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PREFACE

Pathologists suspected at the beginning of this century that the thymus might be
subject to hormonal regulation. Subsequent observations in animals revealed that the
extirpation of some endocrine organs, such as the gonads, induced changes in the size
of the thymus and of other lymphoid organs. These findings triggered a series of ex-
periments in the 1930s and 1940s, which were aimed at the elucidation of hormonal
influences on lymphoid tissue. At that time, the function of lymphoid organs was
unknown and knowledge of the endocrine system was limited, which hampered seri-
ously the development of rational approaches to this problem. This difficulty, coupled
with primitive and inefficient methodology, led to confusion and eventual disbelief in
hormonal immunoregulation. } . )

Until recently the accumulation ‘of biomedical knowledge was confined within the'
limits of various disciplines, whereas interdisciplinary research lagged behind. I;Iow-
ever, it is becoming eminently clear that the creation of disciplines was merely the
reflection of our intellectual limitations in understanding biomedicine and that further
advancement is possible only through building interdisciplinary bridges, which enable
us to view natural phenomena in their true complexity. Thus, it became obvious that
neurology and endocrinology examine different facets of the same regulatory mecha-
nism, now frequently referred to as the neuroendocrine system.

The immune system is still regarded by many as autonomous, with an elaborate self-
regulatory mechanism, which is influenced only superficially, if at all, by neuroendo-
crine factors. Presumably, this view stems from the ability of lymphocytes to mount
immune reactions in vitro and also to migrate into diseased tissues, or even to mucosal
surfaces, and to function in such environments where neurohormonal regulation might
be grossly disturbed or nonexistent. Nevertheless, some basic and clinical scientists
suspected all along that interaction and coordination must exist between these two
systems. Thus, ever since transplantation immunity has been discovered, it was clear
that the conceptus in mammals is an allograft equivalent, yet it survives, despite the
recognition of paternal antigens of the fetus by the maternal immune system. Also, it
has been well known for some time that mammals and birds protect their offspring
against environmental pathogens by the transfer of specific antibodies through the egg,
placenta and/or milk. This elaborate mechanism, which is vital for the survival of the
species, could hardly have evolved without a delicate coordination of reproduction, a
neurohormonally regulated function, with the immune system. Clinical observations
revealed that certain autoimmune diseases are prevalent in females. Furthermore, some
diseases in which psychosomatic factors have been identified, such as rheumatoid ar-
thritis, also have underlying immune abnormalities. These facts point to the inevitable
conclusion that interaction between - the neuroendocrine and immune systems is a ne-
cessity, and that it has to be elucidated, it we are to understand immune function in
the context of homeostasis of the organism.

This volume examines the role of the pituitary gland in the regulation of the immune
system using an interdisciplinary approach. Introductory chapters are provided for the
reader, which are intended to bridge the gaps between disciplines. It is my sincere hope
that this book will catalize the reformation of prevailing views about immunoregula-

tion and about the integration of the immune system into the overall function of the
body.

1. Berczi
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Chapter 1

THE IMMUNCZE SYSTEM AND ITS FUNCTION

1. Berczi
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2 Pituitary Function and Immunity
I. INTRODUCTION

The science of immunology was founded by Jenner’s observations in 1798 on the
protection against smallpox by inoculation with cowpox. His experiments were
prompted by the widely held impressions that those individuals who had had cowpox,
which is a benign disease, were not affected in subsequent smallpox epidemics. To test
this belief, he inoculated a boy with pus from a cowpox lesion of a dairy maid. Some
weeks later, when the boy was reinoculated with infectious pus from a patient suffering
from smallpox, the disease failed to occur. Repetition of the experiment many times
led to Jenner’s classic report that vaccination (vacca = cow) leads to immunity against
smallpox. Jenner’s finding was not extended for about 100 years until Pasteur redis-
covered the general principles underlying vaccination. During his studies on chicken
cholera, Pasteur happened to inoculate some chickens with an old culture of the caus-
ative bacterium (Pasturella aviseptica), and these animals failed to develop disease.
When the same chickens were reinoculated with a fresh culture, which was known to
be pathogenic, they again failed to become ill. These observations were soon applied
to many other infectious diseases; various procedures have been used to destroy the
viability or to attenuate the v1rulence of pathogenic organisms for the purpose of vac-
cination.

