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CLINICAL APPLICATION GUIDE TO
CHEMICAL IMMUNE REACTIVITYSC REENE

OVERVIEW

It takes hundreds of generations for the human body to adapt, modify, and make genetic changes to
environmental factors in order to survitkrive and maintain health. New technology, new industries,
new inventions, new chemicals, new foods and diets are constantly and rapidly being introduced in this
fastpaced evechanging world. We are continuously and consistently deluged with envirtaimen

toxins. Starting with increasing chemical production in the United States right after World War II, we
manufacture 5 trillion pounds of 70,000 different chemicals per year, of which only 1,500 have been
studied for toxicity. In the National HealthdaMutrition Examination Survey (NHANES) study of

2009! conducted by the Centers for Disease Control and the National Institutes of Health, blood and
urine from 2,500 volunteerapne of whom had any occupational or residential risk for toxic expgsures
were found to contain an astoundig2 different chemicalsWith so many toxic substances in our
environment, in what we eat and drink, and in the air we bresth® ofour immune systemcanno

longer cope with this continued and relentless assaidtfdiling, and the effect on all of us, from birth to
the elderly, especially in the industrialized world, is our deteriorating health and the rise of autoimmune
disorders.

Environmental Toll

Thehuman immune systeis responsible for an enormous duty;recognize and ignore all the cells and
tissues within our bodfself), and at the same tinegtfack any and all invadersich agoreign cells,
chemicals, viruses, bacteria, toxins, and fungi {self). Something in this delicate balance has changed
over the last 50 years and it is pushing our immune sgdteits limit: we are at the edge of our immune

systemds capacity. I nterference with -dcthityso bal anc

harmless antigens, leading to autoimmyifsiee Figure J.
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Figure 1. Potential molecular mechanisms in chemicahduced autoimmune reactivity.
Metabolite formation, which activates immune responses, can occur due to oxidative stress,
breakdown of a barrier in genetically susceptible individuals, or chemicals bound to human
proteins. The heightened immune response may result in damaging infiamenal/or
autoimmune reactivity.

The increase worl dwide of autoi mmune di seases, su
arthritis, multiple sclerosis, scleroderma, myasthenia gravis, and type 1 diabetes is alarming. It is the

third mostcommon category of disease in the United States after cancer and heart’dideadational
Institutes of Health, in a 2005 report to the U.S
Research’showed thabver 80autoimmune diseases affdmtween 14.7 and 23illion Americans.

Autoimmune diseases are now the second most common cause of chronic iliness in America. Three

factors are involved in autoimmunity: genetics, environmental factors (including toxic chemicals and
infectionsy and gutdysbiosis!
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With all the above in mind, it has now becowital that we begin the procefs prevention of disease,
especially autoimmunity. The good news is, this can be done with the laboratory analysggrénom

Laboratoriedollowed by the appropateclinical interventons

The clinician can now discerntiie chemicals to which patient has been expose@ body burden and
potentially triggering autoimmune reactivity orderingArray 11 As most of these chemicals cross the

blood-brain barrier and cause neurological problefisay 20can show if the blood braibparrier has

been compromised and breached. If thisihdsedoccurredthese environmental toxins can accumulate

in the brain ad via immune reactivity cause the formation of neuronal autoantibodies, #mal so
clinician shouldconsiderordeiing Array 7 orArray 7X. The autoimmune reactivity in neurotoxicity
triggered by environmental toxins can give risentdtiple sclerosispaaneoplasticerebellar

degeneration, brain aging, vascular dement.
optica, stiff person syndrome, autism and dyslexiaong others. If the clinician is concerned that the
patient may havdevelogd an autoimmune disordas well as neurotoxicity from exposure to chemicals,

Array 5canhelp identifywhich body tissue is targeted

For a thorough evaluation of the patient adversely affected by environmental toagsesseth Array
11, the following outline(Figure 2) may guidethe clinician in determining the extent of the damage in

his/her patient:

