
COMPOSITION AND PROCESSES FOR USE IN AN ANTI-HIV 

TREATMENT 

Related applications 

The 	present 	Application 	relates 	to 	French 	Patent 

AppiAcatAbn 	No. 	FR 	00/00019 	filed 	on 	January 	3, 	2008. 

This 	Application 	also 	reiatbs 	to 	French 	Patent 

Application No. 	FR 06/06097 filed on July 5, 	2006 and its 

5 corresponding 	PCT 	Application 	filed 	on 	July 	5, 	2007 

entitled 	"Medicament 	destine an 	traitement 	dos 	maladies 

avec 	persistence 	et/ou 	accumulation 	de 	proteins 

prenylees" 	("Drug intended for the treatment of diseases 

with 	persistence 	and/or 	accumulation 	of 	prenylated 

10 proteinsff. 	The 	entire 	contents 	of 	each 	of 	the 	above- 

referenced Patent Applications are hereby incorporated by 

reference. 

Technical field 

The 	invention 	relates 	to 	an 	anti-HIV 	compositionand 

processes for treating an AIR-infected patient. 

20 

This 	invention 	is, 	for 	example, 	very 	useful 	in 	the 

treatment 	of 	side 	effects 	caused 	by 	certain 	anti-HIV 

treatments, 	for example premature aging and ffpodystrophy, 

which 	can 	bc 	caused 	by protease 	inhibitors 	or 	reverse- 

transorIptbse inhibitors. 

In 	the 	description 	belown 	the 	references 	between 

parentAeses 	(X) 	refer 	to 	the 	list 	of 	referonces 	at 	the 

end of 	the examples. 	The references 	between parentheses 

with 	the 	author's 	name 	and 	the 	date 	also 	/Ate/ 	to 	this  

list of references. 

Prior art 
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COMPOSITION AIID PROCESSES FOR USE IN AN ÀNTI-¡IIV

TREÀTMENl

Relat€d applications
'l'h.r: pj:esent AppIr(:i:Lr-or) rr-).1-¿Lq\s Lo lrÌ'crrclì ['i:LenL

ApPj!catÍon No. t-11 08/50019 f:]ed on .)artuzlry 3, 2008-
'l'hìs Apl)lr-câtion al.so reiaïe-.- to t'.r.-crìch :)al-er)L

¡ipÌ).1r c a U I c)rì No. fR 06,/0609? f rl.cd on July 5, 2CCC .rncl it:;
c<.:rr <:r;por:drrrg PCT App). rc¡r Lror, f ¡. ).cd c.rì "rnl y 5 , 200'l

er,l: ì 1; lcd "lrdédi.cameni de.s1:i ne .lu î. r-a l. t crn(: lì ì: dô¡; Inâ.1 aii es

avec !)el.Sr.stencc c-tlou accnmul.at ion r)e J:rot-eins
pr é t: yJ- cl c-:.s " ["Drug intendc¡d f.ôr L]ìo L.rc¿r[ìncrì[ oll d.tso¿¡.ses

v¡¡.th pe-rs': -stence and./or accumul.aEr an of t)r(-rnvleìed
protlcrns"l. ?ha crttrìrc con.LenLs of each of l:he abcvo-
¡<-:íercnct:d I>atent- Appltc.rL:r-ôr).s ¡rrê lì(:reby -ì tì c c)Ì-'pó r ¡r i- c)cl L)y

ì'e fe r:er)ce.

Tochnical field
the lnvencron rciates ta a)r anti-iliV compos.r.[..].on and

pÌ'oc(r.s.se¡i l'or t:re.r1--ir: g ¿rn IIIV-rnf ccted l)al ìent .

Í'h..r s j.nverrùion r.s, for exõmp.le, very ir.sel:r.il rrr. t¡re

tr eà Lrnôr, L ÒI side al f ccLs caLlsed by c eJ. I a J.)r ail t i..¡l IV

U):eatmeì11-.s, for exarnp.le preme.ture agj.oq and I ipÒdy.strophy,

r{l'¡r.ch c¡rrl Dö c¡ruscd by Irrötease ).nt)rbj.l-al:s or.' revcr::o-
1: r.) n s c ). .r pi a -s e .r.nhi bitor-..
In L Lrc cioscr .ipL i.or': bcìor¡, tlÌc L e f ercin( es betrcerr

¡r.l::<:ltthcses (X) tefer io i:he -l r.st: c¡!- ¡e¡! (-rr(-:r)(:(r:ì .)i; 1.1ìe

end oi' Llìc oxaml-'.1-o¡;. The- rcferenccs L.er (vc+cìn pa¡:enl-hescs

w.r1Ìì the al.rthor's nône ând L.hc d¿[:è ¿]:;<: tc-.:f ct t:Ò L:h.r.s

I ¡.:,i oL .r c-CoÌ clìc)es .

P.¡io.r azt
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The nucleus of eukaryctic cells as delimited by a porous 

ioubla 	membrane, 	the 	nuclear 	envelope, 	which 	controls 

molecular 	exchanges 	between 	the 	two 	nuclear 	and 

cytoplasmic 	compartments. 	This 	envelope 	partially 

5 isolates 	the 	contents 	of 	the 	nucleus, 	i.e. 	the 	cainetic 

material 	and 	all 	of 	the 	enzymatic machinery 	needed 	for 

the functions of the nuclear genome. 

The nuclear envelope consists of two concentric membranes, 

the 	outer 	membrane, 	continuous 	with 	the 	endoplasmic 

la reticulam, 	and the inner membrane. The latter is bordered 

on its inner face by a dense fibrillated mesh called the 

nuclear 	lamina. 	It 	is 	a 	protein 	network 	composed 

essentially of polymers of lamins and associated proteins. 

In 	the 	vertebrae, 	two 	subclasses 	of 	lamins 	are 

tlagniahed( 	lamins of type A 	(lamins A and C) 	and type 

B 	(lamins 	BI, 	132 	and 	53), 	all 	of 	which are 	involved 	in 

the 	development 	of 	the 	lamina. 	The 	latter 	ia 	held 	in 

place by the association with other proteins, 	attached to 

the inner membrane of the nuclear envelope 	(cf. Gramnbaum 

20 a 	al. 	2005 	(19)). 

Lamins 	are 	filament-shaped 	proteins 	belonging 	to 	the 

) 
family of 	intermediate 	filaments 	(type 	V), 	all 	of 	which 

have 	a 	common 	structure: 	a 	short 	globular 	N-terminal 

(head) 	segment separated from another globular C-terminal 

25 (tail) 	seament 	by 	a 	long 	central 	domain 	organized 	in 	a 

plurality 	of 	alpha 	helices 	)rod 	domain). 	The 	globular 

tail 	contains 	ia earl:ion:1dr a nuclear localization signal. 

(WES) 	enabling 	the 	addressing 	to 	the 	nucleus 	after 

synthesis. 	The central 	domain enables 	two parallel 	lamin 

30 molecules to be associated and organized in filaments by 

a 	"head-to-tail" 	association 	of 	dimera. 	This 	structure 

gives them very resistant mechanical properties. 

10

?.

?he nucLeus of eukaryoi:ic cclls .ìs dcli¡rii:c:d by a porou:;

ooub.le melnl>,l:arte, Ehe nuc:Ic.r.L eLrveJ o¡;e, \^rilicil conLróìs

:no.l-ecul-ar exchatrge-" between Llìe tl¡o :rticl.oat and

cyLoplasÌnrc con.Ðârïments. 'l'hr.s crLvcl.ope ¡:al-1--ial I y

:sol.rte.s l--l'.c conllcnLs of the nuclet:s. a.e - r:he gelìeLÍc

materiaÌ and al.l. Òl' -'lìè onzymàtic mach:r:ory nccdc'd for
the functions of the nl:clea:: qcnome.

Tiìc rìLrc.l-oaf cnvelo¡>e consisr.s of two concenLrlç rnelnb::;nes,

thc óuLcr rnelribtatie , continuau:; with Uhe enclopJ.asmlc

reticuJ.urn, and Ehe ¡.rtrler mctnb¡:ane. 'J'he LâL:tor is bordered

on j-ts inticr face by a dense librrl-Lated rnesh ca.l-Icd l:he

nucl-ear J-ant1)a . IL j-s a p::o l.c-:irr rtc t-r,,loJîI: cornposed

e.s-sentia).J.y oi poJ ymers of l-amrns ¿nd assoc;r¿Lcd prot-ciIls.

IÐ tl:o vê¡Lobr:ae, [\'ro .strl¡<:i¿tsscs of ] amrrts ete

cl.r st.ì ngur.shed: Iañrns óf t-ype /r (ìamrr).s A ând C) anc! type

B (lamins Bl, BZ and Ii3) / ai-l- of wlrrch are ìtrvo).vc'>d rn

thc dove)-optncnt of Uhe lam.i¡a. Tho l-atte;t r.s h.eld in
place by the a.s.socraLron w)-th othe), Protèins, ättached to
tl)e inner memb¡:ane of the nucLc¿rr enveJ.ope (cf . Gruenbaunt

e ¿i-. 200i (19)).
Lamjns are f r.ì. ame n t - sh ape ci p.touejns beìonging tlo uhê

lzrnriJ-y ol rnLcrmedraie filamerrts (type V) , õli of wir.rch

have a ccrrmo)l strucl..ilro: a sharu qlcbul.ar N-t-ernlilìal-

(l:cad) sagnrérìt scPa.tôLed llrorn anoL:her gicbuJar C-ì:erminal
(tail.) segrment by a ìon9 contJîaI dom.r.r r: orgitnized rtr a

plural-ruy oI a)pha irel.r-ce.s (::c.¡d cJor¡la jlr) . '[he çIot:r.rìa::

;ai I contain.s ì:r na r1: .t ¿:tt I ¿r t' a nltclear l.c;r:¿rj j.z-.1[ioLr .sì.gliaJ.

(N¿5) anirbl.:-ng Lhe addre.s.salìg Lo t-he nucleus al'l-er

synUhe-eis. The c:enl-r¿ì do:ttairr etrable.s L:wo parallel Lamin

ntol.ccul-cs io bc assc<'ral-ed ancì orgitn.:.2-ecl in il:J.anonl'.s by

a "heõd-to-ì.ril" ¿s.socróLton of d:.mc;rs. 'flll.s stJ.tlcture
gr-ves tl)cm r.'e ty r.'c-si.stõ)lt nech¡ìnical p::c.pe rt.r. e.5 .

1r;
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Only 	lamin 	A 	and 	1w:1:ins 	B 	undergo maturation 	after 	the 

synthesis of a precuicor 	(cf. 	Gruenbaum a al- 	2000 	(20)). 

Lamin C is directly synthesized in its mature form. 

The precursor of lamin A and lamins B is terminated by a 

5 characteristic CaaX motif 	(C is a cysteine, 	a is an amino 

acid with an uncharged aliphatic chain and X is any amino 

acid, 	in 	this 	case 	a 	methionine; 	cf. 	bevy 	& 	Cau 	2003 

(29)). 

The 	C-terminal 	CaaX motif 	enables 	the 	attachment 	of 	a 

10 fatty acid 	(in general 	a C15 	fatty acid, 	farnesyl) 	owing 

to a farnesyl-transferase. 	This prenylation 	(the farnesyl 

motif 	is 	derived 	from a 	CS-based aliphatic 	unit 	called 

isoprene) 	enables 	the 	prelamins 	to 	be 	inserted 	in 	the 

membrane 	of 	the 	endoplasmic 	reticulum 	after 	their 

15 synthesis in cytosol_ They are subjected to the action of 

an 	endoprotwase 	itself 	inserted 	into 	the 	envelope 

membrane of the reticulum and of which the active site is 

cytosolic. 	The 	specific 	endoprotease 	of 	prelamin 	A 	im 

Facel 	for ZMPSTE24, 	Zinc Metallo-Protease, 	an STE24 	yeast 

20 homologh 	while Face2 	(or Rcel, 	-as-converting enzyme) is 

specific 	to 	prelamins 	B. 	These 	enzymes 	catalyze 	the 

hydrolysis of the peptide bond between 	the cysteine and 
) 

the next 	halidshatin/ amino acid, 	shortening the prelamins 

of 	3 	amino 	acids. 	The 	carboxyl 	end 	of 	the 	farnesylated 

25 cysteine 	is 	then 	recognized 	by 	an 	isoprenylnyeteine- 

carboxymethyl transferase 	(ICMT), 	which attaches a methyl 

group thereto by esterifanathon. 

Only 	the maturation 	of 	the 	prelamin A 	continues 	with a 

second endoproteolytic cleavage by Facial, 	which releases 

30 a 15-amino acid farnesyl-peptide and the mature lamin A. 

This 	lamin A, 	which 	no 	longer, 	comprises 	the 	fatty acid, 

becomes 	soluble, 	is 	imported 	into 	the 	nucleus 	owing 	to 

l0

J

Orr).y l.rmi:r À .:nd la:nrns fl underEo m.rtur-at j on åf r.cir thc
synù.hc.9.r.s of õ prccur.'.sor' (cf , Gruenbaurn ü a.l . ?.OOO (20)).
I.arn.r n C ìs di.recLJ.y synt-lIosr-ze d r.n rcs matuJîe l:oÌ.ln.

the precursor ÒI l-arrLírì A ¿t¡ld l-¿rrrr¡)s B Ìs t-errnr-rr¿rLod by a

chôrôcLcrrs!rc Ca¿rX moIif ((] a.s ¿ cysl--or-Íre, ¿ is ¿¡r amj.no

¿crd wrLi: an uncharqed al.Í.pha[.tc chain a¡d X i.s any amino

aci.d. in this case a methj.onrne; cf , l,evy & Cau 2003

l?-e) ) -

'J'he C-termrna)- C¿rX InoLrL ênab).os L¡ìc aL'¿¿rchmonu of- a

fatty ücrd (in generaì a C15 f aìt.y crcr i, f ar:ne.sy1 ) orving

1:o a f a r n e s yl. - t ra n s fe râ s e . ThÍs prenyl.ation (the f arne syJ.

mocÍf Ís derived frorL ¿¡ Cl.-based .r.l-rpIÌâtrc ui)r-',- c.rl.led
is<.:prene) eìlab.les Uhe prel.am.rns to be ínserEed in the
membrane of the cndopl-asmic reticuium after thorr
synLhc).5is ìn cyto.sc). 1'hey are .sublecte(i to î.he ¿ic:ì:r.cn of
an endoprotease J.t-se.l.f rnse'tîtecj inUo ¿he envel-opc

membrane of Lha ÌcLr-cul-urrr ¿rlìd of lvllich the acrÍve site is
cytoso).ic. Tlre spec.r.fr.c endoproEease of preJ-arntr: À .ts

facel (or '¿IIPS'IE?,4, zThc Metal-l-Ò-Procea-ce, an S'fE24 yeast

homoJ-og) , \.,hi1o 1;rce2 (or R(:ê1. / r¿-ç-ôÒnve L-l:ing cnzyne\ ts
specifíc to pre.l.em.ì-r)s B. these enzymes catõlyze the
hydlolysi.s of tlìo ¡-'q.ptiCo bo¡rd boLweerì the cysLeine a¡rd

tlìo t)ex! (al:.phatic) ami no acJ.d, short-enjng the prelamins
of 3 araino âc)-ds. TIìo cârbóxyl- end of i;hc farnesylatcd
cysteÌrìe r.s .,-hen reco!¡nize.d by an i sopr<::ry) cy.9teine-
carboxymethyl. L.r¿nsf êras() (ICMT) , v,l'.r-ch ôLtacl'res a ¡nctlìy.1.

gl.'olrp t:hc.)Ìe tr() by e.s t (ì rt f i ca l: r on .

0nJ.y the matu.râ1-iorr of lrhc p.r'e.l.amrn ¡l contlnues sij-lrh ¿r

seccnd o r) dôp ìlo f. e o ì yt i c cl eavaqe by F.rc(-rl, wh.r-ch rêle;.se-s

a l Í)-am] )ro acj.c¡ [ a rn e-+ y I -¡>ei) L i dc arìd tìre ]natur:e I arrj.rì A.
.I'h).s )¿mrÒ .A/ v,¡hr (:iì no J.onger comp::i.se.s 1.1ìe fatty acJ.d,

bec<.:mes soiub.J.c, is rrn.Ðo):Lcd int-o the nucleu-q ov¿rng to

15
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its nutmear localization signal, 	and is 	lona:teed in the 

nuclear 	lamina 	itself 	as 	well 	as 	in 	the 	rest 	of 	the 

nuclear 	compartment, 	constituting 	a 	veritable 	nuclear 

skeleton 	(Gruenbaum & al. 	2005 	(IR)). 	The mature lamin B 

5 on the other 	hand 	still 	has, 	at 	the C-terminal 	end, 	its 

farnesylated and methyleesterified cysteine. 	It therefore 

remains 	inserted 	in 	the 	envelope 	membrane 	of 	the 

reticulum, 	then in the nucleoplasmie face of the nuclear 

envelope, 	hence its exclusive legalization in the nuclear 

10 lamina, 	under the inner membrane of the nuclear envelope 

where it is anchored. 

By prenylation, we mean the attachment to the thiol group 

of a cysteine, 	either by a fernesyl chain with 15 carbon 

atoms, 	thus 	farnesylation, 	or by a geranyl-geranyl chain 

15 of 20 carbon atoms, 	thus gelmnylegeranyletion 	(Reid & al. 

2004 	(19)), 	or by any other isoprene derivative. 

farnesylation, 	catalyzed by farnesyl-transferase 	(FTase), 

which recognizes the C-terminal consensus sequence 	(Cam)°, 

preferably Weds a farnesyl group to the cysteine residue 

20 of the motif. 

Geranyl-geranylation 	is 	the 	attachment 	by 	Geranyl- 

) 
geranyl-transferase 	((Mese) 	of 	a 	Geranyl-geranyl 	group 

on the cysteine residue of the motif. 

These fatty acids are produced by biosynthesis, 	which on 

25 the 	basis 	of 	hydroxymethylegiutaryleGoenzyme A, 	is 	used 

by 	the 	cells 	to 	produce 	in 	particular 	cholesterol, 

steroids, 	the home of hemoglobin and uniguieenes 	(Hampton 

& 	al- 	1996 	(20)). 

The 	family 	of 	prenylated 	preteies 	comprises 	around 	300 

30 members in the human genome, 	of which the majority can be 

identified by the C-terminal motif CaaX 	(Reid & al- 	2004 

(39)). 	The 	proteins 	of 	the 	Ras, 	Rho 	and 	Rab 	families 

10

t5

25

4

r Is nlrcio¿.]: Ic<:a I i.z-¡t ic.rt .s:.9r':;rJ., ¿¡nci i.s loca.l .r ze<Í i n the
r:uc:Ieêr -lans-na :.l-seIf a.s wc I I a:r itr t-lte res l- o J: t-hc

nucJ.ear: compartmenl-, constrtuÌ..rn9 ¿ wcriLable nucl-c¿ir

sl.-eleton (Gruenbaum 6 al.. 2c05 (19)). I'he maLure .l-ainirr ll

on the oLhcÌ hênd sLil.l h.¿s, ât: -Lhe C-terminai encì, j.ts

f ùrncsy.l-¡rLcd and nei--iry) -esLc.rrf rod c¡,s¡6¡.n" . it theref o):e

rernarn.s i:rse rtecl rn L:hc enveloÞo Inembranc ol- thc
re1.i.cuJ.urì, therì in thc-j nucl eopJasmj c f.1ce ol thc nuc.l-cär

envel.ope, hence r-t-s excl-usÍve loca.l:.zaiion rrl thè nucìê..rr

larnirra, Llrìder the Ín¡ror rnclnbrâno of rhe nr¡cJ.ear enveJ.ope

v¡he::e .r t i s an ch or.'ed .

By prenyl.at1on, we mean the att-achment to the t))iÒI qrôup

ôf' a cy-sterne, e.rther- fiy â [¡3rncsy). charn wrth ].5 carbon

atom.s, thus llaJînesylat r on, oJ: by a ger¿rnyI-gatanyl- cha1n

of 2C carborr atÒrns, '.1ììrs go tô ilyl - ge::a n yJ a t ì on (Reicl e eI.
2004 (39)), o¡: by (-ìny otlìer rsÒprerro de rivatl.ve.
t''a Jîne syl at ]. on / catalyz.ed by f a r:n e s yJ. - t rarl s f e ra sa (FTdso) /

Hh)-ch recognì zGs thc C- [:ernrna]. cc.nse)r-qus seguencê (C<taX) ,

preferabJ y bi nci.s a far:re.syì qröup Lo chc cysterne residue
of th.e motif .

Gerartyl.-geran.ylp-Èion rs the attäcl)lnent by (ìeranyl.-

ge lîa ny I - t rîans f e ra s e (GGTase) of a Ger¿nyJ--geranyl group

oD tho cystorn(-l rosrdue of Uhe nroLìf .

1'lre.se fatLy ac.ì.drs are prcducec! by b r o.s yrì L lìc s i s , Hhrch on

tho b.ìsr-s ÒL lrydroxyrnetlìyl--.gIutanyl.-Coenzyme A, j.s r:.seci

by uhe cel ls to pj:oduce in pdrticu.l-â): chol.esterol-,
sllcro)-ds, L:lì(: lìcmc of hcmocr.l. oi-' j r', ancl ubr.gr.r.r ncne.s (i'lampton

ú a.l . 19<)6 (2Q) ) ,

The faLnil.y of prorryl.atcd pÌ'ot-c j ns compr-ise.s âróund :l0O

meml¡ers .rn i¡re human -qenorne, of whiclr Llìa rnajc.l:J.ty can be

ideDtifrcd by Lhe C-.iermrnal mori f cÞ.rx (Re.rci e ¿1.. 200¿¡

(39) ). 'l'¡re pr:olle.rns ot l--he- Rd!;, Ilho and Rdb fam.r.l jes

3tì
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5 

(Leung 	& 	al. 	2006 	(2011, 	certain 	mteins 	ensuring 	an 

import 	function 	to 	the 	mitochondria 	(1DJ2), 	and 	certain 

mitotic 	proteins 	OCENTE, 	UNPIN 	are 	in 	particular 

prenylated 	(Winter-Vann 	& 	Casey 	2005 	(51)). 	In 	general, 

if 	in 	the 	CaaX motif, 	X 	is 	a 	serve, 	a 	methionine, 	a 

cysteine, 	an 	alandne 	or 	a 	glutamate, 	the 	isopnenoid 

preferably 	grafted 	is 	farnesyl. 	If 	X 	is 	a 	deucine, 	the 

recognition of the CaaL motif will 	be done preferably by 

GUMase, 	which 	will catalyze 	the 	transfer 	of 	a 	geranyl- 

10 geranyl croup 	(Basso & al- 	2006 	ft)). 	It 	is probable that 

other groups derived from isoprene can also be bound to 

this 	cysteine, 	although 	it 	is 	not 	described 	in 	the 

literature. 

In 	humans, 	there 	are 	three 	lamin 	genes. 	The 	LMNA gene, 

15 located 	at 	1c21.2-821-3 	(Wyder 	& 	al. 	1996 	(52)), 	gives 

lamins A and C by alternative splicing. The LMNA gene is 

composed of 12 exons. 	The start of the exon 1 codes the 

globular N-terminal end common to lamins A and C; the end 

of axon 1 and up to the start of exon 7 code the central 

20 helical parte 	finally, 	the other exons code the globular 

C-terminal end 	(Levy & Cau 2003 	129)). 

) 
In 	fact, 	the 	gene 	codes 	for 	4 	products 	spliced 

differently, 	the 2 main ones being the lamins C and the 

prelamin 	A 	(Lin 	& 	Woman 	1993 	(31)). 	The 	differential 

25 production 	of 	lamins 	A 	and 	C 	is 	done 	by 	using 	an 

alternative splicing site at 	the level 	of the exon 	10 of 

the pre-messenger, 	so that the lamin C is coded by exons 

1 	to 	10 and lamin A is coded by exons 	1 to 	9, 	the 	first 

90 base pairs of exon 10, 	and exons 	11 and 12 	(lamin Am 

30 specific). 

Consequently, 	the 	prelhmin 	A 	and 	lamin 	C 	peptides 	are 

identical 	at 	the 	level 	of 	the 	first 	566 	amino 	acids, 

1.0

(J.,eurrg 6 al. 200Cr (28)), cerr.¡)r-¡) proteins elrsu)t.rnq crl)

ÍnLp<;rt furìction to tlìe rr..1 tochorìcrj.¿r (llDJ2), and cerl-ai)l
rrLr.Locic proIc1rìs (Ctr]çFE, Cf:INPI¡) ar(-r irr part-rcul-âr

prenylai.ed (l,{inier-Vârrn e C¿sey 2005 (5¡1)). In géncra1,

rf in the ó?aX mot.r.f , X is a serir.e, a methionr-nê, a

cyste).t)e, an aianine or a glr.rtzrnL.rIc, t-he. .r.soprenoí.d

prcfcraÌ)l.y graÍLcd )-s farnesyi. f f X i.s a Leucrne, lltc
reccgrìj1--jo:r of- Lllìê C,::á¿ )nóì:iL wr.l I be <jone ploferð.bl.y by

G(;1õ.se, which wrll. cai:¿rl.yzo che transf er: o!. è, goral:yi-
qer:aÌ)yl. group (Basso ú õl . ,!OO6 (1)). It ls probabJ.e that
oLlro.r. grc.ups dorr.ved f rorn .i.scp::c)re c;¡n ¿1so be bound ta
this cyste j.ne, eli.houqh íL l-s not descr:bed rn t.he

literaLurc.
If) hum¿rn.s, 1:hêrê ar(-) Ulrrcc Iamrn genes. Tho tr¡IN¿ gonc,

.located at 7921 2-c¡?-1 -3 (r,{ydar & aI. 1.996 (52)}, gives

.l-anrrns ¿, ârìci C by al.te):natrve .splicing. The ¿I,f r¿ gene l.s
r:cmposed of i2 exons. Tho start of ihe exon 1 code,' thê
gIoouJ.ar N-[.e::mi)laJ end commôn Lô .]-âmins A and C,' 1--he end

of oxon I and up to uhe sìajît of exon 7 code the centt:äl-

he.l j.caì pa::t,' f :na.IIy, L:hè othor exons code the g)-obtrJ-ar

C*tcrrnr-nâi cnd (Levy & Cau 200-3 (29) ).
lrr f ?iç8, l-he gèrìc cocìcs for 4 pröducLs sp'l-.:.cod

drfferenLly, the 2 main ones beir:9 lho l-amÍn.s C and 1-.he

preJ.:min A (LÍn & {llorftan 1993 (31)). the differential-
production of Iam.r.n.s A a:rcl C r¡i done by u.sJ.ng an

¿.ltor:r¿ti.ve spJ-:.cirrg sr-t@ aL the. level ol' L:he exon L0 of
Uhe pre-messenger, so Lhat l.Ìrt: f anLj.¡t C ís codccJ L:y cxon:;

1 t:o lO ân(i .lamin A Ís code.d i:y exon.s 1. lo 9, tl)e f I r:st-

90 base pairs of exon lC, ;rnd cxorrs 11. and 12 (Lanr:n è--

.spoc:.fic:).

Con-.eguentIy, the pr<:t irniarì A ¿trcl Lalni.n C ¡repL:clos are

rdcr:rt r c¿r.l- ¿ìL ihe ie ve l- of t-ile f r.):st 566 atnJ.tto actci-s ,

l5
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while 	the 	C-ierminal 	ends 	of 	the 	langt6 	C 	and 	the 

prelamin A then contain, 	respectively, 	6 and 9r1 specific 

amino acids. 

The 	tangos 	of 	type 	B 	include 	three 	different 	proteins 

5 (Shelia & al— 	1981 	(43)); 	Jumits el, 	B2 	(the two isofonns 

best 	represented) 	and 	B3. 	The 	LMNBI 	gene 	is 	located at 

5823.39g31.1 	and comprises 	11 	exons 	coding 	the 	lamin 	Bl. 

(Lin & Wornan 	199S 	(30)). 	The LMAT82 gene is localized at 

19p13.3 and codes for lames B2 and B3 by an alternative 

10 splicing mechanism 	(Biamonti 	4 al— 	1992 	(2)). 

Lamins B are constitutively expressed in all of the cells 

from 	the 	first 	stages 	of 	development, 	while 	lamins 	of 

type A are generally absent from the embryonic stem cells 

(Stewart 	et 	al. 	1981 	(45)1 	and 	are 	expressed 	it 	all 	of 

15 the 	differentiated 	somatic 	cells. 	Their 	expression 	is 

subject 	to 	regulations 	according 	to 	the 	tissue and 	the 

life course 	(Duque & 	ai. 	2006 	(9)). 	It appears that their 

expression 	is 	not 	necessary, 	since 	mice 	in 	which 	the 

expression of lamin A was specifically blocked, 	but which 

20 still 	express lamin 	C and other 	lamins, 	do not 	have an 

apparent phenotype 	(Fong & al— 	2006 	(14)). 

Landns 	interact 	with 	a 	very 	large 	number 	of 	protein 

partners 	having 	a 	wide 	variety 	of 	functions; 	they 	are 

consequently 	involved 	in 	a 	large 	number 	of 	nuclear 

25 processes, 	including 	DNA replication and repair, 	control 

of 	transcription 	and 	splicing, 	and 	organization 	of 	the 

chromatin 	structure 	(cf. 	Shumaker 	S 	al. 	2003 	(44), 

Zastrow 	& 	al. 	2004 	(54), 	Hutchison 	& 	al. 	2004 	(26), 

Gruenbaum 	6 	al. 	2005 	0.92). 	The 	alterations 	of 	the 

30 structure 	of 	the 	lamina 	are 	at 	the 	orrult 	of 	numerous 

human 	hereditary pathologies. 	They are 	due 	to mutations 

of 	genes 	coding 	the 	lamins, 	or 	other 	proteins 	of 	the 

t0

6

l*'hi ie l.he C-tc,rmina.l eird.s of the l.ant: r)rì C .rl)d Llìè

pÌ'c,l.cìrn.t ì) /\ thcn cont¿lr.ìì, r'espe('t j.vel y, 6 ¡.r:rri 98 l;pe<:if :.c

cì)nl-r)O cì C l-dS .

Tlìè l-¡rrrros of lrype ll inclucjc Lfìrcó cij.fferc,nt prote.ì.1)-.

(Shej.to û ai. 1981" (43)): J am: n-s BL, 82 (tltc r-lvo j.sofol.lns

best reptesented) and I-ì3. "ihe !,I4NBI gene .rs l.()câLod ¿{:

5q23.3-q3!-L ¿r¡d coñrp):r.scs l.L exons cod: nq l.i:e LaIn:.rr Bl.

(Lrn t lì'örm¡rr) i99l) (30)). Tho ¿MN82 gene is local..r"z.ed at
19p13.3 arrcl coclc.s l'or ) ¡ìñ:.r,s il2 ¿rnd B3 by an alternative
.spJ jcjnc¡ mechan.r.sm (fl¡.amo¡r¿Í û aJ.. f992 (2)).
Lamj ns B ar@ cor) s L !. Lu c i v o L y cxptessed in aiì oi l.he cel..l .s

frc>m thc-: f j.rst siages of cleve I c.:prncn t , s¡llil-e Ìamj.r'rs of
type A ar.'e genera.Ll-y absent from che embryc>rlrc ..iLexL cêl.Is
(SLat4ar[ oI al. ]96/ (45)) and are expressed rn al.l c.f

l..he cji f te:'ent j.atecj somöììc cel.l .s. Thcrr expressr-on is
sublect to regul-at-Íorrs accordì.rrg to the t.r.s.sue and the
ì¡-lc coutse (Dì.;que e ¿ri.. 2006 (9)). IL appear.s that ìheir:
express.ì on is not neces-qaìty/ s j.nce rnrcÉr l-rr HlI.:.clt thc
exp.ressrc.n o[ ]-am)-n A Has specifically bl crckedr buL wiriclr

s1:jll expre.ss larn:r: Ç and oLher .l-amrns, do not have an

apparent ph.errot-ype (Fong & al. 2006 (14)).
Larrll-rìs rlìtc'r¿cL v,¡rLh a vcry lzLrge number of- proUeÍn

partners having a wrde variety of funcl-ro¡rs; t)rey ôre

consoquoÐtIy irivôIved tn a lirrge Dumb.e r of nl¡cJ.ear

pJrocesses, incl-ud j r)g I)N/l l:e.¡) I i c a t .r o:r and rcparr, cct)tról
c:Í L ¡:.rllsôÌ rf)L io¡l ¿¡rld .s¡>I icrr:9, ancì o.rgan r za t i on of the

chromat r"n sl-ructure (cf . -chumaker 6 ¿1.1.. 2003 (1'1') 
'

zast):ow & ítI- ?-OO4 (l-i4). I{utchl-son & al.. 2004 (26),

Ciruenbarjrn ô aL :Ì0G5 (l 9) ) , 'Cire al-to¡¿i-rcns of thc
sLÌ.'uctLrr(r c.l Llìc l¿tntna rrrc â1. tlìe oJ:igrD of r)ìrmer:or.r.s

h.uirar: h<-rred j ualy pathologÍ.es. 'ì'irc:y ¿lr.e Cuo to mL¡t-¿iiorLs

ol- gcncs c<.:drrrg 1jl',c J-ainrDs, or oi:her pr.ol:erns oÍ tire

I l-)
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lumina. 	These 	pathologies 	have 	been 	orouped 	together 

under the generic term lacitopathies 	O3roers 	& 	al. 	2006 

(5), 	Mattout 	& 	al. 	2006 	(33)). 	Recently, 	mutations 	in the 

genes 	of 	the 	enzymes 	responsible 	for 	the 	maturation 	of 

5 lamins 	(Facet 	in 	particular) 	have 	been 	identified, 

leading 	to 	pathologies 	also 	belonging 	to 	the 	group 	of 

laminopathies 	(Navarro & al_ 	2004 	(36) 	and 2005 	(35)). 

At present, 	the only pathology in humans associated with 

mutations 	of 	the 	LMNIS1 	or 	2 genes 	is 	a 	lenkodystrophy 

le caused 	by 	a 	complete 	duplication 	of 	the 	LHAW1 	aene 

Wadiath 	& 	al. 	2006 	(37)). 	Doubt 	remains 	as 	to 	the 

potential 	involvement of variations of sequences found in 

LMNB2 in patients with Barraduermsimon syndrome 	(Hegele & 

al. 	2006 	(22)). 	However, 	it 	has 	been 	demonstrated 	in 

it vitro by NNAi. 	(RNA-interference) 	experiments, 	as well 	as 

in 	the 	nerdne 	model 	(Vergnes 	& 	al. 	2004 	(50)), 	that 

lamins of 	type B are essential 	for cell development 	and 

integrity. 	Indeed, a lamin Bl deficiency causes perinatal 

lethality in mice. 	Moreover, 	the nuclei of the embryonic 

20 fibroblasts 	of 	the 	same 	AMNBI-deficient 	mice 	show 

remarkable 	alterations in nuclear morphology, 	similar 	to 

those 	observed 	in 	patients 	with 	LMNA 	gene 	mutations. 

Moreover, 	it 	has 	recently been 	shown that 	lamins 	B are 

necessary 	for 	the 	formation 	of 	the 	division 	spindle 

25 during 	mitosis, 	which 	tends 	to 	prove 	that 	they 	have 	a 

dynamic and multifaceted role over the course of the cell 

cycle, 	and 	that 	their 	role 	is 	not 	restricted 	to 

neittaining 	the 	nucleus 	architecture 	(Tsai 	& 	al. 	2006 

(48)). 	On 	this 	last 	role, 	a 	recent 	article 	demonstrates 

30 the 	structured 	ftnction 	of 	lamits 	B: 	cells 	artificially 

deprived 	of 	lamins Bi 	have 	a 	pfloatitqf 	nucleus 	in 	the 

cell, 	which 	turns 	around 	(Liu 	& 	al. 	2007 	(45)). 	The 

l0

-t

i.ìnrJ/)a, 1'lrc..se pathol-ogier> )r¿vc l-'c-cn g.:'ou1>ed togethe.r
ur)deÌ. thc gcro.rrc l,:crrrL I am: rr<;paLhics (Bloers ó. a.l . 2C06

{-c), MaLLôur &.r1. 2(106 (33)). ReconrIy, rr,ut:iLroDs rrr tl'.e
genes c;f the enzymes respons j.ble for the nr¿rL'.u::aL j.on (:f
lami:rs ():'acel. in partrcul.ar) have been ldeni..r.f r"ed,

leadrng ro pâi-iro.lagie s also beÌc.ngr.ng to th.e gr.'oup of
I amr nopa L h1(-) rì (l,lavar:ro e a).. ?.OÕrt (.]6) and 200.5 (35)).
AL pro.seô1.:, t.he only põth,o.logy in human.s a.s.s()(:iùLêd wr.Lh

mut¡ì1:r.cn.s of the Ll.lNBJ. or 2 genes js a ) eukody.sl--ropÌry

cau.sed by a compl-etc ciupJ-rc.rtron of l-he LMNII! gene

(Padr-aLh & ¿)Ì. 2006 (311 ¡ . Doubt .roÌnôrlrs as LÒ Lhe

potent j.al invc'lvement of variaticns of seguences f ounci rn
LMNË? in paLicÌ)Ls wiLh BarraqL:cr-Srnoiì syDdro:ne (liegelc e

al-. ;1006 (2?-)). ilowever, it has been cle¡nor s i: ra i: cd :¡
v.r tr-o by llNÄr. (lìN.A-irìt-erf'erence) expeJîiment.s, as weìì as

J.n the rLu.Lirìo nrodol- (vergrÌes & âi. 2t04 (5AI), thàL

lar¡Lirrs of Iype l] a¡;e essentjal for ceII ieveJ-optccrrL ;rrrci

r.nUegrrty. Indeed, a l-amrn B1 deficreDcy causes per:na*,ai
l-euhal-r-Ly 1n mr(:G. Mö¡eôvêr, the nucl-aì of ul're ernbryonrc

f ibrobl.:st.s of the same J,MNB I -def,¡ cì eni nr.r c(-: shar,{

.rema::1.:abl-c â.lteratiôrrs j.n ¡lrrcìear rnorpl'.ology, similar to
trl'¡ûsc Òl)seÌ:ved r.n paEjenEs w.rth LMN?- geno nutaLi.Òrrs.

lgoreove::, l.'J has reccÌrLl-y Þeon shown that lamjrrs t] are
ncccss¿lry î-or -çhe formati orl of L:nê drvts¡-on sprtidler

<lor.r:rq ¡Õitos.r s, wlr j.ch te ncìs to p):ove that they irave à

dyn.rtnrc ¿nd rnuI t:íf ac:eterd rol.e ovc;¡ 1:hô côu.r.'so oI t-hc- ccl-1.

c1,cJe, and thàt t irerr rol-e l s not resi):.r cited t-c.

Ìì¿ Ì rlLâilr1r'ig L:l:c-: Iìu(:1. eu:; ¿l rr:l)-r i--èctrurè (Tsar [. .ì i . 2 00(;

(6tì)). ()n th.ì.s .l.ast ro].(-, ä recent a11:icle demô:r.sî.r.) [.es

the s[Ìr.)ctur¿] f r.:r:ci-i.<;n cf .1 ¿:rni¡ts ß: (;(,]l- 1.s â].tìl'icì;rìly
dop::i.ve<ì oJl la;c,.r::s Il.I have a "f IoaU¡rrq" nr.:c:J <)r-r..; jr: i.Ìr<-:

cell, whic;h turns ¡r¡<>urrd (Lru & ai. 2401 (45)). The

)o
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functional redundancy existing between the two lamins HI 

and 02 	is 	undoubtedly also a direct reflection of 	their 

importance, 	exerting 	a 	strong 	selection 	pressure 	and 

masking 	the 	effect 	of 	any 	potential 	mutations 	in 	the 

5 sequence of the corresponding genes. 

The 	functional 	alterations 	of 	'amine 	A/C, 	due 	to 

mutations of the LMNA gene, 	arc the origin of at least 15 

disorders 	including 	a 	wide 	range 	of 	pathologies 	in 	a 

clinical 	spectrum 	ranging 	from mild 	forms, 	affecting 	a 

10 single 	tissue 	in 	isolation, 	to 	systemic 	forgo 	that 	are 

lethal in the perinatal period. 

A number of mutations of the LMNA gene notably modify the 

assembly of proteins in the nuclear envelope and disrupt 

its 	functioning. 	In 	the 	cells 	of 	various 	tissues, 	the 

15 morphology 	of 	the 	nuclei 	is 	altered: 	they 	of ten 	have 

bulges 	that 	extrude genetic material 	into the cytoplasm 

(Goldman 	& 	al. 	2004 	118)). 

The 	proteins 	normally 	associated 	with 	the 	nuclear 

envelope, 	laming 	B, 	certain 	nuclear 	pore 	proteins 	and 

20 LAD2 proteins, 	are absent from the edge these bulges. 

These 	morphological 	abnormalities 	are 	followed 	by 

functional 	alterations, 	and 	end 	by 	causing 	cell. 	death. 

Among 	all 	of 	the 	pathologies 	included 	under 	the 	term 

laminopathios, 	only 	those 	associated 	with 	the 	abnormal 

25 accumulation of 	a 	prenylated protein 	form are 	concerned 

by this invention. 

These 	primarily 	include 	Hutchinson—Gilford 	or 	Progeria 

syndrome 	(De 	Sandre—Giovannoli 	x 	al. 	2003 	(7), 	lEriksson 

& 	al. 	2003 	❑1)), 	and 	restrictive 	dermopathy 	(Navarro 	& 

3o al. 	2001 	130) ) . 	In 	these 	2 	syndromes, 	the 

physiapathological 	cause 	is 	ar 	accumulation 	and 

l0

t,

íutrct r.oDal- rodundancy cx.:.st j.ng l).j l-(,tcen the -"wÒ l-am.r:r:; []l

ar,d 82 is uìdoubtedl-y also ô d!rect r.'eJllecl.:on of the.r r
ítLpoLtnri<;c, exe.r:LrncJ ¿ ltr:ong solccI j-oI) I)ressut(- a:id

rnaskíng Ehe effecu of eny poEenLr¿ì rnu[¿tÌons j.n t)rc

segue)ìce of the correspondi ng ge¡)es.

l'he IuncLrona)- alierai- j.ons c.f ] ami ns Alc' due 1-.o

mlrLauroÈ,s of i:he LMI'IA ga^c, arc L:ììe origrn of at- .l ea-.1-. i5
d: .scr<je::s i ncl ridì ng .t wr cie r:¿n9ê ol pa Ulìc.l Lìgr es r-rì ô

cl .r:ricaì spect rr,rrn rangi ng f ¡;om mild lorms, affectr.nE û

sir)grl.e t-r.ssue iIì r-sol-âi:ioIr, to systemic f'orrlt:; i:hàì .rrc

Loth¿l- :.n Lhe perrnatai pcrrc.cÌ.

À rrumL'e¡ of mutaurons of une ),MNÀ gene rr<.:Labiy nodi.Cy Lltc-:

assenb).y of protcíns rn [he nuc]-ea¡ envelope anci cìi srupt
rtrs l'u:rcl: i.o n.r nq , In the cell.s of v¿rricus tì -ssues, the
morphology of t-l)e rrucl.e.r .rs ðltere.l: tlìey oftcn h¿rvo

bulgcs Li¡.rc oxtrucìo gorìe []-c matcrr.âf inuo the cy-.op.ìasm

(GoiCm¿n E ¿-i. 2004 (18)).
'.I'he prot-erns normally associateci rçith tlìo tìLrclo¿r

envclopc. ìamins B/ cerLarn nucl-e ar pore proter.ns and

LAÍ)? p::otei)rs/ ôre absenC f ¡:om the edgc+ Lhose bulges .

TIìose rnc;rp)r<; l-og i ca l- ¿brrorrnaìities are f.oLlôhred by

fu¡rcLion¡rl aìterat:.ons, ar)d cÌ)d by causing ceiì deatll.
Àmong a1l. of the pathc.logies incl ucled u¡rdcr Lho Lêrm

l- irmr nôp¡ì L f) r e s , onl.y 1;h()se ¿rs.s()(:ratod Hith the abnorma.l.

accumul.atr.on of a l)reiryl.ated pr:otei n forn arc c<;nccrtred

l>y Lhis i¡rvc;r: i ion .

these pr:imarlly include Hutchjnson-Gi l.f ord or F'.1ógorr..ì

sytrdrotnc-: (Dc; S a:rtìr'r>- C i ov¿u ¡ ¡lo ). r & .ì1.. 2003 (l), (t.r:lkssür:

& al. 2003 (11)), and restrictjve dorrnc>paLl'.y (N¿v¿tr):o &

30 al.. ?-0C4 (36)). l'Ð t: he so 2 .s ync.lr ome s , L. h e

Ì5
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persistence 	of 	innature 	farnesylated 	prelamin 	in 	the 

cells of patients. 	 • 

Restrictive 	dermopathy, 	lethal 	around 	the 	natal 	period, 

is characterized by clinical 	signs that are almost always 

5 the consequence of a cutaneous deficit that restricts fn 

utero movements. This pathology is very rare. The skin is 

rigid 	and 	taut, 	and 	gives 	way 	in 	places, 	causing, 	for 

example, 	tears at the armpits or the neck. 	The eyelashes, 

the eyebrows and the skin down are absent or very sparse. 

10 Hydramnios 	is 	often present, 	and 	the 	decrease 	in 	fetal 

movements is observed from the 6u)  month of pregnancy. 	At 

the skeletal level, 	the radiography shows contractures of 

all joints, 	congenital convex pes valeus, 	thin, 	dysplasic 

and 	bi-partite 	clavicles, 	thin 	ribs 	long 	tubular 	arm 

15 bones and demineralization of the skull. The transmiesion 

of lethal restrictive dermopathy is recessive autosomal. 

LMNA and CMHS11224/Facel. mutations have been reported for 

this 	pathology 	(Navarro 	& al. 	2004 	(36)). 	In both 	cases, 

the 	physiopathological 	mechanism 	is 	the 	same: 	the 

20 

25 

prelamin 	A 	cannot 	mature 	(null 	mutation 	of 	Face] 	or 

disappearance 	of 	the 	cleavage 	site 	by 	mutation 	of 

prelamin 	A) 	and 	remains 	farnesylated, 	and 	therefore 

inserted 	in 	the 	nuclear 	membrane. 	The 	accumulation 	and 

persistence 	in 	the 	cells 	of 	these 	abnormal 	precursors, 

which probably prevent the normal interactions of 	lamins 

30 

2. 	and 	C 	with 	their 	partners, 	causes 	the 	death 	of 	the 

acne 	and, 	after 	a 	short 	time, 	of 	the 	patient. 	It 	has 

clearly been demonstrated 	that 	it 	is 	the persistence of 

the fernes yl ciroup, and not the absence of mature lemie A, 

as 	might 	initially 	be 	thought, 	that 	is 	responsible 	for 

the cell. toxicity 	(Vona & 	al- 	2004 	ne)). 

I0

PriISjStcllCC óf rfiUtl¿LUrê

ccÌìs óf patÍèr)ts.

!

farrro.syl-aLoC pr:cl arn.i.n i.n Lbo

iìostrrctivc dermop.rthy, l.eth.rì aror:¡ld Lhc: naL¿.1. pc::rc.d,

ís cna::acierized by c.l lnrcal sr çns Uha t are eirno.sl: a J.ways

the consequencc oI a cutaneous dcficrt- L.hai rest¡lccs ì]l
u l-e.¿'o movemcnLs. Thls pathol-ogy 1s vory rare. 'I'h.c s;rin j.s

rrgrd arrd Lau[., anc! gives r,¡i)y rn pLaccs, causítrg. l'c>r

oxampl e, I.earr-q aU lhe arm¡)i ts or l-he :reck. 'lite cyêi¡ì.si)e.s,

i:he eyebrows and the sk.r-rr dowrr ô.r:e ab.senì or very .sparse .

lyd.ramnios is c;f ccn p.ÌoscrrL, ¿r)d tl'.c decrease .r.n l:etal-

movc'nr<l rìts is c:bse::ved from the 6'l' nLc.:r:Lh Òf prognârlcy. At.

the skeietal levei, the radic.g::aphy shows contracEures of
¿ll. j orn ts, congeni.tai convex pes vaì gus/ thirt, clysplasic
ar:d bi-p.rrL..r te cl.avìcles, thìn rib.s, J-ortg i:ubu.l-¿rr arm

l¡one.s and dernÍ ne r a l-.:. z a t r on of 1-he skul.l .'I'he 1-.ransmi ssion
oll l.e thai rôsL.trctive Colrr,<;pathy :.s tcccssÍve autosornâ1.

LMNA ¿nd Zl-lPs'i'tijz 4 /['ace] mutaEions have þèèrr rôporLacl for
thr.s pathoìogy (Navarro d al- - 2004 (36)) Jn hoEh cases,

the pl)ysropal'hoJ-ogical mocharrrsm 1s the saÌne : Lhê

preÌ.rm.r-n À cannot mature (nul L mr.rtal.j on of lracel ar:

drsappearance ol. tlìc c).oavagc sÍte l¡y Inr¡LôtJ.on <;f

prolarnirt A) and rema.rns f arnesylal-ed, atrd [¡ìercfÒrc
rnserued rn the nucl-ear membraDe. 'I'he accumu.lat.ron and

persisLclrce rn -,'.he cel I.s of -.hç.9e óbr')orma.l. precursor:;,
wh:.ch ¡>robabl.y prevent the r)oÌ.'nral interactron.s of lamins

B ar)d C vrrL)r t:ìrei: p.rrr.nèrs, causo.(i L)lc. death o{- Lhê

celÌs a¡rcj, atte): a short tjm.e, of L.he pat j.enl-. 1(: has

c:lcar).y Þoor: ciomc¡ll.s L:- ¿ r od Li)¿t1. rL rs LI'rc Þc.Lsistercc Òl

L¡)ê f(rrnesyl group, arìd !roU 1-lìe ab.sence of' nt¡¡i:ri¡:e ìamin Â,

as nriçhi irrj.L:.¿1.ì.y I>o t):oug):i., L.h',.r t- is rc-: s pcrri s.r. ir ì c for:

Llìe cclJ t <;z: i. c:.r" 1-. y (l¡ong & al. 20t4 (:l l)).
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In April 	2003, 	based on an overlap of symptoms common to 

acromandibular 	dysplasie 	and 	certain 	diseases 	causing 

premature aging, 	the inventors showed that Pregerie, 	the 

most typical and serious form of premature aging, 	results 

5 from a mutation of the LMNA gene 	(De Sandre-Giovannoli a 

al. 	2003 	(7)). 	The 	children 	affected 	by 	this 	disease, 

also 	called 	Hutchinson-Milford 	syndrome, 	suffer 	from 

accelerated 	aging, 	which 	occurs 	up to 	ten 	times 	faster 

than 	that 	of 	a 	normal 	individual, 	and 	have 	a 	life 

10 expectancy of 	no more than 	13 	years. 	In 	Europe, 	one 	in 

around six million children is affected. The symptoms are 

skin aging, 	baldness, 	reduced jaw size and ageing-related 

problems 	such 	as 	joint 	stiffness 	and 	cardiovascular 

disorders. The latter, 	including myocardial infarction or 

15 atherosclerosis, 	are often the cause of death. 

The mutation 	considered 	responsible, 	located at 	exon 	11 

of 	the 	LMNA gene, 	activates 	a 	cryptic 	splicing 	site 	of 

the 	pre-mRNA, 	leading 	to 	an 	mRNA 	with 	150 	nucleotides 

deleted 	(DC Sandre-Giovannoli 	& 	al. 	2003 	(7), 	Eriasson & 

20 al. 	2003 	(II)). 	This 	deleted 	mRNA 	involves 	an 	abnormal 

prelamin A, 	Prossm417( 	which 	cannot 	mature 	into 	a 	normal 

lamin A: 	the 	absence 	of 	50 	amino 	acids 	of 	the 	exon 	11 

comprising 	the 	protease 	recognition 	site 	blocks 	the 	2 

cleaving 	of 	the 	player:in, 	of 	which 	the 	C-terminal 	end 

25 preserves 	its 	farnesyr 	group. 	It 	therefore 	remains 

inserted 	in 	the 	nucleoplasmic 	face 	of 	the 	nuclear 

envelope, which has characteristic alterations, 	bulges of 

the 	nucleoplasm in 	the 	cytosol 	and 	abnormalities 	in 	the 

distribution of peripheral heterachromatia 	(Goldman & al_ 

30 2004 	(1M)). 	Again, 	it 	is the persistence of the 	farnesyl 

group, 	which 	is 	also 	necessary 	for 	anchoring 	to 	the 

envelope membrane of the reticulum ib, which some of 	the 

10

t?o

t0

:n ÃpriI 2003, basecl o:r an ()\'crlap r;I s,ympIoms corûrna)ì Uo

.: cr'oma ir d.r.l>u l. a .l dyspla.sra ancl ccrL'.íll-rì dlse ase-s causing

f)Ìcm¿rLL¡Ìe aging, LI)e inver'.t o).s sl'.oHecl L:l¡¿tL Pl:oEe r j a, thc
rtÒsL Lypr.c.rl- ¿rrd sc¡rotrs form of prenai-.ure ¡:gi)lg' rosuiLs
from a nut¡-Eion of 1:Ìre LMNA geùc (De .9¿rndre-GIÒvannôi.,. &

al.. 2003 (?)). i'he ch.i iciren afl'ocLcci by thi.s cli.sea.sc,

also caL.ì.ed Hu t- ch r n s on - G i i. f o rd syr:drotrtc, suf 1le¡: .l:rorn

a c <:o.l- c-: r¡ L od ûg1Iì9, whrclt occurs ul) 1-.o LeIr LiñLes fasLer
tharl r.hrI of a nornLa). rndrvrduai, and ]ravo a l.ifo
e),:pectancy of :ro mo::e than i3 yca):s. In f'lutoPe, Qne r)t
aronnd six mÍi-l.ion chiLdren is affecL--cd. The symptoms are

skin ag j.ng r beldness. reducecl laH sl.ze ancl .rqê1ng-rê1â1:êd

p::ob.Lems such as _¡oint sti f f¡tcss arLd cardjovascltlar
drsordcrs. Thc latter, incl-udlng myoca::clral- rnfarction or
.r L--he r o.s cl. e::o.s i s , .:re ÒfLên thc cause o.l' deeth.
'the muuatror) cor)s.ìdered .:.-e.sponsrblo, .i acaIecl at exo¡l ]1
oí tho LMNIL geDa, activates a crypt.rr: spJ-rclng srtc o{

Uhe pre-mRNÀ, leading Io ¿ìn mRNA Hj r-h 1.')0 ntlcle c.:t:rd<':.s

del-e ced (De Sandre-GiovannoJ.:. û êI. 2003 (1)' F:ri ks-.on I
al.. 2003 (II)). Th:,s dol-eced mRNA j nvoJ.ves ¿n abn<.:r.nt¿.1-

pj:el.amJ.n 
^, 

proger:.rn, which ca¡tnoL matlure inuo a no¡:maI

l-anrirr Fr: lho absence of 50 amino ac.r d.s ol the exc.n 11

compri.sÍng the proteas(ì re'cÒgrrrLrolt srte. bì.ock.s the .11ñc

clcavrng ol ';hc proEerrn/ of which 1--hc¿ C-teJîlnj.nal. etrd

!rreseJ;ves 111-s f..)fne.Syl group. I t theref<;re Ìelltêl.r)s
j.nÉert-ed ir', the nucl.eoplõ.snj c l'.-rc(r öl Lhe nucl ea::

ernvc=!.ope7 which Ìra-s (:lìê. J:¿ ct c I l- s t- i c a.l. t eral-r orrs, bu.l-iJes ôf'

tl¡c rrucl.copl¿sln rrr tlìe cytosol an<l ¿ brto t tna I i t r l: -. ilì tlìe

cl: s L:::.r fiu 1: ì Òn ol pe::rplicra.l- he Ie rochì:crnat i n (Cr>1<]nr¿ri c .rl .

2.0C.4 (Î8)), Àgaj.n, .r[ .]s 1;he pe r.s.r .s 1-orr (;c c.f the f ar':resy.l

9.r:oup/ rçlri clr is ¿l-so r,ccessaLy for anô)rÒrir)g to Llìc

envei o¡;e memb¡:ane of 1-.he ::eL.rcul.urn j.t, ulr.l-ch .some of tlle

;?5

30

lalinka
Rectangle



enzymes responsible far maturation 	(cleavage, 	methyletton) 

are located, 	that 	is responsible for the cell toxicity of 

progerin 	(Fong 	& 	al- 	2004 	(16)). 

These 	systemic 	pathologies 	have 	the 	special 	feature 	of 

5 being associated with 	the premature appearance of 	signs 

normally 	associated 	with 	aging. 	Their 	common 

physiopathol ogical characteristic is that they generate a 

prenylated lamin, with the consequences described. 

Two 	recent 	studies 	have 	shown 	that 	a 	reduction 	in 	the 

10 idtranuclear 	accumulation 	farnesylated 	prolamin, 

truncated or not, 	effectively prevents the appearance of 

the cellular phenotype. 	The first study was conducted on 

the 	Pagel 	protease-deficient 	progerol.d 	murine 	model 

(Pendas 	& al. 	2002 	)38)). 	When they are crossed with mice 

ie expressing half the amount of lamin A 	(mouse Lana lie), 

the effects of the absence of Facel are reduced (Varela & 

al. 	2005 	(49)). 	The second study shows that the treatment 

of 	cells 	of 	HGPS 	patients 	by 	movie ho 1 i no 	( ant i sense 

oliaonucleot ides) 	targeting 	the 	cryptic 	splicing 	site 

20 eradicates the mutant phenotype 	(Scaftidi & Misteli 2005 

(43)). 

A number of recent studies 	(see Seafttdi & Mistelli 2006 

(42)) 	show 	the 	involvement 	of 	'amid 	A 	in 	the 

physiological 	aging 	process. 	In 	particular, 	it 	has 	been 

25 demonstrated that during physiological. aging, 	progerin is 

synthesized by the cells in the absence of any U4/VA gene 

mutation 	due 	to 	the 	quiet 	use 	of 	the 	cryptic 	splicing 

site of excm 11. 	fled progerin is localized in the lamina , 

at 	the 	periphery 	of 	the 	cell 	nuclei. 	Cell 	nuclei 	in 

30 patients aglAg. 	"normally" 	can have bulges 	characteristic 

of 	a 	laminopathy 	caused 	by 	accidental 	splicing 	events, 

10

11

enzyr.]es rcsponsi b.lc: f o:: mal:ú¡:¿Uton (cjeavaqe, Inei:ltyl.¿r1:l on )

are J.ocäteo, 'ih¡)1. is respr>n.sr¡Ic for lhe cc-:l 1 l-oxrÇ.rl.y of
progcrr-n (i¡ong Ã ai- 2004 (16) ).
Îlìcso sysLôrnic pa[lrolog j es have r.he spocj.a]- feat-ure oi
berrrg assocaatecl wrti) tlìc I)ramâtuJ:e appe¡rr¡rltcc of sigÌs
normaily êssocr.eCed wrLir ¿Lgl.l)g. f'l:e:.¡ (lÒmnlôll

ph ys r. opa t ho ì oE ic a ì ch a ¡'a ct e r r.s ¡ r c j.s t-ilâ'. tlley gerìetõ(e ô

prcnylarcd .l.amin, HlLh che consequences doscr'.:.becl .

THo rocêrrL sLudics have shcwn thau ¿ r.oduct.:.on it', t-ilc
j:rt.ranuc.l e.:r acÇumlrl-ât;.on farnesyiated prc.l ¿rlnrn,

Lruncated or: noi, ef f ective.ly p.rêvolrLs the appea::ance of
Lho ce.l-Iul-ar plrorloIypo. Tl)e Ir..]:su study teas conducLed oÌl

the I'acel p¡'ot ea se -cle f r c i o¡t L progelîol d mur.r¡:e mode.l

(Pcndôs e aI . 2002 (38)). l,lhen t.hey ¿rc crossed (,¡ith ml.ce

expre.s.s.rng f:a.L t tho ûmounL of Ìamin A (mousc I't )a 'i/-, '
t)re ef f ect-. of the ab.senco ()l f¿rcol are Ieducecl (Va::ej.a &

a1. 2005 (49)). The second .sr.udy .shows trhât the EreacmenI

of cel.Is c.:f IIGPS pâtr.cnL-a by norphoJino (ar,Lr.sensc

oÌ Í gonucleoc ldes ) ta rge t ing tho cryp trc sp) Í c.rng .s i t e

cradrcrtcs thc rr.ui,ant phenotype (ScaÉfidr e l*listel-i 2005

i43)).

^ 
numbor of tecent st-uciies lsee -Sc¡r1íidi e Misteili 2 006

( I2-) ) sh<¡w t. )rc. ir) vo l-vctnelì t- o f I am.r ¡t A :.n L lìê

physroJ.ogrcâl âging prîocess. :Ln pâzLrcul-ar, it has been

demoô.strai--ed î:)ra1: durrng physroìogicai aq.r ír 9 , progerin j.s

synthe sj z:ed l)y the (rel.l .s jn t:ho ¿r)-.scnce of a:ry J.,!4NA qene

nruL¿t:.or: due L<.: Lha qur-et use of t ire crypLr.c spl.)-crng

siUe of u-xc¡:r Il. th;:s l)J.-oger.aIì r..s l.oc¿Liz-cd 1n L.hc: .la;¡¡7/lc?l

ái. Ll)o p<:rrplrory c:í lrhe ce l.l :rucJ.er . côÌl- nucìcr .t n

patjeDts aqrng "¡rorrna.l)y" catr havc l:uJ.ç¡es cha ¡:¿.r <:t <+ r i. s l. ¡ c

of .r J. anti:io¡;zr t lt y car.tsccl by .ec:cr denî.â ì l;i-rl iat,'tn cvclì tls,

20
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which 	lead 	to 	abnormal 	cell 	functions 	and 	probably 	at 

least partially responsible for their aging. 

5 

In 	the 	skin 	in 	vivo, 	progerin 	is 	also 	sasliMesized by 	a 

subpopulation 	of 	dermal 	fibroblmsts 	and 	keratinocytes, 

cells 	in 	which 	it 	accumulates 	with 	age. 	Droderin 	could 

therefore 	be 	a 	marker 	of 	skin 	aging 	(McClintock 	et 	al_ 

2003 	(34)). 

It 	appears 	that 	identical 	molecular 	mechanisms 	are 

responsible 	for signs of premature aging 	in 	individuals 

10 with Progeria and, 	at a much lower level, are involved in 

the 	physiological 	aging 	of 	individuals 	who do 	not 	have 

mutations. 

The 	prior 	art 	describes 	two 	therapeutic 	approaches 	to 

improving 	the 	cell, 	phenotype 	caused 	by 	the 	pathological 

15 production 	of 	progerin. 	The 	first 	of 	these 	solutions 	is 

very simply to prevent the use by the spliceosome of this 

cryptic 	splicing 	site 	,tin 	exon 	1G, 	by 	̀masking" 	it 	by 	a 

treatment with an antisense oligonucleotides 	(Scaffidi 6 

Misteli 	2005 	(41)), 	or 	with 	a 	retrovirus 	producing 	an 

20 siRNA 	(Huang 	.4 	al. 	2005 	125)). 	The 	results 	are 	promising 

in vitro, but this is "gene" therapy, 	and the development 

of 	a drug based 	on 	this 	approach 	is 	extremely 	long 	and 

complicated, 	with 	all 	of 	the 	inconveniences 	associated 

with 	OAS 	vectorization 	in 	order 	to 	obtain 	an 	in 	vivo 

25 effect. 	The 	second 	solution 	consists 	of 	inhibiting 

farbesyl-Monsferass, 	the 	enzyme 	that 	catalyzes 	the 

transfer 	of 	the 	farnesyl 	group 	to 	the 	prelamins 	from 

farnesylopyrophosphate. 	When 	such 	inhibitors 	(fla) 	are 

used, 	a 	"normal" 	nucimar 	envelope 	im 	only 	partially 

30 restored 	on 	HGPS 	(Progerim) 	cells 	in 	culture, 	and 	the 

survival 	of 	RD 	mice 	(KO 	AMPATE24) 	in 	improved 	(Glynn 	8 

IO

Hhic)ì Load Uo ¿b:rormal. r:cl-I luncr.r-óns irnd probaL.ì y ;rt
ìoasL parL:raÌ.ly re:;pon.srk>ì¿ f or. IlLcir irÇrr-rÇ.

fí) [-he .sk-rn -i¡ vr vo, proce:'jr'. r.s l.sÒ :; yli t l'i c s r ?:c'd Iìy ;¡

.s\ìbpopulatjor) of de.::mal f ìb:'obl asr.s .:nC kèra.L i ..óc y t-- e.s ,

ccil-s in which iL .ìcct¡rnulôi.eÉ r,,ith age, Ii.:.-ogerin cor.rld

there{oro l¡c ¿ rrr¿rkot ol sk.:-n agir'.9 (McCl.rn(-ock et al..

2CO1 (3t,) ) .

IL appea¡rs thac ìden1-..r ca.l molecuiar nloclla¡lislns ¿re

responsibìe f o:: signs c.Í premal-ure ag.rng ir: rnci j.vi<ir.r.r.l.s

wi'Jh grogeria ar:d, aU ù much .l.c.wcr l-evel., a::e invoJ.ved in
'.ho pby.sroJ cAì c.rì .rgrr:c¡ of j nrirv:<lu¡.1-s who dc. not liav<-:

mu f.a t i.ons.

The prior aÌ L closc::¡.bcs Lr./ó tlìerapeutrc appr:oache-q io
.i.rnprc;vi ng the ceiJ. phenotype cp-used by thc pathol-ogrca!i

productlo¡r of proEcrr-n. The frrst of these so.lul:ío¡s r^s

very sr-rnpJ-y to prev(-)nL i.lìê úso b'y tlìc splrceosome of thr-¡;

crypi'-r(: .spJ:cing .site rn exon li., by "rnasking" rt by a

treal-ment (rj.t-h ôn ar¡tr.sense oJ i.gonucleot j.de.s (-9cnl'f.:d.r ó

I'rrstol-i 2005 (41)), c.:r wiLh â rcLrovirus producj.ng an

srRNÃ (Huang & al.. 2005 (2Si). 'l'he resulL:.s ato pr<;rnisÍne

ih vitt'ô, but Lh1.s r.s "gcno" u)rerapy, and the deveJ.opment

ol a Cruq ba.sed on l.iri.s .rpprc.rch rs extrctne)-y ìong .rnd

compJ Ícated, r.¡ith al-l- of Lhe inco:rve.nience.s ¿r.s.sociat.ed

vlrLh OAS vec(:oli.zat!on j.o <¡::dc;r Lo Òbtain aD r/r vivo
effect. ï'he seconcj scl-urlon consi.sts <;f rrrhib.r-l-.r ng

íaÌ r'rcsy.l. -t: r. arì:i I e.r¿.se / r:Ìro crrz.yûLc tha L ca r a i yzes th.e

Iran.sfer of t-i)e lar:resyJ. Íf ]:oup to the prêl¡r¡nlrìs l'rom

f arricsyl- pyrÒphó..tpb¿r,iÈ. Þ')rêrì such rnhib.:.Lors { ft'I'l ) olre

u.seq, a "¡ro::¡nal" nuciear envet.ope r.s <:nl.y ¡trrr Lra1.1.y

rescored cD IìGP.c. ( tirogclr: a) col-l-s )-n cul-tune, and the

sr'.rv:.v¿l of lìLr rníce (KO z,f.lP.ST)ì;14 ) is 5mprc.vcd (Gl ynn (

t5
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13 

Glover 	2000 	(13), 	Capell 	& 	al. 	2005 	(6), 	Toth 	& 	al. 	2005 

(42), 	ieng 	& 	al. 	2006 	(15)). 

5 

However, 	the 	blocking 	of 	farbecylatbon 	can 	induce 

compensatory geranyl-geranylation 	(Bishop & a). 	2003 	(3), 

Varela 	& 	al. 	2008 	(54 	his)). 

In 	addition, 	if, 	was 	recently 	reported 	that 	Fits 	caused 

the eel] 	cycle to stop by blocking proteasome 	(Demyanets 

& 	egg 	2006 	(8), 	Efuet 	& 	Keyomarsi 	2006 	(10)) 	Thus, 	the 

treatment 	undoubtedly 	causes 	an 	accumulation, 	in 	the 

10 nucleoplsm, 	of 	progerin, 	probably 	ubignitinylated, 	not 

degraded by the proteasome. 

Also, 	recent 	studies 	report 	that 	the 	reduction 	in 	the 

rates 	of 	farnesyletion of 	progerin 	in 	vivo is 	very 	low, 

on the order of 	5% 	(Young 	& 	al- 	2006 	(53)), 	which 	is not 

15 enough 	to 	explain 	the 	restoration 	of 	the 	nuclear 

morphology observed in vitro. 

