Office de la Proprieté Canadian
Intellectuelle Intellectual Property
du Canada Office

Un organisme An agency of
d'Industrie Canada Industry Canada

CA 2792471 A1 2011/09/15

(21) 2 792 471

12 DEMANDE DE BREVET CANADIEN
CANADIAN PATENT APPLICATION
13) A1

(86) Date de déepot PCT/PCT Filing Date: 2011/03/10

(87) Date publication PCT/PCT Publication Date: 2011/09/15
(85) Entree phase nationale/National Entry: 2012/09/07

(86) N° demande PCT/PCT Application No.: |L 2011/000227
(87) N° publication PCT/PCT Publication No.: 2011/111043
(30) Priorité/Priority: 2010/03/10 (US61/312,335)

(51) Cl.Int./Int.Cl. GOTN 33/569(2006.01),
GOTN 33/68 (2006.01)

(71) Demandeur/Applicant:
YEDA RESEARCH AND DEVELOPMENT CO. LTD, IL

(72) Inventeurs/Inventors:
EISENBACH-SCHWARTZ, MICHAL, IL;
YOLES, ESTER, IL;

SCHORI, HADAS, IL

(74) Agent: BERESKIN & PARR LLP/S.E.N.C.R.L.,S.R.L.

(54) Titre : MARQUEURS SANGUINS CELLULAIRES POUR LE DIAGNOSTIC PRECOCE DE LA SLAET DE

L'EVOLUTION DE LA SLA

54) Title: CELLULAR BLOOD MARKERS FOR EARLY DIAGNOSIS OF ALS AND FOR ALS PROGRESSION

Fig. 1
30 -
25 - .
+ 8 20 -
>
28 15
— Gy
O © °
S 10 - °
<@
@ ... ...
o® o® 0:
ALS AD Age-matched Young
controls controls

(57) Abréegée/Abstract:
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CELLULAR BLOOD MARKERS FOR EARLY DIAGNOSIS OF ALS AND
FOR ALS PROGRESSION

TECHNICAL FIELD

The present invention relates to methods for early diagnosis of amyotrophic
lateral sclerosis (ALS) and for monitoring ALS progression, as well as to methods

for treatment of said disease.

BACKGROUND ART

The immune system 1s the body’s natural mechanism for tissue healing and
regeneration in all tissues. However, the presence and activity of peripheral immune
cells 1in the central nervous system (CNS) was long considered to be undesirable
because of the immune privileged nature of the CNS and the low tolerability of the
brain to defensive battle (Gendelman, 2002). Yet, even though inflammation i1s
considered to exacerbate CNS damage, anti-inflammatory agents have failed to
show any significant benefit in numerous clinical trials (Anti-inflammatory drugs
fall short in Alzheimer's disease, Nat Med., 2008; Etminan et al., 2008). An
emerging understanding of the role of the immune system in regulating
neurotoxicity (Marchetti et al., 2005; Cardona et al., 2006) has éuggested that the
situation is not so simple, with a balance between beneficial and detrimental effects
of the immune system. More focused approaches to immune system modulation
might be more successful than broad anti-inflammatory therapaes.

“Protective autoimmunity” 1s a concept formulated by Prof. Michal Schwartz
during the last decade. In response to injury, effector T-cells (T-eft) directed to self-
antigens (autoimmune T-cells) are activated as part of a reparative response
(Rapalino et al., 1998; Hauben et al., 2000; Hauben et al., 2003; Schwartz and
Hauben, 2002; Moalem et al., 1999; Yoles et al, 2001; Kipnis et al., 2001;
Schwartz et al., 2003), but this activity is tightly regulated by regulatory T cells (T-
reg) (Taams and Akbar, 2005) as part of a mechanism to control autoimmune

disease (Kipnis et al., 2002; Schwartz and Kipnis, 2002). Following CNS damage,
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exposed antigens from the damaged tissue activate T-eff in the peripheral lymphoid
tissues. As the first stage of repair, these cells migrate and home specifically to the
damaged tissue where they interact with local antigen presenting cells, resulting 1n
secretion of growth factors, removal of dying neurons and detoxification of the
environment (Shaked et al., 2004; Shaked ef al., 2005). The timing, intensity and
duration of this orchestrated immune response critically affect the ability ot the
milieu to support cell survival and regeneration (Nevo ef al., 2003; Schwartz, 2002). ‘

Amyotrophic lateral sclerosis (ALS), also known as Lou Gehrig’s disease, is
the most devastating adult-onset neurodegenerative disease, characterized by
rapidly progressive failure of the neuromuscular system, resulting from
degeneration and cell death of motor neurons in the spinal cord, brain stem and
motor cortex, and leading to paralysis and death, usually within 3-5 years. While the
majority of ALS cases are sporadic, about 5-10% of them are inherited, with the
most abundant mutation occurring in the superoxide dismutase (SOD1) gene
(Rosen, 1993). In both the sporadic and familial forms, disease progression 1s
attributed to selective death of motor neurons in the spinal cord, with evidence for
local neuroinflammation and acquisition of a cytotoxic phenotype by the microgha
(Boillee et al., 2006, Clement et al., 2003; Gowing et al., 2008; Beers et al., 2006);
however, it is still unclear what factor triggers the onset of the disease and what
processes underlie the speedy propagation of motor neuron damage. Yet, current
evidence suggests that regardless of the primary initiating event, progression of
motor neuron damage involves activation of microglia, which produce neurotoxic
factors as part of a vicious cycle (Sargsyan et al., 2005; Moisse and Strong, 2006).
Post-mortem examination of spinal cords of ALS patients revealed a strong
proinflammatory, neurotoxic immune cell profile (Graves et al., 2004) in the
vicinity of degenerating motor neurons. Signs of an inflammatory response 1n the
CNS at all stages of the disease were also described in mouse and rat models ot
ALS (carrying a transgene encoding mutant human SOD1); even betore the onset of
clinical signs of motor neuron injury, microglia are in an early state of activation,

and levels of inflammatory mediators such as IL-1 are elevated. With the onset of
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symptoms and motor neuron- death, microglia become chronically activated and
produce TNF-a, a proinflammatory mediator.

In ALS, damage often starts focally, 'reﬂecting damage to a localized group
of motor neurons, and spreads ‘like a brush fire’ to involve contiguous groups of
motor neurons. It has been recently suggested that damage spreads through
activation of microglia with the attendant release of neurotoxic factors. The spread
of damage occurs when the “protective immunity” fails as a result of insufficient T-
cell immunity, uncontrolled immunity (inflammation) or, paradoxically, immune
deficiency.

Currently there 1s no effective treatment to ALS and moreover, there is

difficulty 1n correctly diagnosing the patient at an early phase of the disease.

SUMMARY OF INVENTION

In one aspect, the present invention relates to a method for diagnosing the
likelihood of ALS in a tested individual, comprising:

(1) measuring the level of at least one cell type selected from regulatory T-
cells, gamma-delta T-cells, pro-inflammatory monocytes, myeloid
derived suppressor cells or natural killer cells in a peripheral blood
sample obtained from said individual;

(1) comparing the level measured for each one of said at least one cell type
with a reference level representing a range level of each one of said cell
typeé, respectively, in blood samples of age-matched controls, thus
obtaining a test profile expressing a level of each one of said at least one
cell type in the blood sample of said individual relative to the level of
each one of said at least one cell type, respectively, in blood samples of
age-matched controls; and

(i11) comparing said test profile with a reference profile expressing a
representative relative level of each one of said at least one cell type in

ALS patients,
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wherein a significant similarity between said test profile and said reference
profile indicates that said individual has a higher likelihood of having ALS than said
age-matched controls.

