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Abstract 

Inflammatory bowel disease (IBD) is an inflammatory disorder of the intestine that 

affects an estimated 329 per 100,000 people in the United States and is increasing in 

incidence within a number of cultures worldwide. Likely due to its incompletely 

understood pathophysiology and etiology, standard treatments for IBD are only 

efficacious in subsets of patients and often do not induce lasting remission. As a result, 

novel therapies are needed. The success of anti-tumor necrosis factor-α treatment in a 

subset of IBD patients demonstrated that therapy targeting a single cytokine could be 

efficacious in IBD, and clinical trials investigating the blockade of a variety of cytokines 

have commenced. IL-27 is a relatively recently discovered type I cytokine with 

established roles in infectious disease, autoimmunity, and cancer in a variety of organs. 

IL-27 was identified as a candidate gene for IBD, and a number of studies in mouse 

models of IBD have demonstrated that IL-27 therapy is protective. However, in contrast 

to these investigations, genetic deletion of the IL-27 receptor has been shown to be 

protective in some mouse models of IBD. The purpose of this review is to highlight 

recent literature investigating the role of IL-27 in IBD, and to discuss possible 

explanations for the sometimes conflicting results of these studies. Evidence supporting 

IL-27 therapy as a treatment for IBD will also be discussed. 
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Introduction  

Inflammatory bowel disease (IBD) refers to a collection of idiopathic 

inflammatory disorders of the intestine, the most common of which are Crohn’s disease 

and ulcerative colitis. IBD is thought to result from an abnormal inflammatory response 

to commensal organisms and other antigens normally confined to the intestinal lumen due 

to compromise of the mucosal epithelial barrier and subsequent inappropriate exposure of 

resident intestinal immune cells to luminal antigens. A single cause for IBD has not been 

identified. Development of the disease is likely multifactorial, as a variety of etiological 

factors, including hygiene status, previous gastrointestinal infection, genetics, diet, and 

various other lifestyle factors, have been implicated in its pathogenesis.
1
 Geographically, 

the highest incidence of IBD has been reported in northern Europe and North America, 

where an estimated 329 per 100,000 people in the United States suffer from IBD.
1,2

 

Treatment for IBD typically involves some form of immunosuppression, 

necessitating a balance between achieving remission and managing potential adverse 

effects. Additionally, likely due to the complex pathophysiology and multifactorial 

etiology of IBD, rates for remission induction and maintenance with many of the current 

standard treatments for IBD remain modest and are often variable.
3,4

 As a result, 

investigation into novel therapeutic targets is sorely needed. The success of anti-tumor 

necrosis factor-α treatment in a subset of IBD patients demonstrated that therapy 

targeting a single cytokine could be efficacious in IBD, and antibodies against a variety 

of cytokines, including interleukin (IL)-13, IL-18, and IL-21, have entered clinical trials.
3 
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IL-27 is a relatively recently discovered type I cytokine with established roles in 

infectious disease, autoimmunity, and cancer in a variety of organs, including the central 

nervous system, lung, skin, and gastrointestinal tract.
5,6

 However, it has not been 

definitively determined whether IL-27 ameliorates or promotes intestinal inflammation, 

as seemingly contradictory roles for IL-27 have been reported in murine models of IBD.
6
 

Several excellent reviews have recently discussed the biology of IL-27.
6-9

 The purpose of 

this review is to highlight recent literature investigating the role of IL-27 in IBD, and to 

discuss possible explanations for the conflicting results of these studies. Evidence 

supporting IL-27 therapy as a potential treatment for IBD will also be discussed. 

 

IL-27 and its receptor 

IL-27 is a heterodimeric type I cytokine in the IL-12 cytokine family. It is 

composed of two subunits: Epstein-Barr virus-induced gene 3 (EBI3) and p28, so named 

due to its predicted molar mass by SDS-PAGE.
5,8

 IL-27 is predominantly produced by 

myeloid cells, such as macrophages and dendritic cells, but can also be expressed by 

epithelial cells, plasma cells, and endothelial cells.
6
 A variety of signals can induce IL-27 

expression, including CD40 ligation, type I and II interferon signaling, and Toll-like 

receptor signaling.
6
 IL-27 expression induced by Toll-like receptor signaling has been 

shown to require interferon-alpha in human macrophages and interferon regulatory factor 

3 in murine dendritic cells.
10,11

 

IL-27 signals through a heterodimeric receptor consisting of IL-27Rα, previously 

termed TCCR or WSX-1, and gp130.
6,12 

Coexpression of  both receptor subunits has been 
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detected in T and B lymphocytes, mast cells, natural killer cells, natural killer T cells, 

monocytes, neutrophils, dendritic cells, intestinal epithelial cells, and endothelial cells.
12-

