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IL-10 and IL-10 receptor defects in humans
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Inflammatory bowel disease (IBD), which includes Crohn’s disease (CD) and ulcerative colitis (UC), is chronic in
nature and is characterized by abdominal pain, diarrhea, bleeding, and malabsorption. It is considered a complex
multigenic and multifactorial disorder that results from disturbed interactions between the immune system and
commensal bacteria of the gut. Recent work has demonstrated that IBD with an early-onset within the first months of
life can be monogenic: mutations in IL-10 or its receptor lead to a loss of IL-10 function and cause severe intractable
enterocolitis in infants and small children. Both IL-10 and IL-10 receptor deficiency can be successfully treated by
hematopoietic stem cell transplantation.
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Introduction

Interleukin (IL)-10 may be considered the most im-
portant anti-inflammatory cytokine in humans. Se-
creted by a variety of cells including monocytes,
macrophages, dendritic cells, T cells, B cells, gran-
ulocytes, epithelial cells, keratinocytes, and mast
cells,1 IL-10 limits secretion of pro-inflammatory
cytokines such as TNF-�, IL-1, IL-6, and IL-12;
it deactivates macrophages,2 inhibits secretion of
Th1 cytokines such as IL-2 and IFN-� , and controls
differentiation and proliferation of macrophages, T
cells, and B cells.1,3,4 By keeping pro-inflammatory
events under control, it protects against excessive
immune responses and tissue damage. Since IL-
10 is a critical player in maintaining immune sys-
tem balance, mutations in IL-10 or components of
its signaling pathway that reduce or abolish their
anti-inflammatory properties were thought to be
involved in the pathogenesis of hyperinflammatory
disorders such as rheumatoid arthritis or inflamma-
tory bowel disease (IBD). IBD is relatively frequent,
affecting about 1.4 million people in the United

States and 2.2 million in Europe.5,6 Most often it
manifests in the second or third decade of life, but
IBD may also present in childhood with a severe and
therapy-resistant course.7,8

Genome-wide linkage and association studies
have emphasized the genetic complexity of IBD and
identified a number of genes that may render indi-
viduals more susceptible to it;9,10 for example, vari-
ations in genes involved in autophagy, in genes en-
coding proteins for intra- and extracellular pattern
recognition receptors, in genes required for T helper
17 cell differentiation, in genes required for main-
tenance of the intestinal epithelium, and in genes
required for shaping immune responses have been
associated with susceptibility to IBD.

In contrast to the prevailing hypothesis that IBD
is a multigenic disorder, recent work showed that
certain variants of IBD or IL-10 and IL-10 receptor
(IL-10R)-deficiency are monogenic autosomal re-
cessive diseases. In this short review, we discuss the
clinical phenotype and aspects of the pathogenesis
of these novel entities and outline diagnostic proce-
dures to confirm or rule-out these rare diseases.
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IL-10: a “shield” against
hyperinflammation

To keep continuously ongoing pro-inflammatory
events in the gut in check, a powerful coun-
tervailing activity capable of downregulating the
immune system is required. The critical role of IL-
10 as one such downregulator has been demon-
strated in animal models; for example, mice de-
ficient in IL-10 (Il10−/–) or the IL-10R �-chain
(Il10rb−/–) develop severe enterocolitis.11–13 Such
murine phenotypes hint at a possible involvement
of IL-10 signaling in the pathogenesis of human
IBD. In support of that possibility, genetic vari-
ants of IL10 in humans are associated with in-
creased susceptibility to ulcerative colitis (UC);14

and in patients suffering from Crohn’s disease (CD),
mutations in the leader sequence of IL-10 protein
were shown to reduce its release from cells.15 A
frameshift insertion (3020insC) in the intracellu-
lar sensor molecule nucleotide-binding oligomer-
ization domain containing 2 (NOD2), previously
associated with CD, inhibits the ribonucleoprotein
hnRNP-A1 and thereby actively blocks transcription
of IL-10.16