In another aspect, the present invention relates to a method for determining
the efficacy of a treatment for ALS in an ALS patient, said method comprising:

(1) measuring the level of at least one cell type selected from regulatory T-
cells, gamma-delta T-cells, myeloid derived suppressor cells or natural
killer cells in a peripheral blood sample obtained from said patient at
two consecutive instants, the earlier of said instants 1s prior to or during
said treatment and the later of said instants is during said treatment; and

(ii) comparing the levels measured for each one of said at least one cell type
at said two 1nstants,

wherein an alteration of the level measured for one or more of said at least
one cell type at said later instant compared with the level measured for said cell type
at said earlier instant towards a predetermined level representing a range level of
said cell type in blood samples of healthy controls 1s correlated with the efficacy of
said treatment.

In a further aspect, the present invention relates to a method for treatment of
an ALS patient comprising administering to said patient an effective amount of an
agent capable of reducing myeloid derived suppressor cell level in peripheral blood.

In still another aspect, the present invention relates to a method for treatment
of an ALS patient comprising administering to said patient an effective amount of
an agent capable of inducing migration of immature myeloid cells from the
peripheral blood to the injured spinal cord of said patient upon stimulation with
chemokine interleukin 8 (CXCL8) or chemokine (C-C motif) ligand 2 (CCL2).

In yet another aspect, the present invention relates to a method for treatment
of an ALS patient comprising injecting into the cerebral spinal fluid (CSF) of said

patient an effective amount of autologous myeloid derived cells.



10

15

20

25

30

CA 02792471 2012-09-07

WO 2011/111043 PCT/IL2011/000227
S

In still a further aspect, the present invention provides a kit for diagnosing the
likelihood of ALS in a tested individual; or for determining the etficacy of a
treatment for ALS in an ALS patient, said kit comprising:

(1) alist of cell types selected from regulatory T-cells, gamma-delta (yo) T-

cells, pro-inflammatory monocytes, myeloid derived suppressor cells
(MDSCs), or natural killer cells; '

(11) antibodies against each one of said cell types;

(111) reagents for detecting said antibodies;

(1v) a list of reference levels representing range levels of said cell types in

blood samples of age-matched controls;

(v) optionally a reference profile expressing a representative relative level

of each one of said cell types in blood samples of ALS patients; and

(vi) mstructions for use.

BRIEF DESCRIPTION OF DRAWINGS
Fig. 1 shows that the level of CD11b"/CD14 myeloid derived suppressor

cells (MDSCs) in peripheral blood is significantly elevated in ALS patients. Fresh
whole blood samples of ALS patients, Alzheimer’s (AD) patients, age-matched
controls and young controls (n=7, 12, 10 and 6, respectively) were stained with
monoclonal antibodies against CD14 and CD11b, and the dots represent the
percentage of CD11b"/CD14" cells out of the total monocyte population for each

patient, determined by FACS. As shown, the percentage of CD11b /CD14" cells out
of total monocytes in ALS patients was significantly higher compared to age-
matched controls (P<0.004; Student’s ¢ test), young controls (P<0.003; Student’s ¢
test) and Alzheimer’s disease patients (P<0.001; Student’s z-test). “

Fig. 2 shows that the level of Lin/HLA-DR/CD33" MDSCs in peripheral
blood 1s significantly elevated in ALS patients. Fresh whole blood samples of ALS
patients and age-matched controls (n=15 and 10, respectively) were stained with
monoclonal antibodies against Lin, HLA-DR and CD33, and the dots represent the
percentage of Lin/HLA-DR/CD33" cells out of the total monocyte pOpulatioh for
each patient, determined by FACS. As shown, the percentage of Lin/HLA-DR’ ‘
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/CD33" myeloid cells out of total monocytes in ALS patients was significantly
higher compared to age-matched controls (P<0.02; Student’s #-test).

' Fig. 3 shows that the percentage of yo T cells out of total CD3 cells 1n
peripheral blood mononuclear cells (PBMCs) is significantly elevated in ALS
patients. Fresh whole blood samples of ALS patients and healthy control (n=7 1n
each group) were double-stained with monoclonal antibodies against CD3 and with
monoclonal antibodies Y0 T cell receptor, and the dots represent the percentage of
vo T cells out of .total CD3 cells, determined by FACS. As shown, the percentage ot
vo T cells out of total CD3 cells in ALS patients was significantly higher compared
to healthy controls (P<0.004; Student’s t test).

DETAILED DESCRIPTION OF THE INVENTION

The present invention 1s based on a concept according to which CNS
pathologies emerge following a long stage of struggle between the disease
pathology and the attempts of the immune system to fight it off. In particular, this
concept describes a multi-step process that 1s, in fact, very similar to the process by
which the body prevents cancer, 1.e., the process termed “tumor immunoediting”,
characterized by the three consecutive phases “elimination”, *“equilibrium” and
“escape” (“the three Es”, for extensive reviews see Dunn ef al., 2002, and Smyth et
al., 2006).

In general, little 1s known about the dialogue between the immune system
and the diseased CNS at the pre-onset stage, 1.e., prior to the emergence of the
clinical symptoms. Thus, in order to gain insight into the possible stages at which
failure of the immune system could take place, we examined whether the principles
that guide immune surveillance in the context of tumors are also applicable to
neurodegenerative diseases, focusing particularly on amyotrophic lateral sclerosis
(ALS).

Elimination: Until the last decade, it was generally believed that any acute or
chronic disorder of the CNS must be repaired by the CNS tissue alone, and that any

immune-cell activity at the site of damage would be insignificant at best or harmful

at worst. We suggest that, as in the elimination phase of tumor immunoediting, any
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deviation from homeostasis in the CNS triggers a cascade of immune responses,
which orchestrates a process that restores homeostasis and thereby limits the
damage and facilitates repair. According to this view, immediately after the
occurrence of the deviation, a variety of toxic mediators emerge. As a result, the
local innate immune cells (microglia) are activated by the dying cells and/or by the
self-compounds that exceed physiological levels and become toxic (Schwartz et al.,
2003; Shaked er al., 2004). Thus, the surrounding still-healthy neurons are
subjected to a threatening milieu that, if not corrected immediately, will attect these
cells as well (a phenomenon that 1s known as spread of damage). The microglia
release chemokines and act to clear the damaged site from the debris and toxic self-
compounds. Subsequently, antigens released from the damaged tissue are carried to
the dréining lymph nodes by local antigen presenting cells (APCs), which in turn
activate T cells that specifically recognize self-antigens released at the damaged site

(Karman et al, 2004; Ling et al., 2006). Importantly, such self-antigens, by

themselves, are not necessarily pathogenic, as is the case of neoantigens in tumors.

The CNS-specific T cells home to the damaged site, where they engage 1n cross talk
with local APCs such as microglia and infiltrating macrophages (Schori et al,
2001). As a result of this T cells/APCs interaction, cytokines and chemokines are
released from both the T cells and the APCs, inducing an infiltration of a second
wave of bone marrow derived monocytes. These monocytes, which are now
exposed to the T cell regulated immunological milieu at the site of injury, produce
growth factors such as insulin-like growth factor I (IGF-I) and brain-derived
neurotrophic factor (BDNF), which contribute to neuronal survival, 1.e., prevent
spread of damage, and to tissue repair by endogenous stem/progenitor cells (Ziv et
al., 2006; Ziv et al., 2007). This series of events, which occurs following CNS
insult or deviation from homeosatasis, may represent an elimination phase
analogous to the one observed in tumor immunology. By nature, acute insults in the
CNS result in a steady state; a scar tissue composed of glial cells and extracellular-
matrix proteoglycans, €.g., chondroitin sulfate proteoglycan (CSPG), confine the

site of injury, while spared cells and newly formed neurons and ghal cells reside at
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the margin of the quarantined injury site (Rolls et al., 2004). Thus, as far as immune
system activity 1S concerned, acute insults are resolved at the elimination phase.

