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lated members of pathways in which
G8K-3p plays a part. It is a core aspect
of the invention, wherein a significant
deviation from normal values indicates
cellular proliferation. The present inven-
tion further discloses kits for detecting
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MEANS AND METHODS FOR DIAGNOSTICS AND
THERAPEUTICS OF DISEASES

FIELD OF THE INVENTION

The present invention isin the field of diagnostic and therapeutic of pathological cell
proliferation which is associated with variety of pathological conditions. More
specificaly, the invention is adapted to measure and regulate the expression and/or
activation and inactivation levels of Glycogen Synthase Kinase 33 (GSK-3P) as a
marker of T-cell proliferation.

BACKGROUND OF THE INVENTION

Glycogen synthase kinase 33 (GSK-3P) is a serine/threonine kinase that was first
isolated and purified as an enzyme capable of phosphorylating and inactivating the
enzyme glycogen synthase. GSK-3P is now known to act as a downstream regulatory
switch that determines the output of numerous signaling pathways initiated by diverse
stimuli. Among these pathways GSK-3P is also suggested to play arole in cellular
proliferation and apoptosis. The ability to detect the activation state of the GSK-3P
and if necessary to regulate it, would alow a greater understanding and ability to treat

and diagnose conditions related to cell proliferation and apoptosis.

In many conditions related to the immune response, including tissue rejection,
inflammation, infection and Graft-versus-host disease (GVHD), there is a marked
change in cell proliferation, in particular an increase in T-cell proliferation. Other
conditions in which cell proliferation is a key factor includes cancer. A method of
detecting, understanding and controlling these pathological states would greatly

improve the diagnosis and treatment of these conditions.

The incidence of GVHD, for example, has increased substantially over recent years.
The number of alogeneic hematopoietic stem cell transplants (HSCT) that occur
annually continues to increase each year. Clinical observations along with current
diagnostic techniques are time-consuming and require invasive tissue sampling,
involving tissue biopsies obtained from an involved organ in order to confirm and

diagnose diseases such as GVHD. Graft versus Host Disease (GVHD) is a life-
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threatening complication of HSCT occurring in 30 to 80% of patients (Sullivan K M
2004, Srinivasan R et al 2006).

Presently, the only way to diagnose GVHD is with biopsies of the affected tissue
during phase 3 of the disorder, when T cells are aready attacking the host tissues and
there are observable clinical symptoms (Srinivasan R & al 2006, Jacobsohn DA and
Vogelsang GB 2007).

Although biopsies are the only way to properly diagnose cell proliferation in diseases
today, the diagnosis is determined only after T cells are aready attacking the host
tissues and the disease has reached phase 3 of the disorder, where clinical symptoms
are apparent. This is time-consuming, invasive to the patient, and there is no

guarantee that an accurate diagnosis can be rendered.

Biopsy procedures to procure tissue are thus invasive and incur delays of 24 to 48
hours before a diagnosis can be rendered. Furthermore, an unequivocal diagnosis is
not always possible with biopsies, and diagnosis from clinical symptoms is not
reliable, given that other post-transplant conditions may present in a similar manner.
Therefore, currently, there is no available treatment that can effectively detect this
disease before the onset of clinical symptoms.

There is therefore a long-felt need to provide arapid, reliable, relatively non-invasive
method, for detecting cell proliferation and other pathological syndromes in the early

stages of the disease process.

SUMMARY

The present invention provides amethod for detecting T-cell proliferation in a subject
comprising the steps of; (a) obtaining a sample from the subject; and (b) profiling a
least one parameter selected from the group consisting of: the activation level of
GSK-3p, the expression level of GSK-3P and the activation or expression level of
related members of pathways in which GSK-3P plays a part; wherein a significant

deviation from normal values indicates cellular proliferation.

It is another object of the current invention to disclose the method as defined in any of
the above further comprises steps of profiling the expression level of p-GSK-3p or

proteins associated with GSK-3P related pathways.
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It is another object of the current invention to disclose the method as defined in any of
the above, wherein a decrease in the expression level of serine 9 phosphorylated
GSK-3B (p-GSK-3p) orGSK-3p or proteins associated with GSK-38 related pathways
indicate increased T-cell proliferation.

It is another object of the current invention to disclose the method as defined in any of
the above, further comprises steps of profiling the inactivation levels of GSK-3P or
proteins associated with GSK-3P related pathways.

It is another object of the current invention to disclose the method as defined in any of

the above further comprises steps of measuring protein kinase C (PKC) activity.

It is another object of the current invention to disclose the method as defined in any of

the above further comprises steps of measuring protein kinase C (PKC) expression.

It is another object of the current invention to disclose the method as defined in any of
the above, wherein a decrease in PKC expression indicates an increase in cell

proliferation.

It is another object of the current invention to disclose the method as defined in any of
the above further comprises steps of inhibiting PKC activity thereby significantly

decreasing T-cell proliferation.

It is another object of the current invention to disclose the method as defined in any of
the above further comprises steps of profiling GSK -3B related pathways selected
from a group consisting of: total Gsk3p, ser9 phosphorylated Gsk3p, b-catenin, Dvl,
tyr216 phosphorylated Gsk3p P38 MARK, Erk, PI-3K/Akt, PKC and any

combination thereof.

It is another object of the current invention to disclose the method as defined in any of
the above further comprises steps of inhibiting GSK -3 related pathways selected
from a group consisting of: P38 MARK, Erk, PI-3K/Akt, PKC and any combination

thereof.

It is another object of the current invention to disclose the method as defined in any of
the above, wherein a decrease in céll proliferation is indicated when P38 MAPK, Erk
and PI-3K/Akt, are inhibited and PKC isunaffected.
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It is another object of the current invention to disclose the method as defined in any of
the above, wherein inhibition of cell proliferation isindicated when P38 MAPK, Erk
and PI-3K/Akt, are unaffected and PKC isinhibited.

It is another object of the current invention to disclose the method as defined in any of
the above, wherein upregulation of cell proliferation is indicated when P38 MAPK,
Erk and PI-3K/Akt, are inhibited and PKC is activated.

It is another object of the current invention to disclose the method as defined in any of
the above, further comprises steps of measuring the phosphorylation levels of GSK-
3B or proteins associated with GSK-3P related pathways.

It is another object of the current invention to disclose the method as defined in any of
the above further comprises steps of identifying phosphorylation sites of GSK-3P or
proteins associated with GSK-3P related pathways.

It is another object of the current invention to disclose the method as defined in any of
the above further comprising steps of measuring phosphorylation of a least one of
GSK -3 phosphorylation sites selected from a group consisting of: Serine 9, Thr324,
Ser215, Ser219, Thr309, Thr356, Thr390, Thr392, Ser389 and any combination

thereof.

It is another object of the current invention to disclose the method as defined in any of
the above further comprising steps of measuring auto-phosphorylation of at least one
of GSK -3B phosphorylation sites selected from a group consisting of: Serine 9,
Thr324, Ser215, Ser219, Thr309, Thr356, Thr390, Thr392, Ser389 and any

combination thereof.

It is another object of the current invention to disclose the method as defined in any of
the above further comprising steps of sampling the spleen.

It is another object of the current invention to disclose the method as defined in any of
the above further comprising steps of sampling the blood.

It is another object of the current invention to disclose the method as defined in any of

the above further comprising steps of sampling abody fluid or tissue.

It is another object of the current invention to disclose the method as defined in any of
the above further comprising steps of comparing the result of GSK-3P levels with a

predetermined normal value obtained from healthy subjects.
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It is another object of the current invention to disclose the method as defined in any of
the above further comprising steps of comparing the result of GSK-33 status with a
predetermined normal value obtained from healthy subjects, wherein a deviation of at
least about 25 % from normal values indicates the presence of pathological T-cell
proliferation.

It is another object of the current invention to disclose the method as defined in any of
the above further comprising steps of detecting disorders associated with apoptosis,
cell differentiation, protein synthesis and any combination thereof.

It is another object of the current invention to disclose the method as defined in any of
the above further comprising steps of detecting disorders associated with apoptosis

using annexin-V or anti-annexin-V mAb as amarker.

It is another object of the current invention to disclose the method as defined in any of
the above further comprising the steps of profiling a predetermined disorder
associated with pathological T-cell proliferation by the steps of: (a) preparing an array
with predetermined antibodies or antigens recognizing GSK-3f or proteins associated
with GSK-3p related pathways, (b) incubating the antibodies with a biological
sample; (c) adding a least one labeled analyte or agent producing a signal; (d)
detecting and analysing the signal produced by the analyte or agent using a least one
fingerprinting or profiling technique; wherein a significant deviation from normal

values indicates cellular proliferation.

It is another object of the current invention to disclose the method as defined in any of
the above further comprising the steps of detecting and analysing the signal produced
by the analyte or agent using at least one fingerprinting or profiling technique selected
from a group consisting of:: Western blot, ELISA, immunohistochemistry, FACS,
Mass spectrometry or any other conventionally used fingerprinting or profiling

technique.

It is another object of the current invention to disclose the method as defined in any of
the above further comprising steps of detecting pathological T-cell proliferation
associated with Graft-versus-host disease (GVHD).

It is another object of the current invention to disclose the method as defined in any
of the above further comprising steps of detecting GVHD a an early stage before
appearance of pathological GVHD symptoms.
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It is another object of the current invention to disclose the method as defined in any of
the above further comprising steps of selecting GVHD symptoms from a group
comprising Hunched posture, Closed eyes, Reduced activity, Diarrhea, Weight loss
and any combination thereof.

It is another object of the current invention to disclose the method as defined in any of
the above further comprising steps of detecting GVHD during phase 2 of a disease.

It is another object of the current invention to disclose the method as defined in any of
the above further comprising steps of detecting GVHD at an early stage between days
4 and 5 after transplant.

It is another object of the current invention to disclose amethod of detecting disorders
associated with pathological T- cell proliferation, in a subject comprising the steps of;
(a) obtaining a sample from a subject; (b) measuring the level of GSK-3B inactivation
by measuring a least one parameter selected from a group consisting of: (i) serine 9
phosphorylation; (ii) the Wnt pathway activation; (iii) activated PKC and any
combination thereof; comparing the result of the inactivation levels with a
predetermined normal inactivation value obtained from healthy subjects; wherein a

significant deviation from normal inactivation values indicates cellular proliferation.

It is another object of the current invention to disclose the method as defined in any of
the above, wherein the step of measuring is carried out by measuring the serine 9
phosphorylation.

It is another object of the current invention to disclose the method as defined in any

of the above, wherein the step of measuring the levels of GSK-3P inactivation, is
carried out in away selected form a group consisting of: (a) measuring p-catenin
levelsin the absence of serine 9 phosphorylation; (b) measuring the site of stimulation
on the GSK-3P once stimulated through the activated Wnt pathway; (c) measuring a
protein marker that is unique to the inactivation of GSK-3P through the activated Wnt
pathway and any combination thereof.

It is another object of the current invention to disclose the method as defined in any of
the above, wherein the step of measuring the levels of GSK-3 inactivation, is carried
out in away selected form a group consisting of: (a) measuring the site of stimulation
on the GSK-3P once stimulated through activated PKC; (b) measuring a protein
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marker that is unique to the inactivation of GSK-3P through the activated PKC; and
any combination thereof.

It is another object of the current invention to disclose a method of monitoring and
regulating the GSK-3P activation state, comprising the steps of; (a) obtaining a
biological sample from a subject; (b) determining at least one of: the expression level
of GSK-3p, the activation level of GSK-3P, the expression or activation level of
proteins associated with GSK-3P related pathways; (c) comparing the levelsto control
levels determined from healthy subjects; wherein levels with pre-specified

characteristics isused for the diagnosis of pathological cell proliferation.

It is another object of the current invention to disclose a diagnostic kit for the
detection of a disorder associated with pathological cell proliferation in a subject
wherein the kit comprising profiling means adapted for profiling the status of GSK-
3B or proteins associated with GSK-3Prelated pathways, in a biological sample

derived from the subject.

It is another object of the current invention to disclose the diagnostic kit as defined in
any of the above, wherein the status of GSK-3P or related proteins is selected from a
group consisting of: (@) activation; (b) over-activation (c) expression levels, (d)
inactivation; (e) over-inactivation and any combination thereof.

It is another object of the current invention to disclose the diagnostic kit as defined in
any of the above, wherein the activation status of GSK-3P or related proteins (proteins
associated with GSK-3P related pathways) is a determinant of the cell proliferation or
cell apoptosis.

It is another object of the current invention to disclose the diagnostic kit as defined in

any of the above, wherein the activation status of GSK-3P or related proteins (proteins
associated with GSK-3P related pathways) is a determinant of apoptosis.

It is another object of the current invention to disclose the diagnostic kit as defined in
any of the above, wherein the expression level of GSK-3P or related proteins (proteins
associated with GSK-3P related pathways) is a determinant of the cell proliferation or
cell apoptosis.

It is another object of the current invention to disclose the diagnostic kit as defined in
any of the above, wherein the status is an indicator for the best treatment program.
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It is another object of the current invention to disclose the diagnostic kit as defined in
any of the above, wherein the profiling means are adapted to detect the activation
status of GSK-3B or related proteins (proteins associated with GSK-3B related
pathways).

It is another object of the current invention to disclose the diagnostic kit as defined in
any of the above, wherein the profiling means are adapted to detect the expression
level of GSK-33 or related proteins (proteins associated with GSK-3P related
pathways).

It is another object of the current invention to disclose the diagnostic kit as defined in
any of the above, wherein the activation status of GSK-3P or a least one related
protein (proteins associated with GSK-3P related pathways) is a marker for cell

proliferation.

It is another object of the current invention to disclose the diagnostic kit as defined in
any of the above, wherein the activation status of GSK-3P is determined by profiling
markers for the Wnt pathway or the actual site on the GSK-3P being affected by the
activated Wnt pathway.

It is another object of the current invention to disclose the diagnostic kit as defined in
any of the above, wherein the kit comprises profiling means for determining the
activation status of GSK-3B is determined by profiling the status of at least one
protein selected from a group including: total Gsk3p, PKC, b-catenin, Dvl, Erk, P38
MAPK, PI-3K/Akt, tyr216 phosphorylated GSK-3p, serine 9 phosphorylated GSK-33

and any combination thereof.

It is another object of the current invention to disclose the diagnostic kit as defined in
any of the above, wherein the kit comprises profiling means for profiling the
activation status of GSK-3P is determined by measuring PKC activation sites on
GSK-33 .

It is another object of the current invention to disclose the diagnostic kit as defined in
any of the above, wherein the kit comprises profiling means for profiling over-

activation of GSK-33 determined by measuring tyrosine 216 phosphorylation.
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It is another object of the current invention to disclose the diagnostic kit as defined in
any of the above, wherein over-activation of GSK-3P is determined by measuring the

expression levels of GSK-3p.

