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Mouse and human intestinal immunity: same
ballpark, different players; different rules,

Same SCore

DL Gibbons!? and J Spencer!

The study of animal immune physiology and animal models of human disease have accelerated many aspects of
translational research by allowing direct, definitive investigations. In particular, the use of mice has allowed genetic
manipulation, adoptive transfer, immunization, and focused cell and tissue sampling, which would obviously be
unthinkable for studies in humans. However, the disease relevance of some animal models may be uncertain and
difficulties in interpretation may occur as a consequence of immunological differences between the two species. In this
review, we will consider general differences in the structure and development of human and mouse mucosal lymphoid
microenvironments and then discuss species differences in mucosal B- and T-cell biology that relate to the current

concepts of intestinal immune function.

MOUSE AND HUMAN MUCOSAL DEFENSE

In evolutionary terms, mice and humans diverged between 65
and 75 million years ago, and over the millennia, have exploited
different habitats and differed in their exposure to potential
pathogens.! Therefore, immunological priorities and mecha-
nistic differences are to be expected. The range of differences
in the immune system between mice and humans is extensive,
and we challenge anyone not to find surprises that are of direct
relevance to intestinal inflammation in the excellent general
review of this area by Mestas and Hughes.! For example, whereas
Paneth cells located in the crypts of the mouse small intestine
secrete >20 a-defensins, only 2 a-defensins are secreted by
human Paneth cells. On the other hand, mouse neutrophils do
not produce defensins but human neutrophils do.* It is note-
worthy that there is also a difference in the relative frequency
of neutrophils in mice and humans. Mouse blood comprises
70-90% lymphocytes and only 10-30% neutrophils. In con-
trast, human blood contains 30-50% lymphocytes and 50-70%
neutrophils.® Thus, the pathways involved in the evolution of
intestinal inflammation are not conserved across these species
boundaries. The potential scope for comparisons of factors that
relate to intestinal biology is enormous, especially if variability
across many species is considered. Therefore, in this review, we
will focus on the similarities and differences between B- and
T-cell lineages in the intestines of mice and humans.

COMPARISON OF THE STRUCTURE OF HUMAN AND MOUSE
LYMPHOID MICROENVIRONMENTS

In terms of anatomy, the gastrointestinal tract is similar in both
mice and humans. There are three distinct mucosal lymphoid
microenvironments: first, the mucosa-associated lymphoid
tissue (MALT); second, the diffuse connective tissue termed
“lamina propria (LP)” in the mucosae (stroma in the exo-
crine glands), which hosts effector cells that secrete immune
mediators, such as cytokines and mucosal immunoglobulins;
and third, a unique niche between epithelial cells along the
length of the gastrointestinal tract that contains intraepithelial
lymphocytes (IELs).®” In addition, mesenteric nodes are sites
of immunological activity related to the protection of mucosae
that are common to both species, although they tend to be
relatively small and difficult to identify in fresh unfixed human
mesentery.

MALT is an organized lymphoid tissue resembling the
basic units of lymph nodes in structure. It is defined by the
juxtaposition of organized lymphoid to specialized lympho-
epithelium termed the “follicle-associated epithelium (FAE)”
In mice and humans, most MALT is located in the gastro-
intestinal tract (gut-associated lymphoid tissue, GALT) in
either clusters (Peyer’s patches, PPs) or isolated lymphoid follicles
(ILFs) distributed along the length of the large and small intes-
tines. Mice generally have more abundant MALT in the bronchi
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(bronchus-associated lymphoid tissue) than do humans.® This has
been linked to the fact that mice inhale close to the ground and may
take up more antigens than humans through this route. Unlike mice,
humans have an appendix that is a rich source of MALT.”

