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NOD2-associated granulomatous autoinflammatory 
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ABSTRACT 
NOD2 (nucleotide-binding oligomerization domain-2), a pattern recognition receptor, is involved in innate immune 
defense against pathogens, intestinal mucosal barrier integrity, gut microbiota composition, autophagy, immune 
homeostasis and inflammation. NOD2 mutations have been associated primarily with childhood diseases (Blau 
syndrome and sarcoidosis with early-onset, monogenic Crohn’s disease), but also with adult diseases (NOD2-asso-
ciated autoinflammatory syndrome – NAID, also called Yao syndrome etc.). Intermediate forms between Blau syn-
drome and NAID have also been described. Blau’s disease and early-onset sarcoidosis are the familial and the 
sporadic forms respectively of a dominantly inherited rare monogenic autoinflammatory disease. Blau’s syndrome 
starts in early childhood, evolving with non-caseating granulomatous arthritis with prominent tenosynovitis, der-
matitis with a “bronzed”, maculo-papular or scaly skin rash, and intermittent fever. Periodic fever, generalized 
lymphadenopathy, and granulomatous visceral involvement may be present. Therapy consists in systemic steroids, 
immunosuppressants and biologic drugs. In adults the NAID or Yao’s syndrome evolves with bouts of systemic in-
flammation with lower limbs swelling, tenosynovitis and non-erosive arthritis, fever and dermatitis. We discuss the 
differential diagnosis with other granulomatous diseases. Increased awareness is necessary regarding these rare 
diseases which may alter the quality of life or lead to disability, in order to improve their prognosis. 
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INTRODUCTION

Systemic autoinflammatory diseases (SAID) are 
a spectrum of clinically and genetically heterogene-

ous disorders, evolving with bouts of apparently 
unprovoked inflammation (1). The last years have 
brought about a series of new pathogenic entities 
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related to granulomatous autoinflammation, in 
which NOD2 mutations have been found. The clini-
cal features, although orientating, are currently not 
enough in order to diagnose a certain SAID, as dif-
ferent diseases may have similar presentations. In 
some cases, the right diagnosis may translate into a 
better disease management. For instance, Crohn’s 
disease, involving the digestive tract, has an incom-
pletely understood pathogenesis, likely related to 
an exaggerated inflammatory response directed to 
the luminal microbiota (2). In the last years, a 
Crohn’s disease clinical picture has been shown to 
be related from mevalonate kinase deficiency to 
NOD2-associated diseases and others. Some SAID-
associated genes are located in chromosome 16, 
such as the familial Mediterranean fever gene 
MEFV and the NOD2 gene. The use of next genera-
tion sequencing (NGS) may uncover several genes 
involved in inflammation, contributing to the het-
erogeneity of the clinical picture (1). The new drug 
development based upon the signaling pathways 
could advance the personalized therapy (3). 

NOD2

NOD2 (nucleotide-binding oligomerization do-
main-containing protein 2) is a molecule involved 
in preservation of the intestinal mucosal barrier in-
tegrity and immune homeostasis, proper autophagy 
and balancing the gut microbiota composition (2). 
NOD2 is a member of the NOD-like (NLR) family of 
pattern recognition receptors involved in innate 
immune defense against pathogens and in inflam-
mation (4). NOD2 shares molecular structure with 
NOD1, pyrin and cryopirin (3). This protein is ex-
pressed mainly in peripheral blood lymphocytes 
and is involved in immune responses (5). NOD2 
functions mainly through RICK or RIP2 to activate 
p38 mitogen- activated protein kinases and NFkB, 
resulting in enhanced autophagy and inflammation 
(3). The NOD2 variants located in the leucine-rich 
repeat (LRR) region are associated with Crohn’s dis-
ease, while the variants in the nucleotide-binding 
domain (NBD) and in between the NBD and LRR are 
associated with Blau syndrome and the NOD2-asso-
ciated autoinflammatory disease (NAID), respec-
tively (3). 

