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Introduction

Immunopharmacology: A New Discipline of
Immense Potential

Among the looming triumphs of the biologic revolution is the rapidly developing
understanding of the mechanisms of bodily defense. In the short span of 35 years,
knowledge of immunologic machinery has progressed from crudest description to
major understanding in cellular and molecular terms. Antibodies, immunoglobulins,
and the complement system have been almost completely defined in detailed
molecular terms. Organs, like thymus, spleen and lymph nodes—so long enigmatic
black boxes—are beginning to be understood not only in cellular terms but in
molecular, physiologic, and endocrinologic terms.

With this surging new information about the immune system comes the possi-
bility of developing a pharmacology which can modulate and control immunologic
functions. Immunopharmacology most broadly conceived must address (1) control
of development and function of the cellular components of the immunologic appara-
tus; (2) facilitation and suppression of function of the immunologically competent
cells of the several subclasses, like T helpers, suppressors, and effectors, and B
effectors and suppressors; (3) manipulation and repair of the major biologic amplifi-
cation,systems, e.g., the complement system and kinin-kallikrein system, and (4)
utilization, modulation, and inhibition of the galaxy of molecules generated by T
lymphocytes, the lymphokines. This new pharmacology must deal with the funda-
mental effector mechanisms of immunity, namely inflammation, phagocytosis,
vascular reactivity, and blood coagulation. Furthermore, immunopharmacology
must address and manipulate cell-cell'.communication and interaction, so vital to
control of the immunological apparatus.

This volume represents a major effort by leaders from outstanding laboratories
who are feverishly working to develop the field of immunopharmacology. The
editors have brought together much that is extant in this rapidly developing science.
From the studies and perspectives collected in this volume one can recognize that a
vigorous new discipline is taking shape.

Evidence that thymic hormones can drive stem cells throwgh a succession of
differentiative steps by selective gene action to the several classes and subclasses of
functional T cells is already at hand (Komuro and Boyse, 1973; G. Goldstein et al.,
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1977; Incefy and Good, 1976; Storrie er al., 1976). As an example, both mouse and
human precursors can be differentiated by thymopoietin (G. Goldstein et al., 1977;
Schlesinger and Goldstein, 1975) by processes which involve several steps, each of
which utilizes RNA and protéin synthesis, which seem to be separated by quantal
proliferations (Touraine et al., 1977). Hormones that can exercise powerful influ-
ences on lymphoid cellular development are rapidly becoming well defined mole-
cules. They carry names like thymopoietin (Schlesinger and Goldstein, 1975),
thymosin «, (A. L. Goldstein et al., 1977), and Facteur serique thymique (Bach et
al , 1977). Some of these molecules are relatively simple peptides which have been
fully defined and which contain very short amino acid sequences (active sites) of
extraordinary biologic activity. These short sequences and a variety of congeners
that will be generated by enterprising chemists will become drugs for this new
immunopharmacology. The immunopharmacologic development, I am sure, will
present vistas of immense potential. I feel certain we will soon be speaking of an
immunopharmacology that can control development and involution of the immuno-
logic systems. It is difficult to predict how far this will go, but one can conceive of
consequences that are immense. Control and manipulaticn of the development of
antibody-producting cells has also begun, and the recent studies of Himmerling er
al., (1976) employing the peptide molecule ubiquitin (Schlesinger et al., 1975) to
develop precursors to antibody-producing cells are encouraging. Similar progress in
cellular and molecular terms can be seen in the studies of specific and nonspecific
helper cells and suppressor molecules (Gershon, 1974; Tada, 1975; Kapp et al.,
1977; Waldmann et al., 1974; Siegel et al., 1976; Shou et al., 1976; Schwartz et al.,
1977). The possibilities of using chemically defined adjuvants that can generate
selectively helper T cells for IgG production while inducing suppressor T cells for
IgE production promises at long last “‘immunization against allergy or unwanted
immunity’” as a product of the new immunopharmacology (Kishimoto and Ishizaka.
1975; Kishimoto et al., 1976). Even defined sequences of the Fc portion of the IgE
molecule already elucidated could represent exciting immunopharmaceuticals of
great potential (Hamburger, 1975).

