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ABSTRACT

Objective: Familial Mediterranean Fever (FMF) is an autosomal recessive autoinflammatory disease, including reiterative feverish bouts 
of joint pain, and abdominal and chest pain as a consequence of serosal inflammation. In the course of acute attacks, multifarious 
proinflammatory cytokines have been depicted to increase. In previous studies, it has been underlined that IL-33, a recent member of 
the IL-1 cytokine superfamily, has an essential role in the inflammation. Here, we aimed to evaluate serum IL-33 levels in FMF patients 
to investigate its presumable importance in the FMF formation mechanism.  

Materials and Methods: A total of 58 FMF patients (21 females, 37 males; mean age 27.8 ± 5.2 years, mean disease duration 8.2 ± 3.7 
years) and 22 healthy controls (10 females, 12 males, mean age 26.5 ± 5.9 years) were incorporated into this research. ELISA was utilized 
to measure serum IL-33 concentrations.   

Results: The mean concentrations of serum IL-33 were 3.88 ± 2.25 pg/ml and 2.89 ± 0.48 pg/ml in the patient and control groups 
respectively. The mean serum IL-33 concentrations were 5.48 ± 2.13 pg/ml and 2.27 ± 0.36 pg/ml in the active phase and in the inactive 
phase respectively. According to these results, serum IL-33 concentrations were prominently higher in FMF patients compared with the 
control group (p<0.01). Moreover, serum IL-33 concentrations were measured significantly higher in the active phase compared with 
serum IL-33 levels in the inactive phase and controls respectively (p<0.0001 and p<0.0001). The mean serum IL-33 levels in patients 
with active FMF was associated with arthritis (p<0.05). 

Conclusion: To sum up, the high concentrations of serum IL-33 in the active FMF cases propose that IL-33 may operate a remarkable 
function in the pathogenesis of FMF. 
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INTRODUCTION

Familial Mediterranean Fever (FMF) is the most preva-
lent autoinflammatory disease in the world, predominantly 
in the Eastern Mediterranean region (1). FMF is classically 
characterized by repetitive, short-term (1-3 days), fever-
ish episodes of inflammatory attacks of the peritoneum, 
pleura, joints, and a skin rash mimicking erysipelas (1). 
An increment in acute phase reactants (Serum Amyloid A 

(SAA), fibrinogen, leukocyte count, erythrocyte sedimen-
tation rate (ESR), and C-reactive protein (CRP)) is charac-
teristic of acute attacks, and the abovementioned markers 
decline to their normal ranges in the attack-free periods 
(1). 

MEFV gene mutations which result n the disrupted 
pyrin protein, which interacts with the components of 
the inflammasome and in turn is activated in response to 
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infectious agents under normal conditions, carry out the 
primary function in the pathogenesis of FMF 2. Most FMF-
associated mutations are autosomal recessive, although 
autosomal dominant inheritance has also been reported to 
a lesser extent (1). As a result of this mutation, an exacer-
bation in the proteolytic caspase-1 activity and an incre-
ment in the proteolytic activation of the inactive precursor 
Interleukin-1β (IL-1β) occur (2). IL-1 prompts the trans-
location of activated NF-kB to the cell nucleus, leading to 
increased secretion of innate immune response enhancing 
cytokines such as pro-IL-1β, IL-6, pro-IL-18, which domi-
nate the clinical symptoms of autoinflammatory diseases 
(2). 

Colchicine therapy is the first line of treatment for FMF 
and is used to both prevent attacks and to avert complica-
tions including the emergence of secondary amyloidosis. 
However, complete unresponsiveness to the maximum 
tolerated colchicine dose was reported in 5% of patients 
with FMF, and partial unresponsiveness to colchicine 
treatment was reported in 20-40% of patients with FMF 
(2). The IL-1 inhibitors anakinra, rilonacept, canakinum-
ab, and the IL-6 inhibitor tocilizumab can be utilized as 
therapy alternatives in instances that do not respond to 
colchicine (2).

