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Arjl itq0[.]LEDrj EHENTS

I H':,LrL d I i tle t,-, eÌ;tr.iE5= rTìy qråt i bLrde br' Ür . Fi, F, l:: . Slii r-t l'':r hi c

qutidance, patÍenr:e.3.nd ådvi,:e thr,:'LtLlh the dltrati,rrrl trf m]i l"l5': Hr:trli: . Speriai

ihanli= tr: Yv.rrnne l'4yal f':r.¡.I1. ':f the tirle =lie'1,:'¡li t': train å.nd å5sisl: mE -Eg

h,ell ã5 llÈr r-rnliniied patien':s åild q';'¡'sl sFirii. I "¡,:,Lrld'al=':' iil':e i,:' th¡nh

F¡rb¡ra l'¿-+=i,-r¡*J åfid Ai 1 i =':'n Er heI ÊnE f ':¡r theÍ r te,:lrni ':ai åE=r. =.r:ånr:E ån':i Dr=,

Leig[i Plurphlr and F'eter t]:attini f ':'r' 'blreir input.

Ïhe helpfr-t1 slrggesti'lnE ånd ':¡:'mment= r:,f Dr, -Tå.r1 i':e D':'dd and Dr, -Tim

n¿vie thr¡t.tqh¡LrL hhe ,:rfLtrse ,:,f my reEËårr:l] ¿.nd in the r.rri Liilfi r-rf thi= the=i=

i-lere qreð.tiy .åpprE,:iated" F,:t[t å.dvisnrE ,:¡:,ntribr-r'ced ð. =igni f i,:ånh årnr:rlrnb

':f tlieir time ånd Ef f ':'r h in this rËspÊ':t,

I u,:Ltld ;l=': lil-,:e trr, thenl: rnv famiiy f'-rr thgir Elrppr¡¡f and

Ltnderstånclinq, Final li,, I t:':'uId 1i tre iL-r eïpre=s my deepe=t 'lr¡titutde 'Lr' rny

f.rthEr I''lr, FrAnl: Br:,'anr b'h': ha= E'b¡:rr:rd beEide rne thr':'Ltqh,:rLtt rr'ì)r entire

edttcatir'n, I ui L l a1ç,'åyË åppreciate lris pa.tiÉn':er qLrid-å.n':Ë' enü':rlrråqetlìEnt

¡.nd f lti I -iledged :-Ltpp,-,rt, uitli':t-tt ç:hi':ll I ¿.m =ltre I w':r-tld h¿ve nËver re¡.ihed

hlri= pr'int in n:/ ¡:ËrrEEr,



AHs I F:ê,t_: I

The r'-r1e ':f the pitr-rita.ry h':,rm,-rne prr:1ar:tin in [rr-rrnan brea.st aån,:Er i=

p,llrly LtnderEt'1':'d" An effe':tive rn¡:del r-rith uhi':h t,: Etudy the effect *f
prr:Iar:tin h,ås devel':ped ç,¡hen Shir-r and Iwasi,l-J(: 1ËE5j is,:lated snd

ihara':teri¡ed å prr:,1a':tin-indr-trible pr,:tein iFIF) f r,:,rn the hr-trnan brea.=t

rån':er rel l 1íne T-+7D. Sr-rbsequently the FIF qene haE been i=,:lated and

stltdies reqarding itE requlati':n have been perf'lrmed" FIF iE a lllt se,:reted

pr':tein r¿ith br+': glyr:¡:s¡:lated fr-rïf¡8,:f 14!t and lËH.. The FIF,:DNA i= 577 bps

I ':nq and the FIF mF':NA i E Bt-rtl bps i n l engtli, Several ,:tlrer hurnan breast

tanrer teI I I ineg e:¿;preEE I':'uJer åm':'Lrnts ':'f FIF than T-.tr7D ín regFt:rnsË t,:,

treatment u,itlt pr,:1a,:tin and andr,:qens whereås L-ltherE slr¡w n,: detectable FIF

eÌ:presEi'fn. Tltt-ts, Ett-tdies HErE per f r:'rmed tn deterrnine whether Etru':turaI

featltres '-rf the FIF gene Here r:,:,ntribr-tting t'f tlie nbserved våriati¡:n in its
Ël:presËí'fn' t"lethylati,rn ':f cyt*=ine reçidues as dete':ted by restri,:ti¡:n

eniyrne åssäys and 5-A:a,:ytidine manipulati,:n d':es n,:t appear t,--r å,:t ås å

qene =i len':ing ne,:hàniËrn. Li hewise, hist':'ne a':etylati¡:n (as str-rdied thr,:,r-rgh

E,:diltm br-ttyrate treatrnenti is n':t sr-tffirient t':' indure FIF e::pressiLrn in å

n,:rn-ÈïprÊs=ínq cel1 line. In additi':ny the FIF qene iE n,:t rearranqed

betu,¡een,:e11 lines. The FIF qene h¡.E recently been assigned t,: e highly

pl,lymlrrphi¡: reqi,:n ':f ¡:l'lr':'f¡tr:'E':¡me 7t. l"lyal et å1, 1lBE), 5tr_rdies wgre

perfnrrned t': establiEh whether the FIF qene çras aIE,_-, F,llym,lrpiti,:. Analysi=

uf 5i samples ,:f qen,:rli'-- DNA derived f r,:m [rltrnan breaEt ,:ån¡:er r:e] I I ines,

and l ymphn':ytes f rnm breaEt ':ånrer pat i ents aE we1 I as heal thy i ndi vi dlral s

tl=ing a'¡ide rångË ':f restri':ti':n eniyrnEE revea.led thet the F'IF,qene ua= n,:t

p,:lymnrphi,:' ïhr-rs methylati,:n, hi=t,:ne a':etylatinn, ånd reårr-r.nqement,:r

F,:1yrn,:rphisrn d,: n,jt åFpeår t':, be t'lntribr_r.binq t¡ FIF.ËïprÊËEi,fn, Il,:urever,

this =ystefn represents an irnp':rtant m¡:del r,:ith whirh t,_r Ftlrdy the m,:lerular

rneihanisfü ¡f,f pr¡:,1åûtin in lium*n brea=t ':ånÈEr,

(i i i
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INÏFJODUI.:TTON

FftFJT 1

HÙE:PITNES AND FFJEAST I:ANI-:EF:

A uealth ':f epidemi':1':gi¡r åñd er{perirnental inf':rrnati¡:,n F'lints t': tlie

inv':1vÊinent r-1 f ËËtr':¡gens and ':,ther repri'dr-rctive h':rrnr'neE in hurnan breast

':ånrer {HFUi t.Siiteri et å1 , ltBË). Hnwever, despite the rnany end':':ríne

Etltdies c¿rried rt¡Ltt ¡:¡ver the past :u yeårs, tlre prerise r'¡Ie ':f theçe

h,:,rm'lnes remainE t¡ be defined. t¡Ihether =tated rtrt- tìrt¡t, the baEir prerni=e

underlying these stLrdies haE been the fl,t¡tirt¡ti bhat =':rne abn,:rrnal i'by ,-r1'

hL-,rm,:'ne pr,:'dt-t':tinn, transp'-rrtu rnetab':,1isrn ¡r actínn may be r:ÈrLrsålly related

t'¡ the devel'lpment ,-rf breast r:ån,:er (SiÍteri et ¡I - l'iBËl, F.:e':ent advan,:eE in

':'Ltr kn,:wledge nf the bi,:l,tgV ,:rf breaEt ,:ån':er (Ft:j, ELrÈh ås the pntential

r':r1Ë r:'n':':'qÊnEE, sltqgÊ5t that r+hi te h,:rm¡nËç rnay be e:,;trernely imp,;r¡¡¡n¿

=íqnals f ,:r the tranSf ¡rrnati,rn -tnd./rlr stimLrlati'-rn r:'f tåntÉr ':el I qr,luJth"

tliey d,:' n*t art å1'fne in this reqard t.Si iterí et al, t,lgË j.

The r':'nrept that Fr-: is ån end':irine-reiated diEeaEe \.Jås first

dem':nEtrated by Ereats,:n in IE'3Ë when lre ':'btained reqresEi':n nf advan,:ed

rnetastati': diseåsÊ f,:llnwinE n*pherert,--rmyt['l¡¡re et aI , liBEi" In the Ít]

years that f ':l 1r:ued, a m*=sive åm':rLtnt ':f eviden':e was ':btained f r':rn studies

in labnratnry aníma1s, and fr':rn epidem¡l,:qir"rl reEear,:h th;rt inrplirated the

estr':!eni': h'lrm,-rnes dire,:t1y '1¡ indire':tLy in the eti,:1,:,gy i,f Frl r. I'l¡¡re et

al u It8Ëi "

A. FE:EAsÏ I-:ANI::EFJ F.:TSI.i. FAI::TOF:s AND HOF:I{T]NES

Êei'-rre revieuinq the r¡1e ':f h':rmÈ'nes in the eti':,lFEy':f Ft::, several

indirert lines,:'f eviden':e linhinç¡ HFll: ristl fatt,:,rs tr.¡ hr:rrmr:¡nes eïÍ=t wlri,:h

warr¿nt review' Endr:rr:rin,:1':'qi': Ett-tdiEË ¡r,f varyinq desiqn liave been,:,rndLr':tËd

t¡ attempt t,: identi fy spe,:i f i,: hnrm':nal aberrati¡n= ,:f etí':i,fqiËå1



-:-

imF':rtan':e{.Th'lme.5,1'lËË), The riEk ,¡f Et_l is 1{j{j timeE qreå.ter in w,:,rnen t}ran

in rnen. In kJr:'fiìen, risl': in,:reases rernårtlably uíth age fr*m,r few year= after

lier rnenarrlie t':' fiiÊn,:,påLr=Ê, ånd then inr:rEå=ÊE le=s str,:nuty ulith aqe ¡.fter

':essati¡:¡n ¡f n¡rrnal ,:'våriån fun,:ti¡:n, The earlÍer in 1i fe that å k'ttmån

begin= rnen=trati':ny thç qre¿ter her risl:: (.Thr:maE, lgSÈ j.

f"lt-titiparity and å y'-ÌLrng åqe 
':, 
f fÍrst fr_rIi-term Freqnånty f1åve been

th':t-tght bt' ltave à Fr':,tE':tir.e effe,:t aqain=t Er-:, F:içtl is dire,:tly related t,:

the age at whÍrh a r*¡':rnan has her firEt fr_ril term preqnån,:y, and nullipar,:urs

w,:'rnån håvF åbr:'Ltt the gs.rfie risl: .r q,':'men wh':, delay their f írEt prËefl-{n,:y r-tnti I

their mid-3u rs" An early aqe ':f f irst birth is ':nly Fr¡ltertive i f the

prEÇnå.nr:t QrlrÊË t,lr tern, ¡nd E,:rne str-rdie= lrave prr:víded evidenre tn slrqgest

that risk is a':tLtally inrreased if the first preqnê.nÈy is ab,rrted, Tfiese

riskç åppEår t':' have a h,:rrn'inal me,:lìänismtTlr':mas, ttBËJ. üther riEk f ä,:t,trs

f ':r Btl whicli r,:r-t1d als¡ have a [t,:rmnnå1 rnechaniEfTl ,],f ð,:ti'fn in,:llrde a f ami iy

hiat':ry ¡f the disease, lrigh s,:':irtrËr:¡trn¡rrrni': ËtåtLtË(.çthi,:h ig aEE,_rçiated With a

hiql"t fat, high pr':tein dieti, ,:besitVr and benign breast disease{Th,:mas,

198Ëi " Nutriti*n is aI5'l å få':t':rr àE ge'lqråphi':å1 variati¡fns in I+rI: ris[:: àre

hiqhly r':rrelated with,:ertaín dietary fa,:t¡rE, tl:r:rnsLrrnpti'=n nf animal fat,:r
prr:tein and refined slrgår is p,isitivelV ,:,:rrelated t,: an in,:reased ristl ¡f
Êrl t. f"l¡¡r e et al , I 'lE6 i .

Da.uqliters ,:'f Fll patients have been repnrted t,: lrave raised levels ¡f

Fr':¡iåËtin(FF:L) and e=tradi,:1 iEf) t.Henders':n et ¡1, I'j751. lr.ç'a rnd hlanqI.L'JT7j

f':Ltnd that w':men çith a family hist,jrV ttad siqni f i,:ånt1:r' reised levelE ,:f

FFiL in the eveninq, Tlii= result r¡aE e:,;tended by Levin and lulalarheyt.i'3Bl )

Hh': reF':rted in':reased levels ':f FF;L thr'rugh':,r-rt !4 lr':nrs in dar-rqhterE.,f

patienbs. Tilese åLtbh':¡rs alsn n':ted a p,+rtial resistån,:e tn FF;L serreti,:n in
resp¡:'nge t,: d¡:Farni ne ELtpFressi nn {:[Ylr_1':'rE et al , 1586 j "

lvl¡l¡FE FE[EntIyr Etr-tdies ':'f h':rrn':ne re':ept¡frE in rnErnrnary ti=sue lrave a.l-.,:
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been E'lndLtited t': inveçtigate the eti,¡1,:¡Ëy ,f f Errl: iTh¡mes, lgEÊ, j, Indeed,

e=tr':qlen recept,:r t.EFli statils ':,f hreast tlrrn¡rE has ,:,=me tn play å rnå.j,lr r,_rle

Ín the ,:l inital ¡:årË 'lf breast ,:ån,:er patients. This r^ri 1t be di=,:r-r==ed in

the ney:t se':t i ':'n i n ä mr:¡re detai I ed manner .

In sltfnfnåryr the rnå.jrlr risL fã':t'lr5 åË5':',:iated ui.bh bre¡.Et ra.n,:er are

åQe r3f f i rst f r-rl I terrn preqnan¡:y, åEe r:,f f i rEt rnenar,:lieo åeë ,_rf fnennFåLrse, å

diet hiqh in fa'b= and Fr,-1tein, and a family hist,:ry,:,f the di=ea=e" I'|,:,st¡

i f n¡t all ':f tlrese fa':t¡rs åpFeår t': be ås=':'tiated uith end,-rrrine a,:tivity"

E. 5TEË:ÛID5

['lurh evidenre l1ð.5 å':':Ltmula.ted impii':ating EI in the path,:qene=ig,:,f

hltrnan brea=t ':*qnf er ' [bEervati,],r'rs dating barh nearly a. ,:entLrr/ aerl =aç tha'L

Er:'inE brÉåst tlrrn'-rrs çi I I reqregs f '=1 1':r,ri nq ,fvår i ert,lrnyi hnuever by the t i me

it lta= reå':hEd the Etage Èf ':vert rnetastati,: di=ease, it retainE the

h,:rrn':ne-dependant phenntype ¡f the n':'rmërl breast ,:,nly r/z ,:f the

timet.Lippman et å1, 1t8Ëai, In addití,:n, the f reqr_rency ,:f breaEt ¡:Ãnrer in

r,Jr:'men þJh':r have never hed fun':ti¡naI ':varies ís,:nIy 17, that in r+,:rnen u,ritli

inta':t '-lvariesr.Di':l::Er--rn Ët åI, 1ËB7l, The r¡le r¿hi,:h E! pIa¡ls rern¡in5 ån

imp,:rtant issure "1nd is Ltnder e.v;tensíve study.

Appr'::limately l/3 ,-rf hurnan breast tr-rrn,:rE are EF: p,lçitivE, l,/I ,:,f the

tLlm':'r5 resprt¡fl j ¡q t': treatment di re,:ted t,frcJårds remr_¡VåI ,_rf I7E-estradi,_rl

fr,:m the ':ir¡:ttlati':nr sLt':h å5 nvari':,er:t,:¡rlry ånd/¡lr its å,:tir_rn by

antie=tr'-rgeni': Ë,:,nprfltnds slt,:h åE tarn,:¡;i fen iDi,:[,.E,:n and LiFpmån, ltBË),

Antiestr':genE have a hiqh alf inity f r-rt the EFI and the firtr5t I il:ely

explanati,:n ':f antieEtr':qen arti':n jn vivn åppËärs ti, be simple.rntaqnnisrn

':f tlie qr,:wth pr':m,:tinq effects ':'f E! a= rnediated by the EF: iDi,:!,:=nn and

Lí ppman, 1'lBËi .

Stltdie= ¡f Ei metab¡lism thr,:r-rçth plasrna ancl urinary EI analysis liave
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reveålEd iittIE åbn¡:'rnìalityt.Jarnes e'b å1 , 1'JËË). Hrt,r,JEVEFy mLr,:l.t ,:f the

inf '=rmati¡n å,våi labIe i'-'da.Y rEeardinq the r':1e ,:f Ei in breast ':ånr:er kJåg

':,btained fr,:rn Et¡-rdiEs Lrsíñe,;r;r¡f,inn':LrE HFr:: ÈEIt lines ín ':nItLrre, Dire,:t

Fr'rliferative rltange= in r1':nal breast ran,:er ':ell lines,:LtItLrrE have been

dern':n=trated Lrsing physi,:1':gÍ¡r drrse= 'lf Ei{LipFrnån et åI , 1,l8Ëb}. In

parti¡:Lr1år, tlre HÊr:: ':eII line t"lr::F-7 displåys rläny r'f the pr,:perties,:f

brpaEt tLtrn':rç in viç,7, =ltn'¡inq sÍmiIår regptrnEes t¡: h,:,rmt,ne=t.EtralrnEberq e.b

å1 , 158Ëi. ¡-lltltltred f"lljF-7 and ,:tlrer HFtl ':ei I l ines serve a.s ¿ rn,:,del f ,:r

e:,:arnining tlie resp':nse t':' EItEraunEberq et å1 , 158Ëi. l"lr-:F-7 ':eIls rËEprrr¡s

t'-r EI Etimltlati':n il t¡itro by in':reased serretÍ':n ,:f çlr':'r*rtlr factr'r= and

pr,:1i ferati':'n in vivn by tum,:r f':'rrnåti':fi in the nude rn¡uEet.Dii[::s¡rn Et å1 r

15871" tther tel 1 l ines r+hi':h sltnu a pr':'1 i f er¡tive F€spr;,¡ss t': El ínrlr-rde

zF:-75-I, T47-D and rjAl'lA I {Lippman et å1, It86bi, Thns, Ë': dire,:t1y

stirnltiates HFll reils ånd gene e::pressi':n at the ievel ':f mF.lNA ':¡fn,:entråti¡:n.

Ïhis reEltItE in in':reaEed a':tiviùy ':f rnåny enryrnes inv':1r'ed in,:elI
qrr'wtlrt.Lippman et a1, 1588bi "

In additi¡n t,: stimulating the qr':ç¡th ¡f f'lL-;F7 breast,:ån':er,:el ts in

':LlltLtrer Ei åppEårE t': indu,:e at lea=t tw': ,:tlier funrti,:ns th,:urqht t': be

¡:riti¡:al f'fr tumtrr invasivÊness(Dirhs':n and Lippman, 158ËJ. E: indures the

5E':retirt¡rÌ ¡tf pIa=minr:rqEn a.¡:tiVat'¡r and ':ther ËniyfneÊ,:åFåbIe,:,f prr:ter:Iyti,:

dige=ti':n nf basement rnernbr=lner.DirlLs':n and Lippmanr 1586j " This rnembrane í=

lergely ':nmprised ':f tlie pr,:teirts r],r¡11arlen, laminin and iibr,:ne':tin and rnay

be a barrier t': tutmnr =preadtDir[rs':n and Lippmany 158Ë], In sdditi'-rn Ei

intre-rse= laminin rP':EFt'lr 1e'¡eIs ¡:'n the ':el i sltr f a':e in I'll-F-7 ,:eI ls, Thi=

bindinq pr,:'tein iE th':r-tglit t': bE ':ritiral in ,:.tn':er ,:e1l niigrati¡n thr,:uqlr a

Iaminin-¡:'fntå.ining basement mernhrane. Thr-tE Ei indu,:es several fr-rn,:ti,:nE

reqltired f,:'r våri'-1Lts ð5Fe':tË ':f tum,:r devel':pment f.Di':l:E':n and LipFfnån,1'lBË].
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Estrr,qen= ¡:ån dirE':t1y rEqula'be the a,:tivities,:, f en:ymes inv,:lved in

nLt':lEirl å¡lid synthesís(Lippmë.n et a1 r lTE6b), Ëy rne"rns ':f independant pr,-rbes

f,:r de )i,ruo ànd Ealvaqe DNA synthe=is, it has been dem,:n=brated that the br+n

pathway= f¡rrì' pyrimidine =ynthesis are ,:,:¡n,:Lrrrently stirnulated by EI and

inhibÍted by antie=f r':qen={:LiFprnån Èt å1, t'lËËbi, Spe':i f i,: Enryr'rìE

å':ti\'-rt':'r5r intlr-tding¡ tli¡se '-' f thymidine hin;rEF, thymidyia.te syntnietase,

aspartate trens':-rrbarnylase, ,:årbårnyI p[r':spliste synthetase, dilrydrt"-_,r,]t-1=e

uridine h:in*se, and dihydr':f'-rlate redurtase, åre å11 requlated by Ei

iLíppman et å1, 1'lÊËbl. Using a ':DNA Fr'rbË f,:r thymidine tlÍna=e 6F.:NA

artivity, it lr*rs been sh,:,u,n that E: reqLrlates thymidine l.linase nrF.lNA

a':tivitY¡ å5 t+':'Lt1d be predi,:ted f r¡:rn Ëñryrne stLrdies(Lippman et at r ltBËbJ.

Thlts Ei dirertly =tirnltlate= HEt- cells and later qene eyipressi,:rn at the level

':f mFINA È':¡ntentråti,:n,

Tlie ey;act rnechani=rn thr':uqh

':el1= i= linhed t': the indur':ti,:n

ås antiestr,:qens a,:t by tul,:

Et i mlrl at'-rry qrriWth f å':t'tF5r

5Ê,-IÊti ¡t¡fi ':f St-tbStan,:eS ui th

i'i8Ëb I "

whi':h estrngens erdert their efferts np,in Fr_:

':'f gr,:wth fatt¡rE. Ër':wth inhibitr:,rE ELr,:tl

me,:håniEffis: first, d':urn reqlrlati¡n I,f

and EEtr:rfid, inireased prr:dt-tr:tir:rn and/¡r

çtrnwth inhibit':ry artivity(Lipprnan et al 
o

TFle r'-rls r-rf rif,hsr ster':'id [r':rrnnneE in HFr]: iE n,:t aE'*"rel1 underst¡,:d e=

that 'r,f E:' lJrinary gerreti¡:,r'r ':f tÊ--tr:¡stEr'-1ne has been ËÊen tr, be

dramati':al 1y inrreased in Eu:: patients ,*rith atypiral end¡rnetrial

påttFrns(lf':,'-rre et al , 1!BC,), Simi lar urinary pattern= werE f ¡llrnd in H,lmen

uiith e f ami 1y hi=t':ry ':f Ftì, bre¿.st hyperplasia '¡r Êtl: itsel f (['i':nre et *L,

L'lBË, j " The ¡.,;rlp r-rf prrlqEs'LerrtrnE in bhe eti,_r1,:,,Jy ,:,f Eul: is f ar f r¡rn ,:Iear and

fneäsLtrement ':f preqnandir'1 in the Ltrine r_¡r pr,fqEster,lne in the bI,:¡d,:r

5ål ivè. haç n¡t helped t'-r re='¡Ive the i=suer.M¡¡re et å1 , liEËi,
tflt-ti,:r':rtii'iid tr':rrl'-rnes lrave been Eli,-rwn t,: lrave an inhibit,:ry effett ltp,:n
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llEtl-: rell= in ':LtltLtrE mediated thr¡r-tqh tlie qlrr':r'r,:r'birI'id rE':eFt'lr r.LippmEny

1'lBl i, Ë11(':':'r:'_lrtii¡id re':Ept':'rg åre f r:¡Lrñd in ¡.b,:lrt =ú1" 
,:, j. ålI hlrrnan

6 j'¡'psieç h':,*ever they d': n¡t åFPeår 'b,i lrave a =igni ii,:ånt åEË,1¡:ia'bi*n ç;ith

bi':1':gital rEsF':rnseE tn ':1åEËi¡:å1 end,-1,:rine ther-+pies(Lippmån, i'jB1 i. üther

gr':rltp5 lt¡ve sh,lk,n =imi 1gr re=ltlt=, i. e, de:';anetliagrtrn¡3 is inib'ít,:ry in

qenerel and pr,:Eester'-1nE ¿.nd test,:ster,:ne sre with,:r_rt effert,

Abr't-tt ':rne thi rd ¡if HFI:.E ,:':rntäi n andr¡qen rÈ¡:ept':rrE .ånd s.ndr,:,gËn

dependanrE hås been sh':'çJn in et least ,:¡ne r,tdÊnt breaEt r:änr:er rel I

lineiSmith and H.inÇr I57:i " Several lllil-: ¡:el I lÍne= are alE,:¡ [::n¡:'un tr:,

p':'sse55 the andr,:gen reÈept,frtLippm¡.n, 1'lBIi. In additÍ,:n E':rne HFL-:E r+i11

irnpr,:,ve with andr':gen therapy br-rt the basi= ¡f thi= reËFr,nsË iE n,:t

lunderEt':¡d" In ali the r':le '¡f andr,:qenE in Erl is n'rt yet r1ear.

AIth,:Lrgh retín':i¡r a':id is n,r,t a traditi,:nal ster':id lr':rrn':ne, its

re':eptnr ha= re,:entIy been identi f ied a.E belnnçting t': the Eter,iid fi,:rm,:ne

rE,:eFt':,r qene farni Iy(Fet[':,:r'i,:lr et aI ] 1'187 j. The åppeåräDr:e ':f Dt'lEtA-Índuied

tttm¡rE in ratE ':ån be substantiat 1y derreased by the adminiEtraLi,:,n ,:f

'¡itamin A derivitives t': rats. Fietin'-ri¡r å¡tid indu,:eE several ef f e,:t-= ¡lñ re] I

qr,:'Htlir depending ûn the ie11 l ines stLtdied" These in,:Iutde å s1'-1r^¡Er gr,:uth

rate and iel L death f ':i lnç'ing a peri':d ¡:f in':rea.sinq gr':'*,th

inhibiti'-rn t.Lippnìånr 1'lBl I " Fhysi':1':qital ':irnrentråti¡nE ':f retin':i,: arid

t+i 1i a1=,:' de':reaEe the qrirutlr r,i EÊverå1 HBrl: ':eI t l ine=, inilr-rding t'lrlF-7 and

T-47Dt.Fetll*ví,:lr et el y itBTi,

Vitamin D re':ept,:¡r5 ilåve been desrribed in lruman brea=t,:ån,:Er tlrm,:r

=arripleE end the l"ll-:F-7 ¡:eI1 i. ine(LippmånF i'lEI .r Fe,:aLr=e b,:ne is å ma.j,:,r

=ite ¡f liltrnan breaEt rðn,:Er metastasiE vít"rmin D may have a furn':tir,nal rnle

in fhi= respert.

In Sltmmaryr the r,:1e ¡:f Eter,:i ds i n breast ':ånËËr rnay i nvr'I ve turn,:r
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initiaiir'n in E,:rne malignanrie= and indu':tir'n,:f ':riti,:al eventE in

rn¡.1 ignant pr,fqre5sÍ':'n Èf these r:ån,:er5 ¡fn¡:e they devel,jptDi,:1,:s,:,n

Líppman, I'jBËi "

t, rjFiÜHTH FÊr-:T0FjS

In h'irm':ne-dependent ¡tårlrrErsr estr*qen= requlate the Eerreti,:,ñ nf

-¡per:i f i,: pr,:teinE 'hhat F,¡EEe=.s B.Lrb¡:¡r:rine and pårå,:rine qrt'çlth reqr_rIat,:,ry

artivitieE r¿ith mlrltiple å':ti'lns inrlr-rdÍnq the initiati':¡n,-rf qr,:r*rth,-rf

quie=,:ent ':e1lç and f Ltrther qr¡:'Hth Etimulati':n ':f invasivË pr¡'f p¡!iaI (LipFmån

et al , I'38Ëa) , TheEe pr,iteÍns a.re alE¡ th'ruqht t,r indut':e the Eerreti,:n ,:f

f å¡:t,:¡rE ':åFable ':f taltsinq rEVersible aqr-ri=iti':n r, f tlie m*l iqnant plien,:type

in n'ln-trånsf'lrrned,:eIls(Líppman et al , 1'3Etai. Taken,:':llertively, theEe

gr':'"'th fa,:t':rE årE respünEÍb1e f'-'1r E¿--mediated tLtm,:r prr_rËFp5si,rn{.Lippman et

å1 r 1t8Eal. Indeed the fart that Ímp,:rtant end¡qen':ns mecliåtrfïE ':f tnrn,:r

Fr':,qre55i':rn årË 5e':retsd p':'1ypÊptidË gr'twth fa':t¡:r= ig ':learIy ':f intereE.b

t'] end':':rin':l,içlistEt Dir:[::sr:,n and LÍppman] 15ÉË). E'rth tlie qr,¡r+t]i f-rrb':r= ancl

their i'Er:EPt,-rl'5 repre=ent new targets f,:,r ånti¡:an':Er therapieç(: Di,:[,:s,:n and

Li ppman, i':18õi ,

lll-'F-7 reI 1E and ¡ther EF:*,:':ntaininq rel1 l ines re=pnnd t,: 17F-eEtradi¡1

treetrnent in çitro k,ith ån in,:rea=ed Er':'*tlr råte ånd uilh =e,:reti,:n,:f
qrt,uth fa,:tnr a':tivitÍes ELr':h å5 trårìEf ,:'rmi ng gr,:urth

f ¿.it':'r-alphat.TtiF-aipha), TliF-E! insnlin-like qr,:r¡'bh fa,:t'rr l r'IriF-1i *rnd a

platelet-deriveri qr*ç,¡th f¡':t,:'r l.FDliFi-related pr'lypepticle(Di,:!':EË,n et å1 u

1iE7i, The fa':t that epiderrnal qr,:'+th f¡it'-ir r'EtiFi ¡nd ItlF-l å.rE qr':r'rJth

Fr,:¡rn,ttinql f':r I'lllF-7 and s':rne ':ther HEt-: ,:e11 lines has ted t': the belief that

ÏUF*alph-r and IliF-1 might be åut':":rinÈ qr,:'Hth f¿r:t¡:rs(.Di':[,:s':,n et al ] ltB7l "

TliF-Br f':'Ltnd in piai;eIets and uslrally se,:reted by rr-rltured,:elj= in an

ina,:tive f,:'rflìr is gr':urth inhibit,f,Fy f,t'F rerept'rr-,:,:nt*ining Ht+rl cell l ines,

the

end
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'"'l-r ile FDI¡¡ 1S n¡:¡t [,:n,:,t,n t,: he rnit,:,flEnir] f¡lf

=tr':mal pr,ll i f era.ti¡n år,lllnd the tr-rrnnr

åLrt,:,Èrine lr':rm,:neS(X'i':liSt'n et ¡1 , 1,iË7i "

Frl: y FDtiF ån d TriF-Ê rnay st i rnu i a.t e

itt vivo, a.':tinq ås sllppr:'rtive

The fir=t qr.,çJth f.r.tti,r str-rdied in ,t,t,fidíti,:ned mediLrm fr,:,ni HErl ,:ell

I i nes \dË.Ë illF-i iSr:,rnatr:¡ñedi n L:i . l"ltlF-7, ZE-75-l , l'1DA-t"lF-'J31 and H=5787

Fr¡:,dlt,:e IljF-l and resp¡:nd t¡ eïÈ,qen¡flrsly added ar-rthentíc IrlF-l {ditlr Enh¿n,:ed

pr':li ferntii'n. IliF-1 rE':eptr,rË å.rE dern,:nEtratable ,:f the slrrf.ar:e= ,:f alL

breast ¡:ånr:er ¡:elI lines tested(L:i ppman et al , 198Êai. t"lyal et e1 {1'iË4} ha.ve

sh':un b,:th ItiF-1 ånd ItlF-I I t,_r be -.timr-ri¡.t,-¡:ry t,: HFI_: ¡:eI1= in ,:n1tnre,

Ër':wth f a,1f,¡¡s fnày be inv,:'lved åË end':':rine stímu1i in very ea.rly

5tågÊË ':i tLtrn,-rr initiati':n t': åLrt,:,':rine sbimr-rl i irr Ei-reqr-rlated ir-tl 1y

rnaliqnant,:ån':er ,:el1s. EüF, ä,:l'lse relative,:f TriF-alpha, whi,:h aIs,:

shårEE å ¡:':tmm'tn re,:eptr-rlJith TtliF-alpha, rn-ry have a r,:,le in initiati':,n åE

uell aE pr,:,qres=inñ rt¡f flûLrse måmfnäry tlrrn,_rrs. In many HErr_: relI lineç EËF

fnn,:ti,:n= å5 å rnit':genr.Lippman, l'lEll. EliF Etirnulates the gr,:wth sf b,:th

f"lt--:¡-7 and T-470 rel Is, wlrereas pitr-ritary-dervied f ibr,:bIa=t gr,:rlth

f å¡:t,:r (.FlìF1 stirnulated the qr':wth ,:f T47D br-rt n,:t that ,:f l"lll:F7 ,:e11stShiLr,

1'lB1 i " In v içn, rern':val 'if tlre slrbrnandibr-tlar qlands, a rnaj':r E'flrrÈe ,:f ErjiFy

dramatí':al1y redure= the in':iden,:e ':f EpÈrntane'-1lrs tLrm,:r fr-¡rr'nå'bii,¡ ¿¡6

redulced the r¡.'he ':f tumnr qrrrutlr (.Dirl-::=rrn and Lipprnàn, t5EË). EriF iE kn,iç,n

t,:' haVe tLrrn':I pl.,lrfilrlti':ng1 , rl.f rlgth pr,:rn,:tinq and irn¡lr_rn,:,Ettppre=SiVe

ef fe,:t=(.0i,:k=':n and Lippnranr 1tË6i. EliF rE':ept':¡rs are present in HErrl and

prr:bah1y mediate the effe,:t=':,f EliF and the aLrt*':rine effe':tç,:,f TljF-å.lphå,

Fr,:dr-r':ed by Ft--: ':e11s ll-ìr-rrphy et al " 1t8Ëi .

Ïallen t':getlterr qr'lkjth får:t'frE åre ':åp-rblE ¡tri pr':,rri,:ting it vivn

ittrnt,riqenesiE *f h'-rrmt'nÉ dependent ErL-; re1 1s in nLrde miÈEr thnltçh n¡t t,: tlie

5.ifne eiltent as Ei tre¡tment ,:'f tlre rTlitF. H'f,rn,:,ne índependant Fr:: '-el 1=,
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ç''hether 5p,:,ntåne¡:'t-t=Iy arising in rultLrre,ir,:'-'nEtrLrt:ted by Dl'.lA mediated,fene

tranEf er y åppeår t': se':rete slt,:h qr':¡tì,th f ar:t¡:rs in increaEed am¡r-rnts, Sr-rrli

a =Vstem ':f ê.Lt'hr:'¡:rine and parerrine ':el I =tinrr-rlati,:n ¡.nd inhibiti,:n

trbvi¡l-tsIy sltqqE=ts rTtLtltiple interventi¡ns ç+hi,:1.'ì mÌly eventnal 1y have it iniral

app1i,-abilitY in the ¡:¡:nt'r ¡:l ,t¡f ne':'plå=ti': breast ':ån¡:Ë!. {Lippman et a.1 ,

1,1ÕÈ-iI -'UUd.r !

In additi,i¡, å F,lgsible nierhanism 'i:hr.r,r-rqh uhi,:h bre*rst turn,:rs na.y

bE':':'rne iTirm':,nE i ndependant i = tlir¡ug[r ] '-r=s ¡f h,:rrn,:,na1 requl at i r,n ,:f Er,:uth

f a,:t,:r F,rÈ,dLt¡:ti,:¡n{.Lippman et -r1 , 1'lËõai. The nerFrani=m by r+hi,:l.r h,=rm,:ne-

resprlr¡5jve breast ,--c.nr:Ër ig r':nverted t,: .bhe h*rm,:ne-independant phLãnr:,typË

is by in':reasedr n¡:'nl'1úrilì':na11y requl.tted =erreti':n,:f -r Eimilar,:r Ídentiral

':¡l lerti¡l¡r1 lrf åLtt':'irine and Fårår:riñe qr'--'u'bh f a,:t¡rst.Lippman eb ;.1u f iBÊ,ai.

D. FITUITAF:Y HTF:I"ITNEs

That Ef is the pred':minant lr':rm,--,riE inv¡lved in HBrl qr,:wilr reqtulati,:n iE

a well-e=tablished fa':t. Tlre p,is5ible phy=i,:I'lgi,:ål r,:le ¡:f ,:ilrer h,:rlï,:,nes¡

pr':1a,:tiniFF:Ll in particnl.lr, iE n,rt r¡el1 under=t,:r,d, H,:,r+every a

sltbstantial b,:'dy 'lf eviden':e has å¡:r:LrmLrlåted ELrpF¡:¡r'bin,r å. F¡trle f':,r

p,llyFeptide h':rrn¡neç, espe,:ia1 1y FF:L in the eti':1,:,gy ,lf Ft_: ,

A= e-rr I y as 1t51 i t Hås Ehr-ì!Jn that anter Í ':'r pi tr-ti tary ir':rm':'nes åFE

'-riti':ål " perhaps essential f':r the qenesiE ,:rf sFûntåne,:'Lrs mltrine rnämnì;rry

tt-tm':r=, ft'r hyF':,P[iy=er:t':'rtti:ed rr:rdËnt= d'i n¡:i devel':,p tLtm']r5,¡f the nìårîìrïìåry

giand il'k'*n et å1, t'J511, In additi':'n¡ graf ting ,:f mnltiple pitr-ritary

iS,:graft=. t,t, å \,åriet,.* ';'f StraiflE ¡:¡f fernA.lE füirtE WA= Slt,:,¡¡ t¡t¡ fl1åIl.lediy

inrre"rEe tlre in':idenre ':f 5p,:'ni;rne':'L(g mårnrnåry tlrm¡r=tPh-rhlb':,:k and ft¡'1rf,,

1'155). F,:,I I,:,!Jing tlti=, u¡rk by [^JeI=rlr and ¡:':r]. iE.¡.qlre= in the t!t:r-r t E

dem':nstrated å piv¡l;¿I r':rlE f,-,r FFIL in the deve1,:pment ,:f 7, 1:

dimethylben: t¿iånthrarenetDt'lFA) indu,:ed tum,:rs in the rat it^lelçrh, ItBl j.



Drr-rq-indlt,:ed SLtpprFE=i'--¡n ':f pr':1a':tin rElEåse de,:rEå=es the qrr:urth r:f

e=tabI i=hed tLrrn':,rs(t^le1s':h, 158l ). 5in':e tlren, the r'-ri.e ,:f FF:L in the

indLtr:ti¡:rn and pr':¡qresSi':'n ,lf måmmåry tltrn,:rs in e:,;perimental anirnalE ha=

be':,-rnie'Je11 eEtablished{EiEuas and V,rnderlraar, igBTi,

The rnarnrnary g1å.rtd,],f the m,:,LrsÊ li¿= alE¡:, bEEn =tr-rdied e:,;'ben=ively åE ån

anirnal rn¡de1 ,:f the lrltman breasi in terrnE 
':' 
f ñ¡-¡FfÍå1 ':'r ne,:rplssiir qr,:ç"rth

fttn':iÍr:n. A primary r':le f':'r FEL in nnrrnal and nE¡:rFIåti': rïåmnary Cland

qr'ruth in rnire has beæn est.:rbli=h'=d(. l'Jaqa=ar;a et aI, 158Ë,r. t^ihile FF:L is

esEential f,-¡r n':'rmåI rnarnnary gland ql-tr'rJtli åt-rd fltn,:ti,:nr lrn ,:,ne liandr it i=

alEn s l';sy l'lr;r¡m¡ne f ¡r måmrnåry tLrm,:,riqene=i= '¡n the ¡tlier. The ,:åLlEeE rf f
'blte=e di f ferent typæs ':'f F'FiL å¡r'tí¡trn .åt-E prlrrlt-Iy Lrnder=tr:il:d br_tt may be dlre t,:

t,: interartí':n with ,:tlrer h':'rrn':nesr.Naqasai+æ. et å1 , lËBË]. FF;L *1,:L=rtE itE

influen':e dire':tly t': the glands and indire':tly thr,:ugh its lr-rte,:,trn¡:i,:

ef f eits by stirnr-tlati':ñ ¡:f rtv;rr.iån pri,qEEter':ne Eerretir'n iNag¡.Ear¡a et å1 ,

1'18Ëi ' Fltrtlterm¡lrrE¡ in rni,:er the erti':'n ':'f FF.lLy r+liether in pr':rnntinq n':rrnaI

qr'tHth and fltn':tinn ':r enhånr:inq the pïrlerËsEi':,n ':f nenplaçti': f ¡:,,ti I depends

Llpr-r¡ tlre ,:ir':utle.ting levels ':f ':tlier måmflt¡ftr':'pi': hr:rrm,:,nEE aE well a= the

I evel ': f FF:L (. Naqasaçva et aI , 1'lEË I .

hlhi le tliere is ample evidenre that FFjL lraE an imp,:,¡1¡n¡ r¡:le in the

devei':prnent and qr,:ç:th '-'f ¡,;'frsnt mamrnary rårÈin':ma=r Ít= relatir:nship t,: l-lFL-:

iE le=s ,:1eår (:L,:,vE and F.:':se¡ liBsl " A=says ':,f FE:L in p1å5må fì-,:,n brea;t

':-¡.n¡:Er pa.tient= prr:'dLt':es eqltivi':a1 reslrltg, s,:me investiqat¡rE have f¡und n¡

abn,:'rm¡1ity t+hi 1e ':tlrer= h;ri'e ':b=erved inrreased Ievelç in E,:,rTtE

pl.tientstL¡:¡ve Ër.nd F.:,:'se 1'JESl " l-lr:'r*rever, in u,:men uith .rdva.n,:ed staqes ,:,f tlie

diEeaEe high b1È,È,d ':,:'nÈpntratirr,f'l! r-rf FF.L have been repnrted a==':":iated sith

Lrn iàv':'råb1e pr':Bn,:'Ei s {ldan! et al y 158Ë) ,

In an attempt t,: determine the il,:,rm,:,nErl ba=i= f,:r.Lhe pr,l.be,:tÍve effe,:t
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':'f .å y'lLtng åge ¡r'f fir:-t prEgnånr:y r:'n Eil:: rish, FFjL lFVels in par,:,Lts Hr:rfi.tpn

HerE rneasltred and f r-rttnd t¡ be l¡uer than that rrf nr-rl l ipar,:lts r.[ol,;,r;'¡s et a.l ,

I'jEE j. Fi':¡r:rci Flill leveIs håvE als,: been f ,;,¡1¡fl f ,;, be in,:rersÈd in ,:,hËsE å.n,1

p':'5tmÉn,lpåLt5äl þJürnEntl*l':nre et al , 1'18Ë1. lr.wa et al r: 1t74 j k,erp thE f irst t,_i

dem':n=tr¡.te el evated FF:L I ei,el s i n f ;.mi 1y rTtÊmber= ,:,f '*r,:,rlen r*i th breast

Èan':er ' Henders,:,n Et ål (1?75.} and hlan't et aI iltEË), ha.r.,e f ':r-rnd elevated

pIå5rilå FFiL 1ËvFI5 ín'bhe d¡r-rqhter:-,:rf h,¡:¡men'"lith Ell , Fir=t deqree rela.tivE=

ûf w,--imen utith bi lateral Fl:: diåqn':,5ed hy age 5r-r have e 5-f,r1d in,:rEaEed ri=tl

¡f the diEea=Et AnderE¡:,n, 1'37"1 i. Ft:L leveIE in u':,nen '*ith beniqn breast

disease haE been LtnremårlL¡.ble('lvl,:',:,rË et ë.1 , 1'lBÊi " Attempts t¡ indnre .bLrn¡,:,r

rËqressi':rn by the LtsE rlf F'F:L =.r-tppres=inq druqg sLr,:lr as br¡:ni,:,r-ryFtíne ha=

qenerated ¡r,l,nf 1i,:ting and in¡:¡:rnIllrsive resultsiShir-r, ItSl i, [ver*11, i f Fl;:L

is piaying å F¡l1e in HEI:: it åppeårs tr, be d,:inq s':' at phy=i,¡rlriqir¡¡l

r:f'nÈentråt i ¡ns,

A tley prnbl ern wl'ten studyi ng the rel et Í ¡nshi p betureen FFjL l evel s ånd En::

ri=[': rnay be thaL b]t":d levelË åre qeneral 1y determined by radi,:imrïìLrfÌ,t,å-=såy¡

uhith may n':t nËressåri1y pr,:vide a. true refle':ti¡n nf bi,:1;¡qi,:ér11y ertive

FF:Lt.F.:,:se¡ iiEË1. ll¡llJEVEFT def ining the ef fe'-t ':f FFtL r'n HBll: gr,:wth is ,:,f

fnä.j,i¡ imp*rtenre, sinÈe hyperpr':1a':tinerniå is frequently en,:,:urnterecl in

k,r:,fnenr b,:'tli LrndËr physinl,:giråI ,:':nditirrrnE , ELr,:h ås prEgnå.nty ånd,:ìrål

':':ntra':eptive administrati':n ¿.nd in paih':1È,qi':À1 Etates sLr':nl;ìs tlre pre=ence

':f pitr-tii-ery t¡-rm':rE{l'1anni et al , I'iÐËi 
"

FF:L rereptnr= have been dete,:ted Ín hum¡n brea=t tLrm,:r bi,:,pie= in as

mltr:h.å= 7t:t;r" '=t =anple=, althr'r-tgh flrrr rrlini':aI'rEEpr-r¡ss ÍE seen when serLrm FF:l-

level= in patientE with the di=eese åre sLrFFre=Eed (.Eti=çra= and U,:ndertr.rar,

t'JE7l " In 15Ëtj ll.evjer-AnderE,:'n ¡.nd Feuhring rep':'¡f pfl bh+t phar¡|rrrrllrlrÇi,l

':,:'nr:entråtínn= ¡:'f 'fvine and lrlrman FFiL r:ån affert the {ì.,:çltlr rate,:f



mål iqnånt hltrn¿.n rnåritñlåry epithel Í*1 ,:el 1--" Ifalartley et al (: lTE3 l have 
=lr,:,wn

that ptiysi':1':qi,:a1 1eve1s,:f hLrmr-rn FF.:L ¿{nd htiHin,:'t ¡vÍne FF:L) in,:reaEe= il.re

p,lpLtlati,:'n d':Ltbiing time t,f primary hrea=t tLr¡n,:r rultr-rre=, Similar reslrltE

uere ':btained Ltsinq beniqn liurnsn breast iiE=ue by [4e1Erh and l,lrFlanns{t'J77].

lïanni et ¡.L r: 198Ëi lrave ïe,rEfitIy reF':rted tha.t r-rnder the ,:r-inditi¡:n= ¡:¡f

ihe =':'ft agar,:l,ln':,qEnirr å58åTr the va.st rna.j*rity,;,f HFll:s are Fliil =ensitive.
I'|,:de=t 

=timr-r1å. 1i,:'n;rf rlr-rl':¡ny fr:¡rmåti¡:n íE ,:bEerve,l when pFjL i= added *t the

physir-rlrl{irlf,l d¡Ee ':f it-r nÈ/mi, hlhen the d¡Ee is inireasecl t,: illr-r nq,1m1 , å

EltllErj,-¡r rl ,lrl':'n)i-stimul-rtinq effe,:b i= Eeen uhi':li iE virtr_ralIy idenLiral t,:

th:tt ':hserved ç.¡ith the administrati¡r,ñ ,:f El{t'lanni ei a1 , 15,36i " êlil.lr,rrgh

thiE í=,:Ieariy a pharfiìå¡rr--rl,:,qirå1 dt,se¡ it neverrlheles,s r'-lrrE=Fr:,n,1= tr, r!he

':b=erved ':irrltlating level=,rf FËiL in,:,:,fïm,:n hyperprnlactinemi,: statesr. l"lanni

et al, 198Ë).

A =t-tbstantial b'-rdy ¡f evidenre suppnrtinq å r,:,1Ê f¡t¡t' FF:L in HFL-: lras

been at':tt¡lt-tLated using HFt- rei 1 l ineE maÍntained in l¡jn!-tL=rm ¡:Lrltutre, Tw,:,

¡f the fiìr:'st p':p¡r lar HFll: r-el1 lines str-rdied are t"lr-;F-7 and T-+7t, In l'17'j

5hi¡-t identi f ied pr':1a¡:tin rËt:el--rtt:,r= in a nurrlber ,-rf hlrrllan nàfnfnå.ry tltrt,:r ,:el i

lines, in':lr-rding I'1t-F-7.rnd T-47tu whiclr are -qIs,:, EË: p,:,=itive(.HenderEnn ånd

Fil-le, 1581i. Ü¡trt-lf1i':tinq reslrlts u=t:iË-t r:,:'nr:Èrninq the mit,:gæni,I ì.rt,le r,f FF.L

ín tliese ':ells' ShafÍe and Fr¡r'l:=l.!'177') and 5hir-ritgEli lr¡.ve rep,:rted th.r.t

FFiL is n'it mit,:Llenirt t,t¡ t'lt_:F-7,:e11s. H¡:trEyFì. I FiE'*r*q.s and V,:nderh¡ari1,JE7i

pre=ented data r+hirh sltqqestE that l"ll-:F-7 ':el1E are stimr-rlated f,rtr rlt r-rlrr in the

prESPfirle ':f hlìH and hFF:L ç,rhen addEd tn the ,:LtItLtre iledi¡ ':f ':eI1= in tlie

pFeEEFìrlË r1f cll.tr':,:'å1-stripped =erun. In additi,-'¡y l"lr-:F*7 ancl T-47D,:e11s

h¡.ve been sli'ir,.¡n t,:' be sti¡¡r:1*ted by F,ÊL ç,¡hen qr,:rk,n -tE Ë¡t¡l id tltm,:r=. in nr-rde

fii':e in tlte presen,-e ,:f EI(.Fist+a= and V¡nderhäår, i'lB7i, -rlthc,r-rrll-i r,thers

have failed t¡ 'lbgervÊ this,



tlther physir-rlrlrl irlfll effe':ts. ':'f FF.IL_,:'n HFrl: ,:ell= have been dt,,:LÌmentÈd.

Treatrnent 'r,f r-47D ':el I s çJi th hFF:L ,:,r hril-l i n the prssenËE ,:f

liydrr:rr:r:rtÍ=,:'netFJ reEltlt= in å ¡:llångÉ in shape ,:f the ':elI= fr,:¡n f1a.t and

pnlyq':n*.I t¡1, l'irltfid ¡nd ref ractí ler.Shr-ri "r.nd Faters,:ny 1'184 1, In acjditi,-n¡ å

redr-r':tí'r'n in adlie=ivgnËsË tÈ, the p1åsti,: =r-rb=trate and and an in,:reaEed

l ipid synthe=i5 t4ås i,bserved r.5hir-r a.nd FaterE':n, 1'lE4 l, Interestinçtly,

physir¡lr;rqir:ål ':hångES ¡trf tFriE n-rtr_rrË r:ån qenerally be ¡:,:rrrelated',¡ith the ¡Ð

Vjril Ëhånges that t:'lrresp,:¡nd'c'-, iFì¡trEåEínq inva=iVeness ,:f tlrmr,r=r.5hir_r a.nd

F-qters':'n, 1584), Thr-rs 'bhe r,:Ie ,:,f FF.L in the e.hi,:l¡:,gV ,:,f HBt_: i= n,:t =imple,
bt-tt åpPeärs t't' be pxr b 'trf "1 ,;,;,¡plg1,;, mr.rlti-rE5F'fnse systemt.Fi=uas and

V,:'nderhåår, I'iB7i .

E. INSULIN AFJD T3

In-=Ltlin is å rll'iti':al fr¡rrn':ne in the nL-,rmål di f ferentiati,:,n ¡f the

rïlämmåry gland nnd i= required f':,r n'-rrmå1 1a':t':FËnË5i= in r,:dent=iLippfnån,

15EI 1' ["laj'1¡' deranqernen'b= in qln,:':'se h':me':=tasis indu':ed by surrqical ':,r

rherni':aI interferen,:e witlt Fån,:rEàtir fLtnrti'ln lrave been åsst:,,:iated uith

altered tltrn,:r qrr:rt+'tlì rates in =ever¡.1 murine systemE(Lippnån et a1 r lgBËbl,

In additinn hiqh ':':'n':entrati¡t¡nS ¡:rf insr-r1in have bEen Ëh,fkrn t,: be mit,:,qeni,:

f ¡r b'-rth f"ll::F-7 (.FarneE and Sat,¡¡ IrTi') and ZF:-75-.1 (Al I eqra and Li Fpmån, 1'l7Bi

p':,=Ëibiy by å':ting thr':ugh rprlfpfr-¡r-! frlr]- IljF=,

The thyrrid lr¡rmt'ne T3 is qr':'Hth stímulat':'ry f':r T-470 and t'lr-:F-7(:ShiLrr

L'JEl i. H'fk'ËvEr i)] r,, ji,,o 
=tLrdies ':f thry,¡id fun,:ti¡:¡n ånd brea=t r:-rn,-er årE

in':,:,n,:It-tSive(.Fr-Llbr,:,rll et s1 , 1581 ).

F. FEEAST I:AI.]I-:EF.; IjELL LINES IN FTESEAI;:I::H

There ð.re må.ny advantaqe=. i n u=i nq ¡:ånr:er tË1 L 1 i nes tr, stlrdy the

Fhysi,-rlr-,Qirlg.l effelL= i'f h'-'Ì'tn,:,nË= r:,¡-t lilr¡l¡n breaEt ,:-ln¡:er, Fir=t, the

pr':blem= that =tem fr':ni =tlrdying mårnmåry ne'--iplasm in,:ther spe':iEE åre



elininated. 5e':nndr ,-1nÉ ,:ån ,:¡:,tttr!--'1 the ËliFerimental variabt¡=E =r:r th¡t an

,:b=erved ef f E,:t '--,f E li,=rm'-lne ¡fn a part i ':r-r1¡r ,-e11 type ':an be EtÌ;r i br-rted i,:,

th-+.t ht,rm'ine å1r-rllE and fi¡r¡t ':'blier Ltn[,:tt,¡iln fåÈt¡:rr= that may be pre=eni"

Lestlyr it is n':ri4, p':s=ible 'b,: der¡el':,p drr-rçt a.nd h,rrrnr,ne-appr,rpriate

bi':':lterni':al and Eeneti'¡ ';'-'¡¡plEmentåti,-rn te,:hniÇLtË= tr:r gåin nË'd in=iqht int,:

tlre ¡le':lranisrn r:r f hr:rrm,-rne dependa.n':y ,:'f bregSt rtån¡tEt- ,:el ls(Lippman, l,lEl i.

