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Elimination of the latent HIV reservoir remains a major barrier to achieving an HIV cure. In

this review, we discuss the cytolytic nature of human gamma delta T cells and highlight

the emerging evidence that they can target and eliminate HIV-infected T cells. Based

on observations from human clinical trials assessing gamma delta immunotherapy in

oncology, we suggest key questions and research priorities for the study of these unique

T cells in HIV cure research.
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INTRODUCTION

Efforts to eliminate the latent HIV reservoir have, to date, been unsuccessful, outside of aggressive
chemotherapy and stem cell transplants from genetically resistant donors (Hutter et al., 2009; Gupta
et al., 2020). Killing of infected cells with minimal viral replication, or killing of infected cells after
latency reversal, is likely to be critical in the long-term containment or eradication of HIV. Novel
approaches to clear infected cells now include the study and manipulation of highly cytotoxic
lymphocyte subsets beyond traditional CD8+CTL (Garrido et al., 2018a,b). It has become apparent
from both in vitro studies and human clinical trials in oncology that gamma delta T (γδT) cells
exhibit remarkable cytotoxicity (Simoes et al., 2018) and the potential for safe clinical use in human
immunotherapy (Silva-Santos et al., 2019). A number of excellent reviews have recently described
the use of human γδT cells in clinical trials for cancer treatment (Lo Presti et al., 2017; Godfrey
et al., 2018; Pauza et al., 2018; Silva-Santos et al., 2019). Here, we will discuss how advances in
gdT immunology have identified these cells as potential anti-HIV effectors, and what remains to be
established regarding the efficacy of γδT cells as components of an HIV cure intervention.

HUMAN GAMMA DELTA T CELL SUBSETS

Human γδT cells are typically classified on the basis of their TCR delta chain, of which there are 8
variants (Hayday, 2000). In peripheral blood, up to 90% of γδT cells express the Vδ2 chain (Triebel
et al., 1988). The majority of Vδ2 cells pair with Vγ9 and form the well-studied population of
phosphoantigen-reactive γδT cells (Tanaka et al., 1995). In contrast, Vδ2-negative γδT s dominate
at many mucosal sites, including the gut (Lundqvist et al., 1995). These Vδ2- γδT cells tend to
express either the Vδ1 or Vδ3 chain, with a variety of Vγ chain pairings (Groh et al., 1998). Vδ1
cells typically, but not always (Hviid et al., 2000), form a minor population of the circulating γδT
cell compartment.

Vδ2Vγ9 cells (herein referred to as Vδ2 cells) form a polyclonal T cell population that
rapidly expands postnatally, most likely due to persistent antigen exposure or other inflammatory
stimuli (Pauza and Cairo, 2015; van Der Heiden et al., 2020). The Vδ2Vγ9 TCR recognizes
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pyrophosphate antigens, which include isopentenyl
pyrophosphate (IPP) and the potent microbial metabolite
(E)-4-Hydroxy-3-methyl-but-2-enyl pyrophosphate (HMB-
PP) (Triebel et al., 1988). Like other unconventional T cells,
however, Vd2 cells can also respond to TCR-independent
stimuli, including cytokines such as IL-12 and IL-18, and various
NK cell receptor ligands (Provine et al., 2018). Interestingly,
phosphoantigen-reactive γδT cells are found only in humans,
non-human primates, and alpacas, with no γδT cells in mice
recognizing similar antigens (Fichtner et al., 2020). Owing in
part to the ease with which they can be expanded in vitro,
Vδ2 cells have been well characterized in human health and
disease, and many of their defining features have been recently
reviewed (Tyler et al., 2015; Davey et al., 2018). Notably, Vδ2
cells are commonly depleted during chronic HIV infection, with
incomplete restoration among ART-treated cohorts (Hinz et al.,
1994; Poccia et al., 1996; Wesch et al., 1998; Enders et al., 2003;
Poles et al., 2003; Li et al., 2014, 2015; Cimini et al., 2015; Strbo
et al., 2016; Bhatnagar et al., 2017). We have recently reviewed
the impact of HIV infection and treatment on both circulating
and tissue-resident γδT cells (Juno and Eriksson, 2019).

