
86 

Instituto Juan March 
de Estudios e Investigaciones 

CENTRO DE REUNIONES 

INTERNACIONALES SOBRE BIOLOGÍA 

Workshop on 

Transcription Factors in Lymphocyte 
Development and Function 

Organi zed by 

J. M. Redondo, P. Matthias and S. Pettersson 

M. Busslinger 
S. Chen-Kiang 
H. Clevers 
M. Fresno 
K. Georgopoulos 
L. H. Glimcher 
J. N. Ihle 
M. S. Krangel 
P. ~atthias 

E. Milot 
C. Murre 
M. S. Neuberger 
S. Pettersson 
A. Rao 
J. M. Redondo 
C. Scheidereit 
H. Singh 

F. Melchers IJ~ 

86~ 

Wor~ 

A. Tarakhovsky 



J r\ - '8 b -W or 

86 

Instituto Juan March 
de Estudios e Investigaciones 

CENTRO DE REUNIONES 
INTERNACIONALES SOBRE BIOLOGÍA 

Workshop on 

Transcription Factors in Lymphocyte 
Development and Function 

Organized by 

J. M. Redondo, P. Matthias and S. Pettersson 

M. Busslinger 
S. Chen-Kiang 
H. Clevers 
M. Fresno 
K. Georgopoulos 
L. H. Glimcher 
J. N. Ihle 
M. S. Krangel 
P. Matthias 
F. Melchers 

E. Milot 
C. Murre 
M. S. Neuberger 
S. Pettersson 
A. Rao 
J. M. Redondo 
C. Scheidereit 
H. Singh 
A. Tarakhovsky 

Instituto Juan March (Madrid)



The lectures summari~ed in this ¡mblication 
were presenta/ bv their authors al a II'Orkshol' 
hl'id on the ¡(jh through the 2 1"' 1 of Octol,rr. !99S. 
at the lnstfluto Juw1 March. 

Dcpósno legal. f\1 . -1-l.X'\-l/I'Jl)X 

Impresión Edim111cs Peninsular Tomelloso. 27. 2X026 ~1adnd 

Instituto Juan March (Madrid)



INDEX PAGE 

Introduction: J. M. Redondo, S. Pettersson and P . Matthias 7 

Session 1: Molecular basis of hematopoietic gene loci 
regula tion. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11 
Chair: Harinder Singb . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13 

Harinder Singh: The interacting transcription 
factors, PU.l and Pip, analysis of their roles in 
lymphocyte development and act ivation .. .. ..... ....... ... . 13 

Michael S . Krangel: Developmental regulation of V(D)J 
recombination at the T ce ll receptor alpha/delta locus... 14 

Eric Milot: The dynami cs of p-globin gene switching ...... 17 

Short talk: 
Gerald Siu: Integration of multiple e l ements 
in the contro l of CD4 gene expression duri ng T 
ce ll developme n t . ..... . . . . ... . . ... ... . ............... 18 

Katia Georgopoulos: The role of Ikaros and Aiolos in 
lymphocyte differentiation and homeostasi s ................ 19 

Session 2: Factors important for early hematopoietic 
development 
Chair: Michael S. Neuberger. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 21 

Fritz Melchers: B cell development - dec i sions be t ween 
life a nd death .. . ... ...... ... .. .. . .. .... ... ... ............ 23 

Hans Clevers: HMG box transcription factors in 
deve lopment and cancer . . ... .. ... . ... .. ... . .. .............. 24 

Cornelis Murre: Helix-loop-helix proteins in B cell 
d eve lopment and B cell leu kemias .......................... 25 

Meinrad Busslinger: Li neage commitment by Pax5 (BSAP) 
in the lymphohematopoietic system ... . .............. ... . ... 26 

Short talk: 
James Hagman: Cooperative DNA binding by Pax 
and Ets proteins requires highl y conserved 

sequences within the novel P-turn motif of 
the paired domain ................. ... . . . .... ..... .. 27 

Instituto Juan March (Madrid)



Edgar Serfling: Dual functions of p300/CPB integrate 
Raf/Rac-signalling pathways to induce NF-ATc activity 

PAGE 

in T cells . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 62 

Mikael Siqvardsson: Functional modulation of E47 
activity by Early B cell Factor (EBF) .............. . ...... 63 

Martie C.M. Verschuren: PJA-BP expression and T cell 
receptor-ó deletion during human T cell differentiation .. . 64 

LIST OF INVITED SPEAKERS ... . ............ .......... . ......... . . 65 

LIST OF PARTICIPANTS. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 67 

Instituto Juan March (Madrid)



Introduction 

J. M. Redondo, S. Pettersson and P. Matthias 

Instituto Juan March (Madrid)



9 

During the Jast 6-8 years there has been a rapid expansion in our understanding of 

the molecular mechanisms underlying the regulation of gene transcription, signa! 

transduction cascades and deve!opmental programs in marnmals. In particular, the 

hematopoietic system typified by the lymphoid system has established itse!f as the 

foremost paradigm for the study of ce!l-specific transcription and signa! transduction in a 

physiological setting. In addition, many of the findings have led to new insights into the 

developmental cues that guide the deve!opment as well as execute the effector functions of 

the immune system. The two arms of this system, the T and B lymphocytes, share many 

common regulatory mechanisms and also have sorne notable differences. To properly 

function, the immune system requires an intimate interplay between these two cell types. 

Therefore, the idea to organize a workshop that would bring together scientists working on 

transcription control and signa! transduction in B and T lymphocytes made perfect sense, 

as was evidenced during the course of the meeting. 

The contributions presented in the workshop highlighted the major 'role that 

transcription factors play in controlling the development and homeostasis of the immune 

system. Thus, many of the specific functions of transcription factors as regulators of 

hematopoietic development at early and late stages, in lymphocyte differentiation 

processes, or as integrators coupling extracellular stimuli to gene expression programs 

(lymphoid cell maturation, differentiation, activation etc.) were presented and discussed. 

Many of the experimental approaches were based on the generation of knockout mice 

Jacking transcription factor genes or transgenic mice overexpressing them. The results 

presented evidenced the critica! involvement of different transcription factors in T and B 

lineage development, lymphoid-cell differentiation as well as the multiple biological 

functions needed to maintain the regulatory and effector functions of the immune system. 

Similar strategies using transgenic and knockout mice expressing or Jacking signa! 

transduction components allowed the identification of signalling cascades and kinases 

regu!ating T cell deve!opment. Also, experiments using mice harbouring miniloci 

transgenes comprising the enhancers of B or T cell-specific genes revealed the role of 

these cis-acting elements in the tight temporal and spatial regulation of recombination and 

cell-type specific gene expression. 
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These results also introduced chromatin as an important component in the 

regulation of complex developmental pathways. Besides these analyses using mice 

models, a number of talks of the workshop established functional connections between 

transcription factor activity and the regulation of differentiation and function of 

lymphocytes using in vitro models. Thus, several contributions were concerned with the 

analysis of the molecular mechanisms by which transcription factors may regulate cell 

cycle control, proliferation or apoptosis in lymphocytes. Similarly, work on the role of 

signalling cascarles connecting extracellular stimuli with transcription factor activation ( or 

deactivation) and the subsequent effects on lymphoid gene expression was also presented. 

This workshop gathered scientists working on transcription in the B and T cell 

fields, and provided a unique and exciting forum to exchange, discuss, and integrate the 

most recent information on lyrnphocyte development and function, critical issues for a 

better understanding of the function and regulation of the immune system. 

J. M. Redondo 

P. Matthias 

S. Pettersson 
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Thc intcracting tnmscription factors, PU.I and Pip, analysis of thcir roles in lymphocytc dcvelopmcnt 

and artivation. 

Uarindcr Singh, Uoward Hughcs Mcdicallnstitutc, Thc University ofChicago, Chicago, IL USA 

PU. I is a unique regulatory protein required for the generation of both the innate and adaptive 

immune system . lt functions exclusively in a cell-intrinsic manner to control the development of 

granuiOC)1es. macrophages and B and T lymphoc)1es . Multipotential lymphoid-myeloid progenitors 

(AA4 .1 +. Lin-) are significantly reduced in PU. l -/- embryos and fail to generate pro B cells in response to 

stromal contact and IL-7 . PU. I -/- progenitors are defective in the expression of IL-7Ra. as wcll as the B 

lineage transcription factors EBF and Pax-5 . Retroviral transduction of PU . I cONA into PU . I -/· 

progenitors induces exprcssion of!L-7Ra. and the generation ofproB cells in response to IL-7. Thesc result s 

will be discussed in the context of a regulatory network of transcription factors specifying B lineage 

development. 

Pip is a lymphoid-specific lRF transcription factor that is essential for B and T cell activation. In B 

lymphoc)1es. Pip is recruited by PU.l to composite sites which are essential for the activity of 

immunoglobulin light chain gene enhancers. Pip is recruited to its binding site on DNA by phosphorylated 

PU. I PU. I/Pip interaction is shown to be template-directed and involves two distinct protein-protein 

interaction surfaces: (1) the ets and lRF DNA-binding domains and (2) the phosphorylated PEST region of 

PU. l and a lysine-requiring putative a.-helix in Pip. Thus. a coordinated set of protein-protein and protein­

DNA contacts are essential for PU. l/Pip temary complex assembly. To inhibit gene activation by these 

factors in vivo. we engineered chimeric repressors containing the ets and lRF DNA-binding domains 

connected by a flexible POU domain linker. When stably expressed, the wild-type fused dimer strongly 

represses the exprcssion of a rearranged immunoglobulin lambda gene, thereby demonstrating the functional 

importance of EtsllRF complexes in B cell gene expression. The degree of repression exerted by the fu sed 

dimers correlates with their DNA-binding specificity and stability. These results establish the utility of DNA­

binding doma in fusions as gene-specific rcpressors . 
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Developmental regulation of V(D)J recombination at the T cell receptor 
alpha/delta Iocus. 
Mi"chael S. Krangel, Cristina Hemandez-Munain, Michelle McMurry, 
Xiao-Ping Zhong, Juan Carabana, Joseph Robens, Pilar Lauzurica, 
Barry Sleckman, Fred Alt. Duke University Medical Center, Durham, 
NC, USA and Harvard Medica! School, Boston, MA, USA. 

The process of V(D)J recombination assembles T-cell receptor genes 
from variable (V). diversity (D) and joining (J) gene segments during 
thymic differentiation of T cells, leading to the production of alphalbeta 
and gamma/delta T lymphocytes. We are interested in understanding 
rhe molecular basis for the developmentally regulated rearrangement 
and expression of TCR genes. We have focussed our studies on rhe TCR 
alpha/delta locus, because it contains two different set.s of TCR gene 
segments that are differentially regulated during thymocyte 
development. Rearrangement and cxpression of the centrally located 
TCR delta gene segments initiates at the double negative (DN) stage of 
thymocyte development, whereas rearrangement and expression of the 
distally located TCR alpha gene segments initiates at the subsequent 
double positive (DP) stage. TCR alpha rearrangement deletes TCR delta 
gene segrnents. An unrelated and distinctly regulated antiapoptosis gene, 
Dadl, is located inunediately downstream ofTCR a1pha. The tight 
linkage of TCR delta, TCR alpha and Dadl raises questions conceming 
noL only how the individual genes are activated, but as well, how their 
distinct pattems of regulation are maintained. Our goal is to undersland 
how cis-acting elements effect the developmental program at this locus. 

