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ABSTRACT

Objective. Familial Mediterranean
fever (FMF) attacks are characterized
by serosal inflammation rich in PMNL
leukocytes and activation of a definite
cytokine network. Moreover, there is
sustained inflammation in attack-free
FMF patients. Interleukin (IL)-17 and
IL-18 arerecently described proinflam -
matory cytokines, which can modulate
certain neutrophil functions. In this
study we measured serum levels of IL-
17 and IL-18 in FMF patients.

M ethods. The study groups comprised
of 18 FMF patients in attack-free peri -
od (mean age: 30.2+9.5 years;, male/
female: 10/8), and 18 patients with an
acute FMF attack (mean age: 254 +
4.9 years, male/female: 10/8). Twenty
age-matched healthy subjects were in -
cluded as a control group (male/
female: 10/10). Levelsof IL-17 and IL-
18 were determined by commercial
ELISA kits (Biosource International,
USA).

Results. Serum IL-17 levels were 42.8
+ 3.7,42.7+ 3.2, and 39.9 + 2.3 pg/mL
for FMF patients in attack-free period,
FMF patients with acute attack, and
healthy controls, respectively. Serum
IL-18 levels were 878.8 £+ 315.0, 854.2
+ 261.4, and 314.6 + 80.8 pg/mL for
FMF patients in an attack-free period,
FMF patients with acute attack, and
healthy controls, respectively. Levels of
both IL-17 and IL-18 were significantly
higher in FMF patients with and with -
out acute attack compared to control
group (p < 0.05). Concentrations of
those cytokines were comparable in
FMF patients with acute attack and in
attack-free period (p > 0.05).
Conclusion. Our data suggest that IL-
17 and IL-18 contribute to the cytokine
network in the inflammatory cascade of
FMF. However, their rolesfor theiniti -
ation of FMF attacks remain to be
established.
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Introduction

Familial Mediterranean fever (FMF) is
an autosomal recessive disorder char-
acterized by recurrent acute attacks of
fever and inflammatory reactions of
serosal membranes. Several non-spe-
cific immunological abnormalities and
elevations in acute phase reactant lev-
els were observed during the FMF at-
tacks. Neutrophils play akey roleinthe
inflammatory processes during the
attacks of FMF. Moreover, thereis data
demonstrating the presence of sustain-
ed inflammation in attack-free FMF
patients as evidenced by elevated lev-
els of certain proinflammatory cyto-
kines (1-4). Interleukin (IL)-17 and IL-
18 are recently described proinflamma
tory cytokines, which can modulate
certain neutrophil functions (5-12). We
conducted this study to measure serum
levels of IL-17 and IL-18 in FMF
patients with or without acute attacks
in comparison to healthy controls.

Patients and methods

Patients

The study groups were comprised of 18
FMF patients in attack-free period
(mean age: 30.2+9.5 years; mae/ fe-
male: 10/8), and 18 patients with acute
FMF attack (mean age: 25.4 +4.9
years, male/female: 10/8). The diagno-
sis of FMF was established according
to the Tell-Hashomer criteria. The dis-
ease durations were 13.2 + 8.8 years
and 8.7 £6.7 years for patients in
attack-free periods and patients with
acute FMF attack, respectively. Age
and sex distributions and disease dura-
tions in both groups were similar. All
patients were receiving colchicine dur-
ing blood sampling. None of the pa
tients was receiving any other drug that
could influence cytokine levels. Twen-
ty age-matched healthy subjects were
included as a control group (male/
female: 10/10).
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Tablel. Serum interleukin (IL)-17 and IL-18 levels in attack-free familial Mediterranean
fever (FMF) patients, in patients with acute FM F attack, and in healthy controls. Results are

expressed as mean + SD.

Attack-free FMF patients Healthy controls
FMF patients with acute attack
Sex (male/female) 10/8 10/8 10/10
Disease duration (years) 132+ 88 87+ 6.7 -
ESR (mm/hr) 108 + 6.4 60.7 £ 33.9
C-reactive protein (mg/L) * 04+ 04 252 + 419
Fibrinogen (mg/dL) * 3124 + 65.9 654.4 + 153.0 -
IL-17 (pg/mL) 23 428+ 37 427+ 32 399 +23
IL-18 (pg/mL) 23 878.8 + 315.0 854.2 + 261.4 314.6 + 80.8

1p < 0.05 for FMF patients with acute attack vs attack-free FMF patients
’p < 0.05 for FMF patients with acute attack vs healthy controls, and for attack-free FMF patients vs

healthy controls

3p > 0.05 for FMF patients with acute attack vs attack-free FMF patients.

