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Chapter 7
Immunosuppression by Intestinal Stromal 
Cells

Iryna V. Pinchuk and Don W. Powell

Abstract  This chapter summarizes evidence that intestinal myofibroblasts, also 
called intestinal stromal cells, are derived in the adult from tissue mesenchymal 
stem cells under homeostasis and may be replenished by bone marrow mesenchy-
mal stromal (stem) cells that are recruited after severe intestinal injury. A compari-
son of mechanism of immunosuppression or tolerance by adult intestinal stromal 
cells (myofibroblasts) is almost identical with those reported for mesenchymal stem 
cells of bone marrow origin. The list of suppression mechanisms includes PD-L1 
and PD-L2/PD-1 immune checkpoint pathways, soluble mediator secretion, toll-
like receptor-mediated tolerance, and augmentation of Treg cells. Further, both mes-
enchymal stem cells and intestinal stromal cells express an almost identical 
repertoire of CD molecules. Lastly, others have reported that isolate intestinal stro-
mal cells are capable of differentiating into bone and less well into chondrocyte, but 
not into adipocytes, a finding that we have confirmed. These findings suggest that 
intestinal stromal cells (myofibroblasts) are partially differentiated adult, tissue-
resident stem cells which are capable of exerting immune tolerance in the intestine. 
Their role in repair of inflammatory bowel disease and immune suppression in 
colorectal cancer needs further investigation.
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7.1  �Introduction

There are a multitude of pleotropic functions of intestinal stromal cells (myofibro-
blasts, fibroblasts, and pericytes) that have been discovered and investigated over 
the past 20 years. Previous reviews document knowledge about these cells up until 
the current era [1–7]. Our chapter defines the role of mucosal stromal cells in gut 
tolerogenic responses, including immunosuppression by B7 suppressor molecules 
(PD-L1 and PD-L2) which are present on these MHC class II-expressing antigen-
presenting cells, immunosuppression by soluble mediators secreted by stromal 
cells, role in altering Th17 cell and Treg formation, and toll-like receptor-mediated 
modulation of immunosuppression. The PD-L1/PD-1 signaling pathways have 
recently become famous with the discovery of immune checkpoint therapy for can-
cer, revolutionizing the field of oncologic immune therapy and bringing effective 
therapies to previously untreatable cancers [8–10]. Our interest in these molecules 
developed when we discovered that mucosal CD90+ stromal cells in gastric, small 
intestinal, and colonic mucosa were novel, innate immune cells expressing MHC 
class II [11–13]. Seeking an antigen-presenting function for these cells, we found 
that the positive B7 co-stimulatory molecules CD80 and CD86 were not normally 
expressed, although CD86 could be demonstrated after engagement of T cells [13]. 
Nevertheless, the negative co-stimulatory molecules PD-L1 and PD-L2 were 
robustly constitutively expressed [14], suggesting that CD90+ stromal cells were far 
more important in tolerance than in activation of immunity.

In attempting to understand why stromal cells of all types – intestinal, chondro-
cytes, synovial, lung, and skin fibroblasts – might have such potent immunosuppres-
sive functions [15], an attractive hypothesis was found in the emerging concepts of 
the origin of intestinal stromal cells and the idea that they might be derived from 
adult or tissue-resident, adult mesenchymal stem cells (tMSC) or from the recruit-
ment of bone marrow-derived mesenchymal stromal cells (BMMSC). This was 
especially true since the mechanisms of MSC-mediated immunosuppression and 
the ability of MSC, like intestinal stromal cells, to switch from inflammation to sup-
pression have been more recently become better understood [16–18]. Therefore, 
before describing the information we have learned about the immune suppressive 
role of intestinal stromal cells, we will briefly review the current understanding of 
the origin of intestinal stromal cells and of the immune functions of MSC.

