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This booklet is a collection of summaries of presentations at the 

"Jmmunodeficiencies of Genetic Origin" workshop held in Madrid on 6-7 March 1995. 

The idea to celebrate such a meeting was put forward because of the 

overwhelming information published in the last years on the precise molecular and 

gene tic anomalies which underlay many inmunodeficiencies. Abnormal sur fa ce molecules, 

defective tyrosin-kinases and mutated genes among others have been spotted in children 

with immune system dysfunctions. 

Andrés González rapidly materialized the proposal and Alain Fischer and Antonio 

Arnaiz-Yillena called most of the scientists who have reported the molecular basis of 

inherited deficiencies, and others who are in the front line of research on gene therapy, 

thymic ontogeny and immune genes "knock out" mice. The scientists response was good 

and most of them accepted the invitation. The magnificent and internationally reputed 

organization of these series of meetings was maintained at its highest leve! by Andrés 

González, as usual. 

Only inherited immunodeficiencies affecting Iymphocytes were studied in the 

workshop. Theoretically it is possible to find out the genetic defects at any leve! of 

immunological ontogeny and functionality; thus, examples of deficiencies were presented 

at the following immune response steps: 

1.- Antibody presenting cells or B-T cell contacts: mutations at CD18 (LFA-1) 

molecule or CD40 Iigand; "bare lymphocyte syndrome" with absence of HLA class 

II presenting molecules and T AP-2 deficiency (peptide transporter molecule for 

HLA class 1 antigens) m ay also be classified within this item. 

2.- B-T cell specific genes rearrangement defects: progress in recombinase defects was 

shown and multiple enzymes with genes in different chromosomes were involved. 

3.- B cell antibody production: Bruton agammablobulinemia due to a defect of btk 

(Bruton tyrosin-kinase ). 

4.- T cell recognition: defect at the CD3 complex has been described; E and y chain 

mutant families there exist. 

5.- T cell response: a defect in ZAP-70 tyrosin-kinase coupled to CD3 is responsible 

for a defective transmission signa! and a severe immunodeficiency is associated to 

a defective y subunit which is common to the receptors for IL-2, IL-4, IL-7, IL-9 

an IL-15. 

6.- T cell cooperation: CD40 ligand deficiency could also be included here. In 

addition, abnormal IL-2 production and reduction/Jack of NF-AT have been 

detected without knowing the precise gene involved. 

7.- Toxic metabolites: accumulated in ADA and PNP deficiencies result in a serious 

immunodeficiency, which may be treated by adequate gene therapy. 

8.- There are other inmunodeficiencies, whose genetic defect is pin pointed but the 

mechanisms by which immunodeficiency is established are still obscure; these are 

the cases of the Wiskott-Aldrich syndrome and the Fas deficiency. 
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In addition, artificially impaired genes in mi ce ("knock out" mi ce) showed how a 
lack of certain surface proteins and interleukins affected the immune function; the last 
advances in T -cell ontogeny were also detailed (i.e.: The precise nature of pre-T cell a 
chain). 

The problems of gene therapy were also stressed by the example of the adenosin
deaminase deficiency treatment; the infusion of culture - expanded peripheral blood T 

cells modified by retroviral mediated ADA gene-transfer can be an effective therapy for 

this severe immunodeficiency. 

In summary, the precise physiology of the immune system is being clarified by 
these inherited natural (human) or "knock out" (m o use) occurring gene tic errors . 

It is likely that the study of immunodeficiencies of genetic origin will be one of the 
most productive field in biology. This study has been possible due to the widespread 

availability of new technology, including the ex:istence of specific monoclonal antibodies 
against surface molecules, molecular genetics, easy gene amplification, Ca++ and tyrosin

kinases study methodology. 

Immunology and physiology in general will benefit of the discoveries and 
preventive and even curative medicine will be used to fight anomalies. 
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T L YMPHOCYTE FUNCTION ANO ONTOGENY IN GENE-TARGETEO 
MUTANT MICE 

Tak W. Mak 

Ontario Cancer Institute,Toronto, Ontario/Canada 

T lymphocytes recognize their antigen peptides and Majar 
Histocompatibility Cumplex producls witl1 the use of their T ceil auligen 

l'I!C <l J'tor~ (ToU) . In addition to tho 01 and ~ ohuino of TCIR, thCI intoruotion 

between T cells and their target cells or antigen presenting cell ~. is also 
assisted hy a series of oLher cell surface polypeptides . Most notable of 
these are CD4 and CD8, which are selectively expressed on mature 
helper/induces and killer/suppressor T cells , respectively . Upon 

cngagcment of their ligands , a series signals are being transduced 
inttacytopli'\smically via some of r.hese molecules and their associared 

proteins . Pcrhaps thc most important cnzyme in this signa! transduction 
process is the lymphocytes specific tyrosine kinase k.k. Another important 
component is the cell surface tyrosine phosphatase CD45. This molecule is 
alternatively spliced and the different isoforms are expressed on the 

various hemopoietic and lyrnphopoictic cclls. Signaling through the TcR
CD4/CD8-lck-CD45 complex is thought to be insufficient to actívate T 
lymphocytes . A co-stimulalury signa! is bdieved lo b~ essenlial. Many 
investigators ha ve suggested that CD28, a ligand for B7/BB 1 is an essential 
co-stlmularory signal. In an attempt to gain hetter understanding on the 

roles of thcsc molcculcs in T lymphocyte funclions and ontogeny, we 

generaled a series of mutant mice with disruptions in these genes. These 
mutant mice are being analyzed in order that we can evaluare the 
importance of these genes in T cell development. 

References: 

1) Fung-Leung, W.-P. , Schilham, M ., Rahemtulla, A., Vollenweider, M ., 
Potter, J., van Ewijk, W. & Mak, T.W. (1991) CD8 is oeeded for 

development of cytotoxic T cells but not helper T cells. Cell 65: 443-449. 

2) Rahemtulla, A., Fung-Leung, W.-P. , Schilham, M.W., Kuodig, T.M., 
Sambhara, S.R., Narendran, A., Atabian, A., Wakeham, A., Paige, C. , 
Zinkemagel, R.M., Millcr, R.G. & Mak, T.W . (1991) Mice lacking CD4 have 

normal deve)opment and function of cng+ cells but have markedly 
decreased helper cell activity. Nature 353: 180-184. 
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3) Molina, T., Kíshihara, K., Siderovski, D., van Ewijk. W., Paige, C .• 
Hartmann, K., Veillette, A., Davidson, D. & Mak, T.W. (1992) Profound 

Llv~k .Í.Jl tbymo~yte develr>pn,.:nt in mi.:e lacking p56lck. Nalure 357: 161-

164. 

4) Koh, D.-R., Fung-Lcung, W.-P., Ho, A., Gray, D., Acha-Orbea, H. & Mak, 
T .W. ( 1992) Less mortality but more. relapses in experimental allergic 

encephalomyelitis {EAE) in CDs-/- mi ce . Science 256: 1210-1213. 

5) Penninger, J., Ki~hihara , K., Malina, T., Wallac::e. V A . 'limms. F .. Herlrir.k-. 
S.M. & Mak, T.W. (1993) Requirement for tyrosine kinase p56lck for 
thymic developmenl uf Lransgenic yo T cells. Scicncc 260: 358-361. 

6) Pfeffer, K., Matsuyama, T. , Kundig, T.M., Wakeham, A. , Kishihara, K., 

Shahinian. A .. Wiegmann, K., Ohashi, P.S., Kronke, M. & Mak, T.W. (1993) 

7) Kishihara, K., Pe.nninger, J., Wallace, V.A., Kundig, T.M., Kawai, K., 
Wakeham, D., Tirmns, E. , Pfeffer, K., Ohaslü, P., Thomas, M.L., Furlongcr,C., 
PAl~t;, C.J. & Mak, T.W. (1993) Normal ll lymphocytc dcvc-lopmcnt but 
impalted T cell mat.uration in CD45-exon6 tyrosine phosphalase deficienl 
micc. Ccll 74:143-156. 

8) Matsuyama, T., Kimura, T., Kitagawa, M., Pfeffer, K., Kuwakami, T., 
Watanabe, N., Kundig, T.M., Amakawa. R .. Klsbihara, K., Wakeham, A .. 
Potter. J., Furlonger, C.L. Narendran, A., Suzuki, H., Ohashi, P.S., J>aigc, C.J., 
Taniguchi, T. & Mak, T.W. (1993) Targeleu uisrupLion of IRF-1 or IRF-2 
results in abnormal typc I IFN gene induction and aberrant lymphocyte 
development. Cell 75: 1-20. 

9) Shahinian, A., Pfeffer, K., Lee, K., Kundig, T., Kishibara, K., Wakebam, A , 
Kawal, K., Ohashi, P., Thompson, C. & Mak, T.W. (1993) Diffen:nlial T cell 
costimulating rcquirements in CD28 deficient mice. Science 2t1 1: 609-612. 

10) Tanaka, N., Ishihara, M. , Kitagawa, M., Harada, H., Kimura, T., 
Mat~uyama, T., Lamphier, M.S., Aizawa, S.H., Mak, T.W. & Tauiguchi, T. 
(1994) Cellular commitment to oncogene-induced transformation or 
apoptosis is dependent on tbe transcription factor TRF-1. Cell 77: 829-39. 
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Identification of 3 Different Genes tbat Encode Products Involvcd 
in V(D)J Recombination and DNA Repair. Guillermo E. Taccioli, Zhiying Li, 
11Tanya M. Gottlieb, •Tracy Blunt, 11Nicholas J. Finnie, Jocelyne Demengeot, •Anne 
Priestley, Ryushin Mizuta, Yijie Gao, +Tomas Otevrel, •Alan Lehman, +Thomas Stamato, 
*Penny Jeggo, #Stephen P. Jackson, and Frederick W. Alt. Thc Howard Hughes Medica! 
Tnstitute, Children's Hospital, Center for Blood Research and Department of Genelics, 
Harvard University Mediclll Sehool , Boston. #Wcllcome/CRC Institute and Departmcm of 
Zoology, Cambridge University, UK. *Medica! Researeh Council, Cell Mutation Unit, 

Univcrsity of Sussex, Brighton, UK.+Lankenau Medica! Research Center, Wynncwood, 
Pa. 

Thc V(D)J recombination reaction involvc,s rccognition of conserved recombination 
scquences (RS) that flank each germlinc V, D, or J segment, introduction of douhlc .strand 
breaks at thc RS/coding scquence junctions, loss and/or addition of nuclcotides at the coding 
junctions, and additional activilies (e.g. polymcrization and ligation) lo complete thc joining 
process. V(D)J recombination appcars to be carried out by both pre-Jymphocyte spccific 
factors such a~ RAG-1, RAG-2 and TdT as well as generally expresscd factors including 
gene products involved in double strand DNA hreak repair (DSBR) pathways. 

Wc ha ve previously shown that three independent Chinese hamstcr ovary (CHO) 
mutant celllincs that ha ve defects in double strand DNA break rep:úr (DSBR) also ha ve 
defect~ in Y(D)J rccombination as assayed with transient V(D)J rccombination substrates 
following introduction of the RAG-1 and 2 genes into thc.~c cclllines. These findings 
suggest that the DSBR and V(D)J rccombination processes share common factors. In 
combination with its V(D)J defecl, the mutanl V-3 CHO linchas a defect that affects V(D)J 
recombination in a manncr csscntially identiclll to thai found in the context of tl1c 
homo;o.ygous murine scid mutation : V(D)J recombinalion is propcrly initiated, RS joining 
occurs nmmally, but co<.lingjoin formation is impaired. Wc havc shown by cell 
complementalion studies thatlhe murinc scid a.nd V -3 mutations probably affect the sarnc 
gene. Two additional, indepcndent CHO cell DSBR mutants (xrs-6 and XR-1) can iniriatc 
Y(D)J rccomhinaúon properly, but are blocked in abilily to form both RS and codi.ngjoins. 

