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 Introduction

The adaptive immune system plays a central role in the patho-
genesis of inflammatory bowel disease (IBD). In a healthy 
state, both CD8+ and CD4+ subsets of T cells are present in 
the intestines in small numbers; the former are found mostly 
in the epithelial layer while the latter are located deeper in the 
lamina propria. In an inflammatory state, however, the num-
ber of CD4+ T cells is often vastly magnified. Early research 
efforts were largely centered on T lymphocytes given evi-
dence that CD4+ T cells from colitic animals and human IBD 
patients expressed activation markers and produced pro-
inflammatory cytokines [1–5] and adoptive transfer of CD4+ 
T cells from several animal models of colitis into immunode-
ficient mice could transfer disease [6–8]. While still contro-
versial, it seems likely in most IBD patients that altered T 
cells are not the critical initiating signal driving inflammation, 
but rather are an essential mediator and propagator of disease 
resulting from aberrant innate immune function [1].

T lymphocytes are broadly classified as regulatory or 
effector T cells. The latter is crucial in the protective immune 
response against infections. In contrast, the function of regu-
latory T cells is to maintain mucosal homeostasis by limiting 
the immune response to pathogens and by disarming any 
self-reactive effector T cells that escape negative selection in 
the thymus. Both T cell subsets are present in the gut- 
associated lymphoid tissue. Thus, inflammation can result 
from an imbalance of the number and/or function of these 

two T cell arms of the homeostatic T cell equation. Most 
studies on the role of T lymphocytes in IBD pathogenesis 
have centered on the CD4+ T cell subset, which is the main 
focus of this chapter; however, other T cell subsets are briefly 
covered at the end of the chapter.

 Effector T Cells

In the human gut, immune homeostasis requires exquisitely 
regulated responses to rare pathogens among a preponder-
ance of seemingly harmless commensal microorganisms. 
Effector T cells are critical for protecting against intestinal 
pathogens and are broadly classified into Th1, Th2, or Th17 
cells based on their cytokine secretion profile. Interferon-(γ)
gamma and TNF-(α)alpha are the predominant cytokines 
produced by Th1 cells whereas Th2 cells produce interleukin 
(IL)-4, IL-5, and/or IL-13. Th17 cells secrete IL-17, a pheno-
type that is perpetuated by IL-23. In a physiologic state, Th1 
and Th2 cytokines are necessary to restrain pathogens: Th2 
cytokines are secreted in response to parasitic infections, 
whereas Th1 cytokines are secreted in response to the pres-
ence of intracellular bacteria and viruses. Th17 cell produced 
IL-17, on the other hand, plays a role in protection against 
pathogenic bacteria, viruses, and fungi, namely by recruit-
ment of other immune subsets to mucosal sites [9, 10].

Inappropriately activated effector T cells can lead to 
pathology. Crohn’s disease was classically considered a 
Th1- associated disease [3, 5], but more recently, Crohn’s 
disease has been reclassified as a mixed Th1/17 disease as 
mucosal tissue from Crohn’s patients have been found to 
produce IL- 17 in addition to TNF-(α)alpha and interferon-(γ)
gamma [11]. Ulcerative colitis, on the other hand, has been 
described by some but not all studies to be a Th2-associated 
disease with elevated levels of IL-5 and IL-13 (but not the 
classic Th2 cytokine IL-4) detected in diseased mucosa [4, 
11]. More recent studies, however, have reported detection 
of IL-17 in ulcerative colitis tissues [11]. A relatively new 
subset of T-helper cells, Th9 cells, defined by their secretion 
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of interleukin-9, has been implicated in the pathogenesis of 
IBD [12–14]. Patients with active Crohn’s disease or ulcer-
ative colitis have elevated numbers of CD4+PU.1+ and 
CD4+IRF4+ T cells in the intestinal mucosa compared to con-
trol patients [12, 13]. Interestingly, only ulcerative colitis 
patients showed elevated expression of IL-9 by these cells, 
and there was an association of IL-9 expression and IL-9+ 
T cells with the severity of the disease [12, 13]. Ulcerative 
colitis patients also showed elevated expression of IL-9R in 
intestinal epithelial cells [12, 13] and it has been proposed 
that Th9 cell-derived IL9 alters tight junction protein compo-
sition in the intestinal epithelium and thereby increases 
intestinal permeability leading to disease [12, 14]. The asso-
ciation of Crohn’s disease and ulcerative colitis with particu-
lar T helper cell subsets is summarized in Fig. 8.1. Please 
refer to Chaps. 15 and 16 on Th1/2/17 cells and animal models 
of IBD, respectively, for further details.

