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COMPOSITIONS AND METHODS RELATED TO
K180 DIMETHYLATED H1.0 PROTEIN

CROSS-REFERENCE TO RELATED APPLICATIONS

{6001} This application claims priority to U.S. Provisional Application Serial No. 62/325,392,
filed April 20, 2016, U.S. Provisional Application Serial No. 62/325,362, filed April 20, 2016,
U.S. Provisional Application Senal No. 62/325 408, filed on April 20, 2016, U.S. Provisional
Application Serial No. 62/355,265, filed June 27, 2016, and U .S, Provisional Application Senal
No. 62/355,277, filed June 27, 2016, cach of which are incorporated herein by reference in their

entirety.
BACKGROUND

16602} Cellular chromatin is 3 dynamic polymer, capable of many configurations, and prone to
remodeling and restructuring as if reccives physiologically relevant input. Histone proteins are
the main protein components of chromatin and double-stranded DNA 13 wound around histone
proteins. Changes in histone proteins can differentially alter access of the transcriptional
machinery to some genes while leaving access o other genes intact. Differential chromatin
condensation achicved by histone posttranslational modifications (PTMs) undertics packaging of
chromatin (Lunyak and Rosenfeld 92008} Hum. Mol Gener., 17: R28-36; Jemuiwein and Allis
{2001} Science, 293: 1074-1080). Histone PTMs, for example methylation, can act as an
cpigenctic code and play critical roles in many aspects of the cellular responses tightly hinked to

development, injury, discase and aging.

[0803] Five major families of histones exast: H1, H2A, H2B, H3 and H4. Histones H2ZA
H2B, H3 and H4 are known as the core histones, while histones H1 and HS are known as the
linker histones. The large number of H1.0-binding proteins identified by multiple studies in
recent vears point to an important role for protein—protein interactions of H1.0 and suggests a
new paradigm for H1 0 structure and function that extends bevond its effects on chromatin

architecture.

[6604] There is a need to detect H1 .0 methylation in various cellular contexts; and sensitive
assays are needed to differentiate among the various types of cellular contexts, as they relate to

the development of disease, response to mjury, and response to therapeutic regimens. There is
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also a need to therapeotically address methvlated H1 O-related discases and conditions. Provided

herein are methods and compositions for this purpose.
BRIEF SUMMARY

[6603] Provided herein are H1.0K180me2 antibodics, H1 0K 180me? proteins, and
H1.0K180me? peptides and methods of use for diagnostics and therapeutics. These
H1.0K180me2 antibodics, H1 0K 180me?2 proteins, and HI 0K 180me? peptides may be used in
the treatment of methylated H1 O-related diseases or conditions in an individual. These
H1.0K180me2 antibodics, HI 0K 180me? proteins, and HI 0K 180me?2 peptides may also be
used for the detection and quantification of a histone H1.0 protein or fragment thereof,
comprising a dimethyiated lvsine at lysine residue 180 (H1.0K180me2); such compositions and
methods are useful for detecting replicative senescence, DNA damage, genotoxic stress,
radiation exposure, Alzheimer’s disease, are usetul for monitoring therapeutic regimens, patient

stratification, drug screening, and may serve as a marker of biological aging in a system.

10886] In one aspect, provided herein 15 an antibody that specifically binds a dimethylated
antigen, wherein the dimethylated antigen comprises dimethylated lysine residue, wherein the
lysine residue corresponds to K180 of a human histone H1.0, and wherein the dimethvlated
lvsine residue 13 required for bindimg (H1.0K180me?2 antibodies). In some embodiments, the
dimethylated antigen does not comprise any other lysine residues that are methvlated. In some
embodiments, the antibody does not bind, or only munimally binds, if antigen comprises
dimethylated lysine residaes at lysine residues correspondimg to K166, K172, K174, K175,
and/or K177 of a human histone Hi .0 protein. In some embodiments, the antibody does not
bind, or onlv minimally binds, antigen comprises monomethylated lysine residucs at lysine
restdues corresponding to K166, K172, K174, K175, K177, and/or K180 of g human histone
H1.0 protein. In some embodiments, the antibody does not bind, or only minimally binds, if the
antigen comprises trimethylated lysine residues at bysing residues corresponding to K166, K172,
K174, K175, K177, and/or K180 of a human histone H1.0 protein. In some embodiments, the
antibody 1s at least 2-fold more specific tor the dimethylated antigen, than a monomethylated
antigen, wherein the monomethylated antigen comprises a monomethylated lysine residuc, and
wherein the lysine residue corresponds to K180 ot a human histone H1.0 protein. Tn some
embodiments, the antibody is a monoclonal antibody. In some embodiments, the antibody is a

polyclonal antibody. In some embodiments, the antibody is labeled. In some embodiments, the
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antibody 1s biotinvlated. In some embodiments, the antibody is attached to solid surface. In
some embodiments, the antibody is attached a bead, column, resin, or a microplate. In some
embodiments, the antibody 1s a cell penctrating antibody. In some cmbodiments, the antibody is
an fgGl antibody. In some embodiments, the antibody i1s a human antibody. In some
embodiments, the antibody 1s a humanized antibody. In some embodiments, the antibody s
conjugated to at least one therapeutic agent selected from the group consisting of a radionuclide,
a cytotoxin, a chemotherapeutic agent, a drug, a pro-drug, a toxin, an enzyme, an
immuncomodidator, a pro-apoptotic agent, a cytokine, a hormone, an oligonucleotide, an
antisense molecule, a siRNA, and a second antibody. In some embodiments, the antibody is
capable of cleanng H1.0K180me? in a sample. In some embodiments, the antibody is capable
of clearing cells comprising H1.0K180me2. In some embodiments, the antibody is capable of

clearimg scnescent cells.

10687}  In another aspect provided herein is 2 method of treating a methylated H1 O-related
disease or condition in an individual comprising administering to the individual a therapeutically
effective amount of any one of the H1 0K 180me2 antibodies provided herein. In some
embodiments, the methvlated H1.0-related disease or condition is selected from the group
consisting of Alzheimer’s disease, radiation ¢xposure, exposure 1o a genotoxic stressor, a disease
or condition compusing the accumulation of senescent cells, and a disease or condition
accompanied by elevated levels of H1.0K180me?2 protems or peptides. In another related aspect,
provided herein is a method of clearing H1.0K180me?Z in an individual comprising
adnunistering to the individual a therapeutically effective amount of an antibody of any one of
the HI.0K180me?2 antibodies provided herein, for example for treating an individual who 13
suffering from a discase or condition selected from the group consisting of Alzheimer’s disease,
radiation ¢xposure, exposure {0 a genotoxan, exposure to a DNA damaging agent, and a
condition comprising the accumulation of senescent cells. Tn a related aspect, provided herein
are phammaceutical compositions, kits, and other articles of manufacture comprising any one of

the H1.0K.180me?2 antibodies described herein.

{6808} In anocther aspect, provided herein is a histone H1.0 peptide comprising a dimethylated
tvsine residue, or a histone H1 .0 protein comprising a dimethylated lysine residue, wherein the
dimethviated Tysing residue corresponds to K180 of a human histone H1.0 (H1.0K180me2

peptide and H1 .0K180me?2 protein}. In some embodiments, the peptide comprises the sequense
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selected from the group consisting of SEQ ID N(5:3-35. In some embodiments, the peptide
comprises the sequence selected from the group consisting of SEQ 1D NOS:3-5. In some
embodiments, the protein comprises the sequence of SEQ 1D NO-Z. 1n some embodiments, the
protein comprises the sequence of SEQ 1D NO:3. In some embodiments, the peptide or protein
does not comprise any other lveine residues that are methylated. In some embodiments, the
peptide or protein is labeled. In some embodiments, the peptide or protein is biotinylated. In
some embodiments, the peptide or protein is attached to solid surface. In some embodiments, the
peptide or protein s attached a bead, column, resin, or a microplate. In some embodiments, the
peptide or protein is conjugated {o at least one therapeutic agent selected from the group
consisting of a radionuchide, a cytotoxin, a chemotherapeutic agent, a drug, a pro-drug, a toxin,
an enzyme, an immunomodidator, a pro-apopiotic agent, a cvtokine, a hormone, an
oligonucleotide, an antisense molecule, a sRNA | and a second antibody. In some embodiments,
the peptide or protein is capable of clearing or blocking H1 0K 180me?2 autoantibodies. In some
cmbodiments, the peptide or protein is capable of clearing or blocking H1.0K180me2 IgG
autoantibodics. In some embodiments, the peptide or protein is capable of clearing or blocking

H1.0K180me2 Igh autoantibodies.

[6809] In another aspect, provided herem is 3 method of treating a methylated HI G-related
disease or condition n an individual comprising adoinistering to the individual a therapeutically
effective amount of anv one of the H1.0K180me?2 proteins or H1.0K180me?2 peptides described
herein. In some embodiments, the methylated H1.0-related discase or condition is selected from
the group consisting of Alzheimer’s disease, radiation exposure, exXposure to a genotoxic
stressor, a disease or condition comprising the accumulation of senescent cells, and a disease or
condition accompanied by elevated levels of H1 0K 180me?2 autoantibodics. In a related aspect,
provided herein is a method of clearing, blocking, or neutralizing H1.0K180me2 awtoantibodics
in an dividual comprising administering to the individual a therapeutically effective amount of
any onc of the H1.0K180me2 proteins or H1.0K180me2 peptides described herein. In some
embodiments, the individual suffers from a disease or condition sclected from the group
consisting of Alzheimer’s disease, radiation exposure, ¢xXposure 1o a genotoxic stressor, a discase
or condition comprising the accumulation of senescent cells, or a disease or condition
accompanied by elevated levels of HI 0K 180me?2 autoantibodies. In a related aspect, provided
herein arc pharmaceutical compositions, kits, and other articles of manufacture compnsing any

one of the H1.0K180me? peptides or proteins described herem.
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[3818] In another aspect, provided herein is a method of determining whether an individual
has, or is at risk of developing, Alzheimer’s discase, comprising: {a) contacting a biclogical
sample from the individual with any H1.0K180me2 antibody provided herein; and (b)
determining the concentration of the H1.0K 180me2 antigen in the sample that binds the
antibody, wherein a decrease in the concentration relative to a control indicates that the
individual has, or is at risk of developing, Alzheimer’s disease. In one embodiment, the
individual has, or is at risk of developing, Alzheimer’s discase when the scrum concentration of
the histone H1.0 protein is less than or below 5.61 nmol/ml. In some embodiments, the
individual has, or is at nisk of developing, Alzheimer’s disease when the PLR{LR+}is 3601
greater. In some embodiments, the individual does not have a nisk of developing, Alzheimer’s
disease when the NLR (LR~} 15 0.26 or lower. In some embodiments, the method further
comprises treating the individaal with an Alzheimer’s disease drug or regimen if it 1s determined
that the individual has, or is at risk of developing, Alzheimer’s disease. Accordingly, provided
herein 1s a method of treating an individual with an Alzheimer’s disease drug or regimen when
the serum concentration of the histone H1.0 protein 1s less than or below 5.61 nmol/ml and/or

when the measure PLR {LR+) i5 3.6, as determingd by the above method.

{6811} In anocther aspect, provided herein is 3 method of determining whether an individual
has, or is at risk of developing, Alzheimer’s discase, comprising: {(a) contacting a biological
sample from the mdividual with an H1 0K 180me?2 protein or HI.OK 180me2 peptide provided
herein; and (b) determining the concentration of autcantibodies 1n the sample that bind the
protein or peptide, wherein an increase in the concentration relative to a condrol indicates that the
individual has, or 15 at risk of developing, Alzheimer’s discase. In some embodiments, the
method comprises determining the concentration of IgM autoantibodies in the sample that bind
the protein or peptide. In some embodiments, the method comprises determining the
concentration of IgG autoantibodics in the sample that bind the protein or peptide. In some
embodiments, the mdividual has, or is at nisk of developing, Alzheimer’s disease when the

serum concentration of the IgG autoantibodies is greater than or equal to 9.69 vg/ml, normalized
to total IgG levels. In some cmbodiments, the individual has, or is at nisk of developing,
Alzheimer’s disease when the serum concentration of the 1g( autoantibodies 1s greater than or
cqual to 8.23 ug/ml, normalized to seram volame. In some embodiments, the individual has, or
is at risk of developing, Alzheimer’s disease when the serum concentration of the lgM

autoantibodies 1s greater than or equal to 409 fMol/iml, normalized to serum volume. fn some
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embodiments, the individual has, or is at nsk of developing, Alzheimer’s disease when the ratio
of the concentration of IzM autoantibodies to total IgM concentration is greater than 26 .6x107°.
In some embodiments, the individual has, or is at risk of developing, Alzheimer’s disease when
the PLR (LR+) 15 2.4 or greater for Ig( autoantibodies or the PLR (LR+) 15 3.5 or greater for
IgM autoantibodies. In some embodiments, the method comprises determining the concentration
of IgM autoantibodies in the sample that bind the protein or peptide. and comparing that
measurement to the total IgM concentration in the sample. In some embodiments, the method
comprises treating the ndividual with an Alzhemmer’s disease drug or regimen 1f it 1s determimed

that the individual has, or is at risk of developing, Alzheimer’s discase.

{6812} In anocther aspect, provided herein is 3 method of determining whether an individual
diagnosed with Alzheumer’s discase and receiving treatment for the Alzheimer’s disease, will
benefit from the treatment or will continue to benefit from the treatment, the method comprising:
{2} contacting a biological sample from the individual with any H1.0K180me2 antibody
provided herein; (b) determining the concentration of the H1.0K180me?2 antigen m the sample
that binds the antibody; and (¢} determining that the mdividual will benefit from the reatment or
will continue o benefit from the treatment if there 18 an increase mn the concentration, relative to
a control.  In some embodiments, the method further comprises treating the mdividual with an
Alzheimer’s discase drug or regimen if f is deternuned that the individual will benefit or

contine to benefit from the treatment.

[0813] In another aspect, provided herein 13 a method of determining whether an individual
diagnosed with Alzheimer’s disease and recetving treatment for the Alzheimer’s disease, will
benefit from the treatment or will continue to from the treatment, the method comprising: (a)
contacting a biological sample from the individual with an H1.0K180me2 protein or peptide
provided herem; (b} determining the concentration of autoantibodies 1n the sample that bind the
protein or peptide; and (¢} determining that the mdividual will benefit from the treatment or will
continue to benefit from the treatment if there 1s an decrease m the concentration relative to a
control.  In some embodiments, the method comprises determining the concentration of IgM
autoantibodies in the sample that bind the protein or peptide. In some embodiments, the method
comprises determining the concentration of 1gG autoantibodies in the sample that bind the

protein or peptide.
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13614} In anocther aspect, provided herein is a method of determining whether an individual
diagnosed with Alzheimer’s disease will benefit from a candidate treatment, wherein the
individual has not yet started the treatment, the method comprising: (a) adnunistering to the
individual a candidate treatment; (b) contacting a biological sample from the mdividual after
administration of the candidate treatment with any H1 0K 180me2 antibody provided herein; (¢}
determining the concentration and/or subcellular localization of the HI.OK180me2 antigen in the
sample that binds the antibody; and (d) determining that the mdividual will benefit from the
candidate treatment if therg 1s an increase in the concentration or an decrease in cytoplasmic

subcellular localization, relative to a control.

[B815] In anocther aspect, provided herein is a method of determining whether an individual
diagnosed with Alzheimer’s discase will benefit from a candidate treatment, whercin the
wndividual has not yet started the treatment, the method comprising: {a} contacting a biclogical
sample from the individual with a candidate treatment; {b} contacting the biological sample with
any H1.0K180me?2 antibody provided herein; (¢} deternvining the concentration and/or
subcellnlar localization ot the H1 0K 180me?2 antigen n the sample that binds the antibody; and
{(d) determining that the individual will benefit from the candidate treatment if there 15 an
increase in the concentration relative to a countrol or an decrease m cytoplasmic subeeliular

localization, relative to a control.

[6616] In another aspect, provided herein 1s a method of determining whether an mdividual
diagnosed with Alzheimer’s disease will benefit from a candidate treatment, wherein the
individual has not yet started the treatment, the method comprising: {(a) administering to the
individual a candidate treatment; (b} contacting a biological sample from the individual with an
H1.0K180me?2 protein or H1.0K180me2 peptide provided herein; {¢} determining the
concentration of autoantibodics in the sample that bind the protein or peptide; and {d}
determining that the individual will benefit from the candidate treatment if there 1s a decrease n

the concentration, relative to a control.

[B817] As it pertains to methods related to Alzheimer’s disease methods, in some
embodiments, the change {(increase, decrease, or no change) that 1s measured 1s relative to a
threshold established by a Receiver Operating Characteristic curve analysis for optimal
specificity and sensitivity. In some embodiments, the biological sample is selected from the

group consisting of whole blood, plasma, serum, saliva, urine, feces, synovial fluid,
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cerebrospinal fluid, bronchial lavage, ascites fluid, bone marrow aspirate, pleural effusion,
tissue, cells, a biopsy, interstitial fluid, and lymphatic fhud. In some embodiments, the individual
is 60 years of age or older. In some embodiments utilizing an antibody, the antibody 15 labeled.
In some embodiments, the H1.0K180me?2 antibody 1s attached to a bead, column, resin, ora
microplate. In some embodiments, the H1.OK180me?2 protein or HL.GK180me?2 peptide is
labeled. In some embodiments, the H1 0K 180me?2 protein or H1.0K180me?2 peptide is
biotinvlated. In some cmbodiments, the H1 0K 180me? protein or H1.0K180me?2 peptide is
attached to a bead, resin, column, or a microplate. In some embodiments, the HE 0K 180me?2
protein comprises the sequence of SEQ ID N2, In some embodiments, the HE 0K 180me?Z
peptide comprises any one of the sequences of SEQ 1D NOS:3-35. fn some embodiments, the
H1.0K180meZ peptide comprises the sequence of SEQ 1D NG5 In some embodiments, the
concentration of autoantibodies specific to the H1.0K180me?2 antigen is determined. In some
embodiments, the concentration of HI 0K180me2 or HI .0K180me?2 autoantibodies is
determined via an ELISA . In some embodiments, the concentration of Ig(G autoantibodics is
determined. In some embodiments, the concentration of IgM autoantibodies 1s determined. In

some embodiments, the concentration of Ig( and IgM autocantibodies i3 determined.

{6818} Inthe varous aspects related to determining whether an individual diagnosed with
Alzheimer’s discase will benefit from a candidate treatment, and determining whether an
wndividual diagnosed with Alzheimer’s disease and receiving treatment for the Alzheimer’s
disease, or will benefit from the treatment or will continue to from the treatment, the treatment is
selected from the group consisting of APP synthesis Inhibitors, beta~-secretase mbibitors,
gamma-secretase mhibitors and modulators, AB aggregation inhibitors, AR immunotherapy,
Cholesterol-lowering drags, Anti-tau drugs, cholinesterase inhibitors, N-methyvl D-aspartate
{(NMDA) antagonists, atypical antipsychotics, blockers of protein S-nitrosylation, glucagon-hike
peptide-~| receptor agonists, rapamycin, rapalogues, endocannabinoids, cannabionoids,
neuwroprotectors, molecules controthing calcium influx, antioxidants, anti-inflammatory drugs,
drugs controlling control of glutamate homeostasis, antophagy inducers, hormones, hormonal
regulators, statins, msulin, insulin carmiers, multifunctional nanocarriers, vitamins, nutrtional

supplements, small RNA molecules, peptides, and ultrasound therapy,

13612} In anocther aspect, provided herein is a method of determining whether an individual

has been exposed to a DNA damaging agent, comprising: (a} contacting a biclogical sample
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from the individual with any H1 OK180me2 antibody provided herein; and (b) determining the
concentration of an H1.0K180me?2 antigen in the sample that binds the antibody, wherein an
increase in the concentration relative to a control indicates that the individual has been exposed
to a DNA damaging agent. In some embodiments, the increase 1s above a threshold established
by a Receiver Operating Characteristic curve analysis for optimal specificity and sensitivity. In
some embodiments, the DNA damaging agent is radiation. In some embodiments, the biclogical
sample 15 selected from the group consisting of whole blood, plasma, serum, saliva, urine,
synovial find, cerebrospinal fhnd, bronchial lavage, ascites thud, bone marrow aspirate, pleural
cffusion, tissue, cells, a biopsy, mterstitial fluid, and lymphatic fluid. In some embodiments, the
antibody 1s labeled. In some embodiments, the antibody 1s attached to a bead, resin, column, ora
microplate. In some embodiments, the concentration is determined via an ELISA. In some
embodiments the antibody 13 at least 2-fold more specific for the dimethylated K180 antigen,
than a monomethylated antigen, wherein the monomethylated antigen comprises a
monomethylated lysine residue, and wherein the lysine residuc corresponds to K180 of a human
histone H1.0 protein. In some embodiments the antibody is at least 2-fold more specific for the
dimethylated antigen, than a trimethylated antigen, wherein the trimethylated antigen comprises
a trimethylated lysine residue, and wherein the lysine residue corresponds to K180 of a buman

histone H1.0 protein. In some embodiments the antibody 1s an antigen binding fragment.

[B828] In another aspect, provided herein is a method of determining whether an individual
has been exposed to a DNA damaging agent, comprising: (a} contacting a biclogical sample
from the individual with any H1.0K180me?2 protein or H1.0K180me?2 peptide provided herein;
and (b) determining the concentration of autoantibodies in the sample that bind the protein or
peptide, wherein an increase in the concentration relative to a control indicates that the
individual has been exposed to a DNA damaging agent. In some embodiments, the increase s
above a threshold established by a Recetver Operating Characteristic curve analysis for optimal
specificity and sensitivity. In some embodiments, the DNA damaging agent 1s radiation. In
some embodiments, the biclogical sample is selected from the group consisting of whole blood,
plasma, serum, saliva, urine, synovial fluid, cerebrospinal fhuid, bronchial lavage, ascites flhud,
bone marrow aspirate, pleural effusion, tissue, cells, a biopsy, mnterstitial fhnd, and tymphatic
fluid. In some embodiments, the protein or peptide comprises a label. In some embodiments, the
protein or peptide is attached to a bead, resin, column, or a microplate. In some embodiments,

the concentration is determined via an ELISA. In some embodiments, the peptide comprises any
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one of the sequences of SEQ ID NOS:3-35. In some embodiments, the protein comprises the
sequence of SEQ 1D NO:Z. in some embodiments, the peptide comprises the sequence of SEQ

D NG:3.

[6621] In another aspect, provided herein is a method of determining whether an individual
recetving treatment with a rapalogue is responsive to such treatment, comprising: (a) contacting
a biological sample from the individual with any H1.0K180me2 antibody provided herein; (b}
determining the concentration of an H1 0K 180me2 antigen in the sample that binds the
antibody; and {c) determining whether the mdividual 1s responsive to treatment, wherein a
decrease in the concentration relative to a control indicates that the individual is responsive. In
some embodiments, the decrease 1s below a threshold established by a Receiver Operating
Characteristic curve analysis for optimal specificity and sensitivity. In some embodiments, the
rapalogue s selected from the group consisting of Rapamycein, Sirolimus, Rapamune,
Everolimus, RA 001, Afinttor, Zortress, Temsirolimus, CCI-779, Torisel, Ridaforolimus,
AP23573, MK-8669, Deforolimus, Zotarolunus, ABT-578, AZDROSS, AZD2014, OSI-027,
MLINOI28, WYE-132, Torm]1, PI-103, P7170, PF-04691502, PF-05212384, PKI-587, GNE477,
PKI-180, WID008, XL765, SAR245409, NVP-BEZ235, B(GT226, SF1126, GSK2126458, Ku-
0063794, WY E-354, NVP-BEZ235, PF-05212384, X1765, Torin 2, WYE-125132, and OS1-
027 In some cmbodiments, the biological sample is selected from the group consisting of
whole blood, plasma, serum, saliva, urine, synovial fhud, cerebrospinal fluid, bronchial lavage,
ascites fhuid, bone marrow aspirate, plearal effusion, tissue, cells, a biopsy, interstiial fluid, and
tyvmphatic tluid. In some embodiments, the antibody 15 labeled. fn some embodiments, the
antibody 1s attached to a bead, resin, column, or a microplate. In some embodiments, the
concentration is determined via an ELISA. In some embodiments, the antibody is an antigen
binding fragment. In some cmbodiments the antibody is at least 2-fold more specific for the
dimethylated K180 antigen, than a monomethylated antigen, wherein the monomethylated
anfigen comprises a monomethylated lysine residue, and wherein the lysing residue corresponds
to K180 of a human histone H1.0 protein. In some embodiments the antibody is at least 2-fold
more specific for the dimethyiated antigen, than a tnimethylated antigen, wherein the
tnmethvlated antigen comprises a trimethviated tysine residue, and wherein the lysine residue

corresponds to K180 of a human histone H1.0 protem.
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16622} In anocther aspect, provided herein is a method of determining whether an individual
receiving treatment with a rapalogue is responsive to such treatment, comprising: {(a) contacting
a biological sample from the individual with an H1.0K180meZ peptide or H1.OK180me2
protein; (b} determining the concentration of autoantibodies in the sample that bind the protem
or peptide; and (¢} determining whether the individual is responsive (o treatment, wherein a
change i the concentration of autoantibodics relative to a control indicates that the individual is
responsive. In some embodiments, the change 1s with respect to a threshold established by a
Receiver Operating Charactenstic curve analvsis for optimal specificity and sensitivity. In some
embodiments, the rapalogue is selected from the group consisting of Rapamycin, Sirolimus,
Rapamune, Everclimus, RA 001, Afinitor, Zortress, Temsirolimus, CCIL-779, Toriscl,
Ridaforolimus, AP23573, MK-8669, Deforohmus, Zotarolimus, ABT-578, AZDB0S3S,
AZD2014, OSI-627, MLNO128, WYE-132, Torinl, PI-103, P7170, PF-04691502, PF-
05212384, PKI-587, GNE477, PKI-180, WID0O0Z, X1.765, SAR245409, NVP-BEZ235,
BGT226, SF1126, GSK2126458, Ku-0063794, WY E-354, NVP-BEZ235, PF-05212384,
XL.765, Torin 2, WYE-125132, and OSI-027.  In some embodiments, the biological sample 13
selected from the group consisting of whole blood, plasma, serum, saliva, urine, synovial fluid,
cerebrospinal fluid, bronchial lavage, ascites fluid, bone marrow aspirate, pleural cffusion,
fissue, cells, a biopsy, interstitial fluid, and ivmphatic fluid. In some embodiments, the protein or
peptide comprises a label. In some embodiments, the protein or peptide 1s attached to a bead,
resin, column, or a microplate. In some embodiments, the concentration is determined via an
ELISA. In some embodiments, the protein comprises the sequence of SEQ 1D NG:2. in some
embodiments, the peptide comprises any one of the sequences of SEQ 1D NOS:3-35. In some

embodiments, the peptide comprises the sequence of SEQ 1D NO:3.

{6023} In another aspect, provided herein is a diagunostic kit comprising an H1 0K 180me2
peptide or H1.0K180meZ protein. In some emboduments, the protein or peptide comprises the
sequence selected from the group consisting of SEQ 1D NOS: 3-35. In some embodiments, the
protein or peptide comprises a label. In some embodiments, the protein or peptide is
hictinviated. In some embodiments, the protein or peptide is attached to solid surface. In some
embodiments, the protein or peptide is attached a bead, resin, column, or a microplate. In some
embodiments, the protein or peptide 13 provided for the detection of H1.0K180me?2
autoantibodies in a sample. In some embodiments, the protein or peptide is provided as a

reference standard. In some embodiments, the kit further comprises an Hi 0K 180me2 antibody.
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In some embodiments, the kit is used for the detection of Alzheimer’s discase, radiation
oxposure, exposure to a genotoxin, or exposure to a DNA damaging agent. In some
embodiments, the kit is used for drug screening. In some embodiments, the kit is used for patient

stratification. In some embodiments, the kit 1s used for treatment selection.

[3624] In ancther aspect, provided herein is a transdermal patch for measuring a concentration
of a hvpodermal target molecule, comprising: (3} a substrate comprising either (1) an
H1.0K180meZ antibody; or (2} an H1 0K 180me?2 protein or H1.0K180me?2 peptide; and (b) a
plurality of microneedles. In some embodiments, the substrate comprises an HI 0K 180me?2
antibody. In some embodiments, the antibody is labeled. In some embodiments, the antibody 1s
an antigen binding fragment. In some embodiments, the substrate comprses an H1.0K180me2
protein or H1 0K 180me?2 peptide. In some embodiments, the peptide s labeled. fn some
embodiments, the peptide 1s biotinviated. Tn some embodiments, the protein comprises the
sequence of SEQ 1D NO:2Z. In some embodiments, the peptide comprises any one of the
sequences of SEQ 1D NOS:3-35. In some embodiments, the peptide comprises the sequence of
SEQ ID NG:3. In some embodiments, the paich 1s a transdermal microngedle array patch. In

some embodiments, the substrate is elastically stretchable.

10623]  In ancther aspect, provided herein is a portable unit for determining whether an
individual has been exposed to radiation or a DNA-~-damaging agent, comprising: (a} a sample
collection unit; (b) a reader; (¢) an assay module compnsing either (1) an H1.0K180me2
antibody; or {2} an H1.0K180me?2 protemn or H1 0K 180me?2 peptide; and {d} a plurality of
microneedles. In some cmbodiments, the substrate comprises an HI.0K130me2 antibody. In
some embodiments, the antibody is labeled. In some embodiments, the antibody is an antigen
binding tragment. In some embodiments, the substrate comprises an H1.0K180me? protein or
H1.0K180me?2 peptide. In some embodiments, the protein or peptide comprises a label. In some
embodiments, the protein or peptide is biotinyiated. In some embodiments, the protein comprises
the sequence of SEQ ID NG:2. In some embodiments, the peptide comprises any one of the
sequences of SEQ 1D NOS:3-35. In some embodiments, the peptide comprises the sequence of

SEQ ID NO:3. In some embodiments, the peptide comprises the sequence of SEQ 1D NG:2.

[0626] In anocther aspect, provided herein is a test strip suitable for a lateral flow assay of an
analyte, comprising a sample receiving zone, wherein the sample receiving zone comprises

gither (1} an H1 OK180me2 antibody; or (2) an HI 0K 180me2 protein or H1 0K 180me2 peptide.

12
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In some embodiments, the receiving zone comprigses an H1.0K180me2 antibody. In some
embodiments, the antibody is labeled. In some embodiments, the antibody 1s an antigen binding
fragment. In some embodiments, the receiving zone comprises an H1.0K180me?2 protein or
H1.0K180meZ peptide. In some embodiments, the protein or peptide comprises a label. In some
embodiments, the protein or peptide 1s biotinviated. In some embodiments, the protein
comprises the sequence of SEQ 1D NG:2. In some embodiments, the peptide comprises any one
of the sequences of SEQ 1D NOS:3-35. In some cmbodiments, the peptide comprises the
sequence of SEQ ID NO:3. In some embodiments, the peptide comprises the sequence of SEQ

1B NG:Z.

