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Description
FIELD OF THE INVENTION

[0001] The present invention relates to methods, as-
says, and kits for aid in detection and diagnosis of intes-
tinal and blood-brain barrier permeability.

BACKGROUND OF THE INVENTION

[0002] Compared to the other cellular organs in the
human body, the intestinal epithelial cells are exposed
to an enormous number of antigens that originate from
ingested foods, yeast, bacteria and viruses. Some of
these bacterial antigens pose no threat to the mucosal
immune system, while others may be harmful to the host.
The intestinal immune system monitors these bacterial
antigens in the intestinal lumen by allowing a few mole-
cules to permeate the epithelium, where they interact with
the mucosal and systemic immune system, in order to
develop regulatory T-cell function or tolerance for these
antigens. However, inappropriate or excessive exposure
of the intestinal immune system to these bacterial anti-
gens may cause the breakdown of this regulatory mech-
anism and lead to gastrointestinal disease (1). Therefore,
an understanding of the physiology of the antigen uptake
is central to an appreciation of the pathogenesis of dis-
ease, including inflammatory and autoimmune reactions
(2).

[0003] These and all other extrinsic materials dis-
cussed herein are incorporated by reference in their en-
tirety. Where a definition or use of a term in an incorpo-
rated reference is inconsistent or contrary to the definition
of that term provided herein, the definition of that term
provided herein applies and the definition of that term in
the reference does not apply.

[0004] Increased intestinal permeability is thought to
be an early stage that precedes the onset of several au-
toimmune disorders (3-6). For this reason, there has re-
cently been an increased interest in the role of intestinal
barrier dysfunction in the pathogenesis of many patho-
logical conditions targeting the Gl tract as well as extra-
intestinal organs including the nervous system (7). This
dysregulation of the intestinal barrier function as the bi-
ological doorway to inflammation, autoimmunity and can-
cer was discussed in a review article by Fasano (7). In
this review article, as well as an earlier Fasano article
(4), Fasano emphasized that the primary functions of the
gastrointestinal tract have traditionally been perceived to
be limited to the digestion and absorption of nutrients and
to electrolytes and water homeostasis. A more attentive
analysis of the anatomic and functional arrangement of
the gastrointestinal tract, however, suggests that another
extremely important function of this organ is its ability to
regulate the trafficking of macromolecules between the
environment and the host through a barrier mechanism.
Together with the gut-associated lymphoid tissue and
the neuroendocrine network, the intestinal epithelial bar-
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rier, with its intercellular tight junctions, controls the equi-
librium between tolerance and immunity to non-self an-
tigens.

[0005] Zonulin/occludin are physiological modulators
of paracellular tight junctions that are involved in the traf-
ficking of macromolecules and therefore in the balance
between immune response and tolerance (7). When the
finely tuned intestinal barrier proteins are dysregulated
in those individuals genetically susceptible to environ-
mental factors, the possibility arises for both intestinal
disorders such as celiac disease, Crohn’s disease and
ulcerative colitis, and extra-intestinal autoimmune dis-
eases such as arthritis, lupus, thyroiditis, diabetes, and
even multiple sclerosis (MS), malignancies and major
depression (8-14). One of the major environmental fac-
tors that can contribute to the pathophysiology of gut and
brain barrier dysfunction, and hence its involvement in
intestinal and extra-intestinal autoimmunities, is bacterial
lipopolysaccharides (LPS). Due to gut microbiota dysbi-
osis and bacterial translocation, LPS is apparently re-
sponsible for the activation of toll-like receptors on epi-
thelial cells and activation of an inflammatory cascade
which results first in gut barrier and then blood-brain bar-
rier dysfunction (14). The role of LPS in the induction of
"leaky gut" and "leaky brain" syndrome is shown in Figure
1.

[0006] Figure 1 emphasizes that Gl tract abnormality
can compromise the integrity of the gut barrier and in-
creases the entry of undigested antigens into circulation,
thus challenging the immune system. Reaction to these
antigens activates immune and inflammatory cascades,
resulting in the production of pro-inflammatory cytokines,
an array of antibodies, and increased intestinal barrier
permeability (or "leaky gut" syndrome). Ifintestinal barrier
dysfunction is left unmanaged, the result could be neu-
roinflammation, neuroinvasion and neurodegeneration.
[0007] Therefore, there is a need for a non-invasive
method, apparatus, and assays for the measurement of
intestinal permeability to large antigenic molecules that
can challenge the immune system, inducing inflamma-
tion, which may result in the opening of blood-brain bar-
riers first, followed by neuroinflammation and neurode-
generation thereafter (15-25). These needs and others
are met by the present invention.

[0008] Blixtetal (GlycoconjJ (2008) 25:27-36) is con-
cerned with pathogen specific carbohydrate antigen
microarray, in particular a chip for detection of Salmonella
O-antigen specific antibodies is described.

[0009] Nnalue et al (Microbiology (1997), 143,
653-662) describe the generation of monoclonal antibod-
ies by fusion of spleen cells from immunized rats with
myeloma Y3M cells and the characterization of the anti-
genic specificities of said antibodies by ELISA.

SUMMARY OF THE INVENTION

[0010] In one aspect the present invention provides a
method of assisting in diagnosing a disease associated
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with leaky gut syndrome or excessive blood brain barrier
permeability, comprising obtaining test results by testing
a sample which has been obtained from a human for a
disease associated with leaky gut syndrome or excessive
blood-brain barrier permeability as set out in the claims.
[0011] In certain aspects of the present invention, one
or more fractions of a sample is / are tested for binding
(1) to a bacterial toxin, and (2) binding to a native antigen
selected from at least one of (a) a gut-related antigen
and (b) a blood brain barrier-related antigen as set out
in the claims. The bacterial toxin is a lipopolysaccharide.
[0012] When testing for intestinal permeability, the na-
tive gut-related antigen is selected from the list consisting
of: (1) anintestinal structural protein comprising actin/ac-
tomyosin; (2) a tight junction protein selected from occlu-
din and/or zonulin; (3) a binding receptor to the tight junc-
tion protein; and (4) a cell junction protein. In examples
of certain aspects of the presentinvention, testing occurs
for antibodies to one or more of actin/actomyosin, occlu-
din and/or zonulin, intestinal ZOT receptor, and matrix
metalloproteinase-3 (MMP-3).

[0013] When testing for a blood brain barrier permea-
bility, the blood brain barrier-related antigen is selected
from the list consisting of: (1) ablood brain barrier protein;
(2) a glial fibrillary acidic protein (GFAP); (3) a matrix
metalloproteinase (MMP), (4) a brain ZOT binding pro-
tein; (5) a brain ZOT receptor; (6) a calprotectin; and (7)
a myelin basic protein. In examples of certain aspects of
the presentinvention, testing occurs for antibodies to one
or more of (1) a blood brain barrier protein; (2) a glial
fibrillary acidic protein (GFAP); and (3) a matrix metallo-
proteinase (MMP).

[0014] From a diagnostic perspective, analysis of test
results from one or more of the foregoing described meth-
ods can be used to assist in the detection and/or diag-
nosis of a disease associated with leaky gut syndrome
and/or excessive blood brain barrier permeability.
[0015] In certain aspects of the present invention, the
detection of the samples binding to the respective com-
ponents can be performed with an immunoassay, includ-
ing, but not limited to ELISA assay, RIA assay, latex ag-
glutination, beads assay, proteomic assay, and other im-
munoassays known to one of ordinary skill in the art.
[0016] Test plates and kits for conducting the immu-
noassay are also disclosed herein, including for example
an improved test plate as set out in the claims. The test
plate has the following bound thereto: (1) a bacterial li-
popolysaccharide; and (2) a native antigen comprising
at least one of (a) a gut-related antigen and (b) a blood
native brain barrier-related antigen, as set out in the
claims.

[0017] Intestplates used to assist in the detection and
diagnose or otherwise identify a disease associated with
leaky gut syndrome, the gut-related antigen is selected
from the list consisting of: (1) an intestinal structural pro-
tein; (2) a tight junction protein; (3) a binding receptor to
the tight junction protein; and (4) a cell junction protein.
[0018] In test plates used to diagnose or otherwise
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identify a disease associated with excessive blood brain
barrier permeability, the blood brain barrier-related anti-
gen is selected from the list consisting of: (1) a blood
brain barrier protein; (2) a glial fibrillary acidic protein
(GFAP); (3) a matrix metalloproteinase (MMP), (4) a
brain ZOT binding protein; (5) a brain ZOT receptor; ( 6)
a calprotectin; and (7) a myelin basic protein.

[0019] Itis contemplated that test kits can include one
or more plates that collectively test for both a first set of
antigens associated with leaky gut syndrome and a sec-
ond set of antigens associated with excessive blood brain
barrier permeability.

[0020] The presentinvention provides a method for as-
sisting in the detection and diagnosis of a disease asso-
ciated with leaky gut syndrome or excessive blood brain
barrier permeability, comprising: obtaining test results by
testing a sample as set out in the claims, and analyzing
the test results.

[0021] In all of the methods and apparatus disclosed
herein, the samples can comprise any suitable bodily
sample, including for example a whole blood sample, a
blood serum/sera sample, a saliva sample, or a sample
from other bodily fluids.

[0022] The methods and apparatus disclosed herein
can be used to assistin differentially diagnosing diseases
related to (1) a gut flora dysbiosis, and (2) a breakdown
in intestinal barrier. For example, as currently contem-
plated, a diagnosis related to gut flora dysbiosis would
tend to be indicated when the test results include a pos-
itive result for any of IgA, IgM, and IgG to the bacterial
toxin of lipopolysaccharide, and negative results for all
of IgA, IgM, and IgG to occludin and zonulin, and a neg-
ative result for IgG to actomysin.

[0023] Differential diagnosis is also contemplated to
be aided by distinguishing between a breakdown in in-
testinal barrier due to a paracellular pathway and a tran-
scellular pathway.

[0024] Regarding breakdown through paracellular
pathways, a diagnosis related to breakdown in intestinal
barrier by bacterial antigens would tend to be indicated
when the test results include a positive result for any of
IgA, IgM, and IgG to the bacterial toxin of lipopolysac-
charide, and positive results for any of IgA, IgM, and IgG
to occludin or zonulin, and a negative result for IgG to
actomysin. In contrast, a diagnosis related to breakdown
in intestinal barrier other than by bacterial antigens would
tend to be indicated when the test results include a neg-
ative result for all of IgA, IgM, and IgG to the bacterial
toxin of lipopolysaccharide, and positive results for any
of IgA, IgM, and IgG to occludin or zonulin, and a negative
result for IgG to actomysin.