The FAE that forms the barrier between the intestinal lumen
and the internal environment of the body is highly conserved.
It mediates antigen transport and is the portal for particulate
antigen entry. The FAE contains microfold cells, or M cells,
which are specialized epithelial cells that sample the lumen and
thus expose the associated lymphoid tissues to luminal contents,
including particulate material and IgA-coated antigens.!%!! The
frequency of M cells in the FAE depends on species and age,
although in general, mice have relatively more M cells than do
humans. Similar to other components of the FAE, M cells are
present before birth in humans.!>!3 The FAE is disrupted by a
B- and T-cell infiltrate, the composition of which is distinct from
the IEL population in the epithelia that are not associated with
organized lymphoid tissues.”*!°> The B-cell component of the
FAE is different between species. In mice, intraepithelial B cells
express the IgD immunoglobulin isotype. In contrast, B cells in
the human FAE tend not to. The lymphocytic component of the
FAE of humans is apparent without antigenic exposure, but the
infiltrate increases as the FAE matures in response to microbial
colonization in both species.'>1%17 The FAE function itself is
regulated by Toll-like receptors (TLRs) and associates intimately
with a multifunctional dendritic cell component that is central
to the development of IgA.18-20

MALT: DEPENDENCE ONTHE MICROFLORA

The microflora in the intestines of mice and humans is broadly
similar, being composed predominantly of two bacterial phyla,
namely the Firmicutes and the Bacteroidetes.?! The differences
between mice and humans in the composition of the microbiota
is far greater than those between individuals within a species.
Differences are likely to be affected by diet and hygiene, includ-
ing coprophagy in mice.?? Coprophagy also exposes the small
intestinal mucosa to microbe-associated molecular patterns in
feces that are normally more restricted to the large bowel in
humans.

In mice and in humans, ILFs are found through the intestine,
but PPs and ILFs are more abundant in the distal small bowel.
The concentration of PP in the ileum is more marked in humans
than in mice.?372° In mice, PPs and ILFs develop sequentially.
Whereas PPs are constitutive and induced to develop before
birth by lymphoid tissue inducer cells (LTi),%° ILFs develop after
birth in response to the flora through colonization of clusters of
LTi-like cells termed “cryptopatches”?’-2° Nucleotide-binding
oligomerization domain 1 is crucially involved in maturation
of murine ILFs as the gut becomes colonized, through recogni-
tion of bacterial peptidoglycans.?® In humans, PPs, ILFs, and
appendix have been described in the fetal intestine as organ-
ized structures, identifiable from 22 weeks of gestation.!>16:31
Human cryptopatches have not been described, but clusters of
cells resembling inducer cells (CD4 +, CD3—, CD45 +, class
IT MHC (major compatibility complex) + + +) are identifi-
able from ~11 weeks of gestation in the absence of exogenous
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antigen.>>% Organized clusters of B and T cells can be observed
in the human fetal intestine in groups and as isolated folli-
cles, thus indicating that PPs and ILFs may be constitutive in
humans. However, in addition to constitutive GALT, GALT can
be acquired in humans in response to bacteria. For example,
MALT is acquired in the stomach that normally does not contain
lymphoid tissues, in response to infection with the pathogenic
gastric bacterium, Helicobacter pylori.3*

ORIGIN OF IgA PLASMA CELLS

Profound differences exist in mouse and human B-cell func-
tional capability. Mouse, but not human B cells, express TLR4
that enables them to respond polyclonally and T-cell independ-
ently to lipopolysaccharide.?® This may be highly relevant in the
gut that is rich in microbe-associated molecular patterns, such as
lipopolysaccharide. In addition, marked differences in the con-
sequences of signal transduction through the B-cell receptor are
apparent in the different phenotypes of Bruton’s tyrosine kinase
deficiency in mice and humans. Mutations of Bruton’s tyrosine
kinase, which is critical for B-cell development and function,
cause an almost total B-cell developmental block in humans
that manifests as X-linked agammaglobulinemia. In mice, there
is a less severe phenotype with impairment of B-cell develop-
ment and function referred to as X-linked immunodeficiency.3®
Therefore, differences in mucosal B-cell function in mice and
humans are inevitable.

Germ-free animals and newborn humans have few or no
IgA plasma cells in the LP, respectively.?’~3° Colonization, even
with a single bacterial species induces IgA plasma cell genera-
tion, and the IgA produced includes specificity for the luminal
microbiota.**~#2 The origin of the IgA response is still debated,
partly because there has been some confusion over the relative
importance of the LP and GALT as inductive sites, and how
this relates to the involvement of the B-1 B-cell lineage in the
IgA response in mice. The so-called “dual origin” of IgA plasma
cells initially referred to the origin of IgA plasma cells in mice
from either B-1 or B-2 cell lineages.**> Murine B-1 B cells are a
self-renewing and self-sustaining B-cell subset associated with
innate immunity through their production of polyspecific anti-
bodies. The frequency and subset composition of B-1 B cells
vary between mouse strains,* and the precise contribution of
the B-1 B-cell subset to the plasma cell population in mice is
not clear, but estimates of up to 50% have been suggested.*>
The peritoneal B-1 B-cell population has no direct equivalent
in humans, although B cells that express CD5 are present in the
human fetal intestine.!®4® B-1 B cells may originate in the fatty
omentum in the peritoneum of mice,*” but again there is no
evidence that the adult human omentum contains B cells that
might either be precursors of or substitutes for B-1 B cells in the
murine peritoneum.*3