Equilibrium: We suggest that in cases of chronic neuropathological
conditions, the failure to completely elirhinate the threat and restore homeostasis
leads to conditions that appear similar to those found 1n the equilibrium phase of the
immune response against tumors, during which the disease 1s dormant, 1.e.,
symptom-free. Such situations may occur in chronic neurodegenerative disorders
such as ALS. Although animal studies have shown that in all these pathologies,
once the clinical symptoms emerge, immune activity affects the course of the
disease (Butovsky et al., 2006; Beers et al., 2006; Laurie et al., 2007), we suggest
that the immune system struggles with early manifestations of these diseases long
before they become symptomatic. In this way, immune activity could maintain
neuropathological disorders in a dormant state for years, very much like 1t does 1n
cancer. The point at which clinical symptoms appear represents the beginning of
what could be considered as the parallel to the ‘escape’ phase, which could be an
outcome of either suppression of the immune response imposed by the dying
neurons, or a local innate inflammatory response.

Escape: In contrast to tumor immunoediting, in neurodegenerative disorders
the immune system does not impose true selection forces on the factor/s that induce
the damage. This distinction 1s integral to the fact that in cancer, immune activity is
required to selectively kill cells, while in neurodegeneration, immune activity i1s
needed to remove the emerging threats and to promote cell survival and renewal in

a non-selective manner. Nevertheless, during the course of a neurodegenerative

disease, toxicity mediators, damaging factors and dying cells can escape immune

surveillance. As in tumor escape, both suppression of adaptive immunity and
overwhelming local inflammation can lead to escalation of a neurodegenerative
process.

A neurodegenerative disease in which escape from immune surveillance
could take place is ALS, which predominantly affects motor neurons. Most of the

knowledge about pathophysiological mechanisms of ALS derives from experiments
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carried out in a strain of transgenic mice that spontaneously develop an ALS-like
disease. These mice express the mutant human Cu*/Zn*" superoxide dismutase
(SODI1) protein, which corresponds to 10-15% of the famihial ALS cases,
representing 5-10% of all ALS cases. Although extensive studies have been
performed on ALS mice, 1t is still not clear how the mutant SODI1, which 1s
ubiquitously expressed in all tissues, causes specific motor neuron degeneration.

In support for a role of immune cells in ALS disease progression, are several
studies showing that replacing the bone marrow of ALS mice with bone marrow
derived from healthy animals increases life-expectancy (Simard et al., 2006; Huang
et al., 2006; Cort1 et al., 2004). An elegant demonstration of the effect of CNS-
resident microglia in ALS disease progression comes from an experiment in which
bone marrow from wild type mice was transplanted into neonatal ALS mice, which
also suffer from a complete immune deficiency (Beers et al., 2006). In these mice,
the neonatal bone marrow transplantation resulted in population of the brain with
microglia that did not express the mutant SOD1 form. This manipulation slowed
motor neuron loss and prolonged disease duration and survival, when compared
with mice receiving bone marrow transplantation from ALS mice, 1.e., mice
containing the mutant SODI1. Importantly, transplantation of bone marrow from
ALS mice into wild mice did not induce any signs of neurodegeneration, indicating
that microglia are affected by the SOD1 mutation in a way that causes exacerbation
of the disease, but are not the primary damaging components.

- The majority of studies suggest that microglia contribute to ALS progression
by producing toxic inflammatory compounds. In vitro studies have shown that
microglia from ALS mice produce higher levels of TNF-a when stimulated with
lipopolysaccharide (LPS) compared‘to_wild type microglia. A recent study found
that mutant, but not wild type SODI, 1s released from motor neurons, and can, by
itself, activate microglia so as to become detrimental (Weydt et al, 2004).
Collectively, the findings from ALS mice suggest that escape from immune
surveillance can be achieved, at least in part, through alteration of the microglial

phenotype. Microglial activation has been demonstrated in the brain and spinal cord
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of ALS patients and in the spinal cord of ALS mice. Moreover, relative to wild type
mice, elevated levels of monocyte chemoattractant protein-1 (MCP-1) were found
in ALS mice as early as 15 days of age; and by 39 days of age, CD68" cells
(presumably dendritic cells) were found in the spinal cord of ALS mice (Henkel et
al., 2004). These findings suggest that the damage begins to develop very early 1n
life, much before clinical signs are manifested. Yet, although some signs of immune
activity are evident before the paraIyzing symptoms appear, significant infiltration
of bone marrow-derived monocytes and T cells occurs only at very late stages of the
disease (Kunis, Bukshpein and Schwartz, unpublished results), suggesting that the
death of the motor neurons 1s not sufficient to trigge;' the adaptive immune response
that is required for the recruitment of peripheral myeloid-derived cells needed for
defense, or that this response is actively suppressed.

Preliminary studies conducted in accordance with the present invention and
described hereinafter have shown specific and consistent changes in the levels of
certain myeloid derived suppressor cells (MDSCs), more particularly
CD11b"/CD14" and Lin'/HLA-DR'/CD33+ cells, as well as of gamma-delta (yo) T-
cells, in peripheral blood samples of ALS patients, compared with those measured
in peripheral blood samples of age-matched controls. The alteration in the level of
saild MDSCs has not been observed in individuals suffering from other
neurodegenerative diseases such as Alzheimer’s disease. Furthermore, in contrast to
other neurodegenerative diseases such as Alzheimer’s disease, no alteration has
been observed in the level of the pro-inflammatory monocytes CD147/CD16" cells
in blood samples of ALS patients, as shown in Table 1 below. These findings
indicate that specific changes in the level of certain T-cell or monocyte subsets such
as those mentioned above can be used, either separately or in combination with each
other or with other markers, as blood markers for diagnosis of ALS and for

monitoring ALS progression and treatment efficacy.



CA 02792471 2012-09-07

WO 2011/111043 PCT/IL2011/000227
11

‘Table 1: CD147/CD16" cell level in ALS and Alzheimer’s disease patients
vs. controls

| m | Average | SD | Min ;Median% Max
Healthy controls 14 10.5 578 1 240 | 9.7 204
| Alzheimer’s patients | 15 16.3 8.70 | 3.20 | 174 | 34.9
| ALS patients 7 7.8 [3.90 (250 ] 81 | 147

In one aspect, the present invention thus relates to a method for diagnosing
the likelihood of ALS in a tested individual, comprising;:

5 (1) measuring the level of at least one cell type selected from regulatory T-
cells, gamma-delta T-cells, pro-inflammatory monocytes, myeloid
derived suppressor cells or natural killer cells in a peripheral blood
sample obtained from said individual;

(ii) comparing the level measured for each one of said at least one cell type

10 with a reference level representing a range level of each one of said cell
types, respectively, in blood samples of age-matched controls, thus
obtaining a test profile expressing a level of each one of said at least one
cell type in the blood sample of said individual relative to the level of
each one of said at least one cell type, respectively, in blood samples of

15 age-matched controls; and '

(i11) comparing said test profile with a reference profile expressing a

representative relative level of each one of said at least one cell type in
ALS patients,

wherein a significant similarity between said test profile and said reference

20  profile indicates that said individual has a higher likelithood of having ALS than said

age-matched controls. '

The term “regulatory T-cells”, as used herein, reters to a specialized
subpopulation of T cells, also known as suppressor T cells, which act to suppress
activation of the immune system and thereby maintain immune system homeostasis

25 and tolerance to self-antigens. Regulatory T cells come in many forms, including

those that express the CD8 transmembrane glycoprotein (CD8" T cells), those that
express CD4, CD25 and FoxP3 (CD4"CD25" regulatory T cells) and othér T cell
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types having suppressive function. A non-limiting example of regulatory T cells
according to the present invention is CD4"/CD25 /FoxP3 cells.