[0025] Regarding breakdown through transcellular
pathways, a diagnosis related to breakdown in intestinal
barrier by bacterial antigens would tend to be indicated
when the test results include a positive result for any of
IgA, IgM, and IgG to the bacterial toxin of lipopolysac-
charide, and negative results for all of IgA, IgM, and IgG
to occludin and zonulin, and a positive result for IgG to
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actomysin.

[0026] Also according to the discoveries discussed
herein, adiagnosis related to both breakdown in intestinal
and blood brain barrier integrity induced by the bacterial
toxin would tend to be indicated where the test results
include a positive result for any of IgA, IgM, and IgG to
the bacterial toxin of lipopolysaccharide, and positive re-
sults for any of IgA, IgM, and IgG to occludin and zonulin,
a positive result for any of IgA, IgM, and IgG to blood
brain barrier proteins, and a positive result for any of IgA,
IgM, and IgG to neuronal antigens.

[0027] In contrast, a diagnosis related to both break-
down in intestinal and blood brain barrier integrity in-
duced by factors other than the bacterial toxin are likely
where the test results include a negative result for each
of IgA, IgM, and IgG to the bacterial toxin of lipopolysac-
charide, and positive results for any of IgA, IgM, and IgG
to occludin and zonulin, a positive result for any of IgA,
IgM, and IgG to blood brain barrier proteins, and a pos-
itive result for any of IgA, IgM, and IgG to neuronal anti-
gens.

[0028] Still further it is contemplated that gut flora dys-
biosis can occur without breakdown in intestinal barrier
integrity, but with breakdown in the blood brain barrier
integrity. For example, a diagnosis related to gut flora
dysbiosis in that situation could tend to be indicated
where the test results include a positive result for any of
IgA, IgM, and IgG to the bacterial toxin of lipopolysac-
charide, and negative results for each of IgA, IgM, and
IgG to occludin and zonulin, a positive result for any of
IgA, IgM, and IgG to blood brain barrier proteins, and a
positive result for any of IgA, IgM, and IgG to neuronal
antigens.

[0029] Similarly, a diagnosis related to breakdown in
blood brain barrier integrity, neuroinflammation and neu-
roautoimmunity, without association with intestinal bar-
rier or gut flora dysbiosis are likely where the test results
include a negative result for each of IgA, IgM, and IgG
to the bacterial toxin of lipopolysaccharide, and negative
results for each of IgA, IgM, and IgG to occludin and
zonulin, a positive result for any of IgA, IgM, and IgG to
blood brain barrier proteins, and a positive result for any
of IgA, IgM, and IgG to neuronal antigens.

[0030] Regarding specific diseases, analysis of test re-
sults disclosed herein can be used to assist in detecting
and diagnosing amyotrophic lateral sclerosis, Parkin-
son’s disease, multiple sclerosis, Alzheimer’s, or periph-
eral neuropathy, and major depression. Such conditions
are thought to be likely where the test results include a
positive result for any of IgA, IgM, and IgG to blood brain
barrier proteins, and a positive result for any of IgA, IgM,
and IgG to neuronal antigens.

[0031] Various objects, features, aspects and advan-
tages of the inventive subject matter of the present in-
vention will become more apparent from the following
detailed description of preferred embodiments, along
with the accompanying drawing figures and tables.
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BRIEF DESCRIPTION OF THE DRAWINGS
[0032]

Figure 1 is a prior art diagram showing a currently
understood role of LPS in the induction of leaky gut
and leaky brain syndrome.

Figure 2 is a prior art diagram showing a currently
understood role of LPS induction ofinflammation and
activation of Th17 lymphocytes in the pathogenesis
of inflammatory and neuroimmunological disorders:
LPS’ induction of inflammatory response, production
of cytokines, and increase in the number of Th17
positive cells in circulation.

Figure 3 is a prior art diagram showing a currently
understood etiology of gut to brain dysfunction -- how
loss of mucosal tolerance, if unmanaged, can trigger
a cascade thatinduces intestinal barrier dysfunction,
systemic inflammation, neuroinflammation, neuroin-
vasion, and neurodegeneration.

Figure 4 is a diagram showing a proposed scenario
of the present invention in which triggers and mech-
anisms involved in abnormal intestinal permeability
and blood brain permeability can be used for a next
generation of testing for intestinal permeability iden-
tification (IP1) and/or blood brain permeability iden-
tification (BBPI).

Figure 5 is a diagram showing a proposed role of
abnormal intestinal permeability in the pathogenesis
of autoimmune disease according to certain aspects
of the present invention.

Figure 6 is a diagram showing the layout of a sample
microtiter plate for conducting an immunoassay, the
microtiter plate having 12 different rows with 12 dif-
ferent antigens and peptides according to certain as-
pects of the present invention.

Figure 7 is a diagram showing the layout of a sample
microtiter plate according to certain aspects of the
presentinvention, in which IgG/IgM/IgA is measured
against 12 different antigens or peptides from intes-
tinal and BBB protein and associated tissue antigens
(bound antigens and peptides are transparent).

Figure 8 is a diagram showing the layout of a sample
microtiter plate according to certain aspects of the
presentinvention, in which IgG/IgM/IgA is measured
with weekly negative and positive controls for quality
control purposes (bound antigens and peptides are
transparent).

Figure 9 is a diagram showing a comparison of 1gG,
IgM and IgA against bacterial lipopolysaccharide
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and occludin/zonulin in healthy donors and patients
with gastric autoimmunity. The percent elevation of
IgG, IgM, IgA and IgG+IgM+IgG against bacterial
lipopolysaccharide in healthy donors shown in the
light bars in the graph on the left and patients with
gastric autoimmunity at two standard-deviations
above the mean shown in the dark bars in the graph
on the left. The percent elevation of IgG, IgM, IgA
and IgG+IgM+IgG against occludin/zonulin in
healthy donors shown in the light bars in the graph
on the right and patients with gastric autoimmunity
at two standard-deviations above the mean shown
in the dark bars in the graph on the right.

[0033] Table 1showsIgG, IgM and IgA antibody levels
tested against 12 different antigens representing the en-
vironmental factor (LPS), intestinal and BBB proteins and
associated antigens in a first set of three healthy subjects
(Samples 1-3), according to certain aspects of the
present invention.

[0034] Table 2showsIgG, IgM and IgA antibody levels
tested against 12 different antigens representing the en-
vironmental factor (LPS), intestinal and BBB proteins and
associated antigens in a second set of three healthy sub-
jects (Samples 4-6), according to certain aspects of the
present invention.

[0035] Table 3 showslgG, IgM and IgA antibody levels
tested against 12 different antigens representing the en-
vironmental factor (LPS), intestinal and BBB proteins and
associated antigensin a third set of three healthy subjects
(Samples 7-9), according to certain aspects of the
present invention.

[0036] Table 4 showsIgG, IgM and IgA antibody levels
tested against 12 different antigens representing the en-
vironmental factor (LPS), intestinal and BBB proteins and
associated antigens in three patients (Samples 10-12)
with celiac disease and gut permeability, according to
certain aspects of the present invention.

[0037] Table 5showsIgG, IgM and IgA antibody levels
tested against 12 different antigens representing the en-
vironmental factor (LPS), intestinal and BBB proteins and
associated antigens in three patients (Samples 13-15)
with gluten ataxia, according to certain aspects of the
present invention.

[0038] Table 6 showsIgG, IgM and IgA antibody levels
tested against 12 different antigens representing the en-
vironmental factor (LPS), intestinal and BBB proteins and
associated antigens in three patients (Samples 16-18)
with multiple sclerosis (MS), according to certain aspects
of the present invention.

[0039] Table 7 shows a clinical interpretation of certain
antibodies against LPS, occludin /zonulin and actomy-
osin network in blood, according to certain aspects of the
present invention.

[0040] Table 8 shows a clinical interpretation of elevat-
ed levels of certain antibodies against LPS, occlu-
din/zonulin and actomyosin in oral fluid, according to cer-
tain aspects of the present invention.
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[0041] Table 9 shows a clinical interpretation of elevat-
ed levels of certain antibodies against LPS, occlu-
din/zonulin, blood brain barrier protein and neuronal an-
tigens in blood, according to certain aspects of the
present invention.

DETAILED DESCRIPTION OF THE DRAWINGS

[0042] An increased uptake of antigens is a prerequi-
site for disease development. A number of conditions are
known to increase the permeability of the intestine and
hence increase antigen uptake. Itis likely that the uptake
of immunogenic molecules or antigens from the lumen
can resultinimmunological-mediated activity, both within
the intestine in the form of IgA and IgM, and beyond the
intestine with the production of antigen-specific IgA, IgM,
IgG and immune complexes (26, 27).

I. The Effect Of Bacterial Toxins And Inflammatory Cy-
tokines On The Induction Of Blood-Brain Barrier Disrup-
tion And Neuroinflammation

[0043] The blood-brain barrier (BBB) maintains the in-
ternal environment and stability of the central nervous
system. Structural and functional changes to the BBB
may result in autoimmune diseases, in particular, neuro-
autoimmune diseases such as multiple sclerosis (28).
[0044] The BBB separates blood leukocytes, which
normally respond to necrotic injury, from the brain paren-
chyma where necrotic cell death might take place in re-
sponse to environmental factors such as infections, tox-
ins, excitotoxicity, or trauma (23). The BBB is composed
of two layers. The first layer consists of microvascular
endothelial cells, which have abundant tight junctions
with structural similarity to that of intestinal epithelial cells
(24, 28). The second layer is the glia limitans, which is
formed by glial foot processes (29). The perivascular
space between the endothelial cells and astrocytes is
populated by macrophages, which behave like immature
dendritic cells (29). Therefore, factors capable of opening
the epithelial TJ barrier are able to destroy both the BBB
and neuronal tissue (30-33). This includes bacterial en-
dotoxins, proinflammatory cytokines, enzyme and effec-
torcells Th1, Th17, which are essential to central nervous
system inflammation (29, 34-35).