Toxic Chemicals Array 11
Chemical Immune Reactivity Screen

Loss of Immune Tolerance

Array 2

Intestinal Antigenic Permeability Screen

Imbalanced Microbiota and Gut
Inflammation

Loss of Gut Integrity
Entry of LPS, undigested dietary
components in circulation

Array 20

Humoral and Cell-Mediated Blood Brain Barrier Permeability Screen

Immune Response

Cross-reaction with
Various Tissue Antigens

Array 5

Multiple Autoimmune Reactivity Screen
Array 6

Diabetes Autoimmune Reactivity Screen

Array 7 and 7X
Neurological Autoimmune Reactivity Screen
Array 8
Joint Autoimmune Reactivity Screen

Loss of Blood-Brain Barrier Integrity

Multi-Organ Tissue Inflammation
and Autoimmunity

Figure 2. Toxic chemical cascade The cascade of events begins with toxic chemicals, causing

disturbance in gut flora and a sequence that requétentially in autoimmunityThe Cyrex
SystemE includes | aboratory tools that

immune burden, but also barrier permeability, release of bacterial endotoxins into the blood

stream and autoimmune r&#vity to a variety of target tissues.
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Although the precise mechanism by which environmental triggers in particular toxicants, induce
autoimmune disorders, are still unknown, it is clear that the breakdown in immunological tolerance and
dysfunction of immine homeostasis plus chemical intolerance are major components in the induction of
autoimmune reactivities followed by autoimmune diseases

In a Nutshell

The human immune system has not evolved as fast as humans have cre
mass amounts athemicals. Chemical exposures can have adverse effec
2y a2YS AYRAGARIZ f aod . @ dzaAy3a i

individual chemical immune burden, as well as barriers permeability and
tissue autoimmune reactivity.

The Cyrex Difference

Chemicalsare haptens, which are too small to elicit an immune response. Once the chemical infiltrates
the body, the chemicadbr its metaboliteshasthe capacity to bind to various tissue antigens, thus

initiating immune responsaot just agast the chemicalbound to human tissue pebts, butagainsthe
sdf-tissue antigens as wello assess chemical immune burdéprexd s A r meagursdntibodies
against chemicals bound to human tissue. This is different from just measuring leyemafals in the
blood or urine. Gemicals are detected in the blood and urine of more than 90% of the population.

Table 1. A Comparison of antibodies to levels.

Properties of Measurements Antibodies Levels

Identify chemical binding to human tissue
proteins

Identify loss of tolerance

Indicate immune reactivity due to chemical
exposure

Indicate recent exposure to chemical

Indicate exposure to chemical

| < | <] < | <] <
<

Indicate body burden of chemical

Indicate what is being cleared out of the body

Assumes quantity is the only clinical variable
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Clinicians and researchers have used a variety of methods to detect chemicals in the human body. A
controversy over the effectiveness of these methods has arisen. Is a person with high levels oihmercury
urine, stool or hair at risk for the development of immune dysregulation leading to autoimmune
reactivity? Or is the high level really an indication that the person efficiently handles mercury and wastes
it out immediately rather than allowing the toxo infiltrate body tissues? Immunologists are concerned
with the mercury bound to human tissue that contributes to the autoimmune ¢a3tadeethod for

assessing this event is detecting antibodies to the chemical bound to timetisgsma Rsearchhat has

already been done with assessing the body burden of méfclirgo that it is practical to use mercury

studies as an example. However, the concepts are appropriate for measuring the body burden of each of
the chemical antigens assessediray 11 Table 1provides a quick comparison of assessing antibodies

of chemical bound to human tissue versus chemical levels.