There åre å15,:' di =advant¡qe= i n usi ng t i =E¡-re rlrl tr-tre rleth,:,,J= i n

=tt-tdyinq the efferts ':'f lr,:rrn'-rneE ':,n HF[:, The influen,:e,:f h¡rm,¡neE ,:n HFt];

':eIl= jl; t¡ivo i= å ¡:':'mp1Ê:'; plren,:,nen':'n inv,:lving the interplå! ,:rf ¡¡s¡.,,

tr':FhiÈ fåftr:,r5 derived fr':n-¡ many,:'rq-tn=, Thr_ts the,:r:rnditi¡nE ,t,f ir¡ çitro

':Lti'bLtïe rTê.! ftr:rt refle':t'bhe physir-rlrtrÇÍrt.åL miiier-r irt çivn. Aç slt¡-h, pr,llliÊmË

rnåy be en':¡ttntered ç¡lren str-rdi¡inq the efferts,:f va.ri,:,1r5 h,:,rrnúne= ¡:,r aqentE

':tn HFI:: rell=. tl.el1 tulture ,r¡t,ñditi¡:rtl5 rnåy lead t,: Eele,:ti¡:¡n,-rf ,:ells

,:åPåble *f qr¡wth in the abs':en':e 'lf fa,:t':rs ':mitted fr,:m the jn viva

':,:rndíti':,n. In additi,r'lì¡ ':LtltLtrE ':'fnditi,rns invariably sÈ1p,:t agåinst 51r:¡trÈF

qr,:vtinq ÈEl I F':pt-t1åti'--,n=t Lippman, 1':rE1 i. Fe,_anse ,_rf thisr fiåny p,:,pLriatinns

r-rf ¡lË119 that rnåy Et4prËgs li':r¡l':nal rË=pt:¡n5È=,:f intere=t rne.y bE,:rvergr,:'wrl bV

h,:rm':ne*independant ¡:el 1 F':purlåtirfns{L.ippman} I'jBI ) " Feralrse rn,:Et bresst

r:ån,:er ':e1 I I ineE have been eEhàbl iEhed f r':m mal ignanh ef f rrsi,:,t1e¡ they

represent a Eltb=et ,:'f tlre ':riçlinal tLrmÈ,r p'lpLrlati¡n crhirh liaE meta.stati,:

*lbility and ':ån qrr:'tJ in a lrlnlfl envir¡:,nrïEnt r_rniihe th¡.t ,:,f the,:riqinal

tttrn':'r i.Lippmanr ltEl ) " Thlts, uhen a ':ell rr-rlture is started the ,:elIs have

already Ltnderqr:'nF natural sele':bi':n ånd å. nLrmbEr nf therepr_rti,: treatnent=

SLlr: [l a5 irradiEti,:nr 'tyt'-ri,:y;ir drlrç¡s and ,:tlrer h¡rm¡nal

n.rnipLtlati,:'nEt.Lippman, liBI i, The=e f 3,:Lr:rrE rlsy a.f f e,:t tlre re=p,:,nËÈ ,-, f thp

,-e119 t': the l.t':,rm,:'neE lr=ed i n eI;FEr i ments,

tther drauhaci,:s ass':,:Íated t,: the n=e ':f r,:,ntinn,:r_ts HBll ,:ell line; t,:,
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stLtdy tl-re effe,:t= 't'f h':rmr'nes in,:lude ttre

my¡:t'plåsffiir: È':'ntåfliinãrti,ln uhirh,:ån

phen':typi,: påråfrieters(LiFpmån, 1tB1 j 
"

rEELrLt in =elptti¡:rn r,f a -=Lrbtype Hlri,:lr

the primary tLrrr,:'r did, ThLrs,:,ne rnLrEt

rn.åy effert É:{FErimenta.l rErslrlts r+}ien

¡3,n':thef fa,-t'-rrb': be ¡t¡ftrgidered i:- that

effurEirril ùf a patient uitlr,:an,:er ,:f

a¡"Li f i,:i¡.1 C¡:¡ndiiir:rt-r= frt,I m':'rÉ ti¡a.n

p':pt-tiatir'ns '-'f a F.ttien'LrE tLrm':'r r.ËiEr+¡.s

p,:,55i hi I i i;y r:'f ',,i rsI ¡:rr

alter the EtiiFreSEir:,n ,=f VåIi¡:¡Lt5

In addi'bi't'fl¡ the ':1,:'ning r:rl: ¡:Ells nray

dr:¡Esnvt p':=sess the :-åme resp,:¡nseg å.=

he¡.r i n mi nd pr;rf s¡f i ¿1 pr,:bI err¡s th¡.b

u':rLinE r.Jith lrlrrnan ':el15 in ':lrltlrre"
f, ¡tr3l L l inp ¿srTslr-rpËd f r,:m ¡ pler_rral

tlte brea=t and qr¡-rrrJn jl q itr,] LrnEIer

I0 yeårs rnå! ñr-rt reserïblË the ':eI l

and V¡nder¡låcr.r , l':rË7i .
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ÏHE FFJÜLAIJTII!-INDUI-:IFLE FT:NTEII!

In 1fES Shir-t and Iuasi,:r',r repnrted the is':Iati':n and rhara,:teri¡eti,:n

¡:,f E Çly':':Eylated FF:L-indu,:ible prr:tein (F iF ] in the HFr_: ,:el1 I ine T-47D,

ThiE Ímpurrtant fl!s';r3ys¡1r mar[::ed the first time tliat h,:rm,:na.l indr_rrti¡n,:f

sper:i f i': pr,:teins viå qÊne regulatic'n in human t*rget ,:ells r,{ås seen. The

indu':ti':n ¡f FIF and its mF;NA represents a nseful rn,:del in uhirlr t,: =t¡rdy
tlte rnerhanism ':f FF.:L atti,-rn in terget ':el ls, In additi':n the =tr-rdy ¡f F-'IF

prnvides a q'f,:,d båsis f,:r studying ttre rnle,:f FF:L in HBI_: ,

Ïreatment ':f T-470 ':ells t+ith hFEiL and lrydr':'r'rrtigr,ne resr-rl'L= in an

inrreased synthesiE,:f FIF and an inrreased å,:ÈLrmLrlati,:n,:f its mËlrlA. E,:,ilr

li':rrn¡neE årE ne,:E5Eåry tn iili':it FIF e:tpresEi'¡n, The tlrree F, IF pr,:tein=

have ["][+lE ,:f ] 1, çrJ0u 14, u(:]il ånd 1Ë, (Jaü, The 14]1. and 1Ëþ. sperÍes repre=ent

gIyr,:sylated f,lrrn= r'f the ilH: pr':tein(shiLr et àl , I'JE7j, I¡t vitrc
transläti,fn ':f pú1y A{- nlF:NA frnm h¡--rrrnr:¡ne-treated T-47D r:el1s f,:l 1,:wed by

imrnLtn':pre,:ipi'Latinn u=inq the FIF ¡ntiserum fr'rm rabbit reEulted in.bhe

dete,:ti¡trl ,t,f a l: 5ll. pr,:tein, The l:,5tt: f ,rrm Ís the pretLrrE,:,r ,:f the r,ther

FIP pr':teinstShilt and IuaEi':ç,rr t'lt5i. Thr-rs the 11li. spe':ieE iE f¡irfied dr-re t,:

rleavaqe ,:f the síqnai peptide f rnrn the 1:,Slt: f ¡rm. The çubsequent

gly,:,:sylåti,rn ':f the 11t1. f,:rm qenerate= the 14F: ånd lEl,:: f ,jrnË,

F':1 1,:r+i ng the i s'rl at i nn nf FIF, i tE rDNA r l,:ne r,Jås i =,:l ated by

5':reeninq çrith ¡ntib,:die= a lambda gttl expres=i¡:¡n library prepared fr,:m F,FIL

and hydr,:r:i,rtiErrne treated T-47D mElNAt.l"il-rrFhy et å1, l3B7al. Is,:lated F,IF

Èl'rnFE nere sr-tb':1¡ned int,r pFFfSitiShir-r et å1 , ltB7l " The l¡:¡nËest ,:1,:rne

':nntained the entire ':':dinq reqi':'n ':'f the FIF qene,:f s77 bps" This u"rs

':¡nfirr¡ed lrsing hybrid-EeIe':t translati,:,n f¡:ll¡:r+ed by

i¡lnltn,:pre':ipitati'-rn illurFhy et äI I'lB7a.r, Sltbsequent N':rthern analysi= Eh,:,¿ed

s sinqle mFiNA spe;iES ¡--¡f ,+b,:t-tt 9t:t¡ 6O=, A=surning itlr.-r nLrcle¡tidEE,:r,nip,:,Ee
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the p,:l;'rt.¡li hai i in the rnature mFiNA the

prnbably mÍ=sinq åb,:'Ltt 1:(:! bps irr the 5t

I'iB7a i .

FIF ':DtilA ,ii J77 nlr':IE,:,tides iE

r-rntra.n=lated regi¡n r.['t_rrFhy et a1 ,

5t¡-tdies reqardinq the requlati':'n nf FiF e:,:pressinn by l'l-rrphy et

a1 {1tE7bi sh':r,red that treatment ,:f l'-470 ':eI Iç r,ríth hFF:L and hriH in,:reaspE

FIF mE:NA IevelE ãppr':¡y:ímåteIy 4"6 fnld ç¿hi1e å rn,lre pr,:n,:urn,:ed

in,:reased i 1:" + f ':'1di r¡ag sÊen uhen ,:e11s lJEre treated ,¡ith b':th hriH and

hydrnc'-rrti5,lnÊ ':r the andr':qen dihydr'::,;ytest':,ster,:,neiDHTi, DHT is the rnr,st

F,:'bent Eter':'id in in,:re¿.=ing FIF Eþ;pressi¡:'n, Nlrclear rlrn-,:ff e:,;perirnent=

sh':t¿ tliat DHT al':'ne tan inÈrease the transcripti':n ,:f tlie FIF gene by 3.7

tirnesil'il-rrphy et *ri, 1'lE7bl, Ihr-tç it i= th':urght that FFtLt.,:r hriHi plays å r,:,1e

in the p*st-trans,:ripti':nal requlati'-rn ':f the F IF meEsaqe. The FIF gÉnÊ k¡åg

sEqLten':ed ånd,--,nË 'lpen rEå.dinq frarne ':'f I4Ë arïin'l arids sr-rffi':ient t,:' ÊnÈr:¡de

tlre prerltrs,:r f':Ffft ,lf the =erreted FIF pr':tein is evident r.t"lr-trphy et al ,

I'iE7b I .

Tlte e:,;pressí,:'n ,:f tlte FIF qene is va.riabte betr*leen HFll ':e11 lineE aE

weI l ¡s tÍsEL(eË' F IF mFiNA is dete,:table ånd h':rrn':ne11y-indr-r':ibte in ¡tlier

HFll ':el1 lines in':lLrding zt:-73-r, ÊT-.174, T-470 ¡rl,r¡FìE B, ':1':rne 11 and a

Ï-47D rnlttant l ine 5 åt ¡:r:¡nsiderably 1':wer levels{l"lurphy et al, i'387ai , Al l

':,f the=e ':elI lineE arE p,isitive f':r the FF.:L and E! rerept,:rs, Tr¡n FEIL

re¡:Épt'lr F':,EitÍve ':e11 lines, l"ll::F-7 and EFt'l-15 ':c'ntain n,:, detE,-tahIe FIF

mFiNA. T47-D ':':'ntåins åpFrr,:4ímateiy 35r{Ja(J FF:L rereptnrs per ,:811, t'lr*F-7 has

ab¡rut ,:ne third ':f that am,:t-tnt t shir-t¡ Ii75i . Tr+': ,:tlier bre¡Et ,:ån,:Ër ,:e11E

l inest.EFl ne:¡ative), FÏ-ril and t'1DA-l-lD-i3i aE '*reI1 aE a "n,:'rmål " hlrmån flðrnrnarv

epithelial ':eII line IJBL-I(:r{:r åls¡tr drtr n'lt ey:prE== de'be':tabie level=,:f FIF

mF.:NA' The levels,:f FF;L rereptr'r åre l,rrJer in HBL-Ir-rr-r tha.n in l"lL-:F-7.

Fr':teifl li,:'m,:lLìgy studiEs =h':r+ that the amin,: arid seqr-rnre ':,f FIF i=
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Eirni lAr t,: the =eqLtEn,:e ¡lf à pr,_-,tÉifr en,:,:¡ded by å ,J¡=nË e:,;preSSed ín the

rn':tLt5e subma:¡i l lary g1e.nd. Sr-tbsequent tleEtern b1¡t *nu1r¡EÍE haE ,:':,nf irmed

tlte pre=eñ¡tË ,trf FIF in human Ealíva{:l"llrrFhy et at, L'-lE7a.': and }r¡-rrn*rn s{,reat ¿nd

tearE (5hir-r, unpltbl i shedl ,

Flrrther stltdies LÌn tlie lnr¡.1 Í:ati¡lñ ¡ff PIF mF:NA shnr+E that in vivo

expre==i¡lr1 rl¡f the FIF qene,-.rr':LtrE in ELT" nf HEtll tr-tm':r bi':FEies åË well aE in

rystí¡l åfid pr':1i f erative breast di=eaEe sper:imens(5hÍn et à1 , 1t87),

ll:ar':inr:'rnà5 ':f the pr¡l5tå.t8, pitlritary, bladder, ,trlIr]r]o brtk¡eI , kidney, beniqn

pr':'statí,: hyperplaEia and dern,:taf ibr,:'sa.rtt'rnå dr' n':t e:,;press FIFiShir-r et a1 ,

ItBT)" An FIIA devel,lpFd t,: dete,:t FIF in the þ1,1r;,fl,:f brea=t,:ån{Er p*tient=

=lr¡us åbr:rLrt 357, nf samplÊs ånålyred =lr':ur levels qre;rter tha.n r nq/ml 
"

Ïn 118Ë Haagen=en rÊF¡:lrted the i=,:iati¡:¡n ånd identi f i':ati¡t¡n r-rf å ,:V=ti,:

bresst flr-rid pr¡ttEin [re ':a11ed l]l-:DFF-15 whiËh r,JåE subsequently diE,:':,verecl tir

be the F IF iE':l*ted f r':,m T-470 rells å5 reF¡rrted by Shiu and lr*r¿si'lH in

I tE5"

The il':'1e,:Lrlar weight and,-rtlrer physi,:aI para.meters reqardinq pIF are

i dent i ':al àE rep,:rted by b,:tli qr':urpE, Ha.a.qensen haE aI s': devel,lFed å. FjIA

r+hi':h lras been used t,: detert level5 ,],f rr'riDFF-tr ranginç¡ fr,:m 1r_r ng/mI in

':y':Ëbi': brea=t diEease f lr-rid b'-r Lrp t't 7{j, Uü0 ng,/nl in the FIåsrnå *f =everal
patients r^lith metastatir hrea--t rarrinr:¡rnas, Haaqensen FEpr;r¡f,5 lll-DFp-lI is

dete':tabIe ín p1åsr'nå r:'f w'fmen with n¡ påst hist,try ,:f breaEt di=ease çli.Lh a

rredian bl,:":d Ievel '--rf 15 ng/ml , r*[tirh is higher than that rep,:rted by Shiu

et al iltE7i. Alth':t-tqh the prEEen':E ':'f gr,:Es rystir diEea=e in,:nr= in,:re¡Eed

plasma levels,:f lil-:DFF-l5, the ¡verall level ,:f tlre pr,:tein in the bl,:,:d nf

\.¡¡:¡men u¡ith fibr':aden¡:¡rttå= iE ¡rIrr¡sÈ t': the level in n':rrnal adr-rIi; r,J':rften,

Ïhe piaErna level ,rf |iL-:DFF-I5 iE believed t': fun':ti¡n as a rnarh.er t_t I

- t..breast åpr;r¿¡ine metaplastiE å¡ttivity and rnay alEn reflert an intræaEed ri



- 1,1-

f rtr brea=L ':ar,:in,-,mä devel¡:,prnent iHaagensen, I,lEE), Frei iminary studies by

Haaqsensents qr':ttp slrqgests that çtc'men ç,¡ith b1*¡d leveIE tlt::DfF-I5 ab,:ve 5L¡

nq,/rnl have an in':rea.=ed risk ,:f breaEt ':ånr:Er. InLeres'binglyu H*aqensen lr¡.E

els': spe':r-tlated tlr¿.t the li,:rrn':na1 rnilieu çrlii,:lr indures bre.lst,:y=tí,: diEea.se

füåy alE¡ be a prnm,:ter =timr-tlt-tE t,: brea='b rtå1.¡tin,:¡må dEVÈI¡:¡pfnent. ThiE

sper:Ltlati':n is interesting qiven,*hat is [::nr:'þJn abnlrt the h,:,rm,:,nå.1 depenclanre

,:'f F IFiËI-:DFF-l5 j.

Ë¡th HaaqenEen and Sfii t-t lt*ve rep*rted that abr'urt 4t-r"l ,:f r*,:rnen '¿i t[i

breast r:ånr:er p'fsãEss detertable level= ¡f t, IF,in their b1¡r¡d. H¡:¡IJFVËFr åg

metastati,: breaEt i.lr,:in,:rfitä pri,gresses, an inrreaginq pÊr,:entaqe,:f pati.ents

devel,-iF el evated l evel 
= 

(:HååqËnsen, I t86i . Trea.tnent ,t,f pat i ents wi th

f 1t-t,::,;yrnester':rnEy a =yntlreti': ¡.ndr*qen ltEed f rtrt paI iatÍve Lreatfient ¡f

rneta=tati': brea='b,tårrrinr,må. r:åLtsed 4n in':rEåse in plasrna levieE r:f ljll:DFF-IE

by !002' Again, tliese ':lini':.rl results are in a,:,:,:rdåfl¡-Ê rJith uhat i= lin,:r*:n

fr':rn ilr r¡iÉr¿ stutdiËs,:'n the andr,:qen-dependan,:e ':f FIF e:,;pre=si,:,n in T-47D

':el 1s (l'lurphy et aI , 1587b I .

0ther featltres reqardinq FIF acj =h':q+n by He.agensen in,:lr_rdes its

l'l',r.i1i¡¡ti¡n t'I' the åp':',:rine epithelia ':f tisslre fr,:'m a:ii11a, perineurn,

eyel i d, e:,;ternal aurdi t':ry rtårlå1 and Lhe breaEt . FIF (ÉLDFF-I5 j haE a1E,: been

l¡:':abEd in årEå.5 'rf åp':":rinE metaplasia Eu,:!r ¡E intradurt-rl papi 11,lrnår

aden,:ma, ånd qynesËûfnasita" The br':,nchial Enbrnurr'Ea, sweat qlancls in Ekin

and the Eer,:ltË rtEl 1= ,:f the sLtbmandi br-rl ar ql ands and åÈrtËss,trl-y l arr i ¡lal

glands å1E,: P':ssess FIF, again in arr':rdåñ¡tÉ lJith Shiut= re=ultEr.$hílr et aI ,

1'lE7i ' The 1¡:¡,1å1i:ati¡t,rt ,t¡f FIP t': bliese diverEe å.reàE is n,:t ËLrrprising f ,t,ì-

tlte a.p':rrine glands åre sperielired sweat gland= under the influten,:e,:,f seï

h,:'rm,:'nÊs and rn':st ¡:f these ti=Elres a.re phylrlreBfiti,:al ly-relrted, N,_irmål

t i sslte and mal i gant turn,:rs f r':m tlre bl adder " ,:,:,1Èn, esF,:li¡qus, hi dney r
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j. iver " thyritlt=r pånr:Feå5, sltin, Et,--,fliå,:h, thyrr,id, t¡_,n!LrF¡ and r_rterlrs sh,:rJ n,l

immnn,:rea,:tivity ft'r FIF,

Ïhe ':':mbined infirnatir'n ¡bt.rined tlir':urqh the =tr-rdy,:f F'IF by b,:th

qr'lltps sr-tqqeEt that FIF has valuable putential às å ,:l initål mår[::Er f ¡]¡l-

breast diEe¡Ee. H,fwever f r-trther str-rdy is sf i 11 netEsEåry t¡ deternrine the

physi':1,:gi':aI f ltn,:tir,n ':'f F IF in n,:rrnal ånd diseå5e state=.
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FAFjT 1I

IJENEIjAL IjENE FjEIJULATION

Ïhe series r'f eventE a5srl':ia.ted with reqr-rlated e:';pressi,:n,:f elr[,.ary,:,ti,:

genËs inv,:lvesl 1i initiatir'n ¡f trang':riptir:n, transrript e1':,nqåti,:rny

prr:rresEing End transp,:rt ':f mF.jNA int': f,f1E r;yf,,;rplasrn, :) tran=Iåti¡:n,:f mFjNA

i¡f ¡, pr,:tein and 3) p,-rsttranslati¡:rnå1 m¡di f i¡:ati'-rns ,:f the pr,:tein r.Levine

et aI r 158Ë), AIth':,utgli reqr-tlå.ti¡t,t'ì ':,f ÊïprEEsi':,n ,:Ëtn tatte pLå,tE åt ¡:rnÊ ,:¡r

fn'lre '-rf these step=, rlrrrent eviden,:e sugqests that a rna.j,:r level f¡r

eltl:ary':ti': qene regulati¡:n inV':'lves initi¿f,1,;,¡ r3f trans,:ripti,:nt.Levine et

å1 , i'JBËi ' It is uridely å,:':epted that qÊnE reqLrlati':n resultE fr¡m an

interplay betç'een DNA and r;f1¡¡r¡r;r5r3¡¡l pr,:bæin=, nLr,:1er;r=r--imal pr,:teins,

n':nhistr,ne pr,:teins, high m':bi I ity gr,:r-rp pr':teinE and spË,:i f ic requlat¡:r

pr,rteins(sltrh ås reFressnrs and a¡:tivat'¡r's(F:-rrin ¡.nd Fliqqs, I'lBüj j. HiE'br:ne

m,:di f irati,:n by a,:etyl.rtí':n may alE,: be ':ne ':f the c¡ntr,:1 merlraniEms" DNA

rn':'di ii¡råti¡l¡ll by methylati*n prr:bably is å1s':' ån imp'-r¡f ant part 
':' 
f tlris

,:,lfipleï hierarrlry rtf ¡:r¡Rtr¡-¡1Er.F.:arin and E:iggs, l lB(i) "

FAFIT 1 1I

I"IETHYLATITN

I NTFJDDUI-:T I ON

Ïhe methylated base S-methyl,:yt':sine (5ml-:i r,Jås diEr':vered in cal f

thyrrt-t= DNA åb':'Lrt 3B yËårE ag':iF:a:in and Fjiggs, I'jBi)j. 5in,:e then the

¡:¡r:,:LtrËn,:e ':,f this min,:r baEe has been demcrnstrated in s wide variety,;'f

'lrq*ìnisrnsr in':1t-tding al I verLehra.tes and plant= that have been studied. In

vertebrates, Smll: is tlte ,inly rn'¡dified ba.se yet frtrlrfld in DtiJAtF.ta¡in and Fiiggs,

lSBul, The preËËn':e c,f thiE abn'rrnial base is the result ':f
pl-r=t-repli':ati,-rnal methyiatinn 'rf ¡-i residues in the DNA and n,:,t nf the

in':,:rp,:,ratinn ¡f lmr--:l'lF during DNA =ynthe=i=, After DIiJA repIi,:sti,:n¡ å
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transrnethyl ase eniyme trans f ers a methyl eïrllrp f r,:rn

S-aden*sy1-methi,:nineiSAt"l) t¡l the 5-,:årb¡:,n in the pyrimidine rinq ,:f

,:ytùsineili:iggs and J¡t¡nEE¡ 1983i.

In rnarnmalalian DfilA, t-77" *f thE ryt,:'Eine reEidlres are r,:rnverted t¡ Smrl:

si1':'rtly af ter DNA replí,:ati,:n(.l.larin and F;iqqs, I'jBÇ j. The ma.j,_r¡ity(ab,:r-rt

'-l(J7".} ':f Srnl-: residltes in eltkary'-rti': DNA ':r':r:Lrr in the dinlr,:1e,:tide seqlren,:e

tl:pU and betueen 5r-r and 7t-t\ ':f [:¡: site= ¿re methylated, dependinq È,n the

=períes and the tisEueil--'3¡ps¡s s¡fl Falrniter, ttBl ). Atth,:r_rqh Emrl: reEidues

årÈ f ¡ltnd mainly at the 5t side '-rf guanine reEidnes, 1,:,r+ but =icni f irant

åm,:'Ltnt5 are pr,:'bably f'lltnd ne¡t tn l-ly T, and A residuesiVan der FI¡eg and

Flavel I r 158(ji ' The dinurle':tide seqr-ren'-e tl:pË in br-ri h vertebrate DNA ,:,,:tLrr5

at ah,:Lrt ':ne-'f i fth ':f ilre erpe,:ted f requen,:y, its ra.rity th,:r_tght tr, be due

t': itE methylati':n(Etird 1t8Ë). The 5,:år,:i.by ,;,¡ t_:ptj is [i¡]¡st prr:rbably raused

by the failltre ,:,f DNA repair mecfianisffiE t¡l re,:rfqnire deaminati,:n ¡:f Imtl tr:

give thymine(Fird I'lEËi 
"

F:e':ent ev;per i rnents i ndi,:ate tlrat several hi gher eukarynt i r genes E[rr,w

di f ferential patterns c,f DNA methylatir'n that are reIl speri f i,:, and v¿hi,:h

r:Lìrrelåte with the tissue-spe,:i f ir e.r:pressi*n ,:f theEe geneE, T¡eEe

':'bservåti':'nS =Ltqqest å r¡t¡Ie f ¡:r" DNA methylåti¡ln in r:¡:ntr,:I I inq

trans':rípti,:nal artivity ¡f genes a.nd further indÍrate that tisslre ¡.ncl

ÇËnÊ-sper: i f i r: ':hånqÊË i n DNA methyl at i,:,n may be ,lnÊ ,:f tlre rn,:I e,:lrl ar

rnechanismE hy r,.ihi':h spe':i f i': gene e:,;pressiun is regulated durinq

devel':'prnent {Levine et aI, 1'iBË). AE early aE 1t75 Fiiggs(1Ë7El and H,il l iday

and Fr-rgh t 1975) p,:str-rlated that ,:hånges in DNA methylati,:n (r¡rlrId pr,lvidÊ å

mÊånE ¡if ,:':'ntr':1 ling qEne EIprÊEFi':'n in an inheritable fnånner. Indeed,

re,:ent eviden':e inditates that there ís an inver=e ':'-rrrelatí,in hetr¡een the

e:';tent ':f DNA methylati'-rn and ttle e:,:pressi¡-rñ,lf several genesr.F:iggs ånd

J,:nes, 1i8Xl.



Ê. EHF'EF:IÌ-IEIITAL TEI::HNIGIUES USEF IN ÍÍETHYLATION STUDTES

F:apid pr'fqrÈ55 has been made in re,:ent yeår= in the devel,:,Frnent,:f

highly sen=itive and reI ia.ble rneth,:ds f ¡r the identi f i,:ati,:n a.nd

qlta.nti f i,:"rti¡:¡Fl ':f Srnll: in DNA" A r¡nveníent ¿.nd ç,ridely åFpl irable åppr,:,å,:h

t,: dern¡nEtr¡te the ':'--irreIati¡:n bætween the e:,;tent ,:,f methylàti¡:¡n in the

nieqhbL-,Ltrh,--":'d ¡f å qenÊ t,:' its tranEcripti':nai artivity be,:ame ai¡ai lable

çtith the Hpa. 11/l"lsp I restri,:ti¡n end¡lnlr':lease åEsåyt Felsenf eId and l"l,:tfhËEy

158:i . Thi = t-tsef Ltl åssåy uas based nn the ¡bservat i,:n that l"lsp I ,: l e¡.veg

tl:ll:tiË sites methylated at the internal':yt,r,=Íne re=idr-re ulrile Hpa 11 LJås

inhibited by methyl¿ti':n at the site(Ëird and Snt:thern r L'179't. Thr-rs uith the

Ltse 
'--i 
f gel eIe':tr':pht,rESis 'lf diqested DNA f ,:11¡:çied by Sr_ruthern transf er ,r.nd

hyb'r'idi:ati':'n r+ith the appr':pri*te label ted pr,:be, the pattern r, f

methylati':n at tlr':Ee t::plj siteE'¡hirh are embedded in a tl:l_:rjrj ssqlrpnrE ran be

determined in sÊrne detaíl iFelEenfeld and M,:Ëlreer lt8ii. A r,:rnpariE,:n ,:,f the

restri,:ti¡:¡n fragments seen f'lr Hp-r l1 'tith tlr,rEe Ëeen f,:r t'lsp l =h,:r¡E thp

1¡:¡atÍ,:n ':f methylated ül-=l:l: sites(F:arin and Fiiqgsr 1'lE(-t). Several nther

restrirti'¡n Ènd':'nLt¡:lease= liave been lrEed t': pr':be f':,r rnethylati,:n in,:ludinq

Ava I e.nd Hha 1, yet the rn':'st r+ide1y r-rsed rernain Hpal I and l"lsp1,

Ïht-t= it is ':ften pr:rEEible t,:' determine tlie prÊsen,:e Lìr åbsÈn,:e,:,f Srntl:

at a qiVen p':siti¡-rn in ttre gen':me rlhen the p,:sif,irlr.| rlrlrlrlerned iS part,-rf a

restri¡:ti':n ':1Eåv-lge =ite. H,:'k,ever, the L(Ep rt¡f restrirti¡:n Ènryrnes permit=

':nly ån indirert meåsltre ,:,f DNA methylati,:n iVan der Fl,ieg and Flå\'811,

i98(J j. F¡r'r e:iarnple, in the Hpal l /Fl=pl åËsåy ,in1y meilrylatÍrtrn ¡t¡f t::tltjtl Ëiteg

iE rneaEltred and slt':h Eites repre=ent r'nly åb,tlrt nne =i:,;teenth ,:f the t,:tel
meth;.u I ¡f sf, =i teç t.F=li gg= and i,:'nE5 I'J83) , t::hångeE i n ,:r i t i,:al si tes ¡trt,Lr1 d

easi 1y be rni ssed. San¡ and Ëager i I'lt:l have rep,:rted t i =.sue =pe,: i f i,:

di f ferenre= in b,:,vine =ateltite DNA th¡t are readily seen at TuriA =ite=. In



tltiE,:ase it r*Iås prlrs5ible t': deterrnine mËthylåti¡:,n påttErns by dire¡:t DNA

seqLten':inq å5 the Hpa 11/lÏspl åssay H'rlrld håve inissed the tissue-speri f ir

di f feren,:es' F;esutlts ubtaÍned by the LIEE ¡t¡f restri,:ti,ln Êfldrt,¡Lrrrlea=es slrnþ,

tha.t the pattern ':f DNA methylati,:n at a given site in i;he DNA,:f hiqher

'r'r'Får1 iErn= iç hiqhly 5peËi f ir (van der F1ù,eg ånd Flavell, IgËilj.

l'lust e:,lperirnentE t¡ be disclrssed r"lhirh lr.tve r-r=ed Eniyrnes t,r detert the

methylÀti¡ln Etatr-t= ,:f repe,:tive qene= liave d¡rrtlË sn in I ight r,f ilie

dis.rdvantage that ,:nly 1û-I57" '-if t¡te.l rl:pËs present in DNA ran be dete,:.bed,

Indeedr DNA tran= ie,:ti¡:n stLtdies indirate that ,:,nIy å sm¿11 ç¡rbEet ,:f ll:pËs

are relevant f¡r qene e:,;pressi':n tJaenis':h ånd Jahner, 1'184.) " It is tlreref,:re

F'15=ible tha.t ¿11 e::periment= whËrE n¡f ,:r,rrelsti':n betueen e:,;pressi¡n and

methylàti¡:n wås fnutnd ha.ve failed t': detect the bi,:1,-rgiral 1y relevant

=ite=tJaensi,:lr and Jahner, 15Ð4i,

I-:. 5_I-IETHYLI-:YTTSINE AND I]ONTF:IL ÛF IJEIIE EXF'FJESSITN

l*lt-t,:h el/:pÉrimental sltppr:rrt lta= a':':Lrmulated fåv,lring the inv,:Iverleflt,:¡f

Smtl: in qene ,:,:'ntr,:rlt.Ëiggs and J,:nes, 1583i. l"lany pr-tblirati¡ns ey:ist whirh

indi':ste that ll:tl:ljlj Eites in n'-in-erpre=sing tisËues,:,F ,:ells àrÊ m,:,re highly

methylated than in e:,;pressing tiEElre. Tlie ':':rrelati':n is Elir-El lent in the

5t -f 1ånkin! regi'ln åndr in rn,:st ,:asÊs, t[ie ,:,:dinq regir,n ånd Êven intr,:nE

ðre å15,:' 1e== methyla.ted when the qene ís being e¡;FresçediF:a:in and F.:iggs,

liE(ji.

The nr-rti':,n that 5ml-1 rnåy be a siqni f iiant fa;t,:r in n¡ammal ien qene

':t:'ntrt:rl rEEts ':n ¡ tlre,:reti,:.rl f ra¡ler+':rt,: br-ri It f r,:rn eEtabl i=hed prin,:ipIes

,:f pr':,tein-DNA intera,:ti':nsr.Fiigg= and J,t,fiE5r 1'J83i, E:,;perimentaL ly veri f ied

predi¡lti¡l¡li5 l1¡r¡tc in,:1r-tde; 1j methylåti¡ln af fe':'bs pr':tein-DNA inbera,:ti,lfis! ': j

methylati':n is syrnmetri':a1 in b,l'r:il Etrånds; 3 j methyl-¡.tinn pattern= e.vtist;

4l methyl*qti¡n pattern= are tissue-spe¡:i f i,:; 5i methyiati¡n pattern= are
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Er,rråtiral ly heritible; ¡nd Ël rnaintenan,:e mËthyIaEes e:,;i

158!1. f'lethylai;inn pat'Lerns ,:'f spË,:i f i,: gEnEE in rel ls

Eper:ies and tisEr-te sper:i f i,: (.Levine et aI , lg8Ëj.

I'lany flr,:nps lrave r-rsed Hpali/f"lspl aneylEis t,: EhL]þJ å

=t iF:i qqs and JrtrrlËEr

and tissueE is b¡th

': ':r r e1 at i 'rn bet ç;een

Itndermethyletirl¡rt rt, f l-ipli Eite= in the FEqi,:'n,:,f È. gene and it= e:,;pre=Ei¡:n,

The pa.ttern ':f variati':n ,t,f nrethyl*lti':n between tíssr-res is,:¡mplel{ ånd

LtsLtå1 1y dr:es nr:t inv':'IVE ¡-¡t¡fiF1æte demethyl.r.ti¡n ':f Eti'bEnsivL= reqir,ns ,:f the

DNAiFetsenfeId and f.l':rïheer 15Bi-).

In 197i I"l':tihee ¡nd tlinder firEt rep':rted that =everal r-:üuu =iteE in the

i-Eãi,lrlì ,:f the ':hiillen beta-g1':bin qene= årË 1e=s methylated in erythr¡:":ytes

end retitt-tIn':yte= than in *vidnrt tisEue, The sårnË ye-r.r t'landel and

[:hambi'n (.1179'] f,:¡Ltnd å. r:':'rrËlatii'n betvrern undermethylati¡fn årid QEnE ar:tivity
,:f the,:hirken,:valburnin gene. In their study 3 ':lEEses '-rf l-lpa 11 sites sere

'-ibservedy namely, n':'nmÊthylåted in all tissr-re;, fr-rlly methyiated ín ¡.Il
tiEsues ånd våriabty methylated in aIl iísslresil"landel and rl:lramb,:n, I37,Ji.

In liE(l t/an der Fl,:eE and F1åvell r-t=ed Hpa i1 and f"lsp I tn dern,:nstrate

that the DNA ':f tissltes e:lpressing the ql,tbin genes and the regi,rn

sr-trr'rltndinq and in':1t-tdinq the qËneE er:pres=ed sh':çJed I',rH IevelE t, f

methylaLi':n Hhereås the nieghbnr-rrinq DNA reqi¡ns have higher 1evels ¡f
methylåti,:n. ThiE data ErrqqeEts'hhat hyp':methyiåti,¡n rray be å nE,:!=55åry br_r.t

n':i sll ffi,:ient r:r:ndil:ir:n frtrt" EEtlE e:,lpressir:rn in hiqher eU[,:arV¡tes(Van cler

F1':eg and FI avel I r 15Btji ,

5in':e then the l-lpal 1/l"lsp1 systern lras been LrEed t,: sh,:'r{ l¡rrelati¡:,ns

between methylatir'n and e:;pressi*n ':'f måny gEne5, E:,;amp1e= in,:lr_rde: lj The

[d,:,r[; ':,f LevÍne et a1 (1']BËi t+h':' slr,:ued tissue sper-i f i': hyp,:rnethylati¡n ,:,f ilie

parathyr,:id hi'rm':'nÊr.FTHi qene in the paratlryr':id gland ËtE t:t:,rnF-å.Fed t,:

n,ln-eïFlressing tissutes str,:lr as leltl,:':':ytes, ånteri¡:¡r ånd p,:steri,-rr pitr-ritary
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ånd pIa.':enta. H¡:¡krÊVEl-r l-1¡l¡ t':¡rrËlati¡:n çråË seen be'hçleen tlie deqree r,f

hyp':methylati':n ':f the F'TH gene ånd the level 'if Farathyr,:id qland Ee,:retl-¡ry

activity. ThiE data sltqqests thet methylatirt¡tl rtrf 5pËr:i f i,: DlrlA seqLtEn,:es rnåy

e:,;ert å ¡:l'itiral rnle in determining the tisslte-spe':i f ic distríbr-rti,:n ,:f F,TH

genE eliprÈ5Ëi¡-tn. :j The methylati,:n s'batltE ,:,f tl.ie rFliil and rËH qËneã in

pitt-titary ':el I lineE uhirh pr,:dt-tce either large ,:r minlrbe åm,lLrnt= ¡:rf b¡:ilr

h':'rm,:,ne5 lias been aEEes=ed. In the ':e11 I ineE çJhir:h pr¡:"JLr':Êd tlre m,:r:-t rt]H

and rFFIL the qenËE k,erÈ f ¡jlrnd t': be hyp,:,methyl ated r+hereas i n 1 i nes r¡hi rh

expre=sed 1r-rrd am¡ltntE ,:f the twr, h,:,rm,_rne5 the qene5 uerË

methylatedtLaverriere et ð1, 1tBËi, 3i 5tr-tdieE inv,:,lving the humarr

thyr':q1':'br-11Ín qEne indi,:ate iliat the extent r,f mathylsti,:n at .bhe Sr end ,t, f

the qene reflert= the ¡':tivíty,:f the qene in acluli E,:mati,: tissltËEr.Libert

eb åI, l'lBEl. ür-tt ':'f f¡ur llpa ll sites, .Lhree HerF f¡_rlrnd t,: be

n':nmethylated in thyr':id DNA while ful1 methyla'bi,:n kåE ¡lbserved in 1iver,

=alivary qland and 5perfiì DNA. In pIa':ental DNA, all f,-rlrr Ei.bes i*,ere

n':rn-metthylated reqardless 'if the artivity nf the gene(:Libert et al, IgBËl,

In additi':,n¡ methylatir'n uas 1':'çJ in e:,;tra-ernbrlr-rni,: l inEåge= regardlË58 ,:,f

genP a':tivity' Tliese åre ':rnly s':'me erarnples ,-rf a 1årqe åmr:¡Lrnt,:, f ç,:rl: that

h*rs glr,:wn å ¡:¡rrFrÊIati':n between hyp,:methylatinn ,:f sperí f i¡: ÇÊnE= and theÍr

ËïprË55i ¡:¡n,

üther l ineE ¡f evidenre snqqest that DI'JA methyieti¡n ma.y pIåy å r,:,le in

the reqltlati,:n ':'f gene a':tivity in animsl ceII=" The,:,:nner;.fir;,¡ betueen DNA

methyl ¡t i ':'t-r and gene e:,;pre=si i,n i E 5l(pp,:¡ï-ted by str-rdi eE ,:f fn,:,Lrse

retr,:,\'irLrEe5, A nurnber ':'f Hnrher= h,rd previ,:t-t=15'gh,:,,*,n thet the ina,:tir¡ey

geneti':al1y å':qltired pr':viraI Eeqlrenr:eE are heavily methylated uherea= the

-1':tiver 5rrrrilåtiral ly å':quÍred r:':rFieE a.re r-rndernethyla'bed. In å ïË¡tEfit stt-tdy,

nnn-metitylated pr':'vira1 seqLten':eE uere sh':,!+n tr, be infe,:ti¡lrs in
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transf e':ti':¡n stLtdie= u.'hi Ie the methyla.ted EequËnÈeE krEre n':'t {FelEenf eId "end

l"l,:Ël'tee, 198:). Furtherrn'lre å ':*py ':f the end,:,qenúns in¿,:tive pr,:virLrs uråE

':l¡ned in ba':teri¡. and the ':1':ned DNA (n,:ç.r Lrnrnethylated at r::pri site=.r ¡È'F.s

f':utnd t': be hiqhly inferti,:r-rE(.FelEenfeld and I'lrrilreer 1tB:i,

DNA syntlresi:ed durinq ':lierni'-a1 1y indu':ed di f ferentiabi':n ,:f Friend

erythr':1eu[':emia ¡:eI1E i= liypr:¡¡s¡¡tl"rtedr åE rneaslrred by its ability t,:,

å'r¡lÊPt nethyl qr':rL(F5 'branEferred by hr'n,:IrrrÇrrrug [flft methyltranEfera=es ilr

çit'ra it-hristma.n et al y 158(Ji, This n':'rk sr-tgffestE thet Ë1 mini,r 7. ':f sites

fi¡lrl'fliå11y methyla.bed in FL ':eil DNA are n':t rnethylated in DNA made durinq

':lremi':aI 1y indlrred differentiati,:ntllhristman Et å1 , ltBÇi,

The avsil-rbilibV':f ,:æll linpç that underÇ': differentiati':,n in tiE=r-te

,:LtItLtre ltas al1t'ued dire':t Er,iårllinati,:n ,:f the lryprl'f þssiE that methyleti':n ':f
the qen,:rnE rnåy be requlating cene e:,;pres=ir:'n dLtring di f ferentiati':n. f,l,:,Lrse

eryth':leltl::erniå ¡rÊ1 Is that Lrflderq': erythrt'id di f f erentiati,:n af ter eïp,:¡slrrËr

t¡: ,:heflrir:al indu':ing agents hhe f r'II':r+inq ,:':'rrelatii'ns have been nade: l:t

Di f f erentiati':n is indltted in Friend erythr'-rleukernia reI 1s by e:/ip'-lslrre t¡

L-ethi':,nine åt ':ün,:Entrati,:,ns ELtffi':ient t': inhibit jtr r¡jc.r¡ ¡s¡¡y1ati,:,rt r-rf

DNA and tF:NA' :) DNA iEnlated f r,-rrn FL rel lE underg':'ing di f ferentiati':n in

l'ÊËpr3¡5s t* ':tlier aqentE ltnrel¡ted t': ethi,:nine i= hypnmethylrted, e= jr-rdqed

by its abí1ity tr';t':t ss a methyl å,:,:eptrlr in vitrntll:hristman et.rl , 1'3Ertj.

In additinn t,: å 5tr':rng in vivn ':':'rrelatir:¡n between qenE Ê.ïprE=sír:,n ånrl

DNA r-rndermethylati':'n in spe':i l'i'r 'tÊli types, in ttiÉr,-r methylati':n 'tf rnäny

qenE sBqLtEn¡:e5':åLl*qeE an inltibiti':n c'f blieir et{prEEEi,sn,nlhEn meåslrrËd Either

in f ibr':'biåEts ':,r Xen':plr= r:,¡:'f ytE5r. ll.edar et al , 158i). In 1'lE3 Er_rsEtinqer et

-r.1 sere able tr: rnethylate [:p¡ì =equenre= in the ¡ilernber=,:i'Lhe E-g1':bin qEne

f-rmi1y, Etriefly, the ql':bin qgne is,:1r-rned in a Einqle-stra.ndecl t'l]I ve,:t,:r

ând a Ee,:':nd strand iE =ynthesi:ed in uhich al I ':yt*sine regidnes are
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methylated (F¡-tssl inqer et al, 1583t, The DNA iE then tran=f e,:ted int,: m,:rlrse

':e11E þJhFre ':e11lt1ar methyiåse eniyrnes å¡tt r-rpnn the r-rnmethylated strend,:nIy

at ti.ptl . Up';'¡ q¡'içth the methyL¡ti,:n Etatuts,:f tl:Ftj 
=eqnefi¡tËE i= rn;tintainæd

while methylati¡n åt ,:tlrer ':ytusine re=idr-res is 1,-rst. The m,:urse,:ells

tran f e':ted ui th bi'tli e. methyl -rted qamm¿.-ql r,bi n gene *nd an urnrneih)¡l ated

Il-g1':bin qene lJËre ':,nly ¡.bIe t'r el;FrB=.8 the beta*gI,rbin qEne. This

EüpEr i rnent pr,ivi dE5 add i t i ':nå1 pr rlrrtr f ,: f

i nhibi ti':,n'_rf tra.nsiri pti,:,n.

E. F,t¡1e f ':'F methyl at i,:,n i n the

SltbseqltentIy the spË,:i f ir are-r.= ,:f the qene ulrere methylati,:n ,:,f rl:pr!

seqlten,:es lrrEre =ilen':inq qene e:,;pressi':'n Ì{,erE 1':,:ali¡ed. T,t, d,_r this, DNA

Eirands þJere synthesi red wl.rere ':ertsi n seqrnents rrrerE pr,:,te,:ted f r,:,tTì

methylåti¡:n (.Ër-tEEl inqer et *r.1, 1383 j, Fr,:te,:tirt¡rt rr¡f DNA rEqi¡:,¡Ë r-rp=tream f rc,rn

the St reqi,-'rn resltlted in e:,;pressinn ¡f the previ*r-rsly silent transferted

qåfnmå-gI,:'bin çlçne. H,:r,rever, whÊn upstrearn rËqi¡fns were rnethylated and the

rest ,:f the genE left unmetltylated n'f transrripti,:n r,JåE seen. The

rrrr¡ñ¡r1r-tEi¡n c'f ühese eliFerinentE slrqqest thåt betuleen 7Ër) bps up=trearn and

1{ji) bps d':¡wnstream f r,:rn the 5t end nf the qene äre r:,ne ,lr m,:tre tlptj Ei te5

krh':,se methyl¿ti':n iE sr-tffiiient t¡f prevËnt tranE,:ripti,:,n,:f the qàrïmå-qI,:bin

gene i n mr:rlrse ,:æ1 1= (Fr_rssl i nqer et al , l gES j ,

In i':'n,:1r-tEi,:n, the E:;pEriment= dis,:r-rssed pr':vide =tr,:n,_f slrpllr:r)-f f,:r tlie

hyp,:f,hs51= that the fltn':ti,:'n ':f methylati,:n,lf ¡:ytLlsinÊ re=irJr-res in DNA iE

t¡ =i len':e genË eiÌprÈs=i,:'n and tha.h hyp,3ppl¡tlati,:,n i= à=s,:,,:i¡tæd çith

å':tiVe qene É:;prÊEEi¡t¡Ft . Hrtrr+JEVÊl.y fUrther slrpp,:rt,_rf thiS the,rry ¡:,:,jïlBs fr,:r¡Tl

the reEr-tltE ':'f eriFerirnents perf'rrmed Hith the ,:yt,:,Eine anð.1,t,Çr

5-a:a': yt i d i ne (5-AråL-: j 
"

D. S-AZAI::YT]DINE

If a spe':i f i,: pattEFF ¡-rf cyt,:sine methylati,¡n in DNA i= ass,:,:iated with
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qEnE ey;prEEEi,-rn¡ it fr:r1l,t¡çrË tlral ':':fnF'lLrnds whi':h,:hånqe the=e pe.ttern= r*J¡fLrId

':hanqe tlre di f ferenti¿.ted state ¡f ':el1E" In parti,:u1arr åfi ånålirqLre ,:, f

,:Yt,:Eine m':di f ied in ths 5 p,==ítir:n w¡r-rld be eiÌpg¡:tEd L¡ be re=istant t,:,

Ën:yrnåtic methylati':'n å.nd hen':e af f e':t gene e:,;pre==i¡:,n t.J¡:¡nBs ånd Tayl':,r,

19Ë(:ii. 5-A¡atl: i= å ntt,:le,:tide snalr,glre uhi,:h di f fer= fr':ni ,:yt,:=ine ,:nIy in

that e nitr':qen is Et-tbEtil;uted f':'r the 5-,:årb':'n Ín the pyrimíclÍne rÍnq.

5-a:all: iraE been r-t=ed e:,;'LensiVEly in methylati':'n str-rdiEg å.ã i'b= irirtr-rt pr-¡t ff,irlrn

int': DNA rEsLrl bE in an inhibiti¡n nf DNÊ, meth;ilati,:n,

[ne ':'f 'bhe f i rEb E];pËr i nien Lal LrseS ':'f 5-azall: rårne k,hen J¡:¡nEs ånd

Taylr:r (1'J8Ö) treated rn¡:¡Ltse 10T 1/? ,:e11s f'-rr å Eh,:'rli tirne with the cfnå.1¡:,q

ånd ,:,b58'.ved th*t afber '-;ever*,1 divi=ic,r1s ihe ¡:e11= h¿d differentiated int,:,

tnlts,:le ':e11Er il'rr:nd,:¡r¡lr¡:ytes and adip,:tytes. Sr-rbsequent str-tcl ies pr':¡yed the

rEå5¡:1n f':r the di f ferentiati':n c,a= that 5-azal-: k,åE ¡:åLrEinq Lrndeïrrethylå.ti,:,n

':f DNA" In ¡ddití,:n it LJås sh,:urn that the chanqes kJerE ,:1,:nål1y

heritable(J':,nes and Ïaylr:r! liEU), I"la.rirnal rËspr3¡5s wag ,:bserved at

¡:':rn':entr;rti'rnE between f t':5 r-t["] S-eier-: 
"

In 1'lBI I llr:rfnpele antl F¿lrnitu=r =tr-rdied the e:/iprEssi,:¡n ,lf the

rnetä11':thirnein-I qene in the !J7 m¡use thymnnia ':elI line ç¡hi':h d,fes n¡:rt

El;FrÊ55 the gene in presen'lÊ rt,f qlLt':,:":,:":':'¡fi';,1ifls, Hpa 11 analySis Sh':,HFd

thab the gene Hås methylated in the tJ7 l ine ås ':,:'mpå.rEd t,:, ei.;pressinfl l rnEs

=tt-tdi Ed " ['J7 ':el 1= ç,ere then treated f ,:'r sEveral h¡]rur5 ç+i th 5-¿zarl: an,l the

qene be,:ame indLrrible by h,:th radmj.um and qILr,:,-,i,:,rtir':idE, In additi,:n al 1

llpa 1i site= th;t t+ere FrFVi,:¡Ltsly methytated bererne rrnmetliylated a= a resnlt

r-rf 5-¡¡all: treatment (. ll:r:rrnFere and Falrniter, 1'-181 j,

Bther =t¡-rdie5 l-råvÊ Ev:tended the urEe ¡:f 5-e:atl t¡-r snal)v=e the =tate,:i
¡ther individr-ral genes af ter ,:e11 qr'lk,th in 5-a=;tt_:, ljr,:udine ¡.ncl

l-l':nhl in iltESi have rep'-1rted that 5-aratl: indu,:eE E);FreEEi¡fn ,:rf *in endrr!EnrilrE
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a.nd that the etlprEEsi':¡n is åEËr:',:iated r¿ith b':'th Dl'lA

in':reased nLrt1e¿Ìse sensitivity ,:f ilre viral seqLren{eg

SeveraI previ':¡Lt51y ina':Live geneg r-1n the X thrL-rrï':'s':rme have been

artivated by 5-a:atl; tFia:in and F:igg=, IgEiÌ), rhe genes f,:,r fi/rrÉr F,]A., a.nd

pùFd åre 1,:':ated r:rn the í na,:t i Ve X-,:hr,:'mr:'S,:¡[ìg. H¡]¡WEV€¡ ¡ l:reatment ,:f

m¡:lltEË-humån hybrid= r.lith 5-a¡all: re=ultE in Lrp t,:r I?. '=f sltrvivinq ¡:ellE

eïpressinq the l:prf frr'm the previ,:,Ltsly ina':tive [rltrnan r:hrr:¡r-n¡:¡s¡:rme. l"l,:,re¡ver

ab,:,t-tt lt'-t1" '=f ':eLlg e:{FrEsinq liLtmån hpr* alE¡:r E!;prL=s=ed pptr:' ,:,r pilpd" Af'ber

treatment uith E-arsrl:, the ltp;.f, qene r:rn the hlrrnan X,:hr,:,rn,:s,_1me fLrn,:ti.,lns

mlt,:h mt:tre effi':iently ín gene transfer Er,,pEriment=o presr-rni;bl!,JLre t,:r

Itndermethylati¡t¡fl trf DNA(E"r¡in and F':iggs, I'JBu), These reslrlts are ,:,:nEitent

wi th 'bhe pr¡:'F':'s;rl tha.t DNA methyl at i r'n i = the basi s ,:f X ,:hr,:m,:,Ë,:,me

inartivati':n in female rnamrnals.