[0045] Itisfirmly established that disruption of the BBB
by endotoxins, cytokines, chemokines, adhesion mole-
cules, and others, and the trafficking of autoreactive T-
cells from the systemic compartment into the central
nervous system, play an important role in the develop-
ment of MS lesions (36-38). However, when a compari-
son was made between human Th1 versus Th17 lym-
phocytes, human Th17 lymphocyte migrated faster
across the BBB than Th1 lymphocytes. Indeed a signif-
icant number of IL-17- and IL-22-expressing
CD4+CD45R0O+ memory lymphocytes upon their migra-
tion across BBB expressed IL-17+ and IL-22+ markers,
which confirmed the ability of Th17 lymphocytes to cross
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the BBB in vitro and in vivo (35). The BBB endothelial
cells expressed IL-17R and IL-22R, which are used by
Th17 lymphocytes to infilirate the BBB endothelial cells
(ECS). This diffusion of cells or antigens, such as bovine
serum albumin (BSA), amacromolecule, across the BBB
was enhanced significantly when IL-17 and IL-22 were
added to monolayers of human BBB-ECS. This en-
hanced permeability of BBB-ECS correlated with a de-
crease in the expression of occludin and zonulin, the two
important tight junction proteins (39).

[0046] These results strongly suggest that inflamma-
tion induced by LPS and other bacterial toxins causing
activation of Th17 lymphocyte expression of IL-17 and
IL-22 receptors on blood-brain barrier endothelial cells
results in binding of Th17 to BBB tight junctions. This
disrupts the tight junctions, leading to transmigration of
Th17 and autoreactive T cells across the BBB, release
of granzyme-B by the Th17, and interferon-gamma by
CD4 cells, resulting in neuronal cell destruction, release
of neuronal cell antigens and BBB proteins into the cir-
culation (the cells co-expressing IL-17, IL-22 and
granzyme B through the action of IL-17 and IL-22) play
a significant role in the induction and breach in the BBB
and the permeabilization of BBB to circulating CD4+ lym-
phocytes and soluble molecules resulting in CNS inflam-
mation (40-44). The role of Th17 Iymphocytes in the
pathogenesis of inflammatory and neuroimmunological
disorders is shown in Figure 2. Based on this mechanism
of action, bacterial toxin induction of gut permeability and
disruption of BBB protein structure can result in antibody
production not only against LPS but also against tight
junction proteins and BBB proteins. Therefore, steps for
tackling neuroinflammation according to certain aspects
of the present invention begin with testing for LPS, oc-
cludin, claudins, BBB proteins, tight junction protein, en-
zymes such as matrix metalloproteinase and associated
receptor antibodies, based on which clinicians can plan
the repair of the gastrointestinal barrier dysfunction, fol-
lowed by dampening systemic inflammation and ending
with the restoration of the blood-brain barrier.

[0047] Expression of IL-17 and IL-22 receptors on
blood-brain barrier endothelial cells result in the binding
of Th17 cells to BBB tight junctions. This disrupts the tight
junctions, leading to autoreactive CD4 cells and neuro-
degeneration. Thl7 cells then transmigrate across the
BBB, setting the stage for the killing of neurons by the
release of granzyme B. This release of neural cell anti-
gens results in a vicious cycle of neuroautoimmunity and
neurodegeneration.

[0048] Based on information presented here, it is hy-
pothesized that the gutis the starting point for many neu-
rodegenerative disorders. It begins with imbalanced mi-
croflora, which releases copious amounts of lipopolysac-
charide (LPS). The abundant LPS endotoxins induces
up-regulation of proinflammatory cytokines TNF-alpha
and IL-1 beta, resulting in degradation or dissociation of
TJs and their proteins, including occludin and zonulin.
This is followed by inflammation in the blood stream
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which travels to the BBB. The inflammation opens the
BBB, causing neuro-infiltration, neuroinflammation, neu-
roautoimmunity and finally, neurodegeneration. Figure 3
represents the pathophysiology leading to neurodegen-
eration; if a person’s intestinal barrier dysfunction is not
addressed, the person could develop neuroinflammation
and possible neurodegeneration over time. Many au-
toimmune disorders have multiple triggers, symptoms,
and system dysfunctions. In cases of neuroautoimmuni-
ty, where many of the individuals produce high levels of
antibodies to the LPS, TJs, and to the BBB protein, the
immune and nervous systems are involved. The common
ground for these two systems is the Gl tract, the impor-
tance of which has been addressed (43).

[0049] Therefore, in certain aspects of the present in-
vention, the detection and measurement of antibodies
against TJ proteins such as occludin, bacterial endotox-
ins such as LPS, and BBB proteins is the best way not
only to assess Gl and intestinal barrier integrity, but also
determine and/or diagnose the root cause of systemic
inflammation, neuroinflammation, neuroinvasion and
neurodegeneration. Also, any lesions of the intestinal ep-
ithelium must be quickly repaired.

[0050] Otherwise, this would allow the penetration of
dietary proteins, commensal and pathogenic bacteria in-
to the circulation, driving an inflammatory cascade that
would result in complex autoimmune and neuroimmune
disorders.

Il. Measurement of Permeability to Small Sugars versus
Large Antigenic Molecules

[0051] The current methodology for assessing intesti-
nal permeability uses lactulose and mannitol. Over the
last 40 years, it has been a useful clinical tool. Lactulose
absorption suggests a tear in the gut barrier, and thus,
intestinal permeability. Against popular belief, the ab-
sorption of this small molecule actually indicates a minute
leak rather than a tear. Lactulose has relatively low mo-
lecular size, and the transfer of this substance through
the gutmembranes does notreflect the situation for trans-
fer of food or other proteins, and immune response
against them. Furthermore, Lactulose/Mannitol test
measures the transfer of small molecules only through
paracellular but not transcellular pathway.

[0052] Therefore, Large Molecule Intestinal Permea-
bility Identification (LMIPI) should be assessed using
large molecules such as bacterial endotoxins (compara-
ble to the size of food proteins), which are antigenic and
challenge the immune system. Furthermore, in regard to
BBB permeability, although several lines of evidence
have revealed that alterations in BBB permeability are a
primary initiating factor in MS and experimental autoim-
mune encephalomyelitis (EAE) (45-50), there is currently
no recognized blood test for the measurement of BBB
permeability. However, in animal models morphological
and functional changes in the BBB have been demon-
strated by using zonulin/occludin to measure barrier
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damage impairment (7, 11, 28).

[0053] Asshownin Figure4,the emphasis of the meth-
odology of the present invention is on large molecules
that are antigenic and which, upon their release from the
barriers, have the capacity to challenge the immune sys-
tem, resulting in the production of specific IgG, IgM and/or
IgA antibodies against them, which are detected in blood,
blood serum, and/or saliva samples.

[0054] Assessment of intestinal barrier permeability to
large antigenic molecules such as bacterial endotoxins
and dietary proteins is becoming important in the under-
standing of the pathogenesis of gastrointestinal and au-
toimmune diseases. Scientific evidence indicates that
many gastrointestinal and autoimmune disorders are ac-
companied by an increased translocation of endotoxins
and other bacterial toxins from aerobic and anaerobic
bacteria through the gut wall (7, 51-55). This increased
translocation and the inflammation associated with it may
induce degradation of tight junction proteins and a sub-
sequentimmune response against tight junction proteins
such as occludin/zonulin and bacterial endotoxins such
as LPS. Indeed, rat and human epithelial cells exposed
to bacterial toxins or gliadin secrete a significant amount
of zonulin. This release of zonulin is followed by disen-
gagement of the protein ZO-1 from the tight junctional
complex, resulting in intestinal permeability through the
paracellular pathway (7, 51). And, many chronic condi-
tions are accompanied by increased serum levels of IgA
and IgM against LPS and other antigens of pathogenic
bacteria (24, 25). These conditions cause gut inflamma-
tion and mucosal barrier permeability, whereby enlarged
spaces between the cells of the gut wall and dissociation
of tight junction proteins can induce losses in the acto-
myosin network and the protective barrier. This loss of
protective barrier may increase bacterial translocation
and thus enhance the concentration of serum endotox-
ins, tight junction proteins, and actomyosin.

[0055] According to certain aspects, the increased se-
rum IgA and IgM against LPS, tight junction protein (oc-
cludin/zonulin) and actomyosin indicate the presence of
intestinal barrier permeability and the trafficking of mac-
romolecules across the barriers. The endotoxins of bac-
teria may be causing the autoimmunity through bacterial
toxin acting as a superantigen to T lymphocytes, or by a
mechanism called molecular mimicry. Many bacteria
have antigenic sites very similar to human tissue anti-
gens, including neuronal tissue. If intestinal barrier per-
meability is left unchecked, then the inflammatory cas-
cade of antigens and the antibodies produced against
them will go in turn into various tissues and trigger first
inflammation and then autoimmunity, including neuroau-
toimmunity. Therefore, if antigenic intestinal barrier per-
meability is allowed to run its course, the continued de-
generation can trigger systemic inflammation, followed
by the induction of antigenic and cellular blood brain bar-
rier permeability, bringing concomitant additional im-
mune reactions that result in neuroinflammation, neu-
roinvasion and neurodegeneration.
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[0056] Thus, according to certain aspects, patients
with chronic inflammatory and autoimmune conditions
should be checked for the existence of increased gut
permeability to large antigenic molecules by measure-
ment of IgA, IgG and/or IgM against bacterial LPS, tight
junction proteins and actomyosin. Finally, in addition to
measurement of IgA, IgG and/or IgM antibodies against
LPS and occludin/zonulin, these antibodies should also
be measured against BBB proteins, enzymes, associat-
ed receptors, and neuronal antigens in patients with neu-
roimmune disorders. This multi-step process of TJ deg-
radation by bacterial toxins and the production of anti-
bodies against released TJ proteins, LPS and other bac-
terial antigens, which leads to tissue damage and au-
toimmunity, is illustrated in Figure 5.

[0057] According to certain aspects, the detection and
measurement of IgA and IgM in oral fluid and IgG, IgM
and IgA in blood against TJ proteins and LPS would be
the best assay for assessment of intestinal barrier func-
tion, while the detection and measurement of LPS, oc-
cludin/zonulin and other tight junction proteins, plus BBB
proteins and neural cell antibodies (IgG, IgM and IgA) in
blood would be the best method for assessment of intes-
tinal/BBB permeability and neuroautoimmunity.