Even though intestinal integrity is maintained
by several factors, including the epithelial cell
layer, mucus-secreting goblet cells, antimicro-
bial peptides-producing Paneth cells, IgA-releasing
plasma cells, and gut-associated lymphoid tissue
such as Peyer’s patches, it is incontestable that IL-10
is the most relevant factor to protect against im-
munological imbalances.17,18

A main source of IL-10 in the gut are regulatory
T (Treg) cells, which tightly control chronic stimula-
tion by resident intestinal flora and food antigens.19

Scurfy mice lacking the Treg cell lineage defining
transcription factor forkhead box P3 (Foxp3) suffer
from fatal multiorgan inflammation, and mice de-
void of IL-10, a key cytokine of Treg cells, die of wast-
ing disease and colitis.20–22 A similar phenotype oc-
curs in humans; patients with mutations in FOXP3,
located on the X chromosome, suffer from immuno-
dysregulation, polyendocrinopathy, enteropathy,
and X-linked (IPEX) syndrome, which is charac-
terized by a lack of CD4+ CD25+ FOXP3+ Treg

cells. Affected individuals develop autoimmune
lymphoproliferation and multiple autoimmune dis-
orders.23–25 If not fatal in early childhood, pa-
tients with IPEX develop severe eczema, insulin-

dependent diabetes mellitus, hypo- or hyperthy-
roidism, and recurrent, sometimes severe, infec-
tions.26–29 The predominant clinical feature, how-
ever, is an autoimmune enteropathy that starts as
watery diarrhea and may turn slimy and bloody and
mimic CD, UC, or celiac disease—all of which em-
phasize the indispensable role of IL-10 for intestinal
homeostasis.27,30

The finding that loss-of-function mutations in
either the IL-10 or IL-10R gene cause severe early-
onset IBD in humans demonstrates the importance
of IL-10 and shows that loss of IL-10 signaling sig-
nificantly impairs life.31,32 IL-10 appears to be of
particular relevance for the integrity and homeo-
statis of the gut, which highlights the fact that the
gut/bowel is highly vulnerable to disturbances of
immunological balance.

IL-10 signaling pathway

To exert its actions, IL-10 dimerizes and binds to
a cell-bound cytokine receptor made up of two
molecules of the IL-10R �-chain (IL-10R1) and
two molecules of the accessory IL-10R �-chain (IL-
10R2).1,4,33 Upon binding of IL-10 to the tetrameric
receptor IL-10R complex, two members of the Janus
kinase family—Janus kinase (JAK)1 and tyrosine
kinase (Tyk)2—are activated and catalyze phospho-
rylation of themselves and then of IL-10R1 at spe-
cific intracellular tyrosine residues (tyrosine 446 and
496), thereby forming docking sites for STAT3.33

STAT3 is then phosphorylated by JAK1 and Tyk2,
which causes STAT3 dimerization and transloca-
tion to the nucleus where it induces expression of its
target genes (summarized in Fig. 1).33 In contrast
to IL-10R1, which is unique to the IL-10R, IL-10R2
is shared by several other cytokines, including IL-
22, IL-26, and the �-interferons IL-28A/B and IL-
29.34,35 Both IL-10R1 and IL-10R2 are required for
IL-10 signaling, as loss-of-function mutations in ei-
ther one result in a complete signaling failure that
cannot be compensated by any other pathway.

Clinical phenotypes of IL-10– and
IL-10R–deficient patients

From investigations of two families with autosomal-
recessive inherited enterocolitis, recent work has
identified four patients with mutations in IL-10R:
two patients carried homozygous missense muta-
tions in IL10RA (encoding IL-10R1), resulting in
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Figure 1. IL-10 signaling pathway.