Laverriere et al {1lBË), lrave used 5-a¡ar-1 t'r stlrdy the di f f erentíal

e:;pressi¡:n ':f rFFIL and rljH in several pítr_ritary ,;gl 1 I inps, As menti,:,rled¡

parraliel digesti':n with Hpa 11 rnd lfsp l sh':r¡ed an,:veralI ¡:,-rrrelåtir:rn

Lretçreen gene expressi rln åFìd nrethyl ab i,:,n, The 5-a:arl: 
='L¡-rdi es çLrqqested -c

va.riable imp,:rtan':e,:f gene rnetfiylatiin in the ç,:,ntrnI ,:f Frl ancl riH gene

e:,;pre;si,:'ntl-averrierÉ et aI, 198Ëi, DNA methyiati'-rn i= ,lifferential.Ly

i nv':l ved Í n the rFEL and rliH çlenet s ey;pressi,:'n wi thi n the sårne r:e1 I

pr:,pLtlati':'n end i¡ll- å qiven qene fr,:m ¡tnË stråin t':, ån¡ltller. Interæ=tingIy,

ån apparent identi':al =t-lte ':f methyla.ti,:n ':nuId be åss':¡':iated u,i'hh

di i f erent l evel s ¡:rf h¡:rrrïrlne prr:'dLr,:t i *n.

Fr':rn tlre [rn¡wn rn':'de ':f 5-az*r] ¡.':ti':'fiy ii might be e:,;pe,:ted that the

qrea.teEt bi':1':qi,:¡.I ef fe':t u'lltld ,:r:r:Ltr r'=i l;her immedietely ,:,i- åf ter .ì Eh,lrt

1aq peri¡d after drltq e:,;p*ËLtre, *nd that dr nnçn methylati¡n rrJ,:'Lrld result ín



å qrådLtå1 derrea=E 'lf genE e,';pre==ir:,n ,JVËr- timeiLaverriere et ,:1 " I'JÐÊl "

F.:aiin a.nd Fiiggs{158r-r) have prr-rprlrãËd tl-ra'L af ber ,:ne r,lltnd r,f reFl r.**rin in

the pFEsÊlirlE ,:f 5-A¡-rt-:¡ 5t:t7, 'I'f the eileIeE rr'i1I presærve tlie ,:,riqin¡.1

methyl¿.tir'n pattern, r',rlri 1e ef ter tr,+':' rrrltnds ,:,f repl i,:ati,:n in the presen,:e

,:rf 5-A¡atl:r ':5:1 ':f the al lele= r,¡i 11 Freserve .blre pa.ren.bal ps,ttern"

In':':rp':räti,-rn ùf 5-a:atl intn Dl''lA reEults in a daurqhter ielI rr,nt¡ininq

hemimethyiaterj DNA ttiat ¡rånrì¡rrt be nade f r-r11y metliylated ;rt =ite= ,:f 5-a:ar-:

in':':rp,--'rati,:,n' A =r-tb=eqltent ':Elt diviEi¡fn Hr--rlrld resltlt in ':ne dalrqhter,:e11

uith an ltnmethylated allele at the =ite,:'f the 5-e¡stl: j¡,;r-r¡p,ira'hi,:,n åñd ¡rr¡E

daltqhter ':e1 I r+ith a nr:¡rrlå11]t methylated a1 lslgr.r::¡rfiìpEre ånd Fa.lmitær, i'JEI l,

5-a:¡ll: l¡r;'¡¡'p'¡¡¡tir:rn int¡i DIrIA bherefire r:alrgf:s.å perrrìåtlent ':lrange in the

methyiati':n pattern ':f hal f the daltqhter rells pr'idr-t':ed. In rïr,5t stLrdies,

the ef f e':ts ,:f 5-arai. åFpeår tr' be =tabI y í nher i ted f ,fï måny ¡:ÊI I

generatir:nE(. l*-'-rrnpere ånd Falmiter, 1t81 ].

The rnË,:håni=m by uhi':h 5-A:a¡l: ,:,rLrEEE demethylati':'n i= Lul,:1e¡r " The

ånåI,:'gLre apparently must be inr,:rp':rated in DNA t¡ inhibit methylatiçn, but

it ¡:ånn¡it fr-tn':ti':'n mereli/ by virtne,:f a 1a¡:k r:,i a methylatablE åt¡r¡ftì in the

5 p':'SitÍi'ñ¡ =ince the e:¡:tent r:¡f demel:hylåti,:n far e:,;,:eecls the åm,:,Lrnt,:rf

5--r¡a[: l¡r;¡¡pr;,¡;ti,:n(.Fel=enfeld and l"l':tf]ieËr 1'lB,:.-]. It hes been slrqqested

that the methylating enlyflìes ual k al,:,ng the DNA heli:,; , s,:¡ it is p':,ssib1e

that the ':,,:,:Lrren':E r'f a 5-Arall: re=idue -¡.t e. methyltti,:,n Eite nny severely

impede the Fr,:'qrË5s r'f the en:yrnE(.Jr:,neE and TayJ.':r, 158(:Ìi. Indeed, tlre

rLtrrEni rn,:del ¡l ,r¡nEistent uith present d¿ta is that DNA '-':ntaininq 5-A¡¿.¡-: in

ple':e,:f ':yt':=inË fltn':ti¡trFlS åS an irrever=ible inhibit,:,r ¡f the methylase

ËniyfllEtFriEdn¿nr 1'lÐI i, Even 1't'i¡, level= ,:f 5-Azal]. in':':'rF,:'råÈi':n int': DI.JA

redltr:ÊE metlrylase activity in rell e:,rtra':tE f':,r ,:rne t,:, tw,: day= after

treatrnent (Fei Een f eI d and I'1,:rihee¡ l tE:l ,
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Ïhere iE e'¿idEn':e th¿.t methylr=e ,tàrl å.¡rt J.=. å Fr':':EE=ivË Fnryrne, 

=,:l

that a =ingle 5-A;eL-: in a deltqhter DNA =tr¡nd ':'-rlrld affert the methylati,:,n

':f':yt'isines dr:rçJnstrearn,:n the =trand. If bindín!':f methylåËË j]) r.rjr,,4 ç'sr*

¡:¡:¡LlFlEd t':' repl i¡_Etti¡t¡t'i, the ef f e,:t ,:f 5-aratl Èrn ãenE e:,;pressirl¡ ,;r;rr1lfl þp r

r':'frpl i':ated f r_rn':ti¡:n '_rf the distån,:E bet,¡eæn the methl.iiatable ¡:r:¡ntrr:,1 rE{ir:rn

,:f the ç¡ene and the nearest repl i':atiÈ,n r:¡rigin iFelEenf eld and ['1,:Ëlreey 1']B: j .

5-A:*tl: lia= ':thEr effe':t= ,:,n treåtEd,:eIls in,:lr_rding intlibi.Lí,:,n rlrf ¡¡r-rf,sl¡.

Ë:tqA a.nd DNA =ynthesi= at hígh drr-tq ,:':rnÈentråti,:¡nsr.r-'Íl.ia[,: et a], lt74 l " The

drt-tçl als,: intær f ere= uitlr pr':':85=inq ,:f F:l',lA and the nrrthyla'bi,:n ,:f tF:lilAt.Llr

et al, 1'-,78,j"

Ïn =ltrnmary, i t mlt=t be n'rted thet n,:t al L qenÊs ¡:ån be a,:t i v¿tecl b)¡

n¡r¡l1-1etha1 ,:r:rn,-Ëntr*ì.bi,:n= ,-,f 5-A¡ai:r pÊrhåps be,:aur=e a,:tiv_rti,:,n,:,f st,rTlE

qenË5 reqltires fllr:,re e:';tensive demethylati¡n than tån be a,:hÍeved with

n'-1n-t'ly;i,: levels ':f the drr_rg iFelsenfeld and I'irliheer l,lE'J),

E, EXr:EpT 1¡¡¡=

AIth¡Ltqh meihylati¡n levels årE ':1ear1y rt¡lt ïÉ1ated uiilr e:ipresEi,:n in

tlre ':ases dis'-r-t'3Eed åb¡trvEr there are sr:'rïÊ qËnes, even in trrgåni=rns r+ith,r

hiqh qeneral level ':f methylåti,:'n, thaL d¡ ñ¡-rt display sltrt[1 r;rþyi¡¡15

,:t:'rrE1åti,:¡n5" Fr-rì' el;åfnple, 
=¡:,mLã 'lrgånisrnsin':tably ín=erts.t, fnånåqe qr-tite

weL l tlitlt,iltt åny eïtenEi'¡e methylati':n, The methanisms f rr¡t- rna.i-hinq

e:.;pre==ed qÊ11ËE' in =lt':h ,:'rqåniËm=, iike the me':håni=nE 'bhah rnsrl.l qene= f,:r

demethylati':n, rem.:in= Lrn[:.nL-rk'n (Feisenfeld and l"l':rihee, I'JBf j in edditi,:,n,

måny ev;Fre=spd =tru,:tltr-rI genes åre er{tÊnçively methylsted in Ëperrï{'Tahner

and Jaeni=':lry 1'-lE4.r E¡=çant et ¡.1 y 1'38Ëi.

ElanplE5 ¡lrf 5pËr:i f i,: ÇenË5 in r,,lhi':li nn ':':,rrÈ1-rti':n bet,teen eliFre5si,:'n

snd rlethyilclti':,n Eteilt= e:';i¡t intlutde the alpha i(1) r;r;rl l¿qs¡ !Ene rif ,;hi,;[,.s¡

t+hi,:h ha.= a paLtern ':f Hpa 11 Eite methylati'ln thåt i= invariant (s.'itli E,:ne
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=ites rlrlrrrpletely Ltnrnethyl.åted in five ':e11 type= that ha'¡e been studied,

uhetlter ¡lï fl¡lt the ,:el I =ynthesi ¡e= detect¡bl e ån¡-ìLrnts ,trf ,1,:11eqen t Fel =ef e1d

and I*l':ljhee¡ 1'l8rJ i . An':ther ån¡:'må1y ha= been rep'rrted i n .bhp ,:ase ,:f thæ x

':hr':'m'f5':,meE f r,:rn nt,rmë1 [iltman ':e11Er çlhith in ':':ntrast t¡ X rhl-,:m,:=,ffl-res f r,-¡rn

fn':,Ll5E-hLlmå.n hybr i d= revea.l n,-ì =i mpl E ,:r:'rrel at i ':'n betç,een r:hr':'¡tr:rs,:,fnp

inactivati':n and the pattern ':'f methylati*n at l-lpa 11 siteEt l*1,:l.r.e,:n et -e1 ,

1 tEZt 
"

Dltrinq develirprnent 't,f ':hiil,.en L-,r XË,DL1F¿{-\-y the li,:,rn,:ne indr-tcible

viteIl,l!Ënin geneEt.Ferryrl'183, Fr-rr':h and t,leintr¿ub, 1983, Ëerber-Huber e.L

å1u 1583 1 ':'r the gEtmnìå ':r).,8tå11inp qenet.lirainqer et al , t'J8Xl clre Ë!ipres5Ëd

de=pite heing hi'-lhly mÊühylated. In additi':n the H-,:lrr,-,n,:=¡trfiE linked qEneg

in e:,;traeflbr5.'';'¡iç tissltËs (.lrÌrat:er et al , 1ãBIi +1s* Eh,:,ç¡ nt, tnrrÊLåti,:¡n

betueen methyl-eti,:n Etatr-t= and EïprEEsi':,n, Shef frey et al (1'lEIi have

,:bserved n* ':lianges in g1':bin qene methyiati':n after indu,:ed di f ferentiatinn

':f erythr':leltl:emi,l cel 1=, in additir'nr ïib¡t¡srtfial DNA genes in Xeltopas Jear¡ j-r

åre "l1s': e:tpres=ed de=pite heavy methvlcfti¡rrt-l i["la':1ei'cl and Fird, 19EI),

AItli,:'r-tqh the=e may be e:,;arnpi.E5 rt¡f =itr-r¡tir:,ns in çlhir;[.¡ r;r;r¡f,¡r¡r],_,f ey:pre=si¡n

i= n¡t r-¡lrltpled t,:' altered levels nf rnethyl;.{;Írn, it is p':sEible that the

r:rLt':iaI methylåti,t'n =itæ= are n':t l"1pa 11 siteE(.Felsenfeld and 14,:rflreE¡ 1t8¿-1"

Jlrst ås ix r¡ifro methylåti,:n h¡r.E been u=ed t,: sh':çJ e relati':nEhip

betueen methylati':'n and FïFrËEEi,:,n, it has å1=,: bæen nEed t,: shi,u tlie

{rpF'rgite. 5V4t-r DIiJA rl vitro methylated at eLL tl:pri =ites bythe rat liver

nethyla=e Enzyrlìe and ni':r¡:,injE':ted irrtr' ¡:ells 5[1r;rs ¿r¡tive tr¡ns':riF'hir]r't rlr f

the eclr1)z re_qi,:n ttfraesErnañfi Et 
"11 e t'lEXj. These ':Ll=ervati¡:,nË ELrÇEest that

elpres=irlrfi rlrf ,:ertain ¡-:tEne5 rne.y be in=en=itive t'= inhibiti':,n by meLhylåti,:n,

L:ri Lirls ¡l'f the hyputhe=iE the,t ¡i¡pth1*1 ati,:¡n ,:ê.n regul¡.te qene et{prËssi,:,n
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Etate that therE iE flir irþyirlrrt! reås,:rn hrhy methyl*qtir_ln Elr,:¡_rld ¡triti,:a1ly

affert tråns':rípti,:n, F,t't'Eïårïple, Fja¡ín ånd F:iqgE(159(:) ) p,:,int,:,r-rt that the

Ilpall =ite in the ralrbit g1,:'bin qenE is in an intr,:nu j,e" it e.xi=ts in an

area thi'ttght t'-r be relEtively r-rnin'rp':rtant in qene requl;rti,:,n, In ilris,:¡.se

Ltnderrnethylatir:rn !:,:¡Lrld be .jr-r='r a 'brivial re=r_rlt ,:f f r¿.ng,:ripti,:,n inhibi binq

methylati'rn iF:¡.¡in ånd F'tiqgs, 158ût.

Ïn sr-trnrnary, blie pre=eñrtE ,r¡f 5mL-: ifi =pË':i f i,; rl:pri sÊqLrEn,:es åFpE.årE t,¡ be

':¡nÉ f å':t':'r ,:r-1ntr,:'11íng the ËïprËssi,:,n ¡:'f fiå.ny virel and ,:el llrlar geneE, ås

menti':'nEdr thF,:,:rrelatí':'n behr+ee¡r hypr'rnethyt*ti¡n and qene eilpre=:Í¡:¡n dr:¡EE

n,:,t åI14-¡.j'E pt',ivÉ trure, üne fa':t,--.rr that miqht e:iplein åFpãrent dÍs,:reFån¡:iE=

r:¡:,n,:Êrninq f,[is ¡':,]s ';,f spËrlifir DI''JA methyiåtírr¡ñ is,:,Lrr Iimited _rbility t,:r

analy;e the trÍti':e1 methyiati':'n =ites ';'f ¡ri¡¡plel; qener.Ler¡ine et å.1 r 1,JBË j,

lYl':,st Êl;pËrirnent= ,:':'rrelating DNA mehhylåti,:¡n ånd qEnE trang':ripti,:naI

artivity lrave r-tsed Hpal 1 and l"lspl theref ':re have meaEured methylati¡n ,:f

r;r¡ly t-:t;tjtj EËqLtEn':eE. Tht-ts failltre t,:, find å ¡r¡ft FËlati,:n betr+een e.r:pre=si,:n

and methylati,¡n måy ê.rise simply be,:alrEe the end,:¡nLr,:1e.1=es d,--r n,fb rlete,:t the

relevant =ibeEiLevÍne et aI, 158Êi,

F. DI\IA I"IETHYLATION IhI DE(.'ELTFI"IËNT AND NIFFEF'IENTIê,TITN

Ïhe ,:,veFå11 lær¡e1 ':'f rne'bhylati,:n ren¡.eins,:Èrn=tÀnt durrinq devel,:,prïìËnt

bt-tt the methyl¡ti':,n påttern5 r1 l: sps,;i f ir; qeneE ':hånLJes ånd lryp,;'¡ethylatiin

,:,:'rrel.rtËc- with a':tivati':'n 
':r f s,:,me qËnes(Jaenisr:h and Jahnerr Igg4i " The

pa.ttern ':f DNA methylati,:'n is stably Ínherited t': pr¡:'qeny rel 1s pre=urnably

be':¡.Lt=e the en:yrne that Lrrinqg alr,:,r-rt methylati':n ¡,:t= rnLr,:l'r m'lrE ÊffÍ,-ien.b1¡r

,ln hËri.limethylated siteE than 'ln Ltnmethylatecl Ërr1ËEr and iheref,lrË methylete=

thr der-tqhter =Lrend ':'f a neuì.y repl Í,:ated duple:i ç'herever tlie p*rent 
=br.:nd

is methylated iFelsenf eld and ['1,:rfhes, igE: j. Tliree p,:Ínt= rnust be empha=.i:ed

'rJhen ¡r¡l¡llEidering gene c¡ntr':1 dr-rring ,:el1r-r1ar di f f erentiati,:n: 1j
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di f ferentieti':n re=ts rtrfl å f¡r¡Ltnda.ti'rn r;rf spsr;i f i': Fr¡tein-DIilA intera,:tinns;

:i DNA m,:di f í':åti':'n by the fr:rrfið.tirt¡t1 ¡:rf 5-methylr!tr_r=íñE pt rif rrlrndly af ferts

5pEr:i f i,: pr¡:rtein-DlilA intera':ti':,n5Í -rnd 3i iní,:rräat j¡,¡ s¡1,¡,ifled in methylåti¡:¡n

påtternE,:ån bë =tablii måintained thr':uqh repea.ted DtrlA repti,:atirrrt-t tlrlJ.es by

the rn,ri ntenan':e mettryl a:e =y=tem 
t F.ji'lEs and J¡:rnÊ5, 1'lEf,) ,

â= menii':nedr Fli.qgEil':r75J and H':,11iday and FLrqh {11751 hsve p':str-rlated

that çl¡anges in DNA rle'Lh',,1atit't'l ,;J't'Ltld prrlvide a rneanE ':,f ,;¡r¡!¡¡,llinq qene

É:{Fressiün in an inheritahle rnanner iEia::'.n Ãnd li:igg=, i'JEçi. A methylåtiùn

=i tL'{.|::li) ,:ån ev:i st i n thr ee state=- Lrnmethyl åtEd, methyl ated i n b':bh

strånds, ånd methyla.ted in ':ne strandt.hemimeihylatedl, HemiilËthyleted Ei'Les

åre qener-cted fr,:rn methylated =i'tes by DNA repIi,t.tti,-,n, be':ause ':,n1y

den:,;y':yL i di ne i = i nr:r:rrp*ratEd h.;t ûNA F,:,l ymerase, Fy definiti':'no å

rnaintenan':e rnethyl.lse -q.,:tg ,:'n hemirnethytated =ite=, br-rt ha= 1ittlÊ år:tivity

,:,n ltnrnethyl"rted Eites, l"lethyl gr,:'Ltps in a lllj Eite åre, in effect,

semir,:'nsÉrvatively repl i,:ated, and bË,:':'me a heritable entity. Thr-rs

symmetriral methylsti¡:¡n i'f b¡th Etrands ¡:,:,Lrpled with a methyla.se a,:ting':'nly

a hal f -methyl abed Ei te= þJ'rrltI d l ead t¡ the mai ntenan,:e tlir':ugli DNA

repli¡tåti¡-rn ¡:¡f a methylated pattern ':'n the DNA, Unmethyl.rted Eites u':r-rld

remain ltnnethyleted(:F.:igqE ånd J,r¡11ÈEr I98Xi. ThErËf'-rre there i= ':lc,nal

inheritan':e 't'f e methyi.rti,ln p"rttern ,fniE establi=hed(l-':iggs and J':,nesy

1tBf,:' 
=

Fleqarding the r'--,1Ë 'lf methylati':n in regulrting genE et/ipre=Ei'ln dLrrinc

devel,lFrrent *nd di f ferentisti,:,n¡ it i= kn':r¡n that tlie DFIÅ in niårTtilìå1ian spe'r-rn

end early Ërrbry';'s5 i= hiqhly meihylated ¡.nd undermethylåtÍ'ln iE r,rrrelsted

ç'ith qËnË f,r;f ir,rit;.rt.[¡¡1n snd t:iqq=., I'jE(J). SeversI inveEtiq¡.t,:,r5 l-råvE

=t-tqqeEted that tlie sper:ifir: event i:':,ntrÈ,l1ing ttie e:,;pre==irft-¡ r-if embryüni,:

EEnE= mutst be drmethylå'Li':'n, Dn':e tlie spe,:i f i,: demethylati¡rrn EVErltE ¡],rtiLtry
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'bhe di f f eren'biated methy1åti,:,n pattern bJ¡:,Lrld be inherited ,:I,-,¡*i l\, -c.E a

resltlt 'rf the r'na.intenan,:e meth]¡l¡Ee :-'r'Etefnr pr,ivided that rje Ð¡JU¡J

methylati':n is 
=1¡:,u(. 

lii;zin ¡nd F:igUs, lgErJl,

Indeed r nLtmErults Ett-tdi e= have =hr:'Hn tha.t rflå ji,r ,:hanqes i n DNA

methylatir'n påbtLãrn= r:,,-¡:Ltr dlrring early erlbry,i¡!,: devel,:,prnent tFli,_¡g= ¡nd

J':ne=, 1983, Fj,:rss;rnt el; al , L5Ë6), It is l j. t.el;; .il.l¿¡ the paternal a.nd

ma.ternal qen¡:¡neË årË diiierentially methylatp'J in bÍle fertilire,J eqqo a.nd

yet it is qeneral 1y assLtmed that allelir gene,:,:,pies pre=ent rlrfl trrrf,rlrgrlrmeE in

rntlre rïåtLlre 'Li==r-te= bear iden'Li,:al patterns,-'i ¡sf,h;,'l¿bi,:n, lfr,:r-rdine a.n,l

t'-¡:nkl irr {11Ë5i l't*r.'/e 5ltqgested thet cle Ð¡f vÐ mFLhyiati,:¡n dl(rinq =perrnetnqenesis
pl*y= ë. r'¡f1e in the ternplabinrJ ¡f qenetir inf,-rr¡ïåti,:n in =perm DNA.

In 1'-187 ll:harldler et ä1 perf,:,rnìÊd a =erie= ,:f etipErÍments usinq

restrl';f i,;r¡ f ra!¡ment Iength p':,1yn,:,rpliismst FlFLF,s j t,r dete,:t an epigeneti,:

di f fErenre in alleli': 1,:':Í dem':nstratinq that individr-ral atleles ,:f the

hltman ,:-Ha-r-rs-I qene ,:an be di f f erentiai iy me'bhylabed, This rcas the f irEt

time ån aIlele-=peii f ir methyl"lti,lrl pattern h¡d been ,¡bEerye¿ r-1n ån

å.Lttr:'5r:,mer preViÉ,LtË1y this phen':,rTenen,:,n !+åE r-r=ural 1y =een in X-tintied

Eenesr.tlhandler et å1 , 1987J, In aclditi,:n it r*ras f,_rlrnd that the r-Ha-rss-1

gEne krå5 e:¿tençiveIy rnethylated at ll:ll:tlti 
=i te= in sperrn DNA, çJheress the E¿rle

Eites þ,tere r-L-¡nsidera.bly ltnderrnethyLe.{;ed ,t¡n hr:t['r a1].ele= in epitheliaL.rnd

mE=en':hymcrl ':e11= ':LrItLrred f r':'rn 1'J uee[,: ,:,ld fetlr=e=. This da.ba indi,:-rte:

that paternal rå-{ qËne,:,:'Fies mr_t=t be,:,:,me demel:h}.¡latc-d,Jr_rrinq early human

devel,:prnent t.tl:hë.ndler et a1 , I'J87.l"

Further evidence sL.tqqestinq a r':le f,-ir ,¡eth)rla'hi,:,n ,:f Dttlê in

r:¡:¡ntr¡:Ilinq qene expres=i':¡n in å hËritable m.åntlEr ¡:åmE frr:,rïì tJhite and Far[,:er

"rnd their E'bt-tdie= t,n tlre FÌ-,:'Etàti': =ter,:id hinding pr,:,tFin" Tlie e:,:Fressi¡t¡n

ùf the qeneE'¡lri,:lr,:':de f':,r the =r-rbunitE,:,f bhe prntein are stimr-rlated by



'bË5t'-,EtËr':'nË. In ra.tE thab çlere Ie== than t5-:1tJ days,:Id, the e:,;presgi':rn r:,f

the pr':static Eter*id binding prr:rtËÍn ic negliqible and the genes in the

pr¡lståtË åre nrethylated, Ab,:vË 'rhi= aqe, the pattern ':,f DtilA methylåti¡tn

årt,Ltnd the qeneE f ':r ll:1y l]:i and ll3 in å våriety '-rf rat tisElres in,:1r-rdinq the

pr¡:rståtE SLtpprtr¡t5 prEt/í,:rltË EtLtrJiEE uherebir an inverEe ¡t¡t,t-ì.Ë1a.ti'_rn betHeen

DNA methylati':,n and tran=,:riFti't¡ñål a,:ti'¡ity(:tlhite and Far[,:er, 1']Ë3 j.

IJ" I'IETHYLATITN: I"IEI]IIAFIISI"I DF AI-TIDN

Several di f ferent meili¡.ni=m= by r¿hÍ':h DI'JA methyleti,:n might interfere

uith gEne eliprEE=i,:,n lrave been Fr,:¡pr:'sËd, 0ne ':lå55 ':f rn':dei= ptrstLrlatEs

that Smtl dire':tly affeitE the affinity r'f lillijA p,:'lymeråEE ':'r preslrmptive

requl.ãtr:,r pr,ltEi nE f,t't' thei r DfqA-hi nrii ng =i tes (t-:h¡ndl er et åI , I tETl .

Indeed F:a: i n end Ë:i ggs =t.rted " It has 1r'nçt heen ,lur npi ni ':'n tlrat {;he

e==ential f un': bi':n ,:f Smtl: is t':' rri,:di fy pr':bein-DNA intera': Lí,fns". The

':¡lnVerEi¡I¡rt rtr f ,:yti'Sine tn 5ml- intr':dr_r':eE a met[iyI grr,Lrp int':' ån eïp,-=rsed

F':Eíti':n in the ma.j';'¡ qr':rve ':f the DtilA heli:¡ and the bindinq t,:' DNA,:f

pr,:teinE 5Ll':h as the lar repre5srt'r y I'ii=t':,t1E5y and [r,:ril':ne recept,:rs i= [,:n,:i.rn

t,: be ¡.f f e':'Led by ':hånqËs in the r'nåj,:,r qr-':¡vÊt.Flazin e.nd F:iggs, ltBt:)l, F,t,i.

eÌ;åmpler it has been sh¡ç"'n that ':hanginq the thymine residue åt nLrcle':tíde

F,l=íti,:n Ii in the Iårl ¡l¡FEFåtrtrì' t¡t¡ Ltrå': i L ':rÌ" t': r:ytrlsine gre*t1y de':rea=es

the ¡ffinity 'if i;he rËpreEEür f't'i' ,:'Feråtr:'r, tl:hanging p':,Eiti'-'n Li t':5ml-

rEEt,lFÉE the ¿f f iníty f,:r rËprÊË5':,r tr-¡ nrrrffiå1 . Tlreref':rer the iår: reFrÊE=rlr

':'n1y senSeE tlte preseniB,:¡r åbE':enrtE ¡t¡f e methyl qr':rl{p a.t p':siti':n L*î{E:¡.iin

and liliqgs, ltBt:l1"

'Edditi':na.11y, the íEi'lati':'n ûT' -r nreth;;1ated DllA-binding prr:'tein (: l'lDFFi

'i'r':m hLtrilan pla.,:ent¡. that Lrinds Eele':tively in å seqLrÊn':e-sFE':i f ir: rnånnËi. t¡:r

methyl ated DNA EEqLten':es hcr.s been reprlr¡f,sfl ( Zhang et å1 , 158ãi , Tl¡Lrs .3

Et-tb='l;s.ntíal b':'dy 
':, 
i eviden¡:e e:-;istE r+lii,:h srqqests that the effert ':f
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methyl-¡.ti':,n åt ':riti,:å.1 =ites ,:,n the DFIA i= t,: alter the r+ay in whi,:li

pr,:'tein= interart r.Jith the reqi¡n b;: ¡¡¡rfli fying l,:,:_q.l interaitii,n= r+ith the

a,:t i vE =i teE ,lf EEqLtEnr:Ê-=pe,: i fi,: Fr,:,bei n=.

Alternatively, methyl grL-,LtpE nìå:/ r:r:¡ntr,:¡1 nLt,:lë¡:,Eume phã.=inq neår

i rrip,3¡¡¿¡1 regul st':'r Ei tE=, -rn,J pr,:,per pha=i ñg nåy be e==ent r ¡.I f nr qene

e:ipresgi':rn. An':iher ,:1i1ss ¡:,f m,_rdeIs F,j5tLrlãtÊs thst DFJA methylati,:rn rïãy

l,:¡ntr'fl hiqher ¡:'rdEr pa':l:inq rlrf rlfl¡r-¡fi.¡rtrË,:,mr=5 and ma;., fltr-ts ,Jeterniine Uhe.bher

':'r n':'t larqe d':maiñ3 rtrf rlrr,:matin -q.r.e Eþ;p,:,=.ed t¡:, reqLtlcftt,r síqnal.sr. ll:handler

eb "cl, 1'lË71.

The effert,:f methylåtj.,:n may be thrr,ugh l¡:rn!Ër rånqe effe,:ts,if DIJA

çtr¡-t,:tr-tre" In the synbheti,: p,:1ynu,:IE,:.bi,Jæ p,;,1]i (:dt_:dtj j ¡ F,:lyidr_*drTi, r,;hi,:h

':{'nsistE enLirelyz r, f t::Ftj repeais, methylEti,:n ,:f the,:yt,_isíne residLres

r:åLtËEË the F':1!¡¡ner'h': ¡flr;rp'L the left h¿.n,led Z DNA rlrlrnfrlr)-¡r¡sf,i,:n Lrn,Jer

physi,:'1':gira1 s¿1t ¡:¡:riditi':nsr.FelsenfeId ancl l'1,:ljheer Igg: j. Furil.lerrn,:re the

Z f¡rrl haE s':r får Fr,:rven iniapablE ,:f f¡:rfninq nLrr:Ie,:,si,mÊg, Sr_rrh regr_rltg

lead t'i the ídea that methylati,:n in vivo mey have a rna.j,:r effe,:t r,n DFrA ,-¡.nd

':hr,:natin 5l¡¡1,;f ¡¡¡¡=iFelsenfeld snd I"l,:rjhee¡ ltEi). Ferlraps methyiati,:n is
uEed primarily f'--'r stablE fnefn,:¡ry ,:f ¡ di f ferenti¡ted Etate thr,:,r_tEth Dl,.JÀ

repl i':aLii'nr å Pr':'¡:E=E that rnigh'l; r'theruriEe disrup'b del i,:ete pr,:¡tEin-DNA ¡nd

prr:tein-prntein íntera,:tirtrnS, Thi= p,:s=ibilit¡r i= slrqqe=ted by ,rhe

':bservati'ln that si,ne ,frltånisn= in r¿hi,:h di f f erentisted ,:eI LE dÈ, nr,t

r:i'ñtÍnue repli':ati¡l¡ll fiË.Y tì¡tt r-ttilire Smll DI'JA m,:difirati¡-rnt'F.,*¡in and Ë.íqq=,

1'fÈrrl

A hyp*thesi= ,:¡-,n5i=tent r.lith the ¡v¡.i labie evidenre Hhi,:h sr-trnrnari¡eE

the -qb,:ve-rnenti¡:¡nÈd ides= ELlqqË=t5 th-rt methylatirlrfl rlr|- lryprlr¡g¡¡rLrti,:n Í= .3.

f¡leårl5 i¡f Etabl izins- the =trlr,:tltre ,:f ¿ rSEFlË in _c.n ¡itive ,:,r in_r,:tive =tate,
Thr-r=, the llyp,;,¡¡sfþ'-'1 eted =tate ¡+J¡t¡Lrl.d be a prereqr_ri=ite ¡i transrriptinn_r1



tr:'mpetÊn':8" D¡-rrinq rl¡Ë ¡:'r ¡ fe,¡ ':Fi bi':å1 r:e11 ':)'1r:eg fråÐ_{ -r.,:tinq m,:,1e,_Lt1ÈE

må.y trigqer å genË i':' Eç¡ii;,:li fr':rn ån ina':l;ive t': å,:t:,fi1FËtÊnt state r¡hich

prË,:EdEE !EnË år:tivi ti':'n t.J;tenEi,:lr and Jahner r i'lB+l, ThiE stdit':h måy inv,:1ve

¿.lterati,t'tl5 úf ,:lrr¡rletin'Etrr-r':ture as'+e11 ¡.s defieth]lati':n, Demetlrylati¡n

fn.ly be dr-te t':' inhihiti'rn ':f th'= Ít'ìåinten-in,:E meLhyla=e at sper:i iir:

sites(.JaenEicli and Jahnery l'-jË4i. The altered pattern ':f me'rhy1c1ti,fit may be

r-t=ed t': e=ta.bL iEli and rnain'L¡.in the qene in the neu =tate r¡f r:'-rnpËtÊnr:E

dttring subseqltent ':É11 repli¡:atir:rn" Ilepending ':f physir;rlr1e j':.ll stimuli,

tranE':rì.pti,:n rrrl! be initiated by inter¡.,:ti':'n r3f sppr;i f ir¡ fr¿lis a':tin,J

ma'leiL(1Es t+ith reqltlat'--'rY =.ËqLtFn,-ÐE 
,-,f the rlene, "Enl'låt1,-Êr" EÊqLtFnre=o

whi':lt ':':'ntr,:,1 !ene å.r:tiviLy presenr-l Ín ':e11lrI¡r qEnËE iliillies et e1 , ltE3i

årÊ liheiy 'l:':

=ignals, TheEe

slrFqests that

trsn=':riptÍrin, å=

1'lB4i .

represent targats f,:,r" di f ferentiati':,n-sFe,:i f i¡- FEeLrl"tt,t,ry

=igna!.5 åre ,:el1-spe¡:i Fi': " This n¡:del ': l qene ¡:¡:rntr¡:¡1

demethylati¡n tån be díEE,:":iated fr':m å':tLrå1 qene

haE been ':bserved in =everal gene's(.Jaensi':h and Jahner,

In =umrl"rry it ':an be rl ,lrfl,llr-tded th¡.t methylÃti,:'n r--rf r1 ;rf5r;rsine residlre=

in rnarlrnsl ian DNA iE pr':hably ån inip,i¡¡¡¡1 ,:r:,mF':'nent ':'f a rnulti level

rl,I¡ñtr¡-¡1 sy=tem f ¡:¡r gene e:ipressi':n (.llltandler et aI , 1987], Aitive genes åre

r'ften lryp,:'r¡sthyleted¡ ltyp'11¡stltyl-r.ti':'n r:ån ;,:iiv¡te gL=nEË, -rnd it he=

rE':entl.y been dern':'n=treted th¡.t methylatÍ':n,rån indltis the f,:,rmatir:¡n ¡-rf ån

ina':tive ,:hr,¡m¡.'Lin ,:,:'nfi'¡r-rrati':'nt.tl:h*ndler et ;.i, iBE7l. A the':'ry th-rt i=

general 1y e,:tepted by rr':st investiqåL':'r= i= that hyp'-rni=thylati,:n is bLtt ,rne

'¡f ¡ =erieE ,:'f ner:ËËsåry br-rt ñ'r't sr-rfii':ient eventE åsE,:":iatpd r+ith

sltltåry':'t i r: Çene etpr e==.i ':n r. Levi flF Ét .r.l e 1 'JBE j 
"

H. DFJA I"IET¡IYLATIüN AND I-:AÍ!I-:EF:

Ete,:ause ':f the r':1e ÐNA methylatinn is thnr_rgh! f r;r p1å! in n,:rrnal ,:el1
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di iferenti-rti':'n ånd qÈne Er/,prEssi,:,n, it is p,3sEible that deranqernen.b= in DNA

methylåti¡:'n may be respc,nsible f'--'r Ë¡:'mE ¡tf the abberant gene e:,;pressirfn EËFn

i n ¡:ð.n¡:ër iF;i gg:. and J,r'nÊEy t'jErl , It ha= been suqgeE¡ ed th_rt ¡:,rn,:,3r

repre=ents -r.n a.lterati':n in DNA. heritable by pr¡:,qEny,:elIEs tha.t leåd= t,:

åbn':'rfÌl¡1Iy reqr-rlated e:,;prFE5i,:¡n ,:,f n,:,rmaI ,:elIuIår qenE.E, Dl,jA ¡.Lterati,:,nE

st-t':[i :.s mlttati':nr rea.rrånqmentE and chanqes in nreth¡r]ati,:,n ha,¡e been

pì'r:rpr;r=scl 'b¡: have slt':h å r,:rIE" Fe,:åuse r:r f in¡:re;tsinq e'¡iden,:p tli-+t Dl,lA

methyl.eti':n i= irnp'-rrta.nt in gene Ë:¡;prEE=.ir:,n? ser¡eraI ini,e=tif,atr1¡5 þ¡r,,g

=tt-tdied Dl'iA methylati':n in .eninisl tLrm¡flrrs, trånsf ,:'rrTled ,:eI ls an,J ier-rl:emia

':e11E in cultr-rre{Feinberq *n¡ Ç¡,qelsteinr l'383i.

ånsiysi5 ,;'f ,-rys¡¡l I 1eve15 ,t¡f rt)¡t,-rEine methylati,in in trgnsf i,rnied ,:El I=

hå'r¡e been per f ':rmed r.Fii gqE and Jrt,t-tE=¡ l tEii , Sever.rl l i neE r:f ¡:¡-r1i:ured hu¡r¿r.n

tLlfi':'ì- '-el l-= håvP heen ev:amined i,:r t,:ha1 DNA me'Lhylati,:,n and f¡t¡Lrfld t,: h*li,e

de':reased levels rel"rtive t¡: human fibrr'blaçt DNAtDiaIa and l-l,-iffinane lgB:,

Ehr I i,:h u=t ål o l'lË¿-, l^li I =,:n and JrrrrrËsr I5B3) . ThËre f ,:,rË .bhere i s

=t-tbstantial eviden,:e 'bhat the m-tj*rity,;,t hr-rman trrrn,:r ,:elI Iines r:r:rntåin

I,:¡HÊr Ed I evel E ,: f DNA met hyl at i ,:n,

Ïn 1?BI Fe j. nber,l and V':ge1=tei n pr-rr i f i ed DNA f r':,m pr i ma.ry huma.n rrclr-.r,rÉr-E

¡.nd fr':m ad,ja¡:ent n':'rffiåI ti=sue:.,:,f 'bhe same patients, The Dl'.lA r+¿= dir¡eE.bed

uith Hpa 1L, irensferred l:,:' nitr':':ellLrl¡se .rnd hybridired '¡ith -?IF*lsbelIed
pr':'bË= rlade fr':ni the,:DIrlA ¡tlrtrflES,:f the hltm+n qr,-rt¡th t1,i¡¡';r¡g, gårïìfnå-ql,_,bin

End al Fha-q1'ibi n qene5. TheEe qËnes !+erE ,:hL-,sen be,:ause bhey åFcr ð.I I l:n,:,,o,n

t':, havÈ Hpa I 1 si tes, tlrey are wi del y s,:attered i n the qËnt:¡mË, _c.nd they sre

ñrlrt ñ¡-rrrrãl 1y e:tpre=sed in the tis=nes f r,:rn ç:hi,:h the ,:ån,:ers ,+ern derive.l .

In aL L ,:åEE= =tr-rdied uEinq al I ,:f thæ rïEnti,:,nEd pi-,:,bEE, F,-,:,qrFFËive

Itypr:¡¡Êf¡y1ati,-rn ':f ihe gFnËs þJErË =eën in the tr-r¡1,:r tissne as c*rlparecl t,:,

thæ n,:rmaL adja,:ent tisElre, N¡ di f feren,:eE in the díg,=sti,:,n pattern= uere
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,:'bE':-rvËd ,*ri th t'isp I di gest i ':n (Fei nberg and V¡qet stei n, 1,JËIi ,

A r¡t'r[,:ing rn¡:del haE been prr:rpr:rsed by F:igg= and J¡nes(: 1583i whirh

ettempt= t'l eliplåin the rel-ttir:¡sþlp beL'"'een DNA rneth;rl-q.tír:rn ä.nd ,:.lnrer,

The Ínitial event r-rr å later er.,ent ':':'r-rld he a nrtrtati'rn¡ !r':r*rever inapp,:priate

Dl'fuå rn'-=thylåti¡:,n iE år't -¡.lternative p':,=sibiLity, tl:.rr':in,:'gEn= ma;" inhíbit

methyL-ã.ËË5 ¡-¡r ':'tlrerç.ri=e rn'berfere ,*rith n':rmEl methyl.rti':nr.Fiiqqs and Jrt,rl€so

ltEf,l ' The initial event ,r,r'Ltld result in íneppr':priate ;':tivity 'rf -i

':el1ula.r ,3fl,lrlrflEFre, tliven the initial event and rEslrlting repli,:eti;'n

prË5ãLtr,=r therp ig n':t\d =tr,:,ng =ele,:ti'¡e prËE=.L[rË f*v':rin'_] ':ell- '+iLl-r

abn,:rrnel qenE e:{prEE=i,:,n, 5ín,:É thË inlru=ritanre ':f methyiatic,n pa'cterns:'.s

ll,], 1 t,:'ba.l1y rigidtEhrn':'-'[rler-t:eiE and lj':,ldstein, t']E':i, it i= 1il.iet1.- th*.t

sberrant ':el1 divi.si.t,n ç¡':r:l.d i.n,:resge the ,:hån¡:Es 'lf altered

methyl.åti,:n (F:Íggs ånd J¡trnËs, 1583i.

In sLtmfuäry, ¡. st-tbEtanti¡.L b':'dy ':f evidenre eïists suqqeEtinq bhat

-rbn':rmal ities in methylati':n patterns may r:'fntribute t,: the aberant gene

etpressi,:'n'lbËerved in':ånr:er.

I. DNA I.IEÏIJYLATINN AND HTF:HNNEs

Ïn 1:84 J':'Etr Seldran and tieiser perfnrmed å serieE ':f eliperiments

Eh':trinq tlt-rt hyp':methylati¡:n t,f the ,:hi,:[,:en vite11,:genin I I qEnE åppeårË tL-'

be å55t,':ia.ted ç,¡ittt the binding ':'f tl-re sternici re,:ept'r¡ì't,tr ':i= element=

Itpstream f r':'n tlre trå.n=':ripti':'n ini Li¡.ti':n 
=.i Le ':f the qEnÈ" At the 'hine ':f

'Lhei r =tr-tdy, i t ue.E qener,ll 1;: er;¡spled that ster':i d h':rm,:nes etiËrted thei r

eif e':t= r_rp,;'¡ spgr:i f ii qenes ','i¡. bindifiE I,f .hhe 
=ter,:id re¡:EFtr:rr ,:,lfnFIE)i t¡_r

tlie ,:l-rr¡:m¿fj¡t.*Tr;r5f et a1 I l'lE4j,

Hpal 1/l"lsp1 an.=.1ysiE 'if the 5t .Ènd':rf the '-hi¡:[::Eñ vÍtel].,:qenin 11 qÊnE

reve.rl ed the åppeår-in,:Ê ¡:¡f -t lr;.rp,:,¡¡sthy..1 eted =i te ':,:rn,:LrrrEnt '+i rh Ei

treat¡lent ':f ihe Iiver, DNA-':eLl.t-tl':=e ,:r,mpetiti,:'l-r bindinq åsËåy5'*'ere nsed



t¡Ir nìEå5ltl'e the alri I ity ':f ':lnned DNA f raqrnenbs ,:f the ,:lri¡:ken viteI I,:genin

1L !enË tr:r di=p1+':e t[ie estr,:cJen-i'erept,:,r ,:,:rmp]Ê]i fr,rn"r t¡tal rhi,:tren DI'JA

r':,1(pled h,:' ¡:eL lt-t1¡se(.J¡-'st et å1 , 1'lE4 j. The re-=r-rl b= =h,:,Hed th¡.t the nurle;.i'

EF: ,:,:'mpl e:; haE a pref ,-=rent:'. al bi ndi nq t,:, a DNA f raqment Ei tuatecl up=trerm

fr':'¡l tlre St end ':f tlie !ÊnE,;r,¡1'f.:íninq the l"l=p I hyp,;,ppflrylsbir:,n site(.J,:¡=t

et al y 1584).

In ltBË' the Etr-rdies '--'f the h¡rm,-ineI reltLrlati,:n ¡f liyp,3¡ns.Lh,¡Letr,:n,:f

the ,:lii':l:en i'itelI,:genin Il rlErlÊ rrrirnf,inlred t+hen Salr-tr et -rI r-r=e¡J qen¡ni¡:

seqLtÊn¡:inq t,:' stLtdy the e:';tent ,:f ,:yt,:,sinË meiliylati,:n at f,:urr rl:prI srl:e=

ç:ithin Lhe requl.tt,:,rY rËqit,n ';'f f[1p qËne, Br:¡f¡]FÊ Ei treatnænL, three rlrrrf, rlrf

f t'ttr ':f Lhe sites Here f r-tl 1), mpthylaterJ, tçr, ,:f 'r;he sites lyinq i+ithin I;hn

EF: binding =i'be' Anelysis ¡rrf Dt,lF, is,:,1-rted fr,:m h,:rm,:rnålly-treated liver

nltrlei revËeled tlrat demethylati,--,n,:f tl.te f,:,ur site= l.1cffl r:',:,:Lrrre¡ and l:hat

it,:,frrelated r¿e11 r+ith bhe indu':'Li,rrn,r,f vitell,:,ÇEnin mlilNA synthe=iE(.saIr_tr

et al r 158C,i . Al l f ,:ltr si tes rernai ned demethyl ated even af ter ¡têsgåt i,:n ,:f

qene tr*n5¡:riptinn. Sr-tbsequent ':,:¡npåriE,:,n,:,f the methylati,-¡n =t¿te,:,f the=e

f¡:¡Ltr sites in DNA fr':m di f ferent l:iEslres clem,:ns'br¡ted a ,:lFår clependen,:e ,:,f

the demethylsti,:'n ¡:'n estr¡.di,:,1 , Tliese results slrqqe=b Lh.ct thir_q

liL-rrrï':¡ne-dependen'L event LliÈLtrs via an a':tive pathway tlrr,:ugh Êïr:isit,n rEFåir

ånd¡'':'r en:ym-=.ti': deriremthylati,:n, An e:ipl-rnatirtrfl rlrf thi=,-=ffer:.h r¿¡:lr1¡l hæ

tli-c.t [:':th =her':irJ re¡:Ëpt,frE ånd the li,:rrn,:,ne are pre=ent in e].1 ti==lrea,

Er-tqqe=ting th;.1 the binding ,-,f r':mFlExe= initiates the rlemethyl¡ti,:,fi snd

help= t'l ma.int.rin it t.5alr-t¡ et .:1 , l'lEËi, The h,:rrn,:ne--re,:ept{,r ,t,ltïF1E:{ mër.y

h-rve s hiqhEr ¡ffinity f'-rr bírrding t,:' ilre site than the ne'chyla=e en:y.,ine,

tlir-t= preventinq en¡Vmati': nrethylåti,_,t1 " In al 1 thi= =tr_rdy Eh,:,r,¡= ilret

h,:,rrl'-rneË ¡:-r.n ¡l ber che DtlA methyleti,-'n =t*tlt= ,r,f 
=per:i f ir:

ll¡:rin'--'nal I y-resp,:nsi ve genes,
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HÏsTONE AI-:ETYLATTTN AI{D II'ENE EXFF:ESSINN

I NTF:ODUI-:T I TI!

The DNA nf the s¡rnatit ':el ls ':f [iiqher ':'rqånismE ']':':Lrrs in aEE,:riati¡:n

'*'ith =ma11 ba=i': Fr':teifl--- ,t.ål led hi=t':'nÊ8. In m':=t ':eI I type=, híst':¡nËs tan

be divided int,: f ive me..j':r ':1åsseg di f ferinq in Ëirey p':'sitive ,:lrarger end

smin':' ¡r-id ¡t,trnìF¡:=iti,:n(.F.lr-riz-ll:arrill,: et al , 1975). In the nn':1eLrE,:,f aIt

eltllary':tii ':el 1s, DNê, is pa':kaged ba=ir:a.l1y the Eåne Hð.y, tç,:,,:,f ea,:h,:f the

Iti=t':nes HlAr H':Fr H3 and H4 f,:rnr å spe,:i f i,: aqÇregate whi':h is Eurr,:unded

by a =tretifi ':f DNA 14Ë base pairs lnnq, This strurtr-rre f':rms fundamen'bal

r:hr,:rmåtin ¡_tnit [,:n,:rnrn as 'bhe nLt':le,:,Er-rmÉiD,:,EnË,:ke ,rnd UaIIuitr, liE!j. A naj,rr

Etrlt':tltrai fr-tnctitrfl ¡rrf hist,lnes is t':'rrqåni;e the 1'lFtfly fibrillar rn,:1e':n1eg

,:f DNA int,i a fn,fre ¡:¡:'mpår:t fr'rmr.F.:t_tir-rl:ari11,: et å1 y L]7lf,'.¡"

t¡lith the e:,;repti':n,:'f rF:lrlA, b¡th artive and ina':tive qenes årE pa':kaged

int': nLtrler'=,:,meg fr:¡rrninq thÊ,:lrararberÍEtir "beedE ':'n å Etring" strtt,:tLtre.

ll¡wever, tlre ':rqaniråti'jn 'lf genes thai are a':tively trans,:ribed di f fers

fr,:'m tliat seen in the bltll': ':,f DNA, NLr':1e':Er,rne strLr':tr-tre is slrb.je':t t,:

variatir'n dtte tr--¡ ¡l¡l¡Vålent m'rdi f i':ati¡ns ':f hiSt,t¡FtES, Hist':neE fnåy våry in

their primary Etru':burre '-rr they rnay be p'tst-syntlreti,:ally mc'di f ied thr,:lrgh

eventE Eltrh å5 ADF-rib'¡Eytatir'n, rne'hhylati':n, plr,:sph':rylati':n ¡:¡r

a':etylati':nt.Leiter et alr 1'jB4l, Hi=b':ne rn':difi¡:åtiûn haE been pr,:'Fr:,Eed ås ä

p,:sEible meihanism fr:¡r qene ar:tivati*n(IsenberE, r-J7-Jj, Indeed, the

rï':,dLtl¡ti':n r;rf r;þ¡r-¡¡¡f,i¡ -ìnd nLtr:1e':,sc'rïe =trttttltfe rnltst be,:,-rnEidered aE A

prereqt-tisite f ,-rï the trånE':riptir'n ,:f geneti'- inf ¡rmati¡n (.D,:eneike and

Ii¿.IIt+it¡y 1?E¿-i,

After the di5¡trt¡vËl'Y ':f hiËt¡r¡FlË a':etylati,:n{Al1frey et a.l , l'-lF.4 l, it r*'a=

=uqçe=ted that thi= p':=t-=ynl:hetii m,:'di f i,:ati'ln ¡f f hist,:ne =tru':ture ,r¡r¡Lrld
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Pr'lvíde ån en:yma'bi': me':håni=.m f'r,ì' mr,dulating the intera.rti,:,n= bpt,*'Een

[rist':rnes ¡.nd DNA in r*ays th=rt a.f f e,:t the strr-r,:ture ¡f ,:lir,-imatin r.Vidal i et

å1 , It7El. F.:e'lLtlati,¡n ¡:f elrh¡.ry¡:Lí': qene Ëy;prËçEir:,n r:¡,:r:Lrr= at di f ferent

levels ':f gen'-1rne urqani=ati':'n, ,:ne,:f r,+hi':h inrludes the arranqement r,f

r;[1¡'r3¡r;r5r;r¡¡al pr':bein=, In parti':Lr1år, lrist,:rne aretylati,:n at Eper:i f ir: ly=Íne

residueE ín tlre NHi regi,fn hås been impl icatecl in this re5pe,:t.

