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Introduction 

The human immune system is a complex collection of actions carried out by many organs, 
tissues, proteins and specialized cell types. Many details of the immune response remain 
elusive but its basic duty is to protect the body from any foreign, non-self substance. Living 
non-self substances include bacteria, fungi, viruses, parasites, pollen, dead cells and cancer 
cells. Non-living substances include chemicals, drugs, a sliver of wood or metal under the skin, 
etc. Immune cells detect a non-self substance by the antigen(s) located on its surface. 

Antigens are typically the proteins or polysaccharides that are found on the surface of a cell, 
substance, or organism that cause an immune reaction. Pollen, bacteria, viruses, fungi, and 
parasites have many different antigens on their surface. When the immune system detects one 
these foreign antigens it results in a quick and coordinated immune response. Individuals with 
pollen allergies are very aware of how fast the immune system responds to the foreign 
antigens located on pollen as they experience sneezing, mucous secretions and inflammation. 
 

Almost all human cells (muscle, thyroid, pancreas, etc.) 
have human leukocyte antigen (HLA) on its cell surface. 
The immune system learns to view the many antigens on 
human cells as “self”, as normal to the body and not 
something to react against. If a mistake occurs and the 
immune system attacks a healthy “self” cell, it is an 
autoimmune response. The “self” antigen that is mistakenly 
targeted as a foreign substance is referred to as an 
autoantigen. (image: microbenotes.com - a portion of the cell membrane) 

Antigens (non-self substances) are collected by specialized cells and eventually used by B 
cells as a template to create antibodies. The antibodies are created to be a specific match to 
the antigen so they may be used to disable or kill the foreign substance. Example: When a 
person first gets the measles, their immune system makes memory cells from the antigen(s) 
found on the surface of the measles virus. If the virus that causes measles invades the body 
again, the memory cells will quickly multiply and induce the production of antibodies to attack 
the virus before it is able to establish an infection (measles). Basically, this means a person 
has immunity. The whole response, of course, is far more complicated! 

The body has three layers of protection: physical, biochemical and cellular. Physical protection 
includes the epithelial lining of the respiratory and gastrointestinal tracts, cilia, body hair and 
skin. Biochemical protection includes stomach acid, mucus secretions, tears, sweat and 
salivary enzymes. Cellular protection utilizes a variety of white blood cells and messenger 
molecules to coordinate the activities of both the innate and adaptive immune responses.  

There are many types and subtypes of white blood cells and as a group they are known as 
leukocytes. All white blood cells move freely through the body by traveling in the circulatory 
and lymphatic systems and some are able to reside in the tissues. 
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Stem Cells & Blood Stem Cells 

Stem cells are the foundation for every organ and tissue in the body. All stem cells can 
replicate (make copies of themselves) and all stem cells can differentiate (develop into 
specialized cells). There are many different types of stem cells and they are formed at different 
times in our lives. 

Embryonic stem cells only exist at the earliest stages of development and are pluripotent. 
Pluripotent means embryonic stem cells have the ability to differentiate into every cell type in 
the fully formed body except the placenta and umbilical cord. Unlike the embryonic stem cells, 
tissue-specific stem cells (somatic or adult stem cells) are specialized. Tissue specific stem 
cells appear during fetal development and remain in our bodies throughout life to produce the 
cells needed for specific tissues and organs. For example, liver cells produce new liver cells, 
they do not produce muscle cells. 

Red bone marrow contains the hematopoietic stem cells, also called blood stem cells, that 
continuously produce all of the blood cells (white blood cells, red blood cells, and platelets). 
Blood stem cells need to differentiate, become specialized white blood cells and red blood 
cells within the bone marrow before they have function. Hematopoiesis is the process of a 
blood stem cell becoming a white (leukocyte) or red blood cell (erythrocyte) 
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The average production of blood cells within the red bone marrow is 200 billion red cells per 
day, 10 billion white cells per day, and 400 billion platelets per day. In addition to the production 
of blood cells, red bone marrow also helps remove old cells from circulation. Other organs 
such as the spleen and liver, also filter old or damaged blood cells from the blood. 

Yellow bone contains mesenchymal (stromal) stem cells that produce fat, cartilage and bone. 
Yellow bone marrow consists mostly of fat but, if the blood supply becomes extremely low (i.e. 
from an injury that causes blood loss), the yellow bone marrow can be converted to red 
marrow and produce blood cells. 

Bone marrow disease refers to the abnormalities of the blood cells and how they develop. 
Some examples of the bone diseases and disorders include leukemia, myelodysplastic 
syndrome, myeloproliferative disorders, aplastic anemia, iron deficiency anemia and plasma 
cell disorders. Anemia is a condition in which the body does not have enough red blood cells. 

Red blood cell production requires at least iron, B-12, B-2, B-3, folate/folic acid, zinc and 
copper. Copper deficiency is a risk for individuals who consume too much zinc. Zinc is a 
required cofactor for an enzyme that synthesizes the heme portion of hemoglobin. People at 
risk of developing a zinc deficiency are people consuming excess iron, copper and/or dietary 
fiber. The use of supplemental minerals like zinc and copper should be short term. 

In 2008 a research team found a group of stem cells in the bone marrow that remain in a state 
of dormancy until they are needed for an emergency, “such as bacterial or viral infections, 
heavy blood loss, or in the wake of chemotherapy”. When the emergency has passed, this 
group of stem cells will return to a state of dormancy. The research team also found that 
retinoic acid, a vitamin A metabolite, was required for the stem cells to return to a dormant 
state. If retinoic acid is not available, this group of stem cells will mature into various blood 
cells and the reservoir of emergency stem cells will be diminished.(7) 

Platelets (thrombocytes) are the smallest blood cells and are shaped 
like small plates in their non-active form. They become activated and 
bind together to form a clot when they receive chemical signals from 
damaged blood vessels. Binding to form a clot stops bleeding and 
helps repair damaged blood vessels. The blood clotting factors 
thrombin and fibrin reinforce the platelet clot. Vitamin K is critical for 
the formation of the blood clotting factors. 

A low platelet count may occur when bone marrow is damaged by cancer or cancer treatment, 
when blood loss occurs from injury or surgery, or when the platelets are destroyed by 
infections, medicines, or kidney disease. Deficiencies of vitamin B12 and folate/folic acid can 
result in low platelet production within the bone marrow. 

Excess or “sticky” platelets may cause blood clots that lead to strokes and heart attacks. 
“Decreased vitamin E levels in platelets are associated with increased aggregation. This is 
reversible by correction of the vitamin E status. In diabetics, platelet vitamin E levels tend to be 
reduced with concomitant increase in platelet aggregation.” (https://pubmed.ncbi.nlm.nih.gov/8128746/) 
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Immune System Components 

The delivery of chemical messages to immune cells, and the ability of the immune cells to 
travel to the area in need, depend on both the circulatory and lymphatic systems. Blood is a 
connective tissue that carries antibodies, clotting factors, immune cells and other substances 
to cells and tissues that have been damaged or are infected. The lymphatic system is a 
complex network of lymphatic vessels, nodes and organs capable of entrapping foreign cells 
and substances while allowing immune cells to travel through and/or reside and mature into 
specialized cells. 

Lymph nodes are small complex structures that play an important role in fighting infections and 
preventing disease. Hundreds of lymph nodes are strategically located in the body. Each lymph 
node has specialized compartments called lobules or nodules. Each nodule is further divided 
into three main regions: outer cortex, paracortex and the medulla (core). A simplistic view is 
that B cells (B lymphocytes) are found in the cortex, T cells (T lymphocytes) and dendritic cells 
are found in the paracortex, and plasma cells and macrophages are found in the medulla. 

As the lymphatic fluid moves through each node, foreign substances such as toxins and 
proteins from viruses, bacteria, parasites, fungi, etc. are entrapped. The non-self substances 
within the node will then come into contact with and trigger an activation response from the 
immune cells. T cells and B cells do not just reside in lymph nodes, some of them travel 
through the node and circulate throughout the blood and lymphatic systems.(13) 

The spleen is a lymphatic organ that continuously filters blood. It contains numerous 
neutrophils, gamma delta T cells, monocytes, macrophages, dendritic cells, and immune 
substances that kill or remove viruses, bacteria, parasites, dying or foreign red blood cells, and 
other harmful substances from the blood.  

Tonsils contain white blood cells that can disable bacteria, viruses and other pathogens, and 
prevent them from entering the body through the mouth or the nose. 

The thymus gland, also part of the lymphatic system, is essential for the development of the 
adaptive immune system. Put simply, the function of the thymus is to receive immature T cells 
that were produced in the red bone marrow and guide their development into mature (but 
naïve) T cell types. Destruction of T cells that carry self-antigens (cells that will attack health 
body cells/autoimmune response) is also a key function of the thymus. The thymus involutes 
and produces fewer naïve T cells over time. This means that older people have reduced T cell 
diversity and increased susceptibility to infections. A naïve T cell is one that has not yet 
encountered an antigen. 

An organ that is not commonly thought of as part of the immune system is the liver. Newer 
research has revealed an extensive list of immune actions and substances produced within the 
liver by both the hepatocytes and Kupffer cells. Hepatocytes not only biotransform chemical 
toxins and deactivate hormones within in the liver, they also produce 80-90% of the circulating 
innate immunity proteins in the body. The innate immune system substances produced within 
the liver include “bactericidal proteins that directly kill bacteria, opsonins that assist in the 
phagocytosis of foreign bacteria, iron-sequestering proteins that block iron uptake by bacteria, 
several soluble factors that regulate lipopolysaccharide signaling, and the coagulation factor 
fibrinogen that activates innate immunity”.(1) 
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Kupffer cells within the liver are well-known as a type of macrophage that captures and breaks 
down old, worn out red blood cells but they also eliminate most of the bacteria that enter the 
bloodstream. The immune system of the liver consists of Kupffer cells and many specialized 
white blood cells (i.e. T cells, B cells, natural killer cells, and neutrophils) that eliminate 
pathogens within the liver.(2) It shouldn’t be surprising to discover that the liver plays a role in 
both innate and adaptive immune responses. The hepatic portal vein carries blood from the 
gastrointestinal tract, gallbladder, pancreas, and spleen to the liver with approximately 75% of 
the hepatic blood supply arriving from the intestines. This blood supply contains a constant 
stream of food antigens, environmental antigens, and molecules from the microflora of the 
intestinal tract. 

In addition to the systemic innate and adaptive immune responses, there are lymphoid tissues 
located on mucosal linings throughout the body that serve as local immune systems. Mucosal 
surfaces in the nose, respiratory tract, and gastrointestinal tract are common sites of entry for 
microbes. Lymphoid tissues can be thought of as a second line of defense for the organisms 
that get past the physical and biochemical barriers. 

Nomenclature of the lymphoid tissue is based on location, but all of the lymph tissue found on 
mucosa is called mucosa-associated lymphoid tissue (MALT). MALT includes the gut- 
associated lymphoid tissue (GALT), tonsils, Peyer patches, bronchial/tracheal-associated 
lymphoid tissue (BALT), nose-associated lymphoid tissue (NALT), etc. 

The gut-associated lymphoid tissue (GALT) has the largest concentration of lymphoid tissue in 
the body. In addition, the mucosal epithelium of the intestines are host to several immune cells 
such as B cells, T cells, macrophages, antigen-presenting cells, dendritic cells, and mast cells. 
If the immune system within the intestines is so powerful, why do humans have billions of 
foreign microbes living there? In short, the answer is immune tolerance. The paragraph quoted 
below is a good summary. 

“The gut mucosal immune system protects the host from the invasion of infectious pathogens 
and eliminates harmful non-self antigens, but it allows the cohabitation of commensal bacteria 
in the gut and the entry of dietary non-self antigens into the body via the mucosal surface. 
These physiological and immunological activities are regulated by the ingenious gut mucosal 
immune network, comprising such features as gut-associated lymphoid tissue, mucosal 
immune cells, cytokines, chemokines, antimicrobial peptides, secretory IgA, and commensal 
bacteria. The gut mucosal immune network keeps a fine tuned balance between active 
immunity (against pathogens and harmful non-self antigens) and immune tolerance (to 
commensal microbiota and dietary antigens), thus maintaining intestinal healthy homeostasis. 
Disruption of gut homeostasis results in persistent or severe gastrointestinal infection, 
inflammatory bowel disease, or allergic inflammation.”(3) 

Intestinal disruption (dysbiosis) from the use of antibiotics increases the risk of environmental 
and food allergies in children. Possibly because the loss of gut microbiota leads to a reduction 
of Treg cells (regulatory T cells). A growing number of studies show that “intestinal commensal 
microbiota modulate Treg-mediated responses essential for establishing effective protection 
against pathogens and prevention of autoimmunity, food allergy, gut hypersensitivity to gut-
derived antigens, and other unpleasant immunopathologic conditions.”(4)  
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Damage to intestinal mucosa or the epithelium layers is like having an open wound on the 
skin. “Normal” gut microbiota are not harmful within the intestines but they can become 
pathogenic if they enter tissues within the body. If microbes are able to escape through a break 
in the intestinal barrier it is logical that other organisms and substances are also able to 
migrate from the intestines. Bacterial translocation is defined as “the migration of bacteria or 
bacterial products from the intestinal lumen to mesenteric lymph nodes or other extraintestinal 
organs and sites.”(5) 

Damage to the intestines, when in a controlled inflammation state, is remedied by the self- 
healing ability of the body. Cells that form the lining of the small intestine are replaced about 
every five days, the fastest rate for any organ in the body. This quick cell replacement is 
required to heal the intestinal lining from the daily damage caused by the breakdown of food. 
When intestinal inflammation is chronic, the pace of healing may not be sufficient to prevent 
damage or disease. 

A lesser-known component of the immune system is mitochondria. 
Mitochondria have an active role in the function of our immune cells 
by regulating activation, differentiation and survival of immune cells. 
“Immune response and metabolism are closely dependent on each 
other…Depending on the need, immune cells choose a specific 
pathway such as β-oxidation to generate more ATP than glycolysis. 
Thus, ATP and metabolic intermediates provide the signals to 
activate immune responses. Hence, mitochondria, the chief 
organelle for metabolism, have emerged to play crucial roles in the 
maintenance and establishment of immune responses.” (https:// 
www.ncbi.nlm.nih.gov/pmc/articles/PMC6052888/) 

Clinical trials have demonstrated that l-carnitine, alpha-lipoic acid, coenzyme Q10 (CoQ10/ 
ubiquinone), reduced nicotinamide adenine dinucleotide (NADH), membrane phospholipids, 
and other supplements and combinations of supplements “can reduce significantly the fatigue 
and other symptoms associated with chronic disease and can naturally restore mitochondrial 
function, even in long-term patients with intractable fatigue”.(https://www.ncbi.nlm.nih.gov/pmc/articles/ 
PMC4566449/). 