As impressive as they are, these extraordinary achievements may pale before
pharmacological developments which are coming from molecular analysis of those
powerful agents called lymphokines. Among these are some of the most active
molecules known. Studies of the cellular and molecular control of lymphokine
generation and release, for example, the molecular and cellular basis of their action
on macrophages, are developing rapidly. Inquiry into and understanding of the
language by which these fascinating molecules *“talk™" to the granular leukocytes,
macrophages, and plateléts represents a major challenge. It seems clear from
several communications in this volume that substantial progress has been made in
this important segment of the new discipline of immunopharmacology.

Furthermore, ingenious model systems have been developed to study in broad
perspective as well as in fine detail the processes of immunopotentiation, immu-
nomodulation, and immunostimulation. Better understanding of the controls that
underlie activation to involvement in inflammation of platelets, macrophages, mast
cells, and eosinophils, and stimulation of these cells to deliver or secrete their
cellular productiér)l is developing rapidly. This surge too promises to provide real
bases for a powerful pharmacology and, ultimately, for drug development.



Progress toward understanding of the molecular basis of cell-cell interactions
and communication, the role of the cell membrane in cell interactions and communi-
cation, the details of hormonal influences on the physical state and chemistry of the
membranes, the nature of the surface-to-nuclear signals generated by membrane
perturbations that lead to either proliferation or differentiation and secretion,
perhaps more than any of the developments in this field, proceeds so rapidly it is
difficult to project its trajectory. Can the Yin-Yang concepr of Goldberg et al.,
(1974) concerning the cyclic nucleotides be harnessed to control cellular behavior?
Will study of the prostaglandins really have a big payoff in cellular control? These
are important questions to be answered by this research.

We can be certain that these fundamental pharmacological analyses will ulti-
mately yield new and powerful means of prediction, manipulation, and control of
the vital immunological apparatus. There is little question, from studying the
chapters of this volume and the immense literature they reflect, that the field of
immunopharmacology has a good start and extraordinary growth potential. It holds
great promise for control of those vital immunological processes, which, in the
aggregate, ensure our individuality. We can all look forward with excitement to the
further development of this important new discipline.

Robert A. Good

References

Bach, J. F., Dardenne. M., and Pleau. J.-M., 1977, Nature 266:55-56.

Gershon, R. K.. 1974, in: Contemporary Topics in Immunobiology, Vol. 3 (M. D. Cooper and N. L.
Warner, eds.), pp. 1-40, Plenum, New York.

Goldberg, N. D., Haddox, M. K., Dunham, E.. Lopez, C., and Hadden, J. W., 1974, in: Control of
Proliferation in Animal Cells (B. Clarkson and R. Baserga, eds.). pp. 609-626, Cold Spring Harbor
Press, Cold Spring Harbor.

Goldstein, A. L.. Low, T. L. K.. McAdoo. M.. McClure. J.. Thurman, G. B., Rossio, J., Lai, C.-Y.,
Chang. D., Wang, S.-S.. Harvey. C.. Ramel. A. H.. and Meienhofer, J., 1977, Proc. Nail. Acad.
Sci. U.S.A. 74:725-729.

Goldstein, G., Scheid. M., Boyse. E. A.. Brand. A.. and Gilmour. D. G.. 1977, Cold Spring Harbor
Svmp. Quanit. Biol. 41:5-8.

Hamburger. R. N., 1975, Science 189:389-390.

Hammerling, U.. Chin, A. F.. and Abbott. J.. 1976. Proc. Nail. Acad. Sci. U.S.A. 73:2008-2012.

Incefy, G. S., and Good. R. A.. 1976, in: Inmmune Reactiviry of Lymphocytes: Development, Expression
and Control (M. Feldman and A. Globerson. eds.). pp. 41-50, Plenum, New York.