Ïhe di=Lribr-tti':n ¡f lysÍne and '¡ther F,:,sitively charqed arnin,: arid

residltes is n,:t rañd¡--¡lll¡ indeed there is a rluEterinq r,f lysine, arqinine and

histidirre in 'bhe *min': terminal prrrflfir]rr'1 , re=ulting in a high net F,:,;ítive
charqeividali et ä1 , 1578j" Thus "rll hiEt,:ne ,:IasEes in the ,:,:'i;et

r:r:,r[prising tlie nltr:1E,:,sr:rme rùre årE strurctltred t,: fav,:r DNA binding

tlir':ltqh,:r-rt their amin': termina.l reqi':ns(VidalÍ et al , 1978 j. TlieEe reqir,ng

r¡r,:rltId be e:,;perted t,: intera,:t ele':tr,:,sbati¡:alIy uith the neqa.bively-,;þ¡¡qg¿

ph':sphate qrt-ìLlp5,if the DNê, heli:,; whi':li envel'rpes the nL(,:1e,:,s':,me tr:,reiVidali

et a1 1578j" A,:Êtylati,:n ':f hiEt'tnÊË t:åLrsE= ner_rtrali¡ati¡t¡tr ¡trf F,lEitive
rharqes r^rhi,:h ':hanqeE the interna.I strlr,:tr-rre ¡f the nLrr1e,:,s,:,mes and the

abi I ity ¡:f the nLtf let'E'fmeg t¡: intera':t r,Jith earli ,:ther {:D'lÉnetl::Ë an,l

liallt+it:, 1?Et)" Neutrali¡atinn ':f the p,lsitive,:[r*rrqes,:f ¡1 íËt,:,nes Erls,-,

weallens their inter-r':tir'n with the phr:sphate qr':¡LrpB ,:f the DNA strand

envel',rping tlte nlt':1e,:s'tme r¡:re(.Vidali et a1 , 1'J78), Thr-rE hist,:ne aretylaiir,n

and dea':etyla.ti,rn måy be part r:f a system r+hi,:li req¡_rlates the state ¡f

higher r:,rder ':hrnrnatin interar:ti,:ns in relati,:n t,-r r1[1¡,1¡¡¡5r;r¡.¡¿]

intera':ti,:'nE(Dr:renÈ':[':E ånd Ë-r.I1r+it:, ltB:),

A1 I f ':r-tr nlt':ler's¡ma.1 lrist':neE r:ån be rever=ible eniymati,:el 1y

å':EtyIated at 5pËr:i f i': lysyl residrie-= çlil;hin the NHI-'berminal rEqi,:,ns" The

fa':t that these lysy1 residueE are ,:':'n=ervËd in hiEt*neE fr,:m =peiieE aE

diEtanb as yea=t ånd månr emphasi:es their strnrtural imp,:rtan,:e fr:r hist,rne
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fltn':tir,nt.Dt'ene':he and Ëa11ui'h:, 158':i.

phen,fmen'-1n and has been ,ibEerved

ånirnå15(.fl¡rs¡sr;[':E È.nd I]a11çlit: ¡ ltt¿-i ,

Hi =t 
r:ne ¡': et yl at i ¡:'n i s a. r-tb i qui L ':r-rs

i n f r-rnqi , pFrlt i sts, pl ants and

l,Jhen hist,:ne a':etYlqtti¡:,n çJð.s fire.t Eeen(.Allfrey et al, 1t64i, tlre

=trlt,:bltral m,:difi':ati¡trns ¡r¡f DNA it ':èLrged l+Ere Ëper:Lrlated tr, affe,:t it=

template f¡-tn':ti':n in FINA synLhesis{F.tr-ri;*rl:arri11': et aI , I.'J71i, Sin,:e 'Llìe

tLrrn,:'\'er ,:f a':etyl qr¡:,LtpE ':n the ':¡lre hiEt':nes is elr:trenely rapid (haI f 1i f e

't'f ten minuteEi, it has frequently been slrqqested that aretylati,trt ¡t¡f

histr:¡neE rnay be int'':lved in rapid alteraLi':nE ,:f geneti¡t åitivity{:trl':t:inight

et al r 1'18Ö]. The ef fert ¡fn tråns':riptiL-,n ç,Jt'L.tld ,trrtf Ln thr':ugh a weal,:eninq ':'f

the hiEtnne-DNA r:r:'ntår:ts vlithin the nLrr:1e,_rsr:rfne and betUreen nLrr:leÈ,S,:,meg

'bhemEelves å1 1'lr'Jing å¡:tÊs5 trr¡¡ ånd trå.ns':riFtir;rfi r-¡f , the åpFr'--lpriate regi,ins

r:¡f ¡:lir¡:matin(Nels':n e'L aI , 1t8ilj.

A ,:':nsÍderable b':dy 'if indire':t evidence er,:ist5 sllppr:,rtinq a r¡:1e f,:r

hist¡ne .r':etyleti,:'n in the reqr-t1ati':n 'if ggnE el{Fressi¡:¡lt {t:eer.es and

tlser.jesi , 7'371'.t ' In 1'lË4 A11f rey et al were the f irEt trr er¿;åmine the

F'lsËibIe r¡lIe f':,r hi=t,:'ne a,:etY1ati,:n in the regulEti'-rn r'f FINA synthe=i=

wlren it ç+as sh,:wn that atetyletirn nf hiEt'lnes 1¡uered tlreir effertiveneEE

as inhibitr:rs ':'f [';NA =ynthe=is by the DNA-dependant F]NA p,:'Iymera=u=ç, in ItËË

pr;rqr;r sf, ç11 shnwed that hltman and equine lymF¡lr',:yte= in':rea=E their rateE ¡f

FiNËr synthe=i = i.¡i thi n mi nuteE af ter Eripr;r5¡1¡p tn phytr,rneqql r_rt i ni n (F|JAi ,

HÍsb,:ne aretyl¿ti¡n uras qreatly in,:re.rsed in lymph,:iytes re=p,:ndinq t,: FHA,

The inrrea.se in histi'ne a':æty1åti,r'ri appeared br' prE,:FdE th'= increase in

nL{,:1eår E:NA sysnthesis, ThiE r,J,:,rh: represents rt¡nE {rf the fir=t time that

hiEt':ne a':etylsti':n k,å5 lint:ed t¡: a ':hEnge in the fine strur:tLrre ,:,f

rhr':mstin ¿.nd in the raparity ,:f DNA t,: Eerve ct5 a templaie f,:,r FjNA

syntheãi 5 t P;rgr: et ai t IiF.Ei .
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Ither r]¡lrl'ÍElåtir:¡n= ligve been ñlàde betç,een hiEt,:ne a,:etyla.ti¡in -rnd

F:["lA-=yntheti': ,:åpå,:ity in ,:el1 types fr,:rn dí f ferent EFe,:íÊE and

phyla.iFlr-ri¡-r-:arrillr-i et aI , r!75]. In the pr,:t,:¡¡an re*raåy,rleuæ pyrifornis._

F;NA-synthesi¡inq rna':r¡m':lerLrles r:r¡:,:Lrr in theír acetyla.ted f,:rm=, r+hile

liist,:neE in the ina':ti'¡e fni,:r':'nLr':lelrs ë.re r-tns':etyIåtEd{:tf¡-1r,--ivs[,:y et a1,

157i1' There ere aIEr:, nLtmgr':'t-ts e:i-rmpleE nf inrreased lri=tr,ne a,:etylatir:n at

vÊry ÈÀrly =taqe= in qene ¿r¡f,iv;¡fjr;r¡, f,rrì'Êr¡;afiìFle in lymphntytes =tÍrnul¡.ted
by mit':gen=iF,i!'t et al , 1-rË6i, in [repeti,ryteE dr_rrinq reqener¿ti,:n ,:f the

i iver r.F,:'9,:' et aI r 1tËBl, and in di f f erent eFrd'f,:rinæ tarqet ,:el Is f ,:l I,-r\r'inçl

stimlrlåti':¡n by the åpFrt,Friåte [r':rn':ne(.Junqmann and 5,:lrr+eppe, I-J7?.'). Dtrrinq

æntbry':'qenesi=, hist¡:ne= are ertensively rl,:'di f ied" In =e¿ r-rr,:hin Eqq=, IJI

¡nd H4' åre nl,j'st hiqhl/ år:etyI¡.ted dr-rrinç¡ the laEt b1¿str-rla and the qastrr-rla

5tåqÊr when qene er:pressi':'n iË highe=t (.D':ene':l:e and ria.l 1ç,itr¡ I'J8Jj, In atl

tliese 'låsesy in':reaEed a¡:etylati,:,n r,f the ,:,:,re hist,lnes þJåg

,:bEerved(F.lt-tir-tl:arri11': et al , 1t75j, Er¡sed ,:rn thiE evidenre íb appear= that

hiqhly ar:etylåhed,:,:¡re hi=ù':nes are playing å ï¡-ile åE ån irnp,:,rtant altxilla.ry

me':hånism that la':ilitateç the binding ,:,i FINA-p,3lymeråse(Leiter et a1 ,

1 y84l .

An':ther stri tling e:,;amp1E 'r,f a':etylatinn ¡f hist,:neE being f ¡und in

r;r¡¡ j¡r¡r;f i¡:,n with an incrLiåEed tran':ripti':naI ac'bivi'hy ntrLrrs in the yea=t.

5ar,-'llar':my':es L'Êr€í j-r jJÈ, The relatively smal l qen¡:,rnË ,:f this l¡-rrrrêr.

elt!,:ary'-rte åppËårs t,-i be e¡rtirely derepre=sed, thet is, it is beinq

transrribed ¡r in a per=istant state,:f a':tivati,:n, As a cnnçEqLrenre HI and

l-{4 r:r':,:Ltr pred'lrninantly in

1 tBii "

a hypera':eLylated f':rñf.D¡lEnÊrtl':p and rj-rl1+iit¡r

l:'-!nVEf Eely, ¡-rlt IË1åti¡_inE have been

':f hiEt¡:¡nFE'+iIi i¡lt=e gËne ina,:tivati,:n,

rnade suqqest í ng

F¡r e:r:amp I e,

that dea,:etyla.tinn

i n t he rnat r-rr e Eper fil
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':e115 nf the e':lrin¡derrn ¿Jrt'æiie J i.ir¿J¿¡ in ':el 1= thaL are in':åpåble ':f l.ilrlA

=Vnthesi=, hi=t,:nes HX a.nd H+ ':,ÈÈLrts entirely in their nr:'na':Êtylnted

f ¡r,rilE'iltlanqh et a1 r 157:l, Af ter ierti I i:ati,:rn the a,:etyl¡.ted f ,t,rrn ¡-rf ll3 and

H4 reappeår Hith the resumpti'fn,:¡f FltiJA syntheEis ai the blaEtuLa 
=tæ.qer.hlangh

et aI r i'17:i. Simi lar1y there is a pr':qreEçivE de¡:rr=åse in tlre pr':p':rti,:n ,:f

a':etylated hist,:,nE m':1e':ules in avian erythr,:ryte nu':1ei as the ¡:e11.= metr-rre

and 1,:s.e their r:åpË.':ity,i¡ FJNA :ynthesisr.tl¡ngh et ¿1 , 1,17':1"

tl:hrnmatin r'-rntaininq a':etylated hiEt,:neE is múrE s,:,1r-rbIe in rnåqneEiLrm

,-fl 1'r'ride-,:,:nt¡.ininq blrfferE aiter nLr':IËåEe dige=tii'n than ,;þ¡-,;,¡¿f,i¡

¡r.55rl'liated r.¡itli ltn"rretyl¿1u¡ [rist,:'nest.Leiter et a.1 , 15Ë4i. Hypera,:etyiati,:n

algr: pr,:Vide._r ¡¡1';lg';'5';'¡aI ¡_r¡¡¡i,:1e= ç+ith g Irtr(CEI ele,:tr,:,ph,:rfEti,: rn,:bility

than th,:Ee r¡hi':li *rre n':t aretylated ileíter et al , 19.q4) " In 1578 Dar,íe and

llandid':' e:,;tmíned the patterns,:f hist'lne a¡:etylåti':n ín a rhrnrna.tin fra':ti':n

fr':rn tr':ltt testis enrithed in artively trËìns':ribed =equËn,:es, rlhr,:matin

tì,å5 digested kiith DNase Il and the digesti,:n pr'ldLr':ts separaLed inb,:

I'1qI-s':'1t-tble and inE':1t-tble ':,:'rnp':'nents and el/iårnÍned u=ing i-D p'llyåÈrylainide

gFl ele,:tr,:plr,frEEiÊ. Ihe resultE Eli':r,lgd that the fra,:ti¡-¡n Erlri':hed in

s,:tively tranE':ribed seqelrn,:ËE r+ere aIE':, enriihed in t[ie multia,:etylated

f ':'f rn ¡: f H4.

A':tive and ina,:tive ':hr':matín di f fer in strn':ture and ':'rgåniiatir,n,
A,:tive ,:hr'irnEtin has the åpFeårån':E ¡lf lrlrrËEly r\,':'Lrnd f i tgments '¡hi 1e

ina':tive rhr':,rnatin i= f,_rlrfld in dense ,:lLtmps ,:,f ,:r:,fi1pårted

f íbri 1=t Flt-ti¡-L-:erri I I,: et aI, 1'375i. Ir¿ns,:ripti¡:na11y-a,:tive DNA sËqlren,:E=

are pref erËnti-r11y degraded dr-tring t imited diqeELi':n= çríth DNase 1, Dtijase i

ui 11 ¡1=¡ readi 1y att*r':ll ':hrnrnstin ,:¡ntaining lryper-r':etyled hist':¡nÊE(Leiter

et -rL r 1'-18+). l'1í td treatment r,lith mi':ri,':r:¡,:,:å1 nurleaEe a1s,: yieldE ':lrr,:matin

frEqrïen'L='*rhi':h å.rE enrithed in trans':ribed seqLtEnr:Es(.D':'ener:ke an'l rì.r.1 t'*.ritz,
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1'lËJi ' Tht-t= nLt,:1Eåse= have been perti¡:LtIå.rly usefr-r1 i¡ str-rdyinq å,:Ebylati¡:n

':f hist¡ne= as they prr:rvide a rnean= t,: des':ribe the pr,-,tEin rnniety ç¡i,:h i=

å.=8,:,r:i¡i;ed '*ritli a':tive p'-'¡f i¡rrnË. rr¡f tlre qen,:me(D':ene':ke and tiål Ir*iit;e 1,Jt'Jl.

Ûther eviden':e lin[':ing hÍst']ne a':etylåti,:n and the rnerha.niËrîì ir f hürm,:,ne

årrtir:,f-r in':ltjdes tlie ç1,:,r[,: ,:,f JLtngrnann Hl]'-1 in 157¿-,_rbserved in,:re¡.sed r;tteE,:f

iriEt':ne a.retylati'=n f':11,:winF g,:nad':tr,:pin injer.bi,-,n int,_-i *varies *f

irnrnature rats, sr-rqqesting that q,:'nåd¡:rtr':'pin may e:,;er.b i bs ef fs,;f ,;,¡ tarqe.h

tisslteE thr':'t-tqh å mE':hanism that inv,¡lves hist,:,ne aietyl.rti,:n àL sr:,r.ltg

=t*qe(.Jr-tnqrnann ånd 5':h,,JEppe, li7Il, In 1'lEË l-:s,:rdas et at =tr-rdied the

r:ürrelati,:n betç+een tr.En=.,:ripti':n 'r,f ff'¡q h,;,¡¡¡r:,nå11;r-indlrred r'ítelli,qenin

qene ¡.nd lti=t':ne a¡:etyIati,:n, The indu,:ti,t,n,t,f vite11,:,Çënin =ynblresiE in.bhe

rhi':ken 1íver r*ras Ltsed in this stlrdv, Aftpr a.dministrati,:n,-if E! Lr, imnratnre

anirnals there is a. rnaE=ivÊ indlr,:ti¡-¡Ft ¡r,f vitel lr;,ÇEnin mFllrlA synilre=i=. The

appearån':e ':f hyperaretylated hiEt,:¡nËE f,¡,ll'_'þJinq EI trestment !,Jås fn¡_-rFlitr:rred

ånd f¡lrllnd trlr ,trft'FEIate r+ith the appeerån¡:F ,:,f DNaEe I hyper=ensensitive

sites in the vitel l¡qenín qene as rep':'rterì by ,:ther qr,:,LrFs, Thr_rE hic-t,:,nF

¡.':æ'hyIåti':'l'l åpFeårE t,-i be playinq å r':'1'= in the indu,:ti':'n ¡f vi'Le11r:rÇenin

qene tranE':riFti,ln by Eternid=.

EI. FUTYF:ATE AND HYFEF:AI.ETYLATION

Flttyrate is a natnral ly ,:,,:':LrrÍnq sh,lrt-,:hain f atty a,:id that pr,:,dLr,:es å

ç'ride ranqe ,:f ef f e':f = ,t¡u ÈÈ1I= in r:LrltLrre(Dri h¡-l-,rr,: et aI , 1'18õi, Am,:ng the

rnåny dnrltmented ef f e,:ts ':f mÍ l l irn':1ar ¡:'ln,:entråtir:ns ,:,f bntyir*te ün

rnarnn¿.l i¡n ':e11E qr,:'çJinq in ti=slre r:LrltLrre iE the indn,:.bi,:n ,rf

liyperaretylati,:n,lf rn,:st ':'f the hiËt¡:rnes fnr-tnd in the nL{t:1e,:,s':'me(.F.:eeve= and

rl:Eer.jesi I r97'i't, Dver Br-r7" ':f H4 iE ':,:rnvertEd tr:' LhE m,:n,:-rdi-rtri-,an,l

tetr'r-aretyla.ted f ,-rrms in a number ,:f di f f erents types ¡t¡f r-Lrlturecl ¡:el 1E

after 5L-'díLtn br-rtyrateiNEFr-tti 'Lreatment. Fr-trtherm,:re in àll ,:f theEe Èr.=Il
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type=t Hf, a15,:r be,:¡:rme= hypera.':etyt*r.ted åE dr, hi=t,:neç HiA and HlEiF:eeveE and

t-serjesi' I-J71i. In sdditi':n t'-r hi=t':ne a':etylati,:n, tlre ¡:hr':¡m,:,s,:,m;rl

pr,:tei fl5 ¡t¡f l.]eEut-treated ':e1 1s srE rn':di f i ed by ph¡:,=Fh,:rrlrl at i ¡:n as

'¡el I iDnenerke a.nd lial 1uÍt: r 1'JF:l " [ther ef f e':tE nf br-rtyrate ¡]fl ¡tLrltr-rred

¡:eI 1S in':llrde the indr_r':ti¡trFi ¡lf ¡:ert;.in eniymeE, indr_r,:ti,:,n ,:,f hem,:gL,:,hin in

Friend erythrnleLt[:]emii ':eI 1s and inhibitii'n ':f ,:e11 diviEí':'n (: LEiier et a1 ,

ItB+i ' In .qdditi':'n N¿Fr-tt inf Ir-ten,:eE. ,:yt':'E[::e]Ët,:,n asEernbly and rnernbrane

¡t¡I¡ftìF¡t¡Eitir:rn ånd f ltn':ti,:'n (.0rit:-tl:af ,:, et a1, 1iE6 l.

NaEr-tt Ël;ÉFts it= effE':t nn hiãtrr,rlE hyperaietylatii'n thr':,Lrgh inhibitiun

'l,f the hiEt':¡ne dea,:etylase eniynìFs rather tha.n by e stimul¡.ti,lu ¡-rf the

lii=t':'ne E':el:yl br-q.nsiera=e eniyrnest.lìiu=eves ¡.nd ll=er jesi, 1'i7'3], There årE f rr,r:r

hist,--'ne aretyl transfer¡.se Énryme= k,ith defined bin':hemiral pr,:pertieE.

Hisb':'ne å':!=tylåse A i= tiqhbly br:unrJ t,:, Lhe ,:hr,:rnatin¡ \.,herEã.Ë

*':etyl tranEf erase Et

liailvritru i'JE:],

rhr,:matrqraphí r

ia highly enri,:l'lecl in the ,1ylr:rp1åsfrì{: D'-1enÉ,:l':e ¿.nd

The tç¡': EnzyflìËs åre fr-trther distinqLtiEhed by bheir

behavi ':r , fit'f I er:Ltlår rriei qlit and
=r-rb 

st r at e

sper:i f i,:i'L)vl: D':¡ene':lie and ¡jal lr.ritr, 1'lE'¡- j. The ef f e,:ts ¡f N¡.br-rt Èn hiËt¡lflE

a,:etylati,:n å.rE ,:,:'mpletety reverEible ,:n,:e it has been rem¡ved f r,:m cel1s

af ter sh':rt term Ë:/iFrlsLrrË (Vi del i et åI , l g7Bl . The ef f e,:t ,:,f N-cBLtt ¡n

atetate ltptah:e and rem':vaI sh,-1Hs that it has little ¡-1r n¡:, effe,:t ¡:rn tþre rste

':f .å':etylatir:n,:rf ¡¡1;lp,;,E,;,¡1;¡l hiçtr,neE. Tlreref,:,re the in,:reaEed level ,:f

hist':ne m':di f itati¡n seen in butyrate-treated ,:el 1s iann,:t be attributed t,:,

stÍ¡rr-tlåti,ln ¡f a¡:etVl tran=ieraEe a':ti'¿itieçiVidai i et aI L'l7Bi. In

previ,:,1t51:y'additi,:,nr NeFlrt haE a mâr[,:Ed inhibit,:¡ry effe':t ¡n the turn,:ver

in,:r:,rpr-'ràted a,:er!yl qr':lrp=r.VídaIi et .:1 , t'j7Ð),

.5tt-tdiÉË L-,n llÍEt,:ne acetylåti¡ln heve been qrÊåt1y a.idecl thr,:uqh the r:Ee

NaBr-rtr åll'lHin¡t er{FËrimentaL alterati'rn ,:,f the Ipvel ,r,f hi=t¡ne

t

¡_t I

t_t I
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¡,:etyl¡ti':n in ,:lrIt¡_rred ,:e11= ¡i.nd ¡¡Lr:-ervatir,n ,:,f the ef f e,:t= ,:f 5Lr,:h r:hångFg

':tn qEne e:;FresEi,:,n' H¡lr!,JÉ!¡El'¡ it lreE n,:t been eEta.bl.iEhed r+hether irï ¡¡trt

':thEr ,:hångEs ín ¡ï¡-'rFll'-11¡:¡qi/, eniyrne levels, DNA =ynthesi= and 5pEÈi f i,:

prr:tein syntfie=i= dlte t,¡ l'J.rFut treatrnent ere the rË=Lr1t,:,f a primary el'fe,:t

r'n lii st':'nË a':etyi åb i rt'tr r. l'1':l.,ni qht et tl , 1,JE{Jl .

The f '¡11,:r.ring paraeraplig rËpresÉnL å rEvieki ':,f s':,mË '-rf the e?:periment=

reËËâìrr:hÊrs have pEr i'lr¡rEd t-rEinq N¿.Ër-rt t':, =tndy liist,:ne a,retylati¡:n" An

i mp,:¡1¿¡1 therne ''Ji 11 be,:':,nlÉ evi dent å= r:rnE FrL-tqresses thr¡lrqh the

di=':ttsçi,:ll¡ i . e. bhe expreE;i':n ,:f dí f f erent genes in the sarne and di f f erent

cel lE and tiEsltes ,:än bË in':rea=ed, inhibited ,-rr n,:'t "rf f eiterJ at *t I by

blttyrate trestment. The effe':t ,:r f I'.J¡.Fr-rt ¡:'n qEnE e:,;prr==i,:n d,:rEs n,:,{j

nerË55årily refle':t its effe,:t ':n hist'ine a':etylå.ti':'n, As rnenti¡:,nËd, NEFr-rt

has ':'ther ef f e':t= Ltpri¡ ':el 1 ¡'--'¡pþ,;'lr;,qy ånd physiirl,lr[t beEide= that ,:,.i

hist':ne aretylati':'n, indeedy '-::tlrer nLr':1eår pr,:teins slr':h a.E tlinse in the

High l'l':bility tfr':'up åre aIs':' a':etylabed by NaFr-rt, Thr-rE ¡_¡rrÊ frìLrst FI:,:Er¡:iËE

':alttinn bef¡:re m.rllinq qeneraliz.itir'nE reqardinq thE effe':t ':f lrlaFut in

d i f f Er ent =y=l: ern=,

The enhanted DNase I Eensitivity ,:,f tr"1ns,:rípti':nally a,:tive DNA

seqLlËn¡:EE åpFeåIE t': depend Lrp,:,t't their åssr:',:iati':n çrith mr_rI bia':etylated

f r--'l'rll5 r'f the histLlnes{Flt-ti=-ll:arri 11':' et å1 , 157f i, The di. f f r-rsau ey;tEnderj

rEqit:'n= ':'f the ':hr,:,rratinr tlhi':h are the pred':rninant sites,:f r¡[1¡r-rs¡r;rs¡r¡al FiNA

=yntltesi =, have the hi qhest I eveL s r'f hi =t,:ne ¿':etyl ät i ':'n and are di qe=ted

rn,:¡rE FåFid1y by Dltja=e I then *rre'bhe trån:':ripti,:naIIy inert¡ ¡t¡t,ndensed area

':f rhr,:matin. The reLa¡atir'n ,:f the Dt{l\ heli:r ¡.1=* inflnen':es itE

å.¡:,:e55ihility t¡: ':ther EnuyrTìEË snd reqr-rIat't'l-y prÈ,teinS inr,,lll,ed in

trans':ripti,:n, This H'lLrld a,:r¡unt f,:r the måny spat:'.aI and ternpirel

rlr¡¡¡¡rlåti,:,115 be'bçleen hiEh':ne åÈEtylåti'r,n ànd FiNA synthesis(Vid-rti eb å1 ,

1r7El "
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HeLs ':e1l= treated q+ith 7ml"l NlaËr-rt å':':Lrrnlrlate nr-rl'bia':etylatæd f rt¡Frï= rt,f

hi=tr'ne= Fl*? and H.tr uhÍrli in turn rauses å rfl,:'rE rapid rate,:f deqrrdati,-¡n rt, f

the å=5¡:'¡:ia.ted DNrl seqr-ten'-EE dlrring limited diqesti,trfi r.iith Dlrla=e 1(r.rideli ¡

et alr 1'i7Ei. In HeLa cellE and in åviån erythri":ytes, the rnultiaretytated

f,:rrn= ':'f hist'lne= Hf, ¡nd H4 ¡re preferenti-elly releaçed dr-rrinq limited DNa=e

1 diqEsti,:,n5r f ltrther r':nf irming their åss¡:r':í¡.ti¡n uith tran=,:ripti,:na.I Ly

a':'Live reqi;'¡5 ,:'f tlre ':hr':rnatin (Vidal i et aI, t57B),

E:,;p,:,5¡r¡s ':f Friend erytlrr,:lett[,:emia ':e11= ti' Naburt f ':r 14 [ì,:,Lrrs ¡:Ër.LlsÊs å

':':'mpley: br-rt dr¡.¡nati,: and ,:hara':bEristi,: serieE ,:f ¡:hå.nãe5 in b,:th,J.:.

r;,:vo-synthe=i ied pr':tei ns and lrni qlre Eeqlren,:E DNA Lran=rr i pts i n the

,:e11s{.Fieev,-=g and ll:=e'r jesi, 1'J7'i). Here, hi=t,:ne hypera':etylati,tn F1.åyE à.rl

irnp,:rt-rnt ne,:essåry, br-rt n':'l: sr-tf f i':ient, r,:1e in the e,:tivatirrn r:,f neH

flËn¡-iflii È Elripi'Ê-=5í rlrtl i n the erythr'il er-r[,:erni ¡: r:el l s, In 1 ]B.tr Lpi ter et al

studied the effect=,:'1'NaFttt ':'n the lrypera':etylati'tn 'lf hist¡:rnes in relati,:,n

t': indr-t':tirlrr'| r-¡f erytlir,:id di f f erentia.'Li,:n" U=ing lriqlh re=,:1r-rti,in il viv,J

[3H]a,:etate lalretling ':f hiEt,:nes is':1ated fr':'rn indur,:ible en'J flË¡ñ-in,lr-r,:j.b1e

tÌLlrinE e¡'ytl'lr':'1ËLtl::ErTli': ':E11Er it Ha= frr¡Lrnd th¡.t histr:rnE= be,:årne a,:eti,1¡te'l

yet tlte ':eI 1s dÍd nt't he;,:'rle ¿,:mnitted t':' di f ferentiati¡:n, ,41 I ¡:e11 1ínes,

req¡.rdIess r:, f their abí1ity t¡ di f ferentiateo regp,lr¡flsd t,_, lila.Fr_rt tre.:trnent

by e:,rhibiting highly areiyl¡.ted hist,=neE, Aqain theEe resultE sltqqe=.tE that

hí='b':ne h;'rpere':etylatir:'n pËr Ee is in=uffi':ient f,r-¡ prrtmrlrtE qene.= in an

artive 5t"rte sin':e rpl.¡.tive a':etylati':n re¡.clreE a rna:'; itltLrrn åt I h¡lrrs efter

I'JaBr-r'b additi':'n whpn the Ër'iprE'5Eirrrrl ':f the ærytlrr':id pr,:,ffram iE =tiIl
reversiblet.Leit'-=r et -r1 , 1'JB+).

NaEtltt haç ¿1s':, beEn Ltsed t* str-rdy tlie a':tivity ,- f spe':i f ic qenes. In

1!84 riinder et al rep':'rted tlìã.t in ttivo tre-rtnent ':'f adulb Leghnrn,:hi,:ken=

t+ith bnth NaBr-rt and 5-arat-- resulted in b,¡th the fr'rmati,t,fi ¡f a DNase 1
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Ityper=ensitive =itE ':,n thæ 5t end ,:,f ¡:,nE c,f the ql,:bin qeneg ¡nd rlhe

demethylati,:n ,:f several tlpË Ei heE ernnnd the qene r¿hi,:h reslrlted in

in':rea=:ed level= ':'f embry,:ni,: ql,:Lrin F:trlA in,:ir,:LrIåtinq retjrlrrlrlrr;;;f;¡:=trjinder

et ål , 1i84i, This stLtdy p':ints ,:r-rt the ,:':rnple:,;ity ':f the intera,:ti*ns

between the me¡=ltrable fe¿.tr-rre= ':f highËr ELrl::åry,:ti,: qEnE artivity, Neithpr

demeth;;1at i nn nr:¡r NaFr-rt treatrnent ¡1¡ne ,-':rLrl d i ndlrre Dflase 1

hyper=en=i t i vi ty ¡-rr hi qh 1eve]5 ,t,f q1':bi n FjNAI snd dernethyL *t i,:,n i = a

nEres=åry prerequi si te f nr e:,;pre==i,:n {.t:=i nder et a.1 , I'JE4 j "

In the ¡.bnve-rnenti¡ned er:arl¡rle: N¡.Fr-rt å.ppeårs t'l li¡ve a stinrr-rlat,try

effert Ltpr:¡ q*n= Et¡iFrEEEi't¡ti in the systems disclrsEed. In Eeverã.1 ,:åEes it
hAs been =l'r,:çln t,: h¡ve either ñrt¡ Èf fe,:t ,:r ,:,pp,-,Eing ef fe,:t= Ltp,;.n di f feren{;

qelnes in thæ same systern" In 1'lEi L-i,iv.=¡¡.,1t et "rl tre*ted l-lTrl: ,:e11s uith NaFr-rt

and såtJ n'-ì im¡nediate and dirett effe,:t ¡:n'tlre tran=.,:ripti':'n r;rf r;[1¡r3¡1¡tin in

the intact ':el. I åE rneåsltred by t':bal F:NA synthesis. In 1'18.1 Furrgess et aI

=t¡-tdied the effe':t ':f butyrate Lrp,:¡n tlle qËnEs t,:,ding fr'r the lreat.:h¡:,,:l:

p':'IyFeFtiijes ín å tr':'Lti relL liner.FlrrqesE et al r 1tË4 j, Treatnien'h ,rf tel 1s

!+íth ':':n':entrsti¡:n= rtrf ttjaFr-rt rangin¡ fr,:rn 5ml'l t,r 5{:}mÍ"l f,:r li4 h,:,Lrr3 re=r_rlted

in a,:etylati'ln ':f hiEb¡:nes blrt n,: in,:reaEe in hea.t =[.r,:,,:ll pr,_rtein synthesis

In thi=,:à5Ë i'b i¿4.= ¡:¡-¡n¡:lLtded that the a':'Livati,ltl ¡:f the heat Eh,:'rl: pr,:tein

qeneE reqltired å prrl':ess th¿.t çJås slrs':Eptible tÈ' inhibíti':n by 
=,:,dinrn

butyrate (.Fr-rrqeçs et al , I'lE4i ,

In the ulial ,:El 1 line rl:Ey requlati,:n ,:f qly,:s¡,:,1 ph,:sphe.Le

deltydr':qen¡se and glut¡minp =yntheta:e åre indr_r':ible by h)¡dr,:,:,:rtiç,:ne and

larata.te delrydr,:qena=e by ,--a.te':fr':lamine=, Inl,-erestinqJ.y, lrla[ut treatrnent,:f

l::Ê ':e11s re=r_rlt-* in å.n inhibiti,:,n ,:f indr-r¡:ti¡:rn ,:,f g1y,:er,:I ph,:,SFhå.LE

dehydr¡qenAEe =ynthesiE by lrydr,:,,:,:,rtí=a,ne" In Ê,:,ntrågt, Nallrt indtt,:es

qlr:tarnine =yntlietase =per:i iir a':tivity -r.nd h¡E -r.n additive ef fe,:t in
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,lr;r¡¡lþinåLi,fn þli.th hydrit':'rti=':ne, NAFlrt h-r= n,:, effe,:t *r.t à.1 I r_tp,:,n the

indlt,:ti.':n ¡:,f la,:t¡.te deltydr,:gena.=e by ';6.f,s'-þr-rlarnine=, Thu= the hist'-rne

a':ehYl¡ti'rn ':åLt5Ed by l'.la.Fr-rt Ë:;eì'tEd di f ferent ef T-ei'L= Lrprlr¡ tur,: gene=

n¡:rrmå.1 1]¡ indlr':ib1e by lrydrrrr:r:rrtiE':'nE (ll.ltmar et a1 y 1tg4 j,

A1':'n4 ¡. Eirnilar Iine, in 1'lE4 StanIey ånd Sernr:e1= =h':'!.JËd that treatment

':f lll'11 ,:e]1s vlith I'J¡.I+r-tt e1,:ne tJill n,lt stirnul.ate qr':¡Hth [1riy¡¡,¡r¡s pr,:dr-r,:tÍ,:n

bt-rt çJi11 ¡:¡t¡mbine ç¡ith L-I3 t,:, in,:rE¡.=e L-T.l stirnr_rl-r,çí¡trn,lf qr,:,r+th h,-,r¡ï,:,nÊ

prt:,dLl¡:t i ¡n 1 . 5 t':, i' f ,:¡1d c':'rnpa.red tn L-TI å1úne, In ,:':ntraEt wi th the qr'-¡urth

hr-rffn,:,ne regFr:rllgËy NaEtr_tt in':reagËE ba=al F,E:L Frr:rdlt,:ti¡:,n by 5-f,:ld,

InterestinqlYr Hhereås FFJL pr':dr-r¡:ti¡l¡ is n,:rma.lly inhibited by T3, it ur*.=.

st i mr-t1¡ted betueen it-r and 7t-¡-i':I d by L-T3 and n-buLyrate, FF:L ¡nd qr,:,rÉJtl-l

hr-rrrTì¡lrFlÉ mË:NA Ievels Fårå11eled the ,:hånge5 in FFiL ånd qr'lçJttr [r,:rrl,:ne

Fr¡:'dLt':tirtn råtÊs(S'banley ånd Sarnr-reIs, 1584i. TheEe =tudies sugqEFt å

rË1åti,:'nship betureen inhibiti,:,n ':f ':hr':rnatin-assn':iated dearetylåsE årtti'rity

ånd L-TI stimltla.ti':n 
':, f Ftll ånd Ëll TnFJNA pr':'d{-1r;f,irlrl-1 r ¡1,:,'íJever the pFË¡:i=E

fie':håniEms =Lrrr,:'undÍnq theEe evÊntE rBriìåins Lrn{lear 
"

Several eÌ;årnplÊE 'lf an inhibít,lry Ëffe':t,:f NaFr-rt Lrll,:'n qene ÈïFrÊ85i,:,t1

aIs':' ev;ist, Na.Fltt treatrnent ¡:f cultured my'rblð.sts ín the LË ':e11 line k'hEre

the -rl ph+ ait i n and fiy':=i n he.rvy chai n qenÈs åre n'lrma] 1y su'i t,:hed ,tn dur i nEI

lTìLtsrIe di f fern'Liati'in reslt1tEd in t,:taI inhihiti,:rn ¡:f e:,;pressi':'n ,:'f tl'le

rì1r/rlr5in lte*vy,:ltain qeneE and partiel inhibitÍ':n,:'f tlre =ç;it':hing ¡ln ¡f the

rlplte-a':tin qenÉ(.Leibt'vit':h et =ì.1 r I'JB4. l, In 1-lS3 FleE[,:': et el (138f,i

rEpr;r¡fsd that ltlaFut tre¡.tment ,:f HTt: ':e11=,-Jill ,:,t,r'rìFletely ab,:1i=h the

índltcti,Irñ ¡lf tyr':'=ÍflE slmin,:,tr.r.nEferå.se by de:¿ameth'r=rfnË åñd dibr-rtyryl ,:Al"lF"

N*Ft-tt ha.= alsú heen Lt=.ed tr-r =tr-tdy the af f ç]¡:t ,:rn bhE indn,:ibi I ity ,:f the

':å5ein qenEB by FFjL. Indu,:ti':n 'trf iåsEin üene s!¡nihesiE by FF.:L is

å,:¡:':rfipåniEd by ån å':r:Ltrnltl.3ti¡:¡r'r Èf råã,-¡in !¡enË mF.l..lA uhi,:h re=ltlts fr':,n



in':re¡=ed råtes r;rf f ¡¿¡r;¡ipti':n ¡¡d mFjl'lA stabl ira'bi,:,n il'lartel Et å.1 , ItBIl.

Tre¿.tment ':'f rahb j.t mamm;rry Êr,;FIclnts uri l:h NaÊut rBsLrltE in an inhihiti,:n ,¡f

F'l;:L å.,rti¡:rn ,:,n the indu,:ti¡n ,:f is=ein =ynthe=i= ¡.nd r-åsein mF:l'lA

å.':t:Ltmltlatit,n" H¡lLJËvEì'" i'L is qenerål 15u ¿r;¿splecl that the ef f e,:ts ,:f N;.Er-rt in

thi= rÈ5pËr:t åre n':'t dlre t':' liíEt¡rrfiE a':et!¡1a.Li':n Àl¡trnE= In.thiã,tê.EEr the

inhibiti,:n r:f Fli:L7s effett irn r:åsein qenË e:,.pressi,:,n iE tli,:,r-rqht t,:,,:,:rrrr at

'Lhe leveI ,-rf tlie ,:el1 rnËrnbråne i Lsel f , r.rhErËr Ër:rrnehr:¡r,J, NaErlrt i= di=rLrptinq

the rn':,le':ltles inv,:Ived in Eiqnal tranEmi5Ei'fn t f"l¿rtel et al , l5B3]. The

bindin!':f F'FjL t': itE re':e[.rt,]¡ì.5'*Jå5 =h':ç,¡n'b,:' be n':t affe,:ted.

Sever¡r.l 'riher e:,;amp1. e= where ltlaFr-rt h*E been lrEed t,:, =tr-rrJy the

elterati¡lFt ¡-¡f EI;prE5Ëir:r¡ r;rf spsr-i f ir: EËneË u,årrånL åttenti,_,n, I.1,:l,inight et

al ( l tBçl h.lve sh,:wn that the ef f eit ':f NaElr-rt r-rp,:n tlre Ei-i nclr-rr i bl e ,:val bumi n

gene in ¡:l-ri,:l.Íen ùvidt-t,:t e:,:plantE ]¡rrsË5 its Ei-indr:ribÍiity.,r,rhen tre¡ted ç'ith

Iml'l NaBr_rt. N,:rmalIyy estr,:,gens ÈåLtEe a. rapid å,:,:Ltmu1ati,:,n,:,f ,:,v¡lbr-tmin

mF:l"lÉtr IthilE ltJsFr-rt Fi-':,dlt,:EE nesrly':':'rnplete inhibitirtrfl ¡t¡f indLr,:ti,:n, Hi=t,:,ne

atetyleti':'n EtlrdiËs shLr'È'ed th.tt the deqree r,f hi=t,:,ne å':Etylati,:n ¡:,ii'rglated

wel l ç"rith bhe ef f e':tivene=s ':'f l'.l¡.Elr-rt in prev.,en'Linq eqq '#hi Le mF:l..lA indu¡:ti,:n

ir: r¡if,; c' It r+sE å1s':' =h,:,,.*'n thaL inhibíti,:n ':bserved uras n¡t dute t¡r¡ art

inhibiti':,n ¡:f pr,:,tein synthe=is r:rr the preventi¡t¡Ft rt¡f egtr,:,Jefl ì-ErrËFtrrrì.

tr¡nE1'--":¿ìti¡l¡fl t¡t¡ tfre nu,:leus= Thege reslrlts =r-rqqe=t thab a,:etytati,-,n r,f

hi'5t':¡llE= b1':':k= the pr':dr-t,:tive inter-r':tÍ':n heLueen hhe EFI ¡nd,:lrr,:,rnaiin

trlii':h leds ti' in,:re¡.=ed tranE,:ripti':n 'if eqq uhite genFs(l'1,:tl.night et s1 
"

I'1Br:l i ,

ll:r'nf i i':'hing re=r-tIt= ha.ve been ':btained by di f f erent qr,-rlrpE str-rdyinq hhe

effe':b ,if N¡Br_rt Lrp¡:'n tllÊ thyr,:,id h¡r¡Fftlrtr¡E re,:ept,:¡r. In I,jËË [riti.-r]:s¡,;,r-

qrÈ,LtF =Lt-tdied tlie effE':t ':f NaÉltt ':n thyr':'id lì,:rrn,lne re¡:Eptr:'r ler¡e1s in

glial tË ¡:el 1E. Here thyr¡id h'-rrrn':ne rereptr'r levelE åppeåred t,: in¡:rEå5e
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in å d,fãe å.nd time-dependan'r faEhi,:n, ThiE in':rËå-ÞÈ in re,:epL':,r IËvEIs çr-l=

n,:,t å,:':¡:,mpa.nied hy an inrrease in the levæl ,:f m¡_rltia,:etylated f,:,rnrE ¡t¡f ¡rrtrl.Ë

lri=t¡:rne= aE ELr_rdíed by geI slsr;.f¡irplr,:,resi=, H¡:,t4ËvÊr Ëa¡nr-tel tE þJ':'rtl in 1'lEt-l

Eh':wed th.rt th¡.t NaFr-tt eli':it= a redurti,:n in thyr'-rid h':ril,=ne nurlea.r

FE¡-Efit¡lr leveI= in lilll ,:el 1="

f"lit=ltha[': i tç resltlt= als,: --h'ir,.J ttret treatment ':'f liHl re]lE ç.rith NaFr-r'L

neqeti'lely reqr-tlateE thry'3!d h¡lrnì¡trfiÊ rE¡tEFt¡trt- Ievel=. H,;,gs',,p¡ in

nirn-Pitui'L-rry ':e11 type= teEtedu I'JaFut treal:ment in':reased thyr':id h,:,rm,:ne

nLtçIesr r'=':Ept'fr 1eve1=(l'lit=¡-thal':i et a1, 1i87], In b,:th r:;.8ÊE ':hånqÊ= in'bhe

slp,-f ¡ç'plr¡:¡reti': ¡r':bi L it'¡s ':,f H3 and ll4 reEulted uhí':h hrere presumabl)., ,;F.LrsEd

lty s';Elylrr.bi¡:'ri. TliíE r:rbEErv.g.ti,t,n;uqqeEt= that the ¡.,:etyla.tírr,n,:f hiEtr:,neE

t-13 and H4 ís invi'1ved in the requL=tbi,:n ':f thyr':'id nurlear rerept,:,r leveIE

and that there iE a di f ference in the re':Èpt'lr reqlLl.åti,:,n betueen pi'br-ritar;r

ånd n':'n-pitr-ritary,:e1l=(Plitslrhashi et at, 15871"

In sltmfnåry, it is imp'-rrtanb t'l LrndErEi;ånd Lh;.t nrany få¡:t¡:rrE ha..¡e t,:,

¡:r:¡-L-iperåte çllen qene eÌ;pregsir-rn is rEqLtl¡ted and blrtyr.r.te-indlt,:ed,:[ranqes in

¡:el I f r_1¡r;f jr;r¡ slr':uld n'_,t be Er,lely 1in!,:erJ t,t lryper.*,:et!låiir:rn ,:,f

hiEl:':nest Lieter et å1 u L'lB4i, NaFlrt lraE rn"rni f nld ef f e,:ts nn nur,:lear

fttn':ti'rn¡ çrlti,:h rneånE tha lrl¿.Elr-tt treatrnenL ha= far'_lreåter ¡:'-ln=eqlren¡:e5 thån

inhibiti':'n i'f ltist,:'ne deatetylåsËs H,:¡Ltld sr-tqqest (Lieter et al r 1'rrg4).

E'¡idetr':e iç å,:':LtfiLtlating that qenE a':tivati,:ru i= a rnr-rltistep prrf':ÊËË itl

çlhi,:h'hhe ':':':ttrrEnr:e ':f ÐNase t hypersensitive Eites play ¿ ¡.,11e irr additi':n

'b'l the .rEE,:,r:ia'bii'n nf the tran=,:riLred qEnEs ,¡i bh the Etrlr':tttre ':f the

nlt,:lEtr\r rlatri:,;t.L-:snrdas et al , 1'lBË), Thr-rs the deqreE ¡r¡f å,:F{:ylir.ti¡:,n rlf

hi=L'lnÈE in tert¡.in reqirlrflg rlf the,:hrr,nir:rs,:,fnp might aIE,: pIå! a rr:rle ín the

,:r:rtfip1e:{r mlt].tistep pr':reEs çf gene Êripresgi':'n ':f the eltl::ctr}/,-1ti': iel I irl=¡rdas

et ¡1 - 1'ltrF,'r-_- t
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ÜN,q reEtri,tti,:,n enrymÊs rÊÈ¡:,gnirE =pE,:i f ir: seqLrenres in DNA ånd

':åtålyiE Eñd¡I¡nltrtle':,Vtí,: ':1eåVågÊt=, yielding f raq¡äenh= ,trf def ine,J

lenq1:hEr.[¿r,,jss Ët å1 , ].5Etl " DNA rEstri,:ti¡n fraqrnent lenqth

p':lyrn,:'rFhismE{FjFLP=) ¡re debe':ted a= å rÊËLtlt ':f DNê basr ,:hå.ngÈ= ¡:¡r srnål. l

inEertirl¡l-ìE' r:¡F deleti'fns ':f DNA whirrh rem¡:¡ve, insert r:¡r reårrange restri¡:ti,rn

Êniyrne =ite:t.D¿vie= et *qI, 1iE.3l, The gEnr:r'bypi': differen,:eç be'Lueen

indiviclLt¡.1s ,:ån be viEuali¡ed hy the altered mr,bility ,:f reEtri,:ti,:n

f raqrnent= ¡:¡n 3.qår':'5e qeIE f ':l l¡:rrJed by S':r-r'bhern trånEier and hybri,li¡ati¡t¡n t¡:¡

the appr,:pria.Le DNA pr':ber.E':,tstein Ët al , 1'l8r-1 j,

Ïhe b¡=e påir ,:F]ånge5! deleti,r,r'lEr addi'Li':'n= ånd ,:tlrer Irl¡tà1

l'Éål'FcrrlrlËmËnts uhi¡h qi're riEe t¡ ËjFLFs =hnu l"lendelian inheritanre(Ê,:tsl:ein

Et å1 , 19BiÌl r k,l'lí ':h rnal:eE thern usef uI i n ':L-¡nvËnt i,:,nal I i nkaqe Ebr-rdi ÈE .ts

qenetiÈ mär[lers(.DavÍes Et å1 , 1']Ë3). F.:e,:,:mbinant ONA te':tlniques pr'tvidE ä

vehi':1æ f 'l¡l' drarna'bi':aI 1y e:,;pandinq the nlrrnheì.s ':f mårkerE sv-ci lable f ,:,r

qenetii lin[::r].ge =tlrdy ilir,ruqh the i.denl;i f i,:atí,:,n ,:f F:FLF5t.riusel 1a et al ,

r:7Ðú.r 
"

Variati':ns in restriitiun EiteE åì'¡r¡Lrrld tlre hlrrnan Ë-g1':'bin qeneg lrave

been estirn-qted t,: ¡:¡':r:Lrr rt¡firtÊ in EVery 1r-ril bA=e påirs(l"ir:rray et *iI , 1iE:i.
p';'ly¡¡¡r¡'p[1ism= are present ín al 1 regii¡r]s rlf tlie qen¡me(rfusella et al u I'lEIl,

and ¡.re çltf fi':iently freqltent t':, assurne that ,:ne ç,i11 be f':'und ad.j*,:ent t,:

any rånd'fffi ilttned DNA pr':be Eeverål l':i1,:base= in lenqtth(:f'lLrrråy et al, 1'18:l,

Unlike ,:lasEi':-+1 LãÌiFrF5=L5d rlarl:ers, DIilA F':'1yrTt,:,rFhisrTls r:ån be f,:,ltnd in

rËgi':'ns 'lf tlre qen'-irne irre=pe':tive ¡f r+hether they enc¡de å Frr:,tein. I!,:,

ltn'¡çJl edqe of the bi r'rhemi,:ål nå.tLtrE ¡:rf a tr¡.i t r,r ,:f the nåtLrrE ,_if the
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alterati':rns in the DNA resp'-rnsiblÉ f ¡rrr å tråit is reqr-riredtF':'t=tein e'L aI ,

158ili . Fr':bes that detert [-;FLFE ,:än theref nre be der i ved f r':rn a hn,:r;n qene

1':rÈi rlr frt'ffi an':'nymr:rlts DNA =eqrnen'LEtljr_r=e11a et ;.1, I'JEi].

I { a qene ':r ûNA seqlten'-Ë is irrdeed p,jlyfil':,rphi': r F;FLFE shi'r-r1d be 
=lr,:,!,ln

t,: be inherited a= =imple l'lendpli;ul,:,:'-d':'minant markers å.nd verified tlir,:r-rqli

f ami ly str-tdieE(.8¡Lsl;ein et a1 , I'JBrJi. l'lni'l:iqener¡.ti':n-ci pediqrees are fi1,:rrE

It:-efltI than nr-t':lear pediqrEes and larqe familie= givE rn':'re inf'-'rnati¡:n thai;

smaller r-r¡s5(.E,;rtEtein et aI , 158(Jl, The pediqree enalysis ¡f the F.iFLF is

'Lhen ¡I¡tì. IÊI¿ted t,-' .c ¡n.¡li h¡ti '/Ë tf ait Et-t,:h å= r:h,:,1egtær,:l ,_,r- {"/eiqht frt}.

e:,;arnp I e,

FiFLFs were fir=L LtEEd;r.s ¿. f,r;rrlrl f'lr ÇenEtir: ånå.1ysis in i'174, Linl':aqe

,t,f ternperatr-rre-=ens.il;ivæ ñtlttåti'lns 'lf ådËn';,1.il.LrS trrr EFe,:i f ir: re=Èri,:.bi,:n

frarlmen'b length di f feren,:eE !{ås LrEËd 'Lrl l,:,:ate tl.le mutati,rn 'ln å Fl.ly5i,:El

rnåp ':f tlre rEs'bri,:ti,:n fraqrnentstDavÍes et al , ItBIi " 5in,:e thí= time the

stltdy ':f FIFLFg in f ami 1ie= and individuals has led t'i the dete':ti,:n ':f tlie

I¡:¡:i ':'f å nltfnbËr ,:f hr-rman geneti': di=ee=eE(D':,ni=-tr.ei ler et aI, 1iB7l,

Identi f i':¡.ti,:n ,¡f lerçte nr-tn¡ber= r:f p';'lym,lrpl'ìiÈ 1¡:¡r:Í in rnany individ¡:a.1= i=

F':'55ibIe a= e ;ns11 vt'lltnie ':'f FFripheral b1,:'r'd prr,r/ide= çuf f í,:ient DNA f ':r

tnaL ysi 
= 

r.El':tEtei n et .*1 y 1'180J ,

B. F:FLFg A5 I'IAF:II:EF:5 IFI HUI']AFI DISEASE

,*, FEtl FrFLF fr,ltnd ç¡i'Lhín the interveninq seqLren':e ':'f the penna-glr'bin

çene [ta= been ltsed t':' diåqnr:'ss si,:!,:eI-¡:e1]. åneniå in Lrter':'tEr:'tstein eL a1,

1'-]Ëiri, ïn this ,:aEe the E:FLF' Hå.8 ret¡:rçlni¡ed be,:eu=e ,if its relatir,nst.rip t,=,

the DNA Eeqeltn':e ':f the pailnæ-gf ibin 'Jene.

In l'¡EË l"lltrray et al dis':':vered tu': F:FLFs ':'n the sh¡rt åïm ¡]¡f the Hurman

X ¡:hr¡:¡fii¡:¡s':rle that he.ve been in=trurnental in ':hara':teririnq the nrlrtatpd DNr{

seqLtenres that qive rise t': Dt-tilrenne lolr-rErr-r1a.r Dystr':'phy{Dl'10), In 1lËi
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ljr-r=eIIa e'b a.l identified È.n,lnymtrlr-5 DNA iragment= f¡-,:,m r:hF,-,fnr:r=r:rfiìF 4 that

dete,:t t''¡,: di f ferent F:FLFs in a Hind 11 digest ':'f lruma.n ËEiltrmir DNA thet

=.h,:',1 
rtl¡t¡,åÈ r_lenEtir: I iIl::åqe t,_¡ the Hr_tntingt,:n rS ,:h,:,rÊå gene. Hr_tntitlqtr:rn 1Ë

di EeaEe :'. E å. pr¡:rqresEí vE neltr':degner*t i ve di E,:,rdEr u¡i th ;.r-rt':s¡:¡tïÌå1 d':,mi n¡n.L

inheritan':e¡ yÉt ð.t present Lhere i= n': reliablp meth,:d ,:'f prEsynptr:rri.åtirt r-rì-

prenatal. diaqn':Eis 'I'f the disease crnd nr:, ef f e':tive therapy(.Ë¡rse11a et a1 ,

I 583r .

