, Rahman D, et al.: The role of innate APOBEC3G and
adaptive AID immune responses in HLA-HIV/SIV immunized SHIV infected
macaques. PLoS One. 2012; 7(4): e34433.

PubMed Abstract | Publisher Full Text | Free Full Text

Leith JG, Clark DA, Matthews TJ, et al.: Assessing human alloimmunization as
a strategy for inducing HIV type 1 neutralizing anti-HLA responses. A/IDS Res
Hum Retroviruses. 2003; 19(11): 957-65.

PubMed Abstract | Publisher Full Text

Hildgartner A, Wilflingseder D, Gassner C, et al.: Induction of complement-
mediated lysis of HIV-1 by a combination of HIV-specific and HLA allotype-
specific antibodies. /mmunol Lett. 2009; 126(1-2): 85-90.

PubMed Abstract | Publisher Full Text | F1000 Recommendation

Page M, Quartey-Papafio R, Robinson M, et al.: Complement-mediated virus
infectivity neutralisation by HLA antibodies is associated with sterilising
immunity to SIV challenge in the macaque model for HIV/AIDS. PLoS One.
2014; 9(2): e88735.

PubMed Abstract | Publisher Full Text | Free Full Text | F1000 Recommendation

El-Awar N, Lee JH, Tarsitani C, et al.: HLA class | epitopes: recognition
of binding sites by mAbs or eluted alloantibody confirmed with single
recombinant antigens. Hum Immunol. 2007; 68(3): 170-80.

PubMed Abstract | Publisher Full Text | F1000 Recommendation

Ahrons S: HL-A antibodies: influence on the human foetus. Tissue Antigens.
1971; 1(3): 129-36.
PubMed Abstract | Publisher Full Text

Venuti A, Pastori C, Lopalco L: The Role of Natural Antibodies to CC
Chemokine Receptor 5 in HIV Infection. Front Immunol. 2017; 8: 1358.
PubMed Abstract | Publisher Full Text | Free Full Text | F1000 Recommendation

Lehner T, Wang Y, Doyle C, et al.: Induction of inhibitory antibodies to the
CCR5 chemokine receptor and their complementary role in preventing SIV
infection in macaques. Eur J Immunol. 1999; 29(8): 2427-35.

PubMed Abstract | Publisher Full Text | F1000 Recommendation

Wang Y, Underwood J, Vaughan R, et al.: Allo-immunization elicits CCR5
antibodies, SDF-1 chemokines, and CD8-suppressor factors that inhibit
transmission of R5 and X4 HIV-1 in women. Clin Exp Immunol. 2002; 129(3):
493-501.

PubMed Abstract | Publisher Full Text | Free Full Text

Bogers WM, Bergmeier LA, Oostermeijer H, et al.: CCRS5 targeted SIV
vaccination strategy preventing or inhibiting SIV infection. Vaccine. 2004;
22(23-24): 2974-84.

PubMed Abstract | Publisher Full Text | F1000 Recommendation

Bogers WM, Bergmeier LA, Ma J, et al.: A novel HIV-CCR5 receptor vaccine
strategy in the control of mucosal SIV/HIV infection. AIDS. 2004; 18(1): 25-36.
PubMed Abstract | Publisher Full Text

E Byrareddy SN, Arthos J, Cicala C, et al.: Sustained virologic control in

SIV* macaques after antiretroviral and o,f, antibody therapy. Science. 2016;
354(6309): 197-202.

PubMed Abstract | Publisher Full Text | Free Full Text | F1000 Recommendation

Guzzo C, Ichikawa D, Park C, et al.: Virion incorporation of integrin a4p7
facilitates HIV-1 infection and intestinal homing. Sci Immunol. 2017; 2(1):

pii: eaam7341.

PubMed Abstract | Publisher Full Text | Free Full Text | F1000 Recommendation

Zamani C, Elzey JD, Hildreth JE: Greater ethnic diversity correlates with
lower HIV prevalence in Africa: justification for an alloimmunity vaccine. HIV
AIDS (Auckl). 2013; 5: 75-80.

PubMed Abstract | Publisher Full Text | Free Full Text | F1000 Recommendation

Singh A, Warren J, Schultz A, et al.: Working group consultation:
alloimmunity as a vaccine approach against HIV/AIDS: National Institutes of
Health Meeting Report, May 24, 2012. AIDS Res Hum Retroviruses. 2013; 29(6):
851-8.

PubMed Abstract | Publisher Full Text | Free Full Text | F1000 Recommendation

Suntharalingam G, Perry MR, Ward S, et al.: Cytokine storm in a phase 1 trial
of the anti-CD28 monoclonal antibody TGN1412. N Engl J Med. 2006; 355(10):
1018-28.

PubMed Abstract | Publisher Full Text | F1000 Recommendation

Mougquet H, Scheid JF, Zoller MJ, et al.: Polyreactivity increases the
apparent affinity of anti-HIV antibodies by heteroligation. Nature. 2010;
467(7315): 591-5.