Kapp, J. A., Cantor, H.. Pierce, C. W.. and Benacerraf. B.. 1977. Fed. Proc. 36:1224 (abstr.).

Kishimoto. T., and Ishizaka. K.. 1975. /. lmmunol. 114:1177-1184.

Kishimoto. T.. Hirai. Y.. Suemura. M. and Yamamura, Y., 1976, /. Inmunol. 117:396-404.

Komuro. K.. and Boyse. E. A.. 1973, J. Exp. Med. 138:479-482.

Schlesinger, D. H.. and Goldstein. G.. 1975, Cell 5:361-365.

Schlesinger, D. H.. Goldstein. G., and Niall. H. D.. 1975, Biochemistry 14:2214-2218.

x1

INTRODUCTION



INTRODUCTION

Schwartz, S. A., Choi, Y. S., Shou, L., and Good, R. A., 1977, J. Clin. Invest. 5§9:1176-1187.

Shou, L., Schwartz, S. A., and Good, R. A., 1976, J. Exp. Med. 143:1100-1110.

Siegal, F. P., Siegal, M., and Good, R. A., 1976, J. Clin. Invest. 58:109-122.

Storrie, B., Goldstein, G., Boyse, E. A., and Himmerling, U., 1976, J. Immunol. 116:1358-1362.

Tada, T., 1975, in: Proceedings of the Ninth Leukocyte Culture Conference (A Rosenthal, ed.), p. 771,
Academic Press, New York.

Touraine, J. L., Hadden, J. W., and Good, R. A., 1977, Proc. Natl. Acad. Sci. U.S.A. (in press).

Waldmann, T. A., Durm, M., Broder, S., Blackman, M., Blaese, R. M., and Strober, W., 1974, Lance:
2:609-613.



Contents

Chapter 1

Cyclic Nucleotides in Lymphocyte Proliferation and
Differentiation 1

John W. Hadden

1. Introduction 1
2. Cyclic Nucleotide Biochemistry 2
3. Hormonal and Pharmacological Modulation of Lymphocyte Prolifera-
tion 4
4. Cyclic Nucleotides in the Early Events of Mitogenic Action 9
5. Calcium in the Early Events of Mitogenic Action 12
6. Other Components of Mitogenic Action 13
7. Lymphocyte Nuclear Activation and Cyclic Nucleotides 15
8. Cyclic GMP and Calcium as the Intracellular Mitogen Signal 18
9. Hormone Induction of Thymocyte Differentiation 20
'10. Cyclic Nucleotides in Thymocyte Differentiation 22
References 25
Chapter 2
Involvement of Cyclic Nucleotides as Intracellular Mediators in
the Induction of Antibody Synthesis 29

N B W=

James Watson

. Introduction 29

. Induction and Paralysis 30

. Effect of Cyclic Nucleotides on the Induction of Antibody Synthesis 32
. Mitogen-Induced B-Lymphocyte Proliferation: Immunologic Effects 34
. Cyclic Nucleotides and B-Lymphocyte Proliferation and Differentia-

