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Abstract
Purpose: Interleukin-10 (IL-10) and IL-10 receptor (IL-10R) de�ciency are monogenic inborn errors of
immunity (IEI) causing early-onset in�ammatory bowel diseases (IBD).

Methods: We systematically reviewed articles that included related keywords using PubMed, Web of
Science, and Scopus databases. The articles were screened for eligibility criteria before data extraction.

Results: We assessed 284 patients (44.1% female) with IL-10 and/or IL-10R de�ciencies who were
predominantly from China (41.0%), Italy (14.1%), and South Korea (8.6%). The median age of onset was
1.0 (0.3-4.0) months with a median age of genetic diagnosis at 16.0 (7.4-81.0) months. Consanguinity
was reported in all evaluable patients with IL-10 de�ciency and in 38.8% of patients with IL-10R
de�ciency (23.4% of patients with IL-10RA, and 79.4% of patients with IL-10RB de�ciency). The most
prevalent mutations in IL-10RA were c.301C>T (p.R101W) and c.537G>A (p.T179T), those in IL-10RB were
c.139A>G (p.K47E) and c.611G>A (p.W204X). Autoimmunity and enteropathy were present in all cases.
The �rst presentation of both groups was protracted diarrhea (45.7%), bloody diarrhea (18.1%), and colitis
(15.7%). Patients with IL-10R de�ciency had a high frequency of dermatologic manifestations (50.5%)
and failure to thrive (60%), while IL-10 de�cient patients lacked those complications. In the majority of
patients, the basic immunologic parameters were in normal ranges. Of the entire publications, 30%
underwent hemopoietic stem cell transplantation, 61.5% surgery, and 87% immunosuppressive treatment.
The ten-year survival rate was higher in patients with IL-10 de�ciency than in patients with IL-10R
de�ciency.

Conclusion: IL-10/IL-10R de�ciency predominantly presents with treatment-resistant, early-onset IBD
within the �rst months of life. No clear genotype-phenotype correlation was present among these
patients. The high prevalence of distinct clinical manifestations reported in IL-10RA- and IL-10RB-
de�cient patients might be attributable to the interaction between the target tissue and cytokines other
than IL- 10 capable of binding to IL-10RB. These results gain translational signi�cance by contributing to
earlier diagnosis, adequate therapy, and avoiding delay in the diagnosis and unfavorable outcome.

1. Introduction
The Interleukin-10 (IL-10) protein encoded by the IL-10 gene is a major immune-regulatory cytokine
produced primarily by monocytes, macrophage, dendritic cells (DCs), and lymphocytes with profound
anti-in�ammatory functions (1). IL-10 binds to its heterotetrameric receptor, IL-10 receptor (IL-10R) A and
B, leading to Janus kinase 1 (JAK 1) and Tyrosine Kinase 2 (TYK2)-mediated phosphorylation of
phospho-signal transducer and activator of transcription 3 (STAT3). In turn, STAT3 translocates to the
nucleus where it drives the expression of anti-in�ammatory mediators. STAT3 down-regulates the
expression of T-helper (Th1) cytokines and antigen presentation by reducing the expression of major
histocompatibility complex (MHC)-class II and co-stimulatory molecules on macrophages, thereby
inhibiting T cell activation. It also controls macrophage activation by reprogramming essential metabolic
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pathways (2). In addition, IL-10 enhances B cell survival and proliferation, regulates antibody production,
can inhibit nuclear factor kappa B (NF-κB) activity, and is involved in the regulation of the JAK-STAT
signaling pathway (2). On the other hand, the IL-10RB subunit is not only activated by IL-10, but also by
IL-22, IL-26, and IL-28A,B/IL29, respectively (3). The IL10 gene is located on chromosome 1q32.1
consisting of 5 exons and 178 amino acids (NP_000563.1). The IL-10RA and IL-10RB receptors genes are
located on chromosomes 11q23.3 and 21q22.11 both consisting of 7 exons and 578 and 325 amino
acids, respectively (NP_001549.2, NP_000619.3). Importantly, IL-10/IL-10R signaling defects lead to a
hyper-in�ammatory state, predominantly in the intestinal tissue, especially within the �rst months of life
(4, 5).

IL-10 (MIM: 614395) and IL-10R (MIM: 613148 and 612567) de�ciencies have been recognized by the
international union of immunological societies (IUIS) Classi�cation Committee for inborn errors of
immunity (IEI) as “diseases of immune dysregulation with colitis” and more recently as one of the
“primary immune regulatory disorders" which includes more than 129 genes (6). Pediatric in�ammatory
bowel disease (IBD) is classi�ed into �ve major groups according to the age at onset: pediatric-onset IBD
(younger than 17 years), early-onset IBD (younger than 10 years), very early onset IBD (younger than 6
years), infantile (and toddler) onset IBD (younger than 2 years old), and neonatal IBD (within the �rst 28
days of age) (7). Thus, IL-10/IL-10R de�ciencies are mainly categorized as infantile-onset and very early
onset IBD or VEOIBD (8). On the other hand, undetermined IBD (UIBD) is a rare subgroup of pediatric IBD
allocated to cases whom endoscopic and histological �ndings are not adequate to differentiate between
ulcerative colitis and Crohn's disease (9).