CoQ10 is a cofactor in the electron-transport chain reactions that take place within the 
mitochondria to produce the energy (in the form of ATP) needed for the function of cells. 
Tissues that require the most energy (muscles, heart, liver and kidneys) will have multiple 
mitochondria in their cells. While CoQ10 is synthesized throughout the body, the liver is 
responsible for most of the production. Statin drugs used to lower the production of cholesterol 
within the liver also interfere with the production of CoQ10. It is ironic that statins, which are 
said to protect from heart disease, actually starve the heart of a cellular antioxidant and co-
factor required for healthy heart muscle cells! 

NADH (nicotinamide adenine dinucleotide (NAD + hydrogen) functions as a cellular redox 
cofactor in over 200 reactions and as substrate for certain enzymes. In the mitochondria, 
NADH delivers electrons from metabolite hydrolysis to the electron transport chain, but in its 
reduced form it can also act as a strong antioxidant. Supplementation has historically been via 
NADH precursors, such as niacin, nicotinic acid, or nicotinamide. (https://www.ncbi.nlm.nih.gov/pmc/ 
articles/PMC4566449/) 
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Innate Immune System 

The human body has a spectacular set of first-line defenses to keep harmful substances from 
entering or infecting the body. The first-line defense system is called the innate or natural 
immune system. It is immature at birth but most factors of the system develop very quickly. 
Innate immunity consists of physical, chemical and cellular defenses such as the skin, stomach 
acid, enzymes, mucus, interferon, interleukin-1, macrophages, dendritic cells, basophils, 
eosinophils, neutrophils and natural killer cells.(6) 

Innate immunity is non-specific. It will quickly respond to any pathogen or injury to prevent 
foreign substances from moving throughout the body. Non-specific means that the system will 
launch an attack against the measles virus because it is a foreign substance, not because it 
remembers or knows what the antigen(s) on the measles virus “looks like”. 

Before a substance can move into the deep tissues of the body, it must first overcome the 
physical and biochemical barriers that protect the human body. An obvious physical barrier is 
the outside of the skin. Less obvious are the cells, substances and structures that lie just 
beneath the skin’s surface and include nerve fibers, sweat glands, oil glands, hair follicles, 
keratinocytes, melanocytes and immune cells such as Langerhans cells, dendritic cells, 
various T cells, natural killer cells, B cells, mast cells and macrophages. Antimicrobial 
substances are secreted by the both the keratinocytes and oil glands of the skin for an 
additional layer of protection. 

Physical and biochemical responses also include the production of tears, enzymes in the 
mouth, stomach acid which kills and/or inhibits the growth of pathogens, and cilia and mucus 
secretions in the nasal passages and respiratory tract. The mucus secretions of the respiratory 
and gastrointestinal tract contain antimicrobial substances such as lysozyme, lactoferrin and 
secretory IgA antibody. Despite the many physical and biochemical barriers, pathogens or 
substances may still gain entry into the body through damaged skin or by collecting on 
mucosal surfaces in large enough numbers to overwhelm the mucus or cilia. 

Another layer of biochemical protection is released when trauma or an invading organism or 
toxin damages cells in the body. Damaged tissue cells release, or signal the release of, 
interleukins, histamine, bradykinin, cytokines and prostaglandins. This results in inflammation, 
tissue permeability and the activation of signaling pathways and immune cells. Tissue 
permeability results in swelling as the fluid enters the area of injury. Swelling is an attempt to 
physically isolate the foreign substance while giving the immune cells time to reach the area. A 
local inflammatory response at the site of injury is crucial to the healing process and it 
increases blood flow to the area of injury. Increased blood flow results in an increased number 
of immune factors arriving from the blood. 

The first immune cells to arrive after chemical messages are released from damaged cells are 
the neutrophils and macrophages that circulate in the blood. Additional immune cells 
associated with the innate immune system include mast cells, natural killer cells, dendritic 
cells, monocytes and granulocyte white blood cells. The granulocytes are the most abundant 
immune cells of the innate system and include the neutrophils, eosinophils and basophils. 
Granulocytes are the white blood cells (leukocytes) that secrete antimicrobial proteins and 
enzymes. All white blood cells are called leukocytes. 
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White Blood Cells of the Innate Immune System

Mast cells reside in the tissues and are involved in many activities, including 
wound healing and defending against pathogens. When they encounter an 
allergen or are alerted to an injury to nearby cells, mast cells release histamine 
and other chemicals involved in inflammatory and allergic reactions.

Natural killer (NK) cells are ready to attack as soon as they are formed. They 
have the ability to recognize cancer cells and cells infected with pathogens like 
viruses. Once attached to the defective cell the natural killer cells release enzymes 
and other substances to kill the cell. Natural killer cells also work with the adaptive 
immune system by producing cytokines to activate differentiation of blood cells.

Monocytes are the largest of the white blood cells (leukocytes). They differentiate (develop/
change) into macrophages and dendritic cells as needed.

Monocytes move from the blood and into the tissues when an infection occurs. 
Within the tissues the monocytes will develop into macrophages. The change 
from monocyte to macrophage involves enlarging and producing granules filled 
with enzymes and other substances to help kill or break down foreign, damaged 
or dead cells and other substances. Macrophages are also phagocytes and 
secrete substances that attract other white blood cells to the site of the infection 
and participate in adaptive immunity by helping T cells recognize the invaders.

Dendritic cells are phagocytes when they are immature and antigen-presenting 
cells after they mature. During an infection the mature dendritic cells attach 
themselves to the major histocompatibility complex (MHC), a group of genes that 
produce proteins that attach to both immune cells and antigens. When the MHC 
and foreign antigen are attached to the dendritic cell it is able to activate the T 
and B lymphocytes that carry out the duties of the adaptive immune system.

Phagocytes attach to and wrap around a pathogen or foreign substance to engulf it. Once the 
pathogen or foreign substance is trapped inside the phagocyte it is killed or broken down by 
toxic substances, such as antimicrobial agents, enzymes, nitrogen oxides or other proteins.

Granulocytes include macrophages, eosinophils, neutrophils and basophils. Granulocytes 
contain granules that produce and release substances such as antimicrobial agents, 
enzymes, nitrogen oxides and other proteins to kill or digest foreign substances and 
pathogens.

Neutrophils are the most abundant phagocytes in the body. They circulate 
though the blood waiting for a signal that an intruder has entered the body. Once 
signaled, the neutrophil enters the tissue to engulf and break down the foreign 
substance. Neutrophils also release substances that produce fibers that trap 
bacteria to keep them from spreading and that make them easier to destroy.

Basophils do not ingest foreign cells like bacteria, they respond to allergens 
(antigens that cause allergic reactions). When basophils encounter allergens, 
they release histamine to increase blood flow to the damaged tissues. The 
release of histamine results in swelling and inflammation. Basophils also 
produce chemical signals that bring neutrophils and eosinophils to the area of 
need.

Eosinophils are phagocytes that circulate in the blood stream and primarily 
attack larger foreign cells and parasites. Eosinophils also produce substances 
involved in inflammation and allergic reactions. People with allergies, parasitic 
infections or asthma usually have elevated eosinophils in the bloodstream when 
compared to people without these disorders.
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Adaptive (Acquired) Immunity 

The adaptive immune response is slower than the quick-acting innate system but it provides 
the specific and longer-lasting protection known as immunity. “The term ‘adaptive’ refers to the 
differentiation of self from non-self, and the tailoring of the response to the particular foreign 
invader by the production of antibodies specific to the antigen.”(8) 

As mentioned earlier, an antigen is typically a protein or polysaccharide residing on the surface 
of a cell, organism, or substance that causes an immune reaction. Pollen, bacteria, viruses, 
fungi and parasites have many foreign antigens on their surface. Immune system cells learn 
how to distinguish between antigens on the self-cells that make up the tissues and organs in 
the body and those found on non-self surfaces. 

Immune cells also need to determine which antigens/substances/cells/organisms are harmful 
and which ones should be tolerated. If the immune system was continuously producing 
inflammation and immune factors against food proteins and beneficial bacteria, it would be 
damaging to the body as a whole. The suppression of immune responses towards harmless 
molecules is highly regulated and is known as tolerance. Immune tolerance is an important 
factor in preventing an autoimmune response (i.e., attacking “self” cells). 

 

There are several cells, messenger molecules and actions required to activate the adaptive 
immune system. Some of the most important actions require the antigen information gathered 
during the innate immune response by antigen-presenting cells. Antigen-presenting cells 
(APC’s) are not a new type of cell, it refers to an additional function of some of the same 
phagocytic immune cells that detected, engulfed and digested (broke down) the invader when 
it was first detected within the body. Antigen-presenting cells include macrophages, dendritic 
cells, and possibly neutrophils based on recent research. Before activation and differentiation, 
B cells are also able to serve as antigen-presenting cells. 
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When phagocytes detect, engulf and break down a foreign substance or pathogen, they 
determine which fragments/antigens are unique to the substance’s surface. Phagocytes 
become antigen-presenting cells when they transport the antigen(s) out of their cell and onto 
their surface. To avoid being attacked by other immune cells, the antigen is not the only 
substance that the antigen presenting cell displays on its surface. The antigen is attached to a 
MHC class I or MHC class II molecule to show that they shouldn’t be destroyed - don’t kill the 
messenger! 

The “presenting” is a physical display of the MHC + antigen complex on the 
cell surface so that the B cells and specific T cells can use it to identify the 
correct foreign substance and launch an attack. The antigen information will 
also be used to create antibodies and memory cells to prevent a second 
infection, thereby creating immunity. 

There are two types of MHC molecules. Major histocompatibility complex I (MHC I) is able to 
bind with antigens on the cell's surface and is recognized by CD8+ T cells. Major 
histocompatibility complex II (MHC II) is found only on antigen-presenting cells, such as 
dendritic cells, macrophages and B cells and are recognized by CD4+ T cells. 

What is the difference between the human leukocyte antigen (HLA) system and the 
major histocompatibility complex? All higher vertebrates have genes coding for the major 
histocompatibility complex (MHC) proteins found on the surfaces of their cells. In humans the 
complex is also called the human leukocyte antigen (HLA) system. 

Overview 
T cells, like all blood cells, originate from haematopoietic stem cells which are produced in the 
bone marrow. T cells leave the bone marrow and travel to the thymus via the blood. In the 
thymus these cells mature - each T cell will develop its own T cell receptor that is specific for 
binding to a particular molecule. Helper T cells that develop in the thymus will have a receptor 
that recognizes a specific MHC-peptide complex on antigen-presenting cells (APCs). Before 
leaving the thymus there is a selection process in which the thymus destroys the T cells that 
have developed strong T cell receptors for “self” instead of “non-self” to prevent them from 
attacking the body. 

After passing the “non-self” test, the mature but naïve T cells are released to circulate through 
the peripheral/secondary lymphoid organs (lymph nodes, spleen, tonsils and MALT), each 
ready to encounter a specific antigen and be activated. Any T cell that has not encountered an 
antigen that matches its cell receptor is called a naïve T cell. Naïve T cells have either a CD8+ 
or CD4+ co-receptor that is able to bind to MHC molecules I and II. Naïve T cells differentiate 
into effector T cells after they encounter an antigen and become activated. One effector T cell 
will not be sufficient to launch an attack so, immediately after contact with the antigen, the T 
cell will multiply itself and all the copies will differentiate into effector T cells. 

Helper T cells (Th) help to activate and regulate the adaptive immune response. They 
become activated when antigen presenting cells “show” them an antigen + MHC Class II 
molecule. Helper T cells coordinate immune responses by releasing cytokines, stimulating B 
cells to differentiate into antibody-producing plasma cells, prompting T cells to differentiate into 
natural killer cells and by attracting additional T cells and phagocytes to the site of infection. 
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There are many different subtypes of helper T cells, including: 
• Th1 helper cells develop during the innate immune response when intracellular 

bacteria, fungi, viruses or other pathogens are detected. Th1 cells are defined by their 
production of specific cytokines and lymphotoxins. 

• Th2 helper cells are involved in tissue repair. They secrete cytokines that influence B 
cell differentiation and antibody production and have an important role in the response 
against large extracellular pathogens such as helminths, nematodes and bacteria. 

• Tfh helper cells help B cells produce antibodies.(27) 
• Th17 helper cells protect surfaces (e.g., skin, intestinal lining) from bacteria. 

 
Regulatory T cells (or Tregs) help to suppress the immune system by deactivating effector T 
cells and B cells as needed. An overactive or excessive immune response can damage tissues 
in the body and lead to autoimmune reactions. There is a delicate balance between immune 
reactions and immune suppression to prevent the development of an autoimmune disease. 
The thymus is the crucial organ for the generation of Tregs and the mineral zinc strengthens 
Treg function and stability. 

Memory T cells and memory B cells are formed after the T cells and B cells encounter a 
non-self antigen for the first time. Most of the T cells and B cells that were initially recruited to 
contain and stop the infection (had antigen information) will undergo apoptosis, they will die to 
maintain immune balance. Some memory cells will need to be conserved so that a quick 
immune response can be initiated if the pathogen returns. Memory B cells can survive for 
decades and provide the antibody-mediated response we call immunity. 

