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'l'he nucleus of o:>ukaryotic cells .is dGlimitc'd by a po1·ous 

double rne1~))J:an.e, the nu<:lc>dr envelO))e, wt1ict1 conti·ol~; 

1nolecular· exchanges betweer1 L~1e 

cytoplcisinic compar;:ments. 'l'his ertvelope 

:, isolates t:l'.e contt>nts of the nucleus, i.e. the ge11et.ic 

mat.eria) and all of t.118 enzymatic rnachin0ry r1eeded for 

the functions of thf' nuclei:ir· qenorae. 

Ti1ro JlL\clroar or1v12lo1)e cons.ists of· two cor,centri.c me1nbrc.;nes, 

co11t.ir:uolis witl1 the endoplasmic 

1.0 reticulum, and the i.ririer meinbrane. 'J"he latter· is bordered 

C'n its ir>11e1· face by a dense fibrillated inesh c:1lled the 

n11cl.ear ie pr.ot<~ir1 r•etwork composed 

essentially of polymers of lamins and assoc;iatcd tJrotcir1s . 

vert0brae, . ~11bc:lcisses of J.amir1s c.;re 

J~, d.ist.i.ngui..5hed: lamins of ty1)e !1 {Jamins A and Cl and type 

(lamins "' c~' B2 c.;nd B3) 1 <111 of "''hich are .i11\>olvcod in 

the develop1nent of the lam.in<". Tl1e latter J.5 held in 

place by the association \\•ith other pr.otcins, attached to 

tl1e inner membrane of tf1e nuclear envelope (cf:. Gr·uenbaun1 

20 & al. 2005 (19) J. 

Lamins are filament-sh,-,ped pr·oteins b"'.longir.g to the 

fan1ily of intermediate fi.lamer1ts (type V), all of wt1.ich 

have a corr1mo11 struct;1re: a short globular N-tern1i11al 

(hroad) segn1er11: s121)arated fro1n ,-,nother globu.lar C-ter.mina.l 

25 (tail) segment b;' a lorig central doma.in or·ganized i11 a 

"'lurality of alpha i1e.1.i.ces {rod a'o111ai11) 'lhe glofJ11lar 

tajl contains j11 par1:.it:11.lc11· a nt1c.1ear J.coc,ali.zation .5_i_g11al 

(NLS) eriabling tl1e addres.5i11g to the nucleus af-ter 

synthesis. 'l'he (:entral doa1alr1 011ab.les two parallel lamin 

30 n1olecules to be assoc·iated ar1(1 orgc<ni.zed il'. fj lamer.ts by 

a "head-t.o-tail" ,1ssociatic'n of dirnc~rs. 'l'liis stJ:tictllre 

giv0s tl1em \'e1·y r:esi.ota11t rnecf1;1nical properties. 
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Ot1ly lami11 A ar.d la:nins B undergo ffi<"ltu1·ar.io11 after the 

synt.hGS.i.5 of a !)r<ecur.oor· (cf, Gruenbaum & a1. 2000 (20)). 

I.<im.in C .is di.reclly syr1tl1esi2Bd i.n its mature for.'ln. 

The precursor of lanti11 J>, <\t1d lan,ins B is t<0r'rnir1ated by a 

5 c~1a1·acteristic CaaX motif ((: i.5 a cyst:ei;1e, a is ar1 amJ.no 

acid with an uncharged aliphat.tc chain and X '-S any amino 

a\:id, in th.is case a methi.or.ir.e; cf. l,evy & Cau 2003 

{ 2 91 I . 

CJ'he c-terminal Cai1X :notif en0tbles ti1e at::ac!1mcnt ot a 

10 fatty <>Cid {in generi!I a C15 fatty acid, f<1rnesyl) O\~ing 

to <i fa.rnesyl-trar1sferase. T·his prenylation {the farr1esyl 

motif is derived fro1n a C~--based alipliatic unit callf'd 

isoprene.e) e11abJes the prelam.ins to be ir,serted .i.11 tl1e 

membrane of the endoplasmic reticulum after tl'.eir 

1S synthc:sis in cytosol. '!'hey ,,re !'l11bjectecl to t:he ac:t:icn of 

endoprotease i_tself inserted into envelope 

membrane of the ret:iculurn arid of 1;l1ich tl1e active site is 

cytosolic. Tlie specific endopr.ot:e<>se of prela1nin A js 

Facel {or :-:Mrs·rr;24, Zi11c Metallo-Protease, an S'rr;24 yeast 

20 homolog), while Fac;e2 (or Rc:el, ,·a.s·-convci·ting cnzynJe) i" 

specific to prelam_ins 8. These enzymes ciltilJ y;;;e the 

hydl·olysi_s of tl1e t)0ptide bor1d b8tW8Cll the cysteine arid 

tl1e riext (aliphatic) amino aci.d, shortening the pr.e.lamins 

of 3 amino acids. Tl1e ce<rboxyl end of the farnesylated 

25 cyst8ir1e is then recos1n:l;;;e.d by an isoprc-i11ylcyst.e:lne­

carboxymethyl t1·ar1sferasc (ICMTJ, 1-1l1icl1 attacl1es a 1nctl1yl 

gr.'Ollp t:l\~1retco by estc0 rificatJ.on. 

Or.ly the matu1·atior1 of the [)1·elami11 A continues 1-1ith ci 

second endoproteo l yt i c cleavage by l"ac1-il, wt1ich rel ea.oes 

30 a lOJ-am.i.no acicl La1·nesyl-1Je[)lide arid tl1e 1nature Jarni.11 A. 

'l'l1is Jamin f>. 1 01hicn no J.onger. compr.ises tl1G f:atty acid, 

becomes soluJ::.J.c, i1npcrtcd into the nucle11s ov1i11g to 
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jts r,l1ClGar lc,:aliz<Jtioil signal, <ind i_s locaJ.i;ced )n the 

nuclear _l41n1 .• ~a itsf'lf as wBll as ir1 t~1e rest of tl1e 

nuclea>. compartment, constituting il v8ritable nucl0ar 

skeleton {G1-uenbaum & al. 7.005 (19)). 'l'he mature larnirl ll 

5 on the other hand still Jo.as, at tile C-t.erminal end, its 

farncsyl;1ted and met:t1yl-estcriiicd C}'Stei.ne. J't ther:efoi;e 

rern,1ins iriserted Jn the envelope 1nembrane of the 

ret;j_cul11m, ther1 in the nucleopJasmic f:1ce of th8 nuclear 

envelope, hence its exclusive 1oca1i,z;:;tion ir1 tr.e nuclear 

10 la111i1ia, u11der tlie inr1er :n8rnbrane of the n11clea:r envelope 

>iher.e.e it is anchoi:ed. 

By prer,ylation, we mean the attachment to the thiol group 

of a cysteine, eithe1· by Cl tarnesyl chain with 15 carbon 

atom.<;, thllS farnesylation, or by a gerc1nyl-geranyl chair, 

15 of 20 carbor1 ato:ns, tl1us ger·a:1yl-geranyJation (Reid & al. 

200/i (39)), or by any otlier isoprerLe de1'ivati_ve. 

E'arnesylation, catalyzed by farnesyl-trarisferase 1FTose) 1 

which recognizes the c-ter·1ninal consensus sequence (C,JaXJ, 

pi·eferr.<b1y binds a farriesyJ grtJ11p to the cysteine residue 

20 of the motif. 

Gerar1y 1-geran_y.lat icJr, attacl1:nent by c;eranyl-

geran:i'l-transferase (GG'J'ase) of a Geranyl-geranyl group 

011 tl10 cystein~1 residue of the n1otif. 

1'11e.<;e fatly aci_ds are produced by bi(>syr1tt1eo;is, which on 

25 tl1e basis of: l1ydr·oxyinet.l1yl··glutaryl-Coenzyme A, is lised 

by the ce.1 ls to produce .tn p<!rticular cl1olesterol, 

~tcroids, t!1c' l1cmc oi l1craoglof)iJ1 and tlbi.qtl.i.nones (i-lilmpton 

& a1. 19~J6 (?OJ I. 

Tl1c fatnily c1f 1Jrcr1ylilt.ed proteins comp1~ises ilr(,11r,d 300 

30 rr:em!Jers .in the human genome, of: w}1icl1 tl10 majori_ty can be 

ide11tificd by tl1c C-tcrminal motif C'a,-iX (keici & ul. 200fJ 

(:l9) J. 'l'he prot:<0.i.ns of- t:he .'<u:;, llho and l\ab fam.i.lies 
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(l,eUTJg & al. 2006 (:Cfl)), certain fJrotein:o ensur..ing an 

iinpor·t fur1ction to tl1e 1n:Ltocho11dri'1 (llDJ2), and certai11 

initotic protcir;s (CENPE, '' r i-l ir• particular· 

prenyli!ted {Winter-Var1r1 & Casey 2005 (51)). In general, 

5 if in the C"aaX motif, X is il serir1e, a methionine, a 

cystei11e, ar. alan.ine or a gl11t<1ITL<Jt8, the j.5oprenoi.d 

pr,;,fcri:ltJly grati:ed is farnesyl. :if X is u leucine, tl1e 

reccgr1lt:io11 of- t:l1e CaaL 1no;:if. wi.ll be done preferal)ly by 

GC;'fc.<se, which will Cil1:i1lyze the transfer of a gera11yl-

10 gera11yl group (Basso & al. ;~o06 (1)). It is probable that 

otl1er gr:Ol1ps d0r·ived fro1n i.sopre11e Cilr1 also be bound to 

this cyst.eine, alt.hough it is not described in t:he 

literature. 

In hum;1ns, there ar('> t~1rec lamin genes. 'l'llG LMNA gene, 

JS .located at 1q21.2-q21.3 {WydGr & al. 1996 (52)), gives 

latnins A arid C by alternative splic;ing. The L/./ffllA gene i.s 

<:omposed of 12 exons. Tl1e start of the exon 1 codes the 

globular N-termi11a.l end commor1 to lamins A and C; t:he end 

of exon 1 and up to tr,e start of exor. "/ code the central 

20 he.l..i.caJ part; finally, the other· exons code tf1e globul<Ir 

C··terrninal end (Levy & Cau 2003 (29)). 

codes for 4 prc,ducts spliced 

differently, the 2 ma1n ones beir1g :.lie lamin.-o C and t.he 

prelamin A (I,irl & V/orrnan 1993 (31) I. 'l'he differe11tial 

25 prodliction of lam.i.ns A a•ld c is done by using an 

alterr1ati.ve splicir19 site at the level of t)1e exon 10 of 

the p1'e-messenger, so that. t.f1e 1111ni.r1 c is coded by exon'; 

1 t:o JO :incl lamin A is code.ct by exons l. to 9, tl1e first 

90 base pairs of exon 10, c1nd oxor1s 11 and 12 (l11n:ir1 P..-

30 specifi<:). 

Consequently, the r·rl•l.;.1rni1< A uric\ la1ni.n C Fieptiiies are 

idce:1ticc.l at ;:he level of ti1e fi:r.st 566 a1ni.no acids, 
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1-1J1ile ~.he C··termina] end.o of t.he lanti:1s C a11d t}1e 

p1'<:la1n.in 11 then c:or1tc1i.n, r0spec:tj_vel.y, (i anci 98 !;petcific 

a1nino acid,;. 

"l'he lan:ins of type 13 ii1clude tflr8e di_fferent prote.i.11s 

:, (Shel.to & aJ .. 1981 143) J; lamii1s Bl, 82 (tl1e t1~0 i.sofor·1ns 

best i;epresented) and 63. 7'he J,f1NB1 qer1e is l<lCatc;,ci at 

Sq23.3--q31.1 ar'd comprises 11 exons codi.ng the la1nir1 f31 

{Lin & l~r,r·rr;an l99b {30)}. Tho LMNB2 gene is localized at 

19pl3.3 ;,nd codeo; for J;1mi11s f32 arid B3 by an alternative 

-10 splicir.g mechan.i.sm 18i.amonti & al. 1992 (2)). 

J"amins 13 are coristitutively expr·es.sed .i.n a)) of tfle cel1s 

frclm tl1<-i first stages of develop1nent, 1-1l1ile lami.11s of 

type A ar:e generally absent fr.om the embr)'Clriic stern cells 

(Stowar·t ct al. 198'1 (4.'iJ I and are expressed in all c·f 

J:J the d.iff:e,-entiated somat)c ce.l1s. Their· i:oxpressicn is 

Sllbject to r·egulatior1s accordi.r1g to the tiss11e ilnd the 

lite COl\rse (Duque & al. 2006 {9)). It appears that their 

express.ion is not r.ecessar.y, since 1nice ir1 "'l1icl1 tl1e 

expression of larnin A was specificallj' blocked, but wi1icl1 

20 still express .la1nin C and other lamins, do not have an 

apparent pher•otype (fong & al. 2006 (14)). 

Larnir1s irlt8ract >1itl1 i1 VGr·y l<ir·ge number of protetn 

partners having a wtde variety of fur1ctior1s; t.)1ey ar8 

consequently ir,volved in ci large 11umber of nllGlear 

201 processes, .i.1;cltldir1g l)NA re;Jlicat.i.011 ilnd repair, contr·ol 

of lrilt1scr.LtJt.ior1 c1r1d StJlic.i.ng, c;nd organi7.at.i.on of the 

Ghromatin structure (cf. Shumaker & <.ll.. 2003 (t,/;), 

Zastro"' & al. 2004 (5t,), Jlutchisc'n & al.. 2004 (26), 

f;ruenba\im ~al. ?005 (19)). '~lie ;1lter;;tions of tho 

30 sll'llCtllt'O oi Ll10 Ja1niria circ at. tl1e origin of rlt1merOllS 

r,urnan h<''t"ed.ita1:y pathoJog.i.es. 'l'l'''Y 2ir.e dL>c lo mutaliorts 

oi gcr1cs codir1g tl1co l.a•ni11s, or other p1:otei.ns of; tt1e 
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J,1n1J11a. 1'he . .se 1;atl1c,logie>< )1cve f-Jeen groui;ed togetf-Ler 

llnder: tl1e generic trer·nL lami!lOpalhies (Br·oers & al. 2006 

{S), Matl:out & ,1]. 2006 133)). Recer1tly, rnul:<1tior1s ir1 ll1e 

ger1es ,,f the enzymes responsible for the n•at11ratio11 ''f 

lami11s {l'"acel in particular) ha\'e been identified, 

leading c:o patl101ogies <:ilso belor.ging to the gi.·oup of 

At present, the only pathology in hurn<i.ns assc,c:iilted with 

mut<1ticn.<; of the L·11NB1 or 2 genes JS il le11kodyst:rophy 

l O cau.sed by a com>-•lete duplic<1tior1 of tl1e I,MJ:•.'Hl gene 

(Padiatl: & 'li. 2006 (37)). Doubt rGrnair:s as to tf1e 

potential invc-Ivement of \'ariations of sequences found in 

f,MN.?2 in 1)alic11ls with B<:irrciqucr-Sin1oi1 sy11dro1ne 1Hege1e & 

al. 2006 (22)). Howeve.t:-, Jt has been demonstr·ated in 

l~i v.it1·0 !Jy l<NAi_ (J<NA-ir1terference) experiments, as we-11 as 

20 

i_n tl1e l1Lllrir1e 1nodel (Vergr\es & al. 2004 (50)), ll1al 

la1nir1s of type fl ar.e essent.i.a1 for cell deveioprr;e11t ilT1d 

integrity. Indeed, a larr.in Bl deficie11cy causes perinatal 

lethality in mi1:e. M(>reover, the nuclei of tl1e err,bryor,ic 

fibrob1ast.o; of the same J,MNBJ-def.i.c:i ent mi ere 

remarkable alteratior1s i_n riuclear rnorpl1ology, similar lo 

ll1os8 oliserved J,n patients with J,MNA get\G mutatior1s. 

Moi:eover, it has rece11t:ly been shown that lamJ11s 13 are 

ncccss:1ry for t.l1e f'oi:mat.io11 divisior1 spir1dl •l 

;~~i du.r.i11g mitosis, 1''l1i_ch tends to prove that they l1ave a 

dyr1c11nic arid 1nuj tif:a<:et,,d role ov<~r tllG cour:se of tt1e cell 

and that ti1ei1· role i.s not r.estr..ic;t(0 d le· 

(t,n) J. (Jn th_i.s last role, a recent art:jcle demons~_ rates 

30 tl1<0' struc·tural funcli<or1 cf la1oir1s B: c:0lls a1:t.ificia.1ly 

drepi-ived o[ la•n.ins !31 i1ave a "f.loali11g" nu<;l.<Ol\JS irl 1.ll<e 

cell, wl1ic:h turns <1.t·t,Ltnd (Liu & al. 2007 (45)). 'fhe 



functi.onal rec1ur1dar1cy 8Xi . .sti_r,g ))et1;een th'l two li1rn.i11s l>l 

a11d B2 i~ u11doubtedly Gl><O a dir0ct r:0fJ.ectJon of the.ir 

exerting a strong selecti.011 ]JTesst1re arid 

1oaskinq the effect of any potential 1nutations i_n tllt' 

5 seque11ce of tr,e correspond.i ng genes. 

1·r.e fu:1ctional al;:e1·atior1s of l.amins A/C, t.o 

mtilations of the J,MbJA ger1c, cii·e th0 origin of at Ieast. " c .l.J 

dio;orders incl1id.ing a wide ri:!nge of patl101ogies i11 a 

c1.inica.l spectrllrr; rangJ.ng from mild forms, affecting c; 

JG si11gl,e ti_ssue ir1 isolatior1, to systemic for:ns tr.:1t ,1i--e 

10tl\<1l in tl1e perinatal period. 

A n11mber of mutations of the ),MNA gene r1otably modify tll<J 

assembly of pr·oteins in the r.uclea1· envelope and disrupt 

its f1111ctioning. rn t.he cells of various tissues, the 

15 mo;--phology of tl1e r1ucle.i .is altered: t11ey ofter, have 

bulges til<lt extrud<J gerietic materi_al into the cytop.1.asrr. 

(Goldman & al.. 2004 {18)) 

'l'he proteins normally associated w i tll lll1Cl<Jar 

envelope, lcimins B, certain nuclear pore proteins and 

20 LAP2 protei11s, are absent f1:orn t_hfl edgce these bulges. 

1'l1ese :nor·pl1ological abr1or1nal it ies are followed by 

fur1ction;.il alterat.ions, arid erid by causing cell deatl1. 

Among all of the pathologies included urider llie term 

1;1minop;ithies, only thcise ifSS()t;iLJted with the abno1·mal 

25 accumulati_on of a ]Jrenylated prot.ein form LJrc concorr1ed 

30 

l)y tiiis ir1v<ontion. 

'fhese primarily include Hutchinson-(;ilford or F·r-ogeri<l 

sy11dro1ne (D,c; Sa11<lr<'t-Giov111n1oli & al. 2003 {7) {Ei:iksson 

& a.1. 2003 111)), and restr.ict_ive derrr,c>patl1y (Navctrro & 

al 200~ i 36J I rn 

pl1ys.i opatholc•gic:al cause i1 Tl 

.<iyndr<,m8s, 

<iccumulati_on 

the 

d!ld 
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)Jcor:oi&ter1ce oi inuniltUrC'. f<lrnC'.syl2tC'.d prelarni_n j_Jl lhC'. 

cells of patier1ts. 

RcstrictivQ dermopath)', lethal cJJ:O\lild t)1,o, nat2l pci:iod, 

is chai:acteri7.ed by clinical signs that a:re almost always 

Che consequence o[ 0 cutaneous deficit that rest.i::tcts i /l 

ute1·0 mc,vemcnts. This pathology is very r·are. 'l'he .o; kin is 

rigid il r>d t::n1t, ;1nd gives \Vil y i fl r>laccs, causi11g, fc)r 

CX<lmple, tears at the arm;)its or the 11eck. 'rt1e Gyelast1es, 

the eyebJ-OlA'S and the sk_i_n dOlA'll are ab.o;ent or v8ry spai:se. 

-1 Cl Hydramnios is ofter1 !)l"Gser:t, arid tl1e decrease _i_n fetal 

rnov8n1er1ts is cibser.ved fi:om the 61
1' ntor1tl1 of pregnaricy. At 

the ske~i.etal le\'el, the radic-gi~aphy shows contractures of 

,ill_ joints, congeni.tal convex pes va.lgus, thir1, dysplas.i.c 

ilrid bi-part.ite c1av)cles, th)n r:-ibs, lor1g tubul:1r arm 

l ~' liones and de1ninerali_zation of tl1e &kulJ. "l'he t.ransmi.ssion 

20 

'"' ' ' 

of lethal reslrictive derrr,opatl1y is recessive auto&otnal. 

LMNA and Z~ll'S'i'l':24/f"acel mutati.c.ns have beer\ reported for:-

this pathc-1.ogy (Navarro & al. 2004 (36)) J.n both cases, 

fhe pll 'l's i opa t:ho logical mechar1ism is the same: 

prelamin A cannot mature (nt1ll mut.ation of !"ace] or 

disappearance 0 f: tl1e cleavag8 site ))y 1nutati_or1 of 

prela1nir\ A) and rema.1-ns farnesyla\".C'.d, arid ti1e1·8for.e 

inserted in the 11uclear membra11e. 'J"he accumulat.ion and 

persistcr1ce in the c81ls of: these ,-:;l'Jtlormill p1·ecursors, 

which 1)robably prever1t the 1101·n1aJ interaction.<; of .lamins 

13 arid C >1it)1 t:11eir partr1ers, <:auses t)10 death of: the 

cel).s a11d, after a short time, of the patierit. lt has 

c:lea1·ly been don1,i11stra<.ed ti1at iL l!J ll1e [)8l'Sister1ce of 

thG fiJrnesy.1 grot1p, a11d not tl1e absence of-- inat11re ];,min A, 

'30 as n1igl1t ir1ilially }}e thciught, L}1;1t is rccsp(111si_bJe for 

Ll1e cell t(o~:ic;it.y (l•'c>ng & a]. 2004 116)). 
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•n J1r,.rjJ 2003, basecl 011 ar. C)\'8rl01p <Ji c,yrnptoms comrr.011 to 

ac1·omand_iJ)ulax· dysplasia and ccortaii1 diseases caus~ng 

r)remature agir1g, tl1e inver1to1:s sb.o;.•ecl tl1cit Progeria, the 

•nost typical arid serious form of premat-_1;re agi11g, result~; 

5 from a mutation of tf1e LMNA ger1e (De .Sand.re-c;iov,1nr,oli & 

al.. 2003 (7)). 'i'he childrer1 affected by th~, .. <; clisea.-oe, 

also ca] __ ]_ed Hutchir.son-Gi~-ford syndrorne, suffer frorn 

ilCt:8lc1rLlL8d 01gir1g, wl1ict1 occurs U)) t.o t<e11 tlrnes f01ster 

th:lrl thilt of il norrnal i11dividual, and )101ve a life 

10 e>:pectancy of 110 more than 13 Y8ilrs. In f:;urope, ''ne ln 

arol1r1d six millior1 childre11 j s affected. Tlie symptoms are 

skin aging, baldness, reduced ja;.• si_ze and ageir.g-related 

problems such as joir.t stiffr\ess artd cardlovasc\1Jai: 

disorders. The latter·, including myocar<Jial infarction or 

1.5 <•therosclerosis, are oftBn the c2use of death. 

'i'he ml1tat ion coris.i de red 1.-espor.sible, located at exo11 J 1 

of tlie LMNl! gerie, activates a cr:-yf-,t . .i<: splicing sit0 of 

the pre-mRNA, leading to <ln mRNA ;.•_i th 150 n11cleotidc-i!l 

deleted (De Sand1·e-Giova11noli & al. 2003 (7), f~ri.ksson & 

;:o ill. 2003 (11)). This deleted mRNfl involves ar1 ab11or•nal 

prelarni_n A, pi:ogei:.in, which Cilr\not rr.,1ture .i.nto a normal 

larnir1 l\: tl1e abser1ce of 50 amino ac.ids of the exo11 11 

compt'}.<;J.ng t.he proteas<-J recogr1itior1 site. blocks tf1e ;~ 0~ 

cleaving of the proger·in, of ;.•b.ich t:h<' c-terrni_nal e11d 

f'lreserves its farnesyl group. thei:efore rerncins 

i_nserted ill r1ucleopl asmj c the nuclear 

<~nv<0J.ope, which lies cc)1c.racteristic altei:atio11s, }Julges of 

tl1e riucleo>-•lasrn irL tl1e cytosol an<i dbi1or1nalities Jll t!1e 

clistr.ibution of peripl1crill l1ete1-ochromatin {G<lldinart & ,11. 

30 7.004 (18)), Agai_n, .lt _is thG pers.ist~cr•toe of the fa1:nesyl 

group, 1vl1i ch ic; also 11,;,c,;,ssary fo1: ' . iJnC.1or111g to tl1c 

eoveJoiJe membrane of t_f',e retic.:111'-''" ii, 1-1!1.ich .oome of tl1e 
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Gn7,yrr1e.5 rGspor,sib1e for maturettic,r, {cleava<;:;", :oetl1ylatjon) 

are located, thcit is respc>nsiblc for· Lhe CE'll toxicity of 

progerin (Pong & al .. 2004 (16)). 

Tl1ese systernic- patl1ologies have the ~;pecial feature ot 

normally wi ti1 1'heir 

physi.opathoJogica.1 chai:acteristic is ti1at tl1ey ge11ei::ate a 

prcr,ylo.;:ed larnir., with the consequeru:;es desc1'i_becl. 

Two recertt studies have sr.ov.'n that a r:educti_on ir1 ti1e 

i.i1tran1iclea r farnesylated 

truncated or not, effect,ively prGverits tr.e appear.ance of 

tile cellulilr pl1Gr1otype. The fi_rst study w2s car.ducted 011 

the l''acel p1·otease-deficier1t t)rogeroi.d mur.ine mode1 

(Pendas & al. 2002 (38)). V.'hen they ar8 crossed 1vith mi_ce 

lb express.ing ha.If the ilmour,t of lamin A (mouse J"1111ia -i/-), 

the effects of the ab.5ence c,f Fetcol are i·educed {Varela /.-

al. 2005 (49)). Tl1e second st.11dy shows that the treatment 

of cells of llGPS f)ati~·nls by mo1·pholino {ar1tis8nsc 

oligonucleotides) tai:geting tl\e cryptic splicing sj.t_e 

20 eradicates tl1e 1nutant phenotype (Scaffidi & ~listeli 2005 

2 , 
' 

{43)). 

A number of r·ecent studies (see Sc;1f'tidi & Mistelli 2006 

( 4 2 J I show iri VO 1 VGll\Gll t of J am.i r1 A tl1e 

physiological aging process. In p11rticular, it has been 

demtlnstrai:ed t:l1at during physiological. aqing, pr·ogerin is 

syntr.esized ))y the ('e.lJ:o Jn tlie :o1bscnce of a11y J_,/1NA gene 

rnutation due to tl1e quiet use of tl1e ct·yptic splicing 

&ite of exc>Jl 11. 'l'hi.s f!l-O\Jer.i11 j_s locclized in thro _1,-,111.i11,1, 

'·• .. 0, the pieriphery of the cell !lUCJ.ej. Cell nuclei .in 

30 patients aging "norma1ly" car1 h,1ve bulges cl1ai:<Jc:t:\~ristic 

oi cl la1ni11opc1lliy cal1secl by ac:cidentill ';plici:1g C\'Ollts, 
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1-1hic)1 lead to ab11ormal <:ell iunctions Cind probably ;;t 

least p<1rtially responsilile ior tl1cir c1gi11g. 

rn the sk.in _1n VJVQ, progerjr1 is ;1lso syrithe~;i;;('ti l1y a 

s1ibpopulatJ011 of dermal f.ibr0blasts and kGratir,ocytes, 

-. ' < ce;,,s ~n whicl1 it accu1nulates 1oith age. J_>1:ogerir1 co1ild 

therefore> bG a n1arker of skin agir1g (McClintock E't 011. 

200") (J4)). 

It appear.s that ider,t._i.caJ molecular n•ecl1ar1i,;rns are 

responsible for signs of premature aging ir1 individ11,Jls 

10 with l'rogcriil t>nd, cit a much lower· level, are involved ir. 

th8 physio1ogica1 aginsi of i11clivicluL1ls who do not ~lLlvt-: 

mutations. 

1'he prior art d0scribes two tl1erapeutic approaches to 

i.1nproving the cell phenotype caused by ti10 pathological 

15 productio11 of proger·i11. Th0 first of th0se solutions is 

very si1nply to pre\1(111\-. ::lie use by tl1e spliceosome of this 

crypi:i<: splicing .s.it.e .1n exon ll, by "•naski_r,g" it by a 

tr.eatment 1;i_th an ar1ti_sense 0Ji_g0nucleotides (Sc<lff.id.i b 

l~ist0li 2005 (41)), or. wit)1 a r·etr·ovirus pi:od11ci_ng ar1 

20 siRNA {Huang & a.l. 2005 (/.5)). 'l'he results are pr·oinising 

i11 vit1·0, but this is "gene" tl1erapy, and the de,,eJ.opment 

of a dr11g biJSed or. til:ls approach is 0xtre1nely long and 

cornp-1.icated, 1-1itl1 all of Lhe incor1veniences ;1ssoc.iated 

~.'itli OAS vectorizatior •. 1.n ord<or Lo obtain ar1 ill vivo 

effect. 'l'he second solucion c0nsist.s of ir1f1ibit.ing 

1:f1e er1l.ynte thilt catalyzes tr,e 

transfer 0f the farr1esy.l gi:otlt) to the prel;11nir1s frorn 

iarr1esyl-·tJyropho,;phate. \•lh011 sucl1 inl1ibi_Lc,;·:fc {F"J'J) Cir:e 

used, 0 "11or1nal" nuclear envelope l, s ()Illy t)<Irlially 

30 r·esto1·ed Oil IiGPS (Progc,ria) col ls ic culttlre, ar.d the 

sc;rvi,Ial oC f()) mice ( KCl ?.1'1i'STIC?~) ; $ irr,provcd (G1 ynr, ' 
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(;lo\'e:: 200'.i {l7) 1 Ca;Joll & .:il. 200S (6), 'l'otl1 & c'.l. 200S 

(471, f'ong & aJ. 2006 (15)). 

llowcve1·, the blocki11q r;<' filrr1esyl.ation cari ir~dll(Cf' 

com1)el1Sdtor·y gcoranyl-geranylat.ion (8isl1op & al. :<003 (3), 

Ci VLlrel,1 & :11. 2008 (St, bis}). 

rn add.it.io11, it. w,1s recor.tly i~oported that l"'l'ls c·aused 

tr,e eel 1 cycle to stc;p by tJltJcking protea.o;ome ([le11>yilr1ets 

& al. 2006 (8), r~fuet & Keyomarsi 2006 (JO)). 'J't'.u.o;, the 

lreatrner1t undoubteclly cat1ses an acr;umulation, J.n the 

10 nucl.e.opl<;sm, ,,f progerii1, probably ubiquitinylated, not 

degraded by the proteasome. 

Also, rcocorit studios r·eport that. tile redl1ction .i.n the 

rat.es of filrnr.~ylatior1 of pr·ogcrin .in vivo is very low, 

on t11e or'der· of si {Young & a.1. 2006 {53)), 1-1h.i.ch is not 

1:' enoug)1 to ex[Jl.air1 tl1e· restorat;ion {Jf tr.e nuclear 

morphology ob.oerved i1i vitL·ci. 

Fir1ally, FTis are spec.ific to or1ly one of the prot:e.i.r1 

prer,yl,1tior1 pathways, and cannot be er1visa<Jed as genera] 

po.o;t.-tr ansJ ilti ona l prenyl;;t ion inhibitors. 

2G Additionally, it i.s retJorted that: tr,e total absence of 

2 , 
0 

one of the en;:ymes of t)1i.s path1-1ay, mevalc,n;itc-kinase, is 

letr.al during i11fancy {homcizygolic mutat . .i.on 1oss-cif­

i'unct:ion of' t)1c gene coding for this er1zy1ne, syndrome 

re;Jorted by Hoffman11 & cil. 2003 (24)). 