Another giant of medical science, Robert Koch, discovered that guinea pigs infected
with the tubercle bacillus will display a local reaction if injected intradermally with
culture fluids of Mycobacterium tuberculosis (‘“Koch phenomenon’’). Chase and
Landsteiner showed in 1945 that this type of allergic reaction, classified later as de-
layed-type hypersensitivity, can only be transferred from one animal to another by
living cells (cell-mediated immunity), whereas other immune reactions can be transmit-
ted by serum (humoral immunity).

The ability of responding rapldly to infectious agents or to other foreign materials
(antlgens), with the synthesis of specific proteins (antibodies) and/or production of
specific effector cells has been encountered only in vertebrates.! This adaptive immune
response is of vast importance for survival as it constitutes the principal means of
defense against pathogenic microorganisms, parasites, and possibly against neoplastic
disease.? Our knowledge of immunity in invertebrates is rudimentary, but it appears
that these animals can also recognize foreign materials. Transplant failures in coelen-
tarates were attributed to the existence of a defense mechanism similar to that of graft
rejection in higher animals.® Earthworms are able to destroy grafts from donors of the
same or different species. This graft rejection is characterized by specificity and an-
amnesis and can be transferred with immune cells (coelomocytes).* ¢ Insects can also
develop immunity rapidly with the appearance of nonprotein antibacterial factors pro-
duced by antigenic stimulation, while in general, arthropods fail to recognize tissue
grafts as foreign.”

Studies on the immune systems of mammals and birds revealed that lymphocytes
have the ability to recognize and respond to antigens. There are two major categories
of lymphocytes: those that mature in the thymus (T lymphocytes), and those that be-
come immunocompetent in the bursa of Fabricius (birds) or in the bone marrow (mam-
mals, B lymphocytes). All lymphocytes arise from the multipotential stem cells, which
reside in the bone mafrow.? Both T and B lymphocytes can be divided to subsets ac-
cording to their functions. T lymphocytes can develop into immune effector cells, (e.g.,
killer T ceils and delayed hypersensitive T cells) and also play a fundamental role in
the regulation of immune responses (helper and suppressor T cells). The chief function
of B lymphocytes is antibody formation. Antibodies are fixed to the surface of all
leukocytes (T cells, B cells, monocytes, macrophages, polymorphonuclear leukocytes)
via F, receptors and serve as specific recognition units of the antigen. This amplifica-



tion mechanism permits the recruitment of leukocytes for the defense of the host
against intruders as well as being involved in the regulation of immune responses (feed-
back mechanism). Other soluble mediators derived from lymphoid cells, called lym-
. phokines, also play essential roles in immune defense and immunoregulation. A family
of serum proteins belonging to the complement and properdin system is also integrated
into immune defense as well as into the regulation of immune reactions. Furthermore,
evidence is rapidly increasing that the immune system interacts with a variety of other
cells and organs in the body. Of special interest to us is the interactions with the neu-
roendocrine system.

II. CELLS OF THE IMMUNE SYSTEM |
A. Development of Immunocytes 1

In both birds and mammals, hemopoietic stem cells first appear'in the yolk sac.
Later in embryonic development, the hemopoietic cells migrate through the blood
stream to colonize the liver in mammals and the spleen in both birds and mammals,
before they home to their permanent residence in the bone marrow. It was
demonstrated® ! that the morphologically and functionally very different cells of the
erythrocyte, lymphocyte, monocyte-macrophage, and granulocyte series all originate
from the same multipotential stem cells. Since all the celis of the blood have finite life
spans, some of the small resting stem cells are committed on a regular basis to become
progenitors of the various cell types by an unknown mechanism, in order to maintain
normal values of blood cells. Progenitor cells are larger than stem cells; they actively
synthesize DNA, and they differentiate into mature cells of the lineage they are com-
mitted to under the-influence of specific hormones and microenvironmental factors.
For instance, erythropoietin is known as the major hormone responsible for the gen-
eration of red blood cells, colony stimulating factor (CSF), and governs the productlon
of granulocytes and macrophages. -