B-cells fight bacteria and viruses by making Y-shaped proteins called antibodies. Each 
antibody is an exact match to the non-self antigen and is able to lock onto the surface of an 
invading cell and mark it for destruction. Antibodies are also called immunoglobulins and 
include IgA, IgG, IgM, IgE and IgD. 
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Cytokines: Cytokines are critical cell-signaling molecules that aid cell to cell communication in 
immune responses. They stimulate the movement of various immune cell types towards sites 
of inflammation, infection, and trauma. Cytokines are mainly produced by macrophages and 
lymphocytes but can also be produced by specific leucocytes, endothelial and epithelial cells, 
adipocytes and connective tissue.(9) 

”Dysregulation of cytokine production or action is thought to have a central role in the 
development of autoimmunity and autoimmune disease. Some cytokines, such as 
interleukin-2, tumor-necrosis factor and interferons - ostensibly, the 'bad guys' in terms of 
disease pathogenesis - are well known for the promotion of immune and inflammatory 
responses. However, these cytokines also have crucial immunosuppressive functions and so, 
paradoxically, can also be 'good guys’”.(10) 

Two anti-inflammatory cytokines that target multiple cells are transforming growth factor beta 
(TGF-β) and interleukin-10 (IL-10). TGF-β “tones down the inflammatory effects of TNF, IL-1β, 
IL-2, and IL-12, etc. TGF-β is a potent suppressor of both Th1 and Th2 cells, but foments the 
maintenance and function of Tregs. The importance of TGF-β in the immune system is 
highlighted by the fact that mice lacking the TGF-β1 isoform, which is predominant in cells of 
the immune system, develop severe multi-organ inflammation and die by week 4.” 
(https://www.frontiersin.org/articles/10.3389/fimmu.2014.00491/full) 

The term “cytokine storm” is not a medical term, it refers to cytokine release syndrome (CRS), 
a complex set of actions resulting in uncontrolled inflammation throughout the body. CRS is 
typically a consequence of a hyper-activated immune response against an infection or the 
result of immunotherapy drugs. Severe uncontrolled systemic inflammatory symptoms, in 
addition to acute respiratory distress syndrome, include hypotension, high fever, “circulatory 
shock, vascular leakage, disseminated intravascular coagulation, and multi-organ system 
failure. Laboratory abnormalities that are common in patients with CRS include cytopenias, 
elevated creatinine and liver enzymes, deranged coagulation parameters, and a high CRP.”(16) 

Major types of cytokines

Interferons: types I, II, and III are 
classified based on their receptor 
specificity

Regulation of innate immunity, activation of antiviral properties, 
antiproliferative effects

Interleukins (IL): a diverse family of 
immune system regulators

Growth and differentiation of leukocytes; many are pro- 
inflammatory but also have essential 
immunosuppressive actions (i.e. interleukin-2, 
interleukin 10)(10)

Chemokines: largest family of cytokines 
with at least 44 members

Control of chemotaxis - are able to guide cells of the 
immune system to where they are needed, play a crucial 
role in leukocyte recruitment, many are proinflammatory

Colony-stimulating factors (CSF): 
including granulocyte macrophage CSF, 
macrophage CSF and granulocyte CSF

Stimulation of hematopoietic progenitor cell proliferation 
and differentiation

Tumor necrosis factor (TNF): the most 
researched inflammatory cytokine, one of 
the first cytokines to be released in 
response to a pathogen

Exerts its effects in many organs - in the hypothalamus 
TNF stimulates the release of corticotropic releasing 
hormone, suppresses appetite and induces fever; activates 
cytotoxic T cells, prominent role in the “cytokine storm” but 
also has immunosuppressive actions
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Cytokine release syndrome was first recognized in the early 1990’s when the anti-T cell 
antibody muromonab-CD3 therapy was developed as an immunosuppressive. Several 
antibody-based infusions are known to trigger cytokine release syndrome and include anti- 
thymocyte globulin (ATG), the CD28 superagonist TGN1412, rituximab, obinutuzumab, 
alemtuzumab, brentuximab, nivolumab, and dacetuzumab.(16) 

Cytokine release syndrome may progress to acute respiratory distress syndrome (ARDS). 
ARDS often presents with dyspnea (rapid breathing, not able to catch your breath), hypoxemia 
(below-normal level of oxygen causing shortness of breath) and an abnormal chest X-ray. 
“ARDS may sometimes require mechanical ventilation. Of note, in patients with CRS the need 
for mechanical ventilation is oftentimes not due to respiratory distress but instead a 
consequence of the inability to protect the airway secondary to neurotoxicity.”(16) 

Research articles suggest that vitamins A, B6, B12, C, D, E, and folate, as well as the trace 
minerals zinc, iron, selenium, magnesium, and copper may play a key role in the management 
of “cytokine storms”. The use of EPA (eicosapentaenoic acid) and DHA (docosahexaenoic 
acid) should be considered when the over-activation of inflammation is due to a virus.(18) 

Excessive Th17 cytokine production promotes chronic inflammation and may 
be involved in the development of inflammatory and autoimmune diseases 
such as rheumatoid arthritis, multiple sclerosis and inflammatory bowel 
disorders. The Journal of Nutritional Biochemistry recommends zinc 
supplementation when autoimmune diseases are connected to Th17 cells.(14) 
Zinc deficiency and suboptimal zinc levels negatively alter the number of 
immune cells and their function. 

Tumor necrosis factor (TNF), a proinflammatory cytokine, is involved in the development of 
chronic inflammatory diseases and oxidative stress. TNF also stimulates the cellular release of 
other cytokines and chemokines. The flavone quercetin has been shown to induce the 
suppression of TNF which can result in the stimulation of anti-inflammatory cytokines via 
inhibiting the activation of the nuclear factor κB pathway (NF-κB).(17.20) 

Quercetin has a wide range of biological actions. It is anti-carcinogenic, anti-inflammatory, 
antiviral and reduces lipid peroxidation (oxidation of fats in the body, including the fats in cell 
membranes) and capillary permeability. The main food sources of quercetin include grapes, 
berries, cherries, apples, citrus fruits, onions, shallots, capers, buckwheat, kale and tomatoes. 
Quercetin supplements should be taken with a meal that includes fat/lipids to increase 
solubility and absorption. Quercetin was reported to exhibit both anti-infective and anti-
replicative abilities during viral infections.(19) Vitamin A and E are required to prevent the 
oxidation of fats within the body. 

Selenium is an essential trace element that is required for humans to produce a family of 
proteins called selenoproteins such as glutathione peroxidase(s). It is an essential cofactor in 
enzymes involved in cellular antioxidant defenses. Studies indicate that adequate intakes 
reduce the risk of autoimmune thyroid disease such as Hashimoto's thyroiditis. “Clinical studies 
have demonstrated that in patients with Hashimoto's thyroiditis, selenium supplementation 
reduced thyroid peroxidase autoantibody titers significantly as compared with the control 
subjects receiving placebo.”(28) 
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Selenium stores in the body are used to counter the reactive oxygen species (ROS/free 
radicals) created during an inflammatory immune response. It is known that chronic 
inflammation can lead to selenium deficiency and selenium deficiency leads to increased 
inflammation - a vicious cycle. Increasing selenium-rich foods and/or supplementing with 55-75 
µg/day (µg = microgram) is adequate for most individuals. “The average plasma selenium 
concentration in the U.S. is 70 ng/mL.”(29) The highest selenium-containing foods include meat, 
Brazil nuts, onions, garlic, and Brassica vegetables (broccoli, cabbage, cauliflower, etc.). 
Lowest sources of selenium are cereal crops such as wheat, oats, rye and barley. (28) 

Interleukin-1 and tumor necrosis factor (TNF) are the main pro-inflammatory cytokines involved 
in rheumatoid arthritis. Rheumatoid arthritis is an autoimmune and systemic inflammatory 
disorder that leads to synovial inflammation, destruction of cartilage and bone, and systemic 
damage (lungs, heart, nerves, blood vessels, etc.).(21) New clinical strategies aimed at 
balancing and resolving inflammation instead of suppressing inflammation are desirable but 
will require a better understanding of the immune-regulatory signaling pathways.(22) Systemic 
lupus erythematosus, inflammatory bowel disease, gout and diabetes are also examples of an 
abnormal inflammatory response.(23) 

Magnesium deficiency results in low-grade chronic inflammation which activates leukocytes 
and macrophages and the and excessive production of free radicals. Activation of 
macrophages results in the release proinflammatory cytokines, cytokines IL-1, IL-6 and TNF-α. 
Magnesium deficiency also accelerates thymus involution.(58) 

“Activated vitamin D,1,25(OH)2D, a steroid hormone, is an immune system modulator that 
reduces the expression of inflammatory cytokines and increases macrophage function. Vitamin 
D also stimulates the expression of potent antimicrobial peptides (AMPs), which exist in 
neutrophils, monocytes, natural killer cells, and epithelial cells of the respiratory tract”.(30) 
Vitamin D deficiency has been implicated in the both the susceptibility and pathogenesis of 
autoimmune diseases, such as diabetes mellitus type 1, rheumatoid arthritis and multiple 
sclerosis. The reduction of inflammatory cytokines inhibits a “cytokine storm”.(36) 

There is a large body of research strongly suggesting that mercury exposure 
affects cytokine levels in humans. Thimerosal (ethylmercury) is known to induce 
intracellular oxidative stress by depleting the intracellular glutathione in T cells, B 
cells, and nerve cells of the brain. Immune abnormalities have been shown to be 
associated with glutathione depletion. The use of N acetyl-L-cysteine increases 
intracellular glutathione and “could serve as an effective therapy to reduce 
previous or anticipated exposure to mercury”.(58) Thimerosal is no longer used in 
vaccines except the influenza vaccine - subject to change. 

2005: “The possible health effects of the organic mercury compound thimerosal, which is 
rapidly metabolized to ethylmercury, have recently been much debated and the effect of this 
compound on the immune system is largely unknown…In conclusion, the organic mercury 
compound thimerosal (EtHg) has initial immunosuppressive effects similar to those of MeHg. 
However, in contrast to MeHg, thimerosal treatment leads in genetically susceptible mice to a 
second phase with strong immunostimulation and autoimmunity, which is T-cell dependent, H-2 
linked and may at least partly be due to the inorganic mercury derived from the metabolism of 
ethyl mercury.” (https://pubmed.ncbi.nlm.nih.gov/15808517/) 
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Natural Killer Cells 
Natural killer (NK) cells are essential in the early innate immune response. They kill cancerous 
cells, cells infected with viruses, and pathogens such as bacteria, parasites, and fungi. NK 
cells also have a role in modifying immune responses by producing several different 
chemokines, cytokines and interferons which regulate the activity of neutrophils, dendritic cells 
and T cells. 

When NK cells kill infected cells in the tissues, the microbes inside are released and destroyed 
through phagocytosis by neutrophils and macrophages. Monocytes arrive at the infected tissue 
site after the neutrophils and develop into phagocytic macrophages. As tissue-resident macro- 
phages they provide immune surveillance, respond to infection, resolve inflammation and clear 
cellular debris. (https://www.mdpi.com/2072-6643/12/1/236/htm) 

Until recently, natural killer cells were only known to participate during the innate response and 
it was believed that only T cells and B cells had the ability to form memory cells after exposure 
to an antigen. “NK cells are now thought to have memory cell characteristics such as 
persistence after initial exposure to antigen and a more robust response upon secondary 
exposure. These observations have now been reported by several labs and in response to 
multiple pathogens, including herpesvirus, HIV-1, poxvirus, and influenza. This has broad 
implications for the way we about think adaptive immunity and applications such as vaccine 
development.”(12) 

Autoimmune disease research has focused primarily on T cells, B cells, and 
the inflammatory molecules of the acquired immune system. Recent studies 
have revealed that the natural killer cells have a role in both stimulating and 
suppressing autoimmunity. It is believed that the natural killer cells modulate 
T cell and B cell-mediated autoimmunity.(15) 

Newer research has also revealed that at least some viruses have developed mechanisms to 
infect natural killer cells. Viruses known to infect NK cells include influenza viruses, respiratory 
syncytial virus, and the human immunodeficiency virus. The result of infected NK cells is 
immune suppression by the reduction of cytotoxic function or by triggering apoptosis (cell 
death) which depletes the NK cell population. Individuals with genetic mutations that result in 
low natural killer cells are highly susceptible to opportunistic infections and cancers, especially 
herpesviruses, including cytomegalovirus (CMV), varicella zoster virus (VZV), Epstein-Barr 
virus (EBV), and herpes simplex virus (HSV).(24) 

Viruses have been implicated as a trigger in many autoimmune diseases, including multiple 
sclerosis, type 1 diabetes, Sjogren’s syndrome, rheumatoid arthritis, Crohn’s disease and 
systemic lupus erythematosus. Specific viruses that have been implicated in autoimmune 
disease development include the Coxsackie family (B4, B6 and B1), the herpes family (HHV-6, 
EBV and CMV), and Parvo B19.(26) 

Viruses are not the only organisms associated with the development of autoimmune diseases. 
Numerous studies have shown the clinical association of bacterial and mycoplasma infections 
with RA. Infection is often detected in early RA and can precede the occurrence of clinical 
arthritis. 
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There are many pathogens that may trigger autoimmunity and immunological processes that 
result in the breakdown of immune tolerance, including molecular mimicry.(25) Molecular 
mimicry is a cross-reactivity action that may occur when there are significant similarities 
between a foreign substance (antigen) and substances on the human cells. The result is 
autoimmune disease, autoreactive T and/or B cells. A large body of evidence supports the idea 
that subclinical bowel infections with Klebsiella may induce molecular mimicry resulting in 
ankylosing spondylitis and celiac disease. Vaccines for influenza, hepatitis B and human 
papilloma virus are also suspected of inducing autoimmunity via molecular mimicry.(51) 

Individual nutrient status directly affects how our immune cells function. The function and 
number of NK cells are regulated in part by vitamin A, while vitamins B6, B12, C and E, folate 
and the mineral zinc maintain and enhance cell cytotoxic activity. Zinc influences the activity of 
many enzymes involved in activation, replication and programmed death of lymphocytes. 
Macrophages contain significant amounts of iron and like monocytes, dendritic cells and the 
thymus they have vitamin D receptors. 

Substances that normalize/adjust/modify disease processes are called immunomodulators. 
Several constituents with immunomodulatory activity have been isolated from a variety of 
medicinal herbs and mushrooms and include polysaccharides, polysaccharide proteins, 
triterpenes, lipids, phenols and more. Immunomodulating effects of mushrooms include the 
activation of hematopoietic stem cells, lymphocytes, macrophages, dendritic cells, and natural 
killer cells. The high-molecular-weight β-glucans produced by medicinal mushrooms have the 
ability to bind to the dectin-1 receptors located on macrophages and dendritic cells. “Upon 
binding β-glucan, innate immune cells activate adaptive immune cells such as B and T 
lymphocytes or natural killer cells by secreting various cytokines such as interleukins (IL-4, 
IL-6) and tumor necrosis factor-α. Water-insoluble β-glucans have stronger immunostimulating 
activities than their water-soluble counterparts. β-glucans have antifungal activity that is similar 
to their anticancer activities and is mediated by binding to dectin-1, albeit by an unknown 
mechanism.”(52) 

Turkey tail, Trametes versicolor, has many beneficial properties and is known 
to enhance innate and adaptive immune responses. In addition to β-1,3 and 
β-1,4 glucans, turkey tail contains a unique protein-bound polysaccharide 
(polysaccharopeptide - PSP). PSP can be extracted from the mycelium or 
fermentation broth. “PSP is helpful in improving the survival and quality of life 
in patients suffering cancers, hepatopathy, hyperlipidemia, chronic bronchitis, 
and other complex diseases.”(53) 

Chaga, Inonotus obliquus, extracts have been used for their antibacterial, anti-inflammatory, 
antioxidant and antitumor activities. Cordyceps militaris is a rare combination of a caterpillar 
and a fungus. Traditional healers recommend the fungus for all illnesses and as a tonic 
because they found that it improves energy/stamina/ endurance, appetite and sleeping 
patterns. Lion’s mane, Hericium erinaceus contains a high amount of β-glucan polysaccharides 
and is renowned for providing support to the brain and nervous system. Maitake, Grifola 
frondosa supports normal cell growth and contains several types of glucans that support 
immune health. According to the State Pharmacopoeia of the People’s Republic of China 
(2000), Reishi, Ganoderma lucidum, replenishes Qi, eases the mind, relieves cough and 
asthma, and is recommended for dizziness, insomnia, palpitation and shortness of breath. 
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Adaptive Immunity Continued: Two Responses 

Cellular Immunity and Humoral/Antibody Immunity are the two main divisions of the adaptive 
immune system. The divisions are based on where the immune response takes place - inside 
the cells (intracellular) or outside of cells (extracellular). 