7.2  �Origin of Intestinal Stromal Cells

It was once thought that parenchymal mesodermal cells in the embryo originated 
from the neural crest [19]. However, more recent lineage tracing experiments have 
defined the mesothelium as the embryological origin of tissue parenchymal (myo)
fibroblasts, perivascular pericytes, and vascular smooth muscle cells [20, 21]. In the 
adult, the discussion has centered on whether the origin of subepithelial stromal 
cells (myofibroblasts), during homeostasis or after tissue damage, is from a 
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tissue-resident, adult mesenchymal stem cells (tMSC) or from engraftment of circu-
lating bone marrow mesenchymal stem cell (BMMSC) [22]. Stappenbeck’s labora-
tory presented evidence for a tMSC, identified by its avid expression of COX-2 (and 
thus prostaglandin secretion), located in the upper aspects of the lamina propria but 
seemingly homing to a pericryptal location adjacent to epithelial stem cells in 
response to toll-like receptor (TLR) signaling [23]. Prostaglandin secretion from 
these relocating cells was critical for repair of dextran sodium sulfate (DSS)-induced 
colitis and for repair of experimental colonic perforating wounds [23]. While these 
cells had the repertoire of stems cells, their origin remained unclear [22]. Strong 
evidence that these cells may be tMSC has recently been published by Worthely 
et al. [24] in impressive lineage-tracking experiments using Gremlin 1 (Grem 1) as 
a marker of subepithelial mesenchymal cells. Tamoxifen-induced expression in a 
Grem1-creERT mouse identified single subepithelial cells in the small intestine isth-
mus, the region that serves as the transition from villi to crypts. These cells divided 
exceedingly slowly, incorporating BrdU over the course of a month and taking 
3  months for these labeled cells to populate the entire pericryptal mesenchymal 
sheath and a year to completely populate the entire villus with smooth muscle 
α-actin-positive myofibroblasts and smooth muscle α-actin-negative, but not NG2-
positive, stromal pericyte-like cells. These marked cells persisted for 2  years. 
Worthely named these cells intestinal reticular stem cells (iRSC) denoting the retic-
ular network that they formed. This network was entirely distinct from the closely 
approximated s100b-/NES-positive glial network. Thus, this publication gives 
strong evidence for a slow cycling, tissue stem cell providing homeostasis for small 
intestinal epithelial and lamina propria small vessel function and for tissue struc-
ture. Although results of studies in colonic and gastric tissues were not reported, 
Worthely has stated that similar observations were made for colonic and gastric 
mucosa (personal communication).

While it is possible that under conditions of significant intestinal damage these 
tMSC might be called to the damaged area by chemotaxis to repopulate the myofi-
broblast/fibroblasts and pericytes network, an alternative mechanism for rapid repair 
is also possible: homing of BMMSC. As demonstrated first by Britten and colleagues 
[25], and reviewed in detail by Mifflin et al. [5], using the Y chromosome from male 
bone marrow infused into female recipients under conditions of significant tissue 
wounding, BMMSC may reconstitute 40–60% of subepithelial myofibroblasts and 
pericytes within 10 weeks of transplantation. A similar phenomenon has been shown 
for the cancer microenvironment where 20% of cancer-associated fibroblasts in 
colorectal cancers are derived from BMMSC [26, 27]. Thus, one might reasonably 
postulate that tMSC are responsible for the homeostasis of the intestinal epithelium 
and lamina propria architecture, but that BMMSC replenishment serves as the mech-
anism for more rapid repair after acute damaging disease or trauma (Fig. 7.1).

More compelling proof that intestinal stromal cells are derived from MSC comes 
from the study of Signore et al. [28] who used CD146, a known MSC marker, to 
visualize lamina propria cells by confocal microscopy and to isolate them. The 
CD146-positive cells have the location and appearance of colonic CD90+ myofibro-
blasts/fibroblasts. Importantly, isolated colonic CD146 cells had the same marker 
phenotype as BMMSC but had a decreased intensity of the CD13, CD29, and 

7  Immunosuppression by Intestinal Stromal Cells



118

CD49c expression (Table 7.1). When these isolated CD146 colonic cells were place 
in differentiation media, they became osteocytes and differentiated less efficiently 
into chondrocytes, but not at all to adipocytes. Thus, we believe that, at least in nor-
mal intestinal mucosa, CD90+ myofibroblasts/fibroblasts are restricted progenitor 
cells of mesenchymal stem cell origin. Functional differences between conventional 
MSC and intestinal stromal cells will no doubt be clarified over the coming years.

