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Central nervous system control and
coordination of the thymus & T-cell
function in the immune system




The past 20 years of health science and
research has seen a tremendous increase
in the knowledge and understanding of the
human immune system, mostly due to
cancer and AIDS research. The findings
have completely changed our approach to
health care as we slowly change from a
disease/symptom model to one in which
the function and communication of the
immune system is optimized.

A NEW APPROACH TO IMMUNITY

"The inability of antibiotics to wipe out disease entirely and the emergence of antibiotic resistant
bacteria and super infections have led many distinguished researchers and physicians to conclude
that the answer to disease is not to create stronger medicines. Rather, we say the solution lies in
attacking the disease from the inside out by strengthening the body's natural defense network.” *

Dr. Robert Roundtree, Immunotics

IMMUNE SYSTEM FUNDAMENTALS
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Our bodies are constantly under attack
from  foreign invaders such as
environmental toxins, pollutants, bacteria,
germs and viruses.

The immune system is our body's natural
defense against these attackers. The
immune system is made up of organs,
structures and white blood cells whose job
it is to identify and destroy disease
causing organisms such as bacteria,
viruses, fungi, parasites and even the
body's own cells that have malfunctioned.

The immune system is divided into two
components, non-specific and specific.

The breakdown is for classification purposes only as there is a constant and complex interaction,
coordination and communication between all parts of the immune system.

Non-Specific: also referred to as innate or non-adaptive. They are generally able to distinguish
foreign antigens, but are unable to recognize specific invaders. They will respond to a foreign antigen
in the same manner, despite repeated exposures.



They do not adapt and improve their effectiveness against previously encountered antigens. Non-

specific components include:

Physical Barriers: skin, mucosa, stomach acid
Chemical Agents: lysozymes complement
Effector Cells: macrophages, natural killer cells

Specific: also referred to as acquired immunity or
adaptive. Is able to distinguish foreign cells from self-cells
and can distinguish one foreign antigen from another.
Acquired immunity cells have mechanisms for selecting a
precisely defined target and for remembering the specific
antigen so that subsequent exposures will result in a more
effective and efficient response.

Components of the specific system are broken down into 2 categories, humoral and cell

mediated.

Humoral: are the B cells, which differentiate into plasma cells, which then produce antibodies. B cells
require the assistance of macrophages, T cells, and sometimes complement in order to destroy

foreign antigens.

Cell Mediated: does not involve antibodies but rather involves the production of specific T
lymphocytes or T cells. Cell mediated is directed primarily against antigens embedded in the
membrane of cells. It is most effective in removing virus-infected cells, but it also assists B cells in
defending against fungi, intracellular bacteria and protozoan.

Cellular immunity protects the body
by causing activation of antigen-
specific cytotoxic T cells which
destroy body cells displaying
epitopes of foreign antigen on their
surface; and by stimulating cells to
secrete a variety of cytokines which
influence the function of other cells
involved in the immune and
inflammatory process.

When tissue injury occurs, whether

caused by Dbacteria, trauma,
chemicals or heat, multiple
substances, such as bradykinin,
histamine, prostaglandins, &

serotonin are released which cause
changes in the injured tissue.

Steps of the
Inflammatory Response

The inflammatory response is a body's
second line of defense against invasion
by pathogens. Why is it img that
clotting factors from the circulatory sys-
tem have access to the injured area?

Wound

Skin

Phagocyies engulf
bacteria, dead cells,
and cellular debris.

£ Platelets move out of
the capillary to seal the
wounded area.

P2 Histamines cause capil-
laries to leak, releasing
phagocytes and clotting
factors into the wound.



This process is called inflammation and it strongly activates the macrophages system to begin to
remove the damaged tissue and antigens. Inflammation is a vital part of the healing process and
when it is delayed or inhibited, healing is incomplete.

Thymus and T cell function

The thymus is a small, ductless gland, located in the
anterior section of the chest cavity.

The thymus consists of two lobes that are connected by
aeroler tissue. It is a primary lymphoid organ, and it

often referred to as the "master gland of the immune
Thymus  system.”

In the thymus, lymphoid cells undergo a process of
maturation and selection prior to being released into the
circulation of the immune system. This process allows T
cells to develop self-tolerance (distinguishing self from
non-self).

While developing in the thymus gland, any T cell that reacts

to the thymus's major histocompatibility complex (MHC) is PO A e

eliminated. It is estimated that anywhere from 95-99% of alll g gt e iech sl geanoluns
T cells are eliminated during this process. T cells that o=
tolerate the MHC are allowed to mature and leave the

thymus where they circulate in blood and lymph.

and is displaying antigen fragments
bound 1o its MHC molecules.