We ha ve obtaincd bolh gcnctic and biochemical evidence which demonstratcs tl1at 
Lhe nvman gene (XRCC-5; chromosome 2) which complements the. xrs-6 mutant encodcs 
thc 80 kDa subunit of the K u complex. The complex of thc 80 a.nd 70kDa K u subuni~ 
binds Lo free. douhlc strandcd DNA ends and fonns lhe DNA binding componcnt of the 
DNA-dependent protein kinase (DNA-PK) . Thc large catalytic subunit of DNA-PK (DNA
PKcs; approximately 450kDa), once activated through its interaclion with DNA hound Ku 
can phosphorylatc a munbcr of proteins in vitro including lranscriplion factors and p53. A 
varicty ofbiochemical data indicale lhal DNA-PK activity is detective in ihe V-3/Scid cell 
lincs duc toa defect in the DNA-PKcs molecule. Furthennore, Y ACs containing the human 
DNA-PK~ gene can complement thc defcctive DNA-PK activity, DSBR defect, and V(D)J 
recombinalion defcct in the Y -3 line. This and other data suggest LhaL the DNA-PKcs is the 
XRCC-7 gene (human chromosome 8) which complemenls lhe V-3 (murinc Scid) defect. 

Finally, wc havc recently cloned a human cONA sequence, which cncodes a wuquc 
protcin, based on its ability to restore normal V(D)J recombination activity to the XR-1 cell 
line. Expression of this cDNA sequencc in XR-1 cclls also substantiallyocomplemenL~ their 
DSBR defect We ha ve mapped the gene (XRCC-4 gene) encoding this cDNA to human 
chromosome 5. Current efforts are aimcd at clucidating potential functions of the XRCC-4 
gene producr in DSBR and Y(D)J recombination. 



Instituto Juan March (Madrid)

16 

Refcrences. 

l. Taccioli, G.E., Rat.hbun, G., Oltz, E., Stamato, T., Jeggo, P.A., and Alt, F.W. 
(1993) Impairment uf VDJ rccombination in double strand break repair mutanL~ . Science 
620.207-210. 

2. Taccioli, G.E., Cheng, H.-W., Varghcsc, A.J., Whitmorc, G., and Ah, F.W. 
O 994) A DNA Repair Dcfcct in ChineseHamster Ovary Cclls Affects V(D)J rccombinalion 
similarly to the murinc Scid mut.ation. J. Biol. Chem. 269:7439-7442. 

3. Taccioli, G.E., Gottlieb, T.M., Blunt, T., Pricstly, A, Demengcot, J., Mizuta, R., 
Lehmann, A.R., Alt. F.W., Jacksun, S.P., and Jeggo, P.A. (1994) Ku80 is thc product of 
thc XRCC5 gene: A dircct link between DNA repair and V(D)J recombination. Science 
265:1442-1445. 

4. Blunt, T., Finnie, F.J., Taccioli, G.E. Smith, G.C.M., Demcngcot, J., Gottlich, 
T.M., Mizuta, R., Varghese, A.J., Alt, F.W., Jeggo, P.A., and Jackson . S.P. (1995) 
Defeclive DNA-dcpcndent prolein kina~e activíty is linkcd to V(D)J recombination ami DNA 
repair dcfcct~ associaled with the murine SC/D mutation. Submiucd for Publi<.:ation . 



Instituto Juan March (Madrid)

17 

Papillon-Lefevre Immunodeficiency 

Anronio Amaiz Vúlena, Hospilal Universilario 12 de Ocwbre, Universidad Complutuzse, 28041 MADRID 

The Papillon-Lefevre (P.F.) syndrome is caused by an unknawn autosomic 
recessive genetic anomaly and is characterized by asevere periodontal inflammation and 
palmoplantar hyperkeratosis. 30 % patients show increased suscepnbility to bacterial . 
infections. 

We have shown that patients with P.F. syndrome show usually normal percentages 
of peripheral blood lymphocytes analyzed by many CDs including integrins, CD2 and 
CD3. However, slightly low CD45 RO and CD29 number of lymphocytes were recorded 
during a 7 year follow up, and all times a reduced number of CD18, CDlla and CD2 
molecules were obtained in the corresponding positive cells: the high density LFA-1 and 
CD2 cells were strongly diminished. LFA-1 and CD2 molecules were normal as assessed 
by immunoprecipitation. It is postulated the existence of a common mechanism that 
regulate CD2 and LFA-1 expression, which is impaired in P.F. patients. 
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Apo-1/Fas/CD95 MUTATIONS IN HUMAN 

L YMPHOPROLIFERA TIVE SYNDROME ASSOCIATED WITH 

AUfOIMMUNITY ANO DEFECfiVE APOPTOSIS 

J-P. DE VILLARTAY•, F. RIEUX-LAUCAT"', F. LE DEIST"', C. HIVROZ•, 

R. DECHASSEVAU, I.A.G. ROBERTS#, K.M. DEBATIN••, A. FISCHER• 

• INSERM U 429, HOpital Necker-Enfants Malades, París, France 
•• University children's hospital, Heidelberg, Germany 
# Dept. Haematology, Ha.mmersmith Hospital, London, UK 

The Apo-1/Fas/CD95 antigen has been identified as a key cell surface 

receptor involved in apoptotic cell death. It was found defective in the lpr 
mouse. Fas expression and function were analysed in three children 

(including two siblings) with a lymphoproliferative syndrome and 

autoímmune evidence (thrombocytopenia, hemolytic anemia and 
neutropenia) in two of them. A restricted B T-cell repertoire was detected in 
one of the 3 children both in double negative and single positive T-cells. A 

large genomic deletion encompassing the terminal part of the intracellular 
domain-encoding exon was responsible for the lack of detectable Fas cell 
surface expression in the most affected patient. Less severe clinical 

rnanifestation was found in the two relatcd patients. Fas expression was 
normal in these patients but Fas-mediated T and B cell apoptosis was 
impaired because of a truncatcd protein resulting from a 2bp deletion 
within the intracytoplasmic domain. 
This pas gene-defect in humans is to our knowledge the first description of 
a complete Fas deficiency (the lpr mice have residual Fas expression) and 

confirms the crucial regulatory role of this molecule in lymphocyte cell 
death and may provide a molecular basis for susceptibility to autoimmune 
diseases in humans. 
F.RIEUX-LAUCAT et al submitted. 
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MHC CLASS I1 OEFICIENCY A DISEASE OF GENE REGULATION 

Bemard Mach, M.O. , Ph.O., University of Geneva Medical School 

When it was shown that a form of primary immunodeficiency, MHC class II deficiency 

(also referred toas the Bare Lymphocyte Syndrome, BLS), was in fact a disease of gene 

regulation, involving transacting regulatory factor(s) (1), there was hope that solving the 

genetic basis of that rare disease might lead to the identification of essential regulators 

of MHC class 11 gene expression. MHC class II genes are indeed very tightly regulated 

and the control of their expression in certain selected cell types ·is an essential 

componen! of the control of the immune response. 

MHC class II deficiency is an autosomal recessive disease characterized by severe 

immunodeficiency with multiple infections (2). The clinical picture results from an 

absence of HLA-OR, -OQ and -OP molecules on al! cells of these patients. This 

un usual phenotype was in tum shown to result from a lack of transcription from the 

promoters of the different MHC class II genes. Although clinically homogeneous, the 

disease is genetically heterogeneous, with three complementation groups described , 

A,B and e (3,4) . 

A first clue to the regulatory defect responsible for this disease carne from the 

observation that patients from BLS group B and C exhibit a characteristic defect in the 

binding of a specific protein complex, called RFX, to the X box motif of MHC class II 

promoters (5), while patients from complementation group A bind RFX normally. This 

defines two distinct types of molecular defects . Genetic complementation of cell lines 

corresponding to each of these two types of defects by cONA libraries in expression 

vectors has now allowed the cloning and identification of the regulatory genes in volved 

in each of these two types of defects . Patients from complementation group A (as well 

as sorne in vitro generated regulatory mutant lines that belong to the same group) have 

a normal promoter binding pattem but are mutated in a novel MHC class II 

transactivator called CIITA (6) (see Figure, bottom left) . Patients from group C, 

characterized by the lack of binding of RFX in vitre and an unoccupied promoter in 

vivo\ are indeed mutated in the gene that encodes the large subunit of the RFX complex 

(Steirhle V, Ourand B, Barras E, Zufferey M, Mach B, Reith W, in preparation). In 

both ca'.ses, introduction of the normal, non-mutated , form of the regulatory gene (as 

cONA) into MHC class II negative B lymphocytes from BLS patients restares full 

expression of al! MHC class II genes and cell surface molecules in several patients from 

each of these two groups. Although the gene mutated in complementation group B has 

not been cloned yet, it is tempting to suggest that it encodes the other subunit of RFX , 

since purified RFX heterodimers can correct MHC class II transcription in vitro in 

extracts from group B as well as group C patients (7). The two types of molecular 

defects identified in promoters of BLS patients, and the two transacting regulatory 

factors involved are schematically represented in the Figure (bottom left and right), 

with obvious consequences in terms of cell surface expression of class II molecules. 

Somewhat unexpectedly, it was discovered that CIITA, the MHC class ii transactivator 

mutated in BLS, is the mediator of this crucial induction p~ocess (8). Expression of the 

CIITA gene is, itself, very tightly controlled, induced for instance by interferon gamma, 

and it is both necessary and sufficient to actívate MHC class II gene expression (8) . In 

fact, CIITA behaves as the main regulator of MHC class II expression in a variety of 

biological situations. 
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Because of the importance of MHC class II expression in numerous pathological 
situations, including in disease that are not T lymphocyte-mediated, the novel MHC 
class II transactivators discovered in studying BLS patients should probably be 
considered for novel immunomodulation strategies. Contrary to many transcription 
factors, RFX and CIITA are both absolutely essential and remarkably specific for MHe 
class II gene expression . These properties make them excellent targets for 
immunomodulators that would act at the transcriptional level. 

l . de Préval e, Lisowska-Grospierre B, Loche M, Griscelli C, Mach B. A trans-acting 
class II regulatory gene unlinked to the MHC controls expression of HLA class 11 
genes. Nature 1985;318:291-293. 
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defective expression in MHC class II genes. In : Rosen FS, Seligman M., eds. 
Immunodeficiencies. Chur, Switzerland: Harwood Academic Publishers, 1993, pp. 
141-54. 

3. Hume CR, Lee JS . eqngenital immunodeficiencies associated with absence of HLA 
class II antigens on lymphocytes result from distinct mutations in trans-acting 
factors. Hum Immunoll989;26:288-309 . 

4. Benichou B, Strominger JL. eiass 11 antigen-negative patient and mutant cell lines 
represen! at least three, and probably four, distinct genetic defects defined by 
complementation analysis . Proc Natl Acad Sci USA 199 1 ;88: 4285-8 . 

5 . Reith W, Satola S, Herrero Sanchez C, Amaldi I, Lisowska-Grospierre B, Griscelli e , 
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RF-X. Cell 1988;53:897-906. 

6. Steimle V, Otten LA, Zufferey M, Mach B. Complementation cloning of an MHe 
Class II transactivator mutated in hereditary MHC class 11 deficiency (or Bare 
lymphocyte syndrome). Celll993;75: 135-146. 

7. Durand B, Kobr M, Reith W, Mach B. Functional complementation of MHe class 11 
regulatory mutants by the purified X box binding protein RFX. Mol Cell Biol 
1994;14:6839-6847. 

8. Steimle V, Siegrist CA, Mottet A, Lisowska-Grospierre B, Mach B. Regulation of 
MHC class 11 expression by interferon-gamma is mediated by the transactivator 
gene CIITA. Science 1994;265: 106-109. 
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CD3 DEFICIENCIES IN MAN AND MOUSE 

José R. Regueiro 

Inmunología, Facultad de Medicina, Universidad Complutense 

28040 Madrid, tel/fax 34 1 3941642/1 

The CD3 chains of the T lyrnphocyte antigen receptor (fCR) are multiple 

monomorphic cornponents of uncertain stoichiornetry most likely involved in signa! 

tnmsduction for T cell selection or activation through a range of protein kinases. The 

recognition of naturul human defects (CD3y, CD3E) and the generation of mouse KOs 

(CD36, CD3~, CD3ry) are helping to understand the redundan! and the specialized roles of 

the invariant chains of the TCRJCD3 cornplex. The main effects of the CD3 deficiencies on 

T-cell development, selection and on TCR/CD3 assernbly, structure, expression and signaling 

will be reviewed. 
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X-SCID caused by IL2Ry mutations 

G de Sajnt Basjle, J. DiSanto, A. Dautry-Varsat, F. Le Deist, M. Cavazzana-Calvo, S. 

