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Abstract
Purpose of Review The discovery of innate lymphoid cells (ILCs) over the past decade has reformed principles that were once
thought to be exclusive to adaptive immunity. Here, we describe ILC nomenclature and function, and provide a survey of studies
examining these cells in the context of HIV/SIV infections. Particular emphasis is placed on the ILC3 subset, important for proper
functioning of the gastrointestinal tract barrier.
Recent Findings Studies in both humans and nonhuman primates have found ILCs to be rapidly and durably depleted in
untreated HIV/SIV infections. Their depletion is most likely due to a number of bystander effects induced by viral replication.
Summary Given the number of associations observed between loss of ILCs and HIV-related GI damage, their impact on the GI
tract is likely important. It may be informative to examine this subset in parallel with other immune cell types when assessing
overall health of the GI tract in future studies.

Keywords ILCs . GI tissue . HIV pathogenesis

Introduction

Much of our understanding of the human immune system has
been based upon measurements made from peripheral blood.
Importantly, analysis of peripheral blood is often a poor sur-
rogate for immune activity in tissues, where the majority of
leukocytes reside. Indeed, secondary lymphoid tissues serve
as sites for adaptive immune cell priming and support a ho-
meostatic niche for lymphocytes. Moreover, the gastrointesti-
nal (GI) tract promotes T and B cell tolerance to commensal
bacterial antigens and provides protection against pathogens.
The net interactions among microbiota, leukocytes, and
nonleukocytes support the structural integrity of tissues, and
dysfunctions among immune cell populations oftentimes cor-
respond to an architectural breakdown of the tissue that har-
bors those cells. The pathogenesis of HIV-1 infection can, in
many respects, be explained by a breakdown of the immune

and structural components of tissues. For example, there is
now overwhelming evidence that CD4 T cells in the GI tract
are depleted very early in HIV disease course [1–3]. Loss of
these cells disrupts the structural barrier of the GI tract,
allowing microbial products to spread systemically within
the host and perpetuate immune activation [4]. Lymphoid tis-
sues are also a prominent site of pathogenesis. These are sites
of viral replication and persistence and become fibrotic in
HIV-1 infection, depriving naïve T cells of essential signals
needed for their survival [5, 6]. In each of these instances,
suppression of HIV replication with combined antiretroviral
therapy (cART) does not completely normalize GI or lym-
phoid tissue damage sustained in untreated infection [7].
There are thus a number of therapeutic modalities for supple-
mentation of cART aimed at reversing HIV-associated tissue
damage [8, 9]. Recently, innate lymphoid cells (ILCs) have
emerged as critical regulators of tissue homeostasis. While
ILCs constitute only a small fraction of the hematopoietic cell
pool, they share many functional similarities to adaptive im-
mune cells and have been shown to be of critical importance.
They exert their functions in response to innate stimuli (rather
than antigen recognition), which allows the ILC population to
provide a source of effector cytokines at more rapid kinetics
than the adaptive immune cells. A growing number of reports
indicate that GI damage in HIVand SIV infection is associated
with rapid depletion and functional alterations to ILCs. Here,
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we introduce overarching features of ILCs, with particular
focus on the ILC3 subset and its role in GI tissue homeostasis.
We then discuss how these cells become perturbed in HIV/
SIV infections and potential mechanisms for these
dysfunctions.

ILC Nomenclature

The existence of ILCs that have functionalities similar to CD4
T helper cells was first reported in 2008, when a natural killer
(NK)-like cell population present in human mucosal-
associated lymphoid tissues which secreted IL-22 was de-
scribed [10]. Shortly thereafter, a population of c-Kit+ cells
capable of secreting large amounts of IL-13 was described in
mice [11–13]. At the time, these were coined NK-22, natural
helper cells, or nuocytes. These cells are now defined as ILCs.
ILCs possess a lymphoid morphology yet lack genetically
rearranged antigen receptors or lineage markers that define
other immune cell types, including CD3 (T cells), CD11c
(mDCs), CD123 (pDCs), CD16 (NK cells), CD20/CD19 (B
cells), CD23 (granulocytes), and CD34 (stem cells) [14].
These cells express high levels of γc chain cytokine receptors
and in doing so influence the availability of γ-chain cytokines
in primary and secondary lymphoid tissues [15]. ILCs can
currently be classified into one of three ILC populations—
ILC1, ILC2, and ILC3—based upon expression of cytokine
and lineage-defining transcription factors, which largely mir-
ror classification of Th1, Th2, and Th17 CD4+ T cells [14].

