
57 

IJM 
57 

Instituto Juan March 
de Estudios e Investigaciones 

CENTRO DE REUNIONES 
INTERNACIONALES SOBRE BIOLOGÍA 

Workshop on 

NF-KBIIKB Proteins. Their Role in 
Cell Growth, Differentiation and 
Development 

Organized by 

P. A. Baeuerle 
D. W. Ballard 
D. Baltimore 
R. Bravo 
C. Gélinas 
S. Ghosh 
T. D. Gilmore 
W. C. Greene 
A. Israel 
M. J. Lenardo 

R. Bravo and P. S. Lazo 

N. Rice 
P. S. Lazo 
C. Scheidereit 
U. Sieb~nlist 
P. B. Sigler 
R. Steward 
I. M. Yerma 
S. A. Wasserman 
T. Wirth 



Instituto Juan March (Madrid)

57 

Instituto Juan March 
de Estudios e Investigaciones 

CENTRO DE REUNIONES 
INTERNACIONALES SOBRE BIOLOGÍA 

Workshop on 

NF-KBIIKB Proteins. Their Role in 
Cell Growth, Differentiation and 
Development 

Organized by 

P. A. Baeuerle 
D. W. Ballard 
D. Baltimore 
R. Bravo 
C. Gélinas 
S. Ghosh 
T. D. Gilmore 
W. C. Greene 
A. Israel 
M. J. Lenardo 

R. Bravo and P. S. Lazo 

N. Rice 
P. S. Lazo 
C. Scheidereit 
U. Siebenlist 
P. B. Sigler 
R. Steward 
l. M. Verma 
S. A. Wasserman 
T. Wirth 



Instituto Juan March (Madrid)

The lectures summarized in this publica/ion 
were presented by their authors at a workshop 
held on the 8th through the 10th of July 1996, 
at the Jnstituto Juan March. 

Depósito legal: M. 37736/1996 
Impresión: Ediciones Peninsular. Tomelloso, 27. 28026 Madrid. 



Instituto Juan March (Madrid)

INDEX 
PAGE 

INTRODUCTION : Rodr igo Bravo and Pedro S. Lazo. . ..... . . .. 9 

Session 1: Chairperson: Inder M. Verma. . . . . . . .... .. . . . . . 13 

Paul B . Sigler: The structure of the p50 NF-KB 

homodimer bound toa KB element . . 

Da v i d Baltimore : Studies of NF - KB functions and 

activation ............ . 

Rodrigo Brav o: Characteriza tion of NF-KB knockout 

mice . . . ....... . .. . ........ . .............. ... ..... . . . . . 

Ulrich Siebenlist: Probing for physiologic roles 

1 5 

1 6 

1 7 

of NF-KB/IKB proteins with gene knock- ou t mice .. 18 

Short presentations: 
Steve Gerondakis: Rel deficient mice exhibit 

mult i p le i mmune system defects......... . .......... .. 19 

Jorge H . Caamano: The role of the NF-KB2 

gene and its encoded protein (p52) in vivo . .. 20 

Session 2: Chairperson : Nancy Ric e . . ... . . . . . ... . .. ... . .. 2 1 

Thomas D. Gilmo re : Malignant transformation of 

chicken spleen cells by the v-Rel oncoprotein .. 23 

Cé line Gé linas: Tet racycline -regulated expression 

of v - Rel and c-Rel: Effects o n cell proliferation 

and gene expression. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 25 



Instituto Juan March (Madrid)

Short presentations: 

Rodrigo Bravo: The v-rel oncogene prome tes 
malignant T cell leukemia / lymphoma in 

PAGE 

t r a n sgen ic mi ce. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 27 

Christelle Huguet: Activa t ion of t he c - Re l 
transcription factor in chicken thymocytes 
undergo i ng apoptosis. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 28 

Jaime Madruga: V-relER transformed bone marr ow 
cells of chicken: an in vitro model system for 
differen tiation of antigen-presenting den tritic 
cel l s . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 29 

Lawr ence Kerr: The r ole of NFKB c-rel and RelA in 
embryoni c l imb bud deve lopment.. .. ........ . .... . .... 30 

Session 3: Chairperson: Dav id Baltimore. . .............. 31 

Inder M. Verma: The NF-KB/REL/IKB parad igm.. . .. .. . . . . . . 33 

Claus Scheidereit: NF-KB signalling mechani sms and 
novel p rot ein associations...... . . . .. .... . ...... ... ... 34 

Sankar Ghosh: Regulation of NF-KB by IKB - ~ ...... .... . . 36 

Nancy Rice: Interact ion of various IKB proteins 
with NF-KB .. .. . .. ....... ........ . .... . .. . ............. 37 

Warner C. Greene: The 90 kDa ribosomal 86 kinase 
(pp90rokJ i nducibly phosphorylates IKBa and 
stimula t es its degradation in vitro ... ............... 38 

Short presentations: 

Frank Mercurio : Biochemical cha r acterization and 
purific atio n o f t he IKB kinase ... ....... ... ........ . 39 

Simon T. Whiteside : Characterization of I ka ppa 
B e p si l on , a nove l member of the I kappa B fami ly 
o f pro t e ins .. . . .. . . .. . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 40 



Instituto Juan March (Madrid)

PAGE 

Session 4: Chairperson: Warner C. Greene................ 41 

Patrick A. Baeuerle: Activation of NF-KB by two 

novel pathways . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 43 

Alain Israel: Control of NF-KB activity by IKB 

mo lecules . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 48 

Pedro S. Lazo: Signal transduction from TNFa 

recep tors to NF-KB . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 50 

Short presentation: 

Rosario Perona: RHO , CDC42 and RAC pro t e ins 

actívate the nuclear fact or KB by a Ras- and Raf-

inde pendent pathway . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 52 

Jean Fran9ois Peyron: Tyrosine pho sphorylation of 

IKB-a activates NF-KB without proteolytic 

degradation of IKB-a .. . . .. .. .. .. . .. . . . .. .. . . . . .... . . 53 

Ranjan Sen: Abstract not submitted . 

Session 5: Chairperson: Patrick A. Baeuerle........... .. 55 

Michael J. Lenardo: Molecular regulat ion of the 

T lympho cyte responses in the healthy and diseased 

i mmune system .... . . . . . . . .. . . . . ....... .. .. .. ... . ....... 57 

Dean W. Ballard: Regul a tion of lympho cyte 

deve lopment by NF-KB / Re l proteins . . . . . ..... . ... .. .. .. .. 58 

Thomas Wirth: Regulatio n and functi o n of NF-KB 

during B ce ll differentiation. . .. . . . . . . . . . . . . . . . . . . . . . 60 

Session 6: Chairperson: Ulrich Siebenlist.............. 63 

Steven Wasserman: Signa! transduction in 

dorsoventral patterning of t he Drosophila embryo . . . ..... 65 



Instituto Juan March (Madrid)

Ruth Steward: Phosphorylati on and the regulation of the 
Dorsal protein in Drosophila melanogaster ..... . 

Short presentations: 

Dan Hultmark : Or i gins of immunity : A no vel NF-KB
like gene in Drosophila ant ibacterial defense and 
embryogenesis ...... . 

Haini Cai: Regulation of the dorsal 
the Drosophila embryo .. 

si lencer in 

PAGE 

67 

68 

69 

POSTERS...... .. . ..... . ............. ... . . ......... ... ... . 71 

José Alcamí: Absolut e dependence of KB responsive 
elements for initiation and Tat - mediated 
amplification of HIV transcription in blood CD4 T 
lymphocytes. . . .... ... . ....... . .... . . 

Vincent Bours: pl00/NF-KB2-mediated inhibition of 

73 

NF-KB inducibility in breast cancer cel l lines...... .. 74 

Vincent Bours: Distinct signal transduction 

pathways mediate NF - KB induction by IL-1~ in 
epithelial and lymphoid cells.. ... . . . . . . . . . . . . . . 75 

Anatoly Dritschilo: Apoptosis modulation in AT 

cells by regulation of NF - KB... . . .. . . . . . . . . . . 76 

Manuel Fresno: Inhibition of NF- KB activation by 

a viral encoded I-KB-like protein o f African 
Swine Fever virus. A new mechanism of evasion of 
innate immunity... . .... .... ... ..... .. ... . ......... 77 

Manuel Fresno: Biphasic control of nuclear 

factor-KB activation during T cell activation . . . ... .. . 78 

Jorg Küchenmeister: Studies about the evolution of 

the IL -lR/NFKB/ IKB r elated Toll/do rsal/cactus 
signal transduct i on pathway in insects...... ... ... . . . . 79 



Instituto Juan March (Madrid)

PAGE 

Ma . Teresa Laín de Lera : Nuclear locat ion of IKB-a 
in T lymphocytes. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 80 

Rongtuan Lin: Regulation of NF- KB ac tivity vi a IKBa 

phosphorylation and degradation.. . ........ . ... .. ...... 81 

Manuel López -Cabrera: Transcriptional regulation 

o f the gene e ncoding the human leukocyte 
activa tion antigen CD69 . Functiona l 

charac terization o f its TNF-a respons ive elements . . . . . 82 

Ignacio Luque: In vivo regulation of Rel 

protein-DNA interaction by nuclear I KBa.... ... . . . . .. . . 83 

Patrick P . McDonald : Evidence f o r the invo lvement 

o f NF-KB activation in the inducible expression 
o f selected genes in human neutrophils.. .. .. . ... . . . . .. 84 

Amir Orian: Mechanisms of ubiquitin-proteasome 

mediated processing of the NF -KB l precursor, pl05 . . . ... 85 

Carlos Paya: Regulation of IKBa in HIV-infected 

macrophages . Role o f the I KBa kinase PKCK2... . . .. . . .. 86 

Sven Pettersson: Coupling of p50 /C- Re l to the IgH3 ' 
enhancer activity in late B cell development.... . ..... 87 

Manuel S. Rodríguez Medina : Mechanisms of pro teo-

lytical degradation of IKBa regulati ng NF-KB activity . . 88 

Sacha Wissink: Negative cross - talk between the RelA 

subunit o f NFKB and steroid receptors . .. ... .. . . .. .. ... 89 

Avraham Yaron: Stimulation -dependent IKBa 

phos phoryl ation marks the NF-KB inhibito r for 

degrada t i on via the ubiquitin-proteasome pathway . ..... 90 

LIST OF INVITED SPEAKERS. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 91 

LIST OF PARTICIPANTS. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 97 



Instituto Juan March (Madrid)

INTRODUCTION 
Rodrigo Bravo and Pedro S. Lazo 



Instituto Juan March (Madrid)

11 

Ten years ago the first paper reporting the existence of a 

kappa immunoglobulin enhancer binding protein was published and 

called NF-KB. This binding function presented a stage specific 

pattern of activation in B cells which led to a model that 

included an inhibitory prote in ( IKB ) which could retain NF-KB in 

the cytoplasm. Upon act~vation o f the cell, the inhibitor would 

be inactivated and NF-KB translocated to the nucleus to actívate 

gene transcription . 

Since then, NF-KB has be en found to be an ubiquitous 

transcription factor composed of dimers and several homologous 

proteins have been identified, e.g.' p50, p52, c-Rel, RelB , Re lA 

(p65) . The term Rel/NF-KB now refers to a family of closely 

related dimeric complexes which are able to regulate specific 

gene transcription. In the last six years, emphasis has been 

placed on isolating and cloning the various members of the 

Rel/NF-KB family, characterizing their structure and their 

interaction with DNA. 

The family of inhibitory proteins, which includes the 

proto-oncogene Bcl-3, has also been the subject of active 

research as well as the study of the mechanisms by which 

different activators trigger NF-KB activation. It is now clear 

that phosphorylation and ubiquitin mediated proteolysis are 

implicated in the mechanism of activation of NF-KB . However, it 

rem~ins unclear which kinases and proteases are responsible for 

these processes. 

The important r o le of NF-KB / IKB proteins in growth 

regulation and differentiation can be deduced from their 

involvement in the transcriptional activation by growth factors, 

the oncogenic activities of sorne of the family members, and their 

activation by mitogens. However, the role of each individual 

protein has not been clearly established probably because of the 

ability of NF-KB proteins to substitute for each other in the 

heterodimeric complexes . 
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The workshop dealt with the most recent advances in this 

active field of research, from the molecular level to the mo~t 

complex biological models . Thus, it was discussed the 

characterization of the molecular interaction between DNA and 

NF-KB proteins using crystallography data as well as biochemical 

studies on the interaction of the different NF-KB proteins and 

their inhibitors, including the new inhibitor IKBE. 

From the data prese~ted at the workshop, it is apparent tha t 

signal transduction from the cell membrane to NF-KB is rather 

complex, with different pathways being implicated . 

It also appears that different kinases may be involved in 

the phosphorylation of IKB proteins and that these inhibitory 

proteins play .different roles in the activation process of NF-KB . 

An important part of the workshop was devot ed to the 

description of the characterization of transgenic and KO mice. 

This has been one of the major advances reported in the workshop. 

So far, all the mutant mice have survived,confirming the 

superimposing functions of the family members. 

Future studies of double or even triple KO mice will 

probably yield more clear cut answers to the questions concerning 

the functions of these molecules . As it was observed soon after 

the discovery of NF-kB proteins, homologs are also present in 

insect cells where they play an important role in development . 

A session of the workshop focused on these pro teins . The 

similarities between the Rel / NF-KB proteins from higher organisms 

and those from insects have become more apparent, including a 

possible role in defence mechanisms of insects for new NF-KB 

proteins. 

We would like to thank the speakers for their very open and 

candid presentations and informal discussions; they were all very 

engaging. We are also very grateful to the Fundación Juan March 

for the excellent support and organization of this meeting. 

Rodrigo Bravo 

Pedro S . Lazo 
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The Structure of the p50 NFKB homodimer bound 
to a KB element. 

Paul B. Sigler.- Department of 
Biochemistry and the Howard Hughes 
University, New Haven, CT. (USA). 

Molecular Biophysics & 
Medical Insti tute, Ya le 

The crystal structure of the Rel homology region (RHR) of 
the NF-KB pSO homodimer bound toa symmetrical idealized ten-base 
pair KB element has been refined to 2.3Á The RHR is composed 
of two antiparallel beta sheet domains. Each domain provides 2 
loops to the DNA-binding surface. A fifth loop is provided by the 
linker between the domains. Together, the dimer presents ten 
loops to the major groove of the KB element. There are no ~-sheet 
or a-helical components in the recognition interface. The DNA is 
essentially unbent. There are no interactions with the minar 
groove edges of the bases, however, the two antiparallel a

helices (possibly unique to pSO) that occur in a nonconserved 
seventy-aminoacid segment in the first domain flank the minar 
groove at the center of the element and interact with DNA 
backbone. The DNA is not significantly bent. The smaller e
terminal domains forms a symmetrical beta-sandwich dimer 
interface. 

The overall structure of the pSO homodimer superficially 
resembles an immunoglobulin, however, the DNA interactive 
surfaces are in the center of the dimer rather than at the 
hapten-binding tips of the immunoglobulin analogue. Careful 
analysis of the folding pattern supports a greater similarity 
with primitive antimicrobials rather than with an immunoglobulin 
fold. 

The signature sequence of the KB element, GG •••••• ce is 
explained by the intraction of a conserved pair of well but
tressed arginine residue with the conserved flanking guanine 
bases. Contact with the variable internal bases is made by polar 
side chains sorne of whose hydrophobic stems interact with the 
hydrophobic residues of the dimer · interface. Thus, changing 
dimer/ partners (eg., pSO/pSO to p50/p65) could change the 
trajectory of these side chains and hence the position of their 
polar tips. This might explain the need for specific internal 
base sequences to support binding and orientation of specific 
dimer pairs. 

The two domains are linked by a ten residue segment which 
is involved in DNA binding but would otherwise be flexible. It 
is not unlikely that in the absence of DNA the domains could 
reorient themselves to interact with a regulatory protein such 
as IKB . 
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Studies of NF·"KB functions and activation. David Baltimore, 
Amer Beg, Bruce Horwitz and llana St~covski, MIT 

We have been analyzing NF-~~::B's functions by studying the 
consequences of knockin_g out the mouse genes for the p50, p65 and 
I-KBa. polypeptides. We have recently been concentrating on the role 
of p65 which has to be analyzed in embryonic fibroblasts or by 
adoptive transfer protocols because of the embryonic lethality. We 
have shown that in the p65-/- cells, but not in normal or 
heterozygous cells TNF treatment leads to lethality. Express ion of 
p65 can overcome the lethality. Thus NF-KB appears to have as one 
of its fuoctions countering apoptotic signals . We have also found that 
B and T cells lacking p65 have fairly normal properties, responding 
effectively to mitogeníc signals in vitro. Thus, p50 and c-Rel have 
keys roles in the activation of B cells but p65 may not have an 
important role at that stage of developmcnt. We bave been seeking 
kinases that phosphorylate IKB a and ha ve found in HeLa cells an 
activity that ís about 300 kD and which quite specifically 
phosphorylates the serines in the N-terminus of h:B. Purification of 
that activíty is in progress . 
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Characterization of NF-KB knockout mice 

Rodrigo Bravo, Hideaki Ishikawa, Rolf-Peter Ryseck and Falk Weih 
Bristol-Myers Squibb Pharmaceutical Research Institute, P.O. Box 4000, Princeton, 

New Jersey, U .S.A. 