6827} In anocther aspect, provided heren is an in virre method for dimethylating a histone
H1.0 peptide or a histone H1.0 protein comprising contacting the protein or peptide with a
methyltransferase enzyvme and a methy! donor under conditions that produce a specificaily
dimethylated protein or peptide, whergin the protein or peptide is specifically dimethyvlated ata
tysine residue corresponding to K180 of a human histone H1 0 protein, and wherein the
methyltransferase enzyme 1s GY9A methyitransferase or GLP methyltransferase. In some
embodiments, the peptide comprises a sequence selected from the group consisting of SEQ ID
NGS:42-74. In some embodiments, the protein comprises the sequence of SEQ ID NO: 1. In
some embodiments, the protein or peptide 1s contacted with a GY9A methvitransferase. In some
embodiments, the protein or peptide is contacted with a GLP methvliransferase. In some
embodiments, the methyl donor is 5-Adenosyl-L-Methionine. In some embodiments, the
contacting is performed in a methviation buffer. In some embodiments, greater than 50%,
greater than 60%, greater than 70%, greater than 80%, greater than 90%, greater than 95%, or
gven greater than 99% of the product is dimethylated at a lysime residue corresponding to K180
of the human histone H1.0 protein. In a related aspect, provided herein is an antibody that

specifically binds the dimethylated protein or peptide produced by the in vifro method provided.

[6628] 1n another aspect, provided herein is a histone H1 .0 peptide or a histone HI.0 protein
specifically dimethylated at a lysine residue corresponding to K180 of a human histone H1.0
protein produced by a method comprising contacting an H1.0 protein or an H1.0 peptide with a
methyltransferase enzvme and methy! donor under conditions that allow for the specific
dimethylation, wherem the methyliranstferase enzyvme 1s G9A methyltransferase or GLP

methy liransferase. In some embodiments, the H1 .0 peptide comprises 3 sequence selected from
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the group consisting of SEQ D NOS:42-74. In some embodiments, the H1.0 protein comprises
the scquence of SEQ D NO:1. In some embodiments, the specifically dimethviated H1.0
protein produced comprises the sequence of SEQ 1D NO:2. In some embodiments, the
specifically dimethyvlated H1.0 peptide produced comprises the sequence of SEQ 1D NOS:3-35,
In a related aspect, provided herein is an antibody that specifically binds the dimethylated

protein or peptide produced by the i vitro method provided.

16029] 1o another aspect, provided hercin is a kit for the in vitro methylation of an H1 .0
protein or H1.0 peptide comprising: (a) an H1.0 protein or an H1.0 peptide; (b) a G9A
methyltransferase or GLP methyliransferase enzyme; and a methyl donor. In some
cmbodiments. the kit comprises an H1.0 protein, wherein the H1.0 protein comprises the
sequence of SEQ ID NO: 1. In some crabodiment, the kit comprises an H1 .0 peptide. In some
embodiments, the H1.0 peptide comprises a sequence selected from the group consisting of SEQ
12 NOS:42-74. In some embodiments, the kit comprises a G9A methyltransferase enzyme. In
some embodiments, the kit compnises a GLP methyliransferase enzyme. In some embodiments,
the methyl donor 1s S-Adenosyl-L-Methionine. In some embodiments, the kit further comprises

a methylation buffer.

10630] In ancther aspect, provided herein is a complex comprising a histone H1.0 peptide and
a methyliransferase enzyme, wherein the complex is in vitro. In some embodiments, the H1.0
peptide comprises a sequence selected from the group consisting of SEQ 1D N(Os:42-74. In some
embodiments, the methyvltransferase enzyme 1s G9A methvltransferase enzvme. In some

embodiments, the methyltransferase enzyme is GLP methyltransferase enzyme,
BRIEF DESCRIPTION OF THE DRAWINGS

[6631] FIGS. 1A-1B and show the identification of a histone H1.0 protein comprising a
dimethviated tysine at residue 180 (H1.0K 180me2) as a post-transiational modification upon
cellular senescence of hADSCs, using discovery-based mass spectrometry analysis. FIG, 1A
shows the mass spectrometry discovery pipeline. FIG. 1B shows the full mass spectra for

unmodified and dimethylated peptides.

[B832] FIGS. 2A-2B show the expression level of six distinct vanants of lustone H1 (FIG.
2A) and RNA-seq reads (FIG. 2B) from H1 .0 i SR (self-renewing) and REP-SEN
(rephicatively sencscent) hADSCs.
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[3633] FIGS. 3A-D show the specificity of the H1.0K130me?2 antibody provided herein. FIG.
3A shows the amino acids flanking histone H1.0 K180 as compared with different methviation
sties of other lysine residues in the H1.O0K180me2 .0 protein and the H3.0 protein. FIGS. 38 and
FIG. 3C show the slot blot assay results, and demonstrate the specificity of the antibody against
H1.0K180me2. FIG. 3P demonstrates the specificity of the antibody against H1. 0K 180me2.
FiG. 3E shows a ClustalW?2 alignment of histone H1 variant protein sequences, depicting the

crmbedment of H1.0 K180 in a unigue sequence of anuno acids not present in other H1 variants.

[6634] ¥IG. 4 shows the use of an indirect ELISA using labeled HI 0K 180me?2 peptides for

the detection of H1 0K 180me? autoantibodies i samples of bodily fluids.

10633] FIG. 5A shows the use of a sandwich ELISA for the direct detection of the
H1.0K180meZ antigen, using antibodics against an H1 0K 180me?2 epitope in samples of bodily

fluids. FIG. 5B shows the standard curve for HI 0K 180me? antigen sandwich ELISA test.

[3636] FIG. 6 shows that HI 0 mRNA expression increases upon acute DNA damage and

genotoxic stress-induced senescence.

6837} FiG. TA shows the dimethylation of HI 0K 180 {H1.0K180me2} on chromatin
mmediately afier DNA damage, by western blot analysis. F1G. 78 shows secretion of

HI1.0K180me?2 from after BDNA damage.

16038] FIGS. BA-88 show that the dimethylation of H1.0K 180 occurs upstream of PARP-1
activity. FEG. 8A shows western blot analysis using an H1 0K 180me?2 antibody, revealing that
H1.0K180 methylation oceurs upstream of PARP-1 functional activity in the DNA damage
repair pathway. FIG.8B validates inhibition of PARP activity by PARP-1 inhibitor AG14361 to
support that H1 0K 180 methylation occurs upstream of PARP-1 functional activity in the DNA

damage repair pathway.

[6639] FIGS. A and 98 show LC-MS/MS analysis (FIG. 9A) and slot blot analysis (FiG,
9B) on hADSCs of SR, acute DNA damage, and genotoxic siress induced senescence, revealing
that dimethylated HI OK 180 {H1 0K180me?2)} is relcased from chromatin upon genotoxic stress
induced senescence (FIG. 9A) and 15 scoreted out of the cells into the extraccliular

matnix/celiular media (FIG. 8B,
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[3840] FIGS. 18A-10C show the effect of onizing radiation on H1 0K 180me? levels. FIG.
16A shows that exposure to ionizing radiation induces increased levels of circulating H1.0
K180me?2 in mouse serum. FIG. 10A and FIG. 108 show a slot blot analysis of the presence
(FIG. 168A) and guantification (FIG. 168) of H1.0K180me?2, using antibodies specific for the
H1.0K180me?2 epitope in the serum. FEG. 10C shows a westermn blot analyvsis of presence of
H1.0K180me?2 epitope levels. using antibodies specific for the H1.0K180me?2 eptiope, in mouse

scrum after X-ray irradiation {7 Gv).

16041} FIGS. 11A-11C show age-related accumulation of circulating H1.0K180me2 m the
brain tissue and blood serum. Shown are western blot analyses of HOK180me2 in mouse
(FIG, 11A) and human (FIG., 11B) brawn tissue, revealing that its abundance increases with
organismal age. FiG. 11C shows H1.0K180me?2 levels in buman serum samples normalized by

total IgG serum levels,

[0842] FIGS, 12A-12C demonstrate the utility of measurements of serum H1.0K180me?2 as
biomarkers of Alzheimer’s discase. FIG. 12A shows that serom H1 0K 180me?2 is decreased
individuals with Alzheimer’s disecase, when compared to age-matched controls {(normalized by
serum volume). FIG. 12B shows that serum H1 0K 180me?2 1s decreased in individuals with
Alzheimer’s discase, when compared to age-matched controls (normalized by total seram IgG
levels). FIG. 12C shows that serum H1.0K180me? is decreased in individuals with Alzheimer’s
disease, when compared to age-matched controls {(normalized by total serum protein

concentration},

10643] FIG. 13A shows that human IgG autcantibodies generated to HI 0K 180me?2 can be
detected in different human bioflinds (plasma, urine, saliva) using the indirect ELISA method.
FIG. 13B demonstrates the utility of measurements of IgG autoantibodies to H1.0K180me2 as

biomarkers of Alzheimer’s disease.

[3644] FIG. 14A shows a schematic representation of measuring IgM antibodies against

H1.0K180me2, under test and normalization conditions.

[6045] FIG. 14B shows the results of measurements of total IgMs and a standard curve of
anti- IgM molar concentration versus the optical density (0.D) at 450nm. The IgM

concentration 13 mferred from the curve. Box plots show total IgM concentrations,
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demonstrating that total IgM levels do not discriminate between individuals with and without

Alzhemmer’s discase {AD).

[0846] FiG., 14C is a schematic reprosentation of the use of an indirect ELISA agsay for the

measuwrements and quantification of H1.0K180me?2 IgM autoantibodics.

[6647] ¥IG. 14D shows a standard curve of anti- 5o molar concentration versus the optical

density (0.1 ) at 450nm. The IgM concentration can be inferred from the curve.

10648] FIG. 14K demonstrates the utibity of measurements of IgM autoantibodies directed to

H1.0K180me2 as biomarkers of Alzhetmer’s disease {figures show raw non- normalized data).

[B848] FIG. 15A demonstrates the utility of measurements of [gM autoantibodies to
H1.0K180me?2 as biomarkers of Alzheimer’s disease {(figares show data normalized to total IgM

fevels}.

[6858] FiG. 15B demonstrates the stability and reproducibility of diagnostic characteristics of
serojogical indirect ELISA for the measurements and guantification of HI 0K 180me?2 IgM

autoantibodies between different operators and different laboratory settings.

16051} FIG. 16A demonstrates that correlation between total Ight and HE 0K 180me?2 IgM
autoantibodics is not significant in both Alzheimer’s discase and neurological controls patients

{based on the R’ value).

[6652] FIG. 168 demonstrates that total unmodified H1.0 protein levels (left graph} and total
H1.0 IgM autoantibody levels {right graph) do not discriminate between individuals with and

without Alzheimer’s disease.

160531 FIG. 17 demounstrates that measuring H1.0K180me2 g6 and H1.0K180me2 IgM
autoantibodies, and correlating the two measurements, can stratify patients with Alzheimer’s
disease into distinct sub-popuiations,

[3654] FIG. 18 shows a western blot analysis of H1.0K180me?2 in SR hADSCs after
bleomycin treatment, revealing that cverolimus, a dentvative of rapamycin, can act to block

H1.0K180me? appearance upon DNA damage.
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[B655] FIG. 19 shows a western blot analysis of H1.0K180me?2 in SR hADSCs after
bleomycin or temozolomide treatment, revealing that temozolomide, a chemotherapy drug that

can trigger basc excision repair pathways, also lcads to methviation of H1.0K180.

[6656] FIG. 20 shows the effect of effect of mTOR and PI3K inhibitors on H1.OK180me2

dynamics.

[0857F FIGS, 21A-21B show the resolts of the in virre G9A methyitransferase methylation
assay. The GO9A methvhransferase is capable of methylating an H1.0 peptide (FIG, 21A} and is
capable of methylating full length H1.0 protein (FIG. 21B).

[6038] FIG. 22A shows that m the presence of unmethylated HI.0 peptide, G9A
methyltransferase specifically and abundantly dimethvlates H1.0K 180 (99.9% of all peptides).
FIG. 22B is a tabular representation of efficiency of methylation of GY and GLP

methyltransferase.

[6039]  FIG. 23 shows that in the presence of dimethylated H1.0 peptide, there 1s minimal

further methylation that takes place (only 2.64% of peptides are further methylated).

13068} FIG. 24 shows that in the presence of recombinant, full-length H1.0, G9A

methyliransferase methylates C-terminal lyvsine residues, mcluding H1 0K 180me2.

G061} FIG. 25 shows that in the presence of unmethviated H1.0 peptide, GLP
methyltransferase specitically dimethyiates H1.0K 180 (96.6% ot all peptides) to produce

H1.0K130me?Z.

{6062} FIG. 26 shows that in the presence of a K180 dimethylated H1.0 peptide, GLP
methyltransferase only further methvlates H1.0K 180 and H1.0K174, and only with a very low

efficiency (1.02% of peptides are further methylated).

18063} FIG. 27 shows the methylation of recombinant full-fength H1.0 protein with GLP

methyltransferase.

[0664] FIGS, 28A-288 show the siRNA knockdown of GY9A in human adipocyte derived
stem cells (hADSCs) led to a reduction (FIG. 288) 1n H1.0K180me?2 levels upon bleomyein
treatment (FIG, 28A).
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DETAILED DESCRIPTION

[60658] Provided herein are antibodies that specifically bind a dimethylated antigen, wherein
the dimethyvlated antigen is a histone H1.0 peptide or a histone H1.0 protemn comprising a
dimethylated lysine residue, wherein the lvsine residue corresponds to K180 of a human histone
H1.0 protein, and wherein the dimethylated lysine residuc 1s required for binding

(H1.0K180me?2 antibodies).

[0866] Also provided herein are histone H1.0 peptides comprising a dimethylated lysine
residue or histone H1.0 proteins comprising a dimethylated lysine residue, wherein the
dimethylated lysine residue corresponds to K180 of a human histone H1.0 protein

(H1.0K180me2 peptides and H1.0K180me2 protems).

{0867} These HI 0K 180me2 antibodies, HI OK180me?2 peptides, and H1 0K 180me?2 proteins
are described herein for therapeutic and diagnostic uses. These Hi 6K 180me2 antibodics,
H1.0K180me?2 proteins, and H1.0K180me2 peptides may be used in the treatment of methylated
H1 O-related discases or conditions in an individual. These H1 0K 180me? antibodies,
H1.0K180me?2 proteins, and H 0K 180me2 peptides may also be vsed for detecting replicative
senescence, DNA damage, genotoxic stress, radiation exposure, Alzheimer’s disease, for
monitoring therapeutic regimens, paticnt stratification, drug screening, and may serve as a

marker of biological aging i a system.
10668] These and related compositions and methods are described herein.
. Dimethylated Proteins and Peptides

A. Bimethylated H1.0K180me2 Proteins and Peptides

[6869] The terms “peptide,” “protemn,” and “polypeptide” as used heremn to refer to a polymer
of amino acids, and unless otherwise specified, include atypical amino acids that function in a

similar manner to naturally occurnng amino acids.

[0878] Provided hercin are histone HI .0 proteins and histone H1.0 peptides, comprising a
dimethylated lysine residue, wherein the lvsine residue corresponds to K180 of a human histone
H1.0 protein. A histone H1.0 protem comprising a dimethvlated vsing at a residuc

corresponding to K180 of hwman H1.0 protein is referred to heren as an “H1 0K 180me2
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protein.” A histone H1.0 peptide comprising a dimethylated lysme at a residue corresponding to
K180 of human HI 0 protein is referred to herein as an “H1.0K180me?2 peptide.” They can

stmply also be referred to collectively as “H1.0K180me2.”

[6671] Residuc positions in the H1.0 protein discussed herein are identified with respectto a
reference aming acid sequence. The himan H1.0 histone protein ased to identify residue
positions 1s NCBI Reference Sequence: NP 005309 1 and can be accessed at

http:/Awww ocbinlm nih . gov/protein/NP_003309 1. Tn this case, a reference to “H1.0 residue
Lysmne 1807 or “HILOK 1807 or “K1807 identifics a residue that, m buman histone H1.0, is the
180™ amino acid from the N-terminus, wherein the methionine is the first residue. The 180%
residue is a bysine (K) 1o human H1 .0 Those of skill in the art appreciate that the K130 residue

can have g different position in H1 proteins trom ditferent specics or in different isoforms.

16072] Use of the term “K180” hercin refers to the residue corresponding to K180 of the
hinan H1.0 protein. Similarly, the term “K1727, refers to the residue corresponding to K172 of

the human H1.9 protein, and the like.

160731 Table 1 provides the 194-amino acid sequence of the full length human H1.0 protein
(NCBI Reterence Sequence: NP_005309.1), numbered sequentially from 1-194. The K180

restdue 18 shown as K*.

Table 1: Full Length Sequence of Human HL.G Protein

1 MTENSTSAPAAKPKRAKASK KSTDHPKYSD MIVAAIGAEK NRAGSSROSE QKYIKSHYKY
61 GENADSQGIKL SIKRLVTTGY LKOTKGYGAS GSFRLAKSDE PKKSVYAFKKT KKEIKKVATP
121 KKASKPKKAA SKAPTKKPKA TPVKKAKKKE AATPKKAKKP KTVKAKPVKA SKPKKAKPVK®

181 PKAKSSAKRA GKKIK {SEGQ ID NO:1}

16074} Table 2 provides the 194-amino acid sequence of the full length human H1.0 protein
dimethylated at K180, numbered sequentially from 1-194. The K180me?2 residue is shown as
Ki{me2}.
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Table 2: Full Length Sequence of Human H1.0 Protein Dimethviated at K186

1 MTENSTSAPAAKPRRAKASK KSTDHPRYSD MIVAAIGAEK NRAGSSROS! QKYIKSHYKY
61 GENADSQIKL SIKRLVTTGY LKOQTKGVGAS GSFRLAKSDE PKKSVAFKKT KKEIKKVATP
121 KKASKPKKAA SKAPTKKPKA TPVKKAKKKE AATPKKAKKP KTVKAKPVKA SKPKKAKPVK{me2)

181 PKAKSSAKRA GKKK {SEGQ D NO:2)

{6673} In certain embodiments, the dimethylated HI 0K 180me2 peptides {comprising the
K180me2 epitope recognized by the HI 0K 180me2 antibodies provided heren} comprises the

amino acid sequence selected from the sequences presented in Table 3A.

Table 3A: Exemplary H1L.OKI180me2 Peptides

AKPVEKASKPKEAKPYVK(me2)PK (5EQ ID NG:3)
KPVKASKPEKKAKPVE{me2)PK (SEQ ID NO:4)
PVEASKPKKAKPYVK{meZ}PK (SEQ ID NG:5)
VKASKPKKAKPVE{(me2)PK (SEQ ID NO:6)
KASKPKEKAKPVK{(meZ}PK (SEQ ID NGO
ASKPKKAKPVE(me2)PK (SEQ 1D NG:8)
SKPKKAKPVK(meZ}PK (SEQ ID NO:9)
KPKKAKPVE{me2)PK (8EQ ID N(G:10)
PKEAKPVK{(meZ)PK (SEQ ID NO:11)
KKAKPVE(me2)PK (SEQ D NO-12)
KAKPVE(me2)PK (5EQ ID NG:13)
AKPVKASKPKKAKPYVK(me2)P (SEQ ID NO:14)
KPVKASKPKKAKPVE(me2)P (SEQ ID NO:15)
PVKASKPKKAKPVK(me2)P (SEQ ID NO:16)
VKASKPKKAKPVK(me2}P (SEQIDNO:17)
KASKPKKAKPVK(meZ)P (SEQ ID NG:18)
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ASKPKKAKPVK(ueZ)P

(SEQ ID NG 19}

SKPEKKAKPVEK(me2)P

(SEQ ID NO:20)

KPKKAKPVE(me2)P

(SEQ ID NO-21)

PKKAKPVE(me2)P (SEQ ID NO:22)
KKAKPVK(me2)P (SEQ ID NO:23)
KAKPVK(me2)P (SEQ ID NO:24)

AKPVEASKPEKREAKPVK(me2)

(SEQ 1D NO:25)

KPVKASKPKKAKPVE(me2)

(SEQ ID NO:26)

PVKASKPKKAKPVK{(me2)

(SEQ ID NO:27)

VKASKPKKAKPVK(me2)

(SEQ 1D NO:28)

KASKPKEKAKPVK(me?2)

(SEQ ID NO-29)

ASKPRKAKPVE({me2)

(SEQ ID NO:30)

SKPKKAKPVR(meZ)

(SEQ ID NO:31)

KPKKAKPVK(me2) (SEQ ID NO:32)
PKKAKPVK(me2) (SEQ 1D NO:33)
KKAKPVK(me2) (SEQ D NO34)
KAKPVK(meZ) (SEQ ID NO:35)

PCT/US2017/028686

[6076] The HI1.0K180me? proteins and peptides herein may be further conjugated fora

variety of purposes including, but not limited to, for use n therapeutics, detection, diagnostics,

visualization, quantification, sorting, and for use in biological assays related to their therapeutic

Use.

[6677] In some cmbodiments, H1 0K 180me?2 proteins and peptides comprise a label {c.3.

conjugated to Iabel}, for example a detectable label, a spin label, a colorimetric label, a

radioactive label, an enzymatic label, a fluorescent label, or a magnetic label. In an exemplary

embodiment, the H1.0K180me? proteins/peptides are biotinyvlated. In some embodiments,

H1.0K180me?2 proteins/peptides are conjugated or attached to a solid surface, for example a

bead (¢.g. a magnetic, glass or plastic bead), column, resin, or a microplate. In some

embodiments, HI 0K 180me? proteins/pepiides are coated onto the microplate. In some
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embodiments, H1.0K180me?2 proteina/peptides are conjagated to or comprise an effector
molecule inchuding, but not linuted to, a radicnuclide, a cytotoxin, a chemctherapeutic agent, a
drug, a pro-drug, a toxin, an enzvme, an immunomodulator, a pro-apoptotic agent, a cyvtokine, a

hormone, an oligonucleotide, an antisense molecule, a siRNA, and a second antibody.

[3678] In some embodiments, the amino acid sequence further comprises an additional
terminal residue, for example, for the purpose of conjugation. In some embodiments, the amine
acid sequence further comprises a terminal C residue. In such embodiments, the H1.0K180me2
peptide may comprise the amino acid sequence CAKPYKASKPRKAKPVRPE (SEQ ID
NO:36), CAKPVKASKPEKRKAKPVEKPKC(SEQ ID NO:37), AKPVKASKPKKAKPVEPKC
(SEQ ID NO:38), CAKPVKASKPKKAKPYVK™PK (SEQ ID NO:39),
CAKPVKASKPKKAKPVE ™IPKC(SEQ ID NO:40), or AKPVKASKPKKAKPVK™ PKC
(SEQ 1D NG:4D). In some embodiments, the H1.0K180me?2 peptide compnises a fragment of
any one of the H1.0K180me?2 peptides provided herein. In some embodiments, the
H1.0K180me? peptide 1s conjugated to KLH (kevhole Hmpet hemocyaning, OV A (ovalbumin),

BC {bacterial cellulose) or BSA (bovine serum albumin},

16679]  The H1.0K180me?2 proteins and peptides provided herein are useful both in the
detection of pathophvsiologies, and for inclusion as a reference standard in methods

mcorporating a quantitative assessment of H1.0K180me2 presence.

[B080]  /n virro methylation of protein or peptides traditionally poses challenges of specificity
(e.g. specificity of the substrate to be methylated; and control of the same). Described herein are
methods that allow for the selective dimethylation of the K180 residue of the HI 0 protein {or

peptide tragment thereof), using GY9A methyitransferase or GLP methvliransferase.

[B681] Provided herein are compositions and methods related to specifically dimethvlating a
histone H1.0 protein at lysine residue 180 (K180} (H1.0 with a K.180me2) and specifically

dimethylating a peptide fragment of the histone H1.0 protein at a lysine corrgsponding to K180,
B. Production of H1.0K180me2 Peptides

160821  The H1.0K180me? peptides arc uscful both in the indirect detection of
pathophysiologies, and for inclusion as a reference standard for the quantification of the data n

methods including, but not limited to (1} molecular diagnostics of at least DNA damage,

23



WO 2017/184895 PCT/US2017/028686

genotoxic stress (e.g. associated with environmental exposure), radiation exposure,
chemotherapy and mmmunotherapy with an antibody bearing a BDNA-damaging payiocad,
radiation therapy, and Alzhcimer’s discase, (2) monitoring therapeutic regimens and patient

stratification, (3) drug screening and (4) therapeutic use.

16083] The H1.0K180me?2 peptides provided herein range from 3-193 amino acids (aa} long.
In various embodiments, the length of the H1.0K180me?2 peptide is 5aa, 6aa, 7aa, Raa, 9aa, 10aa,
11aa, 12aa, 13aa, 14aa, 15aa, 16aa, 17aa, 18aa, 19aa, 20aa, 21aa, 22aa, 23aa, 24aa, 25aa, 26aa,
27aa, 28aa, 29aa, or 30aa. In certain exeroplary embodiments, the length of the H1.0K180me2

peptide 1s15aa, 16aa, 17aa, 18aa, 19aa, or 20aa.

[3084] Listed in Table 3A are exemplary H1 0K 180me?2 peptides that can be synthetically
produced using the methods and compositions described herein. In some embodiments, the
H1.0K180me?2 peptides of the invention comprise one of the sequences selected from those
presented in Table 3A. In some embodiments, the HE 0K180me?2 peptide consists one of the
sequences selected from those presented in Table 3A. In an exemplary embodiment, the
H1.0K180me?2 peptide comprises the sequence of SEQ D NO:3, SEQ 1D NG:4, or SEQ 1D
NG5, In an exemplary embodiment, the H1.0K180me2 peptide consists of the sequence of SEQ
1D NG:3, SEG 1D NG4, or SEQ ID NG:5. The peptides provided in Table 3A can further

comprise a label, ¢.g. biotin,

[B685] Provided hercin are methods for the in vitro production of H1. 0K 180me? peptides
{synthetically produced H1.0K180me?2 peptides}. Generally the method comprises contacting a
substrate peptide with a G9A methyltransterase enzyme or a G9A-like protein (GLP)
methyliransferase enzyme and a methyl donor under conditions that allow for the specific
dimethylation of a lysine residue corresponding to K180 of the histone H1.0 proten (in vitro
methylation). In various embodiments, the substrate H1.0 peptide comprises a sequence selected
from the group of sequences presented in Table 3B. In related embodiments, the peptide is a

sequence selected from the group of sequences presented in Table 3B,

[6686] The peptides used for methylation may be syntheticallv produced or produced using

methods familiar to those with skall in the art.
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Table 38: H1.0 Peptides for In vitro Methylation

AKPVKASKPKKAKPVKPK

(SEQ 1D NO:42)

KPVKASKPKKAKPVKPK

(SEQ 1D NO-43)

PVKASKPKKAKPYVKPK

(SEQ 1D NO:44)

VEKASKPRKEAKPVKPE

(SEQ 1D NO-45)

KASKPKKAKPVKPK

(SEQ ID NO-46)

ASKPKKAKPVKPK (SEQ 1D NO:47)
SKPKKAKPVKPK (SEQ ID NO-48)
KPKKAKPVKPK (SEQ ID NO:49)
PKKAKPVKPK (SEQ ID NO:30)
KKAKPVKPK (SEQ ID NO:51)
KAKPVKPK (SEQ ID NO:52)

AKPVKASKPKKAKPYKP

(SEQ ID NO-53)

KPVEASKPKKAKPVKP

(SEQ ID NO:54)

PVKASKPKKAKPVKP

(SEQ ID NO:55)

VEKASKPKKAKPVKE

(SEQ 1D NO-56)

KASKPKKAKPVEP (SEQ ID NO:57)
ASKPKKAKPVKP (SEQ ID NO:38)
SKPKKAKPVKP (SEQ ID NO:39)
KPKKAKPYKP (SEQ ID NO:60)
PKKAKPVKP (SEQ ID NO:61)
KKAKPVKP (SEQ ID NO:62)
KAKPVKP (SEQ ID NO:63)

AKPVKASKPKKAKPVK

(SEQ 1D NO-64)

KPVEKASKPKKAKPVK

(SEQ 1D NO:65)

PYVKASKPEKAKPVI (SEQ ID NO:66)
VKASKPKKAKPVK (SEQ ID NO:6T)
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KASKPKKAKPVE (SEQ ID NO:68)
ASKPKKAKPVK (SEQ ID NO:69)
SKPKKAKPVK (SEQ ID NO:70)
KPKKAKPYVK (SEQ ID NO:71)
PKKAKPVE (SEQ ID NO:72)
KKAKPVK (SEQ ID NO:73)
KAKPVK (SEQ ID NO:74)

{6087} Generally, the method for dimethylating a histone H1.0 peptide comprises contacting
the peptide with a methyltransferase enzyme and a methyl donor under conditions that produce a
specifically dimethvlated peptide, wherein the peptide 1s specifically dimethvlated at a tvsine
residue corresponding to K180 of a human histone HI .0 protem, and wherein the

methyliransferase enzvime is G9A methyliransferase or GLP methyltransferase.

[6688] In embodiments of the methods for in vifro production of H1.0K180me2 peptide, the

(9A methyliransferase may be recombinant G9A methyltransferase, a puntied G9A mammalian
methyltransferase, a human G9A methyliransferase, a mouse G9A methyvitransferase, or the like.
The GY9A methyltransferase wclades enzymatically active orthologs, chimeras and artificially or

naturally produced isoforms containing enzymatic domains.

[B88%] In embodimenis of the methods for in vifro production of H1.0K180me?2 peptide, the

GLP methyltransferase may be recombmant GLP methyltransferase, a purified GLP mammalian
methyliransferase, a human GLP methvitransferase, a mouse GLP methvitransferase, or the like.
The GLP methvitransferase mcludes_enzymatically active orthologs, chimeras and artificially or

naturally produced isoforms containing enzymatic domains.

[3690] In embodiments of the methods for the in vifro production of H1 0K 180me?2 peptide,
the methyl donor may be S-Adenosyi-L-Methionine (SAM).

[6691] In embodiments of the methods for in vifro production of H1.0K180me2 peptide, the

contacting may be done in a methylation buffer.
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[3692] In embodiments of the methods for the in vifro production of H1 0K 180me?2 peptide,

the peptide may comprise a label (¢.g. biotin) prior to the methylation.

(6893} In embodiments of the methods for the in vifre production of H1 0K 180me?2 peptide,

the peptide mavbe conjugated with a label (e.g. biotin} atter the methylation.

[6694] 1n embodimenis of the methods for the in vitro methylation of the HI.OK180me2
peptide substrate, greater than 50%, 60%, 65%, 70%., 75%. 80%, 83%, 90%, 95%, 99%, or even
89 9% of the product comprises K180me2. Likewise, in embodiments of the methods for the in
vitra production of HI 0K 180me?2 peptide, in various embodiments, iess than 50%, 40%, 30%,
25%, 20%, 15%, 10%, 5%, 4%, 3%, 2%, 1%, .5%, or less than 0 35% of the product also
contains other methylated residues {e.g. K172mel, K172me2, K172me3, K174mel, K174me2,
K174me3, K175mel, K175me2, K175me3, K177mel, K177me2, K177me3, Kloémel,
K166me2, Ki166me3, K180mel,and/or K180me3). In exemplary embodiments, less than .35%
of the product having the K180me?2 also comprises K174me3, K173me3, and K177mel; less
than 1.25% of the product having the K180me?2 also comprises K166mel; and less than 1.04%

of the product having the K 180me? comprises K174mel and K180me3.