Finally, 	FTIs 	are 	specific to 	only 	one 	of 	the 	protein 

prenylation pathways, 	and cannot 	be envisaged as genera] 

post-translational 	prenylation inhibitors. 

20 Additionally, 	it 	isported 	that 	the 	total 	absence 	of re 

one of the enzymes of this pathway, mevalonate-kinase, 	is 

lethal 	during 	infancy 	(homonygotic 	mutation 	loss-of- 

function 	of 	the 	gene 	coding 	for 	this 	enzyme, 	syndrome 

reported by Hoffmann & 	al. 	2003 	(24)). 

25 

nti-HIV treatments and side effects 

a 	HIV-infectgd 	patients 	subjected 	to 	an 	a,tfretrovira- 

treatnent 	show 	clinical 	and 	biological 	signs 	of 

30 accelerated aging comparable to that observed in patients 

with e 	'-• progercid syndrome. 

Ic)

15

2C

1J

(ìlover ;lC!5 (i7)/ C;ri)èl l. e â1. 2CC5 ((t)

(47), Ì'ons & e.l . 2Cr0C (1.1t)).

îÒirl) å åI. 21005

llowcveÌ', the blccki:rg ct f rrìcL:yj.atíon Ç¡rrì j.rldtr(je

comÞcnsaLory g c ran yl- - ge r an yl a1-. i on (ihshop e ai. 200 3 (-3) 
'

Vûrel.a e ¿r1. 2C08 (-\4 iri,.) ).
In acld.r-.io:r, rt. wt¡; tccoñL.l.y ):e ported Èlr¿¡'i f'l'llì càused

thc cc-l ì cycìe to sr.()p by I:i<>ckrng Prol-ea.some ( i)Dtlly¿)rle L.s

& ¿i. 7OC6 (8), Efurit & Keyom.rr.sr 2006 (10)). '!'l'.ìr.s ' l.he

LreâLrnerìL undoubte(ll.y cau.se.s an ê c(;Llmul- â'; i on , in uhe

r: u cJ. e op J.;r.sm, <;f progorirr, pt'obôbiy ubr qu i L r ny L a ted, noi-

degraded by the proueasor,e.

A1so, rccor)t suudres .r'eport thet thè .tcdt¡ct j on .1 )t uhe

):ate-s of ia rn e.s yl a i: i ô rr of progc):1n .¿rt vr vo r.s v<:ry low,

on Llìe order of -5t (Younc¡ & a.l . 20C6 {53)), v¡h.rch i.s no!
cr:<;ug)t [() ex¡;l-ar-rr 1-]rc r:esL.oral-.1on <.¡f the nucleêJî

moj:phology ob.served iJ) vj L¡c>.

Eìnal-l-y, ETIs are spec.rf rc to ôrIly one of [.he prol--e.]-)ì

pzcnyl.:iior pêLhways, and cannot be ertvisagod a.s genera J

po.st-t):ôn sl at j ona I prenyl¡:1:1on l.nhlbitots '

Addir-ionaÌly, iC r.s lîeporl,.ed l:ha1-- Llhc total aL'sence of
one of the enzymes oli Llìj.s paIhe,ay, meva](-'naLo-kinase, is
lethal- during ltrfancy (hc:mc:zyg<.:Lic m\¡tat Í.on .lô.s.s-()f -
f uncl:: on of t)ro ge no cocìing f:or thas êrìzytne / sytrd::ome

reì)orte ci by lio Ifrnanrr 6 .r]. 200.3 (24)).

Ànbi-HMreatments and side effects

l. fi lV-ir)[(ì(]teri p;rt:.r er'.L'..s :;ub¡ccLcd t'.o atì .31ìLt rcL¡:<..¡v.L r ¡]
Lrc.ätnLcrìL slr<.¡u c:l-!trrcal. anc b:r>Iogt-c.rJ. s.l.qns of
acceic¡'êt.cd aq.r.nçl (;Òrüp¿lr¿l¡Ì c¡ t.o tL:.rt oi:sc¡vcci .t-tt ¡:;rt-tc:tlUs

t,{r. Ll'/ ¿ì gcnetìc }ì.1'oger'(ì.r d syird.r.Qmer.
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Anti ret ravinel 	treatments, 	reverse-trans cripta se  

inhibitors, 	nucleosiclic 	IMMO 	or not 	(N 	and viral. 

protease Inhibitors 	(111) 	have made It possible to prolong 

the 	lives 	of 	AIDS-infected 	patients 	in 	whom 	the 

5 consequences of "physiological" aging appear 	(Casau 2005; 

Levy et 	al. 	2003) . 

However, 	the 	infection 	itself 	and 	the 	antiretrovibal 

treatments show the same clinical 	and biological 	signs as 

those seen 	in patients with a genetic accelerated aging 

10 syndrome 	(for 	a 	recent 	review 	of 	these 	syndromes, 	see 

Navarro et al. 	2006). 

Certain manifestations appear 	to he 	related directly to 

the vide] infection: 

15 For 	example, 	the 	mutated 	helicase 	in 	Werner 	syndrome 

(OMIM 277200), 	a premature aging syndrome associated with 

a predisposition to cancer and atherosclerosis, 	recruits 

cell protein cofactors essential 	for the transactitation 

of 	the LTR of 01V-1 	and to the replication of the virus. 

20 The slightest availability of helicase in infected cells 

could lead to aging and immunosuppression 	(Sharma et al., 

20021. 

Another 	example 	is 	modifications 	of 	the 	;tansport 	of 

cholesterol 	in 	macrophages. 	The 	viral 	protein 	Nell 

25 inhibits 	permeases 	of 	the 	ABC 	family 	responsible 	for 

cholesterol efflux 	(Bukribsky and Sviridov, 	2006; Mujawar 

et al-, 	2006; 	Wang and Rader, 	2002). 	The accumulation of 

cholesterol 	in 	macrophages 	transforms 	thorn 	into 	foam 

cells 	involved in 	the 	formation 	of a theromatous plaques 

30 in 	the 	vascular 	walls 	(Pennitgs 	et 	al., 	20061. 

AntiietrovirAl drugs also inhibit the cholesterol efflux 

of 	macrophages 	and 	contribute 	to 	the 	to-matron 	of 

Arì L í rei: rov i- r: a L [. r e.] Ercen l- s , ): cvc r s o - Lr .f ¿r Ð..i c l- r-p 1.. ¿ se

irrh r.b: t ors, nucì eosi d.lc (NIì1' j ) or noi. (NNR'J'1. ) , ztno vi r:a ì
prçl:ease inhibi tors (l>II h.&ve made ìL: poss.i.bJe 1:o proianq
che .lrves cÎ AIDs-infccì-oo pâ'ü j ents rn v¡hom .ihc

consequcnccs <>f "pi: yr; i ó1Òg r ca ì " agr.r)g ¿rppcar (Casau 2C05;

Lovy êi al.. 2003).
llôweve)-, t.he .r ìr f ect j on r csei f êìli r.¡e .rn r-r.rèir:ovr r'a i

treaumenL-s sl'.oE L)re lame cl-r-ni.cêl ar'¡<l l>r.ologlcaì .s.ìgns ô-ç

uhose seen irì p¿Li(]r)ts urLlI ¿i gorLct-r.c acce.l e r:a¡ed aç.rÌg

syndrÒmè (for (l recent revrew c.4 Lhoso syncìrorncs, s()e

Navarro et aL. 2006).

Cc-t'¿¿rrrr tú.anifest,'Etons ¿tl4)e.11- Eo be rê)al:êd dit'ëcLly l:a

tbe vi t:aJ rnfect)on:
¡'o.r: exarnple, L)ìe rnu[âLed l¡o]-rc¡'so r-n 9le rner: .syndÌ'on(ì

(OYI}4 211'l0O), a prem¿rture agl ng syndr<>rno alrsócratcd lviLir

.r p red i. spo-. i t i c.n to cancer and a t- h ero.s c 1e ro s r..s , recr\rr.Ès

celi proUern cofactors oss@nLrâl- íor the t ran s a c t r \/at r on

oI Uhê LTR of HIV-I ancj to the repl..r c¡ri.-'Òrì of Lhê vi.ru¡r.

1'he sl j.ght.e st avar.l-âbj iity of hel..:.ca-se .r.!l jnfec.!ed ce.l.l-s

coul.d l-crÀd LÒ öqrr)g a¡rd rmmu¡r(:$uppressiÒn (Shôrma et- a)..,
2QO1 ) .

Anc.t-her examp.l-c rs modrf.].c¿rLions of '¿he Iran-sport of
ch<:l e.st:ero.l .1n rrac¡tophages . the vj :'al proL(-.r-rr Nél'

rnhi.br.ts I)orlìrcâscs oI thc ¡rBC f a:niJ.y rcspor)sr.bìe. far'
clì o.l. (ì.st è.r c) i ef f.iux ()ìukrjnsky ancl Sv j.:::.dov, 2-CtO6; I*lLrl ¿rw.ìr:

et aj.,2CA6; I/ìang and íìader, 2C0?). T'he accum\¡J.;ir.on oí
c)ìóìc:;Lo.r-ÒI -rLr rna(:rôphaqe.s i.--.r-.rr.r;f--()rñfì í-lìcnt irltc {c.alr'

cç.:.1 l-s i nvol.ved irì t-ire forrnaL j órr of a I h (' r'ol:ìa t eu.s pJ.:quc.s

ilr L)ìo t'4..:r:ul.ar ual.J-.s ( l)erìr) I rìg.s ot à I . , 2oi)6i .

Àn1: j re iJrovr ra L dr.'ug¡ì .r.l sc. .r.nhr b.r t th.c (:hol cs [.(-:rcr]. c-rf'!-l uz

oI' )nâcrophaqôl; ¿.lDcl corit ¡: l>rrt:c t.o Lhc iorma l-.r oi) oi

1.0

1.5

2o
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atheromatous plaque (Arzam et al 	2006; 	Dressman et al., 

2003; 	Wang 	et 	al., 	2007). 

Numerous 	clinical 	and 	hicleetmal 	manitea to ti ores 	appear  

5 also to be the consequence of antiretrindil treatments: 

They 	reproduce 	the 	signs 	observed 	te 	genetic 	progefoid 

syndromes, 	such 	as 	Hutchinson-GiffordProgeniR 	(OMIM 

176670, 	see 	Hennekam, 	2000), 	alibmandieular 	dysplesia 

(OMIM 	240370) 	and 	the 	lethal 	neonatal 	form, 	restrictive 

10 delilipath y 	(OMIM 275210) 	associated with mutations in the 

LMNA gene coding for lamins A and C or with mutations in 

the SAMISTE24 protease 	(FAUN.) 	responsible for cleavage of 

prelamin A during its maturation into lamie A: 

15 

• Alopecia 	(Torres 	et 	al., 	2007; 	Wiwanitkit, 	2004), 

independent or infectious dermatological. manieestations 

(Maurer, 	2005). 

• Skeletal 	system 	abnormalities, 	in 	particular 

osteoporosis 	(Brown 	and 	Qaqieh, 	2006; 	Thomas 	and 

Doherty, 	2003) 	for 	which 	a 	correction 	with 	vitamin 	D 

20 and a 	biphosphonate 	has 	been proposed 	(Mondy 	et 	al., 

2005). 

• Muscle atrophy 	(Restrepo et al., 	2006; 	Restrepo et 81_, 

2004; 	Tehranzadeh 	et 	al, 	2004a; 	Tehranzadeh 	et 	al-, 

2004h), 	in 	relation 	with 	the 	ubigulitine-proteasone 

25 system 	(Moisten) 	and 	Bac:oleo, 	2003) 	or 	calpains 

(Bartell and Richard, 	2005; 	Costelli 	et al., 	2005), 	two 

proteolytic systems inhibited by certain antiliteovirai 

treatments 	(see below). 	The calpain 3 muscle mutations 

are responstele for a form of girdle muscular dystrophy 

30 (LeD2A, 	OMIM 	253600; 	Richard 	et 	al-, 	1995) 	of 	which 

eosinophilic 	myositis 	might be 	one 	of 	the 	first 	signs 

(Keehn of al., 	2006). 

r0

'I It

a'i lì(-) r()ñü i-- ou:; pl¡rquc (Az?.am cI a]

200.i,' bùang r:i: .:1.. , 2OO1) -

2006; ljressrtLcìr) cL .r.l.

NL¡rne¡orrs c) i.nica.l an<! Iti o.lcgtca) ùaniÍcstâticns appee ).'

d-¿-.-Ò LÒ l>o Lhc' cor)segl?ence of a)1Ei ret:roviz'a.l L¡ea frllcì] ts.-

'|ltoy ::cprodtrcc Lhe sr-gr)s obse):vecl irì qcr)êL:1c progcrrord

.s yncilr.:rne.s , .su<:h as llut:clìirÌsot -Gj l.fo.:.d i)rcgerÍ a (OM.ì M

i7G610, -qee ilennekam, 2006), ¿ì c r orncr r) d Ì bll I ô r cjy.s¡rì.r.sia

(OMIM :14 8 37 0 ) and the I ethal neolla La I f ó!*m, ):esì ri ct j.ve

dcrmöpa Ll)y (oMIM 27 521C ) âssoc j ated w j. uh rîut¿t iÒlì s i t) tl'.o
l,14NÀ çene Çod;nq for 1¡ìmit:s A aÌ)d C ol' r,tith muL--atroír.'i r.n

the ZMPST¡124 pr:oteese (l¡ACÌ.i ) ;esponsrbJ-c lor cl.eavage cf
[-'rèìàríLln A durrrìg iLs )n,ìLurat-10]ì inl-o l.arni:r -r'':

' AloPecla (Torres et a]., 204-l; hì i.w ¿'. r).1. t- kl. c , 2OO4),

i nd<-:perrdo tr1: oí' inlecLrc;u3 dcrmaCol ogi caì mëlìl lèsLaLrolìs

ll4dvrex, 2001)).

. Ske.ì ctal. .sysLem abnormal. j.tres, irì p:rrc:cuJ-ar
().sl-eeporosrs (B¡c>ç¡rl ¿rrd Q¿qj sh, 2006; thornûs ¡rncl

llcneÌ'Ly, 2003) fo:: v¡hj.ch a cL.rrècLro¡t lvit-h vi uõm.Ln l)

and ¿r brp)ìosphonaLe has been proposecl (l-loniy cI etl.,
200s).

' I-]u.scl e aUr.'oph,y (Restrepo (-r t ai., 2006,' Iìesl,.repo el.. a.l .,
?0C4 i Tchranzadeh et a L , 2-0O4¿t¡ TelÌt:¡ti)'.1¿rdeh ct a.l. . ,

200 4 ir) , : n rel-¡ Lror: ui Lh ';he ubr qul [.5.rrc;-¡-.r o LoasonLc

-s ys t e)rr {Co j.s t-e.i.I i and lì.)r)Çr r}ô. 2C C3 ) c.l' ca J pa j ns

(li¿ìÌt:ol..r- antì Ri t:hr.r r:cì, 2005'; C.ost el.1'. ct. .r1., 200;), tuo
proteo.l yL 1c systems r nir j.k'.r te<j by cc rL;rr.n .llt I j )'e. rovr ra i
Lroat.mcrlLlì (r;cc' L''oIovl). the calpain .l rnusc:l.o ilìutat-1ólìs

.)r:e rc.spons íl:l e f or.- .r l'ô.rnr of glrdJ-e Inuscul ar dYsttophy

I Lcl'r'D2l\, ol,1lv 253600; Iìr.c:harc el. ¿).1 ., I !ì9.5) oí v¿i:rc)r

eosr nopir -' ì i c myos r.1: j..s nr: gh L ba ottc of t he i=i r.s1'- :;.r qn.s

(Krahrì ec al., 2006)-

¿'.r)
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• Ca rdiomyopathy 	(Barbaro 	2003; 	Resurepo et 	a*, 	20061, 

independent of cardiovascular comp 	cat ot 	e 	below), 

in 	relation 	with 	the 	midechondridi 	toxicity 	of 	NRTI 

(Leudb, 	2002). 

5 • Cardiovascular 	abnormal(*ion 	*Iondy 	and 	Intbas, 	2007) 

with 	lipid 	metabolism 	disorders 	(Hui, 	2003; 	Jones 	et 

al—, 	2005; 	Moyle, 	2007), 	atheroma 	(de 	Saint 	Martin 	et 

al., 	2006; 	Thomas 	and 	Smart, 	2007; 	van 	WiTk 	et 	al.., 

2006), 	endothelial 	cell 	lesions 	(Chen 	et 	al., 	2005; 

10 Jiang 	et 	al., 	2006; 	Shoos 	et 	al_, 	2002) 	and 	adipose 

cell 	differentiation 	abnormalities 	(Kim 	et 	al., 	2006; 

Roche 	et 	at., 	2002). 	Dyslypidemia 	was 	able 	to 	be 

treated 	with 	statins 	(Benesic 	et 	at., 	2004; 	Liang 	et 

al, 	2006; 	Malon et al., 	2006) 	or with an inhibitor of 

15 intestinal 	absorption 	ci 	cholesterol 	(Nearedo 	et 	al, 

2006). 	It 	should 	he 	noted 	that 	prayastatin, 	which 

partially 	corrects 	some 	of 	the 	parameters 	altered 	in 

the metabolic syndrome 	Cfamagishi et al—, 	2006/ 	causes 

an 	increase 	im 	subcutaneous 	adipose 	tissue 	without 	a 

20 notable improvement in cholesterolemia 	Olharakhanian et 

al., 	2006; 	Mallon et al, 	2006). 

• Clinical 	manifestations 	associated 	with 

hypoandrocenemia are frequency observed 	in men 	(Cohan, 

2006) 	and cases of premature menopause in HIV—positive 

2k women 	are 	the 	subject 	of 	a 	number 	of 	publications 

(Cohan, 	2006; 	Ferreira 	et 	al., 	2007). 

Virus protease inhibitors 	(PI) 	have a plurality of cell 

targets, including proneases: 

30 • The 	inhibition 	of 	protean/me 	(Piccinini 	et 	al., 	2005) 

has highly varied consequences due to the role of this 

10

t(i

C¿r rdlornyópa1:iìy lLi¿rrba rô, ;ì ()0 3 ; Iìcs Lrcì)o c l- cr ì , ¡ 2O06) ,

rí)d(ìpêndcr)L: ()f c:¡.r.r--ilr-ov¡r.s(:u-L¿lr Òr>np i .t cä L r ot) f; (s:ee l'-'clor.t),

r-í) .r'cl a L. i c)r) wl.l:h L.¡re )nr t.o()hor)(j.r'r ;r ì t.Òxrci L y ()L NI('I'I

(l,et{j s/ 2003) .

C¿ rd i c.va s cu l- a r .¡bn orrna I i L i r¿ s (t"londy ¿ìncj '.)'eL'.r.s, 2Od7)

\^rrtlì IÍprd me L;.rbol. i.sm <jí sc>;<jc rs (ilui, 200 3 ; !loL)es c L

;.rJ., ?-(\05, ¡,ÍoyJ.e, 2,0O'l ) , a1:herama (dcì S.ìl.r)L y¿-ìt L.l.rì qìt:

a.1 . , ?,î)C6 i Thonas and SmaÌ't, ?.0O1 ; vao I'J:..j k c:1. a).. ,

2006\, endo L lìé.1- 1.r..1- col-ì ìesrorrs (CLìe n ec ei,, 2005;

.rlarìg eL al., 2006, Zhong e1: ¡.r1., 20C2I ¿rnd àclip.os(r

celi d j.f fere:ltiat j.ot', abnormal.jtjes (K.rn el: ;r!.., ;ìt)06t

Roc!ìó èL ¿!., tl]Ozl . Dysly¡>rclcnri¿ vras ôhle to I¡e

Lr.o¿Lcrd w.r-l-h statin$ (Benesac et: al. , 2OO4; Liêng ct:

al ,, 2006,' Malon eu aI., 2006) or çiEh an :.r:hrbj.Lor c¡f

r.n1ie,(tina). abso.rpLror) of cl'.ol-cstcrol (Negreda eì ai .,
2OO6.) - I t. .shoul d be n() L--ed 1:l:a L prd vasLa tl.r)l, wlìicl',

pa::t.r.a).J y coJîrects so)ne oJ: the Paramet(rrs âlt(-]r(?d j.n

the mel¿l¡ol.rc syr)drorfic (Yarnag!.slri ct al.. , 2006) cai).ses

àtì r-írc.riease ìn subcuCaneous ac)rpose t-rssLtc \tit-)ìout- à

nocabie j.mprovement rn chc l- e s t c ro i emr a (Gharakhanian ec

a1.., 2()06; Mal.lon e1: a).. ,1006).

Cìinic¿rL nLan i f est¿ L ionl; .ìs socl.ô Cei 14i.Lrì

it yp<;a nd r oqe,ìemi a are freguency ob.se::ved r.r) rn(¿rL (Colr¿tr'',

2006) and c¿,.s@¡ì ol p.rcnature mcr)opause .rn tlJ.v-pos j t.rve
t¡ômen ¿r:e ihe -suLrJ ecL. c>t. ¿ì ¡) ìtnrb(-l.r o t pul) ). r- c¿tt r- o r) ¡;

(Coh.aLl, 2C0 6; ['er.'rc i râ e L. â ]. . , il00l ) ,

V.).rr¡s .¡-ìrotease lri)Ìbll.órs (Pl) ir.rve .r plura.lit.y c;l <:eJ.l

taÌ'ga[:!;, ] nc.l ¡rd.ì ngr F)¡-o /:e¿.se.s .'

']'he Ír'.1'.¡-bri.i oÐ c'1. prÒLc¿:íÒrnc (Ficcrnini c,t ð1., 20û5)

l:irs Ìtr.qhJ.y va::i<+d cc,n s e(lu cl n(;e.s c{ue Lc. Ihc ¡:ole of L¡)rs

15
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proteolytitt 	assembly 	on 	numerous 	cellfunctions, 

protein 	turnover, 	eel 1 	cycle 	control, 	apoptmsis , 	gene 

t rens c r ipt imn , 	signs I. 	t r a ns du et ion, 	senescence, 	stress 

response, 	and 	so 	on 	(Na uj o kat 	et 	a i . , 	2007) . 	For 

5 example, 	one 	of 	the ways 	in which 	Pis 	black a d itoo cyt e 

differentiation 	involves 	non-production 	of 	the 	NFkB 

transcription 	regulation 	factor, 	which 	controls 	the 

transcription 	of 	the 	gene 	coding 	for 	metal 1 opro t ease 

( z trio ) 	MMP9 	involved 	in 	ad I pocy te 	di i ferent io t i on 

10 ( Bou r 1 i.er et al . , 	2005; 	De 	Darren 	et 	al., 	2007 ) . 

• Another 	example 	is 	the 	s i (Ala ling 	pathway 	involved 	by 

insulin 	(Rudich et al., 	2005; 	Schutt et a 1. , 	20041. 	The 

P / s 	inhibit 	the 	activity 	of 	insulin-degrading 	enzyme 

(Hamel 	et 	al . , 	20061, 	block 	the 	potassium 	channels 

15 responsible 	for 	i n su 1 in 	secretion 	(Ne ye 	et 	al., 	2006) , 

interact with Glut 4 glucose transporters 	(Hertel et al . , 

2004) 	and 	prevent 	their 	insert ion 	in 	the 	plasma 

membrane 	(firmly, 	2006; 	Parker et 	a1 . , 	2005) . 

• Similarly, 	the Pis block the signaling pathway via A kt 

20 kinase 	involved 	by 	the 	act i va t ion 	of 	tyrosine-kinase 

activity ,receptors 	(Gupta et al . , 	2005), 	including 	IGF1 . 

1021 	directly 	controls 	muscle 	atrophy 	or 	hypertrophy 

(Glass, 	2003) . 

• The 	Pis 	exert 	an 	ant i- a pop tmt i c 	effect 	by 	ca 1pa in 

23  inhibition, 	Ca f hlependen t 	c ytos o 1 is 	p ro t ea s e s 

(Gt) /bell i. 	et 	al., 	2003; 	Li c ht ne r 	et 	al., 	2006) , 	and 

which 	control 	the 	apop to s is sa u tophas y balance 	by ATGS 

cleavage, 	essential 	or the formation of the a u t opha g i.c 

vacuole 	( Youse f t 	et 	a 1 . , 	2006) . 

30 	• Two 	other 	enzymatic 	systems 	are 	blocked 	by 	the 	PI s : 

certain 	0450 	cytochromes 	of 	the 	subfamily 	3A, 

1O

1'' l

p ì'o L. c c.l- y L r.c a.s.scrr)ly o)ì |umeror¡s ccìì funcl-iot)s,
p)ro Ucir. Lur:ncver, r.e.l ) cyci c, c oLì t ):o.1., al)ol)t o-r j. s, gcne

1- l'L1lì:;(:rr p-r- r on / s i g)tõ j L r.itrsctuct í-orL, -senc::(;c'Llcc, s [.]: (-).ss

rcspon.se, aLrd so oLì (N¿rLì jôkaL c[ äi., i]0û'¡). ).'orî

ex.rmpìe, crirc <..¡ I L:)L' \^r¿ys rr: whlc:lr Pl.s i-:loc:k adl.pocyte
o ì f Jle rent i a t i c¡r: r.nvol.ves n oì't- È) t'ociuct r.oo of. Uhe NfkB

L.tônscrrpLr()n regul.at..ion l'acLor, ç'hj.cb colìtrol-s lrhé

I r ¿ìll s c.r.].pt I an of the ger:c coding for rne La ). .1. opro L: è¿t.s e

1z'ncl l9MIl9 !nvo.l.vcd irr .ÌdipócyLa d).f lêrôn1:r;¡tion
(ìlour.'l r e.t' o1r a.1... ?.OOt¡ I)e lla.:.-rc.s el: a.l ., 11001 ).
Art<)l..hef exampl.e !s t-lic sigrrzrì rr)g ¡)¿lthw¿iy :.rrvoìwecÌ by
in-srrl.j.n (Rudrch cL ¿11... 200i;; Schu!1: eì a1.., 7CA4 ) . The

PIs !nhibit che acti vrty c.f ì ns u.l. i n - deg ràcl i n g cnzymè

(l!ânel et af . , 2OO6) , L;ìock l-i:a po L¡.uì.s:.um channef -s

xesJ--.onsrb.l.c for :nsu.l j:r .secref.loir (Neye el: aÌ., 2006),
.LÐ';er¿ìci: rç j r.h Glut4 gÌucose transporIeJî-. (Hette]- eI al.,
2OO(t) and prcvon L thcr r rr)sor I ion iri thc pJ.asma

memb¡;ane (Hruz, 2006; P¿rker c,t al. / 2005).

Srrniìa11y, the PIs bLock '.hc .srgnâling p¿ Lirf.¡¿ìy vÌü Akt
kínase rnvo)-vê(l i)y 1:ite ;ciivaticn of ì y ro s l.n e- k r na s e

âcLiv.r l-y receptoj:s (Gr¡l)t-ê (]t âÌ., 2005), r-nc.iudrrìg IGIr1.

lGFl. directly conL::ol..s muscJ.e atrophy or: hypertrophy
(Gla.ss, 2003i.

'l'he PI¡'; exerì õD alìl- j.-apopt ot.ì.c ef f ec:¡ by câl.parr)
rt:h: b.it i <>:r, Ca" - d<j¡>e nderrL cy L osol. i c pr Ò Lèâ.ses

l(ìh.r bel lr. ôL ¿ì1.,. ?-()Õii l.,r ch1:ne.r et a1.., 2006), ancl

which c:o:r1:rol t-ne apc))) t c s l- 5 -â u L oplìag y tlal¿ulce by À.ICIi

cJ-eavaoe , cssólì L r i.rl í ó.r: î:he l'ornr(ì [- r cn oI' L.lre .:ri L:cphag i c

vacuo.l-ê (Yc>r.rsef i ct ði-, ?.CNl,l .

lwo ot-lìc.r c'rrzyrnat jc sysl-ems âJîe l:.l.ocked b'y the l>Is;
celL¿tr.r) ))4 [r0 cytochrornes aI Lhe sui]f .rml-ìy 34,
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intestinal 	or 	hepatic 	(Grantors 	et 	al., 	2006), 	while 

other P450 cytochromes of the subfamily 2A are induced 

5 

(Yeh 	or. 	a2„ 	2006) 	at 	the 	same 	time 	as 	other 

transporters 	(Dixit 	et 	al., 	2007; 	Yeh 	et 	al., 	2006); 

glucuronide 	conjugation 	in 	the 	RE, 	in 	particular 

biliroble 	(Zhang et 	a]., 	2005). 

• The inhibition 	of 	a 	plurality of enzymatic activities 

In which 	the 	proteasome 	induces 	endoplassde 	reticulum 

stress, 	the 	activation 	of 	the 	UPR 	(Unfolded 	Protein 

10 Response) 	and 	the 	involvement 	of 	the 	signaling 

mechanism 	of 	the 	reticulum 	of 	the 	nucleus 	with 	the 

appearance of transcription regulation factors 	(Zhou et 

a)—, 	2006). 	Numerous publieetdons show the 	increase 	in 

the 	amount 	or 	SREBP 	(Sterol 	Response 	Element 	Binding 

15 Protein) 	isoforms, 	which 	control 	the 	activation 	of 

genes 	regulating 	the 	lipid 	metabolism, 	including 

cholesterol 	(Colgan et al., 	2007; 	Miserez et al—, 	2002; 

Nguyen et al., 	2000; 	Williams et al., 	2004; 	Zhou et al., 

2006; 	Zhou et 	al., 	2005). 	The induction by the 	Pis of 

20 

) 

25  

SREEP transcription has also been shown by a 	study of 

the 	transcriptome 	(chips, 	quantitative 	OCR) 	of 

adipocytes 	in 	the 	process 	of 	differentiation 	(Pacenti 

et 	al, 	2006) 	and 	the 	effect 	is 	increased 	by 	the 

absence 	of 	SEEBO 	degradation 	by 	the 	ubiquitine- 

system. 

The Pis induce the nuclear accumuletien of SREDP in the 

hepatocytes and the adipocytes and its consequences on 

the 	lipid 	metabolism 	(increased 	synthesis 	of 	fatty 

acids and cholesterol) 	(lei, 	2003; 	Riddle et 	al, 	2001). 

30 • Three articles by the same Parisian team analyzing the 

differentiation 	of 	adipocytes 	successively 

show that the Pls cause an insulin resistance syndrome, 

io

t8

in1:est.r:rel o): hepe-i.i c ((ì::.:nr:o¡s cL ¿r.l-., 2Çt06) , wl)iio
ouher l)4lrQ cyl..o<:hrc.me s of l..he sr:bíamíIy 2A aro 1rìdìrced

(Yeh e-t al ., ?006) at l..hc s¡r[re i.rrLe ós ot.ne¡t

Lransporters (LrixiL etl al-., ,)00?; Ye¡r et al., 2006)¡
g].ucurorlidé (:()rl ) tlga L r or: j.n Lhe RE, rr) parl-.r.cuIa.r'

brlrri:b.r:r (Zhang et a.l ., 2001)).

]'he i.r',hrl>r t- r.crÒ of a l)l ural ì ty of en zymal;i c acî. i.vit i es

in whrcir tlìo pr.óto<ìsolno j ncìucc.js c,nciol)l a.smi c ret : crrl um

strê.ss, t)re açtir'.rt r on of Lho UL-R (Unfcl.deci Proter-n

lìesponse) ancl uhe invol.vemenl; of ilìè srgrr¿lirtg
mechan)-sm of Uhc róu)-cuIum of che )lucJ.eus wrtl., the
appe¿rr.rnce ()i 1;r.lnscrl.pi.t (-'n t'(-.tgt.l-rat:Ìon f'act-ors (zhou et
al., 2006) Nr¡me::ous pubiic.atrons .show r.hc rncrêô.se in
f-lìe ¿mounL ÒI SREBP (StorÒI RcsÞonse Éleme-nt Bindr.ng

Protern) i.soforms, r,rh¡-ch c:<¡nt:rc:1 tlìo act-rvaLion of
genes reguiatinE the l.r pi.d metab<;J.ísnr, Ítrc!udrrlg
chol.este):o.l- (Coigârr a'¿ a1.., 2CO'1,' l,li se::ez- eE al.. | 2OO2,

Nguyên ètl al- . , 2OCO; I/i:.-r i.:.arris ct al- . , 2O04; Zhou et al- . ,

2-QQ6¡ Zhott et a]., 2005). Í'he .r ndircl--aÒn by che PIs of-

SREBP trarìscripLrórì )r¿is ¿rl.so l>ee:r show¡r by a .sÈudy o1:

i.he transcri ptome (chips, cluàr)Lita[1ve t'CIl,) Òl

adrpocytca rn Lhc p):occss oÍ clrf ferentiaE.r on (¡)acenci

eL: al ., 2006) and the çÍ.fP-cl-- r.s rtcreased by i:ho

absence of SREllP dec_¡racìat ! o:r by the ubr gui.1--.rne-

prL\t ea.sotrLe .s y.s t c,m .

't'he t'Is tnduce tnc Iluc.le a.L acc:umul ation ()f SIìIl3P in L:h<:

lìcp¿r Lo cyi: (r¡i ¿ìrìcl 1:Ìì(-l âdtpo(:yLó¡t arrd its co)rsegue¡)ces on

the Ilpid ìreUaboi j.-srn ( j.nc'¡'e.rsecl .svnl.hesr:; ôl Í';r1:1.v

¿ìcl.d-s <ìrld clrÒ L o.s (. Gì ro.l- ) (lLuj, :003; l{iddic-: et aJ., 2001 ).
'l'hr.'(,c ¿ìrl-lül.erì L)y Ll,c sa)ne l)arr.-si.an f <'am ;rn;tJ.yzl-rìg ihe
!f) tiltj-() d] I {(-}r(:n-cI al.- l-ôr] óí adipocyt-c5 success-ì.veI y

slìo(,¡ thät the l)is cause ð)r in.sul.rrr resr..sl:ancc syndrom().
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the abnormal localization of SREBP in the nut: loopl a sm, 

in relation with an abnormality in the localisation of 

tango 	A 	(Caron 	et 	al. , 	2001 1 ; 	the 	inhibition 	of 	SREBP 

cleavage 	( by 	the 	Go lg i 	proteases 	S -1 P 	and 	662P, 	see 

5 Se id a h 	et 	al., 	2006) , 	and 	its 	consequences 	on 	the 

synthesis 	of 	lipid 	metabolism 	en zymes , 	on 	abnormal 

maturation of lamin A, 	whilethe maturation of demi n B 

is 	not 	modified 	(Caron 	et 	al., 	2002 ) ; 	the 	similarity 

between 	the 	mitochondrial 	stress 	observed 	in 

10 1 ipodys fir:0Rn i es 	associated with a mutation of 	the LMNA 

gene and that resul t log from treatment with 	I? 1 s 	(Caron 

et 	al., 	200)). 

One 	of 	the 	benefits 	of 	these 	studies 	is 	that 	they 

strongly 	suggest 	that 	certain 	Pls 	block 	the 	protease 

15 

20 

( FACE] 	or 	SMPSTE24 ) 	involved 	do 	the 	maturation 	of 

pre 1 ami n A, data that has been confirmed by an Mier-lean 

team 	( Co f f i ni er 	et 	al. , 	2007) . 	These 	Pls, 	on 	the 

contrary, 	have 	no 	effect 	on 	the 	activity 	of 	the 

protease 	PACE2 	( or 	Rce 1 , 	Ras 	converting 	enzyme 	1 ) , 

responsible for the 	cleavage 	of gre 1 ami ns (3, 	but 	also 

that 	of the 	Ras monomer protein G, 	cleavage necessary 

for its maturation 	(Wright and Philips, 	2006) . 	A recent 

quantitative 	RT-PCR 	study 	shows 	that: 	PIs 	cause 	a 

decrease 	in 	the 	amount 	of 	mRNA 	coding 	for 	lamin 	A 

25 without modifying the amount of mRNA coding for I am in C 

(Miranda et 	al., 	2007). 

• PIs inhibit the mitochondrial proteases responsible for 

the 	cleavage 	of 	mi tochondrie 	addressing 	signals, 

mi ochondri al 	protein 	renewal, 	and 	the 	control 	of 

30 certain 	mitochondria1 	GT Pao e s 	( ORA1 ) 	involved 	in 	the 

f us ion of ei to chondrime and apoptosis 	(Mu khopadhyay et 

a1. , 	2002; 	Roe hi White and Lauri no, 	2007 ) . 

.(r

l.))c ôl)nol)nal. i oca] iz:.r1.ion ()f .SI1lìBI) ln the nuc;ìcIopl.:sm,

ir) lrc.l. a t-ron r,{r- t-lì ¿ìn abna l'm.l I i 1: y i:r ihe loca i i 7.a l.'\ on of
Ì¿rrn:n A (C¿r.tolì ct- ¿r1.., ?-OOi), i:h¿: r-nlì1D].tic.n of SlìftBP

cJ.eav.rge (by thê Go.l-gr- p.r.'oteases S-lP ô.nd S-2F, scc

Se jde.h el: al ., ?-006) ' ¿rrd lts con.segtrênccs oll Llìc

eynl-hesls of ì j.p.rd met¿Ì¡c.¡j.lgnt cnLy)nes, ôrì ¡rbI.orm¿l

rìraLlrrrr Lr-or: c.f l-amr n A, wh.t- l (J Lllc I1.ì L u.tât i on of latn.r :r B

r:ì rì()t: rd()drí;.cd (Ca):on c-: t aL., 2(103); Llìe s.ì.mi lõrj.ty
k)c-cween Lhe rL.].Löchondlial s[.ress ob,.e):vecì in
J..r.pociy-st rophr e.s .r.s.so(:i¿rtÒd Hilriì a mutaì.rc)rl ol Lhe .LMNA

gor)e ¿nd t-hat- result.rug llrom 1:r(-raLmclìt Nrth ì)ls (Ca¡;olr

eE ¿rI., 2001 ) -

one of the benefj.[s ol [jìésc sttldies js '"haL îjlìcry

:ìLror)gl\, suggesr Lhau ce)tta.rn L>l s blocl'- the irtolease
(f'ACt:il or ZYTPS'11,2 4 ) rnvolved .rn Ehe IllatluÌlat j.oll oí
prelamjrì Ä/ dõUõ thaL ha.s bccil conf irmed by âr) ¡\mcÌ.ic¿ìrì

[o¿ìrrt (coffinj.er' et a]., ;lt)07). These i)ìLs, on the

conr.rary/ h¿lvè r)ó c-[f e cc oÐ uhe ¿rctlvity of. uhe

p):ct-ease Ì'P.C¡ì2 (o¡: R<:e1, Ras converlinq onzymc 1),
responsr-blo for the cleavage of p::elatnrns B, b\ri a;l so

t hat of the Ra.s rnônÒñôt p):oLein G' cl eavergc necessaly

fol' it-s rnat-ur:atron (nrjqhll a:rd ?)rrìíps' 2-006). A recenl.

gr)en1-- j.tatívè RT-PCR sludy slrow.s thíì1. PIs callse a

decrease r)'r che amouni: <¡f rrrlì,NÀ cocii nq fÒr l-alnrn À

rçi L--hcui: rnodir-yir',9 LIìe ¿rnounu of mRNA cociing fo.:: Iarnr ¡r C

(t''ljr.andô ei ã1., 2007).

l>ls .r ¡h.rbr [. i:he m.]- L o (: h o ¡lcj r j. a l- pÌ.ol-(-õ.5e.s tos¡>onsrbìe for
Lhc clcavage of inr t cchor)dr j.i.r ccicire.s.si ng s i gr:a ì s ,

m.r L.o<;ho:rd¡'j ê.1 pr(-'t:cr-rr reDct+al, and L)ìe collI ro.]. of
cer:t ôi n mil'.o.-honclr j ãl (;1'L-a¡ì(.:; (ot'^.1 ) r.rtvcl.ved l.rl t-)lc

l:u:;ii.;rr oI rtl¡. r c c)ron dr j .re aird .:p<>¡:1: c>:; Í :; (MukhoP¿l(ihY¿-y et
?-I . , 7OQî. i lìoe h1 $lb r Ló a rìd L¿ì u:: l. i) 9, :10 01 ) .
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• independently of their action 	on 	calpains 	(see above), 

Pis 	exert an 	anti-apoptic effect 	for T-lymphocytes by 

Mit/cline, 	via 	the 	protein 	Uff2, 	the 	depolarization 	of 

the 	inner 	membrane 	caused 	by 	pro-apoptotic 	stimuli 

5 glatarrese et 	al., 	2003; 	Mafia/mese et: 	al., 	2005). 

• It should therefore be noted that Als therefore inhibit 

different 	enzymes of ampaidyffprotease specific to 	the 

AIDA virus 	(Dunn et aim 	2002). 	Although the literature 

currently silent on this point, 	Ills may also inhibit 

10 certain 	eukaryotic 	aspartyl-preteases 	(see 	the 	site 

3Degradomeff 	http://www.unievi.es/degradomeff 	such 	as 

presenffin, 	the peptidase peptide 	sipnal, 	or Ddig. 	(DNA 

damage inducible protein), 	capable 	of binding both 	to 

the proteasome and ubiguitinylated proteins in order to 

15 degrade the latter 	Mirkis et al., 	2006). 

Ybe nucleoside reverse transcriptase inhibitors 	(NRTI) of 

the virus also have a plurality of cell targets, of which 

the mitochondria .15 one of the most important: 

20 • Non-nucleoside 	reverse transcriptase inhibitors of the 

Virus, 	less 	often 	studied, 	appear 	to 	have 	a 	more 

specific action on the viral 	enzyme while inducing the 

apoptosis of a 	.-cell line 	(Piton et al., 	2002). 

• NRTI5 are incorporated into the nuclear DNA 	(Olivero et 

25 al., 	1999) 	and 	their 	mutagenic 	effect 	can 	cause 	a 

blockage 	of 	the 	cell 	cycle 	Mlivero 	et 	al., 	2005/. 	A 

mutation of the gamma polymerase DNA has been reported 

(Yamanaka et 	al., 	2007), 	responsible 	for mimcchondrial 

DNA replication and repair 	(Hudson and Chinnery, 	2006). 

30 	• A small number of pub]icatdons show that NAlas inhibit  

N-glycosylation 	(in 	the 	endoplasmic 	reticulum), 	0- 

r)

10

t5

20

25

?_()

. J rtcicpc: ricien L: J y cf ther:; .rc1-.i or) c.n calpa.ì |s (-see above),
i)I.s (:xe!:t aìr an l- r -apop( t c eífect for 1'-iymphocyt-cs by

tìl.ockJ.ìrg, vr.a '¿he prc.Le.rn UCF2, thc dopo ì a r j ?- a U r. órr of
t.he j¡rncI rnembrar',c c¿rr.rscd by p.ro-¿pópLotlr-c sLrmrrli
(lratarrcsc c[ ¿]-. , 2oO-1; Mö1:arrèse ê1. a). . , 200i't .

. IL :;hc¡Lrld L.h.ereÍore l:r: rroted that Pls theJ'e,'ore i DLrt.l¡rt

tl: f. fe rc::rt (,i) zymcs <,lf ai1>a r.'ty.l - protea.sc spec:i fj ( [o t:he

ÀiDS vr.rus (Drurrr et ¿ti.., 2OO?-). AlLhcrugi: Llrc L jtozô(:ure
j.s cttrroí)t.iy .srlêr)[. on 1.hI.s po]nt, ))is may alsc i.nhÍb¡t
ccJ:(:¿ j n eukarlzotic asparl;yl-prote ases (see the .5)-L:ê

" i)egladome" : htLp: / /çç¡ç¡ - unrov r- . c:s /ciegradomc,/ ) suc:h rr.s

p.tcsct)11: rr. 1:Ìrt: pept i da.se peptjde signaì, r:r l)dr I (f)NÃ

dam;rge .r nclLrc.r b.l c ploLe.t l) ) | capal).1.e of b.t l)di ng bo t l) to
r.he prot easome arrd ubi qìr1 [ 1¡"ry ]- a L ed l)rÒLóÍns r.n ordor to
degraide Llìo ì¿rt Lc r (f;i rkis c,t (r ! . , ?-QQ6) ,

1l'jre ¡ ucl eos.ide l.eve.rso Lr-aìscrJ-pta,s L- i¡Jrr.bÌ tot's (NRTI ) Òf

t¡re virlts a)-sc. havè a þ-lvrali ty of ce.lJ L¿rqet !;, c.t wh:oJt

tho tnt [-oc]tot'clt: i.,t i s ot?e of l'he mors ¿ .?.mporta-¡ t :

' Non-rìucl-ê<¡srde ::everse l,.ranscr j.pUase inhib¡.Eors of Chc

','i.rus, .less ofLen stud)-ed, appear tlc have a inórè

spe(:r.f ì c acLrór) oll l:)le virál (?nzyme: w)ri l.c rllducr-írq ìhe
tpôpl--o.9.r.s oJ= a !'-ce I l. l. j.ne ( P j.loi) et aL, 2OO7.) .

' NRTI.s ;r.re: .incc)rporated .tnto the nucl ear L)NA (OIr.ver.'o et
;ri , i 999) alld tllìoir InuIagcr)]-c óffacL can causc (-l

bl-c;ck¿Lqc c>f i:lic-: c:e.l ì cycle (Ol..rvero ei al., ,l()05). A

mliL-..31jcì) of thc, g¿uìun.ì pc)l-y)iro.r â,èc DN^ has bee¡r ì:efrolLed

{YaLnan.rka oL ¿ì1.., 2-OOl), r e.s ¡:on -s i bl. c-: l:c>r: nrr tocllorrdr¡.ai
I)NA ):(-:t)i ical,.jon and reÞâr.r' (lludsc.l ând Chjnnery, 20C6).

' 1ì sñL¿r.L .l nL:rnlro.:: C)l' ¡:ub ) j ca1'. i on.: .show L.hö t. Nl('i'l :; .r :rh i I¡l t-

N-q.l yc.os!,/.1.ä t .t on ( i r' t¡)e etrdcr¡>la sinr.c ):e L i cul Lìm) , o-
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g 1 (biped i'dtbn 	and 	the 	mod iM i eat ion 	of 	a rbo/Mmat ions  

i nco rpe facing 	sugars 	( in 	the 	Gel gi ) , 	by 	inter f erapq 

with 	the 	noel cot:Id@ 	transporters 	in 	the 	6°10 	of 	the 

precursors of arbor i za t io ns incorporating sugars 	(Liz zi 

n et 	al . , 	2007 ( . 	A 	number 	of 	muscular 	dystrophies 	are 

associated with 	genetic 	abnormalities of 	lel yco s y lam I. on 

(Munt on i 	ei a 1 . , 	2004; 	Percival and Froehner, 	2007 ) . 

• "the 	NOM s 	are transported 	in the mitochondria" 	matrix 

by 	a 	family 	of 	specialized 	transporters 	into 	that 	of 

10 the 	deox ynuc 1 ends t de 	d i pho opha le s , 	which 	are 

ph o spho r yla ted 	by a mi tochond r ia 1 	ki na se 	before 	being 

incorporated 	in 	the 	mitochondria' 	DNA 	by 	the 	DNA 

polymerise gamma 	( Palmieri, 	2004 ) . 

• The 	genot ox i c IA. y 	of 	MKT s 	causes 	an 	increase 	in 	the 

rate of ed tocho n d r ia 1 	DNA mutations and a decrease in 

the 	number 	of 	its 	copies 	in 	the mitochondria 	(Kohler 

and Lewis, 	2007; 	Oliver, 	2007 ) . 

• The abnormalities of the mi tochond r ia 1 DNA and those of 

the 	f uncti on ing 	of 	DNA 	polymerase 	gamma 	have 

20 consequences on the synthesis of the 13 proteins of the 

inner membrane constituting, 	with proteins coded by the 

nuclear 	0 enome 	and 	imported, 	the 	complexes 	of 	the 

respiratory chain and ATP synthase. 	The 	disrupt ions 	of 

the 	nd to chondr ia 1 	DNA 	and 	its 	polymerase 	cause, 	for 

75 example , 	a 	reduction 	in 	the 	amount 	of 	cytoch romes 

ox ida se 	11 	( Vidal 	et 	a 1 . , 	2006) , 	the 	production 	of 

reactive oxygen species 	(ROS ) 	(Jiang et al., 	2007) 	with 

consequences 	on 	the 	hepa tecyt es , 	a dipocyr e s , 

ca rd i cathocyt es 	and 	endothelial  	cells 	involved 	_n 

30 Ithpodystrophy and cardiovascular complimations . 

IO

2).

g L y c o:r y l cr t r.or'. ¿urcì tl)c- mod j f aô¡tLrotl oí êrÞo):j 7-atiorts

irìcô.rporatr rrg :'ì.ìgars (r.¡r the Gc,)Jgi), I;y ìnIerJ=er.rnE

wi1:ii Lirc r)ucl.cc'tldc L r a r) s po r: t e )-.s .rn Ll)c Golgr of thc
precursor:s of a::bo r r z ¡ [ ró tì.s i t) co::pora r..t Ð 9 ¡;ugars (Lizzi
et al ., 200?). À nr:mber of tnuscul.ar cl y.s 1: roplì 1o:; at<)

assoc;.ai:ecì w:th genetic ebnc¡ rnta l- r L l-c s or: g I yco s y I a1-- r or'.

(l!Íu!)tórìi cr. ¡r I . , 2OO4; i)ercivel artq F¡ oclitlc'r ' 20O'1 ) ,

I'h.e Nfll'l s õr'e irc'rr.spcrted rn che mt. t ocho n <lr j.¿t L rnatt:x
by a famJ.J.y of s¡>e.ciaì j.?-ecì íransp.orters j.nto Ih¿lL oli

t)ìê cLooxyrrucìeosr.de diphaspl)aLos, wh!cì". are

ph o sp ho r yl.: L;ed by a rni L och onci r j.a.l. kinase bofol'e De)-llg

r-ncorpo):ated .ì. n Uhe mi toc)ro¡rdri¿1. DNA by L--i:e l)NA

pol- yme ral; e ganma ( Fa l-rnr-e lî.r , 2OO4 ) .

TIìc gcnotoxi c j.t y of NRtIs causos ârr j.ncr.'ease rn ìhe
ràto oI nLi. t oclro ir ci r i. a I í)N¡l rui..ri--Íons and a decl:ease- ¡n

tile n(rmbri.r: c.: f :.Ls coprcs itr the mi tochc;ndria (Kohler

e))d LewJ.s, 2007; Ol rvero,. 2O0'l') .

'J'he .rt'norm.r.l r r.i-(-l-s ()f Lhc tni tochondr j al. DNA and [)rc¡se of
t L) c- f unc i r on i ng of I)NA po I ¡,¡çs ¡¿ -.s (ì ¿.tllun¿ Ìi¿ t'c':

cÒn.sequèrrccs ol) LI)c syIìthesis oi 1-.ilè 13 p.roteins of Uhe

inne:: membrane constìtutÍng, wrc)r prol-.e j n.s (;odod by Liìa

rrucÌo¿rr gcr)c.ffie arrd rmporEed,. i:lte com¡>J.exe.s Çf tire

re.sp.r.r:õtery cha.rn ¿tnd ATP synthase . 'l'bcl cii sruptì otrs of

t-hc ïL). t- o clrondt i..r l. t)NA ancJ ii--.s pc;lymet:ase c¿r..r.se, for
ex..lrnoJ.e, a ::edrrct r<;ll tn the e.rnount-. oí cyI och rorccs

ox.rd¿tse II (\tidal el,. a).., ?-006) , Llle ¡:rodtr<:t:rort ôf'

rê;rr:L.rvê ÒxyE(rt spc(:1os (lìOS) (J¡.ertcl èL 4.1.. ' 7QOl ) wi t-ll

rjonse quence-s oìr ìire )ropa[ocyl,.e-., adrpocyi.trs,

c:e rd r r:nryc>cy i- o.s ¿trd <:ndothe.l'i al coIl.s j nvol ved j n

l.tpodysUl'opiry a:'lcl c<-r r:o l ()vù.s (:Ll J- a r c;o:tlpl .l câ1'-1ón¡i.
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• The increase in the plasma 	lactic acid 	level 	is one of 

the 	criteria 	of 	mitochondria) 	dysfunction 	caused 	by 

anti ret roviral treatments 	(2007; 	John et al, 	2001). 

• NRais 	also 	inhibit 	telomerase 	activity 	and 	cause 

telomere 	shortening 	(Olivero, 	2007; 	Yamaguchi. 	et 	al., 

2001) 

In 	conclusion, 	antirctroviral 	treatments 	have 	an 

impact 	on 	metabolic 	mechanisms 	and 	pathways 	grouped 

10 together 	in 	a 	number 	of 	cell 	theories 	attempting 	to 

explain normal or accelerated aging: 

• the "mitochondria) theory", 

• the "nucleus and lapin" theory, 	which appeared in 2003 

with 	the 	discovery 	that. 	the 	LMNA 	gene 	is 	responsible 

15 for Progeria, 

• the "telomeric" theory, 

• the 	"gene 	transcription 	regulation" 	theory, 	ra 

particular with proteins p53, 	NF-162, 

• the 	"metabolic" 	theory 	with 	involvement 	of 	the 

20 signaling 	pathways, 	some 	of 	which 	are 	activated 	by 

membrane receptors, 

• A 	number 	of 	animal 	models 	of 	premature 	aging 	or, 	by 

contrast, 	of increasing lifespan, 	show partial overlaps 

between 	the 	metabolic 	pathways 	involved 	in 	each 	of 

25 

30 

these theories and interrelations, 	on a cellular scale, 

between 	the 	cytocrel 	and 	io 	partimurpr. 	the 	protein 

degradation 	mechanisms 	(Grillari 	et 	al., 	2006), 	the 

mitochondria, 	the 	nucleus 	and 	the 	plasma 	membrane 

(Irminger—Finger, 	2007; 	Kenyon, 	2005; 	Martin and Loch, 

2004; 	Quarrie and Rlabowol, 	2004). 

i0

i!i:

l'he r)lcrc¿-ìsc Írr t.he p.ìasm,l l,¡ctlc acjo l<:vc:1. t.s c)l)e of
l,.he c):rLo.rl-ü of n.ttocho)tdrraJ ciy-.f uLrc.t.l.o¡t causecl ity
an ür- rel. t óvl ral. [.).-eôtment-s (2 00? ; John et ¿) ] . , 20 01 ) .

NiìTI.s al-qo inllii;ÍL Lol.omera.se .:ct.í.v.i t-y ancl causc

Lel ome).e slìo.r t-ct)r-r)g (OIrvero, 2OQ7; Ya-m;rquchi. et- ¿t1.,

200i )

IÐ conclu-.i on, â n L r- rc t. ro v r rù.1- Lrc¿rL)nonL!ì )l¿¡ve an

r-rtLpdct o¡t metabol-rc rnecl:¡n:..sm.s .rnd ¡r.r1--hw.ry.s g).-ouped

1:oqeìher i.r a numbe:: of ce]l l-.heol:res äit.ernptl.ng to
exÞl-arrr :torma.l. oJ. õccel-er¿t-ed dging:

' the "nriLocirondri.rl. Eheor.'y",

' cllc ":rucl eus and .l.arnrn" Lheoty, wh:cir appearecl jn 2Q03

v¡jt:h l-he discovery ..hal'. thc LMNA gene ls r.-c--s po ns i b J. o

f or P roge r.r-.r ,

. r.he "t.elolllcrrc/' titeoty,

' thc "gene tJîanscr)-ption rogLìl-âLj.on" Lhoory, l.¡t

p¿r:t.i cular Hith proLern.s pl>-3, NIr-kÍ],

' Llìo "metaboli c" Llìeory \.rith i¡rwol-vornonL of the
sì q:ra ì .r.rrg pôrlìlrâys/ .sorne of v;hích are acl.t vated by

me)nbr ¿rfie J:e cepto tîs ,

' A numbcr <¡fì animal rnodel.s of premat-Ll.r'e ôgíng o.r', by

cofl1.r.l.5t, cf j.nct'casing l-.t-lìe.spiln, shów 1:ar.Lr.ri ovc;rJaps

between Llìè rnetabo.Lrc pathways l.nvolved rn each af
therrê tileorr es and irìtlcrrc).atrôns, on ¡r cc.l..l-u1.:\r .scâle/

beiween the cyLolì()i ancl j n p;trr..r cir.rJ.lr r.he ¡rrc'ie! n

degÌr¿tc¿rL.ìôrr rne(:ha¡l..sns ((ìri.I.1.Âr.'j e[ .ì].-, 2006), Ii:e¡

mi i: r)c h otr c.ìr -t- a , tho rluc)ic,'r.rs and f.ite pi-:t.srn;: rn<:rnb¡:ane

( Í r. tn i. trç e r- f r. í) (Je r, 2 007,' Kenyc.n, 2005; M.rt.'t;.n .rnd Loeb /

llOCti ¡ Çuatrie .:r:cl Ri¿rl;owcl . 200¿t).

î1r
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A 	number 	of 	animal 	models 	of 	premature 	agie 	or, 	by 

contrast, 	for 	increasing 	linesman, 	show partial 	overlaps 

between the metabolic pathways involved in each of 	these 

theories and interrelations, 	on a cellular scale, 	between 

5 the 	cytosol 	and 	in 	particular 	the 	protein 	degradation 

mechanisms 	(GriTleri. et al., 	2006), 	the mitochondria, 	the 

nucleus 	and 	the 	plasma 	membrane 	(Irminger-Finger, 	2007; 

Kenyon, 	2005; 	Martin and Loeb, 	2004; 	(Biennia and Riabowolo  

2004) . 

10 

2. 	The "mitochondsi a.; 	theory of aging 	(appended figure 6) 

The three main components of the mitochondrial theory of 

aging 	are 	i/ 	the 	increase 	in 	production 	of 	reactive 

15 oxygen 	species 	(ROS) 	by 	complexes 	I 	and 	IT 	of 	the 

respiratory chain, 	ii/ progressive dysfunctioning thereof, 

and 	,.ii/ 	accumulation 	of 	mitochondrial 	DNA 	lesions 

(Balaban et 	al., 	2005; 	Meissner, 	2007; 	Wallace, 	2005). 

The mitochondria] 	DNA is more sensitive than nuclear DNA 

20 to 	the effects 	of 	ROS, 	which 	target 	the 	DNA polymerase 

gamma 	(Greciewicz 	et 	al., 	2002; 	Richter 	et 	al , 	1988). 

Two 	murine 	models 	expressing 	a 	DNA 	polymerase 	gamma 

defective 	in 	its proofreading 	function 	show 	accelerated 

aging with mutations 	of the mitochondrial 	DNA 	(fujoth et 

25 a 1., 	2005; 	Trifunovic 	et 	al., 	2004). 	The 	mitochondria) 

toxicity of 	ROS can be eradicated by the overexpression 

of peroxysomal cataiase addressed to the mitochondria in 

a 	transpenic 	murine 	model 	in 	which 	the 	Abner:pan 	is 

increased 	(Schrener et 	al., 	2005). 

30 In 	humans, 	aging 	is 	accompanied 	by 	a 	decrease 	in 

mi tochondrial 	..unctions, 	including 	those 	of 	the 

respiratory chain 	(Short et al., 	2005; 	bre funovic et al., 

LO

23

À nr.:mber of. aìrimaI modeJ.s of pr(:rÂa1:uro agll)g ol', ity
()(i¡r C.r:e-s i, f or ¡n<:rc-as i.ng I .r llesp'.r n, shc)w p;rr L j.â1. Òvoltl..rt).s

beuù,¡een the mel¿bol-rc p.atr)way-9 invo.lved i.n e¿clI c>f t:trc.se

l,.hco):jcs ar)d irìLc):¡:ol-ati)-ons, on a cc.l.Iul ar scele, be1-.weeìr

Uhe cy...öso). and in parLrcular L)ìe proLein degradatrc.n
rtcch¡:nr.sÊrs (G::r Il.tr.r el. ¡.r.1 ., 2t)06), Lho m:,tochc.ndrja, tlìc
:rur:le(:.s ancj the p.l asma ¡nemb;.r:rc ( I ::rni nge r 'f )- )lgc !: / 200 l¡
Kc:riyc:r, 200 5; Matt-r-r¡ ¿rnd Loeb, 2lD4; Ç)¡arrr.cr árìd Iìi.ak:orvr,:J,

2004).

2. ìlhe "mj t o ch ondrî r a i " uheo)ry of aq:.rrg (apponcicci Llgure 6)

Tltc Ll^:ro<+ nrarrì componerrì.s ói L:hc mrtochor.d¡rai t-hec.ry c.l

agi:ro are i / the j.ncrease r n p):odtrcl:ior, af ):oacLrvè

oxygen spocr-c\s (ROS) by cornl)l.excs I ancl lI c;f t.he

Ì<¡spr.r:aLory çhai.n, ííl prog::es.srvo d y s f'u n cr: i oI) J. i) g tire):eof ,

¡jnd ,i.í/ accumr¡.1.aulon of mitochandrrâl- DN¡t l-esiorls
(Balaban ctl al..,2OO5ì I4e)-ssner, 200?r !,1a1l ace, 2005).

Ti:o ni 1: o c:h cnci:'r .r.l DNA .r-.s mÒr(-) sen¡;rLive than nucJ.ear DNl\

1--o the effects of RoS, rehj.ch ta):geì r.he oNA pol-yrne r¿rse

gârnm¿ì (Graz:iewrcz eL ðì., 2002; RiclìLer ei al., 'l 9BB) .

lwc; murine flìocleI -e expressj.ne .r DNA pol-ymeì:ase gamma

defecurvc in itls proôfreadÌÌlg funct-r.on .shov¡ acçelerated
aging wi l;h mutat -.o:rs of l:he rnr L:óclìÒnd.rÌ¿ìi DNÀ (Kulot-¡l ctr

ai, ?AO5¡ T.rif urìov j c c't a1.., 2OA4). I'he mr t-. óclìond r l.¿l.l

Ioxrc:i1:y of iìOS cen be (,-radrc¿Locl by tl'.e ove rc>;pl e.srs i oti

of ¡re rox ¡,s oríì.ì l- caLeiase addressed to tl'.e nLi. L ochc¡ i: cl r.:.¿ iIr
ír t: rarìsqÈrì j c mur'Ì rl(-r nrr>rjol .ì r) hrl): (:lÌ [ hc+ ì .r f e.:¡ratr 1s

'r rcreased i.Scbr.'iner et aÌ,, 20C5).

ln )tttnLttns, ¿rgr.r)9 i:; e.cconLptrttcd I¡y a <lecrea.se rr)

rnj t:ochoncjr j aJ. fu)lct r air-., includ:.nq LltÒsc o[ t-ha

Iespi ra tlo.Ly cha.:-r: (Short c t- à1. . , 2005; 'l'r.'i f unc¡vic; c:t ;rl . ,

t5
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2002), 	and an increase in deletions 	in the mitochondrial 

DNA, 	very 	specifically 	observed 	in 	neurodegenerative 

diseases 	(Bender et al., 	2006; 	Kraytshelp et al., 	2006). 

A mitochondria-to-nucleus 	signaling 	mechanism, 	which 	is 

not 	yet 	understood, 	causes 	the 	protein 	p32 	to 	become 

involved, 	in 	particular 	during 	aging 	or 	in 	ROS-induced 

pathologies 	(Jiang 	et. 	al, 	1999; 	Stars, 	20061. 	This 

protein, 	coded by the nuclear genorc, 	then imported into 

the 	mitochondrial 	matrix, 	is 	re-exported 	to 	the 

10 nucleoplasm 	(Brokstad 	et 	al_, 	20011 	where 	it 	controls 

transcription 	(Chattopadhyay 	et 	al-, 	2004) 	and 	splicing 

(Petersen-Mahrt et al., 	1999) 	of mRNA. 	it 	interacts with 

the lamin B receptor, 	localized the nucleopiasmic face of 

the 	nuclear 	envelope 	(Mylania 	et 	al., 	2004; 	Dimas 	and 

15 Georgatos, 	1994). 

20 

The nucleus-to-mitochondria 	signaling mechanism 	involves 

the 	around 	1500 	proteins 	coded 	by 	the 	nuclear 	genome, 

which are synthesized in the cytosol, 	then imported into 

the 	mitochondria 	(Calve 	et 	al., 	2006; 	Truscott 	et 	al., 

2003). 

Among 	these 	proteins, 	p53 	is 	involved 	in 	accelerated 

aging 	in 	a 	murine 	model 	(Tyner 	et 	al., 	2002) 	and 

participates 	in 	deregulations 	in 	the 	context 	of 	the 

"nuclear 	theory 	(see 	below). 	Protein 	p53 	controls 

25 mitochondrial 	respiration 	(Mamba 	et 	al-, 	2006), 	and 

exerts pro- and anti-oxidant effects owing to the control 

of nuclear gene transcription 	(Bensaad and Vousden, 	2005; 

Sablica et al., 	2005). 	It maintains 	the 	stability of the 

mitochondrial 	DNA 	by 	interacting 	with 	DNA 	polymerase 

30 gamma 	(Achanta et 81., 	2005). 

Finally, 	(Mitochondria] 	fission 	(division) 	and 	fusion 

mechanisms, 	involving a plurality of OfPases of the outer 

t-

,!4

.l1005 ) , ¡rnd ân 1r)cr ease .ì n tlel-c Llol)-ç i n til(') ani tc'cllo)ìclr.1 ä l

l)N?l/ v€ry :;pocilrcaìJ y r>b.sc':rvcd i:l n e:lr()dc g cr) c r a [.1 ve

cl.r sease..s (llende¡ o¿ al-. , 2A06i KrayLs}>cr.g e-r ¿l- - , 2006) .

A rni toch ond r J a - r. c- r) u(: Ì o u c. srgnai J.nc¡ lnccliatrism, ul:: ch is
nÒL y(]t t¡nder.stood, c¡ìtrlìc.'j tlle proLè1iì p37 l:o ilcÔÔmê

invo.Lvod, iIì paÌ:Urcu.l(-ìr ciutlng ag¡ nq or rt' lì0-S-induced

pa1;h(.ìl oqr.(:s (J-iang et .r1., L999) .Storz-, 7COG), 'l'hi s

procerir, codeci by Ihe nttc'.1e.:r ge¡)()]:Le/ then -lntpoÌ-te d ¡.nto

tì)e mi tochonciri.al mat-Ì.'1.x, j s rc-exPorl.-ecl to tllo

rrucJ-oopJ.asm (ll::okstacj cL al ., 2001) tchere j-t cont:rc.:l-s

t. ran s (: r: i p1: r orr (chat';opadhy¿ry et ¿r.l . / 2AC4') ancì spI lcinc
(PeUer:sen-Mah.r'l: c-: L a.1., 1999) of rnlìNÀ. lt rnL:èracL-'; wrth

Lho l-aLnitr B receptor:, l.ôca.l-1zed Lhe nuc:Leopia.smic f.rçe of

t.lre nuclear orrvol-o¡re (l'lyJonÍs oL .r1 ., 1!O04¡ Simos and

GeorgaLos, 1994).
Thc nucl-eus-to-m.r tocho¡rdr.'r¿l si.gl'.aì r :rg ntcchant sm j-nvoìve-s

the ar-c>und Ì500 p.rouerns codod by uhe rlucl-ear genome,

lvir¡.ch a¡:e synt-he.sr¿od ìn the cytosol-, then imporíed inUo

clro tnrtochondrj.a (Calvo ctl al. , 7-O06¡ Trtìscoìt e\: a)'.,

2003 ) .

Àmong t-hese pr.'ol--e j.ns/ p53 j-s j.nvol-vcd in acc.c:1er¿L(jd

aoing in a mur j ne ¡nocjel (Tyller: e-,- af . , ?'OC?.) and

participates r n daregulat!ons in t-he corl1-(-)xt of the

"rlucÌcar" tl'Ieory (see ncl.crr') . lrroLcllì p53 conl.)ío.l -s

m¡.tochond:;ial r.'s\spiratron (Mäi:óba et al., 20OC), and

(-)xe rtls ¡>ro- and anlr.-oxadólìL ef f ecU.s o'n l'ng lo t--h(ì cÒrìtrÔ.1-

o I nu<:.1 c]irl.' qorrc Iralscri Pl- I (.'Ir ( ßcL)scl¿d a)ìd Votrsdetr, 2 00 5 ;

,S.)b.l.r.r)a et- a1.., ,l00li) It rnart)taj.n.s Llrc staL'i l-rty oJ- t:hc

m j t<¡ch<¡nd::ral DNA I-.y .r r)i:ér:¿ìc[]-ng wi1-.h ÐNA ¡>o)ymera.se

gânma (llchallt'.a er. ¿i., 2005).

