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SUMMARY

Mouse fibroblasts growit-mg in vitro (L cells) contain a binding component for tniam-

cinolone acetoimide which is apparently distributed intracellulanly, largely as a cytoplasmic
soluble mrtcmomolecule. The structure-activity relationships of steroids active in growth

inhibition nine exactly 1)amnthleled by their ability to displace t-H-tmianueinolone acetonide from

this binding compomment. The bindinug component is saturated between 10-8 and 5 X 108 �

tniamcit-iolone rucetoim ide. The macromolecules bind umuchanged tniameinolone acetomuide

not-ueovalemutly, at-id time steroid is released from bit-iding by brief digestiot-i with a proteolytic

ermzyme. Cells which are resistant to glucocorticoids bit-id much less’ tniameit-uolone acetonide
in a specific nuanumier (i.e., displaceable by glueocorticoids) that-i do sensitive cells. The bind-

it-mg eonmpot-iet-it therefore satisfies mat-my of the rigorous criteria imecessany for assigimment as
a “receptor” for the growth-inhibitory action of glucocorticoids on mouse fibroblasts. In

additiomi, tniamcit-uolot-ue acetonide bout-id to the 105,000 X g supernatant fraction remains

bout-md umuder conditions of frozen storage for at least 1 month.

INTRODUCTION

The mate of growth of mouse fibrobiasts,
strait-i L-929, mnuinmtained in vitro is inhibited

by low doses of glucoeomticoids. It has been
denuonstrated that the activity of steroids

in depressimmg the rate of growth of mouse
flbnoblasts reflects their clinical efficacy as

amuti-immflammatony agents (1, 2). Previous
imuvestigat iomms comucemmuit-mg the mechanism of
gmowtim inhibition bmouglmt about by steroids
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in these cells iuave centered on inhibition of
the mate of imueomporatiot-i of radioactive
precursors it-ito nmaeromolecular cell corn-

pot-met-its (3, 4) and ot-i inhibition of the rate
of nucleic acid syt-uthesis measured in sub-
cellular systenus (5).

In this study we focus on the identification
of specific bindit-mg compot-met-uts for gluco-
corticoids it-u L cells. Time search for ru receptor
for growth inhibition is complicated by the
fact that these cells are ruble to transport
actively centaimi steroids of the glucocorti-

coid series (6, 7) at-md tiuus nuay be expected to

cot-itnuin at least two types of receptor mole-

cules: omie for tnamusport and omue for growth

inhuibition. We have denuomustrated the exist-

ct-ice of a pnoteimi fmruction which binds

glucocorticoids it-u a n’mrumut-menspecifically me-
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lated to the gmowth-it-mhibitomy action of these

agents.

EXPERIMENTAL PROCEI)URE

Cell cultures. Monolayer cultures of mouse

fibroblasts (L cells) were nuait-mtained omu
Joklik medium obtained from Schwarz Bio-
Research, supplemented with 10 % bovit-ie

serum in an atmosphere of 3 % CO2 at-id 95 %
air. Spinner cultures of L cells were main-

tamed in basal medium (5) modified such
that the amino acids were eot-meentmated 5
times, L-glutamine 3 times, vitamins 2 times,
glucose 5 times, NaHt-P04 10 tinues, and
CaC1t- and NaHCOt- were onuitted. This
medium was supplememited with 150,000
units/liter of penicillini, 100 mg,/liter of
streptomycin sulfate, 10 % bovine serum,
and 0.1 % methylcellulose (15 centipoises).

Cultures were maintait-ued nut 370 with cot-u-
stat-it stirring it-i at-i atmosphere of humidified

air. The pH of this culture medium is 7.2.
Resistamit cultures were made by growimmg
stock cultures it-u 3 X 10_6 �L cortisol for 2
months and in 10� M cortisol for 19 mot-itlus.

At that time the growth rates it-i the preset-ice

and abset-ice of 10-t- M cortisol were the same.

Chemicals. Tmiameit-uolone acetonide-1 ,2,
4-t-H,t- 4.3 Ci/mmole, was purchased fronu

Schwarz BioReseamch, at-id ummifommly labeled
sucrose-’4C, 4.9 mCi/numole, was obtaimied
from New Et-iglat-id Nuclear Corpomatiot-i.

Dexarnethasot-me at-id fluoeinmolomme nucetommide
were gifts of Dr. Ralph 1)orfmat-u of Syt-mtex

Corporationu. Tniamcinolone acetot-mide was
donuated by Lederle Laboratories, rut-id 1 la-
cortisol by the Squibb Institute for Medical

Research. All other steroids were puncimased

from commercial sources. Ribommuclease A

from bovine pancrenis (protease-frec) rut-md

lipase from wheat germ crume fnonm Signma

2 The trivial mmanmes for steroids used tire:tn-

amcimmolomme acetonide, 9a-fluoro-11$, l6a, l7a ,21-

tetrahydroxypregna-1 ,4-diemie-3,20-diomme 16,17-
acetommide; fluocimmolone acetomiide, (km,9a-difluoro-

llfi,lGa,l7a,2l - tetrahydroxypregna -1,4 - diene -

3, 20-diomme 16, 17-acetommide; dexanmethasone, 9a-

fluoro - 16a - methyl - 11�i,17a,21 - trihydroxy -

pregna-1 ,4-diene-3,20-diomme. 1la-Cortisol amid

11$-cortisol refer to ha, l7a ,21-trihmydroxypregmi-

4-emme-3 ,20-diomme and 11$, 17a ,21 -trihmydroxypregmm-
4-enme-3,20-diorme, respectively.

Chemical Companmy. Pmot-mase was obtained
from Calbiochem.

Dose-response ielations/m ips for inhibition

of cell f/POWtIt. The effects of various eoncen-
trations of steroids on time growth of cells

over a 4-dnuv period were determinued nis

described previously (3).
Incubation of cells wit/i steroid. It-i the cx-

pemimemits described in Tables 1 at-md 2, cells

were harvested from monolayer culture by
scrapimig with a rubber polieemat-m it-ito

growth medium, collected by cemitmifugatiomi
at 600 X ij, at-id resuspemuded it-i Earle’s snult

solutiot-i (pH 7.2). mm the experimet-its of
Table 1 amid Fig. 6, tnianucimmolomie rueetot-mide-
1 , 2 , 4-t-H amid suerose-’4C were tiuemi added,
replicate ruliquots of time cell suspemlsiot-m were
distributed iimto stoppered flasks with rut-i

atmosphere of 3 % CO� it-i ruin, additions of

vehicle or miommnrudioactive steroid were mrude,
at-id the cells were it-meubnuted witlu mild!
shaking at 370� At the ct-id of the it-ieubatiomm

the cells were collected by low-speed cemmtnif-
ugation without washimig, nut-id they were

ruptured at-id frructiommated as described be-

low.
It-u all other expeninuemmts cells were har-

vested! from suspemisiot-m cultures by cemitni-
fugationat600 X g for 10 nut-i. Timeeehlswere

washed twice by resuspet-ision it-u 4-6 volumes

of Earle’s salt solutiomi nut-id eent.nifugatiot-u at
600 X q. The washed cells were theni sus-

pended it-u Earle’s salt solution rut-md! supple-
memited with 0.1 % glucose (approxinmately

2 ml of packed cells it-i 40 nil of salt solution).