The two best characterized cis-regulatory elements within the locus are 
the TCR delta and TCR alpha enhancers. The fonner is located within 
the Jdelta-Cdelta intron, and the latter, downstream of Calpha. We have 
evaluated the roles of these enhancers as developmental regulators of 
V(O)J recombination using a human TCR delta gene minilocus, 
composed of V, D, J and C gene segments, as a V(D)J recornbination 
reportee substrate in tnmsgenic mice. Our analysis of V(D)J 
recombination in versions of the minilocus that carry wild-type or 
mutant versions of the TCR delta enhancer, wild-type or mutant 
versions of the TCR alpha enhancer, or no enhancer, indicates that the 
two enhancers provide region-specific developmental control to the 
process of V(D)J recombination at the endogenous TCR alpha/delta 
locus. Our analysis suggests that these enhancers regulate V(D)J 
recombination by modulating the accessibility of recombination signa! 
sequences to the V(D)J recombinase. 

We would like to understand the mechanisrns by which the TCR delta · 1 

and TCR alpha enhancers are diffe.rentially aclivated (and perhaps 1 · ' 
inactivated) during T cell development. Todo so, we have assessed thc 
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effects of mutations in individual transcription factor binding si tes on 
the ability of these enhancers to activate V(D)J recombination and 
tra·nscription within the context of the transgeníc minilocus. To better 
understand how multiprotcin complexes are assembled on these . 
enhancers, we ha ve used genomic footprinting to assess the consequences 
of enhancer mutations on enhancer occupancy in vivo. Armed with this 
information, we are currently using genomic footpriming to analyze rhe 
occupancy of these enhancers within the endogenous locus to evaluatc 
the extent to wbich changes in the activities of the two enhancers across 
the DN to DP transition can be explained by changes in enhancer 
occupancy. 

As our studies impicate the TCR delta and TCR alpha enhancers as 
rcgion-specific developmental regulators of V(D)J rccombination within 
the TCR alpha/delta locus, they raise the question of how the regulatory 
effects of these enhancers are limited to discrete regions of the locus. 
This led us to consider the possibility that there may be boundary or 
enhancer-blocking elements within the locus that delimit the regulatory 
domains influenced by the two enhancers. We have used stable 
transfection approaches to identify enhancer-blocking activities between 
TCR delta and TCR alpha gene segments, and between TCR alpha and 
Dad l . A gene targeting approach is currently being used to evaluate the 
in vivo relevance of the putative blocking element berween TCR alpha 
and TCR delta gene segments. 
References: 

Lauzurica P. Krangel MS. 1994. Enhancer dependent and independent 
steps in the rearrangement of a human T cell receptor delta transgene. 
J. Exp. Med. 179, 43-55. 

Hemandez-Munain C, Krangel MS. 1994. Regulation of the T cell 
receptor' delta enbancer by functional cooperation between c-Myb and 
core binding factors. Mol. Cell. Biol. 14, 473-483 . 

Lauzurica P. Krangel MS. 1994. Temporal and lineage-specific control 
of T cell receptor alpha/delta rea.rrangement by T cell receptor alpha 
and delta enhancers. J. Exp. Med. 112. 1913-1921. 

Hemandez-Munain C, Krangel MS. 1995. c-Myb and core binding 
factor (CBF/PEBP2) display functional synergy but bind independently 
to adjacem sires in me TCR delta enhancer. MoL Cell. Biol. 15:3090-
3099. 

Hernandez-Munain C, Lauzurica P, Krangel MS. 1996. Regulation of 
TCR delta gene rearrangement by c-Myb. J.Exp.Med. 183:289-293. 
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Roberts JL, Lauzurica P, Krangel MS. 1997. Developmental regulatíon 
of VDJ recombination by the core fragment of the T cell receptor alpha 
enl'lancer. J. Exp. Med. 185:131-140. 

Lauzurica P. Zhong X-P, Krange1 MS, Roberts JL. 1997. Regulation of 
T cell receptor delta gene rearrangement by CBF/PEBP2. J. Exp. Med. 
185 :1193-1202. 

Zhong X-P, Krangel MS. 1997. An enhancer-blocking element between 
alpha and delta gene segments within the T cell receptor alpha/delta 
locus. Proc. Natl. Acad. Sci. USA 94:5219-5224. 

McMurry M, Hernandez-Munain C. Lauzurica P, Krangel MS. 1997. 
Enhancer control of local accessibility lo VDJ recombinnse. Mol. Cell . 
Biol. 17:4553-4561. 

Hemandez-Munain C, Roberts JL, Krangel MS. 1998. Cooperarían 
among multiple transcription factors is required for access to minimal T 
cell receptor alpha enhancer chromatin in vivo. Mol. Cell. Biol. 
18:3223-3233. 

Instituto Juan March (Madrid)



17 

The dynanúcs of 6-globin gene switching 

Frank Grosveld, E. de Boer, T. McMorrow, J. Grib/lQU, E. Milot, S. Philipsen, T. Trimbom, M. 
Wijgerde and Peter Fraser. Dept. of Cell Biology and Genetics, Erasmus University Rotterdam, P. O. Box 
1738, 3(}()() DR, Rotterdam, The Netherlands. 

The most important leve! of the regulation of the 13-globin genes is by activation of all of 
the genes by the Locus Control Region (LCR) and repression of the early genes by as yet 
unknown factors acting on sequences flanking the genes. Superimposed on this is a 
mechanism in which the early genes (E and Y) suppress the late genes (8 and B) by 
competition for the interaction with the LCR. Although this extra leve! of gene regulation 
is quantitatively of less importance than the direct repression mechanism, it has important 
implications and has provided an excellent assay system to probe the regulation of 
transcription at the single celllevel. 

These studies indicate that the LCR interacts with individual globin genes and that 
LCR/gene interactions are dynamic with complexes forming and dissociating continually. 
The levels of expression of each of the genes appear to depend on: (1) the frequency of 
interaction which is itself dependent on the distance of the gene to the LCR, (2) the affmity 
of the LCR for the gene and (3) the stability of the LCR/gene complex. The latter two are 
dependent on the balance of transcription factors. The role of individual transcription 
factors and the effects of chromatin structure on this process will be discussed. 
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INTEGRATION OF MULTIPLE ELEMENTS IN THE CONTROL~ COi GENE 
EXPRESSION DURING T CELL DEVELOPMENT. Gerald Siu, Deparlment of 
Microbiology, Columbia University College of Physicians and Surgeons, 701 West 
168th Street, New York, NY 10032. 

Our lab studies the control of CD4 gene expression as a model system for 
characterizing the molecular signaling pathways that mediate T cell development 
and selection. We and other have previously identified four elements that are 
critica! in controlling CD4 expression: two enhancers that function only in mature T 
cells, a prometer, and a transcriptional silencer. We have utilized mouse genetic 
approaches to identify new transcriptional control elements in the CD4 locus. Using 
a transgenic approach, we have identified a novel thymocyte enhancer over 70kb 
downstream of the CD4 prometer that is important for mediating CD4 transcription 
in CD4+CD8+ thymocytes; in addition, we have determined that one of the 
previously-identified enhancers is not responsible for controlling CD4 transcription 
in vivo. Thus, appropriate CD4 expression requires the coordination of four control 
elements, each of which functions at different stages of T cell development. In 
addition, we have utilized a molecular approach to characterize the factors that bind 
to the functional sites in each of these transcriptional control elements. We have 
determined that c-Myb and the Notch pathway intermediate HES-1 bind to two of 
the three sites required for silencer function . We have also cloned a gene that 
encocles a novel protein which we refer toas Silencer Associated Factor, or SAF. that 
binds to the third functional site of the CD4 silencer. We are currently conducting 
both genetic and molecular studies to determine the role of all of these factors in 
CD4 gene expression and in overall T cell d evelopment. 

.i::. ' J I ,. 
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The role of lkaros and Aiolos in lymphocyte differentiation and 
homeostasis. 

Katia Georgopoulos 
Cutaneous 8iology Research Center. Massachusetts General Hospital 

Harvard Medica! School. 13th Street 
Charlestown, MA. 02129-2000 (USA) 

Tel.: 1 617 726 44 36. Fax: 1 617 726 44 53 
E-mail: Katia _ Georgopoulos@cbrc. mgh.harvard.edu 

lkaros and Aiolos encode a family oftranscription factors which are essential for lymphocyte 
differentiation and homeostasis. Lack oflkaros proteins from the hemopoietic system causes an 
early and complete arrest in the production offetal and postnatal 8 lymphocytes and natural 
killer cells. T cell differentiation is also blocked at the fetal stage; however. after birth a small 
number ofT cell precursors is detected in the thymus which display aberrant differentiation 
along the CD4 lineage. Ikaros also plays a critica! role in the regulation ofT-cell proliferation. 

Lack of or a substantial reduction in the levels oflkaros in immature thymocytes and mature T 
cells causes augmentation of their proliferative response and rapid transformation to a neoplastic 
state. The increase in the proliferative response displayed by Ikaros mutant T cells correlates 
with the reduction in Ikaros activity indicating that it sets thresholds for T cell activation. 
In contrast to Ikaros. Aiolos is not essential during the specification of8 and T cell precursors. 

However, in a similar fashion to Ikaros in T cells. Aiolos regulates later stages ofB cell 
differentiation and proliferation. Aiolos sets thresholds ofreceptor signaling which control 8 cell 
activation, maturation to germinal centers and isotype switching. 

The physiological effects oflack of Aiolos from the B celllineage are a breakdown in 8 cell 
tolerance and the development of 8 celllymphomas. Taken together, Ikaros and Aiolos proteins 
are essential in lymphocyte differentiation and actas potent tumor suppressors in the T and 8 
lineage respectively. These factors which are thought to control the potential for gene expression 
in cells of the lymphoid lineage participate in a higher order protein complex. 

The composition ofthis complex and the dynamic changes it undergoes during the cell cycle 
suggests a mechanism for their function . 
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Fótz Melchers, Base! Institute for Immunology, Basel, Switzerland · 

B cell development - decisions between life and death 

8 lineage cells develop in fetal liver during embryogenesis and in bone 

marrow durin.g adult life from pluripotent stem cells. This process includes 

a commitment to become B-lineage cells, t:he activation of the Ig gene 

rearrangement machinery, the stepwise rearrangements of IgH and L chain 

gene segments, the expression of Ig H chains fi!st in p!e-B cell receptors 

together with surrogate L chains, and later wit:h L chains in B cell receptors . 

Cells expressing these receptor are subject to selections which involve the pre­

B cells and B cell receptors, selections wlúch can be positive or negative. The 

presentation will summarize the cellular stages, the kinetics of proliferation, 

maturation and apoptosis in interactions with the environment during this 

development of B lineage cells to mature B cells and in B cell responses. 
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HMG BOX TRANSCRIPTION FACTORS IN DEVELOPMENT 
ANDCANCER 

Hans Clevers. Department oflmmunology University Hospital Utrecht, The 
Netherlands 

The identification of the mammalian sex-determining gene Sry has led to the discovery 
of a large family of related ("HMG box") transcription factors that control development 
in yeast, C. elegans, Drosophila and vertebrates. In lymphocyte differentiation, severa! 
HMG box factors play a decisive role, i.e. the Sry homolog Sox-4 and two members of 
the related Tcf subfamily Tcf-1 and Lef-1. By gene knockout and the construction of 
radiation chimearas, we have shown that Sox-4 is essential for the expansion of the 
earliest B cell progenitors. 

Similarly, gene knockout revealed that Tcf-is essential for expansion of the earliest 
double-negative thymocytes. While Lef-1 knockout mice reportedly have no lymphoid 
phenotype, double knockout Tcf-1/Lef-1 mice have an even more severe thymocyte 
phenotype than the single Tcf-1 knockout mice, implying some redundancy between 
Tcf-1 and Lef-1. Tcf!Lef proteins ha ve recently been found to constitute downstream 
components of the Wingless/Wnt signa( transduction pathway. In flies, this pathway 
controls a.o. segment polarity; in Xenopus it controls the formation of e body axis. 
Deregulation of the pathway appears to be the primary event in intestinal and various 
other tumors. Based on these observations, it is implied that Wnt signaling plays a 
decisive role in early lymphoid development and possibly in leukemogenes. 