Adltlt p,;'ly;ysfi'- hidney disease iE ;r r:':'tîfn'ln ånd ¡ften Le.hhat

multi-,:,rg*ln di=ea=e '-¡itli å.n åLrt¡tr=r-rtflål n':'de ,:f inherÍtan,:e, The b-c=i,:

bin':henii':al deferi; leadiñe tr: the dise-r.Ee i5 Lrn[::nr:'þJn, h,:,uever ¡ 1Ínhaqe

rl-+rller H'as identi f ied ':'n the =h':rt åFflr rr,f r;l-'¡¡r;r¡¡rigr;r¡e 16 a=s':':i¡.ted çi bh f he

dispaEe(.lileeders et 41, 1585.l" In 1'lB5(T=r-ti et alr 1'185i ånd 158Ër.Fear-rdet

EL åI , i'lgË:i f rI,Ltñd Eeverål p':1y¡1,:rFhi': DNA rnarkers tliat årE qeneti,:¿.11y

1inl,:ed t,: the åLrtrt¡srt¡riìål rÉaessivE qene thät t:åLtses ':ysti': f ibr':iEis"

[_lge,:'f FjFl_F5 liave aIlr:,r,JËd tlie,:hr,:,rnr]rgrlr{¡fl I,:r:aIi:ati¡t¡n ùf the defe,:tíve

qene thåt rãrl(ses Alzheimerts diEea=er.st, rie'irge-Hyslr'p et ai, tggT), The

I,t',:¡.I iZatiÈ,n r:'n ':hr':rmr-r5trme i1 pr,:Videg an eliplånrq.ti,:,n i¡:,r the r:¡r:,:Ltf Fenr:E Lìf

A1:hei rner t 5 di Eease-1i l':e path,:,1':gy i n D':ç¡n syndr'ime (:5t tie,rrge-Hy=L,:p et aI y

LI-¡SS ':f FjFLFE r:rn ':l.lf ':nC'S'_rme 1 I [raS been =h,:,Wn t¡:, {,:r:Ltf ç¡í th the

cevelr-,pfl1Ènt ':'f hrea=t ,:ån':Ër in 11 patient: te=tedr.A1i eL el" l-lE7), The

1,:,s5 ,-rf hetEr,:'iyg,:=itY 'rf ':lir¡m':snrne l1 lrr¡'ri has a siqni. f i,:ant e.Es,f,:iati¡n

çlith tltm,:'r= theb Ia,:k estt'qen and pr':qester':,ne rÈ¡:EptrfrE, urade 111 tLtrl,:rrE¡

a.nd di stal metaste=i s (:ê,1 i et al , 1!Ë71 .

Üther shrLtr:tltr¡1 genÈË Ëh':'hJn t,: be pr;rly¡¡r;r¡p!1 !,¡ i¡r,:ilrde the hr-rrnan liver

*c.l ':':'[r¡1 and al dehyde dehydr,-ìqenase qene= (F,:,sr¡:rn and Li , 1'JÊ7 j , tfte

rerr-tl':'FIeErnin qener: Yån! et å1 , 1'lgËl * thr qÊne ,:,:,,ling f,:r pla=rla ,:el 1
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mefllbråne åntigen Fll-l t il-¡.n Driel et ¡.1, 1tE5) and

in ':å.n':er,:rlr5 rÐ.t l iver t.Fetr,:p¡r_rlr-rs et a1 , l'lE5i,

the *r1ph*.fet'ipr':'tein qene

Ïhe inil-ì,:,r'Lånr:e ':f ¡ DIiJA lrtr¡rLrE qeneti,:alIy lintled t': a. diseåËE 1,:cr_r= has

prnf ':,ltnd impl irati':'n= bi't[r f ,:r investiqati':n= ':f ilr'-= h¿si,: gEne d,=f e':t snd

f¡-rr ':lini':al ':åre{:l:LtEEllå. Ët à1, 1!Ë:). Ide¡rtifi':¡tj,lr[¡ r],f a lintle'l DtrJA

pr-rlyçr;r¡p[1 js¡¡ iE the fir=t step in l:he m,:'letL(lår .rnalyai= a.nd

illErå':teri:+.ti¡-¡t-l rtrf a di=.eaEe qene -r.nd its ':ausitive r':,le ín a diËe-r.Eer.Tsr-ri

et å1r 1'-lB5i,

F':'r !enEtí,:,:,:rltn5Ê11ing pL(Fpr;r5sso tlte nL.tmber r:,f rnå.rher= needecl and the

deqreE ':f p':1yfl':'rphi=.m deEired a.re ¡-r¡1ími bed: I'rì,:rre ånd hiqher are aluay=

beLter t.F':t=tei¡r et ,cl y 1'iBL¡l " The m':'re ;r Fr'fhË is seen t': he pr;rly¡r¡r¡p[ii¡*

the paEier i L is t': ,:'llServe rå.rË rE,:È'rnbinati,:'n ÊvenbE Lhat are inf,:,rrnåtive

f'-rr lin[':aqe(.Fea.ltdet et El, 158Ë), Inrreased p':1]nir-rrphiErn at f iantliñe 1r:,ti

aIs,: rai5e5'bhe prrlpr:rrtir'n,:f fanrilir-ãE in ç-rlii,:h gen':typi,: di,rÇtlrtr=is ¡:.ån bE

prüF¡:rgedtEeaudet Ét ð1 , 1'JE5 j, Alth':lrqh 1¡_-r¡trse lin[::åÇle tr, a s]íghtly

p':rlym,:,rphir n¿.rlter is better than n,-r l inl.':åqe, the tiqhter the l inhaqe the

rn,:,re å,:,:Ltråte1Y ,:ne tan predi,:t gen,:typesr.Fritstein eL aI , I'i8(ll, F¡th ¡1 1¡t¡nÉd

gensE ånd ån,:rt'tyrn¡:Lts DFIA fraqfient= rtl¡:r5Ê1y iinl.led t':, a disease 1,:n:LrS Eh,:uin!

Ë:FLFç län be Ltsed tn tra':e the inciden':e ':f a qeneti': clise;r-qÉ thr,:,uqlr

f ami I i e= ili:eeders et -r1 , t'iB5l ,

ThltE the impÈ¡rtån':e rlf stlLdying FIFLF= in lrLrm.r.n diseaEe is baEed up,:n

b,:th their ability t,: Iead t': a better underEtandinq,:' f the b-rsii qËnELi,:

def e':t t+hi,:h r:fl.Ltses .t di sesse plten':type ¡.nd thei r =tr,:n_q p,:tent i e1 u=e i n

rnedi¡:*I dia.qn':=i=" t.iÍth linl':ågË Lrased rfñ DNA rlari:ers, perenf= lJh¡-rsE

pediqrees might indi':*te the Fr':,ssibi I ity i f their rarryinq ¡. detËteri,:,1r.=

-cIIelE ¡tt¡Ltld deLerniinE pï-Í,rrt. t,:r Fì.sEn.ån¡:T r*'hether ¡]rF n,t¡t they a,:tr_r;Ily ¡:årFv

'bhe deleteri¡:'us genF and ,:,:,n5EqLrÊnt1)i, uhether ämni,:,,:ËnteEiE migh.í; be
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nË,:EEE.å¡)rt: Et':,'bEtËin et åI, 1'j|i) j" AnaI'lq,:,1r.;Iyr individr_ra1= pr,tenti+11;r;.{;

riSl:: f¡try heril;able diS'_1rdErS, inrir_tdinq g,:r¡ne f¡t,rflS,:rf ,:ånaEr,,:f t+[ti,:h

e:';pre==i,:rn ¡:':iLtrE later ir¡ L i f e" 'llrght t,: Lre able tr' deterrTÍne in advan,:e ':f
,:tbvi,:,Lts symFt¡lmg uhether they are ¡.t ri=!; f':r the cliseåselFn'LE'Lein et al ,

ISBIJ].
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FjEEEf+Ftr-:H IE-TEr::T M

TI'le 'ib.je,:tive,:'f thiE thesÍs i= t': pr,:vide ansl*rËrË trjr severâl imp,:,rt¡nt

qLtEËti'-rnË inv,:'l.vinq ãtrLt,:tr-rraI featLrres ':'f tl.le FIF gene, Thr.= first qltËEti,:,t-1

as[::5 uhetlter ¡]ì' n'-1t there åre årìy Etrur,:tlrr¡.i f eatr-rrEs l:ELt,:h -¡.s DNIA

methyl¡.tir:rtl , [-ri5t¡:,ne -r':etYI¡ti':n irr DNA reårrànqernentl that t:ê.n be

rl'r'ì'IElated r¡ith the a':tivity ':f tfie FIF gene ín the våri,:'Lrs e:.;pressinq anC

rl¡t¡Ft-El¡illt pEsinE HFt:: ,:el 1 l ines. Aç menti,t,flÊdr rne.bhylåti¡:¡n r;rf ,;yf,,;r=i¡p

residltes in genes has ':f ten a,:ted ås a si lenring rneihanisni. Theref ¡re it iE

p':,55ible that T-47D{a hiqh FIF ÊriFres=,:,r.r i= hyp':methyla.ted ås,:r-1npåred t,:

t-ll_:F-7(.a n,in-e:';preg=,:rr,r, HiEt':'ne atetylåti,:n hAS been åssr:rr:iated i.uith b,:,th

in':ree=e= and dE,:reaseS in the e:iprEESi'fn r:'f \,åri,:,Lt5 elt[::år],lrfi¡: geneE,

Simi 1"rr1y hi=t':ne a':etyl¡ti':'n n"ry be ':t,ntrit¡r-rting t': FiF stipre==i,:rn. Ër,:,s=

fE*tffånqL=fTlEfib ¡Irf a qene dlte t': ':r:r:LlffEn':Ê5 ELt':h å5 ':hfr:rffi':r5r:tflle breakaqË ':ån

af f ett Ë:{prBssi,ln ,-rf the qEnE in di f f erent tiEEr-reE and ':sl I type=,

Therefire Llie p'¡55ihility that rFårrånqErnent ':f the FIF gene håE L-¡r:,:Lrrred

bett¡een 'hlre '¡¡.ri,:'LrE FIFL-: ':Ël I l ineE alE':' r.l;lrrants =tudv"

l'lany qenes hst'e been diE';';'1's¡'sd 'L':, be p'11yfi'lrplri¡- åñd the derived

restriiti,:n l"raqrnent lenql;þ p':J.ym':'rplrismsr.FiFLFsi have pr¡:¡ven r:=efr-r.l- aË

når[::Ér5 f ':'r å vår-iet]¡ ,:f di=e¡=e=(5EE FnLYI'lfJl;:FHIsl'1 EE|::TI[Ni, The F IF gene

has been 1't',tå1i:ed L':' ,:hr':,fir':,8,:rfiie 7r. l"lyal , Unpltbl i=hedi, wlri,:li lras rerently

been Eli,:çln tr:' ':'-'ntåin highlY p,:1yn,:,rphi¡: EeqLren¡:ËE, Indeed, in L3B7 [rsrtter

et al ,:,:¡nstrLt,:ted s linltaqe map,l 1i,:hrr:,ulr:'Er-¡fne 7 r-r=inq Ë.1 E:FLF= åE lin[,:age

¡lerl:er=' Ëe':alt=e r'f the Iinl'r bet,,+eerr FIF ¿nd llFt:: .lnd it= L':'re1i¡-1f,ir-r¡ fr;r ¡

Ëhr':m,:'sr'Íìe ç,rhi':h fias been shr'Hn t': r,:ntain qenes Eli,:i.¡inq å high deqree,:,f

prlly¡¡r;r¡¡þi5¡¡, it is impnrtant t':' determine çhether the FiF qene i'b=el f i=



pr;rly¡¡r¡r¡p[1 ir;" This iE EEpErrial!.y reIE,,/år]L rrrrrn!.jderinq thnb

':f FIF in the blrlr{rfl r-¡f rrJ':,ffìen ,",ith cy=tir breaEt disease

h-r= rr¡r¡r'rEiderablË Fi,tential a= È. m.rr[Ìer f,],r the disËå.5e.

Fresen':E ':, f tlre prr:tei n --i tli a F.,FLF ,rf the FIF qene i t=el f

p':'t*'Ër f LII ,¡] l¡ir;-a.l tr:rrrl in the de.be,:.hirfn ,:f HEt_:,

in':rea=ed levæls

and brea=t rtSt-lrtEl-

frlr rlrlrrIp] ate the

*ri'r-l1d pf ':'.,i de a.
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I"IETHTDS AND I'IATEF:IALS

FAFJT 1

M^TEtr,T Äl c:'¡ tñ I Ltl. r nLJ

h. ïi==ue ':ultnre rnaüeriaIE ¡nd rnedia =upplernents

t_:r-rlture diEhest. lt_lt_r :,; ItJ mmi, rLrltr-tre fl¡sl.ls(. l3t_l ,:mIiy Eterile pipettes,

and 5il m1 ':Entri fr-rqe tubes uere ,:btained fr'rrn ll:':'rning and Fi=her 5':ienti f i,:

Ü¡' Fetal Ll,:'vinË serLtrniFËt51, Dt-t1be,:':':ts I'l':di f ied EaqleE t'ledir-rm(:nHEf{ i,

peni,:iIlin-strept,:'myÈin, trypsin*EDIA, and L-liluLamine çrËre:r-tp¡:lieri by FLrlt'J

and t¡Jg¡¡, E,:vine Serurn AIbr-rmin (BSAI tiJås ,lbtåined f r':m Sigma.

B, Hü¡,lneg qnd 'lther '

Hurnan lir,rç,¡th H':'rm'lnE ç{ås [,: indly sr-rppl ied by Drs, Ian [.,!':,rsley and Henry

li' Fr i esen ' Di hydr,:ïy-tE--t,lstËr,:'ne and [tydr':r:'-1r'b i g':¡ne wÊrE FLrrrhased f r,:rn

Siqma and insulin k,ås ':'btained fr,:m tiIFll:[. 5¡dium butyrate(5ígmai was l.lindly

pr*vided by Dr' Feter çattini, 5-A¡a':ytidinetsigmal ({åE qenËr¡:,LrEly supplied

hy Dr" F':,b l"latlrEi[,: as we1 I as pur':hased fr,:m l]albi,:,:Èiem,

ll" ll:el1 l ines and tLrfnr:,r

T-470 is a lrttman breast ':anrÉr ,:ell 1íne derived fr':rn the pleural

ef f ltçi¡l¡r1 ,l¡f a 54-;rså¡ ,:1d pstient c+ith diE=eminated ¡tår¡tit-i,rrmå rlf the breaEt 
"

It '*as ,:btained l'r,:nr E.Ë. and l¡. l'1asr'n Fiesear':h Instibr-rte(.Fi':':kvi11e, f9,D,],

Tlte l"ltlF-7 ':eI1 line çraE iE':Iated ir':m the pleural metasta=i= ':f a patienb

uith aden'l':å.rtin¡rna nf tlie breast waE slrppl ied f r':rn Dr, Pl" F.irh, [f irhiqarr

ll:-ln':er Fr:r-tndati¡:n. EtT-474 v¡aE a gi ft fr,:m Dr" E, Y" Lasferqr-re=, In=titr-rte

f ':r I'ledi ':al Fiesearth, [:amden, N. J, HÊL-11)0, t"lDA-t"lF-i3i y FT-:(J uere =uppI i ed

thr,:'t-tgh the l-:elI ll:Ltltltre Fanh., Eli & Ë,/[*laE':'n F:e=ear,:h Institr-rtey Nati¡:,nal

Ëãn,:er Insti.tt-tte, F.:r":[l'¡i11e¡ f"id, A slrbline ':f T47-D{r1':ne I1i was tlindly
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prr:vided by Dr, I. ll.eydar, Uníver=ity,;,f Tel Aviv, T-470 rnr_r.Lant #I çr,r=

ist'lated by Dr" E, 5r-rtherland, Lr-rdçig Institr-Lte, Sidney, Ar-r=tralia" âIl ,:f

'bhe åb,:rve-rïEnti¡:ned ,:elI lines arE breaçt r:ån':ër ':el1 linp= r+ith the

e:ir:EFtir'n ':f HEtL-lr:)0 r,Jhi.rh ís å n':'ntLÌfTt,:,r hLrmä.n brpaEt,:el 1 line qenerated

f r,:rl lrr-rrnan breast mi l tr.

Ûne httmarr bre¿Et r:ë.r':in'lmå tLrm':'r

f'lurphy (Dept . ':i Eli r:"-herni stry, U, ,:'f ["], i "

D, DNA/FjNA i snl ¿.t i ¡n mat er i el

!,cå.8 tri ndl y sr-rppl i ed by ûr, Lei gh

Tlre pr':'beinase ll. and FINê,Ee A uEed in the iE':'1ati,:'n üf qs¡';'rïj,: DNA uere

r'btained fr':rn El':ehrínqer I'lannlieim, [9aterials uEed f':r is':'1a'bir'n ¡f ¡:1a=rnid

nNA in':1t-tding ampi,:illiny tetra.ty':1ine, and rhlnramplrenirnl LJEre ELrpFIied by

5igma" Ethidiltm br*rnide uEEd t'-r viEuaIí:e nLr':1ei,: ¡':id u;ìs FLrr':håsed fr,:n

Siqma' t-leEiltm ¡:hlrtrride and qu¿.nidine tlri,:ryånåte Lrsed in the is':1ati':'n,:f

t':tal FINA r+ere,:btained frr-irn rl:ab¡:t and Sigma respe':tí'¡e1y.

E, Nr-r,: I ei ': ar i d pr i'beE

FIF rÛNA had been previ':'Ltsly is':lated fri'ni a lambda gtli e:,;pressi,:n

librrry made fr':rn pr;rlyt.fit-i F:NA is,:Ie'bed fr,:'m T-470,:eIl= and ÉI'r'fiEd int': i;lie

plasmid FBË3i: by Dr. Leigh f"il-rrphy, A L 7 l.;b f raqment ':f the eertrr,rni,: ':1':'nE

had be¡n i=¡lated f r,:rn ån El"lFL hr-rman qÊn,:,mit DNA l ibrary and sub,:I¡:,ned ínt,:

the pl.rsrnid ve¡:t'rr FUll: 1'l by Yv,rnne l.lyal , A p':1yrï,:,rphi,: seqlrËnte f r,:m

r:hrr:rfn'-r5,:rr'Jìe B uas ä. gi f .b 
':,f ll:ar,:1yn Ëreq¡:ry ,:,f the Dr.=Ft, r:,f HLrman t¡eneti,:Er

U. ':f l"l' A hltman :BS rib':E*rnal pr':be r¡a.s kindly pr':videcl hy Dr. Snnia

DeT'rI ed':' (DeFt , ,:' f Flry=i 'l1t'gyr U, ':,f I'l , i

F" 5,:r-rtliern and Nnrtliern anaIVEis,/lrybridiiati':n rna.teri.rls

Aqår':,58 i'-lr qel ele':trt'ph':'rÊ5iË ç,r*rE ':btained fr,:m Fethesda F.:esear,:[i

Låb':,råtürie5. Amm,:níltm a,:et¿.te used in the Sr:ltthern tr.rnsfer te,-hniqLre 'cJås

pilr,:håsÊd fr,:rn FiEher 5ríentí f ii" Nitr':':ellL(l'l5e FåFL=r f,:r uEe in elI



rÈ

n¡-t':1ei¡t å¡tid tranEfer pr':¡r:edltrEs r.Jå.= ':'bt.rined lrc,rn Êii,rad. N-l*.r_tryl

5ãrr,:,fsine ånd 541m,:,n sperm DNA r-rsed in s':r-tthern prehybridi=ati,:n sc,lLrti¡:¡nE

þ/ere supplied by 5igma, SDS and f':,rffialdehyd'-= ltçed irì I'J,t't'bhern analy=is tårïe

f r':m Fisher, Fi'rrnarnide q.ias '-rb'l;ained f r':rn Ter':'ËhËfiì , The ni':h translatinn l.lit

and 'Lhe 3:F dl::TF LtsËd t¡:¡ ni ': [,: tran:1,r.te DNA pr,:bes ':åmE f r':rl Arnershåm. l':.,:d¡l:

XAF':-I ,:mat :/:-råy f i 1m r+as Lr=ed i n aI I aut¡radí t,qraFhÍ rt åñä1ysi s,

li. lì:eEbr i,:t i 'ln EndrfnLr': l easeE and bnf f erE

All restri':ti¡n eniyrnËE r-rsed in digesti':n ¡f DNA were ':btained fr¡rn

either Elr'el¡ringer l'1a.nnlieim, Fharm¡,:iar ':r Eetlie=de E:e=e¿r':lr Lab':rat,:rieE.

Either tlte at':'--,rnpanyiFtE scr.it br-rffer=, the rnanufärtLrrÊrts slrggested bnffer r'r
'bhe dige=hi':n buf f er =r:qqe=ted by l'lanniati=t. I'JE:) 'rJå= uged in e.1I

digesti,:'ns, Spermidíne çras ':btaÍned fr,:rn 5Íqm*..
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F¡4ËT 11

I'1EÏH[05

TI55UE I-:U|=TUF:E ïErjllNI[!UES

i i l"laintenance ,:f ,:e11s in ,:ultltre

Al l ¡ruãI1 I ines çlere maintained in DLrlbe':':':'r = m,:'di f íed E¡.gler 
=

mediltm =ltpplemented r+ith insulinilü r-rg/rn1 .t , g1r-ttamine(: 4ml'l i, g1r-r':':ser.4.5

g/Li strept':,my':in (5t-r r-rq,/ml l, peni':i 11in (5r_r nnit=/¡rl .i ¡ and f e.bal b,:,1,i¡*

serLtffl r.1t-rl1 v/v.l' This flediLtm iE referred t¡tr åE ,t,lrlìpIehe mediail-l'l .r The

¡:eIlE urere kepL in an in':Ltbåt':'r åt 37 deqree= ,rÊliir-r= r+itliin a hurnidi f ied

atm':sphere i'f 552 ai r y 57" l::0:. ldhen ':¡n f l uenre ua.s rearlrecl the ':el l E HerÊ

=pl it t-t=ing a tryp=in/EDTA s¡:'1t-t'bir:n, E:¡istinq nedir-rm kJås tsÊfl¡:,ved and the

':el l= rinsed nnre uith .-¡ rnl ,:f trypEin/EDTA. An inrubati':n at 37 deqrees in

3 ml ,:f the tryp=in s,ilLttí,:¡n \cå5 t-t:r-ta11y =lrf f irient t': di5I'ldgE th,-= ,:e11E

fr,:,m the plastit Et-tbstr¿.te ¡f the flaEtr" 7 ml ':f t-'l"l rta.s then addecl t': the

f la=[,. tr' =t':,P the re¡.rti':n and the ,:eI18 HerE pipetted int':, new f 1a=k=

': ':'nt åi n i nq f r esh lll"l.

iil l'1':'rmt:rne treåtmgnt

Fri,:r t':, the addíti,-'t1 ¡t¡ f lr':rm,:neE ':el1s k,Et'E rt¡fl 1e':ted afld r:¡flrflted

It=inq a llr:t-tlter ':É'Ltnter and plated åt ¡t,t¡n¡t€r]trati,:rns rånging f r,:rn Ë5tJy (:!f:iu t':'

1 r {Jrjrlr (JÖ(l rel I s per 1ötl :,; lir rnm ':Lrl tLtrp di sh, llel 1s ç+ere then qrt,Hn i n l-:lI

l,:r 3 days bef':re treatrlient, A 1':ç,',:el1 denEity has been sli,:'.Jn t,i nFtirni:e

ri'Dditir-rns fr:r the rESprlflgs ':f the,:e11E t,: lrrrrn':nes,

Af ter 3 deys the ':eI Is ç'ere kJashed in Dl"lEl'l {':,:'ntaining n,: inEul in

,fr Fl-:SJ tv"rire and the media aspirated. Dt"lEt"l (n* insul in ':r F¡--5] ':'lntåÍning
L7. b'-rvine EErLtilì albr-tmin {E|SA} t*¡å= then a.dded t¡ the ,:eI Is. l]ne qr':'Lrp ,:,f

diEhes tlren re,:eived 1r-tg/mi [rurna.n er':wth hc,rrnnne(hr]Hi in acidii;i,:n t,: either

SCltl nt'1 dihydr'::,;ytest,:Eternne(DHTi L-¡r I r_rq,/ml hydr,:,,:,:rtis,:ne{F), The ,:,:ntr,:l
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qr'lltp IÊ¡tËi\,,8d'Lhe el:h¿n':'l ¡tårì'ier ¡:,nly, l::Ë118 HEre thÊn qr,:'çrn f':rr f days in

thæir respettive rnedia, a tirne FEriüd slt ffi,:ient t': indr-rre slrbEtantial FIF

æl;prE55ir:rn. Af ter the ts":' da.'/ peri':'d the medie u-rs *=pirated ånd ':Ë1 1E ç,ere

washed tç,ri,:e in plt'i=phate-br-rf f ered =al ine(pl-l 7. (Ji tFESi. Af ter the ËËrtrt,ñd

ç'¡aEh the ':eII= uere gently ':'-rllerted ¡-r=inq.a rr-rbber F'l1i':Ërnån, pipetted int':

å 5(-l rnl tentri fltge tutbe ¿nd spr-rn at 4 deqrees ,:elEír*rs at !t-lrjt-¡ rpm in a

si+inçlinq-br-t,:l.ret r,:,t¡:,t', The supernatant HåË F,]Lrred ':ff ånd the ,:e11s

immediately plated r-¡n irtÉ. The pellet r¡aE then either used in the is,-lati'rn

':,f DNA ':r li:l.lA ':'r stÈ,red at mi nu= 7t_l deqreeE ¡tË1,r i r_rE unt i I f Lrrther Lrse,

;i i i i 5-Aia':Vtidine ey;Ferirnents

Several f r'rms ':f et4periments urere pËr f L-'rmed lrsinq tlie ,-)¿t¡:rgine

ånåll,g' t"ll-:F-7 ¡:e115 'cJËrË in al l r:åEeE plated at appr,::,;imatply 1r tlüU, (JLlrJ

reIls per 1r:Ìrl:,;:{i mm di=l¡ and qr'-rwn in t-:l"l fr'r Eeveral days as indi':ated in

---ri -- j j
'5er_L1r_rt I 1I" Af l:er the I-!l d¡wa '-'t- qr':,Hth, f i l ber-steri l i:ed

5-Aratytidine(5-A:al-: I ç:as added in inirea.Einq,:,:'nientrati*ns ranginq fr':,fi ü

t¡ 1{r r_tl'l t,: 3 F1¡tes at ea':h ,:r:¡n':entråti,:,n. Af ter 4 day= the ,:eI lE uere

':,:,11erted f r'r use i n F:NA and DNA anal ysi s,

An':ther =et ':f 5-Aratl: e:;pËriment= inv,:lved tresbinq the ,:el ls ¿.s

deE,:ribed ab,:ve l.l'_ruever after i days ':f qr,lwth in 5-A¡all: r.in l_:l"l j,:,nÊ qr,:rlrp,:,f

':eIIs k,ere treated with Sirt-r nl'l Dl{T and I r-rg/ml hrilJ aI,:ng uíth Lhe sane

':':'nr:Entråti':'ns rlrf 5-Ar¿l-1 , Thr_t5 the ,:ells Hers treåtr.d aE de5,:ribed in

5e':tir'n l-l h,:,k'eVFr in ¡dditi,:n t¡: the h¡:rrn¡:'nËã there r,,rere l Ltni, I r-rrtr, 4lrrn,

Ë ltm, B ltm, :rnd 1Û r-tm r:r:,n¡:Elntr;it i ':'ns ':f 5-A¡atl preaent " The r;r;r¡f,¡r;rl qrr--iLrp

rJå= retre.rted ,-Jith the de=,:ribed È¡:,n':entråtirt¡ns ':f 5-A¡.:ll in Dl*lEtl (n,:

i nEuI i n r'r Fll:S.r i n the Fresenre ':f the ethan¡I . F,:th gr ,:,Lrps ':'f cel 1s k,ere

qr,:¡\.Jn f':r *.n additi':'ñå1 3 day= and t[ien harve=ted, The ':eIlE k,ErE !¡r':¡r+fi f¡]rì.

three days a= their gr':'t+tlr uaç sl,:'ued in the presen¡:e nf 5-A:all: and enr'uqlr
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ÈË1 is ç'Ere nEEded f ':'r EFIA ånd Dl',lA ånå1ysis,

ånd 1

Ïhe 5-å;ei: e:iper:'.ment=. r*'ÉrÊ rÊpËated r-rEing r:r:¡nr:entrati,tFts ,t f Êy I,

in the FreEEn,:Ë ':'r åltsEt-lr:e ,:'f htrrmr:rneË.

5':dí lrrn blrt'/rate e:,;peri mentE

l"lt::F-7 ånd T-q.7D ,:El 1= uere plated at apprn:,;imately 4y.:)ü{J,0r_rr_r ,:e11s

FEr diEh and rnaintainpd f¡lr tliree days as de=cribed ifi ÈË¡tti¡trn ii, Af ter

three day= 4ml4 s':diutrn br-rtryatet.l'JaFr-rtJ r¡as added t':' all diEhes and the cells

¡1I':ç,¡ed t,: tli'rlrrJ friï an ¡.dditi,:'nåi 14 lt':'urs when they uere çlaEhed ¡nd then

plated in DfïEt"l t.n':' inEul in ,-rr FL:S1, t4ithin eå,:h rË1 1 type tu,: qr':'Lrps hrerË

desígn-rted, üne çlr':ltp Has tre-cted ,¡i bh h¡Irrfir:nes åE dEE,:ribed irt EE¡:tic,n i i,

The ':'tlier grrlltp ç+aE treated ui tlr [r':rm,:,ne= and an addi t i '--'na.1 4 ml4 NaFlrt uaE

added 'Lu the rïediå. The ,:eI Is çrere qr,:'(cn f ¡rF ån additi':nal 'Lu': dalvs at uhí':h

time they wÉre hårveEted as des':ribed ab¡:ve. FjNA r+as iE':lated f r':m tl.ie ,:e1 1

pel lets f ¡-rr ån.rly=is"

:" DNA FF:EFAF:ATIt]N AND IsI]LATTÜN

i ) tfen':rni,: DNtå derived f r':,¡l brea=t r:ånr:er ¡:el Is

Ïhe qennni': DNA fr':rn al l ':el1 pel lel--s ':'btained f r':'n the hltman

brea.Et ¡tårtrrFr' ,:ells line= lJåE prepared åE f':'11¡'¿=. t::elI pellefs uere

diEs¡lved ín a lysi= E':lr-rti':n ¡:r:ntåininq 1(J(l mt'l Tris/r1l ipH E. (:)i y tr:)(l ml'l

Natll , Smll EDïA, 1 . r:r7. 5D5 ånd l tJti uq/rnl Fr'rtei fiåEE lii" The iel 1= were

in,:lrhated in the pr'_'teinåse ll. E':'lLrti'_rn ,:,vernight {:ü/Nj al: *î7 deqrees

':Ël':iLtg' Ïhe visr:r:,1[5 E':It-tti¡]¡n'¿JåE thpn treabed uith FiNAse A f¡:r I5 rninutes

at 65 deqrees l--, F':1I,:'trinq FiNAse treatment the DNA s':Lr-tti,trt't tc,åE e:,;trarted

trr.¡i,:e urith plien'iI irr,¡v j, tr,"ri,:e r;ith phen':1,/,:hlrlrt rlf ,lr].¡tr.v/r,J, ånd ,:rn,:E çlith

¡:h1r:¡rr-rf r:¡rmt v/vi, The DNA r*¡as then ethan,:I pre':ipiteted usinq r-1,4 :.; vnl ':'f

5l'1 N¿.llI *¡.nd i"i r.,':I ¡lf r-r:r1d 95'/ ETül-l ab rninr_r= i(_r deqreeã,:Ê1,:iLrs D1N. The

pre,:ipit.rted nLt':1Ëi': arid uias rentri fr-rged and the pellet dried Lrnder v-tiLrlrrn,

{:l Lrm

i rr'l
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The dry Dl'lA pe11'-=t t,-¡.= tlien di==¡lved in TE(: Itl: I :r, pH E. r-i. Tlre am,:unt ,:f

Di'lA '*raE ':altltlated by tatlinq ån [. D. i6t-r readÍnÇ i,f 5 r-rl tNA di 1r-rted int'-r

495 Ltl ddH'l[ ':n a Lt.v, 5Fe,:tr':'ph':rtr:'meLer" Briefty, the reading ab tËt-r nm

å11,:¡qts ,-¿.1':Ltlati¡n ':f the r-'rnrentråti¡n ':f nr-r¿leirt Ëtrid in the sample, An

nD ¡f I ':,:'rrEEF':nds '1,: appr'::':i rnatel y l{J r_tqlm1 frt¡r d,I,r_rbl e-=.br*nded

ONA t. t"l¡.n i at i s et -r.1 , l5E: i ,

The 5åme prir':edltre çtaE used b':, i =':l ete DNå f rr'm a brea=t tLtm'tr

sample, ç,¡ith the e:ir:epti,:n that qr,:¡Lrnd tLrm':'r tisslte ÇJrlE L(sEd"

i i i LyrnFh':,:yte DNA derived fr*m hlrman blc,iid EamFIes

ltJ mlg ,;rf þ]rir¡rfl f r':m f emale and rn.ale V,_-ilLrnteerË. lJËrE ¡:r:11e¡:ted in

[ieparini=ed vacutainer tltbeE" Dr, [,:., TarhÍbana eFqf¡-i'flrsly ,:f f ered hiE

*155iËtån'-e in t*[,: inq the Lrl':¡:'d =ampLe=" [r]':'-id Eårnples r+Ëre Lreabed uith 5

v':llLrneg I'f sn årTlmr-¡niLtm ,:h1'lríde: TF: IS =,:iLlLi¡:¡n and in':Lrbåted at 37 deqreeE r-:

f,-rr f ive rninuteE{NH4r:1:TFjI5 s¡:lLrti¡:n= 'l(J(Jml o,1551'l NH4tlI added tr: tt-rr-r ml

(l,17tll"l ÏFlI5 pFl 7. Ë5i, F,:11':r+inq incubatir,n tl-re -.,llLrti':n q.ra.s ren{:ri f r-rged at

:lf:iilf:i rpfii f't'F 1t_l rninLttEE in -r ='.;inging bu,:1,:et ,:Entri furge, The sr_rperna.h¿nt

uas rem,:ved and the regLtlting cel 1 pellet was resr-rspended in lt-r ml ,1 f t:]"857,

Na¡l:I f,r11'l\+Ëd hy ':entri f r_rgebi'trfl åt irJt_rr-r ¡pp f,1¡ lt-r minlrtFE. The Ealine uash

was repeated, the sample re':entri fr-tged and tlie ,:el1 pellet pla':ed ':rn i':e.

Ïhis te':hnÍqlte ('rå5 ':'btåined fr':m the Departrnent ,:f Hltrlan tieneti,:E(.U ,:f ["1J.

[n':e the peI l et had been r'btai næd r the Eame pr':,':edLrre f ¡:11':ç,red t':

is':Iate Lhe DNA ir':rn the lympli':,:yte= åE '+'ås Lrsed t': is¡late DtilA fr':rn the

breagt r:ån':Er ':el lstsee sertir'n i J "

i i i J I=':Iati,:n 'if ':1,:,ned DNA f raqnients

In ,--'rdEr ti' çlenerate enr'Ltglì il'rrñEd F IF f ragments tr!1 LrEe in

El¿;FÉrinients, the plaErnid= ':'int,rining the FIF gene had t': be anpl i f ied ¡nd

isr'1ated. The stand;rd plasnid prepar¡ti':'n terhnique .rs '-rutlined in
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["la.ni¡ti={1'lEir trr*ìE t-t-=ed, Fl"q=mids Here hran:ferted int,: Ë., C,i]i h¡rteria

qr,:,r,cn in ån ,:¡VÉrniq¡lt r:LrLtLrrE in the prf:ËÉn,:e ,:,f eiiher 5(j lrq/ml

åmpi':iiIint.f':'r FUtl:j ,:,r 1:.= r-rg/ml Letr¡.':)-,,:1inr,={.f,:,r FEF:3';:j r¡hi,:h sele,:te,l

f¡r b¡.,:terie ':':'¡f,¿.i¡l¡q the piasmicl . t-:h1':¡r.-ã.mphgni,:,-r1 (.i4 mq/mi,¡ Ha.s then

added t,: -trnFlify plaEmrd Dl''lA f':r lfi h,:,Lrr=.. Eta':teriaL ,:ells were harve=te,l

Via ':entri flrgati¡:¡n ånd f¡t¡ì. Bcfrth ,:riqin.rl Erlr_l ml ¡t¡f ,tLrItUre 5.I ml ,:f J.ysis

b'rf fer iiysis br-Lf fær = iEml'l TFtIS(:pH B, rJ), Ir-rml"1 Ep¡4 and IuZ qILr,:,:,se) ,ta=

added t¡ ea':h pel let " ll:el1E were lysgfl t:,¡ i':Ë f ,:r IrJ rninlrteE r_rnti 1 the

5'llLtti¡:¡r1 tJåS ,:1eår. Ten ¡11't'f *n NaCIl'J/SDE =,:,1Lrti¡t¡n !4åE then edde,l f¡r *

fr-trther.Len rlinLttes t¡ denature prnLein .rnd F:h1,4" Ihe preparati,:n r.ras therr

incltb;.ted f':r 3l-l minrlte= in an ¡.dditi':'naI lti nrl ,:f a s,:diLtm-å,:etåter.FlaA,:J

s,:lttti':nr f,:11':,r¡JEd by rentri f r-rgatir'n at 1Ë, rJtrrJ rpm. The åqLre,:,LrE ,:,:rmp,:,nent

r+.tg thËn rlrl¡¡l-rined r+i'Lh r_l . Ê, v¡:lltrnes È,f íË,:,pr-Èrp_iñ,il a.nd in,:Lrbå.bEd åt r,l,:ni

ternperature{F'lT) t,: pre,:ipitate pr':tein and barterial DNA, ThiE r¡as f,:11,:ured

by ':entri fr-rgabi¡n at 15, Lluii rpm f,tl trl rninuteE(å.t E:Tl,

The pellet r,*raE then dried and dissnl'¿ed in TE(ir_r: l ) pH B"t_r ¿.nd the

DNA 
=r-tb 

je':ted t': eqr-ti l ibrír-rm ,:entri f r-rqa'bi':'n u=inq a rlsrl.l gradient in the

FresÊn':e ,:f ethidiltrn br':mide" The DI'JA was diss,:,Ived in 5.71"1 üsl-:l and added

t,:' 13 m1 qr-ti':!,: =ea.1 ¡rt'lypr'rFylenE 'br-rbe=,t¡verl*ryed uith ethidir-trn br,:rnide and

inineral ,:,il and '-entri fr-rged in a Ti-75 r-rItre,_entri fr_rge ri,túr at IIu(lUU rFm

,lvErniqllf,

After ':Ëntri fltgabir:nu the ethidir-rnr br':micle-b¡und pla.snrid and

ba,:terial DNA ua= vislta.Iired in the p'riyl-rr':,FyIene tr:be under r-tv liqht, The

plasmid DNA ç'a= rern¡'¡ed and e:,;l:rarted 5 timeE with 3-4 v':'llrmes ,:f is':amyl

a1,:':h':'1 t¡t' rFrn'¡'1,p the ethidir-Lm br':rnírie, The DFIA !JåË then ethan,¡I

prËr:ipitated and the pellet dried and dis=¡lved in TEt'Ir_r: i) pH 8,0. T,:

rEn':¡ve thË liltnsn in=ert frnrn 'hhe pI-rEmid the DNA ç,as restrirti,¡n digesLed
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t+ith E¡:r:¡ F: l iin 'blre ':ase 'rf FIF ':DtlAi and Xb¡ l t.in the ':-rse ,:f bhe

f r¡.qrnent i ,

1 .7 hr:

The hltr¡an DNA seqlren,:es LJerB is':'l¡.ted fr':m tlie plasmid DNê, r-tsinq

ele':tr':Fh¡-rrEEiË ,:rn å. 1,lr¡J mÉIting pnint 17, aq¡.r,:'se geL The F'IF ':DNA -rnd 1,7

tlb pie,:e u,tere sÊFårated fr,:rn the pla=mid DNA as a rÊELrlt ':'f di f ferentíal

m'ibilitieE in the qel . The qel =egrnent r:r:rfitå.ining the l-'IF DNA !{å5 ¡tLrt rrrlrt

snd the åqår,:,se rern':¡ved b:y piten':l e:';tr*,:tic'n, The DNA uas tlren dried,

ethan'-il pre':ipitated and diE=,:lved in TEt.lt-¡:1i t:l(J mt"l Tri=, I ml'1 EDTAi pH

Ë, ú. The ani':ltnt ':f Dltlå presen'L waE eEtimated by rlrnninq a 1 ¡-rl srlmple r'f the

i n=ert ñEri'L t¡:¡ å h:n,:'\cn âm,:,Lrnt ,:f I'J[,] =tandard DNA. The i nEertE uere tlien

str'red at.tr deqreËs ¡::.

f,. ISüLATII]N NF Ë:IUA

T,:tal F:NA f r¡m ,:e11E Has iE¡1ated using the terlrniqlre ,:,f t-:hirqçrin et

a.i {1'f7'ji. Ït+': mI 'rf tlie den¿.turent quanidine thi'f,:yåntÊ{:tinSt-:Fli wa= added t':

eå,:f1 ':Ë1 1 pel let and v¡rte:,;ed tl.l,:r¡¡_rqhly, The ¡inSl_:l'J E':'luti':,n hJås then added

'b': I rnl 5,7 t"] l-:s[:I in 1:f :¿ 51 rlrn Ferltrnan p';'1yålI']iïer ,:en'bri fuqe tlLbeE and

':entri f ltged in en 5ld" 50. 1 ultre':entri f uge ì'r--rtrr¡r' at !5, ú(:Ìú rprn f ':r ii [r':urs.

After ':Ëntr i fr-tgat i ':n the superna'hent uåE rFlrìrlvgd snd the resul t i nq

tranElurent F:NA pe1let air dried and diEs¡1'¡ed in TEilt-r:1] pH E"t-t. This çr¿.s

f '-r11':wed by e.n etlian':l prpr:Ípitati':n using U. ,-,["] NeA': and I" f r,,:1 ETûH at --Jt-r

deqrees [:. Ïlte pre':ipita.ted F]tilê rr'åE Èentri f ltged and the pei 1et dried and

di=s':lved in TE{1t-r:ii pH E.{-}. ThE arn':unt ':f FINA pre=ent in earli =arnplÊ '*,åE

qr-tanti tated tfir'iitgh spE¡:tr'rph'lt'f rïìetr i ¡: rileåslrrement (00 :Ëu j , An üD iËç ':f 1

,:¡:'rrEEp,:,nd= b,:' 4t:r r-rg..rm1 li:tilAl.¡"¡¡¡iati= et al , t,Jt:). SampleE þlerË tlren Et,:red

.¡t -7tl denr'rr¡q l-:

+. DNA I'"JESTFJiI*TIüI'I DII]Eb-TS

In al l restriçtit'n diçleEtE 1r:) Lrq ':f qen¡mit ONA q+as diqested in t':tal
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v'llLtmËE rånqinq fr':ni il-l r-r1 'f r' 3(:, Lrl , In ea,:[r dige=li':n I/tf:]th i,f the t,:,.1¡l

v,:,11tfi"ìe ii'nsisted '-¡f the åppr'lpriåte blrf f er and t /i.(:rth ,rf the v,:,llrrne

':r:rt]-=iEted 'rf Enryme, The br_rffÊr5 ,:h,:,=En uËrE t:rne= dÈEfned ,:,ptírnal fr:r Es¡:h

eniyÍtìÊt.thr¡r-rgli ¿ triaL -¡.nd err':rr Frü,:E==i. In t[re rna.jr,rity *f diqEst= the

l':'u,irned,/hiqh cal'L br-rf fEr rË,:':'fimËndåti,-,n= i'f I'lani-¡.tis(15BIl çlere f,:1 I r-rged,

l-l¡l¡r¿JE\¡EFr severål timeE the mannfe':tLtrertE sltqgested blrffer r¡aE r-rtiti;ed.

¡111 dÍqe=ti':'nE t{Ere per f ':'rmed in the p}-EEËn':E ,:f lUU mlf spermidine b,:

in':rease the effi':ien,:y r:rf ,:rt'Ltinq, In sevey.ll inst.lrt,tÊsr sltrh as uilih t"lsp

I, it ua= ne,:855åry t': b':',:st the dir_¡esti,r,tl Lrsing additi,:'n¡1 erìryng. t4ith the

eï{ept i r:rn ,:f Taq L , r+hi ':h !{¡r-s Í n,:Lrbå.ted ¡.t Ë5 deqrees r_:o al I cli qests were

rarr i Ed r-rlrt at 37 deqree= rl: ,

5. IJEL ELEI::TF:ÜFHÜFjESIS É,hID 5ÜUTFIEFjhI TFiAI',I5FEF:

Dige=ted DlilA fraqments ''Jere sire fr¡iti,:'n:ted ':'n ü.87, ¡gar':=Ê qels in a

I :t ÏEE slsr;t¡¡,plr,r¡Fesi= br-rf f er {il . (:}E'll"i Tris-h':'rate, L}" (lË5t"1 b,:ri,: a,:idu (J. (}(:r:lvl

EDTA, pH g.(ll r:¡:nbåininq ethidiurn hr,:midet.tl ,5 r-rq,/rnli " After ele,:tr':ph,:resia

DNA k¡å5 visltal i=ed and ph':t':graphed LrndËr Lrv l iqht, La.mbda Hincl t 1t

st'rndards '*lere in':1r-tdæd rtrt'l å1 L gelE irrrì' LrEe in =ire determinðtirtfr.

A m¡di f i':atinn ,:f the .5':t-tthern tranEf er te,:hn:l qr-ter.S':'r-tt[rern, I'=J7*aj t

rjevel':ped bY Smith snd Sltrnrner= (: ItBÜl r k¡ås r-rsed t': FrepårE and transf er the

gels t': nitr,:'cel 1u1':=e PäpËr. Tlre m,:di f ied te':hnique inv':,1vEE the use nf

aI h:al ine E,lIuttir:,n=iF.eed snd l'1ann, l'lB5i , ¡iel= \{ere den¡Lured in a =,:lLrti,r,n

t¡ntai nÍ nq 1 ' 5l.l Nall:l snd t-r" Sf"l tija0H at F.lT f ,:r 'lne h':,Lrr " Neutral í ¡at i *n u¡s

rarried ¡utt in i v':LLtfnEE ¡r¡f I ["] ¡.¡Ïrn':,niLtrn å.':etater rJ"C]ïl'1 Na0H f,:r r:¡nÈ h,:,Lrr åt

FiT' ËelE çJere tlien set r-tp in e st+ndard tranEferrinql .epparatu= 0,1N ':¡:,verEd

by ní tr,:':eI 1r-tl ':=e and [,lhatrlan Fåper r-rsi nq the neutral i r i ng s,-1] Lrt i r,n ¡.= e

tranEfer blrffer "

I'Jitr,:":eL 1Lt1¡:'sE f i lterE ç;ere then dried åt Brl deç¡rees rl r-rnrJer vã.r:LrLrrTì f L-rr
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å rninimltn r:,f ':rnÊ h'r¡lil', Filters uere prepared f':'r hybridi:ati':n in a

prehybridi:atinn snluti':,n ':,:ntaÍning Sl::F{:ü :,; Stl:F = il'l Nal-:l , U,Ët{ NaIl-lF[4,

{J"(l': t-l l'.latlJ EDÏA, pH Ë,:1, ttl-lauryL Eårr:r:¡5ir1e, =he.rred =¡Lrn':n sperm DI'IA,

DenltardtYs 5r;rl¡¡f!r¡r¡, 
=()7" [,:rmamide and dd H':0" Frehybridi:atí¡fñs r4ÊrE

':aff iu=d {'Ltt gt 4i deqfeeE l-: fr:f ¡t¡ftE t¡t¡ t'*,¡,: h':'LtfE,

Ê. NÚFJTIìEF:N AI\JåLYEI5

Tlre N,:rthern tr.ånE'l'er terhni qr-re ;.s devel. ':ped bV AI r+í ne eri e.1 t.l'=J77i wåE

n=ed t,l Èv.f1LråtÊ level=,:'f FIF l;:tqA, Lr-r r-rq t,:Lal Ftt'Jlt çrere den.ltured in

Et:?ii.tt/vi f,:rmarnide and ¿*,it"l f'r¡rrTìåldehir¡ls. Elertr':phrtrrEEiE 't'f the FINA

ËåmpleE trJås ¡-årT-ied r:r-tb ':rn a 1.t-17. åqår,:,se qÊ1,:r:rnbaining'i,'il"l t"10F5{:Fll 7"(:}],

5ü rnl*1 NaA'- y 5ml"l EDTA r:plt B. ui *nd H:(:]. The gel ldåE bl r'tted ,f ntrtr

nitrr":e11Ltl':¡ËÊ(.Thr'nia= ,1'lEtji Lrsing iç :r 55ll: .rE ¿1. tT'å.nsfer E':lLrbirr¡tl , Fílters

ç¡ere bahed f'I,ì- i [r':urs åt E(J deqrees ü under vå,:Lrlrri , The filters ç'ere then

prehybridi:ed in a prettybridiråtí¡:¡n s,:'lLtti,rru ¡r¡Irntåining 5t-t 7, iv/r,,t dei':ni¡ed

f':rmarnide, 5l,r DenhardttE s':1r-tti,:nii:,; Denllardtts = rl"r:l:7, ç.'/r, ea,:h ':f b':'vine

serLtr'ri albt-trlin, Fi':,:I1 and p'rlyvinylpyrr':l idinei, 5 :,; 55FE{1 :'r S-EFE = I. 151'1

Natl:Lr 0, (:]if"i NaHiF[4, lml'l EDTA) y ¿-5ti r-rq/m1 densbLrred Eð1n'ì,:,n EFerm ûNA and

il.1;{ 5n5, F'rehybridirati¡:'n ¡-':r:Ltrred ¡t 4! der¡reeE rtEl,:íLrË fr:rr a. rninimlrm ':'f

L-'ne h':'Llf .

7 " HYFF:IDIZATI[N5 AhIT ê,LJTÚFIANITI]I;:AFHY

i i lili¡:l': transleti¡:nEi At I ni';li 'bransl¡ti'rn rËå.,:ti'lns uËrÊ per f ,:¡rmEd

It=ing 3IF-la.beLlrd dt-:TF is':'1.-r'Lre purlrnsed fr':m Amerslram. T[re am,:lrnt,:f DNA

ni':[': translated in eå':h rËr1r]ti,t¡r'l ranged fr':n SLIQ tû ñtiç ng, Standard

ree,:ti'lns{.in,:lt-tdinq the DNAo nLr':le':'tide blrffer, DNA p'ilyrneråsÊ l enryme,

ddH¿-ri and is¡:'t,:FE) r-tsÍng tlie Aner=harn Ni':h TranEIati':'tr [;it were ':årriËd ,]rlrt

f,ir 'li] rninuteE at 15 deç¡ru=es tl: . Tlie averaqe Eper:i f ir a':tivity r'f ea':h pr'*be

ranqed fr¡rl ':örrlii!r[]ili] t,: 1{j(Jr0(:}{l,r:)r:xJ rprn/uE DFIA" Fr':be= uere tlren rr-rlr
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thr':'l-t'll-r e Su=phade:'; Ë-5t-i r:r:tlLlnìn tr-1 =Epår$'LÈ the ní':[': hran]sated prr:rbe fr¡:¡n

tlie f ree nlt¡:1e'itide, Tlte pr,:,hes r.1,Ëre then b'=i led f 'rr a ¡ninimum ,:f 5 minuteE

ånd ¡:¡:rr-¡1ed in dry Í':E ð.nd etlran':'1 t't¡ ÞrËvÊnb renaLlrråti,:'r-t befire additi,:,n L,:

!¡-- Ì:1 L--.--I,TIH IIILE.'T5"

i i ) 5':t-tthern blr,t liybridíiati':n=: Al l liybridi¡¡.tic,n=. ,:,f DNê f i lterE

'rJErE ':arríed ':,r-rt in 'Lhe presen':e ':'f 1(:t7, de:,t'Lran sr-r1¡:hate in the dp=':ribed

prehybridi¡aii¡t¡Ft =r:r1¡1fir1r¡, De:,;tran Eltlphate Ën':han,:sE the effirien,:y i,f the

hybridiratirtn rEå':ti':n t.[,Jeh1 et *i I I'17'i'i, Fi lters '*:ere hybridired f r,:m 1B t':

3E h,:,urE. åfter h;rbridiiati':n, f ilters r¡Jere '+J¿ìshed '1,¡i':e in Ë,6 :: SrlP, 1,Ç

Z çsr,:':syl f ,t¡t 15 minlrte=, f r;rl ]rlrþsfr by t'¿,: çt._c.=liing= in I :¡ $t_:F¡ I. {jZ.

Eårit:,syl f¡r 'J0 rninr-r'be= eå,:l'r and a final r+a.Ehing':f r-¡.1 :,r $rl:Fr i.(:Ì 7"

5år¡:':rsyl frlrl' l5 mitrltte=" AlI '"'¡.çlrin¡f5 r:':,:Ltrred at 65 deqrees rtÊI':iLrE, Af.ber

uasltinq, f i lter= [+rêt'Ê ':trvêFÊd in plasti,: ånd EEt r-tp in aut':'radingraplii,:

rassette= ånd eIp':'Ëed 'lnt,--' lL.':da[,: ){AFj film r-rsinq s.n inten=ifyinn E,:¡.Èen åt *

7û deqrees,rË1ríuE,

i i Í i N':rthern b1':'b hvbridi:ati':nE: F:NA f i lter hybridi:atinns uere

per f ':rnred in the prëhybridi¡ati'lr1 s¡r¡lt-tti¡n as deE':ribed in part Et in Lhe

åb5ren':e *f de:,;tran, ê'1 I hybridi¡ati.':rns þJÊrs 'tål'Fied ':r-tt f ¡r a minimum ':f !4

lr':Lrr5. After hybridi¡.Eti,:n b1,:'tE HEFe ç'a=hpd L,¡i,:e in i :,; 55r--, (J. i7. SDS (: I

t; 551-. - (:r.151'1 I'Jall:l r {-)"01*î[9 E,:'dium ':itrateJ f¡r t5 minlttes at FlT. ThiE çras

f ':l lr,çled by ,:ne r+ash iñ 't," I :i 55tl:¡ rJ, i7. 5DE f ¡:,r +5-È,(:) minutes _+t ËE degree=

l:." Fl':ts ç,¡ere tlten =et r-tp in Êflrtr:'rå.dingraphir rasEettes and lrEinq F.,:dat: XAF:

li-F.ry f ilm were Eïpr;r5sfl r-tsinil an inLen=.i fying s':r ËEn ¡.t -7r-r degreer ':e1':ir-rs.
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1. HETHYLATIÜN STUDIES

A. Flegtri':ti':'n en¡Vme dÍqests:

ii Hpall/t-l=PI

As menti,:ned, tlre HpaII/t'lspl eniyme sy=tem is pertiir-rlarly ltsefltl

in determiníng the methylati,:n statu= ,:f a qÊnÊ. The isrrrsrlhirt:tmErE b'ltil

rÉ,:':¡qnirÉ the seqLrenr:e tjtjËti yet Hpall r¿i11 fl¡tt ¡lleave if tlre internal

':yt,:Eine re=idne i= methylated, Fiçtltres I and .f sh¡t+ the Hpalt/t'l=pI

digesti,:n FatterBs ¡]f å Våriety ':f breast r:añ':er ¡:e11 linesf:T-47Dy Í"ll]:F_7 and

7r-:-75-r.) , å "ni,rmå1 " breaEt ,:eI I l ineiHErL-1t-lt-li and lyrnplt,:,'-yte qFll':'flìí'- DNA.

