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ABSTRACT

Objective. Systemic autoinflamma-
tory diseases (SAIDs) are caused by the
malfunctioning of the innate immune
system factors. Clinical heterogeneity
and undefined pathobiology are com-
mon phenomena among SAIDs. In this
study, we aimed to assess the involve-
ment of microRNAs in regulating these
complex diseases.

Methods. The expression pattern of dif-
ferent miRNAs was compared between
SAID patients with high auto-inflam-
matory disease activity index (AIDAI)
score and with low AIDAI score, and
their role in inflammation-related path-
ways was investigated. Differentially
expressed miRNAs were determined us-
ing the Multi Experiment Viewer (MEV)
and Transcriptome Analysis Console
(TAC) analysis tools using miRNA mi-
croarray. Potential targets of miRNAs
were enriched for inflammation-related
genes and validated using gRT-PCR
analysis.

Results. Upon performing microarray
analysis, 40 differentially expressed
miRNAs were identified between mild
familial Mediterranean fever (FMF)
patients and severe SAID patients.
Thereafter, 21 of 40 miRNAs were found
to be potentially involved in inflamma-
tory pathways, of which, 8 were further
validated through qRT-PCR. The tar-
gets of these 8 miRNAs (miR-29b-3p,
miR-29c¢-3p, miR-30e-3p, miR-130b-
3p, miR-148a-3p, miR-186-5p, miR-
197-3p, and miR-374b-5p) belonged
to the inflammation-related genes and
pathways.

Conclusion. This is the first study to
identify miRNAs that might be associ-
ated with a more severe disease form of
monogenic autoinflammatory diseases.

All these miRNAs were associated with
cytokine-mediated pathways and might
be used for establishing diagnostic and
therapeutic methods.

Introduction

Systemic autoinflammatory diseases
(SAIDs) are a group of rare hereditary
disease groups that occur in early child-
hood. SAIDs are diseases of the innate
immune system, characterised by ster-
ile inflammatory attacks (1). Among the
SAIDs associated with high interleu-
kin-1 (IL-1) production, the most com-
mon ones are familial Mediterranean
fever (FMF), TNF receptor-associated
periodic syndrome (TRAPS), cryopy-
rin-associated  periodic  syndromes
(CAPS), and mevalonate kinase defi-
ciency (MKD). In approximately half
of the SAID patients, the associated
gene cannot be defined, and this group
is termed as “undefined systemic auto-
inflammatory diseases (uSAID)” (2). In
addition to genetic heterogeneity, clini-
cal heterogeneity introduces challenges
in the management of SAIDs (3).
miRNAs are 20-25 nucleotide length
small non-coding regulatory RNA mol-
ecules, regulating gene expression post-
transcriptionally by interference with
mRNAs (4). miRNAs contribute to
many biological processes such as de-
velopment, differentiation, and inflam-
mation. They can promote or suppress
inflammation by targeting related mR-
NAs (5). To date 2654 human mature
sequences were reported in miRBase,
a database using small RNA deep se-
quencing dataset (6). One mRNA can
be regulated with a lot of miRNAs and
one miRNA can regulate more than one
mRNAs. This unique feature makes
them hard to study, so there had been
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developed bioinformatic tools to clarify
their interactions (7). These bioinfor-
matics tools specialised in subjects such
as miRNA sequence, pre-miRNA sec-
ondary structure, miRNA gene loci have
been developed to answer the questions
that researchers who conduct miRNA
studies may ask. Besides, data storage
platforms were created for analysis (8).
On the other hand, the tendency to use
one or more databases or bioinformat-
ics tools specific to the miRNA feature
to be enlightened is increasing.