Hacein-Bey, S. Markiewicks, F. Rieux-Laucat, E. Morellon, A. Fischer 

X chromosome-linked severe combined immunodeficiency disease (SCID XI) is a 

recessive hereditary disorder characterized by a complete absence of imrnature and mature 

cells and natural killer (NK) cells, whereas B ce lis are present in normal or elevated numbers. 

SCID XI infants present with severe and persisten! infections resulúng in failure to thrive and 

early death in the presence of curative bone nurrow transplantaúon (BMT). Mutaúon of the y 

chain comrnon (yc) to interleuk:in (IL) 2, 4, 7, 9 and 15 receptors has been shown to induce the 

SCID XI. However, although sorne mutations lead to the typical form of SCID XI, others 

mutations are responsible to mild forms of SCID where patient present with sorne T cell 

differenciaúon and function . 

SCID XI patients presenúng with vario:J.S phenotypes were therefore analyzed for yc 

chain mutaúon and sorne functions. In nine p2.Iients with typical form of SCID XI, mulúple 

geneúc defects in the extracellular region of th~ yc chain were detected, which affect in most 

cases yc membrane expression and in all cases, high affinity IL2 binding. 

In an other patient, an atypical ph e n o t y¡>~ of SCID X 1 was observed consisting in an 

absence·.of T and NK cells during the first ye:o: of life and in funher developpement of an 

autologous mature T cell population with mild :::litogen and anúgen response. Raise in T cell 

counts as well as in T cell function occurs fo:lowing an allogenic bone marrow transfen 

which fails to engraft. Identification of a yc nmsens mutation predicts a truncaúor. of the 

major part of the intracytoplasmic yc region w h: ~h precludes any yc-Jak3 association in this 

case. This mutation however, does not affect hifh affinity IL2 binding but partly reduce IL2 

endocytosis. These data indicate that in cenai;¡ circumstances, sorne ¡¡ccessory signaling 

pathways can partly overcome yc chain defect to allow T cell differenciation and funcúon 

although a severe imrnune deficiency persists. 

A familia! atypical form of SCID XI char...::terized by the presence of a low to normal 
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nurnber of poorly functional and oligoclonal T cells of NK cells and by normal serurn 

concentration of the Ig isotypes resulted in an other SCID-Xl patient from a 5 fold reduction 

yc expression . High affinity IL2 binding was normal. yc chain mutation in this patient 

consists in a substitution of the penultimate base of the first exon causing a splice defect. 

However altemative splice preserved a functional rnRNA in 20% of splice products. 

Since expression of a reduced number of yc chain causes asevere immunodeficiency, 

effective gene therapy of SCID. XI will probably require high leve! of yc expression. First 

data on y.; retrovirus-infected EBV -B cellline of a SCID X 1 patient indica te that selection of 

transduced B cell clones expressing normal yc chain occur during in vitro culture and that no 

evidence for a dominant negative effect of the mutated transcript on the normal yc expression 

was found . 

Together, these data raise new questions on the role of the yc chain in T cell 

developement and differenciation and bring preliminary informations on the normal yc chain 

expression in transduced SCID XI patient cells. 
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The role of the common cytokine receptor "( chain in X-linkcd severc combincd 
immunodeficiency and in cytokine signaling. Warren J. Lconard, Laboratory of 
Molecular lmmunology, National Heart, Lung, and Blood h1stitute, National 
Institutcs of Health, Bethesda, MD 20817 

X-linked severe combined immunodeficiency (XSCID) is thc most 
common form of SCID, accounting for approximately half of al! cases. Noguchi 

et al. (1993) demonstrated that mutations in the JL-2 receptor 'Y chain results in 
XSCID in humans. This finding was unexpected sin ce mice and humart.c; 
deficient in IL-2 havc normal numbers of T cclls, whereas patients with XSCID 
have absent or profoundly diminished numbcrs of T cells. The dilemma was 

resolved by the striking observations that IL-2Ry is not only a component of the 
IL-2 receptor, but also is a critica) componcnt of the reccptors for IL-4, lL-7, IL-9, 

and IL-15, and hence is also known as thc common cytokine receptor 'Y chain, 'Y e· 

Thus, inactivation of 'Y e simultaneously inactiva tes at least five cytokine systems, 
explaining the severe immunodeficiency present in XSCJO patients. The 
phenomenon of sharing of cytokine receptor subunits exists for two othcr sets of 
cytokines. ll.r6, JL-.11, oncostatin M, leukemia inhibitory factor, CNTP, and 
cardiotrophin 1 all share gp130 as a signaling molecule, whereas IL-3, IL-5, and 

GM-CSF all share the common ~ chain. These observations colléctively ha ve 
implications related to the understanding of cytokine pleiotropy and 
rcdundancy. 

In the case of IL-2, it has been established that dimerization of the 

cytoplasmic domains of IL-2R~ and "fe is required for signaling, whereas thc role 

of IL-2Ra is primarily to augment binding affinity and sert.c;itivity of 
rcsponsiveness to IL-2. A number of laboratories have sought to identify thc 
signá!ing moleculcs which can associate with each of thcsc chains. Considerable 
energy has focused on Janus family tyrosine kinases. lL-2 activa tes both Jakl and 
)ak3, but not Jak2 or Tyk2. Corresponding to tlús observation, it has been 

demonstrated that Jak1 associates with IL-2R~ and Jak3 associates primarily with 

'Yet but Jak3 can also associate directly with IL-2Rp. Interestingly, lL-4, IL-7, and 
IL-9 also activa te Jak1 and Jak3, indicating that the Jak fa mil y kinases are not 
responsiblc for the differences in signals transduced by these different cytokines. 
Distinctive proteins, such as IRS-1, which is activated by IL-4, may help to 
determine specificity. Moreover, the Stat proteins activatcd by sorne of these 
cytokines are different. For example, IL-2 and IL-4 actívate different Stat 
proteins. However, IL-2 and IL-7, which share a number of actions, actívate thc 
same Stat proteins in normal peripheral blood lymphocytes. We.have clarified 
the molecular basis for this phenomenon by identifying the tyrosines which 
when phosphorylated serve as docking si tes for the relevant Stat proteins. This 
serves to provide a molecular basis for sorne of the signals induced by IL-2 and 
othcr cytokines. 
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Finally, as part of an cffort to understand 'Yc in an in vivo Jllodel, \ ·V C and 

others hnve ínactivated the 'Y e gene in mice by homologous recombinatíon. Thc 

interesting phcnotype of thesc mice contributes further to our understanding of 

cytokine pleíotropy and redundancy based on both similarities and díffercnccs in 

mice and humans lacking expression of this proteín. 
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CD40/CD40L ioteracdoo aod lmunodetkleocy 

RaifS. Geha 

Interaction between CD40 and CD40L play an important role in T -B cell 

collaboration. Stimulation of T cells via the TCR/CD3 that recognizes MHC class n 
peptide complex induces CD40L expression. Engagement of CD40 by CD40L induces 

expression ofB7 molecules o.n B cells. Interaction ofB7 with CD28/CTLA4 costimulates 

T cells to proliferate and secrete cytok.ines. Engagement of CD40 on B cells induces 

isotype switching to the immunoglobulin locus targeted by T cell cytokinc: e.g. IL-4 

primes B cells to switch to lgE. 

We have shown that T cell but not anti-CD40 directed isotype switching is 

deficient in X linked byperlgM syndrome and that patients with this disease have 

mutations in the CD40L. We will present limited data on sorne unusual mutations. 

We have created CD40 deficient mice by disruption of the CD40 gene. These 

mice fa.il to undergo immunoglobulin isotype switching in response to T cell dependent 

antigc:ns and fail to develop germinal centers. B cells from these mice fail to elicit 

proliferation in allogeneic cells. This is reven~ed by anti-CD28. More importantly, in vivo 

injection of CD40-/- B ce lis specifically tolerius the recipient T cells to alloantigens. 

Because of i~ importan ce in B cell function, we studied the expression of CD40 

in B cell ontogeny. CD40 was not detectable on pro-B cells. CD40 was expressed on pre

B cells; however CD40 ligation on pro-B cells did not transduce a signa! as determined 

by CD23 expression and by proliferation in the presence of JL.4 . Expression of the bcl-2 

transgene permitted pre-B cells to respond to CD40 ligation. 

The CD40 signalling complex was investigated. CD40 was associated on the cell 

sulface with a 2ók.D protein with unique amino acid sequences. p26 association with 

CD40 was contingent on the presence of the extracellular domain of CD40 and was 

esssential for CD40 mediated aggregation but not for CD40 mediated lymphotoxin a 

gene exprossion. 

The transcriptional regulation of CD40L expression was investigated. There are 

four consensus NFAT sites in the CD40 regulatory region. These sites bind NFATc and 

NFATp, but are not transcriptionally active until the NFAT proteins associate with an 

AP-1 complex conta.ining Fos and Jun proteins as determinc:d by reporter gene luciferase 

assays in T cells transfected with multimers ofthe NFAT sites. 
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Wiskou-Aidrich Syndrome 

Frcd S. Rosen. M.D. 

Dcpartmcnt of Pedíatric.s, Harvard Medica! School; Center for Blood Rcsearch , 
Boston . MA, USA 

The Wiskott-Aldrich syndrome (W AS) is a monogenic defec t. which maps to 
Xpl1.2 ~ bctwccn OATLl and GATA l. The gene that is detective in \VAS has bccn 
cloncd. It encod~s a protein of 501 amino acid rcsidues, which has bccn callcd 
tbc \VAS protein . Severa! mutations have been identified in thi s protein in 
W AS paticnts . It contains severa) lyrosin~ residues in ils amino-terminal 
portion that may be phosphorylated and bind to SH2 domains . It also has 
severa! stretchcs of polyproline in its carboxy-terminal ponían that bi nd SH3 
domains. It is not related to any protein in the data bank. Its function is at 
prcsent unknown. 

Thc gt!nctic defect appears lo affect blood cell lineagcs . Obligate femalc 
hclero:.t:ygous carriers exhibit non-random X-inaclivation of all leukocyte and 
mcg akaryocyte lincages and as well as in these lineages early in commitmem. 
Phenotypically the thrombocytes and T lymphocytes are most profoundl y 
allected and exhibit a pauern of disorgani7.ation of their cytoskelcton . As a 
conscquence of this lhe T lymphocytes are bald and lack microvilli and 
consistcntly fail to respond mitogenically to insolubili2ed anti-CD3 . The cell 
surface sialoglycoproteins are unstable in the T cell membrane . 

REI-t<:RENCES 

Derry JM.T. Ochs HD. Francke U. Isolation of a novel gene mutatcd from 
WiskoU-Aidrich syndrome. Cell 78 :635 , 1994. 

Kwal\ S-P, Hagcmann TL, Radtlce B, Blaese RM, Rosen FS . Idcntification of 
mutalions in the Wiskott-Aldrich syndrome gene and characterization of a 
polymorphic dinucleotide repeat DX$6940 adjacent to the discase gene. Proc 
Natl Acad Sci USA, in press, 1995. 

Molina IJ, Kenney DM, Rosen FS, Remold-O'Donnell E . T cell lines charactcri7.e 
events in the pathogenesis of the Wiskott-Aldrich syndrome. J Exp Mcd 
176:867 , 1992. 

Molioa IJ, Sancho J, Terhorst C, Rosen FS, Remold-O'Donnell E. T ct!llS of 
patients with the Wiskott-Aldrich syndrome have a restricted defect in 
prolift!rative responses. J Immunol 151 :4383, 1993 . 



Instituto Juan March (Madrid)

31 

Mutations of the WASP Gene Cause Classic Wiskott-Aldrich Gene and X-linked Thrombocytopenia 

Hans D. Ochs, Qili Zhu, Mio Zhang, Jonathan M. J. Derry, R. Michael Blaese, Anne Junker, Shi-Han 

Chen, Uta Francke. 