tion 37
References 43

xiii



xiv Chapter 3

CONTENTS

[

Regulation of Alloimmunity by Cyclic Nucleotides 47

Terry B. Strom and Charles B. Carpenter

. Introduction 47

2. Cyclic Nucleotides 47
3. Pharmacological Abrogation of Target-Cell Lysis Mediated by Cytotoxic T
Lymphocytes 48
4. Pharmacological Augmentation of Target-Cell Lysis Mediated by Cytotoxic
T Lymphocytes 50
5. Pharmacological Abrogation of K-Cell-Mediated Lysis of Antibody-Coated
Target Cells (Antibody-Dependent Lymphocyte-Mediated Cytotoxic-
ity 52 ‘
6. Pharmacological Augmentation of K-Cell-Mediated Lysis by Cyclic
GMP 52
7. Modulation of Graft-vs.-Host Proliferation by Cyclic Nucleotides 52
8. Modulation of Mixed Lymphocyte Culture Proliferation by Cyclic Nucleo-
tides 53
9. Discussion 54
References 58
Chapter 4
Regulation of Polymorphonuclear Leukocyte, Macrophage, and
Platelet Function . 61
Louis J. Ignarro
1. Introduction 61
2. Polymorphonuclear Leukocytes (Neutrophils) 62
3. Mononuclear Phagocytes (Macrophages) 71
4. Platelets 74
5. Summary and Conclusions 81
References 83
Chapter 5 )
Molecular Aspects of Macrophage Activation and Proliferation 87
John W. Hadden and Arthur Englard
1. Introduction 87
2. Macrophage Activation in Vivo 87
3. Macrophage Activation in Vitro 91
4. Mechanism of Action of Macrophage Mitogenic Factor 95
5. Lysosomal Enzyme Induction in the Mediation of Macrophage Activa-
tion 95
6. Other Mechanisms of Macrophage Activation 97

\l

. Summary 97

References 98



Chapter 6
Pharmacological Control of Mediator Release from Leukocytes 101

AU h W=

Elizabeth Gillespie

Introduction 101

General Properties of Histamine Release 101
Mechanism of Action of Antigen 107

The Phenomenon of Desensitization 108
Release of Mediators Other Than Histamine 108
Summary 110

References 110

Chapter 7

Generation, Function, and Disposition of Chemical Mediators of
the Mast Cell in Immediate Hypersensitivity 113

nhwbo=

Edward J. Goetzl and K. Frank Austen

Introduction 113

Generation and Release of Chemical Mediators 114
Characteristics of the Chemical Mediators 115

Modulation of Mediators of Immediate Hypersensitivity 120
Summary 122

References 123

Chapter 8

Plasma Factors: The Hageman-Factor-Dependent Pathways and the
Complement Sequence 125

Jocelyn Spragg and K. Frank Austen

Introduction 125

Hageman-Factor-Dependent Pathways 125
Complement 133

Interactions with Other Mediator Systems 138
Pharmacological Modulation 138

References 139

Chapter 9

Prostaglandins in the Regulation of Inmune and Inflammatory
Responses 145

B -

Frederick A. Kuehl, Jr.

Introduction 145

Biological Function of the Prostaglandins 147
Inflammatory and Immunologic Diseases 149
Summary and Speculation 157

References 159

CONTENTS



xvi Chapter 10

Lymphokines: Physiologic Control and Pharmacological

CONTENTS
Modulation of Their Production and Action 163
Edgar Pick

1. Introduction: What Are Lymphokines? 163
2. Macrophage Migration-Inhibitory Factor (MIF) 165
3. Macrophage Activation 178 £
4, Evidence for a Role of MIF in Vivo 179
S. Physiologic Control of MIF 181
6. Pharmacological Modulation of MIF 182
7. Physiologic Control and Pharmacological Modulation of Other Lympho-

kines 187 '

. In Vivo Realities—Role of Lymphokines in Immunity and Nonimmunologic

Processes 195
References 197

Chapter 11

Mechanism of Action of Antiallergic Drugs and Relation'ship' of
Cyclic Nucleotides to Allergy 203

VB

Ronald G. Coffey and Elliott Middleton, Jr.

. Introduction . 203

Cyclic Nucleotide Metabolism and Actions 204
Pathophysiology of Asthma 207

Drugs Used in Treatment of Asthma 212
Summary and Speculation 219

References 221

Chapter 12

Modulation of the Expression of the Immune Response by
Antiinflammatory Drugs 227

b

W

Robert J. Perper and Philip Davies

. Introduction 227

Effect of Antiinflammatory Agents on Ly aphocytes and the Immune
Response 228

Neutrophils 233

Macrophages 234

. Conclusions 240

References 241



Chapter 13 xvii
Immunosuppressive Agents 245

CONTENTS
Federico Spreafico and Alessandro Anaclerio

. Introduction and General Remarks 245

. Steroids 249 .