It is another object of the current invention to disclose the diagnostic kit as defined in
any of the above, wherein the kit comprises profiling means for profiling or
measuring phosphorylation of a least one of GSK -3 phosphorylation sites selected
from a group comprising: Serine 9, Thr324 ,Ser215, Ser219, Thr309, Thr356, Thr390,
Thr392, Ser389 and any combination thereof.

It is another object of the current invention to disclose the diagnostic kit as defined in
any of the above, wherein the kit comprises profiling means for profiling or
measuring auto-phosphorylation of a least one of GSK -3B phosphorylation sites
including: Serine 9, Thr324, Ser215, Ser219, Thr309, Thr356, Thr390, Thr392,
Ser389 and any combination thereof.

It is another object of the current invention to disclose the diagnostic kit as defined in
any of the above, wherein the kit comprises profiling means for profiling or
measuring GSK -3 related pathways including total Gsk3p, ser9 phosphorylated
Gsk3p, b-catenin, Dvl, tyr216 phosphorylated Gsk3p P38 MARK, Erk, PI-3K/Akt,

PKC and any combination thereof.

It is another object of the current invention to disclose the diagnostic kit as defined in
any of the above, wherein the presence of over-inactivated GSK-3P as indicated by
abnormal levels of phosphorylated serine 9 provides a positive diagnosis of
pathological cell proliferation.

It is another object of the current invention to disclose the diagnostic kit as defined in
any of the above, wherein the pathological cell proliferation is a marker for a least
one pathological condition associated with cell proliferation, tissue rejection, cancer,
wound healing, tissue regeneration, aging, skin care, obstetrics and any phenomena
associated with abnormal levels of cellular proliferation or apoptosis.

It is another object of the current invention to disclose the diagnostic kit as defined in
any of the above, wherein the kit is adapted for detecting disorders associated with
apoptosis using annexin-V protein or anti-annexin-V mAb as amarker.
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The diagnostic kit according to It is another object of the current invention to disclose
the diagnostic kit as defined in any of the above 5, wherein the pathological cell
proliferation is detectable during phase 2 of a GVHD disease, prior to appearance of

disease symptoms.

It is another object of the current invention to disclose the diagnostic kit as defined in
any of the above, wherein the GVHD symptoms include hunched posture, closed

eyes, reduced activity, diarrhea and weight loss.

It is another object of the current invention to disclose the diagnostic kit as defined in
any of the above, wherein the protein marker that is unique to the inactivation of
GSK-3P is selected from a group comprising abnormal levels of phosphorylated
serine 9 GSK-3P, abnormal levels of markers for Wnt activity including but not
limited to abnormal levels of B-catenin expression, abnormal levels of stimulation a
the site on the GSK-3P affected by the activated Wnt pathway, abnormal levels of
protein markers unique to the inactivation of GSK-3P through the activated Wnt
pathway, b-catenin, Dvl, tyr216 phosphorylated Gsk3p P38 MARK, Erk, PI-3K/Akt,

PKC and any combination thereof.

It is another object of the current invention to disclose the diagnostic kit as defined in
any of the above, comprising profiling means for detection of pathological or normal
physiological conditions that are also characterized by increased cell proliferation,

decreased cell apoptosis and an immune response.

It is another object of the current invention to disclose the diagnostic kit as defined in
any of the above, wherein the results provided by the kit indicate the pathways to be
modulated to control the activation status and/ or expression level of GSK-3P, thereby
regulating T-cell proliferation.

It is another object of the current invention to disclose the diagnostic kit as defined in
any of the above, wherein the kit is adapted for the detection and quantification of the
activation or expression status of GSK-3P or related proteins (proteins associated with
GSK-3p related pathways), further wherein the activation or expression status is an

indicator for the progression/ presence of pathological T-cell proliferation.

It is another object of the current invention to disclose the diagnostic kit as defined in
any of the above, wherein the pathological T-cell proliferation is diagnosed by

determining the activation or expression status of GSK-3P or related proteins
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(proteins associated with GSK-3 related pathways) in samples from a subject
selected from a group consisting of: (a) blood; (b) spleen; (c) biological fluid; (d)
tissue and any combination thereof.

It is another object of the current invention to disclose a diagnostic kit for the
detection of T-cell proliferation, provided with the means for detecting the presence
of inactivated GSK-3P as indicated by abnormal levels of stimulation a the site on the
GSK-3P affected by activated PKC, or as indicated by abnormal levels of a protein

marker that is unigue to the inactivation of GSK-3p.

It is another object of the current invention to disclose the diagnostic kit as defined in
any of the above, wherein provided with the means for detecting the presence of over-
inactivated GSK-3f as indicated by abnormal levels of phosphorylated serine 9 and
abnormal levels of markers for Wnt activity including but not limited to abnormal
levels of B-catenin expression, abnormal levels of stimulation &t the site on the GSK-
3B affected by the activated Wnt pathway, and abnormal levels of protein markers
unique to the inactivation of GSK-3P through the activated Wnt pathway; and by
abnormal levels of markers for activated PKC inactivation of the GSK-3P including
but not limited to abnormal levels of stimulation at the site on the GSK-3P affected by
the activated PKC, and abnormal levels of protein markers unique to the inactivation
of GSK-3P through activated PKC; in combination, thereby providing a positive

diagnosis of cell proliferation.

It is another object of the current invention to disclose a method of regulating T-cell
proliferation in a patient, comprising the steps of monitoring the activation or
expression status of GSK-3B or related proteins (proteins associated with GSK-
3B related pathways) and modulating according to the needs of the patient.

It is another object of the current invention to disclose a method of diagnosing a
disorder associated with pathological T-cell proliferation in a subject comprising the
steps of: (@) measuring GSK-3B inactivation status or indicators thereof; (b)
measuring GSK-3B activation status or indicators thereof, (c)combining
measurements of activation and inactivation status or indicators thereof; wherein an
activation to inactivation ratio is obtained characteristic of the disorder associated
with pathological T-cell proliferation.
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It is another object of the current invention to disclose the method as defined in any of
the above, wherein the step (a) of determining inactivation is done by measuring at
least one inactivation indicator selected from the group including serine 9
phosphorylation, Wnt activation as determined by p-catenin levels or through a
protein marker specific for inactivation of the GSK-3P through the activated Wnt
pathway or through the site on the GSK-3P that the activated Wnt pathway affects to
stimulate inactivation of the GSK-3P; PKC inactivation sites on GSK-3f or through a
protein marker specific for inactivation of the GSK-3P including Dvl, tyr216
phosphorylated Gsk3p P38 MARK, Erk, PI-3K/Akt, PKC, or any combination

thereof.

It is another object of the current invention to disclose a protein chip comprising an
array of bound antibodies, biomarkers or antigens useful for determining the
expression levels of proteins associated with T-cell proliferation in a given sample.

It is another object of the current invention to disclose the protein chip as defined in
any of the above, comprising antibodies, biomarkers or antigens characteristic of the
activation state and/ or expression level of GSK-3P, related pathways, apoptosis
markers, proliferation markers, and other biological and biochemica molecules

associated with cell proliferation.

It is another object of the current invention to disclose the protein chip as defined in
any of the above, wherein the antibodies, biomarkers or antigens characteristic of the
activation state and/ or expression level of GSK-3P, related pathways, apoptosis
markers, proliferation markers, and other biological and biochemica molecules
associated with cell proliferation are detectable before the appearance of GVHD

symptoms in the subject.

It is another object of the current invention to disclose the protein chip as defined in
any of the above, wherein the antibodies, biomarkers or antigens are selected from the
group comprising, but not limited to, total GSK-3P, ser 9 phosphorylated GSK-3P, ser
9 phosphorylated GSK-3P, PKC, phosphorylated PKC, b-catenin, Dvl, Akt, Pl-
3K/Akt Erk, P38 MAPK, Tyrosine 216 phosphorylated GSK-3P, Serum Albumin,
markers for apoptosis comprising Fas, Bel family, Cyctochrome C and caspases,
markers for immune activity comprising Nf-kB and CD25, markers for proliferation

comprising Cyclin DI, PCNA and p27), and any combination thereof.
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It is another object of the current invention to disclose a method of regulating the
activation status and/ or expression level of the GSK-38 in ain a subject comprising
the steps of; (a) obtaining a blood sample from a patient or subject; (b) determining
the activation status or expression level of GSK-33 or related proteins, (c) regulating
the activation status or expression level of GSK-3P or related proteins according to
the results of step (b); and (d) obtaining anormal activation status and/ or expression
level of GSK-3P or related proteins; wherein regulation of the activation status and/ or
expression level of the GSK-3P or related proteins is adapted for controlling a
disorder associated with pathological T-cell proliferation such as GVHD.

It is another object of the current invention to disclose a diagnostic kit for the
detection and quantification of a least one of: the activation status of GSK-3P, the
expression status of GSK-3P and the activation or expression status of proteins
associated with GSK-3P related pathways, wherein the status is an indicator of cell
proliferation or apoptosis levels, further wherein the status is an indicator for the best
treatment program.

It is another object of the current invention to disclose a regulatory and therapeutic
kit, wherein the therapeutic molecule is GSK-3P or related proteins (proteins

associated with GSK-3P related pathways).

It is another object of the current invention to disclose the kit as defined in any of the
above, wherein the therapeutic kit is useful in applications selected from a group
consisting of: GVHD, tissue regjection, cancer, wound healing, tissue regeneration,
aging, skin care, obstetrics, autoimmune diseases and any phenomena associated with
abnormal levels of cellular proliferation or apoptosis.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention is herein described, by way of example only, with reference to the
accompanying drawings. The particulars shown are by way of example only and for
the purposes of illustrative discussion of the preferred embodiments of the present
invention only. The description taken with the drawings should make apparent to
those skilled in the art how severa forms of the invention may be embodied in

practice.

In the drawings:
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Figure 1is agraphical representation of appearance of GVHD symptoms by time in
GVHD model mice;

Figure 2A is a graphical representation of ser 9- phosphorylated GSK-3B3 (p- GSK-
3B) protein expression levelsin spleen samples,

Figure 2B is a graphical representation of total GSK-33 protein expression levels in
spleen samples;

Figure 3 is a graphical representation of phosphorylated PKC (p-PKC) protein
expression levelsin spleen samples;

Figure 4 is a graphical representation showing the effect of LiCl on T-cell
proliferation of splenocytes derived of treated and untreated Balb/c and C57BL/6
mice.

Figure 5is agraphical representation showing percentage of apoptosis in the GVHD
model mice;

Figure 6A is a graphical representation of ser 9- phosphorylated GSK-3B (p- GSK-
3B) protein expression levelsin blood samples;

Figure 6B is a graphical representation of total GSK-3P protein expression levels in
blood samples;

Figure 7 is aflow diagram illustrating the preparation and analysis steps connecting a
diagnostic kit according to specific embodiments of the present invention;

Figure 8 is a graphical representation showing PKC's ability to regulate proliferation
through the GSK-3P pathway in T-cells.

DETAILED DESCRIPTION OF THE INVENTION

The following description is provided, alongside all chapters of the present invention,
so as to enable any person skilled in the art to make use of said invention and sets
forth the best modes contemplated by the inventor of carrying out this invention.
Various modifications, however, is adapted to remain apparent to those skilled in the
art, since the generic principles of the present invention have been defined specifically

to provide means and methods for detecting T-cell proliferation in a subject.

The present invention solves many of the problems of current methods and systems

for monitoring patients suffering from conditions associated with pathological cell
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proliferation and pathological cell apoptosis such as Graft-versus-host disease
(GVHD).

The term "expression level" refers hereinafter to the amount of a protein or the
amount of a protein that underwent a post-trandlational modification (e.g.
phosphorylation) .

The terms "GSK-3P related proteins' or "GSK-3P related members' refer
hereinafter to proteins associated with GSK-3f related pathways, including
antibodies, antigens or biomarkers associated with GSK-3P, proteins upstream of
GSK-3P and GSK-3P substrates and downstream products i.e. described inter alia
hereinafter.

It istherefore a preferred embodiment of the present invention to provide means and
methods capable of detecting the expression level of glycogen synthase kinase 33
(GSK-3P) and related pathways. In this embodiment the expression and or activation
status of GSK-3B3 and/or proteins associated with related pathways are surprisingly
found to an indicator of pathological cell proliferation and medical disorders
associated with pathological cell proliferation such as GVHD in apatient.

Thus in one embodiment, a main concept of the present invention is monitoring the

different aspects of GSK-3p.

A further embodiment of the invention is the identification of phosphorylation sites of

GSK-3P and their affect on the activation state of the af orementioned molecule.

A further embodiment of the invention isthe monitoring of T-cell proliferation and T-
cell apoptosis to monitor T-cell proliferation the and thus detecting early onset of
GVHD and preventing the need for the invasive biopsy and surgery procedures. The
methods and kits provided by the present invention enable a prompt early diagnosis,
followed by timely initiation of appropriate immunosupressive therapy, which isvital
for the reduction of morbidity and mortality associated with GVHD.

A further embodiment of the invention is the use of fingerprinting technology to
diagnose multiple disorders associated with abnormal levels of cell proliferation. Such
a fingerprinting technology is preferably based upon custom made protein chip and

unique software.

According to amain embodiment of the invention, a diagnostic kit is provided that is
adapted for the detection of a disorder associated with pathological cell proliferation,
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wherein the diagnostic molecule is GSK-33 and/or a |east one protein associated with
GSK-3p related pathways.

According to a further embodiment of the invention the diagnostic kit as described
above comprises profiling means adapted for profiling the status of GSK-33 and/or
related proteins (proteins associated with GSK-33 related pathways) in a biological

sample derived from a subject or patient.

According to a further embodiment of the invention a diagnostic kit as described
above is useful for the early detection of GVHD. GVHD serves herein as an example
for a cell proliferative disorder that is firstly shown by the present invention to be

associated with GSK-3P status and/or related pathways thereof.
It is herein acknowledged that GVHD has 3 molecular phases:
Molecular phase 1. activation of antigen presenting cells (APCs).

Molecular phase 2: T-cell activation, an increase in T-cell proliferation, T-cell
differentiation and T cell migration.

Molecular phase 3: T cellstarget the tissue for destruction

Thus phase two of the disease is characterized by several activities on the
cellular/molecular level including increased T-cell proliferation.

It is emphasized that GVHD development is not evident until clinical symptoms
appear (phase three), when the patient's life is aready in danger.

Thus advantages of a diagnostic kit as provided by the present invention may include:
» Enabling doctors to identify the onset of GVHD before symptoms appear.

* Administering anon-invasive diagnosis process which includes asimple series

of blood tests and not an invasive biopsy.
» Early diagnosis of the disease, which significantly improves survival rates.

» Allowing disease management a an earlier stage, and possibly preventing the
disease.
» Substantial cost reductions to the patient and medical institutions.