Several studies have focused on miRNA
profiles in different SAIDs, although
most are on FMF. In the comparison of
FMF patients and healthy controls, up-
regulation of miR-20a-5p and downreg-
ulation of miR-197-3p in homozygous
FMF patients; upregulation of let-7d
and miR-574-3p in heterozygous FMF
patients were identified (9). Another
FMF study identified that miR-144-3p,
miR-21-5p, miR-4454, and miR-451a
increase and miR-107, let-7d-5p, and
miR-148b-3p decrease in homozygous
FMF patients (10). Blood miRNA pro-
filing study of TRAPS patients showed
that miR-134, miR-17-5p, miR-498,
miR-451a, miR-572, miR-92a-3p ex-
pression levels were downregulated in
TRAPS patients compared with healthy
controls (11). In another study, it was
concluded that miR-223, which was re-
duced in CAPS patients, targets NLRP3
as a result of cell culture studies and
plays a role in suppressing inflamma-
tion (12). However, these studies have
not addressed the association of these
common miRNAs with the severity and
pathogenic pathways. In recent years,
especially studies conducted in cancer,
showed that miRNAs can affect the
clinical course of patients and have im-
portant contributions in the follow-up of
the disease prognosis and the treatments
(13). We lack such studies in SAIDs.

In this study, we have attempted to de-
fine that differentially expressed miR-
NAs may cause a more severe disease
course by comparing mild and severe
patients with IL-1 related autoinflam-
matory syndromes. The common in-
flammation-related miRNA signatures,
potential clinical course regulator, were
identified for the first time in a group of
SAID patients including severe FMF,
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Table I. Demographics and clinical data of patients, n (%) or median (minimum-maxi-

mum).
Total Mild SAID Severe SAID
(n=19) (n=7) (n=12)
Age (year) 114 (2-17) 11 (6-16) 11.58 (2-17)
Gender
Female 11 (57.9) 4 (57.1) 7 (58.3)
Male 8 (42.1) 3 (42.9) 5 41.7)
MEFV mutations
M694V/M694V 9 4 4
M694V/ M680T 3 2 1
M6801/ M6801 1 1 1
NLRP3 mutations 2 2
MVK mutations 2 2
No mutation 2 - 2
CRP (mg/dL) 0.30 (0.1-0.76) 0.28 (0.13-0.76) 0.32 (0.1-0.74)
AIDAI Scores 52.6 (0-99) 1.29 (0-4) 82.6 (65-99)

CAPS, and undefined SAIDs patients
while comparing them with mild FMF
patients.

Material and methods

Patients

FMF patients met the childhood crite-
ria and the recently suggested Eurofe-
ver/PRINTO for FMF (14, 15). CAPS
and MVKD patients met the Eurofever/
PRINTO classification criteria for he-
reditary recurrent fevers (15). The mild
disease was defined as those having
AIDALI score <5, whereas all the other
patients had AIDAI scores at least >50.
Mutation analysis was carried out for
MEFV in all of them. The FMF patients
included in this study all had mutations
in exon 10. 2 patients had mutations in
the NLRP3 gene and 2 patients in the
MVK gene. 2 patients did not have mu-
tations in MKD, CAPS, or TRAPS as-
sociated genes (Table I).

Total blood miRNA isolation

Blood samples were collected to PAX-
gene Blood RNA tubes (Qiagen, Valen-
cia, California, USA) from patients who
were involved in the study. MicroRNA
isolation was performed by using Pre-
AnalytiX miRNA Kit (Qiagen, Valen-
cia, California, USA) according to the
manufacturer’s instructions. The purity
and quantities of isolated RNAs were
determined in NanoDrop 2000 (Ther-
mo Scientific, Waltham, MA, USA),
and a 2.5% agarose gel electrophoresis
technique was used for the quality con-
trol of the samples.