Anti-HIV treatments and side effects 

t1·0atrner1l S]l{J\..' c:liriical and bitJlogical s.i.gns r;f 

30 accr>le!:r.ted ag.i.nc; t;cl•nJCJ<.lraf)]c0 l.ci that OiJsei·vecl .i.11 ~1c1Li(oJ1ts 

wil.l1 <'> gcr1elic f!1·oge1·c1.id syndrcJmc~. 
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Anti ret rov ira.l ti::eiltrr.ents, revers<,-trc1nscr ipt2l S(" 

ir1hi.bito1Cs, nucleos.idJc (NP.'J'J) O!C not (NNk'l'l), <Jnd viraJ 

pi::otea.se inhibi to1·s I !'I) have made it poss.i.ble to pi::olor,g 

the Jives ct AIDS-intec;:ed paLients in v1hom ;:he 

5 cc,nsequenccs c,f "physiological" ,:,gi,lg appear (Casau 200S; 

Levy ct ill. 2003). 

the .infectlon i.tself a11d the ar.tirctrc,vi1·a1 

treatments sl1ov.' tl1e same clini.cal a11cl ))i.ologicaJ s.igns as 

those seen ir1 patierits v.•itl1 ;:; gerteti.c· acc:eJerated ag.i11g 

1[} syr1drome (for <"l recent re>·ie'A' of these syndrornes, seG 

1 ' " 

Navarro et al. 2006). 

Cc1·tairl 111,,nif.e:;;tation.s <'f'})e,.,,- to be related di1·0ctly t:o 

tile ,,,_i1:aJ infect.ion: 

For exa1nple, tl1e rnutated f;elicase in Vierner 'oy11d1'ome 

(OMIM 277"100), a premature aging syndrtJJne a~<sociated '"itl1 

<"l pred.i.spositic·n to cancer and athero.oclerosis, recr1iits 

cell protein cofactors essential tor the transacti.\'ation 

of the L'l'R of: J-!JV-1 and to t.he re11l.icat:ior1 of the virus. 

70 'J'he s.li.ghtest avai.lability of heli.case .i.:' i.nfec.ted cells 

could lead to agir1g arid immur1cisuppression (Sha1·ma et al., 

2007 I . 

Another· exarr,plo is modiiicatior,s of the t1·ansport of 

cl1ci1est:Gro.1 .i n rnacrophages. 'fhe vir,11 NGf 

?.'' inhibi.ts j)errneases of tl1e l\!JC farni1y respo11si\)]e fc,r 

cl1cl.,estercJl efflux (l3ukJ:insky and Svii::idov, 2006; ~lL1jc1wc1r 

et al., 2006; Wa.ng and Rader, 200"1). 'l'he accum1ilation of 

ce.1Js involv<:d i11 tile for1natiC'fL of atil<:r:o1~at.(l\lS pl.aq1Jes 

30 i Jl t lie \'2lS<:u.l.ar 1·1<11.ls (Pc-innii1qs a 1 . , 2006). 

l\ntiret.rovir:ill di:ugs illso .i.nhil::·it tb.e (:holcst('i::c'l ~,f-fl11x 

of- Ltlld cor1triJ:111t:o l. () format.ion of 
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iltl1c,r<Jmatto11s plaque {Azzam ct al., 2006; lJresS[Tlclrl et ,11., 

2003; Wang <ot al., 2007). 

Nu1nerous cJj_nica.l a11d bicJoqical 11ianifcstat.ior1s ap;Jea1: 

5 al:oo Lo l>i"o' l/1~· co11seque11ce o:F ,1J1tiret:L'O''iL".Ol trcaC-111e1it.o: 

'Pl1ey repr<>dUC8 t)1e signs observed j 11 genGti c pr·ogcroid 

suc:h as llutc:l1ir1sor1·-Gil£0J:d Proger.ia (OMJ M 

1.76670, see Hennekarn, 2006), <1cro:nc<ndibt1lar dy.<of1l.a.s.ia 

(OMIM 248370) and the J.etha-1 nf'onatal form, restrjct . .i.ve 

10 dcrTnope>thy (OMir< 275210) associated with 1nutatior1s ill tl1e 

J,t~NA gf'ne Cl'ding filr l;imins A e<11d C 01· 1vit.h rnut;1tions J.n 

the ZMPS1'S24 protease (1'0 AC!;:) I respor.siblc for clea\'age of 

t)rel<iinir1 A durir1g its 1naturatior1 into lam',r1 li: 

(To1·res et al., 2007; \,1i_wctrLi.tki_t, 2004), 

" . ·' ir,di-iperider1t of ir,tcoctious d0rmatol ogica 1. mar1i iesta t io11s 

(l~a1;rei::, 700~>). 

• Skeletal system abnorrnali_ ties, p<:ir·ticular 

1;steloporosis {Br,11-1r1 arid Qaqi &!1 1 7006; 'Phonh'.!S ;incl 

iJohe1·t}', 2003) for 1-1h.i.ch a correction 1~ith v.itam_i_n IJ 

20 ilrod ;1 bip)1osphonate l1as be0n proposed (~jo110y et <11. 1 

25 

2005). 

• ~1u.o;cle at1:ophy (Resti::epo <-it al., 2006; J\estrepo et ,11., 

2004; 1'0hranzadoh et al., 200~<1; Tel\rc1nzadeh et al., 

2004to), in re1'1t.i.oro with thG ubiquit.i.n<O-[)IOleaso1ne 

syste1n {Coi_stel.lj 2003) 01· calpains 

{13<trl:<ili an<l Ri<:l\ilrci, 200~.; C,ostelli et al., 2005), ti-.'tl 

proteolytic systems inllibited by cerlc1j_n a11t.iretrovii;a} 

lr·ca\.Q(lt•l:S (see belo1-J). 'fhe cal.pain 3 1n11sclc> n:ulatlo11s 

a1:e re.o;ponsjiJle for " forn1 of gir·dl0 1nuscular d't'Stroph',' 

30 (LGMJJ2ll, OMlM 2'.i3600; J<.i_c:hard et c)-1., J 99'.i) of \-Jhic)1 

eosinophilic myositis rniglit be C}ll(' of th" f~,1·s1c co1qns 

(K1·ahr1 et al., 2006). 
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• Cardiornyoputt1y (Barbilro, 2003; I\cst1·01)c} et al., 2006), 

ind,epGndtint ,,f c<1rdio>IilS,:ulilr c:t)rnpliccitiont; {t,ee r)(•]ow), 

in relaticJ11 'A'i.th the inito,;hon<Jrial L<lxicity c,f Nf<'!'l 

(\,e'A',i,s, 2003). 

5 • Cardiova:;cular dbnorinalilies (~lo11dy and 'J'ebas, /.007) 

wit)1 lipid metcJbolism disci::ders (Hui, 2003; clc,ne.s 0t 

al., 2005; Moyle, 2007), at:herom;1 (d<~ S<1i.nl C.:c;rtlr1 et 

al., 2006; Thon1aoo and Sma1·t, 2007; van l·Jijk <'1- ,,1., 

2006), cndot~1clial cell lcsior1s (Chen et al.., 2005; 

10 ~Tia11g f't al., 2006; ?.hong et ;11., 2002) co11d adiposci 

cell di_fferer1tiati_or1 abnormalities (K,im f't: ;11., 2006; 

Rocf10 et al., 2GG2) Dysly1Jldc1nia ~.'as at,Je to ))<e 

treat<ed h'ith statins (8enesic et al., 2GG4; J"iar19 ct 

al., 2GG6; Malon et al., 2006) or ;.·ith an iril1ibitor of 

15 i.ntestinal ilbsorption of cl1oleste1·0J (Negredo et a~I., 

2006). It sho11ld l.,e n'ltf'd tl1::it pr<iVilstat_i.11, 

p.)rt.ial.l.y corrects so1ne c,f the !'aramet.tors altr,1·tod ir. 

the metaf)olic syr1dr·orr;0 (Yarnagisl1i et al., 1006) cau.~es 

ar1 ir1crease i.n subcutaneous adipose tiSSllC 1·1itl1c•ut a 

20 notable imp1·ovement in chol<esterolemia (Gharakhanian et 

ill., 2006; Mal.Ion et al., 2006) 

• ClirliC<Il 1nar.i festa L ior,s as~oci_ated 

hypoandJ:ogen.em.ia are frequency ol1served in in011 (Col1;1n, 

2006) and cc<ses of p1·emiltu1·e m0nopause .in HlV-posit.ive 

25 1vomen <1re t.he s11L1ject c;f: a nunlb<'Jl' of: !)Ui)lic11tions 

{Cob.an, 2006; r·01:r0ira et al., ?0071. 

V.irus }Jrotease i1iiiibitc.,rs (l'l) i1ave ,, p.l.ura.1.it:y c;f (:eJJ 

tc11·gol;s, inc.lud.i11g r;1·01:e;1,0C'l.~: 

30 • 'J'he ir1l1ibi1-ion ot prote2l,!<ltne {t'ic,cinini et aJ., 2005) 

!;,:is lliglily vari("d conseciuc-)r1c;es ~iuo> to tl1B role of this 
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p1:oteolytic ilssf:mlJl y 0'1 n\1mero1Js ce1J fu11ctions, 

protcir1 turncver, c;el l cycle c:ontrol, aj)Oj)tos:i_s, gene 

tra11st:ription, signal. lransclucti_c,r1, senesc:{'tlCe, strtJss 

r·cspcnse, and so on (NCJLljokat 8L al., 2007). !''or 

S ex<1rnpJe, one oi th8 ways ir1 wf1ic,l1 Pls iJlo<:k adipocyte 

d:ifferentiatior1 in\•olves non.-;11:ociuction of the NFkB 

t1·anscripticon regula.tion factor·, 1,•)',j_ch cc.r1trols the 

trar•scr.i.ption of tr.e ger>c coding for metalloprotease 

{zi.r1c) MMP9 involved i11 Ltdipocyto rJitterentiation 

10 (8ourli.e1· ot ill., 2005; i)e l'!a1:rcs et: a-1., ;~007). 

• AncJtlif'r example is tl1ce sigrL.Jlir>g r)atl1w,;y i11volveci by 

ins\lli.11 (RL1dicl1 et ,11., 2005; Schl1tt: et al., 20041. 'fhe 

Pis ir1l1ibit the acti\'ity of insulin-degradir,g 0nzyme 

(l!amel et al., 2006), block thee potassi11m ch<1nnels 

l!J i·esr.:·onsiblc for ir1Sl1li11 secretton (Neye et al., 20Cl6), 

_i_11teract 1vith GJ\lt4 glucose trans1Jorters (He1·tel et al. 1 

200!,) and prevent tl1eir· irisertior1 ir\ tile plasma 

membrane (H1·uz, 2006; Parker et al. 1 2005). 

• Sirnilarly, the Pis block the signilling pciti'1way viLt Akt 

20 kinase involveci tly tl1e oct)vat.ion of tyros.i,ne-kinase 

activity receptors {GUJ)ta et al., 2005), inc-ll1dir1g IGF'l. 

1Gf"l directly cor1trols muscle atrophy or hypertrophy 

(Glass, 2003). 

• 'J'he Pis exert an ar1t_i_-apoptot.i_c effec't by cal.pain 

i11~1il1iti<J11, cylosolic 

((;h_ibeJli_ et <11. 1 2003; L.ichtner et al., 2006), and 

wl1icl1 ccc.ntroJ tne ,1pc•))tosis-auto1)!1agy bala11ce by 1,·rc~; 

cleavage, esst,r1tial ft>r t:lle forn:ation of l;l1e a1;tcphagic 

vacuole (YcJ11s<efi et al., 2006). 

30 • Two otl1er er1zyioatic f'ystemC' are blocked t-y the !'Is: 

cer·tain cytochrcimes of the subiarnily :JA' 
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intestinal oo: hepati.c ((;r,Jntors et al., 2006), whilr> 

other !'4 50 cyt.o,:hromes of the subfamily 21>. ar·e iriduced 

(Yeh <:'t al., 2006) at. the same tirne as other 

trar.si:,,ort.ers (Dixit et al., <'.007; Yeh et al., 7006); 

glucuror1ide c;c,r1j11gatior> in the RE, 

bilirCJb.in (Zhang et .1.1., 200'.)). 

in part.i.cu.la1· 

• J'he i.r1!1ilJiti.on of a )Jlural.it.y c,f enzymat;ic act.i.vit.ies 

in which tl1e pr:ote<c1so1ne inducces <:ndOj).lasmic reti.c11Jum 

stress, the ac;ti,,ation oi ll1e UPR (Ur1lolded Protein 

ll.esponsel the involvement; of tl1e sigr•alir1g 

rnechar,ism of the r·cticulum of the 1111cleus 1-:ith the 

appec1rance c)f transcri.pt..ic,r1 rreg11lation l'actors (Zhou ct 

al., 2006) . Ncimerous pub) j c:at j ons show the increase 'n 

tl1e amount ol SRE:BP {Sterol Res1)onse f~.lement. 8.i.ndi.ng 

15 Protein) isoforms, 1;hich c<intr<ol tl1e activation of 

gene<> regulating the l .1 pid metaboli.sn•, ir>cludirig 

cholesterol (Colgar> ct al., 2007; Miserez et al., 2002; 

Nguyen et al., 2000; ~lil.liilrns ct al., 2004; Zhou et a.l., 

2006; %ho11 et al., 2005). '!'he .indur;t:ion by the Pis of 

20 SREBP t1·ar1scriptior1 has alsc} ))eer1 sho\\'n by a study of 

2 , 
·' 

the t.ranscri ptome (chips, LJU<lr1titative 

adi1)ocytcs in the process of differentiat.ior1 {Pacenti 

et: ,1J., 20061 and the effP.t:t is incr:eased by the 

ab&er1ce C'f SRE:!3P deg1·adalior1 by the ubiq\1i.t:.in€-

protc~aso1ne sy.otem. 

'J'he t'Ts induce the r1uclea1· acc:umulatior1 \Jf SlllCBP ir1 th,, 

l1cp11tocytros arid tl1i-l ,1dipor:ytcs arid its co11sequences on 

the lipid n1etaboli.s1n (.i.11c:J"e,1se(1 syntl1esis ot f':1tt:y 

clcids clrld c'llOl<·~>ll.''rol) {llui, 2003; Riddlcc et al., 20011. 

JO • 'l'h1:ee Cll"ticl.eo> l-,y tf•e sa1ne l'a!"J.Si.an tc•arn ar1<1ly~i11g thOc' 

ir1 \'it1·<) tiiff'c:ri,:1t.i;1ti.on ot c1dipocytcs success.i.vely 

sh.01; that the 1'1s cause an .i.ns11.l.ir1 resistance syndr·om(·l, 
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• lild<'p<0 nclent:ly r;f their act.ion on calpa,i,ns (see ab(lVC), 

Pis coxert. an anti-aporotic effect for 1'-lymphocytes liy 

blocki.ng, vi.a the p1·ote_i_r, L'Ct'2, tl1c depolarizatior1 of 

the J11ner 1nembrC1r10 c<111sod by pro-<Jpoptotic stim11li 

~' (Matarrcse et al., ~'00}; l~citdr·rese et: i:!l., 2005) 

10 

• It ,,11ciuld tb.erefore bee noted tr,at Pls therefor:-e ,i11hi_f)it 

dif-ferc,nt eenr,ymes c1f dCJ)JartyJ· .. protease spe<~ific· to t:lle 

r,JDS vi_rus {DL111r: et dl.., 2002). Altl1oi._;gh th<>. liler·atui:e 

i.s Cllrrr>.nt-1y silerlt on this point, Pl.s may i,!]so inhibit 

certain eukaryotic aspartyl-proteases (see t.he site 

"tleg1·adome": http: I /<,.;ww. uniov i. e's I degrC1dc1me/) suc:~1 ,1.0 

p1·osc11ilir1, t:l11-i peptjdase pE'ptidE' s]gnal, ''r lldil. ([)NII 

detm:1ge .induc.ib1e p1:ote.i11), capa))_l_e of b_i.ncling botl1 to 

thE' pi-oteasome ar•d ubiquitlnylated )Jrotei11s i_n order to 

JS degrade ll1e latter (Sirkis et al,, 2006). 

20 

1'iie .~ucleos.ide 1·eve1·se t1·a1iscriptase inliibito1·s (l.'RTI) of 

the vi1·11s alsc· J1aV<'> ,1 jCl11r,1Jjty of ce.11 targets, C·i' wh.ic!1 

the 1nil:ocl1c110'1:i.a .1.s 011e of the most _i_mportant; 

• Non-il\Jcleoside rE>verse transcriptase inhibitors of the 

,,,_;-us, Jess often studied, appear to have a :nr,re 

spo(;j_fjc acti(>il 011 t)1e viral c-inzymfJ w)1ile ir>duc:ir1g the 

apopt:os.i.<J of a 1'-cel l li_ne (t'i_lon et al., 200?). 

• NR1'ls <<r" inccJrpo1:at.ed .into the nuclear llNA (Olivero et 

25 al .. , 1999) a11d tlieir 1nllt,:,genic effect car. cause a 

blockctgc' i>f tl1t1 <:E'll eye.le (Ol.ivero et a1., :'GG'.J), A 

ffil1ta1- io11 of thee gc1nuna pc1lym~·rase DNTI l1as been refJOt'ted 

{Ya1nar1ctkd et <ll., 2007), rE'S!JOnsibl<e f:cJr nli tcJc!1or1drial 

fJNA rf'fl)icatior, and ret)ai1· (lludso11 and Chinne1·:i', 2006). 

30 • /\ Sllk'.l_LJ nurnl,er c,f fO\llJlicat.i<;ns show thc;r Nll'i'],; .inhjl;it; 

N-siI yc:osylat .ion {ir, the er1dci1)las1ni_c reticulum), 0-
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21 

glycoc;ylc<tJ_o11 anci tl1e modjfication of ar:bcJr:jzat.iorts 

ii1corporatJi1g e;l1ga1·s (i_n t.he GtJ1gi}, by i.nterfei:jng 

witt1 tl1e nucleotide Lransporte1·s .in thtc Golgi of the 

pr:ecursoi:s of ;,irboriz<ltior1s incorpo.rat.ing sugars (Lizzi 

5 et a.1., 1007), A n<imber of 1~uscular dy.~tropl1iG.s- .:>re 

associnted with genetic abnorn•alities of glycosylat:ion 

(~lU•ltor1i 01. al., 2004; f'ercival arid Froellll('J:, ~007), 

10 

• 'l'he N1<1'Js are ;-_ransported in the mi_tocr.ondri.<11 rnatrix 

by a fami.ly of S\)ecialized transporters ir.t<) t11<1t of 

tl1e cle>ox yn uc l eos i_ de d~cphosph,1 tes, whicb. are 

phosphorylated {iy d 1nitochondri_al k_inase bcfo1·c bei11g 

i11corporated .-Ln the mi.tocl1or1drial DNA by the IJNA 

polymer:1!;c garam.:t {Palrnier.i., 2004). 

• Tl1c g<e·notoxjci_ty of NR'l'Is causes a11 1r,crease ir1 the 

l5 rate of 1ni.tocl1onciri.a1 i)NA m\1l;at:ions ar.d a deci:ease in 

tl1e number of its co1)i0s i11 the mitocf-,ondria (Koh1er 

and J,ewi.s, 2007; 01ivero 1 2007). 

• 'J'he <1bnorrn«Jitit's tJf tf,0 initochondri<J.l DNA a11d tl1c>se oi 

the functioning of IlNA pol1'rnerase qanuna 

20 cor1sequer1ces 011 tl1c syr1thesis of t.t1e 13 proteins of the 

inr,er membrane constitutir1g, witl1 prot.eins c:odcd by t[10 

25 

r1uclca1· gono1r;e a11d imported, t:l1c com1Jlexe.5 of the 

re.sp_iro;t(ory chain <lnd ATP synthase. 'J'hc> dis1·uptior1s of 

t~1e rnitocl1or1d1'i_al l)NA and it:s polymerase ce1u'3e, for 

exainple, a reductior1 in tl1e amount. of cytochrorncs 

c•x.idase I I (\lida1 et al.. 1 2006), the )Jrod11t:tior1 of-

rec1c:tivto oxyg1en spct:ies 11\ClS) (Jiar\~l et al., :?007) w.ith 

c;o11sequences 

<:a rd i <Jrny<lCyt 0 .s 

00 

arid 

t fie ~1cpatocytes, adipocy1-<!S, 

(ondotheJ j al c0lls involved 
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• 'J'he i11crcc<se irl the p.lasma lactjc acid J<ov<;l i.s cine <}f 

the criteriL> of rr • .itochondrial dysfunc:t.i_on c:aused fJy 

antiretrovir.11 tJ.-eat.ment& (2007; Jo~1n el CJ]., 2001). 

• NR1'Is a1 so telomer.ase i.lC;tivi ty and cause 

5 telome1:e &)1orter1ing (Oliver.a, 2007; Yi!maguchj_ et 011., 

20011. 

In conclusion, antiret:rovircil t:r·cL>t1nenls )1<1ve <-Jll 

i'npa,;t on metabolic mecli;;nisms <-ind f~at:h,.,ays g1:ot1ped 

10 t:ogether in '1 number. of eel J ·theories attempti_ng to 

ex1)lair1 11ormal oJ: accelerated aging: 

• t.he "n1i loci1or1dri,1l theoJ:y", 

• the "11uc1eus and la1uin" tJ---,eory, "'hict1 ;ippeared in 2003 

>1it:h the discovery r.hat. the J,MNA gene is 1:c·sponsible 

J'."> for· Progeria, 

• the "telon10r·ic" tt1eor.y, 

• tl1e "gene transcr·ipt icr, regulation" theory, 1.n 

par.tic111ar· with pr·oteii1s p53, Nl'-kf:l, 

• tl1c "metaboljc" tl1eory wi tli irivolveiner:t of the 

20 sig11a.l_i_ng patl1ways, scJme of 1-1hich are aGtivat.ed by 

me1nbr·ar1e r.r~cepto:r.s, 

' A numb,;,r· of' LinimaJ models of prematu1·e agir1g or·, by 

ccr1t:rast, of i_ncr0asir1g lifrespan, sliow !Jar:tial <>V<~rlaps 

bet;.'een tll8 1netabolic pathwa}'S i_11volved in each of-

25 tl1e~''' t:l1eori.e& and ir1ter·rolations, cr1 a cellt1la1· sc:ile, 

betWE'en t!1e cytoscJJ and Jn pcJrt.i r;11] ,-,r the 1irotei 11 

clegrarii•l'.ior1 1n<><:hani_.-om& {(;ri_llar:i et al., 2006)' th'~ 

mi tcJGho11dr _i_a, 

{1r1ni_r19ei--l"in~ie:r., ?.007; Kenyon, 2005; Ma1·ti_r, and Loeb, 

30 200.\; Q1Jai;rie and r.i:1l•owc1, 200t,). 
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A number of. a11imal models of pr"mature agir1g 01·, fJy 

';c;ntra.st, for inc:i:easi.ng J.j,fesr·an, shc1w partial overld[JS 

bet;1eer. the mei,abolic r·athways involved j_n eacl\ <Jf: tt•es<e 

theories and ir1tcrrclatior1s, (}Jl a cellular scale, bet.wee11 

5 the cytosol ilnd in par·ticular l~lC prc,te.i n d<egradati C·n 

mcch;,nisms (Gri 11.CJr.i. et: ;1.1., 2G06J, tl1c mitochondria, tl1e 

nuc:l.<eus and t.he \)]asrna 1nernbrar1f' (Irmi11ger-Fi11gor, 2GG'/; 

K011yo11, 2005; Ma1'tir1 and J,oeb, 2004; Qua.rric-i a11d I\i.;1loo1;cJ.l, 

2G04) . 

10 

] 5 

2. "l'he "mit.ocho11dr1al" theor:y of: agirig (apper1ded figur8 6) 

Tl\8 three_, nt.1ir1 componerits tJf tl1e mitocho11d1·ial tl1eory of: 

ag1.11g are j I the i.ncrease .i.n productio1·, of rcactivG 

r;xygen speciGs (ROS) by cotn)Jl.exes J and l I <of the 

respiratory c;hai.n, ii./ progrGSSi\'8 dysi:unctio11i.ng thereof, 

iii./ acc11m11la ti.on of mitoc;hondrial DNl\ lesioris 

{Balaban et al., 2005; 1~eiss11cr, 2007; \Val J.ace, 20051. 

The mitoc:hcndi-ia1 DNA .i.s more-: sensitive than nuclear DNA 

?O t:o the effects of ROS, 1;hi.ch target tt1G DNA polyrnorase 

garruna (Gr·azie1-.•ic;z et al., 2002; Ricl1Ler et a.l., 1988). 

1'wco mur:~ne models expressi,ng a DNA polymerase garnma 

defecti\'O in its proofr·eadi11g functi.on .5ho;1 accelerat"'d 

ilging wit;h m1itatio11s of the mittJc)1ondrial DNA (Kujoti1 ct 

?'."> al., 2005; Triiur1ovic 0t al., 2004). 1'he mitoclicndri.a.1 

30 

toxi,:it:y of: RQ[; c:ar1 be '~radic:cltGci by 1.l1e overe};p1:e.ssior1 

of. r1eroX}'Som,1l cai,alase addressed to tr.e 1nitocl1ondri.a i11 

a trcir1sg<';11ic m11ri11t-J n"''ie.1 .in whi<:l1 the .1.ife.sf'an is 

increased {.Scl1J.'iner et al., 700'.i} 

] Jl )l lHTli1 n S , agi.ng is decre,J.?G i n 

ini t:ochondr. j al fu11ct.ions, including t)\OSC of 

i·espirato1·y cl1uin (Sl1or·t (•t al., 2005; 'J'J:if.uncivi,; <et ;11., 



) 

;_'00b), ;1r.d CJn i!lClease in cielet.ions in tl1c1 mitocl1011dr.ial. 

J)NI'., vGry ,;pcciticall y <>bsc-irv0d ir; ne<1i-<>dugcr1erat.i \'12 

d.iseases {REJnd0r CL cil., 2006; KraylslJel'g er. al., 2006) 

A 1nitochond:ria-to-nuc:lcus s1gnaJ.ir1g inccl1anism, "'hich is 

S r1ol y0t linder.o;tood, c;111sc:; tl1e pi·otcir1 fJ32 to ;-,ecome 

ir1volved, ir1 partic1:1ar during aging or ir1 J\OS-Jnduced 

{Jiang Pt al., 1999; .";torz, 20061 . 'l'h j s 

protein, code(l by tlie nl1c:_le,Jr qenclr1e, then in1por:led into 

the matr.·i_x, -1 s Co 

10 r1uclooplasm (Brakstad et al., 20011 1,·l1ere j_t_ controls 

trar.si:rip1:ior1 (Chattopadhy<1y et c1l., 2001) C<nd splicing 

(Petersen-Milh1·1; i-it al., 19991 of inJ<:NA. J't interC<ctc; with 

the la1nir1 B receptor, loc,1lized the nuc;leopla.5mic f,1ce of­

tl1e nuclear c11velojJe {~1ylor.i~; ct a-1., 2004; Simes and 

15 c;eorgatos, 1994). 

The nucleus-to-m.i tochor1dr:i,01 si_g11aJ i11g n1,;,charii.sm involves 

the il1·c,und 1500 proteins cod,;,d by ti1e riuclear genome, 

1~hich are syntr.esized in the cytosol, then imported into 

t~l8 1nitochondri_a (Calvo ct al., 2006; Truscott Bt ;il., 

20 2003). 

25 

Arnor.g these pi:o1:eins 1 p53 is involved .in ac<;elerated 

<lgir1g in a murine model (Ty11er et al., 20021 ocd 

particit)iltes in deregulations ir1 the co11t:t-:xl of the 

(ses Proteir1 p53 con1;rol s 

mi.tochondrial r:esplration (Matoba et al., 2006)' 

f'xcor·ts 1)1·0- and anti.-oxidar1l effects owing to t.hc~ cor1tr·ol 

of nu<;l<-)i!l" gcr1c t1·a11scriptic1i1 (Gen5aad a11d VrJUSdC'll, 2005; 

,Sabli.11a et al_., ;_>(IO~i). It maintains tl1e &tabili1-_y oJ:' the 

mi.tocliondrial DNA by _intei·c1c·tir,g wit.h DNA 1)c,Jymerase 

3() gamma {Achant.a et al., 2005). 

1°inally, rr,i tochor1drial fissic•n (dl'..'.isior.) and fusion 

1nechanism.o;, ir,volving a plu:ra.1.ity of G'fl'ases of the outer 



:ni tochondr j '11 m0mbi·a11es (fli;pl, 1niLofusins, clc. ) 

i1111er mitochc,nrJrj;1l 1r,emi)rar,es (l)l'Al) arLd a [JlurL<lity t't 

associ_ated !)roteirtll (tisl, etc.) mcJdul<J.te the c:ell agi11g 

pr·ocess: tl1e elongatjon of the m.i.tocl1clr1dr:laJ net;.'o<:k by 

5 permar1e11t fusion induces ,1 cell ag~ng process 1v_i th a 

decrease ir1 L)10 difference ir1 potentia.1 tiel1·10er1 tl1e two 

faces of irlrier membi:a11e, lncrease j_ Il the 

p1·oduction of l<OS a11d DN/\ lesions. 1'hese [Jh,enotype 

n1oditications are r1c-iutr·alized by f="rLlgmenlation of tlie 

]0 mitoc:horidricil net;.·ork (L,ee et al., 2GG7). 

3. The :nechanisms of gcr,ctic accelerated aging syndromes 

i.n the context of the "nuclGllS <llld lamin" tlieory 

Lumir1s proteins forn1ir1g i:1terrncdiate f:il<tmer1ts 

localized cxclusi\'ely Jn the nucleopla.om. The I,MNA gene 

codes p1Cimari1y for lamins A C, produced by 

alternative spl.ici11g. 'r1"0 othei: genes code for l<1mins 131 

cind 132. 

20 Lam.ins A and Fl are syr1thesized ir1 the cytosol irl t)1e form 

of ,.,, pr,;,cur·sor that 's subject t.o a plurality of. 

mat1iratio11 st(ops. Tf',,;, 3 protei11s have, at their c-

terrninc1l er1d, the CaaX box (a cy.<otGine, t1vo alipt1atic 

aml-no aci<ls, or1e indifferent e>1nino acid) Thi_s CaaX 

2S sequence enables the farr1csylatio11 cot lamins A ail<l 13 (arid 

<>ro1111d ::\OO other prc·teins of \.)10 hun,ar1 genome). 'l'he 

fal'nesyl i:es-1liue {i!>Op1·enoid ;1ith 15 caJ:bClll atc,1n,;) is 

synt)1csized ir1 an interrr.eclicttc step cJf. tl1e chole.-oterol 

synthetic path1vay (ap1Jer1ded fi.g11re ·1). II cytosclllc e11zyrne, 

30 farr1iesyl-tra11sferase, iJir1d" tl1e fari1<ci~;1/l resi_due to th<o 

cystei,ne. 
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Tl1c [Jr8sGncc ot tl10 iatty acid 1.-c~siclue ei1.:ibl0e; tf~e 

cincl1orir1g tif prol'1rnii1c; A ilnd E in the cytc:osolic layor of 

the e11-velope m<-imbrilne~ of tl1c e11dop1asmic reticulum (E:F1-). 

'rhe prelamiruo A ancJ l.l are tl1er, c1c'1ved b}' f'"ACt~l (ZMPS'rJ;:24) 

5 or F'ACr:2 (fl.c.el), resr>ectj,ve1y, <>rid los8 thBir last tb.rec 

C· .. termir1al amino clc,ids aaX. 'l'he riroteins still ancho1·0d 

i_Jl tl1e er1ve1c'f)8 inen:b1·an0 of th0 r~I< ai:e subject8d t:ci thee 

a<:ticr1 of a se<:or1<l er:zy•nc, ICt41', \·"hich binds a methyl 

group to the already-farr1esyl<ltGd cystei_ne. 

