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Mutations in MEFV cause alterations in neutrophil
F-actin and phagocytosis dynamics
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Aim. To examine neutrophil F-actin, phagocytosis and macropinocytosis dymanics in patients with Familial
Mediterranean Fever (FMF), in an effort to understand the mechanisms that regulate switch of neutrophil ac-
tivation program. Methods. Whole blood neutrophils obtained from 37 attack-free FMF patients and 20 nor-
mal donors (ND) were activated with N-formyl-Met-Leu-Phe (fMLP), phorbolmyristate acetate (PMA) or lipo-
polysaccharide (LPS) and cellular F-actin content, phagocytosis and macropinocytosis determined by flow
cytometry. F-actin oscillation amplitude and period were calculated from the curves generated by mathematical
simulation giving the assumption that in neutrophil F-actin oscillates about a fixed point in a harmonic motion.
Results. Unstimulated neutrophil F-actin content was markedly increased in FMF patients. fMLP- but not PMA-
or LPS-stimulated and Col-pretreated neutrophils where characterized by different pattern of F-actin dynamics
and delayed time period of F-actin oscillation during FMF. Neutrophils from FMF patients failed to induce
chemoattractant receptor desensitization during repeated action of fMLP, while in ND it occurred with signifi-
cant reduction of F-actin oscillation amplitude and period. In FMF patients we observed significant enhan-
cement of phagocytosis but not macropinocytosis amplitude and frequency. Conclusions. Impaired neutrophil
F-actin, phagocytosis and macropinocytosis oscillations amplitude and frequency that tightly regulate switch of
neutrophil activation program during its encounter with increasing concentration of chemoattractants may be a
potential pathogenic mechanism causing aberrant resolution of inflammation during FMF.

Keywords: familial Mediterranean fever, neutrophil, F-actin, phagocytosis, macropinocytosis, N-formyl-Met-
Leu-Phe, phorbolmyristate acetate.

Introduction. The discovery of mutations in the MEFV
(for MEditerranean FeVer) locus has changed considerab-
ly the understanding of the most common auto-inflam-
matory disease Familial Mediterranean Fever (FMF).
This gene encodes a protein called pyrin, expressed pri-
marily on the innate immune system cells, including
neutrophils, and cytokine-activated monocytes [1]. While
it is known that pyrin interacts with five cellular proteins:
PSTPIP1 [2], 14-3-3 [3], Caspase-1 [4], ASC [5], and
Siva [6], the exact function of pyrin in cell and the me-
chanism underlying the pathological effect of pyrin muta-
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tions are yet to be revealed. In transfected cells pyrin was
observed to co-localize with actin in lamellar structures
and in supranuclear ruffles, but not with stress fibers [7].
Since, actin plays a central role in biological motility as an
essential constituent of cytoskeleton and a partner of in-
tracellular signaling pathways associated with chemoat-
tractant-receptor activation, here we investigated neutro-
phil F-actin, phagocytosis and macropinocytosis dyna-
mics during neutrophil chemoattractant-dependent acti-
vation in FMF patients carrying homozygous or compo-
und heterozygous mutations in the MEFV locus.
Materials and methods. Peripheral blood samples
were obtained from 37 attack-free FMF patients, diag-
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Fig. 1. A —neutrophil F-actin content is increases in patients with FMF. Untreated
and Col (10 pg/ml for 2 h) pretreated whole blood samples from ND and FMF pati-
ents were intracellulary stained for F-actin and FSC-SSC and CD11b + gated neutro-
phils were assayed by flow cytometry and expressed as a mean channel number
(MCN). All data represent means + SD (error bars) and are significantly different at
Py=0.05 (*), comparing FMF with ND; B, C — different pattern of fMLP-activated
neutrophil F-actin dynamics in FMF and ND. Untreated and Col pretreated whole
blood samples from ND and FMF were incubated in the presence of fMLP for 1-10
min as indicated and F-actin content of FSC-SSC and CD11b + gated neutrophils
were assayed by flow cytometry and expressed as MCN. Oscillation curves (upper
boxed graphs) were generated from calculated mean values = SD 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. All data represent means + SD (error bars)
and are significantly different at P, or P, < 0.05 (*), < 0.005 (**), and < 0.0005 (***),
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nosed according to the Tel-Hasomer criteria [8] and 20
sex- and age-matched normal donors (ND). MEFV
mutations in exon 10 were identified in all patients (18
patients were homozygous for the M694 ) mutation, 19
remaining patients were compound heterozygous for
the M694V and one of the V7264, M6801, E148Q,
R761H and F479L mutations). The quantitative flow
cytometry determination of intracellular F-actin con-
tent was performed [9]. Whole blood samples were in-
cubated with 20 ng/ml phorbol-12-myristate-13-aceta-
te (PMA) or 10”7 M N-formyl-Met-Leu-Phe (fMLP) or
1 pg/ml lipopolysaccharide (LPS) from Escherichia co-
/i 026:B6 or 0.1-10 pg/ml colchicine (Col) for 1—
10 min. Phagocytosis assay was performed using latex
beads and dextran-FITC. Oscillation time-response cur-
ves were generated from calculated mean values + SD
data for F-actin content using the equation (1):
Y=B+A-sin(F-t+ P), (D)
where Y represents a relative F-actin content, expressed
as a mean channel number — MCN; B is a base line; 4 is
an amplitude; F is a frequency and P is a phase shift of
oscillation and ¢ is time in min. 4 and F values were
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calculated using Graph Pad Prism v4.01 software and
periods of oscillations (7) were calculated by equation
(2) giving assumption that F-actin oscillates about a
fixed point in a harmonic motion [10]:

T= 2n/F. 2)

Results and discussion. Unstimulated neutrophils
F-actin content in FMF patients was significantly hi-
gher (P, <0.01) than in ND (Fig. 1, 4). Pretreatment of
whole blood with 10 pg/ml Col for 2 h increased neu-
trophil F-actin content in both FMF (P,, < 0.007) and
ND (P, < 0.0001). However, Col-pretreated neutro-
phils F-actin content in FMF patients was found to be
significantly lower (P, £ 0.02) than in ND (Fig. 1, 4).
The existence of several shifted maximums in F-actin
dynamics of ND and FMF patient’s activated neutro-
phils led us to test if this is due to different pattern of ac-
tin cytoskeleton polymerization and depolymerization
regular cycles. fMLP-induced neutrophil F-actin oscil-
lation showed differences in baseline, but not in ampli-
tude and frequency of F-sactin oscillations (Fig. 1, B,
(). The period of fMLP-induced neutrophil F-actin
oscillation, for FMF patients was 4.08 + 0.46 min and

355



DAVTYANT. K., AVETISYAN S. A, HAKOBYAN G. S.

7000
6000
5000
4000
3000
6000 - 2000
5000
S
= 4000 /%
= *
g 3000
<
2000 !
T T T T T
0 2 4 6 8 10
Time, min
6000
5000
6000 4000
3000 1
2000
= 9000 4 02 46 8 10
§ Time, min
=
S 4000 A
$
<3
3000 - N - /MLP
i + MLP
2000 T T T T T T
0 2 4 6 8 10
Time, min

Fig. 2. Neutrophil F-actin dynamics in the presence of double doses of
chemoattractant. Neutrophils from ND (4) and FMF (B) in 100 pl of
whole blood were incubated for 10 min with (+) or without (—) fMLP and
then equal concentration of these chemoattractant added to blood
samples and incubated for additional 1-10 min. The reaction is stopped
at the appropriate time and the intracellular F-actin content is measured
as described in Materials and methods. Oscillation curves (upper boxed
graphs) were generated using the equations (1) and (2). All data repre-
sent means = SD (error bars) and are significantly different at P or P, <
0.05 (*), comparing with single and double fMLP-treated neutrophils

4.09 £0.18 min for ND. As we expected, the period of
F-actin oscillation in Col-pretreated neutrophil, activa-
ted by fMLP increased to 1.31 min in FMF patients
(5.39+0.13)and to 1.1 min in ND (5.19 £0.21). Thus,
fMLP-stimulated and Col-pretreated neutrophils were
characterized by different pattern of F-actin dynamics
and delayed shift of maximums during FMF.