MECHANISMS OF CHEMICAL - INDUCED AUTOIMMUNITY

Chemical Compounds,Breakdown in | mmune Tolerance, andCauses ofAutoimmune
Disorders

A number of clinical reports and experimental studies have shown that autoimmune reactions and/or
autoimmune diseases are induced in hurbgrenvironmental triggers, as summarized by Bigaaad
by Pollard et al*°

The mechanism of chemicallpduced autoimmunity is by two different pathways. One is by toxicant

initiation of loss of tolerancé. Thi s | oss of tolerance follows a susc
exposure to various environmental agents. Next is a subsequent triggeringtdragrby extremely

small quantities of previously tolerated chemicals, drugs, foods, and food and drug combihh#&ons.

aberrant cell deatimvolved in this processakesthe hidden cellular material available to antigen

presenting cells (APC), which rd&iin antibody production against séifsue antigens.** This

autoimmune reactivity can lead to fillown autoimmune diseassege Figure3).
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Figure 3. Toxicant-induced loss of toleranceUpon loss of immune tolerance, additional
chemicalexposure/s may trigger an inflammatory cascade that results in autoimmune reactivity.

The other is by immune reactions to chemical compounds through covalent binding of chemicals or
haptens, which are substances capable of reacting with specific antibodiresapable of inducinthe
formation of antibodies unless bound to human tissue prqtanser proteins). This leadis the
subsequent formation of n@mtigens, which also results in the breakdown in immune tolerance and the
production of antibody againself“ (see Figured). This is due to the fact that reactive organic
compounds most often bind covalently; that is, their electrophilic properties enable them to react with
protein nucleophilic groups such as thiol, amino and hydroxyl groups. Examples of such reactive,
hgptenic compounds that frequently lead to intolerance after dermal absorption or inhalatidunezie
diisocyanate, trimellitic anhydride, phthalic anhydride, benzoquinone, formaldedtgisne oxide and
dinitrochlorobenzene picryl chlorideSensitizig metal ions react differently with the immune system
and induce intolerance by formation of stable protein metal chelate complexes by undergopgintulti
binding with several amino acid sideains and forming variouseoantigens (see Figured).
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During humoral immune responses of the adaptive immune system and contact withah8geeg the
necantigen is picked up by amtigenpresenting cell (APC). The APC transports the antigen taalT
which introduces the antigen to acBll in the lympmode. Clonal expansion of thedgll begins and
triggers antibody production. Immunoglobulin M (IgM) is produced as a primary response in the first
days of defense. A secondary response results in IgG production againstaméigeas ¢ee Figured).
High levels of antibodies indicate a breakdown in immunological tolerance or disruption in immune
homeostasis.

Human g Parent
Cells 4 ;\\\ Compound APC T cell B cell

\ | 1
y g .
O/ Metabolized O/O W& J &
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IgG Plasma cell

IgA IgG
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%

d
-
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Figure 4. Possible antibodies produced from chemical exposur€hemicals and/or their
metabolites bind to human tissue proteins forming aamimen. This neantigen is picked up
by the antigefpresenting cell (APC), which facilitates the production of immunoglobulins.
Immunoglobulins may be created to target the chemical bound to human tissue, the
chemical/metabolite bound to human tisand/or human tissue.

N\ 2) Chemical — Metabolite + Tissue
| |

Sensitizing heavy metal chemicals such as mercury, nickel or cobalt react differently from organic
compounds, oxidizing proteins and forming protein metal chelate complexes by undergoing multiple
binding with several amino acid sideains of a protein.

Different groups of chemicals that elicit adverse immune reactions are unable to bind the proteins when
entering the body. However, they can bind to various tissue proteins after conversion to reactive
metabolites by the hepatic andrekepatic tissues or cells. These types of chemicals are considered
prohaptens.

The adaptive immune system consists of lymphocytes that recognize a wide selection of foreign antigens,
from dietary peptides, which are short chains of amino acids, toicdlesompounds, without reacting to
selfantigens. However, in cases of intolerance, someraatdive lymphocytes escape clonal deletion,

lie dormant, and later become activated. Once activated, theseactive lymphocytes may initiate
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autoimmune heases such as rheumatoid arthritis, systemic lupus erythematosus (SLE), and type |
diabetes mellitus.