10 'J'he 1naturatio11 of lamj.ns fl e11ds wit!1 this step. These 

proteir>s glide ir1 t!1e plar,e of the envelopG 1ne1nbrdr1e <)f 

the !CR, then of the~ cyt:osolic face of t.he nuclear 

envelope, pass tl1rough the nuclear pore ar:d are localized 

in Ll1e r1ucleoplasinic layer of Ll1e nur;lear 8nvcolope, 1,·t1ere 

15 they become involvc~ci J_n Ll1'e [orino.tior1 of tlie nuclear 

lami11a and where ti1e1' in.teract with a plurali_ty of 

proteins, including the larnin ll receptor. 'rt1e ar1ci1orir1g 

to the en'-.•elope re>lults in thci L!bs<?nce of lamins B in the 

nuclear 1natrix, insi_de the nucJeop1asm ilnd at a dista11ce 

20 frorn tl1e erivelope. 

2, 
' 

'J'he farnesylated and carboxymetr.ylated pr'elamin r, on the 

same c-terminal cystei11i:o is Sllbjected fii1al 

matu1:at.ion .<;tep by proteolytic cleavage of the last 15 

a1nino acids by FiiCEl (and perhai)s by RcGl). Tl1e larnin A 

loses its anchoL-ing tc' the SR, becomes .50Jub1e, a11d is 

imported ir1to tl10 ntic;J_eopJasm (l..ike J_an:irl C) tl1rough ll1e 

jts nucleai: localization s.ignal, wl1icl1 recrui to. the 

11ece~osary irnport?Jtio11 CO!ll/Jlex (a.,pended t.ig11rG BJ. 

30 ln t.he nticleop.lasm, Jamin!'. !<1n<j lainin C) i_s locaJi;:ed Jn 

the nt1clc;1r Ja1ni11a, 11ndc:or the nuclear env,>lope, 1-1l1Cl'<! it 

.int.81-act.o wj t.h Jl 111ne rO\l '> [Jrotoins inserted _] 11 t.he 



I 

nlic;Iecorolilsmic layer· of th" envelope. r.,an,i11s l\ a11d c: 

(u11Ji.ke lainins Bl are also cjisp<!I"S<:ed i.n t.!1e rest of tl1e 

nuc.leoplasrn "''herco Llle}' bec:orne ii1volved in thee tor·rr,c1tion 

of the nuclear matrix or· fLUC1eoskeleton (a1)pe11ded figure 

5 6) . 

'rt1e r1ucl<:ear 1natri x centrals the fur1ctioni.ng of the 

gGnotr.c: rep.1.ic;:it.it,r•, l\Nll 

tr:anscrir>t.i.011, mRNI>. s1)li.cinri, m;,tt1r·ation of. oth~·r RNll, 

etc., ar,d its cor1stituents, ,i.ncl;1di11g lamins A ;1r1d C, 

10 interact with a ~iarge nunlf)er of proteins imported into 

the nucleoplasm (p53, SRICGP, etc.) as sl101-1n by the 

ab11or1naJi·ties obs0rvod in 

GL al., 2006; Vlcek et. 

2006). 'i'l:e nucleoplasmic 

genetic laminopathies 

c;l., 2001.; Vlcek and 

slcope of the r1uclea1· 

(Broor·s 

f'c)sne1·, 

envelope 

1:0 and its transrnembrarle p1·oteins, as 'A'Cll as the 12n1i11s of 

the la1ni1ia, contr.ibutes to t)1e storag'' of transci·iption 

reg11laticn 

expressi.on 

f'1ctors, before i.l1eir use io gene 

2007; (Heessen and 

Sfiaklai et al., 2007). 

20 'J'he first .J.ai~iriopathies d.i .. ocov(-Jred from 1999 1)reser1ted as 

discoases p1-edominantly itl a given t.jssue, skeletal rr:u,;cl.e, 

cardiac; muscle, 

protei.n.-o (V.lcek 

20()"/b; Worman 

etc., wherec.s l.arn)ns Lire ubiq11.i.tous 

,1nd l"oisnex:, 200"1a; Vlcek a11cl toisner, 

and BonnG, 2007) . 'l'he l.ipodystrophies 

25 assoc.i.ate lipid 1netabol.i.s1n ab11orn1alities 'lll<l insulin~ 

resistance l~ith disorder" i.n t.l1e bod.ily distributior1 of: 

rnatcl1i11g t.f:e l i!JOdys t r<)phy 

durir1g c1r1ti.retrov.i1;;:iJ tr<l:ltn1cnts (Cape<.1u et al., 200S). 

"Systemic" lainir1c;1)atl1i.e.o we1·e discover<od aft.er 2002; 

30 acromandibular clyspla.sid IOM.lr;, 74ll3"/0; (Aga1:1-1<Jl col al., 

?003; Novelli et al., 2GC.2J; Jlutcl1inso11-C;ill'o1·d proger:i.a, 

{0~1JM ]"16670; {D8 Sandre-Giova11r1oli l"t al., 2()()3; 
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200J); L0t<Lti_cot.ive clermop.1thy (Ol~JM 

275?.J.O; (Navar:r:o rot al., 200Ci; Navarr_·o et al., )004). 

'!'hey i11volve al] of the pi1tient' s b<Jdy tissue, sk;11 and 

appendages, sf;e1eta1 

cartil::igc tissue, adipose 

ca:r:diac 

t.issue 

inuscle, bone 

and ils metabolic 

t:ons"q11tnces, b11t:, i11 pdr;:icular, they ar:e <lCCOTiltJa11icd f:iy 

accelerat.ed ag1nq, th8 most se\'erc be.inq resl:r:i.ctive 

dermo1)athy, Iethal at. b.irth. 'l'f-,ese tr,ree di.oeases ar:e 

assc,ciated ei_tl1er 1vi tl1 a m1itat.ior\ in the LMNA gene coding 

10 101- larr;ins A <o1r1d c, or i_n the f'A(:r;1 gene (ZMPSTE24) 

coding for the prc>tcase of tl1e ER, \\'hich ir, t'A'O ,;t:,1gGs 

cleaves the prelami.11 A. 'i'he mui:ation of the J_,t~NA gene 

Ciluses ;1 disilppcarilr1ce of the s.i.te of rccogr1ition by 

F'ACJ':J of pt"elcimin A: tl\e prot:eir, is not. cleavce,J, <1r1d 

15 ll1er:<ofo1·e l)t'eserves it.o far11esy1 rt-i~;idLJe, and .i.s impot"ted 

,0 

25 
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into the r1ucl0oplasrn by gli_di11q al<o•1g 

inembranes l.i ke lamir1s (Pan a J • ' 2007 I . Theo 

farnesylated prelamin A i-ern<!iJlS ar1cl1ored 1.n the 

nucleoplasmic face of the nuclear envelo1Je \\'l1ere it 

di.sr11pts the or:gani zation cf the lam.ini'l illld tl1e 

int0ractions b0tween the J_ami.11,J and the :r":embrane r·roteins 

of the e11velope, wl1icl1 irivolves characteristic nuclear· 

deformations (Goldman et al., 200~) 

'I'l1e rest of: the nLJcl0ar mai:1·ix is free of lamirL A, witl1 

mt1ltip1e ft1nct.i_ona.l for exampie the 

activatior, of patl11>'c1ys do1vr1&tream of p~):J (Varela et al., 

;;oo5J, abnor:nalit.ies cif. mitosis {Cao eel c1l., /'OU'!; Decl1.--it 

et al., 200'/), and of [)NA repa~r {l"iu c>t ctl., 2000,; 1_,itl 

et al., 7006; i,111 Gt ill., 2007b), etc·., leatJing Lo cell 

(KudlOh' et al., 2007). 'i'l\e of tr.e 

transc;i-ipt(imr0 ,,f C<clls o( progerla f)at.ients J1c;s o:l1ow11 
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::ibnorrn::iliti0s ln the expressior1 of gf'nc-<s i11volved i.11 

athc-,1·ost:lcoro.';i,s jCsoka et al., 2()0~). 

It al'f'"'ilrS to bro like.ly that acceler:ated ,1ging iri 

;;1·eat.c~d with certain 

5 !)articular Pl'.<; that ir1hibit ZMPS'l'l\24 (C"ACC1), ol)E'Yf' the 

same rr1echan.i.sms. 

'l'l1e nu1\-::ilior1 of the ),/1N11 gene ree>ponsi.blc0 for !)l'C1ge1i_a 

unmasks a cryptic splicing site J eads Lo tlle 

f'ynthesis ,,f ar1 mRNA deleted of lSO nucleotides c:odir1g 

10 for· [)rogerin, a prelarnir1 A deleted of ~,o c.mino acids and 

which pr·cservcs its farnesyl groltfJ. 'J'h.is s<><hi'.:' protein is 

pTOdLJced ,111ring physic,logica.l agirig, in tl1e at>Si,nce tJf 

ar1y mutation of LMl\'l< gene, due 

ds.socialed 1-1itl1 age, of the splicing machi11<ery jSc-ai-fidi 

1.5 and M.isteli, 2006). P1'oge.r..i.11 is ilccumu1ated ''' <1errn<ll 

fi))rob1asts localized ur1cie1· tl1e basal l;1mir.a, as well as 

in tl1c keratinocytes. rt c:ould be a marke' oi cutaneous 

ag1ng (~1cClintock ct al., 2007). 

1'he nuclear modific;itions (bulges of the r1uc1eop.laf'm ir1t;o 

20 tl1e cytosol, breachi11g of the en\'elope, nu(olear: coritour 

jrregularities, etc.) ol)served in tl1c cells of fJatients 

1-1ith prc-geria also sin1i_la.r. to trans.i.e11t 

modif:.ication!; induced by the viral p1·otei11 Vpr, wl1icl1 

facilitates tlie enti·ilncco, by transient brcacl1ing of the 

;,c~i nucle<1r er1velop8 and the laniir;a, of the prl~-j11legratior1 

30 

cornp1ex of the All)S vii·us, 1.;hi_ch cornplcx is too larqe tci 

bo i1npo1·tod i11to the nticleoplasrn via tl1e n;1<:loar pores 

(c)f' Norc.11ha Gt ,1l., 2001). C'oi- a rGce11l l'E•v_i.e1.; of tll<':S<'l 

r1uc·lecir· imt-101·tati_o11 mP.c;hanisms (Suzuk.i and Cr·aigie, 2007). 

lt has cJlso DeGJl d81non.strated tl1at a plurality of 

f)r0t0ins of the nu c;l O' op 1 a s1r,i_ c face the 11uclea1: 

enveJo.oc,, includi11g emerln, ntutated int.c1 ;.:me1·y-Dreiff'us 
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muscular dysti·ot)ll',', are esse11ti,1l !.01 j)er1etrotJ011 of thc-1 

AIDS virus ir,to the nl<cleoplasm arid J:or tl1e inf-ec.t;Jon of­

cells t.hat d,, not divide (Jacque and O,tever1so11, 2C.OGI 

'l'he t;erm genetic la1nir101)athy therefore cover & t!1e 

S pat.hoJog:Les J:es1Jlting from mutations i11 the gertes codir1g 

fc>r the ]amir1s, very Sf'ecif-ically LMNA codi11g for lc;1oir1s 

A arid C, )J11t also those c.aused iJy mutatic,r,s of associ.at:ed 

protc•ir1s, 

maturation. 

j_nc:ludir1g tl1ose pa rt i c:i_p:1 t ir1g j_ 11 l a.rn.i r, 

10 'J'he abnorma.li.ties induced by Pis at the l~:V8l of t!1c 

r,uclear matrix therefore r.epr<;;se11t acguir.ed 

iatrogenic lamiriopL1tt1}'. \~hether they <1re ger1et.i c' or 

acqu.i red, these at:norn1al i ties in the nuclear inatrix 

r·esull ill g8r;o1nic instability a11d ce.l.l aging (Mehta et 

J.~; al., 200'1; Ober.doerfier arid Si_r1c]a_ir., 7-00"/). 

4. Tl1e "telomcr·ic" theory of agirig 

Cel J agi_ng .i.s controlled by a "clock" m<:'asur·ing tl1e 

20 lengtl1 oi telo•neres, 1-.'hjcf", are shc,rt:811ed in each mitosis, 

a phenomenon that can be cour1terbala11ced by the acti\'ity 

of the catalytic telomerase subunit (Gilson :1nd G(cli, 

200'1; St:ewart: a11d \\1ei11bc:r·g, 2006). 

)_lefore the appearance of q11antit:ative PCf\, which enaiJlo1s 

25 dir8ct rn8asurerne11L of telomeJ:e l.congtl1 in particular. 1.n 

mono11ticleated b.lood cells (C<1wtl1011, 2002; Gil ar,d Coetzcr, 

2001,; Njajo11 et: a.l., 2007), ti1e mc•asurerner1t C>f t"'1<Jn1e1-asc• 

a(;t_.i,Iity {1'fli\P a.ssily) '...ras p8rformed on cells of pati_enl" 

Lr·eated witl1 ar1liretrovira1s, witl1 Viiriable resull», -'" 

30 par.ti"'1).al: deper1dir1g on ll1e 1'·~J.ymr,J1or.yt<' subty[)O ana1yzecl 

(f~ffros, 2000). 
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1'11<~ NF(1'I'; in~iibi_t telcJn.corilS8 ,;,ct.ivity (Olivero, 2007; 

Yarnaguccl1i 0L al., 200]) 

Abno:rrnaJiti<~s in lanti_rL A cause a redL\cti.on in t0lorneras0 

act.i.v_i.ty, 1:esultir1g in acc:ele1~at<-lCi t8lomere shorteriing. 

T.'18S8 ccffects ar€ oti.serveci .i11 tlie ctells of pat1e1'.ts with 

pr·oger·ia, whethe1· 01~ not Lhe ce1ls h<id l1oe11 transfected 

to overexpress the cata.iytic t:elo:nerase SLib11r1ii: (\qaJ.lis 

et a1., 

fi_brolJlasts of l\Cillthy su))jects over·expre.-osing, after 

10 tr:ar1sfectio11 1 Jamin A, r\tirn1ul, rnutateci or del€ted, as 1n 

progcoria (lluar1g et al., ;JDDfl). T)1e nucJe,1r rnatrix arid the 

protejr,s of tr.e r1uclea1· envelope ilSSociated witl1 it at 

the level of the J.an1ir1,;i tl1erefore d.iret:t:ly or i_ndirectl.y 

control telorner·ase activit.y (l'ar1d:lta cet_ al., 2007). 

15 

S. Cer'tain tr anscr j pt: ion 

particular pS3 arid Nf"-Kfl, 

regu.lation thereof. 

regu.iatiorl facto:rs, 

:1:t·0 involved iil agi 11g or 

20 1·1.,0 fCJmilit-lS of protei_no:, pS3 (Zafo11, 200"1} and NF-KB 

{llayder1 and Ghosh, 2004 I control tl1e transcriptio11 of a 

large nu1nber· of genes arid ilre involved in the ag.i11g 

phenomenon. 'l'hese proteir1s are ;1lso involved ir1 tlie 

m8char1isn1s desc1·i.bed in t:l1e otl1er theories of ag.ing and 

25 are .c€Jat.ed tc on0 il11other. 

Next to its welJ-charar:ttcrizcd func:ti.ons _i_n tl1e contrcol 

of the~ cr•ll cycle, Lhe :ot1:ess rospo11se 1 011coger1esi_:o, and 

DNF, lesic,n re.pa ii- {F'11st(or ct aJ., ;'()0'7; lle1 ton ,-ir1ci Chei1, 

;~oo7; Si,11gu1)t;1 a11d Harcis, 200S), pS3 is jr1vc,lvcd ir. cell 

30 agi_ng (see, for i-examplc: (llauer cJn~i !l~'lfand, ;'()06; Bc,n­

l'or<JL)l <111d l'leinberg, ?Cl()'.,; Pilpazoglu ai\ci Mi_ll.5, 2007; 

.Sharpless arid D8Fii1ll<l, 2002; 'J'_yi1c~r et a.1., 2002) 1'he 
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protein p~l:J i~; <llso in\'Olv<,c1 i_n the ,1bnorr~a.liti.es i.11duced 

by laminopathics (VaJ'.e1 a et a l . , 2005), i tl the 

fur1cli.onin.g of l1clicase, 

J:esponsi.ble. for t.it,rner syncir<)1ne (Brosh et al., 2001; 

~iommeJ'.S cl al., (~l_ynford-

'I'homas, J.996), and control C>f mit<ici1011dJ'..i.'l1 respiration 

(Matoba et al., 7006) .indeptlndent:ly ,,f tl1e rol<" of p53 in 

tl'>e activat.ion of a~>optosis by it.s ir1teJ'.acti.ori witl1 

,1poptogeni.c molecules of the cJUCer: mo:>inbrane (Manfredi, 

~003; Mihar·a et al. 1 2003; J-101 l et aJ., 2Q05) \J53 also 

regulates the "ir,suljn-IGFl··klotho" inetabolic patl11-.'ay 

(see below). 

Nlr-,:8 i.s also invo.lve1i ir• man)' 1netal)o)jc pat)1ways. lts 

inac ti.va t.i.or1 by 11 • .'ll-1 irit0rterer.ce fibroblasts 

15 cultur·e protects t)1em from agir1g (Har.dy et aJ., 2005). 

20 

Simil,1rly, the blockage tl1at t:<ln be i.nduced by the 

expressi_on ot Nt-KB in mousce e[Ji.der.mal cells slo1-1s thei.r 

aging via varic;r.i.ons ir, the expr·ession of 11umer.ous ger1es 

analyzed by n1i.croarr.ay (Adler et <ll., 2007). 

6. The "metabolic" theory ot aginq via calori.c 

restr:iction and the si.gr1alir1g ]Jal;h;,'ays of ir1sulin, l(;f-'J 

and tlie Y.lotho hor·mo11e .l-i.n.l;cs tl1e p.lasmci 1nembrar1e, the 

n1icleus arid tl1e rnitocliort(Jria 

/~~i Cillor·ic 1:estr.ictior1 increasces the li.fesrJan c)f: rodents 

JO 

(flo1:011e cind c;ua1:ent''· ;:oos1. •• 
"' act.i.vates deacetylasc 

sirtui11, wh.i,;)1 targets f1istor1es (\;it.Ii r·emode.li.11g of tl1e 

cchro1r.at:ir1) (\')jg arid Suh, ?.006), 11t1n1errlu,; {>tiler: n;1clear: 

prote.i.ns (tr ilJlSCl" j pt J.0'1 f:1cto1·s inclL1di.ng p1:otei r,s 

ir1volvcod in llNA ret)<>ir, etc:.) as wcej l as cytcsolic 

(tuh1il.in) :111rJ ni.itoc:hondrj;.i.l. !-'l"C>teins IGuax:ente and i.'icard, 

2005; No1'th <"nd \Jerdin, 2G0ti; Por·cu and Cl1i.a1:uqi 1 2Q05). 
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CaJorjc; restriction ''aL1scos bio<;1e11esj_s of •nitochor1d1·ic1 via 

tt.e exp1·ession of: endcJtl1elial NO~synthase, cJNOS (Nisoli 

and Cai:ruba, 2006; Nisolj et al., 2005), res11lt:ir1g in a11 

increase ir1 ROS productior, (Gredilla drLd Barja, 200:1). 

5 'J'l1~' in.~11lir1 t111d IGF sig11aling patho1,,y,,, i11vc,lved .in agJng 

{Bartke, 200~i; Russell and Kahn, 200/) are ir1l1ibi_ted ))y 

c:aJol'.i_c re.otri_ct-1or. {l·lolze11b8r·gc1· et a}. 1 2004; t1asor.·o, 

2004) . 

C<:1loric reslricli_on also i•1hibit.s tl1c si_gna.ljng patl1h'dys 

10 requlat<od by t:l1e klotl10 hor:mone (Kurosu et al., 2005; 

Unger, 2006), of whici1 rnutalior1s are ;1ccompar,ied b}' 

prematu1·e aging i11 the mouse (Ku1·0 ... o et al., 199.1). 

K1otho is a regulCJtor· of the r_·esponse i11duced by the r·Gf'-

23 receptor (Kurosl> et: ill., 2006). '!'he 1rrulatior1s of 

15 klotho anci r'Gl"··23 ind\1ce the same r,remature aging 

phenotype, w}1ic)1 kno1vn \:() oc caused oy 

hypervitaminos.i.s D ar.d w!1icl1 is correct:ed by tl1e deletio11 

of a gen12 ir:c1·easing the eff<ect of vitamir. I) {Razzaque 

an1i J,ar1ske, 2006). Klotho also blocks the respor.se of V.'nt 

20 rece1)tor:s (J;iu et. al., 2007a), wl1ich sho1o.·s L!1e diversity 

of the met<1bolic patl11-1ays involvi,il in aging. f:'inal.ly, 

i11sulin stimulates, via pl1osphatidyJ-inositol 3 ki_nase, 

i.:f1e cleavage of the tran.smembrar1e precursoi~ of klotho by 

metallopr,)teases ot tl10 !\DAM family ai1d ll1e release of 

2~ klotho i.nto tl1e extrace1lu1ar medium (Che11 et cl., 2007). 

'l'h<' [Jroteir1 JJ53 is also i_nvolved irl the regulation of 

these metabolic pathwciys (C'.d!ll[Jisi_, ?004; d{' Olivei1·a, 

:<006; Kitn i-'t ;1l., ?007; Sc:hmi.ci et <:Ji., 20071 

1'he pi:-ote~jn p66''' 0 reprieSt,r1ts one of th" c:oirununicati.on 

30 s.ignals beth'eer1 tl1e t-•lasma n1embra11<'l r·ecepto1:s for ir1sc1lii1 

and for lGl:'l., tli<e nuclel\S and the mitochor1dria (Mai:-tin 

d 0 • d 2·'0'). •.(I .·66'"0
-
1- . ' h. h . I a11 ,·1·ie 1nar1, u ., " w n1ice sno1-1 .1g resis ·a11c0 
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to str<~ss illld an inc1-e;1se' j_n th1Ci1· lifespan {Miqlidccio 

et a.1., l 999). t'GG''"- _i_s a t<1rget of riei3, loca.l.i>:ed i11 the 

rni_tc,c:honcJri;1 c,f whic'.h it coconl:r:ols t;he rnctilbo1ism ;1nd ROS 

production (Migliilcc_i_o et al., 2006; Nemo-to et al., ;:006; 

5 Drsi_ni et al., 2004; Tt·.inei. et al., 2002). A de let.ion of 

p66'"'" inhi_f)i_ls ag.ing ct cardiac ste'm cells ilr1d pre\'ents 

cai:d.i.,Jc ;1ccid0rtts, 

(Rota e•- a.1., 2006) 

twc' pl1cnomena ir1<lt1c<0d by di;;l)ctes 

!'66''"' is also a redox ei1zymcl. 111 

r·espor,se to ':ell stre.os, rc66"1"' is ir"por.·ted into the 

JO mitochondr·ia and is localized in tl1e i.nterinembi:ane spac:e 

V.'hei:e it synthesizes H~D, (i_.e. 30% cellul.ar ll,_Oc, w_ith 

tl1e rest. bej11g pr·oduced by !)Gl'OXi.someJ usir,g el,~ctror1s 

" "'' 
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tr<1r1sfer:red L-,y t.he cytocf',romes c (Giorg.i.o et al., 200'.!). 

H70 1 may repr_·<0,,sent an i11tr·acel.lu.lar signaJ for lifespan 

regulati.on ((;iorio et al., 200"/J. 

Description of the invention 

lifter lengtl1y research, t:ll8 inve11t.ors showed that: tl1e 

association l1ydroxymetl1ylgltlt:ary 1-coen zyme A 

reductase inhibitor (statin family) 

s_yr1tl1ase inhibito1· (amir1o··biphospl1on<I te 

family, NBP), oi: one of their pllysiologically acceptable 

salto·, an effective treatment in sitL1ations, 

pathi>l<igical or 11ot, associated with 1-_l\e accumu}atio!1 

and/oi: tl1<~ p01·sistence, in the cells, of- pr·0nylated 

protcirLs, .in the se'nSG that. it ilCts on t)1e ent.iJ.-e FJrottoi11 

preny.1,-itititl [)athv1ay, at: Cl5 and at C?O, <}I' i.r1 110•1-

c·l1a1:actc>r)>;C'd J:orrr,s. 'I'he invc~11tc11's also CJ))serve(I l;h,,t Lht·' 

as.o,,ci<1t:io11 of a llydroxymeth1'lgl11-ta1·y1-coer12yrne 11 (H~1(;-

Co!\) :;ed11(:tas0 _i_nh_i))jt:or Lllld a fai:r1esyl-pyrc,ril1osphate 

synt.l1asc .i nhi.b.i toi: has :1dd_i t:_i_ VP. ,,ffec;t Jn tr.e 
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fJCllient,; 1;itl1 2rogeriCJ. 'l'he effect o! lhe c<s.sc>c.i_ati('!I is 

clearly supC'ri,lr t'' t:ll<-) <~ffect of: 0118 or tl1e otl1er_· ot the 

inhibitors used individual.ly(Varela et <tl. 2008 {S!J }.iis)). 

'J'he use of the assoc:J.ation on cel).s of patierlts >1ith 

~' l.'rogeria leads to an .ini1ii)itio11 in the 11i-er,yla::io11 of 

protci11s, v.nd tl1crcf:ore the appearance of nor,-

fa1·r1eS'}'l<1t0d pr·elan•in A ilnd tfuJ impr·ov0n1er1t of r.uclear 

S'/•tpt<lm~; a11d th<e pai;tja1 correctii>JI of <;nr,mc<lies (Jf DNA 

rop,1rtJ t.i <Jll. 'J'he pr:E'nyl at.i.oo _i nhibi ti on is also oliservGcl 

JO Jn rn_ir;e model for_' reslri.cti.ve dermopathy and p<1r:t:_ially 

reslor·e tl1G :nice liieS[.lilrl(Varela et al. 2008 (54 bis)). 

Antir.,trovir.a.1 ti:eatment.s tar.get il plurality of <f<0t<.tb<>lic: 

pathways a11d a 1)lu1·ality of ce.11 compartmer. ts, 

cytosol, tl1io n;1clcoplasrn ci11d the rnicocr,ond1·ia. 

15 Tll<'> side effer;ts cJf these t.reat;1ne11t;s i·0produce sonic <lf 

the <;linic"'•l a11cl biologi_cal si_gns obse.r\•ed ir1 J'li)t.ie11ts 

l'.'i_th genetj_c larni11op<c1tl1ies caused by :nutat.i_ons in the 

20 

f;/1/JA gene "' ,0 tl1e !-:M l'S"'J'}.;2 4 ger1e. Tl10 conunon poir1t 

bet1-1een these mutations ie that they preserve the 

fa1·nesyl g1·oup bo11nd to larnir1 A 0, io prelamin A. This 

f,1rne.syJ group anchors the lamin A io the nucleopl <1sn1i c 

face of tl1e r1uclear er,velope at the leve1 of the .l.a111.inc<, 

1~l1ilG th" i:est. of t:he n11cleoplas1n is free of so1ulJle 

J.amin A. 

25 Tl1eso two ;;l~11orrna1ities i11 1:11i-l distribution of lan1i11 l\ 

c:a1Jse deleter.'iOl\S cor1seguences at tJ--.e Ievel ,,f ::i r111ml1eJ­

of 11uclecir Hlet,1b<Jlic: pC<th'A'i'lys (DNA re1)licati_on c1nd rE'):<CJi_r, 

gen<e transc:ript:ion, t.elomere shol'.'tenir.g, 0t,:.), a11tJ CJlS<J 

have deloi.c,rious consc,quc11cGs in ott1er cell compartment&, 

:in i11<:1udir.g the mitocho11dr-)a. 'fhe gen<ora1 dysfu11ct.icJ11 of 

tile ce.11 ca\1ses c1ccoler-at0d agi_ng a11d a i:educ;ed Ji,fe.opiln 

tl1ei·0of. 
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;, family of ret;rovital tr ea tn\er, ts, tl1c 

_inhjbitOJ'.S, i11l1il"Ji_t l.Ml'S'rC24, block the miltur·at . .io11 of 

j)re1amin A and (;ause 1-_11e persist<~r1ce in t.)1c 0ell of 

fJr·ncsylated pTela1nin A. 'fhe ,>ppoJnded figure 9 

:, schematically shews t)1e ag:ir1g theory cievelopGd by the 

matur:at;ion of pr:elainir1 A fu11ct1onciI 

cor1segue11ces. 

In addition, thG indirect effects of the viJ:e1l fJr:otease 

10 ir1l\ibitors 1ni toci1ondria, $€COnd family 0 f 

antiJ:et.J'.ovi ral dr:ugs, the v.i.riJ.l nuc.leotide r:eveJ'.S<O' 

transcriptase inl1ibi_to1:s, dir.ectly disrupt the 

mitocl1011dr·ia, an 0J'.gar1elle of which abnorrr.al.it.ies of its 

funct_ion.ing ,-,r·c knov1n to be associilt0d 1;ith aging. 

Tl1e objective is tl10refore lo analyze tile me(;~1ar1is1ns by 

01l1icl1 tt10se tv.'o typGs of antirr;,trovi ral treatmen1: caus0 

acceleJ'.ated aging in p:1tients irifected with the fl.JDS 

virus and to verify that these mechanis1ns are comparable 

t_o tl1oso causing accelerated aging irl patients with 

20 genetic Iaminopathy. 

25 

30 

Tl1e p1·e.<;ent inver1tors ded11ced tliat. the sidG effects 

descrcili0d above of tht-i anti retroviral t.reat1nents \:<in be 

rninimized owi.ng lo a compositio11 i.ncluding or il treatme11t 

coml'1ir1ir,g: 

- ec 

(iJ~lG-CoA) 

one h ydrc• x yine t 11 y lg l u tar y 1-coer. z. yme 

i11hi.bito1· 00 of 

phj'Siologic:<llly accept<i.b1e salts, arid 

f ,J rncsy l-pyropl1ospl1ate 

A 

its 

inhil)jtoJ'. t':: (Jl10 of its f))tysi_ologicc.lly ac:,:G!)talole sa1t.s. 

Tl1is invent . .ion tl1crefoi;e rel.at.es a T\ 

coenzyme A {llMG-CoAl i:-GdL1t:ta.se .i.ni1it1itor, ,--,l least 01Je 
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C>r C>Jle oi 

the.ii: f)hysiologically acceplc1bl"' salts, dJld ar1 dllli-lllV 

ager1l. 

Thls composition can be intended, for <oxainple, f:or 

5 treating situatj.ons, pathologi.cal o:r not, associated w_i th 

tf1e accumulation and/01· 1)e1·sistence in the cells of 

pr.e11ylated 1)1·oteins. Ir. partit;ular, according tc.' tf1G 

inve:1tio11, tl1is composition .is 11st,f-<1l i11 t:l10 trec;tmcrit: of 

an J-!IV-ir:fGCtGd pilt.i<Jnt. 

10 Tlli!> ir.vent.ion aJ&o relates to a compo.o)tjon according to 

the .i nventi.011 io tl1e anti. ·llIV agent i.s ar1 

a11ti.retr·oviral. agent or a rnixtur<' cf atlliretroviraJ. 

ager\1:s. 

'l'his invention also relates t:o a con1position accordi11g to 

15 the ir1vcr1tion i11 1vt1ich t:l18 a<1t.i~lJI\/ agc~Jlt is ti pr·ot:c,1s<o 

inl1il,it<Jr (or a reverse transc:ri!Jl.ase .inhibi t.<Jr 

20 

'~hi.<; .inve11tion also relilles to a co1npositi.011 according to 

the inveritior1 irl ,_,,J-,ic!1 the arlti-l!l\' agerit is a [Jrotease 

ir1l1ibitor chosen from the group including fosamprenavii.-, 

J.opinav.i.r, r·itona\>ir, ampr·enavir·, atazanavir 

indinavir. 