Interleukin-33 (IL-33) is a recently discovered member 
of the IL-1 cytokine family. IL-33 is expressed in cells that 
have barrier functions, primarily epithelial cells, as well as 
innate immune cells such as macrophages and dendritic 
cells (3). IL-33 is capable of activating T helper (Th) type 1 
immune response in the context of chronic inflammation, 
aside from its contribution to the emergence of Th type 2 
immune response and the pathogenesis of different allergic 
disorders, including asthma (3,4). Previous investigations 
have illustrated that IL-33 has been implicated in a variety 
of inflammatory disorders, including rheumatoid arthritis 
(RA), systemic lupus erythematosus (SLE), inflammatory 
bowel disease, and Behçet’s disease (5). Evidence from 
the previously conducted studies illustrates that various 
cytokines associated with Th17 and Th1 cells, namely IL-6, 
IL-17, IL-18, IFN-γ, increase in patients with FMF (6). 
The purpose of our study was to ascertain whether IL-33 
is elevated in the sera of FMF patients, particularly during 
an attack caused by an aforementioned autoinflammatory 
disease.

MATERIAL and METHODS

This cross-sectional study comprised 58 unrelated 
FMF patients who had visited our institution’s Allergy 
and Immunology Department for medical evaluation and 
management between 01.08.2014 and 01.08.2015. We also 
included patients attending the emergency department 
who had been under our team’s follow-up. All partici-
pants were informed in detail about the research. Written 
informed consent was obtained from all of the subjects. All 
participants in this study were given an individual num-
ber. The inclusion criteria for patients in this study were 
being aged 18 or older, being diagnosed with FMF; not 
having concomitant chronic inflammatory disease, con-
comitant acute or chronic infection, concomitant allergic 
or atopic disease; and giving informed consent for par-
ticipating in this study. The exclusion criteria for patients 
in this study were being younger than 18 years, not being 
diagnosed with FMF, having concomitant chronic inflam-
matory disease, concomitant acute or chronic infection, 
concomitant allergic or atopic disease, and refusing to 
give informed consent for participating in this study. All 
of the participants who were diagnosed with FMF met the 
Tel-HaShomer criteria (7). Serositis was documented by 
radiologic imaging studies such as abdominal ultrasound, 
chest X-ray, thorax computerized tomography and/or 
abdominal computerized tomography. In our study, FMF 
cases with no symptoms related to FMF activation for at 
least 7 days were considered to be in the attack-free peri-
od. Controls included blood donors and relatives of medi-
cal professionals who did not have any FMF-compatible 
symptoms, had no FMF-diagnosed first-degree relatives, 
no concomitant chronic inflammatory disease, concomi-
tant acute or chronic infection, concomitant allergic or 
atopic disease, no history of any acute illness at the time 
of the research, and gave their informed consent for par-
ticipating in this study. It was noted that all patients were 
receiving daily colchicine medication. The ordinary daily 
colchicine dosage was between 0.5 and 2 grams. Examina-
tion of the organs and systems, routine laboratory tests, 
and imaging tests performed so far were evaluated in 
the patients. In addition, age, gender, educational status, 
accompanying disease and demographic characteristics 
were recorded in the patients and the control group par-
ticipants.

This study was approved by the institutional ethics 
committee (Approval Number: 12-541-14) and was con-
ducted in accordance with the Helsinki declaration (8).
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lar age and gender distribution with a statistically insig-
nificant variation (p>0.05). In the FMF group, 30 patients 
(51.7%) were in the active period of the disease, whereas 
28 (48.3%) were in remission. FMF attacks were diagnosed 
with the presence of at least two of the following findings 
and symptoms such as fever, abdominal pain or demon-
strated evidence of serositis or arthritis, and increased 
acute phase reactants (C-reactive protein, sedimentation 
rate, fibrinogen).

Abdominal pain was the most frequent finding, and all 
of the patients with active disease had complained of it. 
Fever equal or higher than 38°C was measured in 11 of 
active patients (36.7%) and none of the inactive patients. 
Serositis was documented in 22 of 30 active patients 
(73.3%) using radiologic imaging methods. Arthritis was 
present in 5 (16.7%) patients as a physical examination 
finding. Arthralgia without swelling, tenderness or erythe-
ma was not considered to be arthritis. Only 4 of the FMF 
patients had previously documented amyloidosis, and 75% 
of them had been diagnosed with an acute attack (Table I).

