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Steroid Hormone Action 

Steroid Receptor Gene Structure and Function 

STEROID HORMONE RECEPTORS : STRUCTURE-FUNCTION RELATIONSIiIPS. 
6001 P. Chambon. M. Berry, M.T. Bocquel, M. Oevic. M.V. Govindan, S .  Green, H. Grone- 
meyer, J.M. Jeltsch. 2.  Krosowski. A. Krust. V. Kumar. M. Meyer, G. Stack. C. St r icker ,  
U. Stropp and B. Turcotte. 
Cidex. France. 
cONAs o f  the human oestrogen (hER) (1,2), g lucocor t ico id  (hGR) (3)  and progest in  (hPR) 
receptors and o f  t he  chicken oestrogen (cER) (4) and progestfn (cPR) (5) receptors have been 
cloned and sequenced. Cytosol ic  and nuclear ext racts  o f  HeLa ce l l s ,  t r a n s i e n t l y  expressing 
vectors conta in ing the d i f f e r e n t  cONAs, conta in  the corresponding s t e r o i d  b lad ing p r o t e i n  
with the expected molecular weight and a f f i n i t y  f o r  the hormone. A sequence comparison o f  the 
hER (595 amino acids) and cER (589 amino acids) has revealed three h igh l y  conserved regions A 
(AA 1 t o  38, 87% homology), C (AA 180 t o  263, 100% homology) and E (AA 302 t o  553. 94% homo- 
logy). and three l ess  conserved regions 6 (AA 39 t o  179, 56% homology), 0 (AA 264 t o  301, 38% 
homology) and F (AA 554 t o  595, 412 homology). A l l  receptors and the v-erbA p ro te in  conta in  
sequences homologous t o  ER regions C and E (4.5). Thus the d i f ference i n  length between the 
various receptors l i e s  mainly i n  t h e i r  amino-half (regions A and 6 ) .  Transient expression i n  
HeLa c e l l s  o f  vectors conta in ing the w i l d  type and i n  v i t r o  mutated cDNAs has been used t o  
def ine the the p ro te in  domains responsible for the -functions o f  the hER, i.e. oestro- 
gen-binding (61, t i g h t  nuclear b ind ing (6)  and t ransc r ip t i on  ac t i va t i on .  Transcr ip t ion a c t i -  
va t i on  was analyzed i n  HeLa c e l l s  by cot ransfect ion o f  wi ld-type o r  nutated hER vectors and 
recombinants i n  which the E.coli CAT sequence i s  under the con t ro l  o f  e i t h e r  a chimeric pro- 
moter reg ion conta in ing the HSV t k  proinoter and the Xenopus v i t e l l o g e n i n  estrogen responsive 
element (ERE) (7) or the promoter o f  the human oestrogen-responsive gene pS2 (8). Region E I s  
the oestrogen-binding domain and reg ion C. which contains po ten t i a l  DNA-binding " f ingers"  
(4.5). i s  indispensable f o r  t i g h t  nuclear b ind ing and therefore most probably f o r  DNA bind- 
ing. 80th regions C and E are requi red f o r  e f f i c i e n t  a c t i v a t i o n  o f  EREs o f  v i t e l l o g e n i n  and 
pS2 genes. whereas domains A and B appear t o  be dispensable using these assays. A chimeric 
receptor protein. i n  which reg ion C o f  the hER has been replaced by t h a t  o f  the hGR, a c t i -  
vates the g lucuco r t i co id  responsive element (GRE) o f  the MMTV LTR. Thus, the s t e r o i d  hormone 
and t a r g e t  gene s p e c i f i c i t i e s  res ide i n  domains E and C, respect ive ly .  Possible models 
accounting f o r  s t e r o i d  receptor functions w i l l  be discussed. 
1) P. Ya l te r  e t  al., PNAS (1985) 82. 7889; 2) S .  Green e t  al.. Nature (1986) 320, 134; 
3 )  M.V. Govindan e t  a l .  NAR ( 1 9 0 T 1 3 .  8293; 4) A. Krust e t  a l .  EM80 J. (1985l-5. 891; 
5)  J.M. Je l t sch  e t  a l .  PNAS (1986) 83, 5424; 6 )  V. Kumar e t  a l .  EM80 J. (1986) 5; 2231; 
7) P.M. Oruege e t  a l .  NAR (1986). i n p r e s s ;  

LOIIE/CNRS and U.184/INSERMS Facul t i  de Mgdecine. 67085-Strasbourg 

8) A.M.C. Brown e t  a l .  PNAS (1984)-g, 6344. 
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Steroid Hormone Action 

STEROID RECEPTOR GENE STRUCTURE AND FUNCTION, R.M. Evans, C. Welnberger, V .  
BOO2 Glguere. S. Holienberg. C. Thompson, J .  Arrlra and N. Yang. Howard Hughes Medical 
Instltute. Gene Expresslon Laboratory, The Salk lnstltute. San Dlego. Callfornla 92138. 

Sterold hormones exert potent effects on development and differentiation, and thelr actlons 
are mediated as a consequence of their lnteractlon with speclflc. hlgh afflnlty blndlng 
proteins referred to as receptors. On the basls of amlno acld sequence of hGR Induced from 
the cloned cDNA (1 ) .  the locatlons of functlonally and Imnologically Important regions of 
the proteln have been proposed (2 ) .  To conflrm the proposed sltes of functlonal domalns we 
developed an expression system In which the synthesls of functlonal hGR I s  dlrected by the 
transcrlptlon of transfected cDNA present In an expresslon vector. Characterlzatlon of 38 
lnsertlonal mutants and- receptor deletlons led to the ldentlficatlon of at least four 
functlonal domalns. two of which correspond to the predlcted DNA- and Sterold-blndlng 
domalns ( 3 ) .  The other two domains are referred to as tau ( 1 for their potent effects on 
transcrtption. Based on these studles a model for the receptor I s  shown below. 

DNA 72 Steroid 
-COOH ........................... ........................... ........................... N H P l  .......,......... 

Analysls of the receptor amino acld sequence reveals that It I s  related to the oncogene erbA 
( 2 ) .  Based on thls homology we have proposed that the erbA proto-oncogene family may 
represent a set of DNA blndlng regulatory protelns that are Involved In transcrlptlonal 
activation. Accordlngiy, we have Isolated two members of the mamallan erbA proto-oncogene 
famlly. Thls famlly may contaln as many as 4-5 dlfferent mbers. The storold receptor 
family itself contalns a t  least S I X  different members correspondlng to the known sterold 
hormones. In additlon to the glucocortlcoid receptor the recent cloning of the human 
estrogen receptor has been reported. Recently we have cloned the human mlneralocortlcold 
(aidosterone) receptor whlch shows strlklng homology to the glucocortlcold receptor. 
Homologles amongst the varlous sterold hormone receptors will be dlscussed. 

1 .  S.M. Hollenberg et a1 (1985). Prlmary structure and expresslon of a functlonal human 
glucocortlcold receptor cDNA. Nature 318. 635-641. 
2. C. Welnberger et a1 (1985). DomaIn structure of human glucocortlcold receptor and its 
relatlonshlp to the v-erbA oncogene product. Nature 318. 670-672. 
3. V .  Glguere et al (1986). Functional domalns of the human glucocortlcold receptor. C e l l  
46. 645-652. 

SIBuClDRE, UONINQ AND EXPRESSION OF WYAN ESTROQlP4 AND PROGESTERONE m R S ,  
BOO3 Qeoffrey L. Qreene. Paul Gilna. Craig Wilde and Nickki Parlet. Ben May Laboratory 
for Cancer Research. University of Chicago, Chicago IL. 60637. 
To better understand strncture-function relationships in the transcriptional regulation of 
gene expression by steroid receptors, human estrogen receptor (ER) and progesterone receptor 
(PR) from two breast cancer cell l i n e s  were purified and cDNAs encoding these proteins were 
isolated, seqnenced and expressed in heterologons cells. For ER, the purified cytosol 
steroid-receptor c m p l e x  from MCF-7 h m a n  breast cancer cells appears to exist as an 
activated 5-6 S homodirer of M 65.000 (4 S) steroid-binding anbunits. In addition. 
purified ER has high affinity forrDNA and serves as a substrate for phosphorylation by s 
purified rat brain kiaase. Purified PR from T47D human breast cancer cells consists of two 
teroid-binding components which can be photoaffinity-labeled with the synthetic progestin 

%-BsO20 and which migrate at 120 LDa (B) and 95 kDa (A)  in reducing SDS gels. The 
relationship betreen these components has not been established. Baever, they share at 
least 13 common epitopes among a series of 14 unique monoclonal antibodies; one epitope 
appears to exist on B only. Extensive immunocytocherical data suggest that both ER and PR 
are predominantly nuclear proteins. even in the absence of hormone, and that they are 
associated with the enchromatin rather than the marginated heterochrmatin or nucleoli. The 
iaolation of cDNA clones corresponding to h m a n  ER mRNA from YCF-7 cells and human PR mRNA 
from T47D cells has been achieved. A 2.1 Kb cDNA (Om) containing the entire translated 
portion of &NA for MCF-7 ER was sequenced and expressed in Chinese hamster ovary (CEO-i[l) 
cells to give a functional protein. An open reading t r u e  of 1785 nucleotides in the cDNA 
corresponded to a polypeptide of 595 amino acids and M 66.200. Ifypotgnic extracts of 
transfected CEO cells contained human receptor protein' which bound I Hleatradiol and 
sedimented as a 4 S complex jn salt-containing sucrose gradients and as a n  8-9 S complex in 
the absence of salt. This I Hlestradiol-receptor ( E W  complex reacted with all tested ER 
monoclonal antibodies and could be activated with steroid to bind to CEO nuclei. When 
covalently labeled with [3Hltamorifen aziridine, expressed h m a n  BB appeared as a single 
65-LDa band on sutoradiograms of SDS gels. Amino acid sequence comparisons revealed 
signif icaut regional hmology among hnman and chicken ER. h m a n  glucocorticoid receptor 
(QR). human and chicken PR. and the v-orb-A oncogene product, suggesting that steroid 
receptor genes and the avian erythroblastosis viral oncogene are derived from a common 
primordial gene. The cysteinellysinelarginine-rich homologous region appears to represent 
the DNA-binding domain of these proteins. This research was supported by the American 
Cancer Society (BC-86). Abbott Laboratories. NIH (CA-02897. HD17103) and NSF (INT-8313623). 
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Steroid Hormone Action 

ANALYSIS OF ENHANCER ACTIVATION BY THE GLUCOCORTICOID RECEPTOR, Roger Miesfeld, 
BOO4 Paul Godowski and Keith R. Yamamoto. Department of Biochemistry and Biophysics, 
University of California. San Francisco, CA 94143-0448. 
The glucocorticoid receptor protein, in association with cognate hormonal ligands. binds 
with high affinity to specific DNA sequences termed glucocorticoid response elements (GREs) 
which function as transcriptional enhancers. The receptor is absolutely required for GRE 
responsiveness and is therefore functioning as a hormone-dependent enhancer-activating 
protein. Cur isolation and characterization of full length rat glucocorticoid receptor cDNA 
clones has made it possible to begin an analysis of wild-type and mutant receptors expressed 
in stably and transiently transfected cells to determine the structure-function relation- 
ships dictating enhancement activity. One approach has been to use in vitro mutagenesis to 
construct various internal and terminal receptor deletions, to identify the minimal region 
required for GRE enhancement in transiently transfected COS and CVI cells. Specific 
carboxy-terminal deletions result in the synthesis of receptors that no longer require 
hormone binding for enhancer activation, thereby functioning as constitutive activators. 
Stably transfected cell lines expressing some of these same amino terminal and internal 
deletions have also been constructed, allowing us to estimate the specific activities of 
receptor mutants with regard to enhancement. By measuring the level of induced mRNA/mole 
receptor protein, we find that the residual enhancement activity (20-60%) is sufficient for 
5-10 fold induction of several different endogenous genes. By these methods we have identi- 
fied a minimum overlap of 85 amino acids (aas) which delineates the enhancement activity. 
Moreover, a severely deleted receptor protein of only 150aas (including this overlap 
segment) is capable of GRE enhancement in CVI cells. Since the DNA binding domain has been 
functionally mapped to this same 85aa region (Rusconi and Yamamoto. submitted), we have 
initiated a series of gene-fusion experiments to determine the connection between DNA 
binding and enhancer activation. As an alternative approach to understanding receptor- 
dependent GRE enhancement. we have analyzed genetically selected feceptor mutants isolated 
from a murine lymphoma cell line (increased nuclear transfer, nt , mutants) that seem to 
bind steroid normally, The 
nucleotide sequence and functional expression of nt cDNA clones that we recently isolated 
from two independent mutant cell lines, will likely be informative in elucidating the 
requirements for enhancement and DNA binding. 

but display altered DNA byding and enhancement activities. 

STRUCTURE OF THE PROGESTERONE GENE. B.W. O'Mal ley,  0. Conneely. M.A. 
BOO5 Carson, A. Dobson. 8 W.T. Schrader. Bay lo r  Col. Med.. Houston, TX 77030. 
The ch icken progesterone recep to r  i s  encoded by a s i n g l e  gene. Nor thern  
a n a l y s i s  demonstrates t h e  ex i s tence  o f  a t  l e a s t  t h r e e  mRNA spec ies  and asmany 
as f i v e .  The mRNA's are  t i s s u e  s p e c i f i c  f o r  ov iduc t  and i n d u c i b l e  by  es t ro -  
gens. PR con ta ins  a c y s t e i n e - r i c h  reg ion  ( C l )  wh ich  i s  conserved among t h e  
s t e r o i d  recep to rs  and v-erb A. The C 1  reg ion  encodes two p u t a t i v e  " f i n g e r s "  
which may be i n v o l v e d  i n  meta l  b ind ing ;  these two s t r u c t u r e s  a re  coded f o r  by 
separate exons. A second reg ion  o f  s i g n i f i c a n t  homology (C2) i s  conserved 
among t h e  s t e r o i d  recep to rs  b u t  n o t  v-erb A. Sequence a n a l y s i s  suggests i t  
may p l a y  some r o l e  i n  s t e r o i d  b i n d i n g  and/or s t e r o i d  hormone a c t i v a t i o n .  Two 
va r ian ts ,  one i n  t h e  C1 reg ion  and t h e  o t h e r  i n  t h e  C2 reg ion  were ob ta ined 
from cDNA l i b r a r i e s .  The C 1  v a r i a n t  i s  de r i ved  from an a l t e r n a t e  polyadeny- 
l a t i o n  s i t e .  The C2 v a r i a n t  i s  generated by a p o i n t  mu ta t i on  a t  t h e  C2 r e g i o n  
which c rea tes  a BamHl s i t e  - i t  may be an a l l e l e  o f  t h e  gene. The human pro-  
gesterone recep to r  p r o t e i n  sequence i s  h i g h l y  conserved r e l a t i v e  t o  t h e  av ian  
molecule as determined by sequence a n a l y s i s  o f  t h e  c loned cDh'As. Mu ta t i ona l  
a n a l y s i s  o f  t h e  recep to r  p r o t e i n  w i l l  be c a r r i e d  ou t  us ing  t r a n s f e c t i o n  pro to-  
c o l s  and presented. The v i t a m i n  D recep to r  a l s o  has been c loned and sequence 
comparisons w i l l  be made. 



Steroid Hormone Action 

Steroids in Non- Mammalian Species 

ECDYSONE-RESPONSIVE GENES, P. Cherbas,  L. Cherbas,  A. Bieber ,  J. Rebers,  K.S. Lee, 
6006 R.A. Schulz ,  A. Andres, L. L i ,  R. Moss, Department of Biology, Indiana Un ive r s i ty ,  
Bloomington, I N  47405 and Department of C e l l u l a r  6 Developmental Biology, Harvard Un ive r s i ty ,  
Cambridge, M a  02138. 

c e l l s ,  a l t hough  of undefined t i s s u e  o r i g i n ,  a r e  u s e f u l  because of t h e i r  dramatic  and robus t  
morphological ,  p r o l i f e r a t i v e ,  and biochemical responses  t o  t h e  s t e r o i d .  
changes i n  p r o t e i n  s y n t h e s i s  are confined t o  a small set of ecdysone-inducible polypept ides  
of 2 8 ,  29, and 40 k i loda l tons .  These are t h e  products  of two genes,  t h e  Elp28/29 gene 
( cy togene t i c  l o c a t i o n  71CD) and t h e  Eip40 gene (55E). 
induced i n  p a r a l l e l ,  t h e i r  l e v e l s  b e m e t e c t a b l y  above b a m i n  2 0 X a n d  maximal (5- 
15 x b a s a l )  by t h e  end o f  3 hrs .  
w i t h  t h e  i d e a  t h a t  i nduc t ion  is t r a n s c r i p t i o n a l .  
cap s i te ,  nor t h e  s t r u c t u r e  o r  s t a b i l i t y  of t h e  mature t r a n s c r i p t s .  
Eip40 genes appear  t o  be bona f i d e  analogs i n  K c  c e l l s  of t h e  e a r l y  puff s i t e s  known from 
s t u d i e s  o f  s a l i v a r y  gland chromosomes. 

and t h e r e  is a s t r o n g  c o r r e l a t i o n  between t h e  magnitude of i n d u c t i n  (and t h e  f i n a l ,  induced 
t i t e r )  and t h e  s t r e n g t h  of t h e  morphological and p r o l i f e r a t i v e  responses .  
t r a n s c r i p t s  a r e  developmentally r egu la t ed  i n  f l i e s ,  though t h e  p r e c i s e  s t r u c t u r e s  of t h e  
t r a n s c r i p t s  and t h e  d e t a i l s  of t h e i r  r e g u l a t i o n  are a s  y e t  unknown. It is remarkable t h a t  
both genes r e s i d e  a t  sites known t o  puff e a r l y  i n  t h e  s a l i v a r y  gland response t o  ecdysone. 

product is s t r o n g l y  
homologous (ca.  40% i d e n t i c a l )  t o  t h e  products  of t h e  metB and metC genes of Escherichfa  
c o l i  . 
i d e n t i f y  sequences r equ i r ed  f o r  hormonal r egu la t ion .  

W e  have been s tudy ing  e a r l y  responses  t o  ecdysone in t h e  Drosophila K c  cel l  l i n e .  KC 

Detectable  e a r l y  

The Eip28/29 and Eip40 t r a n s c r i p t s  a r e  

The r e s u l t s  of pulse- label ing experiments are comparable 

Thus t h e  Eip28/29 and 
Ecdysone does n o t  a l t e r  t h e  p o s i t i o n  of t h e  

T r a n s c r i p t s  of botb genes a r e  p re sen t  b a s a l l y  i n  a l l  Drosophila c e l l  l i n e s  we have t e s t e d  

Likewise t h e s e  

Although t h e  func t ions  of t h e  gene products  are unknown, t h e  

- 
By transforming Drosophila cell l i n e s  wi th  a l t e r e d  Eip gene c o n s t r u c t s ,  w e  have begun t o  

EVIDENCE FOR STEROID HORMONE RECEPTORS IN FUNGI 
David Feldman, Stanford University School of Medicine, Stanford, California 94305. 6 007 

W e  have demonstrated the presence of steroid binding proteins in simple eukaryotic organisms such as 
yeast. Candida albicans a pathogenic yeast, possesses a corticosteroid binding protein (CPB) which 
exhibits high aff-nM) for corticosterone and progesterone. CBP sediments a t  4 S on sucrose 
gradients and has an apparent molecular weight (Mr) - 43,000 daltons by gel chromatography. 
Saccharomyces cerevisiae, simple baker's yeast, possesses an  estrogen binding protein (EBP) with high 
affinity for estradiol (1 nM) but a low affinity for diethylstilbestrol. Saccharomyces EBP sediments 
a t  5 5 on sucrose gradients and has an Mr -65,000. Paracoccidioides brasilienses the pathogenic 
fungus causing paracoccidioidomycosis (South A m e r i c a n i s  a n  EBP. This 
EBP exhibits a high affinity for estradiol (I5 nM), sediments at 4.4 S on sucrose gradients and has an 
M, -60,000. Since paracoccidioidomycosis is predominately a disease of males (80:l) and since 
exposure rates of males and females is equivalent as measured by skin testing, we hypothesized that  
the high estrogen milieu in potential female hosts somehow inhibited the infectivity of the  fungus. 
W e  could not de t ec t  any effect of estradiol on growth of the organism. However, this dimorphic 
fungus is inhaled as a mycelial-form organism and converts to a yeast-form organism (M+Y 
conversion) in the lungs in order to become invasive. In vitro assay of M Y conversion demonstrated 
dramatic inhibition of yeast-form production by estradiol. The effect was dose-responsive with 
substantial inhibition by as little as I nM estradiol. Steroids that  failed to bind to the EBP did not 
inhibit M+ Y conversion. In summary, several yeasts and fungi possess binding proteins which exhibit 
high affinity for  mammalian steroid hormones. W e  postulate that  these binding proteins represent 
hormone receptors in these simple organisms which have analogy to steroid receptors in higher 
organisms. In the case of brasiliensis, estradiol additionally inhibits the M +Y conversion in the 
fungus. W e  believe this action is mediated by the EBP and hypothesize that  the high estrogen milieu 
of the female hosts inhibits this cri t ical  s tep in fungal pathogenesis. This hypothesis provides a 
molecular mechanism for the epidemiologic findings of very low incidence of disease in women and 
high incidence in men. 
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Steroid Hormone Action 

Steroid Receptor Structure 

RECEPTOR MEDIATED ACTIONS OF THE VITAMIN D HORMONE, Mark R. Haussler, D.J. 
BOO8 Uangelsdorf, B.S. Korno, E.A. A l l e g r e t t o ,  K. Yamaoka, J.W. Pike, D. HcDonnell 
and BY. O'Ualley, Un ive r s i ty  of  Arizona, Tucson, AZ 85724 and Baylor Col lege of 
Uedicine, Houston, TX 77030 
The 8ct ion of t h e  hormonal metabolite of vitamin D, namely 1.25(OH) D 
binding p ro te in  (CaBP) in chick i n t e s t i n e  a s  w e l l  a s  t o  promote c e l l  &fe ren t i a t ion  of 
leukemia (HL-60) c e l l s  t o  macrophages. is mediated by a r ecep to r  p ro te in  t h a t  concentrates  
t h e  hormone in t h e  nucleus. We have f u r t h e r  character ized t h e  r ecep to r  v i a  p r o t e o l y t i c  
mapping, immunochemical a n a l y s i s  and i n  v i t r o  t r a n s l a t i o n  of its mRNA. Mammalian 
1.25(OIO2D3 recep to r s  have molecular  weights ranging from 52,000 d a l t o n s  (human) t o  54,000 
d s l t o n s  (mouse, pig)  and a r e  both q u a l i t a t i v e l y  modified by phosphorylation a t  s e r i n e  
r e s idues  and upregulated when cu l tu red  ce l l s  a r e  t r e a t e d  with the  1.25(OH)2D3 hormone. 
The av ian  I,Z5(OH)2D3 recep to r  monomer is a 60,000 da l ton  p r o t e i n  ( u i t h  a minor species  of 
58,000 da l tons )  t h a t  binds 1,25(OH) D3 near t h e  C-terminus and possesses  a z inc s ta-  
b i l i zed .  DNA binding domain near  tEe N-terminus. 
J.U., Biochcm. Biophys. Res. Conmun. 100:1713.1981) f o r  s u l f h y d r y l  groups e s s e n t i a l  to DNA 
binding, t h e s e  d a t a  suggest  t h a t  t h e  1.25(0H)2D3 receptor  con ta ins  a s i m i l a r  mtif t o  
o the r  s t e r o i d  r ecep to r s ,  comprised of cys t e ines  configured i n t o  a DNA-binding s t r u c t u r e  - 
parhaps v i a  t e t r a h e d r a l l y  coordinated zinc. 
i s o l a t i o n  o f  cDNA c l o n e s  o f  t h e  av ian  receptor  by monoclonal antibody screening of an 
expression vec to r  l i b r a r y .  
sess t h e  =LA-like consensus sequence h igh l igh ted  by nine of n ine  conserved cys t e ines  
and an o v e r a l l  homology i n  t h i s  region between t h e  receptor  and v-*A of 491. Receptor 
cDNAs are c u r r e n t l y  being used both t o  select fo r  l a r g e r  cDNAs containing t h e  hormone 
binding region and t o  probe receptor  mRNA v i a  Northern ana lys i s .  Addit ional  screening of 
a chicken i n t e s t i n a l  cDNA l i b r a r y  with po lyc lona l  antibody t o  CaBP generated s e v e r a l  c D N A  
clones. Northern b l o t  a n a l y s i s  d i sc losed  t h a t  one c l a s s  of  c l o n e s  hybridized t o  vitamin 
D-dependent t r a n s c r i p t s  of 2000, 2900 and 3300 bp. Sequence a n a l y s i s  i nd ica t e s  t h a t  t he  
cDNA (760 bp) t o  t h e s e  vi tamin D-induced m R N A s  codes f o r  CaBP, s t a r t i n g  a t  amino acid 127. 
Thus. w e  have cloned c D N A s  t o  t h e  avian l,25(0H),D3 receptor  and obtained a cDNA in t he  
coding region of t h e  major 1,25(OH)2D These cDNAs should be valu- 
a b l e  in e l u c i d a t i n g  t h e  molecular  aczion of vitamin D, e s p e c i a l l y  i f  genomic c lones  of 
these av ian  p r o t e i n s  can be i so l a t ed .  I t  is a l s o  tempting t o  s p e c u l a t e  t h a t  t h e  
l,25(W),D3 receptor  complex may funct ion in t he  d i f f e r e n t i a t i o n  of  tumorigenic ce l l s  l i k e  
HL-60 by compe t i t i ve ly  i n h i b i t i n g  t h e  ant imaturat ion effect of p u t a t i v e  v - e A  coded 
p ro te ins  a t  t h e  l e v e l  o f  DNA t r ansc r ip t ion .  

RABBIT PROGESTERONE RECEPTOR : STRUCTURE A N D  MOLECULAR C L O N I N G .  
Boo9 H. Loosfe l t ,  M .  Atger, M .  M i s r a h i ,  A.  G u i o c h o n - M a n t e l ,  F. Logeat, 
A. B a i l l y ,  M. A p p l a n a t  a n d  E. Mi lg rom.  Unit6 d e  R e c h e r c h e s  Hormones e t  
R e p r o d u c t i o n  (INSERM U .  1 3 5 ) .  F a c u l t 6  d e  Mddec ine  P a r i s - S u d ,  9 4 2 7 5  Le 
K r e m l i n - B i c d t r e  C e d e x ,  F r a n c e  
The  r a b b i t  p r o g e s t e r o n e  r e c e p t o r  c D N A  was c l o n e d  from A g t l l  a n d  AgtlO 
l i b r a r i e s .  S e q u e n c e  a n a l y s i s  a l l o w e d  t o  d e d u c e  t h e  p r i m a r y  s t r u c t u r e  of t h e  
p r o t e i n  w h i c h  c o n s i s t s  o f  9 3 0  a m i n o  a c i d s  a n d  c o n t a i n s ,  b e t w e e n  r e s i d u e s  568 
a n d  645, a c y s t e i n e - r i c h  b a s i c  r e g i o n  h i g h l y  h o m o l o g o u s  t o  i t s  c o u n t e r p a r t  
i n  g l u c o c o r t i c o i d  a n d  e s t r o g e n  r e c e p t o r s  a n d  v -e rbA.  Homology w i t h  t h e  t w o  
o ther  s t e r o i d  ho rmone  r e c e p t o r s ,  s p e c i a l l y  t h e  g l u c o c o r t i c o i d  r e c e p t o r  is 
a l so  e n c o u n t e r e d  i n  the C - t e r m i n a l  r e g i o n  w h i l e  t h e  N-terminal r e g i o n  is  
t o t a l l y  d i f f e r e n t  i n  s i z e  a n d  s e q u e n c e  a n d  c o n t a i n s  a v e r y  h i g h  p r o p o r t i o n  
of p r o l i n e  r e s i d u e s  ( 1 ) .  

p h o s p h o r y l a t i o n  reactions ( 2 ) :  o n e  b a s a l  a n d  o n e  h o r m o n e - d e p e n d e n t .  The 
l a t t e r  p r o v o k e s  a c h a r a c t e r i s t i c  " u p s h i f t "  i n  t h e  e l e c t r o p h o r e t i c  m o b i l i t y  
of t h e  r e c e p t o r .  Bo th  reac t ions  i n v o l v e  s e r i n e  r e s i d u e s .  

The r e c e p t o r  b i n d s  w i t h  h i g h  a f f i n i t y  t o  s p e c i f i c  r e g i o n s  of t h e  u t e r o -  
g l o b i n  gene. The p u r i f i e d  r e c e p t o r  b i n d s  t o  t h e  same s i t e s ,  g i v i n g  i d e n t i c a l  
f o o t p r i n t s  w h e t h e r  i n  t h e  p r e s e n c e  or a b s e n c e  of hormone .  Such  b i n d i n g  is 
d e p e n d e n t  o n  t h e  p r e s e n c e  of hormone  i n  i n t a c t  c e l l s  o r  c r u d e  c e l l u l a r  
ex t rac ts .  It is t h u s  p r o b a b l e  t h a t  i n  t h e  n u c l e u s  t h e  h o r m o n e - f r e e r e c e p t o r  
is  s t a b i l i z e d  i n  a n o n - a c t i v a t e d  (non-DNA b i n d i n g )  f o r m  by a n o n - i d e n t i f i e d  
fac tor  which is l o s t  d u r i n g  p u r i f i c a t i o n  ( 3 ) .  
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t o  induce calcium 

Combined with previous evidence (Pike. 

This  conclusion is supported by our recent  

1.25(OH)2D3 receptor  cDNAs v e r i f i e d  by hybrid s e l e c t i o n  pos- 

induced protein--CaBP. 
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Steroid Hormone Action 

TRANSFORMATION OF GLUCOCORTICOID RECEPTORS TO THE DNA BINDING STATE, William B. 
8010 Pratt, Deptartment of Pharmacology, The University of Michigan Medical School, A n n  
Arbor, MI 48109. 
Incubation of L cell cytosol containing untransformed, non-DNA binding glucocorticoid 
receptors with monoclonal antibodies that react only with the 100-kDa glucocorticoid binding 
phosphoprotein causes the huno-specific adsorption to protein-A-Sepharose of both the 
100-kDa glucocorticoid receptor and a 90-kDa phosphoprotein that does not bind steroid. The 
90-kDa receptor-associated protein has been identified as the 90-kDa murine heat shock 
protein (hsp90). Incubation of cytosol containing steroid-bound receptors at 25°C causes 
transformation of the steroid-receptor complex to the DNA-binding state. This 
transformation is accompanied by conversion of the receptor from a 9s to a 45 form and by 
dissociation of the anionic hsp90 from the 100-kDa steroid binding protein. 
Temperature-mediated 9s to 4s conversion, dissociation of hsp90, and acquisition of DNA 
binding activity are all steroid-dependent events. In contrast to temperature-mediated 
transformation, transformation by a salt, such as ammonium sulfate, does not require the 
presence of steroid. These observations are consistent with the proposal that dissociation 
of the anionic hsp90 from the receptor occurs during transformation of the receptor to the 
more cationic DNA-binding form. The observation that dissociation of the complex by salt in 
the absence of ligand yields a form of the unoccupied receptor that binds with high affinity 
to DNA-cellulose (demonstrated by Western blotting) suggests that the only role performed by 
the steroid may be to permit temperature-dependent dissociation of the heteronmric 
receptor-hsp90 complex. Thiol groups on the receptor are absolutely required for the 
untransformad receptor to bind steroid and for the transformed receptor to bind to DNA. 
Thiol groups are also required for transformation. If cytosol containing untransformed. 
steroid-bound receptor is treated with hydrogen peroxide and then incubated 25T, conversion 
of the receptor from a 9s to 45 form and dissociation of hsp90 are prevented. If DTT is 
added to reverse the peroxide effect and cytosol is incubated a second time at 25OC, hsp90 
dissociates and the receptor is converted to the 4s, DNA-binding form. The transformation 
that occurs during the second incubation step is both temperature-dependent and inhibited by 
molybdate. Thus, critical sulfur moieties in the receptor must be reduced in order for the 
temperature-mediated dissociation compon t of receptor transformation to occur.Both 
cytosolic and nuclear receptor from %P-labeled L cells have been resolved by 
immunoadsorption and SDS-PAGE, followed by h oblotting and direct autoradiography of the 
hunoblots. No difference in the extent of WP-labeling of the receptor can be detected 
with temperature-mediated transformation and nuclear binding in intact cells or with 
temperature transformation and binding to DNA-cellulose in cytosol preparations. 

STRUCTURAL ANALYSIS OF THE AVIAN PROGESTERONE RECEPTOR USING ANTIBODY PROBES, 
B(l11 David 0. Toft, William P. Sullivan, David F. Smith, Christopher J. Krco and 
Daniel J. McCormick. Departments of Biochemistry and Molecular Biology, and 
Imnunology, Mayo Medical School, Rochester, MN 55905. 
Studies on the composition of purified avian progesterone receptor indicate three 
major protein components; the A and B receptor forms which bind hormone and a 90 kDa 
protein that has been identified as a major heat shock protein, hsp 90. 
Sedimentation and ilanune precipitation studies with monoclonal antibodies against 
hsp 90 show an association of this protein with A and B receptors, individually, 
when they are in the nontransformed 8s state. This complex is disrupted during in 
vitro transformation of receptor. 
antigen only when disrupted from receptor and apparently recognize epitopes that are 
masked by receptor association. 
served epitope that exists in hsp 90 from several mammalian species as well as some 
lower eukaryotes. Five monoclonal antibodies were prepared against progesterone 
receptor; four react with both A and B receptors and one reacts only with the B form. 
This latter antibody also reacts with several mammalian progesterone receptors. All 
five antibodies recognize epitopes in the amino terminal half of the progesterone 
receptor indicating that the A and B receptors are structurally similar in this 
region. The five antibodies all react with nontransformed and transformed receptor 
and do not interfere with receptor binding to DNA or progesterone. 
rabbit antiserum was prepared against a synthetic peptide corresponding to part of 
the highly conserved receptor region with homology to the erb A protein. 
serllm recognizes the purified A and B receptor forms using Western blotting 
procedures indicating that both receptor forms contain this conserved region. 
However, the antiserum does not react with native progesterone receptor in either the 
transformed or nontransformed state indicating that the epitopes are masked or in a 
conformation that is not recognized by the antiserum. 

Three antibodies against hsp 90 react with the 

One of these antibodies recognizes a highly con- 

In addition, 

This anti- 
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Stemid Hormone Action 

Regulation of Cell Function and Differentiation 

STEROID REGULATION OF PROTEIN MATURATION AND COMPARTMENTALIZATION. Gary L. 
B 01 2 Firestone. Department of Physiology-Anatomy (L Cancer Research Laboratory, 
University of California at Berkeley, Berkeley, CA 94720. The biological control of post- 
translational reactions that operate upon proteins during transport to their final cellular 
destinations is crucial for regulation of cellular function. Using the expression of mouse 
mammary probes 
in the viral infected rat hepatoma cell line M1.54. we have discovered and documented two 
novel posttranslational regulatory circuits under control of dexamethasone. a synthetic 
glucocorticoid. One steroid-regulated pathway controls the posttranslational sorting of 
three cell surface-associated MMTV glycoproteins and one extracellular species that are 
derived the 
proteolytic maturation of a viral phosphorylated precursor polyprotein. The regulated post- 
translational reactions require de novo RNA and protein synthesis, receptor function, do not 
require a critical concentration of MMTV polyprotein substrates and can be genetically 
uncoupled transcription. 
Immunoprecipitation of cell surface-specific and intracellular MMTV glycoproteins revealed 
that the M V  glycoproteins expressed at the cell surface in the presence of dexamethasone 
are located in an intracellular fraction in uninduced cells. Analysis of oligosaccharide 
processing demonstrated that the glucocorticoid-regulated branchpoint in glycoprotein 
sorting occurs in the medial Golgi after the acquisition of endo H resi8tant side chains but 
before the attachment of galactosyl residues to the carbohydrate moiety and palmitic acid to 
the polypeptide backbone. Mutant derivatives of M1.64 which fail to express cell surface 
MMTV glycoproteins were selected by complement mediated cytolysis. One such clonal isolate. 
CR4, viral transcript synthesis and expression of 
the precursor polyproteins, a constitutive glycosylated maturation product and the regulated 
phosphosproteins. However, the glucocorticoid regulated sorting pathway responsible for the 
production of galactosylated and palmitylated cell surface MMTV glycoproteins was 
selectively defective in this variant. Intraspecific heterokaryons were formed by fusion of 
CR4 and uninfected HTC cells and the expression of cell surface viral glycoproteins 
monitored by indirect immunofluorenscence. Uninfected HTC cells complemented the defect in 
CR4 only after exposure to dexamethasone demonstrating that cellular-encoded glucocorticoid- 
regulated gene products can control the trafficking of a specific subset of cell surface- 
associated glycoproteins. We are currently attempting to identify and isolate the 
glucocorticoid regulated components that mediate this posttranslational regulatory circuit. 
This work was supported by the National Cancer Institute (CA 35547) and a National Science 
Foundation PYI Award (DCB 8351884). 

tumor virus (MMTV) glycoproteins and phosphoprotelns as sensitive molecular 

from a common glycosylated precursor while a second distinct pathway regulates 

from each other as well as the glucocorticoid stimulation in MMTV 

displayed normal rates of proliferation, 

HORMONAL CONTROL OF AOIPOCYTE DIFFERENTIATION, Gordon M. Ringold, Alger B. Chapman, 
8013 David M. Knight, Marc Navre and Frank M. Torti, Department of Pharmacology, Stan- 
ford University School of Medicine, Stanford, CA 94305. 
The environmental cues that control developmental decisions often take the form of hormonal 
signals. 
monokines and growth factors play in controlling the decision of fibroblast-like preadipo- 
cytes to differentiate into mature adipocytes. 
corticoids stimulate the precocious differentiation of the TA1 cell line and that tumor 
necrosis factor (TNF) will block and reverse their differentiation. We have recently 
isolated a glucocorticoid inducible gene (clone 5) frcm TA1 cells that is implicated 
i n  the triggering of adipocyte (and perhaps myocyte) differentiation. Most impressively, 
the clone 5 gene can be rapidly shut-off by treatment of cells with fibroblast growth 
factor (FGF) a condition that prevents TA1 cell differentiatlon. This and other obser- 
vations have led us to the hypothesis that a critical level of clone 5 gene product may 
be required to trigger differentiation; those hormones that induce it (e.g., glucocorti- 
coids) stimulate differentiation whereas hormones or environmental conditions that repress 
it <e.g., FGF or low cell density) inhibit differentiation. 
various aspects of the hormonal control of clone 5 gene expression will be presented. 