1'l1is .invent.i.on also relates to a com1)osition accoi::d.i.ng to 

the invcntiori in wl1ich the ariti-IIlV agent is a reverse 

trar1scriptase i nl1.i.bi tor choser, from the group i.ncludi 11g 

2'' zidc-vudine, la1nivudinc, didilnosine ,:,11ri cpzicom. 

In ti'ie composit . .io11 of thi_.<; the ar>ti-llIV agent 

can c1Jso be ar1 associ<lliorl of or1c Ol' ln(11'0 anti1)roteasee< 

of the VJ.rus and/or one or. more rc~verse Lrai1;;cript.ase 

intiib.ito1:s of the vi1·t1s and/or one or n1ore ir.htbi.tors of 

30 the cntr:1nr:co of- t:hs vir11s j11to tt\e t:Glls ilr1d/or· (JJ18 or 

moriJ integrase .i.nl1i.l)itc>rs a11d/01' any other ti::eatrnent 

having an ar:tivircil efiGct, in [)ilrticul<Ll' c"\JlY L1:eatm0nt: 
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rec;ocJnized oy tl1c natior.,"ll and/c,i-- i 11 l ei:na tional 

regulatory jn.stitutions and the scir;11lific; corruullllity. 

1'l1i,; invcenti.on also relcttcs to a c:orr.positi.on ac<cCJt'di•lg to 

tile invoJntion i_n 1vh~cch co1npounds ai:e used that ar~' l)t,t:h 

' ·' h yd rox yme tll y lg l u Lary] -coen z 'r'rr,c lliMG-Col\) redll c t;,1.o;e 

inhibitors and farrLesyl-pyr·opt1ospl1ate syntl1ase i_nl1ibito!'s. 

Ve1·y sr·ec.i.f.i cally, tl1e co1npo~oit.ion accor,Jing \(> tl1e 

ir1vcntior, i_s intended lo Lr:eat an 11IV-inf:ectcod pati011t 

dc\•eloping side effects as><oc_i_ated 'A'itl1 the accuITLL1l<1ti,1n 

10 and/cJr persistence of prcgerin ir1 tl1e cells; even moi:e 

Sj)E'Ci_fical1y, thG treatrr,e11t of situations ,1s~ooc_i_ated witll 

ll1G accumulati_on and/er persi_stenc:r~, in tl1e CGll.o;, of 

" ,,, 

20 

fai;neS)'l.ateci prelam.i.11 A, 'A'hethcr 01· not it i.s tru11cated 

or modifiea. 

According to the inveritior1, any f.arnosyl-pyi:opt1ospf1ale 

synt;hiJse inhibito1· OT\G of i ts pl1ys i olog i.cal 1 y 

acceJJtable sali:s can be used ir. tl1e \)t:<?-parcition of the 

cornpusition accoi:ding to the invention. 

'J'he physiologically accept.able salts can b0, foi-- example, 

salts fo1-med 1-1ilf1 l1yd1'ochloi:ir:, l1yd1-obr:cmic, 11.i.tr.i.c, 

suii:'11ric or phosphoi:ic acid, car.·iJoxyiir: acids suc:ti as, 

foi; examf~.le, acetic, formic, propionic, b1-inzoic, malei.c, 

f.umaric, succin,lc, t:1rtr·ic, ci.ti;ic, oxalic, glyoxylic, 

aspai;tic acid, Slllfoni_c alkilr1cs acid such as s1i1fonic 

2S mctha11e C}r ethane acids, a11ci acyls11lfo11ic alk<Jr:es sucli as 

.oulf:onic ll~>nzene or paratcJl1Jer10 ac:_i_d. 

In part_i_r;L11ar, tl1c 

inhif}itor· car1 be 011e 

fa rne _, y l -p y t'Opl10 s p h,1 t re 

()f 

syntr.ase 

farnily ' () ·-
polyphc·sphonates, IJa1·ti_ctllar1y aminobiphospl\oi1atces {Nfll'l, 

:JD cir one (Jf _its [)hys.iolciqic:ally acr.eptal:J]O salt.5. 

)'(1Jy1)J1<JS)Jl1<Jn'1tcis are B}'llt.hetic 1nolec:ul_es cclrrunonly used ~n 

t)J(• tr·eatrnent of ostroopor·osis a11d bor1e regene1·,1tio11. 
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1'hE' tern\ p)1osphonate applies lo 1nolec:11lo1; very sin1il<lr to 

pb.osph,1 te: 

0 
II 

,P, 
RO" I R 

RO 

Phospl1onate 

0 
II 
p 

RO// "-OR 
RO 

Phosphate 

'l'b.e core of the bi,phosphonates (Bt?) is equiv01Gnl: to a P-

0-1? bond as irl ATP, for example, but ir1 which the oxygen 

is replaced by a catbor.. 1'his co11fers a ver:y spe.c.ific 

stability on these molecules. 

10 A .simple biphosphor,ate would ))e eqliivalent to Al)P, 1-:itl1 

tl1e 2 phosph<lt:G gr·oups (01P-) being rc~plciced by the 

bipl1osphor1ate group . 

] 5 

R, 

IT I IT 
0-P-- C-·--· P-o 

b I J 
R, 

'fhG c:ror1tr·a1 ca1·1,on, ur1l i ke tr.e oxygrer1 of the µhos1Jl1ates, 

can agai11 !Je i11volved in 2 bor1ds, a11d it is the nature cif 

Ll><e <Jt'Ol\P" grafte(J CJllLt"l th.is c:ar.b<ln 1-J1,1t constituter; tile 

spec:ificity of the bipl1ospl1onates. 
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\>lhoi1 th<: "Jat81-al" c:hilir,s (E\l and R;!) c'om]JT.ise dl\ c;1nir1c> 

fu11clior1 (Nfl), or mor<'> gcr1erally oJJc 0I inore nitr·og0n 

atoins, \·10 r12fer to nmino-ll.i.pl1osphonF.1tc,, o•· NBP. 

()£ course, oti1er subst i tuf'r1ts ca11 be bound to oxygens. 

5 l'yrophos[Jhoric dcid, or ]Jycopl1osphate in solution {E'f'i.) 

10 

l'yro1)!1osphoric: ac:id 

is \lS€d Jn 1111morous m0tabc·l.ic; rcactior1s a.~ :1 subst1·at0 

t rar:SfJOl'ler, and i.t .is r0stored at t)1e end of tll<' 

re<.lction. Orie of the inetaliolic path1vays usir1g rn<>.lecL11es 

coupled to pyrot))tosphate j .o tt1at of protein pr0r1yl.at.i or1. 

1"he gr:afting of ai1 isotJ<011tenyl.-l'l' (CS-based unit) onl:o c'I 

grerar•'/l-FP (Cl 0) give farnesyl-PP, 

lS catalyzf'ii by i.:he farnesy.l-pyruphosphat.E' synthase (t"PS) 

er1zyme, releases ;1 PPi. 

It is this step that is specifi.cal.ly ir1l1ibi.ted by t;he 

NB!'s. 

In i.:l1is r·egard, and as ar1 <0xa:np1e, t.he L<rnir1obiphospl1or\at<! 

20 {farnesyl-.oyrophosphat0 synt.hase inl1il)itor) cL<11 be chosen 

fro1n: 

,-,J.er1dror1ic ac:i.d OJ: j ts ionic form, a.le11dronate; 

clodi·onic acid or .its jo11ic for·m, c.lodrot1c1l:e; 

ctid1·011ic acid ''r its ionic f:<1ri~, <'ltidronat<!; 

itJa11drr,i1.ii: at:id or it.s ior:ic for:m, i.b<1ndronatt'; 

medr:on.ic ,Jcid or .i.t>> ionic fo:rn1, 1nrodronat8; 

no.•:ridror1ic aci cl 0 J: J t.s itir,ic form, '''"ridronatE·; 

ol.padronic iJ(:id Cl l' j cc -<on.ic; f()l"ffi, olpadr<or1a t e; 

pamidr·onic' acid cc i t; s i 011i.c form, [),1rn.i <iron at.,~ ; 



I 

r:t.sedro11ic acj.d oc its J011J(; for·,n, r·isedrc>nat0; 

tilodro11ic ac.id or J ts ,,on1c; for'"' tilod1·c1na t e; 

zoledronic acid oc its lOn:lC form, zoleodr·onale; 

4-N, N-dimethylan1ir1omethane dipi1osphonic i](;id ())'. 

5 its ionic torm, di1nicti'1yl'1mir1orncthanediphosphonate; 

J 0 

- a- am i r10 - ( 4 - )1 ydrox yi.1er1 z y l j_ dC'.n eo) di j)h os1)h on at '" . 

Preiere!bly, accor1iing to tl1c i11ver1tion, it is prefer:able 

to USG zoledi:onic; :1cid (alst) t:alled zolend;::onic aci.dl C·r 

j_t:s ionjc forrn, 7.0l.edronat;e (also c'1lled zolendronate) 

According Oo the inventi.011, JlMG-CoA :t·cduc;t;1se 

ir1l1ibitor, or C!le of its pl1ysi_ologica)_]_y acceptal)l€ salts, 

c:an be used in t.r,e preF·arati.on of tf1e con11)osition. 

Jn particular, the HMG .. Co/\ reductase inhj_bitcr CbJl bc0 a 

1nol0culc ot t:he stcitir. filmily, 1-1hctl1er it is liposoluble 

l ~' or hydroso l uble, oi: one of _i_ tll physiolcgicv.ll>' acceptable 

.sa.l ts. 

Statir:s l1av0 b80r1 id0ntified in fungi_, '!'hey hrtve an 

j_ri~1ibiting activity or1 llMG-CoA reductase, a key enzyme i11 

the biosynthesis of cf',o1esterol and steroids, 

20 catal1'ze the reoduction of hydroxymethylglutarate coupled 

to Coenzyme A _in mevrt.loni.c ac.id (rr;evalcr\<r.l:e in solutior,). 

'This i_11hibitior1 is er1su1'ed by tl1ei_r structurCJ1 sirr;ilarity 

>1ith the hyciroxymethylglutarate skeletor:. 1'i1e metabolic 

pa tr.way invc.•lved is ad1nittedly that of cl1ulesterol 

2:; biosyntheo;is, tJ1Jt: it: 's al~;o t~1at of the synt.hesi.s of 

p1:enyl g1·011ps, polymers of tl1e 5 i.soprclrlie ca1·}JOll base 

llllit L1sed t<l inodif:y ilr:(;Ur1d 300 ~•roteir1s ir, the cells and 

attach a -. i ' ' l ' ' ;. .. popn ... .lc. tail, 

anchor·ir1g ir1 tho membr·L<r1os. 

enabli.ng j_ n their 

:JO 'l'he n1air, 1-,olypre11es, ,-,l,J frorn FYr<lvate ,1r1d HI~G-Cc1T\ 1 ar·o 

geranyl (CiO), Ia1·r1esyl (ClS) arid g12rany.1-gera1\'{J (C;!O). 
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1,11 ot tho statins are glotially l1er;,1lc-.<oeJec1.i-v<e, ~)Ut c111 

cl<i not !;ave the same r;ioae of er1try into th'' r:r>l ls. I11dccd, 

p:ravast:,cit.in a11d ro~;U\'astati.n are both hyrlrophiJ.ic:, arid 

thccrefore hydrosol11))le, unlike all of tl1e othe1;s, V.'hiccl1 

S are li_!)Ophili.c, and tt1crct'ore can a":i!=-t-us0> f'reel.y througr. 

lhe j)l.asma membran<;s {lipid bilayers), 1-1hicl> undoubtedly 

explai11s tl1eir l1i.gl1er t.ox.icity. The hydrosolublo statj_11s 

n0>e<J a sp0>ciiic tr·arlS)JOrter .i.n ord~'r to enter. tl1e cell, 

01.-gani(; Aniori ~'rar!SfJOl'Ler 3, oc OA'J'3, or· Sl"C22Aa ('1'1.1kedaa 

10 l al. 2004 {46)). 

1'l1cy ar·c corrunonly used to tr.eat ;1yr)ercho.1esr.rorolernia, a11d 

their: effects, 1~hich ar:e rare, b8Gl1 

char.'acter.i.sed iri detail. These ar:e .i.n particular cases of 

rhilbdornyolysis I l to 7-'i, ot· cases accor.ciirl<J to the 

15 molecule used, Evans & al. 2002 {12)), of whi.ch the e;,rl:i' 

20 

25 

sigr,s, m11scle pai,n irt tl10 pcltient bei.ng tre2ted, r:e.5\llts 

in irrun0diate discontinuatior1 of tl1e treatment. 

ln t.hjs regard, arid as an example, a statin ca11 llt-J c:hoser1 

from ator:vastatin, simvastatin, prilvastati11, ri.vastat;in, 

lllGVilStatirl {01: co1npactinl, f luindc,stat.i r., veloslatir1, 

fluvastatin, da ).vasta t ir1, ceri_>.'O>st'1 ti11, r·ento.ota ti.r1, 

rosuvastatin, lovastatin, pitavastatin, or one of the.ii: 

pl1ysiologicillly acceptable salt.c,·. 

J"ovastatin, provast;,1ti11 and si1n1,astatir1 ar·e rnolec11.1es 

cier.ivcld fro:n fungal rr.et.al)o.l i.tioS, wh.i.J.e 

(a t.c-rva stat ir1, ce i: i.vasta t ir•, fl uva stat:iri, 

and rcsuvLtstati_r,) are entir.el_y s_ynlhetic. 

tl1e otl1e1·s 

pj tavastJ.t.i n 

Pr·efer:ab1y, 

,-,,~r-:01:d.i.:1s1 to tl1e ir1vcr1tic,r,, pr.avastcitin, s semi-nat11r:;1l, 

l1yclroscluble stat in, j s usced. 

30 Of cour.s(-' 1 it_ is poss.il:>l<: accorcJ.ing t:c' t.he i11vcnlirl!l to 

;_ic;o ono, 



inhibitors associated wi_th one, 

re,JLJc;tase 1nhi.bitoi:s. 

Ac;cord.in(j to a S))ecific form oi the ir1vcnliC'll, tl1<0 

cc-mposi_tior. ccir, be ir1tor1ded btJt:t1 for the tro,:,t1no11t of a11 

5 1-lIV-infoctcd patier1t <1nd the t1·eatm8nt of sicl8 <0ffects of: 

tl1e ar1ti-l1JV treatme11t, for exarr,ple skin ag.ing, body c'r 

l18a<i l\,1ir loss, osteo1)0J:osi_s a11d li_podystrc']'hy. 

JD 

Accc>1~cli11g to the ir1venlior1, ll1c fa1·r18syl .. pyro1)lloStJl1c1t,~ 

sy11thase. ir1l1ibi tor arid tl1e llMG-Col\ reductaoe i_r1hibi tor 

ar8 advantagceously fJr-es8nt in the <;<;In[J'''-' i ti on 

!Jhysiologi<:aJ.l.y effect.ive doses. 

Generally, tl1e amounc:s to be ad1ninisc:ercd car1 be c.daptG:d 

accordi11g to the paticent:, t.he pilthology, tl1e mod8 of 

adrr,i11istr'lt:lon, and so on. Jt i& ur1derstood that ret->eated 

l 5 LJSes are possible, option;1lly ir1 corr.binati.011 with oll1c=1.­

acti_ve ir1gredier1ts <)r a.r.y Gar.r:ter. 

In general, t.he daily dose of inhibitors will be the 

ntir1imum dose needed to obtain the desired effect. 

According to th8 invent,ion, the hydroxyn1ethyl-glutaryJ-

20 coenzyme A 1HMG-CoA) reducta&e i_nhi_bi_tor, the farnesyl­

pyrorihoSj)hatc syntliase i11l1ibitor, ili1d tl1e anti-1-lIV aqer1t 

can be used in the composition, in a mixt~1re with one or: 

inor<~ inert, i.e. pl1ysiologically inactive and 

excipients or c<11·riers. Jt; 1s po.~sit)le t<) 

non--toxic, 

cite, for 

25 ex;1mp1e, the _i_ngredi_ents nor:mally used i_n dr11gs inter1ded 

t(> tr:eat lllV-infect"d pati.erits arid clc<;Ontpanying tl1e <ctnti­

Jil V <iger1t. 

'l.'he c:cllnposi_t.ion 1,f th_i,; i11vcl11tio11 roan :1lscJ inclut~te at 

least on1e oth'2r act)ve irtgredjent, riart.ic11Ja1.-J.y anothccr 

:JO l:)1era1)euticalJy CLCLive ir1g1-~>dier1t, for example" for· 2l 

s.i_multar1euus or sc~rJar.at8 use or a u.5(' SfJr(0 ad out cJvei· 

tiine ac;cord.ing to the galenic for·;r,ulation used. 'fhis 
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can lie , for <exdnifJ] e, vc:t.i ''e 

.i ngreoi ent L1~ed, for: ex2lrnple, L)1e t reil trncr1 t oi 

opj)Ol"tunistic disecises thilt. car! d<,velo1) lll iln 

ir1fecLed patient. 

Ill\'·· 

'' The co:nr)osi.t.i_on of tl1is i_nver.tior, is a co•n1Josi_tio11 tt1,1t 

ca11 be used i)oth t.o trO'dt an fiJV-iniccted patier1t arid t.o 

prevf'nt <l11d/01· treat skir1 disox·cters t::;1ised by tl1e ll>Je of 

the antj-JJ]\I :1ge11t. 1'his con>posit)o11 c:iln b8 11secJ ?l:< [)dl't 

of a multitt\<lr21py for an JllV-infected patient. 'l'lie <l,lti·· 

J.0 llIV ;:1ger1t can lJe ;1 single agerit 01· rnul tiple agent.s (a 

mixtur€ of <1 i)luraJjt_y oi anti-HlV agents). In the case 

of mu1titherapy (for example, di··, tri- or quadrithnr;1py}, 

the mixture of inl1ibito1·s ca:1 accornpar,y orie or more elf 

the ar.t;i-11IV agents. 

15 111e anti_-HIV ;igcnt can also be an a.ssociation of or1c or 

,r,ore a11ti_prote<.tstos of the ''irus and/cor one or rr.ore 

reverse transcrjptase ir>l1ibitors of tl1e virus and/or 011e 

or more inhibitors of the entry of tl1e vir:-1Js ir1LO the 

cells and/or one or :nore integrase .i.nh.i.bitors and/or ar1y 

20 oth€r treatn\er.t having <lll ar.ti_vir<ll effect, '-" parti_ct1laJ­

a11y treat:m<o11t r·r,cognized by t.he r1utio11al ,1,1d/oi· 

interr1ationa]_ reg11lator·1,' institutior1s and tl1c scientific: 

comm1in.ity. 

25 

Tl1is i:l\'ention t:P.ere(ore a.l.sco i:el,1tes to a proc<'Oss ftir 

treat;i rig HlV-infc;cted pcitier1t, the 

administrat.i 011 Compos i ti.011 <lccordi_11g 

inv<er1t:io11. 'fl1e c.om1)osition of tf',<O! invent:llo11 is ac; defined 

above. 

Accordir1g to the jnvcnclor1, tl1c adm1nistic'\ti_on can be 

30 rierfoi;med acroilrcii 119 tc- ar1y C>f: tl1e i·r,tit:es kr101»r1 to a 

µ0rso11 :oki_l]<,;cJ 1r1 Lile ai:t for ,Jd1n_i_11i~;t;ering an ariti-lllV 
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COffit)C' & -~-1_ i Oll . lt Cd!J Ue , f.or <Jra 1 

ad1n_i.r1io;tratior1 or an in:j~·clio11. 

in <ii c:a t eci dose. of the 

COHLfJOSition Of the i11ve11tico-n ci<0 [Jer1ds ur)O)l l)Je pati_eJlt' e< 

~; needs and i_s also determined by taking ir1to <Jccour1t l»llilt 

1s physiologically accej)ta))_le by the patient. 

1'he quantity ot inl1ibicor.'_; in the compo'lition c-f this 

inv011tion t:iln l1e such that _i l: e11ilbl0s, as an example, t.hc_, 

admini str<1 t_i on dose 0 f' J-iydroxyraethy1 gl utar.·y 1-

coenzyme A {H~1G-CoA) reducta&G ir.hibitor of' 0.01 to 

2 mg/kg of body weigl1t and do.o;e of filrlle'lyl -

pyrophr,spi1ate synthase ir1l1ibitor of 0.01 to 4G mg/kg of: 

bc-dy weight. 

According to the invconi,ion, as an example, the 

10; composititi11 of th8 i11vG11tio11, tl10 r·atio of fa1·nesyl-

pyrophosphate synthase j nl1.i bi tor to hydr·oxymctl1yl 

gltltaryl coenzyme A reductase i_nhibitor, or one of tl1e.ir 

physiologiccilly C.c(cc>ptable salts, can be between C..01 and 

0.2, and preferably 0.05 to 0.35. 

20 '!'he quantity of anti-flIV agent ir, the composition of this 

invrinti on _i .s convent j 011,;J l y determined accordi_ng to the 

c1i1:rent k1101-1ledge of a person .o;killed in t:he ilrt ir1 thG 

tre;_1t1ner1L of l!lV-infe,:ted paLie11ts. IL ca11 be ch<Jsen, for 

example, from those COl1\'ent.ionally ll'ied in llIV-ir1fecl0d 

2S patients. 

Ex,1mples of anti-HJ.V ag<;nt co11centr<Jtions ior each of tho 

anti_-HJV age11t ex,Otlll!Jles desc1·i_bed _i_11 th.i.s docLJmGntc ,1n(i 

0c;c)1 of' t;h,, mi.xt.ur:es or ilS'lO<:i ati oris of' ant _i ··fl] V agcer1t 5 

descr.ibed i11 this docun1ent a1·e providr~d '-" ll•G VJ DAI" 

30 l)iction,11·y (regio;tE'rtcJ tr:idom;1rk), ior example li:dition 

also tf1ose <<Utl1ori;:ed £or lllllnc1r1s. 
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TJ;_is ir1vc::iti.on a.l.so TG1at<-is t<J il 1-01·oces.5 for tre<ttir1q 

si.de 0[f'0ci_s of pr:Eon1atu1;c, aqing ar,d/01· lipodystropl1y 

Cilused iii a [)atie11l \l!lder<:;oin<:i ail d11ti--HI\' tre.::itment, 

1·1hich process i.i1cludcs ll1e ad:ni.r . .istr,1tion of- a mixt1ire 

'.i including at least oi1e hyd1·oxy1nethylgI;1taryl-coenzyrae ll 

{HMG-t'.ol\l i:educta.o;e inhibitor cltLd at Jea.ot <)l1C far·r1esyl­

[)yr·o1)hospi1ate synthase inhibitor. 

·I'h<' conditior,s, quantities and rou\:8s of admJnistration 

c:111 b0 as described in thi.s docurner1t, ior· exam1)Je abo,.'e. 

JO 'J'he anti-HI\1 cigent is, for exam1)le, an anti-lllV agent or 

an associati.on as def:lned ;1l)ove. 

This ir1ver1tior1 r0late.s in gener;:il tc' an applicatton of 

the mixture of inhibitors 1nenti_oned above ;1s an adjuvar,t 

for· Lreat1nents havi.ng an iatr<iger1ic effect., !'or exa1nple 

1'.' pre1nilt<lrG ,1ging, including, for ex<1n1ple, tl1e appJ_icat.ion 

least one ant.i_-protGase" in particu1ar. causing tJ--,is 

iatroger1ic effect. 1'l:us, a11y tre11t;me11t causing the side 

effects cited ir1 tl1is docum8nt 's cor1cerned by this 

20 invention. 

'l'his inveni;ion <•lso r·elutes to a pr(>Cess for: treati_ng an 

HlV-i_11fected .i.n or·ct~r, the 

following steps: 

- admi.nistr,-itior1 of il 1nj_xtur:e i11cludir1g at least one 

l1ydr·oxym8tf',ylgl u ta1·1,1-coenzym<' A (I-IMG···CoA) redur:tuse 

.inh_ibitor c'r1e f: arr1<,sy 1-pyr:opf;osphat.e 

- <:lciini11isLI'dlj_on of Clll CJnt.i--HY\' 11ger1::. 

lfL whicl1 the admin.istrcit.io"c; <:lr_c concomita11t 

30 tJr alterri:1tive. 
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Accor-ding to the invce11t·ion, said mixt:L1re clt>d said anti_·-

JlIV agent can l-;e co ... admini.ste1:-ed. 'l'l1i s _Lnvolves tl1c 

[)l'OCC~;s of· tllCJ invt-,nt_i_on defi_ned abov<:,. 

According tc' t.f1G i11vcr,t_i_on, tl1e anti.-HJV aq<or1t car1 }Je as 

:J defir1ed above. 

Accordi11g t.o the inv<,ntio11 1 at least one of 

admi_ni_strations cnn be f)erf:ormed or;11ly or by injectio11. 

1'h8 two c1dmirListrations ca11 be })erforme<l in the sa1nc way 

or differently. 

]0 Jn other. words, even if in tl1is desc1'i_1)t_i_on ;,•e refer to a 

composition, it is unde1:.ot.ood t.hat ""cl1 compou11d.5 of tl1e 

cornpositiorL may be administered cc-ncomitantly >~itl1 tl1e 

oth"r compounds (for ex,1mple ir, a si11gle compo.o;ition or 

i_n t1~0 compositions or Jn thl'.8e c:o:npclsitions, each of 

15 tl1ese co1npositior1s ir;cluding one OJ: sevf'r<l1 r,f the above 

20 

me11tioned compound, t}1,~ n:ode of c1d1ni_ni_stration of 

compounds or composj.ti.on{s) n'ay ~:io ident.i.cal 

different}, or indepe11dentl1t' from one another, 

each 

oc 

for 

examp.le s11ccessi vely, for· exa1nple indep,,ndent 

administ1'at ion of hydi:-oxymP.tt1y l glutary 1-coen zyme l\ 

{llMG-CoA) 1:-eductas" irihlbitor, inde1)endent admir1is1.:rat:i<>l1 

of at least one farnesyl-pyr~•pllOS[Jl1at8 synthase inhibit.or 

a11d ir\depcndent adn1inistrat.i.on of an anti-llIV agent, 

t;hese adm.i.n.istrations are prerf'or1ncd on the san1e patient, 

25 conc,01nitar1tly 01· success.i_,,eJy or altr<J:ncttively, in the 

«bc;ve ment.i''"'"(l <>r~ler or dJ\Ot)\e1· ord<:r. 'J'hc-o!lt-l diff'eror,t 

administrations may be fJerformeci i!1depe11denlly from each 

lcompositior1 or c·o-

a("Jm:\r,i_stratio11), l)y an i.der1tit:al {)l' diffex·ent mode of 

30 ,Jdn1i11i,;trc;tion {i11j0ctio11, i_ngestion, t<,pitcill applicatio11, 

etc.), one or se\•el'.2!] t.im<'s ci<1i1y, for one ,,,. St-JVeral 

o;uccessiV(', or not, days. 
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Ac,:ordincj to thee i.11ventJ.on, thee ildrr.inistr<ltion of sa.1-d 

inixture (>f inhi))itoJ.-s can i)e r>el.f(>rm<~d, for ex<ln:ple, wit)', 

a do.o;e c)f c-i-,e hydr,,xym0,thylglt1t.aryl-coen~yme '' (HMc;-c;oAI 

r·eductasc ir1l1iJ-Jitor of 0.01 t.o 2 mg/kg of bod)' ;.·e.ight and 

5 with a dose of tf1c fLlrncsyl-pyropl1c'Sl)i1ate S}'llthase 

ir1hibitor c)!- 0.01 to f,() rr>g/kg tif- licidy 11cight. 

'l'he ildmin1.o;t1~ilt:Loo of ti1e anti-llJV "9'"'1t t:iln bo p8rfc·r1ned 

ilS ind.icated above. 

As an e.xample C}ftly, dosages are descr.ib<~d i11 ti1e 

JO following l11ble i'or t!1e imr)lerner11..ation of one or the 

) 5 

other of the processes ,,f the ir.ventiorl defin0ci abov<e. 

1''.xamples of amounts of inhibitors and ant.i-~llV ,>g<ent: .ll'. a 

compositior> act:i>rdir,g to this i11vontion car, be derived 

from this table. 

Dosage 1 Dosage 2 

Pravastatin 10 to 20, 20 to ~O Oral 

ing/d rng/d 
'------------ --- -- -------- ------------- --------- ----------

\'Jide 

raP.ge 

anti-llIV 

1 to 100 

S imv as tat in 10 1ng/d 10 to 
! 

mg/d I 
.... ,------ ···-······-···-

40 Oral i J to 100 

Alendronate 10 mg/d 

·-··--·----·-·--·----------r-c-~-
Zol end1·on<1 to ~ mg/3s 

I 1ng/d 
! --------------+-------!- ---..j 
i 1 to SO 

mg/d 

! 

I n1g/d mq/d 
----t ··-· -·------

0 l' 0.20 IV 0.01 to 

mg/d O.SO :ng/ii 

J> .;nni. ci ro n at e 1 ;, t 0 90 
------ --·· -- --------1 

IV J Lo ,OQ 

------'--------------·~~ 

Clodrot1al(e 

1nc1/d j! 
two Lirne'J I Oral 100 1ng tc• 

i 2 'Jld 
-.. I. ------ --- ----- ____________ ]_ _________ ---------- -----------

rng I ,J 

1600 1ng/ 

"JV" rnean6 _i_ntravenc•ll6ly 

"d" in0a11s "dc;y". Dose/d = dose/day. 
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Accordir1g to the jr1v<ention, t.lie dosages cor1ccrr1.i11g Ll1c· 

anti-I·IIV agent th,:it r:,;n be u.~ed to imp1einei1t Ll1i_s 

.inve11tior1 may i)e kr.01''n Lo a person skilled in tl1<0 art. 

S '!'hey can be, ior example ll1e dosages d8scribed ir1 the~ 

VIDAl, llictic>nciry {1·ogistered tr·ademar):), tor example 1n 

Editi_c>n 2007. t'c)r 8<Jt;h of the exan11)les of ,1nti-JlIV agc,11t 

dGscribed a)J(lve and 8ilCh of the mixtures or <1ssoc.iatio11s 

of ilr1ti-lllV agents described above, 0ne "'ill also find, 

10 in the VIDb,J" Dic:t·_ionary (regi.stei:ed trademark), f-or 

example E;diticon 200"1, dosages that can be u.oed 1;0 

i1nplcrr,cnt this inventi<in. 

tl1e art: ·r:-rom t.'re examples below, provided for 

10> illustr·ative ]JUrposes ;1nd shown .int.lie append8d figu1·00,. 

Brief description of the figures 

Figure 1 shows the results obtained With a We&tern Blot 

on "normal" control fi.bJCoblasts treat:cd with i11creasir1g 

20 doses of a hyd.rostiluble statir1 (pravastatin P, 20 t.o JOO 

µI~), ,1nd an aminob.iphcisphonate (Nl31', zoledron<>te Z, 20 to 

100 µI~} (tracks A to 1 1 respectivt·:ly P20/i.:20, P20/Z60, 

J>?Q/i.:100, P6G/Z20, 1'60/7.60, P60/7.100, Pl00/7,/.0, Pl()Q/Z60, 

P100/Z100), 'i'rack J is a posit:ive test for tl1e }Jresence 

< o.: l\ (fib:r-olJJ.;1sLs of [)R f"l<1tients), and trac·k K 

i.s the negati·vo l(cSt, t.1:eated wirl1 the so}vent al<inc" 

( t"BS) . 

l•'igure 2 shclws Lh0 r:esults tJblai11ed at. eiiecr . .ive dtJS(,,; <)f 

each of the produ,cts. 

3C. l'ig11JCro 3 sl101;s the superlcJr effecct ol)ta.inc~d -..1ill1 the 

admir1.i_strat.i\1r1 tif- t:)l(' tl-.'O prc,ducts togethtcr. 
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l"i_gure 1 s!iows thB ac1-ior1 of tfieo aso;,Jciat.ion c,f tl1e t1vo 

IJrOdL1Cts or1 aged cells. 