Even though IBD is the most important clinical presentation among IL-10/IL-10R-de�cient patients, other
extra-intestinal symptoms include folliculitis, arthritis, and respiratory diseases (10). An increased
susceptibility for B cell lymphoma has also been reported in patients with IL-10/IL-10R de�ciency (11).
Except for slight alterations in immunoglobulins levels and STAT3 or IL-10 expression detected in some
cases (12, 13), in�ammatory markers and immunological evaluations are generally normal (13). Similar
to a subset of other monogenic IEI, allogeneic hemopoietic stem cell transplantation (HSCT) is currently
the standard curative approach in IL-10/IL-10R de�ciencies which are in most cases resistant to standard
immunosuppressive therapy (14). A few studies suggested that IL-10/IL-10R-de�cient patients might
bene�t from recombinant human IL-10 or IL-1-targeting therapies (15, 16).

Given the different therapeutic approaches reported for IL-10/IL-10R-de�cient patients in comparison to
other IBD-affected patients and the necessity of early diagnosis and intervention in these patients, we
systematically reviewed the clinical, immunological, and genetic features as well as the therapeutic
options used for patients with IL-10/IL-10R de�ciencies to attain a comprehensive view of this disease,
assist physicians in establishing an earlier diagnosis and improve the patients’ prognosis.

2. Methods

2.1. Search Strategy
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3. Results

3.1. Study Characteristics

A comprehensive search up to the 29th of April 2021, and limited to articles written in English, was
performed using PubMed, Web of Science, and Scopus databases. The used keywords were “interleukin
10 de�ciency”, “IL-10 de�ciency”, “IL10 mutation”, “interleukin 10 receptor de�ciency”, “IL-10R de�ciency”,
“IL10R mutation”, “IL-10RA mutation”, “IL-10RB mutation”, “VEO-IBD”, “EO-IBD”, “very early onset
in�ammatory bowel disease”, “early onset IBD”, or “infantile in�ammatory bowel disease”. The search
was conducted using these terms in the keywords, titles, and abstracts of articles. The reference lists of
all full-text articles and major reviews were manually searched for additional studies.

2.2. Study Selection
The articles were �rst screened based on the title and abstract to exclude all irrelevant studies and were
classi�ed into three groups (include, exclude, or unclear); the full-text version of all “unclear” articles were
checked and categorized into one of the two other categories (include or exclude). Similar to our previous
article (17), the full-text of each included paper was assessed for eligibility criteria, requiring reporting at
least one patient with a genetic diagnosis of IL-10/IL-10R de�ciency. When necessary, the corresponding
authors of the selected articles were contacted.

2.3. Data Extraction
Two authors independently extracted the data from the included studies. The following data were
collected from each article: publication year, the number of patients, demographic details, and clinical,
laboratory, and molecular data of each patient with IL-10 or IL-10R de�ciency. The immunologic data
quality was evaluated based on normal ranges available in each article or age-matched normal control
ranges when the normal ranges were not mentioned. Duplicated cases were identi�ed and removed. The
medical records of all papers were gathered and subsequently merged. A third author was consulted in
case of disagreements between the two reviewers.

2.4. Statistical Analysis
All statistical analyses were performed using the SPSS software (v. 26.0, Chicago, IL) and GraphPad
Prism (V. 8.0, San Diego, CA). Central and descriptive statistics were presented for quantitative data.
Median and interquartile ranges (IQR) were calculated for quantitative variables with the abnormal
distribution. Qualitative data were interpreted using absolute numbers and percentages. To achieve a
better understanding of IL-10/IL-10R de�ciencies, we compared the patients within two groups: IL-10
de�ciency vs. IL-10R de�ciency and IL-10RA de�ciency vs. IL-10RB de�ciency. Independent T-test,
Wilcoxon, Chi-square, or Fisher exact tests were utilized to compare the groups. Kaplan–Meier curve and
log-rank test were used to compare different survival estimates. All statistical tests were two-tailed. A P-
value < 0.05 was considered statistically signi�cant.
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The literature search yielded a total of 1964 articles. After removing the duplicated articles, 1706 articles
were screened according to title and abstract, resulting in the exclusion of 1600 articles. Three additional
articles were identi�ed during the hand-search of full-text articles and major reviews. As shown in Figure
1, 109 articles ful�lled the inclusion criteria and were subsequently assessed in the full-text. Of those 109
articles, 62 with a total of 306 patients were included in the systematic review. After the removal of
duplicate cases, 284 unique patients remained for data analysis.