Refs.: 
-Verbeek, J.S., et aL An HMG box containing T-cell factor required for thymocyte 
differentiation. Nature 374: 70-74 (1995) . 
-Schilham, M., et aL Sox-4 gene is required for cardiac outflow tract formation and pro­
B lymphocyte expansion. Nature, 380: 711-714 (1996). 
-Molenaar, M., Xtcf-3 Transcription factor mediates -catenin-induced axis formation 
in xenopus embryos. Cell, 86, 391-399 (1996). 
-Korinek, V, et al. Constitutive Transcriptional Activation by a -catenin-Tcf complex in 
APC-1- Colon Carcinoma. Science, 275 : 1784-1787 {1997). 
-van de Wetering, et aL Armadillo co-activates transcription driven by the product of 
the Drosophila segment polarity gene dTCF. Cell, 88, 789-799 {1997). 
-Cievers, H., and van de Wetering, M. TCFILEF factors eam their wings. Trends in 
Genetics 13 : 485-489 (1997). 
-Okamura, R.M. et aL Redundant regulation of T cell differentiation and TCR-alpha 
gene expression by the transcription factors LEF-1 and TCF-1. lmmunity, 8(1): 11-20 
(1998). 
-Korinek, V., et al, H. Depletion of epithelial stem-cell compartments in the small 
intestine ofmice lacking Tcf-4 . Nature Genetics 19: 379-383 (1 998) 
-Roose, J .,The Xenopus Wnt effector Xtcf-3 interacts with 
Groucho-related transcriptional repressors . Nature in press. 
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HELIX-LOOP-HELIX PROTEINS IN B CELL DEVELOPMENT ANO B CELL 
LEUKEMIAS. 

Kees Murre 

The activity of HLH proteins. including the E2A proteins. is required for proper 8 lymphocyte 
development. The E2A gene products bind to sequence motifs, termed E box sites. that are 
present in the regulatory regions of many 8 lineage specific genes. The activity of these proteins 
in other organisms has been shown to be regulated by antagonists which have the ability to 
dimerize but lack the ability to bind DNA. In vertebrales, four antagonists are present, designated 
as Id l. ld2, ld3 and ld4. 8oth Id2 and ld3 are expressed in the 8 cell lineage at all stages. To 
examine their role in 8 lymphocyte development we have generated null mutant mice for ld2 
and ld3. ld3 null mutant do not show signicant 8 cell abnormalities. 

However. mice lacking Íd2 show decreased numbers of pro-8 and pre-8 lymphocytes. 
lnterestingly, pro-8 cells in Id-2 null mutant mice show increased numbers cells expressing 
cytoplasmic lg Kappa. The data suggest that ld-2 functions, at least in part, to control the activity 
of E2A. E2A activity is also upregulated upon activation of primary 8 splenocytes. We ha ve 
examined the role of E2A during 8 cell activation by overexpression of Id-2 using retroviral­
mediated gene transfer. The results indicate that the E2A gene products are required for lg 
isotype switching. In summary, the data indicate that the E2A proteins are essential during 
various stages of 8 lymphocyte differentiation and during early 8 lymphocyte development are 
regulated by the antagonist, Id-2. 

( ' '., 
.. - \ 
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Lineage commitment by PaxS (BSAP) in the 
lymphohematopoietic system 

Stephen L. Nutt, Antonius Rolink* and Meinrad Busslin2er 

Research Institute of Molecular Pathology , Vienna, Austria 
*Base! lnstitute for Immunology, Basel, Switzerland 

BSAP, the product of the Pax5 gene, is a DNA-binding protein expressed 
throughout B-cell development with the exception of terminally differentiated plasma cells. 
We have previously demonstrated, by gene targeting in the mouse, that BSAP is essential 
for B-cell development to proceed beyond the early pro-B cell stage in adult bone marrow 
( 1,2). Interestingly, BSAP is required early at the onset of B-cell development in the fetal 
liver, as B-cell progenitors could not be detected during embcyogenesis (2). 

We now present data to demonstrate that these early pro-B cells in the Pax5 (-/-) 
mice are in fact non<Ommitted lymphoid progenitors. This is despite the observation that 

_ they.Jr.:an~ti~ a large number of genes commonly associated with lineage committed B­
lymphocytes (3). In vitro cultured Pax5 (-/-)pro-E cells can, upon iiljection into Rag2 ( -t ~ ) 
hosts, reconstitnte T -lymphopoiesis in the thymus, producing > 107 T -cell precursors which 
proceed to the single positive CD4 or <D8 stage, express a functional TCR and migrate to 
the spleen. Moreover, Pax5 (-/-) pro-B cells can, upon IL-7 withdrawal, in vitro 
differentiate into a variety of morphologically distinct cell types, which display phenotypic 
and functional cbaracteristi.cs of other lymphoid derived lineages. For example, upon IL-2 
addition, Pax5 ( -/-) lymphoid progenitors can be induced to lyse YAC target cells, which is 
a characteristic of natural killer cells. Conversely upon GM-CSF stimulation, the same 
cells become functional dendritic cells as determined by cell surface phenotype and antigen 
presentation in a mixed lympbocyte reaction. B-cells in vitro bave long been known to be 
capable of differentiation into myeloid lineages. Indeed Pax5 ( -/-) pro-B cells can, after IL-
7 withdrawal, differentiate into the monocyte lineage, resulting in tenninally differentiated 
phagocytic macropbages and multi-nucleated TRAP-positive osteoclasts. 

One model for lineage determination of hematopoietic cells is the concept of 
"lineage priming" (4). According to this model, non-<X>mmitted cells express low levels of 
a number of different lineage detenninants and progression along a particular lineage occurs 
only after a combination of transcriptional regulators are ~xpressed. In this reganl it is 
significant to note that we have recently demonstrated that the Pax5 gene is transcribed 
monoallelically at the onset and during late stages of B-cell development (5). One possible 
function of this allele-specific regulation could be that stochastic Pax5 expression may 
facilitate the bifurcation of, for example, B- and T-lymphocytes early in their cellular __ :; :-,, 
development 

Together, these data provide stlyng _evide11ce that the Pax5-deficient pro-B cell . .. _ .. representan early hematopoietic progenitor which is blocked in B-<:ell development, but · - ~ ­
retains the capacity to differentiate into other lymphoid and myeloid cell types. Thus..J}le .,, b definitive lineage restriction of B-lymphocytes requires Pax5 and occurs much later' ·in · ~r:r.:. 
development than has been previously anticipated. These Pax5-deficient pro-B cells wi_\1 -~ · , ~, t> the future, provide a valuable tool as they enable the inducible specification of cell fate ~d 1 

· •• '-­
are amenable to genetic manipulation in vitro. 

l. Urbánelc, P., Wang, Z.-Q., Fetlca, L. Wagner, E. F., and Busslinger. M. (1994). CeU 19, 901-912 
2. Nutt, S. L., Urbánelc, P. , Rolinlc, A., and Busslinger, M. ( 1997). Genes Dev. 11, 476491. 
3 . Nutt, S. L. , Morrison. A., Dtlrfler. P., Rolinlc, A. , andBusslinger, M. (1998). EMBOJ. 17: 2319-2333. 
4. Orkin, S. H. (1996). Curr. Opin. Genet. Dev. 6 , 597-SJ2. 
5. Nutt, S. L., Vambrie, S., Steinlein, P. , Weith, A. , and Busslinger-, M. (1998). NaJure, submiued. 

Instituto Juan March (Madrid)



27 

Cooperative DNA binding by Pax and Ets proteins requires highly conserved 

sequences within the novel f3-turn motif of the paired domain. 

William Wheat, 1 Heidi Lennox, 1 S usan J. Krautlcramer, 1 Lawrence P. Mclntosh, 2 and ~ 

Hagman. 1.3.• 
1Division ofBasic lmmunology, Department ofMedicine, Narional Jewish Medica! and Research 

Cenr.er, 1400 Jackson St, Denver, CO 80206 USA; ~artment ofBiochemistry and Molecular 

Biology and Department of Chemistry, University of Brirish Columbia, Vancouver, British 

Columbia V6T IZ3, Canada; 3Department of lmmWlology and Cancer Center, Univ~ity of 

. Colorado Health Sciences Center, Denver. C0 80262 USA. 

The binding of Pax-5 (BSAP) recruits proteins of the Ets proto-oncogene family to bind a 

composite site that is essential for efficient transcription of the early B cell-specific mb-1 promor.er 

in vivo. Cooper.uive DNA binding by these proteins requires only their respective DNA-binding 

domains {paired and ETS domains). Here, we show that binding of the promorcr requires both the 

amino- and carboxyl-tenninal subdomains of the Pax-5 paired domain. Using an assay that 

replaces the function of the carboxyl-temúnal subdomain by tethering Pax-5 m a hererologous 

DNA -binding domain, we show that 73 amino acids of the intact amino-terminal subdomain are . 

necessary and sufficient for cooperative DNA binding wirh Ets-1. Furthermore, amino acids 

within the highly conserved !3-tum motif of this domain are essenrial for DNA binding and efficiem 

rocruitment of Ets-1. Recruitmcnt of Ets protcins is a slulred property of Pax proteins, as 

~pted by cooper.uive DNA binding of Ets-1 with Pax-2, Pax-3, or Pax-6. Together, thesc 

data ru ghé~ t Pax:Ets inreracrions are important for regulating transcription in diva-se tissues during 

cellulnr differentiation. 
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Fine tuning of lgH gene expression by the transcription factor·s N F-kB and PU.l. S ven 
Pettersson, Center For Genomcis Research, Karolinska lnstitute, Stockholm, Sweden. 

Enhancers in the 3 · end of the lgH locus ha ve been suggested to regulate lgH-gene 
expression and perhaps class switch recombination in B lineage cells. Previous 
experiments have indicated that this region may act as a Locus Control Region (LCR) in 
cell lines. To assess adress this issue further. we generated transgenic mice harbouring a 
construct in which known 3 · cis-elements were linked to a Vh promoter -driven human 13-
globin gene reporter. Subsequent analysis of severa! different founder strains suggest that 
i) expression of the transgene is confined to lymphoid cells ii) Transgene expression 
appears to be restricted to 8 lineage cells iii) Transgene expression appears to be copy 
dependent although two founder lines exhibits high copy numbers and yet low levels of 
expression. The activation of one of these elements, the IgH 3 · enhancer (HS 1,2) is 
guided by multiple signalling pathways that converge to induce key factors required for 
enhancer activity. Moreover, it has been postulated that the 3'enhancer in part may be 
regulated by the transcription factor BSAP encoded by the Pax-5 gene. Downregulation 
of Pax-5 expression in cell lines appears to be concomittant with increased lgH-gene 
expression and the recruitment of binding of a protein complex, NF-aP, to the 
3 ·enhancer. By screening a A.GTII expression library, we identified the NFa.P-binding 
protein to be the ets protein PU.l . Here we demonstrate that PU.l in combination with 
NF-KB, can potentiat the 3 · enhancer dependent transcription of a heterologous reporter 
gene in both plasmacytomas and in reconstituted COS cells. Moreover. NF-KB and PU. l 
can form complex in solution. In addition, the insertion of a Pax-5 binding site 4 helix 
turns upstream of a PU.l/NF-KB promoter construct, indicate that BSAP can suppress 
PU.I/NF-KB dependent reporter gene expression in a position dependent manner. Our 
data will be discussed in the context of mechanisms guiding lg- gene expression in 
developing 8 lineage cells. 
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SOMA TIC HYPERMUTATION OF IMMUNOGLOBULIN GENES 

Michael S. Neuberger. Medical Research Council Laboratory ofMolecular 
Biology, Hills Road, Cambridge CB2 2QH 

Following antigen encounter, the productively rearranged immunoglobulin V genes in 
germinal centre B cells are subjected to localised hypermutation. 