[0058] Bacterial antigens (LPS) induce degradation of
tight junctions and zonulin release, causing the opening
of the tight junctions and the passage of occludin and
LPS through the tightjunctions and subsequent migration
into the submucosa, where the occludin and LPS are
presented to macrophages and dendritic cells. Macro-
phages present these antigens to T and B cells; this is
followed by aberrant immune response, both humoral
(IgA, IgM and IgG antibodies against occludin and LPS)
and cell-mediated. This interplay between humoral and
cell-mediated immunity is ultimately responsible for the
autoimmune process targeting the intestinal epithelium
and other tissue antigens, leading to the tissue damage
typical of autoimmune diseases.

[0059] Following are exemplary descriptions of as-
says, and their use and analysis with respect to some
test patients. Although other materials and methods sim-
ilar or equivalent to those described herein can be used
in the practice or testing of the present invention, the
preferred method and materials now described in the ex-
emplary description of assays to further illustrate the
present invention according to certain aspects.

ELISA Assay

A. Materials and Methods - Plate and Sample Prepara-
tion:

[0060] Lipopolysaccharides from E. coli 055:85; E. coli
K-235, Pseudomonas aeruginosa, Pseudomonas puti-
da, Salmonella enteritidis, Salmonella typhimurium,
Klebsiella pneumonia, Morganella morganii, Hafnia
alvei, Citrobacter koseri, actin, actomyosin, myelin basic
protein and a-B crystallin were purchased from Sigma-



13 EP 2 668 498 B1 14

Aldrich, ST. Louis, MO. Glial fibrillary acidic protein
(GFAP) was purchased from Boehringer Mannheim, In-
dianapolis, IN. Also used were zonulin peptides 1, 2, 3,
intestinal ZOT receptor, myelin basic protein peptide
87-106, cell junction protein, matrix metalloproteinmase-
3, calcium-binding region of S100-B named in this study,
BBB-1 MSELEKAMVA LIDVFHQYSG REGDKHKLKK,
BBB-2 SELKELINNE LSHFLEEIKE QEVVDKVMET,
BBB-3 LDNDGDGECD FQEFMAFVAM VTTACHEFFE
HE, brain ZOT binding protein- 1, -2, calprotectin (MRP-
8), and brain ZOT receptor.

[0061] All peptides HPLC grade with purity of greater
than 90% were synthesized by EZ Biolab of Carmel, IN.
Throughout this application, unless the context dictates
the contrary, all ranges set forth herein should be inter-
preted as being inclusive of their endpoints, and open-
ended ranges should be interpreted to include commer-
cially practical values. Similarly, all lists of values should
be considered as inclusive of intermediate values unless
the context indicates the contrary.

[0062] Antigens and peptides were dissolved in meth-
anol at a concentration of 1.0 mg/mL, then diluted 1 : 100
in 0.1M carbonate-bicarbonate buffer, pH 9.5, and 50 pl
were added to each well of a polystyrene flat-bottom ELI-
SA plate, as shown in Figure 6. Plates were incubated
overnight at 4 °C and then washed three times with 200
wl Tris-buffered saline (TBS) containing 0.05% Tween
20 (pH 7.4). The non-specific binding ofimmunoglobulins
was prevented by adding 200 mL of 2% bovine serum
albumin (BSA) in TBS, and incubated overnight at 4°C.
Plates were washed and after quality central (QC) were
kept at 4°C until used.

[0063] The enzyme conjugates included: Affinity Puri-
fied Antibody Phosphatase-labeled Goat anti-Human
IgG (Jackson ImmunoResearch, Cat#109-055-008); Af-
finity Purified Antibody Phosphatase-labeled Goat anti-
Human IgA (Jackson ImmunoResearch,
Cat#109-055-011); and Affinity Purified Antibody Phos-
phatase-labeled Goat anti-Human IgM (Jackson Immu-
noResearch, Cat.#109-055-043).

[0064] Other additional reagents and materials includ-
ed in the method as further described herein, includes:
Phosphate-Buffered Saline Powder (Sigma,
Cat#P3813-10PAK), Bovine Serum Albumin (Biocell,
Cat#3203-00), Sodium Azide (Sigma, Cat#S-2002),
Tween 20 (Sigma, Cat#P1379-1000ML), Glycerol (Sig-
ma, Cat#G5516-500ML), Sodium Hydroxide (Sigma,
Cat#S-5881), Magnesium Chloride (Sigma, Cat#8266),
Diethanolamine (Sigma, Cat#¥D-8885), 1.0 N Hydrochlo-
ric Acid Solution (Sigma, Cat#H3162-1GA), 5mg Sub-
strate Tablets: p-NPP (para-nitophenyl phosphate) (Sig-
ma, Cat#S-0942), and Distilled water (D. H20).

[0065] The microwell plates were prepared and coated
with 12 different gut-brain-associated antigens or pep-
tides, as shown in Figure 6. Calibrator and positive con-
trols and diluted patient samples were added to the wells
and autoantibodies recognizing different antigens bind
during the first incubation. After washing the wells to re-
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move all unbound proteins, purified alkaline phosphatase
labeled rabbit anti-human 1gG/IgM/IgA unbound conju-
gate were removed by a further wash step.

[0066] Bound conjugate was visualized with paranitro-
phenyl phosphate (PNPP) substrate, which gives a yel-
low reaction product, the intensity of which is proportional
to the concentration of autoantibody in the sample. So-
dium hydroxide was added to each well to stop the reac-
tion. The intensity of color was read at 405 nm.

[0067] Plainredtops orredtigertops (SST tubes) were
used for specimen collection, although in certain aspects,
other specimen collection apparatus are contemplated
for this assay.

[0068] Blood samples were collected using aseptic
venipuncture techniques and serum was obtained using
standard procedures. In certain aspects, it is preferred
that a minimum of 100 microliter of serum for the assay,
which therefore corresponds to about one ml or more of
blood.

B. Test Assay Procedure

[0069] The analytical procedure for IgG, IgM, and/or
IgA antibody against LPS, intestinal and/or BBB proteins
is now discussed. In some aspects, all reagents were
allowed to reach room temperature before the test assay
was commenced. The testassay procedure includes pre-
paring the desired number of coated wells or plates with
the desired number and type of antigens and/or peptides.
Once the microtiter wells are prepared, about 100 pl of
1:100 diluted control calibrator are added to Rows A and
B of the microtiter plate as shown in Figure 7, which can
be done using a multi-channel pipettor. About 100 pl of
1:100 diluted patient’s test sample, here blood serum,
was added to duplicate wells of rows C and D for the first
Clinical Specimen rows E and F for the second Clinical
Specimen and rows G and H for the third Clinical Spec-
imen as shown in Figure 7.

[0070] On a separate plate, the periodic (i.e., weekly)
negative and positive controls similar to clinical speci-
mens in duplicates were conducted, as shownin Figure 8.
[0071] The plates were then incubated for about 60
minutes at room temperature. After incubation, the wells
were then emptied and washed four times with PBS using
an ELISA Washer. About 100 pl of optimally diluted al-
kaline phosphatase-labeled goat anti-human IgA was
added to the IgA plate or about 100 .l of enzyme-labeled
IgG was added to the I1gG plate and anti-lgM was added
to the IgM plate at optimal dilution.

[0072] The respective plates were then incubated for
about 30 to about 60 minutes atroom temperature. About
ten minutes before the conjugate-incubation ends, a sub-
strate solution was prepared by mixing about 5 mg of p-
nitrophenyl phosphate tablet with about 5 ml of substrate
buffer, which was mixed well until the tablet completely
dissolved. Washing four times with PBS using the ELISA
washer was repeated. Then, about 100 ul of substrate
solution was added to each well. The plate was then in-
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cubated for about 30 minutes at room temperature with
the avoidance of any exposure to direct sunlight. The
reaction was stopped by adding about 50 .l of 3N NaOH.
The color intensity of the wells were read using a micro-
titer plate reader at 405 nm against a blank well, with the
absorbance values of calibrators, controls and unknown
samples being recorded.

C. Calculation of Results

[0073] After the plate was read at 405 nm to obtain the
optical density values (OD4q5), the mean ODs of the neg-
ative controls, the mean ODs of the positive controls and
the mean ODs of each clinical specimen were divided by
the mean ODs of calibrators on Rows A and B to obtain
each Index Value (IV).

[0074] The Index Value (1V) for each antibody was cal-
culated against the 12 different antigens by dividing the
mean OD of each duplicate sample by the mean OD of
the calibrator control value (for example, divide the mean
OD of wells C1 and D1 by the mean OD of wells A1 and
B1, the mean OD of wells C2 and D2 by the mean OD
of wells A2 and B2, the mean OD of wells C3 and D3 by
the mean OD of wells A3 and B3, etc.).

[0075] The results were then compared to the estab-
lished reference ranges.

Index = Mean OD of patients
Mean OD of calibrators

Index calculation for Zonulin/Occludin

Cal 1 (OD) 0.48
Cal 2 (OD) 0.50
Sample 3 A (OD) 3.4
Sample 3 B (OD) 3.2
Index 6.7

D. Interpretation of Results

i. Pattern of IgG/IgM/IgA Antibody in Patients with Celiac
Disease, Gluten Immune Reactivity and Sensitivity, and
Crohn’s Disease:

[0076] Examples of IgG, IgM, and IgA antibody pat-
terns of 9 healthy subjects (Tables 1-3) and their com-
parison with 3 patients with celiac disease and intestinal
permeability (Table 4), 3 patients with gluten ataxia (Ta-
ble 5), and 3 patients with multiple sclerosis (Table 6) are
shown in Tables 1-6, respectively.

[0077] Data interpretation and laboratory differentia-
tion between celiac disease and gluten immune reactiv-
ity/sensitivity/autoimmunity are shown in Tables 7-9.
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ii. Pattern of IgG, IgM and IgA Antibody against Intestinal,
BBB Proteins and Associated Antigens in Patients with
Celiac Disease and Gut Permeability, Gluten Ataxia, and
Patients with MS.