3.2. Epidemiologic characteristics
A total of 284 patients (116 female, 147 male, and 21 with unknown gender) with IL-10 and/or IL-10R
de�ciency were assessed. Among them, 18 (6.3%) were IL-10 de�cient and 266 (93.7%) were IL-10R
de�cient [IL-10RA: 188, IL-10RB: 69, combined heterozygous IL-10RA/RB: 7, and for two patients the IL-
10R variant was not speci�ed but was con�rmed using proteomics evidence]. The patients originated
predominantly from China 41.0% (105 of 256), Italy 14.1% (36 of 256), and South Korea 8.6% (22 of 256);
the nationality of 28 patients were not mentioned. A total of 174 patients (68.0%) originated from Asia, 62
from Europe (24.2%), and 20 from America (7.8%, Figure 2). The median (IQR) age of onset of patients’
symptoms was 1.0 (0.3-4.0) month with a median (IQR) diagnostic delay of 12.0 (6.0-71.7) months.
Forty-one percent of cases (55 of 150 patients with available data) were born to consanguineous parents
and 28.2% (42 of 149) had a positive family history of IEI. Most of those (38 cases) had a history of
familial early-onset IBD. About nineteen percent of the patients (41 of 214 with available life/death state)
died at a median (IQR) age of 1.4 (0.9-3.9) years during an average of 2.6 (1.2-8.0) years of follow-up.
The most common causes of death were infections (19 cases), lymphoproliferative disease (2 cases),
organ failure (2 cases), and the result of severe infantile IBD (2 cases). The demographic data of all
patients are summarized in Table 1. Among patients with IL-10, IL-10RA, and IL-10RB de�ciencies, the
male to female ratio was 4, 1.3, and 1.03, respectively. Consanguinity was reported in all evaluable
patients with IL-10 de�ciency whereas, only 38.8% of patients with IL-10R de�ciency had consanguineous
parents (p=0.010). The frequency of consanguineous marriages was also lower in patients with IL-10RA
de�ciency than patients with IL-10RB de�ciency (23.4% vs. 79.4%, p<0.001). Age at death was
signi�cantly lower in patients with IL-10RA de�ciency than IL-10RB de�ciency [1.2 (0.8-2.1) vs. 4.5 (1.4-
9.0) years, p=0.014], while none of the IL-10-de�cient patients had deceased.
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Table 1
Demographic data of patients with IL-10/IL-10R de�ciencies.

Parameters Total
(n=284)

IL-10

(n=18)

IL-10R
(n=266)

P-
value

IL-10RA
(n=188)

IL-
10RB
(n=69)

P-
value

Sex ratio, M/F, (n=263) 147/116 8/2 139/114 0.193 104/80 31/30 0.438

Family history of IEI, n,
(%) (n=149)

42
(28.2)

0 42 (29) 0.577 34
(27.9)

7
(33.3)

0.609

Consanguinity, n, (%)
(n=134)

55
(41.0)

5 (100) 50
(38.8)

0.010 22
(23.4)

27
(79.4)

<0.001

Dead, n, (%) (n=214) 41
(19.2)

0 41
(19.6)

0.586 32
(20.8)

9
(17.3)

0.588

Age at onset, m, median
(IQR), (n=263)

1.0 (0.3-
4.0)

2.0
(1.0-
4.0)

1.0 (0.3-
4.0)

0.444 0.9
(0.2-
3.0)

2.6
(1.0-
4.0)

0.309

Age at molecular
diagnosis, m, median
(IQR), (n=66)

16.0
(7.4-
81.0)

41.0
(6.0-
116.5)

14.0
(7.7-
76.5)

0.765 14.0
(8.2-
91.5)

17.0
(6.0-
72.0)

0.676

Delay in diagnosis, m,
median (IQR), (n=41)

12.0
(6.0-
71.7)

30.4
(2.5-
119.9)

12.0
(6.2-
71.7)

0.924 12.0
(7.0-
72.0)

16.3
(3.5-
75.1)

0.750

Follow up, y, median
(IQR), (n=157)

2.6 (1.2-
8.0)

7.0
(3.6-
9.4)

2.5 (1.2-
8.0)

0.805 2.0
(1.1-
6.1)

4.7
(2.5-
13.0)

0.022

Age at death, y, median
(IQR), (n=28)

1.4 (0.9-
3.9)

- 1.4 (0.9-
3.9)

- 1.2
(0.8-
2.1)

4.5
(1.4-
9.0)

0.014

M; Male, F; Female, IEI; Inborn error of immunity, y; year, m; month.

The median is shown [with 25th and 75th percentiles].

