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Selective gene activation by cell type specific 

transcription factors 

lntroduction 

Pilar Santisteban and José Luis Castrillo 

A majar challenge in biology and molecular genetics is to decipher the 

mechanism that control the utilization of genetic information in a cell-type specific 

manner. Most tissue-specific transcription factors are expressed in more than one 

cell type . However, these transcription factors actívate different target genes in 

different cells. How does this occur has been the aim of this workshop. During three 

days specialist in this field have presented new data on a number of tissue-specific 

transcription factors, transcriptional enhancers and tissue-specific co-activators. One 

of the importan! point have been the study of how this transcription-factors and co­

activators interact with the basic transcriptional machinery, mainly presenting data 

about the existence of positive and negativa co-factors and their interaction with the 

TATA-binding subunit. An importan! point common to the mechanism of action of 

either transcription-factor or co-activator is that in both cases are activated after 

phosphorylation/dephosphorylation processes , involving the study of different 

kinases. 

Another importan! studies is the fact that many tissue-specific transcription 

factors are expressed in more that one tíssue controlling the expression of different 

genes in each tissue. The general model to understand this phenomena is that in 

every tissue there is also co-activators or repressors that in collaboration with 

general transcription factors regulate more specifically, the expression of a 

determinad gene. 

How in a determínate cell type a gene is transcribed in response to a externa! 

signa! has been another of the objective presentad. Data have been reportad about 
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the signal cascade that occurs from the membrane to the nucleus. The question 

debated, but still not answered is : How does occurs the specificity in response to a 

different signals when downstream of the membrane the cascade signal is the 

same? 

Many data have been reportad about the role of tissue-specific transcription 

factors in embryos development and cell differentiation and proliferation. By the 

technology of transgenic and knockout mice have been presented data about roles, 

until this moment unknown, of constitutiva and tissue-specific transcription factors. 

How the nucleoprotein structures interacts with enhancers in the context of 

chromatin and what is the role of the chromatin structure in tissue-specific 

transcription have been another interesting question treated during the symposium. 

The structure of different factors and their interaction with the DNA or another 

nucleoproteins has been very well presentad from several specialists. 

We can conclude that during this three days all of us have been listening new 

experiments from laboratories working in different systems but with very related 

questions (and answers) on the role of tissue-specific transcriptions factors in the 

regulation of gene expression. 

Finally we would like to thank all the speakers and the Instituto Juan March de 

Estudios e Investigación, specially its director Andrés González, to give us the 

opportunity to organize this workshop. 
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THE ROLE OF UBIQUITOUS AND CEL~ SPECIFIC COACTIVATORS IN TRANSCRIPTIONAL 
ACTIVATlON. 

Robert C. Roeder*, Cheng·M1ng Chiang, Jeffrey DeJong, Hui Ce, Marcus Kretzschmar. 
and Yan Luo. Laboratory of Biochemistry and Molecular Biology, The Rockefeller 
University, New York, NY 10021. 

The TATA·binding subunit (TBP) of natural TFIID and · a number of other general 
init1ation factors suffice for basal transcription by RNA polymerase ll from most 
core promoters. In contrast, the in vitre function of gene-spedfic DNA -binding 
activators requires, in addition : (1) one or more of the other TFIID subunits 
(TAFs), (U) 1n1tiation factors (e. g., TH!A) that may fac111tate but are nol 
essential for TBP·mediated basal transcription, (111) one or wo~~ saparabl~ 

positive (PCl, PC2, PC3, PC4) and negativo (NCl, f~3) components purified from the 
general cofactor USA, that may act indivldually or ln com: .. rt a11d (iv) in somo 
cases, tissue·specific coactivators (e . g . , the lymphoid specific OCA·B) that show 
independent interactions with specific activators. Ongoing efforts h .. v., r;,sult:ed 
in the further purlflcation, cloning and characterization (bLructure and/or 
function) of various cofaccors and selected results relavanl lo llctlvation 
mechanisms will be di&cussed, as exempllfied by the following. Fir" l, consistent: 
with previous studies implicating TFlllJ as an actlvacor target, stuule" o[ lown;;,.n 

TFIID have revealed direct interactions of the derived TAFn~5, through differenl 
domains, both with TAFu250 (which may anchor TAFn55 to TFIID) and with the DNA 
binding domains of certain acttvators (which '""Y pt:ovide a novel medu.nir.m for 
activator functions) . Second , studies of PC4 have indicated that it ctin eu!. .. nc ;, 
function of a numbar ot distinct activators up to 90 fold, app .. renlly by vh:tue of 
ita ability (as an adaptor) to 1ntaract directly both wlth activation uum .. in& 4nd 
with TBP-TFIIA complexes. The ability of TFIIA to prevent inter..<.:Llon~> of 
negat1ve eofactors with TBP and to interact directly with TAF¡¡l36 suggests theae 
components as possible downstream targets for PC4. PC4 is a loo subJ act to 
ragulation by phosphorylation, which inhibits its coactlvator function . Third, 
studies of OCA·B, previously shown to be responsible for the lymphoid-sped[l" 
expresa ion of immunoglobulin promoters through direct: interactions wl Lh promoter 
bound Oct·l or Oct-2, have provided new information on les mechanism of acllou; 
this , includes prometer recruitment through the Oct: POU domaln ""u synel'gistic 
function with Oct activation domains, ln addltion lo a requirement for anothe<· 
(USA·derived) general co·activator(s) . Along with previous sluul..~ Lh;,.;;,; 
observations indicate chat transcrlptional activation ma y involve stepwlse or 
concertad interactions of multiple activators/activation domains wlth different 
components of the basal transcr1pt1onal machlnery, either directly ur t:h~ough 

intermediates (coactivacors), and t:hat coactivators may be general or acllv .. lu~ 
speeific as well as ubiquitous or cell - spectfic. 

_ Bnferencali: 

H. Ce and R. C. Roader. Purification, molecular cloning, and functional 
characterh:ation of a human coactivator, PC4 , that medlates tt:anscriptional 
activation of Class II genes . Cell 78:~13·523, 1994 . 

C. ·M. Chiang and R.G . Roeder . Cloning of an intrinsic human TFIID subunit that 
interactB with multiple tranacriptional activators. Science 267: 531-536, 1995 . 

Y. Luo and R.G. Roader . Cloning, functional characterization, and mechanism of 
action of the B-cell·specific transcrlptional coactivator OCA-B . Mol . Ce ll . Biol., 
in press, 1995 . 
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HOMEO·, FORJ(HEAD·, AND PAIRED-DOMAINS U\J THYROID SPECIFIC 
TRANSCIUPTipN. 

M.I. Arnone, G, Cobellis, M. De Felice, K. Sato, S. Zanniru, and R. Di Lauro. 
Stazione Zoologlca "Anton Dohrn", Villa Comunale,80121 Naples, Italy. 

Th& thyroglobulin and thyroperoxidase genes are exdlusively expressed in the 
thyroid and ins~ghts on their transcriptional regulation. could help in elucidating 
the mechanism of the differentiation of the thyroid cell t)'pe. 
At least three fnctors are necessary for transcription of the thyroglobulin and 
thyroperoxidas~ promoters: Thyroid Transcription I;actor-1 ('ITF-1), Thyroid 
Tran..~ptinn Fa,'Ctor-2 (TI'F-2) and Pax-8. 
TI'F-1 is an homeodomain-containing protein, it i.s able to bind to both the 
thyroglobulin aud thyroperoxidase promoters and the ptesence in these promoters 
of at least two binding sites for ITF-lis requlred for thyroid·spectflc transcription. 
Transactivation studies performed in non-thyroid cells demonstrated that TfF-1 is 
able to activatce transcription from both thyroglobu!lin and thyroperoxidase 
promoters. 
The Pax-8 gene, a member of the murine family of paired box containing genes 
(Pax genes), is ~xpressed in adult thyroid and in cultured thyroid celllines. We 
have shown that ·the Pax..S protein binds, through its paired domain, to the 
promoters of both thyroglobulin and thyroperoxida$e genes at a single site. 
Interestingly, in both promoters, the binding site of Pax..S shows a complete 
overlap with orlll of the TIF-1 binding si tes. Pax-8 activates transcription from both 
thyropcroxido.sq and thyroglobulin promoters, indicati.I).g that H may be involved 
in the establishment, control or maintenance of tqe thyroid differentiated 
phenotype. 
The cONA for the Thyroid Transcription Factor-2 (ITF-2b has recentl.y been cloned. 
The clone has been identified as TIF-2 on the basis of the following criteria: it is 
able to bind to the sequences on the thyroglobulin and thyroperoxidase promoters 
that had been previously described as binding site for a thyroid-specific factor 
named TIF-2; ibis tightly regulated at the transcriptioruU level by insulinas it has 
been described for the 1Tf-Z binding activity. In situ hybridization experiments 
have shown that TIF-2 is expressed very early durling mouse development 
suggesting that it could play a role in the commitment of the thyroid cell 
precursors of th.e embryo. Moreover its expression is re$tricted to the thyroid and 
to the anterior ~tuitary both during development and in.adult tissues. · 
At variance from ITP·1 and Pax-8 that are differently afft>cted upon transformation 
with a variety cif oncogenes, 1TF·2 is very sensitive td the action of oncogenes, 
being absent in all transformed thyroid celllines tested. 
The full length cloning of the cONA will allow to investigate its role in the 
thyroid specific expression of the thyroglobulin and thyroperoxidase promoters 
and hence in the establishment of the differentiated thyroid phenotype. 
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GHP-l ANO THK CONTROL O~ GH GENE 2XPRESSION ANO PITUITARY PBVELOPMENT, Michael Karin. Ph.R. 
Univ@rsity of California, San Di@go, Department of Pharmacology, School of Medicine, La 
Jolla, CA 92093-0636, and D@partment of Reproductive Medicine, School of Medicine, La Jolla, 
CA 92093-0674 . 

GHF-l (aka Pit-1) is a transcriptional activator that belonge te the POU eub-group of 
homeoproteins . GHF-1 io: o:pecifically expressed in c!!lls that be long te the 
eomato/mammotrophic lineage of the anterior pituitary wh@re it activates expression of the 
growth hormone (GH) and prolactin (PRL) genes. GHF-1 gene transcription is first detected in 
somatotropic progenitora within 24 hrs of the individualization of Rathke's pouch in the 
mouse. Due to tranelational delay in appearance of c:lHF-l protein, transcription of the target 
gene is detected only 2-3 days later . The Snell dwarf mouse strain carries a point mutation 
within the GHF-1 gene affecting a coneerved res1due in the homeodomain and reeulting in a 
protein with severely reduced DNA binding activity . Theee dwarf mice suffer from anterior 
pituitary hypoplasia due to the absence of eomatotropic e elle. A role for GHF-1 in 
proliferation of somatotropic cells was demonstrated by using antieense RNA . To study the 
control of GHF-1 transcription during development, the control region of the gene was fused 
to SV40 T antigen and introduced into the fertilizad mouse eggs. Transgenic mi ce that 
expressed this gene developed pituitary tumora that expresa low levele of GHF-l but no GH . 
Furt:her characterization of the tumor cells indicates that they might correepond te 
immortalized somat:otropic progenitors. Interestingly, the GHF-1 prometer in these cells is 
activated by a different constellation of transcription factors than in mature aH- or PRL­
expressing cell linea. In addition te GHF-l, the GHF-J gene encodee a second protein , GHF2 , 
with different regulatory properties . Recently we succeeded in inducing the differentiation 
of the GHF1-Tag immortalized calla by culturing them on extracellular matrix in the presence 
of FGF. This eyetem will be useful for diseecting the molecular events in GH and PRL gene 
activation as GHF-1 is not the eole activator of theee genes. 
RBFERENCBS: l. Sodner, M. and Karin, M. {1987) A pituitary specific trans-acting factor can 
etimulate tranecription of the growth hormone gene in extracte of non-expreesing cells. Cell 
áQ :267-275. 2 . Sodner, M. , Castrillo, J.L., Theill, L.E., Deerinck, T., Ellisman, M. and 
Karin, M. (1988) The pituitary specific tranecription factor GHF-1 ia a homeobox containing 
protein . Cell áá:SOS-519. 3. McCormick, A., Wu, D., Caserillo, J . L . , Rana, S., Strobl, J., 
Tho~pson, E. S. and Karin, M. (1989) Extinction of growth hormone expreaaion in somatic cell 
hybr1de involves suppression of the specific trans-activator, GHF-1. Cell ~:379-389 . 4. 
Theill, L. E . , caetr1llo. J.L ., wu, O. and Karin, M. (1989). Dissection of functional domains 
of the pituitary-apecific transcr1pt1on factor c:lHF-l. Nature ~ : 945-949 . S. Rollé, P . , 
Castrillo, J.L., Theill, L . E., Deerinck, T . . Ellisman, M. and Karin, M. (1990). Expression 
of GHF-l protein in developing mouse pituitar1es correlates both temporarily and spatially 
with the oneet of growth hermane gene activity. Cell 60 :909-920 . 6. McCormici< , A .. Brady, H., 
Theill, L. E., and Karin, M. (1990) . The Pituitary specific homeobox Gene GHF1. 1e regulated 
by cell-autonomous and environmental cues . Nature ~:829-832. 7. McCormick, A., Brady, H .. 
Fukushima, J. and Karin, M. (1991) . The pituitary specific regulatory gene, GHF1 , conta1ns 
a minimal cell-type epecific prometer centered around its TATA box . Genes Dev. 2 : 1490-1503. 
8 . Castrillo, J-L., Theill, L.E., and Karin , M. (1991) . Function of the homeodomain in 
protein c:lHF1 in pituitary cell proliferation . Science, ~:197-199. 9 . Theill, L . E., Hattori, 
K .. Lazzaro, D. , caetr11lo, J-L. and Karin, M. (1992) Differential splicing of the GHF-1 
primary transcript givee rise to two functionally distinct homeodomain proteins. EMBO J. 
ll:2261-22669. 10 . Lew, D. , Brady, H., Klaueing, K. , Yaginuma, K., Theill, L.E . , Stauber, C. , 
Karin, M. and Mellen, P.L. (1993) GHF-1-promotar-targeted immortalization of a somatotropic 
progenitor cell resulte in dwarfism in transgenic mice. Genes Dev. 1:683-693. 
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HORMONAL REGULA TION OFTHYROID-SPECIFIC TRANSCRIPI'ION FACTORS. 
Pj!ar Santjsteban. Instituto de Investigaciones Biom6dicas. Consejo S\lperior de 
Investigaciones Científicas. Arturo Duperier 14 , Madrid 28029 (Spain) 

The identification of the cis-regulatory elements and the tianSCription factor& mediating 
the hormonal regulation of gene expression has become one of the attractive field in the last 
few years. This, together with the fact that certain genes are tlanSCribed only in a determined 
cell type (1) make the thyroid cel!s an excellent model for both studies. Thyroid cells are 
specialized cells that express differentiated functions to synthesize and secrete thyroid 
hormones. Thyroperoxidase (TPO) is the primary enzyme involved in thyroid hormone 
biosynthesis by iodinating and coupling the tyrosine residues in Thyroglobulin (Tg) (2). The 
expression of TPO and Tg genes is restricted to thyroid cells since only in this cell type are 
present three thyroid-specific transcription factors TTF-1, TTF-2 and Pax-8. The three 
specific transcription factor& bind to both promoters (3-ó). 