In contrast to Vδ2 cells, the antigen specificity of Vδ1 cells
remains largely unknown. The Vδ1 cell population includes
cells with specificity for R-phycoerythrin and EphA2 (Willcox
and Willcox, 2019), CD1c- and CD1d-restricted lipid antigens
(Uldrich et al., 2013; Roy et al., 2016; Willcox andWillcox, 2019),
and the antigen presenting molecule MR1 (Le Nours et al., 2019).
Vδ1 phenotype and frequency is markedly altered by infections
such as malaria (Hviid et al., 2019) and human cytomegalovirus
(HCMV) (Pitard et al., 2008; van Der Heiden et al., 2020).
HCMV seropositivity is typically associated with substantial
clonal expansion within the Vδ1 population, and differentiation
toward a terminally differentiated (CD27-CD45RA+) phenotype
(Davey et al., 2017; van Der Heiden et al., 2020). In contrast
to Vδ2 cells, the Vδ1 cell population is significantly expanded
during HIV infection and ART (De Paoli et al., 1991; De
Maria et al., 1992; Rossol et al., 1998; Wesch et al., 1998;
Poles et al., 2003; Poggi et al., 2004; Fausther-Bovendo et al.,
2008; Li et al., 2014; Cimini et al., 2015; Olson et al., 2018;
Chevalier et al., 2019), the implications of which are largely
unknown (Juno and Eriksson, 2019).

ANTI-HIV ACTIVITY OF GAMMA DELTA T
CELLS

Efforts to eliminate the HIV reservoir following latency reversal
have traditionally focused on the utility of antigen-stimulated
conventional CD8+ T cells to kill HIV-infected cells (Shan et al.,
2012; Deng et al., 2015). Limitations to this approach include the
requirement for autologous CD8+T cells to be collected and pre-
stimulated for each individual (Shan et al., 2012), as well as a
high burden of CTL escape variants in the latent reservoir (Deng
et al., 2015). More recently, other lymphocyte subsets have been
considered for use in HIV cure approaches. Evidence suggests
that cytokine-treated NK cells can eliminate HIV-infected T cells
following ex vivo latency reactivation, although IL-15 treatment

downregulates the expression of the key NK cell receptor NKp46,
which may be undesirable in vivo (Garrido et al., 2018a). With
a transcriptional phenotype that blends characteristics of both
NK and CD8+ T cells (Gutierrez-Arcelus et al., 2019; Pizzolato
et al., 2019), γδT cells are intriguing candidates to mediate anti-
HIV effector functions. Indeed, γδT-mediated inhibition of HIV
replication has been recognized for more than 20 years (Poccia
et al., 1999).

Like NK cells (Fehniger et al., 1998; Oliva et al., 1998),
stimulated γδT cells can produce sufficient β-chemokines to
block HIV entry into either CCR5+ or CXCR4+ CD4+ T cells
(Poccia et al., 1999; Omi et al., 2014). In the context of HIV
cure approaches, however, it is the potent cytolytic function of
γδT cells that makes them strong candidates for immunotherapy.
Early reports suggested that direct cytotoxicity toward HIV-
infected cells was largely restricted to Vδ2 cell clones (Wallace
et al., 1996; Poccia et al., 1997), with little to no cytotoxicity
observed among Vδ1 cell lines (Wallace et al., 1996). More
recently, Vδ1 recognition and killing of HIV-infected CD4+ T
cells has been demonstrated (Fausther-Bovendo et al., 2008).
Although it is challenging to determine the extent to which
γδT cells contribute to natural control of HIV infection in
cross-sectional studies, elite/viral controllers do exhibit higher
frequencies of Vδ2 cells than untreated or antiretroviral treated
normal progressors (Riedel et al., 2009; Chevalier et al., 2019). A
study in non-human primates identified a relationship between
cervical Vδ2 frequency and simian immunodeficiency virus (SIV)
viral load (Tuero et al., 2016), which supports the possibility of a
protective role for these cells during infection.