* p-value is statistically signi�cant <0.05

3.3. Molecular �ndings
Of the 284 reported patients representing 279 families, detailed genetic data were not available from 19
(7%) patients. Most of the cases with determined genetic defects carried mutations in the IL-10-RA gene
(69%). Among the 265 patients (263 families) with a con�rmed mutation, 8 patients have mutations in IL-
10, 183 and 68 patients have mutations in IL-10RA and IL10-RB respectively, and 6 patients with both
IL10-RA and RB mutations. Table 2 provides detailed information on mutation con�rmed cases from
individual families.



Page 8/25

Table 2
Families with reported mutations in IL-10, IL-10RA and IL-10RB genes.

Gene Families
(n=263)

Zygosity Different
mutation

Frequent Mutations Mutation type

IL-10 8 Hom:8 2 c.337G>A

c.458G>A

Missense

IL-10RA 181 Hom:71

Het*:5

Com.Het:99

>2 mut**:6

58 c.301C>T (26%)

c.537G>A (21%)

c.1051A>G (4%)

c.299T>G (4%)

Missense (63%)

Silent/splicing
(22%)

Nonsense (6%)

Splice site (3%)
Large InDel (4%)

InDel-Frameshift
(2%)

IL-10RB 68 Hom:59

Com.Het: 9

30 c.139A>G (16%)
c.477G>A (10%)

c.611G>A (8%)

c.*C52T (3'UTR)
(5%)

Missense (31%)

Nonsense (29%)

Splice site (11%)

InDel-Frameshift
(10%)

Large InDel (13%)

3`UTR, promoter
(5%)

IL-10RA/
IL-10RB

6 Double
Het#: 6

3 IL-10RA:

c.475 A>G

c.1051A>G

IL-10RB:

c.139A>G

Missense

Hom: homozygote, Het: heterozygote, Com.Het: compound heterozygote, InDel: both insertion or
deletion, insertion and deletion

*In these cases, IL-10RA mutations were in a heterozygous state and no additional homozygote or
compound heterozygote mutations were identi�ed.

**In these cases, more than 2 variants were reported.

#These cases have heterozygous mutations in both IL-10RA/ and IL-10RB.

A total of 90 unique mutations were detected (Table 2, Figure 3). The most prevalent mutations among
patients with IL-10RA were c.301C>T (exon 3, p.R101W) and c.537G>A (exon 4, p.T179T-splicing
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mutation), detected in a total of 48% of families. The predominant mutations in IL-10RB de�ciency were
c.139A>G (exon 2, p.K47E), c.477G>A (exon 4, p.W159X) and c.611G>A (exon 5, p.W204X), identi�ed in
34% of families. Generally, most mutations were evenly located throughout the IL-10RA and IL-10RB
genes, except for the hot spot mutations c.301C>T and c.537G>A in the IL-10RA gene. Large deletion
mutations were reported in 21 families consisting of deletion containing exon 1 (18, 19), exon 1-3 (20, 21)
and exon 2-4 (p.V23fsX31) (20) of the IL-10RA gene, and deletion in exon 2 (22, 23), exon 3
(g.34647434_34650412delinsCT) and duplication of exon 6 (24), deletion of exon 3-7 (25), exon 4 and
part of exon 5 (g.11930_17413del) (11, 22), exon 4 and exon 5 (g.17030_22177del) (21, 26) of the IL-
10RB gene.

These large deletion mutations were reported in 21 families and can be categorized into two subgroups:
homozygous large deletions in 11 families [(2 in IL-10RA, 9 in IL-10RB) in which 4 cases were Asian, 5
European, and 2 unknowns] and compound heterozygous mutations (large deletion and missense
mutations) in 9 families with IL-10RA de�ciency [8 cases were Chinese and one unknown] and one family
with IL-10RB (European). There was no difference in the clinical progression of these 21 families and
other patients. One study reported 6 cases with more than 2 variants in IL-10RA (27). Of 10 variants
identi�ed in these cases, 3 were novel missense variants and were not reported in other publications:
c.314T>A (p.I105N), c.670A>G (p.I224V), and c.884C>T (p.P295L). The clinical signi�cance of these
variants is unknown.