7.F:-73-I iE a breaEt ,:anrer,:e11 iine ç¡hi,:h e:;pres=es 1':u: 1evel5 ':f FIF'

Hybridi;-rti,-,fl r.rith the 577 bp FIF ':DNA pr'rbe =h¡çrE a wide v.3ri,åti,:'n in tlte

methylati,:n pnttern= betueen,:e11 lineE. l"li:F-7! the,:e11 line r,¡hi':h dnes n'rt

e:;pre== F'IF., åppears t':, be the m,:Et ltyp':¡¡g¡¡ylated ':f tlte ':e11 l ines te=ted.

Eightbands':fMtdsl':'rl'4'6r3"Elri'ir1'r,t-r'Erandtl"Stlbweredete':ted

in the llpall analysis,:,f DNA fr,:rn T-470r å,tEI1 tine e:;hibitinq s high level

,:f FiF ey;presgi ún, The ,itlrer ,:eL I 1 i nes anal yred pr:r55É558d 5':'mE bånds í n

':,:,mm,:,n Uith T-47D as welI aE a LtniqLtE band in tlte ':å=E 'ff Ztj-75-l"

The i"lspl pa.ttern is the Eame betr¡een ':el1 l ines sltggesting that

th¡t variati,:n,:,bEerved uith Hpall i= dlte t'i rnetltylati':n effe':t= å1¡:'ne. 0n1y

5 nf the I bandst.the 4"Ë, 3,8, l.I, t-).É,r and r-l'5 tlb) pr':dt-t':ed r'rith HpalI

,:leavaFe':f T-470 çJEre ¡:'bEerved ín the I'l=pI dige=tir'n. This indi,:ates tliat

thel:'orr'r,andtheä't'ltlbbandErepresentfr-t11y':rpartiellymethyl¿fs¡

ll:l-.rlrl Eeqr-rgn':eE" Llrrnpþ,3';yf e DNA i= heaví Iy methylated *nd i= resisLant t¡

':1eåvåge uith the methyla.ti':n-=ensitive Hpa.l1.

Figures 3 and 4 =h,:ulhhe Hpal1/t"lspl methylati,:n pattern '-1f å rÀnge
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FItiut:E i. Hybridi=¡ti¡rrrl rrr f FIF ':DNA tr' DNA fr,:m h¡-rrna.n bre¡=t ':elI line='and

Fìrr¡Fr'ilð1 li'mFh'r':i'tÉs, DNA r;a= dige=t=r.l gith Hp-r.1 I end l'lsp1, Hltmgn bree=t

'-ån,:Ër (llEt:: I ':e11 I ines T-470{:Tl y l"ll::F-7t.1'11, n,:¡n-':ånr:Er':rLl5 hLtmån brea=t ':el I

Iine HBL-1(J(:t{:lli, and periplieral b1¡':d Iympl't':':ytes f r':,m å. nr'rnrål

individr-L¿.l t L). SireE ¡-rf restrir:tírr¡fr f ragment= are given in [Li 1,:,bå=Ë5" Üpen

årFt,r,Js jndi,:ate bands due tr' in,:,:'mplete diç¡e=tinn,
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¡:f FïF":DþlA t,: DNA fr,:'m HEI--: ,:ËIl Iine= ånd å

tel I l ine" DIiJA waE digested uith Hpal l ¿nd Hspl "

I"lliF-7 {lTi , ZF:-73-I (.7'l 
" ånd å n,-rn-,:ånr:err_ìLrE hLrfnän

nrtn-':anr:Ér'-JL[E hLtffiån brea=t

HEI-: reil lines ï-470(ï),

t¡reast reI I I i ne HEtL-1(Jrl {H)
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FIIiUFiE 3, Hybridi:ati':'n ,:f 1"7 H:b fragrnent (.a qen':rni': FIF r1'fneJ t':' DNA

fr':m HEI-: rel 1 lineE and a nr:'n-,:än':er':'Lrs lrlrrnan breast rel1 1ine" DNA çia=

dige=ted r¡ith Hpal1. HBr-: ,:el1 line= ï-470t.Ti, T-47D mn'bant +} 5(:T5),

FT-+74{:Er4}f t"lDA-l'1B-i57it"l1), ZF:-75-1{:Z), I'lr:;F-7il"lj, ÊT-:(J(F::}, I'lDA-l"lB-:31i1'1:J,

n,:'n-rånÈËr,:'Lts brea=t r:eI I 1i ne HFL-I(J(:l (Hi . pi i ndi ':ate= pl a=mi d

tt'ntåmi nåt i rfn,
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FIt:UFjE'1 " Hybridi¡ati¡t¡t-l ¡t'f 'bhe 1,7 kil':'ba=e fr*:.gment b,:, DNA fr¡:¡n HEll: ¡:el 1

lines ¡.nd a n,:¡n-r:ð.nr:Ër':rLrE brEãËt ':el1 line, DNA '*a.s digested *-ith t"l=p1'

HFrl: ,:eII iineE T47*Dt.T)y T*47D mr-ttant +l5iT5l' FT-474(:E4i' I'lDA-l"lEt-157it-l'i)t

7?:.-75'-l(.7'J, l"lr::F-7r:t'1)r ET-:üiF), l"lDA-l"lE-:31(:l'1il "1ñd å n,:,n-r:ån¡:Err,Lts breaE'h

':e11 l ine HFL-I(j{:¡r:Hl, flpen årr,:¡\ts indi,:ate arti f a':t= dute t': in':':'rlplete

díç¡estí':ntaIs'l EÉE fiçture Iii.
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'rf HFI-: ':e11 I ineE r-rsinçl a. r "7 l:b gen,:rni': DNA f raqnenb -rs a pr,:be. The I.7

l.lb fr.rqment,:f the FIF qene,:,:,nsiEt=,:f 33r-i hps,:f 5r e14,fn EeqLrÊn¡:es and ¡.rr

Itndeterrnined årlllrltflt ,¡f 5t -f Ianking r'ËEi,Irn and intr,:ni': sEqLrEn¡:e rn¡[iin¡J LrF

the rernaininq 1'4 t:b' Therefnre it repreçent= the pr'fbe '+ith the rn,:Et 5t

inf ,:rmatir-ifi. A vsriety '¡f rnethylati,:n pattern= i= ,:bservable betbJeen ,:el L

lines" Hpal1 dige=ti¡:rn ¡t¡f T-47n yield= three bandE ':f ["lld 17"31 1?"tj and 4,Ë

llb' Ïhe lf.t-r ¡.nd 4'Ë tlb band= are Eh¡rerl r+ith the ':DNA hybridirati,:nifiqLrreg

1*end !i. l'1tF-7 yields the 17,5 and the 4"Ë trb bands plns an additi,lnal band

,1 f ¡pp¡r;r¡;imately lit h:b. Ee,:åuse t"lspI dige=ti':n yield=,:,nl)r the 17,r and 4.Ë

f':b bandstfiqltre=.4 and lÌl), it appears that the 1i.ú t:b barrd in T-470 and

the 'ft-r" {t hb band in t'll,F-7 repre=ent di f f err.=nt methylated ¡l:rlrjri ËeqlrËn,:eã

sperÍ f i,: t': ea':h ,:É1 I l ine, Tlie ntlter ,:el I l ineE Ehare bandE in rr'mrn,:n çith

Ht:.f.7 and T-47D as well a= pr'==eEsinq their trÇJn Lrtiqr-re bands. Inhere=tingIy,

T-470 mlttant #5, E\ 1,fçJ e:';press,trr ,-rf FIFr.r.lhi,:h rnaintains its

It,:rm':ne-indr-r':ibility) àppeårË t,: be m':'rÊ mLsthylated than r*470. Tlre rn,:sl:

l'leavily methylcrted ,:el 1 lineE are ZF:-75-1 , å li,hJ eïprËss,t,ï úf the FIF qene,

and FÏ-iir and BT-47"1y trlii,:h d': n¡:'L eïpress the F IF qene at al I. The l,:rr¡

m':letutlar weight bandsr.pi ) nbservable in b':th f íqlrres X and 4 are due tn

plasmid I:trnta.rrinåti':¡ntaE determined by rehybridi¡.:ti¡trn rtrf tlre bl,:ts r.lith a

plasmid pr'rbei,

I'lspl is a parti':ularly di f f i,:r_tIt

in term= ':f a':hievinq rl,lrfflp]ete,:uttinq at *l

uith an ':¡pen årr'fut e, q" in f içlltre= 1 ancl 4) 
o

t,:' ina':,¡TìpIete ir_rtting by ¡:':,npåris,:n t,:,:tlier

':'f the EårnË ,:El I 1 i ne=,

regtrirti,:n Ëniyrne trtr (,Jr-rì.tt þ,'i'Lh

I l::r:.rjrj Ei t es " The bands mar ked

Itave heen deterrnined t': be dne

qen':rfii,1 $';r¡lfhs¡n hybridi¡ati¡:'ns

i i I Aval an,rI ygi s

AvaI is a methylati':'n-sensitive f e=tf i,:t i,:'n end':nLt,:1eaEe çhirh



rÉ,:,:rqniiEE the sequen,:E tiF!.ll:liF'r-rli end ui 11 firr,L ,:1eåve the =ite i f Lhe

internal rytr:'sine residL.re i= methyla.tad, Fiqures 5 end Ëa represent e Hide

t'år1eE rrrf HFt- rel l l ines digested r"rith Avei and hybridi:ed with ttre F IF cDI'JA

pr':¡bË. 5i:,; bandE r'f l.ltJ :5, i:), !.6, 7, (-rr "1,'3r 3, 1, and f " 5 l-ti 1':b3Ees are

pr,:,dLr¡:Ed uhen T-47D i= diqested çrith AvsI . t'll-:F*7 5håre5 the'3,Ë, 3.1 a.nd

i,I tri l':base bands r,+ith T-.1.7D0 hr'q+ever an F, t-l l:i l,lbaçe b=rnd is al=¡ Fr,:'dLt,:Ed

r¿hi,:h íE n,lt FreEEn'b in T-470. The di f feren':e in banding p;.tterns betç,¡een

the tq+,:' re11 lines sugEests that t"lllF-7 is relativel! iryp';'¡¡s¡hy1*ted as

,:,:,mpåred b':' the T-47D and the ,:''bher ¡:e11 1íne= te=ted, uhi':h is ¡t¡lnËistent

uith Hpal 1 anal)i5is" A varÍety ,-rf methylat j.':'n paiterns ¡.re evident in the

,rtlre¡ ¡:p11 lineE" Lymplr':r':yte DNA 'rJàs n']t gt-15'-*:nt;rh1*¡ t'-' '-ìi=:y¿gs by Aval

ber¿use,:f its hi_eh levpl ':f methylati':n.

Hybridi:atí':'n with bhe I.7 hh pr':bei f igure Ebi "r1ã'¡ Eh':,!''= å

diversity ':f res'brirti'--Ln paLterns in l:lrese tel I I ínes, The re=tr:'.':tir,n

f raqmen'bs dete':ted by the FIF cDNA pr':'be and the 1.7 kb qEnr:,mi': pr':¡be åre

similar" ThiE indi':ates that the maj':rity ';'f the çítEE rÊ,:,_,gnirable by Aval

f¿11 in -rn årE,¡. ':ri ¡:¡vrrrlap betueen the 1"7 t:b EEñi¡nìi': fråqment and the PIF

': DNA,

In =umnrary, the infnrrnetÍ'r'n revÊaled in fiqLtres 1 t¡ Ë indi':ate

that there iE a u¡ide ranqe 'lf methylå.ti'ln pattern= betr:een tlie vErirrrui; rrpll

l ineE teEted" In additi,:'n tlrere appears tt' he nn clear-,:¡-tt ¡r¡rrì'rÊIatic,n

bet k,een 'L he met hyl åt i,:'n pa L b er n and F Ï F qene eripr pssi ,r¡r1 .

iii) Effeit ':f h':rrn':nes ':n F'IF qene nìethVla'hi':'n

Fe':ause the FIF gEnF iE h':,rm':'na1 1y-indu,:ibler ËvipEriments u'ere

t': determine i f h¡--rl-rltrlnEs ':,:'Ltld alter the methylati':n EtetLrs ':'f t[ie

Eever'å1 HFI-: ':eII lines. ï,:t-r1 !enr:rrlii,: DNÈ uas is,:I-rted fr':¡¡ ':e11=

per f 'lrmed

gene i n
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FII]UE:E 5" Hybridi¡¡.tir-rn ¡tf FII-":DI'JA t,: DNA frr,rn h¡-rrr¡.n brea=t,:eLI 1íne=.:nil

n{'ì'mål J.ymplr,:,:ytes. DNA u;rs diãFstEd 'sÍth Ava.l . HErl: ':=11 l ines T-"1.7D(:TJ,

ZF:-75-1 iZ j, T-47D ,:1'-'nÊ ,ÞB(TE j, t'll::F-7{l"lj, T-4.70 t-tl¡tr¡Ê #11iTi i l,

n,:,n-cå.n':Err¡LlE hLtrnån breaEt,:e11 line l-lFL-1(J(l(Hiy Feripheral lymph':',:yte(Li"

üpen arii,:r+= indi':ate he.ndE due t': in,:,:nlplete digesti':n"
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FIriuFlE Ë4, Hybridir"rti':n ':f FIP ':DI'IA t':' DtqA fr'lm HBI-' ':e1 1 linæ=.,

FT-i{l(E:), EtT-474iF"1.)r f"lDA-l-lE-:31r:Plrl, l'lDA-t"lF-157ii-.111y EFI'I-ItiEly TdlT-D(:Tj,

T-470':1,-1nË ++11 (ïi1J, and I'lll:F-7il'li.

FIËUF:E r:,b. Hybridirati':n

l ine=" See legend ':f Fig"

I "7 l:.i 1':baçe f raqment t,: DNA f r':'r¡ HF[: ':eI I

frlrr ,:pl1 lines,

UI

t:, rt
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tre-cted ui'bh hriH and DHT ¡.nd dige=ted uith llpa11, l"l=pI,and AvaI. hr-ilt þrå.Ë

nsed Ín plare ':f hFFjL berat-tse it r':mFeteE,",ith equal effi':ienry f':r'bhe FF.iL

r'Ê¡rppt¡r¡F and and been Ëh,:,wn t,: e1 i,:it the =arne bi,:Iíqí,:al effe':t in indu,:in,J

FIF e:,rpresEir,n; ht:H is 4.18,:, m'lre readi 1y avri 1ab1e.

Ïlie reEltlts 'rf the 5'rlrthern ¡nalysis are Eh¡:'r,Jn in figure= 7 t': It-¡,

Figures 7 and Ë Eht,ç,r Hpal1/l'ì:.pl analysi= ,=f h¡rm':ne-tre¿ted T-470 and

Zt:-73-l ¡:el lE ltsinE FIF ,:DNA and the l 7 hb f r¡qment å5 pr,:,bEs regpgr:tively.

N': di f ferenre attribut"rbLe t': h':rrn,:ne treatment ís seen in either råEe,

Fiqure= !a and'3b sli':t+ the effe,:t ':f hnrmr,nes 'ln thÊ methyl;rti':'t1 st¡tr-rç 'tf
the FïF gene in t"ll-:F-7 cel1s açtain n':' di f ferenre is seen, Avel

digesti':n{figure 1t-ti ':'f the three rell lineE representinq a rànge fr,rm hig}i

t': n':n-FIF-er:press':rs å19'l sh':'ors l:h¿.t lr*rrn':ne trea'brnent ':'f the HFt- re11

l ines d':eE n,:t *Iter the methylati,:n pattern ':f tlre F IF qene.

5_AZAüYTIDT NE EXFEËTIqENTs

i i N':rtlrern an-rl Vsi s

If DNA methylatínn is playing å F¡lIe in FIF eupressi'-rn it is

r:':inr:eivable that a ':':'mpr:'Lrnd thst aiters methylati,:n ¡f ,tyt'tsine reEidLres ':an

alter the e.v;pressir:ñ rrrf 'bhe FIF qEnÉ. AE rnantii'ned, 5-ara,:ytidirret.S-Aialli

is a nut':Ie¡tide anal':'g th*t lieE been uEed el,;bt'nEively t,: a':tivate previr:rlrsly

inartive qenes in,:el1 rr-tltr-Lre, FaEed i'n tliis prernise, l"lt::F-7,:e1 1E(:uJhi'-h d,r

n':'t e:;prEss FlF in reEF':n=e tr:' l'i,:rrï':'ne treatrnent)were treated r,lith 5-Azåt- in

an eff':rt'b': indlt':e FIF e.v:pressi'ln,

N¡rthern analysis '-rf t,rtal E:NA is¡lated fr,:m f"lt-:F-7 iells treated

uitli 5'-Aratl i= Elir'r^rn in figr-rre 11, A range ¡:, f ,:,:,nrentratir:,fi5 rrf 5-A¡a.ll uere

u=ed ranqinq fr,:m t-lurn t,:1ür-rnr. f"lt-:F-7 rells have a rel 1 d¡ir-rb1íng tirne,:f

appr,-rr:imately 3Ë li':urE, Il:eI 1= were tre¡ted in the -tnål,:'g f ¡t,r f ,:,Lrr dåyE

befnre ltamestinq, ån adequate time t¡ enslrre its inr:r:'rprlrl';1fi¡¡ intn DNA,

F"
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FIËuFiE 7, llybridi:ati,:n,:f FIF,:DNA.b,:, DNA fr,:,m h,:,rnj,:ne*treated and r,:ntr,:l
T-+70 and ZF:-75-l HEÜ ':e11E. H¡rm¡ne manipur.ated tell= çere treated r.rith i
t-tg/nI hltman qr':u:th ll':'rrn,lneihuHi -lnd 5r:](:r nf'l üHT(dihydr,::,;y-test,_rster,:nei f,:r i
day=. ll:,:ntr':1 r.lll r H,:rrn¡ne-treated iH.i . üpen ãFr,:,çJs i ndi rs.te f rrqments
gener*ted dlte t'r i¡'¡';r¡plete diqe=ti,:n uf DtlA, Dli.lA uas ,Jigested ,*,ith Hpal l
and l"lspJ-
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_uL_

FiËUFjE B. Hyhridi¡.:ti,r¡n üf 1.7 l,: iI,:hase fraqrnent t,¡

h':rrn':ne-treated HErrl: ,:el I l i neE T*47D ¡.nd ZF:_75*l .

Hpal l and l'1=p1 " l-t':ntr'-rL {t_:J , fJrlr}.f¡lrlrfip-f,reated {H j , lpen

due t¡ i n,:,:mpl ete dí ç¡est i,:n ,:f DNA.

DIIIA ff':fr¡ r:¡:,ntfr:rl and

DNA r¡a.E dige=tecl r+ith

årrr:'hrg indi,:Ate band=.
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FIËUtrE 'J-¡.. Hybridi¡a.ti':n ,:f FIF ':DFIA t¡ DNA fr,im lr,:rm':ne-treated and

,:úntrü1 l"lt::F-7 HFt:: teI1E" i:r'ntrnl ttli, H':rm':ne-tre¡.tedtHi, DNA çra= diqe=tecl

r+ith Hpall and I4=p1,

f IriUFlE tb. Hybridi=atinn 'r'f the 1,7 hi 1':base fraqment t,: ÐNA f rr-'rll

hr'rm':ne-treated ¿nd ':¡:'ntr':'l l"ltF-7 HEttl: rei 1s. l_:r¡¡f ¡'31 (rl j ,

Hnrm,:ne-treated (H) " DNA was digested with Hpal l and l"l=pl"



HPA II MSP I HPA II /v\S P I



FITìUFJE t L1,

t,:n t r,:l HFI_.

dige=ted r+ith

l"lr--:¡-7 ba.nds is

_EB-

Hybr i di ¡at i,rn ,: f FIF rDFJA L,: DtilA f r,:m h,lrm,:ne_treated
rell line=. T*47DiT)¡ f"l[F_7il"lj, ð.nd ZF:_7¡_ItZ.t " DNA

¿nd

krå5

,:f
Ar,¡.1 .

dr-re ta

ti'-intr':1 {[i 
' H¡]'¡1'frì¡rr'lË-treated r.H) , Hi gher i nten=i by

m':re ÐllA l ¡aded .is rl_rmpäred t,_i the ¡ther ,:el I I i ne="
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FIIjUFjE 11" N':riliern ;.naly=iË 'rrf ËNr+ f r,lm t"rr::F-7 ,:el1= treated with
5-Aracytidine, t-lL-:F-7(:t'11y T-47DiTj, + ,_1r _ indi,:åteE tlie pre=en,:Ê ûr
absenre ¡:¡f h¡:rrm¡:rne-treatrnenÈ, rJr:rrfnr:nE-treated r-47D F;IJA HAS in,:rr-rded as a
p'-rsi'tivÈ Ê':'ntr':'1 t¡ indir¿.te the pL-'5iti,rn,-if the FIF mF:NlÊ,, Faint b.rnd= in
a] 1 1¡nes is dr-te minirr n¡:,n=pE¡:i f it hybridi¡¿.ti,:n t¡ ¿-Ë5 rib,:,s,tfna.l F:l,lA.

N':'rthern b1¡ts r*iere lrybridi¡ed r+ith FIF rlNA.
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ï,ita1 F:NA u¡.= ål Ë':' i =,:I a.ted f r':m [i':rm,:,ne-treåtEd T47D ,:el l s

the NErtltern analysis f,lr LrsE ås å F'lEitive ,:¡--¡ntrrr¡l 
"

dete,:t¡ble in t'll-F-7':ells reqardlEE= ¡_rf the,:,:n,:entr¿ti¡:rn

and ín,:1r-rded in

N'-r FïF i:';lijA çra=

t_t I 5-Arat-: Lrsed,

["],:rpli,:l,:'qi,:å] ':hångËs in':1r-rdinq the ':hånqe,:f shape and the devei,:rpfnÊnt,:¡f

':e11r-tIar e:,;tensi':'nE Here '¡bserved. In ¿ddi bi¡trn rtEL I= appeared t,: bÊ,-,:,r'nÊ

1'-'rrå1i¡ed int,: dís':rete ':lLUnps and in,:reasinq ÈeI1 dea.l;h Hås seen

¡.t hiqher,:':'nr:sntrå.ti¡tn= ¡:¡f 5-A:atl" The Er-lr-i bp FIF'meE=¿ge i= present

in the p':sit jys 
';r1r¡f,¡r;rl iþ,;r¡'¡¡r3ne-treated T47-D ':e1 1s).

i i ) Ef fe':t ,-,f f1'¡¡¡¡'1¡es,/N,:r.blierrr analvEiE

Fecaltse the FIF qene i5 nr:rrmå11y h,:rm,:na11y-inclu':ibIe, f'1r-:F-7,:e1 1s

'breated ç'i th 5-nråll: ,crere Ei ¡rr-rl tane'-'n=1:/ brëåtËd ui th hriH -rnd DHT. Fiqr-rre 1:l

representE N,:rthern bl':t Elr':uring that a lur-rt"l ,-,:,n,:enträti,:n,:f 5-Aral-: i¡ the

FrE=Ênt:E ':f h,lrm,:'nÉ-= drIrES n':t reEltlt in FIP eïprEEsírtn. ll,:rrnr,ne-treated

T-47D ':e11s pr,:dt-tce tlte e:,:peited But-r bp FIF messåqe. This e:,;periinent ç+aE

'l1g': ¡:r:¡ndutr:ted ¡-t=ing 1r-rþJEF ¡:¡:,n,:Entråti':,ns ,r,i 5*A:a¡l: in the pÍëEÊt1rtE r3f

hL-'rfiì,fnes [i¡wever the N':,rthern bl,:t is nr,t sl.l,r-,r.Jn be,:.:Lrse the resltlts b,ere

negative -rnd flrtr p,-r!itive T47-[ r;r;r¡f,¡r;r] Hås in,:Ilrded" Thr_r= the b1,:t is blanl,.

-lnd relatively ltninf'lrmåtive. The ¡rr:mbined resultE indi,:ate that neÍther

5-Aratl: ':r 5-A:atl: in the prEsen,:e r1 f þr;r¡¡¡¡r1¡Es tån indlr,:e FIF expressi,:n in

l"itiF-7 ':e11s.

iii i S,-ruthern anall¡siE

tien':Ínir DNA r\,ås isnlated frnrn 5-Ar¡.rr:-tre¡ted t'lr-:F-7 cellE and

analyred r-rsinq restri':ti':'n *.na1y=is t,i deterrnine i f the ånå1,:,g rìråE åf fe,:ting

the methylati':'n Eta.tus ':f the qËne. Fiqlrres 13a and 1.3b Eh,:r.r the resultE,:,f

dige=ti':,n r+ith HpeI l, I'lspl and Av.rl, The bl,:,t çras hybridired çith .Lhe I.7

kb qen':nri I prÈrbË,

N':' ':hånqe in the methylåti¡:'n pattern as detertÊd hy Hpal l ancl f'lspl



FIriut:E 1':, l'J':rthern -rnaly:i=

,:el l=" H (+ ¡I'ï -] indi':ates

H¡rrì'm¡-¡t1p-LrEå.ted T-+7D li:l'lfl t+¡E

hrËre lryhridi:ed h,rlth FIF '-DNA'

-'11 -

'tf F;FIA fr':'m hr:'rm':'ne-tfeåted And ¡-¡:¡ntrr:¡1 I'll-:F-7

lrrrmr'ne-treå.tmEnt ='b¿.tt-tE, l'lllF-7 r:t"li , T'l'7-X'iTl .

in':luded åE å p,-r-<jtive ¡:':ntr':1 , N':rthern b1':,'bE
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FIT¡UF;E 13å" Hybridi¡¿ti¡n ':'f 1,7 l-ti 1,:,ba=e

5-Az ar yt i d i ne-t r eat ed l"ll-:F-7 HFr:: r el l =., DNA

and Aval"

fragrnent ti' DFIA is,:lated frr'm

r-¡cr.E diqested uith l{pa11, I'lspl

fraç¡ment t'-r DNA iE':Lated frr'rn

krå= dige=ted with Hpal1 end

FIIJUE:E 13b.

5-Az*':ytidine

t"lspL

Hybridi¡atinn ':'f

treated t'lt::F-7

L "7 l:í 1':base

HFI-I ,:ell=" nNA
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k,å5 ¡:'b5ËrvÊd dLtE t,:, treatnent uith 5-A¡all, IhE e:,;pe':brd LranrJs r-rf fr_t.i), l7.s

and 4,6 [,:b uere ':bserved r+ith Hp.r11 digesti,:n req.rrdlesE ¡f ç¡hei;her ,]r nüt

the ,:eI1= h¡.d been treated u'ith 5-A¡all:, I'lspl ,:1eåvåge ag-ein =h,:ç:ed bhe

di=appearäflr:E ûf the ir-r.r:! kb bånd. AvaI rleavaqe prr,dlr,:es f,:,Ltr banils,:,f l"lhJs

Lt-t"7, 'i.Ë, B.(-)y 'rnb J.'l lrb in b'rtlr treated and rrntreeted 
=arnple=. The=e

resltlt= ,-,:¡rrEEF,:,nd ttith the previc'r-rEly-di5,:LrsEEd restrirti,:n EniyrnË

methylåti,:n Etudies às Hpl i åE the ¡bgen,:e ¡:f the FIF rne=Eåqe dLre t¡:,

treåt¡nent wi th 5-A:nt]:' These resnl'b= suqge=t that methyl at i *n rrf r:yt,:Ei ne

re=idr-teE in the FIF gene is n,:'t Frl¡yinq a r':le in its e:,;præ=si,:,n.

:. SNDIUI'I ËUTYFIATE EXFERII-IENITS

In l,rder t':r determine i f s':'diLrm blrtyrate trea.tment r:¡t¡Lrld ¿f fe,:t FII--,

elpres=i':n in l{Bl-: ':elI linesu T'+7-D ånd l"lt-F-7,:e11s were bre¡Lerl çrith E,:dinm

blttyratei4 ml'1i end DHT and htiH. This e:;perirïent r¡as ':riginal15i ¡tåïF j.ed ,:¡Lrt

u=ing 7 ml'l l'laElUT t+hi,:h Fr¡ved t': be ,:yt':t,:¡ir. I'l,t,Et ,:,ther gr,:,Lrps çrh,: h¿.ve

Itsed NaBr-tt in tiEçlte rultltre Er¿;periments h;ive fr,r-rnd sltr:':Bss r-tEinq

,:':,ntEntrAtir'tr= ranqinq fr,:m lrnf"l b,:, l{_} ml"j.

Fiqltre 14å 5h'lws a N,:rthern analysis ':f t,:,ta1 Frt{A is,:L¡.tecl fr¡rn b,:th

l'lll:F-7 and T-'+7D ':ells treated'ríth NaErr-r'L " [ne !rL]Lrp r;rf ,:eIIs r+ithifl Eå¡rh

type k,åE treated u¡ith h':,rm,:,nes (:htlH and DHT) in additii,n t,: NaBut t,:

determine i f ltJ*Er-rt h¡d åny Ef fe,:t r-rp,:n the hr:rmr:nal indu¡:ti,:,n ,_,f the FIF

gene" Fr:th h¡:rm,:ne ¡.nd NaEr-tt/h,:,rm':'ne-tre¡tecJ T47-D ':e11s F,:,ssess the Eür-l hb

FIF ñF:NA' A r*Jeå[::Er rlìÈs=å.qE f r,:,ril the I'JaEr-rb./[1,¡¡¡¡,;,¡p-tre*ted T+7-D ,]eI I =

.lppeårs t,:, be dlre t,:' unequ.rl 1,:¡.dinF':f F.]NA sa.mple=. This is r,:,nfirned b,:th

thr'-rltqh r;,1-rgs¡v¡flr¡¡ ,:f the ph¡rt'lqråFh ':f the gel -ìnd by fiç¡r-rre 1,{b r,¡hirh

=h,:'trs the Eame N':rthern hlnt Etripped and rehybridi:ed r¿ith n iES rib,:s;,rn.¡.l



FlliLlF:E 14-r, l'.1':'rtliern .¡.nal;¡=i=':f

':el1s hybridi:ed ui{:h FIF '-DNA.

[¡';'¡1¡¡ri¡s-f,re.åtment , T*47D (Ti and

s,:di ltrn butyrate f ,:r I'1 l't,:Ltrs, hl':r

-'J,.t.-

t,:tal tll'.lA fr':,m =':dir-Lrl br-rt;;¡¿ip-trested HEll

H i ndi r-ateE presEnrs (:{-) ':r absenre {.-.t ¡f

I'lt::F-7{.t"li ¡:e}l= ç'ere trpated uith 4 rnl'l

thern bl.'it ç;as hybridí¡ed r¿ith FIF ':DNA.

F I llUFiE I "lb . N':r t her n

rel1= hyhridi¡ed with

analy=is ':f 'b,:'taI Fjl'.lA

iBS r i b¡I¡5rtr¡lc. l. pr':,be,

f r':,¡¡ -=,:di lrrl br-rtyra.te-tre¡ted HFt::

T-470 (Ti, l"lr_:F-7 il'li,
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prÙbe' It is evident that less RNA is present in the first Iane containing
hormone-treated T-47D RNA. Thus NaEut does not åppear to effect the
hormonal induction of the plp gene in T-47D cetts.

NaBut treatment of nci-7 cells does n¡t increase the expressian of the
PIP gene ås n'l detectable messåqe is present(figure l4a). Thus in b,:th cell
lines acetylation of hist¡nes caused by NaEut treatment daes not appear to
have an effect upon the expressiLìn Dr horrn¡ne-inducibility of the pIF gene.

3. POLYT,IORPHISH/REARRANËEMENT

Because the chrornosomal rocati¡n of the plp gene is in a highty
polymorphic region and it is differentially expressed in HBD cell lines and

in vivo, experiments urere perfnrmed to determine if the gene is polymorphic

Ùr rearranged. Tttese studies essentiaity involved e:¿tensive restricti¡n
enzyrne anal ysi s of DNA obtai ned f rom HBrl cel I I i nes and I ymphorytes of
normal subjects and breast ranrer patients.

Figures 15 to 26 show the result of ssuthern analysis of genl-,mic DNA

digested with a wÍde rånge ¡f restricti¡n enzyrnes. several af the genomir

DNA samples were inadvertantly cantarninated with plasmid from an

undetermi ned source i n the I ab dur i ng the i s¡l at i r_rn of DNA. The bands
present on the southern blots that are due plasmid DNA cr:ntaminatic,n were
determined by stripping and rehybridiring br,_rts with a plasmid probe.
Flasmid bands are indicated 'rn the figures t¿ith a dark arrow and ttre symbol

"pl"' In addition, because af the large number of restriction digests
performed not all samples LJere thoroughly digested. Bands due to inromplete
digestion ç.,ere determined by comparison of the såme sarnples betureen

different blots as well as exarnination of the picture of the gel stained
t'¡ith ethidiurn brr-rmide. undigested DNA usually shows ethidiurn br¡mide-stained
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=trand= e:,;bendinq fr':'m tlte',+el 1= in the qeI" The ba.ndE that are pre=ent dr-re

i n,:,:'mFl ete di gest Í rn [rave been mar tled by an ,]pen årr¡_rr'r,.

Fiqltre= 15s. and l5b =h,:r+ the re=u1b= ':f l'lind111 digestir-rn LrsÍnq the t. T

t';b ÜliJA fraqment a.nd the ':DIJA as pr':be= reEpEr:tive1y, Fig 1Ëa r,:mF¡.res the

re=tri¡:ti¡:rn pattern ':f -ì. ËeriEË,lf DNA =anrple= [-ryh'r'icii:ed'tith tlie ],7 !,:l:

{Ënr:rrTìir pr':,be' Fiqltre IËb representE the s¿me S,intlrern blr,t =tripped and

reltybridi¡ed r+ith å p':1yrn,:rphí': pr,:,bEr:F5tl5t:) ,5) derÍ',,efl fr,:,m ihr,:mr:,s,lfriÊ

eiqht. The e:tperted freqr-ten':ieE,:'f tkJ'r bands ':f 3,.1 anrJ l.Ê, t:b åre,:¡bsÊrved,

Ïhi= indi':ate=' tl-r-rt Hindltl EniyfüË iE,:nLting rlhe DI'IA frtr rlrlrfilplFti,:rn r1ñd

i¡i el di nF thr" rt¡IrFt"Ert lt 1'raqrnents ui th an,r'Lher pr,:be ç+[ri,:l.i dete,:t=

pr;rl t¡¡¡r;r¡ pþ j 5¡.

F:'.qure L7 represents ¡ Hindltl dige=t r;rf ¡ r7.r.¡'iety,;,f HF¡l: celt line DI'JA

samples ut=inq 'bhe I.7 l.:b pr':be, The llindiLl dige=tir:rns hl,,bridired ,¿i.Lh .bhe

I .7 trb pr':be yield= tur' bands ':'f [*ll..d 1(J, u ånd 8," 5. [nly the 10. $ is present

uith hybridi¡ati,:,n r-tEinq thE rDNA pr':be, Thns'bhe resr-r1ts,:, 1'fiqures 1Ë 1,:,

1Ë sh,:t+ that Hind111 cliqeEti'rn shi'r,,= nr:, detp,:iabIe p'-r1yrn¡:,rphisrn ,lr

ì'Err-ì'ð.nrlÈment ¡:'f Lhe FIF qene in åny Dlrlrl =am¡:le=.

Fiqltre= 1Ëa and lEb sh':r¡ "r F='b1 digesti':'n hlrrTtå.n breast,:el L line,

patient and ,;r-r¡f,¡r-rl Iyrlplt,-":yte DNA r-rsing the L "7 and ':DllA prL-'bEg

respe,:tive1y. Three bandE ,:,f I'1üJ 'J"5, 3,1 and !,8 l':rl are cjeteited ç+ith the

1.7 l',:b FrLìbe' tJnly blie 3"1 l:b snd i"E t':b li[,J b-+.ndE are in ¡:¡:,rnm,]n bebueen the

':DNA a.nd the 1 , 7 f raqnient " The ':DNA prr'be ¿l =':' dete,:t= tç'r, addi t j.,rnal ha.ndE

':'f l'1[4'= 4'f ¡nd I't-¡. E:':':1t-tding pls=rnid be.ndE and un':ut DIrJA n,: differen,:Ë= årE

':b--.erved betu'een tlre r,;ri,:'r-r= DNA semple="

Fi qr-tre= i'ie ¡.nd 1'Jb =h,:"'r the ¡-eçtr i rri i r-rn pattern ':b baÍ ned ui Lh sn Er:r:rtiI

digest lt=ing the ]- 7 and ,:DNA pr':'bps. DNA fr,:,m patient *fË and ¡:,:rntr,:,1 +ti:

uere ifl,t,t¡filFleteiy ,rLtt. The 1,7 tlb pr-':be dete,:t= ¡:rnly ¡:ne Ë" iì ttb b-rnd and
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FITIUFjE l5¡' l'lind111 digesti,r¡t-t ¡t,f DNA ir¡m HF[: ':eI1 line=, and lymp[r,:',:yte=

,:f breast ,:-ã.nrer patients and n¡rmal irrdividr-ra1=t c':ntr':1si y hybrícliied uith

1.7 llb qËn'-lmii pr':rbE, T47-D{T), t'ltlF-7 (:t'li, Si¡es.,:f resLFi,:ti¡:rn.fragrnen.l:s

are given in l'li 1'-rbaseE, p1 indi,:ates plasmid DNA" Number= identi f y =eperate

indi'¡ÍdualE in,:'¡ntr¡l and patient DIiJA samples"

FirjUFjE 15h. Hindlil digestir,n ,if DNA:

f ri'm f iqure 1Êa r+ith F IF ':DlilA pr':,be.

FJehybridirati,:n,:f s':r_rtliern blr,t
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FIr¡lJF:E 1Ëa. Hind111 di,;e=ti':n ¡f DNA f r':'m l-JBt, reL l l ines, lyrnpir,r,:ytEË ,:,f

brea.=t ':ån,:er patient= snd flr-rïfiå1 individuals hybridired uith the t " 7

hi 1,:'baEe f raqrnent, T47.-DiTl, t"ltjF*7(l,l), pl indÍ':ate= pla=rnid DNA.

FIÉUËE 1Ëb, Hind111 dige=ti':rn ':,f DI'JA I reliybridi:atir'n,:,f S,:lrthern b1':t

fr':¡n Fí9. I6a ç,'itli a p'¡'lym,:,rphiË pr¡:rbE (5!.J5ü, 1l frr:,f¡i r:lìr,:rrTì¡tr=¡triJìE E"

Faint upper bandE iE dr-re tt' reEidlral radiÈåttivity f r,:m 1,7

l::b Frr:¡be th-rt ura= n,rt ¡.dequa'hely =tripped bef¡:re rehybridirati,:n.
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FIT]UF:E 17. Hind111

lrr-rman breaEt ¡:el1

f raginen L . HEtt reL

#1 1 {:T1 1 1, l"lriF-7if"l:i,

':ell line HLrL-10{tiHi

_t,l_

di ge=t i,;rf') ,lrf DNA f r':'nr HEI-- ,:el I 1i nesu å l't':rn-tànr:ËF,lLlE

l ine and pla':enta hybridired r-rith the t "7 l,:ilr-,ba=e

I I ines T47-DtT:r, T47*D mutent +!5(:T5l, T+7-D rtlrrrFtË

Þ4nA-Hb-i31 r:l"l:), 7F.-7=-!(.7s j n,-1n-':å.nter¡:'Lrs human brea.=t

and n':rmal p1-r':enta{Pl, pl indi':a'bes p}a=mid DFIA.
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i ÏtiuË:E IEa. F=t 1 dige=tir'n ,t,f DNA f r,:,n hr-rm¡.n bre¿.=t ,:eL 1 l ine=,

lymphn':ytes nf breast ':ånrer patienÌ;s and n¡rmal individualEL,:¡ntr,:l J

hybridi¡ed ,.rith the 1,7 þ;i I'iba=e f ragrnent, HElll ¡:811 I ineE T47-D(:Ti, T47-t)

mltta.nt #5(:T5l, t"ll-lF-7il"ll y T47D ':1':ne +}11t.T111, å. n,:'n-rã.nr:Ër':rlrg brså-qt ':el 1

line HE|L-1riil(Hi, 0pen årr':,rÀrË indi':ate fraqrnen'b= due t'i in':':mplete digesLí':n

':f DNAr F1 índi':ates plasmid DtqA,

fIriUF:E 1Eb" Fstl dige=ti,:n,:f DI.JA; rehybridizati¡t¡n ¡t¡f

18a ç¡i th PIF ':DNA pr':be"

S':r-ttliern bl i't i n Fi g
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FIIiUF:E 13e, Er:¡:rFil dige=.ti,:n r,f DNA fr,3¡¡ lruman breast,:elI line=,

lymph,:':ytes 'rf breaEt ':ånÈËr påtientE ånd n,:'rrTå1 sr-rbjectE(.r:r:ntr,:I=j tes

hybridized '¡ith the 1.7 !':il':bsse f ragnrent. HFI-: rel1 line= T-+7DiTi, T-47il

mutant #5iT5l, l"ll::F-7(Pli, T-47D ':1'-rne '#11iT11i, ä n,:rn-rån':Er,:'LrE human breaEt

':EIl line HBL-1ü(jr:Hl, [pen årr':,bJ= indir¡te fr¡.qment= dLrÉ t':, in,:,:rnFlete

diçtestii'n, pl indi':ates plasmid DNA.

FIËUFiE 1'lh, E':,lFi Ï diqe='bi,:n ¡:f Dl"lA; relryhridizati':'n ¡:f Sr:rl-tbhern b1':t in

Fig, 13a hybrídi=ed irÍth FIF IDNA prnbe"
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hybridi¡-cti':n'*-ith the,-DliJA =lir'çE three band=,:f f'l[,J= 7,rJr Ë.r:] ån,l l,F l.rb=,

Nr;, 5f,¡¡r,;f,¡.¡¡¡l di f feren,:eË. -¡.re -r.pperent ín theEe lË DhlA 
=ampLe.__ te=-ted usinq

ei ther p'i'-1bE"

Þ,h¡1 diqËË.tir'n sh,-lkJn in fiqr-rres lOa

the 1.7 ttb f r¡.qment as å pr¡:,1-18 and tliree

dete': l;ed by the ,:DNA, [n1y ,:ne ba.nd ,_.¡f t4["J

pr':be in ¿ [ramHi dige=ti,:n(.]'Íqr_rre fla,r ç:hi

:f,.i l-lhj and E t(J"fJ I'ltil b-rndifiqlrre :1h). FJ,:,

=een çtith eÍther enryme,

.lnd !r_rh sl.l'_1r+J ,:'ne 5,0 t:b band ltEinq

b¡nd= ,:,f l,i[.Jç 5. ilr 3" r_r *rrrd I " I a=

i3,'J is dete,:ted ,*,ith ihe 1,7 l.lt¡

I e t he ': DÞlA Frr ':be det elb s b':t l-t t he

rEårrcr.nqÊmen'['-,r pr;r]y¡¡¡¡pl.ii=rn i=

l-lFL-: ':ell Iines

Ui'Lh 11 r:¡-¡rïmr:rn

FIF gene,

Fiqltre=. ii t'¡ 15 represent tlre re=ult= ,:,f diçesti{¡trr¿iih t'1sp1, Xmnl,

Ïaq1, and Fvr-rII, fr:rlrr Etìiyr¡p= r_r=ed e:,;Len,ãively in p,:lyrï,:,rphí=m çtudies= AII

f':'Lrr S':Lrthern bI'-rl:= nere hybridi:ed uith ilre I.7 l:b prnbe. f"lspl

diqe=ti,:n(firtLtre ¿-:j yield= tr,r': b¿nd=,_,f I'l[.ds i7.E an,l 4,Ë" F,:,ur bånds,:f lolþJ=

E,t, 3,ü, L"E, and ö.7 are nbEerved wÍth Xmnl ,:leåvå,_:te(figr-tre II)" Taqi

digesLi':,n t f iqltre .j'1 ) Eh':'r,ts tn¡:, brlnds ,:f I,l[.J= 3" 7 and i,: r+hi ]e Fvr_r11 t. f iqr_rre

:51 clpavaqe yield= tç¡ b"uclE iI. i and 4, ? l.Lb in si¡e. The restricti,_rn

p,rttern= ,:f the FIF gerìË ,:btaÍned r_rEinq the=e en:yfiiÊE indiia.be that n,:

rEåf fånqement ¡:'r p':Iyrnr,rpl.rism he= r_rt¡tLti.Fed.

Fiq¡-tre ËÊ- r'-=Frre=ents the re=lrIts,:f digeatjrlrl-i r;rf Dl-,lA fr,:m =everal,:eIl
lines '"'ith Alr-tl and Fgl1 hybriclired r-rith 'Lhe FIF rDNA pr,:,be" A1r_r I

diqe=ti,:n yield= tru': bsnds ':'f l-ll¡l I"r .¡.nd r-r,B l.,:h. There åFFeårs t,: be n,:,

=Ítes f,:r Fg11 in the FIF qene dete,:'Lable by the ,:DNÉ, pr,:,he. I,.Jeither enryrrìe

dete,:t= .lny rEårrangerlent't't F'-,lVr-rì,:,rphi gfn,

In sltfnriìå.ryr diqesti¡r¡n,tr.f: qen,:mir DNA derived fr,:,m ilre

and lymphr-rr:yte5 r1 f ¡r;r¡¡¡1¿] sr-rb.je':t= snd bre¡Et,t*tri¡tEì. pa.tient=

restrirti':n ËnIiitrtes sht'H n,--, ,Ji f feren':e in the Etrtt,:tr_rre ,:f the



FItiUFiE J{_}å, XbEl diges'bi':'n 'rf DNA fr,:m l-{Et-l Èel1 Iine=, lyrnpli':':yteE ¡f

breast ':ån,:er pa.tÍent= and n':'rrnal sr-rb je':'Ls{.;¡¡f,¡'rl .r u hyhridi¡ed çlith 1.7

liil':,b¡se fragrnent" T'-47DiTi? ï-47D ¡r1¡lfip +i11(Tlii, ï-470 rnr-tt¡nt ì*5t:¡51,

f'lDA-l"lF-:i1(l"l:j, t'll-:F-7(t"l i. 0pen arr'içr=r índi,:ate f raqment= dr-re t,: in':,:mFlete

dige=ti¡:n r:rf DNA, pI indi':ates pis=mid D['JA"

FItiuF:E:(Jb" Xba I dige=ti':n *f DltlA; rehybridi:ati*n 'rf S':r-tthern b1,:,t fr':'nt

Fig, :Llå hybridi:ed ui bh FIF TDNA pr':'be.
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FITiUE:E i1a,

-1ú4-

EtamHï dige=tinn ¡f DNå fr':m HEII- ':el1 i.ine=, lymphr:rryteE t¡f

i sr-rb je':ts hybr i di:ed r+i th 1 " 7

, ï-470 ':1'-1ne +tli(:T11), T-470

indiiateE bands due t':' pla=mid

breast ran¡:Ër pat i ent= and n¡rrnaL (.r':ntr'-rL

[':i 1 ':ba=e fr¡qrnent . HBtl ¡s1 1 I i ne= T47-D {T]

rnutant #5iT5), l"lDA-l"lF-:31 il"li.-l, t"lrjF-7{1"11, p1

DNA.

Fïr-iUFiE ¿-1b, ÊamHI digesti¡n,:f DNA; rehybridi:ati,:n

Fí g. f 1-¡. t-ri th FIF ':DNA pr':be,

':,f 5':lttlrern b1i't Ín
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FiËUFjE ':':, t'l=pl dige=ti,:n ,:f DNA fr':,m lyrrplr':',:yLe= ':f n':,rrra1 and

lrvmphc":ytÊ9 ,tf b'rea=t ,:ån':Er påtients and f r,--¡fft breast ':el 1 l ines hybridi=ecl

'*,rith I "7 l'.i1':'båEe f r¿qrnent" HI-tman bre¡.Et ;åñ¡rEl' ¡rEll line= T-47D(:Tl, T-+70

rnutant +i5iT5i, l"ltl:F-7tt"l), å n¡:'n-rå.nr-Er{rlt: breast iel I line HEL-It-tö{H). pl

indii'rte= pla.smid DNAr r:'pEn årr'-l'rJ indi':a'Le= fraqrnen'h= dlre t': in,:,:mFlete

di ge=t i,:n,
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FIËlJFiE :3, Xrnnl dige=ti'rn '-rf DNA f r':m HE¡tl: rEl I I ines, and lymph,:¡,:ytEE

':f hre¡.=t rån{er patients and n':rrnal t.¡r1¡f,¡r;'l ) st-tb.je':ts hybridised with 1" 7

kil'rbase Fr¡:¡bË. T-470(T), I'lrlF-7(:t'1], I'lDA-f"lF-157f:f'l1i, l'1DA-l'lB-131{l"l:), pt

indi'-ateE bands dlte t,: pla=mid DNA! ,-1pen *1rr':'r'Js indi':ate fragrnent= due t':

inr,:mplete digestit'n,:f DI'JA,
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FIIIUFjE i.l . Taql digestir;r¡ rlrf DNA fr':'t¡ T-470, and fr¡m iyrïph'-1':yË-= ':'f hrEå5t

i=r.ilÈEì. patients and n,rrrrìcf 1 r:r:¡ntr¡:r1 sltb jË,:tË hybridi:ed kJith 1.7 tli 1':base

FrrlbÈ, p1 indi':ates plasmid DNA, trpËrl årr¡fkl= indi,:ate fragnrents dr-te t,:,

rn,:':mplete digesti':n,:f DNA,
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FItlljt:E :5. Fvt-tl1 dígesti,:n ,:f DNA f r':rn Iyrrpli,r,:yteE ¡f bre*rs'b Èånr:eF

patients a.nd n¡rmal 
=r-tb 

je':ts hybridí:ed '¡ith 1"7 h:i1,:b¡se fr¡.qment, pL

índi,:¡teE plasrnid DFIA'
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FItjUF:E 'jË, AIr-r1 a.nd Fgl l di'le=.ti¡r¡ri ¡t¡f lruman

r¡il;h FIP ,:nNA. HFI ,:ê11 lines T-47D1Tir

n':'n-¡:ånrErr:'LtE hLtmån brea=t':elL line HFL-1riil{lli,

br ea=t ': eI I

t"ltiF-7 (. t"li ,

I ines hybridi;ed

7F:-7i-L (.7J y à
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DISTU55TIFI

ITETHYLATIDI'I STUDIEË

ê' 1¿.rqe b':dy ':f evidence e:,;ists çrhi':h sr-rqqest= that me'Lhylati,:,n ,:f

':yt':,:ine residlteE in D|'JA å':tE å.8 a. !enÊ si len':inq rne'-ha.ni=rn. A= mentí':ned,

bhe FIF gene is erpressed in s':me HFI-- ,:el 1 lineE hr-tt n,:t ':thers, EraEed ,:n

tlrË=E f a,:t¡l¡rËr å pr;r55ibi i ity e:¿i=ted that methyl*lti'r'n ¡+'å= ':,:rntribr-rtinq i,:

the 1a':[,, '=f FIF e:,:pressi':n in HFt]: ,:e11 lines slt,:h aE I'ltl:F-7, TU,: meth,:,ds

HerE ernplr:rved 't': =tltdy the methylåtirt,u =tatr-rE ':f the FIF qene in this

theEis' The fírst inv¡lved the uEe ':f methyla.ti':n-Eensitive re=tri,:ti,:n

enuyfneËy çhi':h h¿.ve been lr=ed u'iLil =Lr':,:ess by ':ther qr'llrps t,:r dete,:t the

mpth:ylcfti,tn statuE ':f spe':i f ir genes" In mäny in=.tan,:e= ¿ Etr¡nrJ

rl¡lrl'FE1*rti':n betu,een qene EviFreEãi':'n snd the methylati¡n påt'bern dpte,:ted by

the re=trirti':n eniynle=. has been made, The Eer:rrlld åppr':'å¡:h Hås ¡]rñE,trf

':l'iemir:sl m;nipr-tlati,:no i . e. a.n atterripL tr' arti f i,:ial ly demethylate the FIF

qene in t4UF-7 ,:el1E LtsÍnq 5-Ara':ytidine t¡f 5EE i f the FIF gene r*r¡r_r1d beinrne

a':hively eïpr'-ãE=ed in the abEen¡tE ¡t¡f the silen':inq effe,:t=,:,f nìËthy1åti¡r,tl.

i ) E:es b r i i t i,:'n enr yme ånå1 Vsi s

Tlie rn,:Et vlidely lt=ed enrynies Llsed l:': str-tdy the mettryl-lti,:,ti =tatlrE,:f
qenes årE HpaI I and tïspl, As rnenti¡--¡ñEdy b,:tli re':¡qnire tlre sequen,:e rl:rl:ËËy

yet llpaIl uÍll n,:t ':1eÈ.ve if the internal ':yt,:¡sine re=idr-re i= methylated,

Thr-t= a ':¡:'mpariË':'n,:,f methylati¡:n patterns ':ån bE made ccithiir end betçleen

dif ferent ¡:e11 line=. Any diiferen':e between the ræEtrirttír:rn pat'herns

qenera.ted r,rith HpalI and f'lspl indirates the presenre,:f nrethyleiecl ryt,:sÍne

residltes' A simi lai- ¡e=trir;f,ir;r¡ f raqrnent pattern qenerated by b,:th Enr]1meg

Eltqqests that 4.11 tlt-:6ç sj.tes being ':lee.ved are n¡t methyieied. In sdditi,t,ny

':,:'nF¡lri5'-,ll ':i the llpall pattern betueen ,rEl I line= dete,:ts methylati,:n
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differen,:eE bhet åFe,tElI Iine Eper:ifÍ,:"

5tr-rdiEs ':¡f the FiF qenË Lrsing Hpal l a.nd Ì"lsp1 dig¡e=tirtrt-l _ifld the F,IF ,_DNA

ås a. prr:'bEr ËLlqqËËL thåb T-470, the hi qliest FIF FliprËEs':,r, i = al E¡rr ¡rrfiE ¡r¡f

the Iî,:'rE hiç1hy methylated HFI: ':e11 l ineE tested. Incleed, ilre ¡:,:,ntr a=t

åppeårs t¡1 be gre-c.be=t bett+een T-.17D ¡nrJ r4rjF-7(. Ihs p,;r¡,¡sçt F, IF e]{pr-eEE,:tr j ,

T-47D p':'55es5e5 fnr.tr detettable mehhyl¿.ied Eitesr.,:,r partial ly methylated

Eite=i th-rt årË ab=ent in l"ll-F-7 .rs Eeen rn llptll analysisr.Fiqr-rre li,

HËL-It-t(.tr *r. "n,:,rmål" human breast ierr line in the EÊnsE that it is

l-lr-rn-,:ånr:eF¡lrltSr ;115,:' d':'es n¡lt etiFrËE= FIF yet pr,sse:ses.f llp*t1 pattern frr:,re

simil¡.r t'r' that ':f T-470 than t-lrjF-7= ZFj-75-1, ä HEll.,:ejl line çfii,:h

FliprEEEE= FIF ¡t negligible 1e'lel=, ¡1=,: l_rr,Eses:.e5 a rireitiylå,bi,:,n pa.btern

fü,:¡re ':l,rseIy related t': T47-D than l"lrlF-7. ZFj-75-l als,: haE nniqr_re bandE due

t,: addi t i ':nå1 methyl ated si te=.