A main aspect of the invention is the ability to identify, monitor and then regulate the

change in the GSK-3P molecule. This process comprises the flowing steps:
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(a) Detecting a change in GSK-3B activation and/or expression state and/ or proteins

associated with related pathways thereof, relative to control values in a biological
sample derived of a subject or a patient;

(b) Monitoring and regulating the different pathways that affect the activation and/or
expression state of GSK-3P,

(c) Regulating cellular proliferation and apoptosis in the subject or patient.

The following examples are specific to particular diseases, however, it will become
apparent to anyone skilled in the art, after studying the present invention and
examples described herein, other diseases and syndromes to which, with no undue
burden can be predictably and reasonably diagnosed or treated. The disclosure shows
by example, that activation or expression levels of GSK-3P or related members of
pathways in which GSK-3P plays a part are related to T-cell proliferation. Since T
cell proliferation is a significant phase, stage or process in many diseases, preparation
of specific diagnostic kits, research tools treatment protocols, drug screening
protocols, new drugs will now become predictable using the methodologies of the
present invention. These methodologies are taught by the disclosure and examples
described herein, and broadly speaking include:

a. obtaining asample from a subject;

b. profiling the activation or expression level of GSK-3P or any related
members of pathways in which GSK-3P plays arole; and,

c. measuring a significant deviation from normal values.
The deviation indicates an abnormality related to the disease in question.

According to one embodiment of the invention, it is demonstrated for the first time
that GSK-33 regulates GVHD through the regulation of T-cell proliferation.

According to a further embodiment, the present invention shows that GSK-3P
regulates T-cell proliferation through changes in the activation and/or expression state
of GSK-3B and through specific substrates and their particular products. The function
of GSK-33 is determined by its substrates and their particular products; the activation

and/or expression state of GSK-3P initiates its function.
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According to a further embodiment, the present invention identifies the expression
and/or activation state (activation/inactivation, and specific changes in the activation
state) and substrates with their particular products that regulate T-cell proliferation in
association with the onset and progression of medical disorders associated with
abnormal cell proliferation such asthe GVHD disorder. It is herein shown for the first

time that GSK-3f is connected to the onset and progression of GVHD.

According to a further embodiment of the present invention, a protein chip based on
GSK-3B expression and/or activation state and associated substrates/products is
provided.

Such aprotein chip is adapted to monitor changes in the expression and/or activation
state of GSK-33 and to monitor changes in the substrates of GSK-3P and their
particular products. This alows for example, monitoring the progression of the state
of the transplant and detecting the early onset of GVHD through monitoring changes
in T-cell proliferation.

In a further embodiment, a protein chip based on GSK-3P activation state and
associated substrates/products is provided. Such a kit is capable of monitoring
changes in the activation state of GSK-3P and monitoring changes in the substrates of
GSK-38 and their particular products. This alows monitoring the progression of the
state of the transplant and detects the early onset of GVHD through monitoring
changes in T-cell proliferation associated with changes in the GSK-3P activation state
and GSK-3B3 substrates and their particular products which are associated with the
onset and progression of GVHD. A protein chip (i.e. antibody microarray /protein

microarray/ biomarker microarray/ antigen microarray) isused as a diagnostic tool

According to a further embodiment, the present invention shows that inactivation of
GSK-3B stimulates an increase in T-cell proliferation and a decrease in T-cell
apoptosis, while activation of GSK-3P stimulates a decrease in T-cell proliferation

and an increase in T-cell apoptosis.

The technology provided by the present invention allows monitoring increases in T-
cell proliferation which can be utilized as an indicator for the early onset of GVHD.
The detection of the onset of GVHD is made during molecular phase 2 of the disorder
which is associated with an increasein T cell proliferation.
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The present invention gives detection and diagnosis manners of cell proliferation
which can give a solution of problems of current methods and systems for monitoring
patients suffering from conditions associated with pathological cell proliferation and

pathological cell apoptosis.

It istherefore apreferred embodiment of the present invention to disclose a diagnostic
kit, capable of detecting the expression and/or activation status of glycogen synthase
kinase 3B (GSK-3P). In this embodiment the GSK-3P level of expression, activation

and inactivation is an indicator of cellular activity in the patient.

GSK-3P plays a central role in regulating the cellular cycle, cellular proliferation and
apoptosis through changes in its activation state. Determining the activation state of
GSK-3P is therefore a useful tool for detecting and regulating both normal
(physiological) and abnormal (pathological) cellular proliferation and apoptosis.
GSK-3P isnow known to act as a downstream regulatory switch that determines the
output of numerous signaling pathways initiated by diverse stimuli (Frame and Cohen
2001, Grimes and Jope 2001, Woodgett 2001 and Doble and Woodgett 2003).

Thus in this embodiment the products produced through the activation or inactivation
of the GSK-3P include both proliferatory and apoptotic factors. The activation status
of the GSK-3P, the expression levels of the GSK-3P or the site on the GSK-3P
responsible for activating or inactivating of the GSK-3P, affect cellular proliferation
and / or apoptosis based on the products produced depending upon the conformation
change of the GSK-3p.

Gsk3P has sites which are phosphorylated by PKC, therefore, they may play arole in
Gsk3P regulation. These sites can be potentially used to monitor the activation state of
Gsk3p, which can be used for diagnostic and therapeutic purposes. PKC works
through Gsk3P to regulate T-cell proliferation. Therefore PKC can potentially be used
to help more accurately assay Gsk3P activity levels, T-cell proliferation, PKC
inhibition and inhibition of other pathways which regulate GSK3beta. This suggests
that PKC inhibition and inhibition of other pathways which regulate GSK3beta
activity play an important role in regulating proliferation. Further more, PKC
inhibition and inhibition of other pathways which regulate GSK3beta activity play an
important role in regulating cellular proliferation in the human body which suggests
importance in developing diagnostics to identify and monitor norma and

abnormal cellular proliferation in the human body and developing pharmaceutical to
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regulate normal and treat abnormal pathological levels of cellular proliferation in the
body. PKC works through the GSK3beta to regulate T-cell proliferation. PKC
regulates proliferation either working independently but synergistically with the GSK-
3beta, or directly by regulating the activity / activation state of the GSK3beta.
Through monitoring the activation state of the GSK 3beta and the expression levels of
the GSK3beta, one can identify, monitor and quantitate changes in cellular
proliferation and apoptosis. Once one identify how the activation state the GSK 3beta
has been altered one can then regulate changes in cellular proliferation and apoptosis
through regulating changes in the activation state of the GSK 3beta.

In a further embodiment of the present invention, GSK-3P inactivation may also
occur through the Wnt signaling pathway. Wnt activation inactivates the GSK-3P
through an inactivation site independent of serine 9 phosphorylation and is identified
and quantitated through measuring changes in non-phosphorylated p-catenin levels.

In afurther embodiment activation of the GSK-3P is either through dephosphorylation
or through phosphorylation of tyrosine 216 (Y 216). GSK-33 phosphorylation can be
identified and quantitated through changes in the molecular weight of the GSK-33
using methods described forthwith in the description. In one aspect of this
embodiment the diagnostic kit of the present invention uses antibodies to identify and
quantify GSK-3f phosphorylation levels.

The activation status of GSK-3 is an indicator of cell proliferation and cell apoptosis
in the patient. It is therefore a preferred embodiment of the present invention that
GSK-3P will be used as diagnostic and/or therapeutic molecule incorporated into a
diagnostic and/ or therapeutic kit for detection and monitoring of cell proliferation.

It is a further embodiment of the present invention that inactivation of GSK-38
through the serine 9 position increases T-cell proliferation. In another aspect of the
present invention, inhibition of serine 9 phosphorylation in GSK-33 decreases T-cell
proliferation. Thus in this embodiment T-cell proliferation and apoptosis can be
regulated through activation or inactivation of GSK-33 by phosphorylation or
dephosphorylation of the serine 9 position of GSK-3p.

It is a preferred embodiment of the diagnostic kit of the present invention to
characterize GSK3B activity by detecting and quantifying GSK3B activation and

inactivation a the aforementioned sites. Also in this embodiment, the diagnostic kit is
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able to detect and quantify GSK3p inactivation through activated protein kinase C
(PKC) and GSK 3 inactivation through activated Wnt.

Thus it is a preferred embodiment of the present invention to identify the site on the
GSK-3P that is affected by the activated Wnt pathway and the site on the GSK-3P that
is stimulated by activated PKC.

Another preferred embodiment of the present invention is to identify GSK-3P as a
central molecule for the identification and regulation of normal and abnormal levels
of cellular proliferation and apoptosis. In this embodiment regulation of normal and
abnormal level of cellular proliferation and apoptosis is achieved through regulating
the activation state of the GSK-3p.

Abnormal cell proliferation and apoptosis is a feature of pathological conditions such
as Graft Versus Host Disease (GVHD) and other conditions related to immune
responses in which there is proliferation of T-cells as part of the patient's response to a
foreign body or bodies. In this embodiment and other preferred embodiments the
diagnostic molecule and kit has also applications in GVHD, tissue rejection, cancer
and any other phenomena or condition in which there is a change in cellular
proliferation and/or apoptosis.

It is a further embodiment of the present invention that regulation of GSK-3P
activation status by identification and quantification of inactivation and activation
sites on GSK-3P and their associated pathways is adapted to regulate normal
physiological and abnormal pathological levels of cellular proliferation and apoptosis.
In this embodiment GSK-3P contains a plurality of activation and inactivation sites
that can beidentified and quantified by the diagnostic kit of the present invention.

A diagnostic kit of identifying cell proliferation is been preformed in at least phase 2
of a disease by identifying and quantifying the GSK-3P activation status, is a further
embodiment of the present invention. In this embodiment, the diagnostic kit measures
arange of parameters associated with GSK-3P and/or related proteins, activation and
expression states and associated pathways. In a further embodiment, the
aforementioned measurements are compared to the deviation from standard
measurements taken from healthy subjects in order to determine the extent of cell
proliferation and apoptosis. Furthermore in this embodiment the diagnostic kit and
methods of the present invention will be able to detect T cell proliferation and

apoptosis by determining how the GSK-3P regulates the aforementioned proliferation
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and apoptosis. In this aspect of the preferred embodiment the information provided by
the diagnostic kit is used for determining the most effective treatment for a
pathological conditions via the T cells through regulating activation and/or
inactivation sites on the GSK-3p.

It is afurther preferred embodiment of the present invention that the diagnostic kit is
adapted to detect protein profiles specific and uniquely characteristic to pathological
conditions and other unique protein profiles characteristic of related disorders so asto
be able to differentiate between said related disorders and to make a correct and
accurate diagnosis of GVHD. In this embodiment the unique protein profile prevents
the diagnosis of fase positive abnormal T-cell proliferation pathologies such as
GVHD.

It istherefore apreferred embodiment of the present invention that GSK-3P acts as a
regulatory and therapeutic molecule in a therapeutic or pharmaceutical kit in
applications not limited to GVHD, tissue rejection, cancer, wound healing, tissue
regeneration, aging, skin care, obstetrics and any phenomena associated with
abnormal levels of cellular proliferation and/or apoptosis.

It is an embodiment of the present invention that a diagnostic kit capable of detecting
and quantitating the activation status of the GSK-3P (GSK-3P activation levels and
GSK-3P inactivation levels) is able to diagnose cell proliferation which occurs during
phase Il of adisease. The novel diagnostic kit is able to diagnose cell proliferation a a
relatively early stage before extensive tissue damage occurs, in a quick and relatively
non-invasive manner.

In a further embodiment of the present invention, the diagnostic kit for cell
proliferation is able to determine the activation status of GSK-33 as measured by
examining GSK-3P expression, the activation sites of the GSK-33 and the inactivation
sites of the GSK-3p.

In another preferred embodiment of the present invention, the diagnostic and
therapeutic kit is incorporated in an implant type device inserted into the patient's
body a a site where constant monitoring and treatment of GSK-3P fluctuations is
possible. In this embodiment the diagnostic implant is provided with the means to
communicate GSK-3P fluctuations wirelessly and at frequent intervals, for example
with radio-frequency identification (RFID) tags and readers or from aremote location

using wireless internet technology. Thus for example a patient, having undergone a
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transplant operation may be released from a hospital to their own home with said
diagnostic implant inserted and constantly transmitting data to doctors and medical
staff a aremote location, any changes would be flagged up early and the patient then
recalled for further monitoring. Also in this embodiment the diagnostic implant may
further incorporate atherapeutic portion, in which the implant is able to calculate and
dose the correct amount of GSK-3P upon detection of abnormal GSK-3P activity or to
wirelessly receive dosing instructions from a medical professional monitoring the

diagnostic implant.

In another embodiment of the invention, aprotein chip utilizing an array of antibodies
bound to a glass dlide is used to determine the expression levels of different GVHD

relevant proteins in a given sample.

In another embodiment of the invention, a diagnostic kit based on a protein chip is
used to diagnose GVHD before the appearance of clinica symptoms. In certain
embodiments the kit contains a custom-made protein chip comprising antibodies
which are adapted to monitor the activation state and/ or expression level of the GSK-
3B, related pathways, apoptosis markers, proliferation markers, and other biological
and biochemical molecules. Such molecule candidates can be pre determined and
analysed by western blot, FACS, and other fingerprinting techniques.

In another embodiment another plat form is the substrate of the GSK which
determines the function of the GSK-3beta. GSK-3beta has at least 50 substrates which
have been identified. The functions of the substrates are based on the products they
produce. The function of the different substrates can be mapped out and connect to the
products they produce .Another aspect that may need to be considered in the future is
that the affect of the substrate may be determined by the cell / tissue type were it is
located. The cell / tissue type may effect what products are being produced by the
substrate in the cell / tissue in which it is located. By knowing the substrates that are
present in your system, cellular function the GSK3beta is playing in the system is
been diagnosed.