 Regulatory T Cells

The proinflammatory capacity of effector cells is kept in bal-
ance by regulatory T cells. These cells are classically hypop-
roliferative, hyporesponsive, and potent in their suppressive 
capacity to inhibit proliferation and activation of non- 
regulatory T cell counterparts. Regulatory T cells are classi-
cally divided into at least two distinct populations (summarized 
in Fig. 8.1): naturally occurring regulatory T cells (nTregs) 
that are generated in the thymus and “induced” regulatory 
T cells (iTregs) that are generated in peripheral tissues or are 
generated in vitro in the presence of certain anti-inflammatory 
cytokines. Both populations are likely essential, with distinct 

and nonredundant functions in maintaining mucosal homeo-
stasis [14–16].

 Naturally Occurring Tregs

Easily detected in the peripheral blood and peripheral 
immune compartments, such as the spleen, lymph nodes, and 
the intestines, nTregs express Foxp3, a member of the fork- 
head family of transcription factors that is crucial for their 
development and function. Scurfy mice, that have mutant 
FOXP3, are devoid of nTregs, die soon after birth from auto-
immunity, a phenotype that can be rescued by transfer of 
regulatory T cells within a few days after birth [15]. Similarly, 
humans without functional Foxp3 develop immune dysregu-
lation, polyendocrinopathy, enteropathy, X-linked (IPEX) 
syndrome and also suffer from multiple autoimmune mani-
festations, including enteropathy [17–19]. In addition to 
IPEX, other genetic deficiencies including mutations in 
WASP, CD25, and IL-10 all lead to abnormal Treg cell num-
bers and/or function, and are associated with increased risk 
of IBD [20, 21]. In the mouse, Foxp3 is a reliable marker of 
Tregs. However, in human cells, CD4+ T cells can transiently 
express low levels of Foxp3 when activated, thus, making 
Foxp3 an ambiguous marker of nTregs [22]. Some cell sur-
face markers have been described, albeit inconsistently, to be 
expressed by nTregs, such as GITR, GARP, CD49d, ICOS, 
CD25, and CTLA-4 [23, 24]. Unfortunately, these cell sur-
face markers are not specific to nTregs and, therefore, leave 
room for better markers for identification of nTregs. Liu 
et al. proposed a strategy to identify “pure” FOXP3+ Treg 
cells, devoid of activated T cells, by inclusion of the IL-7 

Fig. 8.1 Regulatory and 
Effector T cell populations 
controlling IBD. Various 
effector T cells (Th1, Th2, 
Th17, and Th9) are depicted 
and their cytokine secretion 
patterns as well as potential 
IBD disease associations. 
Regulatory T cells (nTregs 
and iTregs) can suppress 
effector T cell function 
employing diverse 
mechanisms including 
anti-inflammatory cytokine 
secretion (e.g., IL-10, TGF-β, 
and IL-35)
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receptor alpha chain (CD127) in their flow cytometry-based 
purification protocols. More specifically, low expression of 
CD127, in conjunction with CD25 expression, provides a 
useful strategy for the identification of a highly enriched 
FOXP3+ cells in humans [15, 25, 26].

Despite the fact that they make up only 5–10 % of the 
total CD4+ cell population, nTregs are critical in maintaining 
immunologic homeostasis. In the mouse, co-transfer of 
nTregs with CD45RBhi T cells into immunodeficient mice 
not only protect against colitis but can also reverse ongoing 
colitis [27, 28]. Transfer of nTregs into susceptible animals 
can also ameliorate other autoimmune diseases, such as 
experimental autoimmune encephalopathy (a model of mul-
tiple sclerosis), or nonobese diabetic (NOD) mice (a model 
of type I diabetes), or systemic lupus erythematosus [29–31]. 
Along the same line, mice depleted of CD25+ T cells, which 
consist mainly of nTregs, develop significant autoimmune 
diseases [32]. In the in vitro setting, nTregs can potently sup-
press proliferation of cocultured naïve T cells [23, 33].