Mice with a targeted disruption ofRelB, a member ofthe Rel/NF-kB family of 
transcription factors, have multifocal, mixed inflammatory cell infiltration in 
several organs, myeloid hyperplasia , and splenomegaly due to extramedullary 
hematopoiesis . To elucidate the cellular requirements for this complex phenotype, 

we have bred RelB-deficient (RelBKO) animals to two strains of immunodeficient 
mice, RAG-1-deficient (RAG-1KO, lacking B and T cells) and Nur77/NIO-transgenic 
mice (Nur77/N10TG, lacking only T cells). We also generated mutant mice deficient 
in both RelB and the p50 subunit of NF-kB (p50KO, multiple defects in B cell 
function) . RelBKORAG-1KO and RelBKONur77/N10TG mice are disease free , while 
RelBKOp50KO double-mutant animals develop an even more severe phenotype 
despite the absence of B cells in the inflammatory inflitrates. Thus, both 
multiorgan inflammation and myeloid hyperplasia in RelB-deficient mice are T cell
dependent whereas B cells are not crucially involved. 

We have shown that RelB-deficient mice are highly susceptible to infection by 

Listeria monocytogenes. They are also unable to clear lymphocytic choriomeningitis 
virus, indicating a defective cytotoxic T cell response. RelB-deficient animals have 
increased serum lgM and lgE and impaired production of antigen-specific IgG in the 
absence of T cell help. Negative and positive selection is not impaired in these 
animals. 

The nfkb2 gene produces the p52 protein after proteolytic cleavage ofthe p100 
precursor. The p52 product might act as an alternative subunit of NF-kB, whereas 

the p100 precursor is thought to be a functional hcB member. To assess the function 

of p 100, we generated mice lacking the precursor, but still containing the p52 
product by gene targeting. Mice with homozygous deletion in the C-terminal ankyrin 
repeats of NF-kB2 showed extensive gastric hyperplasia with lymphocytic 
infiltration, resulting in early postnatal death. Mice deficient in the precursor also 
displayed enlarged lymph nades and increased lymphocyte proliferation in vitro in 

response to several external stimuli. Dramatic induction of the nuclear KB-binding 

activity composed of p52-containing complexes was found in every tissue examined 
of the p 100-deficient mice. 
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Probing for Physiologic Roles of NF-lCB/IlCB Proteins with Gene Knock-Out Mice. 

Ulrich Siebenlist 

NF-KB activity is central to i.nnhune- and stress- responses and tlús 

activity is controlled by a family of ankyrin-containing IKB proteins. The 

primary NF-KB complex in most cells is a p50/p65 heterodimer, which is 

rapidly released from the cytoplasmic IKB-a inhibitor upon cellular 

stimulation with many agents . Once released, NF-KB is free to enter nuclei 
and initiate transcriptional activation of target genes. It often does so 
by cooperative interaction with other factors , including an unusual 
interaction we detected with the Serum Response Factor. The mechanism by 

which NF-KB is released from IKB-a in the cytoplasm involves signal-induced 

phosphorylation at Serines 32 and 36 in the NH2-terminal part of IKB-a. 
This phosphorylation is mediated by a kinase-containing complex whose 
activation is somehow dependent on ubiquitination. Pathways leading to 
activation of tlús kinase complex are yet to be worked out, but may involve 
severa! distinct routes, including a Raf kinase-dependent pathway as well 
as other recently recognized MAPKinase pathways. lnduced phosphorylation of 

both Serines marks IKB-a for ubiquitin-ligation, primarily on Lysines 21 

and 22 . Finally, multiubiquitinated IKB-a is degraded by proteasomes, a 

step which also appears to require the COOH-terminal part of IKB-a, a part 
of the protein which contains PEST sequences and constitutive 
phosph()rylation sites . Our results indicate that the NH2- and 

COOH-terminal parts of IKB-a are both necessary and sufficient to mediate 
the signal-induced rapid proteolysis . 

NF-KB activity is controlled not only by IKB-a and the functionally related 
IKB-13 , but also by the other members of this family, including the 

oncoprotein Bcl-3 . Prior research has established that Bcl-3, unlike IKB-a 

and -13. can easily localize to the nucleus, where it appears to act as a 
positive regulator of transactivation, rather than a negative one. Severa! 
mechanisms have been proposed for tlús effect, primarily involving 
interaction with the p50 and p52 homodimeric complexes. However, nothing 
is· known about the physiologic context in which p50 and/or p52 homodimers 
may be relevant or in which the regulatory potential of Bcl-3 may be 
utilized, nor have target genes been identified . To address these 
questions we have generated gene 'knock-out' mice . These mice exhibit 
various specific immune defects . 

l. Brown, K. et al. (1995) Science 267 :1485. 
2 . Baldi, L. et al. (1996) J. Biol. Chem., 271 :376. 
3·. Franzoso, G. et al. (1996). EMBO, in press . 
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Rel deficient mice exhibit multiplc immune system defects. 

S.Gerondakisl, A.Strasserl. G.Grigoriadisl, D.Metcalfl, Y.Zhan2, C.Cheers2. 

E.Handmanl, L.Brown2, J-P .Scheerlinckl and R.Grumontl. 

l .The Walter and Eliza H.a.Il lnstitute of Medica! Research, P.O. Box, The Royal 

Melbourne Hospital, Parkville, Victoria 3050, Australia 

2. Department of Microbiology, University of Melbourne, Parkville, Victoria, 

3050, Australia . 

Re!, the product of the c-rc:l protooncogene, expression of which is largely 

restricted to hemopoielic cells, is one of t!Je subunits that comprise the NF-KB. 

like family of transcription factors . To better understand the physiological 

role of Re!, gene targeting was u sed to generate m ice with an inactivated e- re 1 

gene ( 1 ). Thc development of al! hemopoietic lineages in these 1mce are 

normal. but mature hemopoeitic cells exhibit multiple defects during cellular 

activation . While single mitogenic agents fail to induce Re¡·/- B cell 

proliferation, certain combinations of stimuli and growth factors can in pan 

overcome this proliferative block. The inability of ReJ·I- T cells to prolifente 

in response to antigen and ca-receptor engagrnent can be rescued by the 

addition of exogeneous IL-2 . Analysis of gene expression reveals that 

Re¡-/- deficient T cells and macrophages are defective in the expression of 

multiple cytokines . Stimulated ReJ·I· T cells produce reduced levels of IL-2. 

IL-3 and GM-CSf. Rel·/- macrophages displ ay a more complex mutant 

phenotype . with TNF-a production reduccd , but GM-CSF. G-CSF and IL-6 

expression clevated above that of normal cc!Js. Con sistent with the defects in 

the activation response of mature hemopoic ti <.: cells. ReJ·I- mice fail to mount 

cffective humoral and cell ml!diateJ immune responses to a number uf 

pathogen; . Collectively. these finding s indicate that Rel functions both a~ a 

positive and negative transcriptional regulator that is importan! for cytokine 

expres si on and lymphocyte pro 1 iferation. 

l. Kontgen F ., Grumont. R.J ., Strasser, A., ~1etcalf, D., Li. R .. Tarlinton , D and 

Gerondakis .S.(1995) . Genes and Develop. 9:1965-1977. 
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The Role ofthe NF-KB2 Gene and its Encoded Protein (p52) 
In Vivo 

Jorge H. Caamano, Cheryl Rizzo, Stephen Durham, Sergio Lira and Rodrigo 
Bravo. 

Bristol-Myers Squibb Pharmaceutical Research lnstitute. Dept. of Oncology 
PO Box 4000. Princeton NJ 08543-4000 

The NF -KB family of transcription factors is implicated in the expression of 
genes responsible oflymphocyte activation, acute phase response and 
inflammation in the immune system. One ofits members, the NF-KB2 gene 

has been identified sorne years ago as a candidate proto-oncogene since its 
involvement in sorne cases ofhuman B-celllymphoma. This gene encocles for 
a precursor protein of 100 KD (p100) that remains in the cytoplasm and u pon 
proteolytic processing gives origin to p52, the subunit that will translocate to 
the nucleus and bind DNA. 
More recently, severa! groups have shown that NF-KB2 is also implicated in 
the development ofmultiple myelomas, T-celllymphomas and in particular 
cutaneous T-celllymphomas. The rearrangements found in this locus showed 
overexpression and deletions of the carboxi terminal domain of the precursor 
protein. 
To further elucidate the function ofNF-KB2 we have generated mutant mice 
for this gene by homologous recombination. For that purpose a genomic DNA 
library of Sv/129 mouse strain was screened using a mouse NF-KB2 cDNA 
pro be. 

Severa! clones were isolated spanning a region of 18 Kb containing the 
promoter and the first 20 exons of this gene. As a targeting strategy two 
fragments of 10 and 4 Kb respectively were subcloned in the targeting vector 
and the neomycin phosphotransferase gene under the control of the m o use 
PGK promoter was inserted in exon 4 disrupting the open reading frame of 
the NF-KB2 gene. This construct was electroporated in embryonic stem (ES) 
cells and severa! clones that underwent homologous recombination at the NF· 
KB2locus were obtained. Two NF-KB2 (+/-)clones were used to generate 
heterozygous and subsequently homozygous (-/-) mice. 
A detailed analysis ofthe phenotype ofthe NF-KB2 null mice will be 
presented. 
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Malignant Transformation of Cbicken Spleen Cella by the v-Rel oncoprotein. Thomas D . 
~· Biology Department, Boston University · 

One of the primary focuses of my laboratory is understanding the mechanism by 
which the v-Rel oncoprotein encoded by the highly oncogen1c av1an Rev-T retrovirus 
malignantly transforms and immortalizes chicken lymphoid cells in vitre and in vivo 
(reviewed in refs 3 and 4). 

v-Rel is highly mutated as compared to c-Rel, but it appears that the primary 
change that is important for the oncogenicity of v-Rel is the deletion of e-terminal 
ami no acids in v-Rel as compared to c-Rel. In addition to conferring increased 
oncogenicity t o v-Rel, this deletion removes a strong e-terminal c-Rel activation 
domain and allows v-Rel to enter the nucleus of many cells (2,5,7) . Thus, the 
overall structure of v-Rel is such that there is an N-terminal Rel homology domain 
that has sequences involved in DNA binding, the formation of heterodimers and 
homodime rs, and nuclear loc~lization, and a truncated e-terminal domain that has 
t r anscri ption activation sequences . Of note, the e-terminal deletion in v-Rel is 
similar to the changes that have occurred in certain ~ family genes due to 
chromosomal re3rrangements in human lymphoid cancers. 

In transformed cells, v-Rel interacts with a number of cellular proteins, 
including NF-KB plOO, NF-KB p105, c-Re1 and IKB-a (1,2,9). In addition, homodimers 
o f v-Re1 that can bind to DNA are also present in cells. Using mutants of v-Rel, we 
have determinea functions that are important for transfor.mation by v-Rel . Numerous 
stud ies have shown that DNA binding by v-Rel is essential for its transforming 
funct i on; for example, temperature-sensitive (ts) transforming mutants of v-Rel are 
t s f o r DNA binding (10) . Furthermore, it is like1y that homodimers of v-Rel are the 
important effector molecules for transformation . For example, one v-Rel mutant, v
SPW, is non-transforming and is detective for the formation of homodimers, but v-SP~ 
can still form functional heterodimers with NF-KB p105/p50 and p100/p52 (12) . In 
addition , certain ts v-Rel mutants cannot form homodimers and bind DNA at the non
permi ssive temperature, but can still form heterodimers at the non-permissive 
temperature (1,6,12). The interaction of v-Rel with IKB-a does not appear to be 
relevant to transformation, since a v-Rel mutant with a deletion of sequences in th< 
primary nuclear localization signa! does not interact with IKB-a, but transforms 
chicken spleen cells as efficiently as wild-type v-Rel (12). 

Sequences e-terminal t o the Rel homology domain also are important for 
tra ns f o rmation by v-Rel . The study of several deletion mutants indicates that e
t e rminal sequences that contain weak transcription activation domains are necessary 
f or transformat i on by v- Rel (8) . To determine how these sequences may activate 
transcription, or possibly to identify other functions residing in the e-terminal 
ha l f o f v-Rel, we ·have performed a two-hybrid screen with e-terminal sequences of v 
Re l . We have identified two cDNAs from a human B-cell library that encode novel 
proteins that specifically interact with e-terminal sequences of v-Rel . We are 
cu rrently characterizing these v-Rel-interacting proteins to determine their effect 
on v-Rel and their possible relevance to transformation by v-Rel. 

v -Rel and derivativas of chicken c-Rel are the only Rel/NF-KB proteins that are 
c ons istently transforming in vitre. Although rearrangements in e-~ and in the 
gene encodi ng NF-KB p10Q have been detected in a number of human lymphoid cancers, 
these proteins have not been demonstrated to be transforming in vitre . We have 
r e cently found that heterodimers between v-Re1 mutant v-SPW and chicken NF-KB p52 
can induce the malignant transformation of chicken spleen cells (12) . This result 
demonstrates for the first time that heterodimeric Rel complexes can induce 
transformation . In addition, we have found that truncated p100 proteins from humar 
lymphoid tumo r s actívate transcription in yeast, whereas normal p52 and p100 
proteins do not. 

We have also been using the ts v-Rel mutants to analyze immortalization of 
chicken spleen cells by v-Rel . When ts v-Rel-transformed cells are shifted to the 
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nonpermissive temperature, these cells undergo apoptosis and IKB-a undergoes 
proteolysis (13) . We have recently found that apoptosis in these cells can be 
blocked by overexpression of Bcl-2, suggesting that v-Rel immortalizes cells through 
a Bcl-2-dependent pathway (11) . In contrast, the ICE protease inhibitor CrmA does 
not block apoptosis when ts v-Rel-transformed cells are shifted to the nonpermissive 
temperature; however, CrmA does block an N-terminal processing of IKB-a that occurs 
in these cells . Our preliminary results indicate that IKB-a is a substrate f o r an 
ICE-related protease. 
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Tetracycline-regul:tted expression of v-Rel and e-Re!: Effects on cell proliferation and 

gene expression 

Judy Bashl.2, Wei-Xing Zongl,3, Michael Farrell1,3 and Céline Gélina~l , 4 _ ICenter for 

Advanced Biotechn ))ogy and Medicine, 2Graduate Program in Microbiology and Molecular 

Genetics, Rutgers Uiliversity, 3Graduate Program in Bíochemistry and Molecular Biology and 
4Department of Bicchernistry, UMDNJ-Robert Wood Johnson Medica! School, Piscataway, 

New Jersey 08854-S638. 

Our laboratory is interested in the transcriptional activity of the v-Re! and c-Rel proteíns and 

their role in cell prc ·liferation and transformation. Prevíous studíes from our group and others 

identified a transcripion activation domain in v-Rel (1 , 2) that overlaps with sequences required 

for cell transforrnati.)n (3). We al so reportoo the functional interaction of this activation domain 

and that of e-Re! wi h general transcription factors (4). Our recent mapping experiments further 

support an importan : role for the transcriptional activity ofv-Rel in cell transformation (5). 

In this study, we de>eloped tetracycline-regulated cell systems to characterize the effects ofv-Rel 

ande-Re! on cell prdiferation and gene expression. We report that high level expression of e-Re! 

deereased the progre;;sion of cells from GI into S phase, and altered cell morphology in a way that 

correlated \vith its subcellular localization. Prolonged expression of the protein prometed the 

accumulation of cells in a sub-GD/Gl population undergoing death by apoptosis. The phenotype 

of e-Re! in our cell sy-stem agrees with analyses by Abbadie et al . in developing chicken embryos, 

showing a correlati )n between e-rel expression and apoptosis in severa! non-hematopoieti c 

tissues (6). In shaq contrast, v-Re! increased G1 /S phase transition in our cell systern whereas 

its down-regulation in transfonned lymphoid cells resulted in programmed cell death. This 

observation is consi ;tent vlith the studies of White et al. (7) . The faet that the phenotype of e

Re! differed marked y from tha.t observed with v-Rel points to the possible activation of specifie 

cellular genes. · 

Investigation into the mechanisms involved in c-Rel-mediated growth arrest revealed a marked 

deerease in E2F DNA-binding activity and the aecumulation of Rb in its hypophosphorylated 

form . In vitro kinas1: assays demonstrated the inhibition of Cd.k2 lánase activity in response to c

Rel expression, whi e immunoblots indieated the accumulation of the p2l/Waf1 Cdk-inhibitor. 

Northem blot anal y! is during a time course of e-Re! induction showoo the accumulat.ion of p21 

transcripts with kinetics that paralleled those for e-re/ and mad-3/ikba. The contribution of p53-

dependent and p53-independent pathways to this process is under investigation. 

mRNA differential c.isplay analysis of cellular gene expression in our cell systems also revealed 

the induction and re >ression of specific eellular genes in response to v-Re! and e-Re! . Here we 

report the isolation of a cDNA clone for a c-Rel-responsive gene from a human spleen library . 

Northem blot analysis showed hybridization of this clone toa 5.8 kb transcript that was indueed 

with kinetics that pualleled those for e-re/ and mad-3/ikba. Expression of this transcript was 

also observed in lymphoid celllines and tissues . lts characterization as a c-Rel-regulated gene is 

. in progress. Ongoing and future studies will help to further clarify the pathways through which 

Re! proteins affect cdl proliferation and the role oftheir transcriptional activity in this process. 
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The v-rel oncogene promotes malignant T cellleukemiallymphoma 

in transgenic mice 

Rodrigo Bravo and Daniel Carrasco 
Bristol-Myers Squibb Pharmaceutical Research Institute, P.O. Box 4000, Princeton, 

New Jersey, U.S.A. 

The oncogene product from the avian reticuloendotheliosis virus strain 

T, v-Rel, is a member of the Rel!NF-kB family of transcription factors . The 

mechanism by which v-Rel induces oncogenic transformation remains unclear. 

Several attempts to transform mammalian cells with v-Rel have failed, 

suggesting that v-Rel transformation may be a species-specific event. 

However, we have demonstrated that v-Rel but not a truncated c-Rel, 

expressed under the control of the lck promoter, efficiently induced 

malignancies in transgenic mice. Most of the animals died before 10 months 

of age and developed immature, multicentric aggressive T cell 

leukemiallymphomas. Most tumors contain CD4+cns+ cells or CD4-CD8+ 

cells, which have an immature rather than a mature peripheral phenotype. 