Progenitor cells of the T cell lineage home to the thymus in order to proceed with
further differentiation and maturation. The mechanism of homing is not understood
in detail, but is presumed to be mediated by celi surface receptors. The stromal frame-
work of the thymus is formed from epithelial cells of the third and fourth pharyngeal
pouches during embryonic life. The thymic microenvironment enables theTommitted
stem cells to differentiate into mature T lymphocytes. Hormones secreted by thymic
epithelial cells (thymopoietin, thymosine, etc.) as well as cell-to-cell contact appear to
play important roles in T cell differentiation.'*'*> A number of thymic hormones and
biologically active factors have been described to date awaiting further characterization
and determination of biclogical activity.

In birds, progenitors of B lymphocytes home to the bursa of Fabricius, a pouch that
is attached to the intestine near the cloaca. Although much less studied, the maturation
of B cells in the bursa appears to follow a similar pattern to that of T cell maturation.
Bursopoietin'* is the presumed hormone having a major regulatory ef fect. In mammals
B lymphocytes differentiate from their progenitors within the bone marrow.

The thymus, bursa, and the bone marrow, which are preoccupied with antigen-in-
dependent lymphopoiesis, are known as the primary lymphoid organs. Mature T and
B lymphocytes from these organs home to the secondary lymphoid organs, namely the
spleen, lymph nodes, and mucesal lymphoid tissues, where some of them will undergo
further antigen-driven differentiation, as required.

B. Lymphocytes
B and T lymphocytes cannot be distinguished morphologlcally in the resting state.
Morphological differences will occur, however, after activation. In addition, a number

*



4 Pituitary Function and Immunity

Table 1
SOME PROPERTIES OF LEUKOCYTES, MAST CELLS AND
PLATELETS
Cell Types

Properties T B Mf Ba Eo Ne Ma Pl
Antigen receptor + + P — e %
Ig content - + - - - = = =
E rosette + - - - - ' e =
Differentiation Ag + + + = + + +
Fc receptor + + + + + + + +

C’ receptor + + + + + + + o
Phagocytosis - - + + + + - =
Response to mitogens + + + - - = - o
- - - + + + + -

Adherence®

Note: T = T lymphocytes, B = B lymphocytes, Mf = macrophages, Ba = basophilic
leukocutes, Eo = eosinophilic leukocytes, Ne = neutrophilic leukocytes, Ma =
mast cells, Pl = pl”elels, Fc = fragment of immunoglobulins, C' = comple-
ment, E = erythrocyte.

“ Only nonprimate platelets have C’ receptors.
* Adherence to glass or plastic under tissue culture conditions.

of other criteria can be used for the detection ar;d separation of lymphocyte subsets as
summarized in Table 1. :

1. T Lymphocytes

Mature immunocompetent T lymphocytes leave the thymus and settle in the spleen
(where approximately 30% of the mononuclear cells are T cells), in the lymph nodes
(approximately 60% of mononuclear cells), and also recirculate constantly (about 70%
of mononuclear blood cells are T cells). The bone marrow also contains some T cells
that are different from T cells of other sources with regard to their response to mito-
gens and to allogenic cells. When triggered, T cells will initiate DNA synthesis, which
results in the accumulation of cytoplasmic RNA that can be stained by pyronin. The
uitrastructure of T lymphoblasts is characterized by numerous polyribosomes, smooth
endeplasmic reticulum, microfilaments, and microtubules. Activated cells frequently
exhibit characteristic protrusions calied uropods. T cells in comparison with B lvmpho-
cytes contain more lactate dehydrogenase isvenzyme-1, have a higher net negative sur-
face charge, and are more susceptible to freezing and thawing and osmotic damage.
They are also less adherent than B lymphocytes to various surfaces in tissue culture. T
lymphocytes home specifically to the periarteriolar zone of white pulp in the spleen
and to the paracortical area of lymph nodes. Long-lived and short-lived T lymphocytes
can be distinguished. T cells lose their recirculating capacity when activated by antigen.