We have been characterizing the roles that glucocorticoid hormones and certain 

In this regard we have found that gluco- 

Additional studies detailing 



Stemid Hormone Action 

Regulation of Gene Expression - l 
DIFFERENTIAL REGULATION OF GENE EXPRESSION BY GLUCOCORTICOIDS AND 

8014 PROGESTINS, J u t t a  Arnemann, Georgos Cha lepak i s ,  Emily S l a t e r ,  and 
Miguel Bea to ,  I n s t i t u t  f u r  M o l e k u l a r b i o l o g i e  und Tumorforschung, 
P h i l i p p s - U n i v e r s i t a t ,  D-3550 Marbur , F.R.G. 
The hormone r e g u l a t o r y  e l emen t  (HRE? of mouse mammary tumour v i r u s  (MMTV) 
c a n  med ia t e  t r a n s c r i p t i o n a l  i n d u c t i o n  of an  a d j a c e n t  promoter  by 
g l u c o c o r t i c o i d s  and  p r o g e s t i n s  ( 1 ) .  The r e c e p t o r s  f o r  b o t h  hormones 
i n t e r a c t  with t h e  same r e g i o n  of t h e  MMTV l o n g  t e r m i n a l  r e p e a t  (LTR), 
between -200 and -54 ( 2 ) ,  a l t h o u g h  there a re  d i f f e r e n c e s  i n  the r e l a t ive  
a f f i n i t y  o f  each r e c e p t o r  f o r  t h e  i n d i v i d u a l  b i n d i n g  s i t e s  w i t h i n  t h e  HRE. 
D i f f e r e n t i a l  b i n d i n g  o f  t h e  g l u c o c o r t i c o i d  and p r o g e s t e r o n e  r e c e p t o r s  h a s  
a l s o  been  obse rved  w i t h i n  t h e  r e g u l a t o r y  r e g i o n  of t h e  ch icken  lysozyme 
gene  ( 3 ) .  Us ing  a combina t ion  o f  d e l e t i o n  mutan t s ,  l i n k e r  s c a n n i n g  
mutan t s ,  p o i n t  m u t a t i o n s  and  s y n t h e t i c  o l i g o n u c l e o t i d e s  w e  show t h a t  
d i f f e r e n t  sequence  mot ives  o f  t h e  HRE c o n t r i b u t e  v e r y  d i f f e r e n t l y  t o  gene  
r e g u l a t i o n  by g l u c o c o r t i c o i d s .  and  p r o g e s t e r o n e .  I n  a d d i t i o n .  t h e  
t o p o l o g i c a l  s t a t e  o f  the t r a n s f e c t e d  D N A ,  i n f l u e n c e s  d i f f e r e n t i a l l y .  t h e  
hormonal i n d u c i b i l i t y  o f  a h e t e r o l o g o u s  promoter.  From t h e  r e s u l t s  of 
c o m p e t i t i o n  s t u d i e s  and  t r a n s f e c t i o n  expe r imen t s  w i t h  c loned  r e c e p t o r  
c D N A s  w e  beg in  t o  unde r s t and  t h e  i n t e r p l a y  between d i f f e r e n t  hormone 
r e c e p t o r s  on t h e i r  DNA r e g u l a t o r y  e l emen t s .  
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8015 REGULATION OF TRANSCRIPTION BY STEROID HORMONE RECEPTORS, TISSUE SPECIFIC TRANS- 
ACTING FACTORS AND PHORBOL ESTERS. Michael Karin, Masayoshi Imagawa. Robert Chiu, Mordechai 
Bodner, Sharon Dana, Christophe Lefevre and Richard Imbra, Division of Pharmacology M-036 
University of California. San Diego, La Jo l la ,  CA 92093. 

The glucocorticoid hormone receptor was shown t o  bind a t  specific s i t e s  ( G R E ' s )  on 
responsive genes, such as human metallothionein I IA (hMT-I1 ) and growth hormone (hGH) and 
stimulate their transcription. While hMT-IIA responds t o  gfucocorticoids in most cell  types 
tha t  contain a reasonable number of receptors. genes l ike hGH respond to  hormones only in 
cell  types permissive for their expression. 
and the i r  binding sites are necessary but not sufficient for homna l  induction of t issue 
specific genes. To investigate the role of other factors in expression and regulation of 
the hGH gene family we analyzed in detail  the hGH-N gene. 
a t issue specific promoter element active only i n  pituitary tumor cells.  This promoter i s  
recognized by a t  l eas t  three different trans-acting factors,  only one of which i s  specific 
t o  GH expressing cells.  
required for  expression in-vivo and in-vitro. In addition, one or two other factors bind to  
an enhancer element foundfurther up- These factors,  present i n  a l l  cell  types, could 
conceivably interact with a glucocorticoid receptor bound to  a nearby GRE. 
enhancer, l i ke  t h e  GRE, i s  incapable of stimulating transcription of the hGH-N promoter 
unless the t issue specific factor GHF-1 i s  present. These experiments suggest tha t  the f i r s t  
and most important step i n  activation of the hGH-N promoter i s  binding of the t issue specific 
factor,  GHF-1. 

control of transcription by phorbol e s t e r  tumor promoters. We will present d a t a  demonstra- 
t ing that,  unlike steroid hormones, which ac t  via specific trans-acting factors ( i  .e. the 
receptors). involved only in hormonal induction, phorbol es te rs  regulate gene expression via 
the same factors which are responsible for  maintaining a basal level of transcription. 
Increased phosphorylation of these factors by protein kinase C i s  being considered as a 
l ikely mechanism for  phorbol e s t e r  stimulated transcription. 

Thus ,  the presence of glucocorticoid receptors 

We found that th i s  gene contains 

This factor,  GHF-1, recognizes an upstream promoter element, 

However, the 

In addition t o  regulation of gene expression by steroid hormones, we are studying the 
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ANALYSIS OF REGULATORY ELEMENTS IN ANDROCEN-RESPONSIVE GENES, Malcolm Parker, 
Paul Webb, Tim Thompson, Roger White, John M i l l s  end Maurice Needham. Imperial 
Cancer Research Fund, P.O. Box 123, Lincdln's Inn Fields ,  London WC2A 3 P X ,  U.K. 

8016 

We have studied the role played by s te ro id  hormones i n  regulating promoter ac t iv i ty  i n  mouse 
mammary tumour virus (marV) and several  androgsn-responsive prostate  genes. The M M N  
promoter i s  stimulated by androgens, glucocorticoids and progestins i n  t h e  human mammary 
tumour c e l l  l ine  ZR-75 but by progestin alone i n  the T47D #11 c e l l  l ine .  There is no 
obvious correlat ion between androgen receptor content and fold stimulation, #lace T47D #ll 
c e l l s  have re la t ive ly  high androgen receptor COnCentrations (220 h o l e s  per  mg protein) tha t  
are  known t o  be functional by other  c r i t e r i a .  The androgen response element has been 
mapped t o  overlap with t h e  glucocorticoid and progesterone response elements within 200 
nucleotides of the  s t a r t  of t ranscr ipt ion.  Although t h i s  hormone response element ac ts  on 
heterologous promoters we have mapped downstream v i r a l  sequences which are  required for  
normal v i r a l  expression. 

Similar ly ,  DNA sequences from prostate  genes, which have been shown t o  bind androgen 
receptors se lec t ive ly ,  were analysed f o r  t h e i r  a f fec t  on both the homologous and heterologous 
promoters i n  prostate  tumour c e l l  l ines .  klthough t h e  androgen response element within 
MXN was shown t o  be functional, none of t h e  prostate  DNA sequences acted as  an androgen 
response element i n  such homologous c e l l s .  The only condition we have found for  
maintaining spec i f ic  prostate  gene expression is t o  reimplant embryonic or neonatal prostate  
c e l l s  as ectopic subcapsular renal graf t s  i n  normal syngeneic adult hosts. Cel ls  from 
5 o r  10 day-old r a t s  produced near normal (85%) COnCentratkm of mRNA for  pros ta t ic  
s te ro id  binding protein,  hut thereaf te r  there  was age-dependent decline i n  expression so 
tha t  prostate  from 37 day-old r a t s  produced less  than 1% normal levels  a f t e r  
reimplautation. These resu l t s  suggest two programmes are  involved i n  control l ing 
t ranscr ipt ion,  one t o  produce normal ontogenesls and another t o  maintain spec i f ic  
gene expression. 

GLUCOCOklICOID REGULATION OF EXPRESSION OF THE TYROSINEAMINOTRANSFERASE GENE. 
Gunther Schutz, Hans-Michael Jantzen, Uwe Strahle, Gerd Klock, Bernd Gloss, 8017 

Francis Stewart, Peter Becker. Institute of Cell and Tumor Biology, German Cancer Research 
Center, Im Neuenheimer Feld 280, D-6900 Heidelberg, Federal Republic of Germany. 

Transcription of the tyrosineaminotransferase (TAT) gene in 1 iver parenchymal cells is 
controlled by glucocorticoids. In gene transfer experiments two glucocorticoid response 
elements (GRE) located 2500 bp upstream of the transcription initiation site were identified. 
These elements are binding sites of the glucocorticoid receptor as evidenced from in vitro 
and in vivo footprinting experiments. The two GREs induce expression of the TAT gene in a 
cooperative manner, the proximal element which in itself has no inducing capacity will 
strongly enhance glucocorticoid induction in the presence of the other. Cooperativity of 
these two elements is maintained when located upstream of a heterologous promoter which is 
not regulated by glucocorticoids. An oligonucleotide of 15 bp representing one of the 
footprint regions is sufficient to confer glucocorticoid inducibility to the thymidine kinase 
promoter. Interestingly the same oligonucleotide mediates induction by progesterone in 
progesterone receptor containing cells. Local alterations in the structure of chromatin at 
the GREs take place as evidenced from DNase I hypersensitive site mapping experiments. Using 
the genomic footprinting technique it is shown that changes in in vitro protein/DNA inter- 
actions at the GREs can only be detected after hormone treatment in hepatoma cells, but not 
in fibroblast cells, in which the TAT gene is not expressed. These data support the concept 
that glucocorticoids increase the affinity o f  the receptor to its target sequences. An 
assay to map cleavages produced by topoisomerase I with camptothecin, an inhibitor of this 
enzyme, has been developed. The cleavages map predominantly in the transcribed region of 
the TAT gene. Cleavage frequency increases with induction of the gene by glucocorticoids 
or CAMP. Induction of TAT mRNA synthesis is prevented if the topoisomerase I inhibitor is 
administered with the inducer. The cleavage sites are characterized by association of a 
protein to the 3 '  end of the fragments as expected for topoisomerase I .  These observations 
imply an intimate relationship between topoisomerase I activity and TAT gene transcription. 
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REGULATION OF GEM: EXPRESSION BY DIOXIN, James P. Whitlock, Jr., Department of 
B 018 Pharmacology, Stanford University School of Medicine, Stanford, CA 94305. 
2,3,7,8-Tetrachlorodibenzo-pdioxin (TCDD, dioxin) i s  a widespread, potent environmental contaminant 
t ha t  produces a diverse set of biological responses, which, in some cases, reflect  t he  altered expression 
of specific genes. An intracellular receptor protein, which binds TCDD saturably and with high affinity, 
mediates several of TCDITs biological effects. In m0-e hepatoma cells, TCDD induces aryl 
hydrocarbon hydroxylase activity by activating the  transcription of a specific cytochrome P-450 gene. 
Studies of receptor-defective variant cells indicate tha t  t he  activation of cytochfome P-450 gene 
transcription requires functional TCDD receptors. Analysis of the DNA that  flanks the 5'-end of t he  
cytochrome P450 gene reveals at  least  three control regions: a promoter, an inhibitory element, and a 
dioxin-responsive element (DRE). Therefore, expression of the cytochrome P-450 gene represents a 
balance between negative and positive control. Analysis of t h e  DRE reveals t ha t  i t  confers 
responsiveness to TCDD upon a heterologous promoter and gene. The function of t he  DRE is relatively 
independent of both i t s  location and orientation with respect t o  the  promoter. The DRE requires TCDD 
receptors for i t s  function. Together, t h e  DRE and TCDD receptors consti tute a dioxin-responsive 
enhancer system. The DFE contains two discrete, non-overlapping DNA domains tha t  respond t o  
TCDD. Each TCDD-responsive domain acts independently of the other, each requires TCDD receptors 
for function, and each has the  properties of a transcriptional enhancer. The region of chromatin tha t  
contains the DRE is hypersensitive t o  nucleases. TCDD does not a l ter  t he  pattern of DNase 
hypersensitivity in the 5'-flanking region of the cytochrome P-450 gene. Exposure of cells t o  TCDD 
results in the protection of a specific DNA domain from exonuclease digestion. This protection requires 
TCDD receptors. The boundaries of t he  protected domain coincide with those of t he  DRE. 

Regulation of Gene Expression - I1 
THE PRO-OPIOMELANOCORTIN GENE: A MODEL €OR NEGATIVE REGULATION 

B 01 Q OFTRANSCRIPTION BY GLUCOCORTICOIDS, Jacques Drouin, Jean Charron, Lucie Jeannotte,  
Mona Nemer ,  R icha rd  K. P l a n t e  and Orjan Wrange' , Institut d e  recherches clniques de 
MontrCal, MontrPal, Canada, H2W i R 7  and 'Karolinska Institute, Stockholm, Sweden. 
The g e n e  encoding pro-opiomelanocortin (POMC) offers an interesting model system to study 
negative control of transcription in eucaryotes. Indeed, glucocorticoid hormones specifically 
inhibi t  transcription of the POMC gene in the anterior pituitary. Expression and regulation 
of the  POMC gene is highly tissue-specific. For example, while t he  POMC gene is expres sed  in  
bo th  the anterior and intermediate lobes of the pituitary gland, only anterior pituitary POMC 
transcr ipt ion i s  inhibi ted by g lucocor t i co ids  and  s t i m u l a t e d  by co r t i co t rop in  r e l eas ing  
hormone (CRH). 

In order to identify DNA sequence elements responsible for tissue-specific transcrip- 
tion and inhibition by glucocorticoids, chimaeric genes consti tuted of POMC promoter f r agmen t s  
fused  to bacterial sequences encoding neomycin resistance (neo) were tested by electroporation 
i n t o  c e l l  l ines  of pituitary and fibroblastic origin. The POMCneo hybrid gene is transcribed 
eff ic ient ly  from the correct  s t a r t  site in the POMC-expressing pituitary cells, AtT-20. In 
contrast ,  t h e  POMC promoter is  inactive in L cells where only random initiation of t ranscr ip-  
tion is observed.  De le t ion  analysis indicates t ha t  sequences up to position -478 bp are 
required for  tissue-specific transcription. rPOMC upstream sequences (-706 to -135 bp) behave 
as a n  enhancer  element since they increase transcription when inserted upstream in either 
orientations or downstream of an heterologous promoter (HSV thymidine kinas) ;  however, t h i s  
enhancer activity does not appear to be tissue-specific. 

In order to precisely localize DNA segments involved in DEX inhibition of t ranscr ip-  
tion, we tested directly for binding of purified rat  glucocorticoid receptor (CR) to r a t  POMC 
promoter sequences. Three GR binding sites are present i n  t h e  POMC promoter fragments used 
i n  e l e c t r o p o r a t i o n  experiments .  Glucocorticoid (DEX) t reatment  of p w l s  of AtT-20 cells 
electroporated with pPOMCneo plasmids decreases transcription of t he  electroporated POMCneo 
g e n e  to t h e  same extent  as the cellular POMC gene. DEX similarly inhibits transcription from 
a POMC fusion gene present on an  episomal BPV vector. Deletion analysis indicates that  a GR 
binding s i te  which overlaps a putative "CCAAT" box sequence is essential for DEX inhibition 
of POMC transcr ipt ion.  Glucocort icoid inhibition of POMC transcription may, therefore, 
result  from receptor binding in t h e  "CCAAT' box region and impaired "CCAAT" box function. 
(Supported by MRC and NCI of Canada) 
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SPECIFIC BINDING OF TWO ESTRADIOL DEPENDENT TRANS-ACTING FACTORS 
BOZO TO AVIAN VITPECLOGENIN GENE, AND THE ESTFUDIOL DEPENDENT DEMETHYLA- 
TION OF THESE BINDING SITES.Jean-Pierre Jost and Hanspeter Saluz, 
Friedrich Miescher Institut P.0, box 2543 CH-4002 Base1,Switzerland. 
The in vitro secondary stimulation of vitellogenin gene in isolated nu- 
clei was used as an assay f o r  putative regulation factors. The system 
shows that the reactivation of the silent gene needs polyamines and pro- 
tein factors. Only protein factors isolated from the liver of estradiol 
treated animals reactivate the gene. The specific DNA-protein interaction 
of these factors is described. Preferential binding of one of them to 
vitellogenin gene was tested in vitro by DNA competition and gel reten- 
tion and by exonu lease IIIprotec-n experiments. The factor binds with 
a Kd of 3.5 x 10-?OH to a dyad symmetry structure 5' GTCTTGTTCCAAAC 3' 
of the third intron of the gene. The binding of the factor to DNA is 
sequence specific on single and double stranded DNA.The second factor: 
estradiol-receptor complex (ER) binding site was studied by DNA-cellulo- 
se binding/competition assay and by DNAase I footprinting. The binding 
site of ER overlaps a glucocorticoid binding site and contains also a 
dyad symmetry structure 5'GWCAGCWGACC 3'.genomic sequencing was used 
to study the estradiol dependent demethylation of four CpGs. Three of 
these sites, two of which lie within the ER binding site and one on a 
short stretch of alternating purine/pyrimidine were initially fully me- 
thylated. Analysis of liver DNA revealed that estradiol treatment to 
immature roosters resulted in a demethylation of these sites which occu- 
red initially only on one DNA strand. This demethylation correlated well 
with the induction of vitellogenin mRNA synthesis.The demethylation of 
the second strand lagged 24 hours behind. The 4th CpG located within 
the overlapping glucocorticoid receptor binding site was already hemime- 
thylated at the onset of the experiment. The demethylation of this site 
also occured with kinetics similar to the rate of vitellogenin mRNA 
synthesis. All 4 CpGs remained demethylated even after cessation of gene 
transcription.Comparison of the methylation state of these CpGs indicate 
a clear dependence of the demethylation on estradiol. 

THE ESTROGEN RESPONSIVE DNA ELEMENT: STRUCTURE AND INTERACTION WITH THE ESTROGEN 
RECEPTOR, Gerhart U. Ryffel, Ludger Klein-Hitpa6, Petra Druge and Andrew C.8.Cato. B021 

Kernforschungszentrum Karlsruhe, Institut fur Geneti k und Toxi kologie, Postfach 3640. 
0-7500 Karlsruhe 1, FRG. 
In the liver o f  Xenopus the vitellogenin genes are under strict estrogen control (1). A sta- 
ble transfected A2 vitellogenin gene of Xenopus is estrogen regulated in the human breast 
cancer cell line MCF-7. Using vitellogenin CAT fusion genes we have mapped an estrogen re- 
sponsive element (ERE) in the 5' flanking region. This ERE i s  able to confer estrogen indu- 
cibility to the HSV thymidine kinase promoter (2). The fact that the ERE acts in both orien- 
tation and over a distance of at least 2500 nucleotides classifies this element as an estro- 
gen dependent enhancer. The 13 bp palindrome 5'-GGTCACAGTGACC-3' is sufficient for estrogen 
control and a single point mutation destroys hormonal regulation. In such a mutant estrogen 
control can be reestablished by linking a functional glucocorticoid responsive element, 
suggesting that various steroid hormone receptors may cooperate. We could show that the ERE 
preferentially binds estrogen receptor using DNA-cellulose competition assays. For this bin- 
ding the 13 bp palindrome is sufficient and a point mutation within the palindrome abolishes 
preferential binding o f  the receptor. Estrogen responsiveness was introduced as a new cha- 
racteristic into various cell lines by transfection o f  HEO, an expression vector coding for 
the human estrogen receptor (in collaboration with S.Green, G.Stack and P.Chambon). Estrogen 
responsiveness was proven by analyzing the estrogen inducibility of a cotransfected vitello- 
genin-CAT gene containing the ERE (Oruge et al. submitted). In conclusion all our data 
establish that the ERE, a 13 bp palindrome, is recognized as the cis-element by the trans- 
acting estrogen receptor. 

1. Wahli and Ryffel (1985) Oxford Surveys on Eukaryotic Genes 2. 96. 
2. Klein-Hitpa6 et al. (1986) Cell 46, 1053. 
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Steroids and Regulation of Cancer - I ooint session) 

pS2 OESTROGEN AND PROGESTIN RECEPTOR GENE EXPRESSION I N  BREAST CANCERS. 
B022 P. Chambonl, J.P. Bellocq2, M. Berrl ' .  J.P. Briand3, B. Gairard', A. Krust l ,  S. 
Jakowlew', A.M. Nunezl. R. Renaud', M.C. Rio , M. Roberts' and J. Wallace'. 'LGME/CNRS and 
U.I84/INSERM Facul t6  de Rdecine, 67085 Strasbourg; 2Dept. Anatomie Pathologique, CHU, 
Strasbourg; IBMC/CNRS. Strasbourg; 'Gp t .  GynPcologie I. CHU, Strasbourg - France. 
We have prev ious ly  repor ted the  c lon ing  and sequencing of the cONA o f  the human pS2 gene 
(1.2) whose t r a n s c r i p t i o n  i s  c o n t r o l l e d  by oestrogens i n  the human breast  cancer c e l l s  MCF-7 
(3.4.9). Using an antibody against  a synthet ic  peptide whose sequence was deduced from t h a t  
o f  t he  cDNA, we have now found t h a t  t he  pS2 p r o t e i n  i s  synthesized by MCF-7 c e l l s  grown In 
t he  presence o f  oest rad io l  (bu t  n o t  i n  the presence o f  tamoxifen) and secreted i n  the medium, 
as expected from the  existence o f  a pu ta t i ve  signal sequence i n  the  cDNA-deduced p ro te in  
sequence. The existence o f  an oestrogen-responsive element (ERE) i n  the pS2 gene promoter has 
been demonstrated by co t rans fec t i on  i n  HeLa and MCF-7 c e l l s  o f  a vector  expressing the human 
oestrogen receptor  (hER) and recombinants conta in ing the repo r te r  E.coli CAT gene and various 
segments o f  t he  pS2 gene promoter region. Northern b l o t  analyses o f  human normal and tumoral 
c e l l s  and b iops ies have revealed t h a t  pS2 mRNA i s  present exc lus i ve l y  i n  a subset o f  breast  
cancers. These r e s u l t s  were confirmed by the se lec t i ve  presence o f  the pS2 p r o t e i n  i n  these 
cancers, as assayed by innunohistochemistry. A l a r g e  number (7 200) o f  human breast  cancer 
b iops ies have been analyzed by Northern b l o t t i n g  f o r  the presence o f  pS2, hER and progest in  
receptor  (hPR) mRNAs. as we l l  as by immunohistochemfstry f o r  the presence o f  pS2 and hER 
prote ins.  ER and PR l e v e l s  were a l so  determined i n  these b iops ies by us ing conventional bind- 
i n g  o f  l a b e l l e d  hormones. It appears from these s tud ies t h a t  the pS2 gene i s  s p e c i f i c a l l y  
expressed fn a subset o f  the human breast  cancers which express the  hER gene. In te res t i ng l y .  
the pS2 gene was n o t  expressed i n  a l l  o f  the breast  cancers which express simultaneously the  
hER and hPR genes. The poss ib le  value o f  pS2 gene expression as an add i t i ona l  marker f o r  
f u r t h e r  de f i n ing  oestrogen-dependent breast  cancers w i l l  be discussed. 

1) P. Masiakowski e t  al., NAR (1982) 10, 7895; 2) S.B. Jakowlev e t  al.. Nucl. Acids Res. 
(1984) 12. 2861; 3) A.M.C. Brown e t  x. (1984) PNAS 81. 6344; 4) B. Westley e t  al.. JBC 
(1984) x 9 ,  10030; 
40. 1. - 5 )  P. Chambon e t  a l .  in "Recent Progress i n  Hormone Research" (1984) vol.  
- 

ROLES OF PDGF/SIS-LIKE PROTEINS I N  THE AUTOCRINE GROYTH REGULATION OF SSV- 
B023 TRANSFDRHED FIBROBLASTS. T. F. DeuelL/'. 6. F .  Plercex/a. H.-J. Yehl. L. K. 
Shawverl. P. 6. Hl lnerz.  Departments o f  Hedlclnex. B l o l o g l c a l  Chernlstry', Pathology*, 
Jeulsh Hosp l ta l  a t  Wshlngton U n l v e r s l t y  Hedlcal Center, S t .  LOUIS. HO 63110 
The p la te le t -de r l ved  growth fac to r  (PDGF) Is h l g h l y  homologous t o  the transformlng 
p r o t e l n  o f  t he  Sln lan Sarcoma VIrus (SSV). p28v-s1s. PDGF-llke molecules a re  expressed 
I n  SSV-transformed c e l l s  and a PDGF-llke growth f a c t o r  1s secreted I n t o  condlt loned medla 
from some but  no t  a l l  SSV-transformed c e l l s .  The secreted growth p r m t l n g  a c t l v l t y  
l n te rac ts  wlth PDGF c e l l  sur face receptors, ac t l va tes  the PDGF receptor  t y ros lne  klnase. 
and appears capable o f  s t l m u l a t l n g  the au toc r lne  growth o f  SSV-transformed c e l l s .  The 
secreted p r o t e l n  thus r e s e d l e s  p28v-s1s but  has not  been establ lshed as the product o f  
the v-s ls  gene. Inv lnoe lec t ron  mlcroscopy has been used t o  l o c a l l z e  PDGF/sls-llke 
antlgens I n  endoplasnlc re t l cu lun /Go lg l .  suggestlng a l t e r n a t e  p o t e n t l a l  s l t e s  f o r  the 
l n t e r a c t l o n  o f  p28v-s1s wl th I ts  c e l l  surface receptor as each 1s processed. PDGF-llke 
antlgens o f  66, 65, and 44 kDa a l s o  have been l d e n t l f l e d  and p a r t t a l l y  p u r l f l e d  from the 
c e l l  nucleus, suggestlng these p ro te ins  may represent a fam l l y  o f  PDGF/sls-llke molecules 
p o t e n t l a l l y  l r p o r t a n t  l n  d l f f e r e n t  r o l e s  o f  growth regu la t l on  In SSV-transformed c e l l s .  
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GKOWTH REGULATION OF BW BREAST CANCER BY SECRETED GROWTH FACTORS. 
B024 
Neal Roaen, Eva Valver ius .  Diane Bronzert .  Susan Bates. Sandra Swain. Medical 
Breast  Cancer Sect ion,  Hedicine Branch, Nat ional  Cancer I n s t i t u t e ,  N I H ,  Bethesda, UD. 
Our l abora to ry  has  been i n v e s t i g a t i n g  t h e  s i g n i f i c a n c e  of growth f a c t o r  product ion by 
human b reas t  cancers.  We have demonstrated t h a t  human b reas t  cancer  c e l l s  produce insul in-  
l i k e  growth f a c t o r  1 (IGP-I); t ransforming growth f a c t o r  a lpha-l ike a c t i v i t y  (TGF a lpha ) ;  
p l a t e l e t  der ived growth f a c t o r  (PDGP); transforming growth f a c t o r  beta (TGF be ta ) ;  and an 
un-named high molecular weight growth f a c t o r  a c t i v i t y .  IGF-1 has  t h e  following p rope r t i e s :  
b reas t  cancer  c e l l s  produce radio-immunoasaayable IGF-I. The IGP-I ma te r i a l  co-purif ies  
with a u t h e n t i c  human IGP-I. Breast  cancer  c e l l s  contain mRNA which hybr id i zes  t o  an authen- 
t i c  human cDNA probe f o r  IGP-I. 
and are growth s t imu la t ed  by t h e  a d d i t i o n  of e x q e n o u s  IGP-I i n  v i t r o .  Estrogens stimulate 
and an t i e s t rogens  i n h i b i t  IGP-I s ec re t ion .  
suggest  an au toc r ine  r o l e  f o r  IGP-I. 
t h e  following p rope r t i e s .  The major s e c r e t e d  spec ie s  is a 30 K D a  peptide.  A cDNA f o r  
human TGF alpha recognizes  a 4.8 Kb and a 1.6 Kb mRNA species .  
radioimmunoaaaay a c t i v i t y ,  t ransforming a c t i v i t y  and mRNA a r e  a l l  coord ina te ly  induced by 
estrogens.  
are growth s t imu la t ed  by TGP alpha/EGP. 
t r a n s i e n t  tumor development of coimplanted KP-7 cells i n  t h e  absence of es t rogen.  
Prel iminary e x p e r l m n t s  wi th  a n t i  EGP r e c e p t o r  and a n t i  TGP an t ibod ies  s rggea t  an a u t o c r i n e  
r o l e  f o r  TGP alpha. 
f i b r o b l a s t  'competency" a c t i v i t y .  
i d e n t i f i e s  pep t ides  of expected s i z e  (28 KDa unreduced, 15 and 16 KDu reduced). 
w i th  cDNA d i r e c t e d  a g a i n s t  PDGP A and B cha in  &A r e v e a l  t h a t  b r e a s t  cancer  c e l l a  expres s  
a v a r i a b l e  p a t t e r n  of t h e  expected A chain (2 .5 .  2.9Kb) andfor  B chain (4.1Kb) RNA species .  
PDGP production is es t rogen  r egu la t ed  in an e s t rogen  dependent cell l i ne .  
cancer  cells are no t  known t o  have PDGF recep to r s ,  PDGP may act as a pa rac r ine  growth 
f a c t o r  i n  b reaa t  cancer. 
es t rogen dependent tumors i s  capable  of p a r t i a l l y  replacing e s t rogen  as a proximate 
s t imu la to r  of b reas t  cancer  growth. I n  add i t ion ,  conversion t o  t h e  e s t rogen  independent 
phenotype is  a s soc ia t ed  wi th  increased growth f a c t o r  production. Taken toge the r ,  t hese  
experiments s t r o n g l y  suggest  a c r i t i c a l  r o l e  of s ec re t ed  growth f a c t o r  a c t i v i t i e s  i n  t h e  
r egu la t ion  of human b r e a s t  cancer  growth and progression. 

Harc E. Lippman. Robert  B. Dickaon. Edward P. Gelmann, Cornel ius  Knabbe. 

Breast  cancer  c e l l s  express  IGP-I c e l l  s u r f a c e  r ecep to r s  

Prel iminary s t u d i e s  wi th  a n t i s e n s e  IGP-I genes  
Transforming growth f a c t o r  a lpha-l ike a c t i v i t y  has  

Radioreceptor a c t i v i t y .  

Breast cancer  c e l l s  expres s  TGP alphafEGF c e l l  s u r f a c e  r ecep to r s ;  many l i n e s  
EGP in fus ion  i n t o  t h e  nude mouse s t i m u l a t e s  

PDGP has t h e  f o l l o u i r g  p rope r t i e s :  human b r e a s t  cancer  c e l l a  produce 
Imaunoprecfpi ta t ioo with P E P  s p e c i f i c  an t ibod ie s  

S tud ie s  

Since b reas t  

In fus ion  of growth f a c t o r  concen t r a t e s  i n t o  nude mice bearirg 

AUTOCRINE AND PARACRINE ACTIVITIES OF AN ESTROGEN-INDUCED PROTEASE 
B025 SECRETED BY BREAST CANCER CELLS, Henri Rochefort , Franqoise Capony. 
Marcel Garcia, Muriel Morisset, Gilles Freiss and Franqoise Vignon, Unit6 
d'Endocrinologie Cellulaire et Molkculaire, INSERM U 148. and University of 
Montpellier, 60 Rue de Navacelles, 34100 Montpellier France. 

We have studied estrogen-regulated proteins in an attempt to understand the 
mechanism by which estrogens stimulate cell proliferation and mammary 
carcinogenesis. In estrogen receptor positive human breast cancer cell lines 
(MCF7, ZR75-1) estrogens specifically increase the production into the 
culture-medium of a 52 ,000  daltons (52K) glycoprotein. Several high affinity 
monoclonal antibodies to the partially purified secretory 52K protein have 
allowed to purify to homogeneity this protein and its cellular processed 
products. The 52K protein has been identified as the secreted precursor of 
a cathepsin-D like protease bearing mannose-6-phosphate signals. The protein 
is processed intracellularly into a 48 and 34K forms which accumulate in the 
lysosomes. The precursor 52K displays an in vitro autocrine mitogenic 
activity on estrogen deprived MCF7 cells, can be taken up by these cells 
mannose-6-phosphate receptors and is able to degrade basement membrane and 
proteoglycans following its activation. The cellular related proteins, as 
detected by immunohistochemistry and imrnunoassay are more concentrated in 
proliferative mammary ducts than in resting ducts and their concentration in 
breast cancer cytosol appears to be more correlated with lymph nodes 
invasion than to estrogen or progesterone receptors level. The protein is 
also produced constitutively by ER-negative cell lines, while in some 
antiestrogen resistant variants, it becomes inducible by tamoxifen, contrary 
to the wild type MCF7 cells. The structure of the protein from MCF7 cells 
has been compared to that of cathepsin-D(s) prepared from normal tissues. 
This estrogen-induced protease, in addition to other estrogen regulated 
growth factors, may have important autocrine and/or paracrine functions in 
stimulating the growth and invasion of hormone-dependent and independent 
breast cancer. 
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CHROMATIN STRUCTURE D GLOBIN GENE EXPRESSION, C. Pelsenfeld, B. .Euerson, 
D. Jackson. T. Kimura, B. -per, n. Lieber. J. Eesse and J. lpickol, Lab. of BO26 

Molecular Biology, NIDDK. NIE. Bethesda MD 20892. 
Chrolatin structure near transcriptionally active genes is often larked by domains that are 
hypersensitive to nucleases. 
flanking regions of the globin gene fmil 
domain in the 5' flanking region of the &globin gene is lacking a n o ~ l  nucleosome. 
but within the nucleonme-free domain (about 200 bane pairs long) at least three specific 
factors are observed to bind both in vitro and in vivo. 
role in regulation of the expression of the gene. 
have identified a sequence with the properties of an enhancer. 
enhancer is specific both with respect to cell type and developmental stage. 
within a hypersensitive domain. and we have identified factors that bind to the domain; some 
of the factors lay themselves be developmentally regulated. In other experiments, ve have 
exauined the properties of hypersensitive donains in an embryonic 8 gene and an adult agene. 
These domains have an architecture similar to those described above; some of the factors 
binding to the domains are novel, but it appears that some regulatory elements may be shared. 

We have euPined a number of such domains in the 3' and 5' 
in chicken erythrocytes. Ihe  hypersensitive 

Some of these binding sites play a 
In  the 3' flanklag region of the gene we 

It is located 
We have shown th'at the 

CONTROL OF TRANSCRIPTION I N  PROKARYOTES AND EUKARYOTES--A COMMON 
B027 MECHANISM, Mark P t a s h n e ,  Department of B i o c h e m i s t r y  and  M o l e c u l a r  
B i o l o g y ,  H a r v a r d  U n i v e r s i t y ,  7 D i v i n i t y  Avenue, Cambridge MA 02138. 
V a r i o u s  e x p e r i m e n t s  b e a r i n g  on t h e  q u e s t i o n s  of how r e g u l a t o r y  p r o t e i n s  
r e c o g n i z e  specific s e q u e n c e s  i n  DNA and  t u r n  g e n e s  o n  and  off i n  p r o k a r y o t e s  
a n d  e u k a r y o t e s  w i l l  be d e s c r i b e d .  

1. H o c h s c h i l d ,  A. and P t a s h n e ,  M. 1986. C o o p e r a t i v e  b i n d i n g  of r e p r e s s o r s  
t o  si tes s e p a r a t e d  by  i n t e g r a l  t u r n s  of t h e  DNA h e l i x .  Cell 4 4 .  681-687. 

2.  G r i f f i t h ,  J.. H o c h s c h i l d ,  A. ,  and  P t a s h n e ,  M. 1986. DNA loops i n d u c e d  by 
c o o p e r a t i v e  b i n d i n g  of h r e p r e s s o r .  N a t u r e  322 ,  750-752. 