The Wiskott-Aldrich syndrome (W AS) is an X-linked recessive disorder characterized by 

thrombocytopenia, small platelet volume, eczema, recurrent bacteria! and viral infections, autoimmune 

disease, increased risk of malignancies and abnormal B and T cell function (1 ). In addition to the 

classic W AS phenotype, patients with congenital thrombocytopenia and small platelets, but without 

eczema or significan! infections, and with normal or only mildly defective immune system, have been 

described (2). This milder form of.WAS has been mapped to the same region of the human X 

chromosome (3). The gene responsible for the Wiskott-Aldrich syndrome (WASP) has been isolated, 

cloned and sequenced (4). The gene, composed of 12 exons containing 1823 basepairs, encodes a 502 

amino acid proline rich protein that appears to be of central importance for the development of 

hematopoietic celllineages. Sequence analysis of genomic ONA, original! y carried out in three 

families with W AS, revealed three independent mutations within exon 2, strongly suggesting that the 

newly identified gene was associated with W AS (4). To confirm that the WASP gene is responsible for 

the majority of WAS patients irrespective of clinical phenotype, we selected for mutation analysis the 

affected members of twelve unrelated WAS families with clinical symptorns and immunologic 

abnormalities that ranged from mild to severe. To identify the approximate location of mutations 

within WAS cDNA, we first screened the entire cONA with the dideoxynucleotide fingerprinting 

method. This procedure revealed abnormal sequences in all twelve patients studied and allowed us to 

predict the approximate location of each defect. Based on the screening results, we then amplified the 

implicated regions of the WAS cDNA for precise analysis of the mutation. Finally, based on the 

mutations identified by direct sequence analysis of cONA, we selected and designed primer pairs that 

allowed amplification of the corresponding regions of genomic ONA . 

Point mutations were the most frequent mutations observed, being present in eight of the eleven unique 

mutations identified. Two unrelated patients with a mild form of WAS were found to have a C -+T 

mutation at position 290, within exon 2, resulting in the substitution of arginine with cysteine at codon 

86. Arlo_ther missense mutation, affecting codon 125 of exon 4, was found in a patient with asevere 

phenotype. Two patients, both with severe symptoms of WAS, were found to have nonsense mutations 

resulting in direct stop codons within exon 1 and exon 10, respectively. In all instances, the same point 

mutations involving the same nucleotides were found in genomic ONA. 

Point mutations resulting in deletions or insertions were observed in four familes. These included the 

skipping of exon 3 in a patient with severe WAS, deletion of exon 11 dueto a splice site mutation in a 

patient with mild WAS, the deletion of 13 nucleotides within exon 9 dueto a new splice site in a 

patient with mild symptorns, and the insertion of 114 nucleotides 5' of intron 9 dueto alternative 

splicing. 

Insertions and deletions of genomic DNA, and secondarily of cONA, were observed in three unrelated 

W AS patients. These included the insertion of a single nucleotide in exon 1, a deletion and insertion 

of small DNA fragments, resulting in a new splice site and the addition of 13 nucleotides at the 

beginning of exon 11, and the deletion of a nucleotide in exon 10, all resulting in premature stop and 

moderate to severe clinical phenotypes. 
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Since the clinical phenotype of WAS often varíes from family to family, but also within kinships (1), it 

is almost impossible to correlate the clinical phenotypes with location and type of mutations . 

However, in two of our patients with mutations affecting nucleotide 290 (C ~ T transition) the clinical 

symptorns were very mild, consisting only of thrombocytopenia, small platelets and, in one of the two 

cases, mild eczema. Both of these patients fulfill the criteria of X-linked congenital thrombocytopenia, 

suggesting that this variant is part of the spectrum of WAS. We have previously reported two 

unrelated Spanish famil ies (" classic W AS") with mutations affecting the arginine at codon 86, in one 

case dueto a G ~ T transversion of nucleotide 291 (Arg86Leu), and in the other case dueto a G ~A 

transition of the same nucleotide (Arg86His). These finding s suggest that codon 86 is a hot spot and 

may be mutated in up to 25% of WAS patients . 
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A NEW EXPERIMENTAL SYSTEM FOR STUDYING THE PATHOGENESIS OF 

THE WISKOTT-ALDRICH SYNDROME AND THE FUNCTION OF THE WASP 

GENE. 

Juan M. Millán, Enrique Aguado, Francisco J. García-Cózar, Manuel Santamaría, José 

Peña and Ignacio J. Molina* 

Departments of lmmunology, University of Cordoba School of Medicine, 14004 Cordoba, 

and *University of Granada School of Medicine, 18012 Granada, Spain. 

The Wiskott-Aidrich syndrome (WAS) is a primary immunodeficiency whose 

responsible gene (WASP) has very recently been identified (Derry et al , Cell , 78:635) . 

Nevertheless, the function of WASP remains unclear. 

We ha ve been working towards the development of an adequate experimental system 

to better understand the pathogenesis of WAS . A first step in this direction was the 

establishment of a panel of allospecific T cell lines from WAS patients (Molina et al, J. Exp. 

Med . 176:867) . These cells have d iscriminated previously described abnormalities, showing 

that the CD43 alteration is a secondary defect origininated in the circulation , whereas surface 

morphology abnormalities are primaf)· defects directly linked to the WAS gene. Furthermore, 

we showed a specific defect in the CD3 signa! transduction pathway ofWAS T celllines that 

is by all indications directly linked w the WAS gene (Molina et al, J. lmmunol. 151 : 4383). 

The CD3-mediated signa! is initially transduced but interrupted at an unidentified step. 

Interestingly, the allospecific stimulation mediated by the a/6 TCR chains is normally 

completed , resulting in vigorous proliferation. 

Attempts to improve this experimental system have been successful by infecting the 

panel of allospecific T cell lines with the Herpesvirus Saimiri 488 . This virus is able to 

immortalize T lymphocytes after interacting with a surface receptor not known yet. The 

resulting cells are functionally and phenorypically stable, and remain dependen! of IL-2 for 

growth . 

We repon here the initia l characterization of two WAS allospecific T cell lines and 

one normal counterpart after immortalization following HVS infection. These cell lines have 

been kept in culture for over 6 months. and during this time have maintained their phenotype 

and dependence of exogenous IL-2, al though they do not need allospecific stimulation. The 

doubling time varies with every cell line , but generally is 2-4 days . 

Upon stimulation with the anti-CD3 mAb OKT3, the immortalized WAS cell lines 

GORI -HVS and GOR7-HVS failed to proliferate (left panel), whereas the allospecific RAJI 

cells trigger a vigorous proliferatiYe response comparable to the immortalized normal 

counterpart DEE8-HVS, measured in a 72 h 3H-thymidine uptake assay (right panel). This 

mirrors the findings of the WAS parental cell lines, and likewise, the early CD3 signa! 

transduction events are intact, including phosphorylation of the CD3-! chain after OKT3 

stimulation. 

The surface phenotype of WAS-HVS cells does not show any difference respect either 

the HVS-immortalized normal cell line or the WAS parental cells . Under the scanning 

electronmicroscope, the examined GOR 1-HVS line shows a cell surface completely devoided 
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of microvilli . This is a fundamental primary alteration in W AS found in both fresh PBLs and 

T cell lines. In this case, we have found a very homogeneous and consistent defect. 

Finally, the recent cloning of the WASP gene has allowed us to address the 

expression of the W ASP gene. By using a combination of a 5' sense primer with an interna! 

antisense primer, we ha ve detected by Reverse transcriptase-PCR W ASP message in normal 

cells . However, we have not found WASP mRNA levels in GORI-HVS cells . The DNA 

mutations contained in the WASP gene of our established celllines remains to be determined . 

Attempts to determine whether a normal W ASP gene can rescue our W AS cell lines 

are currently in progress. 

In summary, by immortalizing the allospecific WAS T cell line~. we have improved 

our experimental system aimed to the understanding of the pathogenic mechanisms of WAS . 
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The transcription factor PU.l is necessary for 

macrophage proliferation 

A. Celada, M.J. Klemsz, C. van Beveren y R.A. Maki 

Departamento de Bioquí_mica y Fisiología (Inmunología), Facultad de 

Biología, Universidad de Barcelona and La Jolla Cancer Re searc h 

Foundation, La Jolla, California , USA 

PU.l is an ets related transcription factor that is spec ific for 

macrophages and B lymphocytes. In serum free medi a, bon e marrow 

derived macrophages are able to produce colonies. In the presence of M

CSF, proliferation of PU .1 transfected macrophages was enhanced in 

relation to the controls. A similar effect was observed in the presence of 

GM -CSF, but not in the presence of ILl, IL2, IL3, IL4, IL6 or G-CSF. 

Macrophages transfected with antisense PU .1 showed a decreased 

response in proliferation to M-CSF in relation to macrophages transfected 

with the control vector. A decreased proliferation was also observed 

when antisense oligonucleotides were added to th e culture media 

containin g M-CSF. 

M utations by alanines of the serines 41 and 45, that are si tes of 

casein-kinase depending phosphorylation, abrogate the proliferative 

effect of PU .l. 

These experiments demonstrated that the transcription factor 

PU . 1 is necessary for macrophage proliferation and also that 

phosphorylation of PU .1 is required for the proliferati ve effect. 
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A TYROSINE-CONTAINING MOTIF MEDIA TES ER RETENTION OF CD3-E ANO ADOPTS A 

HELIX 1 TURN STRUCTURE 

Arrate Mallabiabarrena 1, M. Angeles Jiménez2, Manuel Aico2 and Balbino Alarcón 1 

(1) Centro de Biología Molecular Severo Ochoa, CSIC-Universidad Autónoma de Madrid, 

Cantoblanco Madrid 28049, Spain. (2) Instituto de Estructura de la Materia, CSIC, Serrano 119, 

Madrid 28006, Spain. 

The CD3-E endoplasmic reticulum (EA) retention motif has been characterized by mutagenesis and 

nuclear magnetic resonance spectroscopy. Tyrosine 177, leucine 180 and arginine 183 are involved in 

EA retention. The motif forrns an elongated a-helix in which the tyrosine and leucine residues are 

closely apposed, followed by a PI' turn that places arginine 183 in the vicinity of leucine 180. The 

structure forrned by tyrosine 177 and the leucine in position +3 is reminiscent of the P-turn structure 

adopted by tyrosine-containing endocytosis signals. Moreover, substitution of the transferrin receptor 

(TfA) internalization sequence by the CD3-E motif still allowed the rapid internalization of the TfA 

and, conversely, the chimeric protein resulting from the substitution of the CD3-E motif by the 

endocytosis signa! of the low density lipoprotein receptor was EA located. These data support the 

idea of a functional homology between the two types of signa!. 
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B CELL DIFFERENTIATION DEFECTS IN X-LINKED AGAMMAGLOBULINEMIA, IgA 

DEflCffiNCYANDCOMMONV~LE~OD~CffiNCY 

Max Cooper*, Linda Billips, Norihiro Nishlmoto, Hiromi Kubagawa, Peter Burrows, Harry 

Schroeder, Stephen Powis. Francesco Cucca, Mauro Congia, Dunca.n CiUilpbel!, Zeng-bian Zhu 

and John Volanakis 

*University of Alabama at Búmingham and The Howard Hughes Mcdical Institute, Birmingham, AL 

Mutations in the Btk gene have been shown to be responsible for the arrest in B cell differentiation 

that occurs in boys with X-linked agammaglobulinemia (XLA) and the B lineage cells in female XLA 

caniers that use the X chromosome containing th.e defective Btk gene. The cellular abnorrnality is 

evident by the late pro-B to pre-B cell stage in differentiation. Our studies suggest that signals 

generated through the CD19 molecule and the ll..-7 receptor are important in nonnal pro-B ceU 

differentiation and that these signa! pathways are impaired by function-loss mutatiom; in the Btk: gene. 

Selective IgA deficiency (IgA-D) and common variable inununodeficiency (CVID), the two most 

common primary immunodeficiencies, represcnt polar cnds of a disease spectrum that reflect a 

common genetic predisposition. One cluc to the identity of a susceptibility gene is the frequent 

occurrence of an extended complex of ancestral MHC genes featuring deletion of the C4A 

complement gene in family members having either IgA-D or CVID. C4A can bind to antigen-

antibody complcxcs and can guide these to receptors on B cells to tacílitate activation by antigen. 