Naturally occurring Tregs function partly through secre-
tion of a multitude of anti-inflammatory cytokines, including 
IL-10, TGFβ, and IL-35 [34]. Tregs deficient in TGFβ or WT 
Tregs transferred with neutralizing antibodies to TGFβ were 
not able to suppress disease in an adoptive cell transfer model 
of colitis [35, 36]. The data regarding IL-10 are not as clear; 
Tregs deficient in IL-10 or WT Tregs transferred with neutral-
izing antibodies to IL-10R are defective in colitis protection 
in some, but not all, settings [6, 37]. Moreover, deletion of 
IL-10 from Foxp3+ Treg leads to less severe intestinal inflam-
mation compared to deletion in total CD4+ T cells, implicat-
ing CD4+ Foxp3− cells as a functional source of IL-10 that 
contributes to intestinal homeostasis [16, 38]. On the other 
hand, IL-35, which is a heterodimer of Epstein- Barr- virus-
induced gene 3 (EBI3) and IL-12α, appears crucial to the 
regulatory function of Tregs, since EBI3-deficient and IL-12α 
deficient Tregs lose their suppressive properties both in vitro 
and in vivo in a model of colitis [34, 39]. In addition to cyto-
kine-mediated regulation, Tregs can also modulate antigen 
presenting cell and effector T cell function by alteration of 
cellular metabolism by surface expression of enzymes CD39 
and CD73 that convert proinflammatory extracellular ATP 
into the immunosuppressive nucleoside adenosine [40, 41]. 
Whether or not all these regulatory mechanism are necessary 
for mucosal homeostasis in a normal mouse is not clear, but 
collectively they play important roles in the suppressive func-
tion of Tregs in different settings [16, 42].

 Inducible Tregs

In addition to nTregs that are generated in the thymus, regu-
latory T cells can be “induced” in vivo outside of the thymus 
in peripheral lymphoid tissue under tolerogenic conditions. 

The majority of peripheral Foxp3+ cells in the spleen and 
lymph nodes are thymically established nTreg cells. In con-
trast, the inducible Tregs (iTregs) make up a large fraction of 
T cells in the lamina propria (LP) and gut-associated lym-
phoid tissue (GALT) of the intestine [15, 16, 43]. Observed 
by transferring Foxp3− cells from reporter animals into lym-
phopenic mice and identified by the induced expression of 
FoxP3, these iTregs were demonstrated to be as suppressive 
as nTregs in an in vitro suppression assay [44]. In addition, 
antigen administration at low dose can lead to oral tolerance, 
a condition of systemic and/or local immunological toler-
ance, through the generation of iTregs that secrete both 
TGF-β and IL-10 [45].

Similarly, iTregs can also be induced ex vivo in the cell 
culture system when naïve T cells are stimulated through 
the TCR in the presence of different anti-inflammatory 
cytokines. For example, Th3 cells can be generated in vivo 
by exposure to oral antigen at low dose or in vitro by stimu-
lating naïve T cells in the presence of TGF-β, along with 
other cytokines. Tr1 cells result when naïve T cells are 
stimulated in the presence of IL-10 either in vitro or in vivo. 
Th3 cells secrete abundant amounts of TGF-β and have 
been described to express Foxp3. Th3 cells can protect 
against colitis alone but also synergize with nTregs in an 
adoptive cell transfer model of colitis [46]. Tr1 cells, which 
secrete large amounts of IL-10 and some TGF-β but do not 
express Foxp3, also have been shown to prevent a similar 
model of colitis by adoptive cell transfer [47, 48]. Although 
Tr1 cells certainly can be generated in vitro from both 
human and murine naïve T cells [47], they can also be 
found in the GALT of normal mice [49] and have been 
detected in humans in the setting of transplantation, auto-
immune diseases, and exposure to allergens (reviewed in 
ref. [50]). Recently Gagliani and colleagues identified the 
surface markers CD49b and lymphocyte activation gene 3 
(LAG-3) as being co-expressed on mouse and human Tr1 
cells [51]. The use of these markers makes it possible to 
track and purify Tr1 cells to explore there immune regula-
tory potential in cell based therapy.