The term “gamma-delta (yd) T-cells”, as used herein, refers to a small subset
of T cells possessing a distinct T cell receptor (TCR) on their surface. In contrast to
a majority of T cells in which the TCR is composed of two glycoprotein chains
designated a- and B- TCR chains, the TCR in y6 T cells 1s made up of a y-chain and
a 6-chain. These cells were shown to play a role in immunosurveillance and
inimunoregulation (Girardi, 2006), and were found to be an important source of IL-
17 (Roark et al, 2008) and to induce robust CD8" cytotoxic T cell response
(Brandes et al., 2009).

The term “pro-inflammatory monocytes”, as used herein, reters to a non-
classical type of monocytes characterized by low-level expression of CDI14 and
additional co-expression of the CD16 receptor (CD147/CD16" monocytes), which
develop from the CD14™" monocytes.

The term “myeloid derived suppressor cells (MDSCs)”, as used herein, refers
to a heterogeneous population of cells consisting of myeloid progenitor cells and
immature myeloid cells (IMCs). In .healthy individuals, IMCs that are quickly
generated in the bone marrow differentiate into mature granulocytes, macrophages
or dendritic cells (DCs). Interference with the differentiation of IMCs into mature
myeloid cells results in the expansion of MDSC population. Accumulating evidence
has shown that MDSCs contribute to the negative regulation of immune responses
during cancer and other diseases. In human cancer, a subset of myeloid cells was
found to have significantly increased arginase activity, which down-regulates
expression of the T cell receptor CD3-( chain; and to suppress T cell proliferation,
suggesting that these cells may mediate tumor-related immune suppression (Ochoa
et al., 2007; Zea et al., 2005). Moreover, since it was shown that IL-13 plays a
crucial role in MDSC suppressive activity (Beers et al., 2008), our suggestion that

MDSC activity is involved in disease progression 1s consistent with a report

showing that the percentages of both CD4'IL-13" and CD8'IL-13" T cells in the

blood of ALS patients are significantly higher than in healthy controls. The
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proportion of CD47IL-13" T cells was shown to have a significant negative
correlation with the ALS functional rating scale scores, and a significant positive
correlation with the rate of disease progression (Chiu ef al., 2008).

Non-limiting examples of MDSCs according to the present invention include
CD11b"/CD14°, CD11b"/CD14/CD15", CD11b"/CD14"/CD15", Lin/DR’, Lin /DR’
/CD33", CD34"/CD33"/CD13", ARG'/CD14", CD34'/Lin/DR/CDI11b"/CD15",
CD14"/HLA-DR/low, and Lin/HLA-DR/low/CD11b"/CD33™ cells.

The term “natural killer (NK) cells”, as used herein, refers to a type of
cytotoxic lymphocytes that constitute a significant component of the innate immune '
system, and play a major role in the rejection of tumors and cells infected by viruses
by releasing small cytoplasmic granules of proteins that induce apoptosis in the
target cells. These cells do not express TCR, Pan T marker CD3 or surface
immunoglobulin B cell receptor, but they usually express the surface markers CD16
(FcyRIII) and CD56 in humans. Up to 80% of NK cells further express CD8. Non;
limiting examples of natural killer cells according to the present invention include
CD16" and CD16"/CD56™ cells.

The level of each one of the cell types or subsets defined above, in the
peripheral blood sample tested, can be measured utiliZing any suitable technique
known 1n the art, €.g., as described in Materials and Methods hereinatfter.

The level measured for each one of the cell types or subsets tested, according
to step (1) of the diagnosing method of the present invention, 1s compared with a

reference level representing a range level of said cell type or subset in blood

samples of age-matched controls, i.e., a group of healthy individuals in the same

age-group as the tested individual. This range level 1s derived from the available
medical knowledge and represents the normal range level for the spéciﬁc cell type
or subset tested 1in blood samples of age-matched controls.

According to step (11) of this method, after comparing the level measured for
each one of the cell types or subsets tested with the reterence level, 1.e., the normal
range level, thereof, a test profile 1s obtained, expressing the level of each one of the

cell types of subsets tested in the blood sample obtained from the tested individual
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relative to the level of each one of these cell types or subsets, respectively, in blood
samples of age-matched controls.
The term “test profile”, as used herein, refers to a profile showing the level

of each one of the cell types or subsets measured according to the method of the

present invention in the blood sample obtained from the tested individual relative to

the reference level thereof in blood samples of age-matched controls. According to
step (i) of this method, the level of at least one cell type or subset is measured, and
therefore, the test profile obtained expresses the level of at least one, but preferably
two, three, four, five, six, or more cell types or subsets, as defined above.

- The relative level of each one of the cell types or subsets measured is
represented in the test profile by “increase”, indicating that the level of said cell
type or subset in the blood sample obtained from the tested individual is increased
compared with the upper limit of the normal range level thereof, 1.€., the range level
of said cell type or subset in blood samples of age-ma’iched controls, by at least
about 10%, preferably at‘least about 20%, more preferably at least about 30%, 40%,
or 50%; “decrease”, indicatiﬁg that the level of said cell type or subset in the blood
sample obtained from the tested individual 1s decreased compared with the lower
limit of the normal range level thereot by at least about 10%, preferably at least
about 20%, more preferably at least about 30%, 40%, or 50%; or “no change”,
indicating that the level of said cell type or subset in the blood sample obtained
from the tested individual is neither increased nor decreased as defined above, 1.e.,
within or close to the normal range level thereof.

According to step (i11) of the diagnosing method of the present invention,. in
order to determine whether the tested individual has a higher likelihood of having
ALS, the test profile obtained in step (i1) is compared with a reference profile
expressing a representative relative level of each one of the cell types or subsets
measured in ALS patients. The term “reference profile”, as used herein, refers to a
predetermined profile established for a group of ALS patients, based on the level
measured for each one of the cell types or subsets in blood samples obtained once in

a while from each one of these patients, showing the representative relative level, in
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terms of “increased”, “decreased” and “no change” as defined above, of each one of
the cell types or subsets measured in the blood samples obtained from these ALS
patients.

Although the reference profile according to the method of the present
invention is predetermined, it should be understood that this profile might be
established using any suitable algorithm. For example, the representative relative
level of a certain cell type or subset measured is represented by “increase”,
indicating that the level of said cell type or subset in a majority of the ALS patients
in the group is increased compared with the normal range level of said cell type or
subset; “decrease”, indicating that the level of said cell type or subset in a majority
of the ALS patients 1s decreased compared with the normal range level of said cell
type or subset; or “no change”, indicating that the level of said cell type or subset 1n
a majority of the ALS patients is neither increased nor decreased, as defined above,
compared with the normal range level of said cell type or subset.