An altcmative hypothesis, that a class TI gene in the ancestral MHC haplotype pre.disposes to the 

immunodeficiency, is rendered Iess likely by the absence of lgA deficiency in a group of Sardinian 

individuals who are homozygous for an MHC haplotype featuring an ancestral cross-over bctween 

the disease-associated class II genes and the region ofthe MHC gene cornplex containing the C4A 

gene. 
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X-llnked ~amm•itJobuUnem.la: A tyroalne ldnue d1eeaae 

C. l. Edvard SMITH. MD, PhD 

Center for BtoTechnology. Karolinska Institute. NOVUM, S- 141 57 Hudd!nge Sweden. 

Fax: +46 8 774 55 38. telephone: +46 8 608 9114. 

X-llnked agammaglobul!nemla (XLAJ was the first lmmunodeficlency 

identlfted (Bruton 1952) and is characterized by reduced levels. of lmmunoglobul!n 

and B cells. resultlng In a propenslty for recurrent bactertal lnfectlons (Lederman & 

Winkelsteln 1985, S!deras & Sm!th 1995). In a collaboratlve posltional clonlng 

project. a cONA enrichment technlque was employed usl.ng yea.st. artificial 

chromosomes from the 1mpl1cated regton of the X-chromosome (Vetrte et al . 1993, 

Vorechovaky et al. 1994). The same gene was also ldentlfled by searchlng for novel 

prote!n-tyroslne klnases IPTKsl (Tsukad< et al. 1993). 

The gene lnvolved In XLA encoded a novel cytoplasmlc PTK named Bruton's 

agammaglobulinemla tyrostne kínase (Btk). In another collaboratlve eflon: we could 

demonstrate that the mouse lmmunodeficlency Xid IX-ltnked lmmunodeflclency) ls 

caused by a mutatlon 1n the mouse Btk gene CI'homas et al. 1993). Btk belongs toa new 

family of cytoplasmlc PTK's formed by Tec, ltk (also named Tsk and Emt). revlewed In 

Snúth et al. 1994, and Bmx (Tamagnone et al. 1994). 

Btk ls expressed In most hematopoletic cell 11nes With the absence of T 

lymphocytes and plasma cells (Smlth et al . 1994). Bt.k represents the flrst: cytoplasmlc 

PTK !n whlch mutatlons have been found to cause a heredltary dlsease. Thls glves us 

the unlque posslbll!ty to make genotype-phenotype correlattons In pattents to 

dtrectly dellneate functlcnally lmportant reglons In the Btk molecule. In total more 

than a hundred mutatlons have been found. An intematlonal study group has 

recently been formed that w111 provlde a mutatlon database. Each patlent wtll be 

asslgned a unique patient identity number and detalls on the mutatlon w111 be glven. 

We have recently used molecular model.l.ng techniques to lnvestlga.te the effect 

of mutatlon& cauelng amJno acld substttutlons. A model of the klna~c domain 

indlcated structural clusterlng of functlonally lmportant resldues (Vlhlnen et al. 
1994). 
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UNEQUAL CROSSING OVER AS SO URCE OF IGHC LOCUS V ARIABILITY 

Angelo Osear Carbonara AHredo Brusco 

Dipartimento di Genetica Biología e Chimica Medica and Centro CNR 

lmmunogenetica ed Oncología Sperimentalc, UnivcrsiU di Torino, Ita! y 

The Immunoglobu!in Heavy chain Constan! region (IGHC) genes are a 

multigene family located on chrornosomc 14 and organised in a 350-kb region 

as follows: M-D, G3-G1-EP1-Al, GP, G2-G4-E-A2. Their high reciproca! 

homology Jeads through rneioti c mispairings to deleted and duplicated 

haplotypes. 

The frequencies of these haplotypes in 668 healthy blood donors from 5 

d ifferen t Ital ian regions were determined by Pulsed Field Gel Electrophoresis 

and the genes involved in the rearrangements were characterised by Southern 

blotting with severa! IGHC probes and by densitometric evaluation of the 

films. 20 deleted (1.50%) and 60 duplicated (4.50%) haplotypes were identified, 

all in heterozygous ind ividuélls exccpt for two homozygous deletions. The 

deletions/duplicéltions involved onc or more genes. GP-A2, Al-E and G4 

duplications, and Al-E and GP-A2 deletions were the most common. In the 

same survey 5 triplicated haplotyprs (two of them spanning from the Al to E 

genes) were also found . All the rearranged hé!plotypes seem to be the result of 

unequal crossing-over. The difference between thc number of duplications and 

deletions was significan! in Sardinia, Lombardy, Puglla and in the total of 668 

subjects (p<O.OOl). The crossing over events should produce an equal number 

of deleted and duplicated haplotypcs. Severa! mechanisms can be postulated 

for this imbalance: i) negative selection against deleted haplotypes; ii) positive 

selection for duplications; iii) genctic drift. 
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lg A deficiency. Cllnlcal and immunological heterogeneity 

lg A deficiency (lg A-D) is the most common primary immunodeficiency ( PID ). 
These patients form a very heterogeneous group ranging trom asymptomatic 
cases to those presenting allergic manifestations, repeated infections, or 
autoimmune or malignant diseases. In sorne cases lg A-D ís associated with lg 
G2 deficiency and may benefit from G. Globulin therapy Follow-up is lacking in 
most published series and very little is known of lg A -D patients who develop more 
profound immunodeficiency during their lite time 
Common variable immunodeticiency (CVID) is a PID diagnosed in most cases in 

young adults. Delayed diagnosis is very common and it usually takes sorne years 
for correct therapy to be established_ The evolution of lg levels over the years 
befare definitiva diagnosis is made is usually not reported and we do not know 
whether an lg A-D was previously present 

Autoimmune diseases was diagnosed in 8.3 % of our series of 144 symptomatic 
patients. 

The mothers of two girls have lg A-D, and SLE was diagnosed in one of them. 
Three cases of lg A-0 were diagnosed at 7, 8 and 14 years of age,two of them 

~resented with autoimmune ghr.nomfmfl in two r.nsfls (r.hrnnir. nr.tivP hPflAtitic; nnd 
SLE-Iike disease ) and the third with repeated infections in the third All three were 
diagnosed of CVID 1, 6 and 12 years later, respectively_ G.Giobulin has been 
established with correction of the autoimmune and infectious manifestations ( 
including the negativization of autoantibodies ) 

The main immunological abnormalities in these three cases are : lg G2 
deficiency , low CD4 number in the second case ( with high ANA and ant1-DNA 
antibodies), normal lymphocyte response to mitogens and anti-CD3. 

CD40L expression in stimulated T-cells was also studied in those patients and 
other CVID and was normal in the majority 

lg A\.0 and CVID may represent polar ends of the spectrum reflecting one 
underlylng genetic defect. Genetic and immunological studies of symptomatic lg A
n f'íl'iiliil'ii inri rln~liilr fnllnlftl•llP 111ill b~ noodod to undorotand tho oauooo nna 
immunological evolution of these two common diseases. 

T. Español 
lmmunology Unit 

C.S.Valle Hebron 
Barcelona 
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T Lymphocyte Gene Therapy for ADA Deflclency (SCID): Resulta of the 

lnltlal trlal wlth 4 years observatlon. 

R. Michael Blaese, Kenneth Culver, Charles Carter, Harvey Klein, Melvin Barger, 

Cralg Mullen, Jay Ramsey, Linda Muul, Staven Rosanberg, Thomas Flalshar, Gene 

Shearer, Mario Ctaricl, Richard Morgan, A Dusty Millar, and W. French Anderson. 

Two glrls with severa combinad immunodeficiency causad by an autosomal 

racessiva defect In the gene for adenoslna deaminase have been treated by 

ratrovlral·mediated gane therapy using periodic lnfusions of gena-corrected 

autologous T lymphocytes. Neither chifd had a HLA·matched slbling donor for bona 

marrow transplantation and both had objactive evidence of incompleta immune 

reconstitution wlth PEG·ADA enzyme replacement therapy. Autologous peripheral 

blood T cells were obtalned by apheresls, the T cells were lnduced to proliferate by 

stimulation wlth the anti-T cell receptor monoclonal antibody OKT3 and lntarleukin 2, 

and the lnduced proliferatlng T cells were then transduced by repeated axposures to 

supernatants containlng the LASN retrovlral vector. The T cells were expanded 20-

100 fold in culture ovar 9·12 days and ware then reinfused into the patients without 

selectlon for transgene expressing cells. The perlad of culture expansion was brief to 

maintaín polyclonality of the T cell repertoire in each cell population. Each child 

received 11-12 lnfusions of these culturad, gane-modified cells during the first 23 

months of the protocol and hava than baen under close observation for an additional 

2 yaars to evaluate the overall effects of the treatmant. Patient 1 has experienced 

restoration of total T call numbers to the normal ranga. The concentration of ADA 

enzyme activity in her circulatlng lymphocytes has risen to roughly half hatarozygote 

levels wlth an LASN vector DNA slgnal on Southem analysis equivalen! to 0.5 to 1 

copy of vector per circulating mononuclear cell. Anergic prior to beginning this 

treatment protocol, she acquired normal delayed hypersensitivity skin test reactivity, 

axperienced reconstitution of cytokine productlon and cytolytic T cell activity, and 

enhanced antibody (isohemagglutlnln) production during the first months of this 

treatment. In additlon, sha is reportad to have experienced fewer episodes of 

infectious dlseases requiring antibiotic treatment and has been able to regularly 

attend public school. The elevated perlpheral blood T cell count and increased level 
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of ADA In the cells from patient 1 have perslsted lor the duration of this observatlon 

perlod demonstratlng an unexpectedly long life span for peripheral T ce lis and 

showlng that silencing of the integrated LASN vector has not been sufficlent to 

ellminate therapeutic effectiveness. 

Patient 2 had a more limitad and variable lmmune deficiency before beginning the 

protocol and evaluation of her response is less definitiva. Sha also experiancad 

normalizad total T cell counts and restoratlon of normal delayed hypersansitivity skln 

test reactivity. lsohemagglutinins rose from barely detectable to the normal ranga 

wlthin 3 months of initlatlon of therapy. Cytolytlc T cell funclion lo influenza lmproved 

followlng the start of gene therapy while responses to allogeneic cells spontaneously 

lmproved before this treatment. The efficiency of gene transfer into the T cells from 

patient 2 was only about 1 0% of that achieved In patient 1 and her T ce lis underwent 

senescence in culture at day 13-16 compared to day 30+ for patient 1. These 

differences in intrlnsic T cell behavior and prollferative potantlal may explain the 

prasence of only 0.1 to 1% L.ASN vector contalning cells In the clrculating blood of thls 

patlent wlth lymphocyte levels of ADA consisten! wlth this limitad number of gene

corrected cells. The elevated peripheral blood T cells In palien! 2 returned to 

pretreatment levels after about one year. There have been no significan! sida effects 

associated wlth the trealments and no evidence of the appearance of recombinant 

replicatlon competen! retrovirus in elther child. We conclude that although much 

remalns· to be learned, infusion of culture-expanded autologous peripheral blood T 

cells modified by retroviral-mediated ADA gene-transfer can be a sale and effective 

addition to the therapy for thls severa primary immunodeficiency disease. 

Blaese RM, Anderson WF, Culver KW. The ADA human gene therapy clín ica! 

protocol. Human Gene Therapy 1990; 1 :327-62. 

Blaese RM, Culver KW. Gene therapy for Primary lmmunodeficiency. 
lmmunodeficiency Revlews 1992: 3, 329-349 

Blaese RM. Development of gene therapy for immunodeficlency: Adenosine 
deaminase deficiency. Pediatric Research 1993; 33 (supp!),' S49-S55 
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Thymic selection 

Harald von ~hmer 
Hasel Institute for Immunology 

Grenzacherstrasse 487, CH-4005 Base!, Switzerland 

T lymphopoiesis is tightly controlled by o: and !3 T cell receptor (TCR) genes that 

rearrange in temporal arder and form first the pre-TCR and then the o:!3 TCR . 

