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(57) Abstract: The present disclosure provides methods for selecting a patient diagnosed with amyotrophic lateral sclerosis (ALS) for
an ALS therapy, methods for assessing a ALS patient's likely responsiveness to an ALS therapy, methods for treating an ALS patient
with an ALS therapy, methods for monitoring efficacy of an ALS therapy, and methods for assessing the likely progression of ALS in
a patient, in which methods serum concentrations of one or more serum immune-based biomarkers are determined.
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SERUM IMMUNE-BASED BIOMARKERS FOR USE IN ALS THERAPY

[0001] This application claims the benefit of U.S. Provisional Application
No. 63/244,995 filed September 16, 2021, the content of which is incorporated herein in its

entirety.

1. FIELD

[0002] Provided herein are serum-immune based biomarkers and uses thereof in methods
for selecting a patient diagnosed with amyotrophic lateral sclerosis (ALS) for an ALS
therapy. Methods for treating an ALS patient, and for monitoring efficacy of treatment, are

also provided herein.

2. BACKGROUND

[0003] Amyotrophic lateral sclerosis (ALS) is the most common form of adult
neuromuscular disease, and is invariably fatal. ALS is considered a multifactorial,
multisystem disease in which the CNS and peripheral immune systems both play important
roles in the development and progression of disease.

[0004] Increasingly, studies point to immune system involvement in the progression of
diseases such as ALS, and point to dysfunction of immune cells as a mediator of disease
pathogenesis. The complex signaling mechanisms and built-in redundancies of the immune
system and its constituents may help explain the ineffectiveness of single drug/single target
anti-inflammatory approaches.

[0005] It has been demonstrated that in ALS patients regulatory T cells (Tregs) are
progressively reduced in number and are less effective in promoting immune suppression.
Recently, Treg cell therapy has emerged as a promising therapy for ALS, and may represent a
more global approach to suppressing immune system dysfunction contributing to disease.
For example, clinical trials involving administration of expanded autologous Tregs to ALS
patients report that the Treg therapy slowed progression rates during early and later stages of
the disease, and that Treg suppressive function correlated with the slowing of disease

progression (Thonhoff et al., Neurol. Neuroimmunol. Neuroinflamm. 5(4):e465 (2018)).
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[0006] There exists a need for the development of ALS biomarkers that can accurately
reflect patients’ disease burdens, progression rates, and responsiveness to treatments such as
Treg therapy. Such biomarkers could be clinically useful for prognosis of clinical course,

prediction of treatment response, and determination of treatment efficacy.

3. SUMMARY

[0007] In one aspect, provided herein are methods for selecting a patient for amyotrophic
lateral sclerosis (ALS) therapy.

[0008] In some embodiments, a method for selecting a patient for ALS therapy
comprises: (a) determining a concentration of interleukin 17F (IL-17F) in a serum sample
collected from a patient diagnosed with or suspected of having ALS, wherein if the IL-17F
concentration in the serum sample is at least 2.0 pg/mL the patient is excluded from a
treatment with the ALS therapy, otherwise the patient is selected for the treatment with the
ALS therapy; and (b) administering the ALS therapy to the selected patient.

[0009] In certain embodiments, the ALS therapy comprises a T regulatory cell (Treg)
infusion.

[0010] In certain embodiments, the ALS therapy comprises a plurality of Treg infusions.
[0011] In certain embodiments, the serum sample is collected from the patient prior to the
ALS therapy.

[0012] In certain embodiments, the serum sample is collected from the patient prior to
any Treg infusion.

[0013] In certain embodiments, the serum sample is collected from the patient after a
Treg infusion has been administered to the patient.

[0014] In certain embodiments, the serum sample is collected from the patient on the day
following the Treg infusion.

[0015] In one aspect, provided herein are methods of treating ALS in a patient.

[0016] In some embodiments, a method of treating ALS comprises: administering an
ALS therapy to a patient diagnosed with ALS, wherein it has been determined that a serum
sample collected from the patient contains an interleukin 17F (IL-17F) concentration of less
than 2.0 pg/mL.

[0017] In certain embodiments, the ALS therapy comprises a Treg infusion.

[0018] In certain embodiments, the ALS therapy comprises a plurality of Treg infusions.
[0019] In certain embodiments, the serum sample had been collected from the patient

prior to the ALS therapy.
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[0020] In certain embodiments, the serum sample had been collected from the patient
prior any Treg infusion.

[0021] In certain embodiments, the serum sample had been collected from the patient
after a Treg infusion had been administered to the patient.

[0022] In certain embodiments, the serum sample had been collected from the patient on
the day following the Treg infusion.

[0023] In some embodiments, a method for selecting a patient for ALS therapy
comprises: (a) determining whether a concentration of at least one serum immune-based
biomarker in a serum sample collected from a patient diagnosed with or suspected of having
ALS is less than, equal to, or greater than, a reference concentration, wherein the at least one
serum immune-based biomarker is IL-17F, oxidized low-density lipoprotein receptor 1
(OLR1), neurofilament light chain (NF-L), oxidized low-density lipoprotein (ox-LDL), or
interleukin 17C (IL-17C); and wherein if the concentration of the at least one serum immune-
based biomarker is greater than the reference concentration, the patient is excluded from a
treatment with the ALS therapy, otherwise the patient is selected for the treatment with the
ALS therapy; and (b) administering the ALS therapy to the selected patient.

[0024] In certain embodiments, the concentration of one serum immune-based biomarker
is determined.

[0025] In certain embodiments, concentrations of at least two serum immune-based
biomarkers are each determined to be less than, equal to, or greater than, a reference
concentration, and if the concentrations of two serum immune-based biomarkers are each
determined to be greater than its reference concentration, the patient is excluded from a
treatment with the ALS therapy, otherwise the patient is selected for the treatment with the
ALS therapy.

[0026] In certain embodiments, concentrations of at least three serum immune-based
biomarkers are each determined to be less than, equal to, or greater than, a reference
concentration, and if the concentrations of three serum immune-based biomarkers are each
determined to be greater than its reference concentration, the patient is excluded from a
treatment with the ALS therapy, otherwise the patient is selected for the treatment with the
ALS therapy.

[0027] In certain embodiments, concentrations of at least four serum immune-based
biomarkers are each determined to be less than, equal to, or greater than, a reference
concentration, and if the concentrations of four serum immune-based biomarkers are each

determined to be greater than its reference concentration, the patient is excluded from a
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treatment with the ALS therapy, otherwise the patient is selected for the treatment with the
ALS therapy.

[0028] In certain embodiments, concentrations of at least five serum immune-based
biomarkers are each determined to be less than, equal to, or greater than, a reference
concentration, and if the concentrations of five serum immune-based biomarkers are each
determined to be greater than its reference concentration, the patient is excluded from a
treatment with the ALS therapy, otherwise the patient is selected for the treatment with the
ALS therapy.

[0029] In certain embodiments, the ALS therapy comprises a Treg infusion.

[0030] In certain embodiments, the ALS therapy comprises a plurality of Treg infusions.
[0031] In certain embodiments, the serum sample is collected from the patient prior to the
ALS therapy.

[0032] In certain embodiments, the serum sample is collected from the patient prior to
any Treg infusion.

[0033] In certain embodiments, the serum sample is collected from the patient after a
Treg infusion has been administered to the patient.

[0034] In certain embodiments, the serum sample is collected from the patient on the day
following the Treg infusion.

[0035] In some embodiments, a method of treating ALS comprises: administering an
ALS therapy to a patient diagnosed with ALS, wherein it has been determined that a serum
sample collected from the patient contains a concentration of at least one serum immune-
based biomarker that is less than, or equal to, a reference concentration, wherein the at least
one serum immune-based biomarker is IL-17F, OLR 1, NF-L, ox-LDL, or IL-17C.

[0036] In certain embodiments, a concentration of one serum immune-based biomarker
has been determined to be less than, or equal to, a reference concentration.

[0037] In certain embodiments, a concentration of at least two serum immune-based
biomarkers had been determined to be less than, or equal to, a reference concentration. In
certain embodiments, a concentration of at least three serum immune-based biomarkers had
been determined to be less than, or equal to, a reference concentration. In certain
embodiments, a concentration of at least four serum immune-based biomarkers had been
determined to be less than, or equal to, a reference concentration. In certain embodiments, a
concentration of at least five serum immune-based biomarkers had been determined to be less
than, or equal to, a reference concentration.

[0038] In certain embodiments, the ALS therapy comprises a Treg infusion.
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[0039] In certain embodiments, the ALS therapy comprises a plurality of Treg infusions.
[0040] In certain embodiments, the serum sample had been collected from the patient
prior to the ALS therapy.

[0041] In certain embodiments, the serum sample had been collected from the patient
prior any Treg infusion.

[0042] In certain embodiments, the serum sample had been collected from the patient
after a Treg infusion had been administered to the patient.

[0043] In certain embodiments, the serum sample had been collected from the patient on
the day following the Treg infusion.

[0044] In certain embodiments, the reference concentration is obtained from healthy
individuals.

[0045] In certain embodiments, the reference concentration is a concentration in a serum
sample obtained from the patient prior to any Treg infusion being administered to the patient.
[0046] In some embodiments of the methods provided herein, a reference concentration

for the at least one biomarker comprising ox-LDL, OLR1, NF-L, IL-17F, or IL-17C is as

follows:
Biomarker Ref. Conc.
ox-LDL 56.8+7.0U/L
OLR1 299.6 + 128.1 pg/mL
NF-L 0.88+0.21 ng/mL
IL-17F 0.34 + 0.54 pg/mL
IL-17C 8.47 + 3.08 pg/mL

[0047] In certain embodiments, the at least one serum immune-based biomarkers includes
ox-LDL.

[0048] In certain embodiments, the at least one serum immune-based biomarkers includes
OLRI.

[0049] In certain embodiments, the at least one serum immune-based biomarkers includes
NF-L.

[0050] In certain embodiments, the at least one serum immune-based biomarkers includes
IL-17F.

[0051] In certain embodiments, the at least one serum immune-based biomarkers includes

IL-17C.
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[0052] In one aspect, provided herein are methods of monitoring efficacy of Treg therapy
to treat ALS.

[0053] In some embodiments, a method of monitoring efficacy of a Treg therapy
comprises: (a) administering a Treg therapy to a patient diagnosed with ALS, wherein the
Treg therapy comprises a first Treg infusion; and (b) determining whether a concentration of
at least one serum immune-based biomarker in a serum sample collected from the patient
after the first Treg infusion is less than, equal to, or greater than, a reference concentration,
wherein the at least one serum immune-based biomarker comprises: ox-LDL, OLR1, soluble
CD14 (sCD14), lipopolysaccharide binding protein (LBP), C reactive protein (CRP),
4-hydroxynonenal (4-HNE), IL-17F, or IL-17C; wherein the ALS therapy has poor efficacy
where the concentration of the at least one serum immune-based biomarker is greater than its
reference concentration.

[0054] In certain embodiments, the method further comprises administering the Treg
therapy comprising a second Treg infusion to the patient after steps (a) and (b) if the
concentration of the at least one serum immune-based biomarker is equal to or less than its
reference concentration in step (b).

[0055] In certain embodiments, Treg therapy comprising a plurality of Treg infusions is
administered to the patient if the concentration of the at least one serum immune-based
biomarker is equal to or less than its reference concentration in a serum sample collected
from the patient after each Treg infusion of the plurality of Treg infusions.

[0056] In certain embodiments, the ALS therapy has poor efficacy where the
concentration of one serum immune-based biomarker is greater than its reference
concentration. In certain embodiments, the ALS therapy has poor efficacy where the
concentration of at least 2 serum immune-based biomarkers are each greater than its
reference concentration. In certain embodiments, the ALS therapy has poor efficacy where
the concentration of at least 3 serum immune-based biomarkers are each greater than its
reference concentration. In certain embodiments, the ALS therapy has poor efficacy where
the concentration of at least 4 serum immune-based biomarkers are each greater than its
reference concentration. In certain embodiments, the ALS therapy has poor efficacy where
the concentration of at least 5 serum immune-based biomarkers are each greater than its
reference concentration.

[0057] In some embodiments, a method of treating ALS comprises: (a) administering a
first Treg infusion to a patient diagnosed with ALS; (b) comparing a concentration of at least

one serum immune-based biomarker in a serum sample obtained from the patient after the
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first Treg infusion to a reference concentration, wherein the at least one immune-based
biomarker comprises ox-LDL, OLR1, sCD14, LBP, CRP, 4-HNE, IL-17F, or IL-17C; and
(c) administering an ALS therapy comprising a second Treg infusion to the patient if the
concentration of the at least one serum immune-based biomarker is equal to or below the
reference concentration.

[0058] In certain embodiments, the ALS therapy is administered to the patient if the
concentration of one serum immune-based biomarker is equal to or below the reference
concentration.

[0059] In certain embodiments, the ALS therapy is administered to the patient if the
concentration of at least 2 serum immune-based biomarkers are each equal to or below its
reference concentration. In certain embodiments, the ALS therapy is administered to the
patient if the concentration of at least 3 serum immune-based biomarkers are each equal to or
below its reference concentration. In certain embodiments, the ALS therapy is administered
to the patient if the concentration of at least 4 serum immune-based biomarkers are each
equal to or below its reference concentration. In certain embodiments, the ALS therapy is
administered to the patient if the concentration of at least 5 serum immune-based biomarkers
are each equal to or below its reference concentration.

[0060] In certain embodiments, the reference concentration for the at least one serum
immune-based biomarker is obtained from healthy individuals.

[0061] In certain embodiments, the reference concentration for the at least one serum
immune-based biomarker is a concentration in a serum sample obtained from the patient prior
to any Treg infusion being administered to the patient.

[0062] In certain embodiments, the reference concentration for each of ox-LDL, OLRI1,

sCD14, LBP, CRP, 4-HNE, IL-17F, or IL-17C is as follows:

Biomarker Ref. Conc.

ox-LDL 56.8+7.0U/L
OLRI 299.6 +128.1 pg/mL
sCD14 2.56 +£0.44 ug/mL
LBP 20.18 +7.48 ug/mL
CRP 1.08 +1.04 ug/mL
4-HNE 5 ug/mL
IL-17F 0.34 +£0.54 pg/mL
IL-17C 8.47 +3.08 pg/mL.
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[0063] In some embodiments, provided herein is a method for treating a patient with a
Treg therapy wherein the patient is suffering from ALS.

[0064] In certain embodiments, the method comprises: (a) administering to the patient a
Treg therapy comprising Treg infusions being administered to the patient on different days;
(b) comparing concentrations of at least one serum immune-based biomarker in serum
samples to a reference concentration, wherein each of the serum sample is obtained from the
patient after a Treg infusion, wherein the at least one serum immune-based biomarker
comprises ox-LDL, OLRI1, sCD14, LBP, CRP, 4-HNE, IL-17F, or IL-17C; and (c)
maintaining the patient on the Treg therapy comprising administering Treg infusions
following step (b), if the concentration of the at least one serum immune-based biomarker is
at, or less than, the reference concentration in at least one of serum samples.

[0065] In certain embodiments, the patient is maintained on the Treg therapy if the
concentration of the at least one serum immune-based biomarker is at, or less than, the
reference concentration in all or at least 50% of the serum samples.

[0066] In certain embodiments, the at least one serum immune-based biomarker consists
of one serum immune-based biomarker.

[0067] In certain embodiments, the at least one serum immune-based biomarker
comprises at least 2 serum immune-based biomarkers. In certain embodiments, the at least
one serum immune-based biomarker comprises at least 3 serum immune-based biomarkers.
In certain embodiments, the at least one serum immune-based biomarker comprises at least 4
serum immune-based biomarkers. In certain embodiments, the at least one serum immune-
based biomarker comprises at least 5 serum immune-based biomarkers.

[0068] In certain embodiments, the reference concentration for the at least one serum
immune-based biomarker is obtained from healthy individuals.

[0069] In certain embodiments, the reference concentration for the at least one serum
immune-based biomarker is a concentration in a serum sample obtained from the patient prior
to any Treg infusion being administered to the patient.

[0070] In certain embodiments, the reference concentration for each of ox-LDL, OLRI1,

sCD14, LBP, CRP, 4-HNE, IL-17F, or IL-17C is as follows:

Biomarker Ref. Conc.
ox-LDL 56.8+7.0U/L
OLR1 299.6 +128.1 pg/mL
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sCD14 2.56 +£0.44 ug/mL
LBP 20.18 +7.48 ug/mL
CRP 1.08 +1.04 ug/mL
4-HNE 5 ug/mL
IL-17F 0.34 +0.54 pg/mL
IL-17C 8.47 +3.08 pg/mL.

[0071] In some embodiments, provided herein is a method for treating ALS in a patient
diagnosed therewith, the method comprising: (a) determining whether the concentration of at
least one serum immune-based biomarker in a serum sample obtained from a patient
diagnosed with ALS is (1) elevated, or (ii) at, or below, a reference concentration, wherein the
serum sample is obtained from the patient after being administered with a Treg infusion,
wherein the at least one serum immune-based biomarker comprises ox-LDL, OLR1, sCD14,
LBP, CRP, 4-HNE, IL-17F, or IL-17C; and (b) administering to the patient a Treg therapy
comprising a plurality of Treg infusions if the concentration of the at least one serum
immune-based biomarker is determined to be (i) at, or below, its reference concentration.
[0072] In certain embodiments, the Treg therapy is administered to the patient if the
concentration of one serum immune-based biomarker is determined to be (i1) at, or below, its
reference concentration.