7.3  �Immunosuppression by MSC

B7 Molecule-Mediated Suppression  A fundamental property of MSC is their 
ability to alter the profile of dendritic cells, naive and effector T cells, and natural 
killer cells to induce an anti-inflammatory or tolerant phenotype [16]. While they 
express MHC class I constitutively, class II molecule expression must be induced. 
B7 co-stimulatory molecules CD80 (B7-1) and CD86 (B7-2) are robustly expressed 
by professional antigen-presenting cells (APCs) such as dendritic cells. These B7 
ligands engage the T cell receptors CD28 (resting t cells) and CTLA-4 (activated T 
cells), although with a dramatically higher affinity (100- to 1000-fold higher) for 
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Fig. 7.1  Mesenchymal stem cell replacement of subepithelial myofibroblasts (stromal cells) dur-
ing homeostasis (left) and following injury or damage from disease (right). Stromal cell replace-
ment during homeostasis occurs by division of slow cycling tissue mesenchymal cells (tMSC) in a 
process that takes months to populate the top and bottom of the colonic crypts. After damage or 
disease, stromal cell replacement appears to be largely from recruitment of bone marrow-derived 
mesenchymal stem cells (BMMSC) which takes days or weeks. tMSC may also take part in stro-
mal cells’ replacement after damage
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Table 7.1  Phenotypic comparison of BMMSC, gastrointestinal mucosal tMSC, and myofibroblasts

Marker BMMSC tMSC Myofibroblasts Description/function

CD4 nd − 
[28]

nd T cell coreceptor/interact with non-polymorphic 
regions of MHC class II and HIV protein gp120 
[66]

CD10 + [28] + [28] nd Metalloproteinase/development and cancer [67]
CD11b nd nd − [11] Integrin/adhesion, migration, phagocytosis, 

chemotaxis, cytotoxicity [68]
CD11c – nd − [11] Integrin/interacts with lipid A moiety of LPS [69]
CD13 ++ + ±a Aminopeptidase N/regulator of signals triggered 

by other receptors, apoptosis [70]
CD14 − [28] − 

[28]
+a Co-receptor for TLR4/implicated in LPS-induced 

skin fibroblast proliferation [71]
CD 24 − [28] ± [28] + [72] Cell-cell and cell-matrix adhesion glycoprotein/

facilitates metastasis [73]
CD29 ++ [28] + [28] +a Integrin β1/adhesion receptor for ECM 

components/epithelial differentiation, 
development and tissue organization [74]

CD31 − [28] − 
[28]

−a Platelet endothelial cell adhesion molecule/T cell 
homeostasis, effector function and trafficking 
[75]

CD34 − [28] − 
[28]

−a Hematopoietic progenitor cell Ag/cell adhesion 
regulation [76]

CD44 ++ [28] ++ 
[28]

++a Glycoprotein, a hyaluronic acid receptor/
regulates cell adhesion, proliferation, survival, 
migration, and differentiation [73]

CD45 +−[28] − 
[28]

−a Leukocyte common antigen, a transmembrane 
phosphatase/development and function of 
lymphocytes [77]

CD49a ++ ++ nd Integrin α1, heterodimerizes with the β1 subunit 
to form a cell-surface receptor for collagen and 
laminin/adhesion [78]

CD49c ++ [28] ++ 
[28]

+a Integrin α3, heterodimerizes with the β1 subunit/
cell migration and adhesion, regulation of ECM 
components [79]