15 
Interestingly, expression of the receptor differs among T cell subsets. IL-27Rα is highly 

expressed by regulatory, effector, and memory T cells, and increases with T cell 

activation. In contrast, naïve T cells express low levels of IL-27Rα. Natural killer and 

natural killer T cells express high levels of IL-27Rα, but activation of these cells results 

in decreased expression of this receptor subunit.
15

 Ligation of the IL-27 receptor induces 

signaling through the Jak/STAT pathway, resulting in the phosphorylation of STAT1, 3, 

5, or 6.
7,16

 In addition to the Jak/STAT pathway, the activated IL-27 receptor has been 

reported to induce p38MAPK, ERK, and Akt signaling. IL-27 signaling also induces 

SOCS3, a suppressor of IL-27 signaling that directly binds to and inhibits the gp130 

receptor subunit and associated Janus kinases and later facilitates their degradation.
7 

 

IL-27 activities in the immune system 

IL-27: the T cell police 

IL-27 boasts a diverse repertoire of functions in both the adaptive and innate 

branches of the immune system; however, the most well-known and thoroughly 

investigated functions of IL-27 relate to its ability to regulate the adaptive immune 

system by modulating T cell function. When first discovered, IL-27 was reported to 

induce expansion of naïve murine and human CD4
+
 T cells and to act synergistically with 

IL-12 to enhance interferon-γ production by both naïve T cells and NK cells.
5 

IL-27 

blocks Th2 cytokine expression and the differentiation of Th2 cells by simultaneously 
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increasing expression of the transcription factor T-bet while suppressing GATA-3 

expression.
17 

Additionally, IL-27 can prevent the expression of both IL-17A and IL-17F 

by suppressing RORγt, a transcription factor necessary for Th17 cell differentiation.
18

 IL-

27 also inhibits the production of Th17-polarizing cytokines by human dendritic cells. To 

demonstrate the functional consequences of this inhibition, Murugaiyan et al. showed that 

human memory CD4
+
 T cells cocultured with dendritic cells stimulated with both toll-

like receptor (TLR) agonists and IL-27 produced significantly less IL-17 than those 

exposed to dendritic cells activated by TLR ligands alone.
19

  

Additional noteworthy effects of IL-27 on T cells include its ability to prevent 

Fas-mediated activation-induced cell death
20 

and to induce IL-10 production.
6
 The ability 

of IL-27 to stimulate the expression of IL-10 by T cells is perhaps one of its most 

extensively characterized immunoregulatory functions, having been demonstrated in  

models of parasitic, viral, and autoimmune disease.
6
 IL-27 induces IL-10 and T-cell 

immunoglobulin and mucin domain-3 (Tim-3) in both CD4
+
 and CD8

+ 
T cells by 

expression of the transcription factor nuclear factor, interleukin-3 regulated (NFIL3),
21 

and also induces the production of IL-10 by Th1 and Th2 cells in a STAT1 and STAT3 

dependent manner.
22

 Even under Th17-polarizing conditions, generally thought to drive 

primarily proinflammatory cytokine production, the addition of IL-27 elicits significant 

increases in IL-10 production by human CD4
+
 T cells.

19 
Multiple studies have also 

demonstrated a critical role for IL-27 in the development of IL-10-secreting T regulatory 

type 1 (Tr1) cells in both humans and mice.
19,23-27

  Interferon-γ and IL-27 have both been 

shown to promote T-bet
+
 CXCR3

+
 regulatory T cells specialized to modulate Th1 

responses; however, the development of this regulatory response in the gut-associated 
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lymphoid tissue required IL-27.
16 

While IL-27 could play a role in the regulation of T 

regulatory cells by suppressing IL-2, the significance of this potential negative regulatory 

function has not been characterized in wild type animals.
28

 
  

 

IL-27’s role in innate immunity 

In addition to its impressive repertoire of regulatory functions in T cell biology, 

IL-27 has been demonstrated to have a number of both modulatory and complementary 

roles in innate immunity. After identifying the receptor responsible for IL-27 signaling, 

Pflanz and colleagues showed that IL-27 induced proinflammatory gene expression in 

both human mast cells and monocytes, but that this increase in expression occurred in 

notably fewer genes and at a later time point in monocytes.
12

 In contrast, in murine 

Trichuris muris infection and a murine model of mast cell-dependent passive cutaneous 

anaphylaxis, mice with genetic deletion of IL-27Rα had enhanced mast cell responses, 

suggesting that IL-27 may also negatively regulate mast cell activities under certain 

circumstances.
29

 IL-27 also acts on dendritic cells. IL-27 can induce expression of the 

regulatory molecule CD39 on dendritic cells,
30 

and when applied to monocyte-derived 

dendritic cells during their differentiation, improved antigen processing and subsequent T 

cell stimulation.
31

 