i ibiarin - < — i
. Necrotic cell —————> (fwmesey Presentation of
) Peptide self-antigens by
| antigen-presenting cells
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Figure 5. Putative mechanisms for mercuryinduced breakdown in immunological
tolerance Mercury induces necrosis of somatic cells resultingroteasomal processing of
fibrillarin and its subsequent release as immunogenic peptides. These peptides are then
processed by antigen presenting cells (APCs) and presented to T cells. Mercury exposure may
also result in the clustering of T cell receptarish subsequent protein tyrosine kinase (PTK)
activation. The high affinity H2 receptor (CD25) and the transferrin receptor (CD71& atso
upregulated by mercurjercury binds to T cell intracellular proteins, affectingittfenction.B
cells are alsqolyclonally actiated in the presence of mercwyith upregulation of CD71 and
CD23, differentiation into antibodgecreting plasma cells and consequently elevsgedm
immunoglobulin levels

Modified from Schiraldi and Monesti€r

As shown inFigure 5, in the case of heavy metals, several-aptigens such as mercury bound to
chromatin are formed via oxidative fragmentation. Thisamigen formation may result in antibody
formation against heavy metals, as well as against nuclear and nucleolaalmaiérerefore the
detection of antibodies against heavy metals, other toxicants, attissedf antigens, indicates a
breakdown in immunological tolerance and the induction of immune intolerance to environmental
triggers. Thus, specific antibody tesgiragainst environmental and stffsue antigens provides a reliable
method to assesise body burden of chemicaishich can be used in conjunction with additional
laboratory analyses to identify potential autoimmune and/or neuroimmune disorders.
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The Metabolism ofChemicals andl nduction of | ntolerance

It is known that people differ in their responses to environmental triggers because of \aindtien
bodyds capacity to clear or detoxify chemiacal s.
chemical compound is subjected to metabolism by a large group of enzymes, collectively referred to as
xenobiotiecmetabolizing enzyme$.This selection of enzymes includes cytochrome P450, cytochrome

b5, NADPHcytochrome P450 reductase, and ott@mponents.

Variations in genes that encode or carry the instructions for manufacturing cytochrome P450 have been
linked to autoimmune disorders. Small differences in gene coding for cytochrome P450 enzymes appear
to influence the extent to which additedmeoeantigens such aflatoxins, benzene and carbon
tetrachlorideadducts are formed. Cytochrome P450 molecules generally neutralizety @hforeign

and internallyproduced chemicals. However, during this process, in some patients they categenera
intermediate products that are capable of damaging DNA and other cellular compohénthese new
intermediates that are involved in the formation of differentargt@ens, which are responsible for the
initiation of autoimmune reactions.

Aprocess | abel ed 6inductiond refers to the hepatic
appearance of certain chemicals and other xenobiotic agents. Conversely, chemicals that form a relatively
stable complex with a particular cytochrome P4&0 inhibit the metabolism of other chemicals that are
normally substrates for that cytochrome P45®llelic variation affecting the catalytic activity of

cytochrome P450 will also affect the pharmacological activity of medicatiand chemical compmds.

This mechanism of action produces more-aptigens and therefore more autoimmune reactiitye of

the best described exampfesf such action is that of the P450 cytochrome CYP2D6, which was

recognized initially in the-A0% of normal individuls who were noted to be slow to metabolize chemical
compounds® This slow metabolizing capacity or prolongation of chemicals in the body could enhance

the chance of haptsbinding to human tissue proteins and hence give rise to more autoimmunities.

Molecular mimicry. The effect of acute or chronic oxidative stressy induce the release of self

antigens, which, after binding with chemicals, naay as he@ntigensandchange the structures of

cellular macromolecules and small molecufdseo-antigens with sufficient homology or likeness to
self-proteinscan result in a phenomenknowna smol@cular mimicry 6 Because of the gr e
between the sequences of thesaent i gens and the bodybés own tissues,
prodwces antibodies againstthe rean t i g e n's  a ndissued) resulting is tandtdmmsine | f

reaction

Bystandereffect. It is possible that chronic oxidative stress can result in the generation of many adducted
and/or noradducted molecules acting msoantigens. Aldehydic products form adducts with proteins