[6993] 1n some embodiments an Hi OK130me2 peptide binds an antibody that 1s specific for
an H1.0K180me? antigen (an H1.0K180me2 antibody). Provided herem, is an antibody that
specifically binds a dimethylated antigen, wherein the dimethvlated antigen 15 g histone H1.0
peptide comprising a dimethylated fysine residue, wherein the vsine residue corresponds to

K180 of a human histone H1 .0 protein.

[0896] In certain embodiments, an HE OK180me?2 peptide binds an H1.0K180me2 antibody
with a dissociation constant (Kd} of about 0.00010M to about 1puM. For example, Kd of the
peptide may be about 1uM, about 100 nM, about 50 nM, about 10 nM, about 5 nM, about 1 oM,
about 0.5 nM, about 0.1 nM, about 0.05 nM, about .01 aM, about 0.005 nM, about 0.001 M,
about 0.0005 nM, or even about 0.0001 nM.

(6897} Insome embodiments, an H1 0K 180me2 peptide is specific for the anti-human
H1.0K180me?2 antibody. In some cmbodiments, an H1 0K 180me2 peptide 1s cross reactive with

an Hi 0K 180me2 antibody from other species.
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160698} In some embodiments, an HI.OK180me?2 peptide is selective for the H1.0K180me?2
antibody and exhibits hitle or no binding to H1.0K180me1 or H1 0K 180me3 antibodies.

{6899} In some embodiments, the binding preference of an Hi 0K 180me? peptide (e g,
affinity} for the H1 0K 180me?Z antibody is generally at least about 2-fold, about 5-fold, or at
least about 10-, 20-, 50, 10%-, 10°-, 10°, 10°, or 10%fold over a non-specific target antibody {c.g.

a randomly generated antibody).

[681003] The H1. 0K 180me2 peptides can be equally specific/selective for antibodies carrying a
pavioad (¢.g. mcluding but not limited to a radionuclide, a cvitotoxin, a chemotherapeutic agent,
adrug, a pro-drug, a toxin, an enzyme, an immmunomodulator, a pro-apoptotic agent, a cytokine,

a hormone, an antagonist, an agonist or a receptor decoy).

[68181] The H1 0K 180me2 peptides provided herein may be further conjugated for a variety of
purposes including, but not limited to, for use 1w detection, diagnostics, visualization,

quantification, sorting, therapeutics, and for use in biological assays.

[0108]  In some embodiments, an H1.0 peptide or the H1 0K 180me? peptide 1s comprises a
label (e.g. conjugated either before or afier the methylation), for example a detectabie label, a
spin label, a colonmetnce label, a radioactive label, an enzymatic label, a fluorescent label, a

magnetic label, or the like.

[6i61] 1n some embodiments, provided herein is a complex comprising a histone H1.0 peptide
and a methyltransferase enzyme, wherein the complex s in vitre {e.g. in a test tube, tube,
reaction chamber, reaction vessel, etc ). In some embodiments, the H1.0 peptide comprises a
sequence selected from the group consisting of SEQ 1D NOs:42-74. In some embodiments, the
methyltransferase enzyme 1s G9A methyltransferase enzvme. In some embodiments, the

methyltransferase enzyme is GLP methylitransferase enzvme.
C. Production of H1.0K180me2 Proteins

16102} The full length H1.0K180me?2 proteins described herein are usefid both in the detection
of pathophvsiologics, and for inclusion as a reference standard in methods including, but not
himited to (1) molecular diagnostics of at least DNA damage, genotoxic stress (¢.g. associated
with environmental exposure), radiation exposure, chemotherapy and immumotherapy with an

antibody bearing a DNA-damaging payload, radiation therapy, and Alzheimer’s disease, (2}
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monitoring therapeutic regimens and patient stratification, (3} drug screening, and (4) used as

therapeutics,

[0103] In some embodiments, provided hercin are in vifro methods for dimethylating a histone
H1.0 protein comprising contacting the protein with a methyltransferase enzyme and a methyl
donor under conditions that produce a specifically dimethyviated protein, wherein the protein 1s
specifically dimethylated at a lysine residue corresponding to K180 of a human histone H1.0
protein, and wherein the methyliransferase enzyvime is a G9A methyliransferase or GLP

methyliransferase.

[6104] In some embodiments, provided herein are methods for the in vitre production of an
H1.0K180me2 protein. In one embodiment, the method comprises contacting a full length H1.0
protein with a G9A methyvltransferase enzyvme and a methyl donor under conditions that allow
for the specific dimethvlation the K180 residue. The GYA methvitransferase includes
cnzyvmatically active orthologs, chimeras and artificially or naturally produced isofors

containing enzymatic domains.

[3G105] In some embodiments, provided herein are methods for the i vitro production of an
HI1.0K180me2 protein. In one embodiment, the method comprises contacting a full length H1.0
protein with a GLP methyltransferase enzyme and a methyi donor ander conditions that allow
for the specific dimethylation the K180 residue. The GLP methvitransferase includes
enzymatically active orthologs, chimeras and artificially or naturally produced isoforms

containing enzymatic domains.

[3106] The full length H1.0 unmethylated protein substrate used for the in vitro methylation
may be 1solated, svnthetically produced, or recombinantly produced, using methods familiar to
those with skill in the art. Provided herein are nucleic acids encoding the HI 0K 180meZ protein.
Also provided herein are vectors compnising any of the nucleic acids encoding for the

H1.0K180me?2 proteins provided herein.

3107}  In some embodiments of the methods for the in virro methylation or in vifro production
of an H1.0K180me?2 protein, the GYA methyltransferase may be a recombinant G8A
methyliransferase, a purificd G9A mammalian mcthyliransferase, a human G9%A

methyliransferase, a mouse GOA methyltransterase, or the like.
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[3108] In some embodiments of the methods for the in vire methylation or in virre production
of H1 0K 180me?2 protein, the GLP methyliransferase mav be a recombinant GLP
methyliransferase, a purified GLP mammalian methvltransferase, a human GLP

methyltransferase, or a mouse GLP methylransferase.

[3G109]  In some embodiments of the methods for the in vitro production of H1.OK180me?2

protein, the protein comprises may comprise label {e.g. biotin} prior to the methylation.

[6318] 1n some embodiments of the methods for the in virro production of H1.0K180me?

protein, the protein maybe conjugated with a label {e.g. biotin} after the methylation.

{3111}  In some embodiments of the methods for the in vire methylation or in virre production

of H1 0K 180me?2 protein, the methyi donor is S-Adenosvi-L-Methionine.

{0112} In some embodiments of the methods for the in vifro production of H1 0K 180me2

protein, the contacting is done in a methyiation buffer.

10113} In embodiments of the methods for the in vitro methylation of the H1 0K 180me2
protein substrate, greater than 50%, 60%, 65%, 70%, 75%. 80%. 85%, 90%. 95%, 96%, 97%,
8%, 99%, or even 99.9% of the product may comprise K180me2. Likewise, in some
embodiments of the methods for the in vifro production of H1 0K180me?2 protein, less than 50%,
40%, 30%, 25%, 20%, 15%. 10%, 5%, 4%, 3%, 2%, 1%, .5%, or less than 0.35% of the product
also contans other methvlated residucs (e.g. K172mel, K172me2, K172me3, K174mel,
K174me2, K174me3, K175mel, K175me2, K175me3, K177mel, K177me2, K177me3,
Ki166mel, Ki166me2, K166me3, K180mel and/or K180me3). In exemplary embodiments, less
than .353% of the product having the K180me? also comprises K174me3, K175me3, and
K177mel; less than 1.25% of the product having the K180me2 also comprises K166mel; and/or

less than 1.04% of the product having the K180me?2 comprizes K174mel and K180me3.

[3114] Provided herein is an antibody that specifically binds a dimethylated antigen, wherein
the dimethylated antigen 1s found 1n a histone H1 .0 protein comprising a dimethylated lysing

residue, wherein the lysine residuc corresponds to K180 of a human histone H1.0 protem.
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[3115]  In some embodiments the H1 OK180me2 protein is selective for an antibody that 1s
specific for H1.0K180meZ (H1.0K180me?2 antibody). In some embodiments, the peptide binds

an antibody that 15 non-specific for HI 0K 180me2.

6116} In certain embodiments, the H1 0K 180me? proteins bind an H1.0K180me2 antibody
with a dissociation constant (Kd) of about 0.000 InM to about 1uM. For example, the Kd mayv be
about 1uM, about 100 nM, about 50 nM, about 10 1M, about § nM, about I nM, about 0.5 nM,
about 0.1 nM, about 0.03 nM, about 0.01 oM, about 0.005 nM, about 0.001 nM, about 0.0005

nM, or even about 0.0001 oM.

(G117} Insome embodiments, the HI OK180me2 protein is specific for the anti-human
H1.0K180me?2 antibody. In some cmbodiments, an H1 0K 180meZ2 protein is cross reactive with

an Hi 0K 180me2 antibody from other species.

[6118] 1n some embodiments, the HI.OK 1850me2 protein is selective for the H1.0K180me?2
antibody and exhibits little or no binding to H1 0K 180mel or H1.0K180me3 antibodies.

[3118] In some embodiments, the binding preference of the H1.0K180me? protemn {e.g.,
affinity) for the H1.0K180me2 antibody is generally at least about 2-fold, about 5-fold, or at
feast about 10-, 20-, 50-, 10°-, 10°-, 10%, 10°, or 10°fold over a non-specific target antibody (c.g.

a randomly generated antibody).

[6G1206] The H1.0K180me2 proteins provided herein may be further conjugated for a variety of
purposes including, but not hinuted to, for use in detection, diagnostics, visualization,

quantification, sorting, therapeutics, and for use in biological assays.

(0121} In some embodiments, the H1 .0 protein (H1.0 substrate) or the HI 0K 180me?2 proteins
are conjugated to a label (either before or after methyvlation), for example a detectable label, a
spin label, a colonmetnce label, a radicactive label, an enzymatic label, a fluorescent label, a

magnetic label, or the like.
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H. Antibodies that Bind to Dimethylated Histone H1.0 Proteins and Peptides
A. H1.0K180me2 Antibodies

[3122] Provided herein are antibodies that specifically bind a dimethvlated antigen, wheremn
the dimethylated antigen is a histone H1.0 peptide or histone H1.0 protein comprising a
dimethylated lysine residue, wherein the lysine residue corresponds to K180 of a human histone
H1.0 protein. This dimethylated antigen is the H1 0K 180meZ antigen, also referred to as the
H1.0K180me?2 epitope. These antibodies specifically bind the H1 0K 180me2 epitope on
H1.0K180me?2 proteins and H1.0K180me2 peptides. These antibodies specifically bind the
dimethylated antigen (specifically bind to an H1 0K 180me?2 ¢pitope} and require the presence of
the dimethyl group at K180 for binding. The terms “anti-H1.0K180me2” or “H1.0K180me?

antibody” or “anti-H1.0K180me2 antibody” interchangeably refer to these antibodies.

[6323] The term “antibody™ as used herein throughout is in the broadest sense and includes,
but is not limited 1o, a monoclonal antibody, polyclonal antibody, human antibody, humamzed
antibody, non-human antibody, chimeric antibody, bispecific antibody, multi-specific antibody,
polyfunctional antigen-binding fragment (¢.g Fab fragment, a Fab'2 fragment, a CDR or a Sckv),
antibody-drag conjugates, and other antibody fragments that retam specificity for an
H1.0K180me? antigen. In some embodiments, the antibody is a single chain antibody that

retains the specificity for an H1 OK 180me? antigen.
(G124} Schematic binding of the H1.0K180me2 antibody is shown in FIG. 5A.

[3125]  In some embodiments, the H1 0K 180me2 antibodies provided herein are diagnostic

antibodies.

6126} Insome embodiments, the H1 0K 1ROme2 antibodies provided herein are therapeutic

antibodies.
16127}  In some embodiments, the HE 0K 180me?2 antibody exists in a high titer.

6128} In some embodiments, the H1 0K 180me2 antibody is an affinity purified antibody.
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[3128] The H1 0K180me2 antibodies provided herein may be further conjugated for a variety
of purposes inclading, but not limited to, for use in detection, diagnostics, visualization,

gquantification, sorting, therapeutics, and for use in biclogical assays.

(3138} In some embodiments, the H1 0K 180me2 antibodies comprise a label {e.g. are
conjugated to a label}, for example a detectable label, a spin label, a colonmetrnic label, a

radioactive label, an enzymatic label, a fluorescent label, or a magnetic label.

[6131] 1nsome embodiments, an antibody is conjugated or attached to a solid surface, for
example a bead {¢.g. a magnetic, glass or plastic bead), columm, resin or a microplate. In some

embodiments, an antibody is coated onto the microplate.

10132] Insome embodiments, an antibody 1s conjugated to or comprise an effector molecule
including, but not limited to, a radionuclide, a cytotoxin, a chemotherapeutic agent, a drug, a
pro-drug, a toxin, an enzyme, an immunomoduliator, a pro-apoptotic agent, a cyiokine, a

hormone, an oligonucleotide, an antisense molecule, a iRNA | and a second antibody.

[B333] It is appreciated that H1 0K 180me2 biomarker may be chromatin bound, or may be
released from the chromatin into the nucleus, cytoplasm, or the extracellular space. The
antibodics provided herein can bind extracellular H1 0K 180me?2 and/or intraceHular
H1.0K180meZ. If intracellular, the H1.0K180me? antigen may be further bound to chromatin, or
released i the nucleus, released from the nucleus into the cytoplasmic space, or further localized

in a cytoplasmic sub-structure.

[#134] In some embodiments, the antibody (e.g2. a therapeutic antibody) is a neutralizing
antibody, and the antibody neutralizes one or more biological activities of H1.OK180me2. For
example, the antibody may bind extracellular H1.0K180me? and neutralize any binding or

signaling activity it may possess.

[3135] The antibodies provided herein may be of any immunoglobulin type such as IgG, IgA,
IgE oD orlgM. In some embodiments, the antibody 1s of the 1g(G subtvpe and may be an IgGl

antibodyv, an ig(G2 antibody, an Ig(G3 antibody, or an 1gG4 antibody .

01361 Provided herein are antibodies specific for H1 0K 180me?2 from any species. In some
P ¥ 5p

cmbodiments, the H1.0K180me?2 antibody is specific for human H1.0K180me?. In some
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embodiments, the H1.0K180me?2 antibody is cross reactive with H1.0K180me?2 from other

Species.

{0137} The antibodies provided herein bind H1.0K180me?2 with specificity. In some

embodiments, these antibodies bind H1 0K 180me2 with specificity and selectivity.

10138} The antibodics provided berein specifically bind a dimethylated antigen, wherein the
dimethylated H1 .0 antigen comprises a dimethvlated fysine residue, wherein the lysine residue
corresponds to K180 of a human histone H1.0 protein (H1 0K 180me2 antigen) - i some
embodiments, the dimethylated antigen does not comprise any other lysine residues that are

methylated.

1013%]  In some embodiments, the H1 0K 180me2 antibody does not bind, or only munimally
binds if antigen comprises a dimethvlated lysine residue, wherein the lysine residue corresponds

to Ki66, K172, K174, K175, and/or K177 of a human histone HI .0 protein.

[3140]  In some cmbodiments, the H1.0K180me? antibody does not bind, or only muumally
binds, an antigen that comprises one or more of the following residues: K172mel, K172me2,
Ki7Zme3, K174mel, K174me2, K174me3, K175mel, Ki73me2, K175me3, K177mel,
K177me2, K177me3, K166mel, K166me2, K166me3, K180mel,and/or KI180me3.

{6141} In some embodiments, the H1 0K 180me2 antibody does not bind, or only minimally
binds, an antigen that comprises a dimethyiated K180 residue, but also comprises one or more of
the following residues: Ki72mel, Ki172me2, K172me3, Ki174mel, K174me2, K174me3,
Ki75mel, K175me2, K175me3, K177mel, K177me2, K177me3, K166mel, K166me?2,
Kl166me3, K180mel,and/or K180me3.

6142} In some embodiments, the HI.OK180me?2 antibody does not bind. or only minimally
binds if the antigen comprises a monomethylated lysine residuc at lysine residues corresponding

toto K166, K172, K174, K175, K177, and/or K180 of a human histone HI.0 protein.

[6143] In some embodiments, the HE 0K 180me2 antibody does not bind, or only minimally
binds 1f the antigen comprises a tnimethvlated lvsine residue at lysine residues corresponding to

K166, K172, K174, K175, K177, and/or K180 of a human histone H1.0 protein.
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[#144] In some embodiments, the H1.0K180me2 antibody 1s selective for dimethylation at
resicdhie K180, and exhibits little or no binding of an HI OK180mel epitope, or an H1.OK180me3
cpitope.

[6145] The H1.0K180me2 antibody binds the H1 0K 180me?2 epitope 1n any medivm.

10346]  In some embodiments, the H1 0K 180me2 antibody displays at least 1.5-fold, 2-fold,
2.5-fold, 2.7-fold, 5~fold, or even 10~fold more specificity (binding preference, affinity) for the
dimethylated antigen at K180 (H1 0K 180me?2 antigen), than a monomethylated antigen at K180
(H1.0K180mel antigen). (FIG. 3D} In some embodiments the specificity for an H1.0K180me2
antigen is generally at least about 2-fold, about 5-fold. or at least about 10-, 20-, 50-, 107-, 10™-,
10°, 10°, or 10%fold over a non-specific target molecule {c.g. a randomly generated molecule
lacking the specifically recognized site(s)), over a monomethvlated K180 residue, over a

trimethylated K180 residue, or over an H1 .0 protein methylated at any other residuc.

[0147] In some embodiments, the binding efficiency of the H1 0K 180me?2 antibody 1s
monitored by an ELISA assay. In some embodiments, the antibody is at least 2.7-fold more
cfficient at binding an H1 0K.180me2 peptide than an H1.0K180mel peptide. In some
embodiments, 1 molecule of the antibody recognizes 1 out of 117 molecuies of an

H1.0K180me?2 peptide, but only 1 out of 316 molecules of an HI 0K 180mel peptide.

[0148] In certain embodiments, an antibody provided herein has a dissociation constant (Kd)
of range of 0.0001nM to 1uM. For example, Kd of the antibody may be about 1M, about 100
nM, about 50 nM, about 10 nM, about 5 nM, about 1 nM, about 0.5 nM, about 0.1 nM, about
.05 nM, about 0.01 nM, about 0.005 oM, about 8.001 M, about $.00035 nM, or even about
0.0001 nM.

B. Generation of H1.0K180me2 Antibodics

[3148] A vanety of immunoassay formats may be used to select antibodies specifically
immungreactive with H1 . 0K180me2. For example, solid-phase ELISA smmunoassays may be
used to select monocional antibodies specific to H1.0K180me?2 (see, ¢.g., Harlow and Lane
(1988) Antibodies, A Laboratory Manual, Cold Spring Harbor Publications, New York, fora
description of immunoassay formats and conditions that may be used to determine specific

mmunoreactivity 3.
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[3150] Production of the antibodies provided herein may be by any method known to those
with skill in the art. For example, 10 some embodiments, the antibodics are produced by
recombinant cells engineered to express the desired VH, VL and constant domains of the desired

antibody. In some embodiments the antibodies are produced by hybridomas.

(3151} In some embodiments, any peptide comprising the H1.0K180meZ antigen, optionally
linked to the immunogenic carrier, is used for immumization using standard protocols. In some
embodiments, a peptide comprising a sequence from those presented in Table 3A, optionally
linked to the immunogenic carrier, is used for immunization using standard protocols. In an
exeraplary embodiment, a peptide comprising AKPVKASKPKKAKPVE™ PK (SEQ ID NG:3),
optionally linked to the imumunogenic carrier, and 1s used for immumnization using standard
protocols. The guality and titer of generated antibodics may be assessed using techniques known

to those in the art.

{6152} The inventive compositions described herem also include nucleic acids encoding the
antibodies, vectors comprising any of the nucleic acids encoding the antibodies, and host cells

comprising any such vectors.

[BI83] Asthose of skill in the art readily appreciate, antibodies can also be prepared by any of

a number of commercial services.
HH. Diagnostics
A, Direct and Indirect Detection of H1.0K180me2

[6i54] The H1.0K[180meZ antibodies, H1 0K 180me?2 proteins, and HI.0K180me? peptides

provided herein are useful for a vanety of diagnostic purposes.

[BI55] Provided herein are assays for both the direct and mndirect detection and quantification
of the concentration of H1.0K180me2. Such guantification may be useful for detecting
replicative senescence, DNA damage, genotoxic stress, radiation exposure, Alzheimer’s disease,
and biological aging. The guantification may also useful for monitoring therapeutic regimens,
drug screening, and stratification of patients as responders or non- responders to drug treatments
aimed to restore cell viability, prevent DNA damage, increase cellular metabolism and

autophagv, inhibit cellular senescence and block insoluble protein waste accumulation in cellular
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cytoplasm. Bepending on the application, HI OK180me?2 may be detected and quantified in vivo,

in vitro, ex vive, in situ, or in a cell-free systent.

16136] Dhirect detection of H1.0K180me?2 mvolves detecting HI 0K 180me2 using an

H1.0K180me2 antibody.

10157} Indirect detection of H1 0K 180me2 mvolves using Hi OK 180me? proteins or
H1.0K180meZ peptides, which bind autoantibodics generated in response to presence of the
H1.0K180me? antigen. In this context the H1 0K 180me2 protein can be referred to as an
H1.0K180me2 antoantibody-binding protein and the H1.0K180me2 peptide as an H1.0K180me2

autoantibody-binding peptide.

10158] HI1 0K 180me2 may be detected by any of number of methods well known 1o those of
skill 1 the art. The H1.0K180me? antibodies, H1 0K 180me?2 proteins and HI OK 180me?
peptides provided herein are readily used in a vanety of immunocassays. These immunoassays
include, but are not limited to enzyme-linked immunosorbent assay (ELISA), Western blot,
radicimmuncassay (RIA), flow cviometry, lateral flow immuncassay, slot blot, magnetic
tmmunoassay, a radictimmunoassay, indirect tmnwnofluorescence assay, direct
immunofluorescence assay, surround Optical Fiber Immunoassay (SOFIA), spectrophotometry,
radiography, electrophoresis , immunoelectrophoresis, capillary electrophoresis, high
performance liquid chromatography (HPLC), thin layer chromatography (TLC), hyvperdiffusion
chromatographyv, tluid or gel precipitation reactions, immunodiffusion, spectrometry, mass
spectrometry, quantitative mass-spectrometry, any type of multiplex assay, and any type of

microfldic assay.

[6152] The H1.0K180me?2 antibodies and H1 0K 180me2 proteins or peptides provided herein
may comprise a label {¢.g. conjugated to a label) for example a detectable label, a spin label, a
colormetric label, a radioactive label, an enzymatic label, a fluorescent label, or a magnetic

label.

[3166] The H1.0K180me2 antibodies and HI 0K 180me?2 proteins and peptides provided
herein may be comprise a detectable label. The detectable group may be any material having a
detectable physical or chemical property, for example detectable by spectroscopic,

photochemical, biochemical, immunochemical, fluorescent, electrical, optical or chemaical
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methods. Useful labels in the present invention include, but are not imsted to, magnetic beads
{c.g. BYNABEADS®), flucrescent dves {¢.g., fluorescein iscthiceyanate, red, rhodamine, and
the like), radiolabels (c.g.. "H. 'L 7S, "C. ar 7'P), enzymes {e.g.. LacZ. CAT, horseradish
peroxidase, alkaline phosphatase and others, commonly used as detectable enzymes, either as
marker gene products or in an ELISA}, biotin, avidin, or streptavidin and colorimetric labels
such as colloidal gold colored glass or plastic {e.g. polystyrene, polypropylens, latex, etc ) beads,

and nanoparticles. In an exemplary embodiment, biotin 15 the label.

16161} The labels provided herein may be coupled directly or indirectly to the desired
component of the assay according to methods well known in the art. As mdicated above, a wide
variety of labels may be used, with the choice of label depending on the sensitivity required, ease
of conjugation of the compound, stability requirements, available instramentation, and disposal
provisions. Labels are often attached by indirect methods. Generally, a ligand molecule (¢ g,
biotin} is covalently bound to the molecule. The ligand then binds to an anti-ligand {(¢.g.,
streptaviding molecule which 1s either inherently detectable or covalently bound to a signal
system, such as a detectable enzyme, a fluorescent compound, or a chemilununescent
compound. A number of ligands and anti-ligands may be used. Where a ligand has a natural anti-
higand, for example, bictin, it may be used in conjunction with the labeled, naturally occurring
anti-ligands. Alternatively, any haptenic or antigenic compound may be used in combination
with an antibody. Components can also be conjugated directly to signal-generating compounds,
¢.g., by conjugation with an enzyme or fluorophore. Enzymes of interest as labels nclude, but
are not limited to, hyvdrolases, phosphatases, esterases, glyveosidases, or oxitranseription
factoreductases, and peroxidases. Fluorescent compounds melude fluorescemn and tis derivatives,
rhodaming and its denvatives, dansyl, umbelliferone, ete. Chemilummescent compounds mclude

huciferin, and 2 3-dthydrophthalazinediones, ¢.g., huminol.

[3162] Methods of detecting labels are well known to those of skiil in the art. Thus, for
example, where the label 18 a radicactive label, methods for detection include a scintillation
counter or photographic film as in autoradiography. Where the label 15 a fluorescent label, it may
be detected by exciting the fluorochrome with the appropriate wavelength of light and detecting
the resulting fluorescence, e.g., by microscopy, visual inspection, via photographic film, by the
use of electronic detectors such as charge coupled devices {CCDs) or photomultipliers and the

like. Similarly, enzymatic labels may be detected by providing appropriate substrates for the
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enzyvme and detecting the resulting reaction product. Finally, simple colorimetric labels may be
detected simply by observing the color associated with the label. Thus, in various dipstick
assavs, conjugated gold often appears pink, while vanous conjugated beads appear the color of

the bead.

(3163} In an immunoassay detecting autoantibodics specific to HI OK 180me?2, specific
secondary antibodies can be utilized to differentiate between IgG, IgM, IgA, IgE, and Igb

autoantibody types.

[0164] Upon detection, the concentration of H1.0K180me?2 in a particular fraction may be
quantified, for cxample quantification of H1.0K180me2 in an intra-cellular fraction, in a soluble
and chromatin bound fraction, or in a cytoplasmic fraction. For example, an increase in the
concentration of HI 0K 180me2 m a cytoplasm fraction is mdicative of a senescent state of the
cells. In some embodiments intact cells, cells in culture, or cells in slice culture are imaged to
visualize the localization of an HI 0K.180meZ. For example, an increase in a non-nuclear sub-
localization of H1 0K 180me?2 is indicative of a senescent state. In some embodiments release of

H1.0K180me2 mto the cytosol or extracellular matnix is indicative of a senescent state.

[3165] Detection may be carried out on any biological sample. Biological samples include,
but are not limited to whole blood, plasma, serumy, saliva, urine, feces, synovial fhud,
cercbrospinal thuid, bronchial lavage, ascites thuid, bone marrow aspirate, pleural cffusion,
fissue, cells, a biopsy, interstitial fluid, lvmphatic fluid, or fractions thereot derived from the
mndividual. In some embodiments, the biological sample comprises cells and the cells are in

culture, in a suspension, on a slide, in intact tissue, or in preparation ready for a FACs analysis,

i3166] Biological samples are obtained from individuals. As vsed herein, an individual refors
to any animal classificd as a mammal, mcluding humans, domestic and farm animals, and zoo,
sport, or pet animals, such as dogs, horses, rabbits, cattle, pigs, hamsters, gerbils, mice, ferrets,
rats, cats, and the like. Individuals may be male or female. In one embodiment, the individual 1s

a female. In one embodiment, the individual 1s a male.

{3167} In some embodiments the individual s greater than 50 vears old. In some
embodiments of the method described herein, the individual 1s less than 50 vears old. In some

embodiment, of the method described herein, the individual 1s at least 30 vears old, 1s at least 55
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vears old, is at least 60 years old, 1s at least 65 vears old, is at least 70 vears old, 1s at least 75
vears old, or 1s at least 80 years old. In an exemplary embodiment, the mdividual is at least 60

years old.

[6168] Biological samples are obtained according to standard methods well known to those of
skill m the art. The sample is optionally pretreated as necessary by ditution in an appropnate
buffer solution or concentrated, if desired. Any of a number of standard agueous buffer
solutions, emploving one of a variety of buffers, such as phosphate, Tris, or the hike, at

physiological pH may be used.

6169} The direct detection methods described herein may be used to quantify the
concentration of HI 0K 180mce? m the biclogical sample. In some emboduments, an
H1.0K180me?2 protein or peptide may be used in tandem, for example, as a positive control or as
competitor in a competitive immunoassay, and may be labeled or not, depending on the format

of the assay to be carried out.

{6178} The indirect detection methods described herein may alsc be used to quanufy the
concentration of HI 0K 180me2 autoantibodics in the biological sample. In some embodiments,

an Hi.0K180me2 antibody may be used in tandem, for example, as a positive control or as

B

competitor in g competitive immunoassay, and may be labeled or not, depending on the format

of the assay to be carried out.

(6171} One of skill will appreciate that in some embodiments, it may be necessary to compare
the determuned concentrations of the H1.0K180me?2 antigen or autoantibodics to a control (ie.
reference control). The relative comparison may allow, for example, for the determination of
whether an individual has, or is at risk of developing a disease {¢.g. Alzheimer’s disease) or
whether the individual is responsive, or may be responsive to a particular freatment {e.g. an
Alzheimer’s disease treatment; or a treatment with a rapalogue). Controls may be age-matched
controls: sex-matched controls; age- and sex-matched controls; healthy controls; unmanipulated
controls: or a reference standard representing a compilation of reference standards. The
comparisons can also be made to a sample from the same individual prior to a treatment (e.g.
with an Alzhemmer’s disease treatment or rapalogue treatment) or prior {0 an exposure to a

genotoxin, DNA-damaging agent, or radiation, for example. The comparisons can also be made
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to a sample from the same mdividual from an unaffected arca, for example from an unaffected

{issue.

16172}  Omne of skill will appreciate that it 1s often desirable to reduce non-specific binding in
immunoassavs and during analvie detection. Where the assay involves H1 0K 180me?2 antibodies
or H1.0K180me2 proteins and peptides, immobilized on a solid substrate, it may be desirable to
mintmize the amount of non-specific binding to the substrate. Methods of reducing such non-
specific binding are known to those of skill in the art. Typically, this mnvolves coating the
substratc with a proteinaccous composition. In some embodiments, protein compositions such as

bovine serum albumin (BSA), nonfat powdered nulk, and gelatin may be utilized.

