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IntheZTcelllineofhurrwnmedullarythyroidcarcinoma,theviralHarvey 
ras (V-E&) onccgene ix-Axes differentiation, marked by morphological 
changes, diminution of growth, and increased exprfzzsion of the calcitonin 
cl-* Here,weshcxthatthe transcriptional factor c-junis increased clurirq 
v-rasH induced differentiation of IT cells both at the mRNA and functional 
protein levels. In contrast, nuclear proteins with b' 
toAP2,AP3,NFl/crF,andsplwe.reunchangedinv- 3 

ing activities related 
differentiated TT 

cells. 01990 Academic Press. Inc. 

me B family of onaq3esarebestcharacterized fortheirtransfonniq 

capabilities inmdent fibrcblasts, arrdtheiractivation invarious 

experimental and naturally cccurring cancmzs (1). However, in some cell types, 

ras ollcogenes can play a role in cell differentiation. Introduction of ras 

genes orprotein into Xl2 rat- cellsiIxducesneLucnal 

differentiation acxxqanied by cessation of growth (2-4). We have noted in the 

'lTcelllineofhumann&ullaqthymid~inamthatin~ctionofv-rasH 

by infectionwithHarveynurine sarcamvirus(HaEV)resultsindemm& 

~,dlterednro~logy,inr=reasedsecretorygranules,andincreased 

expression of the cdlcitonin gene, including a change in the alternative 

splicing of the calcitonin gene tzramcri~tomre close resemble that of 

normal thymid C-cells (5). Finally, Semmatis et al (6) have shown that 

ikmductimofv-rasH intchumanlyn@&lastoidcellspromtedplasmacytoid 
differentiation. 

While these disparalx effects of ras Qlloogene expression must involve 

signall~@hwaysleadi.tqtodifferences ingfmeexpression,thesepathways 
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arenotyetfmtinzlydefined. An iqmtant question is whether ras employs 

smneofthe sampathways inits mleasa tmnsformingagentor 

diffeEnt:Lating agent in different cells. Inseveralgeneswhichhavebeen 

shmntoberegulatedbyras,theras msponsivetNAelement contains an 

c-jun/APl binding site (7-ll), suqgestirq that scme of the effects of ras may 

benwiiatfd~ajm familyprolkn. ISxxntly,ithasbeenshcwnthatin 

both 3T3 cells (12), in whic+l ras is txansforming, and in PC12 cells (13), in 

whichras isdiffermtiatixq,the tmnscription factorc-junis inaucedby 

ras. We have examined the mdulation of seveml transcription factors in TT 

cells, in whi& ras has a differentiating function. Here, we shcw that c-jun 

is incmsi;edas a result of htmductionofthev-rasHgene intom veils. 

Cell Culhre --- Tl? cells mre grmm in m-1640 containing 16% fetal bovine 
serum, 100 U/ml penicillin, ard 100 q/ml stmptmycin. 
witheitherHaWvard 

They were infected 
aqhotmpic nurine leukemia helper virus 1504A, or, as a 

control, with 1504A helper virus alcme, as described previously (5). 

NorthemBlottirq. lkndayspcstinfection, cellswerehamestedar~I~ 
was isolaixd u&q guanidim isothiocyanate followed by oligo dT cellulose 
--3Jwy (14). Ten miv of poly A+ mRNA were blotted and 
hybridized, as previously described (5), with prcbes for c-jun/APl (15), 
NFl/C!I'F (:L6), or fi-actin. 

Nuclear extracts were prepared from Tr and m - Mobilitv Shift Assay. 
cells by the method of Dignam et al. (17), except that buffer C contained 420 
IIN KC1 instead of 420 Ml NaCl. In addition, since TT ras cells apparently have 
highptiz=elevels, leupeptin (0.5 ug/ml) andpepstatin (lug/ml) were 
added. m&lee oligonucleotides containing a consensus 
for APl (5'P-3'), Ap2 (5 

bikiingsite 
'-GAEXAACTAm-3'), 

AP3 (5'-3'), Spl (5'K-3'), or 
fromstratageneand 

cementsynthesisusingKlenowDNA 
Binding was done at O°C jn 
4.5-18 ug crude nuclear 

exlxact, 2 
7.9. 

uq poly $FdC, 50 nt4 KCl, 10 K&I HEPES, 5 n@l ED-PA, 10% glycerol, @I 
After 10-15m, sampleswe~~loadedona 5% polyacrylamide (7g:l 

acrylamide:bis) gel in 6.7 IIM tris Cl, 3.35 IIM Na acetate, 1 n@l Na EMIA buffer, 
pH 7.9, ad eleresed at 4OC for 2 hours. Binding with each of these 
double strar&doligonucleotidesaxildbeblockedbyex~s coldhomologous 
oligomcleotide (data not shown). 

Tl?cel.lsdiffemmtiatx3zIbyinfecticmbyHa+sv (Trrascells) express 

increased (5-15 fold) levels of c-jun mRNA, relative to c-jun levels in 

pare&al 'IT cells or TT cells infected by helper virus alone (Fig. VL). In 

oontrast,~levelsoftheCCAATbcorbindingfactorNFl/~wereunchangedin 

'IT ras cells (Fig. IB). Insqpo*ofthisfindingofincreasedc-junmRNAin 

TTrascel.ls,wehavealso fandanincmase in functionaljun family related 
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C 
I 2 3 

levels of c-jun mE?NA in TT cells differentiated by Fi- l. “EzEi3zqene. Northern blot of poly A+ RNA from uninfected 'IT 
cells (lanes l), TT oells infected with 1504A amphotropic murine 
leukemiahelpervirus (lane 2), ani!ITcells infect&withHa-MW 
(lanes 3). A, cjunmRN?i&tect& by hybridization with pW (15); 
B, NFl/C!.lF detected by hybridization with pRS.Cl'Fl (16); C, @-actin 
mRNA for normalization of loading, detect& by hybridization with a 
h-p-actinprcbe, as described previously (5). 

