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Higher serum levels of short-chain fatty acids 
are associated with non-progression to arthritis 
in individuals at increased risk of RA

Transition from the autoimmune to the clinical phase of rheuma-
toid arthritis (RA) is a critical step that is yet insufficiently under-
stood. Identification of factors that facilitate the progression 
from this prodromal RA at-risk state to clinical RA may open new 
possibilities for preventive interventions. In this context, nutri-
tional factors may be critical. Short-chain fatty acids (SCFAs) are 
intestinal microbial metabolites that result from nutritional fibre 
digestion and exert immune regulatory properties.1 SCFAs have 
shown to effectively inhibit the onset of experimental arthritis.2 
Furthermore, serum butyrate levels decrease shortly before the 
onset of arthritis.2 Whether SCFA levels may play a role in the 
transition from the autoimmune to the clinical phase of RA in 
humans, however, has not been studied to date.

To address this concept, we measured serum SCFA levels in 
a prospective cohort of 82 individuals with an increased risk to 
develop RA.3 At inclusion, these individuals were positive for 
anti-citrullinated protein antibodies (ACPA) and had musculo-
skeletal pain but no clinical signs of arthritis (joint swelling). 
Baseline characteristics are shown in online supplemental table 1. 
Following a median follow-up of 72 months, 39 patients (48%) 
had developed clinical arthritis after a median of 6 months. 
Baseline serum samples were analysed for SCFA concentrations 
as previously described.4 At-risk individuals not progressing to 
arthritis had significantly higher mean baseline serum levels of 
total SCFA (ie, the sum of acetate, butyrate, propionate or penta-
noate), butyrate and acetate as compared by t-test to individ-
uals who progressed to arthritis (figure 1). In contrast, levels of 
propionate and pentanoate did not significantly differ (figure 1). 
Univariable Cox regression analyses revealed significant associa-
tion between lower total SCFA levels and progression to arthritis 
(p=0.029), while for the individual SCFA, we found signifi-
cant associations concerning butyrate (p=0.038) and acetate 
(p=0.039) levels, but not regarding pentanoate or propionate 
(online supplemental table 2). Statistical significance remained 
after adjusting for age, sex, symptom duration, rheumatoid 
factor status, ACPA levels and CRP levels (total SCFA p=0.030; 
butyrate p=0.009 and acetate p=0.045, online supplemental 
table 2).

Butyrate levels inversely correlated with serum IgA-ACPA 
levels (r=−0.23, p=0.039), but not with IgG-ACPA or IgM-
ACPA. No other SCFAs were significantly correlated with any 
ACPA subtype.

These data suggest that SCFA, in particular butyrate and 
acetate, influences the risk for the transition from the autoim-
mune to the clinical phase of RA. Although most p values would 
not remain significant after correction for multiple testing, the 
data are in line with previous findings in animal models2 and thus 
confirm our prespecified hypothesis. As SCFAs are produced by 
intestinal microbiota on fermentation of dietary fibres, our find-
ings strengthen the concept that nutritional factors could influ-
ence the onset of RA. SCFAs are critical for the barrier function 
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Figure 1  Baseline serum samples from rheumatoid arthritis at-risk 
individuals (ACPA+; musculoskeletal pain+) progressing (n=39) or not 
progressing (n=43) to arthritis in a prospective observational cohort 
study3 were analysed for (A) acetate, (B) butyrate, (C) pentanoate and 
(D) propionate levels. Bars represent means and error bars represent SD. 
ACPA, anti-citrullinated protein antibodies.

of the intestinal epithelium and thereby influences the migration 
of cells from the gut to the joints.2 Increasing SCFA levels by 
direct supplementation, fiber-rich diet or faecal transplantation 
to restore early dysbiosis thus represent potential strategies to 
inhibit the onset of arthritis.4–6 In this context, high-fibre diet 
has already shown to increase SCFA levels and decrease inflam-
matory burden in patients with established RA4 but has not been 
applied in a preventive setting. These data suggest that a state 
of high SCFA concentrations, which can be reached by dietary 
interventions such as high-fibre diet, may go along with a lower 
risk to progress to clinical arthritis in individuals with a high risk 
to develop RA.
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Figure 1  Disease skin involvement over time and treatments. (A): At 
9 months old, before treatments. (B): At 6 years old, 4 years after IL-1 
inhibitor start. (C): At 7 years old, 1 year after treatment switch from 
IL-1 inhibitor to JAK 1/2 inhibitor.
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When extended genetics rescues diagnosis: a 
patient with CANDLE-like phenotype and de 
novo mutation in the SAMD9L gene

We read with interest Rusmini et al report1 that discussed the 
application of next-generation sequencing (NGS) in the diagnosis 
of systemic auto inflammatory diseases (SAID) in 2016. By devel-
oping an NGS panel of 10 SAID-associated genes on 50 patients 
with a known Sanger-identified variant, a third of them were 
found to carry one or more additional possible effective variants 
in at least one other gene. Nevertheless, their phenotypic contri-
bution was doubtful, representing the most challenging issue for 
the use of NGS panels in the daily clinical practice. Herein, we 
report a striking illustration of the value of extended NGS in 
patients with unexpected phenotype. We describe the case of a 
child with prominent inflammatory and cutaneous phenotype, in 
whom the first NGS panel’s results hypothesised a diagnosis that 
is analogous to a chronic atypical neutrophilic dermatosis with 
lipodystrophy and elevated temperature syndrome (CANDLE-
like). Despite the identification of a single heterozygous variant 
in the PSMB8 gene, a second underlying pathogenic variant 
was suspected given that a genetic digenism is usually frequent 
in proteasome-associated auto-inflammatory syndromes. But 
there was more that met the eye: as the patient did not present 
typical features of CANDLE, genetic investigation was pursued 
with a whole-exome sequencing revealing a de novo frameshift 
mutation in the Sterile Alpha Motif Domain–containing protein 
9-Like (SAMD9L) gene and leading to the diagnosis of SAMD9L-
associated autoinflammatory disease (SAMD9L-SAAD).