[0078] Based on the calculation of indices, the pattern
of IgG, IgM and IgA antibodies in the nine healthy control
subjects (Tables 1-3), 3 patients with celiac disease and
gut permeability (Table 4), 3 patients with gluten ataxia
(Table 5), and 3 patients with multiple sclerosis (Table
6) is shown in Tables 1-6, respectively. Note that in all
healthy subjects, other than LPS and MBP, the antibody
indices of which may be higher than 1.5 but not signifi-
cantly greater than 2.0, the antibody indices against other
antigens are lower or much lower than 1.5 (Tables 1-3).
[0079] In patients with celiac disease as confirmed by
IgG and IgA against deamidated a-gliadin 33-mer pep-
tide, tissue transglutaminase (tTg), and gliadin-tTg com-
plex, the pattern of antibody varies from patient to patient.
[0080] For example, Sample 10 in Table 4, these an-
tibodies are significantly elevated against LPS, zonu-
linfoccludin, intestinal ZOT receptor, cell junction protein,
MMP-3, a-B crystallin, and myelin basic protein, indicat-
ing that in addition to enhanced gut permeability the pa-
tient may be suffering from BBB permeability. Sample 11
in Table 4 shows significant elevation of antibodies
against cell junction protein and intestinal ZOT receptor,
and moderate elevation againstLPS, butnot against BBB
proteins and neural antigens, indicating that in addition
to celiac disease the patient may be suffering from intes-
tinal permeability, BBB permeability, neuroautoimmuni-
ty, and possibly other autoimmunities.

[0081] TheleveloflgG, IgM and IgA antibodies against
12 different antigens representing gut-to-brain in 3 pa-
tients (Samples 13-15) with gluten ataxia is shown in Ta-
ble 5. Gluten ataxia in these patients was confirmed by
the presence of IgG and IgA antibodies against deami-
dated a-gliadin 33-mer peptide, tTg-2, gliadin-tTg com-
plex, tTg-6 and cerebellar antigens. In these patients the
pattern of antibodies was significantly higher against
ZOT-binding protein, brain ZOT receptor, a-B crystallin,
calprotectin, GFAP, and cell junction protein, confirming
barrier damage impairment.

[0082] The level of these antibodies against 12 tested
antigens in 3 patients (Samples 16-18) with MS is sum-
marized in Table 6. In addition to an abnormal MRI, a
diagnosis of MS was made based on antibody detection
against MBP, myelin oligodendrocyte glycoprotein
(MOG), a-B crystallin, proteolipid protein, lymphocyte ac-
tivation and proinflammatory cytokine production (44).
Significant elevation in the level of antibodies was de-
tected against neuronal antigens, BBB proteins and
zonulin/occludin. This is indicative that indeed patients
with MS suffer from BBB dysfunction.
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iii. Measurement of IgG, IgM and IgA antibodies against
bacterial lipopolysaccharide and occludin/zonulin in pa-
tients with gastric autoimmunity.

[0083] Intestinal permeability is significant in gastroin-
testinal autoimmune disease (4). Figure 9 shows dia-
grams that compare the elevation of antibodies against
bacterial endotoxins (lipopolysaccharides) and the struc-
ture of the tight junctions (occludin/zonulin) in healthy
controls and patients with gastric autoimmunity.

[0084] The exaggerated entrance of antigenic macro-
molecules across the gut epithelium can initiate produc-
tion of, and perpetuate an ongoing increase in, multiple
inflammatory cytokines and systemic chronic inflamma-
tion (56). This appears to be a required component for
the trio of factors that lead to eventual autoimmune dis-
ease (genetic vulnerability, environmental exposure, and
intestinal permeability).

[0085] According to certain aspects of the present in-
vention, itis hypothesized herein that elevated antibodies
to LPS, occludin/zonulin and the actomyosin network are
biomarkers identifying the breakdown of a healthy intes-
tinal barrier, and that elevated antibodies to LPS, occlu-
din/zonulin, other cell junction proteins, BBB proteins
plus neural antigens (for example, MBP, a-B crystalline,
GFAP, calprotectin, and brain ZOT protein) not only in-
dicate the breakdown of a healthy intestinal barrier, but
also a failure in BBB integrity.

[0086] Clinical interpretation of elevated level of anti-
bodies against LPS, occludin/zonulin and actomyosin in
oral fluid according to certain aspects of the present in-
vention is shown in Table 8.

[0087] Clinical interpretation of elevated blood level of
antibodies against LPS, occludin/zonulin, blood brain
barrier protein and neural antigens according to certain
aspects of the present invention is shown in Table 9.

CASE STUDY EXAMPLES

[0088] Two different case reports, the first on a patient
with celiac disease and the second with multiple sclerosis
are provided as follows.

A. CASE REPORT #1: Patient With Celiac Disease And
Intestinal Barrier Dysfunction

[0089] A 38 year-old woman 5’4" in height weighing
106 Ibs with Gl disorder including constipation, diarrhea
and pain all over the body, with fibromyalgia-like syn-
drome and loss of weight (1-2 Ibs per month during the
last six months) was examined by an internist. Lab in-
vestigation revealed abnormal CBC with hemoglobin of
9.9 g/dl, MCV of 77 fL, erythrocyte sedimentation rate of
54 mm/1st hr, with low concentration of folate and vitamin
B-12 but high level of liver enzymes and high sensitive
C-reactive protein.. Detailed biochemical and immuno-
logical profiles including ANA, rheumatoid factor, T3, T4
and TSH levels were performed and all tests were within
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the normal range. After repeated complaints about Gl
discomfort, low-grade fever and headache, the patient
was referred for Gl evaluation. Colonoscopy and duode-
nal biopsy were performed and immunohistological eval-
uation revealed total villous atrophy with Marsh Il clas-
sification. At this point 1IgG and IgA concentrations
against gliadin and transglutaminase were checked.
Both IgG and IgA against gliadin and transglutaminase
were 3-5 fold higher than the reference range.

[0090] In view of the villous atrophy, gliadin and trans-
glutaminase positivity diagnosis of celiac disease was
made. The patient was transfused with blood, put on anti-
inflammatory medication and started on a gluten-free di-
et. Three months later, although her overall Gl discomfort
had improved and she had gained 4 pounds, her CRP
was still elevated, and the body ache and low-grade fever
continued. In view of this and to determine the root cause
of the inflammation and low-grade fever, antibodies
against LPS, zonulin/occludin, and cell junction proteins
were examined. Results presented in Table 4, Sample
10 showed that in comparison to healthy subjects, the
patient (Sample 10) had a 3-6 fold increase in I1gG, IgM
and IgA antibody levels against LPS, zonulin/occludin
and cell junction proteins, indicating that in addition to
celiac disease the patient was suffering from bacterial
translocation, tight junction damage and leaky gut syn-
drome to large antigenic molecules.

[0091] Accordingly, in addition to the gluten-free diet,
the patient was treated for leaky gut syndrome with the
implementation of a lectin-free diet plus probiotics
glutamine, N-acetylcysteine, EPA/DHA, vitamin D, lacto-
ferrin, xylitol, and boswellic acid. Thirty days after com-
mencement of this probiotic regimen plus the lectin- and
gluten-free diet, the patient’s clinical condition had im-
proved significantly: her fever was down to 37°C and she
had gained an additional 6 Ibs. Sixty days later the treat-
ment for leaky gut was reduced to probiotics only, but
the gluten-free diet was continued. One year later all lab
tests were repeated, and the repeat tests for gliadin,
transglutaminase, CRO, LPS, and zonulin/occludin were
within the normal range, which was a further indication
thatmanagement for leaky gut plus a gluten-free dietwas
effective in the treatment of this patient who suffered from
celiac disease and leaky gut syndrome.

[0092] Discussion: It has been established in the liter-
ature that in addition to villous atrophy the majority of
patients with celiac disease also suffer from leaky gut
syndrome. For this reason, approximately only 50% of
patients with celiac disease improve on a gluten-free diet,
with the structure of their villi returning to normal after six
months of such treatment. The mechanism by which
leaky gut syndrome is induced in celiac disease is due
to the fact that in some individuals specific gliadin pep-
tides bind to the epithelial cell and cause damage to the
tight junction proteins, causing the release of zonulin/oc-
cludin and claudins from the submucosa into the blood.
In this particular case, some of the patient’'s symptoma-
tologies improved on the gluten-free diet, but the gluten-
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free diet did not ameliorate the inflammatory cascade
induced by the LPS translocation and enhanced gut per-
meability. However, 30-90 days after implementation of
the gluten-free diet plus treatment for repairing the tight
junction proteins using natural remedies (57-61), both
clinical symptomatologies and lab test results were back
to normal. Thus, it is concluded that patients with celiac
disease should be screened for leaky gut for large mol-
ecules that are antigenic, and treated not only for celiac
disease but also for repairing the gut barrier. The inven-
tive subject matter of the present invention provides for
this capability.

B. CASE REPORT #2: Patient With Multiple Sclerosis,
Gut And Blood-Brain Barrier Permeability

[0093] A 38 year-old man 5’8" in height weighing 182
Ibs following a 3-week history of progressive neck, back
and muscle pain with weakness of the limbs was referred
to a neurologist. On the day prior toreferral, he developed
difficulty in passing urine with tingling and sensory dis-
turbance in his trunk and legs to a degree where he was
unable to climb stairs. Just over two years prior to ad-
mission, the patient had family problems and had be-
come very depressed, for which he had not sought any
help. His overall past history was otherwise unremarka-
ble except for unexplained mild microcytic anemia which
had been treated with vitamin B-12 and iron supple-
ments.

[0094] To clarify whether or not the patient may have
suffered from a minor stroke or was suffering from some
neurological or autoimmune disorder, a series of immu-
nological profiles and neurological examinations was in-
itiated.

[0095] Lab investigation revealed normal chemistry
and CBC with a hemoglobin result of 10.8 g/dl. The im-
munological profile including ANA, rheumatoid factor, im-
mune complexes, total immunoglobulins, cardiolipid an-
tibodies and thyroid function tests were within the normal
range.

[0096] During further investigation cerebrospinal fluid
and blood was collected and examined for mycobacteria,
Borrelia, CMV, EBV, Herpes Type-6, HTLV-1 and -2, and
syphilis, all of which were negative. CSF protein was 0.7
g/L, and glucose 2.3 mMol/L.

[0097] Neurological examination revealed reduced
corrected visual acuity of 6/48 in the right eye and 6/36
in the left eye with normal eye movements. The patient
had pyramidal weakness in both legs with mildly-based
gait. Pinprick examination demonstrated hemisensory
level below D10 on both sides.

[0098] An MRI scan of the brain showed mild white
matter abnormalities with mild generalized atrophy,
which has been observed in patients with MS.