3.4. Clinical �ndings
The most common �rst presentation was chronic diarrhea reported by 45.7%, bloody diarrhea by 18.1%,
and colitis by 15.7% of patients (Figure 4). Of 249 patients with available presenting diagnosis, 234 (94%)
were diagnosed with IBD and 8 (3.2%) with food allergy (Figure S1). All patients reported gastrointestinal
involvement with 243 cases having the diagnosis of colitis [49.8% (121 of 243)], Crohn's disease [32.5%
(79 of 243)], or UIBD [17.7% (43 of 243)]. Bloody diarrhea and chronic diarrhea were diagnosed in 80 and
84 patients, respectively. In addition to IBD which was reported in 100% of patients, six patients also
presented with other types of in�ammatory/autoimmune disorders, including diabetes insipidus (2
cases), autoimmune hepatitis, immune thrombocytopenia (ITP), Behcet's disease, and autoimmune
enteropathy each occurring in one case. Oral complications were present in 37.4% (64 of 171) patients,
mostly in the form of ulcers 74.6% (49 of 64 patients). Ninety-one percentage of the patients (225 out of
245) had perianal manifestations including �stulae [58.7% (101 of 172)], abscesses [60.8% (102 of 176)],
�ssures [18.9% (31 of 164)], and skin tags [17.7% (29 of 164)]. The other complications commonly
associated with IBD were malnutrition and failure to thrive (FTT) detected in more than half of the
patients [58.1% (90 of 155 with evaluable data)].

Other extra-intestinal features in order of frequency were: dermatologic manifestations [47.7% [(93 of
195), mostly consisting of folliculitis and eczematous lesions], rheumatologic manifestations [13% [(19
of 146), mostly arthritis/arthralgia], hematologic manifestations [6.5% [(9 of 139), mainly anemia], renal
disorders [6.9% (9 of 130)], hepatobiliary disorders [3.9% (5 of 128)], allergies [2.3% (3 of 128)],
endocrinopathies [3.7% (5 of 134)], neurologic disorders [2.4% (3 of 127)], and cardiovascular diseases
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[1.6% (2 of 128)]. Hepatosplenomegaly and lymphadenopathy were observed in 5.5% and 5.4% of the
patients, respectively. B cell lymphoma and a case of juvenile myelomonocytic leukemia were
demonstrated in 12.1% of patients (18 of 149) (Table 3). Respiratory tract infections were reported in
22.8% of patients, including pneumonia (11.5%), sinusitis (2.4%), bronchitis (1.6%), ear, nose, throat
involvement (8.5%). Septicemia, candidiasis, and meningitis occurred in 16.3%, 9.5%, and 1.6% of
patients, respectively.
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Table 3
– Clinical �ndings of patients with IL-10/IL-10R de�ciency

Parameters Total IL-10 IL-10R P-
value

IL-
10RA

IL-
10RB

P-
value

Gastrointestinal involvements

Gastrointestinal disorders, n,
(%) (n=284)

284
(100)

18
(100)

266
(100)

- 188
(100)

69
(100)

-

Non-GI autoimmunity, n, (%)
(n=128)

4 (3.1) 0 4 (3.3) 1.000 4 (4.5) 0 0.575

Crohn’s disease, n, (%) (n=243) 79
(32.5)

9 (50) 70
(31.1)

0.100 44
(29.7)

20
(29.4)

0.962

Colitis, n, (%) (n=243) 121
(49.8)

6
(33.3)

115
(51.1)

0.147 71 (48) 43
(63.2)

0.037

UIBD, n, (%) (n=243) 43
(17.7)

3
(16.7)

40
(17.8)

0.905 33
(22.3)

5
(7.4)

0.007

Perianal manifestations, n, (%)
(n=245)

225
(91.8)

13
(81.3)

212
(92.6)

0.131 154
(90.6)

55
(98.2)

0.078

Fissures, n, (%) (n=164) 31
(18.9)

0 31
(19.1)

1.000 27
(22.1)

4
(10.3)

0.102

Fistulae, n, % (n=172) 101
(58.7)

2
(100)

99
(58.2)

0.512 81
(63.3)

17
(41.5)

0.014

Abscesses, n, % (n=176) 102
(58)

0 102
(59)

0.073 74
(58.7)

28
(60.9)

0.800

Failure to thrive, n, % (n=155) 90
(58.1)

0 90 (60) 0.012 66
(64.7)

20
(47.6)

0.057

Oral complications, n, %
(n=171)

64
(37.4)

1 (20) 63 (38) 0.652 51
(39.8)

10
(27.8)

0.186

Hepatobiliary disorders, n, %
(n=128)

5 (3.9) 0 5 (4.1) 1.000 3 (3.4) 2
(5.7)

0.624

Infectious involvements

Respiratory infections, n, %
(n=133)

28
(21.1)

0 28
(21.9)

0.584 19
(20.9)

8
(22.9)

0.808

Septicemia, n, % (n=129) 21
(16.3)

0 21
(16.9)

0.591 17
(19.3)

4
(11.4)

0.294

Candidiasis, n, % (n=126) 12
(9.5)

0 12
(9.9)

1.000 9
(10.2)

3
(9.4)

1.000

Meningitis, n (%) (n=128) 2 (1.6) 0 2 (1.6) 1.000 0 2
(5.7)

0.081
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Parameters Total IL-10 IL-10R P-
value