3. P t a s h n e ,  M. 1986. Gene r e g u l a t i o n  by p r o t e i n s  a c t i n g  n e a r b y  and  a t  a 
d i s t a n c e .  N a t u r e  322, 697-701. 

4 .  H o c h s c h i l d ,  A., Douhan 111, J . ,  and  P t a s h n e ,  M .  1986. How X r e p r e s s o r  and  
X cro d i s t i n g u i s h  be tween O R 1  and  OR3. 2 47 ( i n  p r e s s ,  December 5 ) .  
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Steroids and Regulation of Cancer - I 1  (joint session) 

GLUCOCORTICOOID-INDUCED RESPONSES I N  LPHPHOM AND PIBROSARCOUA CELL LINES. 
BO28 Suzanne Bourgeois, M c h e l  Crepin and Douglas C. Dean, The Salk I n s t i t u t e ,  

Regulatory Biology Laboratory, San Diego, Ca l i fo rn ia  92138. 
Glucort iooids  induce l y s i s  o f  T-lymphomas and t h e  syn thes i s  of f ib ronec t in  in t h e  

human f i b r o s r r o o u  oell line HTl080. 
The meohanlam of hormone-induced c y t o l y s i s  of T-lymphomas is still obscure. Y e  have 

denOMtrPted earlier t h e  existence of a "lysis. funct ion required for glucoccrt icoid-  
induced T-oell k i l l i n g  (1 ) .  The a l y s i s s  gene is not  expressed in t h e  glucocort icoid-  
re8istMt cell line SAK8, but its expression (in t h e  presence of deuue thasone )  is acti- 
vated by DNA d s r e t h y l a t i o n  in tho- cells (2). Following up on several recent r e p o r t s  
t h a t  g lucooor t ioo ids  induoe DNA fragmentation in wnsi t ive  T-cells, we have examined t h e  
possibility t h a t  lymphocytolysis m l g h t  reault from glucooorticoid-induced nuclease a c t i -  
v l t y ( i e 8 ) .  U e  have deDOMtrPted t h a t  several calciur-dependent nuclease activities begin 
to appear after 1 h of d e u r e t h a s o n e  t r e a t w n t  in a g lucocor t i co id  sens i t ive  cell l i n e ,  
P3-95, derived from SAI8 cells by treabent with t h e  DNA demethylating agent  5-azacyti- 
dine,  but are no t  deteoted i n  SAK8 cells. Ye conclude t h a t  t h i s  i nduc t ion  of  nuclease 
act ivi t ies  precedes t h e  c y t o l y s i s  process  and is d i r e c t l y  dependent on t h e  
glucooorticoid--nsitive phenotype of t h e  T-cell. Therefore, t h e  gene(8) which encodes 
them is a poss ib l e  candidate  for the . lys ism gene. 

Pib ronec t in  (PN) 1s a large glycoprotein which nerves t o  anchor cells t o  a substra-  
tur. Syn thes i s  of PN is s t rong ly  l n h i b i t e d  upon neop las t i c  t ransformation which may ac- 
count, a t  least p a r t i a l l y ,  for a l t e r a t i o n s  in morphology and adhesion which are observed 
i n  t ramformed cells. I n  add i t ion ,  t h e  syn thes i s  of PN is Stimulated by glucocort icoid 
hormones (3).  A s  a first s t o p  in t h e  s tudy of  how expression of  t h e  FN gene is 
con t ro l l ed ,  we have i s o l a t e d  genomic c lones  containing t h e  5I-end and f l ank ing  sequences 
o f  t he  human f i b r o m c t i n  gene. Tim 5*-end o f  t h e  FN gene is found on a 3.7 kb ECpRI 
fralgwnt which con ta ins  about 2.7 kb of f lanking sequence. The first exon is 414 bp long 
and contains a 5'-untrinalated reglon o f  267 bp. Based on t he  pos i t i on  of t h e  tranb 
lational init iation codon. PN is synthesized wi th  a 31 mino ac id  extension on its amino 
t e ra tnus  which msrs t o  consist of both a signal pept ide and a propcptide. The sequence 
ATATAA is found a t  --Z5 and t h e  sepuence CAAT is preacnt  at -150. segueaces e r b i b i t i n g  
horology t o  t h e  binding sites for t h e  t r a n s c r i p t i o n  f a c t o r  SP1 are present. 

1. Gasson, J.C. and Bourgeois, S., J. C e l l  Biol. 96, 1983, 409-415. 
2. Gasson, J.C., Ryden, T. and Bourgeois, S., Nature a, 1983, 621-623. 
3. Oliver ,  N., Newby, R.P., Furcht ,  L.T. and Bourgeois, S., C e l l  U, 1983. 287-296. 

STEROID EFFECTS ON CULTURED MAMMARY TUMOUR CELL LINES, Roger J.B. King, 

Fund, P.O. Box 123, Lincoln 's  Inn F i e l d s ,  London WC2A 3PX, U.K. 
Bo29 James P. Glover, Pirkko Harkonen and Ph i l ippa  D. Darbre, Imperial Cancer Research 

The biology of s t e r o i d  ac t ion  on b r e a s t  cancer cells i n d i c a t e s  t h a t  mu l t ip l e  t ransducing 
m c h a n i s r s  mist be involved.  
P r o l i f e r a t i o n  Prom s t u d i e s  on t h e  r egu la t ion  of S l l 5  mouse- and ZR-75 human mammary tumour 
cell l i n e s  by androgen and oestrogen r e spec t ive ly ,  w e  formulated the idea  t b a t  s t e r o i d s  
changed the  cell phenotype from normal (-hormone) t o  transformed s t a t e  (+hormone). With both 
cell l i n e s ,  mu l t ip l e  e f f e c t s  of s t e r o i d  w e r e  noted,  some of  which could be independently 
regulated.  The r e l evan t  s t e r o i d  (testosterone/S115 c e l l s ,  oestradiol/ZR-75 cells) s t imu la t ed  
p r o l i f e r a t i o n  during log-phase growth and increased s a t u r a t i o n  dens i ty  i n  monolayer c u l t u r e  
and markedly increased grovth as spheroids  i n  suspension c u l t u r e  (anchorage independence). 
With both cell l i n e s ,  glucocort icoids  (dexametbasone) i n h i b i t e d  log-phase p r o l i f e r a t i o n  i n  
monolayer. In 5115 cells, but not  ZR-75 cells, g lucocor t i co ids  a l s o  increased s a t u r a t i o n  
dens i ty  and anchorage independence. Thus by judicious choice of s t e r o i d  and cell l i n e ,  one 
can divorce the d i f f e r e n t  types of response. What is  c l e a r  is t h a t  no simple model of 
modulation of one oncogene/growth f a c t o r  can explain these da t a .  

In  t h e  m u s e  system, s t e r o i d  e f f e c t s  on dens i ty  r egu la t ion  and suspension growth could be 
mediated by a p ro te in  from t h e  3' long terminal  r epea t  of WTV; both androgens and gluco- 
c o r t i c o i d s  induce a 16s mRNA from t h i s  region of t he  v i rus .  On t h e  o t h e r  hand, t he  opposi te  
e f f e c t  of  t hese  two classes of s t e r o i d  on log  phase/monolayer growth would tend t o  r u l e  out  
an UW con t r ibu t ion  t o  t h i s  f a c e t  of growth r egu la t ion .  

Transfect ion experiments have confirmed t h a t  androgen, as w e l l  a s  g lucocor t i co ids ,  can a c t  
d i r e c t l y  on t h e  long terminal  r epea t  (LTR) of IdMrV i n  5115 c e l l s .  The p o s s i b i l i t y  t h a t  t h i s  
important regulatory e l e w n t  of DNA can be under mult iple  s t e r o i d  r egu la t ion  may be 
r e l evan t  i n  de f in ing  b io log ica l  ac t ion .  
T rans i t i on  from hormone responsive t o  unresponsive s t a t e  S115 c e l l s  l o s e  t h e i r  androgen 
s e n s i t i v i t y  when cu l tu red  i n  t h e  absence of androgen. Loss of s e n s i t i v i t y  is  no t  accompanied 
by l o s s  of androgen receptor  as evidenced by androgen s e n s i t i v i t y  of t r ans fec t ed  chaemeric 
genes coupled t o  YYTV LTR. The l o s s  of s e n s i t i v i t y  is a mult is tage p rocess ,  t he  l a t e r  
s t a g e s  of  which involves  hypermethylation of a t  least the  MMTV LTR. 
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MOLECULAR AND GENETIC ANALYSIS OF GLUCOCORTICOID ACTIONS I N  HUMAN LEUKEMIC CELLS, 

%e Salk 
8030 E. Brad Thompson* R. Evansb. M. C. Rosenfeldc. Y-S. Yuh'. B. Cametchu' J 
Ashrafa. and J. M. Harmond. 
I n s t i . .  LaJol la .  CA.. CUniv. C a l i f .  a t  San Diego School of Med.. and dU.S. Univ. of t h e  
Health Sciences. Betheads. WD. 
Glucocorticoids i n h i b i t  the gror th  of and even k i l l  many types of human laukemic ce l l s .  
In CEM c e l l s .  g rorn  from childhood acute lymphoblastic leukemia, occupancy of receptors by 
glucocorticoids causes c e l l  lysis .  Unlike r e s u l t s  from mouse model systems. se lec t ion  f o r  
r e s i s t a n t  CEM c e l l s  yields  t v o  broad c lasses  of mutant phenotypes: r i t h o u t  pr ior  n u t t i  
genesis one v i t h  'activatio-labile'  receptors: v i t h  pr ior  mutagenic treatment, one r i t h  a 
paucity of receptors  (C) .  A th i rd ,  spontaneously r e s i s t a n t  phenotype lacks t h e  l y s i s  
function (ly-) but has receptors  (*I. 
mutants shors  no evidence for  t r a n b a c t i v e  res i s tance  fac tors  and no complementation. 
Horever there  r a s  complementation betveen the I-- c e l l s  and the r+ lg  ce l l s .  so t h a t  
complete s e n s i t i v i t y  to  glucocorticoids vas res tored i n  the  hybrids. 
bodies t o  glucocorticoid receptors vere  prepared and used t o  analyze the normal and 
r e s i s t a n t  CEU ce l l s .  
normal, 95 KDa. iamunoreactive receptor. 
receptor mutants r i t h  several  probes derived from t h e  or ig ina l  alphehuman glucocorticoid 
receptor cDNA shored the same %7 and 4.5 kb forms of receptor mRNA as did the vild-type 
ce l l s .  Sens i t iv i ty  of oncogene t ranscr ip ts  t o  glucocorticoids i n  hormonesensi t ive and 
- res i s tan t  c e l l s  is being investigated. 

.Univ. of Tax. Mad. Branch, Galveston. TX. 77550, 

Somatic c e l l  hybridization between the  receptor 

Uonoclonal ant i -  

Both act ivat ion-labi le  and r c e l l s  contain high quant i t ies  of 
Northern b lo t  analysis  of the rRNA from the 

Steroids in Physiology 

STUDIES OF STEROID 21-HYDRDXYLASE DEFICIENCY, Maria I. New, Susan Drucker. Perrin C. 
White and Phyllis W. Speiser, Division of Pediatric Endocrinology, The New York 

BO31 Hospital-Cornell Medical Center, New York NY 10021. 
Defective steroid 21-hydroxylation is the most common of the biochemical defects causing hyp- 
erplasia of the adrenal cortex. Steroid 21-hydroxylase deficiency is a monogenic autosomal 
recessive disorder with three clinical forms: the simple virilizing and salt-losing classical 
variants, and the more recently recognized nonclassical (attenuated) form. which shows a wide 
clinical range of effects and whose characterization emerged fran coordinated hormonal test- 
ing and family studies. 

Test programs have shown the feasibility of neonatal screening for 21-hydroxylase 
deficiency by blood-spot h o m n a l  assay for elevated 17-hydroxyprogesterone. Prenatal detec- 
tion of disease currently depends on HLA serotyping of cultured amniocytes jointly with meas- 
urement of amniotic 17-hydroxyprogesterone (at 13-18 wk gestation). 

Molecular genetic studies have started to identify specific mutations altering El-hyd- 
roxylase activity. The gene for the enzyme steroid 21-hydroxylase. a cytochrane P-450, is 
situated within the major histocanpatibility complex (HLA) on the short arm of hman chromo- 
some 6, between the B and DR antigen loci. The 21-hydroxylase enzyme is encoded for by one 
of two highly homologous gene sequences, the other of rhich has recently proven to be a 
pseudogene. 
21-hydroxylase deficiency have permitted the use of HLA genotyping in conjunction with hor- 
monal evaluation for diagnosis of this disorder and for identification of carrier haplotypes 
in population studies. The most significant associations for the classical disorder are 
Bw47(;0R7) for both forms, B60(4D) for salt-losing, and B51(5) for simple virilizing (all 
positive); and B8( ;OR3) (negative). 

Certain mild 21-hydroxylase deficiency allotypes involved in the nonclassical disorder 
are also genetically linked with HLA, exhibiting the distinct positive antigen associations 
B14(;DR1). It is now also known that distinct nonclassical disease phenotypes result geno- 
typically fran the conjunction of two mild 21-hydroxylase defects or fran a mild defect oc- 
curring with a severe (classical) defect. 

result of a deletion of the active 21-hydroxylase gene, while the nonclassical (mild) defect 
is associated with a gene duplication of the pseudogene when the haplotype contains 

Linkage disequilibria between certain B and DR alleles and classical 

The classical defect (severe) associated with the the HLA-Bw47;DR7 haplotype is the 

HLA-814;DRl. 
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REGULATION OF STEROID WDROXYLASE GENE EXPRESSION, Michael R .  Waterman and Evan 

Center for Reproductive Biology Sciences, University of Texas Health Science 
Center, Dallas, TX 75235. 

B032 R .  Simpson, Departments of Biochemistry and OB/Gyn and Cecil H. and Ida Green 

Sreroid hydroxylases, located in steroidogenic tissues including the adrenal cortex, 
testis and ovary, are necessary for the biosynthesis of steroid hormones including sex 
hormones, glucocorticoids and mineralocorticoids. We have found that steroid hydroxylase 
gene expression is regulated by three distinct mechanisms, presumably involving three 
different sets of regulatory proteins. The best understood of these mechanisms is the 
CAW-dependent regulation which is mediated by peptide hormones derived from the anterior 
pituitary; ACTH, LH, FSH. These peptide hormones bind to specific cell-surface receptors 
(i.e. ACTH in the adrenal cortex) activating adenylate cyclase activity leading to 
elevated levels of intracellular CAMP. This leads to synthesis of labile steroid 
hydroxylase inducing proteins (SHIP) which enhance the expression of steroid hydroxylase 
genes at the transcriptiona? level. This action of cA!lP is essential for maintenance of 
optimal steroidogenic activity throughout life. A second mechanism by which steroid 
hydroxylase gene expression is regulated can be defined as tissue-specific. There appear 
to be two subclasses within this category. One instance involves all-or-none expression 
of these genes such that 115-hydroxylase (P-450115) and 21-hydroxylase (P-45OC21) genes 
are expressed only in the adrenal cortex while cholesterol side chain cleavage cytochrome 
P-450 (P-45Oscc) and 17a-hydroxylase (P-45017.) are expressed in a variety of 
steroidogenic tissues including adrenal cortex, testis and ovary. A second type of tissue 
specific expression is observed in the ovary where under certain physiological conditions 
both P-45Oscc and P-450170 are expressed (pre-onlatory follicle) and under other 
conditions only P-45Oscc is expressed (corpus luteum). A third type of mechanism which 
regulates expression of steroid hydroxylase genes is that which leads to fetal imprinting 
and is CAMP-independent. We have found in both anencephalic human fetal adrenals and 
mid-gestation61 (85 day) sheep fetal adrenals, conditions during which ACTH is 
undetectable in fetal blood, the steroid hydroxylase mRNA levels are as high as those in 
normal human fetal adrenals or late-gestational (145 day) sheep fetal adrenals, 
respectively. During these latter conditions ACTH is readily detectable in fetal blood. 
It is our hypothesis that expression of steroid hydroxylase genes by this CAMP-independent 
mechanism precedes the development of the CAMP-dependent mechanism. The long range goal 
of this laboratory is to elucidate the details of these three mechanisms of regulation of 
steroid hydroxylase gene expression, including the nature of the trans-acting proteins 
involved. 
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Steroid Receptor Structure 

IDENTIFICATION OF AN ENDOGENOUS RNA ASSOCIATED WITH THE TRANSFORMED 
BlOO GLUCOCORTICOID RECEPTOR, Masarrat A l i  and Wayne V. Vedeckis, Dept. Biochem. h 

M d .  Biol.. L.S.U. Medical Center, New Orleans, LA. 
The glucocort icoid receptor  (GR) from m u s e  AtT-20 p i t u i t a r y  t u w r  c e l l ,  then 

transformed using a var ie ty  of i n  v i t r o  protocol ,  yields  a DNA-binding. RNA containing 65 
form. In order  t o  b e t t e r  u n d e r s t a n d h e  physiological  r o l e  of RNA in te rac t ion  with t h e  
transformed GR we have i so la ted  and p l r i f i e d  the puta t ive  RNA from AtT-20 c e l l s .  The GR 
associated RNA (GR-A-RNA) was p l r i f i e d  by a combination of DUE-cellulose, hydroxylapat i te  
and oligodT-adsorption and preparat ive sucrose gradient  procedures. The GR-A-RNA was 
homogenous on formaldehyde-agarose gel .  The GR-A-RNA showed following charac te r i s t ics :  i) 
It can recons t i tu te  t h e  6s nat ive  GR when added t o  the  4s form ii) i t  can be covalent ly  
cross-linked t o  t h e  4s GR using formaldehyde and the  r e s u l t i n g  Cd-RNA complex sediments a t  
t h e  densi ty  of a ribonucleoprotein i i i )  i t  has  a sedimentation coef f ic ien t  s imi la r  t o  tRNA 
(4s) iv)  accepts  amino acid t o  form aminoacyl-tRNA (GR-A-RNA) complex which is a l s o  a c t i v e  
i n  binding t o  t h e  4s form t o  generate  the  6s GR v) t h e  ana lys i s  of GR-A-RNA on high 
resolut ion acrylamide-urea sequencing ge l  revealed t h a t  i t  contained a major t R N A  of 76 
nucleot ide no minor tRNA spec ies  of 74 and 78 nucleotides. On t h e  b a s i s  of amino acid 
acceptor  a c t i v i t y ,  GR-A-RNA mainly contained tRNAa (52%). tRNA (17%). and t R  
(9%). These r e s u l t s  conclusively demonstrate tha'ig t h e  transfo&d GR binds to?&% 
endogenous tRNAs a s  ident i f ied  above. The GR-tRNA i n t e r a c t i o n  may be important i n  t h e  
regula t ion  of genes control led by glucocort icoids .  It i s  proposed t h a t  tRNA bidning t o  t h e  
4 s  GR may be involved i n  the  degradation of the  4s  form via  ubiqui t in  mediated pathway. 

CLONING OF AN RECEPTOR REGULATORY G E N E  F .F .Chu,  F.Sander and 0.Hankinson; Lab 

The best 
B101 of Biomedical and Environmental Sciences, UCLA, Los Angeles, CA 90024 

studied enzyme i n  mouse hepatoma ce l l s  i s  the cytochrome P -450. 
receptor i s  2,3.7,8-tetrachlorodibenzo-p-dioxin abbreviatea as TCDD. 
receptor for glucocorticoid hormone, the Ah receptor upon binding t o  ligand will translocate 
into the nucleus and then activate the genes. 
nuclear translocation of the Ah receptor by using the C mutant of Hepa-1 ce l l ,  th i s  C 
mutant has normal level of cytosolic Ah receptor b u t  no nuclear translocation. 

DNA obtained from HepGZ (a human hepatoma c e l l )  i s  used to  transfect the C mutant. 
Selection for the receptor translocation gene or the C gene i s  based on the expression of 
the P -450 ac t iv i ty .  Four secondary transfectants have been obtained from two prlmary 
transiectants, they share similar although n o t  identical human sequences. We have cloned 
fragments of the human DNA into lambda EMBL3 and GT10; one is 20 k b  the other i s  3 kb .  The 
two clones do n o t  overlap. 
a cDNA clone of the gene responsible for the translocation of the Ah receptor. 

The Ah receptor regulates the induction of several drug metabolizing enzymes. 
A potent ligand for this 

Similar to  the 

We intend t o  clone the gene regulates the 

We intend to  use these clones to screen cDNA l ibrar ies  to obtain 

Character izat ion of Chicken Progesterone Receptor Complimentary DNA's. 
Orla M. Conneely, Alan D.W. Dobson. Clark Ruckaby, Mary Anne Carson, 

Tanya Zarucki-Schulz. Geoffrey L. Greene, David 0. Toft ,  Ming-Jer T s a i .  
W i l l i a m  T. Schrader and Bert W. O'Malley. Baylor College of Medicine, 
Houston, Texas 77030. 
cDNA clones encoding t h e  A h B forms of t h e  chicken progesterone receptor  
(CPR) have been i s o l a t e d  from chicken oviduct cDNA l i b r a r i e s .  Analysis of the  
complete amino acid sequence of PR deduced from the  cDNA clones revealed two 
areas  of s t r i k i n g  homology between the progesterone. es t rogen and 
glucocort icoid receptors  which correspond t o  the DNA and hormone binding 
domains of the  s t e r o i d  receptors .  The chick progesterone receptor  is encoded 
by a t  least three mRNA species .  Variant cDNAs encoding a t  least two forms of 
polypeptide have been ident i f ied .  The o r i g i n  of the  var ian t  cDNAa. and of t h e  
A and B forms of the  receptor  v i l l  be indicated.  In addi t ion,  funct ional  
ana lys i s  of the  s t r u c t u r a l  domains of t h e  var ious receptor  forms w i l l  be 
presented. 
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MUTATIONAL ANALYSIS OF THE GLUCOCORTICOID RECEPTOR, Mark 
B 103Danielsen,  Jefferey Northrop, Gordon M. Ringold, Stanford Medical Centre,  

Stanford, CA 94305 

W e  have cloned a full length cDNA for the mouse glucocorticoid receptci  (GR). 
Expression of this cloned cDNA in receptor-deficient Cos 7 cells yields a fully functional 
GR protein. In addition, both t h e  DNA binding and hormone binding mutant receptors 
from t h e  549.22R (nt-) cell line have been cloned. The DNA binding deficient receptor 
has an arg48@is change which maps within the cys, lys, a rg  rich domain of the protein. 
The hormone binding deficient receptor has a glu546+y change. These single amino 
acid changes indicate that  the cys, lys, a rg  rich region is indeed involved in DNA binding 
and tha t  the c-terminal 25kd is involved in hormone binding. 

In order to provide additional information on the domain structure of t he  GR we have 
created altered forms of t h e  GR using in vitro mutagenesis. These results indicate 
that: a) t h e  N-terminal half of t he  receptor is  not required for gene activation, b) t he  
hormone binding domain is contained within the c-terminal Z5kd c) the cys, lys, arg rich 
DNA binding domain acts as a constituitive activator when the hormone binding domain 
has been removed. 

-PIOR INTERCNVElSIDN ?S A KKYZ OF ES?R(x;FN Af!rIcN. 
Hci?aught and Roy G Bnitl-b Stylor College of Medicing Houston M 77030 

Nooshine my&, &id lo4 
A m o d e l  is gzesented i n  w h i c b  the reaeptor can be irherwnverted hetween three states 2 w. Ihe interanversion is monitored ty Scatcfiard analysis, suc roae  density 
gradi n t  analysis, and af f in i iq  labeling using [3Hltamoxifen azir idine followed & 
receptor purifiaation with estrogen rece*or monoclonal antito% affinity duanatogra@rj 
and SD6 gel dectromoresis .  zhe resul ts  a r e  consistent with each s t a t e  existing i n  
differerL conformaticns having a umunon malecular w e i g h t  of aFproximately 66,000. zhe 

Oonfamatim is stahllized antiestrogena 'Ihe conversim to the steroid binding 
form Is induced ky ATP, ADP dGTP. Cyc c nucle tides are ineffective. zhere is a 
specific rquirenent f a  8 neither a% nor A+ w f i l  substitute. m d r d y z a e  
nucleotide analogues were tested for  the i r  re la t ive  efficiency to convert 
Cbnversim occurred with APIPBP, ht AHFFCJ and AmPCP w e r e  inert T h s ,  &%.k 
of appears to he catalyzed Q an event requiring the loss cf the terminal 
ph03oryl m o k y  from ei ther  ATP or AIIP. The k i r t a se  is present i n  chick and hen 

iduct cytosol and has been substantially purif ied. Using the purified k i n a s -  and % r ATP , under a n d i t l o n s  i n  which mosphorylation of the 
h l w p r e d p i t a t e d  receptcr cw be d d k h a t e d .  Since h& he recycled f ran I$,H an 
estrogen mediated increase i n  estrogen recegor  wnce atiars. whicb ibes not occur 
with antiestrogeng can te explatred w i t h o u t  fmrolving an increaae i n  recepta Eynthesis 
rates. zhis receptor intermnversion m o d e l  may have general application t o  hormone 
actioa and m q  explain agonist/antagonist activity. (Supported ty N M  Grant W17727). 

to form 

is  mnverted t o  

HEPATITIS B VIRUS DNA INTEGRATION IN A GENE HOMOLOGOUS TO v-erb-A AND 
STEROID RECEPTOR GENES IN A HEPATOCELLULAR CARCINOMA. Hugues d e  Th6, 
A@ Marchio, Pierre Tiollais and Anne Dejean. lUnit6 de Recombinaison et Expression 
GeGtique, (INSERM U163, CNRS UA271), Institut Pasteur, Paris, France. 

Hepatit is  B virus (HBV) is clearly involved in the  aetiology of human hepatocellular 
carcinoma (HCC). The finding of HBV DNA integration into human liver DNA in almost all HCCs 
studied suggested a possible role of these integrated viral sequences in liver oncogenesis. W e  have 
cloned and sequenced a single HBV integrated sequence present in a HCC sample and the 
corresponding unoccupied allele from the  non-tumorous par t  of the same liver. HBV integrated in a 
cellular DNA open reading frame (ORF) assigned to chromosome 3, with a consequent microdeletion of 
genomic DNA. W e  identified within the deduced translation product of the  ORF a region of striking 
homology with both the  v-erb-A oncogene protein and the supposed DNA-binding domain of t he  human 
glucocorticoid receptor (hGR), t he  human oestrogen receptor (hER) and the chicken progesterone 
receptor (cPR). Remarquabfy the  viral genome integrated a few nucleotides upstream from this v-erb- 
A, hGR, hER and cPR-homologous region so t ha t  a readthrough transcription could occur from a viral 
promoter into a cellular gene. W e  suggest t ha t  this gene, became inappropriately expressed as a 
consequence of HBV integration thus contributing to the  cell  transformation. The characterization of 
this new v-erb-A related gene that  we referred to as w, is in progress. 
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IMHUNOC~ICAL COMPARISON OF A GLUCOCORTICOID RECEPTOR FRAGMENT PRODUCED BY 
"ROPHIL ELASTASE WITH A NUCLEAR TRANSFER INCREASED MUTANT RECEPTOR. B 106 

Distelhorst. Case Western Reserve University. Cleveland, OH 44106 
We recently found that neutrophil elastase (NE) digests glucocorticoid receptors (GR) 

in the cytosol of human leukemia cells to produce fragments that are similar in size to the 
nuclear transfer increased mutant (nti) GR in ~ 4 9  m u s e  lymphoma cells. 
study is an inmunochemical comparison of these receptor fragments and the nt' GR. 
wild type and ,ti S49 cells were affinity labeled with 3H-dexamethasone mesylate (DM) 
and analyzed by SDS-PAGE. 
tively. 
kDa Dn-labeled fragments respectively. 
by NE to a 40 kDe fragment but did not digest the nti GR. 
duced by NE and the ,ti GR bound to DNA-cellulose and eluted from DNA-cellulose at the 
same salt concentration. The 50 Wla fragment produced by NE reacted with monoclonal anti- 
receptor antibodies (BUGR2) in an innrmnoadsorption assay using protein A-sepharose but the 
,ti GR did not. 

a 50 kDa fragment that contains both the steroid-binding and the DNA-binding domain. (b) 
The 50 kDa fragment produced by NE and the ,ti GR are derived from the same region of the 
GR but the ,ti GR appears to be missing a BUGRZ reactive site and a chymotrypsin 
sensitive site. 

Clark W. 

The.present 
GR in 

The M, of wild type and ntl GR were 97 kDa and 48 kDa respec- 
Limited digestion of wild type GR with NE and chymotrypsin produced 50 kDa and 40 

Chymotrypsin converted the 50 kDa fragment produced 
Both the 50 kDa fragment pro- 

We conclude that: (a) NE digests the GR at a different site than chymotrypsin to produce 

AcfIvATIcN LABII5 QUXXXIRTICOID RElWl tX  tWWUl3, Leura P. B i a e n ,  Wian S. 
Elaasser and Jeffrey M. Hanun, Uniformed Services University, Bethesda, MD 20814. 

Spntamxnmly arising gl-rticoid receptor uutanta isolated fnm the h- leuhemic cell 
line CBGC7 have been show to ccntain significapt enante of gl-rtimid receptor w h i c h  
have a decreased ability to translocate the nmleus after incubtion with dexaaethaaone. 
Frevioua stdies have daooatrated that the reoeptors f m  these cl- are rnable to form 
and/or laintain a stable activated fom of the steroid-receptor amplex. 
therefore been defined as activation Labile ( & I ) .  
the receptor defect in these clapes we have 
bindinp, in vivo and in vi t ro affinity labeling, anl imunoblotting w i t h  anti-humn 
gluamrtimid receptor antibodies. 
prepmatiam demstrated that the steroid-birriing protein of the e l  receptors uas 92 
bDs both before and after activation. indicating that the instability of the 
is not the reault of proteolysis. 
covalently labeled and mn-awalmt4 labeled receptors. 
-bgra@ly of affinity labeled e l  receptors after attempted activation revealed that 
covalently labeled mlexes were capable of DNA biding. 

affinity for DNA, & I  mtanta appear to result fmm the intrbility of the receptors t o  
retain 1- activated. Thus, it appears that retention of 1- after activation 
is neoessary for n o d  receptor fmdim. lhis work uas supported by Pits grant CA32226. 
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They have 
To -re clearly define the nature of 
their sluxmrtimid receptors by DNA 

Affinity labeling in both in-t and broken cell 

receptors 
?bese results were d i d  by inanoblotting of both 

In ackiitim, DNA-cellulose 

fie affinity of this bindin$ 
n o d .  lbese reaulta srrppeet that dike muse a- lahents which have altered 

BOVKL EFFECT OF HOLYBDATE ON PARTIALLY PUPIFIED BRAIN m I BBCEPIORS pop B108 
Neurobiological Sciences. University of Florida, Coll. of Med.. Gainesville. FL 32610. 

We have recently reported that although molybdate reduces temperature-induced losses 
in the binding capacity of unoccupied Type I receptors in crude brain cy<osol preparations, 
this stabilization is accompanied by a dosedependent loss of binding capacity at 0 and 22 C 
IEmadian et al., J. Steroid Biochem. 2 4 ( 5 ) : 9 5 3 ,  19861. Here we report that the addition of 
2 mM molybdate during, OK subsequent to, gel filteration of Type I receptors, results in a 
significant increase in the binding capacity of these receptors over and above that measured 
in crude cytosol preparations. 

7 . 6 0 ) .  
c tosol through Sephadex 6-25 fine columns at 4-5 C. Cytosol was then incubated with 10 nM 
[ Hlaldosterone and 5 uM RU 26988 (to block Type I1 receptors). In comparison to results 
with Crude cytosol preparations, partial purification led to a significant loss in Type I 
receptor binding capacity. However, in the presence of 2 mM molybdate, partial purification 
increases the specific binding of Type I receptors to levels markedly higher than those seen 
i crude preparations. Furthermore. although the addition of 2 mH molybdate protects 
Hlaldosterone binding capacity in crude cytosol aged at 22 C. this reagent fails to 

prevent heat-induced binding losses in partially purified preparations. 

in crude cytosol preparations, as well as those reported for other steroid receptors. 

&-NK. S.M. Emadian and W.G. Luttge, Dcpt. of Neurosci. 6 Center for 

Brain cytosol from Adrex-Ovex CD-1 female mice was prepared in 20 mH HEPES buffer (pH 
Partially purified unoccupied Type I receptors vere obtained by filtering crude 

3 

s 
The effects of molybdate on partially purified receptors clearly differs from those seen 
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CBARACPERISATION OF A 29K DALTON OESTROGEN RECEPTOR-RELATED PROTEIN (p29), 
Joanne R. Fin ley ,  Arnold I. Coffer  and Roger J.B. King, Imperial  Cancer Research 
Fund, Lincoln 's  Inn F i e l d s ,  LOndon WC2A 3PX, U.K. 

B 109 
D5, s monoclonal antibody r a i s e d  aga ins t  a p a r t i a l l y  p u r i f i e d  fragment of t he  human 
oestrogen r ecep to r  (ER) recogaises  a 29K da l ton  non-steroid binding protein.. 
complex with a c t i v a t e d  ( s a l t ,  temperature, phosphatnse-treated) ER. Activat ion is inh ib i t ed  
by molybdate o r  CTP. p29 is a cytoplnsmic, phosphoprotein which con ta ins  a GTP binding 
site. In normal t i s s u e s  i t  is q u a l i t a t i v e l y  and q u a n t i t a t i v e l y  r e l a t e d  t o  ER content .  I t  
i s  absent  from ER negat ive b r e a s t  tllW)urS; most p o s i t i v e  tumours (67% contain p29 (ismuno- 
assay and his tochemical  assay) .  The presence o r  absence of p29 is a good i n d i c a t o r  o f  
response t o  hormonal therapy i n  advanced b r e a s t  cancer .  Tumours which a r e  ER+ p29- (24% of 
t o t a l )  have a l o w  response r a t e  (12%). In  endometrium, p29 l e v e l s  are increased f ive fo ld  by 
oestrogen and decrensed by p roges t ln .  Hormone r egu la t ion  of p29 is cu r ren t ly  under 
Inves t iga t ion  i n  a ZR-75 mammary carcinoma c e l l  c u l t u r e  system. 

p29 has  been p u r i f i e d  t o  homogeneity from ZR-75 cells by immunoaffinity p u r i f i c a t i o n  and 
the  smino ac id  sequence is being determined. Sequence d a t a  w i l l  confirm t h e  i d e n t i t y  of 
cDNA clones from a ZR-75 Agtl l  expression l i b r a r y  screened with D5 antibody. n e t h e r  p29 
r ep resen t s  a previously unknown p a r t  of  t h e  ER machinery o r  is a product of i t ,  remains 
t o  be e s t ab l i shed .  Whichever model is c o r r e c t ,  t h e  a b i l i t y  of p29 t o  bind GTP suggests  
t h a t  it may play an important r o l e  in c e l l  funct ion.  

p29 rill 

H I M  LEVEL EXPRESSION OF A QLUCOCORTICOID RECEPTOR FRA5MENT IN E. Cocl AND ITS USE IN THE 
ENERATION OF NOVEL MONOCLONM ANTIBODIES, Leonard P. Freedman and Keith R. Ymanoto, 
University of California, Sa, Frmcisa, CA 941 43. 
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A primary objectiveof this laboratorv is to understand the med#nism of action of thegluxxfftimid receptor 
Protein (OR). We kmw that after binding hormone, OR is activated to a state in which i t  can bind to specific DFU 
sequences with hiph affinity and in m e  u n k m n  wcy enhance the trawcription of- atJacent to thsse 
sequems. By cloning the CDM for OR and expressing full length ( 795 anim acids) and deletion dsrivatiws, our 
laboratory has mmulated considtrable information regsrdlng the functional domains of the protein. In order to 
exmine the structure and function of the intect OR, we have bepun to raise mmoclonal antibodies (Hob) apainst 
theproteln inmice. ToMe,all  butoneMabwailablefromothersourcesaOpsstorecoQlizedeterminantsonthe 
N-tWmlMl half of OR, the so-called "C-domain", far from the DNA and steroid binding domains. This strongly 
sugpsts thst the C-rbmein is immunabmimt. To circumvent this problem, we cloned a OR frqment containing 
only the DFU and steroid bindtng domains (from mim acid 440 to 795) into a 17 expression vector ( pmided bv 
F. W. Studiw, Brmkhaven National Laboratory) and obtainad high levels of this protein, d l e d  M27, in E mli. 
M27 was purified from gels snd und to immunize Balb/c mica. Hwing @mated avery s t w  immune responss 
from one mouse, s p l m  and myeloma Sp2/0 cells were fused and the supernatants from r w l t i n g  hybridomas 
screened by ELISA using purtfied rat liver OR 8s antipen. Severel p i t i ve  clones mre Identified; t m  hsvs been 
subclonedad their classsdetermined. Oneantibodyappmrstormpizea&terrninant in thesteroid bindlng 
&main of OR, and sharld be useful, for example, in the s t q  of ligmd-madlatad activation of this protein. 

IDENTIFICATION OF LYMPHOMA CELL MEMBRANE PROTEIN MONOCLONAL ANTIBODY TO THE THE 
l1 GLUCOCORTICOID RECEPTOR: CORRELATION TO GLUCOCORTICOID INDUCE0 CELL LYSIS, B. 