Perhaps the strongest proof-of-concept evidence for Vδ2-
mediated elimination of infected CD4+ T cells following latency
reversal in vitro was reported by Garrido et al. (2018b). Despite
low frequencies of Vδ2 cells in ART-treated donors ex vivo,
pamidronate + IL-2 treatment successfully expanded the Vδ2
population in a manner comparable to that of uninfected
donors in vitro (i.e., a similar fold-increase). The expanded cells
expressed CD56 and CD16, as well as relatively low levels of
the inhibitory markers PD-1 and CTLA-4. Interestingly, both
ex vivo isolated and in vitro expanded Vδ2 cells were equally
capable of inhibiting HIV replication in autologous superinfected
CD4+ T cells, with a level of inhibition comparable to that
of CD8+ CTL. More importantly, however, expanded Vδ2
cells degranulated in response to co-culture with HIV-infected,
but not uninfected, CD4+ T cells. These results were further
extended to a latency clearance assay, which demonstrated that
expanded Vδ2 cells cleared infected CD4+ T cells derived
from ART-treated donors following in vitro reactivation with
vorinostat. This study provides promising evidence for the ability
of Vδ2 cells to contribute to an HIV cure approach that relies
on eliminating reactivated virally infected target cells. A number
of important questions remain, however, particularly regarding
the mechanisms of Vδ2 recognition of HIV-infected cells as well
as the optimal conditions for expansion Vδ2 cells with the most
potent cytotoxicity. The need to address these gaps in knowledge
is evidenced in a recent study by James et al. (2020) which found
that the presence of gamma delta T cells in a viral outgrowth assay
impacted viral replication in 4 of 15 donors. CD16 expression
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on Vδ2 cells correlated with a reduction in HIV recovery, but
the key receptors involved in recognition of CD4 target cells and
the reason for the heterogeneity in responses among the cohort
remains unknown. Below, we explore the potential mechanisms
that could be exploited in a gamma delta T-mediated HIV cure
strategy (summarized in Figure 1).

RECEPTORS MEDIATING DIRECT
CYTOTOXICITY

Vδ2 cells express a number of receptors that might facilitate
recognition of HIV-infected T cells. A critical receptor for the
detection and killing of transformed and virally infected is
NKG2D, which is commonly expressed on NK cells. NKG2D is
widely expressed by Vδ2 cells both ex vivo and following in vitro
expansion, and can mediate direct killing of target cells (Rincon-
Orozco et al., 2005; Wrobel et al., 2007). The NKG2D ligands
ULBP-1,−2, and−3 are absent on uninfected CD4+ T cells, but
are highly upregulated upon HIV infection and mediate NK-
cell killing of HIV-infected cells (Ward et al., 2007). NKG2D is
therefore a strong candidate for Vδ2-mediated direct recognition
and killing of reactivated HIV-infected cells. NK cells can also
recognize infected CD4+ T cells through 2B4-CD48 binding
(Ward et al., 2007). Although 2B4 is highly expressed on Vδ2
cells ex vivo, triggering of 2B4 in isolation is insufficient to
activate γδT effector functions (Nakajima et al., 1999). Whether
phosphoantigen-expanded Vδ2 cells can be activated through
2B4 signaling and/or recognition of CD48 on HIV-infected T
cells is currently unknown. Similarly, there is a potential for
Vδ2-expressed DNAM-1 to recognize its ligand PVR on infected
CD4+ T cells, although NK cell killing of infected cells through
this mechanism seems to require signaling through both NKG2D
and DNAM-1, rather than DNAM-1 alone (Cifaldi et al., 2019).
In general, it will be important for future studies to consider
the impact of activating receptor ligation both among ex vivo-
derived Vδ2 cells, as well as in vitro expanded cells. For example,
NKG2D ligation on resting Vδ2 cells is reported to have either
no or minimal functional impact (Rincon-Orozco et al., 2005;
Nedellec et al., 2010), but in the context of TCR stimulation
can provide robust co-stimulatory activity and effector function
(Nedellec et al., 2010).