. Azathioprine and 6-Mercaptopurine 254

. Cyclophosphamide 257

Other Chemical Immunodepressants and the Problem of Selective Immuno-
suppression 264

Nonspecific Biological Immunodepressants 267

Perspective for Immunologic Control 272

References 274

B W N -

N o

Chapter 14

Mechanisms of Immunopotentiation 279
John W. Hadden, Lilian Delmonte, and Herbert F. Oettgen

Introduction 279

. Biological Substances 280

. Chemicdl Immunopotentiators 292

. Products of the Immune System 299
. Conclusions 304

References 305

[V NI S

Chapter 15

Immunoassay of Drugs and the Biological Use of Antidrug
Antibodies 315

Vincent P. Butler, Jr.

Introduction 315

Production of Antidrug Antibodies 316

Characterization of Antidrug Antibodies 317

Use of Antibodies in Immunoassays 321

Biological Properties of Antibodies to Drugs and to Other Compounds of
Pharmacological Importance 326

References 328

UI.ADJN:—‘

Chapter 16

Receptors for Low-Molecular-Weight Hormones on Lymphocytes 331

Kenneth L. Melmon, Yacob Weinstein, Tak C. Poon, Henry R. Bourne,
G. M. Shearer, Philip Coffino, and Paul A. Insel

1. Introduction 331



xviii

CONTENTS

2. Determination of the ‘Physiologic’ Importance of Leukocyte Recep-
tors 332

3. Somatic Genetic Analysis of Cyclic AMP Action as a Means of Assessing
Receptor Function 334

4. Separation of Cells on the Basis of a Physiologic Function 339
5. Conclusions 353
References 354
Chapter 17

Polypeptide Hormone Receptors on Lymphoid Cells: Application

to the Study of Receptor Alterations and Radioreceptor Assay of

Polypeptide Hormones 357
James R. Gavin, 111

1. Introduction 357

2. Existence of Insulin Receptors on Circulating Cells 360

3. Characteristics of the Insulin Receptor on Lymphoid Cells 369

4. Effects of Insulin on Lymphoid Cells 370

5. Existence of Human Growth Hormone (hGH) Receptors on Lymphoid
Cells 373

6. Existence of Calcitonin Receptors on Human Lymphoid Cells 375

7. Radioreceptor Assay of Polypeptide Hormones Using Lymphoid Cell
Receptors 376

8. Further Applications of Polypeptide Hormone Receptors on Lymphoid
Cells 381

9. Conclusions 384
References 384

Chapter 18
Assays for Cyclic Nucleotides Including Clinical Applications 389
Ronald G. Coffey '
1. Introduction 389
2. Extraction, Purification, and Measurement of Cyclic Nucleotides 390

3. Clinical Applications 401
References 407

Index 413



1

Cyclic Nucleotides in
Lymphocyte Proliferation
and Differentiation

JOHN W. HADDEN

1. Introduction

The last fifteen years have seen a marked increase in the experimental evidence
supporting the central roles played by cyclic nucleotides in the regulation of diverse
processes in cells and tissues of organisms throughout the plant and animal king-
dom. Beginning with the observations of Sutherland and Rall (1960) that indicated
that cyclic 3',5'-adenosine monophosphate (cAMP) mediates . the intracellular
action of epinephrine and glucagon to induce glycogenolysis in liver, the concept of
the cAMP *‘second messenger’’ system has been generalized to virtually every cell
of the mammalian organism, and the system has been linked to the induction and
regulation of central cellular processes in these cells. In general, cAMP participates
in those processes that involve the promotion of preprogrammed events consistent
with the differentiated phenotype, i.e., the dominant functions for which that cell
type is developed—for the liver, glucose production from glycogen stores; for the
adrenal gland, steroid production; for fat tissue, lipolysis; and so on. '

Since 1970, another candidate for a second messenger system has emerged:
cyclic 3',5'-guanosine monophosphate (cGMP). ¢cGMP would appear to be as
ubiquitously distributed in nature as cCAMP, and the biological events to which it has
been linked appear, in general, to oppose in function those linked to cAMP. The
apparent contrasting roles of the two cyclic nucleotides, the only two consistently
found in nature, was recently cast in a dualism hypothesis of biological regulation
(Goldberg et al., 1974). While admittedly tentative in its presentation, this hypothe-
sis, in offering a balanced view of cellular regulation, has provided useful guidelines
for experimental approaches.