miRNA microarray analysis
Differential expression of miRNAs
in patient groups was determined by
GeneChip miRNA 4.0 Array (Affyme-
trix by Thermo Fisher Scientific, Santa
Clara, CA, USA), analysis according to
the manufacturer’s instructions. 600 ng
total RNA was loaded to the array plate
for microarray analysis. Signal intensi-
ties (presence/absence values) and sig-
nal histograms of all chips were evalu-
ated as quality control criteria for the
miRNA microarray. The raw data were
analysed with the Multi Experiment
Viewer (MeV v4.9.0; The Institute for
Genomic Research) and Affymetrix
Transcriptome Analysis Console Ver-
sion 2 (TAC 2.0) in order to determine
miRNAs between groups with a similar
trend. In addition to TAC 2.0 analysis,
Significance Analysis of Microarrays
(SAM) analysis in MeV programme
was applied. miRNAs that are found as
differentially expressed at least 2-fold
change in both MeV-SAM analysis
and TAC 2.0 analysis and statistically
significant as FDR=0 for MeV-SAM
analysis; and p<0.05 for TAC-ANOVA
analysis were identified.

Pathway analysis and

selection of target miRNAs

Genes likely to bind miRNAs were
identified using the miRWalk 2.0 da-
tabase. Lists were created from genes
determined by at least 6 out of 11 pro-
grammes for each miRNA by using this
database. Gene lists were loaded into the
DAVID (The Database for Annotation,

Clinical and Experimental Rheumatology 2021



Inflammation-related miRNAs in SAID patients / T.H. Akbaba et al.

hsa-miR-29b-3p hsa-miR-29¢-3p hsa-miR-30e-3p
1.0- i 30 401 .
= = = =
3 0.8 z2 | 2, 30
8os e :
3 g &g
QO 044 — o (3]
3 3" 3 104
W 0.2 o o
0.0- Y 0- - — 0 A Qe CeQu OO OmOuCu 0000,
mild FMF severe SAID severe SAID mild FMF sewvere SAID
hsa-miR-130b-5p hsa-miR-148a-3p hsa-miR-186-5p
501 25+
r— e e | — —_
> 401 > 204 =
g g g
& 301 & 151 &
[<] (< c
5 = § o 5
k=) k=) b=}
S 104 S s 2
o- SRR AR o- QS S S
severe SAID
hsa-miR-197-3p hsa-miR-374b-5p
2501 —_— 5 ”
= = |
=’ 200+ S 4
g g
& 150 & 3-
e [
S 100+ g 2
° b=
3 s et 2
+ + T <
o R oL E SR
mild FMF severe SAD mild FMF severe SAID

Fig. 1. qRT-PCR validation of 24 differentially expressed miRNAs associated with inflammatory pathways. The relative expression of validated 8 miRNAs
was shown and their expression normalised to RNU48 snRNA, by using the 2-AACT method. Statistical significance was determined using the Student
t-test, *p<0.5, **p<0.01, ***p<0.001.

Table II. The list of differentially expressed miRNAs with a fold change =2 and p-value
<0.05 in the severe SAID group compared to mild FMF patients subjects as a result of analy-
sis of two different programmes. *p<0.05; **p<0.01; ***p<0.001; FDR: false discovery rate.

receptor signalling pathway, apoptosis
signalling pathway, TGF-beta signal-
ling pathway) were selected. Microar-
ray validation studies were continued
with the candidate miRNAs.

Multi experiment viewer (MeV) Transcriptome analysis console (TAC)

Fold change q value (%) Fold change ANOVA p degeri
hsa-miR-186-5p -66.67 0.0 -88.3 Tx 106350k Quantitative Real-Time
hsa-miR-29¢-3p -22.22 0.0 -13.66 8x 106k Polymerase Chain Reaction
hsa-miR-374b-5p -55.56 0.0 -80.00 2x 1055k (gRT-PCR) for validation
hsa-miR-30e-3p -23.81 0.0 -52.90 6x 10534 experiments
hsa-miR-130b-5p -27.03 00 -18.56 Ix 1043k P . . .
hsa-miR-148a-3p 073 00 1976 Ax 104k For the validation of microarray re-
hsa-miR-197-3p 4.49 00 403 U 1045 sults, the cDNA was synthesised with
hsa-miR-29b-3p -34.48 0.0 -29.44 3x105%%% TagMan® Advanced miRNA cDNA

synthesis kit (Thermo Scientific,

Visualization and Integrated Discov-
ery) v. 6.7 programme, and genes were
classified in terms of pathways. The
first classification was made accord-
ing to the analysis results of the KEGG
(Kyoto Encyclopedia of Genes and Ge-
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nomes) programme and Geneontology-
Panther programme. miRNAs which
involve in inflammation-related path-
ways (interleukin signalling pathway,
inflammation induced by chemokine
and cytokine signalling pathway, toll