A critical role for IL-27 in the suppression of neutrophil and monocyte function 

has been identified that demonstrated strikingly different outcomes in models of 

infectious disease based on the timing of IL-27 signaling.
32,33

 Mice with genetic deletion 

of IL-27Rα had more severe pulmonary histopathology and greater mortality following 
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influenza infection than wild type mice, suggesting that IL-27 signaling is protective in 

influenza infection. In support of this finding, IL-27 treatment of mice in the late stage of 

influenza infection decreased both clinical signs of disease and lung histopathology 

scores without reducing clearance of the virus.
32

 This improvement in pathology 

corresponded to significantly lower pulmonary infiltrates of both neutrophils and 

monocytes, which were proposed by the authors to be due to IL-27-mediated suppression 

of the chemokines CXCL1, CCL5, and CCL4. However, in sharp contrast to this 

beneficial function of IL-27, the reduction of neutrophil and monocyte infiltrates due to 

administration of IL-27 early in influenza infection prevented viral clearance and 

worsened the clinical signs of disease. Accordingly, the highest endogenous levels of the 

IL-27 p28 subunit in wild type mice were measured in the late phase of influenza 

infection as viral load was declining,
32

 suggesting that endogenous release of IL-27 can 

be precisely timed for limiting collateral damage from the inflammatory response while 

not hindering pathogen clearance. 

However, data from a model of septic murine peritonitis provide more evidence 

for the sometimes deleterious effects of the direct suppression of innate responses by IL-

27.
33

 Mice lacking the EBI3 subunit of IL-27 had reduced mortality associated with 

greater bacterial clearance during septic peritonitis induced by cecal ligation and 

puncture. The authors further demonstrated that these mice lacking functional IL-27 had 

more robust intraperitoneal granulocytic infiltrates following cecal puncture, and that IL-

27 directly inhibited the bacterial lipopolysaccharide-induced production of reactive 

oxygen intermediates by both granulocytes and macrophages/monocytes from wild type 

mice.
33

 Wild type mice were shown to upregulate the expression of IL-27 within 6 hours 
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of cecal puncture,
33

 further suggesting that, when applied early in infection, the 

immunosuppressive effects of IL-27 may result in reduced pathogen clearance and more 

severe disease. Complementary to these findings in mice, IL-27 has also been shown to 

suppress human neutrophil adhesion and bacterial lipopolysaccharide-induced reactive 

oxygen species production in vitro.
14

 

Collectively, these data inform critical stipulations for the use of IL-27 or anti-IL-

27 as a therapy. As suggested by Wirtz et al., the inhibition of IL-27 signaling may prove 

effective in conditions such as sepsis in which infection control is key.
33

 Alternatively, 

the administration of IL-27 could be a novel tool for limiting immunopathology in 

autoimmune diseases and later in the course of infections when dampening inflammation 

becomes a larger priority than controlling pathogens. However, for both of these potential 

applications, the timing of therapy and the presence of primary or secondary infections 

would be crucial factors in determining treatment regimens. 

 

IL-27 as a therapy for IBD: evidence from human patients and mouse models 

IL-27 polymorphisms and mutations in IBD and cancer  

 Multiple studies have implicated IL-27 as a candidate gene for IBD.
34-36

 A 

genome wide association study in early-onset IBD identified IL-27 within a susceptibility 

locus in a North American-European cohort. In support of this conclusion, the authors 

also demonstrated that healthy individuals with two copies of the risk allele expressed 

significantly less IL-27 relative to individuals with two copies of the nonrisk allele and 

that colonic expression of IL-27 was significantly lower in early-onset Crohn’s disease 
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patients than in healthy controls.
34 

IL-27 polymorphisms have also been associated with 

risk for IBD in both Chinese and Korean populations.
35,36  

The IL-27 receptor, either wild type or mutated, can contribute to hematopoietic 

cell transformation.
37,38

 Although IBD predisposes to colorectal cancer and IL-27 

polymorphisms affect risk for IBD, thus far the potential role of IL-27 polymorphisms in 

colorectal cancer is unclear, as studies evaluating their association with the risk for 

colorectal cancer produced conflicting results.
39-42 

 

IL-27 ameliorates colitis induced by T cell transfer or chemical-induction in mice 