and make them highly immunogeniduring a state of chronic oxidative stress, rattigens may cause
tissue damage. As tissues are destroyedaséiljens are released, a process labeledotftander

effect 0 | e aldss of sektoletahcesee Figured).'
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Figure 6. Oxidative stress, citrullination and the induction of autoimmunity. Xenobiotics are
metabolized by Cytochror#50. The process can generate reactive oxygen sgB€XxS) and
nitric oxide synthases (NOS). ROS and NOS are involved respectively in the induction of
oxidative stress and the citrullination of proteins. Citrullination contributes to the formation of
necantigens. Immune reaction to these a@tigens can rgult first in autoimmune reactivity,
and then, autoimmune disease.

Citrullination. As a chemical compound enters the body, it can be metabolized by cytochrome P450 with

the resulting formation of metabolites. The metabolites can generate reaction spggiess (ROS) and

nitric oxide synthases (NOS). ROS such as superoxide anion and hydrogen peroxide may be converted to
hydroxyl radica$, which leads to oxidative streSsOxidative stress has been shown to play a role in the
pathogenesis autoimmunity?® NOS plays a role in the conversion of the amino acid arginine in a

protein into the amino acid citrullifé. T hi s a c t icdrallindtien, @ awh iedh 6i s known t
structure and function of proteinfhe immune system oftaitacks citrullinated proteins, which can lead

to autoimmune diseases such as rheumatoid arthritis and multiple scferosis.

GlutathioneS-transferases (GSTs), specifically GSTM1, are of a class of detoxifying enzymes that are
more beneficial than cytbcome P456? GSTML1 efficiently detoxifiegthylene oxide and styrene

Ethylene oxidas a highly hazardous substance: at room temperature it is a flammable, carcinogenic,
mutagenic, irritating, and anesthetic gas with an agreeable aroma; it is usegriodiction of

detergents, thickeners, solvents, plastics, and various organic chemicals, and is a disinfectant used in
hospitals and the medical equipment industry to replace steam in the sterilization of medical equipment,
such as disposable plasticigges Styrenes used irrubber, plastic, insulation, fiberglass, pipes,
automobile and boat parts, food containers, and carpet badkisgonsidered toxic, mutagenic, and
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possibly carcinogenic, and the U.S. Environmental Protection Agency (EPAgdaibed styrene to be
"a suspected toxin to the gastrointestinal tract, kidney, and respiratory system, amongfothers

Many Caucasians lack the gene for GST#An association between the GSTM1 gene deficiency and

an increased tendency to variousadders including autoimmunities has been sh&wii? Another

beneficial enzyme NAT2 (Mcetyltransferase), deactivates chemicals present in certain cooked foods, air
pollution, and tobacco smoKe.Findings suggest that a sleaeting form of NAT2 cotributes to cancer

and autoimmunitie$’2° 2728

In contrast to haptenic compounds, most chemical compounds eliciting adverse immune reactions are
unable to bind to proteins when entering the body; however, they can do so after conversion to reactive
metaolites by metabolizing enzymes. These chemical compounds can be considered as prohaptens,
which, after being metabolized, manage to bind to human tissue proteins and induce antibody production
against both the haptenic chemicals as well as tissue @attiich is the core of autoimmunities

induced by environmental triggers.

An Example of Drug Hepatotoxicity

I ndi vi dual genetic propensities, immune function,
given drug. Concentration of a drugnigt universal. A drug may be toxic in some individuals at

concentrations normally tolerated by most consumers of the drug. This phenomenon is known as
idiosyncratic drug toxicity®

Acetaminophen (Tylenol®is commonly used as a painkiller. Used in #ipeiutic doses, acetaminophen

is conjugated with glucuronic acid or sulfate, after which it is excreted by the kidneys. In overdose
conditions, the capacity of these normal pathways is overwhelmed and acetaminophen is then oxidized by
liver cytochrome P45@ N-acetyl benzoquinoneimine (NABQI), which can result in a-fesicat

mediated peroxidation of membrane lipids leading to hepatocellular damage and liver autoinseenity (
Figure 7).*° Also, the binding of benzoquinoneimine to other tissue proteins can result in the breakdown

of immunological tolerance against those tissue proteinscaungk the initiation of autoimmunities

against different tissue proteins.
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PRODUCTS OF ACETAMINOPHEN METABOLISM