No tumor development was observed in control littermates and transgenic 

mice expressing a truncated form of c-Rel. Tumor formation was correlated 

with the presence of constitutive p50/v-Rel DNA binding activity and 

overexpression of several kB regulated genes in v-rel transgenic thymocytes, 

however, v-Rel is also transforming in transgenic thymocytes lacking p50, 

indicating that p50/v-Rel heterodimer formation is not essential for the 

transforming activity of v-Rel. The transforming activity of v-Rel in p50 null 

mice · mice has been identified as v-Rel!v-Rel homodimers. Since tumors 

represent immature T lymphocytes, constitutive v-Rel expression appears to 

be leukemogenic at earlier stages ofT cell development. 
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Activation of the c-Rel transcription factor in chicken 
thymocytes undergoing apoptosis 

C. Huiuet 1, F. Bouali 1, V. Mattot l, P. J, Enrietto2, D. Stéhelin 1, 

B.Vandenbunderl and C. Abbadiel 
lLaboratoire d'Oncologie Moléculaire, CNRS, URA 1160, Institut Pasteur de Lille , ¡ 
rue Calmette, 59019 Lille Cedex, France. 
2Department of Microbiology, S tate Univer.;;ity of New York at Stony Brook, Stony 
Brook, New York 11794, psA. 

The chicken ~ protooncogene encocles a transcription factor of the Rel/NF- xB family 
which is predomínantly expressed in hcmatopoietic organs and in embryonic cells 
undergoing apoptosis. In this study, we focused on the role of c-rel in thymocyte 
apoptosis. The e-Re! protein is found in numerous cell types in an inactive form retained 
in the cytoplasm by ankyrin-repeat proteins of the h:B family {p40, pl15 or pl24). Upon 
stimulation, the inhibitory proteins are phosphorylated and degraded, thus releasing the 
transcription factor which may entcr the nucleus and activare transcription. 
Our work was performcd on organotypic cultures of thymuses dissected from embryos 
at 19 days of development. Under these conditíons , medullary thymocytes undergo 
massive apoptotic death within a fe w hours, whereas other cellular components of the 
thymus remain intact. 
In siru hybridization on freshly di ssected th ymuse.s , before the onset of apoptosis, 
reveals that mRNAs of ~ and its ínhibitors p40 and pl15 are predominantly 
expressed in antigen presenting (macroph ages and dendritic cells) and stromal cells. 
Expression of the c-Rel protein (dctccted by immunocytochemistry) is restricted to the 
cytoplasm of these cells . In thymocytes on the other hand, although we observe a low 
but significant amount of the three mRNAs, no c-Rel protein can be detected. As 
apoptosis proceeds, an increasing number of medullary thymocytes express thc c-Rel 
protein in their cytoplasm and some of them in thcir nucleus, while other cell types seem 
to be unaffected. Nuc lear. localization of c-Rel is correlated with the formation of 
condensing cells and apoptotic bodies. During this process , the leve! of the c-rel mRNAs 
remains unchanged, while the levels of p40 and p 115 mRJ~A s dramatically decrease in 
apoptotic cells . Western blot analysis of nuclear and cytoplasmic ex.tracts from these 
cclls indicares that indeed e-Re! relocalizes into the nucleus as a result of the 
organotypic culture. 
In conclusion, as medullary thymocy tes undergo apoptosis, the expression of c-Rel is 
induced probably through a posttranscriptional mechanísm since the leve! of ~ 
mRNAs does not change. Moreover, the protein is translocated to the nucleus. thu s 
becoming a functional transription factor , which might result from the observed 
decrease in the exprcssion of the l KBs . The above events are not observed in other 
cellular components of the thymus that are not apoptotic. Therefore, these results 
suggest that the chicken c-rel protooncogene takes an active part in the mechanism of 
thymocyte apoptosis. 
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v-relEA Transformed Bone Marrow Cells of Chicken: 
an in vitro Model System for Differentiation of 
Antigen-Presenting Dendritic Cells. 

Jaime Madruga," Guido Boehmelt, Nicolas Koritschoner", Petr Bartunek", Sandra 
Diebold", Signe Knespel," Paula J. Enrietto, and Martin Zenke" . 

· Max-Delbrück-Center for Molecular Medicine. Robert-Rossle-StraBe 1 O, D-13125 
Berlin. GERMANY. 

Over the past years we have developed an in vitro system for 
differentiation of antigen-presenting dendritic cells. This system is based on the 
conditional, hormone-inducible oncoprotein v-RelEA, which contains the v-rel 
oncogene fused to the hormone binding domain of the human estrogen receptor. 
In the presence of estrogen v-RelEA is active and transforms hematopoietic 
progenitor cells present in chicken bone marrow in vitro. This allows to obtain 
clona! cell populations with a high proliferative capacity in culture. Cells 
transformed by v-rel have been assigned to different celllineages according to 
surface marker expression and rearrangement of the immunoglobulin genes . T
lymphoid cells, cells at different stages of B cell development (including mature B 
cells), and myeloid cells are such targets for v-rel-specific transformation. In the v
relEA system inactivation of v-RelEA by addition of an estrogen antagonist 
enables cells to continue their normal differentiation program. We have 
developed conditions to achieve v-relEA cell differentiation into dendritic cells, 
therefore identifying a progenitor for dendritic cells as another target for v-rel. lt still 
remains open whether such cells can differentiate into other related 
hematopoietic cell types. lnterestingly, v-relEA progenitors grown with estrogen , 
exhibit sorne B-lymphoid properties, like the presence of surface lgM and lgA, or 
BSAP activity (6. cell s.pecific ªctivator Qrotein, in collaboration with P. Dórfler and 
M. Busslinger, IMP. Vienna, Austria) . These lymphoid properties are 
downregulated upon induction of differentiation. However, v-relEA cells do not 
produce immunoglobulin molecules or lg-specific mANA and have their lg genes 
in germline configuration. Therefore, we speculate that v-relEA cells express Fe 
receptors or related molecules that bind to soluble lg molecules present in the 
chicken serum of the culture media. Fe receptor expression would be expected 
for dendritic cells. 

We are also interested in exploring the gene expression repertoire of v
relEA dendritic cells to gain insight into the cell biology and function of these 
professional antigen-presenting cells . As a first appproach, we have analysed 
the tyrosine kinase expression by domain-directed differential display. Severa! 
receptor and non-receptor tyrosine kinases were identified. Additionally, we are 
interested in determining how v-relEA dendritic cells migrate and which stimuli 
attract them to lymphoid organs, since both activities are essential for antigen 
presentation. As a first step, we analysed v-relEA dendritic cells for expression 
of cytoskeletal and cell adhesion molecules. These data will be presented. 
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Tbe Role of NF-teB c-rel and RelA in Embryonic Limb Bud Development. Paul 
Bushdid, Piona Yull, Mike Byrom, Haijing Li, Chih-Li Chen, and Lawrence Kerr. Vanderbilt 
University School of Medicine, Dept. of Microbiology and Immunology and Cell Biology, 
Nashville, TN 37232-2363 USA 

The ubiquitous transcription factor, nuclear factor-lcappaB (NF-ICB), stimulates the expression of a 
number of genes involved in inunune responses, acute phase reactions, and viral infections. The 
large array of growth factors, cytokines, and viral proteins which activate ICB-enhancer binding 
activity suggests that the NF-ICB farruly plays a pivota) role in the regulation of such cellular 
processes as proliferation, diffecentiation, and programmed cell death. Recent evidence from this 
laboratory suggest that tissue spedfic expcession paneros for NF-ICB factors throughout embryonic 
development may have an important physiological consequence in morphologic patteming in the 
developing embryo. We have defined the embryon.ic expression paneros of c-rel and RetA in both 
mouse and chicleen model systems and have found both NF-ICB factors are overexpressed during 
specific temporal windows during limb bud development. c-Rel mRNA is overexpressed in the 
developing progress zone and is not expressed in either the apical ectodermal ridge (AER) or the 
zone of polarizing activity (ZPA). Transgenic mice be.aring a c-rel promoter/lacZ construct 
demonstrate expression of c-rel directed S-galactosidase activity in the developing limb buds which 
disappear prior to birth. The appearance of e-re/ in the limb bud correlates strongly with the 
expression of the homeodomain proteio, Msx-1. We demonstrate that the Msx-1 promoter: (1 '¡ 
contains three functional ICB-enhancer element as determined by mutagenesis studies: (2) is 
transcriptionally responsive to NF-KB activation; and (3) binds eRe! in vitro and in extracts from 
limb bud mesenchyme. Surgical manipulation of avian limb buds demonstrate that removal of the 
AER abolishes c-rel expression in the developing limb suggesting that signal(s) emanating frorn the 
AER direct c-rel expression. Fwthermore, implantation of beads bearing fibroblast growth factor· 
4 into AER minus limbs restores the expression of e-re! to the underlying mesenchyme. Curre m 
experiments are examining the role of the ZPA morphogens. sonic hedgehog (Shh) and retinoi c 
acid on the expression pattem of c-rel in the deve)oping limb. In addition retroviral vec tors 
transferring NF-ICB dominant negative mutants address the necessity of NF-KB acrivarion for 
proper limb bud development. 
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THE NF-KB/RELIIKB PARADIGM, D. Van Antwerp, K. Tashiro, M. Pando, E. Schwarz, and l. 

M. Verma, The Salk lnstitute, La Jolla, CA 92037. The mechanism by which the signa! is -
transduced from the cell membranas to the nucleus through the cytoplasm is not fully 
understood. but many players in this eascade have recently been identified. The products of 
many of the rapidly induced early response genes are transcription factors which can "switch
on· other genes eventually leading to cell growth, differentiation and development. One family 
ot transcription factors, NF-xB/Rel proteins are uniquely sequestered in the cytoplasm in 
association with an inhibitory protein, hcB. Upon stimulation with a wide variety of agents, hcB 
protein is modified and degradad, releasing NF-KB proteins which translocate to the nuoleus and 
bind to decameric KB-binding sitas. The activity of NF-xB proteins is therefore controlled by 
IKB protein. We have shown that upon addition of TNF-a lo Hela cells, hcB protein is 
phosphorylated, followed by rapid degradation . In the presence of inhibitors of degradation of 
hcB, phosphorylated lxB can be found associated with p65 (ReiA) a member of the NF-xB 
binding proteins. We conclude that the phosphorylated form of IKS remains associated with NF· 
KB complex and degradation oocurs in situ in the oomplex. We have localized the region and 
sorne specific siles of phosphorylation in hcB. 1=\emoval of C-terminal 39 a.a. (containing PEST 
sequences) generated a form of hcB whioh weakly associates with NF-!CB but does undergo 
degradation. The mutated lxB also prevents transcriptional transactivation by NF-xB proteins. 
The signa! induced degradation of IKBet does not require PEST sequences; however, loss of PEST 
sequences increases half-life of free hcBa. 

We also report that in a variety of cells where NF-)>8 activation is compromised by 
transdominant hcBa, addition of TNFa causes apoptosis. Ordinarily, TNFa leads to NF-xB 
activation and subsequent activation of genes involved in immune responses. Thus, NF-KB 
proteins suppress signals for cell death. Finally, we will ~lso discuss the association of NF
xB/Rei/IKB proteins with other cellular proteins. 

Supported by NIH and ACS 
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NF·KB signaUing mechanisms and novel protein associations. 

Claus Scheidereit, Annette Ahlers, Tewis Bouwmeester•, Vigo HeiJlmeier, Daniel 

Krappmann, Alexandra Nieters• and F. Gregory Wulczyn 

Max-Delbrück-Center for Molecular Medicine MDC, Robert·ROssle·Str. 10, 13122 Berlín 
( 0 ) Prr:sent address: Oeportment of Biological Chemistry, Universicy of California, Los Angeles 90024-173 7 

NF-KB release can occur by signal-dependent degradation or by basal turnover of its inhibitor 

IICBn. Given the demonstrations of a ubiquitin-proteasome pnthway for signal-depcndcnt 

hcBa degradation (1), that were mainly based on biochemical assays, and the lack of 

understanding the mechanism of basal tumo ver, we ha ve made use of a tagged 

substrate/tagged ubiquitin assay (2) that allows investigation of signal-dependent and · 

independent degradation in intact cells. In vivo, tumor necrosis factor alpha (rufa) induced 

breakdown ofiKBa correlates with ubiquitin-conjugation within S min., strictly depending on 

the presence ofthe amino-terminal 70 amino acids. When the cells were left unstimulated no 

ubiquitinated liCBn species were detectable. In contrast, the protein domains required for basal 

tumover ofliCBa differ from those that are fundamental for TNFa triggered degradation. 

Neither the amino-terminal SRD nor the carboxy-terminal PEST sequencc are needed for 

basal tumover that essentially depends only on the core an1:yrin repeat domain . Basal 

degradation is controlled by a mechanism independent ofubiquitin-conjugation since an IKBa 

mutant with alllysine residues changed to arginines , that still exhibited unperturbed p65 

binding, has the same high tuinover as the wild type molecule. Furthermore, despite its high 

tumover, b:Bo. is not ubiquitinated in unstimulated cells, when compared to c-Jun, whose 

basal turnover is accompanied by high ubiquitination ofthe molecule. Notwithstanding the 

differences in the requirements of protein domains and ubiquitin-conjugation for both 

degradation pathways, each one is significantly blocked by the proteasome- and calpain

inhibitor ALLN. lt can be concluded that inherently different processes regulate signal

dependent and -independent degradation ofl!cBn. The potential role of structural 

determinants for signal-dependent degradation will be discussed. 

The analysis of cellular cytosolic and nuclear NF-KBIIKB complexes by 

immunoprecipitation (3) and gradient ccntrifugation has revealed the presence of expected as 

well as additional novel protein complexes. By screening of ex:pression librarles with 

recombinant l'./F-KB-p52 as a probe we have isolated "nuclear factor related kappa B" {RKB) 

as a transcription factor that bjnds with high affinity to a subgroup ofNF -KB/Rel proteins, but 
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not to hcB proteins. RICB reveals interesting properties, as novel DNA binding and 

dimerization domains, as well as an inhibitory domain with repetitive sequences. The fact that 

RICB binds to NF-KB binding sites (4) and to cellularNF-KB-proteins suggests a role in NF

KB signa! transduction. 
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Sankar Ghosh 
Section of Immunobiology, Department of Molecular 
Biophysics and Biochemistry, School of Medicine, Yale 
University, P.O. Box 208011, New Haven, CT. 06520-8011 

(USA) . 

Regulation of NF-lCB by llCB·P 

Stimulation with inducers that cause persistent activation of NF-lCB results in the 

degradation of the NF-lCB inhlbitors, IlCB-a. and IlCB-p. Despite the rapid 

resynthesis and accumulation of bd3-a., NF-lCB remains induced under these 

conditions. We now report that IlCB-~ is also resynthesized in stimulated cells 

and appears asan unphosphorylated protein. The unphosphorylated IlCB-P forms 

a stable complex with NF-lCB in the cytosol, however this binding fails to mask 

the nuclear localizing signal and DNA binding domain on NF-lCB. It appears 

therefore that during prolonged stimulation, IlCB-P functions as a chaperone for 

NF-lCB by protecting it from IlCB-a. and allowing it to be transported to the 

nucleus. 
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lnteraction of Va.rious IK13 Proteins With NF-KB. 
Nancy Rice. ABL-Basic Research Program, NCl- Frederick Cancer 
Research and Development Ccnter, Fred0rick, Maryland 21702-1201 
USA 

With the isolation of l~~:Bet by Simon Whitesidc and Alain Israel, 
there are now three major inhibitors of NF-~~:B cornplexes: r,_Bet, 
hB,B, and LcBe:. 1 will describe efforts to compare their properties 
with respect to turnover, inducibility, and dimer preference. I will 
also describe my efforts at characterizing I~~:BE, as part of a 
collaborative study with Drs. \Vhiteside and Israel. Briefly, l~~:Be is 
associated with NF-ttB dimers in all cclls tesled to date, and in most 
cells it binds significantly more NF-~~:B than docs l~<Bet. Ld3e: is 
constitutively phosphorylated and is degraded following cxposure of n 
cells or monocytes to LPS, but not to PMA. Degradation is blocked by 
thc pro te asome inhibitor ALLN . 1 will also describe studies on the 
interaction of l~~:Bo: with homodimcrs of p50, p65, and e-Re!. We have 
made a largc number of mutants of these protcins and have followed 
the effect of the mutations on ability to bind L-.:Bo:. This has allowed 
us to deduc0 which specific regions are irnportant f'or binding. 
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·THE 90 kDa RIBOSOMAL S6 KINASE (ppgorsk) INDUCIBL y 
PHOSPHORYLATES hcBa. ANO STIMULATES ITS DEGRAOATION IN 
VITRO. Lucy Ghoda,, X in Lin2 and Warner C. Greene2,3 Dept. of 
Pharmacology,, Universlty .of Colorado Health Sciences Center, Denver, 
Colorado 80262 and Gladstone lnstitute of Virology & lmmunology2, 
and Department of Medicine and Microbiology and lmmunology3, 
University of California, San Francisco, CA 941 i O 

Nuclear factor xB (NF·KB) ls a transcription factor that is negatively 
regulated by lts physical association with a family of cytoplasmlc 
ankyrln rich inhibitors lncludlng hcBa. To activate NF-KB nuclear 
translocation and functlon, IKBa. must be phosphorylated, conjugated 
to ublqultln, and degradad by the 268 proteasome complex. At 
present, the exact identity of the lxBcx kinase(s) remalns elusive. We 
have recently focused our studles on the potential role of pp9Qrsk as 
an IKBa kinase. This enzyme lies downstream of MAP kinase In the ras
raf-MEK·MAPK pathway induced by phorbol ester (PMA) and varlous 
growth factors. We have found that PMA induces ppgorsk 
phosphorylatlon of I~Bo: and that th is phosphorylatlon is dependent 
on the key N-terminal regulatory serine residues located at positions 
32 and 36 in the natlve IKBcx protein. The analysls of single serine 
substitution mutants of lxBa has revealed that serine 32 ls the 
principal site of phosphorylation by actlvated pp9orsk. This findlng 
ralses the possibility that .dlfferent kinases may medlate 
phosphorylation at serlne 32 and 36. N-terminal phosphorylation of 
lxBa. by ppeorsk appears functionally lmportant as it leads to the rapid 
degradatlon of IKBa. in vitro. Analysls of cotransfected COS cells has 
further shown that pp9arsk and lxBcx are physically associated in vivo. 
Flnally, we have found that ppeorsk kinase activlty ls stimulated by 
phorbol ester but not by HTLV-1 Tax or TNF-o:, each of which are 
potent inducers of NF-1<:8. We conclude that ppeorsk likely 
corresponds to one of perhaps multlple intracellular hcBa klnases that 
differentially mediate phosphorylation of IKBcx in a signa! speclflc 
manner. Supported by 5R01 GM49055, American Cancer Soclety 
Research Award, VM-91, a Junior Faculty Research Award of the 
American Cancer Soclety to L. Ghoda. 
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B IOCHEMICAL CHARACTERIZATION AND PURIFICATION OF THE IlCB 
KINASE. EMercurio *J. DiDonato.# J. Li.* D. Young.* M. Karin.# and M Barbosa* 
Si¡;;ual Phannaceuticals Inc*. San Diego, CA 92121 and UC San Diego#, La Jolla, Ca 
92037. 