Replicate snumpies of cell suspension were

distributed to 30-nil Erlet-mnucver flasks
cot-mt.nuimmimmg t-H-triamcinoiomme ricetommide in
etiurummol rut-id!nut-uatnuosphiere of 3 #{182}�(102 iii

air. Tiuc fit-mt-u! eot-mcct-mtmnutiot-u of etlmrut-iol was

t-mever more tiurumu 0.23 ‘. The cells were then
imicubated nut 37#{176}with t-uuik! simrukimmg for 30
mit-i.

Cell rupture and fractionation. After incu-

brution with labeled steroid, cells were cen-

tnifuged at 600 X q for 3 nmin rut 4#{176}.All

subsequet-it operatiomms, it-icludit-ig clmroma-

tognnupimy on Sephrudex columns, were per-

formed rut 0-4#{176}.The cell pellet wrus washed

twice by nesuspeimsiot-u it-u 40 nmml of Erurle’s

stilt solutiomi rut-id low-speed (ct-mtnifugrution.

The waslued cells were tiueni suspcmmded it-i 4



302 HACKNEY ET AL.

volut-mucs of ru hypotonic solutiomu of 0.01 iu

Tnis buffer at pH 7.3 nut-md0.4 nuui EDTA for
3 nuimi at-md hmomogemmized! with 13 strokes of a

tightly fittit-mg pestle it-i ru 1)out-mce-type ginuss

honuoget-uizer. After honuoget-m izrutionm , exructly

0.1 volunueof hypentonmic buffer (1.43 M NaCI,

0.11 M KCI, 0.033 �s i’ulgCl2, 0.11 M Tnis, pH
7.3) w�nis added to bnit-ig the bnoket-m eel!
suspet-msion to isotommicity . This sut-spet-usiomm

contrtimms ccl! debris, t-iuclci, rut-id! less than 1 �

whole cells. The broket-i cell suspet-msiomi �

cemmtnifuged nit 600 X q for 10 nut-u rut-id sep-
amate(1 it-ito ru t-iuelear l)ehlet ammdl a 600 )< �j

51t-I)f�t-’t- matnit-it fnnuctionm . Tmi time experi nuet-uts

pmeset-ited it-u Tnubles 1 rut-mdl 2 the 600 X ii
supert-mrutammt fnaetiot-i was cemitnifuged rut

10,000 X ii for 10 mit-i, nut-id the resulting

supermunutnumit solution uvnts further cenutrifuged
rut 103,000 X ii for 1 hr. It-i the nest of the
experinuet-mts the 10,000 X y step was onuit-
ted, rind a 103,000 X g supcnmmnutnummt fmactiomi

wrus prepnuned directly irot-um the low speed
supermmrutat-mt fluid.

Time 103,000 X g supeit-mnutat-it fmruction wrus

fractiot-mnuted it-ito macnot-imolecular at-id sniruh!
moleculnur comuipomiemuts withimu 1 hr of its

prcpnurnttiomu by chromnutogmnupiuimig 0.4 nil on
ru 0.3 X 24 cni Sephunudex G-23 colunmmt-i withu
rut-ie!utiomm buffer of 0.01 M Tnis (pH 7.S)-
0.04 ii 1�.Cl. Approximnutely fifty 1-nm! frac-

tiomis were collected, the optical density rut
2S0 nu� wnus measured it-me;ucim, time I)notein

commteimt. wnus russnuyed, rut-m(lnuliquots were as-

tt-rtVe(1 for radioactivity.

1?adioactivity as.sa/j. It-i t.ii()5( crises �viuen
ma(hii)nlctiyitv nussays were to be ln’rfornued on

I t-nuctiot-ms eht-te(i from SeI)ImrideX, 0.3 nil of
time fnnuction was ridded to 10 t-ut-l of scintil-
latiot-i solutiomi preprured nuccot-ding to the
t-umethmod of Bray (9), at-md astnmvetl it-i a Pruek-

ar(! TniC’ut-’b liqut-id! scimmtillatiomi spectrom-
eter, model 3310.

\Vimen whole ccli t-mmateninul ut- pruticuhute

fractiot-is were to be assnuycd, the centrifuged

pellets were suspet-mded it-i 3 nml of water amid
sot-micruted for 3 sec with a Bronwil! Biosoimik

III immstrumenmt rut a scttit-mg of 30, to ruttruin
cot-mupletc eel! dismuptiomm. ()t-ie mt-milliliter of
this 5OIi1( extract wnus thct-i rudded to 10 ml
of Bmruv’s solutiot-mrut-idcounted. Iii two cx-

pet-it-net-its(Tnuble 1 and l’ig. 6) it wrus mieces-
tnt t-y to correct t-H-st troid coummts associated

uvith the cell j)ellet nut-idvarious cell I rructiot-ms

for nut-uv contribution nuade by contrumit-natit-ug
extrnucellulnur fluid. This � dot-me usit-ig ‘4C-
sucrose nus nu mnurker for extracehlular fluid as

described by Gross et al (7).
Enzyme a.ssays. Aci(! phosphatnuse (ortho-

phosphoric rnot-a)ester phosphohydnolase,
I�:C 3.1.3.2) � assayed by the method of
Hers et al (10), usit-ig fl-g!yeenophosphate as

substrrute . C lucose 6- phosphnutrise (m-glu-

cotte-6-phos�)hate I)hm )sphOhydnOlnuse, EC 3 1.
3.9) was nucasured by the method of (ha-

t-metto rut-id! die I)uve ( 1 1 ) . It-u both cases the
imiongammic l)hoSI)imnute hibernuted wrus nieasured

by the method of Sunmmien (12), amid 1 ut-mit

of enzyme activity is timat amoumit liecessary

to font-n 1 mnuole of phosphorus it-i 1 hr at
37#{176}.

(‘ytochnome oxidruse (eytochrome c: 02
oxidoreductase, J,(1 1.9.3.1) activity was
assayed by the nuethod of Strauss (13). Onme
ut-mit of nuctivity is that rut-it-out-it of emmzyme
which conipletely oxi(lizes 120 �zg of di-
methyl -p-phemmylemuedhnu maine hydirochioride

1)(’t- mimiute.
Chew ical assays. I �roteit-u dletenlmmiminutiot-ms

were carried out accondhmmg to the nt-method of

Oyamnu and! Eagle (14), usit-ig crystalline

bovimme rulbummmimi (Art-noun Phammnuceutieal

(‘onmpnut-iv) as a strut-idardi. Snumples were

pmepnured for HNA nit-id I)NA assnuy by pre-
cipitatiot-i with 3 � tnichulonacetic rucid rut-id!

t-cniova! of lipid! fnomum the precipitate by
extnactiot-m omiec with ethanol-H20 (4: 1) and

twice with ethnunol-ethuen (1:1). The lipid-
txtrnuctcd precipitates were thmemu hydrolyzed
for 1 hum at 90#{176}in 6 #{182}�perchlorrucetic nucid, and
the J)NA contct-it of the supernatnumit fluid!

wrus detcrnuincd by time miiethod of Burton
(13), it-sing tieoxymibose as a stammdlard. Time

RNA comitemit was determinmed by the nuethod
of Volkinu rut-id Cohn (16), usit-ig mibosc as the

stnumi(lamdi.

C/i ruin atoijrap/i �j. (‘lu romrutogmnuphmy of ster-

Oldis was carried out omm silica gel thimi-layer

plates (Bnuker-I’Iex Silica Gel lB obtruit-ied
fronm the .J. T. Bntker (1henmientl (‘omprummy).

Two seprurate solvct-mt systems were em-

ployed: chlorofornm-t-miethammol-nucetic acid
(90: 10: 2) nut-md cvelohexamme-acetone-aeetic

acid (30:30:2). Samples were run with pure

tninunucit-molonie acet�)Imide nus a marker, and

snunull sectiot-is were cut out, ruddedi to 10 ml
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of Bray’s so!utiomm, rut-md nussayed for rrudionuc-

tivitv it-i the scit-itillatiomi speetronueter.