0=C_ _CH,
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cytochrome P450 |

conjugation with free-radical-

glutathione or @) mediated
N-acetyl cysteine N-acetyl cytotoxicity and
benzo&uII\nBanlt)almme autoimmunity

Figure 7. The metabolismof acetaminophen Metabolism of acetaminophen by cytochrome
P450 and the formation of free radicals is a classic example of how different medicines or their
metabolites contribute to tissue cell cytotoxicity and autoimmunity.

Mechanisms involved in thieitiation of a disease process might differ from mechanisms responsible for
exacerbation of the established illness. Therefore, one or more of these mechanisms, either individually or
jointly, can have strong effects on the development of autoimmunéoreaathich may then biellowed

by autoimmune diseasésigure 8).
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Figure 8. Induction of inflammation and autoimmune reactivities A tiny chemical molecule
can balloon into a significant clinical condition.

Causes ofAutoimmunity by Chemical Exposure

Chemical infiltration of the body can occur by dermal absorption, inhalation and ingestion. Once through
any of these barriers, the chemical may elicit a systemic reaction leading to the production of antibodies.
Circulating antibodies can ignite thetaimmune processes described above.

In the case of mercury exposure, the chemical will bind to fibrillarin resulting in aberrant migration of the
autoantigert?** Under stressful stimuli, autantigens yield intracellular relocalization. For example,

the auteantigen fibrillarin is a substrate of the protease granzyme B, and undergoes modification by
mercury via oxidative fragmentatigh.Chromatin and fibrillarin thus modified during apoptosis, may
circulate either in native form or packaged in aptip bodies in the serum of patients with systemic
autoimmune disorder83**? Apoptosis is programmed cell death. It plays a significant role in the
deletion of auteeactive lymphocytes, the removal of virally infected cells and the elimination of
cancerous cell In most tissues, apoptosis, including clearance of cell corpses by neighboring
parenchymal cells, transpires in less than one hour. However, in the absence of the first component of
complement, the clearance of apoptotic corpses igeblaDelayed clearance increases immunogenicity.
Cell death by exposure of cells to mercury, researchers have shown, may be important in the genesis of
autoimmune disorders, most notably, sclerodefma.
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Clinical Aspects of Array 11

Chemicalbound to tissuantibodytest results fronCyrex Laboratoriesan be useful tools in assessing a
personds i mmune response to these enviroaoumental t
orin low doses over a long period of time.

1 Detection ofantibodies against metass other chemicals theblood indicates immunological
intolerancedue toexposure to metalnd other chemicaf§3° ¥ 3

9 Detection of antibodies against antinuclear (ANA)/antinucleolar antibodies (ANoA) and/or heavy
metal bnding proteins fibrillarin and chromatin, along with antibodies to metals, indicates
autoimmune reaction induced by heavy metaf$:*

1 Detection of antibodies against metatsother chemicalsas well as different brain antigens
(neurofilamenttubulin) and receptors, will measure the neurotoxic effect of mataother
chemicals4 293033 %

Thus, specific antibody testing provides reliable evaluations that can be used in conjunction with
additional laboratory analysis to identify potentigggers for autoimmune reactivity.

In a Nutshell

Mechanismsyy which chemicals may trigger autoimmune reactivity include:

1 Molecular mimicry
1 Bystander effect
9 Citrullination

ARRAY 11 ANTIGEN ROL L CALL

Array 117 Chemical Immune Reactiviigcr eenE i ncludes a variety of eve
exposed to these xenobiotics through normal daily activities. Below is a more detailed look into each of
the antigens.

Aflatoxins

Aflatoxins [Ci7 Hi2 Og] are organic chemical compounds produced by a polyketide pathway by many
strains of the moldAspergillus Aspergillus flavuss a particular strain common contaminant in
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