I¡r n;r Ì Ì y, rr.)- t cc h ond r i a I lrss ion (di v.r .s ron ) and f us:-on

rnechanr.sm.s, invoJ-ving a pJ.u::a i j.ty of Gll'asc.5 of 1-he c'utc-Jî

15
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mi tochondri al 	membranes 	(Drpl, 	mi torus ins, 	etc.) 	and 

inner mitochondria) membranes 	(YPA1) 	and a 	plurality of 

associated proteims 	(Fisl, 	etc.) 	modulate the cell 	agitg 

process: 	the elongation 	of 	the mitochondria] 	network by 

5 permanent 	fusion 	induces 	a 	cell 	aging 	process 	with 	a 

decrease in the difference in potential 	between 	the two 

faces 	of 	the 	inner 	membrane, 	and 	increase 	in 	the 

production 	of 	ROD 	and 	DNA 	lesions. 	These 	phenotype 

modifications 	are 	neutralized 	by 	fragmentation 	of 	the 

Id minoahondrial network 	(Lee et al., 	2007). 

3. 	The mechanisms 	of 	genetic accelerated ()cling 	syndromes 

in the context of the "nucleus and lamin" theory 

15 Lamins 	are 	proteins 	forming 	intermediate 	filaments 

localized exclusively 	in 	the 	nucleopldsm. 	The ULNA gene 

codes 	primarily 	for 	lamins 	A 	and 	C, 	produced 	by 

alternative splicing. 	Two other genes code for lamins B1 

and B2. 

20 Lamins A and B are synthesized in the cytosol in the form 

of 	a 	precursor 	that 	is 	subject 	to 	a 	plurality 	of 

maturation 	steps. 	The 	3 	proteins 	have, 	at 	their 	C- 

terminal 	end, 	the 	Cane) 	box 	(a 	cysteine, 	two 	aliphatic 

amino 	acids, 	one 	indifferent 	amino 	acid). 	This 	Cad% 

25 

30 

sequence enables the farnesyldfidn of lamins A and B 	(and 

around 	300 	other 	proteins 	of 	the 	human 	genome). 	the 

fazdesyl 	residue 	(isoprenoid 	with 	15 	carbon 	atoms) 	is 

synthesized 	in 	an 	intermediate 	step 	of 	the 	cholesterol 

synthetic pathway 	(appended figure 7). 	A cytosolic enzyme, 

faxidsyl-transferase, 	hinds 	the 	farnesid 	residue 	to 	the 

cysteine. 

i0

't '-¡

:ni tochoncj::: al rncmbrallc-s ( f)rpi , nli L.of us I !ìI;. c'Lc ' ) at:<l

inne;: m j to c h ()rì clr:.r ¡r 1 lneml)ranes (OI'Ai) arrd .: ¡.)-ì'ur.rirt:y <>í

¿ssocj.ated p¡'otcirì.s (Frs1, etc,) modulat-c the r:oìJ .rgrrrg

prÒcess: tlre c-l.ong.:l::o:r of the rc.1 l-oÇilÒrìdr.l.¿.1 ne1.wo2:k by

perm¿rrrerìL f'usion jnduce.s a cel-I agl.ng pÌoces-s lç.1 ìh a

decrease rn L)rc dif fcre¡tce i:r pc;Iential l)ett'/()clì t-lìc two

faces of 1.h(ì r-rlnc.l- membra:re, and l.ncl:ease rr) t-l)c

productìon of: ROS arrd tN^ l.e.s:or:¡;. ]'hese ¡-:helnotype

rnodrircal-lons are ll(,-u L'- râ l- i zed by l:f¿lgmentation of 1:he

mrtocborrdrra). nctb'ork (i'ee eL àl-., 2CCl7).

Tho rnechanispts of gcficU:.c acceieraLéd agltrg syndrcrnes

Lbe cór)Lext of the "nucler:s a¡rd Lamin" t)rcory

LâmiIìs are pr:cl,.ern.s lorntitlg 1!11:ermodrate f : lemerlts
icc.rl.Ízod oxciu,..:.r'eiy rn the nucleopl a.sm. The L,MNA gene

codes p):imara.l y {cr l-amins À ¿rnd C, produccd by

ôl-Lernative spl.ici:rq. Tt{o otheÌ' gene.9 code fot l.rmin.9 131

;¡nd lJ2.

t.em;-ns À and Ll are syrì[hesizecj j:r Lhe cytosoL i-¡t L]ro f<¡rm

Òl' a p¡ccursor that is subjcct to a plu::al i ty of
mat\rrõU.ron .s1:(:p:ì. The 3 proteirrs have, aL the)-r C-

torrnrncìl- end, lhe CaãX box (a cy.stej.rro, tr'¡o .:ì:-pha1:i c

a¡nino <lci.cis, orro rtrcìÍfferenl'. alnrnc ac:.<J) . Thl.s CaaX

sequence enables the Iarrrosy]a¡io¡r r;L )'¿mrns À ¿rlcl ll (arld

.r::curtrì :100 oLheÌ prc.Uejns of ihc ht:n'¡¡tl genome) . 1'he

f artresyJ .¡.es.r <iue; ( r lìÒpÌ'cnc'td erj th 15 ca.:.bo:r ä L:()Ill:ì ) Ì¡;

.syntlrosiz-od ir, a:r ¡nter¡necii¿[c sl,-ep r.:L Ihc' clloJ.e.steJ:ol

-eyn t het;c peuhr,¡ay (;:p¡>errdecl f r strre 'i). À cyl-osc>)'ic crrzytnc,

I a r rr c-:.s y i - t rat: s f erase, Ì: j.nci:s tllc f cr)-:rer;!ì res.:.due t-o the
cy-s te r. !r e .
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The 	presence 	of 	the 	fatty 	acid 	residue 	enables 	the 

anchoring of prelamins A and B in the cytosolic layer of 

the envelope membrane of the endoplasmic reticulum 	(BR). 

The prelamics A and B are then cleaved by FACET 	(ZMPATE24) 

5 or 	BAC132 	(Reel), 	respectively, 	and lose their last three 

C.-terminal 	amino 	acids 	aaX. 	The 	proteins 	still 	anchored 

in the envelope membrane of the ER are subjected to the 

action 	of 	a 	second 	enzyme, 	EMT, 	which 	binds 	a 	methyl 

group to the already-farnesylated cysteine. 

10 The 	maturation 	of 	lamins 	B 	ends 	with 	this 	step. 	These 

) proteins glide 	in the plane of the envelope membrane of 

the 	ER, 	then 	of 	the 	cytosolic 	face 	of 	the 	nuclear 

envelope, pass through the nuclear pore and are localized 

ra the 	lucleoplasmic layer of the nuclear envelope, 	where 

15 they 	become 	involved 	in 	the 	formation 	of 	the 	nuclear 

lamina 	and 	where 	they 	interact 	with 	a 	plurality 	of 

proteins, 	including the 	lamin 	B 	receptor. 	The anchoring 

to the envelope results in the absence of lamins B in the 

nuclear matrix, 	inside the nucleoplasm and at a distance 

20 from the envelope. 

The farnesylated and carboxymethylated prelamin A on the 

same 	C-terminal 	cysteine 	is 	subjected 	to 	a 	final 

maturation 	step by proteolytic 	cleavage 	of 	the 	last 	IA 

amino acids by FACET 	(and perhaps by Reel). 	The lamin A 

25 loses 	its 	anchoring 	to 	the 	ER, 	becomes 	soluble, 	and 	is 

imported into the nucleoplasm 	(like lamin C) 	through 	the 

nuclear pore, 	like all 	of the soluble proteins, 	owing to 

its 	nuclear 	localization 	signal, 	which 	recruits 	the 

necessary importation complex 	(appended figure A). 

30 In the nucleoplasm, 	lawn A 	)and lamin Cl 	is localized in 

the nuclear lamina, 	under the nuclear envelope, 	where 	it 

interacts 	with 	numerous 	proteins 	inserted 	in 	the 

10

?.(¡

Tlìù f-'rcscncc L\l Llrc IaUUy a(.r"d .r.'e.sicluc crt¿tl.;.1-os Ll:s.

änclìorj.rrg <>f prclamirr¡; A and E r)) ';he cyEosolic J..;ycr of'

i:)ro er.veJ-ope mt:mb::a¡:c) oI tlìc ellûop.lasmtc teUrculum (i:;lì) .

'lhe prel ami rì.s A anrl l.l arê t.Ìren clc¿rvcd by i''1ìCftì1 (ZMPS)'1.;24 )

o): F'ACE2 (iìc.e1), resl)ect.r veì y, .rnd ).oso thc.:.r l-a-.t th.rec

C' tcrmir)a.l- ômino .ìcjds aaX, llr<+ p::ol-erns sLi.l-l ¿.nchoÌ'cd

.j.rr Lho onvoJo¡>e nLonrbt'.rnc of l-he l.lfl aì'e .strblèctcd 1:() Lh(ì

acL.r cn of .f .sccor)ci er'.zyalcl, ICI'fT, r^'hjch bìnds a meL:hyl

gj:oup ìo the aJ.rea-cly-f arnesyIztLcd cyste l.ne.

1'he maturatlro)r cf l.am.rns tì e:rds wrL\ Li:rs st-e p. Tl'¡ese

protorl)s g).rdo irr l:¡ìe p.].ane of l-he envel.c.:pc Inelnb.r.llìè ()[:

1;he IiR, ìhen of. the. cV1.o¡iol.rc lace of the nucl.ee.J;

envel-ope, pôss t-lìLough the nuc.le.crr poÌ-ê ¿rrrd a¡e Lc.caiize<l

1Ð L)ìe r) ucl- E\Òp L a srnÍ c Ia,yor of Lhe nucl.ea¡' envêIÒpc, tìherô

Ehey i¡ecome ¡ nvoJ.v<+<j r.r) t.lr(ì [o¡nratiott of- t-l)e nucÌea¡'

lami[a ânG where tne¡, r ììte¡:acE rçith ¿ pìural.l.t-y crI

protêins. irìcl-udrng Lhe l-amr-n Il receptor:. 'Ilte arlcilor5.ng

to the envelope re.sull:s rn Lhe âbscnce ol iamins ìl .r.n the
r)ucl.ea.r )nâr.rix, !ns¡.de .rhe nucì eopJ a.sm and at a distle)lce
f rotn [ )re errve i ope .

'ì'he farnesylated and carLìoxyme1.l'.yIatcd p.te l-aríìin A on ihc
same C-Lc.rmrnal- cysLe)-ìe l.s -.ubieci;ed Lo a f irral.

m.rLu.:.-at jon .step by prcl:êôlyLic cl.eavagc af the l.asu 1i:

ernrno acr-ds by II|CE]. (and perha¡rs by RccI). Thc Larnl.n A

loses its ancho¡j.n9 to l'-))ê eR, becoraes .so.lub.le, a:rc r.s

impo):ter rnto Lhe iìil(:LeopIas ì (l.rke j.anrrir C) throaç)) Ll',e

i)uci(-)¿r.r' i.roríe, lrkc: al..l oí tlìc saLubl.e frrol.eins,. ctci::te l:<>

.r t s nuclea ì: i oca.l.r zcrt l on .s.r qna !, wlìt clì l:ecJ:ur ts tt)e

rìcc()lj.s¿ry r.rnpo.rL¿ìt j Òrì colrU)l-ex (a¡rpendecl f .r gurc fì).
Ìn 1-.he nr¡cleoplasm/ .l arar n ¡. i¿ncì l.arar¡: CI l.-ç localrzcd jL¡

chc r)ircl.c¡rr Janina, rrncer the nuciear er:verìope, rtlì.o.t o l-t

-rnt.ê.r-.rct.s wi1--h )llrrnero\r.s IJrol:crn,.: ÍnseJîCed -ìt) 1--he
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nuoleopl asmielayer 	o 	the 	envelope. 	Iamins 	A 	and 	C 

(unlike 	lamins 	2.1 	are 	also dispersed 	in 	the 	rest of 	the 

nucleoplosm where they become 	involved 	in 	the 	formation 

of the nuclear matrix or nucleoskeleton 	(appended figure 

5 6). 

The 	nuclear 	matrix 	controls 	the 	fumotionina 	of 	the 

genome: 	replication, 	DNA 	repair, 	RNA 

10 

_ran.,csi ptlon, 	mRNA 	splicing, 	maturation 	of 	other 	RNA, 

etc., 	and 	its 	constituents, 	including 	lamins 	A 	and 	C, 

interact 	with 	a 	oirge 	number 	of 	proteins 	imported 	into 

the 	nucleoplasm 	(p53, 	SREMP, 	etc.) 	as 	shown 	by 	the 

abnormalities 	observed 	in 	genetic 	laminopathies 	(Brooms 

et 	al., 	2006; 	Vlcek 	et 	al., 	2001m 	Vlcek 	and 	Foisner, 

2006). 	The 	nucleoplasmio 	slope 	of 	the 	nuclear 	envelope 

15 and its transmembrane proteins, 	as well as the lamins of 

the 	lamina, 	contributes 	to 	the 	storage 	of 	transcription 

regulation 	factors, 	before 	their 	use 	and 	in 	gene 

expression 	regulation 	(Heessen 	and 	Fornerod, 	2007; 

Shaklai 	et al., 	2007). 

20 The first laminopathies discovered from 1999 presented as 

diseases predominantly in a given tissue, 	skeletal muscle 

cardiac 	muscle, 	etc., 	whereas 	lamins 	are 	ubiquitous 

proteins 	(Vlcek 	and 	foisnem 	200)a; 	Vlcek 	and 	Foisner, 

2007b; 	Norman 	and 	Bonne, 	2007). 	The 	lipodystrophies 

25 associate 	lipid 	metabolism 	abnormalities 	and 	insulin- 

resistance with disorders 	in 	the bodily distribution of 

adipose 	tissue, 	matching 	the 	lipodystrophy 	observed 

during antiretmovimal 	treatments 	(Capeau et al, 	2005). 

"Systemic" 	lamincpa th ies 	were 	discovered 	after 	2002: 

30 acromandiMular 	dysplasia 	(Wed 	248370; 	(Agarwal 	et 	al., 

2003; 	NovellM et al., 	2002); 	Hutchinson-GiMiArd progeria, 

(011ial 	176670; 	(De 	Sandre-Giovannoli 	et 	al., 	2003; 

(

?.'t

nr) ()-l c ()p I a:ìrùr c layer of l-hc: er)vcl-ope. I-,âiì..r !ls A allcì (ì

(urrJ:.ke iarnrns B) ate also r)r sp<tr.scd j.n the Ìcst oI Llle

l¡ucleopJa-sm wl:cr(: Llic¡' ¡'"a'na" lIlvÒl'ved !n l-llc: fo¡m¿titoll

of lhe Duclear m.l L--J:.1-x or rruc.l e os ke i e L <;n (a¡>pe:rded l'rgìlrc

br.
'lire r:ucl-c¿t )ncìLri x cclltró).È t-hc- furlctionl.¡)q of t he

nrrcle¿rr gol)olcc: .repì r ca l. i. <:rl , l)NIi rop;.I-l .l', llN^

t r.'a¡r sc r i fr l-.Lon / $RN¡{ spl.l.clnc{, m¿turaUrc'l) of- c'tl)c'Ì RN^,

etc., and j.Us con-s L r L u c i) l- s , ì.nclirdrtrg Iamj.a-s A trrr<ì C,

rnuorâct Híth a i arge nurrtl>eL- of p):o1:eans lmportecl i nto

r.he nucìeoplasrn (p-q3, SRIìBP, cLc. ) a.s shotln by the

abtro:::nal ì1-.jes observod rlr qeneL:r.c lâminoPar.hi es (Broars

cL â1., 2006; vlcek cî. aI., ?,OO1 ì vlcok and ['ci-sner-,

2006). ?ire nucJ-oopl-a-.m j c .slc:pe of the ¡rucloa¡ ctrvelope

and rcs t¡:ansmembrarlc proteins, .rs woll as che l'¿trtilrs of

tjnè. fanTDa, conrributes Lo thc sUotag{: óí Ural)scl' j PEaon

reguJ.atron Iacî-ors, before tlìair use arld 1n gene

c-xp:îessJ.on .r-egrrlatron (Hee-.sen and Ê'ot-:rerod, 2OC'l ¡

Sh¿klai ot- al-. , ?-DO7) -

l'he f j rsl- I¿rnrrìópâthies d.l .scovt:rod from L999 presellted as

dise a-.e,. pledomrnar.l-Iy irl a grve)t ti.ssuc, skeleial nlusci-c,.

ca¡dra<: muscle, etc., wherc¿.s l.amin.s âre ubrgr'títous

pro te r.n.s (V.l ce k and [oi sneÌ', ?-O'n'7a; V].cek .rr,<i Foisner,

20C:'?l>; çìorman and !3onne, 2OO1) ' 'i'he Iipodystrophi es

as-ooc.r ate iipJ.d nLoLabol.i.s¡n abnorntaflties ¿:r':d !nsuLin-
rês.i-sLancc lvrch drsorder.'; j.tl the bocji.ty dì stri.butr-orr of

ad.r ¡>os<: i'. r lì¡rLr(-), riLa tch! r,g 1'.tle ì Í¡loclys [- ropl:y c'L'ser-'r't:cì

tiurrtrg ¿rD L. J..r: e t ¡:ov i .:.-a ) l,:r(>âl.Nci)c5 (C.rpe:ru et eì,' 2005).

"SysUemj.c" J-i;rnitr<;¡>a t-bl.e.s wer'e dlscoverc;d alter ?'ÐD2:

acrc.mand j buJ.ar <iyspl;.r.s i.r f OM.l i'! 2 4 tì lj'l(); (Àgar.-v;a J- c':L e> )' . ,

2t)t).1,' Novcl-.1 r ei a.l. - , ?AC,2 ) ; I{uLclli n.sorì-Gr.l f o.r'd Ptogerì4,
{ol.1i ¡l J'1661O; (Dô San<-lr e - G i ov¿ nrl<;l- t (ìt tÌ-, 20O3;

LO
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Eriksson 	et 	al, 	2003): 	restrictive 	dermopathy 	(OMIM 

2752.1: 	(Navarro 	et 	al—, 	2005; 	Navarro 	et 	al—, 	2004). 

they 	involve 	all 	of 	the patient's body 	tissue, 	skin 	and 

appendages, 	skeletal 	and 	cardiac 	muscle, 	bone 	and 

cartilage 	tissue, 	adipose 	tissue 	and 	its 	metabolic 

consequences, 	but, 	in particular, 	they are accompanied by 

accelerated 	aging, 	the 	most 	severe 	being 	restrictive 

dermopathy, 	lethal 	at 	birth. 	These 	three 	diseases 	are 

associated either with a mutation in the LMNA gene coding 

10 for 	lamins 	A 	and 	C, 	or 	in 	the 	FACE] 	gene 	(ZMPATE24) 

coding 	for the protease of 	the ER, 	which 	in 	two stages 

cleaves 	the 	prelamin 	A. 	The 	mutation 	of 	the 	LMNA 	gene 

causes 	a 	disappearance 	of 	the 	site 	of 	recognition 	by 

&AUG 	of 	prelamin 	A: 	the 	protein 	is 	not 	cleaved, 	and 

15 therefore preserves its farnesyl 	residue, 	and is imported 

into 	the 	nucleoplasm 	by 	gliding 	along 	the 	envelope 

membranes 	like 	lamins 	B 	(Pan 	et 	al—, 	2007). 	The 

farnesylated 	prelamin 	A 	remains 	anchored 	in 	the 

nucleoplasmic 	face 	of 	the 	nuclear 	envelope 	where 	it 

20 disrupts 	the 	organieation 	of 	the 	lamina 	and 	the 

interactions between the lamina and the membrane proteins 

of 	the 	envelope, 	which 	involves 	characteristic 	nuclear 

deformations 	(Goldman et al., 	20011. 

The rest of the nuclear matrix is free of 	lamin A, 	with 

25 multiple 	functional 	consequences, 	for 	example 	the 

activation of pathways downstream of p53 	(Varela et al., 

2005), 	abnormalities of mitosis 	(Cao at al., 	2007; 	Dechat 

et 	al., 	2007), 	and 	of 	DNA 	repair 	(Liu 	et 	al., 	2005; 	Liu 

et 	al., 	2006; 	Lin 	of 	el., 	2007b), 	etc., 	teading 	to 	cell 

30 aging 	(Kudiow 	et 	al—, 	2007). 	The 	analysis 	of 	the 

transcriptome 	of 	cells 	of 	progeria 	patients 	has 	shown 

10

ljr.ì ks.solr eL a.l .. ?-O03); r c.s t- r l. (. t .t vc dermop,rt-.1)y (Ol'1IM

,:'152-)Q; (Navarro ci l- al..r 2ÕO5; Nâverr.'o et 41., 2004).
'.I'hcy rtrvoJ.ve aiì of the pir! j.eí)i's b()dy Lissue, ski:r and

appendagcs, si,:e.l età.1 and cardr ac Iltt)scl.e' bonc' and

cartilagc L:rssuc, adlpose t.r ssue and iLs meLabcl.!L-

(:on.s (: otrcn ôe.s , btrlt, j-)t pâr'.l-cular, t.hey a¡:e ¿tcconlpûlìlad i)y

accel.eral-.ed aginqr l..he móst seYere be.r ng r(:.sL.ricLrve

dermoPaLhy, lethal .r 1-. b.r rr.h. 'I'hoso th):ec cli.se¿.ses ere

assoc).a cecì c j. t lìeJ: (,¡ j t l) ð m\ì L.a E.t orl .r r: Lhc ¿MN¿ gene cod.l nq

f.o¡ ìarnrns A ¿rird C, oÌ j.u the t"Acl)l gonc (?;MPSTE24t

cadJ.¡lq for 1.he prcìteäse Òf Lho ER, whrch l.rr r.wo :ìt:agês

cleaves the prelamr.)l À. f'he mui--aLrór) of the I.'14Nll gene

causê¡ì ¡r drsappc¿rrarìce oI the sr te of .r:ècogtì j tioL) by

t;ACliìl of prelami.n A: L--hè proLcrn rs noi. cleavc<ì, ¿rrtd

Lher.'.:fol'e Ptcserves rt.s t=õrresyì r.<-:sidue , and .ì.s rmported

ir)Lo t-ìre r) u ci (¡ óp l. â srrr by glr.cii)rq alo:rg Lhc e¡tvel.ope

rnembrîanes .L.l ke l.crrnarrs û (Pôn e[ a]., ;1007). Thtr

f.9¡:ncsylated preìamin A ¡enrdrrìs âItcltojîed .rn thc
rììrc).copìâsmrc Laca of the nuclear envèlopo wlrere it:
di sruptrs the o¡:gan]z¿r.ron c:l the lam.ina ¿rnd tiìe
.inLcracIiÒns bótHeen the J.arnJ ¡?r] and i:he ftcmbrane J--.):ouerns

<-t L !he eìlvelgpc'/ wh!clt Ítivol-ves cha ¡'a c r. e r: i st i c nucl-ear

deformatrons (Goldman et aI., ^4004).
Tlìc re.s1: oL Ll¡o nuc.l-oar narrix rs free of I¿mirr A' wrLIt

multipìe,fltnct.r.onal can.seouelrccs/ for ex(rnPie l:he

âcLrv¿L.rÒñ o{ p¿tlìucrys cìo\enstr:e.am of pl)1i (Varcl.a et crl.,
::005), at-:nor;naIit i es <:L mr.Losì5 (C,lo eL ¿r.1 ., irtlt) i; Dêch¿1:

ct ¿.1.., 2OO'l), arid of t-)NA ìîepair (Lru t:t ¿1.1.., 2005; T.'t u

el: a1.., 20()6; i,.r r.r êi. âì., 2007b), cl-c'-, ie.rcj:nq Lcr ccJ.).

ôg] r)g (Kuclior+ et a.1.., 2047). 'i'lÌe analysrs of the
L: r.l r) s c r.L pt ()me c:f cc-:l- l s <-¡ f pltog('l:1ô È)at i en i.: lì lìûs ¡;hotll
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29 

abnormalities 	o 	the 	expression 	of 	genes 	involved 	in 

atherosclerosis 	(Csoka et al., 	2004). 

it 	appears 	to 	be 	likely 	that 	accelerated 	aging 	in 

patients 	treated 	with 	certain 	antiretrovirals, 	in 

5 particular 	Pis 	that 	inhibit 	EMPSTE24 	(FACET), 	obeys 	the 

same mechanisms. 

The mutation 	of the 	LMNA gene 	responsible 	for 	progeria 

unmasks 	a 	cryptic 	splicing 	site 	that 	leads 	to 	the 

synthesis 	of 	an mRNA 	deleted 	of 	150 	nucleotides 	coding 

10 for progerin, 	a brelerin A deleted of SO amine acids and 

which preserves 	its 	farnesyl group. 	This 	same protein 	is 

produced 	during 	physiological 	aging, 	in 	the 	absence 	of 

any 	mutation 	of 	the 	LMATA 	gene, 	due 	to 	an 	error, 

associated with aae, 	of the splicing machinery 	(Scaffidi 

15 and 	Mieteli, 	2006). 	Progerib 	is 	accumulated 	in 	dermal 

fibroblasts localised under the basal lamina, 	as well 	as 

in 	the 	keratinocytes. 	It could be 	a marker of 	cutaneous 

aglog 	(McClintock et al., 	2007). 

The nuclear modifications 	(bulges of the nucleoplasm into 

20 the 	cytosol, 	breaching of the 	envelope, 	nuclear contour 

irregularities, 	etc.) 	observed 	an 	the 	eerie 	of 	patients 

with 	progeria 	are 	also 	similar 	to 	the 	transient 

modifications 	induced 	by 	the 	viral 	protein 	Vpr, 	which 

facilitates 	the 	entrance, 	by 	transient 	breaching of 	the 

25 nuclear envelope 	and 	the 	lamina, 	of 	the pre—integration 

complex of the AIDS virus, 	which complex is too large to 

be 	imported 	into 	the 	nucleoplasm via 	the 	nuclear 	pores 

(de Noronha 	et 	al, 	2001). 	.or 	a 	recent 	review of 	these 

nriciar importation mechanisms 	Suzuki 	and eleigie, 	2007i. 

30 It 	has 	alec 	been 	demonstrated 	that 	a 	plurality 	of 

proteins 	of 	the 	nucleoplasmic 	face 	of 	the 	nuclear 

envelope, 	including 	emerin, 	mutated 	into 	Emery-Dreiffus 

10

¿<)

âÕr)Òrmäl ìt:cs in the ev.p.r:e.ssiÒll of qcne.s rr.¡vo.l.vcd j.tr

a r. h c).r'Ò rì (: ). (-) ro..; rs (Csc.ha eg al . , 2OO4) -

i U .rppeâ r:; i.L\ bc ti keì y thê i ¿ccc.l.er.';t ed .1or r)g ir:

È)a l-.r e)rt.s ;r'ea r.(+d wr Lh ce):ta.r n arl L j.¡ e't rov i r.:ì .s, i n

par:tr.cul.ôr: Pls uhai-- :¡rhrb¡-L zMI)S'l'fi24 (iY\CCl ), ol)eys Ihe

samo tno ch a t¡ -l- sms ,

'l'Ìrc nrul. aLiort of the J,MNzì gênê respon.:rb.l.t: f.or proclor. !.a

unrnask.s ¿ c.typt-ic spJ.icr.no s]l-c UIIaU le.rcls Lo LlÌc

synChesis ()!:' .ìn mRNA del.etecl of 150 lìucieotr.de-s c:od:-ttg

f c.r ¡>roger.i:r, a prelarnrrr A deleted of 50 aminc ac¡cis anci

whrch ¡;rosc::ves its farnesyl grÒtìf). 'l'h.r s sar,o protern ìs
prociLrceci <ìuring physioLogÍca). agi.rtg, .lL) the .rl)s(:nce ól
aDy nutal- ron of tire LMNI| gene / cue to al) er):ox ,

âs-sÒcr¿Lc.d r/i th age, of the sPllcrng nach¡ rrr:r y (Scaflidr
and [,].r steJ i., 2006]. PlogeJ:.ì )r j.s accunu.laced in <lerrn¿¡l

f ll>rob.lasts f ocal.:.zed urrcier tlre basal. l-¿mrna, a-s we) i as

rn tlro kcratrnocyEes. It- could be a marker of cutaneous

aç.r no (t'lcC). inLock ctl aì . , 2-AO7 ) -

The nucl.ear mocl j. f j. ca t i on s (bulges of El:e rtuc.leoplasm rrr1.o

Lhê cytL.soÌ, breachitrg oJ: thG cnvelope, nu<:f car. cor¡Lour

ì rregu Ia rr c r es, e Lc . ) ol¡served .r lr i)ìo cel-.1 s of ¡-:at i-ents

nLth prcgeria are alsc. sÍntj.lar r.ç Llìc trans.l e)lt

nodi f .r caL:.r or)¡; l.nduccd by the viral. plotel)r Vpt, HIìl-clì

facÍiiLates the ens.râñco. by transrenL: b):o¿cll j ng of îhe

r:ucl.e¿rL envcl-ope ar)ci t he lanti na ' of the pr:(l- j Iì L<: q¡¿ []-olì

compìcz of 1.he A1ll.9 vrrus, \$hJ.ch cÒnLp).ex 1s Ioo ]örge (:()

iJa írnpÒ.r'Lcd l.Dto the n irc ). e c'p J. a snL vra t)le nil(:i,cär po):es

(cle Noro:rh; ê1. al ., 200i) - iol a r:ècollL L'ev.l('(v ol: t:llcl¡;<':

rlucic¿tr' Ín¡)or.'tat r.ou mer)b¡:l:r¡;m:; (5uz.uki and Cr'a jc-Jje' 2007)'

L t has ;¡ ì .sc. l¡c.otr de lno)1.5 t r.r r.ed t.Lat a pÌ u::a i[ i t-y c'f

¡rrc.ueins of the nu c;1o c.p I a srn.:. c face o7' th.c :ruc.lear.'

enveì ÒDe,. : ncludrDg emerrn/ nLuLaLeci j nl'.c, ilmê r y - trc j l'I'us

1.5
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muscular dystrophy, 	are essential for penetration of the 

AIDS virus into the nuc Imop 1 a sm and for the infection of 

cells that do not divide 	(Jacque and Stevenson, 	2006) . 

The 	term 	genetic 	1 amin opat hy 	therefore 	covers 	the 

5 patho 1 og i es resulting From mutations in the genes coding 

for the laming 	very spec did ea 1 1y LMNA coding for 1 am i ns 

A and C, hut also those caused by mutations of associated 

proteins, 	including 	those 	pa rti edmat ing 	in 	1 amim 

maturation. 

10 The 	abnormalities 	induced 	by 	PI s 	at 	the 	level 	of 	the 

nuclear 	matrix 	therefore 	represent 	an 	acquired 	and 

let rog en I c 	lama cope t hy . 	Whether 	they 	are 	genetic 	or 

a cquthed, 	these 	abnormalities 	in 	the 	nuclear 	matrix 

result 	in 	genomic 	instability 	and 	cell 	aging 	I fiches 	et 

15 al., 	2001; 	Oberdoerf ter and Sinclair, 	2007 ) . 

4. 	The "I:clone/Pc" theory of aging 

Cell 	aging 	is 	controlled 	by 	a 	"clock" 	measuring 	the 

20 length of t e lome re s , 	which are shortened in each mitosis, 

a phenomenon that can be counterbalanced by the activity 

) of 	the 	catalytic 	t e 1 ome ra s e 	subunit 	(Gilson 	and 	Gel i, 

2003; 	Stewart and Weinberg, 	2006) . 

Before the appearance of quant i tative PCR, 	which enables 

25 direct measurement 	of 	te 1 ome r e 	length 	in 	particular 	in 

men onuc 1 e a t ed blood cells 	( Camt hen , 	2002; 	Gil and Coet :der , 

2004; 	N j a j cm et al . , 	2007 ) , 	the measurement of tea °mere se 

activity 	(TRAP 	se y ) 	was pert ormed on cells of patients 

treated 	with 	anti re t rov ima Jp , 	with 	variable 	results, 	in 

30 part'.cola r depending on the T - igmyWoc yt e subtype analyzed 

(Rf f ros , 	2000) . 

10

30

muscu.l âr dy:;Lrophy, al:e esse)ì[j.a]. J.ol l)clìeLÌ.ôilolì oI f.h(-)

AIDS v j.rus írltlo Lhe nrìcleopiasÍ0 ¿rno !.Òl tlìc I )lí'ec1..l on ol'

cel.l.s r.h¡tt cio noL divrcìe (.racgue ¿nd $tcvonsolt' 2G0C:) ,

!'he 1.erm ge:reti.c larnr-rro¡>athy theref.cre cove.r s t-lìô

pathologles resul L.r.n9 frÒm muLatl-cns 1¡l Ehe ger,cs coirtrg
f c¡:: t he .l amins, ve.ry .s¡reci.f'r ca Ì I y ¿MN¿ codi ttq f.<.r:: .1 *rni.n:;

À ¿r¡rci C, htlL âl-so those causecl i)y muLaLl(-'ns oJ: assocl al--Çd

p.t oLcìi.ns, r.nc)l-udirìg '"hose pa r1. i (: j.p¿rt ir)g .1.)ì l ¿tm.t n

ma l-urat ion.
't'he abr)ormalr.t j.es iniuced i:y PIs ac t.he le:voI óf Llìc

nuc.l-ear maLri:x the¡:efo]:e repre-solìt an acqul..l:ed altcj

.:. a-L rog er).r- C iamirtopaLhy. h'hether they .:ro gellet.ìc: or

ôcquir:ed, chese õbncrnl¿l ttics .¡.n the nucl e¿rr InaLÌlx

resuìL rr) gcrìornr-c ins¿ability and col-l aging (¡4ehUa et
al.., 2-00^lt Ober:dóE'rf f cr ¿lìd Si.tlc.l ajl"-, ?.()C'l).

4. The "tc)-omcrrc" theory of aqirìq

Celi agr.r)g j.s conEr:ôIleci by a "cl.ock" me¿sdrl-r)g Llìe

l-ongth of tè)-orno.los, Hhjch õre .sh()rt.êrìed in each m.r.tosi.s,

a phenomenon tnp-1. c¿rr) be counterbal a)lced by Ll)c acLrvitly
of t-he catal-yt-rc tel.omerase subunl-t- (Gr'l -'on ¿nd cêl'1,

200i,' .S1--etrar L: ¡rrrd hroir.bcrg, 2006) ,

ì.1e.1lore t-he appearance cf ouanIrgaLrve I-'CR, whrc:h e n¿i¡.]-c'rs

d¡-¡ocL rnè¿l s u rerrrc rì L of Lel.omer.e I engL:)ì rn p.art-rcul ar ln
manonrìc.Leaf,ed b.lood cell.s ( C¿J.l.r t h<¡r', , 20 02; G11 àGd Coct?-cr,

2C0,i,. N jaic.rr cL ¿ìl- -, ?OO1 ), l-ile mc-:¿su¡eìrcnt c)j: Le.l (.rirìt:r-¿r s(-l

activity (1'IlrlJt .r.s.sáy) ,n,as po):f ormed on cel1:; c>f patl.en[:ì

L Ì ea t-ad wÍth a¡rL i I:e L.::ovr r.rJ .s, wl t:L !¿rt:i.lbl e re.stt I L I;,. .l íl

pa::t.i c:irl,.ar deperrciirrg ór) Llìc T -i.ymfillocyL:er :;ubL:y¡>c anaì yz:ccl

(f.)ffros, 2C00).

J.l

20

i0

lalinka
Rectangle



The 	NR1da 	inhibit 	telomerase 	activity 	(Olivero, 	2007; 

Yamaguchi 	et 	al., 	20011. 

Abnormalities in _anon A cause a reduction in telomerase 

activity, 	resulting 	in 	acct legated 	telomere 	shortening. 

5 These effects are observed in the cells of patients with 

progeria, 	whether or not 	the cells had been 	transfected 

to 	overexpress 	the 	catalytic 	telomerase 	subunit 	(Wallis 

et 	a 04). 	Comparablb 	results 	were 	obtained 	in al 	, 	20 

fibroblasts 	of 	healthy 	subjects 	oyefexpressing, 	after 

10 transfection, 	Tamil-) A, 	normal, 	mutated or deleted, 	as 	in 

progeria 	(Huang et al., 	2000). 	The nuclear matrix and the 

proteins 	of 	the 	nuclear 	envelope associated with 	it 	at 

the level of the laicise therefore directly or indirectly 

control telomerase activity 	(Pandita et. al., 	2007). 

15 

5. 	Certain 	transcription 	regulation 	factors, 	in 

particular 	p53 	and 	gluza, 	are 	involved 	in 	aging 	or 

regulation thereof. 

20 Two 	families 	of 	proteins, 	p53 	I Zafon, 	2007) 	and 	NEGaB 

(Hayden and Ghosh, 	2004), 	control 	the 	transcription of a 

large 	number 	of 	Genes 	and 	are 	involved 	in 	the 	aging 

phenomenon. 	These 	proteibs 	are 	also 	involved 	in 	the 

mechanisms described in the other theories of aging and 

25 are related to one another. 

Next 	to 	its well-characterized 	functions 	in 	the 	control 

of the cell cycle, 	the stress 	response, 	oncogenesis, 	and 

DNA lesion repair 	iruster et 	al, 	2001; 	Helton and Chen, 

2007; 	Sengupta and Harris, 	2005), 	p53 	is iGvolved in cell 

30 aging 	(see, 	for 	example; 	(saner 	and 	Helfand, 	2006; 	Ben- 

Wordsh 	and 	Weinberg, 	2005; 	Papazoglo 	and 	Mills, 	2007; 

Sharpless 	and 	Derinhc, 	2002; 	Tyner 	et 	al., 	2002). 	The 

,1,l

t'Ìr<-: NIITi:; r-Ì)lìÍb.r.t 1;ci on e r.-a.sc úct .t vr t y (OL ivero, 2 007 ;

Yamaguc:iri oL aì., 2001).

Abr orma i l1: r c;.s ín l-¿nri.rr Â .-¡luse â .todLrctl.on i-n Lel'omcr¿se

acc.t v.r ty, r.'esuItíng in ¿¡ cc:c' l. e r-a 1: c) (l tcl-ome):e shotLortrng.

These effect-. are ol:sorvc.cl ilì tl)e cc:Iis of patler.ls wai:h

progorró, HhctheÌ' oJ- r:ol- Llle ccl.l.s h.rd I>oct', transfecl-ed

tlô cvet:cxpress the cataiyi:r(: t:(} ].oìne.l.ese sL:btlrti'; (l'la1ìis

eu al ., ,1004). Coni)ôÌ.'el)l e rc-:sttìts rve¡:e ()bL¿'.1ncd j-n

f: j.brol;.l.asIs o,: ito¿r.]-thy suL)-i eÇi.s Òvcrexpl-e.ss j ng/ alLc):

Lransfcct-ror), ìamj.n A, rt()):naì, muteìei ór del.eted, as 1n

progc:rÍa (llu.lrrg et 41.., 2008). T)ìe nuclerr.r: ln¿ìLl ix aI)d the

protejns of tl'.e r)ucl-o.i.l' el)velopc- ílssocialed wrLlì rL at
Lho )-evel- of the Jantr¡a tlrc.rc'lore cl.rre<:1:).y or l.ncli l:ect j y

contro.ì. i:eìomórase âcUivil'.y (lla¡rd.l. t-.ì c+î- al ., 20O'll -

10

15

5. Cc.tLain tr:an-sc):ipL: j.oa.

parl-.rcular p53 alìd NÌ'-KÐ,

reEu I at.ron thereol'.

re gu i at iorl f acI ot.s,

¿ì.r o 1r) vo j ved j.lr ¿ g i t) g

ln

OJ:

25

f'wo f.:mi).it:.s of p):ct-el.ns, P53 lZaf.o:n, ?-oO'l\ and N[-KB

(llaydel) and Ghosh, t2C04), ccnl-roI the Lratr-sc¡: j pLlr Òn Òf ¡ì

J-argo nunLbcr of genes .rtrcl a!:e j.nvol ved 1n Èhe ag-l"llg

phenomenon. lbese ptotcjlìs a):e à.1-so invoJved itr tt¡c

mèch¿lrrisNS desclr.bed in i:iro óLller theorlcs of aq.l.ng e-nd

a):e reÌated lto ónc at'Ioi:her.

Nax t- Lo i ts we I I -cb.r:: ¡r <:i. (lr i ¿cd f unc! i.or)s .ln t-he con t-r cl I

of (:h<-: cr:Ìl cycJ-e, Llle st ).e.5.5 rcspollse, o:rc og oltc s l- -s , at:c.i

DNl' .l.e -.iìon repair ()rusLor <¿ l- ¡r1., ',>.01\l; t{c.lcon .rnC Cllcrr,

,100?; S(:rìgìrl)t¿r ald tlar).'1-s, t005), p53 r.s j r:v<>Ìvcd in celi
ôgr.ng (see, for t:xamplc: (BaLleJ: ;.rnci IIc'.l.llatrd' ,100(;,' 3(:l)-

I)o¡¿cll ¿ìÌìd llc!nberq, i)Clt)l-'; P¿p¿zoqlu öIìi vl.l.l..s' ?'QQ-l:

.Sharpiess arrd DoFir,l'.c, 2002; 'J'ylr(')r ct- al , 2O0?-l . .l))e
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protein p53 is also involved in the abnormalities induced 

by 	laminopathies 	(Varela 	et 	a]_, 	2005), 	in 	the 

functioning 	of 	helicase, 	the 	mutation 	of 	which 	is 

responsible 	for 	Werner 	syndrome 	(Brash 	et 	al., 	2001; 

n Sommers 	et 	al-, 	2005), 	tel 	reoulation 	(Wynford- 

lnomas, 	1996), 	and 	control 	of 	mitochondinsl 	respiration 

10 

(Matoba et al., 	2006) 	independently of the role of p53 in 

the 	activation 	of 	apoptosin 	by 	its 	interaction 	with 

apoptogenic 	molecules 	of 	the 	outer 	membrane 	(Manfredi, 

2003; 	Milian 	et 	al., 	2003; 	Moll 	et 	al-, 	2005). 	P53 	also 

regulates 	the 	"insulin-IM71-Clotho" 	metabolic 	pathway 

(see below). 

Nfniti 	is 	also 	involved 	in 	many 	metabolic 	pathways. 	Its 

inactivation 	by 	RNA 	interference 	in 	fibroblasts 	in 

15 culture 	protects 	them 	from 	aging 	(Hardy 	et 	al., 	2005). 

Similarly, 	the 	blockage 	that 	can 	be 	induced 	by 	the 

expression of NF-0 in mouse epidermal cells slows their 

aging via variations in the expression of numerous genes 

analyzed by microartay 	(Adler et al., 	2007). 

20 

6. 	The 	"metabolic" 	theory 	of 	aping 	via 	caloric 

restriction and the 	signaling pathways of 	insulin, 	IGT] 

and 	the 	klotho 	hormone 	links 	the 	plasma 	membrane, 	the 

nucleus and the mitochondria 

25 Caloric 	restriction 	increases 	the 	lifespan 	of 	rodents 

(Barone 	and 	Guarente, 	2005). 	It 	activates 	deacetyidse 

sirtuin, 	which 	targets 	histories 	(with 	remodeling 	of 	the 

chromatin) 	(Viig 	and 	Huh, 	2000), 	numerous 	other 	nuclear 

proteins 	(transcription 	factors 	.including 	D53, 	proteins 

30 involved 	in 	DNA 	repair, 	etc.) 	as 	well 	as 	cytesolic 

(tubultn) 	and mitoctondrfdl proteins 	(Guarente and Picard, 

2005; 	North and Verdin, 	2004; 	Porcu and Chiarudia 	2005). 

lc

..1 ;l

proi:(.itn p5:l i3 a.l.5o j nvol.vcc'ì l.Lì tl)e ¿ bno::rn.ì l- j- L l-c s l-llcìuceci

by J. am j n opz i: )l r ol; (var:el ¿ ct .:J., 200:i), Ín t-he

IuncLr.onlir-q of ]ìeIrce-.e, LLìô mu1:.lr-1Òn c'f whic]r l-s

rcspcrnsÍblc,. f-ot hlc?rr)c.t syncìrr:IrLc' (B):o.5h eL aI.r 2O0I¡

Sommers èL a| , 2005), te ìome::o legr.rìaLrol-, (l¡lyntord-

'l'homas, )-99{)), ano conl..ro.l- c¡f' m l. t-- o cilc'tld ): i .r I rcsplracron
(MaUoba eE aì. , 2006l i ncjepor,dcnl:l y of tlie roLe- cl p53 in
Ul:o ac t-lva u.r gr) o.ll ¿[)op t os; j :; by r ís illte]:ac L;1Ôr) oi il)
apopLogcr)r.c moJeculos of lhê Òuì-el; t0elnÐrane (i'f'rnfrodi,

2003; Mrharâ et al./ 2003,' I'loll êL al , ilC05). ¡r5;3 aì'so

regul ate.s í:he " in su l..r n - I G 1-,. - !. l otho" lnetabolÍc patllHay

(soo below) .

N!'-r:B rs al.so rnvo.lve(1 ìrr many nLet¿l¡o j i c p¿rtr)ìetay-'. ILs

inactj.vat.ron by IìNIr 1lì1:el lerence an fibroblas[5 in
cul.tLlrc pnouect-s 'ilìem from .rgirrE (lia::qy et al', 2005) '

.Simi.ìat1y, 'ihe blockagc tl'.at cian be ¡ nduccd by i:he

expressj.on ot NF-xB j.n m<¡usc c¡-r.:.cl e::ma )' cel"Js sl-oç¡s thej ¡:

aging vÍa võtrôLrons in the c;xpres-síon of llume¡:ous gollcs

a¡ralvzed by nt!.croarr.ry (Adler: et .ll'., ?-0O1 t.

6. Tho "netabo1..r"c" trhcory

::es¿¡;ìcl.Íon and the s:.<¡lralirrg

â r)d t Iìe k I otho ho rmotre l..l n k-s

nl:cIeu.s arrd lhe :ni tochor:clr;.a

c¿rl-o.t'ìc restr:¡ clron inc::e.:.s<+:; 1-he Irfes¡latr ()I: rodents

(tìo.:.'orro ancl (;uâr'en!(r, i1005) It act-t vatès dc'acel"yi âsc

sj.r:tt¡r)1, wh.r<:)r Largel,.s ilisi:orros (rvr 1'-h remodeJarlg oI t]ìe

r:hrorc*t.!rL) (\¡j lg arìcl SL:h, ?-006), rìtlnlerr)l):ì oL.hc'ir r)ilcl'èà.1'

prote.rns (tr¿lrìscr j pt.r.on l'..tcuo.l'5 i nc-ludi-ng 1:l)li, p'r'otein'5

r:rvo]vcd in l)NA Ìa[-'¿ì j r, eic-) âs wr:i I c]rs cyl"osoiic
( l.l:hrr I r n ) ¿t)(.1 nti t'.oc.honcl:: .i i.rì. ¡.rr'ote I n-s (Guer.'en Lo arnd i)i c'l::d,

2005; Nor:th anci Vordin, 2004; Forcu and CIlral'uqj'/ 2Û0-q)

i5

?o

i] Iì

Ò'!. agìnq vra Çalorrc

1>a L.trways of irrsuJ-rn, Ï(il'-l
1- he pl a.sma memb r¿ lrc , t he

-3Q
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Caloric, restriction causes biogenesis of mitochondria via 

the 	expression 	of 	endothelial 	NOssynthase, 	eNDS 	(Nisoli 

and Car ruba , 	2006; 	NS soli 	et 	a 1_ , 	2005) , 	resulting 	in 	an 

increase in ROS production 	(Gredibba, and Barja, 	2005). 

5 The insulin and IGF signaling pathways, 	involved in aging 

(Hart ke, 	2005; 	Russell 	and 	Kahn, 	2007) 	are 	inhibited 	by 

caloric 	restriction 	(HoItenberber 	et 	al., 	2004; 	Masons, 

2004). 

Caloric restriction also inhibits 	the signaliog pathways 

10 regulated 	by 	the 	klotho 	hormone 	(Kurosu 	et 	al., 	2005; 

1 Unger, 	2006), 	of 	which 	mutations 	are 	accompanied 	by 

premature 	ailing 	in 	the 	mouse 	(Kurow 	et 	al., 	1997). 

Klotho is a regulator) of the response induced by the FOP- 

23 	receptor 	(Piece; 	et 	al., 	2006). 	The 	mutations 	of 

15 klotho 	and 	FGP-23 	ioduce 	the 	same 	premature 	aging 

phenotype, 	which 	is 	known 	to 	be 	caused 	by 

hypervitaminosis 0 and which is corrected by the deletion 

of 	a 	gene 	increasing 	the effect 	of 	vitamin 	0 	(Ranzague 

and Lanske, 	2006). 	Klotho also blocks the response of Wnt 

20 

) 

receptors 	(Liu et at., 	2007a), 	which shows the diversity 

of 	the 	metabolic 	pathways 	involved 	in 	aging...finally, 

insulin 	stimulates, 	via phosphatidyl—inositol 	3 	kinase, 

the cleavage of the transmembrane precursor of klotho by 

metaflopreteases 	or 	the ADAM 	family 	and 	the 	release of 

25 klotho into the extoacelluler medium 	(Chen et al., 	2007). 

The 	protein 	p53 	is 	also 	involved 	in 	the 	regulation 	of 

these 	metabolic 	pathways 	Wampit is 	2004; 	de 	Oliveira, 

2006; 	Kim et a), 	2007; 	Schmid et al., 	20071. 

The 	protoio 	p66w5 	represents 	one 	of 	the 	comiwnioat ion 

30 signals between the plasma membrane receptors for insulin 

and 	for 	IWO, 	the 	nucleus_ 	and 	the 	mitochondria 	(Martin 

and Friedman, 	20041. 	KO p6eiwir mice show high resistance 

10

33

Cal o):.ì c. tesUrJ.ci;.toD c¿Lt.se:J IJtoqcllcsl-s of ln.r Lôci)olldri¿r vra

l-he expxessron ol' endoi:helial. NO*-syll tha.se, c'rNGS (Nr¡;oIr

and Ca):ruba, 2006: Ni-.o3i eL: ¿.l., .,J005), re.strl.1--: rtg in au

incrcasc irì Ro-c productjon (C:redr.l I¿ ¿rrd 3a.l:ja, ?ì005).

'l'Ìrr+ i n.sui llr ând IGf srgrra i rng pa Lhvr.: y:s, j nvol.ved i n .rg.r nq

( Ba rt ke, 2 005,' Russc).1. and Kahn, 200 7 ) aro itrh j b:. ted ìly

c:a.l or r.c re.st r ì.cl.i on (l'tôl ?.êr,borgc.r e 1.. al . / 20C4; l'lù.5o.r.'o,

?_oo1,) .

C¿i.l-o):ic rest¡icLr.or) also inhrbii.¡; tlìc sl.gnaÌ.1 nq paLilh'¿ys

reguJ.att:C by thc klotllo hor.'mone IKLìrosu et al., 2OO5,

Unger, 2006) , çf. wltrcir tnuLâtiolts <are ;rccc;mpanred b'y

prenalure agr-ng r)l uhe mou.se (KuÌo'o et .ri., I997).
K] cthô r.s a ¡equl¡uor oí the Ì.'esponse rncluced by the FGI--

113 receptor ( Kuro.sr¡ et al . , 200 6 ) - 'f'he Inut¿tL1ofls <:1

kl.oIhc.: anct FGIr-23 jncluce 1:he same prematur:e ägrr)g

phenoL--ype/ which j.s !.norvn L.() bo cau-.ed by

h ype rv i tamÍ no s.r" s D and wirich 1s co'tîrec1:ed by Lhc de l-etiolr
c;f a gerre increasinE uhe effect of vitamjn t) (R¿rzz¿rquê

an(1 Lall.skê, 2C06) . Klotho al-so b.locks Lha rcsponse of ?ilnt

r:eceptoÌ.'s (Liu e1-. õ1., 20()'74), r¡hrch shoh's Lhe dlversity
of Lhc moL.ìbol-ic patht ays t¡rvolv<:tl rn aginçi. !-i.naì.).y,

insul.in suJ.muJ ates/ vi:r phosphat icty.l -ino.srLoì 3 k j.nase,

rire clcavage c'f the transmemb::arto prccu.l:sor of klotho by

nei.)l I opr<)t-e.r.so.s ol ì.Iìc 
^oAM 

famÍJy ¿rrC thc release of
kl.oc)ro i.nLo tlre ext raceI l.L:.1 ar medrum (Chelr et al. ' ?-CrJ1 l.
'ì'h<: ¡.:r<.:i:e5.n ¡..:5li rs al.so ¡.Lrvolved rr) Lhc ):e guì at.ron of
'!-hese metabc.l.ic pal.hwêy-ç (Câ!tll)jsj., ilQ04, cl(? O.l-lvel-.tâ,

2()0(i; K:Ln (¿ L: ai ., ?.OO1 ; Sc.hmr.ci el- .:i. , zCC'l ) '

I'he p):otei n p66*)'' rêprolì(ìtìLs c.tìc of L:ie¡ c:orrunt¡nj cal-l.on

ri.rgn.li.s bctu(}cn t-lrc ¡tlasm.r nlembllall(-) rccePl-c..t's fo:: i¡r.sr-t.l- i rr

and J:o¡ IGL'1 , thc-: r:uc.lctts ancì the nr l:ocl^:orrdria (Ma):uJ.n

â)rd flredrnan, ?.104 ) . K() p66th'-/- "lice shoç h j gh Ì os:.st¿llce

1S
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to 	stress 	and 	an 	.increase 	in 	their 	lifespan 	IMictiaccio 

et 	al., 	1999). 	P06'fi  is 	a 	target 	of 	p53, 	localized 	in 	the 

mitochondria of which it controls the metaholibm and ROS 

production 	(Mieliaccio et 	al., 	2006; 	Remote et al.., 	2006; 

5 Orsini 	et 	al., 	2001; 	Trinei 	et 	al., 	2002). 	A deletion of 

p66stl' inhibits aging 	of 	cardiac stem cells 	and 	prevents 

cardiac 	accidents, 	two 	phenomena 	induced 	by 	diabetes 

(Rota 	et 	al., 	2006). 	P66sh" 	is 	also 	a 	redox 	enzyme. 	In 

response 	to 	cell 	stress, 	p606 	is 	imported 	into 	the 

10 mitochondria and is localized in the intezebebrane space 

where 	it 	synthesizes 	Wi0; 	(i.e. 	30% 	cellular 	Hebb 	with 

the 	rest being 	produced 	by peroxisomod 	using 	electrons 

transferred by the eytechromes C 	(Giorgio et al., 	2005). 

H;02 may 	represent 	an 	intracellular 	signal 	for 	litespan 

15 regulation 	(Giereo et a), 	200)). 

Description of the invention 

After 	lengthy 	research, 	the 	inventors 	showed 	that 	the 

association 	of 	a 	hydroxymethylglutaryl-coenzyme 	A 

20 reductase 	inhibitor 	(statin 	family) 	and 	a 	tartesylb 

pyrephosphate 	synthase 	inhibitor 	Mamino-biphcaphonate 

family, 	NBP), 	or one of their physiologically acceptable 

salts, 	is 	an 	effective 	treatment 	in 	situations, 

pathologies], 	or 	not, 	associated 	with 	the 	accumulation 

25 and/or 	the 	persistence, 	in 	the 	cells, 	of 	prenylated 

proteins, 	in the sense that it acts on the entire protein 

prenylation 	pathway, 	at 	C15 	and 	at 	C20, 	or 	in 	non- 

characterized forms. The inventors also observed that the 

associetion 	of 	a 	hydeoxymetinylglutarylbcoenzyme 	A 	(HMG- 

30 CoA) 	reductase 	inhibitor 	and 	a 	farnesyl-pyrophosphate 

synthesis 	inhibitor 	has 	an 	additive 	effect 	in 	the 

restoration 	of 	the 	normal 	phenotype 	in 	fibroblasts 	of 

10

1I;

-l /.,

Lo s L: rè.ss i)tìd a!) i nc¡e¿tsc' l.L) t he r l- )' if cspan (Miql j .tccro

et õJ., 1999). P66"r'' .r.s ¿.r tr¿rÌ.get of P53, f ocaJ.-rz:ocl iI¡ the

n r. i c)c-llonrj r i ¡ <>ll wLi<:h 11. c:c;nl.L'o.l.s 1.he moLaboli sm ¿rilC ROS

pródr)ct.i on (Mr gIracc.ì.o et ai . , 20A6, NemÔto et al ' , 11006;

Orsr.Òr et a1.,, ?.004,' T¡:.ìnel et ¿l-., 2DO2.). A delet-ton of
p66iLìr' rÐi)r.bj.Ls ag.r.:rg of' caraiac sLclm cell:' arrd Pl:events

card.r..)c ¡cc j dc.rLts / l..w() plìcnonena irltltlced by dl¡ìl)ct-es

(Rc.ua et .31., 2006). P665)'' is aìso a .todox c)rz-yrt('r. l¡)

rer;ponse t o <:e 1l st ):e.ss , Ir66'l'" r-s írrrpor-'ted 'l-n1:o L ha

mrt¿:chondria and r.s Iocal j 7-ed rñ Lhe l. n t e rlrLeriìb ): ô n e spa()e

whe):e i1: :ìynthesiz-es ll2o2 (i-.e, 10".i ceiiuiar llz-o¡, w'ì-th

tl'.e .l:es1-. bç j lìg ptÖduced by ¡>oroxi.some) uslnq eI(ìcLrolls

Lr¿rnsf ol.'recì L)y 1-.he (:yLochromes C (Giorg.r o oL al-.' 2005) -

H202 maV ropr.cseni an irìtrace.l ì uIa:: s.i'gnal l'or Iìfespan

regul.a'Lro)r (Gr.orró ot- al., 200'l) -

Description of the invontion
Irlier len<¡t.)ry ::cseàrch, !hc invetrl'-o::s showeo Ll)¿t tlìc
¿rssoci(ìLr-c.n oi a hydroxyme[hy]gIutaryl-cc'etrz-yme A

reducirr.se inlrrbrt-ot (st:atj-n f amrJ-y) alld ô f arnesy.l -
pyroÞhc.sphate s.ynLhase inhrbrLc'r' (amrrto-bipho'sphÒnû[o

f¿rmr1y, NBP) , or one Òf thelr ph ys i a l- og ic a I I' y acce-ptabl-e

sal.ts, ir, ¿tn efíectrvè t-reatmeni: in saLLlàtions,

pa L ll<>l-<>g i c a J or nÒt'-, âssoc.l.P-Lêd \tiLh 1-llc âccumulatlorl

and/or (:hê pc.Lsrsience, 1n the ceIls, o{' prenyl'aued

proLcrrrs, .tn 1.he -sc\nse t¡la1'. l.L acLs on tllê et Ui J--e Prc)t:('rrn

p ren y.l .11: i ()l) ÞaLhv¿ay/ ¿rt C1.5 ar)ai a'L c1:O, or j-tr l)orr-

clìaÌact c rj z;cci Lo¡m¡; . 'J'he i.nvcìlì[ c)L'-s a ] so <:l-'se: vc:çl l; fl.': L: !-ll<'r

a s.s <>c j.¿ t i or'. of .r hydrôxymethylglr.rtäry.l-coerrzylne 
^ 

(íìl-f(;-

CoÀ) rccllr(:Uê-sè .li)hll)i1:or ¿rllo a f.ll:rìesyl--pyrc:¡llrospha'"e

.syf)i.lì¿r¡ic i rlh;.b i 1;or il¿ s an .'1dd-l 1: -l' l'e er f'lcc;t .1il 1:hê

J. e.s ( o r;ì i.t ()rt of Lhe ¡to::rn¿rl. ¡rhenot'ypo )-n fib¡obl-ascs o1:

¿r)
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patients with 	Progeria. 	The effect 	of 	the association 	is 

clearly superior 	to the effect of one or the other of the 

inhibitors used lndividually(Vareia et al. 	2008 	(54 	his)). 

The 	use 	of 	the 	association 	on 	cells 	of 	patients 	with  

5 Progeria 	leads 	to 	an 	inhibition 	in 	the 	prenylation 	of 

proteins, 	and 	therefore 	the 	appearance 	of 	non- 

rdreesylated 	prelimit 	A 	and 	the 	improvement 	of 	nuclear 

symptoms 	and 	the 	partial 	correction 	of 	anomalies 	fth 	DNA 

repartition. 	The prenyldtion inhibition 	is also observed 

1.0 in 	mice 	model 	for 	restrictive 	dermopathy 	and 	partially 

) restore 	the 	mice 	lifespan(Varela 	et 	al. 	2000 	(54 	bis)). 

Antiretrovira) 	treatments target a plurality of metabolic 

pathways 	and 	a 	plurality 	of 	cell 	compartments, 	the 

cytosol, 	the nuchemplasm and the mitochondria. 

15 The 	Side 	effects of 	these 	treatments 	reproduce 	some of 

..be 	thiddtal 	and 	biological 	signs 	observed 	in 	patients 

with 	genetic 	landnopathies 	caused 	by 	mutations 	in 	the 

LMNA 	gene 	or 	in 	the 	AMPSTE24 	gene. 	The 	connon 	point 

between 	these 	mutations 	is 	that 	they 	preserve 	the 

20 farnesyl 	group bound 	to 	lamin A or to prelamin 	A. 	This 

fArnesyl 	group anchors 	the 	lamin A to 	the fincleoplesmic 

) face of the nuclear envelope at the 	level 	of the Lamina, 

while 	the 	rest 	of 	the 	nucleoplasm 	is 	free 	of 	soluble 

Laurin A. 

25 

30 

These 	two 	abnormalities 	in 	the 	distribution 	of 	landn 	A 

cause deletbidtus consequences at 	the 	level 	of a number 

of nuclear metabolic pathways 	(DNA replication and repair, 

gene 	transcription, 	telomere 	shortening, 	etc.), 	and 	also 

have deleterious consequences in other cell compartments, 

including 	the 	mitochondria. 	The 	general 	dysfunction 	of 

the cell causes accelerated aging and a reduced lithespan 

thereof. 

r.)

10

1 l_i

20

25

:r5

f)cì L icr) t:i rvi tl: ?.r: ogorri¡ . I)re ef f GcL ol L he .i-s.sc¡c j.at.ì.or) l. s

cIc¿trl.y supor ic>r 1:() t:h(-) effect c.f ot:e' c'r Llìc othc.r.' ol. tL)o

rrtìr:.b:.Lors r.:.secl jncivjc\:e.l iy(V.:reia ê[ ¿ìi. 2Û08 (54 j¡:.s)).

l'i;e use af l-oe assoc..ration on ceI:.s of p¿tier)t.9 v)r.[.n

l>ro<ieria leads tc. ar) .rr)llrl)ition in the prenyl.a'.: j.o¡r oJ:

proteìr'rs, ar)d tlìcrcloro thc appearance of non-

Í a rncs y.l..r t: o d proì ¡rírì.r r'i A and Liro im,p-r ovcnrcrìt of nuclear
.sy:tpl..r)ms âr1d 1:he pãri:j.r.l cor'recLÍ()n Òl ¿ìnóm¿lIios ()i. t)NÄ

.rcpar L: j 1:.ì <>:'. . 'J'he p.r:c;nyl .rt j on .t nh j.br t i. ôn rs al. so ól)servê(l
jn n.rr:e mociel. foÌ.' resLJîi.cLj.ve dermopõthy and parl:jõlly
restoro LIÌc rìr-cc l. Í f c s ¡>arr (vc rol- a oL ÂI. 2008 (54 brs)).
AÐ L r. rcr l- rovr. ra I l-re.rl:me,tts iarîqet ir plural-rLy L\{ inot¿ìb()l-r.(l

pathways aDc a pluralrcy af cell c ompa rî [.mer'. u s / che

cytoso)., 1.1ìo nircìcôpI¿.sn âlìd Lho ml.cochor)d.r'ra.

Tlrr,' .sr rje ctfec-ts of l.hesci I real.me:]1'-s rêprodìlcô sonrc ÒJ.

t he (r ì j ¡:; <:al. an(¡ bl ol.og j.ca l. sr.gns obse rved j r) p;)i. i erì l:s

$r.Uh gcncLi.c I âxLÍ rìc'p¿ì [ ]ì ic s c.rusod by ¡ôi¡tât.ì.ons in the
Llíl'lA gcne or .Ln the '¿Ml>5'!I124 gerrè . T)ìo conunon pÒil} L

þetereen t-hese mul-atlons is that Ehey preserve the
f arn<rsyJ- group bound t-.o l.arnrrr A or to prelamin A. This
f'a.rne.sy.1 gJ:oup a)rchors the iamin I{ to l-he nr-icl oop I a.snt: c

face of tlìo nucl-ear envoì.opo ôL the Ieve.l of the .i.Ìrr.in.r,

rvlì!Ìè i):e resl-. of. 1-he nucleopJirsrn rs frce of sc.lublc
l.amin À-

Tlìeso Lwo ¡i[r:ro¡m¡r].r L:re.s in i:ht-: drs'¿'.r1bu'iron of ianrL) 
^

c:.ruse Ce Ì et c- Ì-' j ol-r s colìsequences at ihe -l evel r.'l' a rtrrml¡el-

of nLìc.l.c¿rr ntcL:..rbc;ì ic: pnthways (DNA repiicat-r.or ¿lird r.'c'lr¿rr.J.,

gcre t rp^ n s c. r.r p'; i on / 1-.el.omere shortenir'.9, e1:(r.i, ôrì(j ¿rl.s()

h.rve deIcL(.):r-ous c clù s (]q r: erìcc s in oL!ìel ce.l..l compari ments /

Ìrl(:lLrclr.nq the nj l.ocho)tdJ.-i a, 'fhe oen(:rtl dysIutrcL..rolì ól'

thc,. cell. c¿r¡ses ¿rccol-or¿tcd ag.r.rrÇ ar)d a J.edu(;ed J j.f e.span

tIlcrcc.l'.
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A 	family 	of 	retroviial 	treatments, 	the 	protease 

inhibitors, 	inhibit 	ZNMSTE24 	black 	the 	maturation 	of 

prelamIn 	A 	and 	cause 	the 	persistence 	in 	the 	cell 	of 

f amesylated 	prolamin 	A. 	The 	appended 	figure 	9 

5 schematically 	shows 	the 	aging 	theory 	developed 	by 	the 

present 	inventors 	and 	based 	on 	abnormalities 	im 	the 

maturation 	of 	prelAmin 	A 	and 	their 	functional 

consequences.  

In 	addition, 	the 	indirect 	effects 	of 	the viral 	protease 

10 inhibitors 	on 	mitochondria, 	a 	second 	family 	of 

antiretroviral 	drugs, 	the 	viral 	nucleotide 	reverse 

transcriptase 	inhibitors, 	directly 	disrupt 	the 

mitochondria, 	an organelle of which abnormalities of its 

functioning are known to he associated with aging. 

15 The objective 	is 	therefore to analyze the mechanisms 	by 

which 	these 	two types 	of antfiotroviAal 	treatment 	cause,  

accelerated 	aging 	in 	patients 	infected 	with 	the 	AIDS 

virus and to verify that these mechanisms are comparable 

to 	those 	causing 	accelerated 	aging 	in 	patients 	with 

20 genetic. laminopathy. 

The 	present 	inventors 	deduced 	that 	the 	side 	effects 

described above 	of the 	antiretroviral treatments 	can 	be 

minimized owing to a composition including or a treatment 

combining 

25 - at 	least 	one 	hydronYMethYlgiutaryficoenzyme 	A 

(HMG-COA) 	reductane 	inhibitor 	or 	one 	e 	its 

physiologically acceptable salts, 	and 

at 	least 	one 	farnesyl-pyrophosphate 	synthase 

inhibitor or one of its physiologically acceptable salts. 

30 This 	inventi on 	therefore 	relates 	to 	an 	ant jog TN 

composition including at least one hydroxymetAylgiAtarfid 

coenzyme 	A 	IHMG-ADA) 	reductase 	inhibitor, 	at 	least 	one 

i0

'l (r

/r famj I y c.f' rcl.rovÍÌa.l- [-re¿LIlIcrlIs/ i:]ìc pJ.'o['e(]'se

.rnhrbj tor:.sf rrìlìibl.t zvP.S'1L24, block t-he maLural"io)l çf
l)):e .lamjn A ër)d cause 1-.hê pe):sist(irlcG in ì.1ìa cell of
larncrìy.l.aued prol-atnrl) A. the (rppoi)ded I rgu):c 9

schomatically shcws L)ìe aqi ng Lheory cloveJ-opcd by Lhe

pre:;enL: iLlvcnto¡s an<ì based ol) al)norm¿lìi ti es 1n Li)ê

matut<l1..taíl of' p:'eJ arnllt 
^ 

¡:nd ìherr .[ulrcl-ional
colIsequet)ce.s .