The diagnostic kit then can be matched to the activation state of the GSK3b, to the
substrate, to the products, to the disorder, that is being produced. There may be
multiple substrates that can trigger the same disorder or a closely related disorder. It
may allow differentiation between similar disorders that was either very difficult or
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impossible prior to the plat form technology. It is away to categorize disorders based
on their substrates and products.
In another embodiment another plat form is finger printing. Every disorder has a
specific finger print. Something unique to that particular disorder therefore each
diagnostic kit has a specific finger printer for a specific disorder.
The protein level is examined with Mass Spectrometry so that al the proteins are
presented in the system. Changes in protein expression and changes in
phosphorylation of specific proteins are assessed. The RNA level is examined with
RNA arrays and / or microRNA arrays to assess gene expression. The DNA level is
examined, for example with SNP arrays to assess mutations.
The finger print could be on one level of complexity, multiple levels of complexity or
involve al levels of complexity. It could be based on increased expression, decreased
expression, or whether or not it is or isnot expressed. It could be a combination of all
these factors a asingle time point or changes observed a multiple points over time.
Another fingerprinting technique that can be used to study T-cell proliferation, Gsk3P
and PKC in living cells is western blotting. Western blotting confirms the
effectiveness of the inhibitors and activators by detecting the following proteins in a
given sample. Using a fingerprinting technique (i.e. Western blot), the levels of
proteins, antigens or biomarkers, exemplified in the list below can be determined:
Total Gsk3P protein
Gsk3P ser9 phosphorylation - indicates Gsk3P inactivation
PKC Activation - indication of Gsk3P inactivation
b-catenin - ameasure of the inactivation of the Gsk3P through
the activated Wnt Pathway
Dvl - aprotein upstream of Gsk3P in the Wnt pathway, and an
indicator of Wnt pathway activation
Erk - Map kinase signaling cascade protein that directly
phosphorylates Gsk3P at Ser9.
P38 MAPK - Map kinase signaling cascade protein that
directly phosphorylates Gsk3P a Ser389.
Gsk3P tyr216 Phosphorylation - Indicates activation of Gsk3P
House keeping protein - loading control
It is included within the scope of the present invention that examples of disorders

associated with pathological cell proliferation are herein listed:
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Diseases Associated with Proliferation and Apoptosis:

A Autoimmune disease/disorder

A
A
A
A
A
A
A
A

Cancer

Hematological diseases/disorders

Pulmonary & Respiratory diseases/disorders
Cardiovascular diseases/disorders

Gastrointestinal diseases/disorders

Ear, Nose, & Throat diseases/disorders
Cutaneous/dermato logic diseases/disorders
Immunological/Immunodefieiency disorders/disease

A Allergic diseases/disorders

A
A
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Endocrine diseases/disorders

Genitourinary diseases/disorders

Metabolic diseases/disorders

Kidney & Rena disease/disorders

Hepatic & Biliary disease/disorders
Mitochondrial diseases/disorders

Eye and Vision diseases/disorders
Temperomandibular disease/disorders
Genetic disorders

Musculoskelatal & Joint diseases/disorders
Connective Tissue diseases/disorders
Rheumato logical diseases/disorders

Oral diseases/disorders

Gynecological & Obstetric disease/disorders
Hearing loss & Deafness

Neurologic & Neurodegenerative diseases/disorders
Injuries'Wounds and Wound Healing
Inflammation

Fibrosis and Necrosis

Immune Response

Infectious diseases (including bacterial, viral, and other pathogen infections)

It is also within the scope of the present invention that methods and kits are provided

that diagnose and treat or prevent disorders associated with Gsk3b as exemplified by

the list herein below:

Disorders Associated with Gsk3b:

Aberrant Protein Expression/Activity

1)

2)
3)
4)
5)

Type 2 Diabetes and Insulin Resistance (15, 18, 22)

Obesity (5)

Artherosclerosis (17)

Cardiac hypertrophy (2, 4, 23)

Myocardial ischemia/reperfusion injury (1, 7, 19)
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6) Osteoperosis (6, 14)
7) Myotonic dystrophy (3)
8) Leukemia (24, 42, 46)
9) Oral cancer (16, 27, 28)
10) Pancreatic cancer (20, 27, 34, 35, 39, 44)
11) Renal cdll carcinoma (RCC) (34, 51)
12) Liver cancer (21, 27, 34)
13) Stomach cancer (27, 34)
14) Colorectal cancer (27, 34, 38, 41)
15) Small intestine cancer (27)
16) Salivary gland cancer (27)
17) Larynx cancer (27)
18) Esophageal cancer (27)
19) Skin cancer -cutaneous SCC, melanoma, and basal cell carcinoma (25, 26)
20) Breast cancer (29, 30,31, 32, 33)
21) Lung cancer (36, 37)
22) Nasopharyngeal cancer (40)
23) Myeloma (43)
24) Ovarian cancer (45)
25) Thyroid cancer (47)
26) Glioma (48)
27) Gastrointestinal cancer (49)
28) Prostate cancer (50)
29) Neuroblastoma (68)
30) Alzheimer's disease (60, 61, 62)
31) Huntington's disease (69)
32) Bipolar disorder (63)
33) Depression (63)
34) Schizophrenia (63)
35) Inflammation (67)
36) Septic Shock (67)

Genetic variations:
1) Alzheimer's Disease (56, 57, 58, 59, 64)

2) Parkinosn's Disease (65, 66)

3) Familial Frontotemporal Dementia (FTD) (64).
4) Major Depressive Disorder (MDD) (8, 9 10).
5) Bipolar Disroder (11, 12, 13).

6) Polycystic Ovarian Syndrome (PCOS) (52).

7) Lung cancer (53).

8) Ora Sguamos Cell Carcinoma (OSCC) (16).
9) Bone disease in Multiple Myeloma (54)

10) Multiple Sclerosis (55).
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More specificaly, the following disorders can be diagnosed and/or prevented by the
methods and kits or means provided by the present invention:

Diseases associated with cell differentiation:

Cancer - Abnormal differentiation or de-differentiation of cells is often seen in
tumors. Cancer is often diagnosed too late. Very difficult to treat, and treatment

regimens are harsh. Affects many people, comes in many different types.

Myelodysplasia Syndrome (MDS) - A very rare disease (orphan drug) caused by
exposure to radiation or toxins, characterized by impaired differentiation of blood
cells. MDS Affects mostly people over 50 or 60. Causes severe anemia, and often
leads to blood cancer (AML). Important to distinguish it in diagnosis from other

anemias, blood counts and bone marrow counts are used in diagnosis.

Fibrodysplasia ossificans progressiva (FOP) - A very rare disease (orphan drug) in
which muscle tissue turns into bone. The disease appears in early childhood, causes
severe handicap. Injuries or minor trauma causes muscle to turn into bone throughout
childhood. It is diagnosed by x-rays or other scans. Biopsies make the condition
worse. Not many good treatment options are available. The disease is caused by a

dominant mutation.

Diseases associated with protein synthesis:

Cancer - Abnormal protein synthesis is often seen in cancer. Cancer is often
diagnosed to late. Very difficult to treat, and treatment regimens are harsh. Affects
many people, comes in many different types.

Diseases associated with cytoskel eton/microtubules:

Liver disease/cirrhosis - Many different types of liver disease are characterized by
changes in the microtubules and cytoskeleton. Scarring and damage to the liver is
often irreversible. Disease is often diagnosed by blood tests (liver enzymes) and/or
biopsy. Liver disease is somewhat hard to treat and can often lead cancer.

Parkinson's disease - Debilitating neurodegenerative condition. Some research shows
that changes proteins (Parkin) which interact with the microtubules play a role in
some cases. Parkinson's is impossible to treat, most treatment options only slow down
the disease, at best. Diagnosis is done by MRI and clinical manifestations (not a good
candidate for us, because you can't do brain biopsies).
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Alzheimer's disease - Debilitating neurodegenerative condition. Some research shows
that changes proteins (Tau) which interact with microtubules play a role in some
cases. Alzheimer's is impossible to treat, most treatment options only slow down the
disease, a best. Diagnosis is done by MRI and clinical manifestations (not a good

candidate for us, because you can't do brain biopsies).

Diseases associated with proliferation/apoptosis.

Cancer - caused by increased proliferation and decreased apoptosis; also abnormal
differentiation or de-differentiation of cells is often seen in tumors, and abnormal
protein synthesis is often seen in cancer. Cancer is often diagnosed too late. Very
difficult to treat, and treatment regimens are harsh. Affects many people, comes in

many different types.

Diseases associated with proliferation (rare diseases/orphan drugs):

Synovia osteochondromatosis (SOC) - Rare disease (orphan drug) of the joints that
affects adults, usualy beginning between age 20-40. The disease is caused by
proliferation or changes in the synovia fluid of the joints. The diagnosis of the
disease is done by MRI or other imaging. The treatment is done by surgery. The

molecular mechanisms are not understood.
Lymphangiomyomatosis (LAM) - Rare disease (orphan drug) involving benign
proliferation of cells in the lungs. Almost exclusively affects women of child-bearing

age. Treatment is often hormonal therapy. The disease is sometimes not diagnosed

until late stages, because of misdiagnosis in the early stages.

Diseases associated with apoptosis (common):

AIDS - One of the biggest killers in the world. It occurs as aresult of HIV infection,

and it causes apoptosis of CD4+ T cells. The HIV disease isvery difficult to treat.

Mono (infectious mononucleosis) - A common viral infection which causes T cellsto
induce apoptosis of infected B cells. Most patients recover on their own within a few
weeks, but there is no way to speed this up or aleviate symptoms. The disease
spreads very easily by contact with saliva or other body fluids.

Diseases associated with apoptosis (rare diseases/orphan drugs):

Whipple's disease - a rare (orphan drug), chronic bacterial infection that can be

deadly if untreated. Usually affects adult men, more common in farmers/people who
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work the land. Causes apoptosis of macrophages, and other T-cells attack the
intestinal tracts. There are good diagnostic tools available (PCR-based blood test or
histology), but often takes awhile to diagnose, because there are symptoms affecting
several organs but they take years to develop/progress. The conventional treatment is

by long-term antibiotics.

Autoimmune lymphoproliferative syndrome (ALPS) - A very rare disease (orphan
drug) in which there is a defect in lymphocyte (T-cells and B-cells) apoptotic
pathways (usually Fas), causing increased lymphocyte survival. This is non-malignant
proliferation, but can lead to autoimmune disorders, secondary cancers. Treatment is
harsh, similar to that of autoimmune disorders. Diagnosis is by blood test that has

several criteria

Systemic capillary leak syndrome (SCLS) - A very rare disease (orphan drug)
involving recurring episodes which fix themselves, but can also be fatal. Very
difficult to diagnose, because often initially resembles a cold or flu. The disease is
caused by a sudden leakage of blood plasma into body cavities and muscles, which
causes a sharp drop in blood pressure and pain/ swelling of hands, feet, and other
organs. After a while, the fluid returns to the blood vessels. Not well understood,
though some studies show apoptosis isinvolved. The disease is difficult to diagnose.
Treatment involves management by steroids (cannot be cured, though it can go into

remission for many years).

Diseases associated with migration and/or proliferation (autoimmune) :

Atheroscelrosis - A very common risk factor in the population for many fatal
conditions (heart attack, stroke). The disease is caused by an immune response to
injury, cholesterol, and plague buildup in the arteries. Diagnostic techniques, such as
stress tests can detect narrowing of the arteries (indicating severe build-up); earlier
diagnosis is done by blood test and/or imaging but are not widespread. Prevention
(hedlthy lifestyle) is the best cure. Other common treatments use oral medication or

surgery.

Type | Diabetes - Diabetes is one of the most common conditions. Type | is caused
when the body's immune system attacks the pancreatic cells which produce insulin.
Treatment is done by management of insulin levels, by insulin injections and diet

regulation.
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Rheumatoid arthritis - Autoimmune disorder mainly affecting the joints, appearing
often in people aaged 40-50. Diagnosed by clinical symptoms, blood tests, and

imaging. Treatment is harsh, by steroids and/or immunosuppressants, among others.

Lupus (SLE) (and other autoimmune disorders) - A rare multi-systemic autoimmune
disorder, affecting adults, and more common in women, usualy appearing between
age 20 and 40. Diagnosed by clinical symptoms, blood tests, and imaging. Treatment

is harsh, by steroids and/or immunosuppressants, among others.

Sjogren's Syndrome - A rare autoimmune disorder in which the body's immune
system attacks exocrine glands (tears, saliva, etc); occurs in a dults, but is much more
common in women. This autoimmune disorder can be diagnosed by blood tests, tear

tests, and/or gland imaging. Treatment is aimed a managing symptoms.

Scleroderma - A rare multi-systemic autoimmune disorder, affecting adults.
Diagnosed by clinical symptoms, blood tests, and imaging. Treatment is harsh, by
steroids and/or immunosuppressants, among others; better treatment options are
needed.

Inflammatory Bowel Disease (Crohn's disease and ulcerative colitis) - These rare
gastrointestinal disorders and are characterized by migration of T-cells to the gut and
they attack the gastrointestinal tract. These disorders are usually diagnosed by
colonoscopy and blood tests for inflammatory markers. Treatment is harsh, by

steroids and/or immunosuppressants, among others.

Multiple Sclerosis - A rare disease in which the body's immune system attacks the
neurological system, causing a neuro-muscular "attacks'. It usually occurs in adults,
and most patients eventually lose the ability to walk, among other motor functions.
Diagnosis is done by biopsy, MRI, and/or electrophysiological tests. There isno cure,
but several treastment options can be helpful, though better options are needed.

Diseases associated with migration and proliferation (non-autoimmune):

Langerhans cell histiocytosis - a very rare disease that usually occurs in children
between ages 1-15, and even less frequently in adults. The disease involves
proliferation and migration of different blood cell types and subsequent
migration/invasion in other organs. The diagnosis of this disease is usualy done by
biopsy. Treatment is very aggressive (steroids, immunosuppressants, chemotherapy,
radiation).
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Examples of antibodies, antigens or biomarkers used in the diagnostic kit of the

present invention may include:

1. GSK-3B Activation State:

1. GSK-3p Antibodies:

» Total GSK-3P

* p-GSK-3P Ser 9 phosphorylation - indicates GSK-3P inactivation

e p-GSK-3P Tyr216 phosphorylation - indicates GSK-3P activation

* p-GSK-3P Thr43 phosphorylation - priming phosphorylation for Ser9
phosphorylation

e p-GSK-3P Thr390 phosphorylation - indicates GSK-3P inactivation
(Human only)

2. Proteins Upstream of GSK-3P:

* PKC - directly phosphorylates (and inhibits) GSK-3p.
e Akt - part of PI-3K signaling cascade protein which phosphorylates

(and inhibits) GSK-3p.