Nucleotide substitutions are introduced into a domain that extends from shortly 
downstream of the V gene promoter through into the enhancer/matrix attachment 
regions in the major J-C intron. The mutations are introduced over several generations 
and in a stepwise manner. 

The detailed mechanism of the hypermutation is not known although information has 
been obtained by analysis of mutation patterns of modified immunoglobulin transgenes, 
by analysis of the effects of gene disruptions affecting DNA repair and by use of 
transformed cell lines. Thus, evidence from transgenics points to mutation recruitment 
being a transcription-linked process with the location of the mutation domain being 
defined by the position of the V gene promoter. The V gene itself is not needed for 
mutation recruitment . 

The precise targeting of nucleotide substitutions within the mutation is not random and 
is biased by local DNA sequence. Indeed, germline V gene sequences appear to have 
evolved to facilitate strategic targeting of somatic mutations so as to aid affinity 
maturation. 

Clues to possible mechanisms of mutation fixation obtained from analysis of mutation 
pattterns in cell-lines and in repair-deficient mice will be discussed. 
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THE B CELL-SPEClFIC COACTIVATOR OBF-1 (aka OCA-B, BOBI) IS REQUIRED 
FOR lMMUNE RESPONSE ANO B CELL DEVELOPMENT 

P Matthias 

The highly conserved octamer motif -ATGCAAAT- has been associated with the B cell-specific 
transcription of severa! genes, in particular the immunoglobulin (lg) genes. B lymphocytes 
contain two transcription factors of the POU homeodomain family that bind specifically to this 
motif: Oct-1, a ubiquitous protein, and Oct-2, a mostly B cell-restricted protein. Oct-1 and Oct-2 
both can, through their POU domain, recruit the transcriptional coactivator OBF-1 (aka OCA-B, 
Bob-1) to a subset of octamer si tes. 

This recruitment of OBF-1 is thought to be essential for mediating high level transcnpuon 
through the octamer si te in B cells. Express ion of OBF-1 is highly cell-restricted and is observed 
constitutively in B cells of all differentiation stages, as well as transiently in activated T cells. In 
mice that have been made OBF-1 deficient by gene targeting, early B cell development and lg 
gene transcription are surprisingly largely normal (Schubart et al., Nature 383, 538-542). 
Strikingly, however, these mice show a dramatically impaired immune response to severa( 
antigens, accompanied by the complete absence of germinal center formation. 

The impaired immune response reflects an intrinsic B cell defect as T cell function appears to be 
normal. We have crossed OBF-1 deficient mice with Xid mice that are deficient in the 
cytoplasmic tyrosine kinase BTK; from these animals data will be presented that identify a novel 
and crucial role for OBF-1 in B cell development. In addition, experiments aimed at defining the 
specific relative roles ofOBF-1 and Oct-2 will be presented. 
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Ananda L. Roy 

Multifunctional transcription factor TFII-I: a target o( Bruton's tyrosine 
kinase 

Bruton's tyrosine kinase (Btk) is required for normal B cell development as defects in Btk 
lead to X-linked irnmunodeficiency (x.id) in mice and X-linked agammaglobulinemia (XLA) 
in humans. Although Btk has been shown to interact with several proteins, no functional 
targets ha ve yet been clearly identified. Btk has been shown to constitutively interact with 
one such protein, BAP-135, in vivo and tyrosine phosphorylate it in vitro. BAP-135 is 
identical to the previously characterized initiator element binding transcription initiation 
factor TFII-I. Here we demonstrate a functional interaction between TFII-I and Btk as 
ectopic expression of wild type Btk enhances transcriptional activation of ectopically 
expressed TFll-I in vivo. Mutation of Btk in either the PH domain (R28C, as in the 
murine xid mutation) or the kinase domain (K430E) compromises its ability to enhance 
TFII-1 transcriptional activity. Coimmunoprecipitation studies revealed that TFII-I 
associates in vivo with wild type and kinase mutant Btk but not xid mutant Btk. Finally. 
we show that the subcellular localization of TFII-I in wild type and xid derived primary B 
cells is markedly different. Taken together, these data lead us to hypothesize that mutations 
impairing the physical and/or functional association between TFll-1 and Btk lead to 
diminished TFll-1 dependent transcription and detective B cell development and/or 
function. 

. -' . ~ . .) 
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GENETIC RECONSTITUTION IN VITRO OF PRIMARY B CELL TERMINAL 
DIFFERENTlA TI O N. 

Selina Chen-Kiang, Hayyoung Lee and Wenli Zhang, Department of ·rathology, Cornell 
University Medica! College, 1300 York Avenue, New York, NY 10021, USA 

Cell cycle arrest and apoptosis are tightly coupled to cellular differentiation during terminal 
differentiation of mature 8 cells to antibody-secreting plasma cells in the humoral immune 
response. The mechanisms that underlie this intricately orchestrated process, however, are not 
well understood and the characteristics of normal plasma cells remain largely to be determined . 
To address these questions, we have reconstituted B cell terminal differentiation in vitro in which 
resting primary mouse 8 lymphocytes undergo orderly activation and differentiation, cell cycle 
arrest and apoptosis with high efficiency in response to CD40 ligand and cytokine stimulation. 

Using B lymphocytes isolated from various genetically altered mice, we have investigated the 
roles of cyclin-dependent kinase (COK) inhibitors in the activation and arrest of the cell cycle 
during B cell terminal differentiation in vitro. pl8INK4C, but not other CDK inhibitors, is found 
to be essential for both negative control of CD40-signaled cell cycle activation in B lymphocytes 
and the subsequent exit from the cell cycle during final maturation to plasma cells. These results 
corroborate our previous finding that the expression of p 18INK4C is specifically activated and 
sufficient to reconstitute cell cycle arrest during terminal ditferentiation of human 
lymphoblastoid cells induced by IL-6. The physiologic role of p 18 in antigen-specific T­
dependent humoral immune response has been investigated in the newly created pi8INK4C­
deficient mice and will be discussed . 

Plamacytomas, the mouse counterparts of multiple myelomas in humans, are the major plasma 
cell cancers characterized by massive accumulation of plasmacytoid cells, presumably due to 
uncontrolled cell proliferation. lnvestigation of the time course of plasmacytoma development in 
IL-6 transgenic mi ce, however, reveals that plasmacytoma cells are arrested in the G 1 phase of 
the cell cycle and their accumulation is preceded by enhanced expansion of activated B cells . 
Thus, plamascytomagenesis has its molecular basis in both dysregulation of B cell activation and 
inappropriate survival of the non-replicating plasmacytoma cells Dysregulation of B cell 
activation resulting from overexpression of IL-6 has been recapitulated in 8 cell terminal 
differentiation in vitro, indicating that sustained cell cycling driven by IL-6 is 8 cell 
autonomous . 

Accumulation of IL-6 transgenic plasmacytoma cells, however, does not occur in vitro without 
the help of marrow stromal cells. The biochemical mechanisms that mediate CD40 and IL-6 
signals for cell cycle control and apoptosis during primary 8 cell terminal differentiation in vitro 
will al so be discussed. 
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JAKs and STATs in Cytokine Signa( Transduction Pathways 

James N. Ihle 
Howard Hughes Medicallnstitute 
Department ofBiochemistry 
St. Jude Children's Research Hospital 
Memphis, 1N 38105 

A variety of functions are regulated through the interaction of cytokines with members of the 
cytolcine receptor superfamily. This family of receptors shares in common the requirement to 
interact and actívate members ofthe Janus family of cytoplasmic protein tyrosine k:inases (Jaks). 
The role of Jak3 and Jak2 have been established tbrough the dcrivation of mice in which the genes 
are d.isrupted. Mice lacking Jak3 suffer from se\'ere combined immunodeficiency (SCIDs) and the 
functions of all the receptors that utilize the common ( chain component are lost. Mice lacking Jak2 
die during embryogenesis due to lack of definitive erythropoiesis and the responses to a variety of 
cytokines that had previously been shown to activate Jak2 an: lost Togcther thc rcsults demonstrate 
the essential, non-redundant role that Jaks play in the function of specific cytokine receptors. A 
common feature of cytokine signaling is the ability to recruit a.nd actívate members of the signal 
tran.sducers and activators of transcription (Stat) transcription factors . There are currently scven 
marnmalian Stats whose fuoction has been examined through gene deletions. Mice lacking Stat6 
have specific defects in their immune functions that are primarily regulated by IIA and/or IL-13 
while mice lacking Stat4 have specific defects in their immune responses that are normally 
associated with functions regulau:d by IL-12. The two related Stat5 genes (a and b) are activated by 
m u! tiple cytokines and consequently might be suggested to play more general functions in cellular 
regulation. Mice lacking Stat5a have a deficiency ofhomozygous females to lactate. Mice lacking 
Stat5b ha ve pheootypes consistent with deficiencies in growth hormone signaling. However. mice 
lacking both genes have a more severe phenotype consist with the loss of al! prolactin and growth 
hormone responses. Surprisingly hematopoiesis is normal in these rnice although a number of 
cytokines that affect lymphoid and myeloid functions activate the Stat5 proteins. Lastly, and most 
strikingily, mature T cells from mice lacking both Stat5 genes fail ro respond to activation stimuli 
although the differentiation ofthc cells ()(;(;UfS normally. Togethel" the knockouts support the view 
that individual Stat proteins have evolved to fulfill specific functions for specific cytolcines. 
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T ccll dcvclopmcnt and signalling plasticity in thc aiJscncc of Csk 

A. Tarakhovsky 

Laboratory of Lymphocyte Signalling, lnstitute for Genetics, University of Cologne, 
Germany 

Engagement of preTCR and af3TCR lcads to multiple changes in cellular metabolism 
which underlie the differentiation, proliferative expansion and selection of developing T 
cells. It is thought that both the strength and the pattem of TCR-induced signalling are 
controlled by src-family protein kinases (src-PTKs) Lck and Fyn. To study the role of src­
PTKs in T cell development and activation we attempted to generate an experimental 
sytem in which the activation of src-PTKs is disengaged from preTCR or af3TCR In T 
lineage cells as well as in cells of other types the activity of src-PTKs is negatively 
regulated by carboxy-terminal Src kinase (Csk). Accordingly, deficiency in Csk leads to 
ligand-independent activation of src-PTKs. Conditional csk gene inactivation has been 
employed to generate csk-deficient T lineage cells in vivo. Using mice in which the 
inactivation of csk occurs at stages preceeding the TCR expression, we ha ve addressed the 
question, to which extent the differentiation of aPT lineage cells is controlled by src­
PTKs. We found that inactivation of csk in immature thymocytes abrogates the 
requirement for preTCR., af3TCR and MHC class ll for the development of CD4+g+ 
double-posititve (DP) and CD4 single positive (SP) thymocytes as well as peripheral CD4 
af3T lineage cells. Unless Csk-deficiency affects the activity of proteins other than src­
PTKs, these data show that src- PTKs govem the entire process of af3T cell development. 

Inactivation of csk in CD4+g+ double positive and CD4 single positive 
thymocytes allows the MHC class H independent development of CD4 T cells or the 
development of CD4 T cells with TCR specificities normally selected by MHC class I. 
These data demonstrate that the negative control that Csk exerts overs Src-PTKs is a 
prerequisite for normal selection of af3T cells. 

Assuming that activation of src-PTKs is proportional to the strength of the 
af3TCR-mediated signa!, we have used Csk-deficient T lineage cells to address the 
molecular mechanism of T ccll responses to signals of increased strength. We found that 
inactivation of csk in thymocytes or peripheral T cell leads to down-regulation of TCR­
CD3 and CD4/CD8 co-receptors . Moreover, the Csk deficiency in peripheral T cells is 
asssociated with rcduccd expression levels of Fyn and Lck and dramatic reduction of the 
basal and anti-CD3c induccd protein tyrosine phosphorylation Surprisingly, neither the 
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anti-CDJe induced ca++ mobilization nor the T cell proliferation are negatively affectcd 

by thc observcd changes in signalling molecules. These data suggest that activation of src­

PTKs might induce a negative feedback mechanism allowing adaptation o( T cclls lo 

sustained hyperactivation of src-PTKs. We speculate that the adaptivc capacities of T cclls 

may define their fate during development and immunc responses. 