In this work, it has been studied the molecular mechanisms involved in basal transcription 
and hormonal regulation of Tg and TPO genes. We have demonstrated that the pituitary 
honnone thyrotropin (TSH) through cAMP and insulin/IOF-1, stimulate 4 to 7 fold Tg and 
TPO mRNA levels (2). Tbis hormonal regulation takes place at the transcriptional leve!. 
Transient transfection experiments demonstrate that the minimal Tg and TPO promoters that 
confers thyroid-specific expression also confer responsiveness to TSH and IOF-1. We have 
found in both promoters the cis DNA sequences and the trans-acting proteins involved in the 
hormonal transcriptioual regulation. Two hormones responsive elements have been defined 
in both promoters th,at correspond to the binding si tes for the thyroid-specific transcription 
factor& TTF-1 and TTF-2. The mechanisrns involved in the action of both of them are very 
different. Electrophoretic mobility shift assays (EMSA) demonstrate that TTF-2/DNA 
complex is absent in nuclear extracts from cells depleted of hormones and is induced by 
TSH/cAMP and by insulin/IGF-1. This effect requires on going protein synthesis. 
Heterologous promoter constructs containiog four, eight or 12 tandem repeats of an 
oligonucleotide that incl\ldes the TTF-2 binding si te increase their activity in response to the 
hormones (7-8). However, that a high copy number of the TTF-2 binding si te is needed to 
work efficiently as a horrnone response element suggests a role for other transcription factors 
either TTF-1. Pax-8 andlor ubiquitous factors present in both promoters. Thls hypothesis is 
now uoder study in our 1aboratory trying to demonstrate a role for such transcription factor 
binding sites in the TPOffg promoters context and if these si tes affect the hormonal response 
of the TTF-2 binding si te. 

How TTF-1 works is much more complex, involving phosphorylation (9-10) as the main 
mechanism of regulating its activity. We have observed that the levels of TTF-1 
phosphorylation are lower in cells growth in the presence of hormones. This means that TTF-
1 is less phosphorylated in· the situation where the protein is more active. We have also 
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investigated the role of protein kinase A and C in TIF-1 activation/inactivation process. All 

these mecbanisms willlead toan equilibrium between inactive-phosphorylated and active­

dephosphorylated TIF-1. Studying Harvey-ras transfonned thyroid cells where TIF-1 is 

present but ínactive we have confi~ the importance of protein phosphorylation in this 

trnnscription factor activation. 

The role of TSH and IGF·l in thyroid cells is not only regulating Tg and TPO gene 

transcription, but also regulating thyroid cells proliferation (2). Since tbe thyroid transcription 

factors TTF-1 and Pax-8 are horneo- and paired-box containing genes respectively that are 

responsible for thyroid development and thyroid cell differentiation (10-11), we have 

investigated if such factors play a role in thyroid cell proliferation. The antisense 

oligonucleotide strategy was used to clarify this point. Treatment of quiescent thyroid cells 

with TTF-1 or Pax:-8 antisense oligonucleotides caused a significan! reduction in TSH and 

IGF-1-stimulated cell proliferation, measured as DNA synthesis and cell number. The same 

result was obtained with forskolin indicating that the TTF-1 or Pax-8 role mediating TSH 

growth effect occurs throughout the cAMP pathway. The effect was higher with TTF-1, since 

the blockage of this factor caused a 65% decrease in cell proliferation compared to the 

control. Pax-8 blocking only Jeads to a 30% decrease. The blocking of both thyroid 

transcription factors together did not result in an additive effect These data provide direct 

evidence that both horneo and paired box gene expression is essential for thyroíd cell 

prolíferation, with each one possibly playing a different regulatory role. 

REFERENCES 
l. Mitchell P.J. and Tjian R (1989) Scumce, 245,371-378. 
2. Santisteban, P., Kohn, L D., and Di Lauro, R (1986) J. Biol. Chem. 262,4048-4052 
3. Civitareale, D., R Lonigro, A. Sinclair, and R Di Lauro. 1989. EMBO J . 8, 2537-2542. 
4. Guazzi, S., M. Price, M. De Felice, G. Damante, M.O. Mattei, and R. Di Lauro. (1990) 
FMBO J. 9, 3631-3639. 
5. Francis-Lang, H., M. Price, M. Polycarpou-Schwarz, and R Di Lauro. (1992). Mol. Cell. 
Bwl. 12,576-588 
6. ZaMini, M., H. Francis-Lang, D. Plachov, and R. Di Lauro.{l992) Mol. Cell. Bwl. 12, 
4230-4241 
7. Santisteban, P. Acebrón, A., Polycarpou-Schwarz, M., and Di Lauro, R. {1992) Mol. 
Endocrino/. 6, 1310-1317. 
8. Aza-Blanc, P., Di Lauro, R., and Santisteban, P. (1993) Mol. Endocrinol. 7, 1297-1306 
9. Jackson S.P. (1993) Trends Cell Biol. 2, 104-108 
10. Witters L. A. (1990) Curre1zt Opinion Cell Biol. 2, 212-220. 
11 . La.zzaro, D., M. Price, M. De Felice, and R Di Lauro.(1991). Development. 113,1093· 
1104 
12. Plachov, D., K. Chowdhury, C. Walther, D. Simon, J. L. Guenet, and P. Gruss. (1990) 
Develcpment. 110,643-651 



Instituto Juan March (Madrid)

SECOND SESSION 

Chairperson: Miguel Beato 



Instituto Juan March (Madrid)

21 

TRANSCRIPTIONAL REGULATION OF PLACENTAL-SPECIFIC GENES 

V.Vila, O.Jiménez, A.Güell, M.de la Hoya, J.Echave, J.Cosano and J.L.Castrillo* 

Centro de Biología Molecular "Severo Ochoa". Univ. Autónoma de Madrid . 
Cantoblanco. Madrid-28049. 

The human growth hermane gene fami ly includes three members of 
physiological and clinical importance: Growth hermane (GH) , Prolactin (PRL) 
and Placenta! lactogen (PL). also callad chorionic somatomammotropin . The 
individual members of the human growth hermane gene fam ily have been 
isolated and the ir complete nucleotide sequences determinad (1 ). lt has been 
shown that the five closely relatad genes coding for GH and PL are clustered 
with in a 66 Kb reg ían located on chromosome 17 (17q22-24) : The Human GH 
Locus (2) . The gene arder is: HGH-N, HPL-1 , HPL-4, HGH-V and HPL-3. Th is 
clustering and the degree of sequence homology of these genes indicate a 
recent evolutionary origin , probably by gene amplification (1,3) . 

While the GH-N and PRL genes are expressed in two relatad cell types of 
the anterior pituitary, the somatotrophs and lactotrophs, the PL genes are 
expressed in the completely unrelated placenta! syncytiotrophoblast. What is 
even more unique for the GH family is that the two more divergent genes, GH-N 
and PRL, are both expressed in the anterior pituitary , while the si tes of 
expression of the closely relatad genes, GH-N and Pls are not similar at all. 
Th is is particularly intriguing considering that the GH-N and Pls genes are 95% 
homologous in the first 650 bp of their promoters. 

We are interested in the study of: (1 )cis elements responsible for the 
tissue-specific expression of the GH-N gene in the anterior pituitary , and Pls 
genes in placenta. And (2) the recognition of these elements by trans -act ing 
DNA-binding proteins specifically presents in pituitary and placenta tissues . 

The human GH Locus presents a unique model to investigate the molecular 
mechanisms by which a cluster of recently evolved and thus closely relatad 
genes has become specialized to express relatad hormones in two distinct 
t issues .· 
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Phosphorylation as a clue for activation of the tissue 
specific transcription factor PU.l 

Antonio Celada 

Department of Physiology (Immunology), School of Biology, University of 
Barcelona 

PU . l is a tissue-specific transcription factor expressed in 
macrophages, granulocy tes and B lymphocytes (l ). PU .1 binds to a 
purine-rich requence that contains a central core with the sequence 5'­
GGAA-3 '. The DNA binding domain , which is located near the carboxy 
terrn.inus is homologous to the ers family of DN A binding proteins . 

PU .1 migrated with an apparent molecular weight of 43.5 kD, with 
minar amounts of 44 .5 and 38 kD species. Analysis of the phosphoamino 
acid content of tbe three species indicated that they were all 
phosphorylated , exclusively on serine residues. PU .1 pro te in synthesized 
in bacteria could be phosphorylated in vitro on serines by the protein 
serine/threonine, casein kinase II (CKII). Predicted CKII target sites in 
PU .l were mutated and the altered protein was expressed in mammalian 
cells. Mutation at the sites, none of which lies in the DNA binding domain 
of the protein, had no effect on the ability of the protein to bind to DNA 
(2) . 

PU. 1 recruits the bind of a second B cell-restricted nuclear factor . 
NF-EM5 to a DNA site in the imrnunoglobulin K 3'enhancer. Binding of 
NF-EM5 to the DNA requires a protein-protein interaction with PU.1 and 
specific DNA contacts . The protein-protein interaction is mediated 
through a 43 aminoacid region with PEST sequence homology . 
Phosphorylation of serine 148 (Ser 148) is required for protein-protein 
interaction . Expression of ' the wild type PU.1 increased nearly six fold the 
expression of a reporter construct containing the PU .1 and NF-EM5 
binding sites , whereas the Ser148 mutant forms only weakly activate 
transcription (3). 

Macrophages transfected with a vector containing PU. l showed an 
enhancement of M-CSF dependent proliferation ( 4 ). However, a reduced 
macrophage proliferation was found when antisense PU .1 or the binding 
si te of PU .1 were transfected . The deletion of the PEST sequence of the 
PU.l protein does not affect the raise of proliferation. However, serines 
at positions 41 and 45 are critica! for macrophage proliferation. 

We conclude that depending of the genes or the tissues , different 
areas of the PU .1 protein or different phosphorylation si tes are required 
to induce transcription activation. 
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CIEBPB-DEFICIENT MICE PRESENT SPECIFIC DEFECfS IN TIIE MYELOID AND 
LYMPHOID COMPARTMENTS. 

Valeria Poli, IRBM P.Angeletti, Vía Pontina Km. 30.6 Pornezia (Rorne) Italy 

Transcriptional activators and repressors of the C/EBP farnily constitute 
a large group of nuclear proteins that play irnportant roles as regulators 
of cell proliferation and differentiation, and as rnediators of intracellular 
signalling frorn extracellular stirnul i. All C!EBP proteins show a high degree 
of hornology in the carboxy-terrninal basic and leucine zipper dornains, 
responsible for DNA binding and dimerization. Homology does not extend 
to the arnino-terrninal portion of the protein, which confers specific trans­
activating properties . Each polypeptide can forrn both horno- and hetero­
dirners with the other farnily rnernbers. 

C/EBPB (previously referred to as IL-6DBP for IL-6 Dependent DNA 
Binding Protein, or as NF-IL-6 for Nuclear Factor IL-6) was originally 
identified as an irnportant cornponent of the Interleukin 6 (IL-6) 
signalling pathway: its trans-activating potential is enhanced by IL-6 in 
transfected hepatorna cells, where it acts as an inducer of acute phase 
response genes (Poli et al ., 1990), and its binding to the IL-6 gene prornoter 
is thought to be required for transcriptional induction by IL-1/IL-6 (Akira 
et al., 1990) . Subsequent studies demonstrated that C/EBPB can also be 
activated by IL-1 and TNFa, and pointed to severa! other potential 
functions of this factor, including transcriptional regulation of cytokine 
genes other than IL-6 (IL-lB, TNFa and G-CSF), and regulation of the 
differentiation of B cell and rnyeloid cell lineages. C/EBPB rnRNA was 
shown to generate two proteins with opposite functions, a longer forrn 
acting as trans-activator and a shorter forrn narned LIP (Liver Inhibitory 
Protein) (Descornbes and Schibler, 1991), which does not have a trans ­
activating dornain and is believed to act as a repressor of all C/EBP factors 
acti vi ty . 

The differential and rnodulated expression of the various C/EBP genes 
and the cornplexity of the C/EBP network does not allow the clear 
distinction between unique and redundant functions . In an effort towards 
the .clarification of this issue, we generated mice in which the C/EBPB gene 
was inactivated by gene targeting. 

The analysis of the acute phase response in the C/EBPB-/- rnice revealed 
defect s in the late phases of indu ction (Poli et al., manuscript in 
preparation), showing that the major role of this factor in the control of 
acute phase genes transcriptional act ivation is to rnaintain the induction. 

Strikingly, with age the C/EBPB-/- rnice develop a pathology similar to 
rnice over-expressing IL-6 and nearly identical to multicentric Castlernan's 
disease in human patients, with marked splenornegaly, peripheral 
lyrnphoadenopathy and enhanced hemopoiesi s (Screpanti et al. , 1995) . 
Interestingly, C!EBPB-/- rnice show an age-related increase in IL-6 levels, 
suggesting that this factor is not required for IL-6 transcription . Humoral, 
innate and cellular irnrnunity are profoundly distorted. Nitric O xide (NO) 
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as well as IL-12 production by macrophages are defective, and the mutant 

mice show an increased susceptibility to Candida albicans infection, most 

probably due to an altered T helper function, and characterized by 

development of a non protective Th2 response instead of the protective 

Th 1 response showed by the controL: m ice. These data show that C/EBP~ is 

crucial for the correct functional regulation and homeostatic control of 

hemopoietic and lymphoid compartments, and reveal a previously 

unsuspected role in the regulation of the T helper response. 
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ANAL YSIS OF THE PROMOTER REGION OF THE M O USE NGF RECEPTOR GENE. TRKA 
Dionisio Martín Zanca. Juana G. de Diego•. and Maria P. Sacristán. 
Instituto de Microbiologra Bioqufmica CSIC/Dpto. Microbiologra y Genética y •opto. de 
Bioqufmica. Universidad de Salamanca. Salamanca. Spain. 