1cigurB 5 st1ows t.he cBl.1 multipli,catior1 of fi))rO))lasls Dy 

a rneasurBment of tb.e mi.totic index as a f:ur1ction of ct;ll 

5 c1iJture conditior.s. The mitotic index corresponds to the 

ratio ))etween l)1r;, r1u1nber of nuclei marked (enterinq the 

di\'isior1 process) witli rr<spcc;: to the r.11mbe1· of total 

t1uclci cf the fjeld cbservtod as ::i functic>n of: c:o::ich 

tri-l<1tment. 

J 0 J<".i g1Jre 

theor·y 

6: Schematic represer1tat.ion of 

of agirig. Tl1e rnitocl1011d1'ial 

antiret rov i ra.l t.reatments. J,egend: 

targets of the 

NRTI: r1ucleosides 

i r.h.ib.i tors of invc:or·se t ransc1:ipta se, l'] protease 

inl1i)Jit(l1·s, mtDNA: rnitocl1011drial DNA and !\OS: l<eactj_\'e 

lb oxygen species 

20 

F'igur_'e 7: Schematic rer,resentation of the biosyntt\ctic 

1)athway oi iso1Jrc;:1oids <lrld ir1l1ibilor:s thereof. 

NBP: aminot:iphosphonate 

F"l' I : farnesyl --trar,sferase i nh.lbi tor 

GGT I: gerilr.yl-ger01r.yl trilnsfcr·ase j_nh.lb.i tor 

l'igLJre 8: Sche1natic representation of the pc•st­

t.ranslalional maturatior1 of prela1nin A, its nuc:lear 

inlt)OI'taticn an\l its 1ocalizatior1 irl tl'10 lll\Cleoplasm. 

a: 11orma1 prelami11 r, 
25 b: milt11r;1tior1 of pr<S·1<1:ni:1 A deleted in the p1.-oge1:ia 

30 

(proge1·.ir1} or dLJr.i_ng a mutation of th€ ZMPSTE24 pr·oteilscc 

i_r1 rest1-iclivf2 d0r1TL<ipall1y. 'l'l1e protease _i_nh)l)it\1rs of tl1e 

All)S vJ.rus {Pl) .i.nhibi_t t:Mi'c;·J'i::24. 

Nt'C: :1uclcilr pore 

N~'.: NllCJ ear P.ll'-'e) op 

JlGf'~:: )-il1tcl1ir1~·on·"Gi_lforci j)roger_i_a Syricirom 

F\D: rest_rictive \iel'.1nopatl1ie 



;,'igur<-l 9: Schen10<t.i.c re1)rese11tatic,r, of the th«ory of a<Jil1LJ 

bF.lsed ori abnor1nalities of Jamins and tJ1eir functional 

consequence.~. l"egc,11ci: E'I: viral t:irot(,ase ir.tiibltors 

V'igure 10: Wc~st:Olrn blot .sho1vl.11g i.:l1at the bl.ockag<: of 

S prelan1in II pilenylatior1 r·equf.res botl1 the inhibitior1 af.· 

£0trnesy 1-tr·ans ferase type gorar,yl-c1eranyl -

tra11sf<'ll'.ilSO. Detection of 1<1~tir1 Il/C in HeJ,;1 r;olls treated 

IV i th f;arr1esy l-t ransferase ir1l:ibi.tors a11d/or type 

gcoranylgenarnyl t:c·ansfer·ase. l"A ~ l.am.i11 A, J.,C = .lamir, C, 

IO FI'G = !Jl"elamin A. 

!''iqur" 1 i: Mass spectrornetr')' anal.ysis of prot.eino; 

extracted fro1n thtc nl1clear envtllope of untreated c:ells 

(a), cells of }Jroge:;J.a patients treated witr, f"J'J (2.5 µM, 

b) c~r tr1-i,~t:Gd with the pr.avastatin1-zo.ledro1late mix (1 11M 

J 5 eac,h, c) 

F'igure J 2 : spect:i:ometry of proteir.s 

<>xtracted fto1n the 

f1.broblasts ( a l 

envelope 

treated 

of 

\·lith the 

p1·cvastat.in+7.o.ledronat:e 1nix {l pM e<1ch, b) fi-01n ZmpsLe24-

~0 m.ice. 

f'i.gure 13: (control cells) a11d prc:o1 amin II 

mice cells) wei:e analysed by ffiilSS 

spectrometry (MALDI-Tof'). a, b: po1:tior,5 ,,f tl1e spectru1n 

corresponding to farr1esylatod (a) ;1nd gorany.lgera11ylated 

25 (!J) t.rypt.ic peptides. 

!"i gure ]_ 4 : of: re,;uJ.ts dif:ierent 

<oxpc'ri1nc,r1t.o; derno11st t"ating t11e syr.ergi_,: ef.-f-ect of th<~ 

r)1-avastati.11'z0.ledro11c1t0 oc-mbiniltic·Jl cin the ;_;c-c-u1nulat.ion 

or prcolilrni11 A i.11 control <:Glls and pr<)gtoria patients: (cl) 

30 J1n1nunocytoc;hemir:al det:ecti.011 <;f lain.in A/C :111<1 prelami11 A 

ill llJltrec,tcd )1urr.an f·i)lt'CJblao,ts tr<~iJ1:(,cJ witl1 )'}Y<iVileit<itil1 

and/or 2ol0dr·onate. (bl .11nm11nc,cytoc:hemi.cal detect.i.011 ,,f_-
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J.a1ni_n A/C c1nct !)J'e_J a1n.i i1 A lr1 11c-r·rrtJl huma11 fiiJr<olJl as ts dtld 

f l'OH! Jl<1tj_e11ts wi tl1 progc,,. i;1 

[Jl'C-\ VclS t_,1ti11-1 zoledrona t e { C'.) Quar1 ti ta tiv<~ 

"''''lysi s 0 f: 

00 

tl1e 

)Jroge1:ia patients. 

effect of 

effect of 

r1uclear 1eor;Jho.logy ce.1.ls 

(d( Qll<\Jlti_tat.ive a1l<<lysio; of 

t rec;tmc'nl t 0!1 

from 

the 

tl1c 

nt1clcar morpliology of cei~i-<o frc-in µroger·i_a ;)atic-1nt:s i11 tll<l 

prcscnc<e of far·nesol, geranylger.:inj ol tile 

10 co•npo1111ds. E:rror bar·s ~ 1nean J: stand;1rd ter·r·cir of th{· 1nea11. 

Scale bar ~ JO 11m. 

F'i(JllrG 15: representation ()f the rusults of the tre<1tmf)nt 

loJJ.th p1:avastatin-l-zoledror1ate showj11g thee correction of 

~!ie nuclear morphology arid tl1e induc:t:Lon ''l: Li pc;rtial 

15 i·oj_oc0tir1g of the isofor1ns of tf1e A/C la1ni_11 ar1c1 t>f the lll 

1,-,rr'-ir, ,,f the nnclccar larr,ina _in the nucleoplas1n, in the 

pat.ients cells. IA! Irrun11nof l.uor uscence and 

cor1focal :nicL·oscopy. 1'he i.mages il to c c·f each panel are 

projecticins of tlie ntear1 i_ntens.ity of- 2') images of the 

20 stack and shov1 the tubules of the nucle,1r reticulum 

m;1rk1-id by the calr·et ic111 ir. -'-" \:he progeria cells 

:Lncubat;ed w.ith tr,8 PBS. Images d to l: corifocal secti_ons 

isolated by 0.2 µm mf tlii1okncss. the 

flravastat.i.n-;-zoledroriate treatment ( g I ( h l • I 8 I 

;;:s Colocalising of the ~31 l.an,in arid of the r:::ili·ccticulin. 

s,:;1Je b::ir ~ 5 11m. 

3 ll 

j_ 6 I 

f)fdViJSl.<iti Jl d llci ()f t h co 

assoc;1.at.ed mo the nL1clear: 

yf the 

1norphoJ ogy () 1' 

of 

c'ells 

tl1e 

rlot 

C· f: 

Z1nr-1s t c 2 4 -- / - rnicc (a ) and of co111:r:ol n1ic·(' {l)) ir' tcltl!:lil'C, 

in thP. prP.seilcP. c,f i:':11·11ccsol, of ge1:ar,ylqera11ic>J or of the 

lvlc' tnolecules. 
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!''i gurc-: 1 "! ' of the 

LrBCJtmBnt on LhB dJlotnctl.i_es of thee double-striJ'1<1 tirc,,3k 

reFaJ.r {l).SJ.l) <Jf t:hCJ DNA in tl1<0 c:el1s oj' proge1·ia patients. 

Imrnunc-det.ection of t:l1e foci of the ll2AX phospt,orylated 

hi.stone detected h lrradi;1Lior1, foci 

(irr1::igc-:,; <1t tl1e top). Nuclear marking of the JJAPJ (im,1ges 

,1t the bottoJCT) C11rvcs at ))ottom; c:l1<ct1;ge in the i1u1nl1er cof 

foci of H2;'\X pl1o!;pl1orylated h:istor1e acco1·ciing t:o t;.ime 

10 after irradi.ation ir1 ttle ctiritrol cell.<o (solid squar("o) and 

J 5 

,0 

tr.eat.ed wilh i,:ach curve 

represe11ts the mean :;, stC!ndard er:ror of: tl1{1 mea11 of at 

lt-i:1,;t 3 c_,xperin1ents. 

l B : ct the 

t1·eatmer,t or1 the progE>roid pt,enotype of Zinpste24_ 1_ :n_i_ce: 

{ a l Ffiotographs represent.i ng 3-month-oJd 

and Zrnpste24_ 1_ ffi.lCB t1·eated 1vi.th the 

pravastatin + 7.oledronate cornbiriatior .. Sc;;lc bar " 1 crn. 

(li} \'/eight of 3-month-old Zmpste2t,' 1< In '' 121 

In "' 13) and Zmpst:e24-r- treated {11 ~ 151 in.tee. (c) 

Kaplan-Meier cc1rves showing ;1 significant increctse ir1 ti1e 

lifespan treatGd (di 

dimonsional representat ior1 by COITI[)Uter j_ sed 

2~i rrLii:rotomogr;,p)1y of the t.i.bia ,,{ Zmp2tez4-I-- tre<1tt1cl 211\d 

30 

r1on--treated m:ice {in1;,ge at tl1e top). 'J'he t-'ar•el at the 

lJ,)LLoin reprose11ts tl1e relat.3vFe botl(' volu1ne a11d t_)\c 11uinl.Jor· 

C)f bone ;:1~abe(:ules iii Zmpsle<24-/- nc;n-troated and treatf'd 

1n_i_cc. (cl Qua11tificati.on of the 11uclear ancn1illic's of the· 

hE>patl>cytBs of Zrnpste24' 1<, 6mp,,1:<J2f,-I-- c111d Zinp,,t.e2~-/ 

treat{·d 1ni c;e. 'fhe V.'hi t:e ,-,1·r0w;; sho>1 t.)1e abi101·n1al ntlcl cei. 

S<:<ctl<' bar 0 - 1 11rn. (f_') J<:e1at_i,,e cxp1,essio11 c;f th<O> Lurgel 
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Zmp~;te2fJ·I-- and 'mp'"'-c>''"-1-(,." _,,_._,_., tre<1tGd mice, a11alysed 

guant.it,1tivc RT-f'('.l<. p < 0.01; 

0.001. 'l'he error bai·s represent the me.ail; standard er_·ror: 

S of the meo;n. 

Figure 19: r:ffect of the prav<.1stat)n alone or of the 

zolcciror1ate on t;he Jif'{·span of Zlll!)Stc·?4-/- raice: Kaplan­

Meier <:urves )Jravastatin 011ly (a) arid z0Jed1:conilte only (L-;) 

on Zmpst<e2~-/- treat:ed (cn1pty d.i.ainoi1d) and r1on-treated 

10 (solid c.ircles) rnicc. 

Figu1·e 20: f~ffect o[ a fll'o;va.Stilti11-1;;0Jedrori,Jte treat;ment: 

on tl1e Jitcspar. of J,mn<l-/- rnice: K<iplar;-·!fJeier cur·ves usi_r,9 

I,mna- 1- mice t_rt-J:1ted 1;ith pr<1vastat.i.n4-zolcdror,at'-' (ri ~ 12, 

e.'I1pty di_amond}, r:omp,11·0d to tfiat Clf non-treated mlce 

15 (soli(l cir·cl0s, n ° •• l l J. 

Examp.les 

Example l : Additi\'e effect of the associatior1 ol a 
-- ----------··---'---• - - --- -··----··--.. ·-·" 

pravastati.n) 
,_,_ .,, -----------------

ceJ l c\1lt11ret3 

A. l'RO'l'OCOLS 
------------·-·-·-· 

A.l Cells and cooll Cllltui:e ----------------------------·--·-------.-·----

'!'he (;iJll lines are c'it:her c:oi1t_rcJ] fit-robjasts l\(;JG4()g 

frc•nl the f;ori1oll Ino,t.itut<-' or f:jJ)rl1lol;1sts from bicipsj_ros 

tJdtic11ts 'l'b.ey are 

cul::. .. iv.::itcecl il\: 3"/"C under b% CO, in roo!n ?2. 

1'ile usu1>.1 ccoinpletro c;t1lt:1ire rnedium 1.c;: 



) 

'j '1 

l<:PMI ( l 11v_i trogt'oll) c:on<plcrnc11ted w.ith 

L-Glutarnir1e 200 mM (lr.vitrogen) 

~lixture of Pco:ii_cj l l .in/:;trepto1nycin/t'ungi>:,lr10' lX 

5 (Stock lOOX, CainfJrex) 

10 

1 ' ' 

A . 2 ___ C:,!CO_l __ ~ ___ !1_0 _i;_y_:"_O'.! i ~_g_ 

'i'l10 h,:,rvestit>g cl ce.lls is p<erf<lrn1<0d by tr·ypsir,izcttion as 

follo1,·s (!)l'.Otorool for a lar-ge i:la:>k, 75 c1TI1, Ill} Fcilcor>): 

The medi;1m is suctioned; 

'I'l1e eel ls are 1vcishcod with JO ml of: f_'BS lX 

(lr1vitrogcor1) 1 

- 5 ml of " solulion of 'l'rypsiri/EDTF, 1X (Cambrc~x) 

are added; 

- 1"hc tlask is inct1bat,0 d for <'<round 6 ntinutes at 

37°C, i::he time tf1at it takes for the cells to detac:t1; 

- 1'lie trypsin is inhibited by dilution in 1~> ml of 

co1nplete medi.um; 

- Tl1e cells are 1)e) J.et;ed liy centr.i.f.ugatior1 fc.•r iO 

?.O rninutes ;:it 1000 rpm at l6°c:. 

- "J'he pellet is resuspended in 2 rul of J?SS lX arid 

r·e-centriluged undeJ: the sarue conditions. 

'fhe cells obt:,1i.11cci a1·e eithe1- frozcor• fo1· later u.~e or ai·e 

subcul.tured f:rorn th.is ;,<;1sl18d pellet. 

A. 3 ·rx·eatmer.t.s 
- -------

The pravilstatin soluti.on (h.ydrosollll)l_e stat . .in) uo;ed io; 

f)fe)Jar<:;d ,,.c; fo1 l ,,,,-~;: 

40 ing of [Jr·avastat.i_n (Sign1,, Aldr·icl1, 1'4498) ;;ire ;)lac.·ed i_n 

30 ste1:.iJe >1.Jt<or to f.orn: a 10 rnM st.oc;k solutic.,n. 
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lOO JlM, ot·taj.neci l)y di.lt1tJ.ng the stcc:k solution ir1 tf',\o 

1'hP zo)f'dronatG solution {N81') us<>d j_,s preparecl as 

5 f:c,JJo,~s: 

( 1 - h ydroxy-2- irnidilzol ·· 1-y 1 - J -[)hOs[))Jono-et hyl ) 

phc;Sf-\honj_c aci_d stock sol11ticin (0.8 mg/ml, L-lovarti_s) i.s 

dd:just<cd to a c'oncentril.t)on of 2 1r;M. 

'J'he fir,Q.l c<;r1cer1tralions tested wero 500 nM, J, 5, 50 ar1d 

10 100 JlM, o))tai.r,ed by diluting the stock o;olut.ion in t.he 

c'omplete medi.um. 

15 tor " \11esterr1 ))lot experimerit, tr,e ceJJs <fre t1·ec1teci as 

follo>1s: 

Aro11nd 7.5 x 10'' cells are seecieci 1n a la1·ge flil.sk il.r.d 

cultivated under the conciitior:s above u11til clc-se to 

cr,11fluency (~ days). 

20 P1fter 4 dil.ys, tf1e c~'lls a1·e washed 1vith PBS lX Q.nd placed 

in Lh0 cornplete 1nedium s1ibstituted wi.th the treatment. 

'J'he cells il.:r.e ir1c:ufJated for the t_ri,<<tment time 16 to 72 

r.ours, segue11tially or si1nult<cJneously) :i11 the incubator 

at 37°C. 

25 After the treatment, tl1e cells are -L:ryj}Sir1.ized (prcJ1·oco1 

11l•rl\'C) ci11d tl1e pellet cJtJtiJi.t1ed is stored «t -80°C u11t1l 

prot0in 0xtr<1ctic>n. 

ll.4.2 l'rotein extrac;t.i.011 for Western b'cit 
-------------------- --------- --------------·-·-·-·---·-"··------ -------

30 'J'hG <:cell 1Jellct i_s !)_]aced ir1 JOO fll cif lysis buf.i'cr 



'J'rjto11 XJOO 

$1}.S 0 . ]_ ~ 

NaCl 

ED1'A 1 mM 

20 1nM 

l'r:oteas<o i nhibit·or· 

ll\oc:hE, 1l6974S'8001) 

!Cxtempo1·aneously, tf1e follo1-.'i.ng are :,ddod: 

l mM 

F'MSI" 1 mM 

'J'he cells are exposed to soni.cation 2 t.i.ines f:or: 30 

socor:ds (B1·a11dso11 .Sonifj_e1- Cell Djsr11rito1: BlCi). 

1'he cell d8llris is centrifuged for JO m.i.nut.8S o.t 10,000 

S rpm at 4°('.. 

'file protei.11 superr\ata11t is pJ:eserv8d ilt -80°(~ ur1til its 

use. 

1'he pr·otein ilssay is fl8rformcd upon tha1-1ir1g. 

10 A. 4. 3 Wcste1·n ))lot 

- Gel 

An St acrylarr..ide gel i~; conventi.onally used tc> dE'tect. 1:f1<'o 

varir>us f:orrn" <Jf la1n.i ns A/C;. 

1'1'."isHCJ t-,JJ 8.8 "l7'> ITLM 

SC·S 0. 1 i 

Al':5 0 . j '! 
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A cr,i1ccr1tration gel is pOl1red over the sepc,rat.icoil gc>l. 

J\.(:·ry.l,1.'f,idc/bi,~acryla1nide 37. 'J/l. 

'J'r.lsfiC::.1 pl·i 6.8 

SD.S 

APS 

1'1CMlCD 

375 ml-1 

ll.l\\ 

() . 1 % 

().0]~ 

S TJ-,e prc>tein concentr<.1Lion of the samples i.s assayed, ar,d 

1 () 

l b 

fractions are adjust.etl to 50 µg p<·Jl' tu))e '" t:l1c lj'Sis 

buffer in a qo;f 1 S µJ . 

5· µl of loading buff'e1· a1·e add<od to eac.h ,;;1mplo. 

Sl)S 

Tr.i.sHCl pl-16.8 

Glylcerol 

fl-mer ca ptoe th anol 

l3ro1norJhenol blue 

4 4 

100 mM 

20% 

'l'he samp.Lcs a1·e denatured by heating for: '."> mir1U\.8S <1t 

9S 0 c and deposited .i.11 \~ell..o. 

Tl1e m.ig>ati,lr1 t::ikes p.lace at 50, thf'n JOO volts, Jn 

a buffer: 

1'ris··Base 

GJ.yc:::.r;c J. • 4 4 \', 

$!)$ () . 1 % 

'!'rar,sfer 
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'J'he tl-ilJ1sf-er n\crnbra11co {ltybt'n P, l\m'='rsh,:im 13icJsc.i11er:es) 1" 

prepared by so.:tki11g in etb.a11,il, tollow<-)ci by " 5-1nin1it;P 

bath 111 .'3\.eri1e wc;t0r, ancl 10 rni11t1tes J_n tl1e trar1sfccr 

buffer: 

'r1·is-Base ,, mm 
CJlycinc 96 mm 
f;t-.hanol 2 O'o 

1'he g0l i.s hurn.idif:icd !or 20 rninules _in tt1e trunsfer· 

buffer_, then Lhe sand'A'it:h (Min.iprote:ir1 

system, J.liorad). 

JO 'I'h0 transfer generally takes r>Jace ovcrnigb.t, in a cc•ld 

cl1;1mber, :it 10 volts. 

The 1nemb1Ca11e rinsed lX, in ht1mid 

er1viror11nent, arid usi'd ao; is fo;: d<ot0cti_or1. 

15 - J)etection 

The mernbrane J.S ir1cubat8d fol'." 1 )1ciur at ;:oom ternperatur_'e 

in ;1 sui:uratio11 sol.ut.ior1: 

Casei_n 10% 

'1';1eGrl 20 0.1% 

PBS JX 

20 Jt i_.-o ri1>sed ;>times for J(I m.inute,; i_n the h'i1sl1ir,g L-,tlf:fei: 

('l'wo>e11 20 0.1% I 1>t1:-; lX) 

'!'he )Jriin<iry <lJltil.Jody _i_s djJ11tte() in the e<il1-l1tettic1n l)11-r-fer 

(details and di1utic;-r\, S88 im1n11n0Ial:it·,ling be.1o'A'). 

'l.'he 1nembr;11·,to is i11c;ul::-ated ;;it:l1 L)l(' [Jfjm;1ry ant . .ibooic-~s fol'." 

25 i )1ot1r: at roo1n t:empc,i·utur·e whi](_, stirr_ing. 
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lt; i>J tl1er1 r.i1JS(,,-J 3 Lim0t' wjt:l1 th~· '-'ilsh.i•1g f)llffer, tl1ei1 

1;ashed 3 lirn0& foJ'. l ~' 1nir,uL<?o: 'Ni th th0 .same buffer. 

'J'he secoi1ci111·y antibody (sy&te1n <:oupled to [)0ro~;idase, 

Jackso11 lrrununor·e.searc:h) is dil1iteci Lo 1/10000 1r1 the 

!i Siltu1·ation buffer. 

'!'!1c membrane is incL1})ated 1v-1tl1 ll1ic; solulio11 fc1· 30 lo 1,5 

1ni1111t''" ut room temperature 1vhilc' stirr.ing. 

Tt js 1:l1cn rir1sed ] tirrL(OS 1''.ith tl1c 11ash.inq \)llff<or, tt1eil 

'"asher) 3 titncs for 10> mi.iiutes 1vi tll the ea8e iJuff-er. 

10 The detect.ion is per.fo1:mecl wj_th tl1c 1,·c.·r, J.0 1.us rvest·ern 

13lotti11g System kit ot llmer:sh<ln: Biosc.i.ent:e, accordirig to 

tne manufacturer·' s i11structions. 

1,fte1· detectioi1, tl18 memtJr<111e is exposeci on il llio1nax Ml\ 

f.i.lm {I<odak), fo,,- tl1u a:nol111t ,,,. ti:r,e ri<e<;essctry ro i1;1ve a 

15 sat.i.st'actcory sig11al. 

~,_? ..... ~.'.!~~\\!.'.LO labeling 

A.5.l Ce~.~ ... J?repar.atior, 

I\ ci:oll culture is tryps.ini.;:ccd, ar,d thee cells ;1re counted 

2() ''n il Nccubauer cytometc1·. 

J"abtech c11lt:urc wells (Nuric, J:ef. 1')')399) aJ'.8 si:oeded 1n 

<111 a:nount of ~ixl0 1 eel.ls peJ: '"ell. 

'l'he C<)Inplete cult:u1:co mc:odium i,; Sli!)tJJerncnled by t)1e 

Lreutment (s) (stalin, Nl"lP, both), clrlci thE' col.ls ar:e 

25 c11ltivatc:od fo1· the c)(,' )Joe ti1nco. 

'fl1e c:<Jlt1ir<-l medium is th,.,,, suc:Li<Jned, and the 1'-'E'.lls are 

ciisassc1n\)led, 

'!'he sl.i.dc~s are 1.;a.sl1ed .in E'BS lX. 

'f)1e cells are fixed irt a pnrai.c,rmaldehyde 4'!, scol11ti0n {in 

30 l'Fl.S) for lG minutes ,,t room tempco,r:1tllr(•. 

A 10 rni.nute w;1s!1i11g in Pl.lo; JX is per:fo1·med. 
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l 5 

20 

6i 

·rr.e cells are dehydr<lL<oci J)y d ser~•es ot :l n1inutc l;,atfLB in 

100!.utions >1.ith incr<oc;sii\g 0LhanoJ f"lr,rc:<oi1>:ilgc's {"10, 90, 

lifter· dryi.ng, tl1e .slide>; are st:oi:cd at -fi0°C'. 11r.til use. 

II - s -2 _ _I_,"1_l:>_<C"_I_i!~g 

lofter thc;wir1g, the c:c'lls are i.nci1fi.:1L0d fot· 'i min11te.~ at 

porn1ccibi l i ZJ ti on sc,,lut ion; 

lX 

'l'r'ilor1 XlOO 

RNS {l\<0llf.1il: Nortnal Serum, ~J'o 

\lec:tor. SSOOOI 

Prot0eiso lr1hibi to1.· 

{lloc:he l 169"1498001 l 

ior· 15 minutes, arG 

pcorrormed in 50 µl of the .incubation soluti.on: 

Pi3S lX 

RNS 

1 tab1et fr,r_· 50 1nl 

(l\ocf1"' 116974980011 

'fl1e j)ti.:nary antil1ody i.s tLi1u\:e(i to l/100 ,in 50 fll of_ 

int;U))atio:1 o;olut.ion a11d pJar;c~d J.r1 cor:tcict 1vitl1 the 1:eJJs 

i"c'r J h()lJJ; at_ :t;(l<"n ttJlnpcr&lur·c i11 a hu1niciiL_y chc.rnbE·r. 

·rhE· ~)fi1nary anti))(1dies 1;~;ed ;;r·c) of. t11c' t.yp("s: 

- ~l,ll1Se ill\l :i ··lc11n_Lrt A/('. {N-tc;-rrnl n;1_1 Ccide), clon~' ~P.·1, 

\f(1na1.:ed by c;. Mur_ris (Cls110stry, U;-:) 
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3 ri11»:ngs in '.o() 111 of 1?8S JX <lI0 performed f'cor 1~> 

n:i!1Ut<CS e,1,:)1. 

-~ 'J'he i!1cub,c1ti<lcl 1vitl1 Che .<;GC<>n,.J,1ry <1r1t.i.bod_y t01k~·.<; place 

for h<)Ur J.r: 50 nil C>f i.nc.CJl;at.icoi1 solut.i.on at r<Jom 

temperatu1:e 
J '' 

flLllnidity charr.t.cor. Th0 secondary 

- Do11key ant .i.-mousco, I inrnu110 r0 s ca r·ch, 

10 1l.i.Lut..i.cn to 1/100, 

I 5 

- l)onkey ar1ti-g,J,1t, Jackson lmmur1ores<0£trch, dil1itior. 

to 1/200. 

3 r.i nsi ngs ill :. () '" of PfJ.S '' <1 re perfoi:mf'd f" '' r lS 

minutes <~•ach. 

t:1cubat i (Jn \Yj t.h 1 ()(I fl l of C'API 50 ng/ml sol.uliC>ll (.SF;f<.1/A, 

ref. lGG60) J s [Jer f orn1ecl for rninutes room 

tempe1-atu1-<:> i.n a hllmidi.ty cl:c;mber. 

3 r·insillgs i:1 l'f3X lX are f'erfor1ned in .o;lide-!1oldc1· tanks 

for 5 mi11ui:e~; e1acl1. 

20 /1 fir1al rin.5ing ,;s performed for 5 minutes ir1 a sol11tion 

of 'l'IYC)(~f\ 20 al 0. i'i, in f'LlS. 

A. ~i. 3 Proscnt<ition 
···-·-····-·--··· 

1'h<:> c.ells ar(-l inuners('d in one dro1) of VectaShie.ld 

2S (Vector), cove reel with an oliject-cover sl.idf' a11d observed 

undei: f: lu<or escer1ce :nicrc1scope llMl<, l..ei.<:<1 

\-Ii th co,ll SNAP ca1uera 

( ['ri.J\(Cl~1.l)ll) • 

30 [i. R<,,;ul.ts 

_B_._1_. _ \'J~'~.1.'_':'. r n bl ci l ·-··Cf _~_9,1,1_1:£ l) 
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coi1lrc>l fibrobl,1sts wei:e troated \>/ i th 

hydrosolut,10. stcttiri (pravastatj11 P, 20 to 100 µM), u11ci 

with ,,,, an:ino)}i_JJl1c>.Sl)honatc (NBP zoledi:onate Z, 2(} 1co 100 

11MJ i11 <'""''t:iation ('J'racks A to r, J:€spectively l':i0/Z20, 

5 1'20/Z60, ['20/z;-oo, l'60/Z20, P60/Z60, P60/Zl00, P_l()0/Z20, 

f'J00/Z60, Pl00/Z100). 'J'hc blot shclws 

"apf!e,,,_-ar.c<'" of_ a L'ancl <:c>rrespondi.ng to tl10 .s_i1.e <>f tll<C 

r1or1··rnat.Ur(" rJ1~elaioin I\ (r,on-ti:11ric21tecl) a::; <l func,tirJl1 lJJ_' 

tl10 inc1·oaso J.n <:oncei1lration cf the to10 1nolec:ulE' •. s, 

10 cor1firn1ir,g that faJ:nesylat_Lon i_s neC8'3!>ary for. matL1r_ati_o11 

of Ja1ni11 A. 'J'his result sh<!'-''S tl1at the )Jlockage of: the 

points of tl1e 1netat-olic 

pathwi!y is n1ore c·ffecti_,,~, tr.an a blockage at. ''nly one 

poJ.ni, on 1-h~' :i.r1biiJition vf tf1~' farr.esylatior1 of prel<lmin 

15 A, at: least ox v.ivcJ. 

Respor1se dose and i:c~spor1se ;;_i_me cui:ves mad€ it possible 

20 to detei:mir1e n<aximum eff_icacy by measui:ing t1;0 pai:,~n1etc1·s 

on hc<:!ll:hy co11t:1;ol '''ells, then on I·IGPS pi!tier1t cells. 

1·r,e mO!lt: effective ,,ssociatio11 of pravastati11 

(l1ydrosolt1b.le) I zolcdr·o11ate (NJ3P) 1vas obtai11cd foi: ar1 

administ:rcition of 1 )-lM of f)tavastat . .in over. 24 hours, and 

zoledron;it"' ovror: 12 hollt!l 011 the !1ealthy cells. 

t:oxicir.y was observe(i. On th€ 1-!GPS cell.s (sells ivi tlt 

nuclcoa1· :1bno1·mal.i ti.es), usi_ng the s;1me admiriistr·at j c>n 

!)lOtoc:ol, tl1c-; nu1nbCJl' of "deforn:CJd" 1;ucJc:i dcc:reaooed f:rc11n 

"15% to 'i0%. 1'he ;-i1:elilmi11 I\ level obta.i.ned en healthy 

30 ee1lt' >1as JrLc'<o1s11rcd. 'J'h).; nt8<1'3ure1nent sl1ov,'ed a m<1xin1c1l 

level. 



13.3 Sffecl of tl1e immunohlst_'?_'.:'.bf~!T•~_o;_lr·y treatment (fiqure 

!i 
The combined action of pravastatin and ~oledronate., 

treatment: Pravastati11 100 µM for 12 liours, Zoledronate 

5 20 flM f'or 6 hours, shows better efficacy, since the 

prelami.n A .level produced in healtl1y eel.ls treated 

(estima.ted at 35%) is much higher in associat.i.on tt1an if 

thG molGculGs are added alonG (r·espectively 25'1, and 15%). 