The mean serum IL-33 concentrations were measured 
as 3.88 ± 2.25 pg/ml (minimum-maximum 1.86-10.50 pg/
ml) in the FMF group (active and inactive) and 2.89 ± 0.48 
pg/ml (minimum-maximum 1.91-3.99 pg/ml) in the con-
trol group. The mean concentrations of serum IL-33 were 
5.48 ± 2.13 pg/ml (minimum-maximum 3.29-10.50 pg/
ml) in the active phase and 2.27 ± 0.36 pg/ml (minimum-
maximum 1.86-3.02 pg/ml) in the inactive phase (Figure 
1). Multiple comparisons were made using Bonferroni 
tests. Based on these findings, levels of serum IL-33 were 
considerably greater in FMF patients than those in healthy 
controls (p<0.01, 95% CI). Beyond that, serum IL-33 con-
centrations were substantially higher in the active phase 
compared with the inactive phase and control group 

Laboratory Tests

According to the instructions of the manufacturer 
(e-Bioscience, San Diego, CA, USA), laboratory tests were 
carried out using commercially available human enzyme-
linked immunosorbent assay (ELISA) kits. Fasting (for at 
least 10 hours) blood samples were obtained for all labora-
tory analyses, including IL-33. The plasma fractions were 
separated and preserved at -80 °C until evaluated for IL-33 
levels. Serum levels of highly sensitive C-reactive protein, 
erythrocyte sedimentation rate, and fibrinogen were also 
obtained on the same day.

Statistical Analysis

IL-33 concentrations and other laboratory values were 
described using the median, percentiles, and ranges. The 
SPSS 17.0 statistical software was used to perform all sta-
tistical calculations. The Kolmogorov-Smirnov test was 
used to examine the distribution of numerical data. Mean 
± standard deviation (SD) was used for normally distrib-
uted data, while the median (range) values were specified 
for non-normally distributed data. IL-33 serum concen-
trations were assessed between normal controls, and inac-
tive and active FMF patients using One-Way ANOVA, 
Bonferroni, and T-Tests. Statistical significance was set at 
p <0.05.

RESULTS

The present research incorporated 58 patients who had 
previously been diagnosed with FMF. Males made up 37 
(63.8%) of the 58 patients whereas 21 (36.2%) were female. 
The mean age was 27.8 ± 5.2 years, and the mean disease 
duration was 8.2 ± 3.7 years in the patient group. There 
were 22 control subjects (10 females, 12 males, mean age 
26.5 ± 5.9 years). The patient and control groups had simi-

Table I: Demographic and clinical features of the study group.

Demographic and Clinical Features FMF Patients (n=58) Healthy Controls (n=22) p
Age (years, mean ± SD), (range ) 27.8 ± 5.2 (19-38) 26.5 ± 5.9 (18-37) >0.05
Gender (M/F) 37/21 12/10 >0.05
Disease Duration (years, mean ± SD) 8.2 ± 3.7 N/A
Amyloidosis 4 N/A
Fever 11 N/A
Serositis 22 N/A
Abdominal Pain 30 N/A
Arthritis 5 N/A
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could be altered during the course of autoinflammation 
led by FMF. In the present research, serum IL-33 levels in 
a group of FMF patients from Turkey were assessed. We 
demonstrated that IL-33 concentrations in FMF patients 
were considerably higher than those in healthy controls 
(p<0.01). Moreover, we revealed that patients in the active 
phase of the disorder had notably higher serum IL-33 lev-
els than those in the attack-free phase and healthy con-
trols, respectively (p<0.0001 and p<0.0001). Our findings 
support our hypothesis, during an acute FMF attack in 
particular.