The trk gene family encodes high affinity tyrosine kinase receptors for the nerve growth 
factor family of neurotrophins. The different neurotrophins are responsible for the survival, 
differentiation and maintenance of specific populations of neurons in the developping and 
adult nervous system. trkA gene expression is restricted toa subset of neural crest-derived 
sensory neurons of the trigeminal, superior, jugular and dorsal root ganglia (DRG). trkA is 
also expressed in sympathetic neurons. In ·the CNS it is expressed only in cholinergic 
neurons of the basal forebrain. Thus. trkA expressing neurons closely match those that are 
dependent on NGF for survival and differentiation in vivo. Recent "knock-out" experiments 
have shown that trkA is essential for the survival of those neurons during embryonic 
development. trkA gene expression marks specific groups of neurons for survival in 
response to NGF. this factor rescues them from death during development and induces 
their differentiation and mantains their functional phenotypein the adult. trkA expression 
may be part of a developmental program or may actively contribute to define it. In either 
case, understanding the mechanisms that control trkA expression will help define, at the 
molecular leve!, sorne of the events leading to the adquisition of a specific neuronal 
phenotype. 
Our goal is to disect the trkA prometer to identify the regulatory sequences acting in cis, 

as well as the transcription factors acting in trans which are responsible for the exquisita 
pattern of trkA expression in vivo. Detailed analysis of the 5' region of the mouse trkA 

gene, including nucleotide sequencing of 4.5 Kbp around the first exon, followed by 
Southern blot analysis of genomic DNA, has allowed us to identify a CpG island around 
the trkA first coding exon. By primer extension and 51 nuclease protection analysis, using 
RNA from mouse embryo DRGs (E12) , we have mapped the trkA transcription start site 
70 nucleotides upstream of the ATG translation initiation codon. 
A series of transcriptional fusions beetwen trkA and reportar genes have been generated 
and used in transient transfection assays on cells that express trkA (PC-12, N2A, SY5Y) 
as well as in others which do not express it (NIH3T3) . These experiments have allowed 
us to define a 700 bp fragment 5' to the ATG of trkA which shows promoter activity in 
cells of neuronal type and not in fibroblasts . Primer extension analysis using RNA from 
PC 1 2 transfected with trkA-IacZ fusions indicates faithful initiation of transcription in those 
ce lis . Thus, a relatively short fragement of the 5' region of trkA contains the prometer and 
some.regulatory sequences capable of directing its transcription to cells of neuronal type. 
Detailed analysis of this region is in progress, in our laboratory. 
Finally, nucleotide sequence analysis of the 5' region of mouse trkA revealed the close 
presence of another gene, which is transcribed in the opposite direction, and whose 
trascription start site, as described in rat. is only 1,600 bp from that of trkA. This gene 
encodes a receptor tyrosine kinase very similar to the insulin receptor, called IRR (insulin 
receptor-relatad receptor) and whose ligand is unknown. IRR expression pattern during 
embryonic development is essentially identical to that of trkA. This fact, together with the 
proximity beetwen trkA an IRR, suggest that both genes could share a bidirectional 
prometer or, alternatively, that they may use different promoters with sorne common 
regulatory sequences. We are using dual reportar constructs to analyze both possibilities. 

This work was supported by a Grant from the Spanish Ministery of Science and Education 
(DGICYT, Ref. PM91-0005) . 
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Transcriptional hierarchy in Xenopus embryogenesis: HNF4 a maternal factor 

involved in the developmental activation of the gene encoding the tissue 

specific transcription factor LFB1 (HNF1) 

Beatrix Holewa, Elke Pogge v. Strandmann, Dirk Zapp and Gemart U. Ryffel 
.. 

Universitlltsklinikum Essen, lnstitut für Zellbiologie (Tumorforschung), 

Hufelandstra~e 55, D-45122 Essen 

The tissue specific transcription factor LFB1 (HNF1) is expressed in vertebrate liver, 

kidney, stomach and gut. During Xenopus development LFB1 gets transcriptionally 

activated shortly after midblastula transition, when zygotic transcription starts 

suggesting a role in early development. In tailbud stage Xenopus embryos LFB1 is 

expressed in pronephros, liver and gut paralleling the expression in the adult . 

By microinjection into fertilized Xenopus eggs a 387 bp LFB1 prometer fragment is 

sufficient to be activated in the middle part of developing larvae reflecting the 

expression pattern of the endogenous LFB1 gene. Mutational analysis of this 

Xenopus LFB1 prometer fragment showed that the LFB1 and HNF4 binding sites are 

essential for proper embryonic regulation of the gene. By injecting synthetic HNF4 

mRNA into fertilzed Xenopus eggs, we induced ectopic activation of the endogenous 

LFB1 gene, revealing a transcriptional hierarchy between HNF4 and LFB1 during 

embryogenesis. To analyze whether HNF4, a member of the steroid receptor 

superfamily is present at the correct time and place to be the endogenous LFB1 

inducer in early development, we cloned the Xenopus HNF4 homolog. We detected 

low leve! of HNF4 mRNA from early gastrula onwards anda dramatic increase in the 

amount of the mRNA during the transition between late neurula and tailbud stage 

when pronephros differentiation occurs. In hatched larvae HNF4 mRNA could be 

localized in pronephros, liver and gut paralleling the expression of LFB1 . Since on 

the RNA leve! HNF4 expression seems not to precede LFB1 activation, we analyzed 

embryonic HNF4 protein accumulation. HNF4 protein could be detected as a 

maternal component from the egg stage onward throughout early development. 

Thus, HNF4 qualifies as the natural embryonic inducer of LFB1 . Since the HNF4 

protein is localized within an animal to vegetal gradient in early cleavage stage 

embryos we assume, that this gradient contributes to a regional expression of 

specific genes including LFB1 and plays a significan! role in the differentiation of 

different cell fates during early development. 
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HEPATOCYTE NUCLEAR FACTOR 1 (HNFI) INACTIVATION RESULTS IN 
PHENYLKETONURIA AND RENAL FANCONI SYNDROME. 
M. Pontogliol , J. Barra2, M. Hadchouei3, A. Doyenl, C. Babinet2 and M. Yan ivl 
(!) Unité des Virus Oncogenes and (2) Unité de Génétique des Mammireres, Institut 
Pasteur, Paris. (3) Unité INSERM 347, Hopital , Le Kremlin-Bicetre. 

HNFI (Hepatocyte Nuclear Factor 1) is a liver enriched variant homeoprotein that binds 

and transactivates the promoters of a large se t of hepatic genes like albumin , a. -1 

antitrypsin, P-fibrinogen etc (1 ,2). To study its function we inactivated the gene by 

replacing the first exon, with a ~ -galac tosidase cassette. Two independent embryonic 

stem cell clones with this targeted mutation colonized the germ line of severa! mice. 

Heterozygotes were normal and the detection of the ~-g a l actosida s e ac tivity revealed 

expression in liver, renal proximal tubules, pancreas, stomach and intestine. Inter-crosses 

between heterozygotes produced homozygous pups with roughly the expected ratio 

showing that HNFI deficiency is not embryonic lethal. However postnatal development 

was strongly perturbed. Airead y by the first week of life homozygote s showed a marked 

decreased growth rate. Homozygotes life-span averaged less than 30 days and more than 

75% died between days 20 and 40, after a progressive wasting syndrome. Homozygotes 

showed a dras tic liver enlargement associated with hyperphenylalaninemia, 

hypercholesterolemia and higher hydroxyproline plasma levels. Surprisingly, hepatic 

albumin mRNA accumulated at the same levels in wild type, heterozygotes and 

homozygotes. However nuclear run on assays revealed that the transcription rate of 

albumin was reduced severa! fold in the homozygotes, indicating that a post­

transcriptional stabilisation of the messenger could compensare for the reduced 

transcription rate. The decreased or even normal rate of many HNFI target genes m ay be 

explained by the upregulation of vHNFI (HNFI ~). a closely related gene that shares 

similar expression pattern and identical DNA binding specificity . The only hepatic 

transcriptional defect so far identified involves the phenylalanine hydroxylase gene which 

was the cause of the hyperphenylalaninemia observed in the homozygotes. In addition to 

liver dysfunction, we observed asevere defect in the reabsorption process in the kidney 

proximal tu bu les of the homozygous animals (Fanconi syndrome). This results in strong 

glucose and amino acids wasting that in turn causes a marked polyuria. Homozygotes 

loose up to 1.3 gr of urinary glucose per da y and produce an amount of urine that in 

sorne cases is 85% of their body weight per da y. This urinary glucose loss, which is not 

completely compensated by the actual polyphagic behaviour of the animals, could explain 

the growth defect, the wasting syndrome and the mortality of the homozygotes (3). 

1- F. Tronche and M. Yaniv. HNFI a homeoprotein member of the hepatic transcription 
regulatory network. BioEssays, 1992, 9, 1-9. 

2- F. Tronche and M. Yaniv (eds). Liver Gene Expression. R.G. Landes Company. 
Biomedical Publishers. Austin, Texas, USA (1994). 

3- M. Pontoglio, J. Barra, M. Hadchouel, A. Doyen, C. Kress, J. Poggi Bach, C. 
Babinet and M. Yaniv. Hepatocyte Nuclear Factor 1 (HNFI) inactivation results in 
hepatic dysfunction, phenylketonuria and renal Fanconi syndrome. (submitted) 
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Mechanism of Gene Activation at the Beginning of Llver Development 

Ken Zaret, Pascale !3ossard, and Clifton McPherson 

Department ofMo1ecular Biology, Cell Biology, and Biochemistry 
Brown University, Providence, Rhode Island, 02912 USA 

Transcriptional enhancers actívate genes in a cell-specific manner by binding 
particular combinations of tissue-enriched and ubiquitous regu1atory proteins. Many 
studies have shown that protein-protein interactions are necessary for enhancer activíty, 
yet litt1e is known about the higher-order structures created by the mu1titude of factors that 
typically bind enhancer elernents. We are interested in how nucleoprotein structures fonn 
at enhancers in the context of chromatin, in the importance of such higher-order structures 
for transcription, and in how the structures are assembled in a deve1opmental context. 

As a model system, we are investigating an enhancer that exists 1 O kb upstream of 
the serum albumin gene. The albumin enhancer confers liver-specific activation of a 
reporter gene in transgenic mice and in transfected hepatic cell lines, similar to the high 
specificity of expression of the endogenous albumin gene in hepatocytes. Studies of the 
albumin enhancer in mouse tissues revealed the surprising fmding that the enhanc.er is 
organized into a short array ofthree precisely .J?Ositioned nucleosomes, or nucleosome-like 
particles, only in the liver, where the enhancer 1s active. The ~articles were designated N 1, 
N2, and N3, and span a host of essential transcription factor bmding sites. Furthennore, in 
vivo footprinting studies showed that the factor binding sites are occupied in the liver and 
map to the positions ofthe Nl-N3 particles, not the linker sequences between the particles. 
In non-liver tissues where no factors bind the enhancer, nucleosomes are not 
translationally positioned over the sequences. Detailed nuclease mapping studies in liver 
suggest that N2 is a convcmtional nuc1eosome with factors bound to its surface and 3' edge, 
whereas Nl either contains factors bound toa disrupted nucleosome or it consists solely of 
an aggregate of factors bound to DNA. We suggest that similar higher-order structures 
could exist at other tissue-specific enhancers. 

'Understanding the steps involved in assembling the Nl-N3 particles in liver 
development will help us reconstitute the particles in vitro, with the ultimate goal of 
testing the relationship between higher-order structure and function of the enhancer. To 
this end, we have used in vivo footprinting to determine the time at which different 
enhancer-binding factors first occupy their sites in the NI region in hepatic ontogeny. The 
results were unanticipated. HNF3 is the first known liver transcription factor to be 
expressed in the Iineage, and it weakly binds one of its two sites on the alburnin enhancer 
in gut endoderm, which is th.e precursor to the Iiver. In vitro binding studies show that this 
site, designated eG, binds HNF3 with about 1.5 fold greater affinity than the other HNF3 
site, eH, 20 bp away. HNF3 is homologous to the Drosophíla fork head protein, which 
controls gut development in the fly; both proteins contain the "winged helix" DNA binding 
domain and function as monomers. In the hepatic prímordia at 9.5 days gestation in the 
mouse, both the eG and eH HNF3 sítes are occupied as well as sites that bind an 
uncharacterized factor designated eF, whlch is present in adult liver, anda new factor, e Y, 
which appears specific to the embryo liver. After the liver is formed, at 12.5 days 
gestation, HNF3 no longer binds the eH site and the eF site is no longer occupied, and NFl 
now binds at eH. In the adult liver, the eY factor is gone whereas the eF site and the 
HNF3 si te at eH are re-occupied, along with HNF3 at eG and NF 1 at eH. In sum, in liver 
development factors bind the albumin enhancer, sorne are released, new factors bind, and 
then the released factors re-bind. We believe that this "scquential remodeling" strategy 
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may be necessary to create the specific nucleoprotein architecture that defines the active 
NI particle ofthe enhancer. We anticípate that sequential remodeling may occur at other 
complex regulatory sequences. 

Using the knowledge of the developmental order of factor binding, we are now 
trying to reconstitute the albumin Nl particle in vitro. Because factors normally bind the 
gene in a chromatin context, we are usi~ different nucleosomal templates that span the 
NI sequence. Mononucleosomc core particles have been reconstituted in vitro using core 
histone proteins purified from liver. Various mapping techniqucs show that the enhancer 
DNA has sorne intrinsic ability to position nucleosomes translationally. However, 
positioning of a nucleosome at N1 is not dorninant in polynucleosome arrays in the 
absence of HNF3-type binding factors. Thus we conclude that positioning ofN 1 in liver is 
probably due to a combination of instrinsic sequence preference of the DNA and specific 
binding proteins. Purified HNF3 DNA binding domain is capable of binding nucleosome 
cores with an affmity about 10-fold lower than that for free DNA, which is still much 
higher than that seen for other nucleosome-binding protcins. Upon HNF3 binding, 
changes in nuclease sensitivity can be detected between thc HNF3 sites on the nucleosome, 
suggesting structural perturbation. We are currently investigating how the binding of 
HNF3 to a nucleosome may potentiate the binding of other factors that appear later in 
development. 
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Functional analysis of transcription factor AP-1 in m ice. 
Erwin F. Wagner et al. Research lnstitute of Molecular Pathology (IMP), Dr. Bohr­
Gasse 7, A-1 030 Vienna, Austria 

Embryonic stem (ES) cells and transgenic mice are being used to investigate the 
functlon of AP-1 (tos and jun) through ectopic expression during development or 
following gene inactivation in mice. Overexpression of e-tos reproducibly leads to 
the development of osteogenic tumors 1 whereas c-jun transgenic mice exhibit no 
apparent phenotype. In contrast, the inactivation of c-jun leads to embryonic 
lethality, implying an important function of c-jun durlng mouse development2. 
Various strategies to define the molecular defects including rescue experiments 
with transgenes will be described. 
M ice lacking e-tos are viable but develop the bone disease osteopetrosis which is 
characterized by deficiencias in bone remodelling and hematopoiesis3.4. Analysis 
of different bone cell types indicated that while osteoblasts are apparently 
unaffected osteoclasts are not formed in the absence of c-fos.5 The role of c-Fos in 
osteoclast differentiation and its possible involvement as a key regulator of 
osteoolast/ macrophage lineage determination will be discussed. 

1. Grigoriadis, A. E. et al. (1993) JCB 122, 685-701 . 
2. Hilberg, F. et al. (1993) Nature 365, 179-181 . 
3. Wang, Z.-0. et al. (1992) Nature 360,741-744. 
4. Okada, S. et al. (1994) MCB14, 382-390. 
5. Grigoriadis, A. et al. (1994) Science 266, 443-448. 
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LEUCINE ZIPPER PROTEINS IN CIRCADIAN GENE EXPRESSION 

Ueli Schibler, Vincent Ossipow, Philippe Fonjallaz, Luis ~opez-Molina, Dan 
Lavery, Ed Schmidt, Eileen Falvey, and Franc;:ois Conquet o Departement of 
~olecular Biology, University of Geneva. 