NOD2 variants have not been described systemic 
lupus erythematosus, psoriasis or psoriatic arthri-
tis, ankylosing spondylitis, granulomatosis with 
polyangiitis or adult sarcoidosis (3). Certain gain-of-
function NOD2 mutations have been associated 
with Crohn’s disease, including its early-onset vari-
ant. Others have been described in Blau’s disease 
and in early-onset sarcoidosis, evolving with granu-
lomas in different affected tissues. The most recent 
entity, called NOD2-associated autoinflammatory 

disease (NAID) or Yao’s syndrome, described by Yao 
et al in 2011, affects the adults, mostly females; in-
termediate forms between Blau’s syndrome and 
NAID have been described as well (6). 

Protein NOD2 (figure 1) is also known as caspase 
recruitment domain-containing protein 15 
(CARD15) or inflammatory bowel disease protein 1 
(IBD1), is a protein that in humans is encoded by the 
NOD2 gene located on chromosome 16. The gene is 
constituted by multiple exons and introns distrib-
uted along 39.5 Kb. The protein contains 1040 ami-
no acids. The NOD2 protein is a very dynamic cyto-
plasmic receptor; once it is activated in the cells, 
numerous interactions and responses are mediated, 
and these include inflammasome regulation, pro-
duction of proinflammatory cytokines, triggering 
autophagy, production of type I interferons (IFNs), 
and other antiviral activities (as is activation of 
RNAse L with viral RNAs degradation) (7).

BLAU’S SYNDROME AND EARLY-ONSET SARCOIDOSIS 

Blau’s syndrome (BS) and early-onset sarcoidosis 
(EOS) are the familial and the sporadic forms re-
spectively of a dominantly inherited rare monogen-
ic autoinflammatory disease (8) (for this reason 
their description will be common in the following). 
The pathogenesis of the disease is not well under-
stood. Blau syndrome (and early-onset sarcoidosis) 
are classically described as being caused by hyper-
functional mutations in the NOD2 gene, but may in 
fact also be caused by hypofunctional mutations, as 
in Crohn’s disease (9). In a prospective international 
cohort of BS having recruited 31 patients, the NOD2 
mutations observed were the p.R334W, p.R334Q 
and others (8). Most of the NOD2 mutations de-
scribed to date are located in exon 4 of the gene (10, 
11). 

Blau’s syndrome (OMIM #186580) is classically 
characterized by non-caseating granulomatous ar-
thritis, dermatitis and uveitis (10). BS usually starts 
in early childhood and its suggestive clinical sign is 
the presence of a “bronzed”, reddish-brown macu-
lo-papular or scaly ichthyosis-like skin rash. Fever 
attacks may add to the clinical picture. 

Classically described as gain-of-function NOD2 
mutations, BS/EOS may actually be caused by loss-
of-function mutations, similar to Crohn’s disease 
(9). 

The arthritis in BS/EOS is symmetric and most 
often polyarticular, but oligoarticular involvement 
was also possible. The arthritis involved mostly the 
wrists, ankles, knees and proximal interphalangeal 
joints, and BS patients may still present active ar-
thritis beyond 10 years (8). Tenosynovitis is promi-
nent, “boggy”. Camptodactylia and proximal inter-
phalangeal contracture may also appear. The axial 
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skeleton and the temporo-mandibular joints are ap-
parently not involved (4).

Radiologically the arthritis is generally non-ero-
sive, with diffuse periarticular osteopenia. Joint 
space narrowing, dysplasia of the scaphoid and lu-
nate, with rotation and pseudo-collapse of the lu-
nate and scaphoid bone, and a long thin diaphysis 
of the second metacarpal bone may be seen as well 
(8). Of interest, associated biconcave radial or ulnar 
epiphysis, ulnar shortening and abnormal plump 
distal ulna are typical of the BS hand in adults (8). 
The virtual absence of epiphyseal overgrowth may 
help differentiate the hand in BS from a hand in pol-
yarticular juvenile arthritis (8). The dysplastic bony 
changes noted in 2/3 of BS patients suggest a role of 
NOD2 in bone morphogenesis (8). 