Cytokines help
the T cell mature.

The MHC-antigen

The entire repertoire of T cells is approximately 10~ with O amtionn.
the T cell receptor

each T cell having as many as 100,000 receptor sites on its S T OmN e

surface. T cells are classified as cytotoxic or killer T cells, SISO
suppressor T cells, and helper T cells, which are further, s
classified as Thl and Th2 helper T cells. The proper
balance and ratio of these various T cells are critically
important in maintaining proper immunological function. ooy

sacrete some cytokines
" . ) that atiract fresh
The thymus derived lymphocytes or T cells are pivotal t0  macrophages,
"2 neulrophiis and other

the control and homeostasis of the immune system. lymphocytes, and other
cytokines to direct the Some T cells become
recruits once they cytotoxic cells and track down
QMC- Institute of Infection and Immunity P e S Gelis infected with viruses

Although the thymus has historically been thought to only serve a purpose early in life, a growing
body of research is clearly demonstrating that the thymus serves many purposes throughout life.

“Traditional approach has always maintained that the thymus is only functional in the early
part of a person's life and atrophies and remains inert following puberty, but new research

clearly shows that the thymus gland plays a lifelong role in immune function.” 3

Nature




Have we underestimated the importance of the thymus in humans?

Recent immunological research has concentrated on the complex and subtle interactions between
T cells, B cells and accessory cells. In these studies, little attention has been given to the adult
thymus gland.

Compact Modern textbooks of disease and
(hard) bone anatomy all stress that the gland
undergoes fatty involution with age in

—Cartilage man, but omit reference to the
statements here and there in the

- literature that the gland is active and
—— Spongy bone produces lymphocytes throughout life.

Periosteum
(membrane covering bone)

To suggest that bone marrow, which
also builds up fat throughout life, is
atrophic and not important to adults, we
would have to deny all modern
vessels hematological concepts.

Blood Marrow

“Yet few people take a parallel view of the thymus except perhaps those investigating aging
and thymic hormones, in both of these areas of research it is obvious that the thymus must be
active throughout life for continued health.” *

National Library of Medicine

"It has been estimated that complete thymic atrophy would not occur until the age of 120 years
and there is evidence to suggest that even in the very old, sufficient thymic function may be
retained to allow for native T cell differentiation.” °

Frontiers in Bioscience

Research has discovered that the thymus gland produces a variety of hormones. Since 1990, several
different peptide hormones naturally secreted by the thymus gland have been discovered and
clinically tested. These include the Thymosins, a group of 40 related peptides, Thymopotein and
Thymulin. Collectively, these thymus gland hormones have been shown to have a broad range of
action, well beyond maturing and differentiating T cells, including:

e increasing key immune signals called lymphokines or cytokines.

e causing greater number of T cells to develop IL-2 receptors more rapidly.

e increasing rapid white blood cell proliferation and activation.

e preventing tissue wasting that occurs with thymus gland atrophy.

e reduces and controls autoimmune reactions.

e preventing bone marrow injury and blood cells reduction following cancer treatments.
¢ increasing disease fighting antibodies, yet reducing the level of "allergic antibodies".



These are just some of the many ways that thymus gland hormones have been
shown to enhance, balance and restore immune system competence.

Central Nervous System & Immune System

Neuro-endocrino-immunology is a point of intersection in the field of immunology. It is also referred to
in scientific literature as psychoneuroimmunology. The emerging concept is that the cells of the
immune system and inflammatory systems communicate directly with the peripheral and or central

nervous system.
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This connection or communication
pathway is also mediated via the
bloodstream, and therefore involves
hormonal communication. The term
hormone not only signifies classical
endocrine  systems, but also
molecules released by the nervous
and immune systems which have
functional effects from some
distance.

Thus, the brain and the nervous
system are part of a neuroimmuno-
regulatory network in which each of
the various components not only
communicate with each other, but
also regulate additional sites in the
body.

There are two main pathways that connect the brain and the immune system, namely the autonomic
nervous system, (made up of the sympathetic and parasympathetic components), and the
hypothalamic-pituitary-adrenal-axis (HPA). In order for the two systems to influence one another, they
must have a mechanism by which to communicate. The main type of communication is mediated by
chemical messengers which are released by nerve cells, endocrine organs and immune cells.