Glaxo Molecular Biology lnstitute, Geneva. 

DBP (1). TEF (2). and HLF42 and HLF36 (3,4,5) are tour highly related basic 
region-leucine zipper (bZip) proteins with identical in vitro DNA-binding 
specificity o The consensus recognition sequence for these so-called PAR 
(proline-acidic amino acid-rich) bZip proteins has been identified as 
RTTA{T/C)GTAAY (5)0 This sequence is also avidly bound by members of the 
C/EBP transcription factor family, whose basic regions share considerable 
sequence similarity with the DNA-binding domains of PAR proteins o However, 
C/EBP proteins are much more promiscuous with regard to their DNA cognate 
sites and occupy many sequences that are not recognized by PAR proteins o A 
single V to A amino acid substitution within the basic region of C/EBP 
approaches its DNA sequence specificity to the one observed with PAR proteins 
(5) . 

All tour PAR family members accumulate in rat liver nuclei 
according to a circadian rhythm with daily amplitudes of 160 for DBP (6, 7), 
about 50 for TEF (7) and HLF 42, and about 3 for HLF36 (8) . DBP and HLF may 
be involved in the regulation of cholesterol homeostasis by controlling circadian 
expression of cholesterol la hydroxylase, the rate limiting enzyme for the 
synthesis of bile acids (7,9). 

The DBP activation domains have been delineated by a set of 
nested deletions, and by transplantation of various DBP peptide segments onto 
the DNA binding domain of the yeast transcriptional activator GAL4o In the 
context of the DBP protein, two adjacent DBP peptide regions, one enriched in 
the amino acids E and D, and the other in SP motifs, are required for efficient 
trans-activation of all examined promoterso Stimulation of transcription from the 
albumin promoter requires an additional N-terminal DBP region, rich in basic and 
acidic amino acids . Thus, DBP appears to contain both general and promoter­
specific activation domainso lnterestingly, in the context of GAL4-DBP fusion 
proteins, only an about 30 amino acid peptide encompassing the acidic 
activation domain is neccessary for efficient target gene activation o This minimal 
activation domain shares significan! sequence identity between the tour 
members ot the PAR familyo By using a GST-pulldown approach we found a 
chromatin-associated serine protein kinase that binds to this conserved peptide 
segment. This serine protein kinase exhibits high phosphorylation activity for 
the C-terminal domain ot the largest RNA polymerase 11 subunit (CTD). 
Mutations in DBP that reduce the affinity for this CTD kinase activity also 
interfere with transcription activation . The possible signiticance of these 
findings for transcription activation will be discussed. 

In spite of their identical in vitro DNA binding specificity, and their 
highly conserved activation domain, not all PAR proteins are functionally 
redundant . TEF, and HLF36, while capable of activating transcription efficiently 
from the albumin promoter, are unable ot enhancing transcription from the 
cholesterol la promotero Conversely, DBP and HLF42 are more potent 
stimulators of the the cholesterol 7a promoter tban of the albumin promotero 
Unexpectedly, subtle differences in the bZip regions, rather than divergent N­
terminal peptide sequences appear to account tor the different promoter 
preferences od DBP and TEF (7)0 In contrast, in the case of the two HLF 
proteins, 49 N-terminal amino acids that are present in HLF42 but absent from 
HLF36 appear to be responsible for their different target promoter specificity 
{8) 0 

Recently, we established two mouse lines with different DBP 
mutant alleles. Homozygous DBP-/- mutant animals of both transgenic lines are 
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viable and fertile, but show subtle differences in circadian metabolism and 
behavior. In one mutant allele, the entire coding region of DBP was replaced 
with a bacteria! lacZ gene driven by the DBP promoter. This allowed the 
relatively easy identification of individual cells (putatively) expressing DBP. In 9 
to 14 day embryos, x-gal staining is: observed in most if not all sensory ganglia, 
and in the adult brain, it is present in parts of the hippocampus and in 
subregions of the cortex that are responsible for the processing of sensory 
information. lt is thus conceivable, that DBP is a transcriptional regulator of 
genes involved in sensory processing . 

REFERENCES 

1. Mueller C.R. et al. (1990) Cell 61 :279 

2 . Drolet D. W . et al. (1991) Genes & Dev . 5 :1739 

3. Hunger, S.P. et al. (1992) Genes & Dev. 6:1608 

4 . lnaba , T. et al. (1992) Science 257 :531 

5 . Falvey E., et al. (1995a) submitted 

6 . Wuarin , J . et al (1990) Cell 63:1257 

7. Fonjallaz , P. and Schibler, U. ( 1995) submitted 

8 . Falvey E., et al. (1995b) submitted 

9 . Lavery, D.J . and Schibler, U. (1993) Genes & Dev . 7 :1871 

10. Ossipow V. and Schibler, U. (1995) in preparation 

For review on PAR proteins see: Lavery, D.J . and Schibler, U. (1994) DBP and 
related transcription factors of the PAR family . In "Liver Gene Expression", F. 
Tronche and M . Yaniv, eds . R.G. Landes Company 
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Transcriptional Control of Muscle Gene Expression. 

Eric N. Olson, Department of Biochemistry and Molecular Biology, The University of Texas 

M. D. Anderson Cancer Center, Houston, Texas USA 

Skeletal muscle in vertebrate embryos is derived from mesodermal progenitors in the somites 

which become committed to the myogenic lineage and subsequently express muscle-specific 

genes. The muscle-specific bHLH protein myogenin acts as a genetic switch to activate skeletal 

muscle-specific gene expression during mouse embryogenesis. Transcriptional activation of the 

myogenin gene is dependent on the MEF2 family of MADS box proteins, which bind to the 

myogenin promoter. Four MEF2 genes, designated MEF2A-D, have been cloned in mice and 

their products bind as horno- or heterodimers to an A+ T -rich DNA sequence in the control 

regions of numerous muscle-specific genes. During mouse embryogenesis, MEF2 genes are 

expressed in myogenic progenitors of the three muscle lineages, suggesting that MEF2 factors 

may control aspects of the myogenic program common to these lineages. To further define the 

role of MEF2 within the genetic pathway leading to myogenesis, we have cloned a homolog of 

MEF2, referred to as D-MEF2, from Drosophila. D-MEF2 expression is first detected within 

uncommitted mesoderm prior to formation of the somatic, visceral, and cardiac muscle lineages. 

During late gastrulation and germ band extension, the expression pattem of D-MEF2 is similar 

to that of twist, which regulates mesoderm formation, and precedes expression of the myogenic 

bHLH gene nautilus. Expression ofD-MEF2 is dependent on the mesodermal determinants rwist 

and snail but independent of the homeobox-containing gene tinman, which is required for 

visceral muscle and heart development. Embryos homozygous for a D-mef2 null allele fail to 

express muscle structural genes in somatic, cardiac, or visceral muscle, but they contain 

precursors of these lineages that are normally positioned and specified . Together, these studies 

·reveal an essential role for the MEF2 family in the establishment of the three muscle cell types, 

skeletal, cardiac, and smooth muscle, and they suggest that the genetic pathways that specify 

these celllineages are highly conserved from Drosophila to mammals . 
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The regulatory network of transcription factors controlling skeletal muse le development 

in vertebrales. H. Amold and T. Braun, Department of Cell and Molecular Biology, University 

of Braunschweig, Spielmannstr. 7, 38106 Braunschweig, F.R.G. 

The roles of myogenic regulatory genes d,,uring mouse development have been studied in 

mouse knock-out models. Animals carrying a MyoD null mutation are viable and have no 

obvious defects in skeletal myogenesis. Similarly, mice lacking the Myf-5 gene also develop 

normal skeletal musculature, however, this mutation results in perinatal death owing to a 

severe defect in rib formation. Double mutants lacking both the Myf-5 and MyoD genes fail to 

form any skeletal muscle and myogenic precursor cells. Taken together, these observations 

suggested that Myf-5 and MyoD are independently capable of specifying muscle development 

due lo overlapping or partially redundan! functions. lndeed, in Myf-5 mutan! mice skeletal 

muscle development is considerably delayed but resumes when MyoD begins to be 

expressed. 

To study the mechanism by which MyoD can rescue the muscle defect in Myf-5 knock-out 

mice, we targeted one Myf-5 allele in Es cells with the HSV TK gene which allows selective 

ablation of Myf-5 expressing cells with nucleotide analogues, such as FIAU. Despite complete 

elimination of Myf-5 positive cells from embryoid bodies, MyoD expressing cells appear and 

readily differentiate into myotubes. We also targeted the second Myf-5 allele with the LacZ 

gene to obtain Myf-5 null cells which can be traced by ~ - Gal staining . Upon ES cell differ­

entiation one finds activation of the Myf-5 locus and MyoD expression in difieren! cells but both 

genes are never active within !he same cell. These results indicate that Myf-5 and MyoD are 

expressed in distinct mesenchymal stem cells and each gene determines a difieren! skeletal 

muscle cell lineage This vi.ew is consisten! with the observation that MyoD - and Myf-5 

positive cells are found in separate and distinct muscle regions in mouse embryos. 

In contras! to MyoD, myogenin and Myf-6 funclions do not overlap with Myf-5. A factual double 

mutan! lacking Myf-6 and Myf-5 develops essentially normal muscle, although deep back 

muscles appear reduced in size and few genes encoding isoforms for contractile proteins are 

slightly down-regulated. Thus, myogenesis can be maintained in the absence of two of the tour 

myogenic regulatory genes when functional complementalion by the two remaining genes is 

ensured. 

The rib phenotype in Myf-5 minus mice is not a cell-autonomous defect as Myf-5 is not 

expressed in sclerotomal cells. FGF4 and FGF6 emenating from the early myotome are 

possible signals which may altee! sclerotomal development. Both growth factors are not 

expressed in Myf-5 knock-out mutants. Somite cultures respond to FGF4 and FGF6 together 

with TGF~ with enhanced chondrogenesis. These observations suggest that development or 

maintenance of part of !he sclerotome may be dependen! on FGF4 and 1 or FGF6. 
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MOLECULAR GENETIC ANAL YSIS OF cAMP AND GLUCOCORTICOID SIGNALING IN 

DEVELOPME!\t'f AND PHYSIOLOGICAL Al'IL> PATHOLOGICAL PROCESSES 

Gümher Schütz, German Cancer Research Center, Department of Molecular 

Biology of the Cell I, Im Neuenheimer Feld 280, 69120 Heidelberg, Germany 

To understand the role of glucocorticoid and cAMP signaling durlng 

development, . we have disrupted the CREB and the glucocorticoid receptor gene 

by homologous recombination in mouse embryonic stem cells . Most of the 

mice with a disrupted glucocorticoid receptor gene die within the first hours 

after 'birth due to severe atelectasls of the lungs, possibly resulting from 

impaired surfactant and arnilioride-sensitive Na+-channel synthesis. Perinatal 

induction of gluconeogenic enzymes in liver is impaired. Regulation of 

glucocorticoid synthesis via the hypothalamic-pituitary-axis is perturbed 

leading to increased corticosterone and ACTH levels. Interestingly, there is a 

sig.nificant increase in these hormones in mice heterozygous for the 

mutaÜon . Activation of the hypothalamic-pituitary-axis results in extensi ve 

hypertrophy and hyperplasia of the cortical zones of the adrenal gland and 

induction of · genes involved in steroid biosynthesis . The adrenal rnedulla is 

disorganized and severely reduced in size; no cells capable of epinephrine 

synthesis can be detected . ll is not yet clear whether this deficiency results 

from impairment of proliferation and/or survival and/or rnisrouted migration 

of sympathoadrenal precursors . Thymocytes were found to be resistant to 

glucocorticoid induced apoptosis. Mice deficient in the CREB protdn appeared 

healthy and exhibited no impairment of growth and development. We find that 

CREB and two other rnembers of the family of CRE-binding proteins, CREM and 

ATFl, are capable of rnediating cAMP dependent transcriptional responses. 

CREM expression is upregulated in CREB deficient mice as well as a novel CREB 

mRNA isoforrn. Both processes may be responsible for compensation of CREB 

function during development. Future analysis will be directed to 

understanding the role of these signaling pathways in development and 

physiological and pathological processes. such as memory forrnation, the acute 

phase response, circadian rhythmicity and drug addiction . 
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Characterization of the DNA binding and transcriptional activation domains of MEF2C 
Jeffery D. Molkentin, James F. Martín, and Eric N. Olson. Dept. of Biochemistry and 
Molecular Biology, The University of Texas M. D. Anderson Cancer Center, Houston, TX 
77030. 

MEF2 was originally identified as a muscle-specific DNA binding factor that is 
induced as myoblasts differentiate into myotubes . MEF2 has recently been cloned and is 
encoded by four genes, termed mef2a,b,c,d, in both humans and mouse. MEF2A, MEF2B, 
and MEF2D transcripts are ubiquitously expressed while MEF2C expression is restricted to 
skeletal muscle, brain and spleen . These proteins contain a MADS domain, which is a 56 
amino acid motif that mediales DNA binding and dimerization as well as a highly conserved 
domain referred toas the MEF2 domain that is of unknown function. In this study, we 
characterized the regions of MEF2C that were responsible for transcriptional activation , 
DNA binding, and subunit dimerization. We identify the individual amino acids that are 
involved directing both DNA site specificity as well as subunit dimerization. Mutagenesis of 
the highly conserved MEF2 domain immediately adjacent to the MADS domain, 
demonstrated that it plays an important role in DNA binding affinity, but not in dimerization . 
The MEF2 domain contains a consensus casein kinase JI motif that is importan! for high 
affinity DNA binding and transactivation potential. We show that site-specific mutation of 
amino acids in the MADS-box that are critica! for DNA binding, result in proteins that 
function as dominan! negative mutants, which are capable of dimerizing with endogenous 
MEF2 activities . Dominant negative MEF2 proteins are shown to down-regulate expression 
of both the myogenin promoter anda artificial MEF2-dependent reporter gene in C2Cl2 
myotubes . It has previously been shown that a MEF2 site in the myogenin promoter is 
critica! for conferring temporal expression of the myogenin gene during skeletal muscle 
development. Hence, MEF2 is part of a coordinated regulatory circuit with the myogenic 
bHLH proteins to augment the establishment of the differentiated phenotype of skeletal 
muscle. 
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Inhibition Of Pax 5 Activity By Expression Of Its DNA Binding Domain . 
. ... 

The B-cell specific transcription factor pax 5 encodes the B cell specific 
activator protein (BSAP) and is expressed at all stages of B cell 
development except in terminally differentiated plasma cells (Adams et al., 
1992). BSAP has also been shown to regulate the expression of the B cell 
specific antigen CD 19 (Kosmic et al., 1992). This suggests that the 
expression of BSAP plays a role in B-cell commitment and development. 