The phrase “significant similarity between said test profile and said reference
profile” refers to a situation in which the pattern of alterations observed in the test
profile with respect to the majority of the cell types or subsets included in the
profile is 1dentical to the pattern of alterations indicated with respect to these cell
types or subsets in the predetermined reference profile established for a group of
ALS patients. In fact, the likelihood that the tested individual has ALS 1s considered
to increase with the increase in the number of cell types of subsets, which are
altered in the test profile in the direction defined by the reference profile, wherein a
total similarity between the profiles indicates a very high likelihood that the tested

individual has ALS. It should be understood that in cases levels of one or two cell

types or subsets only are measured, a decision whether the tested individual has a

likelihood of having ALS can be made only if a total similarity between the two
profiles 1s observed.

In certain embodiments, the cell types the levels of which are measured in
step (i) of the diagnosing method of the invention are selected from yo T-cells, pro-

inflammatory monocytes, or MDSCs, as defined above.
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In particular embodiments, the predetermined reference profile expressing a
representative relative level of each one of the cell types measured in ALS patients
comprises an increase in the level of yd T-cells; an increase in the level of at least
one type of MDSCs selected from CDI11b'/CD14, CD11b'/CD14/CD15",
CD11b"/CD14'/CD15", Lin/DR,, Lin/DR/CD33", CD347/CD33"/CD13",
ARG"/CD14", CD34"/ Lin/DR/CD11b"/CD15", CD14"/HLA-DR/low, or Lin
/HLA-DR/low/CD11b*/CD33"; and no change in the level of CD14*/CD16" cells.

In more particular embodiments, the predetermined reference profile
comprises an increase in the level of y6 T-cells; an increase in the level of
CD11b"/CD14" and/or Lin/DR/CD33" MDSCs; optionally an increase in the level
of at least one, two, or three further types of MDSCs selected from CD11b"/CD14
/CD15", CD11b"/CD147/CD15", Lin/DR’, CD34"/CD33"/CD13", ARG'/CD14",
CD34"/Lin/DR/CD11b"/CD15", CD14"/HLA-DR7/low, or Lin/HLA-DR
/low/CD11b"/ CD3 3" and no change in the level of CD147/CD16" cells.

In a certain particular embodiment, the predetermined reference profile
comprises an increase in the level of y§ T-cells; an increase in the levels of both
CD11b"/CD14" and Lin/DR7/CD33" MDSCs; and no change in the level of
CD147/CD16" cells.

In the studies described in the Examples hereinafter, certain immunological
alterations have been observed in the blood of ALS patients compared with that of
age- and gender-matched volunteers that do not suffer from ALS. In particular,
venous blood was obtained from ALS patients and from controls, and blood
samples were characterized by whole blood flow cytometry for the level of certain

mononuclear cell subsets or the expression of specific membrane markers. In

general, the average percentage of CD14" monocytes was 16.6+6.3 and 18.9+4.3 in
controls and ALS blood samples, respectively (Student ¢-test p=0.35), 1.e., no
difference was found in the percentage of monocytes within the mononuclear cell
population between the groups. However, Example 1 shows a dramatic elevation in
the percentage of cells expressihg the membrane markers CD11b"/CD14", an

immature monocyte phenotype associated with MDSCs, in the blood of ALS
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patients compared with that of their age-matched controls; Example 2 shows that
the percentage of cells expressing the membrane markers Lin/DR/CD33" out of
total peripheral blood mononuclear cells (PBMCs) in the blood of ALS patients 1s
significantly higher than that in their age-matched controls; and Example 3 shows
that the percentage of gamma-delta T cells out of total CD3 cells in the blood of
ALS patients is significantly higher than that in their age-matched controls.

In a certain particular embodiment, the cell types the levels of which are
measured in step (i) are thus yd T-cells, CD11b"/CD14" cells, Lin/DR/CD33" cells,
and CD14"/CD16" cells; and the reference profile expressing a representative
relative level of each one of said cell types in ALS patients comprises an increase in
the level of gamma-delta T-cells, an increase in the level of CD11b"/CD14 cells, an
increase in the level of Lin/DR/CD33" cells, and no change in the level of
CD147/CD16" cells.

In view of all the aforesaid, the present invention particularly provides a
method for diagnosing the likelihood of ALS 1n a tested individual, comprising:

(1) measuring the level of the cell types gamma-delta T-cells,
CD11b"/CD14" cells, Lin/DR/CD33" cells and CD14"/CD16" cells in a
peripheral blood sample obtained from said individual; and

(i1) comparing the level measured for each one of said cell types with a
reference level representing a range level of each one of said cell types,
respectively, in blood samples of age-matched controls,

wherein an increase in the level of gamma-delta T-cells, an increase in the
level of CD11b"/CD14" cells, an increase in the level of Lin/DR/CD33" cells and
no change in the level of CD147/CD16" cells indicate that said individual has a
higher likelihood of having ALS than said age-matched controls.

It 1s expected that alterations observed in the level of certain cell types or
subsets measured in a blood sample of a patient suffering from progressive ALS at a
first instant will be weaker, 1.e., less pronounced than those measured in a blood
sample taken from the same patient, at a second instant that is about 1, 2, 3, 4, 5, 6

months or more later than the first one. In other words, 1t can be assumed that a
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progression of the disease would be reflected in the levels measured for one or more
of the cell types or subsets tested, wherein the differences between the levels
measured at the later instant for at least one of the cell types or subsets tested and
the normal range levels of said cell type or subset will be significantly greater than
those obtained for said cell types or subsets at the earlier instant. Similarly, 1t may
be expected that a moderation in at least some of the alterations observed in the first
instant will be noticed at the later instant in case an effective therapeutic treatment
for ALS 1s given to said patient.

In another aspect, the present invention thus relates to a method for
determining the efficacy of a tréatment for ALS in an ALS patient, comprising;:

(i) measuring the level of at least one cell type selected from regulatory T-
cells, gamma-delta T-cells, myeloid derived suppressor cells or natural
killer cells in a peripheral blood sample obtained from said patient at
two consecutive instants, the earlier of said instants 1s prior to or during
said treatment and the later of said instants is during said treatment; and

(11) comparing the levéls measured for each one of said at least one cell type
at said two 1nstants,

wherein an alteration of the level measured for one or more of said at least
one cell type at said later instant compared with the level measured for said cell type
at said earlier instant towards a reference level representing a range level of said cell
type 1n blood samples of age-matched controls is correlated with the efficacy of said
treatment.

In contrast to the diagnosing method described above, in which the level of
certain cell types or subsets in a blood sample obtained from a tested individual is
compared with the level of those cell types or subsets in blood samples of age-
matched controls, in this method, in which the efficacy of a treatment for ALS in an
ALS patient is determined, the level of such cell types or subsets in a peripheral
blood sample obtained from an ALS patient is measured at two consecutive instants
and are then compared so as to evaluate the progression of the disease or,

alternatively, the efficacy of an ALS treatment given to said patient.
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The phrase “a range level of said cell type in blood samples of age-matched
controls”, as used herein, refers to the normal range level for a specific cell type or
subset in blood samples of age-matched controls, as defined above.