I Lr aciciit j on, r.ho :,ndi rec u e.[.[ec t s Çf- '"he vi.::;rl ¡rr''o tease

:.nltrbj.tors o,l rni 1: o cirond r i.a '' d seÇond famrLy Òf

an U í re1-. rtov r ra l- drugs, Lhc v.l r¿¡l' nucl eotÍde l:eve¡:se

Lranscript.ase i nh i b i.t o.:.-.s , drrectJ-y d'r 'srupL the
mit--ochondrla, a)r or:q¿neIìe of whrch abnorrnali tj es of lLli
function.rlrg aro kncv¿n io bc assoÇlatad lvith aging '

Tlìc oirlecurve ls LIrere!=ore tc' analyze Lhe me(:lìalìistns by

v;liich Llrosc t-wo types of anr.alc'i-rovl ral Lrcatrnent causÓ

acceler:ated aging in pírL.l.enus Í¡lfected 'n,1î:h the ¡-l DS

virus atro to vcrrfy th,ar. t--hcse meciranislns a::e comparable

t-Ò -"hósc causrng acccl-era-ued aEing rrI patier''L¡ì t'tith
geneti c ì ;mi noPa t hY -

Tlìo pre.ser)t. i nvert"ors dedtrced that i:he si do cf lect-s

descri.ltotl ¿bove oi -.h('r antr ret-r<¡viral- ì-¡lê¿rcmenEs <:¿rn be

tnlnr¡niz.ed ow:r)g to a comPosrtl.otr jnciudrlrg or a creal-mellt

c ornlr r rr i ng :

- at .lc¿.tsìl c.i)e hydroxytnetiryJ-g).utaryl-coenzyme À

(¡ll-lc-CÒA) redut:l--¿st': r:rhj.b:.Lor Qr one c'f its
ph ys i o i og r c:;r l. J- y accc'ptabló sal.us, ârìd

- at leasl- orre f a r n cl; y l -py noPlìc's plla l; e :;yìlÏhcìse

r r;h r b i 1:or: (-'{ <.¡ire o,f I t.s ¡>)rys.:.ol o9ì ca}' ly .r<:c:c¡>i aL;J e '54'L L's '
Tl)r-s :nve¡r1-.ioo Ll:creforc rel.ate.s to arl a)lti ^til-V

cornp<;:; i1: t.<;n ¡.ncl uc!ì :rg ;:t .l ea s1-- oÐ(ì )lycJ:-oxym<: i.hyJ 9 l r':i:a r y ) -
coenzyme A (uMc-CoA) rçcluc:Lase i nhil¡: to.::, at' leasr o)le

lli

,)
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farnesylapyrophosphate 	syntbase 	inhibitor, 	or 	one 	of 

their physiologically acceptable 	salts, 	and 	an 	anti-HIV 

agent. 

This 	composition 	can 	be 	intended, 	for 	example, 	for 

5 treading situations, pathological or not, associated with 

the 	accumulation 	and/or 	persistence 	in 	the 	cells 	of 

prenylated 	proteins. 	In 	particular, 	according 	to 	the 

invention, 	this composition is useful 	in the treatment of 

an HIV-infected patimnt. 

10 This invention also relates to a composition according to 

Che 	invention 	in 	which 	the 	anti-HIV 	agent 	is 	an 

antaretroviral 	agent 	or 	a 	mixture 	of 	antirbtroviral 

agents. 

This Invention also relates to a composition according to 

15 the 	invention 	in which the anti-HIV agent is a protease 

inhibitor or, a reverse transcr iptase Inhibitor. 

This invention also relates to a composition according to 

the 	invention 	in 	which 	the 	anti-fati agent 	is 	a 	protease 

inhibitor chosen 	from the group including fosamprenavir, 

20 /opinavir, 	ritonavir, 	amprbnavith 	atazanavir 	and 

indinavir. 

) This invention also relates to a composition according to 

the 	invention 	in 	which 	the 	anti-PIN 	agent 	is 	a 	reverse 

transcri.ptase 	inhibitor 	chosen 	from the 	group 	including 

25 zidovudine, 	lamivudine, didanosine and epzicom. 

In the composition of this 	invention, 	the anti-HIV agent 

can also be an association of one or more antiproteases 

of 	the 	virus 	and/or 	one 	or 	more 	reverse 	dranscripthse 

inhibitors of the virus and/or one or more inhibitors of 

30 the 	entrance of 	the virus 	into 	the 	cells 	and/or one or 

more 	int:ea: rase 	inhibitors 	and/of 	any 	other 	treatment 

having 	an 	antiviral 	effect, 	in 	particular 	any 	treatment 

.1 7

í.r.:; n r: s yJ. - ¡;y r op)) os plLà t c .sylìt )rcsc' .r- n lr r i¡ i t <..¡ r , (,r.' c)nc ÒI

L.heì t ¡rh y s i 611t9 ì c a J- I y acccpLr.bJ.c -s;rits, arlcl a¡l .rnLi-lllV
a geDt .

TI)is compo.síti.on can t'e rnl:<+:rded, fo:: c;xarnpJ.e. l:ot
Lrc¿ìLrnq sr.cuat;.ons, pathologj.cal or not, assocJ.ated w.r th
Lhe accumuial-).on and/or perslsLe r)ce l)) the ce.l Is af
p¡:eìrylateo p.r'ol'eins. In parLi(;uI¿rr. accordrngr 1-o Liro

rnvelrr-rór), 1.hÍs compo.sil: jon .r.s r.r:ì(-¡f'rrl ir, L.)ìc t):e¿rimcr)[. oi:

an fiI V- r rr f (i ci: êcì Da1-.1 en f. .

Tlì.ì,jr rnventio¡r aJso J:eJ ôtes to a compo.sì ti on accor:ding to
;he .rL)ver)tj.oD in lrlìich tl'.o âr)t j.-l{IV açent r.s an

an [ ]-)îo Lrovrr a l- agent or a rnr-x L--ure cL clìL i r c LJaovr-J:¿ l-

ïh¡^s invent)-on a.l-so rei.aLos Lo a cóiìrpos)-tlron accordr-Dg Lo

Lhe inver',Lión in r,¡ilích 1:Ìre an1.i-)lf V â9erìtr rs a prot:ôâ.se

inhrbr Lnr or a reverrse t-t:ônsc:J: i!)1.d-se I lth r bj t r.:.:: .

'Chi.s inveDtron al-so rol-¿Lcs to a cornposltj.on according to
the inval!Lro¡l tr': whrch Lhe a¡tti-l!ll¡ âgol)L as a frroLcr¿se
ÍrrlirbrEo:: c¡rosen from the grîoup rncJ"uciino f csamprenavJ..r.',

lopinavir, r'rtonavj.r, amprcr)av1-r, àUâzanavrr and

r- r)d)- n¿ìv i .r .

T'h:.s .rnventi.or) al.so rel.at-es to a composj tron accord j.nc¡ to
-Lhe rnvontiÒn in ulìrch t--ire arrtr-llLV ¿gonI is a rcvorse
L¡¿n**crjptase rnhibltor chosen from the group r.ncJ.ud:ng

z.idc.vudÍne, J-arnivudlne, drd¿rnosino ùrìo cpzr.com.

in Li:o compos i t.r o)r o/: th ¡..s i nven ì Ì on / the arr 1..: -l{IV agen t

can ¿lJ.so be ari assc;c.i¿Liorr ÒI onc or rnore antip't:ote¿$e:i
o.[ Ll:e vj-rr.:s ano/or one o¡: mote J:eveJ:scr Lr¿jrì:jc.t r-pi-â se

r:rhib.r tc.r's af the- vr-rrrs arrd/or c.r)e or nrore inh.ìbi tors of
thc ontr¿nc:c: of' t:he vr.r\r.s irì[o !:he <:oil..s a d,/or oÌ)c- ôr
mÒr(; j.ntegrasc- .ì. nl'. r.1)r t c) r s and/ot: aDy other t Ì:e.)trr'.eirt

having an arlt¡-vi r.¡ì ef I oct / r.r) t)drt rcìlì¿L.t cìny LÌrecrtmoÐ L

t5
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recognized 	by 	the 	national 	and/or 	international 

regulatory institutions and the scientific: community. 

This invention also relates to a composition according ft 

the invention in which compounds are 	used that 	are both 

5 hydroxymethylglutaryl-coenzyme 	A 	(HMG-CoA) 	redectese 

inhibitors and farnesyl-pyrophosphate synthase inhibitors. 

Very 	specifically, 	the 	composition 	according 	to 	the 

invention 	is 	intended 	to 	treat 	an 	HIV-infected 	patient 

developing side effects associated with the accumulation 

10 and/or 	persistence 	of 	progerin 	in 	the 	cells; 	even 	more 

specifically, 	the treatment of situations associated with 

the 	accumulation 	and/or 	persistence, 	in 	the 	cells, 	of 

farnesylated prelamin A, 	whether or not 	it 	is 	truncated 

or modified. 

15 According 	to 	the 	invention, 	any 	ibrnetyl-pyrophosphate 

synthase 	inhibitor 	or 	one 	of 	its 	physiologically 

acceptable 	salts 	can 	be 	used 	in 	the preparation 	of 	the 

composition according to the invention. 

20 

The physiologically acceptable salts can be, 	for example, 

salts 	formed 	with 	hydrochloric, 	hydrobromic, 	nitric, 

sulfuric 	or 	phosphoric 	acid, 	carboxylic 	acids 	such 	as, 

for 	example, 	acetic, 	formic, 	PkbPienbc, 	benzoic, 	maitit, 

fumaric, 	suzzinic, 	tartric, 	citric, 	oxalic, 	glyoxylic, 

aspartit 	acid, 	sulfonib 	alkanes 	acid 	such 	as 	selAonit 

25 methane or ethane acids, 	and aryltulfoniz ajkanes such as 

sulltnic benzene or paratolbmne acid. 

3(1 

In 	particular, 	the 	farnesyltpyibphosphate 	synthase 

inhibitor 	can 	be 	one 	of 	the 	membely 	of 	the 	family 	of 

polyphosphenateS, particularly aminobiphosphonates 	(NBA), 

or one of its physiologically acceptable salts. 

rolyphosphonates are synthetic molocults comton1y used in 

the treatment of ostecperbsis and bone regeneration. 

't.0

.) at

ra<,ogÒtzed by Llìc l)etìon(rl. .rncl/or : lì t c ):i) a L l- on â I'

ncaLìl-a Lo.r:y .t n.5 (.r l:u1: j'ons ând L:he .scroIìL i I.í c. çommlll)it y -

TIii:; rnvcnLr.o)r al.so rclùUcs to .t c:crnposa[ ].oll .)ccórclil)g l-o

Lhè rr)vcntron j.n (,¡hich co)rLpounds clrc ul;cd [¡lai aré) L)(-'1-- l)

hycir<.:xyme Lliyi-gl-uLaryÌ -coer'.zyrLc À ( liMG-Co^) redr:c L-.r.se

inhibj L:ors and f a rrrc s yJ. -py.:.-opito splla te syntirâs@ j-nhibt tors,
VeÌ'y sp.e c.r f .r ca I1y, LI'.c colnPo s.l- l.. l on a cco rcl í rig L () t lì c

ilìvcnLion ).s i ntendecl Lo t rea t .)n IIIV-l nfect (:d pat rc\Iì l:

dal'oloping side effecEs ¿ssoci.ated wr t:)ì uhe a ccuttLu I ¿t L r c:n

aocl/ c>r per-s i stence of p::cgerín itr uhe (:ê11-s; even morte

s1>ecí.1:icai ì.y, r-he treaumettc of -srLiraL j.olls rlsl;oc-läte d with
Ll:a accumul-ati.on ancl,/or pcr s.l. s I e n (:(r , rn 1-he co.]-i-s. of
farnesylateci preiamill 

^, 
tdhelhcr or nc(: 1L j-s Ir:t))ìcatecl

or modl !lled.
Accordrng to uhe inverltL-olt, a)ly L.rrr)osyl--pyr:ophospltate

synl.h.r.se inhibitol or one of its p)rys i o J oq i. ca ì I y

accel)t-able .sal.i--s can be used in Llìe p¡:e.par¿ìtic'n of the

corrrposrf r-or) accordinq iio Uhe ìnvenEaôr).

')'he physrologicaLJ.y accePr.akrìc sal-i-' can bo, for examp) e''

saLts folmed vriLh ItydtochJ o::.r <;. Irydrobrcmic, Iìitric,
su.lÍìur:.c or phcsphoríc acrd, caÌ:boxY.l .l- <: acj.ds riu(lh a.s,

for exam¡rìe, acoLr.c, fo::mi c'' propronic, beezorc, maIe.rc,

Lr-¡m¿ric, succtn.rc/ l-ârL11c, c).Urrc/ oxaJ. j c, glyoxyJ-rc,

asparti c acid, st¡l-fonj.c .ri karrcs acj.d sucl) ¿ls str-l llonr c

ríìcthane or ethane acrds, atrcì ary.l -su).lotrrc ai kar¡os suclr as

.sr.: I f on-r-c l:<-:nzcne oJî para'.:ol uollc. ac'-l-d .

Ir) pal:t.ì.r-ul ar, LIìa farne.syJ.-pyropllosphal'.(r synthase

:.nn i Ì¡.r- Lc;r c¿rr I¡e o)ìe o1- Lìrc nenbcv-.s tiI L]r<: I'arnr I y c>lì

pol yphc.sph on e l- e-s / par tl.ctlJ.at.l v amr nol;rplr cs p)tor'.a t c+s ( NlìP) ,

()r ônê o f .ì t:s phys.r c>1 c:q:.c:a ì l.y accepL:aLl) c sa I t-.s -

f)el yph o !tI)l'.o r);.t L'. (') lì ¿):c s )'n t'.h('i l-.1- c )llol e(ul.es cclnunc'nly used in

l.lìe tÌeatlnent of osL(rópcrosis alrd bo¡ro llege n eÌ¿rt 1o)'l .

l5
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The term phosphonate applies tb molecules very si.uilar to 

phosphate: 

0 
11 
R.„.  

RO" 	/ 	'II 
RO 

Pt:psalm:late 

0 
11 

RO 
P '--, 

OR 
RO 

Pho phale 

The core of the biphosphonates 	(BP) 	is eguivalbnt to a P- 

0-1? bond as in ATP, for example, 	but in which the oxygen 

is 	replaced 	by 	a carbon. 	This 	confers 	a 	2/Q2.7 	specific 

stability on these molecules. 

10 A simple biphosphonate would be equivalent to ADP, 	with 

the 	2 	phosphate groups 	(0)11 ) 	being 	replaced 	by 	the 

biphosphonate group. 

R 
1 11 

0—P C --0.  

I 1 
0 0 

R  

15 

The central carbon, uniike the oxygen of the phosphates, 

can agaid be involved in 2 bonds, 	and it is the nature of 

the groups grafted onto this 	carbon that 	constitutes the 

specificity of the biphosphcnates. 

10

39

1'he r-crnl plìos c'hc.i) a l.e aPpl.l.os Lo InoIçr:tlI'c:{; veIy -sl-rrrl-.ìra LÔ

pl.,osplìa r.e:

o
rl
a>-,:\P,o'I R

RO

PhrJsphonate

o
ll

.P-
Ro-l -oF

BO

Phosphale

Tl',e core of t-he. bì.pho.sphonate s (Bi)) 1s equjvõlênL Lc'a P-

O-l) bono as irt ATP, fc:' exampl'e, t'ut r¡r l'rhich 1.hê Ôxygen

Ís repJ.aced by a calbon. 'l'h1.s confers a vcLy spe.cr.f i c

.stâbÍl-1iy on these m<¡l-ecu)-es .

Ä .simpìe biphosphonate w<¡ul-d )>e eqr'r: va.l-ént to ADP, wrLÌ:

t)ìe 2 phosphat.ê grcuPs (OlP-) being rc;pl-aced by Ehe

brphosphorrate group.

o
il

I

o

thê (;(rntral- ca.rJ)on, u¡ri jke the oxyqc'.:rr of thc phospllates,

c.aÐ aoar:r I:e rl:vo.l-vcd in 2 bc'rrds, aì)d i t-- is the :rai-ure <>f

Llrc-: <;rc.ttps graf t.<+<ì o:l(.o tLì.L-5 <:;¡r.L;<¡¡: th.rt consLrtutes, che

spe<:rl:'i.c:ty of the brpirospllc'nates.

R

I' g
rll
c----- P-o'rt
lo

2
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When the "later 	chains 	Mil and 32) 	comprise cn munc  

function 	(NHL 	or 	more 	generally 	one 	or 	more 	nitrogen 

atoms, 	we refer to amino-biphosphonate, 	or NBP. 

Of course, other substituents can be bound to oxygen= 

5 Pyrophosphoric acid, 	or pyrophosphate in solution 	IPPi) 

	

i 	1)  i 1 

	

wo—P 	p—OK 
'--'0-.-.  

Ho 
	

OH 

Pyrophosphoric acid 

is 	used 	in 	numerous metabolic 	reactions 	as 	a 	substrate 

10 transporter, 	and 	it 	is 	restored 	at 	the 	end 	of 	the 

reaction. 	One 	of 	the metabolic pathways 	using molecules 

coupled to pyrophosphate is that of protein prbnylation. 

The grafting of an isopentenyl-PP 	(C5-based unit) 	onto a 

geranyl-PP 	(CIO( 	to 	give 	farnesyl-PP, 	a 	reaction 

15 catalyzed 	by 	the 	farnesyl-pyrophosphate 	synthase 	(FPS) 

enzyme, 	releases a PPi. 

It 	is 	this 	step 	that 	is 	specifically 	inhibited 	by 	the 

NBPs. 

In this regard, 	and as an example, the aminobiphosphonate 

20 Ifarnesylpyrophosphate synthase inhibitor) 	can be chosen 

from: 

- alendronic acid or its ionic form, 	alendronate; 

- clodronic acid or its ionic form, 	clodronate; 

- etidronio acid or its ionic form, 	otidronate; 

25 - ibandronic acid or its ionic form, 	ibandronate; 

4 medronlo acid or its ionic form, 	medronate; 

- neridronic acid or its ionic form, 	nerddronatbo 

- olpadronic acid or its Ionic form, 	olpadronate; 

- pamidronic acid or its ionic form, 	pamidronate; 

4O

!r'l)crr t hc, "I al:c.:-;.:i " c:f:¿ics (tìJ. .rr'.d iìtÌ ) coml)r-l 5e clrl ¿illll'l)(')

f ulìcLion (Nll), or mÒrè gcl)el'âiJ.y or:e oÌ tnorç nrLlogên

¿:t--ollls, r.)c r.'e lle): Io am: no -l).1 pl¡c\fìPh on.] t. c! , c'L l'*Bl).

Of courso/ oliìer subst l L.uení:3 call be bouni to oxygen.s.

lryropho.s ¡.:hor r c acrd, or pyrophosphate ln soIuLroLr (llí)j.)

ooll ll
HO-.-F P-OI[

/\o/\IÐ OH

ì)yrc.¡;ho spho r i c acid

is used in :rurnot <;u¡-. ne'cabc.l.: c; roactiotls a.s ;r substr¿ce

tr¿rrsI)o.tLer, ano l.L: .ts restored at tlìe end of thc:

re¿ìcLron. Orìe oL l,.he mcr.ai)o.l-)-c pathl¡aYs usitlg rnQìeclt.les

coupl.ed !o py.roplìosplìate 1.s L-.h¡r'L of prol'-e¡n p.t clì yl- a t -t ol'. ,

The gr.'aftr:rg of ar, asÒpcrìtel)y j -ltP (C5-based uníL) onto .ì

gc-]rarryJ--FP (Cl 0 ) ìo gíve fa.:'ne.sy1-PP, a r:eactí()n

calaì yzetl by the f arnes y.L - pyl oph ospi) a t-e synthase (t'DS)

er)zyme, ¡:ele.rse.s ¡ì PP1 .

IL rs Lhis step tbau is specif .:.cal) y :-nltib:.tect by 1;he

Ntsl?s.

in Llìis reEard, and a.s an cxalnpJe, 1-.hê irtLitrob lpho splìorl.l I e

( fa::n es y ) -pyroph c;s pha t e synthasè l-nhrl)rtaJ') c¿lì be chcselr

I rorn ;

- al.ertdrc:tirc a<.:.d o.:. i L..s .i ontc f orm,. ;:1eI',d ron a t e ,'

- cloch'onj.c acj d c;¡ .tts iolìjc form, cJodro¡l.lte;

- ct.¡.dÌ.o)rjc acjcl oj: rLs tonìc l'<1.::rn, c:î-id¡:onal-e;

- i l:a:rd::<-'r,.r (: ¿¡(:id or i 1-.s iclrt: c- fr.'t'n, I b¿rndl c'l)at(';

- medr-otrjc .lcrC o.r: -1 L'.:ì ].onic fornl, lnccironal:e;

- nc-:r:.d¡ollic ac.icl o.:: j 1-..s ionrc f orm, rlc: t ¡-dr oll a t e ,'

- otpadrcn j.c ¿(jj.d t¡r jts ìonÍr; l'c;rm, olpadrc;rrate;

- pamr-dron:.c e.cjd or i 1--.s !or'i.c' form, f-r¿lm.t <i l'o,l a 1-- (l ;

LÛ
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- risedronim acid or its ionic form, 	risedronate; 

- tiludrondm acid or its ionic farm, 	tiludronate; 

- zoledronic acid or its ionic form, 	soledronalie; 

4-N,N-dimethylasdnomethane 	diphosphonie 	acid 	or 

5 its ionic form, dimethylaminomethanediphosphonate; 

- a-amino-(4-hydroxybensylidene) 	diphosphonatbd 

Preferably, 	according 	to 	the 	invention, 	it 	is preferable 

to Use 	zoledronic acid 	(also called zolendrondm acid) 	or 

its ionic form, 	zolefironate 	(also called zolendronate). 

10 According 	to 	the 	invention, 	any 	HMG-CoA 	reductase 

( inhibitor, 	or one of its physiologically acceptable salts, 

can be used in the preparation of the composition. 

in particular, 	the HMG-CoA 	reductase inhibitor can be a 

molecule of 	the statin 	family, 	whether it is  liposoluble 

15 or hydrosolubim, 	or one of its physiologically acceptable 

Statins 	have 	been 	identified 	in 	fungi. 	They 	have 	an 

inhibiting activity on HMG-CoA reductase, 	a key enzyme in 

the biosynthesis 	of 	cholesterol 	and 	steroids, 	which 

20 catalyze the reduction of hydrozymethylalutarate coupled 

to Coenzyme A in mevaimnim acid 	(smvalonate in solution). 

) This inhibition is ensured by their structural similarity 

with 	the 	hydroxymethylglutarafe 	skeleton. 	The 	metabolic 

pathway 	involved 	is 	admittedly 	that 	of 	cholesterol 

25 biosynthesis, 	but 	it 	is 	also 	that 	of 	the 	synthesis 	of 

prenyl 	groups, 	polymers 	of 	the 	5 	imoprene 	carbon 	base 

unit used to modify around 300 proteins in the cells and 

attach 	a 	ldpophilic 	tail, 	enabling 	in 	particular 	their 

anchoring in the membranes. 

30 The maim polyprenes, 	all 	from pyruvate 	and HMG-CoA 	are 

geranyi 	(C1C), 	farnesyl 	(C15) 	and geranyibgeranyi 	(C20). 

4.t

- rt1..ìeclJ:oìlr.c ac j-cl o.r: r-1..s io:rìc: forrn, ¡lsedrc¡nate;
- t- ll.ud.¡;o¡r i c ac i cl or .1 l:s i cni c; f c.:rrn, '.il.udrona L e;

- z.oledlonr.c acid or r l-s totttc fotm, zol.e'dronaLc;

- 4-N,N-drmer:hylanrinomcti)ar)c cirp)rosphonic ¿<:j.o ar
)- ts rónj.c !orm, drrnc Liry.l-.rmr nomc t- h a r, e d l pho sphona te ;

- (.¿-¿¡rni¡r<¡- ( 4 - )rydroxyi.ren z- yJ- -:. den c. ) dr¡>ir os¡>h otr.r t t: ,

Pref or¿bl.y, accorcL-ng tlo Llìc .irìvcr)tron, lt js pr.-ef e;abJ.e

to use zoledr:on: c ¿rci<i (ai.r<: c:aIIccj z.o.lendronj.c acid) c.r

rt..s ionic fo:'m, zoìeciron.:l.e (.:ì.so c;rJl-od zoìendronace).
Àcco.rding t-o t-l)e invc-rruí.o:i, any IiMG-coA icducit:¡r.sc

irrlrrb¡-[o¡, Òr orìê ol iIs p)rys.:.oJ.ogrca].l.y accepl.;b)e -sa.1 ts,
c:an be used ¡rr 1-.he p::eparatjon c¡f Llte cótrU)osit j.on.

In particuiar, uhe HMG-cc.A reductase j.nhrbrIc.r c¿rl I¡c: a
rnol-ocuÌo ól t:ho s1:atin t'amiJ-y, t¿hctlher rt is .l .rposoluble
or: hydroso)ubJ.e, or one of .r i.:.s physrologically accepLabÌo

.salts,
Srdtirrs havo bcorr rdcntiliccl Ín f ungj., 'i'hey havç an

rrrhibjtj.ng ¿-ciiv.rty oû llMC.-coA ::educLaso, a key etrz-yrne irr

the Ì:iosynthesis c.f cho]esterol^ and stezoÍds, w)rrc:h

catal-yzc thc rcductron of hydloxyne';hyIgIuta).ale coupl ed

-,-Ò Coenzyme A jn ¡nev.r I onr c ac.r d (mev¡rl-ofìatlo rn -.al-utìon).
Thrs j.nhrbÍtiorÌ is cnsur'ecl by tlìer.r st¡:uÇtur.r1 simrlar:.r.y
v¡ÍLh the h ycirox yme *. hy J.q l. u È a rra t e -skol.crLon. Ti'Ie meuabol.ic

pathwây ¡nvol-ved ìs ad)nrttedl.y that of ch<..¡.l.os',-orc.:1.

b.].os yn L:hc.s r .s, l¡u t- i 1-- i s a l.:;o L:haL of the synl-.hes i.s of
pr.eny) gÌ'or,lps, poì ynels of tl'.c: l.l i soprtlrt<: car'Ì¡on b'a¡;o

Llnr-L Lrsèd tc> rrLodlLy ¿r.<;urrC 3OC ¡;roreins in the cell.s ancj

.r1:tach a iÍpopniI.rc. t.ri.l, etr.:bJ.: nq rI) pLÌ.rLicuj.rr Illcrr
a rr cho r.:- rrg i l L he momb ra rrc s .

'I'he nta jn Pol.ypre:res, .rll i-.rom pyrrrvat(r ôrìd ilVG-Co^, arc
geranyJ (Ci0), I l'ncsyl (C1.5) .r:ld g e r.en yì -Çe z:ârL !ì (C;Ì0).
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All 	of the statins are globally hepatoseleccive, 	but all 

do not have the same mode of entry into the cells. 	Indeed, 

prava statin 	and 	rosuvastatin 	are 	both 	hydrophilic 	and 

therefore 	hydrosoluble, 	unlike 	all 	of 	the 	others, 	which 

5 are lipophilin, 	and therefore can diffuse freely through 

the plasma membranes 	(lipid bilayers), 	which 	undoubtedly 

explains 	their higher toxicity. 	The hydrosoluble statlns 

need a 	specific transporter in order to enter, 	the cell, 

Organic Anion Transporter 3, 	or OATS, 	or SLC22418 	(Irkedaa 

10 & 	al. 	2004 	(46)). 

lbey arc commonly used to treat hypercholesterolemia, 	and 

their 	side 	effects, 	which 	are 	rare, 	have 	been 

characterised in detail. 	These are In particular cases of 

rhabdomyolysis 	(1 	to 	7% 	of 	cases 	according 	to 	the 

15 molecule used, 	Evans & al— 	2002 	(12)), 	of which the early 

signs, 	muscle pain 	in the patient 	being treated, 	results 

in immediate discontinuation of the treatment. 

20 

In this regard, 	and as an example, 	a statin can he chosen 

from 	atorvastat in, 	simvastat in, 	pravastatin, 	rivastdtin, 

mevastatin 	(or 	compactin), 	fluindostatin, 	velosta tin, 

fluvastatin, 	dalhastatin, 	cerivastatin, 	pentcstatin, 

rosuvastatin, 	lovastatin, 	pitavastatin, 	or 	one 	of 	their 

physiologically acceptable salts. 

Lovastatin, 	P ravastatin 	and 	slovastatin 	arc 	molecules  

25 derived 	from 	fungal 	metabolites, 	while 	the 	others 

(atervastatin, 	cerivastatin, 	fluvastatin, 	pitavastatin 

and 	rosuvastatin) 	are 	entirely 	synthetic. 	Preferably, 

according 	to 	the 	invention, 	pravastatin, 	a 	seminiaturbi, 

hydrosoluble statin, 	in used. 

30 Of course, 	it 	is 	possible 	according 	to 	the 	invention 	to 

use 	one, 	two 	or 	more 	farbesylihyrophosphate 	synthase 

10

42.

¡{l I óÍ Lha s La l- rn-. ¿l r.'c ql.ol)al I y llcf).lt o.s(ìì cc l. íve, l:u L ¿'r.l I

cir¡ nol.- i)¡rt'c tli)c samc riìoõe of enl:!-y l.r)Lo tl)(: r:r'.ll:;. II.dccd,

p:'.rv.'r slr.l1...r n ¿rìd tôf;uvasl:acr n a):e L'ol-:) )lyrjrophl J.rr:. ¡lIìd

t h(ìrcf ore hyd::o.soIrrl:L e, unl j ke e I I of Llìe ot he.r;.5, t4h r-cÌì

aL:e J..r.¡:ophiìrc, and i:irorelc're can cìiJ:fu.se f rceJ.y thro..:gh'

Ll)c l)1.ôsríìa membranc:.s (i ip: d brlaycrs) , vrh j clr undoubtc'dJ.y

oxpJ-artr-s Lhcir )ri.g)lcr iox.rÇr r.y. Thc hydrosoJ.ubl o st¿t-i.rìs

:reecj a .specrlrc Ir¿rlì-.1)o]:te r -rn o::d(-rr Lo enL:er L--hc co.l .l-,

Organt<: Anion 1'rans¡>ÒLLer 3, o¡: OA'1':i. or sLc2 2Àtl ( T¿r kcd¿.¡

t al. 2004 (46) ) ,

1'lìcy .1ra commonJ.y u-.ed co (:rc¿rt iìyperclro.l e.9 t r: ro.l. cm:- a , and

theì ¡: .std<: êf'f octs, rvhlch êre rare, h.rve bce)'I

ch ¿. r.'.i ct e r.r. s ed 1ìì der.aÌI. Thase are .1n parLrcuìar cases af
r)labdcxLyol-ysis {l to ?â of cascs accorciirtg Lo t-he

moJecr.:l.e used, Evans 6 a1. 200? l)'?-)'), af whrch l.he earIl'
sr gns, mlrscJe paj.n in tlìL\ p¿tt-rent ber nq i.rcatlecì, re.5l¡lEs

rn imncdlate disconti nuaUaon of tihc t Jîe õ lrneni: .

l:r -.hi s ::egard, arrd as an example, a stdtjn can l¡t-: <:hosort

f::om a¡o¡:vastaEt n, -sÌmvíisLaLin' pl:avest¿tiIì/ r j.vasta1. j-n,

rrlévâ.scòtrr) (oI cornpactin), fluj-ndostatin, vol-osLatil),

f I uvas t.at j n, da ).v.rs tàt itt, ce.r j.r'a.s t¿.t L1ll, F'en co.5ta L-l-n,

rosuvasCatin, Iovastataf], ptL,ìvast-ati n, ôr one cf thejr
phys: oJ.oqicâ1.l-y accept-abi e saIu.s.

Lovastal-rn, prõv.t.s1-- r.).ll and -.llnvastatirl ¿lre mol ecll-le.s

clorrvc-:d -[rorn I'LrngaJ. r¡.e1-.al)o.ì j.tê¡ì, wh.r ] e 'iho c'tlìers

(a f.Grva s l-a u r.n, c:e r- 5.vastat irl, f .1uv.r s1:â1:ìlì, pi ue-va-s1:e L-l n

arrd ro s u va s i: ai; j.n ) are enL::.::eì.y synthet j c. Prcf cÌ.'ab.l y,

at:c.o¡-d.r:rr¡ L--o L--lrc j.nvcltlion/ pjîa va 5 tt ¿ L:1í) , ô sernl - ll ¿ 1: l.t .l- it I .

)ryct rocc I ub ì e st-äiin, is L:.sc:d.

O!- cou::s<-:, ì1- r. -s poss-tl:¡-l.e .rccorrj-rl:q t:o the '!llvcr)L.r()lì [o

ucc onc, i:r,,'o or Inor:e lornc';yI -pyl:Qph t).s!-'h¿t t c. s)/n¡-h.lse

l- ir

,.)
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inhibitors 	associated 	wit., 	one, 	two 	or 	mode 	HMG-CoA 

reductase inhibitors. 

According 	to 	a 	specific 	form 	of 	the 	invention, 	the 

composition can be intended both for the treatment of an 

5 HIV-infected patient and the treatment of side effects of 

the 	anti-HIV treatment, 	for 	example 	skin 	aging, 	body 	or 

head hair loss, 	osteoporosis and lipodystrophy. 

According 	to 	the 	invention, 	the 	fOrnesyl-pyrophosphate 

synthase 	inhibitor 	and 	the 	HMG-CoA 	reductase 	inhibitor 

30 are 	advantageously 	present 	in 	the 	compoaitiAn 	at 

physiologically effective doses. 

Generally, 	the amounts to be administered can be adapted 

according 	to 	the 	patient, 	the 	pathology, 	the 	mode 	of 

administration, 	and so on. 	It is understood that repeated 

15 uses 	are 	possible, 	optionally 	in 	combination 	with 	other- 

active ingredients or any carrier. 

In 	General, 	the 	daily 	dose 	of 	inhibitors 	will 	be 	the 

minimum dose needed to obtain the desired effect. 

According 	to 	the 	invention, 	the 	hydroxymethylAglutarylA 

20 coenzyme 	A 	(HMG-CoA) 	reductase 	inhibitor, 	the 	farnesyl- 

pyrophosphate synthase inhibitor, 	and the anti-HIV agent 

can be used in the composition, 	in a mixture with one or 

more 	inert, 	i.e. 	physiologically 	inactive 	and non-toxic, 

excipients 	or 	carriers. 	It 	io 	possible 	to 	cite, 	for 

25 example, 	the inaredients normally used in drugs intended 

to treat HIV-infected patients and accompanying the anti- 

HIV agent. 

The 	composition 	of 	this 	invention 	can 	also 	include 	at 

least 	one 	other 	active 	ibarediAnt, 	particuiarlo 	another 

30 therapeutically 	active 	ingredient, 	for 	example 	for 	a 

simultaneous 	or 	separate 	use 	or 	a 	Use 	spread 	cut 	over 

time 	according 	to 	the 	oalenic 	formulation 	used. 	This 

5

4:)

Ìnhr.bilorrs associaUe<-l aj.ih one, I r^'c. o): m<rl'c tlùÍG-CóA

t:e(iuciese r¡)i) J.bl- LO):s.

Accord.r n<.¡ Lo a s¡>ccrlrc forrn oí tli)c rnvcnLrorì, 'il)(-l

cc.mposj.Iion can bo lrri-crrdod bó1:ir tôr Lhc t'ÌcaLrnô))t: ôf a]l

HIV-r-nfecLcd pai:íerrt ¿nd L:he Er-ea1:ment ci- .sr.clc el'l:ecl..s oi:

tlìe arìtr-lìlV trea[.me¡]t, for exampl.e sl'-in ;)q.rnq/ body o::

iroaci ira.r.r l.oss, ors t co¡to.:. o s ì.s and J. í. poc.iys I r()l)L) y .

Accc).r-di)rg Uo t-l)e rl)vcnLÌorì, LI'.c f a r.'D o s y i - p y.r:o¡-rli<-rs ¡r)rn L: c:

sy:rthase. i:rllj.bj.tor ar.d Lhô ¡tMG-Co¡\ ¡:cducL¿se r.riLrrbito::
are advanlagcrously Present rn the c--c;rnp<>s i [:on ai
¡>lt y s i o J.oc¡ i. c: a ì J y effect.rve doses.

Gene::al ly, Llìe amc.unls Lo bo adrn)-nrs'-cred c.arr l:c údapLêd

accordrìg Io Lhe p.:1;ienl:, the paL:ho.logy, l])re mode of
admr rì í s L--.r:.r l: i on , and so on. lt is ur,det:sUoocì Uhal re[-,eat-od

uses are possiblc, opLr-on.ìl-l-y ir) cornbj.r)aL j.oÌì wr-Ll) oLher.-

acti.ve Í trg r <rd i c'n l-.s ()r any carrier.
Ir ooneraJ., the daliy dose of inhibito¡:s wiii be the
nLi.¡rrnum dose ne ecìed to ob'.arn Lhe clcsircd cí[cct.
Àccordrng Lo l..he :nvention, Lhe hydroxynte,LbyJ -gIut.:ryI -
cocnz-yrne A (HMG-CoA) Jîeductase l.nhl.bl.t-or, the farnesyl-
p y ro¡rh o s1>Li a t- o synthóse rn)rrbitÓr, ¡¡rrci L)ro ênIj--]'lIV ägent.

can bc usod :.n Ehe composr iion, in a mj.xtirre wr.L:h one aÌ.'

rn<;::<: íner[, r.e. phys i o ). og i ca I i y j-nacU)-ve and ncrn-tcxrc,
excipl.enLs or car-¡ier.9. 11. .r.s pç.s.sr bì e [.() (:.r L--e/ for
ox;:mpìe, the .r.ngredj.ents r)oÌ.'rflal.ìy useci .:.u d::r,rgs jn'"endecÌ

Uo t r.'e ôL Iil V-rr).C ec Lcr<1 pa Lr.cr: Ls ;rrrd ;:cr;onLpan yi.ng t)rc zrn L: l-
Ii 1V ,i gerì L .

I'he c.'otììpcsr.t.r-on ()l: L:hr..i r rìv(-)¡ì1.ior'r (;dl) ¿r.l:;c> rLrc.l.utl<: ¿ì1:

.l casL ont: oL.her .:cìivq ì:roredient, P.r r1-. i crr ì .r.r.- l y ànoth(ìt:

L:)rera¡reut lcaììy ¿LclÍvc Ì rìg r'(\d j cr'I t- , f o:: <r x¿ìmpl.c. f c;r ¿)

.s -l-mu l- t a lro<..: u s c.::: .separ:aEe use er rr u.s(: s¡:::<:aci out- ove¡'

trnLc ac;ccrd.rng to the gaJ.enrc fc¡rr,ul-atioir used. th.ì s

lc
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other 	ingrodient 	can 	he, 	for 	example, 	an 	active 

ingredient 	used, 	for 	example, 	in 	the 	treatment 	of 

opportunistic 	diseases 	that 	can 	develop 	in 	an 	HIV- 

infected patient. 

5 The composition of 	this 	invention 	is a composition 	that 

can be used both to treat an HIV-infected patient and to 

prevent and/or treat skin disorders caused by the use of 

the antrolilld agent. 	This composition can be used as 	part 

of a multitherapy for an HIV-infected patient. 	The anti-. 

10 HIV 	aoent 	can 	be 	a 	single 	agent 	or multiple 	agents 	(a 

mixture 	of 	a plurality of 	anti-HIV agents). 	In 	the 	case 

of multitherapy 	(for example, 	di-, 	tri- or quadritherapy), 

the mixture of 	inhibitors 	can accompany one 	or more 	of 

the anti-HIV agents. 

15 The anti-HIV agent can also be an association of one or 

more 	antiproteases 	of 	the 	virus 	and/or 	one 	or 	more 

reverse transcrirtase inhibitors of the virus and/or one 

or 	more 	inhibitors 	of 	the 	entry 	of 	the 	virus 	into 	the 

cells and/or one or more integrase inhibitors and/or any 

20 other treatment having an antiviral effect, 	in particular 

any 	treatment 	recognized 	by 	the 	national 	and/or 

international regulatory institutions and the scientific 

community. 

This 	invention 	therefore 	also 	relates 	to 	a 	process 	for 

25 treating 	an 	HIV-infected 	patient, 	including 	the 

administration 	of 	a 	composition 	according 	to 	the 

invention. The composition of the invention is as defined 

above. 

According 	to 	the 	ioventimn, 	the 	administration 	can 	be 

30 performed 	accerdiAa 	to 	any 	of 	the 	routes 	known 	to 	a 

person 	ski]  led 	in 	the 	art 	for 	administering 	an 	anti-HIV 

1O

1(

4q

oth.:r r.í)g;.cd j cnl- can L)c, Ior ex.:ll,f-r-] ri, .1r', a(:t-l ve

.tngterJienl: risecl, f.ox examp).e, 1r) Lllc 1.reaL'-r'oIlÚ o[-

c.p1>c..t.'uuni st:ic irso¿tse s r.h¡i. can dc':vol'o¡> i ¡r ar) tllV"

rnfecleÕ paì:renc.

Thc côtnI)osr t.ì.on of thÍs i.nvenL--1olì rs a colIlI)os l- c I olì t-h¿ll"

c.rr, bê used l>oLh 1-.o (:rcaL an I'iTV-:i)f ccl-ed P¿rtiGr,t alìd 1-'o

preveni: ¿rrrcÌ,/or t):e aU .skirr diso¡der-s <:¿iLtsed by the tt:¡e oÍ

t he an i ì -l{i V íìgeÌ) tl . Thi s conrpos it j o:r c:an be trserj ¿ì:r P¿rt-

of a mul.U j.l:h{)rapy for an lllV-rnfecced paLient 'ì'}rc .rrrt j--.

llIV ¿ìgonL can l:e a srngJ.e aqcrìt oL' rr\l1i:ip.l'c agenu's (a

mrv.t.ure Òl ¿r Pl.ural i 1-.y oÍ anur-HlV ägents) - In Lhe case

of mu.l trtherapy (fot exampie, dt', t rr- Òr qua d ): I L h ê ràpy ) ,

thc flìrxture of ini:rbrIo.ts cai] accc'mPany or]c oìî morç ()lì

Uhe antr -llIV ager)ts.

The antr.-íitV agont can also bo an a.ssocratl c'n ol:' ono or

rnoÌ o alì LJ-p):o ue.l.sc;lì of the vrrus and /r;r Ôrì.e or r¡'oJ:e

rewerse transcJîi ptase lr)lìl.brtors of tlie vj-::u-s ancì/oJ: olle

or more .r-nhrbrtcrrs of Ehe ontry of Lhe vlrl¡s rrl\-Ô the

ccl-l-s and/oJ: one or iûore inteqrase .tnh.l'brtors and/or: arry

other treûLrnent havj.ng an ant-i.vì::al' cffect, r-n p¿rt-l-ctl-1ar

any cJîea1:men1: rccognl z.ecl by 1'-he Ilaul.o)lal' 'rrrC,/or
i.ntarnâtional. r:egulatory ìnst.r"!utiolls and tl',c scienErfí(:
comml¡nity.

T)ìr.s r-nYentio)r 1:h.eré[ore 41..5() re]'.ìte-q tÒ .ì pJ:occ9's l:'<¡¡

tre.)l.r ng an HIV-inf ciclod p.: L--.ror,t / incluciirrg the

adm i n r s I ra 1'. i o:r c>l' a compositj.ot', acc<;rd.:-trg Lo L¡a

:-nvc:¡r1--: órì. 'fltc c.om¡ro.s j-L:-r oÌì of th(-! rL'.vent-1Qlì :s as; <.lef i ned

ab.c.ve .

Accordrrrg to the ìnvontio:l , tlìo adml n i s t ¡ .r t ¡- olr c¡)n be

lrerformed a<:cc>rci.itrg l:Ç' arty ctl'. .Lllê röut'-cs krtot''tt t-o a

pcìsoll sk¡.1..1 r:cj :n Lllc a¡'t f<¡.:: ',:tlln.l.tl: l;1.êrlng ûn ênt-r-lllV

IJ
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composition. 	It 	can 	be, 	for 	example, 	an 	oral 

administration or an injection. 

As 	indicated 	above, 	the 	a daib i stared 	dose 	Al 	the 

composition 	of the 	invention 	depends 	upon 	the patient's 

5 needs and is al so determined by taking into account what 

is physiologically acceptable by the patient. 

The 	quantity 	of 	inhibitors 	in 	the 	composition 	of 	this 

invention can be such that it enables, 	as an example, 	the 

administration 	of 	a 	dose 	of 	h ydroxyme th yds luta ry 1m 

10 coenzyme 	A 	Ini1G-CoA) 	reduces se 	inhibitor 	of 	0.01 	to 

2 mg/kg 	of 	body 	weight 	and 	a 	dose 	of 	f a r nes y I - 

pyrophosphate synthase inhibitor of 	0.01 	to 40 mg/kg of 

body weight. 

According 	to 	the 	invention, 	as 	an 	example, 	in 	the 

15 composition 	of 	the 	invention, 	the 	ratio 	of 	f a rn es y 1 - 

pyrophosphate 	synthase 	inhibitor 	to 	hydibxyme t h y 1 

g luta r yl. coenzyme A rmduct a s e inhibitor, 	or one of their 

physiologically acceptable salts, 	can be between 0.01 and 

0.2, 	and preferably 0.05 to 0.35. 

20 The quantity of anti-HIV agent in the composition of this 

invention 	is 	conventiena 1 I y 	determined according 	to 	the 

1 current 	knowledge of a person ski lied in the art 	in the 

t Tea tmen t of' illy- in f ecimd patients . 	It can be chosen, 	for 

example, 	from those 	conventionally used 	in 	HIV-infected 

25 patients.  

Examples of anti -HIV agent concentrations for each of the 

anti-HIV 	agent 	examples 	described 	in 	this 	document 	and 

each of the mixtures or associations 	of 	anti- HIV a g en te 

described 	i n 	this 	document 	are 	provided 	in 	the 	VI DAL 

30 Dictionary 	(registered 	trademark ) , 	fbr 	example 	Edit non 

2007 . 	The concentrations lb d imated in this Dictionary are 

also those authorized for humans. 

]O

4:)

comf)os.ì.t j.órì. 1t c¿r l,c, Lc.I: c:xarnpJ e,

.ì dln.r rì i -5t Ì â L i o¡t or dí) rr: jccLic'lr.
an rt r:; I

A:i .r- n cl r. c:¿ t: e cì abow<:, t.hê ¿cinLj rtÍsLo¡od do-se. of t hc

cÒrrLIJo.s r- t. r-on of the j-:rve:r1--rc:.¡: ir:¡-:ends uf)ótì Llte pat-l-clìt-':J

needs and J.s also cìete).'mrNed by l..rk:nq i¡rL<¡ ¿lccoutlL \''h¿)t

rs phy s i o I og r c a l- l- y acceF.t-al)le by the pal-r.enL:.

1'1..e quantjiy of' : nir i br- L o r.'...i .::n thc conìDosj l..ron ç.{ th:..s

rnvcÌ)trrólì (;.jn I)e .suci) i.h¡rL .rL. o:rai-)lcs, âs an example, 1-.hc+

¿rdrûi n r .s L.r.r L:.r on of a do.sc al l: ydroxyrne th yl g I uta r.'y I -
coenz-yme A (Ht'lG-CoÀ) reclr.:cl:.rse jnhj.bri:ót oÍ C.01 Lô

2 mg/kg of body wcr.glìt and a do.se of. l:ar¡lesyì -
pyr<jph<-'spirate synEhase irrl:!bitor ÒI 0.01 to 40 mq/kg of'

bociy we r gh t .

Accordìng Lo Lha .].nvcrrLr-ón, as ân example, rn r.he

ccmpÒ.siLi()È of Ehe i:rvc:t1:i.on, '.Ììc rairo of fat.'rresyl-
pyrophosphate synUhase .r nlr.r bi 1:or tÒ hydroxymctltyl
glutaryl. coenzyme A rcduciase r.nhibi Ioì.-, o.]: one- o!' 1..)re.rr

physiÒl-ogr-c¿il.y ec(:r.:pLêbl-c salt-s, c¿n be be[ween C,01 and

0.2, and preferab.l.y 0. 05 to 0.3S.,

The quântity of ânLr-tlIV agent in the compositjon of Eh j.s

.r-nv(rnr..r çn .r.s convent jona.l )y dei:ermrnêd accc..rdr.ng L.o thc
cur',renu krror,rledge of cr peì:son .skjl.led r.n i.he afL ìfì Lhc

tro.ìtrllGrìL of I!]v-rnfecl.ecl pàL.rorìLs. Ii* caÌ) be cho.sen, foJ:

e>.ampJe, f L'om those convenl'. i on a I I y used rr) I{IV*l-rlIecLod

PaLìenIs.
IìxarrpJes of anti-H!V açc:nl: corlc e n -,- r.l t'. .r or:¡; for câch c.f thc
aDt j.-HlV âgor,t- ex¿L)np.l-os dcscl.r.bed j.rr Ih.rs docunronl'- <1n(l

o,iclt of L;h(ì mì.zt-.ures or ir.L;sor-'r ¿!1: i Òtr.s of ant i - FIì V .r çc'::'' t -s

descr.rh¡ed rn tlìr-s docLlnìer)t a.L'e pr.'ov.rded r.n Llro Vl DAL

tlicLr.onûry ( J:e g I .s 1: e r:c(l L:r¿dem¡rk), lor exampJ.e fldi Uion

20i17. 'i'he concriDt r.r l: j or'.s r )r(-lì cai'ecl rn 1:l)r..s Ð.rct.rónâry ¿ìr.'ê

a l. s o t- lìos t: ¿r ut lìÒ ¡ r. z ed { <.¡¡ llunr.t ns .
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'This 	invent ion 	a leo 	relates 	to 	a 	process 	for 	treating 

side 	effect_ 	of 	premature 	aging 	and/or 	1 imod ys r ropily 

caused 	in 	a 	patient 	undergoing 	an 	anti-HIV 	treatment, 

which 	process 	includes 	the 	administration 	of 	a 	mixture 

5 including 	at 	least 	one 	h yd rexyme th yl g Int aryl-coenzyme 	A 

IHMG-Co/1) 	reductase inhibitor 	and at 	least 	one 	f a ree s yl - 

pyrophosphate synthase inhibitor. 

The 	conditions, 	quantities and 	routes 	of 	administration 

can be as described in this document, 	for example above. 

16 The anti-HIV agent is, 	for example, 	an anti-HIV aaent or 

an association as defined above. 

This 	invent ion 	relates 	in 	genera I 	to 	an 	application 	of 

the mixture of inhibitors mentioned above as an adjuvant 

for treatments having an 	i a t rogen ic 	effect, 	_or 	example 

15 premature 	aging, 	including, 	„or example, 	the 	application 

of an 	"adjuvant to the anti -HIV therapies 	comprising 	at 

least 	one 	ant i-prot ea se" 	in 	particular. 	causing 	this 

i at rogen ic effect. 	Thus, 	any 	treatment 	causing 	the 	side 

effects 	cited 	in 	this 	document 	is s 	concerned 	by 	this 

20 invention. 

This invention also relates to a process for treating an 

HIV-infected 	patient 	including, 	in 	any 	oThir, 	the 

following steps: 

- administration of a mixture including at least one 

25 hydroxymeth yl g 1 u ta rylv coen z yme 	A 	1 HMG-Cog) 	reductase 

inhibitor 	and 	at: 	least 	one 	f a The s yl -pyrophosphate 

synthase inhibitor, 

- administration c_ do anti-HIV agent. 

in which 	the 	administrations arc concomitant, 	,ucce.,.,ise  

so or alternative. 

1ft

.r 1)

Tllr s r-nve') L r.o!) a i .so rc..l a L'.(-lt; [.o a pr oces.s for LrearLi.nç1

sj.do c.{(c'cts c.f pt(-:nlcr[.u.];r-j ;r<¡i:rg and/or' 1.r podystrop)ty

causod irr à t-ìai i ent rurderr.¡o i nc1 ¿Iì .rIìL i -H I \¡ t rea l.mec (:,

uhich proce.s.s :.rrcl.ude s Lhe adrn i.n.r :; 1.. ra t r ón of' a mrxture

includinq al- .leas'i orìô l)ydroxytnethyl.q.lir-¡-âryl.-coenzyme À

(HMG-(ìoÀ) reducUa.5e :.nl:rbiio¡ ¿ìLrd ctt lea.s-L ()nc f'arrrcsyl-

¡>y ro¡>hospha ì- e synthase J.nh.rbr tro.r:.

Th(: condrtioÊs, quant.r t tes and .l:cuL:os cI' adml n j.sr.ratrcn

r:ar, be ;¡.s dosc¡rbod ìn t-hJ.s docurnent, Iot exam¡>Ìe above.

1'he anr.j.-HTV agenL rs, .lor exam¡>J.e, an ¿í)Li-l{1v agent oJî

an associat-i.orr as <te.,!li necj al)ovô.

Tlrls inverltÍotr rcl-ates i:r gerreral L:<> an appIlcaE.l"on of
tire mixture of rnirlk;ltors rncn(-t.o)ted ak¡ove ¡rs an adjuvant

for creac:nents havr.ng an ial-roçct''ic ellllect, l:or cxalnp.l-c

p.rornaLr.lrc agrng. incJ.udrng, Íor.- cx;rrrtple' tl)e a pp l .l c.r 1-. 
j.a ll

of an "aajuvan[. 1--ô tLo är.t])...tìIV ';)rerap:.e.s colnP.r.'l.s j.ng at
Least one antj.-protçase" rt partj.culaJ: carrsing Lhl-s

i:rtrogertÍc o1íect. Thirs, ð)ry t.rea1'-mêÌ)L caustnq t.he Sícle

effects cil:ed í¡t thÍs documel)l- js cortcernccl by this

'l'lt.r".s rnventj.on ¿r)-so rcl.aLes lo a pl:ece.ss IoÌl t-reatJ.:lg an

fllV-¡.rrfected patÍ enL-- rncJ-udlrrg, .t n any ordbr, th'e

foìJ-ovlrng .sLeps:

- adrn ¡ n i st r.r L i orr of a nrt.xLur.e i ncJ.udirrg at l-easl- one

)rydroxymcLh yt g I u tar.yì -coenzyme A (tllvrc- CoÀ) roduc:Laso

i nh.rbr tor ¿rrd ¡ii. .l<¿asl ()te f: .:::nt:.s yl - p y.L'opho sPll a 1--e

syrìt-h¿rse i rrl'..:.1¡.:. t o r ,

- o qrn j Iì r. s L r¿r L j.o l) oí crlì ¡rLì|'..1 -ilI! agalì'-.

irL whicl'. the adrnj.n.r s [.r:¡)1'.r.or:$ ¿ì.r. c col)coml I a]l Ll, ¡i ucccssl Ye

ór ¿li:êrrlâttrvc.
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Achoreing 	o the 	invention, 	said 	mixturo and 	said 	anti- 

HIV 	agent 	can 	be 	ceedminietered. 	This 	involves 	the 

process o. 	t,e invention defined above. 

According to the invention, 	the anti-HIV agent can be as 

5 defined above. 

According 	to 	the 	invention, 	at 	least 	one 	of 	the 

administrations can be performed orally or by injection. 

The two administrations can be performed in the same way 

or differently. 

IV In other words, even if in this description we refer to a 

composition, 	it is understood that each compounds of the 

composition 	may 	be 	administered 	concomitantly 	with 	the 

other compounds 	(for example 	in a 	single composition or 

in 	two 	compositions 	or 	in 	three 	compositions, 	each 	of 

15 these compositions including one or several of the above 

mentioned 	compound, 	the 	mode 	of 	administration 	of 	each 

compounds 	or 	composiVionrs) 	may 	be 	identical 	or 

different), 	or 	independently 	from 	one 	another, 	for 

example 	successively, 	for 	example 	independent 

20 administration 	of 	a 	hydroxymethydalutaryl-coenzyme 	A 

25 

)HMG-CoA) 	reductase inhibitor, 	independent admirdntration 

of at least one farnesylepyrmphosphate synthase inhibitor 

and 	independent 	administration 	of 	an 	anti-HIV 	agent, 

these administrations are performed on the sane patient, 

conchndtarnly 	or 	successively 	or 	alternatively, 	in 	the 

above mentioned order 	or 	another order. 	These 	different 

administrations may be performed independently from each 

other 	or 	in 	a 	combined 	manner 	(composition 	or 	co- 

	

administration), 	by 	an 	inentina] 	or 	different 	mode 	of 

30 administration 	(injection, 	increstine 	topical application, 

etc.), 	one 	on 	several 	times 	daily, 	for 	one 	or 	severe] 

successive, 	or not, 	days. 

10

t,'l

Accol'dr ))g üo the .t nvc+)ìi. r. on / sa.rd mr.x rì.rr o cìL,cl sê I d an L j.-

ItIV agcLìtl can bc cc.- admri,r sl.ercd. 'ì'irjg .Lnvol.vos t-)ìo

f)Ì'occr;:; oi t¡ì(, ttlv(lr)[.rol) def r.rred abovç.:.

Accorcling l'1() ì.hê rrìvôfi1-roì), Ullc àntr-HJV .)g(ìnt c¿¡l Ì¡e .rs
def i:recj above .

Acco.rdirrg t'.o Ihc i nve:nL::o:r, aL .].c¿tst on('r of u¡te

ã dmr. r) r. s L Ì:at j on s c.rn be ¡><-.rílormerJ o::¡.1 1y or b.y lnlectj-c.tl.
1'l)e Iwó .\dm] rr i s'. r¿ t i on s can bc ¡rerfo.::rneti :r: Lhc sa¡nc w.ty

<.:r dif Jlere nciy.
.ln other: wo::ds¡ even rf' j.n Lhis dc s c r.t.¡> c.t. otr we r:e.f er t.o õ

compositic.n, rc r.s under.'.st'.ood 1-.he1: e:¿ch conpoutrd.s of tlìe
côrnpôs r- i: r. oll may bc ¿ldmin).sl-e red cc.ncomr.l-¿ntJ-y uith Llìe

other Çompou:rd.s (for exa:rrpl-c in a srngle compo.si.t.ron o::

J.n t-!,Jo compositíons oJ: ìn th¡:ee. c:o:np()¡; r L )-ons , each of
Lhose cornposiLic.rìs ir)cltrcìing oL)e or severâÌ <>f tho abovo

me:rtioned compouncì, l-Ìrc+ rncdc of .ìd)nl. n l. s U ):õ [. I on of each

compounds cr composr t:on(s) nr¿y l¡c. l-cientjcal ot:

drfforont ) , or rndep.endcnLly from one anoLhór, for
exampJe succe.s -s i ve J. y. for exatnpie rndependear-

administ-täLion of a hydroxymethylgluLaryJ--coenzyme À

(ltMG-CoA) ¡:educr.ese j.¡lllrbitor, tndePei)deìrì a cimr. rr 1 st: r¿t 1l i ()n

o,: at J.easi one f a rn e s yJ - py r crpho s ¡.rlì¿ [ a Éyniha-se i.nhibjtor
¿r¡d !.rtdopondont adnìr- n i s l- r a U i on of an an L r-l{ IV ôgent,

l.hese .r dm.r rt j s t r a l. r.crn.s ¡rre p(-rr(ottnod on i:ire sanre Pat..renl-,

c<.¡ncorrLÍ tran'*l-y or -.uccess j.vel y or .: J. L: c: rr: I I r v e I y, in the
¿bc¡ve menl--r <;n<:c{ orclor or ¿rt<.¡tltcl' orde.r. 'J'he;:;t-: di.lfcronl:
adml r)rstrat r cns may be ¡)erf<)rmecj .r nde pe rrcie n L J. y 1=rom each

othcr (); -rt a c:Ö¡nbl ncc Naì)t'tcr ( compo s:- L:- c.tr ol' co-

a cJmì n j. s t r a t i o:r ) , L>y an rcjcnl::r:aì or dr f f eÌ.enl- mocle of
¿rdrrtirri st r,ì1. ron ( .i rì.J ec t !orì, r.¡)ge s t 1 on, -L()pi (jal ¿ìpp.l-l-caLl-o:1,

el:c.), oìrc or seve::a.l 1;i mcls clirr.ly, Jlot' one ()r' .severa i

-rucccssr-vc/ a): nol-, days.
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According 	to 	the 	invention, 	the 	administration 	of 	said 

inhibitors can be performed, 	for example, 	with 

a dose of the hydroxymethylgInteryl-coenzyme A 	(HMO-CoA) 

reductase inhibitor of 0.01 to 2 mg/kg of body weight and 

5 	with 	a 	dose 	of 	the 	farnesyl-pyrophosphate 	synthase 

inhibitor of 0.01 	to 40 mg/kg of body weight. 

The administration of the anti-HIV agent can be performed 

as indicated above. 

As 	an 	example 	only, 	dosages 	are 	described 	in 	the 

10 	following 	table 	for 	the 	implementation 	of 	one 	or 	the 

) other 	of 	the 	processes 	of 	the 	invention 	defined 	above. 

Examples of amounts of inhibitors and antimEIV agent in a 

composition 	according 	to 	this 	invention 	can 	be 	derived 

from this table. 

15 

Dosage Dosage 2 Route Wide 

range 

anti-HIV 

Pravostatin 10 	to 	20 

mg/d 

20 	to 	40 

mg/d 

oral 1 	to 	100 

mg/d 

) 

Simvastatin 10 mg/d 10 	to 	40 

mg/d 

Oral ♦ to 	100 

mg/d 

Alondromatm 1.0 mg/0 40 	to 	40 

mak) 

Oral 1 	to 	50 

mg/d 

Zolendrmnate 4 mg/3s 0.20 

mo/d 

IV 0.01 	to 

0.50 mg/d 

Pamicronatm 15 	to 	90 

mg/d 

-TV 1 	to 	i00 

mg/d 

Clodronate 1600 mg/ two tirmn Oral 100 	ma 	to 

2 g/d 

"IV" means intravenously 

d" means "day". 	Doxe/d = dose/day. 

l0

ItJ

Ac<:o::cJ: nr¡ 1.<.: Ihc I ìtven[-r-on/ L--hc .]clrn.r nr.stJ:¿ìLr-or) o!ì :;¿r-r-d

rni x l:r:¡e of i rrhrl>r l-o':.'s can l>e ¡.rc.::. l;()r'm(:cj, f or exa:tp1 e, w:. (:h

.: clo.se r.¡f rlLe h yd:'<;x ymc-: l..hy ì g l. ut'.a ) y l. - coe n z yme ¡i (llFl(;-(loÀ)

Ieducta-..c irìlìjrbrtor oÍ C.0t Lo 2 rng/kg of body v;e.r<;ht arrd

14ith a dorìo of Llìô i'arnosyJ--pyroplìc'$Phate s)f)ltha$c

irt)r.:-br Lor ()f 0 . 01 r.o 4 0 nrgl kg of' l><>dy t{oigh tr .

'lbc ¿ dm r.:r r .s f..r-a t..1 oc of î¡ìe arrr.r-l{iV .-rgent (:an bo porlc:rrned

õs i)rcii cð ted above.

Às an c,.xâmpl.e orLJ.y, dosages a,l:e de*.cr.r Lrr->cj rr t¡re

followr i:g Lâbl.è Ior tlìq. j rdf-'ì èrûó nt â t i on o1: one or t-he

othcr <¡f Lhe p)rocesses of. l.he invcntrorì dc-[¡-r:oci abÒve.

llxamples c.f amc.unt-s of rnhrbrt c.rs anci an1-.r-illV .rc¡er:1-- in a

composrLioll ac<:c)rd:.ng to Ihi s Ír)vcntian can be cie¡.ìved

from ¡h i.s Iab] e.

f-

SimvasLatrn

--Førau _-_.--l

lru.n" I

I antr-t;rv I_t__l
l1 rô i00 ltt
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P.r.rvâsl-¿Ci n
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According 	to 	the 	invention, 	the 	dosages 	concernimg 	the 

anti-HIV 	agent 	that 	can 	be 	used 	to 	implement 	this 

invention may 	be 	known 	to 	a 	person 	skilled 	in 	the 	art. 

5 They 	can 	be, 	for 	example 	the 	dosages 	described 	in 	the 

VIDAL 	Dictionary 	(registered 	trademark), 	for 	example 	in 

Edition 	2007. 	For each of the examples of anti-HIV agent 

described above and each of the mixtures or associations 

of 	anti-HIV agents 	described above, 	one 	will 	also 	rind, 

10 in 	the 	VIDAL 	Dfr:tjflnar Y 	(registered 	trademark), 	for 

example 	Edition 	2007, 	dosages 	that 	can 	be 	used 	to 

implement this invention. 

Other advantages may also appear to a person skilled in 

the 	art 	from 	the 	examples 	below, 	provided 	for 

15 illustrative purposes and shown in the appended figures. 

Brief description of the figures 

Figure 	1 	shows the 	results obtained with a Western Blot 

on 	"normal" 	control 	fibroblasts 	treated with 	increasing 

20 doses of a hydrosoluble statin 	(p ravastatin 2, 	20 to 100 

p2), 	and an aminobiphosohonate 	(lldh 	zoledronate Z, 	20 to 

) 100 	pM) 	(tracks 	A 	to 	I, 	respectively 	220/220, 	220/Z00, 

F20/2100, 	260/220, 	260/260, 	260/2100, 	2100/220, 	2100OB60,  

P100/2100). 	Idack I' 	is 	a 	positive 	test 	for 	the 	presence 

25 of prelandn A 	(fibroblasts of 	DR patients), 	and track K 

is 	the 	negative 	test, 	treated 	with 	the 	solvent 	alone 

(PBS). 

Figure 2 shows the results obtained at effective doses of 

each of the products. 

30 Figure 	3 	shows 	the 	superior 	effect 	obtained 	with 	the 

administration of the two products together. 

49

t0

Accórdrrìg Uc. Uhe jr:voI)Llol), 1-.1ìe dos¿rgG-s corlcorl)-tllg Llìe

an1:r-ltIV agcnt 1.h.¡ L-- (:¿ìI) be l.r.s ê d L o J.rnpJ ornerr I i- ]ì l. s

.rnve:r1'.iorì may l)e' knowr) Lo ô pe):so)l -skrl-l-c-:d ¡n thc': ¿t::L -

'I'hey can bc, for exampJ.e L)rc dosaqe-s cicscr¡.1¡er:l j-rl Llh(-)

VI DÀL l)l ci r.()n¿r::y {.t cEr s uered Lr¿rdema r}:) , f <;r exampl e -r n

tdr- L r.c,n 2 00'i . l'<>r o¡<;ll cf' L-.he ex,rnt¡>ì e.5 of anîl t -l{ I V ag(::ì L;

Cesc¡ii¡eci al;<¡vc ancl oa<:lr oí the mixt-ur.c's o:' ¿l3l>o c'l- â t i c lls

of ¿rrLr-llIV .rgeni..s dèsc.rlbed above. olìe Hrll also ll'lìd'
r n the VI ÐAL Di c t'.1 orra rv ( regr stered t-rademar k) , I Õx

cxamp.le ticiítrc;r: 2ÕO'l , oosage.s that ceÒ I;e t:.sed 1-c

rrnp).omonl thrs rnvenl:j.cn.
othe¡' aclv.rrrLagos ma¡' aJ so appcar-'to a porsolr skrl leci i'n

tllìc äJî1: f::o¡n Llìc examples be).ow, provrced fc::
r .1.I us t r¿r L r- v e I)u):po.se.s and shown .ln Llìo appendod f rgurcs,.

B¡ief descriptiôn of the frgures
Frguro L shows the rosrrlts ob(.r1ncd Hith a Irìesteri) Illoi
o¡r "no::maì" cont¡:c.1" fibroÌ-¡l.asts ìrea1--od wí uh rllcreasrtrg
doses of a h ycl r ot; <> J. ubl e staEarr (pravastaL;an P, 20 to 10Cl

pM), âhd an amìnot'iph<:sphonate (N)ll), zol-edronëLô Z' 20 lo

100 FI'4 ) (Lracks A 1:o 1., respecl-.iv<:Iy p?.O/22O' P20/ZGC '
)>2.0/21.00, p6G/7,2,0, P6Q/260, P60/',n 00, ?700/'/'2a\, ?70C/26C,

PI,AA/2,).OC), I'r¿¡ck .l is .r pos: t.lvc test for- tlrc' Ptesence
cl: pr(-'ì¿-rnir'. A ( í i ):roh¡.1.a s L. s of t)R iraLients) / and t r.:ck K

r.-s the neqtLl vc t('ist I t'.1--eatcd wl ( h L:i:o solvenc ill-tln(:

( r-BS) .

!'rgurÊ 2 si:c;w.s L¡)e Ì.'esult.s (-'irL¿l.lled ei- ef fecl---lve d<¡-s<r.s t>1

cacir of the proc!t:c:1:s.

Iri gurc+ :l !.1ìc.\.,'s l.he supc r ior cffecl- oI>r ai nc;d vri Lh L-lle'

¿ì dm j rì.ì. s t rð t .t ()ti ()l' i:lì(': two pj:()ducLs tocJeL:h(rr.
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Figure 4 	shows the action of 	the association of the tmo 

products on aged cells. 

Figure 	5 shows the cell multiplication of 	fibroblasts by 

a measurement of the mitotic index as a function of cell 

5 culture conditions. 	The mitotic index corresponds to the 

ratio between the number of 	nuclei marked 	(entering 	the 

division 	process) 	with 	respect 	to 	the 	number 	of 	total 

nuclei 	of 	the 	field 	observed 	as 	a 	function 	of 	each 

treatment. 