There is a link between the murine spleen and the mucosa in
this context. It has been recently shown that in mice, B-1a B cells
and mucosal IgA derive from lineage-negative precursors found
in the fetal liver that reside in the spleen after birth. Splenic pre-
cursors replenish plasma cells producing natural antibodies.*’
The human spleen does not contain developing B cells; indeed,
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the structure and composition of the mouse and human spleen
are markedly different.>° There is proportionately more white
pulp in the mouse spleen compared with the human spleen,
and the vasculature of the marginal zone is different. In mice,
the marginal zone forms the external zone of cells surrounding
the whole of the white pulp, whereas in humans, it encircles the
B-cell zone (Figure 1).

The “dual-origin” concept was built upon by studies claim-
ing that IgA could originate from either the LP or the GALT

Mouse
,'1“_ b &y

Figure 1

as inductive sites in mice.>! B-1 B-cell function in the LP was
related to the ability of dendritic cells to extend dendritic proc-
esses through the intestinal epithelium and sample antigens,>?>3
thus potentially initiating local B-1 B-cell activity in the LP and
development of an IgA response. However, recent studies that
sampled mouse LP cells while ensuring that no cells from ILFs
were present in the isolates, saw no evidence for expression of
activation-induced deaminase, which is an enzyme that is cru-
cially required for class-switch recombination and therefore for

Sections of ileal Peyer’s patches from (a and ¢) mouse and (b and d) humans and spleen from (e) mouse and (f) humans. Sections are

stained with hematoxylin and eosin (panels a, b, e, and f) or antibody to IgD (panels ¢ and d). Germinal centers are marked GC. Although the basic
histological structure is similar in mouse and human Peyer’s patches, the boundary of the germinal center is not precisely defined in mice as itis in
humans. The marginal zone of IgD-negative B cells that surrounds the mantle zone in human PP is not apparent in mice. In the mouse spleen, the
white pulp is relatively more abundant than the red pulp, and the marginal zone forms the boundary at the periphery of the white pulp. The mouse
spleen shares a lineage relationship with the B-1 B-cell precursors of IgA plasma cells, which is not seen in humans. In contrast, in humans, most of
the spleen is red pulp. In white pulp, the marginal zone encircles the mantle zone. The human spleen and Peyer’s patches have a marginal zone B-cell
subset that is morphologically similar and that seems to share a common migratory pathway.
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Table 1 Comparison of mouse and human IgA
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Mouse

Humans

IgA mostly monomer
Single IgA class

IgA at a low level in the serum

IgM binds poorly to the polymeric Ig receptor

The polymeric Ig receptor expressed by hepatocytes transports IgA into
bile. Bile containing IgA then passes into the intestinal lumen via the bile

duct.This contributes to the maintenance of a low serum level of IgA

Little-known IgM memory and few IgM-secreting mucosal plasma cells

No FcaR1 expression

Derived from B1 and B2 B-cell lineages*345

IgA monomer and dimer (http://www.imgt.org)

IgA1 and IgA2 subclasses encoded by different constant
regions gene segments (http://www.imgt.org)

IgA is abundant in the serum, mostly as monomers of IgA1
(http://www.imgt.org)

IgM binds well to the polymeric |g receptor!32.136

No expression of the polymeric Ig receptor by hepatocytes'35.187

IgM memory cells are common and related IgM- and
IgA-secreting mucosal plasma cells are present'38

FcaR1 expression linked to innate immunity 139
B2 cell derived

the development of class-switched IgA responses.?*>* These
data, together with the observation that GALT structures are
required for IgA responses,> suggest that previous data indicat-
ing that LP is an inductive site for IgA responses in mice were
a consequence of inadvertent sampling of ILFs. Therefore, the
question of whether activation-induced deaminase is expressed
in the human LP, and whether inductive events and class-switch
recombination can occur in the human LP is still debated.>*>”