·. rl 
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THE IKK SIGNALSOME: A MULTI-PROTEIN SIGNALING 
COMPLEX REGULATING NF-r<B ACTIVATION 

Frank Mercurio, Brydon Bennett, Brion Murray, Dave Young, 
Jian L1 and Anthony Manning 

Signa} Pharmaceuticals, San Diego CA. 

NF -KB is a key regulator of immune and inflammatory gene 
exp.-ession suc:h ns TNFcx., interleukins, T-cell receptor p chain, 
GM-CSF, beta interferon and major histocompatibility complex 
cbss l. Studie.~ of NF-kB in lymphocytes reveal potent effects in 
preventing apoptosis, activation of the immune response, and T 
and B cell dífferentiatíon. Targeting the NF -KB pathway therefore 
offers the potential for the development of novel anti­
inflammatory and immunosuppressive therapeutics. To this end, 
we puritled a large multi-protein complex, the lKB kinase (IKK) 
signalsome, that contains a regulated IKB kinase activity that 
phosphorylates h:Ba and IKBp. Two componcnts of thc IKK 
signalsome, IKK-1 and IKK-2, were identified that are closely 
related protein serine .L::ina.•;es containing leudne-:r.ípper and helix­
loop-helix protein interaction motifs. We are presently engaged 
in sequencing and molecularly cloníng addítional components o f 
the IKK signalsome. ldentification and analysis of all the IKK 
signalsome components will provide invaluable insights into the 
mechanism by which extracellular stimuli regulate the function o r 
this elaborate protein complex, and how it in turn mediates the 
activation uf NF ·KB. 
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Regulation of NF-kB by IkBepsilon 
Nancy R. Rice and Mary K. Emst. ABL-Basic Research Program, NCI-Frederick Cancer 
Research and Dcvclopment Center, Frederick, Maryland 21702-1201 USA 

in ruost un.stimulated lymphoid cell.s, transcription factors ofthe NF-kB family are sequestered in 
lhe cytoplasm by inhibitor proteins called lkBs. Severa! diffcrent IlcBs have been cloned, and they 
share a numher ofpropcrties. Each I) contairu; multiple ankyrin repeats, 2) retains dímera in the 
cytopléiSlll, 3) inhib.its DNA binding by dimers in vitro, and 4) undergoes signal-induced 
phosphory)ation at two serinc residues in the N-terminal region ofthe proteio (Ser 1& and Ser 22 
in IkBepsilon). Each i.s present in all cells we havc cxami.ned to date (includiog varíous lymphoid 
cell Jine.~ and normal pcripheral blood T cells), although the relative amounts ofRelA and e-Re! 
bound by eacb. Vi!ries widely from cellline to cellline. 

The IkBs also differ from one another in severa! ways. In contrast to lkBalpha, which tums over 
very rapidly, we ha ve shown that IkBepsilon has a very long half-life in cells. TkBepsiloh also 
ditfers structurally from lkBalpha in having a much longer N-terminal region that is rich in serine 
residues. To investigatc whether residues other than Ser 18 and Ser 22 play a role in signal­
induced phosphorylation and degradation, we have created stable transfectants with a battery of 
IkBepsilon mutants. The resulting cells were stimulated with LPS and monitored fur degradation 
ofthe transfeaed JkBepsilon. We found that degradation was governed solely by Ser 18 and Ser 
22: mutation of either of these residues aholished dcgradation, while aii other mutations were 
without effea. Thus, signal-ioduced degradation oflkBepsilon in response to LPS appears to be 
govemed by the sam.e two conserved serines rcsidues as found in lkBalpha. 

Wlúle thc serin.e requirement is comparable, IkBalpha and IkBepsilon are degraded at quite 
different rates following stimulation. We have obscrved significantly slower degradation of 
lkBepsilon in resp(mse to LPS, and much much slower degradation in response to TNF. In 
THP-1 cells in the prcsence ofTNF, for examplc, lkBalpha was completely degraded within 10 
m in, whereas the leve! nflkBepsilon was little changed after an hour. This soggests that the two 
IkBs differ in their aflin.i.ty for the signal-induced kioases, and the basis for this difference is the 
subject of our current studies. 
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Dual role of NF -KB activation for apoptosis protection and cell 
cycle progression 

CLAUS SCHEIDEREIT 
Max-Delbrück Centrum für Molekulare Medizin 
Robert Rossle Strasse 10. D-13122 Berlín. Germany. 
Tel: 49-30-9406-3816. Fax: 49-30-9406-3866 
E-mail: scheidereit@mdc-berlin.de 

NF-KB and IKB proteins control a number of immune and stress responses and play a 

role in proliferative processes in the immune system. The nuclear IKB homologue and 
oncoprotein Bcl-3 interacts with the NF-KB subunits p50 and p52. We have identified 
a set of nuclear co-factors for Bcl-3, which link Bcl-3 to other transcription factor 
families involved in transformation. Sorne of these factors stimulate the transcriptional 
activation potential of p50-Bcl-3 complexes. The amount of cellular Bcl-3-p50 
complexes is augmented by diverse cytokines and other stimuli known to activate NF­
KB. Like NF-KB-p65, Bcl-3 has anti-apoptotic properties and its overexpression leads 
to strongly reduced apoptosis in TNF-a treated or serum starved cells. The anti­
apoptotic effects of NF-KB/Rel are further discussed in the context of Hodgkin's 
lymphoma. 

Persistent activation of NF-KB p50-RelA is a characteristic common property of 
Hodgkin/Reed-Stemberg cells, which discriminates these tumor cells from most other 
cell types studied so far. Constitutive nuclear NF-KB has an anti-apoptotic effect in 

these cells. Furthermore, NF-KB drives cell growth in these tumor cells by stimulating 
cel!-cycle progression. This dual function of NF-KB in vitro is consistent with its role 
for tumor growth in xenotransplanted mice. We have analyzed how NF-KB might 
general! y control progression during the G 1 phase of the cell cycle. 
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ROLE OF p38 MAPK P ATHWA Y ON T CELL DEVELOPMENT 
IN THE THYMUS 

Mercedes Rincón, Depanment of Medicine/Program of lmmunobiology, Univerity of 
Yermont, Burlington, VT 05405 (USA) 

U pon antigenic stimulation, precursor CD4+ helper T cells dilferentiate into two 
subsets of effector cells, Th1 and Th2. These two subpopulations are defined by the 
pattern of cytokine expression that distinguishes these ditferentiated cells from their 
precursors. We have used reporter transgenic m ice here to show that, during 
ditferentiation of precursor T cells into effector Th1 or Th2 cells, high levels of preformed 
AP-1 complexes are accumulated. However, upon stimulation, the preformed AP-1 
complexes in etfector Th2 ce lis, but not in Th 1 ce lis are able to induce high levels of AP-1 
transcriptional activity. Furthermore, in contras! to precursor T cells, the induction of AP-1 
transcriptional activity is independent of calcium and costimulatory signals in effector Th2 
cells . This AP-1 transcriptional activity appears to be mediated by JunB complexes 

which accumulate differentially in effector Th2 cells, but not in precursor CD4+ T cells or 
effector Th 1 ce lis. Unlike precursor cells, the activation of AP-1 does not appear lo be 
mediated by c-Jun NH2-terminal kinase (JNK) in effector Th2 cells. Like AP-1, only the 

NFAT complexes present in eTh2 cells are able to mediate transcription, and no NFAT 
transcriptional activity was induced in eTh1 cells, although NFAT DNA binding is similarty 
induced in both eTh1 and eTh2 cells upon antigen stimulation. These results indicate that 
during differentiation of T cells, and probably other cell-types, the signa! requirements for 
the AP-1 and NFAT transcription machinery are reprogrammed to enable the differentiated 
cells lo perform their specialized functions. 

p38 MAP kinase can be activated by multiple stimuli, such as proinflammatory 
cytokines and environmental stress. We ha ve shown that pyridinyl imidazole compounds 
(specific inhibitors of p38 MAP kinase) block the production of interferon-y (IFNy) by Th1 
cells without affecting IL-4 production by Th2 cells. In transgenic mice, inhibition of the p38 
MAP kinase pathway by the expression of dominant-negative p38 MAP kinase results in 
selective impairment of Th1 responses. In contras!, activation of the p38 MAP kinase 
pathway by the expression of constitutively activated MKK6 in transgenic mice caused 
increased production of IFNyduring the differentiation and activation of Th1 cells. 
Together, these data demonstrate that the p38 MAP kinase is relevan! for Thl, not Th2 
cells, and that inhibition of p38 MAP kinase represents a possible site of therapeutic 
intervention in diseases where a predominan! Th1 immune response leads io a 
pathological outcome. 
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Factors dlat Control Th2 Differentiation 

Laurie H. Glimcher, Harvard School of Public Heal!h and Harvard Medica! School 

We havc rc:cem:Iy shown lh:u !he provision of t:hn:e distinct protcins, the c-maf protooncogene, the uanscripúon facwr Nuclear Factor of Acti.vated T ce11s (NFAT), and a novel nuclear antigen NIP45, confers on a non-producer cell the abilicy to produce JL-4. Thc phenotypes of c-maf and NFAT generic rnutant rnice recendy produced in our laboratory provide compelling evidence for a criúcal role of lhe c-maf and NF A T proteins in controlling the Th2 differenliaúve program. We ha ve 
overexpre.ssed c-rnaf in vivo using bo!h lransgenesis and n:troviral gene transduction . C-maf transgenic mice have an increased Th2 immune response in vivo and in vitro which can be ablated by backcrossing onto an IL-4 dcficicm background (1). C-maf retro viral gene transduction of the J wk:at Th 1 cdlline or normal. primary Th l cells confers on them the ability to produce IIA. Finally, we have targeted the c-rnaf locus and fmd lbat c-mafknockout rnice ha ve severely irnpaired ll..r4 production. These dala provide incontrovertible evidence that c-maf regulates the production of IL-4 in vivo. 