The phrase ““an alteration of the level measured for one or more of said at
least one cell type at said later instant compared with the level measured for said cell
type at said earlier instant towards a reference level representing a range level of
said cell type in blood sample of age-matched controls”, as used herein, refers to
any case 1n which the difference between the level measured at the earlier instant for
at least one of the cell types or subsets tested and the normal range level of said cell
type or subset is significantly greater that that obtained for said cell type or subset at
the later instant when compared with the normal range level of said cell type or
subset. An alteration of the level measured for a certain cell type or subset at said
later instant compared with the level measured for said cell type or subset at said
earlier instant towards the normal range level of said cell type or subset may thus be
defined as a significantly less pronounced increase in cases wherein the relative
level of said cell type or subset at the earlier instant 1s represented by “increase”, or
a significantly less pronounced decrease in cases wherein the relative level of said
cell type or subset at the earlier instant is represented by “decrease”, as defined
above respectively.

According to this method, the earlier of said instants 1s prior to or during said
treatment and the later of said instants i1s during said treatment. Thus, 1n certain
embodiments, the earlier of said two consecutive instants 1s prior to said treatment
and the later of said instants is following about 1, 2, 3, 4, 5, 6 months or more of
said treatment. In other embodiments, the earlier of said two consecutive instants 1s
at any point in time during said treatment and the later of said instants 1s about 1, 2,
3, 4, 5, 6 months or more after the earlier of said two instants.

As described above, in contrast to certain neurodegenerative diseases such as
Alzheimer’s disease, no alteration has been observed in the level of the pro-
inflammatory monocytes CD14"/CD16" cells in peripheral blood samples of ALS

patients compared with the normal range level of these cells. Therefore, while the
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level of these monocytes can be used, in combinations with the level of other cell
types or subsets as defined above, for diagnosing the likelihood of ALS in a tested
individual, the level of these specific monocytes has no importance in monitoring
the progression of said disease or in determining the efficacy of a treatment for ALS
in an ALS patient.

Nevertheless, when carrying out this method and as to guarantee that the
levels measured for the various cell types or subsets tested at each one of the two
consecutive instants are not influenced by an external factor such as inflammation
and can thus be relied upon, it is recommended that at least one cell type or subset
the level of which in ALS patients is within the normal range level thereof, 1s further
tested and serves as a control.

The elevated level of cells reminiscent of myeloid suppressor cells in the
blood of ALS patients might appear to contradict the chronic intflammation
observed in the microenvironment of CNS lesions. Actually, the presence of high
levels of suppressor cells in the periphery suppress recruitment of blood-derived
monocytes, including those that locally become suppressor cells, into the site of
local inflammation 1n the .CNS. Recruitment of such monocytes depends upon
activation of CNS specific T-cells (Shechter ef al., 2009). MDSC infiltration Into
the CNS was also described as T-cell dependent in patients suffering from
malignant glioma, leading to local inhibition of cytotoxic T-cell function. Indeed,
any previous attempts to suppress systemic immune activity as means of curtailing
the local response have failed, except in cases of systemic inflammation as a cause
of such di.seases, as is the case of autoimmune diseases including multiple sclerosis

®

(MS). For example, both minocycline and daily Copaxone™, which are etfective in

treating MS, an inflammatory disease, failed and were even detrimental in ALS
(Gordon et al., 2007).

The immunosuppression nature of the systemic immune response found here,
coupled with a severe deficiency in newly-formed T cells found (Seksenyan et al.,
2009), further support the contention that malfunction of the systemic immune

response in ALS patients is a co-morbidity factor in the disease (Frey and Monu,



10

15

20

25

CA 02792471 2012-09-07

WO 2011/111043 PCT/IL2011/000227
21

2008; Serafini et al., 2006a). It is postulated that the findings described above
provide the missing link between the peripheral and local immune activity that may
explain disease onset and progression. In view of that, we suggest that accumulation
of toxic components such as oxygen radicals and neurotransmitters, 1.e., glutamate,
at the microenvironment of motor neurons in the spinal cord following excessive
motor activity activates the microglia as the first step in restoration of homeostasis.
It appéars that in ALS, the local inflammation fails to recruit assistance from the
adaptive immune system due to deficiency in newly formed T-cells that can be
activated to recognize CNS antigens, and as a consequence, the neurotoxic
inflammatory activity becomes chronic and spreads within the tissue. Chronic
inflammation is one of the conditions known to increase the level of MDSCs,
probably as part of homeostatic efforts to control inflammation. In ALS patients, the
deficiency in adaptive immune activity also leads. to reduction in MDSCs
infiltration into the CNS. Thus, the local inflammation not only fails to evoke the
proper peripheral neuroprotective immune response, but also actively suppresses it
by systemic induction of MDSCs, eventually culminating in immune deficiency.
Our results thus suggest a new approach of immune rejuvenation as a therapy in
ALS, by viewing defects in immune funétion as a co-morbidity factor, and thus, as
a potential target for therapeutic intervention.

In particular, in a further aspect, the present invention relates to a method for
treatment of an ALS patient comprising administering to said patient an eftective
amount of an agent capable of reducing myeloid derived suppressor cell level in
peripheral blood. Any agent capable of reducing myeloid derived suppressor cell
level in a peripheral blood can be used, wherein examples of such agents, without
being limited to, include gemcitabine, sildenafil, tadalafil and vardenafil (Suzuki et
al., 2005; Serafini et al., 2006b).

In certain embodiments, this therapeutic method further comprises
administering to the patient an effective amount of an agent capable of augmenting

level of anti-self T-cells in a peripheral blood such as glatiramer acetate
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®

(Copaxone ", approved for treatment of relapsing-remitting MS), autologous T cells

and/or activated T cells.

In still another aspect, the present invention relates to a method for treatment
of an ALS patient comprising administering to said patient an effective amount of
an agent capable of inducing migration of immature myeloid cells from the
peripheral blood to the injured spinal cord of said patient upon stimulation with
chemokine interleukin 8 (CXCL8) or chemokine (C-C motif) ligand 2 (CCL2).

In yet another aspect, the present invention relates to a method for treatment
of an ALS patient comprising injecting into the cerebral spinal fluid (CSF) of said
patient an effective amount of autologous myeloid derived cells. These cells are
needed at the site of damage in the spinal cord and brain to modulate the distractive
pro-inflammatory environment and to enhance the initiation of protective immune
activity.

In still a further aspect, the present invention provides a kit for diagnosing the
likelihood of ALS in a tested individual, or for determining the efficacy of a
treatment for ALS in an ALS patient, said kit comprising:

(1) a list of cell types selected from regulatory T-cells, gamma-delta (yo) T-

cells, pro-inflammatory monocytes, myeloid derived suppressor cells
(MDSCs), or natural killer cells; '

(11) antibodies against each one of said cell types;

(111) reagents for detecting said antibodies;

(iv) a list of reference levels representing range levels of said cell types in

blood samples of age-matched controls;

(v) optionally a reference profile expressing a representative relative level

of each one of said cell types in blood samples of ALS patiénts; and

(v1) 1nstructions for use.

The kit of the present invention can be used for carrying out both of the non-
therapeutic methods described above, 1.e., both the method in which the likelihood
of ALS 1n a tested individual i1s diagnosed, and the method 1n which the efficacy of a

treatment for ALS 1n an ALS patient is determined.
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The kit of the invention comprises a list of cell types the levels of which are
measured 1n a blood sample obtained from either an individual tested for ALS or an
ALS patient receiving a treatment for ALS. The various categories of the cell types,
1.e., regulatory T-cells, yo T-cells, pro-inflammatory monocytes, MDSCs, and
natural killer cells, are defined above.

