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Abstract

Objective: To examine neutrophil actin cytoskeleton oscillations and chemoattractant recep-
tor desensitization in patients with Familial Mediterranean Fever (FMF), in an effort to understand
the mechanisms that regulate switch of neutrophil activation program and therapeutic effect of
colchicine (Col).

Methods: Whole blood neutrophils obtained from 28 FMF patients and 15 normal donors (ND)
were activated with N-formyl-Met-Leu-Phe (fMLP), phorbolmyristate acetate (PMA) or lipopoly-
saccharide (LPS), and cellular F-actin content determined by flow cytometry before and after ex-
posure to Col. F-actin oscillation amplitude and period were calculated from the curves generated
by mathematical simulation giving the assumption that in neutrophils F-actin oscillates about a
fixed point in a harmonic motion.

Results: Unstimulated neutrophil F-actin content was markedly increased in FMF patients
which, unlike in ND, was significantly reduced by Col. fMLP- but not PMA- or LPS-stimulated and
Col-pretreated neutrophils were characterized by different pattern of F-actin dynamics and de-
layed time period of F-actin oscillation during FMF. Neutrophils from FMF patients failed to in-
duce chemoattractant receptor desensitization during repeated action of fMLP, while in ND it oc-
curred with significant reduction of F-actin oscillation amplitude and period. Microtubule-disso-
lution by Col or cytoskeleton-disruption by cytochalasin B caused distinctive unequal pattern of
fMLP-induced F-actin oscillations in FMF patients and ND.

Conclusion: Impaired neutrophil F-actin cytoskeleton oscillations amplitude and frequency
that tightly regulate switch of neutrophil activation program during its encounter with increas-
ing concentration of chemoattractants might be a potential pathogenic mechanism causing
aberrant resolution of inflammation and could represent a potential target for colchicine

therapy during FMF.
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INTRODUCTION

Despite the evident progress in investigating
Familial Mediterranean Fever (FMF) pathogene-
sis, the causes of periodicity and self-limited na-
ture of its attacks remain largely unknown. It can
be assumed that there are counter balancing sys-
tems in inflammatory effectors activation pro-
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grams, which play a role in the rhythmicity of the
disease.

Although much has been learned about the pe-
riodicity of FMF clinical sings, the molecular
mechanisms of oscillations in cellular pro-inflam-
matory activation and inflammation resolution
during FMF are only beginning to be unraveled
[Davtyan T. et al., 2006 a,;b]. We hypothesized
that periodicity and self-limited nature of FMF at-
tacks could be a result of oscillations in activa-
tion-deactivation programs shift of neutrophils,
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which are an important cellular participants in
FMEF attack [Orbach H., Ben-Chetrit E., 2001,
Korkmaz C. et al., 2002]. One of their main prop-
erties is a rapid migration in response to gradients
of chemoattractants, soluble molecules serving as
“danger signal” [Matsukawa A. et al., 2000]. Neu-
trophils crawl through tissues in an amoeboid
fashion and undergo regular cycles of actin po-
lymerization and depolymerization [Stossel T,
1993; Stark J. et al., 2007]. Actin is an adenine
nucleotide-binding protein, and the frequency of
shape oscillations mirrors cellular activation, with
a period of a few minutes for resting neutrophils to
about 10 s for activated neutrophils [Ehrengruber
M. et al., 1996]. The amplitude and frequency of
these oscillations can be modulated by a presence
of both exogenous ligands and endogenous cyto-
kines in neutrophils leading to priming or desensi-
tization [Adachi Y. et al., 1999]. According to the
dynamic view of neutrophil activation, their ca-
pacity to switch from an activated state to state of
anergy may cause resolution of inflammation with-
out new activated neutrophils recruitment into the
inflammatory burden [Serhan C., Savil J., 2005].
Therefore, the impaired actin cytoskeleton dynam-
ics that tightly regulate switch of neutrophil acti-
vation program during encounter with increased
concentrations of chemoattractant may be a poten-
tial pathogenic mechanism, causing aberrant reso-
lution of inflammation and could represent a po-
tential target for colchicine-based therapy during
FMF.

To address this hypothesis we investigated neu-
trophil F-actin oscillations and actin cytoskeleton
dynamics during activation-deactivation programs
shift of neutrophils in FMF patients using whole
blood cell culture technique that preserves native
microenvironment, reduces the risk of pre-activa-
tion of neutrophils [Davtyan T. et al., 2008 a; b].