IL-33, a recently discovered member of the IL-1 
cytokine family, functions as a proinflammatory cytokine, 
as well as a nuclear factor, and it is produced by various cells 
including endothelial cells, epithelial cells, macrophages, 
and dendritic cells as an alarm response (alarmin) to vari-
ous pathological stimuli such as cell necrosis, viral infec-
tions, stress, and trauma (9). ST2, the receptor of IL-33, 
pertains to the Toll-like Receptor (TLR) superfamily and 
is prominently expressed in Th2, CD8+ T cells, basophils, 
eosinophils, type 2 innate lymphoid cells (ILC2), Natural 
Killer T (NKT) cells, macrophages, and dendritic cells (9). 
IL-33 is involved in the development of a variety of aller-
gic disorders including asthma, allergic rhinitis, and atopic 
dermatitis by controlling the expression of Th2 cytokines, 
particularly IL-5 and IL-13 (4,9). Several studies have 
indicated that IL-33/ST2 signaling may have an impact 
in the pathogenesis of autoimmune disease by modify-
ing the equilibrium between inflammatory Th1/Th17 cells 
and Treg cells; in addition, IL-33/ST2 signaling may have 
an anti-inflammatory function in autoimmune diseases 
through its effect on the Th type 2 immune response (9). 
To date, evidence is scarce on how IL-33 status changes 
with the autoinflammatory disease course, particularly in 
FMF.

respectively (p<0.0001 and p<0.0001, 95% CI). When 
compared with healthy controls, serum IL-33 concentra-
tions in the inactive FMF patients were determined to be 
lower, albeit not statistically significant (p>0.05, 95% CI) 
(Table II).

Serum IL-33 levels were positively correlated with 
arthritis (p<0.05, r = 0,483), but they were not correlated 
with other findings such as abdominal pain, serositis, dis-
ease duration, or levels of C-reactive protein and the sedi-
mentation rate. Because of the small number of individuals 
who had amyloidosis, statistical comparisons could not be 
made for that complication.

DISCUSSION

We hypothesized that serum levels of the IL-1 fam-
ily, including IL-33 as a member of the IL-1 superfamily, 

Table II: Laboratory parameters in the study group.

Laboratory Parameters FMF Patients with 
Acute Attack (n=30)

FMF Patients in 
Remission (n=28)

Healthy Controls 
(n=22) p¹ p² p³

C-Reactive Protein (mg/L) 34.23±6.44 4.11±1.42 N/A <0.05
Sedimentation Rate (mm/h) 47.40±7.80 23.21±6.56 N/A <0.05
Fibrinogen (mg/dL) 559.8±85.3 225.3±59.9 N/A <0.05
IL-33 (pg/ml) (mean ± SD), (range) 5.48±2.13 (3.29-10.50) 2.27±0.36 (1.86-3.02) 2.89±0.48 (1.91-3.99) <0.0001 >0.05 <0.0001

p¹: values for comparison between FMF patients with acute attack and healthy controls.
p²: values for comparison between FMF patients in remission and healthy controls.
p³: values for comparison between FMF patients with an acute attack and FMF patients in remission.

Figure 1: Schematic representation of serum IL-33 levels in all 
patients and the healthy control groups.
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the IL-33/ST2 pathway, and pain reduction was observed 
with IL-33 inhibition (17). This study is intriguing in terms 
of investigating the relationship between pain sensation 
and serum IL-33 levels in FMF patients, particularly dur-
ing painful attacks. Besides, prospectively determining the 
pain level and analyzing IL-33 levels to test for a correla-
tion between the two would add more value to our work. 
Further studies are a must in order to elucidate the inter-
action between IL-33 and painful inflammatory diseases.

In various studies previously conducted, it was deter-
mined that some cytokines that are related to T helper 
17 (Th17) and Th1 such as IL-6, IL-17, IL-12p40, IL-18, 
IFN-γ, increase in FMF cases (6). IL-1 and IL-6 are pro-
nounced as potent promoters of Th17 polarization (18). 
With the presence of IL-12, IL-18 serves as a cytokine that 
drives activated Th1 cells to release IFN-γ (19). Growing 
scientific evidence shows that IL-33 can stimulate the Th17 
response through IL-1β and IL-6 by providing maturation 
of dendritic cells; moreover, it has been determined that 
dendritic cells maturated by IL-33 can enable Treg cells to 
differentiate into Th17 cells (20,21). In the near future, we 
believe that studies delving into IL-33 during the course of 
autoinflammatory disease, particularly FMF, will increase 
both in number and quality.