 

Cellular Immunity 

What is the difference between a natural killer cell and cytotoxic T cell? 
NK cells have the ability to kill infected and cancer cells without any antigen information from 
antigen presenting cells. Cytotoxic T cells require information from antigen presenting cells to 
recognize the cancer cell or the cell infected with an organism. 

Cytotoxic T cells, specifically cytotoxic CD8+ T cells, are very effective at the elimination of 
intracellular pathogens and cancer cells by going cell to cell. Cells that are cancerous or 
infected will display an antigen bound to a major histocompatibility complex (MHC I) protein on 
their surface to alert the immune system. Cytotoxic T cells circulating through the blood and 
lymphatic systems will recognize the antigen-MHC I complex on the cell surface and launch an 
attack. The response involves several type/subtypes of T cells and is tailored depending on the 
organism. The sequence of events of course is much more complicated as there are dozens of 
immune components involved. 

To simplify, cytotoxic CD8+ T cells can be divided into four subtypes: naïve, effector, central 
memory and effector memory CD8+ T cells. When a naïve CD8+ T cell encounters an antigen, 
is presented an antigen + MHC 1 complex via an antigen presenting cell, it differentiates into 
effector CD8+ T cells and replicates to produce an effective army (expansion). “Data suggests 
that naïve CD8+ T cells probably undergo up to 19 cell divisions in a week after pathogen 
stimulation, generating a potential 500,000-fold expansion”.(67) It is the effector cells that 
possess the ability to kill targeted cells. After the effector CD8+ T cells have killed the infected 
cells, 90–95 percent of the fighters will die (apoptosis) and the remaining effector CD8+ T cells 
will then differentiate into central memory T cells and effector memory T cells and enter a 
resting state. When the same antigen appears again (the same virus, bacteria, etc.), the 
effector memory T cells will be quickly activated and differentiate into effector CD8+ T cells to 
launch a new immune response. 

Genesis School Of Natural Health: M230 Manual    .18

Cellular Immunity is 
activated when viruses, 
bacteria, or other pathogens 
enter a body cell 
(intracellular). Cellular 
immune responses are also 
used to destroy cancer 
cells.

Humoral (Antibody) 
Immunity responses involve 
the activation of immune cells 
when foreign substances or 
organisms are detected 
outside of the cells 
(extracellular), such as in the 
blood or lymphatics.



Tregs, regulatory T cells, are specialized for immune suppression. When an infection or 
pathogen is cleared, the immune process (release of cytokines and other molecules) needs to 
be stopped to protect the body from excessive inflammation and cell death. “CD8+ regulatory T 
cells are a highly immune suppressive subtype of CD8+ T cells, characterized by suppressing 
the activation and proliferation of reactive effector cells via cell-to-cell contact”.(67) There are 
considerably fewer studies on the role of CD8+ Treg cells when compared to CD4+ Treg cells. 
However, it has recently been confirmed that CD8+ Treg cells have a regulatory role in 
autoimmune disease, infectious diseases and tumors. 
 

Research on the effect of metabolites on Treg differentiation and 
function has primarily focused on vitamins A, D and tryptophan. When 
tryptophan is catabolized, kynurenine is produced and then used to 
generate Tregs while inhibiting Th17 cell development. Indole-3- 
carbanole (I3C) and 3,3’-diindolylmethane (DIM) are derived from 
cruciferous vegetables and promote the production of Tregs.(39) The 
role of vitamin D in the adaptive immune system includes the 
modulation of antigen-presentation cells and the proliferation and 
phenotype of T cells which results in the suppression of inflammation 
and the promotion of immune tolerance.(38) 

Disruption in the development, function, or control of immune cells is considered a primary 
cause of autoimmune and inflammatory diseases. In recent studies, epigenetic modifications 
have been shown to play an important role in the fate of CD8+ T cells and their role in 
autoimmune diseases such as multiple sclerosis, systemic sclerosis, type 1 diabetes, Grave's 
disease, systemic lupus erythematosus, aplastic anemia and vitiligo. “In each of these 
diseases, genes that play a role in the proliferation or activation of CD8+ T cells have been 
found to be affected by epigenetic modifications. Various cytokines, transcription factors, and 
other regulatory molecules have been found to be differentially methylated in CD8+ T cells in 
autoimmune diseases”.(67) 

As often happens in the study of organisms with complex functions, newer research reveals 
the unknowns and often blurs the lines we draw. Cytotoxic T cells, conveniently placed into a 
category of cellular immunity because they work intracellularly, are now known to kill 
organisms outside the cell (extracellular). They have the ability to directly recognize, bind to 
and kill bacteria, fungi, parasites and other microbes without the help of antigen presenting 
cells or other effector cells.(60) It has also been reported that CD8+ T cells can inhibit self- 
reactive/auto-reactive CD4+ T cells and stop the autoimmune disease in a mouse model of 
multiple sclerosis. 

While cytotoxic T cells are very effective at eliminating intracellular pathogens, some viruses 
are able to stop MHC molecules from getting to the surface of an infected cell. Without the 
MHC display on the cell surface viruses are able to avoid detection by many immune cells. 
However, natural killer cells can identify even a reduced number of MHC molecules on an 
infected cell and launch an attack. Unfortunately, some viruses and other pathogens are still 
able to avoid detection and elimination. 

Genesis School Of Natural Health: M230 Manual    .19



Pathogens that commonly circumvent the immune system include Mycobacterium species like 
Mycobacterium tuberculosis, Borrelia species, and the large herpesvirus family. There are 
eight known human herpes viruses that are able to establish a life-long latent infection with the 
ability to reactivate: herpes simplex 1, herpes simplex 2, alphaherpesvirus 3 (varicella zoster), 
herpesvirus 4 (EBV/Epstein-Barr), betaherpesvirus 5 (cytomegalovirus), herpesvirus 6A and 
6B (roseolovirus), herpesvirus 7 (beta-herpesvirus subfamily) and herpesvirus 8 (Kaposi’s 
sarcoma-associated herpesvirus). 

The Epstein-Barr virus is well-known for causing infectious mononucleosis but 
is also associated with the development of Hodgkin’s lymphoma, Burkitt's 
lymphoma, gastric cancer, nasopharyngeal carcinoma and multiple sclerosis 
(MS). EBV may also play a role in systemic lupus erythematosus, rheumatoid 
arthritis and Sjögren's syndrome. 

Research suggests that EBV is involved in all stages of multiple sclerosis including early 
pediatric-onset MS, established relapsing-remitting and progressive MS. The viral model of MS 
is also supported by animal research which confirms that some viral infections lead to 
neuroinflammation, demyelination and neurodegeneration. “Over the past 20 years, 
convergent studies from multiple investigators point to a link between EBV infection and the 
development of MS. MS does not develop in the absence of exposure to EBV, and EBV is a 
'required', but insufficient on its own, contributor in early disease pathophysiology.”(61) 

EBV is one of the most common human viruses and infects 9 out of 10 people worldwide. 
However, the large majority of people do not experience any long-term ill-effects from the virus. 
This is due to the immune system’s ability to maintain lifelong control of the EBV infected B 
cells. “Early control of EBV infection is associated with expansion of innate immune cells, 
primarily NK cells, and of CD8+ and CD4+ T-cells specific for a broad range of EBV proteins 
expressed during the lytic and latent stages of viral infection. Over time, these T-cell responses 
decrease in magnitude but persist for the life time of the host”.(62) Reactivation is usually the 
result of immunosuppression or lowered immune function due to lack of nutrients or increased 
toxicity. 

Herpes viruses are not the only viruses that are associated with multiple sclerosis. Almost two 
dozen viruses, including retroviruses, have been isolated from the brains of MS patients, 
however, EBV, herpes 6A and herpes 6B have received the most attention. Human herpesvirus 
6A and 6B are now known to have the ability to enter the brain and have been associated with 
various neurological diseases, including encephalitis, meningitis, epilepsy and multiple 
sclerosis. “Concerning HHV-6A, a recent study indicated that it might be able to travel through 
the olfactory pathway to reach the brain, thanks to its ability to infect specialized glial cells 
located in the nasal cavity”.(63) 

Almost all autoimmune diseases are the result of several factors, not one organism or 
chemical, or deficiency. Autoimmune disease development is complex and includes various 
immune cells, genetics, epigenetics and molecular, cellular and environmental elements that 
ultimately result in the breakdown of immune tolerance. This breakdown leads to chronic 
inflammation and oxidative stress as dysregulated immune cells release proinflammatory 
cytokines. 
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Epigenetic means “in addition to changes in genetic sequence.” It includes any process that 
alters gene expression without changing the DNA sequence and results in modifications that 
can be transmitted to daughter cells. Epigenetic processes that have been identified so far 
include methylation, acetylation, phosphorylation, ubiquitylation and sumolyation.(65) 

Epigenetic modifications can be altered by external or internal environmental factors including 
bioactive food constituents. It is known that folate, vitamin B-12, methionine, choline and 
betaine can affect DNA methylation and histone methylation through altering 1-carbon 
metabolism. Biotin, niacin and pantothenic acid have important roles in histone modifications. 
Resveratrol, a bioactive constituent in grape skins, can activate the Sirt1. Sirt1 is a NAD- 
dependent enzyme involved in cellular regulation.(66) Metabolites that interact with epigenetic-
modifying enzymes include S-adenosylmethionine (SAM-e), acetyl-coenzyme A (acetyl-CoA) 
and nicotinamide adenine dinucleotide (NAD+).(64) Epigenetic regulation of vitamin D modifies 
the risks of several diseases including autoimmune disorders. 

The most widely-accepted environmental conditions that trigger autoimmunity through 
epigenetic mechanisms are drugs, pollutants, viruses and other pathogens, sex hormones and 
oral contraceptives, radiation, heavy metals and stress-induced hormones. The medications 
that most commonly cause drug-induced autoimmune syndromes are 5-azacytidine, 
procainamide, hydralazine, quinidine, isoniazid, methyldopa, minocycline, chlorpromazine, 
quinidine and phenytoin.(74) 
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Several herbs are well-known for their immune-modulating and antiviral 
properties including, Andrographis paniculata which has immune modulating/ 
stimulating activities that include inhibition of virus replication and enhancing 
the activity of natural killer cells cytotoxic T-cells and phagocytosis. Uncaria 
tomentosa (Cat’s claw/Uña de Gato) is immune modulating without an 
immune-stimulatory effect. Cat’s claw extract is suitable for conditions where 
the immune response is excessive (active autoimmune). Astragalus 
membranaceus promotes antibody production, restores impaired T cell 
functions, increases thymus and spleen function and can activate 
macrophages. In addition, during an infection Astragalus has been shown to 
enhance immunoglobulin (antibodies in the blood) production. 

Humoral/Antibody-Mediated Immunity 
Humoral refers to body fluids such as the lymphatic fluid and blood while humoral immunity 
refers to antibody-mediated immune responses carried out by B cells and specific T cells. For 
every antibody produced there was an antigen (foreign organism or substance) identified by an 
immune cell. Humans will encounter tens of thousands of possible antigens during their 
lifespan and will produce one corresponding T cell and B cell for each one. The sheer amount 
of immune reactions carried out by the human body without mistakes (like autoimmune 
reactions) is an amazing feat. 

Expanding the definition of an antigen: Insoluble antigens include proteins and peptides/ 
amino acid chains. Substances that do not dissolve in water are called insoluble. Soluble 
antigens include substances like polysaccharides (chains of monosaccharides/simple sugars) 
which are able to dissolve in water. B cells are able to detect and bind to soluble or insoluble 
antigens. T cells cannot detect a soluble antigen until it has been processed by an antigen- 
presenting cell. Note: Immunology is an ever-expanding study which results in many 
“however” statements. For example, soluble protein-type molecules have been detected in 
Clostridium perfringens culture filtrates.(73) 

Like T cells, B cells are formed from multipotent hematopoietic stem cells. Unlike T cells, B 
cells do not leave the bone marrow and travel to the thymus for maturation. Instead, B cells 
stay and start the maturing process in the bone marrow. It is within the bone marrow that the B 
cells go through an antigen-binding receptor inspection process. Each B cell that has a self-
reactive antigen is either eliminated via apoptosis or anergy (biochemical inactivation or editing 
of the B cell receptor). B cells that pass the inspection travel to the spleen to complete the 
maturation process and become naïve mature B cells. The inspection process to rid the body 
of self-reactive T cells is carried out within the thymus. 

Activation of the humoral adaptive immune response via T cells begins when a pathogen is 
ingested by an immature dendritic cell. These specialized phagocytes reside in most tissues 
monitoring the area for pathogens. When an organism, or parts of an organism, are detected 
by the dendritic cell’s receptors it engulfs and digests it to find unique molecules, non-self 
molecules that we call antigens. This process activates the dendritic cell to mature into an 
antigen-presenting cell (APC). The dendritic cell/APC will then release signaling chemicals like 
cytokines to alert other immune cells and it will carry the antigen(s) + MHC II complex through 
the lymphatic system and to the lymph nodes.(34) 
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It is within the lymph nodes that the dendritic cell/APC will present the antigen to a naïve CD4+ 
T cell. The now activated CD4+ T cell will proliferate and differentiate into effector cells. Like 
the cytotoxic effector CD8+ T cells, the effector CD4+ T cells are short-lived cells that are 
eliminated after the primary infection is under control. Some of the effector CD8+ T cells will 
differentiate into memory T cells which are able to, will quickly replicate when the same antigen 
is detected again. Dysregulated memory CD4+ T-cells contribute to chronic or recurring 
inflammatory and immune-mediated disorders and to the progression of neoplastic disease 
(causes tumor growth - both benign and malignant).(40) 

B cells, like T cells, travel to and through the lymph nodes and can activate the humoral 
adaptive immune response but they do not require other cells to digest the foreign organism 
and present it to them. B cells are capable of identifying an antigen in its native form via 
receptors and they can engulf and digest the organism or protein particle to collect antigens. 
When B cells break down the organism directly to capture the antigens they will become an 
antigen-presenting cell by displaying the antigen on their surface. B cells also receive antigens 
from antigen-presenting dendritic cells. 

The B cell with the antigen on its surface will attract a CD4+ helper T cell which will bind to the 
B cell at the antigen site and release the cytokines that induce the B cell to develop into a 
plasma cell. The plasma cell will secrete a multitude of antibodies that can travel through the 
blood and attach to the pathogen’s cell surface by locking onto the antigen. The attachment is 
called an antigen-antibody complex and it marks the antigen-bearing cell for destruction by 
phagocytosis. This activation process is called T cell-dependent; it requires a helper T cell. 