PATIENTS AND METHODS

Patients and blood samples: Peripheral blood
samples were obtained from 28 (17 male, 11 fe-
male, aged 18-41 years) attack-free patients with
FMF, diagnosed according to the Tel-Hasomer cri-
teria [Livneh A. et al., 1997]. MEFV mutations
were identified in all patients (14 patients were
homozygous for the M694V mutation, 14 remain-

ing patients were compound heterozygous for the
M694V and one of the V724A, M680I, E148Q,
R761H and F749L mutations).

The following selection criteria were applied
to the patients enrolled in the study:

1. age > 16 years,
2. onset of FMF attacks in early childhood,

3. absence of chronic diseases such as chronic
renal failure, renal amyloidosis, diabetes
mellitus, ischemic heart disease, malignancy,
trauma, infections and rheumatic disease,

4. treatment naive and no drug administration
within 4 weeks before blood drawing.

The informed consent of all patients was ob-
tained for their inclusion in this study. Heparin-
ised peripheral blood from 15 sex- and age-
matched normal donors (NDs) (9 male and 6 fe-
male) was provided by “Viola Company” (Yere-
van, Armenia) blood bank. No significant differ-
ences existed between FMF and NDs with respect
to mean levels of erythrocyte sedimentation rate
(ESR) and white blood cell (WBC) counts.

Intracellular F-actin staining of neutrophils:
The quantitative flow cytometry determination of
intracellular F-actin content [Advani A. et al.,
2004] was performed, using whole blood samples
obtained from NDs and FMF patients. Whole
blood samples (with total volume 100 /) were in-
cubated with 20 ng/mL phorbol 12-myristate 13-
acetate (PMA) or 107 M N-formyl-Met-Leu-Phe
(fMLP) or 1 ug/mL lipopolysaccharide (LPS)
from E. coli 026:B6 or either 0.1-10 pug/mL col-
chicine (Col) or cytochalasin B (CyB). All re-
agents were obtained from Sigma Chemical (St.
Louis, Mo., USA). After adding reagents to 10 u!/
final volume the whole blood samples were incu-
bated at 37°C in horizontal shaking water bath for
1-10 min. The reaction was stopped at the appro-
priate time by addition of BD FACS™ erythrocyte
lysing solution and the remaining cells fixation
with 1.5% paraformaldehyde for 15 min at room
temperature. The cells were then washed 3 times
in PBS, permeabilized with 0.2% Triton X-100
containing 2% paraformaldehyde for
30 min and stained with 3 uM fluorescein isothio-
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cyanate (FITC)-conjugated phalloidin (Sigma
Chemical., St. Louis, Mo., USA) for an additional
45 min at room temperature. The cells were washed
in PBS, and the average F-actin content of the
FSC-SSC and CD11b" (a protein present intracel-
lularly, following permeabilization) gated neutro-
phil population was monitored by determining the
phalloidin relative fluorescence intensities (ex-
pressed as a mean channel number - MCN) on
FACSCalibur™ instrument using CellQuest™
software (Becton Dickinson). Upon studying the
effect of Col on neutrophil F-actin dynamics 1.5 mL
whole blood samples were incubated with 10 ug/mL
Col for 2 hours at 37°C and neutrophils counted
using haematological analyser (Celly v 2.20, Hycel
Diagnostics), in order to exclude Col cytotoxicity.

Neutrophils chemoattractants receptor desen-
sitization: We monitored chemoattractants recep-
tor homologous desensitization by measuring the
intracellular F-actin dynamics in whole blood
neutrophils after preincubation in the presence or
absence of fMLP [Orbach H., Ben-Chetrit E., 2001].
Neutrophils in 100 u/ of whole blood were incu-
bated for 10 min at 37°C with or without 10”7 M
fMLP and then equal concentrations of chemoat-
tractant added to blood samples. Then blood sam-
ples were incubated for additional 1-10 min. The
reaction was stopped at the appropriate time and
the intracellular F-actin dynamics measured as de-
scribed above.

Statistical analysis: Method of dispersion
analysis with parametric and non-parametric pro-
cedures was used in this study. Results of inde-
pendent experiments were used to calculate mean
values = SEM, and differences were defined as
statistically significant by Student’s t-test (P),
paired t-test (P ), Wilcoxon-Mann-Whitney, and
Welch’s test (P,) at P < 0.05.