{6173} The sensiiivity, specificity, positive and negative predictive values (PPV and NPV) as
well as positive and negative hikelihood ratios (PLR and NLR)) can be calculated for each
diagnostic test design. The statistical methods help to predict the presence or absence of disease

0 the paticnts.

G174} Sensitivity is generally the probability that the test resuit will be positive when disease

is present (true positive rate).

16175] Specificity is generally the probability that a test result will be negative when the

disease 1s not present (true negative rate).

[6176] The positive predictive value (PPV) generally is the probability that the disease is
present when the test s positive, accounting for the pre-test prevalence of the disease (e.g. pre-

test prevalence for Alzheimer’s disease 15 10%).

{0877} The negative predictive value (NPV) is generally the probability that the disease is not
present when the test is negative, accounting for the pre-test prevalence of AD ag 10% (Prince,

M. J., Am J Epidemiol, 1996).

{6178}  The positive likelihood ratio (LR+ or PLR) 15 gencrally the probability of a person
who has the disease testing positive divided by the probability of a person who does not have the
diseasc testing posttive. Positive likebihood ratios (PLR) generally indicate how much to increase

the probability of the discase, if the test is positive. A PLR>1 indicates an increase probability
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that the target disorder is present, a PLR<1 mdicates a decreased probability that the target

disorder is present, and a PLR=1 means that test does not change the probability of the discase.

16179} 'The negative likelihood ratio {LR- or NLR) is generally the probability of a person
who has the disease testing negative divided by the probabiity of a person who does not have
the disease testing negative. Negative likelihood ratios {(NLR) generally indicate how much to

decrease the probability of the disease, if the test is negative.

[6188] 1n some embodiments, the comparison will be made to a threshold level established by
a Receiver Operating Characteristic curve analysis for optimal specificity and sensitivity. The
ROC curve, thresholds and arcas under the curve (AUC) are shown for ¢ach of the test’s designs

provided hercin.

{6181} In some embodiments, the diagnostic methods provided herein may be used for
confirmatory tests, ¢.g. to defimtively confirm that an individual has a disease, ¢.g. Alzheimer’s

disease.

[B182] In other embodiments, the diagnostic methods provided herein may be used for their
predictive value (for testing, screening), e.g. to determine the hikelihood that an mdividual will
develop a disease, ¢.g. Alzheimer’s disease. In such embodiments, the diagnostics may mvolve

computation of likelihood ratios.

[3G183] In other cmbodiments, the diagnostic methods provided herein may beused asa
companion diagnostic. In such embodiments, the diagnostics may involve computation of

positive predictive values (PPV) and negative predictive values (NPV),

[0i84] In some embodiments, the diagnostic methods provided herein may be used to
establish a diagnostic odds ratio (OR). In such embodiments, the diagnostic may involved
computation of sensitivity and specificity and is a measure of the effectiveness of a diagnostic

test.
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B. Diagnostic H1.0K180meZ Antibodies — Direct Detection and Quantification of
H1.0K180me2

[0185] Provided hercin are antibodies that specifically bind the H1.0K180me?2 antigen, useful
for diagnostics. The H1.0K 180me2 antibodies provided herein require dimethylation of the

K 180 residue for binding.

16186] In some embodiments, the Hi OK 180me?2 antibodies are comprise a label {c.g.
conjugated to a label), for example a detectable label, a spm label, a colonimetric label, a

radicactive label, an enzymatic label, a fluorescent label, or a magnetic label.

[B187] In some embodiments, an antibody 15 conjugated or attached to a sohd surface, for
example a bead (c.2. a magnetic, glass or plastic bead), colums, resin or a microplate. In some

embodiments, an antibody is coated onto the microplate.
[6188] HI 0K 180me? antibodies are discussed in more detail in the proceding Section IE
1018%] Direct detection is schematically illustrated in FIG. 5A.

C. Biagnostic HI.OK180me2Z Proteins and Peptides - Indirect Detection and
Ouantification of HI.0K180me2

[3190] Provided herem are HI 0k180me? proteins and H1.0k180me?2 peptides for the

detection of naturally occurring H1.0k180me2-avtoantibodics in samples.

G191} It is appreciated that production of the H1 OK180me2 antigen in an organism in

response to certain stimuli may give rise to the generation of naturally occurring autoantibodics,
specific to the antigen. Thus, in some embodiments of the invention, it may be desirable {o assay
for these naturally occurring autoantibodies agatnst H1.0K180me2. Detection and measurement

of the antoantibodies offers a surrogate measurement for the production of H1.OK180me2.

6192} Provided herein are methods and compositions for the detection and measurement of
naturally occurring autoantibodies specific to HL.OK180me?2 antigen. As used herein,
autoantibodies specific to an H1 0K 180me?2 protem or fragment thereof may be interchangeably

referred to as H1 0K 180me?2 autoantibodies.
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[#193] The autoantibodies measured may be of any immunoglobulm type such as Ig(, IgM,
IgE 1B orlgA. In some embodiments, IgG avtoantibodies against H1 0K 180me?2 are
measured. fn some erobodiments, lgM autoantibodics agamst H1.0K180me? are measured. In
some embodiments, more than one type of autoantibody against H1.0K 180me?2 13 measured; for
example, in some embodiments, IgG and IgM autoantibodies against H1.0K180me?2 are
measured. In some embodiments, more than one type of avtoantibody against H1 0K 180me?2 s
measured and a ratio is calculated; for example, in some cmbodiments, IgG and IgM
autoantibodics agamst H1 0K 180me? are measured, and the ratio of Ig(s avtoantibodies against
H1.0K180me2: igM autcantibodies against H1.0K180me?2 is caleulated. In other embodiments,
the ratio of H1.OK180me2 igM autoantibodies: total IgM (c.g. serunm IgM} s measured. in other
embodiments, the ratio of H1 0K 180me2 IgM autoantibodies: total igM {e.g. serum IgM} is
measured and related to the ratic of H1 OK180me?2 Ig( autcantibodies: total Ig( (e .g. serum
Iz} as a function., In some embodiments, morg than one type of autoantibody against
H1.0K180me?2 is measurcd and compared to transferrin, ferritin or serum albumin content. In
other embodiments, more than one type of autoantibody against H1.0K180me? is measured and
normalized to the total amount of protein in the sample or normalized to the volume of the

sample.

{6194} In an exemplary embodiment, the screening test for Alzheimer’s disease comprises
measuring the ratio of Hi 0K 180me? IgM autoantibodies: total IgM (FIG. 17). In another
exemplary embodiment, the screening test for Alzheimer’s discase comprises measuring the
ratio of HI .0K180me?2 [g(s autoantibodies: total IgG. (FIG. 17}, In some embodiments, these

are comparcd to cach other to stratify patient populations. (FIG. 17).

[6195] Turaing to 3 schematic presentation, FIGS. 4 and 14C show a method of ndirectly
measuring H1.0K180me2 levels. As FIG. 4 and FIG. 14C exemplhify, labeled H1.0K 180me?2
peptides are contacted with samples; autoantibodies in the sample generated n response to
H1.0K180me?2 bind to the labeled peptides; secondary labeled antibody 1s added to bind the
autoantibodics in the sample, followed by detection, and quantification. In FIG. 4, the
autoantibodies in the sample can be of any type (IgG, Igh, IgE, IgD, or IgA). In this assay, the
secondary antibody used to bind the antoantibodies can distinguish between IgG, IgM, IgE, IgD,
and IgA antibodigs, such that each type can be independently quantified f so desired. In some

cmbodiments, the sccondary antibody is an anti~lgG antibody, and the assay is used to quantify
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g autoantibodies against H1.0K180me2. In some embodiments, the secondary antibody i3 an
anti-igM antibody, and the assay is used to quantify IgM autcantibodies against HE 0K 180me?2
(F1G. 14C). In some embodiments, two types of secondary antibodies are utthzed to quantify
more than one type of antoantibody; for example in some embodiments, both anti-Ig and anti-
IgM secondary antibodies are utilized, and the assay 18 used to quantify IpG and IgM

autoantibodies against H 0K 180me2.

[3196] In some embodiments, the HE 0K 180me? protein comprises an amino acid sequence of
SEQ D NO: 1 or SEQ 1D NGO:2. In some emobodiments, the H1L.OK180me?2 peptide comprises an
amino acid sequence selected from those provided 1o Table 3A (SEQ 1D NOs:3-35). In some
embodiments, the H1.0K180me? peptide comprises the amino acid sequence
AKPVKASKPKKAKPVE™PK (SEQ ID NO:3). In some embodiments, the aming acid
sequence further comprises an additional terminal residue, for example, for the purpose of
conjugation. In some embodiments, the amino acid sequence further comprises a terminal €
residue. In such embodiments, the H1.0K180me2 peptide may comprise the amino acid
sequence CAKPVEKASKPRKEKAKPVRPK (SEQ 1D NG:36),
CAKPVRASKPKKAKPVKPKC(SEQ 1D NO:37), AKPVKASKPEKEAKPVKPEC (SEQ ID
NO:38), CAKPVKASKPKKAKPVK™?PK (SEQ ID NG:39),
CAKPVKASKPKKAKPYK ™ PKC(SEQ 1D NO:40), or AKPVKASKPKKAKPVK™ PKC
(SEQ 1D NO:41). In some embodiments, the H1.OK180me2 peptide comprises a fragment of
any one of the H1.0K180me?2 peptides provided herein. In some embodiments, the
H1.0K180me?2 peptide 1s conjugated to KLH (kevhole hmpet hemocyanin}, OVA (ovalbunun),
BC (bacterial cellulose) or BSA (bovine serum albumin),

6197} Insome embodiments the H1 0K 180me2 protein or peptide is synthetic, ¢ g. the
product of in vitro merhyiation, for cxample with the use of a G9A methvliransferase enzyme, or
a GYA-like protem (GLP) methyvltransferase enzyme, under conditions that allow for the specific

dimethylation of the K 180 residue (described herein).

[0198] The H1.0K180me?2 proteins and peptides provided herein may be further conjugated
for a variety of purposes including, but not fimziied to, for use in detection, diagnostics,
visualization, quantification, sorting, therapeutics, and biological assays. In some embodiments,
an HI 0K 180me?2 protein or peptide compnse a label (¢.g. conjugated to a label}, for example a

detectable label, a spin label, a colorimetric label, a radicactive label, an enzymatic label, a
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fluorescent label, or a magnetic label. In an exemplary embodiment, an H1 0K 180me2 protein or
peptide 1s biotinylated. In some embodiments, an H1.0K180me? protein or peptide 1s conjugated
o1 attached to a sohid surface, for example a bead (.2, a magnetic, glass or plastic bead),
column, or a microplate. In some embodiments, an H1.0K180me2 proten or peptide is coated
onto the microplate. In some embodiments, an H1 0K 180me?2 protein or peptide is conjugated to
or comprises an offector molecule meluding, but not himited to, a radionuclide, a cytotoxin, a
chemotherapeutic agent, a drug, a pro-drug, a foxin, an enzyme, an inununomodulator, a pro-
apoptotic agent, a cytokine, a hormone, an ohigomucleotide, an antisense molecule, a siRNA, and

a second antibody.

16199} In some embodiments an H1.0K180me?2 protein or peptide is selective for an
autoantibody that is specific for H1 0K 180me?. In some embodiments, the protein or peptide

binds an autoantibody that is non-specific for H1.OK180me2.

16206] o certain embodiments, an H1 0K 180me?2 protem or peptide provided herein binds the
target antoantibody, and has a dissociation constant (Kd} of range of 0.0001nM 1o 1uM. For
example, Kd of an HI.0K180me?2 protein or peptide may be about 1uM, about 100 oM, about 50
nM, about 10 nM, about 5 nM, about 1 nM, about 0.5 nM, about 0.1 nM, abowut 0.05 nM, about

0.01 nM, about 0.005 nM, about 0.001 oM, about 0.0005 oM, or even about §.0001 nM.

16201]  In some embodiments, an HE.OK180me? protemn or peptide is specific for the human
H1.0K180meZ autoantibody. In some embodiments, an H1.0K180me2 protein or peptide 1s

cross reactive with an H1.0K180me?2 autoantibody from other species.

[6202] In some embodiments, an HE 0K 180me2 protein or peptide 1s selective for the
H1.0K180me?2 autoantibody and exhibits little or no binding to H1L.OK180me 1 or HI 0K 180me3
autoantibodics. In some embodiments, an H1.0K180me? protein or peptide binds the
H1.0K180me? autoantibody but also exhibits bindmg to H1 0K 180me!l and/or anti-
H1.0K180me3 amtoantibodics.

[3203] In some embodiments, the binding preference of an HI 0K 130me2 protein or peptide
(e.g., affinity) for the H1 OK180me? autoantibody is generally at least about 2-fold, about 3-fold,
or at least about 10-, 20, 50-, 10°-, 10°-, 10%, 10°, or 10°-fold over a non-specific autoantibody

{c.g. an autoantibody directed to another target).
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[3204] It is also possible to evaluate an HE 0K 180me?2 autoantibody protein or peptide to
determine whether it has specificity and/or selectivity for the H1.0K180me2 antibody, using

methods familiar to those of skill 1o the art.

{6205 Provided herein are nucleic acids encoding the HI 0K 180me2 proteins and peptides
described herein. Also provided herein are vectors comprising any of the nucleic acids encoding

for the H1 0K 180me? proteins and peptides described herein.
B. Detection of Alzheimer’s Disease

[0206] Provided hercin are H1.0K180me2 antibodies (to determine H1 0K 180me? levels) and
H1.0K180me?2 proteins and peptides (to determine H1 0K 180me2 autoantibody levels), for use
in the screening of individuals for Alzheimer’s disease, for use in identifying whether
mdividuals are at risk for developing Alzhetmer’s disease, for use in estimating the likelthood of
whether mdividuals will develop Alzheimer’s disease, for use in the diagnosis of Alzheimer’s
disease, for use in the early detection of Alzheimer’s disease, for use in the prognosis of
Alzheimer’s disease, for selecting individuals who may respond to an Alzheimer’s discase
treatment with an Alzheimer’s discase drug or regimen for usc in treatmoent
selection/determiming treatment options for those diagnosed with Alzheimer’s disease, for use in
montioring the treatment of those diagnosed with Alzheimer’s discase and receiving ongomg
treatment with an Alzheimer’s discase drug or regimen, or for use in screening for Alzheimer’s

disease drugs and regimens.

6207}  Also provided herein are H1 0K 180me? proteins and peptides (to determine
HI1.0K180me?2 Ig( and H1.0K180me2 IgM autoantibody levels, also referred to as anti- or
autoanti-H1.0K180me2 IgG and anti- autoanti-H1.0K180me?2 IgM), for use in stratifving
patients into distinct populations. In one embodiment, those distinet populations may be those
who have a higher ikelihood of responding to an immunotherapy-based treatment of
Alzheimer’s disease versus those who have a lower or no likelthood of responding to an

immunotherapy-based treatment of Alzheimer’s discase.

[3208] FIG. 17 demonstrates that the simultancous measurements of anti-H1.0K180me2 IgG
and anti-H1.0K 180me?2 IgM amtoantibody levels allows for the stratification of those with

Alzheimer’s disease mio distinct subpopulations, based on the correlation between anti-
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H1.0K180me?2 IgM nomalized by total IgM with anti-H1 0K 180me2 IgG normalized by total

2@ in pationt serum.

[0209] These uses are provided based on the observation that the levels of H1 0K180me?2, IgG
autoantibodies to H1 0K 180me2, and IgM autoantibodies to H1 0K 180me?2 are altered in
patients with Alzheimer’s disease. (FIGS. 12A-12C, FIG. 13B, FIGS. 14A-14E, and FIG. 15A-
15B}.

16218}  Alzheimer’s discase patients displayed lower concentrations of H1.OK 180me2 than
healthy age-matched healthy controls, indicating that H1 0K 180me?2 concentrations may
cffectively segregate patients with Alzheimer’s discase from healthy individuals (FIG. 1ZA).
Although scrum concentrations of H1.0K180me? were sufficient for identification of
Alzheimer’s disease patients, the use of a serum sampie normalization by total IgG (FIG. 12B)
or total protein (FIG. 12€) allowed for direct comparisons between individuals regardless of
variables which may alter overall serum concentration, such as protocol used to obtain serum,
operator vanability, hydration state of patient and activity state of patient. For example, 1t was
observed that H1.0K180me? serum levels were elevated in healthy aged individuals relative 1o
healthy vounger individuals, while patients with Alzheimer’s disease exhibited significanily
lower normalized serum levels of HLOK180me2 relative to healthy aged, individuals (60

vears) (FIG. 12B, 120).

16211} Alzheimer’s discase patients also displayed altered levels of HI 0K 180me2
autoantibodies, compared to age-matched healthy controls, indicating that anti-H1.0K180me2
IgG and/or IgM serum concentrations (H1 0K 180me? IgG and/or igM autoantibody
concentrations) may effectively scgregate patients with Alzheimer’s disease from healthy
wndividuals. Alzheimer’s discase patients displayed higher concentrations of serum anti-
H1.0K180me?2 g than healthy age-matched controls (FIGS. 13, 14A-E, 154, 15B). Anti-
H1.0K180me2 1gG and IgM levels in human serum were quantitied by indirect ELISA analysis
using biotinyiated-H1.0K 180me?2 capture peptide {an H1.0K180me2 peptide), followed by the
appropriate secondary antibody (etther directed to 1o or IgM antibodics). Equal volumes of
serum from healthy individuals of 30-40 vears (n=7) or >60 vears (n=9}, and individuals with

chinically diagnosed Alzheimer’s discase of >60 years (n=10} were analvzed.
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[3212] FIG. 13B shows the quantification of anti-H1 0K 180me?2 Ig(s levels determined by
indirect ELISA in Alzbheimer’s discase patients and age-matched controls. The concentration of
anti-H1.OK180me2 1g(G in cach scrum sample was calculated using a standard curve created

with serial dilutions of an H1.0K180me?2 specific antibody included in the ELISA expenment.

6213} FIG. 14E shows the quantification of raw non-normalized anti-H1 0K 180me?2 IgM
levels determined by indirect ELISA in Alzhemmer™s discase (AD present) patients and age-

matched controls {AD absent; neurclogic controls).

[0214] FIG. 15A and B show the quantification of normalized anti-H1 0K 180me?2 IgM levels
determined by indirect serological ELISA 1o Alzheimer’s disease patients {AD present) and age-
matched controls (AD absent; neurologic controls). FIG. 158 demonstrated that diagnostic

characteristics do not change regardless of the different test operators and laboratory settings.

16218  Exemplary Methods, HI.0K180me2 Levels: More specifically, in one embodiment,
provided herein are methods using an H1.0K180me?2 antibody, to determine H1.0K180me2
levels, for screening an individual for Alzheimer’s disease, for identifving an individual is at risk
for developing Alzheimer’s discase, estimating the likelihood of whether an individual will
develop Alzheimer’s disease, for determining whether an individual has Alzheimer’s disease, for
detecting the carly sigas of Alzheimer’s discase in an individuoal, and for use in the prognosis of
Alzheimer’s disease in an individual, the method comprising: (a) contacting a biological sample
from the individual with an H1.0K180me?2 antibody; and {b) deternuning the concentration of
H1.0K180me?2 in the sample that binds the antibody, wherein a decrease in the concentration
relative to a control mdicates that the individual has Alzbeimer’s disease, is at risk of developing
Alzheimer’s disease, or has a greater likelihood of developing Alzheimer’s discase, and wherein
an increase or no change in the concentration relative to a control may mdicate that the
individual does not have Alzheimer’s disease, 18 not at nisk of developing Alzheimer’s disease,
or does not have a greater likelthood of developing Alzheimer’s disease. A control includes, but
i3 not himited to, a healthy control {e.g. age-matched, sex-matched), a reference standard
representing a compilation of healthy controls, or a control sample from the same mdivideal
isclated earlier in time. In some embodiments, the concentration of circudating H1.0K180me?2 is
determined. In some embodiments, the change i the conceniration is relative to a threshold
established by a Receiver Operating Characteristic curve analysis for optimal specificity and

sensitivity. In some embodiments, the method further comprises treating the mdividual with an
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Alzheimer’s disease drug or regimen if it is determined that the individual has, or 15 at nisk of

developing, Alzheimer’s disease.

[0216] In one embodiment of practicing the method, a concentration of less than or equal to
5.61nmol/ml of H1.0K 180me2 in the seram indicates the mdividual has, or may develop
Alzheimer’s disease. In one embodiment, a concentration of less than or equal to 5.6Tnmol/mli of
H1.0K180me2 in the serum indicates the mdividual has, or may develop Alzheimer’s disease
with a specificity of 78%, a sensitivity 80% and a positive likelthood ratic 0f 3.6, Inone
embodiment, this represents a 24% increase in probability (post-test probability) of the
Alzheimer’s disease compared to pre-test probability. Post-test probability 1s calculated based
on following formula: Pre-test Odds X LR/ (1+ Pre-test Odds x LR}, where pre-test odds are the
clinical suspicion of disease presence before testing. The post-test probability is usually

caleulated from Likelihood Ratio Nomogram or Fagan Nomogram (NEIM 1973, 293: 257}

10217} In ancther embodiment of practicing the method, a ratio of less than or equal to
4.76x10™ of H1.0K180me2 to total protein in the serum indicates the individual has, or may
develop Alzheimer’s disease. In one embodiment, a concentration of less than or equal to
4.76x10™ of H1.0K180me2 to total protein in the serum indicates the individual has, or may
develop Alzheimer’s disease with a specificity of 70%, a sensitivity of 90% and a positive
likelithood ratio of 3.00.  In one embodiment, this represents a 14.8% increase 1n probability of

the Alzheimer’s disease compare to pre-test probability.

[0218) Exemplary Methods, HI.0K180me2 Autoantibody Levels: In another embodiment,
provided herein are methods using an H1.0K180me2 protein or peptide (to determing
H1.0K180me2 antoantibody levels, for example lgG autoantibody levels, or IgM autoantibody
levels) for screening an individual for Alzheimer’s disease, for identifving an individual 15 at risk
for developing Alzheimer’s discase, for estimating the likelihood of whether an mdividual will
develop Alzheimer’s discase, for determining whether an individual has Alzheimer’s disease, for
detecting the early signs of Alzheimer’s disease n an individual, and for use in the prognosis of
Alzheimer’s disease in an individual, the method comprising: {a} contacting a biclogical sample
from the individual with an H1 0K 180me?2 protein or peptide; and (b) determining the
concentration of autoantibodies in the sample that binds the peptide, wherein an increase in the
concentration relative to a control indicates that the individual has, or 1s at risk of developing,

Alzheimer’s disease, and wherein a decrease, or no change in the concentration relative to a

50



WO 2017/184895 PCT/US2017/028686

control may indicate that the individual does not have, or is not at risk of developing,
Alzheimer’s disease. A control can include, but is not limited to, a healthy control (¢ g. age-
matched, sex-matched), a reference standard representing a compilation of healthy controls, or a
control sampie from the same individual isolated earlier in time. In some embodiments, the
change 1 the concentration is relative to a threshold established by a Receiver Operating
Characteristic curve analysis for optimal specificity and sensitivity. In some embodiments, the
method further comprises treating the individual with an Alzheimer’s disease drug or regimen if

it is determined that the individual has, or is at risk of developing, Alzhemmer’s disease.

[6219] In one embodiment, a concentration of greater than or equal to 9.69 ug/ml (normalized
to total Ig( levels) of Ie(s autoantibodies to HI 0K 180me?2 in the serum indicates the individual
has, or may develop Alzheimer’s disease. In one embodiment, a concentration of greater than or
equal t0 9.69 ug/ml of H1.0K180me2 igG autoantibodics in the serum indicates the individual
has, or may develop Alzheimer’s disease with a specificity of 9%, a sensitivity of 60% and a
positive hikelihood ratio of 5.4, In onc embodiment, this represents a 30% increase in

probability of the Alzheimer’s discase compared to pre-test probability.

6228} In some embodiments, the individual has, or ig at risk of developing, Alzheimer’s
discase when the serum concentration of the IgG autoantibodies 1s greater than or equal to 8.23
ug/mi, normalized to serum volume. In some embodiments, an individual has, or is at risk of
developing, Alzheimer’s discase when the serom concentration of the IgM autoantibodics 18
greater than or equal to 409 fMol/ml, normalized to serum volume. In some cmbodiments, the
individual has, or 15 at risk of developing, Alzheimer’s disease when the ratio of the
concentration of IgM autoantibodies to total IgM concentration is greater than 26 .6x10°°. In one
cmbodiment, the individual has, or is at risk of developing, Alzheimer’s discase when the PLR
(L.LR+} 15 2.4 or greater for IgG autoantibodics or the PLR (LR+) 1s 3.5 or greater for IgM

autoantibodies.

[6221] 1n related embodiments, the methods provided herein are used in observational studies.
Examples of observational stadies include, but are not imited to: (a} Cross-sectional design
(single time-point design, or delaved cross-sectional) — testing of one or few specimens/sampies
per paticnt that are collected at a single time-point; (b) Longitudinal design — testing of multiple
specimens/samples per patient that are collected over an extended period of time {e.g. weeks,

mounths, years) | {¢} Retrospective design — testing of previously collected specimens for which
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the analvte status and the patient’s clhinical status is known {characterized specimens) prior to the
commencement of the study; {d} Prospective design — testing of specimens collected before or
during the study but for which both the analvie status and the patient’s clinical status are
cstablished during the study; and (¢} Prospective-refrospective design — testing of previously
collected specimens for which the clinical status 13 known but the analyte statos is unknown and

will be established during the study.

106222} In related embodiments, the methods provided herein are intended for the diagnosis of
Alzheimer’s discase, wherein the methods may be used to determune, verify or contirm a
patient’s climical condition as a sole determinant. In these embodiments, this type of testing also
ncludes sole confirmatory assays (to venfy results of previous testing) and sole exclusion assays

{(to rule out a particular condition}.

10223} In related embodiments, the methods provided herein are intended to provide an “aid-
to-diagnostic” of Alzheimer’s disease, wherein the methods may be used to provide additional
information to assist in the determination or verification of a patient’s clinical status. The test is

not necessarily the sole determinant but may be used to evaluate a patient’s current state,

[3224] In related embodiments, the methods provided herein are intended for the screening of
Alzheimer’s disease, wherein the methods may be used to determine the status of a disease,
disorder or other physiological state in an asyiaptomatic individual. Depending on the nature of
the condition and the targeted paticnt population, the screening methods may be used routinely
or may be restricted to “at risk” pationts. In this context the methods described herem used to

evaluate a patient’s current state.

[3225] In related embodiments, the methods provided herein are intended to determine the
predisposition to Alzheimer’s discase, wherein the methods described herein may be used to
determine the likelihood of discase onset {¢.g. assessing the nisk of developing the disease in
future) m pre-symptomatic patients, where for patients at sufficient risk {as determined by test

results), preventive mterventions may be taken.

[3226] In related embodiments, the methods provided herein are mntended for the prognosis of
Alzheimer’s disease, wherein the methods descrbed herein may be used to measure factors

hinked to a chinical outcome, irrespective of treatment. The methods described herein may be
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used to estimate the natural progression of a disease (e.g. outcome in the absence of treatment},

o1 to the methods described herein are designed to evaleate a patient’s future state.

0227}  Inrelated embodiments, the methods provided hergin are tntended for determination of
physiological status of aging population (“aging clock™) wherein the methods described herein
mayv be used to evaluate the physiological state of an individual for the purpose of identifving a

human condition or characteristic of aging or risk of Alzheimer’s disease with aging.

[6228] In related embodiments, the quantification of Hi 0K.180me2 antigen and/or
quantification of H1.0K180me?2 antoantibodies may be used to increase confidence m the

Alzheimer’s disease screening, diagnosis, or detection,

10229}  In related embodiments, the guantification of H1 OK180me2 antigen and/or
quantification of H1 0K 180me?2 antoantibodies may be used in conjunction with other
Cerebrospinal Fluids (CSF) tests including but not limited to the measurement of Ay, T-tau, p-

tan, AByy/ T-tan ratio, and AB42/ p-tag,

[3236] In related embodiments, the quantification of H1.0K180me2 antigen and/or
quantification of H1 0K 180me? autoantibodies may be used in conpunction with assessment of
cognitive status tests, tor example the MMSE (mini-mental state examination), GDS (global

deterioration rate), and CDR (clinical, DBementia rating) tests.

3231}  Inrelated embodiments, the quantification of H1.0K180me2 antigen and/or

quantification of H1.0K180me2 antoantibodies may be used in conjunction with neuroimaging.

[6232] 1nsome embodiments of the methods described herem, the levels of H1.0K180me2
may be nommalized against total Ig(s in the biological sample or normalized against total protein
in the biological sample. In some embodiments of the methods described herein, the
concentration of HI 0K 180me? may be determined as a relative ratio to non-methylated,

labeled, synthetic H1.0 peptide.

[6233] 1n embodimenis of the methods described herein, the individual 1s greater than 50 years
old. In some embodiments of the method described herein, the individual 1s less than 50 years
old. In some embodiment, of the method described herein, the individual is at least 50 years old,

is at least 35 years old, is at least 60 years old, is at least 65 years old, is at least 70 years old, is
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at feast 75 years old, or is at least 80 years old. In an exemplary embodiment, the individual is at

feast 60 vears old.
E. Companion Diagnostics for Alzheimer’s Disease

[3234] Also provided herein are H1 0K 180me?2 antibodies (to determine H1.0K180me2
levels) and H1.0K 180me2 proteins and peptides {to determine Hi 0K 180me2 autoantibody
levels, for example 1gG autoantibody levels or IgM autoantibody ievels), for use i methods for
selecting individuals who may respond to an Alzheimer’s disease treatment with an Alzheimer’s
disease drug or regimen, for use in treatment selection/determining treatment options for those
diagnosed with Alzheimer’s disease, for use in monitoring the treatment of those diagnosed with
Alzheimer’s discase and receiving ongoing treatment with an Alzheimer’s disease drug or

regimen, or for use in screening for Alzheimer’s discase drugs and regimens.