» Erk - Map kinase signaling cascade protein that directly
phosphorylates (and inhibits) GSK-3P .
* P38 MAPK - Map kinase signaling cascade protein that directly
phosphorylates(and inhibits) GSK-3P
* Dvl - aprotein upstream of GSK-3P in the Wnt pathway, and an
indicator of Wnt pathway activation

3. Monitoring of Other Cellular Processes:

» Markers for apoptosis (Fas, Bel family, Cyctochrome C, caspases)
* Markers for immune activity (Nf-kB, CD25)
* Markers for cell proliferation (Cyclin DI, PCNA, p27)

2. Table 1: GSK-3B Substrates and downstream products:

Name References Function Downstream Targets
translation regulation, and

9 bone development
aNAC transcription factor osteocalcin

8 c-myc, c-jun, fosL1, cyclin d1,
B-catenin wnt signaling, cytoskeleton ppar5, mmp7, mitf, survivin
d-catenin (delta catenin) 60 cell adhesion E-cadherin, Rac-1

46 No known protein products
5-HT(1 B) serotonin receptor (affects cCAMP)

7 No protein products (affects

AcetylCoA carboxylase

fatty acid metabolism

fatty acids)
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6 (APP) 82 synaptic formation AP protein (brain)
7 | AP-1 (Jun proteins) 2 transcription factor Cyclin D, FasL
8 12 c-myc, c-jun, fosL1, cyclin d1,
APC wnt signaling ppar5, mmp7, mitf, survivin
spindle formation during
9 . 97 Lo
Astrin mitosis separase
10 47 proteasome mediated No known protein products
Ataxin-3 protein degradation, (has no specific substrates)
1 7 No protein products (affects
ATP citrate lyase fatty acid synthesis | fatty acids)
12 8 c-myc, c-jun, fosL1, cyclin d1,
Axin wnt signaling pparS, mmp7, mitf, survivin
13 | Bax 48 apoptosis Casp-9, Casp-3
14 94 apoptosis - transcription
BCLAF1 factor Unknown products
15 | BMAL1 (ARNTL) 50 circadian rythym PER1
16 | C/EBP 20 transcription factor IL-6, E2f, Myc
17 51 No protein product (structural
CABYR sperm structural protein protein)
18 | Cdc25A 74 cell cycle - kinase CDC2 (CDK1)
19 | CdGAP 103 cell migration actin
20 5 lactase, MUC2, Ll-cadherin,
CDX2 intestine transcription factor Claudin-2, p21
271 56 MHC class 11 expression -
CIITA transcription factor MHC class 11
22 90 cell migration, chromosome No protein products (sits on
CLASP2 alignment cytoskeleton)
23 57 circadian rhythm -
CLOCK transcription factor PER1, PER2
24 | CREB 10 transcription factor Fos
25 35 No protein products (affects
CRMP2 (DRP2)/CRMP4 neuron development axon growth directly)
26 | CRY2 58 circadian rhythm PER1, PER2
27 | Cyclin D1 40 cell cycle E2F, Rb
28 | Cyclin E 42 cell cycle E2F, Rb
29 18 surface glycoprotein, binds Ras, p53, b-catenin, ERK, NF-
DF3 (MUC1) pathogens, cell signalling kB
30 | Doublecortin 61 neurogenesis tubulin?
31 71 calcineurin-mediated
DSCR1 signaling pathway NFAT
32 63 No protein product
Dynamin-1 neuron endocytosis (endocytosis protein)
No protein product (affects
33 - . 43 . ) ; e
Dynamin-like protein vesicle formation mitrochondrial fission)
34 45 cytoskeleton and No protein products (it's an
Dystrophin extracellular matrix anchoring protein).
35 54 No protein product (adhesion
E-Cadherin call adhesion protein protein)
36 64 cell cycle - transcription
E2F1 factor Casp-9, Cyclin E, c-Myc
37 | elF-2B 3 translation factor elF2-GTP
38 65 estrogen receptor - cathepsin D, cyclin D1, c-Myc,
ER-a transcription factor progesterone receptor
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39 | FBX4 77 protein degradation cyclin D1
40 | FRAT1 67 Wnt signalling b-catenin
embryogenesis, myocardial
11 102 differentiation - transcription ANF, a-myosin heavy chain,
GATA4 factor cTnC
42 86 placenta development - placental growth factor (PGF),
GCM1 transcription factor syncytin 1
43 69 No protein products (scaffold
gephyrin CNS scaffold protein protein)
44 36 embryonic development - PTCH, HNF 3B, PDGFRa,
Gli (Ci homolog) transcription factor MYF5, Wnt, BMP, HIP
B cortisol/glucocrticoid binding
45 | Glucocorticoid receptor 30 - cytokine expression
(GR) regulation GILZ, IGFBP1, IRF8
46 6 No protein products (affects
Glycogen Synthase glycogenesis glycogen)
47 | H1B 70 histone No protein products (histone)
48 | HDAC4 62 histone deacetylase runx2, p21, HIFla
49 73 blood yessel fqrmation -
HIF-1 hypoxia signaling VEGF
50 104 No protein products (affects
hnRNP mRNA processing splicing)
51 15 stress response -
HSF-1 ranscription factor Hsp70, Hsp72
53 Insulin receptor substrate- 19
1(IRS-1) insulin signaling PDK1/2
54 33 No protein product (transport
Kinesin light chain (KLC) intracellular transport protein)
55 72 FGF-BP, PDGF, cyclin D1,
KLF5 transcription factor PPARg.
56 37 lung surfactant compound No protein products (makes
LPCAT1 production biochemicals in surfactant)
57 | LRP6 52 Whnt signalling b-catenin
58 | LU (BCAM) 75 red blood cell receptor Rap-1
59 | MAP1B 99 neuron development Tubulin?
60 | MAP2 25 neuron development Tubulin?
61 | MARK2 (Par-1) 76 epithelial morphogenesis Tau, MAP2c, MAP4
Mentioned in a
review (107),
62 but no
experimental c-myc, c-jun, fosL1, cyclin d1,
Mash1 data found neurogenesis ppar5, mmp7, mitf, survivin
63 | MCL1 66 apoptosis pathways Casp-9, Casp-3
64 | Mdm2 38 negatively regulates p53 Rb,p53
Neuron & muscle
65 78 development - transcription
MEF2D factor c-Jun
melanocyte and osteoclast
66 32 development - transcription tyrosinase, tyrosine-related-
MITF factor protein-1
67 | Myb 55 transcription factor Cyclin B, Myc, CXCR4
68 4 elF2a, p27, p53, CCR6 (L-
Myc (c-Myc, L-myc) transcription factor myc)
69 26 No protein products (affects

nerve myelination

brain cell myelination)
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70 79 cardiac and smooth muscle atrial natriuretic factor (ANF),
myocardin development calponin-hl
71 Neural cell-adhesion 29 surface glycoprotein - many
Protein (NCAM) cell types p59fyn, PI-3k , PLCy
Mentioned in a
review (107),
72 but no nervous system
experimental differentiation, pancreas
NeuroD data found development insulin, CDKN1 A, secretin
73 31 No protein products (affects
Neurofilament (NFH) neuron cytoskeleton axon growth directly)
74 14 NeuroM , NeuroD, and B-nl-
neurogenin 2 motor neuron differentiation tubulin
75 34 immune response - Bcl2, IFN, TNFa, IL-12, IL-6,
NF-kB (p65 and p105) transcription factor IL-10, IL-8, GM_CSF, CDK4
76 17 immune response - IL-2, IL-4, IL-5, IL-10, IFN-y,
NFAT transcription factor GM-CSF, TNF-a, CDK4
77 89 Ras, Cdc42, MAPK, PI3-K,
NGF receptor neuron growth and survival PLCgamma, Nf-kB
78 83 nucleolar protein of unknown
NIFK function No known protein products
79 16 centrosome function
Ninein (mitosis?) Not enough known
Mentioned in a
review (107),
80 but no
experimental
Notch data found cell differentiation PTCRa, HES1
81 28 NQO1 , HO-1, glutathione S-
Nrf-2 oxidative stress pathways transferase
Mentioned in a
review (107),
82 but no No protein products (does
experimental RNA transport at nuclear
Nucleoporin p62 data found nuclear envelope protein envelope
83 | p120 catenin 59 cell adhesion E-cadherin, Nf-kB
84 | p21 39 cell cycle Cyclin D, Cyclin E
85 | ps3 41 cell cycle and others PTEN, p21, Fas, PCNA
early skeletal muscle
86 85 development - transcription
PAX3 factor MyoD
87 | Paxillin (PXN) 106 Cell migration Actin?
88 68 Pancreas - transcription
PDX1 factor insulin, Glut2, glucokinase
89 | PKA (RIl subunit) 21 metabolism regulation Rapl , Bad
90 | pkce 87 PKC pathway VDAC1 , BAD
CSL (notch signaling), AB
91 o 11 . . .
Presinilin 1 (ps -1) neurotransmitter release protein (brain)
92 | Protein phosphatase 1 23 metabolism AXxin
93 Protein phosphatase 92
inhibitor-2 metabolism Erk, Akt
94 | pse 88 splicing factor CD45R0 isoform
95 22 negative regulator of the
PTEN PI3K/Akt signaling pathway Akt
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96 27 No protein products (affects
Pyruvate dehydrogenase glycolysis sugars/fatty acids)
97 | RASSF1A 91 Apoptosis, others Bax, Cyclin D1
98 | RelB 24 NfkB transcription complex NFATc, IFNb, TNFb, IL6
99 [ Rev-erb-a (NR1D1) 84 circadian rhythm BMAL1
100 105 cardiac and skeletal muscle
SIK development CRTC1-3, HDAC-5
101 | Smad1 49 bone morphogenesis Id
102 ) 95 Embrypggnesis } .
Snail 1 transcription factor E-cadherin
cholesterol & lipid
103 98 metabolism, adipocyte
SREBP-1 differentiation HMGS, LDLr, FPPS
104 | SUFU 80 hedgehog signaling pathway | PTCH, Wnt, BMP, HIP
alpha-synuclein interacting
105 Synphilin-1 96 protein a-synuclein
chormosome segragation in
106 lo1 mitosis, telomere
Tankyrase maintenance axin, TERF1
107 | Tau 1 neuron development Tubulin
Mentioned in a
review (107),
108 but no
experimental c-Myc, c-Jun, Cyclin D,
TCF data found transcription factor PPARg, MITF, Survivin
109 | Telokin (KRP, smMLCK) 44 muscle filament stabilization Myosin light chain
chromatin remodeling,
111 Tip60 100 apoptosis PUMA, p53, chk2
112 13 Control of aberrant No protein products (works
Topol la topological states of DNA directly on DNA)
113 | TSC2 53 mTOR signaling pathway S6K1, 4E-BP1
oxygen-sensing pathway,
114 81 possibly also interacts with
VHL microtubule HIF1A
Binds axin, Unknown
115 ZBED3 93 function [-catenin
EXAMPLES

Example 1; GVHD Mouse Model

Goal:

To demonstrate that the levels of GSK-3[ and proteins from related pathways, can be

used as markers for pathological conditions associated with T-cell proliferation, such

as GVHD diagnosis, a an early disease stage.

Materials and methods

Mouse Model: Eight- to 10-week-old mae C57BL/6 and Balb/c mice were
purchased from the Harlan Animal Farm. The animals were maintained in apathogen-
free animal facility a the Hadassah-Hebrew University Medical School, Jerusalem,
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Israel. Animals were treated according to the standards of the Animal Ethics
Committee, Hebrew University Medical School Animal Care Facilities. Mice were
harvested and samples were collected from blood and spleen on days 0, 1, 3,4,5,& 6
post-transplant.

Splenocyte Collection: Mice were sacrificed at the indicated time points and spleens
were harvested. Splenocytes were produced by passing spleens through amesh screen
in PBS, and processed with erythrocyte lysis buffer, and washed with cold PBS.

Donor splenocytes were processed the same way.

Mouse Splenocyte Transplant: Mice are divided into 3 groups (Untreated,
Syngeneic and Allogeneic) per time point with 6-12 mice per group. The untreated
group mice (without irradiation) were injected with plain medium. The syngeneic
group irradiated (600 rads) Balb/c mice were injected with splenocytes (30 x 10"6)
from matched donor Balb/c mice. The allogeneic group irradiated (600 rads) Balb/c
mice were injected with splenocytes (30 x 1076) from unmatched donor C57B1/6
mice. An additional 2-3 mice in each group were injected wit 2.0 mg/kg LiCl
(dissolved 1:2 LiCI.PBS), once aday from day 1to day 5 post-transplant, sacrificed at
days 3 and 5.

FACS analysis of Apoptosis. Splenocytes were washed twice with cold FACS buffer
(Ix PBS/0.5% BSA/0.02% sodium azide), and incubated on ice for 30-45 min with
APC-conjugated anti-CD3. FITC-conjugated anti-annexin-V. mAb was used as a
marker of early stages of apoptosis. To differentiate apoptotic cells from necrotic
ones, splenocytes were co-stained with Pl and annexin-V-FITC in a Pl kit (MBL),
according to the manufacturer's protocol. Flow cytometry was performed on a
FACScan, and data were analyzed using CellQuest software (Becton Dickinson). A

total of 5x105 CD3+ cells were counted for each sample.

FACS analysis of Proliferation: Splenocyte were washed with cold PBS, and fixed
with 95% ethanol overnight a 20°C. On the following day, splenocytes were washed
twice with FACS buffer (PBS supplemented with 0.5% BSA and 0.01% sodium
azide), and incubated on ice for 30-45 min with APC-conjugated anti-CD3. Before
flow cytometry, splenocytes were resuspended in PBS containing 5 mg/ml propidium
iodide (PI) and 10 pg/ml RNase A (Sigma-Aldrich). Fluorescence-labeled cells were
analyzed on a FACScan, using a CellQuest software package (Becton Dickinson).
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Western Blot: Splenocytes were lysed in NP-40 lysis buffer (0.5% Nonidet P-40, 50
mmol/L TrissHCl [pH 8.0], 100 mmol/L NaCl, 1 mmol/L phenylmethylsulfonyl
fluoride, 1 mmol/L sodium orthovanadate, 10 pg/m1 leupeptin, and 10 pg/ml
aprotinin) for 20 to 30 minutes on ice. Protein concentration was determined by
Bradford reagent (Bio-Rad) Lysates were mixed with 2x Laemmli sample buffer a
1:1 ratio, heated for 5 minutes a 95°C, and equal amounts of protein were loaded
onto 10% SDS-polyacrylamide gel electrophoresis (PAGE). Following
electrophoresis, gels were blotted onto nitrocellulose membranes (Bio-Rad), blocked
with 5% milk/PBS, and probed overnight with primary Abs. After extensive washing,
blots were incubated with horseradish peroxidase-conjugated matching secondary Abs
(Bio-Rad), and developed with enhanced chemiluminescent substrate (Sigma-Aldrich)
before exposure to X-ray film (Fuji Film). Membranes were subsequently incubated
with atubulin or GAPDH to ensure equal protein concentrations in each sample.

Films were scanned and protein bands were quantitated using ImageJ software (NIH).

MLR: Splenocytes were harvested from untreated Balb/c and C57BL/6 mice.
C57BL/6 cells were incubated in a flat bottom 96 well plate for 96 h with either
irradiated (1500 rads) or not irradiated Balb/c cells as indicated, a the indicated
concentrations. XTT reagent for proliferation assay was added 24 h before reading.
Plate was read a 620 nM.

Antibodies and Reagents. Anti-mouse CD3 mAb were purchased from R&D
Systems. For Western blot analysis, anti-Gsk-3P Ab, anti-p-Gsk-3P (ser9) Ab, anti-p-
PKC Ab, and and anti-a-tubulin Ab were purchased from Cell Signaling. Anti-mouse
GAPDH Ab were purchased from Sigma-Aldrich. XTT kit, PBS and cell medium
were purchased from Biological Industries (Isragl). All other reagents were purchased
from Sigma-Aldrich unless otherwise indicated. Disposables were purchased from

Corning.