amino acid exchanges at position 84 (Thr→Ile)
or 141 (Gly→Arg); the other patients, two sib-
lings, harbored a mutation affecting IL10RB (encod-
ing IL-10R2), resulting in a premature stop codon
(Try→Stop).31 The patients presented within the
first year of life with severe enterocolitis and peri-
anal disease; subsequent formation of multiple ab-
scesses and enterocutaneous fistula required several
surgical interventions, eventually including com-
plete colectomy. Histopathology revealed circum-
scribed, deep-set, thick, rolled-edged ulcers of the
intestinal mucosa with inflammatory infiltrates of
the epithelium, and the formation of abscesses ex-
tending to the muscularis propria. In addition, the
patients suffered from chronic folliculitis and had
a history of several recurring infections of their
respiratory tract. The patients were treated with a
wide spectrum of anti-inflammatory drugs, includ-
ing steroids, methotrexate, thalidomide, and anti-
TNF-� monoclonal antibodies, but none of these
therapies induced sustained remission or long-term
improvement.31

The discovery of the underlying genetic mutation
opened novel therapeutic strategies. Since IL-10R1
and IL-10R2 double-deficiency described above has
a very similar phenotype to severe colitis, it was
hypothesized that severe colitis—the main clini-
cal problem/phenotype in the above patients—was

due to defective IL-10 signaling in hematopoietic
cells rather than defective IL-22, IL-26, and IFN-
� signaling in nonhematopoietic cells. In view of
the life-threatening clinical course of the IL-10R
mutations, allogeneic hematopoietic stem cell trans-
plantation (HSCT) was proposed. The index patient
with a loss-of-function mutation in IL-10R2 was
successfully transplanted and showed sustained re-
mission,31 thus supporting the notion that IL-10
signaling in hematopoietic cells was critical to con-
trol hyperinflammation in the gut.

More recently, two other unrelated patients have
been described with severe Crohn’s-like colitis and
the formation of perianal and rectovaginal fistu-
lae, a phenotype resembling IL-10R deficiency.32

Endoscopy and histopathology revealed extensive
ulceration of the ileum and focal active colitis,
with neutrophils infiltrating the surface epithe-
lium. Both patients were found to have homozy-
gous point mutations in IL10 itself, leading to an
amino acid change at codon 113 (Gly→Arg) that
most likely changes the tertiary structure of the
cytokine and results in impaired dimerization of
IL-10. In contrast to wild-type IL-10, the mutated
IL-10 failed to induce STAT3 phosphorylation or
to inhibit lipopolysaccharide (LPS)-mediated TNF-
� release in peripheral blood mononuclear cells
(PBMCs).32
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Recently, Begue et al. investigated a cohort of 75
pediatric IBD patients for failures in IL-10 signal-
ing.36 They found one patient with a mutant IL-
10R1 (Arg262Cys) and another patient with a mu-
tant IL-10R2 (Glu141Stop). Both children presented
with onset of symptoms at the first three months of
life, including granuloma-positive colitis.36 As an-
ticipated, the patient harboring the IL-10R2 muta-
tion showed impaired IL-22 signaling, whereas the
patient with the IL-10R1 mutation (as well all other
patients evaluated) did not. Also, typical for IL-
10 and IL-10R deficiency, routine immunological
work-up of the patients appeared to be normal.

Possible impact of defective IL-22, IL-26,
and IFN-λ signaling

Since IL-10R2 is shared by the receptors for IL-22,
IL-26 and �-interferons and is expressed on vari-
ous nonimmune cells, such as epithelial cells and
keratinocytes,35,37,38 one might presume that mu-
tations in IL-10R2 result in more severe pheno-
types than mutations in either IL-10R1 or IL-10.
In particular, lack of IL-22 signaling may be addi-
tive to the phenotype of IL-10R2 deficiency because
IL-22 protects against colitis and significantly im-
proved colitis in a murine model of UC.39,40 Among
other activities, IL-22 upregulates expression of the
antimicrobial proteins RegIII-� and RegIII-� and
enhances mucus production in murine colonic ep-
ithelial cells, which thereby maintains the epithelial
barrier and prevents infection by intestinal bacterial
pathogens.39,41