Another Treg population, iTr35 cells, was identified that 
are generated in the setting of IL-35 stimulation [52]. Culture 
of either mouse or human CD4+ T cells with IL-35 leads to 
iTR35 cells, which are potent secretors of IL-35. These cells 
are highly effective suppressors of T cell proliferation 
in vitro and autoimmune diseases in vivo [52], as shown in 
both experimental models of multiple sclerosis and colitis 
[52]. Unlike other regulatory T cells, iTR35 cells appear 
stable and retain suppressive properties in vivo after transfer 
into recipient mice [52].

A new population of iTreg co-expressing FoxP3 and Rorγ 
was recently described by several groups in both mice and 
human [53, 54]. They comprise 40–60 % of colonic Tregs in 
inbreed mouse strains raised in specific pathogen free 
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conditions; the frequency are much lower in germ-free 
settings. Microbial colonization of intestinal mucosa induces 
generation of these CD4+Helios−FoxP3+Rorγ+ Tregs. They 
also found that these cells protect from colonic inflammation 
in TNBS-induced colitis model [53].

 Plasticity of T Cells

T cell differentiation was once considered linear and irre-
versible, but recent findings indicate that this process is flex-
ible and committed cells can acquire features of different 
effector cells upon adequate stimuli [55]. Tregs co- expressing 
Foxp3 and IL-17 have been described at mucosal sites and 
Tregs can be induced to express IFN-γ potentially leading to 
tissue damage by certain microbial infections (reviewed in 
refs. [56, 57]). In fact, cells that were previously Tregs have 
been demonstrated to lose their Foxp3 expression, gain a 
memory T cell phenotype, produce inflammatory cytokines, 
and lead to diabetes in an adaptive cell transfer model [58]. 
Moreover, IL17 producing Treg cells were also identified in 
inflamed intestinal mucosa of patients with Crohn’s disease 
[59]. Similarly, trans-differentiation of Th17 cells into a reg-
ulatory Tr1 cells can occur during an immune response. 
Conversion of Th17 cells into Tr1 cells are promoted by 
activation of Ahr signaling in presence of TGF-β1 and con-
tribute to the resolution of inflammation [60]. Previously it 
has been shown by the same group that anti-CD3 treatment 
leads to the generation of regulatory Th17 (rTh17) cell in the 
small intestine. rTh17 cells express high level of anti-inflam-
matory cytokine IL10 and suppressive capacity of these cells 
was dependent of the expression of IL10, TGF-β, and 
CTLA-4 [61]. Collectively, it can be concluded that both 
Treg and Th17 lymphocytes possess an intrinsic functional 
plasticity, which must be considered in attempts to target 
these cells therapeutically.

 Less Conventional T Cell Subsets

In addition to CD4+ T cells, other T lymphocyte subsets have 
potential effector or regulatory properties. In the lamina pro-
pria, CD8+ cells possess regulatory function and have been 
noted to be decreased in IBD tissues compared to controls 
[62, 63]. Likewise, in the intraepithelial compartment, 
TCRαα+ CD8+ T cells have been shown to be protective in 
animal models of colitis using adoptive cell transfer [64, 65] 
whereas TCRγδ+ cells appear to limit the extent of injury and 
promote tissue healing in a chemically induced model of 
colitis [66]. However, others have demonstrated a potential 
pathogenic role of TCRγδ+ cells given absence of these cells 
in a transgenic colitis model leads to attenuated disease [67]. 
These findings may have implications for the pathogenesis 