The ocular disease is frequent, with granuloma-
tous uveitis and vitreal inflammation in 2/3 of cases, 
leading to visual loss in 1/3 cases (8). The BS uveitis 
is a progressive panuveitis with multifocal choroid-
itis (12). Ophtalmic periodic assessments should be 
performed. The skin disease, apart from the typical 
“bronzed” or reddish-brown, mildly scaly rash on 
the trunk and extremities described above, may be 

very discrete, imitating atopic dermatitis (4). Peri-
odic fever, generalized lymphadenopathy, hepatos-
plenomegaly and granulomatous hepatitis are quite 
common. Also, other types of involvement – renal 
(interstitial nephritis, nephrocalcinosis or hyper-
tension), cardiac, vascular (large-vessel Takayasu-
like arteritis, leucocytoclastic vasculitis) or neuro-
logical (cranial or peripheral neuropathies), have 
been described (8,13). Other features may include, 
like in adult’s sarcoidosis, erythema nodosum and 
sialadenitis (8). Unlike the adult-onset sarcoidosis, 
the lung involvement is not usual (8). Nevertheless, 
interstitial lung disease was seen in a minority of 
prospectively followed-up patients, and pulmonary 
embolism was noted in a case (8). 

There is no gold standard therapy for BS/EOS (9). 
Therapy consists in systemic steroids, immunosup-
pressive disease-modifying and biologic drugs (an-
ti-TNF, anti-IL-1 etc.). (8, 14). The anti-TNF therapy 
(infliximab, adalimumab and etanercept) was the 
most commonly used therapy, with only partial con-
trol of the articular and ocular disease (8). Canaki-
numab was also used successfully in a case of BS 
syndrome with refractory uveitis (15). 

FIGURE 1. Representation of the NOD2 gene and protein with the types of cellular processes trig gered by its activation, 
relevant for immune responses (1,7). LRR – leucine-rich repeat; RIP2 – receptor-interacting protein 2; ERK – extracellular 
signal-regulated kinase; ATG16L1 – autophagy-related 16-like 1 protein complex; IRF3, IRF7 – interferon regulatory factors 3 
and 7; MAPK – mitogen-activated protein kinase; MAVS – mitochondrial antiviral-signaling protein, NF-κB – nuclear factor κB, 
OAS2 – 2’-5’-oligoadenylate synthetase type 2
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THE NOD2-ASSOCIATED AUTOINFLAMMATORY DISEASE 
(YAO SYNDROME)

The NOD2- associated autoinflammatory disease 
(Yao syndrome or NAID, OMIM #617321) is a geneti-
cally complex multisystem disorder evolving with 
periodic fever, inflammatory arthritis with “boggy” 
tenosynovitis affecting mostly the lower legs and 
dermatitis (1). The estimated incidence is 1-10 cas-
es/100,000 cases (16). The disease affects white 
adults with a 2:1 female to male ratio (17). Never-
theless, there is also a report of possible co-existance 
of Blau syndrome and NAID in a child (18). 

A flare may last days to weeks, with an asympto-
matic interval of several weeks or months. The ar-
thralgia, oligo-or polyarthritis are common, non-
erosive, characteristically associated with swelling 
of the lower extremities and occur periodically; be-
tween flares the joints may appear normal. Howev-
er, ¼ of patients may develop intermittent unilater-
al or bilateral lower limbs swelling involving the 
ankles and feet. Other clinical features are a sicca-
like syndrome and gastrointestinal involvement (3). 
Some cases evolve with unexplained recurrent 
bouts of high fever, abdominal pain, diarrhea, vom-
iting and non-pruritic erythematous patches on the 
face and trunk (19). Granulomatous pneumonitis 
with non-necrotizing granulomas, pleuritis, peri-
carditis or ocular myositis have been rarely report-
ed (20,21). 

The differential diagnosis of NAID is broad, 
mostly with Blau’s syndrome, Crohn’s disease or 
other SAID. Of interest, the paroxysmal episodes of 
inflammation, with fever and diarrhea, in NAID 
may mimic a mast cell disorder or a neuroendo-
crine tumor, but the vasoactive intestinal peptide 
VIP was increased in a NAID case, suggesting com-
mon mechanisms (22). 

During an inflammatory episode, the laboratory 
may show non-specific inflammation (leukocytosis 
with neutrophilia, anemia). Small titers of antinu-
clear antibodies may transiently appear (19). The 
skin biopsy shows a granulomatous dermatitis with 
many histiocytes or a spongiotic dermatitis (23). 