Expression of cytotoxicity receptors on Vδ1 cells differs
substantially from those described on Vδ2 cells. Vδ1 cells
commonly express CD94 paired with either the inhibitory
receptor NKG2A (CD159a) or the activating receptor NKG2C
(CD159c). Chronic HIV infection is associated with a significant
increase in NKG2C expression on Vδ1 cells, which can
substantially boost Vδ1 cell cytotoxicity when triggered by
binding to its ligand HLA-E (Fausther-Bovendo et al., 2008).
Interestingly, Vδ1 cells derived ex vivo from HIV-infected
participants can lyse autologous HIV-infected CD4+ T cells in a
manner which is partially dependent on Vδ1 NKG2C expression
(Fausther-Bovendo et al., 2008), suggesting a currently unrealized
potential for Vδ1 cells in anti-HIV immunotherapy. The in vitro
expansion of Vδ1 cells is less commonly reported or standardized
compared to Vδ2 cells, largely due to the lack of an antigen

that can easily stimulate the majority of Vδ1 cells ex vivo.
Several groups, however, have reported protocols to expand these
cells using a combination of γδ TCR stimulus and cytokines.
Almeida et al. reported on the production of “Delta One T
(DOT)” cells using isolated γδT cells, CD3 engagement and a
cocktail of cytokines, which resulted in a 60,000-fold expansion
of Vδ1 cells in culture (Almeida et al., 2016). Vδ1 expansion
can also be induced through the culture of isolated γδT cells
with PHA and IL-7 (Wu et al., 2015). In both studies, expanded
Vδ1 cells expressed a number of surface markers related to
cytotoxic function, including NKp30, NKp44, NKp46, NKG2D,
2B4, DNAM-1, and CD94. Other approaches to expand Vδ1
cells include the use of artificial APCs (aAPCs) presenting CMV-
derived peptides (Polito et al., 2019). Vδ1 cells expanded by
this approach recognize an array of tumor cells and virally
infected cell lines, but themechanism underlying this recognition
was not assessed. Although the translational potential of DOT
cells and other expanded Vδ1 cells are currently focussed
on cancer immunotherapy, the expression of traditionally NK
cell-associated markers such as NKp44, NKG2D, and 2B4 on
expandedVδ1 cells may alsomediate recognition of HIV-infected
CD4+ T cells (Ward et al., 2007).

ANTIBODY-DEPENDENT CYTOTOXICITY

In addition to direct recognition and killing of HIV-infected
target cells, HIV-specific antibodies can mediate antibody-
dependent cellular cytotoxicity (ADCC) via Fc receptor-
expressing cells such as NK cells. Naturally occurring anti-HIV
ADCC antibodies decline following ART (Madhavi et al., 2015,
2017) and are not boosted following panobinostat administration
(as a latency-reversing agent, LRA) and subsequent analytical
treatment interruption (ATI) (Lee et al., 2017). This suggests
such antibodies may be insufficient to mediate the level of
ADCC needed to clear the latent reservoir. The infusion of
more potent broadly neutralizing antibodies (BnAbs), however,
may be sufficient to allow FcR-expressing cells to recognize Env
expression on reactivated infected cells (Bruel et al., 2016). HIV-
specific ADCC has been widely studied in the context of NK
cells, but less so in relation to unconventional T cells. Both Vδ1
and Vδ2 cells can express FcgRIIIA (CD16) (Angelini et al.,
2004; Couzi et al., 2012; He et al., 2013), making them potential
mediators of ADCC in the context of latency reactivation and
BnAb therapy.