NF-lCB plays a pivotal role in the highly specific pattem of gene expression found 
for immune, inflammatory a.nd acute phase response genes, including interleukin 1 (IL-1 ), 
in terleukin 8, tumor necrosis factor (T1'-.'F) and certain cell adhesion molecules. The Ix:B 
fam ily of proteins are importan! regulators of NF-KB activity, wherein IlCB modulates 
cytoplasmic to nuclear tra.nslocation associated with NF-KB activation in vivo. Stimulus
induced phosphorylation of IKB render it a target for ubiquitination a.nd subsequent 
degradation by the proteo so me. In a.n efr'on ro better elucidate the mechanism of NF-KB 
activation and the natme of the IKB kinase(s) we initiated studies to biochemically 
characterize the inducible phosphorylation sites on IKBcx and IKBB. Serines 32 and 36 of 
IKB a wcre phosphorylated in response to TNFa. and IL-1. Substitution of either serine 
blocked or slowed stimulus-induced IK.Ba. degradation. Moreover, substitution of 
homologous sitcs on IKB~, scrincs 19 and 23, also inhibit induciblc IKB~ dcgradation. 
\Ve developed an assay to identífy the kínase responsible for inducible phosphorylation of 
I KB aJ ~ at these sítes. Incorporatíon of the IKBaJ~ kinase assay with classical biochemicaJ 
fractionation and a novel affinity ch.romatography step has enabled us to purify the hJ3 
kinasc. We believe that actívation of tbe li<B kínase is the first critica! step in NF-KB 
ac ti vat.ion. Identification of the I KB kinase will allow us to develop potent anti
inflammatory and immunosuppressive drugs which selectively block NF-KB actívation and 
NF-KB responsive genes. 
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Characterisation Of 1 kappa B Epsilon¡: A 
Novel Member Of The I kappa B Family Of 
Proteins. 

Simon T. Wbiteside, Jean-Oiarles Ep.inat, Nancy R. Rice• and Aiain Israel 
Urüté de Biologie Moléculaire de l'Expression Gérúque, lnstitut Pasteur, 25 rue du Dr Roux,. 
75724 Paris Cedex 15, France, and Laboratory of Molecular Virology and Cardnogenesis, ABL
Basic Research Program, NO Frederick Cancer Research and Development Cen±er, Frederick, 
Marylarui 21702-1201• 

In a search for novel proteins capable of interacting with the transcription 

factor NF-x:B, we perfonned a yeast 2-hybrid screen using as bait, the p52 

protein fused to the DNA-binding domain of GAL4. Out of 250,000 

independent clones screened, we isolated cDNAs encoding three novel 

proteins. Further characterisation revealed that one of these cDNAs encocles a 

novel member of the b:B fa.mily of proteins, which we have named IxBc. 

North.ern blot anaysis reveals that IxBe is encoded by a 2.2kb message that is 

ubiquitously expressed, and whose levels are induced during dilierentiation of 

HL60 cells into either monocytes or neutrophils. IKB€ consists of two isoforms: 

a 38kD protein that contains 6 ankyrin repeats as well as two serine residues 

whose sequence context strongly resembles that of serines 32 and 36 of lKBo., 
and a 55kD proetein that contains an additional N-terminal domain. Co

precipitation studies demonstrate that these proteins can mteract with Rel 

proteins in vitro and in vivo. Furtherinore, they are capable of inhibiting both 

NF-xB binding in vitro as well as affecting NF-KB-mediated transactivation in 

vivo. The specificity of binding of the two isoforms to various Rel proteins 

and their various effects upon NFKB-mediated transactivation in "ivo will be 

presented. The possible role of the two different isoforms of IKBc in the 
regulation of NFx:B activity by extracellular stimuli and differentiation will be 

discussed. 
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Activation of NF-KB by Two Novel Pathways 

P.A. Baeuerle'", Jean-Francois Peyron*, H. L. Pahl5
, Veronique Imbert*, R. 

Rupec#. 
+ Tularic Inc. , Two Coi1Jorate Drive, South San Francisco CA94080, USA, *INSERM 
Unite 364, Faculte de Medecine, F-06107 Nice Cedex 02, France, Slnstitue for 
Experimental Cancer Research, Tumor Biology Center, Postfach 1120, D-79104 
Freiburg, Gennany, #lnstitute ofBiochemistry, Freiburg University, Hennann-Herder
Str. 7, D-791 04 Freiburg, Ge.nnany. 

The ER Overload Pathway 

The endoplasmic reticulum (ER) is an organelle that can provide signals to the cell 
nucleus that change gene expression. One pathway is induced by the accumulation of 
mal-folded luminal and mernbrane-bound secretory proteins. This leads to the activation 
of ER membrane-bound kinases that phosphorylate unknown rnesse.nger protein(s). These 
actívate a nuclear transcription factor calJed UPRF which, upon binding to glucose 
response elements, turns on genes. The products of these genes, such as BIP or PDI, end 
up in the ER lumen where they help in folding the rnalfolded proteins that orignally 
provided the gene-inductory stirnulus. 

A second pathway is induced by a change in the lipid composition of the ER 
rnembrane. When its content of sterol drops an ER-resident transcription factor precursor 
is cleaved by a sterol-regulated protease. The released SREBP factor, a basic helix-loop
helix protcin, translocates to the nucleus where it induces genes whose products are 
in volved in cholesterol biosynthesis (HMGCoA synthase) or uptake (LDL receptor). 

We ha ve found that NF-kB plays a roie in a third, novel ER-nuclear signa! transduction 
pathway. This carne frorn the observation that a number of drugs known to perturb the 
organelle's function could induce activatíon of the transcription factor. Among these 
drug5 were glycosylation inhibitors, such as tunicamycin and 2-deoxyglucose., and 
transport inhibitors, such as brefeldin A and monensin . Likewise, the over- or atopic 
expression of seceretory membrane proreins, such as 11 heavy chain, MHC c!ass I, 
influenca hernagglutinin or a truncated Hepatitis B virus surface antigen, could potently 
activare NF-kB . This suggested that the mere accurnu!ation of (correctly folded) 
seceretory membrane proteins in the ER provides a novel signa! leading to NF-kB 
activation. This signal was studied by ming the ER-resident Adenovirus protein E3/19K 
as a model system. The wildtype protein turned out as a potent novel inducer of NF-kB 
when overex.pressed at very low !evels. In contrast, a variety of mutant forros that were 
no longer retained in the ER but transported to the cell surface were deficient of 
activating NF-kB cven at high expression levels. Frorn these findings, we concluded that 
the signa! was just the overload of the compartment with mernbrane protein. 

We reasoned that an increase in thc proteinllipid ratio in the ER may perturb the 
organelle' s function of sequestering calcium. Leakage of the cation into tbe cytosol could 
provide a stress signal activating NF-kB. This hypothesis was supported by our 
ob5ervation that two structural!y unrelated intracellular calcium chelators, TMB-8 and 
BAPT A-AM, potently prevented NF-kB activation by E3/19K and various ER drugs, but 
not the activation of NF-kB by TNF. Further support for the involvement of calcium 
came frorn the findiug that two structurally unrelated inhibitors of the ER-resident Ca
A TPase, thapsigargin and cyclopiazonic acid, rapidly induced the factor. The increased 
cytosolic calciurn appeared to trigger an increase in reactive oxygen (ROls) production, 
as was measured by FACS using a peroxide se . n~itive dye. This secondary signal was also 
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importan! as many antioxidant compounds prevented NF-kB activation in response to ER stress signals. 
The ER overload pathway was pharmacologically distinct from the unfolded protein response pathway. The drug castanospermine was found to potently actívate BIB expression but not NF-kB activation. Likewise, none of the classical NF-kB inducers, sucb as TNF or PMA, was found to induce genes activated by the unfolded protein response. · 

We have shown that the ER can respond to a sudden increase in membrane proteins --as would occur u pon an acute viral infection of the cel!-- by the activation of NF-k.B, a proinflammatory genetic switch. An apea!ing aspect of this primitive antiviral response is its broad specificity: it can be elicited by a wide variety of distinct viral membrane protein$ from various el as ses of viruses . 

A Tyrosine K.inase Pathway 

Pervanadate (PV) is a potent inducer of T cell activation by virtue of activating tyrosine kinases through inhibition of tyrosine protein phosphatases (mainly CD45). PV is also a pote.nt activator of NF-kB in T cell lines . This promptcd us to investigate whethcr tyrosine phosphorylation is directly involved in NF-kB activation. 
Upon PV treatment of T cells, lkB-alpha was found to be stoichiometrically phosphorylated on tyrosine 42 in its regulatory N-tcrminus. This event physicall y released IkB-alpha from NF-kB without a subsequent degradation of the inhibitor. Compared to the well-studied phosphorylaticn of IkB-alpha on serines 32 and 36, tyrosine phosphorylation of lkB-alpha was thus novel in two ways: it allowed dissociation of the NF-kB--IkB complex and it did not uigger ubiquitin conjugation and subsequent degradation of IkB . We suspect that both properties relied on the binding of an SH2-domain containing protein to tyrosine-phosphorylated IkB. 
A physiological stimulus leading to ryrosine phosphorylation was reoxygenation cf hypoxic cells. Thís condition which is of considerable pathophysiological importance is known to lead to a pro-inflammatory genom.ic response. 
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Control of NF-JCB act:ivity by IKB molecules 
Alain Israel 

Unité de Biologie Moléculaire de l'Expression Génique, Institut Pasteur, 28 
rue du Dr Roux, 75015 PARIS, FRANeE 

The transcription factor NF-KB is neutralized in non-stimulated cells 

through cytoplasrrúc retention by IKB inhibitors. In mammalian cells, two 

major forms of h::B proteins, b::Ba and h::B~, have been identified. Upon 

treatrnent with a large variety of inducers, lKBa and IKBP are proteolytically 
degraded, resulting in t\Tf-JCB translocation into the nucleus. Recent 

observations suggest that phosphorylation of Serines 32 and 36, and 

subsequent ubiquitination of Lysine 21 and 22 of h:Ba, control its signal
induced degradation. I will present the results of recent experiments 

addressing the regulation of the activity of h:B molecules : 

- we have demonstrated that critica! residues in the N-terminal 

region of l1eB~ (Serines 19 and 23) as well as its e-terminal PEST region, 

controlllCBP proteolysis. However Lys 9, the unique Lysine residue in the 
N-terminal region of lKB~, is not absolutely required for its degradation. We 

also demonstrate that following stimu.lation, an underphosphoryJated non
degradable form of !JCB~ accumu.lates. Surprisingly, our data suggest that, 
unlike h:Bu, the state of phosphorylation of IJCB(3 does not change after 

stimulation, suggesting that degradati.on requires another inducible step. 
We have identified hyperosmotic shock as a new N""F-lCB-activating 

signa!. Interestingly, in 70Z/3 ce.lls, hyperosmotic shock induces the 

degradation of IKBa through a p athway which is independent of 

proteasomes, does nót require Ser 32 and 36 nor the e-terminal PEST
region, and is resistant to antio:x:idants. 

-,_We have characterized a mutant cell line which is resistant to most 
NF-K:B ·activating stimuli. Degradation of the 2 known !JCB molecules (as 
well as phosphorylation of IxBa) does not take place in response to PMA, 
LPS or ILl. Measurement of the redox leve! of the mutant cell line does not 

show any significant difference with its wt counterpart. However 

phosphatase inhlbitors like calycu.lin A, as well as hyperosmotic shock, do 

activate NF-lCB in the mutant line. 

Based on these data, I will discuss the similarities as well as differences in 
the mechanisms leading to degradation of the 2 l!CB molecu.les. 

- in a 2-hybrid screen, Simon Whiteside has isolated (and will present 
i....1. a separate talk) and characterized in collaboration with Nancy Rice, a new 



Instituto Juan March (Madrid)

49 

IKB rnolerule, IKBE. Li.ke a and ~~ lKBE has severa! ankyrin repeats, a 

putative C-temúnal PEST domain and 2 serines in the N-terminal region in 

an envirorunent similar to that found in the 2 other inhlbitors (and in 

Drosophila cactus). The cDNA exhlbits 2 potenti.al ATG start sites, of which 

only the second one seems to be used. It is mostly associated with non

pSO 1 p52 containing complexes, and is degraded with slow kinetics in 

response to classical NF-JCB-activating stimuli. In severa! cell types, llCB~ and 

IK:Be represent the major p65 and c-rel-associated inhibitors. 

NF-KB activity in transgenic mice ; developmental regulation and tissue 

specifici.ty 

In arder to be able to follow the pattern of NF-ICB activity during 

mouse development and in the adult following various stimulations, we 

have generated transgenic mice carrying two LacZ reporter constructs, each 

driven by promoter elements which are dependent on the presence of 

nuclear NF-KB/Rel activity. The analysis of these rnice did not ident:ify 

nuclear Nr-;cB/Rel acti.vity in early development prior to implantation nor 

during the gastrulation processes. Earliest expression of the LacZ transgene 

was detected on day EU.5 in the nervous system. Befare birth LacZ 

ex:pression was seen in discrete regions of the rhombencephalon of the 

developing brain, in the spinal medulla, in sorne of the blood vessels, and 

in the thymus. After bírth the Nr-KB/Rel act:ivity in the thymus remained 

but nuclear activity was also found in the the bone rnarrow, in the spleen 

and in the capsule of .the lymph nades. In the central nervous system drastic 

changes in NF-KB/Rel activity could be observed in the first 3 weeks after 

birth, when the cortex and the cerebellum reach functional and 

morphological maturity. Considering the results of the pSO, p65, relB and e

re! knock-out mice and our present findings we believe that the NF-KB/Rel 

proteins known so far are probably not implicated in processes of early 

development and differentiation of the different tissues, but rather in 

maintaining theír function once matured. 
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SIGNAL TRANSDUCTION FROM TNFa RECEPTORS TO NF1eB 
Pedro S. Lazo and Estefanía Claudio. Departamento de Bioquimica y 
Biología Molecular. Universidad de Oviedo. 33071 Oviedo. Spain. 

Tumor Necrosis Factor (TNFa) is a pleitropic cytokine v.A'lose 
function is mediated through two distinct receptors designated p60 (also 
referred as type 1 or p55) and p80 (also referred as type 11 or p75). The 
p60 receptor is expressed in almost all cell types v.A'lereas the p80 
receptor is expressed primarily in endothelial cells and cells of the 
immune system. Both p60 and p80 belong to the growing TNF and NGF 
receptor superfamily which includes Fas, C027, C030, C040 and OX40 
(1), which are characterized by cysteine rich domains in the extracelular 
portien of the receptor. The stucture of the cytoplasmic domains of these 
receptora are quite different, which might be at the origin of the dlfferent 
responses of cells to TNFa. lt is particularly interesting that TNFa can 
trigger cytotoxic effects on some cells while it induces cell proliferation in 
others. 

Severa! proteins have been identified that interact with TNF 
receptor superfamily to initiate intracellular signa! transduction. These 
proteins fall into two structural classes, containing either death domains 
(2) or TRAF domains (3,4). TRADD, a death doma in protein, interacts with 
p60 receptor in a ligand dependent manner to initiate signaling casca des 
leading to apoptosis and activation of NFKB. The e terminal reglen of p80 
receptor constitutively interacts with TRAF1 and TRAF2. also leading to 
NFtcB activatlon. In addition to the TRAF domain in the C terminal 
region,TRAF proteins contain a RING finger domaln in the N terminal 
region v.tlich appears essential for TRAF2 mediated NFKB actlvation. 
However, TRAF2b, a protein containing an altered RING finger reglen 
due to a 7 amino acid insertion is still capable of mediatlng NFKB 
activation. TRAF2b has a tissue specific distribution but its signlficance is 
still unkown. How TRADD and TRAF proteins are able to transmit signals 
downstream remains to be known. 

Oownstream signating from TNFa receptors has been studied in a 
variety of systems. Phospholipases, sphingomyelinases, protein kinases, 
protein phosphatases and superoxide radicals have been implicated in 
TNFa.-mediated celi killing and mitogenicity.(S). The activation of 
ceramide actlvated protein kinase, protein kinase C, Raf kinase, MAP 
kinase and Jun kinase by TNFa have been reported. In addition. two 
separate ser/thr TNFa receptor-associated protein kinases ( p60TRAK 
and pBOTRAK) have been identified(6.7). Whether all these kinases are 
implicated in the mitogenic or the cytotoxic response to TNFa is unknown, 
but it is likely that different protein kinases are activated in differerent 
cells. Thus, phorbol esters can induce activation of NFKB in MCF7 cells 
but have no effect in NIH 3T3 or WEHI164 cells. 