At least four functional classes of T Iymphocytes may be distinguished: helper, sup-
pressor, delayed-type hypersensitive, and cytotoxic T cells. Helper T cells are needed
for the antigen-driven differentiation of all effector lymphocytes (delayed-type hyper-
sensitive-, killer-, suppressor-T cells, and antibody-secreting B lymphocytes). Suppres-
sor T cells effectively antagonize the initiation of new effector cells during the normal
course of immune responses. Delayed-type hypersensitive T cells have the ability to
migrate specifically to the sites of minor antigen deposits within the tissues. They se-
crete lymphokines that attract other mononuclear cells (macrophages) to the site and
also activate the recruited cells for the elimination of antigenic microorganisms, or
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other antigenic material. Killer (cytotoxic) T cells are able to destroy target cells in an
immunologically specific fashion in vitro and are involved in graft and tumor rejection,
in defense against viruses, fungi, and certain bacteria, and are also responsible for
some autoimmune reactions. In the mouse, these functional subsets of T lymphocytes
can be readily distinguished according to their antigenic markers (Lyt and Ia antigens).
Recently a series of monoclonal antibodies became available commercially that allow
for similar functional distinction of human T lymphocytes on the basis of their specific
antigenic surface markers. Monoclonal antibodies capable of distinguishing T cell sub-
sets have also been produced against rat T lymphocytes..

T lymphocytes are able to recognize antigen specifizally through their surface recep-
tors. Numerous clones exist within the immune system that are able to recognize a
variety of antigen determinants (epitopes). The recognition site of T cell antigen recep-
tors appears to be very similar, if not identical, to the antigen-combining site of cor-
responding antibodies. However, the rest of the T cell receptors do not seem to be
closely related to immunoglobulins. In addition to foreign antigens, some of the helper
and suppressor T lymphocytes recognize class II histocompatibility (Ia) antigens, or
immunoglobulin isotypes, allotypes, and idiotypes. Most killer T cells recognize class
I histocompatibility determinants on their targets.

Regulatory T cells (helper and suppressor) appear to have receptors for the Fc por-
tion of various classes and subclasses of immunoglobulin. Although the function of
these receptors has not been fully elucidated, it seems certain that they are involved in

i

immunoregulation. Apparently, some T cells have receptors for complement compo-

nents as well, especially for C3. The function of complement receptors is largely un-'

known. A peculiar receptor that is present on most human T cells is the one recognizing
sheep erythrocytes (Sheep Red Blood Cells (SRBC), E receptor). Human T cells bind
SRBC under proper conditions, which leads to “‘rosette’’ formation. This reaction is
wide.y used for the routine discrimination and even for the separation of human T cells
from other mononuclear cell types. T cells from other species also bind foreign eryth-
rocytes: marmoset and pig T cells bind to SRBC, guinea pig T cells to rabbit erythro-
cytes, cat T cells to rodent, dog T cells to human and guinea pig, and rat T cells to
guinea pig erythrocytes.

Certain mitogens, such as concanavalin A, or phytohemagglutinin (PHA), stimulate
T lymphocytes, whereas some other mitogens, such as pokeweed mitogen, are capable
of stimulating both T and B cells. Stimulated cells will transform into blasts, synthesize

- DNA, divide, and secrete lymphokines. The reactivity of lymphocytes to various mi-

togens in vitro is used frequently for the evaluation of lymphocyte function, as well as
for the generation of a variety of soluble products
2. B Lymphocytes

In birds, B cells mature in the bursa of Fabricius tha!fconmns stem cells, mature B

cells, and a small number of T cells. In comparison with mammals, the bursa is re- _

garded as a bone marrow equivalent in birds. Bursa! cells are able to respond immu-
nologically when stimulated.

B lymphocytes may be small, medium sized (blasts, proplasmacyie), or large with
abundant cytoplasm and characteristically eccentric nucleus (plasma cell). When stim-
ulated, immunoglobulin production may start in association with free ribosomes in the

cytoplasm. With continuing stimulation plasmdcytes will evolve, which are character- .

ized by a nucleus with coarse chromatin, a well-developed Golgi apparatus, and rough
endoplasmic reticulum. Plasma ceils secrete large amounts of immunoglobulin and are
unable to return to the small lymphocyte stage, but rather, eventually die.