Despite depletion of Vδ2 cells during chronic HIV infection,
ART-treated individuals exhibit similar frequencies of CD16+
Vδ2 cells compared to uninfected controls (although there is
intra-donor variability in steady-state CD16 expression) (He
et al., 2013). As such, ex vivo CD16-mediated degranulation
responses are comparable between these groups (He et al.,
2013), suggesting that primary Vδ2 cells from ART-treated
individuals are capable of performing ADCC. Poonia and Pauza
(2012) demonstrated that zoledronate can expand Vδ2 cells in
vitro from both HIV-uninfected and HIV-infected donors, with
expression of CD16 detectible on a subset of the expanded
cells. Although expanded Vδ2 cells from HIV-infected donors
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FIGURE 1 | γδT cell recognition of target cells. Relevant receptors that may facilitate γδT cell recognition of HIV-infected CD4T cells are indicated for Vδ2, Vδ1, and in

vitro-expanded Vδ1 cells.

exhibited lower ADCC than those from uninfected donors,
they remained capable of degranulation and cytokine expression
following CD16 cross-linking.

The expression of CD16 on Vδ1 cells has been studied in
the context of HCMV infection (Couzi et al., 2012; Bachelet
et al., 2014) and cancer immunotherapy (Fisher et al., 2014),
but despite the high prevalence of HCMV seropositivity among
HIV-infected populations (Gianella and Letendre, 2016), there
has been little study of Vδ1 ADCC in the context of HIV
infection. The expanded population of Vδ1 cells in HIV-
infected individuals exhibits high expression of perforin (Boullier
et al., 1997), but whether this translates into antibody-mediated
cytotoxicity is unknown. Similar gaps in knowledge exist for in
vitro-expanded Vδ1 cells. There is no data available to describe
CD16 expression on DOT cells (Almeida et al., 2016), while
PHA/IL-7-expanded Vδ1 cells express moderate levels of CD16
and high levels of GzmB and Perforin, though they have not been
assessed for ADCC activity (Wu et al., 2015).

APPROACHES FOR GAMMA DELTA
IMMUNOTHERAPY

As described above, there are many in vitro protocols that result
in Vd2 or Vd1T cell expansion from bulk PBMC. To translate
these ideas to the clinic, there are two major approaches that
can be considered: in vivo gamma delta T cell expansion, or
adoptive transfer of in vitro-expanded cells. Currently, in vivo
expansion has only been demonstrated for human Vd2T cells.
This method involves the administration of zoledronate and
recombinant IL-2, and has successfully expanded Vd2T cells in
HIV-infected participants in a small clinical trial (Poccia et al.,
2009). An advantage of this approach is that it is relatively simple
and involves an existing, clinically approved drug (under the
brand name Zometa). It would not, however, likely be suitable

for individuals with substantial Vd2 T cell depletion/exhaustion
or Vd2T cell phenotypes that lack the receptors determined to
be key in recognizing HIV-infected target cells. In such instances,
it may be more attractive to consider the use of “off-the-shelf,” in
vitro-expanded gamma delta T cells derived fromHIV uninfected
donors. Such cells could be expanded by any of the protocols
described above, and could include both Vd2 and Vd1T cell
subsets. This approach has been tested in clinical trials for cancer
patients (Lo Presti et al., 2017) and also used in studies of
non-human primate Vd2T cells (Qaqish et al., 2017).