We found that fMLP-, LPS- or PMA-stimulated
neutrophil F-actin dynamics in FMF patients is charac-
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terized by oscillations with different amplitude and pe-
riods, whereas in ND’s activated neutrophil F-actin dy-
namics has an undulating shape in the presence of fMLP
only. Next, we analyzed how delayed F-actin oscilla-
tion period in FMF could contribute to altered F-actin
dynamics during repeated fMLP action. We incubated
ND’s and FMF patient’s whole blood neutrophils with
fMLP for 10 min, then added equal amount of fMLP
for 1-10 min and assayed the cellular F-actin content.
We observed that repeated action of fMLP in ND (Fig.
2, A) induced significant reduction in both overall F-
actin content and cellular F-actin oscillation amplitude
(1751 £ 166 in single dose fMLP treated cells versus
725 £ 120 MCN in double fMLP treated cells, P, =
= 0.03). In contrast to ND, FMF patients’ neutrophils
failed to induce reduced F-actin dynamics during re-
peated action of fMLP (Fig. 2, B). Indeed, neither F-
actin oscillation amplitude (1298 + 104 in single dose
fMLP 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 patient’s neutrophils in the presence of single or
double doses of fMLP.

The period of unstimulated neutrophil phagocy-
tosis oscillation for FMF patients was 3.65 £ 0.03 min
and 6.06 £ 0.12 min for ND (P, = 0.02) with enhanced
amplitude (274.9 £37 MCN versus 68.7 £ 19 MCN in
ND, P, = 0.04) and frequency of phagocytic uptake of
latex beads. However, fMLP-stimulated neutrophil pha-
gocytosis dynamics revealed oscillation behavior in
FMF patients with two-fold increase in the period of la-
tex beads phagocytic uptake (6.03 £0.05 min) and line-
ar time-dependence in ND’s. Unstimulated neutrophil
macropinocytosis dynamics revealed oscillation beha-
vior in ND’s with the period of FITC-dextran uptake
7.21 + 0.16 min, whereas the linear time-dependence
was observed for FMF patients. The period of fMLP-
stimulated neutrophil macropinocytosis oscillation for
FMF patients was found to be 4.78 £ 0.03 min and
6.4 £0.01 min for ND (P, = 0.04). Thus, the period of
fMLP-stimulated neutrophil macropinocytosis oscilla-
tion in FMF patients was found to be much closer to
the period of fMLP-stimulated F-actin oscillation
(4.73 £0.13 min for F-actin and 4.78 £ 0.03 min for
FITC-dextran uptake) compared with two-fold increa-
se in the period of FITC-dextran uptake in ND (3.58 £
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1+ 0.17 min for F-actin and 6.49 +0.01 min for FITC-
dextran uptake).

There are a number of unexpected findings descri-
bed in this study. The first unexpected finding is the
increasing of overall F-actin content in unstimulated
neutrophils in FMF patients. Second, we found that
repeated action of fMLP in ND induced significant re-
duction of both overall F-actin content and cellular F-
actin oscillation amplitude, which paralleled with doub-
le increasing of neutrophil F-actin oscillation period.
The resolution of inflammation can now be regarded as
an integral component of the neutrophil activation nega-
tive regulation programs [11]. The best known examp-
le is the phenomenon, known as neutrophil chemoat-
tractant receptors desensitization. When neutrophils en-
counter increasing concentration of chemoattractant,
they gradually become nonresponsive to further stimu-
lation by the same agent. In contrast to ND, FMF pa-
tients’ neutrophils failed to induce reduced F-actin dy-
namics during repeated action of fMLP, suggesting
that neutrophils from FMF patients fail to induce che-
moattractant receptor desensitization. In conclusion we
suggested that mutant MEFV-encoded pyrin may con-
tribute to the decreasing of plasticity of cellular cyto-
skeleton and neutrophils failed to induce reduced F-ac-
tin or phagocytosis dynamics during repeated action of
different chemoattractant or particles.