10 Figure 	6: 	Schematic 	representation 	of 	the mitochondri al 

theory 	of 	aging. 	The 	mitochondrial 	targets 	of 	the 

antiretrovital 	treatments. 	Legend: 	NRTI : 	nucleosides 

inhibitors 	of 	inverse 	t ranscripta se, 	P1: 	protease 

inhibitors, 	micONA: 	mitochondria' 	DNA 	and 	ROS : 	Reactive 

15 oxygen species 

Pagure 	7: 	Schematic 	representation 	of 	the 	biosynthetic 

pathway of i soprenoids and inhibitors thereof . 

NAP: amimobifehosphanate 

FYI: 	f arnesyletransf erase inhibitor 

20 GGTI: geranyl-geranyl transf erase inhibitor 

Figure 	8: 	Schematic 	representation 	of 	the 	post- 

translational 	maturation 	of 	prelamin 	A, 	its 	nuclear 

importation and its localization in the nucleoplasm. 

a: normal prelamin A 

25 b: maturation of pre:Tan:in A deleted in the progeria 

(progeiah) 	or during a mutation of the ZMPSTF24 protease 

in restrictive dermopathy. 	The protease inhibitors of the 

AIDS virus 	(PI) 	inhibit 	OMPS11b24. 

NEC: 	nuclear pore 

30 NE: Nuclear envelop 

RGFS: Hutchinson-Gilt ord progerih Syndrom 

RD: 	restrictive dermopathib 

ri

l;0

ll j.gt-rr o 4 .sllow.s L)re acl-i.<.:¡i <¡f Lfìe' ¿rjsÒL-r-aL..to)r oí []re t r,ro

p r c'dLtc1- s c.:n aqec.i ceIIs.
¡rrcJur:e 5 srrows 1-.he cell mul E:.p.).:. c:¿ ï. r c.:¡l of f i)>ro)>J.asLs l-:y

e neasurement of Uh.e mrtocic index as a Lu¡tcLL-<;l: <..¡ f c<¿l-).

cultu):e concil-r.onf;. Thc mitotic index cot:t:esponds to l-he

raUro l)e'LBecn tlìc rrurnbcr of rìucler marked (enIerrang L:he

diVisro¡r p¡oco.s.s) wit:h rc..jpoc'. Lo the nr¡ml¡er. of toual
rìucl-êr of L.he 1l i e l.cj ob.se.::vc-:d a rì a fur)c L r()n of each

L r(:ât-me n t..

)¡ìcJure 6: Scheriìâtlc rep re serì L.a u.ì on of l.he rna t oc)ìóndr ;. ¿r.l

Lheory ól' âgr-rì9. Thè rlri L oclìor)dtÍ a I targeus of. i:he

¿n Lrr:e t. rovi raJ t rea l-meìrt s . Legend: NRTI : Iìucl.eosl-des

r nh.rb.r tors af rnverse transcr'rptase, Pl: prÒl-e¿se

inl',i)¡iLor.s. mt-DNA: rri Lrochor)drral. DNA and I{OS: ìleact-.ì.\'e

oxygen sPecle.5

!''raur:e 'l: Schematr-c rcf)reseDtatjon of thè brosyt'LilcLrc
pat-hw¿y Òf isóprcrìL.ids ¿rrrd inhibrLor.'s thereof.

N g P : am j.n obr.phosphon e r. e

f ''I'I : farnesyl--üransferase inh.Lbrtor
cCT I: g êran y 1- g er¿1ñyl Lrans f orase rnh.Lb.r to¡t

l¡rgure B ; Scbc,¡natic J:epresenÈati on o¡,: Lhe post'
t ran s l. a L i. ona l- m¿rtur¿tion oI p):el.arnin A, rLs nu<:1ea::

rn¡)L'r t'.a l-.r-cn an(j .rEs i.o c a J. r z a ! j.c¡r: i.¡t tho nucl.eopla-sm.

a: norma.l Prcl-ômiÌì ¡i

b: nal:u¡:¡LrÒn ôi' pre .l¿rnr.r) A dol-êted rn the pr.-ocJelra

lproger.r r ) or dur.ì.ng a mutat j on o.f the zMPSTD24 protóäsê

r.n lrosL.L'icL5 vc cìornLctpaL)ry. 'I'hc p-roto¿se .ì.1)t) i b j. L.et:rr of t.)t(ì

Al l)S vì rus ( i)) ) .r nhi br. t 7l',1),1ì1'Il2 4 ,

N:'C: iluclca): poro

N lL : Nu Ç.1 e.r :' cnve I op

f{GPfl : flu t- ch i rr so n * G j. l. I' c.¡Jîci I).r: oge J:.ì. ô S yrl<lrom

Iì L: : re st'. r: c L i ve (le ): rrop¿ i.lì i.o
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Figure 9: 	Schematic 	pi 	t ion of the theory of aging 

based 	on 	abnormalities 	of 	lamins 	and 	their 	functional 

consequences. 	Legend: 	PI: 	viral 	protease inhibitors 

Figure 	10: 	Western 	blot 	shooing 	that 	the 	blockage 	of 

prelamin 	A 	phenylatren 	requires 	both 	the 	inhibition 	of 

farnesyl-transferase 	and 	type 	I 	0FfstYldgeranyld 

transferase. 	Detection of landd A/C in Rena celaw treated 

with 	farnesyl-transferase 	inhibitors 	and/or 	type 	1 

geranyigenarnyi transferwse 	LA = admit A, 	LC = lamin C, 

10 Pre = prelamin A. 

Figure 	11: 	Mass 	spectrometry 	analysis 	of 	proteins 

extracted 	from 	the 	nuclear 	envelope 	of 	untreated 	cells 

(a), 	cells of progeria patients treated with 	EOM' 	(2.5 pM, 

h) 	or treated with the orayestatinfooledronate mix 	(1 pM 

15 each, 	c). 

Figure 	12: 	Mass 	spectrometry 	analysis 	ofscans 

extracted 	from 	the 	nuclear 	envelope 	of 	untreated 

fibroblasts 	(a) 	or 	treated 	with 	the 

pwavastatinfooledronate mix 	(1 pM each, 	b) 	from Zmyste24- 

20 mice. 

Fhjure 	13: 	Lamin 	A 	(control 	cells) 	and 	prelamin 	A 

) (Zaris1e24)/) 	mice 	cells) 	were 	analysed 	by 	mass 

spectrometry 	(MALDI-Pop). 	a, 	b: 	portions of the 	spectrum 

corresponding to farnesylated 	(a) 	and geranylgeranylated 

25 (b) 	tryptic peptides. 

Figure 	14: 	representations 	of 	results 	of 	different 

experiments 	demonstrating 	the 	synergic 	effect 	of 	the 

prayastatiniwoledrenate 	combination 	on 	the 	accumulation 

of prelamin A in control cells and progeria patients: 	(a) 

30 lmmunocytdchemical detection of lamin A/C and prelamin A 

in 	untreated human 	fieroblides 	treated 	with 	preyastatid 

and/or 	solddrormte. 	(b) 	imimnocytochamiwal 	detection 	of 

i0

i'': qurc-: 9: Scl)ctttatic J: eP re.s ellt ¿i L I on c'f 1.h(l t-l)co):y of a<¡ìtrL¡

L:.rsed or) abr) órlrt¿.1. r t: ì e s ol: iamins clncl l-llôi-r lit::rctional

c-cnseguence.s. J-eg<:rrci: Pl: vll'¡Ìl í)rot:r-ì.lse rntr¡l¡rtors

['içure 1.0: !'Èc-:.s (.e:::n b]-ot .shor,¡j.r.o Llìat Uhe b]-ockage oI'

prc).aNin A ph e r) y I.r t i c.:rr rcquí..res boí:h Lhc rnhib: Liorì o(

f a rnesy I - tl rans f e ra -qe a¡id type I gclranyJ--çIeranyl--

L: ra rl.s i. è ra so . Lìetection of l¿rnLin À/C in tleL¿ cicl ls lreal-eo

rç i i.h f;a::ne.syi -L ransfe):ase i¡th:.Þ¡. t- or.s .r:rd,/c¡ l'.ype I
g(-r r a n y l oena rrr yÌ l.ransferase. LA - l.amìtr n, L'C = lemin C'

Fl'e = pL'e l.am I tr ,4 .

l:'rqure Li: Mâss spectrolnoL):\f anal.y.sa.s of prot-elns

extracUecj f rorn Lilcr ntìcl.ear envc:l<;pc of untÌóated c:eiis
(¡) , ccl-is of p)roge;j.a pâLients tre.rt-ëd wiuh Fl'i (2.5 pM,

b) ()r L:r(-r¿ri.od wrch the p r.rva s [ ô t i n r'7.c.1 edrotrate mix ()- 1rM

c'ach / c) .

IrÍguL'c 12: Ma.s.s .spèct.romel-ty ¿rl¿iysi-s oi- ploLcrn:ì

extr¿ìctcd f ¡orn -"he rluclGar envelop(r of un r.l'(r.11--ed

f :.br.'ob] ast.s (a) or 'created r',i th the

pr¿ v a s t a L.ì- n- 7.o Jed ro o ¿ t è Irl!x {i ì¡M each, b) f to:l(. ZmpsLe24-

/ ¡ni ce.

F'r.gr¡.r:e ll.3: Lr-rnrr) A (contt:o.L ccLl.s) õ)ìo pre.l amrn A

(ZttpsLc24-/- mlce ceIJ-s ) wet'e ¿Ð¿Iysed by mt-s-s

specUrcmetr:y (VALDI-ToE') . õ, br poÌrtians ()f tlle spectl:uln

co::rcspondrng l-o fêrnesyla'.ed (a) ar:d ge r.rn yl gG r ¿ rìy I ¿ì L c d

lb) 1-.ryp-.1c PcPt ides.
I'j qurc- 1.4: .r'epr(:.s ôrì t ¿r L ì on s o I'. r osLì1. t--q c>l' dl I ferer: t

c; xpc'r irrLc:r) 1.. s dcmot',st ):at).rrg '.!ìe synergl.(l oL l'ccl: oi l'-h(-l

f).r.'ava.5ta L. r.ìr'l zolcdr órL(ì t- c cc.mbi nA l..l.clì <tn the ùcr-'t¡lnu I .l [ -ì on

o f' pr(-)larnr¡l A r.n con l-rol c:c ì Ìs allo p.l:t)g(rria Pa U ier) [s : ( ¿ì )

I rninr) r) ocyt oÇhèmr (--¡ì.1- de'1-ecl-t.o:r c¡!l i¿Ln.l-lr À/C aotl p::eJ'amltr À

irr Lùìt r cût ecl hu¡r'.rlr í'i ))u ()biâ:,t s l.::c':<-li:<:ci ç¡ í l: l: I).r ¿r!¿rs L)a (. i )ì

.:nd/o:: z<¡l.edror¡atc. (b) I Iirmlrnôcyt oc h em j c¿ I' deteci:i on ()L
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iamin A/C and prolamin A in normal fibroblasts  

from 	patients 	with 	prone r la 	treated 	with 	the 

era va s ta t 'hit or edrona t e 	combination. 	( c) 	Quantitative 

analysis 	of 	the 	effect 	of 	pravastat I ni-zol edronate 

5 treatment 	on 	the 	nuclear 	morphology 	or 	cells 	from 

proger is 	patients. 	(d) 	Quantitative 	analysis 	of 	the 

effect 	of 	pravastat in f zoledronate 	treatment 	on 	the 

nuclear morphology of cells from progeria pat _en is in the 

presence 	of 	f a rmes ol , 	geranyigeraniml 	or 	the 	two 

10 compounds. Error bars = mean ± standard error of the mean. 

) Scale bar - 10 pm. 

Figure 15: representation of the results of the treatment 

with 	pravastat initoledronate 	showing 	the 	correct ion 	of 

the 	nuclear 	morphology 	and 	the 	induct ion 	of 	a 	partial 

1.5 relocating of the is o f orms of the A/C lam in and of the 131 

lamin of 	the 	nuclear 	lamina 	in 	the 	nucleoplasm, 	in 	the 

progeria 	patients 	cells. 	(A) 	Immunof 1 ucroseence 	and 

con f oca 1 microscopy. 	The images a to c of each panel are 

project ions 	of 	the 	mean 	intensity 	of 	2/ 	images 	of 	the 

20 stack 	and 	show 	the 	tubules 	of 	the 	nuclear 	reticulum 

marked 	by 	the 	calrot iculln 	in 	the 	progeria 	cells 

incubated with the PBS. 	Images d to li 	confocal sections 

isolated 	by 	0.2 	pm 	of 	thickness. 	Ef f ect 	of 	the 

pra va s t at ih itol edronat e 	treatment 	( g ) 	and 	( h ) . 	(8) 

25 (Alcoa 1 is ina 	of 	the 	Al 	1ando 	and 	of 	the 	calret lea 1 in . 

Scala bar - 5 pm. 

Figure 	16: 	representation 	of 	the 	effect 	of 	the 

pravas tat im 	and 	of 	the 	zoledronate 	whether 	or 	not 

associated 	on 	the 	nuclear 	morphology 	of 	cells 	of 

30 Zmpste24(1i 	mice 	(a) 	and 	of 	control 	Mi. C:C 	( b ) 	in 	culture, 

in the presence of thilhesol, 	of ge ran yltie re) n im1 	or of the 

two molecules. 

10

ì.a)nr.ì) A/C ¿lLìd pl'e.laìnir) A tn rì(: r'r1Lä.1. ì:um.rlr f i i.:::t;l> I ¿ s L:; .Lncj

{.r.'cr:tt I)¿r t-i.c'lìts wí tl) p::oqc':r i;t t.¡:ea ccid vri tfr Ll)cì

t)Ì.'.v¿ìs t-.-ì Ll lì'l zÒìedt.ona t c- (.ombi lì41'--l-ón - (c:) Ouarl L'-l' t-¿l ['l've

;rnaJ.y.sì s of Lhè effecU of p.r-;: va s La t ! n l' z o i eciJtona U e

Lrì:e(31.menl; on Lhc-: rluc.l.c¿r tnor¡:hoìogy ol cel.l-' lrcm

l))roqerr.a pe.ireìlts. (d) OtlârìL j.Lal- j ve .r:r:tìys.:-.'; aí thc

et'f cct of p ra va s t at .r n + z L. i (-.t dt (ìÐ ât e [)te;!:mêIìL óll tLc

nircl.car rnorplrc.logy of ceii.s frc'rn prÒÇc.l'l.cì i)ai: j(-)lli::ì I'll t'.I'¡e

p.toscnco of f'arnesol, qe::a- r: y i go;:zr r:.r oJ. o; -,-lre [.w()

cornpou:rds. lìrrof l.¡ar¡; = Incan J: sL:and.lr:cl <-:r¡Ör of the lneat)

Scale bar - l0 lrrn.

Irigurc l5r reprcsentâtion of L:l:e tosu.l. Ls of the l.zeaUmF)nt

r,rr i:h pl.a va s E a t i nl'z Ò 1o cirotìa t-o sh,owr:rg [.i)ê cor¡ectic'n of
';be ¡ruci.ear morphol oqy arld Ll'.o rnductron of û partia)-
rolocatrrrg of lrhe rsof o:::n-. of the A/C l.alrrt.lr ôrìd t)í' L:hê Ill
.l.rm.rn o,' r.he ô(rcIêât .).amrna rn the r: uc ì cop l. a -s:n, in the

Irogcri.a pat.rents ccII.s. (A) imrnl¡nof l.u<;¡ósconco and

confocal mr-cìoscopy. T'Ì.,e rm.:9e-s a Lo c c.f each pancJ- arc

prolect¡<:ns of thè nroatì l.n¿et)s.t1:y of' 21 rnage-q of the

st-ack ant shov¿ Uhe Euþuìes of lhe nuclear reticul-um

¡n¡¡kt:d by Lhc cal-reticl¡ì jn .Ln t:llc progeri a Çel I.s

.lncuba1.ecl with the PBS. Inages d to i: corlf c.¡cal. sec[ ].o)ls

isolatcd by O,2 Fm o{ L-hÍc;kncss. Fjf fe(:lr ol Lho

t)rê va s t at.r. n ì'z-o I eclror) at o treatment (g) and (ii) (8)

Coloc.rllsrng cf Uhe BI I ant:.r: ¿rrci oí t he <:a.l- rc t i cu.l- r Ir .

Sr:¡le bar '- Ii lrm.

lì'j gur:e i.6t )'ep r e.s eni:.1t r o l) oI the <:!ìiect of t-lle

l-rr.-ìv¿-ì.,i l-â L: r rì ¿rlìd of t )rc: zol cdr c;ll¿¡ t:c tnltc-: L:ner ()r ¡to L--

assoc-'.r at'.ecl on a.iìe nncl.o.tl tnorphoì ocy ö! c:ei i s c'l'

Zrn¡r:; L:c:24 
"/- 

mr. cc (a i cìna ol' corì1: r. Lìf rrìi ( c ib ) : :'l <:tLì t:t,t c,
'rn L.tìc pre.se)lce ôf í.íl.r')lescl-, o,f ge r.'an yI go r a li r cl3 oJ; oi- thci

Lv¡c nLc.Le cul.e s -

l5

i.J
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Dieu re 	12: 	Effect 	of 	the 	prvi va s ta tinizo led roma to 

treatment 	on 	the 	anomalies 	of 	the 	double-strand 	break 

repair 	I ESE) of the DNA in the ce 1 1 s of proge ri. a patients. 

Immunodetectimn 	of 	the 	foci. 	of 	the 	H2AX 	ph osohe ry 1 a t ed 

5 hi stone 	detected 	24 	h 	after 	if: radie Lion, 	foci 

corresponding 	to 	the 	un reps i rod 	double-strand 	breaks 

(images at 	the top) . 	Nuclear ma rking of the DAPI 	(images 

at the bottom) . 	Curves at bottom: 	change in the number of 

foci 	of 	H2AX 	phosphory 1 a ted 	h i s t one 	a ccorTM n 0 	to 	time 

10 a f ter irradiation iA the control cells 	( solid sena re ) 	and 

) the prmgeriA poles 	!empty circle) 	incubated with the PBS 

or 	treated 	with 	p rb va s t a t iAibbledronate . 	Each 	curve 

represents 	the mean 	f 	standard error of 	the mean of at 

least 3 experiments. 

15 Fimu re 	Ib : 	Effect 	of 	the 	pravastatinezoledronate 

treatment on the prose ro i d phenotype of 'Imp s t e24 - f  mice : 

!a) 	Photographs 	representing 	3-month-old 	Zmpste24III  , 

'Imps te 2 4! f: 	and 	Zmpste24-/- 	mice 	treated 	with 	the 

prava s t at i n i zo led rona te combination. 	Scale bar = 1 cm. 

20 (1)) 	Weight of 	3-month-old Zmpste2 4! l+ 	H - 	121, 	Zmp s te24 7:: 

1n 	- 	13) 	and 	'imps ie24-1- 	treated 	!n 	= 	lb ) 	mice. 	( el 

) Kaplan-Meier curves showing a significant increase in the 

IT f es pa n 	of 	Zmps te24 -7- 	treated 	mice. 	(d) 	Three- 

dimensional 	representation 	by 	computeri sed 

25 ma o ro t omog r a phy 	of 	the 	tibia 	of 	Zmpst e24- f: 	treated 	and 

non-treated 	mice 	(image 	at 	the 	top)- 	The 	panel 	at 	the 

bottom represents the re lative bone volume and the number 

of bone t rabecules in amps t e24- T  non-treated and treated 

mice. 	( e I 	Quantification of the nuclear anomalies of the 

30 hepatocytes 	of 	Zmp s t 024( lI  , 	Zmpste24- f: 	and 	'Amps tA24:1- 

treated mice. 	The white arrows show the abnormal nuclei. 

Scale bar - 	1 	pm. 	(f) 	Relative expression of 	the 	target 

\

I)3

l''i gr.:re¡ L'i: D11cc,. ol' f.he pr a v a s l-a l- I ¡1-r z <; J.e ci r<>na L s

Lre.lL:menl: on Ll)c ¿ rtoLn¿t -1. -l- e s of t-hc: dc;ul;l-c--ctrrlrr(1 l)ì:(-!¿k

r.'e pa.rr ( t).S1.ì i of L: hc DNA j.Li thr: (je I .l s ôl próge Ì'1a pat i en l. s

Ill1munc.deï.ect j.on of L:he locj o[. the l{2AX phosphar.'y]aued

lìr.sLone detected )A h .tf ler j rr.rd: ¡rL:l ór., foci
(;o):rospoìdrng Lo tnc-r \rnrepðí.tcd doub;le-sL:l-¿ir,d i)rc¿ks

(r. âg(-)s ¡)i: Llìc top) . Nucl.ear markraq of the flAL)J ljmâgés

at 1.hç boL.l..orn) . Curvcs ¿lt l)ottom: c:ltztligc in the trt.::nl¡c-..:' r:f

focr of H?ÀX Phô¡;phôryl.aLed histo¡re ¿)ccóÌ'c¡ing l.o tirne

â f Ier i ):):adJ.ô t ton i :r r.ilc c()llL rc]- cei 1.5 ( sola<-l sqlt.i rc: ) aLrd

Ll)c t)rÒqcrr.¿ì cai ].s (cnpty cìr-(:ìc) incub'al..ed r,.':.1-b Lilo IrßS

or tl:eated wrLl: t).trìvästcltí nr'z;ol r-ldLoIlatc. llìach curve

):epl:ese n'Js the mean r: sLend¿rd eÌ.'ror of 1:lrc: mean of at
Lr-:a:;t 3 experrnenl-s.
l¡ì cf urc I Il : tll J.ocL ol: iihe pr:.rv¡ìs L¿L [ ].nl'z. ol edran.l L:e

tteatment or) the progerord phel)otyPe of. Zrnl)sto24-/- in.l.cel

( â ) Fhotógr.¿phs ):epresen l:.r ôq 3-mon th-ol d Zttrl>sLc24'/' ,

Znps¿e?4'/^ ¿nd Znps.e?A-t- rniçe L.t'eaied rçi EL: t.l:e

p):avast-atin r z.oì.edronäl-e cotltb j I)ation. .Sc¡¡ìc bar - I crn-

(b ) V{orght oÍ 3 -nonth-o1d Zrnps ue2 z,'/' ln ,= I?,) , ZnÞs!'e2tt-t"

(n ", 13) ar)cl Zngs1._e24-/- Lreaied (n = l5) in.lce, (c)

Kâpian-Mor-er ct¡r:ves -sbowinq ¡r ¡ìl.Enrf tcant j.ncrè¿Lse iIl t-ile

I r f espan cf Zn¡>stc24-/- treal:ecì lrrlce. (q ) ThÌce-

dr,'nc r: s i o n a I repJ:e s e h t ât i or'I by co)nputerised

n.r (:ro |..Òmog.rap)ry cf the t.r bi a ol Zmpste?,1-/" ì: re.r L:ÒcL ¿lrld

:ron-t ¡:e .rted mjce (inurge at the Eop). 'l'i)o I.)arre l. .rt tbe

bcrt.t.<.rnL rêpro..ìcr)L-s tl¡e relal'.:v<-: bc.lle volulnc a¡ìd l.llc rluntl-.:cr

c-rÍ bone i.rahec:r:l.e.s ut Zmpr:Le?-4-l' nr):r-trcalrcd and l-real-(lqi

)n.rcc. (c) Oua)r1-:f:caCjan of cllc ltuclear .lnôIllalr(:t- c'f' thc
l) ep.r t. ocy L. e.s o !: znpst:e?,4' /' , Zmp:;1: c:2'Í - /" ¿rtrcl 7,nrp-s 1'-e2 4 

' /

tÌeaL.ccì rni c;e. the whi l:e a.:'rc;w.'; shov¿ ille ¿lbrrorroa.L nttcl c+i..

.Sc:¿tl.t: b.¡:: = 1 lrm. ( f. ) lleJ .l1...r r'ê ôxprcssto)l crf L.h(ì t.ó rgoL

LO
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genes of the pal in the 11vetand the heart of Zmpstem 

Zmpsteglic 	and 	Zropsze24(G 	treated 	mice, 	analysed 	by 

quantitative 	22-PC1M 	3 	P 	< 	0.05; 	*1 	P 	< 	0 . 01; 	)3" 	P 	< 

0.001. 	The error bars represent the mean 1 standard error 

5 of the mean. 

Figure 	19: 	Effect 	of 	the 	prayastst im 	alone 	or 	of 	the 

zoledronate 	on 	the 	ltfespan 	of 	Stapste24;” mice: 	Kaplan- 

Meier curves prava stat Ma only 	(a) 	and teledronato only 	(b) 

on 	Zmpste24;° 	treated 	(empty 	diamond) 	and 	non-treated 

10 (solid circles) 	mice. 

Figure 20: 	Effect of a pravastatin+zoledronate treatment 

on the it fespan of Imnac; mice: 	Kaplan-Meier curves using 

lima c; mice treated with p ravastatimimologronate 	( n - 12, 

empty 	diamond), 	compared 	to 	that 	of 	non-treated 	mice 

15 (solid circles, n - ill 

Examples 

Example 	1: 	Additive 	effAct 	of 	the 	associAtion 	of 	a 

20 bydrosolublm 	hydroxymethyThlutatyl-coenzyme 	A 	(HMG-CoA)  

reductase inhibitor 	(a 	hydro:soluble 	statin: 	pravastatin)  

and 	a 	farnesyl -pyrophosThabe 	synthase 	inhibitor 	(an  

aminobiphomphonate: 	led rate) 	on normal 	and proderoid  fo 

cell cultures 

25 

A. 	PROTOCOLS ..... 

A.1 Cells and cell culture 

The 	cell 	lines 	are 	either 	control 	fibrobidsts 	A616409 

from the Golden 	Institute or 	fibroblasts 	from biopsies 

30 of 	patients 	with 	restrictive 	deomopathy. 	They 	are 

cultivated at 21°C under 5% CO2  in room p2; 

The usual 	complmte culture medium is: 

l(l

\4

ger)o:; c.f Llre p:r.l .Ln lr)rc l..lve ¡. a:rcl l.!ìe he¿l 11: ol- Zn¡>st'e1''4t /' ,

Znp:;t e?-4' l- and Znç:.s',:-<>24- 
/- l- re¡t L:ocl n) ce / anälysed lly

gu.rn [ .r 1.. û L: r ve RT-PCR. " P < 0.05; L'< (-l . C;i; ¡'{{ P <

0,001 . the êrror b.at's rep::ese'r)t the mê¿ìIì i sl-e-nd¿rd cr-'r <;r-'

o f the me;:r .

[igu::e 19: l]f f ocu ol' uhe prcrv.isLcìt'l :r ¿lcnc or oL Lhe

zÒie(irorìdt-e on l.he Jrf csp..rn of Znt¡>sle'24-l' mice : Kaplan-

Meìer curv@s l) ): avð s L: a L: r :: ÓtrIy (a) a¡ld zo-l ('rdl--()naLe oniy ().;)

on 'Àmpsit<:?-4- t- l-.1:eai:ccl (cnlpty d.rarnorrd) and rron-treated
(soIrd c.r rci es ) nLice.

Frgure 20: f:f f.eÇt'. oI a ¡-,r. ; va.s 1: a L l. ll'l z:ol eq;orl¿rte treal-menll

on -.hê lrlcapan of !.mn¡l-/- tnice: K.rpJ- i; li-14e I e ¡: crrrves ttrsi-nç

Lmrra-/- mi.ce t-r(-r¡rLecl rvith p::avasLat.ì ¡l'zo!'cdrcnatç (ll - 12,

elûpLy cì¡.anond), r:ornptr::cd Uo Lh.ìt c¡f nol)-1,:reated mj.ce

(sol.:.c{ cj.rcl-es, n - ll).

Examl)le.5

Flxamnl.e- l: Add1tlrve effècL of- l:he ¿ìssoci.a!1ólì <;f a

h v cl r o s o l- u b l. e h y d r: ô x ym c t- h y t q l u t a r y l' * c o e rYyL9....,4---L! ì4 9: 9941

re duct¿r s e--.r.{l}fÞ!t !-I__-(¿--)-1y.d.r.c'¡ o 1 rrbl e .. -s-ç-LLljlj--!I.+-ve9-t-q-u-1.-Ð-
anri a f a rnt:sv.l. -r;v r:oph os phai:c sV)lthase inbjbrior {a¡
¿nrnobÍphosÞhonai-e: zolcdronate) <)r.l -ll.ç-ImË I ...fLlì-q. proqe r.-o j d

q e_ll-_ç u_lj_ll r e:s.

4_,_ P\9!9_ç_o_rj_s.

4, I ç__e_=l_lg__À!_d c<:]_i^..c-tt.l._[ ur. e

I'hô <;c:.ll .l-lnes are ('rr t.lrcr c-o:r1'-rr;l f ìb'robiasLs À(;ì f;409

f r()nl Uhe (jo¡: j t:.1 .l- Ins, l-.1 Uu l:cl Òr f j.l¡.rob) a:;Ls f ¡;om br opsjl-cs

Ç !:. pdtr-clìL.s wr.r.lr rc¡; L r i c. [..]. v('] dc'r:mopar-)ry. ',!'h.ey al:e

ci:1.i.ìvair:cl ¿rt. 3'loC undcr Í¡1 COz jn roctn 912-

'l'ne usu¿lJ c:onLpl.otc cjuì 1-.\rr:ê lned).um J.-s:
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- 	1111M1 	(lip; j t stag en) 	comp1omonted with 

- 	Fetal bovine serum 20% 	( Inv i trod en) 

- Mixture 	of 	Denicti 11 A n/Strbotomycin/Sungi 	e 	IX 

5 	(Stock 	100%, 	Cambrex) 

A.2 Cell harvesting 

The harvesting of cells is performed by trypsi aim ion as 

follows 	(protocol f or a large flash, 	75 cm`, 	BD Falcon) : 

10 - The medi um is suctioned; 

The 	cells 	are 	washed 	with 	10 	ml 	of 	PBS 	lx 

1 nvit r ogee) ; 

- 5 	mi 	of 	a 	solution 	of 	Trypsin/EDTA 	1% 	(Cambrex) 

are added; 

15 - The 	flask 	is 	incubated 	for 	around 	6 	minutes 	at 

37°C, 	the time that it takes for the cells to detach; 

- The 	trypsin 	is 	inhibited by dilution 	in 	IS ml 	of 

complete medium; 

- The 	cells 	are 	pe 1 loted 	by 	centrifugation 	for 	10 

20 	minutes at. 	1000 rpm at 	16°C. 

- The pellet 	is 	resuspended 	in 	2 ml 	of 	PBS 	IX and 

) 	re -centrifuged under the same conditions. 

The cells obtained are either frozen for later USS or are 

subcultured from this washed pellet. 

25 

A.3 Treatments 

The provosts tin 	solution 	hydr osol 	ple 	st a 	) 	used 	is 

prepared as follows: 

40 mg of provast a tin 	(Sigma Aldrich,  	P4498) 	a 	g aced in 

30 	sterile water 	to fors, a 	10 mM stock solution . 

55

* Iì l)M I ( I lìv.r l. ); og r,.r) ) côûrp L crnclì l_ed w.r t h

- Irc/ Lô I Ì:ov.t Lre se.:'r.::n 2 0l ( Il'v ) U ):crg(in )

- L-Glut¿lrL.llìc 2.00 ml4 (l nvi L.r:oEcn)

- l*1rxi,:ure of Fe nr.ci I I i n,/ S L: I cpt otnyc i n / l.'un 9:. z: c>r: c l.X

5 (Scock 1.00X, Carabrc.x)

.4.,_?....Ç ç_1..1_ ...1r..1.I_y_e_s_!Àlj.

T'l.o ÒaÌvcsLrrrÇ of ccl l.s is perlt>rnted by t .:.-yp-s : n i z ¿t i I on as

lìolLorcs lÞrotlo(;ol- io¡' a l arqe f:Lask, ?-q c:n2, Ilt) Fa.l-cor)):

1.0 - fhe mecl: irm rs suctloned;
, - lhe cel l -s ar:e tça:;l:cd wrth l0 mÌ of. PBS tX

( I rrvrt.t ogcrír) ;

- 5 mi of ¿ .sóiuL j.on oíl 'l'r.-yP.s i n,/ E DT¡' 1.X (Canbrr:z)

a::c added;

lli - f i:c f )-ask rs incubal-(rd l'c'r ¿tr'ound 6 nL.rl)utos a1:

37'C, che t j.me L:hàt j.L t-¿ìkes falt r.he cê.1-.1-s Io de[-¡-(rir,'

- ')'lle s.ryp¡lrr: is inhlbited k'y <jÍl-utÍon jn i:) ml Òi-

co)npìete ned j.um;

- Thc ccl.l-s crre pel l.el.ect i>y centlî.1 fuqatrotr tcx i0

?.C rnj.nrrr.e.s ai. 1C00 rpn aL ì6o(l .

- 'J'he peIIeL rs rcsuspended .rn 2 tn.l. of ll9S l-X arrd

) ta-contlrr-f uged undel t-he I;.rrno c:ondL¿ionrs.

'fhe cel.l..s ôbì:¡1i.Ì)c(l atc ettheI. froz-c':rr for l-at-er ll.sê or: al'e

subcul.tu¡ed ilrom l:hj-s w¡.shod Þollet.

4..-l Ï-g-e!sgn!-!
Thê pr¡lvaL.La Ll-n sol.ut l.on ( !ryd¡ o.soll¡l>l.e -st.l1---l n ) us;ccj i!;

Pr.'ePcll'c;d ('.'; fc.l I ()lìs:

40 nLg oI f).1¿va-st¡r t.t.Lr (Sr.gnr.r Alclr¡-cir, P449Lì) ;rr.o ¡-'l ¿ceci l.tl

30 ster-'ile v,¡a r.(ì r: Lo Lc.rnl ¿ lC:nM s1-.oc-k .sÒ.l.utic'Lì.
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The final 	concentrations tested were 500 nM, 	1, 	5, 	50 and 

100 	pM, 	obtained 	by 	diluting 	the 	stock 	solution 	in 	the 

complete medium. 

The 	zoledronate 	solution 	(18P) 	used 	is 	prepared 	as 

5 follows: 

A 	 (1-hydroxy-2-imidazolsloyin1nphesphonogetnYit 

phosphonic 	acid 	stock 	solution 	(0.8 	mg/ml, 	Novartis) 	is 

adjusted to a concentration of 2 mM. 

lte final concentintions tested were 500 nM, 	1, 	5, 	50 and 

10 100 AM, 	obtained by diluting 	the 	stock solution 	in 	the 

completo medium. 

A.4 Western blot  

A.9.1 Preparation of 	cells  

15 For a Western blot experiment, 	the cells are 	treated as 

follows: 

Around 	7.5 	x 	105 	cells 	are 	seeded 	in 	a 	large 	flask 	and 

cultivated 	under 	the 	conditions 	above 	until 	close 	to 

coniluency 	(4 	days). 

20 After 4 days, 	the cells are washed with PBS lx and placed 

in the complete medium substituted with the treatment. 

) The 	cells 	are 	incubated 	for the 	treatment 	time 	(6 to 	12 

hours, 	sequentially 	or 	simultaneously) 	in 	the 	incubator 

at 	38°C. 

25 After the 	treatment, 	the cells are trypsini zed 	(protocol 

above) 	and 	the 	pellet 	obtained 	is 	stored 	at 	88016 	until 

protein extraction. 

A 4 7  Protein extraction ror western Writ 

30 (The cell. pelt et is 1inced in 300 pi of lysio butter 

56

'f'hr-: i:ina.l co:r (:(-lrr i.. r¿r lt r olt s t.csl-ed we¡¡e 500 lìl'l/ l, !r, i[) arrr!

J.OO ¡M, ab.cajned by dt.tul-.,.ng t hÉr .stot-.k so.l.utian in i:h(ì

r:írmPI e1--ê me(l.r ì-!m.

f'he zo l cdr:ona-,-ê :ìc.IuLj c.t) (NBP ) tt.sod l.s pl'cp.l rêcl .) s

5 f<¡J J ols :

A | 1 -h yclroxy-2- ìñL.i.dazol - l. -yl -l -t)l)ôsp)tono-e t hyi )

p)r c;.s¡.:ll o tr r. c ¿c.j.d st ock .soi t.t L: i<:n ( 0 . 8 m9/ml r ì'¡Òv.l rt l.s ) j.s

.ìd'iü.sLcd Ló ¿ concent ¡;at ion Òl: 2 Ir'M.

I'he f j.nal cc¡rrcc'rrt ¡ ¿ L i o t) s tesl.ed werô 5OO nM/ 1, 5, 5O .:nc!

1.0 1.00 ¡r14, ol)ta j.ned by di).uU:-ng Lbe sl:ock 5oIutj on ìn 1--h.e

compìete medl um.

4_1.4__h'e.s_t: ç rn Þjl_o.L

Ii.-!-,-].-l-:tç1¿qr-q!-tc,n-i{-ço^1+1.
I5 fô.L . qrê:ìLejîrì l)l.ol,. experjmerlt:. the cel.ls arc t-.Le¿lteci .ìs

ilo 1..1. ov¡.s :

Arol¡nd ?.il x i0r ceJ-l-s ¿rc seeocq:n;: Iarge fl'a.sk and

cu).1riv¿Lcd under (:ire cc.:nchtiorls above l.:rlt¡-l' clc'se ta
c<>rrf luoncy (4 days).

2A tfler 4 ciays, ìhe c<':).l-.s are washed rçíul: PBS I'X ancj pì.:ceo

r¡ t-ho córìrpl-cte ¡nedil:m .s lib.9l': r i: r]Lcd wì.th 1.he tÌeatment.
) fn. ce.l Ls a¡:e .r-rrc:uitatoC J:or the tr(:at:ménL trme l6 t:o '12

hours, ,.eque)rt!a:iy ot s rlnu J- L.l tl oou s.1 y ) j:r Ihe jncuDator

at 37'C,

7-'¡ A f ( cr t he r. real:mêlì L, tllc ce l. i-. a re t:r. y¡l:trtr.t zec (prc>i'oco-l

¿rL)oVc ) alld tlìe pe3.) e l: r.:t>t:¿l i.¡tod l-s -st orecl ¿ t: - B 0cC u:rt r ì
p.toLor n cx [ Ì.ìct ic)n .

4.,-L...--?...-ll.t9!-eì [-e-¡ggg-t,l--9.11..-{ -..:l--. !!es-ts¿L-Ð-.:1,

3Cì 'J'l:o r:c¡1.l. I)ol I <r L. r.s p.i aced : ¡r -J00 ¡1 crf I ysi s buL l c::
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l%Tilton X1o0  

Spy 

Sodium deoxycholate 	 0.51 

NaCl 	 50 mM 

EDTA 	 I mM 

Tr imHC1 	pH 	7.4 	 20 mM 

Protease i nh ibi tor 	 1 	tablet fox 50 ml 

(Roche 11697498001) 

Extemporaneously, 	the following are added: 

Sodium or thovancdnt e 	1 mM 

PMSF 	 1 mM 

The 	cells 	are 	exposed 	to 	son i. cation 	2 	timesor 	30 

seconds 	(grandson Sonif Ser Cell Disruptor B15). 

The 	cell 	debris 	is 	centrifuged 	for 	10 minutes 	at 	10,000 

5 rpm at 	4°C. 

The protein 	supernatant 	is preserved at 	-80°C 	until 	its 

The protein assay is performed upon thawing 

10 A  4 3 Western blot  

An 8% acryl ami de gel 	is conventionally 

various 	forms of laml ns A/C. 

used to detect the 

/der ylardde /1st sa aryl. amide 37/1 8% 

Tr i sHel 	pH 	8.8 375 mM 

S DS 0.12 

APS 0.1 

!;t

]'ritorì Xl00 .l$

sf).s 0. 1.1

fìocir.r¡m .l(ì()x vc.h()] ¿r tr o 0,5t
N.ìCl. 50 rnl'Í

EDTA I MM

l':::.sl{Cl 7:)) '1 -4 20 (nM

l'rot:ease r r:i:ibil. o-r I 1:âl).1-oL f o¡: 5(l ml

(I{oc:hc: 1 l-6974 9BC0i }

Ilx Lcmpo.t ¿ l) e ou-e I y, the foIIot*'¡.1)g are óddccl:

Sod r. urn o r t. hovan adû t. ó 1 mM

I,MS r 1 nt"l

'l'he ce .l I s are exposod t-o son I c.-r LIôn 2 t .lln(:-s I:or 30

scccrrds (Bt'arìcJ-çorl Sontfi.er Coll D)-sJ:uptor-' Iìlj;) -

f'he cell debrit rs cent¡;ifugccj Io¡ ]0 minut.o:; at- 1.0,000

5 rpm at 4'(ì .

the pjîol,.cJ.)r superrr¿t¿Ì)t- ls pJ.e.se::ved aL -80o(ì ur:L::-i its

Tha prót¿l r) ¿ssay is ¡retf ormcd upcn ihavring.

1.0 4,.4 . J. i,l.e..f !pfì Ì21_q!

Àn 8S acryl am.rde gel is colìvel)l-J.ona1.J-y uscd c() deL:eci- t:Ìrcl

vürr-oi.r.s f:c.rnL:r <>f l-a:ni n.s À./(j.

/-rc.:: y Ì arLi dc: /b.r -.4 c.:;),.,.,rn1i dc' 3'l /1. fi È

1'¡:i.silCj ¡r)l 8.8 371) ûLM

0-l{
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TEMED 	 0.014 

A concentration gel 	is poured over the separation gel. 

Acrylnmide/blwacrylamide 37.5/1 	3% 

TrisHel pH 6.0 	 BM mM 

SDS 	 0.1% 

Afs 	 0.1% 

TEMED 	 0.01% 

5 The protein consent rat i on of the samples 	Issayed, 	and 

tractions 	are 	adjusted 	to 	50 	ug 	per 	tube 	3n 	the 	lysis 

buffer 	in a qsf 15 pl. 

E pl of loading bu CPer ere added to each sample. 

SITS 	 4% 

TrAsHC1 	pH6.6 	 100 mM 

Glycerol 	 20% 

I-mereactoethanol 	 20% 

Bromophenol 	blue 	 Traces 

The 	samples 	are 	denatured 	by 	heating 	for 	5 	mi nutes 	at 

DEET. and deposited in wells. 

The migration takes place at 	50, 	then 	100 volts, 	In 

a buffer: 

15  

Tris-Base 

Glycine 	 1.44% 

SDS 	 0.1% 

riB

I cM!.I)

1'rr. s -ßa$e

Cl. y(:;. no

C Jìq

* 'I'r'ansfer

À córìcclr t Ì a u r- o!ì gel. r.s pottLc<ì over [.hc sep.lrc]Elc>rt c;c'l -

i1c::yì a:r': dc /L..:. s ac r y J.arni <i¿ 3'l ,5/). 3S

'l'ri sliC.l ptl 6. B

¡lr.l

1'II M II D

:]'/ -s ml',

0-1%

\ 5 The protein conce n t ì:¿l L i o)l of L:he rtamples l-s Élsscì!eci, .rncl

f ract j.on-s a):c adj u.s t.ê(l Lo 50 ¡rg pe:r t-LÌl)e i n l.)ìc I ys r s

buffex rr) ¿t q:f 15 ¡i .

5. ¡rl. of l.oeclr nq br)ííor are add<;d t-o eac.h s¡rrnp.lc.

SI)S 4 i\

Trì.sllCi P)16.8 I00 mM

G J. Yt:e. ro ì ? 0e'

A -^,r, ..,- Jc¿lp.tce t n an or 2 oec

llrorc0f)))onol. b.lue frace:;

10
)
' 'J'he .samp.Lel; ôr e della t t.lrod by heat r ng f or-' lì ml rlLt L c-s ¿r tl

95oC ancl depos:.t-ed r¡r l,reIl..s-

Tl)e m.l g rat. ì on i.akes Pl ace .rt 50, t-t-len 1 C0 voJ t -s , j n

a i:uf fer:
l5

lalinka
Rectangle



the transfermerrane 	ybon P, 	Amersham Ciosci nece s) 	.5  

prepared 	by 	soaking 	id 	ethanol, 	tel 1 owed by 

bath 	n 	sterile 	water, 	and 	10 	non flute 	in 	the 	trans fer  

buffer: 

T xdd -Ca se 	 12 mM 

Glycine 	 96 mM 

Ethanol 	 20% 

The 	gel 	is 	humidified 	for 	20 	minutes 	in 	the 	transfer 

but.  IC er 	then 	the 	sandwich 	is 	assembled 	(MS niprotean 

system, 	B im rad ) . 

10 The 	transfer generally takes place overnight, 	in 	a 	cold 

chamber, 	at 10 volts. 

The membrane 	i s 	rinsed 	in 	PBS 	IX, 	preserved in 	a 	humid 

urvr bnment , and used as is _or detection. 

15 - Pet es t idn 

The membrane its incubated for 1 	hour at room t empe ratd re 

in a saturation solution: 

Casein 	 10% 

Tween 20 	 0.1% 

PCS 	 IX 

20 It is rinsed 2 times for 10minutes in the tA s II ing buffer 

(Tween 	20 	0.1% 	/ 	PBS 	IX ) . 

She primary antibody is diluted in the saturation buffer 

(details and d ibd t i ()A , 	see immunold be li ng below) . 

The membrane is incubated with the primary antibodies for 

25 1 hour at room temperature while stirring. 

,r 
1¡

I'he 1:t-a:rsf'cr rrrc'trtbuâlt(j (l{yb()i) P. AmeISh.arn lli o-Ècìììer.es) l.s

prepared by soakrtrg ll: r:L--l'..rtrc¡1., lc'.1 lowc-:ci by a 5-tnt ntlL-e

ba Uh I ìl .5 (.er:r.l e w¿.. t-or, cln(] I 0 m.l lltttes l-n Llìc I ra:l s J=c':r

b.u f f cr:

Tlio gcl. j.s humid: f.: oo I c'r 20 ml-nuLeÉ -ì ll L:flo 'iral)sf er

t'uf: f c:r., Lhcr: Lhe s.lnclr,{.1(:lì I $ assc;nlbl eci (M-t n-r protearl

s ys t em, l.ì j.o rad ) .

I 0 Thc Lrans f er genera L I y ta he-r Pl .)cê Lìvcrni çh.l.-, r-r) ¿ì col d

ch;lmbcr. alr 10 volts.
th<-: tnernb¡:.r:1e i.'j r)-nsed r n llLlS LX, PL'c'.sc-rvcd I l) a hllmJ.d

cnviìor)rnent, a:rd usc:d a¡' ìs for cl(ìtéctj.olì.

1-q - l)etec l-: on

The mcrcbrane is rncrrbatod for :l ll()r-i): at room i-ellLpe ratuÌ:e

rn ¡r .G âi-- urâ t j. o)l soi-ut-ron:

T Ì'.r ¡i - Ba s e

Cj I y(:1r) c

FìL-trânô1

Caser.n

'I'v¡eorr 2O

T)B S

12 mM

96 mM

]X

)

20 .l t r..s J'r)lsecj 2 tr.r-rîc:ì íoL'l0 m.l nui'.ès l.ll the wals)r! ng [':uf'f el.'

('ì'wcc'rr 2C 0.1.t / l)1.ìIi lX).
'l'he ¡:::.r.ln.r ry ¿IIl.. j body .r.s di I l.t L:(lcl ). Lì the s¿lttll a I' j <ln l>tl{' Ier

(dc La r L s and cl j .l u [..t.c:rt, .sec I mìnuno.l al:<:J-.:' irg be.1 ow) -

'l'he :nembr¡.rr,(: r.s illc:u)-^'a (:e d v;j.L:l: i.l'.c Pt'jm¿lr-y an1'--lbocIi ('l -s f or

ils i hc.t¡r.' a I J:ooln 1:emp(-)raL LlÌ'e wh ]" i (l Irt i.):l:.1 ll9 -
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rt 	is 	then 	rinsed 	3 	times 	bur x, 	g buffer, 	then 

washed 3 times for 15 minutes with 	, 	e buffer. 

The 	secondary 	antibody 	(system 	coupled 	to 	peroxidase, 

Jackson 	immuneresearchl 	is 	diluted 	to 	1/10000 	in 	the 

saturation buffer'. 

The membrane is incubated with this solution for 30 to 45 

In1 nn yes at room temperature while starring. 

n 	rinsed 	3 	times with 	the washing buffer, 	then 

washed 3 times for 15 minutes with the same buffer. 

10 The 	detection 	is 	performed 	with 	the 	ESL 	Plus 	Western 

') Slotting System 	kit 	of Amersham BitSCieSICC, 	according 	to 

the manufacturer's instructions. 

After detection, 	the membrane 	is exposed on a Siomax MR 

film 	(Kodak), 	for the amount 	of time necessary to have a 

15 satisfactory sianal. 

A.5 Immunolabeling 

A.5.I Cell preparation 

A cell culture is trypsinized, 	and the cells are counted 

20 an a Neubauer cytometer. 

Labtech 	culture 	wells 	(Nuns, 	ref. 	111399) 	are 	seeded 	in 

1 an amount of 5x101  cells per well. 

The 	complete 	culture 	medium 	is 	supplemented 	by 	the 

treatment(s) 	(statin, 	IIIIP, 	both), 	and 	the 	cells 	are 

25 cultivated for the ad hoc time. 

The culture medium is then suctioned, 	and the wells are 

u is 	xbded, 

'The slides are washed in PBS IX. 

The cells are fixed in a pars formaldehyde 41; solution 	in 

30 (1115b 	far 10 midis:ass at room temperature. 

A 10 minute washing in PBS IX is performed. 

60

! .. i..i 1.ltct ìil)s(ic.l :l t. rmesi I¡¡j L:il t- Llc H¿) srh-l :lg f-'l¡ ffe r 
' 

l'llGIì

wesheo 3 Lintcs J=o): l5 rnrí)tlLe s: wl tl:) ì-))c .s.:mc l¡ul:fr:L-'

1'he sec<;nciary antibody (systcrn (rÒupj-ed tlÔ ÞeroliJ'dase,

J"rck-.o)l L mnru o <¡r'e s c'a rch ) .rs dr I u(:c;ci to ì/l0O0O irl Uhe

5 saLu.râtion buf f'c.r..

'llìo ncmbrane is rrlclri¡al-eC l¡i L:lì Ll'..1 s, sol-r'lti-ol' f cr- 30 Lo /¡5

Ìu nutes ¿rt ì'oom l-enpÊr¿i-uJ:e rvhi i<: sIir]t-1r)g-

i t r .s 1:lìèn ):ìììscci .i L::.nL<¿s u.ì l.-l) L:lìc ('¡a sh-l ncl l-'ttffi¡ r|' L:helì

rv.is)rerJ -l L--iLnos fc.:: !i; mi.rlutcs l{i L.h Lhc säme i)uf l'c'r'

iO Ti:o cietect.r or) Í s perf or.-me(i !'Ji. Ih L;irc IICL /--Lus l'lL"s Ici:¡

Dl-eLLr-)tq Systeû kr i: oí /\mershartl Blcsc.l en(:c, accorcllrlg Lo

une manufacLuleI's llrsLructions.
¡rt Ler detecUr.clì, til)e memt)ìlàllc i-s expo-sGCi oll â Biolnax t'1R

f .r.[m (l(odak) , f c¡: thc ainotìì)[ (-'í L)'inc ne(;ess¿tLy 1.o l)¡lvo ¡r

l.-\ sa [.r .s íac1'-ôf y srgtra I .

L.---s ..-.L¡:ÌttY..rrç]¡Þç-Þs
A. 5 . l. CeLÌ.*PJ-9PiI-n!_9I,

A cel-l cuJ.Uur:è is irypsÍn5-z:od, ancl l-f:cl ce -l-l's ¡lro counted

2-O c:n ¡ N cuba ue r cy" ome L() .L .

L.lbtech cuil:urc wel..Ls (Nurlc, t-et - 177399) aro seeded in
. ì ¿rrì ¿tnount of lixÌ04 ceiìs per wolJ-.

the c()Irplct-c cul l:u.:-'c: medjurc ir; st¡p¡)lemcnted by [)ìe

LrcaLment (s) (sLôLrn, Nlil), both), ¿rrci the ccl-ls ate

25 cuiL--rv¡r!:cd fot.' the .Jd ,l)óc ciln(j.

Tlte c:dLture rncdrum is 1;herrt suc:tì()ned/ âi)d t'hc tr'e'l ls ':re
cr l.ç.r s:; Ontb ì ed ,

'l'hc sl.r.clc;.s ¿{rc $¡¿r.slled ir) 3BS I'X.

T)ìe ce.ll-s are l:ixèd ÌrL a P.r'rrêl'-()rmaldehYdo 4ti sc>l rr'L!on (in

30 f))l.S) foJ: 1.0 m] I)tì''-e{; cl L'. róon tempêr¿ltLlrc

A i0 :nj.nt:tc ua.s)r:,uq li) i)lì.'j lX ls perfoÌ'med.
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The cells are dehydrated by a series of 3 mi nate baths in 

FOillt a ons 	with 	increasing 	ethanol 	percentages 	(70, 	90, 

100%, 	ved th the last bath being repeated). 

After drying, 	the slides are stored at -80°C until 	use. 

A.5.2 Labeling 

After thawing, 	the cell= art incubated for 5 minutes at 

y 	chamber 	in 	50 	40 	of 

pormeabi I i zation solution: 

10 

PBS 	 IX 

Triton X100 	 0.5% 

RNS (Rabbit 	Normal 	Serum, 	5% 

Vector 85008) 

Protease Inhibitor 	 1 tablet for)0 m1 

(Roche 	1169)4980011 

3 	pre-incubation 	baths, 	each 	for 	15 	minutes, 	are 

performed in 50 µI of the incubation solution: 

PBS 	 1X 

RNS 	 5% 

Protease 1nhibitor 	 1 	tablet 	for 50 ml 

(Roche 	11697498001) 

5 

The 	primary 	antibody 	is 	diluted 	to 	1/100 	in 	50 	µl 	of 

incubation solution and placed 	in contact with 	the cc) 1 1  

for 1 hour at room temperature in a humidity chamber. 

The,  primary antibodies used are of two types: 

20 - Mouse anti -1 amid: A/C 	(P-term: nal 	side) , 	clone 	IA7, 

donated by G. 	Morris  	(Oswestry, 	UK) 

6¡

I'l'.e cc:l.J s a::e clc:hydr¿L(:d i)y .r -se.rìe.s oí: :] rìrtr)utc l:autrs rli
sojui:rons v¡-1.l:h r- r; c: r c:,ì.s i rlg oLi)¿ll)ol ¡)rj l:c(-:Ili--;) g (: f; l'lO' 90,

l00i\, r,¿.r th l..he lasl: b¿Lb bc::.rrg rc¡>eal'.ed).

ÃfieI dryr.ng, tlre .sì jdr'¡.s are s1.ó1rod àt -80'() trnL:.1 uso.

_q

4-,.--l-.-- ?.. ..1 qÞ-ç:1.-r-ls

Af Lc!: th¿ir.r-Irg, Ilie c:ei.].1.s a rÇ: :.r:cu]r¿t Lcci [or .') ml :]ut e.s .l L'.

.r oÒrrL Lorrìlrcr ¿r L L¡.r.'c ì r, a h'.:nir d i L.y t:l:¿rlnl:cl' l.ìl :)0 lll. of
pc rnrca b: l-izaLrôrì $c'.1.r¡Li on:

P)1.ç lX

]'tr- t on X100 0.5ß

RN S ( lì.r bÌ.r j. L: N ó¡Lìra l. S e Ì. r¡m, 5"'r

Vector S:>000)

Frc.tleasc irrhrbito¡.' i Lal).l.et for 50 ml.

( IìÒc:he ) L6-a'l 49800i)

3 pre..rncul)at-r-or) baths, each for '15 m.lnu1:es, âze

portoÌmcd rn 5O ¡rI of uhe .rr)cube(:ioír sÒl.uLl.ol):

P I]S

RN:ì

i'rot ea-sc li niri L:: i.<-'r

(lìochc' ].1691 4 98 00 ? )

tx
a.a

1 tab.let ll<;¡: 50 rnl

LÍ:

Thc l)rr.môry ônt ibooy i s cl.r.l r.:L:e<i Lo 'L/100 
.1 tr 5O pl. of.

rn(:ul)41- icril .';<;Iu!. r on arrci pl a-cc;d i.r: coti [ ¿lci: rvj 1..ìr L.he t:c.L ] ¡;

t'er ) hr)ri.r; ät- re()rn L:crnpcrâLu.l'c r¡r a hurnioj-t--y cl)¿IâbeJ-.

f i)c. È)r.'r )na ry ant i lx)d i e.s til;ed ar'c¡ oL l- t{cÌ i.yD(ls :

20 - l*lÒLrsc ant.r -l¿Lrn.r.rL A/(ì (N-rc2'rnj nal :-- jcle), c].on<-: 4L7,

(ior)41:ed r.:y G. Mc-rr. r i s (Clslvc-sir y, (J¡^i)
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- Goat 	b 	 A 	(C-terminal 	end 	15 	ad), 

product 506214, 	Santa Cruz Rioter-Lucien b 	Inc. 

3 rinsings 	in 	SO 	bi 	of 	PBS 	IX 	are 	performed 	for 	15 

adnotes each. 

5 	The 	incubation 	with 	the 	secondary 	antibody 	takes 	place 

for 	1 	hour 	10 	50 	m- 	of 	incubation 	solution 	at 	room 

temperature 	it: 	a 	humidity 	chamber. 	The 	secondary 

antibodies are of two types: 

- Donkey 	anti-mouse, 	Jackson 	immuncresearch, 

10 	dilution to 1/100, 

- Don key a otipgoa t , 	Jackson Immunorwsearch , 	dilution 

to 1/200. 

3 rinsings 	ir 	50 	bl 	of 	PBS 	1X 	are 	performed 	for 	15 

minutes each. 

15 	Incubation with 	lb() pi of 	DAPI 	50 ng /m1 	solution 	(SERVA, 

re f . 	18860) 	is 	performed 	for 	15 	minutes 	at 	room 

temperature in a humidity chamber. 

3 rinsing s in PoX IX are performed in slide-holder tanks 

for 5 minutes each. 

20 	A final Tins 	_nI. 	performed for 5 minutes   in a solution 

of Tween 20 at 0. IA in PBS. 

A.  5.3 Presentation  

The cells 	arc 	unersed 	in 	one 	drop 	of 	VectaShield 

5 	( Vector ) , 	cove red with an object-cover slide and observed 

under 	a 	fluorescence 	microscope 	(Leica 	DMR, 	Leica 

Microsys toms ) , 	equipped 	with 	a 	coolTNAP 	camera 

( Pr incet on ) . 

30 	0.  Results 

0.1.western blot 	(figure 	1'  

G2

- Go.it ltÌL.l -f))ael anì.r lr A (C-Lc):.nr¡).ll <:ncl l5 ¿.1),

p.rÒducL liLGr!1r', Si.ìÐ[¿l (l):u?. L3.r o 1.. (;lLÊôl og )', ]nc.

3 r::r:;l nq:; i o 1;0 ILÌ of PBS I X ¿.r:c perJ:ormcd fc:r I5

rllr- fril [ (J s ô¿ì(]ll .

5 'l'hc-: lnc:ul;¡L-:-<>i: r.¡j-[]t l-l)e .s(-jc())lc.lâÌ-y ¿tl)ll-lbody l:.:kers pÌace

{,or I h<>ur i.n 50 rrlì c¡f l. ì) c.ul).1ì. r ())l solut-.ì on at r()om

temperaturc jn ;r irr-rrnidrt-y r:hambe-r. The seconcìa)ty

ânti¡:c)or.es e-)'(] of L.l¡o t'-ypca:

- Do)l ke y an t i -mcl.l s (: , J.rc- ksoll I n:tuttc rc -'; ca t'ch,

10 (j.r.L()-,-.ro0 L:o 1/ì00,
- l.ran key .)n L--i -o()¿t, Jacksoll Ìmmur:orosc¿rrch / d r :[Ir ì i on

to 7 /?O0 .

.ì ::.r :r.s: ngr; i¡t 5C ILI of Pll.9 l.X ar.e per:forrnecl I cr ]' 5

m j nut e.s (..4 cl) .

l-5 rircubat r c):r witb ì00 ttì ol DAPI 50 nq/rnl so.l.L¡Li()ìr (.9I'.t{\t,q,

reÍ. 1.tìB€C)) r.s Irè.rf o).rrted f.or Ìlt mrnut-e-s ai' r:oom

Ucmpcratu.r.'e r.n ð humj.cir.Ey ch¿{mbcL.

3 rrnsrDgs rìr l>¡lx lX ate ¡)erf <.:rtned in .sl:de-ho)'dcr Lanhs

f o ¡: l¡ mi :tu1--o l; <-: a cll .

20 Il final. rjn.s jnç is perícrrnod fc.r 5 mi.nutes 1íl cl soilrtrol)
of 'I'rçc.c:n 20 ¿L 0. il in PLìS.

4-..-.Þ.--.-i...f.-r.ç-.s-ç, ì i íì.!.].e-a

i'he c.e11.s ¡)r(ì rnuner.sc-:d jn ooe dì:oI) of VectðShie-lcJ

?5 (VocLo.t), coverccl wrth, an oll¡ ocU-cover -'l ide ¿rIrd cbservcd

unde¡; a f' .1. u c;:: os cor: cc :nÍcrclscope (Lorc:a DMI{, l-,el-c:¿l

vr-crosystc':mr,L eqrì.ìppec rviL)l a co()l SN^P câtnera

( [>.:- r-: t<:r+i- r-':r ) .

:tCì _1L, B_1,_i'_,jL!.^.s

lJ . I , t^t(-r.5 Lrc.rrr: blo L_ . (_! +-gç-f.c- ,_l_)
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5 

10 

"Normal" 	control 	fibroblasts 	were 	treated 	with 	a 

hydrosolbble 	statin 	(pravastatin 	0, 	20 	to 	100 	pM), 	and 

with an andnebimbrsphormte 	(NBP zoledronate Z, 	20 to lee 

pM) 	in association 	(Tracks A to 	I, 	respectively 020/220, 

020/260, 	020/21e0, 	060/220, 	060/7.60, 	P60/2100, 	P100/7.20, 

0100/260, 	0100/7.1e0). 	The 	Western 	blot 	shows 	the 

"appearance" of a band corresponding to the Mom of the 

norismatre 	prelamin 	A 	(non-truncated) 	as 	a 	function 	of 

the 	increase 	im 	concentration 	of 	the 	two 	molecules, 

confirming that earnesylation is necessary for maturation 

of 	:acorn 	A. 	This 	result 	shows 	that 	the 	blockage 	of 	the 

farsesylopp 	synthesis 	at 	2 	points 	of 	the 	metabolic 

pathway 	is 	more 	effective 	than 	a 	blockage 	at 	only 	one 

point on the inhibition of the farnesyltion of prelamin 

IS A, 	at least es Miro. 

0.2 	Response 	dose 	and 	time 	in 	aminohistochemistry 

(f4911Lfic 2)  

Response dose and response time curves made 	it possible 

20 to determine maximum efficacy by measuring two parameters 

on healthy control cells, 	then on SOPS patient cells. 

The 	most 	effective 	association 	of 	pravastatin 

(hYdrosiolubl) 	/ 	zoledronate 	(PPP) 	was 	obtained 	for 	an 

administration of 1 	GLI of pravastatin over 24 	hours, 	and 

25 zoledronate 	over 	12 	hours 	on 	the 	healthy 	cells. 	No 

icity 	was 	observed. 	On 	the 	HOPS 	cells 	(sells 	with 

nuclear 	abnormalitims), 	using 	the 	same 	administration 

protocol, 	the number of "deformed" nuclei 	decreased from 

5% 	to 	40%. 	The 	prelamin 	A 	level 	obtained 	on 	healthy 

30 cells 	was 	measured. 	This 	nbasurement 	showed 	a 	maximal 

level.  

Ù.1

"Nc.) ¡;m.r 1." cÒrìL r c)I f ì broblûs tls Here tr o.l I ed ('¡ i L:h ¿l

)ryd|osoJ Lrt).Ì ê rì[¿rLtn ( p r.'a va s t: a L i I', P, ,:0 Lo 10G ¡M), ¿rtci

wr.l'.h ar) anlr rt o)>.t.¡;lto.s Phor);r í: c (NBF z.o J. ecJ.l: cn ¿ te Z, 2ti t'-o i00

1rM) irì .r.s rì o(: i ¿ìt r ó)ì (]'raÇk.È A Lo I, .r:e.sPêctll-vel y PzO/zt:O,

t>?-o/?.e0, ?2-N /ziaQ, i>60/z?-o, ?60 /7,60, t'60 /ziao, Ptoa/z'2c'

l')C¡0/260, P1OC/Zl OO) . 'l'ho We-.terrr b j oc shr)w.s t.lìe

" a p¡.re.r t-.: n c: c-: " o{. ¿ L'aitcl r: c>r t'o spond ) n g 1.o the .si7(-r t): Ll'¡c

lìon^mât--ur(l ¡-'r<;i;rrnr r': /\ ( no n - L:::r.l¡l ca I ccl ) ö5 ¿ì f Llnc:t I o]ì ()l-

Llìc 1r)cÌ'ease lìr cor)cellLraI j on oi trhe l-v)o Ilo]'cc:u]e'5r

colìl': l'nli ng l,lila I faJ-ne.sy] ¿ [-Lor) ]--s ne-ce:i¡lary ,:or rn L:Llr-a I i-cL)

of iõrnr:r A. 'l'l^:rs tcsul f. s¡ì()ws tlìât the ):lockage of Ll)o

1-ar rrc.sy I - )))) syn t.hes.r sj ù t 2 Por r) Ls of L--ho )netab'al j.c

pai.hw¡-y .r.s ittL\.tc c'f ÍecLlr.Y(') Lhân a bl ockôge a1-- only or)e

por.))L on i.her .r.nlrii¡itl.on <;i: r:Ìrc-: f a.rnesyl et:.óll or: prel;imÍn

A. ôi.. l-east ex vir¡c.¡.

8.2 tìesglnjifÌ .q9Íç
.l-!.+.s!.rç-?.-L

and trrrrc itl ì mnirl-cr_Ì1_1_-''!sc !smr s-.ç,¡J

Responso dose atrd J:(rspóllse i-Lme cul:vos rnade 1t possrbJ-e

to determine nraxj.murn ef f jÇ¿rcy Dy measur:rnç t-wo parônlei:c.ts

on ircalt'lry cort:r.-aI c:crJ.ls, then on I'IGPS pelrerll ccl-l-s

l'he mô.s1. cffcctive ússociat-ioll of p)tavasi-dLr)l

()r yd ro,*o J. i:b I r,. ) ,/ z;o.l-cdrotrate (NIIP) t'¡as ob1:attled for art

aclmini-s1--r¿.tu1ón of 1 pM c.:L ¡-'¡¿uu"a..ìt"ln over 24 houls, 'ind
zoleclr.'on.¡Lc ôveÌ. 1,7- hour.s oll the healthy cell¡;- No

i.óxrcriy was ok'sc'rvcci. On t.he IIGPS ceiìs (sel-ìs Nr t:lì

:r¿ci.e¿r' abl:orrna.l..r Il es), us].1)g thc s¡lrne admr¡ij-sL¡at j c¡n

¡rr ol- oc:oI, ':: lì(.- n.rtìlro.l' of "<ìcfornrcd" llucl ci r dcc:re.l sed f l:c:nt

'i 5E L:Ò 4 Ot . 1'hc' ¡rr.-e.l ;rni Lr A I evel. Òbt- a.ì lreo on hc.rì thy

cells v,¡as rnc-ì¿tstrtc'd. 1'hi.s rtlc ¡.t.s u ì:c)ne n1: slìÒHed a m¿r-xrnt¿tl'

lcvcl.

20
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6.3 Effect of the immunohiptochemistry treatment 	(figure 

3)  

The 	combined 	action 	of 	pravastatin 	and 	zoledronate, 

treatment: 	Pravastatin 	100 	pM for 	12 hours, 	Zoledronate 

5 20 	pM 	for 	6 	hours, 	shows 	better 	efficacy, 	since 	the 

prelamip 	A 	level 	produced 	in 	healthy 	cells 	treated 

(estimated at 35%) 	is much higher in association than if 

the molecules are added alone 	(respectively 25% and JAG). 

Moreover, 	the rate of deformed nuclei 	(sign of toxicity 

10 on healthy cells) 	is minimal 	(below 10%), 	and below what 

it 	is 	en 	cells 	treated 	with 	pravastatin 	alone 	(around 

l2%). 

0.4 Action on aged cells by A. 	unohistochemistry 	(figure 

15 4)  .888  

As a function of the number of "passages" 	(number of cell 

subcultures), 	therefore 	the 	age 	of 	the 	cells, 	the 

proportion 	of 	abnormal 	nuclei 	increases. 	This 

characteristic 	is typical 	of non-treated HGPS cells. 	If 

20 HGPS cells are treated with Pravastatin 1 pM for 24 hours 

and 	Zoledronate 	1 	pM 	for 	12 	hours, 	this 	proportion 	is 

maintained, and 	even decreases slightly 	(less than 40% by 

comparison 	with 	more 	than 	80% 	in 	cells 	treated 	with 	a 

placebo). 