IL-
10RA

IL-
10RB

P-
value

Bronchiectasis, n (%) (n=130) 2 (1.5) 0 2 (1.6) 1.000 - 2
(5.6)

0.083

Lymphoproliferative involvements

Malignancy, n, % (n=149) 18
(12.1)

0 18
(12.5)

1.000 5 (5.3) 13
(26.5)

0.001

Hepatosplenomegaly, n, %
(n=128)

7 (5.5) 0 7 (2.6) 1.000 1 (1.1) 6
(17.1)

0.002

Lymphadenopathy, n, %
(n=129)

7 (5.4) 0 7 (5.6) 1.000 1 (1.1) 6
(16.7)

0.003

Other involvements

Dermatologic manifestations,
n, % (n=200)

97
(48.5)

0 97
(50.5)

0.007 66
(48.2)

29
(54.7)

0.419

Rheumatologic disorders, n, %
(n=146)

19 (13) 0 19
(13.5)

1.000 5 (5.6) 13
(26.5)

<0.001

Renal disorders, n, % (n=130) 9 (6.9) 0 9 (7.2) 1.000 3 (3.4) 6
(16.7)

0.018

Hematologic disorders, n, %
(n=139)

9 (6.5) 0 9 (6.7) 1.000 6 (6.7) 3 (7) 1.000

Endocrinopathy, n, % (n=134) 5 (3.7) 0 5 (3.9) 1.000 4 (4.5) 1
(2.6)

1.000

Neurologic disorders, n (%)
(n=127)

3 (2.4) 0 3 (2.5) 1.000 3 (3.4) 0 0.558

Allergy, n (%) (n=128) 3 (2.3) 0 3 (2.4) 1.000 3 (3.4) 0 0.559

Cardiovascular diseases, n (%)
(n=128)

2 (1.6) 0 2 (1.6) 1.000 1 (1.1) 1
(2.9)

0.493

n; number, GI; Gastrointestinal, UIBD; Undetermined in�ammatory bowel disease

* p-value is statistically signi�cant <0.05

In patients with IL-10R de�ciency the frequency of dermatologic manifestations (50.5%) and failure to
thrive (60%) was high, while these complications were absent in IL-10-de�cient patients (Table 3). Proven
enteropathy was present in 100% [Crohn's disease (29.7%), colitis (48%), UIBD (22.3%)] of IL-10RA-
de�cient and 100% [Crohn's disease (29.4%), colitis (63.2%), UIBD (7.4%)] of IL-10RB-de�cient patients.
While the frequency of colitis was higher in IL-10RB de�ciency (p=0.037), UIBD was more often reported
in IL-10RA-de�cient cases (p=0.007). Other signi�cant differences between IL-10RA and IL-10RB were
observed in the incidence of �stulae which occurred in 63.3% of patients with IL-10RA de�ciency vs.
41.5% of patients with IL-10RB de�ciency (p=0.014), rheumatologic presentations [IL-10RA de�ciency
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(5.6%) vs. IL-10RB de�ciency (26.5%); p<0.001], renal disorders [IL-10RA de�ciency (3.4%), vs. IL-10RB
de�ciency (16.7%); p=0.018]. Moreover, lymphoproliferation including lymphadenopathy (1.1% vs. 16.7%;
p=0.003), hepatosplenomegaly (1.1% vs. 17.1%; p=0.002), and particularly malignancy (5.3% vs. 26.5%;
p=0.001) were more frequent in IL-10RB de�ciency compared to IL-10RA de�ciency.

3.5. Immunologic evaluations
In the majority of patients with available immunologic data, most basic immunologic parameters were
found to be within normal ranges. Those included 89.6% with normal CD3+ counts (60 of 67), 88.1% with
normal CD4+ counts (59 of 67), 88.2% with normal CD8+ T cell counts (60 of 68), 88.1% with normal
CD19+ B cell counts (59 of 67), and 97.5% with normal CD16/56+ NK cell counts (39 of 40).
Immunoglobulin levels [IgG (80.5%), IgA (72.5%), IgM (84.6%), and IgE (87.1%)] were mostly normal, while
elevated IgG (17.1%), IgA (27.5%), IgM (15.4%), and IgE (12.9%) values were reported in a small subset of
patients. STAT3-phosphorylation and IL-10 expression were reported in a few articles. Ninety-three
percent of all patients with available data (26 of 28) showed a lack of STAT 3-phosphorylation [21
(91.3%) patients with IL-10RA de�ciency vs. 5 (100%) of cases with IL-10RB de�ciency]. All studied IL-
10RA-de�cient patients had normal (41.7%) or elevated (58.3%) serum levels of IL-10. Basic immunologic
pro�les were not signi�cantly different between the patients with IL-10 de�ciency vs. patients with IL-10R
de�ciency, nor in comparison of patients with IL-10RA de�ciency vs. patients with IL-10RB de�ciency.