Oscillation curves describing the time-response/
dependence of F-actin intracellular content were
generated from calculated mean values £+ SEM
data for F-actin content using the equation (1):

Y=B + Axsin(Fxt + P) (1)

where Y represents a relative F-actin content ex-
pressed as MCN; B is a base line; A is an ampli-
tude; F is a frequency and P is a phase shift of
oscillation and ¢ is time in minutes. A and F values
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Figure 1. Neutrophil F-actin content is increased in
patients with FMF. Untreated and Col (10 ug/ml for
2 h) pretreated whole blood samples from ND (n=15)
and FMF (n=28) patients were intracellulary stained for
F-actin and FSC-SSC and CDI11b* gated neutrophils
were assayed by flow cytometry and expressed as a mean
channel number (MCN). All data represent means =SEM
(error bars) and are significantly different at P <0.05(%*),
comparing FMF with ND.

were calculated using Graph Pad Prism v4.01
software and periods of oscillations (T) were cal-
culated by equation (2) giving assumption that F-
actin oscillates about a fixed point in a harmonic
motion [Stark J. et al., 2007]:

T=2n/F (2).

RESULTS

Different pattern of activated neutrophil F-
actin dynamics in FMF and ND: First, we stud-
ied the F-actin content in unstimulated neutrophils
and activation-dependent F-actin dynamics in the
presence or absence of Col. We observed that
unstimulated neutrophils F-actin content in FMF
patients was significantly higher than in ND
(Figure 1). Pretreatment of whole blood with
10 ug/mL Col for 2 & increased neutrophil F-actin
content both in FMF (P;<0.007) and ND
(P<0.0001). However, Col-pretreated neutrophils
F-actin content in FMF patients was found to be
significantly lower than in ND (Figure 1).

F-actin content in fMLP-stimulated ND neu-
trophils reached its maximal value during the first
and third minutes and declined during the second
and fifth minutes, whereas in FMF patient neutro-
phils it reached its maximal value during the first
and second minutes and gradually declined during
the third to fifth minutes (Figure 2). Col-pretreat-
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Figure 2. Different pattern of activated neutrophil F-actin
dynamics in FMF and ND. Untreated and Col (10 ug/ml
for 2 h) pretreated whole blood samples from ND (n=15)
and FMF (n=28) were incubated in the presence of fMLP,
PMA or LPS for 1-10 min as indicated and F-actin con-
tent of FSC-SSC and CD11b* gated neutrophils were as-
sayed by flow cytometry and expressed as MCN.

ment caused up-regulation of F-actin content in
fMLP-stimulated neutrophils (P=0.01) during the
first minute and gradual decline to the levels of
Col-untreated cells during the second to fifth min-
ute in ND. In FMF patients Col-treatment caused
weak increase of F-actin content in fMLP-stimu-
lated neutrophils (Pp=0.04) during the first min-
ute and dramatic decline during the second to fifth
minutes. In contrast to fMLP, LPS- and PMA-ac-
tivation-dependent neutrophil F-actin dynamics
either in the presence or absence of Col showed
nearly similar pattern in both FMF patients and
ND (Figure 2). One exception was observed in
LPS-induced neutrophil F-actin dynamics that
had undulating pattern in FMF patients, which
contrasts with the linear pattern in ND. Col-pre-
treatment caused up-regulation of F-actin content
in LPS- and PMA-stimulated neutrophils during
the whole incubation period in both FMF patients
and ND. Thus, fMLP-stimulated and Col-pre-
treated neutrophils were characterized by differ-
ent patterns of F-actin dynamics and delayed
shifts of maximums during FMF.

Activated neutrophil F-actin oscillations in
FMF patients and ND: The existence of several
shifted maximums in F-actin dynamics of ND and
FMF patients activated neutrophils lead us to test,
if this is due to different patterns of actin cyto-
skeleton polymerization and depolymerization
regular cycles. To test it we assumed that in neu-
trophils F-actin oscillates about a fixed point in
harmonic motion. Mathematical simulation for
measuring its amplitude and periods was used.
fMLP-induced neutrophil F-actin oscillation
curves measured for FMF patients and ND using
the equation (1) showed differences in baseline,
but not in amplitude and frequency of F-actin os-
cillations (Figure 3).