In a large cohort of 143 adult patients, most of 
them female and Caucasian, with a clinical pheno-
type suggestive of NAID, almost half of them (67) 
carried NOD2 variants, and 54 of the 67 carriers 
(81%) had NAID, which was sporadic in almost all 
cases. The genetic profile, distinct from Crohn’s dis-
ease, NOD2 variants associated were IVS9 (+158) or 
compound heterozygote IVS8(+158) and R702W. 

Of interest, NOD2 expression and pathway acti-
vation are aberrant in NAID, and specific NOD2 
genotypes result in distinct NOD2 expression and 
cytokine profiles (17). The dysfunctional NOD2 in 
NAID was hypothesized to be an amplifier or modi-

fier of inflammation, and not necessarily an initia-
tor of inflammation (17). 

The therapy in NAID consists in glucocorticoids 
and sulfasalazine, the mainstay of the therapy dur-
ing flares. However about ½ of patients have fre-
quent flares. Biologic drugs, such as anti-TNFs, IL-6 
inhibitors or canakinumab, may be beneficial in 
refractory cases (16,17,24). 

NOD2-ASSOCIATED CROHN’S DISEASE

NOD2 mutations have been associated to Crohn’s 
disease, and recessive inheritance of NOD2 alleles 
explain 10 % of the adult CD cases, most of them 
with early onset (25). The three main Crohn’s dis-
ease-associated NOD2/CARD15 polymorphisms are 
p.R702W, p.G908R and p.L1007fs (26). Carriers of 
more than one allele of NOD2 risk alleles have in-
creased susceptibility to Crohn’s disease, while re-
cessive inheritance of biallelic rare and low-fre-
quency NOD2 variants were found in about 8% in a 
pediatric Crohn’s disease cohort (25). Patients with 
early-onset Crohn’s disease generally have a more 
severe disease than in older age, with upper gastro-
intestinal tract involvement, small bowel and peri-
anal disease (25). Moreover, the prevalence of com-
plications such as low bone mineral density is 
increased in early-onset Crohn’s disease (26).

OTHER DISEASES ASSOCIATED WITH NOD2 OR THE 
NOD2 PATHWAY

Familial camptodactily associated with granu-
lomatous disease was proposed as an intermediate 
form of NOD2-assocciated diseases (6). Of note, the 
patients, two Caucasian women in their 50s, with 
inflammatory arthritis and a familial history of 
camptodactily, had NOD2 sequence variants 
IVS8(+158) and R703C respectively, and non-caseat-
ing granuloma either mediastinal or subcutaneous 
periarticular, and one had parotid enlargement and 
fever (6). These clinical features suggested that 
granulomatous disease associated with NOD2 vari-
ants may be an intermediate form between Blau 
and NAID (6). 

Interestingly, although NOD2 is considered as 
not being involved in adult sarcoidosis (3) other 
NOD2 pathway genes (TAB1, TAB2, MAPK-13) were 
found in adult sarcoidosis cases with clinical char-
acteristics of BS (26). Therefore, alteration of the 
NOD2 pathway downstream genes might play a role 
in the granulomatous inflammation common to BS 
and sarcoidosis (27). 

NOD2 increased mRNA has been found in Be-
hçet’s disease (28) and in Vogt-Koyanagi-Harada 
syndrome, a rare granulomatous inflammatory oc-
ular and central nervous system disease disease 
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(29). NOD2 expression was differentially increased 
in rheumatoid arthritis, in cardiovascular disease, 
in obesity and metabolic syndrome (30,31). NOD2 
polymorphisms have been related to atopic derma-
titis, as well (32). 

Also, in dental caries and aggressive periodonti-
tis occurs at an early age causing rapid periodontal 
tissues destruction, and NOD2 variants, among oth-
er genes, have been associated with this clinical en-
tity (5,31). 

NOD2 polymorphisms (particulary the most 
common ones R702W, G908R and 3020insC) have 
been associated with different cancers (gastric, 
colorectal, ovarian, breast, prostate, testicular, pul-
monary, renal, urinary bladder, skin, non-thyroid 
endocrine tumors, lymphoma and leukemia) 
(31,33). 