RESULTS

Distribution of radioactive triamcinolone

acetonule in L cells. Tnitium-labeled tn-

amcino!one acetommide (2 X 10� u) at-id ‘4C-

labeled sucrose were added to a suspemusion

of L cel!s in Earle’s srult solutiomi. Time re-
sultimmg suspet-msiomi was divided! it-ito three
parts. 0t-ie part received vehicle ot-ily, while

the other two received t-mot-imadioactive I l(�-
cortiso! (2 X l0-� M) nit-id lla-cortisol (2 X
l0-� M), respectively. After it-icubation of the

eel! suspensions with mild shakimmg for 30
mit-i at 37#{176},time amount of tnitium-labeled

triamcinolone aeetot-uide associated with
whole cells at-id various subee!!ular fractious
was determit-ied (Table 1). Less madiormctive

steroid is associated with whmo!e cells which
have been imucubated with not-i radioactive
1l�-cortisoI thuamu is associruted with cells
which have been inucubated either with t-mo

competing steroid or with lla-cortisoI, time

isonmer completely inactive as a growth-in-

hmibitory nuget-mt. Time eot-ueentration of I l�-
contisol used here was 20 times the maxinmnul

growtiu-inhibitory dose (see Fig. 2), wimile

that of tninumcimioiot-me acetonide was rut the

lowest dose which results in maxima! growth

immhibitiot-u (Fig. 4). The incubation time of
30 mimi is well beyot-ud the tinme whet-i eonm-

plete equi!ibratiomu of steroid is achieved
between the cells and time suspendimig me-
dium. Other dnutni (t-iot showmi) indicate tiurut

equihibrrution is nuchieved by 1-2 mit-i of incu-

bation. Sigt-mifieammt displaeememut of steroi(1

by 1 1$-cortisol is observed it-i whole cells, it-i

thue sedimet-it nufter centmifugatiot-i of broket-i
cells at 600 X y, at-md in the 103,000 X �/ sUper-
t-mnitnut-it fraction, but mmot it-i the other cell

fractions. More timat-i two-thirds of the totnu!
celi-nussociated radioactivity displacet-ible by

1 1�3-cortiso! is foumid it-i tlue soluble frruction,

at-md time rest is fdnmt-id! it-i the low-speet! pellet.

There is t-uo sigmmificant displacement of tn-

nunmeinolomie aeetonide by 1 la-cortisol.

Time subceihumlnir fractions obtained by

TA13m�E 1

�4ssoeiation of tritimoii-labeled tri(mmcinolone acetonide wit/i L cells

After being hrurvested fronm rmmomiolriyer cultures, L cells were smispemided imi Earle’s salt solution cot-i-

taming tniamcinolonie acetomiide-1 ,2,4�3H at a timed concemmtrtutiomm of 2 X 10� it ammd smmcrose-’mC (4.9
mnCi/nmmimole) at ru firmal conicentrat rot-i of 10� mc. The resultimig suspension was divided it-ito three parts. To

omme wmus ridded nonradiorictive ha-con sot (lit-nil commcermtrrutiomi, 2 X 10� M) ; to rut-mother, nommrru(liotuctive

h1�-cortisol (fit-mat concemmtratiomi, 2 X 10-� M) ; timid to time third, vehicle alone. The cultures

were incubated for 30 nt-it-i rut 37#{176}iii rut-i at mosphere of 5% C( )2 in air. After immcubatiomm, duplicate srummmples

were remmt-oved from erich cut tune for (let ermmt-it-itt t iomi of time amnommmmt of t riamnc immolomme acet omiide associa t usi

with the immtact cells. The remainder 1)1 the cells were pelleted by eemmtnifmmgat lot-iat 600 X g for 5 nt-ut-, timid

the imucubatiomm mmmediummmwas carefully removed for detenmmmimuutiomm of tnitiumt-m tumid‘4C ra(lioructivity.The
cells were broken opemm, at-id cellmmlar fraet lot-is were isolated rut-mdcounted misdescribed under EXPERt-MEN-

TA L PROCEDURE. Each vrulue below represents tnirumimeimiolomme rucetommide rrudioruct ivi ty associated wi tim the

various cellular fractiomm.s after correction for at-my comt-tanmimirut it-mg ext rrueellmmlrur fluid. Results are time

means ± starmdard errors of four separate experiniemits.

Radioactive labeled triarncinolone acetoni(le

Cell fraction associated with each fraction -

No addition 1 la-Cortisol I l�-Cortisol

cp?n, jig protein .V

Intact cells 16.3 ± 1.2 16.3 ± 1.0 13.4 ± 1.5

Broken cells 16.5 ± 1.1 15.9 ± 1.4 13.6 ± 1.5’

600 X g sediment 9.3 ± 0.9 8.6 ± 0.8 7.7 ± 0.7
10,000 X gsedimnemmt 16.3 ± 1.1 15.4 ± 0.8 14.7 ± 1.1

105,000 X gsedimnemut 10.5 ± 0.6 11.9 ± 2.9 12.5 ± 1.5

105,000 X gsupernatrumit 21.8 ± 2.1 21.6 ± 1.7 17.3 ± 2.5

Iisimig paired results fronm each exl)erimnemit, timese mmmmnmbers are sigmmifirrmmit ly diflerent-t frommm t lmose of

cultures treated with mmommradioructive hla-cortisol rut p < 0.05.



TABLE 2

D.V.4, R�VA, and protein content and specific activity of marker enzymes in subce//i,lar fractions prepared
from L cells

Cell fnruct iot-is were preprum’ed rut-it-I t’ht-emt-iical amid emmzvmmme assays were tarried out rus described ummder

EXm’EmtIMENT.� L pR0CEm� RE. l’;tuehival tie below represemits the merumi amid st rummdard error calculated from

the miminmber of experinmemmts immtlicated imiparemmthieses rut t he hottomt-i of cacti columnmm.

Cvto- Glucose Acid
chrome 6-phos- phos-

oxidase phatase phatase

uni1s/j� protein
N X 10�

l’raction I)N.� RN;� Protein

of total recovered

ssj; ± t;.t;�

9.4 ± 2.1

31.4 ± 2.2

16.1 ± 3.4

41.9 ± 1.9

13.4 ± 1.1

1.2 ± 0.4�

0.8 ± 0.1�

2.9 ± 0.1�

3.4 ± 0.2

2.5 ± 0.0
7.9 ± 0.4�

3.1 ± 0.3

1.7 ± 0.3

6.9 ± 0.5

3.0 ± 1.2 29.2 ± 0.9� 9.7 ± 0.5 0 4.7 ± 1.4 9.9 ± 1.4
2.1 ± 1.2 26.5 ± 6.8 33.5 ± h.6� 0.1 ± 0.1 1.2 ± 0.2 2.1 ± 0.9

(mm = 7) (a = 5) (a = 14) (u = 3) (n 3) (a = 3)
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Bnokemi (‘ells