Multiple studies have demonstrated the ability of IL-27 to ameliorate colitis in 

mice, either through lessening of induced colonic inflammation by IL-27 administration 

or demonstration of more severe colitis in mice deficient in IL-27 due to either antibody-

mediated neutralization or genetic knockout.
43-47 

Mucosal administration of IL-27 

synthesized in situ by a food-grade bacterium improved survival and significantly 

decreased disease activity, colon and small intestine histopathology scores, and 

proinflammatory gene expression within the intestine in a mouse model of enterocolitis 

induced by T cell transfer.
44

 The treatment effects in this study were both T cell- and IL-

10-dependent; however, mucosal delivery of IL-27 was found to be more efficacious than 

direct mucosal delivery of IL-10 by the bacteria. A possible explanation is that IL-27 

induces higher levels of endogenous IL-10 in the intestine and mesenteric lymph nodes 

than could be achieved by the bacteria producing IL-10 in situ. Interestingly, mucosal 

delivery of IL-27 was also more effective than systemic administration of recombinant 
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murine IL-27 in this study, which had no detectable therapeutic effect.
44

 Consistent with 

previous literature,
18 

IL-27 treatment significantly decreased the expression of RORγt in 

the colons of enterocolitic mice in this study, and likely as a result, decreased the 

expression of both IL-17A and IL-17F as well. This study went further to show that IL-27 

treatment also reduced disease activity in dextran sulfate sodium (DSS)-induced colitis, a 

widely used chemically-induced model of colitis.
44

 

 Subcutaneous treatment with IL-27 in an acute chemically-induced model of 

colitis using 2,4,6-trinitrobenzenesulfonic acid (TNBS) was also reported to be 

protective,
46

 with improved colonic macroscopic and histopathology scores and 

reductions in several of the same proinflammatory cytokines previously reported,
44

 

including IL-6, TNF-α, IL-17A, and IL-1β.
46 

The ability of subcutaneous IL-27 treatment 

to protect the mice in this study from TNBS-induced colitis contrasts with the previously 

discussed findings of Hanson et al., in which systemically administered IL-27 by 

intraperitoneal injection showed no therapeutic effect.
44

 However, in addition to a 

different route of injection, the most beneficial effects of subcutaneous IL-27 treatment 

were at a higher dose than that administered intraperitoneally in the other study, and these 

two studies evaluated IL-27 treatment in two mechanistically very different models of 

colitis (acute chemically-induced versus chronic T cell transfer), potentially explaining 

this discrepancy. The ability of IL-27 to reduce intestinal inflammation by multiple routes 

of administration could be an advantage clinically, making it a more versatile therapy.
44,46 

 

Ablation of IL-27Rα is proinflammatory in murine models of colitis
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Additional studies have indirectly demonstrated the anti-inflammatory effects of 

IL-27 in intestinal inflammation by documenting the impact of its absence. Antibody 

neutralization of IL-27 in mice infected with Citrobacter rodentium precipitated more 

severe colitis and increased production of IL-6.
43 

In another study, a more 

proinflammatory phenotype was observed in regulatory T cells lacking IL-27Rα, which 

produced more IL-17 and less IL-10 than regulatory T cells from wild type mice.
45

 The 

consequences of this altered phenotype due to IL-27Rα deletion were reported by another 

laboratory using the T cell transfer model of enterocolitis. In this model naïve CD4
+
 T 

cells are transferred into an immunodeficient recipient mouse, resulting in enterocolitis. 

However, the cotransfer of regulatory T cells can prevent the development of 

enterocolitis in this model. Interestingly, Do et al demonstrated that Foxp3
+
 regulatory T 

cells lacking IL-27Rα cotransferred with naïve CD4
+
 T cells were, unlike their wild type 

counterparts, unable to prevent the development of colitis. This group further showed that 

IL-27 stimulation of both human and murine regulatory T cells enhanced their ability to 

suppress inflammation and induced the expression of Lag3, a surface receptor critical for 

the suppressive function of regulatory T cells.
48

  

Complementary to these findings, the induction of regulatory T cells by IL-10-

secreting B cells is dependent on IL-27 signaling in T cells. Genetic deletion of IL-27Rα 

on CD4
+
 T cells or neutralization of IL-27 blocked the induction of regulatory T cells by 

IL-10-secreting B cells. This loss of IL-27 signaling also limited the ability of these B 

cells to suppress proinflammatory cytokine production by both T cells lacking IL-27Rα 

and wild type T cells in the presence of antibody-neutralized IL-27. Remarkably, while 

wild type B cells cotransferred with wild type CD4
+
 T cells reduced intestinal pathology 
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due to T cell transfer, this effect was absent when the transferred T cells lacked IL-27Rα, 

demonstrating that IL-27 signaling is critical for the suppression of T cell-driven 

intestinal inflammation by IL-10-secreting B cells.
25 

In the DSS chemically-induced model of colitis, mice lacking the IL-27 receptor 

had significantly increased ratios of Th17 to Th1 cells in the mesenteric lymph nodes and 

colon both before and after DSS treatment compared to wild type controls.
47 

These mice 

developed more severe colitis more quickly when administered DSS compared to wild 

type controls and were significantly less likely to survive DSS exposure.
47

  