Moreover, tl1e rate of defo:r.med nuclei (sign of toxi.city 

10 on l1ealthy eel.ls) is minimal (be.low 10%), and below wl1at 

it is on cells treated with pravastatin alone (ar.ound 

12'!;) . 

13. 4 Action on aged cells by .i.mmunoh_~.:?.,t;.ochemistry ( f·igu_r:_£ 

15 .i.L 
As a function of the number of "passages" (number of cell 

subcultures), 

proportion 

therefore the age of t!1e cells, 

of abnormal D\1Clei increases. 

t:he 

This 

characteristic J.s t.ypical of non-treated HGPS cells. If 

20 HGPS cells are treated with Pravastat~n l µ!~ for 24 hours 

and Zoledronate 1 ftM for 12 hour.s, this proportion is 

maintainGd, and even decreases slightly (less than 40% by 

comparJ.so11 with more tlian 80% in cells treated with a 

placEJbo). 

25 

B.5 Conclusion 

The pravastatin/zoledronate association is effectivG at 

doses for which almost no effect is observed when the 

molecules are administered separately. 

30 The physiological effect of block.ing tl1e prenyl.ation 

pathway .is therefore obtained with doses much lower than 

those used .in a single treatment in the articles 

: 
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neonatal rat muscle cc-,lls). 

5 
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In tt,:ls example, tn'-" ''vill.Gation of tl1e Jn ,,_it1·0 effect of 

,, compo!;ition acco1·ding t:o t.~c.' ir1ven1·io11 ir1(:ludir.g a 

J 5 hydroso111bJ.<l hydroxyn1clhy jg 1.utaryl -coer1zyme I\ (l·IMC;-c;oA) 

rcodt1cta.oe .inhibit.or '''1d il f-arrtesyl-pyro!)l1usr;J1ate syr,thase 

jrihj_bitor· on tl1e rate of ceIJ divisi_c·n (mitotic i.r1de:x) cif 

fib:rot1lasts WilS rneasured. Pi comparison of th<e c~ifec!: of 

the compo.o;.iti.on <!!l 4ged f1u1nan fjlJrolll:1~ts with respcoGt to 

20 yourig i1u1nan fibroblasts was also !lerfor,med. The ntunber of 

•>(ctjve ager1ts ustod ir1 this e:x1-ierin1er1t is fo11r, arid t:)1e 

30 

pr:odllCt& \·-'E'J:e used i11 p;1i1· co1ni)inatior1>1. 

agents 11se<l are: 

Al: t;olendronate 

A?: Aler•dro11ate 

Bl: l'ravastati11 

!32: SimVJStdtj_n 

:ore-': l\lli1, AlB2, 7,;'.81, A2132. 

fO • 

1'l1e ac:t i ve 



) 

t:l1i s exarnpJ e, i ibroblasl:s, 

fil,r<oloJ,1sts (batc;h 110. 9002) a11d yc,11ng tif)t:Oi))ao;t:s (balL·ii 

no. 70B0) were !)laced ~n cullure in '' H.FMJ (lnvitr:cogl.'t>) 

1ned i u=-n fc~tai (,'OV.1 ne serum 1-1.i.tll<llll 

'.i anl.i.b.ic,t.i.cs f,,i· 24 hours after lryr>sini>:ation of the 

di.,,J1e:o )Jrc1vj C:ed. 

'J' lie vari.c1us active t i.r1a l 

<C<ll1c;ci11t1,1tio11 C'f 1 ftM, eacll fc,1· 24 hour!J (a l 000 d.i.lutj_c,n 

of 2l slock s0Jt11:ion .i,1 water for co,npound.s /;], ."',.2 a11d Bl, 

JO 01~ )11 ICt:l1<1r1ol JOO~ foJ.· compciu11d B2, wois procluc.ed). 

20 

m.i tot . .i.c ev<1lu,1ted by .i.ncc)rpor at i 119 

Ilrc,n1,l<leoxyu1·ictine (flr(lU) over 4~j mir,ut('S aft"r 24 l1ours 

of- -,_ncubatio11 of the eel.ls will1 01;c" ''!: tl\e active agc)Jll 

c·co1ni)ir1ations. An irnmunohistocheinic,11 detcoc;titi11 sl1c>wed tile 

c~c?l.ls in tl1e J)Nf; syr1tt1esis [)ha.S(, (~>re·-clivisitin cell). 

StaJ.ning of tl1e Jll1C'lei. (gerietic 1nat.er.i.dl) \•las pGrf-crmrcd 

by i11co1:porat.i.r1g diami110-phenylir1doie (l)APl). 

Si.x rnicroscop.i.c fields (OLYt~l'\JS IX "10) 1vere ol"Jlai.ned, 

Ar.abl.in'.J t)10 mitotic ir>d<ex lo be mtoilsured by i.inage 

IlnalySIS). "J'he mitot.ic index 

c:or.:.esponds to the r<1t.i.r' of the n11CTtbe1· of 1111t;lei l1avi.ng 

incorporat<~d BrdU over the numbe1· <if: 11uclei hoiving 

ir1c:orr.JorC1ted IJA.1'1. fin average ir1riex is st.:itisti.cally 

cc,Jc11lat.ed 1vith a standa1C\l devic1ti.on of. l)ct1veer. O.OOS ;Jn(! 

:.i:,- 0.061. 

A bj iat.eral Stuclent test ('naf)lec1 tl1e st.:1tist.ical 

30 c:.J c;,,nc>ral v_i.sl1aJ (olJ!l<'lt"Vation of t.!10 c:el..ls 
- -- -- ---------------- ---- ----
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6 ' 

'fl1es<0· J:<o:ou1ts show a vcery Jc>»I ciivi.010" c;11r;ac:J.t.y ,Jmc,nq 

dged f_i))robia:st_s i11 the abs""''"' of a11y tL·0c1tn1ent., F'--~or 

Lo the sludy. 

'l'he yol1i19 fj_J)robl<ist.s showod a divisi.on car>at;ity c;u1)erio1· 

;, tc> that of_ lhe -~ged f.il)l'Obl0sts. 'l't1cJ divisior1 ccil]-)C<city of 

aged was lic-ilt)W whil~' the 

i n div.isi.on nc.l11-ti:-eated 

fibroblc.sts and t:f1e youna nt)n-t.rcated fil.ii·of)]C1&t.s ;,•as 

10 theref-corc equal to 3. 

lr1 thi.s example, r10 tox.icity 1·1as v1s11,illy oL-,servc-:cJ ,,fter 

2~ l1ou1·.s C>f _i_nc11b<1tion of the fibr:of)]a.ots 1vith the act)ve 

agent ''''inbi11ation.s tested. 

Itl thi.s ex<Jmple, r10 tox.ic eff'oct: of etl1ai1c•] (Q.l~ f·irc<ll) 

l). f:VAl.UA'l"ION Ot 1'HE Ml'J'O'l'lC INlll'~X (F'J~;_u_13_i,: ___ ~_l 

Ill ge11eral, the number· of ilged fi))rQ))lilsLc; without ilny 

tr.eiltmc,nl: i11 the IJNA synthesis F'l1ase '1.'as <-ixt:r"e1ncly low: 

20 less tr.an 5~ (scoco figure ~i, r:r,lumn 1). 

1'he> 1nitotic .index was also not vtcry high [or: the young 

f_ibroblasts: 011 the order of 15"c {Sei' figure 5, COllllllll 6) 

Ely conlfJar.i_son ;.•ith the aged co11t1·ol f:iilrob1asts 1-1ithout: 

ar,y trco<itn;ent, the coritrol fibi·oblasts expo,;cc;cJ to etha11ol 

25 (G.1% - 24 hour,;) sl1ow no sigr1ifi_cant diff(•rcer1ce (f>~D.ll, 

11-•-ri) i11 th<ei_r mitotic i_r1dex. 

i:1 fi.gure ~-<)lC>W' 011 the 

mi_totic: ir1d<'x <Ji aged fitli"oblasts, ;~11 !1Jl'.l (/'.olcJJ'>dl-r,!lL<te·· 

3 () acti vat i_rtg wi;: h to 1: 118 

contro1 (nt:1x:i1nura stirrtU.lill:ion iJy a i.:1ctc1r of 2) ()J':0.00], 

i1:<6). 



-) ,_ ' ,, 

IHJ~r_;--('.<1A) 
--- -------------- --

,i 11)_1 _i_ r,' _i _t_0_1_: __ -"-ll _ci ___ ,, ____ t _i~_1:_1_1_~:-"_y __ l __ ~1'"'_Y_~:!~i~_t1 '~" !' h _d _I ,_C'. -- _,,, .Y i_l _ C_) I _cl -'°-':' ---~_:_:i_l1_j __ l_2_l t () T 

()Jl co rnouo;o rnc,do] l1c1vinCJ Cl nJ:oc:prci.iC syn(fr-c1n\(' -- - ---- ------- -- --- --·-·--- - -- --- -- --- --------------·'------'·'-----"'- -- --------- --- --· ---- -- ------------

and 1 11 

cl0m011strati.r1g an additi'.''' er-r-,-:c:t:. 

"'<'TC" diJ uteci in !'El'."i lX dn<i i 11j cc:lecl _int rap<,ri t_cJn1i;1 LJ y, cr1 

"' daily b0sis, in l··m(1nth-c1Jci inicf' ui1t_il tll~'_Lr decith. 'l'ho 

c:o11trcJ1.~ arfl "'-'ld nliccc: ell \.)\(' c;ame rang<;•, trcec1t.cd 1-iith 

l-'l3S JX aJ_c111c,. 

,;igniiicc111tly 



!'.. PJ.'01-C>COl 

In thj_s cxan\ple, ll1e test.s are pcr·torrned on skii1 from a 

d<ioor dr<lUnd 60 years c,f agco. A i:i1·cpa1·atior, of: 21 

10 exp.lar,t'l of hun1an skin .is prc>d\ir.e,.J a11d ktopt alive .in a 

BEM medium (BJO-!o~C' s J,:x1Jl.i1nts l~c,dil\TI\). 

'!'lie toXf)ldJltS are dist1·ii)uted irito th1·ee ))at;r;t'.es of: s1x 

ex['>lants a11d one ll<ltt:l1 CO of three ex111ant.s, as follo1~s: 

CO Co11ti:o.l l:'lasty: 3 C'Xplar.ts 

]_ 5 c No11-treated c;ontrol: 6 cxpla11te 

!< l'ositive cor1tr·oJ.: 6 E'Xfllar.ts 

J> E;x)J1ants treated by the ro1npo~;iLion of tt1c 

ir1vention 6 eoxplanls 

20 l\. l 'freal1nent 

2 , 
2 

'l'h<-J trealn1er1l is perfor:med on <1 diJ:'tor·ont da}', the f:i.r.st 

da_y (i)O), 2 hour.s aft:or f)l'eparali.on of ;:)10 OX[)lants, then 

'J'he !)l'oducts are ap~JJ :i. e<i t:o t:l1e oxr;la11ts as follo\~s: 

C ll1<c ex1)J.ar1t5 do not r.ecei vc an}' treatment, 

i\ tr,e expJ,Jnts <edclo r:el,ei_ve, or. 1)0, L1'2 and D,4, 

l mg c,f· t:l10 /)OSi t j vo control (re1-i r!~']_ c·r:E•ain), 

- PJ th0 expli111t5 each r<-)C"ivcl, 

30 lrc,_;l1n0nt titneo, ~ 1119 of F'r<lcluct ?. 

'l'he tre;)tJn<or1t ;,:, f-'''!:f_orrnec_l loy 1-or-ir;;,J atl[-11icat:,ion of the 

composition of lh<" i_r1vcei1lio11. '!'lie C()Jnfl(JS_i.tion is Ll1cr1 



I 

ci; ,;;_ri l~cit<,<i (JV<or lho on ti re oourf'-''''' ef tl1e <:X]Jl allr, us' 11<J 

a S)Jatula. Hall: cf· tl1c culture mecJiLnn L>; renE"''E•<1 E•vc;ry 

hu:n:ld ''tmosphei:cJ 011L·icl1ecl with 5\-\ (;02. 

A.~ .. Sa1n1)J _j 11q for 111 stcl''''Y ---------------- ---------------------------- -- --"' -

i\t DO, the thr:<e<e E·x1-,l,Jnts <if llatch CO aJ.·e c-bcainC'd. 

l\t D+6 day,, ancl c.,JJ dny», tl1rec' ox1)Jants of "'"':li biltc·J1 

ar<e cobtainC'd. 'l'hc sa1n1)Jes are cut ir1 ty,·o, and one r.a.lf is 

so~c, accc,rd.i.r1g to the fllO-lCC procedure "l'006-J°FE.ll". 

_f?_:_ ___ !~J !?_!:_() __ l_5:_l_S)_~ C;;1] .~;-~_'-;'<:!)' 

r,fter ?4 ho1i1:s (Jf f:ixcttior1 in the forrn.:1ldel1yd0, tr.e 

sarn.,,les are clehydrated, in1prcgr1ated and ccaLe~1 v.'j_th 

S iirn cross-·sect . .i.011 ,;11ts are procl11<;ed f () J_ 

1no r ph ol og j ,;,1 ]_ of)ser:v at i ori • 

!_3---'---'l'---_F~t_!::_Ol_t: ___ "' t~ me rph o 1251_~ .. '::."~-~., .. >SJ.:.~_Qy_ 

2D Tl1e 1norr)l1ologiccil stud•i- of tf1e epidermal and derraal 

.ot ruct11res FJerftJr:1nod c:1·oss- section cuts "' _i th 

B. 2. ____ O)_o_~_c;_n,_g ____ c;_;:_<eoP __ :_ 

7 5 !i~J:_,_!__ ___ !_lT~E~' '1~~~-~~~-~,_l __ i !'.9 ___ of KI 6 7 : 

'J'he in1mu11olabeling of ccills in rn.itosis is µerfor:1ned cin 

irozer1 cr<Jss-,;ei:t.i.on Cl\ts \;ith thc1 a11ti-KI 67 [JOl>''-')cJr1aJ. 

anti.bc)dy (Novc; ('.;1str<;i) delect<eci in l)AI>. '!')1c [)OSiti\'e 

c:clls ar·c c;<1;1r1tcd c'ver the er1t:jrc-' <"))i_der1nci.1 lengt:ll :ir1ti 

c:rn. 



I 

'/ l 

l3 • 2 . :-· _ --~-!T'!'!~.1,i1_o_J,_,, __ ~'-'-'-~_i,_~:_g ___ r1_i ____ !'c'_(l]_:l'.!_9~!:'~ l ; 

'J'he j_nnTLllJl(Ol<ibeli.ng c-f- c;ollagen J wi J J be perfc1rn1ed ()n 

the 

r)c1yclona1 ar.tibocly ciei.,c:ctcd i11 [·"ITC. Tile nucJci arF' 

b r;ounters1.:air1ed witl1 [)t'tJfJidiu•n iodide. 

)'\_,_?, __ , -~ ____ Ill\J~·~-''-''-1:_i_l_IJ_'.'._~_:i_!25 _ __!~[~--ro J_l __ a gen 11 J : 

'1'{1e iirenuno1<-:lloe.l111g cf· c:c>JJ<1ge11 III i.s r>e1.·for1ned C>ll J.roZc>!l 

c:ro~;s-~;<-ic:t.ion cuts 1;ith tl1e a11ti· .. collagen J.:i:l !)C>lyc·J.,1n;1l 

10 aritibody detec:ted in DI;J_'\. 'J'hG 11uclc>i ;i1·e cc•unter:lr.ained 

t:t)lliJHGro IV: ---- __ _, -- " _, "---------------

'!'he inununolabolir1g of c:ol1age11 JV js perf:orrr.ed on frozen 

15 Cl'OSS-S(-lCt,1011 C\ltt' l~ith tl1e anti"COllagen JV [JOly<:lc)naJ. 

<1r.t.ibody (Cli_niscie11c·e) delectG<i irt E'I1'C. T-h<e Jll1c:l<'i ,,1;e 

counte1·staii1ed 1-1ill\ pr<ipidiurn iodide. 

El . 2 . 5 l mmur._?_~_<C'_0_\0_~_~,1:1.\J ___ 9, f ___ f_O, _1 __ 1 __ 0_9'.':_r_• __ _.y_r __ r ___ : __ 

;!(I '!'he inm1unol<ibeling of c:o1Jagen \'fl is performed or: fro<ee11 

1:rtJSS-section ct1t.s t-.'itl1 the a11ti-collage11 VII mor1ocl<lnal. 

ar.t.ibody detected i11 !:'I1'C. 1'l1G r1uclei <lrO COllJll:erst.a.ined 

1~itl1 pr:opidium iodide. 

2'.°) B.2.6 I1runc:nr,1,,r,eJJnq of l'l'C;AMJ: 

JO 

--------------- ----- -- -- --------- ---------

E11rlotb.e1.ia.J c:el]& ca11 (}re viet-.'ed \)y itninunolaf)~·li_ng (Jf: 

i'C;t~l-\~1·-1, )Jerf<Jr:n1ed <)Tl f1;o;ocen cr.os.5-sec:1.:ic>n <:uts witl1 the' 

a11t.i_-r1=:c:111,,-l mono;;;lo~ial ,1nribody dc-toc;tod .in l'ast··rc,d. 

_!C_x C>_m,i-:_l __ c~ ___ ~i : ______ 1::f_!'_~_,_,_t: ____ ~:t ______ t _ _t1_E> ____ ?,_.s "c'c' .i a t .i 011 a ____ l_1_y_cJ_i-:_,,,o __ c,_J __ l_l,\J J (" 
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20 

-~-.'.11_1_~_l?.b .. ~. ~: ~- ___ <• _c1 ? ____ ,1 ____ ;_,~!:1~_"."~_y l=.Et!_Cl_!~'.•_? '1I")' <l_ ~ ''- . _;;_y::;_i,:_i_'.~_'?_S'. __ ~!~~_:_1?_~_\:__'~-1' 

on i Il '/ i l J.'O k j !_1_:_: [_0_!,:111JcQ'l ___ C:~l_l_~:!_l_t_: __ ;i_r:_~, "· .. 

active agertteo arcc u.o;ed JIJ v]Ll'c; i_n oJ:cJc,r t'l cevaJu;Jtce 

t}1oir effcc:t 011 ):ihysio1og1<:al IJilril1nel"'rs _i_nvr;Jvc;-d i11 sk111 

aging. 

'J'l1e ':on1bir1<ft.ions used in this c;-xamfJle dl'e f'.Jil1, !;1!32, 

f,?RJ, A?.fl?, respc;-ctivcily. T)1cs0 four (:om}Ji11c1tio11s c;re 

lested cl l pll1rality of: and the 

expc~rimer1ts are 1Jerforrned i_n tr.lplic:ate (rei:1i·esenting a;, 

least. 36 exper1.rn011tal pc;ir1lo;) 

The co11cto'nt1·atior,s of the four co•1))iJlittion,s rJre f''.'lf'''·>ecl 

not E<nvi .. oaged CJt t_f\j ~; st;ige of the st.udy (unl~·,;s ctS ,1 

.si_nlfJle Lest). 'l'he expe1;irner1t:iicio11 is performed on cell 

cultures of a fj_brof-Jlast Iine as sho1;11 ir, <examrle J. 'J'his 

test is al.so applied to kerali_nocytes t:ultur·es. 1'l1e 

following para1neters are ex<1rr.i!l8d for t fl(C 

ccimb.inatior.s ,,f ;1rotivc ager.ts at: tl:e cor1c·e11t rat ions 

indi_cated. 

f~easurernent of re1nodelin<,; of tl1e "'xtr11c-.cllular 

25 mLltr·ix by co11i:ractio11 C.'f coJ.lagen 1dltices; 

t~ea s u ,_.c;-mer1 t () f llNli c1eno1ne ail er 

i_rr:adiatior1 with UV!l {photoir1d11t:cd c;tres.o si1nil<1r: t;ci 

sunliath.in~) ccincfj_Licin,,;) 

'i'hc rneasureme11t. of the 1nit:oti<: i.11dex is p<0,.J:CJ1·1ned ,1i'LC'r 

ti1ne. "l'hF' index is B\•<Jlll;\ted l''l' CJll im,iq" ,,n,Jlyg_is c;cJ\111t 

of tli8 c,·011 11uc.lei J;av_;ng .i11c:cirpor·,1tcd a thy.>n.ldi11e ;1,1alc-9 



:0 fiiJl.'C>blasts cxposeo' to thtc Ctt:tivc agents is e\'dlucitic·d t•y 

inco1·[Jc1rat.i_ng tl1ese CA11s into Lt10 cc] laqen lc1ttic-c'e< dllci 

'l'he photo.o; are arcl1iv0ci fc•r iconogi~arohy. 

10 1'he measu1·e111ent of l)NA g0non1e r_'eJ)ai r i,s pt-,rfo1·med cift.er 

irr<ltliiltion cif the cells at a UV-El dose m-11nit:ki11g s1111 

E'XflOs11r:e c:orl(jititiris. The objec:tive is [Jr.st 1.-0 eva1liat.<o 

JC 

1.he effect of the ,,ctivc ci.ger.ts during 

1.1<lnitored ov0r a period of _-) t:imes. 'J'hc quant_i_fic·<1ti<lrl is 

r-erf:or:rned by cyclobula11e pyr_i_:nidi11e ,-Ji:ncr imagcc detection 

analysis by eve irradJ<Jtit):l ll.Sll'.(J 

immur,ol1istochemica 1 technique. 

'I'he f'lhotos :1rt' ilrc~1i ved f:or iconogrdf)\1y. 

the KlV vJ.r11s 

- 1'0 ar1,:;lyze the pr:evillGT\(;C of a 1. tei:;; ticlJ\s () f 

nuc1ear, mi.t(>chcJnclri<;l .:ind cytciso)ic fc;ncti_o11s J.11 HJ.'J­

i11J:1cc;;:cd 1)<•tie11ts; 

abnc•rn:ai i t.i_c_e;; 

- 'J'o the ty)Je 

aJ-inormaJ i1.:ie.s ac:r:coi:<ii ng t:ll th0 duratior1 cxpoo:u1:e 



) 

Ll1c: c111Lirctt·ovirals, ove;-a)l, by c:l«ss illlcl l'Y n1,,1,,,,,,1e 

{,:,1ir.uJ,-1ti ""' r'xpr;sur·e time); 

- '!'co tl1e type a. n ci 

a.))JlOTma.li.ties acc:<>rding to the .intr<1ccllular HTV viral 

!> loa.a'; 

'l'o anal y~e t:he 

,_1!Jnor1ncilili<'lS clccord)r,g t_,-, tltt: HJV-infec:tior1 f'c,llo,1-up 

<iu1:at;icoi1. 

10 II. f:XJ'C~!\Il~l-~N'J'AJ, <?!,AN -------------

'J'l;j $ ''t's co rv ::it ior,::i l si:udy 111ciudes ll1i:ee qr<lUf>S {} f: 

patier1ts: 

- Grou1J !-JJ V.1 -_-( n feet cd 

J 5 antirc0 trcJviri:!l treatrnent; 

20 

2 , 
' 

30 

[l : 111\'l ". ir1fected u11der 

cintir{·t1-o\1 iral treatment f:or al lcoast 12 mont)1s; 

sex. 

13. J.;J,,lGJ llJL,l'J'Y Cl\ITERIA: ..... -.... ·~··-
Inclusi.011 cr.iterja; ---------- ------ - --- ---

age > 18 years and < 6.'! yecr·s: 

hav_i11g .o)gnc::d <1i1 ir1fc.,rmed conse11t io1·1n; 

illVl positive conf-.ir_mc,tl 1'•i;:h r:Jis;J c1nd ~/esterr1 

blot fol'. at least 5 years; 

HlV2 negative; 

l\'c'V('r h,1v.illg rc'"'eivc_,d ;;ntir1_>t_rc1vir<1l 1-,-,,atn\(0nl: clr 

as c1 fi_rst l.ine of trre,1t1n0,r1t (OJ' at Jc:asl: 12 rncinth.s. 

Non-inclusior; cJ'..itrer:.i,1: 
-------------



7 Ci 

i1ot lldVi11g siq11ecl thn ir1fc>r1ned c:c111ccent f<J1rn; 

i-llV2 !)O,,iliVE' 

l ~-lo at ed 

c: •. S'i'U(lY J0 ;(()(;!0C,Ul\!C 
----- ---

Ntunbe;- of p<it.ier1ts cvalt1ated: 

200 1)atients inr:lurli11g: 

Group 13: n~lOO 

Group C: n'·-'iO 

'J'he p;;itierlts of g1·olip A needir1g, duri11g tl1cir fol.!ow-11p, 

15 tc> stai:-t an ,111tirctrovi1:a.l tr<-,<lln1ent l1av•o cin 11dditional 

evaluation wher: st;1rting the t:r:e<1lrner1t ar:d ;1:r:~' :1nc;lyzed 

sta:r:tir1g OJl ll1at date ,,.,_;th the patier1ts of gJ:oup Fl. 

'l'he data rneasur8d over thf' p•lriod during \o1)1icl1 they ;.•e%·e 

included i.n Gi:oup l\ llL<tkes _i.t possible t.o TILCdsure ti1e 

20 possillle direct role of tfie llIV v,1·11s or. r:1iclear and 

rr.i_tochondJ:.ial f1111ctions. 

of g:r:t'llp 11eedi ng ;_in anti ri-itrovirLll 

treatment modificaliori during l)1c .stud.i.es l1c1vco a clini.caJ 

C!Jld paracJinical ,;valLJiitlon icle11t.icL1l to th\>SC f)rovldeci 

25 in the" c;or,text of the fo.1.Jo1v-U[J 1·1hen tl18re is a cha11ge i.n 

t1·cocttrnent. '!'he f:ollow-u,:,' dat.a CJT\ Lh0se 1)at;i81",tS is taken 

into ac:ccllLilL lo c:a)c\1lat8 t:lie ir.c:i.de"'''' oi di .. srurit:jcJr1s cif 

r,1ic) e,1r ,1nd mi t:cl<:hc'1lclr·i d l -r-1i•1<:1· i one; C·))serv<'<l j n [!at i rents 

exposed to antiretr<1vi r<ils. 

30 

§_\_t~S!.J:'.,._?--1:!.3::.~'-~--~-<:"'.!!_: 

·r.>1e .st11<l_y dur-atic,Jl .is 36 rno.'ltl:~;. 
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I_! A_~_\:_() .J: y ___ _ '::' i ____ I l_ I __ \'._ _ _i_ r._[:~·-~:_l: ,l_~,_r_~_:_ 

llc1tr1 oi I-iIV intc~-lion di_agnosi s 

Morltl co!' cor.tantir"1Liot> 

C:Dt: stage 

~-c,r stage (:; cJiaqnc)s-1s of AIC,S-dt·fining condi.tion 

Antiret1·ovlrc1l tr<0,atn1e•1:.~ .ir1 pr:t)grec;f; (start date, 

Cli11ical exam: 

\\1cigl1;:, l1eigh;,, bocly raass .i.r,dex 

Wi:l i st co i r cl:rr.f' '' r:cc r>t:ce , !1 i p c i r.cum fer. e nee 1 w<l i c; t - to-

hip cati_o 

13looc1 tests; ·-·-·---·---- ·-----------

- Meas11rement e>f t!1c" illV virc;l load (dc~t.E'ct) OJl 

tJ-,reshold 40 cc•pies/ral) 

l1ssay of CL'4 a1·,,J CC•8 lymphocyte levels 

Glycemia, ' ' - . 
J n.ou, J nern' a, HOMA calculat.ic·n 

'fotal cl1olcsterc>l, l"DJ,, Hill. ch<Jlesi:er·r>l 

'J.'r .i glycer. j d<os 

San1pling C'f 3 l~tJ'!'I\ tubes of 7. 5 rnl for' ar1alysis of 

n11(:ltla1· and m.itoclltir1tlri<ll funct_ior1s, measure•nent ot lllV 

25 proviral l)N!1 arid ce.ll J ibr,-,i;y 

30 

An a l_ys .i. s of_ _9_i:'•_\:,~!.'._<c_! l:()_'!j, -r '' l_::_!O~!_r,9~-~-- .. r!.LJ.<:-'.~~'.9_~~'---'-'2:; tsi_cho nrl 1 .i et .l 

a rtd , ~~x.1:;t::,s_(>_l,i_(: __ p _rc,_l' cc __ i_11_!0_:_ 

West,,rn blot ai1ci immL>110lubcling: 

ll as c:ont ro1 o' c,f 



J 0 

J ' ,, 

20 

30 

~ 1-'.clturatic.:1 cif ],>rn.ins l\ CJllCI ll, nuc:J_eaJ: tJr.clt<'In 

JliiJtJGJs; 

i mroort a t.i_on; 

0-g 1 Y''''·'> y l. at ; 011 arid 

deglycosyl::itocl C:ll36 (:!:30 kilo; of s\1gar) (Abeam) 

)_1nportci1-ion, intcJ 

ll1e initcichondrial pcotease act.i vi ty (Abcarn); 

- mit.ochondria1 f'u1lctions; ROS 

production, study of sub\1nits ll ,1n<i 1V ,,f tl1e cytochrotnrc 

c•xid:1sio (Mo1ec:u1ar· Probes) 

'!'he search for !JC•ss]))l_c1 ,;USC8t)lii)i]ity to ai11-iretrovi.ra1 

t1:eatn1ents is pC'rf:c1rin,~d by genotyping certain t:argets, as 

\--'Cls :il1cwn for the sens.itiv.ity ''f vi1·al p1·otease to Pls 

(llaxter et a-1., 2DOE) 

- ZMPS1'E24 Rci-i 1 ; llV<J] V()(] i Tl of 

i::-rola1nins A ilncl fll/8? (rout.i_11e. at the ~1olecu1ar (;enetics 

J,ilborat.ory); 

SJ ···P d1ld S2-F !)t'<lt"""''" ''""blir.g productior1 of t.he 

SRE:13P act_i_\'e or, 1 ipid metabol.i.sm gent-) 

tr,anscr .i pti 011; 

·· Tl1e m.itoccl1ond1;ia1 deoxynuc,leoside tJ:an.oporte:rs. 

\1'eigl1t, )1oigl1t, tJcl,Jy mass index 

1'1;; i st c-1 rcumf<er<"nc:(o, hi.f'.> c:j_ rc:umf(• renC<°-, '-'<l j st -·to-

.Su1np1jn<J (lf- 3 l~ll'l'A tubc;c; of 7.5 ml foJ: analys_i_s oJ 

1n i t.c:·c h c>nd r .i c; l i·tirtct .ions, a11d 
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F'c}l]c-,w-up vj,;its - ---- --- -·- ,, - -------------------

'J'he evaluat.ion i11cludes; 

Vleig!1l, )1c'igJ1t f)CJ<Jy mass indc~x 

\•iai><t c:ir<:umfcorenc;c~, hip c;i.i-c1:mf:e:r:encP, 01aJ .. o;t-to-­

hi.1-' rdtio 

A bJo,,d ;:est: 

cf t:he J-l-1V vir<11 

tl;rcsl1cild r.o cop_ies/1nl) 

Tl&say of CD4 ctr1d CDS ly1npl1ocyte l0vels 

Glyceinid, ir1sul.ir1emia, HOMA calculaticJr. 

'J'cotai. chc-lest.er:o1, J,!JJ,, HJ)], cholesteJ.·o.1 

'i'T.i gJ ')'C8l'id0s 

(cJetectjon 

Samplir>g of 3 !CD'l'A t11bes of 7.~> rr•l f-<)r a.n:ilysis of 

nucle::ir, •n.i tochol1dri al cytosolic protein&, 

•neasurement of HlV provlral DNA <.lr1d placen1er1t in DNA <c\fl(i 

20 cell lif°Jrdries. 

J\ n a J_y~_j __ c; ____ (:)_i _____ il.r:t.1:. ~-~-'? _t_!;'_ '? _v_ ~ • .r:_il __ l __ :::_ t:_<)_~:9_0_t'._ mi toe llor1d r i <11. 

