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Inflammatory bowel diseases (IBD), including ulcerative colitis (UC) and Crohn’s disease (CD), are complex

multifactorial chronic inflammatory disorders affecting nearly 7 million patients worldwide, with an increasing

prevalence in Northern Europe and emerging countries. IBD can be associated with a wide spectrum of extra-

intestinal manifestations (EIMs) with a significant impact on patients’ quality of life. The pathophysiology of EIMs in

IBD is intricate and uncertain. The European Crohn’s and Colitis Organization (ECCO) proposed an operational

definition of EIMs’ pathology in IBD patients.
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1. Introduction

Inflammatory bowel diseases (IBD), including ulcerative colitis (UC) and Crohn’s disease (CD), are complex

multifactorial chronic inflammatory disorders affecting nearly 7 million patients worldwide, with an increasing

prevalence in Northern Europe and emerging countries . IBD can be associated with a wide spectrum of extra-

intestinal manifestations (EIMs) with a significant impact on patients’ quality of life . The current definition of EIMs

encompasses inflammatory processes associated with IBD’s activity and flares, whether dependent or independent

. The prevalence of EIMs varies from 6% to 47% : a recent systematic review and meta-analysis that

examined 52 studies revealed that almost one quarter of IBD patients experienced at least one musculoskeletal,

ocular, or skin EIM . Additionally, these manifestations can present prior to IBD diagnosis in up to 25% of the

patients . EIMs seem to be more common in CD than UC patients , and the presence of a singular EIM

predisposes to develop a new immune-mediated manifestation in another district . The most commonly affected

systems are the joints (i.e., arthritis and enthesitis), the skin (i.e., pyoderma gangrenosum, erythema nodosum,

aphthous stomatitis), and the ocular and hepatobiliary districts (such as primary sclerosing cholangitis). EIMs’

underlying mechanisms and pathogenesis are poorly understood; they can either be reliant on or independent of

intrinsic intestinal inflammation activity and share common activated immune molecular pathways . An extension

of gut inflammation may provide a plausible explanation; for example, gut chemokines, involved in T cell trafficking

and migration into the bowel, can be expressed in biliary ducts and are associated with primary sclerosing

cholangitis (PSC) in IBD patients . Additionally, an uncontrolled auto-reactive T cell population, namely T-helper

(Th1) by producing interferon-gamma (INF-Y) and interleukin 12 (IL-12) and T-helper 17 (Th17) with the release of
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interleukin 12 (IL-12) and interleukin 17 (IL-17), plays a crucial role in the pathogenesis of EIMs. Thus, patients

affected by both IBD and non-infectious uveitis presented high levels of these cytokines . Furthermore, IBD

patients may have an intrinsic propensity towards developing independent autoimmune disorders, such as a

genetic predisposition, which potentially explains the occurrence of EIMs during IBD remission. Indeed, certain

haplotypes, such as HLA-DRB1*0103 or HLA B*58, are reported to be involved in musculoskeletal and eye

manifestations . Finally, dysbiosis and the selection of specific gut commensals, with the loss of diversity, have

also been linked with the onset of various EIMs .

The prevalence of ocular extra-intestinal manifestations (OEIMs) in patients with IBD ranges from 0.3% to 13% .

These O-EIMs are mostly represented by episcleritis, scleritis, anterior uveitis, and iridocyclitis. Eye redness and

pain or blurred vision are the most common symptoms. Episcleritis is the most frequent manifestation (2–5%),

being mostly benign and strongly related to intestinal inflammatory flares, while uveitis (0.5–3.5%) is a more severe

condition, potentially leading to vision loss, and independent of IBD activity . O-EIMs are more common in

children  and women and are associated with arthritis and pyoderma gangrenosum in CD and UC patients,

respectively . Other conditions, such as vascular involvement, optic neuritis, papillitis, or myositis are rarer.

2. Pathogenesis

The pathophysiology of EIMs in IBD is intricate and uncertain. The European Crohn’s and Colitis Organization

(ECCO) proposed an operational definition of EIMs’ pathology in IBD patients. These manifestations can either

result from the translocation of intestinal inflammation or be completely independent of IBD activity, arising from a

genetic predisposition to autoimmunity disorders or environmental factors . IBD and EIMs are thought to be the

result of the interplay of environmental factors, genetic predisposition, changes to the intestinal microbiota, and

immune system dysregulation, which all ultimately cause damage to the mucosa .

The ultimate disarray of intestinal cells’ tight junctions and the change in the composition of the epithelial mucus

film allow luminal antigens to enter bowel epithelial cells. Additionally, molecular pattern-recognition receptors (e.g.,

Toll-like receptors TLRs) interacting with commensal microbiota can induce the activation of dendritic cells and

macrophages. Consequently, the activation of multiple signaling pathways and upregulation of proinflammatory

gene transcription resulted in the increased production of proinflammatory cytokines and recruitment of leukocytes,

which perpetuates inflammation . Another potential pathogenetic mechanism is represented by the formation

of circulating antigen–antibody complexes or the production of autoantibodies, directed against common shared

antigens by the colon and other tissues, including the eye . In particular, it has been suggested that system-wide

inflammation could be caused by the local impact of antigen–antibody complexes generated against bowel walls’

blood vessels and conveyed through the bloodstream . The resulting damaged intestinal barrier allows antigens

and microorganisms to penetrate, leading to a reactive lymphoid tissue response. In their initial Mendelian

randomization study , Meng et al. illustrated that specific cytokines produced in the bowel (namely IL-6, IL-10,

and IL-17) may participate in the origin of iridociclytis (IC) and EIMs by circulating to the eye and triggering ocular

inflammation (Figure 1), implying that there may be a shared immunopathogenesis among the gut and eye .