Experimenta procedure:

Samples were collected from blood and spleen on days 0, 1, 3, 4, 5, & 6 post-
transplant, mainly from the following 3 groups (at least 3 mice per group):

* Group 1-Untreated/control (Con): injected with plain medium (no
irradiation).
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e Group 2- Syngeneic (Syn): Balb/c mice injected with a splenocyte
transplant from matched donor Balb/c mice after irradiation.

e Group 3- Allogeneic (Alio): Balb/c mice injected with a splenocyte
transplant from unmatched donor (i.e.C57BI/6 mice) after irradiation.

Results

The results obtained show that GVHD mice have significantly lower levels of p-GSK-
3B (phosphorylated in Ser-9) and total GSK-3P than both syngeneic and untreated
control mice. This effect has been observed over time and is most significant on days
4-5 post transplant, both in the spleen and the blood samples. The main significance
of these results is that the present invention provides for the first time a tool to
diagnose and predict pathological conditions of T-cell proliferation, such as the
diagnosis of GVHD effects in a subject, before emergence of the symptoms of the

disease.
1. Spleen results

a. Tota GSK-3P and p-GSK-3p expression levels

The alogeneic mice developed GVHD symptoms by day 6 post-transplant. The
symptoms of GVHD seen in the alogeneic mice included, but were not limited to,
ruffled fur, hunched posture, closed eyes, reduced activity, diarrhea and weight loss.
Asshown in Figure 1, the weight loss in the allogeneic mice is significantly increased

on days 5-6, in correlation with the disease progression.

Reference is now made to Figure 2, showing spleen results of p-GSK-3p and total

GSK-3P expression.

The results have been normalized such that the values for the untreated control mice

were set as 100%. Each parameter was compared to the values of the untreated mice.

As shown in Figure 2A and 2B, the mice in the untreated control group are healthy
mice. In the syngeneic group, short-term effects of irradiation and full recovery were
observed with no GVHD symptoms. However the allogeneic mice showed short term

effects of irradiation aswell as subsequent GVHD devel opment.

More particularly, a prolonged decrease in the level of p-GSK-3P and total GSK-3P

over time was exclusively detected in the spleen of the allogeneic group mice. It
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should be mentioned that in the Syngeneic group, the splenocyte population has not
recovered enough to collect cells, until day 5.

Figure 2A, demonstrates that the expression level of p-GSK-3p in the alogeneic
group, on day 3 (* Con & Alio p<0.02) and day 4 (** Con & Alio p<0.05), before
appearance of GVHD symptoms, was significantly decreased relative to the control.
On day 5 (*** Con & Alio p<0.01; *** Syn & Alio p<0.01; Con & Syn = no
significant difference) once severe symptoms have appeared in the mice, the level of
phosphorylated GSK-3P in the alogeneic mice was maintained a a relatively lower
level than the other groups, and on day 6 (**** Con & Alio p<0.01; ****Syn & Alio
p<0.01; Con & Syn = no significant difference) the level of p-GSK-3P in the

syngeneic and allogeneic mice appears to approach almost normal.

As shown in Figure 2B, the detection of the expression level of total GSK-3P in the
allogeneic group, showed the same tendency and early effect, before appearance of
the symptoms. On days 3 and 4 (* Con & Alio p<0.05), before appearance of GVHD
symptoms, a significant decrease was observed in the expression level of total GSK-
3B relative to the control. On day 5 (*** Con & Alio p<0.01; Syn & Allo= no
significant difference; Con & Syn p<0.01) once severe symptoms have appeared in
the mice, the level of total GSK-3P in the allogeneic mice was maintained a alower
level than the other groups, and on day 6 (**** Con & Alio p<0.01; ****Syn & Alio
p<0.01; Con & Syn = no significant difference) the level of in the allogeneic group
maintained a a lower level while the level of total GSK-3P in the syngeneic mice
appears to approach normal.

To summarise the results described hereinabove, there is aprolonged decrease of total
GSK-3P and p-GSK-3p over time in the spleen exclusively seen in the alogeneic
group. The fact that in the syngeneic group, the splenocyte population has not been
recovered enough to collect cells until day 5, while in the alogeneic mice there were
enough splenocytes already on day 3, may be a result of the immune response
characteristic of GVHD.

Once severe symptoms have appeared (days 5-6), levels of p-GSK-3P and total GSK-
3B in alogeneic mice maintained lower than other groups. It is noted that the fact that
in the syngeneic mice, the expression level of GSK-3P appears to approach amost
normal by day 6, may reflect the effect of recovery from irradiation.
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In the alogeneic group, p-GSK-3p and total GSK-3P decrease before the appearance
of clinical symptoms (symptoms begin on day 5) and maintain lower than other

groups throughout the disease course.

b. PKC expression level

Protein Kinase C (PKC) isupstream of GSK-3P in severa pathways. Particularly, itis
capable of phosphorylating GSK-3P directly. It is shown by the results of the present
invention that activated PKC levels are significantly lower in splenocytes of both the

syngeneic and allogeneic mice.

It is noted that the results described herewith have been normalized such that values
for the control mice were set a 100%. Each parameter was compared to the value of

untreated (control) mice independently of other parameters.

As shown in Figure 3, adecrease in PKC expression is shown in both the syngeneic
and allogeneic groups. Thus it can be concluded that the decrease in PKC expression

relative to the control mice could be due to irradiation or transplantation.

c. T-cel (CD3") proliferation level

Total T cells (CD3+) were collected from spleens of mice of the 3 groups of the
GVHD model as described above. Cells were stained for CD3 and counted by Flow
Cytometry.

Reference is now made to Figure 4, showing percentage of CD3+ cells out of total
splenocytes. As shown in this figure, on day 5 the allogeneic mice have significantly
more CD3+ cells than the control and syngeneic mice (**t-test p<0.01). On the other

hand, the syngeneic mice have less CD3+ cells than control mice (*t-test p<0.05).

In order to explore the effect of GSK-3P activation state on T- cell proliferation, the
GVHD model mice were treated with Lithium chloride (LiCl). Lithium chloride
(LiCl) is known to affect GSK-3P activation state by regulating its phosphorylation
state. Lithium chloride (LiCl) treatments were given to a separate group of allogeneic
mice. The data obtained shows that the amount of T-cells increased after LiCl
treatments on day 3 post-transplant. LiCl is aknown inhibitor of GSK-3P, suggesting
that the increase in T cellsis due to increased inhibition of the GSK-3p.
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Thus, according to certain embodiments of the invention, it is concluded that by
monitoring and/or affecting GSK-3P expression and/or activation state, and/or related

proteins thereof, early diagnosis and prevention of GVHD is achieved.

d. Mixed Lymphocyte Reaction

Splenocytes were collected from spleens of C57B1/6 and Balb/c mice and cultured ex-
vivo and assayed for proliferation by XTT (tetrazolium salt). The C57B1/6 and Balb/c
cells were cultured ex-vivo together to mimic a GVHD reaction. The cells were

cultured in 3 groups, having different cell concentrations:
*  2x2: 2x10"5 C57B1/6 and 2x 10”5 balb/c cells
e Ixl: 1x1075 C57B1/6 and 1x 10”5 balb/c cells
s 2x*2:2x10"5 C57B1/6 and 2x 10”5 irradiated balb/c cells

In order to test the effect of GSK-3P activation state on cell proliferation, Lithium
Chloride (a known inhibitor of GSK-3P) was added at different concentrations. As
shown in Figure 4, LiCl appears to have a dose dependent effect (particularly, 12.5
mM and 25 mM) on cell proliferation. Furthermore, it can be seen that the effect of
LiCl depends on the confluence (concentration) of cells. More specifically, as shown
in Figure 4, the proliferation level in 12.5 mM LiCl, is significantly lower in the 2x2
group than in the control (0 mM). In LiCl concentration of 25 mM, the proliferation
level is significantly higher in both the 2x2 and IxI groups than in the control (O
mM). As shown in Figure 4, LiCl had no apparent effect on proliferation a doses
smaller than 12.5 mM.

e. Cdl cycle analysis

Splenocytes were collected from mice of the GVHD model groups. T cells (CD3+)
were analyzed by flow cytometry (FACS). Cell Cycle analysis was performed by
detecting proliferating cellsin each group.

Reference is now made to Figure 5 demonstrating apoptosis analysis. The graphic
results described in the figure show surviving cells or in other words, cells that did not
undergo apoptosis. The results obtained demonstrate that there is a significant
increase in apoptosis in T-cells in both syngeneic and allogeneic groups as compared
to controls on days 2-5. Thus significantly enhanced apoptosis is observed at early

stage of GVHD. This effect can be due to irradiation and/or transplantation.
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The spleen results described hereinabove demonstrate that the decrease in the total
GSK-3P and the p-GSK-3p in the spleens of allogeneic mice can be detected as early
as day 3, before the appearance of observable symptoms. In view of these results it is
amain aspect of the present invention that total GSK-3P, p-GSK-3P and/or proteins
associated or related to GSK-3P protein are utilized as markers to identify and
diagnose the onset of GVHD or any other medical condition associated with cell

proliferation in mice and potentially in humans.

The results disclosed by the present invention formed the basis to the development of
a novel diagnostic kit that can predict the onset of GVHD or any other medical
condition associated with cell proliferation in subjects. According to one embodiment,
the diagnostic kit utilizes protein chip technology to monitor the changes in the GSK-
3B and/or a least one related protein thereof expression levels. In a further
embodiment, the diagnostic kit utilizes changes in the phosphorylation or activation
state of GSK-3P and/or at least one related protein thereof to predict the onset of
GVHD or any other medical condition associated with cell proliferation.

It is further demonstrated by the experiment that once the mice have developed severe
GVHD (i.e. day 5), a significant increase in T cell numbers post-transplant has been
seen. In addition, it is shown by the present invention that LiCl, a known GSK-3P
inhibitor, affect T-cell proliferation ex-vivo and possibly in vivo. In view of these
results it is herein concluded that regulation of GSK-3P has a therapeutic use in

GVHD or any other medical condition associated with cell proliferation.
2. Blood results

Reference is now made to Figure 6 showing p-GSK-3P (ser 9 phosphorylated GSK-
3B) (Figure 6A) and total GSK-3P (Figure 6B) protein expression in blood samples.
The results have been normalized such that the values for the untreated control mice

were set as 100%. Each parameter was compared to the values of the untreated mice.

The graphic results shown in Figure 6 demonstrate that there is a prolonged decrease
of total GSK-3P and p-GSK-3P over time in the blood exclusively shown in the

allogeneic group.

More specifically, the results obtained show that there is a decrease in total GSK-3P
and p-GSK-3P in the syngeneic mice, which seems to be later than the decrease

observed in the allogeneic mice. In the allogeneic group, there is a decrease in the
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levels of total GSK-3P and p-GSK-3p over time, this decrease is greater in the

allogeneic group versus the syngeneic group.

It can be concluded from the results obtained by the blood experiment that a decrease
in total GSK-3P and the p-GSK-3p is seen in the blood in mice of the allogeneic
group, which is more pronounced than both the control and syngeneic mice.

It is further indicated that the decrease is most noticeable on days 3 and 4, which are
a an early stage of GVHD. It is noted that a this stage of the disease T-cell
proliferation is pronounced.

Thus based on the results described herein, a diagnostic kit is provided, which enables
the use of blood samples to detect the early onset of GVHD and/or any other medical
disorder associated with cell proliferation. According to certain embodiments, such a
kit may utilize protein chip technology to monitor the changes in the GSK-3P
expression levels and/or changes in the activation state of the GSK-3P to predict the
onset of GVHD and/or any other medical disorder associated with cell proliferation.
According to further embodiments, such a kit may additionally include GSK-3P
related proteins, and by monitoring their expression levels and/or activation (i.e.
phosphorylation) state the onset of GVHD and/or any other medical disorder
associated with cell proliferation is predicted.

It is indicated that the blood results in mice reflects the proliferation in the spleen,
meaning that the cells in the syngeneic mice on days 3, 4, and maybe 5 are cells that
existed in the periphery before the transplant. However, in the alogeneic mice, the
cells from day 4 are already new cells which have emerged from the spleen.

It should be emphsised that the fact that blood samples could be obtained from miceis
agood indication of the ability to collect usable blood samples from humans.

The unique data presented herewith correlates GSK-3P directly to the progression and
onset of the GVHD disorder which has never been done before. The correlation
between GSK-3P expression and/or activation state and GVHD progression is
associated with the effect on cell proliferation. Thus by monitoring and regulating
GSK-3P and /or proteins related to GSK-3P (i.e. upstream or downstream GSK-3P),
medical disorders associated with cell proliferation, such as GVHD can be early

detected and inhibited before the emergence of undesirable symptoms.



WO 2013/136334 PCT/IL2013/050237
44

According to a main aspect of the invention, the changes seen in the GSK-3P or
related proteins expression levels and activation state can be utilized as markers for
diagnosing the GVHD and/or any other medical disorder associated with cell
proliferation.

According to a further main embodiment, the early onset of GVHD is detected prior
to observable clinical symptoms through monitoring changes of the GSK-3P
expression levels and/or changes in the activation state of the GSK-3P protein or
related proteins thereof. Using GSK-3P and/or proteins associated with GSK-3P, as
markers allow the diagnosis of GVHD or any other medical disorder associated with
cell proliferation prior to patients demonstrating observable symptoms and prior to the
T cells attacking the host body.

It is within the scope of the present invention, that by regulating GSK-3P expression
in a time-course study of an acute GVHD mouse model, GSK-3P manipulation is
shown to prevent GVHD and/or any other medical disorder associated with cell
proliferation onset.

Example 2: Fingerprinting data

In another embodiment of the invention, a diagnostic kit based on a protein chip is
used to diagnose GVHD and/or any other medical disorder associated with cell
proliferation before the appearance of clinical symptoms. In certain embodiments the
kit contains a custom-made protein chip comprising antibodies which are adapted to
monitor the activation state and/ or expression level of the GSK-3P, related proteins
associated with related pathways such as apoptosis markers, proliferation markers,
and other biological and biochemical molecules related to GSK-3p. Such molecule
candidates can be pre determined and analysed by western blot, FACS, and other
conventional fingerprinting techniques.

It is herein acknowledged that every disorder has a unique fingerprint. Finding the
fingerprint for GVHD and/or any other disorder associated with cell proliferation
allows us to provide a diagnostic kit with a set of proteins that are specifically and
uniquely correlated with a particular disorder or medical condition associated with
cell proliferation, for example GVHD.