 

IL-27 suppresses the innate inflammatory response 

Recent experiments have shown that mucosally-administered IL-27 improves 

histopathology scores in both the DSS (Andrews, unpublished data) and TNBS models of 

acute chemically-induced colitis.
49

 In the TNBS model, this IL-27 treatment significantly 

reduced neutrophil infiltrates in inflamed segments of colon.
49

 These data complement 

the findings of Li et al, in which IL-27 treatment of human neutrophils suppressed their 

adhesion capability in vitro. Furthermore, IL-27 treatment of neutrophils in this study 

reduced gene and protein expression of the integrin Mac-1, which the authors proposed as 

a possible mechanism for the suppression of neutrophil adhesion by IL-27.
14

 

Additionally, a separate study found that IL-27 treatment of neutrophils stimulated with a 

TLR ligand in vitro significantly reduced the production of the proinflammatory 

cytokines IL-6 and IL-12/IL-23p40.
47
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Further supporting a suppressive role for IL-27 on the innate immune system, 

deletion of IL-27Rα in RAG
-/-

 mice lacking T and B cells made them more sensitive to 

DSS-induced colitis.
47

 These findings suggest that while IL-27 treatment may depend on 

modification of T cell function under certain conditions, its effects on the innate immune 

system alone may be sufficient for protection against some types of intestinal 

inflammation, widening its potential therapeutic indications. Collectively, these data lend 

further support for an immunosuppressive role of IL-27 in both innate and adaptive 

immunity in the intestine. 

 

Additional protective functions of IL-27 in the intestine 

 In addition to the studies described above, which directly investigated the role of 

IL-27 in mouse models of intestinal inflammation, a number of studies have uncovered 

immunomodulatory and protective roles for IL-27 in the intestine while examining other 

aspects of intestinal biology. IL-27 promotes oral tolerance
50

 and mediates the ability of 

Bifidobacterium infantis to suppress IL-17 expression.
51

 Additionally, IL-27 was elevated 

in Fat-1 mice in chronic DSS-induced colitis in association with improved histopathology 

scores and decreased expression of Th17 cell cytokines.
52 

IL-27 can also promote 

intestinal epithelial barrier integrity. Intestinal epithelial cells have been shown to 

upregulate the IL-27 receptor in inflammation and bacterial infection, and IL-27 signaling 

increased intestinal epithelial cell proliferation and antibacterial peptide production.
13

 IL-

27 clearly demonstrates a variety of protective functions in the intestine, and therefore 

may prove to be an effective therapy for IBD.  
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The other side:  proinflammatory effects of IL-27 in mouse models of intestinal 

disease 

Ablation of IL-27Rα signaling can attenuate intestinal inflammation due to T cell 

transfer, DSS administration, and IL-10 deficiency 

 In contrast to the evidence presented above, a collection of studies have reported 

deleterious effects of IL-27 in intestinal inflammation based on inhibiting IL-27 receptor 

signaling.
53-56

 Genetic deletion of IL-27Rα on either transferred T cells or in recipient 

mice effectively prevented the intestinal inflammation typical of the T cell transfer model 

of enterocolitis.
53,54 

Increased numbers of transferred T cells lacking 
 
IL-27Rα became 

Foxp3
+
, suggesting that IL-27 may negatively regulate the development of Foxp3

+
 

regulatory T cells.
53 

The second study also noted that inhibition of IL-27Rα in recipient 

mice prevented Th17 cell development by decreasing production of IL-1β and IL-6 by 

antigen presenting cells.
54

 Similarly, IL-27Rα knockout mice reportedly develop less 

severe DSS-induced colitis than wild type mice, characterized by reduced expression of 

IL-6, TNF-α, and IFN-γ in intestinal lamina propria mononuclear cells.
55

 IL-10 deficient 

mice, which spontaneously develop intestinal inflammation, also reportedly have both 

delayed pathology and a survival advantage when IL-27Rα is concurrently genetically 

deleted.
56 

Interestingly, a number of these findings attributed to IL-27Rα deletion, 

including reduced inflammation in both the T cell transfer and DSS models of colitis and 

reductions in IL-1β, IL-6, and TNF- α, have also been reported as beneficial effects of IL-

27 treatment, leaving more questions than answers for the interpretation of these aspects 
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of IL-27 function. A summary of the reported roles for IL-27 in the models of murine 

colitis detailed above is presented in Table 1.
 