of ulcerative colitis given higher frequency of these TCRγδ+ 
cells has been noted in colonic tissue from UC patients [67]. 
Another less common subset of T cell is NK-T cells, which 
express surface markers and possess certain functional prop-
erties typical of both NK cells and T cells. In addition to 
expressing components of the T cell receptor complex, CD3, 
they express semi-invariant CD1d-restricted αβ TCRs recog-
nizing glycolipid antigens. Some regard these cells as poten-
tially pathogenic in inflammatory bowel disease. In fact, 
Fuss et al. demonstrated circumstantial evidence for NK-T 
cells being the source of high IL-13 levels noted in samples 
from patients with active UC, suggestive of a pathogenic role 
of these cells [4]. Likewise, in the oxazolone-induced murine 
model of ulcerative colitis, depletion of NK-T cells led to 
protection against disease [68]. However, in a chemically 
induced model of colitis (with dextran sodium sulfate), 
NK-T cells have been demonstrated to possess a regulatory 
function [69]. A recent murine study showed that microbial 
exposure during early life leads to the generation of mucosal 
invariant (i)-NKT cell tolerance. In absence of such tolero-
genic commensal exposure in germ-free mice leads to 
CXCL16-mediated iNKT cell driven intestinal inflammation 
in oxazolone-induced colitis model [70]. Although these less 
conventional T cell subsets typically have reduced frequencies 
when compared with the more conventional CD4+ T cells, 
their pathogenic/regulatory properties may contribute, at 
least in part, to overall mucosal homeostasis [70].

 The Role of T Cells in Colitis

T cells have been long recognized to be central to the muco-
sal inflammatory process and thought early on to even be the 
instigator of disease given the marked expansion of activated 
CD4+ T cells in the lamina propria of both inflamed mouse 
and human intestinal tissues [1, 2, 10]. CD4+ T cells from 
intestinal samples isolated from Crohn’s disease and ulcer-
ative colitis patients were found to be resistant to apoptosis  
[71], which may be one mechanism for such seemingly inad-
equately controlled expansion of T cells. The ability to trans-
fer colitis by adoptively transferring CD4+ T cells from a 
colitic mouse to an immunodeficient host in many animal 
models also implicated the colitogenic potential of CD4+ T 
cells [6–8]. Even transfer of CD4+ T cells depleted of CD25+ 
regulatory T cells from normal animals could lead to disease 
in a lymphocyte-deficient host [27], demonstrating the 
pro- inflammatory nature of effector T cells and its usual tight 
regulation by regulatory T cells during homeostasis.

Similar to that seen in a variety of murine models of IBD, 
CD4+ T cells isolated from patients with Crohn’s disease or 
ulcerative colitis express large quantities of pro- inflammatory 
cytokines [3, 5, 11, 72]. Interferon-(γ)gamma, tumor necro-
sis factor-(α)alpha and IL-2 have been demonstrated repeat-
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edly to be elevated in Crohn’s disease mucosa, whereas IL-5 
and IL-13 have been associated with ulcerative colitis. Early 
studies demonstrating an abundance of Th1 type cytokines in 
Crohn’s disease suggested IFN-γ+ Th1 cells to be a major 
mediator of disease, while ulcerative colitis was suggested in 
some studies to be mediated primarily by excessive Th2 
responses. Interestingly, despite an elevated level of IL-5 and 
IL-13 associated with ulcerative colitis, there is evidence of 
surprisingly reduced expression of IL4+ Th2 cells [3, 4, 10]. 
More recent reports demonstrating increased population of 
IL-5 and IL-13 expressing atypical natural killer T (NKT) cells 
in ulcerative colitis provided one explanation for this apparent 
anomaly [4, 10]. More recent studies have shown that tissues 
from both Crohn’s disease and ulcerative colitis patients have a 
massive infiltration of Th17 cells and Th17- related cytokines 
[10, 73, 74]. Apart from activating cellular targets like epithe-
lium, endothelium, monocytes/macrophages, and neutrophils, 
IL-17 is known to induce proinflammatory cytokines (TNF-α, 
IL-1B, GM-CSF, G-CSF, IL-6), chemokines (CXCL8, CXCL9, 
CXCL10), and metalloproteases [74–76]. Interestingly, several 
signature cytokines involved in Th17 differentiation and expan-
sion, including IL-23R, IL-12B, JAK2, STAT3, CCR6, and 
TNFSF15, have been identified as susceptibility genes of 
Crohn’s disease and ulcerative colitis in genome-wide associa-
tion studies [77–79].

