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Abstract

Familial Mediterranean fever (FMF) is the most common autoinflammatory disease associated with mutations
in the MEFV gene encoding Pyrin. MEFV mutations are frequent in the Mediterranean region. Increased
resistance to an infection endemic to this area could have caused a selective advantage for individuals with
MEFV mutations. Recent studies have shown that Pyrin is a part of host defense against microorganisms and
it gets activated after sensing Rho GTPase inactivation by bacteria such as Clostridium difficile or Yersinia
pestis. However, Yersinia species have another effector molecule, YopM which inhibits Pyrin in addition to
RhoA modifiers YopE and YopT. Continuously overactive Pyrin in individuals with MEFV mutations could be a
good host defense against Yersinia infections. Y. pestis causes plague, which led to a devastating pandemic
in the Mediterranean basin. Thus, plague could be the infection which caused a selective biologic advantage
for MEFV mutation carriers in this area.
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Familial Mediterranean fever (FMF) is the most around 1/5 among Ashkenazi Jews, 1/5 among
common monogenic autoinflammatory disease Turks, and 1/7 among Armenians [5,6,7]. Although
characterized by recurrent attacks of fever and it is considered an autosomal recessive disease,
serosa inflammation [1,2]. It is associated with heterozygotes may also express the phenotype [4].
mutations in the MEFV gene, which encodes Pyrin The mainstay of FMF treatment is colchicine which
[BJMEFV mutations are frequent in the suppresses subclinical inflammation and prevents
Mediterranean basin [4]. The carrier frequency is attacks in most patients [1]. Anti-interleukin 1 drugs
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are used in colchicine-resistant or colchicine-
intolerant patients [1].

Evolution of the human genome has been affected
by infectious diseases. Especially infections that
cause epidemics/pandemics with high mortality
could have significant effects on genome evolution
through selective biologic advantage. Thus, it has
been an appealing hypothesis that increased
resistance to an infectious agent endemic to the
Mediterranean area caused a selective advantage
for MEFV heterozygotes. Previously, two alternative
hypotheses have been put forward as tuberculosis
and brucellosis being candidate infections that
might have caused the selection of individuals with
MEFV mutations in the Mediterranean basin [8,9].
Based on the epidemiologic data of lower mortality
from tuberculosis among Tunis Jews compared to
the French living in the same area, Cattan et al. [8]
hypothesized that lower severity of tuberculosis or
decreased mortality from tuberculosis might have
provided an advantage to MEFV carriers in the area.
In a study testing the hypothesis of tuberculosis
being the infection causing selection of MEFV
heterozygotes, Ozen et al. [10] demonstrated that
there was no statistically significant difference in
MEFV  variant carrier frequency between
tuberculosis patients and healthy controls.

Ross et al. [9] hypothesized that MEFV mutations
might have been protective against intracellular
microorganisms such as Brucella mellitensis since
these mutations cause a pro-inflammatory state
with high levels of interferon-gamma. Brucellosis is
still endemic in Middle East area because of the
reliance for meat and dairy products of goats and
ships which are the main reservoirs for the disease
[9]. This hypothesis has never been tested in a
case-control study comparing the frequency of
MEFV mutations between brucellosis patients and
healthy controls.

Itis not possible to disprove previous hypotheses on
tuberculosis and brucellosis. However, recent
advances in our understanding of FMF
pathogenesis, including Rho GTPases, Pyrin, and
pathogen interactions have paved the way for a new
hypothesis.

RhoA activates serine-threonine kinases PKN1 and
PKN2, which phosphorylates serine residues of
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human Pyrin at positions 208 and 242 [11].
Phosphopyrin binds to 14-3-3 proteins that inhibit
inflammasome activation [11]. Several
microorganisms such as Clostridium difficile,
Clostridium  botulinum,  and  Burkholderia
cenocepacia modify Rho GTPases in order to
disable host cell cytoskeletal organization and
associated host defense mechanisms such as
phagocytosis and leukocyte migration [11.12]. On
the other hand, as a counter-reaction from the host,
Pyrin senses Rho modification by microorganisms
and gets activated through the mechanism
mentioned above (lack of inhibition by RhoA).
However, some pathogens like Yersinia pestis and
Yersinia pseudotuberculosis are one step ahead
with their clever strategy.