 

IL-27 and inflammatory bowel disease: clarity amid the confusion 

Conflict resolution 

 While a few studies suggest that inhibition of IL-27 receptor signaling can 

ameliorate intestinal inflammation, most of the literature supports IL-27 as a suppressor 

of intestinal inflammation caused by a variety of insults (Figure 1). It is important to note 

that all of the studies favoring a proinflammatory role for IL-27 in the intestine examined 

specific consequences of genetic deletion of the IL-27 receptor. In contrast, to our 

knowledge no report to date has demonstrated deleterious effects of exogenous IL-27 

treatment on intestinal inflammation. Additionally, based on the complex biology of IL-

27 discussed above, it is not hard to imagine how complete inhibition of IL-27 signaling 

could eliminate subtle checks and balances inherent to IL-27 function in wild type 

animals, as IL-27 signaling elicits distinct responses based on cell type and timing. For 

example, genetic deletion of IL-27Rα predicted that IL-27 would be protective in 

influenza infection. However, while the administration of IL-27 late in the course of 

influenza infection was beneficial, IL-27 therapy early in the infection resulted in more 

severe disease,
32

 an outcome impossible to predict by complete genetic inhibition of IL-

27 signaling.
 
Based on the ability of IL-27 to inhibit both Th2 and Th17 cell 

differentiation and promote Tr1 cell development,
17-19,23-27

 it is also reasonable to 

speculate that genetic ablation of IL-27 signaling could alter the differentiation and 
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subsequent phenotype of multiple cell types, thereby creating an inflammatory 

microenvironment that is not representative of that of wild type animals.  

Additionally, the timing of IL-27 signaling and the evaluation of its result are 

critical. In human mast cells, IL-27 rapidly elicits transcription of inflammatory cytokine 

genes, but elicits a slow response in human monocytes.
12 

As a result, conclusions taken at 

a single or limited time points may not fully illustrate the results of IL-27 therapy or 

elimination and may contribute to discrepancies between studies. Finally, different 

concentrations of IL-27 have been shown to elicit distinct patterns of cytokine 

expression.
25

 Different methods of IL-27 administration may produce different 

concentrations within the intestine, and may be an explanation for differing results 

between some studies. Furthermore, the different patterns of cytokine expression induced 

by different concentrations of IL-27 suggest that genetic deletion of IL-27 signaling in an 

entire animal or subsets of its cells may create a misleading “all or nothing” 

microenvironment unrepresentative of physiologic reality. 

When interpreting literature describing the biology of IL-27, it is critical to 

acknowledge that each subunit of the heterodimeric IL-27 cytokine has unique biologic 

activities of its own.
57,58

 As a result, gene and/or protein expression of either of these 

subunits, even if coexpressed, is not necessarily indicative of the presence of the 

complete IL-27 dimer, and may in fact represent production of these subunits 

independently or some combination of complete IL-27 and free subunits. 

Interestingly, the existence of a soluble form of IL-27Rα has been described that 

is able to antagonize IL-27 and is thought to originate by cleavage of the membrane-
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bound receptor.
59 

Dietrich et al. reported that varying levels of soluble IL-27Rα were 

produced by human CD4
+
 and CD8

+
 T cells, B cells, monocyte-derived dendritic cells, 

and monocytes.
59 

While only speculation, it is interesting to question whether genetic 

deletion of IL-27Rα in only specific cells, such as the transferred T cells or recipient cells 

in the studies detailed above, could also eliminate or reduce this negative regulator of IL-

27, resulting in dysregulated IL-27 signaling in remaining cells with functional IL-27Rα. 

The discovery of this endogenous, soluble antagonist for IL-27 is intriguing, and further 

research into its function and regulation could impact concepts of IL-27 biology and 

potential therapeutic manipulation.  

 

Lessons learned from targeting IL-17 to treat IBD 

IL-23 promotes the development of Th17 cells,
60,61

 and a genome wide 

association study demonstrated a significant association between variants in the IL-23R 

gene and both Crohn’s disease and ulcerative colitis.
62

 However, while multiple studies 

have associated Th17 cells with the pathogenesis of IBD, the literature remains conflicted 

over whether their signature cytokines, IL-17A and IL-17F, drive intestinal inflammation 

or are protective (or both).
63,64

 In contrast to the efficacy of anti-tumor necrosis factor-α 

antibody treatment in a subset of IBD patients,
3
 antibody neutralization of IL-17A was 

surprisingly inefficacious, and in some cases, deleterious in patients with moderate to 

severe Crohn’s disease.
65

 Similarly, a clinical trial investigating antibody blockade of IL-

17 receptor A in moderate to severe Crohn’s disease was terminated due to a lack of 