[0073] In certain embodiments, the Treg therapy is administered to the patient if the
concentration of at least 2 serum immune-based biomarkers are each determined to be (ii) at,
or below, its reference concentration. In certain embodiments, the Treg therapy is
administered to the patient if the concentration of at least 3 serum immune-based biomarkers
are each determined to be (ii) at, or below, its reference concentration. In certain
embodiments, the Treg therapy is administered to the patient if the concentration of at least 4
serum immune-based biomarkers are each determined to be (ii) at, or below, its reference
concentration. In certain embodiments, the Treg therapy is administered to the patient if the
concentration of at least 5 serum immune-based biomarkers are each determined to be (ii) at,
or below, its reference concentration.

[0074] In some embodiments of the methods provided, the reference concentration for the

at least one serum immune-based biomarker is obtained from healthy individuals.
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[0075] In other embodiments of the methods provided, the reference concentration for the
at least one serum immune-based biomarker is a concentration in a serum sample obtained
from the patient prior to any Treg infusion being administered to the patient.

[0076] In yet other embodiments of the methods provided, the reference concentration for
the at least one serum immune-based biomarker comprising ox-LDL, OLRI1, sCD14, LBP,
CRP, 4-HNE, IL-17F, or IL-17C is as follows:

Biomarker Ref. Conc.

ox-LDL 56.8+7.0U/L
OLRI 299.6 +128.1 pg/mL
sCD14 2.56 +£0.44 ug/mL
LBP 20.18 +7.48 ug/mL
CRP 1.08 +1.04 ug/mL
4-HNE 5 ug/mL
IL-17F 0.34 +£0.54 pg/mL
IL-17C 8.47 +3.08 pg/mL.

[0077] In certain embodiments of the methods provided, the at least one serum immune-
based biomarker comprises ox-LDL, OLR1, sCD14, or LBP. In certain embodiments, the at
least one serum immune-based biomarker comprises ox-LDL, OLR1, IL-17C, or IL-17F. In
certain embodiments, the at least one serum immune-based biomarker comprises ox-LDL. In
certain embodiments, the at least one serum immune-based biomarker comprises OLR1. In
certain embodiments, the at least one serum immune-based biomarker comprises sCD14. In
certain embodiments, the at least one serum immune-based biomarker comprises IL-17C. In
certain embodiments, the at least one serum immune-based biomarker comprises IL-17F.
[0078] In some embodiments of the methods provided the concentration of the at least
one serum immune-based biomarker is determined using an enzyme-linked immunosorbent
assay (ELISA).

[0079] In one aspect provided herein is a method for treating ALS in a patient diagnosed
therewith, the method comprising: (a) determining whether the concentration of at least one
serum immune-based biomarker in a serum sample obtained from a patient diagnosed with
ALS is at or below that of a reference concentration of the at least one serum immune-based
biomarker, wherein the serum sample is obtained from the patient after being administered

with a first ALS therapy, wherein the at least one serum immune-based biomarker comprises

10
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ox-LDL, OLRI1, sCD14, LBP, CRP, 4-HNE, IL-17F, or IL-17C; and (b) administering to the
patient a second ALS therapy if the concentration of the at least one serum immune-based
biomarker is determined to be at or below its reference concentration. In certain
embodiments, the first ALS therapy is the same as the second ALS therapy. In certain
embodiments, the first ALS therapy is different than the second ALS therapy.

[0080] In certain embodiments, the first and/or second ALS therapy comprises
administering one or more Treg infusions to the patient.

[0081] In certain embodiments, the first and/or second ALS therapy comprises
administering a CTLA-4 fusion protein and IL-2 to the patient. In some embodiments, the
CTLA-4 fusion protein is abatacept. In certain embodiments, the IL-2 is aldesleukin.

[0082] In certain embodiments, the first and/or second ALS therapy comprises
administering one or more Treg extracellular vesicle (EV), e.g., exosome, infusions to the
patient.

[0083] In some embodiments, the at least one serum immune-based biomarker comprises
ox-LDL or 4-HNE.

[0084] In one aspect, provided herein is a method for treating ALS in a patient diagnosed
therewith, the method comprising: administering a first ALS therapy to the ALS patient;
assessing the responsiveness of the ALS patient to the first ALS therapy; and continuing to
administer the first ALS therapy to the ALS patient if the ALS patient is assessed to be
responsive to the first ALS therapy, wherein the responsiveness of the ALS patient to the
ALS therapy comprises comparing the serum concentration of at least one immune-based
biomarker to a reference concentration of the of least one immune-based biomarker, wherein
the ALS patient is assessed to be responsive to the first ALS therapy if the serum
concentration of the immune-based biomarker decreases or remains within the reference
concentration in at least one successive serum sample taken from the ALS patient.

[0085] In particular embodiments of the above method for treating ALS, in instances
where a patient is found to not be responsive to the first ALS therapy, the method further
comprises administering to the patient a second ALS therapy. In specific embodiments, the
method may further comprise, following the administering the second ALS therapy to the
ALS patient, assessing the responsiveness of the ALS patient to the second ALS therapy, and
continuing to administer the second ALS therapy to the ALS patient if the ALS patient is
assessed to be responsive to the second ALS therapy, wherein the responsiveness of the ALS
patient to the ALS therapy comprises comparing the serum concentration of at least one

immune-based biomarker to a reference concentration of the of least one immune-based
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biomarker, wherein the ALS patient is assessed to be responsive to the second ALS therapy if
the serum concentration of the immune-based biomarker decreases or remains within the
reference concentration in at least one successive serum sample taken from the ALS patient.
[0086] In certain embodiments, the first or second ALS therapy comprises administering
one or more Treg infusions to the patient.

[0087] In certain embodiments, the first or second ALS therapy comprises administering
a CTLA-4 fusion protein and IL-2 to the patient. In some embodiments, the CTLA-4 fusion
protein is abatacept. In certain embodiments, the IL-2 is aldesleukin.

[0088] In certain embodiments, the first or second ALS therapy comprises administering
one or more Treg extracellular vesicle (EV), e.g., exosome, infusions to the patient.

[0089] In certain embodiments, the responsiveness of the ALS patient to the ALS therapy
comprises comparing the serum concentration of an immune-based biomarker to a reference
concentration for a set of immune-based biomarkers, and the ALS patient is assessed to be
responsive to the ALS therapy if the serum concentration of at least 50% of the immune-
based biomarkers in the set decreases or remains within its reference concentration in at least
one successive serum sample taken from the ALS patient. In some embodiments, the set of
immune-based biomarkers comprises 1 immune-based biomarker. In certain embodiments,
the set of immune-based biomarkers comprises 2 biomarkers. In certain embodiments, the set
of immune-based biomarkers comprises 3 biomarkers. In certain embodiments, the set of
immune-based biomarkers comprises 4 biomarkers. In certain embodiments, the set of
immune-based biomarkers comprises 5 biomarkers. In certain embodiments, the set of
immune-based biomarkers comprises 6 biomarkers. In certain embodiments, the set of
immune-based biomarkers comprises 7 biomarkers. In certain embodiments, the set of
immune-based biomarkers comprises 8 biomarkers. In certain embodiments, the set of
immune-based biomarkers comprises 9 biomarkers. In certain embodiments, the set of
immune-based biomarkers comprises 10 biomarkers.

[0090] In certain embodiments, the ALS patient is assessed to be responsive to the ALS
therapy if the serum concentration of the immune-based biomarker decreases or remains
within the reference concentration in at least 2 successive serum samples taken from the ALS
patient. In certain embodiments, the ALS patient is assessed to be responsive to the ALS
therapy if the serum concentration of the immune-based biomarker decreases or remains
within the reference concentration in at least 3 successive serum samples taken from the ALS
patient. In certain embodiments, the ALS patient is assessed to be responsive to the ALS

therapy if the serum concentration of the immune-based biomarker decreases or remains
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within the reference concentration in at least 4 successive serum samples taken from the ALS
patient. In certain embodiments, the ALS patient is assessed to be responsive to the ALS
therapy if the serum concentration of the immune-based biomarker decreases or remains
within the reference concentration in at least 5 successive serum samples taken from the ALS
patient. In certain embodiments, the ALS patient is assessed to be responsive to the ALS
therapy if the serum concentration of the immune-based biomarker decreases or remains
within the reference concentration in at least 6 successive serum samples taken from the ALS
patient. In certain embodiments, the ALS patient is assessed to be responsive to the ALS
therapy if the serum concentration of the immune-based biomarker decreases or remains
within the reference concentration in at least 7 successive serum samples taken from the ALS
patient. In certain embodiments, the ALS patient is assessed to be responsive to the ALS
therapy if the serum concentration of the immune-based biomarker decreases or remains
within the reference concentration in at least 8 successive serum samples taken from the ALS
patient. In certain embodiments, the ALS patient is assessed to be responsive to the ALS
therapy if the serum concentration of the immune-based biomarker decreases or remains
within the reference concentration in at least 9 successive serum samples taken from the ALS
patient.

[0091] In certain embodiments, the ALS patient is assessed to be responsive to the ALS
therapy if the serum concentration of the immune-based biomarker decreases or remains
within the reference concentration in a majority of 3 or more successive serum samples taken
from the ALS patient.

[0092] In certain embodiments, the immune-based biomarker comprises ox-LDL, OLRI1,

sCD14, LBP, CRP, 4-HNE, IL-17F, or IL-17C.

4. BRIEF DESCRIPTION OF THE DRAWINGS

[0093] FIG. 1A-1C: Biomarker concentrations as determined in individual serum
samples of 8 untreated patients with rapidly progressing ALS (“Fast ALS patients™), 8
untreated patients with slowly progressing ALS (“Slow ALS patients”), and 9 age-matched
healthy volunteers (“healthy controls”) for interleukin-17C (“IL-17C”) (FIG. 1A);
interleukin-6 (“IL-6") (FIG. 1B); and oxidized low-density lipoprotein receptor 1 (“OLR1”)
(FIG. 1C). The horizontal bar represents the mean average value for each group.

[0094] FIG. 2A-2B: Results showing that oxidized low-density lipoprotein (“ox-LDL”)
concentration in serum was elevated in sera from rapidly progressing patients (n = 13)

compared with slowly progressing patients or healthy controls; ox-LDL was not increased in
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sera from slowly progressing patients compared with healthy controls (FIG. 2A). Ox-LDL
levels were increased in patients with Alzheimer’s Disease (“AD”) or with mild cognitive
impairment (“MCI”) (FIG. 2B). * <0.05, ** <0.001, n.s. = not significant.

[0095] FIG. 3: Graph depicting ALS progression rate as assessed using points per month
(“pts/mn”) on the amyotrophic lateral sclerosis functional rating scale (“ALSFRS”) in 30
untreated ALS patients versus serum immune-based biomarker ox-LDL concentration in
serum.

[0096] FIG. 4A-4B: Graphs providing ALSFRS scores for 6 patients, subjects 205, 203,
202 (shown in FIG. 4A), and 206, 115, 114 (shown in FIG. 4B) over time from prior to
administration of Treg infusions and after six Treg infusions (indicated by downward
pointing arrows in upper panels), where the 6 patients were responsive to the ALS therapy.
Dotted lines labeled “PRO-ACT” and “ceftriaxone” show ALSFRS scores from published
sources of ALS patients in various other clinical trials. A decrease in ALSFRS score is
indicative of disease progression.

[0097] FIG. 5: Graphs providing ALSFRS scores for 2 patients (subjects 201 and 103)
over time from prior to administration Treg infusions and after six Treg infusions (indicated
by downward pointing arrows), where the 2 patients were not responsive to the ALS therapy.
[0098] FIG. 6A-6C: Graphs showing IL-17F serum concentration (pg/mL) in
non-responders (subjects 210 and 103 shown in FIG. 6A) and responders (subjects 202 and
114 shown in FIG. 6B and subjects 206 and 115 shown in FIG. 6C) in serum samples
collected prior to administration of any Treg infusion (leftmost data point in each graph) and
after administration of Treg infusions. Mean average IL-17F serum concentration for healthy
controls is depicted in the graphs as a solid straight line in between parallel dashdotted lines
showing one standard deviation above and below the mean average.

[0099] FIG. 7: Graph depicting the mean average IL-17F serum concentration for the
non-responders and responders.

[00100] FIG. 8A-8B: Graphs showing IL-17C serum concentration (pg/mL) for
responders (subjects 202, 203, 114 and 115 shown in FIG. 8A, and subject 205 and 206
shown in FIG. 8B). Serum samples were collected prior to administration of any Treg
infusion (leftmost data point in each graph) and after administration of Treg infusions. Mean
average IL-17C serum concentration for healthy controls is depicted in the graphs as a solid
straight line in between dashdotted lines depicting one standard deviation above and below

the mean average.
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[00101] FIG. 9: Graphs showing IL-17C serum concentration (pg/mL) for
non-responders. Serum samples were collected prior to administration of any Treg infusion
(leftmost data point in each graph) and after administration of Treg infusions. Mean average
IL-17C serum concentration for healthy controls is depicted in the graphs as a solid straight
line in between dashdotted lines depicting one standard deviation above and below the mean
average.

[00102] FIG. 10: Graph depicting the mean average IL.-17C serum concentration (pg/mL)
in non-responders an responders prior to administration of any Treg infusion (visit 1) and
after administration of Treg infusions (visits 2-6), as compared to mean IL-17C serum
concentration in healthy controls.

[00103] FIG. 11: Graph depicting mean average OLR1 serum concentration (pg/mL) in
non-responders and responders after administration of Treg infusions as compared to mean
OLRI1 serum concentration in healthy controls.

[00104] FIG. 12: Graph depicting NF-L serum concentration (ng/mL) in a non-responder
(subject 201) and two responders (subjects 202 and 203) prior to (visit 1) and after

(visits 2-11) administration of Treg infusions as compared to mean OLR1 serum
concentration in healthy controls.

[00105] FIG. 13: Graph depicting of mean average ox-LDL serum concentration (U/L) in
non-responders and responders before (visit 1) and after (visits 2-6) administration of Treg
infusions as compared to mean ox-LDL serum concentration in healthy controls.

[00106] FIG. 14: Graph depicting serum concentration of ox-LDL (upper panel), and
ALSFRS score (lower panel) in an ALS patient over the course of weeks (x-axis) in which
Treg infusions (indicated by the downward pointing arrows) were administered to the patient.
Mean average ox-LDL serum concentration for healthy controls is depicted in the upper
panel as a solid straight line in between dashdotted lines depicting one standard deviation
above and below the mean average.

[00107] FIG. 15: Graph depicting serum concentration of ox-LDL (upper panel), and
ALSFRS score (lower panel) in an ALS patient over the course of weeks (x-axis) in which
Treg infusions (indicated by the downward pointing arrows) were administered to the patient.
Mean average ox-LDL serum concentration for healthy controls is depicted in the upper
panel as a solid straight line in between dashdotted lines depicting one standard deviation
above and below the mean average.

[00108] FIG. 16: Graph depicting serum concentration of ox-LDL (upper panel), and

AALS score (lower panel) in an ALS patient over the course of weeks (x-axis) in which Treg
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infusions (indicated by the downward pointing arrows) were administered to the patient.
Mean average ox-LDL serum concentration for healthy controls is depicted in the upper
panel as a solid straight line in between dashdotted lines depicting one standard deviation
above and below the mean average.

[00109] FIG. 17A-17C: FIG. 17A: Graph depicting serum concentration of sCD14 (top
panel), LBP (second from top panel), CRP (third from top panel), and ALSFRS score
(bottom panel) in an ALS patient over the course of weeks (x-axis) in which Treg infusions
(indicated by the downward pointing arrows) were administered to the patient. FIG. 17B:
Graph depicting serum concentration of sCD14 (top panel), LBP (second from top panel),
CRP (third from top panel), and ALSFRS score (bottom panel) in an ALS patient over the
course of weeks (x-axis) in which Treg infusions (indicated by the downward pointing
arrows) were administered to the patient. FIG. 17C: Graph depicting serum concentration of
sCD14 (top panel), LBP (second from top panel), CRP (third from top panel), and ALSFRS
score (bottom panel) in an ALS patient over the course of weeks (x-axis) in which Treg
infusions (indicated by the downward pointing arrows) were administered to the patient. In
each of FIG. 17A to 17C: the mean average sCD14 serum concentration for healthy controls
is depicted in the graphs as a solid straight line in between parallel lines depicting one
standard deviation above and below the mean average.

[00110] FIG. 18A-18E: FIG. 18A: graph depicting ox-LDL serum concentrations in
subject 1, who was one of 5 ALS patients administered with abatacept and IL.-2 as a
combination therapy. FIG. 18B: graph depicting ox-LDL serum concentrations in subject 2,
who was one of 5 ALS patients administered with abatacept and IL-2 as a combination
therapy. FIG. 18C: graph depicting ox-LDL serum concentrations in subject 3, who was one
of 5 ALS patients administered with abatacept and IL-2 as a combination therapy. FIG. 18D:
graph depicting ox-LDL serum concentrations in subject 4, who was one of 5 ALS patients
administered with abatacept and IL-2 as a combination therapy. FIG. 18E: graph depicting
ox-LDL serum concentrations in subject 5, who was one of 5 ALS patients administered with
abatacept and IL-2 as a combination therapy. In each of FIG. 18A to 18E: the mean average
ox-LDL serum concentration for healthy controls is depicted in the graphs as a solid straight
line in between parallel lines depicting one standard deviation above and below the mean
average.