Gametchu, University of Texas Medical Branch, Galveston. TX 77550. 
Plasma membrane receptor protein from 5-49 mouse lymphoma cells was detected using direct 
imnunofluorescent labeling with monoclonal antibody to glucocorticoid receptor(s) (GR), 
Cellular heterogeneity in GR content was evident. 
tissue culture plates, the cells were separated into membrane antigen-positive (100%) and 
membrane antigen-deficient (38%) populations. 
analysis of the membrane proteins from the membrane antigen-positive group revealed multiple 
protein bands ranging in size from 85 to 145 kDa. 
ticoid sensitivity between these groups of cells showed complete lysis in the membrane 
antigen-positive cells and only partial lysis in the antigen-deficient group, suggesting 
that the lysis response of cells of glucocorticoids is  mediated by a plasma membrane GR. 

Using imnunoadsorption to antibody-coated 

Gel electrophoresis and specific imnunoblot 

Furthermore, comparison of the glucocor- 
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IMMUNOLOGIC ANALYSIS OF HUMAN PROGESTERONE RECEPTORS STRUCTURE, 
B 112 PHOSPHORYLATION. AND NUCLEAR PROCESSING. K B  Horwitz, DP Edwards, DO Toft, 

PL Sheridan, University of Colorado Health Sciences Center, Denver, CO 80262. 
W e  have purified progesterone receptor (PR) B-proteins from T47D human breast cancer cells 
using a n  immunoaffinity column prepared with an anti-chick PR antibody (PR-6 of D. Toft). Four 
monoclonal antibodies directed against human PR have been generated, one of which CAB-52) 
cro!is-reacts with two progestin binding proteins of Mr 120,000 (&protein) and 94,000 (A-protein). 
The other three are B-specific. Using the antibodies, and in situ photoaffinity labeling, we have 
shown that both A and B a r e  intracellular proteins, and that they form separate 85 holoreceptor 
complexes and do not associate as dimers. We have also shown that  Breceptors  are good DNA- 
binding proteins  To study PR phosphorylation, T47D cells were incubated with [32Plorthophosphate 
under two conditions - without hormone treatment to study untransformed receptors, and af ter  
hormone treatment to study chromatin-bound receptors. In T47D. PR a re  substrates for two 
phosphorylation reactions: once while they are untransformed, when protein B but not protein A 
i s  phosphorylated; then again in nuclei when both B and A a re  phosphorylated. These data suggest 
that  phosphorylation of untransformed &receptors is confined to  the NH2-terminal end of the 
molecule and does not confer hormone binding capacity, since A-proteins can bind hormone. 
Nuclear polyphosphorylation occurs at a site common to A and B. It may precipitate processing 
since immunoblot analyses show that following hormone treatment and polyphosphorylation PR 
undergo this down-regulation s tep leading to a t rue loss of receptor protein. Restoration of 
receptors appears to involve protein resynthesis and is chronically blocked by synthetic progestins. 

CHARACMRIZATION OF THE CHRWOSOnAL CHICKEN PROGESTEBONE RECEPTOR GENE. Clark S. 
8113 Huckaby, Wanda G. Beattie, Alan D.W. Dobson, O r l a  M. Conneely, Ming-Jer Tsai, and 
B e r t  W. O 'nal ley,  Department of C e l l  Biology. Baylor College of Medicine, Houston Texas 
77030. 

Chicken progemterone receptor  (PR) cDNA's r ecen t ly  cloned i n  t h i s  l abora to ry  
(Conneely e., 1986, Science 233: 767-770) hybridize t o  a s i n g l e  chick gene i n  high- 
s t r ingency  genomic Southern b lo t s .  A t  t h i s  s t r ingency,  cDNA probes se l ec t ed  fou r  over- 
lapping cosmid clones from a chick oviduct genomic l i b r a r y ;  t he  clones represent  over  80 
kb o f  chromomomal DNA. R e s t r i c t i o n  mapping and Southern analyses  suggest t h a t  t h e  e n t i r e  
PR gene ( -45 kb) Sequence comparison between cDNA and genomic c lones  i s  
i n  p rogres s  and has  revealed t h a t  t he  cDNA region encoding the  conserved p u t a t i v e  DNA- 
binding domain of t h e  PR is in t e r rup ted  by a 13-kh intron.  A 150-bp exon encodes t h e  
f i r s t  of two p u t a t i v e  DNA-binding "fingers" i n  the complete receptor .  The sequence ACTAAA 
r e s i d e s  about 150-nt i n t o  t h e  a jo in ing  13-kb in t ron  and i s  apparent ly  sometimes recognized 
as an  a l t e r n a t i v e  polyadenylation s ignal .  Hence, cDNA's have been found which contain 23 
n t  p lus  an in-frame s t o p  codon t h a t  match the  sequence of t h e  5 '  end of t h e  13-kb 
in t ron .  The b io log ica l  r o l e  of t h e  va r i an t  gene product,  which contains  the  f i r s t  p a r t  of 
t h e  DNA-binding consensus but none of t h e  s t e r o i d  binding region,  i s  under 
i nves t iga t ion .  

i s  represented. 

The ove ra l l  s t r u c t u r e  of t he  PR gene w i l l  be presented. 

PROTEINS ASSOCIATED WITH UNTRANSFORMED ESTROGEN RECEPTOR: INFLUENCE 
B 114 OF HYDROPHOBIC INTERACTIONS UPON TRANSFORMATION, T. William Hutchens, 
Chee Ming Li and Paige K. Besch, Reproductive Research Lab, St. Luke's Episcopal Hospital and 
Department of Obstetrics and Gynecology, Baylor College of Medicine, Houston, TX 77005. 
Estrogen receptors from calf uteri have been analyzed by high-performance size-exclusion chromato- 
graphy using conditions designed t o  evaluate hydrophobic interactions between the steroid binding 
subunit and other receptor-associated proteins. The single, large (untransformed) species of soluble 
estrogen-receptor complex consistently (n = 9)  found in calf uteri displayed a change in Stokes radius 
from 8.0 nm to 3.5 nm rapidly upon exposure to  elevated ionic strengths (0.4 M KCI). In contrast, 
exposure to  6 M urea resulted in conversion of the untransformed receptor (8.0 nm) t o  a 6.0-6.5 nm 
receptor form not previously observed in either hypotonic or hypertonic buffers. In the presence of 
both 6 M urea and 0.4 M KCI, the untransformed estrogen-receptor complex was converted t o  a smaller 
receptor form intermediate in size (4.5-5.0 nm) to  that  observed in 6 M urea or 0.4 M KCI alone. The 
formation of this 4.5-5.0 nm receptor form was estrogen-dependent as determined by parallel analyses 
of unli anded receptor in urea/KCl buffer. The normally high affinity of receptor for estradiol (Kd = 
0.4 nM? was relatively preserved in the presence of 6 M urea (Kd = 3.5 nM). Furthermore, the urea- 
induced change in apparent size (8 nm to 6.0-6.5 nm) a t  low ionic strength was accompanied by a 
complete exposure of the DNA-binding site as evidenced by nearly quantitative (>95%) interaction with 
DNA-agarose. The urea-induced interaction between receptor and DNA was of high affinity (Kd = 
0.2 nM) and was found to  be salt-resistant. Thus, hydrophobic interactions within or between the 
steroid binding subunit and other receptor-associated proteins a re  significant in & and may reflect 
the mechanism and potential for a s  yet  undisclosed biospecific associations & &. 
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D E T E C T I O N  OF P R O T E I N  K I N A S E  A C T I V I T Y  A S S O C I A T E D  U ITH IMMUNOPURIFIED 
8115 E S T R O G E N  R E C E P T O R  ISOFORMS, SM. Hyder, N. Sat0 and J.L. U i t t l i f f ,  Hormone Recepta 
Laboratory, 3. Graham Brown Cancer Center, University o f  Louisville, Louisville, K Y 40292 
Recently, we have shown that  high-performance hydrophobic interaction chromatography (HPHIC) m a y  
be used f o r  rapid separation o f  steroid receptors which retain their biological act ivi ty (Hyder e t  al. 
J. Chromatog. 327: 237, 1985; ibid 1986. i n  press). Another report published from our l a b o r T v  
demonstrated that  estrogen receptor from human breast cancer cells ( M  CF-7) exhibited protein kinase 
activi ty (Baldi e t  al. B B R C  135: 597, 1986). Thus the estrogen receptor appears t o  be a far more 
complicated r e g m w y  molecule than previously envisioned. Here we report the separation and 
characterization of estrogen receptors from individual human breast tumors and r a t  uteri using a 
Beckman C A A-HIC, a non-ionic polyether bonded hydrophobic column. This separation mode resolved 
receptor proteins in to  two isoforms ( R t  = 22 min and 27 min) without the need for  organic solvent 
and with near 100% recoveries. Maximum resolution was obtained when a descending salt  gradient 
o f  ammonium sulphate (2-0 M) i n  phosphate buffer, pH 7.4 was used. Purification o f  estrogen recep ta  
o f  - 5-20 fold was obtained with a single pass. Receptor purified by HPHIC retained ligand binding 
capacity and exhibited protein kinase activi ty which was dominant i n  the R t  = 22 min E R  isoform 
when immunoprecipitated t o  essentially homogeneity with monoclonal antibody 0547. This rapid method 
o f  purifying estrogen receptors with retention of steroid binding and protein kinase activities, i s  
helping t o  elucidate the complicated nature of this regulatory molecule. Supported i n  part by USPHS 
Grant CA-42154 from the N C I  and the Phi Beta Psi Sorority. S.M.H. i s  a Research Fellow o f  the 
Graduate School and N.S. i s  a Visiting Investigator from Iwate Medical University i n  Japan. 

XieERiO- m-PIc ILxxx3ATIm OF ma pmasmwE EEJmuit 
B 116 J.Ieola. T.Yllkorf. P.Tu- University of Tarpere.KlX 607.33101 T a q e r e  PMLaWD 
Progesterone r ecep to r  (PR) of t h e  ch ick  oviduct  and ovary were loca l i zed  inrmunoelectron 
microscopical ly  by using a highly s p e c i f i c  polyclonal  anti-PR ant ibody,  IgGRB (1). Light  
microscopy of immunostained p a r a f f i n  and f rozen  s e c t i o n s  favored nuc lea r  l o c a l i z a t i o n  of 
PR (2). and 
peroxidase-anti-peroxidase (PAP) or immunogold methods f o r  d e t e c t i o n  (2.3). By 
PAP-technique nuclear  l o c a l i z a t i o n  of PR w a s  found. Only weak cytoplasmic inrmunostaining 
was observed in t h e  endoplasmic reticulum. By using an bmunogold method t h e  l o c a l i z a t i o n  
of PR w a s  f u r t h e r  cha rac t e r i zed .  I n s i d e  t h e  nucleus PR w a s  widely dispersed.  The 
s t r o n g e s t  l a b e l l i n g  f o r  unoccupied PR w a s  i n  t h e  dense chromatin. After progesterone 
t reatment  i n  vivo more l a b e l l i n g  w a s  observed on the d i spe r sed  chromatin and e s p e c i a l l y  on 
t h e  border zone of dense and dispersed chromatin,  which is known t o  be t h e  
t r a n s c r i p t i o n a l l y  mst a c t i v e  site i n  t h e  nucleus., The change w a s  s t a t i s t i c a l l y  
s i g n i f i c a n t  (4). In conclusion,  w e  suggest  t h a t  chick PR is a nuc lea r  p ro te in ,  which is 
l o c a l i z e d  in t h e  cytoplasm (endoplasmic ret iculum) probably due t o  r e c e n t  Our 
r e s u l t s  suggest  confo rna t iona l  changes i n  t h e  s t r u c t u r e  of PR-containing chromatin a f t e r  
r ecep to r  occupation. REFERENCES: 1.Tuohimaa P. et al. BBRC 119:433,1984. 2. I s o l a  J. et 
a l .  Histochemistry 1986 ( i n  press) .  3. Isola J. et al. J. Ste ro id  Biochem. 1987 (in 
press) .  4. Isola J. (submitted).  

E lec t ron  microscopical ly  PR w a s  l oca l i zed  by us ing  a pre-embedding technique 

synthesis .  

COVALENT LABELING AGENTS FOR THE ESTROGEN RECEPTOR, John A. Katzenellenbogen, 

and J e f f r e y  A. Zablocki,  Departments of Chemistry and Physiology and Biophysics,  
Un ive r s i ty  of I l l i n o i s ,  Urbana. I L  61801. 

B 117 Kathyrn E. Carlson. Jonathan F. E l l i s t o n ,  Francesco G. S a l i t u r o ,  David H. Simpson, 

The e s t rogen  r ecep to r  can be l abe led  cova len t ly  by a z i r i d i n e  d e r i v a t i v e s  of t h e  a n t i -  
e s t rogens  tamoxifen (TAZ), desmethylnafoxidine (NAZ) ,  and iododesethyltamoxifen ( I - T A Z ) ,  
and t h e  non-steroidal  es t rogen hexes t ro l .  The covalent  l a b e l i n g  p rope r t i e s  of TAZ have 
been descr ibed previously (J. B l o l .  Chem. 258, 3487 C19831): i t  l a b e l s  Covalent ly  a 65 
kDa-protein from estrogen t a r g e t  t i s s u e s  e f f i c i e n t l y  and s e l e c t i v e l y .  and i t  can be used 
both i n  c e l l - f r e e  p repa ra t ions ,  whole c e l l s ,  and t i s s u e s .  Canpared t o  TAZ. NAZ, which 
embodies a phenol ic  hydroxyl group, a f f o r d s  somewhat higher  apparent  binding a f f i n i t y  and 
provides unambiguous s t e reochemis t ry  du r ing  syn thes i s  because of its c y c l i c  "B-ring". I- 
TAZ reacts with ER with a s e l e c t i v i t y  somewhat less than  t h a t  of TAZ, but a f fo rds  t h e  
advantage of i o d i n e  l abe l ing .  Several  hexes t ro l  d e r i v a t i v e s  were prepared i n  which t h e  
a z i r i d i n e  func t ion  was l inked  t o  t h e  hexes t ro l  side cha in  through ketone, e s t e r ,  or 
t h i o e t h e r  f u n c t i o n a l i t y .  The r a t e  and e f f i c i e n c y  of t h e  i r r e v e r s i b l e  binding of t h e s e  
d e r i v a t i v e s  t o  t h e  estrogen r ecep to r  depends i n  d e t a i l  upon t h e  s t r u c t u r e  of t h i s  
l inkage:  s e v e r a l  of t h e s e  analogs r e a c t  r a p i d l y  and e f f i c i e n t l y ,  and one  of them is an 
agon i s t .  These agen t s  w i l l  be useful  i n  cha rac t e r i z ing  t h e  p rope r t i e s  and s t r u c t u r e  of t h e  
e s t rogen  r ecep to r  and i n  probing f o r  receptor-gene i n t e r a c t i o n  sites. 
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IURIFXCR- CF A m E  BVUVQl I N  RMEPIUR CNVmIDN EROM A NCN-SIWOID 
B 118 BINDIK; ZD %BE LCWm AFFINITY Es'IRoGm BINDIK; FVGL RW. Mchulught, H nayani 

"Wo high af f in i ty  estrogen receptors, R and can be identif ied i n  the estrogen 
and Rcy G Snith, Beylor Gollege of Hedicine, Houston, M 77030. 

stimulated chi& ovidct on the basis of &heir &tic properties 
nM) and aedimentation coeff ic ients  (s: 4.2s; 
strated i n  widxt cytosol wqred fallwing sh fran IEs stimulatim 

as& mder exchange wnditicns (3OCp3h) in the pesenoe of 1-5 
l?ds augnentation of binding sites has beem &ovn ty Scatchard 

assay, 8ucro~e aenSrty gradient, wmptition studies and affinity labelinq/&GE analysis 

R exists i n  a non-steroid bindin form (Rnb). %b can be 

been identified in chick k i d n y  and adult hen miduct Isolation of the kinass ty ion 
exchange and HKC chranatogram results i n  a 3,000 fold lwel of pr i f iaa t ion  This is 
the first report describing prificatim of a spcific enzyme involved i n  the preferew 
ti& recycling of the lower a f f in i ty  receptor type (%) between a non-binding and 
sterold hinding form. (Supported & NM Grant MD17727). 

8119 ANILLYSIS OF auapmmcorn ~ ~ ( 3 1 p m ~  - EXPRFSSION IN TBB mmmm ~llspo~sm nurl 
1I1-2cm.LlJnK: c on t0 the Om1 GRl $&COW- *eaiatcut vcuiOnt. Norr i s  
JS1n2. HacLeod S L c e t t  LE2 Smith RG3 Department of Medicinel,  and Physiology2 
Unive r s i ty  o f  Arkansas Medical School,  L i t t l e  Rock 72205 and Departments of Urology and 
C e l l  Biology3 Baylor Col lege of Medicine, Houston, Texas 77030. 
The DDTl W-2 (w&f t y p e )  c e l l  l i n e  has prev ious ly  been shown to  con ta in  androgen and 
g lucocor t i co id  r ecep to r s .  The mitogenic  a c t i o n  of androgens on w i p d  type cells is 
completely blocked by g lucocor t i co ids .  Conversely the DDTl GRI ( v a h i a n t )  derived from 
W i p d  type cells is s l i g h t l y  responsive t o  t h e  mitogenic  a c t i o n  of androgens bu t  is n o t  
growth i n h i b i t e d  by g lucocor t i co ids .  Furthermore. a marker p r o t e i n ,  p29 is g lucocor t i co id  
induc ib le  in w i p d  type but  n o t  i n  vahiant cells. These d a t a  c o r r e l a t e  w i th  a >SO% 
r educ t ion  in g lucocor t i co id  r e c e p t o r  p r o t e i n  i n  t h e  vahiant. Analysis  of g lucocor t i co id  
r ecep to r  po ly  A+ RNA i s o l a t e d  from t h e  w i p d  type r e v e a l s  5.7 Kb t r a n s c r i p t s  t h a t  are 
induc ib le  wi th  cycloheximide and reduced by g lucocor t i co id  t r ea tmen t .  In the vahiant, 
po ly  A+ RNA l e v e l s  are g r e a t l y  reduced and are n o t  g lucocor t i co id  r egu la t ed .  R e s t r i c t i o n  
mapping of vahiant genomic DNA reveals a rearrangement o r  d e l e t i o n  in t h e  3' noncoding 
trailer reg ion  of the g lucocor t i co id  r ecep to r  which is no t  observed in t h e  w i p d  type. 
Therefore ,  comparison o f  t h e  3' noncoding trailer region of w i p d  type ve r ses  vah ian t  
g lucocor t i co id  r e c e p t o r  cDNA may suggest  how g lucocor t i co id  r e c e p t o r  po ly  A+ RNA is 
s t a b i l i z e d  i n  w&f type c e l l s .  Supported by GM 30669. 

THE A h  RECEPTOR: A CLOSE RELATIVE OF STEROID RECEPTORS WHICH BINDS TOXIC 
FOREIGN CHEMICALS. Allan B. Okey', Lynn M. Vella' & Michael S. Denison#. *Division of Clinical 

Pharmacology, Hospital for Sick Children, Toronto, Ontario CANADA; #Department of Pharmacology, Stanford University School of 
Medicine, Stanfmd, California 94305. 

The Ah (gomatic hydrocarbon) receptor bids toxic halogenated compounds such as 2,3.7,8-teaachlorodibenzo-p-dioxin (TCDD) and 
Cenain carcinogenic polycyclic aromatic hydrocahm such as 3-methylcholanthrene (MC). No endogenous ("physiologic") ligand for the 
Ah receptor has yet been demonstrated. The physicochemical propeoies of the Ah receptor and the general mechanism by which the 
receptor functicms in gene regulation are very similar to the structure and mode of action of recepors for steroid hcrmones. However, the 
Ah receptor is not identical to any of the previously characterized steroid recepton. No known steroid competes with [3HlTCDD or 
13H1MC for high-affiiity binding sites on the Ah receptor. The Ah mxptors from m u s e  or rat liver cytosol b i d  L3HITCDD with a K,-J - 1 nM and a Bma, of 50-200 fmoVmg cytosol protein. These receptors sediment - 9s in conditions of low ionic strength and have 
Stokes radii of ., 7 nm corresponding to an Mr of 250.000280,000. In Conditions of high ionic strength the rat Ah receptor readily 
dissociates to a 5.6S15.2nm ligand-binding subunit with an Mr P 121.ooO. Mouse Ah receptor is resistant to salt-induced dissociation 
into subunits, but with prolonged exposure to 0.4 M KCI it can be partially convened into a 4.9SI5.2nm subunit with an Mr - 105,000. 
After binding liand the Ah receptor:ligand complex is transformed to a state which binds with high affinity to DNA. It is not yet clear 
whether the fam of Ah receptor which binds to DNA comesponds to the subunits produced by exposure to high salt. Molybdate partially 
stabilizes both mouse and rat cytosolic Ah receptors in the 9s form in the presence of 0.4 M KCI; molybdate also slows the rate of 
thermal inactivation of receptor. However, molybdate is less effective at stabilizing Ah receptor in rodent liver than it is at stabilizing 
glucocorticoid receptor in the same tissues. The Ah receptor now has been detected and characterized in several tissues and cell lines of 
rodent and human origin. ?he struchuai pro@e.s of the Ah receptor and its general mode of action suggest that the Ah receptor is a 
member of the stemid receptor family but that the Ah receptor is a separate and distinct member of this family. 
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Steroid Hormone Action 

SULFHYDRYL GROUPS CONTENT OF CHICKEN PROGESTERONE RECEPTOR: EFFECT OF OXIDATION 
ON DNA BINDING ACTIVITY. S. Peleg. W.T. Schrader and B.W. O'hlley, Department B121 

of Cell Biolonv. Baylor College of Medicine, Houston, TX 77030. . 
Sulfhydryl groups are required for steroid receptor-DNA interaction. Receptor amino 

acid sequences share a concensus cysteine-rich region which is thought to be part of the 
DNA binding domain. Eased on this information we examined the effect of reduc'ng agents 
on receptor DNA-binding activity and quantified SH groups by labeling with ['BIN-ethyl 
maleimide. = 79K) and B (Hr = IOBK) are present in equal amounts, 
but over 70% of A molecules bind DNA whereas only 10 to 15% of B molecules have this 
activity. We found different sensitivities of the DNA sites to reducing agents; subunit A 
is stabilized preferentially compared to B. Dithiothreitol was the best stabilizer; B- 
mercaptoethanol and 1-thioglycerol were less effective. We speculated that subunit B is 
oxidized more easily, and thus quantified sulfhydryl groups on both DNA' and DNA-receptor 
forms ffter immunopurification and resolution on SDS gels. Labeling of DNA+ receptors 
with [ HINEI showed 21-23 SH groups on either A or B when the proteins were reduced and 
denatured. In 
contrast, the DNA- receptor B had only 10-12 SH groups detectable without reduction. We 
conclude that progesterone receptors unable to bind DNA contain 10-12 oxidized cysteine 
residues, likely present as disulfide bonds. These cysteines are reduczd in the DNA' 
state. We could not reduce the oxidized disulfides when the native DNA proteins were 
treated with DTT. Thus we speculate that irreversible loss of DNA binding activity & 
vitro is due to oxidation of cysteines which are inaccessible to DlT in the native state. 

Receptor proteins A (H 

The same number was seen without reduction if DNA+ receptors were tested. 

INVOLVEMENT OF MICROTUBULE ELEMENTS IN THE NUCLEAR TRANSLOCATION OF ESTROGEN 

Biology, Wellcome Research Laboratories and *Dept. Biochemistry, Glaxo Inc., 
B 122 RECEPTORS: K.G.RAJE", Tulio LOPEZ* and Indu PARIKH*. Dept. Molecular 

Research Triangle Park, North Carolina, 27709. 

The role of microtubule elements in the transmission of molecular information from the 
cytoplasm to the nucleus of estrogen target cells was investigated. 
human breast cancer cells (MCF-7) and uteri from immature Sprague Dawley rats were used. 
Cytosol was prepared from cell or tissue homegenate either at high speed (105OOOxg for 1 h) 
or at low speed (9OOOxg for 15 min) in PBS containing 1 m M  PMSF and 1 mM DTT. Progesterone 
receptor (PR) synthesis in MCF-7 cells is modulated by estradiol, effecting an increase of 
over 500% within 48 h of estradiol (1 nM) treatment. PR synthesis was inhibited by 
colchicine in a dose-dependent manner, achieving complete inhibition at 1 IIM, but not by 
lumicolchicine. Other agents which prevent tubulin polymerization such as podophyllotoxin, 
vinblastine and vincristine also inhibited PR synthesis. Moreover, nuclear translocation of 
estradiol was inhibited 60% after 16 h exposure to colchicine. When antitubulin antibodies 
were added to low-speed cytosol from rat uterine tissue and hunoprecipitated with Protein 
A, W level in the supernatant decreased by 80%. 
exogenous tubulin. 
appropriate controls showed that this is not due to spontaneous aggregation of ER. Taken 1 
together, these data Implicate microtubule elements in the mechanism of estrogen action and 
in the subcellular distribution of ER. 

Serially subcultured 

This effect could be neutralized with 
Copolymerization ofitubulin from cytosol also reduced ER levels while 

ATP INDUCED ACTIVATION OF PURIFIED RAT HEPATIC GLUCOCORTICOID RECEPTORS, Thomas J. 
8123 Schmidt and Edward E. Diehl, Department of Physiology and Biophysics, The 

University of Iowa, Iowa City, IA 52242. 
Although numerous reports have indicated that ATP stimulates the activation/ transformation 
of crude rat hepatic glucocorticoid receptors, the question of whether this effect involves 
a cytoplasmic mediator(s) or represents a direct interaction with the receptor protein 
itself has remained unanswered. Utilizing unactivated rat hepatic glucocorticoid receptor 
complexes purified by a three-step scheme which includes affinity chromatography, we have 
shown for the first time that ATP interacts directly with the receptor protein in 
stimulating activation as reflected by an increase in DNA-cellulose binding as well as by a 
shift in the elution profile of the receptor complexes from DEAE-cellulose. ATP stimulates 
activation in a dose-dependent manner (maximally at IOmM) and there appears to be no 
nucleoside specificity since GTP, CTP and UTP as well as ADP and GDP also stimulate 
activation significantly. All of these observations closely parallel data obtained from 
activation experiments with crude hepatic receptors. ATP does not appear to stimulate 
activation of receptors (crude o r  purified) by initiating a phosphorylation reaction since 
hydrolysis-resistant analogues of ATP and ADP are also effective. Although pyrophosphate 
(PPi) can mimic the effects of ATP, neither of these "activating" effects can be explained 
in terms of increased ionic strength. Although the precise mechanism(s) underlying this & 
vitro effect of PPi on the purified receptors remains unclear, this result does not rule 
out the possibility that ATP may directly influence in vivo activation. (Supported in part 
by NIH AM 34490 and ACS grant BC 4 6 4 ) .  
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NON-STEROID BINDING FORMS OF GLUCOCORTlCOlD RECEPTOR IN 
B 124 

Chronic exposure of HeLa S3 cells to dexamethasone causes a pronounced down regulation of 
steroid binding sites and a decrease in responsiveness to hormone as seen by the inability to 
induce alkaline phosphatase. In order to better understand this adaptation of cells to chronic steroid 
exposure, we have studied receptors from cells which have been under chronic dexamethasone 
(1x10-6 M dex) exposure for up to 2 years. As detected by whole cell saturation binding assays, 
these cells contain only 0-20% of the receptor content of untreated cells. Furthermore, analysis of 
[3H]dexamethasone mesylate labeled extracts on one- and two- dimensional gels reveals 
detectable receptor only in control, non-treated cells. In contrast, analysis of similar extracts by the 
recently developed Southwestern blot procedure (Silva et al. PNAS in press) which involves 
renaturation of proteins after electrophoresis and probing with 32P-labeled MMTV DNA, results in 
detection of receptor in both non-treated and down-regulated cells. Northern blot analysis of poly 
(A)+ mRNA from non-treated and down-regulated cells reveals a 7.5 kb glucocorticoid receptor 
messenger RNA in both groups of cells. These results provide evidence of a non-steroid binding 
population of receptors present in down-regulated cells which is able to bind selectively to DNA. 
The function of these non-steroid binding forms of receptor is currently under investigation. 
Supported by AM 32988. AM 33016, AM 33060. 

DEXAMElHASONE TREATED HELA S3 CELLS C.M. Silva, C.M. Jewel1 and 
J.A.Cidlowski. University of North Carolina, Chapel Hill, NC 27514 

AFFINITY LABELING OF CYS-656 IN RAT CLUCOCORTICOID RECEPTOR, S. Stoney Simons, Jr. 
6125 Janet G. Pumphrey. Stuart Rudikoff. and Howard J. Eisen. NIH. Bethesda. MD 20892. 
The identity of the amino acid(s) of rat HTC cell glucocorticoid receptor that are affinity 
labeled by dexamethasone 21-mesylate (Dex-Mea) was investigated. The specificity of 
Dex-Mes labeling of proteins was determined using bovine serm albumin (BSA) as a model. 
About 90% of Dex-Mes reaction occurred at the one non-oxidized cysteine of BSA. This 
reaction was specifically blocked by nearly stoichiometric amounts of methyl 
methanethiolsulphonate (MMTS). Thus both Dex-Mes and MMTS reacr very selectively with 
thiols in protein. MMTS was equally efficifnt in preventing both [ Hldexamethasone binding 
to HTC cell glucocorticoid receptors and [ H]Dex-Mes labeling of the 98K receptor protein. 
These results indicate that Dex-Mes labeling of the receptor involves covalent reaction 
with at least one cysteine in the steroid binding site. In order to determine vhich of the 
20 cystelnes of the glucocorticoid receptor are labeled by Dex-Mes. small (-1600 daltons) 
radiochemically pure fragments of the ['HIDex-Mes labeled 98K receptor vere generated by 
proteolysis with trypsin, chymotrypsin. and S. aureus V8 protease. Analysis of these 
f'H]Dex-Mes labeled fragments on SDS-polyacrylamide gels revealed that all of the covalent 
['H]Dex-Mes was located on one or a few cysteines in an approximately 18 to 26 amino acid 
long region of the receptor. Sequential Edman degradation of each fragment gave directly 
the number of amino acid residues between the NH -terminus proximal cleavage site and a 
single ['HIDex-Mes labeled cysteine. A comparison2 of these amino acid spacings with the 
amino acid sequence of the HTC cell glucocorticoid receptor (Miesfeld et al.. Cell, 389 
[1986]) uniquely identified Cys-656 as the one cysteine labeled by [3H]Dex-Mes. 

THE ESTROGEN RECEPTOR DIMER IS RESPONSIBLE FOR HIGH AFFINIM BINDING TO TOTAL AND 
6126 SPECIFIC DNA. D.F. Skafar. R.A. Maurer* and A.C. Notides. Univ. of Rochester, 

Rochester, NY 14642 and Wniv. o f  Iowa, Iowa City, I A  52242. 
The 5s estrogen receptor dimer i s  requi red f o r  p o s i t i v e l y  cooperative b ind ing o f  
[%]est rad io l .  Current r e s u l t s  suggest t h a t  t he  dimer i s  a l so  requi red f o r  h igh a f f i n i t y  
b ind ing o f  t he  c a l f  u t e r i n e  estrogen receptor to t o t a l  and spec i f i c  DNA. The dependence on 
receptor  concentrat ion o f  t he  a f f i n i t y  o f  t h e  [%]estradiol-bound receptor f o r  DNA was 
measured using DNA-Sepharose c h r m t o g r a p b  i n  T r i s  buf fer ,  pH 7.4, conta in ing 0.2 M KC1. 
The associat ion con t a n t  f o r  b ind ing both crude and 1000-fold p u r i f i e d  estrogen rece t o r  t o  

M - l  bp a t  h igh concentrat ions. The number o f  s a l t  bridges between the  C%lest rad io l -  
bound receptor and DNA (m' ) was measured a t  l w  and h igh receptor concentrat ion as an 
i n d i c a t o r  o f  t h e  receptor 's  confonnation. A t  concentrat ions > 6 M, m' = 12-14; a t  
concentratfons < 2.4 IU, m' z 2. I f  the confonnation o f  t he  Zonomer remained the same 
a f t e r  dissociatTon a t  low receptor  concentrat ions, 6-7 s a l t  bridges would have been 
expected. 
t h e  dimer have d i f f e r e n t  confonnations. 
to a spec i f i c  DNA sequence 1 kb upstrean o f  the p r o l a c t i n  gene a lso depended on receptor  
concentrat ion. As measured by a n i t r o c e l l u l o s e  filter assay, very l i t t l e  b ind ing t o  DNA 
occurred a t  receptor concentrat ions < 1.3 IU. 
concentrat ions > 1.3 IU. 
receptor dimer 7 s  requfred f o r  h i g h - a f f i n i t y  b ind ing t o  DNA. 

DNA i s  1.8 x lo5 M-! DNA bp a t  low receptor  concentrat ions and increases t o  5.8 x 10 g 

The 2 s a l t  bridges observed ind fca tes  the  f r e e  m o n m r  and the  monomers w i t h i n  
Binding o f  t h e  h i g h l y  p u r i f i e d  estrogen receptor 

B ind ing increased sharply a t  receptor  
These data a re  cons is ten t  w i t h  the  concept t h a t  t he  estrogen 
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CHARACTERIZATION OF ESTROGEN RECEPTORS IN MOUSE MAMMARY TUMORS 

The Netherlands Cancer Institute, Amsterdam, The Netherlands 
B 127 Mels Sluyser. Bruno Moncharmont and Stefan Zotter, Division of Tumor Biology, 

Studies using anti-estrogen receptor (anti-ER) monoclonal antibody J S 3 4 / 3 2  (ab) show 
that in GR mouse mammary tumors the nuclear binding of ER is linear with the radio- 
labeled E2 binding. The soluble fraction (cytosol) of GR tumors apparently contains 
two types of ER, one of which binds both E2 and ab, whereas the other binds E2 but 
not ab. These ERs have been characterized by sucrose gradients. ion exchange chrom- 
atography and electrophoresis. Hormone independent GR mammary tumors contain low but 
significant levels of ER as shown by ab and radiolabeled E2 binding. This ER also 
has been characterized. Differential immunoperoxidase staining of human and mouse 
mammary tumor cells in tissue sections using J S 3 4 / 3 2  will be demonstrated. 

-1W ANALYSIS OP SIpUcmaE AND UXALIZATION OP AVIAN QECEPKB 
B 128 P. ‘Ihohirsa. J. Iaola. T. yllkod. Unir. Terpere Box 607. 33101 Terpere PMLWD 
A rabbit antiserum against the highly purified B-subunit of chick progesterone receptor, 
(PR) IgGRB (Tuohimaa et al.. BBRC 119:433. 1984) and monoclonal antibody BF4 (Radanyi et 
al., PNAS 80:2854, 1983) were used to characterize an& localize different forms of PR in 
the oviduct. Nuclear, cytosolic and microsomal PR were produced by fractional 
ultracentrifugation. et 
al. (J. Steroid Biochem. 20:429, 1984). Antibody-PR complexes were analyzed by using 
protein A, sucrose gradient ultracentrifugation W E  and Western blotting 
Imnunohistochemistry and -electron microscopy were performed as described by Isola et al. 
(Histochemistry 1986, in press). 

8S-form of PR appears to contain either B- or A-subunit redognized by IgGRB and 9OK Ca- 
dependent kinase recognized by BF4. 4s form contains either A- or B-subunit only. Merc- 
receptor is proteolytic fragment of A- and F!-subunits. Practically all the binding forms 
of PR are intranuclear. only during the receptor synthesis significant amounts of the 
receptor are seen in the cytoplasm. Microsomal PR is immunologically similar with nuclear 
PR, it may represent partially the newly synthetized PR and partially the receptor escaped 
from the nucleus during the homogenization. 8s and cytosol PR appear to be artefactual 
receptor forms produced by the homogenization and redistribution of the soluble nuclear 
proteins. 

8S,5S,4S and uero forms of PR were made as described by Tuohimaa 

C H A R A C T E R I Z A T I O N  OF S T E R O I D  H O R M O N E  R E C E P T O R  POLYMORPHISM. J. L. W i t t l i f f .  
8129 S M. Hyder, N. A. Shahabi, L. Myatt, A. van der Walt and W. B. Muj&ji, Hormone Receptor 
Laboratory, University o f  Louisville, Louisville, K Y 
A m&r focus of our research i s  t o  elucidate the mechanism by which structurally relatively simple 
molecules, steroid hormones, in i t ia te  a wide variety o f  cellular events via the i r  receptors. Polymorphism 
o f  estrogen ( E R )  and progestin ( P R )  receptors was detected employing HPLC i n  size exclusion (HPSEC). 
chromatofocusing (HP CF). ion-exchange (HPIE C )  and hydrophobic interaction (HPHIC) modes using normal 
and neoplastic breast and uterus. [3H]R5020 and CJHIORG-2058 were used t o  determine P R  while 
[12517iodoestradiol-178 and [3Hltamoxifen were used fo r  E R. Excess unlabeled steroid was employed 
t o  assess non-specific association. Tris-HC1 and phosphate buffers with and without 10 m M  sodium 
molybdate were used. HPLC was performed i n  a multi-dimensi nal manner employing flow-through 
apparatus for measuring conductivity, pH, UV absorption and C&lradioadivity. Using TSK-3000 SW 
and TSK-4000 SY columns fo r  HPSEC, E R  exhibited 2-3 isoforms while P R  from human tissues separated 
in to 2-5 isoforms. In contrast t o  size distinguished isoforms, both H P I E C  and HPCF distinguished 2- 
4 isoforms o f  E R  and only 1-2 isoforms o f  PR. H P I E C  detected 2 isoforms o f  ER i n  most tissues 
regardless o f  the source. HPHIC consistently separated E R  in to  2 isoforms based upon hydrophobicity. 
Unexpectedly, immunopurified E R  isoforms exhibited protein kinase activi ty suggesting another factor 
contributes t o  receptor polymorphism. Properties o f  these isoforms suggests an interrelationship of 
physiological importance such as precursor-product. Supported i n  part by the Marie Overbey Memorial 
Grant from the ACS. the Phi Beta Psi Sorority and USPHS Grant 42154 from the NCL 
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A 56K PROTEIN IS RELATED TO THE HUMAN ANDROGEN RECEPTOR. Klaus Wrogemann, Eduardo 
B 130 Rosenmann, Fred Pereira, Kimberly Duerksen, Barbara Nickel, Anne Schwartz, Morris 
Kaufman and Leonard Pinsky. Departments of Biochemistry and Human Genetics, University of 
Manitoba, Winnipeg, Manitoba, and Lady Davis Institute, Jewish General Hospital. Montreal, 
Quebec, Canada. 