 

T cell-independent activation of B cells does not require helper T cells and it occurs when a B 
cell detects soluble antigens. A soluble antigen is simply a unique non-protein part of a 
pathogen or substance that is able to travel within the lymphatic fluid to the lymph nodes and 
bind to a B cell receptor (i.e. bacterial polysaccharides, viral capsids). After the antigen is 
bound to the B cell there needs to be second signal or interaction to induce the B cell to 
proliferate and differentiate into plasma cells. The second signal is believed to be from 
interactions of toll-like receptors with pathogen-associated molecular patterns (PAMPs) or the 
complement system. Plasma cells that result from the activation will produce antibodies 
identical to the antigen that bonded to the B cell receptor. What is unique to the T cell 
independent activation of B cells is that response is short-lived and does not result in the 
production of memory B cells. The reaction however is very fast acting and effective. 
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Immunologic memory involves both T cells and B cells and is defined as the ability to generate 
a more effective immune response after the second encounter with an antigen. The first time a 
specific pathogen enters the body (primary infection) it can take up to 15 days to produce a 
sufficient amount of antibodies to conquer the invasion. A secondary antibody response is fast 
and results in the secretion of non-IgM antibodies. Antibodies, also called immunoglobulins, 
are complex proteins designed to bind to the antigens, activate the complement system, and 
send out chemical messengers. This secondary response from memory cells often destroys 
the pathogen before an individual even notices a symptom. 
 

Antibodies protect the host from infection in three main ways: 

Neutralization: To enter cells, viruses and intracellular bacteria bind to specific molecules on 
the cell surface. When antibodies bind to the pathogen it can prevent their ability to enter the 
cell. Antibodies can also bind to bacterial toxins which prevents from entering cells. 

Opsonization: The immune process which uses opsonins to mark foreign pathogens for 
elimination by phagocytes is called opsonization. An opsonin is an antibody or other substance 
which binds to a foreign microorganism or cell and makes them more susceptible to 
phagocytosis. Without an opsonin such as an antibody, the negatively-charged cell walls of the 
pathogen and phagocyte repel each other. 

Complement Activation: The complement system is a part of the innate immune response 
that bridges the innate and adaptive immune responses. Activation results in complement 
proteins (opsonins) binding to the pathogen surface, recruiting phagocytic cells to the site of 
infection and releasing enzymes that breakup the cell surface of a pathogen or foreign cell. 
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An antibody molecule is basically shaped like a Y and can be 
divided into two main parts, the variable part and a constant part. 
The variable part is where the unique antigen will be attached to 
the matching receptor. Because each antigen is unique to the 
microorganism that needs to be targeted, the receptors on T cells 
and B cells change the shape of their receptors. Variability of cell 
receptors is accomplished by genetic rearrangement of gene 
segments that control the shape and function of receptors. The 
constant part of the antibody will have one of five immunoglobulin 
classes of antibody molecules attached: IgM, IgG, IgE, IgD or IgA. 

IgM: This immunoglobulin is first to be produced in response to infection. IgM antibodies bind 
to B cells and travel on their own through the blood to bind to the invader that started the 
process. When IgM attaches to a microorganism it helps phagocytes recognize and engulf the 
pathogen and also activates the complement protein system. It is also the first immunoglobulin 
class to be produced by a newborn baby. 

IgG: This class of antibodies are produced when a specific antigen is encountered again - 
secondary immune response. IgG activates the complement protein system and provides long- 
term immunity against bacteria, viruses, fungi, and toxic substances produced by pathogens. 
IgG is the most abundant class of antibodies in the blood and is also found in the extracellular 
fluid that surrounds every cell. A mother’s IgG antibodies protect the infant until its own 
immune system can produce antibodies. 

IgE: These antibodies trigger immediate allergic reactions. IgE binds to basophils in the 
bloodstream and to mast cells in tissues. When basophils or mast cells are bound to IgE 
antibodies they release histamine and other inflammation producing molecules. IgE's main 
function is to provide an immune response to eliminate parasites (protozoans, helminths, etc.) 
While small amounts of IgE are always present in the bloodstream and mucus of the digestive 
system, the amounts are higher in individuals with asthma, chronic allergies and parasitic 
infections. 

IgD is found mainly on the surface of immature B cells and is usually co-expressed with 
another cell surface antibody, IgM. Its exact function is still disputed but it appears that it acts 
as an antigen receptor required for B cell activation. IgD is also reported to bind to basophils 
and mast cells and activate them to produce antimicrobial factors. It is also believed to play a 
role in eliminating B-lymphocytes that produce self-reactive autoantibodies. 

IgA: When IgA binds to the antigens on pathogens it inhibits their ability to invade epithelial 
cells and it neutralizes bacterial toxins and viruses. Epithelial cells include the mucous 
membranes of the nose, eyes, lungs and digestive tract. IgA antibodies are found in body fluids 
such as sweat, saliva, mucus and colostrum. IgA deficiencies are commonly seen in patients 
with autoimmune diseases and allergic disorders. Vitamin A and its metabolite, retinoic acid 
(RA), are crucial for maintaining homeostasis of the intestinal barrier and play an important role 
in the control of inflammatory diseases. Retinoic acid is also essential for the production of IgA 
antibodies and accelerates B cell maturation and differentiation into plasma cells. In addition, a 
deficiency of vitamin A and zinc leads to a decrease in serum IgA which reduces humoral 
mucosal immunity.(54) 
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Complement System 
The complement system is a crucial component of the cellular immune system consisting of 
more than 30 proteins found in the bloodstream. Of the nine major complement proteins, 
complement C3 is the most prominent. “Circulating blood C3 levels are important assessment 
tools for monitoring treatment efficacy in patients with autoimmune disorders. Individuals 
suffering from a C3 deficiency are more susceptible to bacterial infections”.(55) One of the 
diseases that often causes abnormal C3 levels is systemic lupus erythematosus (SLE). 

The overall action of the complement system is to support other parts of the immune response 
by making a foreign cell or pathogen more susceptible to phagocytosis and by triggering 
inflammation. Complement C3 proteins are able to covalently bind to specific patterns located 
on pathogens in the bloodstream and are then carried into the cell cytosol when the microbe 
(bacteria, parasite, virus, etc.) enters.(31) “Once inside the cell, the presence of C3 triggers both 
immune signaling and degradation of the internalized pathogen. The discovery of this pathway 
reveals that cells possess an early warning system of invasion that works against a diverse 
array of pathogens and does not require recognition of any specific pathogen molecules”.(55) 

Most of the complement proteins are synthesized in the liver but some are produced at sites of 
inflammation and several immune cells are now known to produce various complement 
proteins including macrophages, fibroblasts and endothelial cells. Functions include attracting 
immune cells to the site of infection, directly damaging the cell walls of pathogens, widening 
blood vessels and the removal of substances like damaged cells, dead cells, pathogens and 
immune complexes that are no longer required. 

Like other components of the immune system, the activation of the complement system is 
tightly regulated to minimize damage to healthy cells and includes a phase of deactivation to 
stop the immune response. Compliment C3 protein activation is a cascading event with at least 
three pathways. 

• The Classical Pathway is activated when complement proteins C1q, C1r, C1s, C2 or C4 
bind directly to a pathogen or an antigen-antibody complex. This results in a cascade of 
events that leads to the production of the enzyme C3 convertase.(32) 

• The Mannose-Binding Lectin Pathway is similar to the classical pathway except it is 
activated by mannose-binding lectin (MBL), a protein produced in the liver and able to 
detect mannose on the surface of pathogens. This pathway eventually produces C3 
convertase. 

• The Alternative Pathway is primarily activated in the presence of bacterial endotoxin. An 
immediate cascade of actions results in the production of C3 convertase. 

Deficiencies of components that clear immune complexes and dying cells within the 
complement system’s pathways are closely associated with the development of the 
autoimmune diseases systemic lupus erythematosus (SLE) and rheumatoid arthritis (RA). 
“Small complexes are cleared from the circulation when they bind to complement receptors on 
macrophages in the spleen and liver…Dying cells, if not cleared by non-inflammatory Classical 
Pathway activity, may serve as sources of altered self-antigens with the potential for inducing 
autoantibodies.”(33) 
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Cytokines and Immune Function 
Cytokines are often vilified because of the role they play in inflammation. However, the function 
of cytokines is to regulate both the innate and adaptive immune responses. Cytokines that 
regulate adaptive immunity are produced primarily by antigen-activated T cells. Cytokines that 
regulate innate immunity are produced primarily by phagocytes such as macrophages and 
dendritic cells but can also be produced by T-cells, natural killer cells, endothelial cells and 
mucosal epithelial cells. 

The production of cytokines during the innate response is usually in response to pathogen- 
associated molecular patterns (PAMPs), unique molecules found on pathogens but not on 
human cells. PAMPs include bacterial lipoproteins, lipopolysaccharides and bacterial and viral 
nucleic acid (DNA or RNA). Immune cells identify the unique pathogen molecules with their 
pattern-recognition receptors. Pattern-recognition receptors include the Toll-like receptor (TLR) 
family, a group of 10 proteins able to recognize PAMPs. Toll-like receptors function as first 
responders and activate the innate and adaptive immune responses which include the release 
of cytokines and chemokines. 

Chemokines are a group of cytokines that enhance the ability of white blood cells to migrate 
from the blood to the tissues at the site of inflammation. This is accomplished by increasing the 
affinity of adhesion factors to leukocytes. Chemokines also induce some immune cells to 
release cytotoxic chemicals and others to engulf and digest damaged tissue. In addition, 
chemokines regulate the movement of B cells, T cells and dendritic cells to the lymph nodes 
and spleen. Excessive production of chemokines leads to the damage of healthy tissue “as 
seen in rheumatoid arthritis, pneumonia, asthma, adult respiratory distress syndrome (ARDS) 
and septic shock”.(68) 

Tumor necrosis factor (TNF) is a pro-inflammatory cytokine originally identified as an anti- 
tumor protein molecule. During acute inflammation it is responsible for the signaling events 
within cells that lead to necrosis or apoptosis. In addition, TNF stimulates endothelial cells to 
produce ligands for white blood cell integrins. “Integrins are complex leukocyte-specific 
adhesion molecules that are essential for leukocyte trafficking, as well as for other 
immunological processes such as neutrophil phagocytosis and reactive oxygen species 
production, and T cell activation”.(68) While details of the numerous molecules stimulated by the 
action of TNF are beyond scope of this manual, the results include TNF induced fever, 
apoptosis or necrosis, inflammation, synthesis of collagen for scar tissue formation, activation 
of macrophages and inhibiting viral replication. In excessive amounts TNF can cause systemic 
complications such as the shock cascade. 

Interleukin-1 (IL-1) regulates acute inflammatory responses and works with TNF to enhance 
inflammation. IL-1 also activates the coagulation pathway (tissue healing), breaks down fat for 
energy, induces fever and sleep, activates macrophages, stimulates the liver to produce 
compliment proteins and stimulates endothelial and white cells to produce adhesion factor. 
The adhesion of white cells to vascular endothelium is necessary for the inflammatory process 
and the movement of immune cells into the interstitium spaces (the fluid-filled spaces between 
cells as well as internal organs, muscles and the circulatory system). 
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Interleukin-2 is mainly produced by CD4+ T cells in secondary lymphoid organs. IL-2 
stimulates the production of antibodies by B cells, activates regulatory T cells, increases the 
ability of natural killer cells to kill tumor cells and increases the synthesis of other cytokines. 

Interleukin-4 is the main stimulant for the production of IgE antibodies and the development of 
T helper 2 cells (Th2) which are needed to rid the body of helminths. IL-4 is produced mainly 
by Th2 cells and mast cells. 

Interleukin-5 is a growth and activating factor for eosinophils to conquer helminths. It also 
stimulates the proliferation and differentiation of antigen-activated B cells and the production of 
IgA. IL-5 is mainly produced by Th2 cells. 

Interleukin-6 is produced by many immune cells including T cells, macrophages, monocytes 
and endothelial cells. IL-6 stimulates the liver to produce the complement proteins needed 
during the acute phase of infection. IL-6 also stimulates the proliferation of B cells and 
increases the production of neutrophils. 

Interleukin-10 (IL-10) is a major immunoregulatory cytokine of the innate and adaptive 
immune responses. It regulates activated macrophages and dendritic cells during an infection 
and suppresses proinflammatory cytokines when the infection is cleared and the body goes 
into the recovery phase. Excessive immune activation results in tissue damage, autoimmunity 
and allergies.(69)  

Interleukin-12 (IL-12) induces the early innate immune responses to intracellular pathogens. 
IL-12 stimulates T cells and natural killer cells to produce interferon-gamma, increases the 
killing activity of cytotoxic T and natural killer cells, and induces the differentiation of naïve 
CD4+ T cells into interferon-gamma producing helper T cells. 

Interleukin-15 (IL-15) stimulates the proliferation of natural killer cells and memory CD8+ T 
cells and is involved in many functions of types of white blood cells. Its prominent role is in the 
development of innate and adaptive immune responses to bacteria and parasites. 

Interleukin-18 (IL-18) stimulates the production of interferon-gamma by natural killer cells and 
T cells and thus which induces cellular immune responses. It is produced mainly by 
macrophages. 

Interferons are a family of critically important cytokine mediators involved in 
alerting the cellular immune system to a viral infection. Type I interferon (IFN- 
alpha and IFN-beta) is secreted by virus-infected cells, type II interferon (IFN- 
gamma) is mainly secreted by T cells, natural killer cells and macrophages. 
Interferons interact with specific cell receptors which ultimately lead to the 
expression of antiviral and immune modulatory genes. 

Interferon-gamma (IFN-γ) is a cytokine that has a role in many immune processes including, 
macrophage activation, antiviral and antibacterial immunity, antigen presentation, activation of 
the innate immune responses, regulating Th1/Th2 balance and controlling cellular proliferation 
and apoptosis. IFN-γ also induces the production of MHC-I and MHC-II molecules which are 
required for cellular immunity. 
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The production of interferon-gamma by T cells and natural killer cells inhibits viral replication. 
However, if not tightly regulated, it leads to excessive inflammation, tissue damage and 
autoimmune disease. While regulatory T cells (Tregs) play a critical role in the prevention of 
autoimmune disease via regulation of several proinflammatory cytokines, excessive interferon- 
gamma (IFN-γ) has been directly linked to inflammatory arthritis/rheumatoid arthritis, type 1 
diabetes, multiple sclerosis, lupus and lipopolysaccharide mediated endotoxemia (metabolic 
endotoxemia).(35)(70)

 

Rheumatoid arthritis (RA) is an excessive and systemic inflammatory disease which results in 
bone erosion and severe cartilage damage. There are several proinflammatory cytokines 
involved, however, IL-17, TNF and IL-6 are consistently shown to promote excessive 
inflammation in the synovium and synovial fluid of patients with RA. Bone erosion is due to 
over-active osteoclasts. The bone tissue in humans is renewed and reconstructed continuously 
with a balance between osteoblastic bone formation and osteoclastic bone resorption. 

The etiology (cause) of RA is said to be unknown. Almost all diseases, not infections, are 
labeled as “cause unknown”. The reason for this is that there are multiple pathways to the 
same set of symptoms. Based on the set of symptoms, labs and progression, a diagnoses/ 
name of disease will be given. Some of the pathways to RA and other autoimmune diseases 
include factors such as bacteria, mycoplasmas, viruses, low nutrient status, toxicity (heavy 
metals, pesticides, etc.) and increased intestinal permeability (leaky gut). 