M ethods

Serum samples were stored at -80°C
until assayed. Erythrocyte sedimenta-
tion rate (ESR), C-reactive protein
(CRP), and fibrinogen levels were mea-
sured with standard methods. Levels of
IL-17 and IL-18 were determined by
commercial ELISA kits (Biosource
International, USA).

Satistical analysis

Data were analyzed using a statistical
software package (SPSS for Windows
version 10.0). One-way analysis of
variance (ANOVA) was used to com-
pare the differences between serum IL-
17 and IL-18 levelsfor the groups. Sta
tistically significant differences obtain-
ed from one-way ANOVA analysis
were further tested by Tukey test for
post hoc pairwise comparisons. Corre-
lation analyses were performed by
Pearson’s correlation analysis. A p
value below 0.05 was considered as
statistically significant.

Results

Acute phase reactants

Results were expressed as mean + SD.
Serum ESR were 10.8 + 6.4 and 60.7 £
3.9 mm/hr for FMF patients in attack-
free period and FMF patients with
acute attack (p < 0.05). Serum CRP
levelswere 0.4 + 0.4 and 252+ 4 1.9
mg/L for FMF patients in attack-free
period and FMF patients with acute
attack (normal range for CRP: 0-6) (p <

0.05). Serum fibrinogen levels were
312.4 + 65.9 and 654.4 + 153.0 mg/dL
for FMF patients in attack-free period
and FMF patients with acute attack
(normal range for fibrinogen: 180-350)
(p<0.05) (Tablel).

IL-17 levels

Results were expressed as meantSD.
Serum IL-17 levels were 42.8 + 3.7,
42.7 £ 3.2, and 39.9 + 2.3 pg/mL for
FMF patients in attack-free period,
FMF patients with acute attack, and
healthy controls, respectively. IL-17
levelswere significantly higher in FMF

patients with and without acute attack
compared to healthy controls (p <
0.05). Concentrations of those cyto-
kines were comparable in FMF patients
with acute attack and in attack-free
period (p > 0.05) (Tablel).

IL-18 levels

Results were expressed as mean +SD.
Serum |IL-18 levels were 878.8 +
315.0, 854.2 + 261.4, and 314.6 + 80.8
pg/mL for FMF patients in attack-free
period, FMF patients with acute attack,
and healthy controls, respectively. IL-
18 levels were significantly higher in
both subgroups of FMF patients com-
pared to control group (p < 0.05), while
IL-18 concentrations were comparable
in FMF patients with acute attack and
in attack-free FMF patients (p > 0.05)
(Tablel).

Correlation analyses

There was a significant correlation
between IL-17 and IL-18 levels (p <
0.01, r = 0.405) (Fig. 1). However there
was no correlation between 1L-17 or
IL-18 levels and ESR, CRP levels, or
fibrinogen levels.

Discussion

In this study we demonstrated that
FMF patients, both in attack-free peri-
ods and with acute attacks, had higher
serum IL-17 and IL-18 levels than

- Sorm interieuldn 17 levels (pg/mL)
28 &§ 8 £ 8 & 8 R

O 200 400 €00 BOO

1000 1200 1400

Serum intedeukin 18 kel {pg/mi)
Fig. 1. Serum interleukin (1L)-17 levels plotted against serum IL-18 levels demonstrating a positive

correlation between them.
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healthy controls. The levels of those
cytokines were comparable in FMF pa-
tients with acute attack and in attack-
free period. Moreover, there was a pos
itive correlation between serum IL-17
and IL-18 levels.

Neutrophils are the major cell popula
tion involved in acute inflammation of
FMF, and FMF attacks are character-
ized by serosa inflammation rich in
PMNL leukocytes. On the other hand,
there is available data demonstrating
the activation of a definite cytokine
network in FMF (1-3). Moreover,
attack-free periods of FMF is compli-
cated by increased levels of certain in-
flammatory mediators, including tumor
necrosis factor alpha (TNF-a, IL-6, IL-
8, ICAM-1, and interferon gamma
(IFN-g). Therefore, a sustained inflam-
mation in attack-free FMF patients is
evident (1-4).