We have discovered by two-dimensional gel electrophoresis a 56K protein in genital 
skin fibroblasts (Nature 298, 563 (1982); 904, 740 (1983). The protein is water soluble 
and appears as doublet spots with PI'S of 6.7 and 6.5, which are electrophoretic variants 
of the same protein. The presence of the protein in general correlates with androgen 
receptor activity: it is present in male and female genital skin, but not detected in 
non-genital skin fibroblasts. It is also present in prostatic cancer. It is absent in 
genital skin cells from 12 of 14 patients with androgen resistance (AR) syndrome due to 
negligible androgen receptor binding activity. The presence of the protein in the two 
other AR cell strains virtually rules out that it is androgen induced. Photolytic labeling 
of intact cells with 3H-methyltrienolone followed by 2-D electrophoresis marks exclusively 
the two 56K protein spots and is suppressed by excess cold MT but not by triamcinolone 
acetonide. Nonspecific labeling of other proteins is only detected after 5-10 fold longer 
exposure times. The data indicate that the protein molecules in the 56K spots cannot 
represent only the high affinity l o w  capacity receptor. Are we possibly dealing with 
precursors of the androgen receptor or with "post receptor" molecules waiting to become 
recycled o r  degraded? (Supported by the MDAC, MRC, MHRC and NSERC). 

131 EECEPN)R ExpBpssION IN TEE C0ICKlN BURSA OF FAERICIUS. 
T.YlikcuL.J.IsoLa,P.Tuohiaa Univerdty  of T a q e r e  Box 607, 33101 Tarpere F I ? U N D  

Bursa of Fabricius (BF) is the site of for B lymphocyte maturation in birds. Progesterone 
receptor (PR) in chick BF was characterized and quatified by steroid binding studies, 
HPW, sucrose gradient analysis and immunoblotting. Its cellular localization was studied 
by innnunohistochemistry and combined technique of autoradiography and inmunohist- 
chemistry. The PR containing cells were characterized by innnunoelectron microscopy and by 
different histochemical techiques. The antibody used in the study was polyclonal and 
directed to the chicken oviduct PR. The estrogen sensitivity of the organ and PR 
expression was studied from early embryonic stages until the involution of the BF. Two 
eatogen sensitive, PR expressing cell types were detected: subepithelial-interfollicular 
stromal cells and muscle cells linig the BF. PR was not detected inside the lymphoid 
follicles or  in the epithelial cells. in 
these cells f r o m  the early stages of development in both sexes and was spontaneously 
expressed at the age of 10-15 weeks posthatching only in the females. 

It is concluded that the bursa of Fabricius is a sex steroid sensitive organ very early 
during the development. Endogenous estrogens, however, ere not able to express PR until 
after the onset of sexual maturation. This implies that  estrogen and progesterone might 
affect the structural organization through the stromal cells and the function through the 
muscle cells, but probably not before the onset of puberty. 

The PR was inducible by estrogen administration 

MOLECULAR FORMS OF THE ANDROGEN RECEPTOR:CHARACTERIZATION WITH A POLYCLONAL 
8132 ANTISERUM, Charles Y-F. Young, Michael P. Johnson, David R. Rouley 

and Donald .I. Tindall, Baylor College of Medicine, Houston, Texas 77030 
Antibodies to steroid receptor proteins have proven t o  be powerful probes for elucidating 
molecular structure. Recently, ve discovered a human serum vhich contained polyclonal 
auto-antibodies that recognized the androgen receptor, but not other steroid receptors or 
steroid binding proteins in body fluids. These antibodies were exclusively IgG class and 
Lcappa light chain specific. The antimerum interacted with the 4.8S, 54A monomeric form of 
the receptor in the presence of high salt (0.41 KCl), sedimenting at 16.2s on a 10-50% 
sucrose density gradient and eluting in the void volume of an agarose A1.5m gel filtration 
colunm. It also reacted vith the 9s oligomeric form of the receptor under lov salt 
conditions to form heavier iwune complexes. In addition to the 4.8s. 5411 intact form of 
the receptor. fragments of 3.0S, 20A, and 3.9S, 351 could be generated reproducibly from 
rat ventral prostate or Dunning R3327 H tumor. The generation of these fragmencs was due 
to the actions of endogenous proteases. The antiserum reacted with both the 2011 and the 
35A fragments t o  form intermediate-sized 7-12s complexes in 10-SOY. sucrose density 
gradients and complexes greater than 6011 in A1.5m agarose gel filtration columns. Taken 
together, these data suggest that the androgen receptor provides more than one epitope for 
antibody interaction, and that the 201 meroreceptor contains at least one antigenic 
determinant. Further analysis of the structure and function of the androgen receptor 
using these antibodies is in progress. (Supported by grants CA32387 and DK37688 from NIH 
and DCB8416979 from NSF) 
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Regulation of Gene Expression 

A DNA-BINDING PROTEIN THAT RECOGNIZES THE REGULATORY SEQUENCES OF A RAT a12uGLOBULIN 
PROMOTER, William Addison' and David Kurtz2, Cold Spring Harbor Laboratory, Cold B 133 

Spring Harbor, HY 11724. 
Transcription of r a t d  

tion is a secondary responsguto the hormone ie. ongoing protein synthesis is required for 
the hormone to exert its effect. We have recently identified a sequence between -115 and 
-160 of a clonedu gene that is required for this regulation (Mol. Cell. Biol. 6, 2334- 
2346 (1986)). The2!equence's most striking feature is the presence o f  dyad symnetry; a six 
bp sequence GAACCG is separated by 22 bp from its inverted complement. We have detected 
a protein in crude extracts of rat liver, rat kidney, and cultured mouse L-cell nuclei that 
binds to the elements of dyad synmietry in the a 
cannot bind the protein at one or the other sit&n the regulatory region show impaired 
induction of S in response to dexamethasone. While the protein seems to be required for 
the induction, ?! itself does not appear to be regulated by glucocorticoids. 

-globulin genes can be induced by glucocorticoids. This induc- 

regulatory region. Mutant promoters which 

present address: Dept. of Genetics, University of Alberta, Edmonton, Alta., Canada. 
present address: Dept. of Pharmacology, Medical University of South Carolina, Charleston, 

South Carolina. 

COMPARATIVE BINDING OF THE GLUCOCORTICOIO- AND ANTIGLUCOCORTICOIO-RECEPTOR 
8134 COMPLEXES TO A REGION UPSTREAM FROM THE RAT TYROSINE AMINOTRANSFERASE GENE. 

Gisele Beck. Sylvette Chasserot and Genevieve Genot. IBMC-CNRS, Strasbourg F67084. 
Glucocorticoid (dexamethasone) and antiglucocorticoid (RU38486) bind to the same receptors 
but from competition experiments it appears that the resulting complexes behave differently 
for the binding to acceptor sites in the nucleus. The difference in the nuclear binding 
between the agonist- and the antagonist-receptor complexes may trigger the machinery of 
ant agoni st i c action. 
To gain further information, the interactions of dexamethasone- or RU38486-receptor 
complexes with cloned fragments from the 5'-flanking region of the rat tyrosine- 
aminotransferase gene (TAT gene) were investigated. The receptor-DNA binding assays were run 
by competition of unlabeled DNA fragments with DNA-cellulose for binding labeled complexes 
in cytosol. Two fragments were tested, fragment A, located between 0 and 1.3 Kb and 
fraglnent B, located between 1.3 and 3 Kb upstream of the transcription initiation site. 
Only the fragment B was able to bind the agonist-receptor complexes. This observation is in 
agreement with the characterisation of glucocorticoid control elements located 2500 bp 
upstream from the transcription initiation site of the TAT gene (Schutz et coll. 1986, 
Biol. Chem. Hoppe Seylers n"367 Suppl. p 84) .  On the other hand, the antagonist-receptor 
complexes bind indifferently to the fragments A and B. These results favour the hypothesis 
that the antiglucocorticoid-receptor complexes recognize two different nuclear acceptor 
sites simultaneously or sequentially. 

GLUCOCORTICOID REGULATION OF PIASMINOGEN ACTIVATORS (PAS) IN  TWO MAMMARY 
CELL LINES, *N.Busso,**D.Belin, C.Failly-Cr@in and *J.D.Vassalli, 
Institut de Recherches Scientifiques sur le Cancer. Villejuif, France. 'Instifut d'Histologie et 
d'Embryologie and TXpartement de Pathologie. Centre Medical Universitaire, Geneva, Switzerland. 
We have studied the plasminogen-dependent proteolytic activity of two human mammary cell lines, MDA- 

MB-231 and HEiL-100. The two lines differed both in their constitutive pattern of PA production, and in their 
response to the synthetic glucocorticoid dexamethasone. A zymographic analysis of the PAS produced showed the 
presence of u-PA in cell extracts and culture media, whereas t-PA was detected only in the culture media of both cell 
lines. Additional bands of activity (Mw ~ 1 0 0  Kd) were detected in the culture rydia  These were produced by 
complexes between PAS and PA inhibitors. Treatment with dexamethasone (10 M) decreased u-PA activity in 
both cell lines, and increased t-PA activity only in HBL-100 cells. The inhibition of u-PA and the stimulation of 
tTp activities were accounted for by changed patterns of enzymes synthesis, as indicated by immunoprecipitation of 
( S) cysteine-labeled proteins with specific antibodies. Hormonal modul 'on was associated with changes in the 
steady-state levels of PA mRNAs as quantified using u-PA and t-PA '9P-labeled c-RNA probes . After a 4h 
incubation in presence of dexamethasone , the steady-state level of u-PA mRNA was decreased 3 fold in MDA-MB- 
231 and 2 fold in HBL-100 cells; t-PA mRNA level was increased 2 fold in HBL-100 cells only. Qcloheximide did 
not prevent these effects, suggesting a direct action on the transcription of PA genes. In addition to PAS, the two cell 
lines also secreted a PA inhibitor immunologically related to that produced by the endothelial cells. This inhibitor 
was increased by dexamethasone in MDA-MB231 cells exclusively. The effect of the synthetic antiglucocorticoid RU 
38486 has been assessed in this system by nuclear run-on transcription: the action of dexamethasone on u-PA and 
tPA gene transcription was reversed by the antiglucccorticoid. 
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CELL-SPECIFIC AN0 HORMONAL REGULATION OF HUMAN mOWTH HORMONE AND M O R I O N I C  
8136 SOMATMAMMOTRCPIN E N S ,  P e t e r  A. C a t t i n i ,  John D. Baxter and Norman L. Eberhardt ,  

U l i v e r s i t y  of C a l i f o r n i a ,  Sari Francisco,  CA 94143. 

family o f  r e l a t e d  genes. Oespi te  ex tens ive  sequence homology (>90%), t h e  KH and hCS genes 
are d i f f e r e n t i a l l y  expressed i n  t h e  p i t u i t a r y  and p l acen ta ,  r e spec t ive ly .  Whereas ra t  ( r )  
M gene expres s ion  is known to be r egu la t ed  by t r i i odo thyron ine  (T3), such r egu la t ion  o f  
the hM and hCS genes is unknown. We have used s t a b l e  and t r a n s i e n t  gene t r a n s f e r  tech-  
niques t o  s tudy  hGH-1 and h a - 1  gene expression and r egu la t ion  by T3. Both hGH-1 and hCS-1 
genes were expressed a t  comparable l e v e l s  i n  s t a b l y  t r a s f e c t e d  r a t  p i t u i t a r y  (GC) cells and 
t h e  t r a n s c r i p t s  were of the expected size (- 1.1 kb). Whereas hCS and endogenous rM rrRW 
l e v e l s  were inc reased  by T 3  t r ea tmen t ,  hM rrRNA levels were decreased. Hybrid genes con- 
t a i n i n g  hGH-1 and hCS-1 gene 5'-flanking sequences,  i nc lud ing  t h e  promotor, fused upstream 
o f  the chloramphenicol a c e t y l  t r a n s f e r a s e  (CAT) gene, were used t o  t r a n s i e n t l y  t r a n s f e c t  GC 
cells and non-p i tu i t a ry  cel l  l i n e s .  The KH-1 and hCS-1 gene hybr ids  were p r e f e r e n t i a l l y  
expressed i n  GC cells. Expression of t h e  hCS-1 gene or gene hybrid i n  GC cells may be 
r e l a t e d  t o  t h e  high sequence homology i t  sha res  with t h e  M;H-1 gene, homology no t  shared 
between t h e  rGH and rCS genes. Accordingly,  t i s s u e - s p e c i f i c  e lements  i n  t h e  hcH-1 and 
h a - 1  5'-flanking ONA might be r e l a t e d  t o  those  p re sen t  i n  t h e  rM gene which account fo r  
p i t u i t a r y - s p e c i f i c  expression.  T 3  t r ea tmen t  r e s u l t e d  i n  a 0.7-fold decrease i n  CAT acti- 
v i t y  wi th  the Mil-1 gene hybrid bu t  a 4.0-fold i n c r e a s e  with t h e  KS-1 gene hybrid,  indi-  
c a t i n g  t h a t  T3  responsive elements  are contained i n  t h e i r  5 '-flanking DNA. 

Human growth hormone (hM)  and chor ion ic  smatomamnotropin (hCS) genes belong to a 

IDENTIFXCATIOIV OF A SEW GLUCOCORTICOII)-LWCCED LYSJS GENE YRODI:CI', 
Mark M.Compton and John A. Cidlowski, University of North Carolina, 
Chapel Hill NC 27514. 

B 137 
Studies in OUT laboratory and others indicate that glucocorticoid-mediated internucleosomal DNA degradation 
plays a tend role in steroid-mediated lymphocyte cell death. To further elucidate the mechanism of this 
nucleolytic pnxess we have sought to identify the gene product(s) involved. Adrenalectomixd rats were treatcc 
in vivo with denamethasone, sacrificed 5 hours later and nuclear thymocyte proteins extracted with 0.6 M h'aC1 
Nuclease activity of specific nuclear proteins was analyzed by sodium dodecyl sulfate plyacrylamide gel 
electrophoresis in gels containing DNA. DNase activity was measured by degradation of DNA in the gel matrix 
and visualized by ethidium bromide staining. Glucocorticoid treatment resulted in the induction of two major 
protein families, a 30-32kD doublet and a series of 3-4 proteins of 12- l9kn, both of which expressed prominrn 
DNase activity. Quantitation of this protein induction revealed an increase of 1 3 7 ~ 6 %  in the high molecular 
weight family and a more dramatic 342=24% increase in the lower molecular weight family. lnduction of this 
nuclease was demonstrated by in vivo labding with [35S]methioNne. This response was both time and steroid 
concentration dependent and specific for the glucocomcoid class of steroid hormones. Furthermore, nuclease 
induction could be blocked by the glucocodcoid antagonist RU 486, indicating a receptor mediated process 
Incubation of nuclear extracts from dexamethasone treated rats with isolated nuclei from glucocorticoid resistant 
cells resulted in internucleosomal DNA degradation, whereas extracts from control animals were virtually 
inactive. Moreover, the kinetics of nuclease induction parallel those for glucocorticoid-mediated DNA 
degradation. These findings are consistent with the concept that glucocorticoids mediate a nucleolytic lysis gem 
product responsible for lymphocytolysis. Supported by N M  A.M 32078. 

A PRIMARY ECDYSTERONE-CONTROLLED GENE LOCUS IN CHIRONOMUS TENTANS 
B 138 CODES FOR MULTIPLE TRANSCRIPTS. Karoline Dorsch-Hasler, Kurt Amrein, 

Beat Lutz, Alicja Stasiak, and Markus Lezzi, Federal Institute of 
Technology, 8093 Zurich, Switzerland. 

'The primary ecdysterone-activated gene I-18C of Chironomus tentans has been 
cloned and characterized. Three different transcripts ( 4 . 6 .  kb, 4.55 kb and 
1.8 kb), produced by differential splicing, were shown to have a common 
transcription initiation site. The three transcripts differ in their 
metabolism and in their tissue distribution. While transcription of all 
three transcripts could be stimulated by the steroid moulting hormone 
ecdysterone in an epithelial cell line, only the 4 . 6  kb and 4 .55  kb 
transcripts were detected in RNA isolated from salivary glands of prepupae. 
Expression of the 1 . 8  kb transcript in the epithelial cell line could also 
be stimulated by heat shock. Accordingly, steroid receptor-binding 
sequences and heat shock regulatory elements are located in the 5' upstream 
region of the gene. The 1.8 kb transcript was found to be polysome- 
associated and it was shown to code for a 1 6 . 6  kD protein. In contrast, the 
4 . 6  kb and 4 . 5 5  kb RNA species appear in the non-polysomal fraction as 
ribonucleoprotein particles. 

115 



StemiU Hormone Action 

DIFFERENTIAL REGULATION OF TWO TCDD-INDUCIBLE GENES Tracy J. Dunn and 
B 139 Henry C. picot. McArdle Laboratory for Cancer Research, Univ. of Wisconsin, Madson, WI 
TCDD and certain other aromatic hydrocdns are believed to regulate a specific subset of genes by 
acting through the Ah receptor using a mechanism analogous to that Proposed for steroid hormone 
action. We have used cDNA d o n e s  which identify the mRNAs of two TCDD-induciMe xenobiotic 
metaboliiing enzymes in the rat, cytochrome P&OC and TCDD-aldehyde dehydrogenase. to show that 
the regulation of these two genes by TCDD differs greatly in their dose-response relationships, induction 
kinetics. and tissue distribution. The TCDD-aldehyde dehydrogenase requires at least a 20-foM higher 
dose of TCDD to reach maximal induction in the liver than does cytochrome P-450~ and the transcriptional 
reponse of TCDD-aldehyde dehydrogenase &es not plateau until between 4 and 8 days after intraperitoneal 
administration of TCDD, although the transcriptional response of the cytochrome P-450~ gene reaches its 
maximum level as eariy as 12 to 24 hours after dosing. The induced transcriptional responses of both 
genes then remain at the plateau level until at least 22 days after administration of TCDD. The tissue 
disb-ib&n in both TCDD-induced and uninduced rats for both cytochrorne P-45Oc and TCDD-aldehyde 
dehydrogenase was investigated. Signifmt differences in the regulation of the two genes in various 
tissues suggest nonardinate regulation of these two genes. The expression of either of these two 
genes can only be demonstrated in h u e s  possessing the Ah receptor, but cannot be correlated with the 
level of receptor present. We present data which suggests that TCDD can regulate the transcription of 
specifii genes in different ways and that complex regulatory mechanisms are likely inmhred in mediating 
this differential gene regulation at the level of transcription. 

IN SITU DETECTION OF TCDD RECEPTOR BINDING TO A REGULATORY REGION OF THE 
CYTOCHROME PI-450 GENE. Linda K. Durrin and James P. Whitlock. Jr.. Dept. of 
Pharmacology, Stanford University School of Medicine, Palo Alto, CA 94305. 

8140 

2.3,7,8-Tetrachlorodibenzo-p-dioxin (TCDD) induces transcription of the cytochrome PI-450 
gene in mouse hepatoma cells through binding and activation of an intracellular receptor 
protein. We have utilized the in situ exonuclease I11 protection method of Wu (Nature 
309, 229, 1984) to probe for proteins bound to a constitutive nuclease hypersensitive 
region in chromatin flanking the cytochrome P1-450 gene. 
unique site within the hypersensitive region followed by exonuclease I11 digestion detects 
the presence of a bound protein -1650 bp upstream from the transcription start site. 
This region has been previously demonstrated to behave as a TCDD-inducible enhancer in 
gene-transfer experiments. 
cells but not control cells, and is a primary response to the inducer as indicated by the 
rapidity with which it appears (within 1 h after TCDD treatment) and its insensitivity 
toward cycloheximide inhibition of protein synthesis. 
defective in the nuclear uptake of TCDD receptors fails to accumulate the bound protein in 
response to TCDD although it maintains the nuclease hypersensitive region. 
are consistent with a TCDD-dependent interaction of the TCDD receptor with a regulatory 
sequence flanking the cytochrome PI-450 gene. 
conformations such as nuclease hypersensitive regions may be a prerequisite for accessing 
regulatory sequences to trans-acting factors involved in transcriptonal activation. 

Restriction enzyme cutting at a 

Bound protein is found in nuclei isolated from TCDD treated 

Furthermore, a variant cell line 

These results 

We postulate that preformed chromatin 

HORMONAL REGULATION OF THE CHICKEN OVALBUMIN GENE IN TRANSGENIC MICE. Alex 
Elbrecht, Francesco J. Debyo, Ming-Jer Tsai and Bert U. O'Walley. Department of 8141 

Cell Biology. Baylor College of Medicine, Houston, TX 77030. 

Six independent strains of transgenic mice carrying the natural chicken ovalbumin 
gene were generated by microinjection of single cell embryos vith linearized DNA fragments 
containing the entire ovalbumin coding region, with 4 Kb of 5'-flanking DNA and 500 bp of 
3'-flanking sequence. To date ve have examined tvo of the strains (OV20 and OV33) for 
expression. Since the ovalbumin gene is induced by steroid hormones. initial screening 
with Northern blots was done after treatment with estradiol-176. Strain OV20 did not 
express the ovalbumin gene. Strain OV33 contained 2 independent integrations of 
approximately 2 and 8 copies of the gene. In mice containing only the 2 copy integration 
the ovalbumin gene is expressed and the RNA is correctly processed. The highest levels 
are in the testes and are at least partially androgen dependent. Thus, DNA elements 
involved in transcription and hormone regulation of the chicken ovalbumin gene are encoded 
in the injected DNA fragment and are recognized by homologous factors in the mouse. 
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DIFFERENTIAL EXPRESSION OF HUMAN KERATIN GENES IN EPIDEBMIS. E. Puchs. G. Giudice 

70kd) are the major structural proteins of the epidermis. There are two distinct types (I 
and 11) of keratins based on sequence and hybridization studies. Both types of keratins 
seem to be important for filament assembly, and all epidermal cells express at least one 
member of each type. In the basal layer, a single type I (K14) and a single type I1 ( K 5 )  
keratin are expressed. During the course of terminal differentiation, new mRNAs encoding 
keratins K10 and K11 (type I), and K1 and K2 (type 11) are synthesized. This differentia- 
tive process can be induced in tissue culture by reducing the level of vitamin A in the 
medium. This induction may be relevant in vivo. where terminally differentiating cells 
are continuously moving away from the supply of vitamin A i n  the blood vessels of the 
dermis. When skin is wounded, a set of keratins (K6, K16 and K17) is transiently expres- 
sed. These keratins can be induced in vitro when skin is placed in culture medium. 
Recently, we have shown that the induction of these hyperproliferation-associated keratins 
may at least initially be at the posttranscriptional level. We have now isolated and 
sequenced a number of the human epidermal keratin genes. Using gene transfection studies, 
we have begun to examine the molecular mechanisms underlying the regulation of different 
sets of epidermal genes. In addition, we have examined a) the role of both types of 
keratins in filament assembly, and b) the functional significance of the differential 
expression of different sets of keratins. 

8142 and A. Tyner. The University of Chicago, Chicago, IL 60637. The keratins (40- 

DNA METHYLATION DEPRESSES RAT GROWTH HORMONE GENE EXPRESSION, Marcia Gaido and 
B 143 Jeannine Strobl,  West V i r g i n i a  Un ive rs i t y ,  Morgantown WV 26506. 
There i s  a t i ssue  s p e c i f i c  pa t te rn  o f  methy lat ion a t  a CGCG sequence 144 basepairs upstream 
o f  the r a t  growth hormone (rGH) t r a n s c r i p t i o n  i n i t i a t i o n  s i t e .  We have now d i r e c t l y  tested 
the e f f e c t  o f  s i t e  s p e c i f i c  methy lat ion a t  t h i s  s i t e  on rGH promoter a c t i v i t y .  1.5 k i l o -  
basepairs o f  rGH promoter sequences were inser ted i n  f r o n t  o f  two b a c t e r i a l  i n d i c a t o r  genes, 
Neo and CAT. A CGCG s p e c i f i c  methylase (M-BsuEf was i s o l a t e d  from B .sub t i l i s  ISE15 and used 
t o  methylate rGH-CAT and rGH-Neo. Methylated and unmethylated fusion genes were t rans fe r red  
i n t o  GH3 r a t  p i t u i t a r y  t i ssue  c u l t u r e  c e l l s  by calcium-phosphate c o p r e c i p i t a t i o n  o r  e lec t ro -  
porat ion.  
cel ls/ lOcm2 d i s h  i n  s e l e c t i v e  media (400 ug/ml 6418). and counted a f t  r 2 weeks. 
harvested 24 hours a f t e r  t r a n s f e c t i o n  w i t h  rGH-CAT and ace ty la t i on  o f  f4C-chloramphenicol 
measured i n  whole c e l l  ext racts .  Methy lat ion o f  rGH-Neo resu l ted  i n  a 60-80% decrease i n  
rGH promoter a c t i v i t y .  Methylated rGH-CAT exh ib i ted  a 68% decrease i n  promoter a c t i v i t y .  
I n  contrast ,  methy lat ion o f  RSV-Neo and RSV-CAT fus ion  genes resu l ted  i n  a 37% decrease and 
50-70% increase, respect ive ly ,  i n  promoter a c t i v i t y .  We conclude t h a t  methy lat ion o f  f us ion  
genes does not  r e s u l t  i n  a general depression o f  promoter a c t i v i t y  and demonstrate f o r  the 
f i r s t  t ime a d i r e c t  r e l a t i o n s h i p  between s i t e  s p e c i f i c  methy lat ion o f  the rGH promoter and 
a decrease i n  rGH promoter a c t i v i t y .  

C e l l s  t ransfected w i t h  rGH-Neo were harvested a f t e r  2 days, rep lated a t  5 x l o 5  
Ce l l s  were 

8144 PUCLEN? FAClQFXS) RKCOGEIZE THK H C W  1x1 WHAHCKB, Peter Ghasal. Henryk 
lubon 6 Lothar Hanninghausen. .IH. BIDDK. Bethesda. MD 20892 

The major hdiate-early sene I (lEI) of the human CytoIws~lOViNS ( H m )  
contains one of the strongest known enhancers upstream of its prmter. Ye 
report here results from in vitro transcription and competition experiments (in 
CNde Hela cell nuclear extracts) which indicate that trens-acting factor(s) are 
responsible for the ClIV enhancer activity in vitro. The crude nuclear extract 
was fractionated over successive columns of heparin ayarose. DKAK Sepharose and 
phophocellulose. Each column was stepped washed with increasing concentrations 
of salt. In vitro transcription reconstitution experiments were performed from 
tha various chromatosraphic fractions. These data demonstrate that in addition 
to the Pol11 fraction at least two other fractions (the heparin asarose flow 
through (HhO.1) and the phosphocellulose 1l4 KCl stepwash (Pll-1) are also 
necessary for efficient in vitro transcription of the HCHV lK1 sene. On the 
basis of two criteria. mobility shift assays and D H b e I  protection assays. three 
sites of specific protein - DUA sequence interactions have been determined for 
the HAO.1 and P11-1 fractions. These are located for the W.1 at nucleotide 
positions -440 to -420 and for the P11-1 at -473 to -443 and -335 to -315 within 
the H C W  enhancer region. 
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STUDIES ON TWO CHOLESTEROL REGULATED PROMOTERS IN ANIMAL CELLS, Gregorio 

Dallas, Texas 75235. 
B145 Gil, Timothy Osborn, Joseph L. Goldstein and Michael S .  Brown, UTHSCO, 

We are interested in the role of negative feedback regulation in the maintenance 
of cholesterol homeostasis. To this end we are studying the process whereby 
excess intracellular cholesterol inhibits transcription of the genes encoding 
3-hydroxy-3-methylglutaryl coenzyme A (HMG CoA) reductase and HMG CoA synthase, 
the enzymes that catalyze the rate limiting steps in the biosynthesis of 
cholesterol. We have already demonstrated that transcriptional inhibition & 
vivo is a property of the 5' flanking region of HMG CoA reductase gene. Using 
in vitro transcription and foot printing assays, we have now defined specific 
and unique DNA-protein interactions in the 5 '  flanking-promoter region that are 
essential to basal promoter activity. The relationships between the different 
DNA-protein interactions and the mechanism of cholesterol mediated suppression 
of transcription will be discussed. 

STEROID-DEPENDENT BINDING OF TRANSCRIPTION FACTORS TO W V  CHROMATIN in vivo. 
Gordon L. Hager, Anna Tate Riegel and Michael G. Cordingley, NationalTaG 
Institute, Bethesda, MD 20892 USA. 

B146 
We have employed an exonuclease 111-resistance assay to detect the interaction of factors 
with the glucocort icoid-inducible promoter of MMTV in vivo. 
bovine papilloma virus minichromosomes to approximately 200 copies per cell, permitting 
high-resolution analysis of ExoIII-resistant boundaries on MMTV sequences. Two separate 
factors are shown to bind to the promoter in response to induction. Access of Ex0111 is 
unaffected by hormone treatment, indicating that the hormone-dependent boundaries result 
from actual binding of the proteins, rather than from altered enzyme access. Receptor 
binding at the hormone response element therefore induces the binding of at least two 
putative transcription factors to the MMTV promoter. High-affinity binding to DNA can be 
demonstrated for both factors in nuclear extracts, and their apparent concentration is 
unaffected by hormone treatment of cells prior to extract preparation. We also find that 
nucleosomes are positioned over specific sequences in the MMTV LTR. The second member of 
this phased array appears to be selectively lost during transcriptional activation. 
discuss the ramifications of these observations for the mechanism of steroid hormone 
action. 

The promoter was amplified on 

We 

IDENTIFICATION OF AN ANDROGEN RESPONSE ELEMENT IN THE 5'-FIANKING REGION OF TWO 
B 147 RAT SEMINAL VESICLE GENES WHOSE EXPRESSION IS DEPENDENT UPON TESTOSTERONE, 

Stephen E. Harris, Wallace L. McKeehan and Marie A. Harris, W. Alton Jones Cell 
Science Center, Inc., Lake Placid NY 12946. 

The 5'-flanking regions of the two androgen responsive rat seminal vesicle genes, SVS IV 
(-523 to -10) and SVS VI (-300 to +216) were cloned into the Hind I11 site of pSV0-CAT. 
These 5I-SVS-CAT fusion constructions (CAT = chloramphenicol acetyltransferase) were then 
used in transient gene transfer CAT expression assays using the androgen responsive hamster 
tumor cell line, DDT1, which has high levels of androgen receptor. In the SVS IV-CAT and 
SVS VI-CAT fusion genes, testosterone (T) (lo-' M) added to a serum-free medium for 24 hr 
resulted in 13-fold and 4-fold induction in CAT activity, respectively. pSV0-CAT tnd 
pSVP-CAT served as negative and positive controls. With the SVS IV-CAT fusion gene, us ng 
BAL 31 nuclease deletions, the androgen response element(s) has been mapped to the -350to 
-90 region using the DDTl tumor cells. Further mapping is underway. We are also us ng 
primary rat seminal vesicle and prostate epithelial cell cultures for transfection and [AT 
assays using the SVS-CAT constructions. The primary cells are grown in a serum-free WAJI04 
media, with various growth factors f T. With the SVS IV-CAT fusion gene transfected iito 
primary seminal vesicle cells we have observed a 3-4-fold increase in CAT activity with T. 
A BAL 31 deletion (A -60 to -380) of the SVS IV-CAT fusion gene, gives no increase in CAT 
activity with T. Rat seminal vesicle cells grown on extracellular matrix (ECM) where the 
seminal vestcle epithelial cells seem to "differentiate" are now being tested in transient 
gene transfer experiments with the SVS-CAT fusion genes and deletions. 
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aU)OCORTICOIO REGUATION OF GENE EXPRESSION IN HUMAN PITUITARY AOEMMAS, Randi E. 
Isaacs, Paul R. Findell, Charles 8. Wilson, Pamela Mellon and John D. Baxter, 
l h i ve rs i t y  o f  Cal i fornia,  San Francisco, CA 94143. 

8148 
We have made use o f  human p i tu i t a ry  adenomas as a novel i n  v i t r o  system t o  study mult i -  

hormonal regulation o f  the nRNAs encoding the anterior p i t u i t a ry  hormones. 
genes for human growth hormone (hM), pro lac t in  (Pr l ) ,  adrenocorticotropin (ACTH) and a-and 
&submits o f  thyroid st imulat ing hormone (TSH), l u te in iz ing  hormone (LH) and f o l l i c l e  s t i -  
mulating hormone (FSH), has been l im i ted  by the lack o f  human cell l i nes  expressing the 
endogenous genes. Messenger FNA levels and M secretion from primary c e l l  cultures o f  four 
hM-secreting p i t u i t a r y  adenomas were stimulated 2- t o  4-fold (Pc.05) by the glucocorticoid 
dexamethasone (Dex, 10uM). Insu l in  (5M)  had no s ign i f i can t  e f fec t  on ei ther mRNA or pro- 
tein, but when added concurrently with Dex i t  s ign i f i can t ly  inh ib i ted  the Ckx induction o f  
both, suggesting tha t  the pathways for insu l in  and Oex regulation o f  hM gene expression 
may be linked. 
ACTH secretion from a cor t i co t rop ic  ademma demonstrated a 66% i f h i b i t i o n  o f  protein secre- 
t i on  by Dex (Pc.05) and a small stimulation (25%) w i t h  i nsu l i n  treatment. Dex plus i nsu l i n  
was not s ign i f i can t ly  d i f fe ren t  from Ckx alone. 
mRNA levels, demonstrating tha t  ademmatous corticotropes re ta in  glucocorticoid sens i t i v i t y  
despite the i r  tumor t issue or ig in.  
TSH-secreting ademma, while i t  stimulated a-subunit MNA from the m e  non-secreting ade- 
nma expressing the gene. 
anter ior  p i t u i t a ry  peptide gene expression i n  an endogenous system. 

Study o f  the 

Dex caused a 2-fold stimulation o f  h.1 nRNA from one lactotropic adenma. 

These findings were also re f lec ted  i n  the 

Dex s ign i f i can t ly  inh ib i ted  a-subunit nRNA from a 

These are the f i r s t  demonstrations of hormone regulation o f  

MOLECULAR CLONING OF c?NA AND GENE FR THE CHICKEN AVIDIN, M.S. Kulomaa, R.A. 
8149 Keinanen, P.A. Kristo , M.L. Gope , T. Zarucki-Schulz' and B.W. O'Malley', 

Univ. Tampere, Tampere, Finland; 'Res. Lab. Alko Ltd., Helsinki, Finland; 
'Baylor College of Medicine, Houston, Texas, USA. 

Three cDNA clones f o r  the chicken avidin were isolated from the oviduct cDNA library 
by screening with anLibodies and synthetic oligodeoxynucleotides. Amino acid sequence 
derived from the cDNAs was identical to the known sequence of avidin. A 597 bp clone, 
MV4, containing the entire coding region was isolated using a cDNA as a probe. A signal 
peptide of 24 amino acids with typical structural determinants for cleavage was found 
to precede the first amino acid residue of avidin. The insert contained a noncoding 
region of 43 and 84 bp at the 5' and 3'-end respectively. A predicted polyadenylation 
site was located 20 bp prior to the Foly(A)-tail. The size of s700 de- 
tected for the avidin mRNA by RNA hybridization (Northern) analysis. A specific induction 
of the avidin mRNA by progesterone was observed in the oviduct, but not in the liver 
or kidney. More precise studies on hormonal regulation of induction have now been initi- 
ated. Only a single fragment was detected when genomic DNA from the spleen was digested 
with Bad1 and examined by DNA hybridization (Southern) analysis suggesting a single 
copy gene for avidin. A clone, hAVg12201, with an insert of %10-12 kb was detected when 
a genomic library was screened by a cDNA. The clone was digested with EcoRI and subcloned 
into a plasmid vector. One of the subclones, pAVgl.8, was found to contain the 3'-end 
of the avidin gene within the insert of 1.8 kb. The detection of a subclone containing 
the 5'-end and sequencing analysis of the avidin gene are now in progress. 

nucleotides was 

VARIANT CELL LINES WITH ALTERED GLUCOCORTlCOlD RESPONSIVENESS SELECTED BY WAY OF 
B 150 AN MMN PROMOTER FUSION WITH A GENE ENCODING A SELECTABLE MARKER, Wen-Liang Kuo 
and David 0. Peterson, Department of Biochemistry and BopysicS, Texas A8M Univesay, College Station, Texas 77843. 