PubMed Abstract | Publisher Full Text | Free Full Text | F1000 Recommendation

Page 5 of 6


http://www.ncbi.nlm.nih.gov/pubmed/10716368
http://dx.doi.org/10.1089/088922200309188
http://www.ncbi.nlm.nih.gov/pubmed/12194176
http://dx.doi.org/10.1126/science.297.5585.1276b
https://f1000.com/prime/10509956
http://www.ncbi.nlm.nih.gov/pubmed/1815549
http://dx.doi.org/10.1038/353393a0
https://f1000.com/prime/10509956
http://www.ncbi.nlm.nih.gov/pubmed/1402662
http://dx.doi.org/10.1084/jem.176.4.1203
http://www.ncbi.nlm.nih.gov/pmc/articles/2119400
https://f1000.com/prime/10643957
http://www.ncbi.nlm.nih.gov/pubmed/21490092
http://dx.doi.org/10.1128/JVI.00129-11
http://www.ncbi.nlm.nih.gov/pmc/articles/3126489
https://f1000.com/prime/10643957
http://www.ncbi.nlm.nih.gov/pubmed/22492918
http://dx.doi.org/10.1099/vir.0.041061-0
https://f1000.com/prime/10510956
http://www.ncbi.nlm.nih.gov/pubmed/1470916
http://dx.doi.org/10.1126/science.1470916
https://f1000.com/prime/10510956
http://www.ncbi.nlm.nih.gov/pubmed/11486048
http://dx.doi.org/10.1016/S1525-1578(10)60658-7
http://www.ncbi.nlm.nih.gov/pmc/articles/1906958
https://f1000.com/prime/732700264
http://www.ncbi.nlm.nih.gov/pubmed/23906882
http://dx.doi.org/10.1101/cshperspect.a014993
http://www.ncbi.nlm.nih.gov/pmc/articles/3721272
https://f1000.com/prime/732700264
http://www.ncbi.nlm.nih.gov/pubmed/14975614
http://dx.doi.org/10.1016/S0140-6736(04)15538-4
https://f1000.com/prime/1282067
http://www.ncbi.nlm.nih.gov/pubmed/19956755
http://dx.doi.org/10.1371/journal.pone.0007938
http://www.ncbi.nlm.nih.gov/pmc/articles/2775923
https://f1000.com/prime/1282067
https://f1000.com/prime/720540637
http://www.ncbi.nlm.nih.gov/pubmed/22999948
http://dx.doi.org/10.1016/j.immuni.2012.09.005
http://www.ncbi.nlm.nih.gov/pmc/articles/3966573
https://f1000.com/prime/720540637
http://www.ncbi.nlm.nih.gov/pubmed/15220037
http://dx.doi.org/10.1016/S0140-6736(04)16505-7
http://www.ncbi.nlm.nih.gov/pubmed/11464148
http://dx.doi.org/10.1097/00126334-200107010-00010
https://f1000.com/prime/10511958
http://www.ncbi.nlm.nih.gov/pubmed/9498431
http://dx.doi.org/10.1086/514243
https://f1000.com/prime/10511958
https://f1000.com/prime/10510959
http://www.ncbi.nlm.nih.gov/pubmed/10470076
http://dx.doi.org/10.1038/12440
https://f1000.com/prime/10510959
https://f1000.com/prime/10512956
http://www.ncbi.nlm.nih.gov/pubmed/16033970
http://dx.doi.org/10.1099/vir.0.80802-0
https://f1000.com/prime/10512956
http://www.ncbi.nlm.nih.gov/pubmed/26588705
http://dx.doi.org/10.1097/QAI.0000000000000901
http://www.ncbi.nlm.nih.gov/pmc/articles/4788531
http://www.ncbi.nlm.nih.gov/pubmed/8108881
http://dx.doi.org/10.1097/00007890-199402150-00023
http://www.ncbi.nlm.nih.gov/pubmed/2256142
http://dx.doi.org/10.1097/00007890-199012000-00022
https://f1000.com/prime/725348640
http://www.ncbi.nlm.nih.gov/pubmed/25662992
http://dx.doi.org/10.1007/s11904-014-0244-6
https://f1000.com/prime/725348640
http://www.ncbi.nlm.nih.gov/pubmed/20542039
http://dx.doi.org/10.1016/j.jim.2010.05.008
https://f1000.com/prime/10510960
http://www.ncbi.nlm.nih.gov/pubmed/19585516
http://dx.doi.org/10.1002/eji.200939228
https://f1000.com/prime/10510960
http://www.ncbi.nlm.nih.gov/pubmed/22514633
http://dx.doi.org/10.1371/journal.pone.0034433
http://www.ncbi.nlm.nih.gov/pmc/articles/3326050
http://www.ncbi.nlm.nih.gov/pubmed/14678602
http://dx.doi.org/10.1089/088922203322588305
https://f1000.com/prime/733460545
http://www.ncbi.nlm.nih.gov/pubmed/19698750
http://dx.doi.org/10.1016/j.imlet.2009.08.005
https://f1000.com/prime/733460545
https://f1000.com/prime/718281509
http://www.ncbi.nlm.nih.gov/pubmed/24551145
http://dx.doi.org/10.1371/journal.pone.0088735
http://www.ncbi.nlm.nih.gov/pmc/articles/3925162
https://f1000.com/prime/718281509
https://f1000.com/prime/726478229
http://www.ncbi.nlm.nih.gov/pubmed/17349872
http://dx.doi.org/10.1016/j.humimm.2006.11.006
https://f1000.com/prime/726478229
http://www.ncbi.nlm.nih.gov/pubmed/5005219
http://dx.doi.org/10.1111/j.1399-0039.1971.tb00089.x
https://f1000.com/prime/732182187
http://www.ncbi.nlm.nih.gov/pubmed/29163468
http://dx.doi.org/10.3389/fimmu.2017.01358
http://www.ncbi.nlm.nih.gov/pmc/articles/5670346
https://f1000.com/prime/732182187
https://f1000.com/prime/10510957
http://www.ncbi.nlm.nih.gov/pubmed/10458756
http://dx.doi.org/10.1002/(SICI)1521-4141(199908)29:08<2427::AID-IMMU2427>3.0.CO;2-5
https://f1000.com/prime/10510957
http://www.ncbi.nlm.nih.gov/pubmed/12197891
http://dx.doi.org/10.1046/j.1365-2249.2002.01936.x
http://www.ncbi.nlm.nih.gov/pmc/articles/1906474
https://f1000.com/prime/10511960
http://www.ncbi.nlm.nih.gov/pubmed/15356916
http://dx.doi.org/10.1016/j.vaccine.2004.02.050
https://f1000.com/prime/10511960
http://www.ncbi.nlm.nih.gov/pubmed/15090826
http://dx.doi.org/10.1097/00002030-200401020-00003
https://f1000.com/prime/726847218
http://www.ncbi.nlm.nih.gov/pubmed/27738167
http://dx.doi.org/10.1126/science.aag1276
http://www.ncbi.nlm.nih.gov/pmc/articles/5405455
https://f1000.com/prime/726847218
https://f1000.com/prime/727622471
http://www.ncbi.nlm.nih.gov/pubmed/28763793
http://dx.doi.org/10.1126/sciimmunol.aam7341
http://www.ncbi.nlm.nih.gov/pmc/articles/5653278
https://f1000.com/prime/727622471
https://f1000.com/prime/733460546
http://www.ncbi.nlm.nih.gov/pubmed/23610530
http://dx.doi.org/10.2147/HIV.S38922
http://www.ncbi.nlm.nih.gov/pmc/articles/3628525
https://f1000.com/prime/733460546
https://f1000.com/prime/733460547
http://www.ncbi.nlm.nih.gov/pubmed/23530996
http://dx.doi.org/10.1089/AID.2013.0041
http://www.ncbi.nlm.nih.gov/pmc/articles/3653387
https://f1000.com/prime/733460547
https://f1000.com/prime/1040821
http://www.ncbi.nlm.nih.gov/pubmed/16908486
http://dx.doi.org/10.1056/NEJMoa063842
https://f1000.com/prime/1040821
https://f1000.com/prime/5564957
http://www.ncbi.nlm.nih.gov/pubmed/20882016
http://dx.doi.org/10.1038/nature09385
http://www.ncbi.nlm.nih.gov/pmc/articles/3699875
https://f1000.com/prime/5564957