[00111] FIG. 19A-19E: FIG. 19A: graph depicting 4-hydroxynonenal (“4-HNE”) serum
concentrations in subject 1, who was one of 5 ALS patients administered with abatacept and

IL-2 as a combination therapy. FIG. 19B: graph depicting 4-HNE serum concentrations in
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subject 2, who was one of 5 ALS patients administered with abatacept and IL.-2 as a
combination therapy. FIG. 19C: graph depicting 4-HNE serum concentrations in subject 3,
who was one of 5 ALS patients administered with abatacept and IL-2 as a combination
therapy. FIG. 19D: graph depicting 4-HNE serum concentrations in subject 4, who was one
of 5 ALS patients administered with abatacept and IL-2 as a combination therapy. FIG. 19E:
graph depicting 4-HNE serum concentrations in subject 5, who was one of 5 ALS patients
administered with abatacept and IL-2 as a combination therapy. In each of FIG. 19A to 19E:
the mean average 4-HNE serum concentration for healthy controls is depicted in the graphs
as a solid straight line in between parallel lines depicting one standard deviation above and

below the mean average.

S. DETAILED DESCRIPTION

[00112] As demonstrated by the Examples presented herein, elevated concentrations of at
least one serum immune-based biomarker in a biological sample from an ALS patient can be
indicative of, e.g., likely progression of ALS in the ALS patient, and/or the ALS patient’s
likely responsiveness to an ALS therapy, and/or effectiveness of an ALS therapy being
administered to the ALS patient.

[00113] As demonstrated by the results provided herein, serum levels of certain
biomarkers are useful, for example, to monitor efficacy of, and responsiveness to, ALS
therapy, e.g., ALS therapy that comprises infusing expanded regulatory T-lymphocytes
(Tregs) into an ALS patient, and ALS therapy that comprises administering CTLA-4 fusion
protein, e.g., abatacept, and IL-2, e.g., aldesleukin, to an ALS patient.

[00114] Terminology

[00115] Unless specifically stated or apparent from context, as used herein, the terms “a”,
“an”, and “the” are understood to be singular or plural, and denote “one or more.”

[00116] The terms “include,” “such as,” and the like are intended to convey inclusion
without limitation, unless otherwise specifically indicated.

[00117] The terms “about” and “approximately” as used herein, are interchangeable, and
should generally be understood to refer to a range of numbers around a given number, as well
as to all numbers in a recited range of numbers (e.g., “about 5 to 15” means “about 5 to about
15” unless otherwise stated). Moreover, all numerical ranges herein should be understood to
include each whole integer within the range. In particular, unless otherwise noted the terms

mean within plus or minus 10% of a given value or range. In instances where an integer is
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required, the terms mean within plus or minus 10% of a given value or range, rounded either
up or down to the nearest integer.

[00118] Asused herein, the terms “treat”, “treating” and “treatment” may encompass
therapeutic treatment, wherein the object is to prevent or slow down (lessen) an undesired
physiological change associated with a disease or condition (e.g., ALS). Beneficial or desired
clinical results include, but are not limited to, alleviation of symptoms, delay or slowing of
the progression of a disease or condition (e.g., ALS), diminishment of the extent of a disease
or condition (e.g., ALS), stabilization of a disease or condition (e.g., ALS), where the disease
or condition (e.g., ALS) does not worsen, amelioration or palliation of the disease or
condition (e.g., ALS), and remission (whether partial or total) of the disease or condition
(e.g., ALS), whether detectable or undetectable. These term can also mean prolonging
survival as compared to expected survival if not receiving treatment.

[00119] Unless denoted otherwise in the specific context in which they are used, the terms
“individual,” “subject,” and “patient” are interchangeable as used herein and include but are
not limited to a human. For example, in certain embodiments of the methods described
herein, the individual, subject or patient is a mammal, such as, e.g., a non-human primate,
dog, rabbit, rat, mouse, or goat. In certain embodiments, an individual, subject or patient is a
human.

[00120] ALS Patients

[00121] In embodiments of the methods provided herein, an “ALS patient” or a “patient
diagnosed with ALS” is a patient is diagnosed with or is suspected of having Amyotrophic
Lateral Sclerosis (ALS) or an ALS related disease or disorder.

[00122] As a non-limiting example, in some embodiments, the ALS or ALS related
disorders can be selected from sporadic ALS, Familial ALS (FALS), Primary Lateral
Sclerosis (PLS), limb-onset ALS, bulbar-onset ALS, primary lateral sclerosis, progressive
muscular atrophy (PMA), Pseudobulbar Palsy and Progressive Bulbar Palsy (PBP), Fronto
Temporal Dementia (FTD), and ALS-plus syndrome (e.g., in which patients exhibit
additional symptoms beyond motor neuron involvement, including dementia, autonomic
dysfunction, and sensory loss).

[00123] In some embodiments, a patient’s ALS (e.g., disease status, disease progression,
response to treatment) or ALS symptoms may be monitored using any clinical criteria
disclosed herein or known in the art. Any assessment method or instrument (e.g., clinical
rating scales) known in the art or disclosed herein may be used to monitor a patient’s ALS

disease or symptoms, such as, for instance, mini-mental state examination (MMSE), Norris
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scale, ALS severity scale, Appel ALS (AALS) rating, ALS Functional Rating Scale
(ALSFRYS), revised ALSFRS (ALSFRS-R), Accurate Test of Limb Isometric Strength
(ATLIS), Combined Assessment of Survival and Function (CAFS), Electrical Impedance
Myography (EIM), Hand-Held Dynamometry (HHD), Motor Unit Number Estimation
(MUNE); Vital Capacity (VC), Forced Vital Capacity (FVC), Hasegawa dementia rating
scale - revised (HDS-R), frontal assessment battery (FAB), Montreal cognitive assessment
(MoCA), ALS-frontotemporal dementia-Questionnaire (ALS-FTD-Q), anosognosia scale,
affective (depression, apathy, and behavioral and psychological symptoms of dementia
(BPSD) assessments, and activities of daily living (ADL) assessments. Additional tools and
methods for screening patients with ALS are known in the art and may be used, such as
cognitive screeners, e.g., ACE-R, ALS-BCA, ALS-CBS, ECAS, FAB, MMSE, MoCA,
PSSFTS, and UCSF-SB), and/or behavioral screeners, e.g., ALS-FTD-Q, AES, BBI, DAS,
FBI, FrSBe, MiND-B, and NPI (see Gosselt et al., Amyotroph. Lateral. Scler.
Frontotemporal. Degener ., 21(5-6): 324-336 (2020)).

[00124] The ALSFRS-R assesses bulbar (swallowing, speech), fine motor and gross motor
functions, and breathing. The scale is from 0-48. In certain embodiments of the methods
provided herein, progression of ALS is assessed by ALSFRS-R, where a decline of more than
0.5 points per month as assessed by ALSFRS-R, is a fast progression of ALS; if the ALS
patient has decline of equal to or less than 0.5 points per month, the ALS is slow progressing
ALS.

[00125] In certain embodiments, progression of ALS can be measured by FVC. In some
embodiments, breathing declining more than 3% per month is fast progressing ALS;
breathing declining equal to or less than 3% is slow progressing ALS.

[00126] In certain embodiments of the methods provided herein, ALS progression can be
assessed by AALS, e.g., where fast progressing ALS patient decline at a rate of greater or
equal to 1.5 AALS points/month, and slowly progressing patients progress at less than 1.5
AALS points/month.

[00127] Reference to an ALS patient as “responder” herein, can, for example, refer to an
ALS patient responsive to an ALS therapy, e.g., Treg infusion(s), as demonstrated by an
improvement or at least a non-decline over time in an instrument for assessing ALS
progression, such as any of those mentioned herein (e.g., ALSFRS/ALSFRS-R, AALS, FVC,
etc.). In certain embodiments, a “responder” is an ALS patient with fast progressing ALS
(e.g., as explained above) prior to being administered an ALS therapy, e.g., Treg infusion(s),

who has slowly progressing ALS after being administered the ALS therapy, e.g., Treg
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infusion(s). It will be understood that any such improvement or non-decline or slower rate
with respect to ALS progression observed in a “responder” following the ALS therapy, e.g.,
Treg infusion(s), need not be permanent for the ALS patient to be a “responder.”

[00128] Asused herein, a “non-responder” is a patient that does not exhibit responsiveness
to an ALS therapy, e.g., Treg infusion(s), and will continue to decline in measures tracking
progression of ALS (e.g., ALSFRS/ALSFRS-R, AALS, FVC, etc.) despite, e.g., additional
Treg infusions as part of the Treg therapy.

[00129] It will be understood that while an ALS therapy, e.g., Treg infusion(s), when
administered to a “responder” can have acceptable or good efficacy, the same ALS therapy,
e.g., Treg infusion(s) when administered to a “non-responder” can have poor efficacy.
[00130] Without being bound by any theory or limitation, it is believed that serum levels
of at least one serum immune-bases biomarker can remain elevated in some ALS patients that
are given Treg therapy, and that such ALS patients will continue to decline in measures
tracking progression of ALS despite, e.g., additional Treg infusions as part of a Treg therapy.
For such patients, the ALS therapy is predicted to have poor efficacy.

[00131] Biological Samples and Biomarkers

[00132] In embodiments of the methods provided herein, a concentration of one or more
biomarkers is determined in a biological sample collected from a subject.

[00133] In certain embodiments the biological sample can be urine, cerebrospinal fluid,
blood, or blood component (e.g., serum).

[00134] In certain embodiments, the biological sample is serum.

[00135] A biomarker can, for example, be a protein that has a detectable concentration that
changes in a subject, typically in manner that correlates with an inflammatory state in the
subject (or alterations in an inflammatory state), including, for example, neuroinflammation,
peripheral immune alterations/inflammation, and so forth. A serum immune-based biomarker
can, for example, be a protein with a concentration in the sera collected from a subject that is
detectable at least during a time associated with an inflammation (e.g., neuroinflammation,
peripheral immune alteration/inflammation, etc.).

[00136] In some embodiments of the methods provided herein, a concentration of at least
one serum immune-based is determined relative to a reference concentration and/or is
compared to a reference concentration. Exemplary biomarkers are disclosed herein, such as
those described in the examples below. Any biomarkers disclosed herein may be used with
the methods provided. In some embodiments, the biomarkers are detected and/or measured in

the blood of a patient, or in a blood component (e.g., a serum sample).
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[00137] In certain embodiments, the biomarker is oxidized low-density lipoprotein
(ox-LDL). Measurement of ox-LDL levels in plasma or serum has been incorporated into
clinical practice in the diagnosis and treatment of lipid disorders (such as diabetes mellitus),
atherosclerosis, and various liver and renal diseases, especially as it pertains to the evaluation
of oxidative stress. See, e.g., Nakhjavani et al., “Serum oxidized-LDL is associated with
diabetes duration independent of maintaining optimized levels of LDL-cholesterol”, Lipids,
45(4):321-327 (2010); Steinberg, “Low density lipoprotein oxidation and its pathobiological
significance”, J. Biol. Chem., 272(34):20963-20966 (1997). Serum ox-LDL testing services
(e.g., Labcorp, Burlington NC) and kits (e.g., Oxidized LDL ELISA Kit (Fisher Scientific))
are commercially available.

[00138] In certain embodiments, the biomarker is oxidized low density lipoprotein
receptor 1 (OLR1; see, e.g., UniProtKB/Swiss-Prot Accession P78380 for an exemplary
OLRI1 sequence). OLRI1 is also known in the art as lectin-type oxidized LDL receptor 1,
LOX-1, LOXIN, SLOXI, scavenger receptor class E member 1, SCARE1, among others.
Serum OLRI1 testing services (e.g., using the OLINK® platform (Olink, Boston MA)) and
kits (e.g., Human LOX-1/OLR1 DuoSet ELISA (R&D Systems)) are commercially available.
[00139] In certain embodiments, the biomarker is soluble CD14 (sCD14). sCD14 is an
acute phase protein, a class of proteins whose concentration in blood increase in response to
inflammation. See, e.g., Bas et al., “CD14 is an Acute-Phase Protein”, J. Immunol
172:4470-4479 (2004). Human sCD14 ELISA kits for measuring sCD14 levels are
commercially available (e.g., Hycult Biotech Inc., Wayne PA; R&D Systems, Minneapolis
MN)).

[00140] In certain embodiments, the biomarker is lipopolysaccharide binding protein
(LBP; for an exemplary LBP sequence see, e.g., UniProtKB Accession P18428

LBP Human). Human LBP ELISA kits for assaying LBP levels are commercially available (e.g.,
Catalog No. EH1560, Wuhan Fine Biotech Co,, Ltd., Wuhan, China; and the LBP DuoSet ELISA
Kit, R&D Systems).

[00141] In certain embodiments, the biomarker is neurofilament light chain (NF-L; for an
exemplary NF-L sequence see, e.g., UniProtKB Accession P07196 NFL. HUMAN). NF-L
immunoassay kits and assay systems are commercially available (e.g., the SIMPLE PLEX
HUMAN NF-L CARTRIDGE for use in ELLA AUTOMATED IMMUNOASSAY
SYSTEM, Bio-Techne, San Jose, CA), as are a number of services that can measure NF-L in

serum samples (e.g., Labcorp, Burlington NC).
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[00142] In certain embodiments, the biomarker is C Reactive Protein (CRP; for an
exemplary CRP sequence see, e.g., UniProtKB Accession P02741 CRP_ HUMAN).
Numerous commercially kits and services are available for measuring CRP levels in serum
samples (e.g., CRP Quantikine ELISA Kit, R&D Systems).

[00143] In certain embodiments, the biomarker is 4-hydroxynonenal (4-HNE; CAS Reg.
No. 75899-68-2). A number of immunoassays to measure 4-HNE levels in sera are
commercially available. In addition, since 4-HNE displays a relatively fast half-life of less
than 2 minutes in normal physiological conditions, assays can detect levels of protein adducts
of 4-HNE as a surrogate for 4-HNE. ELISA kits are commercially available for protein
adducts of 4-HNE. An assay for determining 4-HNE adduct levels in serum is described, for
instance, in Monroe et al., “A Highly Sensitive, Reproducible Assay for Determining 4-
hydroxynonenal Protein Adducts in Biological Material”, Bio Profoc. 9(19):€3383 (2019).
[00144] In certain embodiments, the biomarker is interleukin 6 (IL-6; for an exemplary
IL-6 sequence see, e.g., UniProtKB Accession P05231 IL6. HUMAN). Quantitative
detection of IL-6 in serum can be conducted using commercially available reagents, kits and
platforms (e.g., ELECSYS IL-6 immunoassay for use on COBAS E immunoassay analyzers,
Roche Diagnostics, Indianapolis IN).

[00145] In certain embodiments, the biomarker is interleukin 17F (IL-17F; for an
exemplary IL-17F sequence see, e.g., UniProtKB Accession Q96PD4 IL17F HUMAN).
IL-17F levels in serum can be determined using, for instance, the ALPHALISA Human IL-
17F Detection Kit (Perkin Elmer, Santa Clara CA).

[00146] In certain embodiments, the biomarker is interleukin 17C (IL-17C; for an
exemplary IL-17C sequence see, e.g., UniProtKB Accession Q9POM4 IL17C_HUMAN). An
exemplary commercially available kit for detecting IL-17C is serum is the SIMOA IL-17C
Discovery Kit (Quanterix, Billerica MA).

[00147] In certain embodiments, the serum sample is collected from the patient prior to
any ALS therapy.

[00148] In certain embodiments, the serum sample is collected from the patient prior to
any Treg infusion.

[00149] In certain embodiments, the serum sample is collected from the patient after a
Treg infusion has been administered to the patient.

[00150] In certain embodiments, the serum sample is collected from the patient on the day

following the Treg infusion.
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[00151] In some embodiments of the methods provided herein, the at least one serum
immune-based biomarker comprises ox-LDL, OLR1, sCD14, LBP, NF-L, CRP, 4-HNE,
IL-6, IL-17F, or IL-17C.

[00152] In some embodiments of the methods provided herein, the at least one serum
immune-based biomarker comprises ox-LDL, OLR1, sCD14, LBP, CRP, IL-17F, or IL-17C.
[00153] In some embodiments of the methods provided herein, the at least one serum
immune-based biomarker comprises ox-LDL, OLR1, sCD14, LBP, IL-17F, or IL-17C.
[00154] In some embodiments of the methods provided herein, the at least one serum
immune-based biomarker comprises ox-LDL, OLR1, NF-L, IL-17F, or IL-17C.

[00155] In some embodiments of the methods provided herein, the at least one serum
immune-based biomarker comprises ox-LDL, OLR1, IL-17F, or IL-17C.

[00156] In some embodiments of the methods provided herein, the at least one serum
immune-based biomarker comprises ox-LDL, OLR1, sCD14, or LBP.

[00157] In certain embodiments, the at least one serum immune-based biomarker
comprises ox-LDL. In certain embodiments, the at least one serum immune-based biomarker
comprises OLR1. In certain embodiments, the at least one serum immune-based biomarker
comprises sCD14. In certain embodiments, the at least one serum immune-based biomarker
comprises IL-17C. In certain embodiments, the at least one serum immune-based biomarker
comprises IL-17F. In certain embodiments, the at least one serum immune-based biomarker
comprises LBP.

[00158] In certain embodiments, the at least one serum immune-based biomarker
comprises 4-HNE.

[00159] In certain embodiments, the at least one serum immune-based biomarker is
selected from the group consisting of ox-LDL, OLR1, sCD14, LBP, NF-L, IL-6, IL-17F, and
IL-17C. In certain embodiments, the at least one serum immune-based biomarker is selected
from the group consisting of ox-LDL, OLR1, sCD14, LBP, IL-17F, and IL-17C. In certain
embodiments, the at least one serum immune-based biomarker is selected from the group
consisting of ox-LDL, OLR1, sCD14, LBP, IL-6, IL-17F, and IL-17C.

