m. seligmann and w. h. hitzig editors

primary
Immuno-
deficiencies

inserm symposium 16




b
G
D
v
o

PRIMARY
IMMUNODEFICIENCIES

Proceedings of the International Symposium on Primary Immunodeficiencies
held in Abbaye de Royaumont (France), 18-20 July, 1980.
Sponsored by the Institut National de la Santé et de la Recherche Médicale.

LEditors: M. SELIGMANN
W.H. HITZIG

D INSERM SYMPOSIUM No.'16

Du INSTITUT NATIONAL DE LA SANTE
ET DE LA RECHERCHE MEDICALE

1980

ELSEVIER/NORTH-HOLLAND BIOMEDICA.. ESS
AMSTERDAM - NEW YORK - OXFORD



© ELSEVIER/NORTH-HOLLAND BIOMEDICAL PRESS— 1980

All rights reserved. No part of this publication may be reproduced, stored in a retrieval system,
or transmitted, in any form ar by any means, electronic, mechanical, photocopying, recording or otherwise
without the prior permission of the copyright owner.

ISBN Series: 0 7204 0653 6
ISBN Volume: 0-444-80296-7

Publishers:
ELSEVIER/NORTH-HOLLAND BIOMEDICAL PRESS
335 JAN VAN GALENSTRAAT, P.O. BOX 211
AMSTERDAM, THE NETHERLANDS

Sole distributors for the USA and Canada:
ELSEVIER NORTH HOLLAND INC.
52 VANDERBILT AVENUE,

NEW YORK, N.Y. 10017 .

Library of Congress Cataloging in Publication bau

International Symposium on Primary Immunodeflclences,
Abbaye de Royaumont, France, 1980.
Primary immunodeficiences.

(INSERMS symposium ; no. 16)
Bibliography: p.

Includes index. - S e
3 Immunological deficiency syndromes--Con-

gresses. Immunological deficiency syndromes--
Animal modela——Congresses. I. Seligmann, -
Maxime, 1927- II. Hitzig, Walter H. III. In-

stitut national de la santé et de la recherche
médicale. IV. Title. V. Series: Institut
national de la sant€ et de la recherche medicale.
INSERMS symposium ; no. 16.

RC606.I59 1980 616.07'9 80-25785

ISBN 0-44}4-80296-7 v

Printed in The Netherlands



FOREWORD

Human primary immunodeficiencies have been, for the past 25 years, one of
the most productive areas of of research in clinical immunology. Detailed sutdies
of these patients have provided new concepts and important insights into our
understanding of the immune system and, conversely, advances in basic immuno-
logy have been rapidly applied ’to clinical investigation. These syndromesv repre-
sent real experiments of nature ahd constitute a field par excellence where

clinical and basic immunology are closely linked and mutually beneficial .

Two international symposia on primary immunodeficiencies have been pre-
vously held in the United States thanks to the vigorous impulse of R.A, Good
and under the auspices of the National Foundation. Together with the attempts
at classification of these diseases undertaken by a grou/p of experts appointed by
WHO, these meetings have provided valuable opportunities to expand our know -
ledge. During the recent years, new immunological and clinical findings have
accumulated and the biochemical study of the enzymatic defects responsible for ~
some ir}nmunodeficiency syndromes has opened a new and important field of invest-
igation, |t seemed therefore appropridte to hold a new symposium and to gather
basic and clinical immunologists, biochemists and pediatricians devoted to the
study of immunodeficiencies. We thought that this meeting should take place in

Europe, and we are grateful to INSERM for sponsoring it.

M. SELIGMANN

W. HITZIG
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IgM PRODUCTION: NORMAL DEVELOPMENT AND SELECTIVE DEFICIENCY

D. Levitt* and M. D. Cooper

Cellular Immunobiology Unit, Lurleen B. Wallace Tumor Institute, Departments of
Pediatrics and Micrébioldgy, University of Alabama in Birmingham, Birmingham,
Alabama 35294 and *Department of Pediatrics, University of Chicago, Chicago,
I11inois 60649

INTRODUCTION

Immunoglobulin molecules possess several characteristics that distinguish
them from the vast array of cellular proteins. By virtue of their insertion
into the cell membrane of B 1ymphocytes, they behave as receptor molecules that

can relay messages to the internal milieu of a cell. When actively secreted
from a plasma cell, they can combine with specific antigens and enact effector
functions that neutralize both foreign and self reactivity. Immunoglobulins can
also bind passively to immune and non-irrlnung cell; via their Fc region and alter
the function of such cells. They can bind complement components and amplify the
destruction of foreign antigens or cells as well as initiate disease processes
in the host organism. 3

The diversity of immunoglobulin molecules remains one of the most intriguing
problems-in immunology. It is now well established that most information en-
coding immunoglobulin chains is present in the genome of germ cellsl-3, In
such cells, genes coding for the variable and constant regions of both heavy and
light chains are well separated on different chromosome$. During development,
specific recombinatorial events occur that transpose a single V| or Vy gene
into juxtaposition with a specific .J(‘join'ing) gene (Figure 1). The V-J com-
plexes are then approximated with C| or Cy genes, forming transcribtiona]
units for complete ligﬁtaﬁd heavy chains, respectively“»s. The same Vy
JH' genes can then integrate with different constant region genes at various
stages of B cell development by a "switch recombination" mechanism®, thereby
providing a mechanism for immunoglobulin class switches.