To investigate this role we have attempted to express BSAP activity in non­
B cells using CAT reporter constructs containing 1, 2, or 4 BSAP binding 
sites. However, the reporter gene was not expressed. This suggests that 
while BSAP is necessary for transactivation of a target gene, it is not 
sufficient (ie. a second B-cell specific factor must be required). Therefore 
we produced a construct in which the BSAP DNA binding domain is linked 
to the VP16 transactivation domain (Dalton and Treisman 1992). Co­
transfection of this construct with the CA T reporter constructs resulted in 
the expression of CA T activity. The leve! of expression is dependant on 
both the number of BSAP binding sites and the amount of the expression 
vector used. This effect could be inhibited by transfecting cells with a 
further plasmid expressing either native BSAP or a truncated pax 5 gene 
product demonstrating that the BSAP DNA binding domain alone can act 
as a competitive inhibitor of BSAP binding (Hastings and Adams, 1995). 

Work is in progress to produce stable lymphocyte cell lines in which BSAP 
activity has been either expressed or inhibited. These cell lines will then be 
used to identify the genes regulated by BSAP and to investigate the role of 
BSAP in B cell commitment and differentiation. 

References 

Adams, B, Dorfler, P. , Aguzzi , A. , Kosmic, Z. , and Busslinger, M. 1992, 
Genes and Dev. 6, 1589-1607. 

Dalton, S. and Treisman, R. 1992, Cell 68, 597-612. 

Hastings G.Z. and Adarns B. 1995, Biochem. Soc. Trans. 23, 325 S. 

Kozmic, Z., Wong, S., Dorfler, P. , Adams, B, and Busslinger, M. 1992, 
Mol. Cell. Biol. 12, 2662-2672. 



Instituto Juan March (Madrid)

FIFfH SESSION 

Chairperson: Mariann Bienz 



Instituto Juan March (Madrid)

49 

Frank Grosveld, Erasmus University Rotterdarn, The Netherlands. 

Transcriptional regulation of the 13 globin gene cluster. 

The globin gene cluster is regulated by severa! different cis acting mechanisms. The 
entire locus is regulated by the Locus Control Region (LCR) and each of the genes 
contains regulatory regions that are impor~t for its stage specific expression. The 
transcription factors involved in this mechanism will be discussed. The genes are 
further regulated via a competitive mechanism between the genes leading to the 
suppression of the adult genes early during development. We have postulated that the 
interaction of the LCR and the genes is mediated via a stochastic looping mechanism. 
A number of experiments to distinguish such looping from tracking mechanisms will 
be presented. Lastly we will discuss the dynamics of this looping mechanism in vivo by 
presenting a novel method of measuring transcription in nuclei in vivo. 
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Developmental Regulation of B-Globin Gene Transcription in Reconstituted 
Chromatin and Synthetic Nuclei. · 

Beverly M. Emerson, Ph.D. Associate Professor, The Salk Institute for 
Biological Studies. La Jolla, CA 

Overview of Laboratory Interests: 

We are interested in defining the mechanisms involved in tissue-speci.fic 
gene expression using the chick and human 13-globin gene families and the 
mouse T-cell receptor a-chain gene (TCR a) as model systems. Our 
approach is to use in vitro transcription and chromatin/nuclear assembly 
systems with cloned 13-globin and TCR a genes to recapitulate major 
aspects of transcriptional regulation that are known to occur in vivo. In this 
way, we can decipher how transcriptionally active chromatin structures are 
formed by individual or multiple proteins in a tissue- and developmental 
stage-specific manner and how nuclear processes such as DNA replication 
and the cell cycle affect regulated gene expression. We are particularly 
focussing on the mechanism by which long-range communication between 
DNA elements wi~hin a complex chromosomallocus is established. This 
includes interactions between promoters and distal enhancers as well as 
tissue-specific Locus Control Regions (LCRs) which regulate the 
transcriptional activity of large genomic domains. 

Current Research: 

We have analyzed the transcriptional properties of the B-globin 
chromosomallocus by incorporating cosmid DNA templates into synthetic 
nuclei using Xenopus egg extracts. These organelles form higher-order 
chromatin structures and are capable of DNA replication, protein 
transport, and cell cycle events. Nuclear assembly in the presence of stage­
specific erythroid proteins correctly recapitulates tissue-specific chromatin 
structure and long-range promoter-enhancer interactions within the 40 kb 
chromosomallocus resulting in 13-globin gene activation. We find that the 
programmed transcriptional state of a gene, as encoded by its chromatin 
configuration and long-range interactions, is stable to DNA replication. 
That is, active genes are still expressed and inactive genes remain silent 
after the passage of a replication fork. However, transcriptional 
reprogramming of 13-globin genes can occur during DNA replication by 
active chromatin structural remodeling in the presence of erythroid­
specific DNA binding proteins. In this case, replication provides a transient 
opportunity to alter nucleosomal placement by competition with 
transcription factors . Our resulis also demonstrate that enhancer function 
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does not require DNA replication but once promoter-enhancer 
communication is established, it is stable to transient disruption by 

- replication. Studies conducted with individually cloned B-globin genes 
indicate that the interaction of two erythroid-specific DNA binding 
proteins, GATA-1 and NF-E4, with a specialized TATA box (-30 GATA) 
in the promoter is sufficient to generate actively transcribed nucleosomal 
templates. These proteins function by displacing a nucleosome from this 
critica! control regían and recruiting the distal enhancer in a 
developmentally-regulated manner. 

Future Directions: 

Using B-globin and TCR genes reconstituted into chromatin or 
incorporated into synthetic nuclei, we planto 1) decipher the mechanism of 
enhancer-dependent transcription and analyze how enhancers switch 
between individual promoters at different stages of development; 2) 
determine how large chromosomal domains become tissue-specifically 
activated by LCR elements; and 3) examine the transcriptional regulation 
of a complex gene locus during the cell cycle. 
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"Participation of chromatin structure in regulated transcription" 
Miguel Beato, Sebastián Chávez, A. Scholz & M. Truss 

I.M.T, E.-Mannkopf-Str. 2,'35037 Marburg, F R.Germany. 

Eukaryotic cells control expression of their gene tic information in response to interna! 

and externa! stimuli by signa! transduction to the cell nucleus where the activity of 

transcription factors is modulated by ligands or by changes in phoshorylation . For each 

panicular gene, a specific arra y of DNA cis-acting elements in the enhancer and prometer 

regions determines the combinatoria! interaction of transcription factors. In addition, the 

organization of the eukaryotic genome in chromatin inf1uences the accessibility of thc 

regulatory DNA sequences and inf1ueuces the interactions among DNA-bound factors. To 

study these questions, we ha ve chosen a viral promoter anda cellular enhancer. 

The MMTV promoter responds to steroid hormones and is organized into phased 

nucleosomes. The proviral genome is repressed in the absence of hormones, but its 

transcription is rapidly activated in response to glucoconicoids or progestins . The MMTV 

promoter contains a complex hormone responsive unit (HRU) composed of 5 recep tor 

binding sites, upstream of a bind.ing si te for the transcription factor nuclear factor 1 (NFI ). 

two octamer motifs, and the TATA box. In cells carrying MMTV sequences, the HR U is 

organized into a phased nucleosome, and the orientation of the double helix on the surface of 

the histone octamer is compatible with bind.ing of the hormone receptors to two of the five 

si tes, but precludes binding to the NFI si te and to the octamer motifs [1 ]. Hormone treatrnen t 

leads to a rapid alteration in chromatin structure that makes the dyad axis of the regulatory 

nucleosome more accessible to d.igestion by DNasei [1] . Simultaneously, all four receptors 

bind.ing sites, the NFI site, and the octamer motifs are o..:cupied, while the histone octamer 

remai_ns in place[!] . Since a fullloading of the MMTV prometer with transcription factors 

can not be achieved in on free DNA [2, 3). the nucleosomal organization, not only keeps the 

promoter silent prior to hormone induction, but enables simultaneous binding of al! releva;; ¡ 

factors . This hypothesis is supponed by the results obtained in yeast strains carrying thc 

MMTV prometer and expressing hormone receptors and NFI. In these strains, the MMTV 

sequences are regular! y organized in chromatin, and transcription from the MMTV promoter 

is dependent on hormone, receptors and NFI. Nucleosome depletion in this yeast strains 

enhances MMTV transcription in the absencc of hom1one but decrcases the magnitude of thc 

hormonal induction, as expected if nucleosomes would fulfil a double function: repression in 

the absence of inducer and facilitation of oprima! expression after induction. 

The uteroglobin gene is expressed in a variety of secretory epithelial cells. In the uterus 

it is induced in response to the sequential action of estro gens and progesterone. Whereas the 

promoter contains a functional cstrogcn responsive element (ERE) [4). the elcment s 

med.iating progesterone induction are located 2.5 kb upstream of the transcription start si te in 

the context of a complex enhancer region [5] . In primary cultures of rabbit endometrial cells, 



Instituto Juan March (Madrid)

53 

this regían is regularly organized in chromatin and does not show evidence for bound factors 

prior to hormonal stimulation. After hormonal induction, DNasel hypersensitive si tes appear 

on the enhancer [5]. and clear protection ovef a binding site for NF-Y is detected by genomic 

footprinting. A short fragment containing the NF-Y binding si te exhibits enhancer function 

in transfection experiments and mutation of the a single base that eliminates NF-Y binding in 

vitro al so inactivates enhancer function . Thus binding of hormone receptors to the HREs of 

the uteroglobin enhancer recruits NF- Y, in a process reminiscent of the hormone-dependent 

recruitment of NFI to the MMTV prometer. How the recruitment of factors to the enhancer 

media tes activation of the uteroglobin prometer remains to be established. 
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ASSEMBLY AND FUNCTION OF 
MUL TICOMPONENT ENHANCER COMPLEXES 

Rudolf Grosscbe<ll 
Departments of Microbiology and Biochemistry; Howard Hug~es Medicallnstitute 
University of California at San Francisco, San Francisco California 94143-()414 

Cis-acting regions that control transcription, rccombination or replication are typically composed of 
multiple binding sites for DNA-bindíng proteins, whlch allows for both diversity and accuracy in 
the regulation of DNA transactions. The binding of specific proteins to these regulatory sequences 
is complicated by large genomes that can sequester DNA-binqing proteins non-specifically and by 
the multiplicity of proteins with similar or even idenúcal sequence recognition properties. 
Therefore, the binding of proteins to their genetic target sites in vivo has been proposed to require 
the formation of three-dimensional nucleoprotein complexes in which multiple protein-DNA and 
protein-protein intentctions augment the specificity of factor reeruitment and the stahility of the ftnal 
complex.es (Echols, 1986). 

High mobility group (HMG) domain prott:ins have been id~ntified as chromosomal nonhlstone 
prou:ins that are typically unable to stimulate transcription qn their own, but act in concert with 
other regulatory proteins. HMG-domain proteins change the aonformation of DNA and have been 
proposed to function as "archltectural" components in the ass~mbly of higher-order nucleoprotein 
complexes (reviewed in Maniatis & Tijan, 1994; Wolffe, 1994). We have studied the role of 
lymphoid enhancer-binding factor (LEF-1) in the assembly arid function of a specific multi.protein 
complex at the T-cell receptor (TCR) a enhancer. LEP-1 recognizes a specific sequence in the 
TCRa enhancer and participares in the synergistic regulation i;>f this enhancer by multiple proteins 
(Travis et al., 1991; Watennan et al, 1991; Carlson et al, 1993; Giese & Grosschedl, 1993). We 
frnd that TCRa enhancer function requires a specifte arrangement of binding sites for LEF-1, Ets-
1, PEBP2a (CBFa) andan ATF/CREB protein. Ets-1 cooperates with PEBP2a to bind adjacent 
sites at one end of the enhancer, forming a ternary complex that is unstable by itself. Stable 
occupancy of the Ets-1 and PEBP2a binding si tes in a DNase ~ protection assay depends on both a 
specific helical phasing relationship with the nonadjacent A TF/CREB-bindíng si te at the other end 
of the enhancer and on LEF-1 . The HMG domain of LEF-1 i,vhich was previously found to bend 
the DNA helix in the center of the TCRa enhancer, can in pan be replaced with the HMG domain 
of the distantly related SRY protein, which also bends DN~ (Gicse et al, 1992; 1995). Taken 
together with the observation that Ets-1 and ATF-2 can asso9iate in vitro, these data suggest that 
LEF-1 can coordinate the assembly of a specific-higher orctpr enhancer complex by facilitating 
interactions between proteins bound at nonadjacent sites. 

Enhancers and locus control regions have been found to me4iate transcriptional activation in the 
context of chromaún that limits factor access (reviewed in Fdsenfeld, 1992; Grosveld et al., 1994; 
Komberg and Lorch, 1995). We ha ve studied the immunosobulin 11 heavy chain gene ro assess 
the role of enhancer sequences in mediating accessibility i chromatin. By replacing an RNA 
polymerase ll promoter with a prokaryotic n promoter . e attempted to study factor access 
independent of transcription by endogenous polymerases and protein-protein contacts (Jenuwein, 
et al., 1993). Toward this end, we linked various ~ enhancer fragments to the 17 promoter and 
introduced the gene constru<.:ts into the mouse germ line. The:accessibility of the T7 promoter was 
subsequently examined by adding purified 17 RNA poly~erase to nuclei from immortalized 
transgenic pre-B cells and by analyzing nascent 17 -specific liranscripts. A 95-bp f.l enhancer core 
element was found to be necessary and sufficient to confer accessibility on the T7 promoter, 
independent of its chromosomal position. However, these ~al enhancer sequences were not 
sufficient to induce DNase I hypersensitive sites and ex~ended accessibility. Additional ~ 
sequences that inediate association with the nuclear matrix (C0ckerill et al., 1987) were found to be 
required to induce DNase I hypersensitive sites. The nucle<ir matrix attachment regions (MAR) 
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flank the 11 enhancer on either side and are important for poshion-independent expression of the 
rearranged 11 gene in germline transformation assays (Forrester et al, 1994). Thus, multiple cis 
acting components are required to confer the correct developmental expression upon the 11 gene. 
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Target sequences for growth factor-like signals in Drosophila 

Mariann Bienz, Salih Eresh, Jens Riese 

MRC Laboratory of Molecular Bioloóy. Hills Road, Cambridge CB2 2QH, UK 

During Drosophila embryogenesis, an induction takes place between two inner germ 
layers: the endoderm is induced by the visceral mesoderm to which it adheres (1 ). 
The two extracellular signals which mediata this induction are decapentaplegic (dpp), 
a TGF-B-Iike protein, and wingless (wg), a Wnt-1 protein. These signa! proteins are 
produced in the visceral mesoderm, and their localised expression in this celllayer 
depends on the homeotic gene Ultrabithorax ( Ubx). They are secretad from the 
visceral mesoderm and induce localised expression of the homeotic gene labial (lab) 
in the endodermal celllayer (2). Subsequently, lab specifies differentiation of a 
particular cell type in the larval midgut, the so-callad copper ce lis (3). Thus, 
subdivision of !he larval gut into functionally distinct sections depends on this 
induction by the visceral mesoderm. 