Although B lymphocytes are considered gemerally as nonadherent, they * adhere
loosely to nylon wool, which is used routinely for separating from T cells. Adherence
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to glass bead column and to acrylic acid polymer also has been reported. Human pe-
ripheral B cells form spontaneous rosettes with mouse red blood cells, which may be
used as a B lymphocyte marker.

The most important marker of B cells is surface and cytoplasmic immunoglobulin.
B cells switch the expression of Ig class during their differentiation: IgD is expressed
first, then IgM, which is followed by either IgG or IgA, and perhaps IgE. B lympho-
cytes may also be classified as long-lived and short-lived.

In the chicken the periellipsoidal lymphoid tissue in the spleen is bursa-dependent.
In mammals B cells are localized mainly in the germinal centers of the spleen (in the
red pulp) and lymph nodes. Most B lymphocytes producing IgA are located in intimate
anatomical relationship to mucous membranes, or glandular tissue. The bone marrow
contains 30 to 40% B lymphocytes; in the spleen approximately 60% of the mononu-
clear cells are B cells, in the lymph nodes around 30%, and in the thymus there are
very few B cells, if any (less than 2%).

The most important function of B lymphocytes is antibody formation. Besides an-
tibody formation, B lymphocytes probably perform a number of other functions,
which are not studied very well to date. It seems certain, however, that some B cells
are able to secrete lymphokines and to trigger immunoregulatory events. ;

B cell clones recognize specific epitopes on the antigen by their surface immunoglob-
ulin receptors (IgD and/or IgM). After the binding of polyvalent antigen to surface Ig,
the complexes are redistributed on the cell surface, a contractile event occurs, and then
the complexe; are endocytosed and shed from the membrane. Eventually new receptors
appear on the cell surface. This in vitro cycle, in the absence of cooperative celi inter-
actiops, does not lead to B cell differentiation into secreting plasma cells, whereas it
does so when induced in the proper conditions involving helper cells. Virgin precursor
cells have antigen receptors of the IgM class, regardless of the class of antibody even-
taally secreted. Exposure to antigen induces a shift in receptor class from IgM to IgG.

B lymphocytes also have Fc receptors for various immunoglobulin classes and for
the C3 complement component. Various polysaccharides, such as lipopolysaccharide
(LPS) from Gram-negative bacteria, pneumococcal polysaccharide SIII,.levan from
Corynebacterium levaniformis and dextran, can all function as B lymphocyte mitogens
and are able to induce polyclonal antibody synthesis in vitro. These B cell mitogens
function also as T-independent antigens, since they are able to initiate specific antibody
formation without helper T cells. Pokeweed mitogen is capable of stimulating both B
and T lymphocytes, whereas PHA is not mitogenic for B cells.

C. Macrophages and Monocytes

Arising from the bone marrow, monocytes circulate briefly and then, under steady-
state conditions, randomly leave the blood stream or attach to the wall of sinusoids.
Here they undergo a series of structural and functional alterations, leading to the for-
mation of the tissue macrophage or histiocyte. Their tissue life span is relatively long,
and they continue to actively synthesize a variety of macromolecules in response to
environmental stimuli.

The nucleus is characteristically round-, or bean—shaped, and for this reason, mac-
rophages and monocytes are often categorized as mononuclear phagocytes. The most
characteristic morphological feature of these cells is the abundance of lysosomes in the
cytoplasm. In activated macrophages the number of lysosomes, as well as the enzyme
content of the lysosomes (acid phosphatase, beta-glucuronidase), is increased. In re-
sponse ta certain stimuli, such as foreign bodies, microbial infections, certain mycoses,
parasites (e.g., leishmaniasis), macrophages can transform into multinucleated giant .
cells that arise through fusion of single cells. The spleen and lymph nodes contain a

~macrophage-related cell, characterized by cytoplasmi¢ processes and named dendritic