ACCESSING THE LATENT HIV RESERVOIR

While in vitro studies can provide an important assessment of
cytotoxic capacity and recognition of infected T cells, they largely
ignore one of the major barriers to achieving an HIV cure: the
anatomical localization of the latent reservoir. Recent evidence
suggests that the B cell follicle is a key site of HIV replication,
even during ART (Bronnimann et al., 2018). Germinal center
(GC) T follicular helper (Tfh) cells are highly permissive to HIV
infection (Kohler et al., 2016; Aid et al., 2018), while follicular
dendritic cells (FDCs) can capture HIV virions and maintain an
infectious virus reservoir even during ART (Smith et al., 2001;
Bronnimann et al., 2018). A major barrier to the clearance of
virus from the B cell follicle is the fact that the follicle is partially
protected from CTL activity. Of the few CTLs found in the
follicle, manymay be exhausted or exhibit a regulatory phenotype
(Bronnimann et al., 2018). Similarly, there are few NK cells
found in the human lymph node, and a high proportion of LN
NK cells in HIV-infected individuals exhibit an anergic CD56-
CD16+ phenotype (Luteijn et al., 2011). Given these limitations,
expanded γδT cells may be strong candidates for B cell follicle
targeting and elimination of infected cells. Vδ2 cells can acquire a
Tfh-like phenotype, complete with expression of the GC-homing
marker CXCR5 (Caccamo et al., 2006; Bansal et al., 2012), and
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such cells have been described both in vitro and in vivo in
human lungs (Caccamo et al., 2006). Furthermore, γδT cells
have been visualized within GCs in the gastrointestinal mucosa,
lymph nodes, tonsil and spleen, likely due to the induction
of a LN migration program that occurs following Vδ2 TCR
triggering (Brandes et al., 2003). Functional studies of Vδ2 Tfh
cells have largely focused on their capacity to provide B cell
help, leaving open the question of their cytotoxic potential and
expression of cytotoxicity receptors. Nonetheless, the fact that
γδT cells appear to access the B cell follicle merits further study
of their potential to eliminate HIV-infected cells in this unique
environment (Bronnimann et al., 2018).

Beyond the B cell follicle, many other tissues serve as HIV
reservoir sites, including the spleen, bone marrow, liver, gut,
nervous system, lung, and male and female reproductive tracts
(Wong and Yukl, 2016; Cantero-Perez et al., 2019). Infection
of tissue-resident T cells may be particularly important, given
their longevity and capacity for self-renewal (Cantero-Perez et al.,
2019). Both expanded Vδ1 and Vδ2 cells appear to be excellent
candidates for tissue trafficking in vivo. When administered
to mice, human-derived DOT cells seeded, and then further
expanded in, various tissues including the spleen, lung, bone
marrow, and liver (Almeida et al., 2016). The tissue-resident
cells retained function, as assessed by IFNg and TNF production,
and exhibited evidence of ongoing proliferation. Similarly, the
adoptive transfer of expanded Vδ2 cells has been studied in non-
human primates. Infusion of zoledronate-expanded Vδ2 cells
resulted in trafficking to and persistence in the airway for at least
7 days (Qaqish et al., 2017).

POTENTIAL ADVANTAGES AND
DISADVANTAGES OF γδT CELL
IMMUNOTHERAPY

As with any immune-based intervention, there are both key
advantages offered by γδT cells over other T cell therapies and
issues that will need to be addressed prior to clinical testing.

Advantages of γδT cell-based immunotherapy include:
1) Lack of MHC restriction: GMP-compliant protocols have

been developed to generate large banks of expanded γδT cells,
allowing for an “off-the-shelf ” allogeneic product that is not
reliant on MHC matching (Deniger et al., 2014; Almeida et al.,
2016; Polito et al., 2019). The lack of MHC-restriction of γδT
cells is amajor advantage that should avoid issues of graft-vs.-host
disease in γδT -based immunotherapy. Indeed, adoptive transfer
of haploidentical expanded γδT cells from the family members
of cancer patients proved to be safe and highly effective toward
achieving complete remission (Wilhelm et al., 2014).

2) Safety: Clinical trials of human γδT cell therapy, either
using in vivo Vδ2 expansion or adoptive transfer of expanded
Vδ2 cells, have proven to be safe and well-tolerated (Lo Presti
et al., 2017). A major disadvantage to current αβ T cell-based
chimeric antigen receptor (CAR)-T cell therapies is the potential
for serious and/or fatal side effects, including cytokine release
syndrome (van Den Berg et al., 2015), off-target effects due to
antigen cross-reactivity (Linette et al., 2013), or transgenic TCR

mispairing with endogenous TCR (Zhang et al., 2004). Several
studies suggest that γδT-based immunotherapy is less likely to
result in cytokine release syndrome (CRS) or off-target effects
than αβ T cells (Harrer et al., 2017; Pauza et al., 2018; Rotolo
et al., 2019). Indeed, expanded γδ T cells can mediate potent
cytotoxicity but simultaneously produce lower levels of cytokines
than αβ T cells (Harrer et al., 2017).