The two extracellular proteins dpp and wg also signa! back to the visceral 
mesoderm: they are required for maintenance of Ubx expression in this celllayer. 
They are thus par! of an indirect autoregulatory loop of Ubx (4). Since wg is 
expressed in a cell group adjacent to that expressing Ubx and dpp, this implies that 
!he indirect autoregulatory mechanism depends on cell-<:ell communication. lt is worth 
noting that induction of lab in the endoderm is also autoregulatory, and that there is 
tight linkage between autoregulatory target sequences and signa! response 
elements in this gene (5). This intimate connection between autoregulation of 
homeotic genes and their controls by extracellular signals indicates that the 
autoregulatory process in both cases does not merely ensure maintenance of 
expression, but that it also allows reassessment of position (1 ). 

Our aim is to identify target transcription factors which mediata the response to the 
two signals in the visceral mesoderm and in the endoderm. Todo this, we have 
started to pin down response sequences for dpp and wg in the upstream flanking 
sequence of Ubx and lab. In the case of Ubx, dpp response elements are clearly 
separable from wg response elements, and the two signals act independently, as 
well as synergistically, to stimulate Ubx expression (6). The same appears to be 
true for /ab (5). Our preliminary evidence suggests that binding sites for the same 
proteins function in both genes, and therefore in both celllayers of the embryonic 
midgut, to mediata the response to dpp and to wg signalling, respectively. The dpp 
response sequence confers transcriptional activation u pon dpp signalling, whereas 
!he wg response sequence apparently confers transcriptional repression in the 
absence of wg signalling. Furthermore, our results suggest that, in both cases, an 
activator binding site overlaps a repressor binding si te: dpp signalling targets a 
transcriptional activator which competes with a constitutiva repressor, whereas v.g 
signalling appears to target a transcriptional repressor competing with a constitutiva 
activator. This indicates that the response elements for both signals consist of 
sensitiva transcriptional switches. 

1. Bienz M (1994) Trends Genet 1 O, 22-26 
2. lmmerglück K, Lawrence PA, Bienz M (1990) Cell62, 261-268 
3. Hoppler S, Bienz M (1994) Cell 76, 689-702 
4. Thüringer F, Bienz M (1993) Proc Natl Acad Sci USA 90, 3899-3903 
5. Tremml G, Bienz M (1992) Development 116, 447-456 
6. Thüringer F, Cohen SM, Bienz M (1993) EMBO J 12, 2419-2430 
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Transcriptional control of ac/sc expression in proneural clusters. 

Juan Modolell. José-Luis Gómez Sk.'ltrmeta, Isabel Rodríguez, Joaquim Culí, 
Ruth Diez-del-Corral, Dolors Ferrés Marcó and Carmen Martínez. 

Centro de Biología Molecular Severo Ochoa, CSIC and UAM, Canto Blanco, 
28049-Madrid, Spain. 

The peripheral nervous system of Drosophila melanogaster provides a 
model to study the determination of specific cell types in precisely defined 
positions. Indeed, over one thousand bristles and other types of extemal sensory 
organs .(SOs) appear on the cuticle of this insect either in remarkably constant 
positions or in "density" types of arrangements that cover constant areas of the 
fly's body. These pattems are prefigured in the imaginal discs, anlagen of the 
adult epidermis, by the pattem of expression of the proneural aehaete (ae) and 
scute (se) genes, two members of the ae-se complex (AS-C). These genes are 
simultaneously expressed by groups of cells, the proneural clusters, located at 
constant positions in discs . Their products -transcription factors of the basic­
helix-loop-helix family- allow cells to become sensory organ mother cells (SMCs), 
a fate normaly restricted to only one or a few SMCs per cluster by negative cell­
cell interactions mediated by the products of the neurogenic genes. Thus, the 
pattem of expression of a e 1 se in proneural clusters is one of the agents that 
specify the positions where SMCs are bom. Evidence will be presented showing 
that the complex pattern of proneural clusters is constructed piecemeal , by the 
action on ae and se of site-specific, enhancer -like elements distributed along most 
of tlie AS-C DNA (approx:imately 90 kb) . In transgenic flies, fragments of AS-C 
DNA containing these enhancers drive a reporter laeZ gene in only one or a few 
proneural clusters . The data indicate that coexpression of ae and se is 
accomplished by activation of both genes by the same set of position-specific 
enhancers . Remarkably, nearly equal relative levels of ae and se proteins 

. accumulate in most cells of different proneural clusters, suggesting that the ac 
and se promoters interact equally efficiently with enhancers upstream of ac, in 
between both genes (which are separated by 25 kb of DNA), and downstream of 
se, a so far almost unique case. 

Expression of lacZ driven by the isolated enhancers is independent of the 
ae and se endogenous genes, which indicates that the enhancers respond to local 
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combinations of factors (prepattern) different from the ae and se products. Most 

prepattern factors are unknown, one e~ception being the products of the iroquois 

(ir o) and at least two other closely related genes located at the 69CD 

chromosomal subdivision. iro encodes a 717 amino acid polypeptide with an 

homeodomain, which is highly divergent from that of Antennapedia and most 

closely resembles those of Drosophila extradenticle and human PBX proteins, a 

very acidic motif, glutamine stretches and gly/ser-rich motifs as its most salient 

features . In wing imagina! discs, these genes are expressed in a complex pattern 

which covers regions that comprise one or more proneural clusters . The iro 

protein binds in vitro to at least the enhancer sequence that directs expression of 

ae 1 se in the vein L3 and TSM proneural clusters. Site-directed mutagenesis of 

the binding site, abolishes enhancer activity. In mutants that remove expression 

of iro and related genes in the L3 region, the corresponding proneural cluster is 

abolished. Ectopic expression of iro at this site restores the proneural cluster. 

Taken together, these and other results indicate that the iro and iro-like 

homeoproteins are necessary for ae 1 se activation at severa! si tes and for wing 

vein formation. They are members of a prepattern of factors intimately related to 

the patterning of the imagina! discs. 
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FUNCTIONAL ANALYSIS OF Krox-20 DURING CNS AND PNS DEVELOPMENT 

P. Chamay, L~SERM U 368, Ecole Nonnale Supérieure, Paris, France 

ln lhe hindbrain region of the developing CNS, antt:ro-posterior patteming in vol ves a 
transicnt segmentation process which leads to the fonnation of morphological bulges 
called rhomhomeres (r). The rhombomeres constitute cell lineage;: n:striction units and 
participare in the establishmem of t:he metameric organisation. Likc Drosophila 
compartrilents, t:hcy also constitute domains of specific gene expression. The Krox-20 gene 
encodes a rinc finger transcripúon factor and is cxpresscd within t:he developing hindbrain 
in two transverse domains which prefigure and t:hen coincide with r3 and r5. Wc havc 
inactivated Krox-20 by recombination in ES cells and inserted the /acZ coding sequence in 
it.s locus. Analysis of rnutant embryos have indicated that B-galactosidasc activity 
faithfully reflects Krox-20 expression and that homozygous inactivation of thc Krox-20 
gene leads to partial or complete delction of r3 and r5 . We will present the results ot recent 
!iluui~ un lhe consequeoces of these deletions ducing late embryogeue.~is and on thc 
involvcmcnt of Krox-20 in the activation of downstream genes. We ha ve also found that 
Krox-20 is cxpressed in Schwann cells and that its activity is required for myelination in 
the peripheral nervous system. Wc will prcsent recent data conceming the regulation of the 
cxpression of Krox-20 in Schwann cells and its implications for Schwann cell 
developmem. 
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THE PROMOTER REGION 01,{ THE HUMAN C4BPB GENE. 

N . Arenzana and S. Rodríguez de Córdoba. 

Dept. Immunol. CIB/CSIC. Madrid. Spain . 

The human complement regulator C4b-bind ing protein (C4BP) is an oligomeric 

pro te in present in plasma in three isoforms with different composition of two types of 

polipeptides, the a-chain (70kDa) and the P-chain (45kDa). These polypeptides have 

distinct and independent functions in the C4BP molecule. The a-chain has the binding 

site for C4b, whereas the P-chain binds and inactivates the anticoagulant regulator 

protein S. The a and p chains most like ly ori ginated from a common ancestor. T hey 

are structura ll y related and are encoded by close ly linked genes within the RCA gene 

cluster. Both C4BPA and C4BPB genes exhibit a hepatic-restricted expression in 

humans and respond to acute phase modulators. Different lines of evidence suggest a 

complex regulation of the expression of these genes during acute phase responses, 

which results in the modulation of the rel ative proportion of the C4BP isoforms. 

We have prev iously reported the characterization of the human C4BPA promoter. 

To get further insights in the molecular mechanisms that control the expression of 

C4BP in humans, we have analyzed the promoter region ofthe C4BPB gene: Our data 

show that the C4BPB promoter is conta ined ''ithin the first 126 nucleotides upstream 

the major transcription start site and that thi s region is sufficient to confer hepatic­

speci fic expression to a CA T reporter gene. \Ve also described that a small region of 

36 nucleotides ( -1 26 to -90) is responsible fo r more than 90% of the promoting 

activity and that thi s region includes three func ti onal binding sites for ubiquitous and 

hepatic-enriched fac tors. Two of these sites interact with the HNF3 fam ily o f 

transcription factors and the third one binds '\JFI. Each of these sites has a pos itive 

contribution to the· activity of the C-IBPB promoter. A comparative analysis of the 

structure of the promoter regions of both human C4BPA and C4BPB genes wil l be 

presented. 
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Analysis of the Paramyosin and miniparam'losin expression in D. melanogaster. J. 
J . Arredondo. M. Maroto. R. Marco. and · M. Jervera. Departamento de Bioquímica e 
Instituto de Investigaciones Biomédicas. Universidad Autónoma. Arzobispo Morcillo 
4. Madrid 28029. Spain 

The PM/mPM gene encodes two proteins, paramyosin and miniparamyosin 
with very different mobility, 107 and 55 kDa respectively. The paramyosin and 
miniparamyosin mANAs arise from two overlapping transcríptional units; the 
miniparamyosin transcription initiation site is located inside a PM intron, 8 kb 
downstream from the one used for paramyosin transcription . The existence of two 
difterent promoters controlling the expression of the paramyosin and 
miniparamyosin, as well as the conserved and non-conserved features of their 
sequences suggest a very complex regulation of these two muscle proteins. In fact, 
whiJe the expression of paramyosin is similar to many other Drosophila muscle 
proteins, miniparamyosin appears late in development and in fact is only present 
only in adult musculatura. Moreover, both PM and mPM show several isoforms. 
have different localization in the sarcomere and the relativa amount of myosin, 
paramyosin and miniparamyosin changes with the muscle type. The promoters 
study has been made using two different approaches: 1 ). Comparison of the 
prometer sequences from two different Drosophilidae: D. me/anogaster and D. 
virilis, evolutively separated more than 50 millions of years. This comparison will 
reveal "putativa· functional sequences. Specificaly, in this case: a) The existence of 
conserved sequences defining the transcriptional factor binding sites for nau and 
Dmef2 (homologues in D.m. of MyoD and MEF-2). The conservation of a sequence 
in both organisms would be indicativa of possible functionality and will help us in the 
selection of sequences for a posterior in vivo or invitro study of these motives. b) 
ldentificatíon of novel sequences, common to all muscle sarcomeríc prometer 
genes. 2) . Analysis of the functional properties of these "putative" sequences: The 
studies have been made in vitro by band shift and CAT assays of the above selected 
sequences and in vivo by transforming the germinal fine of Drosophila . We are 
studing the expression of the ~galactosidase gene under control ot the mínima! 
prometer plus the selected sequences. 
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MOLECULAR INTERACTIONS BETWEEN 
TRANSCRIPTION FACTOR USF AND THE LONG 
TERMINAL REPEATS OF HIV-1 
Fabrizio d'Adda di Fagagna, Giuseppe Marzio, Maria Ines 
Gutierrez and Mauro Giacca 
Internatíonal Centre Jor Genetic Engineering and 
Biotechnology, AREA Science Park, Padriciano, 99, 1-34012 
Trieste (ltaly) 

We have purified to homogeneity transcription factor USF 
from HeLa cells and obtained its 43-kDa subunit as a 
recombinant GST-fusion product. 
Both proteins bind to the Long Terminal Repeat of HIV-1, 
footprinting over nucleotides from -173 to -157 upstream of 
the transcription start site and generating strong DNase 1 
hypersensitivity sites at the 3' sides on both strands. The 
protected region contains a conserved E-box sequence, which 
is the target site for factors of the b-HLH-Zip family of nuclear 
proteins. 
As detected by methylation protection studies, the factor 
forms symmetric contacts with the guanines of the 
palindromic CACGTG core of the recognized sequence. Its 
binding ability is abolished by the mutation of this core 
sequence, and strongly reduced by the cytosine methylation of 
the central CpG dinucleotide. 
Upon binding, both recombinant and purified USF bend the 
LTR DNA template, as detected by circular permutation 
assays. 
The role of USFJ.n the control of transcription initiation from 
the LTR was tested by in vitro transcription assays. Upon 
addition of the protein, transcriptipn is increased from 
constructs containing an intact binding site, while the 
responsiveness is abolished in constructs with a mutated 
sequence. Furthermore, addition of a decoy plasmid which 
contains multiple repeats of the target sequence results in 
downregulation of transcription from the L TR. 
These results suggest that USF is a positive regulator of LTR­
mediated transcriptional activation. 
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ldentlflcatlon of cls-actlve prometer elements responslble for autoregulation of the 

human Plt·,-1/GHF-1 prometer. 

Mireille Delhase (1), Miguel de la Hoya (2), Ana Guell (2), Fabienne Rajas (1), Peggy Verdood (1), Elisabeth L. 

Hooghe-Peters (1) and José L. Castrillo (2). 

(1) Pharrnacology Department, Medica! School, Free University of Brussels (VUB). Laarbeeklaan. 103. 1090 

Brussels, Belgium 

(2) Centro de Biologia Molecular "Severo Ochoa" (CSIC-UAM) , Universidad Autonoma de Madrid, 

Cantoblanco, Madrid-28049, Spain 

We examined lhe regulalion of lhe human Pii-1/GHF-1 promoler aclivily in pituilary (GH3) and non-piluitary 

(HeLa) cells. 

The human Pit-1/GHF-1 gene was isolated from a human placenta! genomic library. A 1.5 Kbp EcoRI 

fragment conlaining lhe proximal promoler was sequenced and analyzed. 

Foolprinling analysis of promoler fragmenls with a recombinant human GHF-1/Pil-1 prolein revealed the 

presence of 7 Pit-1/GHF-1 binding sites al posilions +14, -56, -333, -379, -409, -468 and -492 relalive to the 

transcriplion slart site. The siles al positions -468 (sequence ATGAc.:iAAA) and -492 (ATGAAT.QA) differed 

from lhe consensus Pit-1/GHF-1 binding sequence (ATGNWWWW) by one nucleolide and represented new 

high affinity Pit-1/GHF-1 binding sites. Only the sites at position +14 and -56 have been reported in the rat 

GHF-1 gene promoter. 