ILC1s

ILC1s are classified by their expression of the T-box transcrip-
tion factor (T-bet) and their functional ability to secrete IFNγ
in response to IL-12 and IL-18 [16]. They are defined as
Lineage−CD127+, and lack the prostaglandin DP2 receptor
(CRTH2) and stem cell growth factor receptor (c-Kit) surface
markers that define ILC2 and ILC3 subtypes, respectively.
Defining features of ILC1s are thought to include their perma-
nent tissue residency, uniform CD127 expression, and gener-
ally lower degree of cytotoxic potential in comparison to their
classical NK cell counterparts [17–19].

While some distinctions have been noted, ILC1s overlap
considerably in phenotype and function to classical NK cells.
For example, while CD127 is expressed on all ILC1s, human
CD16−CD56bright NK cells (capable of secreting IFNγ) also
express high surface levels of CD127 [20]. Moreover, T-bet,
the lineage-defining transcription factor of ILC1s, has been
reported to be preferentially expressed in ILC1s of some hu-
man studies, but not others [16, 21••, 22••, 23]. The difficulties
in drawing interpretations from this population may lie in a
current lack of surface markers that can define ILC1s unam-
biguously. Indeed, single-cell analysis of human tonsillar
ILC1s defined as Lineage−CD127+CRTH2−c-Kit− has found

this population to be enriched for transcripts encoding TCR
variable regions and other T cell-specific markers including
CD4, CD5, and CD28 [23]. This is in line with other reports
describing a putative “CD4+ ILC1” [24, 25]. An additional
study has found that, unlike ILC2s and ILC3s in tonsils,
ILC1s do not form distinct clusters by 2-dimensional t-SNE
plots, and instead overlap with T cell, dendritic cell, and ILC3
clusters [21••]. Thus, the existence of ILC1s in primates is not
entirely clear. However, in vitro expansion of human ILC
precursors has identified clones that differentiate into T-bet+

IFNγ-secreting cells which are distinct from Eomes+ CD94+

NK-like clones [26, 27]. At the very least, it is reasonable to
say that the field would clearly benefit from the identification
of an ILC1-specific marker, yet, at present, interpretations
drawn from this population as defined currently should be
done with caution given its apparent heterogeneity.

ILC2s

ILC2s are defined by their high expression of the GATA-3
transcription factor and potential to secrete the Th2-related
cytokines IL-4, IL-5, and IL-13 in response to IL-25, TSLP,
or IL-33 [11, 28, 29]. They also express CRTH2 and CD161
[30]. ST2, the IL-33 receptor, can also be used to define these
cells although the expression of this marker on ILC2s across
all anatomical sites is not uniform (i.e., blood CRTH2+ ILC2s
lack ST2 expression) [31].

Similar to T-helper subsets, ILC2s can alter their phenotype
and function when exposed to particular polarizing signals.
For example, ILC2s can downregulate surface expression of
ST2 and convert to IFNγ-producing ILC1-like cells both
in vitro and in vivo [31–33]. The presence of IL-12 and the
alarmin IL-25, with upregulation of the Th1-associated tran-
scription factor T-bet, are important for this process [34].

ILC2s have been classically implicated in their defense
against helminthic infections, where Th2-related cytokines
are important for parasitic expulsion [35]. However, their in-
fluence in health and disease has proved to be surprisingly
more broad, where they contribute to regulating eosinophil
homeostasis and beiging of white adipose tissue at steady-
state conditions, and allergic airway inflammation during in-
flammatory conditions [36–38]. To date, there is not a great
deal literature of these cells in contexts of viral infections or GI
barrier damage (classically implicated by Th1 or Th17-type
responses, respectively). ILC2 biology is covered more
in-depth in other reviews [39, 40].

ILC3s

More heterogenous than ILC2s, the ILC3 subtype is defined
by expression of RAR-related orphan receptor gamma
(RORγt), with potential to secrete GM-CSF, IL-17, and IL-
22 in response to IL-1β and IL-23, and surface expression of
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c-Kit [10, 41, 42]. They can be divided into at least three
distinct cell types: LTi cells, natural cytotoxicity receptor
(NCR) −, and NCR+ ILC3s. NKp46 and NKp44 mark NCR+

ILC3s in mice and humans, respectively, and it is clear this
marker imparts a distinct functional state that is more activated
and polyfunctional than the NCR− ILC3 subset [23, 43]. Like
the ILC2s, ILC3s can become more “ILC1-like” in phenotype
and function, losing RORγt and concomitantly upregulating
T-bet when exposed to IL-12, IL-15, and IL1β [44, 45]. ILC3s
exert their effector functions primarily in gut mucosal tissues,
where they are particularly enriched compared to other ana-
tomical sites of the body [21••, 46••].