[00160] In certain embodiments, the at least one serum immune-based biomarker is
selected from the group consisting of ox-LDL, OLR1, NF-L, IL-17F, and IL-17C. In certain
embodiments, the at least one serum immune-based biomarker is selected from the group
consisting of ox-LDL, OLR1, IL-17F, and IL-17C. In certain embodiments, the at least one

serum immune-based biomarker is selected from the group consisting of ox-LDL, OLRI1,
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sCD14, and LBP. In certain embodiments, the at least one serum immune-based biomarker is
selected from the group consisting of ox-LDL, OLR1, sCD14, IL-17F, and IL-17C.

[00161] In certain embodiments, the at least one serum immune-based biomarker is
selected from the group consisting of ox-LDL, OLR1, sCD14, LBP, NF-L, IL-6, 4-HNE,
IL-17F, and IL-17C.

[00162] In certain embodiments, the at least one serum immune-based biomarker is
selected from the group consisting of ox-LDL, and OLR1.

[00163] In certain embodiments, the at least one serum immune-based biomarker is
selected from the group consisting of ox-LDL, and 4-HNE.

[00164] In some embodiments of the methods provided, concentration of a single serum
immune-based biomarker is determined and/or compared to a reference concentration. In
certain embodiments, concentrations of at least two serum immune-based biomarkers are
each determined and/or compared to a reference concentration. In certain embodiments,
concentrations of two serum immune-based biomarkers are each determined and/or compared
to a reference concentration. In certain embodiments, concentrations of at least three serum
immune-based biomarkers are each determined and/or compared to a reference concentration.
In certain embodiments, concentrations of at least four serum immune-based biomarkers are
each determined and/or compared to a reference concentration. In certain embodiments,
concentrations of at least five serum immune-based biomarkers are each determined and/or
compared to a reference concentration.

[00165] Reference Concentration

[00166] A concentration of a biomarker can be determined to be elevated if the
concentration of the biomarker in a sample, when compared to a reference concentration, is
greater than a reference concentration. In exemplary methods described herein, a
concentration of at least one serum immune-based biomarker is determined and/or compared
to a reference concentration.

[00167] It will be understood that a given biomarker concentration is compared to a
reference concentration specific to that biomarker. For example, an ox-LDL concentration is
compared to a reference concentration for ox-LDL; an IL-17F concentration is compared to a
reference concentration for IL-17F, and so forth for any given biomarker.

[00168] In certain embodiments, a reference concentration is obtained from healthy
individuals.

[00169] In certain embodiments, a reference concentration is a mean average

concentration from healthy individuals.

24



WO 2023/044331 PCT/US2022/076412

[00170] In some embodiments, a reference concentration is one standard deviation above
the mean average concentration from a group of healthy individuals.

[00171] In some embodiments, a reference concentration is a range of concentrations
encompassing an mean average concentration from a group of healthy individuals.

[00172] The number of healthy individuals that contribute to a reference concentration
can, for example, be at least 3. In certain embodiments, the number of healthy individuals is
between 3 to about 10,000. In other embodiments, the number of healthy individuals is
between 5 to about 1,000, or between 8 to 40. In some embodiments, the number healthy
individuals contributing to the reference concentration is at least 4, at least 5, at least 6, at
least 7, at least 8, at least 9, at least 10, at least 15, at least 20, at least 25, at least 30, at least
35, at least 40, at least 50, at least 75, at least 100, at least 150, at least 200, at least 250, at
least 300, at least 400, at least 500, at least 750, at least 1,000, at least 2,000, or at least 3,000.
[00173] In certain embodiments, the reference concentration is from healthy individuals
that are age-matched to the ALS patient.

[00174] In some embodiments, a reference concentration is a range of concentrations
encompassing a mean average concentration from a group of ALS patients responsive to Treg
therapy. In some embodiments, a reference concentration is a range of concentrations
encompassing a mean average concentration from a group of ALS patients responsive to Treg
therapy plus one standard deviation above and below the mean average concentration.
[00175] In certain embodiments, where a reference concentration is a range, a
concentration of a serum immune-based biomarker that is within that range, including the
upper and lower limits of the range, is the same as, or at, the reference concentration.

[00176] In certain embodiments of the methods provided, the reference concentration for
the at least one serum immune-based biomarker comprising ox-LDL, OLRI1, sCD14, LBP,
NF-L, CRP, 4-HNE, IL-6, IL-17F, or IL-17C is as follows:

Biomarker Ref. Conc.

ox-LDL 56.8+ 7.0 U/L
OLRI1 299.6 +128.1 pg/mL
sCD14 2.56 +£0.44 ug/mL
LBP 20.18 +7.48 ug/mL
NF-L 0.88 +0.21 ng/mL
CRP 1.08 +1.04 ug/mL
4-HNE 5 ug/mL
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IL-6 2.45 + 149 pg/mL
IL-17F 0.34 +0.54 pg/mL
IL-17C 8.47 +3.08 pg/mL.

[00177] In certain embodiments, a reference concentration range can be as follows:

ox-LDL from about 48 U/L to about 100 U/L; from about 50 U/L to about 70 U/L;
or from about 70 U/L to about 90 U/L.

OLR1 from about 150 pg/mL to about 450 pg/mL; from about 160 pg/mL to about
425 pg/mL; or from about 250 pg/mL to about 400 pg/mL.

sCD14 from about 1.9 ug/mL to about 3.1 ug/mL; from about 2 ug/mL to about
2.9 ug/mL; or from about 2.1 ug/mL to about 2.7 ug/mL.

LBP from about 5 ug/mL to about 30 ug/mL; or from about 10 ug/mL to about
25 ug/mL.

NF-L from about 0.3 ng/mL to about 1.1 ng/mL; from about 0.3 ng/mL to about
0.6 ng/mL; or from about 0.4 ng/mL to about 0.8 ng/mL.

CRP from about 0.3 ug/mL to about 2.2 ug/mL; from about 0.5 ug/mL to about
2.0 ug/mL; or from about 1 ug/mL to about 2.0 ug/mL.

4-HNE From about 0.5 ug/mL to about 12 ug/mL; from about 1 ug/mL to
about 10 ug/mL; or from about 2 ug/mL to about 9 ug/mL.

IL-6 from about 0.8 pg/mL to about 4.1 pg/mL; from about 2.8 pg/mL to about 4
pg/mL; or from about 3.2 pg/mL to about 3.7 pg/mL.

IL-17F from below a level of detection to about 4.5 pg/mL; from below a level of
detection to about 1 pg/mL; from about 0.01 pg/mL to about 2.0 pg/mL;
from about 0.01 pg/mL to about 1.0 pg/mL.

IL-17C from about 4 pg/mL to about 19 pg/mL; from about 5 pg/mL to about
14 pg/mL; from about 5 pg/mL to about 11 pg/mL; or from about 7 pg/mL
to about 15 pg/mL.

[00178] In certain embodiments, a reference concentration for ox-LDL, can be 48 U/L,

50 U/L, 52 U/L, 56.8 U/L, 60 U/L, 61 U/L, 63.8 U/L, 70 U/L, 75 U/L, 80 U/L, 90 U/L, or

100 U/L.
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[00179] In certain embodiments, a reference concentration for OLR1 can be 150 ng/mL,
160 ng/mL, 200 pg/mL, 250 pg/mL, 280 pg/mL, 290 pg/mL, 297 pg/mL, 299.6 pg/mL,
427.7 pg/mL, 430 pg/mL, 350 pg/mL, 360 pg/mL, 375 pg/mL, 400 pg/mL, 415 pg/mL,

425 pg/mL, 425 pg/mL, or 450 pg/mL.

[00180] In certain embodiments, a reference concentration for sCD14 can be 1.9 ug/mL,
2ug/mL, 2.1 ug/mL, 2.25 ug/mL, 2.56 ug/mL, 2.7 ug/mL, 2.9 ug/mL, or 3 ug/mL.

[00181] In certain embodiments, a reference concentration for LBP can be 5 ug/mL,

7 ug/mL, 9 ug/mL, 10 ug/mL, 12 ug/mL, 15 ug/mL, 17 ug/mL, 20 ug/mL, 20.18 ug/mL, 25
ug/mL, 27.66 ug/mL, or 30 ug/mL.

[00182] In embodiments of the method provided herein, a reference concentration for
NF-L can be 0.3 ng/mL, 0.4 ng/mL, 0.41 ng/mL, 0.5 ng/mL, 0.6 ng/mL, 0.62 ng/mL,

0.7 ng/mL, 0.75 ng/mL, 0.79 ng/mL, 0.8 ng/mL, 0.82 ng/mL, 0.85 ng/mL, 0.88 ng/mL, or
1.09 ng/mL.

[00183] In certain embodiments, a reference concentration for CRP can be 0.3 ug/mL,
0.5ug/mL, 1 ug/mL, 1.08 ug/mL, 1.5 ug/mL, 1.8 ug/mL, 2 ug/mL, or 2.12 ug/mL.

[00184] In certain embodiments, a reference concentration for 4-HNE can be 0.5 ug/mL,
1 ug/mL, 1.5 ug/mL, 2.0 ug/mL, 2.5 ug/mL, 3.0 ug/mL, 3.5 ug/mL, 4 ug/mL, 4.5 ug/mL, 5
ug/mL, 5.5 ug/mL, 6 ug/mL, 6.5 ug/mL, 7 ug/mL, 7.5 ug/mL, 8 ug/mL, 8.5 ug/mL, 9 ug/mL,
9.5ug/mL, 10 ug/mL, 10.5 ug/mL, 11 ug/mL, 11.5 ug/mL, or 12 ug/mL.

[00185] In certain embodiments, a reference concentration for IL-6 can be 2.46 pg/mLm
2.5 pg/mL, 2.8 pg/mL, 3 pg/mL, 3.2 pg/mL, 3.5 pg/mL, 3.7 pg/mL, 3.94 pg/mL, 4 pg/mL, or
4.1 pg/mL.

[00186] In certain embodiments, a reference concentration for IL-17F can be 0.01 pg/mL,
0.2 pg/mL, 0.27 pg/mL, 0.34 pg/mL, 0.5 pg/mL, 0.88 pg/mL, 1 pg/mL, 1.1 pg/mL, 1.5
pg/mL, 2 pg/mL, 2.45 pg/mL, 2.5 pg/mL, 3 pg/mL, 4 pg/mL, or 4.5 pg/mL.

[00187] In certain embodiments, a reference concentration for IL-17C can be 5 pg/mL,
5.5 pg/mL, 6 pg/mL, 7 pg/mL, 7.8 pg/mL, 8 pg/mL, 8.47 pg/mL, 10 pg/mL, 10.2 pg/mL, 11
pg/mL, 11.55 pg/mL, 12 pg/mL, 14 pg/mL, 15 pg/mL, or 19 pg/mL.

[00188] It will be understood that a reference concentration used for any given biomarker
is independent of the reference concentration used for any other biomarker.

[00189] In certain embodiments of the methods provided herein, the reference

concentration for each of the serum immune-based biomarkers can be as follows:

Biomarker Reference
Concentration
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ox-LDL 90 U/L
OLRI1 450 pg/mL
sCD14 2.7 ug/mL
LBP 30 ug/mL
NF-L 0.8 ng/mL
CRP 2.0 ug/mL
4-HNE 5 ug/mL
IL-6 4.0 pg/mL
IL-17F 2.0 pg/mL
IL-17C 14.0 pg/mL.

[00190] In certain embodiments, the reference concentration for each of the serum
immune-based biomarkers is selected from any of the following sets of reference
concentrations:

Biomarker | Exemplary Exemplary Exemplary Exemplary
Reference Reference Reference Reference
Concentration Concentration Concentration Concentration
(Set 1) (Set 2) (Set 3) (Set 4)

IL-17F 0.01 pg/mL 0.27 pg/mL 1.1 pg/mL 2.0 pg/mL

OLRI 160 pg/mL 297 pg/mL 415 pg/mL 450 pg/mL

NF-L 0.41 ng/mL 0.62 ng/mL 0.79 ng/mL 0.8 ng/mL

ox-LDL 52 U/L 61 U/L 70 U/L 90 U/L

IL-17C 5.5 pg/mL 7.8 pg/mL 10.2 pg/mL 14 pg/mL

sCD14 2.0 ug/mL 2.25 ug/mL 2.5 ug/mL 2.7 ug/mL

LBP 15 ug/mL 20 pg/mL 25 ug/mL 30 ug/mL

CRP 0.5 ug/mL 1.0 ug/mL 1.8 ug/mL 2.0 ug/mL

IL-6 2.8 pg/mL 3.2 pg/mL 3.7 pg/mL 4.0 pg/mL

[00191] In some embodiments of the method provided herein, a concentration of at least

one biomarker is compared to a reference concentration, wherein the reference concentration
is a concentration in a biological sample from the ALS patient prior to being administered an
ALS therapy. In certain embodiments, the reference concentration is a concentration in a
serum sample collected from the ALS patient prior to being administered an ALS therapy. In
certain embodiments, the reference concentration is a concentration in a serum sample
collected from the ALS patient prior to being administered any Treg infusion.

[00192]

In yet other embodiments, the reference concentration is a concentration in serum

sample collected from the ALS patient after a Treg infusion.
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[00193] Any technique known in the art may be employed to determine biomarker
concentration in a biological sample. For instance, concentration of a biomarker can, for
example, be determined by immunoassay. Concentration of a biomarker in a biological
sample can, for example, be determined using an enzyme-linked immunosorbent assay
(ELISA). The ELISA is a well-known and commonly used analytical biochemical assay.
Concentration of a biomarker can, for example, be determined using the PROXIMITY
EXTENSION ASSAY (PEA) technology used in OLINK panels (Olink Proteomics,
Watertown, MA).

[00194] In certain embodiments, measurements of ox-LDL concentrations expressed in
units per liter (U/L) are made using the monoclonal antibody 4E6, for example, as described
in Holvoet et al., Clinical Chemistry, 52(4):760-764 (2006), which is incorporated herein by
reference in its entirety for all purposes. A kit based on the 4E6 monoclonal antibody is
commercially available from Mercodia (Uppsala, Sweden). In certain embodiments, one
arbitrary unit of ox-LDL immunoreactivity is equivalent to 300 ng.

[00195] In some embodiments of the methods provided herein, the concentration of the
one or more serum immune-based biomarkers is determined using an enzyme-linked
immunosorbent assay (ELISA).

[00196] ALS Therapy

[00197] In certain embodiments of the methods provided herein such as, for instance,
methods of selecting an ALS patient for an ALS therapy, methods for predicting an ALS
patient’s likely responsive to an ALS therapy, methods for monitoring efficacy of an ALS
therapy, and the like, the ALS therapy can be any therapy that is administered to an ALS
patient to treat ALS.

[00198] In certain embodiments of methods provided herein, the method can comprise
administering the ALS therapy to the ALS patient to treat ALS.

[00199] In some embodiments of methods provided herein, the method can comprise
administering the ALS therapy to the ALS patient in a clinical trial to test the ALS therapy.
[00200] In certain embodiments, an ALS therapy can, for example, be riluzole
(RILUTEK®), TIGLUTIK (thickened riluzole), EXSERVAN™ (riluzole oral film), BHV-
0223 (sublingual riluzole), NUEDEXTA® (dextromethorphan HBr and quinidine sulfate),
ravulizumab-cwvz (ULTOMIRIS®), mesenchymal stem cell (MSC)-neurotrophic factor
(NTF) cells (e.g., NUROWN®), MASITINIB (an oral tyrosine kinase inhibitor),
TOFERSEN (BIIB067, IONIS-SOD1Rx, Ionis Pharmaceuticals and Biogen), RADICAVA™
(edaravone), AMXO0035 (Amylyx), APB-102 (Apic Bio), HP. ACTHAR GEL (Mallinckrodt
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Pharmaceuticals), MN-166 (MediciNova), GM-6 (Genervon), GILENYA (fingolimod, ALS
TDI), ARIMOCLOMOL (Orph-001,0rphazyme), NPOO1 (Neuraltus), VM202 (VM
Biopharma), RELDESEMTIV (Cytokinetics), NUROWN (BrainStorm Cell Therapeutics),
NSI-566 (Neuralstem), MEXILETINE, acamprosate, baclofen, cinacalcet, sulfisoxazole, or
torasemide.

[00201] In certain embodiments of the methods provided herein, the ALS therapy is
interleukin-2 (“IL-2”) which can be administered alone or in combination with a second
agent. In certain embodiments, the IL-2 is aldesleukin.

[00202] In some embodiments the ALS therapy is IL-2 and CTLA-4 fusion protein, e.g.,
abatacept.

[00203] Exemplary methods of administering IL-2 and abatacept combination therapy are
described, for example, in International Application No. PCT/US2022/019748, which is
incorporated herein by reference for its teaching of such methods.

[00204] In certain embodiments of the methods provided herein, the ALS therapy is a Treg
therapy.

[00205] In certain embodiments, the ALS therapy comprises a Treg infusion.

[00206] In certain embodiments, the ALS therapy comprises a plurality of Treg infusions.
[00207] Administering Treg therapy to ALS patients has been shown to slow progression
rates of the disease, and Treg suppressive function in some ALS patients correlates with the
slowing of disease progression (Thonhoff, J.R. et al., 2018, Neurology-Neuroimmunology
Neuroinflammation 5(4):e465 (2018)). However, as demonstrated in the Examples below,
not all ALS patients are responsive to Treg therapy. In one aspect, methods are provided
herein to stratify patients that will likely be, or are, responsive to Treg therapy
(“responders”), and those that will likely not be, or are not, responsive to Treg therapy (“non-
responders”).