CD49d ++ [28] ++ 
[28]

++a Integrin α4, heterodimerizes with the β1 subunit/
interact with VCAM-1; cell adhesion [80]

CD54 ++ [28] ++ 
[28]

++ [81] Glycoprotein, also known as intercellular 
adhesion molecule 1, ICAM-1/cell adhesion [80]

CD80 ± [32] nd − [11] B7 family co-stimulator/interacts with CD28, 
CTLA-4, and PD-L1/regulation of T and 
macrophage activity [30, 57]

CD86 ± [32] nd ± [11] B7 family co-stimulator/interacts with CD28, 
CTLA-4/regulation of T and macrophage activity 
[30, 57]

CD90 ++ ++ ++ Activation-associated cell adhesion molecule 
(Thy1)/cell adhesion [82]

(continued)
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CTLA-4 [29–31]. Ligation of CD28 by CD80 and/or CD86 enhances T cell prolif-
eration, intensifies pro-inflammatory cytokine secretion, and upregulates anti-
apoptotic genes. MSC have low or negative expression of the positive B7 
co-stimulatory molecules CD80 and CD86 but are reported to express high level of 
B7 inhibitory molecules PD-L1 and PD-L2 [32, 33]. These inhibitory molecules are 
critically involved in suppression of activated T lymphocyte proliferation, thus con-
tributing to the maintenance of peripheral tolerance [33, 34]. PD-L1 is also reported 
to be implicated in MSC-mediated suppression of Th17 cell differentiation [35]. 
Importantly, there is evidence that PD-L1 expression on MSC may be responsible 
for suppression of autoreactive T cells in experimental autoimmune type 1 diabetes 
[36] and in inducing immune tolerance to cardiac allografts when given in combina-
tion with rapamycin [37]. Recent reports have demonstrated that PD-L1 is involved 
in the regulation of inflammatory Th17 [38] and immunosuppressive CD4+ CD25high 
FoxP3+ regulatory T cell (Treg) responses [39]. MSC have been shown to contribute 
to the regulation of the Th17/Treg balance and may repress mature Th17 cells in a 
PD-L1-dependent manner [35]. Taken together, these properties allow MSC to 

Table 7.1  (continued)

Marker BMMSC tMSC Myofibroblasts Description/function

CD105 ++ [28] ++ ± Also known as an endoglin, accessory receptor 
for TGF-β/implicated in angiogenesis and 
neovascularization [83]

CD146 ++ [28] ++ 
[28]

++a Cell adhesion molecule (CAM)/implicated in 
development, cell migration, mesenchymal stem 
cells differentiation, angiogenesis, immune 
responses [84]

CD166 ++ [28] ++ 
[28]

+a Activated leukocyte adhesion molecule 
(ALCAM)/bind to CD6; adhesion and T cell 
activity regulation [85]

HLA-
ABC

++ [28] ++ 
[28]

++a MHC class I molecules/MHC class I restricted 
Ag presentation to CD8+ T cells [86]

HLA-DR − [28] ++ 
[28]

+ [14] MHC class II molecule/MHC class II restricted 
Ag presentation to CD4+ T cells [86]

PD-L1 + [87] + [87] + [14] B7 family co-inhibitor (B7-H1)/interacts with 
PD-1 and CD80; regulation of T and macrophage 
activity [30, 57]

PD-L2 + [87] + [87] + [14] B7 family co-inhibitor (B7-DC)/interacts with 
PD-1; regulation of T and macrophage activity 
[30, 57]

B7-H2 nd nd +a B7 family co-stimulator (ICOSL)/interacts with 
ICOS; activate T cell proliferation and induction 
of T17 type responses [88]

a-SMA − [6] + [28] + [11] Alpha-smooth muscle actin-2/involved in cell 
motility, structure, and contractile apparatus [6]

vimentin + + ++ [89] Type III intermediate filament protein/major 
cytoskeletal component of mesenchymal cells; 
cell adhesion and endothelial sprouting [90]

aUnpublished data
nd non-determined, Ag antigen, ECM extracellular matrix
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escape rapid immune rejection, and they establish the reason for the therapeutic 
value of MSC in the treatment of experimental and human immune-mediated dis-
eases such as graft-versus-host disease, autoimmune encephalomyelitis, multiple 
sclerosis, type 1 diabetes mellitus, rheumatoid arthritis, systemic lupus erythema-
tous, Crohn’s disease, and cirrhosis, to name but a few [17, 40].