TNFa has been shown to mediate its action through activation of 
NFKB and other transcriptional factors, including c-fos, e-jun. c-myc and 
egr-1. Although all these are genes implicated in growth regulatlon, these 
transcription factors are activated in cells in which TNFa has cytotoxic 
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effects. indicating that the signals leading to cell toxicity are induced 
lndependently or even mediated by mitogenic signals. We have studied 
TNFa-induced activation of NFKB in WEHI 164 cells ( a mouse 
fibrosarcoma to which TNFa is cytotoxic) and in NIH3T3 in which TNFo. 
induce mitogenic signals. In both cases, TNFa induces a rapid and 
transient activation of NFKB which is followed by a second phase in which 
NFKB complex remains in the nucleus at about SO% of maximum(8). A 
persisten! nuclear localization ot NFKB appears a requirement for the 
cytotoxic effect to take place. NFKB is a family of dimers composed by the 
Rei/NFKB family of proteins (9) . Dimers have different binding specificity 
to DNA and can therefore have differential transcriptional activity. ff the 
tum on of transcriptional programs .can influence the final response te 
TNFa, it is of interest te know the composition of NFKB complexas. In 
WEHI 164 cells, which are killed by TNFa under any circumstance, pSO. 
p65, p52 and ReiB can be detected in active NFKB complexes. In NIH3T3 
cells, in which TNFa can induce proliferative signals, only p50 and p65 
are the components of active NFKB complexes. 
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RHO, CDC42 AND RAC PROTEINS ACTIVATE THE NUCLEAR FACTOR 

tcB BY A RAS- AND RAF-INDEPENDENT PATHWAY 
Rosario Peronal, Silvia Montanerl, Luisa Sanigerl, Isabel Sánchez-Pérezl, Rodrigo 
Bravo2 and Juan Carlos lacall 
linstituto de Investigaciones Biomédicas, CSIC, Arturo Duperier 4, 28029 Madrid , 
Spain; 2Department of Molecular Oncology, Bristol-Myers Squibb Pharmaceutical 
Research Institute, Princeton, NJ 08543-4000 

The family of Rho proteins, including Rho A, Rho B, Rho C, Rho G, CDC42, Rae 1, 

Rae 2, and TClO, are members of the Ras superfarnily of GTPases . Rho proteins have 

been related to the regulation of multiple cellular functions, including 

transformation , apoptosis , metastasis and cytoskeletal organisation . Rho proteins 

regulate the activation of JNK/SAPKs, a family of intracellular kinases which are 

pan of the intemal cascades leading to the nucleus through modulation of the jun 

transcription factor. Furthermore, Rho proteins also regulate the e -fas serum 

response element (SRE) by a still unknown mechanism and are involved in the 

regulation of relevant enzymes such as PLA2, PLD, PI3K and PISK as well as 

intracellular PAK kinases. 

We report here a novel signalling pathway activated by the Rho proteins which 

may be responsible for their biological acti'vities. The human Rho A, CDC42 and Rae 1 

proteins efficiently induce the transcriptional activity of nuclear factor KB (NF-KB) . 

This activation is achieved by targetting the inhibitory protein IkBa but not IkB~ or 

p105 . The activation of NFKB is not species specific since all three genes induce 

activation of N1=KB in Cos-7, NIH3T3 and Jurkat cells. The mechanism of KB activation 

is independent of the Ras GTPase and the Raf-1 kinase. Physiological acti\·ation of 

NF-KB by Tl\l'fa depends upon CDC42 and Rho A, but not Rae 1 proteins, since this 
activity is drastically inhibited by their respective dominant negative mutanrs. Thus, 

members of the Rho family of GTPases are involved in the regulation of NF-KB

dependent transcription. 
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The transcription factor NF-KB regulates expression of many genes participating in 

immune and inflammatory responses . In T lymphocytes, NF-KB is sequestered in the 

cytosol by the inhibitor IKB-a. De novo phosph0ry!ation of IKB-a on serine residues 

induces its ubiquitin-dependent degradation. Here, we report an altemative mechanism of 

NF-KB activation. When Jurkat T cells were stimulated with the protein tyrosine 

phosphatase inhibitor and potent T cell activator pervanadate, IKB-a was rapidly and 

stoichiometrically phosphorylated on tyrosine. This modification did not cause proteolytic 

degradation of IKB-a but nevertheless dissociated IKB-a from NF-KB thereby inducing 

nuclear NF-KB DNA-binding activity. Jurkat mutant cells, deficient for expression of the 

T-cell specific tyrosine kinase p56lck showed a defect in both pervanadate-induced IKB-a 

phosphorylation and NF-KB activation. Reoxygenation of hypoxic cells was found to be 

a physiological condition stimulating IKB-a tyrosine phosphorylation. lnducible tyrosine 

phosphorylation of IKB-a thus represents an alternative, proteolysis-independent 

mechanism of NF-KB activation which may directly couple NF-KB to receptor-associated 

tyrosine kinases. 
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Molecular Regulation of the T Lymphocyte Responses in the Healthy and Diseased I.mrnune 
System. 

Michael J. Lenardo, Laboratory of Irnrnunology, National Institute of Allergy and Infectious 
Diseases, NlH. Bethesda, MD. 20892-1892 

T lymphocytes can undergo either an activationlproliferation response including the 
induction of NF-KB ora prograrnmed death response following T cell receptor engagement. The 
choice between these outcomes is dictated by thc activation state of the T lymphocyte as well as 
the concentration of antigen lo which the T cell is exposed. We havc found that distinct signaling 
components of the multi-chain T cell receptor govern either the activation or death responses . 
Moreover, receptors in the TNF receptor superfamily may participate in both the induction of 1\F
KB and the activation of a unique class of cysteine proteases whose activity leads to apoptosis of 
the ce! l. Thesc pathways appears to have multiple points of regulation. Genetic defects in the 
molecules of the lymphocyte death pathway in man lead toa syndrome of autoimrnunity and 
dysregulated lymphocyte homeostasis. "f \.~ 
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Regulation ofLymphocyte Development by NF-lCB/Rel Proteins 

Dean W. Ballard, Ph.D. 
Howard Hughes Medica! Inslitute 

Depanment of Microbiology and lmmunology 
Nashville, Tennessee 

The inhibitor protein llCBa. controls the nuclear import of transcription factors that belong to the NF 
KB/Rel family ( l, 2). This signal-dependent pathway is activated during B cell differcntiation and ha: 

been implicated in transcriptional induction of the immunoglobulin kappa (IgK) locus (3). However 

recent studies with mice deficient for individual NF-'IC.B/Rel subunits suggest that this pathway is cithe 

comprised of compensatory components or dispensable for the production of mature Ig!C'" B lymphocyte 
(4-6). To circumvent the potential for functional redundancy, precursor B (pre-B) lymphocyte line 

immortalized with the Abelson Murine Leukemia Virus (AMuLV) were stably transfected with a; 

expression vector that encodes a trans-dominant fonn of l'IC.Bc:x, tenned l'IC.BAN. This truncated inhibitc 
lacks N-terminal sequences required for signal-depcndent degradation but retains its Re! binding funclio. 
(7). In pre-B cells stimulated with bacteriallipopolysaccharide (LPS), l'IC.BAN constitutively represse. 

the nuclear import of NF-'IC.B!Rel complexes containing the transactivating subunits RelA and c-Rel. Thi 
dual block in NF-'IC.B!Rel signaling was associated with potcnt inhibitory effects on gennline transcriptio 

and rearrangement of the endogenous lgK locus. Similar results were obtained with conditionall) 
transfonned pre-B cells expressing a temperawre-sensitive mutant of v-abl (8), thus excluding th 
possibility that these regulatory defects were inextricably linked to the transfonned phenotype. Th e . ~ 

findings suggest that c-Rel and Re!A play compensatory roles in locus transactivation and recombinatio 

events that mediate the developmental progression of prc-B cells to mature lgJC-expressing B lymphocyte.· 

Members of the NF-'IC.B!Rel family .of transcription factors are also induced during thymic selection and : 
mature T lymphocyteS following irnmune activation (9, 10). To explore the potential role of this signalir. 

pathway in T cell development, we generated transgenic mice that expres.~ I'IC.BAN under lineage-specif. 
control of the proximallck promoter. Significantly higher steady-state levels of the I'IC.BAN protein we: 

dctected in thymocytes relative to splenocytes from transgenic animals. Biochemical studies indicated ti 
presence of I'IC.BáN in latent cytoplasmic complexes containing either RelA ore-Re!. Nuclear induction • 

these complexes was constitutively repressed in transgenic thymocyteS treated with PMA and ionomycin, 
combination which mirnics activation through the T cell receptor. Consisten! with the growth abnonnali 
of c-Rel-deficient T cells (6), this regulatory block led toa dramatic reduction in the proliferative respon 
of thymocytes to either concanavalin A (con A), combinations of PMA and ionomycin, or immobiliZ< 
anti-CD3 antibodies. Addition of exogenous IL-2 failcd to restare proliferation t.o nonnallevels. Analys 
of the number and distribution of T cell subseL~ indicated that disruption of the NF-lCB!Rel signali1 

pathway also perturbs the nonnal balance of CD4 and CD8 single-positive lymphocytes. Specificali 
numbers of CDS+ T lymphocytes from transgenic micc were disproportionately reduced relative to CD 
cells in both thymus and spleen. Alteration in the CD4/CD8 ratio was associated with enhanc 
susceptibility of T lymphoblasts to activation-induced cell death, wbich compromised CDS+ but not CD 
cells. Taken together, these asymmetric population dynamics suggest that lineage commitment to matt 
CD4+ and CDS+ T cell subsets involves distinct NF-'IC.B signaling requirements. 
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REGULA TION AND FUNCTION OF NFKB DURING B CELL DIFFERENTIA TI ON 

Thomas Wirth 

We have previously demonstrated that primary lymphoid organs contain predominantly 
constitutively active pSO/ReiB and p52/ReiB complexes, whereas pSO/RelA complexes 

represen! the major inducible species (3, 4). 1 will describe recent experiments, where we 

investigated activation of NF-KB in the process of primary B cell differentiation. We have 
employed a primary pre B cell cultureldiffemtiation system developed by Rolink et al. (6). In 
this system, pre B cells can be expanded in the presence of IL 7 and stroma cells, differentiation 

can be induced by IL 7 withdrawal. We show that during in vitro differentiation of primary B 
lymphocytes, NFKB is strongly induced. There are severa( notable differences between this 
differentiation-associated induction ofNFKB as compared to the "typical" NFKB activation by 

various exogenous stimuli . This activation proceeds with a slow time courseand specifically 

involves IKBP degradation. Activation is only observed in B cells that undergo differentiation 
and therefore does not occur in Rag2-deficient pre B cells, which cannot rearrange their lg

loci and therefore are unable to differentiate. The time course of induction of severa! NFKB 

target genes closely follows the observed induction of NFKB DNA binding activity. lnducible 
DNA complexes predominantly comprise pSO/RelA heterodimers and, to a much lower extent, 

c-Rel containing dimers. The increase in NF-KB binding activity is accompanyied by a slow 
and steady decrease of IKBI3 protein levels. Interestingly, absolute RelA protein levels remain 

unaffected, whereas ReiB and c-Rel are induced at the level of protein synthesis. The reason 
for the preferential induction of nuclear ReiA containing complexes appears to be selective 

inhibition by the IKBP protein. We demonstrate that IKBP can efficiently inhibit pSO!ReiA 

complexes, but has a much reduced capability to interfere with pSO/ReiB or pSO/c-Rel DNA 

binding both in vitro and in vivo. Consisten! with this observation, IKBP cotransfection can 
inhibit pSO!RelA mediated transactivation but barely affects pSO!ReiB mediated 

transactivation. 

Furthermore, we have investigated the contribution ofNFKB to lg¡<-locus demethylation. The 
immunoglobulin K gene is methylated in most cell types of the mammalian organism and 
becomes specifically demethylated during B cell maturation ( 5) . Demethylation appears to be 
a prerequisite for specific gene activation. This reaction requires discrete cis acting elements 
which include the intronic K enhancer, as well as the neighboring putative matrix attachment 
region . We now demonstrate by mutation analysis that the NFKB binding site within the 
enhancer is essential for initiating cell-type-specific demethylation, indicating that members of 
the NFKB!Rel family of transcription factors may play a role in this process. In keeping with 

this hypothesis, the S 107 plasmacytoma cell line, which was previously shown to lack nuclear 
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KB-binding activity ( 1, 2) , al so fails to demethylate the K locus. However, this defect , 

which has now been characterized at the molecular leve!, can be complemented by stably 

expressing ReiB in S 107 cells, thus full y restori ng the demethylation reaction . This represent s 

the first demonstrat ion of a transacting factor involved in confering cell-type-specific 

demethylation 
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Signal Transduction in Dorsoventral Patteming of the Drosophila Embryo. 
Par Towb, Zhi-Ping Liu, Rene Galindo, Michael Reach, Jerry Allen, Michael Karin, and 
Steven Wasserman. UT Southwestem Medical Center, Dallas, TX, USA 

Dorsoventral polarity in the syncytial Drosophila embryo is established by a 
maternally encoded signal transduction pathway (reviewed in Morisato and Anderson, 
1995). Activation of the transmembrane receptor Toll in ventral portions of the 
embryo leads to signal transduction via the novel protein Tube and the protein kinase 
Pelle. Signaling frees the Rel-related protein Dorsal from its cytoplasmic inhibitor 
Cactus. Free Dorsal then translocates into ventral and ventrolateral nuclei and 
directs expression ofventral-specific genes. Our recent work has focused on the role 
of protein localization, phosphorylation, and degradation in this signaling pathway. 

W e and others have previously demonstrated that Tube and Pelle interact and 
that both proteins are constitutively activated fusion to a cell surface receptor 
(GroBhans et al., 1994; Galindo et al, 1995). To determine whether cell surface 
localization plays a role in wild-type signaling, we have examined the distribution of 
Tube and Pelle in embryos during establishment of the dorsoventral axis. We find 
that Tube associates with the cell surface in a graded fashion, with highest 
concentrations at positions where the signaling pathway is most active. There is also 
sorne asymmetry in the distribution ofPelle, although the localization pattem is more 
complex. On the basis ofthese results, we hypothesize that activation ofToll by its 
extracellular ligand directs recruitment ofTube to the cell surface and that binding of 
Pelle to membrane associated Tube triggers signaling. 

Genetic evidence indicates that Pelle-mediated signaling to Dorsal occurs 
primarily, if not entirely, through Cactus (Roth et al, 1991; Belvin and Anderson, 
1995). In the course of immunochemical analyses we have found that signaling 
induces the spatially graded degradation of Cactus. Using a tissue culture system 
which reconstitutes Pelle-dependent Cactus degradation, we have demonstrated that 
a motif in Cactus resembling the si tes of signal-dependent phosphorylation in the 
vertebrate homologs IKB-a and IKB-p (Brown et al, 1995; DiDonato et al., 1996) is 
essential for Pelle-induced Cactus degradation. Substitution offour serines within 
this motif with alanine residues generated a mutant Cactus that still functions as a 
Dorsal inhibitor but is resistant to induced degradation. Injection ofRNA encoding 
this altered form of Cactus has a dominant negative effect on establishment of 
dorsoventral polarity in the embryo. We conclude that dorsoventral signaling results 
in a Cactus concentration gradient and propose that signal-dependent 
phosphorylation directs the spatially regulated proteolysis ofCactus protein. 

Cactus is also subject to signal independent degradation (Whalen and Steward, 
1993; Belvin and Anderson, 1995). We have found that this proteolysis, which serves 
to control the level offree Cactus in the embryo, also requires phosphorylation. Using 
an in-gel assay, we have identified a Cactus kinase activity in embryonic extracts. 
Deletion mapping indicates that the site of phosphorylation lies in the carboxy
terminal PEST region; phosphoamino acid analysis and site-directed mutagenesis 
experimenta indica te involvement of specific serine residues within the PEST domain. 
The purified kinase is composed of two subunits of molecular weight 28,000 and 
37 ,000; the larger subunit is responsible for the catalytic activity observed in the in
gel assay. Based on subunit size and composition, site specificity, and amino
terminal peptide sequence, we have identified the Cactus PEST kinase as Drosophila 
Cl(II (Glover et al , 1983; Saxena et al., 1987). We are currenUy employing the 
embryo microinjection assay to investigate the role of CIGI-catalyzed modification of 
the PEST domain in the generation ofthe Cactus and Dorsal gradients. 
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Phosphorylation and the regulation of the Dorsal protein in Drosophila melanogaster. 

Ruth Steward and Eric A Drier The Waksman Institute, Dept. ofMolecular Biology and 

Biochemistry, Rutgers University, Piscataway, NJ 08855 (908) 445-3918. 

The embryonic dorsal-ventral axis is established by a matemally encoded signal 

transduction pathway, that culminates in the graded nuclear localization of Dorsal. In 

response to a ventral signal, transduced at least in part by the Tube and Pelle proteins, 

Dorsal dissociates from Cactus and translocates to the nuclei. We have established that 

the correct ratio of Dorsal and Cactus proteins present in the early embryo is essential for 

the formation of a normal nuclear Dorsal gradient. This balance appears to be maintained 

through the degradation ofunbound Cactus protein. 