Reference is now made to Figure 7 schematically illustrating an example of a

preparation and analysis processes using protein microarrays consisting of antibodies
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bound to glass dlides (chip). Such antibody chips are adjusted to profile changes in
protein expression levels. According to a further embodiment, antibody microarrays
are used to measure protein abundance in any biologica sample, including cells,
whole tissue and body fluids. The results may be picked up by astandard reader.

As shown in Figure 7, microarrays carrying predetermined unique monoclonal
antibodies are prepared. The array is incubated with native protein extracts that may
derive from cells, tissues, body fluids or any other biological sample. The native
antigens are then allowed to be bound to their corresponding antibodies on the array.
In the next step a labeled analyte, agent or entity may be added and the captured
antibody complexes within the array surface are analysed by a fingerprinting
technique. Fingerprinting techniques that can be used within the present invention
include, but are not limited to, Western blot, ELAIZA, Immuno-histochemistry or any

other fingerprinting technique known in the relevant literature.

It is aso within the scope of the present invention that clinical trials are performed to
determine the efficacy of the diagnostic kit (i.e. protein chip prototype) to predict the
development of GVHD in human transplant patients.

In order to determine the fingerprint for GVHD, samples form humans are collected
from sick and healthy people, and analyzed by mass spectrometry to identify the

following:
o All the proteins that are present in the system
e Changesin protein expression
» All the RNA that ispresent in the system
* Changesin RNA expression
» Focusing on the DNA level

Human samples were collected using a CRA (clinical research associate) to recruit
patients for aclinical trial (including Helsinki approval and negotiations with medical
centers). The blood samples were collected from patients who have undergone bone
marrow transplants.

In a preferred embodiment, a protein chip is utilized for analysis of the human

samples to demonstrate its efficacy in predicting acute GVHD onset.
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In a specific embodiment, the present invention provides a protein chip utilizing a
large number of antibodies bound to a glass slide which can be used to determine the
expression levels of different proteins in a given sample. One example is the
development of a diagnostic kit based on a protein chip that can diagnose GVHD

before the appearance of clinical symptoms

It is well within the scope of the present invention that the aforementioned kit
contains a custom-made protein chip containing antibodies which are capable of
monitoring the activation state and expression level of the GSK-3P, related pathways,
apoptosis markers, proliferation markers, and others (taken from western blot, FACS,

and fingerprinting data).

It is emphesised that the principal of the invention, namely GSK-3P and/or related
proteins as diagnostic tool for abnormal cell proliferation, demonstrated the GVHD
model, can be used to provide customized kit and method to detect and predict any
other medical disorder associated with cell proliferation and/or the GSK-3P molecule.
The kit analysis results are preferably compared against the diagnostic outcome
(according to current/updated medical standards) for each patient.

In certain embodiments of the invention, the kit is calibrated by assaying human
samples by western blot and/or other fingerprinting techniqgue common in the relevant

art.

Example 3: Mass spectrometry experiment

Goal:

To demonstrate Gsk-3P phosphorylation sites by PKC, thus allowing understanding
the mechanisms of Gsk3P regulation used herein for diagnostic and therapeutic
applications.

Experimental procedure:

PKC and Gsk3P were incubated together in atest tube. For analysis of phosphorylated

amino acids on Gsk3p, two samples were subjected to mass spectrometry:

* Experimental sample - PKC and Gsk3P incubated together in a kinase

reaction buffer.

» Control sample - Gsk3P aone in akinase reaction buffer, to determine if there

are sites that are already phosphorylated or auto-phosphorylated.
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Results:

Nine phosphorylation sites were found on the Gsk3P incubated with PKC

(experimental sample).

One of these sites (Thr324) was presented in the sample which contained Gsk3P aone
(control sample), indicating that this site was previously phosphorylated or auto-
phosphorylated.

The additional 8 sites on Gsk3P are shown by the current results to be phosphorylated
directly by PKC.

Table 1below summarizes the phosphrylation results of Gsk3p, showing 8 sites that
are potentially phosphorylated by PKC in vivo. These phosphorylation sites are

Previoudly discovered

important in regulating Gsk3p.

Table2: Phosphorylation sites

.

2 Ser215 site with. unknown

function.
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Previously discovered
8 Thr392 site with unknown

function.

As shown in Table 1, three new phosphorylation sites were identified that have not
been discovered previoudy, including a potential auto-phosphorylation site. More
specifically, the 3 sites that were discovered as new phosphrylation sites of Gsk3P are
Thr324, Thr309 and Thr356. In addition there are discovered sites which are with
unknown function, namely, Ser215, Ser219, Thr392 and Ser389.

In a further embodiment of the invention, mass spectrometry is utilized to assay
Gsk3P phosphorylation sites in human T-cells and thus assessing the effect of PKC on
phosphorylation of the Gsk3P in human T célls.

Example 4: Gsk3B affects T-cell proliferation

Goadl :

To determine the effect of PKC on Gsk3P and proliferation in human T-cells, in order
to better understand the regulatory mechanisms of Gsk3P in T-cell proliferation. This
data enables the development of tools as described inter alia to diagnose and treat

medical disorders associated with cell proliferation and/or apoptosis such as GVHD.

Experimental design:

In the following described experiment, these four major pathways were inhibited
which directly phosphorylate Gsk3P in human T cells, preferably, Jurkat cells:

P38 MAPK
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 FErk
e PI-3K/Akt
. PKC

According to a certain embodiment, the following experimental groups were used:
1) Control group - untreated cells

2) Inhibitors group - treated with inhibitors against p38, Erk, and PI-3K
pathways, with PKC unaffected.

3) PKC activated group - treated with inhibitors against p38, Erk, and PI-3K, and
treated with PKC activator.

4) PKC inhibited group - treated with inhibitors against p38, Erk, and PI-3K, and
treated with PKC inhibitor

Results:

Reference is now made to Figure 8 showing a graphic representation demonstrating
the effect of PKC on regulation of T-cell proliferation through GSK-3P pathway. The
results presented in this figure demonstrate that PKC is able to regulate proliferation
through Gsk3P pathway in T-cells. The statistical differences are calculated by One-
way ANOVA (Student-Newman-Keuls Method), when the p-value<0.01. Within the
graphic representation, the statistical differences are indicated by number of stars.

Asshown in Figure 7, the diagram is divided into 4 main columns:
None: Untreated control group, the values of which is set as 100%.

Inhibitors group: Inhibition of 3 different pathways, namely p38, Erk, and PI-3K
pathways, significantly reduced cell proliferation in comparison to the control group.
These results indicate that lower levels of Gsk3P phosphorylation is correlated with
decreased cell proliferation.

PKC group: Activation of PKC, which is shown by the present invention to
phosphorylate Gsk3P (Example 2) restores the cells to a "normal" proliferation level,
which is similar to the control, despite the presence of other inhibitors. These results

indicate that Gsk3P phosphorylation is correlated with an increase in proliferation.
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PKC inhibited group: When al of the 4 maor pathways are inhibited (and thus

Gsk3P is not phosphorylated), there is amost no cell proliferation. These results
indicate that Gsk3P regulates T-cell proliferation.

Conclusions:

Of the above described experiments it can be concluded that:

Gsk3P sites which are phosphorylated by PKC may play arole in Gsk3P
regulation.

These sites can be potentially used to monitor the activation state of

Gsk3p, which isherein used for diagnostic and therapeutic purposes.
PK C works through Gsk3P to regulate T-cell proliferation.

PKC inhibition and inhibition of other pathways which regulate Gsk3p, are
shown to almost completely abrogate T-cell proliferation.

PKC can potentially be used to more accurately predict Gsk3P activity
levels, T-cell proliferation, and to predict pathological conditions and
diseases associated with T-cell proliferation, such as the prediction of
GVHD onset.

The affect of Gsk3P and PKC on T-cell proliferation in living cells, is
further assessed by assaying (i.e. by Western blotting):

o total Gsk3P protein;
0 Gsk3P ser9 phosphorylation- indicating Gsk3P inactivation;
0 PKC activation- indicating of Gsk3P inactivation;

0 b-catenin - ameasure of the inactivation of the Gsk3P through the
activated Wnt pathway;

o Dvl - aprotein upstream of Gsk3P in the Wnt pathway, and an
indicator of Wnt pathway activation;

o Erk - Map kinase signaing cascade protein that directly
phosphorylates Gsk3P a Ser9;

o P38 MAPK - Map kinase signaling cascade protein that directly
phosphorylates Gsk3P at Ser389;
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0 Gsk3P tyr216 Phosphorylation - Indicates activation of Gsk3P;

and,
0 House keeping protein - loading control

The above described studies provide a better understanding of the role of Gsk3p in T-
cell proliferation and subsequently in early diagnosis and prevention of diseases

associated with T-cell proliferation such as GVHD devel opment.

In a further aspect of the invention, the affect of the newly identified phosphorylation
sites on the Gsk3P on the activation state of the Gsk3p, is determined.

In a specific embodiment, Gsk3P activity is determined by assaying the levels of
Gsk3p substrates.

Example 5: Diagnostic kit

A description of a GVHD diagnostic kit is provided as an example of a diagnostic kit
prepared by the method and guidance of the present invention that can be tailored to
diagnose any pathological disorder associated with cell proliferation or apoptosis that
is herein shown for the first time to be linked with Gsk3P and related proteins.

Name -GVHD early diagnostic kit, version 1.0

Contains- Protein chip, i.e. glass dide with attached antibodies
Application- Early diagnosis of GVHD before appearance of symptoms
Usage- Samples collected by blood tests

Procedures- Each kit contains materials for 7 tests, to be done over time

Target Population- Hematopoietic Stem Cell (including bone marrow

transplants) Transplant recipients.
The advantages of such a GVHD diagnostic kit:

Early Diagnosis: The GVHD diagnostic kit allows for the diagnosis of GVHD

prior to appearance of observable symptoms. Thus the GVHD diagnostic kit

saves lives.

» Minimaly Invasive: The diagnostic kit is based on a series of smple blood

tests, as opposed to the current method of biopsy of affected tissues.
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* Real-time Information : The GVHD diagnostic kit gives the doctor information

in real-time about the patient's condition.

» Better Treatment Options: This kit enables doctors to treat patients earlier,

when treatments are more effective and can potentially prevent GVHD

development altogether.

* Reduced Costs: The diagnostic kit allows reduce costs to doctors, hospitals,

and patients, by reducing hospital stays, expensive tests, and expensive

treatments.

A kit based on the platform technology as provided by the present invention can be
applied for the diagnosis and/ or prevention of pathological disorders associated with
T-cell proliferation, for example: autoimmune disorders, inflammatory disease, tissue

rejection, cancer, etc.

Diagnostic kits based on the technology of the present invention can be used in
companion diagnosis approaches, by preferably performing the following steps: (1)
Monitoring changes in activation state of Gsk3P and related proteins allows
diagnosing other disorders. (2) Unique protein chips can be developed based on the
platform technology of the present invention, which are custom-designed for each
disorder. (3) Additional software packages are developed for analysis of each
individual disease. (4) Disease treatments are screened using protein chips to ensure
the drug is effectively targeting the molecular causes of the disease. (5) The
understanding of the molecular pathways involved in each disease allows developing

new specialized drugs.
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CLAIMS

1. A method of detecting T-cell proliferation in a subject comprising the steps

of;
a. obtaining asample from said subject; and

b. profiling a least one parameter selected from the group consisting of: the
activation level of GSK-3P, the expression level of GSK-3B and the
activation or expression level of related members of pathways in which

GSK-38 plays apart;

wherein a significant deviation from norma values indicates cellular
proliferation.

2. The method according to claim 1 further comprises steps of profiling the
expression level of p-GSK-3p or proteins associated with GSK-3P related
pathways.

3. The method according to claim 2 wherein a decrease in the expression level
of serine 9 phosphorylated GSK-3B (p-GSK-3P) orGSK-3P or proteins
associated with GSK-3B related pathways indicate increased T-cell

proliferation.

4. The method according to claim 1, further comprises steps of profiling the
inactivation levels of GSK-3P or proteins associated with GSK-3P related
pathways.

5. The method according to clam 1, further comprises steps of measuring

protein kinase C (PKC) activity.

6. The method according to clam 1, further comprises steps of measuring
protein kinase C (PKC) expression.

7. The method according to claim 6, wherein a decrease in PKC expression

indicates an increase in cell proliferation.
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The method according to claim 6, further comprises steps of inhibiting PKC
activity thereby significantly decreasing T-cell proliferation.

The method according to claim 1, further comprises steps of profiling GSK -
3B related pathways selected from a group consisting of: total Gsk3p, ser9
phosphorylated Gsk3p, b-catenin, Dvl, tyr216 phosphorylated Gsk3P P38
MARK, Erk, PI-3K/Akt, PKC and any combination thereof.

The method according to claim 1, further comprises steps of inhibiting GSK
-3p related pathways selected from a group consisting of: P38 MARK, Erk,
PI-3K/Akt, PKC and any combination thereof.

11. The method according to claim 9, wherein a decrease in cell proliferation is

12.

13.

14.

15.

16.

indicated when P38 MAPK, Erk and PI-3K/Akt, are inhibited and PKC is
unaffected.

The method according to claim 9, wherein inhibition of cell proliferation is
indicated when P38 MAPK, Erk and PI-3K/Akt, are unaffected and PKC is
inhibited.

The method according to claim 9, wherein upregulation of cell proliferation
isindicated when P38 MAPK, Erk and PI-3K/Akt, are inhibited and PKC is
activated.

The method according to claims 1, further comprises steps of measuring the
phosphorylation levels of GSK-3P or proteins associated with GSK-
3B related pathways.

The method according to claim 1 further comprises steps of identifying
phosphorylation sites of GSK-3P or proteins associated with GSK-
3B related pathways.

The method according to claim 14 further comprising steps of measuring
phosphorylation of a least one of GSK -3 phosphorylation sites selected
from a group consisting of: Serine 9, Thr324, Ser215, Ser219, Thr309,
Thr356, Thr390, Thr392, Ser389 and any combination thereof.
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The method according to clam 14 further comprising steps of measuring
auto-phosphorylation of a least one of GSK -3 phosphorylation sites
selected from a group consisting of: Serine 9, Thr324, Ser215, Ser219,
Thr309, Thr356, Thr390, Thr392, Ser389 and any combination thereof.

The method according to claim 1 further comprising steps of sampling the

spleen.

The method according to claim 1 further comprising steps of sampling the
blood.

The method according to claims 1 further comprising steps of sampling a
body fluid or tissue.

The method according to claim 1 further comprising steps of comparing the
result of said GSK-3P levels with a predetermined normal value obtained
from healthy subjects.

The method according to claims 1 further comprising steps of comparing the
result of said GSK-3P status with a predetermined normal value obtained
from healthy subjects, wherein a deviation of a least about 25 % from

normal values indicates the presence of pathological T-cell proliferation.

The method according to claim 1 further comprising steps of detecting
disorders associated with apoptosis, cell differentiation, protein synthesis
and any combination thereof.