efficacy and worsening of disease in some patients.
66

 However, two other therapies 
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known to inhibit Th17 responses have shown promise as treatments for Crohn’s disease 

and ulcerative colitis.
67,68

 Vidofludimus, an inhibitor of the enzyme dihydroorotate 

dehydrogenase known to also inhibit the production of both IL-17A and IL-17F, induced 

steroid free remission in at least 50% of both Crohn’s disease and ulcerative colitis 

patients in a clinical trial. Furthermore, of the remaining patients in the trial, partial 

remission was achieved in an additional 28.6% and 41.7% of patients with Crohn’s 

disease or ulcerative colitis, respectively.
67

 Two trials have investigated the use of 

tofacitinib in IBD, demonstrating that it may be an effective therapy for ulcerative colitis, 

but not Crohn’s disease.
68,69

 Tofacitinib inhibits Janus kinases 1, 2 and 3, and in doing so 

also blocks the differentiation of Th17 cells. Patients with moderately to severely active 

ulcerative colitis showed dose dependent clinical responses and clinical remission with 

tofacitinib therapy. Among patients receiving the highest dose, 78% showed a clinical 

response and 41% achieved clinical remission after 8 weeks of treatment.
68 

A shorter 4 

week study found no significant reductions in Crohn’s disease activity index in patients 

with moderate to severe Crohn’s disease given tofacitinib;
69

 however, whether this lack 

of efficacy is due to differences between the two diseases or the shorter time of treatment 

(or both) is yet to be determined. Additionally, patients receiving placebo treatment in 

this study had a higher rate of response and remission than anticipated, leaving the 

authors to question whether this could have contributed to the nonsignificant difference in 

treatment results.
69 

Interestingly, a recent study reported that antibody neutralization of both IL-17A 

and IL-17F, but neither cytokine alone, reduced colon histopathology scores in the 

murine T cell transfer model of enterocolitis.
70

 This could explain why vidofludimus and 
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tofacitinib were more successful in clinical trials for IBD than antibody blockade of IL-

17A alone, but offers little insight as to why anti-IL-17 receptor A treatment, which 

should inhibit signaling of both IL-17A and IL-17F,
71

 was inefficacious. This is 

particularly relevant to the discussion herein, as IL-27 is able to block the expression of 

both IL-17A and IL-17F through inhibition of the transcription factor RORγt.
18

 This 

potential therapeutic effect has been demonstrated experimentally in murine enterocolitis, 

in which decreased expression of RORγt, IL-17A, and IL-17F was reported in the colons 

of mice following mucosal administration of IL-27.
44

 IL-27 also inhibits the development 

of Th17 cells by inducing expression of programmed death ligand 1 on naïve T cells, 

which when cultured with naïve CD4
+
 T cells, prevents their differentiation into Th17 

cells.
72

 However, it is unclear what effect, if any, IL-27 may have on the secretion of IL-

17 by immune cells other than T cells in the inflamed intestine, such as neutrophils and 

mast cells, which have been shown to be important sources of IL-17 in arthritis and 

psoriasis.
73,74

 In contrast to antibody neutralization of a cytokine or its receptor, it is 

interesting to question whether the administration of another cytokine, potentially more 

subject to endogenous regulation, could create a more physiologically relevant anti-

inflammatory microenvironment that might be able to maintain balance in the pro- and 

anti-inflammatory effects of the immune mediators it regulates. For example, the 

elimination of cytokine signaling by antibody neutralization or genetic deletion could 

block both its beneficial and harmful effects, while modulating a cytokine with one of its 

physiologic regulators could potentially preserve its beneficial functions. 

 

Potential roles for IL-27 as a therapy for both Crohn’s disease and ulcerative colitis 
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 Although grouped together as IBD, Crohn’s disease and ulcerative colitis are 

distinct conditions that vary both clinically and immunopathologically.
75

 The lesions of 

Crohn’s disease may be located anywhere throughout the gastrointestinal tract and are 

characterized by transmural infiltrates of macrophages and lymphocytes that in many 

patients multifocally organize to form granulomas. In contrast, ulcerative colitis is limited 

to the colon and features histopathologic changes of the mucosa only, including infiltrates 

of granulocytes and lymphocytes. Mucosal ulceration may be present in both conditions. 