Moreover, as previously said, shared antigens in the gut and eye may contribute to inflammation in both locations
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for IBD patients. For example, peptide 7E12H12 is present in both colon epithelial and non-pigmented ciliary

epithelial cells and could represent an inflammation target . Additionally, several studies suggest that a human

epithelial colonic autoantigen, shared by skin, bile ducts, eyes, and joint cells, may trigger an antibody-mediated

immune response in ulcerative colitis (UC) patients . A higher intestinal damage and permeability

caused by transmural inflammation in CD, may be a potential explanation for the greater prevalence of o-EIMs in

CD patients compared to UC ones. However, there is no strong evidence in the literature confirming this

hypothesis, and further studies are warranted.

The pathogenesis of EIMs questions genetic predisposition. Individuals with IBD who have specific haplotypes,

mainly HLA-B27 and HLA-DRB1*0103, were reported to be at higher risk of developing an extensive gut disease

and the emergence of EIMs, particularly ocular and articular ones . In a significant retrospective study, Lin et

al.  proposed that a family history of IBD could potentially lead to an independent and amplified likelihood of

developing ocular inflammation, even when there are no known instances of bowel disease or genetic susceptibility

(HLA-B27). However, Lanna et al.  analyzed 96 Brazilian IBD patients and did not establish any association

between particular HLA and ocular or joint manifestations. This finding suggests that genetic heterogeneity across

diverse global populations could explain the different outcomes. The development of IBD is assumed to be

attributable to around 150 unique genetic mutations . The majority of these genes are involved in the

primary immune response, specifically related to the autophagic function of leukocytes and the production of pro-

inflammatory cytokines and chemokines (e.g., NOD2/CARD15, ATG16 L1 or IL23R). Additionally, genes involved in

transmembrane signaling systems of intestinal epithelial cells can be involved (HNF4A, GNA12) . Certain rare

monogenetic alterations may contribute to the early onset of IBD . Specific alterations of the Nod2 gene on

chromosome 16, can induce an abnormal activity of the innate immunity in response to gut microbiota, leading to a

higher risk of developing CD . Furthermore, the mutation of NODd2/CARD15 is associated with a systemic

autoinflammatory granulomatous disease, Blau syndrome, characterized by uveitis, arthritis, and dermatitis .

However, Nod2 is just a minor component of the complex genetics involved in IBD and EIMs .

Environmental factors may represent additional pathogenic factors. Vitamin D deficiency could have a shared role

in the development of IBD and ocular inflammation. Several studies have shown that vitamin D has an anti-

inflammatory effect, achieved through the suppression of B and T cells’ proliferation and differentiation . An

inverse correlation has been established between vitamin D levels and the risk of developing IBD and iridocyclitis

(IC), indicating that higher vitamin D levels play a protective role . Low vitamin D levels, resulting from

inadequate sunlight exposure, are risk factors for all types of uveitis (including IC), UC, and CD . These results

suggest that vitamin D supplementation should be considered as an option for the prevention of uveitis relapse in

high-risk patients.

Impaired autophagy in macrophages may considered another potential pathogenetic mechanism. Therefore,

autophagy seems to play a vital role in maintaining ocular immune homeostasis, as the deletion of autophagy

genes has been associated with worsening ocular inflammation severity due to inflammasome-mediated IL1B

secretion. In their study using a mouse model, Santeford et al. found that a particular polymorphism (Thr300Ala or
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T300A) of the autophagy gene ATG16L1 was linked to an increased risk of developing both CD and uveitis,

suggesting a potential connection between IBD and o-EIMs .

Additionally, gut microbiota and dysbiosis may contribute to the pathogenesis of o-EIMs through molecular mimicry,

although current data are inconclusive. Therefore, gut commensals may have a dual role. On one hand, they can

participate in autoimmune ocular processes. For instance, a 2015 study using mice models found that gut bacteria

antigens directly activate auto-reactive T cells that are involved in autoimmune uveitis . Conversely, particular

species such as Lactobacillus reuterii can provide a protective function by strengthening gut intraepithelial

lymphocytes (IELs) that regulate autoreactive T cells . Moreover, the elimination of gut commensals was

correlated with an attenuation of the severity of ocular inflammation .

Figure 1. In Figure 1, diverse immune mechanisms that underlie O-EIMs are elucidated: ectopic ocular expression

of gut-specific chemokines and adhesion molecules (gut-specific chemokines and adhesion molecules (i.e.,

MAdCAM-1, CCL25, CCR9); T cell trafficking driven by non-specific adhesion molecules (i.e., VAP-1, CXCR3, and

CCR5); common peptide sequence shared by enteric bacteria and host molecules (in a mice-model study, retina-

specific T cells involved in uveitis pathogenesis are activated in the gut by a microbiota-dependent activation );

circulating antibodies-antigens complexes or autoantibodies directed against shared epitopes could expand

inflammation outside the gut (i.e., eye); genetic predisposition (specific HLA complexes have been associated with
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specific EIM); activated neutrophils and macrophages leads to uncontrolled innate immune response in non-

intestinal districts.
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