_i>_ll_<:i ____ c_y_t:_~)-~-~'-1 .i c: ___E!:_'Jte j ns (see above J 

'[')\(> pat ier.t.oo oi r1oedi11g Lill 

ov:1lL1:1L.icn j,],')nticaJ tc' that j)rC>Vidc:d _i_n tlicc contc:xt cof: 

Tlie f_ollOh'-Uf) 

CJr<J\lp of )Jatients ll"(•atod jgroup B) 
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I d . ,,.-/- d 
1'1c t'ro,ucti.on of t;mpste_•i ar1 inicc 

tlescribcd (P0r1dE1S and al. ~~0(}2 (38); S\i]J_iv,1n a11ti il1., 

5 1999 (285). 'l'l1c computer:i.Joed bor10 n,J_r_,r_•otc'n1ograf'l'Y cof- the 

1nic;ce "'""'° r:ilr1·ied out usi.ng the inicr:o·-C1' SkySc;,Jl1 )17? 

sy.st<>1n ISkySc;<1n - trc.domark)). All of tl\e cxperim<entF c·n 

n1i.c:e are govern<od l)y 1.l1G r·ules &et dowr1 J)y ll1e l\i1.iinal 

E'.Xf)Cl'i.ment Ccn:in1i.ttee of: the University cJf Oviedo (Sj)dj_n). 

JO "J'hD prd•1dstali.r1 (100 :ng/kg/day} and the zoledror.at:e (100 

mg/kg/day) dilut,~d i11 PBS are admi11i~;tc1·ed to t.he m.i.ce 

J ' .0 

eve1·y day. 'J'he m.ice receivi•lg tl1e pravasratcin-zoledr·or•c1to 

t,-,,;1tme11l: t;r· tl1c cc•ntrol mice receiving only l'l'IS clo nc,1: 

s·ho1,· any apparf'n~: d,-imil:(JC' or· st1·ess. 

(;ell cul tu1·0 

'!'he cie1·mal f]_broblasls of a cont.rol subject ((;/r,00038) and 

of patients affl.i.cted 1vitl1 p1·ogeri_a arid 1:arr·i_e1·s ol the 

nn1tatio11 G608G (AG11498 and AG01972) werf' obr.ai11iod from 

20 the Cor-1ell C:f'll llef'lOsi.tor·y. 'l'he HeLa cells come front the 

Cu.lture Ct>llcction. 'l'he c011s 

(:ultivat"ci J.n l)ME:l-1 (Gibco) s11pple1n0nted 1-1ith 10% F'l3S 

(Gibcol J J ar1 t ibi.ot ic .. ,,nt imycot i c (GibCC'). 

fitirolllasts C(>l\lC f1·cm taiJ.'o; of 12··day-olci rn.ir:e {\'<lr''1l<J 

?'J and al., ?OO~J). 1'he (;oncentrati.on arid tl1e dt1rat.1-011 (>f 

t1·caLrncr1t \1itl1 tl1e stat.in ,Jnd tl1c aminobifil1osµl1oi1alo cll'O 

.i ndicate(J l.r1 th<~ 1 ec1011de of the J· igurcs. IJu1:ing th<o 

c;(Jrnl-,i.11cd st'" t in -1-a1:1i r, ob.i pl1ci sf) h or1c1 t e t rf"i'ltrnorit -' n 

30 J:>Y.'avastat.in a11d 1mM ,,f zoledrc,nate w'>re aclclc•d to ll1e 

and/or of geranylqer,'i.'liol. 'fhe percentage cf ab11ormal 



H l 

n11c;leJ i" 1n0asu1;ed f,fl 11 after tllt-' licgi11ning cii L)l(' 

t ,-,,a1:mco11 t , 

Im1nunocyt ochrcrnist ry 

5 'fl1c [jl)rcobldsts arr; culi_i vc1led i_n J,ab 'l'<'k c:l1tlrnbers 

{t-lillg<'n Nuncc lnternati<,nal), washed i_n th8 f'f3S, the11 

f.i:-:ed i.n paratorma.ldhyde ~,, fcor_ 15 1ni11. 'J'l1e c:ells ar:cc 

dehydrated in ethanol bat;hs J.n i11c;rei:lsing concer1L1;ali.011 

and are pe1·meabilised 5 min at 2'.i"C 1.r1 PflS coni_c1i11j_r1g 

10 T1·iton X-100 (0.5%), 5t se1·um (gc-at or rabt1it_). '!'he 

sJicles cire pre-inc1ibated at 2b°C in PBS f_c_,r S min. 

')'he. dilution of tl1e f)ri_1nary antjboclies i,; 1/100 for· Lficc 

go,Jt. t)Olycloi1al anti-pr0la1nj_r1 A antiJ)ody (Sc-6214, Santa 

Cr1Jz flJ.otechnoJ ogies), l/t.0 !:or t!1e a11ti_-lam)11 A/C 

15 a11t.ibod','(4/\.7 provided by c;_ Mor.1_-i.s), l/200 for Lll{' r<<l)iJit 

c<11ti-c,:,lr8tir:ulin <1r,tibody (St1·essgen) and 1/100 f:or t.l1e 

Bl ,1nt.i-lami11 antibody(Atit:;1m). I\ttcr· washir.g in the l!BS, 

the slides are i_11cubated 1 11 at ?5°(: 11ith tl10 secc,ndary 

antibodies diluted ir1 tl1e J_r,cubat.i_on solution. 'l'f1e 

20 dilution of the secondary antitiodi<'s is as fol.lows: l/100 

for: tb.e IgG of donk<ey anti-mouse co•Jpl0d 1-1itl1 F'I1'C 

(Jilck,;tin ImrnunoR<-is8arcl1), 1/400 for t!1e l.gG of dor1key 

a11t.i-goat c:ouriled "'ith t.he AJexa !i88, 1/800 for the IgG 

of dc)nkey ar1L.i-goc;L coupled wi_t!1 tl1cc AJexa ~i68 (Molet:uJa1_-

.?'."- Probes) and 1/100 foi; tf1e lqC; of donkey anti-rabb.i_t 

30 

cc·UJ)led witi1 tci:rci1nctl1yl1·hodamir.e isot.t-,.i.o<;y<111,1te {Sigind). 

'J'tlto r:P.l.ls •JJ:e t.he11 washed, tl\P. nuclei colot1red f;or 15 min 

at 2s 0 c: 1·1itl1 J)l'.P1 (100 ng/1nl, S.iqm~-Aitl1·.ici1J, iinillly 

1-1<1s)1ed '.J times ;1ith l'i3f0 c:oi1lair1i_ng 0. 50, of 'l';.'een 2D. 'l'hE' 

[l_i gi t.011 

"'itl1 a c;o<ilSnap carne1.-a or wjth <1 I,cit~a 1·c:s SI'S confocal 
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rnicroscopc. Ti10 rtuc:lei ai:e (oiosc"rved in ll1E· C(,J1s ;1f-1c"i: 

m'1rking of tl1c la1nin A/C, r-<c·rOc' tl1c1r: J.00 11uc;if'1 ,._,~,,·~, 

,111::i1ysed in L)l(' ,;c,nlrc>l fibrol)lasts f,ir C"ac;)1 of ll1e 

t1·,1at:ments. 'J'~lre lll1mbcr ot nuclei of "''lis ,,[ pati.e11to; 

S af'fl:ic:ted 'A'it:h pro9e1·i,1 ,111illy,;cd is· ?.50 (JJassc1ge 8), 198 

(j)assage J 3) a11d 150 (passage 20). 

]l.·r;:;diatior1 X ar1ci study of the 112AX i:ihosphorylated 

histone. 

10 '!'he cells of proger.ia [JatiGilts and thE 1f>R3 <:Or•trol cells 

a1·c irradiated with an l'hiiip" X de,1ic:e. '!'he X "''Y 1s 

pr·c,ci11ced by ar, t:ur•gstcn anode subjectcld Lo a voltage of 

/.00 k\/ uncler ar1 .intensity oJ: 20 rrJ\ v1tth a c;oppcr fi.llur 

c'f O.l rnm in dia1neter. 'l'he dose rcitc' is 1.;;43 Gy/fl,ir1. 'l'h<0 

1'.) 112J1X fJf1osphorylated l1istor1e .i.s d0tectetl witl1 a.ntibod.ies 

(Upstate Biotechnology-ICuromedex, Mundol.5he.i.m, J:'rilr1c;o) at 

tlic dilutior1 1/800 and of the ar1ti-n1ouse ant.Jl)odles 

conjugated w)t.ll thi-i !-'ITC (l/100, Sigm<"l-Aldric·l1). Tl1e 

20 r1umber· of double-strand breaks (DSB) accordir1g to tl">e 

25 

dur.c.1tion (of tl1e repair 1-1as adjusted w.it.)1 the ic•rmula Nt" 

NO (l/l. + Bt)~, 1-1here er arid B ere adju.o;t.,Jb.le pi!r·ameters 

,1r1d Nt and NO ar·e the nu1nber of i)$13 ir1 lin'e t and in time 

c. 

l-.'est0rn bl cit. 

'J'he cells are ho1nogenise(i ir1 the foi.low.ing medlllrn: SO mM 

'i',-.is (p!l ').!,), lSO m~: NaCl, l'~ NIC-40, 50 1n~1 Nal·', J mt~ 

dit.l1.iol)1J:ei.to), ?. mg/ml f)<:':pst:c1lir1 I\, in t.fHC' f)r'e~011c0 CJi 

30 f)L01-Gd>Je inhl~)i.lc>J:& {Conlj).l<ete inl1ilJitcJr· c·ockl.ai.J., R<icfl(") 

and i.Jl)\_,~)j \'()/_.,_, Inhibitor 

Cc<el:tails I and II, Sigma). Aftur 0l0ctropi1c;r~·sis, tllG 



protei_ns ai-cc transferr<"cl 011to nitr<Jt':cllul(>St' rn<0,il1l)tar1cs 

us i rig tl1c 

'f3S·-T bllifer_ (20 HIM 1'ri_& f)fi 7.4, l~iO ml~ N:1c:1 <1r1d 0.05'!, 

'l'\-.'eeri-20), iltl<l l11cubated 1 h 1~.i.Lh Eo.ither" sioc,ciiltc ;111ti-

S l<l1nii1 11/C antib,odJ' (1.'17, l/500), <Jr Cl .spe<:ific ar1ti-Iam.in 

I'. (C2Cl, Santa Ci:uz Fliote<:hn<ilogy, J/2'.:iOi ciJ: an a11t.i-))eta 

ilCt.in IA'.>441, S.igma, l/'.iOOO). 'J'l1" ;1nt_if)ocii~·& ac·e d_i_l11ted 

in 'i'ES··'l' containing 3% of. dcclipidat\•<1 'niJ.k [JOl•ider. 1')1e 

blc•ts c1rc tl;en i11cu))atecl with an antitiody <cOUt)led witl1 

10 ll1e peroxidascl {go:1t ilnti-n1ouse or ar.ti-rabbit, Jac;kson 

Immunol<e.oearch) 1n 'J'BS-'J' C()11t:,1in.ir1g l.S~. of delipidated 

15 

mi_lk tl1er1 1·1a.ohed, f)nally 

cl1enti l un•i n ,~ s cer\ce { Ii<unobi l on \'/es tern ch em i 1 umi 11e s c:en t fl HP 

s11b.o;trate, Mi.l.lipore - t.r.adem;,,rk). 

f,r1illysis vi,1 rnass spectrora<:>try 

''" ~·, ' 1 c 1 d ,, ,,., .•. ,4- 1 - · I' '"e ,;_1,)r.Q,J,asts o. cont.re a11 ,.rni::~Le-" rn1ce as we ... c as 

tl1e eel ls lyrrrphoblastoid.o <Jf p:rogeri,ci p;1ticnts have been 

l1ornoger1ised, tilG JlL1clei isolated vi.a u.l tr·act-ir1t:ritugilt:ior1 

2.0 ilnd the 11uc.1eilr p:roteins ''bt1Jir1ed as desc1"ibed in l3lobel 

a11d Polter·, V.R. Nuclei from rat .1.i.ver: j5,ilat:io11 rncotl1od 

tl1at combin"s pllrity wit:l1 high yield, Sc_i_e11ce )$~, 166.?.-

16ES, J 966. 'fhe protei11s ~•' "' rlLlt:leilr la1ni11a were 

Se[)i>Iic<te<i v1;1 SOS-PAGE elcect1'0!-'l1ore.s.i_s, c1nd t:l1c sti:ip~o 

20> ccntilining the lamin A, tr,\_, pr<ol<1n,ii1 A iir1d the pJ:oger.i.11 

wore cxt:iscd. Tl1c irc;gmer:ts of the gel w<ore wa,<lted twice 

,,.;th l 80 "'' Qf: ''rn:ncn i 11r.1 iii ca r bo11a t e I a c:et on it r i 1 e 

mi_xt llf:(' (70/30, 25 tnMI 

( ]_ h ' 60°C;) 1vitl1 ti:ypsin (i2 11g/:nl_, ['romegc; I 1'1 tf\f; 

30 arrunor,ium l::·icarl::·onilte :05 mM. Ji1 a tyfJi,~a.1 <0X!J(•r_i.1ne11t, J ;nl 

CHCA ( ;,-1:y;1110- 4 -hydroxyc:i nnami c: cic;id, is 

pl.aced i11 a ~lAJ.,f)J-~'<1f·' specl:r:c1n<o:t:er. Or1ce clri_ed, l ml (>f' 
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B 1J 

thEo !)E'f)tidc" s<,JlJtJ()J1 ilnd 1 1nC of· ll1c 1na::cix (i:JIC:A) aero 

pla<~E'-d .in th<e s;)er;tro•net;c,,- <oq11ii:,pcd wi_th a las,:r .c;ot:rcE' 

Applied Biosystems). 'l'he 

datu collt"Cted usir";,i 200 lasc;r f-jr_i_ngs pr·oduce spec:tra 

!:he' Data 

t,,O.O.O, Appli<-id riicisysle•n~). 

Quantitat.ive PCJ< in rei.!l·-time 

10 'J'he expi:e.'3.'0J.011 1.·c.it;e of target ge:1es of p53 {111.i.i, Gi1(ici1Sg 

ar.d Cdknla, wn.i ch c'ode p2 l) !1as bGer1 :neasui:cc'd us.1 ng the 

device t~GI PRISM 7900H'I' dctcct.io:1 syste:n 

(.'\pfo).ied 8.io.oystems) 

15 Stiltistic:<.tl ,1nctly~is 

20 

cells, treated oc 11ot, h;; s been analysed dli1:.i ng t:he 

Student test. 1'he ca I culat_i ons were effected u:o)ng the 

progi·am Micrcisctt Excel. 1'he data ,, <-,xpressed "' a r1 

aveJ:age fig1ii:e + st.,1nd<1rd error· of the avei·age. 

l\e&lllts 

1-!cLo. cells wc1·e cult.ivated Jfl tile pr:eser1ce of: fa:rnesyl 

ti:an.ofe;rase i_nhil,itors {l"TI-277, Sigma-A.ldi:icll) ar1ci I or 

';cJr1centi:atior1s indj_cated. Or1ly the C<)mi).ir1;1tio11 oi tr.e two 

f-c>i: sui ( icj_ent )Jui lcl-LJp elf "''t 
pr·c,11yliltCld prul.:unine A lr. the C<'1ls wi1.l1 r·egar.'cl to tl1e 

effec.t of eacl1 i nh.i tij ttir·s stil el y used. 

30 Tl1ese resulLo' are shown i11 l"ig. 10 wh.ich is a ):>hl,toqr<J)Jhy 

of''" ol~tair1ed Weste1·11 ))Jot, djstol,Jy.ing thu dctec:rion of 

the A/C lam.i.P.e in tt1'' llel.,<1 c0lls trE"atC'.cl tJy t:t1n ic1rnu0<yl 
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gerar:y1 trar.sferi:lse. J,A 

pre l a•n.i r. f,. 

l;i:.1i ne c:, f>r_·e 

1')1ese results c'onf.i rm tl1::it. t[1e pr·e11ylation fJiockacJ<! of 

l)1e f)t"ela1nine A nec:essitates, at the c;ame time, t:he 

inhibitio11 of ll1e far:nc·syl t1.-,lnsfi-irase and the geranyJ-

ger,3r1y.l t.ransfcll'dSC l Y)J(• I, 

.i.nvent.,i on. 

(l''l'I) i11hi.bitor ind11c<-is the 

of pat.ients aff-1.i.cted ~·i::h pr·ogeria) and iro tl1e Zrnpste;c1,· 

/- ITLOUS8 f.if)l'oblasts 

1'1-,e mass S[Je<ctrc'!n0t1·y analysis :tno"ic,1tes, as expected, 

the presence of tryptic pCfJlides of the f:;1rncsyled ar1cl 

car·boxymethy1ated J.11 %mpst<o~~4 1nOLl.SC cells bl1t no1: Jr, 

control mico cells. These resuJt.5 are sl1own ir1 f.i.gure 13a. 

'.\'he farnesyled pept.ide lacks tr,e 3 SJ:M r.esidues \..'l1icl1 

sllC'WS tl1at tl1e Z1npste24 is r1ot indispensable for ti1<~ 

20 first c;liv<ige during tl1e :naturi.ng of the prelam.ine A. ln 

the F"J' l ··treated <:ells, tl1ere was ot,scrved 

reduction ir1 tho quant . .ity of: f21rr1esyled pre_l,-irn.ine A. 

25 derivc'd from th<-: pr:c,lan1i.ne !1 dc•t.ectable ir, the ce.lls of 

the r.011-trea.ted Y.mpst(";;4·I .. n>.i<:e. l3ut thei--G ,.,,,,; c.i~>tected a 

p<opt.i tito ,,_,hi (;]1 i s comrat . .iJ::._L,. wltl1 geranyl-

aftc,r· E"J'l 

:.r:ealn1cnl. 1'f1c rcc;ults ,-,re shown in l"igur·e J3b. 

c:a rhoxyrnc,tl1y led 
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,-J_n .· J,g. lJ<J. 'l'h.e trr;atmr~11t of. tile~ <:ell,; J)y F"l'J-127 

f:ostei:.s the aprear<Jnc'e of pcorJt1des ;1hos'°' 1n,1s,; <:orre.'opo11ds 

to that. of tb.Eo gcrartyl·-gei--any! pefJtides of: th<" fJrc,gc;rj.11, 

as i_r,d:lcated ir. Fig. llb. 

5 This dillil as il wl1ole sl101>'s t)1c;i.: the progeri_n c111d tl10 

prclc;1ni11G [J88l"L i 11 

alt:<·lrnat_ive mannP.r 11ndr>r t·_he ef--f-ect oi:' t:l1c 1'1'1 ,1rid 

fOrovi_cl<os an explana.t.i_c>n of tr,e rooor ef-f-.ic;acy of tl1e l·"J'J 

t1:eatmer.t s Jn tl1e mur:i rt0 mod<:l .o of progeroi rl lly11di--on1f'. 

J 0 1'l1e cells of the r)rogeri,1 !Jatier11.s arid ;-;11:1_-,st:e24· 1-1ni_c0 

,.,-0re 11se,j to P.val1iate the tller<1py stri'lt<~gies i_r1len<ied t<> 

p1:eve11l crossO\'er prer.ylali_on of. the pre.tam.i.n<o P.. an.d t.he 

1)1·ogorin. 'l.'o ll'-lVC C!'Jt:ilblislieci the i1ypc,thesis that tl1to 

filrnesyla1;Jon of: t;he ,"lbno.rma1 variants of lhto laminG A, 

l~J co\ild be _i_11J1_i_))itecl ))y drugs \'.'l1.ich l1avP. a11 Gf:f-ect on 

bi_osynt ~10sj_s tll () far·nesyl 

farr1esyl tr<1r1sferasr0 substrat:<-i i'lr1d tl1e geranyl···ger,01r1yl 

11yrophospr.ate pJ.-ecursor, s11bstrate of the tyfJe 1 geranyl-

gera11yl t1·2n1sferilsc. \~e hi'lve tr.us tested the effects ot 

20 two cir11gs, ,J .otat;.in an<l an arninc)biphospl1oniltc, whiol1 are 

kr101.,n lo affecot the cells of: the progei:.ia pat)P.1"Ltll at t1''0 

ste1) of tl1is n'etabolis•TL pillhway. The mass spectro1nlo't1·y 

shows that the associatior1 ot prav<.tsl;atin 

(st:ati11J zolcdi:c,r1alc (:1rnin{,biophos1)hate) stimulates tJ-10 

25 :1ppc,ar;1nce of: a pr;rot,ide wl1.ich correspor,ds to the C'.-

tccrrninal ext.r:e1ni_ty r1ol !Jl"E'llylat.ed of the l-''-''9"'--;r,, a 

pet)lide r:ot ,f,,te(Ctiibl(" 1n the E·"J'l-lrec1Led C'E•ll&; \'.'l1j_le 

neither farnesy1atcd r·(,pti.dc's nor the gera11yl-<;1c-)ran','1atc-:d 

:JD "J'he .otat.jn ->- c1rni_nobi_opb.os1ohate treatment .i11h.il:·iL'1 the 
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)Jept i de, JlC>t c:eJJs 

in whJ.c:r, 011(; 

d<,tects th re i<-11-r1"'sylated an cl r.<.1rbo~:yntethy lated )JO pt ido. 

5 F'in.;il1y, th<' pr<1v;1stc1LJ°.n -1 zc,ledronate t:i·,~dlr.tcnl dooo; 110\: 

feat.ui:e Jn the 'Jerr.ilylgercir1ylaled prEoJc:uni"e A, tl1is .i!l 

not the c,1sP 1-1i.th the l'"l'I. 

t'ig. 13 lt,gend: the lamine A (c:<,nlr:oJ. c:el 1.s) a11d ;:hco 

prol;;mir10 A (Zmpst·e·I- inouse cells) have l>~'en analy.o;ed i)y 

10 ,, mas.s spect.1·ometr:i' analysis (!~AJ,l)I-'J'c11''). a, b: port;i<J11>; 

C>f t!ie Sf)ec:t_r111n coi:-1·espc)11di11g LO tl1c' fa.r:ne.>yl.ated trypt:i': 

(b) . 

r:ifcf1 of tfle peack is 1narked by the-~ t:l1eori{;al 1nass 

(t-etween parer.theses) of t:lle [J8fJtide from th'' t1·ypsi11 

l~' digosLic'n of lamin Tl, or the prelainii1 A. "I'h<e 111Jrr.\)er of 

tl1<0 ,_.,,sici11es i,; ir1dir:ati:od in blt<e. 'Ph,, sequc-,rice of lh0 

f'ef)t.ides a11d their masses ilr·e indicated J.n red. Farr1 ~ 

20 

ca rboxym~>thyl --treated; 

gerciny l-geranyl-t rea L0cl. 

r·ig. 11 legend; mass sp0ctrometry analysi~; of th8 

t:·rcrl:oins cxtr·acted from ohe nuc:.lf'<ir i:onvelop of thee 

untreated cells (a) ' of the eel.ls of t.he proge1:.i a 

pat.le11ts tJ:e,:;ted wi.tf1 FTI (2.5 µM, b) ''r troated 1-1illl the 

1nixtu1:e of rravastat~.n + 7.o.ledror1ctto {1 11M apie<:<,, c). 

25 'l'i1e porti.on c-f: tile spect:r<l corres1)oncl.i.ng t;o t)1te JlOr\-

rncdi f.ited ~'lt'Ct.eins, tl1e farnesylat.e<J f)l'Olei.r1s a11d the 

geJ:ar1ylgeranylatec:I protei1·,s is indicated on L.l1c toi:-', .in 

tllc c:cr:ter· e<r1d ,Jt the bot·tom of tho figure. 1,:,Jch peak 

(CC·::re.oponds tci the trypLic j)0!Jti.de c,f tl1<0 pr·r,gc1·in a11d is 

30 mJr·kc,d v1itl1 ti1e measured 1n\>ncJis<>tOt)ic mc;ss in c-ixp<·1ri1n<;nt 

:1ncl \;itl' 1.l1t' tf1~'orotic-cil 1nac,sji"let"«:'08'1 ~'dl'<?nthc"SE'S) '(')1eo· 

nu1nbe1.- of tile am.ioll ;1cci1i r:cc:si.du0.~ is indi.c<1te<i in ~Jlue. 
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ll :J 

i11 reel. 

i .s pred<!Ini n<111tJ.y i I· and 

carho~:y•net.hylated (Cm) itl tl1e unaffected c0lls (a, <:G11tr_c, 

c<J n s i <io:' r ab l c' r0duc0d, and the 

gc1r,1nylgorai1ylcJ1-eci arid phospl1oryl (b, lower panel). After 

treatm<ent w .i t:h pravastat_i.Jl zolf'dron<iLco, 

u11modificd [)l'C·geri11 is the pr<ecioinina11t form. 

F _i_ g . 12 lcgcr1d: a mas2. spectromet.r.y a11alys_i_s c,f: tl1e 

proteins extrac:ted f·r·on1 the nuclea1: <-ir1vel<lf) of Ll1<' 

untreatec; f-ibroblilsts ja) or treated with a 1n1xturcc oi 

pravastatin + 7.oledronilt:e (1 \11~ Jpiece, bl .<;t<onuning (rom 

15 to tl1e 11nmodi_ficcd p1.·oteins, tl1e f_;J1·110sylated f)rtot:t~i11s and 

20 

in the cente1: ;,nd on t~1e bottom C·f t.he figur·0. E:acl1 tJCJclk 

cc,rreS[JC>Jlds to a tryf't.i.c; peptide: of the pr:ogerin ilr1d is 

m11rked willl ct 1nonoisolo1)i_c mass mc;1sured thee eY.jJer,iment 

and v1.i.th the tl10oritical 1nass li11 parenth(~ses) 

number ot the amino acid r0sidues i:> indicated in bl.11<". 

'l'lli·l st-iq.ient;e of tl10 peptides and their rnas.s is i nd_i_cated 

in red. 

I rl this figure, one can .see that the 

25 predominantly fil1:nesylaled (t) and car\)oxymet:l1yli:ltcd (C1n) 

(a, 

1111mocli 1·.ie(i or gci:21riylgcr·a11ylat0d f'torms ;1r<". not dc•lec·ted. 

Iif_ter: tr(•C\trnccnt 1,•_ith pr;1'J,1st:'1t:.in :1rtd zol.edr,1i1;1lc', the 

prer1y.Lat:ed P"f)lj_cies <lre 110 lo11ger ciei.o<:tilble, -~nd the 

30 "''n-1n<,<iifi0d 1<Jt:n cl tl1c: j)r<elcimiri<e A is [)redomjr1,1nt (b, 



'l'll" tr•>atnter1t ;1iLl1 [)l.d'/aslar.in -I zolt,dronat(" c:orre<ct.•; tl1'e 

iSn1pste24 
,_ 

rn i c:" eel l :i f)0Lng Jn CL11 tur·o; a11d part1;,i) 1 '>' 

r·estore the t·NA i esioJJ L·opai_r mechanisins _i_11duc;(od by 
,_ 

!:' rctys jFig. 14, lS, 16 and 17). 

t·co appc'o<1r ir1 tho n11c1euc' of control cceJis (F'ig. Jt,;1), :1s 

1n the c:e-11 n11c;l<o11s of f.'rogcer:ia patior1t:i c:e]Js, but with 

a s.ignJ.f_ica11t ii~provcmc11t 111 nuc)<;•21r inor1)hC>lo<;;y 1n tl1e 

10 lcitter cells (1-"ig. l~l1). QuLt11t.i.tative i!nalysis sho1-1& an 

incrr;,ase in nuclear ar,omaJ.ies ir1 the ce1ls C!f: progori<; 

patJents as the nu1nbe1· of pa.s.ses irit:rccises; this n\lmloer 

] s 

of anomalies und01· the ef-tccts of tho 

f'rav;,st:atin+ zol0d1·ona te t i~eatrner\ t 1 4 c. } . 

observed lJnd,,1: a c:or,focal mi.crc)scopc, the cells of 

f)l'Ogeri_a pati_ents ccJntc1in agg1·egates cif latni_n li/C a11d 

deep ir1vagir15tion& of th8 11uclco1)lasmic surf:11ce of tl1e 

n11clear envelope irl tl1e ntlcleoplasm (riuclear i:etic;ulum), 

raarked b}' anti-calretic:ulir1 {fig. -,~,a-f). These Jamin!\/('. 

20 aggreg;itos ilre cibser1t from the cells of control subjects 

.,,. , ·' 

(f'_i_g. 14j-1) ,Jnd disappear· f;1·om tl1e cells of p1:ogerla 

fJatic,r1ts u11der the ef:fec;ts ot the pravastat.i.i1·1 zoledrc,nate 

t.reatment (t•ig. 14g··i) 'the Iocat;ior1 of the Jamir~ 131, ,, 

farnes_ylated compo11ent <if th0 11uc;leCJ1· J,1rni11c;, is modified 

undflr t:l1e ef-fccts of the ti~ecitn1011t, conf_i:i;mi11g tl1cit ll1e 

bloc:ks thte pi·er1ylat_ion 

l~o chec·ked tl1c1L 1.l1e irr,ro1~ov•>ILJCJ:1t in tne r,11cl<eL1:i sl1ape due 

Vlil. S 

Sl1!)j)l<."J1le11ti119 .-;c-,.Jls witl1 farr.esol ar:cJ gcr:a.nylgeranjoJ 

or1;1bles tl10 cells to syr.t:l1e~;i,;e f·arr,esy.l pyrO[.'hc'SfJha1.c 
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t.hco progcrin oven '''hen prC!vastat_ji1 o.ncJ Z(O]<odr'''l<lLO <Jrc 

present (f'jg. Jt,d) 

pra-iiastatir1+zolodror1L1te treatrnent, wllich o>rcivide.~ ft1rthe,­

S ev.idence that· t:l1<0 ioi'tccrs of_ tr.e r.i.-,-oatn1CJni. are cau.oed by 

tl1e .i.nhi.bition of f:,1rne~;'r'l [)yroiJhosphiltC syr1tl1esis. Jt 

~)1ould f)e noLed th2t ger::ir1yJ.g('r.:inic>l al,;o f)J.o~-k>< tl1c 

10 

1 5 

eff-ect tl1c proves that. Lllo 

geranylgeranyl.atcd form of pro9erin i~ al so toxic; {-,,,- tl1c-l 

cells l 4 d I • 'l'he same effect.s ar·0 ot:-se1·ved ~n 

Z1npsteL.'4·!- cells (l'J.g. l.6d), »'hi.ell s11ggest~; t~1at i:he data 

on prcigerir1 cL<r1 bee extended t.o prelo.mi.11 1,, ttie prot:cli •l 

accurr1ulated ,n ZI11Jl'3/:(c24·!- eel.ls. Neit.l1er far.·11esoJ nor 

gerany lgeraniol have a11y cf'f'ect tiie co11trol 

fibroblasts, 1-1l1icl1 rt1.1es out t:l1c possibi J.ity of: ar1 

artefact induc<•ci by tl10se 1no]ec:i1Jes (Fig l6b.). 

tinally, the pravastatir1+zolcdronat.e tr<-ii1t1ncnt causes a 

reJduction ir1 tl1e number of pl1ospho1'ylateci hist(>tle J-I2AX 

foc.l; the.se f-oci arc directly correlated 1·1ith the number 

20 of ur11·epaired DNA do11ble-.~tr;1nd breaKs (E'i.9. 17). 

ln conclusion, t)1c j1i vitro data g<1tl10red s!101-1s Lll<1t the 

pravastatin+zo1 edr\lnai:<' combi r1a ti 011 petrtial l y ir,hibi ts 

!"c'JL'tl<osylatior1 and geJ:a11ylgeranylation and CL!11ses tl1e 

r·edislribulion 1'.'.ithin the 1111<:1COt)lasm of rl<oll preny1aled 

pre.lam.in A and progerj_n jn the :::111i:,,,;lc·.?4_1_ ce.lls <1n<i J.r1 

pr0ger1a patie11t.o;. l"ike,.;isc>, the< dec:re,1sod quant.ity of 

~1r·c·gor.i11 :.l1ro· .i ami ni-l and 

patients. 
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Logond {) t F'.i gc;re 1 (, : of'toct of 

<lf JJrelami11 l\ 1n c;ontro1 r:el 1.5 c1f- ror<,gcori<l patior1ts. 