3) HIV-associated expansion and differentiation of Vd1 cells:
As discussed in the introduction, Vδ1 cell frequency and absolute
counts increase in the circulation during HIV infection. This
increase persists during suppressive ART, resulting in a pool of
terminally differentiated Vδ1 cells (Olson et al., 2018) that express
NCRs such as NKG2C (Fausther-Bovendo et al., 2008). To date,
we are not aware of any studies that have assessed the expansion
and subsequent anti-HIV cytotoxicity of Vδ1 cells specifically
derived from HIV-infected individuals. If expansion of Vδ1 cells
from healthy donors does not induce the expression of NKG2C
or other NCRs that are upregulated during HIV infection, then it
may be advantageous to isolate and expand Vδ1 cells expressing
these markers from people living with HIV. Care must be taken,
however, to characterize the pro-inflammatory nature of these
cells, as discussed below.

Potential challenges to γδT cell-based
immunotherapy include:

1) In vivo potency: One of the major challenges facing the
implementation of γδT cell therapy in cancer is a discrepancy
between in vitro and in vivo γδT cell potency (Pauza et al.,
2018). In vitro, γδT cell cytotoxicity can be achieved with
effector:target ratios of <1, but results of human clinical trials
show considerably more heterogeneity in objective responses
to γδT immunotherapy (Pauza et al., 2018). Pre-clinical animal
studies are hindered by the fact that Vδ2Vg9 phosphoantigen-
reactive T cells are found only in humans and non-human
primates (NHP). Studies in mouse models are therefore less
informative and have more caveats than studies of other
lymphocyte subsets. In the context of HIV infection, it will be
critical to move studies into NHPs and SIV infection prior to
human clinical trials.

2) γδT cell infection by HIV : Typically, both Vδ1 and Vδ2
cells lack expression of the HIV co-receptor CD4, seemingly
rendering them refractory to direct infection. Concerningly,
however, Soriano-Sarabia et al. (2015) reported that replication-
competent HIV could be recovered from purified Vδ2 cells in
14 of 18 long-term ART recipients. Thus, the use of expanded
autologous Vδ2 cells from HIV-infected patients may risk the
reactivation and replication of a latent reservoir. This could be
mitigated by the use of haploidentical or third-party Vδ2 cells
from HIV-uninfected donors. Even in that scenario, though,
consideration must be given to whether large numbers of
adoptively transferred Vδ2 cells could be infected by HIV, since
γδ immunotherapy would be reliant on the use of LRAs to
reactivate the latent reservoir. Several reports now suggest that
Vδ2 cells can transiently express CD4 during activation (Imlach
et al., 2003; Soriano-Sarabia et al., 2015; Strbo et al., 2016) and can
be productively infected with HIV (Wallace et al., 1997), which
likely mediates the establishment of the latent reservoir detected
by Soriano-Sarabia. For that reason, in vitro Vδ2 expansion and
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adoptive transfer may be preferable compared to in vivo Vδ2
expansion using aminobisphosphonate drugs.

3) Depletion of Vδ2 cells: In contrast to Vδ1 cells, Vδ2 cells are
depleted during HIV infection and do not fully recover following
ART (as discussed previously). Most data suggest that Vδ2 cells
expand in vitro to a similar extent regardless of the HIV status
of the donor, but individuals who exhibit low Vδ2 frequencies
ex vivo will produce fewer absolute numbers of Vδ2 cells after
expansion (Garrido et al., 2018b). Furthermore, the observation
that the ADCC activity of Vδ2 cells derived from ART-treated
donors was reduced compared to uninfected donors (Poonia and
Pauza, 2012) suggests that further attention needs to be paid to
functional defects of Vδ2 cells in HIV-infected donors.