25 

B.5 Conclusion 

The 	pravastatin/zoledronate 	association 	is 	effective 	at 

doses 	for which 	almost 	no 	effect 	is 	observed when 	the 

molecules are administered separately. 

30 The 	physiological 	effect 	of 	blocking 	the 	prenylation 

pathway is therefore obtained with doses much lower than 

those 	used 	in 	a 	single 	treatment 	in 	the 	articles 

IC

6lI

.B- ¿_ ,lEf 
".1*g^É..._t 

ho immu noh i .s t-o._-c-lJ^ê-.ln] E_L ry_j xs-glggr L ( f r qu ¡:e

;" comL:incd acLron of. pr.rvastatin and zoLed¡:onate-,

treât.men-.: P¡avastatrtì L00 ¡rM for 12 hour-s, ZoLedronate

20 IM lor 6 hours, shows bcLLer efflcacy, since Ehe

prelamj.n /l .level p.toduced rn healtlly ceJI-s Lreäted
(estlmated at 358) js much higher in ¿ssociatj on th¿rn rf
the nol-ecul-e s âre added alona (respecuiveiy 25$ and 153) .

Moreover, È)ìe rôLe of defo¡:med nucl-er (sign of toxj-crty
on heatthy cefls) is nrnrmal- (below 10â) , and bel-ó$, \'r)ìât

it r.s Òn col-l-s treated wrth pravastaÈin al-one (around

12r).

B, 4 Act j.on on aged ceL.l.s bv j mmunoh_r--s.!.9ç¡$Á-!!l (f r ure
¿t

iJ o run.t¡on of Lho number of "passages" (numbcr of ceIl
subcul-tures ), Lherefore thc age of tlìe celIs, 1:he

proportion of abnormal ntrcl-e¡- inc.¡:eases- Thj-s

characterrstÍc ís typrcal of non-treated HGPS cell-s - If

HGPS celLs are t¡eated with Pravastatin 1 ¡l'f for 24 hours

and ZoLedronate 1 llM for 12 hou¡:s, thr-s proportion Ís
maintainod, and even decr:eases sJ-ightly (loss Ùhan 40rt by

comparison with more tlran 80t' j.¡ ceLl-s treated w1'-h â

placebo).

8.5 Concl-usion

The pravast alín/ zoledronô t e associal.ion is effectrvG ôt
doses for which al-most no effect is observod when Che

moJ-ecules are administcred separa Eely.
Thc physioJ-ogical effect of btockÍng LIìe prenyJ-arion

pathway .rs therefc¡re obtarned with doses much lower than

those useci in a srngLe treatment in the articl-o's

l5

20
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published on cell cultures- 	 2006  

pM 	of 	pra v a s t at in 	alone 	on 	v a scua a ), 	cell 	progenitors;  

Paint  	g 	a 1 . , 	1992 	(13) , 	25 	pM 	of 	prava sta th n 	a 1 one 	on 

neonatal 	rat muscle cell s ) . 

5 

Example 	2: 	Effect 	of 	a 	compos i t i on 	a -co rdi na 	to 	the 

invention Inca udi  lig  a hydrosol uble hydros vmethyl g a ut a r3Mi, 

coenzyme A 	(PMG-Ocdt) 	red u t 2 se 	inhibitor and a 	I a rnes yl - 

pyrophosphate synthase 	inhi bit or on the di vi si on 	of 	aged 

30 human f ibrobl a s t: and on  yound human 	blasts,fPbro 

A, 	EXAmPLE  OBJEClaVE  

In this example, 	the evaluat i on of the in vitro effect of 

a 	composition 	according  	to 	the 	Invent _on 	including 	a 

15 hydrosol ubie 	hydroxymet hy 1g luta r yl -coen z yme 	A 	(IMO-CoAl 

r educt a se inhibitor   and a _a rnesyl-pyrophosphate synt ha se 

inhibitor on the rate of cell division 	(mitotic index) 	of 

fibroblasts was measured. 	A comparison of 	the 	effect of 

the composition   on aged human fj broblasts with respect to 

20 young human fibroblasts was also performed. The number of 

active agents 	used in 	this experiment 	_s 	four, 	and the 

products 	were 	used 	_n 	pair 	combinations. 	The 	active 

agents used are: 

Al: 	Zolendronate 

A2: Alendronate 

131: R ra va s t a t i n 

132: Sirivast at in 

Th 	per if lc a ssoc ip Lions 	that  t 	t 	, 	ascd I n 	this exanga e 

are 	AlS1 , 	Al E2, 	A2111, 	A2]32. 

30 

PROTOCOL  

rû

6!;

Þul)1. r shed on cjel I ç.t,1L--u.r.es (Kusuy.jm,ì & ¿i., :lCC6 (?l), LA

ILM crf I)r¿vä.5t.rt tì) .: lt¡nc o:) vasc:ular t:c:.1-l- I-'llc(ìel)l-1:c'.t€ì;

lì'l.r ì)t & a)./ 199/ (13). ílli pM cf pr¿lvas[¿ L.i l: ¿¡l o]ìe on

necncll:al- ::¿E muscìo c(rl.l.Ê) ,

IlxarnDle ?-: Effecl: c:L ¿r coriìiro.s11-- i on acco!ld-lL)(¡ 1--(> 'i ìl(-:

i rr.v-g¡.ç t.gt} . -]-tìç-l-Èq!lg-i- lly-cl I 9.i:.c).i.!Èl-cÌ h YÍ!-9.,-*-.Yqf'.L,hYl.si-!.ç ?.|)i,l-::

()()êrì r ymo. /r ( IiMG *CoÀ ) .:.'ed uc1:.r sc-I . .rrrh j.b_j..1._o.r__.':_nd ..¿l I q.+ì.qjr y¡ :
LJ_l_,æ\9,:pl'_it9_ :i.V.rt-t¡3,:9_ .ì,U.htè.t!_9]-.__,1,1..._!.1_e_!ijI__s_l_gil !ìf_ q9.9-._q

.LlUJr,Èìl _!!¡_o_p_l_S¡._l__:'"4 .9n ..y91¡.ç9-j_ìim?¡_!_íÞI-Ð-I-n=:!,:.

À,--' ìI41I--L'lì---o Li:l llÇ ï J.Y c^

In th.r.s example, Une evâl.Lì¿lL r on of [.])e rJl 1'.Í tl'o ef J:ecU of
¿ cônpó¡;itron accc.r'ding 1-.o (.:)c' itlvelrt i o:r rrr<;luding ¿)

hyrl;:osoì ubJ.r) hydt oxync Lnyi gl u ua.r:yl -cócl)'/-yme ,\ (llMC-cÒA)

Ì. eciuct a.se .ì nl) r br t or ¿rtld a Í'a rrLcs y J.-pyr o¡:ll<..:s¡;lia t:(ì syn [-h.)se-

:rllrr.bi'.<.¡¡ on t-l)e rate o!' ce.l .L divisl.c.ll (maLoLrc i.tid<'x) of
I'i.brob1¿:.sts w¿s nte.asured. /r ccnparison of uhe c-:lloct: ol:

the compo.sÍt j.on c>n aged hutnôi) J= i I: ¡:ol¡ l a s t '' wr l-h resp(:cl- 1:o

youlrg iru)nan frbroblasts was ¿.1-so ¡rerformecl. Thc nittnbe:: of
a(:t i ve .lgen1..s u¡;<:d trt thì s ex¡rerrntorrt i s fotl:', arrcl 1:he

pÌ.'oduc t s vreÌre used r rì p¡rrr cotni>;.na [.1oIìs . Tl)e ac.I rve-

aqer)1.s usecl ¿rrê:

^1 
: Zc.l e ncl r.'onate

A;): A.l.êlldro)ratc

Bi. : ))rav.ls t..3i: i ll

:12 r Si.mv¿$t-.ìii.n

'l'hc: spr.:c'i f j.c. ;.lsr;cc::-itLi<..¡ll:s t it.it v.re f (-l L',scc -t)) L:h.1-') c-:z;rrtt¡>.1 c)

¿'rr() : 
^llì.l 

, AIB2 , h|l.B\ , A2D2- .

í-¡. t'1ìolocot-
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In 	this 	example, 	two 	batches 	of 	fibroblasts, 	aged 

fibroblasts 	(batch no. 	9052) 	and young r inint Ix s h a 	(batch 

no. 	7080) 	were placed 	in 	culture 	in 	a 	RAE] 	( lnvit imgen) 

medium 	containing 	108 	fetal 	boyite 	serum 	without 

5 	for 	24 	hours 	after 	t type it i. nation 	of 	the 

dishes provided. 

Inc 	various 	a cove 	agents 	were 	added 	al: 	a 	teal.  

concentration of 1 	ral, 	each for 24 hours 	( a 1000 dilution 

of a stock solution in water for compounds Alm  A2 and Bib 

10 or in Ethanol 1M0% for compound 82, 	was produced). 

) The 	mitotic 	index 	was 	evaluated 	by 	incorporating 

Binmodcoxyuridi ne 	(Bra ) 	over 	45 minutes after 	24 	hours 

of incubation of the cells with one of 	the active agent 

combinations. An immunohi s tocheadca 1 detection showed the 

15 cells 	it 	the 	DNA 	synthesis 	phase 	(pre-division 	cell). 

Staining of 	the nuclei 	(genetic ma ter ia 1) 	wa s performed 

by incorporating diamino-phenyi indole 	(DAP)). 

Six 	microscopic 	fields 	(OLYMPUS 	IX 	10) 	were 	obtained, 

enabling 	the 	mitotic 	index 	to 	be 	measured 	by 	image 

20 one ly sin 	(OLYMPUS 	Ana 1 ySIS ) . 	The 	mitotic 	index 

corresponds 	to the 	ratio of 	the number of nuclei 	having 

1 incorporated 	BrdU 	over 	the 	number 	of 	nuclei 	having 

incorporated 	DAPI. 	An 	a v erate 	index 	is 	stet it t ica 11 y 

calculated with a standard deviation of between 0.005 and 

25 0.061. 

A 	bilateral 	Student 	test 	enabled 	the 	statistical 

sidni idcance o t the insulin obt a ined to he measured . 

C. 	REMIElnin 

3(1 C.1 Genera_ 	ua,l obse rva Len of the cells 

l0

)-l

1) .\

6(r

In L:lì) s e.yamplrj, L.h'ô lr¿t-c:he.s c.:f I ib¡obl-¿sLsr ¿ì!le(l

í': Lr::r;l;.1 ûs L.s (L.a uc:h ìra. 9052 ) ¿lld yc)ung i r br.'ol;l ë-s1: s (b¿ L cL)

no. lCß0) wcrc pl-¿ced !n cuìLu¡.'e in a IìeMI (ìnw:tr-c:gcLt)

¡nedl um r.())11:¿tr'irilg 10t¿ fetài bov-rLrc ¡;erum er-1 l-h()tlL

a Lì L .r.b.ì c t .t. c.s f()r' 24 hc.ur-s êl:tcr tryf)sr n17:iltll-on of (-i:e

d j.:'lrcs 
¡r r. <rv r ced.

'l'hc v¿ r -ic¡u'; cìct I ve ¡rgcnt s l¡el-e acìr-l<':cl a1: a Í i-t.'t l

<'-r>:rc;c-r'. L:t â L:rô)l of i ¡.rM, eaclt lot' 2 4 hou r¡; (a I 00Û d-r Iu Ll-on

olì ¿r sLock soiutJon irr watcr íor c<:tnpcttnd.s Ã1, -\2 at.,d B.l-,

or ::r lithariol- lÛ0i for.- ccmpoul-,d ß2, w.rs plo<lllc'ed) .

Thc+ mìto1-.ic r.rìdcx was ev¿l.uaIcd by 1Ðc.)rPorõt 1]ì9

I3.r c-'nrc:<icox yu.L'r q i ne ( llrcìU ) ove.l: 4 Ii minut(')s .ì [ (:er 2 4 l)ours

ol' i :r cr.: b.r 1: i ôll of Uiìe cel l.s wiLh olì(i ()í: tltc acl-ive agc'lrrt

cc;¡rrl.¡i rra t i on s . An .rr,nunohistochenLic(¡l detcjc;Lll<¡r, sll()wecl the
(:o.1..1..s r r) Lhe l)NÄ .syrìi:itcsl -.í pha.s(ì (pre'-dj vl -sl'()l) ccIL ) .

S ta r.n r :rg ol L)ìe lttìc.l.e l. (gor:c i:r c ìna1--e l:-rrì I ) Ita s pêrf'Òrmcd

by rncolporal:rrrq diamino-phenylrrrdoi e (l)A?1) .

Sr.x .nicrc.scoF..tc f r"eiCs (oLY14PllS IX 70) r',erè ol-'tal-ned,

enakrl.rng L:)ìo mr.cotrc .indc¡x to L'e m(rasurecì by l-In¿ìgo

.rn.rl.ys.ì.s (Oi,Yl4Pl)S ÀnalySIS) . ]'hc mr'.ótic rndex

c:c. r- :- c spo r:<ìs t-o t¡le r¿rl..rc> of tbe nr.rnLl;c'¡ of :rtl<;l'ct havj-ng

incorForaUeq BrdU over t.he l)umbc.L' of lluc-l-ei hÐvrl)g

rrr(:órpo!:aUca L)API.. Ar: aveJîac¡e l rl(ìcx rs sL¿lLÌ st l-c¿-l-l y

cc-¡ l clrl a1-.ecl rçi ti: a s l-anda ):d dc:vi ¿t t- ¡.oLr of- l>ci:ween 0 . 00 5 ¿ncL

0.061.

A bi i ö1-.er¿ i stuc¡en t L--c:ì'L ei)cli)i e(j tllc .sî-¿r L:1 ¡it.1c¿li

1ììgìrt-í rcan(:e <¡f; t:l:e .l-'cstì-l-t.s (rt)î-;lLIìcd Lc¡ be it.oal'ul-r-:d.

!'-, --!l"llhll-íi
Ci . I (;eÒc.L ¿j v.r. sua I <;b.sol vai j.or, C1 !,!l !o----!:-ç:-1.-.1 q
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These 	results 	show 	very 	low 	CiiV.Sioll 	capaciay 	mono  

aged 	fibroblasts 	in the absence of any troatnmnt, 	prior 

to the study. 

The young fibroblasts showed a division capacity superior 

5 to that of the aged fibroblasts. 	The division capacity of 

aged 	fibroblasts 	was 	below 	5%, 	while 	the 	division 

capacity 	of 	young 	fibroblasts 	has 	15.64. 	The 	difference 

in 	division 	capacity 	between 	the 	aged 	non-treated 

fibroblasts 	and 	the 	young 	non-treated 	fibroblasts 	was 

10 therefore equal to 3. 

In [his example!, 	no toxicity was visually observed after 

24 hours of incubation of the fibroblasts with the active 

agent combinations tested. 

In 	this 	example, 	no 	toxic effect: 	of 	ethanol. 	(0.1% 	final) 

15 was observed after 24 hours of incubation. 

0 	ellAthAlgON OF THE MEITYTIC INDEX 	(FIGURE IO  

In 	general, 	the 	number 	of 	aged 	fibroblasts 	without 	any 

treatment 	in the 	DNA synthesis phase was extremely 	low: 

20 less than 5% 	(see 	figure 	5, 	column 	1). 

The mitotic index was 	also not 	very 	high 	for the 	young 

fibroblasts: 	on the order 	of 15% 	(see figure 5, 	column 	6). 

By comparison with 	the aged control 	fibroblasts 	without 

any treatment, 	the control fibroblasts exposed to ethanol 

25  (0.14 - 24 hours) 	show no significant difference 	(p5h.11a  

n-b) 	in 	their 	mitotic 	index. 	The 	values 	were 	then 

combined 	(control, 	na12). 

The 	results 	shown 	in 	figure 	5, 	column 	2 	show, 	be 

mitotic index of aged fibroblasts, 	an A1141 	(holendronate- 

30 Ermvastatin) 	actibatirb 	effect, 	with 	respect 	to 	the 

control 	(maximum stimulation by a 	_actor of 2) 	(it:0.001s  

n26). 

6l

Tlte-s(. J-o9.)-ltt.s .5hôw ä vci.l-y -l (-)lv cilv': .51Ôr) c¿ìf)clcl1--y am()nc

dgc'd L rl)rob ì a.s i.s l-ll l-he ab.ser:c:e crf alìy [. ¡c ¿'ltnÌe ll1'- , p:.-ior

Lo Ll)c s L Lìdy .

'l)rc: yourig f t.l¡robl a.51.1ì lìhor,\,c<.1 .: cj-vi:;i-oLi c.rpt(;r,ty -'juper j c'.1'

5r 1.<¡ l.h¿:i: of. I Lrc .ìgc-cl f .t t).t ób.]-a$ l-s , 'lht: div i s ì or) c¿¡[>¿icr Ly of'

agc:cl f=.1br()bl.¿ì.s Llì wa-s L)(-11ów 5þ, whil-t' L-he <l: r';':;: ol)

capacl t y of yourrg f'.:.brobl .r st: Ê- uas 'l l: - 6'å - 'l'lrr-: r'li {' ['t':renr:c-:

1 i) d j v-r s ¡-on c(3p¿ìL'1i: y l¡e t-wct>:l tlìe .:gtrtl rlr-)ìì- [ rec] [ ed

f rbÌóbl.asts and t:Ìtc younq llt):l-i.rcaUed L j-liroi-'j ¿ls1s wô-s

L.he.r: c f'(i rô cquai to 3.

1t', t )r i.s ex.:mp1c, no tox.l Ç1. t.y t'r¿s v i sr.ra i ì y obsc'rr:v(-)d

24 hor.¡¡s c¡f incub¡rLron of f.ie l: i.b r. ol-'I d.s t -s vit.h the

acfen [. (:()rnL.j.rì¿t ion.s te.s L--ed.

In l-hr.s ex¿)mpl.G, rro toxic ef'l oci c'^' etlì¿ìIìo-l (C.1'¿

rc¿r:; cl;s;c¡r'ed ¿rf';e.r 24 I'.oL¡rs o[ 1]l(:uL'al-lon-

:1.0

alîLc+r

act i ve

f r n¿Il. )

i

20

tt5

_r) ÊrvA).uA'f ' I o,\ _o-F . ll!!__u_ll'o r ç.. l!!_u¡__!llciu-l-u_ l_
r.rì gcneÌ.a.1., l.hc nunbe'r oí .rged f rb r cl> 1 ¿l:; i.5i r,\'ìthoul' any

i.::e.-¡1.rnc-:n t- rÌì the tlNA ¡iynthcs i s ¡rl:;:-se uas Glv-1: r c)ncl-y lc'w:

l-e -s-s th.an 5t (-scó figrure I), (:óIumn i.)

'l'hc rnrtctr-c .tndex w¿ìs ¿l-so noL. vcry h.ì.gh fÒÌ-' t:L)e young

f .rbr-ob)a.sLs: oÌ) the ordc¡ oi 1.5¿ { ste(: l'rgure 5, cof ttnttl 6) .

0y conrf).1r:.ì. s o n w: t h lrhe aqeci cc'lì t-.t'oì l=i br-ol;l as Ls erJ.l-hollll

any r.: r(:¿: Lrìo Ð 1 , l-he cor:'crol. flblobl-¿-s'.s expo:;c;ci Ló ct-hâ)lo.l-

(0.1t - 24 hour.s ) sllow no Irr.g¡rif j.canL dilllcLrilìce ([)=0']).

:r-'(i ) iû t-i:e .:.:: m;. Lc't.r c i.:rdex - 'I'l)c t'a I t:t':-s Ìvelle t hc':n

cc:nrb.r nc,<j (r:oriL.loÌ, :r'- 1 2 ) .

'I'ho .r. cst.¡ i t r, shov)ír .r rl f .:.gure ¡t. c:t>l t::n:r ;l r-ìlì()w, oll 1'he

mr.to L: r ç: j rtcjc-:x <.:I agecl i lt¡r ob.l As i -c' / ;Jll lrl Ll l- ( Zcì <':t ldt'c;ll¿r t c -

[>Ì'àv¿-rs I aì.ln ) ac',: j v¿ìt ]-rLcf el-f-e(:i. wl t ll r-()sl)cc:I io l:l:c

coiri; ì'o.l (ûra.(.1Lllurn st.r]:Lu.Lâ L j.oLì ily a L;rctol ol: .lÌ ) (¡;':0 - 0 01 '
r',)G)-
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This exam 

Xp ) endronat e-Prilv. 	 r 	 n 	aces 	r 

t he 	eel . 	 of 	 i 	n ii xc 	on 	 v 

hydsorrymet hyd 	I ut a pa -coen z yam 	A 	I HMG- CPA) 	area ctaee  

inhi xdoor and 	) corn fa Po p.ob e,phase 0 ,c hose inhibitor  

on a mouse mode) 	hay i no a prpgerca d. syndrome  

10 

The 	Zmpsts2 4 / 	KO ng caused here 	 n 

the cited article of Va rm la 	a 	a] , (49).  	Elia den:T. of 

er f i cacy 	of 	the 	a ss cog at i on 	of 	the 	two 	molecules 

(Brava s t a t a n 	and 	col edrona t e ) 	was 	reported 	.n 

_S collaboration with a 	Spanish 	laboratory 	( O . 	rape z-Ot in) . 

The 	saga ca cy 	i s 	'stained at 	combr nod 	doses 	that 	do 	not 

have 	an 	effect 	when 	the 	products 	are 	used 	separately, 

demonstrating an add i t i ye effect. 

The 	two 	molecules 	(Soledron i cr 	acid 	(Somata 	(registered 

20 t radema r it)) 	100 	pg/ kg /day 	and 	Pr avast at fn n 	)00 	mg / kg/day ) 

were diluted in PBS ]X and ) ra ettee iit rape la tonea lb y, 	on 

a daily basis, 	in I-month-ail d mice unti 1 t heir death. The 

frontoles 	are 	kg I d 	mice 	of 	the 	same 	range, 	treated 	with 

PBS 	I X alone. 

as The 	survival 	of 	the 	t ima t ac 	nices 	s ignif i cant 1 y 

improved, 	and 	was 	max mai 	f oi 

I i fl escan I ne ima se o f 	a round 80X. 	The fa i n icc. 1 	symptoms of 

r he di sea se were a ) 1 	cur 	du I dig y f educed hi th 	respect to 

t he 	i IP i vi (Ina Is 	treated kd t h 	PBS 	alone . 	1 n 	pa rg ion) as, 	an 

30 e f f ect was obse rved of 	the 	L rea t merit 	on the skin and 	the 

regrow) h 	of 	f ur 	on 	:bps() 	at i cc 	with 	I. C speclt 	to 	1 he 	ma Ce 

treated with PBS, 	whi ch showed 	large bald 	a leas . 

It)

(¡ [l

'f'l: r s c-: x.r mp ì c: L. h (-r r-c'l () z í: :; L'.(; r,¡:; t.l) ¿: t.

Z<) I (: n (ll'c)i.ì [ r-'= i)t--(,r v.=r :-- L-.J L. ] r. r:c;nl>: rr¿r t

rtl-l-(t(lt- c-)n t-Llr-' r-'r:l i clrvrsìr>rr of

t- Llt: a i-r1; I I (:ä 1- l ()r r r.'l' l.lt<-:

.LLìn l',.ts iIìt ac. t. j vcl t : rìq

f -l i; r ^ <> ) r I ¡r ¡: 'r :i ln ;ììt .iqc.-L

lìr.:lTpl--ç- -i. l::-1.!s::l¿l: . st f ... .l,l.lsÌ. . :ì.:i.ir.!?.!-r,-..ì..!..L.riÌì-l ?Í :l !ìy-ql, t)jr!ìlqtìL.f:.

iì-vqigì.vBq !-l-1v¡.9..1-l{.r1-t..v.l-r9-q,-|Ì-tr L1v.tÌtr. ...4 I lh:Í.!ì ..Çf.ì4 ). -l-qìfl,i !.!-n--:Í:

ftr.ì...{r....1Ìc.l q.¡.;.ç...ry,q.9.ç i...li.a_{y.r..!1.ç__!ì__.p.t_.99_q_ 1.!Li.Ç.^;v.t*1:..:L,S

Th'l '/:npsi.e24'/' '<(¡ uLi c:c: .::;(:(l lt(:-r-o ..Ll¡,: i ltc¡l-;c: <je.sc;r -r Ðe(i i n

L Lìc c.LLecì .r¡: Lr.c:.1.c- ()l v.rlel.) Á .r1., tÌOt5 (/'9). i:;v.l clelrc.e of
r-'IìIìi c;:rc:y oL t:!:o ..ì:j:lc(' j .rt j <)Lì ()l' lrhe L.r,{ó :noicc;uIc::;

( p r.)\'a s t-.ì i: 1 :r e.no z- c: I c-r cl I t> tl ;: I c ) lv¿rs ì'clf oj: t--c)(l ll-L

c:ol I .i¡:ora t:r o:l $i U L) a :iPtn.l.5t'. l.;¡l:<:r.:t t.o.:. y (C) . l.,oL)(l z-01-.1.1) ) -

T i: c: c.I l'.r (:¿ì (:y -r s c;L'' t: ¿r i ¡rc-:cl u t <:c;.:nb: :r<'rj i<>:¡ c:.s t- ¡i ¿t L do i) o L

h.: ve ã rì e /' ie c; L- wh c:r L: lì(-) p):Ò(lltL; t si ct te u.s e (l .s c-:¡;a r ;r1: e J- y,

cìemor'.s t- r.'.rt j.tig an add r [.1vcr e f' f'r-)(] Ll .

TlrL. t:wc. n,<>1.<:crrìcs ( ZoIecir.'on ì <: ac.r cl ( zornêi.¿.1 (Ì'cgr:; l-eÌ cd

i r.:<lenta.:'k) ) i 0() ,LLq,/ kg /rlay arrtl Prír \'.ì.'jt.-ì l- r n I ()C) nq / kq,/(jay )

we¡:c: cj j.l u i:ect i.n irljSj l.X rìr)ri r rL.j oc; Lerl .l !li r.lpt'l l- j 1'.ôl)(líl l..L y, c;l

zr clar ly L.asr s, r. rì l. -mor. L:h-<;J d rn.r.c;er r.:rr L:.1 l. tl'.t'.1r' de¿: l..h - 'i'hc'

(:orìtro-l .5 ¡lrr? w-rld :rti<:<-r r:I t]ìL) sjame ì-eìtq(!, L.t:e,ìLc'i tvj t:l')

t)llS I X ¿r -).<>rtt: .

'l'¡:c: .sllrv j val c>ll i-))(] L lcaL.c(ì :n:c:c r.r;r 1r :ìrÇûlf lc¿-llìt.l.y

-t mf-'l-(ìve:c], alld vr.ts n;:z'.I1;-ri i:<:.:- l-c:nt.Lì t:l-, vr-l-:-lr .:t'. ¿lvcl.l--;ì(¡c-:

-i i f tr:;p;:r -L :)(:r ()â¡.;c c¡ I ¿i l'olt;tci tJ 0',j , ')'hc-: c:l r ¡:.:-c;'il :; ym¡-'L oiltri cf
ì lrc. (l.r s(-;¿) sr:ì r,;(;.rtj .-¡ ? i L: t: L : :.; .: rl t: r ,-r l: i y r t:'itti-:c<ì N-l-l.ll t-(-r:'lJÒ(iL- L-(l

t f:c: j l ld r vj cìu.r l. s [.].c¿.:.(:(r r'r.r t h l:i-]Íj ¿lôr)(-r. Il) lt¿lt'l i(:ul.il., i)h

c-rf f c:c:i. w;¡.s ol-¡se¡rvc-:<l c-rl' l-lrr. l- r'o.:r ltrtêtìl- (-)ì'. t-h(-: :;k-,:: ¿.ttlt'l t.)t<¡

t(:gì'öt{i l'. of j-L¡l- ()i/ i-h(-r..;c: tTLrLjiì w)-t-L) )-(l:'1.!(-(-l- io 1lì(: :nìc.c:

i-.r^(-)â1: (-)(1 u.L L:l: [)IlS, ti]r) (jì) ..iL'io'¡/cìd ì.tt.:;<¡r-: ir.'.1l.(j d.l: (-:.):, .
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Example 	4: 	Effects 	of 	the 	associmtion 	of 	a 	hydrosolobim 

hydroxymetnylolotabyl-coenzyme 	A 	(HMG-CoA) 	reductase 

inhdbimor and a Marecsylapyrophociete synthase inhibitmr 

5 on em-vivc human skin extro Ms 

A. 	Protocol 

In this example 	the test d 	ire perberved on skin 	from a 

donor 	around 	60 	years 	of 	age. 	A 	preparation 	of 	21 

10 explants of 	human skin 	is 	produced 	and 	kept 	alive 	in 	a 

BEM medium ABIO-EC's Explants Medium). 

The 	explants 	are 	distributed 	into 	three 	batches 	of 	six 

explants and one batch CO of three explants, 	as follows: 

-- CO a Control plesty: 	3 explants 

15 - C - Non-treated control.: 	6 explants 

- R - Positive control: 	6 explants 

- P 	- 	He:plants 	treated 	by 	the 	composition 	of 	the 

invention 6 explants 

20 A.1 Treatment 

The treatment is performed on a different day, 	the first 

day 	(DO), 	2 hours after preparation of the explants, 	then 

Die 	day, 	DiA days, 	0-14 	days, 	DA6 days, 	M1-8 	days 	and Diet 

days. 

25 The precincts are applied to the explants as follows: 

- C - the explants do not receime any treatment, 

- P - the explants each receive, 	on DO, 	D+2 and Dm4, 

1 mg of the positive control 	(retiool crmmm), 

- 	91 	-- 	the 	explants 	each 	receive, 	and 	at 	each 

30 treatment 	time, 	2 me of product P.  

The treatment im performed by topical application of the 

composition 	of 	the 	:88888Li08. 	 imion 	is 	Chen 

6!)

t0

!ì$llqpl q .'l .i lÌ !-r cçr.? --gi--!Jle- i-.2i.-.-^,;..1,..1.-1.1,.c.)!.t...-!Ll---') lyri'-9.':.9-l-r'-Þ is,
ìryqÌ.ó.x.ynro.Lr hy.l.C-1. !).Þ.¡.1y..1...:.1ì!tfi._!_z=.yq9___4 ..^.,^(.!JYcj:'_!,eð_)____Ig4]lç_!_:,rs i
:-l:!,l.ll-:- !-,9I-- -:r-!q + Í+I 19-sy.l-::r:yrçp-|ìc-rtPllal!-9....).Y!Ì q-ì-{'19 : "!iÞuç-t
S.!__.=.J_y:_l'o Lrì..h_* I 1 .9 {.!_¡.eçt _s_

å_-._ ?._9_,-_cfç_o_r_

IÐ Ll)r.s c.:r.arrtpie, Lhc t (,st.s .)rc? p(lÌ'lol'lltcd on sxl.n I:rom a

dono:: rì.r:()uÐd 60 year:s of a{l(-). A f>ÌcpaÌ'at jon ol: :ll
explanl.s of ht.:nra¡: .skj.n .Ls pr-'odr.lcecJ a:rC k<:p'L aijve .l-n a

BEM medium (älc)-L',C's IlxPl. nt.s I'rcdjunt) .

T')re <:x¡-'l¿¡¡i s are cr s [.].'rl)uted i n Lo tltl.e'c l¡alch.es of.' .5.r x

ex¡rla:ri.s a:rd one l)¿L:(:)ì C0 c.I' Lht'ee ex¡rl.ailLs, a: f oil.olvs:
- C0 - Cot)t J.ol È)l.r.s1--y: 3 cxpìanl-s

- C - N Òlì - t !tc.r t- e ci c.ont):ol: 6 cxtr-..1-allIs

- lì - i)o-si1:íve co¡rL¡-<¡l.r 6 exi)l.rnL--.s

- l> - l:,xl)lanl-s l-r:c.rtod by the coIrLPÒr;1L1on ol tha

r rlvent r on 6 cxpl- a r) L s

Àl TreôL)nent

Th.(-) Lro¿Lrrlcrrrt r.s per:f or.'ned orr .r cri Lf orc¡)'J day, the f .t rsc

cìa.y (i)0), 2 hours aI1:or ¡trepal:aLJ.on af i:lìc axpìanus, then

D' I cray, tr2 days, Ð1 4 (lays, Dr6 days, í)+[ì riay:; ¿ìlìd D10r'

,.t - , ,..

'J'L)c p.rodr¡cis are ap¡:Ji¿:ri 1--o i.)té cxf-'l.atlts .rs Jìol.l-olvs:

- C - tl',r¡ oxpl-àr.t-s Co Ðot r:e(:e.rvo aD)/ treatment/

- lì - the e zpì.:nt:.s (lrlcl! Ì.'oce j.v(', on l-ì0, [ìr 2 and L)r4,

i ng ()l t:hc pos r t j vc con t l.'o l. (::ei. j rlcrl. c.'.'.'<:.tin) ,

- P1 - (h6.. expìerr,us each ¡i(-)(:criv(-), arLd at e.rcl',

L Ì c'r Irncl) t 1. j Lne, 2 :itg o1= ¡;r<>cltrc L: I .

'l'he L: re;.r1:rn(:n [. i r.i ¡.r<:t: L ortner.l l:y roF,r (:¿r I êl)I.)] I ca1:i an of 1.hc:

composil-ron of- 1-h<: .:-::lwe:rlLr-on. 'fltt: (.'QInr)()s-l LíoL) l-5 Lhct',

1.5
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d i sip i buten 	over 	the 	face v_ 	the exp ] ant , 	1 

a 	spatula. 	Half 	of 	the 	culture medium 	is 	renewed 	every 

t✓o 	days 	and 	the 	explants 	are 	kept 	alive 	at 	37'5 	i n 	a 

humid atmosphere enriched with 5% CO z- 

5 

A .2 . 	Sampl i no for histology 

At DO, 	the three explants of batch CO are obtained. 

At 	n f 6 days 	and 	Dili 	days, 	three explants of each 	batch 

are obtained. The samples are cut in two, and one half is 

10 fixed in formaldehyde while the other hal I is frozen at - 

WC, according to the RIC-SC procedure "POO 6-PPF414  . 

B . 	IN stol apical 	study  

After 	24 	hours 	of 	fixation 	in 	the 	formaldehyde, 	the 

15 samples 	are 	dehydrated, 	impregnated 	and 	cod ted 	with 

paraffin. 	5 	pm 	cross-section 	cuts 	are 	produced 	for 

morphologi cal 	observation. 

B .1 . 	Fa rst step: morphological study 

20 The 	morphological 	study 	of 	the 	epidermal 	and 	dermal 

st ructures 	i s 	performed 	en 	cross-section 	c in s 	with 

Masson' s trichrome staining, 	a variant of Goldner ' s . 

B.2. 	Second step:  

25 14.2.1 	Inamunol and  ing of 	K167:  

The 	i nnunola bet ing 	of 	cells 	in 	mi t os is 	performed 	on 

frozen cross-section cuts 

antibody 	(Novo 	Ca st ra ) 	detected 	1n 	DAB. 	The 	positive 

cells 	are 	counted over 	the 	entire 	epidermal 	I ength 	and 

30 a veiboes are retu rned for the number of cant s la tb led per 

t0

r5

rj i :; î- .:-- r L) u t-- e (1 ()vr-rr Lhc cL)Lì t-'e s(>rf;-lcc c;! tllc expJaltt, t.:.s::rc¡

.r sl).rtr.rl ê. il;:i l: ol Lirc cul(ure me(irLurL rlj l'e)lc:l','cr(l c'vcjr--y

two cJ.rys; .rno l- h.c-r r:x.¡>i ¿ìl)tÉì ¿ì r('. |:(iPl. á] 1vc ¿it 3?'(.1 1n ;J

h¡:nicl aL:rnosphêr(-) cìì¡rclìe(l wrUh i)i) (:O2.

4-.-z-,---i-:el!p_l-iLi9--f-9-r- -Þ-r nJ I +,?.9 y

At D0, t))e tLìÌ.'e e c,xl)laÐts of baLclì C0 a.l.'e cbc¿:.ncd.

,z\t D'6 dity:, .i;rcl Drli clay.s, 1:itrco cxplants of ('lil(:ll DÐLcll

.:¡re ()bL--¿rr-nL\i. 'Ihc 5ô!nL)les cf re cll-r'. ir] tfro, and one h..:i f is
f .r xed r.n form.rìderhyde \^rlìil-e Llìe ot hQ.r- half rs f roi:elr ¿lt -
8OcC, accord.ì-ng to the UJO-lic p):occdure ' lì0 0 6 - l?FIÌ,1{ " .

!._ l!_j i,.l.-9._ì 991ç;¡¡l :;*u.y$,y

h!.ter i'.4 hou.::.s of. f::.xaLl oIr rn tbc l:'c.: lnrit L dcli y cic ' the

ÉampJ.es are (¡ehy<lrat ed, rnlptcglìated anci cciit.cci rn'l.tlt

ti¿rú1'í:].r). Ii ¡n c!:o,.-s- sccl-..t.on c:trLs are procltlÇed l'().r.

rno.r:p!)ol-ogr (:¿ì1. oi)seÌ.'vcì t íor) .

!i__-.L._11]Lq_l=_!!e_p¡mcrpi:c.l._,r-9l-,..:1_1._..Þ_u.9.ly

Tlìc rnor¡r)rcI <;gicaJ. study of tha op.:-cierma.l .rnd clerr ¿r i

.structlrrcs ì.s ¡rer{'<.:r-lncci ol) c:t-'os s - s cc L ro l) ctìLs r,J-ì Lh

M¿t.ssorl' I: L rr.cl,Ìorìc' s t a r.'r j ng, a vaÌ ran t- of (ìolcjnc-:::' .s .

-u_.,.4.. ... ç.ç.c_ g i)_q.... :1.!_9p..i.

ll :_? j_L_._L :!::Iì_rlit1)_l_l!: S:_¡ i lr.C . .ç_I. I I fl .
'J'hc i ntmurro.l. ¿r L''c,.1. r n q of c(-r11¡i 1Lì r(.1 tosl.s is ¡e¡ f ol.rncC on

f ¡ c.zê¡r c.r: ()-ss-sc(i L'.ron cll [ -s rvi th 1: Llc-: ¡r)lt). *K]: €'l f¡o l.\,<;J r.:n¿l l.

anl-rbc)dy (l{cvc; (ì¿rsl:ra) de.Lccieci 1n t)AB. 'llrc porìi Uive

<;c.l .ls ¿rrc <;<>itlrtccl ()ve.r the ent: j::t: c=¡>.t. dc'. rtn.: I lelrqt:lt ¿¡rrtl

av(;.r-ilr¡[:.s ä r(-) r€ L.L] r:rc<l ! c.r t I',c rLL¡rnt¡c'-l: c-'í- <;c.l-.1 :' l¡ìbc-j l-('(i flcr
c:n -

?t\
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B.2-2 Motnolabel ing of collagend  1 

The 	imatnela be I ing 	of 	collagen 	1 	will 	be 	performed 	on 

frozen 	crass-section 	cuts 	with 	the 	anti -collagen 	1 

polyclbna I 	antibody 	detected 	in 	FITO 	The 	nuclei 	arc 

5 countensta lted with propidium iodide. 

B_2.3 Imminelabeldart o f collagen III: 

The innunol a bel it:3 of collagen III is performed on frozen 

cross-secidbn cut_ with 	the ant iobolla gen 	III poi yc it nal 

10 antibody detected it 	DAB. 	The 	nuclei 	are countersta ited 

with Masson' s henlun 

B .2 .4 	Immune:label ing of collagen IV:  

The innunolabel itg of collagen Ild is performed on frozen 

15 cross-section  	cuts 	with 	the 	ant i-col la den 	IV 	polyclona 1 

antibody 	(C1 inisciencb ) 	detected in 	FI1M. 	The nuclei. are 

count erb t a ined with propidium iodide. 

8.2.5 Immun labeling of collagen VII:  

20 The immunolabel ing of collagen VII is performed on frozen 

cross-section 	cuts 	with the anti-collagen VII monoclona 1. 

antibody detected in FITC. 	The nuclei are count ertta it ed 

with propidium iodide. 

25 P A 6 Innunolmbel The of PECAM1 : 

Endothelial 	cells 	can 	be 	viewed 	by 	inummolmbelibg 	of 

]SCAM-1, 	performed on frozen cross-section cuts with the 

anti- DECAM-2 mon oc 1 on a 1 antibody detected 1n Bast -red. 

30 E x emotes 	5- 	M f f cot 	of 	the 	association 	rd 	4 	hydros  0  1 ubj 0  

hydroxvmettilblutarylocoenoyn 	A 	( I MIG-C.OA i 	r @duct a Se  

IO

lt

lJ-,.?....?.- ..Lq{il g'}.ç-Lli!t ç.-.r_u :¡ l¿ i .;_s l_ I e_.J_eli l_'_

'l'Lrc r.nLrrLur: c: l ¿.: be l. r :r g ol' c-cJ.ì..rgr.rn I wlll be pelfornrcc ort

Jl¡ Oz-crt r::;c.s.s - s ec.l-. i on (:Ll L:$ v¿.t t h l..he atri r -c.<.'J. Ì ;rgt:r; I

¿>oi ycl ona J antl b.o<ly (lcì-cc tlccì rrì t'iTC . Tire nuc.L c: c1r'c-:

coìríì[.ers1:â] ncd çith ¡-. rt>¡-'5.d.:- ir:rr rodrdc.

Il_...4...=ì._..It$!u...112_1¡1.f,:9..1_:¡9_111-_f _9 
j_l_qg_g_n!_l_.

'l'irc r-rccnu no.l .: lrc I r r:q of' c:c¡] .l .lgc,n l:l:l l.s ¡rc, r'f orlnr:<i <¡:l L ¡ o zcrr

c;.toss-se(::.i on cìri.s rvtr.¡) tlte at'. t i . co J. J. a gell ;-LL ¡>o l. y c ì.t> rr;r l.

.r:r1: i bocly dc,.tec:t-e d I t) t)¡"1Ì . .l.))o rìuc] e! ¿ r'o cÒL¡t) Ler .s c..-¡ j necl

w-ì ilì I'r¿ìs:ìor)' s henr;rl-r.:n.

!5

L3 . 2 . 4 L mßllr_n çr I +þ -.e ¡ i ¡ g. ..o.J: !ì 9 _ì _1 9 g.-(r_i_ 
_I !r_i_

The rnununÒ i abo i i rrg oI col..lage]ì [V i-s pe:'f orrned

c ro¡;.s -.s cr c L'-.r on cuts rvrih 1)rc .int!-coJ.lagen 1V

.:rnL--.rbody (CI j.r,rscionce ) d(} LocLocì j.rr llLl'C. Tlc
courte r s L arrrotl yri Lli pr<:pr d j.u¡e : ocl¡.de.

on L.::ozcr:

¡.:o J yt: J.r>r:;r J.

lt u c: l-c-:: rl.r--G

:10

ß. 2. s .Lmmu!_a_]4Þ9_llrlg ,-ll. ..ç9*I.*i.::tg9.q y,I.T.^:.

'l'he r m-Nunó.ì. abo I : n g of co.l ì agen \t Ll. is perforrned on f .::o.:en

(:ró.s.s -.s e c f. I on ci.lts Hj tlì t-he anti'collageÌ) VLI rno¡loc l- c;r: ¿¡ l
.:r'.t.rbody cietcctod !n t-I1'C. Tl:c ¡ruci.e i ¿ì¡:é cÒLrrì L'. è r .s1-.a I ned

wi th pr.opì<j:.ur¡ .rod¡cie,

.Þ_.,.?.,..9.....I_)Bl9.Lj_<:_l..rt'e i j r'.q o i _l:!iCå¡¡ :_.

ÐrìdÒ L-l'.€.,.1 i.r.l <:el-l s c¿n bc-.' viev;cd l¡y i rr¿nr.¡ n ol. a l-.e 1..:.r:g c:f

l>il(ìÄt\'l-1., ¡>cr 1ì<,¡r-'rnc.d c)n I'.r-oz:e:r (: J:cs.s - s e c1: r. c)n (:ul-.s wt1:h thc
¡)rì L:.r.- l>l:l(-'l\14- I rnolro<.1o:r¡ I .rnt iL'ody de-r.c(;l.ed .t n f¡c-. s'¿ '.):()d .

Irë+.niìì.q lj, [i¡..Í:,"-..,:ç qI--- LIç - s:¡.s:slçi.]--cr-.!.t.91-.-.-t:ri:.. i1 lty-fliç¿Þ9Ì !Þì f,
l!.y91 olJ-ltr,l-lt-y-l-citt!-B.t"yi :':ill9l.l./..y.I!.(i- .- -71- - -..11.tY.9. ..Ç.()4..i.. . ....L.!'-!lr-L!ì],!ìie

7,4>
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l2 

huh-rbitor  

vi tro _rind 	1, cd 1 tures 

This example uses the some combinations of active agents 

5 used 	in 	example 	2 	above. 	These 	v arrows 	combiner.' on c 	of 

active 	agents 	are 	used 	in 	Vitro 	in 	Order 	to 	evaluate 

their ef f cud on physi o 1 og I al parameters involved on skin 

aging. 

10 

The 	combinations 	used 	in 	this 	example 	are 	A121, 	Al 82, 

ADP 1, 	/32132, 	respectively. 	These 	_our 	combinations 	are 

tested 	at 	a 	plurality 	of 	concentrations, 	and 	the 

experiments are performed in triplicate 	(representing at 

least 	36 experimental points 1 . 

The concentrations of the four combinations are proposed 

15 by the applicant, 	and, 	there fore i 0 vitro CYt OIL 0 N iC j. t Y is 

not 	envisaged 	at 	this 	stage 	of 	the 	study 	(unless 	a_ 	a 

simple 	Lest ) . 	The 	experimentation 	is 	performed 	on 	cell 

cultures of a fibroblast 1 inn as shown in example 1 . This 

test 	I s 	also 	applied 	to 	berg/ t inocgd 65 	cultures. 	The 

20 followingparameters 	are 	examined 	_or 	the 	four 

combinations 	of 	active 	agents 	at 	the 	concentrations 

indicated. 

- Measurement of the mi tot i c index; 

- Measurement 	of 	remodel i no 	of 	the 	c 	t r acel I v la t 

matrix25 	by contraction of collagen lett ices; 

- Measurement 	of 	the 	DNA 	gen ome 	repair 	after 

irradiati on 	with 	U1/13 	( photo' nduced 	stress 	s i ird i al 	to 

sunbathing conditions). 

The mea surement of 	the mitotic index 	i s 	per iormed after 

30 exposure 	of 	the 	cells 	to 	the 	active 	agents 	in 	a 	single 

t i re. 	The 	endex 	i s 	oval ea t ed by an 	image 	a ailysi s 	count 

of the cell 	nucd ei having incorporated a t hymidioe analog 

.t 
1l

-i ¡¡1.¡-i.l¡;. -t- 
c¡¡. 1¡ rÌQ çt Í:ì l-rl-(l:!-Yi--sy-leP-!iq ï:JÌ¿¡.\ r). .).y!-ì.-!¿Ìi,-'?-!i l1! iÞl-l-q t

oÐ -r1) v-r L r. c' s tr: j rr- f. c. r:urr.trrl___c e_]_I__q_._,J_!V fgl;...

ì'h:-s exarople u.s(?:; tlro sânlc coml> ì n.: 1. i. o n.s ÒI itctl-vc'- ¿)gcl'L.l

used jn <::;atnpJ.c.: 2 .rltovc-:. T:)esc vôJ:l-ol.l.5 (l ()nl) l- lì.1 L. -ì L'n:; of

cìct j ve àqcrLts .t t'(ì u.sed in vJ ¿-l'ct l-n oJ-dc-::-- L--() tlv¿ll.l;)i--c

Llìcìr cffcc;t: ort ¡:hy-s i o ì og r <;a- J. l).rr¿llcLcÌs .l.lrvolveC l:r .si:r)r

¡rg1ng.

'l'he <:onrn i na L: i o r:.s uscd rn ihis exam¡:J.c .ìL'c /-.lfl1 , hl,V?.,

A2ÈJ, A7.132, r.-e.spccl: jr,-eIy. T)rcs,e Íour <:c.:mÌ¡j r..tt:r.c.¡rts aro\

Lestcd rrL ä Þ.1.tìr:alt iy of c:<¡ rt <;c t: t ra t i on-. '' ;::rd the

exper.rmenL.s aro ¡>c'rf ortncd l-t) t r.tpl t(:¿11:o ( ):c[r !'e s eni j r) g dL

l.easi'. 36 expe).'¡nerìtal. pc.;rnt:,)

Thc co r) côn L r a t: i on s of the four cc;In)¡ j lì¿ttl.ol)s .:re ¡>.:-<>¡r<:.secl

by L:)rc: ¿)irp.l..r (:;r))L, and, thc:'e Iol'e Jn r,;11-z'c cylot()xl.cJ.t y .L[ì

not envr .s.:qed .r r. f.ilj s l;t,rge c.f t he s1-.ucìy ( un iess as ,i

s j.nt¡.:ìc Le-ct). ï'he e.xper;inen1:41'-ior) is perfol:med <¡n cel.l.

cuì turos oI a .lr.broL.¡iast- ] ine as .ghorvrr in examp! e 1. 'l'h1s

ues I r s a J..so .rppI:.ocì tÒ kcÌ'¿ L j.t ocyî es (:uÌ Lurcs . 1'l',c

foJ-low:.ng pararrreCer-s a)te ex¿ìrnrrìccì f-or ìhó f or:.:-

Ç()mb.rneìrons r-'l' ¡.r(;L::vo agents a'; L;hc con( et) [ Ì. ô t i.o Lì s

¡.irdi.caLed.

- Mê¿ -s u ¡:olric lìt of Lhe m.ì tot.rc i rr<i<':x,'

- l.leesu )temer)i: c¡ fî rcrnc.cìcl. r Llg of t ire (')xL rdc-c I i ul.âl

naLrr-x by coDrract-rorr c'f coi.)..rqeri i¿tt).ccs;

- l4ea.s u.:.'çmer; 1.. c>{ t l', e l)NA (¡e ¡) ol|ìe llc'l)¿ì l. Ì' ¿l f L e r
.r.rr.'adta u¡ o:i wi t h [JVl] ( pho r.o: rtdu<:cd s; l,.res.s .s r rrL: j ¿.r.' L;()

su n k>a t ll-r nc¡ conc{r- t- 5 ctLts )

'.r'hc measureme)11-. of l:he Int 1:oLl.() i.l'.dex 1.s perJ:ór:ncd eit.(1r

cxl-\<)¡rrrr(-) ól t:Lr: ccl l.s to t lì(ì ac t. i vt? 'ìgell [:ì ] ll .l s I llq I e

[]rnc. I'hc-: i ndc:x r.s cv¿ìlL',ììt:ecl by ;rn im.rgc-: ¿trì.-ìl-ylì j'j (;olìIt'.-

of tIìc cc.l-1. nuc:lc+i llavjng .ì :rc:o::pc>r¿ t cd a thyrn.r.di.rlei ,rn;.:1c;c¡

'-) o
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)3 

doted 	lue 	ent, 	over the total 	muber of 	ticlei. 	A 

plurality of fields are analyzed. 	The photos are archived 

for 	iconography. 

The remodeling of the extracelfultr matrix induced by the 

fibroblasts exposed to the active agents is evaluated by 

incorporating 	these cells 	into 	the collagen 	lattices 	and 

by quantifyfmg their capacity to retract 	these 	lattices. 

The retracted suriMce evaluation gives a remodeling index. 

The photos are archived for iconography. 

10 The measurement 	of DNA genome repair is performed after 

irradiation 	of 	the 	cells 	at 	a 	UV-B 	dose 	mimicking 	sun 

exposure 	conditions. 	The 	objective 	is 	fibst 	to 	evaluate 

the 	effect 	of 	the 	active 	agents 	during 	DNA 	repair 

monitored over a period of 3 times. The quantification is 

15 performed by cyclobutane pyrimidine dieter imaae detection 

and 	analysis 	by 	UVB 	fbradfmtimn 	using 	an 

immunohistochemical technique. 

The photos are archived for iconography. 

20 Example 	6: 	Main objective: 	Measurement  of the 	impact 	of 

the 	HIV 	virus 	and 	antiretrovira) 	therapies 	on 	nuclear, 

mit hondrial and cytosolic markers of cell aging. 

Br. rctry objectives 

25 - To 	analyze 	the 	prevalence 	of 	alterations 	of 

nuclear, 	mitochondria' 	and 	cyttmolic 	functions 	in 	HIV- 

infected patients; 

- To 	measure 	she 	incidence 	of 	ahh 	ante 	of  

abnormalities; 

30 - To 	analyze 	the 	type 	and 	frequency 	of 	these 

abnormalities 	according 	to 	the 	duration 	of 	exposure 	to 

10

'/3

r- c-) r: (l c) .r- e cl l' .l Lrô .t c f ; c c i, [ , over t-he 1:()t-¿l-l llLlLìù]í-'r oí r).1(:j-cl-. ,¡-\

p.l r)r.r.l i t--y oJ: I rotds í:Ì'c ana l.yzccj . '1'ht: I-'Llc'L os a rc a.:'r:Ìt j ve C

l=o z' ì c-orrt:g:'.rp)ry.

'J'h<-: ¡'r:modc.: I i:rg of L--hc cxLracclìul.rr rn.3L'.rlx l.lìdiìc(ìd liy the

J. ii-.r.'clbi¿rs t -s ev.posecJ -Lo L.h(t ¿((:Ll.ve clcien L.s I :i c! cìl.u¿ì t cd by

! nco-r'¡>c:ra t.rr)g Ulìes() cc.l .l .s l.h L.ó Lhc cc.l ì agen l:r L t- Lcc':-¡ ¿llcj

by c¡u.trr L:. fly! rrg r-)terr capa(jt ¡y t.(i .t (l i.Ì'acI t hcse ].ù (: t: j.(--e-s .

'f'he r:(ì L:Ì--;)c l.-c-:ct :;urf¿co cvö-l-()at t ()lì ct vt:l; ír Ì'c)nc'(ieJ l-ng -t-ncir:l:

'l'he phoIo.s are a.]:ch.r vod for i co n o ç :-.: ¡:)t y .

1'he measul:eriìeìrt of ))NA goÒolllc l'cl)ôl r '1.5 p(-)rf'oÌ'med ¿Lf Ler

trr¿rdìaLrón c)l Uhe cel is .r! a UV-U dc.se milnl.(:L1l)g :;lrI.,

ex[)o-sure r:o:r<ii1: j<¡¡is. The oLì]e(:l-.rvc: r.s !rrsL 1-o (:va-lr.¡¿li.ri

Li)e cffect of t he acLrvc agents clu:::.r:o DN/\ L'cp¿ìì r
rn()¡)1LL\r ed ovor â poJ:rod of .J L.1me5 . 'l'l'ic guan t..r iìí c;¿l L: it>rl i s
perfo::med by cyclobu Lâlìc py ):.ì.!n l cÍ i :re cl.rlnc:r Lm¿.9(ì cletecl:r on

¡ir.d anâiysis by UVÛ j ::l'adr;tr o:l ttsinq cìIì

lmmunóh j-sLcchemrca I technrgue.
f'hc ¡rhoL:o.s ar(: ¿rrchivcd Íor r cono g r:à t-ì)ry -

IÌ.1+llp-ì-o_^.^e-:...r^v.li-L_ì__gÀi_ççt:¡J_çj__[49ar-.!_ll.r.omc.n.ç..- of l.hê --il],P9.-+ ..^-o-i

t he__I I V v.r.ru.s an_il-__:1l-1.ç]f.g_t_lc,_vjJ.ij_!]lg-LiP+9fS..-..9:?__ ¡utl.SsL¡-

iqì t ç qhclqrr 4l qld rvlp¡çl+ c-.^'tì.1t.l19-r-l--9-{--s'o-l-!- 99.+.Ìs ..

i9_ç9!-ç¡_+Ly__9ÞlsçI'/-9-t

- TÒ anaì-yze thc
rrucì ear, m¡ l-ochonciri¿!
l È:I ê(;Lcd Þ¿rLr-er¡ ts;

p ¡:eva I êncc c.f a I l: e Ìr.: L 1()Il5 c> l'

¿..rìd cytosoìic flLir)ct-l.olls J.ll flJ.V-

- 'l'o nrc:¿t:; t.t 1'() t: lì (' -t !) c-'J- c cnc-(: () f .::t J-ìJ-'e cl I a l) r:nì () l- 1- li c:.s c:

.) bn o rnìâ ì i Lr.c.s)

- I'c.r u:rt;;iyzc' t¡le type arrri f.r(.(!Llency ()f 1-htì.sc

.ll'>norm.r I i 1: r e.s .lc c:orrÍ í ttc¡ t. c; t I'e cl{.1t'.) r. j ol"l ol cxposu )'('- t-o

).5

?_o

-10
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the 	anti re t roy i rmls , 	overall, 	by 	class 	and 	by 	molecule 

(cumulative exposure ti me ) ; 

- To 	analyze 	the 	type 	and 	frequency 	of 	these 

abnormalities 	according 	to 	the 	intracellular 	HIV 	vital 

load; 

To 	analyze 	the 	type 	and 	frequency 	of 	these 

a bn orma 1 itim s 	according 	to 	the 	HIV- 1.n.` sot ion 	follow-up 

duration. 

10 ➢. 	EX PER IMEN17)1, PLAN 

Choice of experimental plan 

This 	observational 	study 	± 	Muds s 	three 	groups 	of 

patients: 

- Group 	A: 	HIV] -infected 	patients 	without 	any 

15 ant i re t rov i ra I. treatment; 

- Group 	0: 	HIV]. - in f ectmd 	patients 	under 

anti re t rov 1 rat treatment for at least 12 months; 

- Group C: 	HIV-negative controls matched by age and 

sex 

20 

13. 	ELIGIBILITY CRITERIA:  

In lug i on criteria: 

- age 3 18 years and < 65 years: 

- h a v A nq s ipned an informed consent form: 

25 - HI V1 	positive 	confirmed 	with 	Elise 	and 	western  

blot for at least 5 years; 

- 	H I I/2 negative; 

- Never havibg rece ived 	n 

as a first line of treatment for at least 12 months.  

30 

Non - Inc 1m s imn criteria:  

- age < 18 years and > 65 years: 

t4

t.h(-ì ¿ltrt. ì rcLrovi l'¿.1. tì, oveíð I ì . by c:l.cì-\.s illlcl by nl() ì c(llil Ê

((:urnu-L LI yc-) (-'i'(p(;i;ure l-Ime) i
- 'l'c; ûnûIy?-ó tl)ìe Uype ar)11 -Creqtletrc:y of i:hcse

al)tlo)'ma.l r. t r.e.5 .lr:(:()rCÍng tlc' Uhe -r n t r.rc:c:l .l-r.¡l-¿¡ r ìl i V v; ra I
5 L o¿rcì ;

" To ana) yzc 1:ilc L:yl-'c aDd Í: rec¡t:eln<:)' o-[ L]lc$e

¿rl:no¡l¡r.¡LiL j.r¡s .rccord j ng l..cr th() tì.IV- 1¡)f e(i(:iol) f oJ-Iovr-up

(1 l.l .l-- ;.t t. l- () I I .

'r.0 
4_.___!ðt?ji_.!!È,I]'A!_li4!
C.L9_.r.ç.9 (..Ì{ 9:ì!p. '-e-r.rm.ent a I plarì

'J'iijs <:ir.s r: ¡:va 1.. íona l- suuoy l¡rci.udcs Lllree tll--()ut).s t>f

patients:
- Group A: S I Vl -.r Il f e(:t:(')d pat j en l-s v)l- Ll)c'ì.ì tl âlìy

J 5 anl: r.r:e1. rovir:c.1. LÌ.oótlìtcl)t,'

- (ìroup B : tllr¡1..l.nfec t ed Þ¿ìL.ì cl)t s u¡rcìer

at) U)-.t c t-.t o\'.1. ral l-rea Elnen E f or at .l-c.ìs ì I 2 moô L:lì3;

- (;r()up C: llIV-negat j ve Ç-onLraÒìs match,ec] k:y ao<': and

sex-

20

Ìi È1.,I Gl Lìr.1,11'Y CRrl-a-\.I4..

) I ncl.us r on c.r..L teJ:r a :

- ctgo > l8 ycars and ( (rÍ> ycLll's:

- h.rvitrq .siç:rocì ¡rrr it',Io:^med con-seItL: f cr¡ln;

25 - itlvl. posr t-tve conl'.r r.mc;d wrth lllis;.r ¿rod lr¿c'sLerl)

i;i ot l:or ai l.easL: 5 Years;
- tì 1V2 neEa l-r ve;

- Nt-rv(::- h¡ìv-rl)g l'(-)í:(ì l vr+d ;,lr1- i 7 r->t-l'(-)v ìral 1-l-G¿ll-N(ll)t:, Òl

a: ¿l f r.Ì. st 1..ì r)e of r. r('l¡ì L:)nc'Ili- f c'r .r 1.. .l.c-:¿r s L: I 2 lllol) t-h.s .

3C

l¡_ql _itt. \tjS¡__(. t__.1_!-..9._t,l 9..i

- .rgo < -l'û year. ¿rnd > 65 Ye¿ìrs r
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- not having signed the informed col 	)t 	form; 

- HIV2 positive 

- patients 	treated 	with 	statins 	or 	amino- 

biphosphonatAs 

- unauthorized concomitant 	treatment 	estostemorm, 

insulin-dependent diabetes treatment. 

C.STUDY PROCEDURE 

Number of patients evaluatAd: 

10 200 patients including: 

- Group A: 	n=50 

- Group II: 	n=100 

- Group C: 	ns,50 

15 

The patients of group A needing, 	dui, .. g 	their follow-up, 

to 	start 	an 	antifetreyitAl 	treatment 	have 	an 	additional 

evaluation when 	starting 	the 	treatment 	and are analyzed 

starting on that date with the patients of group B. 

The data measured over the period during which they were 

included 	in 	Group 	A 	makes 	it 	possible 	to 	measure 	the 

20 possible 	direct 	role 	of 	the, 	HIV 	virus 	on 	nuclear 	and 

mitochondria) functions. 

The 	patients 	of 	group 	13 	needing 	an 	anti retroviral 

treatment modification durimg the studies have a clAnima) 

and paraclAnical 	evaluation 	identioal 	to 	those 	provided 

25 in the context of the folimw-up when there is a change in 

treatment. 	The follow-up data on these patients is taken 

into a.count to Ca lculate the incidence of disruptions of 

nuclear and mitochomdfdal 	fun:Adens observed 	in 	patients 

exposed to ant.tretroviAals. 

30 

Study duratAAm:  

The study duration is 36 months. 

]O

7ii

- noÍ: ltcìviltg 5; r.l!ì(:r.l ì. h() ìlìfc)rìned c:c>ts-cLlI f r.¡: mi

- 
'llVij 

¡>osiLrvc,

- pcr¡-r en1---(i LÌ'e¿Jted wl.l:ll sL:.ll-.1-n.s o): cìm j l)o-

br ¡;h c.spho n a < e.s

- un a ut ho¡- ì z c-;cr t;Òr)coinj-[al)[ L: rc..t L:lr.en I s ì t-e s L L's t () r ol I ê ,

r rt:; r: I r r; -dcpc Ir de-:ri d l- ah.e l: c: s t- .Le¿j t ñìçn1-- .

!ì_, _.ïu)Y_Ì_ì!Ìí.iÌ D ç Ilp

\r!ÞSI__gl_ll!!r ê_n L rì. . c.v a.l. r.tei ed :

2 0û pa t- reni.s r n<;J-uc.l:.trg :

- Gr.ôtrP À; ll-li0

- GrouP )l: n-100

- GrouP C: ¡r '' lj Cl

'I'he patierltt; of gr.otip A n<:c:dL-ng, dt.:.:'l-nq LI'¡crJ: f ol iow-r.rp,

t"() start .)n ân L r I c [ ::ov t. r'.1 I 1.r(-)¿tnlenL h.rvt: arl addr t iona]-

cv¿.1-Lì¿rLl-on $rhen .st¡tl L:rlìg Ihc l-.]:e¿lLltlcrlL and a::<-r ¿rDâìy2Gd

.star:Lrr)q órì Lhat dal.e w.ri:)l Lhc Paul.erlc-s ol (jJ.oup u-

Ihe data measu.tod over the pt:rrc'd durÍ-nq t';lìicl'. 1-hey wer'e

-:-ncludcd ).n Group fr nLttkcs .1. u possrbìc 1--o nLc,lsure tiìe

po.s.sil)le drrcct ::c..1e of Llìe ltIV vi rtrs örì. nt:cìe.rr ¿nd

m¡.tochondj.i öl l'urlct-tons.

TIìo pdLr-ents of gr:ÒLlp B :reed: rtg ¿ì|"j õnt; Ì(-ri:rovlral'

1-.;eatment nc;drLic¿L jo:r ciurir,g i.)rc sl-udles h.rve a cì jnrca;

arrd p.atac.lin:caJ. r'¡v¿ri uaf ton icle:rt:.r cal- tc' Ukl()-9è ¡rrovrdeci

r)r L.he côñt:ôxL of the foJJor,r-tt¡> Ithen L.hèrG ìs a cha:rge l.n

Ll'(i¿r IrreÐc - 1'he fo] .l.ow-u¡ dat'.a ort t-hc'sc ¡:.; t' ì êrr L¡; I s l-a ken

r-nt--o ¿c)colLrìL: Lo (ajcu)aL:c t:hc in(-)clenc:e¡ <..¡ I di.sru¡>t:ic:rl.s c>ll

nr,:cl e.rr cr nd nì 1: c> t; lt t.r rl <l l' I ¡¡ ) {-t:lr<:1 ì oD.'; c'l).ser--v.lcl I n ¡:a [ ] rjlll: s

cxposod tlo ¿nti Lel:rc..rvr r¿.:1.s.

.f.L ÌlfI Y -.-çì-\r={! ¿ ç1ll-i

'l'Ìrc-: .stucly dt:r'¿¡ti<¡ll js 3(j mc>ni.hs;.