IL-17 and IL-18 are newly diagnosed
cytokines implicated in the inflamma-
tory responses. Both molecules have
certain proinflammatory properties. IL-
17 can stimulate a wide variety of cell
types and induce secretion of other
inflammatory effectorsincluding TNF-
a, IL-6, IL-8, IFN-g, and chemokines.
A prominent feature of IL-17 isits abil-
ity to cooperate either additively or
synergistically with various inflamma-
tory cytokines or agonists to enhance
inflammation (5,6). Therefore, a pri-
mary function of IL-17 may be to am-
plify ongoing inflammatory responses.
On the other hand, IL-18 has direct
proinflammatory properties. It can sti-
mulate activation of nuclear factor
kappa B, and can induce production of
proinflammatory mediators such as
TNF-a, IL-8, and ICAM-1 (7-9). More-
over, both IL-17 and IL-18 can play
important roles in neutrophil activa
tion. IL-17, acting either directly or
indirectly, stimulates neutrophil matu-
ration, migration, and function. Over-
expression of IL-17 results in massive
peripheral neutrophilia associated with
increased levels of granulocyte colony-
stimulating factor (G-CSF) and en-
hanced granulopoiesis (10). IL-17 can
recruit neutrophils into the peritoneal
cavity by releasing neutrophil-specific
chemokines from the peritoneal meso-
thelium (11). IL-18 aso can promote

neutrophil adhesion and migration, cy-
tokine and chemokine production, gra-
nule release, and respiratory burst. IL-
18 administration induced peritoneal
neutrophil recruitment (12). In this
study, we demonstrated that serum lev-
els of both IL-17 and IL-18 were ele-
vated in FMF patients, with a positive
correlation between them. Our data
suggest that IL-17 and IL-18 contribute
to the ongoing inflammatory cascade
of FMF. Their contribution to the path-
ogenesis of FMF might be by the in-
duction of the synthesis of other proin-
flammatory cytokines, and/or modula-
tion of certain PNL functions. Howev-
er, the levels of both IL-17 and IL-18
were comparable in FMF patients with
or without acute attacks, making their
possible involvement in the initiation
of acute attacks unlikely.

There was no correlation between IL-
17 or IL-18 levels and acute phase re-
actants (i.e. ESR, CRP, and fibrinogen)
in our study. FMF attacks are charac-
terized by significantly higher concen-
trations of those acute phase reactants
than in attack free periods (1-3). Like-
wise, ESR, CRP and fibrinogen levels
were significantly higher in FMF pa-
tients with acute attack than FMF pa-
tientsin attack-free period in our study.
However, since IL-17 and IL-18 levels
were comparable in patients with or
without acute FMF attacks, a correla-
tion between levels of those cytokines
and acute phase reactants should not be
expected.

Recent data indicate a Thl mediated
immune response in FMF patients.
Levels of IFN-g, a Thl type cytokine,
are elevated both in FMF patientsin the
attack-free periods and in FMF patients
with acute attacks. Moreover levels of
IFN-g were higher during acute attacks
compared to attack-free periods (4).
IFN-g production by lymphocytes was
significantly increased in patients who
carried MEFV mutations (13). Those
observations suggest Thl predomi-
nancein FMF Although IL-17 does not
obvioudly polarize to either the Thl or
Th2 lineages, results with these T cell
lines and clones derived from RA syn-
ovium alowed the classification of IL-
17 asaThl cytokine (14). On the other
hand, IL-18 acts as a costimulant for
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production of IFN-g and other Thl cy-
tokines in synergy with IL-12. Hence,
there is a unique synergism between
IL-18 and IL-12 in the induction of
IFN-g and the Th1 response, and IL-18
functions primarily as a costimulant for
Thl cytokine production (15, 16). Ta
ken together, our study represents fur-
ther evidence for the presence of Thl
mediated inflammatory response in
FMF.

In conclusion, our data suggest that
both IL-17 and IL-18 are involved in
the cytokine network of the inflamma-
tory cascade of FMF. However, due to
the limitations of a cross-sectional stu-
dy to highlight the overal dynamic pro-
cess, further investigations with pro-
spective follow-up of patients are need-
ed to confirm our observations. More-
over, exact mechanisms by which IL-
17 and IL-18 contribute to disease
pathogenesis of FMF, and their roles
for theinitiation of FMF attacks remain
to be established.