[6235] In these embodiments, these Alzheimer’s disease drugs and regimens/treatments
nclude, but are not limited to, treatment with APP synthesis Inhibitors, beta-secretase inhibitors,
gamma-secretase inhibitors and modulators, AR aggregation inhibitors, AB immunotherapy,
Cholesterol-lowering drugs, Anti-tau drugs, cholinesterase inhibitors, N-methvl D-aspartate
{(NMDA} antagonists, atypical antipsychotics, blockers of protein S-nitrosviation, glucagon-hike
peptide-1 receptor agonists, rapamyvein, rapalogues, endocannabimoids, cannabionoids,
neuroprotectors, molecules controlling calcium mflux, antioxidants, anti-inflammatory drugs,
drugs controlling control of glutamate homeostasis, autophagy inducers, hormones, hormonal
regulators, statins, msulin, insulin carmers, multifunctional nanocarriers, vitamins, mitritional
supplements, small RNA molecules, peptides, or ultrasound therapy. More specifically. APP
synthesis inhibitors (+phensering), beta-secretase whibitors (ME-8931, E2609, LY2811376,

LY 2886721, PF-05297909, gamma-secretase inhibitors and modulators (semegacestat

LY 450139, avagacestat BMS-708163, PF-3084014, ELNDO0S, tarenflurbil, CHF5074), AB
aggregation inhibitors (framiprosate (3APS), clioguinol (PBT1), PBTZ, ELNDOOS (scyvllo-
mnosttol), PQ912), AD immunotherapy (GSK933776, ANIR02+(521, ACC-001, Alzheimer’s
disease-106, Bapimeuzumab, Solanezumab, Gantenerumab (R0O4909832), Ponezumab (PF-
043603653, MARBT3102A {crenczumab), BAN2401, Intravenous immunoglobulin,
gantencrumab (R1450 or RO4909832)), anti-tan drugs (lithtum, Tideglusib (NPO31112), LMTX
(methylene blue)), cholinesterase inhibitors (Razadvne® {galantamine), Exclon® (rivastigmine),

and Aricept® {donepezily), an N-methyl D-aspartate (NMDA} antagonists (Aricept‘j@ and
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Namzaric®, a combination of Namenda® and donepezil), atypical antipsychotics {olanzapine,
quetiaping, risperidone), blockers of protein S-nitrogylation, agonist at the glucagon-like peptide-
1 receptor, rapamycin and rapalogues, endocannabinoid and cannabionoids, neuroprotectors,
molecules conirolling calcium mfliantioxidants (Vitamin E, vitamin C, a~hipoic acid,
coenzvme (1), anti-inflammatory molecules and drugs, drugs controlling control of glutamate
homeostasis, autophagic inducers, hormones and hormonal regufators, statins, insulin and 1nsuhin
carriers including intranasal insulin , long acting msuhin and thalidomide), Ramipril, resveratrol,
multifunctional nanocarriers, vitamins and nutritional supplements, small RNA molecules,
peptides, and vltrasound therapy. In some embodiments, the Alzheimer’s discase drugs and
regimens are pending FDA-approval, selected from a list of FDA-registered clinical trials for
drug approval, which may be obtaimed on the world wide web address of the U.S. Food and

Drog Administration.

[6236] Exemplary Methods, HI.0KI80me2 Levels: In one embodiment, provided herein is a
method using an H1.0K180me?2 antibody for determining whether an individual diagnosed with
Alzheimer’s diseasc receiving ongoing treatment, will benefit or continue to benefit from the
ongoing treatment, coraprising: {(a) providing a biological sample from the mdividual who is
receiving ongoing treatment; (b) contacting the biological sample with an H1.0K180me2
antibody; {¢} determining the concentration of H1.0K180me?2 in the sample that binds the
antibody; and (d}) selecting an mdividual who will benefit or continue benefit from treatment,
wherein an increase in the concentration relative to a control indicates that the individual will
benefit or continue to benefit from treatment, and wherein a decrease or no change in the
concentration relative to a control may indicate that the individual will not likely benefit or not
continue to benefif from or be responsive to the treatment. A control mncludes, but is not hmited
to, samples from individuals with Alzheimer’s disease not receiving a treatment, or a control
sample from the same individual isolated earlier in time prior to the stait of treatment. fn some
cmbodiments, the concentration of circulating HI 0K 180me? is determined. In some
embodiments, the change in the concentration is relative to a threshold established by a Receiver

Operating Charactertstic curve analysis for optimal specificity and sensitivity.

[0237F Also provided herein is a method using an H1.0K180me2 antibody for use i treatment
selection for an individual diagnosed with Alzheimer’s disease, for determining treatment

options for an individual diagnosed with Alzbheimer’s disease, and for determining whether who
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may benefit from a particular treatment. In one embodiment, the method compnses: (a)
providing a biclogical sample from the individual, before the individual is treated for
Alzheimer’s discase; {(b) contacting the biological sample with a candidate treatment; ()
contacting the biological sample with an H1 0K 180me2 antibody; (d) determinmg the
concentration and/or subechular localization of H1.0K180me?2 in the sample that binds the
antibody; and {(¢) selecting an individual who may benefit from the treatment, wherein an
increase in the concentration relative to a control or a decrease i cytoplasmic subcetlular
localization indicates that the individual may benefit from a treatment and wherein an decrease
or no change in the concentration relative to a control or an increase or no change 1 cytoplasmic
subcelhular localization may indicate that the individual will not benetit from a treatment. in
another embodiment, the method compnises: (a) administering to the mdividual the candidate
treatment; (b) providing a biological sample from the mmdividual, after administration of the
treatment; () contacting the biological sample with an H1.0K180me?2 antibody; (d) determining
the concentration and/or subcelivlar Jocalization of H1 0K 180me? in the samplc that binds the
anfibody; and (¢) selecting an individual who may benefit from the freatment, wherein an
increase in the concentration relative t¢ a control or a decrease in cytoplasmic subeelular
localization mdicates that the individual may benefit from a treatment and wherein an decrease
or no change in the concentration relative to a control or an increase or no change i cytoplasmic
subceliular localization may indicate that the individeal will not benefit from a treatment. A
control can include, but is not limited to, samples from healthy individuals, or contacting the
biological sample with a placcho treatment. fn some embodiments, the concentration of
circulating H1 0K 180me?2 is determined. In some embodiments, the change m the concentration
is relative 1o a threshold established by a Receiver Operating Characteristic curve analysis for

optimal specificity and seositivity.

(0238] Exemplary Methods, HI.OK180me2 Autoaniibody Levels: In another embodiment,
provided herein is a method using an H1.0K180me?2 protein or peptide for determining whether
an individual diagnosed with Alzhemmer’s disease receiving ongoing treatment, will benefit or
continue to benefit from the ongoing treatment, comprising: {a) providing a biclogical sample
from the individual; (b) contacting the biclogical sample with an HI 0K 180mc? protein or
peptide; {¢) determining the concentration of autoantibodies in the sample that bind the protein
or peptide; and {d} selecting an individual who will benefit or continue to benefit from the

treatment, wherein a decrease 1n the concentration of autoantibodies relative to a control

56



WO 2017/184895 PCT/US2017/028686

indicates that the individual will benefit or continue to benefit from treatment, wherein no
change or an merease in the concentration of autoantibodies relative to a control may indicate
that the individual will not benefit or no longer contimue to benefit from treatment. A control
includes, but is not imited to, samples from individuals with Alzheimer’s disease not receiving a
treatment, or a control sample from the same mdividaal isolated sarlier in time prior to the start
of treatment. In some embodiments, the change 1o the concentration is relative 1o a threshold
¢stablished by a Receiver Operating Characteristic curve analysis for optimal specificity and
sensitivity. In some embodiments, the concentration of anti-H1.0K180me2 IgG autoantibodies is
determined. In some embodiments, the concentration of anti-H1.0K180me2 igM autoantibodies
1s determined. In some embodiments, the concentration of anti-H1.0K180me? Ig( and IgM

autoantibodies 1s deternuned.

[623%]  Also provided herein is a method using an H1.0K 180me? protein or peptide for use in
treatment selection for an individual diagnosed with Alzheimer’s disease, for determining
treatment options for an individual diagnosed with Alzheimer’s disease, and for determining
whether the individual may benefit from a particular treatment. In one embodiment, the method
may comprise: {(a) adnunistering to the individual the candidate treatment; (b) providing a
biological sample from the individual after the admuanistration; (¢} contacting the sample with an
H1.0K180me?2 protein or peptide; (d) determining the concentration of autoantibodies in the
sample that bind the protein or peptide; and (¢} selecting an individual who may benefit from the
treatment, wherein a decrease m the concentration of autoantibodies relative to a control
indicates that the individual will benefit from the particular treatment, and wherein no change or
an increase in the concentration of autoantibodies relative to a control may indicate that the
mdividual will not benefit from the particular treatment. A reference control can include, but is
not imited to, samples from healthy mdividuals, or contacting the biclogical sample with a
placebo treatment. In some embodiments, the change in the concentration is relative to a
threshold established by a Receiver Operating Characteristic curve analysis for optimal
specificity and sensitivity. In some embodiments, the concentration of anti-H1.0K180me?2 [gG
autoantibodies is determined. In some embodiments, the concentration of anti-H1 0K 180me?2
IgM autoantibodics is determined. In some embodiments, the concentration of anti-

H1.0K180me?2 Ig( and IgM autoantibodies is determined.
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3248} Also provided herein is a method using an H1 0K 180me?2 protein or peptide for use
stratifying an Alzheimer’s disease patients into distinct groups: one group that will hkely
respond to any type of Alzheimer’s disease treatment and one group that will likely not respond
to any type of Alzheimer’s disease treatment {an maybe more restrictive). In one embodiment,
the group that will likely respond to any tvpe of Alzheimer’s discase treatment, may respond to
both immunctherapy and non-immunoctherapy-based treatments for Alzheimer’s disease. In one
cmbodiment, the group that will likely not respond to just any type of Alzheimer’s discase
treatment, may respond only to non-immanotherapy-based treatments for Alzhenmer’s disease.
In some embodiments, as provided herein, such stratification may be carried out by calculating
the ratio and/or correlating the concentration of anti-H1 0K 180me? IgQG antibodies with the
concentration of anti-H 1 0K 180me?2 IgM antibodies to fit a statistical model. Such methods may
provide viable treatment options for an individual diagnosed with Alzhemmer’s disease, and for
determining whether the individual may benefit from a particular {reatment. in onc embodiment,
the method may comprise: (a) providing a biological sample from the individual; (b) contacting
the sample with an H1.0K180me? protein or peptide; (¢} determining the concentration of IgG
and IgM auvtoantibodies in the sample that bind the protein or peptide; and {d) selecting an

individual who may benefit from an immunotherapy-based treatment for Alzheimer’s disease.

6241} Inrelated embodiments, the methods provided herein are useful for ensuring that the
H1.0K180me2 or H1.0K180me? autoantibody levels remain within physiological levels or

within an established therapeutic drug range.

[6242] 1n related embodiments, the methods provided herein are useful for the monitoring of
Alzheimer’s disease, wherein the methods described may be used to measure the H1 0K 180me?2
or H1.0K180me? autoantibody levels for the purpose of adjusting treatments/interventions as
required. In related embodiments, the methods provided herein are useful for monitoring the
effects of an Alzheimer’s disease drug or nutntional regiment or life stvle adjustment 1o an

individual receiving such treatment.

[0243] In related embodiments, the methods provided herein are useful for monitoring the
clinical performance in any observational or mterventional clinical study for Alzheimer’s
disease, wherein (a) an observational study refers is a study in which test results obtained during

the study are not used for patient management and do not mnpact treatment decisions; and (b} an
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interventional study 1s a study in which test results obtained during the study may influence

patient management decisions and may be used to guide treatments.

[0244] In related embodiments, the methods provided hergin are useful for senal
measurement, whereby multiple determinations are taken over time. These types of monitoring
methods may be used for the detection/assessment of disease progression/regression, discase
recurrence, minimum residual disease, response/resistance to treatment, and/or adverse effects
due to treatment. These types of monitoring methods may be designed to evaluate changes in an

individual’s state.

[6245] Inrelated embodiments, the methods provided herein are useful for prediction of
Alzheimer’s discase treatroent response or reaction, wherein the methods described herein may
be used to measure factors that determine the hikelihood of patient responses or adverse reactions
to a specific therapy. Described herein are predictive methods designed specifically for use as

companion diaghostics.

[6246] In some embodiments of the methods described herem, the levels of H1 OK180me2
may be normalized against total g in the binlogical samplc or normalized against total protein
in the biological sample. In some embodiments of the methods described herein, the
concentration of H1.0K180me2 may be determined as a relative ratio to non-methvlated,

labeled, svathetic H1.0 peptide.

6247} In embodiments of the methods described herein, the mdividual is greater than 50 years
old. In some embodiments of the method described herein, the individual is less than 50 years
old. In some embodiment, of the method described herein, the individual s at least 50 years old,
is at least 35 vears old, s at least 60 years old, is at least 65 vears old, is at least 70 years old, 1s
at Ieast 75 vears old, or is at least 80 vears old. In an exeroplary embodiment, the individual s at

least 60 vears old.

[0248] In related embodiments, the methods may be used for screening for new Alzheimer’s

discase drugs and regimens.
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F. Detection of Senescence

[6249] Provided berein are H1.0K180me? antibodies and H1 .0K180me? proteins and
peptides, for use m detecting senescence. As provided herein, senescence 1s associated with
replicative senescence (REP-SEN), genotoxic stress-induced senescence and radiation-mnduced

SCRCSCCCe.

[02506] Generally the method for the detection of senescence involves the direct detection of
H1.0K180me?2 or indirect detection of H1.0K180me2. For direct detection of H1.0K180me?2, the
method generally comprises {a) contacting a biological sample from the individual with an
H1.0K180me?2 antibody; and (b} determining the concentration of the H1 0K 180me? antigen in
the sample that binds the antibody, wherein an increase in the concentration relative to a conirol
indicates that the biological sample comprises senescent cells. For indirect detection of
H1.0K180me?2, the method generally comprises {3} contacting a biological sample from the
mdividual with an H1.0K 180me? protein or peptide; and (b} determining the concentration of
the H1. 0K 180me2 antigen 1o the sample that binds the peptide, wherem an increase in the
concentration relative to a control indicates that the biological sample comprises senescent cells.
In some embodiments, the change in the concentration is relative to a threshold established by a

Receiver Operating Characteristic curve analysis for optimal specificity and sensitivity.

16251}  In some embodiments, the methods may be used for identifving individuals that have
undergone senescence induced by a genotoxan.  In some embodiments the genotoxic stress-
mnduced senescence is a result of exposure of the individual to a DNA damaging agent, drug or
toxin, for example radiation, UV-light bleomycin and any other genotoxic drugs including but
not limited to Trazodone, Etotifen, Cephalexin, Nisoldipme, CGS 15943, Clotrimazole, 5-
Nonyltryptamine, Doxepin, Pergolide, Paroxetine, Resveratrol, Quercetin, Honokiol, 7-
nitroindazole, Megestrol, Fluvoxamine, Etoposide, Veliparib, Rucaparib, Glaparib,

Camptothecin, or Terbinafine and chemotherapeutic drugs in general.

16252} In some embodiments, the methods are useful for identifying senescence 1o individuals
undergoing chemotherapy treatments to ensure that the chemotherapy s effective. The
chemotherapeutic agent in these embodiments may be selected from the group consisting of
Alemtuzamab (Campath}, Alitretinoin (Panretin), Alopurinol (Zyloprim}, Altretamine,

{Hexalen), Amifostine {Ethvol), Anastrozole (Arinudex), Arsenic Trioxade (Trisenox},
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Asparaginase (Flspar), BCG Live {TICE BCG), Bexarotene {Targreting, Bleomycin
(Blenoxane}, Busulfan Intravencus {Busulfex), Busulfan Oral (Myleran)}, Calusterone
{Methosarb), Capecitabine (Xeloda), Streptozocin (Zanosar), Tale {(Sclerosol), Tamoxiten
{Nolvadex}, Temozolomide {Temodar), Teniposide, VM-26 (Vumon), Testolactone (Teslac),

Thioguanine, 6-TG {Thioguaning), Thiotepa (Thioplex), and Topotecan (Hycamtin},
G. Detection of DNA Damage

[6253] Provided berein are H1.0K180me? antibodies and H1 .0K180me? proteins and

peptides, for use i detecting PNA damage, for example acute BDNA damage.

[3254] Generally the method for the detection DNA damage involves the direct detection of
H1.0K180me?2 or indirect detection of H1.0K180me?2. For direct detection of H1 0K 180me2, the
method generally comprises (a) contacting a biological sarople from the individual with an
H1.0K180me? antibody; and (b) determuning the concentration of the H1.0K180me?2 antigen in
the sample that binds the antibody, wherein an increase i the concentration relative o a control
indicates that the biclogical sample has vndergone DNA damage. For mdirect detection of
H1.0K180me2, the method generally comprises {a) contacting a biological sample from the
wndividual with an H1.0K180me2 protein or peptide; and (b} determiming the concentration of
the H1.0K180me?2 antigen in the sample that binds the peptide, wherein an increasc in the
concentration relative to a control ndicates that the biological sample has undergone DNA
damage. In some embodiments, the change n the concentration is relative to a threshold
catablished by a Receiver Operating Characteristic cuirve analysis for optimal specificity and

sensitivity.

[3255] In some embodiments the DNA damage 15 a result of exposure of the cells or an
mdividual to a DNA damaging agent, drug or toxin, for example radiation, bleomvcin or other

DNA-damaging agents {¢.g. chemotherapeutic drugs discussed above).

[3256]  In some coibodiments, the method is useful for deternining DNA damage within 3
minutes, 10 minutes, 15 minutes, 20 minutes, 23 nunutes, 30 minutes, 45 minutes, 60 minutes, 75
minutes, 90 minuies, 2 hours, 3 hours, 4 hours, 5 hours, 24 howrs, 48 hours, 3 days , 4 days , or

upto 5 days of such exposure to a genotoxin or DNA damaging agent.
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16257}  In some embodiments, provided herein is a portable unit for the detection of DNA
damage. The unit can compnse a sample collection unit, a reader, and an assay module
comprising an H1.0K180me? antibody. The unit can also comprise a sample collection untt, a

reader, and an assay module comprising an H1 0K 180me?2 protein or peptide.
H. Detection of Radiation Exposure

16258] Provided berein are H1.0K [80me? antibodies and H1.0K180me?2 proteins and

peptides, for use in detecting radiation exposure.

[6259] Generally the method for the detection of radiation exposure involves the direct
detection of H1 0K 180me2 or indirect detection of H1.0K180me2. For direct detection of
H1.0K180me2, the method generally comprises {a} contacting a biclogical sample from the
mdividual with an H1.0K 180me? antibody; and (b) determining the concentration of the
H1.0K180me? antigen in the sample that binds the antibody, wherein an increase in the
concentration relative to a control indicates that radiation exposure has occurred. For indirect
detection of H1 0K 180me?2, the method generally comprises (a} contacting a biclogical sample
from the individual with an H1.0K180me2 protein or peptide; and (b) determining the
concentration of the H1.0K180me?2 antigen in the sample that binds the peptide, wherein an
increase in the concentration relative to a control indicates that radiation exposure has occurred.
In some embodiments, the change in the concentration 1s relative to a threshold established by a
Receiver Operating Charactenistic curve analysis for optimal specificity and sensitivity. In one
exemplary embodiment, the change in the concentration of the H1.0 K170me2 antigen after Zhrs
after 7Gy X-ray exposuie is from 1Zumol/L to 2 lumol/L, and from 26umol/L to 35 umol/L after

48 hrs.

[0268] In some embodiments, the method 1s useful for determining radiation exposure within
5 nunutes, 10 nunutes, 15 nunutes, 20 minutes, 25 minutes, 30 mimstes, 45 muutes, 60 minutes,
75 mnutes, 90 minuotes, 2 hours, 3 hours, 4 hours, § howrs, 24 hrs, 48 hrs, 3 days | 4 days |, or up

1o 5 davs of such exposure.

[3261] In some embodiments, the method is useful determining such exposure in a field

sttuation, for example in a combat zone, with military personncl.
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[3262] In some embodiments, provided herein is a portable unit for the detection of radiation
damage. The unit can compnse a sample collection unit, a reader, and an assay module
comprising an H1.0K180me? antibody. The unit can also comprise a sample collection untt, a

reader, and an assay module comprising an H1 0K 180me2 protein or peptide.
I. H1.0K180me2 and Rapaloguses

16263} The mammalian target of rapamycein (mTOR) bas emerged as a pronuising therapeutic
target. Rapamycin and some rapamycin derivatives, rapamyein analogs, and other mTOR

mhibitors are FDA-approved drugs for treatment of certain discase states.

[#264] The inventors have found that the detection of H1 0K 180me?2 may be useful for the
screening of an individual's responsiveness {0 rapamycin, rapamycin derivatives, rapamycia
analogs, and other mTOR inhibttors, referred to collectively as “rapalogues,” and may be useful
for monitoring rapalogue-based therapeutic regimens. The inventors have also found that the
detection of H1 0K 180me2 may be useful for drug screening purposes, for the screening of
additional rapalogues. Specifically, it 1s shown here that a rapamyein derivative and
tmmunosuppressant, everolimus, blocks the appearance of Hi 0K 180me2 upon DNA damage
(F1(. i8). It has also been observed that treatment with a rapalogue, prior o, or in paraliel with
a genctoxic stress exposure, may reduce the effect of the genctoxic stressor, as evidenced by a

change m the concentration and/or subcellular localization of HI OK 180me2.

[6265] As used herein, rapalogues include FDA-approved rapalogues, and those rapalogues
prescutly undergoing clinical trials. FDA-approved rapalogues include Rapamvcin, Surolumus,
Rapamune, Everolimus, RADOGI, Afinitor, Zortress, Temsirolimus, CCI-779, Torisel,
Ridaforolimus, AP23573, MK-8669, Deforolimus, Zotarohmus, and ABT-578. Other
Rapalogues AZDROSS, AZD2014, OSI-027, MENOI28, WYE-132, Torinl, PI-103, P7170, PF-
04691502, PF-05212384, PKI-587, GNE477, PKI-180, WIDO0E, XL765, SAR245409, NVP-
BEZ235, BGT226, SF1126, GEK2126458, Ku-0063794, WYE-354, NVP-BEZ235, PF-
05212384, XL765, Torin 2, WYE-125132, and OSI-027.

[3266] Generally provided herein is a method for monttoring the effects of a rapalogue-based

treatment ongoing 1n an individual diagnosed with cancer, an immunodeficiency, diabetes,
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arthritis, Alzheimer’s disease and other neurodegenerative diseases, cardiovascular disease, an

autoimmune disease, and other age related pathologies.

[0267F Thus, in one embodiment, provided herein 1s a method of determiming whether an
individual receiving treatment with a rapalogue is responsive 1o such treatment, comprising: {a}
contacting a biological sample from the individual with an H1.0K180me2 antibody; (b}
determining the concentration and/or localization of H1.0K180me2 m the sample that binds the
antibody; and {c}) determining whether the mdividual is responsive to treatment, wherein a
decrease in the concentration established or a change in the localization relative to a contro
indicates that the individual is responsive to the rapalogue. In some embodiments, it is
determined that the rapalogue treatment s not effective, or needs to be modified if there is an
increase in the extraceliular concentration of the H1.0K 180me?Z relative to a control. In some
embodiments it i determined that the rapalogue treatment is not effective, or needs to be
modified if there is an increase m the cvtoplasmic localization of the H1 0K 180me2 relative to a
control. In some embodiments, the decrease is relative to an age-matched control that is not
diagnosed with the relovant disease for which the rapalogue is being administered. In some
embodiments 1t is deternuned that the treatment 1s effective, and should be continued if there 1 a
decrease in the extracellular or evtoplasmic concentration of the HI.0K180me?2 protein relative
1o a control. In some embodiments, the method further comprises using the mformation to
modity the treatment type, course, duration, and/or dosage. In some cmbodiments, the
concentration of circulating H1 0K 180me2 is determined. In some embodiments, the change m
the concentration 1s relative to a threshold established by a Receiver Operating Characteristic

curve analysis for optimal specificity and sensitivity.

16268} Likewise, when the autcantibodies to H1.0K180me2 are used for measurement, the
method comprises: (a) contacting a biological sample from the individual with an H1 0K 180me2
protein or peptide; (b) determiming the concentration of autoantibodies that bind the protein or
peptide; and {¢} determining whether the mdividual is responsive to treatment, wherein a change
in the concentration of autoantibodies relative to a control indicates that the individual 1s
responsive 1o the rapalogue. In some embodiments, 1t 1s determined that the rapalogue treatment
i3 not effective, or needs to be modified if there 18 no change in the concentration of the
H1.0K180me? autoantibodies relative to a control. In some embodiments, the decrease is

relative to an age-matched control that 1s not diagnosed with the relevant disease for which the
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rapalogue is being administered. In some embodiments it 1s determined that the treatment is
cffective, and should be continued if there is a change in the concentration of the H1 0K 180me2
autoantibodics relative to a control. In some embodiments, the change in the concentration is
relative to a threshold established by a Receiver Operating Characteristic curve analysis for

optimal specificity and sensitivity.

[3268] In some embodiments, provided herein s a method for selecting an individual,
diagnosed with or suspected of having cancer, an immunodeficiency, diabetes, Alzheimer’s
disease or other neurodegenerative discases, cardiovascular discase, an autotmmune discase,
arthritis, and other age related pathologies, who may benefit from rapalogue treatment, or to
determine whether an individual may respond to treatment with a rapalogue. In some
cmbodiments, this method comprises providing a biological sample from the individual; treating
the sample with a rapalogue in vitro, ex vivo, m slice culture, or in tissue culture; and
determining the concentration and/or subcellular localization of H1.0K180me?2 in the sample. In
some embodiments, the concentration of the H1 0K 180me?2 is determined, by measuring the
concentration of H1.0K180me2 o the sample using an H1.0K180me?2 antibody. In some
embodiments, the concentration of the HI 0K 180me2 is determined, by measuring the
concentration of anti-H1 0K 180me?2 autoantibodies in the sample. In some embodiments it is
determined that the rapalogue treatment may not be effective, if there is an increase in the
cvtoplasmic or extracellular concontration ot the H1.0K180meZ relative to a control. In some
embodiments 1t 15 determined that the rapalogue treatment may not be cffective, it there is an
mncrease i the cytoplasmic localization of the H1.0K180me?2 relative to a control. i some
embodiments, the decrease is relative to an age-matched control that is not diagnosed discase for
which the mdividual mav receive a rapalogue treatment. In some embodiments it 1s deternuned
that the treatment may be effective, if there is a decrease n the cytoplasmic or extracelhular
concentration of the H1.0K 180me?2 protein relative to a control. In some embodiments, the
change in the concentration is relative to a threshold established by a Receiver Operating

Charactenistic curve analysis for optimal specificity and sensifivity,

16278}  In some embodiments, the methods provided herein further comprises using the

nformation to modify the treatment type, course, duration, and/or dosage.

{3271} In other embodiments, provided herein is the use of the detection of H1.0K180me?2 to

monttor for the ability for new rapalogues to be identified {drug screening applications).
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J. Detection of Biological Aging

{6272} Provided berein are H1.0K180me? antibodies and H1 0K 180me? proteins and
peptides, for use in detecting bioclogical aging. As provided herein, biclogical aging markers or
biomarkers of aging are expected to find many uses in biclogical rescarch since age is a

fundamental characteristic of most organisms.

{6273} There can be diffcrences between chronological and biological age. Some individuals
age more rapidly, while others, due to good habits, genes and/or lack of environmental stressors,
age more slowly making them healthier and “younger looking” longer. Being able to track one’s
biological age may help to modify hfe style (simular to tracking body mass mdex} or help to

deploy antiaging procedures.

16274}  Accuratc measures of biological age by aging markers arc usetul for testing the age-
related diseases theories of biological aging, such as (1) diagnosing vanious age related diseases
and for defining cancer subtypes, (1) predicting/prognosticating the onset of various diseases,
and serving as {iii} surrogate markers for evaluating therapeutic interventions including

rejuvenation approaches.

10273} Generally the method for the detection of biological aging imvolves the direct detection
of Hi 0K 180me2 or mdirect detection of H1.0K180me2. For direct detection of H1 0K 180me?2,
the method generally comprises {8} contacting a biclogical sample from the individual with an
H1.0K180me2 antibody; and (b} determining the concentration of the HI 0K 180me?2 antigen in
the sample that binds the antibody, wherein an increase in the concentration relative to a conirol
indicates that the biological sample is from an mdividual that has expenenced biological aging.
For indirect detection of H1 0K180me2, the method generally comprises (a) contacting a
hiclogical sample from the individual with an H1.0K180meZ protein or peptide; and (b}
determining the concentration of the H1.0K 180me2 antigen in the sample that binds the peptide,
wherein an increase in the concentration relative to a control indicates that has experienced
biological aging. In some embodiments, the change in the concentration is relative to a threshold
¢stablished by a Receiver Operating Characteristic curve analysis for optimal specificity and

sensitivity,
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K. Diagnostic Kits and Avticles of Manufacture

[6276] Provided herein are kits useful for the detection of H1.0K180me2. In some
embodiments, the kit comprises one or more H1.0K180me?2 antibodies or H1 0K 180me?2
peptides as described herein. In certain embodiments, the antibodics or peptides are labeled. In
addition, the kits can optionally include mstructional materials for carrying out any of the
methods described herein. While the instructional materials tvpically comprise written or printed
materials, they are not himited to such. Any medium capable of storing such instructions and
commumnicating them to an end user is contemplated berein. Such media include, but are not
himited to, clectronic storage media {e.g., magnetic discs, tapes, cartridges, chips), optical media
{¢.g., CD ROM), and the like. Such media can include addresses to internet sites that provide

such wnstructional materials.

10277}  The kits may also include additional components to facilitate the particular application
for which the kit is designed. Thus, for example, where a kit contains an anti~- H1.0K180me?2 that
i3 fabeled, the kit may additionally contain reagents for detecting the label (¢.g., enzyvme
substrates for enzymatic labels, fitter sets to detect fluorescent labels, appropriate secondary
labels, and the like}. The kits may additionally include buffers and other reagents routinely used

for the practice of a particular method.

16278]  An exemplary kit useful in an immunoassay to detect H1.0K 180meZ, n addition o an
H1.0K180meZ antibody, may include an H1.0K180me?2 protein or peptide. This peptide may be
emploved, for example, as a positive control or as competitor in a competitive immanoassay,

and may be labeled or not, depending on the format of the assay to be carmed out.

16279}  Another exemplary kit useful in an immunoassay to detect H1.OK180me2, m addition
to an anti-H1 0K 180me?2 peptide, will include an H1.0K180me2 antibody. This antibody may be
emploved, tor example, as a positive control or as competitor in a competitive immunoassay,

and may be labeled or not, depending on the format of the assay to be carried out.

[3286] Also provided herein are transdermal paiches for measunng a concentration of a
hypodermal target H1 0K 180me2 proteins and peptides, comprising: a substrate comprising an
H1.0K180me? antibody: and a plurality of microneedies. In another embodiment, provided

herein are transdermal patches for measunng a concentration of HI 0K 180me? autoantibodies,
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comprising a substrate, and an H1.0K180me?2 binding protein or peptide specific for detection of
H1.0K180me?Z autoantibodies. In some embodiments, the patches are transdermal microngedie
array patches. In some emboduments, the substrate of the patches is elastically stretchabice. In
some embodiments, provided herein are kits comprising paiches which comprise the antibodies
or peptides provided herein, and optionally, instructions for use. In some embodiments, the patch
is useful for detecting and measuring the concentration of H1.0K180me2, or useful for detecting
and measuring the concentration of H1.0K180me?2 antibodics in a biological sample, for the
purpose of detecting replicative senescence, DNA damage, genotoxic stress, radiation exposure,
and Alzheimer’s disease, useful for monitoring therapeutic regimens, and useful for drug

screening.