Waltham, MA, USA). Amplification
of miRNAs was performed by using
the TagMan® Advanced miRNA As-
says (Thermo Scientific, Waltham, MA,
USA). RNU48 expression was used as
a normaliser. The reactions were carried

S-111



Inflammation-related miRNAs in SAID patients / T.H. Akbaba et al.

cytokine-mediated signaling pathway (G0:0019221)

postiv reglation of cacellrsgnlansducion GO:1502523)
egulton ofspoptoicpoces GO:0042381)
[Celitiarresponsetalcytokine stimulus (G0:0071345)

oG paeAaR G0 042127
ity espns (600006954

[EXiFiRsigapoptatiasignaling pathway (GO:0097191)
—f protein localization to membrane (GO:1905477)

-allon of peptidyl-tyrosine phosphorylation (G0:0050731)
-gulaliun of apoptotic process (GO:0043066)

cytokine-mediated signaling pathway (G0:0019221)

epdermal growth factor receptorsignaling pathway (GO:0007173)
AP coscade (600000165

—Intracellular signal transduction (GO:1902533)
[FEFEEEpToRSERaIib pathway (GO:0038093)

—on of protein kinase B signaling (G0O:0051897)
[FEZUIBHGAH protein kinase B signaling (G0:0051896)
-ulation of gene expression (G0:0010628)

ytoki signaling pathway (G0:0019221)
[Celitiarresponseto ytokine stimulus (GO:0071345)
[FegiatiGRIGReailprallferation (G0:0042127)
_wklne production (GO:0001819)
(e o R gammatie diated signaling pathway (G0:0060333)
_factor receptor signaling pathway (G0:0007173)

- of sequence-specific DNA binding transcription factor activity (G0:0051091)
- of transcription from RNA polymerase I promoter (GO:0045944)

| OSBRI on of transcription, DNA-templated (G0:0045893)

[ERBEBISIERR ing pathway (G0:0038127)

ytok diated ing pathway (G0:0019221)

[FeEuiationorapoptaticprocess (G0:0042981)
[BeaeRBproteinkiase activity (G0:0032147)
- of apoptotic process (GO:0043066)
-p(otic signaling pathway (GO:0097191)
-Iatlon of intracellular signal transduction (GO:1902533)

-ponse to metal ion (GO:0071248)

cytokine-mediated signaling pathway (G0:0019221)
postiveregulion o sl ignlransducion (60150253
{eguaton of celprolferation (60004177

[CelitiaR Fespansa o lcytokine stimulus (G0:0071345)

A SRATER 000655

_roteln localization to membrane (G0:1905477)
[FeBUIEHGRIGRapaR otic process (G0:0042981)
[EXEmSigaRgp otic signaling pathway (G0:0097191)

-ula(lon of protein kinase B signaling (G0:0051897)

hsa-miR-29b-3p -of protein kinase B signaling (GO:0051896)

hsa-miR-29¢-3p

cytokine-mediated signaling pathway (G0:0019221)
FeUiaiion BT apoptotierocess (G0:0042981)
[CRiUiERTespoRsa I o Kine stimulus (GO:0071345)
[EctiVaTioRIGR proteinikin ase activity (GO:0032147)
[FeSponsealipopols accharide (GO:0032496)