The folliculitis observed in IL-10R2–deficient pa-
tients may be at least in part attributed to impeded
IL-22 signaling, which has been shown to control
immunity of the skin by upregulating the expression
of the �-defensins 2 and 3 and the antimicrobial
heterodimer S100A8/9 in keratinocytes.42–44 Fur-
thermore, Nagalakshmi et al. demonstrated in vitro
that IL-22 induces production of IL-10;45 a similar
activity was also found for IL-26.46 In addition, IL-
26 activates both STAT1 and STAT3, induces the
release of IL-8 in colon epithelial cells, and ker-
atinocytes, and increases the expression of inter-
cellular cell adhesion molecule 1.46 In murine lung
epithelial cells, IL-22 regulates the innate immune
defense by mediating expression of lipocalin-2, a
protein capable of sequestering iron from Gram-
negative bacteria and improving the killing of Kleb-
siella pneumoniae.47 Recently, Celia et al. identified

a subset of natural killer cells that releases IL-22 and
thereby controls inflammation and contributes to
mucosal immunity.48

IL-28A, IL-28B, and IL-29 are primarily known to
protect against viral infections,49,50 but since other
vital antiviral defense mechanisms—such as the IFN
type I and II signaling pathways—are present, the
antiviral activity of IL-28A, IL-28B, and IL-29 in
general may be of minor importance. Further stud-
ies are required to properly assess their role and
relevance in humans.

Diagnosis of IL-10 and IL-10R deficiency

Defects in the IL-10R may be easily tested by func-
tional assays. PBMCs from healthy individuals show
strong phosphorylation of STAT3 upon stimulation
with IL-10, whereas PBMCs from IL-10R–deficient
patients do not. In contrast to patients with IL-10R
mutations, where administration of exogenous IL-
10 has no effect at all, stimulation by IL-10 com-
pletely abrogates LPS-mediated TNF-� release in
PBMCs from healthy controls.2,11,31

Of course, any functional abnormalities, such
as the above, should always be confirmed by se-
quencing the IL10R genes IL10RA and IL10RB. Even
though rarer and more challenging to rule out, lack
of functional IL-10 should always be considered in
cases of early-onset colitis with normal responses to
exogenous IL-10. If sequencing of IL10 reveals puta-
tive mutations, in vitro synthesis of the protein and
subsequent functional testing, using STAT3 and/or
TNF-� assays, should be carried out to prove that the
observed mutation leads to a defective protein. Di-
agnostic procedures to confirm/rule out IL-10 and
IL-10R mutations are summarized in Figure 2.

Conclusions

The functional consequences of IL-10 and IL-10R
deficiency demonstrate the importance of IL-10 as
a critical immunomodulatory factor that controls
chronic stimulation by microbes in the intestine and
keeps the immune system in balance; it also shows
that in a subgroup of patients, IBD may be inher-
ited as monogenic autosomal-recessive disease that
is distinct from classical and more complex variants
such as UC and CD. Allogeneic HSCT that restores
IL-10 signaling in hematopoietic cells proved to be
a promising therapeutical approach that may cure
patients with IL-10 or IL-10R deficiency and sustain
long-term remission. The progress in IBD research
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Figure 2. Diagnostic procedures to detect IL-10 and IL-10R mutations.

has broadened our knowledge of the mucosal im-
munity, the components that keep it in balance and
genes that control susceptibility to IBD. However,
there are still many unknown players that need to
be identified to make us understand the complex
immunity and ecosystem of the intestine.
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13. Berg, D.J., R. Kühn, K. Rajewsky, et al. 1995. Interleukin-
10 is a central regulator of the response to LPS in murine
models of endotoxic shock and the Shwartzman reaction but
not endotoxin tolerance. J. Clin. Invest. 96: 2339–2347.

14. Franke, A., T. Balschun, T.H. Karlsen, et al. 2008. Sequence
variants in IL10, ARPC2 and multiple other loci contribute
to ulcerative colitis susceptibility. Nat. Genet. 40: 1319–
1323.

15. van der Linde, K., P.P. Boor, L.A. Sandkuijl, et al. 2003.
A Gly15Arg mutation in the interleukin-10 gene reduces
secretion of interleukin-10 in Crohn disease. Scand. J. Gas-
troenterol. 38: 611–617.

16. Noguchi, E., Y. Homma, X. Kang, et al. 2009. A Crohn’s
disease-associated NOD2 mutation suppresses transcription
of human IL10 by inhibiting activity of the nuclear ribonu-
cleoprotein hnRNP-A1. Nat. Immunol. 10: 471–479.