[:,:mparis,:'n ,:'f the Hpal1 pattern t,:r l;he f'l=p1 pattern qeneraterJ çithin

ea':h ':Ei I l ine sh':wE thet al l ':'i blie ,:bserr/ed di f f erenres Lr=ing llp.rI I are

dlte t,--, methyiati':n ef fetts al':ne aE n': di f feren,:es are visihle uith MspI

diqeEti'rn. IntereEtingly, f"ll:.F-7 pr:¡5sessÈE the såiltË llpal l ¡nd t"lspt

patterns(Figltres 1 and I) indi':ating thal: å11 r::r::r3rj Eites dete,:ted Lry the FIF

':DNA pr,:,bE f,re n':,nmethylated in this n,:,n-Ël/illreE=inq reI I l ine. In cr,ntra=t y

T47-D is rn,:ttsË methyt ated ,:,:'rnFcì.rEcl i,:, l'11::F-7 åE clete,:ted by Hpal 1/l'1=pI

-ensly=iE t-t=inq thË FIF,-DtilA pr':,be, The=e resLrlts sr-rqgest that there iE n,:,

,:,:'rrelati¡:n betueen hVF':methylati'-'n and the presen,:e ¡f FIF e:{prEEsÍ,:¡n in

the llE¡l: ':elI lineE teEted, Indeed, i f ån! ,_r;r¡11fl þs made it u,:,Lrld be the

':'ppL-15i ber i. e. a r¡rrelati':'n betueen hyp¡rmethylati,_rn -rnd a 1a,:1,: ,_rf å,:tiVE

'lenE E)iPrË5=i,:,n 
"

Str-rdies FÊrf':,rfngd inv,:lvinçl Hpali/t"lsp1 an,rlysis,:f a vei.ietl; ,:,f HFll

':eIl line= r-tsinq the 1' 7 ili l¡ba.se f ragment ås å prrrrbË Eh,:¡u, a ,-¡ide yari-rti,:n
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Ín the methyL,-c.ti,r'n E'b¡.tr-r=. ':f the FIF geneiFígr-rre xi. rlqainy ,rirmÞår.iE,:n with

l'1=pl digesti,in (.Fj.qr-rre 4 j Efi':r¡= th.:t the di f feren,:es in the restri,:ti,:n

fra,frlent= ,:bEerved r,;il!h l-lpa11 diqe=tí':n å.rf= dLre t,:, meth;rlati,:,n effr",:tr=

åL¡---¡nE' l::ü¡ilpåri=¡n a T-+7D'l:': lTrl:F-7 revea.l= that earh tell line FL-,s=esseË å

t-tnique f raqrnent r.Fiqr-rre :j j gÈnerÀi;Ed dr-re {;r¡r the prEEEn,:Ê ,:f di=tin,:.1

methyl¿ted EiteE' Tht-tE therE is n,:, apparent ¡:¡trFïe1åti¡--in betr*reen mel;hyl¿.tí,:n

and e:';pre=='i,:n ín this ¡:å=Ë either r-rnLe==.,:,ne 
=.fiE,:LrIa..Le:- th-r'L: I:he lr_l 1.,:b b¿nd

pre=ent in t'lt-.F-7 th¡.t i= ab=ent in T47-D rEpreãÉntE ð. methyl.åtËd r::rlrlt:i si'Le

thEt i= ':rr-t,:i¡l t,:' FIF e:;prEFsi¡:'n. The,:hher,:ell Iines arialy:ed a1l åpFEå.r

t,:¡ pü5ËË=ç. di={:in,:l: methylåti¡_rn patierns let n,:, r_rv-Fr_11 I ¡ttrt-t.El¿.ti,:n,:.ån bs

ill'3dL5 sltgqe=tinq * 1ínt': betr,',een FIF e:,:preEËir:rn and the prEEËnr:Ë,:rr.åbsçn¡:¡? r:,f

methyrl ated ryl;':Ei ne reEidues.

Aval t ån'ltlier methyl;tti'rn-sr.nsitive enzynìer a1s,: detects å. i-å¡ÇE trf

methylati':n pattern= betç,een the v-rri¡u= HFrl: ':eI1 line=r.Fiqr_rre= E and Ê¡ and

bi ' Feraltsç n¡ iEi'slrii,:'mer is avail:rble with ç+[ri.':h t¡]¡ ån¡.Ly:e methyLati,:,n

uithin a sper:ifÍ,: tEl1 Iine, ,:rng ':ånn':,t r¡_rle,:lrt the F,_,=sibility th.rt 1¡ie

':'bserved di f f eren':e= å.t.8 due ti, ,:ilier f å,:t,lrE =lr,:l.i ås p,:1yor,:rphi 
=rn"

llr:rþJÊvFr, in 1ight,:f the eviden':e presented in å frt,11,:,Hing 58,:ti,:,fl¡ thi= i=

Itn1i[':e1y h'r be Llre ':¡.=e, Aqain a strit:ing differenre in methyl-rti,_,n i=

rlrþ5s¡r¡s¡l bet'deen T-+70 snd l'1L.F-7. l-1r-:F-7 1¡,,: [,:ã t;he ii. (-!¡ 7. r:t ånd 4, g

hj.l,;'hase bandE presenL: in T47-0, EuqqeEtinq the pt'e5Én,:e,:,f meihylatecJ =ite=
i n T47-D that årÈ ¡b=ent í n l-lt,F-7. I'lt::F-7 .tl:,:, p¡:'==E== a hand ,t, t

.åFFr,:'v;irnately 'S" {:1 l:: i l':,b¡seE that Ís absent in Tq7-0, H,:,HevEr, i f e

l¡lrr-rËlati':'tl i=. f'-r lrs rn¡de -cqain it iE,:ne betueen in,:re¡sE,J me.Lhyt.r'Li,:n å.nrJ

e:;pre==i.':n ':'f FIF ' Thr-ts er¡iden¡:e is pre=ented ulri,:h =lrÇgest= tha.f; in ihe

¡rå5È rl¡l: the F IF genÊr methyl -ìt i,:n i s n':t å':t i n,J .3= si I en,: i n4 rRe,:h.rnÍ 
=ni"

Fef':'re ,-,:'ninq t,: å.ny ¡:Ëru¡:lLtsii'n reqarding methylati,:n and F, IF qene
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e:4FFe=Ë.i':'11 llå5Ëd ':,n tlìÉ rEStri,:{;i¡:n Ênryfne strl,ìie=, it i=. ne,:eE=å.ri .Lr;r p,:,1n.û

i,Lrl; bhe L imit¿.r,'i':'nE inv¡lved Ltsinq thi= Èr.ppr,:¡å{h, AE rnenti,t¡ned in the

intr¡:¡dr-tr:'hÍr:n =sr;fir;r¡, alth,:r-tqh the rnå.jr3¡ift ,t,f qLsnes stLrdiErl d,i 5h,:,r,r ¡.

{¡l¡I rEl -q.t i ':,n bætç¡een e14prE=si ¡r¡u ¡rfld rfiethyl at i,:rf1 as ¡lete¡:ted by 'l:he Hpal I 1lT=pl

=y=tern, thi= i= n':'t trr-te f ¡r .r.11 qÊnË8, E:,;':r.-pti,:¡nE hå\,F been ¡lr,':LtmEn.br=rl

t+ihEre ni, ¡l¡lrrËlati':n [-råE heÊn ':,bservEdi.=ee =.e': i11, F'b i, Ii'iÏl;:0,i, Indee,Jo

rfllE r:rf the ma.jr:'r i'e.t=¡:!n5 behind thesE ex':epti¡-1n= Ë.= ç'el.L -rs tlie re=Lrlt= ç'ith

FIF may bE th¡t 'Lhe en:ynre= sinply aren Ìt dete,:tinq the ,:ru,:ial methylated

,:tr Ltnmeth)-'labed ---Ë4LtËtlrrËE int,,:,1\'ed in rLiqLrletinlr genE ey;prEE.-¡i¡tr¡, Hp.ri 1 and

I'l=p1 ,:'nl y deterti ,trrlE =i :';teen Lh ':f t':tal methyl ated ,:yt,:si ne resi flueE end the

årnirlrfib dete,:bed by Aval d,:re= fint Eiqni f i':åntIy in,:re.r=e il-r i: nLrmbÊ.i"

An'i'Llier f¡':b':'r'l:hat mlrEt aL=,: be,:nn=idered i='bhe p,:,5sibi1ity th.rt the

nlt':leirl å':id pr¡:,bE Lt=Èd in 'Lhe S':,LrthErn ànålysi= is n¡:t deterting.Lhe

relevant l::l::ljl: sites. The FIF rDNA pr,:bE rfñly dete,:ts,:,:,ding rÉLll'.,-1n5,;,f ths

qËne. Ïhe I"7 ki1,:b¿.=e fraqrnent r:':'nt.åin'= b':''Lh in'Lr,:ni¡_ ånd Ë]{¡t¡Fìi¡l

inf ':'rmåti':'11 å.nd sÈ, f år is bhe rn':st 5v qenr:rmir DNA pr,:be åvåi 1¿bIe in tlie

ILlb':'rât¡:'rlr Uith torhi,:h t': ,;,-,¡fr¡1r¡'[ s¡1r;[-¡ Ett_tdÍe=, It i= F,:,==ib],= that the

¡lrtt¡:i¡l å.'rBcL invr:¡lved in reqltlatinq FIF e:rpreESi¡t,n is m,:re 5! than ran be

dete':'l;ed'.¡ith Lhe å\,åi1abLe pr':Lres, Indeed, it í=.'¡eL1-esb¡.bIiç.hed.hhat the

5t flanhing å.rE-t ':f a qenÉ Flåys the m'¡Et Ímp,-'r'l:¡nt r,:,1e in reqnleting

Ë:iFrE5!i,:,n yFt the 5r ¡r-rqirtrrt ,t'f the FIF qene has n':t yet Lraen fr-rily

':har¡.':i;erired. Tl'lLt:- ':ne ntt=t lre år+Jåre th¡.t meth]¡1¡ti,t¡t-t rit-r.y be piåying å r,:,LE

in q':verning FIF E){prES5irlrrì, 11,¡,s1s1's¡ be,_aLr=e ,:,f ilie l imit¡.Lirr,flE inV,:,lved it

i= =.imp1y n'-rt dete':ted Ltsinq thË åb'lve årFpr':¡-tr:h"

The =tr-rdie= ':f J,:,=i; ËL ¡.l i1'i84i and Ealr-t: EL ¡r {iiËËr r:,n the

h':rm':nal1y-indr-t,:ible ':l|li,:lien vitel 1,:,qenin 11 rllÉr1Ë tEVËaled defietliylati,:,n

indr-t':ed by lt':rrl':'ne treabrlent, In -cdditi,:n the demethyL¡.Li,r,t'l rr'åÊ del:e,:{;¿ble
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Ltsinq llpalt/t9=pL *naly=i=" In'l:he çtr-rdie: inv,:lving the'¡itell,:,qEnin I.t_

gËne the lr':rm':ne inv¡lved qdð.s the s{:er,:,icl estr¡di¡I . The F, IF qene is

indr:':ible by b,:tli ster,:id h¡:¡rfl,:,ne5(dilrydr,:,:,ry-te=t¡:,5tEr,:,nË and

liydr':rr:r:rrti=':nei r å5 uel] åE pr,:¡1å':tin(.':r gr,:,r+t[i lr,:rm,:,ne), Th¡t= .Lhere

e:iisbed tlte p,1sç.ibi I i Ly that ':ne ,:f the p,;,55lble me,:hanisrTtE thr,:r_rgh urhi,:h

the h,:'rm,:,nes e:,;erted their effert ¡r¡n FIF, çlene ei.;pressi,:,n inv¡1,¡ed

demethyl åt Í r:rtr,

Ïhe appr,:ailt usecJ t,tr stlrdy the ef f e,:t ,:,f []crrn,--'nFs ,:rn F IF ç¡ene

methylå.1;i¡:rl1 in\'':'i','Ed the Lrs'-= ':f nrethylqti,:,n-=en5iti,,,e restri¡:ti,:n Eni!y'rnÊ5,

l'i:eeping the limitsti,lnE HhFn r-t=inq this.ì.Fpr,:¡.,:li in ni:'.n,1 , n¡1, hr:,rmrtrfie-i.ndur,:ed

':håi-l'JE in the methylatir:n =tatr_rE ,if the FIF, gene in any ,:,f tfre l.lEr, ,:et I

l ines LråE I'bserved ( f iqlrres 7 t¡ lt_r j, There are several p,:,ssible explanati¡ns

f':,r'bhe=F reEr-rltE, FirEt, the n,:,18,:Ltlår nE¡:håni=m thr,:lrqh þJhi,:h =ter,:ids and

pr,:la,:tin e:,;ert thej.r effe,:t ¡t¡Ft F, IF e:,;pressir,n måy n,:t inv,:lve

demethyl.ÀbÍ':'n. A= rnenti,:,flEdr qÊnë reqLrlatÍ,:n r:r¡:¡:LrrS et se,¡eral di f ferent

Levels ¡nd uithin earh level e:,;istE å våriety ':f fä':trlrs çllri,:h må!,tr ¡11¡.y

n':'t be af fe,:ted by lt':,rrn':'ne=" This arqlrment is sr-rppnrterJ by lre ru=stri¡:ti,:,n

ÊniyrllË stt-tdies dis,:t-tEsed åbûve r+hereby methylati.,:,n ¡l¡gs ¡,;,.l.- åppEår t,:, be

g':'verning F-'IF er:pres=i,_.rr1 , 5e':,:ndr it i= *q¿ítr prl5sible.bhat the re=trir]ti,:¡ll

en:ymes lt=ed ;.re =implyi n'it dete':tinq the relev_q.nt methyl¿ted sites" In

this r:åEe it H,:Lrld be F'ls=ible thet llr:,rrîì,:,ne= årË indeed a.ffe,:tin!

methylati,-,n br-rt in sites th¿.i årE n,:t dete,:tabie u=inçl Hpall and Aval .

ÏhÍrd, i{; i= alsr;r pr;r5sible'bhat the Eites affe,:bed by li,:rm,:,nes åre in the 5t

reqi,:,n ¡f t[ie qene t': krliirh there iE n,_-,,_,]rregp,:rnding m,:,18,:LtIar pf,:be yet

i=,:lated r:rr':hårLt,-teri:ed,

TliLtE again n'-Ì def ini Live Èr-ln,:ILtsiL-,n ¡:Ð.n be mede be,:alrEe ,:f the

liriritati,:n= affe':ting thi= type ':f str-rrJy" H¡I'*¡EVEF, the result=,:bt¡ined
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slt'f qlrEt thab metlii'I-r.tir:¡t'l 'r'f Lhe FIF genË i=. n,:,t -t,:tinr¡ ¡= ¡. si len,:íng

merlis.niEm in the n,:,n-rsripre=sinq HEr:: ,:el L lineE tested, In acldíti,:n

dernethylSf,i'-r¡ fl,;'p5 n¡:¡t åppE.r.r t'-, be ,:,f'ìE,:,f the rne,:h.!.uiEn= tl¡r,:,Lt¡fh r+hi,_h

h,:rrn':nes i ndlrre FIF gene EïpreEsí,:,n,

ln d;.t¿ n':'li 5h,-l'Jn, DNA w.r: i=':lated fr,:rn ¡. bre¡st ¡:,ru¡:er tr-r¡ll,:r and

diqe=ted çri'bh b':th HpaL i and I'lsp1, Hp=r1 1 diqæstir,n reveåled ¡ reEi:rí,:ti,:n

patbern th-lt difiered f¡,;,¡¡ f,fi,¡'5Ë ¡:f the r:e11 1íne=. Thi= it.i,li,:*.teE ili¿.,L in

tlie tltrn':r the FIF ûBr1E prlrs5esEed ¡f Lrfl j. qr-re methyl at i r,n pattern " Thi E resnl t

is n,:'t LtneïpE¡:ted given tlle v;.riabi':n in nrethyla.bi,:,n pattr-.rrr= betueen,:ell

I i nes, Tl'le 'bltm':''r Ett-tdi es uere n':,t pltr=lted f ,:,r =evef "l1 rEås,:rn5. Fi rst u the

heter':qensii',. ¡'f ':É11 types in a turl,:r fnåLËE an,_r.tysis ,:f the d;rL¡ di f f i,:¡_rlt"

F':'r eÌämpl er a i;ypi ral breast ,:ånr:er tLtm,:,r ':ünsÍ,:.1:E n*'l: ,:,¡1J* ,:,f Ër{nr:er ieI 1s

bltt ,rf 'rther ':eI I 'hypes slt':h as f ibr,rblasbE and tdi¡:':,,:yte=" Th¡-rs ,:,nÉ rtr¡t¡Ltld

¡';'f be able t':' rule '¡ut thp p':=sibility that the di f ferenre in ':el1 .t:ype

tr¡:,Ltld bE the ,:gttSe ,:,f a ,:Ef .bAín reSUl b. In ,rdditi,I,nr n,:, ¡:,:rrrelAti,:,n ¡tr:Lrl¡l

be made between'bhe methy1a.tj.,:n =t;rtuE ':'f the FIF gene and its ei;pressir-¡r.l åE

r'ì,:r infr:'rrnatirlrft .l! frlr tlre pre=enr:e r:,f the FIF pr,:,tein in the bl,:,¡d,:f bti,_=

peÌ;eint þlå5 avai lable" Thlt= minimal emplrasis näs p1.r,-.ed Lrpr;r¡ .LLrm,:,r

anelysi=,

As rnenti¡:'rlEd¡ 5-Ara,:ytidine(5*A=all:) has been LrserJ e:,;tensi.vely in

methyl¡ti':n -=tr-rdiËs ås its in,:,:'rFr:'råti':n int,: Dl'jA re=¡_rlts in ¡n inhibi.Li¡n

':f INA methylsti,:,n" The 5-A¡el-: er;FerirnentE u'erE Fer f ,:rmed t,:, pr,:,vide rn,:re

inf ,:rmsti¡:,n ì-eÇ*irdinq Lhp r¡lIË ,-1 f m=thyIð.ti':n in FIF e:¡;FrEs=i¡:n in L ight ,:f

the limitati,¡ns in interpreting resultE ttiat -c.re present ,¡hen usinq

reEtri,lti':n enrlrfne d;tt*r -¡.I,:¡ne" The':'reti':al ITr Í I metliyt¡ti,-,n r+-r= pIåyinLj .¡.

rr:'1e in si lenrinq FIF et¡;prEssi¡:'n in å n¡:¡n-et{preEsing rel I I Íne slrr:h -+.s

l'll-:F-7r 'f hrn by ':heni,:al 1y i¡hibi bin,l rl,-=thylåti,t,¡ ¡:,nE Eh,:,Lrld Lre eble t¡
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indlt':e FiF e:;pre=='i':'n in f'lll:F-7 ':eIl=, N,:rrfi.-c.11y n,: FiP FjNA i=. dete,_'b¿.b1e irr

[l':'rtl'rern anal ysi 5 ¡-rf F:NA der i r..,ecl f r,:m ei ther i,:,ntr¡l ¡f ï h¡--rt rïtüne-treated

l"ll-:f -7 ':ei 1=. Thr-rs El¡il-rgì'i rn'-=n'l-:=. !{rãrE per f nrne,J w}rereby t'l¡::F-7 ,:EI I E HEre

l:reated çlith 5-A:atl: in'Lhe presenr:e -i.nd åb=en,:e,:rf ¡l':,Fflr,-1nes end F:l'¡A iEnl¿ted

f':'r l'l':r'Lherlr an.r.1y=i=. in.ån effr'rL t¡:r ¿lete¡:t the F, IF lne,_;EåqE" [iJ,:, dete,:tab1e

FIF mFitlA t+Jå= preEEnt ¡.1; åny {,f l:he testerj,:,:¡ntentrå.ti,:,n=,-if 5-A¡a.l_:, in the

prESen':Ð ,:,r åb5Ënr:g r;rf f1r-r¡¡¡'¡ne treat¡r¡enb r.f iqttr,_==. Li end Li j.

S¡Lttltern analy=íË ¡-'f DNA is':'leted f r':m 5-Azarl:-treated t"lL-:F-7 ,:el ls r,Jë.s

a}5':' pÊr f':'rmEd t':' ËËE i f the methylati,:,n pattern ,:,f lvlt::F-? li¡d ber=n

altered t FiqLtres 134. and 13bi " Eleraltse hybridi¡ati,:,n uEing the F ïF ,:Dfrlê,

prl'llE del:e':ts n,:' dif feren':e= in the Hpal1,rl{spl pattern in l'.lrl:F-7r the L7

[': i 1':LlaEe f raqment H"lg Ltsed a-.i .* pr,:,he" 0ne methylatecl site i= present in

i'll::F-7(a= dete,:ted r+itli the 1.7 t':il¡:ba=e pie,:ei, rr'liile n,:, sites e.re ,lete,:ted

t'rith the FIF ':DNA pr,:be' Ft''bh Hpal l ¡ncl Av¡.1 aney'lEis ¡f the 5-A¡arl:-treated

l'lL-:F-7 nNA 5h¡:,,J n':' di f f eren,:E f r,:'nì Lhat ':f DI"JA f r,:rri r_rntre¡te,l ,_eI I s, rhi E

ELtqqest= thet 5-A:all: 'JåE r-lrr,t i ¡,;';'¡p¡,¡¿f,gd í nt,:, the irne methyl ated llr::rjr.¡

sEqLtËn,:e a= dete':ted by HpaI I , 't,F å.t-ìy ':f Lhe rnei:h)¿1*te,l EÍ te=. dete,:ted hy

,Avai. ' This resltlt is n':'t LtnLtsLråI c1E lflan/ rl:rl:tirt seqr-ten,:es e:,;ist in the qEn,:¡me

ånd ¡:nIY 't'ne ,:,r tu,:' ':ri'Li':al rirethylated Eite= e¡:i=.1 in A spe,:i f i,: gene tha1

rnay be g,:'vErning their regulåti':,n,

The resltlt=' nf thæ 5-Aral-: el{perirnentE supprlrrf th,:Ee,ibtainell þJi.bh

re:tri':ti¡:n ;.naI¡'=i=, i " e= methyle.ti,:'n 'Jr,e= n,:,t -tFFeår t¡ be ,:¡:,t1tribr-rtifiq tr;r

the 1a,:k r'f FIF el.;prEEEi':,n in t"lr-:F-7 ':æl 1=, 0ne ,:*c.n ärglre tha{: the r-Ararl

'*råS Íi¡_-,t inr:,:'rpr-rrã.ted in'l:,: the mebhyl*ted seqLrFnr:r=Ë in the FIF,qene, indeed,

rhi= i= sltppr:r¡fsfl b¡,, sr'lrihern *.nalysis, Hr:,r,{eVEr-, as rnenti,:ned¡ ,_Êrt-+in

limi b.:ti'-,n=. e:';isï r¡ith S':'LI'LhË'r'r'1 an-rIy=i=., ':'ne being the n-rtr-rre ¡:f the

nt-trlei': å':id pr,:be ltsed, The I"7 ki1,:base pr,:be iE the rnt,st 5r pr,:,bE
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å!'åi le.bler li,:t:ever if, 6.4.y n,:'t in,:lr-rde reãi,:,n= ':f f he qene tha.b ¿re æ==ential

in g,:¡vËrníng its eÌ;pre=si,-,n, Ferliaps i f .r.n,:'thEr pr¡:,be r+aE ar¡ai la.ble e

':hange in the Hpa.1l. ,:'r Av.rl paLtern= lr'rrrlrld have been dete,:ted indi,:stin,l
'bhat thp 5-A¡all ltad been in,:,:rp':rated intn the FIF qene. üne,:ann,:t ruLE,:,Ltt

the=e p,:,5Ëibi 1i'bies. In additi,:'n¡ 5-Az¿[: ,]ånn,trt a':tivate aL l qene=, a.= the

e:.:tent ¡f demethylatíÈ,n rÊqLtired t,: a¡:tir:ate s,:'mË ãenEtE ffié.y hE t,:,r, e:,;ten=ive

¡nd r:nattainablË .åt n':'n-ieth;t1,:,-,n,:Entr_r.ti,t,n=,

The l¡:,¡rbi ned resLtl ts ':'f b':th å.ppr,:,åihe= n=ed t,r =tr-tcly F IF qene

meth;vl.tti,:,n =r-lqqe=L tl-¡st,:tller ne':lr¡niEfns å.rË g,:,Verninq i.i;= e:,tpreasi,:,n ili¡t

d;' fi¡t¡t Ínvi'1ve rriethylåtí':n. Il; i= p';,s5ibie that tlre a.ppr,:,pricltE,:iE-aitin!t

DNA elemen'LE arÈ rìrtt pre=ent in bhe 5t enrJ,:,f the qenË in n¡:¡t'l-ey;Fre==Í11q

':e1l 1íneE" Lilleulíse the neressary tl-.rns-å,:{:inq brans,:ripti,:n fa¡:tr:r.E rÌìEly

be Eb=ent in n':'n-e:/iprËssing I ines, 0n,:e the gene lra= been f r_rl ly

':hara,:teri.ied fr-rrther Et¡-rdieE ran be per f ,:'rrned in tn ef l',:,rt t,-, determine

ç'lreL ,:ther strLr,:tLrraI f entureE årE ':r-rntribr-tbin! t,-r i b= e:,;pressi¡n,

i. HISTI]NE AL-:ETYLê,TION

A slrhstantial þr1rdy r1 f eyiden,:e e:,;istE in slrpp,:,rt,_rf a r,:,1É f,lr hist,:ne

¡.':etylatir-¡tl ;rnd genP elriprË=Ei'ln, Hr:'!i,Éverr åE '¡ith nreLhyl¡ti,:n, the

reLati':nEhip hetueen hist'-jnË.:ret;,Lati'-,n and qene e:,;pressÍr:,n is ¡r_rf ¡.1ç1¡yç.

rI¡trt'tSiEtenL, i,e. s.':etylati':'n r:f hi=t,_ineS i= nr,t alHè.y= ,1-=8,:,,:i,rtu=d ui.Lh

s':tive qens eïprEE5ir--¡Fr, Ûne rneth,:,d tlrat hes been lrsed in the past by,:flrer

rË=eår,:l'lEr'3 t'lr teEt the eife':Ls,:f hi=br'ne a,:etylåtir:,n r:rn gEne e:,;pressi,:¡n i=

f )] t'/i{:.v'o treatmenL ':f rells r.,ith 5¡diurn Futyratet.NaErr-rtl r a sh':rt ,:hsin fatty

¡.,:id [,.n':,1,'n t¡:, ,:åL(se hypera':etyl+til,n ,:f lri=t¡:rne=. The,:reti,:a1 lyr i f hiEt¡:¡nË

a':etyl¿f,ir-¡¡ flr;rsg in':rea=.e FIF e:,tpressi':n, then arti f i,:i¡.1 .t,:ety1ati,:n i,f

lrigt':'ne= in the n¡:,n-Et¡;FrEs=inq ,:eIl line l"itiF-7 =h,:,r_rl,J reslr1.L in
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t'¡'EnÊ':ripti,:'n ,:'f the FIF !Ene. Thr-t= N,:,rttrern ÀnåIysi= LrËinq the F IF gene

cDI'JA as a pr*be =h':r-tld irietd E dete,:t¡.ble FIF rïessåqE in l'11_:F-7,:elL= ¡.fber

tre.ctrrrc-nt r,rith l''l¿Etr-tt. In sdditi':n¡ ån Êl{pEriment çJå= perf,:,rrnerj uhereby

T-+7D, å ¡tË1 1 1i ne ulii rh p:,;FresEeE the FIF qeneo uere trea.bed r.+i th trl¿Fr_rt 
"

Ïhr-t= the eff'=,:L= ,:,f I'l¡.Er-rt ':n the lr':rm,:,ne*in'lr-r,:iLiility,:f il.le F,lF qene in en

e:lpr essi ng r el 1 1 i ne ¡: ¡:,Lrl d be ,:'b=er ved "

Fiqltre 14å. 
=h,:¡rsJE the reEr-tLtE ':'f l',lallut treatrnent ,:,f T47-D ànd f'lt::F-7

':el 1=" N¡ det:et'L¡.bIe FIF ¡ne=s.aqe í= presen'b in t"lr::F-7,:el. ls treaterj'+i't;h

bt-ttyrate in the prËEen,:E,:rr Erbgen':g,¡,f f1'-,¡¡,:,t'le=." TheEe re=r-rltE Er-tqqe=L that

lliEt,:ne a,:eLyla.tir:n is n':t å =trurturel featLrre r+hj,:h ,:ùntribr-Ltes t,: FIF

Ëripres=i'-rn, In ';rf,1.1¡=¡ ç.Jr_.rrdF, the ab=en¡tE rtrf hi=t¡:ne à,:Ëtyl¡.tir:rn i= pr,:,bably

nr:rt rEsp,:'nsiblË f r_,t. the 1a¡:|.,: ,:f FIF ei;preEEi,:,n in t'l¡l:F-.7 ,:e1ls,

f-+e':a.Lt=e hisL,:ne a,:i-"'bYlåbi,:,n ha= been inrpli¡:¡ted ås.å p,:,EEible rne,:hani=rn

tÍlr':'t-tgli i+l-ri,:lt hr'rrn':neE Ê:/:Ert their ef fert lrp':n 'Larqet genes(.tl:sc,rclaE et å1 ,

158Ëi r I47-D '-e11= '¡,ere treated r+i'bh NaBr-rt írr the prEEEn':E: ¡nd abEenrtë ¡t¡f

[i':rm':nes in an eff':rt t': dete,:t any Effert,rf hÍst,:ne aretylatir:n r:n FIF

in'Jr-t,:ti':'n' N':, sltbståntial diiferen':e irr FIF e:ipre,:.si,:n i= ¡:å.1r5Ëd by hi=Line

a,:el:ylatj.,:'n:'.n T-470 ':e11=. These reEultE aqain =uqqest that a,:etylati,tFt ¡tr.f

nliSt'lnes is n':,t a -qtrlt,:tlrral featr_lre inv,:lved in FIF qenÊ E);pt-,=EËir:rn.

Hr'r''lever, tl're er;r':t r,fle ,r,f hiEt':ne .r,:etyla.tiin ås it i=. inv,:lved in

requl¡ti':n 'l'f gene El:pre55iL-¡n reniaing ,:'lntr,:'yË'r.=ial . A=. menti¡:nedy in

3Ëverål t:å5ËE NaEtr-tt ire¡.tnent [ra= been Eh,:,þJn tn hs.ve ñ¡]¡ pf f e,:t r:,r ,rFpüEi ng

effe':tç Ltpr3¡ diffe¡'ent gËnË= in the E.åme ,:eII ti.Fe, Thi= i= çel1

derä':nstreted by the r.r,_1rl.,] ,_,f þilr¡ll¡.r et sL il'_lg4j r,fir-, fls¡¡,;r¡sÍ;rated thal: the

indu,:ti¡:¡n ,:¡ f dí f f erent EnryrnËË by [],:,rrr,:,nÊ= in the =¡me ,:eL I type ,*.rere

di f ferentially all:ered l-ry NaErlrt treatrnent" In addÍtí,:,nr the f.å,:t thet

hi=.';':'nÊ ¡':,-=LYl¡fjr:rfl -ql':¡t'lF flrlrf! ftrlrf,.:fft':t FIF e:,;preEEirt¡tì is n,:t gltrLrri;ing
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givEn th-ri =trr-tr:liLtr-r.L rn,:di f i¡r-:1.tir:'ns ':'f hi=tÊ'ne pr':tein= åre pr'rbåbly rjnly

r-rnE in å. serie= ':f rEqLrlå.t,:¡l'i/ me':li,r.nisrns å.ffe,:tinq trån=rripti,:'n,

A fl-¡.j'lr Iinit;.ti':n in this E:4pËriment that mlr=t be ¡t¡t¡t-isi,Jered i= the

F'f55ibi1i Ly that ftJ¡.Br-rt treatment çJås nút slurEssfl.rl, in ind¡uing

Itypera.':etylati¡:n ':,f hi=.t':ne= in the åpFr,rFri,lte rEqi,_1n,:, f ilie FIF gene

inv':L\.'ed in reqltlåtinq its e:ipressi¡-¡tì, rlit[i':'r-rglr ,],bl-rEì- str-rcl iE= hå.ve slìüHn

that the nå.j':,rity ,:f hi5t,:rnE={.e=pe,:ie11y H3 *¡.nd H4, b,itli,:f u'hi,:h årE

dirertl]¡ inv':lved in gene regltlabinnJ are rapidly a,:r=tylated in the preseniÊ

t'f I'J¿Ft-tt, there i5 n,: dire':t ¡neLh':rJ ¡.va.iIab1e L'¡ dgtermine çlhe'Lher,r¡t tl¡trt

ille rriti.r¡.1 sites inv*1\,Ëd in requlatic'n ':'f FIF eïFrBsisi¡t¡n Here acetylal;ed.

Ïhi= fa':L,Irì- rìlLtgt be e':l:n':t+Iedged uhen ':,nE,trtfisider= the reslrlts,:,f bhe lrlgErr-rt

e:;pEr i ment ,

3" FÜLYITIFjFIITSI"I ËTUDTES

The final featltre that çraE sir:died k,ith reqard t': FIF e:,;pressi,-rn ancl

Etrt-t':t¡-tre Hå.s the p':=sibility th¡.t the genE !JåË pi'bher rEårrånqËd,-,r

pr;rly¡¡¡r1r¡pl'1jr; betç+een reI I l ineE ånrj,/,:'r indir¿idual=, In termE c, f

reårranqrnent, Ít i= ç1e11 e=L¿.bliEhed that in s'-,rTtË ':ånt:ErE gr'nEE bË,:,ffnÈ

rearranqed" The rearrangement then ,:r:'ntribr-rtes t¡ Lhe abbera.nt qEnE

etpres=i,:,u inv':'lved in malignan,:y. Thr-rs it ç.las p,:,ssible that the FIF qerre

ha.d Lreen rearr.r.nqEd ,:,r perhep= mLrtated in the di f f erent ,:eI I l in¡= teçted

and thi= ,:lr¡.n'Je ¡.+åã r:r-rntribr_ttinÇ tr: i h= ',,¡ri¡ble e:,:pres=i,:,n,

In additi':n" a ,:¡llab':rative eff,:rt ulith the Departnrent ,:f Human

lfeneti':s¡ haE rel,esled'bhat the FiF'1Ene iE 1¡:r':àtEd in a higlrly p,¡lymr:,rFhÍ¡:

reqi¡--in ':T' the 1,:¡ng .erm ¡:¡f ,:llr¡:rtTr':¡E,lfne 7(:t'1yål , 1tEE.t, Thi= pr,:,yicle= ErJditi':naI

Eviden,:e that the F IF gene rîå:,¡ bE F':'Iym,lrFhiË " As rnen'Li.¡:rnËd¡ F,t,1l¡rl,:,rphi=n

may be the reEltlf ';'f p¡'l¡f ¡¡¡¡f¡.flr¡'¡u deletlrlrl-l rt,r inEertinn,:f base pairE i,r

rFårrånflft1Ênt,:,f a =eqr-ten,:E L-,f Dl.lA.
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The ¡¡e'bh':d Etïpl'ryed L,:, Eeår,:h f¡t¡ì. p,;,ly¡,¡¡p[1 is¡¡ inv,:lVEd S,_,LLthËrn

åriå1,vsiS ¡trf eËFlrlrflìi,: Dl',lA rs,:LaLed fr,:,rlì Êt *-ide variety ,:,f HFt_: ,:ell line=,

I;rmpþ'i'-yf ,35 f r,:rtt brea=t ':ð.n¡:er p-å.tÈi n'L=. ånd f r':n heal thy bl r-r¡t¡¡l d¡rrt-t¡t¡ì.8, rå

b,:,tal 'if 5: di f ferent s¡:¡Lrr':ss. ':f DtuA lrere Lrsed in this å.nà.Lysi=, In

addÍtí':tl¡ ¡1 lJide ranqe ¡:f re=tri':ii,:n ËniyrnE5 çJFrp LrEEd in,:lr:,ling l--lindiil,

Fstlr E|L:FII, Xbal , EtamHI, 1"1=p1, Xrnnlu TaqI, Fvr-r11" AIr-r1 -rnd Fgl1, If the

F IF '¡ene is p'-rlyfli,irplri': i b :h':r-r1d be dete,:l:ed by EL¡yEr-11 ,:f bhese FnryilleÊ"

Ï f å qerìe iE t'¡ be LrEef Lrl åE ð. F.:FLF rnarl:er ¡ the p,:lymrrrphigm =h,:Lrld be

s.¡rparent in ':'nE '--,ltt ':¡f every =i:,; =ampleE 
'Le=ted itl:¡r,:15lr'ì rlreqr-rry, Fersr:,t-1.ä:l-

r: r:rfnfnLtn i ,: at i f'n j 
"

In the rï;rj'lrity ,;, I Ê:iFerimenl:sy b':th the i "7 l.;i1,:,ba=e fragment as þJell

åE the FIF, ':DNA ç¡ere Lrsed t¡_r pr,:¡bE ilie S,:r_rthern Itl,:¡t=. Tlre reEul ts ,:f .Lhe

pi,lym'-lrphiEm str-rdieE indi':a'be that tlre stru,:tlrre r'f the F,IF qene iE'Lhe så.nje

in b':'th the e:,,pre==ing and ñ¡t¡u-Elipr.ËE=inq HFtl: ,:e1l IineE aE ç,ell ;s in h,rili

he-+lthy individua.ls and breast ,:an'-.er patienL=(f iqr-rres IE t,: Iõ j, N,:, qr,:ss

reårrånqerïent r,r '-l'lånqes in the qEne ':ån be dpte,:ted r-rEinq either pr,_1be,:,r

åny ¡f the re=tri':ti':n eniyriìe5 inentirrñËd. Thi= =r-rçge=ts tha.t tÍre strr-r,:ture

,:f the FIF gene ha= n'rt bEen al l:ered and iE rtr],t ¡:':rntFibr-rtinrl tr: the v-rri.rble

e:,;pres=i¡:tn r:'f the qene betr'leen di f ferent breast ':È\nr:er ':e11 iines. Idea.l 1y

r:rne þJ':rLtId EÌ;pË,:t [:'¡' Epg rl heritALrle E:FLF'*rhi,:h r]irltltJ be,:,:frël_rted.b,: hhe

prËsen,:Ê t'f tlie FIF pr,:tein(.thr-tE the transrrip'Lirr,flaL a':tivity,:f the qenei

b':'th iD çiçn ¿.nd ill r¡i{:ro" FJ,:, Er-r,:l-¡ litFLF,hes been det,_=,:ted uhi,:h indi,:åtËs

that lrnLil:e,:ther !enÈE l,:r:åied in,çflp Ë"r.me i¡i,:inity c,f r:hr,:,fTtr:¡s,-rfne 7, bhe

FIF gene i= n':'L pr;rly¡¡r;r¡pþir¡,

The pre=en'-e ,:f Flasnid DNA in the qen,:¡nii,: nNA prepsrati,:.,ns pr,:viclecl

nii=1e*rdinq FrËliminary indi':¡ti':n= that the FIF qene ,+JåE pr;rl!fl.ìr_rrplrir:= The

'=r:,LlrlE r:f the plasmid r,¡ntamina.ti,-:n 'rnlrld be Eer¡ersl p1a':e=, inrlr-rding



rf lr1E5'¡Jå.t E rlì' Fríp,-=t'ces a= uell a= ,_;¡:rltttir¡¡1g{.g¡_1r;t1 ;¡g p}ten,:,L an,l ,:hlrlri.r-rirlrf ¡l}

thal: =r.re Lrged in t':'nflì':'n in 'bhe lahr:¡ratr¡ry, [n,:e ilte F-rresen,:e,:,f plA=niid

,:':'n'b¿nin.åltir:,n !J-å.s =LrspEr:ted¡ å11 b1,:ts k,BrË rehybridi:Ërl \dith a pl*s.mid

pr,-'be crñd the bands ¡:rn the (EFìr:,mi,: .ç':'r-r'i;hernE thåt ç{ere dLrE t,: F1¡f sfní d

irrntàmi n¡t i ¡n h,erË detErmi ned.

SUI.1I'IAFJY

As rnenti.rtñËdy the Fr*trp':'Ee c'f i;hiE'Lhesis çJås t,:, deterrnine whethÉr,:,r

rl¡lrt 5evËì-åL =brlt':tttral ieatr-tres that have been ,tgËt:r': i ¡'hed ,-ri th the

reqltlati,:n ':f qene E:;prEssl'.,:'n iri '-,ther E}/stÊÍns þJErE, ,:i,ntribr_rtinÇ-brr the

er:pres=i'1,¡ r;r f tþg FIF gene, The en=keï5 t¡:r sever¡1 qLrËEti¡:'n= !4ÊrÊ,:,btaineci

in this rÊ5pÊrtt. The re5lrltE r'f thi= the=is s{-rqqest that nrethylati,:n,

hiEt,:ne ¿r1 r-rf;,,'labi't'ñ å.nd reårr*ìneernent -å.rÈ n':'t inv,:,1ved in the indlt,:ti,:n ,rf

F IF gene Er;preË.Ëi'-rn in the HFll: cel I I ine= te-=ted, The=e rÉsult= qenerata a

fltrther qltEsti':rnr i,e, what fa':t':r= are inv,:,lved in the reqr-r1-lti,:,n ,:f FIF,

qene e:,iFre55i':,nT tther p':'=.Eiblities lieye been di=':l.rEsecl in,:lltding.Lhe

Fre'Èenr:e r:1r ab=rnre 't'f the ;r.ppr':,pri-ttE ':i=-a,:ting DFIA EÈqLrent:ËE snd

trans-a':tinq translriptí']n fcfrtrlrs ne':Ëssê.ry f':tr FIF qEne elliFreEsi¡n in the

¡:el I l ine= te=ted' r+= menti,:'ñ'3d¡ be':sLtse the gÈne is n,:t yet ir-rl1y

':lrarE;terired str-tdieE have n'-1t yel: been ,:r:¡ndlr':ted in this respe,lt " Flrtr-rre

s'Lr-rdie= ç:i11 del,-ermine the ånsLlÈrF t,: the=e que=tirtrnË.

It is aIs,_, p':'a:-ibJ.e that f år:tr:¡r:: L i l.e rireth;,'l¡.ti,:,n ¡.nd [iÍEt,:ne

;rr:ebYlati':'n *re p1.:ying nEr:EEËårlr hr-Lt n,:'t =r-tffi':ienL r,:,Ies in reqltl¿l;in,l FIF

E:{prËEsi':'n. It i=. uel l [:'fi,]r\{f'} th;rt reqr-rlati':n ,:f elt|.,:ary¡ti,: qEne F){preEEi,fn

is s r:¡:'rïFIEï, mr-tltistep pr':':e==" Thr_r= alterin,¡ {:he ¡tr,=th}yI¡ti,:n =.LatLr=,:,f

the FIF qene r+ith 5-A¡.:cytidine may n':t be sr-rf f i,:ient in itsel f t,:, el l,:,r+

eïprEESir:,n r:'f the qenF. The =.åil18 *rqLrellent ,:ån .lpply'b,: the 
=,:,drr_rrr¡
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br-ttyr;te e:¡;pErirnents, i,e, hiEt¡:nE ð.':Ëtylati,:n å1,:,nE i= n,:,t sr-rffi,:ient 'b,:

af f e,:t FIF e:,;presgi r'n,

An,-rther =trlr':tLrral featlrre thst hEs been.r==':,:iated tr:r !lËnE ElipreEEi,:,n

i= tlie prÈ5Én,:E åfìd,/,:,r åbËen':E ¡:f lryper =en:-itive Ei.Le._c in å qene.

Hyper=ensití'¡e =ites å.rs ð.rÈ.ås ':i .r qene that are pref erential ly 5ltE,:el-rtible

'L': ':1eå'Jåqe by' Dl'la=e1" Thp in,:rea=ed =Lr=,:eF{:ibi t i Ly ,;,f these åreåE t,:,

DI'Jase1 tlea.va.qe i= clLlp t,:r the r-rnç-¿indinq ¡lr ì.Ê1a:,;ati,:n ,:f ttle DlilA,Jr,r_rble

heI i:,; ' ïhr-r= tlre =.trr-r':ture ':'f the qene in {;hiE årËð. aL L,:rr".r.: .f he bindifie r:f

tr¡.nscripti':'n fä!:tt:,r= l:,:, DhlA uhi,:[r ultinia.tely resultE in trans,:ripl;i,:n ,:f

'bhe qene' l-lyper=en=.i bive Ei be= .rre qEnr3r"rl ly 1r:¡¡:àtËd in thr- 5r r-rntr-c.n:-1*ted

r:r 5t fianl.tinq ¿{rÊås ¡t¡f å qlpne, Ther-e iu a p'15síbi1íty il'ia.t,:ell Lines Elr,:lr

¿= ['ll-:F-7 '*'hi':h rlÈr r-rr]¡t E14FrL.EE FIF dr:r n¡:t F,:'ã.:Ê5'; hypersen=i Live =i'he= r:rr

sLLr:li site= ¡tåntl,t,t bn fr:rmed by h,:rrmr:,ne-tre¡.tment ,:,f the re1l.s. In.l;hiE

rEspe,:t Ï-47D çJtrltld F,:'EËË5s h;rpersensitir¡e site=, r¿hich rr¡trlrld e:,;plai¡,+hy

thi= ':el L l ine E14Fresses the F,IF !lene,

5bt-tdieE desiqned t': debe':t DNasel lrypersensivity i,JerE n'ft ¡:åt t ied r:rut

beraltçe the 5! åì'Ecf rr¡f the FIF qene has nr't yet been f r-r1 1y ,:ha.ra,:tæriied,

AE rlentír:ñPd, rïrtrEt hypersensit:ive site= in DNA Lie in the 5r Lrntranslå..1 Ëd ,:rï-

=t f la.nl.ling reqi,:'ns" Thr-t= the pr,:bability ,:f dete,:tinç hyperEcl¡sj'. Live Eites

uith the flFflrrrflìi': prr:,LlL=E a'¡eiLahle uere L':,r*, ll¡uever, the=e =.Lr-Lflie= wilt be

perf'lrmÊd in the fltture when the FIF gene hcr= been fr-r1 1y r:l.tåra.,:teri:er1 
"

An,-,ther r¡rþ.jsr;tivE ':f this =tudy r+à5 t¡r¡ deter¡line i f ttie FIF gene \+.åã

p'¡]"16¡';'¡pfii';, The Írïp,lrtån,:e ¡f deterinining qEnetir p':1ym':rrplriEfïr lie= in the

sbitit)''':f EFLFs tt' .s,:t åE p':,t*'Érilrl rlini':al t¡:rr:1= in the dete,:ti¡n ,:f

':Êrt-lin di 5eå5E states, In this stLrdy the

L.----t-tIr HH'-1. I itt! pt

di =e¡.=e i n qlrest i r--rrl r{å.5 hr-rman

The F,:1ym,:rphi=m =t¡-tdies yielded irnp,:rtant inf,:,rmati,:nr req*,rd1Ë=5,:,f
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the f ¡.,:t th.Et Il,:, FIFLF= !{erÊ dete':ted, The FIF qen,-= n,:¡'rJ 5tånd= r-rni qlre

arn,:nqEt the,:,ther qenes ín the Eame ri.FEår ã.= ¡:l.lFr:rfil¡:¡=r:¡flre 7 ín the Een=e t[rat

ít i= n':t p';'ly¡,¡¡pþj';' It ¡:crnfitrl: be lrsed a.= a qenetir: nårliÊr f,¡r bre¡.sL

':ð.n':er in thiE rESpËr_t" l-l¡:,r*rËVery thi= dr:¡É= nr:,,l f-fleå.n that the pl.iysi,-¡lr;rqj,l 3l

r,:rlÈ ,:r f tlre =Ë¡Itetr=d FiF pr,:tein r= n,:,t in =,:me 
,tay l in[,:e,l .b,: the prEÈËn,:Ë

':f breast {ån¡:Er " Tht-tE FTF it=el f sti 11 fr:rs tlle p':,tential f,r1 ¿r1 l. ås å

m.årltE'i f ¡l¡r l-¡LtlTlå|] bre¿.=.t r:ånrEr'. Ag*in stlrdie= lia.ve yet t¡ be fl,lrr'lp f r-r

iJeterrnine the f r-tn,:ti':n ,:f the pr,itein, tl:,:mbinerl r,lith l;he ín f,:¡rrTlåti,:,n

'ibbeinLãd rEqårdíng'bhe reqr-t1åtir:ru,:,f Lþe FIF qene, .,?.n iinp,:,r'Lån'h =y-'5!pn'*jith
ulri':lr t,: =tr-rdy the ph;.'=ir,lrlrrly rlrf bre.r.st,:ånÈEr, t[is ¡r;,]s ,_rf hL-,rm¡:,nEs in

hrea=t r-àn':er, ànd tlre reqr_r1åti¡:¡n,lf ,fËne Ft4prEsEi¡:rn in hreast tð.n,:er håE

been devel ':ped,
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Aii IU, Lidereau E:, Theí11et [:y r].alla.han F:. 1587, litedurti':n t,:
h':'m,t:yq¡:r=i b;-. ,=1 qEneE ':'n ':hr¡:¡ni':'E¡t¡rttp 1j. in l-rr_tm¡.n breå=.t ¡1gr¡rp1åãiå. 5tien,_e
¿._,L'! f 0Lr!

Al le,tra JÜr Lipprnan l'lE" L']78. Ër¡uth ':f a hurnan llrEåst ':å.nter tÉ11
l ine Ín EÈrLrrTì-f ree lr,:rrn,inF-ELrpFlernented ne'lir-tn, rl:enr:er F.ies i8: tËti.

A1 l frey Vtl, Far-Lll:ner Ely f"lirEl':\¡ '48" l.'JË4" Ê,cety1åtí':'r¡ and methylati':'n
,:f ltiEtrlrrlË5 ¡nd theír p':,EEibIe r':'i.e in the requlåti'trt1 ':'f ËiltlÉ' =ynblir..=.is"
F r n': Nat I A': a.d 5r i USA, 51 : 7SË "

ALwine Jll:r lr.emp DJr 5l:srl: ËF.i. !177" l'1eth':d f¡r ciete':ti':n ':f spsri f i,:
li:NAE in .tqårt:'se,¡e1= hl-' tr,rnsfer t': diaz,:ben¡yl':'ïymetllyl...pepei" and
hybridi¡atí,-'ñ \rrith DNÉ' pr':bes. F'rr'r lrl¡tl A,:ad 5ri UgA, 7+t:1::r:5i5L],

Ander=':,tr DE, l!7rt, lienebi': stLrdy ':'f bre-rEL ¡:å.nr:er: idÉrrtifi':àtir:rn ¡:r i å
high ri5[;: qr,:'Lrp" l::ånÈer 34:1i:]5Ü.

F:ir ker D, tireen Fy þ.nt,çr1t':n Fl , 5':hurnm Jo Lander E, 01 í phant A, tJi I i ard
H, fl[:'r;rf,s lf , Fr':'orn V¡ liraviLrs T, HeIm= t-: r Nel=':n l:r F*rker t::r F:edi ker ll.¡
Flisinq l"lr [4att D, tJeiggenba.,:l] F, D,:ni=-li.el1er H, 1'lË7" üenetí,: l inkaqe map

':'f httn¿n r;[1¡r-r¡¡r;r-<r;r¡e 7 ui bh b3 DNa rlarl:]Et-ã, Fr':',: Natl A,:¡.d 5':í USA.
g4 å BiltiË,

Farnes D, Sat'r li" I17-J" Ër':wth r'f a hlrnian rïamfiìary tLrn'l':'r ,:eJ. I line ín
å Ë.ErLrrn f ree rnedium, [,]rture ¿F1:388.