Both receptors associate with signal transducing CD3 molecules. Signaling by 

both, the pre-TCR as well as the o:!3 TCR is essential for T cel! development as 

evidenced by the fact that defective genes which prevent formation of these 

receptors or interfere with the signaling cascade lead to an arrest in T cell 

development. The pre-TCR consists of the TCR 13 chain in disulfide linkage to the 

pre-TCR o: (pTa.) chain. Its function is to induce extensive cell proliferation of 

early thymocytes that have succeeded in the formation of a productive TCR ~gene 

and is accompanied by allelic exclusion of the TCR 13 locus, CD4/8 coreceptor 

expression and TCR a rearrangement as well as other subtile changes that generate 

shortlived CD4+8+ thymocytes. Signaling by the pre-TCR requires CDe but not 

CD3 S signa! transducing proteins and the p56kk kinase plays a majar role in 

signal transduction. The pTa. gene is expressed in immature but not mature T 

cells including pro-T cells in fetal blood as well as immature T cells in sites of 

extrathymic T cell development. 

The o:!3 TCR must bind to class I or II MHC molecules to rescue immature T cells 

from programmed cell death. This binding also decides whether the rescued cells 

become CD4+ helper or CDS+ killer cells. The correlation of class MHC restriction 

and functional phenotype does not always hold and possible reasons for this will 

be discussed. 
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Virus infection models affecting CD3 activation 
Alfredo CCJrell, Inmuno/og(a Hospital Universiuuio 12 de Octubrt, 28041 MADRID 

Secondary immunodeficiencies are a heterogeneous group of disorders in 
which the im.mune alteration is not tl)e primary defect but the result of several 
pathologic conditions such as viral infections, atopy, cancert etc ... Altbough the 
molecular mechanisms leading to immunodeficiency are mostly unknown, sorne 
of them have been assocjated with T -cell activation defects though severa! 
mcmbrane molecules. Moreover, the complete knowledge of the molecular 
mecbanisms generating tbe immune defect could led us to a better understanding 
of the immune normal pbysiology. 

Infections by sorne viruses have been associated with selective TCR/CD3 
activation defects: human immunodeficiency virus (HIV), Epstein-Barr virus 
(EBV) and cytomegalovirus (CMV). The immunological cbaracteristics of 
individuals infected by EBV and CMV will be presented. 

EBV infection causes T -lymphocyte anergy probably due to a selective and 
proximal TCR/CD3 signal transduction defect resulting in a low proliferation, IL-2 
production and IL-2 receptor expression. It is believed thata viral homologue of 
IL-10 may be involved in EBV-induced immunosuppression. 

CMV infection causes also a selective T·lymphocyte anergy, at least "in 
vitro". Peripheral mononuclear cells from CMV inf:ected patients sbowed a low 
proliferation to ll..--2 synthesis in response to bacteria! antigens, anti-CD3 
monoclonal antibodies and some lectins wbereas stimulation through TCR/CD3 
independent pathways was normal. 

The putative molecular mechanisms involved in these two secondary 
immunodeficiencies will be discussed. 
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LEUKOCYTE ADHESION DEFICIENCY (lADl 

Angel L. Corbf 
Instituto de Parasitologra lópez-Neyra, CSIC 

Cellular adhesion plays an essential role in the onset and regulation of immune and inflammatory 
processes . Most leukocyte adhesiva functions are absolutely dependent on the expression and 
function of the leukocyte-specific heterodimers LFA-1 (CD11 a/CD1 BL Mac-1 (CD11 b/CD18), and 
p150,95 (CD11c/CD18), which comprise the B2 integrin subfamily (1). Their essential role in 
leukocyte binding to and migration through the endothelial layar in inflamad tissues is illustrated 
by the existence of an immunodeficiency disorder termed Leukocyte Adhesion Deficiency (LADl . 
LAD is an autosomal recessive disease ca u sed by the deficient expression of the three B2 integrins 
on the cell surface of leukocytes (1 ,2). LAD patients exhibit delayed umbilical cord separation , 
impaired pus formation, and recurrent bacteria! and fungal infections of soft tissues, as a 
consequence of the lack of neutrophil migration into sites of inflammation (1 -4). Two clinical 
phenotypes of LAD (Severa and Moderate or Partial). which normally corre lata with the severity 
of the disease, have been defined according to the level of B2 integrin expression on patient 
leukocytes (3) . LAD is originated by heterogeneous mutations within the common B2 ICD18) 
subunit gene (5,6), which is located on chromosome 21 q22 (7) . Severa! types of LAD have be en 
defined (1-V) basad on the size and levels of the CD18 subunit precursor, the CD18 messenger 
RNA, and the resulting phenotype (5). Analysis of Severe and Moderate LAD CD18 alleles has 
identified aberrant splicing events (8-11 ), missense mutations (9-15), and a 1 bp deletion ( 14) · 
within the structural region of the CD18 gene. 

We have investigated the molecular basis of the disease in two unrelated Severa patients (HS and 
ZJ0)(16) . 8oth patients share a complete absence of CD18 protein precursor and cell surface 
expression, but they differ in the level of CD18 mRNA, which is normal in HS and undetectable by 
Northern blot in ZJO. Determination of the primary .structure of the patient HS Co18 mRNA 
revealed a 1 O bp deletion between nucleotides 190-200 (CD18 exon 3), which eliminates residues 
41 -43 and causes a frameshift into a prematura termination codon 1 7 bp downstream from the 
delatad region . The 1 O bp frameshift deletion maps toa region of the CD18 gene where aberrant 
mRNA processing has been detectad in HS and two other unrelated LAD patients . In the ZJO 
patient, amplification of lymphoblast CD 18 mRNA demonstrated. the presence of a non-sense 
mutation in the third nucleotide of the triplet encoding 534Cys (TGC-+TGA). with in exon 12 . 8oth 
genetic abnormalities were also detectad at the genomic leve!, and affect the restriction panern 
of their corresponding genes, thus enabl ing the detection of the mutant alleles among healthy 
heterozygous in family studies. The identification of two new LAD CD18 alle les, either carrying 
a non-sansa mutation (ZJ 0) or a partial gene deletion (HS). expand the repertoire of genetic 
abnormalities causing LAD and further indicate that the heterogeneitv of the molecular basis of LAD 
is comparable to that of other genetic diseases . 

lntegrin functional activity is absolutely dependent on the state of cellular activation and 
differentiation (17} . To be completely effective, the ligand-binding activity of integrins must be 
turned "on" and "off" in a very precise manner and during a brief period of time (e .g. during 
bleeding) ( 17) . Such a rapid regulation of the integrin functional activity takes place on the plasma 
membrana, and cellular agonists rapidly modulate the integrin ligand binding properties, in a process 
that has been termed "inside-out" signalling (17) . The regulation of affinity for ligands has now 
been demonstrated for numerous integrins and can be accomplished in vitro by cell stimulation with 
phorbol esters, by cross-linking certain cell surface receptors, or by treatment with activating 
monoclonal antibodies (1 7) . To study the influence of the cellular environment on the leukocyte 
integrins functional activity and analyze their involvement in hematopoitic cell differentiation, we 
have developped stable .stable transfectants of the three B2 integrins in culturad cell lines whose 
differentiation can be induced in vitro. Like on circulating leukocytes, the integrins expressed on 
U937 or K562 cells were expressed in a constitutively inactive state, as demonstrated by the lack 
of adhesion to their cellular counterreceptors or soluble ligands, the absence of CD 18-dependent 
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intercellular aggregation and their inability to mediate adhesion to protein-coated plates . However, 

while B2 integrin adhesive functions in U937 cells could be induced upon cellular actívation, theír 

functíon in K562 cells was unaltered by cellular agonísts and could only be upregulated with 

actívating monoclonal antibodíes. Unlike the B2 subfamily, B 1 integrins expressed on K562 ce lis 

acquired the high affinity ligand-bínding state during cellular activation, threfore suggesting that 

K562 cells are detective in a putativa B2-specific component of the ínside-out sígnalling parthway . 

This suggestion raises also the possibility of the existence of alternativa LAD patients whose 

molecular basis would map to the ll2-specific component of the cellular "inside-out" signallíng 

pathway. The acquisition ot CD11 b/CD18-dependent adhesive functíons in c-fes-transfected K562 

ce lis ( 18) would índicate the involvement of a tyrosine kinase in this putative B2-specífic insíde-out 

signalling pathway. 
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ATAXIA·TELANGIECTASIA: PATHOGENESIS ANO POSITIONAL CLONJNG. 
RA Gattl. 
UCLA School of Medicine, Deparlment of Pathology, Los Angeles, CA, USA 

Severa! lines of evidence are converging to produce new lnsights lnto the canear 
susceptlbility of ataxla-telangiectasia (A-T) patients and heterozygotes. Detective or 
damaged ONA is tumorigenlc and can result from inherited or somatic changas. 
lnherlted defects ~ in li'1isJ11atch repair genes that malntain the integrity ot DNA ha'le 
recently ·been identified' in colon canear families (1-3) . Cancer-assoclated mutations of 
p53, Rb and p16, all part of a pathway leading to G1 cell cycle arrest and the time 
needed to repair DNA damage from metabollc processes, have also been identified. 
Ataxia-telanglectasla (A-T) cells do not respond normally to ionizing radiatlon, showing a 
poor p53 response, a foreshortened G1 /S delay, and an accumulatlon of cells In G2/M 
(4-6). These cell cycle transition defects are beheved to result in the replication of poorly 
editad DNA. This new understanding may also explain the 38% incidence of cancer in 
A-T homozygotes and the 5-fold increased risk of breast canear in female A-T 
heterozygotes (7). 

In addlti<;m to o.ur studies cha_racterizing the cell cy~le traversa in A-T cells (8-11). 
we are attempt1ng to 1solate the ma¡or A-T gene by pos1t1onal cloning (12-15). Linkage 
analysls and genotyping data or. 176 familias m the A-T lnternational Consortlum 
database locafize the mejor A-T gene to a ·sao kb region, between the markers 
A4(S1819) and A2($1818). They localiza the Group A A-T gene (ATA) to a region that 
contains the ~500 kb region. The region of the Group e gene also contains the "500 kb 
region (6}. The data are compatible with linking Groups O andE as well as ATFresno to 
11q22-23, but not NBS-V1 or NBS-V2 (6,16), suggesting the presence of other loci, not 
at chromosome 11 q22-23, for the latter two rare clinical variants. Four non-linking but 
classlcal A-T famllies contain only single affecteds, leaving open the possibility that these 
may be spontaneous mutations rather than evidence for another classical A-T gene 
outslde the 11 q22-23 region. On the other hand, the 11 q22-23 region may contain more 
than a single A-T gene within it. 

Concannon et al. have recently identlfied a 42 kb cosmid from the candidata 
region which corrects the radloresistant DNA synthesis of A-T Group A fibroblasts, but 
not fibroblasts from patients in Groups e or D (17} . In collaboration wlth this laboratory, 
we are isolating cDNAs from the region so as to sequence them and screen patient 
mANAs and DNAs for mutations, insertions or deletlons. We have already characterized 
one gene of approximately 18 kb; we have sequenced the entlre cONA (4.3 kb) but find 
no mutations In ovar 80 patients. We have also translated its protein, usin~ cONA 
templates from 13 patients, and find no new or truncated proteins. We have def1ned the 
genomic boundary of that gene and are subcloning the remaining 24 kb of the cosmid to 
establlsh a better genomic map. Meanwhile, others in the lab are isolatlng cDNAs and 
GC-rich genomic clones from the 24 kb region, which we are screenlng for mutations. lf 
these efforts fail to ldentify an A-T gene, we will return to our anatyses of the largar ·sao 
kb candidata region. 

1. Flshel et al. Cell75: 1027-1038, 1993. 
2. Nicolatdes et al. Natura 371 : 75-80, 1994. 
3. Nystrom-Lahtl et al. Am J Hum Genet 55: 659-665, 1994. 
4. Kastan et al. Cell71: 587-597, 1992. 
5. Lavln et al. lntl J Radiat Biol. November 1994. 
6. Gattl et al. Canear Res. 54:6007-6010, 1994. 
7. Swift et al. New Engl. J. Med. 325: 1831-6, 1991. 
a. Huo et al. Canear Res 54: 2544-2547, 1994. 
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9. Naalm at al. Mod Path 7: 587·592, 1994. 
10. Hong et al. Radlat Res 140: 17, 1994. 
11. Sko~ et al. Canear Detect Prevent. 1995. 
12. Gatt1 at al. Natura 336, 577-580, 1988. 
13. Sana! at al. Am J Hum Genet 47: 860-66, 1990. 
14. Foroud et al. Amer J Hum Genet. 49: 1263-1279, 1991 . 
15. Gatti et al. lntl J Radiat Biol. November 1994. 
16. Stumm et al. Eur Soc Hum Genet. Berlln 1995. Abstract. 
17. Concannon et al. V(D)J Recombination, DNA Repair, & Hypermutation. 