6(X) >< g sedimimemit

10,(XX) X g st’d inmemit

105,0(X) X g sedimemit

105,(X)() >< q supem’mirit am it

units �g
protein
‘1/ x 10

cet-itnifugnut ion at-c ehmantu(l enizt’(! it-i �ftuble 2

it-i tct-t-iis of tiieit-’ (�Ot-it(’t-it of I)NA, RNA, rut-id

l)t-’ott’it-i (O!lt(’t-it tiS uvell nus tIme distiibutiot-i of
s(’lected! nuninken et- izvnmes. �\.s ex� )ecte(i, time

bulk of the I )XA was recovtm’(’(l it-i time 600 )<

(1 l)r(’eil)ittute, \Vimi(im d�)t-Ittuit-it’(I l)nt’(lonmi-
imnut-ttly ivhiolt t-iUCl(i by numieno-dopic obsenvru-

t li)Ii . (‘vtochmnot-uue oxi(lrut’, a mumitochot-idnial

i’t-mzvnu( in rrut liven (17) , isru (letect(’d l)mt’-

donuinmnut-itlyit-u time 10,000 )< q sedinmemit. (�lim-
(( )5(’ ()-� )hiO5� )hmnutrust’, iviiichi uris been t t-epoi’t (‘(I
to be nu mumiciosot-mmnulenzvnme it-intut liver (1�),
wrus detected it-i both time 10,000 X �,‘ sedit-muent

rut-md time 103,000 X �,‘ sedit-umet-it, as \vrus nucid

phuosphrut ruse, ru !ysosonme-nussoeinuted et-izyme

in rat liver (19). Time 103,0(X) X �i supert-mnutnut-it

fraction eoiitnuit-ied very little of these prur-
tide-bout-id et-izvnies at-md t-mmnuvthmemefone be
referred to nus time soluble I mruetiomi.

Although the specificnully (hisj)lacertble
trianucit-molot-me rucetonide \V’I� associated with
both the mit-mclean amid soluble fnnuctiomis, we

chose to focus our ruttct-itiot-mot-i the t-mrttune of
thus binding it-i the 103,000 X �i supernrutntmit
frruction, as this is isimere time greatest nummiount

is located.
�Separat ion ii,/ bo�iid f,’mn fi’ee steroid by

iSephwlea �iel ,filti’ation. Tlmree replicate sus-

pet-msiomisof L cells were it-meubnuted foi 30 ruin
rut 37#{176}witim 10m M tt-itiit-t-mu-!rtheledtninmnucit-uo-

lot-me nue(’t.ot-mi(le nulot-me oi’ with 1 1�3-contisol
(10� �n) or 1 la-eontisol (10 ii) as described!

ill EXPERIMENTAL PROCEDURE. A 103,000 X

1/ supermmnutrumt fmructiot-i svrus prepam’e(l, nuiidI

nun ruhi 111()t \�5 Ii ltele( I t hmrough Scphmrudex

( ;-23. It cat-i be s�’et-i ( l’ig. 1) thmnit tnitiuni-
Inubeled nmnutem’inu! is e!ute(l �vitlm tue nirucro-

t-muoleciiltut- frructiot-m exdhu(le(i fnomuu the Sephmnu-

(!(‘x. “lime sl)ecilic ructivitv ()f time bout-u!
Stem’Oid! is 13.7 cpnu/i.Lg of l)m0t(’it-i muitroget-i in

tIme nmneni ut-t-m(leI’ time nmrucronmiolecular J)eak.

‘i.1hie l)1eselice of 10 :si I 1�-d()m’tiS0! re(luecs

time bit-mdimig by 93 � to 1.0 cpt-ii//.Lg of Pt-Oteit-m

t-uitt-oget-i. It-icumbnution it-i tIme l)m’set-ice of the

it-mnuctive isomer, 1 lcm-cortisoi, does muot re(Iuee

the bimmdit-mg rut null.The specific nuetivity of

time bout-Id! nmaterirul in this cruse was 14.2
cpnu/.ug of 1)roteiml t-uitnogen. Most of the

umt-mboumt-md:IH_tm.jrumuucimmohot-mt.aectonide is dim-

mnuted during washing of tIme whole cells,

rus ot-mlv 2000 cpt-um went’ recovered it-i the small

muuolceuirur weight effluet-uts which nuppean ni

fractiot-is 35-43 (miot simowmm in time figure).

Correlation of steroid structure and activity.

The growth-it-mhibitiiig effects of three differ-

(‘lit steroids rune pmeset-ited in Fig. 2A it-i the
fomni of dose-response curves. 1 1$-Cortisol

is a.pproxinunmtely 10 � as ructive ni it-uhibitit-ig
cell gmowth rus dexnunmethasomie, rut-md 1 % as

nuetive nms fluocit-ioiot-me acetonide. The rubility

of eaehu of timese steroid!s to iimhibit the bit-md-

it-ig of t-H-tniamcinolonue nmcetot-uide by whole
cells wnus exnuniined. Suspemisions of L cells

were it-mcubuute! with 10-8 M tnitium-labeled

tniameit- molomie acetomiide nut-md various con-

eemmtnnutions of umi!abcled 1 l�3-comtisol, dexa-



“

I

boo

I�OU

v’sOt) #{231}

FI�ACTIQP4 NUMhEII

GLUCOCORTICOID RECEPTOR 505

1-

I”tvi. l’�’(1rs/ $j / lit vipivi i/il mm,/i�ms/ ‘ft /‘ims’/mo�j ol /,,u,,s, svH,/vvlit vOl/oHS/i ft vi .‘,‘/u/,/t not, isv/i, mlvi,

volt iv tons i�ov mist ,f1lv,v,l,lvsmm/�m

‘I’hvret’ sv’jvltsvtt’ mvt;�Ivttic�lIotm� sot I, vshlr is, little m, ‘�sl I alliS t vim st� (II’ gi stem. w.vv i,vtvhossi vol vii’

31) tutu vt I7� wit-is itt M tilmvivivtsio$ossmt’ vsotov,mo$v�i ,�, I II most 1 tmcv’svute,viI ( Ii) ‘ I i5i out-sc�ovI ( to
vi I lv.’ stjv�iioo(oiisvt I’ msIusootiist- sit vvIstvI, . .\ t In uv,vI it tie sso’msh.itl tot; t In oo’I$� w.vv po’ll.’tvii, w,v�Iv.vI

I’uI�v1vtIu’ot, itt Ii’;;vItvoImsvI,v$ vs’s o$vs,svslv,v$ tmss$dt �t’ttstMI5 I,. tvvut.$vttss. .\ ‘t si;, I tin iU�l,i)t$)

c�ttlvt1tts;lI;s$mt Iu;vettots,�smvv’sIL$t.’ves$ t itomuglu so �viIv$;s;vlo\ I v’lmu$uuus, I Ito svIor�o�Iv,;s,v.oil �.!S1)vu�� �%;�s’� ii.svs’�-

IIIevi III u’tvvts IIiIv’I ‘oil, 5 III III’ 5iss$/ visit �‘$l ) �%smss ssmmmss�,,t . I’Ivo’ s’iov$toi its, Is .1/itt; ‘soil Is oil liii’ ligssu,�

I $;v’ ;;Iv�v,�Im;uisvm sit ..9’itt lsm�s, visit Item stns’Iumst tti,v I lets ;evti,vsvst vilu ‘its’’ Iii.’ l,’tsevt ;sitivosvet �

t\ is�s�,,’j,i� Its tijoitlovti.s 3/i I/i, %stsist, ml. suit vt.s’osslost Is, I so

liii I)117I)I$II vs) lltttu’itsvvlu�iv’ itv’tvvtil,to’ tiu)�

(Pill at 17 ‘I’ll chin � I IIv’lI hsuit�u’�1 i’uI
titiil \\ltIII,’ul, itiul I()rs,0l)() )< �i iltistItiuiiutli

trmt’liv Ills �%:�,ps�s �‘ij to iii 1 Item I t’lsti utlit-ti II

it�’’vi�I’’’� , st� �s’� shmts� 4 � ‘I’tn’ a listtistit ii

t’muvliuvmtelt�tt.��’ p’vevs�,n,,I Ill lit.’ Pnsel’.ulieuvt.’t’it

ill) �5.itl ��‘I’ lIli(’Ivugl’mtllv v.1 l5l’ut.lli lIlt ‘vuttm’ll

lim iii’ iiv’,s1�\�/tms I Ietel’liit iii it-il l’XJ 51’i’re’ui1
t1S Ii iuvI’i’;util mgi’ itt Ilus’i’vvlIlll� t��’ 1i511lI1

