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The gastrointestinal (GI) mucosa is among the most complex systems in the body. It has a diverse commensal

microbiome challenged continuously by food and microbial components while delivering essential nutrients and defending

against pathogens. For these reasons, regulatory cells and receptors are likely to play a central role in maintaining the gut

mucosal homeostasis. Recent lessons from cancer immunotherapy point out the critical role of the B7 negative co-

stimulator PD-L1 in mucosal homeostasis. In this entry, we summarize the current knowledge supporting the critical role of

PD-L1 in gastrointestinal mucosal tolerance and how abnormalities in its expression and signaling contribute to gut

inflammation and cancers. Abnormal expression of PD-L1 and/or the PD-1/PD-L1 signaling pathways have been

observed in the pathology of the GI tract. We also discuss the current gap in our knowledge with regards to PD-L1

signaling in the GI tract under homeostasis and pathology. Finally, we summarize the current understanding of how this

pathway is currently targeted to develop novel therapeutic approaches.
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1. Introduction

The intestinal tract is a complicated and well-orchestrated system, comprising different types of cells, including dendritic

cells (DC), macrophages, T cells, B cells, innate lymphoid cells (ILCs), as well as epithelial, mesenchymal, and endothelial

cells. The tightly regulated interactions between those cells segregate commensal microbes and maintain a balance to

ensure tissue health and regeneration. The continuous crosstalk between gut microbiota and the host gastrointestinal (GI)

tract supports a well-balanced relationship between gut microbes and the host’s immune system . One of the major

processes in intestinal homeostasis, which controls local inflammatory responses in the gut, is mucosal tolerance .

Over the last decade, signaling through the B7 negative co-stimulator, PD-L1, has emerged as a key mechanism for the

mucosal tolerance in the gut . The engagement of PD-1 on T cells by PD-L1 inhibits the activation and proliferation of

effector T cells , inducing those producing inflammatory IFN-g and IL-17A cytokines. Furthermore, PD-L1 has been

shown to induce regulatory T cells (Tregs) . PD-L1 expression is normally upregulated during inflammation to prevent

overt tissue damage . The importance of this molecule in regulating immune responses in the intestinal tract and

maintaining tolerance was established in animal models using PD-L1 and/or PD-1 knockouts and transgenic mice .

Abnormal expression of PD-L1 and/or PD-L1/PD-1 signaling have been observed in Inflammatory Bowel Diseases (IBD)

,  Helicobacter pylori chronic infection  celiac disease , and GI cancers . Studies in

preclinical models and clinical data suggest that PD-L1 may serve as a prognostic marker and therapeutic target in

several GI chronic inflammatory diseases and cancer. PD-1 blockade has been shown to reinvigorate exhausted T cells,

providing enhanced anti-tumor responses . These observations have led to the development of an anti-cancer immune

checkpoint therapy targeting PD-L1/PD-1 signaling . Importantly, gastrointestinal adverse events following immune

checkpoint blockade in cancer patients point out the importance of the baseline expression of these molecules in gut

homeostasis . At the same time, targeting immune checkpoints in given subgroups of IBD patients with an

abnormality in PD-L1 signaling was proposed as a target for the development of better personalized therapeutic

approaches .

2. PD-L1 in Gut Homeostasis

Over the last decade, studies have shown that PD-L1/PD-1 signaling is critical to regulating both innate and adaptive

immune responses in gut mucosa under homeostasis. The expression of PD-L1 by non-hematopoietic cells is suggested

to regulate self-reactive T cells or B cells and inflammatory responses in the gut and its associated gut-associated

lymphoid tissue (GALTs) . PD-L1-positive stromal cells were reported to inhibit granzyme B production in CD8  T
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effector cells in vitro . PD-L1-mediated signaling on the mesenchymal component of the mucosal lamina propria has

been shown to suppress IFN-γ and IL-17A producing T helper (Th) cell responses in the colon . In general, PD-L1

has been shown to regulate the development, maintenance, and function of inducible Foxp3  Treg in vitro and in vivo .

The basal level of PD-L1 expression was detected under homeostasis in both the upper and lower gastrointestinal tract.

For example, using immunohistochemistry on the paraffin-embedded tissue, Mezache et al. demonstrated a high basal

expression of PD-L1 by epithelial cells within the gastric gland . We reported the expression of PD-L1 on both mRNA

and protein levels within mucosal lamina propria in the small intestine and colon . In particular, the constitutive

expression of PD-L1 has been reported for small intestinal and colonic epithelial cells and suggested to be critical in the

epithelial mediated control over proliferation of the CD4  and CD8  T cells . Our group observed that within the colonic

mucosa, CD90  mesenchymal cells were the major cells expressing surface PD-L1 in the normal human colon , and

suggested the role of that molecule in maintaining immune tolerance in the intestinal tract . A similar observation was

made by us for murine colonic mucosa, where activated mesenchymal cells, known as α-SMA  myofibroblasts, were the

major cells expressing PD-L1 .