ILC3s in GI Tissue Homeostasis

The importance of ILC3s in the anatomy and physiology of
the GI tract is highlighted by the fact that depletion of these
cells in RAG−/− mice leads to peripheral dissemination of
commensal bacteria and systemic inflammation [47]. This
phenotype can be rescued by exogenous IL-22 administration,
underscoring a critical mechanism by which ILC3s promote
intestinal homeostasis. Indeed, IL-22 (and also IL-17) can act
directly on GI tract epithelial cells to proliferate and to en-
hance expression of defensins, mucins, tight junctions, and
antimicrobial peptides that both strengthen the GI barrier
and provide an essential line of defense against bacterial path-
ogens [48–52]. Given the key role that IL-17 and IL-22 secre-
tion play in ILC3 effector function, many groups have sought
to understand the external cues within the GI microenviron-
ment that influence this process. While ILCs are innate im-
mune cells, ILC3-derived secretion of IL-22 is likely not Toll-
like receptor (TLR)-dependent [53]. Instead, there is growing
evidence that myeloid cells in the gut provide key external
cues that regulate functionality of ILC3s. The interactions be-
tween these two cell types are likely twofold: (1) myeloid-
derived interactions provide an important source of IL-23 to
ILC3s (a potent inducer of IL-22); and (2) myeloid cells can
serve as an intermediary regulator of ILC3 interactions with
the microbiota. For example, in mice, CX3CR1

+ mononuclear
phagocytes are found to be in close proximity to ILC3s and
can support ILC3-derived IL-22 production in an IL-23- and
IL-1β-dependent manner [54]. CCR2+ DCs in the gut can also
be a source of IL-23, and their impact on IL-22 production in
ILC3s can be abolished with broad-spectrum antibiotics, or
subsequently rescued with segmented filamentous bacterial
colonization [55].

While these studies implicate critical roles for myeloid cells
in ILC3 interactions with the microbiota, there are neverthe-
less ways in which the microbiota can regulate ILC3 effector
function directly. One of which is through microbial metabo-
lites. Butyric acid, a short-chain fatty acid, can negatively
regulate IL-22 production in ILC3s [56]. Moreover, both tryp-
tophan catabolites and microbial metabolic products are

ligands for the aryl hydrocarbon receptor [57–59], a transcrip-
tion factor shown to be essential for maintaining IL-22 pro-
duction in ILC3s [60–62]. Thus, multiple regulatory mecha-
nisms exist, both microbial and host-derived, that serve to
promote healthy functioning of the gut through ILC3 effector
function.

Given their impact on intestinal homeostasis, a number of
groups have studied ILC3s in human disease and have found
them to be dysregulated in inflammatory bowel diseases such
as ulcerative colitis and Crohn’s disease [63] [16]. While stud-
ies are generally in agreement with a pathological role for
ILCs in mediating mouse models of colitis [64, 65], it is im-
portant to note that ascribing a direct role for ILC3s in the
etiology of human intestinal diseases is difficult. As ILC3s
are vastly outnumbered by adaptive immune cells that occupy
the same anatomical niche and share largely identical effector
functions, their influence on some facets of GI homeostasis
may be dispensable. Indeed, while NKp46+ ILC3s are essen-
tial for defense against Citrobacter rodentium in T cell-
deficient mice, they become redundant in fully immune-
competent hosts [66, 67]. IL-22 that is produced constitutively
in ILC3s from RAG−/−mice becomes only transient in mature
wild-type mice [55]. There is also some evidence of ILC re-
dundancy in humans [68]. On the other hand, ILC3s were
found in one study to have an essential role in promot-
ing CD4+ T cell tolerance to commensal bacteria
through their ability to process and present antigen
[69]. Thus, it is likely that ILC3s play both redundant
and nonredundant roles in GI tissue homeostasis, and
considering their impact in the context of other immune
cell types within the gut is important in evaluating these
cells in human health and disease.