It1el’ust,l�l’llltl .1 jil.t.;’ili lilt lvvp�ste lo’l’im\s’lo’uI

fi’vusii t’i’lls” �siuieii isisil Its 1 I voile itsi’tsl viii’ I
i�i1.Ii lIt utll’jiu1Itvm�li\’v’ bIt itt II�t _tIi
��t’iI isol’ i.’t-�luum�l.t’l’v os’ teu I ;�i P’ssgo’ts , cisu’ii st

1(i� �i, jiuisi1i�1s’m t�s’tt p�l’vst%b is, 11. uP’ vhs I lse�u istleei
lust hm,iu’Ii,sg mit �11bl’iitltI’Iluuluvleo it’vtvmtiivli’

/�isv/ ie� va/ 1,/ti isis -lob/ru 1,’imsmviseus/o,er

t�’t’tvsssim/m isis is /Uiuv’llvvlt vs,! eo,vvr;s/sutivsi,, I ec’lI”
%Vel’v’ llut’tLl)itlo’II list’ 1() luslit \\SIth, \�vl’�vutIs’slulls

t’v�Iitl’tttluultrs itt I I’ll itIliltiut)o’lv’tI ttiuslisu’ttiuil,uts,’
I4I�tmI,uulitu1emit it is)i;kt’$t$I’ tet’t lvii y ii 4.3 (

iliiloshtm,.\Itu’I’� )�vm ltsu’ttlmiliu to, I III’ i’s’tlmm\�o’t’m’

t’0I5Ii’ItltJi�u’i 1, ��itslit’i 1 1�1��1 t’ItJ tItll’,v I, illi I I lit
tillu tutu vul Pus litvutt’tivit �i 15��’ ui’iitt.’iI \\ib 1 1 ti’

$dJsiIlulIe� r�ujvtil’�1t’u I lIs,it’lt-mli)usl,’(’ltl/tl’ 11)11 -

t.-’i’iutl\� ID uI’’IS’I’l)iIlii’it ( I’t�.i, ;t , s’I’Isi’ uilliuutIlti

tif ,‘uutliuvt-itt u�’it�’ t-1n1851e1t-steu \v it lu I lit’ Pliutelu

t)ltvlt_Oelllltl’ tl’il(’ti(slil’lm’st’rSill ii timsliiilis’,tl’ It-till-
15111 i,ViuI’ 1iis� (itiliemIllPut 11511 101gm Ii’�ti’it,

itt to II) s” �1 ‘l’Is’t’o’ ivlsiso’ist lit is’ I � iv ilItluItlsg

(‘I l)5� II utli’ll I s, mvlsi’ I ul �\IIm’li I vs’u’ullIl$’r’ ‘at Ilrists’v I

jet. I’,uPst’.’tti,l’istjuvlsi, 11.1 t� ‘its it) �0 stsul ‘v

it) ‘ �s, utsul uu,svutio’t’, s\Iss,Is liilsulu t�jIls tst�ieIs
hss��,’i’ isllitslt� t ‘is�,v.’ it, � 1, l’v’lsl’uhru’Is lu

lii.’ isilts1111)4 mit V/P III lip l’s sllS’.’isI )‘usi is uivs vt

Iit�sllsv’lltsitsiPso iie.’iuul�lu I,’ its list )sd’u.’ilt’,’ vi

It) M flits5(1111 ut ii’’ ist’o’t tile lv 1.’, ii it s’ti

(41’ \\IIs iisi�il�tvvi� 11(4.111. t�Ists’It uissstitul esslu

I s.’be bull �‘sis’t’itls’lli;s111114ult’u, lIttu111111 ut
Is’ uIi�m�slt-ts’s’u li’imss sI I suitvim sss’s’l sit is Is’

‘It I ‘mills liv.’ isli4ts-iItiitell \ iuIllsItll(4 r,tl.t’u ivtti

isv1 livtips lips’ Is5�% /51111551 \ “It i’’’. \\It.’is ti��

lilt-eu111114 Ii list’ �slo’u’iseo’ vi this st’pisv il vii,’

um’s’IsteiuIm’ jr’s rmtphlrjes’ti’sI ttiv�s Iii.’ iijiisli;sg is

III;’ t-sitrm,jss’u’vst m’svlis� vt It is, liii ems (‘Islis t.’vI

‘ueIltliut lssll s’t$l’�’t’ isl’’usieloI Ii Its.’ illit’b Isu

11(4 3 Sri vsi)lItPlt.’ul
,“-i’tr,’v,iu/ hi iu/1in/ II, sm-si,m/msat me//u, A pil,’i’v Its I-

t’i’ssult-itvi utitilliss’ sml I� t)211 s’u’li� witri sI.vsisuivumd

by isIsvi’i’uItt P’s‘rI SI Ill us I’ Is v I IsvvrSs’ I II u(� pussy I I v�’

.\.i’u lii s\� usissl 4 ‘ut-thu stIle1 lvsi’ IsIs it$riv’ l�it�� vlst visit-v
t’oi$u is i//Os (2(1). Iii I tso’uv’ ls’ritutuslsl es’lIsthur

Suits sut gnu vwb,it I ��I�u’ti $u list ut-till,’ sri (lOst usi
um’liriltl\’v’eu’IIrm lIt liv’ uivus’iss’,’ uvl uts’nssjslm’) iri

just jls�ij1sII.esI i\ lt’iutisst’stssulssis.’uts’.’tsvissuls’mit

14) �t, us evvism’eIsI.i’ust.isslsIussvi.’ tis,uip t��sv svi’sh’i’,s

isi luiagliillIils’ isigis.’i’ tiiusis list’ ,Isuusm ,vsv’tslissg



60

40

FLuOCINOLONE
\ ACETONIDE\

n
\ DEXAMETHASONE

\
\ CORTISOL

\
\

\

L -\

N�

A

A-A

0--0

#{149}--.

i I I I

to_mo to9 0-e ��-7 ��-6 i0-�

20

CPI’#{176}#{176}
z

80
� 60
z
0
5-)

40
5-

� 2O�-
a

i

10��

506 HACKNEY ET AL.

500

� 80
-J
0
5-
z
0
C)

U-

0

I-

z
uJ
C)

w
0�

.-____..

-.-.

‘-‘O “#{149}- FLU0cIPiOLONE
‘S-. ACETONIDE

B

A-A

\ \,,,, DEXAMETHASONE

CORTISOL

\

\\ \\
\ \

\ \
\ \
0

.