Additionally, we observed in FMF patients with active 
disease that the mean serum IL-33 level was positively cor-
related with arthritis (p<0.05, r = 0.483). Serum IL-33 levels 
were found to be significantly higher in AS patients com-
pared with healthy participants in a study that questioned 
the association between AS and IL-33; besides, serum IL-33 
levels in AS patients were also correlated with vascular 
endothelial growth factor levels and the Bath Ankylosing 
Spondylitis Disease Activity Index (22). Koga et al, in their 
study in which they evaluated the cytokine characteristics 
in FMF and RA patients, concluded that the cytokine net-
work engaged in the disease processes of FMF and RA is 
noticeably comparable (23). It was determined that IL-33 
levels were elevated in the serum and synovial tissue of RA 
patients, and that these levels were correlated with RA dis-
ease activity (24). It has been revealed that IL-33 increases 
the expression of inflammatory cytokines such as TNF-α, 
IL-6, and expression of NF-κB, an important transcrip-
tional factor for inflammatory cytokines, in patients with 
RA (25). Considering the increased frequency of MEFV 
mutations in patients with RA and AS compared with the 
rest of the population, the possible common pathogenetic 
pathways in FMF, AS, and RA patients may explain the 

There are numerous data indicating that patients with 
FMF have a higher incidence of certain inflammatory and 
autoimmune disorders in comparison with the rest of the 
population, including those with Behçet’s disease, SLE, 
inflammatory bowel diseases, psoriasis, and AS (10,11). 
Many of these disorders have been linked to an increase 
in the blood level of IL-33, as demonstrated by numer-
ous studies (5,9). Various studies tracking the connec-
tion between Behçet’s disease and IL-33 have generated 
contrasting findings; there are data indicating that blood 
IL-33 levels tend to rise in individuals suffering from active 
Behçet’s disease, but there are also some contentious stud-
ies that assert serum IL-33 levels are reduced in those with 
active Behçet’s disease when compared with inactive cas-
es and a healthy control group (12,13). Considering that 
IL-33 is a cytokine with a dual function in the immune 
system, both pro-inflammatory and anti-inflammatory, 
the movement of IL-33 serum levels in different directions 
in active Behçet’s disease patients can be at least partially 
explained (9,12).

TLR2 expression has been demonstrated to be enhanced 
in neutrophils and monocytes of FMF patients in compar-
ison with a healthy control group (14,15). Furthermore, 
TLR2 expression in monocytes was observed to reduce 
considerably after colchicine treatment in FMF patients 
(15). Besides, in a current study, serum IL-33 levels of the 
cases with the TLR2 rs111200466 variant genotype in early 
childhood were found to be significantly lower compared 
to cases with the wild TLR2 genotype (16).

The abovementioned findings may serve as an explana-
tion of our data that revealed attack-free FMF patients had 
even lower levels of serum IL-33 than healthy controls, as 
they were on regular colchicine treatment. We suggest that 
regular use of colchicine might have interacted with TLR2 
expression in the absence of an acute attack, leading to 
lower levels of IL-33 in FMF patients. Analyzing the serum 
levels of IL-33 in a population with FMF refusing to use 
colchicine would add more value to this study, which is 
very hard to apply in real life.

In addition, in a recent study on the results of experi-
mentally-induced TLR2 activation in the murine model, it 
was observed that IL-33 release from keratinocytes and sat-
ellite glial cells placed in the dorsal root ganglion increased 
through innate immune hyperactivity, inflammation 
development, and macrophage activation in the skin and 
neural tissue, while acute pain formation was triggered via 
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various murine model studies indicating that anti IL-33 
treatment could reduce proinflammatory cytokine levels 
and disease severity in lupus and collagen-induced arthri-
tis (36,37). In the future, it is possible that new treatment 
strategies on IL-33 inhibition for different autoimmune 
and inflammatory diseases, including FMF, will be devel-
oped. 

These current literature data we shared enlightened us 
in terms of the formation of our hypothesis that serum lev-
els of IL-33, which regulates innate and acquired immune 
responses and which has an active function in the forma-
tion of inflammatory responses, may be altered in FMF 
patients. Although there was only one previous study 
reported as a congress abstract examining the relation-
ship between FMF and the IL-33 serum level, no signifi-
cant relationship could be demonstrated (38). To our best 
knowledge, the research we have conducted is the initial 
one to demonstrate a substantial correlation between 
serum IL-33 levels and FMF patients, particularly during 
disease activation. Additional studies are required to clari-
fy the connection between FMF and IL-33.