6281} Also provided herein is a portable unit, for detection, for example for the detection of
DNA damage or radiation exposure. The unit may comprise a sample collection unit, a reader,
and an assay module comprising an Hi 0K 180me2 antibody. The unit may also comprise a
sample collection unii, a reader, and an assay module comprising an H1.0K180me? protein or

peptide.

6282} Also provided herein are lateral Hlow strips or test strips suitable for a lateral flow assay
of an analyte, comprising a sample receiving zone, wherein the sample receiving zone comprises
cither an H1.0K180me?2 antibody or an anti-H1.0K180me? binding peptide. In some

embodiments, antibody or the peptide comprises a label.
IV, Therapeutics
A. Treatment of Methylated H1.0-Related Diseases and Conditions

16283] Provided hercin are therapeutic H1.0K180me2 antibodies, therapeutic H1.OK 180me2
proteins, and therapeutic HE 0K 180me?2 peptides for the treatment of a methylated H1 O-related

disease or condition.

[3284] As used herein, a “methylated H1 O-related disease or condition™ is one where there is
an increase in the levels of H1 0K 180me?, an increase 1o the endogenous dimethylation of a
H1.0 protein/peptide substrate at K180, an increase in the release of H1.0K180me2 from the
chromatin, an increase i the release of H1.0K 180me2 from the nucleus info the cyvtoplasm, an

increase i the cyvtoplasmic deposition of H1L.OK180me2, an increase in the levels of
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H1.0K180me?2 in the extracellular space, an increase tn the circulating levels of HL.OK180me2
int a bodily fluid {e.g. serum, urine, saliva, cerebrospinal fhud, ¢tc.}, and/or an increase in the

level of autoantibodies specific for H1.0K180me2.

{6285 Methylated H1.0-related discases and conditions include, but are not limited fo, age-
related pathologies associated with increase of senescent cells, Alzheimer’s disease, radiation
SXPOsULe, SXposure (o a genotoxic stressor, conditions that comprise the accumulation of
senescent cells associated with external and internal stressors, and autoimmune group of discases

and conditions associated with high level of autoantibodies to H1.OK180me2.

[6286] Provided herein are methods of treating a methyiated HI O-related disease or condition
in an ndividual by binding and clearing H1 0K 180me2 comprising administering to the

wndividual a therapeutically effective amount of a therapeutic H1.0K180me2 antibody.

[6287] Also provided herein are methods of treating a methylated H1i O-related disecase or
condition m an ndividual to bind and clear H1.0K180me2 autoantibodies comprising
administering to the mdividual a therapeutically effective amount of a therapeotic H1L.OK180me?2

protein or therapeutic H1 0K 180mce? peptide.

16288] As used herein, an individual refers to any anumal classificd as a mammal, including
humans, domestic and farm animals, and zoo, sport, or pet animals, such as dogs, horses, rabbits,
cattle, pigs, hamsters, gerbils, mice, ferrets, rats, cats, and the like Individuals may be male or

female.

[3288] In some embodiments of the methods described herein, the individual 18 greater than 50
vears old. In some embodiments of the method described herein, the individual is less than 50
vears old. In some embodiment, of the method described herein, the individual 15 at least 50
years old, 1s at least 55 vears old, is at least 60 vears old, 1s at least 65 vears old, is at least 70
vears old, is at least 75 vears old, or is at least 80 years old. In an exemplary embodiment, the

individual 1s at least 60 years old.

[0290] Turmng to the methvlated H1 .O-related discases and conditions more specifically,
during agmg, there 1s increased accumulation of cytoplasmic H1.0K180me?2 n the brain tissue
of humans FIGS. 11B. These observations are correlated with an age-related increase of

circwlating H1.0 K180me2 antigen observed in serological tests (FIG. 11C).
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[3291] However in individuals diagnosed with Alzhemmer’s disgase, there is a drop in the
circulating levels of the HI 0K 180me2 antigen {FIG. 11C) observed serclogical ELISA tests
when comparing a control population (no Alzbeimer’s disease pathology) with a reference

control {diagnosed Alzhemmer’s disease patients) (FIGS. 12A-12().

3292} 'This drop in the circulating levels of H1.0K180me2 antigen in the Alzheimer’s discase
group 1s associated with an increased level of 1aG and IgM autcantibodies to the H1.OK180me2
epitope, when compared to age-matched individuals with no pathology (FEGS. 138, 148, 14D,
14E, 15A, 164, 16B)

16293}  Thus in the context of Alzheimer’s disease, treatment with a therapeutically effective
amount of an H1 0K 180me2 antibody {c.g. a cell penetrating antibody or a cell clearing

antibody} is provided.

[6294] Addiionally, naturally occurnng serum fgG and {gM autoantibodies gencrated in
response to HL.OK180me2 are clevated in individuals with Alzheimer’s discase, when compared
to age-matched controls (FIGS. 13B, 14B, 14D, 14E, 15A, 16A, 16B). an may be harmful in
attacking and destroyving the cells expressing H1.0K180me2. Thus, in this context, treatment
with a therapeutically effective amount of an H1.0K180me?2 antibody binding (neutralizing)

protein or peptide is provided.

16298] Inthe context of DNA damaging agents, dimethylation of HL.OK180 (H1.0K180me2)
is observed on chromatin following acute DNA damage with bleomycin, a chemotherapeutic
agent (FIG. TA). Thus 1n this context, treatment with a therapeutically effective amount of an
H1.0K180me?2 antibody {¢c.g. a cell penetrating antibody, or a celi-clearing antibody) i1s
provided. Additionally, naturally occurring avtoantibodies generated in response to
H1.0K180me? increase in dimethviation of the H1.0 protein provide a target for treatment with a
therapeutically effective amount of an H1.0K180me?2 antibody binding (neutralizing) protein or

peptide.

[3296]  Inthe context of genotoxic stress, H1.0K180me?2 15 released from the chromatin upon
genotoxic stress induced sengscence {days after treatment with a BDNA damaging agent) (FIG.
9A) and is secreted out of the cells into the extracellular space (FIG. 9B). Thus in this context,

treatment with a therapeutically effective amount of an H1.0K180me? antibody 1s provided.
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Additionally, naturally occurnng autoantibodies generated in response to the increase in
H1.0K180me?2 provide a target for treatiment with a therapeutically effective amount of an

H1.0K180me2 antibody binding (neutralizing) protein or peptide.

16297} Inthe context of radiation exposure, exposure to ionizing radiation induces increased
tevels of circulating H1.0 K180me? in serum (FIG. 10A and FIG. 10B). Thus n this context,
treatment with a therapeutically effective amount of an H1.0K180me?2 antibody is provided.
Additionally, naturally occurning autoantibodies generated in response to the increase in
H1.0K180me? provide a target for treatment with a therapeutically offective amount of an

H1.0K180meZ antibody binding (neutralizing) protein or pepuide.

[0298] In some embodiments, diagnostic methods to determine whether the individual to be
treated is mdeed afflicted with a methylated HI O-related disease or condition is carned out.
Assays to test for the presence, localization, chromatin fraction, cytoplasmic accumulation,
serum levels, autoantibody levels of H1.0K180me2 or H1 0K 180me? antibodies, indicative of a

methylated H1.0-related disease or condition, may be camied out in advance of the treatment.
B, Therapeutic H1.0K180me2 Antibodies

[0299]  As discussed in the above Section (ID{A), provided herein are antibodics that recognize

and specifically bind to the HI 0K 180me2 epitope, and may be used for therapeutics.

[G300]  In additional to the H1.0K180me?2 antibodies that recognize the dimethyiated K180
antigen, in some embodiments, the therapeutic antibody 1s an anti- idiotypic antibody. Such
idiotypic antibodies recognize diseasc-associated IgG-autoantibodies or disease-associated IgM-
autoantibodics in patients with Alzheimer’s discase, or other methyiated H1 O-related discases or
conditions. In some embodiments, i vitro IgMs (IVIgMs) are generated from the plasma of
Alzheimer’s disease patient donors and may be used as a preventive therapeutic or vaccination
for Alzheimer’s disease. Such IVIgMs may contain anti-idiotypic antibodies that recognize
discasc-associated -autoamtibodies in patients. Thus, in some embodiments, the IVIigMs can
have diotypic antibodies where the idiotypic antibody and may nactivate the IgG and/or IgM

autoantibodics against H1.0K180me2.

[0301] The therapeutic antibodies provided hergin may be of any inmunoglobulin type such

as g, IgA, IgE, [gD, or IgM, or anti-idiotvpic antibody against IgG |, IgA. IgE, IgD. or [gM. In
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some embodiments, the antibody 1s of the IgG subtype and may be an IgG1 antibody, an 1g(G2
antibody, an 1g(3 antibody, or a Ig(G4 antibody . In some embodiments, the antibody 1s of the

IgM subtype.

{6302} The antibodics provided herein may be further conjugated for a variety of purposes
including, but not limited to, for use n detection, visualization, quantification, sorting,

therapeutics, and for use in biological assays, that relate to their therapeutic use.

[6363] 1n some embodiments, the therapeutic antibody 1s a neutralizing antibody, and the
antibody neutralizes one or more biological activitics of HL.OK180me2. For example, the
antibody may bind extracelular H1 0K180me? and newutralize any binding or signaling activity it
may possess. In some emboduments, the antibody may clear or block H1.OK180me2 in a cell, or

a sample. In some embodiments, the antibody may clear the cclls comprising H1.0K180me2.

[6304] 1n some embodiments, the therapeutic antibody may clear senescent cells. In some
embodiments, the antibody may clear cells/tissue or protein products that give rise to the
symptom of Alzbeimer’s disease. In some embodiments, the antibody may clear cells damaged
by radiation damage, DNA damaging agents, and other genotoxins. In some embodiments, the
anfibody 1s a cell-penctrating antibody. In other embodiments, the affected cells” membranes are

comprised and allow for entry of the therapeutic HI 0K 180me2 antibodies provided herein.

[0305]  In some embodiments, the therapeutic anttbody provided herein has antibody-
dependent cellular cytotoxicity (ADCC) activity. Effector cells bearing Fo gamma receptors
{(FcyR or FCGR) on their cell surface, including cytotoxic T-cells, natural killer (NK) cells,
macrophages, neutrophils, cosinophils, dendritic cells, or monocytes, recognize and bind the Fe
region of antibodies bound {o the target-cells. Such binding may trigger the activation of

miraceliular signaling pathways lcading to cell death.

[6306] In some embodiments, the therapeutic antibody has complement-dependent
cytotoxicity (CDC) activity. Antibody-induced CDC 1s mediated through the proteins of the
classical complement cascade and is triggered by binding of the complement protein Clg to the

antibody. Antibody Fe region binding to Clg mayv induce activation of the complement cascade.

[6307] Insome embodiments, the therapeutic antibody has antibody-dependent celiular

phagocviosis {ADCP) activity. Phagoovtic cells bearing Fo receptors on their cell sarface,
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including monocytes and macrophages, recognize and bind the Fe region of antibodies bound to
target-cells. Upon binding of the Fe receptor to the antibody-bound target cell, phagooytosis of

the target cell may be imitiated.

[6308] In some embodiments, the therapeutic antibodies may form an immune complex. For
example, an mmune complex may be a cell expressing or extruding H1.0K180me?2 antigen,

covered by antibodies,
C. Therapeutic H1.0K180me2 Proteins and HL.OK180me2 Peptides

[3309] Production of the HI 0K 180me? antigen in an individual afflicted with a methvlated
H1.0 related-disease or condition gives rise to the generation of naturally occurring
autoantibodies specific for the H1.0K180me2 antigen. Thas, the therapeutic approach of binding
and clearing these naturally occurming autoantibodies is provided herein. For this purpose,
herein are provided therapeutic H1.0K180me?2 proteins and therapeutic H1.OK 180me2 peptides
retaining the dimethylated lysine corresponding to K180, which may bind, and in some
embodiments additionally neutralize, the naturally occurring autoantibodies generated in

response to the HI 0K 180me? epitope m cells or in circulation.

{0318}  In some embodiments, the therapeutic HE 0K 180me?2 proteins/peptides may block the
biclogical actions of H1 0K 180me2 autoantibodics, in the serum of an individual. Such blockade
i autoantibody levels may lessen the immune response, and may amcliorate the adverse

symptoms of the methylated H1.0 discase or condition.

16311} In onc embodiment, an therapeutic H1.0K180me?2 protein is the H1.0K180me?2 full
length protein (SEQ 1D NO:1). The therapeutic H1.0K180me? peptides provided herein may be
any fragment of a full length H1.0K180me?2 protein, retaining the dimethvlated K180 reside. In
some embodiments the therapeutic H1.0K180me?2 peptides range from 5-193 amimo acids (aa)
long. In some embodiments, the length of an therapeutic H1 0K 180me2 peptide is Saa, 6aa, 7aa,
8aa, 9aa. 10aa, 1laa, 12aa. 13aa, 14aa, 15ga, 16aa, 17aa, 18aa. 19aa, 20aa, 21aa, 22aa, 23aa,
24aa, 25aa, 26aa, 27aa, 28aa, 2%aa, or even 30aa. In certam exemplary embodiments, the length
of the therapeutic H1 0K 180me?2 peptide is 15aa, 16aa, 17aa, 18aa, 19aa, or 20aa. Table 3A
provides excraplary sequences of the therapeutic H1.0K180me?2 peptides provided hercin. Thus,

in some embodiments, the therapeutic HE OK 180me?2 peptide comprises one of the sequences
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selected from those presented in Table 3A. In related embodiments, the therapeutic
H1.0K180me?2 peptide consists of one of the sequences selected from those presented in Table
3A. In an exemplary crobodiment, the therapeutic H1 0K 180me? peptide comprises the
sequence of SEQ D NG:3, SEQ ID NG:4, or SEQ ID NG5, In an exemplary embodiment, the
H1.0K180me?2 antibody-binding peptide consists of the sequence of SEQ ID NG:3, SEQ [
NO:4, or SEQ ID NG5,

16312} In some embodiments the therapeutic H1.OK180me?2 protein or peptide is synthetic. In
some cmbodiments, the therapeutic H1 0K 180me?2 protein or peptide 1s the product of an in vitro
methylation reaction, for example with the usc of a G9A methyvltransferase enzyme, ora GYA-
bike protein (GLP) methyltransferase enzyme, under conditions that allow for the specific

dimethylation of the K180 residue, described in greater detail herein.

1313} As provided for in Section {, therapeutic H1 0K 180me2 proteins/peptides provided
herein may be further conjugated for a variety of purposes including, but not limited to, for use

in therapeutics, and for use in biological assays related 1o their therapeutic use.

[6314] In some cmbodiments, therapeutic H1 0K 180me2 proteins/peptides are comprises a
label {c.g. are conjugated to a label), for example a detectable Iabel, a spin label, a colotimetric
label, a radioactive label, an enzymatic label, a fluorescent label or a magnetic label Inan
exeraplary crmbodiment, therapeutic H1.0K180me?2 proteins/peptides are hiotinylated. In some
embodiments, therapeutic H1.0K180me?2 protems/peptides are conjugated or attached to a solid
surface, for example a bead (e.g. a magnetic, glass or plastic bead), column, or a microplate. In
some embodiments, therapeutic H1 0K 180me?2 proteins/peptides are coated onto the microplate.
In some embodiments, therapeutic H1.0K180me?2 proteins/peptides are conjugated to or
comprises an effector molecule mcluding, but not hmited to, a radionuclide, a cyiotoxin, a
chemotherapeutic agent, a drug, a pro-drug, a toxin, an enzyvme, an immunomodulator, a pro-
apoptotic agent, a cvtokine, a hormone, an oligonucleotide, an antisense molecule, a siRNA, and

a second antibody.

[3315]  In some coibodiments therapeutic H1.0K180me? proteins/peptides are selective for an
autoantibody that 18 specific for HI1 0K 180me2. In some embodiments, the therapeutic

H1.0K180me?2 proteins/peptides bind an antoantibody that 1s non-specific for H1.0K180me2.
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16316]  In certain embodiments, therapeutic H1.0K180me2 proteins/peptides provided herein
have a digsociation constant (Kd} of range of 0.0001aM to 1uM. For example, the Kd of an anti-
H1.0K180me2 binding peptide may be about 1uM, about 100 oM, about 50 oM, about 10 nM,
about 3 nM, about | nM, about 0.5 nM, about 0.1 nM, about 0.05 nM, about 0.01 nM, about
$.005 nM, about 0.001 nM, about 8.0003 nb, or even about 0.0001 aM.

{3317}  In some embodiments, therapeutic H1 . OK180me? proteins/peptides are specific for the
human H1.0K180me?2 avtoantibody. In some embodiments, therapeutic H1.OK180me2

proteins/peptides are cross reactive with an H1.0K180meZ autoantibody from other specics.

{6318} In some embodiments, therapeutic H1 OK180me? proteins/peptides are selective for
the H1.0K180meZ? autoantibody and exhibit little or no binding to autoantibodics that bind
H1.0K180mel or H1.0K180me3. In some embodiments, therapeutic HI.0K180me2
proteins/peptides bind the H1.0K180me?2 autoantibody but also exhibits binding to
H1.0K180mel and/or HI 0K 180me3 autoantibodics.

{6318} In some embodiments, the binding preference of therapeutic Hi 0K 180me?
proteins/peptides {¢.g., affinity) for the H1 0K 180me?2 antibody 1s generally at least about Z-fold,
about 5-fold, or at least about 10-, 20~ 50-, 10°~, 10°-, 10%, 10”7, or 10°-fold overa non-specific

target antibody {e¢.g. a randomly generated antibody)

1.

[G328] It is also possible to evaluate therapeutic H1 0K 180me? proteins/peptides to determineg
whether they have specificity and/or selectivity for the H1.0K180me2 antibody, using methods

familiar to those with skill in the art.

{6321} Provided herein are nucleic acids encoding the therapeutic H1.0K180me?2 peptides
described herein. Also provided herein are vectors comprising any of the nucleic acids encoding

for the therapeutic H1 OK180me2 peptides described herein,
B. Combination Therapies

[6322] The adnunistration of any of the therapeutic H1 0K 180me?2 antibodies and the
therapeutic therapeutic H1 0K 180me?2 proteins/peptides provided herein may be administered in
combination with other known drugs/treatments for the diseases which manifest in H1 0

methylation.
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{3323} Inthe context of Alzheimer’s disease prevention, any of the therapeutic HI 0K 180me?2
antibodics may be administered in combination with the administration of an Alzheimer’s
disease preventive drug or regimen which include, but are not limited to, APP syothesis
Inhibitors, beta-secretase inhibitors, gamma-secretase inhibitors and modulators, A aggregation
inhibitors, A immunotherapy, Cholesterol-lowering drugs, Anti-tau drugs, cholinesterase
inhibitors, N-methyl D-aspartate (NMDA) antagonists, atypical antipsychotics, blockers of
protein S-nitrosylation, glucagon-like peptide-1 receptor agonists, rapamycin, rapalogues,
endocannabinoids, cannabionoids, neuroprotectors, molecules controlling calciom influx,
antioxidants, anti-inflammatory drugs, drugs controlling control of ghutamate homeostasis,
autophagy inducers, hommones, hormonal regulators, statins, insulin, insulin carriers,
muitifunctional nanocarmers, vitanuns, nuiriional supplements, small RNA molecules, peptides,

and ubtrasound therapy.

[3324] In context of Alzheimer’s discase treatment any of the therapeutic an therapeutic
H1.0K180me?2 proteins/peptides may be administered in combination with the administration of
an Alzhewmer’s diseasc drug or regimen which include, but are not himited to, APP syuthesis
Inhibitors, beta-secretase inhibitors, gamma-secretase inhibitors and modulators, A aggregation
inhibitors, A immunotherapy, Cholesterol-lowering drugs, Anti-tau drugs, cholinesterase
inhibitors, N-methyl D-aspartate (NMDA) antagonists, atypical antipsychotics, blockers of
protein S-nitrosylation, glucagon-like peptide-1 receptor agonists, rapamycin, rapalogues,
endocannabinoids, cannabionoids, neuroprotectors, molecules controlling calcium inthux,
antioxidants, anti-inflammatory drags, drugs controlling control of ghitamate homeostasis,
autophagy inducers, hommones, hormonal regulators, statins, insulin, insulin carriers,
muitifunctional nanocarmers, vitanuns, nuiriional supplements, small RNA molecules, peptides,

and ultrasound therapy.

E. Adminisiration of the Therapeutic H1.0K180me2 Antibodies and Therapeutic
Anti-HI.0K180me2 Binding Proteins/Peptides

[0325] /n vivo administration of the therapeutic H1 .0K180me?2 antibodies and therapeutic
H1.0K180me?2 proteins/peptides described herein may be carried out intravenously,
intramuscularly, subcutancously, topically, orally, transdermally, intraperitoneally, intraorbitally,
by implantation, by inhalation, imtrathecally, intraventricularly, or intranasally. An effective

amount of the therapeutic mayv be administered for the treatment of the disease or condition
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manifesting in H1.0 methylation, or a disease or condition manifesting elevated levels of H1.0
K180me?2 autoantibodies. The appropriate dosage of the therapeutic may be deternined based
on the tvpe of discase or disorder to be treated, the type of the therapeutic antibody, protem, or
peptide, the severity and course of the disease or condition, the clinical condition of the

ndividual, the individual’s clinical history and response to the treatment, and the diseretion of

the attending physician.

13326} For in vive admimistration of the therapeotic H1.0K180me? antibodies and therapeutic
H1.0K180me? proteins/peptides described herein, normal dosage amounts may vary from about
1 ng/kg up to about 1000 mg/kg of an individual’s body weight or more per day, depending
apon the route of administration. For repeated administrations over several days or longer,
depending oo the severity of the methylated H1 O-related disease or condition to be treated, the
treatment may be sustained uniil a desired suppression of symptoms is achieved. Dosage
regimens may be useful, depending on the pattern of pharmacokinetic decay that the physician
wishes 10 achieve. For example, dosing an mdividual from one to twenty-one times a week is
provided herem. In certain crmbodiments, dosing froquency is three times per dav, twice per day,
once per day, once every other day, once weekly, once every two weeks, once every four weeks,
once every five weeks, onee every six weeks, once every seven weeks, once every eight weeks,
ongce every ning weeks, onee every ten weeks, or once monthly, once every two months, once
cvery three months, or longer. Progress of the therapy is may be monitored by conventional

techniques and assavs. The dosing regimen may vary over time independently of the dose vused.
F. Pharmaceutical Compositions

3327} 'The present application provides compositions comprising therapeuntic HI 0K 180me2
antibodies and therapeutic H1 0K 180meZ2 proteins/peptides, mchuding pharmaceutical
compositions comprising any onc or more of the therapeutic antibodies, proteins or peptides
described herein with one or more pharmaceutically acceptable excipicnts. In some
embodiments the composition is sterile. The pharmaceutical compositions generally comprise

an effective amount of the therapeutic antibody, protein, or peptide.
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G. Kits and Articles of Manufacture

[6328] 'The present application provides kits comprising a therapeutic H1.0K 180me2 antibody,
a therapeutic H1.0K180me?2 protein, and therapeutic H1 0K 180me2 peptide compositions
described herein. In some embodiments, the kits further contain a component selected from any
of secondary antibodics, reagents for immunchistochenustry analysis, pharmaceutically
acceptable excipient and mstruction manual and any combination thereof. In one embodiment,
the kit comprises any one or morg of the therapeutic compositions described heremn, with one or

more pharmaceutically acceptable excipients.

{6329} The present application also provides articies of manufacture comprising any one of the
therapeutic compositions or kits descrbed herein. Examples of an article of manufacture include

vials (including sealed vials).

[6338] The following examples are included for illustrative purposes and are not miend {o

it the scope of the invention.

EXAMPLES

Exampie 1: Materials and Methods
{6331} Provided here are materials and methods used n the subsequent examples.
In Vitro Methviation of H1.0 Protein and Peptides — Radiolabel in vitre methylation assay

13332} In order to visualize methylation of H1.0 peptide by GYA methylransferase in virro, a
methylation assay was performed mcorporating a radiolabelled methy! dovor, which allows for
vigsualization of methyvlated peptide on a gel after autoradiography exposure. The following
methylation reaction was set up in a 1.5ml tube: 1X HMT reaction buffer (50mM Tris-HCL
SmM MgCly, 4dmM dithiothreitol, pH 9.0), 10U G9A Methyltransferase (NEB, M02358, Lot#
0031201). 3.2mM Adenosyl-L-Methionine, 5~ Methyl-3H] (Perkin Elmer, NET155H, Lot #
1664720}, 10ug H1.0 peptide (ThermoFisher Scientific, Biotin-AKPVKASKPKKAKPVKPK
(SEQ 1D NG:75)), final volume 101l A control reaction as above but without H1.0 peptide was
also created. Reactions were incubated i a thermocyceler at 37°C for 1 hour. Reactions were
stopped by incubating on tce for 5 minutes, and subsequently resolved on a 16.5% Tricine gel

(BioRad, 4563063). Gels were soaked in 30% methanol, 5% glveerol for 30 minutes before
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vacuom drying at RT for 24 hours. Autoradiography analysis of dried gels with a phosphoimager
{(Molecular Dynamics) was then performed to assess effective methylation of H1.0 peptide with

methyl-3H groups by the G9A methyliransferase.
Liquid Chromatography and High-resolution Mass Spectrometry (LC-MS)

13333} In order to identify the precise sites of methylation by G9A and GLP
methyliransferases on histone H1.0, in virro methylation assays were performed and
subseguently analyvzed by Liquid Chromatography and High-resolution Mass Spectrometry (LC-
MS) analysis. Methylation reactions were set up using either G9A methyltransferase (NEB,
MO23358, Lot# 0031201 or GLP methyitransferase (Cayman Chemical, 107535}, The methyl
donor in cach reaction was unlabeled S-Adenosyl-L-Methionine (NEB, B90035). The H1 .0
substrate in each reaction was either unmodified H1.0 peptide labeled with biotin (ThermoFisher
Scientific, Biotin-AKPVKASKPKKAKPYKPK (SEQ 1D NG:75)), di-methylated H1.0 peptide
{ThermoFisher Scientific, Biotin-AKPVKASKPKKAKPYK ™ PK (SEQ 1D NO:76)), or full-
length recombinant human H1.0 (NEB, M25018). Methvlation reactions were set up in triplicate
for cach condition as follows: 1X HMT reaction butfer (50mM Tris-HCL 5mM MgCly, 4mM
dithiothreitol, pH 9.0); 10U GYA or GLP Methyltransferase; 3 2mM 5-Adenosyl-L-Methionine;
500ng vnmodified or modified H1.0 peptide, or Tug full-length protein; final volume 10ul. As
controls, reactions were set up as above but without any methyltransferase present. All reactions
were incubated in a thermocycler at 37°C for 1 hour, and subsequenily stopped by incubating on

ice for 5 minutes. Samples were frozen at -80°C prior to LC-MS analysis.

13334} For the Liquid Chromatography and High-resolution Mass Spectrometry (LC-MS)
analysis, samples were prepared as described above and about 1ug o the product was injected
onto a Thermo Scientific Easy nLC system configured with a 10 cm x 100 um trap column and a
25 cm x 100 um 1D resolving column. Buffer A was 98% water, 2% methanol, and 0.2% formic
acid. Buffer B was 10% water, 10% isopropanol, 80% acetomitrile, and 0.2% formuc acid.
Samples were loaded at 4 wl/min for 10 min, and a gradient from 0-45% B at 375 nl/min was
run over 130 min, for a total run time of 150 min (including regencration and sample loading).
The Thermo Scientific LTQ Grbitrap Velos mass spectrometer was run in a standard Top-10
data-dependent configuration except that a higher trigger-threshold (20 K} was used to ensure

that the M52 did not interfere with the full-scan duty cyele. This ensured optimal full-scan data
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for quantification. MS2 fragmentation and analyvsis were performed in the ion trap mass

analyzer. Samples were ron n triplicate.
LC-MS Data Analysis

13335] Protein identification was performed using Thermo Scientific Proteome Discoverer
version 1.4 (inchuding Sequest and Percolator algorithms) using RefSegHuman sequence
databasc. These scarches were performed with the control reactions lacking any
methyliransferase enzyme. The Percolator peptide confidence filter was set to “high”. Protem
gquantification was performed using Pinpoint version 1.4 software. The Pinpoint quantification
workflow included importing the Proteome Discoverer .msf files as spectral Libraries. Identified
peptides were subsequently guandified in MS raw files using the Pinpoint peak finding,

chromatographic alignment and areca calculation algorithms.

16336] In order to identify the precise locations of G9A methylation on uvnmodified H1.0
peptide (AKPVKASKPERKAKPVEPK (SEQ ID NG:42)), a methylation reaction was set up and
the products identified by LC-MS. The methylation reaction comprised recombinant GO9A, an
unlabeled methvl donor (S-Adenosyi-L-Methionine), and vmnodified H1.0 peptide. The
methylation reaction was subsequently analvzed by LC-MS, and each spectral peak
{corresponding to a peptide species in the final reaction) was identified and quantified using
spectral counts. The mumber of “me” cucles in FIG. 22A represents the methyiation state of the
Ivame residue (mono-, di~, or tn~-methvlated). FIG. 22A shows that in the presence of
ammethylated H1.0 peptide, G9A specifically and abundantly dimethylates H1.0K180 (99.9% of
all peptides).

Cudiure of hADSCs

(0337} Human adipose-derived mesenchymal stem cells (hADSCs) were obtained
commercially from Life Technologies (R7788-115) and the American Type Culture Collection,
ATCC (PCS-500-011). All cell ines were 1solated from human adipose tissues obtained from
three healthy adult female Caucasian donors aged 38, 45 and 49 undergoing routine liposuction
procedures. Flow cyvtometry analysis and immunostaining analysis confirmed cells were positive

for CD2Z9, Chd44, CH73, CD90, CD103, and CD166 and negative for CD 14, CD31, CD34, and
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CD45. Cell hines were confirmed capable of adipogenic, chondrogenic and osteogenic

differentiation under in vifro conditions.

16338] Isolated adipose-derived stem cell bines were grown in BDMEM/F 12 medumn (Life
Technologies, 11330-057), supplemented with 10% {(v/v} Fetal Bovine Serum (FBS) and 50
U/mi penicithin/streptomyein at 37°C/5% CO,. Cumulative population doublings (PP} were
calculated as PDy = log(N/N0O} x 3.33 across the moltiple passages as a fumction of the number of
days of growth in culture, where N is the number of cells plated 1n the flask and N is the
number of colls harvested at this passage. hADSCs PD 4 -10 for self-renewing populations (SR)

and PD 41-46 for replicatively senescent populations (REP-SEN) were used m all experiments.
Senescence induction and assessment

[6339] For replicative senescence, hADSCs were grown in culture until reaching replicative
exhaustion (PD 41-46). For acute DNA damage conditions, SR hADSCs (PD 4-10) were treated
with 50ug/ml bleomycin sutfate (Cavman Chemical, 13877} in growth media for 2 hours. For
genotoxic stregs-induced sengscence, SR hADSCs (PD 4-10) were treated with 50ug/ml
bleomycin sulfate (Cayman Chemical, 13877) in growth media for 2 hours then washed with
PBS and given fresh growth media without bleomycin. Cells were then growa for 3 days before

collection.