An OTF site was identified at posilion -784 as well as a TPA-responsive element (TRE) located at position -

491 and overlapping wilh lhe Pit-1/GHF-1 binding site located at position -492 . 

Pit -1/GHF1-LUC constructs conlaining progressive 5' delet ions of the promoter were transfected into GH3 

and HeLa cells . A very low promoter activity was observed in HeLa celfs . However, cotransfections with 

RSVrGHF1 could restore the promoter activity indicating that the promoter activity was Pit-1/GHF-1 protein 

dependent. A promoter fragment from -103 to +14 conraining the TATA box and one Pit-1/GHF-1 binding 

site was sufficient for a fulf activity of lhe promoler in GH3 ce lls. The addition of the Pit-1/GHF-1 binding site 

located in the 5' untranslated region resulted in a marked decrease in promoter activily indicating that this site 

could be a negative modulalor of the lranscriptionaf activity as it is the case for the rGHF1 gene. 

Eventhough the TRE site was shovm lo bind the AP1 protein in footprinting experimenls, no TPA induction 

but rather a moderate inhibition of the Pit-1/GHF-1 promoter activity was observed in transfected GH3 cells . 

However. a 4 to 7 fold TPA induction was observed in transfected He La cells in the absence of the human 

Pit-1/GHF-1 prolein. This indicaled thatthere is a competition between AP1 and Pii-1/GHF-1 for the binding 

on !he composite TREIGHF1 sile. The role of the TRE site in the presence of the human Pit-1/GHF-1 protein 

remains lo be elucidated . 
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The role of lhe OTF sile was also examined. In lransienl lransfeclion experimenls, lhe addilion of the OTF 

sile lo the proximal promoter resulled in a slig~l decrease in promoler aclivity in GH3 cells or in Hela cells 

colransfecled with RSVrGHF1 indicaling lhatlhis sile mighl modulale lhe promoler aclivity. The proleins 

binding to lhe OTF sile were partially idenlified. The recombinanl human Pii-1/GHF-1 prolein was shown to 

bind lo this site wilh a low affinity in foolprinting experimenls and a complex conlaining bolh Oct-1 and Pit-

1/GHF-1 was idenlified in bandshift assays. Addilional experiments are needed lo determine the function of 

the OTF site in the regulation of the human Pit-1/GHF-1 promoter activity. 



Instituto Juan March (Madrid)

70 

TRANSCRIPTION FACTORS INVOLVED IN THE LEUKOCYTE-RESTRICTED ANO THE REGULATED 
EXPRESSION OF LFA-1 ANO p150,95 INTEGRINS 

Cristina López-Rodrfguez end A. L. Corbf 

The 62 or leukocyte-restrieted lntegrins, whieh inelude the LFA -1, Mae-1 and p150.95 (C011a­
e/CD 1 81 heterodimers. play a key role in cell-eell interactions during immune and inflammatory · 
reactions. as demonstrated by the existenee of an immune disorder termed Leukocyte Adhesion 
Deficiency. LFA-1 is the only integrin expressed on all leukocyte lineages and is involved in the 
cellular adhesion events required for CTL and NK -mediated cytotoxicity, T and B lymphoeyte 
responses. granuloeyte and monocyte antibody-dependent eell cytotoxicity. and leukocyte 
extravasation into inflamed tissues. On the other hand. pl 50 ,95 is almost exelusively expressed 
on eells of the myeloid lineage and on activated B lymphocytes, and its expression is regulated 
during cell activation and differentiation by transcriptional meehanisms acting on the CD11 e gene . 
The p150,95 integrin mediatas CTL-mediated cytotoxicity. leukocyte adhesion to endothelium, and 
is a receptor for fibrinogen and the eomplement eomponent iC3b. We have previously 
demonstrated that the proximal region of the CD 1 1 a and CD 1 1 e promoters are sufficient to direct 
the tissue-restricted and developmentally-regulated expression of LFA-1 and p150,95 (lópez­
Cabrera et al., J . Biol. Che m . 268:1 187. 1993; Nueda et al.. J. Biol. Chem. 268: 1 9305. 1 99 3 ) . 

Experiments designed to identify the DNA elements and transcription faetors responsible for the 
.1ique panern of p150,95 expression have demonstrated the presence of two Spl -binding sites 

at -70 and -120 in the CD11 e proximal prometer. Spl was demonstrated to transactivate the 
CD11c prometer in SL2 cells and mutations at the Spl proximal site (Spl-70) greatly decreased 
the Sp 1 transactivation eapaeity, whereas mutation of the distal Sp 1 site (Sp 1-1 20) had only a 
minar effect. More importantly, mutation of either Spl site led toa 3 -fold reduction in the basal 
CD1 1 e prometer activity in myeloid U937 eells, while the opposite effeet was observad in the 
CD11 e-negativa Hela cell line. indicating the involvement of both Sp1 sites in the tissue-..peeifie 
expression of COl le, a fact further confirmed by in vivo footPrinting. 

To identify transcription faetors involved in the developmental regulation of the CD11 e gene. w e 
have used the U937 myelomondcytie ceiHine,-whose·PMA·driven·mOAeGytie-<lif.fef'entiation .induees 
the transeription of the CD11 e gen. EMSAs demonstrated the presenee of an AP-1-binding site 
within the CD11e gene prometer (APl-60) and identified e-jun, junB, e-tos and Fra-1 as the 
members of the AP-1 family interacting with the APl-60 site in differentiated U937 eells . The 
actual involvement of APl-60 in DNA-protein interaetions was al so determined by means of in vivo 
footprinti'ng experiments, and its funetionality was demonstrated by transaetivation of the CD 11 e 
proximal prometer by a c-jun expression vector in the AP- 1-deficient F9 murine teratoeareinoma 
cell line . Site-directed mutagenesis of the APl-60 site inhibited the basal promoter activitv as well 
as the induetion of the CD1 le prometer aetivity during the PMA-driven U937 cell differentiation. 

emonstrating the implieation of the AP-1 eomplex in the inducibilitv of COl 1c during myeloid 
differentiation. 

In addition, the combination of in vivo footprinting, functional analysis of serial 5 ' deletion mutants 
and the COflstruction of U937 stable transfectants containing the CD 11 e prometer ligated to the 
luciterase gene reporter has allowed us to establish the importance of members of the bHLH family 
of proteins in the myeloid-restricted expression of CD11 c . Thus far, we have identified three 
discrete regions of myeloid-specific interaetions by EMSA and in viva footprinting. which overlap 
CANNTG sequences . The identity of the specifie factors responsible for these complexes is being 
pursued at the present moment. 

The importanee of the bHLH proteins in the tissue-speeifie expression of the leukoeyte integrins 
and their funetional relationships with ubiquitous transcription faeto.rs (Sp 1, AP-1 ) will be discussed 
in the light of the functional aetivity of distinct prometer eonstrÜ~ts harbouring distinct deletions 
and mutations . 
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HORMONAL REGULA'.fiON OF THYROPEOXIDASE PROMOTER 
GENE TRANSCRIPTION. 
L. Ortiz, P. Aza-Blanc and P. Santisteban. 
Instituto de Investigaciones Biomédicas. CSIC. Madrid. 

The mechanisms for hormonal regulation of rat thyroperoxidase (rTPO) 
gene transcription in rat thyroid cells (FRTL-5) has been well investigated. 
Previously we have demonstrated that the thyrotropin(TSH), via cAMP, and the 
insulin/insulin like grow factor (IGF-I) stimulate the activity of the minimal rTPO 
promoter element that confers thyroid-specific expression. This effect is mainly 
mediated by the thyroid-specific transcription factor TTF-2, however the fact that 
others thyroid-specific (TTF-1 and Pax-8) and ubiquitous (UFB) transcriptions 
factors will be able to recognise and bind to cis sequences located in the promoter, 
stated us to study the role that these factors play in the hormonal regulation of the 
rTPO promoter. 

First we assayed by electrophoretic mobility shift assay the binding of 
nuclear proteins to DNA. The nuclear protein fraction was extracted of FRTL-5 
thyroid cells, maintained in presence or depleted of TSH and/or IGF-1. As DNA, 
were used synthetic oligonucleotides with homologous sequences to the binding 
si tes of the transcription factors TTF-1, Pax-8 and UFB. The results show that the 
binding of these factors to DNA is not hormonally regulated. However we believe 
that, in sorne way, these factors have to be involved in the observed regulation, since 
mutations in their binding si tes ha ve shown a decreased responsiveness to TSH and 
IGF-1. 

One possible role of these factors could be participate with TTF-2 in 
mediating such regulation. In order to confirm our hypothesis, we made severa! 
constructions containing different combinations of the binding sites of al! factors 
linked to the coding region of the reponer luciferase gene. Al! constructions were 
transfected into FRTL-5 cells and tested for their ability to respond to TSH and/or 
IGF-I. The results obtained indicate that TTF-1/Pax-8 binding site is actuating 
simply as amplifier element of hormonal response. However the distance between 
TTF-1/UFB and TTF-2 binding sites must be conserved. The combination of both 
binding sites is able to confer hormonal response in an heterologus promoter, while 
this response is abolished by incrementing the distance between both sites by only 5 
pb. 
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REGULATION OF E-CADHERIN PROMOTER IN MOUSE 
EPIDERMAL KERA TINOCYTES 

.. 
l. Rodrigo, M.L.M. Faraldo and A.Cano. 
Instituto de Investigaciones Bioméd icas. CSIC. Dpmto . de Bioquímica. UAM. 
Madrid . Spain. 

E-cadherin (E-CD) and P-cadherin (P-CD) are two members of the 
calcium dependen! cell-adhesion molecu les expressed in normal epidermis, 
P-CD in basal proliferative cells, and E-CD in basal and suprabasal cell layers. 
During mouse skin carcinogenesis there is a down -regulation of the E-CD 
expression, and both, E and P-CD are completely switched off in the lasl stage 
of tumor progression (1 ). 

In order lo understand lhe molecular mechanisms involved in th e 
regulalion of lhe expression of lhe cadherin genes, we are analysing lhe E­
CO promoter in a collection of keratinocyte cell lines ranging from 
nontumorogenic to highly tumorogenic ex hibiting different levels of E-CD 
expression: MCA3D, PDV and E24 (E-CD +), HaCa4 and CarB (E-CD -). 

Transient transfection assays with the -178 bp promoter/CAT construts 
and with different deletions (2) have shown low levels or complete absense 
of promoter activity in E-CD negative cells (HaCa4 and CarB) while variable 
levels of activity are detected in E-C D posilive keratinocytes (MCA3D, PDV and 
E24). These studies have also indicated the positive involvement of several 
putative regulatory elements: the E-pal palindromic region ( -90 to -70), a 
pulalive AP2 binding sile (-71 to -64), a CAAT box (-65 lo -60) and a GC rich 
region (-58 to -24). 

Footprinling analysis with nuclear extracts of th e varios cell lines 
have shown the exislence of nuclear fac tors in lhe E-CD postl1ve 
kcralinocyles which interacl with the GC rich region and the CAAT box, lhe 
AP2 bindin g site and the central rcgion of thc E-pal element. lnteres tin gly, 
these factor s appear to be absent or in ac tivated in E-CD negalivc 
kei'ati nocytes . 

Dandshift analysi s and cotransfcctiun assays with the E-CD promotcr 
and severa! transcription factors (i .e . hclix-loop-helix) are being performed 
to find out the nature of the nuclear proteins implicated in epilheli a l 
specific E-CD gene transcription . 

Similar analysis are also being performed with the P-CD promoter (3) 
in the different cell lines. 

REFERENCES 
1- Navarro, P. el al. (1991). J. Cell Biol., lli. 517-533. 
2- Behrens, J. et al. (1991). Proc. Natl. Acad. Sci., .8..8.. 11495-11499. 
3- Faraldo, M.L.M. and Cano, A (1993). J. Mol. Biol. , ill. 935-941. 
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Department of Pediatrics, University of Pittsburgh, School of Medicine, 
Children's Hospital and <*l Department of Infectious Diseases and Microbiology, 
Graduate School of Public Health, University of Pittsburgh. Pittsburgh, PA 
15213, USA. 

Natural killer (NK) cells are a subset of granular lymphocytes that have cytolytic activity 
against a variety of tumor and viral-infected cells, and also appear to mediate the rejection of bone 
marrow allografts. NK cells are able to lyse a variety of vi rally infected and neoplastic cells in an 
MHC-unrestricted manner. Although a variety of NK cell surface proteins have been identified, 
only a few seem to have a role in the cytolytic process, among them the cell receptor NKR-Pl. 
This molecule plays a crucial role both for target cell recognition and for delivery of stimulatory or 
inhibitory signals linked to the NK cytolytic machinery. 

The NKR-P1 protein was first characterized in rat A-LAK (Giorda et al , Science 249: 
1298, 1990) cells, and severa) isoforms occurs in both rat and mouse (Giorda and Trueco, J. 
lmmunol . 147: 1701,1991). These molecules are dimeric type II transmembrane proteins, each 
containing an extracellular C-type lectin-like domain, a stalk region and a cytoplsmic tail with 
tyrosine and serine residues which are potential phosphorylation sites. The human homolog of 
NKR-P1 has also been cloned (Lanier et al, J. lmmunol. 153: 2417, 1994), and the oligo­
saccharide ligands from NKR-PI protein defined and proven able to actívate NK cell cytotoxicity 
(Bezouska et al, Nature 372: 150, 1994). 

We are curren ti y pursuing two lines of work to understand the expression of NKR-P 1 
genes in mouse: 

a) In severa! genetic backgrounds (such as BALB/c and C57BU6) the levels of expression 
of the three NKR-P1 genes differ considerably. Nucleotide sequence analysis of the promoter 
regions in the different strains suggest that differences in the leve! of expression do not result from 
alteration in the upstream regions of these genes, but may be caused by the expression of strain­
specific transacting factors instead. To characterize and isolate such factors, we have developed a 
transient cell transfection assay, and our studies of the proximal promoter region of the genes 
suggest the presence of a specific transcriptional regulator activity in C57BU6 background. 

b) We planto achieve NK celllineage ablation in transgenic mice. K. O. NKR-P1 mice 
cannot be easily generated because it will involve the simultaneous inactivation of all the genes 
present in the NKR-P1 family . To bypass the problem, we are characterizing the control region 
that confers specific expression of NKR-P1 to NK cells. We will use such region to direct specific 
expression of a toxin gene to NK cells. As the initial set of experiments, we have generated 
transgenic mice expressing n-JaeZ under the control of NKR-Pl 3.5 Kb upstream region. Those 
experiments and related ones will help us to identify the regulatory region required in vivo for high 
level of expression of NKRPI in NK cells. We'll then generate a next set of transgenic mice 
expressing diphteria toxin (DT) specifically in NK cells, our goal being the generation of mice in 
which only NK cells will be missing. Such transgenic animals should be optimal not only for 
understanding the transcriptional mechanisms that control a specific cell marker, but also for the 
study of the NK cells' role in normal immune reactions and its implications in tumorigenesis. 
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TSH stimulates MAP kinase in human thyroid and rat astrocytes. 