Key nutrients to support the bones in RA patients are magnesium (100 to 200% RDA), calcium 
(30% to 50% RDA) and vitamin D3 (1,000 to 2,000 IU per day). Some studies have found that 
serum zinc and calcium levels are low while copper is significantly higher when RA patients are 
compared to controls. Many studies have shown that vitamin D is significantly lower in RA 
patients, especially when in an ‘active disease state’ (more severe symptoms). 

Magnesium deficiency causes low-grade inflammation and increases the production of 
inflammatory cytokines (IL−6, TNF, etc.) which stimulate bone remodeling and osteopenia via 
the activation of immune cells, especially macrophages. Magnesium deficiency indirectly 
damages bones by disrupting the homeostasis of parathyroid hormone and vitamin D, the two 
main regulators of calcium. Intracellularly, magnesium is required for the synthesis of ATP 
(energy used by cells), is a cofactor of hundreds of enzymes involved in lipid, protein and 
nucleic acid (DNA and RNA) synthesis and plays a key role in the pathways that regulate 
immune cells. Magnesium homeostasis depends on absorption from the gastrointestinal tract 
and excretion via the kidneys. High serum magnesium is the result of kidney failure or poor 
kidney function. “Since Mg is a calcium antagonist, it is feasible to propose that high 
concentrations of Mg alter calcium/Mg ratio, thus leading to dysregulated cell functions”.(76) 

“Another aspect to consider is the evidence that adults on a western diet develop a low-grade 
acidosis which is intensified by aging. Recently, the acid load imposed by this diet has been 
suggested to play a role in the pathophysiology of osteoporosis. Indeed, metabolic acidosis 
has been shown to lead to calcium loss from bone, to inhibit osteoblast function and stimulate 
osteoclast activity and to impair bone mineralization. Accordingly, a neutralizing diet improves 
bone micro-architecture and bone mineral density. It is therefore feasible that part of the effects 
of Mg on the skeleton is due to its capability to act as a buffer for the acid produced by the 
typical western diet”.(76) 
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Individually, omega 3, zinc and coenzyme Q10 (CoQ10) supplements have been shown to 
have anti-inflammatory actions in individuals with rheumatoid arthritis (RA). A recent study 
found that using a combination of omega 3, zinc and CoQ10 reduced inflammation by 
decreasing the expression of interleukin IL-6, IL-17, tumor necrosis factor and interferon. There 
was also a decrease in osteoclastogenesis, the development of osteoclasts from blood 
monocytes/macrophages.(77) 

Products of oxidative damage are commonly found in MS brains and are associated with the 
development of inflammation, demyelination and neurodegeneration. CoQ10 supplementation 
has been shown to reduce proinflammatory cytokines and improve depression and fatigue. 
“We observed a reduction of cytokines determining chronic inflammation within the central 
nervous system (i.e. GM-CSF, IFN-γ, IL1-α, IL-2R, IL-9, IL-17F, TNF-α), of chemokines 
suppressing the activity of microglia towards brain repair, and of molecules enhancing 
lymphocyte activity and subsequent brain damage. At the same time, we showed an increase 
of IL-4 and IL-13, that exert a neuroprotective role through suppression of pathologically active 
macrophages and microglia”.(75) 

Intestinal Permeability, Gut Microbiome, Bacteria and Autoimmune 

The role of intestinal permeability and the gut microbiome in autoimmune disease 
has been the focus of many recent studies. An important site for development of 
pTregs (peripheral regulatory T cells) is the colon where a large population of 
regulatory cells are required for intestinal homeostasis. Several microbial 
metabolites have been found to enhance Treg expansion and function including 
short-chain fatty acids and the bacterial molecule polysaccharide A (PSA ) from 
Bacteroides fragilis. B. fragilis is part of the normal microbiota of the colon but can 
cause infection if displaced into the bloodstream or surrounding tissue following 
surgery, disease or trauma. 

While the vast majority of microbes in the intestines are bacteria, the gut microbiome consists 
of bacteria, fungus, and protists/parasites. Our gut is home for up to 1000 different species of 
microbes, over 100 trillion microbial cells. This microbiome influences physiology, pathology, 
metabolism, nutrition and immune function. Recent evidence has demonstrated that normal 
microbiome modulates various systems in body, and “thus the concepts of the gut–brain axis, 
gut–liver axis, and gut–lung axis have been proposed, examined, and accepted by the majority 
of researchers. Indeed, disruption of the gut–lung axis has already been associated with 
respiratory diseases, the mechanisms by which the gut microbiota affects the immune 
responses in distal lung, however, still remain poorly characterized”.(78) 

The brain-gut axis encompasses the gut microbiome, intestinal barrier and the immune 
system. Individuals with MS have been shown to have an altered microbiome, increased 
intestinal permeability and changes in bile acid metabolism. “A more recent study confirmed 
this finding; up to 70% of MS patients had increased intestinal permeability. It has been 
hypothesized that an altered intestinal barrier might lead to bacterial translocation thus 
allowing the passage of noxious molecules such as microbial associated molecular patterns. 
This could then alter peripheral immune responses or allow these molecules to enter the CNS 
and alter neuroimmunity.”(72) 
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Lipopolysaccharide (LPS) is a component of the outer membrane of gram-negative bacteria 
capable of inducing inflammatory reactions. Increased intestinal permeability leads to the 
transport of lipopolysaccharide into the blood and lymphatic systems.(71) When blood levels 
contain elevated levels of lipopolysaccharides the condition is called metabolic endotoxemia. 
Examples of gram-negative bacteria include Salmonella, Escherichia coli, Klebsiella, Proteus, 
Enterobacter, Citrobacter, Yersinia, Shigella, Neisseria, Haemophilus spp., Helicobacter pylori, 
and Chlamydia trachomatis. Gram-negative bacteria are a significant public health problem 
due to their resistance to antibiotics. There are several studies that have linked LPS to 
autoantibodies/self antigen-specific T cells linked to autoimmune diseases.(79) 

Klebsiella pneumoniae are a natural resident in the mouth of healthy individuals. They are also 
resistant to most drugs and well-known for causing hospital-acquired bacterial pneumonia and 
urinary tract infections. When antibiotic use disrupts the microbiome balance, K. pneumoniae 
can colonize in the intestines and activate Th1 cells and weaken tolerance for the oral bacteria 
reaching the intestine. Starch is the main source of K. pneumoniae growth in the colon and in 
genetically susceptible individuals, the overgrowth could trigger ankylosing spondylitis (AS) or 
Crohn's disease (CD). “AS and CD are shown to be two interrelated conditions mainly based 
on the existing genetic and immunological features. The main pathogenetic mechanism which 
can explain this linkage is “molecular mimicry” or “cross-reactivity” between Klebsiella 
pneumonia and target tissues”.(80) 

Ankylosing spondylitis (AS) is a chronic condition included under a group called 
spondyloarthropathies (SpAs) and a large body of studies have linked K. pneumoniae to the 
initiation and development of these diseases. “SpAs are interrelated conditions which share 
certain associated clinical, laboratory, radiological, and genetic manifestations such as 
inflammatory back pain caused by spondylitis/sacroiliitis, as well as asymmetric oligoarthritis, 
enthesopathy, anterior uveitis, positive family history, and association with HLA-B27 genes, but 
without positivity for the rheumatoid factors”.(80) SpA diseases include reactive arthritis, 
psoriatic arthritis and arthritis associated with inflammatory bowel disease (IBD) which includes 
Crohn's disease (CD) and ulcerative colitis (UC). 

A wide variety of bacterial infections have been associated with rheumatoid arthritis (RA). 
However, Porphyromonas gingivalis, Proteus mirabilis, Prevotella copri, Escherichia coli, 
Mycoplasma arthritidis, M. pneumoniae, M. salivarum, and M. fermentans, has been strongly 
associated with RA. There is often a systemic infection with more than one species in RA 
patients. Bacterial DNA isolated from rheumatoid arthritis (RA) and juvenile arthritis has 
included Haemophilus influenzae, Bordatella and Yersinia. 

Several countries have noted that their RA patients have antibodies to the urinary microbe 
Proteus mirabilis. Molecular mimicry between Proteus mirabilis haemolysin, urease and 
hyaline cartilage seem to play a key role in the development of RA. “Since several studies 
have shown that antibiotics, such as minocycline, sulfasalazine, clarithromycin and 
levofloxacin are effective in the treatment of RA, the question arises whether multi-centre 
studies should be carried out using Proteus-sensitive antibiotics together with a high fluid 
intake as well as the currently used medical treatments including biologicals, to assess their 
therapeutic effectiveness in this disease”.(81) Proteus mirabilis in the gut is associated with 
Crohn’s disease and can induce inflammation in cells and animal models of colitis. 
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Campylobacter jejuni, Haemophilus influenzae and Mycoplasma pneumoniae have been 
implicated as probable causative agents of Guillain-Barre (GB) syndrome. GB is associated 
with the presence of antibodies against galactocerebroside, which is a major component of 
myelin. “More recently serology and PCR (polymerase chain reaction) have provided ample 
evidence of Chlamydia pneumoniae, Borrelia burgdorferi, Mycoplasma species, human 
herpesvirus-1 and -6, among others in MS, amyotrophic lateral sclerosis, Alzheimer’s and 
Parkinson's disease”.(82) 

Graves’ disease and Hashimoto’s disease are the most common autoimmune thyroid disorders 
in the United States. Graves’ disease (GD) is found in up to 80 percent of hyperthyroidism 
cases and commonly leads to thyroid hyperplasia (causes a diffuse goiter), ophthalmopathy, 
weight loss, nervousness, tremors, palpitations and excessive sweating. While rare, GD may 
cause alternating hyperthyroid and hypothyroid responses. Hashimoto’s, also known as 
chronic lymphocytic thyroiditis, is an autoimmune disorder involving chronic inflammation of the 
thyroid and hypothyroid function. 

Graves’ disease is often associated with additional autoimmune diseases like pernicious 
anemia, celiac disease and autoimmune hemolytic anemia. In addition, liver dysfunction is 
common and presents as increased levels of alkaline phosphatase, alanine aminotransferase 
and gamma-glutamyl transpeptidase. The use of antithyroid medications, especially 
propylthiouracil, methimazole and carbimazole, have been associated with liver dysfunction 
which can complicate treatment.(83) It is not uncommon for individuals with GD to have 
diarrhea, frequent bowel movements, indigestion, nausea, vomiting (often severe) and 
abdominal pain. B12 deficiency has been noted in GD patients with gastrointestinal symptoms. 

Infection with the bacterium Yersinia enterocolitica has been implicated in the pathogenesis of 
Graves' disease since the 1970s. Y. enterocolitica, produces lipoproteins able to induce B cells 
to begin cell division and produce autoantibodies against the thyrotropin receptor. It is well 
documented that B cells (humoral immune response) play a significant role in GD by producing 
autoantibodies that bind to the thyroid receptors and chronically stimulate them to secrete 
thyroid hormones T4 and T3. Recent research has revealed the autoantibodies are also able 
to bind to the thyroid stimulating hormone. 

The pathogenesis of Hashimoto’s (HT) disease is primarily the result of cell-mediated 
autoimmune responses, however, thyroid-specific B cells do have a role in the disease. Until 
recently, Hashimoto’s was considered to be a Th1-mediated disease. It is now known that 
unregulated/uncontrolled helper T cell subsets, including Th17 cells are involved in HT as well 
as many other autoimmune diseases. Hypothyroidism develops when the follicular cells 
responsible for the production a of thyroid hormones thyroxine (T4) and triiodothyronine (T3) 
are destroyed.(84) A gluten-free diet has been associated with improvement in HT 
hypothyroidism but it may be related to enhanced drug absorption. 

Several clinical trials using Lactobacillus and Bifidobacterium to treat inflammatory disorders 
have shown clear benefits. The use of probiotics “may offer a well-tolerated long-term 
therapeutic solution to enhancing intestinal immunoregulatory cells”.(39) Unfortunately, using 
just two out of up to a thousand species that naturally inhabit the intestines is a limited view. 
The table below outlines some of microbiome changes found in recent studies and the full 
article may be found at https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6359510/. 
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Autoimmune 
Conditions Microbiome Alterations in Autoimmunity Respect to Healthy Subjects

Rheumatoid arthritis

↑ of the pathobiont Prevotella (Prevotella copri) in new-onset RA subjects

Gut and oral microbiome dysbiosis; 
↓ Haemophilus spp. and ↑ Lactobacillus salivarius

↓ gut bacterial diversity and expansion of rare lineage intestinal microbes

Association between periodontal infection due to Porphyromonas gingivalis and RA

↑ Fretibacterium, Selenomonas and Prevotella nigrescens

↑ Bacilli and Lactobacillales; 
↓ genus Faecalibacterium and the specie Faecalibacterium prausnitzii; 

Absence of the genus Flavobacterium and the species Blautia coccoides in RA patients present 
instead in controls

↑ Prevotella copri and ↓ Bacteroides in new-onset untreated RA patients

Systemic lupus 
erythematosus

↑ Bacteroidetes/Firmicutes ratio

Association between SLE and periodontal disease; 
Dysbiosis of the subgingival microbiota; 

↑ subgingival bacterial load; 
↓ subgingival microbial diversity at diseased sites

↑ Fretibacterium, Selenomonas, and Prevotella nigrescens;

Association with periodontal pathogens (Treponema denticola, Porphyromonas gingivalis, 
Fretibacterium fastidiosum and Tannerella forsythia

Behcet’s disease

↓ Roseburia and Subdoligranulum genera

↑ Bifidobacterium and Eggerthella genera and ↓ Megamonas and Prevotella genera

↑ Bilophila spp. and several opportunistic pathogens (e.g., Parabacteroides spp. and 
Paraprevotella spp.); 

↓ butyrate-producing bacteria Clostridium spp. and methanogens (Methanoculleus spp. and 
Methanomethylophilus spp.).

Inflammatory bowel 
disease

↓ gut bacterial diversity

↓ diversity in the bacterial phylum Firmicutes faecal; 
↓ Clostridium leptum phylogenetic group

↑ Proteobacteria phylum including Escherichia coli; 
↓ Firmicutes phylum was reduced

↓ Faecalibacterium prausnitzii is associated with an ↑ risk of postoperative recurrence of ileal CD

↓ in several butyrate-producing bacteria species

↓ of the genera Bacteroides, Eubacterium, Faecalibacterium and Ruminococcus; 
↑ genera Actinomyces and Bifidobacterium; 

↓ butyrate-producing bacterial species, as Blautia faecis, Roseburia inulinivorans, Ruminococcus 
torques, Clostridium lavalense, Bacteroides uniformis, and Faecalibacterium prausnitzii

Dysbiosis

↑ Caudovirales bacteriophages and fungal composition
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Autoimmunity and Natural Autoimmune Responses 

The study of immune and autoimmune responses in the body are very complex and while the 
larger picture exists, the details are still emerging. Drug development research appears to be 
the driving force for unraveling the immune system mysteries of autoimmune diseases and 
cancer. There are several theories on both how autoimmune diseases start and which immune 
cells are responsible. As with almost all diseases, there are likely numerous pathways to the 
same disease. Low nutrients, agricultural chemicals, pharmaceutical drugs, heavy metals, 
bacterial, viral and parasitic infections, intestinal permeability, vaccinations, stress, genetic 
mutations, improper clearance of cellular debris and epigenetic control have all been 
implicated in autoimmune diseases. 