IgM plays a pivotal role during B cell development and in specific immune
responses. It is the first isotype to appear during the ontogeny of B cells/
and to be synthesized and secreted in large quantities following primary immuni-
zation. B cells possessing IgM appear to be the direct progen'ltors of‘,.B 1ympho-

cytes producing all other antibody classes8. Phylogenet‘lcany, IgM may be the
i

W



only antibody detectable in primitive species of animals. IgM production per-
sists to a greater extent than synthesis of other isotypes in most immunodefi-
ciency disorders, and deficiency of IgM is usually associated with severe bac-
terial infections. In this article, we wish to examine briefly the development,
structure and function of IgM and its relationship to other immunoglobulin
classes. We will also present immunological information on a patient with
severe IgM deficiency and speculate on the relationship of this defect with
immunodeficiency disorders affecting other immunoglobulin isotypes.

Stem Cell
Vs Vo Vi Uy dsdp 4 v 2 Cr3 . Cya Car Cap Ce
‘o o bl e i

pt Pre-B
IgM* B cell

lgA"' Bcell

Vi dy

Fig. 1. Sequence of immunoglobulin gene rearrangements in the development of B
cell clone. See text for discussion.

DEVELOPMENT OF IgM ;

Mu chains can be detected prior to all other heavy chain classes during the
ontogeny of every mammal examined thus far. These molecules, devoid of light
chains, are initially found only in the cytoplasm of cells designated pre-B
cell1s2:10, pre-B cells are sequentially generated in fetal liver and bone
marrow, and lack surface u receptors by functional, immunochemical and immuno-
fluorescent criterial0s>1ll, Free u chains can be released by pre-B cells from
bpth mice and humans, and may. be able to modulate events during the early de-
velopment of the immune systemlO.




The absence of functional antibody receptors on pre-B cells may provide an
important means for clonal diversification during B cell development. Such
cells would not be subject to positive or negative regulation by environmental
antigens and pre-B cells expressing a particular yu gene could then be rapidly
and safely expanded. In these cells, combination of 'u chains with randomly
selected light chains possessing specific V| regions would create a diverse
array of B lymphocytes derived from.a single pre-B cell progenitor.

Follow1ng VL-CL Jjoining, light chain synthesis is initiated and intact
180,000 dalton IgM molecules soon appear on the surface of B cells. These im-
mature IgM* B lymphocytes are the direct progenitors of IgD, IgG, IgA and IgE
bearing B cells. Initial evidence for this relationship was derived fram onto-
genetic analysis of chickens, mice, and humans 12-14 and studies of the sup-
pressive effects of anti-u antibodies8. When neonatal mice or chickens aré
repeatedly injected with anti-p antibodies, the development of surface Ig* B
1ymphocytes of all isotypes is inhibited15,16, Cessation of anti-u treatment.
permits the generation of normal numbers of sIg* B cells.

Early in their development, B lymphocytes possessing IgD, IgG Br IgA on their
surface may also express IgM13:14, At a specific point during differentiation,
three isotypes may be diéplayed simultaneously on the surface of a B ce1113,
e.g., IgM.IgD.IgG or IgM.IgD.IgA. The persistance of IgM and IgD on such im-
mature cells along with IgG or IgA suggest that long-lived mRNA for u and § may
exist during certain stages of B cell development.

STRUCTURE OF IgM
Three forms of IgM can be demonstrated during B cell development. Initally

pre-B cells synthesize only free pu chains without light chains. B lymphocytes
express 180,000 dalton IgM on their. surface with two p and two light chains. '
Rapidly secreting plasma cells produce 900,000 dalton pentameric antibodies con-
taining 5 IgM monomers that are linked through disulfide bonds by J(joining)
chains.

The u chains synthesized by each of these cells display characteristic
structural distinctions. Pre-B p chains appear smaller than p chains secreted
by plasma cells (65,000 versus 70,000 daltons) and may be relatively poor in
carbohydratelo. Mu chains found on the surface of B lymphocytes are larger
than secreted u chains and contain a 30-40 amino acid tail enriched in hydro-
phobic amino acids and lacking carbohydrate side chainsl7-19, secreted u chains
have a shorter, relatively hydrophilic tail with carbohydrate side chains.