Soluble Mediator-Mediated Suppression  The mechanisms that allow MSC-
mediated immunosuppression were initially thought to occur only through secretion 
of soluble immune suppressors such as prostaglandin E2 (PGE2), indoleamine 
2,3-dioxygenase (IDO, especially in human MSC), nitric oxide (NO, especially in 
murine MSC), and human leukocyte antigen (HLA)-G, as well as TGF-β, HGF, and 
hemoxygenase [17, 41–43]. Murine secretion of PGE2 is upregulated by both 
interferon-γ (IFN-γ) and tumor necrosis factor-α (TNF-α), while IDO upregulation 
requires IFN-γ [32]. Therefore, soluble factor secretions of immunosuppressant mol-
ecules together with PD-L1-/PD-L2-mediated signaling are among the critical immu-
nosuppressive mechanisms exerted by MSC which contribute to immune tolerance.

TLR Signaling Modulates Suppressive Properties of MSC  While the biological 
and functional properties of murine and human MSCs differ, MSC from both spe-
cies express toll-like receptors (TLRs) and NOD-like receptors (NLRs) NOD1 and 
NOD2 [18, 44]. TLRs and NLRs are known to trigger an innate immune response 
against microbial stimuli [45]. It has been suggested that stimulation of TLR3 has 
opposing effects from that occurring after activation of TLR4-mediated signaling 
[18]. TLR3 ligation by its putative ligand, dsRNA, results in an anti-inflammatory 
MSC phenotype with secretion of high levels of soluble immune suppressants, 
including IDO, PGE2, and TGF-B, and enhances MSC capacity to induce suppres-
sive regulatory T (Treg) cells and M2 (suppressive) macrophages. Conversely, acti-
vation of TLR4 by its putative receptor, LPS, results in reduction of soluble 
suppressor secretion and in an increase in lymphocyte-recruiting chemokine 
(PIP-1a, MIP-1b, RANTES, CXCL9, and CXCL10) production [46]. However, 
Chen et al. [42] could not reproduce a differential suppressive effect of TLR 3 or 
TLR 4. In their experiments, ligation of neither TLR3 nor TLR4 affected the self-
renewal, apoptosis, or expression of stem cell markers on MSC, while stimulation 
of TLR3 enhanced MSC differentiation into adipocytes and osteocytes, but activa-
tion of TLR4 signaling inhibited MSC differentiation. Thus, further investigation of 
TLR signaling in both MSC and MSC progeny, stromal cells, is necessary.

7.4  �Immunosuppression by Intestinal Stromal Cells

B7 Molecule-Mediated Suppression  While recent study of MSC immune func-
tion brought attention to the immunosuppressive potential of these cells [47, 48], 
initial studies of intestinal stromal myofibroblasts/fibroblasts (MFs) focused on 
their role in antigen presentation. In 2006 our group reported that human colonic 
MFs were among the major cell phenotypes in the normal human colonic lamina 
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propria and were capable of presenting antigens in a MHC class II-dependent man-
ner [13]. Expression of MHC class II was also observed on small intestinal and 
gastric MFs after stimulation with IFN-γ [12, 13]. In 2013, Owens et al. [49] dem-
onstrated that, although somewhat limited when compared to dendritic cells, colonic 
MFs were able to uptake, phagocyte, and process Salmonella typhimurium antigens. 
Thus, MFs may possibly play a role of local APCs in the gastrointestinal mucosa.