[CSIIGBRTESHBREE 1o oxygen-containing compound (GO:1901701)
| PESIENEIREEGR: on of gene expression (GO:0010628)

|PREEiRIpRgEEhoryation (G0:0006468)
(SR ry response (G0:0006954)
hsa-miR-30e-3p | [FEBHEHGH o cel proliferation (0:0042127)

hsa-miR-130b-5p

cytokine-mediated signaling pathway (G0:0019221)

infiammatory response (G0:0006954)

_lon of intracellular signal transduction (GO:1902533)

-opmlc process (GO:0042981)
[FEBUIEHBAIBHE ! proliferation (G0:0042127)

[FAABRIGEEE ce (G0:0000165)
hsa-miR-148a-3p

[ERERBKIRR - mediated signaling pathway (G0:0070098)

Y P

[BEREHGRIGHp rotein kinase activity (G0:0032147)
[PRBEIRIBABSphorylation (G0:0006468)

hsa-miR-186-5p

y (GO:0019221)

activation of protein Kinase activity (G0:0032147)
inflammatory response (GO:0006954)

protein phosphorylation (G0:0006465)

Brosphayation G000165 0

RGBS roce (0000454
- of cellular process (G0:0048522)

-ulallon of cell proliferation (GO:0008284)

hsa-miR-1 97_3P -ponse to growth factor stimulus (G0:0071363)

hsa-miR-374-5p

Fig. 2. Gene ontology (GO) term enrichment analysis of the inflammation-related target genes of miR-29b-3p, miR-29¢-3p, miR-30e-3p, miR-130b-3p,
miR-148a-3p, miR-186-5p, miR-197-3p and miR-374b-5p within the ‘Biological Process’ category. Bar graphs are sorted by p-value (p<0.05). The longer
bars and lighter coloured bars mean that the term/gene-set is more significant.

out on the Bio-Rad IQ5 Real-time PCR
Detection Systems (Bio-Rad, Hercules,
CA,USA).

Bioinformatic analysis of

target genes, enrichment and

pathway analysis and visualisation
Advanced bioinformatics analyses
were performed with selected 8 miR-
NAs. The gene lists were enriched in
terms of inflammation-related 1071
genes (16). Gene Ontology (GO) en-
richment analysis was performed us-
ing all inflammation-related pathway
genes of each candidate miRNA in
terms of the biological processes by
the Enrichr platform. Putative target
genes, components of innate immunity,
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of 8 miRNAs were enriched in terms of
innate immunity-related genes report-
ed in innate-cured database (17). Ex-
perimentally validated target genes of
miRNAs were filtered by 3° UTR lucif-
erase activity assay using miRTarBase
database (18). To visualise inflamma-
tion-related potential target genes, Cy-
toscape platform was used (19).

Statistical analysis

The DAVID database was used to
study the biological mechanism and
gene ontology of the selected genes
miRNAs. Gene Ontology (GO) data-
base was used to perform the pathway
enrichment analysis and the significant
genes (p-value<0.05) were selected.

The biological processes involved in
selected miRNAs were listed, and the
bars (p-value<0.01) were reported as
important processes. For the miRNA
microarray analysis, the Significance
Analysis of Microarrays (SAM), and
ANOVA test were used to determine
the differentially expressed miRNAs
in MeV and TAC programmes, respec-
tively. For the validation studies by
qRT-PCR experiments, fold changes
in the expression level of miRNAs in
groups were evaluated by student-t-test
with the p-value of <0.05 being consid-
ered as significant. Statistical analyses
were performed using the GraphPad
Prism 5.0 software (GraphPad Soft-
ware, Inc., San Diego, CA).

Clinical and Experimental Rheumatology 2021
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Fig. 3. Representation of enrichment analysis of innate immunity related target genes of miR-29b-3p, miR-29¢-3p, miR-30e-3p, miR-130b-3p, miR-148a-
3p, miR-186-5p, miR-197-3p and miR-374b-5p. Yellow boxes represent validated miRNAs and blue boxes represent putative target genes. Interaction map

was formed by Cytoscape 7.0.