The immune system is composed of
lymphoid tissues, and the fact that these
tissues are innervated with sympathetic
nerve fibers adds support to the evidence
that the central nervous system directly
influences immune function. Not only do
nerve fibers form neuro-effector junctions
with lymphocytes and macrophages, but
certain neurotransmitters secreted from
these nerves are able to have effects on
distant blood cells.

Neurotransmitter

Axon

stored Iin vesicles

released inlo synapse

Neurotransmitter

Neurotransmitter

attached to receptor
/

Dendrite e

Enzyme that destroys
neurotranamites



The nervous system affects the immune system both directly and indirectly. The direct effect is via the
synapsing of neurons with white blood cells in lymphoid tissues, while the indirect effect is through
blood-borne neurotransmitters and hormones, which activate receptors on the white blood cells

surface.

“Vertebrates achieve internal homeostasis during infection or injury by balancing the activities of
pro-inflammatory and anti-inflammatory pathways. Endotoxins, produced by all gram negative
bacteria, activate macrophages to release cytokines that are potentially lethal. The central
nervous system regulates systemic inflammatory responses to endotoxin through humoral
mechanisms. Activation of afferent vagus nerve fibers by endotoxins or cytokines stimulates
hypothalamic-pituitary-adrenal axis responses.” °

Nature

CNS REGULATION OF T CELL ACTIVITY

Anatomically, all of the lymphoid organs are
innervated and there is a regular pattern of
close spatial relationships between nerve
fibers and T lymphocytes, mast cells and
macrophages.

In addition, specific receptors for several
neurotransmitters have been detected on T
cells, B cells, and monocytes. Thus, the
nervous system is able to:

e Induce T cell function, including
cytokine secretion, proliferation,
integrin-mediated adhesion and
migration.

e Modify T cell membrane potential and
thereby affecting the gating of specific
voltage gated channels.

e Modulate antigen driven, CR
mediated, T cell function.
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"Collectively, the available data indicates that a complex network of interactions between neurons and
T cells is involved in determining the balance between Thl and Th2 regulating signals, which affects

the outcome of the immune response."’

IMMUNOLOGY TODAY



Basic studies shed light on immune function

Immunologists at Oregon State University have recently
uncovered some important clues as to how the immune
system works at a fundamental level. The key, scientists
say, is understanding how some of the T cells, which are
sort of the quarterback of the immune system that directs
other cells to go do their dirty work, can get stimulated to do
their work even better, or tone it down in the case of an
autoimmune conditions.

One of the things that have intrigued scientists is the
apparent correlation between inflammation and a
dysfunctional immune  response, especially  with
autoimmune diseases. Steroid treatments, for instance,
which have strong anti-inflammatory effects, are often used
to treat autoimmune disorders. "But using a powerful steroid
drug, which can have many side effects, to indirectly affect
something as delicate as the immune system is like hitting
an ant with a sledgehammer"”, according to Anthony Vella,
an assistant professor of microbiology at OSU. "What we
have tried to identify is exactly how the process of
inflammation is related to immune function and what cellular
processes are involved." In one recent breakthrough, the OSU research program determined that
inflammation in  conjunction with the
Activated Macrophage TNE-« activation of other T cell stimulatory
molecules can help T cell growth and
increase the number of “fighting" T cells. In
experiments, OSU researchers showed that
injecting mice with an antigen caused
significant death of the antigen-responsive T
cells; however, when inflammation was
present, it prevented the death of these cells.
In cell membranes of certain bacteria, there
is a natural bacterial lipid called
" n. lipopolysaccharide, or LPS. It appears that
Speecdiessie | PS can play a role in causing inflammation,
and keeping activated T cells alive. OSU
researchers have also shown that the LPS inflammatory signal, which prevents T cell death, is
dependent upon IL-1 and TNF stimulation of IL-6. This result is of interest beyond immunology, since
IL-6 is a major factor involved in neurological function. Vella speculates that there may be a potential
link between nervous system and T cell survival.

OSU- Immunology Research Dept.



CYTOKINES: chemical messengers

Cytokines, also known as lymphokines, are low-molecular weight proteins that are involved in
communication between cells. Their purpose is to induce or regulate various immune or inflammatory
responses. Immune system disorders may occur if cytokine production or regulation is impaired.
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There are four major categories of cytokines:

Interferons, so named because they interfere
with replication. The major types of interferon are:
Interferon Alpha (IFNa) Interferon Beta (IFNb)
Interferon Gamma (IFNQ)

Colony Stimulating Factors (CSF), support the
growth and differentiation of various elements
including the bone marrow which regulates the
differentiation of bone marrow stem cells.