W e have determined that the RH domain is sufficient to form a normal nuclear gradient, 

but that N-terminal deletions ofthe RH domain result in a protein that does not target to 

the nucleus, even in the absence of cactus function. In these deleted proteins, the 

interaction with Cactus and the homo-dimerization does not appear to be affected. Both 

Dorsal and Cactus are phosphoproteins and each is multiply phosphorylated W e are 

trying to understand the role that phosphorylation plays in regulating Dorsal function. W e 

have altered several conserved putative phosphorylation sites within the RH domain and 

established transgenic lines to study their activity. Thus fur only one mutation (S312A) 

has produced a measurable effect on Dorsal activity. The nuclear targeting ofthis protein 

is not affected, the mutant protein makes a wild-type gradient, but its function is 

compromised. We have also altered Dorsal so that it will be either constitutively 

cytoplasmic or nuclear. We are studying the behavior ofthese altered proteins in various 

mutant backgrounds to determine the subcellular location of Dorsal phosphorylation as 

well as to understand the role of the signal transduction system in regulating this 

phosphorylation. Our results indicate that Dorsal and Cactus are phosphorylated in vivo 

on serine during oogenesis and early embryogenesis. 
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Origins of immunity: A novel NF -kB-like gene in 
Drosophila antibacterial defense and embryogenesis 
Dan Hultmark 
Department of Developmehtal Biology, the Wenner-Gren lnstitute, Stockholm University 

Although insects lack immunoglobulins, they react to infection by inducing a 
battery of bactericida! proteins and peptides, including the cecropins . This 
response may serve as a model system for innate immune reactions in other 
animals, including man. To find genes that regulate the immune response we 
screen for differentially expressed transcripts, using the PCR-based differential 
display technique. 

Several new genes have been found, including Relish, a compounc 
Drosophila protein which, like mammalian p105 and plOO, contains both a Re 
homology domain and an IkB-like domain. Relish is more than 50-fold inducec 
in infected flies, and it can actívate transcription from the Cecropin A ) 
promoter. Relish is also detected in early embryos, suggesting that it acts ii 
both immunity and embryogenesis. The presence of a compound Rel protein ii 
Drosophila indicates that similar proteins were likely present in primordia 
irnmune systerns and may serve unique signaling functions. 
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Regulation of the dorsal silencer in the Drosophila embryo 

Haini Cai and Mike Levine; Department ofBiology, Pacific Hall, UCSD, La Jolla, 

CA 92093. 

The dorsal regulatory gradient initiates the differentiation of the embryonic 

mesoderm, neuroectoderm, and dorsal ectoderm during early development. 

Dorsal defines these tissue 'territories by regulating the expression of various 

target genes in a concentration-dependent fashion . lt activates genes such as 

twist, snail, and rhomboid, and represses the expression of zen, dpp, and tolloid . 

Dorsal is an intrinsic activator, but functions as a repressor in the context of 

certain prometer regions. A distal element in the zen prometer region, located 

between 1.4 and 1.2 kb upstream of the transcription start site, contains binding 

sites for both dorsal and closely linked "corepressors". This distal element has 

the properties of a silencer, and can function over long distances (>5 kb) to 

repress the ventral expression of various heterologous enhancers, including the 

eve stripe 2 enhancer. Silencer activity depends on helical phasing of dorsal 

and neighboring corepressor sites, so that subtle changes in spacing reduce or 

eliminate repressor function . The long-range silencing exhibited by dorsal

corepressor "complexes" is distinct from other repressors operating in the early 

Drosophila embryo, including the snail, Kruppel, and knirps repressors. These 

latter repressors function only over short distances, and must bind within 50-100 

bp of upstream activators or the basal prometer to inhibit gene expression. We 

present evidence that the suHw insulator element in the gypsy retrotransposon 

fails to block the dorsal silencer, but efficiently impedes the activities of distal 

(not proximal) enhancers. 
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ABSOLUTE DEPENDENCE ON KB RESPONSIVE ELEMENTS FOR 
INITIATION AND TAT-MEDIATED AMPLIFICATION OF HIV 
TRANSCRIPTION IN BLOOD CD4 T LYMPHOCYTES. 

José Alcamíl, Teresa Laín de Leral, Lola Folgueiral, Maria-Antonia Pedraza., 

Ronald T. Bay3, Jean-Louis Virelizier2 and Fernando Arenzana-Seisdedos2. 

!servicio de Microbiología. Centro de Investigación . Hospital 12 de Octubre, Madrid, Spain 

2unité d'Immunologíe Virale, Irlstitut Pasteur. Paris, France. 

3school ofBiologícal and Med.ical Sciences. University of St.Andrews. St.Andrews UK. 

The role of NF-KB-dependent signals in activating the transcriptional activity 

of the HIV regulatory region (L TR) was analyzed by systematic comparison of HIV 

L TR activity in human CD4 T cells purified from peripheral blood and a transformed 

lymphoblastoid T cell line. ln normal CD4 T cells we also analyzed the role played by 

the viral KB-responsive elements in HIV replication Analysis of nuclear extracts of 

resting, normal T lymphocytes revealed the presence of the p50, but not the p65, 

NF-KB subunit and the induction by phorbol esters of bona fide (p50/p65) NF-KB 

complexes In parallel, we observed clear enhancer-dependent HIV LTR 

transactivation comparable in intensity to that observed in lymphoblastoid cells. We 

show that unstimulated CD4 T lymphocytes offer a cellular environment of very low 

permissivity to the HIV -L TR functioning . This was in sharp contrast to the high 

spontaneous L TR activity observed in lymphoblastoid T cells, where L TR activity 

was essentially independent of KB-responsive elements Due to the low basal LTR 

activity in resting T lymphocytes, NF-KB-dependent transactivation was a sine qua 

non event for induction of the HIV -L TR. Surprisingly, even the function of HIV Tat 

in resting CD4 T lymphocytes was found to be absolutely dependen! on L TR KB

responsive elements. The relevance of these observations obtained in transient 

transfections was confirmed by the incapacity of blood CD4 T lymphocytes infected 

with an HJV -infectious pr<;)Virus carrying critica! point mutations in the kB-responsive 

elements to show any detectable transcriptional activity upon cell activation and 

prolonged culture "in vitro". Our observations emphasize the importance of analyzing 

the functioning of HIV regulatory domains in the natural environment provided by 

normal CD4 T lymphocytes to HIV infection, and demonstrate an absolute 

requirement of NF-KB responsive elements for Tat-dependent and Tat-independent 

HlV transcription in blood CD4 T lymphocytes 
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p100/NF·KB2-MEDIATED INHIBITION OF NF·KB 
INDUCffiiLITY IN BREAST CANCER CELL LINES 

Emmanuel Dejardln, Giuseppina Bonizzi, Marie-Paule Mervllle and 
Ylncent Bours. 

Departments of Medica! Oncology and Medica! Chemistry, Universlty of 
Llege, Belglum. 

We are investigating the role of the NF-1eB family members In the molecular control 
of the transformad phenotype. Western lmmunoblots demonstrated high 
expression of the p52 precursor p1 00 (NFKB2) in severa! breast canear cell Jines. 
Eighteen primary breast tumors out of 24 displayed signiflcant expresslon of the 
p1 OO/p52 protein. In MDA·MB-435 cells, overexpressed p1 00 and p52 are 
predominantly cytoplasmlc and coimmunoprecipitatlon experiments demonstrated 
that p1 00 sequesters the heterodimer p50/p65 in the cytoplasm. We demonstrated 
that most p65 protein is complexed with p100 in these cells while it ls complexed 
predominantly with hcB·a in the MCF7 AIZ cells which express less p100. Transient 
transfections with a NF-KB·dependent reportar plasmld showed that, in cells 
expressing high Jevels of p1 00, transactivation cannot be induced by NF-KB 
activators such as PMA, TNF-a,IL-1~ or H202, although cytoplasmic hcB·a is 
degradad following these treatments . In the sama cells, we detectad significan! 
amounts of hcB·a in nuclear extracts suggesting that free IKB·a can translocate to the 
nucleus and exert a second level of control on NF·KB activity. We suspect that 
highly expressed p1 00 compete with cytoplasmic hcB·a for sequestering NF·KB 
complexas, thus allowing free IKB·a to translocate to the nucleus. In another hand, 
the NF-1CB·dependent transactivation is increased by NF·KB inducers in the MCF7 
AIZ cellline but can be completely abolished by co-transfections of p100. Our data 
suggest that, when expressed at high levels, the p1 OO/p52 NF-'KB subunlt could 
modify the the NF-'KB inducibility pathway In human breast cell lines. 
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DISTINCT SIGNAL TRANSDUCTION PATHWAYS 

MEDIA TE NF-ldl INDUCTION BY IL-1J3 IN 
EPITHELIAL AND LYMPHOID CELLS 

Giusepplna Bonlzzl, Emma,nuel Oejardin, Bernard Piret•, Jacques Piette•, Maria· 
Paule Merville and Vjncent Bours. 

Laboratory of Medica! Chemistry 1 Medical Oncology, and *Laboratory of 
Fundamental Virology, Université de Uege, Belgium. 

A large body of work has been devoted to TNF·a or IL·1~ signaling leading to the 
activation of the transcrlption factor NF-~eB. Sorne studies have lndlcated that NF-JCB 

lnductlon follows the activation of neutral sphingomyelinase and 5-llpoxygenase 

and depends strictly on the productlon of reactive oxygen intermediates (ROls). 

However, other authors have demonstrated that TNF·cx or IL-1 ~ Induce NF-JCB 
through the acidic sphlngomyelinase pathway. In this report, we flrst demonstrated 
that in the ovarían carcinoma cell line OVCAA-3, IL-1 ~ rapidly induces NF-KB 
through a complete degradatlon of hcB·a while H202 activates NF·'ICB with a slower 
kinetics through a partial degradation of hcB-cx, p100 and p105. We confirmad that 

IL-1 ~-mediated induction of NF-ICB in OVCAR-3 and In other epithelial cell lines 

does not proceed through the production of ROis but via the acidic 

sphingomyelinase pathway as it is blocked by inhibition of receptor internalization, 

as well as by 0609, NH4CI and chloroquine. However, IL-1 ~ activates NF-KB in 
lymphold cells through the intracellular generation of H202. Our study 
demonstrated that severa! signaling pathways lead to the activatlon of NF-KB 
following IL-113 treatment In different cell types. 
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ANATOLY DRITSCHILO 
Georgetown University Medical Center 

Department of Radiation Medicine 
3800 Reservoir Road 

NW Washington, Nj. 20007-2197 (USA) 

Apoptosis modulation in AT cells by regulation of 

NF-KB 

The human genetic disease, ataxia telangiectasia (AT), is characterized by neurological 

degeneration, immunological deficiencies, and exquisite sensitivity to ionizing radiation. Each of 

these defects may, in part, be the result of inappropriate cellular activation of apoptosis (S. 

Meyn). In previous studies, we observed constitutive activation ofNF·KB in SV40 T·antigen 

immortalized AT fibroblasts . Furthermore, expression of a transfected truncated IKB-cx into the 

cells resulted in correction ofradiation biological defects and regulated NF·KB activation 

(Science 268; 1619-1621, 1995). We tested these AT cells for induction ofapoptosis by 

exposure to ionizing radiation, and the radiomimetic drug, streptonigrin (STNG). High levels of 

apoptosis were observed in AT fibroblasts/24 and 48 hours following exposure to ionizing 

radiation or STNG. However, AT fibroblasts expressing truncated IKB-cx show much lower 

levels of apoptosis, similar to control cells. Analysis of proteins associated with the apoptosis 

process, including p53, p21, bcl-2, bax, Rb, suggest that this is a p53-independent process. These 

data support a central role for NF-l'BIIKB-cx in the apoptotic response of AT cells to ionizing 

radiation and STNG. 
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INHIBITION OF NF-KB ACTIVATION BY A VIRAL ENCODED I:KB

LIKE PROTEIN OF AFRICAN SWINE FEVER VIRUS. A NEW 

MECHANISM OF EV ASION OF INNATE IMMUNITY 

Yolanda Revilla, Mario Callcjo, María Luisa Salas, Eladio Viñuela 

and Manuel Fresno 

Centro de BiologZ:a M olccular "Severo Ochoa ", Consejo Superior de 

Investigaciones Científicas, Universidad Autónoma de Madrid, 

Cantoblanc:o, 28049-Madrid, Spain. 

Cytokines play a central role in the innate immunity mostly 

through induction of NF-KB . On the other hand, there are many 

examples of virUI;es that have evolved mechanism to counteract the 

actions of cytokines. The African Swine Fever virus (ASFV), a large DNA 

deoxyvirus encocles a protein (A238L) of 28.2 KDa which contains ankyrin 

repeats similar to those of IK-B proteins inhibitors of Ñr'-KB . Here we 

present evidence that A238L ri-KB ASFV) gene transfected into cells 

inhibits TNF-induced activation of a reporter gene under control of KB

sites . Moreover, purified recornbinant A238L protein prevented binding of 

p65/p50 NF-KB to their target ~;equence in the DNA. Furthermore, ASFV

infected cells havc an impaired ability to actívate NF-KB induced by 'l'NF. 

A238L was associated to p65/p50 NF-KB in those infected cells . These 

results strongly suggest the ASFV have A238L gene to interfere with NF

KB activation representing a new mechanisrn to evade irnmune response 

during viral infcction. 
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lllPHASIC CONTROL OF NUCLEAR FACTOR-kB ACTIV ATION DURING 

T CELL ACTIVA TI ON 

Felipe X. Pimentel-Muiüos, Javier Mazuna. and Manuel Fresno 

Centro de Biologia Molecular CSIC-UAM. 28049. MADRID. SPAIN. 

Thc regulation of nuclear factor (NFl-kB activation by the T cell 

l'cceptor/CD3 complex (TCRICD3) in primary human T cells has bccn 

st<Jdied at various times after activation . Only p50 NF-kB bound the kB 

< ~ lcment of int.erl<~ukin-2 reeeptor a chain promoter on resting 't cells. 

However , aL immediate times (1 h.) after act.ivation, the binding of p50.p65 

lwLcrodimers wa~ ohscrved. p50 .c-rel hetc!'Odimers were also detected bound 

to this seqmmcc at early times (7-16 h. ), and both remained active up to late 

tÜnPS (40 h .). This :regulation takes place mainly at the levcl of nuclear 

lranslocation of p65 and c-rel, at imrnediate and early times. Activation also 

inclueecl c-nd and pl05/p50 mRNA synthesis, but not p65 rnRNA whose 

expression was constitutivc. All those early and late events, but not the 

imm< ~ diate ones, werc inhibited by a neutralizing anti-tumor necrosis fac.:tor 

!TNF '! nntibody. Similarly, Cycloheximide prevented the p65 and c-rel 

tr ;ms location and conscquent formation of active binding heterodimers, at 

E·arly and l:ü•~ Limes. Cyclosporin A irnpaired not only early and late, but also 

imrm ~ diatc cvents, but addition of TNF preventod all the inhibitions. These 

r esultE indieatc Lhat the regulation of NF-kB activation during T cell 

::JctivaLion by TCRICD3 signals is biphasic: TCR!CD3 triggers its immediate 

translocation, wllich is transient if no TNF is present. Then, TNF emerges 

a ;; Lh< ~ main factor responsiblc for a second phase of NF-kB regulution, 

controlling both Lt"anslocation of p65 and c-rcl, and new mRNA synthesis for 

c-rel and plOfi/pGO. 



Instituto Juan March (Madrid)

79 

Studies about the evolution of the IL-lR/NFKBIIKB rel'ated 
Toll/dorsal/cactus signal transduction pathway in insects 

lorg Küchenmeister and Herbert Jackle, Max-Planck-lnstitut für biophysikalische Chemie, 
Abtl. 170, Am Faílberg, 37077 Gottingen. Tel. +551/2011508, Fax +551/2011755, 
e-mail jkueche@gwdg.de 

In the fruitfly Drosophila melanogaster cell fate along the dorso-ventral axis is 
controlled by a single maternal signa! transduction pathway. Interactions of the 
ooyte with its surrounding follicle cells give rise to the activation of the 
membrane receptor Toll at the ventral side of the developing egg. This activation 
leads to the phosphorylation of Cactus, a protein that inhibits the function of the 
transcription factor Dorsal by the formation of Cactus/Dorsal complexes in the 
cytoplasm. After phosphorylation, these complexes dissociate and Dorsal, a 
transcription factor of the REL-family, translocates to the nucleus where it 
activates genes like twist and represses genes like dpp. 
This dorso-ventral signa! transduction pathway seems to be homologous to the 
IL-lR / NFKB / IK:B signa! transduction pathway in the mammalian immune 
system: there is a high degree of similarity between Dorsal and vertebrate NFKb, 
between Toll and the cytoplasmic domain of the IL-1 receptor and between Cactus 
and IKB . In addition, activation is mediated in both cases by similar 
phosphorylation events, and Dorsal and NFKB bind to the same KB sites in the 
regulatory regions of their target genes. 
Tube, a protein of unknown function and Pelle, a protein kinase, are known as 
additional players in the dorso-ventral cascade in Drosophila. Previous efforts to 
unambiguously identify the protein kinase activated by the IL-1 receptor and the 
search for other players in the mammalian pathway, like a tube related gene, 
have been unsuccessful. 

To undcrstand more about the evolution of these signa! transduction pathways 
and to help characterise the involved proteins, we decided to study the evolution 
of the dorso-ventral signa! transduction pathway in closely related animals, 
namely, various insect species. 
Using a PCR approach we obtained sequences for Toll and dorsal from the midge 
Clogmia a/bipunctata (Psychodidae, Díptera) and from Thermobia domes! ica 
(Lepismatidae, Thysanura), a silverfish-like apterygote insect. 
cDNA sequence and mRNA expression pattern of the Tol/ homologue in 
Clogmia albipunctata show a high degree of homology to Drosophila Toll and 
reveal sorne highly conserved and, therefore, putative important protein 
domains. A sequence analysis of dorsal related cDNA clones and expression 
studies with a cross reacting REL-domain antibody are currently in progress as are 
functional experiments in Drosophila (rescue of Toll or dorsal mutants) and 
Clogmia (dominant gain of function mutations) to reveal information about the 
degree of functional conservation of the factors and conserved protein domains. 
Similar studies with tube and pelle and with twist and dpp are planned. 
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NUCLEAR LOCA TION OF llCB-a. IN T LYMPHOCYTES 
MARIA TERESA LAIN DE LERA\ ANGEL GARCIA-MARTIN2

, DOLORES FOLGUEIRA 1
, PEDRO 

BONA Y2
, MANUEL FRESN02 y JOSE ALCAMI 1 

1Centro de Investigación, Hospital Doce de Octubre, Madrid. 
2Centro de Biología Molecular. Universidad Autónoma de Madrid. 