MHC class II was shown to be involved in CD4+ T cell proliferation induced by 
allogeneic and syngeneic MFs [11, 13, 50], but we observed that MFs isolated from 
healthy gut mucosa had a limited capacity to induce proliferation of naïve/resting 
CD4+ T cells. Similar to the MSC, the limited capacity was thought to be due to 
constitutive absence of CD80 expression and low CD86 expression on MFs. These 
observations make it likely that CD86 mostly engages CTLA-4 on the activated 
effector T cells present in gut mucosa, and this engagement will contribute to the 
CTLA-4-mediated immunosuppression. Although further studies are required to 
understand the mechanisms and involvement of stromal cell CD86 expression in 
CTLA4-mediated suppression of activated T cells, a similar suppressor function has 
been proposed for immature dendritic cells which also have a low level of surface 
CD80 expression [51, 52].

Our finding of low levels of CD86 expression on normal human colonic MFs led 
us to hypothesize that these cells normally serve as “suppressors” of activated T cell 
responses in the healthy colon. MFs derived from normal colonic mucosa express 
strong basal level of PD-L1 and PD-L2 [14], and we found a similar robust expres-
sion of PD-L1 and PD-L2 in small intestinal and gastric MFs (unpublished data). As 
has been previously reported for MSC, PD-L1 and PD-L2 were found to be criti-
cally involved in MF-mediated suppression of the CD3-/CD28-activated CD4+ T 
cell proliferation and IL-2 production [14].

Besides suppression of T cell proliferation, PD-L1 and PD-L2 are implicated in 
regulation of IFN-γ production by different immune cell subsets [53–56]. We dem-
onstrated that PD-L1 is involved in the colonic MF-mediated suppression of the 
IFN-γ production by activated CD4+T cells [57]. Recently we have observed that 
PD-L2 also contributes to MF-mediated suppression of both Th1 transcription fac-
tor T-bet expression and IFN-γ production by activated CD4+T cells (unpublished 
data). Further studies are necessary to delineate the differences in the PD-L1- and 
PD-L2-mediated MF tolerogenic responses in the gut mucosa.

Suppression by Soluble Mediators  While our laboratory has focused mostly on 
MF B7 molecule-mediated immunosuppression, similar to MSC, MFs in GI mucosa 
produce multiple soluble immunosuppressive cytokines, growth factors, and small 
metabolites (IL-10, IL-21, TGF-β, PGE2, and IDO) [13, 50, 58, 59]. These mole-
cules are known to contribute to the regulation of immune responses in the gut and 
are implicated in the regulation of Th1/Th17/Treg cell balance [5, 7]. Treg are espe-
cially important for maintaining gut mucosal tolerance [60]. We demonstrated that 
production of PGE2 is critical to colonic MF-mediated induction of immunosup-
pressive Treg cells from naïve CD4+CD45RA+ T cells [50]. PD-L1 was minimally 
involved (contributing only ~10%) to colonic MF ability to induce Treg which 
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appeared to be also dependent on MF expression of MHC class II [50]. Further stud-
ies will allow better understanding of the role of the soluble immunosuppressive 
molecule produced by MFs in their ability to promote tolerogenic responses.

TLR-Like Receptor-Mediated Modulation of Tolerogenic Responses  The GI 
tract is populated by a resident and transitory microbiome. The continuous presence 
of normal physiological microflora in the GI lumen and mucosal surface provides a 
significant source for TLR and NLR ligands [45]. Signaling through these innate 
immunity receptors is thought to play a major role in orchestrating mucosal tolero-
genic responses [57, 61]. Because MFs are located just beneath the basement mem-
brane of the epithelial layers, are exposed to luminal ligands when epithelial tight 
junctions are leaky, express TLR 1–9 and NOD 1/NOD 2, and actively participate in 
wound repairs in GI mucosa [62], it is likely that MF-mediated immunosuppression 
is modulated by microbiota at least during wound healing process. Indeed, we recently 
demonstrated that stimulation of TLR2, TLR4, and TLR5 enhances the immunosup-
pressive capacity of normal colonic MFs via an increase in PD-L1 expression [57].