Tumor Necrosis Factor (TNF), plays a major
role in inflammatory response and cell apoptosis.

Interleukins, which is the largest group of
cytokines and are so named because their
fundamental function is the inter communication
between various populations of white blood cells.

The range of cytokine effects have found to be far wider with the recent discovery of small proteins
that influence the migration of cells and attract them to the sites where they are needed.

This process is called chemotaxis; the cytokines that emanate from sites of damage to bring in these

cells are the chemokines.

"In the absence of cytokines for the helper T cells, the remainder of the immune system is almost

paralyzed." °

Guyton's Anatomy and Physiology

The importance of the cytokines in the host
response to injury, invasion and infection can
scarcely be overstated. Without them, the
body's ability to fight off pathogens, repair
damage, and maintain health would be
seriously impaired and far less effective. Full
protection against disease, injury, and even
the normal wear and tear of living requires the
participation of many different bodily systems.
It is the cytokines that orchestrate, coordinate
and integrate them.
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Cytokines as bridges that connect the brain and the immune system.

“On the basis of our present knowledge, it can be proposed that at least three main pathways exist
connecting the brain and the immune system: humoral, neural, and endocrine. Cytokines, soluble
transmitters, once considered specific to the immune system, do act and can be produced by the
central nervous system and represents a common chemical language between the two systems.” 1°

Institute of Molecular Biology

1 = Receptor activation: The binding of a signaling
molecule causes a conformational change in a
receptor that activates its function.

..\. Cellular response
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o Signal transduction: The
activated receptor stimulates a
series of proteins that forms a
signal transduction pathway.

"No one could survive without precise signaling in cells. The body functions properly only because the
cells constantly communicate with each other.” **

Scientific American

The immune system is so complex in its relationship
' to organs, glands, and cells that immune
dysfunction and immune suppression can create a
drastic negative effect on the entire health and
homeostasis of the body.

The thymus gland and T cell function play such a
pivotal and important role in generating and
regulating immune response that a deficiency or
imbalance in their function will cause immune
system dysfunction or suppression to occur.




IMMUNE SYSTEM DYSFUNCTION

There are some sixty-five million Americans who suffer from a dysfunctioning immune system

and the number is growing at a rapid rate.

Much of the increase has been due to the
aggressive and invasive approach of treating
symptoms with medication, as opposed to
restoring and maintaining the proper function of
the immune system. Among the manifestations of
immune disorders include

Autoimmune, in which the cells of the immune
system confuse normal body cells with foreign
antigens and attack them. Autoimmune disorders
include: rheumatoid arthritis, asthma, allergies,
lupus, diabetes and multiple sclerosis.

Immunodeficiency disorders are characterized by
a weak immune system response and are often
associated with chronic infections. They include
Epstein-Barr, AIDS, viral infections, otitis media,
and even cancer may result from immune
suppression.

The cause of autoimmune and immunodeficiency disease has yet to be completely understood, and it
is likely that a variety of factors are involved. But a growing number of researchers, including the 1999
Nobel Prize winner in medicine, Dr. Gunter Blobel, are looking at a breakdown in the cell to cell
communication of the immune and nervous system to be a leading contributor of immune system

dysfunction.

Alteration in cell death pathway sheds light on autoimmune disease.

A cells ability to commit suicide, a process scientists call "apoptosis"”, is an important
feature that the body uses to prevent overgrowth of cells and to get rid of cells that it no
longer needs .The National Institute of Allergy and Infectious Disease (NIAID) researchers
describe a mutation in immune system cells in patients with autoimmune
lymphoproliferative syndrome or ALPS, that interferes with cell death. In ALPS patients,
immune cells do not die; instead they remain activated, proliferate continuously, and attack
the body resulting in uncontrolled cell growth. Abnormalities in the communication of these
interacting cells lead to dysregulation of the immune response’ *?

National Institute of Health




Final stage of apoptosis

White blood cell
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Thl and Th2 Iymphocytes and their
characteristic cytokines possess opposite
roles in the regulation of the immune system.
Thl cytokines participates mainly in the
regulation of the cellular defense while Th2
lymphocytes activate B cells and regulate the
immunoglobulin synthesis and switch via their
characteristic cytokines.

As Thl and Th2 cytokines can inhibit the secretion of the opposite type of cytokines, the changes in
this sensitive Th1/Th2 balance is thought to be critical in the pathogenesis of several immunological
disorders. Thl dominance has been described in several organ specific autoimmune diseases
including diabetes, rheumatoid arthritis, and Crohns disease.