3.6. Therapeutic approach
Most patients (65.6%) were treated with corticosteroids, while only a few (2 of 81, 2.5%) responded
appropriately. Immunosuppressive drugs were tried in 87% of patients with only 3.7% (4 of 108 cases)
responding. Immunosuppressive drugs consisted of monoclonal antibodies [in�iximab, adalimumab,
rituximab, and anakinra, in the order of prevalence] were used in 74 cases, azathioprine in 60 cases, and
thalidomide in 48 cases. Intravenous immunoglobulin (IVIG) was given as a suppressive treatment to 21
patients. Another treatment tried in 66 patients was 5-aminosalicylic acid (5-ASA). One hundred and
seven patients (61.5%, of 174 with available data) underwent surgery preferably colostomy and
colectomy. Steroid therapy and surgical procedures were performed more often in patients with IL-10RA
de�ciency compared to patients with IL-10RB de�ciency (p<0.001 and p=0.002, respectively, Table S1).

Fifty-six out of 187 patients with available data underwent HSCT from different sources [cord (55.9%),
bone marrow (26.5%), and peripheral blood (17.6%)] at median (IQR) age of 2.0 (1.0-6.0) years with 83.9%
(47 of 56) achieving remission. In patients with available data, neutrophil and thrombocyte engraftment
occurred at median (IQR) times of 21.0 (13.0-23.2) days and 26.0 (19.0-29.0) days after transplantation,
respectively. If mentioned, conditioning regimens were reduced intensity (10 cases) and myeloablative (4
cases).

Kaplan–Meier curves (Figure 5) do not indicate signi�cant differences in the survival rate of patients with
IL-10 and IL-10R de�ciency (p=0.233), nor in those of patients with IL-10RA and IL-10RB de�ciency
(p=0.122). However, the ten-year survival rate of patients with IL-10 de�ciency (100%) was higher than
patients with IL-10R de�ciency (70%). Overall, 83.9% (47 of 56) of all patients who underwent HSCT
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survived (compared to 74.8% of patients who did not undergo HSCT, p=0.190). Complete recovery was
achieved in 83.3%, 78.4%, and 93.3% of IL-10R-de�cient, IL-10RA-de�cient, and IL-10RB-de�cient patients
following transplantation (p=0.209, p=0.428, p=0.095, respectively, Figure S2). Furthermore, we compared
the survival of patients who underwent HSCT and found a higher but not statistically signi�cant three-
year survival rate in patients with IL-10RB de�ciency (90%) compared to patients with IL-10RA de�ciency
(80%, p=0.268, Figure S3).

4. Discussion
In this study, we systematically reviewed the clinical, immunological, and genetic aspects of 284 patients
with IL-10/IL-10R de�ciency. Most patients were of East Asia origin and presented with features that were
initially diagnosed as IBD within their �rst months of life. Ninety-three percent of patients (of the 263 with
available data) were less than 2 years old at age of onset and were subsequently categorized as VEOIBD
which is similar to a recent publication revealing higher prevalence and earlier onset of IL-10/IL-10R
among Asian populations (28). Taken together, mitigating VEOIBD should raise the suspicion for IL-10/IL-
10R de�ciency and prompt genetic evaluation. Considering the autosomal recessive inheritance (16), the
overall estimated rate of consanguinity and positive family history of IBD in the patients reported here
was less than currently estimated (29). However, in agreement with other inborn errors of immunity,
genetic evaluation should be considered in families with a member previously diagnosed with early-onset
IBD, especially in the presence of consanguinity. Of note, IL-10 and IL-10RB de�ciency had a notably
higher rate of consanguinity than IL-10RA de�ciency, respectively.