The expression of PD-L1 and its receptor PD-1 was found to be significant in the germinal centers of the Peyer’s Patches

(PPs). PD-L1 was found to be abundantly expressed by dendritic cells, macrophages, B cells, and upregulated in plasma

cells, while T cells were major expressors of PD-1 . Additionally, PD-L1/PD-1-mediated signaling was suggested to be

critical in the regulation of the plasma cell responses. Lack of the PD-L1 receptor, PD-1, in mice leads to an excess of T

follicular helper (Tfh) cells with altered phenotypes resulting in a dysregulated selection of IgA precursor cells in the

germinal centers of PPs . This signaling pathway was shown to be critical to the maintenance of a healthy microbiome

through the regulation of the IgA selection . Indeed, PD-1KO mice have a dramatically alteration in microbiota such

as increases in Erysipelotrichaceae, Prevotellaceae, and Alcaligenaceae, while Bifidobacterium and Bacteroidaceae were

undetectable. PD-1 deficiency was shown to affect the selection of IgAs in the gut that resulted in the reduced bacteria-

binding capacity of IgA . Furthermore, blocking of PD-L1 during activation of T cells with Staphylococcus aureus was

reported to reduce the induction of Foxp3 CD25 CD127  T cells . Additionally, while less studied, PD-L1:B7-1-

mediated interactions between the non-hematopoietic components of the colonic mucosa and macrophages were

suggested to control intestinal inflammatory responses . Recent evidence suggests that PD-L1 also contributes to the

regulation of innate lymphoid cell 2 (ILC2), ILC3, and small intestinal lamina propria lymphoid tissue inducer (LTi) cell

function   Indeed, PD-L1 deficiency on ILC2s disrupts Th2 polarization and cytokine production, leading to delayed

worm expulsion during infection with the gastrointestinal helminth Nippostrongylus brasiliensis .

The critical role of gut mucosal PD-L1 in tolerogenic responses under homeostasis was pointed out by Reiynoso et al. .

Using an iFABP-tOVA transgenic mouse model, in which OVA was expressed as a self-Ag throughout the small intestine

and an adoptive transfer of naive OVA-specific CD8  T cells, it was demonstrated that abolishing PD-L1/PD-1 signaling

resulted in a break of intestinal tolerance to intestinal self-Ag and induced CD8  T cell-mediated autoimmune enteritis .

Despite advances in our understanding of the contribution of PD-L1 to gut mucosal tolerance, significant gaps remain in

our knowledge of how this molecule’s expression is regulated during gut homeostasis. We previously reported that

signaling through MyD88-dependent TLRs is required to maintain PD-L1 expression on mesenchymal stromal cells in the

normal colonic mucosa . The expression of PD-L1 is upregulated by several inflammatory cytokines and growth factors.

Indeed, an increase in PD-L1 by IFN-γ was reported in several studies on macrophages, dendritic cells, and lymphocytes

] as well as on mesenchymal and epithelial cells . Importantly, this cytokine was earlier reported to be

produced by lymphocytes under homeostasis, in particular in duodenum . TGF-β, which plays a critical role in the

colonic mucosal tolerance , has also been suggested to be important in the expression of PD-L1 by DCs in the colon

. Thus, while further studies are needed to understand the mechanisms contributing to the regulation of PD-L1

expression and its interaction with other positive and negative B7 co-stimulators, it is clear that the maintenance of the

basal level of PD-L1 is critical to gut homeostasis.

3. PD-L1/PD-1 as a Potential Therapeutic Target in Gut Chronic
Inflammatory Diseases: Lesson Learned from Immune Checkpoint
Therapy of Solid Cancers

PD-L1 expression on tumor cells and PD-L1 and PD-1 expression on immune cells are key mechanisms by which tumor

cells escape anti-tumor immune surveillance via the suppression of the anti-tumor effector T cell response . PD-L1

expression is significantly increased in several solid tumors, including microsatellite instability (MSI) colon cancer .

At the same time, in some colorectal cancers, PD-L1 is only expressed on tumor-infiltrating cells and is rarely found on

tumor cells . This places great significance on the role of PD-L1 in the tumor microenvironment. Indeed, stromal PD-L1

was associated with less aggressive tumor progression in colon cancer patients and better survival .
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Nowadays, immune checkpoint inhibitors have emerged as a remarkable treatment option for diverse cancer types.

However, a significant number of patients on checkpoint inhibitors develop immune-related adverse events (irAEs),

affecting a wide variety of organs . The most common adverse events of checkpoint blockade are gastrointestinal-

adverse events . Immune checkpoint-induced colitis (ICI colitis) is considered a distinct form of colitis with an acute

onset and rapid progression, which leads to potential complications, including bowel perforation . This type of side

effect usually develops within the first few weeks or months after start of treatment but can occur at any time, including

after stopping immune checkpoint blockade therapy .