Cathy Tournier, Bertrand Saunier, Claude Jacquemin, and Michel Pierre. 

U96 INSERM - 80, rue du Général Lec/ere,.- 94276 Le Kremlin-Bicetre Cédex - France. 

Not only thyrotropin (TSH) stimulates the function of the thyroid, but also its 

growth and differentiation. Most of the effects of TSH are attributed to the stimulation 

of cAMP production, via G5 . However, only a part of the mitogenic effect of TSH is 

reproduced by forskolin in human thyroid. Moreover, in WRT cells, a dominant 

negative mutant of Ras decreases partially the mitogenic potential of TSH. As Ras has 

been shown located on a signalling pathway to stimulate MAP kinase by growth 

factors, the question of whether MAP kinase is subjected to regulation by TSH in 

thyroid remains unanswered. 

We have found that the stimulation of human thyroid follicles by 10 nM TSH 

increased the MAP kinase activity in cytosolic fractions by 8-9 fold at 20 min. Only one 

isoform of MAP kinase was immuno-detected at 42 kDa (Erk2). The TSH-stimulated 

MAP kinase activity correlated with the intensity of its phosphorylation on tyrosine 

residues, and the appearance of a shift in its electrophoretic mobility. This TSH effect 

was decreased specifically by anti-TSH receptor antibodies. No intracellular cAMP 
elevating agent (neither forskolin, cholera toxin, nor permeant cAMP analogues) was 

able to reproduce the stimulation of MAP kinase by TSH, suggesting that cAMP­

dependent protein kinase was not implicated . Pertussis toxin did not inhibit this TSH 

effect which therefore probably does not implicate G;¡ 0 proteins. 

Furthermore, we have found the expression of TSH receptor in another type of 

cells, primary cultured rat astrocytes. In these cells , TSH stimulated MAP kinase 

(mostly Erk2, but also Erkl), but neither the cAMP production, nor the Ptdins(4,5)P2 

signalling pathway, and was not mitogeni c. 

We have demonstrated that MAP kinase belongs to a new signalling pathway of 

TSH. MAP kinase has been shown to be stimulated within mitogenic processes, but 

also within cellular differentiation. We do not know, as yet, whether the mitogenic 

effect of TSH in'volves MAP kinase in human thyroid. Moreover, TSH controls the 

expression of thyroid specific genes, such as thyroglobulin or thyroperoxydase. Their 

expression needs the binding of the transcription factors TTF1 and Pax8. TTF1 is a 

phosphoprotein presenting potential sites of phosphorylation by proline-directed 

kinases. Then, the question is raised whether TTF1 could be phosphorylated by MAP 

kinase, with a modification of its transcriptionnal activity. TTF1 has also been found 

bound to the TSH receptor gene, the transcription of which is regulated by TSH in 

thyroid. Does TSH regulate the expression of its receptor in astrocytes too, and could 

MAP kinase and/or TTF1 be involved in this regulation? 
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AMLl (PEBP2/CBF) transcription factors regulate the expression of the 
CD36 gene in myeloid celllines. · •: 

Angel L. Armesilla1
, Dominia Calvo1 and Miguel A. Vega2

. 

1 Hospital de la Princesa, Madrid, 2 Instituto de Parasitología López-Neyra, 
Granada, Spain. 

CD36 is a cell surface glycoprotein composed of a single polypeptide chain, 
which interacts with a large variety of ligands, including thrombospondin, 
co!Lagens type I and IV, oxidized and acetylated LDL, fatty acids and erytlu·ocytes 
parasitized with Plasmodium falciparum. Its expression is restricted to platelets, 
monocyte/macrophages, adipocytes, microvasculature endothelial cells and sorne 
epithelial cells . CD36 and the structurally related glycoproteins CLA-1 and LIMPII 
constitute a novel gene family. 

CD36 may play a dual functional role m monocyte/macrophage cells . On 
one hand, CD36 may participate via bmding to oxLDL in foam cell formation and 
development of atherosclerosis lessions. On the other hand, CD36 cooperates with 
thrombospondin and the a. v ~ 3 vitronectin receptor in the recognition of apoptotic 
cells (such as neutrophils, T cells and eosinophils), resulting in cell clearance by 
phagocytosis . 

We have recently elucitated the genomic organization ofthe CD36 gene and 
characterized the transcription initiation site of the gene. In order to study the 
molecular mechanisms that control gene transcription of the CD36 gene m 
monocyte/macrophages we are cunently analysing its promoter region. 

Transient expression experiments in myeloid cell lines with a serie of 
deletions of the CD36 promoter coupled to the luciferase reporter gene demostrated 
that as little as 158 base pairs located upstream from the transcription initiation site 
were sufficient to direct gene transcriptiou of the reporter gene. A detailed analysis 
of the -158/+30 proximal promoter region revealed the presence of a binding site 
for members of the AMLl (PEBP2/CBF) transctiption factor family, whicb are 
ve1y frequently translocated or inverted in sorne myeloid leukemias. Disruption of 
the AMLl binding site markedly diminished the promoter activity, indicating an 
essential role of the AMLl fa mil y in the basal transcription of the CD36 gene. Like 
CD36, the myeloid genes encoding myeloperoxidase, elastase and CSF-receptor 
are also controlled by AMLl transcription factors. 

The involvement of AMLJ in tbe regulation of CD36 expression raises tbe 
possibility that an impaired expression of CD36 migbt contribute to sorne of the 
pathological manifestations observed in patients suffering acute myelogenous 
leukemia. 
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lNITlATOR·MEDIATED, NEURON·SPEClFIC EXPRESSION OF THE 
RAT FE65 GENE 

Nicola ZambranQ. Giuseppina Minopoli, Angela Duilio, Stefano De Ren.zis, Filiberto 
Cimino and Tom.maso Ruaso 

Diputimllnto di Bioohimioo o Biotoonologic Mcdiehe, U11iversitA degli 9tud! d: 
Napoli Federico li, Via S. Pansini, 5, 1-80131 Napoli. Italy 

The FE6S gene encodes a nuclear protein of unknown function that is 
expressed in severa! areas of the rat nervous system during development, and in 
the adult animal, particularly in somatic and visceral ganglia (1). FE65 mRNA is 
particularly abundant in brain, whereas is barely detectable in other tissues (2). 
Analysis of tbe prometer region of the FE65 gene identified two regions: the first 
one (position -163-55) includes a site for the Spl factor, whose removal greatly 
decrease~ the \~1\1 , W~riPtlQDil effici~ncy in both neural ancl nnn-mmr11l Gr:lls, 11nc1 
urhich formE timilnr oomploxon with nuolcnr l'fOteill.s from nt 
pneocnromocytoma l'L: 1~ and rat t'ibroblasts RatZ cell lines. The second element 
(position -55+44) encompasscs the transcription start site and it is able to 
efficiently driv~ · tr:Antcription only in nourol oollG (3). This clcme11t shows 
sequence similarity to the consensus sequence of the initiator binding protein 
YY-1 (4), with the homology centered at the transcription start site. The gel shift 
pattern of the second element is different in PC12 and in Rat2 cell lines. At least 
four different complexes are detected in extracts pr~pared from PC12 cells; among 
thesc. the complr.-x wllh lnwr.r mnhility :~nt1 thP. onf'", with bighC'r mobility are 
common to PC12 and Rat2 cells; the slower is more abundant in the 
pheochromocytoma cclls, while the faster is thc main complex of the fibroblasts. 
Both complexes are speciHcally competed by the 'i Y -1 cis-element. t•urthermore, 
timilar compl~x6o lll'O formod with thc lnhclcd YY -1 pro be. foa.etors present 
exclusively in PC12 extracts form two different complexes with intermediate 
mobility, not. competed by the. YY-1 cis-element. Nudear extracts from bovine. 
brain show a shift pattern in which the YY -1 factor is not involved. wbile 
complexes with a mobility similar to the PC 12-specific complcxcs are formcd . 
PurificatiOil of the factorll involved in t.hr. hrHin-spr.r.ifir. r.xprr.ssion of thr: 
promoter is in progress. Experiments are also in progress in order to establish the 
role of YY -1 and of the factors so far identified in thc detcrmination of the 
neuron-specific expression of the FE65 gene. 
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*246 Workshop on Tolerance: Mechanisms 
and lmplications. 
Organizers: P. Marrack and C. Martínez-A. 

*247 Workshop on Pathogenesis-related 
Proteins in Plants. 
Organizers: V. Conejero and L. C. Van 
Loon. 

*248 Course on DNA- Protein lnteraction. 
M. Beato. 

*249 Workshop on Molecular Diagnosis of 
Cancer. 
Organizers: M. Perucho and P. García 
Barreno. 

*251 Lecture Course on Approaches to 
Plant Development. 
Organizers : P. Puigdomenech and T. 
Nelson. 

*252 Curso Experimental de Electroforesis 
Bidimensional de Alta Resolución. 
Organizer: Juan F. Santarén. 

253 Workshop on Genome Expression 
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Organizers: F. García-Arenal and P. 
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Organizers: P. Alberch and G. A. Dover. 
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Organizers: F. Azorín, M. Beato and A. 
A. Travers. 
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J. Paz-Ares. 
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Organizers : T. A. Springer and F. 
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Organizer: F. X. Avilés . 
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.3 Lecture Course on Palaeobiology: Pre- Organizers: N. Jouve and M. Pérez de la 
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·s Workshop on Structure of the Major Organizers: J . Carbonell and R. L. Jones. 
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Organizers : A. Arnaiz -Villena and P. . 14 Workshop on Frontiers of Alzheimer 
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.6 Workshop on Behavioural Mech-
Organizers: B. Frangione and J. Ávila. 

anisms in Evolutionary Perspectiva. .15 Workshop on Signal Transduction by Organizers: P. Bateson and M. Gomendio. 
Growth Factor Receptors with Tyro-
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in Prokaryotes Organizers: J. M. Mato and A. Ullrich. 
Organizers : M. Salas and L. B. Rothman-
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Organ izers : C . Gan ce do and J . M. Organizers : C . S . Goodman and F . 
Gancedo. Jiménez. 



Instituto Juan March (Madrid)

18 Workshop on Molecular Mechanisms 
of Macrophage Activation. 
Organizers: C. Nathan and A. Celada. 

19 Workshop on Viral Evasion of Host 
Defense Mechanisms. 
Organizers : M. B. Mathews and M. 
Esteban. 
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Organizers: M. McCielland and X. Estivill. 

21 Workshop on DNA-Drug lnteractions. 
Organizers: K. R. Fox and J . Portugal. 

*22 Workshop on Molecular Bases of Ion 
Channel Function. 
Organizers: R. W. Aldrich and J . López­
Barneo. 

*23 Workshop on Molecular Biology and 
Ecology of Gene Transfer and Propa­
gation Prometed by Plasmids. 
Organizers : C. M. Thomas , E. M. H. 
Willington , M. Espinosa and R. Díaz 
Orejas. 
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and Regeneration of the Brain During 
Normal Aging. 
Organizers: P. D. Coleman, F. Mora and 
M. Nieto-Sampedro. 

25 Workshop on Genetic Recombination 
and Detective lnterfering Particles in 
ANA Viruses. 
Organizers: J . J. Bujarski, S. Schlesinger 
and J . Romero. 

26 Workshop on Cellular lnteractions in 
the Early Development of the Nervous 
System of Drosophila. 
Organizers: J . Modolell and P. Simpson. 

• 27 Workshop on Ras, Differentiation and 
Development. 
Organizers: J . Downward, E. Santos and 
D. Martín-Zanca. 

28 Workshop on Human and Experi­
mental Skin Carcinogenesis. 
Organizers: A. J . P. Klein-Szanto and M. 
Quintanilla. 

29 Workshop on the Biochemistry and 
Regulation of Programmed Cell Death. 
Organizers: J. A. Cidlowski , R. H. Horvitz , 
A. López-Rivas and C. Martínez-A. 

30 Workshop on Resistance to Viral 
lnfection. 
Organizers: L. Enjuanes and M. M. C. 
Lai. 

31 Workshop on Roles of Growth and 
Cell Survival Factors in Vertebrate 
Development. 
Organizers: M. C. Raff and F. de Pablo. 

32 Workshop on Chromatin Structure 
and Gene Expression. 
Organizers: F. Azorín, M. Beato andA. P. 
Wolffe. 

33 Workshop on Molecular Mechanisms 
of Synaptic Function. 
Organizers: J . Lerma and P. H. Seeburg. 

34 Workshop on Computational Approa­
ches in the Analysis and Engineering 
of Proteins. 
Organizers: F. S. Avilés, M. Billeter and 
E. Querol. 

35 Workshop on Signal Transduction 
Pathways Essential for Yeast Morpho­
genesis and Celllntegrity. 
Organizers: M. Snyder and C. Nombela. 

36 Workshop on Flower Development. 
Organizers: E. Coen, Zs. Schwarz­
Sommer and J . P. Beltrán. 

37 Workshop on Cellular and Molecular 
Mechanism in Behaviour. 
Organizers : M. Heisenberg and A. 
Ferrús. 

38 Workshop on lmmunodeficiencies of 
Genetic Origin. 
Organizers : A. Fischer and A. Arnaiz­
Villena. 

39 Workshop on Molecular Basis for 
Biodegradation of Pollutants. 
Organizers : A. Fischer and A. Arnaiz­
Villena. 

40 Workshop on Nuclear Oncogenes and 
Transcription Factors in Hemato­
poietic Cells. 
Organizers: J . León and R. Eisenman. 
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41 Workshop on Three-Dimensional 
Structure of Biological Macromole­
cules. 
Organizers: T. L Blundell, M. Martínez­
Ripoll , M. Rico and J . M. Mato. 

42 Workshop on Structure, Function and 
Controls in Microbial Division. 
Organizers: M. Vicente, L. Rothfield and J. 
A. Ayala. 

43 Workshop on Molecular Biology and 
Pathophysiology of Nitric Oxide. 
Organizers: S. Lamas and T. Michel. 

Out of Stock. 



Instituto Juan March (Madrid)

The Centre for Intemational Meetings on Biology 
was created within the 

Instituto Juan March de Estudios e Investigaciones, 
a private foundation specialized in scientific activities 

which complements the cultural work 
of the Fundación Juan March. 

The Centre endeavours to actively and 
sistematically promote cooperation among Spanish 

and foreign scientists working in the field of Biology, 
through the organization of Workshops, Lecture 

and Experimental Courses, Seminars, 
Symposia and the Juan March Lectures on Biology. 

From 1988 through 1994, a 
total of 70 meetings and 6 

Juan March Lecture Cycles, all 
dealing with a wide range of 
subjects of biological interest, 

were organized within the 
scope of the Centre. 
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