{0348} To assess cellular senescence, cells were scored for senescence markers, including
growth arrest, SA-B-gal activity, and the presence of persistent DNA-damage foci. The assay for
monitoring the expression of pH-dependent senescence-associated P-galactosidase activity {(SA-
B-Gal) was performed as described in manufactorer’s kit (BioVision). The cultured hADSCs
were fixed with fixative solution for 15 muinutes at room temperature, washed with twice with
PBS and stained with X-Gal containing staining supplement overnight at 37°C. The cells were
washed twice with PBS, and the images were captured using hight microscopy {Leica, DMiL).
DNA-damage foci were assessed by immunostaining for yHZA X foct, as described below.
vH2ZA X foct appearance is indicative of double-strand breaks on DNA, or DNA damage.

vH2A X foci are well accepted molecular markers of double-strand breaks.
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Antibodies

[6341] Prmary antibodies used: Anti-H1.0K180me2, 1:100 dilution, rabbit polycional, Aviva
Systems Biology. Anti-H1 0 total, 1:500 dilution, EMD Millipore MABE446, Anbi-vHZA X
(5er139Ph), 1:500-1000 dilation, EMD Millipore 35-636. Anti-beta-actin, 1:2000, Abcam
ab6276. Anti-poly-{ADP}-ribose, 1:500, Enzo Life Sciences ALX-804-220-R100. Anti-GOA,
1:500, Bethyl Laboratonies A300-933A . Anti-GLP, 1500, Bethyl Laboratories A301-643A.
Anti-H3K9meZ, 1:1000, Abcam A301-643A.

[3342] Secondary antibodies: Goat-anti-mouse-HRP, 1:4000, Biorad 1706516, Goat-anti-
rabbit-HRP, 1:4000, Biorad 1706515, Goat-anti-human-HRP, 1:4000, Biorad 1721030,
AlexaFluor-488-donkey anti-mouse, 1:5000, Life Technologies A-21202, AlexaFluor-488-
donkey anti-rabbit, 1:5000, Lifc Technologics A-21206, AlexaFluor-555-donkey anti-mouse,
1:5000, Life Technologics A-31570, AlexaFluor-555-donkey anti-rabbit, 1:5000, Life
Technologics A-31572, and anti-Igh HRP (Rabbit Anti-Human IgM (Mu chain) (HRP-
Conjugate) {Abcam, ab97210, lot # GR169227-10)).

FLISA

{6343} The following protocols describe a generalized enzyme-linked tmmunosorbent assays

(ELESA) for the direct or indirect detection of serum H1.0K180me2 1gG lovels.

13344] FIG. 4 shows the use of sandwich ELISA for the indirect detection of serum
H1.0K180me2 levels (for example for the mdirect detection of lgG or IgM levels). The ELISA
i3 used for the detection of antibodies to the HI 0K180me?2 peptide epitope in samples of bodily
fluids. The following protocol describes the generalized enzvme-linked immunosorbent assavs
(ELESA) using biotinviated peptides to capture specific antibodies in serum samples (for the
wndirect detection of serum H1.OK180me2 IgG or IgM levels), followed by detection with
secondary antibodies conjugated to HRP, and tetramethylbenziding (TMB} incubation. Wells of
streptavidin-coated microplates (ThermoFisher, 15501) were washed 3x with wash buffer {Tris-
buffered saline (25mM Tris, 150mM NaCl; pH 7.6} plus 6.1% BSA and 0.05% Tween-20).
50pmols custom biotinylated H1.0K180me2 peptide (ThermoFisher) were diluted in wash butfer
and bound to ecach well for 2 hours at RT with gentle shaking. Unbound peptide was washed

away by 3x washes with wash buffer. Serial dilutions of HI 0K 180me2 antibody in wash buffer
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were created as standards (1:25000, 1:50000, 1:100000, 1:200000, 1:400000, stock
concentration 0.34mg/ml}. Serum samples were diluted 1n wash buffer {11000}, 100ul of
standards and samples were added to wells m duplicate. Wells were incubated for | hour at RT
with genile shaking. Unbound standard or sample was washed away by 3x washes with wash
buffer. Secondary antibodies (either anti-Ig(G secondary antibodies, or anti-IgM secondary
antibodics) conjugated to HRP were diluted in wash buffer (1:1000} {for serum samples, goat-
anti~human-HRP, Biorad 1721050, for standards, goat-anti~-rabbit-HEP, BioRad 1706515),
100pL of secondary antibody dilutions were added to wells. Wells were incubated for 1 hour at
RT with gentle shaking. Unbound secondary antibody was washed away by 3x washes with
wash buffer. 100ul of TMB solution (PeproTech) was added to cach well and incubated for 15
minutes at RT with gentle shaking. 100uL of stop solution {(0.18M H,504) was added to each
well and mcubated for § minutes at RT with gentle shaking. Upon eadation, TMB forms a
water soluble blue reaction product that may be measured spectrophotometrically at 650nm.
Upon acidification with stop solution, the reaction product becomes yellow with an absorbance
peak at 450mm. Absorbance of each well was measured at 430nm with a plate reader (Molecular
Devices). The concentration of Hi 0K 180meZ IgG or IgM in each sample was determined by
cxtrapolation from a standard curve and described further below. FIG. 14C shows the use of an

ELISA for the indirect detection of autoanti-H1.0K180me? IgM levels in bodily flinds.

[6345] FIG. 5A shows the use of sandwich ELISA for the direct detection of H1 0K 180me2
peptide epitope in samples of bodily fluids. Generally, an antibody specific to an H1.0K180me2
epitope 1s provided, and immobilized (coated} on a microplate. A clinical sample containing an
H1.0K180me2 epitope for quantification is provided. The sample is added to the microplate,
and the HI 0K 180me?2 epitope binds to the immobilized antibodies. Unbound matenals are
washed away. Detection antibodies are then added, for example an HRP or any other labelied
antibodics. These detection antibodies bind the capture epitope. Unbound detection antibodics
arc washed away. A detection substrate solution is added, and a fluorophore or color change is
measured. This is then quantified against a standard curve to report levels of H1.0K180me?2

epitope in the clinical sample.

[0346] FIG. 5B shows the standard curve for H1.0K180me?2 antigen sandwich ELISA test. /n
vitro methyvlated full-length H1 0K 180meZ was used as a standard in a 2X dilution series from

50 ng/ral to 3.125 ng/ml Standard concentration is plotted agamst measured O.D at 450nm. A
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linear trend hine was plotted between the points above the limit of detection, and the equation of
the line was calculated (shown on plot). The nsert shows the raw data. The ELISA was

performed in duplicate and average O.D. values used for curve generation.
Western Blot

13347} Material for westem blot analvsis (cultured cells or tissue) was lysed in ice-cold RIPA
tysis buffer (Thermo Scientific 89900) and sonicated using a Covans 52 sonicator (10% duty
cvele, Intensity 5, Bursts per minute 100, 120 seconds). Total protein concentration in each
sample was guantified using Quick Start Bradford 1x Dye Reagent (BioRad, 5000205) following
manufactuerer’s protocol. Samples were then mixed with NuPAGE LDS sample loading buffer
{ThermoFisher, NP0OOO7) and NuPAGE sample reducing buffer (ThermoFisher, NPG004), and
heat denatured at 70°C for 10 minutes. Proteins were separated on 4-12% precast polyvacrylamide
gels {ThermoFisher, NP(G321) by clectrophoresis and transferred to 0.45pum nitroceliulose
membrane. The membrane was blocked with 5% non-fat milk i PBS-T for 30 minotes at RT
then immunoblotted with the above primary antibodics at 4°C overnight. Proteins were detected
with HRP secondary antibodies listed above for 1 hour at RT followed by ECL Western Blotting
Substrate {ThermoFisher, 32106} using manufacturer’s instructions. All washes between steps
were with PBS-T. Membranes were imaged with Omega LUM-C imaging system {Gel

Company).
Immunofluorescence

13348} Forimmunofluorescence, cells were cultured and treated 1o chamber shides, fixed in
neutral 10% formalin, and permeabilized with PBS containing 0.5% Triton X-100. After
washing, the slides were blocked using PBS contaming 1% BSA and 4% donkev serum. After
washing, the slides were incubated with primary antibodies listed above, washed again,
incubated with AlexaFluor secondary antibodies listed above, and mounted with slow-fade gold
{Molecular Probes) containing DAPI (to visualize nuclei}. Cells were viewed by fluorescence
microscopy and images were acquired for analysis using Spotfire software {Biagnostics

Instroments}.
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Siot Blot Analysis

16342}  0.3ul of serum sample or known amounts of synthesized peptide were diluted m 200ul
TBS. Samples were then heat denatured at 70°C for 10 minutes before being transferred to
nitrocellulose membrane using a vacuunm manifold slot blot apparatus (BioRad, 1706542). The
membrane was blocked with 5% non-fat milk in PBS-T for 30 minutes at RT then
immunoblotted with the above primary antibodies at 4°C overnight. Proteins were detected with
HRP secondary antibodies listed above for 1 hour at RT followed by ECL Western Blotting
Substrate (ThermoFisher, 32106} using manufacturec’s instructions. All washes between steps
were with PBS-T. Membranes were imaged with Omega LUM-C imaging svstem (Gel

Company). Slot blot bands for each sample were then quantified using Imaged.
RNA-Seq Analysis

[6356] Total RNA was isolated from self-replicating and replicatively senescent cell culture
samples using TRIzol reagent (Invitrogen) according to the manufacturer’s protocol. Samples
from two different hADSC cell lines were combined together for the relevant conditions and
RNA concentrations were measured with the Qubit 2.0 fluorometer using the RNA HS Assay kit
(Invitrogen, Life technologies). The ERCC RNA Spike-in Control mix (Ambion, Life
Technologics) was added to total RNA for quality control analysis. Subsequently, fRNA
depletion was performed with the Low Input Ribominus Eukaryote System v2 (Ambion, Life
technologics}. ¢lINA librarics were constructed with fon total RNA-~seq kit v2 (Ambion, Life
technologies), and barcoded with fon Xpress RNA-seqg barcode (Ambion, Life technologies).
The size distribution and quantification of the libraries was performed with DNA HS
bicanalyzer kit on a Bisanalyzer 2100 (Agilent Techunologies). Library sequencing was
performed on the fon Proton System with P1 chip (Life Technologics), and each hbrary was

sequenced 3 times.

[3351] RNA-seq reads from individual {on Proton System sequencing runs were combined for
each library. Sequence reads were mapped to the reference human genome assembly hgl9
(GRCh37) using the Torrent Mapping Alignment Program (TMAP, Life techuologies). The
quality of the RNA-seq runs for cach condition was cvaluated by comparing the expected counts
of ERCC spike-in RNA sequences, obtained from the manufacturer’s website, against the

observed counts of RNA-seq tags that map to the same sequences. Initial gene expression levels
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were taken as the sum of exon- mapped reads for individual NCBI RefSeq gene models (¢}, and
lowly expressed genes (read counts per million < 1} were removed from subsequent analyses.

For cach library, individual gene expression levels were normalized using the beta-actin (ACTH)
expression levels {¢c4ACTH) and the total exon length 7 of each gene. For library 7, the beta-acting

normalization factor s/ was calculated as:

[#352] The final normalized expression value for gene 7 in library § was calculated as:

P

Drug Treatments

[6353] Bleomycin treatment: Cell growth media was supplemented with S0pg/mi bleomycin
{Cayman Chemical 13877} for 2 hours to induce DNA double strand breaks. Cells were either
collected immediately post-bleomycin treatment (acute DNA damage), or grown for 3 days posi-
bleomycin treatment {genotoxic stress induced sengscence}, PARP-1 Inhibitor: Cell growth
media was supplemented with 1puM of the potent PARP-1 inhibitor AG14361 (Sclieckchem
S82178) for 24 hours prior to downstream analysis. Rapamycin treatment: Cell growth media was
supplemented with 300nM Rapamycin (Cayman Chemical 11346) for 24 hours prior to
downstream analysis or treatment. Everclimas treatment: Cell growth media was supplemented
with 5000M Everolimus (Cavman Chemical 11597) for 24 hours prior to downstream analysis
or treatment. Temozolomide treatment: Cell growth media was supplemented with 50pg/mi

Temozolomide (Cayman Chemical 14163} for 2 hours prior to downstream analysis.
Analysiz of H1.0K180me2 in mice afler irradiation

13354] Blood was collected from two 13-month-old mice via cheek puncture and serum
separated using Microtainer Tubes® with S8T Serum Separator (BD, 365956} The samc mice
were then exposed to 7 Gy 1onizing radiation (in the form of Xerays}. Blood was drawn again

from one mouse 2 hours after irradiation, and from the other mouse 48 hours afier irradiation.
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Serum was again separated from blood using a Microtainer Tube®. Serum from cach mouse

before and after nradiation was then analyzed by slot blot and western blot.
Adipose derived stem cell (ADSC) isolation from mice

[3355] Mouse adipose derived stem cells were isolated from wild type, mice. Subcutancous or
perirenal white adipose tissue was collected and suspended in Hank’s Buffered Salt Solution
(HBSS), 3.5% Bovine Serum Albumin (BSA), 1% Collagenase, tvpe H (Sigma) in 1.3 w/v ratio
and shaken at 37°C for 50 min. The cells were filtered through a 70 wm mesh cell strainer (BD
Falcon #352350), treated with Red Blood Cell Lysis buffer (150 mM NH4C, 10 mM KHCO3,
6.1 mM EDTA, pH 7.3), and expanded ex-vive in BMEM/F12 complete medivm (BMEM/F12,
10% FBS, 100 U/mi penicillin, 100 pg/md streptomyein, 2.5 ug/ml araphotericin B fnvitrogen)
n (0% CO2 at 37°C and passaged at 80% confluency, changing medium every 72-96 hours.

Cells were then used for western blot analysis as described elsewhere.
Example 2: Discovery of H1L.OK180me2 Peptides in Senescence

[3356] Selt-renewing (SR} hADSCs and replicatively senescent (REP-SEN} hADSCs were
obtamed according to methods described in Example 1. To identify new aging-related post-
transiational modifications (PTMs) of histones, lvsates from SR and REP-SEN hADSCs were
assessed by M/Z Pair Tag LC-MS according to the discovery pipeline of FIG. 1A, Five technical
replicate mpections of setf-renewing and replicatively sencscent hADSC lysates were processed
in a full-scan optimized configuration. It was determined that the chromatography and
instrument methods for optimal fill scan quantitative measurements conflicted with methods of
optimal fragmentation scans. Therefore the mass spectrometer’s accurate mass and broad
dynamic range capabilitics were exploited by incorporating mto the analvsis two distinet passes
of data measurcment. The first pass focused upon acquiring un-compromised and optimized full
scan (M3) data for highly reproducible quantification. This first full-scan quantitative pass was
used 1o generate an inclusion list of potentially interesting features. The mmclusion list was then
used for targeted fragmentation scan acquisition during a second pass for a subset of the data
samples. As shown in FIG. 18, the mass spectra revealed unmodified
{(AKPVKASKPKKAKPVEPK(SEQ ID NG:42)) peptides 1n SR hADSCs, and dimethylated
(AKPVKASKPKKAKPVEK"™ PK {SEQ ID NO:3)) peptides in REP-SEN hADSCs.
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16357] RNA-seq experiments comparing the expression profiles of SR and REP-SEN
hADSCs were carried out according to methods described in Example 1. As shown in FIG. 2A,
there are 6 distinct variants of histone H1: H1.0, H1.1, H1.2, H1.3, H1 4, and H1 5 in both SR
{black bars} and REP-SEN {(gray bars) hADSCs. Values on the v-axis represent the sum of exon-
mapped reads for cach gene, normalized by relative beta-actin expression in each sample, and
further normatized by the total exon length for each gene. Histone H1.0 was found to be the 4"
most abundant variant of H1 at the gene expression level -~ H1.0 mRNA represented 8% of total
H1 expression in SR hADSCs and 14% of total H1 expression in REP-SEN hADSCs. However
unlike other variants, its expression remains constant dunng replicative senescence. Genome
browser view (FIG. 2B} of all reads uniquely mapping to the histone H1.0 gene identitied by
RNA-seq analysis showed higher H1.0 expression in SR hADSCs (top track) than in REP-SEN
hADSCs (bottom track). Read count was normalized by relative beta-actin expression in each

sample.

13358} The alignment of various peptide sequences centered around known methylated lysine
residues revealed that amino acid sequence surrounding HI 0K 180 is unique and not similar to

other methyvlated lysine residues (F1G. 3A),
Example 3: HLOK180me2 Antibody

163591 A polvclonal antibody specific to the H1.0K180me2 antigen was made as follows: Two
New Zealand rabbits were immunized for antibody production. Injections were administered
subcutancously (5Q) as emulsions of Keyhole Limpet Hemocvanin {(KLH) conjugated to an
H1.0K180me?2 peptide (Peptide: CAKPVKASKPKKAKPVK(meZ)PK (SEQ ID NO:39);
Conjugated Peptide: (KLH-CAKPYVKASKPKKAKPYVK(meZ)PK (SEQ 1D NO:77)), where the
C-ternunal C 1s artificially added to the sequence of a peptide to generate the covalent hnk 1o
KLH, in Complete Freund's Adjuvant {CFA) or Incomplete Freund's Adjuvant (JFA). Initial
mmunization was performed with 0. 3mg of antigen in CFA at 10 8O sites. 6 subscquent booster
mmmunizations were performed at routine intervals over a 7-8 week period. Boosters consisted of
0.25mg antigen in IFA at 4 5€) sites. Rabbits were bled at week § {(~25m] blood per rabbit) and
at week 8 (~30ml blood per rabbit). The titer of the inumumization was assessed using ELISA by
comparing pre- and post-immunization bleeds. The antibody was then purified using antigen
affinity chromatography. The antigen used for purification was either bictin- or bovine serum

atbumin (BSAj-conjugated H1.0K180me? peptide (biotin-CAKPVKASKPKKAKPYK(me2)PK
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(SEQ 1D NO:78)) or BSA-CAKPVEASKPKKAKPVK (me23PK (SEQ ID NO:79)) . The peptides

were dimethylated using the i virro methylation methods provided herein.

[0368] The H1.0K180me?2 antibody was tested as follows. To check the specificity of
H1.0K180me?2 antibody, histone H1.0 peptides methylated on K172, K174, K175, K177, or
K180 were transterred to a membrane using a vacuum-manifold slot blot in a dilution series. The
membrane was then immunoblotted using the H1 OK180me2 antibody to identify potential
cross-reactivity with other methyl-iyvsine groups. The H1.OK180me2 antibody is highly specific
for H1 0K 180me?2, even in low concentrations (FilG. 3B). To further check the specificity of
H1.0K180me?2 antibody, histone H3 peptides methvlated on K4, K9, K27, K36 or K79 were
transferred to a membrane using a vacuum-manifold slot blot in a dilution series. The membrane
was then immunoblotted using the H1 0K 180me?2 antibody to identify potential cross-reactivity
with other methyi-lysie groups. This antibody exhibited no cross-reactivity with any
methylated H3 peptides analyzed (FIG. 3C). The slot blot analysis protocol was carnied out

according to methods described in Example 1.

18361} The speetficity of the rabbit anti-H1.0K180me2 IgG antibody was determined using
the anti-H1 0K 180me?2 IgG ELISA tost. Wells were coated with either H1 0K 180me? peptide,
H1.0K180mel peptide, or vnmodified peptide, in a 2X dilution series from 6.25 pmol to 781
fmol. 6.67 fmol of rabbit anti-H1 0K 180me?2 IgG antibody in 100ul buffer were added to each
well and antibody binding efficiency was monttored by ELISA. Curves for cach peptide were
generated by plotting peptide amount against measured O.D at 4500, Raw ELISA data is given

in the table the figure for the two experimental repeats. (FI1G. 3D)

3362} The rabbit anti-H1.0K 180me2 IgG antibody 1s 2.7X more cfticient at binding
H1.0K180me?2 peptide than HL.OK180me] peptide. Within the optimal linear range, | molecule
of rabbit anti-H1.0K180me?2 IgG antibody recognizes 1 out of 117 molecules of H1.0K180me?2
peptide, but only 1 out of 316 molecules of H1.0K180mel peptide. Uninodified peptide is not

recognized in this range.

[6363] ClustalW?2 alignment of histone H1 variant protein sequences revealed that HI 0K 180
was embedded in a unigue sequence of amino acids not present m other H1 vanants (FIG. 3E).
The peptide identified in the initial discovery experiment is highlighted i gray. The globular

domain region compnsing 3 a-helices is also shown.
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Example 4: Indirect Detection of Serum HL.OK180me?2 Ig( and H1.0K180me2 IgM
Autoantibedy Levels Using H1.0K180me2 Peptides in an ELISA

Indirect Detection of Serum H1 OK180me2 Ig( Autoantibodies

13364] The following example describes an enzyme-linked immunosorbent assay (ELISA)
using bictinylated therapeutic H1 0K 180me? peptides to captare specific autoantibodies in
serum samples, followed by detection with secondary antibodies conjugated to HRP, and
tetramethyibenzidine (TMB} incubation. Wells of streptavidin-coated microplates
{ThermoFisher, 15501} were washed 3x with wash buffer {Tris-buffered saling (25mM Tris,
150mM Nal'l; pH 7.6) plas 8.1% BSA and 0.03% Tween-20}. 30pmols custom bictinviated
H1.0K180me?2 peptide (ThermoFisher) were dituted in wash butfer and bound to cach well for 2
hours at RT with gentle shaking. Unbound peptide was washed away by 3x washes with wash
buffer. Serial dilutions of the H1 0K180me? antibody in wash buffer were created as standards
(1:25000, 1.50000, 1:100000, 1:.200000, 1:400000, stock concentration 0.54mg/mi). Serum
samples were diluted m wash buffer (1:10003. 100ul. of standards and samples were added to
wells in duphicate. Wells were incubated for 1 hour at RT with gentle shaking. Unbound
standard or sample was washed away by 3x washes with wash buffer. Secondary antibodies
conjugated to HRP (sccondary labeled antibody, as depicted in FIG. 4, step 3) were diduted in
wash butter {1:1000) (for serum samples, goat-anti-human-HRP, Biorad 1721050, for standards,
goat-anti-rabbit-HRP, Biorad 1706515}, 100ul of secondary antibody dilutions were added to
wells. Wells were incubated for 1 hour at RT with gentle shaking. Unbound sccondary antibody
was washed away by 3x washes with wash buffer. 160ul. of TMB solution (PeproTech) was
added to cach well and incubated for 15 minutes at RT with gentle shaking. 100l of stop
sohution {0.18M H,80,) was added to cach well and incubated for 5 munutes at RT with gentle
shaking. Upon oxidation, TMB forms a water soluble blue reaction product that may be
measured spectrophotometrically at 630nm. Upon acidification with stop solution, the reaction
product becomes yellow with an absorbance peak at 450mm. Absorbance of cach well was
measured at 430nm with a plate reader (Molecular Devices). The concentration of

H1.0K180me? Ig( in cach sample was determined by extrapolation from a standard curve.

[3365] The indirect detection of serum Hi. 0K 180me?2 TG levels using ELISA is generally
depicted in FIG 4.
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Indirect Detection of Serum Hi.0K]80me?2 [eM Autvantibodies

[6366] Detection of serum H1.0K180me? IgM autoantibodies involved three steps. The fest
compnses of measurement of total IgM in patient serum using a commercially available
sandwich ELISA kit (Step 1), followed by measurement of anti-H1 0K180meZ IgM in the same
sample using an indircet ELISA assay (Step 2). As the final step, anti-H1.0K180me? IgM levels

were normalized by total IgM in the sample (Step 3).

16367} Step 1. The total human IgM in the patient serum was measured using a commercially
available sandwich ELISA kit purchased from Affymetnix eBioscience (Fuman [gM ELISA
Ready-SET-Go!, part # 88-50620, lot # 123620111).

13368} Step 2: Measurement of anti-H1.0K 180me?2 IgM in patient seram using a customized
mdirect ELISA assay. Biotin-labeled H1.0K180me? capture peptides were coated onto a 96-well
streptavidin~coated nucroplate {ThermoFisher, 15501, ot # QH218700). Excess free peptide was
washed away with wash buffer (Tnis-buffered saline (25mM Trig, 1530mM NaCl; pH 7.6) plus
0.1% BSA and 0.05% Tween-20}. Non-specific binding sites on the microplate were blocked
using blocking buffer (Thermo Scientific, 37536, lot # QJ222191) containing d-biotin (YWE,
07061-444, jot # 1405C080; to block unbound streptavidm on the plate surface), which reduced
background noise. Diluted patient serum was added to microplaie wells in triplicate. Anti-
H1.0K180me2 autoantibodics in the paticut sample recognized and bound the capture peptide on
the plate surface. In parallel, a dilution series of anti-H1.0K180me2 IgG antibody standard was
processed on the same plate. The wells were then washed with wash butfer to remove unbound
sample or standard. Bound anti-H1.0K180me?2 IgM autoantibodics were then detected using an
anti~lgM HRP detection antibody (secondary labeled antibody, as depicted in FIG. 4, step 3;
Rabbit Anti-Human IgM (Mu chain) (HRP-Conjugate) (Abcam, ab97210, lot # GR169227-10))
added to each sample well. The standards were detected using an anti-IgG HRP detection
antibody {(Goat Anti~Rabbit IgG (H+L) (HRP-Conjugate) (BioRad, 1706515, lot # 350003080}
added to cach standard well. Excess unbound detection antibody was then washed off with wash
buffer. The bound HRP activity was then determined by the addition of tetramethytbenzidine
{TMB) substrate (KPL, 52-00-01, lot # 10164336} to the wells. This reaction was halted with the
addition of Stop Solution ((0.18M H,S80,) (KPL, 50-85-04, lot # 10164328)) and the absorbance
of the contents of the wells was read at 450 nm. The absorbance is direetly proportional to the

concentration of anti-H 1 0K 180me2 IgM in the sample. The molar concentration of anti-
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H1.0K180me?2 IgM in each sample was then determined by extrapolation from standard curve

and multiplication by initial dikution factor.

[0369] The standard corve utilized a the anti-H1 0K 180me?2 rabbit polvelonal IgG antibody .
This anttbody was confirmed to be highly specitfic for H1.OK180me2. This antibody does not
recognize any other lysine methylation on H1.0 and is specific to degree of methylation, ¢.g. can
discriminate between mono {mel}, di (me2) and tn (me3} of lysing K180 (Figure 3A). It does
not cross-react with methylation sites on other common histone proteins (FIG. 3A). The standard
curve was generated from a didution series of this anti-H1.0K180me2 IgG (72, 36, 18, 12,9, 4.5
frool/mi) or a dilution series of total IgM antibodies (536, 444, 222, 111, 56,28, 18 or 0
fmol/mi) with a fixed concentration of biotinvlated epitope (synthetic peptide
AKPVKASKPKKAKPVE™PK (SEQ 1D NO:3)) or fixed amount secondary anti-IgM
antibodies respectively. The molar concentration of anti-H1 0K 180me? IgM n cach sanmple was

wnferred from the curve of anti-H1.0K180me2 Ig(G molar concentration.

(6376} Step 3: Normalization of anti-H1 0K 180me2 IgM serum concentration by total IgM
serum concentration. Measurement of total 1gM 1n patient serum was performed in tniphcate.
The average total IgM concentration in cach sample was then calculated from the triplicate
repeats. Measurement of anti-H1.0K180me2 IgM 1n patient serum was performed in triplicate.
The average anti-H1.0K180me2 IgM concentration m each sample was then calculated from the
triplicate repeats. To obtain the final test value, the average anti-H1.0K180me2 IgM

concentration was divided by the average total IgM concentration for cach patient sample.

Test value = Anti-H1 0K 180me? concentration
Total IgM concentration

16371} The indirect detection of seram H1.0K180me2 IgM levels using ELISA 1s gencrally
depicted in FIG. 4.

Measurement of anti-H 1.0 (unmodified H1.0) Ighd levels in patient Serum

{8372} The procedure was identical to the mmdirect ELISA for anti-H1 0K 180me?2 IgM,
however the capture peptide was different. In this case the peptide was an unmodified peptide
lacking K180me2 (unmodificd H1.0}). Also, the standard used was a rabbit polvclonal IgG raised

agamst unmodified pepide. (FIG. 16B, right panel).
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Example 5: Use of an HLOK180me2 Antibody Shows that H1.0K180me2 is Associated with
Acute DNA Bamage

[6373] FIG. 6 shows that H1.0 mRNA expression increases upon acuiec DNA damage and
genotoxic stregs-induced senescence, according to methods described in Example 1. RT-PCR
analysis of histone H1.O0 mRNA expression was performed on total RNA derived from sclf-
replicating hADSCs, hADSCs treated with bleomyem for 2 hours (acute DNA damage} and
hADSCs treated with bleomycin and allowed to senesce for 3 davs {genotoxie stress-induced
sencscence}. HE.O mRNA expression mcreases over 2-fold upon acute DNA damage, and

remains elevated (1.5-fold over SR} upon genotoxic stress induced senescence.

[6374] To assess the relationship between H1.0K 180 methylation and DNA damage, SR
hADSCs and hADSCs treated with DNA damaging agent bleomycin for 2 hours {according to
methods described 1n Hxample 1) were lysed and fractionated to obtain the chromatin bound
fraction. Western blot analysis with a a-H1.0K180me? antibody (performed according to
methods described in Example 1) shows methylation of H1.0K 180 on the chromatin upon DNA
damage (FIG. 7A). Upon treatment of SR hADSCs with bleomyein to induce DNA double-
strand breaks (according to methods described m Example 1), HL.OK180me?2 localized to the

cytoplasm,

{6375 By slot blot immuncassay, it was found that the presence of HE 0K 180me2 was
detected in the conditioned medium of hADSCs in a time course dependent manner after
genotoxic msult imposed by bleomyein, with maximal H1.0K180me?2 secretion detected within
48 hours (FIG. 7B). This sigmifics secretion out of the cells. An mercase in BDNA fragmentation
factor {BFFB/DFF40/CAD) secretion vpon (G51-SEN was seen, in a stmilar manner to
H1.0K180me? starting 48 hours after treatment (FIG. 7B). None of the protein 1s seereted in

measurable quantities upon onset of acute DNA damage {ADD).