Eear_rdet A, S¡u'1,3,; [,; g, Er-r':hhral d f'ly t]:av¿.1 1i -Ëf ,-'rr¿r. Lr Farral loly [l.i nq lf t_: ¡

H.1ínqer [i.¡ L¡.l,:uel JH, Lathr':p tì, Nayl'rr S, 0l;t Jr l-=r-ri Lf,, [4¡inurighl; F,
hlatl.LinB Fo tdhite Flo kli1liåfTts':'n Fi, 1'JBt, Linal:ge r;rf r;5u5fi¿ fibr':sis fr;, fr,r¡'
'tightly linl:ed DNA m-rr[::r=r5: j':'inh i'Ep,]r¡t fr':'rn å ,t,--¡ILåb'lrål:ive =tr-tdy. Arn -T

Hun Ëenet 3t:681"

Bird AF, S,lltthern El'l . t'J7EÌ " ljse '-'f re=trictr':n Ênilrfneg t,:, EtLrdy
elt[::åry,:'ti,: DNA methylå.tir:'n, I " I'lethrr..latir,n p;r.t Lern in ríl_rr;r5r-r¡1¡[ DI.J,A f r':m
.\'r-)r¡-ar){.is. J¿t'r¡is" J fi,:l Fi':1 118(: i );17,

Fird AF', 15,!¡3" t-:ptl-ri':h ísland= ¡nd Lhe fr_rn':ti',rr-t ,lf Dltlfi methylati¡in,
Nature 3¿-1c it-¡5,

Bísuas Ë:, V¡inderlraa.r Fli:, 1'187, F.j'--,1e,:f serLrm in the pr,:la,:tin
respr-r¡5ivenEss r:,f l'lll:F-7 hr-rrlan bres=t r:ån,:Ër r:e1I= in lr,ng-Lern ti==¡_re

':LtIture, tl:an':er li.es 47:350f ,

El':sr,:fi [,1F" Lí Ttt:, I'JBF., Ijenetir p'_i1yf1l,:,rFhi.3f¡E ¡]¡f hlrm¡.n liver ali,:li,:,l
ånd å.ldehyde deltydr':'qen-ã.5s5r and tlieir rELa.ri':,n=.hip t':' åI¡:,:rh¡-¡l rnet¡h,:'lsirn
and å1r;r1rþr1r] j s¡¡" l-lppat':1':'qy. Ë t..li : 5r_r,1 ,

F':t=tein Dr !,.lhit'= t]L, 5[::r:r1ni,:1.: Inl¡ D*rvi= lì:1,1, ].,JÐU" t::,:,nstrLr¡:tirtrn ¡trf a
!enetii 1ínl:a.qæ maF in fnån Llsinq rëEtrirti,:'n fraqrnent length p':1ym':rphi=n=,
Ani J llr-rn Ëenet .l'i:-1i4"



Fr¿.¡-tn=berq ll, ll:,:'1dh¡rn lillj, tJ¡:nF tl, 1'lEË. H¡rrrftì¡ft-lå] thera.piËE f,:,r breas.L
r:¡.n,:Et"t rIåu pr,:rqEstsrr:'ne5 5l;inìLtlate qr,rHth.] ll:an,:er Lett 3ú:i1*?"

Eh-rlbr':':l': F.'Ds l-h'-'rnas F5¡ Fantl vE, Ha.y,,1,¡¡¡¡ .¡'r, l'lEl " A pr,:=pe,:tir,,_=
sl;ltd5r ':'f tlle relati,:n betueEn thyr':'id fr-rntti¡n and slrbEÊqLren'l: breast,:ir.n,:er
IN Etranb¡-try ËleF¡:rrt: H¡:rrffi':rnEE and Freaçt r_:¿n,:er. F,i [,:e I'il, Si iteri Fti.,
[.Jel E,:h t-:t'l EDS. ¡]:':1d Spr i nq Harb¡r Labr,rat,rry USA p, l3l .

[rr-trrh JFEr hjeinir¡ltb H, 1']F3, Terlp'3¡¿l ,:,rdEr r:rf r:h.ir:rfnåtin =tru,:buralr[ranqes åss,-':iated Hi Lh activati¡ft-l ¡]rf the m¡..j,:r rhi,:ken vitellç,qenin qene,
r-'.-i ì f,:l,-Er-.L-! I .JJ! ULr"

ÊltsElinqer l'1, Hr-tr=t J, Fl¿.vel1 FiA" 1583, DNIA methylati¡rn and the
reqltlå.bí¡:¡n ,:f g1':'bin gene EliFrE=.Ei¡:¡n. l_:e1t f,4:1t7"

ll:edar Hy 5tein F:, Ifruenbar-rm Yy llavehma.nt'I , 5trí*.tLygn l.,l , Ftazin A, l,lE:"
F.fie,:t ,:'f DI'JA niethylati,:,n r:,n qEnE-EliFreEEi,:rn. ll:,:ld S Harb 47r:Fii:Ër_r$.

l-:h¡ndler LA, Uhs¡i Hr J,:,flËE FA¡ Et,:r-rharnF F¡ Fr_rEeni! NE" I'J87.
AIlete-5pE':i f ir: mpthylal:i¡trfl È,f th¡-= lr¡-tman ':-lJ¡-ras-1 qene, r-:eIl 5t-r:71i.

ll:hÍrqt-lin Jl'1 r Pry;yb;rl.f AEy l'1å.':[,:'nir.lÈl FjJ, F:r-rt'Ler tJJ. 1'-17'j. l=,il¡.f1,;r¡
':,f bi':1'-rËl i':¡.11y å':ti'¡E rib':'nLtr:1ei': ar:id fr,:,m s,:,Ltr¡tEË Eftì.ichEd in
rib':,ntt,:lea-=e" Fii":heni E,c 5:54,

llhri=tman Jlr.r l,,lei':h Nr 5':h':ebrun Elr Ë':hnedierman lrl, A¡:E Ë" 158t.i.
Hyp':niethylatii'n ,:f DI'JÊ, dLrrinq di f ferentiati':n ¡f f riend erythr,:1en[.;emi¡.
,:pl lE, J l_:e}I Fi,: EËl f,6Ê,

t-:ihall Ar [^ler.=s J[,Jr Fit,:t Hü" 197q-. ¡]hararteri¡atit,rt rr¡f F'-rrLyribr-¡s{rr1tg5
And n*Lr-tr¡.Lir:¡ll ':f rib¡t¡S¡:¡nlåI FjtqA in l.lËpåt,:,fn.* rtÊ11= treatpd i,,ith
5-e:arytidirre, lllån':er li:et 3.1.:,î(i(13,

tl:r;'¡¡ps¡s $J, Fa1ni ber F:D, I9BL DNA methyl ¡t i,:,n r;r;r¡f,¡r;rl = the
índr-t':ibj. lity ';'f the rn*Lrse nìetå1 1':ihi,:rnein-1 gene in lymph':'Íd r:eLLE, L-:ell
¿J; i*]¡"

tl:,:tten I'l¡ Il:haIkley F;, 1585, Hyperaretyl-r.ted hist'lnes f¡r':ili'bate
':hr,:m-rtin a=s,-=rnbly ill vit.rû" I'Jr-r': Acid= Ëe= 1:i:l:4t_¡1,

tl:';'y¡¡11f, -T, Ferry Mu r_:hal l-lley F: . 1'Jg!:, Ef f ertE ,_rf hist,-,nE
hypu=r*':etyt-rtir:rn ånd lryp';,-1'1 s!vl¡ti,:n ':'n Fll'lA =yntlre=i= in HTr_: r:e11=, J Fi,:1
rl:hem I57¡ 13433,

tl:='-rrd=a.s As Ft-tE':[rendt'rf Fy liruni':l:e H, 1586" Inrreasecl a.tetylåti,]n,:f
hist,:'nEs at ¿n eårly 5tåge ':f ,:,FeEtradi':l-nedi¡tæd qene *,:tiv.eti,tr¡ in the
liver '-rf inrnatuFe ,-[ri.r[:'=" J Ster,rid Firrihem ï+iI i:437,

Davie JFir ll:andid': EFI*1, 1'J7;1. Arel,'yL-cted hist,fne H4 i= preferentially
å55':¡,:i..rted r+ith template-.r':tive ':hr,-rmatin, Fr':': Natl Arad 5':i USA 78:1574."
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[-rví e= lr.Er ¡'¡:¡¡sr;'¡ FLy Herper F5, I'lr-rrray Jl"l u üt Err i Ën T, Sar f ar;i i ['1 ,tlilliårll=¡-rn l:'j' 1'183' Linkage analy=iE ':rf tL+r, rl,:,ñeC DNA =eqer-rnres fl.lnl.,:ing
'Lhæ Dr_r'_henns rïLtE':LrI -qr dV:.tr,rphy 1ür:Lrs ¡:¡n the =h,:rt ._q.'ifit ,:,f ilie hr_rm¡n T
r:hrr:rfltr:¡Eúrlie, filr_t,: A':idE F;eS t 1 {:B j :::(:}3"

Di-e1a. E5, H':íf m-rn Fi["] , I'iE:, Hyp':¡nethy]-rti':n ¡:¡f HeL¡ r:e11 Dl'.lA *rnd the
ehgen':e,:f 5-metl-ryLr:ytr:,sine in 5V4tL and aclennr¡irr-rs(t;rpe !) DhlÉ, a.na.l;r5is þy,
llFLt_:" Fi¡:':hern Ei':phys Fje= rl:,:,inn li:)7:1'1"

Di,:[,.E,:n FjEty Lippm-r.n l"lE. l'_]EË.

':el1 1ineE" tli¿¡,;s¡ g¡1¡11 5(3.r¡Ë17.
l-1,-r¡¡¡r1'¡¡l':':ntr¡l':f [iltmAn bre.r=l: ¡_årì,:Êr

Di i [rEr'n F.Ely l'i:å.=i d Ay Hlrf f ll.ll.y Fates 5E, l':.n:rbbe r]:y Fri,n:erl; Iy üel rnann
EFr Lippman l"lE' L'JE7 " A':tivati':n ':f Er'luth f å,:t':,r EerrEti,:n ín tLtm':,riç¡eni,:
EL¡.tes ':'f bree.Et,:ånÈer indr.t,:ed by l7E-estradi,:,1 ¡:,r v--Hå-rås ¡:rn,:,:,qenË, Fr¡t
Itlat I ê,': åd 5,: i USA 84: 837.

Di':[rs¡n FlFy Lippnren t"lE. 1587" EEtr,:genir- reQLrlati':'n r;rf q¡.r-rçf,[1 ¡.¡fl
p':I ypept i de qr':'wth fa': b':r Ëer:iiEt í ':rn i n hLrmårl br-e¡.=b ¡tåì-,t i t-trrrrrui, End,-,':r i ne
E'er¡ Rr"l 1"':,'ã

Dc'erìe.r lle D, Ëa1 l wi tr D.
f'l':l t::e1 I tli r:¡: hern 44: I 13 "

I'Jfl¿, A;et;riati,:n,if histúnes in nLr,:lç,is';,¡1Es.

D*ni=-þie1 1er H, tireen F, l-lelrns L-;r rl:artinh,:Lrr 5r t4ei f f enba,:h Iry E.bephens
li.r l'.ei Lh TFr F':uden Dlly Smith DF., L+nder E5, F':tEtein Dr ê[,:,:t= rir lì:edil':er
lt:Sy Ër"rviLts Tr Frr'wn VA¡ li:isinq t"lF, Far[':er t-l y F':uers JAu tlatts tE, ll.auffrnan
EÊu Eri':kEr A¡ F'hipp; F, lïr-rI ler-H.ah1e Hu Fr-tlt':'n TF.r Ng 5, 5,:hr-r7nrn JIJr Fr¡rnen
Jfl:¡ [i.n':uIi';'¡ fttf , Far[,:er DF, t]r':':hE E["], AbralrernE,:,n J" I'JE7 " A qene.bi,:
l i n l:age rnå.p rr f t he hunr¡.n qenË,me. ll:e1 1 51 : 31 t,

Ehrl i':tl I'lr liama*S':sa I'lA, Huant LH, l'lirJgett F;l"l , ll.r-r,: H.l-, l"l':i:r-rne FjAy
tl¡=þ¡hs l:: . ltB':. Arli'r-tnt and di=tribr-rti':n ¡:f 5-methylr:yt,:,Eine in hr-rm"rn DI'.JA

fr':m di f f erent types ¡f t j.sslre= 'rrr cel. 1E, tr.k-r,:1 A'-icl l-::eE 1t-]x:r7(:r5.

Erlerman JT, Leahy l'1 , li':ut l--'l'l¡ Bì.Lr':þr3r,,5¡;y ¡¡ , l tBi" E1'=-v.Eted h,:,rü,:,ne
level5 in 5erå. f r':'rn bre"rst r:ånrer p;.ti.ents, H':'rm f"letab'i1 F:es 17t.1I1.

Feinberq AFr t'/';'qe1=tr'=in E, l.'jE:, lli,¡:':meLhy.,l.rti':'¡ di.-;tinqLriEllËE s,:'mg
hltm¡.n ËÃnËerE f r,:,m Lhei ì' r-'r{¡ì'flìå1 ':el I r-rl s¡ r;,1r¡1¡'f srpsrtE" l.Jetlrre i(:ì1 : Et"

Fe1=enfeLd tj" f'1,:rihee J.
:'liÊ. ' Ê.f-l:r

158':, l-lethylå'Li,:n and qene ,:¡:¡n'br,:rl " Nature

Friedm¡.n 5" LtËl . îhe inhibif i¡r¡ r-rf filrlftr',;vþ,1'5ine-Ei methylases by
5-a¡.r,:yt i di ne, l.j':l Fh-¡,rrn;r.,:':'1 1'l: i14,

tlerb=r-Hlrber 5" I'lay FEF, l"lest].e)/ FF: , Fel.her Elr.¡ H':'=ba.,:h FlA, Anclres Ar--y
F:yffEl ËU, I'183, Jn,:,:'ntr¿={: tr',:tlier.,Yer:':pns gÈne= Lhe est¡-,:,qÊn-indr-r,:ibIe
',,ite11':¡!Enin qEneE äre et;prEs=ed khen t,:,taI1y methylätÉd, llel 1 II:4J,

liillie= SD, l'1¡:¡rri5':'n 5L¡ üi VT, T¡t¡rle¡f.å,*¡* 5" 1'i83, A ti=çr-re-sper:i f ir:
irans'-rípti':n enhånter element ÍE 1':rated in the mã.j,_1r intr,:n ¡f a
rÊårrån¡fed inrllrn,:q1,:bin heav; ,:lrgin 'JËne, l_:ei1 3.3:717,



liindËr tiD¡ t"lhitter= t'lJ, Fr:,hlnan _TH.. I'iE+, A,:tiv¡..birlrri r-¡f å ihi,:[,:Et..t
embryc'nír qli'bin !EnE in adr-rIt erythr.r'id ¡:e11= by 5-¡.=¿.,:ytidine and =,:diumbr-ttyrate" l--'r':': I'Jst L¿:':.:d .5,: i USA 3i i i:i : tt54,

lf ir':vsky l'1Ay F L eqer tIL, l'..*e'":ert -TE, -T':lim¿rnn L--4" 1i73, Ëtr-rdi e5 i,n
hi=t':ne fr.q,:tí':'n FfAl. in mA,:r¡t¡- åfld ni,:r,:,nLr,:Igi r:,f ,rt-f,r"ah1_,¡,:¡;; ¡tyf if Ornit:,
-ï rl:ell Elir'1 37277.\"

Erai ngær [.:lT, Haird-Le,:na.rds F]1"1, Samaha F, Hc'r-rqan L['l , Le=l: I'lË:, Tli,:m=,:n
liH" L'18:' I= hyp':¡1p'bhylabi¡n l in[':ed ti, a,:tiv¡ti,]f'l rlrf Lhe ,:ry=tel l Ín qeneE
dr-rrinq lens deve1,:'pnient'i l'.latlrre It-rE,: EB.

tfr¡.e=Ernann I'l ¡ lfr-:e=Emann Ay [.laqner H, [4erner Er Sirn':n D, 1t83"
l_:rlrfltplete DNA methylåti¡:¡n drtreg tlrt¡t prËVEnt p,:,1y,;,¡¿ and sirni"rn yirns earJ.y
gene Êy;prEESi¡rrn, Fr':': FJatl A,t.ìd 5¡ti U5A SrJËË47(J"

tìripp':' Fr Ia,:carin': loly Fa.risis E, S,].aïåFt¡r¡ E, 1'Jr;8, f"lethylåti,:,n ':'f DNIA
in devel'rFinq FÊå Lrr':hin Ëmlrryr:,=, J li'-rL Fi,:l f,Ë,¡ 1'J5.

Ër':r_rdine F1, tl:'_rnl.:1jn E:F, 1,J95. ll;[rr,:matin sl:rr_rcl:Ltre ånd dÊ. r]arc.¡,_r

mEthylcfti¡l¡fi ':'f sFern DNA: im¡:1i':eti':,n= frI¡¡. a':tiv-cti¡]¡r't ¡trf tþr-. ¡-rafg¡¡1¿1
qÉnr:,fne, 5rien,:e ffEt ltl6l ,

ËLtEu11a JF, [,le:iler N5, [':nnea]lir F'l'l , lrla;ilri¡ 5¡, É,nders,:,n l"lAy T¡.nii FiE,
t^Jatkins Fll, üt'Linå H:, hjalla,:e l"llii ¡ s.ål.::å!Lr':[ìi AYr Y':'LrnÇ AEr r Eh¡-,Lrl5¡:,n Ii
F,:,ni11a Er l'1¡.rti.n JF' tgB3, A p':lyflic,rphi,: DNIA fiìr¡.Ì.[:]El. qËnLi':e11y linl:ecl t,:
Huntingtunrs diseåse, N¡tLrre f,t:)Ë::34.

Ha.aqen=en L-:0" i'lEE, Fi ¡:'r:lremi.-l:ry *nd i mmun'-rhi =t¡:'r:hemi stry i f f 1r-rÍ cl

prr'teiFrE ,-rf the brea=t in qr':=E ,:y=tii bre¡=t diEea=e. IN Diseå=E ': i thæ
Freast .lrd edi t i,:n " l,ib Sar_rnder= tl:': Fhí 1e.del phi a p " 474,

Hender=':n BEy tierhin= V¡ F.i,:=a.ri,:, J, l_:aEsgrande J¡ F,i l.le l4l_:" 1,J75"
Eleveted serLrn IeveLs,:f E=tr,_1qEn ånd pr,:,Iår:tin ín deLrql.tters,:,f patients
r*i th brea=L ,:åt'ì':Ër " N Enql J t"led ':t3:75(:ì,

Hendersnn FEu Fil-le t"lll, 1581 , Fr,:La,:tin- -rn imp':'¡f,¡¡¡ hr,rmr,ne in
breaEt n'='tpI åSi å';. IN Etrrnbr_try FleFr:rt ; H,:rrr.Jir:rnËË ånd Brea=t tl:¡n,:er , Fi tle
I'll-ly Siiteri Fli:r [^Je1s':h l-:l'J ED5, [:':'1d Spring Harh':'r Lab':rat,-'r]¡ USA p,115"

Hill HEr DavieE [':.Er lla.rper F, tli]1iåni=rt¡fl Ft , 1-'lË':. Tl:e rnendeli-¡.n
in[reritan':e ':f a hum.:n X ':hr']rn¡:,srr¡flìe-EpË':i f i,: tNA seqr-reñrtE F]¡:rlym':rpltism ånd
its r-rEe in Linl':åqE =tr-rdiE5 rrrf gEnEti': diEEåsÈ" Hr-rrn rienet Ë(l::¿-:,

H':lliday F:, Fr-rqh *îE, 1175" DNÉ, n,:,difi,:¡.'l:i,:,n meilj;lni5m:-ì .¡nd qene
¡,:tivity dr-trinq de'¡elr:¡FrnÊnt. 5':ien,:È tE7¡iiË,

I=enberq I. !'J7'1 " Fli=ti'neE" Ann li:er-¡ Fi,:rhem .18:15'lr"

J¡.eni=,:h Ëi¡ J-chner D" 1584" t'lethy1åtirr¡n, p:;prËsEir:rn.r.fid r:llr¡:¡m¡:¡=.,:rm¡1

l-¡,:'-'.it!r;r¡ ,rrf ¡feneg in mamrna.le." Fi':rhem Ëinphys A':ta 7E¿-: J.

J-rltner D, -TeeniEch Fl , 1iB4= DNA methyleti':n in early rrarrrmaLi-rn
de'/elr¡rpfltËñt, IN ll'JA l-leth;:1at j.':n, Fi¡f':hFmistry and Fi,:1,:ãir;tl Signi f Í,:an,:e.



Flarin A, t-:edar H¡ Fìigg= AD EDS= Sprinqer-t/erIeg Flek, Y,rrl.,. p.IEt"

Janis= VHT, F.eed f'lJ, Ireranel; FAy F,:'nney Fill: y Sarnuel DL, [r.leLrt,:n r---T, Fr.:n[,:E
5r llhi 1'-hi l-l l"ltl. i t8Ë, Andr':';len a.nd eEtrr,gen mÊtÀb':1 i =m i n brea=t ':ånr:Ërpa.tient=, Il.l End':'trj¡¡'l'-'qy ':f the Freasl:: E-esi¡: årìd t-:1 iniial A=pe':t=.
Anqel i A, FrEdI ':ç HLr D':gl i c'tt i L ED5, rlnn I'lY A':-id 5,: i 4É4: 1 i7.

J':'nE5 FAi T¡.'r'1'¡r 5l'1. l'ltrtj, ¡lellr-r1ar dÍ f ferenti¡ti':,nr ':)rtidine arìå1r:,Ç=
and Dl'lå meth;'il-r.t i,:¡n " ll:el I ttj; Ë5,

.ï'-'q'f: TF'- Celdr an f'l y llei=pr I'1" I'j84. Freferential bindinE ,:r f---- -"' "t
e=tr':qen-fÇrlfpf,rlr]. ,1,_,fiF1Êti tr:¡ .3. i'L=qi¡:rn ¡:r:rntåininq the ,=cf,¡r;rrlFft-dependfnb
hirp':methyl¡.'bir:rn =ì.te pre':edinq l:he ,:[ii':l.en yiiË11':qenin 1]. genE. F,r,:,: l,labl
Arad 5':i USA E1:4f'1"

Jr-tnqrna.nn F:4, Srhrueppe JS. I'J7:, f"le,:lr¡.nisrTr ¡r¡f .å,:ti¡fn ,;r'f qrr¡¡¿flr¡r'ç¡';'pirr.
J Fi '-rl tlliem :::47: 55f,5.

lr.eEhet I, Yisraeli J, llerj;.r l-l " I'J85. EIfe':t r'f reFi,:,nal tNA
methyla.bi':n,:,n qÊt1Ê Er;pFEËSirin. F'r':": Nabl A,:ad 5,:í UËA Ë::J5a:,(J,

l':.eEhet Iy Liem.rn-Hururitr Ju tledar H" I'JË6. üNA methyt¡.ti'-rn efferts
'Lhe f¡:rrn¡ti':n r'f r1¡:{:iye ':hr':'fnatin, t::ElI 44:535=

ll.levjer-Anders':n F, Eeuhring tli . i'l8i), Effe,:ts ':f h':rni,:nËE i¡n gr*r+tlr
råtË5 ':f rnal i gn-rn L ànd il,:'n-il-r1 i,tnånt ht-rrnan nìå.rnnìåry epi thet i a i n ,:el I
,:LrltLrre. In Vi'brr' 1É: "151 "

lr.rat¡er Fllr ll:haFm¡n L]loi ¡ Lambert l-l , Er,;n= F.tE¡ Li stlay Fil'l " 15Ë:),
Di f f eren':E= in the DtrlA ,:f tlie ine,:tiyp ,¡t1¡,;,¡,:¡=¡:¡rïeç ¡f f fe.l:eL .ånd
P:itråE,mbrlrrrl-lirl tiE=Ltes ¡fl' mi':e, L-:elL 33:37.

ll.r_rr¡ar 5r l.leinqs.rten DF, ll:el I.rh-r.n J[.]¡ 5a,:har li.¡ de VeI I i= -T, lt-q4.
Fiegltlåti':'n ':f mFINA= f':r 3 Êniyrnes j.n the gtial ,:el L rTì,:'del tl:Ê ':elL l.ine" J
l'.leLrr,:,:hern 4i: 1455,

H.'¡a l-lËy Engel:-mån E, De J,:nË-E¡[': [ler l*lr l]:1et':,n FJ. 1'-i74" F l asrne
prr:1-rr:'Lín in lrlrrnan bree=t ':-ìntEr " Lan':eL í:433,

|'ìç'a l-ll:, tJeng DY, 1377 " Abn':rna.L lr-tte:1-phase evening pF.ål: nf plasrna
F,rr:,1å':tin in ç,r,:'rïìen uith -r fsmii! hi=t':ry ':,f brea=t r:ànr:er. Int J ll:¡n,:
':Jfrr'li.l',-,

LcfYPi'I'iere JN, l*1t-t11er [T, FLtis=r'n Fly T,:'r-rqard tl, Ti:,;íer-VÍdal A. I"lartial
JA, li¡:ltrdqi D" l'jÊË, DÍ f f erenti¡.1 impl r¡tåti¡t¡fl r¡rf jsri¡;y¡ih,:nu':l-ei': a':id
methyLåti,I'n ín r¡.t pr':,1åÈtín and rat qr¡:'t+th h':'rmr:'ne qËnE e:ipressi,:rnsi .-c.

':,:,mFåris':'tl betueen rð.'L ¡ritr-rÍtar;', ';pli. strains" End':,':rin'-'Ir:,qlr lLEililI'18"

Leib'rr¡it,:lr lolFy Leib'-'vÍtrh Si4, F.la;.,¡ç'¡d.¡s;:n l"l , l;rr-rh J, L'JB'{., If [g';f, r;r]:

=,ldiLtfii Lrlrtyr¡i*,:rn qËn¡3 E:ripIr_=s5ir:,n in.3. r.åt rÌy,:,Feni¡t rtE].1 lirfe, Fir:r:hem
Finphys F.es l-l,:mrnr-rn 115: 1i¿-l"



Leiter -Tf'lEi llelliqer L,l, F¡-r=,:hend'rrf F. L'J84, In,:rr-=à=e irr hr=h':,nE
-rrei;.i¡lai;i,:'n ;nd'bransitir:ns inhist,:nE !,årið.nt-:t dlrrinq Friend,:e1 1

di f ferenti+tr':,n= E:.il-ì I::811 Fe.. iq'ì'':'-'':'

Levin FAr l"lalartlei' i'iF, L!81 , Deuql-iter5 ':'f ,-J,:,rren r+ith brea.st ,:-qltr:Ër
lra.'¿e elEVåtr-=d ¡ne*c.n !4-h':,Ltr FFr:,I4,:tin (:FF:Li level= *nd a parti*el. re=íEban,:e '1 ,:
d'-rpamine Elrppressi':'n" J rl:1 in End 53r: 1l:173.

levine l"lA¡ ['1,]rr':'H FF'; l':.r,:'nenberg Ht'l , Fhiltip= Ili JA, I'lE6 Ti==ue snd
qÊnE 5pE,-i f i': hyp'=methylati':n ':f the human Få.ratli],¡r¡:'icl h':rni':ne qene:
å5=¡:rr:iati,:'n uith parathyr':id h¡-rFrÏrr:¡nE !ene EÌ;FrEsEi'lr1 in parathyr':id qlends,
End':rrin':'I,tÇly 1I3¡ 1Ë18,

Libert F, Ua==¡.rt llr tl:hri=t':phe D. lt8Ë, f'lethytåti,:'n -r.nd e:,;FressÍt:,n
,:'f the hr-t¡l-qn thyr':'ql,:,bttl in qL:nÊ" Eli':,,:h=rr -rnd Fi,lphys E:ÊE t:.':'ffifil 114i3i:1It-l'j.

Lippman l"lE, ltEl . HrfFtTtrtrñå1 reguleti':n ':,f hum¡.rr bre.lst ':årì,:Fr ':e1 1= j::
r¡jú¡o, Il.l Etanbr_rry tle¡:,:'rt: ll¡rm':'neE ¿nd Fres=t ll*n,:er" Fil,:r,= [it_] ¡ ¡-iiteri
Fll:r hel =':l-r 

l_:Lrl ED5, [:r'1d 5pr i nq Flarb':'r La.br'r¡.t':,ry USA p. 1Ë5,

Lippman l'1E, l'1r-tff l':.1':.* Jal.,:e=: F], lle':[it Tr lìa=id Ai F:Le= S¡ Di¡:k=r:rn þ.iF,
158Ëe. Estr':'qenE reqltlåte pr{'dLt':ti,:'n ,:'i' sFeii f i': qlr':ç'tfi far:t¡-rr= in
h¡-¡t-fltrlrne--de¡:endenb h¡_rnan breaçb r:ån¡:Er, IN Endr:,,:rin,:1,1Çy ,:f the Lìrea.¡.tt
EaEir ¿tnd ll:1 inir-¡.1 'Aspe,:ts. Angeli A, Fradl':,çJ l-llr [,:!t 1i,:tti L EDË" Ann NY
Arad S':i 4Ë4;1i

L.i ppman l"lE, Di ': [ls':n F]Fr Eates S, lr.nabbe tl:¡ l-k-rf f lt i S,"rai n 5, f'l':f"lð.nê.'*Jåy
I'l r Ër':nzert Dr llIçm¡nn EF. 1'lFËb" ALrt,:":ririe end pårår:rirre qr,:'r.:l:h re'lulati,¡n
¡:f h¡-tman breaEt ,tåFlÈEt. " Frea=t tlan li:e-. Treat 7t3'1 "

L'rve F:E:r F.:':Ee DF, I'1.q5. Elev*ted bi,:,å':bive pr':').a':tin in H,:,mEn at ri=t:
f¡-rl' familial breast ùån':er. Er_rr J [¡.n':er l]:1in 0n¡:':1 ¿-1(1ii 11553,

Lr-r L[-J , l]:hain! riHi I'ledine D, li:ander¡.bli lr.. 1!7Ë, Drr-rq effs,;f,s,;,¡
nu':leii àrrid rnr'di f i':ati¡n, 1 A spe':i f i,: ef fe,:t r,f 5-a:arytidine ün
fnåmmål ian tr¡nsf u=r li.Nrl m':'di f irl .]f !rl,fl i¡t ç itt,t, Ei,_1,:hefi Fi,:phyE I;:EË t:.,:,ninltn
Ë8:1r-rt4"

l.la,:Le':d Dr Eird åF, 1T93, Tr¡.ns.crip.Li,:,n in ¡:,r:¡r:)/ì;É5',:f hi,_¡hly
methyl¡.Led rDNA f r,:,n ..Y,i;ro/r¿{:; JËÈ-(/f .:ì spErfn. [']¡tr-rre 3t-lE: itjr-r.

l'ìa.lar[':e]¡ IJFy l':.ennedy ['ly A1!.red LE, t"li 1,:, rj. ].'J.q!, Fhysi,-rI,r,Eirt¡f I
':r:'ntEntI.¡. 1ír:rn.=,:' i pr':1a':'Cin ':._ì.n Fr¡:,ñi,:,te the qr,:'tJtl.ì,_,f hLtrlan brea=t tirrÏ,:r
':el 1= in ':r_r1{:ure. -T t::i in End'_r':rinr'1 I'let;b .5Ë,; Ë,7-ï.

lYialr:¡:rl¡r 5" I'lBË, Dire':t DNA anslysis in family =tr-rdie=.. J Inher
l-letab Dis .Ër-rnnl i :ii.--- --rr-

lïandel JL, ll:hamh,in P. t'll'J. ül'JA methylati':'n- i,rgån sper:i f ir:
\'åri.åtir:¡nE ín l:he mebhylåti,t,n p;.tterrr Hiihin and Àr¡rrlrfld t]\:¡;rlbLrmin and r:'ihËr
rlrir[,:en genËs, lrlu':1 ê,':id Fies 7(:8.'¡':UBl ,

['l¿niaLi= Ï, Frít=':h EF, Sanbr':':'l' J" I'1.q]. lrlr:rle,:rrlår ¡tj.,-,ninq;,å
lA.brrr¡.tr:ry rr;inr_ra.1 , t::È'1d Sprinq Harb,:,r Lållürå.b,:,ry U5A. 545 p"
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l"lsnni ê\, hlriqhb tl, D¡.r,is tf y lilenn Jy J':ehl E¡ Fel t F, 1'jEË. p¡r;r¡rif jr;r¡1

by pr';'1a,:tin ':f tlie qr,:'çrt[] ,:,f hLrrnån hre¿=t neiFlåËüìs !:Lrli:r-ri.ed i:'¡ tt iÍro in
'l;he 

=.,:f 
'c -c.q¡.i r: I ';'¡1,;'qeni ¡: åE:-åy" t::anr:ær F:e= 4Êt LË85,

IÏarteI Fo f-1,:r-tdebine LIol, Tey=.=':i F. 1'1113" Ef i'e,:'1 ,1,f 5'-¡fliLrrn bLttyrð.t8 ,:,n

the =timr-t1¡fi¡I¡t-r rrrf r:å.=ein qenL= eriFFÈ=.5r.¡:¡n llli prr:'1a,:tiFr, FEES LetterE
l:ì4 lì 1¡55-

l'l':lil-ree JDr l-iínder ti[, I.J7'3" Ëpeci f i': DNA methylati,:n =iteE in the
v-lr:inity':f bhe,:hi':ken bet¿.-qI':'bin !ËnÊ.=, lilabr:re iflr_r:'trf i=

I'l¡rlhee JDy tJ,i¡d tdI, D,:1ån ['1, Engel JD, Felsenfeld 11. I'iB:, A ir-ri_¡ bF
ì'Elli¡I¡n ¡.t the 5t Eñd ¡-¡f rhe,:hi,:Len;dr-tlt Ë-gLr-rþi¡ q¡=¡¡-= i=;.,:,:Ë5=ibLe t':
nr_r,:1ea.Ee di qest i,:,n, tl:el I 17: 45"

l{¡:l::.e¡:n tl, 0l-rllr_tb,r llr Fa.stan I , tl:l-rr¡:rrnbrr-rq,¡he F. l,jE:. Unr_r=r_rsl
methylå.ti¡rn pã.ttern ':'f the ä.IFhå i(. 1,t ':':11rgen qene. t-:e11 :¡l::(:r3,

I'1,:ll.night ü5, Hager L, Falmiter li:[, 1'iEr:r" Fr-rt;v¡s¡p and re1¡'bed
inhibif,r;rf 'l r-¡f liist':,ne ¡lg¿';'=l-:yLåti,-rn bl¡:¡¡:lL: the índr-t':'Lii'n ,--,f egg Hhite qenes
by Etær':,id h':rm':neE" t::ElLli:,-16':1 .

l'l:'.'L=t-thashi T, Uthimura H, T¡[';a[,.r-r F. l'=JA7" n-Êr-rtyrate in,:rea=eE the
1evel ':f thyr':id nLt':]Eår re':ept,:,r in n'rn-Fitr-ti'bery ':LrItLrred ,:e1l=, J tJir:rl
üh ern IË,: i: t .r : i'r':i ,

l"l,:'-rn HDy 5i rnpsr'n I'lE, Li üH, Evane. H[''l . 1'J51 , Nle':'p] dËir'tg i n ratE trested
\'Jith pitr-titar;; qr':¡t+lih fi'¡¡¡¡';'¡ç, V" Ab=en,:e,;'f ¡1g;'plåËfn= in þyp':p|.1,-r,5e':b':rfni:Êd
råts, ll*n':er F:es 11:5i*ï.

I'1¡:'¡re J[-Jy Thr:mås F5¡ tJang DY. l58Ë, Endr:r:rine sLatLrs and the
æpidemirlrlrlrÇy åfid rllini':al r:r:,Ltfse ':f brea='L r:.9.n,:er. ll:a.n,:er Sutrv 5t.3j:5I4"

["lt-thlh':ch [¡ Et¡':t Ll'1 , 1!5'-j, Indlrrti,:rFr r]rf rn¡ìrlìm.åry ':änr:Ér in rTii,:É

'Ji th':'-rt the ma.rnnar;'¡ tLLni':'r ågen L by i s,:graf tç ':f hyp':physi s, r-ran':er li:e=
'I 'f ' ¿1fi --'

t"lurphyi Lt-:, T=lryullr IJr t"lya.l Y, 5hi r_r li:Frl . i:87a. IE,:1¡t i,:n and
ËEqLlÊnt:inq 

'1 
f a. ,:DllA ,tL¡t¡l-ìE fr:r'r å pr¡:'1ã.Ëtin-indi':ible Frr'rteiniFIFl, ,T Fi,:1

[:hem :Ëf i31i I 153iË"

f"lltrphy Ltl: , Lee*lling ['1, lj':ldenberÇ ËJ, Shir-t Ë:Ët-., I1Ð7h" E:,;preEEi,:,n r:,f
the qene Ëll¡]¡t¡din'f -!.pr,:l-.t,:tin-indr-t':ible pr':'t,-=in b¡'hLrn¡arr hre¡.=t ¡:ån':ÈrE i)l
tl iVnz rt¡t,l.rEl et i,:n r+i Lh sterr:,i d re,:eptnr Et.rtlrE. Ll¡.nrer F:eE 47: I-

l"lr_rrphy l_J, 5r_rtherl-rnd F:L, Stead B, f'lr_ri-pl,ry Lrl:, Lerarr_r= L= ],_tËË.
f'¡r1rqe=.tiri reqr-t1ãti,:'n,:f eFiicieri¡el qrr'uth f.rtt':'ì- Ín hlrman Ílåfrimåry ¡:är,:in'-,mÈ1

..1L ! /..¡Ur-HIIb. !-..11 lr-Hf F.H= 'ttf ; /¿õ,

IÏltrr*y -ll'l , Da'¡i eE H.Ey Hei'per F5, l'leredi th L, lÏr-re j. i er ll:Ëi ¡ t"Ji I L i.-c.r¡lsr:rn E: .

1'lE:' l-irr[,:-+qe reIåtir:n=.hiF,:, f ¡ rlr:ned DI'JA =eqr-rer],:e,:,n the sh,:r'1 .¡.rrï,-'f 'bhe
X rhr¡n':'=r:'rnÉ t':r ilt-t':henne rflLlE¡-Ltlar d'r'strc'Fhy, I'Jetr-tre 30ür F.t"
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l'1;el Y! 5hi¡-r FtFll¡ Fh¡r:ni':1,. Ety F.:r1-r l.'l . t'lÈ'+, F.te':ept,:r bindÍnq and
,lr,-rq{th-pr¡tfil¡l'binq .ãr:tí'¡í'L! ':'f inELrlin-1ille qr,:,Hl:[r få,:t,:,rs in hr_rntan hreaEl;
r:ån¡:Er ,:e1l={: Ï-470J ir¡ ¡:LlItr_rre, l_:¡n¡:er Fie= 4.4:5.18Ë,

Í"l;ia1 Y, üreq':¡y ¡, Fryan r-l'1 , [,lanr¡ H, l-l¡mert,:n -T" Tl.re qene f,:,i-
pirllrtr:tín indu,:ible ¡rr':'Lgi¡t.F'fF.t fr,:'¡'ti hLtrnåtr Lrrea=t r:ånr:ÊF fnåpË hr:r ¡:hr¡:rrT¡¡:r-=¡:rtn(-:

7 , Internat i 'fnå1 tli,:,¡Bì.ÉSS r:rf rfenet i r:=, f rlr|.rtr¡f,rlr, L-:¡n¡.rla." Ar_Lgr_t=1: 1,JË8,

l'Jaga=a,*'-r ll , ilht¿. tl.¡ l'Ja.llajirïå lt: , Fl':gr-r,:hi Y, Fliur¡. ll.r l:.¿r:,ru 1..J, ['J¡.rnil':i Il"
1'1Efi" interrelati':rnship betueen pítr-ritery a.nd rr¡vå.ì'i¿¡ l'1r;r¡¡¡ri¡¡eE in nrlrnìË¡.1
¡¡fi rre':Fla.=ti': qr'lkJhh t:rf rï.åfninåry giånd= r:r f rTìi¡:e. Tl.J End,:r¡:rín,:1,:,qu r.rf .Lhe

Frea=t: Et"r.=Í¡t Ei.ñd lllini,_al Aspe,:ts, AngIi å! Err¿.dI,_,14 HLy L],:,gti,¡tLi L iDg.
Ar¡n l{Y ¡\':ad 5': i 4Ë4:3t11.

IiJelE':n D¡ tl:,_'Velrlt .Jy l_:haL l.tley Fj" 1'lË(J, Seqreqati,:n ,:,f råpÍd1y
.3¡:Ëbyla'Led hiEbr-,t-tËS int': a ¡:hrr:¡rn;\'hin f ra':ti,:¡n rEIË.åEEd l"t ':'tn inta':t nLtr:1Ei Lry
the A':tí':'n nf fni':r':r:,:,r,:ä1 nLl{lEåEe" Nlt': A,:idE F;eS Bt B):1745.

[¡fi¡-t]:¡¡,;r ,J, I'l,:'nteil F¡ Fa=':r_ra1 ht Ar¡nd¡. A. !'18F," l'jr:,dr_Llatirln,:,f
thyr,:'id [r*rrn,:ne nLr,:18år re':ept,:'rË bu Ehnrt-,:haín fatty a'-idE in gli-a.1 r::Ë,

¡:el I E, J Bi ':'l tl:hem :Ë1 i3(l:r : 13'jt7.

F-+.rher [*l Ir Jt-tdqe Er Ëevers l¡J " itEJ, Lr],g= ¡:rf type I Frr,,:'llIeqen qene
eI;FrÐE5i¡:rn in 5V4t-¡'-trançTr:¡rrTEd lir-t¡len fibr,:hla=.t=. i5 ¿'¡'-';'¡psnied by
liyperrlethylatÍ,:,n ':'f these qEnes. Nr-r': Ar Fjes 1(J:587t.

Ferry l'1 , l-:h¡I[:: ley, t: . I'JSl . The ,-=f fE¡:t ¡:¡f hi=1,:ne hypere':eLyL.rti,:,t"t ,:,r-¡

tlre nut':leaEe senç;itivit1", and thr- Er'1r-rbÍ1it1-, ';'f ,:lrr':rnatin. -T Bi':'l ll:hpril
¿rJU !. / .r ! JLr t.-r !

Ferry Fl, 1'J83, l::':'nseqLten,:Ës ¡:,f nyt invasi¡r'fl rt¡l: imrnltnr'Ë1r'hlin lr:,:í ¡

f_=r,:tE ånd çne,:LrIrq.l_: i ¡:rt-1. t::el I 3.1: É,17"

Fe'bli':vi,:h lnir Frand N-Iy F.rust Ay [:hamb':'n F. ].587, Ê, hum-qn retin':,i,:
åÈid re':(-ãpt':'r ulti':li bel'-'fiÇE t't' the f¿miIy ,:f nLt¡:18år ì'8,-EFtrrrrE. ['lrtr-rre
?At-t. ,:LJ.,:1

Fetr,:p':r-rlr-¡s tl.-To Yas!,.¡en F ¡ F¡.n:i':"f l'1 y F;rlrst¡: N. I'j85. l"iethylati,:n ,:f
the alphàfet'rpr¡:tein gFrrr: in ¡tËlI p,:'pu1åLi':ftE i=':Leted fr':'fl1 tÄt i.ivers
dlrr i nçt rl5a.rrl i n':qenesí =. l.Jr-r': Ar i d= li:es 13: IL

Feyr*t JF, tJ':'nneberre J, LJ¡.ndeualie F" Vennin Fo Lr.=':in A¡ Lefebvr* J,
1'-18Ë,, F'r':1a,:tin re':upt'_1r5 -lnrJ la':t¡1hr_trnín plasma pr,:,dLrr:ti,:n in hLrniån breaEt
t:ånr:Êr. Ilrl Efld¡t¡¡Irl¡';,1,;'qv,:'f the t-lrs=-lEtl F¡=ir: åfld l--lini,:Al A=Fe,:tS. Angli
É,¡ Elr.rdl'ru l-ll¡ D,:q1i':tti L EDS, ånn NY ¡1':-rd 5ri ;1.Ë¡tl.l17"

Flesk,:' I'llni r H-rrqr':ve JL, lfr¡nner D['i. t]:li.rIh1Èy f{, 1'lE:. Inhibi'bÍ':,n b-f
ç':rdiLrm hlrtyra{:e,:,f enryme indr_r':ti':'n hy qlLrr:,:,,:i,'¡.hi':,:'id= anfl dibt-rtyra.1 ¡tvrtlirl
ål'lF , J Ei ,:1 rl:hen i53: l if iË.

p,-rg,: FlìT, AL J. f rey Vti, l.1i rstly ê,E, 1'1F-Ë. F;NA .--:¡nthe=i 5 å.nd hi =tnne¡,:etyletir:n dt-trinq thp ,:,:'ttr=È r:,f qranF årtiviti,:n in lyrnphc,':yte=, Fr':': I'J¡tL
A,: Ed 5c i L|SA 55: Fir.
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Frrqr: Ftfï, prlrqr, AD¡ å1i f rey Vt:, t'lir=tty AE, 1'lË8, ¡_:ha.nging påt be'r'nE ':,f
hi=t':,ne å.,:Ftlrlatii'n å.nd FINA Eynthesis in rEqeneråti,Irn ¡-¡f rhe liver, Fr':':
Na'ç1 A't¡d 5,:í UË/+ 5-i:1¡37.

Flazin A, FjigqE,4D" 1'JB(:) . DNIA m=thy1¡ti':¡n r.nd qene fL.ln':ti':n. 5':iÉn,:e
i I tj: t:t-r.}=

r'---r ¡i'-' '"rnn Dri. 1.185. F:apid tran=fer ':r f Dl"lA fr':'rï.1qar¡-,5Ê {eis'i;¡-r{I.¡jtsU f...¡_., I'lr

ñyl ¡r¡n inr=tnhrånES, l.Jr-r': ê': i'J F,ieE 13{:'J(J j E7'-¿t}7 
=

Fieeders 5T, Erer-rning l-lHy Ia'¡ieE [i.Er Nir-ll¡:¡1ls FjD, Jarman åF, Hrqqs L]F:,

lrs¿r=':'n F'l-r [4eatherell DJ" t185" A hiqhly p':,1]rilì':,r'F[]i': DlilA rnårl,:Êr Iinhed t':,
adnl'b Dr:rlvi'¡çti'- [,: idner.. di=e¿_se r_1n r:l.tf{rfit':'gr:'fnf] 16, N¡.i;Ltfe t17:54i.

Fr'=ç:r¡e-- F llgs¡.jpsi F. 1,j7!, 5':'dilrrn br_r.b;-,¡s.¡s indLt':r'= np,+J qÈnE.'--'-- "t

e:;pre':.=i,:'n in Frrerrd er:,,1h'r',:,1811[:]¡-ìrui¡: r:e11g" -T Ëi':1 llhem :54i1i]j:4:93,

F:iggs ALr. I'175" X-in*':tiv-rti':,nr di f ferenriati':'n, ånd tl'.JA rneLhylati,:n,
ll:i't ':'qen l-:el I llenet 14; '1 .

F:igçls ADo J':neE FA" 1583, 5-nrethyl,:yt':'Einsy qene rÊgLtIåLi,-,n ånd
r:-qn,:Er " Adv ll:An F.es 4(:ì: 1.

Fli ggs til-i, ["lhi ttah:er F:tI, I'Jeurna.nn JFl, Inqram Ul'l. I'177 " n-Etlttl,/r-+.1:B
,:å.LtsËs hist':,ne m'rdi f i¡:å{iitrn in l-Jela ånd Friend let-rheni¡ ':e11=, [il*ture
¿UU; 'TU¿ '

Fi':'se DF" 1'J86" Fi¡artive pr':'1.r,riin and the p':tentíe1 f':'r redLr':inçl
bre-cst '-.an¡:ÊT ri=l'." Frev l'led l5:'l'1 .

Flr,E=ant Jr San f ,:r"d JF¡ IlhaFmen V[..]¡ *ndreuEa Ë11., I'J86,
Underme'Lhyla.ti¡r¡r1 ¡r¡f =trLr,:tLtr.i1 gene 

=EqLrEn¡:EE in e:,;tråËrîhry¡-'ni¡: line+qe= in
t he m,:nEe. Dev Ei ,:l LI7 t5û7 

"

Errir-L¡rril.l,:,Ar tJangh LJ, Litt¡.n Vll:y Allfrey Vri, I'J7'+, tl:hanqeE:ln
iii=t,:'ne -r':etTI r:r:ntent ånd in nLtr:Ie*r n':n-hiSt':'ne pr':tei[i r]rlr¡llp,lr!itir:,n ':f
Ètviå.n erytltr':Íd ':ellE rt di f ferent stage= r;rf ¡T¡¿{:¡1¡;¡ti,:'n. *T Etinl [:hern
.-r-.lu ¡.-r'-r r ! r.-¡L-u

li:t-rii-ll:¡.rí L 1': A¡ hhrnqh LJ, Al l f rey lJtl , L'j75. Frt-,¡:E:tssin! ,:f neu:l5r

=yn'Llre=i:ed híEt,--]ne m':1e,:LrIe=, 5,:ien':e I'lt-r: 117,

Salui HF, Jiri,:ny J¡ J,:Et JF " 1'JEË', Ëenr'rnii EeqLtEn':inq reveals
,r¡trrrËIåti':,n betueen the I-,: ineti':= ':f =tr¡nd-sirË,:i i'i': DI'IA demethyl¡ti':n ':,f Lhe
rtrVgrlapping e=Lredí,:,1./glLr':L:,4¡:¡rti¡:,:id-re¡:eFt':'r hindinq =ites and'Lhe rate r'f
åviån vitellr,qenin mF:NA synthe=i=, Fr,:': I'l¡.tl A,:*rci 5,:i UËA Ë3;7iË7"

Sarrluels Fo tl:¡.ss¡r;ri¡¿ J, Shar' Tll:, l.':J8(:) . Thyr-*id-hr:rì'm':'nE nLrr-1Éår
rErteDt'tr lr-ãVr:18 åfe inflr_ten':ed b'=, the ¡.r;pfyl¿.ti¡:ll rlrf r;l.i¡r¡r¡1¡¡tin*a==':':í;¡be{' ---r - -'
pr':tei ns, J Fi,:,1 l::hefï :55 (:Ë j ¡ 1'tr'15,

Ea.n,:' ll, Saqer F.: " 1'18:. Tissr-re ãper:i f i,:i L)¡ and ,:lr:Etering ';'f
inethyleted cyt,:,sinEs in !:,;'1,ine c¿.t:rll.ite L Dl'{A" Fr,:,': lrlaiL ê,,:ad 5ij. USA

./ f,;;*r,:i.,
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Sha.fir= FlT, þ¡,¡"_rl,'E Stl: , I'J77" Effe,:L r;r i p¡r;rl-r':tirr ,ln qFr:,Flth ånd bhË
ËËj--rrlüËn i'E¡tEDtrrrr level ':f [iLrrten bre;.s'': r-.:r.n,:L=r ':e1]sil'll-:F-'71. ll:.¡.¡r-gr¡ f.¡95=- ---r - -
.j./ : ./ =¿=

Shef f errl' l'1, Fii f l':Índ FiA, I'iar[,:s FA" t'JB:" I'lurine Frythri,].ÉLrl.:einiå. ÈÊ1 I
di f ferentieti':n: Df'l-rse I hyper=ensitivi'Ly and DNA methyl¡ti,:n nÊår thÊ
'1 
1,:hin [ËnÊ8, Fi ':": I'..latl å':¡.d 5ri USA 7']t 11Ë(J"

Shir-r liiFll: , I'17'i. Fr':l¡.':tin re,:el:b,r¡rã in hlrmån brea.=t ':.rn,:Er ':ells in
1':'ng--tEì"n'ì tis=lre':lrltr-rre. ¡-lan,:er Ees iJ:4381.

Shir-r FlFl-:. I'JE1 , ['¡'1]¿';!i¡1 , pi'|:r-ri bary h':rmrr,rìËË¡ å.nd brEå.EL ,-¡r.n':Er Iti]
Fanbury Eep';'¡f "' H,:¡rrn':¡nÉ5 ånd Etre¡.st lllan,:er , Fi lte l"lll Ëi Í I;er i Fli., l.'lel =.':h 

tlld

ED5" ll:':1d Spi.ing Herb':r Låb,:,råt':'ry USA p, tE5"

Shir-r F.lFt-ï, F+ters':'n Jå, 158'1.. Alterati':n ':'f rel I shape, Edlie=i,:ri y .rnd
1i¡:Íd å,:':Llmltlåti'-'n in hr-trnan bre¡='L ':å.n,:Fr,:elLEiÏ-470j by ht-trnan pr,ll-.å':tin
and çlrt'r*rth h,:rrn,:ne. l-.en':e'¡' liieE ¿l4t 1i78.

Shir-r l-'lFll:¡ I,"'-r.si,:rr+ Ëll"l " I'JË5, Fr':,1-=r':tin-iudr-L':i[:1e pr':Lein= in hr-tm¡.r¡

hree=t Ë.:inÈËr ':el 1=" J Ei r,1 t::hen tlE(-r i:i! j : 1 13t-i7"

Shir-r l;jFll:¡ l-lurphy Lti:u Tsr-tyr-ll':i D¡ l-lyal Y! Lee-t'linq [''|, Iu¡.=ir],1..t E, L'i8i,
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l¡ l-lr;r¡1flr;r¡e lilesæar':h: Fr,:':eediflflE r)f the 1'JËF-, l-"r.urEñl:ira.fi H¡lFttlrI¡tlE l::':'n fÊrL5nr:l- ,
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Shrn':',:'[,:]r=r-li.eiE FlJ, lj':1d=teín 5, ItÐ:" Interr:l¡lñåL vnritLi,:n in
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t,: nitr'-,':eIlLtl,:,EE ':r dia:':Lren¡ylr;r14}-,¡sthyl-p.¡.F'3r, Anal Fi'i':hern 1(:l'J:1'J3,
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frarlrlent= fr,:,m a,ler¡:r5Ê ËeI= t': dia=,:'ben:yI'rl.iymetl'iyI-papÉr and repid
hl,.bri,liiati,:,n hy LrEin,t de:';iran sr-rl f¡te. Fr':c Netl ê,':.rd 5ci U5'4 TÊ(: g1:3ËE]*î.
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Hurrn,:ne.. and Frea=t l-.nn,:+r, ll:,:,1d $pr:i.n1J HarLr':'r Lab':'r¿t,:ri¡ USA. ¡-r' 'j'll'lt'

t"lhi Le Fi , F,qrl:er lvl . 1'lE:. Der:e1':'FmËnt.-q.l ,:h.ångeã in DNA meì;hyl¡¡{;ir:rl"l
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