The Rel/NF-ICB family of transcription factors plays an esential role in the 
regulation of the HJY replication in T lymphocytes. NF-ICB is composed of 
heterodimeric and homodimeric complexes of Re! proteins p50, p52, p65, Rel B and e
Re!. Typically, NF-ICB is localized in the cytoplasm complexed with members of the 
IICB family . 

The induction of Rei/NF-ICB activity by different stimuli (antigen recognition, 
cytokines as TNF and IL-1 or PMA), involves the release of IICB from the Rei/NF-ICB 
complexes, allowing their rapid translocation to the nucleus where they can 
transcriptionally regulate target genes. 

In this work, we have analysed the location of IICB-a. (MAD-3) in peripheral 
blood T lymphocytes, both in resting and PMA stimulated cells. 

Human mononuclear cells were isolated from whole blood of healthy donors by 
centrifugation in Ficoll-Hypaque. T cells were purified by passing through to nylon fiber 
column and purified T cells were activated with PMA (25 ng/ml) at different times. 

Nuclear and cytoplasmic extracts were analysed by Western-Blot. Cytosolic 
contamination of nuclear proteins was excluded using an anti-LDH antibody. Moreover, 
slides of T cell s were fixed, labelled with specific antibodies and visualized by confocal 
m1croscopy. 

Resting T lymphocytes show a predominant cytosolic location of IICB-a. and NF
KB proteins . However, in the nuclei of T lymphocytes, we detect the presence of p50 
homodimers, p65 and small concentrations of IKB-a.. PMA activation induced a 
permanent translocation of NF-KB in the nuclei of T cell s. The results of Western-Blot 
and confocal microscopy demonstrate also an increase in the nuclear location of IKB-a. 
in activated T cells. 

In summary, our results show that in T cells, IKB-a. is present in the nucleus of 
both , resting and activated T lymphocytes . 

These results suggest a new role of IKB-a. in NF-KB regulation. Nuclear IKB-a 
could be involved in the transport of NF-KB or actas a nuclear regulatory protein of the 
Rell NF-KB family. 
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Regulation of NF-ICB Acth·ity via IJCBa Phosphorylation' and Degradation 
Rongtuan Lin, Pierre Beauparlant, Hakju Kwon and John Hiscott ' 

Lady Da vis Institute for Medica! Research, and Departments of Microbiology and 
Medicine, McGill University, Montreal Quebec H3T 1E2 

The NF-KB/Rel transcription factors participate in the activation of immune regulatOI)' 
genes and viral early genes including the HIV -l L TR. Cell activaúon leads to me 
phosphorylation and degradation of IKBa, permitting NF-~eB/Rel translocation to the 
nucleus and target gene activation. To further characterize the signaling events that 
contribute to IKBcx phosphorylation, a kinase activity was isolated from Jurkat T cells that 
specifically interacted with h:Ba in an affinity chromatography step and phosphorylated 
IKBa with high specificity in vitro. Using an in gel kinase assay with recombinant IICBcx as 
substrate, two molecular weight forms of the kinase (43 and 38kDa) were identified. 
Biochernical criteria and immunological cross-reactivity identified lhe kinase activity as 
the alpha catalytic subunit of casein kinase II . Deletion mutants of Irl3cx localized 
phosphorylation to the e-terminal PEST domain of h:Bcx. Point mutation of residues 
T291, S283 and T299 dramatically reduced phosphorylation of Irl3cx by the kinase in 
vitro. Constitutive phosphorylation of the triple point mutant was eliminated in vivo, 
although TNF inducible IKBa degradation was unaffected. In celllines and in transiently 
transfected cells, mutation of the CKIT si te~ in h;Bo: resulted in a protein with increased 
intrinsic stability. kBa deletion studies in NIH 3T3 cells demonstrated that the C
terminal30 amino acids (aa288 to aa317, deleted in IKBoo13), including most ofthe PEST 
domain, were dispensible for IKBo: function. However, deletions from aa261 to aa317 or 
aa269 to aa317 (I~Bcx.:ll and I~eBCI..:l2), lacked the ability to dissociate NF-KB/DNA 
complexes in vitro and were unable to inhibir NF-KB depcndent transcription. Moreover, 
IKB~l and IKB~ were resistant to inducer mediated degradation. Analysis of h:Bo: 
deletions in the presence of protein synthesis inhibitors revealed that, IKBaól and 
IICBat.2 had a half life four times shorter than wild type IKBcx and the interaction with p65 
was dramatically decreased in l'ivo as measured by co-immunoprecipitation. 
Interestingly, protease inhibitors which block inducer rnediated degradation of I.:Bo. al so 
stabilized the turnover ofl~eBo..6.1 and h:Bcxó2. Based on these studies, we propose that in 
the absence of stimulation, the e-terminal domain (aa269 to aa287) may play a role to 
protect h:Ba from a constitutive protease activity. We also examined the effect of 
transdominant mutants ofi!CB~ on the synergi~tic activation of the HIV-1 LTR by TNFo 
and the mv transactivator, Tat, in Jurkat T cells. The synergistic induction of HIV LTR 
driven gene expression represented a 50-70 fold stimulation and required both an intact 
HIV-1 enhancer and Tat-TAR elementinteraction. Co-expression of I..Bcx inhibited Tat
TNF activation of HIV LTR in adose dependent manner. Transdominant fonns of h:Ba, 
mutated in critica! serine or tbreonine residues required for inducer mediated 
(S32A,S36A) and/or constitutive phosphorylation (S283A,T291A.T299A) of IKBa were 
tested for their capacity to block HIV LTR transactivation. lKBo. molecules mutated in the 
N-terminal sites were not degraded following inducer mediated stimulation (Tl/2 >4 

hours) and were able to efficiently block HIV LTR transactivation. Strikingly, the 
h:Ba(S32A,S36A) transdom.inant was at least 5 times more effective than wtlKBo: in 
inhibiting synergistic induction of the HIV-LTR. This mutant also effectively inhibited 
HIV -1 multiplication in a single cycle infcction model in Cos-1 cells, as measure.d by 
Northern blot analysis of viral mRNA species and viral protein production. These 
experiments suggest a strategy that may contri bu te to inhibition of HIV -1 gene 
expression by interfering with lhe NF-ICB/Rel signaling pathway. 
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TRANSCRIPTIONAL REGULATION OF THE GENE ENCODING THE HUMAN 
LEUKOCYTE ACTIVATION ANTIGEN CD69. FUNCTIONAL CHARACTERIZATION 
OF ITS TNF-a RESPONSIVE ELEMENTS. 

By Manuel López-Cabrera 
From the Unidad de Biología Molecular, Hospital de la Princesa and Universidad 
Autónoma de Madrid . 28006 Madrid. Spain. 

The human activation antigen CD69 is a member of the C-type animal Ieclin 

superfamily that functions as a signal-transmitting receptor. Although lh e 

expression of CD69 can be induced in vitro on cells of most hematopoietic lin eages 

with a wide variety of siimuli, in vivo it is mainly expressed by T Iymph ocyte s 

located in the inflammatory infiluales of seve ra! human diseases. To elucid ate the 

mechanisms that regulate the constitutive and inducible expression of CD69 by 

leukocytes, we isolated the promoter region of the CD69 gene, and carried ou t ils 

funtional characterization. Sequence analysis of the 5'-flanking region of the CD69 

gene revealed the presence of a polen ti al TATA element 30bp upstream of the maj or 

lranscription inilialion site and severa! putalive binding sequences for indu cibl c 

lran sc ripti o n factors (NF-kB , AP-1, Egr-1 ), which might mediate th e indu c i bl c 

exp ressio n of this gene. Trans ient ex press ion of CD69 promoter-based reponer gene 

constructs in K562 cell line, indicated that the proximal promoter region spanning 

from -78 lo +16 contained lhe cis-aclin g sequences necessary for basal and PMA

inducible lranscription of CD69 gene. Th e removal of the upstream sequences 

localed between -78 and -38, resulted in a decreased promoter strength and 

abolished th e response to PMA. We al so found th at TNF-a is capable lo induce lhc 

surface expression of CD69 moleculc , as well as the promoter activity of fusion 

plasmids that contain 5'-flanking sequences of the CD69 gene, suggesting tha l thi s 

cytokine may re gulale in vivo lhe cxpress ion of CD69 antigen. In addition, 

colransfeclion expcriments demonstratcd lhat thc CD69 gene promoter can be 

activated thc NF-kB family members c-rel and relA. The deletion of the sequen cc 

span ning from -255 to -170 abolished both the response to TNF-a and lhc lran s

activation by NF-kB. These results indicate that the NF-kB binding sitc located at 

position -223 is necessary for the TNF-a -induced expressión of the CD69 gene. 

Mobility shifl assays showed the lwo NF-kB motifs localed in lhe proximal promotcr 

region (-223 and -160) bind variuos NF-kB-related complexes including lh e 

helcrodimers p50/rclA and p50/c-Rel. and homodimers of P50 (KBFI) and re! A. Our 

finding s help to understand thc regulatcd synthcsis of CD69 in vivo and suggcst th at 

T N F-a has a kcy role in thc cxpression of this moleculc a the sites of chronic 

inflammation . 
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IN VIVO REGULATION OF REL PROTEIN-DNA INTERACTION BY 

NUCLEAR IKBa 

Ignacio Luquel and Céline Gélinasl,2 

lCenter for Advanced Bio~echnology and Medicine, and 2oepartmenr of Biochemistry

Robert Wood Johnson Medical School,University of Medicine and Dentistry of New 

Jersey, 679 Roes Lane, Piscataway NJ 08854-5638 

Rel family proteins have been implicared in nonnallymphoid cell function as well as in 

their transformation. These proteins bind to KB DNA sites, forro heterodimers wi!h one 

another, and modulare the expression of genes linked to KB DNA motifs. TI-le llCB family 

of Rel protein inhibitors is important for the regulaóon of these activities. llCB factors ha ve 

been shown to inhibit Rel DNA-binding in vitro , to displace DNA from DNA-bound Rel 

complexes and to inlúbit in vitro transcription reac tions. Previous studies from this group 

showed that hcBo: functionally interacts with the conserved RxxRxRxxC Rel DNA

bincling motif to inhibit Rel association with DNA in vitro. These findings raised the 

possibility that nuclear IKB factors may also r eg~ l a te the transcriptional activity of Re! 

proteins in vivo. Accorcling to this mcxiel, IKB u. rnay act as an ON/OFF switch to control 

Re! protein activity in the cytoplasm and in the nucleus. Given the significam irnplications 

of this model, it is importan! to investigate the regulation of Re! proteins by nuclear IICB 

faetors and to examine their biological activity. 

Our approach to address this issue has been to bypass the effects of IKB on the cytoplasrnic 

regulaúon of Re!. To this end, we ha ve designed Rel proteins that consti.tutively localize to 

the nucleus and compared the DNA binding, transcriptional and biological activities of 

these proteins to those of nuclear Re! mutants defective for association wi.th IICBo .. As 

predicted by our model, transfection assays of wt or mutant Rel genes alone or together 

with IlCBa demonstrated that IKBo: can directly regulate the rranscriptional activity of Rel 

proteins in the nucleus. Ongoing and future experin1ents v,i!J hdp to further clarify the role 

that the nuclear regulation of Rel by IKBo: plays in the biological activities of the v-Rel and 

c-Rel proteins. 
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Evidence for the involvement ofNF-KB activation in the inducible expression of selected genes in 
human neutrophils. 

by Patrick P. McDonald and Marco A. Cassatella 

Neutrophils rank amongst the .fi.rst blood cells that migrate towárds inflammatory lesions, where 

they accumulate in large numbers and perfonn host defence functions . Activated neutrophils 

have the ability to upregulate the expression of many genes, in particular those encoding 

cytokines and chemokines, and to subsequently release the corresponding proteins. Although 

little is known to date conceming the regulation of gene transcription in neutrophils, it is 

noteworthy that many ofthese genes depend upon the actívation oftranscription factors, such as 

Nf-"KB, for inducible expression. We therefore investigated whether NF-"KB!Rel proteins are 

expressed in human neutrophils, as well as their fate upon cell activation. We now report that 

pSO/NFKBl , p65/ReiA, and c-Rel are present in neutrophils, and that the greater part of these 

proteins is physically associated with cytoplasmic IK.B-a in resting cells. Whereas no change in 

the cellular levels ofNF-rlVRel proteins could be detected in cycloheximide-treated neutrophils 

(for up to 2.5 h), the lKB-<X protein was found to tum over relatively rapidly, as its estimated 

half-life was of apprcximately 75 rnin Accordingly, resting neutrophils expressed elevated 

constitutive levels of mRNA encoding IKB-a. Following the stinmlation of neutrophils with pro

inflammatory agonists that induce the production of cytokines a.nrl chemokines in these cells, NF

KB/Rel proteins translocated to nuclear fractions, resulting in enhanced nuclear NF-xB D NA

binding activities. This redistribution was closely paralleled by IKB-a. phosphorylation and 

subsequent prmeolysis . Under these conditions, activated neutrophils also accumulated mRNA 

transcripts encoding IKB-a., which resulted in the re-expression mthe IIC.B-a. protein, in a protein 

synthesis-dependent manner. Finally, pretreatment of neutrophils with AEBSF prevented the 

inducible b~B-a proteolysis, nucb accumulation ofNF-KB/Rel proteins, and NF-KB activation, 

as well as the accumulation of mRNA transcripts from KB-dependent genes such as the ones 

encoding liB-a and IL-8. To our knowledge, this constitutes the fi.rst evidence that NF-KB 

activation Q'lay underlie the action of pro-inflammatory stimuli towards human neutrophil gene 

expression 
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Meclianisms of Ubiquitin-Proteasome Mediated Procesing ofthe NF-K!JJ 

Precurssor, plOS 

Amfr Orian1
, Simon Whltesldel,AJain Israel Chaim Kahana\ and Aaron Clechanover1 

From the 1 Department of Biochemistry and the Rappaport lnstitute for Research in the Me di cal 

Sciences, Faculty of Medicine, Technion-lsraellnstitute ojTechnology, Haija/Unite de Biologie 

Moleculaire de l'Expression Genique, lnstitut Pasteur, 25 rue du Dr. Rora, 75724 París Cedex 

15, France, and the 'Department of Molecular Virology and Genetics, Weizmann Institute of 

Science, Relwvot 76100, IsraeL 

Severa! transcription factors, NF-KB among them, are activated or inactivated by 

specific proteolytic events. We set to study the role of the ubiquitin system in the 

activation ofNF-KB. Degradation of a protein via the ubiquitin-proteasome pathway 

involves two discrete ATP-dependent steps: (a) Covalent attachment of mult:iple 

ubiquitin molecules to the protein substrate, and (b) Degradation of the targeted 

protein by a 26S proteasome complex 

In most cases, the transcriptional factor NF-lCB is a heterodimer that is composed 

of two subunits, p50 and p65, which are encoded by two distinct genes of the re/ 

family. p50 is translated as a precursor of 105 kDa. The C-terminal domain of the 

precursor is rapidly degraded, forming the mature p50 subunit consisted of the N

terminal region ofthe molecule. The mechanism of generation of p50 is not known. 

lt has been suggested that the ubiquitin-proteasome system is involved in the process. 

Recently, we were able to reconstitute a cell free processing system and show directly 

that: (a) the ubiquitin-proteasome system is involved in processing of the intact p 105 

precursor; (b) conjugation ofubiquitin to the precursor is an essential intermediate step 

in the processing; (e) a novel, -320 kDa species of ubiquitin-protein ligase that was 

purified from rabbit retyclocyte lysate is involved in the process. This novel enzyme 

is required along with a ubiquitin-carrier protein from the ubc5/E2-Fl family for tagging 

the pl05 to processing by the 26S proteasome. The ligaseis distinct from E6-AP, the 

p53 conjugating ligase, from E3cc, the "N-end rule" ligase, and from a novel E3 

involved in the degradation of the transcriptional activator MyoD; (d) A unique 

sequence within the p50 molecule serves, most probably, as a "processing signa!'' that 

directs limited proteolysis rather the complete degradation of the molecule. 
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Mayo Clinic 1 Foundation 
Department of Immunology 
501 Guggenheim Building 

ROCHESTER, MI . 55905 (USA) 

Regulation of IkBo: in HIV ·lnfected Macrophages. Role of the IkBo: 
Kinase PKCK2 

Macrophages contrary to T cells serve as the major reservoir of persistent 
HIV replication. Persistcnt activation of NF-kB in HIV -infected macrophages is a 
main mechanism wb.ereby viral persistence is rcgulated. Previous work from our 
gr.oup has identified that IkBCY. and recently IkB~ are selectively targeted by HIV 
infection by HIV. The half life of these human IkBs is significantly reduced in 
infected cells, which results in continuous NF-kB translocation. Ik:Bo: is found to 
be hyperphosphorylatcd in its C.terminus through an 532/36 independent 
mechanism. Using a variety of biochenúcal approaches, we havc characterized the 
phosphorylation sites in the C-terminus as S-283, S-289, S-293, and T-291. 
Additional studies ha ve identified protein kinase PKCK2 as the one responsible for 
the C-ternúnus phosphorylation. Binding studies have also deternúned that 
PKCK2 physicaJly interacts in vivo and in vitro with Ik:Ba through the C-tenninal 
region independently from p65. The functional role of PKCK2 was establishcd in 
in vitro degradation assays indicating that this kinase is neccssary for tbe 
degradat!on of IkBo: in HTV -infected cel!s. Current studies are underway to 
detennine whether PKCK2 is required for phosphorylation at the "inducible '' 
S32/36 sites within the N-tem1inus. 