NFAT was fust identified as a transcriptional regulatory complex irnportant for the exprcssion of the T ccll cytolcinc. There are currently four merubers of theNFAT farnily : NFATc, NFATp, NFAT4 and NFATI that are highly hornologous within a region distantly related to the Re! domain. Mice lacking NFATc in the lymphoid system (as evaluated by RAG-2 bl.ast.ocyst complementation) bave mildly irnpaired proliferaúon anda selective deccease in IL-4 production (2,3) consislent wilh a function ofNFATc as a positive regulator of the irnmune systern andas a direct transcripúonal activa!Ol' of the lL-4 gene. Conversely, sorne hints that NFATp and NFAT4 might negatively control proliferati.ve responses, Th2 cell fonnation and lymphocyte activaúon were obta.ined from ilie cha.racteri.zation of NFATp and NFAT4 deficient animals (4-6). We and othcrs (4,5) demonstraled that mice lacking NFATp display modest splenomegaly, T and B cell hypetproliferation and cytokine dysregulation during the course of an immune response with a moderatc. increase in Th2-type cytoldnes. Mice lacking NFAT4 bave normal peripheral T cel1 prolifeution and cytoldne production although an increased percen~age ofT and B cells display a phenotypc charactc:ristic of memory/activated cells (6). Mice laclcing both NFATp and NFAT4 (7) devclop a profound lymphoproliferative disorder li.kdy due toa Iowaed threshold for TCR signaling coupled with inc.reased re.sistance to apoptosis secondary to defective FasL expression. NFAT mutant mice also have allergic blepharitis, interstitial pnewnonitis. 
and a 1 o3 to 1 o4 fold increase in serurn lgG 1 and lgE levcls, secondary to a dramatic and selective i.ncrease in Th2 cytokines. This phcnotypc rnay be 11.5CI'Í.bed to unopposed occupancy of !he IL-4 promoter by NFATc. Our data demonsttate that lyrnphoid horneostasis and Th2 acti.vaúon require a critica! balance among NFAT farnily members. 
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MAPKs ANO SUBCELLULAR LOCALIZATION OF NFAT 

Pablo Gómc:z del Arco, Sara Martínez Martinez, and Juan Miguel Redondo. 
Centro de Biología Molecular Severo Ochoa, Consejo Superior de Investigaciones Científicas 
(CSIC)-Universidad Autónoma de Madrid. Facultad de Ciencias. Cuntoblunco. Madrid 28049, 
Spain. · 

The cr.msmission of signals derived from T cell stimulation leads to che activation of the 

Ca2+ -calcineurin pathway which in turn trigger the translocation of NFA T. NF AT is family of 

transcription factors composed by at least four s({Ucturally related members NFATp/NFATl , 

NFATdNFA T2. NFA D and NFAT4 that are expressed in cells of che irnmune system as well as 
in cells l!nd tissues outside che immune systern. U pon calcium signaling, the ea.2+-accivated 

calcineurin dephosphorylates NFA T proteins leading toche translocation of NFATs from che 

cytoplasm to the nucleus. NFATs remain in che nuclcus while ca2+ is elevated, and are rapidly 

phosphorylatcd and cxportcd to che cytoplasm upon tcrmination of calcium signaling or by 

calcineurin inhibition with Cyclosporin A or FK-506. Although che role of NFAT proteins in the 

regulation of the inducible expression of a number of genes implicated in the regulation and 
function of thc immune system has been previously cstablished, che molecular mcchanisms 

involved in the regulation of NFAT activation and subcellular localization are not completely 

understood. 

Among the signaling pathways identified in mamrnalian cells those involving MAP 

kinases (MAPKs) have been shown to be major mcdiators in the response to extracellular stimuli 

by coupling signa! transduction and activation of transcription factors and thus triggering specific 
gene expressioo programs. Three majar member.; of MAPKs ha ve been describcd in mrurunalinn 

cells, which includes thc extracellular signa! regulated kinases (ERKs), the stress-activated 

protein kinases/c-jun terminal kinases (SAPKs/JNK~). and the p38/IIOG kinases. Although the 

irnplication of signaling cascades mediaced by these MAPKs in tbe activation of trd.nscription 

factors ha ve been extensively analyzed, linle is known on the signals that counteract and switch 

off such activation. Recently, the analysis of the regulation of the nuclear shuttling of NFAT 

has evidenced the role of different kinases in the attenuation of activation signals. ' :: '.i 1! >l 

We ha ve analyzed lhe role of the ctifferent MAPKs the T cell activarían and found that ) ~ 

p38 MAP is activated in a sustained fashion during T cell activation. The activation of p38 signa! i E; 

transduction pathway but not that of INK or ERK pathways pro motes the nuclear export of ., · · o 1 

NFA Tp. Conversely. blockade of this pathway results in inhibition of the NFA Tp nuclear ~x~ o rt _; ·) '> 
and the suhsequent retention ofthe transcription factor in the nucleus of aclivated T cells. T he.. ~e- : '' ' d 
re~ults indicate that p38 signal transduction pathway plays a role in the homeostasis of the immune 

system by countcracting calcium signals during T cell activation. 
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GENE REGULATION IN THE IMMUNE RESPONSE 

Anjana Rao, Department of Pathology, Harvard Medica! School and Center 
for Blood Research, 200 Longwood Avenue, Boston MA 02115. 

The expression of inducible genes by antigen-stimulated T cells occurs in 
two distinguishable stages. The first stage occurs in naive T cells that are 
differentiating into mature effector cells as a result of initial encounter with 
antigen, and involves chromatin remodelling and active CpG demethylation 
of genes whose expression is important for the differentiated effector 
phenotype. Thus T cells stimulated with antigen and IL-4 show chromatin 
remodelling ofthe Iinked IL-4 and IL-13 genes, while T cells stimulated with 
antigen and IL-12 show remodelling of the interferon-y gene. We are 
studying the nuclear factors and mechanisms that regulate these remodelling 
events. 

When reexposed to antigen, the differentiated effector T cells acute1y 
transcribe a variety of inducible genes. This acute phase of gene transcription 
is regulated by inducible transcription factors including NF AT, AP-1 
(Fos/Jun) and NFK.B. The DNA-binding domains of NF A T and NFK.B/Rel 
proteins show a striking structural similarity. NF A T proteins form strong 
cooperative complexes with AP-1 at composite NF AT:AP-1 si tes, which are 
present in the regulatory regions of most NF A T -dependent genes. The 
nuclear translocation of NFK.B/Rel proteins is controlled by specific IK.B 
kinases (IK.K-1 and IK.K-2), while nuclear translocation ofNFAT proteins is 
contro!led by the calmodulin-dependent phosphatase calcineurin. The 
activitv of calcineurin is countered by one or more NF A T kinases. The N-

l J.. ··-"" 

terminal transactivation domains of NF A T proteins bind histone 
acet;xJJ:r,?nsferases in the nucleus, an interaction that is essential for 
transactivation by NF A T. 

.· 1'. J . 
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CONTROL OF T LYMPiiOCYTE TRANCRIPTION BY CYCLOOXYGENASE 2 

Miguel A. lñíguez, Carmen Punzón and Manuel Fresno 
Centro de Biología Molecular, CSIC-UAM, Universidad Autónoma de Madrid 
Cantoblanco, Madrid (Spain). ' 

Cyclooxygenase (Cox), known to exist in two isoforms, is a key enzyme in 

prostaglandin synthesis and the target for most of the non-steroidal antiinflammatory drugs 

(NSAIDs). We have found that human T lymphocytes express both Cox: enzymes. However, 

while Cox-1 was constitutiva, Cox-2 mRNA and protein were induoed by activation through 

the T cR/CD3 or PMA in both Jurkat and purified T cells. Cox-2 mRNA was induced very early 

after activation and superinduced by protein synthesis inhibitors, whereas it was inhibited by 

the immunosuppressive drug cyclosporin A (CsA), identifying it as an immediate ear1y gene. 

Cox-2 prometer dependent transcription required both protein kinase C and calcium 

dependent signals. lnduction of Cox-2 prometer in T cells by TeR mediated signals was 

controlled by NFAT and AP-1. Ectopic ex:pression of NFAT cooperated with PMA to actívate 

the promoter whereas overexpression of a dominant negativa NFAT inhibited its 

transcription. Expression of a dominant negativa o-jun also completely abolished Cox-2 

transaiption 

lnterestingly, blockade of Cox-2. but not Cox-1, activity with specifiC inhibitors 

severely diminished ear1y and late events of T cell activation induding. CD25 and C071 cell 

surface expression, ll-2, TNF-a and IFN-y production and cell proliferation but not the 

expression of CD69, an immediate earty gene. Moreover, treatmant of T cells with Cox-2 

inhibitors abolished transcription of reporter genes driven by IL-2 and TNF-a promoters and 

inhibited the activation of transcription factors, nuclear factor kappa-8 (NF-KB) and nuclear 

factor of activated T cells (NFAT) in activated T cells. lnterestingly, ectopic expression of 

COX-2 in Jurkat T cells was sufficient to actívate NF-~;:8 but not NFAT. This induction was 

reversed Cox-2 inhibitors. These results may have important implications in antiinflammatory 

therapy and open a new field on Cox-2 selective NSAIOs as modulators of the immune 

activation and transcription. 
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REQUIREMENTS FOR PRE-B CELL RECEPTOR EXPRESS ION, ASSEMBL Y, ANO 

FUNCTION 

B.B. Blombe~g 1 , M.E. Donohoe 1
, G. Beck-Engeser", N. Lonberg3

, H. Karasuyama\ R. Rileyl, and 

H.-M. Jack2
•
5

• 'U. Miami Sch. Med., Miami, FL 331 O 1, 2Loyola Univ., Maywood, IL 60153, 

3G!!nPharm International, San Jose, CA 95131, 4Tokyo Metro. lnst. Med. Sci., Tokyo, Japan, 

5Erlangen Univ., Erlangen, Germany. 

Previously our laboratory identified two pre-B cell specific DNasel hypersensitivity si tes in 

the human (hu) lambda (A) 5 Iocus. To further define the roles of cis-regulatory regions in vivo, we 

generated hu AS transgenic mouse lines. We have used these mi ce not only to identify the tissue- and 

stage-specific transcriptional regulatory regions but also the protein requirements for a functional 

pre-B cell receptor (BCR). The huA5 transgenic mice express high levels of hu.-l5 mRNA and 

protein restricted to the pro-B and pre-B stages, indicating that the 28 kb Xhol transgene fragment 

encompassing the huA5 gene contains the regulatory regions necessary for the tissue- and stage­

specific expression. 

When crossed with mAS nullizygous (-/-) mice, the huA5 transgene does not rescue the 

m.-l5 (-/-) phenotype to restore normal B cell development. Abelson derived cell lines from 

hu.-l5 (+/-)lml5 (-/-) bone marrow show by immunoprecipitation and fluorescent staining that a 

chimeric huA.5, mVpreB, m¡.t, and pre-BCR is assembled and expressed on the cell surface. 

Fluorescent staining of hu AS transgenic bone marrow al so shows that the huA.5 protein is synthesized 

in pro-B and pre-B, but not B cells. Our results suggest that assembly and surface expression ofthe 

pre-BCR is not sufficient for pre-BCR signaling and subsequent B lineage differentiation. This 

system provides a model to elucidate the molecular requirements ofthe human and m o use pre-B cell 

receptor, critica! for B lymphocyte differentiation. 
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IDENTIFICATION AND CHARACTERIZATION OF ACII, A TRANSCRIPTION 
FACTOR THAT IS REQUIRED FOR MHC CLASS 11 EXPRESSION 

C, Soler*, J. Lloberas*, E. Goñalons*, R.A. Makis andA. Celada* 
*Dcpt. Fisiologia, Fac. Biologia, Univ . Barcelona, Diagonal 645, 08028 Barcelona, Spain. 

$Thc Bumham lnstitutc, La Jolla, CA, USA. 

Expression of Major histocompatibility complex (MHC) class 11 molecules is 
strongly regulated and is controlled by many cis and trans acting elements. MHC class ll 
molecules are constitutively expressed only in dendritic and B cells and are induced by 
interferon y (IFNy) in macrophages and fibroblast 

ACII (activator of class 11) has been identified as a transcription factor that binds to 
the X box of the promotor of the mouse MHC class 11 IAJ3 gene. The binding site 
corresponds to the XI (S') site of the X box. Human cDNA for ACII was also cloned 
showing a 76 % homology with mouse cDNA. 

The ACII gene codes for a protein of about 33.5 kD. By westem blot analyssis of 
total and nuclear extracts four bands are detected, two major bands of about 36 kD and two 
minor bands of about 33 kD. In mouse, ACII mRNA and protein are present in B cells, but 
are undetectable in T cells and fibroblasts. IFNy induces ACII mRNA and protein 
expression in macrophages and fibroblast cells. Thus, the pattem of expression and 
regulation of ACII gene is corralated to that of the MHC class 11 genes. Furthermore, IFNy 
induction of ACII mRNA is rapid, independent ofprotein synthesis and precedes expression 
of class 11 transactivator (CIIT A) and MHC class 11 genes. 

Antisense oligonucleotides of ACII gene were shown to inhibit the protein 
expression of the MHC class II IAa gene, suggesting that ACII is important for the 
expression ofMHC class 11 genes. 

In conclusion, ACII is an important transcription factor for the expression of MHC 
class 11 genes. Interestingly, ACII shows a cell specific expression and is induced by IFNy . 