References

1.KORKMAZ C, OZDOGAN H, KASAPGOPUR
O, YAZICI H: Acute phase response in famil-
ial Mediterranean fever. Ann Rheum Dis
2002; 61: 79-81.

2.DIRESKENELI H, OZDOGAN H, KORKMAZ
C,AKOGLU T, YAZICI H: Serum soluble in-
tercellular adhesion molecule 1 and interleu-
kin 8 levelsin familial Mediterranean fever. J
Rheumatol 1999; 26: 1983-6.

3.KIRAZ S,ERTENLI I, ARICI M et al.: Effects
of colchicine on inflammatory cytokines and
selectinsin familial Mediterranean fever. Clin
Exp Rheumatol 1998; 16: 721-4.

4. KOKLU S, OZTURK MA, BALCI M, YUKSEL
O, ERTENLI I, KIRAZ S: Interferon-gamma
levels in familial Mediterranean fever. Joint
Bone Spine 2005; 72: 38-40.

5.GAFFEN SL: Biology of recently discovered
cytokines: interleukin-17 — a unique inflam-
matory cytokine with roles in bone biology
and arthritis. Arthritis Res Ther 2004;6: 240-7.

6.AGGARWAL S, GURNEYAL: IL-17: A proto-
type member of an emerging cytokine family.
J Leukoc Biol 2002, 71:1-8.

7.MATSUMOTO S, TSUJ-TAKAYAMA K, AIZA-
WAY et al: Interleukin-18 activates NF-kap-
paB in murine T helper type 1 cells. Biochem
Biophys Res Commun 1997; 234: 454-7.

8.PUREN AJ, FANTUZZI G, GU Y, SU MS, DINA-
RELLO CA: Interleukin-18 (IFNgamma-in-
ducing factor) induces IL-8 and IL-1beta via
TNFalpha production from non-CD14+ hu-
man blood mononuclear cells. J Clin Invest
1998; 101: 711-21.

9.KOHKA H, YOSHINO T, IWAGAKI H et al ..
Interleukin-18/interferon-gamma-inducing
factor, anovel cytokine, up-regulates ICAM-
1 (CD54) expression in KG-1 cells. J Leukoc



IL-17 and IL-18 in FMF/ S. Haznedaroglu et al.

Biol 1998; 64: 519-27.

10. SCHWARZENBERGER P, LA RUSSA V, MIL-
LERA et al.: IL-17 stimulates granulopoiesis
in mice: use of an aternate, novel gene thera-
py-derived method for in vivo evaluation of
cytokines. J Immunol 1998; 161: 6383-9.

11. WITOWSKI J, PAWLACZYK K, BREBOROW-
ICZ A etal.: IL-17 stimulates intraperitoneal
neutrophil infiltration through the release of
GRO apha chemokine from mesothelial
cells. J Immunol 2000; 165: 5814-21.

12. LEUNG BP, CULSHAW S, GRACIE JA et al.:
A role for 1L-18 in neutrophil activation. J
Immunol 2001; 167: 2879-86.

13.AYPARE, OZEN S, OKUR H, KUTLUK T, BES-
BAS N, BAKKALOGLU A: Thl polarization
in familial Mediterranean fever. J Rheumatol
2003; 30: 2011-3.

14. AARVAK T, CHABAUD M, MIOSSEC P, NAT-
VIG JB: IL-17 is produced by some proin-
flammatory Th1/ThO cells but not by Th2
cells. J Immunol 1999; 162: 1246-51.

S-80

15.MUNDER M, MALLO M, EICHMANN K, MO-
DOLELL M: Murine macrophages secrete
interferon gamma upon combined stimulation
with interleukin (IL)-12 and IL-18: A novel
pathway of autocrine macrophage activation.
J Exp Med 1998; 187: 2103-8.

16.KOHNO K, KATAOKA J, OHTSUKI T et al.:
IFN-gammarinducing factor (IGIF) is a cos-
timulatory factor on the activation of Th1 but
not Th2 cells and exerts its effect indepen-
dently of IL-12. J Immunol 1997; 158: 1541-50.