17. Barnes, M. & F. Powrie. 2009. Regulatory T cells reinforce
intestinal homeostasis. Immunity 31: 401–411.

106 Ann. N.Y. Acad. Sci. 1246 (2011) 102–107 c© 2011 New York Academy of Sciences.



Glocker et al. IL-10/IL-10R deficiency

18. Artis, D. 2008. Epithelial-cell recognition of commensal bac-
teria and maintenance of immune homeostasis in the gut.
Nat. Rev. Immunol. 8: 411–420.

19. Boden, E.K. & S.B. Snapper. 2008. Regulatory T cells in
inflammatory bowel disease. Curr. Opin. Gastroenterol. 24:
733–741.

20. Fontenot, J.D., M.A. Gavin & A.Y. Rudensky. 2003. Foxp3
programs the development and function of CD4+CD25+
regulatory T cells. Nat. Immunol. 4: 330–336.

21. Li, M.O., Y.Y. Wan & R.A. Flavell. 2007. T cell-produced
transforming growth factor-beta1 controls T cell tolerance
and regulates Th1- and Th17-cell differentiation. Immunity
26: 579–591.

22. Rubtsov, Y.P., J.P. Rasmussen, E.Y. Chi, et al. 2008.
Regulatory T cell-derived interleukin-10 limits inflam-
mation at environmental interfaces. Immunity 28: 546–
558.

23. Bennett, C.L., R. Yoshioka, H. Kiyosawa, et al. 2000. X-
Linked syndrome of polyendocrinopathy, immune dysfunc-
tion, and diarrhea maps to Xp11.23-Xq13.3. Am. J. Hum.
Genet. 66: 461–468.

24. Powell, B.R., N.R. Buist & P. Stenzel. 1982. An X-linked syn-
drome of diarrhea, polyendocrinopathy, and fatal infection
in infancy. J. Pediatr. 100: 731–737.

25. Ziegler, S.F. 2006. FOXP3: of mice and men. Annu. Rev.
Immunol. 24: 209–226.

26. Moraes-Vasconcelos, D., B.T. Costa-Carvalho, T.R. Torger-
son & H.D. Ochs. 2008. Primary immune deficiency disor-
ders presenting as autoimmune diseases: IPEX and APECED.
J. Clin. Immunol. 28(Suppl 1): S11–S19.

27. Gambineri, E., T.R. Torgerson & H.D. Ochs. 2003. Im-
mune dysregulation, polyendocrinopathy, enteropathy, and
X-linked inheritance (IPEX), a syndrome of systemic au-
toimmunity caused by mutations of FOXP3, a critical regu-
lator of T-cell homeostasis. Curr. Opin. Rheumatol. 15: 430–
435.

28. Nieves, D.S., R.P. Phipps, S.J. Pollock, et al. 2004. Dermato-
logic and immunologic findings in the immune dysregula-
tion, polyendocrinopathy, enteropathy, X-linked syndrome.
Arch. Dermatol. 140: 466–472.

29. Torgerson, T.R. & H.D. Ochs. 2007. Immune dysregulation,
polyendocrinopathy, enteropathy, X-linked: forkhead box
protein 3 mutations and lack of regulatory T cells. J. Allergy
Clin. Immunol. 120: 744–750.

30. Heltzer, M.L., J.K. Choi, H.D. Ochs, et al. 2007. A potential
screening tool for IPEX syndrome. Pediatr. Dev. Pathol. 10:
98–105.

31. Glocker, E.O., D. Kotlarz, K. Boztug, et al. 2009. Inflamma-
tory bowel disease and mutations affecting the interleukin-
10 receptor. N. Engl. J. Med. 361: 2033–2045.

32. Glocker, E.O., N. Frede, M. Perro, et al. 2010. Infant colitis–
it’s in the genes. Lancet 376: 1272.

33. Donnelly, R.P., H. Dickensheets & D.S. Finbloom. 1999. The
interleukin-10 signal transduction pathway and regulation

of gene expression in mononuclear phagocytes. J. Interferon
Cytokine Res. 19: 563–573.