Blrmingham, 1994. Abstract. 
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1WO EARLY PHASES OF LYMPHOHEMATOPOIESIS IN THE MOUSE 

EMBRYO. MA.R. Marcos and S.G. Copin, Centro de Biolog1a Molecular 

S.O .. CSIC-UAM, Madrid. Spatn: l. Godin and F. Dieterlen·L .. Inatltut 

d'Embryologic, Nogent·sur-Mame, France: S. Morales and ML. Gaspar. 

Instituto Carlos Jll, Madrid, Spain. 

Vartous tnducing microenvironments support .hematopoicsis 

throughout mouse lifespan, from the earliest embryo sites to the adult 

BM. 

Multipotent hematopoletlc stem cells (HSCs) are detected in 

paraaortic splanchnopleura SPL/AGM, yolk sac (YS). blood and Uver in 

early (8,5-12 days) mouse embryos. The most tmrnature progenitora 

lntrinsteally differ from adult BM HSCs in that they are bigger in cell s1ze. 

Sca-1 (Ly6A)· • and AA4.I+c-Kit+. On the basis of tlmtng of appearance, 

ktnetlcs of Ag cxpresston and decrease in cell size. · the following 

ontogcnical sequence of cell populatlons has been chantcterlzed: A) e

Kit+ AA4.J·Mac-1· --~ B) e-Kit+ AA4JlOWMac-I· -·•C) c"Ktt+ AA4.110WMac· 

¡low .. ., D) c-KH+AA4.IhighMac-lhigh, In organs of the same 

developmental age, the most mature phenotype is present In SPL/AGM, 

followed by blood /YS, and being the U ver the most delayed si te in terms 

of hematopoiet1c cell differentiatlon. Studies of quantltative RT-PCR 

reveal a rather ubtquituous expression of e-Kit and CD34 genes in the 9-

12 days embryo. Recombtnase·encodtng RAG-1 gene is ftrstly expressed 

in SPL/AGM between days 9,5-11. betng d~layed 0.5 days tts -expression 

In the YS. In tlle liver, RAG-1 gene expresston is detec~ed - for the first 

time at day 12 of gestatlon. as well as in stmultaneous. b1ood and 

omentum. Pre-B cell specfftc A5 gene transcriptlon only shows up in day 

13-Uver (scnsitlvity levels of the assay: 1-10 cells). Oenomic IgH DJ 

rearrangements are, however. detected from day 9,5 on,tn .the mouse 

embryo. Two clear·cut patterns of DJH usage are observed: 1) 

Predominant usagc of J4 in SPL/AGM, YS, blood, ome~tum a~d pre-day 

12,5 liver, and 2) Randomfzed utlltzation of the four Js in post-day 13 

U ver. 

We conclude that emergent embryonic hematopolesis proceeds 

through sitc-speclfic, ontogentcal pathways and speeds of maturation. 

Early B-lymphotd generation do not pass through a ~5-encoded pre·.B cell 

receptor-expressing stage. 
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Structure/function analysis of the tyrosine kinase 
pp56lck involved in the establishment of 

imm unocompetence. 

Ana C. Carreral,2, Thomas M. Roberts2 and Carlos Martinez-Al. 

!.Centro Nacional de Biotecnología, C.S.I.C., Universidad Autonoma Campus de 

Cantoblanco, Cantoblanco, 28059-Madrid, Spain. 2. Dep. of Cellular and Molecular 

Biology, Dana Farber Cancer Insütute, Harvard Medica! School, Bosron, MA -02115 , 

USA. 

pp56lck is a tyrosine kinase mainly expressed in T lymphocyres. 

pp56lck has been shown to be required for severa! specific T cell processes. 

Interestingly, mi ce overexpressing pp56lck display a similar immuno

deficient phenotype than mice lacking pp56lck expression. We have 

analyzed which subdomains of pp56lck are important to yield its enzymatic 

activity and its biological function . To investigate the funcrions of these 

subdomains we constmcted and analyzed a collection of chimeras and 

deletion mutants of pp561ck. The conclusions from our srudies and their 

interest for gene therapy will be discussed. 
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CD40L EXPRESSION IN HYPER lgM SYNDAOME ANO CVID 

M. Hernandez. l. Caragol, X. de Gracia, T. Marco, JM. Bertran and T. Español. 
lmmunology Unit, Pediatric Hospital and Pneumology, C.S Valle Hebron, 
Barcelona and Pediatric Hospital, Sabadell. Spain. 

Absence of the ligand of CD40 molecutes (CD40L) in i:ICtivated T cells has been 
demonstrated to be the cause of abnormal T -8 cell collaboration resulting in Hyper 
tg M syndrome (HIGM). The incidence of this genetic abnormality in other humoral 
lmmunodeficiencies is not well known. 

We are interested in the role of this molecule in different forms of 
Hypogammaglobulinemias and non X-linked HIGM. We have therefore studied 4 
boys and 2 girls with HIGM syndrome, 12 cases of Common Variable 
lmmunodeficiency (CVID) arld normal controls. Three of the boys with HIGM have 
a classical family history of an X-linl<ed disease and ene of the girls, 7 years old, is 
a congenital rubella syndrome. CVID patients. 10 males and 2 females. were 
diagnosed at young adult age except 4 boys diagnosed between 2 and 8 years of 
age. The two female cases were diagnosed of lg A deficiency sorne years earlier 
and controlled because of autoimmune phenomena or repeated infections. 

PBL cells were stimulated with PMA and ionomycin, 6-8 h. and labeled with a 
MoAb anti-CD40L ( TRAP-1, provided by Dr. L. Notarangelo) and FITC-goat anti
mousa (indirect IF) The results were measured by a FACScan cytometer (8-D) . 
CD69 was used as an activation marker control 

Absence of CD40L molecules in activated T-cells was detected in the three 
cases with X-linked torms, but the expression was normal in the fourth boy and the 
girls. In CVID a few cases had very low expression but the maíority had normal or 
near normal values. Correlation with the number of B cells in peripheral blood, lg 
levels and severity of the clinical manifestations will be presented. 

Knowledge of the genetic defects will aid understanding these heterogeneous 
ID and may have prognostic and therapeutic implications. 
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BamHI AND Pstl POl YMORPHISM OF THE HUMAN CD50 (ICAM-3) GENE. 

Manel Juan, Agustí Miralles, Jordi Esparza, Maria Cinta Cid, Ramon Vilella, 

Antoni Gaya, Jordi Vives and Jordi Yagüe . 

Servei d'lmmunologia . Hospital Clínic, 08036 Barcelona, SPAIN. 

The differentiation.antigen, CD50 (or ICAM-3), is an adhesion molecule 

defined as a 120 kD highly-expressed and hematopoetically-restricted 

leucocyte surface glycoprotein. CD50 seems to be preferentially used by 

lymphocytes in the LFA-1-mediated binding during the initial interactions of 

immune recognition and lymphocyte activation, when the other two LFA-1 

counter-receptors, CD54 (ICAM-1) and CD 1 02 (ICAM-2) molecules, are not 

yet up-regulated . 

Using a Restriction Fragment Lenght Polymorphism (RFLP) assay, we 

demostrated two polimorphism in the CD50 genomic map. We have 

observed a Pstl polymorphism characterized by two bands (4.2 and 4.4 kb). 

In addition a BamHI polymorphism, defined by two other bands (4.2 and 4.5 

kb), was also observed. Both polymorphism are quite informative in the 

population analysis: 4.2 kb Pstl allele is present in 19% of the population and 

4.4 kb Pstl allele is present in 81% of the population, while 4.5 kb BamHI 

allele is present in 78% of the population and 4.9 kb BamHI allele is present 

in 22% of the population. 

These data open a easy way to analyze both CD50 alleles in 

heterozygous people (more than 50%, if we use any of both 

polymorphisms), being possible by this method to study sorne genetic 

disorders, as chromosome deletions, where CD50 gen could be involved. 



Instituto Juan March (Madrid)

64 

THE HUMAN AUTOSOMAL SCll) AND ÜMF.NN'S 
SYNDROME: AN INClmASI.:O RAI)IOSENSITIVITV WITHOUT 

DNA REI,AIR DEFECT. 

Nicolns, N., Cavazzuna-Calvo, M., Le Dcist, F., De Saint Dasi1e, G., 
*Pnpadopoulo, D., Fischcr, A., and l>e Villartay, J,P_ 

TNSERM U/32, Hopital Necker-Enfants Malades, París, and *lnstitut 
Curie, Section Biulogie, Paris. 

Ahout 20% of paticnts with Sevcrc Combincd lmmunoddiciency 

(SCID) present a phenotype characteriscd by thc absenc.:c of T and B 

lymphocytes, together with thc prescnc.:c of N K cclls. This SC!D phcnotype 

is inheritcd as autosomat recessivc and rcscmbles thc se id mutation in micc 

by severa! criteria. We analysed thc radiosensitivity of marrow GM-CFU 

and fibroblasts from severa! paticnts with T(-) B(-) phenotype, patients 

with the Orncnn immunodeficiency syndrome, patients with X-linked T(-) 

B(+) SCID, and hcalthy controls. GM-CFU ami fibroblasts from T(-) B(-) 

SC!D and Omcnn's showed increased radiosensitivity as measured by 

survivai curves following y-ray irradiation. This incrcascd radioscnsitivity 

was comparable to that observed for the murinc scid. 

In ordcr to bettcr understand thc qualitative and quantitative aspccts 

of the human SCID defect we wcnt on to analyse thc kinetics of DNA 

repair following douhle-strand brcaks. Thi:; was performed using Pulsc

Field Gel. Electrophoresis (PFGE) on CI4-Thymidinc lahelkd fibroblast

DNA and quantification with the Phosphorlmagcr. The CHO mutant xrs6 

cell line togcther with thc K 1 parental linc were uscd as controls. Only a 

40% rcpair was achicvcd following 50Gray irradiation of the xrs6 celllinc. 

ll1e defect persisteJ after 24h and was also dcmonstrahle using 30Gray and 

40Gray doses. In contrast, the K 1 parental eell linc achieved a 90% DNA

repair after 2h. Murinc scid skin fibrohlasts rcpaired ata much lower ratc 

(50% aftcr 5h) aftcr a 50Gray irradiation; Thc rcparation was howcver 

complcted aftcr 24h. Final! y, neithcr cells from the T(-) B(-) SCID patients 

nor from Omcnn's showcd any dcfccl inthc capacity to rcpair DNA7doubk 

:;trand brcaks (90% rcpair aftcr 3h). 

In summary, although the human autosornal SCID paticnts havc an 

increased radiosensitivity, this dcfcct is clearly different from thc DNA

repair abnonnality seen in thc xrs6 mutant and may also diffcr from thc 

murine scid mutation. 
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CUNICAL AND IMMUNOLOGit'AL STUUY FROM A HYPER-IgM 

IMMUNODEI<'ICIENCY S Y N U .ROM E. 