A genetic approach was desgned to select variant cell tines with altered responsiveness to glucocociicoid hormms. The 
Escherkhia oolixanthinequanine phosphoribosyl transferasa gene (Ecogpf ) was used as the selectable marker and was 
linked to the glucocociicoii-respomive PrOmoter of mouse mammary tumor virus (MMN) to form plasma pMNgpt. This 
plasmid and a plMied thymidine kinase gene from herpes simplex V i m  were colransfected into mouse Ltk- cells. Stable 
tk+ tramformants were selected, and independent clones were analyzed with regard to sequence organization Of 
pMTVgpt DNA and expression of fcogpt. Several transformants in which fcogpt expression was induced by 
gluc-xorticoiis were identified and sewed as parental cell lines for selection of variants. Mycophenolii acid was used to 
select variant cells which could constitutively express Eoogpt in the absence of glucocotticoids, and 6-thoxanthine was 
used to select against expression of kogpf .  NO obvious changes in pMNgp1 sequence organization were observed in 
the variant cells. A simple CiSnrans test was performed using a transient expression assay in which pLC1, a plasmid 
containing the MMTV promoter fused to the coding sequences for bacterial chbramphenicol acetytransferase (CAT). was 
introduced into each variant cell line. Transiently expressed CAT activity in some variant cell lines was altered relative to 
parental cells, suggesting that tramacting faCtOr(S) might be involved in altering glucocorticoa responsiveness in the 
variants. The glucocortiiid receptor protein is one such !ms-acting factor, and several biochemical assays of receptor 
activii have been performed with the variant ceh. 
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ANDROGEN-RESPONSIVE SEQUENCES OF THE MOUSE SEX-LIMITED PROTEIN GENE. Fabrizio 
Loreni, Martha Kalff and Diane M. Robins. Columbia University, N.Y., NY 10027. B151 

To study DNA sequences involved i n  hormonal regulation. we have compared murine C4 and Slp 
$enes as they show extensive homology but a r e  d i f f e r e n t i a l l y  expressed. 
component of complement; Slp, or  sex-limited protein,  lacks complement a c t i v i t y  and is 
regulated by androgen, unl ike C4. The cloned ful l - length S lp  gene shows tes tosterone-  
enhanced expression following t ransfec t ion  i n t o  a mammary carcinoma c e l l  l ine .  while C4 
does not .  Gene fusion constructs  were made t h a t  l i n k  upstream and promoter regions of 
Slp or  C4 t o  the b a c t e r i a l  chloramphenicol ace ty l t ransferase  (CAT) gene. 
within 3 kb upstream of the Slp gene confers androgen-inducible expression on the  CAT 
gene i n  t rans ien t  t ransfec t ion  assays. 
promoter when placed i n  an inverted or ien ta t ion  d i r e c t l y  in f r o n t  of the  CAT gene. CAT 
fusion mRNA t ranscr ip t ion  s t a r t s  a t  mult iple  s i t e s  within t h i s  Slp-derived DNA. Therefore, 
t h i s  element s e e m s  t o  mediate androgen-responsiveness independently of pos i t ion  o r  or ienta-  
t ion .  
b l a s t s ,  ne i ther  does so in the  hormone responsive c e l l  l i n e .  
suggest t h a t  a negative element blocks regulat ion by the hormone-responsive sequences i n  
non-homolgous cells. 
t i s sues  ( l i v e r ) .  Thus a t  l e a s t  two dis t inguishable  DNA regions a r e  involved i n  hormonal 
and t issue-specif ic  regulat ion of the  Slp gene. 

C4 is the  fourth 

A sequence 

In par t icu lar ,  t h i s  element serves  a s  an inducible 

While both C4 and Slp promoter fragments dr ive CAT expression e f f i c i e n t l y  i n  f ibro-  
These and other  r e s u l t s  

Presumably in  vivo t h e  negative e f f e c t  i s  overcome in expressing 

Structure and Expression of a Gene which 1 s  Androgen- and 
B152 Zinc-Regulated in Rat Prostate. R.J. Matusik, P. McNicol, and A.M. 
Spence. Dept. of Physiology, U. of Manitoba, Winnipeg, Manitoba, R3E OW3. 
We previously reported the cloning of a cDNA (pM-40) to an androgen- 
regulated, zinc-inducible mRNA which is expressed at high levels in the 
dorsolateral prostate of the rat. The sequence of pM-40 encodes a secreted 
protein of Mr 20.5 Kd or a non-secreted protein of 19 Kd. Two proteins, of 
Mr 19 Kd and 20.5 Kd are produced when synthetic transcripts of M-40, 
produced from a linked bacteriophage promoter, are translated in a rabbit 
reticulocyte lysate. These results suggest that the M-40 protein is 
synthesized in secreted and intracellular forms in vivo. A cloned fragment 
of rat genomic DNA reveals that the gene is comprised of seven exons 
spanning approximately 17 kbp. The exons and their flanking regions have 
been sequenced. Canonical CCAAT and TATAAA boxes are present 4 8  and 27 bp, 
respectively, upstream of the 5’ end of the mRNA, which was located by S1 
mapping. Two elements in the 5’ flanking region bear striking homology to 
the metal regulatory elements which precede metallothionein genes. Nuclear 
runoff transcription experiments demonstrate that zinc induces M-40 
expression at the level of transcription. Androgens, in contrast, exert 
primarily a post-transcriptional effect on M-40 expression. (Supported by 
the Medical Research Council of Canada.) 

REGULATION OF SURFACTANT AWPROTEIN GENE EXPRESSION IN FETAL LUNG, 
Carole R. Mendelson and Vijay Boggaram, Univ Tex Hlth Sci Ctr, Dallas TX 75235. 

Pulmonary surfactant, a developmentally- and hormonally- regulated lipoprotein, reduces sur- 
face tension at  the alveolar-air interface. The malor apoprotein of surfactant, a sialo- 
glycoprotein, M = 35,000, is believed to  serve an important role in  surfactant function. 
Previously, we found that surfactant apoprotein gene expression is initiated in fetal rabbit 
lung tissue after day 26 of gestation. Cortisol and cyclic AMP analogues increase the levels 
of surfactant apoprotein and i ts mRNA in lung explants from 21-day fetal rabbits. To 
investigate fur ther the regulation of surfactant apoprotein gene expression in fetal lung 
tissue, we have isolated a cloned cDNA specific for  the major rabbit surfactant apoproteln. 
This cDNA hybridizes t o  two major species of mRNA (2.0 and 3.0 kb  in length) that are 
cgordinately induced in rabbit lung tissue dur ing development and with hormonal treatment. 
The two mRNA species appear to  be encoded by a single gene. Cortisol treatment of lung 
explants from 21-day fetal rabbits caused an induction of surfactant apoprotein mRNA levels 
that was f i r s t  observed after 24-48 h of incubation. Bt,cAMP caused a marked induction of 
surfactant apoprotein mRNA levels by 4-6 h of incubation; a stimulatory effect of cyclic AMP 
was often detectable as early as 2 h after i ts addition to  the culture medium. Cycloheximide 
(CHX, 2pg/ml) markedly reduced the levels of surfactant apoprotein mRNA in both control 
and Bt,cAMP-treated explants after 4 h of incubation. This inhibitory effect of CHX was 
reversed within 6 h of i ts  removal from the medium. These findings are suggestive that a 
protein with a relatively short half-life mediates the expression of the surfactant apoprotein 
gene and i t s  induction by cyclic AMP. 

B153 
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A GLUCOCORTICOID RECEPTOR BINDING SITE IS  WT SUFFICIENT TO CONFER B 154 HORMONAL RESPONSE TO THE HERPES SIYPLEX T~YIDINE KINASE PROUOTER. 
David D: Yoore and Mark A .  Mali., Dept. Molecular Biology, Mass. General 
Hospital, Boston, MA 02114. 

We have inserted a 24 base pair oligonucleotide containing a glucocorticoid 
receptor b ind iw  site in to a nuber of positions near hetarolopour promobrs. 
I n  a l l  cases the cloned s i t e  retains f u l l  capacity to bind receptor i n  vitro. 
Inserting a single binding s i t e  upstream of truncated versions of the humn 
metal lothionein I I A  or muse natal lothionein I promoters confers hormonal 
response equal to or greater than that resulting f r a  the endopenous binding 
s i t e  i n  the intact huun matallothionein I I A  promoter. 
results of others using ylly rest r ic t ion fragnants, insertion of the s i t e  
upstream of the herpas thysidine kinase promoter a t  -109 or -197 doer not confer 
any glucocorticoid responsiveners. Insertion of the lur ine sarcoma virus 
enhancer a t  either position greatly increases expression and confers 
glucocorticoid responsiveness. A simple interpretation of these results i s  that 
the m l i a n  promoters and v i ra l  LTRs bind factors which are required i n  
addition to receptor for response to glucocorticoids. 
support the resultant prediction that addition of binding sites for  such factors 
should make the oligo/TK constructs hormnatly responsive. 

However, i n  contrast to 

Preliminary results 

GLUCOCORTICOID REGULATION OF PRONATRIODILATIN GENE EXPRESSION, 
B 155 Mona Nemer, Stefania Argentin, Jean-Pierre Lavigne, Michel Chamberland and Jacques 
Drouin, I rs t i tut  de recherches cliniques d e  Montrial ,  Montrial ,  Canada H2W IR7. 
Pronatr iodi la t in  (PND) is the protein precursor to atrial  natriuretic factor (ANF), a 28 AA 
peptide hormone with potent natriuretic,  diuretic and vasorelaxant activities. Northern blot 
ana lys i s  using a rat PND cDNA d o n e  indicates tha t  PND mRNAs of similar size are found in 
heart  a t r ia  and ventricles. However, PND mRNA concentration is 150 fold lower in ventri- 
cles. In previous studies,  we  established tha t  changes in salt intake and extra  cellular 
fluid volume al ter  PND mRNA levels. W e  have now undertaken to investigate t h e  hormonal  
control  of atrial  and ventricular PND gene expression. Since ANF inhibits adrenal steroido- 
genesis, we tested the putative feedback action of adrenal steroids on PND gene expression. 
Administration of dexamethasone (DEX) to adrenalectomized r a t s  increases atrial  PND mRNA 
levels 5 fold; ventricular PND mRNA levels are similarly stimulated. Glucocorticoid s t imu-  
l a t ion  of cardiac PND mRNA concentration also occurs in primary cultures of atrial  and 
ven t r i cu la r  ca rd iocy te s ,  i nd ica t ing  t h a t  t h e  DEX e f f e c t  is at the heart  level. Thus 
glucocort icoid stimulation of PND gene expression may account for many cardiovascular effects 
of glucocorticoids.  In order to investigate the mechanism of this gIucocorticoid stimula- 
t ion,  we  have obtained s table  transfectants containing the ent i re  r a t  PND gene or a hybrid 
g e n e  consti tuted of the r a t  PND promoter fused to coding sequences for bacterial neomycin 
r e s i s t ance  (neo). RNase mapping analysis indicates correct  initiation of transcription from 
b o t h  cons t ruc t s .  These  t r a n s f e c t a n t s  a r e  used to iden t i fy  glucocort icoid responsive 
sequences in the  PND gene. (Supported by MRC, QHF and FCAR, Canada) 

OtrETfC STUDIES 08 REWUTIOII OF OENP SXPRL88101 BY OLUCOWRTICOID 
6 1 s  HORSONES, lukund nor1 and liahael R. Stallaup*. 8101. Lhpt.. U n i V .  
8. Carolina. Columbia. S.C. 29206 L sbpt. of Pathology. USC Ned. 
Sahool, Lor Angelem, CA 90033. 
A .urine T lyaphosaraor aell line infMtOd rith m o u u  mammary tumor 
virus cMMTV) hoe k e n  used for studies on regulation of gene expresrion 
by gluawortiaoid hornonom. T h e w  cells, upon exposure to dexartharone 
(dex), exhibit inoreased levels of IftfTV RIA and MNTV maoded proteins on 
the p l u m  nembrane and. eventually, om11 death. Variants th8t do not 
exproms viral proteins on the 4011 surfaae have been imolatmd using 
aouplrlmt killing vith anti-MNW antiserum or vlth a monwlonal antl- 
0p52 antibody. T h o u  variants have functional reamptors, sinow they have 
retained their aytolytia response to gluaoaortiaoldr. Thus, the fallure 
to fnduae l N T V  proteins l s p l i H  a lesion other than fn the rrarptor. In 
aytodot arsayr, rort alone. exhtbit the mame hormone-induaed inorease in 
NNPV RNA levels as the parent line, indioating port-tranrariptionml 
lesions in the hotlone rrrponu. In *dditlon, there appear to be a for 
alones rhiah ohor no induotion of l l T V  RNA, indiarting a ponib le  lesion 
in the tranwrlptlonrl step of the induative prooeS8. Initial studies on 
the aharMtOt1ZatfOn of the variantr suggerts a b n o m l  wsbr8ne turnover 
rate and/or nonret-ntlon of the major viral envelope glucoprotein on the 
cell surface of these cells. 
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1.25-DIHYDROXWITAMIN D AND CALBINDIN-D ' STUDIES ON THE MOLECULAR ARCHITECTURE OF 
ITS GENE AND REGULATIOid OF ITS eXPRESSI8'AT THE TRANSCRIPTIONAL LEVEL. A. W. Norman. 

0. Theofan. P. P. Hinghetti. Y. pujisawa and 1. Cancels, Div. Biomed. Scs. and Dept. Blochem.. Univ. 
Calif., Riverside, CA 92521. 
The horronally active form of vitamin D [1,25(0H) D ] has been shown to nodulate the transcription 
of several genes; calbindin, a vitamin #-induced 888 calcium-binding protein is an example of such 
a gene. We have carried out in vitro nuclear transcription (run-off) assays to determine whether 
the induction of calbindin-D [1,25(OH) D.J is 
occurring at  the genomlc 1%. Racbitic chicks were dosed w i t h  6.5 moles 02 1.25(0H)2ii3 and 
calbindln-D nuclear uptake, and 1.25(0H)2D3 receptor occupancy 
levels were2qeasured a t  various tlmes. gene transcription was significantly induced 
by 15-30 Iln folloring homone administration reac@ a peak by 2 hr. and started to  decline by 4 
hr. into nuclei and by 
1.25(0H) D receptor occupancy levels. These results indicate that 1.25(0& b acts like other 
steroid2hdrmones to tu rn  on transcription of speciNc genes via a receptor meh$ted mechanism. In 
order to establish the molecular structure and to define the vitamin D-dependent regulatory 
elements of this gene, we have screened a chicken genonic library to  ascertain the DNA i n  question. 
Radioactive hybridization probes were prepared from cDNAs wbich spanned the 3' untrsnslated region 
of the calbhdin DRNA. Two Ia~bds clones were found wNch contained 23-24 Kb of chromosomal DNA. 
This insert DNA has subsequently been subcloned. mapped and is currently being sequenced in our 
laboratory. 

B 157 

in the chick intestine by 1.25-dihydroxwita~in D 

gene transcription. 1.25(0H) D 
Cahihdin-D 

This time c o m e  was closely paralleled by the rate of uptake of 1.25(OH) D 

[Supported in part by USPHS grant AM-09012-0221 

HECHANISM OF GLUCOCORTICOID RECEFTOR mRNA REGULATION. Sam Okret, Lorenz 
Poellinger,  fu Dong and Jan-Hke Gustafsson. Dept of Medical Nutri t ion,  
Ih-olfnska I n s t i t u t e ,  Huddinge Hospital  F69, S-141 86 Huddinge, Sweden 

8158 

A cDNA clone for the  rat glucocorticoid receptor  (GR) w a s  used t o  study mechanisms of 
Nt mRNA regulation. The regula t ion  seems t o  be complex s ince  a contidous treatment of 
rat hepatoma c e l l s  with dexamethasone caused a cyc l ic  var ia t ion  i n  GR mRNA leve ls .  
After 6hr of treatment a 1.5-2-fold increase in GR mRNA w a s  seen followed by a 50-8@ 
reduction after 24-48hr compared t o  the  i n i t i a l  l eve l .  The i n i t i a l  l e v e l  of GR mRNA 
w a s  r e s to red  a f t e r  72hr. The down regula t ion  a f t e r  24hr seemed t o  beapriz6z-y response 
s ince  it a l s o  occured i n  the  presence of the  protein synthesis i nh ib i to r ,  cyclohexa- 
mide. However, a 4-fold increase  i n  GI1 mRNA l eve l s  w a s  seen both in the  presence and 
absence of dex, suggesting a GR-gene suppressor a c t i v i t y  and/or s t a b i l i z a t i o n  of W 
mRNA. The above r e s u l t  might i nd ica t e  t h a t  the GR pro te in  i n  i t s e l f  is involved i n  
regula t ion  of GR mRNA l e v e l s  by i.e. binding t o  its own gene. In l i n e  with the  l a t t e r  
we  demonstrate by an inmunoprecipitation assay, DNase I an6 methylation pro tec t ion  
experiments t h a t  the  QR i n t e r a c t s  within a region Of t he  cDNA t h a t  represents  a frag- 
ment of the  3'nontranslated region of the  GR mRNA,  which e x i s t s  i n  the GR gene as a 
s ing le  exon. The GR binding reg ion  contains concencua octanucleotides derived from 
t h e  mouse mammary tumor virus  and shown t o  be important fo r  GR binding. The presence 
of OR binding s i t e s  i n  the  3'nontranslated region might be of importance s ince  this 
reg ion  in addi t ion  t o  the  coding sequence is evolutionary highly conserved. Transfec- 
t i o n  experiments and t r ansc r ip t iona l  assays w i l l  provide fu r the r  insight.  

ANALYSIS lRANSCRIPTION REGULATORY ELEMENTS UPSTREAM OF TIE HUMAN GROWTH HORMONE 
8159 EN€.  L.N. P e r i t z ,  P.A. C a t t i n i ,  3.0. Baxter ,  N.L. Eberhardt.  Metabolic 

Research mi t ,  m i v e r s i t y  o f  C a l i f o r n i a ,  San Francisco,  CA 94143. 
We have def ined s e v e r a l  e lements  t h a t  r e g u l a t e  expression o f  t h e  human growth hormone 

(H3.1) gene. 
upstream of t h e  s ta r t  of t r a n s c r i p t i o n  o f  t h e  hGH gene and was fused to t h e  bacterial 
chloramphenicol a c e t y l t r a n s f e r a s e  (CAT) gene. 
duced i n t o  e i t h e r  rat  p i t u i t a r y  tumor (CC) or Hela cells. 
high when expressed from cons t ruc t ions  with 213 bp or more of 5'-flanking D N A ,  but  it 
decreased when only 196 bp were present .  A d i f f e r e n t  expression p a t t e r n  emerged when t h e  
same plasmids were introduced i n t o  HeLa cells. 
gene was downstream from 450 bp of hGH 5'-f lanking O N A t  t h e  a c t i v i t y  increased when t h e  
upstream DNA was d e l e t e d  t o  nuc leo t ide  ( n t )  -291, but  f e l l  again upon d e l e t i o n  t o  n t  -260 
and remained low with f u r t h e r  de l e t ion .  These r e s u l t s  suggest  t he  presence of a nega t ive ly  
a c t i n g  element between n t s  -450/-291 and a p o s i t i v e l y  a c t i n g  element between n t s  -291/-260. 
DNase I f o o t p r i n t i n g  experiments i n d i c a t e  t h e  presence of f a c t o r ( s )  t h a t  bind t o  t h e  region 
between n t s  -MO/-250. 
o f  t h e  H3.1 gene. 
t i o n ,  acts S p e c i f i c a l l y  i n  CC ( p i t u i t a r y )  cells. 
and one p o s i t i v e  ( n t s  -291/-260), r e g u l a t e  expression i n  HeLa cells. 
may not be func t iona l  i n  GC cells due t o  t h e  dominance of the downstream c e l l - s p e c i f i c  e l e -  
ment ( n t s  -213/-196). 

A series of 5 '-flanking d e l e t i o n s  was generated with endpoints  within 450 bp 

These cons t ruc t ions  were t r a n s i e n t l y  in t ro -  
In GC cells, CAT a c t i v i t y  was 

CAT a c t i v i t y  was poorly expressed when t h e  

In s m a r y ,  3 t r a n s c r i p t i o n  elements have been i d e n t i f i e d  upstream 

Two o the r s ,  one negat ive ( n t s  -450/-291) 
One, l oca t ed  between n t s  -213/-196 upstream o f  t h e  s t a r t  o f  t r ansc r ip -  

These two elements  
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DIFFERENTIAL ACTIVITY O F  A HORMONE-RESPONSIVE ENHANCER IN VARIOUS CELL LINES, 
Magnus Pfahl and Kun C. Wu, La J o l l a  Cancer Research Foundation. La J o l l a  CA B 1 6 0  

92037. 
We have inves t iga t ed  the hormone responsiveness  of t h e  mouse mammary tumor v i r u s  (MMTV) 
hormone-responsive enhancer (HRE) i n  t h r e e  d i f f e r e n t  c e l l  l i n e s .  Constructs  con ta in ing  
va r ious  po r t ions  o f  t h e  MMTV long terminal  r e p e a t  (LTR) l i g a t e d  t o  t h e  Herpes simplex virus 
thymidine kinase ( t k )  gene were t r a n s f e c t e d  i n t o  Rat-2 c e l l s  ( t k -  r a t  embryo f i b r o b l a s t s ) ,  
CHO tk -  c e l l s ,  and F9 t k -  (emhryonal carcinoma) c e l l s .  T k  c lones  were s e l e c t e d  i n  HAT 
medium i n  the presence o f  10- 
t h e s e  cond i t ions  were dependent on t h e  presence o f  the hormone f o r  their t k  phenotype. A 
minimum of 2.5 x 10- 
b l o t  a n a l y s i s  o f  t k  mRNA o f  t h e s e  c lones  showed t h a t  t h e  t k  gene was 20- t o  50-fold induci-  
b l e  by dex. Other  s t e r o i d  hormones such a s  progesterone,  e s t rogen ,  t e s t o s t e r o n e ,  a l d o s t e r -  
one. and vi tamin D From CHO cells ,  we on ly  obtained 
c lones  which p r o d d e d  t h e  t k  enzyme a t  a c o n s t i t u t i v e  l eve l  and grew e q u a l l y  well  i n  HAT 
medium with and without  dex. 
hormonal induct ion of t k  mRNA. From F9 tk-  c e l l s ,  we were unable t o  ob ta in  any t k  c lones ,  
a l though we were a b l e  t o  ob ta in  c lones  which c a r r i e d  s t a b l y  in t eg ra t ed  cop ie s  o f  ou r  
MMTV-tk c o n s t r u c t s  by co - t r ans fec t ion  with t h e  neo gene. 
MMTV-HRE is  s i l e n t  i n  F9 c e l l s ,  c o n s t i t u t i v e  i n  CHO c e l l s ,  and glucocorticoid-responsive i n  
Rat-2 c e l l s .  40ur i n  v i t r o  measurements showed t h a t  a l l  t h r e e  c e l l  l i n e s  contained approxi- 
mately 7 x 10 

M dexamethasone (dex) .  A l l  Rat-2 c lones  s e l g c t e d  under 

dex was necessary t o  a l low growth o f  t h e  c lones  i n  HAT medium. Dot 

were unable t o  induce the t k  gene. 

Dot b l o t  a n a l y s i s  o f  t h e s e  c lones  a l s o  d i d  not  r e v e a l  any 

I t  t h e r e f o r e  appears  t h a t  t h e  

glucoc-oid r ecep to r s  pe r  c e l l .  

DNA SEQUENCES RESPONSIBLE FOR GLUCOCORTICOID INHIBITION OF 
B 161 PRO-OPIOMELANOCORTIN GENE EXPRESSION, Richard K. Plante, Lucie Jeannotte,  Jacques 
Drouin and Orjan Wrange*, Institut d e  recherches cliniques d e  MontrCal, MontrCal, Canada H2W 
IR7 and Karolinska Institute, Stockholm, Sweden. 
G lucocor t i co ids  specifically inhibit the transcription r a t e  of the pro-opiomelanocortin gene 
in the  anterior pituitary. W e  have studied this negative regulation using gene transfer,  as 
wel l  as in vi t ro  binding of the purified glucocorticoid receptor (GR) to the ra t  POMC gene. 
Six GR b ind ings i t e s  were characterized by DNAaseI, exonucleaseII1 and DMS footprinting. 
DNA sequences responsible for POMC transcription inhibition were identified by electropora- 
tion of AtT-20 cells (mouse pituitary tumor cells expressing POMC) with plasmid c o n s t r u c t s  
containing POMC promoter fragments (spanning -706 to +63) fused to the bacterial  gene coding 
for neomycin resistance (neo). As shown by RNase mapping analysis, t he  POMCneo t ranscr ipts  
present in electroporated cells a r e  initiated at the same site as in the  pituitary and their  
level is inhibited by glucocorticoids (DEX) to the  same extent  as endogenous POMC mRNA. 
Dele t ion  analysis of the  5'-flanking region of the  POMC promoter indicates t ha t  no more than 
t w o  glucocorticoid receptor (GR) binding sites are required for inhibition of POMC trans- 
cr ipt ion.  A GR binding s i te  which overlaps the "CCAAT" box sequence is essential for DEX 
inhibit ion of transcription. In order to elucidate the mechanism by which GR binding results 
i n  inhibit ion of t r ansc r ip t ion ,  t h e  interaction between this s i te  and GR is analyzed by 
site-directed mutagenesis for comparison with GR binding sites in up-regulated genes. The 
impor t ance  of the position of POMC GR binding sites relative to other promoter elements are 
also currently under investigation. (Supported by MRC and NCI of Canada) 
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NUCLEAR FACTORS BINOIIIG TO 5'-FUNKING SEQUENCES OF THE RABBIT UTERCGLOBIN GENE. 
8163 
Progesterone stimulates the transcription of the uteroglobin gene i n  rabbi t  uterus. We 
have used nondenaturing electrophoresis to  ident i fy specific binding o f  proteins, extract- 
ed w i th  0.4 bl  KC1 from endosetrial nuclei of progesterone-treated rabbits. t o  the 
contiguous 5'-f lanking fragrent (-395 t o  9) o f  the uteroglobin gene (uG400). excised by 
digestion wi th B a a  HI. Binding reactions were carried out f o r  30 n in  at  22°C. using 0.6 
ng end-labelled ffi400 and 10 pg nuclear extract, adjusted t o  0.1 U KC1. i n  the presence o f  
12 pg poly dI-dC t o  reduce nonspecific binding. Protein binding was detected by retarded 
aigrat ion o f  the labelled DNA on electrophoresis i n  45 dl Tris-borate. 1 d EDTA. pH 7.8. 
Six d is t inc t  bands (NPi-WP6) were seen, whose electrophoretic sh i f t s  were abolished by 
proteinase K (50pg/ml) but not by RNase A (50 ug/ml). Similar sh i f t s  were seen using the 
end-labelled Eco RI-Baa H I  fragment (375 bp) of pBR 322. but t h i s  fragment d id  not compete 
f o r  binding t o  ffi400. Binding t o  UG400 was also resistant t o  colpet i t ion by the 527-bp 
Hpa I1 fragment o f  pBR 322 or the 148-bp Ava I subfragment (-395 t o  -248) o f  uG400. a t  up 
t o  100-fold molar excess. Incubation with the 203-bp Ava I subfragment (-194 t o  9) o f  
ffi400, however, speci f ical ly inhibi ted the binding of NP3. NP5 and NP6 t o  labelled 
ffi400. The resul ts Indicate that extracts f r o m  nuclei actively transcribing the 
uteroglobin gene contain proteins that bind speci f ical ly to sequences i n  putative control 
regions within 194 bp upstream o f  the transcription s ta r t  site. (Supported by funds frm 
N I H  Grant HO09378) 

V.C. Rider and D.W. Bullock. Baylor College o f  Uedicine. Houston TX 77030. 

CHROMATIN CONFIGURATIONS ASSOCIATED W I T H  ANDROGEN REGULATION OF MOUSE SEX-LIMITED 
8164 PROTEIN, Diane M. Robins and Cynthia Hemenway, Columbia University, N.Y., NY 10027. 
We have investigated the chromatin structure of two closely related genes located in the 
mouse hHC in order to correlate specific DNA sequences and chromatin structures with deve- 
lopmental, hormonal and tissue-specific gene expression. The C4 gene encodes the fourth 
component of complement, while the product of its neighboring homologous gene Slp. or 
sex-limited protein, lacks complement activity and is regulated by androgen. The major 
site of synthesis for both proteins is the liver. 
reveals four major sites of hypersensitivity in the 5' regions of the C4 and Slp genes. 
Two of these sites, located 2.0 and 2 .3  kb upstream of the start-site of transcription, 
map specifically to the Slp gene and are associated with developmental and hormonal regu- 
lation. 
comittment event, and can be induced in the female by androgen administration. 'Ihe 
stability of these sites upon testosterone withdrawal is markedly different in males 
and females which may indicate differences in the establishment and/or maintenance of 
hypersensitivity. Chromatin patterns from mice carrying different regulatory alleles 
of Slp and C4 correlate with the mode of gene regulation rather than the absolute levels 
of transcription. DNA sequences that correlate with far upstream Slp hypersensitive sites 
have been studied by transfection assays, in which they have been shown to confer 
testosterone-responsiveness on the bacterial chloramphenicol acetyltransferase gene. 

DNaseI digestion of liver chromatin 

They appear prlor to Slp expression i t s  the male, reflecting an early gene 

REBUtATlON OF HlLK PROTEIN SENE EXPRESSION. 3.H. Rosen, C.A. Sisbee, K.F. Lee, I L. 
8165 Yu-Lee, Departeent o f  C e l l  Bioloqy, Baylor Col lege o f  Hedicine, Houston, Texas 77030 
N i l k  p r o t e i n  gene expression i n  eameary e p i t h e l i a l  c e l l s  is requ la ted  by the  complex 
i n t e r p l a y  o f  severa l  pep t ide  and s t e r o i d  horeones a t  bo th  the  t r a n s c r i p t i o n a l  and post-  
t r a n s c r i p t i o n a l  l eve l s .  Recent sequence ana lys i s  o f  a number o f  m i l k  p r o t e i n  qenes has 
r e s u l t e d  i n  the  i d e n t i f i c a t i o n  of a p u t a t i v e  SO bp eaeeary consensus sequence usua l l y  loca ted  
a t  p o s i t i o n  -110 t o  -140 r e l a t i v e  t o  the  CAP wit.. Ye have a t teapted  t o  de f i ne  by DNA- 
mediated qene t rans fe r  c i s - r L t i n q  requ la to ry  sequences requ i red  f o r  t he  c o n t r o l  of  m i l k  
p r o t e i n  gene enpression. lno qeneral  s t r a t e q i e s  have been eeployeds F i r s t ,  t he  f l ank ing  
req ions  o f  t he  casein qenes have been l i n k e d  t o  a r e a d i l y  assayable repo r te r  qene. Second, 
the  e n t i r e  m i l k  p r o t e i n  qene o r  a f u n c t i o n a l  r i n i q e n e  has been in t raduced i n t o  s tab le  
t r r n s f e c t a n t s  us ing  a BPV-derived euk r ryo t i c  s h u t t l e  vec tor .  Several  conclusions can be 
d r a m  from these experieents: 1. The 5' f l a n k i n q  reg ions  of the  8- and gamer-casein 
qenes( inc1udinq a t  l e a s t  2.3 kb of f l a n k i n q  DNA end i n  some exper ieents  the  f i r s t  rxon  and a 
p o r t i o n  of t h e  f i r s t  i n t r o n l a r e  r e l a t i v e l y  neak promoters and no t  s u f f i c i e n t  t o  e l i c i t  a 
hormonal response under cond i t i ons  nhere the  sndoqenous qenes are  earked ly  induced. 
Const ruc t ions  con ta in ing  exon I shon a p r e f e n t i a l  inc rease i n  expression i n  erenary 
e p i t h e l i a l  c e l l s  as coepared t o  f i b r o b l a s t s  2. I lap l i f imd,  unrearranqmd copias of t he  6- and 
a-casein qenes and minigenes, rmspect ive ly ,  have been i d e n t i f i e d  i n  t rans fec ted  c e l l  l i n e s ,  
and i n  bo th  cases s t rand-spec i f i c  qmne expression has been observed. Honever, no horeonal 
r e q u l a t i o n  has been observed i n  these t rans fec tan ts  and very l i t t l e  of t he  c o r r e c t l y  s ized  
mature mRNA is detected. lo coeplement these apprOaChS8 ne have a l so  qenerated seVOTa1 
transqenic animals con ta in ing  the  e n t i r e  &-casein qene.(Supported by qran t  NIH-CA16303). 
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THE GLUCOCORTICOID RECEPTOR MEDIATES REPRESSION OF TRANSCRIPTIONAL F."CERS FROM 
THE BOVINE PROLACTIN GENE. Dennis D. Sakail, Sherron Helms2, Keith R. Yamamotol. 
and Fritz M. Rottman', 'Dept. of Biochemistry and Biophysics, University of 
California, San Francisco, San Francisco, CA 94143; 'Dept. of Molecular Biology 
and Microbiology, Case Western Reserve University, Cleveland, OH 44106. 

B166 

Transcription from the bovine prolactin (BPRL) promoter is repressed by glucocorticoid 
hormone. We have analyzed the DNA sequences required for repression by transient 
transfection experiments and by in vitro footprinting. 
regulated by glucocorticoids. the 5'-flanking region of the BPRL gene contains a number of 
specific binding sites for purified glucocorticoid receptor protein. 
indicates the three most promoter-proximal binding sites are most important for both 
constitutive promoter activity and glucocorticoid regulation. 
these three sites reduces correctly initiated transcription substantially while 
eliminating the hormone response. 
promoters increases basal expression from the promoters and confers hormone repressibility. 
Glucocorticoid regulatory elements (GREs) from hormone-inducible genes such as mannnary 
tumor virus are enhancers whose function is strictly dependent upon the presence of 
hormone and receptor. 
enhancers in the absence of glucocorticoids or receptor. Glucocorticoid treatment 
suppresses this enhancement. 
distinguish their properties from inducible (+)GREs. 

Like genes which are positively 

Deletion analysis 

Deletion of any one of 

Fusion of individual GR binding sites to heterologous 

In contrast, the BPRL receptor binding sites appear to act as 

We designate these BPRL sequences repressible (-)GREs to 

(;LUCO=OHRCOID MEDIATED KXXEX'Ia OF 
ACl!IVA'KR INiIBITDR GR-E EXPIlEssICN IN 'IHE I1uMAN F- LINE Kp-1080. 

ACTIVA'D3R AND 
B 167 
Wlf-Dieter SCNeunFng, Rzbx-t L. M d f  and Eva van den -*. central Ekr%3tology 
-ratcry, university mspital center, CHW, 1011 ~ausanne, Switzerland and *Gaubius 
Inst i tut  "3, 2313 AD Leiden, !Ihe Netherlands. 

Plasainogen activator (PA) biosynthesis is characteristically associated w i t h  biological 
processes such as cell migratim, tissue remdeling or malignant g n x t h  (Bd et al. (1985) 
Adv. Cancer Res. 44,139-266). '!Am fundionally similar but genetically dis t inct  PAS are 

distinct but functionally similar specific pratein inhibitors of PA have been isolated and 
characterized: pl- activator inhibitor (PAI) 1 and plasnFnogen activator inhibitor 
(PAI) 2. have cbtained cloned prdzs fo r  all four proteins and studid the regulatian of 
their biosynthesis on the transcriptional level using Mrthem blot hybridization and nuclear 
"run on" transcripticol assays. u-PA is amstitutively apressed in the HT-lO80 cell line at  
high levels. Dexamethaspne alrmst ccnpletely suppresses u-PA transcription khereas PAI-1 
transcription is strcngly induced. I%xanethasme also leads to a slight increase of t-PA 
m, whereas m effect  on PAI-2 mRML is obsenred. mese results indicate that u-PA and 
PAI-1 are oppositely regulated, glucocorticoid depenlent transcription units and lend wight  
to the hypothesis that proposes a role of u-PA in extracelluLar matrix turn aver during 
inflammtnry disease and malignant grawth. 

a: tisSlE-tp PA (t-PA) and UmkinaSe-tp PA (U-PA) . Idecently tk0 likewise genetically 

FUNCTIONAL IDENTIFICATION OF DNA SEQUENCES ESSENTIAL FOR ESTROGEN INDUCTION OF 
B 168 VITELLDGENIN GENE EXPRESSION 
Anne Seiler-Tuyns, Ernest Martinez, Philippe Walker, Anne-Marie Merillat, Stephen 
Green*. Pierre Chambon* and Walter Wahli. Institut de Biologie animale, Universite de 
Lausanne, CH-1015 Lausanne, Switzerland. *Institut de Chimie biologique, Faculte de 
Medecine, F-67085 Strasbourg Cedex. France. 