[0099] However, to exclude the possibility of gluten
sensitivity, celiac disease and leaky gut syndrome, AGA,
tTg antibody, and lactulose/mannitol tests were per-
formed. A celiac screen revealed both IgG and IgA anti-
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gliadin antibodies 3-6 fold above the reference range but
was completely negative for IgG and IgA against trans-
glutaminase. In addition, the lactulose/mannitol test re-
sult was highly abnormal. Consequently, the following
additional tests were performed: IgG, IgM and IgA anti-
body against LPS, zonulin/occludin, intestinal ZOT re-
ceptor, cell junction protein, MMP-3, brain ZOT binding
protein, brain ZOT receptor, calprotectin, GFAP, a-B
crystallin, BBB protein, and MBP. Results summarized
in Table 6, Sample 17 show a significant elevation in
antibody levels against MBP and GFAP, confirming the
abnormal MRI findings and a diagnosis of MS. Further-
more, a significant elevation of antibodies against zonu-
linfoccludin, calprotectin and BBB protein indicated in-
volvement of the Gl tract with enhanced gut and BBB
permeability in this patient (Table 6). Based on these test
results, the patient was given 1 g intravenous methyl-
prednisolone for five days with some resultant clinical
improvement. Atthis point the patientwas puton 3-seron,
showing significant improvement fifteen days later. Fur-
thermore, 200 mg of minocycline IV glutathione, plus pro-
biotics glutamine, N-acetylcysteine, EPA/DHA, vitamin
D, lactoferrin, xylitol, and boswellic acid were given for
repairing the damaged BBB and gut barriers. Three
months after this regimen the patient’s overall health had
improved significantly.

[0100] The inventive subject matter, therefore, is not
to be restricted except in the scope of the appended
claims. Moreover, in interpreting both the specification
and the claims, all terms should be interpreted in the
broadest possible manner consistent with the context. In
particular, the terms "comprises" and "comprising"
should be interpreted as referring to elements, compo-
nents, or steps in a non-exclusive manner, indicating that
the referenced elements, components, or steps may be
present, or utilized, or combined with other elements,
components, or steps that are not expressly referenced.
Where the specification claims refers to at least one of
something selected from the group consisting of A, B,
C .... and N, the text should be interpreted as requiring
only one element from the group, not A plus N, or B plus
N, etc.
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Claims

An in vitro method of assisting in diagnosing a dis-
ease associated with leaky gut syndrome or exces-
sive blood brain barrier permeability, comprising:

obtaining test results by testing a sample ob-
tained from a human for a disease associated
with leaky gut syndrome or excessive blood-
brain barrier permeability, comprising:

measuring a first signal derived from bind-
ing of a first antibody of a first fraction of the
sample to a bacterial lipopolysaccharide;
and

measuring a second signal derived from
binding of a second antibody of a second
fraction of the sample to a human antigen,
selected from at least one of (a) a gut-relat-
ed antigen and (b) a blood brain barrier-re-
lated antigen;

wherein the human gut-related antigen is select-
ed from the list consisting of: (1) an intestinal
structural protein; (2) a tight junction protein; (3)
a binding receptor to the tight junction protein;
and (4) a cell junction protein; and

wherein the blood brain barrier-related antigen
is selected from the list consisting of: (1) a blood
brain barrier protein; (2) a glial fibrillary acidic
protein (GFAP); (3) a matrix metalloproteinase
(MMP), (4) a brain ZOT binding protein; (5) a
brain ZOT receptor; (6) a calprotectin; and (7) a
myelin basic protein;

wherein the intestinal structural antigen com-
prises actin and actomyosin

wherein the tight junction antigen is occludin
and/or zonulin;

and analyzing the test results;

wherein the step of analyzing the test results
comprises deeming a diagnosis related to gut
flora dysbiosis to be likely where the test results
include a positive result for binding of any of IgA,
IgM, and IgG to the bacterial lipopolysaccharide,
and negative results for binding for all of IgA,
IgM, and IgG to occludin and zonulin, and a neg-
ative result for binding of 1I9G to actomysin; or
wherein the step of analyzing the test results
comprises deeming a diagnosis related to
breakdown in intestinal barrier by bacterial an-
tigens, through a paracellular pathway, to be
likely where the test results include a positive
result for binding of any of IgA, IgM, and IgG to
the bacteriallipopolysaccharide, and positive re-
sults for binding of any of IgA, IgM, and IgG to
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occludin or zonulin, and a negative result for
binding of IgG to actomysin; or

wherein the step of analyzing the test results
comprises deeming a diagnosis related to
breakdown in intestinal barrier by other than
bacterial antigens, through a paracellular path-
way, to be likely where the test results include
a negative result for binding for all of IgA, IgM,
and IgG to the bacterial lipopolysaccharide, and
positive results for binding of any of IgA, IgM,
and 1gG to occludin or zonulin, and a negative
result for binding of IgA to actomysin; or
wherein the step of analyzing the test results
comprises deeming a diagnosis related to
breakdown in intestinal barrier by bacterial an-
tigens, through a transcellular pathway, to be
likely where the test results include a positive
result for binding of any of IgA, IgM, and IgG to
the bacterial lipopolysaccharide, and negative
results for binding for all of IgA, IgM, and IgG to
occludin and zonulin, and a positive result for
binding of IgA to actomysin; or

wherein the step of analyzing the test results
comprises deeming a diagnosis related to
breakdown in intestinal and blood brain barrier
integrity induced by the bacterial toxin to be likely
where the test results include a positive result
for binding of any of IgA, IgM, and IgG to the
bacterial lipopolysaccharide, and positive re-
sults for binding of any of IgA, IgM, and IgG to
occludin and zonulin, a positive result for binding
of any of IgA, IgM, and IgG to a blood brain bar-
rier protein, and a positive result for binding of
any ofIgA, IgM, and IgG to a neuronal antigen; or
wherein the step of analyzing the test results
comprises deeming a diagnosis related to
breakdown in intestinal and blood brain barrier
integrity by factors other than the bacterial toxin
to be likely where the test results include a neg-
ative result for binding for each of IgA, IgM, and
IgG to the bacterial lipopolysaccharide, and pos-
itive results for binding of any of IgA, IgM, and
IgG to occludin and zonulin, a positive result for
binding for any of IgA, IgM, and IgG to a blood
brain barrier protein, and a positive result for
binding for any of IgA, IgM, and IgG to a neuronal
antigen; or

wherein the step of analyzing the test results
comprises deeming a diagnosis related to gut
flora dysbiosis without breakdown in intestinal
barrier integrity and with breakdown in blood
brain barrier integrity to be likely where the test
results include a positive result for binding for
any of IgA, IgM, and IgG to the bacterial lipopol-
ysaccharide, and negative results for binding for
each of IgA, IgM, and IgG to occludin and zonu-
lin, a positive result for binding for any of IgA,
IgM, and IgG to a blood brain barrier protein,
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and a positive result for binding for any of IgA,
IgM, and IgG to a neuronal antigen; or
wherein the step of analyzing the test results
comprises deeming a diagnosis related to
breakdown in blood brain barrier integrity, neu-
roinflammation and neuroautoimmunity, without
association with intestinal barrier or gut flora
dysbiosis to be likely where the test results in-
clude a negative result for binding for each of
IgA, IgM, and IgG to the bacterial lipopolysac-
charide, and negative results for binding for each
of IgA, IgM, and IgG to occludin and zonulin, a
positive result for binding for any of IgA, IgM,
and IgG to a blood brain barrier protein, and a
positive result for binding for any of IgA, IgM,
and IgG to a neuronal antigen.

The method of claim 1, wherein the binding receptor
comprises intestinal ZOT receptor; or wherein the
structural protein comprises matrix metalloprotein-
ase-3 (MMP-3).

The method of claim 1, wherein the blood brain bar-
rier-related antigen is selected from the list consist-
ing of: (1) a blood brain barrier protein; (2) a glial
fibrillary acidic protein (GFAP); and (3) a matrix met-
alloproteinase (MMP).

The method of any preceding claim, wherein the
sample is a blood sample, or a saliva sample.

A test plate having the following bound thereto: (1)
a bacterial lipopolysaccharide; and (2) a human an-
tigen comprising at least one of (a) a gut-related an-
tigen and (b) a blood brain barrier-related antigen;
wherein the gut-related antigen is selected from the
list consisting of: (1) an intestinal structural protein;
(2) a tight junction protein; and (3) a binding receptor
to the tight junction protein; and (4) a cell junction
protein; and

wherein the blood brain barrier-related antigen is se-
lected from the list consisting of: (1) a blood brain
barrier protein; (2) a glial fibrillary acidic protein
(GFAP); (3) a matrix metalloproteinase (MMP), (4)
a brain ZOT binding protein; (5) abrain ZOT receptor;
(6) a calprotectin; and

(7) a myelin basic protein.

Patentanspriiche

1.

In-vitro-Verfahren zum Unterstltzen beim Diagnos-
tizieren einer Erkrankung, die mit dem Syndrom des
durchlassigen Darms bzw. Leaky-Gut-Syndrom
oder einer exzessiven Permeabilitdt der Blut-Hirn-
Schranke assoziiert ist, welches Folgendes auf-
weist:
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Erhalten von Testresultaten durch Testen einer
von einem Menschen gewonnenen Probe auf
eine Erkrankung, die mit dem Leaky-Gut-Synd-
rom oder einer exzessiven Permeabilitat der
Blut-Hirn-Schranke assoziiert ist, welches Fol-
gendes aufweist:

Messen eines ersten Signals, das aus dem
Binden eines ersten Antikérpers einer ers-
ten Fraktion der Probe an ein bakterielles
Lipopolysaccharid abgeleitet wird; und
Messen eines zweiten Signals, das aus
dem Binden eines zweiten Antikérpers ei-
ner zweiten Fraktion der Probe an ein hu-
manes Antigen abgeleitet wird, welches
ausgewahlt aus (a) einem Darm-verwand-
ten Antigen und / oder (b) einem Blut-Hirn-
Schranke-verwandten Antigen;

wobei das humane Darm-verwandte Antigen
aus der Liste ausgewabhlt ist, die aus Folgendem
besteht: (1) einem Darmstrukturprotein; (2) ei-
nem Schlussleistenprotein bzw. Tight Junction-
Protein; (3) einem Bindungsrezeptor an das
Tight Junction-Protein; und (4) einem Zellver-
bindungsprotein; und

wobei das Blut-Hirn-Schranke-verwandte Anti-
gen aus der Liste ausgewahlt ist, die aus Fol-
gendem besteht: (1) einem Blut-Hirn-Schranke-
Protein; (2) einem sauren Gliafibrillenprotein
(GFAP); (3) einer Matrix-Metalloprotease
(MMP), (4) einem Hirn-ZOT-(ZOT=Zonula-Oc-
cludens-Toxin)-Bindungsprotein; (5) einem
Hirn-ZOT-Rezeptor; (6) einem Calprotectin; und
(7) einem basischen Myelinprotein;

wobei das Darmstrukturantigen Actin und Acto-
myosin aufweist;

wobei das Tight Junction-Antigen Occludin
und/oder Zonulin ist;

und Analysieren der Testresultate;

wobei der Schritt des Analysierens der Testre-
sultate aufweist, dass eine Diagnose im Zusam-
menhang mit Dysbiose der Darmflora als wahr-
scheinlich erachtet wird, wenn die Testresultate
Folgendes aufweisen: ein positives Resultat
vom Binden von irgendeinem von IgA, IgM und
IgG an das bakterielle Lipopolysaccharid, und
negative Resultate fiir das Binden von sowohl
IgA, IgM als auch IgG an Occludin und Zonulin,
und ein negatives Resultat fiir das Binden von
IgG an Actomysin; oder

wobei der Schritt des Analysierens der Testre-
sultate aufweist, dass eine Diagnose, die im Zu-
sammenhang mit dem Abbau der Darmschran-
ke durch bakterielle Antigene steht, tber einen
parazellularen Weg als wahrscheinlich er-
scheint, wenn die Testresultate Folgendes auf-
weisen: ein positives Resultat fiir das Binden
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von irgendeinem von IgA, IgM und IgG an das
bakterielle Lipopolysaccharid, und positive Re-
sultate fir das Binden von irgendeinem von IgA,
IgM und 1gG an Occludin oder Zonulin, und ein
negatives Resultat fur das Binden von IgG an
Actomysin; oder

wobei der Schritt des Analysierens der Testre-
sultate aufweist, dass eine Diagnose, die im Zu-
sammenhang mit dem Abbau der Darmschran-
ke durch andere als bakterielle Antigene steht,
Uber einen parazelluldren Weg als wahrschein-
lich erscheint, wenn die Testresultate Folgen-
des aufweisen: ein negatives Resultat fir das
Binden von sowohl IgA, IgM als auch IgG an das
bakterielle Lipopolysaccharid und positive Re-
sultate fir das Binden von irgendeinem von IgA,
IgM und 1gG an Occludin oder Zonulin, und ein
negatives Resultat fiir das Binden von IgA an
Actomysin; oder

wobei der Schritt des Analysierens der Tester-
gebnisse aufweist, dass eine Diagnose, die im
Zusammenhang mit dem Abbau der Darm-
schranke durch bakterielle Antigene steht, tiber
einen transzelluldaren Weg als wahrscheinlich
erscheint, wenn die Testresultate Folgendes
aufweisen: ein positives Resultat flir das Binden
von irgendeinem von IgA, IgM und IgG an das
bakerielle Lipopolysaccharid, und negative Re-
sultate beim Binden von sowohl IgA, IgM und
IgG an Occludin und Zonulin, und ein positives
Resultat fur das Binden von IgA an Actomyosin;
oder

wobei der Schritt des Analysierens der Testre-
sultate aufweist, dass eine Diagnose im Zusam-
menhang mit einem durch das bakterielle Toxin
verursachten Zusammenbruch der Integritat der
Darm- und Blut-Hirn-Schranke als wahrschein-
lich erscheint, wenn die Testresultate Folgen-
des aufweisen: ein positives Resultat flir das
Binden von irgendeinem von IgA, IgM und IgG
an das bakterielle Lipopolysaccharid, und posi-
tive Resultate fur das Binden von irgendeinem
von IgA, IgM und IgG an Occludin und Zonulin,
ein positives Resultat fir das Binden von ir-
gendeinem von IgA, IgM und IgG an ein Blut-
Hirn-Schranke-Protein und ein positives Resul-
tatfur das Binden von irgendeinem von IgA, IgM
und IgG an ein neuronales Antigen; oder
wobei der Schritt des Analysierens der Testre-
sultate aufweist, dass eine Diagnose im Zusam-
menhang mit einem Zusammenbruch der Inte-
gritdt der Darm- und Blut-Hirn-Schranke, der
durch Faktoren anders als das bakterielle Toxin
verursacht ist, als wahrscheinlich erscheint,
wenn die Testresultate Folgendes aufweisen:
ein negatives Resultat firdas Binden von jedem
von IgA, IgM und IgG an das bakterielle Lipopo-
lysaccharid und positive Resultate fir das Bin-
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den von irgendeinem von IgA, IgM und IgG an
Occludinund Zonulin, ein positives Resultate fiir
das Binden von irgendeinem von IgA, IgM und
IgG an ein Blut-Hirn-Schranke-Protein und ein
positives Resultat fir das Binden von irgendei-
nem von IgA, IgM und IgG an ein neuronales
Antigen; oder

wobei der Schritt des Analysierens der Testre-
sultate aufweist, dass eine Diagnose im Zusam-
menhang mit Darmfloradysbiose ohne Stérung
der Integritat der Darmbarriere und mit Zusam-
menbruch der Integritat der Blut-Hirn-Schranke
als wahrscheinlich erscheint, wenn die Testre-
sultate Folgendes aufweisen: ein positives Re-
sultat fir das Binden von irgendeinem von IgA,
IgM und IgG an das bakterielle Lipopolysaccha-
rid und negative Resultate fir das Binden von
jedem von IgA, IgM und IgG an Occludin und
Zonulin, ein positives Resultat fiir das Binden
von irgendeinem von IgA, IgM und IgG an ein
Blut-Hirn-Schranke-Proteine und ein positives
Resultat fir das Binden von irgendeinem von
IgA, IgM und IgG an ein neuronales Antigen;
oder

wobei der Schritt des Analysierens der Testre-
sultate aufweist, dass eine Diagnose im Zusam-
menhang mit dem Zusammenbruch der Integri-
tat der Blut-Hirn-Schranke, der Neuroinflamma-
tion und der Neuroautoimmunitéat ohne eine As-
soziation mit der Darmschranke oder der Dys-
biose der Darmflora wahrscheinlich erscheint,
wenn die Testresultate Folgendes aufweisen:
ein negatives Resultat fiir das Binden von jedem
von IgA, IgM und IgG an das bakterielle Lipopo-
lysaccharid und negative Resultate flr das Bin-
den von irgendeinem von IgA, IgM und IgG an
Occludin und Zonulin, ein positives Resultat fiir
das Binden von irgendeinem von IgA, IgM und
IgG an ein Blut-Hirn-Schranke-Protein und ein
positives Resultat fir das Binden von irgendei-
nem von IgA, IgM und IgG an ein neuronales
Antigen.

Verfahren nach Anspruch 1, wobei der Bindungsre-
zeptor den Darm-ZOT-Rezeptor aufweist; oder wo-
bei das Strukturprotein die Matrix-Metalloprotease-
3 (MMP-3) aufweist.

Verfahren nach Anspruch 1, wobei das Blut-Hirn-
Schranke verwandte Antigen aus der Liste ausge-
wahlt ist, die aus Folgendem besteht: (1) einem Pro-
tein der Blut-Hirn-Schranke; (2) einem sauren Glia-
fibrillenprotein (GFAP); und (3) einer Matrix-Metal-
loprotease (MMP).

Verfahren nach irgendeinem vorangegangenen An-
spruch, wobei die Probe eine Blutprobe oder eine
Speichelprobe ist.
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5.

Testplatte, an die Folgendes gebunden ist: (1) ein
bakterielles Lipopolysaccharid; und (2) ein humanes
Antigen, welches (a) ein Darmverwandtes Antigen
und/oder (b) ein Blut-Hirn-Schranke-verwandtes An-
tigen aufweist;

wobei das darmverwandten Antigen aus der Liste
ausgewahlt ist, die aus Folgendem besteht: (1) ei-
nem Darmstrukturprotein; (2) einem Schlussleisten
bzw. Tight Junction-Protein; und (3) einem Bin-
dungsrezeptor an das Tight Junction-Protein und (4)
ein Zellverbindungsprotein; und

wobei das Blut-Hirn-Schranke-verwandte Antigen
aus der Liste ausgewabhlt ist, die aus Folgendem be-
steht: (1) einem Blut-Hirn-Schranke-Protein; (2) ei-
nem sauren Gliafibrillenprotein (GFAP); (3) einer
Matrix-Metalloprotease (MMP), (4) einem Hirn-ZOT-
Bindungsprotein; (5) einem Hirn-ZOT-Rezeptor; (6)
einem Calprotectin; und (7) einem basischen Mye-
linprotein.

Revendications

Un procedé in vitro d’assistance au diagnostic d’'une
maladie associée au syndrome de I'hyperperméabi-
lité intestinale ou a une perméabilité excessive de la
barriere hémato-encéphalique, comprenant :