L. TriC.15, J ferro, A. Suárcz, M'. A. Diéguez. /mmmulogla. L. Molinos. 
Neumofo~ía. /Jospitaf Cenlrul de !lsturias, 01•iedo. rASitlr/as, Spain). 
J. Rubio and Molins. Medicina interna. Jlospital .love. Gijón (11 slurias, 
.\pain) 

Thc prcscnt study cmphasizes thc clinical and immunologic.1l hctcrogeneily 
in Hypcr-lgM immunode1iciency ~-yndrome, somcthlng referrcd tu sü1nc 

years ago. Our patient was first secn at the Hospit<tl General de Asturias in 
1978 and a diagnosis or DysgammmaglobutineJúa wilh scvere dcfkits of 
lgG and TgA and markcd dcvation of TgM was madc on thc basís of scrum 
immunoglobulin levels, and recum:nt infcdious of b11ct.erial origin_ 
Histological cx:unination of the Jymph nod~.:s wns pcrformed bul 
unforlunately no germinal centers wulu !Je ¡;,aluatcd 

Clinical Feature.{: Thc patient. a J 1 year old man, with llyper-lgM senm1 

(1250 mg/dl), Jow lgA (< 7 mg!dl) and Jow lgG (< 33 mg/dl), who 
reprcscnts a spomdic case with no similarly affected rclatives, eithcr maJe or 
femalc. Thc clínical histor.' showed thc following infcclions: pneumon.ia, 
otitis, sinusitis occurríng at an early agc. mcrúngitís at agc 15 but with uo 
cúological agcnt bcing dernonstratt'd, and meningitis at <tgc 30 cause.d by 
Ncisscria mcningilidis. No hcmatologícal distulbanccs (anemia, 
thrombocitopenia and ncutropenia) wcre present. Thc patient rcccivcd no 
replaccmctll Ig·globulin at tl1e time of imumuological study 

lmmuffological study: Phcnolypic amllysis ofperipheral blood mononudcar 
cells was pcrforme.d using monoclonal antíbodies from B-D and FITC goal 

anti human lgM, lgD ,(F(ab )' 2 fragment) purchascd from Caltag, and Tago 
rcspectívelr. Positive cells: CDJ = 86%, CD4 - 31%, CDM "' 52%, 

CDl9 = 8%, CD20 = 9%. CD20 lgM-bearing cclls "-'- 4% and COlO lgD 

bcaring cells = 7%. Pcrípheral blood mononuclcar cells (PBMC) 
prolifcration assay wa~ induced by mitogcns, nnti-CDJ rnunoduual antibody 
and alloantigens. PRMC whcu stirnulalcd with pokewccd mitogen in vilru 
secreted IgM cxclusively. 

Antúysls of CD-10 ligand expre.\·sio11: CL>40 ligand surface exprcssion by 
activatcd T cells was made follo"ing t11e activation and staining protocol 
dc~:ribc.d in Cell 72, 291-300 (1993). CU401g and au lliUelated prmc!n 
L<:u8lg \\-ere donatcd by D_ Hollcnbaugh and A. Aruffo (Bristoi-Mycrs 
Squibb Pharmaceutic<tl Rcsearch Jnstilutc, Seattle, USA). Activated T cclls 
from this HlM patlent silO\\ surfacc cxpression of CD40 lígand (30%, 
MFI"" 66) Thc histogram imagc is quite dilfcrent from thc normal contr<>l 
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probably bccausc Lhc pcrccnL'igC of lymplloc)'lC T CD4 + is smalkr for the 
paticnt. 

NornHil Control J HIM paticnt 

~~ Mfl % MFI 

cm !!7 138 76 l 106 

CD4 54 54 40 
1 

46 

CD40lg goat anti-human lgG l/400 50 46 30 66 

Lcu81g goal anti-human JgG l/400 100 (, 100 X 

··-·-
CD69 100 118 100 JOS 

1sotypc control lOO 4 lO<.! 7 

Prclimillary• molecular . \tuc~~ · nn (1)40 litJaml: Towl RNA rrom slinHuated 
lyrnphOC)1es was extracted by the ~:;·uanidium thiocyanat..: phcnol-dtiororonn 
method according to Chomczynski et al and subjected 10 reverse 
transcriptase PCR (BRL RT) as descrH>ed in Cell 7l , 2 'J 1-300 (199 J) (see 
postcr numbcr l2X) Dirccl scqucncc of PCR-amplificd CD.tO ligand cDNA 
is now hcing pcrfonncd. No mul<llions \\Crc found ft(Hlt rcsiduc 169 LO 24 7, 
a scqucncc whcrc prcvious :'itudics (fmmunological Rc1 i" 11 ~. 19Y.t . N <' l}~J 

havc placcd 30% ofthc CD40-ligand gene mut.ants. 

Ccmdu5ion~: 

We have identificd a sporadic presentation of a llwer-lg¡\1 
inununodcficiency syndromc in a maJe patient whosc acti\3Lcd T cells show 
CD40 ligand exprcssion and it does uotlook like he is notan X-linkcd form 
of Hypcr-IgM Scqucncc of hi~ CD40-Iigand is bcing ¡x:rfomtcd. Olher 
functionnl studics are bcing considcrcd. 

Tbe AuU1ors thank Dr. D. Hollcnbaugh and Dr. A Arufto for the kindly 
donating U1c CD40Ig a.nd Lcu8Ig tl-.agcnts 
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A RAPID PCR-SSCP MUTATION AKALYSIS OF THE BRUTON'S 

TYROSINE KINASE GENE IN X-LIJ\'KED AGAMMAGLOBULINAEMIA 

l. Vofechovskf, M. Vihinen2
, G. de Saint Basile3

, L. Hammarstrom 1
, L. 

Nilsson2
, A. Fische2 and C. l. E. Smith 1 

Karolinska Institute at NOVUM, 1Center for BioTechnology and 2Center for 

Structural Biochemistry, Huddinge, Sweden, 3INSERM U132, Hopital Necker

Enfants-Malades , París, France. 

The identification of the BTK (Bruton' s ryrosine kinase) gene defective in human 

immunoglobulin deficiency X-linked agammaglobulinaemia (XLA) and 

characterisation of BTK exon-intron boundaries has now allowed the analysi s of 

mutations and polymorphi sms at the leve! of genomic DNA. Using Southem blot 

analysis and the polymerase chain reaction single strand conformation 

polymorphism (PCR-SSCP) assay, amplifying all 19 exons and the puta ti ve 

promoter region with a single annealling temperature, mutations have been 

identified in 19 out of 24 unrelated patients diagnosed as having XLA. Apart 

from a 1arge de1etion involving exon 19, nine missense (F25S, R288W, !370M, 

M509V, R525P, N526K, R562W, A582V and G594R), two nonsense (E277X 

and R525X), five frameshift and two splice site mutations have been found 

affecting most coding exons and all major enzyme domains. No mutations or 

po1ymorphisms were detected in the puta tive prometer region . A single nucleotide 

deletion located in the last exon, resulting in a truncation of the eight carboxy

terminal residues of Btk and a typical XLA phenotype, indicates structural and/or 

functional importance of Btk helix I in the catalytic domain. The structural 

consequences of Btk defects due to dcduced amino acid substitutions were 

analysed with computer-aided molecular modelling . A rapid and sensitive 

individual mutation analysis of the BTK gene can now be achieved in a one-day 

procedure. 
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PILOT LINKAGE MAPPING OF SELECTIVE IMMUNOGLOBULIN A 
DEFICIENCY AND COMMON VARIABLE IMMUNE DEFICIENCY: 
LACK OF EVIDENCE FOR AN INVOLVEMENT OF THE l\1HC REGION 
IN FAMILIES WITH AUTOSOMAL DOMINANT SEGREGATION 

l. Vofechovskf, H. Zetterquist1
•
5

, C. l. E. Smith1
•
5

, R. Paganell?, S. Koskinen 3
, 

A.D.B. Webstet and L. Hammarstréim 1
•
5 

1Karolinska Institute at NOVUM, Center for BioTechnology, Huddinge, Sweden; 
2Universita La Sapienza, Ro me, Ita! y; 3Blood Transfusion Service, Helsinki, 

Finland; 4Royal Free Hospital School of Medicine, London, UK; 5Department of 

Clinical Immunology, Huddinge Hospital, Huddinge, Sweden. 

Screening of close relatives of Swedish patients with selective immunoglobulin A 

deficiency (IgAD) and common variable immune deficiency (CVID) for serum 

immunoglobulin levels has identified 32 multiplex families, in 25 of which the 

disorders segregated as an autosomal dominant trait. A high relative risk for si bs, 

low phenocopy rate and a permanent phenotype make the two disorders, which 

have been proposed to represent an allelic condition, amenable to genetic linkage 

analysis . In a pilot multicentre linkage study, involving the 16 most informative 

multiplex families with dominant inheritance of IgAD/CVID and comprising a 

total of 49 affected and 43 unaffected individuals, we have attempted to confirm 

previously reported genetic linkage of the disease to the major hi stocompatibility 

complex (MHC) region . Surprisingly, using both parametric and nonparametric 

linkage analysis with a series of microsatellite markers at and flankin g the MHC 

region, no eviáence for genetic linkage was founá (Z= -5.48, -6.39, -3.48, 

-3.19, -10.57 and -9.50 al zero recombination fractions at D6S291, D6S273, 

D6S306, D6S464, D6S299 and D6S285, respective! y; 0.30 <p < 0.85 al al! loci 

in an ex tended sib-pair analysis, ESPA). Negative lod scores were found for 15 

out of 16 families using 5 ti ghtly linked polymorphic loci mapped to the MHC 

region, including PCR-typed polymorphism at codon 57 of DQBJ chain (Z= 

-3.64 at zero recombination fraction; p=0.63, x2 =0.11 in ESPA) . In accordance 

with these results, no evidence for linkage to the MHC region was obtained by 

computing lod scores in retrospect, based on the previously published segregation 

data at the MHC region in multiplex families with IgAD/CVID in more than one 

generation. Assuming a major locus under the dominant rnodel, we conclude that, 

in contrast to type I diabetes mell itus, the previously reported allelic associations 

of largely sporadic IgAD/CVID lo this region should be explained by reasons 

other than a presence of closely linked, deficient gene(s) at the MHC region co

segregating with the disease in our families . 
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AP0-1/Fas (CD95) mediated T cell receptor induced suicide 

J~1¡ Dhein•, Ilennlng w&lCzak•. Carollne Bllumler, Klaus-Michad Debatin, Petcr H. Krammer. 
TuffiOI'" lmmunology Prognun. Oennan Cancer Reaearch Centre, Heidelberg, Gennany 

TI1e AP0-1/Pas (CD95) cell surface receptor is a member of the nerve growth factor 

(NOF)/tumor nccrotds factor (TNF) receptor superfamily and mediatea apoptosis. 

Peripheral activated T ce lis (A TC) from lymphoprolifcration (lpr/lpr) mutant mice that 

exprcss a rcduced number of AP0-1 have a defect in T cell receptor (TCR)-induced 

llpoptosis . This suggests that TCR-induced apoptosis involveB AP0-1. We tested this 

hypothesis in various human T celh: (i) malignant Jurkat cells, (ii) an alloreactive T cell 

done (S 13), and (lii) peripheral ATC. TCR trlggering via inunobilized anti-CD3 antibodies 

or Staphylococcus Enterotoxin B (SEB) suporantigen induced expression of the AP0-1 

Iigand and apoptosis in these cells . Anti -CD3-induced apoptosis of Jurlcat ceJls was 

demonstrated even in single cell cultures. In all cases apoptosis was substanúally 

inlúbited by blocking anti-AP0-1 antibody fragmenta [F(ab')2 anti-AP0-1] and soluble 

AP0-1 receptor docoys [immunoglobulin fusion proteins (AP0-1-Fc)]. The AP0-1 ligand 

was found in ~ supernatant of activated Jurkat celli as a soluble cytokioe. Based on 

these findings we propose that TCR-induced apoptosis in ATC can occur via an AP0-1 

ligand mediated autocrine suicide. These results provide a mechanism for suppression of 

the immune response and for peripheral tolerance by T ceU deletion. 

• Both authcn contributed equally to this work. 
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The general feeling is th a t the meeting was successful in discussing and gathering 

th e most interesting question on inherited immunodeficiencies . 

There were established th e genetic defects underlying many immunodeficiencies; 

the pre-<x TCR chain in pre-T cells was identified in huma ns; severa] "knock out" mice 

and th e ir immune function were described and gene therapy for ADA deficiency was 

show to he e ffective. 

lt is infe rred that the following questions should he addressed in the near future: 

1.- To test which deficiencies a re susceptible for gene therapy. 

2. - To do population studies both to ca lculate the precise carrier numbers and to 

estab lish if certain genetic a nomalies acco mpanying de fici e ncies are not 

polymorphisms. 

3. - Population studies are also necessary to explain why sorne deficiencies (i.e.: igA) 

are very common and the possible advantage of the defective genes could also be 

st udi ed. 

4.- Many other deficiencies shou ld be studied with the available molecular and 

ge ne tic methodology. 

5.- The common but still unexpla ined relati onship between immunodeficiency and 

autoi mmunity should be invest igated. 

6. - A more comprehensive e ffort to classify inhe rited (and other) immunodeficiencies 

should be tried; severe combined immunodeficiency should only be rega rded as 

seve re symptomatology. 
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