Ethics approval

The study was approved by the Hac-
ettepe University Non-Interventional
Clinical Researches Ethics Board (GO
15/1744-19). Written consent was ob-
tained from all parents and children.

Results

Study population

The mean age of the patients was 11.4
and there were 11 girls. There were 13
patients with homozygous exon 10 mu-
tation: 6 patients had an AIDAI score
>50 and were classified as those with
severe disease. Seven patients had an
AIDALI score <5 and were classified as
a mild disease. There were six patients
with other IL-1 related SAID, who all

Clinical and Experimental Rheumatology 2021

had severe disease with AIDAI score
>50 (Table I).

miRNA microarray analysis

revealed 40 differentially expressed
miRNAs in severe SAID groups
miRNA microarray analysis was per-
formed for the identification of dif-
ferentially expressed miRNAs that are
associated with inflammation in severe
SAID patients. As a result of the com-
parison of mild FMF patients, 40 dif-
ferentially expressed miRNAs were
found in severe SAID patients with a
threshold of fold change =2.0, FDR=0,
and p<0.05 according to both the MeV
and TAC 2.0 programmes (Supplemen-
tary Table S1).

Target genes of 21 candidate

miRNAs are associated with
inflammation-related pathways

The potential target genes of selected
miRNAs were determined by using
miRWalk 2.0, a database of both pre-
dicted and experimentally validated
miRNA target genes. Target genes of
candidate miRNAs were subjected to
DAVID- KEGG pathway analysis and
revealed that 21 out of 40 selected miR-
NAs, differentially expressed in severe
SAID groups by microarray analysis,
were associated with the top five in-
flammatory pathways (interleukin sig-
nalling pathway, inflammation induced
by chemokine and cytokine signalling
pathway, Toll receptor signalling path-
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Fig. 4. Experimentally validated innate immunity-related target genes of 6 validated miRNAs (miR-29b-3p, miR-29¢-3p, miR-30e-3p, miR-148a-3p,
miR-186-5p, miR-197-3p). Target genes reported as a result of the 3’UTR luciferase activity assay, one of the most reliable techniques in miRNA studies,
were listed. Red boxes represent validated miRNAs and yellow boxes represent experimentally validated target genes. The interaction map was formed
by Cytoscape 7.0. (Experimentally validated target genes of miRNAs were obtained from the miRTarBase database and experimentally validated, and
inflammation-related target genes were not reported for miR-130b-3p and miR-374b-5p.)

way, apoptosis signalling pathway,
TGF-beta signalling pathway) (Suppl.
Table S2).

Validation of miRNA expression

of selected miRNAs in patient

samples by gRT-PCR analysis

Out of these 21 differentially expressed
miRNAs, 8 miRNAs, miR-29b-3p,
miR-29¢-3p, miR-30e-3p, miR-130b-
3p, miR-148a-3p, miR-186-5p, miR-
197-3p and miR-374b-5p were vali-
dated. Experimental validation of the
expression of these 8 miRNAs by qRT-
PCR analysis revealed that all of them
were significantly downregulated in
severe SAID patients when compared
with mild FMF patients (Fig. 1). A
similar result was observed in miRNA
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microarray analysis (Table II). The fold
changes of these eight miRNAs deter-
mined in mild FMF vs severe FMF
comparisons are also shown in Sup-
plementary Table S3. In addition to 8
miRNAs identified in the comparison
of mild FMF and severe SAID, four
miRNAs (miR-326, miR-335-5p, miR-
7-1-3p, miR-22-5p) were detected and
validated when comparing just FMF
patients among themselves (Suppl. Fig.
S1).

Thus, eight miRNAs were chosen as the
priority candidates and computational
prediction of their targets and gene en-
richment analysis were conducted for
these miRNAs. Therefore, these are
associated with a more severe disease
course defined by high AIDAI scores.