While bacterial effectors of YopE and YopT of
Yersinia species modify and inactivate Rho
GTPases; Pyrin activation in response to RhoA
inactivation is counteracted by another effector of
Yersinia, YopM which causes inhibition of Pyrin
[13,14]. Knock-in mice studies strongly suggest that
MEFV mutations in FMF are “gain-of-function”
mutation causing an overactive Pyrin inducing
inflammasome formation and IL-1f production [15].
This continuously active Pyrin could be a good host
defense against bacteria like Yersinia pestis.
Yersinia pestis causes a flea-borne zoonosis called
plague [16]. It caused a devastating
pandemic,called the Justinian Plague, in 542 AD in
the Mediterranean basin, which is estimated to have
caused 100 million deaths [17]. Plague usually
starts with nonspecific symptoms similar to flulike
high fever and malaise [18]. It has different clinical
forms such as bubonic (with swelling in the regional
lymph nodes and dry, red, hot skin), pneumonic
(with severe cough and chest X-ray findings), and
septicemic (sudden high fever and chills) [18]. It
usually causes skin lesions in the form of carbuncles
(deep ulcers encased by dark scabs) [19].

Yersinia species have been evolved to overcome
host defense, including activated Pyrin
inflammasome in response to Rho inhibition. Also,
the human host might have been evolved to
counter-act by keeping the Pyrin inflammasome
overactive constantly, which is the case in MEFV
mutation carriers. Thus, plague could be a strong
candidate for an infection causing selective biologic
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advantage for MEFV mutation carriers in the
Mediterranean basin. This presented hypothesis
could be tested by checking MEFV mutations in
plague patients and healthy controls who live in the
same area. However, the significant difference of
MEFV mutation frequency could also appear
between severe plague cases and patients with
relatively milder infection.

It is important to emphasize two points. First, this
hypothesis does not mean that FMF patients (or
MEFV heterozygotes) are resistant to plague.
Second, itis not acceptable to delay FMF treatment
in areas where plague is endemic (such as areas in
Africa or Asia) considering that the subclinical
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this hypothesis could stimulate our thinking about
FMF pathogenesis with possible links to infections,
but it should not affect our clinical practice while
evaluating/treating FMF patients or patients with
plague.
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infection. In the modern era, we have effective

antibiotics for treating Y. pestis infections. However, DISCLAIMER

if left untreated, FMF could cause a significant No part of the review was copied from or published

complication, amyloidosis which is responsible for elsewhere.

long-term morbidity and mortality in FMF [2]. Thus,
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XepopTa TeHi3i anmarbiHaarbl MEFV MyTaumacbiHbIH TacbiMangaylwbiniapbiH TaHAayAafbl
obaHbIH rMnoTeTUKanbIK peni
Tyninpgeme
Otbacbinbik XepopTta TeHisdiHiH, 6Gesreri (FMF) - 6yn MEFV reHiHiH nupuHai KoOTanTbIH
MyTauusnapbiMeH BannaHbICTbl €H Ken TapanfaH ayTo-kabbiHy aypybl. MEFV myTauusacel XKepopTta
TEHi3i aimarbiHga xui kesgeceqi. Ocbl anMakTarbl 3HOEMUANbIK MHPEKUMSFa Kapcbl TYPaKTbINbIKTbIH,
xofapbinaybl MEFV myTauusacel 6ap agamgap ywiH TaHgaymbl apTbhiKWbIfblK 60ybl MYMKIH.
JKakblHOa KyprisinireH 3epTTeynep MNUPWHHIH MUKPOOPraHn3MaepAeH Kopfany Oeniri 6onbin
Tabbinagbl xeHe Clostridium difficile Hemece Yersinia pestis cusakTbl 6aktepuanapabiH, Rho GTPase
WMHaKTMBaUmAcbiHaH keniH 6enceHai 6onagpl. Ananga, Yersinia Typnepinge RhoAmodifiersYopE
XoaHe YopT-fa KocbiMLIa NUPUHAI TEXEWTIH Tafbl Bip adpdekTopnbl monekyna 6ap - YopM. MEFV
MyTauusicel 6ap agampapgarbl yHemi OarkanaTtblH wamagaH Tbhic 6enceHgi nupuH Yersinia
NMHeKUManapblHaH XaKcbl KOpFaHbIC 6omybl MyMKiH. Y. pestis XKepopTa TeH;j3i 6accenHiHae »XONKbIH
naHgemMunsra anbin  kenreH o6aHbl Tygblpywbl. Ocbinanwa, oba ockl anmakrarbl MEFV
MYTaUMACbIHbIH TacbiMangayLblinapsb! ywWiH TaHaamanbl 6UonNornsanbik apThIKWbINbIKTbl TyAblpaThiH
NHeKunsa 605ybl MyMKIH.
Tynin ce3spgep: OpTtanblk A3us, Takblpbin peTiHOe Mep3imai 6ackibiMaap, rMnortesa, 3epTTey
JN3anHbl
Doenekces vyuwiH: baty E. Xepopta TeHisi anmarbiHgarsl MEFV — myTaumsicbiHbIH
TacbiMangaylwbiniapblH TaHgaygafbl 06aHblH, rMnoTeTukanblk peni. MeguuuHanblk renotMsa MeH
aTukaHbliH  OpTa Asuanblk  XypHanel. — 2020. — Net (1). - bB. 55 - 59
https://doi.org/10.47316/cajmhe.2020.1.1.07