JOHN W. HADDEN e [aboratory of Immunopharmacology, Memorial Sloan-Kettering Cancer
Center, New York, New York 10021.
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JOHN W. HADDEN

The initial concepts of the cyclic nucleotides as intracellular messengers
derived principally from studies of how hormones or hormonelike agents that act at
the cell surface induce a particular biological event through the intracellular produc-
tion of the cyclic nucleotide. The cyclic nucleotide initiates the biological event
inside the cell by activating one or another intracellular biochemical process. Since
these first concepts were developed, it has become apparent that the cyclic nucleo-
tides are involved in n.ediating a number of environmental influences and factors, in
addition to hormones. Such diverse influences include temperature, pH, contact,
nutrient availability, growth-promoting substances, growth inhibitors, differentia-
tion-inducing factors, and a number of nonhgrmone factors involved in inflamma-
tion, intercellular communication, and environmental recognition. Indeed, the
cyclic nucleotides have taken a central role in' the emergence of a broad field of
interdisciplinary interest in the celi surface as the translator of diverse environmen-
tal cues into intracellular instructions involved in events ranging from the regulation
of cellular homeostasis to that of cellular proliferation and .naturation. The emer-
gence of the cell surface as a dominant issue in cellular regulation has introduced the
concept of a balanced interaction between the cellular envi,-»nment as translated by
the cell surface and geneiic determinants housed in the nuclcus. This ‘ntcractive
concept has provided considerable impetus to the studv »f cyclic nuc'eotides in the
regulation of nuclear processes related to the initiation and modification of genetic
transcription. In no field has this concept of the regulatory reles played by cyclic
nucleotides had more impact than in immunology. This chapter will attempt to deal
with the development of cyclic nucleotide pharmacology as it partains specifically
to the proliferation and differentiation of lymphocyte. related to the thymus, i.e.,
the thymus-derived T lymphocyte and its precursor, the prothymocyie.

2. Cyclic Nucleotide Biochemistry

As preface to the subject of this chapter, a review of certain aspects of cyclic
nucleotide biochemistry appears relevant. cAMP and ¢cGMP are both present in
lymphocytes, and their levels depend on the source of the cells. In general, cAMP
levels are detected at 1-60 pmol/mg protein and, with our techniques, approximate
11, 27, and 8 pmol/mg protein for lymphocytes from spleen, peripheral blood, and
thymus, respectively. Similar values were reported by M. Bach (1975). cGMP levels
for lymphoid tissues have varied considerably in literature reports, from 0.02 to 2
pmol/mg protein; with our methods, they average 0.5, 0.3, and 0.2 pmo./mg protein
for spleen, peripheral blood, and thymus, respectively. These levels must be
considered in light of the sample size and the methods used for cell purification for
the extraction and purificatior rechniques, and for cyclic nucleotide assay. Such
considerations are important in evaluating the varying levels reported in the litera-
ture for these different lymphocyte populations. Based on measurements of compa-
rable sample size (10® lymphocytes/ml), cAMP levels in lymphoid cells average 10-
to 100-fold greater than those of cGMP.

The cyclic nucleotides are produced from their corresponding 5'-triphosphates,
ATP and GTP, by specific cyclic nucleotide cyclases termed adenylate cyclase and
guanylate cyclase, respectively. These enzymes differ in their optimum cation
requirements—magnesium for adenylate cyclase and calcium and manganese for
guanylate cyclase. They also differ in their degree of plasma membrane association.