Myeloid differentiation factor 88 (MyD88) serves as an adaptor for the majority 
of TLRs (except TLR3) and is required for the initiation of intracellular signaling in 
response to the binding of a microbial ligand to TLR [63]. Using primary human MF 
cultures and fibroblast-specific MyD88 conditional knockout mice, we demonstrated 
that both basal- and TLR-induced levels of PD-L1 on MFs in the colonic mucosa 
depend on MyD88 [57]. TLR4-mediated upregulation of MF PD-L1 resulted in 
enhanced suppression of CD4+ effector T cell proliferation and IFN-γ production. 
Taking into consideration the key role of PD-L1 in the negative regulation of Th1 
and IFN-γ production, the TLR-mediated increase in PD-L1 expression by MFs 
might serve the function of tuning the immune balance between inflammation and 
tolerance in the colonic mucosa and would serve to protect the colonic mucosa 
against overt inflammatory responses toward otherwise innocuous microflora.

7.5  �Summary and Future Challenges

We have highlighted the current knowledge supporting an emerging concept that 
mucosal CD90+ stromal cells are partially differentiated MSC, and like MSC they 
are key participants in gut mucosa tolerogenic responses. While more extensive 
work is needed to understand the functional differences between MFs and MSCs, it 
is clear that MFs derived from normal GI mucosa preserve several MSC immuno-
suppressive functions through expression of common immunosuppressive mole-
cules: PD-L1, PD-L2, PGE2, IDO, and TGF-β. However, MFs acquire some specific 
innate immunogenic effector functions that are, perhaps, relevant to the specific 
organs/tissue [64]. The similarity and difference in molecule expression by 
BMMSC, tMSC, and MFs are summarized in Table 7.1. For instance, although less 
efficient than professional APCs, the intestinal MFs express MHC class II and are 
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capable of the uptake, processing, and presenting of antigen to T cells [11, 49]. In 
contrast to the MSC, MFs express the positive co-stimulator CD86 (although this 
expression is limited) but strong constitutive expression of ICOSL (a.k.a. B7-H2) 
and B7-H3 (unpublished data) whose immune roles in MFs are unclear.

Multiple challenges must be overcome to better understand the role of these cells 
in the maintenance of health and in the development and progression of gastrointes-
tinal inflammatory diseases. For example, although recently published evidence 
supports the mesenchymal origin of these cells, additional source of MFs has been 
described: epithelial to mesenchymal transition, endothelial to mesenchymal transi-
tion, and mucosal engraftment of circulating fibrocytes, presumably of hematopoi-
etic origin. A better panel of MF-, tissue-, and lineage-specific markers is necessary 
to understand the stromal cell’s role in chronic intestinal inflammatory diseases and 
cancers [5, 65]. Over the last decade, we have achieved some understanding on the 
role of the gastrointestinal MF in the regulation of the CD4+ T cell responses. 
However, the role of these innate immune cells in the regulation of CD8+ T cells, 
gamma/delta T cells, B cells, and professional APCs is unreported and will defini-
tively be topics to clarify over the coming years.

Finally, recent published reports support the concept that mucosal stromal cells 
are innate immune cells contributing to the maintenance of the mucosal tolerance. 
A critical importance for stromal cells in inflammatory bowel disease and cancer 
has been suggested [5, 13, 50, 65]. Here, we have only discussed current knowledge 
of the immunological functions of stromal cells during homeostasis. However, we 
and others have observed that these cells appear to undergo hardwired phenotypic 
changes, switching from immunosuppressive to an inflammation-promoting pheno-
type at the chronic stage of the GI inflammatory diseases and cancers [13, 50]. 
Understanding these pathological processes will likely provide investigators with 
novel biomarkers and new therapeutic targets.
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