O--O

#{149}--.

o.� io-� �-r �‘6

STEROID CONCENTRATION IM)

Fn;. 2. Relationship between growth-inhibitory potency of three active glou’ocorticoids and their ability

to decrease binding of lriamncinolone tue/on ide to the Sephadex G-25 macromnolecular peak
A. 1)ose-respommse experimet-its for growth inhibition were carried out on cells growing it-i monolayer

culture as described tinder EXPERIMENt-AL PROCEDURE. Each value represemits the nmean and standard

error of three replicate cultures, expressed as the percemitage of growth attained in commtrol cultures

which received vehicle atone. B. Cells were incubated with tritium-labeled triamcinolone acetonide
(10-8 M) and various (‘.)micemitratio)mis of immilsubeled steroid as described in the legend to Fig. 1. The amount
of radioactivity per mnicrogranm of protein nitrogen recovered immthe Sephadex G-25 macromolecular peak
was determined nut-id is expressed iii the figure as a percentage of the radioactivity per microgram of

proteimi nitrogen recovered froni controol cultures which were incubated with radioactive triamcimsolone
it-i the absence of competing steroid.

maxinual growth it-mhibition in sensitive cells
(Fig. 4). To determnme whether resistant

cells are different from sensitive cells with

regard to their ability to bit-md triammucimuolone

acetonide, the experiment presemited in Fig. 5

was carried out. Suspensiot-is of either ster-
oid-sensitive L cells or the resistant subline
were incubated with t nitiut-im-inubeled tn-

amcinolone rucet.onide it-u the presemuce of

vehicle, lia-cortisol, or 11�3-contisoI. The
nunmount of cellular mnutenial used in each

incubation ��-as esset-mtially equnul, about 2 nil
of packed cells. After it-icubation the cells
were harvested rut-id the numout-it of nnudioac-

ti vity aSsociate(1 i�’it h nmrucronmol eculan ma -

tenial was detennmit-ied. Omilv 14 % as much

radioactive steroid wnus eluted with the
nuacromolecular fnnuction prepared from
nesistamut cells as was recovered from sensi-

tive cells. The radioactivity recovered from
the resistant cells was depressed only a snuall
anuount by lla-eortisol but was lowered

96 % by 1 1�-cortisol. The time required for

complete equilibration of triamcinolone acet-
onide between L cells amid the suspemision
nuedium was detennuimmed for both sensitive

and resistant cells; in both cases the amount

of steroid associated with time cells reacimed a
maximum within the first S nun amud did riot

cimange oven the next 2 hr. The resistat-mt cells
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FIG. 4. Relationship between concentrations of

triarncinolone acetonide and growth of sensitive

and resistant fibroblasts in cell culture

Steroid was introduced into cultures of resist-
ant and sensitive L cells it-i the logarithmic phase

of growth, and 4 days later the cells were counted.

Each value represemits the mean at-id standard

error of three replicate cultures, expressed as the

percentage of growth attained it-i cot-it rot cultures,

which received vehicle atone.
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FIG. 3. Binding of triarncinolone acetonide to

the soluble fraction front L cells as a function of

concentration

L cells were imicubated with various concemitra-

tiot-is of tritiunm-labeled t riamcinolone acet onide

at a constant specific activity for 30 mm at 37#{176}.

At the end of the incubation the anmount of radio-

activity bound to the Sephadex G-25 macromotec-
ular peak was determined as described for Fig. 1.
The values it-i the figure represent the average
bound counts per minute per microgram of pro-

tein miitrogen for the miumber of experiments shown

in the parentheses. Curve 4 (#{149}--#{149}), coumits

per minute per microgram of proteims nitrogen

boumid in the absence of competimig steroid; curve

B (0- - -0), amount of 31T-triamcinolot-ie aceto-
nide bout-id it-i the preset-ice of 10-’� M fimmocimiolone

acetomuide. Each point omi curve B represents one

experiment. The inset (C) represemits the difference
betweemi corresponding points of curves A amid B.

are the same size as sensitive cells, as de-
termined by the amount of 3H20 associated
with the cells, and they contain the sanue

amount of protein per cell.
Effect of enzyme digestion on amount of

radioactive triarncinolone aceton ide recovered

in the niacrornolecular peak. A 105,000 X ii

supernatant fraction was prepared from cells
which had been incubated with 10_8 �i tnt-

ium-labeled tniamcinolone acetonide. Repli-

cate samples of this supermiatant solutioni
were incubated with RNase, lipase, Pronase,

or vehicle alone and then chnomatographed
on Sephadex G-25. Fnonu the results (Table
3) it can be seen that brief incubation witlu

NO ADDITION + I t�-C0RTtS0L +tb�-C0RTtS0L

FIG. 5. Binding of triamcinolone acetonide to
macront-olecular fractions prepared from sensitise

and resistant cells

Suspensiomis of semisitive or resistamit fibrobtrists

were imicubated with 10’� �m 3H-triamcimioloone

acetomiide and vehicle or competimig steroid (10�

M) for 30 mm as described for Fig. 1. The radio-

activity bound to macromolecular material after

chromatography omi Sephadex G-25 is expressed

as coumits per mimiute per miiicrogrnunu of protein

nitrogen.

Proiuase reduces the recovery of bout-id
steroid by about SO % whereas digestion with

RNase or lipase ha� no effect on the binding.
(‘Ii rot-it- atography of radioactivity appea �
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T.�IoLE 3

LJfects of en zynse digest tori on In is ding of t rt-amcino -

ion e we/on ide to mq(ronsolec ula i material

A ssispemisiomi of L cells wrus imicubated with tn-

nut-ncimuoloomse :ucetomiide-l 2, 4-#{176}llrut a fit-ia) cot-sect-i-

trrutiooms of l0� �i for 3() mimi rut 37#{176}.At the emid of
this time, the cells were cemitriftmged, washed, and

ruptured rumid a 1O5,(�X) X g ssil)ermsrttamit fraction

wrus l)Iel)rIle(l as (lescri bed iimsder EXPERIMENTAL

PII0(EI)I lIE. The result imig sodsml)le Preparation

was (livide(l imito four parts, to which were added

U N ruse, lil)ase. or Promsrtse rut a fimial concemitration

of 2�) �g/mnl of i mmcsihrut iooms, amid rumi approopriate

tuniosimit of Vehi(le, respect ivelv. After imicubatiomi

rut 37#{176}fur 15 mimi the sruml)les were rapidly cooled

amid replicate portiomis were cliroomatographed on

Seph:udex ( ; -25 in t he usual mmiamimier. The total
pmotei ms a mid I he toil al r:udio:uctivity ellt-te(l iii the
mricrooniootecsilrur l)erik \Vet-.e old erniimied. The
specific activity of the Iso osimiol steroid -miiacromnolec -

ul ar so omptex was determiii mied ooms t he bnusis �of Pt-�0 -

teimi determiui sat iomis, whi(li 11:1(1 beemi corrected

for added emszymue l)r(ot ei ms

Toot-al rasiioac- Specific

.

.�(ldit1o)n

tivitv assuci-
- .

ated wit Ii

macromiiolecu-
tar fractiomi

.Kadmu-
. .

activity �

activity of
�

bound
.

steroid
ccomplex

cpus
control

cpsn, j.ug
pro/ct-n N

Noomso’ 1S04 100 7.3

RNase 2107 117 6.4

Litnsse 2044 113 6.0

Prom ruse 190 22 6. 1

iii 1/SC ,isacroonsolecular peal. A 105,000 )( g

supert-irutant trntctiot-i �vnus prepared from cells

which had been ilicubnuted for 30 mimi nut 37#{176}
with 10� M tt-itiut-mm-lnubeled tniamcinolone

acetot-side. This frnuctiot-t wrus cimronmato-

grntpiied ()t-i SeJ)hadeX (�-2.5, and time nmacno-

molecular nunutenial wnus collected nit-i(l ex-

tmructed tiumee times with 4 volumes of ethyl

acetate. There �vnus 93 � recovery of radio-

activity it-i time orgnummic phntse. After concen-

tratiomm by evriporatiot-i, this solution was

thet- u cimronmatogrnuplmed omi tlmit-i-layer plates

as described it-i EXPERIMENTAL PROCEDURE.