• l _.~ · :. '/ ; ; ?. 
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A locus control region that regulates carly B lineagc 
speclfic expression of the mousc 1-.5/VpreBI locus 

Pierangela Sabbattini, Andrew Georgiou, Calum Sioclair and Niall Dillon . 
Gene Regulation and Ouomatio Group, MRC Clinical Scienccs Centre, 
Imperial College Scbool ofMedicinc, Hammcrsrnith Hospital, Du Cane Road, 
London Wl2 ONN, UK 

We have used srud.ies in transgenic mice to identify a locus control region 
(LCR) in the ~NprcBllocus. The AS and VpreB genes are expressed in pro-8 
and pre-B cells and are silenced in mature B cclls. Their protein products 
complox togcther to form the surrogate light-chain. In pre-B cclls, the surrogate 
lighr<hain forros part of the pre-B cdl receptor which is thought to signa( 
proli.feration of cells that ha.ve a productive ll rearrangement (Melchers 1995). A 
sct of DNase I bypersensitive si tes (HS) locatcd 3' of AS is required for position 
indcpendeuce and correct levels of expression of bolh genes at single copy . 
Transgcne expression is fully tissue and stage-specific. The strongest of the. 
LCR HS b abo prescnt in mature B cells where lhe genes are silenced and 
cont.ains multiple overlapping binding sites for EBF, E47 and Ikaros . Ectopic 
expression ofEBP and B47 has previously been shown to induce expression of 
the genes in an early pro-B cellline (Sigvardsson et al, 1996). The role of 
Ikaros as a cand..idare repressor of the genes is being investigated by 
mut.genesis of Ikaros binding si tes. 

A novel PCR assay has been used to identify a transgene integration into 
cenrromoric 'Y satellite DNA We frnd rhat the 'J...SN pfCB ¡ LCR gives full copy 
dependentexpression even when integrated into centromeric heterochromatin . 
Tbis result implies thBt the spectrum of positively acting factors that act on the 
genes in pro and prc-B cells is dominant over the silencing effect of 
betetocbromatin and has implications for models for chromatin-mediated 
silenciog of the genes. 
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Activation and Differentiacion ofJNKl-de(icient T Cells 

Chen Dong and Richard Flavell 
Section of Inununobiology 

Howard Hughes Medical Institute 
Y ale Universíty 

c-Jun N-terminal kinase (JNK) is a novel MAP kinase that phosphorylates c-Jun 
component of APl transcription factor. JNK and APl activation is suggested to be involved in 
T lymphocyte development, activation, tolerance and apoptosis, and cytokine production by 
effector helper T cells. To understand the functional role of JNK, our laboratory has generated 
mice deficient in JNKl gene. T cells develop normally in these mice with normal T to B and 
CD4 to CD8 cell ratio in the spleen. To analyze whether the JNKl deficient T cells are 
competent in immune response, 1 stimulate these cells with various stimuli and measure their 
proliferation and IL-2 production. 1 am also ctifferentiating the CD4 T cells to effector helper T , 
cells and analyze if they are capable of producing cytokines. The results from these 
experiments will be presented in the meeting. 

! • 
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Cristina Hcrnándcz-Munain and Michacl S. Krangcl 
Department of Immunology. Duke University Medica! Center. Durham. NC-2771 O. 
USA. 

CONTROL OF TRANSCRIPTION AND V(D)J RECOMBINA TION AT THE T-CELL 
RECEPTOR aJo LOCUS BY THE TCR a ANDo ENHANCERS 

The T-cell receptor (TCR) aJo locus represents a fascinating model for the 
analysis ofV(D)J recombination and transcription within the immune system. The locus 
spans at least 1000 kb of DNA, within which are included both the TCR a and TCR o 
genes, with TCR o gene segments nested between TCR a gene segments. The 
organization of the TCR aJo locus dictates that the en tire TCR o gene is deleted u pon 
TCR a gene rearrangement. The developmental stage- and lineage-specificity ofTCR 
gene segment rearrangement and expression at the TCR aJo locus implies the presence of 
precise and localized regulation that is critica! for the maturation of both ap and yo T 
lymphocytes. 

Using a transgenic mouse system carrying an unrearranged hull).an TCR o gene 
minilocus, our laboratory has demonstrated that the TCR a and o enhancers, Ea and EO, 
direct both developmental stage- and lineage-appropiate activation ofV(D)J 
recombination in vivo within the TCR aJo locus. EO function is controlled by juxtaposed 
binding ofCBF/PEBP2 and c-Myb, whereas Ea function is controlled by binding of 
ATF/CREB, TCF/LEF, CBF/PEBP2 and Ets farnily members. We are analyzing loading 
oftranscription factors to these two enhancers in vivo. In the case ofEa, we have found 
that formation of a multiprotein complex on this enhancer is highly cooperative and that 
no single factor can access chromatin in vivo to play a unique initiating role in its 
assembly. Rather the simultaneous availability ofmultiple binding proteins is required 
for chromatin disruption and stable binding site occupancy as well as activation of 
transcription and V(D)J recombination. In contrast with Ea, in vivo studies of EO 
occupancy revealed that transcription factor loading to this enhancer is hierarchical rather 
than all-or-none. Studies about occupancy ofthese enhancers during thymic 
development are in progress and will be discussed. 
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Transcription Factors for Interleukin-4 

Min Li-Weber and Peter H. Krammer 

Tumor Immunology Program, German Cancer Research Center 
D-691 20 Heidelberg, Germany 

Interleukin-4 (IL-4) plays a central role in the pathogenesis of allergic inflammation by 
inducing Ig class switch to IgE. IL-4 is also the most potent factor that drives naive T helper 

(Th) cells to differentiate to the Th2 phenotype. Based on cytokine production patterns Th 
cells can be grouped into two distinct subsets: Th 1 and Th2 cells. The Th 1 cells produce 

interleukin-2 (IL-2), interferon-y (IFN-y), tumor necrosis factor (TNF) and lymphotoxin and 

are associated with cell-mediated imrnune functions. The Th2 cells produce IL-4, IL-5, IL-6, 
and IL-10 and assist the humoral imrnune response. Recently, efforts have been made to 
explore the molecular basis of the Th2-specific IL-4 expression in CD4 T cells. Transcription 
factors, such as GATA-3, NF-IL6 and c-Maf, were found to be preferentially expressed in Th2 
cells and to play an important role in regulation of the IL-4 promoter activity. We have 
recently shown that Th2-specific DNNprotein interactions at two regulatory regions of the 
human IL-4 promoter. These findings provide evidence that tissue-specific expression of the 
IL-4 gene may involve interactions of Th2-specific transcription factors with the 
promoter/enhancer elements of the IL-4 promoter. Yet, other transcription factors may be 
indirectly involved in Th2-specific expression of IL-4 even though they are present in both 
Thl and Th2 cells. Recently, CD28, a costimulatory cell surface molecule in T cell activation, 
has been shown to promote the production of Th2 cytokine including IL-4 and to play a role in 
differentiation of T helper cells into either Th l or Th2 type. Two important IL-4 enhancer 

·.;·· ~ 

elements are found to respond to CD28-stimulation-induced transactivation. In correl a~io n 

with the CD28 induced transcriptional activation, proteins of AP-1 and NF-kB/Rel famjly 
.. . . J - ~ 

members are found to bind to these two regulatory elements upon CD28 stimulation: 1n 

conclusion, Th2-specific expression of the IL-4 gene appears to be controlled by'.a,,muJti­
... XI b . ..c. 

factor-system. 
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TRANSCRIPTIONAL UPREGULATION OF eNOS EXPRESSION: AP-l, NF-AT 
AND REDÚX STA TE. 
Javier Navaxro-Antolin, Octavio Hemández-Pco:rn, Santiago Lnmas. Centro de 
Investigaciones Biológicas, Instituto Reina Sofia de Investigaciones Nefi:ológicas, CSIC. e/ 
Velá.zc¡uez 144,28006, Madrid, Spain. Phone; 34 91 5611800 (4419) Fax: 34 91 5627518. E­
mail: jnavarro@fresno.c.<;ic.es 

Cyclospoñne A (CsA) and Tacrolimus {FK506) are claímed to be vcry effc:ctivc drugs, 
specially in the field oftrBnSplantation. Among thcir side effects, one ofthe most well known 
is damage to thc vascular cndothelium associated in some cases lo the presence of 
hy¡>ertcnsion andlor microangiopathic bemolytic anemia. Hypcrtension seems to be related to 
pcrturbations in tbe balance of vasoconstrictot'9/vasodilators within tbe vasc;ular wall. 
Howevcr, Iittlc is kno~ about tbe molecular changes in sigcal tnmsduction and gene 
expressi.on induced by CsA or FK506 within the cndothelium. CsA and FK506 incrt:ase 
eNOS mRNA e:xpression (2-2,5 fold) in culnn-cd bovine aortic endothelial cells (BAEC). 
Since preincubation 'I"Íth an inlu"bitor of the RNA polymcrD5e 11 ( dicb.lorbcnzimidazol 
ribosidc) prcvarts this upregulation, CsA appc:~m~ to inCIC~Se eNOS mRNA levels mainly by 
increasing the rate of transaiption. Results of transient transfectioru1 usi.ng a 1.9 Kb construct 
of the cNOS prometer supportcd this contention: a 2-fold inCI"CliSC in the promoler activity 
with CsA. CsA and FK506 induccd an increase of ROS synthesis with thc fluoresceot pro be: 
used, DHR123. Thc ROS gcnerating system glucose oxidase (GO) increased the exprcssion 
of eNOS mRNA in BAEC. This uprcgulation of eNOS mRNA by CsA oc 00 was abrogatcd 
by c:atal113e, but potcntiBtcd by PDTC, an antioxidm:tt wbich promotes AP-1 activation. As 
AP-1 ís a red.ox-sensitive u-anscr:iption factor and thc bovine eN OS promotec has an AP-1 cis· 
regu1atozy elcmcnl, a role for this factor in the uprcgularion of cNOS mRNA WllS studied. 
Electrophoretic mobility shift assays werc consistent with an inc:rease in AP-1 DNA-binding 
activity in BAEC trcatcd with CsA or glucosc oxidase. In prdiminacy tr.msient transfection 
assays in BAEC using an AP-1-driven reporter anchorcd to lucifi:rase (-73Col-Luc), CsA 
appcars to incrcase its activity. The poten tia! participation ofROS and the transcription factor 
AP-1 in thc .rcgulation of eN OS gene: cxprcs3ion is 511ggestcd. In the human eN OS promatcr a 
coDSa~sus NF-AT binding sitc is present and avcrlaps with an AP-1 binding sitc (-1532: 
AGGAAMTGAGTCA). The functional significancc of thcse sitcS or their implication in the 
uprcgulation of eNOS mRNA by CsA have not been descnDcd. EMS.As, using an 
oligonuclcotide tbal: includes this overlapping scqucnce, show a single band which behaves 
as an AP-1 regulatruy sitc. Preliminary resu1ts show an mercase in the NF-AT binding 
activity in BAEC treatcd witb supcroxide dismutase, suggc:rting a possible rcdox regu1ation 
of thc NF-AT signalling pathway in this ccll typc. 

:Rd'enaca: 
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Instituto Juan March (Madrid)



62 

Dual Functions of p300/CPB integrate Raf/Rac-signalling patnways 

to induce NF-ATc Activity in T cells 

Andris Avots·. Mathias Buttmann·, Sergei Chuvpilo", Cornelia Escher*, Ute Smolae, 

Andrew J. Bannister§, Ulf R. Rapp4
, Tony Kouzarides§, and Edgar Serfling··· 

Department of Molecular Pathology, lnstitute of Pathology·, the lnstitute of Medica! 

Radiation Research and Cell Biology", University of Wuerzburg, D-97080 Wuerzburg, 

Germany, and §vvellcome/CRC lnstitute and Department of Pathology, University of 

Cambridge, Cambridge,UK. 