Recent studies from our group have identified second signalling messengers 
which lie upstream of PKCK2 and that regulate IkBa in HIV -infected monocytes. 
These indude p2l m and Raf-1 kinase as well as tbe atypical PKC isofonn, PKC
t;/t. In addition, inlúbition of PKC-1; results in decreased replication in HIV
infected roacrophages. Studies are underway to detennine direct interactions 
between PKCK2 and these second signalling messengers. 

In summary, our ~; tudie s indicate tbat persisten! IDV-infected macrophages 
is a main mechanism rcgulating viral persisten ce in these cells, and that the selecti ve 
upregulation of second messengers lead to the activation of IkBo: kinases such as 
PKCK2 that ultimately impact thc phosphorylation and degradation of IkB 
molecules. 



Instituto Juan March (Madrid)

87 

Coupling of pSO/C-Rel to the lgH 3 'enhancer activity in late B cell 
development Sven Pettersson, Ylva Lindersen, Tove Andersson, 
Marcus Neurath (1) and Daniel Cross. Karolinska Institute, Center 
for Biotechnology, 141 57 Huddinge, Sweden. (1) Dept of Mol. 
immunology, Univ. of Mainz, Germany. The function of the IgH 
3 'enhancer is likely to be in volved in class switch recombination and 
regulation of IgH gene expression. Here we examine the molecular basi s 
as to how this element execute its biological activities in B cells . 
Signalling via the IgM- or the CD40-receptor or LPS stimulation can 
actívate the 3 'enhancer. In vivo footprinting experimcnts reveals that 
whilst sorne motifs becomes occupied irrespective of stimulation, others 
are protected depending on the stimuly used . Whereas IgM or CD40 
receptor stimulation induce the NFAB (Nuclear Eactors of Activated B 
cells) proteins to bind to an Ets/ AP-1 si te important for enhancer 
function, LPS and CD40 stimulation induce occupancy of a NF-kB si te in 
the enhancer. Mutagenesis of the NF-kB site revealed that the NF-kB site 
is important for enhancer activity. We have identified the subcomponents 
of NF-kB, p50 and C-Rel, to bind to thi s s ite in extrac ts from primary B 
cells. A minimal promoter containing one copy of the NF-kB-site, linked 
toa reporter gene, exhibit low leve ls of transac tivatin g ability in plasma 
celllines, suggesting that the regul atory activity of NF-kB is mediated vi a 
"crosstalk" with other proteins. Interestingly , NF-kB proteins has been 
shown to physically interact with Ets protcins. By introduction of ets-likc 
sites from the enhancer into the minimal NF-kB promoter construct, 
which by genomic foot printing experiment s are occupied upon 
stimulation and by sitedirected mutagenesis display imortatn activity ofr 
enhancer function, we have identifíed other factors which act in synergy 
with Nf-kB in functional assays. Thus , these protein s, together with NF
kB, appears to form strong transcriptional ac tivators and depending on 
stage in B cell differentiation or receptor stimulation used, NF-kB may 
interact wtih different proteins. Taken togeth e r, we provide direct 
evidence for the importance of p50/C-Rel in IgH gene expressJOn via the 
3 'enhancer. Moreover, we ha ve idcntifi ed a sct of prote ins which together 
with NF-kB can potentiate enhancer function that may dcpend on which 
ligand-receptor stimulation that is used to triggcr cnhanccr function . We 
will discuss the data in context of a transcription factor network 
regulating late B lymphocyte development. 
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Mechanisms of Proteolytical Degradation of llCBa Regulating NF-lCB activity. 

Manuel Salvador RODRIGUEZ MEDINA. 

Unité d'Immunologie ViraJe, Institut Pasteur, 75015 Paris, France. 

In unstimulated cells, the transcription factor NF-KB is sequestered in the cytoplasm as an 

inactive complex containing the inhibitor protein IKBa. Activation of NF-KB involves signal

induced degradation of IKBa and release of NF-KB, which translocates to the nucleus where it 

influences transcription of responsive genes. N and e-terminal regions of IKBa are in volved in 

this process. We found that the acidic e-terminal region controls inducible degradation of the 

molecule by an unknown mechanism which probably involves structure modifications and 

phosphorylation. The N-terminal region of the protein has been identified as a regulatory region 

that is required for signal-induced phosphorylation and degradation. The sensitivity of IKBa 

degradation to peptide aldehydes which inhibit components of the proteasome and the detection 

of ubiquitinated forms of IKBa indicate that IKBa is degraded by the ubiquitin proteasome 

pathway. Follow ing cell signaling lKBa is post-transductionally modified by phosphorylation 

and conjugation to ubiquitin multichains. Our In vivo experiments shown that ubiquitinated 

forms of the protein dissociate from NF-KB. IKBa mutan! carrying serine to alanine changes at 

amino-acid 32 and 36, blocks both signal-induced phosphorylation and ubiquitin conjugation of 

the protein . A mutant form of IKBa containing lysine to arginine changes at positions 21 and 22 

(K21 R, K22R) severely reduces TNF-induced activation of the NF-KB-dependent reporter 

gene. eombined mutation of two other Jysines, K3 8 and K47, located in the N-terminus of 

lKB o: promoted only a modest increase of its NF-KB-inhibitory capacity. ehanging other 

Jysines residues did not reduce acti vation of the NF-KB-dependent reporter gene by lKBo: as 

compared to the wild type form of the protein. Examination of the metabolism of mutant lKBa 

molecules reveal s that while the K21R, K22R mutant inhibits the DNA binding activity of NF

KB and undergoes signal-induced phosphorylation, it is neither ubiquitinated nor degraded in 

response to TNF. Thus, it is likely that after signal -induced phosphorylation of lKBa on serine 

residues 32 and 36, lysine residues 21 and 22 are major sites of ubiquitin ligation which target 

the prote in for rapid degradation by the proteasome. 
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Negative cross-talk between the RelA subunit of NFKB and steroid receptors . 

lnteractions between steroid receptors and other transcription factors are an important means 
of regulating gene transcription. Previously, we described a negative cross-talk between 
NFKB and the glucocorticoid ~eceptor (GR) . Whereas NFKB proteins function as positive 
regulators of ¿enes which play a role in cell proliferation and immune response, 
glucocorticoids down-regulate the expression of these genes. 
Since progestins also play a role in these processes, we have investigated possible 
transcriptional interactive effects of NFKB family members and the progesterone receptor 
(PR). We observed mutual repression of the RelA subunit of NFKB (p65) and PR. This trans
repression is shown to occur independently of PR isoform, reporter construct or cell-type 
used. With respect to the domains of PR that are involved in repression of RelA, we found 
that both the DNA-binding domain as well as the ligand-binding domain are essential for 
repression. Together with the demonstration of interaction between RelA and PR in vitro, 
these findings suggest that the mutual repression is due to a direct interaction between these 
proteins . Currently, we are investigating which domain of RelA is involved in the repression 
of both GR and PR. 
Since NFKB-regulated cytokine receptors are expressed in progesterone target tissues (breast 
and endometrium), the mutual repression of PR and ReiA could play a role in a wide variety 
of physiological processes in these tissues, including maintenance of pregnancy, immuno
suppression and tumorigenesis . 
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Stimulation-dependent lkBa phosphorylation marks the NF-kB 

inhibitor for degradation via the ubiquitin-proteasome pathway 

Avraham Yaron*, lrit Alkalay*, Ada Hatzubai*, 

Amir Orian',Aaron Ciechanover', and Yinon Ben-Neriah* 

*The Lautenberg Center for General and Tumor lmmunology 

The Hebrew Uni\tersity-Hadassah Medical Schooi.Jerusalem 

'lnstitute for Research in the Medical Sciences, 

Faculty of Medicine, Technion-lnstitute of Technology, Haifa 

Nuclear translocation is apparently the major step in the 
activation of NF-kB which, once it enters the nucleus, is capable of 
binding its cognate site, thereby initiating the transcription 
process.A critica! step mobilizing the factor into the nucleus is 
its release from a cytoplasmic inhibitor.-lkB. Phosphorylation of 
lkB in cell-free experiments results in its inactivation and release 
from the Rel complex, but in vivo NF-kB activation is associated 
with lkB degradation. The in vivo role of phosphorylation is 
unknown. Our study shows that T -cell activation results in rapid 
phosphorylation of lkBa and that this event is a physiological one, 
dependent on appropriate lymphocyte costimulation . lnducible lkBa 
phosphorylation was abolished by several distinct NF-kB blocking 
reagents, suggesting it plays an essential role in the activation 
process. However, the in vivo induction of lkBa phosphorylation 
did not cause the inhibitory subunit to dissociate from the Rel 
complex. Using an in vitro proteolysis system ,we show that of the 
two lkBa forms recovered from stimulated cells in complex with 
ReiA, only the newly phosphorylated form, plkBa, is a substrate 
for an in vitro reconstituted ubiquitin-proteasome system. 
Proteolysis requires ATP, ubiquitin, a specific ubiquitin 
conjugating enzyme, and other proteasome-ubiquitin components. 
1 n vivo, inducible lkBa degradation requires a functional ubiquitin 
activating enzyme, and is associated with the appearance of high 
molecular weight adducts of lkBa. This is probably a first example 
of targeting a regulatory protein by the ubiquitin-proteasome 
system as a signal transduction event . 
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Texts published in the 
SERIE UNIVERSITARIA 

by the 
FUNDACIÓN JUAN MARCH 

concerning workshops and courses organized within the 

Plan for International Meetings on Biology (1989-1991) 

* : Out of stock . 

*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. 
N el son. 

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

253 Workshop on Genome Expression 
and Pathogenesis of Plant ANA 
Viruses. 
Organizers: F. García-Arenal and P. 
Palukaitis . 

254 Advanced Course on Biochemistry 
and Genetics of Yeast. 
Organizers: C. Gancedo, J. M. Gancedo, 
M. A. Delgado and l. L. Calderón. 

*255 Workshop on the Reference Points in 
Evolution. 
Organizers: P. Alberch and G. A. Dover. 

*256 Workshop on Chromatin Structure 
and Gene Expression. 
Organizers: F. Azorín , M. Beato and A. 
A. Travers. 

257 Lecture Course on P.olyamines as 
Modulators of Plant Development. 
Organizers: A. W. Galston and A. F. 
Tiburcio. 

*258 Workshop on Flower Development. 
Organizers: H. Saedler, J. P. Beltrán and 
J. Paz-Ares. 

*259 Workshop on Transcription and 
Replication of Negative Strand ANA 
Viruses. 
Organizers: D. Kolakofsky and J. Ortín. 

*260 Lecture Course on Molecular Biology 
of the Rhizobium-Legume Symbiosis. 
Organizer: T. Ruiz-Argüeso. 

261 Workshop on Regulation of 
Translation in Animal Virus-lnfected 
Ce lis. 
Organizers : N. Sonenberg and L. 
Carrasco. 

*263 Lecture Course on the Polymerase 
Chain Reaction. 
Organizers : M. Perucho and E. 
Martínez-Salas. 

*264 Workshop on Yeast Transport and 
Energetics. 
Organizers: A. Rodríguez-Navarro and 
R. Lagunas. 

265 Workshop on Adhesion Receptors in 
the lmmune System. 
Organizers : T . A. Springer and F. 
Sánchez-Madrid. 

*266 Workshop on lnnovations in Pro
teases and Their lnhibitors: Funda
mental and Applied Aspects. 
Organizer: F. X. Avilés. 
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267 Workshop on Role of Glycosyi
Phosphatidylinositol in Cell Signalling. 
Organizers: J. M. Mato and J. Larner. 

268 Workshop on Salt Tolerance in 
Microorganisms and Plants: Physio
logical and Molecular Aspects. 

Texts published by the 

Organizers: R. Serrano and J. A. Pintor
Toro. 

269 Workshop on Neural Control of 
Movement in Vertebrates. 
Organizers: R. Baker and J. M. Delgado
García. 

CENTRE FOR INTERNATIONAL MEETINGS ON BIOLOGY 

Workshop on What do Nociceptors 
Tell the Brain? 
Organizers: C. Belmonte and F. Cerveró. 

*2 Workshop on DNA Structure and 
Protein Recognition. 
Organizers: A. Klug and J. A. Subirana. 

*3 Lecture Course on Palaeobiology: Pre
paring for the Twenty-First Century. 
Organizers: F. Álvarez and S. Conway 
Morris. 

•4 Workshop on the Past and the Future 
of Zea Mays. 
Organizers: B. Burr, L. Herrera-Estrella 
and P. Puigdomimech. 

·s Workshop on Structure of the Major 
Histocompatibility Complex. 
Organizers : A. Arnaiz-Villena and P. 
Parham. 

•5 Workshop on Behavioural Mech
anisms in Evolutionary Perspectiva. 
Organizers: P. Bateson and M. Gomendio. 

•7 Workshop on Transcription lnitiation 
in Prokaryotes 
Organizers : M. Salas and L. B. Rothman
Denes. 

·a Workshop on the Diversity of the 
lmmunoglobulin Superfamily. 
Organizers: A. N. Barclay and J. Vives. 

9 Workshop on Control of Gene Ex
pression in Yeast. 
Organizers: C. Gancedo and J . M. 
Gancedo. 

·10 Workshop on Engineering Plants 
Against Pests and Pathogens. 
Organizers : G. Bruening , F. Garc ía
Oimedo and F. Ponz. 

11 Lecture Course on Conservation and 
Use of Genetic Resources. 
Organizers: N. Jouve and M. Pérez de la 
Vega. 

12 Workshop on Reverse Genetics of 
Negative Stranded ANA Viruses. 
Org anizers : G. W . Wertz and J . A . 
Melero. 

•13 Workshop on Approaches to Plant 
Hormone Action 
Organizers : J. Carbonell and R. L. Jones. 

·14 Workshop on Frontiers of Alzheimer 
Disease. 
Organizers: B. Frangione and J. Ávila. 

•15 Workshop on Signal Transduction by 
Growth Factor Receptors with Tyro
sine Kinase Activity. 
Organizers: J. M. Mato andA. Ullrich. 

16 Workshop on lntra- and Extra-Cellular 
Signalling in Hematopoiesis. 
Organizers: E. Donnall Thomas and A. 
Grañena. 

•17 Workshop on Cell Recognition During 
Neuronal Development. 
Organizers: C . S. Goodman and F. 
Jiménez. 
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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. 

'20 Workshop on Genomic Fingerprinting. 

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. 

*24 Workshop on Deterioration, Stability 

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 and A. 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 : K. N. Timmis and J . L. 

Ramos. 

40 Workshop on Nuclear Oncogenes and 

Transcription Factors in Hemato

poietic Cells. 
Organizers: J. León and R. Eisenman. 



Instituto Juan March (Madrid)

41 Workshop on Three-Dimensional 
Structure of Biological Macromole
cules. 
Organizers: T. L Blundell, M. Martinez
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. 

44 Workshop on Selective Gene Act.iva
tion by Cell Type Specific Transcription 
Factors. 
Organizers : M. Karin , R. Di Lauro , P. 
Santisteban and J. L. Castrillo. 

45 Workshop on NK Cell Receptors and 
Recognition of the Major Histo
compatibility Complex Antigens. 
Organizers: J. Strominger, L. Moretta and 
M. López-Botet. 

46 Workshop on Molecular Mechanisms 
lnvolved in Epithelial Cell Differentiation. 
Organizers: H. Beug, A. Zweibaum and F. 
X. Real. 

47 Workshop on Switching Transcription 
in Development. 
Organizers: B. Lewin , M. Beato and J. 
Modolell. 

48 Workshop on G-Proteins: Structural 
Features and Their lnvolvement in the 
Regulation of Cell Growth. 
Organizers: B. F. C. Clark and J. C. Lacal. 

49 Workshop on Transcriptional Regula
tion at a Distance. 
Organizers: W. Schaffner, V. de Lorenzo 
and J. Pérez-Martin. 

50 Workshop on From Transcript to 
Protein: mANA Processing, Transport 
and Translation. 
Organizers: l. W. Mattaj, J. Ortin and J. 
Valcárcel. 

• · Out of Stock. 

51 Workshop on Mechanisms of Ex
pression and Function of MHC Class 11 
Molecules. 
Organizers: B. Mach and A. Celada. 

52 Workshop on Enzymology of DNA
Strand Transfer Mechanisms. 
Organizers: E. Lanka and F. de la Cruz. 

53 Workshop on Vascular Endothelium 
and Regulation of Leukocyte Traffic. 
Organizers: T. A. Springer and M. O. de 
Landázuri. 

54 Workshop on Cytokines in lnfectious 
Diseases. 
Organizers: A. Sher, M. Fresno and L. 
Rivas. 

55 Workshop on Molecular Biology of 
Skin and Skin Diseases. 
Organizers: D. R. Roop and J. L. Jorcano. 

56 Workshop on Programmed Cell Death 
in the Developing Nervous System. 
Organizers : R. W. Oppenheim , E. M. 
Johnson and J. X. Comella. 
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The Centre for Intemational Meetings on Biology 

was created within the 

Instituto Juan March de Estudios e Investigaciones , 

a prívate 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 1995, a 

total of 83 meetings and 7 

Juan March Lecture Cycles, all 

dealing with a wide range of 

subjects of biological interest, 

were organized within the 

scope of the Centre. 



The lectures summarized in this publication 
were presented by their authors at a workshop 
held on the 8th through the 10th of July 1996, 
at the Instituto Juan March. 

All published articles are exact 
reproduction of author's text. 

There is a limited edition of 450 copies 
of this volume, available free of charge. 