The period of fMLP-induced neutrophil F-actin
oscillation calculated using the equation (2) for FMF
patients was 4.08 = 0.46 min and 4.09 = 0.18 min for
ND. As expected, the period of F-actin oscillation
in Col-pretreated neutrophils activated by fMLP
increased by 1.31 min in FMF patients (5.39 £0.13)
and by 1.1 min in ND (5.19 + 0.21). In contrast to
fMLP, LPS- or PMA-activated neutrophils F-actin
dynamics were not characterized by undulating
pattern and had linear time-dependence in ND
(Figure 3). However, in FMF patients’ neutro-
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Figure 3. Activated neutrophil F-actin oscillations in
FMF and ND. Untreated and Col (10 ug/mL for 2 h) pre-
treated whole blood samples from ND (n=15) and FMF
(n=28) were incubated in the presence of fMLP, PMA or
LPS for 1-10 min as indicated and F-actin content of
FSC-SSC and CD11b" gated neutrophils was assayed by
flow cytometry and expressed as MCN. Oscillation curves
were generated from calculated mean values +SEM data
for F-actin content using the equation (1) and Graph Pad
Prism v4.01 software and periods of oscillations were
calculated by equation (2) giving assumption that F-actin
oscillates about a fixed point in a harmonic motion.
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Figure 4. Neutrophil F-actin oscillations during che-
moattractant receptor desensitization in FMF and ND.
Neutrophils from ND (n=15) and FMF (n=28) in 100 uL
of whole blood incubated for 10 minutes with (+) or with-
out (-) fMLP and then equal concentration of this che-
moattractant added to blood samples and incubated for
additional 1-10 min. The reaction stopped at the appro-
priate time and the intracellular F-actin dynamics was
measured as described in Patients and Methods. Oscillation
curves were generated from calculated mean values £SEM
data for F-actin content using the equations (1) and (2).

phils, activated by PMA F-actin dynamics had un-
dulating shape with low amplitude (54.9 + 22.2 MCN)
and 4.68 = 0.3 min of period. Col-pretreatment
caused increase in both, amplitude and period of
PMA-activated neutrophil F-actin oscillation in
FMF patients (6.15 + 0.41) as well as in ND (6.02
+ 0.25). In contrast to ND, in FMF patients’ LPS-
activated neutrophil F-actin dynamics also had
undulating shape with the period of 6.06 + 0.28
min. However, Col-pretreatment caused decrease
in the period of LPS-activated neutrophil F-actin
oscillation in FMF patients for 1 min (4.59 +0.03),
whereas in NDs it was the same as in PMA-acti-
vated neutrophils (6.04 + 0.18). These results sug-
gested that fMLP-, LPS- or PMA-stimulated neu-
trophil F-actin dynamics in FMF patients was
characterized by oscillations with different ampli-
tude and periods, whereas in NDs activated neu-
trophils F-actin dynamics has an undulating shape
in presence of fMLP only. Further, we studied dif-

ference between ND and FMF patient’s neutrophil
F-actin oscillations in more details.

Neutrophil F-actin oscillations during che-
moattractant receptor desensitization: F-actin
oscillation periods in FMF patients and NDs that
were measured for a relatively short time (during
total 5 min of incubation) were found to be similar
(approx. 4 min) in FMF patients and NDs, despite
the facts that F-actin content in unstimulated cells
was higher in FMF patients with delayed shift of
maximums of fMLP-induced F-actin dynamics.
At the next step we analyzed, if neutrophil F-actin
oscillation amplitude and periods in FMF patients
and NDs differed during 10 min of incubation,
which is more than double the calculated period
of oscillation. The period of fMLP-induced neu-
trophil F-actin oscillation in FMF patients was
found to be 4.66 &+ 0.11 min versus previously ob-
tained 4.08 + 0.46 min and 3.58 £ 0.17 min versus
4.09 + 0.18 min for ND, respectively (Figure 4:
black lines). These values do not significantly dif-
fer from each other, while increasing length of
trial revealed an increase of fMLP-induced neu-
trophil F-actin oscillation period in FMF patients
by 1 min (4.64 + 0.11 min versus 3.58 + 0.17 min
in ND). Next, we analyzed how this delayed F-
actin oscillation period in FMF could contribute
to the impaired chemoattractant receptor desensi-
tization in neutrophils during repeated fMLP ac-
tion. Whole blood neutrophils of NDs and FMF
patients were incubated with fMLP for 10 min,
then equal amount of fMLP was added for 1-10
min and cellular F-actin content assayed by flow
cytometry. We observed that repeated action of
fMLP induced chemoattractant receptor desensiti-
zation in NDs (Figure 4) with significant reduc-
tion of cellular F-actin oscillation amplitude (1751
+ 166 in a single dose fMLP-treated cells versus
725 + 120 MCN in double fMLP-treated cells,
P=0.03). These changes paralleled with the in-
crease of neutrophils F-actin oscillation period
from 3.58 + 0.17 min in the single dose fMLP-
treated cells to 6.10 = 0.26 min in double fMLP
treated cells (P =0.02). In contrast to NDs, FMF
patients’ neutrophils failed to induce chemoattrac-
tant receptor desensitization during repeated ac-
tion of fMLP. Indeed, neither F-actin oscillation
amplitude (1298 + 104 in a single dose fMLP-
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treated cells versus 1442 + 93 MCN in double
fMLP treated cells), nor oscillation period (4.64 +
0.11 versus 4.66 + 0.09 min, respectively) were
changed in FMF patients neutrophils in the pres-
ence of single or double doses of fMLP.