There are an estimated 50 million individuals with an autoimmune disease in the U.S. and the 
prevalence is increasing. In a study published April 8, 2020, researchers found that the 
prevalence of antinuclear antibodies (ANA), a common biomarker of autoimmunity, was 
significantly increasing in the United States. “They found that ANA prevalence for 1988-1991 
was 11.0%, while for 1999-2004 it was 11.5%, and for 2011-2012 it was 15.9%. These 
percentages corresponded to 22, 27, and 41 million affected individuals, respectively…Young 
people, ages 12-19, had the largest ANA increases in the study, going from a two-fold to a 
three-fold increase over the three timeframes”.(47)

 

Autoimmune diseases, for simplicity, are classified as either tissue-specific (also called organ- 
specific) or systemic autoimmune diseases. Tissue-specific is when the immune response is 
against specific organ or tissue cells (i.e., pancreas, thyroid, liver, etc.). Systemic autoimmune 
diseases refer to multi-system attack, autoantigens are found in almost any type of cell in the 
body, including DNA-protein complexes. Relatively common systemic autoimmune diseases 
include rheumatoid arthritis, systemic lupus erythematosus, scleroderma, Sjögren’s syndrome, 
and psoriasis. Polyautoimmunity, the presence of more than one autoimmune disease, affects 
approximately 25 percent of individuals diagnosed with an autoimmune disease. When an 
individual is diagnosed with three or more autoimmune diseases the condition is called multiple 
autoimmune syndrome (MAS). 

According to the pathology department at John Hopkins University, there are many more than 
100 autoimmune diseases. Common lists include around 80 diseases however, an exact 
number is difficult because specialists disagree on the criteria required to consider a disease 
as an autoimmune process. In addition, should the many subtypes of a disease (i.e., primary 
progressive MS or relapsing-remitting forms) be listed as one disease or individually? 

While the symptoms of each autoimmune disease vary greatly, it appears that they all share 
the presence of autoreactive B cells and/or autoreactive T cells. According to the clonal 
deletion theory which was first proposed in 1949 by Frank Burnett, the immune system 
distinguishes between self and non-self and that autoreactive B cells and T cells are eliminated 
before they mature. Autoreactive T cells are disabled or eliminated within the thymus and 
autoreactive B cells are disabled or eliminated within the bone marrow before they are 
“allowed” to leave and travel to various parts of the body. However, recent studies have found 
that there are naturally-occurring autoreactive antibodies in healthy individuals. This implies 
that while the clonal theory is basically correct, it is not the sole mechanism behind the 
autoimmune process. 
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As a review, self-tolerance is the ability of the immune system (specifically 
T cells and B cells) to recognize self-produced antigens (molecules on 
human cell surfaces) as non-threatening while mounting a response to 
foreign antigens (molecules on the surface of pathogens or toxic 
substances). Antibodies are produced by plasma cells (B cells are able to 
differentiate into plasma cells) to target foreign antigens. 

Autoantibodies are antibodies that target self-cells and mark them for destruction. This failure 
to distinguish between "self" and “non-self" antigens is called a breakdown of tolerance, an 
autoimmune response. When there are several clones of cells that are autoreactive, the 
destruction of self-cells is excessive and is called an autoimmune disease. While this 
autoimmune scenario is easy to understand, it has been revealed that healthy individuals 
produce natural antibodies and natural autoantibodies. 

Natural antibodies (NAbs) are commonly defined as antibodies (immunoglobulins) present in 
the absence of exogenous antigen stimulation - antibodies that exist in the body without having 
had a response to a foreign organism or substance. The serum of newborns (and germ-free 
animals bred for testing) has been shown to have broad antibacterial activity at least in part, 
due to the naturally-occurring polyreactive antibodies.(46) Polyreactive is defined as the ability 
to bind to many structurally different self-antigens and foreign antigens. The opposite of 
polyreactive antibodies is specificity of antibodies. Specificity refers to the antibodies 
specifically made in response to one pathogen or foreign substance - the antibodies made by 
the plasma cells after the B cell receives the antigen (see page 24) 

The polyreactive ability of NAbs in addition to providing broad antibacterial activity also have 
functional roles in the immune system. NAbs provide “clearance of apoptotic debris, 
suppression of allergic responses, regulation of B cell responses, selection of the B cell 
repertoire, protection from cancer, regulation of B cell development, and protection against 
atherosclerosis…With the plethora of established and new data on NAbs and NAb producing 
cells, it is clear our traditional definition of such antibodies might need to be refined or 
bolstered”.(49) It has also been noted that naturally occurring auto-polyreactive antibodies 
interact with both pathogenic and commensal microbes but injure only pathogenic ones.(48) 

A key difference between natural autoreactive antibodies and autoantibodies associated with 
autoimmune disease is that NAbs bind to self-antigens with low affinity whereas cells involved 
with autoimmune reactions bind with high affinity. Antibody affinity refers to the strength with 
which the epitope binds to an individual paratope (antigen-binding site) on the antibody. High 
affinity antibodies bind quickly to the antigen and are able to maintain this bond. Low affinity 
antibodies bind weakly to the antigen and the bonds are easy to break. 

When an antibody binds to a protein (antigen) it does not bind to the 
entire full-length protein. Instead, it binds to a segment of that protein 
known as an epitope. In general, an epitope is five to six amino acids in 
length. So, a typical full-length protein sequence contains many different 
epitopes where antibodies can bind. The result is that for any given 
protein sequence (antigen) multiple unique antibodies are able to 
recognize the protein (antigen). Each of these antibodies binds to a 
specific epitope located on that protein. 
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There are a multitude of immune system components that need to work synergistically to 
protect the body from disease and autoimmune disease. This includes proper clearance of 
cellular debris resulting from apoptosis and necrosis. 

Apoptosis is the programmed cell death (cellular suicide) that occurs in multicellular 
organisms. Apoptosis removes unneeded cells during development, is part of tissue turnover, 
eliminates cancerous and virus-infected cells and maintains immune cell balance in the body 
(i.e., neutrophils die after the infection is under control). The process is usually orderly as the 
cell’s contents (nucleic acids, organelles, etc.) are arranged into small packets of membrane in 
preparation for phagocytes to engulf and dispose of the contents. 

Necrosis refers to cells that die from things that harm them (i.e., toxic chemicals or physical 
injury). This process is not orderly. The contents of the cell usually leak out of the membrane 
and cause inflammation in the tissue surrounding the dead cell. Both apoptosis and necrosis 
have pathogenic potential if the contents of the cells are not cleared properly by phagocytes, 
and therefore, invoke an immune response that results in autoantibodies, those “free-floating 
cell parts” which are not confined within a cell membrane and that are recognized as a self-
cell. 

 

“An autoimmune disease can be induced or triggered by infectious agents, which can also 
determine its clinical manifestations. Most infectious agents, such as viruses, bacteria, fungi, 
and parasites, can induce autoimmunity via different mechanisms. In many cases, it is not a 
single infection but rather the “burden of infections” from childhood that is responsible for the 
induction of autoimmunity…Almost every autoimmune disease is linked to one or more 
infectious agent”. (Quote & Image: https://www.hindawi.com/journals/ad/2014/437231/) 

Genesis School Of Natural Health: M230 Manual    .36

http://www.hindawi.com/journals/ad/2014/437231/)


“The concept of autoimmune disease has progressed to the point that now even researchers 
who previously dismissed the possibility of infection are accepting the possibility that 
“autoimmune” disease could be triggered by infection. This is some progress, but it is not 
enough. Especially since the concept of autoimmunity encourages doctors to prescribe 
immunosuppressive steroids to patients. But if persistent infection is involved these steroids 
may exacerbate the fire by allowing pathogens to spread”. (Paul Ewald, bacteriality.com) 

Corticosteroids are potent anti-inflammatory pharmaceutical drugs that are used for many 
diseases. There are many side-effects and diseases associated with the use of corticosteroids 
including osteoporosis, avascular necrosis, glaucoma, diabetes and infections from fungus, 
bacteria and viruses. Short-term trials of lower dose steroids have resulted in little to no 
increased risk of infections. However observational studies from the ‘real world’ have 
“consistently shown dose-dependent increases in risk for serious infections as well as certain 
opportunistic infections (e.g. herpes zoster, tuberculosis, and pneumocystis jiroveci 
pneumonia)”.(85) 

What could possibly go wrong when using corticosteroids? 
“There are multiple anti-inflammatory and immunosuppressive effects of glucocorticoids. They 
affect virtually all immune cells and their precise effects depend upon the differentiation and 
activation state of the cell. They antagonize macrophage differentiation as well as suppress 
macrophage production of Interleukin-1, Interleukin-6, tumor necrosis factor and the pro- 
inflammatory prostaglandins and leukotrienes. Glucocorticoids also suppress the tumoricidal 
and microbicidal activities of activated macrophages. These agents also suppress neutrophil 
adhesion to endothelial cells and impair their lysosomal enzyme release, the respiratory burst, 
and chemotaxis to the inflamed site. Glucocorticoids can cause marked lymphopenia involving 
all lymphocyte subpopulations; they inhibit T-cell activation by inhibiting interleukins 2, 3, 4 and 
6. The maturity of double positive T lymphocytes (CD4+ CD8+), which are the majority of the 
thymocyte population, can be impaired by glucocorticoids as these cells are highly sensitive to 
glucocorticoid induced apoptosis. Glucocorticoids also have immunosuppressive effects on 
dendritic cell (antigen presenting cells that can interact with naïve T cells to instruct the 
adaptive immune response) maturation and function”.(85) 

Inflammation is a normal defense reaction against infections and tissue damage and is 
beneficial when self-limiting. Chronic inflammatory responses lead to significant tissue and 
organ damage and are common in autoimmune diseases such as rheumatoid arthritis (RA), 
multiple sclerosis (MS), inflammatory bowel disease (IBD), systemic lupus erythematosus 
(SLE), Hashimoto's thyroiditis (chronic thyroiditis) and many more. 

Chronic inflammation is a long-term reaction to an inflammatory stimulus resulting in a 
continued recruitment of monocytes and lymphocytes which lead to tissue injury. H.B. Fleit, in 
Pathobiology of Human Disease, 2014, states that: “Many chronic inflammatory diseases 
begin as low-grade, protracted responses to pathogens or certain endogenous or exogenous 
substances. Chronic inflammation plays a key role in the development and progression of 
many chronic diseases including, but not limited to, autoimmune diseases, metabolic disorders 
such as atherosclerosis and obesity, fibrosis, and cancer. Macrophages are key cellular 
elements of chronic inflammatory responses. Distinct populations of M1 and M2 macrophages 
regulate the chronic inflammatory environment”. 
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Dead cells release a “find me” signal, most likely phosphatidylserine and display it on their 
surface. Macrophages recognize the signal and start the process of engulfing and digesting 
the cell. Normally the macrophages send a signal that they do not need additional help (do not 
require more macrophages at the site). However, if the dead cells are not broken down 
because of impaired engulfment or because the number of dead cells overwhelms the 
phagocytes, the dead cells will degrade (necrosis). Necrotic cells that are engulfed by 
macrophages lead to the production of inflammatory cytokines such as tumor necrosis factor 
and interleukin 8 which stimulate the recruitment of even more macrophages. Zinc levels have 
been suggested to affect both the number and the function of various types of immune cells, 
including macrophages, neutrophils, dendritic cells, mast cells, T cells and B cells. It has been 
accepted that dysregulated zinc homeostasis in macrophages causes impaired phagocytosis 
and an abnormal inflammatory response. 

Bottom Line: Chronic inflammation kills tissue cells. Dead cells can lead to additional 
inflammation and additional cell death. Dead or dying cells that are not sufficiently engulfed or 
completely digested can release cellular components which are then tagged as foreign 
substances and autoimmunity reactions can occur. There are hundreds if not thousands of 
components and events involved in immune responses. All cells and body components have 
nutrient requirements to function correctly and ongoing/chronic immune reactions to chemicals 
and pathogens increase the chances of autoimmunity. 

Additional Nutrient Notes 

Zinc homeostasis is required for the proper function of the immune system. Both zinc 
deficiency and excess zinc may result in dysfunction. Marginal zinc deficiency is common in 
the elderly and is also more common among vegetarians and vegans. “The consumption of 
high levels of zinc-chelating agents in food originating from cereals, legumes, or plant parts. In 
these foods, lignin and phytates counteract zinc absorption by binding zinc and reducing its 
bioavailability.”(41) Prescription drugs known to be zinc chelators include antihypertensive drugs 
such as ACE inhibitors, angiotensin 2 receptor antagonists and thiazide diuretics.(42) 

In a clinical trial zinc sulfate supplementation at 20 mg/day for 5 months reduced acute lower 
respiratory tract infection morbidity vs. placebo. Deficiency increases susceptibility to both 
inflammatory and infectious diseases, including pneumonia, macular degeneration, viral 
infections, bacterial and parasite infections, and autoimmune diseases such as type 1 diabetes 
mellitus and rheumatoid arthritis. “This widespread variety of clinical manifestations makes zinc 
deficiency a serious nutritional problem. However, to date, no reliable biomarker to assess zinc 
status exists. Thus, zinc deficiency is difficult to diagnose”.(41) 

“Vitamin C accumulates in phagocytic cells, such as neutrophils, and can enhance chemotaxis, 
phagocytosis, generation of reactive oxygen species, and ultimately microbial killing. It is also 
needed for apoptosis and clearance of the spent neutrophils from sites of infection by 
macrophages, thereby decreasing necrosis/NETosis and potential tissue damage. The role of 
vitamin C in lymphocytes is less clear, but it has been shown to enhance differentiation and 
proliferation of B- and T-cells, likely due to its gene regulating effects.”(56) 
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The consumption of omega-3 fatty acids DHA and EPA inhibits the production of inflammatory 
cytokines, reduces arthritic pain, reduces the accumulation of fat in the liver, improves kidney 
function and provides an overall reduction of chronic disease risk. Eicosanoids are a large 
family of lipid signaling molecules derived from omega-6 and omega-3 fatty acids and include 
proprostaglandins, thromboxanes and leukotrienes. Eicosanoid signaling is involved in both 
pro-inflammatory and anti-inflammatory actions. The pro-inflammatory omega-6 family is 
derived from arachidonic acid (AA), whereas the anti-inflammatory omega-3 family is derived 
from EPA and DHA.(43) Vitamin B6 is involved in the metabolism of long chain polyunsaturated 
fatty acids and phospholipids. 