We acknowledge that there are certain limitations in 
the current introductory investigation. The small size of 
our population and our cross-sectional study design are 
our primary limiting factors. Furthermore, the fact that 
all of our FMF patients were receiving ordinary colchi-
cine treatment may have changed the cytokine status of 
our patients, as some studies concluded that continuous 
colchicine therapy during the dormant illness state may 
notably reduce levels of the markers linked to vascular 
damage (32). We also could not demonstrate the variabil-
ity of genes encoding IL-33; however, it is unclear if IL-33 
gene variations affect susceptibility, whether by raising or 
lowering IL-33 activity and level (13). Last but not least, in 
our study, the Auto-Inflammatory Diseases Activity Index 
(AIDAI) was not used to determine the active and inactive 
FMF cases; instead, the FMF cases’ symptom-free period, 
which was at least seven days, was considered (39). How-
ever, at the time our study was planned and conducted, 
AIDAI had not yet been described in the literature as a 
validated scale and had not yet been routinely used in our 
clinics (39). Furthermore, due to the fact that our study 
was designed as a cross-sectional study, we reasoned that 
the evaluation of FMF cases without keeping a diary for 
the last 1-week period, rather than the last 1-month period 
evaluation recommended by AIDAI, would be easier to 
remember and more reliable in determining disease activ-

increase in the IL-33 serum level and the correlation of 
the IL-33 serum level with arthritis in these diseases, albeit 
partially (26,27).

Our findings have demonstrated that, relative to 
healthy controls, inactive FMF patients have decreased 
serum IL-33 concentrations; however, this result was not 
of statistical significance (p>0.05). This situation may be 
explained at least partially by the self-limiting nature of 
FMF disease in which the immune system may prompt 
a sort of negative feedback mechanism to limit the effect 
of various inflammatory cytokines that are excessively 
secreted during the FMF attack period. For instance, in the 
first 24 hours of an acute FMF attack, it has been demon-
strated that mature IL-1β-bearing NETs, which constitute 
one sort of important effector mechanism in the process 
of neutrophil-mediated inflammatory diseases, includ-
ing FMF, are generated and released; additionally, NETs 
have the ability to reduce their own production through a 
negative feedback mechanism (28). A pore-forming pro-
tein known as gasdermin D (GSDMD) can release inflam-
matory cytokines such as IL-1β and IL-18 in the process 
of inflammatory cell death (pyroptosis) and has a signifi-
cant part in the pathophysiology of several infectious and 
inflammatory illnesses, including FMF, that are mediated 
by the inflammasome (29). It has been revealed that GSD-
MD can induce release of IL-33 via generating pores in 
the cell membrane (30). In a recent study, it also has been 
established that the N-terminal fragment of GSDMD, 
which draws attention with its central role in the inflam-
masome cascade, could unexpectedly inhibit caspase-1/11 
directly, and this has been evaluated as a negative feedback 
mechanism followed by inflammasome activation (31). 
Last but not the least, there is mounting evidence showing 
that routine colchicine treatment could limit the expres-
sion of E-selectin on endothelial cells, as well as regular 
colchicine therapy during the dormant disease phase 
could drastically diminish the biomarkers of inflammation 
(32,33). These findings imply that reduced IL-33 concen-
trations in our inactive FMF group may be led by a nega-
tive feedback mechanism in the pyrin inflammasome or 
by the regular usage of colchicine treatment, as discussed 
in detail earlier. To comprehend this issue better, further 
investigations are necessary.

Although numerous monoclonal antibody treatments 
that inhibit the IL-33/ST2 axis remain to be developed, 
these investigations are mostly concerned with the treat-
ment of asthma and atopic diseases (34,35). There are also 
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ity, similar to previously conducted studies on FMF taking 
the last week into consideration as an attack-free period 
(32,40).

CONCLUSION

It is explicit that the IL-33 pathway has an essential 
function in autoimmune and inflammatory disorders. 
Here, we present an investigation outlining that FMF, an 
inherited autoinflammatory condition, may also be asso-
ciated with the IL-33 pathway. Additional research on 
this novel cytokine is necessary to examine its functional 
significance in order to thoroughly investigate its clinical 
application, including the utilization of anti-IL-33 biologi-
cal treatment modalities, for FMF.
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