Unequal pattern of Col- and CyB-induced F-
actin oscillations in FMF and ND: Finally, we
tested how microtubule-dissolution by Col or cy-
toskeleton-disruption by CyB caused differential
reorganization of fMLP-induced neutrophil F-ac-
tin oscillations in FMF patients and ND. The ad-
dition 0of 0.2-10 ug/mL Col or CyB to whole blood
taken from NDs’ or FMF patients (each sample
size was 3), for 10 min caused dose-dependent in-
crease of neutrophils F-actin content, which
reached plateau at 1 ug/mL of CyB and 4 ug/mL of
Col, respectively (data not shown). Thus, in fu-
ture we used 400 ng/mL concentrations of either
CyB and Col, which are placed on linear plots of
corresponding dose-dependency curves. In NDs’
neutrophils Col incubated for 1-10 min caused
liner increase of cellular F-actin content (Figure
5). This linear time-dependent pattern of cellular
F-actin dynamics in ND is still evident even in the
presence of fMLP. In contrast to ND, FMF patients’
neutrophils F-actin dynamics in the presence of
Col had undulating shape (with 291.5 +28.4 MCN
amplitude and 6.67 + 0.02 min of period), in the
same undulating shape there was registered the
presence of fMLP with increase of the amplitude
(1382 = 129.3 MCN) and decrease of the period
(4.73 £ 0.13 min) of F-actin oscillations. Thus,
neutrophil microtubule-dissolution by Col in FMF
patients does not change the period of fMLP-
induced F-actin oscillation (4.73 + 0.13 min versus
4.64 £ 0.11 min in the absence of Col, respectively).
However, neutrophil F-actin dynamics in the pres-
ence of cytoskeleton-disrupting agent CyB re-
vealed oscillation behavior both in FMF patients
and NDs. The amplitude and frequency of cellular
F-actin oscillation in the presence of CyB were
found to be significantly higher in ND (P=0.02)
than in FMF patients (526 + 32 MCN and period
of 3.81 £ 0.01 min versus 149 = 30 MCN and 6.83
+ 0.04 min, respectively), whereas no difference
was observed in fMLP-induced F-actin oscilla-
tions (Figure 5).