Prostaglandins are mediators during inflammatory and allergy reactions. Leukotrienes are 
derived from arachidonic acid, the precursor of prostaglandins. “Inflammatory molecules called 
leukotrienes are one of several substances which are released by mast cells during an asthma 
attack, and it is leukotrienes which are primarily responsible for the bronchoconstriction…Thus 
leukotrienes seem to be critical both in triggering acute asthma attacks and in causing longer 
term hypersensitivity of the airways in chronic asthma.”(57) 

Vitamins and minerals depend on each other when it comes to function. Vitamin A helps to 
regulate the production of IL-2 and the proinflammatory tumor necrosis factor. Tumor necrosis 
factor in turn helps activate the action of macrophages. Vitamin B6 (pyridoxine) is required to 
synthesize prostaglandin. Essential fatty acids can modify autoimmune diseases by altering 
the synthesis of prostaglandins. Vitamin B6 deficiency induces atrophy of lymphoid organs, 
reduces lymphocyte production, and alters antibody response and interleukin 2 (IL-2) 
production.(44)   

Spirulina (Arthrospira platensis) is a nutritious filamentous cyanobacterium - 
photosynthetic bacteria. Several studies have found that spirulina has the 
ability to modulate immune functions and it exhibits anti-inflammatory 
properties by inhibiting the release of histamine by mast cells. While 
preliminary, there are several studies that suggest spirulina is also antiviral.(37)  
According to healthline.com one ounce of dried spirulina has 85% of the daily 
value (DV) of copper with only 4% of the DV of zinc which is the opposite 
profile of chlorella which contains virtually zero copper but has 133% of the 
daily value for zinc. Supplement according to their needs which is based on 
an individuals diet and daily supplements. (image: rterraherbs.com/) 

Manganese, alpha-lipoic acid, CoQ10 and several other vitamins and minerals are required for 
proper functioning of mitochondrial cells. Manganese is also an essential element that is 
involved in the synthesis and activation of many enzymes, including Mn superoxide dismutase 
(MnSOD). MnSOD is mainly responsible for disabling reactive oxygen species during 
mitochondrial oxidative stress. Regulatory T cells (Tregs), a subset of CD4+ T cells, are 
necessary for immune self-tolerance and homeostasis. Tregs require mitochondrial complex III 
to maintain immune regulatory gene expression and suppressive function. The absence of 
mitochondrial complex III is likely to result in a fatal inflammatory disease.(45) 
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Αlpha-lipoic acid (ALA) is a cofactor needed for mitochondrial function. It acts as an antioxidant 
and decreases inflammation. Coenzyme Q10 (CoQ10) also known as ubiquinone, is essential 
for mitochondrial function. It decreases the reactivity of T cells and it is a strong anti-
inflammatory. When CoQ10 is used with β-glucan there is a synergistic effect that increases 
the anti-inflammatory properties. 

Tryptophan metabolism is important for immune response and immune tolerance. Tryptophan 
metabolism partially occurs in mitochondria and is needed for the synthesis of NAD+. CD4+ T 
cell differentiation is controlled by NAD+. 

“Activated CD4+ T cells proliferate and differentiate into specific helper T-cell subsets, which 
will mount distinct immune responses directed against specific pathogens. After the infectious 
pathogen has been cleared, the majority of effector Th cells will undergo apoptosis, while the 
remaining cells contribute to the CD4+ memory T cell pool. The importance of memory T cell 
generation centers on the ability to provide a faster and augmented immune response upon 
secondary exposure to previously encountered microbial pathogens…Memory CD4+ T cells 
are of great interest in the context of autoimmune diseases because of their long-lived nature, 
efficient responses to antigens, and unique potential to mediate recurring autoimmune 
responses…Autoreactive memory CD4+ T cells have been studied in patients in several 
autoimmune disease conditions. For instance, patients with MS and psoriasis show increased 
numbers of memory CD4+ T cells as compared with healthy individuals, suggesting that 
memory CD4+ T cell are critical mediators of autoimmune disease”.(86) 

S-adenosylmethionine (SAM), acetyl-coenzyme A (acetyl-CoA) and nicotinamide adenine 
dinucleotide (NAD+) are metabolites that interact with epigenetic modifying enzymes which 
promote or inhibit gene expression in autoimmune responses. Methionine is an essential 
amino acid however, methionine can be regenerated in a process that requires vitamin B12, 
betaine, folate, serine and glycine.(86) 

Mineral balance is important in both health and disease states and this is specifically true for 
zinc and copper. There is an inverse relationship between zinc and copper in the body, when 
an individual has elevated copper levels the zinc level is low. Excessive copper has become 
common due to the use of oral contraceptives containing estrogen, exposure to xeno- 
estrogens (chemicals that mimic estrogen), growth hormones fed to animals, copper-based 
fungicides and zinc deficiency. Both copper and estrogen tend to feed one another. Copper 
tends to increase estrogen levels in the body and estrogen tends to cause copper levels to 
increase. The best way to identify copper toxicity is through Hair Tissue Mineral Analysis. 

Elevated copper levels in addition to low B vitamins can causes feelings of agitation or 
overstimulation, anxiety, panic, racing thoughts and insomnia. Reducing copper overload via 
supplementation with zinc must be done very slowly (100-200% RDA before increasing) 
because zinc mobilizes copper stores and can cause additional anxiety. In addition to 
increasing zinc through supplements and food it is recommended that antioxidants be 
increased through additional vitamin C, amino acids, a whole food multivitamin, fish oil and 
liver support herbs. 
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The following chart is reorganized but the information contained is from: Gombart, Adrian F et al. “A 
Review of Micronutrients and the Immune System-Working in Harmony to Reduce the Risk of 
Infection.” Nutrients vol. 12,1 236. 16 Jan. 2020, doi:10.3390/nu12010236 

NUTRIENTS AND THE IMMUNE SYSTEM

Vitamin A

• Required for normal differentiation of epithelial tissue and the intestinal barrier; 
reduces the toxic effects of reactive oxygen species (ROS); regulates 
membrane fluidity; retinoic acid is required for the stem cells to return to a 
dormant state 

• Regulates the number and function of natural killer cells, contributes to 
phagocytic and oxidative burst activity of macrophages; helps regulate the 
production of IL-2 and the pro-inflammatory TNF-α, which activates the 
microbial action of macrophages; involved in development and differentiation of 
Th1 and Th2 cells 

• Enhances TGF-β-dependent conversion of naïve T cells into regulatory T cells; 
maintains normal antibody-mediated Th2 response by suppressing IL-12, TNF-
α and IFN-γ production of Th1 cells 

• Involved in the normal functioning of B cells, necessary for generation of 
antibody responses to antigen; required for B cell-mediated IgA antibody 
responses to bacterial polysaccharide antigens

Vitamin D

• Calcitriol regulates antimicrobial proteins (cathelicidin and β-defensin); 
modifies intestinal microbiota; increases tight junction protein expression in 
the intestines 

• Protects the lungs against infection; maintains renal epithelial barrier 
function; enhances corneal epithelial barrier function 

• Increases differentiation of monocytes to macrophages and promotes 
movement and phagocytic ability of macrophages; increases the oxidative 
burst potential of macrophages; increases superoxide synthesis; reduces the 
expression of pro- inflammatory cytokines and increases the expression of 
anti-inflammatory cytokines by macrophages 

• Calcitriol inhibits T-cell proliferation mainly in adaptive immunity and has 
stimulatory effects in innate immune response; inhibits the effector functions of 
T helper cells and cytotoxic T cells but promotes the production of Tregs 

• Helps program dendritic cells for tolerance; suppresses antibody production by 
B cells; promotes antigen processing; has a role in the down-regulation of 
MHC-II

Vitamin C

• Promotes collagen synthesis; protects cell membranes and epithelial barriers; 
protects against ROS and reactive nitrogen species; regenerates antioxidants 
such as glutathione and vitamin E; modulates cytokine production and decreases 
histamine levels 

• Enhances keratinocyte differentiation, lipid synthesis, and fibroblast proliferation; 
involved in proliferation, function, and movement of neutrophils, monocytes, 
phagocytes; enhances natural killer cell activities and chemotaxis; increases 
serum levels of complement proteins; has roles in production, differentiation and 
proliferation of cytotoxic T cells 

• Enhances phagocytosis and ROS generation to kill pathogens; involved 
in apoptosis and clearance of used neutrophils from sites of infection by 
macrophages; promotes proliferation of lymphocytes, resulting in 
increased generation of antibodies

Vitamin E

• Protects cell membranes from damage caused by free radicals; maintains or 
enhances NK cell cytotoxic activity; inhibits PGE2 production by 
macrophages - indirectly protecting T-cell function 

• Enhances IL-2 production; decreases production of PGE2 - indirectly protecting 
T- cell function; enhances lymphocyte proliferation and T-cell-mediated 
functions; optimizes and enhances Th1 response; suppresses Th2 response 

• Helps to form effective immune synapses between and Th cells and increases 
a proportion of antigen-experienced memory T cells
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Calcitriol = 1,25-dihydroxyvitamin D3, the active form of vitamin D. Selenoproteins are selenium-dependent enzymes. APC, 
antigen-presenting cell; DC, dendritic cells; IFN, interferon; IL, interleukin; MHC, major histocompatibility complex; NK, natural 
killer; PGE2, prostaglandin E2; RNS, reaction nitrogen species; ROS, reactive oxygen species; Th, helper T cell; TGF, 
transforming growth factor; TNF, tumor-necrosis factor; Tregs, regulatory T cells. 

Vitamins B6, 
B12 & 
Folate

• B6 mediates lymphocyte migration into the intestine; enhances natural killer 
cell cytotoxic activity; required for the synthesis of amino acids; helps regulate 
inflammation; involved in lymphocyte proliferation, differentiation and 
maturation; maintains Th1 immune response 

• Folate is essential for the survival of regulatory T cells in the small intestine; 
enhances natural killer cell activity; supports Th 1-mediated immune response; 
is important for antibody production, response and metabolism 

• B12 has effects on natural killer cells and cytotoxic T cells; is required by 
intestinal microbes as a cofactor for metabolic pathways that support the 
intestinal barrier; facilitates production of T cells; helps to regulate the ratio 
between T helper cells and cytotoxic T cells; is required for optimal clonal 
expansion

Iron

• Essential for differentiation and growth of epithelial tissue; forms highly-toxic 
hydroxyl radicals helping neutrophils kill bacteria; a component of enzymes 
critical for the functioning of immune cells; involved in the regulation of cytokine 
production and action; iron-rich status promotes M2-like macrophage phenotype 
and negatively regulates M1 pro-inflammatory response 

• Important for the differentiation and proliferation of T cells; helps to regulate 
ratio between T helper cells and cytotoxic T cells

Zinc

• Influences activity of antioxidant proteins; maintains or enhances natural killer 
cell cytotoxic activity; involved in complement activity 

• Central role in growth and differentiation of immune cells; enhances the 
phagocytic activity of peritoneal macrophages; improves phagocytic capacity of 
monocytes 

• Helps modulate cytokine release by inhibiting pro-inflammatory Th17 and Th9 
cells and influencing production of cytokines such as IL-2, IL-6 and TNF-α 

• Induces proliferation of cytotoxic T cells; essential for intracellular binding of 
tyrosine kinase to T cell receptors, required for T cell development, 
differentiation, and activation; induces development of Treg cells - important in 
maintaining immune tolerance and recognizing “self” from “non-self”; involved 
in antibody response and production, particularly IgG

Copper

• Has a role in neutrophil, monocyte and macrophage functions - 
copper accumulates in macrophages to combat certain pathogens 

• Enhances natural killer cell activity and has intrinsic antimicrobial properties; is 
part of copper/zinc-superoxide dismutase, a key enzyme in defense against ROS 
and a free-radical scavenger; important for IL-2 production and response; 
maintains intracellular antioxidant balance - role in inflammatory response 

• Has roles in differentiation and proliferation of T cells 
• Copper toxicity is often associated with supplements that contain copper, 

drinking water, growth hormones used in animals and low zinc levels.

Selenium

• Selenoproteins are important for the antioxidant host defense system and 
affect leukocyte and natural killer cell function 

• Antimicrobial: increases IFNγ production 
• Has roles in differentiation and proliferation of T cells; helps to improve Th 

cell counts; helps to maintain antibody levels

Magnesium

• Cofactor of enzymes involved in nucleic acid metabolism and stabilization; 
involved in DNA replication and repair; helps protect DNA against oxidative 
damage; high concentrations reduce superoxide anion production 

• Has roles in antigen binding to macrophages; regulates leukocyte activation; 
involved in the regulation of apoptosis; cofactor in antibody synthesis, role in 
antibody-dependent cytolysis and IgM lymphocyte binding 

• Key role in antigen binding to macrophage RNA and involved in antibody-
dependent cytolysis
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Autoimmune Disorders List - Not Complete 
The NIH only includes 24 diseases for which epidemiology studies are available. 
Researchers have identified 80-100 different autoimmune diseases.

Alopecia Areata 
Anklosing Spondylitis 
Antiphospholipid Syndrome 
Autoimmune Addison’s Disease 
Autoimmune Hemolytic Anemia 
Autoimmune Hepatitis 
Autoimmune Inner Ear Disease 
Autoimmune Lymphoproliferative  Syndrome 
(ALPS) 
Autoimmune Thrombocytopenic Purpura (ATP) 
Behcet’s Disease 
Bullous Pemphigoid 
Cardiomyopathy 
Celiac Sprue-Dermatitis 
Chronic Fatigue Syndrome Immune Deficiency 
Syndrome (CFIDS) 
Chronic Inflammatory Demyelinating 
Polyneuropathy 
Cicatricial Pemphigoid 
Cold Agglutinin Disease 
CREST Syndrome  
Crohn’s Disease  
Dego’s Disease 
Dermatomyositis 
Discoid Lupus 
Essential Mixed Cryoglobulinemia 
Fibromyalgia – Fibromyositis 
Grave’s Disease 
Guillain-Barre 
Hashimoto’s Thyroiditis 
Idiopathic Pulmonary Fibrosis 
Idiopathic Thrombocytopenia Purpura (ITP)

IgA Nephropathy 
Insulin Dependent Diabetes (Type I) 
Juvenile Arthritis 
Lupus 
Meniere’s Disease 
Mixed connective Tissue Disease 
Multiple Sclerosis 
Myasthenia Gravis 
Pemphigus Vulgaris 
Pernicious Anemia 
Polyarteritis Nodosa 
Polychondritis 
Polyglancular Syndromes  
Polymyalgia Rheumatica 
Polymyositis and Dermatomyositis 
Primary Biliary Cirrhosis 
Psoriasis 
Raynaud’s Phenomenon 
Reiter’s Syndrome 
Rheumatic Fever 
Rheumatoid Arthritis 
Sarcoidosis 
Scleroderma 
Sjogren’s Syndrome 
Stiff-Man Syndrome 
Takayasu Arteritis 
Temporal Arteritis/Giant Cell Arteritis 
Ulcerative Colitis 
Uveitis 
Vasculitis 
Vitiligo 
Wegener’s Gran
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