[00208] Certain methods provided herein may be performed with any steps of isolating,
expanding, and administering Treg therapy to subjects (e.g., ALS patients) that are known in
the art or disclosed herein. Exemplary methods of producing obtaining, enriching for and ex-
vivo expanding a population of Tregs are described in International PCT Publication No.
WO02021113685A2, which is incorporated by reference herein in its entirety, in particular for
its teaching of such methods.

[00209] As a non-limiting example, in some embodiments, the ALS therapy comprises

collecting white blood cells from the ALS patient (leukapheresis); isolating and expanding ex
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vivo Tregs from the collected white blood cells; and administering the expanded Tregs
intravenously (infusion) to the ALS patient.

[00210] In certain embodiments of the methods provided herein, a single Treg infusion is
administered to the ALS patient. In some embodiments of the methods provided herein, a
plurality of Treg infusions are administered to the ALS patient.

[00211] In particular embodiments, the Tregs may be administered with IL-2. In certain
embodiments, IL-2 is administered followed by Treg administration. In some embodiments,
Treg administration (e.g., infusion) can be administered concomitantly with IL-2, e.g., with
subcutaneous IL-2 injection(s).

[00212] In some embodiments the ALS therapy comprises anti-inflammatory and
restorative extracellular vesicles (EVs) derived from ex vivo-expanded Tregs. Exemplary
methods for preparing EVs, and for administering EV therapy to patients, are described, for
example, in International Application No. PCT/US2022/017990, which is incorporated herein

in its entirety, in particular for its teaching of such compositions and methods.

[00213] Methods

[00214] In one aspect, provided herein are methods for selecting a patient for amyotrophic
lateral sclerosis (ALS) therapy.

[00215] In some embodiments, a method for selecting a patient for ALS therapy
comprises: (a) determining a concentration of interleukin 17F (IL-17F) in a serum sample
collected from a patient diagnosed with or suspected of having ALS, wherein if the IL-17F
concentration in the serum sample is at least 2.0 pg/mL the patient is excluded from a
treatment with the ALS therapy, otherwise the patient is selected for the treatment with the
ALS therapy; and (b) administering the ALS therapy to the selected patient.

[00216] In one aspect, provided herein are methods of treating ALS in a patient.

[00217] In some embodiments, a method of treating ALS comprises: administering an
ALS therapy to a patient diagnosed with ALS, wherein it has been determined that a serum
sample collected from the patient contains an IL-17F concentration of less than 2.0 pg/mL.
[00218] In some embodiments, a method for selecting a patient for ALS therapy
comprises: (a) determining whether a concentration of at least one serum immune-based

biomarker in a serum sample collected from a patient diagnosed with or suspected of having
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ALS is less than, equal to, or greater than, a reference concentration, wherein the at least one
serum immune-based biomarker is IL-17F, oxidized low-density lipoprotein receptor 1
(OLR1), neurofilament light chain (NF-L), oxidized low-density lipoprotein (ox-LDL), or
interleukin 17C (IL-17C); and wherein if the concentration of the at least one serum immune-
based biomarker is greater than the reference concentration, the patient is excluded from a
treatment with the ALS therapy, otherwise the patient is selected for the treatment with the
ALS therapy; and (b) administering the ALS therapy to the selected patient.

[00219] In some embodiments, a method of treating ALS comprises: administering an
ALS therapy to a patient diagnosed with ALS, wherein it has been determined that a serum
sample collected from the patient contains a concentration of at least one serum immune-
based biomarker that is less than, or equal to, a reference concentration, wherein the at least
one serum immune-based biomarker is IL-17F, OLR 1, NF-L, ox-LDL, or IL-17C.

[00220] In some embodiments of the methods provided herein, a reference concentration

for the at least one biomarker comprising ox-LDL, OLR1, NF-L, IL-17F, or IL-17C is as

follows:
Biomarker Ref. Conc.
ox-LDL 56.8+7.0U/L
OLR1 299.6 + 128.1 pg/mL
NF-L 0.88+0.21 ng/mL
IL-17F 0.34 + 0.54 pg/mL
IL-17C 8.47 + 3.08 pg/mL

[00221] In one aspect, provided herein are methods of monitoring efficacy of Treg therapy
to treat ALS.

[00222] In some embodiments, a method of monitoring efficacy of a Treg therapy
comprises: (a) administering a Treg therapy to a patient diagnosed with ALS, wherein the
Treg therapy comprises one or more Treg infusions; and (b) determining whether a
concentration of at least one serum immune-based biomarker in a serum sample collected
from the patient after a Treg infusion is less than, equal to, or greater than, a reference
concentration, wherein the at least one serum immune-based biomarker comprises: ox-LDL,
OLRI1, sCD14, LBP, CRP, 4-HNE, IL-17F, or IL-17C; wherein the ALS therapy has poor
efficacy where the concentration of the at least one serum immune-based biomarker is greater

than its reference concentration.
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[00223] In some embodiments, the ALS therapy has poor efficacy where the concentration
of the at least one serum immune-based biomarker is more than 2-fold greater, more than 3-
fold greater, more than 4-fold greater, more than 5-fold greater, more than 6-fold greater,
more than 7-fold greater, more than 8-fold greater, more than 9-fold greater, more than 10-
fold greater, or more than 20-fold greater than its reference concentration.

[00224] In some embodiments, a method of treating ALS comprises: (a) administering a
Treg infusion to a patient diagnosed with ALS; (b) comparing a concentration of at least one
serum immune-based biomarker in a serum sample obtained from the patient after the Treg
infusion to a reference concentration, wherein the at least one immune-based biomarker
comprises ox-LDL, OLRI1, sCD14, LBP, CRP, 4-HNE, IL-17F, or IL-17C; and (c)
administering an ALS therapy comprising a plurality of Treg infusions to the patient if the
concentration of the at least one serum immune-based biomarker is equal to or below the
reference concentration.

[00225] In some embodiments, provided herein is a method for treating a patient with a
Treg therapy wherein the patient is suffering from ALS.

[00226] In certain embodiments, the method comprises: (a) administering to the patient a
Treg therapy comprising Treg infusions being administered to the patient on different days;
(b) comparing concentrations of at least one serum immune-based biomarker in serum
samples to a reference concentration, wherein each of the serum sample is obtained from the
patient after a Treg infusion, wherein the at least one serum immune-based biomarker
comprises ox-LDL, OLRI1, sCD14, LBP, CRP, 4-HNE, IL-17F, or IL-17C; and (c)
maintaining the patient on the Treg therapy comprising administering Treg infusions
following step (b), if the concentrations of the at least one serum immune-based biomarker is
at, or less than, the reference concentration in all or at least 50% of the serum samples.
[00227] In some embodiments, provided herein is a method for treating ALS in a patient
diagnosed therewith, the method comprising: (a) determining whether the concentration of at
least one serum immune-based biomarker in a serum sample obtained from a patient
diagnosed with ALS is at or below a reference concentration of the at least one serum
immune-based biomarker, wherein the serum sample is obtained from the patient after being
administered with a Treg infusion, wherein the at least one serum immune-based biomarker
comprises ox-LDL, OLRI1, sCD14, LBP, CRP, 4-HNE, IL-17F, or IL-17C; and (b)
administering to the patient a Treg therapy comprising a plurality of Treg infusions if the
concentration of the at least one serum immune-based biomarker is determined to be at or

below its reference concentration.
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[00228] In some embodiments of the methods provided, the reference concentration for the
at least one serum immune-based biomarker is obtained from healthy individuals.

[00229] In other embodiments of the methods provided, the reference concentration for the
at least one serum immune-based biomarker is a concentration in a serum sample obtained
from the patient prior to any Treg infusion being administered to the patient.

[00230] In yet other embodiments of the methods provided, the reference concentration for
the at least one serum immune-based biomarker comprising ox-LDL, OLRI1, sCD14, LBP,
CRP, 4-HNE, IL-17F, or IL-17C is as follows:

Biomarker Ref. Conc.

ox-LDL 56.8+7.0U/L
OLRI 299.6 +128.1 pg/mL
sCD14 2.56 +£0.44 ug/mL
LBP 20.18 +7.48 ug/mL
CRP 1.08 +1.04 ug/mL
4-HNE 5 ug/mL
IL-17F 0.34 +£0.54 pg/mL
IL-17C 8.47 +3.08 pg/mL.

[00231] In one aspect, provided herein are methods for predicting a patient’s likely
responsiveness to an ALS therapy.

[00232] In some embodiments, the method comprises (a) collecting a serum sample from a
patient diagnosed with ALS; and (b) comparing a concentration of at least one serum
immune-based biomarker to a reference concentration; wherein the patient is predicted as
likely to be non-responsive to the ALS therapy where the concentration of the at least one
serum immune-based biomarker which is greater than its reference concentration.

[00233] In certain embodiments, the serum sample is collected from the patient after a
Treg infusion.

[00234] In certain embodiments, the method further comprises enrolling the patient in a
clinical trial to test an ALS therapy if the concentration of the at least one serum immune-
based biomarker is the same or less than its reference concentration, or is in or below its
reference concentration range.

[00235] In certain embodiments, the method further comprises administering the ALS

therapy to the patient if the concentration of the at least one serum immune-based biomarker
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is the same or less than its reference concentration, or is in or below its reference
concentration range.

[00236] In certain embodiments, if the concentration of the at least one biomarker is
greater than its reference concentration, the patient is predicted to be non-responsive to ALS
therapy. In some embodiments, if the concentration of the at least one biomarker is more
than 2-fold greater, more than 3-fold greater, more than 4-fold greater, more than 5-fold
greater, more than 6-fold greater, more than 7-fold greater, more than 8-fold greater, more
than 9-fold greater, more than 10-fold greater, or more than 20-fold greater than its reference
concentration, the patient is predicted as likely to be non-responsive to ALS therapy.

[00237] In one aspect, provided herein is a method of assessing the likely progression of
ALS in a patient diagnosed with ALS.

[00238] In some embodiments, the method comprises comparing a concentration of at
least one serum immune-based biomarker in a serum sample obtained from the patient
diagnosed with ALS to a reference concentration obtained from healthy individuals; and
assessing the likely progression of ALS to be fast if the concentration of the at least one
serum immune-based biomarker is elevated relative to a reference concentration, and
assessing the likely progression of ALS to be slow if the concentration of the at least one
serum immune-based biomarker is at or below its referenced concentration.

[00239] In certain embodiments, the method further comprises administering an ALS
therapy to the patient if the ALS is assessed to have fast progression.

[00240] In certain embodiments provided herein are methods for treating an ALS patient
comprising administering an ALS therapy to the ALS patient; assessing the responsiveness of
the ALS patient to the ALS therapy; and (i) continue administering the ALS therapy to the
ALS patient if the ALS patient is assessed to be responsive to the ALS therapy, or (i)
discontinue administering the ALS therapy to the ALS patient if the ALS patient is assessed
to be non-responsive to the ALS therapy; wherein the responsiveness of the ALS patient to
the ALS therapy comprises comparing the serum concentration of an immune-based
biomarker to a reference concentration and the ALS patient is assessed to be responsive to the
ALS therapy if the serum concentration of the immune-based biomarker decreases or remains
within the reference concentration in successive serum samples taken from the ALS patient,
otherwise the ALS patient is assessed to be non-responsive to the ALS therapy.

[00241] In certain embodiments, the responsiveness of the ALS patient to the ALS therapy
comprises comparing the serum concentration of an immune-based biomarker to a reference

concentration for each immune-based biomarker in a set of two or more immune-based
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biomarkers, and the ALS patient is assessed to be responsive to the ALS therapy if the serum
concentration of each immune-based biomarker in the set of two or more immune-based
biomarkers decreases or remains within the reference concentration in successive serum
samples taken from the ALS patient, otherwise the ALS patient is assessed to be
non-responsive to the ALS therapy. In some embodiments, the set of two or more immune-
based biomarkers comprises 2, 3, 4, 5, 6, 7, 8, 9, or 10 immune-based biomarkers.

[00242] In certain embodiments, the responsiveness of the ALS patient to the ALS therapy
comprises comparing the serum concentration of an immune-based biomarker to a reference
concentration for each immune-based biomarker in a set of immune-based biomarkers, and
the ALS patient is assessed to be responsive to the ALS therapy if the serum concentration of
at least 50% of the immune-based biomarkers in the set of immune-based biomarkers
decreases or remains within the reference concentration in successive serum samples taken
from the ALS patient, otherwise the ALS patient is assessed to be non-responsive to the ALS
therapy. In some embodiments, the set of immune-based biomarkers comprises 1, 2, 3, 4, 5,
6,7, 8,9, or 10 immune-based biomarkers.

[00243] It will be understood that “successive serum samples” means serum samples taken
from the ALS patient on different days, e.g., on different visits to a hospital, clinician’s office
or wherever blood samples are taken from the ALS patient. For example, “at least one
successive serum sample” refers to a serum sample taken on a day following the day on
which in initial or first serum sample was taken from the ALS patient. In certain
embodiments, successive serum samples comprise at least two serum samples. In certain
embodiments, successive serum samples comprise at least three serum samples. In certain
embodiments, successive serum samples comprise at least four serum samples. In certain
embodiments, successive serum samples comprise at least five serum samples. In certain
embodiments, successive serum samples comprise at least six serum samples. In certain
embodiments, successive serum samples comprise at least seven serum samples.

[00244] In certain embodiments, the ALS patient is assessed to be responsive to the ALS
therapy if the serum concentration of the immune-based biomarker decreases or remains
within the reference concentration in a majority of 3 or more successive serum samples taken
from the ALS patient.

[00245] It will be understood that, in certain embodiments, when assessing responsiveness
of the ALS patient to an ALS therapy by comparing serum concentration of each of one or
more immune-based biomarkers to a reference concentration for each of the one or more

immune-based biomarkers in successive serum samples, the ALS patient can be assessed to
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be responsive to the ALS therapy if a majority of the successive serum samples show
decrease in concentration relative to a concentration in an initial serum sample, or if a
majority of successive serum samples remain with a reference concentration.

[00246] The successive serum samples can, for example, be consecutive. In some
embodiments, the successive serum samples are non-consecutive.

[00247] In certain embodiments, a serum sample is taken the same day on which an ALS
therapy is administered to the ALS patient. In certain embodiments, a serum sample is taken
1,2,3,4,5, 6 or 7 days after the day on which an ALS therapy is administered to the ALS
patient.

[00248] In certain embodiments, the initial serum sample taken after an ALS therapy is
administered is taken the same day on which an ALS therapy is administered to the ALS
patient. In certain embodiments, the initial serum sample is a serum sample taken after an
ALS therapy is administered is taken 1, 2, 3, 4, 5, 6 or 7 days after the day on which an ALS
therapy is administered to the ALS patient.

[00249] In certain embodiments, one or more successive serum samples are taken 1, 2, 3,
4,5, 6 or 7 days, one week, two weeks, three weeks or four weeks apart.

[00250] In certain embodiments provided herein is a method for treating an ALS patient
comprising administering a first ALS therapy to the ALS patient; assessing the
responsiveness of the ALS patient to the first ALS therapy; and (i) continue administering the
first ALS therapy to the ALS patient if the ALS patient is assessed to be responsive to the
first ALS therapy, or (i1) discontinue administering the first ALS therapy to the ALS patient if
the ALS patient is assessed to be non-responsive to the first ALS therapy and administer a
second ALS therapy to the patient, wherein the first and second ALS therapies are different
ALS therapies; wherein the responsiveness of the ALS patient to the first ALS therapy
comprises comparing the serum concentration of an immune-based biomarker to a reference
concentration and the ALS patient is assessed to be responsive to the first ALS therapy if the
serum concentration of the immune-based biomarker decreases or remains within the
reference concentration in successive serum samples taken from the ALS patient, otherwise
the ALS patient is assessed to be non-responsive to the first ALS therapy.

[00251] In certain embodiments, the first and/or second ALS therapy comprises
administering one or more Treg infusions to the patient.

[00252] In certain embodiments, the first and/or second ALS therapy comprises
administering a CTLA-4 fusion protein and IL-2 to the patient. In some embodiments, the

CTLA-4 fusion protein is abatacept. In certain embodiments, the IL-2 is aldesleukin.
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[00253] In certain embodiments, the first and/or second ALS therapy comprises
administering one or more Treg extracellular vesicle (EV), e.g., exosome, infusions to the
patient.

[00254] In certain embodiments, provided herein is a method for treating ALS in a patient
diagnosed therewith, the method comprising: administering a first ALS therapy to the ALS
patient; assessing the responsiveness of the ALS patient to the first ALS therapy; and
continuing to administer the first ALS therapy to the ALS patient if the ALS patient is
assessed to be responsive to the first ALS therapy, wherein the responsiveness of the ALS
patient to the ALS therapy comprises comparing the serum concentration of at least one
immune-based biomarker to a reference concentration of the of least one immune-based
biomarker, wherein the ALS patient is assessed to be responsive to the first ALS therapy if
the serum concentration of the immune-based biomarker decreases or remains within the
reference concentration in at least one successive serum sample taken from the ALS patient.
[00255] In particular embodiments of the above method for treating ALS, in instances
where a patient is found to not be responsive to the first ALS therapy, the method further
comprises administering to the patient a second ALS therapy. In specific embodiments, the
method may further comprise, following the administering the second ALS therapy to the
ALS patient, assessing the responsiveness of the ALS patient to the second ALS therapy, and
continuing to administer the second ALS therapy to the ALS patient if the ALS patient is
assessed to be responsive to the second ALS therapy, wherein the responsiveness of the ALS
patient to the ALS therapy comprises comparing the serum concentration of at least one
immune-based biomarker to a reference concentration of the of least one immune-based
biomarker, wherein the ALS patient is assessed to be responsive to the second ALS therapy if
the serum concentration of the immune-based biomarker decreases or remains within the
reference concentration in at least one successive serum sample taken from the ALS patient.
[00256] In certain embodiments, the first or second ALS therapy comprises administering
one or more Treg infusions to the patient.