It-u both solvent. systems tested, the radio-
activity migrated �vitiu put-c tniamcimiolone

acetonide.

The bit-idimmg of tninu rumcimiolone acetonide

appears to be stable. The t-muacnonuolecular

peak nmniv be rechronmatographed oven Sepha-
dcx G-25 with recovers’ of 90 % of the radio-
active steroid it-i tiue bout-md fonnu. Samples of

the 105,000 X g supernatant fraction with
bout-md tnianucit-molomme acetot-mide have beet-i

stored frozen for as long nus 1 mot-ith with less

than 10 (7� loss of binding.
Source of steroi(l-bin(liliq material. As both

bovine senunu albunuimi and traimseortin bimud
steroids of time glucoconticoid series, it is

possible that the t rianucimmolomme acetonide-
bitudinmg conmpot-meiit could anise from ad-
sorbed sent-ui conul)omients which are. dis-

tributed omi cell rupture as soluble bimidiimg

molecules. Therefore , time stereos�)ecificity of

steroid bit-mdit-mg by bovine seruni was it-i-

v(�stignuted. T� cells or bovine serum were
incubated �Vit ii tnt itt-nm- labeled trianicit-molone

acetommide (108 st-) at-it! miomit-aclionictive 1 1�3-
cortisol , (leXni t-mmethasot-ue, on fluocinolomie
acetot-iide, each nut 10� �un. Time anuount of

rnucliontctivitv boumid to macnonuolecular

material � timemm determined by chroma-

tograpiuy omi Sepluadex G-25. As expected
from time datni presented it-i Fig. 3, the bimuding
of tniamcinolone nucetot-mide in time 105,000 X
1/ supenmmnitaimt fnactiot-m prepared from ccl is
was nuit-uinmaliv reduced by time relatively
weak glucoconticoid 1 1f3-contisol, and cx-

tensivelv re(iuced by the nmost active steroid,

fluociniolomme acetomuide (F�ig. 6) . Dexaniethni-

sot-me, a steroid of intermediate potency,

disl)lacecl tninmnucimiolone aeetot-uide by an

it-iternuediate at-muount. As showmm it-i Fig. GB,
these relationsluips do not apply to the

nubility of timese sanme compounds to displace
time bimidit-ig of tnianucinolone nucetommide to
bovine serum. 1 lfl-Cortisol and (lexametha-
sot-me do not affect time bindit-mg of tniamcinolone

acetonide by serunu, amid fluocinolone aceto-
nicle reduces the bindimmg by only :30 #{182}�.

I)ISCUSSION

Time nmouse fibroblast nmay cot-mtnuiiu a large

variety of pot emitial glucocorticoid-binding

compot-ments or apparent bindimig eompo-

net-its. Timey might be summarized as follows:

(a) bimmdimig compomiemmts specific for the

growth-inhibitory effect, (b) binding compo-

nents specific for time transport of steroids,

(c) bimidit-ig componemits imuvolved in the
metabolisnu on coimjugation of steroids, (d)

binding conmponents which are nonspecific,
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Fa;. 6. Competition of three grawth -inhibi(or�j steroids for Innding of trwmeinoione sicetonide by borine

ser urn (171(1 the soluble 1i5(lcroiFt-oleeular fraction of L cells

A. IA cell suspemisiomis were imic(mi)ate(l for 30 muimi at 37#{176}with 10-8 mt 311-trianieimsulomieacetoot-iideat-id

vehicle or a competing unlabeled sterooid at 10� �u. The rimoulmit of bimidimig of rrmdiortctivity to macro-

molecular material was determined as described for Fig. 2. 13. Beplicrute samiiples o)f bovimie sent-rn eqtuiv-

alent in proteus comitent to time 105,000 X g sul)ernatamit fraction from L cells were imicubruted f(or 30

mm at 37#{176}with 3H-tniamcinolomse acetomsude (108 mi) and competing ummilabeled steroids or vehicle. After

the imicsmbrutiomi, each sample wrus chromatographed on Sephadex G-25 amid the eluemit frrictiomis were as-

sayed for Proteimi amid radioactivity. Each bar represemits the commits per mimiute boumsd � microgram

of proteimi nitrogems in the macromolecular peak. Steroids added are: C, 11�-curtusot, 10� M; 1), dexa-

methasone, 10� ii; F, fluocimmolomie acetommide, 10� mi.

( e) Iipi(1 01’ nmenmbramme conmponemits in which
the steroid is dissolved, nummd (f) 1)ossible
specific covalet-ut bimidimug of steroids, such as

that fout-md witim cimolesterol in met-mmbrat-mes.

In additiomm, time mumecliummi in whiclu L cells
are growmu contaimms bovine serum albunmit-i,
which binds steroids (21), nund tramiscortin,
which specifically binds glucocom-ticoids (22).
Any binding associated with cells niust be

denuonstrated not to Imave runiset-m from serut-mm
binding conmpommemits adsorbed omito the cell.

Tnianmcit-moiomie acetot-mide was choset-i as

the model conmpound for tiue search f()r

binding commmpommet-mts specific for growth
inhibition of mimouse fibroblasts by gluco-

corticoids for three reasot-ms. (ni) It is ot-me of

the most potet-it glucocorticoids and there-

fore might be expected to display specific
bindit-ig at low commcentratiot-ms, where timere

would be little commfusion caused by minim-

specific bit-mdit-ig comnponents with low bind-
ing constnumits. (b) Tniamcinolomue acetonide
is not trat-isported by L cells, nor does it

affect time trat-isport of other steroids (6).
(c) Tnianucimiolone acetonide is commer-

cially available in good purity at nu imigli
specific activity.

Bimidimig components foumid in L cells
which nure displaced by 11�3-cortiso1 but

t-iot by the inactive 1 la-cortisol isonmer
are distributed largely in tiue soluble 103,000

x �i supermiatat-it fraction of time cell and
to a lesser extet-mt it-u time 600 X g sedit-iment

(Table 1). Time specific binding found in
the 600 X g supermiatant fraction is 4.3
cpnm/�g of protein mmitrogemu. It is Imo� kt-iown
�vhetimen the specific bit-uding observed in

time miuclear fractiomi reflects cytoplasmic

comitat-mmit-matiomi or whetimer the specific
bimmdinmg component is freely distributed in
the soluble spnuce of time cell, wimich includes

both the cytoplasnu amid the nuclear sap.
Indeed, it is possible that the mnetimod of

cell rupture it-ivolving iuypotot-uic lysis mmuay
have disturbed the localizatiomi of time re-

ceptor molecule in sonue particulate fraction,

resulting it-i its redistribution as a soluble
t-miolecule.

\%luen cells wimiciu have beet-u incubated

with 10-8 M radioactive trianmcit-iolot-me nice-

tonide are washed nut-mci fractiot-iated, and

the imigh-speeci supert-matant fractiomi is
subjected to gel filtrnutiomi on Sephadex G-23,

binding of the steroid to a nm�ucnonuolecuian
fractiomi may be denmommstrnuted (Fig. 1).

Ciicler timese conditiomis very little radio-

activity is recovered in time free fornu, at-mci

better tlman 90 #{182}� of time bound nuatet-’ial
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represents specific bit-idimug as defined by

competition with the two 1 1-hydroxy isomers

of cortisol. It would be reasonable to sup-
pose that both the ha- and 11�-isoniers of
cortisol would compete almost equally for

nonspecific binding of tnianucinolomie aceto-
imide but that ot-uiy the active 11$-cortisol
would compete for specific bit-iding.