Loss-of-function mutations in IL-10, IL-10RA, or IL-10RB genes are the cause of severe phenotypes of
infantile IBD. In this review of 265 patients with a con�rmed mutation in IL-10, IL-10RA or IL10-RB genes,
90 unique mutations at the DNA level were identi�ed. The c.301C>T (p.R101W) and c.537G>A (p.T179T)
with a total of 48% of cases were the most prevalent variants in IL-10RA. Because of the distinct clinical
presentations observed in siblings with the same mutation (10) and based on previous cohort studies
(20), there is no clear genotype-phenotype correlation, suggesting that the phenotypic manifestations are
dependent on intrinsic or extrinsic factors that remain unknown. The complex and diverse phenotypes
and genetic heterogeneity of IL-10/IL-10R de�ciencies re�ect, to some extent, the variable clinical
phenotypes of IBDs. Monogenic or polygenic mechanisms combined with environmental factors may
affect susceptibility, severity and onset of the disease (27). Girardelli et al. reported 6 patients with a
digenic inheritance that had double heterozygous mutations in IL-10RA and IL-10RB (27). In these
patients, two heterozygous variants of two genes may additively disturb the IL-10 receptor alpha and beta
chain hetero-tetrameric structure. Sometimes, these variants are located in two or more genes with
different signaling pathways that have a cumulative effect (30). This may explain how reported
heterozygous mutations in IL-10RA and IL-10RB are associated with a pathologic phenotype (31–34).
Due to the multimeric structure of the IL-10 receptor, the dominant-negative effect of these heterozygous
variants may be the underlying reason (31). Additional analyses will be required to determine the exact
effects of these digenic variants on immune cell function (34).
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As has been suggested by simple-context-based observations (5, 10), our comprehensive review
con�rmed that the prevalence of various clinical manifestations, especially extra-intestinal involvements,
was higher in IL-10R de�ciency compared to IL-10 de�ciency and in IL-10RB de�ciency than IL-10RA
de�ciency. In line with this observation, a higher ten-year survival rate was present in patients with IL-10
de�ciency vs. patients with IL-10R de�ciency (Figure 5A). This difference may be explained by the
increased number of IL-10RB ligands. Unlike IL-10RA, IL-10RB binds not only to IL-10, but also connects
with other members of the IL-10 cytokine family including IL-22, IL-26, IL-28, and IL-29 contributing to the
attenuation of in�ammatory responses (35). Therefore, more severe clinical phenotypes observed in
patients with IL-10RB de�ciency may be related to increased cytokine activity in affected organs (36–41).
Manifestations with signi�cantly higher prevalence in IL-10RB de�ciency included �stula formation,
rheumatologic and renal disorders, along with hepatosplenomegaly and malignancy. Patients with IL-10R
de�ciency presented with a higher occurrence of dermatologic manifestations and failure to thrive.
Furthermore, the impact of IL-10RA and IL-10RB de�ciency differed in the incidence of UIBD and colitis.
Of note, the importance of IL-10RB in regulating host susceptibility to severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) and suppression of cytokine storm has been suggested (42). Thus, aside
from a more severe phenotype, an increased probability of SARS-CoV-2 disease is anticipated among
patients carrying IL-10RB mutations.

No signi�cant immunologic abnormalities were apparent, except for an elevated level of IL-10 in cases
with IL-10RA de�ciency which could be explained by defective binding/consumption of IL-10 in patients
lacking its receptor. Despite the central role of IL-10 in B cell differentiation into IgA secreting plasma cells
which are involved in mucosal immunity (43, 44), elevated IgA levels were observed in 27.4% of the
patients, all carrying IL-10R mutations. This could be explained by T cell-independent IgA synthesis
during chronic IBD in�ammation (45, 46). STAT 3-phosphorylation, a key mediator in the IL-10 pathway
(2), was absent in 93% of IL-10/IL-10R-de�cient patients with available data. However, the observed
immunological results indicate that IL-10/IL-10R de�ciency minimally affects the adaptive immune
systems. Although steroids and immunosuppressive drugs were the main therapeutic strategies, the
patients’ clinical responses were unimpressive. HSCT seems to be the most effective therapeutic
approach with a high probability of remission in IL-10/IL-10R-de�cient patients. However, detailed data
related to transplantation were missing in almost half of the cases which made recommendations
regarding HSCT less accurate.

5. Conclusions
In summary, our review recommends that IL-10/IL-10R de�ciency should be considered as a cause of
VEOIBD when occurring within the �rst months of life in patient’s resistant to conventional therapies. No
clear genotype-phenotype correlation could be identi�ed. Distinct clinical manifestations reported in IL-
10R and IL-10RB-de�cient patients are attributable to cytokines other than IL- 10 sharing IL-10RB and
contributing to in�ammation attenuation. HSCT is currently the most effective therapeutic approach and
improved the survival rate of all patients with IL-10/IL-10R de�ciencies. However, the statistical
insigni�cance of HSCT compared to conservative treatment, probably results from the missing data of a
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considerable number of patients and the upcoming studies should target this aspect of IL-10/IL-10R
de�ciency.
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Figure 1

Study selection �ow chart.
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Figure 2

Worldwide distribution of patients with IL-10 and/or IL-10R de�ciency. Most reported cases originated
from China, Italy, and South Korea.
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Figure 3

Graphical illustration of IL-10, IL-10RA and IL-10RB genes with locations of published genetic mutations
in patients with IL-10 and IL-10 receptor de�ciency. The eight reported large deletions in IL-10RA and IL-
10RB genes have been described in the text and not displayed in the �gure.
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Figure 4

Initial presentations of patients (n=127) with IL-10 and/or IL-10R de�ciencies.
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Figure 5

Kaplan-Meier survival curves of patients with IL-10 and IL-10R de�ciencies (A) and patients with IL-10RA
and IL-10RB de�ciencies (B).
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