The girl was born to unrelated Caucasian parents. From 
birth, she presented with urticaria that covered her face and 
limbs (figure 1A). The rash became ecchymotic, also extending 
to her palms and soles. Since the age of 3 months old, she 
developed unexplained recurrent fever (2 days long, two times 
a month) and a painful peripheral oedema without real signs 
of arthritis. Moreover, blood workup showed continuous and 
moderate inflammation during and in-between outbreaks (C 
reactive protein 57 mg/L, serum amyloid A 93 mg/L, erythro-
cyte sedimentation rate 34 mm/hour) with high cytokines levels. 
Interferon signature, performed three times, showed moderate 
positivity only once: 13.7 (N<2.3). Corticosteroid treatment 
was efficient but resulted in failure to thrive. Finally, a diagnosis 
of SAID was suggested. The patient received a 3 mg/Kg daily dose 

of anakinra with partial efficacy (figure 1B). Skin biopsy showed 
inflammatory infiltrate in the whole dermis. The presence of 
cells with both histiocytic and myeloperoxidase positive pheno-
type was compatible with the diagnosis of CANDLE. Initial 
genetic investigations through NGS of a 55 auto-inflammatory 
genes panel did not detect any pathogenic variant, mostly in the 
NLRP3-associated autoinflammatory syndrome and the meva-
lonate kinase deficiency responsible genes, but it showed one 
heterozygous p.(Thr74Ser) variant2 in the PMSB8 gene that was 
confirmed by Sanger sequencing.

CANDLE syndrome belongs to a group of rare monogenic 
autoinflammatory diseases also called interferonopathies. They 
originate from aberrant interferon production and signalling. 
The prototypical CANDLE syndrome is linked to recessive 
mutations in the immunoproteasome subunits genes, that is, 
subunit beta type 8 (PSMB8), affecting the clearance of damaged 
proteins along the proteasome.3

Despite the fact that the patient had prominent inflamma-
tory and cutaneous phenotype, the constellation of criteria 
was incomplete and atypical for CANDLE syndrome. First, 
the examination of her skin by an experienced dermatologist 
did not show any signs of lipodystrophy. Then, other factors 
marked some differences, such as the absence of hepatomegaly 
and cytopenia as well as the mild interferon signature. Genetic 
analysis was, therefore, pursued with a whole-exome sequencing 
revealing a de novo frameshift variant p.(Ile876Leufs*15) in 
the SAMD9L gene. Treatment switch with Janus Kinase (JAK) 
inhibitor (baricitinib) finally enabled a clear skin improvement 
(figure 1C).

SAMD9L-SAAD is a new entity previously described in eight 
patients whose clinical features overlap with CANDLE4 5 (see 
online supplemental file 1). The overall phenotype of patients 
is very severe as three out of eight patients deceased at an early 
age and three other one of them underwent bone marrow 
transplantation for severe cytopenia or intersticial lung disease 
(ILD). Our patient (and seemingly the other one carrying the 
c.2626del/p.(Ile876Leufs*15) mutation4) had a milder pheno-
type than the seven others. So far, at 7 years old, she does not 
present more than a systemic autoinflammatory phenotype with 
panniculitis. Indeed, the cerebral CT scan was found normal 
with no ganglia basa calcifications. Moreover, the pulmonary 
function test and pulmonary CT scan did not suspect intersti-
tial lung disease. Finally, the immunological workup showed a 
normal B cells subpopulation (CD19+ cells count: 466 /mm3). 
Ataxia-pancytopenia syndrome was excluded due to the absence 
of clinical ataxia and cytopenia. Bone marrow karyotype did not 
evidence a monosomy 7.

Our report underlines the interest of pursuing the investiga-
tions when both the phenotype and the genotype of a patient 
does not fall into the framework of what has been previously 
known. A recent research conducted and published by de Jesus 
et al in The Journal of Clinical Investigation expands the diag-
nostic armamentarium that supports the challenging evaluation 
of patients with undifferentiated autoinflammatory diseases.4 
It substantiates the value of genetic investigations via NGS in 
patients with unexpected phenotype, interferon signature or 
IL-18 levels. Extended NGS rescued the diagnosis in seven 
patients with SAMD9L-associated autoinflammatory disease 
previously diagnosed with CANDLE. SAMD9L-SAAD is a new 
entity that is worth being differentiated from CANDLE as it may 
predispose to early and severe complications that need to be 
prevented.

From a treatment perspective, patients with SAMD9L-SAAD 
may respond to JAK-inhibiting therapies despite their mild 
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