T. K. Jasmsn, C. A. Asemucsan, I'. C. Axonsan

Myrtauii B reni MEFV cnpyu4MHSAIOTH NOpYyLIEHHs Y BMicTi F-aktuny

HelTpodiniB Ta AuHaMiLi (aronuTosy

Pesrome

Mema. Buguernns OuHamixu 6HympiuiHbOKIImuHHo20 eémicmy F-axmu-
HY, hacoyumo3sy i MaKpoOniHOYumo3sy Hellmpoqinie y X6opux Ha cimeli-
Hy cepedsemHomopcoky auxomanky (CCJI) Onst 6usHayeHHs MOJEKy-
JISAPHO-KIMUHHUX MeXaHU3Mi6 nepioouynoi akmusayii. Memoou. Heii-
mpoginu yinvroi kposi 37 xeopux na CCJI noza nanadom i 20 Hop-
ManeHux 0oHopie (H/) akmusyeanu xemoampaxmanmuum nenmuoom
N-popmin-Mem-Jleii-Den (MLP), ghopoormipucmamayemamom (PMA)
abo ninonicaxapuoom (LPS). Bumicm xnimunnoco F-akmuny, gazoyu-
mo3 i MAKPONIHOYUMO3 BUSHAUATU MEMOOOM NPOMOYHOI Yyumod.yo-
pumempii. Amnaimyoy i nepioo ocyunayii F-axmuny eupaxogysaiu 3
KPUBUX, OMPUMAHUX MEMOOOM MAMEMAMUYHOI 06poOKU OaHux, i3 00-
nywjeHHAM, wo F-axmun ocyunioe 2apmMoHitiHumMu KOIUBAHHAMU HAB-
Koo @ikcosanoi mouxu. Pesynomamu. Buicm F-akmuny y necmumy-
bOBAHUX HEUMPOGInax euseuecs 00CMOBIPHO BUWUM Y XBOPUX HA
CCJIL. fMLP-, ane ne PMA- abo LPS-cmumynvogaHri i nonepeonvo oo-
PpOObNeHi KOIXIYUHOM Hellmpo@inu Xapakmepusysanucs pisHuMu Ou-
HaMiYHUMU 3MIHAMu y emicmi F-akmuHy 3 no008acenum nepiooom uo-
20 ocyunayii npu CCJI. 3a noemopnoi 0ii fMLP nelimpoghinu xeopux

na CCJI ne iHOyKy8anu OeceHcUbIini3ayito XeMoampaKmaHmHux pe-
yenmopie, oonax y HJ{ Oecencubinizayis poseusanacs i3 3HAYHUM
3MEHUEeHHAM amMnaimyou i nepiody ocyunayii Kiimunnozo F-axmuny.
V x6opux na CCJI susaeneno icmomue 3pocmanHs amnaimyou i nepio-
0y ocyunsayii pacoyumapHoi akmusHocmi, ane He MAKpORIHOYUMO3Y
netimpoginie. Bucnoexu. I[lopyuienns Ounamivnux 3smin pazoyumosy,
MAKpONiHOYumo3y i yumockenema, siKi pe2ynoions npozpamu aKmu-
sayil i dezaxmueayii Heumpoinie 3a ymoe besnepepsroi dii xemoam-
pakmanmie, mooice Oymu nOMeHyiliHUM NAmo2eHemudHUM Mexanis-
Mom abepanmHoi pezonoyii 3ananenns npu CCJL

Knouoei cnosa: cimeiina ceped3eMHOMOPCbKA TUXOMAHKA, Hel-
mpogin, F-akmun, gpacoyumos, maxponinoyumo3s, N-gopmin-Mem-
Jleti-®en, ¢popbormipucmamayemam.