4) Contribution to immune activation: While the causes
of Vδ1 expansion during HIV infection are not conclusively
known, it is likely that microbial translocation and loss of
epithelial barrier integrity in the gut mucosa drive activation
and differentiation of this subset (Harris et al., 2010; Olson
et al., 2018). Some studies have shown that Vδ1 cells exhibit
proinflammatory cytokine production that correlates with CD8+
T cell activation (Olson et al., 2018) or killing of bystander
CD4+ T cells (Sindhu et al., 2003) during HIV infection.
Thorough assessment of the characteristics of expanded Vδ1
cells derived from HIV-infected donors will be required to
determine the potential pathogenic impact of these cells if
adoptively transferred.

CONCLUDING THOUGHTS AND FUTURE
DIRECTIONS

Intense interest in γδT cell-based immunotherapy for cancer
is continually driving innovative and novel approaches to
harness γδT cell cytotoxicity, which should be considered in the
context of HIV cure strategies. For example, despite substantial
differences in antigen specificity, NK cell receptor expression,
and tissue tropism between Vδ1 and Vδ2 cells, it may be more
effective to non-specifically expand a diverse population of γδT
cells than to focus on the development of pure Vδ1 or Vδ2
populations. Using aAPCs engineered to express a number of
co-stimulatory molecules, Deniger et al. (2014) demonstrated the
expansion of a mixed population of Vδ1, Vδ2, and Vδ1-Vδ2- cells
that recognized tumor cells via NKG2D, DNAM-1, and the γδ

TCR. In an in vivo murine model, this mixed population was
more effective at eliminating ovarian cancer xenografts than any
of the individual γδT subsets alone. Similar results were obtained
with mixed γδT cells in a model of neuroblastoma, where Vδ2
cells mediated CD16-dependent ADCC and Vd1 cells exhibited
direct cytotoxicity (Fisher et al., 2014). Given the utility of both

ADCC-based and direct recognition of HIV-infected T cells in
cure strategies, mixed γδT expansion may be a potent method by
which to generate effector γδT cells. More complex approaches
could also engineer such cells to express a CAR, providing
an additional mechanism by which to recognize infected cells
(Rotolo et al., 2019).

Regardless of the nature of the γδT cells chosen for study,
the path forward for γδT immunotherapy in HIV cure is clear:
First, incisivemechanistic studies are needed to establish themost
efficient mechanisms of γδT recognition of reactivated HIV-
infected target cells. Despite the intriguing results of Garrido
et al. (2018b), the latency-clearing capacity of Vδ2 cells needs to
be replicated and the mechanism of recognition defined. With
this information, it may be possible to identify γδT cell subsets
whose selective expansion would generate better effector cell
populations compared to bulk expansion protocols. Second, in
vivo animal studies using non-human primates will be critical to
addressing questions of tissue targeting and assessment of in vivo
potency. Reagents exist to characterize both Vδ1 and Vδ2 cells
in NHPs, and studies confirm that these cells recapitulate many
aspects of human immunology including expression of CD16
(Hodara et al., 2014), NKG2D, NKG2A, GzmB, and CD107a
(Tuero et al., 2016), as well as the ability to kill SIV-infected
cells (Malkovsky et al., 1992; Wallace et al., 1994). SIV-infected
macaques also recapitulate important aspects of HIV-infected
human cohorts, including inversion of the Vδ1:Vδ2 ratio and
microbial translocation-induced expansion of Vδ1 cells (Harris
et al., 2010). Critically, translational studies of immunity to
Mycobacterium tuberculosis have demonstrated the feasibility of
both expanding macaque Vδ2 cells in vivo (Ali et al., 2007) or
adoptively transferring in vitro expanded cells (Qaqish et al.,
2017). With these goals in mind, the application of γδT-based
immunotherapy to HIV cure strategies represents an exciting and
informative research avenue.
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