The method according to claim 24 further comprising steps of detecting
disorders associated with apoptosis using annexin-V or anti-annexin-V mAb

as amarker.

The method according to claim 1 further comprising the steps of profiling a
predetermined disorder associated with pathological T-cell proliferation by
the steps of
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a. preparing an array with predetermined antibodies or antigens
recognizing GSK-3B or proteins associated with GSK-3f related
pathways;

b. incubating said antibodies with abiological sample;
c. adding a least one labeled analyte or agent producing asignal;

d. detecting and analysing the signal produced by said analyte or agent
using & least one fingerprinting or profiling technique,

wherein a significant deviation from norma values indicates cellular

proliferation.

26.

27.

28.

29.

30.

The method according to claim 25 further comprising the steps of detecting
and analysing the signal produced by said analyte or agent using at least one
fingerprinting or profiling technique selected from a group consisting of::
Western blot, ELISA, immunohistochemistry, FACS, Mass spectrometry or

any other conventionally used fingerprinting or profiling technique.

The method according to claim 1 further comprising steps of detecting
pathological T-cell proliferation associated with Graft-versus-host disease
(GVHD).

The method according to claim 27 further comprising steps of detecting
GVHD a an early stage before appearance of pathologicak GVHD

symptoms.

The method according to claim 28, further comprising steps of selecting
GVHD symptoms from a group comprising Hunched posture, Closed eyes,
Reduced activity, Diarrhea, Weight loss and any combination thereof.

The method according to claim 27, further comprising steps of detecting
GVHD during phase 2 of adisease.

31. The method according to claim 27, further comprising steps of detecting

GVHD a an early stage between days 4 and 5 after transplant.
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32. A method of detecting disorders associated with pathologica T- cell

proliferation, in asubject comprising the steps of;
a. obtaining asample from a subject;

b. measuring the level of GSK-3P inactivation by measuring at least one
parameter selected from a group consisting of: (a) serine 9
phosphorylation; (b) the Wnt pathway activation; (c) activated PKC
and any combination thereof; comparing the result of said inactivation
levels with a predetermined normal inactivation value obtained from
healthy subjects,

wherein a significant deviation from normal inactivation vaues indicates

cellular proliferation.

33.

35.

36.

The method according to claim 32, wherein said step of measuring is carried
out by measuring said serine 9 phosphorylation..

. The method according to claim 32, wherein said step of measuring the

levels of GSK-3P inactivation, is carried out in away selected form a group
consisting of: (a) measuring B-catenin levels in the absence of serine 9
phosphorylation; (b) measuring the site of stimulation on the GSK-3P once
stimulated through the activated Wnt pathway; (c) measuring a protein
marker that is unique to the inactivation of GSK-3P through the activated
Wnt pathway and any combination thereof.

The method according to claim 32, wherein said step of measuring the levels
of GSK-3 inactivation, is carried out in a way selected form a group
consisting of: (a) measuring the site of stimulation on the GSK-3P once
stimulated through activated PKC; (b) measuring a protein marker that is
unique to the inactivation of GSK-3P through the activated PKC; and any

combination thereof.

A method of monitoring and regulating the GSK-3P activation state,

comprising the steps of;

a. obtaining abiologica sample from a subject,
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b. determining a least one of: the expression level of GSK-3P, the

activation level of GSK-3P, the expression or activation level of

proteins associated with GSK-33 related pathways,

c. comparing said levelsto control levels determined from healthy subjects,

wherein levels with pre-specified characteristics is used for the diagnosis of

pathological cell proliferation.

37. A diagnostic kit for the detection of a disorder associated with pathological

38.

39.

40.

41.

42.

cell proliferation in a subject wherein said kit comprising profiling means
adapted for profiling the status of GSK-3P or proteins associated with GSK-
3B related pathways, in abiological sample derived from said subject.

The diagnostic kit according to claim 37, wherein said status of GSK-3P or
related proteins is selected from a group consisting of: (a) activation; (b)
over-activation (c) expression levels; (d) inactivation; (€) over-inactivation

and any combination thereof.

The diagnostic kit according to claim 38, wherein the activation status of
GSK-3B or related proteins (proteins associated with GSK-3P related

pathways) is a determinant of said cell proliferation or cell apoptosis.

The diagnostic kit according to claim 38, wherein the activation status of
GSK-3B or related proteins (proteins associated with GSK-3P related
pathways) is a determinant of apoptosis.

The diagnostic kit according to claim 38, wherein the expression level of
GSK-33 or related proteins (proteins associated with GSK-3P related

pathways) is a determinant of said cell proliferation or cell apoptosis.

The diagnostic kit according to claim 38, wherein said status is an indicator
for the best treatment program.
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The diagnostic kit according to claim 38, wherein said profiling means are
adapted to detect the activation status of GSK-3P or related proteins
(proteins associated with GSK-3P related pathways).

The diagnostic kit according to claim 38, wherein said profiling means are
adapted to detect the expression level of GSK-3P or related proteins
(proteins associated with GSK-3P related pathways).

The diagnostic kit according to claim 38, wherein the activation status of
GSK-33 or a least one related protein (proteins associated with GSK-
3B related pathways) is amarker for cell proliferation.

The diagnostic kit according to claim 38, wherein the activation status of
GSK-3p3 is determined by profiling markers for the Wnt pathway or the
actual site on the GSK-3P being affected by the activated Wnt pathway.

The diagnostic kit according to clam 38, wherein said kit comprises
profiling means for determining the activation status of GSK-3B is
determined by profiling the status of a least one protein selected from a
group including: total Gsk3p, PKC, b-catenin, Dvl, Erk, P38 MAPK, PI-
3K/Akt, tyr216 phosphorylated GSK-3p, serine 9 phosphorylated GSK-33

and any combination thereof.

The diagnostic kit according to clam 38, wherein said kit comprises
profiling means for profiling the activation status of GSK-3P is determined
by measuring PKC activation sites on GSK-3P .

The diagnostic kit according to clam 38, wherein said kit comprises
profiling means for profiling over-activation of GSK-3P determined by
measuring tyrosine 216 phosphorylation.

The diagnostic kit according to claim 38, wherein over-activation of GSK-

3B is determined by measuring the expression levels of GSK-3p.

The diagnostic kit according to clam 38, wherein said kit comprises
profiling means for profiling or measuring phosphorylation of &t least one of
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GSK -3B phosphorylation sites selected from a group comprising: Serine 9,
Thr324 ,Ser215, Ser219, Thr309, Thr356, Thr390, Thr392, Ser389 and any

combination thereof.

The diagnostic kit according to clam 38, wherein said kit comprises
profiling means for profiling or measuring auto-phosphorylation of at least
one of GSK -3 phosphorylation sites including: Serine 9, Thr324, Ser215,
Ser219, Thr309, Thr356, Thr390, Thr392, Ser389 and any combination

thereof.

The diagnostic kit according to clam 38, wherein said kit comprises
profiling means for profiling or measuring GSK -3( related pathways
including total Gsk3p, ser9 phosphorylated Gsk3p, b-catenin, Dvl, tyr216
phosphorylated Gsk3p P38 MARK, Erk, PI-3K/Akt, PKC and any

combination thereof.

. The diagnostic kit according to claim 38, wherein the presence of over-

inactivated GSK-3P as indicated by abnormal levels of phosphorylated

serine 9 provides apositive diagnosis of pathological cell proliferation.

The diagnostic kit according to claim 38, wherein said pathological cell
proliferation is a marker for a least one pathological condition associated
with cell proliferation, tissue rejection, cancer, wound healing, tissue
regeneration, aging, skin care, obstetrics and any phenomena associated

with abnormal levels of cellular proliferation or apoptosis.

The diagnostic kit according to clam 55, wherein said kit is adapted for
detecting disorders associated with apoptosis using annexin-V protein or

anti-annexin-V mAb as amarker.

The diagnostic kit according to claim 55, wherein said pathological cell
proliferation is detectable during phase 2 of a GVHD disease, prior to

appearance of disease symptoms.



WO 2013/136334 PCT/IL2013/050237

58.

59.

60.

61.

62.

63.

69
The diagnostic kit according to claim 57, wherein said GVHD symptoms
include hunched posture, closed eyes, reduced activity, diarrhea and weight

|oss.

The diagnostic kit according to claim 55, wherein said protein marker that is
unique to the inactivation of GSK-3P is selected from a group comprising
abnormal levels of phosphorylated serine 9 GSK-3P, abnormal levels of
markers for Wnt activity including but not limited to abnormal levels of B-
catenin expression, abnormal levels of stimulation a the site on the GSK-3P
affected by the activated Wnt pathway, abnormal levels of protein markers
unique to the inactivation of GSK-3P through the activated Wnt pathway, b-
catenin, Dvl, tyr216 phosphorylated Gsk3p P38 MARK, Erk, PI-3K/Akt,
PKC and any combination thereof.

The diagnostic kit according to claim 38, comprising profiling means for
detection of pathological or normal physiological conditions that are also
characterized by increased cell proliferation, decreased cell apoptosis and an

immune response.

The diagnostic kit according to claims 38, wherein the results provided by
said kit indicate the pathways to be modulated to control the activation
status and/ or expression level of GSK-3P, thereby regulating T-cell

proliferation.

The diagnostic kit according to claim 38, wherein said kit is adapted for the
detection and quantification of the activation or expression status of GSK-
3B or related proteins (proteins associated with GSK-3P related pathways),
further wherein said activation or expression status is an indicator for the

progression/ presence of pathological T-cell proliferation.

The diagnostic kit according to claim 39, wherein said pathological T-cell
proliferation is diagnosed by determining the activation or expression status
of GSK-33 or related proteins (proteins associated with GSK-3P related

pathways) in samples from a subject selected from a group consisting of: (a)
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blood; (b) spleen; (c) biological fluid; (d) tissue and any combination

thereof.

A diagnostic kit for the detection of T-cell proliferation, provided with the
means for detecting the presence of inactivated GSK-3P as indicated by
abnormal levels of stimulation a the site on the GSK-3P affected by
activated PKC, or asindicated by abnormal levels of aprotein marker that is
unique to the inactivation of GSK-3p.

The diagnostic kit for the detection of T-cell proliferation according to claim
64, provided with the means for detecting the presence of over-inactivated
GSK-38 as indicated by abnormal levels of phosphorylated serine 9 and
abnormal levels of markers for Wnt activity including but not limited to
abnormal levels of B-catenin expression, abnormal levels of stimulation at
the site on the GSK-3P affected by the activated Wnt pathway, and
abnormal levels of protein markers unique to the inactivation of GSK-3P
through the activated Wnt pathway; and by abnormal levels of markers for
activated PKC inactivation of the GSK-3P including but not limited to
abnormal levels of stimulation at the site on the GSK-3P affected by the
activated PKC, and abnormal levels of protein markers unique to the
inactivation of GSK-3P through activated PKC; in combination, thereby
providing apositive diagnosis of cell proliferation.

A method of regulating T-cell proliferation in apatient, comprising the steps
of monitoring the activation or expression status of GSK-3B or related
proteins (proteins associated with GSK-3f3 related pathways) and
modulating according to the needs of the patient.

A method of diagnosing a disorder associated with pathological T-cell
proliferation in a subject comprising the steps of;

a. measuring GSK-3f inactivation status or indicators thereof,

b. measuring GSK-3p activation status or indicators thereof,
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c. combining measurements of activation and inactivation status or

indicators thereof,

wherein an activation to inactivation ratio is obtained characteristic of said
disorder associated with pathological T-cell proliferation.

The method according to step 68, wherein said step (a) of determining
inactivation is done by measuring at least one inactivation indicator selected
from the group including serine 9 phosphorylation, Wnt activation as
determined by B-catenin levels or through a protein marker specific for
inactivation of the GSK-3P through the activated Wnt pathway or through
the site on the GSK-3P that the activated Wnt pathway affects to stimulate
inactivation of the GSK-3P; PKC inactivation sites on GSK-38 or through a
protein marker specific for inactivation of the GSK-3P including Dvl, tyr216
phosphorylated Gsk3p P38 MARK, Erk, PI-3K/Akt, PKC, or any

combination thereof.

A protein chip comprising an array of bound antibodies, biomarkers or
antigens useful for determining the expression levels of proteins associated
with T-cell proliferation in agiven sample.

The protein chip according to claim 70, comprising antibodies, biomarkers
or antigens characteristic of the activation state and/ or expression level of
GSK-3P, related pathways, apoptosis markers, proliferation markers, and
other biologica and biochemical molecules associated with cell

proliferation.

The protein chip according to claim 70, wherein said antibodies, biomarkers
or antigens characteristic of the activation state and/ or expression level of
GSK-3P, related pathways, apoptosis markers, proliferation markers, and
other biologica and biochemical molecules associated with cell
proliferation are detectable before the appearance of GVHD symptoms in

said subject.

The protein chip of clam 70, wherein said antibodies, biomarkers or
antigens are selected from the group comprising, but not limited to, total
GSK-3P, ser 9 phosphorylated GSK-3P, ser 9 phosphorylated GSK-3P,
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PKC, phosphorylated PKC, b-catenin, Dvl, Akt, PI-3K/Akt Erk, P38
MAPK, Tyrosine 216 phosphorylated GSK-3P, Serum Albumin, markers
for apoptosis comprising Fas, Bel family, Cyctochrome C and caspases,
markers for immune activity comprising Nf-kB and CD25, markers for
proliferation comprising Cyclin DI, PCNA and p27), and any combination

thereof.

73. A method of regulating the activation status and/ or expression level of the
GSK-3B in ain asubject comprising the steps of;

a. obtaining ablood sample from apatient or subject,

b. determining the activation status or expression level of GSK-3P or

related proteins,

c. regulating the activation status or expression level of GSK-3P or related

proteins according to the results of step (b), and

d. obtaining a normal activation status and/ or expression level of GSK-

3B or related proteins;

wherein regulation of said activation status and/ or expression level of the
GSK-3p or related proteins is adapted for controlling a disorder associated
with pathological T-cell proliferation such as GVHD.

74. A diagnostic kit for the detection and quantification of at least one of: the
activation status of GSK-3P, the expression status of GSK-3P and the
activation or expression status of proteins associated with GSK-3P related
pathways, wherein said status is an indicator of cell proliferation or
apoptosis levels, further wherein said status is an indicator for the best

treatment program.

75. A regulatory and therapeutic kit, wherein the therapeutic molecule is GSK-
3B or related proteins (proteins associated with GSK-3P related pathways).

76. The regulatory and therapeutic kit according to clam 76, wherein said
therapeutic kit is useful in applications selected from a group consisting of:
GVHD, tissue rejection, cancer, wound healing, tissue regeneration, aging,
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skin care, obstetrics, autoimmunediseases and any phenomena associated
with abnormal levels of cellular proliferation or apoptosis.
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