In certain embodiments, the cell types listed are selected from yo T-cells, pro-

inflammatory monocytes, or MDSCs. In particular embodiments, the cell types

listed are y8 T-cells; at least one type of MDSCs selected from CD11b"/CD14",
CD11b'/CD147/CD15", CD11b"/CD14"/CD15", Lin/DR, Lin/DR/CD33",
CD34'/CD33"/CD13",  ARG'/CD14",  CD34"/  Lin/DR/CDI11b"/CD15",
CD14"/HLA-DR/low, or Lin/HLA-DR/low/CD11b"/CD33"; and the pro- .
inflammatory CD147/CD16" cells. In more particular embodiments, the cell types
listed are yd T-cells; at least one type of MDSCs selected from CD11b"/CD14", or
Lin/DR/CD33" MDSCs, preferably both CD11b"/CD14", and Lin/DR7/CD33"
MDSCs; optionally at least one, two, or three further types of MDSCs selected from
CD11b"/CD147/CD15", CD11b"/CD14"/CD15", Lin/DR, CD34"/CD33"/CD13",
ARG'/CD14", CD34"/Lin/DR/CD11b"/CD15", CD14"/HLA-DR/low, or Lin
/HLA-DR/low/CD11b"/ CD33"; and the pfo-inﬂammatory CD147/CD16" cells.

- The kit of the invention further comprises antibodies against each one of said
cell types, as well as reagents required for the detection of those antibodies. The
antibodies may be either monoclonal or polyclonal, but they are preferably
monoclonal antibodies. Both the antibodies and the reagents provided are used for
measuring the levels of the cell types listed, 1n said blood sample.

As defined by both of the non-therapeutic methods of the invention, the level
measured for each one of the cell types listed i1s compared with a range level of said
cell type 1in blood samples of age-matched controls so as to evaluate whether the
level measured 1s higher or lower than, or within, the normal range level of said cell
type, 1.€., the range level of said cell type in blood samples of age-matched controls.

As explained above, in case an individual i1s tested for ALS, these data are

used for the preparation of a test profile, which is then compared with a reference
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profile, optionally included in the Kkit, expressing a representative relative level of
each one of the cell types in blood samples of ALS patients, so as to determine
whether said individual has a higher likelihood of having ALS than said age-
matched controls. Alternatively, i.e., in case a blood sample taken from an ALS

patient i1s tested, these data may be compared with data obtained from the same

~patient at a previous or later instant, so as to determine whether the treatment for

ALS given to said patient 1s efficient.
The invention will now be illustrated by the following non-limiting

Examples.

EXAMPLES

Materials and Methods

Patients: The patient’s group included individuals, both males and females,
which have been clinically diagnosed as suffering from amyotrophic lateral
sclerosis (ALS) and agreed to sign on the informed consent. The control group
included male and female volunteers without clinical symptoms of ALS, who
agreed to sign on the informed consent.

Whole blood FACS staining:. 50 ul of whole blood samples were incubated
with 5 ul of each of the designated mAb (see below) for 45 minutes at 4°C. Two ml
of FACSlyse (Becton Dickinsdn, San Jose, CA) was added to each tube, and the
tubes were then incubated at room temperature for 12 min, followed by wash with 2
ml PBS. From each sample, 10° events were acquired by FACSCalibur (Becton
Dickinson, San Jose, CA) and analyzed by the FCS Express V3 software.

The designated monoclonal antibodies (mAb's). CD3, CD4, CD8, CD14,
CD135, CDI11b, CD16, Lin, HLA-DR, CD33, TCRgd - Becton Dickinson, San Jose,
CA. TLR4 eBioscience San Diego CA.

Example 1. ALS patients show elevated level of CD11b"/CD14" cells in PBMCs

compared with Alzheimer’s patients and healthy controls

Myeloid suppressor cells constitute a population of immature myeloid cells

with potent immunosuppressive functions. These cells have been shown to infiltrate
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tumors and to regulate adaptive immune responses to cancer cells in experimental
animals and human cancer patients. They can induce immunosuppression under
normal, inflammatory or surgical/traumatic stress conditions. The accumulation of
myeloid suppressor cells 1s one of the major mechanisms of tumor escape (Frey,
2006; Serafini et al., 2006a; Bunt ef al., 2006; Makarenkova et al., 2006). Myeloid
suppressor cells are of interest because they have the ability to suppress T-cell
Immune responses by a variety of mechanisms (Sica and Bronte, 2007; Serafini et
al., 2006a; Talmadge, 2007; Nagaraj and Gabrilovich, 2007). These cells are
heterogeneous cellular population containing macrophages, granulocytes, immature
dendritic cells and early myeloid precursors.

In this study, the level of CD11b"/CD14™ myeloid derived suppressor cells
(MDSCs) 1n the blood of ALS patients was compared with that of Alzheimer’s
patients, age-matched controls and young adult (age 20-50 years) controls. In
particular, whole blood sample of ALS patients, Alzheimer’s patients, age-matched
controls and young controls (n=7, 12, 10 and 6, respectively) were stained with
monoclonal antibodies against CD14 and CDI11b; and the percentage of
CD11b"/CD14" cells out of total monocytes was determined by FACS. As shown in
Fig. 1, the percentage of CD11b"/CD14" cells out of total monocytes in ALS patients
was significantly higher compared to age-matched controls, young controls and
Alzheimer’s disease patients. The elevated level of myeloid suppressor cells found
in the peripheral blood of ALS patients restricts the reparative T-cell immune
response and thus allows the toxic inflammation induced by the microgla to spread

in the tissue.

Example 2. ALS patients show elevated level of Lin/DR/CD33" cells in
PBMCs compared with healthy controls

Since the myeloid cell population contains many different cell types and
myeloid cell differentiation is a continuum of processes, MDSCs may display
diverse phenotypic markers that reflect the spectrum of immature to mature myeloid

cells.
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In this study we show that the level of Lin/DR/CD33" cells, i.e., a phenotype
of MDSC different than that shown in Example 1, in the blood of ALS patients is
elevated as well. In particular, whole blood sample of ALS patients and healthy
controls (n=15 and 10, respectively) were stained with monoclonal antibodies
against Lin, HLA-DR and CD33; and the percentage of Lin/HLA-DR/CD33" cells
out of total monocyte population for each patient was determined by FACS. As
shown in Fig. 2, the percentage of Lin/HLA-DR/CD33" myeloid cells out of total
monocytes in ALS patients was significantly higher compared to healthy controls.

It was found that the frequencies of CD33"HLA-DR” MDSC isolated from the
peripheral blood of patients with metastatic renal cell carcinoma are significantly
elevated compared with CD33"HLA-DR cells from healthy donors. As further
found, MDSC isolated from the peripheral blood of renal cell carcinoma patients,
but not from healthy donors, were capable of suppressing antigen-specific T-cell
responses in vitro through the secretion of reactive oxygen species and nitric oxide

upon interaction with cytotoxic T lymphocytes (CTLs) (Kusmartsev ef al., 2008).

Example 3. ALS patients show elevated level of gamma-delta T-cells

Gamma-delta (yo) T cells represent a small subset of T cells possessing a
distinct T cell receptor (TCR) on their surtace. These cells are implicated 1n host
défense against microbes and tumors but their mode of function remains largely
unresolved.

A variety of sometimes-contlicting effector functions have been ascribed to
these cells depending on their tissue distribution, antigen-receptor structure and local
microenvironment. In particular, they were shown to play a role i1n
immunosurveillance and immunoregulation (Girardi, 2006), and were found to be an
important source of 1L-17 (Roark ef al., 2008) and to induce robust CD8" cytotoxic
T cell response (Brandes et al., 2009).