ILCs in Primate Immunodeficiency Lentiviral
Infections

Distinct pathological events occur to the GI tract throughout
HIV disease [2, 3, 70, 71], all of which contribute to a site that
is irreparably damaged and permeable to immunostimulatory
commensal bacteria that are otherwise segregated to the intes-
tinal lumen. Damage to the GI barrier is closely linked to
depletion of IL-17-producing cells in the gut [72–75]. Given
that ILC3s are recognized sources of this cytokine, there has
been interest in characterizing these cells in HIV-infected sub-
jects. To date, there have been only a handful of studies
assessing these cells in treated or untreated subjects which
are summarized in Table 1.

Two studies have examined ILC3s from gut tissue biopsies
of viremic untreated HIV-1+ subjects. In the first, Zhang et al.
employed immunohistochemistry to enumerate colonic IL-17-
producing cells that were CD3− (presumably enriched for
ILC3s) and CD3+. In both IL-17-producing populations, their
numbers were reduced when compared to these cells from
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colonic biopsies of healthy control subjects [76]. The
second study by Kloverpris et al. observed colonic
Lineage−CD127+CD117+ ILC3 frequencies to be similar
among HIV-1+ and healthy control subjects [77••]. In this study,
however, it is relevant to note that treatment status for the par-
ticular HIV-1 cohort undergoing biopsies was not indicated.

Although ILCs are exceedingly rare in peripheral blood,
the accessibility of this compartment allows for ILCs to be
studied in cohorts where certain variables are more controlled.
Studies of peripheral blood have revealed that ILC3s
(Lineage−CD127+CD117+) are decreased in numbers in
HIV-1+ untreated subjects, and importantly, correlate inverse-
ly with surrogate markers of GI epithelial damage [76, 77••].
The study performed by Kloverpris and colleagues was par-
ticularly comprehensive in that it was longitudinal and blood
was able to be sampled at very early timepoints in HIV-1
disease course, 5–14 days after transmission. The overall dy-
namics emerging from this study indicated a strikingly rapid
decline of ILC1, ILC2, and ILC3 subtypes in blood that coin-
cided with peak viremia (~ 14 post-transmission) [77••]. In
contrast to circulating CD4 T cell counts in these subjects,
no rebound in blood ILC numbers was observed after viral
set point [77••].

In a separate cohort, Kloverpris and colleagues also tracked
the dynamics of blood ILCs after 2 years of virologically
suppressive cART. When administered during chronic infec-
tion, cART allowed for partial reconstitution of circulating
CD4 T cells and reduced inflammation, yet proportions of
the three ILC populations in blood reconstituted incompletely
[77••]. Only the ILC3 subset rebounded with cART to a sig-
nificant degree, yet never to levels seen in healthy subjects
[77••]. Interestingly, depletion of blood ILCs did not occur if
cART was administered to subjects very early in disease
course at 5–14 days post-transmission, indicating these cells
could be preserved if peak viremia is abolished [77••].

While the above study described the dynamics of blood
ILCs in response to long-term cART, how accurately these
parallel biological processes in GI tract tissues is unclear. To
date, three cross-sectional studies have assessed tissue-
resident ILC3s in cART-treated subjects. Fernandes et al. ob-
served numbers of CD3−IL-22+ cells in the colon to be similar
among healthy control and cART-treated HIV-1+ subjects
(some of which were on cART for 8 years) [78]. These find-
ings are in agreement with a separate study that found no
significant differences between numbers of colonic NKp44+

ILC3s in healthy control and cART-treated HIV-1+ subjects
[79]. While these reports sampled only colonic tissue, Kramer
and colleagues were able to assess ILC3s across the entire
length of the digestive tract. Relative to these sites in healthy
uninfected subjects, NKp44+ ILC3 frequencies in HIV-1+

cART-treated subjects were similar in the esophagus and
stomach, increased in the duodenum, and reduced in the colon
[46••].

Taken together, these studies suggest a general lack of con-
sensus regarding ILC dynamics in settings of treated or un-
treated HIV-1 infection, particularly in tissues. It is thus rele-
vant to ask what factors may contribute to this lack of consen-
sus. For one, there are technical challenges inherent in
assessing ILCs through intestinal pinch biopsies. Even at sites
where ILCs are enriched, it is difficult to measure this rare cell
population where low numbers of leukocytes are obtained.
Secondly, there are methodological differences, both in how
ILCs were defined and how they were quantified which po-
tentially preclude the studies from being compared directly.
For example, Kramer et al. measured c-Kit+ ILC3s propor-
tionally in intestinal cell suspensions, whereas Fernandes
et al. quantified CD3−IL-22+ cells in fixed tissue by immuno-
histochemistry [46••, 78]. To expand on this point, it is impor-
tant to note that lymphocyte isolation from mucosal tissues is
oftentimes incomplete, and proportional assessments may not
be fully representative of true ILC numbers within the gut
[80]. Thus, the field may benefit from histological assess-
ments that enumerate ILCs directly in tissues to shed further
light on this important issue.