On the basis of the observations that IFNγ, IL-17, IL-3 
may play a key role in the pathogenesis of Crohn’s disease 
and ulcerative colitis, both in mouse models and in humans, 
these cytokines have been considered as potential targets for 
the treatment of IBD. However the outcome in several stud-
ies has not been met with much success. Several groups have 
studied the effect of humanized antibody against IFN-γ, fon-
tolizumab, in patients with Crohn’s disease; however, the 
efficacy of anti-IFN-γ treatment remains unclear [80–82]. 
Blockade of IL-17 pathway was also not effective in Crohn’s 
disease: secukinumab, a fully humanized anti-IL-17A mono-
clonal antibody, failed to control symptoms and was associ-
ated with severe adverse effects [83]. Finally, two anti-IL-13 
monoclonal antibodies, tralokinumab [84] and 
anrunkinzumab [85], recently failed in phase II clinical trials 
in ulcerative colitis patients [86]. The failure of these agents, 
which target adaptive immune responses, has led to some 
rethinking of the central role of these cytokines in the patho-
genesis of both Crohn’s disease and ulcerative colitis.

Recent data has suggested that the initial aberrant signal 
may derive from defects in the innate immune system (such 
as an epithelial cell, macrophages, dendritic cells, NK cells, 
etc.). Polymorphisms in genes (e.g., NOD2, ATG16L1, and 
IRGM) that code for proteins important in recognizing and 
handling intracellular microbes, processes that occur in 
innate immune cells, have been recognized to be associated with 
Crohn’s disease risk in genome-wide association studies [87]. 
Data from animal studies have also implicated professional 

antigen presenting cells or epithelial cells in playing a more 
direct role in colitis induction [37, 88, 89]. Nonetheless, 
T cells are still thought to be an important mediator of dis-
ease, contributing to either the initiation or perpetuation of 
disease [1]. In this latter context, once activated by soluble 
factors and/or by cell–cell contact, T cells are able to expand 
and secrete chemokines and cytokines that recruit and acti-
vate, respectively, other immune cell subsets to perpetuate an 
inflammatory signal.

In order to damage the gut, effector T cells need to adhere 
and migrate into intestinal mucosa, a process which depends 
on the recognition between adhesion receptors (CCR9 and 
α4β7) expressed on the T cell surface and their ligands 
(MAdCAM-1) on the gut vascular endothelial surface [90]. 
CCR9 and α4β7 are the two most well characterized gut- 
homing receptors on T cells, and blocking the interaction 
between these receptors and their ligands on endothelial cells 
prevents T cells from entering the gut. This serves as the 
basis for the development of biologic therapies for Crohn’s 
disease such as natalizumab, which is a monoclonal antibody 
against the integrin α4, and vedolizumab, a monoclonal anti-
body against α4β7. Both agents interfere with T cell homing 
to the gut and consequently decrease inflammatory activities 
leading to clinical efficacy in both Crohn’s disease and ulcer-
ative colitis [91–94]. Additional anti-adhesion molecule 
strategies including the anti-β7 antibody etrolizumab [95] 
and anti-MAdCAM-1 antibody targeting the α4β7 ligand 
[96] are currently being tested in IBD [97]. Moreover, a 
CCR9 chemokine receptor small-molecule antagonist target-
ing the CCR9-CCL25 interaction has recently failed in a 
large [96–98]. Other agents blocking such signals crucial to 
T cell gut homing are also under development.