In Xenopus laevis, vitellogenin gene expression in the liver is strictly controlled by 
estrogen. Therefore these genes should be useful to identify estrogen-responsive 
elements present in the DNA sequence. The expression of a chimeric gene, formed by the 
fusion o f  the vitellogenin gene B1 upstream region and the CAT gene, is regulated by 
estrogen when this gene i s  transfected into the hormone-responsive human cell-line 
MCF-7. Deletion mapping has shown that a 13 bp palindromic element, present at position 
-334 is essential for estrogen inducibility in these cells. This element was previously 
detected by sequence comparison of several liver inducible genes. 
We have also cotransfected a human estrogen receptor cONA present on an expression 
vector and the chimeric vitellogenin-CAT genes into the Xenopus kidney cell-line B-32. 
The results are essentially identical. which may indicate that a comnon mechanism of 
regulation could exist for Xenopus and Man. 
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FEASIBILITY OF USING BOVINE PAPILLOMAVIRUS VECTORS TO STUDY THE ROLE OF 
B 169 CHROMATIN STRUCTURE IN ESTROGEN REGULATED PROLACTIN GENE EXPRESSION. 
Mark S e y f r e d  and J a c k  Gorsk i ,  U n i v e r s i t y  o f  Wiscons in ,  Madison W I .  

W e  h a v e  c o n s t r u c t e d  v e c t o r s  c o n t a i n i n g  b o v i n e  p a p i l l o m a v i r u s  (BPV) DNA and  the 
5 '  ups t ream r e g i o n  of t h e  p r o l a c t i n  gene. These v e c t o r s  w e r e  t r a n s f e c t e d  i n t o  
e s t r o g e n  r e s p o n s i v e  
cells. 
p e r  c e l l  and a p p e a r  l a r g e l y  unrear ranged .  
away from the  bulk genomic DNA by u s i n g  low ionic s t r e n g t h  b u f f e r s .  
c u r r e n t l y  underway t o  examine the chromat in  s t r u c t u r e  of  t h e  minichromosomes as 
w e l l  as the i n t e r a c t i o n  of e s t r o g e n  r e c e p t o r s  w i t h  t h e  minichromosomes. 

53706 

and MCF-7 cells as w e l l  as e s t r o g e n  non-respons ive  HeLa 
The BPV-Prl c o n s t r u c t s  exist as s t a b l e  episomes at a level of 5-10 c o p i e s  

The minichromosomes have  been  e x t r a c t e d  
S t u d i e s  are 

B 170RETlNOlD REGULATION OF TRANSGLUTAMINASE GENE EXPRESSION IN MOUSE 
PERITONEAL MACROPHAGES, Joseph P. Stein, Ennio A. Chiocca and Peter J.A. Davies, University of 
Texas Medical School, Houston, Texas 77225. 
Retinoids are a class of monocydic isoprenoid molecules, structur3lly related to vitamin A, that have 
dramatic effects on the growth and differentiation of both normal and neoplastic cells. These properties 
form the rationale for the current testing of synthetic retinoids a s  chemopreventative and 
chemotherapeutic agents. Although retinoids are presumed to exert their regulatory effects on cellular 
growth and differentiation through specific cytoplasmic binding proteins, experimental evidence in support 
of this model is lacking. Indeed. the molecular events by which retinoids alter cellular functions are quite 
Poorty understood. We have recently demonstrated that retinoic acid @A) acts as a direct and acute 
regulator of the expression of a specific enzyme, tissue transglutaminase (TGase). in mouse and human 
myeloid cells. Exposure of resident mouse peritoneal macrophages to RA causes a significant increase in 
the amount of translatable Tgase mRNA within 30 minutes. This activation is completely blocked by 
actinomycin D, but not affected by cycloheximide. In order to investigate the molecular mechanism of 
Tgase induction a lambda gtll library was prepared from RA stimulated macrophages. Six cDNA clones 
were isolated by screening with an infinity purified Tgase antibody. A 750 bp cDNA insert from one phage 
clone was subcloned into the bacterial plasmid pBR328. DNA sequencing of this clone has yielded a partial 
amino acid sequence of mouse tissue transglutaminase. The cDNA (pmTG700) hybridizes to a mousd mRNA 
species of 4 Kb. whose levels increase SO-fold within six hours after RA stimulation. This cDNA probe 
will be used to assess the affect of retinoic acid on the transcriptional rate of the mouse macrophage 
Tgase gene, as a fist step toward understanding the molecular basis of retinoid action in myeloid cells. 

TRANSCRIPTION FACTOR BINDS SPECIFICALLY TO THE CTCAAAGG (COUP) SEQUENCE OF THE 
8171 OVALBIJHIN GWE. Ming-Jer T s a i ,  Sophia Y. T s a i ,  Heng Wang, Lee-Ho Uang. Hilan 
Bagchi, and Bert U. O'Malley. Department of C e l l  Biology, Baylor Col lege  of Medicine,  
Houston, Texas 77030 USA. 

COUP box t r a n s c r i p t i o n  f a c t o r s  has  been i s o l a t e d  and p a r t i a l l y  p u r i f i e d  from HeLa 
c e l l  and o v i d u c t  n u c l e a r  e x t r a c t s .  This  f a c t o r  i s  r e q u i r e d  f o r  t h e  e f f i c i e n t  t r a n s c r i p -  
t i o n  of t h e  ovalbumin gene but n o t  t h e  SV40 e a r l y  gene. COUP t r a n s c r i p t i o n  f a c t o r  b i n d s  
t o  t h e  Chicken Ovalbumin Upstream Promoter sequence (COUP) spanning between -70 t o  -90. 
Binding c o m p e t i t i o n  exper iments  w e r e  c a r r i e d  out  t o  de te rmine  t h e  r e l a t i v e  a f f i n i t y  of 
COUP f a c t o r  t o  v a r i o u s  promoters.  We found t h a t  promoter DNA fragment,  i s o l a t e d  from t h e  
ovalbumin gene ,  competes better than t h o s e  i s o l a t d  from t h e  ovomucoid, Y and 6-ac t in  
genes.  In c o n t r a s t ,  t h e  6-globin gene, SV40 e a r l y  gene and adenos ine  deaminase gene 
promoters  d o  n o t  compete. Thus COUP f a c t o r  is  d i f f e r e n t  from t h e  CAAT box t r a n s c r i p t i o n  
f a c t o r  u h i c h  b i n d s  v e r y  w e l l  t o  t h e  CCAAT box consensus of t h e  6-globin gene. D e t a i l e d  
i n f o r m a t i o n  on t h e  i n t e r a c t i o n  of COUP t r a n s c r i p t i o n  f a c t o r  t o  i t s  b inding  sequence was 
o b t a i n e d  by D N a s e I  f o o t p r i n t i n g ,  g e l  r e t a r d a t i o n  and methyla t ion  and e t h y l a t i o n  
i n t e r f e r e n c e  s t u d i e s .  Another f a c t o r ,  S300-11, has  a l s o  been i s o l a t e d  which h a s  no 
apparent  DNA-binding s p e c i f i c i t y  t o  t h e  COUP region  of  t h e  ovalbumin gene. However, a 
p a r t i a l l y  p u r i f i e d  f r a c t i o n  can prolong t h e  h a l f - l i f e  of t h e  COUP box t r a n s c r i p t i o n  
factor-DNA complex. This  result i s  c o n s i s t e n t  with t h e  not ion  t h a t  S300-I1 may s t a b i l i z e  
t h e  COUP f a c t o r D N A  complex and thus  enhances t h e  t r a n s c r i p t i o n  of t h e  ovalbumin gene. 
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CORTISOL INDUCTION OF GLUTMINE SYNTHETASE IN EMBRYONIC CHICKEN RETINA. 
ardimon. Lyle E. Fox and A.A. Xoscona. The University of Chicago, Chicago, 

B172 k?6:637 
The enzyme glumatine synthetase (GS) is a differentiation marker in embrybnic retina. The 
chicken GS gene has been cloned and used to investigate regulation of GS expression during 
retina development. Accumulation of GS mRNA in the retina tissue is low at early embryonic 
stages. The level of the major GS transcript ( 3Kb) begins to rise sharply on day 15 of 
development. subsequent to systemic elevation in adrenal corticosteroid hormones. The 
increase in GS mRNA accumulation correlates with an increase in the amount of the GS 
enzyme. When cortisol is prematurely added to organ-cultures of retinas from embryos of 
different ages it induces precocious increases in the levels of GS mRNA and of GS enzyme. 
However. the increases are significantly greater at later than at earlier embryonic ages, 
suggesting that competence to transcribe or stabilize GS mRNA in response to stimulation 
with cortisol increases with development. Addition of cortisol to retina tissue on day 13 
of development induces an increase in GS mRNA accumulation which plateaus after four hours. 
By separating the two cell types of the retina, neurons and glia, we have demonstrated that 
accumulation of GS mRNA and precocious induction of GS mRNA by cortisol are restricted to 
glia cells. When retina cells are plated in culture dishes as a monolayer under conditions 
that favor the cells remaining monodispersed, induction by cortisol of GS mRNA accumulation 
is greatly reduced. We are using an in vitro nuclear transcription assay to investigate 
whether cortisol induces GS mRNA accumulation in retina cells by affecting the rate of GS 
mRNA transcription or stabilization. 

Biology and Physiology 

CHARACTERIZATION AND ESTROGEN REGULATION OF AN ACID EXTRACTED GROWTH FACTOR FROM 
UTERUS. Candace Beck and Char les  W. Garner, Dept. o f  B iochemis t ry ,  Texas Tech 
Univ. Hea l th  Sciences Center, Lubbock, TX 79430. 

B173 
An a c i d  s t a b l e  u te r i ne -de r i ved  growth f a c t o r  (UGF) e x t r a c t e d  f rom u t e r i  o f  severa l  spec ies  
( r a t ,  bov ine  and r a b b i t )  s t imu la tes  DNA syn thes i s  as measured b y  3H-thymidine i n c o r p o r a t i o n  
i n t o  u t e r i n e  carcinosarcoma (UCS) c e l l s .  These e x t r a c t s  a l s o  s t i m u l a t e  DNA syn thes i s  i n  
c u l t u r e s  o f  NMuMG (mouse mamnary g land )  and H4-11-E-C ( r a t  hepatoma) c e l l s .  3T3 Swiss f i b r o -  
b l a s t s  and USC c e l l s  respond a t  lower  concen t ra t i ons  of e x t r a c t .  GH3 c e l l s  a re  unrespons ive  
t o  s t i m u l a t i o n  b y  a c i d  e x t r a c t s .  T h i s  suggests t h a t  UGF can s t i m u l a t e  growth i n  some b u t  n o t  
a l l  E2- ta rge t  t i s s u e s  as w e l l  as non- ta rge t  t i ssues .  U t e r i n e  e x t r a c t s  prepared f rom E2 
t r e a t e d  ovar iec tomized r a t s  show an increase i n  growth f a c t o r  a c t i v i t y  w i t h i n  24 hours  a f t e r  
i n j e c t i o n .  The a c t i v i t y  remains e leva ted  w i t h  subsequent i n j e c t i o n s .  UGF-like a c t i v i t y  i s  
a l s o  found i n  l i v e r ,  k idney, spleen, s k e l e t a l  muscle, and hear t .  E2 t rea tment  o f  ovar iectom- 
i z e d  r a t s  s t imu la tes  UGF a c t i v i t y  i n  t h e  u t e r u s  (250% o f  c o n t r o l )  and l i v e r  and k idney  (150% 
of c o n t r o l  each). E2  d i d  n o t  s t i m u l a t e  UGF a c t i v i t y  i n  hea r t ,  sp leen and s k e l e t a l  muscle. The 
increased s t i m u l a t i o n  seen i n  E2 respons ive  t i s s u e s  suggests r e g u l a t i o n  o f  UGF b y  s te ro ids .  
U t e r i n e  e x t r a c t s  a re  a l s o  capable o f  s t i m u l a t i n g  glucose t r a n s p o r t  and glucose-6-phosphate 
dehydrogenase a c t i v i t y  i n  UCS c e l l s .  UGF s t i m u l a t e s  growth o f  UCS c e l l s  i n  the  absence o f  
serum and s t e r o i d  hormones. Since E2 i s  known t o  s t i m u l a t e  DNA synthes is ,  g lucose t r a n s p o r t ,  
and G-6-PDH in v ivo ,  it i s  poss ib le  t h a t  UGF i s  t h e  ac tua l  med ia to r  o f  these E2 ac t ions .  
f i l t r a t i o n  shows molecu la r  weight he te rogen i t y  w i t h  a major peak e l u t i n g  a t  M.W. 12kD. UGF 
b inds  t o  hepar in-agarose i n  the  absence of s a l t  and e l u t e s  w i th  0.5M NaCI. 

Gel 
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MODULATION OF ANDROGEN RECEPTOR BINDING TO NUCLEAR ACCEPTOR SITES, James H. Bryan 
B 174 and Edward J. Keenan, The Oregon Heal th  Sciences Universi ty .  Port land,  OR 97201. 
Androgens produce both hyperplasia  and hypertrophy i n  t h e  p r o s t a t e  (an androgen-dependent 
t i s s u e )  wh i l e  In t h e  kidney (an androgen-sensit ive t i s s u e )  androgens produce only hyper- 
trophy. The m l e c u l a r  basis by which these  d i s t i n c t  s t e r o i d  a c t i o n s  are produced is unknown. 
While c y t o s o l i c  androgen r ecep to r s  (AR) obtained from both t i s s u e s  are s i m i l a r ,  t h e  na tu re  of 
t h e i r  i n t e r a c t i o n  wi th  t h e  nucleus is poorly understood. Since t h e  d i f f e r e n t i a l  a c t i o n s  of 
s t e r o i d s  are mst l i k e l y  modulated a t  t h e  nuclear  l e v e l ,  t h i s  s tudy examined t h e  a b i l i t y  of 
AR from p r o s t a t e  (P) and kidney (K) t o  i n t e r a c t  with p r o s t a t i c  and r e n a l  nuclear  acceptor  
s i t e s .  P and K were obtained from a d u l t  rats 24h post-castrat ion.  Nuclei  were p u r i f i e d  and 
nuc lea r  ma t r i ces  (NM) w e r e  prepared by s tandard procedures.  Cytosol ic  AR were equ i l ib ra t ed  
(16h. O°C) wi th  3H-R1881 (5nM) ? unlabeled R1881 (500nM) then incubated with NM or n u c l e i  
from P or K f o r  1.5h. Both P and K-NM bound 80-100% of t h e  t o t a l  p r o s t a t i c  AR added. I n  
c o n t r a s t .  l e a s  than 20% of t h e  added r ena l  AR bound t o  e i t h e r  NM. S tud ie s  conducted using 
whole n u c l e i  a l s o  revealed s i g n i f i c a n t  bindin of p r o s t a t i c  but not r ena l  AR. When a 1:l 
mixture  of P and K cy toso l s  was l abe led  with %-RI881 and equ i l ib ra t ed  with nuc le i ,  t h e  
binding of t h e  p r o s t a t i c  AR w a s  reduced by 60-70%. Incubat ion of n u c l e i  w i th  unlabeled K 
cy toso l  p r i o r  t o  add i t ion  of l abe led  P-AR f a i l e d  t o  a l t e r  t he  i n t e r a c t i o n  of t he  P-AR with 
t h e  nuc le i .  These s t u d i e s  i n d i c a t e  t h a t  p r o s t a t i c  AR r e a d i l y  a s s o c i a t e  with nuclear  acceptor  
sites in both p r o s t a t e  and kidney. In c o n t r a s t ,  AR from kidney a s s o c i a t e  poorly with both 
types of nuc le i .  
t o  modulate binding t o  nuc lea r  acceptor  s i t e s .  

It appears  t h a t  c e l l u l a r  f a c t o r s  i n  the  kidney may a c t  d i r e c t l y  on the  AR 

ANDROOEN RECEPTORS I N  GCLDFISH BRAIN: 
G.V. Ca l l a rd  and M. Pasmanik, Boston Universi ty ,  Boston, HA 02215. 

CHARACfERISTICS AND SEASWAL CHANGES. 
8175 
Ci rcu la t ing  t e s t o s t e r o n e  (TI e x e r t s  its a c t i o n s  on t h e  b r a i n  and p i t u i t a r y  v i a  androgen re- 
c e p t o r s  (AR) or, fol lowing a romat i za t ion  t o  e s t r a d i o l ,  v i a  estrogen receptors .  
f i s h  aromatase leve ls  i n  b r a i n  are 1000 times h ighe r  than  i n  mammals ,  a rate expected t o  
l i m i t  T a c t i o n s  v i a  AR. Experiments were c a r r i e d  out t o  determine whether go ld f i sh  have AR 
and, i f  present ,  whether t hey  have unusual binding p rope r t i e s .  P repa ra t ion  of subf rac t ions  
and measurment of binding have been descr ibed (Ca l l a rd  and Mak, PNAS 82:1336, 1985). Both 
cy toso l  and nuc lea r  e x t r a c t s  bound r3H1T wi th  high a f f i n i t y  (Kd = 1.6 nM), but t h e  number 
of binding sites was unusualfy high for a recep to r  (Bmax = 1.4 nM). DHT w a a  an e f f e c t i v e  
competi tor  but e s t r a d i o l ,  progesterone and 11-keto T, a p r i n c i p a l  plasma androgen i n  tele- 
o s t s ,  were not.  
blood by its d i s s o c i a t i o n  half- t ime (6 h, 4 C), adherence t o  DNA-cellulose ( e l u t i o n  maximum 

0.1-0.2 M N a C l ) ,  and sedimentat ion profFles  (9-10s i n  low v s  5s i n  high s a l t ) .  
b inding w a s  t i s sue - spec i f i c :  p i t u i t a r y  = fo reb ra in  >> mid/hindbrain > testis; spleen,  g i l l ,  
muscle = 0. 
a n a d i r  during r ep roduc t ive  i n a c t i v i t y  i n  J u l y  (8.0 vs  0.5 p o l / g ) ,  corresponding exac t ly  
to seasonal changes in b r a n  aromatase. 
i d e n t i f i e d  a t  t h i s  phylogenet ic  level. It d i f f e r s  from mammalian AR only in its r e l a t i v e  
abundance (1000-fold g r e a t e r ) ,  a feature which may somehow be r e l a t e d  t o  high levels of 
aromatase. 
c y c l i c i t y  i n  any s p e c i e s  (NSF DCB85-19737). 

I n  t e l e o s t  

This binding component could be d i s t ingu i shed  from t h e  TeBG of go ld f i sh  

L3H1T 

I n  nuc lea r  e x t r a c t s  a c t i v i t y  was seasonal  w i th  a peak a t  spawning (Apr i l )  and 

We conclude t h i s  p r o t e i n  is a n  AR, not  he re to fo re  

This  is t h e  first report to  show a c o r r e l a t i o n  between b ra in  AR and r ep roduc t ive  

A PUTATIVE ESTRaGEN RECEPTOR FROM SNAKE LIVER WITH UNUSUAL PROPERTIES? 
I a n  P. Ca l l a rd  and Deborah Rlley,  Boston Universi ty ,  Boston, MA 02215. B176 

Understanding of s t e r o i d  r e c e p t o r s  is de r ived  l a r g e l y  from t h e  mammalian u t e r u s  and avian 
oviduct .  This  l abora to ry  has sought t o  c h a r a c t e r i z e  subavian s t e r o i d  r e c e p t o r s  i n  rela- 
t i o n s h i p  t o  na tu ra l  cycles .  Here we r e p o r t  a p u t a t i v e  h e p a t i c  e s t rogen  r ecep to r  a s soc ia t ed  
with t h  v i t  l ogen ic  c y c l e  i n  t h e  snake, =. Although e x t r a c t s  have high a f f i n i t y  
(K 10- -10- , s p e c i f i c i t y  for e s t r a d i o l ,  a s s o c i a t i o n  t i m e  1 4 5  mins (2OoC), and 
n u i l e a r  binding i n c r e a s e s  after e s t r a d i o l ,  un l ike  c l a s s i c a l  r ecep to r s ,  t h e  Nerodia receptor  
does no t  bind t o  DNA-cellulose or DEAE Sepharose,  nor does i t  bind t h e  s y n t h e t i c  es t rogen,  
DES. I n  add i t ion ,  sedimentat ion rate i s  unaffected by KC1 concentrat ion.  
Nuclear l o c a t i o n  o f  t h e  r ecep to r  is i n d i c a t e d  by e x t r a c t i o n  of i nc reas ing  amounts 
of r ecep to r  by K C 1  concen t r a t ions  up t o  0.5 M, 502 of binding being e x t r a c t e d  by 0.16 H KC1. 
Both c y t o s o l i c  and nuc lea r  e s t rogen  binding was target organ s p e c i f i c ,  binding being lou t o  
non-detectable  i n  lung,  s k e l e t a l  muscle and i n t e s t i n e ,  p re sen t  i n  l i v e r ,  oviduct  and kidney. 
S ign i f i can t  changes i n  total  hepa t i c  and nuc lea r  r ecep to r  c o r r e l a t e  w i th  v i t e l l o g e n l c  stage, 
and s imilar  t r ends  were seen i n  cytosol .  Thus, nuclear  r ecep to r  (in fmol/g t i s s u e )  v a r i e s  
as fo l lous :  e a r l y  v i t e l l o g e n l c :  1933 f 234;mid-~ltellogenic:2155 f 412 ; l a t e  v i t e l l o g e n l c :  
1034 325;pregnant:313 f 165. I n  summary a novel hepa t i c  e s t rogen  r ecep to r  which is pro- 
bably a s soc ia t ed  wi th  v i t e l l o g e n e s i s  i s  p resen t  i n  t h e  snake, =. It is l i k e l y  t h a t  
r ecep to r  moie t i e s  which do not conform to t h e  c l a s s i c a l  mammalian p a t t e r n  are physiological-  
l y  important i n  a v a r i e t y  of non-mammalian species .  NSF P M  81-04144 and DCB 85-18296 (ZPC). 
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THE BETA MALASSEMIC MOUSE: B 177 Daniel Kuebbing, W .  French Anderson and Br ian  Safer, Laboratory o f  Molecular Hema- 
tology, NHLBI, NIH, Bethesda, MD 20892. A mouse model o f  t he  i n h e r i t e d  hemoglobin disorder, 
beta-thalassemia, r e s u l t s  from a de le t i on  i nc lud ing  t h e  e n t i r e  beta major gene. The break- 
po ints  o f  t h i s  de le t i on  have been iso la ted.  A 3709 (+/-,?) bp region, i nc lud ing  the  e n t i r e  
beta major g lob in  gene and 2 kb o f  5' f l ank ing  region, i s  deleted. A novel 66 (+/-2) bp se- 
quence, ending i n  a s t r e t c h  o f  25 dA:dT base pa i r s ,  was found t o  br idge t h e  delet ion. I n  the 
thalassemic mouse, there i s  a compensatory increase i n  synthesis o f  beta minor g lob in,  re-  
s u l t i n g  i n  a beta minor:alpha g l o b i n  r a t i o  o f  0.7 i n  t h e  homozygous thalassemic mouse, as 
compared t o  0.2 i n  the normal homozygous d i f f u s e  mouse. The increase i n  beta minor g lob in  
synthesis occurs a t  t r a n s l a t i o n  ra the r  than a t  t ransc r ip t i on .  RNase T1 analys is  o f  r e t i c u l o -  
cyte mRNA reveals  t h a t  the beta:alpha r a t i o  o f  g l o b i n  mRNA i s  0.3, s i g n i f i c a n t l y  lower than 
the g l o b i n  syn the t i c  r a t i o  o f  0.7. However, the beta:alpha r a t i o  o f  mRNA on polysomes i s  
h igher  than unassociated mRNA, demonstrating t h a t  beta minor mRNA i s  p r e f e r e n t i a l l y  t rans la-  
ted. Elevated synthesis o f  beta minor g l o b i n  i s  maintained dur ing i n  v i t r o  t r a n s l a t i o n  i n  
thalassemic r e t i c u l o c y t e  lysate.  I n  t h i s  system, p a r t i a l  i n h i b i t i o n  o f  t rans la t i ona l  elonga- 
t i o n  by cycloheximide decreases the beta minor:alpha g l o b i n  synthet ic  r a t i o ,  wh i l e  p a r t i a l  
i n h i b i t i o n  o f  i n i t i a t i o n  by hemin de f i c iency  increases the beta minor:alpha syn the t i c  r a t i o .  
This suggests t h a t  beta minor mRNA competes w i t h  alpha mRNA a t  i n i t i a t i o n  o f  t r a n s l a t i o n  fo r  
a l i m i t i n g  mRNA b ind ing fac to r .  Add i t i on  o f  a p a r t i a l l y  p u r i f i e d  t r a n s l a t i o n  f a c t o r  tenta-  
t i v e l y  i d e n t i f i e d  as eIF-4A t o  beta thalassemic mouse r e t i c u l o c y t e  l ysa te  lowers the r a t i o  
of beta minor t o  alpha g l o b i n  synthesis by s t imu la t i ng  alpha g l o b i n  synthesis. 

GENETIC DEFECT AN0 COMPENSATION, M. Joan Curcio, 

B 178 Pro nostic Relevance of Receptor Status and Proliferative Actlvlty in Node 
Negatlve !rest Cancer Patlents. G. DiFronzo, D. Coradini. V. Cappelletti. G.F. Scavone. M.G. 
Daidone, R. Slvestnni. lstituto Nazionale Tumori. Milano, Italy. 

Many prognosfic factors have been used for breast cancer: number of histologically involved axillaty 
lymphnes. tumor diameter, estrogen(ER) and progesterone receptor (PgR) status and tumor growth 
lonetic vanables. Each factor has been assessed independently with respect to its prognostic 
relevance. We have already reported that at 3 ears of follow-up, ER + and nodenegative women 
have a si nificantly lower recurrence rate than ER- ones. Among ER+ patients. subsets of women 
who are &I- have a poor prognosis. Simila in a pmvious work (R.Silvestrini eta/. 8th Annual San 
Antonio Breast C.ancer Symposium. Nov. 198% 
yliferative actiy.ty,expressed by in vitro labeling index (LI), in association mth ER status. 

population. We found that this was also true amo 
results, we studied a new series of 179 patients w# the aim of investigating the predictive relevance 
on the 3 ears DFS based on the combnation of all the three prognostic variables LI, ER, P R. Both 
ER and JgR status of the tumors allowed us to discriminate patients relapsing at 3 years, waereas no 
difference in DFS was found between slow and fast proliferating tumors. Moreover, in the subset of 
fast proliferating tumors the knowledge of ER and PgR status was no more able to p@ict the 
r nosis at 3 years of follow-up.. However, ER 9 d  PgR, either alone or in combmation predicted the b 8  in patients mth low proliferating tumors. Clinical implications of the present results respect to the 

planning of adjuvant therapies will be discussed. 

have investigated the prognostic relevance of 

women with ER+ tumors. Starting from these 
roliferative actiwty IS significantly correlated with the disease free survival (DFS) in the general 

GLUCOCORTICOID EFFECTS ON CARBOHYDRATE, PROTEIN AND ARACHIDONIC ACID METABOLISM 

York Medical College, Valhal la, NY 10595. 

I N B 179 MICROVASCULAR ENDOTHELIAL CELLS, Mary E. Gerr i tsen and Catherine A. Partr idge, New 

The d i r e c t  act ions of g lucocor t ico ids on vascular endothel ia l  c e l l s  are poor ly  understood, 
although the  potent i n h i b i t o r y  act ions o f  s te ro ids  on t h e  inf lamnatory response i n  the  
microvasculature has been recognized f o r  several decades. Using i so la ted  and c u l t i v a t e d  
r a b b i t  coronary microvessel endothel ia l  (RCME) c e l l s ,  t he  act ion3 o f  these s tero ids on 
endothel i a l  metabolism were determined. B ind ing studies using [ H I  dexamethasone (DEX) 
demonstrated h igh a f f i n i t y ,  g lucoco r t i co id -spec i f i c  b ind ing s i t e s  i n  RCME ce l l s .  DEX 
p re t rea tmen t  i n h i b i t e d  basal, A23187. thrombin, and ATP st imulated P G I  and PGE synthesis, 
and i n h i b i t e d  A23187-stimulated arachidonic ac id  (AA) release but  g i d  not  q n h i b i t  t h e  
metabolism of exogenous AA. These i n h i b i t o r y  e f f e c t s  were prevented by pretreatment w i t h  
cylcoheximide o r  a c t i n m y c i  n D. Re1 ated g lucocor t ico ids (tr iamcinolone, c o r t i s o l )  exh ib i t ed  
e f f e c t s  s i m i l a r  t o  DEX, wh i l e  o the r  s te ro ids  (progesterone, aldosterone, 5-d ihydrocor t iso l ,  
5-dihydrotestosterone) y d  l i t t l e  o r  ns i n h i b i t o r y  a c t i v i t y .  DEX pretreatment had no 
s i g n i f i c a n t  e f f e c t  on [ H I  leuc ine o r  [ H I  methionine i fcorporat ion i n t o  prote in ,  nor was 
t h e r e  any dramatic a l t e r a t i o n  i n  t h e  d i s t r i b u t i o n  of [: H I  methiomne-labeled p ro te ins  as 
examined by two dimensional SDS-PAGE. These studies i nd i ca te  t h a t  although g lucocor t ico ids 
exer t  potent i n h i b i t o r y  e f f e c t s  on t h e  release o f  inf lamnatory mediators (prostaglandins) 
from RCME c e l l s ,  they have r e l a t i v e l y  minor e f fec ts  on carbohydrate and p ro te in  metabolism. 
Supported by t h e  American Heart Associat ion and N I H  HL 35739. 
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HUMAN GENE FOR HEAT SHOCK PROTEIN 108, Denis R. Headon and Ronan Power, Department 
of Biochemistry, University College, Galway, Ireland. B 180 

Eucaryotes and procaryotes respond to environmental stress by the production of a defined 
set of proteins known as heat shock or stress proteins. 
studied in Drosophila melanogaster where the largest of 8 major heat shock proteins has a 
molecular weight of 83,000. 
100,000 and 110,000 have been induced by heat shock. The gene for a protein of molecular 
weight 108,000 which copurifies with the progesterone receptor B-subunit of chick oviduct 
has been cloned from mRNA preparations. 
library in the charon UA vector. 
excess of 400,000 plaques were screened and 36 positive clones were identified on primary 
screenirg. 
analysis. A clone of 16.5 kb prepared by Eco.Rl excision from the vector was analysed by 
Southern blottirg at highest stringency usirg 1.9 kb fragment correspondirg to the 3 '  end 
of the cDNA. 

These have been extensively 

In Hela cells,proteins having molecular weights of 85-90,000, 

This cDNA has been used to screen a hman genomic 
The average insert size in this library is 15 kb. In 

The five strongest positives from tertiary screening were used in subsequent 

This 16.5 kb fragment has been cloned into Eco.Rl site of pBR 322. 

CHARACTERIZATION OF THE EFFECT OF ALDOSTERONE INFUSION ON ADRENAL COMPENSATORY 

of Pathology and Surgery, University of Alabama at Birmingham & Veterans Adm. 
Medical Center, Birmingham, AL 35294. 

8181 HYPERTROPHY (ACH) IN THE HMSTER, James W. Ingram and William E. Grizzle, Depts. 

We have reported that exogenous infusion of aldosterone at 80 ng/hr (Alzet pumps 
implanted in the peritoneal cavity at initial surgery) in the Syrian hamster blocks the 
compensatory growth of the remaining adrenal gland that follows left unilateral 
adrenalectomy. 
aldosterone from 0 ng/hr to 1000 ng/hr. ACH was calculated by comparing the average 
ri ht adrenal weight of unilateral left adrenalectomized (ULA) animals with that o f  sham 
( S !  animals 3 days post-operatively. In each experiment ACH in ULA and S animals 
receiving only vehicle was compared with ACH in ULA or S animals receiving a known dose 
of aldosterone. Infusion of vehicle (13.5 to 26.6% growth) or of aldosterone at 1 ng/hr 
(11.5% growth) does not block ACH. Infusion of aldosterone at doses between 36 ng/hr to 
1000 ng/hr effectively blocked ACH (5.3% to 0% growth). 
aldosterone did not elevate serum levels of aldosterone; however, 400 ng/hr did elevate 
serum aldosterone. 
wide range of infusion rates. 
Supported by Veterans Administration Medical Research funds and by UAB Department of 
Pathology. 

We have investigated the effect on ACH of varying the infused dose of 

Dosages of 100 ng/hr of 

We conclude aldosterone effectively blocks ACH in the hamster over a 

COMPLEMENTATION OF VARIANT GLUCOCORTICOID-REGULATED GLYCOPROTEIN TRAFFICKING IN 
B 182 TRANSIENT HETEROKARYONS, Nancy J. John, Omar K. Haffar and Gary L. Firestone, 
Department of Physiology-Anatomy & Cancer Research Laboratory, University of California 
at Berkeley. Berkeley, CA 94720. We have previously shown glucocorticoid hormones to 
regulate the posttranslational maturation of mouse mammary tumor virus (MMTV) precursor 
polyproteins in M1.54. a stably infected rat hepatoma (HTC) cell line. Utilizing 
complement mediated cytolysis. we have recovered mutant derivatives of M1.54 which fail 
to express hormone inducible cell surface viral glycoproteins. One such clonal isolate, 
CR4. is similar to wild-type with respect to synthesis of MMTV RNA's. production of the 
MMTV glycoprotein precursor (gPr74env) and a glycosylated maturation product (gp51), but 
fails to express three viral cell surface glycoproteins (gp78. gp70. and gp32) and one 
extracellular species (gp7Os) which derive from gPr74env in glucocorticoid-treated wild 
type cells. To hegin to define the genetic lesion responsible for the highly selective 
deficit in the hormone-regulated glycoprotein maturation pathway in CR4. heterokaryons 
were formed by fusing CR4 cells and B2 cells (the uninfected parental HTC) with each 
other. Indirect immunofluorescence analysis performed 4 0  hrs after fusion on 
dexamethasone induced cells revealed the complementation of cell surface glycoprotein 
transport in these "transient' heterokaryons. in which the nuclei do not fuse. We 
conclude that uninfected HTC cells contain normal trans-acting regulatory factors that 
control the steroid regulated trafficking of cell surface glycoproteins. (Supported by 
ACS PF-2892. NIH NRS training grant CA09041, and NCI CA35547.) 
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Abstract Withdrawn 

PROLIFERATION OF ESTROGEN-RESPONSIVE KF-7 HUMAN BREAST CANCER CELLS GROWN I N  THE 
B 184 SHORT-TERM A N D  LONG-TERM ABSENCE OF ESTROGENS, Beni ta  S .  Katzenellenbogen, Kari L. 

Kendra. and Yolande Ber tho i s ,  Department of Physiology & Biophysics,  Un ive r s i ty  of 
I l l i n o i s .  Urbana, I L  61801. 

We have shown p rev ious ly  t h a t  phenol r e d ,  t h e  pH i n d i c a t o r  i n  t i s s u e  c u l t u r e  media,  is a 
weak estrogen (Proc.  Natl. Acad. S c i .  USA 3, 2496 C198611. MCF-7 cells grown i n  phenol 
r ed - f r ee  medium wi th  charcoal  dextran-treated serum for periods up t o  1 month s h o w  a 
reduced ra te  of c e l l  p r o l i f e r a t i o n .  E s t r a d i o l  t hen  s t i m u l a t e s  p r o l i f e r a t i o n  markedly and 
reproducibly and a n t i e s t r o g e n  does no t  suppres s  c o n t r o l  c e l l  grcuth al though i t  i n h i b i t s  
es t rogen-st imulated p r o l i f e r a t i o n .  I n  t h e s e  short- term es t rogen  withdrawn cells, which 
show a slow r a t e  of c e l l  p r o l i f e r a t i o n ,  a n t i e s t r o g e n s  appear as p a r t i a l  agonis ts /antago-  
n i s t s .  Antiest rogens a t  l o w  concen t r a t ions  s t i m u l a t e  p r o l i f e r a t i o n  but  show no s t i m u l a t i o n  
a t  high concen t r a t ions  where they  f u l l y  i n h i b i t  es t rogen-st imulated p r o l i f e r a t i o n .  Cells 
maintained for s e v e r a l  months i n  t h e  appa ren t ly  c m p l e t e  absence of es t rogens  (no phenol 
r e d  and wi th  charcoal  dex t r an - t r ea t ed  calf serum) inc rease  t h e i r  rate of c e l l  p r o l i f e r a t i o n  
and e s t rogen  t h e n  is unable t o  f u r t h e r  l n c r e a s e  t h i s  maximal r a t e  of p r o l i f e r a t i o n ,  but 
a n t i e s t r o g e n  is aga in  a b l e  t o  decrease p r o l i f e r a t i o n .  This grcwth "adaptat ion" is no t  due 
t o  changes i n  c e l l u l a r  e s t rogen  r e c e p t o r  l e v e l s  but  may r e f l e c t  mod i f i ca t ions  i n  which t h e  
cells become s u p e r s e n s i t i v e  t o  poss ib l e  low l e v e l s  of e s t rogens ,  or more l i k e l y ,  t h a t  i n  
t h e  absence of es t rogen  and a n t i e s t r o g e n ,  t h e r e  is a l t e r e d  r e g u l a t i o n  of growth f a c t o r  pro- 
duct ion.  A model will be presented t o  exp la in  t h i s  r e v e r s i b l e  adap ta t ion  process .  (Sup- 
ported by N I H  g ran t  CAI 81 19) .  