Determination of deep biological

processes of validated 8 miRNAs

Target genes of validated miRNAs
were sorted with previously reported
VNFLAMMATORY gene list and the
putative inflammatory target genes of
candidate miRNAs were subjected to
GO enrichment analysis in terms of
the biological process domain (Fig.
2). Among the pathways, the first rank
biological pathway of all validated
miRNAs was the cytokine-mediated
signalling pathway. Cellular response
to cytokine stimulus and inflammatory
response were other most prominent
pathways involved by miR-29b-3p,
miR-29¢c-3p, miR-130b-3p, miR-197-
3p, and miR-374b-5p. Another im-
portant mechanism for inflammation,

Clinical and Experimental Rheumatology 2021
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Fig. 5. Workflow of determination of miRNAs associated with inflammation, regulates clinical course in severe SAID groups.

regulation of apoptotic process also
observed in miR-29b-3p, miR-29¢-3p,
miR-130b-3p, miR-186-5p, miR-197-
3p and miR-374b-5p. Therefore, these
8 miRNAs might have a potential role
in the regulation of inflammation.

Crosstalk of validated miRNAs

over putative target genes,

functional in innate immunity

The result of the enrichment analysis
of innate-immunity related target genes
of miR-29b-3p, miR-29¢-3p, miR-30e-
3p, miR-130b-3p, miR-148a-3p, miR-
186-5p, miR-197-3p and miR-374b-5p
is represented in Figure 3. Five genes
associated  with  autoinflammation
phenotypes (MEFV, RIPK1, IL10,
TNFRSF1A, TNFAIP3) in the Infevers
database (The registry of Hereditary
Auto-inflammatory Disorders Muta-
tions) were found as target genes (20).
IL-1pB, IL18, and CASP1, major innate
immune system elements and inflam-
masome components were also found
to be regulated by these miRNAs.
The interaction map was revealed that
these 8 miRNAs have potential in the
regulation of inflammation by affecting
inflammation-related genes. Differen-
tial expression of miR-197-3p which
targets the ILIR1 gene in FMF patients
was reported (21). Also, differential ex-
pression of miR-30e-3p which targets
the IL-1P gene in SAID patients was
observed (22) (not shown in the figure).
Experimentally validated target genes
of 6 out of 8 miRNAs previously re-
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ported are represented in Figure 4. Most
of the target gene studies of miRNAs
were conducted in different disease
groups such as cancer, not SAIDs. Even
so, it is clear that the genes identified
in these diseases, observed in second-
ary inflammation, will contribute to the
understanding of SAID pathogenesis.
The main concept and results of the
study are summarised as a pipeline rep-
resentation in Figure 5. These 8 miR-
NAs might have a potential role in the
pathogenesis of SAIDs and regulation
of clinical courses of patients, so they
were chosen as strong candidates for
promising studies.

Discussion

This is the first study defining eight
miRNAs that may be associated with
a more severe disease course in mono-
genic autoinflammatory diseases. We
have compared 7 mild FMF patients
with pathogenic exon 10 mutations
with patients with a severe phenotype,
both with FMF and other IL1 related
diseases. These miRNAs were all as-
sociated with cytokine-mediated path-
ways.

Due to excessive innate immune re-
sponses, uncontrolled systemic in-
flammation is observed in systemic
autoinflammatory diseases. These are
an expanding group of monogenic or
multifactorial disorders. Advances in
genetic testing have made great con-
tributions to the identification of the
responsible genes and variants in this

disease group (1). However, we still
need to understand the causes of clini-
cal heterogeneity. For example, some
SAID patients with the same pathogen-
ic mutations may display a severe phe-
notype whereas some may be almost
asymptomatic. Duplication of disease-
causing genes, which have been shown
in the MEFV gene recently, can be a
possible explanation (23). Again, some
SAIDs may manifest comorbidities and
even other chronic manifestations of in-
flammation. This heterogeneity affects
the management of these patients. Due
to the clinical and genetic heterogene-
ity observed in this group, additional
determinants and potential biomarkers
are needed in addition to genetic test-
ing in the management of the clinical
processes of these patients (2).