"There is now abundant evidence to show that clinical disease including autoimmune disease,
infectious disease and allergic disorders are due to abnormal communication and signaling

pathways in the human body.” =

Harvard School of Public Health

Immune Dysfunction and Stress

Substantial research has clearly
demonstrated that a wide range of
stress can deplete immune system
resources and adversely affect
neurological and biological
communication resulting in abnormal
levels of B and T cells, decreased
responsiveness of natural killer cells,
and fewer IgA antibodies to be
secreted in the saliva.

Stress can be defined as "a state of
disharmony or threatened
homeostasis provoked by
psychological, environmental, and
physiological stressors.

Stress is also invoked as an important
part of the normal response to stimuli
and should not be thought of as an
abnormal reaction since it involves the
“fight or flight" principle.

STRESS RESPONSE SYSTEM
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Much of this response is mediated through
the hypothalamic-pituitary pathway and is
integrated in the hypothalamus to monitor
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.4 / : / and control certain functions such as the
Executiv E ; . . .
funciNRA sympathetic nervous system and endocrine

" : system.

Although stress is generally associated
s with negative connotations, it is a
LAULILAL B faElnt e s double-edged phenomenon. The body
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deprivation, substance The subcortical arousal ] )
abuse, etc.) disengage the system—thalamus, However, a lingering stress response to
frontal lobes. Over ime, hippocampus, brainstem, and . . i
this can lead to impulsive, hypothalamus—mobilizes the non-emergency situations Is bad and can
short-sighted, even violent body for action, increasing lead to chronic health conditions. Stress
behavior; increased heart rate, respiratory rate, '
anxiety; depression; and muscle tone. The nature becomes a hazard to the body when the
alcohol and drug abuse; of this system is to bypass . .
learning disorders; and the frontal executive communication systems of the body are
LRI HE R R HEI T S ey 72 interrupted or overwhelmed by a variety of
diseases. fight or flight mode. ) : i
physical, chemical or emotional
stressors.

Types and Causes of Stress

Physical: The primary cause of communication breakdown is
nerve interference in the spinal column. When the spine is in its
proper, structural position, it protects the nerve pathways and
allows the nervous system to send and receive information.

However, because the spine is moveable, it is also susceptible to

various physical stresses and forces which can cause the spinal
vertebra to lose their proper, structural position. These spinal
misalignments cause abnormal reflexes, loss of normal
mechanoreceptor function, and nerve interference which reduces
the overall effectiveness of the communication of the body.

Chemical: There are more drugs designed to treat and suppress
components of the inflammatory response than any other single
category in the world, in fact there are more drugs whose primary
purpose is to inhibit the normal communication of the nervous and
immune system than all of the rest of the drugs combined.




Drugs may result in a temporary reduction of symptoms, but they do little to improve and optimize the
actual healing process and often lead to dangerous side effects and immune system disorders.

Antibiotics have become a popular weapon in the medical arsenal against
disease. Although no one would argue with the appropriate use of
antibiotics, there is a tremendous volume of research which clearly
demonstrates that antibiotics have been grossly overused resulting in
weakened immune systems and stronger bacteria and foreign microbes.

Emotional: There is an
abundant body of scientific
research to support the
concept that emotional stress has a negative impact on
the immune system. Thoughts and emotions can
trigger complex chemical reactions that affect multiple
body systems and particularly the immune system.
Periods of intense emotional stress can result in
decreased levels of natural killer cells, sluggish killer T
cells, and diminished macrophage activity.

Conclusion

At all biological levels (molecular, cellular, organ), communication between elements is essential for
the proper functioning of system. This communication process is essential to the homeostasis of the
body. The foundation of health begins with a properly function nervous system to the extent that we
can equate levels of function and healing capability with the ability of the nervous system to send and
receive information. The trend in immunological research clearly demonstrates that restoring,
balancing, facilitating and maximizing the communication systems of the body is the key to optimal
health and immune function.

"Pressed by patients and advancing technology,
health care will soon change its focus from
treatment to enhancement, from repair to
improvement, from diminished sickness to
increased performance. The transformation has
already begun. Accompanying this will be an
increased emphasis on psychoneuroimmunology,
the science that deal the minds role in helping the
immune system to fight disease. Which will
become a vitally important clinical field-perhaps
the most important field in the 21st century." **

Michael Crichton, MD
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