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Autoimmunity and immunodeficiency were previously considered
to be mutually exclusive conditions. However, an increased
understanding of the complex immune regulatory systems and
signaling mechanisms, coupled with the application of genetic
analysis, has demonstrated the complex relationships between
the two kinds of diseases.1 In recent years, several mild forms of
primary immunodeficiencies have been discovered, presenting
with opportunistic infections overlapping autoimmunity and/or
allergy late in life.1

Caspase recruitment domain (CARD)-containing proteins,
CARD9, CARD10 (CARMA3), CARD11 (CARMA1), and CARD14
(CARMA2), are members of the membrane-associated guanylate
kinase family. These proteins function as molecular scaffolds by
forming an intracellular complex with B-cell lymphoma protein 10
(BCL10) and mucosa-associated lymphoid tissue lymphoma
translocation gene 1 (MALT1), which are critical for the activation
of several signaling pathways, such as the nuclear factor binding
near the κ light chain gene in B cells (NF-κB), c-Jun N-terminal
kinase, and mammalian target of rapamycin pathways, during
adaptive immunity.2,3 In addition, dominant or recessive muta-
tions in the CARD9, CARD11, and CARD14 genes have been
identified as genetic causes of immunodeficiencies in the
presence/absence of autoimmune diseases and tumors in patients
and families.4–6

As a ubiquitously expressed protein, CARD10 activates the NF-
κB pathway following G-protein-coupled receptor- and epidermal
growth factor receptor-induced signaling.2 De Diego et al.
hypothesized that CARD10 mutations could be associated with
inflammatory colitis in humans.7 However, the consequences of
CARD10 mutations in humans have remained elusive.
In this study, we reported two siblings of a consanguineous

family (Fig. 1a) affected by immunodeficiency with autoimmunity.
The two patients suffered from recurrent infections, asthma,
autoimmune anemia, and Crohn’s disease (CD) (Fig. 1b, c). We
used exome sequencing to determine the causative genes in the
patients. A novel homozygous missense mutation (c.1258C>T; p.
R420C) in exon 7 of CARD10 (Fig. 1d), predicted to be a disease-
causing variant by means of different prediction methods, was
identified. This variant (R420C) is located in the coiled-coil domain
of CARD10, a key and highly conserved domain (Fig. 1e), and
might affect the hydrophobicity and stability of the alpha helix
(Fig. 1f). Sanger sequencing analysis further verified the mutation

(Fig. 1g). Reconstitution studies demonstrated decreased expres-
sion of CARD10 mRNA and CARD10 protein in the patient with the
R420C mutation (Fig. S1).
Our study suggests that the R420C mutation is associated with

recurrent infections, CD, allergic diseases, and other disorders in
patients. We found that both affected siblings suffered from
asthma, while their blood eosinophils were low. This phenomenon
is consistent with the features seen in Card10-deficient mice. In
the Card10−/− mouse asthma model, airway eosinophils are
decreased but airway hyperresponsiveness is not decreased
compared with the respective levels in WT mice.8 In the affected
family member compared with the sibling, we observed that
immune cells and cytokine production were decreased (Tables S1
and S2), while autoimmune antibodies and chemokine levels were
increased (Fig. 1h and Table S1), implying that CARD10 mutations
might lead to immunodeficiency and autoimmunity as a causative
genetic factor. Given the high expression of CARD10 in epithelial
cells of the gastrointestinal tract and the involvement of the
CARD10-BCL10-MALT1 complex in TLR4 signaling, CARD10 has
been suggested to be associated with inflammation and colitis.9,10

Similarly, inflammatory bowel disease was hypothesized to be
linked with CARD10 defects in humans.7 CARD10 gene expression
was significantly lower in CD patients than in ulcerative colitis
patients and healthy controls.11 Consistently, the pathological
examination of the gastrointestinal biopsy sample of the
proband’s sister revealed early signs of CD (Fig. 1c).
Monocytes are typical leukocytes in the innate immune

response that can sense pathogen-related molecules and
cytokines. Human monocytes are classified into three categories:
classical (CD14highCD16−), intermediate (CD14highCD16+), and
nonclassical (CD14+CD16high); intermediate monocytes play an
important role in promoting inflammation, while nonclassical
monocytes are associated with antiviral responses. In our study,
flow cytometry analysis showed that the numbers of
CD14highCD16+, CD14+CD16high, and monocyte-derived
HLADR+CD11c+CD16+ cells were all reduced in the patient
compared with the respective numbers in the sibling. In mice,
dendritic cell maturation and Ag presentation have been shown to
be impaired in Card10-deficient airway epithelial cells.8 In the
affected patient, a cytokine assay showed that IL-8, GROα, MCP-1,
MIP-1α, SDF1α, and other chemokine family members were
significantly elevated, which was consistent with the increased
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expression of chemokines in autoimmune diseases.12 Other
inflammatory factors, such as IL6, TNFα, IFNα, IL-1α, TNF-β, IL-21,
IL-22, IL-23, and IL-27, generally remain normal or are decreased,
which may reflect either a reduction in the quantity or functional
deficiency of immune cells, such as monocytes or DC cells after

mutation of CARD10. The airway epithelial cells of Card10-deficient
mice also present a decrease in type 2 cytokine levels.8 The two
siblings showed varying degrees of immunodeficiency, for which
the underlying mechanism remains to be clarified.
Our findings further imply that environmental factors might

play an important role in the diversity of phenotypes.13 In this
consanguineous family, the two siblings with the same homo-
zygous disease-causing mutations manifested different clinical
phenotypes. The elder brother, who lived an unhealthy lifestyle
and was exposed to metal dust, suffered immunodeficiency and
autoimmune disease much earlier than his sister. The younger
sister, who lived a healthy lifestyle, had an apparently milder
clinical phenotype, presenting with unexplained small-cell hypo-
chromic anemia, gastrointestinal discomfort, and seasonal urti-
caria. Similar to other known genes that cause PIDs, CARD10
mutations were proposed to lead to the development of rare
diseases that predominantly present with autoimmune or allergic
symptoms, and the diseases appear to progress slowly for 20–30
years.1 Such genetic defects also predispose individuals to
recurrent infections and can cause primary immunodeficiencies.1

The symptoms in our patients were consistent with these
predictions.
In conclusion, by applying genetics and immunology

approaches, we identified a CARD10 mutation as the possible
cause of a novel form of autosomal recessive genetic disease
characterized by primary immunodeficiency accompanied by
autoimmune disease. Our study also links the CARD10 mutation
with CD. Therefore, genetic mutations affecting CARD10 and
CARD10-related genes could be collectively considered when
attempting to understand these types of diseases.
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CARD10 gene in the patients, their family members, and the controls.
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