T. K. Jlasmsan, C. A. Asemucan, I'. C. Axonsau

Myrtanuu B rene MEFV npuBOASAT K HAPYIICHUIO COAEPKAHUS

F-aktuna HEUTPODHUIOB U TUHAMUKH (HaromuTo3a

Pestome

Lens. H3yuenue ounamuxu Hympuxiemouno2o cooepoicanus F-ax-
muna, azoyumosa u MaKponuHOYUmMo3a Heumpoghuios y 60abHbIxX
cemeliHol cpedusemHomopckou auxopaokou (CCJI) ona evisicHeHus
MONEKYIAPHO-KNEMOYHBIX MEXAHUIMO8 NePUOOUUECKOU AKMUBAYUU.
Memoowlr. Hetimpoguinvl yenvhoti kposu 37 6onvnvix CCJI ene npu-
cmyna u 20 Hopmanshsix 00Hopos (H/]) akmusuposaiu xemoammpak-
manmueim nenmudom N-gopmun-Mem-Jleii-®Pen (fMLP), opbon-
mupucmamayemamom (PMA) uiu aunonucaxapudom (LPS). Cooep-
orcanue kremounozo F-akmuna, ¢hacoyumos u makponunoyumos on-
peoesiiu MemoooM NPOMoYHoU yumodgayopumempuu. Amnaumyoy u
nepuoo ocyurnayuy F-akmuna 6bl4ucisaniu u3 Kpugblx, NopyYeHHbIX
MemoOoM Mamemamuyeckoi 0opabomku OaHHbIX, ¢ OONYUjeHUeM,
umo F-axmun ocyuniupyem 2apMOHUYHBIMU KOACOAHUAMU BOKPY2S
Qurcuposannoii mouxu. Pesynomamur. Codepoicanue F-axmuna 6 He-
CIMUMYUPOBAHHBIX HEUMPOPULAX OKA3AIOCH OOCMOBEPHO 6bllle )
oonvnvix CCJI. fMLP-, no ne PMA- unu LPS-cmumynuposannvie u
npeosapumeinbHo 00pabomaHHvle KOIXUYUHOM HelUmpo@uivl Xapak-
Mepu308aIUCy PAZHBIMU OUHAMUYECKUMU USMEHEHUAMU 8 cOOepiicd-
Huu F-akmuna ¢ yonunennvim nepuodom e2o ocyunnayuu npu CCJIL.
Ipu nosmopnom soszoeiicmeuu fMLP neiimpoghunvt 6onvnvix CCJI ne
UHOYYUPOBATU 0eCeHCUDUNUZAYUIO XEMOAMMPAKMAHMHBIX Peyenmo-
pos, oonaxo y HJJ 0ecencubunuzayus pazeueandcs co 3Ha4umenbHuim
YMeHbuleHUeM AMIIUMYObl U NepUooa OCYULTAYUYU K1emounozo F-ax-
muna. Y oonenvix CCJI gvisieneno cyuwjecmeennoe ygeauienue amniu-
myovl U nepuooa OCYUIIAYUU HazoyumapHol aKmueHOCMU, HO He
MaxkponuHoyumosa weumpogunos. Bereoowl. Hapywenue ounamuuec-
KUX UsMeHeHutl hacoyumosa, MaKponuHoyumo3da u yumockeiema, pe-
2YIUPYIOWUX NPOSPAMMbL AKMUBAYUY U Oe3AKMUBAYUU HeUMPOPUL08
8 YCIOBUAX HENPEPLIBHO20 B030€liCMBUs. XeMOAMmMPAKMAaHmos, Mo-
Jrcem Ovblmb NOMEHYUATbHLIM NATNOLEHeMUYECKUM MEXAHU3MOM abep-
paumnoti pesontoyuu eocnanerus npu CCJI.