Given the challenges noted above in human studies, the use
of nonhuman primate models of AIDS has provided critical
insights into perturbations that may occur to ILCs during im-
munodeficiency lentiviral infections. SIV infection of rhesus
macaques recapitulates the most salient features of the HIV-1
disease course [81], and in all studies examining ILC3s in this
setting, each point to an early and sustained depletion of these
cells in the gut mucosa [22••, 82, 83, 84••, 85]. Both Reeves
et al. and our group initially characterized ILC3s in chronical-
ly SIV-infected animals, with our group observing a correla-
tion between loss of ILC3s in the gut and breaches to the gut
mucosal barrier [82, 84••]. These were subsequently followed
by two studies examining the particular dynamics at which the
NKp44+ ILC3 subset was lost in the GI tract. Each of these
found NKp44+ ILC3 frequencies to be significantly reduced
as early as 6 days post-infection [85, 86], a striking observa-
tion given that these cells are refractory to HIV/SIV infection
[84••]. In recent work, our group has observed ILC3s to be
depleted at similar kinetics in SIV+ mesenteric lymph nodes
(MLN). The impact of cART was also assessed in this study,
where we observed frequencies of NKp44+ ILC3s to be sim-
ilar in MLNs of healthy uninfected and SIV+ ART-treated
animals. These findings contrast somewhat to those of
Liyanage et al., in which NKp44+ ILC3s of SIV+ rhesus ma-
caques receiving cART remained depleted in the rectum [86].
The underlying reasons for the discordance in these two stud-
ies are currently uncertain, but assessing ILC3s longitudinally
in multiple anatomical sites before and after cART may shed
light on this issue.

Nonhuman primate work has also guided current thought
processes on how these cells may be functionally altered dur-
ing immunodeficiency lentiviral infections. An observation
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linking many of these studies is that SIV infection appears to
induce NKp44+ ILC3s to acquire cytotoxic functions [22••,
84••, 85, 86]. Although not to the degree of NKG2A+ NK
cells, NKp44+ ILC3s in the SIV+ colon were observed to have
greater capacity to express CD107a, perforin, and IFNγ upon
stimulation [84••, 85].

Moreover, SIV infection appears to influence IL-17 and IL-
22 production in ILC3s. We found in both the acute and
chronic SIV+ MLN that even though the total numbers of
ILC3s were decreased within mucosal tissues, IL-17 and IL-
22 transcripts are increased in NKp44+ ILC3s directly ex vivo,
and that the few remaining ILC3s express higher amounts of
IL-17 and IL-22 protein upon stimulation [22••]. Human data
also suggest elevated IL-17 and IL-22 production in stimulat-
ed colonic ILC3s from chronic HIV-1+ subjects [46••, 87].
While these findings are somewhat contrary to the recognized
link between IL-17-producing cells and GI integrity, it is cer-
tainly clear that damage to the GI tract in HIV/SIV infections
is associated with significant numerical and functional alter-
ations to ILC populations in the gut mucosa.

Mechanisms of ILC Loss in HIV/SIV Infections

ILCs do not express HIV/SIVentry receptors and do not har-
bor viral DNA [84••]. Thus, a logical question emerging from
the above studies is how these cells are depleted so rapidly
without being directly targeted by the virus. For one, it is clear
that ILC depletion in HIV/SIV infections is the result of cell
death. We and others have observed ILCs at multiple anatom-
ical sites to exhibit elevated levels of caspase-3 and robust
gene signatures of apoptosis [22••, 49, 77••, 85]. These apo-
ptotic signatures coincide with peak viremia, production of
type I interferons, and expression of interferon-stimulated
genes (ISGs). Indeed, we and others have found upregulation
of multiple ISGs in ILC3s at 6–14 days post HIV/SIV infec-
tion [22••, 77••], timepoints at which plasma levels of IP-10
and IFNα are known to spike [88]. Importantly, CD3−IL-17+

cells in the gut are preserved in nonprogressively, SIV-
infected sooty mangabeys, which do not exhibit chronic ele-
vation of type I interferons or ISGs [82, 89].