A dominant feature of ICI-active colitis is the neutrophilic infiltration, crypt microabscesses, and prominent crypt epithelial

cell apoptosis. However, a lymphocytic colitis-like pattern with increased intraepithelial lymphocytes was also observed 

. Remarkably, PD-L1/PD-1 expression depended on ICI colitis recurring as a chronic histological manifestation

consisting of basal lymphoplasmacytosis, crypt architectural irregularity, and a case of Paneth cell metaplasia, all

reminiscent of IBD . Also similar to IBD, ICI colitis is characterized by immunological changes, such as (1) CD4  T cells

predominant mucosal lamina propria infiltrate, and Th1/Th17 upregulation with normal Th2 expression (observed as well

in CD); (2) elevated expression TNF-α and TNFR-like proteins (observed in both, CD and UC); and (3) mucosal

abnormality in the expression of Foxp3 and IL-10 (observed in both, CD and UC) .

Recent data demonstrated the critical role of microbiota in predicting the development of ICI colitis and impacting the

expression of PD-L1 and/or its receptor PD-1 . While further studies are required to evaluate the safety of the use of

probiotics in cancer patients, the use of probiotics may be helpful to render tumors sensitive to the PD-L1/PD-1 immune

checkpoint therapy through the modulation of expression of these molecules. However, there is a gap in our knowledge

when it comes to understanding the impact of gut microbiota on PD-L1 expression and regulation of PD-L1/PD-1

signaling. However, recent studies demonstrated that the commensal enteric strain of Escherichia coli K12 upregulated

PD-L1 in IFN-γ sensitized colonic cancer epithelial cell lines, and that this process was NF-κB-dependent .

Interestingly, the same study showed that E. coli strain L20, which was isolated from a CD patient, did not affect PD-L1

expression. Furthermore, another commensal strain, Enterococcus faecalis, even significantly inhibited PD-L1 expression

. Other groups recently demonstrated that commensal strain of  Pediococcus pentosaceus sp. derived extracellular

membrane vesicles upregulated PD-L1 on bone marrow-derived macrophages and bone marrow progenitor cells in

culture and induced recruitment of PD-L1-expressing myeloid cells to the wound site in vivo . Furthermore, the probiotic

strain of  Bifidobacterium infantis has been shown to upregulate PD-L1 in a model of acute murine colitis . Thus, a

further understanding of the interactions between the gut microbiome and PD-1 ligands is needed as a potential avenue to

modulate these immune checkpoints in IBD and ICI.

Patients with autoimmune disease or immune-related predisposition, such as IBD, have been excluded from most

immune checkpoint clinical trials because of the potential for increased toxicity . Indeed, gastrointestinal adverse

events, such as diarrhea, in patients with underlying IBD who received immune checkpoint inhibitors, are at high risk .

Notwithstanding, treatment with anti-PD-1 antibodies in melanoma patients induce relatively frequent immune toxicities in

patients with baseline autoimmunity/chronic inflammatory diseases or prior immune-related adverse events. However,

recurrence of ICI colitis was rare even in patients with preexisting autoimmune diseases that were treated with TNF-α

inhibitors . Therefore, the benefits versus risks of the PD-L1/PD-1 immunotherapy in this population should be

considered . Together, these data suggest that preexisting autoimmune conditions are not an absolute

contraindication to the immune checkpoint inhibitors therapy, but need a thoughtful approach. Thus, lessons learned from

immune checkpoint therapy as well IBD preclinical models suggest that the effectiveness of at least PD-L1 blockade or its

“supplementation” may be considered as a therapeutic approach in patients with chronic inflammatory disease of the gut

where abnormality in PD-L1/PD-1 signals were reported. Therefore, understanding the potential of these molecules as a

therapeutic target in several types of IBD and celiac disease warrants further investigation.

4. Conclusions

While dramatic progress has been made in the understanding of the role of PD-L1, in the maintenance of gut homeostasis

and inflammatory disease, it is far from complete. It is clearly established that PD-L1 is critical to gut mucosal tolerance.

Abnormality in PD-L1 expression and/or signaling was observed in gut chronic inflammatory diseases such as Crohn’s

disease (CD), ulcerative colitis (UC), celiac disease, as well chronic infections such as  Helicobacter pylori  (Figure 1).

However, how and why these abnormalities occur and their impact on disease development and progression requires

further investigation. Furthermore, a more extensive understanding of the PD-L1 intrinsic signaling in cells implicated with

the discussed GI pathologies is warranted. The impact of the membrane associated versus soluble form of PD-L1 in gut

health and diseases warrant further investigation. With this consideration, the role of commensal and dysbiotic microbiota

in the regulation of these immune checkpoints should be further investigated. Finally, the mechanisms contributing to the
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regulation of PD-L1 expression and its interaction with other positive and negative B7 co-stimulators during gut

homeostasis and chronic inflammatory diseases are only at the beginning of understanding. Therefore, further studies are

needed to address these key gaps in the field and provide a scientific basis for the design of novel PD-L1 targeting

approaches for the treatment of chronic inflammatory disease of the gut.

Figure 1. The role of PD-L1 in the gut homeostasis and pathologies which affected PD-L1 expression and/or PD-L1/PD-1

signaling.
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