It is generally accepted that IgA plasma cells can be generated
from germinal-center responses in mouse and human GALT.
This response is promoted by the IgA class-switch factor trans-
forming growth factor-B (TGFP), and depends on cognate
B-cell-T-cell interaction involving CD40-CD40L inter-
actions.>®>? However, mice with defects in the CD40-CD40L
interaction still have an IgA response, although IgA does not
have a somatic mutation in variable region genes.>*>* This is
consistent with potential germinal-center independence and
T-cell independence of IgA responses. Similarly, IgA responses
can be generated in human B cells without CD40 or TGFp; class
switching to IgA that is independent of T cells can be promoted
by the B-cell survival factor APRIL (a proliferation-inducing
ligand).®° Activation-induced deaminase can be expressed in
mouse and human GALT, as well as inside and outside the ger-
minal center within GALT.24! B-cell division required for class-
switch recombination also occurs in mouse and human GALT,
both inside and outside germinal centers.?#¢! Therefore, there
is evidence that in both mice and humans, the T-cell dependent
and T-cell independent routes to class-switch recombination to
IgA can occur in GALT.

Most intestinal IgA plasma cells from the mouse and human
intestine have somatic mutations in their variable regions genes,
although this does not necessarily infer specificity.®> Some of
the earliest studies of the somatic hypermutation mechanism
exploited this property of GALT germinal-center cells from
mice that form without “immunization”%* However, the fre-
quency of mutation in the plasma cell population seems to be
lower in mice. Mice have approximately five mutations per vari-
able region on average, in which the population includes some
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sequences with no mutations. Human variable region genes
from intestinal plasma cells have on average ~15 mutations.>*!
This may reflect different properties or dynamics of the GALT
germinal-center response in mice, or it may reflect a more com-
plex origin of murine compared with human IgA plasma cells,
with contributions from B-1 and B-2 B-cell lineages in mice.
The observation that murine peritoneal B-1 B cells may have
mutations in IgV gene rearrangements switched to Ca suggests
that even this population may not be germinal center or GALT
independent.®*

There are fundamental differences in the B-cell subsets
residing in murine and human GALT. In humans, the ger-
minal center has a clear boundary and is surrounded by a
narrow mantle zone of naive B cells. This is surrounded by
a zone of cells known as the mucosal marginal zone because
of the morphological resemblance of cells in this location to
splenic marginal zone B cells, their lack of expression of IgD,
and their microanatomical location around the mantle.!* It is
highly unlikely that marginal-zone B cells in these locations are
directly analogous; e.g., those in the spleen tend to have a low
expression of IgD, whereas those in the mucosa tend to lack
IgD. In mice, cells of GALT that express IgD do not form such
a distinct boundary with the mantle and they extend up to and
into the FAE in what seems to be a single continuous population
of cells®® (Figure 1).

In both mice and humans, the end point of mucosal B-cell
response is the production of plasma cells predominantly of
the IgA isotype. Table 1 details the differences in the IgA sys-
tem in mice and humans. In mice, IgA is much more restricted
in its function to the protection of mucosal surfaces than in
humans.

MUCOSAL T-CELL COMPARTMENTS

T cells within the GALT tend to phenocopy those in active
organized lymphoid tissues in the periphery. In contrast, T cells
that reside in the LP, and to an even greater extent in the epithe-
lium, display distinct features uniquely characteristic of mucosal
T cells, usually exhibiting an effector/memory phenotype.
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INTESTINAL EPITHELIA: A NICHE FOR UNCONVENTIONAL
TCELLS
In both mice and humans, the ratio of T cells:enterocytes in the
epithelia of the small intestine is in the range of 1:5-10, although
this ratio decreases in the colon where enterocytes outnumber
T cells 40-fold.% Despite this similarity, the profiles of T cells
that reside in the intestinal epithelium vary dramatically between
the two species. Furthermore, the populations of T cells in the
gut can alter with age,®” and recent data suggest that the cytokine
profile of gut T cells is also heavily influenced by the microflora
implying variations in T-cell populations that are not inherent
to the species but dependent on the environment.58-70