In recent years, it has become very im-
portant to define key pathways and reg-
ulatory factors for diseases with com-
mon features. Identifying shared com-
mon pathways that may be responsible
for disease development is crucial for
determining the clinical course of pa-
tients and defining common treatment
goals. Recent studies show that miR-
NAs, a member of the non-coding RNA
class, have an important role among the
molecules investigated for this purpose.
The reason for this great potential lies in
the natural properties of miRNAs (13).
miRNAs mostly regulate the inflamma-
tion process by changing the expression
levels of cytokines, transcription fac-
tors, and interleukin-related genes. The
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investigations that have started with
cancer research now continue in other
disease groups. Hence, there is an in-
crease in the available miRNA data in
research.

Data on miRNA-target gene studies
are often collected in cancer-related re-
search, and there are very few studies
on inflammatory diseases. The FMF-
related study showed a lower miR-
204-3p expression in the serum of FMF
patients during an attack, inhibiting
inflammatory cytokine release via the
phosphoinositide 3-kinase y pathway
by targeting the PIK3CG gene (24). It
was found that miR-223, decreased in
patients with CAPS, suppressed inflam-
mation by targeting NLRP3 (12). In our
study, we observed miRNA expression
level differences in patients with differ-
ent clinical courses. Several studies are
showing that miRNAs identified in this
study are involved in inflammation-re-
lated processes in different diseases and
various cell types.

Different miRNAs were detected in
studies conducted to examine the mi-
croRNA profile in FMF patients with
different mutations in the literature
(3, 25). As a result of the analyses we
performed in our paediatric patient
population, four miRNAs whose ex-
pression changed just in FMF patients
with different clinical courses could not
be detected in these studies. In a study
investigating the effect of miRNAs on
disease severity in FMF, miR-197-3p
downregulation and miR-20a-5p up-
regulation were detected in severe FMF
patients. Decreased expression of miR-
197-3p was also detected in our severe
patient group (Suppl. Table S3).

The eight miRNAs defined in our study
were associated with cytokine-related
pathways along with others. MiR-
29b-3p defined in the study has been
previously shown to protect against
endotoxin-induced apoptosis and in-
flammatory response were detected in
cardiomyocytes (26). There has been
evidence that miR-30e-3p regulates
processes such as autophagy, cell in-
vasion, and migration (27, 28). Our
third miRNA, miR-29¢c-3p contributes
to the inhibition of NLRP3 inflamma-
some in microglial cells in Parkinson’s
patients (29). The regulatory roles of
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miR-130b-3p in various inflammation-
related diseases (early lupus nephritis,
obesity, atherosclerosis) have been de-
scribed (30-32). In the study of human
aortic valve cells, miR-148a-3p has
been identified as a novel suppressor
of the NF-xB signalling pathway and
inflammatory gene expression (33).
Changes in miR-186-5p expression
level were reported that alters the ex-
pression of inflammatory markers in
prostate cancer cells (34). Differential
expression of miR-197-3p which tar-
gets the IL1R1 gene in FMF patients
was reported (9, 21). Also, in another
study conducted in hepatocellular car-
cinoma, they found that miR-197-3p
regulates cell invasion (35). Our last
miRNA, miR-374b-5p, suppresses mi-
gration and invasion of bladder cancer
cells, and it regulated the type-I inter-
feron response during JEV infection in
microglial cells (36, 37).

The first limitation of the represented
study is the lack of mild non-FMF pa-
tients. Hence, we did not have CAPS,
MKD, or other autoinflammatory dis-
ease patients with low AIDAI scores,
so we did not include them in the mild
SAID group. The second limitation of
the study is that the study population
share the same ethnic group, just Turk-
ish. Although the limitations of the
study, the results of our study and those
in the relevant literature suggest that
the unique miRNA signature of severe
SAID patients may contribute to the
disease severity in this disease group.
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