(a) Intmunoc y t: C·t:l1c-:mi c;; l dotocliorl la:ni r, A/C and 

5 prcola1nin A i_n r1or1nal, untr:eatecl l1urr.il•l f1-b1:obiasts t;hat 

J u 

'"'OJ:(' ll1e11 lrcc1ted ,,,._itl1 )Jr·,;vastat:ln (60 11r~, J2hl a11d/or 

,,-;1;h zoleclronate (60 pM, 611), illone c;i: in cc,1nl~i11;1tion. (b) 

Innnur1(oc;ytc-c;hco'mic;iJl cl<"t':<;t:ion ,,f 1;;n,in A/C and ))l'elarni.11 1; 

in normiJl hurr.ill1 fibr:obliJsts and f.il:1r<>blasts frorn IJroq0ri<1 

pati_ents treated for 24 hou1:.5 oiith the 

pl'.'avastat.i.n-t 7.oledl'.'onate combjnation ( l ,,, eacl1) (c) 

Q<1a11 L; t.a Live () f <off(-l(Ol. ot L )lt'! 

J.>ravastatin-t zoledror1ate treat1nent fl pM e<JCh) cc thP 

r1uclear n•orpl1ology ,,f tlie cGll,; of proge1'ia pat_i.er1ts. 

1'rea.ted and untrea.ted f c:eJ.,.s wc"rre j nu,n1110-,narkeci 1.Jil)1 

a11t.i-1amir. Tl/C antibody i_n \Jasses S {[JG), 13 (p13) ilnd 20 

()?20) • 'J'he wh.i te ilrro>1s .show the cJiJnormal nuclei. (d) 

analysis of the Bif<?ct of th8 

)Jravasta t _i_n-t-zoledronate t reat1nccn' (1 11M eacl1) 011 the 

20 11ucle<o1r 1norphology of lh0 cells of f)l'Oger_'ia patj.e11ts in 

the prese11ce C·f farnesol, gerany) gerar1iol bot Ii 

cc·mpouncls. Er·r·c_,r bar·s ~ mean i sta11clard error of the meiJn. 

J,eger1d of ] 5 ; ·rhe 1Jrava stat j n+ zol ('drona te 

2'.J t1·c,<llllter1t corrects the nuclco21r ,r.,1r~•hology il!ld leads to a 

)Jart1a1 re1ocati_on Jamin TllC and l.amin 

f1·om t.!10 r111c1c,ar l;11llir1;::; ;,11.0 the r1c1cleoplasm, ir, t.hE' 

c:ells of pi·ogerl~ r~t.ie11ts. 

(A) c:cJ- l oc<> t; on ~ ,_ 
". liJmin A/C and c:alrc,•ti(:uli:1 in til050 

30 )lt:,,g,:ria <:eli.s, 1vheth,,r trc-,<1te<i (Jr untr:(oiiLed. !'~xarni_natic.'Jl 

\lS~ng i1n1nur.ofluo1·e.o,cenc:c' and cc,nfc·cal micros<:Of)Y (L,<ei,:a 

crcs SPC,, 3L' ,;t:a(:k (Jf' 20~8x20~8 pixel images, int.ervale of 



cJ~·curn11lati<lt• () f 7 i[TLiJC)8S, ] ,, 
7.C·oin) . 11n,1ge& a t<' c in eacl1 panel a re> lllt'illl ] r:tensi t:y 

pr_·oj<:c:tions ,,f 27 .image's [r_om the slack and sl1ow tl:c 

tufJul0& of the n11cl0a1· 1:eticulu1n 1na1:k<-Jd "'ith calr<otic11iin 

5 in ~·roge1:ia c:clls i.n(;ubatCo'd wi.th PBS. lmag<os d to 1: 

O. 2 )Jm t!1.Lck11e10s. 'l'he 

pravast<Jtii11zol0dron.Jt:cJ trrc·atrner.t corrects the for:m of 

p1·ogc,1:1a Cl"ll 11uc:Jej, r<educcs the rlt1nt)J('T of t.llllt1lcc; of­

the r1uclodr retic11l11n1 {g) and reduces tl10 tl1i_ckness of 

10 the r.u\";lear latni_na (h) 

(B) Co-1ocatior1 of )Jmii1 f31 ,;a 11'<:.t i cu I i11. T)1c 

fJravastati.11;zolodronate trc,c<t1nent i11crcase& tr.e l;;inin BJ 

r.ucleojJ]a.s1Tiic: rnarking s.ignal, 1-1l1ich -1r\dicates tf1at the 

far:r,esylaLio11 of this pr·otein is fJaJ:tially inl1ibj.ted. 

lb Seal.to bar: "' S l''n. 

gerar1y lgcran y l precursors 11ull.i f:y t.he 

effect prav;1sta t ir1+zoJ E;dro110Le t rea t1ne11t i_n 

1nouse cells in culture. 

20 Qua11tificatior1 of tl1e effect of pravastatin (1 ].lM) and 

25 

30 

zol0dronate {l11M), al<>•l'' or _i_n ':oinbination, or, the 

nuclea1: mcorphology of Z1r.f!Ste24 I- niouse ce11s (a) and 

C(>nt1·ol 1nouse cells (b) '"· c:l1lture, ir1 t)1e presE;Jlt:o cli 

f:arnresol , gerany1ge1·a11ioJ C!r boll1 mo11oc:\1lcs. 

1··ar:nesol, 

11l1llif-y the 

oC 

(-ef_f'ect 

F'i gur·c 17: 

aJ one oc t:ombinati.on, 

t. )JO i:ir av;;stat i 11 ;-zoJ ecJ1·011ate 

1'l1e 

tr,~'atCTL<)lll. f>a1:t_i_aJJ.y (O()l'l"eCtS t)le iifJC.'ffia.l.iOS in the r<C[Jdil 

of [}~I\ droui.1lc-sLrand t,r·cctks {f)Oil3s) _in t.hce c:ccJ lo. of 

prr,gcr1a roat.i ent .<;. 
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c:ontrol fi.hrol'Jlasts f- l"C>m 

patients 1,·erc• in,;ubdlcd h'i.th thB pr0tvcistatin<-,;ol<;1dr<inate 

mixtur.·e {l p!-l Bilc;h) ''r 1-;ith P!3S and 1vero irr:adiated with 

X rciys (2 c;y). lmrnunocietccli<)ll of \)hospl1ciryl<o1tecl hictone 

:; H2I'X foci dctectc·d 24 hourco c1ite1· _i_rrad.iat.ior\, 1.;b.e1:e tb.e 

images}. Nl11;J0cir mcirking with IJAl'I (botto1n j,n,JrJCJS}. 

Var i,1tion the number oI pl1ospnoryl at:CJd 

l1istc•ne H2AX fcJc;i ''ver: Lime aft.er irradiation -;n cont1:ol 

JO cells (sl1aded sqL<ai--e) arid prr,gcr·ia eel.ls (ur\shadc,d ci_rcle) 

incubate<i i'flS wit:l\ 

j)l'avastil ti 11+ 70).,odr1011;J t:c. Each curt'e shows the mCJan :!: 

standar·d c1·1·01· of the rnecJn fron1 at least 3 8Xperime11ts. 

1 :) Combined pravastatin+zoledronate treatment improves the 

progeroid phenotype of Zmpste24-I- mice (Figures 18, 19 

and :20) : 

'fi1e Zmpste21 mi,:e dr1d tl1e cont.rcll mice were treatc-icJ ''" 

a daily basis l•'ith pravastatir1 and zol(odr·onate or il 

20 combination of lloth dr·ugs, ilt a dose that h,-id prto\'iously 

2S 

been sho1~n to be no11-toxic in mice. As l1ad a1rea.dy been 

oiis<orved ior the cells of: proger·ia pa.tier\ts, neitf',er of 

the drugs ;n .isolalior1, zoledror1<.lLB 1 

( f'ig. 19) . 

tl1G <:c-mbir1<:<tion of b\ith d1-ugs .s.ig:1if'ic;1r1tly 

l1n1-,1·c1v0s th<: j)rog<:i--oid phtc11otype of Znlpst:e24_1_ 1nir;e: t;he 

treatmc;,1;: Je.,ds lo j_1nprc>vecl 1v<ligl1t ga.in, iric;r_ed2'8S l)l(' 

fat I redu,:cs the scill<0 <Jf 

kyrJJ1o~;is ;;,1c_i alc,pec:.i_il and ir1creasc's the liicsf.-,an. 'J'he 

30 st1rvival timco .incrc,,1sed from J.OJ to 179 clciys ;ind thCJ 

•naxinllHn ,;u1-vi_val ti_nlf' .inr;1·c,,1,;cd from ]51 to 222 di!ys IP< 

0.00J, E'ig. l8c:) lt ohot1.ld lJ<J rioted tllilt al.J. r)J1t'r1oty]Je 



si<J!I:> cc1rt('<:l<_,(i (,y thc-i treatmer,t _1n 1nic·<· aJ:e CJ] :00 

character_ isl ic· of_ ir. huma11s. "l'he 

treatmc~rlt corr.c>c·leJ lh<e decrf'i:ise in bone ci<crisity, \1)1ic,J1 is 

c-ne of the c;haracLC'J:i_sl.\cs of Z1npstt•24_1_ n1ic8 <;rtd (1f 

5 patients 1;ith prcoger_iu CJl.' a i:e1atc-:d [Jl:oger:o.id sy11<lron1e. 

lG 

Compute1·ieod i)C>lle mic:rototnography sho;,'s ar, inc;rease J.11 

in th<" treated 1nico (f"ig. 18d) . 

J.ike;.,_ise, thee qt1ctr1tif.icat)on of nuclear morphology ir. th<'' 

l . f " , .. ,.</• _J_ver o ,,nl/)-9 _e,-_., , Zn1pste21· 1 · arid treated Z111pste24_1 _ 

n,i_ce shows that tb.e pre>vastatin+z,olcdronate t:reat:rr1811t 

normalises the shd[:>e of Zmp.9t(,24·!- cel.l riut:lei_ (l''.ig. 18e) 

The ~reatment al,l<> cc11·recots Z1npst:e24-I- mi.c<o (Vai·ela et 

al., 2005 (54b.is)) (l"ig. i8f). f-'inally, we look<~(l ill 

15 wllr;t;hc-l1· t:ll<'l Lreatme11i., couid J1av0 an effec:t on Lm11a-I- mlce 

Lhat accumulate pr0lam.i n The 

pr·avdstatin'-7.0ledr<>nilt~' treatment had no effect r'n tlie 

lifesparl of tl1ese rn.ice (l·'ig. 20), which pr.·ovides f\1rthE'r 

ev.i.dence that this tr:eai_ment. c;1r1 only act ir1 mice tl1at 

20 cicr:urnulate fa1·nelysed pr8ldmi_n p, in the nuclear er1velc1pe. 

Cigur<e J G ; '1')10 pravastat in-1 zoledrona t e 

treatment 1.rr.proves t:l1c progeroid pl1cnotype of Z111psteL.'4_ 1
_ 

1aice 

(al P[1otograt)hs .sho;.'i ng 3-month old z t ·•4•/i 1nps e.; 1n_i CE:, 

., ' ,_ .) ZnlJ)f;Lc21· 1- rr.ice acd :'1npt>Le24_ 1_ rr.ic8 treated \olitl1 a 

c.ornb_i nat i 011 <lf prava.otat~,n ( 100 :ng/kg ~'lOl' day) and 

L;(l ) Gd r ()1lil 1: tC ( J 00 1ng/kg r-er d'-<Yl . ::;ca J 0 bilr 1 cm. (bl 

\''eiqlit cl 3-:ncint 11 CJ J rl ,,, •'·t·e"'4'1' ,,J.1/-·' - .,,_ '" c J_2) ;1.111;J.o; I; e /' 4 1 

I " 13) cind tr:E·ated :-;1111'}:;1:e.?4 1 (1, 15) rr._i ''" . (cl 

30 Kilr1J.a11-~:uior Ctlr\1es showing'-' o;_i_g11if.it::;1nt incceas<-i ir1 tl1~' 

lifespan <Jf t:r<l<Jt:ed 2:1n1Jst:e24'1 - {11 ~ )!j) mice c:c-mp,~J:ed 

w_i th 1nice '" l 3) (d) 3 [) cornputer.i.sed 



and uotreatc>d ;~1npste:_'4 I- mouse (t:or' ime>ge) 'J'he bot.torn 

pane~] shoo1s the rr0 1aciv<e bc>Jle 1.'0lLirr.c-' (osseO\lS ti>OS(le 

\'Olurno/\'Olurncc of the tcjbi<l) and thf' i111ntbcr· c1 f· bone 

tre>bcculao in untreated (!\ ~ 6) 

{e) Quc1r\tif.i_cation of r1l1Clear anornal.tes 

:::111/JS( ,,,:4·!- •ni Cf'. 'l'!1<e white a.1-i:o\;s r<i.i nt to t.l1e ah11orma l 

nuclcJi. St:.::;li:_, bar'" 10 i1m. (f) Relative expres~;ion ot tilt) 

JO larget ger1es of the p,,3 Jn t.l1e 1ive:r. and tlie l1ea1·t of 

Zmpste24' 1 < 1 Zmpste2~-I- and treatC'~i 

analysed by quantit,-itive R1"--;'c:R. i' < 0.05; ••I'< 0.01; 

,_,_. 2 < 0.001. 'J'he err,;r b<.irs r:epre.se11t t)1c ffi('a11 :! 

st;1o<iil1:ci <'lrror (Jf tlic 1nccan, 

15 icegc"ncl of fi.gur<o lSt: Ncoit)1er j)t-avastatir1 alone, or the 

zoled1011ale dlor1e .ir,r;1;ease t:lio iifesrian of tlie Zmpste24·­

/- rnice: 

Kaplan-fJ;eier curves shO'A' that the prav11stin alon.e In :,) 

{a), arid Li112 zoJedronate alo110 (n ~ 5) (b) do not cc-:r.:r.ect 

:<O the Iif-esp;,n of theo Zrn[)Ste24··/· trGated (ernpty diamor,d) 

and 11c,n-treated (solid circles, n ~ ll) n:ice. 

Legend fi_gu:r.e 20: 'J'hG pravastat iri·l·zoledr:ona te 

treatment does riot correct the liff'Sp:1n of ),or\na" 1-- rnice: 

Kaplar1-I~eier c:urves show th11t the lifespar. of Lmna"/-- rnic'e 

1 2 ' empty 

diarnor1ci), co1npai:ed to that oi non-tT.<oated 1ni_ce {So-1.id 

hat' no effect on mi<:<e devcJici ci[ Jami:l A/C. 

30 Sum•na ry I cone I us:i ,,n/ out: lcJt)I: 

Scver;Jl l1u•na:1 p:r.c>ge:r.oid syridi·on10s, .i:1cJudii1<} Hutch)nson-

(;_i_J fore] prog0ria, <<l'C catlsed iJy tclic accum1ilation on tl10 



11uc;-1Ga1: ei1v<::lope of' " j·,1rll('SyJated fori:l c,f [)relci1n_in A 

d<eJet~1d (prog<::r.in) or i1ot deletc-d. 'l'hc1 ]Jrc,ger.in is alsci 

[)roc_l11c;ed dui;-(11g tchG cc;urse of l'hysiological clgi_ng. F<ec;cor1t 

studi_e& carr_i_ed out. on cell~; of [)ati.Pnts iJ(f]icte<J >•illl 

5 fJrogeria l1c1ve sho1;n that farnesyl-transferas<' ii1l1il:iitors 

(l·"l'l) in:prov0 tl1e mc>rJJ)1c,logy of- t:l1e ntic:lei., s11ggc-,stir1g 

tl1at these ir1l1jbi_tors ccJu]d represGnt a treat.mer.t fc,,­

tl1et'e devastating syn<iro1nes. 

'J'he ill\'entors sho1v hei·e t)1al !)J_"e.1amj11 A and proger:i 11 

10 undergo an alternac:ive prer1yl,01ti_on vja t)1c gc1·c,r1yl-

gerar•y.L -triltls ferase the f,;irriesy 1 ·,t ransf_ erase 

inl1ibited, \Vhi.ch COll1ii explain the low degree of effi_c;ac·y 

c•f f'TI j_n improving the pl1enot'/PC of m1:i;in inodels of 

Lll<Osl~ [Jroqeroid syi1dr(•n1es. 

101 'J'h<ey also show tt1;1t tl1e con1l>i11c;tion <Jf: '' Stalin a11d a11 

a1ninobiphospl1onate effectively ir1h_i_))i_t the t::irJl('O;ylcttio11 

,1s "''el_\ as thil goranyl-geran}'Iat;i<>n of: tl1e pi;eliJrn.ir1 fl i)11d 

of: the proge1:in, ,;igr1ifice<ntly improves th0 1)hcenoty]JE' of 

,1gi_r1g of: mice i_n ;,'hich h;1s beon ir.activated Lhe gcrie 

:>O c:ooJnq tt1(~ rnetallopr·otease %mpste21 involved J.n the 

ma;,uration of the p1~eJ.,-:iinir1 A. 'J'he i.mprovornent of the 

phtonotypc includes that of tf1e g1·owtl1 curv(o 1 weight, 

1.-Lpodystrophy, l1air loss and bone ar.omalies. 

Jn <liiclition, tl;e li_fe.5pan of. tt\cse mice is SL1b>it<ll>Lially 

2~; ir,,;reased. 

1-1itl1 or 

j)l'Oteir1c; i_n the n1icle,;r tell\'Ciloi:,>c. 

'l' h" pr ;1 vast al i r;' ,:;rni r:oi) i r;h oc; rihori il t: tc t rea t m''" t 1 ,, bcir1g 

J[l ,1pp1.ic-d in Marseille f.cir: l\)}Coo1Tii11g :J yeai·s on (:hl.1.dren 

c1ti'lictcd wi tl1 progei~:ta the 

1,~11ro11",1n t:he1::1peutic test (J'.:1 chi.l,Jre,1) i)Iaced llllcler t:he 



reS!)Onsj_i)J.l .i ty ,,f Nicol i1S j_,(•vy, fir;,1i1cc:d l-,y tl1e M.i r,ist:ry 

of liealth {l'llflC 200fl) and tl1e f"rei1,:h .l\c,s-c,c:;ation aq<>inst 

Myopathi_es (Af'M) and w~1icl1 l1as i--ec~>ivod autho1;isi'to.cJJ1 

i'rom the IltSSTIPS and tl1c-i Soulll M<:editer1·il11'·'il!l CCI'. 

:) '!'he s;1n1e treatment viiJ.J. S<J<Jil be gi_vel' . .in Rome, under· the 

i;espoP.sib.ility oi Git1seppe N<;\'elli, to f)a;-i,,nts a!'fllctcd 

v.•i_th acrorna11dit)ulc1r· dysp1as.i.a, an<itl1er f)!'OrJIOIOid syr1dromc 

v.•i_1.:)1 acc:umulatjon elf i:«rrtces-ylated fJt,,l_a1nin fl. 
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CLAIMS 

1. Co1npo,,;itic,r1 corr.prising: 

- <lt least one hyci1·oxymethylg.lut:aryl.-c:coer1zy1ne A (ll~lG-CoA) 

reductase inf' •. lbitor oc of its physiologicai .ly 

acceptable salts, 

5 - at least one farnoS}'l-pyrophosphate synthase inh.ib.ltor 

or 0118 0£ its pl1ysiclogic:;:illy accopt0blc salts, arid 

- at: le:1st one c1r\ti-lllV agent. 

2. Co1nriosition accord.log to c·l.a.i.m l. i.n which tl1e HMB-CoA 

10 r·eductase inl1ibitor is d inolscule of L)1e fan1il.y of 

statins or one of ,i,ts physiol.ogi.cally a\:ceptilbie salts. 

l 5 

? () 

3. C('mpositic'n according to c.1;1.i1n 2 in 1-ihi(;h the HMG-CoA 

red1Jcte<se inh)bitor is il hydrosolub.le st.at.in. 

4. Cor.tpositiorl dccording t:o 3 io 'A'hi.cl1 the 

llMG-CoA reductase inhib.ltor. JS choseri from tl1e group 

comprisi11g 

riv;1sta1:.in, 

vel.ost.atin, 

ator·vastatir1, simvastati11, 

mevastdt.in {or compact:in), 

f l.civast a ti.11, dalvastat,in, 

pra\'astatin, 

f luindostat ir1, 

cerivastatin, 

1)e11tostati11, rosuvast.alir\ 1 l.ovastatin, pitavastat.ln, or· 

their physiologically ilcceptable salts. 

!i. C:t>HlflOS.ition al:cord.ing to any or.e ()f. cl.ain1s l to 4 1n 

2'' >.'hicl1 tl"te far:r1(osy.l-pyro1.>hosphatc' synthase inhii)it;or is 

,;)1osc•r1 fr<>m tl1e gro1ip compr.i..<;i.nq iJ 'nc1lec'l\l.e of tl1e 

ami nobiphosr·hona t e ( NBP) fan1il.y oc (lne () f: i. t. s 
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6. C<,1opositicor1 <lc<;or.dir1g co cl.a i.1r. ' • J n 

ilmjr,ob.i.phosphor1at:e car1 be cl1<>SOn fro,n: 

alencironjc acid or its ioni<: iorin, alendronate; 

clodronic ac.i.d 00 i ts io11ic form, <~lodronate; 

81:.i.dronic acid 00 its i.onic form, etidron,Jte; 

ib11ndronic acid 00 its io11ic for1n, ~' iJand ror1c1 le ; 

r;c~,dror,ic ,1c:.i.d or its io11.i.c torm, medr.onate; 

neri dro11l c ac~. d 00 it.!l ion.i.t; ,. 
~orm, 11eridronate; 

olpadrcni.c ac,i,d 00 it .5 'onJ.c: torrn, o.lpadronate; 

]Jarrii. dr on i. c acid 00 i.ts ion.ic form, pilnli rJrona t e ; 

ri.escdronic aci.d 00 i.ts ioni.c for:n, i; i .5 e(J1·on:1 t e ; 

t).Judror,.i.c acid 00 its ionic form, ti.l.udronate; 

zol.edronic ( 01· zol.endronic) acid ()I its io:1i.c: 

zo.ltodrr,nal:e (or zolendronvte) 

- ~-N, N-d.imet.hy.laminomethane dipl'".osplio:1ic aci.d ol'." 

i.onic form, dimetl1yl.aminometha11edi phc)sphona te; 

- a-a1ni.no- ( 4- )1ydr·oxybcr1zyl i.de11e) diphosphonate. 

t.hA 

fo1·m, 

its 

7. Composition accol'."ding tcJ ar1y or1e of cl.a.i.m.5 l to 6 Jn 

2Q which the farnesy.l-pyrophosphate syi1thase i.nh.ib.i.tol'." is 

30 

zoledror,ic <icid or its ior1ic form, zol.ed1:onate. 

8. Co1ntJositior1 accor·dir1g to any one of cl.;,i1ns 1 to ·1 in 

which the ar.ti-HJV agent. is iln ar1tiret1:ovil'."a.l agei1t; OI'." a 

n1ixi.:ure of <ir1tirrei.:1·oviral. agents. 

9. Com[)C>sitio11 accor:ding to a11y 011<0 ,,r- <:lilims J to 7 in 

01hic'l1 t:ll<' ar1t.i.-JJJV dc)enl: i~ a !)f.'Ol(oase inb.iliitclr (lJ' <1 

r.ever.se t ra11scri.pta se tnhi b.i. tlOJ~. 

JO. c:ompos.it;lon according to ;111y Of>C of c.lai.1ns J to 7 111 

wl1i.cl1 tl1e a11Li··llIV agent i.s a prcteasco inhibitor· chosen 
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f;rom the group f os amro i- e11<1 vi r·, Jot)i_nav.i.r, 

ri.tonavi.:r:, amprenavir, atdZdtlc<Vir and inclii1;,vir. 

11. Comj)OSitic-n accor.ding to any {Jne of: cla-1ms 1 to 'I ir1 

S w)1icl1 t)1c anli-l-IIV agent ~s u rever.&8 t:r:anscript;1se 

inhibitor t;hoscn f1·om the gr.oup con<r)r·ie;ing 7.idovod.ine, 

.1amiv11dine, cliddntisinc ar,d epzicom. 

12. P:r:ocess f: 0 r. HIV-i.11fected po;:ier1t 

10 cornprisir1g tl1c administ.i:ation of- a compos.i.tl.C•l1 a<;cording 

to 'Jr1y or1e cof clairns 1 to 11. 

15 

13. Process according cl ai1n ]_ 2 ' i 11 which 

;:icJmj n.i st.r,1i:ior1 is performed oral.1 y or by ir1jec,t:i_o:1. 

14. P:r·octoss fc>r treati11g s_ide effects of premi!t11re ;:igir1g 

and/or lipodystr·o1J11y caused in a p;:it:ier1t by an a11ti-H1V 

treatment, which process compr·ises t.he adrninist1-ation of 

a 1nixtur·8 comprising at least or\e t1ydroxymethylgl\1t,1ryl-

20 coe11zyrr.<-i A (llMG-CoAJ reductase inhibitor arid al Jea.st one 

far11esy 1-pyrophospha te synth;ise inhil)i tor. 

1.5. l?rocess acco:r:dir1g to cl;:1i1n 14, in "'hit;l1 tl1e HMG··CoA 

r·educt<ise inhibitor is a molecule of the sLatin f:irnily ''r 

25 one of- its pt1vs.io1ogic:illy acceptat-le salts. 

16. f'ro<:ess i:l(:c:cJr:dir1g to r;laim 1~, .i:1 1-1h_icl1 thl' HMl;-coA 

redtlc,tase inhibitor i.s " l1y<Jr,lS<ll \lbl c; stat in. 

30 17. i'rocess accorcLi11g 1:co (;}e>_im 14, Jn whi<:h the l1Ml;.,coA 

t'eductase i.nhibltC>l' j s chosen f·1·om t:t,e grOUF' ccJ1npri sir1g 

a toJ~vast.i:lt in, s i invctstcl Lin, ]JX-avcista tii1, r·i\'astat.i.n, 
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(or conlpilctir•), f)_ui ndost.a\ in, 

cerivastatin, 

pitavasl-atin, 

fl\:vastatjn, 

rosuva stat.i.n, 

cli:llvilstati11, 

l ovastat.i n, 

r)l1ysi_ologica J_J y ac:c.ept;abJ e salts. 

velostc1L.i_n, 

[)reJl lot<Liil in, 

their 

18. Proc0ss accorcli.11g to any one of: r:_laims 14 to 17, ln 

1-1hicr. th<-l f,_irriesyl-pyro1,hospl1ate synthas~> inl1ibitor i.s 

chosen f1:om th<' group corn[)risi_ng a m<J1ecult-> of' the 

ami.nobiphosphonate (NBl') fiimily OJ: QllG its 

10 pl1ysiologically accept.able salts. 

19. Process accord.ing to clairn J 8 ' '" 
aminobipl1os1J~1onate can be chose11 i"rom: 

alendronic acicl or its ioni_c form, aJen1iro11at:e; 

15 clodronic acid or its ior•ic fo1·m, clod1:onar.e; 

ctid1·011ic acid or i.ts .ionic forrn, ctidronate; 

ibandronic acid or its ionic form, ibaridronate; 

medronic ilcid or it!; ionic form, medronate; 

neri_droni_c acid oc i t.s .ionic form, neridronate.e; 

20 olpadror1ic acid OG i \.S ionic form, 01padror1ate; 

pami.dronic acid or its ionic for1n, !)a Jn id ror.a t Cl ; 

rised1·onic acid cc j_ ts J on.ic forin, r·iscdronate; 

t_j l \ldron.i c acid GG its ionic form, t_ .i. l \1di·or1a t e ; 

zoledror1ic (or zolendro,1ic} acid GG its 1.oni\: 

25 zole.edror1ate (or· zole11dror1a\.0}; 

tl1e 

for1n, 

- 4-N, N-dimetnylarninom<:'th,Jr1e ditJhost:>l1011.i_c: ac-1d r'r its 

.i t)n i c f' tl rrn, ri i met h '>' J a1n_i norne t haned i F' hos r)f1 on at_ c: ; 

- (l -am.i. no- { ~ - hydroxyl!') n z y l i dc>J '"' ) cl.i r·h o.sp hon at Cl . 

30 20. t'r·ocess c1cc,ording to a11y one of- <:l<ii1ns 14 to 17, -'-" 

which the fa1;11esyl-pyr<opl1os[-'l1ate synthase ir1l1if)itor is 

zoledronic ac.i_d or: i.ts ionic f-orrr. 1 ~oled1'onate. 
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21. ?recess acco1·dirig claim 

admi nistra ti on is p101·f:ormed with 

i1ydroxymsthyJ g lut:aryl -cocr•zyme A 

14 ' in whi.ch the 

tl1e dose of 

IHM(;-CoJl.J reductase 

5- inlii.bi.tor of 0. OJ. to 2 mg/kg of body 1--·e.lght ar>d witt\ a 

dose of the farnesyl-foyrophosphate synthase inhibitor of 

0.01 to 40 1ng/kg of ))ody 1-1ei9ht. 

22. Process according to any one of claims 11, to 21, in 

10 which the adminiBtration is perfor:med oi:ally or by 

inject.ior1. 

23. Pr·ocGSS for· treating l1IV-infected pat.ient 

compri.sing, i.r. any order, the fo.1.lowing steps: 

15 i. administration of a rnixture compr.'is.ing at lecist one 

hydroxyn1ethylg lutaryl -coen 7yme A { llMG··Coli) reductase 

inhibitor "t least farnesyl-py1·ophosphate 

synthase inhibitor, 

ii. admir1istr·ation of an ant.i.-J-lIV <>gent, 

20 J.n which the adrninistratior1s are conco;n.i.tan;:, successive 

25 

or alter·native. 

24. Process according to cl<"lim 23, in \olhich said rrrixture 

arid said anti-JlIV £1gerLt are c.o-adm)n.i.stcered. 

2~i. Pr·ocess ilccor·ding to claim 23, ir1 01l1ic)1 the ant.i.-i-llV 

agent is a prot.ease i11t,i.bitor· er a r·everse tr11r1scriptase 

ir1l1ibi tor. 

30 26. P1·ocess according to c.lairn 23, itl wl1i.ch t.he ;;nti-HIV 

ag0nt 1 s a fJrGtioi<SC irohib.i tor c:hoser. f:ro1n the group 



) ) b 

con1r)1·ising lopir1<lvir, r.itor1:1vir, 

aHlf)i·enavir_·, ata~anavir ilr1d indi11av.ir. 

27. l'rocess acc,ording to cl:ii1n 23, in whic)1 the anti-li)'V 

5 agent J.S a reverse> transcrjptilSC i.11hibitor ci1osen fi:o1n 

tr.e group ccmpri,;i11g z.ido>.•udjne, lilmivudine, didarLosi.11e 

,1r.d 0pz1co1u. 

iO 

J. 5 

2 8. 

of 

Process ,:;ccord.i ng to 

the admi11istrJt.i.ons 

cl.aitn 23, jn 1-1!\ich at least 

is t)erformed orLtlly or 

or1e 

by 

injecti.on. 

29. l!i-ocess accor·di.11g 

adn1ini st1·at ion ) s ~10rformed 

r.ydroxy11t.:cti1ylgl uta ryl-cc,er12yn10 

.ir1h.i.l))t.or <Jf 0.01 to 2 mg/kg oi 

2 3' J." the 

wi ich a do.o;e of' tl1e 

A (!lMG-CoA) reduc:tase 

body weigt\t and ;1ith a 

dose of the tarnesyl.-rJyrc,phosphate sy11tl1ase inhibitor of 

0.01 to 40 1ng/kg of iJoiiy w8ight. 