34. O’Shea, J.J. & P.J. Murray. 2008. Cytokine signaling modules
in inflammatory responses. Immunity 28: 477–487.

35. Commins, S., J.W. Steinke & L. Borish. 2008. The extended
IL-10 superfamily: IL-10, IL-19, IL-20, IL-22, IL-24, IL-26,
IL-28, and IL-29. J. Allergy Clin. Immunol. 121: 1108–1111.

36. Begue, B., J. Verdier, F. Rieux-Laucat, et al. 2011. Defective
IL10 signaling defining a subgroup of patients with inflam-
matory bowel disease. Am. J. Gastroenterol. 106: 1544–1555.

37. Wolk, K. & R. Sabat. 2006. Interleukin-22: a novel T- and
NK-cell derived cytokine that regulates the biology of tissue
cells. Cytokine Growth Factor Rev. 17: 367–380.

38. Donnelly, R.P., F. Sheikh, S.V. Kotenko & H. Dickensheets.
2004. The expanded family of class II cytokines that share
the IL-10 receptor-2(IL-10R2) chain. J. Leukoc. Biol. 76: 314–
321.

39. Sugimoto, K., A. Ogawa, E. Mizoguchi, et al. 2008. IL-22
ameliorates intestinal inflammation in a mouse model of
ulcerative colitis. J. Clin. Invest. 118: 534–544.

40. Zenewicz, L.A., G.D. Yancopoulos, D.M. Valenzuela, et al.
2008. Innate and adaptive interleukin-22 protects mice from
inflammatory bowel disease. Immunity 29: 947–957.

41. Zheng, Y., P.A. Valdez, D.M. Danilenko, et al. 2008.
Interleukin-22 mediates early host defense against attach-
ing and effacing bacterial pathogens. Nat. Med. 14: 282–289.

42. Wolk, K., S. Kunz, E. Witte, et al. 2004. IL-22 increases the
innate immunity of tissues. Immunity 21: 241–254.

43. Wolk, K., E. Witte, E. Wallace, et al. 2006. IL-22 regulates
the expression of genes responsible for antimicrobial de-
fense, cellular differentiation, and mobility in keratinocytes:
a potential role in psoriasis. Eur. J. Immunol. 36: 1309–1323.

44. Kolls, J.K., P.B. McCray Jr. & Y.R. Chan. 2008. Cytokine-
mediated regulation of antimicrobial proteins. Nat. Rev. Im-
munol. 8: 829–835.

45. Nagalakshmi, M.L., A. Rascle, S. Zurawski, et al. 2004.
Interleukin-22 activates STAT3 and induces IL-10 by colon
epithelial cells. Int. Immunopharmacol. 4: 679–691.

46. Hör, S., H. Pirzer, L. Dumoutier, et al. 2004. The T-cell
lymphokine interleukin-26 targets epithelial cells through
the interleukin-20 receptor 1 and interleukin-10 receptor 2
chains. J. Biol. Chem. 279: 33343–33351.

47. Aujla, S.J., Y.R. Chan, M. Zheng, et al. 2008. IL-22 medi-
ates mucosal host defense against Gram-negative bacterial
pneumonia. Nat. Med. 14: 275–281.

48. Cella, M., A. Fuchs, W. Vermi, et al. 2009. A human natu-
ral killer cell subset provides an innate source of IL-22 for
mucosal immunity. Nature 457: 722–725.

49. Kotenko, S.V., G. Gallagher, V.V. Baurin, et al. 2003. IFN-
�s mediate antiviral protection through a distinct class II
cytokine receptor complex. Nat. Immunol. 4: 69–77.

50. Sheppard, P., W. Kindsvogel, W. Xu, et al. 2003. IL-28, IL-29
and their class II cytokine receptor IL-28R. Nat. Immunol. 4:
63–68.

Ann. N.Y. Acad. Sci. 1246 (2011) 102–107 c© 2011 New York Academy of Sciences. 107