The percentage of vd T cells varies between the mouse and
human intestine. Y8 T cells are the prototypic “unconventional”
T cells, so called because of their lack of classical MHC restric-
tion, their “activated yet resting” phenotype, and their mode of
antigen recognition.”! In the mouse, up to 50% of murine IELs
in the small intestine express the Y5 T-cell receptor (TCR). This
is in marked contrast to the periphery where yd T cells represent
only a small fraction of T cells. However, this high frequency
of O T cells observed in the mouse intestine is not apparent in
the human gut, and y8 T cells represent < 10% of the IEL popu-
lation in humans with the exception of diseases such as celiac
disease in which a dramatic increase in y8 T cells is observed.”?
Nevertheless, in both mice and humans, the clonal repertoire of
vd cells in the gut is restricted with mice mainly expressing the
Vy7 TCR coupled with V34 or V867% and humans expressing V81
and to a lesser extent V83 with a predominance of Vy8.7475 In
each case, this repertoire is distinct from that in the periphery of
either species and it is believed that, although the specificity of o
T cells remain ill-defined, these cells may recognize endogenous
stress antigens in the gut. Human y8 V31T cells can recognize
the polymorphic antigens, MICA/B, induced by stress on the
intestinal epithelia, either through their TCR or through their
expression of NKG2D.”¢ However, there is no MICA/B in mice,
although other NKG2D ligands are present such as members of
the Rael and H60 families, which are also usually stress induced.
Thus, in both cases, although by recognition of different mole-
cules and possibly by different receptors (e.g., there is no evidence
in mice that the yd TCR can bind directly to Rael), the yd T-cell
population in the gut may recognize the stressed epithelium.

Evidence from mouse studies also suggests that the gut can
harbor large numbers of other unconventional T cells independ-
ent of those that express the y6 TCR.””>”8 Thus, in addition to
TCRaB ™" cells that express CD4 or CD8af3, akin to systemic
T cells, unconventional TCRaf* cells that express the CD8oto
homodimer, and “double-negative” TCRa3* cells that lack
both CD4 and CD8 have been identified, which share many
unconventional characteristics with y8 T cells.”® Such cells
have also been identified in the human fetal intestine,!6-80:81
and improving sample procurement and analytical technolo-
gies have permitted us and others (E Binda and C Mueller in
preparation) to show that, as in mice, the human adult intestine
harbors significant numbers of unconventional TCRa* T cells.
Indeed, unconventional T cells including v, double-negative,
and CD8oa have been identified in the intestine of many other
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species, including dogs.82 In mice, half of the TCRo3-express-
ing T cells in the IEL population are unconventional, a subset of
which has been shown to be immunoregulatory.3? The presence
of CD8aa is believed to increase the threshold for T-cell activa-
tion and hence to prevent excessive inflammatory responses to
commensal bacteria.®* A ligand for CD8at0,, thymic leukemia
antigen, which is constitutively expressed on the gut epithelia,
has only been identified in mice,% and the role of CD8o in the
human gut has yet to be fully elucidated.

LP T CELLS
T cells in the LP in both mice and humans are mainly CD4 +
T cells and all the classical TH subsets (TH1, TH2, TH17)
and T-regulatory cells are represented. There are also popula-
tions of natural killer T (NKT) cells. Several reports indicate
different NKT subsets in the mice and human intestine, but
there is a huge variation in the different studies in part due
to inconsistencies in NKT definitions and the fact that con-
ventional T cells can upregulate natural killer markers upon
activation. Both variant and invariant NKT cells have been
identified in the mice and human intestine (reviewed in the
study by Middendorp and Nieuwenhuis®). Invariant NKT
cells express Vo14Jo18 in mice and Vo24Ja18 in humans,
and recognize glycolipids presented by CD1d on entero-
cytes and dendritic cells. It should be noted that mice express
only CD1d, whereas other isoforms are present in humans
(CD1a-€).8” Human iNKT cells also express the C-type lectin,
CD161, whereas mice do not. More recently, a population of
mucosal invariant T cells (MAIT) has been identified that recog-
nizes as yet undefined ligands (possibly o-mannosylceramide; see
the study by Shimamura ef al.38) presented by MHC class I-like
molecule, MR1. These express Va19Ja33 paired with VB6/V 38
in mice and Vo7.2Ja33 paired with VB2/V13 in humans. Mouse
MAIT cells seem naive, in contrast to the memory phenotype of
human MAIT. This may be related to the different levels of the
transcription factor, promyelocytic leukemia zinc finger, in mice
and humans or may imply a different differentiation pathway
between the two species.®

The manner by which T cells get to the gut is still unclear espe-
cially for the large intestine with the only known requirement
being 04p7. However, it does seem that gut homing to the small
intestine is similar in both mice and humans. CD103 + dendritic
cells have been found in murine and human mesenteric lymph
nodes that confer CCR9 and 047 expression and hence the gut-
homing ability on responding T cells, suggesting a conserved
mechanism between the species.”