[00257] In certain embodiments, the first or second ALS therapy comprises administering
a CTLA-4 fusion protein and IL-2 to the patient. In some embodiments, the CTLA-4 fusion
protein is abatacept. In certain embodiments, the IL-2 is aldesleukin.

[00258] In certain embodiments, the first or second ALS therapy comprises administering
one or more Treg extracellular vesicle (EV), e.g., exosome, infusions to the patient.

[00259] In certain embodiments provided herein are methods for treating an ALS patient

comprising administering a combination of ALS therapies to the ALS patient; assessing the
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responsiveness of the ALS patient to the combination of ALS therapies administered; and
continue administering the combination of ALS therapies to the ALS patient if the ALS
patient is assessed to be responsive to the combination of ALS therapies; wherein the
responsiveness of the ALS patient to the combination of ALS therapies comprises comparing
the serum concentration of one or more immune-based biomarkers to a reference
concentration and the ALS patient is assessed to be responsive to the ALS therapy if the
serum concentration of the one or more immune-based biomarker decreases or remains
within its respective reference concentration in successive serum samples taken from the ALS
patient.

[00260] In certain embodiments of the methods provided herein, the responsiveness of the
ALS patient to an ALS therapy, or to a combination of ALS therapies, comprises comparing
the serum concentration of a plurality of immune-based biomarkers to their reference
concentrations, and the ALS patient is assessed to be response to the ALS therapy, or
combination of ALS therapies, if the serum concentration of the plurality of immune-based
biomarkers decrease or remains within their respective reference concentration in successive
serum samples. In some embodiments, the plurality of immune-based biomarkers comprise
2,3,4,5,6,7,8,9 or 10 biomarkers. Immune-based biomarkers can, for example, be any of
the serum immune-based biomarkers described herein.

[00261] In yet other embodiments of a method provided herein for treating an ALS patient
with an ALS therapy (e.g., Treg therapy), the method further comprises performing an
additional therapeutic intervention. An additional therapeutic intervention can, for example,
be ventilator use, wheelchair use, breathing care, physical therapy (e.g., to address pain,
walking, mobility, low-impact exercises), occupational therapy, speech therapy, percutaneous
endoscopic gastrostomy (PEG), and palliative care (e.g., medical management for muscle
spasms, hypersalivation, pseudobulbar affect, cognitive impairment, and depression).

[00262] In some embodiments, provided herein are methods of treating an ALS patient
comprising administering an ALS therapy to the patient, wherein the ALS therapy comprises
administering IL-2, e.g., aldesleukin, and CTLA-4 fusion protein, e.g., abatacept, as a
combination therapy to the patient, assessing responsiveness of the ALS patient to the ALS
therapy, wherein (i) when the concentration of a serum-immune based biomarker decreases
over a period of time of 2, 3,4, 5, 6,7, 8,9, 10, 11, 12, or more weeks during which the ALS
therapy was administered to the ALS patient, or when the concentration of the serum-immune
based biomarker remains elevated within a reference concentration range over a period of

timeof 2,3,4,5,6,7,8,9, 10, 11, 12, or more weeks during which the ALS therapy was
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administered to the ALS patient, the patient is responsive to the ALS therapy; and (ii) when
the concentration of the serum-immune based biomarker increases over a period of time of 2,
3,4,5,6,7,8,9, 10, 11, 12, or more weeks during which the ALS therapy was administered
to the ALS patient, or when the concentration of the serum-immune based biomarker remains
elevated over a reference concentration range over a period of time of 2, 3,4, 5,6, 7, 8, 9, 10,
11, 12, or more weeks during which the ALS therapy was administered to the ALS patient,
the patient is non-responsive to the ALS therapy; and, optionally, further administering the
ALS therapy to the ALS patient where the ALS patient is assessed to be responsive to the
ALS therapy. The serum immune-based biomarker can, for example, be any serum immune-
based biomarker described herein. In certain embodiments the serum immune-based
biomarker is ox-LDL. In certain embodiments the serum immune-based biomarker is
4-HNE.

[00263] In some embodiments, provided herein are methods of treating an ALS patient
comprising administering an ALS therapy to the patient, wherein the ALS therapy comprises
administering a Treg EV, e.g., a Treg exosome composition to the patient, assessing
responsiveness of the ALS patient to the ALS therapy, wherein (1) when the concentration of
a serum-immune based biomarker decreases over a period of time of 2, 3,4, 5,6, 7, 8, 9, 10,
11, 12, or more weeks during which the ALS therapy was administered to the ALS patient, or
when the concentration of the serum-immune based biomarker remains elevated within a
reference concentration range over a period of time of 2, 3, 4, 5, 6,7, 8,9, 10, 11, 12, or more
weeks during which the ALS therapy was administered to the ALS patient, the patient is
responsive to the ALS therapy; and (ii) when the concentration of the serum-immune based
biomarker increases over a period of time of 2, 3,4, 5,6, 7, 8,9, 10, 11, 12, or more weeks
during which the ALS therapy was administered to the ALS patient, or when the
concentration of the serum-immune based biomarker remains elevated over a reference
concentration range over a period of time of 2, 3,4, 5,6, 7, 8,9, 10, 11, 12, or more weeks
during which the ALS therapy was administered to the ALS patient, the patient is
non-responsive to the ALS therapy; and, optionally, further administering the ALS therapy to
the ALS patient where the ALS patient is assessed to be responsive to the ALS therapy. The
serum immune-based biomarker can, for example, be any serum immune-based biomarker
described herein. In certain embodiments the serum immune-based biomarker is ox-LDL. In

certain embodiments the serum immune-based biomarker is 4-HNE.
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[00264] It is contemplated that, in some embodiments of the preceding aspects and
methods described herein, one or more additional biomarkers (such as serum immune-based

biomarkers) are employed besides the biomarkers disclosed herein.

6. EXAMPLES
6.1 Assessment of Biomarker Concentrations

[00265] Biomarker concentrations in sera were determined by enzyme-linked
immunosorbent assay (ELISA), or using the analysis service (OLINK TARGET 48)
performed by OLINK PROTEOMICS (Watertown, MA). Sera was obtained from groups of
people including those diagnosed with amyotrophic lateral sclerosis (ALS), healthy
volunteers, and people diagnosed with dementia (Alzheimer’s Disease), frontotemporal
dementia, or Parkinson’s Disease. In the following, where a given biomarker concentration
was determined in an ALS patient prior to any ALS therapy (“untreated patient”), this is

referred to as a “baseline value.”

6.2  ALS Therapy: T-regulatory cells (Tregs)
[00266] Eight patients diagnosed with ALS were administered ALS therapy comprising
Treg infusions. Inclusion criteria included, inter alia, informed consent and medical record
documentation of a decline in ALSFRS-R total score of at least two points in the 90 days
prior to screening or at least four points over the 180 days prior to screening. Treg therapy
includes taking T-regulatory cells (Tregs) from the patient (leukapheresis), increasing the cell
number in a lab, and returning the Tregs in monthly intravenous (IV) infusions back to the
same patient (dose of 1x10° cells/kg), plus three times per week subcutaneous interleukin-2
injections. Biomarker concentration was determined in sera that was typically collected from
a patient a day following Treg infusion. Patients’ Treg numbers and suppressive function
were also assayed.
[00267] Patients were closely monitored for adverse effects and changes in disease
progression rates. To monitor the responsiveness of the ALS patients to treatment, the
revised ALS Functional Rating Scale (ALSFRS) and/or Appel ALS Rating Scale (AALS)
(Haverkamp et al., Brain, 118(Pt 3): 707-19(1995)), which incorporate muscle strength and
dysfunction, activities of daily living and pulmonary function, were performed immediately
before each Treg infusion, every 2 weeks during each round of infusions, and monthly after

each round.
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6.3  Biomarker Panel: Certain Biomarkers Correlate to ALS Progression
[00268] Sera was drawn from 8 rapidly progressing untreated patients with ALS (“Fast
ALS patients”) and 8 slowly progressing untreated patients with ALS (“Slow ALS patients”),
and 9 age-matched healthy controls. (“healthy controls”). Biomarker concentrations were
determined in the sera for a panel of 48 biomarkers. Several of the biomarkers were not
detectable in sera, while detectable levels of 43 biomarkers were observed.

[00269] While a number of these biomarkers had concentrations that did not appear to
differentiate between the three groups, results provided herein show representative
biomarkers where higher biomarker concentrations were observed to correlate with faster
progression of ALS, including IL-17C, IL-6 and OLR1, as shown in FIG. 1A (IL-17C),
FIG. 1B (IL-6), and FIG. 1C (OLR1) as compared to healthy controls.

[00270] Oxidized LDL (ox-LDL) was also measured in serum samples taken from 13
patients with rapidly progressing ALS, 17 ALS patients with slow progressing ALS and from
10 age-matched controls. As shown in FIG. 2A, ox-LDL was elevated in sera from rapidly
progressing patients compared with slowly progressing patients (n =17, p <0.001) or HC (p
<0.001) [F(2,37) =49.78, p <0.001]; ox-LDL was not increased in sera from slowly
progressing patients compared with HC (p = 0.243). Serum samples were also drawn from
patients with Alzheimer’s Disease (AD) and with mild cognitive impairment (MCI), and the
levels of ox-LDL was compared to that of heathy controls, as shown in FIG. 2B.
Comparisons were performed using ANOVA for more than 2 groups or Student’s t-test for
two groups. The ANOVA is presented with the degrees of freedom, F value, and p value. The
Student’s t-test is presented with a p value.

[00271] When determining biomarker concentration levels in individual serum samples
drawn from untreated ALS patients (including those indicated in the preceding paragraphs
and/or from additional studies), biomarkers with serum concentrations in untreated ALS
patients that appear to correlate with disease burden, progression rates, and/or survival rates
include IL-17C, IL-6, OLR1, ox-LDL, sCD14, LBP, and CRP. An exemplary depiction of
results obtained for ox-LDL in a cohort of 30 ALS patients is shown in FIG. 3,
demonstrating a correlation of ox-LDL concentration in sera from ALS patients with ALS
progression rate as measured in ALSFRS score (points) per month (“pts/mn”).

[00272] In FIG. 3, the correlation was analyzed using Spearman Rank Order in SigmaStat

software and presented with a rho (r) and p values.
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[00273] Further, sCD14, LBP and CRP were also tested in sera from patients with
Alzheimer’s Disease, frontotemporal dementia and Parkinson’s Disease and were not found
to be elevated.

[00274] This example demonstrates that not all biomarkers associated with an
inflammatory response have serum concentrations that correlate to ALS, e.g., ALS

progression, however, a correlation is present with a number of serum immune-based

biomarkers such as, e.g., IL-17C, IL-6, OLR1, ox-LDL, sCD14, LBP, and CRP.

6.4  Administering Treg to ALS patients: identifying “Responders” from
“Non-Responders”

[00275]  ALS therapy (Treg infusions) was administered in a phase 2a clinical trial to 8
ALS patients (“treated patients”) as described in preceding Example 6.2. ALSFRS scores
were determined for each patient prior to, and after onset of TLS therapy. Six patients
(subjects nos. 114, 115, 202, 203, 205, and 206) were identified as being responsive
(“responders”) to Treg infusions by having ALSFRS scores well above scores in ALS
patients administered with ceftriaxone (failed in phase 3 clinical trial when administered to
ALS patients, see, e.g., Cudkowicz et al., Lancet Neurol., 13(11): 1083-1091 (2014)) or to
PRO-ACT scores (see FIG. 4A and FIG. 4B).

[00276] Two patients (subjects 201 and 103) were identified as being non-responsive

(“non-responders”) to Treg infusions (see FIG. 5).

6.5  ALS therapy patient stratification using serum immune-based
biomarkers

[00277] In this Example immune-based biomarker concentrations in serum samples
collected from treated patients prior to Treg infusion and after onset of Treg infusion therapy
are reported.

[00278] IL-17F

[00279] FIG. 6A-6C depicts exemplary graphs of IL-17F serum concentration (pg/mL) in
non-responders (FIG. 6A) and responders (FIG. 6B-6C) prior to administration of any Treg
infusion (leftmost data point in each graph) and after administration of Treg infusions. Mean
average IL-17F serum concentration for healthy controls is depicted in the graphs as a solid
straight line in between parallel lines showing one standard deviation above and below the
mean average. FIG. 7 depicts the average IL-17F serum concentration for the non-
responders and responders, with mean average serum concentration from healthy controls

shown as the dashed line.
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[00280] These results demonstrate that IL-17F serum concentrations in non-responders are
elevated as compared to IL-17F concentrations in healthy controls, and as compared to those
in responders. The IL-17F serum concentrations are shown to be elevated in non-responders
prior to onset of Treg infusion, and remain elevated after Treg infusions.

[00281] These results further demonstrate that an elevated serum immune-based biomarker
IL-17F concentration is useful to identify whether an ALS patient is likely to be
non-responsive to Treg therapy, for example, when the serum sample is collected from the
ALS patient prior to onset of Treg therapy, or when collected after a Treg infusion. These
results also demonstrate that IL-17F level can indicate efficacy of Treg therapy to a patient,
or the responsiveness of a patient to Treg therapy, since its concentration remains elevated in
non-responders during administration of a Treg therapy.

[00282] IL-17C

[00283] FIG. 8A-8B depicts exemplary graphs of IL-17C serum concentration (pg/mL) in
responders prior to administration of any Treg infusion (leftmost data point in each graph)
and after administration of Treg infusions. FIG. 9 depicts exemplary graphs of IL-17C
serum concentration (pg/mL) in non-responders prior to administration of any Treg infusion
(leftmost data point in each graph) and after administration of Treg infusions. In FIG. 8A-8B
and FIG. 9, the mean average IL-17C serum concentration for healthy controls is depicted in
the graphs as a solid straight line in between parallel lines showing one standard deviation
above and below the mean average.

[00284] FIG. 10 depicts an exemplary graph of mean average IL-17C serum concentration
(pg/mL) in non-responders and responders prior to administration of any Treg infusion

(visit 1) and after administration of Treg infusions (visits 2-6), as compared to mean IL-17C
serum concentration in healthy controls (shown as a dashed line).

[00285] These results demonstrate that IL-17C serum concentrations in non-responders are
elevated as compared to IL-17C concentrations in healthy controls, and as compared to the
concentrations in responders. The IL-17C serum concentrations are shown to be elevated in
non-responders prior to onset of Treg infusion, and remain elevated after Treg infusions.
[00286] These results also demonstrate that IL-17C level can indicate efficacy of Treg
therapy to a patient, or the responsiveness of a patient to Treg therapy, since its concentration
remains elevated in non-responders during administration of a Treg therapy.

[00287] OLR1

[00288] FIG. 11 depicts an exemplary graph of mean average OLR1 serum concentration

(pg/mL) in non-responders and responders in serum samples collected on the day of a visit in
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which a Treg infusion was made (samples were collected on the same day as, but prior to,
Treg infusion; visit 1 represents samples collected prior to any Treg infusion). The mean
OLRI1 serum concentration in healthy controls is shown as a dashed line.

[00289] These results demonstrate that OLR1 serum concentrations in non-responders are
elevated as compared to OLR1 concentrations in healthy controls, and as compared to
concentrations in responders. The OLR1 serum concentrations are shown to remain elevated
after Treg infusions in the non-responders.

[00290] These results also demonstrate that OLR1 level can indicate efficacy of Treg
therapy to a patient, or the responsiveness of a patient to Treg therapy, since its concentration
remains elevated in non-responders during administration of a Treg therapy.

[00291] NF-L

[00292] FIG. 12 depicts an exemplary graph of NF-L serum concentration (ng/mL) in a
non-responder (subject 201) and two responders (subjects 202 and 203), where serum
samples were collected on the day of, but prior to, a Treg infusion (visit 1 represents a serum
sample collected prior to any Treg infusion). The mean NF-L serum concentration in healthy
controls is shown as dashed line.

[00293] These results demonstrate that NF-L serum concentrations in a non-responder are
elevated as compared to NF-L concentrations in healthy controls, and as compared to
concentrations in responders. The NF-L serum concentration is shown to remain elevated
after Treg infusions in the non-responder.

[00294] These results also demonstrate that NF-L level can indicate efficacy of Treg
therapy to a patient, or the responsiveness of a patient to Treg therapy, since its concentration
remains elevated in non-responders during administration of a Treg therapy.

[00295] Ox-LDL

[00296] FIG. 13 depicts an exemplary graph of mean average ox-LDL serum
concentration (U/L) in non-responders and responders in serum samples collected from
subjects on the day of, but prior to, a Treg infusion (visit 1 represents a sample taken prior to
any Treg infusion), as compared to mean ox-LDL serum concentration in healthy controls
(shown as a dashed line).

[00297] These results demonstrate that ox-LDL serum concentrations in non-responders
are elevated as compared to ox-LDL concentrations in healthy controls, and as compared to
concentrations in responders. The ox-LDL serum concentrations are shown to remain
elevated after Treg infusions in non-responders, whether compared to responders or healthy

controls.
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[00298] These results also demonstrate that ox-LDL level can indicate efficacy of Treg
therapy to a patient, or the responsiveness of a patient to Treg therapy, since its concentration
remains elevated in non-responders during administration of a Treg therapy.