While the potential mechanisms of IFNα-mediated ILC3
death are not entirely clear, Zheng et al. explored this question
in humanized mice, which develop functional human ILC3s
and recapitulate important aspects of disease course upon
HIV-1 infection [49]. Similar to studies in HIV/SIV+ humans
and rhesus macaques, they found HIV-associated depletion of
ILC3s to coincide with caspase-3 upregulation [49]. ILC3 loss
could be partially rescued through direct abolishment of
plasmacytoid dendritic cell-derived IFNα, which induced
CD95 (Fas) expression on ILC3s and sensitized them to apo-
ptosis [49]. Subsequently, Kloverpris et al. have found CD95
to be upregulated on blood ILC3s in chronic HIV-1 infection

[77••], suggesting IFNα may mediate ILC death via Fas/Fas
ligand interactions.

It is important to point out that loss of ILCs is not a gener-
alized feature of all viral infections, and thus mechanisms
independent of IFNα may also contribute [32, 77••]. The per-
sistent inflammatory environment in HIV/SIV infection
uniquely alters many physiological processes in the GI tract,
one of which is altered catabolism of tryptophan metabolites
by the enzyme indoleamine 2,3-dioxygenase 1 (IDO1) [90,
91]. As tryptophan catabolites decrease TH17/TREG ratios
[92], and factors that influence TH17 and ILC3s often overlap,
Reeves et al. explored SIV-associated links to IDO1 activity
and ILC3 function [84••]. Here, IDO1 transcripts were found
to be increased in gut biopsies from SIV+ rhesus macaques,
which correlated inversely with numbers of NKp44H ILC3s in
the colon [84••]. Moreover, treatment with tryptophan catab-
olites in vitro suppressed IL-17 production in ILC3s in a dose-
dependent manner [84••], highlighting an additional mecha-
nism that may contribute to HIV/SIV-associated ILC3 cell
death.

Surprisingly, we recently found that depletion of ILCs oc-
curs even when salient features of HIV/SIV pathology are
induced in the absence of SIV infection. In this study, we
observed that experimental depletion of CD4 T cells in other-
wise healthy rhesus macaques led to drastic depletion of
ILC3s in the MLN [22••]. Profound ILC deficiencies were
also observed in the blood of human subjects with idiopathic
CD4 lymphocytopenia (ICL), a disease characterized by du-
rable CD4 T cell deficiency in the absence of any infectious
component [22••]. These findings reveal striking paral-
lels to ILC loss in HIV/SIV infections, and also raise
the question of potential mechanisms by which CD4 T
cells could impact ILC homeostasis directly. A promis-
ing candidate may be IL-2, a cytokine produced by
CD4 T cells which induces ILC proliferation [44, 93].
Interestingly, daclizumab, a CD25 blocker known to re-
duce multiple sclerosis-associated inflammation resulted
in decreased numbers of blood ILCs (but not T cells) in
MS subjects [94]. Future studies will be needed to un-
cover the precise cross-talk between ILCs and CD4 T
cells, although taken together these studies suggest loss
of ILCs may be due to a number of bystander effects
induced by HIV/SIV replication.

Conclusions

A large body of evidence in humans and mice now show that
ILCs, particularly the ILC3 subset, play a critical role in main-
taining GI tract anatomy and physiology. It is thus not surpris-
ing that, in HIV/SIV infections, alterations to GI tract anatomy
and physiology are associated with rapid decline and function-
al alterations to ILCs. The exact degree to which gut ILC3 loss
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contributes to HIV/SIV-associated intestinal pathology is un-
clear, given that IL-17-producing CD4, CD8, γδ, and MAIT
cells are depleted in the GI tract at similar rates [72, 74, 95].
While functionally similar T cells may outnumber ILC3s in
the gut, histological observations in human GI tissues have
revealed CD3+ and CD3− cells actively producing IL-17 to
be present at merely 2:1 ratios at steady state [49, 78]. Thus, a
significant amount of IL-17 produced from the hematopoietic
pool in humans could be ILC3-derived. It is, therefore, impor-
tant to evaluate this population in the context of recent thera-
peutic modalities such as IL-7 and IL-21, or probiotic supple-
mentations that aim to enhance GI tract physiology in cART-
treated HIV-1+ subjects [72, 96, 97]. In additional work, en-
hanced efficacy of certain adjuvant formulations in combina-
tion with the ALVAC-SIV vaccine was associated with ILC3
expansion in the rectum [98].Thus, ILCs influence a number
of biological processes with direct relevance to HIV patho-
genesis and vaccine approaches, and future questions arising
from these studies are rife for exploration.
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