T-regs INTHE GUT

The intestinal immune system is in a constant state of control-
led activation to maintain homeostasis and tolerance to dietary
antigens and commensal bacteria. Regulatory T cells (T-regs)
have a fundamental role in maintaining homeostasis in the
gut, and transfer of T-regs can inhibit and cure colitis in the
T-cell transfer colitis model of the disease.’! TGFP can induce
FOXP3 expression and suppressive functions in mice, whereas
forced expression of FOXP3 or its induction with TGFp is not
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sufficient to induce a regulatory function in humans.®>* Thus,
in contrast to mice, the expression of FOXP3 is not always linked
to suppressor function,’*> which may go some way to explain
a lack of evidence for defects or reductions in human T-regs
in IBD pathogenesis. A further difference between murine and
human T-regs, particularly important in the mucosa, relates to
stimulation through TLR2. Activation of TLR2 reduces murine
T-reg-suppressive capacity,”® whereas stimulation of human
T-regs through TLR2 increases suppression,”” although the use
of different TLR2 ligands in these studies may have activated
different TLR2 complexes.

There are additional subsets of CD4 + T-regulatory cells that
lack FOXP3 but express interleukin (IL)-10 known as type I
T-regs (Tr1), which could also prevent colitis in mice.”® Many
different regimens have been identified in mice that induce
these Tr1 cells, although the pathways that induce these cells
in humans are less well defined. However, the complement
regulator, CD46 has been identified as a key factor in humans
in the switch from Th1 to Tr1-like cells.®” The ability of CD46
stimulation (with IL-2) to convert human CD4 Th1 cells into
IL-10-producing regulatory cells may be of paramount impor-
tance in the gut where chronic stimulation produces a milieu
conducive to such conversion. However, murine somatic cells
lack any expression of CD46, and no molecule that recapitulates
TCR-IL-2-CD46-dependent IL-10 production has been identi-
fied.!190 Recent data have suggested that activation of the aryl
hydrocarbon receptor (AHR) in mice promotes differentiation
of Tr-1 cells, whereas in humans, both Tr-1 and FOXP3* T-regs
are induced by AHR activation, depending on the cytokine con-
text.101102 A it is already known that AHR activation by specific
ligands promotes expansion of Th17 cells,'? it is conceivable
that AHR ligands, provided by the diet or intestinal flora, influ-
ence the differentiation of many different T-cell subsets (such as
Tr-1, FOXP3* T-regs, 0 T cells, and Th17) in vivo and that this
differs between mice and humans. Similarly, the fact that human
AHR has at least a 10-fold lower affinity for dioxins than AHR in
mice may also suggest different response thresholds.!%*

IL-17-PRODUCINGT CELLS INTHE GUT

Closely linked to the differentiation of T-regs in the gut is the dif-
ferentiation of Th17 cells, not least as T-regs can convert to Th17
in the presence of IL-6 in mice and IL-6 and IL-1f in human
cells.!05-197 The Th17 population has received an enormous
amount of attention especially relating to the gut mucosa. It
has been shown that IL-17 production by Th17 cells can be
regulated by specific fractions of the intestinal commensal
population®-70:198 and that during gut inflammation, many
of the functions traditionally attributed to IL-12 and Th1 cells
could instead be due to IL-23 and Th17.1%° However, there is
evidence that Th17 differentiation is differentially regulated
in humans and mice. IL-6 and TGFp can induce murine Th17
differentiation,!%!11 wherein IL-6 signaling activates STAT
(signal transducer and activator of transcription) 3 and the line-
age transcription factor, RORyt'!2 and TGFR indirectly favors
the expansion of Th17 cells by inhibiting the expression of
transcription factors required for Thl and Th2 develop-
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ment.! 13114 In contrast, IL-6 plus TGFf is not sufficient for Th17
differentiation in humans. However, Th17 can be induced in
humans with IL-1f together with IL-23 or IL-6.11>11¢ Both IL-1j3
and IL-6 are present in the gut mucosa and are elevated in IBD
patients,!!” suggesting a milieu that may promote IL-17 produc-
tion and contribute to disease pathogenesis. Furthermore, recent
murine data suggest that this combination of cytokines (IL-1f,
IL-6, IL-23) can also induce Th17 differentiation in the mouse,
in the absence of TGFP signaling, suggesting that species-spe-
cific differences may not be as pronounced as initially believed.
Interestingly, induction of Th17 in the absence of TGFP induces
cells co-expressing RORyt and T-bet and thus capable of pro-
ducing both IL-17 and interferon-v, a “double-producing” cell
believed to have greater pathogenic potential '8

