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Decoding 
inflammatory 
bowel disease 
through the lens of 
immunodeficiency
The pathogenesis of inflammatory bowel 
disease (IBD), a chronic inflammatory 
condition involving the gastrointestinal 
tract, remains incompletely understood.1 
Genome-wide association studies (GWAS) 
have identified nearly 100 loci with single-
nucleotide polymorphisms (SNPs) that are 
associated with altered risk for developing 
IBD. However, these SNPs are also often 
found in healthy subjects. Given that the 
currently identified genetic loci of common 
variants account for only 20–25% of the 
genetic risk for IBD, unanswered questions 
remain regarding the full composition of IBD 
genetic risk.2,3 Recently, much attention 
has been focused on the presence of rare 
variants (with allele frequencies <5%) that may 
contribute to the remaining genetic risk.4,5

Children with genetically well-defined 
primary immunodeficiencies (PIDs) can 
present with IBD-like gastrointestinal 
pathology. Intestinal granulomas are found 
in nearly 50% of patients with chronic 
granulomatous disease (CGD), and up to 17% 
of CGD patients develop colitis.6 Patients 
with mutations in interleukin-10 receptor 
(IL-10R) and IL-10 genes can develop 
early-onset enterocolitis.7,8 Gastrointestinal 
inflammation can also be seen in patients 
with Wiskott–Aldrich syndrome (WAS), 
immune dysregulation, polyendocrinopathy, 
enteropathy, X-linked (IPEX) syndrome, and 
NFκB essential modulator defects. Because 
many PID patients with highly penetrant loss-
of-function mutations (frequently involving 
pathways that have been identified by GWAS) 
present with aberrant mucosal immune 
homeostasis, study of these patients can 
provide an additional approach to deciphering 
the role of these immune pathways in IBD 

pathogenesis. Additionally, because many 
children with PIDs present with symptoms 
prior to gastrointestinal manifestations, these 
patients provide the opportunity to study 
initiating and early events leading to IBD in 
genetically predisposed patients.

Available murine models of human 
PIDs (that present with mucosal disease) 
complement human studies by permitting 
interrogation and manipulation of immune 
and microbial compartments not possible 
in patients. Mice lacking IL-10 or IL-10R 
have both innate and adaptive immune 
abnormalities and develop enterocolitis 
described in humans.9,10 The gene encoding 
signal transducer and activator of transcription 
3 (STAT3), which is defective in some PID 
patients with hyper–immunoglobulin E 
syndrome, has been linked to both ulcerative 
colitis and Crohn’s disease; targeted deletion 
of STAT3 in the myeloid compartment in mice 
results in enterocolitis.11–13 Altered WAS 
protein or foxp3 protein expression in mice 
or humans—associated with WAS and IPEX, 
respectively—can result in regulatory cell 
dysfunction, T helper type 2 cytokine skewing, 
and enteropathy.14,15 A striking finding of 
most animal models of IBD is the absence 
of disease when animals are reared in germ-
free conditions, highlighting the key interplay 
between the gut immune system and gut 
microflora.

A role for the human microbiome in IBD 
pathogenesis has been postulated for years, 
given the varied successes of antimicrobial 
therapy and diversion of the fecal stream in 
IBD patients. Subsets of patients with IBD 
have fewer Firmicutes and Bacteroidetes and 
less overall diversity of bacterial species,16 
but controversy exists as to whether these 
alterations are the driving force for initiating 
intestinal inflammation or simply a result 
of the inflamed microenvironment. In the 
T-bet−/−RAG2−/− ulcerative colitis (TRUC) 
murine model of colitis, altered flora seems 
to result from the genetic abnormality and 
predate the development of disease. Most 
notably in this model, the colonic flora from 
TRUC mice are associated with altered 

microbial communities (including the presence 
of Klebsiella pneumoniae and Proteus 
mirabilis) and can induce colitis in normal 
mice.17 Although the evidence for altered 
gastrointestinal flora in immunodeficient 
humans is lacking, children with PID afford 
the unique opportunity to investigate whether 
profound and highly penetrant genetic defects 
of the immune system are associated with 
alterations in the composition or diversity of 
the human microflora.

The study of IBD pathogenesis is 
challenging given the multitude of known and 
unknown genetic factors. Genetically defined 
PIDs allow for the study of immune pathways 
relevant to IBD risk and their downstream 
effect on the human microbiome and mucosal 
homeostasis. Moreover, these pathways 
may play an underestimated role in the onset 
of IBD, especially in children. Therefore, the 
knowledge gained from studying the genes 
(and pathways) implicated in PID and mucosal 
disease should offer unique insights into IBD 
pathogenesis.
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