MONOGENIC DISEASES MIMICKING NOD2-ASSOCIATED 
GRANULOMATOUS DISEASE

Other monogenic diseases with overlapping au-
toinflammatory, autoimmune and immuno-
deficiency features, may have similar presentations 
with those of NOD2-associated autoinflammatory 
diseases (34). For instance, pathogenic mutations of 
the PLCG2 gene encoding the phospholipase C 
(PLCƴ2), enzyme expressed in hematopoietic cells 
lead to two diseases, both dominantly inherited: 
PLAID and APLAID. PLAID (PLCG2-associated anti-
body deficiency and immune dysregulation) is 
characterized by skin granuloma formation (on the 
face, nose, fingers etc.), cold-induced urticaria, 
sometimes with blisters and various autoimmune 
and immunodeficiency features (34). APLAID 
(autoinflamation-PLCƴ2-associated antibody defi-
ciency- immune deficiency) occurs early in life, 
evolving with fever, heat- or sweating-induced blis-
ters or rashes, ocular inflammation, enterocolitis, 
arthralgia and progressive interstitial lung disease 
(35,36). In PLAID and APLAID, immunoglobulins 
may be necessary for the immunodeficiency, while 
the inflammation is currently difficult to treat, as it 
does not respond to anti-IL-1 or other cytokine in-
hibitors, suggesting yet undescribed pathogenic 
pathways involved (34). 

The LACC1 gene encodes for the protein FAMIN 
(fatty acid metabolism and immunity nexus), with 
homologies to bacterial multicopper oxidoreduc-
tases (34). FAMIN, expressed in macrophages, con-
trols the lipid oxidation and lipogenesis. LACC1 is 
involved in pathogen clearance and in granuloma-
tous disease, similar to NOD2 (34). LACC1 mutations 
were associated with early-onset Crohn’s disease, 
systemic juvenile idiopathic arthritis and dissemi-

nated leprosy, implying a role of the environmental 
factory, including microbiota, in the disease expres-
sion (34). Also, the study of phenotypes associated 
with NOD2 and LACC1 mutations underscores the 
role of environmental factors in modulating the 
clinical picture in more common diseases, such as 
sarcoidosis (9). 

Also, disseminated granulomas may appear in 
chronic granulomatous disease, a rare primary im-
mune deficiency due to mutations of the phagocytic 
NADPH oxidase genes (CYBB, CYBA, NCF1, NCF2 
and NCF4). The disease is characterized by recur-
rent, life-threatening bacterial and fungal infec-
tions of the skin, lymph nodes, lungs, liver, kidneys, 
bones and brain (37). Excessive inflammation, in-
cluding colitis and perirectal abscesses mimicking 
Crohn’s disease, may parallel this immune deficien-
cy. Arthritis, uveitis, glomerulonephritis or lupus 
may add to the clinical picture. The diagnosis is 
made by measuring the NADPH oxidase activity, for 
instance with the nitroblue tetrazolium (NBT) test. 
Genetic testing (including for G6PD deficiency and 
Rac2 genes mutation leading to similar clinical pic-
tures) should be performed whenever possible (38). 
There is no codified therapy. Apart from the prompt 
therapy of infections, recombinant human interfer-
on, cautious use of anti-TNF in severe colitis, corti-
costeroids in obstructive inflammation, the bone 
marrow transplantation and genetic therapy are 
being taken in account (37). 

Genetic testing may reveal combinations of sev-
eral genes, thus explaining certain phenotypes or 
susceptibility to complications. For instance, co-ex-
istance of an early-onset sarcoidosis with a partial 
deficiency of interferon ƴ receptor 1 (due to IFNƴR1 
defects) resulted in a mycobacterial infection in-
duced by the BCG vaccination, as well as signs of 
macrophage activation syndrome after the initia-
tion of tuberculostatic therapy (39). 

CONCLUSIONS

The NOD2 associated autoinflammatory granu-
lomatous diseases are an expanding group of disor-
ders, with distinctive features. Identifying them 
may help better characterize the clinical phenotype 
in different populations and age groups, and also 
improve the therapeutic approach. Molecular data 
are crucial to better understand the disease and its 
management, to improve patients’ outcome. 
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