FIOOOResearch F1000Research 2018, 7(F1000 Faculty Rev):874 Last updated: 22 JUN 2018

Open Peer Review

Current Referee Status: v v

Editorial Note on the Review Process

F1000 Faculty Reviews are commissioned from members of the prestigious F1000 Faculty and are edited as a
service to readers. In order to make these reviews as comprehensive and accessible as possible, the referees
provide input before publication and only the final, revised version is published. The referees who approved the
final version are listed with their names and affiliations but without their reports on earlier versions (any comments
will already have been addressed in the published version).

The referees who approved this article are:

1 Ruth M Ruprecht Department of Virology and Immunology, Texas Biomedical Research Institute, San
Antonio, TX, USA
Competing Interests: No competing interests were disclosed.

1 Steve Christmas Department of Clinical Infection, Microbiology & Immunology, Institute of Infection & Global
Health, University of Liverpool, Liverpool, UK
Competing Interests: No competing interests were disclosed.

The benefits of publishing with F1000Research:

®  Your article is published within days, with no editorial bias

®  You can publish traditional articles, null/negative results, case reports, data notes and more
®  The peer review process is transparent and collaborative

®  Your article is indexed in PubMed after passing peer review

® Dedicated customer support at every stage

For pre-submission enquiries, contact research@f1000.com F]mResea rCh

Page 6 of 6


http://f1000research.com/collections/f1000-faculty-reviews/about-this-channel
http://f1000.com/prime/thefaculty