DISCUSSION

In the innate immune system the cellular adap-
tation regulates neutrophil chemotaxis and macro-
phage activation by endotoxins, which could play
a pivotal role in FMF pathogenesis. The chemoat-
tractants (formylated peptides, interleukin-8, C5a
and platelet activating factor) that bind and acti-
vate specific receptors belong to a family of G-
protein coupled receptors, leading up to directed
migration, granule mobilization and activation of
the neutrophil NADPH-oxidase [Ye R., Boulay F,,
1997]. The chemotactic behavior of these cells is
of great importance not only for outcomes of the
continuously ongoing combat with invading
pathogens, but also for the tissue damage, associ-
ated with activation of neutrophils during inflam-
matory disorders [Werner E., 2004]. The resolu-
tion of inflammation can now be regarded as an
integral component of the neutrophil activation
negative regulation programs [Han J., Ulevitch
R., 2005]. The best-known example of this is the
phenomenon known as neutrophil chemoattrac-
tant receptors desensitization [4li H. et al., 1999].
When neutrophils encounter increasing concen-
tration of chemoattractant, they gradually become
nonresponsive to further stimulation by the same
agent. Thus, the induction of homologous desen-
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Figure 5. Different pattern of Col- and CyB-induced
F-actin oscillations in FMF and ND. Neutrophils from
ND (n=15) and FMF (n=28) in 100 uL of whole blood
incubated for 1-10 minutes either with 400 ng/mL Col or
CyB in the presence or absence of fMLP. The reaction
stopped at the appropriate time and intracellular F-actin
dynamics was measured as described in Patients and
Methods. Oscillation curves were generated from calcu-
lated mean values +SEM data for F-actin content using
the equations (1) and (2).
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sitization is important to limit or terminate the re-
sponse to higher concentrations of an attractant,
avoiding prolonged activation and thereby a con-
tinuation of an inflammatory event [Fu H. et al.,
2006] and might be the potential pathogenic mech-
anism causing FMF febrile episodes and resolu-
tion of inflammation. The gene responsible for
FMF, MEFYV is expressed almost exclusively in
neutrophils and cytokine-activated monocytes but
not in serous tissues [French FMF Consortium,
1997: Centola et al., 2000, International FMF
Consortium, 1997]. This finding was unexpected
and opened new questions as to the involvement
of the affected serous tissues during FMF. Name-
ly, what is the relationship between the mutant
MEFYV expression in neutrophils and the serous
membrane inflammation or selective susceptibility
of FMF patients to Col? The finding that MEFV-
encoded protein, pyrin, associates with microtu-
bules and colocalizes with actin filaments [Mans-
field E. et al., 2001] has important implications for
understanding the role of pyrin in regulation of
chemotactic behavior of neutrophils during FMF.
Since actin has a central role in biological motility
as an essential constituent of cytoskeleton and a
partner of intracellular signaling pathways associ-
ated with chemoattractant-receptor activation
[Fu H. et al., 2006], we investigated neutrophil
F-actin oscillations and actin cytoskeleton dynam-
ics during neutrophils activation-deactivation pro-
gram shift in FMF patients. We found that F-actin
content in unstimulated neutrophils was increased
in FMF patients, thus suggesting the persistence
of activation neutrophils associated with sub-clin-
ical inflammation during the attack-free period of
the disease. The importance of the actin cytoskel-
eton for regulation of neutrophil locomotion and
phagocytosis [Fu H. et al., 2006] is supported by
the facts that in FMF patients increased neutro-
phils phagocytosis [Avetisyan S. et al., 2005] and
respiratory burst [Davtyan T. et al., 2005] are ob-
served in parallel with enhanced neutrophil actin
polymerization. However, unlike in NDs, Col sig-
nificantly reduces neutrophils’ F-actin content in
FMF patients in conditions that previously have
been shown to inhibit neutrophils phagocytosis
[Avetisyan S.. et al., 2005], protein kinase-C-,
and phagocytosis-dependent respiratory burst

[Hakobyan V. et al., 2005] and surface expression
of integrins [Davtyan T. et al., 2006 a, b]. During
FMF, FMLP-stimulation of both untreated and
Col-pretreated neutrophils was characterized by
different patterns of F-actin dynamics and delayed
time period of F-actin oscillation. Furthermore,
we found that delayed F-actin oscillation period
in FMF contributes to the impairment of chemoat-
tractant receptor desensitization in neutrophils
during repeated fMLP action, demonstrating that
neutrophils from FMF patients fail to induce che-
moattractant receptor desensitization, while in
ND it occurred with significant reduction of F-ac-
tin oscillation amplitude and period. This finding
together with our recent observation that mono-
cytes from attack-free FMF patients failed to in-
duce endotoxin homologous and heterologous
tolerance [Davtyan T. et al., 2006 a, b] supports
the idea that MEFV mutations may cause dissolu-
tion of cellular adaptation to environmental stim-
uli. Innate immune cells capable of adapting their
responsiveness are concerned with rapid changes
in concentration of extracellular ligands and use
the steady state level to generate appropriate neg-
ative feedback that effectively shuts down cellu-
lar activation in the absence of change. Delay in
generation of such a feedback, which is evident
during FMF [Davtyan T. et al., 2006 a, b]., Davty-
an T. et al., 2008 a, b], extends the duration of
response, thereby allowing the cellular response
states over a broad range of ligand concentration.
For instance, in every individual the serosal tis-
sues are repeatedly exposed to various non-signif-
icant physical stimuli, which initiate a cascade of
cytokine excretion and recruits neutrophils for the
potential inflammatory process in serosal tissues.
In NDs the signals received by neutrophils do not
enhance migration of these cells due to their de-
pression by generation of the appropriate nega-
tive feedback. In FMF patients, when pyrin or its
functions are lacking such signals cause an effec-
tive migration of neutrophils to the affected se-
rous tissues leading to a full-blown attack [Ben-
Chetrit E., Levy M., 2001].