ATTACHMENT AND PROLIFERATION OF PRIMARY CULTURES OF NORMAL RAT PROSTATIC EPITHELIAL 
8185 CELLS ON COLLAGEN OR PLASTIC SURFACES AND THE ROLE OF STEROID HORMONES, 

1R.J. Keat ing,  2R.K. Tcholakian, 1A.C.  von Eschenbach, 1Dept. of Urology, M.D. An- 
derson Hosp. & Tumor I n s t . .  ZDept. of OB-Gyn & Reprod. Sc i . ,  U.T. Med. Schl . ,  Houston, TX 
77030. 
Primary c u l t u r e s  of p r o s t a t i c  e p i t h e l i a l  c e l l s  a r e  a means of s tudying t h e i r  b i o l o g i c a l  pro- 
p e r t i e s ,  but  a r e  d i f f i c u l t  t o  grow r o u t i n e l y  under i n  v i t r o  condi t ions.  In t h i s  s tudy  we 
determined t h e  e f f e c t  of a b i o l o g i c a l  s u b s t r a t e ,  r a r t n o l l a g e n  (RTC), on at tachment ,  
growth, d ihydro te s tos t e rone  (DHT) con ten t  and a c i d  phosphatase (AcP) product ion i n  primary 
c u l t u r e s  of p r o s t a t i c  epi thel ium. Rat v e n t r a l  p r o s t a t e s  were col lagenase d iges t ed ,  s i e v e  
f i l t e r e d ,  P e r c o l l  s epa ra t ed ,  and e p i t h e l i a l  c u l t u r e s  i n i t i a t e d  i n  supplemented H a m s  F-12 
with r egu la r  s e r a  (RS), s t r i p p e d  s e r a  ( S S )  wi th  and without  t e s t o s t e r o n e  ( T )  o r  e s t r a d i o l  
(Ez). C e l l s  were harvested and counted on 3, 5, 7 6 10 d. DHT w a s  measured by R I A  and AcP 
by s t a i n i n g  techniques.  A c e l l  at tachment index (AI; a t t a c h e d / t o t a l )  showed a d d i t i o n  of KIC 
s i g n i f i c a n t l y  improved c e l l  anchorage (P7 0.05%) compared t o  p l a s t i c  by 7d i n  c u l t u r e .  RTC 
o f t e n  s i g n i f i c a n t l y  (P7 0.05%) enhanced c u l t u r e  growth. There w a s  no improvement i n  c e l l  
p r o l i f e r a t i o n  wi th  T while  DHT, an i n d i c a t o r  of 5.( r educ ta se  a c t i v i t y  (5U RA), w a s  detected 
only i n  c u l t u r e s  incubated i n  t h e  presence of T r ega rd le s s  of c u l t u r e  cond i t ions .  AcP w a s  
present  i n  c u l t u r e s  grown on both s u r f a c e s  and i n  a l l  c u l t u r e  media. The d a t a  p re sen t s  
evidence t h a t  5WRA is dependent upon T and t h a t  AcP, as we l l  as c e l l  growth, do no t  require 
androgens. The enhanced c e l l  anchorage and p r o l i f e r a t i o n  wi th  RTC rep resen t s  an improved 
c u l t u r e  model f o r  i n v e s t i g a t i n g  r egu la to ry  mechanisms of normal p r o s t a t e  ep i the l ium a t  t h e  
c e l l u l a r  l e v e l .  
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DEVELOPMENT AND HORMONE REGULATION OF ANDROGEN RECEPTOR LEVELS IN ?RE SEXUALLY DI- 
MORPHIC LARYNX OF XENOPUS LAEVIS, Darcy Kelley, David Sassoon and Neil Segil, B186 

Columbia University, New York, New York, 10027. 
The larynx of adult South African clawed frogs, Xenopus laevis, has high levels of androgen 
receptor (Segil et al., 1983); receptor content in males is three times that of females. 
To determine whensex differences in receptor level arise, we assayed [3H1-dihydrotesto- 
sterone (DHT) binding activity in cytosolic preparations of larynges from metamorphic and 
postmetamorphic male and female frogs. 
ing activity indicate that DHT is binding to a saturable component (androgen receptor) of 
the cytosol with high affinity and specificity. At metamorphosis, male and female juve- 
niles have receptor levels of 262 and 269 fm/mg cytosolic protein respectively, approxi- 
mately 7 to 20 times adult values. At 3 months post-metamorphosis (PM), sexually dimorphic 
levels are observed. 
10 months. 
Administration of exogenous DHT to 3 months PM juveniles downregulates receptor levels from 
180 (male) or 74 fmlmg (female) to 33.5 fm/mg (both sexes). Testosterone has a less pro- 
nounced effect on receptor levels in males and is ineffective in females. Thus we con- 
clude that sexually dimorphic adult levels of receptor in larynx arise by decrease from 
initially high, sexually monomorphic levels and that high levels of circulating androgens 
normally present at 6 months PM are responsible for the marked decrease in receptor levels 
observed during laryngeal development. 

Scatchard analyses and competition studies of bind- 

Receptor levels decrease gradually in females from metamorphosis to 
In males, levels remain high through 6 months, and then decrease by 10 months. 

GLUCOCORTICOID EFFECT ON CASEIN ACCUMULATION IN MAMMARY EPITHELIAL CELLS IS 
6 187 
Levay-Young and S. Nandi, Department of Zoology and Cancer Research Lab, University of 
California, Berkeley CA 94720. 

PARTIAILY MEDIA- BY STROMAL ELEMENPS IN COMBINED (3ELz/ExpLANp CULTURE, Brett X. 

Previous work has -indicated that glucocorticoid is required for synthesis of casein by 
mammary epithelial cells in sem free explant culture. Wsults from cell culture on this 
point have been equivocal. To address t h ~ s  we have cultured mammary epithelial cells from 
adrenalectomized/oiectomized virgin mice in collagen gel with a serum free medium; casein 
accumulation was assayed by ELISA and protein blotting. 'Fne cells respded to insulin (I) 
and proladin (PI&) with or without added cortisol (F); addition of linoleic acid to I + PRL 
with or without F greatly enhanced casein accumulation. In neither case was there a repro- 
ducible F effect, and F was not required for casein accumulation under these conditions. The 
casein accumulation was dose responsive to and reasonably specific for linoleic acid. 
Seeking to confirm this effect in fragment organ culture, we found that explants from 
midpregnant mouse mammary glands showed no respnse to I, PRL and linoleic acid, although the 
explants responded normally to I, PRL and F. Attem ting to reconcile these results, we 
cocultured cells in collagen gel as above with expfants of mammary fat pads cleared of 
epithelium (i.e. with only stroma). The epithelial cells in the collagen gel showed no 
enhanced respnse over control to I and PRL in the presence of the explants. but additior, of 
F caused a 2 fold increase in casein accumulation in the epithelial cells. This demonstrated 
that the glucocorticoid responsiveness for casein accumulation had been restored by some 
factor(s) released by the stromal elements of the explants. This investigation was supprted 
by Public Health Service grant numbers CA09041 and CA05388 awarded by the National Cancer 
Institute, DHffs. 

GLUCOCORTICOID SENSITIVITY OF OVCA 433 HUMAN OVARIAN CARCINOMA CELLS: 
B 188 INHIBITION OF PLASMINOGEN ACTIVATORS, CELL GROWTH AND MORPHOLOGICAL ALTERATIONS, 
Bruce A. L i t t l e f i e l d ,  Waheeda h i n  and Beth Y. Karlan, Department o f  Obstet r ics  and 
Gynecology, Yale Un ive rs i t y  School o f  Medicine, New Haven, CT 06510 
OVCA 433 hman ovarian carcinoma c e l l s  (R.C. Bast, Jr. e t  a l ,  J. Clin. Invest. 68,1331-1337, 
1981) secrete l a r g e  amounts o f  both urokinase (UK) and t issue-type plasminogen a c t i v a t o r  
(tPA). E x t r a c e l l u l a r  UK and tPA a c t i v i t i e s  a re  95% i n h i b i t e d  by treatment o f  c e l l s  w i t h  
100 nW dexamethasone (Dex) f o r  3 d. 
concentrat ion dependent, w i t h  half-maximal i n h i b i t i o n  occurr ing w i t h  1 nM Dex a f t e r  3 d, o r  
with 100 M Dex a f t e r  1.5 d. 
pronounced f l a t t e n i n g  and enlargement o f  t h e  ce l l s .  
estrogens, progestins. androgens and minera lcor t ico ids - are wi thout  e f f e c t  on UK and t P A  
a c t i v i t i e s ,  c e l l  growth, or morphology. 
g lucoco r t i co ld  receptors (GR) per c e l l  (measured a t  37"C), w i t h  an average a f f i n i t y  (Kd) f o r  
C3H]Dex o f  6.6 nM. 
s i tes.  
carcinoma c e l l s ,  a tunor  type no t  usual ly  considered hormonally responsive. Since almost 
909: o f  ovarian carcinoma t m o r  samples conta in  GR (M.C. G a l l i  e t  a l ,  Cancer 47,1297-1302, 
1981). i t  i s  poss ib le  t h a t  g lucoco r t i co id  s e n s i t i v i t y  could be explo i ted and/or augmented by 
appropr ia te combination chemotherapy, p a r t i c u l a r l y  f o l l ow ing  the  development o f  res is tance 
t o  t h e  more conventional chemotherapeutic drugs. 
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Dex i n h i b i t i o n  o f  both PA types i s  t ime  and 

Dex treatment leads t o  a 30% i n h i b i t i o n  o f  c e l l  growth and a 
Other classes o f  s te ro id  hormones - 

OVCA 433 c e l l s  conta in  about 14,000 nuclear 

Only a c t i v e  g lucocor t ico ids compete w i t h  C3H]Dex f o r  nuclear GR b ind ing 
Our r e s u l t s  demonstrate f o r  t he  f i r s t  t ime g lucocor t ico id  s e n s i t i v i t y  o f  ovarian 



RAPID CELLULAR RESPONSES INDUCED BY ESTRADIOL AND EGF IN HUMAN 
MAMMARY TUMOR CELLS: S6-PHOSPHORYLATION, PROTEIN SYNTHESIS AND B189 
c-myc EXPRESSION. 

I.Novak-Hofer,W.Xung, D.Fabbro, 1.Lutzelschwab and U-Eppenberger 
Depart. of Research, Laboratory of Biochemistry-Endokrinology, University 
Clinic Medical School CH-4031 Basel, Switzerland 
The proliferation of the human mammary tumor cell line ZR-75-1 is stimulated 
by estradiol (E2) and Epidermal Growth Factor (EGF) or d-Transforming Growth 
Factor (d-TGF) to a similar extent and in an additive manner. Whereas EGF and 
o(- TGF led to rapid activation of 40s ribosomal protein 56 kinase and S6 phos- 
phorylation, E2 did not induce these responses. The rates of onset of overall 
protein synthesis during the first 4 h of stimulation were distinctly slower 
with E2 than with EGF. Northern analysis of RNA from EGF (a(-TGF) and Ez-treR- 
ted ZR-75 cells using a human c-myc probe revealed distinctly slower induc- 
tion of c-myc expression by E2 compared with EGF (d-TGF). 

P R O T O O N C O G E N E ~ ~ ~ D U R ~ E S T R O G E N ~ L A ~ O F C U I P R O U F E R A ~  INCHICK B 190 OVIDUCT. S.A. Rampd. and R.N. Johnslon. Univorsilyd Calgafy. Aberta. Canada 
such extracellular 

proteins as plateletderived growth fador and epidermal growth fador. However, A is not known whether cell proliferation 
induced by steroid hormones is also associated with regulation of expression of identified proto-oncogenes. We have 
examined this potential d o  of regulation in the chia oviducl which begins intense call proliferation within 24 hours of 
estrogen administration in who. Continued stemid treatment resubs in the daterentiation of epilhelial calls. and in the 
ssaetbn of spocitl proteins such as ovabumin. Therefore. estrogen treated c h i i  oviduct pmvides an in vim system in 
which to study steroid hormone regulation of proto+ncogene expression during normal call proliferation and differentiation. 

Five day old chdts were injected daily with estrogen. and s a c r i f i i  on days 0. 1. 7 and 14 of treatment. Wet weight 
measuroments veraied the onsst of thsu*specific, hormone-indd gmwth of the oviduct tissue, but not in control liver and 
heart tissue. RNA samples fmm these tissues were used in Norlhern blot hybriduations with radiolabelled control and 
protooncogene probes. Abundant ovabumin transcripts were detected in day 7 and 14 oviducl. indicating normal oviductal 
differentiation. Adin transcrpts were dateded in all tissues, and increased in abundance during oviduct maturation with the 
appearance of smooth m u d o  calls. Gtymraldehyde 3-phosphate dehydrogenase transcripts did not vary in abundance, as 
oxpeded with a mnalitutively expressed gene. 

In contrast, c-myc lnnacrpt abundance was greatly increased in day 1 oviduct tissue. and transcripts were present in 
ebvated levels on days 1.7 and 14. Nudear runoff measurements of c-myc transcr9in rates indictate a 10-fold increase 
by day 1. wilh a return to baaelins by day 14. hybrid bat ion^ with c-hs probe also indicated increased transcripts on days 1. 
7 and day 14 in ovidu* thurue. Nekher of these transcrpts was comparabty i n a a d  in control tissues. 

These results are consistent with the activatbn of proto-oncogene expression during the normal proliferation of cells. 
Furthermore. these resubs provide new e v i d o w  that steroid hormones may dirytty or indirectly regulate the expression of 
pro(wnmgenas in viw during this cellular pmcasa. 

Tho expression of camin prolooncogenes (eg c-myc) is enhanced in calls stimulated to divide 

DIFFERENTIAL. REGULATION OF GLUCOCORTICOID RECEPTORS IN THE LIVER AND SKELETAL 
MUSCLE OF IMMATURE AND MATURE MALE RATS, R. Sharma and P.S. Timiras, University of 
California, Berkeley, CA 94720. 

8191 

Glucocorticoids stimulate enzymes and increase protein and glycogen synthesis in liver 
whereas they decrease synthesis and increase degradation of protein and RNA in skeletal 
muscle. These responses are controlled partly by binding the hormone to specific intra- 
cellular receptors followed by translocation of hormone-receptor complexes to nuclear 
acceptor sites. Adaptive alterations in responsiveness to hormonal and other biochemical 
stimuli are age-related phenomena. Specific binding of [3H] dexamethasone to cytosol and 
translocation of bound receptor complexes to purified nuclei were studied in the liver 
and skeletal muscle of immature (3-week) and mature (26-week) Long-Evans male rats. A 
marked decrease in the specific binding sites with no apparent change in dissociation 
constant (Kd) was observed in both the tissues of mature rats compared to immature. This 
decrease was more pronounced in the skeletal muscle thanliver. Heat activation (25OC for 
45 mln) sigqificantly enhanced nuclear binding of steroid-receptor complexes in the 
skeletal muscle to the same extent at both ages. In the liver, enhancement was sig- 
nificantly higher in the mature rats than immature. Cross-mixing experiments (1.e.. 
binding of activated cytosol from mature rats to nuclei of immature and vice-versa) 
show an age-related receptor specificity. Ca2+ activated (0°C for 45 min with 2OmM 
Ca2+) nuclear translocation was significantly higher in both tissues of immature rats 
compared to mature. Thus, the level of glucocorticoid receptor and some of its physio- 
chemical properties change differentially with age in the tissues studied. 
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EFFlXT OF w - 1  CM GUICOCOETICOID AClTON IN RwllER H35 HEPATOHA CELIS. 
B . D . S t i t h .  M.B. H i l l  and B.E. W c C a l l u m .  University of O k l a h o m a  H e a l t h  B 192 

Sciences Center, Oklah- C i t y .  OK 73190. 
(IL-1) appears to be an important monokine released during acute infec- 

tion and inflammation. Previous work in this laboratory has shown that IL-1 interferes 
with glucocorticoid-regulated liver metabolism by decreasing hepatic cytosolic glucocor- 
ticoid binding, inhibiting the induction of phosphoenolpyruvate carboxykinase (PEPCK), the 
rate-limiting enzyme in gluconeogenesis, and decreasing plasma glucose levels in C3H/HeJ 
mice, The purpose of this study was to examine the effect of recombinant IL-l(human, p )  
on hepatic glucocorticoid function in Reuber H35 hepatoma cells (RHC). RHC were incubated 
with various concentrations of IL-1 ranging from 10 ' M to 
centration lowered specific 3H-dexamethasone binding in the cytosol to 72.3f3.0 % of 
control. Scatchard analysis of the binding data revealed a significant reduction in Bmax 
from 201.9 fmol/mg protein in control incubations to 144.9 fmol/mg protein in IL-l treated 
cells, with no change in values of Kd (control, 1.0 nM; IL-1 treated, 1.14 n M ) .  The 
perturbation seen in glucocorticoid binding due to IL-1 was reflected in reduced activity 
of PEPCK. PEPCK induction by dexamethasone (2 pM) and cAMP(0.5 mM) was inhibited by IL-1 
to 86% of control. These data suggest IL-1 perturbs glucocorticoid action and alters gene 
expression in hepatoma cells. 

Supported by NIH grant #A120322 from the National Institute of Allergy and Infections 
Diseases. 

Interleukin-1 

M. The smallest con- 

DECREASE0 GLUCOCORTICOIO RECEPTm BINDING SITES BY 2,3,7,8-TETRACHLWODIBE"O-P- 
DIOXIN (TCDD) IN RAT LIVER N T O S M ,  Geoffrey I. Sunahara, George W. Lucier End 

Karen G. Nelson, The National I ns t i t u te  o f  Environmental Health Sciences, Research Triangle 
Park, Nc, 27709. 

Hwnan exposure t o  halogenated aromatic hydrocarbons such as TCOO (an environmental contami- 
nant) has led  t o  c l i n i c a l  reports describing cj-tloroacne and hepatic dysfunction. TCOO is 
also a potent teratogen and l i v e r  tumor promoter i n  certain animal models. Studies have 
indicated that adrenalectmized (AOX) ra ts  are more sensitive to  TCDD exposure than sham- 
operated controls. To determine whether alterat ions 
i n  c i rcu la t ing  glucocorticoids and/or i t s  receptor (mc) pathway are involved i n  some o f  
the TCDO effects, we performed t i m e  course m d  dose-response studies using sham-operated 
and 10-13 days post-PDX adult female Sprague-Dawley ra ts  treated w i t h  TC r the corn o i l  
vehicle. TCDD exposure ( 2  10 ughg) maximally reduced hepatic cytosolic pa-dexamethasone 
binding levels in sham-operated, Kd= 0.52 f 0.05 (SEMI nM; Emax= 137 2 5 fmol/mg protein 
and PDX animals (Kd= 0.68 2 0.04 nM; Emax= 495 2 23 fmol/mg) compared t o  corn o i l  treated 
sham-operated (Kd= 0.67 2 0.04 nM; Emax= 3J7 2 19 fmol/mg) and PDX controls (Kd= 0.78 f 
0.06 nMi Bmax= 682 2 80 fmol/mg), as early as 6 hrs following a single administration o f  
the dioxin by gavage. This ef fec t  was dose-dependent i n  in tac t  animals (EDXI= 3-5 ug/kg); 
moreover, PDX ra t s  showed maximal reduction i n  m c  levels a t  TCDD doses as low as 1 ng/kg. 
These resul ts suggest that c i rcu la t ing  glucocorticoids may be important i n  modifying the 
animal's response t o  TCW. Futhermore, modification o f  the Wc pathway may have a role i n  
some o f  the actions o f  TCW i n  the l i ve r .  

B193 

The exact mechanism remains unclear. 

GLUCOCORTICOID REGULATION OF PHOSPHOPROTEIN MATURATION IN RAT HEPATOMA CELLS, Anne 
B 194 K. Vallerga and Gary L. Firestone. Department of Physiology-Anatomy and Cancer 
Research Laboratory, U.C. Berkeley, Berkeley. Ca., 94720. Mouse mammary tumor virus (MMTV) 
infected rat hepatoma cells were utilized to study glucocorticoid regulated maturation of 
the MMTV phosphoproteins and to identify posttranslational regulatory mechanisms under 
steroid control. Previous results demonstrated that the glucocorticoid regulated maturation 
of the MMTV phosphorylated polyprotein, Pr74. into several protein products results from an 
independent hormone response that requires receptor function and de novo RNA and protein 
synthesis. Comparison of MMTV phosphoproteins expressed in parallel [35S]methionine and 
[32P]phosphate pulse-chase radiolabeling experiments revealed that the phosphorylation of 
Pr74 is stabilized in the presence of dexamethasone and rapidly turned over with a half- 
life of 1.5 hrs in uninduced cells. Exposure to actinomycin D. prior to dexamethasone did 
not alter the phosphorylation state of Pr74 but prevented protein processing of this 
precursor. Initial cell fractionation studies have shown that Pr74 is associated with the 
intracellular membrane fraction and can be salt extracted suggesting that maturation of the 
viral phosphoproteins occurs On the cytoplasmic face of the membrane. Using & 
translated polyproteins as substrates we have shown that cellular components in extracts 
from dexamethasone treated cells can mature the phosphoproteins in vttro. We are using 
this cell-free maturation assay to identify and isolate hormone-induced componants that 
mediate the glucocorticold-regulated phosphoprotein maturation. (Supported by NIH NRS 
training grant CA09041. and NCI CA35547). 
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BIOLOGICAL ACTIVITY OF NOVEL PURE ANTIOESTROGENS. Alan E. Wakeling. Imperial 
Chemical Industries, PLC, Pharmaceuticals Division, Macclesfield, Cheshire. 
England. 

8195 
A complete understanding of the role of oestradiol in control of the growth of hormone 
responsive tissues, including breast tumours, has proved elusive. 
antagonists. for example tamoxifen. are of limited use in this respect because they are 
all partial agonists and their physiological effects are diverse. 
antioestrogens stimulate uterine growth in rats and mice and are correspondingly unable to 
block completely the uterotrophic action of oestrogens. 
analogues of oestradiol described here are devoid of uterotrophic activity in both rsts 
and mice and will eliminate uterine growth responses to both endogenous and exogenous 
oestradiol. 
antioestrogens. 
reversible. inhibitors of breast tumour cell growth in vitro. 
to satisfy the pharmacological criteria of pure antioestrogens and offer. for the first 
time. the opportunity to study in an unequivocal manner the physiological and biochemical 
consequences of the complete blockade of oestrogen action. 

Currently available 

The partial-sgonist 

The novel 7crsubstituted 

These compounds also block the uterotrophic response to partial-agonist 
They competitively inhibit receptor binding of oestradiol and are potent, 

These compounds thus appear 

ESTRADIOL INDUCES ACTIVATION OF fos PROTO-ONCOGENE TRANSCRIPTION IN RAT UTERUS 
B 196 
encologia. 1s t  Medical School, University of Naples, 80138 Naples, I ta ly .  

We tested wether a correlation exists between estrogen induction of uterine ce l l s  proli- 
feration and proto-oncogene expression. Groups of castrated adult female ra t s  were injected 
both with estradiol-valerate in sesame oil  (100 yg/Kg; I.M.) and 1q-estradiol in 10% ethanol 
(15 yg/Kg; I . P . ) .  The relative transcription rate of 20 proto-oncogenes (ab l ,  bas, erb A ,  erb 
B ,  e t s ,  fms, fos,  fps/fes,  mos, myb, myc, ra f ,  Ha-ras, Ki-ras, r e l ,  s i s ,  s rc ,  N ras,  N myc, 
B lym) was then measured, a t  different time intervals from the hormone administration, in ut: 
rine and l iver  nuclei with a nuclear run-on assay. Transcription of fos proto-oncogene begins 
t o  increase steadily in the uterus 9-12 hrs a f t e r  estrogen treatment, reaches a maximum ( 4  t o  
6 fold increase) a t  23-33 hrs and then decline t o  reach a t  54 hrs the same value measurable 
a t  9 hrs. Transcriptional activation of fos proto-oncogene does not occurs in the l iver  of 
the same animals, and in the uterus of rats injected with the vehicles alone. Increased le- 
vels of fos mRNA were also found in the uterus of estrogen treated r a t s ,  as detected by Nor- 
thern blot analysis. Maximum DNA synthesis, measured by 3H thymidine incorporation and H4 hi- 
stone genes transcriptional activation, followed by 33 t o  45 hrs the estrogen administration 
only in the uterus b u t  n o t  in the l iver .  Supported by a g r a n t  of the Italian National Research 
Council, Special Project "Oncoloqy", Contract no. 85.02053.44. 

VIVO. Alessandro Weisz and Francesco Bresciani, I s t i t u to  di Patologia generale ed 

SPECIFIC FACTORS REGULATING RAT GROWTH HORMONE GENE EXPRESSION, Brian L. West, 
B197 Daniel F. Catanzaro and Tim L. Reudelhuber, Univ.of Calif.,San Francisco, CA 94143 
Rat growth hormone ( r G H )  gene expression is  pituitary specific and i s  regulated by both 
glucocorticoid and thyroid hormones. 
chloramphenicol acetyl transferase(CAT) gene, i t  functions in a tissue-specific, hormone- 
inducible fashion. 
elements and nuclear factors which are important for  i t s  expression. By monitoring the 
DNAsel footprinting of GC pituitary cell  extracts onto the r G H  flanking DNA, two 
separate binding regions were identified. 
between bases -105 and -140, with respect to the RNA s t a r t  s i t e .  The factors which bind a t  
these positions, which we refer to as  G C 1  and GC2, are t issue specific,  since they are 
undetectable in the non-pituitary ce l l s  tested. A series of 5' deletion mutations were 
made, and the two binding regions were also altered by site-directed mutagenesis. 
mutant 5'-flanking sequences were placed in front of the CAT gene, to determine which 
positions were required for directing the transient expression of th i s  enzyme in GC ce l l s .  
Mutating or deleting both the G C 1  and GC2 binding regions caused significant decreases 
in the CAT expression. 
important by the deletion analysis. Therefore, the G C 1  and GC2 b i n d i n g  ac t iv i t ies  appear 
to  represent factors which are important for  the tissue-specific expression of the rGH 
gene. Possible interactions of these factors w i t h  the thyroid hormone and glucocorticoid 
hormone receptors are now being investigated. 

When the rGH 5'-flanking region is  linked to  the 

We have focused on this region of the rGH gene to  identify DNA 

These are located between bases -62 and -94 and 

These 

DNA elements further upstream of -140 were also shown to  be 
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MULTISTEROID REGULATION OF PROTEIN MATURATION IN VIRAL INFECTED RAT HEPATOMA CELLS, 
B 198 Sandra D. Winguth and Gary L. Firestone. Department of Physiology-Anatomy & Cancer 
Research Laboratory, University of California. Berkeley, CA 94720. Dexamethasone. a synthe- 
tic glucocorticoid.is required for full posttranslational maturation of mouse mammary tumor 
virus(MMTV) glycoproteins and phosphoproteins in M1.54 Cells. a viral infected rat hepatoma 
cell line. Pulse-chase radiolabeling with [35S]methionine revealed that glucocorticoids 
(dexamethasone and hydrocortisone) and mineralcorticoids with known glucocorticoid activity 
(11-dexoycorticosteron and aldosterone) regulated the maturation of MMTV glycoproteins and 
phosphoproteins in a manner that correlates with their Occupancy and affinity for M1.54 cell 
glucocorticoid receptors and their induction of cellular encoded alphal-acid glycoprotein. 
tyrosine aminotransferase and glutamine synthestase. Exposure to RU38486. a synthetic 
glucocorticoid antagonist. prevented induction of the steroid-regulated posttranslational 
response as well as the other tested glucocorticoid responsive genes. Significantly, 
progesterone induced the posttranslational maturation of MMTV phosphoproteins but 
antagonized the glucocorticoid-regulated MMTV glycoprotein maturation and all other tested 
M1.54 cell glucocorticoid responses. Exposure to suboptimal concentrations of progesterone 
and dexamethasone synergistically regulated phosphoprotein maturation while treatment with 
actinomycin D. an inhibitor of de novo RNA synthesis, prevented both the progesterone and 
glucocorticoid mediated postranslational responses. Taken together, our results suggest that 
two distinct classes of steroid hormones can alter the posttranslational'maturation of a 
specific subset of protein substrates by inducing the synthesis of cellular components in a 
receptor dependent process.(Supported by NCI CA 3 5 5 4 7  and NIH NRS training grant CA 09041). 

THE RETINAL-SPECIFIC GLUCOCORTICOID HORMONE INDUCTION OF GLUTAMINE 
B199 SYNTHETASE mRNA IN THE CHICK IS A PRIMARY RESPONSE, Anthony P. Young 
and Gerald Patejunas; University of Illinois at Chicago; Chicago, IL 60680. 
During terminal differentiation of the chick, glutamine synthetase(GS) 
enzyme activity rises dramatically in retina and in brain, but is expressed 
constitutively in liver. We have isolated cDNA clones that encode chick 
retinal GS. The clones detect a 3 . 2  kb RNA that is expressed in retina, 
brain, and liver. Expression of this RNA in the three tissues parallels 
the developmental profiles of GS enzyme activity. Injection of hydro- 
cortisone 21-phosphate into the yolk sac of chicks at embryonic day 10 
results in a retinal-specific induction of GS mRNA, assayed 4 days after 
injection. Southern blotting data demonstrate that the RNA detected in the 
three tissues is the product of one gene, indicating that tissue-specific 
regulatory mechanisms must modulate expression of this complex gene. A 
readily measurable increase in GS mRNA is observed within 2 hr of incuba- 
tion of retinal organ cultures with hydrocorfisone. Incubation of these 
cultures with 2 pg/ml cycloheximide, a concentration that inhibits protein 
synthesis by 9 3 % ,  affects neither the basal level nor the hydrocortisone- 
mediated induction of GS mRNA. These data raise the possibility of a 
synergistic mechanism, involving tissue-specific regulatory molecules in 
addition to the glucocorticoid hormone receptor, to explain the retinal- 
specific steroid induction of GS mRNA. 

~ 2 0 0  THE EFFECT OF ESTROGENS ON HUMAN T CELL? FROM POSTJlENOPAUSAL YOMEN WITH 9 0  
WITHOUT ENDOMETfjIALICARCINOMA. I. Yron , I .  L i d o r  Y: Pardo , J. Ovadia , 

I.P. Witz', agd R.  Sredni  . Tel  Av iv  Un ive rs i t y ,  Te l  Aviv;  R e i l i n s o n  Medical Center, 
Petah Tikva; "Bar  I l a n  Un ive rs i t y ,  Ramat Gan. I s r a e l .  

es t rogens  unopposed by progestogens. 
T c e l l s  f rom Stage I EC p a t i e n t s  and f rom women w i t h  va r ious  degrees o f  hyperp las ia  o f  t h e  
endometrium, be ing  t h e  p reneop las t i c  stages o f  t h e  disease, and t h e  i n - v i t r o  and t h e  i n  v i v o  
e f f e c t  o f  estrogens on T c e l l  responses. 
response i n  EC pa t i en ts .  We present  here  da ta  suggest ing  t h a t  suppessor T c e l l s  respond t o  
es t rogens  and may be one o f  t h e  mechanisms respons ib le  f o r  t h e  de f i c iency  repo r ted  above. A 
smal l  p r o p o r t i o n  o f  Con-A a c t i v a t e d  PRL form r o s e t t e s  w i t h  autologous and a l l ogene ic  
e ry th rocy tes  (des ignated  au to rose t te  fo rming  c e l l s  - ARFC). 
suppress var ious  T c e l l  f unc t i ons  probab ly  by produc ing  suppressor fac to rs .  
t h a t  t h e  f requency o f  ARFC i n  p a t i e n t s  w i th  p r o l i f e r a t i v e  endometrium and wi th  EC was 2-5 
f o l d  h ighe r  than  t h a t  o f  hea l thy  c o n t r o l s  o r  o f  p a t i e n t s , w i t h  stage I o f  non-hormone depen- 
dent cancer. 
Futhermore, t h e  i n  v i t r o  a d d i t i o n  o f  e s t r a d i o l  t o  Con-A s t imu la ted  PL3L from hea l thy  donors 
inc reased t h e  frequency o f  ARFC t o  l e v e l s  found i n  PBL from EC pa t i en ts .  
es t rogen drug),  reduced t h e  frequency o f  t h e  es t rogen-s t i rma l ted  ARFC t o  t h e  o r i g i n a l  low 
l eve l .  These r e s u l t s  t h u s  i n d i c a t e  t h a t  es t rogen may p l a y  an i n  v i v o  i n h i b i t o r y  r o l e  on 
c e r t a i n  T c e l l  f unc t i ons .  

Endometr ia l  carcinoma (EC) i s  k n w n  t o  be assoc ia ted  w i t h  l ong  te rm exposure t o  
We s tud ied  some c h a r a c t e r i s t i c s  o f  pe r iphe ra l  b lood 

We have p r e v i o u s l y  shown an a l t e r e d  T c e l l  

These c e l l s  a re  known t o  
Cur data  show 

The suppressor f a c t o r  produced by p a t i e n t s  ARFC was more a c t i v e  as we l l .  

Tamoxifen (an a n t i  
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D- MBlBI’IS CCLUfXB SYWlXFSTS BX AD- FZR?Cl’fX 7llE ClXJSm GF2E PROKIlw MA Zern. 
B 20f W. craja. B 
Glueofortiwids have been sham to be useful in the treatment of certain types af chmoic liver di-, a d  we 
have recmtly sbovn that d e t d i e d  alccQlics with hi& 6xIcgewx.1~ mrtisOla have a trend t m r d s  better liver 
-tiab inhibits collagen sgothesis by decreasisg the 
tranaCriptia0 of the t y p e  I ad lV col- genes in in vitro ad &I& systema To delineate m e  precisely 
themechmlm . vbaeby steroids affect collagen gene trwsrriptim, we evalwted tbe effects of lXZ on tbe muse 
0x0 collagen gene premoter in a trau9imt expressica vector system. Ibe mume a2(0 col- gem pramter 
van lidred to the -1 gem for chlmm+micol acetyl transferase (CAT) a d  the mu) enhancer in the 
reconbirrod plasmid gruoO9 &idly pmviaea by ~k. B de CT- ~l@. cohgen ggle v t e r  activity waa 
tben determined by transfectirg this plMuid into nume fibr last cel l  lines ad messurirg the resultirg GILT 
apression of the cells grrrvn in the pre- or absare of 10 H In cells transfected with the umstruct 

the collagen promotg pUlOO9ad grown in= CAT activity YBB decrsaaed by 6 Z  @< D5) compared to 
cells trauefected w i t h  the geme plasmid ad grum in the absence of IS% No lEX effect was mted with either the 
positive, p S ’ p ,  or the negative ccatrol. @@T, both of which lack the collagen gene prcntoter. Reviev of 
the ~lcleot ide wquence frm tbe prcmoter reg= of the mse a2(0 collagen geoe revealed a sequere at map 
position -323 t o  -328 which is similar to the glucocoaiwid -8 7 In carlusion these data 
-st tbat tSX ererts ax? of its h4ibitory effects on coll8&en syntbes~s thrargh a direct effect on the 
collagen gene prcmorfz possibly thrrmgh a glucocoaicoid respooeivelilre el- Studies of deletion nutants of 
this collagen gene prcmoter are presently undervay t o  better define the basis for this inhibitioa 

a d  F a  we-. A&rt Einstein college of micine.  Bronx NY 1W1. 

We previcwly demcnsrrared thst ckmuwthasa~ 
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CLONING AND CXARACTERIZATION OF THE 1.25 DIHYDROXY VITAMIN D3 RECEPTOR. 
B202 Mclknnell, D.P., h n g l e s d o r f ,  D.J .  Pike,  J.W. Haussler,  M.R. and O’Malley, 
B.W. Baylor College of Uedicine Houston, TX 77030 and Universi ty  of Arizona Health 
Science Center. Tuscon, AZ 85724. 

W e  have cloned t h e  r ecep to r  f o r  1,25 Dihydroxy vitamin D3 from a chicken i n t e s t i n a l  
i g t l l  expression l i b r a r y .  The i n i t i a l  clone was obtained using a r a t  monoclonal antibody 
t o  t h e  r ecep to r  t o  screen 3X106 recombinants i n  a randomly primed l ib ra ry .  I n  t h i s  screen 
a s i n g l e  inmunoposit ive clone w a s  i so l a t ed .  We authent icated t h i s  c lone by showing tha t  
i t  c ross reac ted  wi th  a second independent monoclonal antibody t o  t h e  receptor .  The clone 
contained a s m a l l  i n s e r t  of 310bp. This i n s e r t  waa subcloned and was used t o  hybrid 
s e l e c t  a s p e c i f i c  message from i n t e s t i n a l  poly A* mRNA which when t r ans l a t ed  gave a 60kd 
p r o t e i n  which co  migrated with t h e  receptor  and vas a l s o  immunoprecipitable. Northern 
a n a l y s i s  a l s o  gave t h e  predicted r e s u l t s .  The clone hybridized t o  a message of 3.5kb t h a t  
w a s  present  i n  t h e  i n t e s t i n e  and kidney ( t h e  main t a r g e t  t i s s u e s )  but did not hybridize t o  
messages i n  t h e  l i v e r ,  a t i s s u e  i n  which the re  i s  no de t ec t ab le  receptor .  The s i z e  of t h e  
message a l s o  co r re l a t ed  with that predicted from i n  v i t r o  t r a n s l a t i o n  and iwunoprecip-  
i t a t i o n  of r ecep to r  d N A  s i zed  ac ross  a sucrose g r a z e n r W e  sequenced a s e r i e s  of c lones 
obtained by hybr id i za t ion  and deduced t h e  amino ac id  sequence of t h e  receptor .  When t h i s  
w a s  compared t o  t h e  amino acid sequence of t he  chicken progesterone and estrogen r ecep to r s  
it w a s  shown t o  be extremely homologous in  the  p u t i t i v e  DNA binding regions of t hese  
r ecep to r s .  It w a s  found a l s o  t o  be the  mst homologous of a l l  t he  r ecep to r s  t o  v-erbA. 
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