M'MnoTeTM4yeckasa ponb YyMbl B cenekuum Hocutenen mytauum MEFV B panoHe
CpeansemMHOMOpbA
Pe3tiome
CewmenHas cpegmsemHomopckas nuxopagka (CCJlT) asnseTtca Hanbonee pacnpoCcTpaHEHHbIM ayTo-
BOCnanuTenbHbiM 3aboneBaHneM, cBA3aHHbIM C MyTauuamu B reHe MEFV, kotopbin kogupyet
nupuH. MEFV MyTauuMmM 4acTto BCTpedvalTcsa B Cpeam3eMHOMOPCKOM pervoHe. [loBblleHHas
YCTOMYMBOCTb K 3aboneBaHuio, aHOAEMUYHOMY Ans 3To obnactu, morna 6bl CTaTb CENEKTUBHbBIM
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npenmyliectsom nogen ¢ mytaumamm MEFV. HegaBHue nccnepoBaHWs nokasanu, 4To MUPUH
ABNAETCHA YaCTbIO 3aLLUMThI XO39MHA OT MMKPOOPraHM3MOB 1 akTUBUPYyeTCs nocne nHaktmeaumm Rho
GTPase 6akrepusamu, Takumu kak Clostridium difficile unu Yersinia pestis. OgHako Yersinia species
nmeet Opyryto addeKkTopHyto Monekyny, YopM, kotopass MHrmbupyeT nuUpuvH B OOMOSIHEHME K
moandpmkaTtopam RhoA YopE n YopT. HenpepbIBHO CBEpXaKTUBHBIN NUPUH MOXKET ObiTb 3aLUTHBLIM
dakTopom nogen ¢ mytaumsamm MEFV xo3anHa oT MepCrHUO3HbIX MHPeKUuni. Y. pestis Bbi3biBaeT
4yymy, KOTOpasi NnpuBena K paspyLwmTrensHon naHgemum B 6acceviHe CpeguseMHOro Mopsi. Takum
obpaszom, Yyma morna 6bITb MHEKLMEN, KOTOpPAs cTana NPUYMHON CENEKTUBHOINO BGMONOrMYecKoro
npevmMyLlecTsa Hocutenen mytauum MEFV B aTon obnactu.

KnroueBble cnoBa: LleHTpanbHas Asusg, MNepuoguka kak Tema, 'mnotesa, AnsanH nccnegosaHus
Onsa umtnposaHusa: baty E. [MnoteTuyeckasn ponb 4Yymbl B cenekuumn Hocutenen mytaumm MEFV
B panoHe CpeamseMHoMopbs. LleHTpanbHoasnaTckui XypHan MeauumHCKUX rMnoTes N aTUKU. —
2020. — Ne1(1). — C. 55 - 59. https://doi.org/10.47316/cajmhe.2020.1.1.07
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