The dose-respot-use relatiomiships presented
it-i Fig. 2 indicate that the ability of steroids

of different potency to interfere with
tniamcinolomie acetot-uide bimiding reflects
their relative potemueies as growth-it-ihibi-

tory agents. This cot-uclusion is reinforced
by the fact that lla-contisol, testosterone,
and estradiol, all of which are inactive as
growth inhibitors, are also it-mcapable of

influencing the binding of tnianmcinolone

acetomiide to the nmacronuolecuiar bit-mding
compot-ment.

It would be expected that a potent corn-

pound such as tnianucimmolone acetommide,
which inhibits cell gro\vtim maximally at a
concemmtratiomu of about 2 X 108 M (Fig. 2),
would bit-md very tightly to a receptor mole-
cule whichu mediates the growth-inhibitory

effect. L cells contain a bit-mdimig conuponent
that appears to become saturated between

10-8 nut-id 5 X 10-8 M triamcit-molot-ie acetot-uide,
nut-id which cat-i be distinguished fronu weaker
binding eomponet-it s t iunut are imot saturated
at 10� M steroid. The fact that the Sepha-

dex-separated nuacronuoleculan material with

bound steroid may be refiltered on Sephadex
with less than a 10 % loss of steroid bit-mdit-ig

indicates a strong bit-idimig affinity for tn-
iurncimiolone acetot-mide. A definitive binding
constant for a specific bit-idimug conupomient
camummot be assigned, however, until equi-
librium dialysis experinments have beet-i

carried out on a nmore purified receptor
fraction.

The enzynue digestiot-i studies suggest that
at least part of the binding molecule is

protein imu nature. Timis is consistent with
obsenvnutions nmade with specific steroid-

binding nuolecules in other systems, such
as the rat uterus (23) tumid the rat kidt-mey
(24). Unlike the glucocorticoid binding

compommet-mt recently demonstrated in rat

liver (23), the tnianucimiolone acetomiide

bound by the nmnucnonioleculan fraction from
L cells is readily extntucted it-ito organic

solvents and coincides chroniatographicahly

with pure tniamcinoloiie acetonide. The

binding, although strong, is therefore mint
covalent, amid the boumid molecule is prob-
ably unaltered tniameinolone acetonide. It
has beet-i demonstrated that fluocinolomme

acetoiuide, which is different fronu tn-
amcinolone acetonide only in that it has
an additiot-itul fluoro substitution in position
6a, is not metabolized by mouse fibroblasts
(26) . As the nonmetabohizable fluocit-moione

acetonide inhibits the bindimmg of tniam-
cinolot-me ntcetot-uide (Ii�ig. 2), there is no

reasomi to suspect that the assigiimet-mt of

the specific steroid-bimuding component as
the “receptor” for the growth-iiihibitony

action is clouded by the possibility timat
we have beet-i observing the associatiot-i of

triamcinolone acetommide with at-i emiz�-me
respot-isible for its metabolism.

It is of particular immtenest to exanuit-ie a

drug-resistant mutant cell line, with respect
to possible alterations in the properties of a
possible receptor molecule. We have se-

lected for steroid-resistant fibrobiasts by
growing them for 13/� years in high con-

centrations of cortisol. The resulting cell
strait-i binds tniamcinoione acetommide spe-

cifically ommiy to a fraction of the extent to

which sensitive cells do, and we were able
to show thnut this could muot be accoumited

for by a decreased rate of uptake of the
steroid. A similar difference in bit-idimig of

glucocorticoids was demonstrated it-i super-
imnutant fractions fronu P1798 mouse lyfluj)imO-
sarcoma cells which are resistant to steroids

(27). These studies of Hollander at-id Ciuiu

indicated that soluble fractiomis from re-

sistant lymphosancoma cells bout-id radio-

active cortisol less that-i fractions fm-nm

sensitive cells; however, it could not be

dernommstrated that binding of steroid was
steneospecific for the growth-inhibitory
effect.

There are three possible ways in wiuicim the
resistant cultures may be altered it-i timeir

ability to bind giucocorticoids. (a) The
intracellular receptor may have nu reduced

affinity for tniamcinoloime nucetot-mide. (b)
The resistamit cells rna�- contain ot-mlv a
fractiomm of the receptor molecules wiuich

the sensitive cells hntve, and tiue quamitita-

tive reductiomi in the number of receptor
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molecules is such as virtually to abolish

the growth-it-mhibitory effect. (c) As the
resistaimt culture has not beet-i clommed, this

may be a mixed culture cot-itnuimming a few

sensitive cells with imonmal numounts of

unaltered receptor nut-id SiL)-9O � resistnut-it

cells w-ith nultered receptor or mio receptor.
There is t-io way witim the data we have nut

present to sI)ecUlate as to �vhichu explat-matiori
is correct..

It seenms highly unlikely that time soluble
stereospecific bimiding molecule from L

cells could arise from comutanuinnutioii of time
cells by snmnull turnout-its of serunu. Resistamit

cells grown it-u the sanue seruni-comutaimmit-ig
nue(iiunm have demoimstrablv altered steroid-

binding properties (Fig. 3) . Furthermore,
the bit-udimug of tninunmcinoloiue acetot-mide by
sent-it-mm (1O(’S t-iot exlmibit the snunme stereo-

specificity displayed by the soluble bit-mdit-ig

Coflmp�I)t-iet-it from I� cells (Fig. 6) . Flonit-mi amid
Buyske (25) have shown that tninunmcinolone,

it-I cot-itrast to cortisoi, does mmot show high-
affimmity, low-capacity binding it-i dog or

hut-mit-ut-ij)lasflua. It is ummiikely timnut tniammu-

cinolomie acet ot-mide w( )uld belmave very

differently.

It-u view of the necet-it review by Munck

(29) concermming both the bimmcling of glit-co-

corticoids and timeir effects omi the bio-
chenmistry of time cell, it is t-mot desirable to

extet-id this discussiot-m to nu gemmernul review
of the work on glucocorticoid bimmdimig. There

is to our knowledge omily one study wimichm

provides evidence for time existet-ice of a

gluc( cort icoid-bindimmg conupommet-ut related
to a growth it-mhibitiot-i effect, botim by pre-

set-it it-mg evi(Iemice for snuturatiot-u of time

necept or f’ract jot-i at physiological commcet-m -

tratiot-is of steroid nut-md by presemitimig cot-mm-

petitiot-i studies which support the requisite

stereospeci fic commstraimits (30). Tiunut study,

by \ Itt-tick tili(i Bm’imik-Joht-iset-i, (Ienmot-i-
strat ed by sonmewimat it-mdirect kit-met ic nmet ii -

ods the existet-ice of a specific giucocorticoid-
bit-mding conupot-iet-it iii nt-ut thynmus cells.
With regnund to fibrobinusts, time work pre-

seimted imere is, to our kt-mowledge, the ot-uly
demimot-istnatiomm of specific glucocorticoid-

bit-idimmg compot-uet-its. A positive idet-mt ifi-

catioim of these biimding componemits nus

“receptors” for growth immhibitiot-m is mint

possible nut the present tinme. We muck nut-my

clear notiot-i of iuow the it-iteractiot-m of the
at-iti-it-iflammatory glucocorticoids with these
bimidimig compot-ments leads to a defined series

of biochemical events resulting it-i growth

inhibition. It is clear, however, that the
properties of the bit-mdimmg componet-mts we

describe hnuve nuat-iv of the charnucteiistics

expected of receptor molecules.
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