One may also hypothesize that T cell suppression is dimin-
ished in IBD either from a qualitative or quantitative defect in 
Treg function. However, a defect in Treg numbers appears not 
to be a principal cause of IBD, since their proportions are noted 
to be increased in inflamed IBD tissue when compared to non-
inflamed samples from IBD patients or samples from healthy 
control patients [99]. In fact, during periods of active disease, 
fewer Tregs are seen in the peripheral blood and more are 
found in the mucosa, suggesting an increase (through homing) 
or retention of Treg to sites of inflammation. Moreover, periph-
eral blood, mesenteric lymph node, and mucosal Tregs when 
removed from IBD patients retain in vitro suppressive function 
[99–101]. Thus, Tregs from IBD patients have the capacity for 
functional activity. However, the increase in Treg proportions 
in inflamed mucosa from IBD patients appear to be quantita-
tively less than that seen in non-IBD inflammatory control 
samples (those with diverticulitis), suggesting the increase in 
Treg numbers seen in IBD is not as robust as seen in other 
inflammatory disorders. Nonetheless, despite the presence of 
regulatory T cells in IBD associated mucosa these cells are not 
sufficient in situ to control inflammation.
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 Regulatory T Cells as Potential Therapy 
for IBD

Given the potent suppressive properties of regulatory T cells, 
one potential therapeutic option for IBD is quantitative 
enhancement of Treg numbers and/or functional capacity 
[21]. One theoretical approach is to isolate Tregs from a 
patient’s peripheral blood, followed by augmentation of cell 
function/numbers in vitro, and subsequent infusion of these 
cells into the patient. However, this idea has been hindered 
by difficulty in Treg expansion given their tendency for 
hypoproliferation, poorly defined surface markers, and 
uncertain stability and longevity in vivo. One potential way 
of overcoming these difficulties is to generate and expand 
inducible Tregs in vitro from naïve T cells, such as iTr35 
cells, Tr1 cells, or regulatory CD8+ cells [47, 52, 63]. Even 
then, it is difficult to purify some of these populations due to 
the lack of specific cell surface markers. In addition, this 
technique will still require peripheral blood cell isolation; 
immediate processing or cryopreservation; in vitro culture 
and stimulation; vigorous testing for function, purity, and 
viability; and reinfusion of newly induced Tregs, posing 
technical challenges to avoid infection and maintain quality 
control. Recently Canavan and colleague have shown that 
Tregs can be expanded from the blood of patients with 
Crohn’s disease. They demonstrated that the expanded cells 
were epigenetically stable and home to human small bowel 
in a C.B-17 severe combined immune deficiency (SCID) 
xenotransplant model [102]. In a phase 1/2a study 40 % of 
the patients showed a clinical response after a single injec-
tion of ovalbumin-specific Treg cells in 20 Crohn’s disease 
patients [97, 103]. In this study autologous Treg cells were 
expanded in vitro, cloned by limiting dilution, and selected 
for IL-10 production in response to ovalbumin before trans-
fer [15, 103]. An alternative option is to pharmacologically 
expand the already existing pool of Tregs or induction of an 
iTreg population. The latter could be done with an agent such 
as oral anti-CD3 antibody, which has been shown to expand 
a particular type of Tregs and has been shown to suppress 
EAE, SLE, and diabetes in mice [104, 105]. In another study 
Koreth et al. showed that daily administration of low-dose 
interleukin-2 in patients with active chronic GVHD that was 
refractory to glucocorticoid therapy was associated with 
preferential sustained Treg cell expansion in vivo and ame-
lioration of the manifestations of chronic GVHD in a sub-
stantial proportion of patients [106]. Phase 1 studies 
investigating the role of oral OKT3 (anti-CD3) and low-dose 
IL2 have been initiated for ulcerative colitis (ClinicalTrials.
gov: NCT02200445; ClinicalTrials.gov: NCT01287195). 
Taken together therapies targeting the immunomodulatory 
potential of Treg cells seem to be a promising approach for 
treatments of IBD.

 Summary

T cells have been clearly implicated as a mediator and propa-
gator of disease in many animal models of IBD. In patient 
samples, T cells secrete an abundance of pro-inflammatory 
cytokines suggesting a central role of T cells in the pathogen-
esis of disease. Despite the large body of knowledge regard-
ing the role of T cells in mucosal homeostasis, much still 
remains to be understood with regard to how these T cell 
subsets interact with each other and with other immune cell 
subsets to lead to IBD and how these interactions can be 
repaired to restore intestinal homeostasis.
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