NF-ATc is a prominent member of family of NF-AT transcription factors and inducibly 

expressed in peripheral T lymphocytes \'1/here NF-ATc appears to control the 

induction of numerous genes upon activation. We show herc that the nuclear co-

activators p300/CBP bind lo and enhance the activity of a slrong inducible N-terminal 

transcactivation domain of NF-ATc, TAD-A. Stimulation bf both Raf/Erk- and Rae-

involved signalling pathways enhance, and inhibition of MEK protein kinase activity 

impairs the p300fCBP mediated increase of TAD-A and NF-ATc activity. AJthough 

stimulation of Raf/Erk-involved pathways results in an indudbly phosphorylation of 

T AD-A. direct phosphorylation of T AD-A appears to play a minor, if any role for the 

binding and activation of TAD-A by p300/CBP. lnstead, constitutive active versions of 

c-Raf and Rae are able to act synergistically in the p300/CBP-mediated stimulation of 

TAD-A activity. Mutations of CBP vvhich abolish HAT activity diminuish but do not 

abolish CBP-mediated NF-ATc activation indicating an important, but not sole role for 
i 

histone acetylation in NF-ATc activity. Since, in addition, MAP kinase signals dOl'nOt 

appear to affect histone acetylation in Jurkat T cells one may conclude that functi~n ~ 

of p300/CBP others \han histone acetylation play an importan! role in the induction of 
. .. l 

NF-ATc activily in T cells 
" 
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Functional modulation of E47 activity by Early B cell 
Factor (EBF). 

Mikacl Sigvardsson, Dcpt. for Immunology, Siilvcgatan 33, 223 62 Lund Swcdcn. 

E-mail: mikacl.sigvardsson@immuno.lu.sc 

The development of a mature B lymphocyte from a bone marrow precursor ccll is a 

highly ordered event where linage and stage specific transcriptional control is a key 

issue. One transcription factor suggested to have a key function in B cell development 

is the basic helix-loop-helix (bHLH) transcription factor E47. Basic-helix-loop-helix 

(bh-1-h) proteins are a large evulotionary conserved family of transcriptionfactors with 

key roles in such di verse events as sex determination and formation of the periphiral 

nervous system in drosophila and development of B lymphocytes and myogenisis in 

mice. The function of the bh-1-h proteins are regulated by interactions with other 

proteins such as calmodulin and the specific bh-1-h inhibitors of the Id family. The role 

of h-1-h proteins in B cell development has been extensively studied and severa! B cell 

restricted genes has been suggested as genetic targets for the bh-1-h protein E47. These 

targets does however represen! a broad range of genes that are expressed at different 

stages of B cell development. The finding that the same trascription factor appears to 

regulate genes with such diverse expression patterns as the surrogate light chain 1..5 

and the joining chain (J-chain) with expression restricted to the pre-B cell and plasma 

cell stage respectivly, suggests that E47 participates in a complex network to control 

stage specific transcription. 

We have investigated the interplay between E47 and a h-1-h related transcription factor 

Early B cell factor (EBF) normally not found in plasma cells, and found that 

expression of EBF in a plasma cell repress the functional activity of severa! reporter 

genes under the control of Ig enhancer elements. This repression is present in the 

absence of EBF binding sites in the control elements. Further more, coexpression of 

E47 and EBF act in synergy to actívate a 1..5 reporter gene in HeLa cells while EBF 

repress the E47 induced activation of an Ig heavy chain enhancer in the same cells. 

The mechanism of inhibition appear to differ from that of Id proteins since function al 

.(l:pression can be observed also using a E47 forced homodimer that should be resistan! 

Id proteins. We also demonstrate that E47 interacts fysically with EBF both in vilro 

~ ria incells. 

:'=' r. 

Based on these findings we suggest that EBF acts as a modulator of E47 activity in B 

cell development. 
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PJA-IW EXPRESSION AND T CELL RECEPTOR-o DELETION DURING 

HUMAN T CELL DIFFERENTIA TION 

Martic C.M. Vcrschurcn', Bianca Blom', Ad J.J.C. Bogcrs', 

Hcrgcn Spits', and Jacqucs J.M. van Dongcn' 

• . Dcpartmcnl of lmmuno logy, Erasmus Uni vcrsity Rol!crdam and Univcrsity Hospital Rol!crdam, Rol!crdam; 

t . Division o f lmmunology, Thc Ncthcrlands Cancer lnstitutc, Amstcrdam; t . Departmcnl of T horac ic 

Surgery, Erasmus University Rol!erdam and University Hospita l Rol!crdam, Rol!erdam, The Netherlands. 

Recombination of ó Rec to ljljoc dcletcs the T cell receptor (TCR)ó gene and is assumed to precede 

Va to Ja gene rearrangements during human T ccll diffcrentiation. The TCRI) gene deletion is thought to play 

an importan! role in the bifurcatio n of the ~CRocB versus TCRy ó diffcrentiation lineages. We recently 

detected a DNA-binding protein in human thymocytes, the so-called PJA-BP, which recognizes the ljiJoc gene 

segment and might be one of the factors involved in the regulation of preferential óRec-$Joc rearrangements. 

Now we investigated PJA-BP expression and its corrclation with TCRó gene deletion in thymocytes. 

Our electrophoretic mobility shift assay expcriments showed that the PJA-BP is evolutionary 

conscrved in human, murine, and s imian thymocytes. Using a large series of human hematopoietic 

malignancies (n=30) , we conclude that PJA-BP expression is thymocyte specific, and seems to be restricted to 

thymocytes commiued to the TCRocB lineage. 

Analysis of seven well-defined human thymocyte subpopulations showed that preferential óRec-$Joc 

rearrangements as well as PJA-BP expression can be detected from the immature CD34"/CD 1'/CD3" 

/CD4'/CD8oc'B. thymocyte differentiation stage onwards. These expcriments indicate that expression of PJA­

BP in human thymocytes starts simultaneously with prcferential óRec-$Joc rcarrangcments, which supports our 

hypothesis !ha! the PJA-BP is one of !he factors involved in thc prefcrential recombination of óRec t~·'.¡,) .J.i. 1 ¡ 

Furthermore, our RT-PCR studies o n Ya ....C.X mRNA show that transcription of thc TCRa gene, and therefore 

TC Ra gene rcarrangements, occurs after TCRI) gene dclctions ha ve started. 
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A. López-Rivas and C. Martínez-A. 

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

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

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

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

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

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

36 Workshop on Flower Development. 
Organizers : E. Caen , 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. Fi scher 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. 
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41 Workshop on Three-Dimensional 
Structure of Biological Macromole­
cules. 
Organizers: T. L Blundell , M. Martínez­
Ripoll, M. Rico and J. M. Mato. 

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

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

44 Workshop on Selective Gene Activa­
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. Camella. 

57 Workshop on NF-KBIIKB Proteins. Their 
Role in Cell Growth, Differentiation and 
Development. 
Organizers: R. Bravo and P. S. Lazo. 

58 Workshop on Chromosome Behaviour: 
The Structure and Function of Tela­
meres and Centromeres. 
Organizers: B. J. Trask, C. Tyler-Smith, F. 
Azorín and A. Villasante. 

59 Workshop on ANA Viral Quasispecies. 
Organizers: S. Wain-Hobson, E. Domingo 
and C. López Galíndez. 

60 Workshop on Abscisic Acid Signal 
Transduction in Plants. 
Organizers : R. S. Quatrano and M. 
Pages. 

61 Workshop on Oxygen Regulation of 
Ion Channels and Gene Expression. 
Organizers: E. K. Weir and J. López­
Barneo. 

62 1996 Annual Report 
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63 Workshop on TGF-~ Signalling in 
Development and Cell Cycle Control. 
Organizers: J. Massagué and C. Bemabéu. 

64 Workshop on Novel Biocatalysts. 
Organizers: S. J. Benkovic and A. Ba­
llesteros. 

65 Workshop on Signal Transduction in 
Neuronal Development and Recogni­
tion. 
Organizers: M. Barbacid and D. Pulido. 

66 Workshop on 100th Meeting: Biology at 
the Edge of the Next Century. 
Organizer: Centre for lnternational 
Meetings on Biology, Madrid. 

67 Workshop on Membrane Fusion. 
Organizers: V. Malhotra andA. Velasco. 

68 Workshop on DNA Repair and Genome 
lnstability. 
Organizers: T. Lindahl and C. Pueyo. 

69 Advanced course on Biochemistry and 
Molecular Biology of Non-Conventional 
Yeasts. 
Organizers: C. Gancedo, J . M. Siverio and 
J . M. Cregg. 

70 Workshop on Principies of Neural 
lntegration. 
Organizers: C. D. Gilbert, G. Gasic and C. 
Acuña. 

71 Workshop on Programmed Gene 
Rearrangement: Site-Specific Recom­
bination. 
Organizers: J. C. Alonso and N. D. F. 
Grindley. 

72 Workshop on Plant Morphogenesis. 
Organizers : M. Van Montagu and J. L. 
Mi col. 

73 Workshop on Development and Evo­
lution. 
Organizers: G. Morata and W. J . Gehring. 

74 Workshop on Plant Viroids and Viroid­
Like Satellite RNAs from Plants, 
Animals and Fungi. 
Organizers: R. Flores and H. L. Sánger. 

• · Out of Stock. 

75 1997 Annual Report. 

76 Workshop on lnitiation of Replication 
in Prokaryotic Extrachromosomal 
Elements. 
Organizers: M. Espinosa, R. Díaz-Orejas, 
D. K. Chattoraj and E. G. H. Wagner. 

77 Workshop on Mechanisms lnvolved in 
Visual Perception. 
Organizers: J . Cudeiro and A. M. Sillita. 

78 Workshop on Notch/Lin-12 Signalling. 
Organizers: A. Martínez Arias, J . Modolell 
and S. Campuzano. 

79 Workshop on Membrane Protein 
lnsertion, Folding and Dynamics. 
Organizers: J . L. R. Arrondo, F. M. Goñi, 
B. De Kruijff and B. A. Wallace. 

80 Workshop on Plasmodesmata and 
Transport of Plant Viruses and Plant 
Macromolecules. 
Organizers: F. García-Arenal , K. J . 
Oparka and P.Palukaitis. 

81 Workshop on Cellular Regulatory 
Mechanisms: Choices, Time and Space. 
Organizers: P. Nurse and S. Moreno. 

82 Workshop on Wiring the Brain: Mecha­
nisms that Control the Generation of 
Neural Specificity. 
Organizers : C. S. Goodman and R. 
Gallego. 

83 Workshop on Bacteria! Transcription 
Factors lnvolved in Global Regulation. 
Organizers: A. lshihama, R. Kolter and M. 
Vicente. 

84 Workshop on Nitric Oxide: From Disco­
very to the Clinic. 
Organizers: S. Moneada and S. Lamas. 

85 Workshop on Chromatin and DNA 
Modification: Plant Gene Expression 
and Silencing. 
Organizers: T. C. Hall , A. P. Wolffe, R. J. 
Ferl and M. A. Vega-Palas. 
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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 activ ities 

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 fie ld of Biology, 

through the organization of Workshops, Lecture 

and Experimental Courses, Seminars, 

Symposia and the Juan March Lectures on Biology. 

From 1989 through 1997, a 

total of 109 meetings and 9 

Juan March Lecture Cycles, all 

dealing with a widc range of 

subjects of biological interest, 

were organized within the 

scope of the Centre. 
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The lectures summarized in th is publication 
were presented by their authors al a workshop 
held on the /9111 through the 21sr ofOctober, 1998, 
at the lnstitulo Juan March. 

A ll published articles a re exact 
reproduction of author 's texl. 

There is a Limiled edil ion of 400 copies 
of this volume, availab/e f ree of charge. 