Unconventional cells are ideally suited to provide an innate
source of IL-17 in the earliest stages of the inflammatory
response before the cytokine can be produced by antigen-spe-
cific TCRaf T cells.!'® TLRs can activate mouse V3 cells directly
to induce IL-17'2%121 and it seems that the presence of certain
commensals may also be important for specific IL-17-expressing
murine Y8 T cells as they are for conventional Th17 T cells.!??
However, whereas IL-17-producing yd T cells have been read-
ily identified in mice and appear to be programmed for IL-17
production during thymic differentiation,'?3 IL-17-producing
vd cells have been hard to identify in humans. In the periph-
ery, very few Vy9-expressing T cells (1%) produce IL-17, and
similarly, a very low percentage of IL-17-expressing y0 T cells
is achieved even after polarization in vitro,'?* although some
IL-17-producing vd cells have been observed in patients with
active pulmonary tuberculosis.!?®> The V81 y3 population, more
usually associated with the gut in humans, is increased in the
periphery of patients with HIV (human immunodeficiency
virus) and these cells have been shown to produce IL-17 and
express CD27,!2¢ in direct contrast to murine y3 IL-17-express-
ing cells, which are CD27 negative. Whether these V51-express-
ing cells are also capable of IL-17 expression in their normal
niche of the gut is yet to be explored.

It may be the case that other unconventional cells, distinct
from Y8 T cells, are important for rapid mucosal IL-17 produc-
tion in the gut. The recently identified innate cell population
that mediates IL-23-dependent production of IL-17 and inter-
feron-v are the obvious candidates.'?” Although these cells were
described in mice, a population with similar characteristics is
also believed to exist in humans.

IL-17R ligation in humans induces IL-8!2% and subsequent
neutrophil recruitment.!?® However, as there is no structural
homolog of IL-8 in mice!3*!3! (although other chemokines
such as KC may have similar properties) and as mice also have
reduced neutrophil numbers, the consequences of IL-17 signal-
ing may also be different between the two species.

Th1 CELLS INTHE GUT

The differentiation of Th1 cells was considered to differ between
mice and humans due mainly to a microsatellite insertion in
murine STAT?2 that prevented its interaction with STAT4. In
humans, this interaction is intact and allows type 1 interferon
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induction of Th1 cells.!* However, more recent data suggest
that type 1 interferon may not be sufficient, even in human
cells, to induce Th1 due to an inability to sustain STAT4 tyrosine
phosphorylation!33 but may still have a unique role in regulat-
ing the development of human IL-2-producing central memory
CD4 T cells.!3

SAME BALLPARK, DIFFERENT PLAYERS; DIFFERENT
RULES, SAME SCORE

The salient features of the intestinal immune system are highly
conserved between mice and humans. The basic microanatomi-
cal features are broadly similar and the outcome of the intestinal
immune response is the same: the acquisition of a state of con-
trolled responsiveness to luminal antigen, tolerance of food and
the commensal flora, and maintenance of the integrity of the epi-
thelial barrier. The mere fact that cells and pathways that achieve
this are different in many ways in mice and humans testifies to
the ultimate importance of achieving the common outcome. This
also highlights the potential plasticity in the system. The lack of
a phenotype in a knockout model may not necessarily indicate
a lack of relevance of the target in health; rather the ability of the
mucosal immune system to make compensatory changes.

In conclusion, although the value of animal models should not
be underestimated, close attention should be given to the detail;
the functional outcome may seem the same but the mechanism
might be very different.
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