Based on characterizations of cytokine expression and signaling, Crohn’s disease is 

considered to be driven by Th1 responses, while ulcerative colitis is a Th2-mediated 

disease.
75 

 Despite differences in their immunopathology, there are abundant mechanisms by 

which IL-27 administration could be an effective therapy for both Crohn’s disease and 

ulcerative colitis. Perhaps the most obvious mechanism by which IL-27 could reduce 

inflammation in IBD is through its stimulation of the immunoregulatory cytokine IL-10, 

which can be induced by IL-27 signaling in CD8
+ 

and regulatory, Th1, Th2, and Th17 

cells.
6,19,21-27

 IL-10 boasts an incredible number of anti-inflammatory functions, including 

blocking Th1 and Th2 responses; inhibition of inflammatory cytokine and chemokine 

production by monocytes and neutrophils; limiting the recruitment of dendritic cells, T 

cells, neutrophils, and monocytes; inducing anergy in activated T cells; stimulating the 

production of interleukin-1 receptor antagonist and soluble tumor necrosis factor 

receptor; and reducing monocyte activation of T cells.
76,77

 Complementing these 

functions of IL-10, IL-27 itself also limits tissue infiltration by neutrophils and 

monocytes, suppresses chemokine production, and inhibits the generation of reactive 
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oxygen intermediates by both macrophages/monocytes and granulocytes.
32,33

 As 

demonstrated in a mouse model of experimental autoimmune encephalomyelitis, IL-27’s 

ability to induce CD39 on dendritic cells could contribute to the suppression of 

pathogenic T cell responses in IBD.
30

 As ulcerative colitis has been shown to be driven 

by Th2 immunopathology, IL-27’s capacity to block Th2 cell differentiation and cytokine 

expression makes it well suited to treat this condition.
17,75

 Additionally, while the 

treatment of Th1-driven Crohn’s disease with a cytokine known to promote Th1 

responses sounds counterintuitive,
6,75

 IL-27 is also critical for the development of T-bet
+
 

CXCR3
+
 regulatory T cells in the gut-associated lymphoid tissue that are specialized for 

regulating Th1 cells.
16

 IL-10 induced by IL-27 treatment could further contribute to the 

regulation of exuberant Th1 immunity in Crohn’s disease.
6,19,21-27

 

 How IL-27’s ability to curb Th17 responses may influence its efficacy as a 

treatment for IBD is uncertain. However, in contrast to the failed trials investigating 

direct targeting of IL-17 signaling alone as a treatment for Crohn’s disease, inhibition of 

Th17 responses is only one of many anti-inflammatory functions IL-27 exerts on adaptive 

and innate immunity. In this way IL-27 treatment would be more analogous to 

vidofludimus and tofacitinib therapy, which were effective in treating ulcerative colitis 

and/or Crohn’s disease,
67,68

 and, like IL-27, exert diverse anti-inflammatory functions in 

addition to the blockade of IL-17A and IL-17F.  

 

IL-27 and IL-27R expression in IBD  
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Both subunits of the IL-27 receptor, IL-27Rα and gp130, are expressed at low 

levels in normal intestinal epithelial cells, but are upregulated in inflammation in both 

epithelial cells and infiltrating leukocytes.
13 

Increased expression of IL-27 in inflamed 

segments of the intestinal mucosa has been demonstrated in both Crohn’s disease and 

ulcerative colitis.
13,78 

Patients with active Crohn’s disease have also been shown to have 

both significantly increased serum IL-27 and soluble IL-27Rα relative to healthy 

controls; however, despite an overall positive correlation between these two values, the 

ratio of cytokine to soluble receptor varied widely among patients.
59

 Table 2 highlights 

the evidence for IL-27 as a factor in human IBD. 

The question remains whether elevations of IL-27 in the inflamed intestinal 

mucosa and serum of IBD patients are contributing to inflammation in these patients or 

represent an anti-inflammatory response. However, based on the evidence presented 

herein, it seems most likely that these elevations in IL-27 represent an (inadequate) anti-

inflammatory response in diseased segments of intestine. While IL-27 signaling in the 

intestine presumably acts on inflammatory cells, inflamed intestinal epithelial cells 

upregulate the IL-27 receptor and are therefore also capable of responding to IL-27.  

 

 Concluding remarks 

 While complex, the majority of the literature investigating the role of IL-27 in 

mouse models of IBD complements knowledge gained from human patients and supports 

an anti-inflammatory role for IL-27 in IBD. However, the studies suggesting a more pro-

inflammatory role for IL-27 should not be ignored, but should rather inform future 
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investigations into the complex physiology of this cytokine. While it’s unlikely that a 

single “silver bullet” treatment for all cases of IBD will ever be found, IL-27 is a 

promising potential therapy that warrants further investigation. 

 

Figure and Table Legends 

Figure 1. Evidence for IL-27 as an anti-inflammatory versus proinflammatory cytokine in 

the intestine. Results from conflicting studies are included. 

Table 1. Summary of studies investigating the role of IL-27 in murine models of colitis. 

Table 2. Summary of evidence linking IL-27 and IBD in human patients.  
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