15

30
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For patients of Groups A and n 

Hi story of xiv infection:  

- Date o 1 HIV infection diagnos is  

- Mode of cootand nation 

- CDC stage 

- For stage C: diagnosis of AlAIDS-deHnl ng condition 

- Anti re t my i rat 	L itia tment 	i n progress 	( start date, 

molecules administered) 

1.0 

Clinical exam: 

- Weight, height, body mass index 

- Waist 	ci rcusif ert nee, 	circumference, 	um i s t - to- 

hip ratio 

15 

Blood tests:  

- Measurement 	of 	the 	fly 	viral 	load 	(detection 

threshold 40 copies /ml ) 

- Assay of HD" and CFO lymphocyte levels 

20 - Giycemia , 	i nsu 1 i nemi a, 	HOMA calculation 

- Total 	cholesterol, 	TEL, 	HST cholesterol 

- Tr I glyceri des 

- Sampl ino of 3 EFTA tubes of 7.5 ml for analysis of 

nuclear 	and mi tflchondrial 	functions, 	measurement 	of 	H3 V 

25 prov ira 1 DNA and cell library 

Ana lysi.s of 	a nt "rot:trivia-a  I- to root nuclear , 	3 tochendr 	I 

and 	-ytosol i< 	pro te i ns 

- Western blot and rmmLnolabel ins: 

30 - 	Production 	of. 	NE 	13 	and 	I 	13 	as 	controlsof 

lþì'--F:qÞ-t9t-t-.!:9-{....!.:..t..9-!E:9r4--gryl-iì

llrs_!srv ç]Í lllll itil!.'ç ç$!Ì_._

- a).ìtù ol tiIV rr)f ccLicn dr.agrrosr.s

It - Moclc r;í: con L: i.r:tu. ûa t- ì o L r

/.lrr\ FFr-^

- i-..,r' stage (l; cJ r.)aD.)si s ôf A I DS -d('l'l- i) r t) g condr Ciotr

- ÀÐ t l Ìrc t- Ì.'ov ! r.'¿l.i t J'c:;r t;ììriììi .s i n p.r.'t)gl c.';s; (s1-âr l- d¿ltc,

moÌocu.l.os ¿clcL.i.¡¡r s L e-r'c'c.i)

10

C.L¡.rricaL e¡e.m:

- ç{crgììL, l¡org))L, b.c.<ly mass .rndex

- L{Ð ì .st c:i 1'cr.riGf c-:.r-'cr:ct:, )tip ci rcunllerence / wd r s L-!o-
hjp rðì r.o

IJ

,l 
jl._"_"-i__ 

!,e_ s_! l_i
_ Measuremeìtt of. r.irc= ¡tiV vrr¿il- l.oad (cl(,.-çect ì ol)

threshol.d 40 ccpr es /rnì )

- ¡\ss¿ry of cD4 ár,(i CGB Lymphocyte level..s

2A - Gìycemia, .r n.s u Ì ; ,r elni .) / ¡IOMA calculàt-.tc.n

- 'IoL¿.1. chol.esLc'¡ol , ),D),, ilf)1., ch<> l. e.si--a rc.¡.1-

- 1':;.r qJ.ycerides

- Sanpling of 3 EL)'l'A uubes of i.5 nrl. for allalysis of
nuc:l-êírr and rir-r l.-ôclì()rìdrr¿¡1. f uDc'.--.ons/ me a su l:(:tllo l) L ô[ Il]V

25 p.rovr::ai llN/l arìd ceÌ). .l ì br.rrv

4qÊ_lff rf_g__g!_ql !ll_'_ç-! Lo_Y.r.r.) .1. -_L: ir_r.9 è.1... t).9 g^l (t? I-L_-1li9çhgft dI 
".L

:ìt4 . 9.y^!fì.'ì-ç'.-1.1.(: . p.rfì! 9.t.|iì.L

- 9'1e.5 L--e::n bloL: ¿:rci I mmlit¡ o ]. abc I )- Lì o :

3C - l'ro(ìLrct.ron ctf ñ1.' )) a:rcl .l Il as c:ontrols: <¡f

IJr:r)t--e,â.,rónr(.: ;l()1: -r vr t-y;
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- Mato rat i em 	 and 	B, 	nuclear 1 n 

models; 

- Production 	of 	AREA P 	rsoforms 	and 	their 	nuclear  

Import a t i on : 

0-g 1 }nos y Ina on 	nif 	puri f i ed 	and 

deg 1 ycos y la t ed CD36 	(i30 Ins of sugar) 	(Abcam) ; 

impo r t at i on, 	into 	the 	mitochondria, 	of 	Ifsp70 

having a 	cleaved addressing signal,   	as a measurement 	of 

the mitochondria] 	protease activity 	(Abeam); 

30 - mi tochondrial 	I' resp i ratory" 	functions; 	ROO 

production, 	study of subun its 	11 and IV of the e yt oc brome 

ox ida se 	(Molecular Probes) 

The search 	for possible susceptibility 	to ant i re t r ov ira 1 

treatments is performed by gen° r yping certain targets, 	as 

15 ion 	shown 	for 	the sensitivity of 	viral 	protease 	to 	PI x 

(Baxter 	et 	al., 	2006 ) ( 

- ZMPSTE24 	and 	Roe 1 	involved 	i ri 	maturation 	of 

prelamins A and B] /B2 	( routine at the Molecular Genetics 

Laboratory) ; 

20 - Si AP and 02-P pro t ea s es enabling production of the 

AREBB 	domain 	active 	on 	lipid 	metabolism 	gene 

t ra n sc r I pti on; 

The mi techondr i a 1 	deoxynue I eos i de transporters.  

25 for cont rol group Ca  

clinical exam: 

- Weight, 	height, 	body mass index 

- Via lot 	air eumf erencmc 	hi 	ci r ()duct erence, 

6ip ratio 

30 - 	Sampling of 	3 EDIT; tubes of 7.5 111.1 	_or analysis of 

rnic 	a 	inf toincmdr I al 	and 	cyt eve 	inns): I ons , 	and 

fi

- lv. a t-- r) r- ;ì t. r r.\:r ef -l ¡lr,-t L¡s 
^ 

¿Jlt(¡ B, ituc:i-e¿rr p.r-Ò1:c-tlr

)k()(lo I 15 .'

- l'rr)ciltc L i<¡r'. <)f Si{fl3 t) r .sc)l or.'rrl:ì ¿rìd Ll'.e r.r rìr:c;l (-: ¿r l:

i mport ô (-.ì. oi) .-

5 N* ¿l:cj O-9lyc:c;.syJ a1:: o:r aF pr.:r.rl:r c-:d àrìd

cìeg J. yco s y ì a 1: od Ci)-3(: (130 kl); of sr.rg;rr) (Àbcan) ,

^ Ì.lnp<; r t .r i. 5 o rr , r.r)1ro l..hc-: m i 1: <)c-hon d r r..r , ot:. fisp'i ()

h.rv.:.rt9r cr cj cì¿)vqrd adcl::e.s.s j nq .siqn;:Ì, as a rnca.suremenI of
Llto nL:.L:c>chondr.r.e^.1 p¡:otease .ìc[.tvÌ ty (Àbcam) ,'

I0 - mi t'.ochonclÌ'r a.l " ::c:;p r ra t: c;r'y " Iu))ct.::ons.' ROSì

pr: oducf- r- c.rì, ¡iLudy ôl .sL:bunr.L.s lI arrri ìV of 1:ire cvf.ochJîoLno

oxidas(: (Moìer:ular. ))robes)

'l'i)e .sea rch f or ¡rosr ì ):l.c :;r.rsco¡>L iì-:i ì i. Ly Lc. ¿rrt i r:o Lr ovr'.ral
-( ). e c-¡ [nìel) [ :ì is por fr.'rrnr:ci by genaL;yp.].ng ce¡:Eean 1--ar:qets, as

lli u¿rs glrcwn tor 1:he -sens.t l-l v.rty (ìJ' vl Ì'al pt'ot-ea-qe to ?I.s

()3axte:: et. crl . , 2046,):

- ZMP-q1'E,24 ¿:rìC Rc(-rl r:rvc¡lvecl irt rn¡ìf.urâtr.o| oI
p'rcl.a¡n1í)¡r A ¿'ncl ljl / ì?. (rout.l.lre. at the t''lol.c,cu] ar (;cneLics

LôklÒr.)tory) ;

?-() - -cl ^[' ¿nd S2-P r)t()Le¿l.sc].s c:n;:bìinc¿ production af t'.he

SREßP dc¡rnai:r acL:.ì.ve on Irpid metabol..ì.sm gen(-r

l:ranscr.r ptl otì,'

- Tl¡e m.r-,-Òchond.l;Iai drloxynl:c) eoside t ran.sporters.

?-tt íç:t_ ç çt¡.Ç ¡_g.l -u-t 9_p_-¡,_ í:i
Ç.J"+ lgrt--ç¡¡m-.

- h'eiglìlr, )tcigllt:. l:c><ìy m;:.ss .r.nciex

- I¡r'¡ir..;1- c i .:-cum f-e r e n <:<-: , L:-¡r c:,j- r c:itn f c l: encc- / $cltst-Lo-
hir¡ r-at ìcr

:ì0 - .SanLp.l:nc¡ of' 1l til)'l'À L.ub(-)s, of 7.5 ml for an.rlys.r-s ot

i:rlc--., r-:.r.:--, lnil--c.c-hc¡nci::-r ¡ì a!)d r::ytr'rsÓ-L t<: ! ttrlc[-t o:ts;, a:r<j

))l rì cemerr [ 1 r) DNA a r rd l..r t>.:-;¡ r i e.s .
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Hold 007bild Ytsd tS 

The evaluation 	m: dudes : 

5 A cl i ni cal 	exand  

- Wei ght , 	hog gi 	tody mass index 

- Ws is if 	crrcumference, 	hip 	circumference, 	ea 

hip ratio 

10 A blood test-: 

a Measurement 	of 	the 	MI V 	viral 	load 	(detection 

th res he] d 40 copies gni ) 

- Assay of CD4 and CD& lymphocyte levels 

- 	clycenda , 	i nsuia.nemia , 	HOMA calculation 

15 - Mot a I ch ob.este rod , 	LOU, 	HOT cholesterol 

- Mrd til yoerides 

- Sampling of 3 E DMA tubes of 7 . A ml for analysis of  

nuclear, 	mi tochond r i a 3 	and 	cytosol i c 	proteins, 

measurement of HIV proy ira 1 DNA and placement in DNA and 

20 cell libraries.  

/ Ana I ysi s 	of 	ant i ret ro v ira 1 - ta ip et 	nuclear,mit c :bendy ia 1 

and cy :tool I c proteins 	( see above) 

25 For patients of Group A: 

The 	patients 	of 	group 	A 	needing 	to 	start 	an 

	

e t rovi rad 	treatHIGnt have a clinico 1 and pa rac I nica I 

((Nal said en 	ident i ca 1 	to 	that 	provided in 	the 	context 	of 

the 	follow-up when 	starting 	the 	treatment. 	The 	f ol i oh—up 

30 data on these patients is analyzed from this date in the 

group of patients treated :group E 1 . 

't8

ì0

.tlç:i ì çr"--grì _ç üi_1-¿

I'h c ev.r I r.r (3 t -r o)r ì lr r- l- i: dc: -ç

llqÌ= l)^e.!,Ì_9^illì. ^-c¡_{._Ç¡q 
u p À :

'i'lle p.?tienl-.s of Erc.|U) A

m¿l ss -LIloex

h r-p c-j rct:n f'erence. vla.r .s L:- i o-

((jeLrectjor)

âna).y.s t -s of
prot(,Ín-.,

r- r) DNA ¿Irì(i

4- Þ:l çrs,-d-ls-q! ;

'. Vc¿rsurcnrênir t: lì i:he I-t.iV v.r.ra.l .l o¿cl

LLrc:;lì()ld l0 copies/rnl )

- Âssay oI CD4 ¿nd CDB lyrnpl:ocyte ìovcÌs
- GìycenLia, ìnsuÌ i.nem.ra, llo¡aA cal cl.rJataon

- 'l'c;t.ei. chcle-.1-.e¡'ol , LDl,, 3l)L chol.est eJ.'ol

- 'ì'r'-t ç J )'ce l')-dcg
* -camþ'lirrg of :) LDTA -.ube.s of 7.5 nl f'()r

rlrcJ-cat, :n.r tocho:rdr-j al and cyto-sol ì c
rtLêa.sr.r remen I ol: H1V plc''viral. DNA ¿ìrrd p).accnrerrr

cc,l.l. l.rL.¡r¿¡ros .

l5

?.1)

A!il,y_ej_ ç_ C_l_ gn! i ¡i.ç 1.r.9 y ¡.I.q-1-r.!gl9__e¡:--gu_g_1-o1j.,... T.Ì-!_o^_c=Þôl\q Lr.r r

qls. cy!fìiifi'\1-!I'-(ìt'e in's ( see ebove )

rlccdrìg l-o sIarI arì

,ìÌìr. -t Ì-'e L ¡'cvi.::a.L L.¡(-râLrnI(-)nL: lt¿rvc-¡ ;.r c:-L -r nr <:;¡ì âr,(l pal'¿(:i jr)r-Ç¿lì

cv¿rl.LraL..rcD r dLtn( t c('r I t<¡ tlrc-¡t 1t::ovidc,d .l.r¡ l,.hc-: colrl-e xc of.

f.ir(' f c.l.l.c)ri ^tt¡> lv)rer, s L¿rÌ. Lrrìq L.itc L: r c?¿r Lr¡rcrìt. . 1l:c L oi ì ou-u¡-'

(lcì L ¿ì ()l) L:lìe.s(: f)¿1: j.err1-.s ; s aira I yz.ed fl:c'rc th r..s cl.:1'.c: r ¡r t hc

c¡::r.:l:p of patients L.r'câtcd (grcrup. B) .
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11. 

the 

Der pa L 	t 

the 	aid i it t r o 	al 	t reatntnt 	 i ng 	the 

studies, 	a c 1 in rcaI 	and pa ra elird cal 	e va 1 ua tjot 	identical 

s to 	those 	provided 	in 	the 	context 	of 	the 	f ol I ow-up 	is 

cd 	when 	the 	treatment 	is 	changed. 	The 	f el lout up 

data on these patients is taken into account to ca led late 

incidence of disruptions of nuclear and mid orbands ia 1 

I unctions observed ii pat 1 ents exposed to a n r ire t iwv j rw 1 s . 

10 	[1. 	Expected results, dperspectives  

Confirming, 	in 	vivo 	j n 	patients 	infected 	by 	the 	AIDS 

virus 	and 	undergoing 	a n t i itt rovi sal 	treatments, 	the 

results 	obtained 	i n 	vitro 	in 	cell 	rail Wrens: 	these 

treatments, 	i n 	particular 	protease 	inhibitors, 	induce 

15 	accelerated 	aging 	according 	to 	the 	same 	utc ha n isnt 	as 

] am i nopa th ins 	(with 	the 	product i on 	of 

f a rnesy }tat ed 	pre) amin 	A 	or 	pregerin ) 	or 	mphy s iwlog ica JM 

aging 	(with p roge rin production ) . 

Reinforcing 	the 	hypothesisaccording 	to 	which 	the 

20 	combination of drugs 	( s t a t in and andnohiphosphonate ) 	used 

in eavige ri a might be used to 	fight accelerated aging 	in 

patients 	infected 	by 	the 	AIDS 	virus 	and 	undergoiwy 	an 

ant ire troy imw 1 	treatment 	and 	enabling 	the 	establishment 

of a therapeutic test. 

Et 	7: 	A 	treatment 	a ss oc iw t ed 	a 	s t a ts in 	and 	an  

a  dpbomphona to 	increases 	the 	3 1 f e- ar 	of 	4 	mouse 

1 	repretitle i nct a human syndrome a tprernattre, ..jaai ng „ 

ibis 	example 	is 	also 	published 	an 	Va rel a 	and 	a 1 , 

30 	Nature Medicine 	2008, 	7, 	767 	(54 	bis) . 

ItipiM pment and methods 

'I 
Cr

_J()

.ilçÌ... f).4_.1ì.9.¡_1.ç.._3_..._g l-_..y..r.,_çt !tp_.11 r

lJ. Lhc ¿ r L L i r. e L r o v l l cì i tÌcatnreììt i:; rtc>Cif rcd <.llt¡ìrtg t)',c

st.udj.es/ ,r c:i:.nr.c¿ì ¿ìlld p.ìracl.r.n j cal ev.:luát jóL) ldcnL.].cal

lo l:h(i.se p::c;vr cic-:c1 r-ír Il:c.> cÒlìt-cxL of. ì.hc i-olì c;rv-r.rp i.s

pe r.'formccì wñen i.h(-) r.r:c¿)'ilnent I .r cl).ìngecl , 'f')rc f ol ì ow-t.tp

dat-a c.i) t.he-sc: paL:.ì c.it)U.s ¡.s taken rltLÒ ¿Lccou)lt to r:;ìlc-tlla1;e

t L'.(: .rrìc.rderLce ol (bs:r'uptrons of nu(;Ìe.r.r âIìcì Lnl. L oc:ll ollclr l. ¿r l.

lutrctrr()rì:; ób:ìcrv()cl lL) Þai-ìe)lLs exposed t.() ¿)IìL j-.ll() [r-'c¡v j ¡.tÌs

Jl_.._li*pç_qt_eJj__l_r: j_s_l_l.t_.:_r__¿91f ip_9ç_tl.yg-¡J-

CcrìIr.Ì'mÌrrg, ttl vivo jn pal-i en1:s :rLl(Jctled b.y the 
^tl)Svj.rr.rs ¿lncj ur'idoÌ.'going cì n t- r. Ì.'et rov.l rra I r.rèaLmcrlL$, ttlìó

tesul l-s obUarn(.ici )n v-Li:rc rlì cel.l. cu.l L.u.l:c.s: í:lrt'l.se

treatmcnts, jn paJ:trcular prol'-e.rsê rnhrblLors, t:lduc:e

a<;<:oI<-:taL:c:d agríìg irccc.rdrnE ì:o 1--he s (-rlir(-) nLo c ll ¿t t: l- sllts ¿s

cen¿: ( i c I .;mi )rop.r1--lÌrê.s (çi Lh t-he produ(l L: I on c;f

f a r:r) e s y ]. ¡rt ed pr:el arn.r.n /\ or pr-Ògerrn) or "physlologlcaJ"
aging (wit-h pÌog<r rr.n I)roductr.on),
lìeì rìforc.r nq (:he hypotlrosj.s .ìccordtng to wlrr<:L t:hê

cc.ml)rnatro)'r of drugs (suac.r.¡r ano änrr rìob i ph osph on a1-.e ) usc':d

rn p?.ô9êr1¿) r,.r qi)i. bo uscd go fight acceieraLod cìÇl.l)Ç l.rì

patierrl..s r:rfec1;ecl by Lhe AIDS virus and u n cie::gt:.i.rl c¡ <lrr

arrti.r:eL¡c.vi.r.r.l Lrcatrnent ar',d enet)li.r)g ttlìo cstab.l.rshment

ol' a [.he.:-;r¡:eu l:.].c t.cì.st.

!-::ltlPi-9--- -¿ , ---4- :!-11.q!.q9Qf .gr9--o-çi.e-!-9-d -?-- 
.? L-+.!.;lì. . ..¿Ìçl^, .-.:!t)

q.lnlÌgl¿i¿l_ìgspho:r_a..L.e _ i nc.::earys _ __!..ilg . ...Ì_q9qP_4n __91___(¡ rlioìrse

Ill.).!l-l:'i ^-I-!:lì:.f.t{il-tì,'..tlsl 1...1..,t11Ìall.-!y!4r!rne -s!-p¡J:11,.11 
!l I}ì.. ::.9..r.-L9..--

'ì'b r -s exa.mpi e .r..s .l l..so pub.ì l. sltod i tt V¿¡ re.l a ¡¡nci ¡ ì ,

N(ruurc Mc:c.llcrrrc 2OtJ9, 7, 167 ( 5.4 bis).

ll;qu j prnen t cì nci nìe l- l)ods
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00 

Mice: 

5 

The 	production 	of 	Umeste24A1- 	and 	lot a 	mice 	has  

described 	(Pendas 	and 	al. 	2002 	(38); 	Sullivan 	and 	ale, 

1999 	(285). 	The computerised bone micretoiwgraphy of 	the 

mice 	was 	carried 	out 	lusted 	the 	micro-GI' 	Skye:can 	1172 

system 	(SkyScan - trademark)). 	All. of 	the experiments on 

mice 	are 	governed 	by 	the 	rules 	set 	down 	by 	the 	Animal 

Experiment Committee of the University of Oviedo 	(Spain). 

10 The pravastatir 	(100 mg/kg/day) 	and the 	zoledronate 	(100 

mg/kg/day) 	diluted 	in 	PBS 	are 	administered to 	the mice 

every day. 	The mice receiving the pravastationecleditortate 

treatment or the control mice receiving only PBS do not 

show any apparent damage or stress. 

1.5 

Cell culture 

The dermal 	fibroblasts of a control 	subject 	(GM00038) 	and 

of patients afflicted with progeria 	and carriers of 	the 

imitation 	G608G 	(AG11498 	and AC01972) 	were 	obtained 	from 

20 the Coriele Cell Repository. The Helm cells come from the 

American 	Type 	Culture 	Collection. 	The 	cells 	are 

I cultivated 	in 	DMEM 	(Gibco) 	supplemented 	with 	105 	FES 

(Gibco) 	and 	1% 	antibioticeantimvcotir 	(Gibco). 	The 

fibroblasts 	come 	from 	tails 	of 	12-day-old 	mice 	(Varela 

25 and 	al., 	2005). 	The 	concentration 	and 	the 	duration 	of 

treatment with the statin and the aminobiphosphonate are 

indicated 	in 	the 	legende 	of 	the 	figures. 	During 	the 

combined 	stotinteminoblhospherete 	treatment 	in 	the 

presence 	of 	fareesol 	and/or 	of 	gelenyigeranAol, 	lmlit 	of 

30 plevastatee 	and 	1mM 	of 	eoledronate 	were 	added 	to 	the 

culture medium tvith Aecreasieg concentrations of farmosel 

and/or 	of 	geranyleemendol. 	The 	percentage 	of 	abnormal. 

BO

lf)

lt tce :

1'lìc proCuc t l.an of 'l,mps t--e2 4'' / - ard l,lnLr.r' /' Ir).cc l-r¿ìs bcc:n

(ìcscÌ lbcd (Per.das al)cl a-l-. i!0c2 (38); Strl 'l 'rvar: ¡r)l(l àl ',
1999 (2ti5). ?lìc cc.¡nJ:.u l-e rr.sed borrc rlu. cL'ot r-\nloq r.r nh y r:f' t--ho

rnjc;e waÍ; r:¿rr':.ed óuL uf;l-ng Uhe rni c¡-o-CT .5Ì:y.Sc-a:r 111?

sy.sl.cìn (Sk¡r.9c..rn - L:r'i?ùonark) ) AJI of tllc cxp.-ijîírn('n l-." c'¡l

nll-(:e dt-'e oovc-:rnr:d L)y 1-lrc rìlìcs sel.- c!own i:y LIro /ìrrritl.ll-
Ilxl)cÌ.' j.mer) t- Cctììnrj.ttee of L:lle Univc)rsi L:y oj= Ov:.cdo (SI)d j.r)) -

'l'hrr pz()',/à:;1.4L j.lÌ (1OO ¡¡,ç /kg / rl.:y) and che zol ecjrc.:n;r{:e ( iC0

mç,/kq/day) d.r.lul.<:d iIr PßS a::e adrnr:ri:;Ucrcd to l'-he' m.ì c-e

cvcry day. 'J'he m.t ce recej.wrilg Lhc pr. ava.s 1. ä 1'-.r Ê - zo.l- ed rorl¿r L c

tr€)¿rtrmcrìL: <;r' t-l'.o contrc.l- m).ce t:ecol.vlng L''nly l'[ìS c)o trc>r:

.s)ror,r .:ny app.)):eni: cj¿rmag(¿ or sUIess.

(-cl-.1- cul Lu¡e

The qe¡me1 fj.hrc;bi¿-sLs of a control .sub)ectl ((ìt 0C03tì) and

of patients af f l..r.cted r,¡ÍLh progejîl.a arìd c:arrrct's of tbe

nurl:àLror, G6O8G (4Gi1498 anc AG07912) we¡:e obiairrc:d lrom

the Corjell (:ell lìcpÒsrLory. 'I'he He],a col-Ls come fronr t're
Arncrican Tyl)c CuJ l,.r)re C().1-.1-ectlon. lhc' co.l .l s ¿t.r.'eì

c:ul.Lrv¿.rtccr r.Ò l)vlll'l (GÍbco) sr:pplclnented erjth l0T f'')lS

(Grhrco) a:rd lt a Il1. j.ba o L j-c ".'l I) i I myca 1.. r c (Grbcc). 'l'ne

llj l¡r ol>1¡s L:¡; c<>:nc Irom tar I .s cf 12-.ciay-ol <f rn.r r:o (V¿lÌ'tll ¿

a¡rcl al., 200:)). f'lle concent.ratt on arld tllc ciltrat.l.o:r of
L:rc'¿t.rn<:nt witlì the -stat. j n .rnd L:lìc am!ncbi¡:irospllorraLo .rr o

.rndrc.3ted i rr L--ire I eqotrde of thc I l.gures. l)u.r.'r.nq thc-:

<;<:ir.Lrr.rtco s t a i. i.n'l'.:mi nob.r pirc:.s¡-.): c.rL.r t e 1, reâ1:ñLcc f .i Ll tlrr.':

prcj:ìer)(:ê ()f íì¿t rrr<-::; c;.1 tl)d/or of c¡c'r. ilny.ì.ge r.r:r ì oì , I tnl4 c¡ f

llÌ.'avcrs t a l'.ì lr .rlrc l mf'4 c>l: z-o] corc¡n.t [.e w('] rc aciclcd t o L lìe

c'Lr-i1-rr!:rl rnc¡c1l-trtn ç;j tll j ì)c:re-asI tìg c ôl) corL t; re.1: i cn.s ol- -1lìl:ILè1;t)l

and/o¡; of ge.rranyl gc-:r*rtiol. . the percenLâgc cf al¡lro¡;mal.

1.5

1n
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nuclei. 	Is 	measured 	48 	h 	after 	the 	a 

treatment. 

Imm(mocytochezdstry 

The 	nOrbblasts 	are 	cultivated 	in 	Lab 	Ilek 	chambers 

(Nalgen 	Nunc 	International.), 	washed 	in 	the 	PBS, 	then 

fixed 	in 	paraformaldhyde 	4% 	for 	15 	nun. 	The 	cells 	are 

dehydrated 	in 	ethanol 	baths 	in 	increasing 	concentration 

and 	are 	penneabilised 	5 	min 	at 	25°C 	ir) 	PBS 	containing 

10 Triton 	X-100 	(0.5%), 	5% 	serum 	(goat 	or 	rabbit). 	The 

slides are pre-incubated at 25°C in PBS for 5 mm. 

the dilution 	of 	the 	primary 	antibodies 	is 	1/100 	for 	the 

goat 	polycional 	anti-prplandn A antibody 	(Sc-6214, 	Santa 

Cruz 	Biotechnologies), 	1/40 	for 	the 	anti-lamlo 	A/C 

15  antibedy(4A7  provided by C. 	Morris), 	1/200 for the rabbit 

anti-calreticuldh antibody 	(Strossgen) 	and 	1/100 	for the 

B1 	antiolamin antibody(Aboam). 	After washing 	in the 	PBS, 

the 	slides are 	incubated 	1 	h at 	25°C with the 	secondary 

antibodies 	diluted 	in 	the 	incubation 	solution. 	The 

dilution of the secondary antibodies is as follows: 	1/100 

for 	the 	IgG 	of 	donkey 	anti-mouse 	coupled 	with 	PIM 

(Jackson 	ImmunoResearch), 	1/400 	for 	the 	IgO 	of 	donkey 

anti-goat 	coupled with 	the 	Alexa 	488, 	1/800 	for 	the 	IgG 

	

of donkey anti-goat coupled with the Alexa 568 	(Molecular 

25 Probes) 	and 	1/100 	for 	the 	IgG 	of 	donkey 	anti-rabbit 

coupled with inctramethylrhodamine isothi ocyanate 	(Sigma). 

The cello are then washed, 	the nuclei coloured for 15 mih 

at 	25°C 	with 	DAN 	(100 	no/ml, 	Sigma-Aldrich), 	fdhany 

washed 	3 	tines with 	PBS containing 0.52 of Thben 20. 	The 

30 slides 	are 	mounted 	in 	Vectashield 	(Vector:). 	Digital 

(corded %doh a 	_..ca OMIT microscope mndoped 

with a CoolSnap camera or with a loica TCS Ma5 confocal 

ll)

.r f' t.cr L--lì(-r l>cg rDrr ing oí

r:

:r uc; l e: i s :nea s u.:; c, d ii tì

f .r-e.)1:mci| [ ,

L- h <-:

I rRrn rì n ocyt ocir c'rni s L r y

'[Lc f : ]-.r c;bl. ¿ -s 1. s ¿.r:c culr..i v¿rLed r.L'. l,ab 'I'r:k r:]tarnbers

(llaJ.gc:n Nr.:nc l. n L: e.r: n ¿ t r. (ií) ¿ ì ) ', w¿is!)od j.ti thc PtlS, L.i'rc)ì

f'.r zc=<l r.n paraÍorma ì dhycJe 4e¿ i:c>r. 1.5 lrr rl . Tlrc c:e.1 I s ¿).t'rj

<ìenydrated ln cthanoi ba1.hs ¡.il irrc;reâs.r-i)q co l¡ ccl) L ì. ¿i L l. oIì

;.rnd .r¡:c pc.t'mcabr- l- 1s ed 5 m.rn al.. 25"C t.n FBS cÒr)Lcì.iI'l.rìg

TriLor: X-lO0 (0.5C). 5Z scl urir (Ec'at or.' ::.rk:b.r-r.). 1'he

.s.ì i cles .:::e p:: e - i ncuh.l t. ecl ¡r-. iì:)"C rr) PBS Lor: 5 mrn-

'l'hc-. drl..¡Llor) of tlì<: È)rr.)nary antibod:e:; 1s I/i00 Ior Llìe

go¿rL [-'L' ì yc ì Òrì¿r ]. ¿ r t r - p r q\.l- ¿ì Lru. rì À ânt-r.l)ody (Se-6?-1 4, S.rnL.a

Crv;, llr otechno.l ogie.s ) , )/t|O f:c.r Llìe aL)t-1.-Iami rr A,/C

crnlibody {4L'l p.rovlded b.y (ì- Mor¡.-is), )/?-OO f L.}: Llìc ¡¿}¡i.) j.L

û I) L r - c ù.1. rc L r c:u ì l n ¿rrr¡rbody (St-Ì'css:gen) anct 1/ iC0 f <¡:: t-.1-, e

Bl .1nt.r-1.:mi:r ant rbçcjv (Al)(:¿rm) . ¡{f i-cr wâshjnE in che l)ll-c,

the sljdc-s are j.rrcubatecl 'l lr aL. ,llio(; t{r Lh Lhc 5econciary

ant)-bodiôs cii.l-uteC in the i.rrcubati.o¡r .sô.1úLron. 1Ìre

dr..lutr.on of the secondary an1::.t)odl.(rs ts as fol..l otrs: l./100

f.ot: th.c IEc of donkey antr-mouse cc.:r.:p1c.d \./itl) IrIl'C

(Jack:;on ImmuÐÒR(-r.se¡ìrclì) , 7/40O for the igG of cior:key

ö¡r1-..1-c¡oat" c:ou¡rJ.ed Hith i'.he A.lexa 1¡t18. 7/9ON for the IgG

of dr'rnkoy anL.r-goi..L cÒtrpl.od wr.l,:lì thcì /\.1 exa I>68 (MoJ.e<:uJar.-

lrr:oÞes) and 1/),OO fo.:; utre lgG Òf dor)lrey ant i -r;jbb.ì.t
ccul)Ied hrrt:ì L c L räLnc [ )r y I l.hc.dam] n e r s ot'.h.r a(]y..i rì.1 L o (SrgrrLa) .

'J'lì(-) rjê.1 Is are 1-.ne¡r wa.shc:cl, l..lIè r)ucic:. col.oltred I;or i5 mrn

.rt 25"C rv'r th D1"I':i (100 ng/nÌ, .S j qm.r-Al<lr'.r ch), f .rlrzrl ly
vr¿r..;)tod li t:irnes v¡:.i)r l)illi c>c.rrLirini.ng 0.5î, of I'vreen lì0. '!'hc-:

si i.dc-:-. cì r'er mount u-d rn Ve ct'.a s h:. <: I cl (VccLor.). f.).1 gital
ìtnâgc¡i ¡Lr<: l<-:c;<:l-docl wt-l): â ¡-,(-)ì c.l t)Mlì r0i (.'ro.sc()S)(e (:(lt.i-t I-.i-.(-l(l

|*'r.l.h .l CoQ).9rr.rp canìe.r.-.) or w j L--h ¿r Lorca T(:S SP5 conJocal.

1Ll
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microscope. 	The 	nuclei 	are 	observed 	im 	the 	earls 	after 

marking 	of 	the 	lamin 	A/C. 	More 	than 	100 	nuclei 	were 

analysed 	in 	the 	(footmen 	fibroblasts 	for 	each 	of 	the 

treatments. 	The 	number 	of 	nuclei 	of 	cells 	of 	patients 

5 afflicted with 	progeria 	analysed is 	250 	(passage 	8), 	198 

(passage 13) 	and 150 	(passage 20)- 

Irradiation 	X 	and 	study 	of 	the 	N2AX 	phosphorylated 

histone. 

10 The cells of progerid patients and the 1434(3 control cells 

are 	irradiated 	with 	an 	Philips 	X 	devimm. 	The 	X 	ray 	ors 

produced by an tungsten anode 	subjected 	to a voltage of 

200 	kV under an intensity of 	20 ma with a copper 	filter 

of 0.1 mm in diameter. The dose rate is 1.243 Gyntio. 	The 

3) 82AX 	phesphorylated histone 	is 	detected with 	antibodies 

that specifically recognise the phosphorylated sesdne 139 

(Upstate Biotechnology-Euromedex, 	Mundolmbelm, 	France) 	at 

the 	dilution 	1/800 	and 	of 	the 	anti-mouse 	antibodies 

conjugated 	with 	the 	FITC 	(1/100, 	Sigma-Aldrich). 	The 

20 number 	of 	double-strand 	breaks 	(P83) 	according 	to 	the 

duration of the repair was adjusted with the formula Nt - 

NO 	(1/1 	+ RW, 	where a and 13 are adjustable parameters 

and Nt and NO are the number of 0513 in time t and in time 

0. 

25 

Western blot 

The cells are homogenised in the following medium: 	SO met 

()Aim 	(pH 	4.4), 	150 	mtl 	Neel', 	lh 	NF-40, 	50 	mM 	Naf, 	I 	mM  

dithiothreibold 	2 mg/ml 	pepstatin A, 	in 	the presence of 

30 protease inhibitors 	(Compimtm 	imhibibor cocktail, 	Roche) 

and 	phosphatase 	inhibitors 	frhosphatase 	Inhibitor 

Cocktails 	I 	and 	IT 	Sigma). 	After 	electrophoresis, 	the 

lti

1., ¿1

frr.l. c ro.'; copc. Tire' rLuc:lei are <;i:sc-:rvcci ;:: Llìe (.(il.l .s ;ìl'1(ìl'

ma!:krtg ót' [hc .l ¿rtnl D A/C, I'íc re L]t.tn l.OC llL:ç i ei Hr-i r'c-:

ârral y.sôcl j n t.lì(.) c()nt r"()l Jl r ii¡ol¡l .:.sf..s lìc>l c.ac.lì o f L ììe

L:.r-e.rl--men L..s . 'l'lìc-r rìlimbc.t of' nuc.l ei of c:c¡1 i :; () [ p¿l t ].el' [ €i

öl'f I i(.ted wr l:h p::ot¡er-:¿ ¿rnai.y:;cd ìs 250 (päst.s¿l9o A), 198

(l>a.ssage l3) ¿ncl î50 (pa.s-saqê, ?-()) -

I r r¿..dr- ¿: Lr()t)

hi.st<¡ne.

X ârì(i st-udy of L.lrc: tì2AX ¡rh<.'sp!-:oryla[.e.d

'l'he cells of pr:oqer:ra l)aticìrìl-s anci '. hc 1lìiìlj t:o¡it¡c'l- cel..l-s

rr.r'c irtadratcd wrto aìr i.)ltr i:.p:; X dc'.r j (e. 'l'he X r¡y l.s

¡;r'c;clrrcod by an i.urlgsIciì ânode sublccl:(-)d t.o a volt-age ol:

20Q kV u¡rcler a:r .t n-,-en.s:1:y ot 2O ,T'A v¿.ì.1-h .l (iÒppor f ¡.iLc¡
c.f 0.i rnm i.n dratnete.r:. 'f'he ciose r¡ri.c ts 1--1!43 (ìyln':.rr. 'fhe

JJJÌlrX r:hosphoryJ-atod I'.r.stoIle .ì.s de1:ecL:e(l w:c)r anlibociies
t.h.rt specr ficaJ J y r:ec()9rìrso t bc 5.rhos¡>hory I ai:c'ti scrrlre -l' 3 9

(Ups1;âte Bro'Jechnology-tìuronedèx, Mul)dol.sheìm, L'r¿rrr(:c) al:

Lha dr.l-ut1orì 1/8C0 and of the ¿rnLr.-rrìouse ant.r.l:odies

conjugated wi 1-.iì L--h(? fITC (i,/100, S¡.qm.r-A1clr j cll) . TIìe

nurabcr of doubl- e - s t ¡: a ncl bre.rks (DS3) accordr"rrg t<; tlre
qiur:¿.rtJ.on <;f the rcpa.r r tlas ad¡us t.ed w.rr.h Li:c formula Nt -
N0 (I/1. + ßL',o, v¡here s ¿rrrci ß ¿re .rdju.st.rblê parame Le):s

arrd Nt and NCI are Lhe nu:nbe¡: of i)S)l rn Lirtrc t ancl rn î.ime

0,

Western bl ()1'.

1'Lie ce l-l s are hotnoEenisecr j.r: t:l:c J.oi.l.ow.rng mecjltim: 5O m!{

'i'r'.r.s (pll 1.4), I5O mÞÍ NâCl, I ?-. NP-40, 9r0 )n¡'1 Nêf'-' 1 mt'l

d i l..l).r ot lr ). e J. t o i , ?. mq/m) f)(-)p¡r t: ¿¡ t I r¡ 
^f 

jn th('] ¡>rcscr.cc' of

f-..r otoa-sê :.niril-.i.L c¡r.'s {Conìp.l ci t e r :rir i )¡i L:<.¡r' ccckt.ai J., Rc:c}r<+ )

.:r.ìd phosphai..:st-: l.rrltil-r j t<>r.'.'.. f l'll()sl)lì.11-.¿.so Tnnlhllor
Cc'ci:La)-l-s I and I I, Si qma) . A1:i:c.r. c.l.cc: c ropir c> r<-::; I s . t.lìó

2O

30

lalinka
Rectangle

lalinka
Rectangle



p(nto ins 	arc 	tmans f e r red 	onto 	nitro eel 1 ulem 	en 	ranen 

blocked 	with 	5X 	of 	deintpt dated 	milt 	powder, 	using 	the 

TBS-T 	huf f er 	(20 	mM Tr is 	pH 	7.4, 	150 	mM 	NaC1 	and 	0 . 05X 

10.men-20) , 	and incubated 1 h with either a specific ant i - 

5 lamin A/C antibody 	(4A7, 	1/500 ) , 	or a spent f it a nt imlomin 

A 	(C20, 	Santa Crux 11 io technoleg y, 	1/250)or an anti-beta 

actin 	)A5441, 	Sigma, 	In 5000 ) . 	the antibodies are diluted 

in 	TBS-T 	centn in ing 	3% 	of 	del i.pidated 	milk 	powder. 	The 

blots 	are 	then 	incubated 	with 	an 	antibody coupled with 

10 the erten idase 	( goat 	anti-mouse or 	ant i- rabbit , 	Jackson 

ImmunoRes ea re h ) 	in 	15411-1: 	containing 	1.55 	of 	deli pidated 

milk 	powder, 	then 	washed, 	f ima 1 1 y 	revealed 	via 

chenjt Lind n es cence 	(lNombilen Wes tern chemi ltmite scent HRP 

substrate, Millipore - trademark). 

15 

Analysis via mass spectrometry 

The fibroblasts of control and ?imps te2 01  mice as well as 

the cells 1 ymphoblastoids of progeri a patients have been 

homogenised, 	the nuclei 	isolated via ultra cent ri f uga t ion 

20 and the nuclear proteins obtained as described in Blobel 

and Potter, 	V. R. 	Nuclei 	from rat 	liver: 	isolation method 

that combines purity with high yield, 	Science 	154, 	1662- 

1665, 	1966. 	The 	proteins 	of 	the 	nuclear• 	1 amine 	were 

s e (tarated 	via 	SOS-PAGE 	elect ropho r es is, 	and 	the 	strips 

25 containing the 	I emit A, 	the prelamin A and the prOcler it 

were excised. 	The fragments of the gel we re washed twice 

with 	] 60 	ml 	of 	a 	ammonium 	b i ca rbcnate / a cet on it r ile 

fixture 	(70/30, 	25 ma5) , 	dr iod 	(15 min, 	90161 	and digested 

(1 	h, 	6010) 	with 	t ryps in 	(12 	ng On 1 , 	Promege ) 	in 	the 

30 amen itim bicarbonate 25 mM. 	In a typical expetiment , 	1 ml. 

of 	CHCA 	( a -o ya ne-4 - h ydre x ycdmnamim: 	acid, 	Waters) 	is 

placed 	in 	a 	55.41(01-16 	spectrometer 	Once 	dried, 	1 	ml. 	of 

r0

15

2.O

fr3

pI'ot(-l-n.5 ðì-(ì tJ:¿¡,).sf'errccl orì1--o nrL--.r'()(iciiLlLclt;r-' mc:ntl-r:: .ttl c s

bl oc kc.d s¡i.th -çt of cìe ) i p r oate<i m: .l k p()Hdcr, us ì trg tll)c

1ß9:-T bulf cr. (20 nrM T.r: i.-s piì ?,4, 1l>0 mL'4 N¿¡(ll. ¿tld !.05â
'IucèIr-20), ar:<ì rrtcubatcd L L) r,lÌLh c-:.r Ille:.- ;.] sp(-?c.rir<: a¡rí:i -
l.¿:rrrrn .rl,/C ant:ii:<>i1, l4\'i, i/5C0 ) , Òr. a .spe(.r [] c ;)n L--.1 -.1 .rm.r rl

ê. (C2 0, Sanl:a Cru z lìi.o L.ec:lrrroJ.ogy, 1 /25C) (tJ. an .rrì1: i -l)eta
.:cl-.1 n lA!>411 , S.l gm.:, 1 / lt000 ) . 1'he¡ ¿rn t-r i-'oci.j c:' .r ',e d.L Iu ted

rc Tß-c-'I' corìr.arnr-ng 3t, cf d<-:.1 I p.r.dal:<:ci nL:.J.k po|der. 1)ro

L.l.ots ¿ìrc tl:crr rr,cul:aLcc¡ Hitl.. an an(:ri:ody c:oir¡>icd w:tlr
uìo pcrôxrcia.s(-) (gÒ¿lt anLÍ-nóusc o!: ànL:J.-).'aDb j.L'-, Jac;kson

Immunolle.se.: rch ) i n 1'BS-1' c()r11--âi n.r rìg I . 51, of de.l i pi da ued

m¡.1-k l)owdoÌ', uherr r.ra.shecl, llj n.rl.1y rcvcalccì vi¿
chenL j- l- r..lrrrr n c:.s cert cc ( irrunobr I Órl Ulcs t c ): t) chem:. J ì.rm: rle.s (:ent- ilR l)

sub.s t ra l-e , Mr I ì ipore - 1'.::ademark).

Àrra J- yl; i:; v r..ì tna s ¡; s pe c L ronet r y

The f .rI>::ol:l.lst.s of control. ancl Z:tçsLo24-/- m.rce as wel.l as

the cel i.s i yrnphob]. as t or ci.s of proge-rÍa p¡rLrcnts have been

ItonLogerlrscd, Lilo rrr-rcJ-cr¡- isol.ated vj.a ul [..].-., cerll-- rr l'ugä 1:.r on

e¡rd the ¡ruclear.' protejns <:b1.aÍ¡rcd as dcscr'ibecl ìn )ilobel.

aÌ)d PoLtcr, V. R. Nucl-ei from r:at l.Lvcr': i sc¡l.al.ron rnaLlìÒd

Lhat-- ccmb:.ne.s prrr.r-î.y wit:h hrgh yreicl, -cc.Le¡rce I54 r i662=-

l.6e 5, 1966. the proter)r-s o!. îhe ¡lLl<:l.cat latni¡ra vere
se ¡-.;rr zrLetl vi ¿: S DS-PAGII cJ.cct r.'o¡r)rore.s ì.s, ¡rnd t:hc ¡i1: rrí p¡i

cont-ar)ring the larnjn À, th,<-: pr<:l.errrrrrr A ¿¡rrcì t-he IiJ.-oçeri.l)

t4c):c cx(:rscd. Thcz f i¿igmerlts of Uhe gei wc;ro wa:rhcd Lwico

rçith I ¿10 nrl ol'. .l ¿.ul¡:r,ôl) I rrnr ir.:. ca rl;ol.r t e / a c:e1. on i. 1.. r ¡.I e

mr.xi Lu.'(-) (1C/:.\O, 25. Ln¡{), (ll'rri(.i (15 ni n, 9() 'C} âlìr.l cìigr.":;r c:cl

( l. h, 60'(;) rçil:lr Lrr:ypsr.r) (i?- ng/n)., Promcg; ) r n -.irç

arrìnonl um b.rc.rrb.onate íl5 mM. lrì .: l-y¡:r.r:etì exl)cr.ì.)neltt ' I ¡nl.

Òl CIICA ( ¡r -(r y¡r) o- 4 - l: ycl t'o x y,:: r rìrìù01r c: 'ac;.r.d, l,,lz1-clr:; ) .r..s

pJ acec! rn a l.íAI,f)l -'J'()[¡ .spectl r. ô)tê1: o r . OIrce ch'¡.ecl, I rni c>l;

-i0
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the 	peptide 	solution 	and 	of 	the 	matrix 	(SICA) 	are 

placed in 	the 	spectrometer equipped with a 	laser source 

(Voyager-DE 	SIR 	(trademark), 	Applied 	Bixsystems). 	The 

data 	collected 	usift 	200 	laser 	firings 	produce 	spectra 

5 analysed 	with 	the 	Data 	Explorer 	programme 	(version 

4.0.0.0, 	Applied Biosystenwl. 

Quantitative PCR in real-Lime  

10 The expression rate of target genes of p53 	(ALMS, 	Cadddan 

and Cdknla, 	which code p2l1 	has been measured using 	the 

device 	AEI 	PRISM 	790051 	Sequence 	detection 	system 

(Applied Biasystems) 

IS Statistical. analysis 

The difference between the different groups and the 

cells, 	treated 	or 	not, 	has 	been 	analysed 	during 	the 

Student 	test. 	The 	calculations 	were 	effected 	using 	the 

program 	Microsoft 	Excel. 	The 	data 	is 	exprdssed 	as 	an 

20 average figure d. standard error of the average. 

Results 

Heft 	cells 	were cultivated in 	the 	presence 	of 	farnesyl 

transferase inhibitors 	(STI-277, 	Sigma-Aldrich) 	and 	/ 	or 

25 geranyftgeranyl 	transfe rase 	type 	I 	(00I1V2143) 	at 	the 

concentrations indicated. Only the combination of the two 

inhibitors 	allows 	..or 	a 	suitacidrd 	build-up 	of 	not 

prbnytaied prelamine A 	in 	the 	cells with 	regard 	to 	the 

effect of each inhibitors solely used. 

30 These results are shown in Fig. 10 which is a photography 

of an obtained Western blot, 	displaying the detection of 

the A/C ].amine in the Hela 	cells treated by the 	farmesyl. 

10

a4

l,.lì(-: p(,pt id<+ s<¡.lr)1.rt)rì and I Itl cl tllc ìn.ri).'lx ((jlt(lÄ) drc)

pì;ir:c-.d .r i) t i)e s¡)er- [ rornel.c-r:' t-:qui¡>pcd \r].1-h .l .l asc'¡ r .sotl¡:c<:

(Voya9er.'-ttE fìTR (tra<jem.;:;k), Applrc<ì ßì05yst-ems). i'he

d¿r [¿ co.]-.] (.ctcd Lrs j r,g 2 00 I ascr l'i r.r r)g:; producc sp(ì(: L:]:a

;:n;rlyse<ì w.r t:h tltc' D¿rt-â Ex¡>lore.:: p.l:og.r¡trúnc (ver sloll
/, . 0 . 0 . 0, AppI r.c-:d ßi Ò:ìys LÒrìt! ) .

Qu z r t:. l- a t- i.ve PCII r r ro;r l. .- t.i me

'J'he expre.s.s j o:r r.-a¡.e c.: I' L:;rrgoL gclcs o ji p53 (zlt.f .3, Ga<ìd4llg

and Cclknla, wn.rch c'ocie p2l ) ir¿r.s bcctr :neasurc:cl us.t ng [.h.c-

dovicc AEI lRISM 79LlCHï' Scq\reìrcc dc:Lcction Év'iIern

(.4p¡r ì l e <l B.r o.s y.s t ems ) .

S L¿.r [:-.s Lrc:¿t]- ar:iLJ-ys il;
1'he cl.rf ferenc-e bel'.wc'crì ths' cii.f.Lcr.'erLt not).se grotlp:; and tlle
cel.l.s, treaLed or ììol-, h;rs boctr atraJ.y-secl dr:r:.r ng 'ïhe

Si-ucìcnt Lest . 1'he calculau.rcr)s wôro eflected u.sÍng the

pr:ogÌam l{j-cr()!ìó1t lxcel-. a.'he daUa .t-s e:xplcsscd as ¿ìlì

aveJ.age f igure + s1-..rnd¿rr.i ettot ol tlne ave.xage.

lìe-.u l t s

¡lcLa cel.l-s r,vcre- cul.l,-ivated rn r.it(: p.t'c.so¡rce oÍ farnesyJ.

L.ran.s i=e r.r.se r.:rh r l>: l..o.rs {fTI'277 , S r gma -AJ <ir:.c)t ) ¿rncl ,/ o¡

gc r atr y J. - gc r a n y J. t rar)rsf e)tase i:ypo I (GGT1-2i47) rr (: the

<;oncenL--::¿rt j-<¡n:; rr':dr-catcci. Orrl-y t-he c()ml)jrl¡L::ot of t-hc tr.,,ô

.r rrh;, j:;.tc..:.'-s a l.l ov¿s {'<¡¡ ;: s..:f I i cr.cll t I>u ì l.<'l-up of' nt)t

prc-: try ì ir t:t: d prcìatnrr:c A in the ccr! l.s witlr reGcì.r.'cl to l-llc

effec.t of eacir j:rh.r L> j t:()Ì'.s s().la'ly tlsed.

lhcsc ):e-.r¡l.Ls .ì r'c, .5hown r:r Fr cl . lC t4Lì.tcil :s a llhQtogr:irPhy
olì ;:n obt:ained WosIcrÌ) ])lot, cìi s¡rl.ry.r hg Lha deLe c:t.rc.l) of
tbe 1ì,/C l.amine .r.r) l:h() l{cL'¿l colis t.l.e.ìte.d i.:y 1:ir<: l¿tÌncrtyl.

15
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85 

trans f erase 	itch ibit o rt 	 or 	the 	type 	 ty 

gersnyl 	trans f 	rase.e 	LA 	- 	1ne 	A, 	' - 	 CC 

prel a min A. 

These 	results 	confirm 	that 	the 	prt ny 1 at inn 	blockage 	of 

5 the 	prolamine 	A 	necessitates, 	at 	the 	same 	time, 	the 

inhibit ion of 	the 	farnesyl transfer a s e and the ge ra n y le 

ceranyl 	t ransf erase 	type 	I, 	a ccordi ng 	to 	the 	present 

invent inn . 

10 The 	farnesyl 	transfers se 	I STU 	inhibitor 	induces 	the 

compensatory ge rany 1 ate on of the progertn 	(in the 	del I s 

of patients afflicted with prtgeria ) 	and in the Trap s t ed A-  

roust fibroblasts 

15 

The 	mass 	spectrometry 	analysis 	I nditates, 	as 	expected, 

the 	presence 	of 	tf yptic 	peptides 	of 	the 	fdrnssyled 	and 

carboxymethylated 	in 	Xmpsted 4 	mouse 	cells 	hut 	not 	in 

control mice. cells. 	These results are shown in fide re 13a. 

the 	f a rnesy led 	peptide 	lacks 	the 	3 	SIM 	residues 	which 

shows 	that 	the 	Daps te24 	in 	not 	indispensable 	for 	the 

20 first clivage during the maturing of the prelamine A. 	In 

the 	lel -treated 	mice 	cells, 	there 	was 	observed 	a 

reduction 	in 	the 	quantity 	of 	in ince y 1 ed 	prelamine 	A. 

During 	the 	observat ion of 	the 	part 	of 	the 	spectrum for 

the 	g e ra ny 1.th e ran y ld sed 	peptides, 	there 	wa S 	no 	peptide 

25 derived from the prelamine A detectable 	in 	the cells of 

the non-treated Zmps t ced 4'1)  mite. 	But there was detected a 

peptide 	which 	mass 	is 	compatible 	with 	a 	g e ra n y 1 - 

aeranyloted 	fragment 	of 	the 	prelamine 	A, 	after 	Illd 

trta tmen t . 	The results are shown in Figure 1.36. 

30 In 	the 	cells 	of 	the 	p roge rt a 	patients, 	those 	peptides 

corresponding 	to 	the 	fa :ages y 1 ed 	and 	ea rbo 8 yme t hy 1 ed 

p rage rau are detected without any treatment, as indicated 

tLì

i5

20

tir

i.r-.ìr:s f-erl.sc) i-r,lirl.i: L.c.¡':; ..Lnrl / ar l.-- Ìtcl Lyl-'c I qcìÌ¿lì)yl *

rrer.rny.l L. r'.r r'. s f c r ¿.s o . LA -., I¿rntine ¡ì, i,() '" l.ílltllíic (:, I'L'e :r

prclrrrnir. Â,

The-se l'esu.l.us con[.] r.-m thâ1. Uhc Þretlyiatj.on i¡.ic'ck¿:cIè oJ'

Llìe l)re l-¿itnl-t)e A n (, (:(, s.5 1 f- a t- e.s . ¿lí- i:hc same tlmc. t:he

rÐlir brt rorì ol Ll'.c f .:r.'nc,..-y). t t-¿lnsf (?r¡rsc ancl t he ger.rnyl -
çcr.:nyJ 1. r¿¡nsfc-:.r .ì:;c L ypc )'., acco::clì rrg t.ó t he p)'e.9c+n I

.ì nvenl--.ì on .

lhe f'arnesyl tr.'ansfer.rse (l¡Tl ) rr'Ihl.bito): j ndticr':.s i:he

cônrpcn.sá t'-()ry gôrílny.l â [ i <>n o f t he Proger ilì (rD l-he cei .ì s

of patienl:s affJjc-.cd wri.:): progeria) and ír: tho ZrnpsLcÍ14'

/- n,or¡sc Lrl-.roblast-.s

the ín¿.s.s .spec Lr:L.rrLot Ì y ar)ôl y-s j s r:rcJ j ca L:cs / as expecled,

the p)resence of tr:ypLr.c pol)Licics of the f ar;:osyl-cd ¿itrct

carboxymeUhyì ated j.n Zmpsr.c;1.)4 lrc,Llsó ceIl.s buL: nol-- jn
(:ôntrÒi mico ôoIi.s. These resul'.:.s are shown in f ì.gure I3a.
'l'be iarnesyì ed pepL:.rdc ).acks the 3 SJ:¡1 r.osrduos NIì1clì

shows that the Zrnpst e24 i s rloL: ìndrspensablc 1'<.r:: tir(i

ilir.st c;Iivage durrng the Inaturj.ng of 1:ho preJ.amine A. .l.n

Lhe [''t']-Ureated mjce c-cJ-Is, there was ot>.scrvod ¿r

roducl¡.on irì thc quanl'.i Uy of f ;r::rrcsyì.ed preJ am.r ne A.

í)ul'inq Llhe ob.s et-vâ L: r ()lì oI th.c Part of r.)ìô spect¡:u)n LoL'

thc r.¡ c r:a tr y I * g e ran y J i sed pc:pi:icles, Lherc l¡as nc> p<:¡.:l-:.c1c

derivc-rcJ from L'-l:c-: p.r.'eIant!.nc It <l c't-.ec l:.-¡ b I e in the cell-' of
t lìc noD-t:re.1L.ed Zmps Le l) 4' / i|t ()ó . DLì t t ilc're t¡as c1(')''cc tcd t
pt:pL:.r dG wi:r <:L mal;f; 1-q cornpat.tb.Lc? wrtl'. a qer.rnyl-

gcr.rì)yJ.rted f r.rqrnenL Òl L:i)c ¡rrcl.arnitre þ-. nfteÌ' lll'l
L r.'L'¿ L rrtc r) L . Tlìc ::c:;ul ts .ìre rshown :rl f.:.Eurc 13b.

l.n 1-.1'. e cel .l.s a l: Lrhe f)rÒ(jr\.r.'rcì pa1 i etr1. s , t:l'.c'sc pepi id('){t

co r. r.'es p.orr d i rrq ta Lhe f .: rnc-:.sy.ì.ect cìncl c.: rÌ-ro x yrncl t: )ry I o<l

Ðrogêr ) rr ê.r'ê d(-)1toci.(d r,\rl ühout any l-t-e¿ tnL¿û L ¡ ê5 I ndl c.at ed

25
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in 	Fig 	 . 	of 	the 	cells 	by 	ilb -127 

fosters the appearance of peptides whose mass corresponds 

to that of ibe geranyl egerany I 	peptides of 	the proger i.n, 

as indicated in Fig. 	I lb . 

5 This 	data 	as 	a 	whole 	shows 	that 	the 	prog er in 	and 	the 

prolamine 	A 	have 	been 	geranylgeranylated 	in 	an 

alternative 	manner 	under 	the 	effect 	of 	the 	FTI 	and 

prov ides an explanation of the poor efficacy of the 	fag' 

treatments in the murine mode lb of proderola syndrome. 

ib 

lb 

The 	cells 	of 	the 	proge r lm 	patients 	and 	Zpys te2 4-  r - nice 

were used to evaluate the therapy strategics intended to 

prevent crossover prenyla Lion of the prelamibe A. and the 

progebbn. 	We 	have 	es to bl i shed 	the 	hypothesis 	that 	the 

f arnesyla tion 	of 	the 	abnormal 	variants 	of 	the 	laming 	A, 

could 	be 	inhibited 	by 	drugs 	which 	have 	an 	effect 	on 

biosynt hesis 	pat hway 	of 	the 	ll arbesyl 	pyrophosphate, 

f arnesyl. 	trans _erase 	substrate 	and 	the 	geranylegeranyl 

pyrophosphate precursor, 	substrate of the type I geranyl- 

geranyl 	transf erase. 	We have 	thus tested the effects of 

20 two drugs, 	a statlb and an amibobiphosphonate, 	which are 

known to affect the cells of the progeriw pat dents at two 

step 	of 	this 	metabolism 	pathway. 	The 	mass 	spectrometry 

analysis 	shows 	that 	the 	association 	of 	prmvast a t lb 

( st a tib) 	zoledronate 	(aminobiophosphate) 	stimulates 	the 

25 appearance 	of 	a 	peptide 	which 	corresponds 	to 	the 	C- 

terminal 	extremity 	not 	prenylated 	of 	the 	prod er lb , 	a 

peptide 	not 	detectable 	in 	the 	Fli-treated 	cells; 	while 

neither f a rnesyl a tad peptides nor the ger anylageranylw toil 

peptides 	are detected 	any more, 	as 	shows 	on 	figure 	11c. 

30 The 	shwtib 	i. 	aminobiophospha tb 	treatment 	inhibits 	the 

pr enylat ion 	of' 	'do 	tbbger.  lb . 	'i'h e 	same 	was 	observed 	with 

the 	pr e lamibe 	A, 	as 	indicated in 	Gig. 	12. 	Its 	CeterffCbal. 

l) tr

r.r) l'-r g. 1la. 'l'hr: t'. r.-rj e. ('.mc:n L'. of. 1:lr(: c:el.l.s DY ¡;''ll -l27
fo.sCer.s 1.he p^p?calance oI p<:¡rL.-rcJes vrhÇ.sc-l tn.rs:ì c)or r e..-;po:rd s

L:o thal'. of 1..h.(-: gc ra rL y I -Ee r cr r) y i pef)t--ides of t.h(-: prc)gcrr ìr/

a-.- ).nd.r.catcd in Fr-9. 11b.

Thrs data ¿ìs a h/ììoIc slìous L)ìûL i-he prc.çerr.)r arìd tllìó

p'rcl.rrni.:ro À lt¿rvô l:êe:r gêràary).go):aùyìated rL) ¿rn

¿) I 1-- (-) .r: :r .r i r vc manner undcr 1--hc ef'f-ocL-- Òi:. 1.Lc f1'I ¿r:r1

r:rov:.<les ôi) .ixp l cr r) a L.ì. ()n oJ: 1;he È)oor el'f'.rÇacy ôl' t:l:e f,"J'i

r..r.eatments in tlìe miìÌ.' j rLc modc,J.s oJ: progeror rl .sy:rd:'o:ne,

1'l'.e ceIìs oI L¡)o proÇo):i.cì I-'a1-ients and ?)nps L'.e2 4- 
/-\ri.ca

uê::e usecj l..o ev.:J urrl.e L--he r.irer:¿.rpy .sLret(rgrcs j.tiIencied L--r¡

pJ.'ever)l- crossover prenylat-r.on of the prelam.ì.n(ì è- .::rd the
progcr)-rÌ. ç{c havc c sj t: a b l. l' f;lìeü Lhe ùypol-hesr s that tlr<.:

f arnesy.ì.ai.i on ol' 1.he rlbnarmal vari.inl:.s óf tlh(-) .l-am1nc A,

cor:ld be .ì.r)l'..ì.1) i L e(¡ by d::ugs \dlì j ch have- ârì è,1'.t eÇt. oL)

b.:. o s yn l hc's r. s paLi)rv¿y <¡l tlìc farnesyJ. py):opho.sphaLo/

-CarrrosyJ. l-:: ¡r:.s f e ¡: a.s <: subsl-r.r1--e ¿rrd ',-lìè gerdLìyl- ^gcl:irtryl

¡ryrophosphate pj.'ecursor, sr¡b-etrate of the tylre L qeranyJ.-

geranyl Irarìsf eraso. h'(] :).r.ve Uhus tested the effecl-s of
l.wÒ (irug.s, .l .s1:a1..r:r a:rri an .)mr.n()b.rphóripl)onaLo, whrclr are

kDo(,¡n to af f ec.t- the ce l-l-s of Lhc p¡:oger..ìa patierì1:.s õt tuo
stcp of this nrot¿boIrsnL paLlrway. Thc mass spectr:o)nc'try

er)crJ)/s j..s show-q uhat Uhe assoc.LatJ.cn c;É pravar.sLatin

(suatllì) ¿óIcc!):orrato (;.rmrnc;bicphc.sphaIc) sl-imule.ue-e i-he

¿rPpe.r):ance ol: .: pr:¡rt.rcle wirì.cll cor:re.spÒnd¡; Io Li)e Cj-

tcì):mlnal. extÌ.'enrj.ty ¡roL Þrenyl cìted of the p.r-oqe.r.-jnf ¿

popLr.rlo r:o L-- (leL:(:ct.lb] <+ .rr: 1..)re t'l'1.-trè.ÌLed cel l.s; Hl)1Ie

ne 1 [ hc )' f a rne-r yì .ìt cd ir.c)J:.t r.ocrs nor' 1..'ne geratryJ -qc-¡r;rly i .r [.ed

p()p.L.:.dcs ¿.r-c (lói:Ór:11(-)(l ;rrly llr()r-c. ¿:; ¡;hoHS c.r) f -tgure 1. 1(;.

'l'he .st a1'.i n '' .r m r. n oL'i. oph.o:ìPh.r t e t r-e(l;meîi: i rrir.r L: r i.:; L: hc-¡

l,t:erLy-l-¿lt -i- c-:rt c;l t)Lr,: ¡-r r <r r,r <t r I rt . 'l'l)(-) s¿Lne wäs ol:.served ç'ì tL¡

tirc p::c: i.:nLi ne l\, a.s :.:rd.r.c.r iecJ .i rr I;'r q . 12 . I L.s C* [crnt.j.r'r¿r].
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peptide, 	not 	p 	y 	td 	warp 	detected 	in 	the 	cellm 

treated by the mixture of 	statin 	and aminobiobosphonato 

rMilm 	being 	free 	of 	non-tteated 	cells; 	in 	which 	one 

detects 	the 	farnesylated 	and 	oarboxymethylatet 	peptide. 

5 Finally, 	the pravastatim i 	zciedronatm treatment does not 

feature 	in 	the 	gerneylderanylGted 	pre:la:rine 	A, 	this 	im 

not the case with the Fri 

13 	legend: 	the 	lamine 	A 	(control 	cells) 	and 	the 

prolamine A 	(lErtsteic-  mouse cells) 	have been analysed 	by 

10 a mass spectrometry analysis 	(FALDI-TOP). 	a, b: 	portions 

of the spectrum corresponding to the farnesylated cryptic 

peptides 	(a) 	and 	the 	geranylgeranylated 	peptides 	(b). 

Each 	of 	the 	peack 	is 	marked 	by 	the 	theorical 	mass 

(between 	parentheses) 	of 	the 	peptide 	from 	the 	trypsim 

lt digestion 	of 	lamin 	A, 	or 	the 	prelamin 	A. 	The 	number 	of 

the 	residues 	is 	indicated 	in 	blue. 	The 	sequence 	of 	the 

peptides 	and 	their 	masses 	are 	indicated 	in 	red. 	Earn 	- 

farmesylstreated; 	CM 	- 	carboxymethylvtreated, 	Ger 

geranyl-geranyttreated. 

20 Fig. 	11 	legend: 	mass 	spectrometry 	analysis 	of 	the 

proteins 	extracted 	from 	the 	nuclear 	envelop 	of, 	the 

untreated 	cells 	(a), 	of 	the 	cells 	of 	the 	progeria 

patients treated with FTI 	(2.5 pM, b) 	or treated with the 

mixture 	of 	pravastatdn 	a 	zoledronate 	(1 	pM 	apiece, 	c). 

25 The 	portion 	of 	the 	spectra 	corresponding 	to 	the 	non- 

modified 	proteins, 	the 	farnesylated 	proteins 	and 	the 

oefanylgeranylated proteins 	is 	indicated on 	the 	top, 	in 

the 	center 	and 	at 	the 	bottom 	of 	the 	figurb. 	Each 	peak 

corresponds to the Cryptic peptide of the progerin and is 

30 marked with the measured monoiootopto mass in experiment 

and 	with 	the 	theoretical 	maco.(between 	parentheses). 	The 

number of the amino acid residues is 	indicated in blue. 

1C

8'l

pept i de, n()t pr(.inyl at c-.d, r,¡¿rs dc tcc t r:d ¡lì l'.hc-: c-'ei I s;

Lre .i',ecl f-ry Lhc mr xt(j):(.i of :rL:,ìi..r-)) ¡rtrd antinobi lil'.o sphanð 1'.(-:

ç'lir-lc' br.-r rt<; J'¡-'c<.: of t)o)r-i-rea L:(-)(i r:o.l l¡,i ln wh-l-r-:h o)lc

doLecL'.:; L:ho I ar r'rl c s yJ- rr L cd ancl c.l l:bo):ylÌLe Ll l) y I ir'. eo ì)cptl-dc.
ll'j nal.l y, l-.bc: p r:..v a s L c'L L r. ri 'l zol.ed¡:on.:te i:r(:aLñLcnL ciocs; rroL

feal-.ure .r n the llernayl eclcrl)!ì ¿ìLc'd pr(-:l .l:t''l r:r': A, Llrr:ì .l:ì

noi thc c.ìse v)) Uh the l.''li.
ftg. L3 i<:Ecnd: ì:hc l.am¡.ne A (c:ooL.r.oj. c:c:l l.s) .-;:td i.hc:

Þr o1¡rmirro A (znpst c.'/- nouse cel.l.s ) ll¿vo L;t'c'Lr .r tra ).y.secl by

.ì mass spcc( Ì'omet ry anaJ.ysr..5 (HAI,DI-'J'o]i') . a, b: Porl.r.()rìs

<¡f thr: -sÈ)e(:trurT'. co rr-ç.sp()rìclÍ rìg Lo tlì(': f .a r n <'.s y I a 1: eC L:rypl:ic:

t)c-¡)t ì des (a) .r)rcl 1:he gê rarr yl- g e'Ì'e lly La1'.ed pcp[]-das (b) .

Eacir of L.he peack r.s rnâJîked t'y r.hc: t.lìcori(:al- rnô.s:;

(b.e lween parenthescs) of i--he f)oI)Ll-de from 1--l:(: Lr:yp.s1rì

digcsir-<>n óI l-amin A, ot r-he preJ-;:rnirt A. the lll¡mber ol
1:Ìrr: :.-c-:.s i clr.rê:ì ::; irìdr(:atlcd r.n bl.Iìe. 'l'h(: .sequ(.)Ilce ol L¡)ó

È)c,¡)t jdes arc thel.r: m.lsse.s arc indrcatc-d l.r) rèd. Fôrlì -
f ¿ tnc. s y I * t- r c a t- cd ; Ct'l - c.r rbo x ymê L hy l. - t J:e a u e d ; (;c=r

ge¡ar:yl -ge::anyJ- -t rca Iccl.

t'!E. 11 Jegend; mass spécLromct-.ty analy.sis oI L:hc

[i-r()t:ôrr)¡; êxLrrìctcd lrom che nr.](ì.1 eer ónvelop of thc':

urì L rca Led cel l-s (a ) , of. the ce]..l-s of 1-.he p::cge.:'ì a

p.:|..ì e:r L.s L:.r:e¿-.êd w j.t:l: FTI (: . 5 UM, b) er t--r oâLecì H j L ll t- bc

lìtixt-uÌ.'e cìf pt:avast:at in + 7.o.1 cdrcr¡aLc i1 lrlÏ apj.et:(:, c.).

llle po¡l-r.c.Ð c.f tl)e speci:r.:t co.t .t c spon(1.ì.l) ç tô [)ì(r Iìôrl-

:r'ôdj J'.rêci prôi.err):ì, tlìc farnesyl.rt etj ¡-'1'ç-'1 
"- 

¡., t = clììd tl)('

gc'j.-a:ryl oe t'a:ry I rr l.cd pt'ol:e j r:¡t j. s l-!)ol ca L:ed on L.ltc t- op, .L Ð

i ltc c:crl t: cr' Gnd rl t !: hc boî't oín Òlì t: h(.) I I gtì l'c - l:ìach pe.: k

<:c r.-:; e.s pond.s (:() [.he L].1:ypLic l)ol)tJ.dc' ()f [.]lG: pÌ'Ógc.t.in a¡ìd if;
maÌ'kccl v¿1t:]ì the mce.surecl ln()rloi s()L:o[-'i c n;-lss tn r:xpt-:rìtncn l'-

anc.l rv i 1:l: 1.hö Lrlì(-)órcLj.ca I m.ls:s (i)e L;ween çta t cr: I llc'se.'.s ) , 'i']rr,'

nL:lr¡l>e¡. of the amtne ac](i .r.'ósidue¡; rs rndi.cal-c':<l ir, L.¡l.uc.
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8:3 

the 	sequence of 	the peptides 	d 	L 	 di. :a: t ed 

in red. 