I'obtention des résultats d’un test en testant un
échantillon prélevé sur un humain pour une ma-
ladie associée a un syndrome de I'’hyperper-
méabilité intestinale ou a une perméabilité ex-
cessive de la barriere hémato-encéphalique,
comprenant :

la mesure d’'un premier signal dérivé de la
liaison d’'un premier anticorps d’une premiée-
re fraction de I'échantillon a un lipopolysac-
charide bactérien ; et

la mesure d’'un deuxiéme signal dérivé de
la liaison d’'un deuxiéme anticorps d’une
deuxieme fraction de I'échantillon a un an-
tigéne humain, choisi parmi au moins l'un
parmi (a) un antigene lié a l'intestin et (b)
un antigéne lié a la barriere hémato-
encéphalique ;

dans lequel 'antigéne humain lié a l'intestin d’'un
étre humain est choisi dans la liste comprenant :
(1) une protéine structurale intestinale ; (2) une
protéine de jonction serrée ; (3) un récepteur de
liaison a la protéine de jonction serrée ; et (4)
une protéine de jonction cellulaire ;

etdans lequel'antigéne lié a la barriére hémato-
encéphalique est choisi dans la liste
comprenant : (1) une protéine de barriére hé-
mato-encéphalique ; (2) une protéine acide fi-
brillaire gliale (GFAP) ; (3) une métalloprotéina-
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se matricielle (MMP), (4) une protéine de liaison
ZOT du cerveau; (5) un récepteur ZOT du
cerveau ; (6) une calprotectine ; et (7) une pro-
téine basique de la myéline ;

dans lequel 'antigeéne structural intestinal com-
prend l'actine et I'actomyosine ; dans lequel
'antigene de jonction serrée est I'occludine
et/ou la zonuline ;

et 'analyse des résultats du test ;

dans lequel I'étape d’analyse des résultats du
test comprend I'étape consistant a considérer
qu’un diagnostic lié¢ a une dysbiose de la flore
intestinale est probable lorsque les résultats du
test comprennent un résultat positif pour la
liaison de I'une quelconque des IgA, IgM et IgG
aulipopolysaccharide bactérien, etdes résultats
négatifs pour la liaison pour toutes les IgA, IgM
etlgG al'occludine etala zonuline, etun résultat
négatif pourlaliaisonde I'lgG a 'actomysine ; ou
dans lequel I'étape d’analyse des résultats du
test comprend I'étape consistant a considérer
qu’un diagnostic lié a une dégradation de la bar-
riere intestinale par des antigénes bactériens,
par une voie paracellulaire, est probable lorsque
les résultats du test incluent un résultat positif
pour la liaison de 'une quelconque des IgA, IgM
et IgG au lipopolysaccharide bactérien, et des
résultats positifs pour la liaison de 'une quel-
conque des IgA, IgM et IgG a 'occludine ou a
la zonuline, et un résultat négatif pour la liaison
de I'lgG a 'actomysine ; ou

dans lequel I'étape d’analyse des résultats du
test comprend I'étape consistant a considérer
qu’un diagnostic lié a une dégradation de la bar-
riere intestinale par des antigénes autres que
bactériens, par voie paracellulaire, est probable
lorsque les résultats du test incluent un résultat
négatif pour la liaison de toutes les IgA, IgM, et
IgG au lipopolysaccharide bactérien, et des ré-
sultats positifs pour la liaison de 'une quelcon-
que des IgA, IgM et IgG a l'occludine ou a la
zonuline, et un résultat négatif pour la liaison de
I'lgA a l'actomysine ; ou

dans lequel I'étape d’analyse des résultats du
test comprend I'étape consistant a considérer
qu’un diagnostic lié a une dégradation de la bar-
riere intestinale par des antigénes bactériens,
par voie transcellulaire, est probable lorsque les
résultats du test incluent un résultat positif pour
la liaison de I'une quelconque des IgA, IgM, et
IgG au lipopolysaccharide bactérien et des ré-
sultats négatifs pour la liaison de toutes les IgA,
IgM et IgG a l'occludine et a la zonuline, et un
résultat positif pour la liaison de I'lgA a
'actomysine ; ou

dans lequel I'étape d’analyse des résultats du
test comprend I'étape consistant a considérer
qu’un diagnostic lié a une dégradation de l'inté-
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grit¢ de lintestin et de la barriere hémato-
encéphalique induite par la toxine bactérienne
est probable lorsque les résultats du test in-
cluent un résultat positif pour la liaison de I'une
quelconque des IgA, IgM et IgG au lipopolysac-
charide bactérien et des résultats positifs pour
la liaison de I'une quelconque des IgA, IgM et
IgG a l'occludine et a la zonuline, un résultat
positif pour laliaison de'un quelconque des IgA,
IgM et IgG a une protéine de la barriere hémato-
encéphalique et unrésultat positif pour la liaison
de I'une quelconque des IgA, IgM et IgG a un
antigéne neuronal ; ou

dans lequel I'étape d’analyse des résultats du
test comprend I'étape consistant a considérer
qu’undiagnosticlié ala dégradationde l'intégrité
de l'intestin et de la barriére hémato-encéphali-
que par des facteurs autres que la toxine bac-
térienne est probable lorsque les résultats du
test incluent un résultat négatif pour la liaison
pour chacune des IgA, IgM, et IgG au lipopoly-
saccharide bactérien, et des résultats positifs
pour la liaison de 'une quelconque des IgA, IgM
et IgG a l'occludine et a la zonuline, un résultat
positif pour la liaison pour I'une quelconque des
IgA, IgM et IgG a une protéine de barriére hé-
mato-encéphalique, et un résultat positif pour la
liaison pour l'une quelconque des IgA, IgM et
IgG a un antigéne neuronal ; ou

dans lequel I'étape d’analyse des résultats du
test comprend I'étape consistanta établir un dia-
gnostic lié a une dysbiose de la flore intestinale
sans dégradation de l'intégrité de la barriére in-
testinale et avec dégradation de l'intégrité de la
barriere hémato-encéphalique lorsque les ré-
sultats du test incluent un résultat positif pour la
liaison pour l'une quelconque des IgA, IgM et
IgG au lipopolysaccharide bactérien et des ré-
sultats négatifs pour la liaison de chacune des
IgA, IgM et IgG a l'occludine et a la zonuline, un
résultat positif pour la liaison de I'une des IgA,
IgM et IgG a une protéine de la barriere hémato-
encéphalique, etunrésultat positif pourlaliaison
de l'une quelconque des IgA, IgM et IgG a un
antigéne neuronal ; ou

dans lequel I'étape d’analyse des résultats du
test comprend I'étape consistanta établir un dia-
gnostic lié a la dégradation de lintégrité de la
barriere hémato-encéphalique, de la neuroin-
flammation et de la neuroauto-immunité, sans
associationaveclabarriére intestinale ouladys-
biose de la flore intestinale lorsque les résultats
du testincluent un résultat négatif pour la liaison
de chacune des IgA, IgM et IgG au lipopolysac-
charide bactérien, et des résultats négatifs pour
la liaison de chacune des IgA, IgM et IgG a l'oc-
cludine et a la zonuline, un résultat positif pour
la liaison de I'une quelconque des IgA, IgM et
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IgG a une protéine de la barriere hémato-
encéphalique, etun résultat positif pour laliaison
de l'une quelconque des IgA, IgM et IgG a un
antigéne neuronal.

Procédé selon la revendication 1, dans lequel le ré-
cepteur de liaison comprend un récepteur intestinal
ZOT ; ou dans lequel la protéine structurelle com-
prend une métalloprotéinase-3 matricielle (MMP-3).

Procédé selon la revendication 1, dans lequel I'an-
tigéne lié a la barriere hémato-encéphalique est
choisi dans la liste constituée par : (1) une protéine
de la barriére hémato-encéphalique ; (2) une protéi-
ne acide fibrillaire gliale (GFAP) ; et (3) une métal-
loprotéinase matricielle (MMP).

Procédé selon I'une quelconque des revendications
précédentes, dans lequel I'échantillon est un échan-
tillon de sang ou un échantillon de salive.

Une plague d’essai sur laquelle les éléments sui-
vants sontliés : (1) unlipopolysaccharide bactérien ;
et (2) un antigéne humain comprenant au moins 'un
parmi (a) un antigene lié al'intestin et (b) un antigéne
lié a la barriere hémato-encéphalique ;

dans lequel I'antigéne lié a l'intestin est choisi dans
la liste comprenant: (1) une protéine structurale
intestinale ; (2) une protéine de jonction serrée ; et
(3) un récepteur de liaison a la protéine de jonction
serrée ; et (4) une protéine de jonction cellulaire ; et
dans lequel l'antigéne lié a la barriere hémato-
encéphalique est choisi dans la liste consistant en :
(1) une protéine de Ila barriecre hémato-
encéphalique ; (2) une protéine acide fibrillaire gliale
(GFAP); (3) une métalloprotéinase matricielle
(MMP), (4) une protéine de liaison ZOT du cerveau ;
(5) un récepteur ZOT du cerveau; (6) une
calprotectine ; et (7) une protéine basique de la myé-
line.
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Table 7 - Interpretation of Antibodies Against LPS,
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Occludin / Zonulin and Actomyosin Network in Blood

LPS IgA + + - + -
LPS IgM + + - + -
LPS IgG + + - + -
Occludin/
Zonulin I1gG ) i i ) )
Occludin/
- + + - -
Zonulin IgM
Occludin/
- + + - -
Zonulin IgA
Actomyosin
- - - + +
I1eG
Clinical Gut Flora | Breakdown | Breakdown | Breakdown | Autoimmunity
Indication Dysbiosis | in intestinal | in intestinal | in intestinal | against mucosal
barrier barrier barrier epithelium and
integrity by | integrity by | integrity by | other tissue cell
bacterial factors bacterial cytoskeleton that
antigens other than | antigens are found in
through bacterial through Chronic Active
paracellular | antigens, transcellular | Hepatitis and
pathway through pathway primary biliary
paracellular cirrhosis
pathway
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Table 8 - Interpretation of Antibodies Against LPS,
Occludin / Zonulin and Actomyosin Network in Oral Fluid

LPS IgA+IgM + + - + -
Occludin/
Zonulin IgA i i i i i
Actomyosin IgA - - - + +
Clinical Gut Flora | Breakdown | Breakdown | Breakdown in | Autoimmunity
Indication Dysbiosis | in intestinal | in intestinal | intestinal against
barrier barrier barrier mucosal
integrity by | integrity by | integrity by epithelium and
bacterial factors other | bacterial other tissue cell
antigens than antigens cytoskeletons
through bacterial through
paracellular | antigens, transcellular
pathway through pathway
paracellular
pathway
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Occludin / Zonulin, Blood Brain Barrier Protein and Neural
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Table 9 - Interpretation of Antibodies Against LPS,

Antigens in Blood
LPS IgA + + - + -
LPS IgM + + - + -
LPS IgG + + - + -
Occludin/
Zonulin IgG ) i i ) )
Occludin/
Zonulin IgM ) i i ) )
Occludin/
Zonulin IgA ) i i ) )
BBB Protein
19G, IgM, IgA - i i i i
Neural
Antigens - + + + +
IgG, IgM, IgA
Clinical Gut Flora | Breakdown in | Breakdown Gut flora Breakdown in
Indication Dysbiosis | intestinal and | in intestinal | dysbiosis BBB,
BBB integrity,| and BBB with or neuroinflamm
possibly integrity by | without ation and
induced by factors other | breakdown in | neuroauto-
bacterial than bacterial | intestinal immunity with
toxins, which | toxins, which | barrier no association
resulted in resulted in integrity but | with intestinal
neuro- neuro- with barrier or gut
inflammation | inflammation | breakdown in | flora dysbiosis
and neuro- and neuro- BBB which
autoimmunity | auto- resulted in
immunity neuro-auto-
immunity
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