[00299] A phase 1 study with 3 patients each receiving Treg infusions plus IL.-2 was also
conducted. FIG. 14, FIG. 15 and FIG. 16 each depict measurements taken from patients 1, 2
and 3, respectively. The upper panel in each of FIG. 14, FIG. 15, and FIG. 16 indicates the
serum concentration of ox-LDL (U/L) prior to and after Treg infusions (the x-axis is a
timeline and downward pointing arrows indicate times of Treg infusions). The lower panel in
each of FIG 14 and FIG. 15 depicts the patient’s ALSFRS score over the course of the study.
The lower panels in FIG. 16 depicts the patient’s ALS-FRS and AALS scores over the course
of the study. These results demonstrate that Treg infusion results in a decrease in ox-LDL
serum concentration, which during a period of no Treg infusions returns to an elevated level.
Periods of reduced ox-LDL concentrations following Treg infusions is associated with a
plateau in the ALSFRS score (i.e., no decrease), whereas over a period of elevated ox-LDL a
decrease in the ALSFRS score was observed. These results provide additional support that
elevated levels of ox-LDL can be correlated with progression of ALS.

[00300] Serum immune-based biomarkers sCD14, LBP and CRP concentrations were also
determined in subjects 1, 2 and 3 during Treg infusions as described in the previous
paragraph, which are shown, respectively, in FIG. 17A, FIG. 17B and FIG 17C. In

subjects 1 and 2, sCD14, LBP, and CRP fell and rose with Treg + IL-2 treatment (FIG. 17A
and FIG. 17B, respectively). sCD14 was relatively unchanged in a slowly progressing
subject with ALS and stayed within one standard deviation of the healthy control mean
average serum concentration level (FIG 17C, top panel). LBP and CRP fell and rose with
Treg + IL-2 treatment (FIG. 17C, second from top and third from top panels, respectively).
In FIG. 17A to 17C, Arrows indicate Tregs + IL-2 infusion times. IL-2 was administered
3X/week throughout the study. The vertical-dotted lines demarcate Treg + IL-2 therapy or IL-
2 only intervals. During the Treg “washout” period, the subjects received IL-2 injections. The
three horizontal straight lines show the mean value of each biomarker level in healthy
controls (center line), with lines above and below representing +/- one standard deviation of
each biomarker level in healthy controls.

[00301] The results support that serum immune-based biomarker concentrations correlate

with responsiveness to ALS therapies.
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6.6 Serum Immune-Based Biomarker concentrations correlate to
responsiveness to an ALS therapy

[00302] In this Example, immune-based biomarker concentrations in serum samples
collected from ALS patients (5 subjects) treated with a combination of IL-2 and abatacept are
reported. This Example further demonstrates that serum concentration of certain exemplary
immune-based biomarkers correlate with responsiveness to ALS therapy in ALS patients.
[00303] Five subjects were enrolled in a phase 1 study evaluating the clinical and
biological effects of treatment with abatacept and interleukin-2 (IL-2). Every 2 weeks,
subjects received subcutaneous injections of abatacept and IL-2 followed by four additional
daily injections of IL-2. Clinic visits occurred every 1 to 2 weeks. Serum samples were
collected at each clinic visit, and biomarker concentration in the samples were determined as
described below.

[00304] Ox-LDL

[00305] Oxidized-LDL (ox-LDL) levels in the sera were assayed by an ELISA.

Subjects 1-5 (FIG. 18A to FIG. 18E) showed variable levels of ox-LDL at baseline. The
three horizontal straight lines represent the mean value of ox-LDL levels in healthy controls
(center line) and one standard deviation above and below the mean (upper and lower lines,
respectively). During the trial, the ox-LDL levels trended downward in subjects 1-4

(FIG. 18A to FIG. 18D) whereas the level trended upward in subject 5 (FIG. 18E). The
trajectory of the ox-LDL levels corresponded to the clinical course of each subject.

Subjects 1-4 experienced stabilization of their disease progression as ox-LDL levels
decreased. Subject 5 experienced rapid clinical progression as the ox-LDL level increased.
[00306] 4-HNE

[00307] Levels of 4-hydroxynonenal (4-HNE) in the sera were assayed by an ELISA.
Subjects 1-5 (FIG. 19A to FIG. 19E) showed variable levels of 4-HNE at baseline. The
three horizontal lines represent the mean value of 4-HNE levels in healthy controls (center
line) and one standard deviation above and below the mean (upper and lower lines,
respectively). During the trial, the 4-HNE levels were within or below the control levels in
subjects 1 and 4, trended downward in subjects 2 and 3, and relatively unchanged in subject
5. The levels of 4-HNE corresponded to the clinical course of each subject. Subjects 1-4
experienced stabilization of their disease progression as 4-HNE levels decreased or were
within control levels (FIG. 19A to FIG. 19D). Subject 5 experienced rapid clinical
progression as the 4-HNE level remained relatively unchanged (FIG. 19E).
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[00308]  All publications, patents and patent applications cited in this specification are
herein incorporated by reference as if each individual publication or patent application were
specifically and individually indicated to be incorporated by reference.

[00309] Although the foregoing invention has been described in some detail by way of
illustration and example for purposes of clarity of understanding, it will be readily apparent to
those of ordinary skill in the art in light of the teachings of this invention that certain changes
and modifications may be made thereto without departing from the spirit or scope of the
appended claims.

[00310] The present invention is not to be limited in scope by the specific embodiments
described herein. Indeed, various modifications of the invention in addition to those described
herein will become apparent to those skilled in the art from the foregoing description and
accompanying figures. Such modifications are intended to fall within the scope of the

appended claims.
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What is claimed is:

1. A method for selecting a patient for amyotrophic lateral sclerosis (ALS)
therapy, the method comprising:
a) determining a concentration of interleukin 17F (IL-17F) in a serum sample
collected from a patient diagnosed with or suspected of having ALS, wherein if the
IL-17F concentration in the serum sample is at least 2.0 pg/mL the patient is excluded
from a treatment with the ALS therapy, otherwise the patient is selected for the treatment
with the ALS therapy; and
b) administering the ALS therapy to the selected patient.

2. The method of claim 1, wherein the ALS therapy comprises a T regulatory cell

(Treg) infusion.

3. The method of claim 2, wherein the ALS therapy comprises a plurality of Treg

infusions.

4. The method of any one of claims 1-3, wherein the serum sample is collected

from the patient prior to the ALS therapy.

5. The method of any one of claims 1-3, wherein the serum sample is collected

from the patient prior to any Treg infusion.

6. The method of any one of claims 1-3, wherein the serum sample is collected

from the patient after a Treg infusion has been administered to the patient.

7. The method of claim 6, wherein the serum sample is collected from the patient

on the day following the Treg infusion.

8. A method of treating amyotrophic lateral sclerosis (ALS), the method
comprising:
administering an ALS therapy to a patient diagnosed with ALS, wherein it has
been determined that a serum sample collected from the patient contains an interleukin

17F (IL-17F) concentration of less than 2.0 pg/mL.

9. The method of claim 8, wherein the ALS therapy comprises a Treg infusion.
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10. The method of claim 9, wherein the ALS therapy comprises a plurality of Treg

infusions.

11. The method of any one of claims 8-10, wherein the serum sample had been

collected from the patient prior to the ALS therapy.

12. The method of any one of claims 8-10, wherein the serum sample had been

collected from the patient prior any Treg infusion.

13. The method of any one of claims 8-10, wherein the serum sample had been

collected from the patient after a Treg infusion had been administered to the patient.

14. The method of claim 13, wherein the serum sample had been collected from

the patient on the day following the Treg infusion.

15. A method for selecting a patient for ALS therapy, the method comprising:
a) determining whether a concentration of at least one serum immune-based
biomarker in a serum sample collected from a patient diagnosed with or suspected of
having ALS is less than, equal to, or greater than, a reference concentration,

wherein the at least one serum immune-based biomarker is IL-17F, oxidized
low-density lipoprotein receptor 1 (OLR1), neurofilament light chain (NF-L), oxidized
low-density lipoprotein (ox-LDL), or interleukin 17C (IL-17C); and

wherein if the concentration of the at least one serum immune-based
biomarker is greater than the reference concentration, the patient is excluded from a
treatment with the ALS therapy, otherwise the patient is selected for the treatment with
the ALS therapy; and
b) administering the ALS therapy to the selected patient.

16. The method of claim 15, wherein the concentration of one serum

immune-based biomarker is determined.

17. The method of claim 15, wherein concentrations of at least two serum
immune-based biomarkers are each determined to be less than, equal to, or greater than, a
reference concentration, and if the concentrations of two serum immune-based

biomarkers are each determined to be greater than its reference concentration, the patient
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is excluded from a treatment with the ALS therapy, otherwise the patient is selected for

the treatment with the ALS therapy.

The method of claim 15, wherein concentrations of at least three serum
immune-based biomarkers are each determined to be less than, equal to, or greater than, a
reference concentration, and if the concentrations of three serum immune-based
biomarkers are each determined to be greater than its reference concentration, the patient
is excluded from a treatment with the ALS therapy, otherwise the patient is selected for

the treatment with the ALS therapy.

The method of claim 15, wherein concentrations of at least four serum
immune-based biomarkers are each determined to be less than, equal to, or greater than, a
reference concentration, and if the concentrations of four serum immune-based
biomarkers are each determined to be greater than its reference concentration, the patient
is excluded from a treatment with the ALS therapy, otherwise the patient is selected for

the treatment with the ALS therapy.

The method of claim 15, wherein concentrations of at least five serum
immune-based biomarkers are each determined to be less than, equal to, or greater than, a
reference concentration, and if the concentrations of five serum immune-based
biomarkers are each determined to be greater than its reference concentration, the patient
is excluded from a treatment with the ALS therapy, otherwise the patient is selected for

the treatment with the ALS therapy.

The method of any one of claims 15-20, wherein the ALS therapy comprises a

Treg infusion.

The method of claim 21, wherein the ALS therapy comprises a plurality of

Treg infusions.

The method of any one of claims 15-20, wherein the serum sample is collected

from the patient prior to the ALS therapy.

The method of any one of claims 15-20, wherein the serum sample is collected

from the patient prior to any Treg infusion.
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The method of any one of claims 15-20, wherein the serum sample is collected

from the patient after a Treg infusion has been administered to the patient.

The method of claim 25, wherein the serum sample is collected from the

patient on the day following the Treg infusion.

A method of treating amyotrophic lateral sclerosis (ALS), the method
comprising:

administering an ALS therapy to a patient diagnosed with ALS, wherein it has
been determined that a serum sample collected from the patient contains a concentration
of at least one serum immune-based biomarker that is less than, or equal to, a reference
concentration, wherein the at least one serum immune-based biomarker is IL-17F, OLR1,

NF-L, ox-LDL, or IL-17C.

The method of claim 27, wherein a concentration of one serum immune-based

biomarker has been determined to be less than, or equal to, a reference concentration.

The method of claim 27, wherein a concentration of at least two serum
immune-based biomarkers had been determined to be less than, or equal to, a reference

concentration.

The method of claim 27, wherein a concentration of at least three serum
immune-based biomarkers had been determined to be less than, or equal to, a reference

concentration.

The method of claim 27, wherein a concentration of at least four serum
immune-based biomarkers had been determined to be less than, or equal to, a reference

concentration.

The method of claim 27, wherein a concentration of at least five serum
immune-based biomarkers had been determined to be less than, or equal to, a reference

concentration.

The method of any one of claims 27-32, wherein the ALS therapy comprises a

Treg infusion.

52



WO 2023/044331 PCT/US2022/076412

34. The method of claim 33, wherein the ALS therapy comprises a plurality of

Treg infusions.

3S. The method of any one of claims 27-32, wherein the serum sample had been

collected from the patient prior to the ALS therapy.

36. The method of any one of claims 27-32, wherein the serum sample had been

collected from the patient prior any Treg infusion.

37. The method of any one of claims 27-32, wherein the serum sample had been

collected from the patient after a Treg infusion had been administered to the patient.

38. The method of claim 37, wherein the serum sample had been collected from

the patient on the day following the Treg infusion.

39. The method of any one of claims 15-38, wherein the reference concentration is

obtained from healthy individuals.

40. The method of any one of claims 15-38, wherein the reference concentration is
a concentration in a serum sample obtained from the patient prior to any Treg infusion

being administered to the patient.

41. The method of any one of claims 15-38, wherein the reference concentration

for each of ox-LDL, OLR1, NF-L, IL-17F, and IL-17C is as follows:

Biomarker Ref. Conc.
ox-LDL 56.8+ 7.0 U/L
OLR]1 299.6 + 128.1 pg/mL
NF-L 0.88+0.21 ng/mL
IL-17F 0.34+ 0.54 pg/mL
IL-17C 8.47 + 3.08 pg/mL
42, The method of any one of claims 15-41, wherein the at least one serum

immune-based biomarkers includes ox-LDL.

43. The method of any one of claims 15-41, wherein the at least one serum

immune-based biomarkers includes OLR1.
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44, The method of any one of claims 15-41, wherein the at least one serum

immune-based biomarkers includes NF-L.

45. The method of any one of claims 15-41, wherein the at least one serum

immune-based biomarkers includes IL-17F.

46. The method of any one of claims 15-41, wherein the at least one serum

immune-based biomarkers includes IL-17C.

47, A method of monitoring efficacy of Treg therapy to treat ALS, the method

comprising:
a) administering a Treg therapy to a patient diagnosed with ALS, wherein the
Treg therapy comprises a first Treg infusion;
b) determining whether a concentration of at least one serum immune-based
biomarker in a serum sample collected from the patient after the first Treg infusion is less
than, equal to, or greater than, a reference concentration, wherein the at least one serum
immune-based biomarker comprises:

oxidized low density lipoprotein (ox-LDL),

oxidized low density lipoprotein receptor 1 (OLR1),

soluble CD14 (sCD14),

lipopolysaccharide binding protein (LBP),

C reactive protein (CRP),

IL-17F, or

IL-17C;

wherein the ALS therapy has poor efficacy where the concentration of the at

least one serum immune-based biomarker is greater than its reference concentration.

48. The method of claim 47, further comprising administering the Treg therapy
comprising a second Treg infusion to the patient after steps (a) and (b) if the
concentration of the at least one serum immune-based biomarker is equal to or less than

its reference concentration in step (b).

49. The method of claim 48, wherein Treg therapy comprising a plurality of Treg
infusions is administered to the patient if the concentration of the at least one serum

immune-based biomarker is equal to or less than its reference concentration in a serum
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sample collected from the patient after each Treg infusion of the plurality of Treg

infusions.

The method of any one of claims 47-49, wherein the ALS therapy has poor
efficacy where the concentration of one serum immune-based biomarker is greater than

its reference concentration.

The method of any one of claims 47-49, wherein the ALS therapy has poor
efficacy where the concentration of at least 2, at least 3, at least 4, or at least 5 serum

immune-based biomarkers are each greater than its reference concentration.

A method of treating amyotrophic lateral sclerosis (ALS) comprising:
a) administering a first Treg infusion to a patient diagnosed with ALS;
b) comparing a concentration of at least one serum immune-based biomarker in a

serum sample obtained from the patient after the first Treg infusion to a reference
concentration;

wherein the at least one immune-based biomarker comprises ox-LDL, OLRI1,
sCD14, LBP, CRP, IL-17F, or IL-17C; and
c) administering an ALS therapy comprising a second Treg infusion to the
patient if the concentration of the at least one serum immune-based biomarker is equal to

or below the reference concentration.

The method of claim 52 wherein the ALS therapy is administered to the
patient if the concentration of one serum immune-based biomarker is equal to or below

the reference concentration.

The method of claim 52, wherein the ALS therapy is administered to the
patient if the concentration of at least 2, at least 3, at least 4 or at least 5 serum immune-

based biomarkers are each equal to or below its reference concentration.

The method of any one of claims 47-54, wherein the reference concentration

for the at least one serum immune-based biomarker is obtained from healthy individuals.

The method of any one of claims 47-54, wherein the reference concentration
for the at least one serum immune-based biomarker is a concentration in a serum sample

obtained from the patient prior to any Treg infusion being administered to the patient.
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The method of any one of claims 47-54, wherein the reference concentration

for each of ox-LDL, OLR1, sCD14, LBP, CRP, IL-17F, or IL-17C is as follows:

Biomarker Ref. Conc.

ox-LDL 56.8+7.0U/L
OLRI 299.6 +128.1 pg/mL
sCD14 2.56 +0.44 ug/mL
LBP 20.18 +7.48 ug/mL
CRP 1.08 £+ 1.04 ug/mL
IL-17F 0.34 +£0.54 pg/mL
IL-17C 8.47 +3.08 pg/mL.

A method for treating a patient with a Treg therapy, wherein the patient is
suffering from ALS, the method comprising the steps of:
a) administering to the patient a Treg therapy comprising Treg infusions being
administered to the patient on different days;
b) comparing concentrations of at least one serum immune-based biomarker in
serum samples to a reference concentration, wherein each of the serum sample is obtained
from the patient after a Treg infusion,

wherein the at least one serum immune-based biomarker comprises ox-LDL,
OLRI1, sCD14, LBP, CRP, IL-17F, or IL-17C; and
c) maintaining the patient on the Treg therapy comprising administering Treg
infusions following step (b), if the concentration of the at least one serum immune-based

biomarker is at, or less than, the reference concentration in at least one of serum samples.

The method of claim 58, wherein the patient is maintained on the Treg therapy
if the concentration of the at least one serum immune-based biomarker is at, or less than,

the reference concentration in all or at least 50% of the serum samples.

The method of any one of claims 58-59, wherein the at least one serum

immune-based biomarker consists of one serum immune-based biomarker.
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61. The method of any one of claims 58-59, wherein the at least one serum
immune-based biomarker comprises at least 2, at least 3, at least 4 or at least 5 serum

immune-based biomarkers.

62. The method of any one of claims 58-61, wherein the reference concentration

for the at least one serum immune-based biomarker is obtained from healthy individuals.