In an attempt to understand the mechanisms
resulting in delay of F-actin oscillation time period
and impaired chemoattractant receptor desensiti-
zation during FMF we used pharmacological
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approach to study F-actin dynamics in neutrophils
stimulated by different agents. We found that neu-
trophil F-actin dynamics in FMF patients is char-
acterized by oscillations with different amplitude
and periods in the presence of all stimulators used,
whereas in NDs’ activated neutrophils F-actin dy-
namics has an undulating shape in the presence of
fMLP only and has linear time-dependence in the
presence of LPS and PMA. The oscillation shape
of F-actin dynamics in FMF patients neutrophils
stimulated by LPS could be associated with the
enhanced endotoxin susceptibility of neutrophils
during FMF due to increased surface retention of
CD11b receptors [Davtyan T. et al., 2008 a,b].
Rapid activation of CD11b/CD18 function and its
subsequent down-regulation in neutrophils regu-
lated by means of bi-directional signaling between
integrins and actin cytoskeleton [Schoenwaelder
S., Burridge K., 1999, Anderson S. et al., 2000)].
Both neutrophil actin polymerization and CD11b
down-regulation during stimulation with LPS are
impaired in FMF futher suggesting that MEFV
mutations may cause dissolution of cellular adap-
tation to endotoxins. Similarly, different pattern
responses of cellular F-actin in the presence of
PMA (a protein kinase C activator, which bypass-
es the receptor activation level) during FMF may
be associated with the increased oxidative re-
sponse [Davtyan T. et al., 2005], which have been
shown unaffected by the presence of cytochala-
sins [Fu H. et al., 2006].

It has been shown that neutrophils desensitiza-
tion is induced by actin-dependent/-driven segre-
gation of active ligand-receptor complex from
amplifying G proteins. Desensitized/deactivated
neutrophils can be reactivated to produce pro-in-
flammatory factors by the secondary addition of
cytoskeleton-disrupting agent such as CyB
[Bylund J. et al., 2003; 2004]. Short term treat-

ment of neutrophils by CyB caused distinctive
pattern of cellular F-actin oscillations in FMF pa-
tients and NDs. The amplitude and frequency of
F-actin oscillation in the presence of CyB were
found to be significantly higher in NDs, than in
FMF patients further supporting the notion that
desensitization relies on an intact actin cytoskel-
eton. Although, no difference was observed in
fMLP-induced F-actin oscillations in the presence
of CyB, microtubule-dissolution by Col caused
unequal pattern of neutrophils F-actin oscillations
in FMF patients and NDs. In NDs F-actin dynam-
ics has an undulating shape in activated neutro-
phils pretreated with Col for a relatively long
(Figure 3), but not for short time (Figure 5). Col
not only disrupted microtubular structure, but also
caused increased F-actin content and the charac-
teristic cellular viscosity suggesting that actin fila-
ments but not microtubules are the primary struc-
tural determinants of neutrophil mechanical prop-
erties [Tsai M. et al., 1998]. Therefore, we pro-
posed that association of MEFV-encoded protein,
pyrin, with microtubules and actin filaments may
have contributed to different mechanical proper-
ties, actin cytoskeleton dynamics and activation-
dependent chemotactic behavior of neutrophils
during FMF.

About 65% of FMF patients respond to Col
with complete remission and 20-30% experience
significant improvement with reduction in the
number and severity of the attacks [Ben-Chetrit
E., Levy M., 2001], however, causes of Col non-
responsiveness in remaining 5-10% FMF patients
are still unknown. In conclusion, we suggest that
in future determination of neutrophil F-actin os-
cillation by a simple whole blood based method
described here could serve as an excellent tool for
prediction of Col responsiveness during FMF
treatment.
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