Kntoueswie crosa: cemelinas cpeousuMHOMOPCKAsL TUXOPAOKA, Hell-
mpocghun, F-axmun, pazoyumo3s, maxponunoyumos, N-popmun-Mem-
Jleti-®en, gopbormupucmamayemam.

REFERENCES

1. Centola M., Wood G., Frucht D. M., Galon J., Aringer M.,
Farrell C., Kingma D. W., Horwitz M. E., Mansfield E., Holland
S. M., O’Shea J. J., Rosenberg H. F., Malech H. L., Kastner D.
L. The gene for familial Mediterranean fever, MEFV, is expres-

357



DAVTYANT. K., AVETISYAN S. A, HAKOBYAN G. S.

sed in early leukocyte development and is regulated in response
to inflammatory mediators // Blood.—2000.-95, N 10.—P. 3223—
3231.

. Shoham N. G., Centola M., Mansfield E., Hull K. M., Wood G.,

Wise C. A., Kastner D. L. Pyrin binds the PSTPIP1/CD2BP1 pro-
tein, defining familial Mediterranean fever and PAPA syndro-
me as disorders in the same pathway // Proc. Natl. Acad. Sci.
USA.-2003.-100, N 23.—P. 13501-13506.

3.Jerul, Papin S., L hoste S., Duquesnoy P., Cazeneuve C., Camo-

358

nis J., Amselem S. Interaction of pyrin with 14.3.3 in an iso-
form-specific and phosphorylation-dependent manner regulates
its translocation to the nucleus // Arthritis Rheum.—2005.-52,
N 6.-P. 1848-1857.

. Chae J. J., Wood G., Masters S. L., Richard K., Park G., Smith

B. J., Kastner D. L. The B30.2 domain of pyrin, the familial Me-
diterranean fever protein, interacts directly with caspase-1 to mo-
dulate IL-1beta production // Proc. Natl. Acad. Sci. USA.—
2006.-103, N 26.—P. 9982-9987.

. Richards N., Schaner P., Diaz A., Stuckey J., Shelden E., Wadh-

wa A., Gumucio D. L. Interaction between pyrin and the apopto-
tic speck protein (ASC) modulates ASC-induced apoptosis // J.
Biol. Chem.—2001.-276, N 42.—P. 39320-39329.

. Balci-Peynircioglu B., Waite A. L., Hu C., Richards N., Stau-

bach-Grosse A., Yilmaz E., Gumucio D. L. Pyrin, product of the

MEFV locus, interacts with the proapoptotic protein, Siva // J.
Cell Physiol.-2008.-216, N 3.-P. 595-602.

7. Mansfield E., Chae J. J., Komarow H. D., Brotz T. M., Frucht D.

M., Aksentijevich I., Kastner D. L. The familial Mediterranean
fever protein, pyrin, associates with microtubules and colocali-
zes with actin filaments // Blood.—2001.-98, N 3 —P. 851-859.

. Livneh A., Langevitz P., Zemer D., Zaks N., Kees S., Lidar T.,

Migdal A., Padeh S., Pras M. Criteria for the diagnosis of famili-
al Mediterranean fever // Arthritis Rheum.—1997.—40, N 10.—
P. 1879-1885.

. Advani A., Marshall S. M., Thomas T. H. Increasing neutrophil

F-actin corrects CD11b exposure in Type 2 diabetes // Eur. J.
Clin. Invest.—2004.—34, N 5.—P. 358-364.

. Stark J., Chan C., George A. J. Oscillations in the immune sys-

tem // Immunol. Rev.—2007.-216.—P. 213-231.

.Ali H., Richardson R. M., Haribabu B., Snyderman R. Chemoat-

tractant receptor cross-desensitization // J. Biol. Chem.—1999.—
274, N 10.-P. 6027-6030.

UDC 612.017.1
Received 27.07.11