DNA biding activity in these cells. NuclearextradswerepreparedfmTr 

and Tr ras cells, arr3 imubated with a daUe skrarded oligonucleotide 
. . cmh.muqaamsemusDNAsequenoe forthejunbirdinqsite. Binding activity 

fortheseoligomcleotides,whichmybedueti severalmxbersofthejun 

family,was&tectedbyagelmbilityshiftassay. ZLS shmn inFigure 2A, 

substx&iallym~ofthejunftilyconsensus DNAbirdingsitewasbourdwhen 

ina&atxdwithnuclearextracts fmnTl?ras cells, suggestingthatthec-jun 

mRNAistranslatedts3functimalprotein. 

Sixeras hkxddiffermtiaticnof TTcells result133 inan inmease in 

the ojun tramuiptionfactor, wehaveuseda similargelmbilityshiftassay 

tmexamimwbether this effect was specific, or whether numemus other 

transcription factorsmightgenerallybemdulatedby ras induced 

diffemltiationinthesecells. We en@asize that this gel mobility shift 

~~Qesnotidentifytheewctp~inresponsibleforbindingthe 

oligonucleutide,butmay~oneormore~ of a family of DNA birding 
pmteirbswithsimi.lar sequence specificity; the jun family, for exarfple, has at 
leastthree nw?rkas (18,19). We have noted XI differences, in nuclear f+xtracts 
fran TT or Tl' ras cells, in levels of prutein binding for oligonucleotides 
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2. Ficrure Increasedlevels oft-juq/AFT, butnotAP2, AP3, NFl/cTF orsplm 
squencebinzlirqpmteinsinTI'rasnuclearextracts. Labeled 
dcuble stramkd oligonucleutides containing the consensus sequences 
wfxei.rm.htedwithi.r&icated ancunts (in micrograms) of nuclear 
extradfnrn~or~rlasls,ardprotein-DNA~lexeswere 
separated fran free oligmucleotides on nor&n&u&q 5% 
pOlyXq&3mide gels, aS described in Expsrimental procedures. A, 
c-juq/APl; B, APL?; C, AP3; D, NFl/Cl?F; E, Spl. 

containingtbeconsensus~ for transcription factors AP2 (20,21), Ap3 

(22), Spl (23) or NFl/CI'F (24) (Fig. 2&E), save for a possible increase in a 

minor high molecular weight AP3 band (Fig. 2C). The finding of no change in 

NFl/CTF bhIirq is in agreement withaurresults shcwingnocharqe inNFl/Cm 

niKNA in TT ras cells, and pruvides an internal control for possible differences 

innuolearextractpreparations. 

DISCUSSION 

In TT cells, as well as in 3T3 (12) and PC12 (13) cells, introduction of 

rasoncqenesresults inhcmasedexpressionofc-jun. This suggests that, at 
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leastthmlghthelevelofthis transcriptional activator, r-as my utilize 

identicdlor~~si~l~pathwarswhethertheresultantphenotypeis 

tzansfonmtion or differxmtiation. Ccmsistentwith this possibility, it has 

been fand that in ras-transformed 3T3 cells, @mqhoinositide turnover is 

kxxased, With stinulatim of the pmtein kinase C pathway (25,26). 
Similarily, inlTcells, @c+minc6itideturmverandproteinkinase Clevels 

a.reincreased(r4.Mablyetal., lmmscript in preparation). This pathway may 

be the up&ream effector of the incmmeswhave obsemed in c-junlevels, 

sincec-june>q>ressionisstinulatedbythispathwayin~~tfibroblasts 

(27,28). 

Whether all of the phemtypic effects of ras in ?T cells are mediated 

tiragh c-jun is uncertain. InourearlierstMiesemployiqchemical 

differentiatirq agents TPA atxi c&Q@ on 'IT cells (29,30), sonvz of the secretory 

andmr@logicalcharqes,&iicharealsoseenafterrasn~diated 

differentiation, oflzwmdwithjnmirrrtes,suggestingthatchangesin 
tmnscriptionkeremtxequir4 forthfxeckuqes. Inotiercelllines, in 

sevegenestiche mspxkve to ms, the responsive element has been 

shum to ccntkn a c-jun/ml bimkq site (7-11). By analogy, we envision that 

ras effects in other systems, i.rrzluIi~~~ TT. cells, may involve cxnmbinations of 

txanscriptim (and&her) factors, i.ml*c-jun/Ap1. Hmever, notall 

effects of ms expression are mediated via c-jun/Apl. For example, 
%ssmeXorsi et al. (13) have recently Eihudn in PC12 cells that in the c-fc6 

pramtertherasresponsiveelemerrtiswithinthedyadsymmetryelementand 
doesnot requirethec-jun/AP1bindingsite,dlth~rasinducedanAP1li3ce 
birxling activity k~ those cells. 

Inmcells, repression ofthecalcitoningeneis stimulatedduring 

v-raZ dated differentiation (5). Thehuman calcitmingenepromoter 
contains the squence TGAm (31; B.D.N., unpublished) which Broad et al. 

(31) havenoted is similartothec-jun/APlcmnsensus sequence. It will be 
hp0rtdrrt t0de~whetherthi.s site is part of a ras responsive element, 

andwhetherf&issiteisactuallya sequence for c-jun/APlbinding. In 

a&W&n, the availability of cloned genes for smz of these transcription 
factors, including *jm/APl, will allcw dissection of their specific effezts 

indifferentiaticmortransfomation. 
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