The 	progeri n 	i s 	predomimant 1 y 	fa tmes8M a t ed 	and 

ca rboxymethyl a ted 	(Cm) 	in the unaffected :malt 	(a, 	centre 

5 pane 1 ) ; 	while, 	with 	the effect 	of 	the 	FT I , 	this 	peak is 

considerable 	reduced, 	and 	the 	progeri n 	appears 

gm re n y 1m e to my 1 a i: ed and pho s pho ry I 	(b, 	lower pa ne I) . 	After 

treatment 	w A th 	pra va st 8 t im 	and 	z o led ro na be, 	the 

unmodified [Armee ri n is the predominant form. 

10 Pig. 	12 	legend: 	a 	mass 	spectrometry 	analysis 	of 	the 

proteins 	extracted 	Prom 	the 	nuclear 	envelop 	of 	the 

untreated 	fibroblasts 	( a) 	or 	treated 	with 	a 	mixture 	of 

pravastat n A- 	z o 1 edronate 	(1 	pM apiece, 	b) 	stunning 	from 

Ompsf €84 	mice. 	The portion of the spectra corresponding 

15 to the unmodified proteins, 	the fa roes y 1 at ed proteins and 

the ge ra n y i gm rany 1 a ted proteins, 	is indicated on the top, 

in the center and on the bottom of the figure. 	Each peak 

corn corresponds to a 	tmypt I. c peptide of 	the p rode r i n and is 

marked with a mon oi s o topic mass measured the 	experiment 

20 and 	with 	the 	thmor i k i cal 	mass 	( in 	parentheses) . 	The 

number 	of 	the amine 	acid 	residues 	is 	indicated 	in blue. 

The sequence of the peptides and their moss is indicated 

in red. 

In 	this 	figure, 	one 	can 	see 	that 	the 	p re 1 a m Am e 	A 

25 predominantly farnesyl a ted ( F ) 	and ca rboxyme th yl aced (Cm) 

in 	the 	untreated 	cells 	(a, 	centre 	panel), 	while 	the 

unmodified or g e ro n yl go ra ny 1 at ed 	forms are not 	detected. 

A f ter 	t rem tme n t 	with 	pray:la:tat i n 	and 	zolmdr °nate A 	the 

pren yl a t ed 	peptides 	are 	no 	longer 	defect able, 	and 	the 

30 non -std ik imd form of 	the pr e laming A is 	predominant 	(b, 

upper panel).  

IO

B,]

l'he sc,c1t:e-trce ol' L:hr-: pei)trd(rs ¿rlld Ihc]. 1' ma.4..cl i.s .:. I t ci :. c: ¿: 1: (l cr

r ìì re<l ,

Th<: r)!'og(jJ..r r': i .s pì'ed()m r r:¿rD L.l.y f ir r.'trcsyì .:1:eri I l') .rnd

c.r rbor: yrnel-.h y I .r r.c:d (cm) rlì tlhc u:)af f ecteo ccl.l.s (a, (iclrtr.cl

prìr)oi); vrhi l.e , rtiLh L)ìe effect of -.)rê !¡11, l-l"rs: ¡>c.r i': is
c;<¡n:;:-cre rabl e¡ r:cclucccl, ancì t he pr()qcri l: ¿r!'ll'('-.lrs

gÒ râ r) y I cJ o r cì rì! ì r) t eci ar¡d phosphoryj (b. lo!"cl P.rnel.) . Àfi cr
Ure.lLrnenl- wit:h pre-va.stât...Iì cìl:d z: o I ed:'o n a t- c:, î.1:ci

u)lraodj f r cd ¡rr.'c.gertn ì s the prc-:c{ornlnat I Jlo.rm -

i'.r9. l.;ì Iagcrtd: a mâssì spe c1. romel-. r. y al'al.ys.ì.s c, f- tlìe
p.:'otei n.s exl.r:a(:L:ed f rô)tt the nucleat' envô1.ÒI) oll t.hc':

unL--t:ea1'.e(i f' : i¡ rob ). a.s L ¡; (aI or r)real..ed wrt:) .ì lnl.xtur() oI
p?:avastõtin l' zol.ed¡'ona1:e (l ìlt4 apl.ece, b) .s'!.<:nun:.o9 f ::om

{-mpste24'/' mj.ce. 'lhe po.r[1ôtì of tlìe sPecl..r:a <:o r rcs por:d;. r,g

Lo tl'¡c unmcìdr.f i <':d pr.'otei.ns, the L¿ìr¡ìosyiatecl Pr()1:(-:i:'..s .:nd

L:h(r go Ì ¿r r) y ì g(.) rany L a l.: eo prc'l-e.rns, j.s rIìdrcàtc(¡ oll 1.he t()p'
:n the cenL'.c.r.' ¡ìr)d Òn Lhc b'ottam c.f 1-.he f í9r.lr'c. )Iaclr ¡tc.rk

co3:respc)Dds to a tryPt.rÇ PepLrde of the progcrirr ¿¡rd j.s

¡narkod w:-Lh .t Inonor-soLopr.c mass rne;lsu):cd uhe ezl)er.lmenl-

and v;.r l,.h uhe l-ireoritrc¿l- Inôss ( j ll p.rren L:l)(:.sc5 ) . Tir<+

I)ufnbo): ol I l)e- aminc. acrd tes:.dues r5 ]-l)drcated rn blt:e,
Tlr<-: .s<-:qr:on<:è of Llìc pcpL)-des and chej.r rn¿ss j.s inclj.calecj

ì n red.
irì LÒj .s L:.gi.r.r. o, oL'.c c.ìì) .see L.ha1: L:i:c Srrc:iamt ne A .t 5

predomr))anl-.ly fa-.:.-nesylatod (F) and caJ:boxymcL:lìyl-aLcd (C)n)

.ì n t he un l-t(:;.1l-eçl <:e.l.l.s (a, ce)11-.J. (' F.rrlcl ) , t{i:)..1c' L:i:c

rr:rmocl j f..re(i or g o r:a n yJ- gc ra Dy I at e cj f'or;ms .r::c: r)oL cf(ìtc'([cd.

ÃL tcÌ.' t ):ca i.rû.:in i. ç'i l:h nrav.lsi.at: ì t) ¿rr,cì :,¡-ol edroll.r L('! / t.llQ

pr:eny.L¿r1:ed pef)Lr.ciès rì)i€ no lorrqe.:' cìoi.ct:Labl e, .ìnd Uhc

rron-nLocli f j cd Lt.r¡rtt of tl',c, I)l'(,J¡rmjntl A r.l; Þrccomlrìcln[ (b,

ttp¡''r-.r parrcì ) .
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The treatment with provapfatin 4 	zoledronate nor C➢cPs the 

nuclear 	anomalies 	of 	The 	progeria 	patients 	cells 	and 

9F4 	mice 	cells 	being 	in 	culture; 	and 	partially 

restore 	the 	DNA 	lesion 	repair mechanisms 	induced 	by 	X- 

5 rays 	(Fig. 	14, 	15, 	16 	and 	17). 

The 	pravastatimpoledronate 	treatment 	causes 	prelamin 	A 

tc 	appear 	in 	the nucleus of control 	cells 	(Fig. 	1.4a), 	as 

the cell 	nucleus of progerld patients cells, 	but with 

a 	significant 	improvement 	in 	nuclear 	morphology 	in 	the 

10 latter 	cells 	(Pig. 	lib). 	Quantitative 	analysis 	shows 	an 

increase 	in 	nuclear 	anomalies 	in 	the 	cells 	of progeria 

patients as 	the number of passed increases; 	this 	number 

of 	anomalies 	decreases 	under 	the 	effects 	of 	the 

przvestatirepoledronate 	treatment 	iFig. 	1.40.). 	When 

15 observed 	under 	a 	confocal 	microscope, 	the 	cells 	of 

progeria 	pateents 	contain 	aggregates 	of 	lando 	A/C 	and 

deep 	in 	nations 	of 	the 	nucleoplasmic 	surface 	of 	the 

nuclear envelope 	in 	the nucleopiasm 	(nuclear 	retieulum1, 

marked by antiocalseticulin 	(Fig. 	1.5a-f). 	These lomin A/C 

20 aggregates are absent from the cells of control 	subjects 

(Fig. 	141-1) 	and 	disappear 	from 	the 	cells 	of 	progeria 

) patients under the effects of the pravasbatinizoledrcoato 

treatment 	(Fig. 	14g6i). 	The 	location of 	the 	lamin 	21, 	a 

farnesyloted component of the nuclear lamina, 	IP modified 

25 under the effects 	of 	the 	treatment, 	confirming that 	the 

treatment blocks the prenylation of londnee 

We checked that the improvement in the nucleus shape due 

to 	the 	pravastatiolooledronate 	treatnont 	wad 	indeed 

related to the fact that the prenylation of progelin, 	by 

30 incubating 	cells 	with 	farnesol 	and/or 	geranyigeren(pl. 

Supplementing 	cells 	with 	farnesol 	and 	aeranylperanlol 

enables 	the 	cells 	to 	synthesise 	farnesyl 	pyrophosphate 

r.0

ù9

'!'hcr L.r:crä1--riLcnL vrj-t-lì t)l-r)vcisl ait n I zc\I()droncìt(ì [.'Qrre(:l--.5 L--ht:

r-r.rcl-e(l.r: (3nom,ll-jô:i ol- tl)e P)'oger:ra fJa'LierLts (j(;'l.l-.s allc;

lint¡;steZ4-/- mt.<:e ccl l.:r i-'c j.ng j n cu.l Lurc; a:ìd p.: r l: I a: ì y

Ì'esl-ore the l)NA le.s:.ör: ¡opaj.!: lîêc h.l r) I .5Ir'¡l .r)lGu(j(':d by X-

rcys ([)-9. 14, 1,5, i6 .:nd 1'/).
Tlìc prav a s L ¿,. i r:r'l zc.l.edronal-e Lrè¿itlnel)L call.s(-)s ¡-'r<:1.ami rr À

lc ¿rppêar rn L:!)o ,)r¡clet¡sì oI conL¡oi cc]ls (ltl.g. l4,r], ..t:ì

::r itre ç.e-l -l ntrr:l (llrs oÍ [-'rogcì)'ra paL.r ollls (:e-] ls, bt)i: t'ri L:il

ô .s.rgni f icatrl. trnDrÒvcmc)lt j.ll nuci(:¿lr llìo.L ph c):[ o(j'y :Lr 1.]'.e

l-.ì ttór' ceJ. ìs ( f'ì g. I 4 tr ) . Quar,Urta Uive ¿tn¿l ys i:' :ihot'r; .rn

.r.ncrôâsê rn Ðucl-e ôJ: anonaJ.re:ì itr lrhe cel ls rrf proqc'rìa

patìen1.s as l-he nunLbu-Ì of pa.5.5es : lì(:rcäses; Lhrs nltmbe::

oí anc.Íìaiìes decre;:.se.s r.¡r:dc-r t he ef'tocLs of Lhc

p rava.s t. ¿rt r n.l- ¿ o ì cdron a l- e treeLmerlt it'jq 14c.). ?lh<':r:

ob.served l.:nder: â (:onf oca.l mj.cr:()-scÒpc, the cells oi.

f)rogóLr.ô p¿jtj.ents con L--¿t.r a: aggreoaies ()f I ¿nt¡.1: h/C crììd

dèèp r-nvaç1rrôLÍons of ìhe nucLcopiasmj.c .surf ¿.rcc oI t]ìc

nuciear er:velopo irl the nucJ eopì aa,m (r)ucl-ear ì'e(:a(;ul-um),

raarked by anUr - ca l. r:e l-.r cu i i n (9Íg. i5.:-l:). Thcsje lamjn A/(ì

ôggrêg,rta¡; a¡o ab'sellt from Ci:e c(t] .ls of conL:rÒì subJccLs

(F'.r.g, l4j-I) and disappear Jl¡om l-)re ô<: l.l--s of pr.-oc¡cria

f)¿t-ic.rìts uì)der Uhe effeÇì.s oÍ the p rava.s L a L r rt | 7- ol. eci r()na I e

1-.::eatmenl: (['iq. L4g*r)- !'he .lc:ô¿11]íorr cf uhe i.rmj-rì l.ll, a

farnes.y.lated cornpo:rer:t <¡f LI)o llu(..l.e.ll- .l ¡ìanll)¿i, rs mocljfied

r.:rrder:: t.ho of f'ccLs of the [. reë] 1. tllo lì'. , conf.lrmi:rg LhaL Lho

LJ.eatmcìn t bloc.ks L:h(-r pl:crrylàt.ìon ol. ÌâItìrr)s-

l4lè cl)cckod tllaL the i m[-')-ovc]Iri(l:) L l-n t¡)e n\tcl.c':l-t:, .s)rape cìLtc

to l:l:e t)r--;)v¿ì.s t.,:i- i r) | zoLcciJ:Q)l(l l:(-) L:l:Gâtnlcn t v)a.(i i:rclccd

reiâied ta rltc l'â(:1: 1.lial- L))o ¡-r¡ç'¡,t¡ crt.l()ll ()t' pÌ'agcl'ì)1, by

r :rr:r.:ba1'.Í nq r:<+l I s wi t¡ f.ìrncso.l. ¿r l)(i/()): qc: rany J.t¡cll';rr,.: <>Ì .

S r.r¡>1rJ. c,:nerr t i :rç c-c I .l.s wr:lì la rncsoJ. ¿rr:cl gcl:atryì ge r.r:r i oi

orr¿rl¡l.c.s Llìe cel..Ls to synl--iìôsisc f ar:ne.syl pyr opllo s f)llât c
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and 	geranylgeranyl 	pyrophosphate 	and 	thus 	to 	prenylate 

the 	progerin 	even 	when 	pravastaieb 	and 	zoledronate 	are 

present 	(Fig 	14d). 	Farnesof 	nullifies 	the effect 	of 	the 

pravastatioizoledronate treatment, 	which prmvides further 

5 evidence that the effects of the treatment are caused by 

the 	inhibition 	of 	farnesyl 	pyrophosphate 	synthesis. 	It 

should 	be 	noted 	that 	geranyleeraniel 	aioo 	blocks 	the 

effect 	of 	the 	treatment, 	bthich 	proves 	that 	the 

geranylgeranylated form of progerin is also toxic for the 

10 cells 	(Dig. 	led). 	The 	same 	effects 	are 	observed 	in 

Zapste241-  cells 	(fag. 	16a), 	which suggests that the data 

on 	progerin can be 	extended to 	prelamin A, 	the 	pro:bib 

accumulated 	an 	Zmpste24X) 	cells. 	Neither 	farthesol 	nor 

geranylgeraniol 	have 	any 	effect 	on 	the 	control 

15 fibroblasts, 	which 	rules 	out 	the 	possibility 	of 	an 

artefact induced by these molecules 	(Fig Ifb.). 

Finally, 	the 	pravastatin+zoledronate treatment 	causes 	a 

reduction 	in 	the 	number 	of 	phosphorylated 	histone 	H2AX 

foci; 	these foci 	are directly correlated with the number 

20 of unimpaired DNA double-strand breaks 	(Fig. 	17). 

In conclusion, 	the in vitro data gathered shows that the 

pravastatindzoledronate 	combination 	partially 	inhibits 

fernesylation 	and 	geranyigeranylation 	and 	causes 	the 

expected 	changes 	of 	location 	within 	the 	lamina 	and 

25 redistribution within 	the nucleoplasm of 	non prenylated 

prelamin 	A and progerin 	in 	the 	Seeste241°)  cells 	and in 

pre:aerie 	patients. 	Likewise, 	the 	decreased 	quantity 	of 

ibrnesylated 	progerin 	within 	the 	lamina 	and 	its 

relocmtdon 	to 	the 	necleoblasm 	explains 	the 	beneficial 

30 effects 	of 	the 	treatment 	on 	the 	cells 	of 	progeria 

patients.  

10

t)o

af)d gcrarry.l-gc¡ anyi Py.l'op ¡) o.sph ¿Ì t o ¿lncì tlìl.ls [.o f)rcl)yl.¿iLo

ìh(-) proEc):1i) cvcn l,"hen pj:ev¿.sL:¿r1- jI' änd z()l(:clrt):)¿)Ló ¿.1.rô

p.r:c.sel)L: (I'rg. 1/,cì) . F¿rr.nesol nt:.1 .1 .r !.r.e-+ tllc eÍf ecL: Ôf' l..hê

pr:ava.s r.¿l: i :r+ zolodrorr.ltc l-.rea l,.men L:, w)tic)l 5rt'<>v t dc:.s tul'L.he;

ev j derrce thclt 1:ite (:f f cc'.s of. Uhe 1. r.-cìä t IIlc l) l. ¿l:e c.lu.sed by

thc .ì.Di)i.bitio)r of f ar:rol;yJ- ¿)yrophosphÐ1:c :iyrltlìc-s1-<. lt-
shoul C l¡e LìoLed l-.he-1: gerranyJ.gc).^aIì1().1. .:.i:;o l¡i.ocks ì-)l<r

eíl'ect <¡f Llìe tLc'iaIrieDL., wiìrc]ì p).'ove.s Ll)û1. Lllc

ee::a ny l ge:: a rt yl.a Lcd form of Pro(lcr:.r) is also Iozj-c; l'clr t:]tc:

cetl-e (!Íç. l4o). I'hc Èame ef f ecì.¡; ¿ire ob'set'ved in
Zmpste2)4-/- cells (li.r.cJ. 1.6¿), wh¡.ch suqc¡es1:s L:)ìatl ì-he data

on pr()qerrrr carr I;e exLendecl 1-.o pzo.l.amj.ì'' À, .çile prôi:€)lll

accumul ated i n 2t4>t;!.r:24'/' cel.l s . Nej tlìcl' llar.'lresol rior
goranyl-geraniol have any cl lect'. on Liìa collLlrol-

f ibrol-¡.1 ¿sts, ç¡hich Jalll es aLr Ll t:lìc passrbl I j. L.y <¡ f: äíl

äJîtef act inducr:q by Lhcso )nolec'u.l e.s (F] q i6il . ) ,

[rna].1y, the p ra va s l: a i: j n l'z-o L e drc]n a t e t-r(?¿rLIr,cnt causes a

rc-.:dltction in UIrc nurnber of pirospllotyJ.ated histono H2AX

[oc.].,' the.se l'oci ¿rc drrecl-l.y correlaLod lvíth the nt:mber

of unrepar-.Ìed DNÄ d oubl e -.s L: r:¡ìnd bteaks ( t'r.9. 17) .

In conclu.sr-ôÍ)/ Llìc llt vlt¡o data g¿11-lìered sirov;s L;h¿lL Ll:e

pravas tatin*z.o.l edron¿¡i--(l comb j lìa t 1 orì par L). al- i y i.nh¡.b j ts
I ¿)rIìosy.l-aLiorì and ge J.'a )r y l. qe r¿ r) y I ô t í oll ancj c¿llses tl)c
expecUed ch.rnoes ö1' ìoc¿ltian v;ì tirj.n t-he I am-rna .:ncl

rodis t.t r.but j.on w.r t ir i n l'.ht: lllrcl co¿-'iasm of oc;ll pl e lìyl a Lcd

pre.lömin A and p.togel:r.t) j n lhe llnp:;Lc24-/' ce i l-.5 ¿rn(l r-r)

prc.ger j a pât ì ent.s , LÍ. kewr.sc, t- l:e dec::ea.sod quan t .t uy aí.

l'a::nc:;y1a L:crd prcgcr.r )ì lì j 1'.h r.í) !.he ì .rml lr;l ¡r:d Í t:¡

r.'eri.oc:a t iorr t o 1:hc n12r:l c:cÈ)Ia:iN expi.ir iIì:; Ll',e I>e tlc'.'i c--r .e I

c..:f:fo<:L:.s c\I L¡)e tLcal;r[eiìl: on i.hc ce] ls <;i ¡>L'c:c-¡<:r Íir

Pcrtient-s.
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Legend 	of 	Figure 	14: 	Syneru eticeffect 	of 	the 

pravastatiniaolodrenafe 	combination 	on 	the 	accumulation 

of prelamin A to control 	cells of progo is patients. 

(a) 	Immunocyfochemical 	detection 	of 	lamin 	A/C 	and 

5 prelamin 	A 	in 	normal, 	untreated 	human 	fibroblasts 	that 

were 	then 	treated 	with 	pravastatin 	(60 	pM, 	12h) 	and/or 

with zoladronate 	(60 pM, 	6h), 	alone or 	in comblnatinn. 	(b) 

igununocytochemical detection of land:: A/C and prelanda A 

in normal. human fibroblasts and fibroblasts from progerin 

10 patients 	treated 	for 	21 	hours 	with 	the 

pravastatin4aoledronate 	combination 	(1 pM 	each) 	(o) 

Quantitative 	analysts 	of 	the 	effect 	of 	the 

pravastatiniaoledronate 	treatment 	LI 	pM 	each) 	on 	the 

nuclear 	morphology 	of 	the 	cells 	of 	prooerda 	patienta. 

lh Treated 	and 	untreated 	cells 	were 	inanuno-marked 	with 	an 

anttalamin A/C antibody in passes 0 	(0), 	13 	(p13) 	and 20 

(p20). 	The 	white 	arrows 	show 	the 	abnormal 	nuclei. 	(d) 

Quantitative 	analysis 	of 	the 	effect 	of 	the 

pravastatdAfaoledronate 	treatment 	(1 pM 	each) 	on 	the 

20 nuclear morphology of 	the cells of progella patients 	in 

the 	presence 	of 	farnesol, 	saran ylgeraniol 	or 	both 

compounds. Error bars = mean ± standard error of the mean. 

Scale bar - 10 pm. 

Legend 	of 	Figure 	15: 	The 	prava stat in+ zoledronate 

25 treatment corrects the nuclear morphology and leads to a 

partial 	relocation 	of: 	lamin 	A/C 	and 	gamin 	81 	isofolap 

from 	the 	nuclear 	lamina 	into 	the 	niraleoplasm, 	in 	the 

satin of progerfa patients. 

(A) 	Co-lacatfon 	of 	Ismin 	A/C 	and 	calreticultn 	in 	these 

30 progeria cells, 	whether treated or untreated. 	Examination 

using 	immurnfluorascenca 	and 	confocal 	microscopy 	(taloa 

TCS SP5, 	3D stack of 204882045 pixel images, 	intervals of 

i5

20

lì1

Lcgôr)d ol' )''.r EL:re 14 : .()yn()r go L.r c cÍ l cct of t irc

p rav.Ilì 1: ¿)1: r n-l-7ro I r) c.l.r-or a L-- c-: c:r)lnl.:; rì;r i: r- (ir) Òr l L )tc äcc utnu 1¿ì t .ì or)

<:t1:. nrei+mr n 1ì -r n rion L.ro-l ce I I .s of- ¡;r-oqc-rrÍ;: pl Lrclrl- s .

(al IrLmuno c y t: (: (:h<-:rnl ca.l dcLccLrorr oI .l.anrn A/C ànd

preJ.arnr r¡ A r.L) rìorrn¿l , ui) [ Ì.'e.îte(l ]run¿r:r f :.b¡-ob.i a.s L--.s 1.h.) [.

t{eÌ.'c therì Lrc¿rLe'd wrt-li l).r .,r v ¿r s t- cì t .r. L) (G0 }rl.'1, ) 2.h) .rrrd/or
rcil.h zol e(l¡'or)ôte (60 pM, 6ll), al on(-r cr- rn cc:r;rlr j rìä 1,. ; Òn . (b)

ltnrru ne(;yi. c.(;hc:m-r. c;a l. (.letec1: j-oo <;f -lanr:-r: A/C ¿rlcl I)Ì.e.1 .ìntj-rÌ ¡{

l.n ncr.'me.l hurna¡r f ibrobl.ests and f. :.t¡::c¡b ! a s L s frollL ¡>roc¡cr!.a
pal,.J.ent s tljîeaLed for ?,4 h.our.ç v¡íLÌr l:he

pr.3vasl-atj.nl zoìed::onate combrnal..ion (ì 1rM cìacli) . (cl

çrr;)nt. j1.at.jve anaJysis c;f {.lr(ì r-:l'-[<-:c;1. of L]ìê

¡;r'avasta c in't z-ol-ecìr<¡rra ce t rca [)nc,ì) t ( 1 l.:M e.:cl: ) on l..he

r'ILìc.l-o.ìr trror pitoJ.ogy of thc co.l .l. s ol proge.tr a pa t .ì.er¡ t s .

Treal-ed .rnd unl-reated <:e j.J s w<.: rr-: r nìrnurlo -rlé r kc d rvi.L)t ê.r)

a¡r1'.i -lamj n 
^/C 

anLrbcdy r.r) passes S (p8), L3 (pL3) end 20

(p20). 1'he white arJot¡s .show (:he ;¡i:normal nucÌeÍ. (d)

Qu a Ð ì.r- -. a -. r ve .rna] ysi.S ol: trhô óI'fêcL of lrhc

))ravas l-a t .ì. n r'z-ol. e ci::ona te t J:eatrn(ìnì ( 1 I.r14 each ) ôll 1:he

rìucl.c¿ìr rnÒrpbÒ1.Ògy ol Llro coLl.s of f).r'ogcÌ.' j ¿ pa-L jer)ls ín
the prese,rce c.f farnesol, c¡e::anyì qeranrÒ.1- or bÒtÌì

cc.mpounds. ErÌor bars --- nean t s[â)]dard erroJ: of the mean.

Sc¿.le L>¡r:: - l.() lrm.

Legend of f'j.gtìr:e l-q; 'J'l)e prcrvðs Iat r )]+z-ôl (:dron¡rr.e

[Ì'(-]àtûLèrìt corr:ec1'.s l,.hc ¡luc.1 c-)¿ì r rh()rFìl)ó1.Ògy aÌ)d leads to .r

ParUrai reloc.rl-J.on o!' .lamin A/C enc iam:.r: lll l.sL'lÒttrs

from tlìa lnìcl r)ár- 1í.rIlìrr)û .r:)1.o tLìc r]rìciec.pl.a-.-m, í n thc-:

r:r+ì ls cr i= ¡.r:-oqr.:riå påL.ieìì1..s.

(Àl (lc.:-.1 oc.r i. i oLr oí' I a¡n: ¡r A/C ,tr)cl (:;r ) ::c11. j <:ul rl l n thcsc

¡tr-ogel::i.¡ c:el.i s, rvhc'l-h<:r l:J:c-1.:l trcrl ()r uÒ1.-r(-)¿iLod. llxälìtj-Lìêt.jolì

u-.-inq j.:mnunoll L¡c.rescenc:e. and co¡rf ccal m.r. c r<;.sr:o¡>y ( L,c-: l-r:;:

TC-c SP5, 3Lt :;i:.r<: k Òí 2N4 8x20 4 I p.].xcI ].magcs, i.n1-.erv.ì.1 s of

2'.
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0.2 	Jul.i 	az:chase 	3 	rows, 	a chumu 1 

zoom) . 	Images 	a 	to 	c 	ih 	each 	panel 	are mean 	in tdizo 	y 

projections 	of 	27 	1 pages 	from 	the 	s hack 	and 	show 	the 

tubu 1 es of the nuclear re t ic plum marked with Cal re t icul in 

5 in 	p rage ria. 	cells 	incubated   	with 	PBS. 	FImages 	d 	to 	1: 

isolated 	con f ocd 1 	sect ions 	of 	0.2 pm 	thickness. 	The 

pr a va e ta t in1holedronate 	thfhhment 	corrects 	the 	form 	of 

proge id a 	cell 	nuclei, 	reduces 	the 	number 	of 	tubules 	of 

the 	nuclear 	ret icul um 	(g) 	and 	reduces 	the 	thickness 	of 

10 the nuodear lamina 	(h) . 

(B) 	Co-location 	of 	"amid 	/11 	and 	ea lret i culAn 	The 

prayastat ih :hod edihna t e treatment 	increases the lamin BA 

nucleop idsm to 	mar king 	sign 1, 	which 	indicates 	that 	the 

f a rnesy la r ion 	of 	this 	protein 	is 	partially 	inhibited. 

Scale bar - 5 pm. 

Legend 	of 	Figure 	10: 	The 	ia rnes y 1 	pyrophosphate 	and 

me ra ny ig e ra ny 1 	pyrophosphate 	precursors 	nullify 	the 

effect 	of 	the 	p ra va s t a t in h zoledrona t e 	treatment 	in 

22sysLe24-7-  mouse cells in culture. 

20 Quantification 	of 	the 	effect 	of 	p rd va s t a t in 	(1 BM) 	and 

zoledronate 	(1 phi), 	alone 	or 	in 	combination, 	on 	the 

nuclear 	morphology 	of 	Zapste24'1.- 	mouse 	cells 	(a) 	and 

control mouse 	cells 	(b) 	An 	culture, 	in 	the presence 	of 

fdr n es ol , 	9 e rany 1 ger:an:hi 	or both molecules. 

25 Farnesol 	g e rdny id e f a n iol , 	alone 	or 	in 	combination, 

nullify 	the 	effect 	of 	the 	pr a va s t a t in* zolhdronat e 

treatment on nuclear .morphology of Zspste24/ 	cells. 

Legend 	of 	figure 	The 	pra v a i: t a t i n 4 zo 1 edr on ate 

t rea tment 	part_a 1.1.y correct s 	the 	a n oma 1. ios 	in 	the 	repair 

30 of 	DNA 	double-s hra nd 	breaks 	 in 	the 	cells 	of 

pr og e r 1 a patients. 

IO

cli)

0 , 2 ¡.::n. ;rv(-)l-¿lgc 3 rr>w.s, ¿)ccuñìl.t ì .lt j ÒD ()f .l j-nLa<¡es, 1 ,'7 x

zcofi) . Llû.ìcles a l--() c lil G.lcl'. pâIlfiJ. cl lrtl llLoÉlll I nten'sli:y
pr.'olc,r.:t jons cl: 21 imagel.s f .r. o¡n thc', sLack ancl show tlle
1-ut)ulcs of f.he ntlùIcaÌ' re L'- l. ti u.l. uln lnaì-k(-)cl w)-t-h ce I :'e t ¡- cr.r i i- o

rn Froge.l.-.t-a (:c1l-s j n(iub¿1.c'ci lr'l th FBS. Im.:g<;-s d tc ì-ì

r .sr.¡l a t-- c-.:<j coL)f. oc.al. .5úcL i (lr:s: c¡I 0 - 2 l;m tllì-Lcklless ' 'ì'he

ptavasl-.r1:irì I 7.o.1-od ):on a1--(-l t ¡^riatmenL: corJ:ect-.s L.!)o for-'m oll

p.t.'c.gt:r'ra c<-:ì.) Iìuclej, rcduccs l-he rìrrntl)cr of 1'-uL:li.l-cs; c'f'

l:he nucIo.¡r reticr.t.lunl (S) and .l:cdtlces L:ilo tllj-c)':ness of
tlhe nuc-i eer l-an,¡.¡.a (h).
(B) Co-locatrarr of ì arnr rl t-11 and ().ì I Ì-'c''t 1 cu 'l '-.l'l ' T)ìc

r)r¿vùstai:l ll r 2olodlc.naue tLc¿ìL)ne n[ :]lcrcâses 1.he l-¿iltlilì Bl

r'.ucl.oÒl)i eslni(' $a.r: kar'jg s i qnö I, t lli ch i rldrca te s L il') l- thc
farnesy!¿iLrÒrt of. lhj:; pÌ'otein 1.s frar-'t r.)ì iy inhlb]ted'

-cc¿l.c-: bõr .. 5 l;in.

J,<-:gcrrcl al. l¡.ì.qdr:e 1(j; '('he farnesyl P y rol)llo sp)ì.1 L: è alld

ge r.r ny i g c ra ny J. pyrop)rc's¡>lr a i e prccuJîsors null'-1 ,:y 1"he

effect c>Ï Lito p ra vaì.s ¡ a t i I' l'?.o.1 eclrL'IlûLe tre¿lLIllel)[ j-lr

zntpste2)4-/- rnouse col-.1-s i n cu I lure.
gueìrt i f r c:a Iiotr oll the cI f ect o f pr- ¿vas r-ã t-]-â (1 l.tM) and

zóIedror)aUe (1 ltM), alQ¡l(: or .Ll) (rolnbinatjonf on lrhe

nucl.eaJ.' m()rphol-ogy of zñpste24 /' ut<ruse ce-l I ¡; (a) and

c()iri:r'oI rnouse cel.l.s (b) in c:r'rl'ture, lrl L)le pJ:e''se)l(le Ôí

f arrrosc;l- , g e ran y ì g o.l'âll i o I c>r boLIl .mole(:ìl!ês.

l¡arnesol., 9orat:yJ.oel';lrrroI, alor:c o.r 1n (:ornbìnal-1oìl ,

:rtilJ-:fy l..he c:f.f'c'ct of. t.lìc lrtav.:sL¿t i tll'zo-L e(irollate

1'. re.l L.rrf (r ri L. cr: :luc.ìea¡ rrrc;t¡riroi Qgy ôl ztttp-'; tc't2-4'/' ceì-1s '

Lc:gcr',tì of l''r qurc' ).-l : Tlìe Pl--âva¡;l-.ì L:.ì n l z()l (¿cìL'c)nat e

t r(-r(-r L:ÍL(.)trl. ¡:r;r::t.t.al I y (;órl'ects ilìe úìnom.r'l i Ô.s lL'. t:he r:êIr¿ j'l

o!.' t)N¡, d er.r i.) l. o - s 1.. Jî¿ n d l:rc¿t|:s (f)fjlis) -lL) rhc: <;cl l-s of
pr<-'qcria fiat.t ent.s .
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Control 	fi broblascs 	and 	f ibr ob 1 as t s 	from 	prege r i a 

patients 	we re 	ipcuba ted with 	the p raves It a led s co led ro net e 

mixture 	(1 sI: each) 	or with 	PBS and were. 	irradiated with 

X 	rays 	(2 	Gy ) . 	1:Gnu:lc:detection 	of pho sphe ry le ted h is ton e 

5 112AX foci detected 24 hours after irradiation, 	where the 

foci 	correspond to 	unrepaired double-strand 	breaks 	( top 

dna wee 1 . 	Nuclear    mar king with SABI 	(bottom images ) . 

Bottom graphs: Variation in the number of phosphor y le t ed 

hi stone H2AX foci 	over time after irradiation in control 

le cells 	( shaded square) 	and prog erd a cells 	( unshaded ci role) 

I incubated 	with 	PBS 	or 	treated 	with 

pro va st at i n+ z o lo drone te . 	Each 	curve 	shows 	the 	mean 	t) 

standard error of the mean from at least 3 experiments.  

15 Combined pravastagin+zoledronate treatment improves 	the 

progeroid phenotype 	of Emps te24-/-  mice 	(Figures 	18, 	19 

and 20) : 

The zmpste24-/' mice and the control mice were treated on 

a 	daily 	basis 	with 	pra va s ta t in 	and 	zoledronate 	or 	a 

20 combination of both drugs, 	at a dose that had previously 

been shown to be non-toxic in mice. 	As had a I ready been 

observed for 	the cells of 	proge ri a patients, 	neither of 

the 	drugs 	in 	isolation, 	p raya stab in 	or 	zoledronate, 

increases 	the 	Ines pa n 	of 	Znyste24-/- 	mice 	( fg.g . 	19) . 

25 However, 	the 	combination 	of 	both 	drugs 	s io niMM can t 1 y 

improves 	the progeroid phenotype of 2;122,uste24-/-  mice : 	the 

treatment 	leads 	to 	improved 	weight 	gain, 	increases 	the 

qua ntidy 	of 	subcutaneous 	fat, 	reduces 	the 	scale 	of 

kyphosi s 	and 	alopecia 	and 	increases 	the 	I i r es pa n . 	The 

30 survival 	time 	increased 	from 	101 	to 	179 	days 	and 	the 

maxim= survival 	time loci:eased from 151 to 222 days 	(P < 

0.001, 	Fig. 	1.0c) . 	It 	should 	be 	noted 	that 	ail 	phenotype 

10

93

(:onl.-rai f i i>ror>l;r.si-.s ¿rltcl f :-k¡rol¡ìa¡;ís f-r'orn P.r ()c;(-l.l:-l-.1

pcìtients tce rr.: jn<:ul¡¿Lccj Nl.tl) i:he P r:àva s [: a L I n i'7:o ]-(ì d !:() n a (: e

¡1ìx'LuÌ.'e (i i.:1.! e.:c:h) c::: r.;itLr PllS and l¡éÌo 1rÌ.'adial:ed w.l th
X ):.rys (2 tiy ) . I m;nu!rociel:ecL i.)lì ol= pho.sPll()ryl .ì tle(l h i s Uone

ll2ÀX l'oc.:. dc tec t (-:d 2 4 t.ou:::; ¿ìf t(} Ì.' i ):l:acJ.l .l t. i órl, \,th.eÌle Lh.c

f rlr:-r c()r'r(J:; p()Itd L () unrcp.t.r-.r:ed d<..¡ltl;l ('-5 t l'alìd l:t ca l':¡; ( Lop

rmcrges). Nri(i.lc¡r ma):kri)g w:th L)API (bot-coìn itnagt::;).

BotUom qrõpir$: V.1: j.¡ìL:io)) l-lì L:he nurnber of pllosphcryl ar:ed

Iristolle ?,?,1\X i c>c.t ()vc.r.' ii.nc' a,Í('.er :.::r¿ldiâtion in conl::'oì

ceìÌs (shadcd sÇLicrre) .rrìc prögcrla ce.lls (urtsll.¡cic:d cj.r.'cl.e )

r:r cube [: e (i cr t Ìeat ed wi t: It

2C

u.i Lh PH.S

l).1 a va 5 t a a r )l+ z a I edJ:()ll;l Lc. tclch cutvc si)orrs Lhe lÍlcan l--

.sLôf)d¡rrd or.r'o.r' oí che rne¿rn Jlrc.nt at- l.ea.st .) c )l pìe r: me !ì1- ti .

Courbine.d l)revàstatin+zoledronate troat$ent improves the
progeroid phenoÈype of 2ry3¿e24'/' míce (E'igures 18, 19

and 20) r

'Iie Znpste24 / mr t:e ¿rtcl tlìc conl-.):()I nicc were tre¿:t-ed ()r)

ô darl-y basr s r"ith p::avasLattrt and z-olc:dronate c'r a

comb.rnei:ron Òl' botrh drugs, aU a dóse tha-L ha.i pLcViousJ-y

bccn sholvn ao be norì-1..ôxl-c in mlce, As Jrad aì.;eady been

c.:irsc;rrotl lor t-Lre ce.l..l.s ni ptogntr-u F.auterlLs, neí1-hel: of
the d::ugs i n .rsÒiaLÍoD, p ):ava.s1--ai-- ÍÌ) or z-o Iedrort:t t- e ,

irrcróascs L)ìe J .r f c-:s¡;.rn of z tpste24-/' micc ( I'iç , 19 i .

ilo|ever, tho (:(:mlriIr¿rLron of boLh drugs .s -r g lr: I r c¿llì L.l- y

rllìI.)l'oves Lhc, I)ì'ogerol.ci pllt>rrotype oÍ Znps!:Ò24'/- tü c.c:: 1.he

l--):ea(--m(::rìr .l-e,rus Lo r-:nprovecJ \,re1ght qcì.1n, l-r)(.lr-c¿ìses LI'.c'

quànt r L.l/ <:L .s r.l k)cu L: a rì('ìÒLt:r f¿lt , l'edlt(:c:; thc scal-cl of

ky¡:Jros: .s ¡.1:)a{ ir ìopec:.t..-r .:ncl rllc¡cÀ.sc':s t i:e ì r f'cs¡;.rn . ')'he

-çirrv iv.r l l.:.rnr: .r rrc::<-:a¡;c'd l rcrn 1 01 1.Ò l. ? 9 cla ys ,ra:d L LIê

nr¿xirattrlt :rurvr.Vcrl Ut.lnc .t ilrit-().1:icd from Jil 1-Ò ?-22 cl.ry.s (J) <

0.00i, Ji'.r-q. lÛc;). l.t: -rl)oul d l.:t: rrotcd t-llat a j-.1- p]relÌotyl)e
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corrected 	by 	the 	treatment 	i n 	mace.  

ch arm 	zi st ie. 	of 	p rog e r id 	in 	humans. 	The 	combined 

treatment corrects the decrease in bone density , 	which is 

one 	of 	the 	ch a ro c ter i st i cc 	of 	Zmpste2e) 	.nice 	and 	of 

5 patients 	with p roge rb a 	or a 	related proge r old syndrome. 

Computer ie ed 	bone 	microtomography 	shows 	an 	increase 	in 

bone mineralisation and an 	increase 	in 	the 	thickness 	of 

the 	tibial 	cortex 	in 	the 	treated 	mire 	( Fi g . 	18d ) . 

Likewise, 	the quantification of nuclear morphology in the 

10 liver 	of 	Sepcf (424i v  , 	20313ste24)7) 	and 	treated 	Znpste.24-7- 

mice 	shows 	that 	the 	pr a 4. a sta t in k z c led ro nate 	treatment 

normalises the shape of gmpste24)1-  ce1.1 	nuclei. 	(Fig. 	18e ) . 

The 	treatment 	a-do 	corrects 	Zmps2e24-1)  mice 	( Va rm la 	et 

al . , 	2005 	(54 	bid ) ) 	(Gig. 	18f ) . 	Pima 1 1 y, 	we 	looked 	at 

15 whether the treatment could have an effect on Lmna-/-  mace 

that 	cannot 	accumulate 	pre 1 amic 	A. 	The 

pravastatint.oledronate 	treatment 	had 	no 	effect 	on 	the 

lifespan of these mice 	(Pig. 	20) , 	which provides 	further 

evidence 	that 	this 	treatment 	can only act 	in mice 	that 

20 accumulate fame 1 ysed pre 1 amlb A in the nuclear envelope. 

Legend 	of 	Figure 	JM : 	The 	prava s t at in im. o 1 ed rona te 

I treatment improves the p roge ro id phenotype of 	Znpste24)/)  

mi AA 

25 

(a) 	Photographs 	showing 	3-men t h 	old 	Zmpste04)II 	mice, 

Zaps Le291) 	mice 	and 	SAvst324)°) 	mice 	treated 	with 	a 

combination 	of 	p rav a ct atin 	(100 	mg/ kg 	per 	day) 	and 

im Jed r °net e 	(100 	mg/kg 	per 	day) . 	Scale 	bar 	- 	1 	cm . 	(b) 

Weight 	of 	3-month 	old 	2mpAte244/' 	In - 121, 	MopsPe2/3 m" 

In - 	13) 	and 	treated 	Snips re24 /) 	In  - 15) 	mice. 	(C) 

30 Kaplan-MA:Ler curves showing ii si On i fir: cot id cress s e inthe 

lifespan 	of 	treated 	Zmpste04-/- 	( n - 15) 	mice 	compared 

with 	untreated 	mice 	( n .4 	13) . 	(d) 	3D 	computerised 

10

s r (¡r):; co.r- .r: (\(: L (-:(ì t-ry

st4

¡h(-r LrcaLmer.L- -1r) t;Lict' ¿ire ;rlso

çh.rr;.rctêr. í s L !c of. È)r()ger.t ¡l rn hum.::rs . '1'L)c cl<¡lnl¡j nt':<j

-"reer.m(-ìnt corr-ccLi L l,e dec::e¡.so ¡-t: bc'ne cierlsi-Ly, wlrjc:lr rs

c.ne çf. f:he r.-h¿rr¿cLo¡: j.st i c-s of Znpsttz24-/' rll-cL\ crlLcl c¡l

pal-rer)t.s r,t j.th pr()gcr.i¿ o a l.e.l a1:(-)d [-'l]ogero-l d -syIrtì::otrtc.

Cc.mpu(errscd l)o:le mr- t:.r- o I oLnog Jîa ph y .shok's an .].nÇre¿se -L11.

bolr<-: nrtt c r a.L i s a L: i <.l n clnd âIì rric)1e.lsc in Llre [-l'.rckness t:f:

l:hc irk>r;rì c()r'L(-:x rn l-.he tÌeôted Inl cc (['19- 18ct) .

Lr kçu.r sc. i..¡)(r qir¿rlrtif .tcal-jon of' tlucl.ear morphology rn th(l

1..:.ver of ijntp-; t: c ii 4t /' , zntpste24'/' ¿rìd tl:eõiecl znçs{:c24-/-

rnr.ce shows t l)at l.h.e pr a v a -cta L:.L n + z o ì cd!:ol)ôUe 1-- re ¿ 1--rlèIì L'.

¡o::mal. j.ses Il:e slr.i¡:re af ,mplitc24-/- ce) ] rltl(;l-e l. (]i'.1g 18e) .

The i.rcatmcnl. aì sc> col're c.ts Znpst:o24-/- mi-ce'' (V¿Lre.l-a cL-

al., 200-\ (-q4 L¡.rs) ) (l-j.q. i8f). l..lnaliy, we I.oc¡ k<;ci .rL

r,¡hFrL.hc)r t:lL(-r L.Ic¿ìtme:rt coulG lrava c]ll effec:L on l,mna-l- micet5
Lhal (t¿r r'.lto1

pra va s L a t i nr'z o 1 eC rt¡ n a i: ('t Lreal-ment h.rd no eJlfecl'. (-\n thc
IrI'csip¿rì ÒJl t-l:cse rn.l ce ()''iq. 20), whrch pr.'ovldes ,'ttrl.her

ev.Ldence l.hat Ll)rs tÌ-'eätmen1-. c¡ríl only acl. ill rûice l-llat

¿rc(:urùul-at-e f a.¡-'neJysecj prc:J-araj.n /r j.n thc nuc.Lear ertvcJ-c>pe-

l,ege:rci Ò! î1guÌe l8; Tlìo pr av õ.5 -. at Í n I 2 o I ed ron a I e

treôùmenl- I rnp:'oves 1.Ììc progeJ:o j.d p)rcnotype Ò'í zntpsLcil4-/'

r:ri ce

(a) PiìoLogreph-q .showr ng :1-monuh ol cl Znpste2-4'/t rnÍ cc,

Z.nt¡>:;Lc24'/' rnr.ce and ilnpsLa24-/' mrc(r L):eauecJ vr.r L:h ¿l

c.omb.r:ratìo:r o.L' praväslat-rn (100 lnQ,/kq pc.t doy) alrcl

,.;eJ ecl.r:();ì;)1:ô (100 Ing/kE pe:: cì.ry¡. Ílc.-¡l e ba.:: -= I cm. (b)

lrìe:.crlr l- of li-rnc>ntl', oi rl i'.n¡,-1;1.";1n' ¿' fi = i.2) , I'nryt.." l.e2 11 /

(n - 1lì) ¿rrd l-Ì.'eal.ea ,I!tp!; l:e2 4 /' 1n '= :5) r¡.j r:e- (c)

Ii;)P.l-¡ìrì-i!Íoj.cl' cttrves show: r:q .r s-t-g:rì {-l cÊr)L jnc:--easc-: rrt l.ltt-:

J.r1=c:sp.:n ol' L:zÒírt:od !ha1>st'.e24'/' 1n - 1I)) mice c-c'm¡;.rj-'ecl

w.r ch u)ri:rê¿ì1.cc¡ tnl-ce (n "'i3). (d) 3t) comPt)l-er.1 sed

árccumu 1a t e preìam.rn 
^. 
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mibrotomography representation of the tibia of a treated 

and 	untreated 	Zmpste24-/- 	mouse 	(top 	image). 	The 	bottom 

panel 	shows 	the 	relative 	bone 	volume 	(osseous 	tissue 

volume/volume 	of 	the 	tibia) 	and 	the 	number 	of 	bone 

5 trabeculae 	in 	untreated 	In = 6) 	and 	treated 	(n = 5) 

ZapsUe24-/-  mice. 	(e) 	Quantification of 	nuclear anomalies 

iu the 	atocytes of Zmpst.624`h, 	Marraste241m 	and treated 

n?pste241- 	mice. 	The white arrows paint to the abnormal.  

nuclei. 	Scale bar = 10 pm. 	(f) 	Relative expression of the 

10 target 	genes 	of 	the 	p53 	in 	the 	liver and 	the 	heart 	of 

SmpsteLAITA 	Zmpste24(T 	and 	Smpste24dd 	treated 	mice, 

analysed by quantitative R1A-POR. 	f 	P < 0.05; 	" 	P < 0.01; 

fAf 	P 	< 	0.001. 	The 	error 	bars 	represent 	the 	mean 	-I 

standard error of the mean. 

15 Legend 	of 	figure 	19: 	Neither 	pravastatin 	alone, 	or 	the 

zoledronate alone increase the lifespan of the Zmpste24-

/- mice: 

Kaplan-Meier curves show that the pravastin alone 	In - 5) 

(a), 	and the zoledronate alone 	(n - 5) 	(b) 	do not correct 

20 the 	lifespan 	of 	the 	Zrapsfe24fif 	treated 	(empty 	diamond) 

and non-treated 	(solid circles, 	n - 	11) 	mice. 

Legend 	of 	figure 	20: 	The 	pravastatibrzoledronate 

treatment does not correct the lifespan of IrmnaAl  mice: 

Kaplan-Meier curves show that the lifespan of latnafii mice 

av treated 	with 	brrbastatinizoledronate 	Ma 	- 	12, 	empty 

diamond), 	compared 	to 	that 	of 	non-treated 	mice 	(solid 

circlAs, 	n 	- 	11). 	The pravastAtibizolbdronate 	:Abetment 

has no effect on mice devoid of lamin A/C. 

30 Summary/conclusion/outlook 

Severbl human prcberord ayudronies, 	including Hutchabson- 

Ailord 	tarbgeria, 	are 	caused 	by the 	accumulation 	on 	the 

l0

91,

mj c ro L: c)m()g.::àph y r('p::caat taL jot) of- L:l)tt trbla of a L:re.l1:(-ld

ancì un trc.r L.ed ?Jnp:;te 1!4 /' rnoL, se (::o¡-' image ) . 'J'he bo1'- l: or,1

panr,'ì shoù,¡s i-he ::(:.1 ar--:-vc i-.\c¡ltc '.'ol Llmel (osscol.t-' i-r sslre

yolumc/voìumcì of Ihe t- j bi¿r) r]L)d the :rtrntl¡cr af bone

'Lrabccui¿rc in untr.'cal,.ec (rt - G) and tr-e.rl-cd ()l '. 5)

ihùpsCe24 /'m,ce. {e) Qu¿rrl L i L l. c..l t I oll oi rlllcl-câlî e.nomaI l.es

r.n î.Ìì(-) ¡r crpa l,: ()(;y t c s cl' Znpst-e-24n/', ilur¡tsLe24'/' .)lìcl î.rilâi:(-:(l

)lnpslct74'/' rni ce. '.1'h<-: q,:i1Lc al'rows p().1 r]L 1.o 1--lle .:k>:ro.:-'m.) I

riuc).(.11.. St:a.l-o bar .- L0 )lm. (f) Rol.¿LIVe eXprc::;sr-or) o! L¡ìô

L¿rget genes of the p5.) jn t.hc I ive.r ¿-ncj Lho he¿r.'t of
Zrnpst.e2-tt'/' , Znps tc24 -i - a)rd Z:r'ps'-a24-/- tre¿ ttcc{ tì1cô,

analy.sed by cju.rr)t j.[.ative RT^?(lR. ] i> < C.05; '{ I> < O-C1,'

tt* P < 0.001.. ]'he err()r: b.ll s l-'epre.senl'. i-)ìc rflca)l :l

.s r-¡rn11a r--(f <>:tÕL öL tiìc )ne at) .

ì-r-.grrLrcl of fiqure 19: NèrL)ìcr pIava.5i¿ri:iiì ¿lone/ oì- the

?-ol()d.Ìorìate al.one jFt-).Ê.1.sê 1:l:c il-fesÈ)an ol' Lho Zmpst-e24*

,/- nLi cc:

Ka p.í an -1"?e J. e Ji cur:ve.5 shoh' t-hêc the pravtrsiìn al ol'lc (n -' 3)

(a), alìd Lire z.oJ eûronaue al.oirc' (n - 5) (b) do not ccrÌ:ecl-
-,*he .lr f e.spán of Lhc Zm¡>ste24 '/' L.to.ìLed (err'pìy dramond)

ar)d ùon-tr:eated (.soI icj crÌ c.l-cs, n - li) nrrce.

Lcçond o.C f i.gu::e 20:. 'I'hè p'ravastat j.r:r zcl-edr.'onato

L:reaL:rnen1. çloes rroL cÒr:r.ccI t hc' I i f e.sp;rn oi' J,nna'/" ,ntcê'

Kap.l.ar)'l,rcier c:ìlrves show l.)r¿t Lllc Iife.sp.rn of Lmlra-/' ml(:e

t rç.)1:ecl r!'í1--h p Ì û va s L a u r. n l' z o i ec! r ona t c (tr -- l')-, ompty

cir.:rmo:rrl) , cornpaì.-ed l.o L:híi'L of non-t):(ì¿l1.od )nl.ce (-so.l -l cl

c:-r-::c:l e',:;, n -- i l ) . Tltc 1-rr-av.;.s'r ¿r L:: ll ' ¿o.l eci:'gn(-11:(ì l-.1'c¡ltllLcl) L-

bas iro eJ'l'eci. on ¡ni.q:c: cìc,vc:i ci oll i.:ini x A/c.

5r.:mrna r-y / co n c.l i.:.s i r>n /o r: i. ì <>t: I:

Scvcr¿rl. )lttLna:r proctc-.roid .svrld::c.ntcs, .rircl.ucJiIìg llutch;nscì)-
(i.r-11:orcl p.r:ogcìrr-â, ¿rlo catt.:cd i:y t'-llc accumuJ..lt.lon on L)lc'

l. _q
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nuclear 	envelope 	or 	a 	farnesylAted 	form 	of 	prelamit 	A 

deleted 	(lrogerih) 	or 	not. 	deleted. 	The 	progerib 	is 	also 

produced during the course of phyrd ologital agiva. 	Recent 

studies carried out on 	cells of patients 	a f flitted with 

progeria have 	shown 	that 	f arnesyl-t ransf era se 	inhibitors 

( tTla 	improve 	the 	morphology 	of 	the 	nuclei, 	.suggesting 

that 	these 	inhibitors 	could 	represent 	a 	treatment 	for 

these devastating syndromes. 

The 	inventors 	show 	here 	that 	prolamin 	A 	and 	progerdt 

10 undergo 	an 	alternative 	prenylation 	via 	the 	gersmylv 

geraryl-trans f erase 	when 	the 	farnesylAttansihrase 	is 

inhibited, which could explain the low degree of efficacy 

of 	FTI 	in 	improving 	the 	phenotype 	of 	mnrin 	'citadels 	of 

these progeroid syndromes. 

15 They also 	show that 	the 	combination 	of 	a 	stat lb and an 

ami nobiphosphonate effectively 	inhibit 	the 	f nrnebylrt ion 

as well as the geranyl-geramMAtion of the pre 1. a M iJI A and 

of the proderit, 	significantly improves the phenotype of 

aging 	of 	mice 	in 	hbith 	has 	been 	inactivated 	the 	gene 

20 codibg 	the 	metalloprotease 	2mpste24 	involved 	in 	the 

maturation 	of 	the 	prelamin 	A. 	The 	improvement 	of 	the 

phenotype 	includes 	that 	of 	the 	growth 	curve, 	weight,  

lipodystrophy, 	hair loss and bone anomalies. 

In addition, 	the 	lifespan of these mite is substantially 

25 increased. 

This data opens up a 	new therapeutic approach 	for human 

proper:cid 	syndromes 	with 	accumulation 	of 	prenylAted 

proteins in the nuclear envelope. 

Theprdvastatinhamitobiphosphorwite 	Treatment 	is 	beino 

30 applied 	in 	Marseille 	for 	upcoming 	3 	years 	on 	children 

afflicted 	with 	proaeri a 	within 	the 	framework 	of 	a 

European therapeutic test 	(15 children) 	placed under the 

10

!)6

nuc.-lca.r- e)lvcl ôpë ôf ô ! â ): l)c fì yl ô (: e d l:c'rrl <¡f prel ¡)ìn.l l) A

d<,let<-:d (proqer.rn) o.r r¡ÒL' dcl.et e-d. '.1'l)t) Irrcger.ì¡l ís ;iJs.<>

¡rJ.ocìlrc.ecl duri:rg l-he c:()ur':;c af Phys'ìoiogicaì cìÇ.1.1)Ç. llccerrt-

stLlcij.eÉ car!: j.ecl ou1'. on cel.l 5 ól Þaureni.s ;.rf li:ct-ed ru.r tlr
prc'geria h.rve shorvn t lra l- f.r::nc.syI-L rànsfcì:ð s(: rI.Ll)1l)l. LL'r.s

( l'lI ) r.r(pj: ovL: tlìc ríìo rl)lìc) l. oq y of' t:l',c nilc:l el r .sl.tgg(-ls r.I r.g

1:lìë !. t:hesc i¡rhj i-: j.l-or s cr)ul cl repre.sor:i: a I re.]1'.men l- f cs:'
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'l'¿)e rDvento)'s -qhol¡ lte¡e '.)ì¿ìt pÌ.'e.i ami lì A âncl J:'rogcÌ.'i I)

uùdcrgo an al.t-ernaEive orertyJ.itLl.on vi.: L:lìc gc.l'¿llìyl'
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rnhjbj t.ed, rvhi.ch cor:ìcl oxpJ-arn the I or,r dc<;roe of ef f l.ca(y

oJ. fTI r.Ð r-mproving uhc p)renÒtypc of m\ì.1:l-r) rtlodo.]'s c.¡É

t- lrc s e p loge r or cJ .s yrtdt c;ntes .
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<;ociing (:he nrc L ¿r.l- l- Òp ro L ea s e Zmp.9-.e24 rnvol.ved j.n Ehe

maLuratl.on of the pt-eJ.arnirt A. 'J'he lmprÒvcmel)L of 1;he

pr)(rl)ôi:ypo j.nc)-udcs Uhat of f.hè 9.t'oHtlì cllrvc'), weìght,

I .lpody-st rophy, )tai ¡: l-oss and b.one anom¿?Irês.

.l r) ¿(l(ii L ror), Lhe I i.f e.span o{ tilcse ml ce' j s .9Lrbs Lalr L: r¿ ì L y
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responsihdi iby of 	i 	hevy, 	iimanced by the mimistry 

of Health 	MOM 2008) 	and the French AsscobatUmn againet 

Pyopathibs 	MFM) 	and 	which 	has 	received 	author lGat dmn 

from the AFSSAPS and the South Mediterranean CCP. 

5 The same treatment wild. 	soon be given in Rome, 	under the 

responsibility of Giuseppe Novelli, 	to patients afflicted 

with aoromandiMulat dystildsia, another ptogetoid syndrome 

with accumulation of rarnesylated orelamim A. 

'a'l

ì'espo)ìsr.L)ì ì Í l:y r:li Nacóì¿ls l.,evy, i'j.ria:rcc:cl L)y ì:llc M-l nl-.st'-ry

of t.:eâ i'"h ( PJtRÇ 2C.¡C¡tl ) al)d tll(' i t'e:rc:h -qr,e'()(::.1t j an eg.raÍr-s1:

Myopa trhr.cs (Al'fY ) önd wh:-clt has :'ec¿':ivcd au t hc:: j se- l. i r¡r.

1r<;m ILc 
^8SSAPS 

and !]rc': S<¡uLIt Mccii. L.err-an(']¿rì CCI>.

'l'ire .s¡rnrc L:rcatmci)t- v¡lli st:or: be ql.ven .ln Rômc, ul)der the

responsib.r I i1:y of Gr-i,t-seppe NoveJ.J.i., to È);ï ì tl:li'.1ì íi! f lrctccl

w¡.th ac¡:om.::rcj j l>ul-¿rr dyspìas.ra, an()Lllêl f)loç('rtolcl l;yrldromc

ur.1:l'. .rc(:umu l.õt i on Òl' I ¿r rrL(: c: y I .rt e d ¡.:rc ).artti n /r -
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Claims 

 

1.  Composition comprising: 

- at least one hydroxymethylglutaryl-coenzyme A (HMG-CoA) 

reductase inhibitor or one of its physiologically acceptable 

salts, 

- at least one farnesyl-pyrophosphate synthase inhibitoror one 

of its physiologically acceptable salts, and 

- at least one anti-HIV agent  

     in which the HMB-CoA reductase inhibitor is a molecule of 

the family of statins or one of its physiologically acceptable 

salts and the HMG-CoA reductase inhibitor is chosen from the 

group comprising atorvastatin, simvastatin, pravastatin, 

rivastatin, mevastatin (or compactin), fluindostatin, 

velostatin, fluvastatin, dalvastatin, cerivastatin, pentostatin, 

rosuvastatin, lovastatin, pitavastatin, or their physiologically 

acceptable salts, 

     the farnesyl-pyrophosphate synthase inhibitor is chosen 

from the group comprising a molecule of the 

aminobiphosphonate(NBP) family or one of its physiologically 

acceptable salts and the aminobiphosphonate can be chosen from: 

- alendronic acid or its ionic form, alendronate;  

- clodronic acid or its ionic form, clodronate;  

- etidronic acid or its ionic form, etidronate;  

- ibandronic acid or its ionic form, ibandronate;  

- medronic acid or its ionic form, medronate;  

- neridronic acid or its ionic form, neridronate;  

- olpadronic acid or its ionic form, olpadronate;  

- pamidronic acid or its ionic form, pamidronate;  

- risedronic acid or its ionic form, risedronate;  

- tiludronic acid or its ionic form, tiludronate;  
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- zoledronic (or zolendronic) acid or its ionic form, 

zoledronate (or zolendronate); 

- 4-N,N-dimethylaminomethane diphosphonic acid or its ionic 

form, dimethylaminomethanediphosphonate;  

- α-amino-(4-hydroxybenzylidene)diphosphonate.  

     and the anti-HIV agent is a protease inhibitor or a reverse 

transcriptase inhibitor 

 

2.  Composition according to claims 1 in which the HMB-CoA 

reductase in hibitor is a hydorosoluble stain. 

 

3.  Composition according to claims 1 or 2, in which the 

farnesyl-pyrophosphate synthase inhibitor is zoledronic acid or 

its ionic form, zoledronate.  

 

4.  Composition according to claims 1 to 3, in which the anti-

HIV agent is a protease inhibitor chosen from the group 

comprising fosamprenavir, lopinavir, ritonavir, amprenavir, 

atazanavir and indinavir.  

 

5.  Composition according to claims 1 to 3, in which the anti-

HIV agent is a reverse transcriptase inhibitor chosen from the 

group comprising zidovudine, lamivudine, didanosine and epzicom.  

 

6.  Composition according to any one of claims 1 to 5, which is 

administered to an HIV-infected patient for treating. 

 

7.  Composition according to claim 6, which administration is 

performed orally or by injection. 

 

8.  Composition which is administered to an HIV-infected patient 

for treating side effects of premature aging caused in the 
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patient by an anti-HIV treatment using anti-HIV agent which is a 

protease inhibitor or areverse transcriptase inhibitor, 

containing a mixture comprising at least one 

hydroxymethylgiutaryl coenzyme A (HMG-CoA) reductase inhibitor 

and at least one farnesyl-pyrophosphate synthase inhibitor; 

     in which the HMB-CoA reductase inhibitor is a molecule of 

the family of statins or one of its physiologically acceptable 

salts and the HMG-CoA reductase inhibitor is chosen from the 

group comprising atorvastatin, simvastatin, pravastatin, 

rivastatin, mevastatin (or compactin), fluindostatin, 

velostatin, fluvastatin, dalvastatin, cerivastatin, pentostatin, 

rosuvastatin, lovastatin, pitavastatin, or their physiologically 

acceptable salts, 

     and the farnesyl-pyrophosphate synthase inhibitor is chosen 

from the group comprising a molecule of the 

aminobiphosphonate(NBP) family or one of its physiologically 

acceptable salts and the aminobiphosphonate can be chosen from: 

- alendronic acid or its ionic form, alendronate;  

- clodronic acid or its ionic form, clodronate;  

- etidronic acid or its ionic form, etidronate;  

- ibandronic acid or its ionic form, ibandronate;  

- medronic acid or its ionic form, medronate;  

- neridronic acid or its ionic form, neridronate;  

- olpadronic acid or its ionic form, olpadronate;  

- pamidronic acid or its ionic form, pamidronate;  

- risedronic acid or its ionic form, risedronate;  

- tiludronic acid or its ionic form, tiludronate;  

- zoledronic (or zolendronic) acid or its ionic form, 

zoledronate (or zolendronate); 

- 4-N,N-dimethylaminomethane diphosphonic acid or its ionic 

form, dimethylaminomethanediphosphonate;  

- α-amino-(4-hydroxybenzylidene)diphosphonate.  
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     and the anti-HIV agent is a protease inhibitor or a reverse 

transcriptase inhibitor 

 

9.  Composition according to claim 8, in which the HMG-CoA 

reductase inhibitor is a hydrosoluble statin. 

 

10. Composition according to claims 8 or 9, in which the 

farnesyl-pyrophosphate synthase inhibitor is zoledronic acid or 

its ionic form, zoledronate.  

 

11.  Composition according to claim 8, which administration is 

performed with a dose of the hydroxymethylglutaryl-coenzyme A 

(HMG-CoA) reductase inhibitor of 0.01 to 2 mg/kg of body weight 

and with a dose of the farnesyl-pyrophosphate synthase inhibitor 

of 0.01 to 40 mg/kg of body weight.  

 

12.  Composition according to claims 8 to 11, which 

administration is performed orally or by injection. 

 

13.  Composition administered to an HIV-infected patient for 

treating containing  

i. a mixture comprising at least one hydroxymethylgiutaryl-

coenzyme A (HMG-CoA) reductase inhibitor and at least one 

farnesyl-pyrophosphate synthase inhibitor,  

ii. an anti-HIV agent which is a protease inhibitor or a reverse 

transcriptase inhibitor, 

     in which the HMB-CoA reductase inhibitor is a molecule of 

the family of statins or one of its physioligically acceptable 

salts and the HMG-CoA reductase inhibitor is chosen from the 

group comprising atorvastatin, simvastatin, pravastatin, 

rivastatin, mevastatin (or compactin), fluindostatin, 

velostatin, fluvastatin, dalvastatin, cerivastatin, pentostatin, 
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rosuvastatin, lovastatin, pitavastatin, or their physiologically 

acceptable salts, 

     the farnesyl-pyrophosphate synthase inhibitor is chosen 

from the group comprising a molecule of the 

aminobiphosphonate(NBP) family or one of its physiologically 

acceptable salts and the aminobiphosphonate can be chosen from: 

- alendronic acid or its ionic form, alendronate;  

- clodronic acid or its ionic form, clodronate;  

- etidronic acid or its ionic form, etidronate;  

- ibandronic acid or its ionic form, ibandronate;  

- medronic acid or its ionic form, medronate;  

- neridronic acid or its ionic form, neridronate;  

- olpadronic acid or its ionic form, olpadronate;  

- pamidronic acid or its ionic form, pamidronate;  

- risedronic acid or its ionic form, risedronate;  

- tiludronic acid or its ionic form, tiludronate;  

- zoledronic (or zolendronic) acid or its ionic form, 

zoledronate (or zolendronate); 

- 4-N,N-dimethylaminomethane diphosphonic acid or its ionic 

form, dimethylaminomethanediphosphonate;  

- α-amino-(4-hydroxybenzylidene)diphosphonate.  

     and which administrations are concomitant, successive or 

alternative, being performed in any order to an HIV-infected 

patient for treating. 

 

14.  Composition according to claim 13, said mixture and said 

anti-HIV agent as constituents of which are co-administered.  

 

15.  Composition according to claim 13, in which the anti-HIV 

agent is a protease inhibitor chosen from the group comprising 

fosamprenavir, lopinavir, ritonavir, amprenavir, atazanavir and 

indinavir.  
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16.  Composition according to claim 13, in which the anti-HIV 

agent is a reverse transcriptase inhibitor chosen from the group 

comprising zidovudine, lamivudine, didanosine and epzicom.  

 

17.  Composition according to claim 13, at least one of the 

administrations of which is performed orally or by injection.  

 

18.  Composition according to claim 13, which administration is 

performed with a dose of the hydroxymethylglutaryl-coenzyme A 

(HMG-CoA) reductase inhibitor of 0.01 to 2 mg/kg of body weight 

and with a dose of the farnesyl-pyrophosphate synthase inhibitor 

of 0.01 to 40 mg/kg of body weight.  

 