63. The method of any one of claims 58-61, wherein the reference concentration
for the at least one serum immune-based biomarker is a concentration in a serum sample

obtained from the patient prior to any Treg infusion being administered to the patient.

64. The method of any one of claims 58-61, wherein the reference concentration

for each of ox-LDL, OLR1, sCD14, LBP, CRP, IL-17F, or IL-17C is as follows:

Biomarker Ref. Conc.
ox-LDL 56.8+7.0U/L
OLRI1 299.6 + 128.1 pg/mL
sCD14 2.56 +0.44 ug/mL
LBP 20.18 +7.48 ug/mL
CRP 1.08 £+ 1.04 ug/mL
IL-17F 0.34 +0.54 pg/mL
IL-17C 8.47 +3.08 pg/mL.
65. A method for treating ALS in a patient diagnosed therewith, the method
comprising:
a) determining whether the concentration of at least one serum immune-based

biomarker in a serum sample obtained from a patient diagnosed with ALS is (1) elevated,
or (i1) at, or below, a reference concentration, wherein the serum sample is obtained from
the patient after being administered with a Treg infusion,

wherein the at least one serum immune-based biomarker comprises ox-LDL,
OLRI1, sCD14, LBP, CRP, IL-17F, or IL-17C; and
b) administering to the patient a Treg therapy comprising a plurality of Treg
infusions if the concentration of the at least one serum immune-based biomarker is

determined to be (ii) at, or below, its reference concentration.
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The method of claim 65, wherein the Treg therapy is administered to the
patient if the concentration of one serum immune-based biomarker is determined to be (i1)

at, or below, its reference concentration.

The method of claim 65, wherein the Treg therapy is administered to the
patient if the concentration of at least 2, at least 3, at least 4 or at least 5 serum immune-

based biomarkers are each determined to be (ii) at, or below, its reference concentration.

The method of any one of claims 65-67, wherein the reference concentration

for the at least one serum immune-based biomarker is obtained from healthy individuals.

The method of any one of claims 65-67, wherein the reference concentration
for the at least one serum immune-based biomarker is a concentration in a serum sample

obtained from the patient prior to any Treg infusion being administered to the patient.

The method of any one claims 65-67, wherein the reference concentration for

each of ox-LDL, OLR1, sCD14, LBP, CRP, IL-17F, and IL-17C is as follows:

Biomarker Ref. Conc.

ox-LDL 56.8+7.0U/L
OLRI 299.6 +128.1 pg/mL
sCD14 2.56 +0.44 ug/mL
LBP 20.18 +7.48 ug/mL
CRP 1.08 £+ 1.04 ug/mL
IL-17F 0.34 +£0.54 pg/mL
IL-17C 8.47 +3.08 pg/mL.

The method of any one of claims 47-70, wherein the at least one serum

immune-based biomarker comprises ox-LDL, OLR1, sCD14, or LBP.

The method of any one of claims 47-70, wherein the at least one serum

immune-based biomarker comprises ox-LDL, OLR1, IL-17C, or IL-17F.

The method according to any one of claims 47-72, wherein the at least one

serum immune-based biomarker comprises ox-LDL.
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The method according to any one of claims 47-72, wherein the at least one

serum immune-based biomarker comprises OLR1.

The method according to any one of claims 47-71, wherein the at least one

serum immune-based biomarker comprises sCD14.

The method according to any one of claims 47-70, wherein the at least one

serum immune-based biomarker comprises IL-17C.

The method according to any one of claims 47-70, wherein the at least one

serum immune-based biomarkers comprises IL-17F.

The method according to any one of claims 1-77, wherein the concentration of
the at least one serum immune-based biomarker is determined using an enzyme-linked

immunosorbent assay (ELISA).

A method for treating ALS in a patient diagnosed therewith, the method
comprising:
a) determining whether the concentration of at least one serum immune-based
biomarker in a serum sample obtained from a patient diagnosed with ALS is at or below
that of a reference concentration of the at least one serum immune-based biomarker,
wherein the serum sample is obtained from the patient after being administered with a
first ALS therapy,

wherein the at least one serum immune-based biomarker comprises ox-LDL,
OLRI1, sCD14, LBP, CRP, 4-HNE, IL-17F, or IL-17C; and
b) administering to the patient a second ALS therapy if the concentration of the
at least one serum immune-based biomarker is determined to be at or below its reference

concentration.

The method of claim 79, wherein the first ALS therapy is the same as the
second ALS therapy.

The method of claim 79, wherein the first ALS therapy is different than the

second ALS therapy.

The method of claim 79, wherein the first and/or second ALS therapy

comprises administering one or more Treg infusions to the patient.
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83. The method of claim 79, wherein the first and/or second ALS therapy

comprises administering a CTLA-4 fusion protein and IL-2 to the patient.
84. The method of claim 83, wherein the CTLA-4 fusion protein is abatacept.

8s. The method of claim 79, wherein the first and/or second ALS therapy
comprises administering one or more Treg extracellular vesicle (EV), e.g., exosome,

infusions to the patient.

86. The method of claim 79, wherein the at least one serum immune-based

biomarker comprises ox-LDL or 4-HNE.

87. A method for treating ALS in a patient diagnosed therewith, the method

comprising:

administering an ALS therapy to the ALS patient;

assessing the responsiveness of the ALS patient to the ALS therapy; and

continuing to administer the ALS therapy to the ALS patient if the ALS
patient is assessed to be responsive to the ALS therapy,

wherein the responsiveness of the ALS patient to the ALS therapy comprises
comparing the serum concentration of at least one immune-based biomarker to a
reference concentration of the of least one immune-based biomarker, and wherein the
ALS patient is assessed to be responsive to the ALS therapy if the serum concentration of
the immune-based biomarker decreases or remains within the reference concentration in

at least one successive serum sample taken from the ALS patient.

88. The method of claim 87, wherein the responsiveness of the ALS patient to the
ALS therapy comprises comparing the serum concentration of an immune-based
biomarker to a reference concentration for a set of immune-based biomarkers, and the
ALS patient is assessed to be responsive to the ALS therapy if the serum concentration of
at least 50% of the immune-based biomarkers in the set decreases or remains within its
reference concentration in at least one successive serum sample taken from the ALS

patient.

89. The method of claim 88, wherein the set comprises 1, 2, 3,4,5,6,7, 8,9, or

10 immune-based biomarkers.
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90. The method of claim 87, wherein the ALS patient is assessed to be responsive
to the ALS therapy if the serum concentration of the immune-based biomarker decreases
or remains within the reference concentration in at least 2, 3, 4, 5, 6, 7, 8, or 9 successive

serum samples taken from the ALS patient.

91. The method of claim 87, wherein the ALS patient is assessed to be responsive
to the ALS therapy if the serum concentration of the immune-based biomarker decreases
or remains within the reference concentration in a majority of 3 or more successive serum

samples taken from the ALS patient.

92. The method of any one of claims 87 to 91, wherein the immune-based

biomarker comprises ox-LDL, OLR1, sCD14, LBP, CRP, 4-HNE, IL-17F, or IL-17C.

93. The method of any one of claims 87 to 92, wherein the ALS therapy

comprises administering one or more Treg infusions to the patient.

94, The method of any one of claims 87 to 92, wherein the ALS therapy

comprises administering a CTLA-4 fusion protein and IL-2 to the patient.
9s. The method of claim 94, wherein the CTLA-4 fusion protein is abatacept.

96. The method of any one of claims 87 to 92, wherein the ALS therapy
comprises administering one or more Treg extracellular vesicle (EV), e.g., exosome,

infusions to the patient.
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A. CLASSIFICATION OF SUBJECT MATTER

ADD.

ADD. - GO1N 2800/2835 (2022.08)

IPC(8) - INV. - GO1N 33/68; A61K 35/17; A61P 25/00 (2022.01)

CPC - INV.-GO1N 33/6896; A61P 25/00; A61K 35/17 (2022.08)

According to International Patent Classification (IPC) or to both national classification and IPC

B.  FIELDS SEARCHED

See Search History document

Minimum documentation searched (classification system followed by classification symbols)

See Search History document

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

See Search History document

Electronic database consulted during the international search (name of database and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

entire document

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X US.2018/0346577 A1 (THE BOARD OF TRUSTEES OF THE LELAND STANFORD JUNIOR 1

-— UNIVERSITY) 06 December 2018 (06.12.2018) entire document -

Y 2-7

X US 2021/0172963 A1 (UNIVERSITY OF MIAMI et al) 10 June 2021 (10.06.2021) entire 15-20, 23

- document -

Y 21,22, 24-26

Y WO 2021/062221 A1 (CELLENKOS INC.) 01 April 2021 (01.04.2021) entire document 2-7, 21,22, 24-26

A US 2021/0128627 A1 (BRAINSTORM CELL THERAPEUTICS LTD.) 06 May 2021 (06.05.2021) | 1-7, 15-26

I:I Further documents are listed in the continuation of Box C.

D - See patent family annex.

* Special categories of cited documents:

“A” document defining the general state of the art which is not considered
to be of particular relevance

“D” document cited by the applicant in the international application

“E” earlier application or patent but published on or after the international
filing date

“L™ document which may throw doubts on priority claim(s) or which
is cited to establish the ﬁpublication date of another citation or other
special reason (as specified)

“0”  documentreferringto anoral disclosure, use, exhibition or other means

“P”  document published prior to the international filing date but later than
the priority date claimed

«p»

«wy

oy

gy

later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive step
when the document is taken alone

document of particular relevance; the claimed invention cannot
be considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

document member of the same patent family

Date of the actual completion of the international search

29 December 2022

Date of mailing of the international search report

FEB 01 2023

Name and mailing address of the ISA/

Mail Stop PCT, Attn: ISA/US, Commissioner for Patents
P.0O. Box 1450, Alexandria, VA 22313-1450

Facsimile No. 571-273-8300

Authorized officer

Taina Matos

Telephone No. PCT Helpdesk: 571-272-4300
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INTERNATIONAL SEARCH REPORT International application No.

PCT/US2022/076412

BoxNo.II  Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

1. D Claims Nos.:
because they relate to subject matter not required to be searched by this Authority, namely:

2. D Claims Nos.:
because they relate to parts of the international application that do not comply with the prescribed requirements to such an
extent that no meaningful international search can be carried out, specifically:

3. Claims Nos.: 39-46, 55-57, 62-64, 71-78, 93-96
because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No.III  Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:

See extra sheet(s).

1. I:I As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

2, D As all searchable claims could be searched without effort justifying additional fees, this Authority did not invite payment of
additional fees.

3. D As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.: ’

4. ﬁ No required additional search fees were timely paid by the applicant. Consequently, this international search report is restricted
to the invention first mentioned in the claims; it is covered by claims Nos.:

1-7, 15-26

Remark on Protest D The additional search fees were accompanied by the applicant’s protest and, where applicable, the
payment of a protest fee.

|:| The additional search fees were accompanied by the applicant’s protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

D No protest accompanied the payment of additional search fees.

Form PCT/ISA/210 (continuation of first sheet (2)) (July 2022)



INTERNATIONAL SEARCH REPORT International application No.

PCT/US2022/076412

Continued from Box No. lIl Observations where unity of invention is lacking

This application contains the following inventions or groups of inventions which are not so linked as to form a single general inventive
concept under PCT Rule 13.1. In order for all inventions to be examined, the appropriate additional examination fees need to be paid.

Group I: claims 1-7 and 15-26 are drawn to methods for selecting a patient for amyotrophic lateral sclerosis (ALS) therapy.

Group II: claims 8-14, 27-38, 52-54, 58-61, 65-70, and 79-92 are drawn to methods of treating amyotrophic lateral sclerosis (ALS),
methods for treating a patient with a Treg therapy, wherein the patient is suffering from ALS, and methods for treating ALS in a patient
diagnosed therewith.

Group llI: claims 47-51 are drawn to methods of monitoring efficacy of Treg therapy to treat ALS.

The inventions listed in Groups I-1ll do not relate to a single general inventive concept under PCT Rule 13.1, because under PCT Rule
13.2 they lack the same or corresponding special technical features for the following reasons:

The special technical features of Group |, methods for selecting a patient for amyotrophic lateral sclerosis (ALS) therapy, are not present
in Groups II-ll; the special technical features of Group I, methods of treating amyotrophic lateral sclerosis (ALS), methods for treating a
patient with a Treg therapy, wherein the patient is sufferent from ALS, and methods for treating ALS in a patient diagnosed therewith, are
not present in Groups | and ll; and the special technical features of Group Ill, methods of monitoring efficacy of Treg therapy to treat
ALS, are not present in Groups | and [l

Additionally, even if Groups I-lll were considered to share the technical features of methods for amyotrophic lateral sclerosis (ALS), a)
determining a concentration of interleukin 17F (IL-1 7F) in a serum sample collected from a patient diagnosed with or suspected of
having ALS, wherein if the IL-17F concentration in the serum sample is at least 2.0 pg/mL the patient is excluded from a treatment with
the ALS therapy, otherwise the patient is selected for the treatment with the ALS therapy; and administering the ALS therapy to the
selected patient; determining whether a concentration of at least one serum immune-based biomarker in a serum sample collected from
a patient diagnosed with or suspected of having ALS is less than, equal to, or greater than, a reference concentration, wherein the at
least one serum immune-based biomarker is IL-17F, oxidized low-density lipoprotein receptor 1 (OLR1), neurofilament light chain
(NF-L), oxidized low-density lipoprotein (ox-LDL), or interleukin 17C (IL-17C); and administering the ALS therapy to the selected patient;
administering a Treg therapy to a patient diagnosed with ALS, wherein the Treg therapy comprises a first Treg infusion; determining
whether a concentration of at least one serum immune-based biomarker in a serum sample collected from the patient after the first Treg
infusion is less than, equal to, or greater than, a reference concentration, wherein the at least one serum immune-based biomarker
comprises: oxidized low density lipoprotein (ox-LDL), oxidized low density lipoprotein receptor 1 (OLR1), soluble CD14 (sCD14),
lipopolysaccharide binding protein (LBP), C reactive protein (CRP), IL-17F, or iL-17C, these shared technical features do not represent a
contribution over the prior art.

Specifically, US 2018/0346577 to The Board of Trustees of The Leland Stanford Junior University teaches methods for amyotrophic
lateral sclerosis (ALS) (Therapeutic methads are provided... including treatment of amyotrophic lateral sclerosis (ALS), Para. [0005]), a)
determining a concentration of interleukin 17F (IL-17F) in a serum sample collected from a patient diagnosed with or suspected of
having ALS (the patient is analyzed for responsiveness to therapy, where the selection of therapeutic agents is based on such analysis.
Patients can be classified into subtypes by determining the levels of markers, including... IL.-17F, Para. [0012]; a clinical sample...
includes... serum, Para. [0041]); and administering the ALS therapy to the selected patient (an effective dose of one or a cocktail of
antagonist(s) to a5 integrin (CD49e) is administered to a subject suffering from a neurological inflammatory diseases, in a dose effective
to stabilize or reduce clinical symptoms of the disease, Para. [0005]).

It would have been obvious to one of ordinary skill in the art at the time the invention was made to use an IL-17F concentration in the
serum sample of at least 2.0 pg/mL, since where the general conditions of the claim are disclosed in the prior art, discovering the
optimum or workable ranges involves only routine skill in the art,

US 2021/0172963 to University of Miami et al. teaches determining whether a concentration of at least one serum immune-based
biomarker in a serum sample collected from a patient diagnosed with or suspected of having ALS is less than, equal to, or greater than,
a reference concentration, wherein the at least one serum immune-based biomarker is IL-17F, oxidized low-density lipoprotein receptor
1 (OLR1), neurofilament light chain (NF-L), oxidized low-density lipoprotein (ox-LDL), or interleukin 17C (IL-17C) (The disclosure
provides a method of predicting the onset of clinical manifestations of ALS in a human subject. An exemplary method comprises the
following steps: (a) measuring neurofilament light chain (NfL) and/or phosphorylated neurofilament heavy chain (pNfH) levels in a
subject, Para. [0004]; protein levels of... NfL are compared to protein levels of... NfL (optionally from blood serum, plasma, and/or CSF)
of healthy controls, Para. [0032]); and administering the ALS therapy to the selected patient (the method further comprises administering
an ALS therapy (or an experimental therapy) to a subject, Para. [0039]).

WO 2021/062221 to Cellenkos Inc. teaches administering a Treg therapy to a patient diagnosed with ALS, wherein the Treg therapy
comprises a first Treg infusion (a population of human Treg cells is formulated as a fresh single dose product (e.g., CK0801)... The
CK0801 product is administered to a subject as a single infusion, Para. [0157]); determining whether a concentration of at least one
serum immune-based biomarker in a serum sample collected from the patient after the first Treg infusion is less than, equal to, or
greater than, a reference concentration, wherein the at least one serum immune-based biomarker comprises: oxidized low density
lipoprotein (ox-LDL), oxidized low density lipoprotein receptor 1 (OLR1), soluble CD14 (sCD14), lipopolysaccharide binding protein
(LBP), C reactive protein (CRP), IL-17F, or IL-17C (In some embodiments, prior to treatment, serum biomarkers of the subject are
examined in order to determine whether the subject will respond to the effective amount of the population of human Treg cells. In some
embodiments, following treatment, serum biomarkers of the subject are examined in order to determine a correlation with clinical
response, Para. [0028]; Exploratory Studies. « PERIPHERAL BLOOD... C-Reactive Protein (CRP), Para. [0320]).

The inventions listed in Groups I-1lI therefore lack unity under Rule 13 because they do not share a same or corresponding special
technical features,

Form PCT/ISA/210 (extra sheet) (July 2022)
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