In this study, the level of yo T cells in PBMCs of ALS patients was compared
with that in PBMCs of healthy controls. In particular, freshly isolated PBMCs of
ALS patients and healthy controls (n=7 in each group) were double-stained with

monoclonal antibodies against CD3 and with monoclonal antibodies against yo T
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cell receptor, and the percentage of yo T cells out of total CD3 cells was determined
by FACS. As shown in Fig. 3, the percentage of y8 T cells out of total CD3" cells in
ALS patients was significantly higher than that in healthy controls, indicating that

this unique cell subset can also be used as a biological marker for ALS.
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CLAIMS
1. A method for diagnosing the likelihood of ALS in a tested individual,
comprising:

(1) measuring the level of at least one cell type selected from regulatory T-
cells, gamma-delta (yo) T-cells, pro-inflammatory monocytes, myeloid
derived suppressor cells (MDSCs), or natural killer cells in a peripheral
blood sample obtained from said individual,;

(11) comparing the level measured for each one of said at least one cell type
with a reference level representing a range level of each one of said cell
types, respectively, in blood samples of age-matched controls, thus
obtaining a test profile expressing a level of each one of said at least
one cell type in the blood sample of said individual relative to the level
of each one of said at least one cell type, respectively, in blood samples
of age-matched controls; and

(iii) comparing said test profile with a reference profile expressing a
representative relative level of each one of said at least one cell type in
ALS patients,

wherein a significant similarity between said test profile and said reference

profile indicates that said individual has a higher likelihood of having ALS than

said age-matched controls.

2. The method of claam 1, wherein said regulatory T-cells are
CD4'/CD25"/FoxP3 cells; said pro-inflammatory monocytes are CD147/CD16"
cells; said MDSCs are selected from CDI11b"/CD14", CD11b"/CD14/CD15",
CD11b"/CD147/CD15°, Lin/DR, Lin/DR/CD33", CD34"/CD33"/CD13",
ARG'/CD14", CD34"/Lin/DR/CD11b"/CD15", CD14"/HLA-DR/low, or Lin
/HLA-DR/low/CD11b"/CD33" cells; and said natural killer cells are CD16" or
CD167/CD56" cells.
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3. The method of claim 2, wherein the cell types the levels of which are

measured in step (1) are selected from yo T-cells, pro-inflammatory monocytes, or

MDSCs.

4, The method of claim 3, wherein said reference profile comprises an increase
in the level of yo T-cells; an increase in the level of at least one type of MDSCs
selected from CD11b"/CD14°, CD11b"/CD147/CD15", CD11b"/CD14"/CD15", Lin
/DR’, Lin/DR/CD33", CD34'/CD33"/CD13", ARG'/CD14", CD34'/Lin/DR’
/CD11b"/CD15", CD14"/HLA-DR/low, or Lin/HLA-DR/low/CD11b"/CD33"; and
no change in the level of CD14"/CD16" cells.

5. The method of claim 4, wherein said reference profile comprises an increase
in the level of yd T-cells; an increase in the level of CD11b"/CD14™ and/or Lin /DR’
/CD33" MDSCs; optionally an increase in the level of at least one further type of
MDSCs selected from CD11b"/CD147/CD15", CD11b"/CD14"/CD15", Lin’/DR,
CD347/CD337/CD13", ARG'/CD14", CD34"/Lin/DR/CD11b"/CD15,
CD14"/HLA-DR/low, or Lin7HLA-DR/low/CD11b"/ CD33": and no change in the
level of CD147/CD16" cells. |

6. The method of any one of claims 1 to 5, wherein the cell types the levels of
which are measured in step (i) are Y8 T-cells, CD11b"/CD14 cells, Lin/DR/CD33"
and CD14"/CD16" cells, and said reference profile comprises an increase in the

level of y& T-cells; an increase in the level of CD11b"/CD14" cells; an increase in

the level of Lin/DR/CD33" cells; and no change in the level of CD147/CD16" cells.

7. A method for diagnosing the likelthood of ALS 1n a tested individual,
comprising:

(1) measuring the level of the cell types gamma-delta (yo) T-cells,
CD11b"/CD14 cells; Lin/DR/CD33" cells and CD14"/CD16" cells in a
peripheral blood sample obtained from said individual; and

(1) comparing the level measured for each one of said cell types with a
reference level representing a range level of each one of said cell types,

respectively, in blood samples of age-matched controls,
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wherein an increase in the level of yo T-cells, an increase in the level of
CD11b"/CD14  cells, an increase in the level of Lin/DR/CD33" cells, and no
change in the level of CD147/CD16" cells indicate that said individual has a higher
likelithood of having ALS than said age-matched controls.

8. A method for determining the efficacy of a treatment for ALS in an ALS
patient, comprising:
(1) measuring the level of at least one cell type selected from regulatory T-
cells, gamma-delta (yo) T-cells, myeloid derived suppressor cells
(MDSCs) or natural killer cells in a peripheral blood sample obtained
from said patient at two consecutive instants, the earlier of said instants
1S prior to or during said treatment and the later of said instants is during
said treatment; and
(11) comparing the levels measured for each one of said at least one cell type
at said two instants,
wherein an alteration of the level measured for one or more of said at least
one cell type at said later instant cdmpared with the level measured for said cell type
at said earlier instant towards a reference level representing a range level of said cell
type 1in blood samples of age-matched controls 1s correlated with the efficacy of said

treatment.

9. The method of claim 8, wherein the earlier of said instants is prior to or
during said treatment and the later of said instants is about 1, 2, 3, 4, 5, 6 months or

more later than the earlier instant.

10. A method for treatment of an ALS patient comprising administering to said
patient an effective amount of an agent capable of reducing myeloid derived

suppressor cell level in peripheral blood.

~11. The method of claim 10, wherein said agent capable of reducing myeloid

derived suppressor cell level in a peripheral blood i1s gemcitabine, sildenafil,

tadalafil or vardenafil.
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12. The method of claim 10 or 11, further comprising administering to said
patient an effective amount of an agent capable of augmenting level of anti-self T-

cells in a peripheral blood, autologous T cells and/or activated T cells.

13. The method of claim 12, wherein said agent capable of augmenting level of

anti-self T-cells in a peripheral blood is glatiramer acetate (Copaxone®).

14. A method for treatment of an ALS patient comprising administering to said
patient an effective amount of an agent capable of inducing migration of immature
myeloid cells from the peripheral blood to the injured spinal cord of said patient

upon stimulation with chemokine interleukin 8 (CXCL8) or chemokine (C-C motif)

ligand 2 (CCL2).

15. A method for treatment of an ALS patient comprising injecting into the
cerebral spinal fluild (CSF) of said patient an effective amount of autologous

myeloid derived cells.

16. A kit for diagnosing the likelthood of ALS 1n a tested individual;, or for
determining the efficacy of a treatment for ALS in an ALS patient, said kit
éomprising: |
(1) a list of cell types selected from regulatory T-cells, gamma-delta (yo) T-
cells, pro-inflammatory ‘monocytes, myeloid derived suppressor cells
(MDSCs), or natural killer cells;
(ii) antibodies against each one of said cell types:;
(111) reagents for detecting said antibodies;
(1v) a list of reference levels representing range levels of said cell types in
blood samples of age-matched controls;
(v) optionally a reference profile expressing a representative relative level
of each one of said cell types in blood samples of ALS patients; and

(vi) 1nstructions for use.
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