Example 6: H1.0K1880 methyiation is independent of and occurs upsiream of DNA damage

repair pathway protein PARP-1 activity

18376} To further assess if H1.0K 180 methylation 1s dependent on the DNA damage repair
pathway protein PARP-1 activity, westem blot analysis was performed according to methods

described i Example 1, to examine chromatin-bound H1.0K180me2 and yHZA X upon
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treatment with bleomycin. PARP-1, an carly player in the DNA-damage response pathway, was
inhibited using the potent inhibitor AG14361 according to methods described 1n Example 1. As
shown in FIG. 8A, H1 OK 180meZ appearcd on chromatin upon DNA damage, and its
appearance was independent of PARP-1 activity. In fact, PARP-1 inhibition led to an increased
accurmulation of H1.0K180me?2 and yH2A X (FIG. 8A}. Weatern blot analysis of PARP-1
inhubitor activity in whole cell lysates revealed that, upon bleomycin treatment, PARP-1 activity
led to increased polv~-(ADP}-ribose (PAR) levels within the cell, which was abolished by PARP-
1 inhibitor, suggesting efficient PARP-1 inhibition (FIG. 8B). Thus it was determined that

H1.0K 180 methylation is independent of DNA damage repair pathway protein PARP-1 activity

Example 7: Use of an HI.0K180me2 Antibody Shows that HLOK180me2 is Released From
Chromatin Upon Genotoxic Stress-Induced Senescence and is Secreted Into the

Extracelluiar Matrix

16377 SR hADSCs, hADSCs treated with bleomycin for 2 hours {acute DNA damage) and
hADSCs treated with bleomvcin and allowed to senesce for 3 davs {genotoxic stress mduced
senescence) were lysed and fractionated into solable and chromatin bound fractions. These
fractions were then subjected to LC-MS/MS analysis. Peptide expression levels were taken ag
the total arca under the LC-MS/MS relative intensity curve, and individual peptides were
unambiguously assigned to proteins using Pinpoint software, version 1.4 (Thermo Scientific).
The arcas of all peptides assigned to an individual protemn were summed to vield protein
cxpression levels, which were normalized against the total protein library size for cach sample.
For each cellular fraction, H1 .0 peptide abundance is represented as a percentage of total H1.0
peptides observed in each condition. Nommalized absolute vahies of H1.0 peptide levels in each
fraction were also shown. As shown i FIG. 9A, Chromatin bound HI.0 decreased from ~60%
of total in SK and acute DNA damage, to ~30% of total upon genotoxic stress induced
senescence. Culture media from SR hADSCs treated with bleomyein was collected for slot blot
analysis with o-H1.0 and o-H1.0K180me? antibodies to assess secretion of H1.0 o the
extracelhular matrix (ECM). The experiment was carried out according to methods described in
Example 1. Secreted H1 .0 was detectable in the cell culivre media, and after 24 bours of
bleomycin treatment, secreted H1.0K180me2 was also readily detected (FIG. YB). These results
confirmed that methylated H1 0K 180 is released from chromatin upon genotoxic stress induced

senescence and is secreted into the ECM.
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Example 8: Use of an HLOK180me2 Antibody Shews that Expesure to fonizing Radiation

Induces Increased Levels of HI.0k180me2 in Serum

[6378] The effect of tonizing radiation on H1 0K 180me?2 levels in serum was examined.
Serum was collected from wild-type mice before and either 2 hours or 48 hours after exposure to
7 Gy of ionizing radiation, according to methods described in Example 1. H1 0K 180me2 scrum
levels 2 hours (mouse 13 or 48 hours {mouse 2} after wrradiation were compared to mitial levels
before treatment using slot blot and immunoblotting with o-H1.0K180me? antibody (F1G. 10A).
The concentration of H1 0K 180me?2 in cach serum sample was calculated using a standard curve
of H1.0K180me2 peptide included in each analysis. Mouse serum albumin was used as a loading
control. H1.0K180me2 dot blot bands were quantified and normalized by serum albumin.
Relative moreases in HI 0K 180me2 after irradiation are shown (FIG. 10B). Western blot
analysis of cqual volumes of mouse serum with o-HI1 0K 180me? antibody also showed

increased H1.0K 180me?2 after nradiation (FIG. 10C).

Example 9: Use of an H1.0K180me2 Asntibody and Labeled H1L.0K188me2 Peptides Show

Shows that H1.0K180me? level in brain and serum is an indication of Alzheimer’s disease

6379] Whole cell lysates of mouse brain samples from 1 month {(voung) and 24 month {old)
mice were compared by western blot analysis with o-H1.0K180me2, o-H1.0, a-yH2A X and o~
B-Actin antibodies, according to methods described 1o Example 1. H1L.OK180me?2 levels

increased in the 24 month mouse, correlating with increased levels of yYHZA X (FIG. 11A).
{0380} Further studics were carried out on human clinical samples.

{6381} Human sera were obtained from the Cooperative Human Tissue Network (CHTN) and
Nuclea Biotechnologies (NCB}. Sera were dertved from three groups: 1) middie-aged healthy
donors with no sigmificant medical condition (n=7, age range = 32-38 years old) 2) old healthy
donors with no significant medical condition (n=9, age range = 63-76 years old} 3} old donors
with clinically diagnosed Alzheimer’s disease (n=10, age range = 75-103 years old). Further

details of each donor in Table 4.
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' Sample Type Age | Gender | Race | Patient Diacngsis

Brain 23 Female White | Normal

Brain 60) Female White | Normal

Bramn 73 Female White | Normal

Brain 77 Female White | Normal

Serum 32 Female White | Normal

Serum 32 Female Black | Normal

Serum 32 Male Black | Mormal

Serum 36 Female White | Normal

Serum 36 Male White | Normal

Serum 37 Male Black | Normal

Serum 38 Male White | Normal

Serum 63 Female White | Normal

Scrum GO Female White | Normal

Serum &7 Female White | Normal

Serum 70 Female White | Normal

Serum 70 Female White | Normal

Serum 70 Female White | Normal

Scrum 7: Female Black | Nommal

Serum 74 Female White | Normal

Serum 76 Female White | Normal

Serum 83 Male Black | Alzheimer’s disease
Serum 103 | Male White | Alzheimer’s disease
Serum 94 Female White | Alzheimer’s discase
Serum 77 Male Black | Alzheimer’s disease
Serum 78 Female Black | Alzheimer’s disease
Serum 78 Male White | Alzheuner’s disease
Serum 75 Female White | Alzheimer’s disease
Serum 91 Female Black | Alzheimer’s disease
Serum 93 Female Black | Alzheimer’s disease
Serum 90 Female Black | Alzheimer’s disease
[6382] Whole cell lysates of human brain samples from 23 vears {young) and or greater than

64 vears (old) healthy individuals were also analvzed by western blot with antibodics and

methods described above. Table 4 provides characteristics of brain tissue donors. As shown in

FIG. 11B, older individuals exhibited increased ¢xpression of H1 0K 180me2. These results

indicated increases of H1.0K 180meZ with organismal age.
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[3383] Anr objective of this study was to demonstrate atility of measurements of serum
H1.0K180me2 and/or measurement of serum antibodies to H1. 0K 180me?2 as biomarkers of
Alzheimer’s disease predictive performance. To ensure correct predictive capacity of the new
diagnostic biomarker, the patient siratification method was developed and tested for its
diagnostic accuracy. The performance of the test was evaluated by comparing it to the reference
standard on record {for example a combination of several tests recommended by National
Institute of Aging — Alzheimer’s Association (NIA-AA) for the definitive diagnosis of AD. This
study was designed and conducted according to Standards for Reporting of Diagnostic Accuracy
(STARD). The statistical analysis inchuded diagnostic accuracy parameters, cross-validation, and
Youden Index optimization. According to the patient stratification strategy, and with the
predictive power of the analysis, patients may be stratified as a category of patients with
bikelihood of Alzheimer’s disease development. The sensitivity, specificity, positive and
negative pradictive values (PPY and NPV) as well as positive and negative hkelihood ratios
(PLR and NLR) are shown for cach test design. In FIGS. 12A-12C, FIG. 13B, FIG. 14B, FIG.
H4E, FIG. 13A and FIG. 153B, box plot center Iines show the medians; box himits indicate the
25th and 75th percentiles as determined by R software; whiskers extend 1.5 times the
miterquartile range from the 25th and 75th percentiles, outliers are represented by dots; data
pomnts are plotted as open circles. The dashed line demonstrates the threshold calculated by ROC
curve {Receiver Operating Characteristic Cuarve) analysis. The sensitivity, specificity, positive
and negative predictive values (PPV and NPV} as well as positive and negative likelihood ratios
(PLR and NLR}) arc shown for cach test design. The statistical methods help to predict the
presence or absence of disease in the patients. The degree to which a fest result modifies pre-test
probability of disease s expressed by the “likehhood ratic” based on Bayes Theorem. Positive
likelihood ratios (PLR) tells how much to increase the probability of the discase, it the tost is
positive. Negative hikelihood ratio (NLR} tells how much to decrease the probability of the
disease, 1f the test is negative. A PLR>1 Indicates an mcrease probability that the target disorder
is present, a PLR<1 indicates a decreased probability that the target disorder is present, and a
PLR=1 means that test does not change the probability of the disease. The ROC curve,
thresholds and arcas under the curve (AUC) are shown for each of the test’s designs. The values
of O in the 2x2 matrix (TP, FN, FP, TN} can make calculating ratios impossible. The
“pseudocounts” of 0.5 was added to control for this. The “pseudocounts” are added to every

value so they do not affect the relative values. Box plot center hines in FIGS. 12A-12C, FIG.

97



WO 2017/184895 PCT/US2017/028686

13B, FIG. 14B, FIG. 14E, FIG. 15A and FIG. 15B show the medians; box limits indicate the
25th and 75th percentiles as determined by R software; whiskers extend 1.5 times the
miterquartile range from the 25th and 75th percentiles, outliers are represented by dots; data

points are plotted as open circles.

[6384] Totestif HI.OK 180me2 levels can serve as diagnostic indicator of Alzheimer’s
disease, H1.0K180me2 levels in human serum were quantified by slot blot analvsis using o-
H1.0K180me?2 antibody, according to methods deseribed m Example 1. Equal volumes of serum
from healthy individuals of 30-40 vears (n=7} or >60 years (n=9}, and mdividuals with clinically
diagnosed Alzheimer’s disease of >60 vears (n=10} were analyzed (Table 4 provides

charactenstics of serum donors}).
Hi10K180me2 Levels

[6385] FIGS 12A-C show that detection of the H1 0K 180me2 antigen (FIGS. 124, 12B, 120},
the detection of naturally occurning H1.0K180me?2 Ig(G awtoantibodies (FIG. 13B), and the
detection of naturally occurring H1 0K 180me?2 IgM autcantibodies (FIGS. 14A-E; FIGS. 15A-

B} in human serum may act as tools for carly diagnostics of Alzheimer’s disease.

[6386] FIG. 12A shows the quantification of H1 OK180me?2 levels deternuned by slot blot
analysis in Alzheimer’s discase patients and age-matched controls. Guantification of
H1.0K180me?2 levels was determined by slot blot analvsis in Alzheimer’s discase patients and
age-maiched controls. The concentration of H1.0K180me?2 in each seram sample was calculated
using a standard curve of H1.0K180me2 peptide included in cach analysis. As shown in FIG.
12A, Alzheimer’s discase patients displaved lower concentrations of serum H1.0K180me2 than
healthy age-matched controls, indicating that H1.0K180me?2 scrum concentrations may
cffectively segregate patients with Alzheimer’s discase from healthy individuals and could act as
a diagnostic tool for Alzheimer’s disease detection. As shown in Table 5, measurement of
H1.0K180me?2 antigen concentration m serum at or below 5.61 nmol/ml 1s indicative of the
discase presence with likelihood of 24%, compared to pre-test probability; and the positive
likelihood ratic (PLR or LR+} is 3.6, Post-test probability is calculated based on following
formula; Pre-test Odds X LR/ (1+ Pre-test Odds x LR), where pre-test odds are the clinical
suspicion of discase present before testing. This is usually calculated from the Likelihood Ratio

Nomogram or Fagan Nomogram (NEIM 1975; 293: 257).
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Table 5: HI.0K180me? antigen concentration normalized by serum volume

Threshoid 5.61

Specificity TR N N

NPV 78% [ 60% , 100% 1

LR- 0.26 [ 000 , 0860 ]

[B3387] FIG. 12B shows H1.0K180me? levels m human serum normalized by total IgG serum
levels. To normalize H1.0K180me? levels in human serum by total IgG serum levels, total IgG
levels were determined by slot blot analvsis for each serum sample using goat anti-human 1gG
secondary antibody. H1.0K180me2 concentrations were normalized by observed Ig( levels in
cach sample. As shown i FIG. 12B, H1.0K180me?2 levels elevated in healthy >60 vear
individuals relative to healthy yvounger individuals (30-40 years), while patients with
Alzheimer’s discase exhibit significantly lower normalized levels of H1.0K180me2 relative to
healthy aged individuals (>60 vears). The left part of box graph are patients without prodromal
Alzheimer’s disease diagnosis or Mild Cognitive Impairment (MC1). The right part of box
graph shows paticnts with post-mortem confirmation of Alzheimer’s disease pathology. Table 6

shows the values from the ROC analysis.

99



WO 2017/184895 PCT/US2017/028686

Table 6;: HI.0K180me?2 antigen concentration normalized by total Ig(s concentration

Threshoid 0.98

Specificity

NPV 88% [ 70% , 100% ]

LB- 0.11 [ 000 , 033 ]

[6388] FIG. 12C shows HL.OK180me2 levels in human serum normalized by total protein
levels. To normalize H1.0K180me?2 levels in human serm by total protemn levels, total serum
protein was measured for each sample using a Qubit {(Invitrogen). H1 0K 180meZ concentrations
were then normalized by measured protein concentration in cach sample. As shown m FIG. 12(,
H1.0K180me?2 levels elevated m healthy >60 year old individuals, while patients with
Alzheimer’s disease exhibited significanily lower nommalized levels of H1 OK180me2 relative to
healthy aged individuals (>60 vears). Fi(z. 12C shows the serological quantification of
H1.0K180me? antigen relative to total protein composition of serum. Table 7 shows the ratio of
H1.0K180me?2 antigen to total protein in serum below 4.76x107 is indicative of the discase

prasence with hikelihood of 24 8%, compared to pre-test probability, and the PLR is 3.00,
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Table 7: H1.0K180me? antigen concentration normalized by total protein

Threshold 4.76 x10*

5
&
2

%
wp
.

Specificity TOW

NPV 88% [ 47% , 99 % ]

LR- 0.14 [ 002 , 083 ]

[6389] Although serum concentrations of H1 0K 180me?2 are sufficient for identification of
Alzheimer’s disease patients, the use of serum sample normalization by total IgG (F1G. 12B) or
total protein (FIG. 12C) allows for direct comparisons between individuals regardless of
variables which may alter overall serum concentration, such as protocol used to obtain serum,
operator variability, hvdration state of patient and activity state of patient. 1gGs are highly
abundant m human serum and represent ~11% of serum protein. As such, IgGs may act as
mdicators of serum concentration and may be used to normalize between patients. Total serum
protein gives a direct indication of serum concentration and may be used to normalize
concentrations of H1.0K180me?2 between patients. In each instance, normalized H1.OK180me2
levels were observed to increase upon healthy aging (360 years). Alzheimer’s disease serum
H1.0K180me?2 levels were significantly Jower than in age-matched controls, indicating that
common normalization procedures do not alter the observed trend, whilst allowing for divect
comparison of H1.0K180me?2 levels between patients despite differences in serum collection and

processing procedures, or basal concentration levels of patient sera.
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Anti-Hi OKI80me2 IgC (H1.0K180me2 [g(G Autoantibody} Levels

[63%6] FIG. 13A shows that human anti-H1 0K 180me? Ig( may be detected in different
human biofhuds using the indirect ELISA method. Human plasma, arine, and saliva werg each
tested for H1.0K180me2 1gG auntantibodies using the indirect ELISA test and a labeled
H1.0K180me? peptide. A linear relationship between plasma concentration and O .. measured
at 450nm was detected when plasma was diluted 500X, 1000X, and 2000X in loading baffer.
Similarly. a linear relationship between urine and saliva concentration and O.B. measured at
450nm was detected when these fluids were diluted 80X and 160X in loading buffer. This
suggests that the anti-H1.0K180me2 IgG mdirect ELISA test has a utility to detect anti-

H1.0K180me?2 Igl in 8 wide variety of human biofluids.

[3391] Inarelated experiment anti~H1.0K180me?2 IgG levels in human serum were quantified
by indirect ELISA analysis using biotinylated-H1.0K180me?2 capture peptide {an H1 0K 180me2Z
autoantibody-binding peptide) followed by a secondary antibody specific for IgG antibodies.
Equal volumes of serum from healthy individuals of 30-40 years (n=7) or >60 vears (n=9), and
mdividuals with chinically diagnosed Alzheimer’s disease of >60 years (n=10} were analyzed.

(FIG. 13B)

13392} FIG. 13B shows the quantification of avtoanti-H1 0K 180me? IgG lovels determined by
mdirect ELISA in Alzheimer’s discase patients and age-matched controls. The concentration of
anti-H1.0K180me2 g {(avtoantibody IgG levels determined by mdirect ELISA) in each serum
sample was calcolated using a standard curve created with serial dilutions of the H1 0K180me2
specific antibody included in the ELISA experiment shown in FIG.12E. Alzheumer’s discase
patients display higher concentrations of serum anti-H1 0K 180me?2 1gG than healthy age-
matched controls. Anti-H1.0K180me2 IgG serum concentrations may effectively segregate
patients with Alzheimmer’s disease from healthy individuals and may act as a diagnostic tool for
Alzheimer’s disease detection. As shown in Table 8, measurement of auto antiH1.0K180me2
antibodies in concentration equal to, or higher than, 8.23 ug/ml is indicative of the discase
presence with likelihood of 30%, compared to pre-test probability, with a PLR of 5.4, FIG. 13B
shows standard curve the quantification of H1 0K 180me2 avtoantibodies in human seram. Total
serum protein was measured for cach saraple using the Bradford assay. Aoti-H1 0K 180me? 1gG
concentrations were normalized by measured protein concentration in each sample. Anti-

H1.0K180me?2 Ig( levels are decreased i healthy >60 vear individuals reative o healthy
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vounger mndividuals (30-40 years). Patients with Alzheimer’s disease exhibit mereased

normalized levels of anti-H1 0K 180me?2 1g( relative to healthy aged individuals (>60 vears).

Table 8: Anti-H1.0K180me2 [gG concentration normalized by serum volume

Threshold 8.23

Specifichly

NPV 75% [ 62% , 100% ]

LR- 0.30 [ 000 , 056 ]

Anti-HI OKI80me2 ighM (H1.0K180me?2 IghM Autoantibody) Levels

16393}  In ancther related experiment, anti-H1 0K 180me?2 IgM levels in human serum were
quantified bv indircet ELISA analysis using biotinvlated-H1 0K 180me? capture peptide (an
H1.0K180meZ autoantibody-binding peptide), followed by a secondary antibody specific for
IgM antibodies (normalized by volume). Equal volumes of serum from healthy mdividuals >60
vears {n=9), and individuals with clinically diagnosed Alzheimer’s discase of >64 vears (n=10})

were analvzed. (raw data in FIG, 14E; data normalized to total IgM levels n FIG. 15A).

{6394} Table 9 below shows the raw data from the indirect ELISA analysis, and further
analyzed m FIGS. 14D-14E. The ELISA was performed i triplicate for cach patient sample.

The anti-H1 0K 180meZ IgM concentration was calculaied for each replicate from the standard
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curve shown mn FIG. 14D, The average anti-H1.0K 180me2 IgM concentration for cach sample

was caleulated from the three techmical replicates. The sample standard deviation between the

three technical replicates was also caleulated. The cocfficicnt of embodiment between the

replicates was calculated as C

[0395]

70/
/09—

standard deviation/average x 100%.

As an anti-H 1 0K 180me? standard curve was not available, the standard curve was

created using an anti-H1 0K 180me?2 Ig(s antibody (FIG. 14D). The molar concentration of anti-

H1.0K180me?2 gl was plotted agamst OD at 450om. The curve was then used to infer the

molar concentration of anti~-H1.0K180me2 1gM in cach sample.

Table 9: Raw data from anti-H1.0K180me2 IgM ELISA

Repeat 1 Rapeat 2 Repeat 3
. ) Anti-H1.0 Anti-H1.0 Anti-H1.0 | Average Anti-
';it;z;t Patient ID P;f;“‘ 0.. | K180me2 igM| 0.D. | K180me2 igM | 0.D. | K180me2 lgM| H1.0 KiB0mez git?:ﬁi %CV
{fmol/mi) {fmol/mi}) {fmolimi) ight (fmolimt)
AD | NCi7 75 10481 4988 0.18 5101 0.16 4315 480.1 425 1 88
AD | NC14 77 1048  128B.2 | 0A7] 13218  |047] 13184 1308.7 8.7 | 44
AD NG5 78 1023 8534 0.20 566.3 0.18 4989 572.8 775 1435
) NG 831013 358.4 .10 2854 0.1 313.5 319.4 368 115
AD NC20 90 1038 10835 | 0.37] 10213 | 038 10494 1044.8 2156 | 2.1
AD NGi8 g1 1048 1368.7 10481 13500 10361 10101 12433 202,11 16.3
AD NC1S 93 1 0.6 434.3 0.15 428.7 0.16 458.7 436.9 149 | 34
AD NCia 94 10.19 518.5 0.18 512.9 0.18 5157 5715.7 38 | 05
AD NCi2 | 108 |0.06 155.2 0.05 147.8 0.06 173.0 155.0 128 | 84
Control | WD-32330] 63| 0,06 175.8 0.05 130.3 0.06 153.4 56,2 184 | 11.8
Control | WD-32347] 66 | 0.06 164.6 0.05 142.1 0.05 147.8 151.5 .7 | 7.7
Control | WD-32308] 70| 0.90 557.9 0.20 560.1 0.20 566.3 564.4 58 10
Control | WD-360021 70§ 0.13 3472 0.12 3444 0.16 458.7 382.8 841 116.7
Conrol | WD-32351] 701 0.12 3444 8.4 3135 0.12 3303 3204 55 1 47
Control | WD-36008] 73| 0.07 184.3 0.07 192.7 0.08 715.2 1974 6.0 1 84
Control | WD-36010] 74 | 0.06 161.8 0.07 184.3 0.05 742.1 162.7 214 | 13.0
Control | WD-32346] 76 1 0.151  420.2 0.14 3894 0.15 417.4 409.0 174 1 42
Control | WD-32350] 66 | 0151 4174 0.16 451.1 0.20 543.8 4708 655 113.9
16396} FIG. 14E demonstrates the vtility of measurements of [gG autoantibodies to

H1.0K180meZ as biomarkers of Alzheimer’s disease (figures show raw data). The left panel
shows the ROC curve analysis, used to evaluate the overall predictive performance, and to pick
an optimal threshold cutoff value, to distinguish between positive and negative test results. The
relationship between percent specificity and sensitivity at cach possible threshold are plotted as
shown to create the empinical ROC curve (solid hine). The empirical ROC curve was used to
calculate the optimal threshold cutoff value pictured in the right pancl. The optimal threshold
value i1s shown as a gray dot on the empirical ROC curve. The right panel of FIG. 14E shows a

box plot distribution of anti-H1.0K180me2 IgM concentrations in patients with Alzhetmer’s
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disease and those without (newrologic controls). Individual measurement values for all samples
are shown as dots, and box-plots are shown for each distribution along with the upper guartile,
lower quartile, and distance of the upper and lower quartife to the largest and lowest non-
outlying points. Samples above the threshold cutoff (dashed line) are considered positive for the
test. Samples below the threshold cutoff are considered negative for the test. The 2x2 matnx at
the bottom of FIG. 14E shows the distribution may be divided into four groups: true positives
(TP; where the index was positive, and AD was present}; false positives (FP; where the index
was positive, but AD was not present); true negatives (TN where the index was negative, and
AD was not present); and false negatives (FN; where the index was negative, but AD was

present). The nombers of samples that fall within each group were plotied on the Zx2 matrix.

{6397} TTable 10 below shows the assessment of anti-HI 0K 180me2 IgM test performance, for

the raw data.

Table 18: Assessment of anti-H1L.OK180me2 test performance

Threshold 408

Specificity F&% N S O

NPV 78% [ 45% , 94% |

LR- 0.29 [ 008 , 102 ]

[3398] 'Table 11 below shows the normalized data (anti-H1.0K180me2 IgM normalized by
total IgM levels) from the indirect ELISA analysis, and further analyzed m FIG. 15A, FIG. 15B.
The ELISA was performed in triplicate for each patient sample. The anti-H1.0K180me2 IgM
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concentration was calculated for cach replicate from the standard curve shown in FIG. 14D, and
normalized by the average total IgM concentration measured in the sample (FIG. 14B). The
average, nommalized anti-H1 0K 180me?2 IgM concentration for cach sample was caleulated from
the three techmical replicates. The sample standard deviation between the three techmical
replicates was also calculated. The coefficient of embodiment between the replicates was

calculated ag CV% = standard deviation/average x 100%.

Table 11: Normalized data (by total igM levels) from anti-H1.0K180me2 IghM ELISA

. . Ratio of anti-H1.0K180me2 ight
?:;Z“; Patient ID Piff;“ fo total IgM (x10°) Siandard | scv
Repeati | Repeat2 | Repeat3 | Average
AD NC17 75 87.0 89.0 75.3 83.7 7.4 8.9
AD NC14 77 80.2 82.3 82.1 81.5 1.2 1.4
AD NC15 78 53.6 48.4 40.9 47.0 6.3 13.5
AD NC11 83 23.3 18.5 20.4 20.7 2.4 11.5
AD NC20 80 32.5 31.2 32.1 31.9 0.7 2.1
AD NC1i8 91 41.3 40.7 30.4 37.5 6.1 16.3
AD NC19 23 27.4 27.0 28.8 27.7 0.9 3.4
AD NC13 94 74.3 73.5 73.9 73.9 0.4 0.5
AD NGC12 103 4.3 4.0 4,7 4.3 0.4 8.1
Control | WD-32338{ 63 18.8 14.7 16.2 16.5 1.9 11.8
Control | WD-323471 66 8.8 8.3 8.6 8.8 0.7 7.7
Control | WD-32350{ 88 22.2 23.9 28.9 25.0 3.5 13.9
Control | WD-32388{ 70 23.9 24.4 24.3 24.2 0.3 1.0
Control | WD-36002% 70 22.9 22.7 30.1 25.3 4.2 16.7
Control | WD-32351 70 18.8 17.1 18.0 18.0 0.8 4.7
Control | WD-368008F 73 8.3 5.6 7.3 8.7 0.5 8.1
Control | WD-36010} 74 10.0 11.4 8.8 10.1 1.3 13.0
Conirol | WD-32346{ 76 27.3 25.3 27.1 26.6 1.1 4.2

139%9]  FIG. 15A demonstrates the utility of measurements of IgM autcantibodies to
H1.0K180me? as biomarkers of Alzheimer’s discase (figures show normalized data). The left
panel shows the ROC curve analysis, used to evaluate the overall predictive performance, and to
pick an optimal threshold cutoff value, to distinguish between positive and negative test rosults.
The relationship between percent specificity and sensitivity at cach possible threshold are plotted
as shown to create the empincal ROC curve (solid ine). The empirical ROC curve was used to
calculate the optimal threshold cutoff value pictured in the right pancl. The optimal threshold
value is shown as a gray dot on the empirical ROC curve. The right panel of FIG. 13A shows a

hox plot distribution of normalized anti-H1.0K180me? IgM concentrations 1n patients with
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Alzheimer’s disease and those without {(neurologic controls). Individual measurement values for
all samples are shown as dots, and box-plots are shown for each distribution. The box plots show
median values along with the upper guartile, lower guartile, and distance of the upper and lower
guartile to the Jargest and lowest non-outlying pomnts.  Samples above the threshold cutott
{dashed line} are considered positive for the test. Samples below the threshold cutoff are
considered negative for the test. The 2x2 matrix at the bottom of FIG. 15A shows the
distrtbution may be divided into four groups: true positives (TP; where the index was positive,
and AP was present); false positives (FP; where the index was positive, but AD was not
present); true negatives (TN where the index was negative, and AD was not present); and false
negatives (FN; where the index was negative, but AD was present). The numbers of samples that
fall within cach group were plotted on the 2x2 matnix. FIG . 15 B demonstrates that test

characteristics do not fluctuate depending on laboratory setting and different operators.

[3406] Table 12 below shows the assessment of anti-H1 0K 180me?2 [gM/total IgM test

performance.

Table 12

Threshold 28.6

Specificity

NPY 79% [ 47% , 95% |

LR- 0.28 [ 008 , 078 ]

[3401] The results of this test modify the probability of discase from 10% pre-test to 63%
post-test. The positive likelihood ratio (LR+) 15 15,0 (95% CI: 0.98, 229}, and the positive
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predictive value (PPV} 15 94% (95% C1: 53, 100). The negative hkelihood ratio (LR-} 18 0.26
(93% CI. 47, 93).

(95%

Controls

[0462]

L 0.09, 0.78), and negative predictive valuec is 7

[$1V4

gy

FI(. 14B shows a standard curve: the molar concentration of a haman Ig(G dilution

series was plotted agaimst OD at 450um. The curve was then used to extrapolate the molar

conceriation of total IgM in cach sample.

[0403]

Table 13 below shows the data from a total IgM ELISA. The ELISA was performed in

triplicate tor cach patient saraple. The total IgM molar concentration was calculated for each

replicate from the standard curve shown in FIG. 14B. The average total IgM molar concentration

for each sample was calculated from the three technical replicates. The sample standard

deviation between the three technical replicates was also calculated. The cocfficient of

embodiment between the replicates was calculated as CV

100%.

Table 13: Measurement of total IgM levels in patient serum using an ELISA assay

0/ —
70 =

standard deviation/average x

Repeat 1 Repeat 2 Repeat 3
Patient . Patient Total Igh Total ight Total ighd Average Total | Standard
Group | otentiD - oo | OO (nmoil?nl) 0.0. (nmoiigni) oD. (nmou?}m IgM (n?mumu) deviation | °CV
AD NC17 75 | 0.11 59 0.11 5.3 0.11 5.9 5.7 0.3 8.0
AD NG14 77| 0.22 13.2 0.31 18.7 0.27 16.3 16.1 2.7 | 17.1
AD NC15 78 | 0.21 125 0.22 12.8 0.20 1.3 12.2 0.8 6.3
AD NC11 83 10.26 5.7 0.25 153 G.25 15.2 154 0.5 19
AD NC20 90 | 0.51 32.6 0.52 32.7 0.52 32.8 32.7 0.1 0.3
AD NG18 91| 051 32.1 0.52 33.1 0.54 34.3 33.2 1.1 3.2
AD NC19 93 | 0.27 16.4 0.26 5.7 0.25 155 5.9 0.5 2.9
AD NC13 94 1012 6.4 0.15 8.1 .12 65 7.0 09 | 135
AD NCi2 | 103 | 0.65 414 0.53 33.7 0.65 35.1 36.7 4.1 1.2
Control | Wi-32338] 63| 0.17 9.8 0.17 94 0.18 9.2 95 0.3 3.2
Control | WD-32347] 66| 0.27 16.6 0.29 173 0.29 175 17.2 0.5 2.0
Control| WD-32398] 70 | 0.38 23.3 0.37 23.1 0.38 23.6 23.3 0.3 11
Control | WD-36002] 70 | 0.25 5.4 0.25 152 0.25 5.1 15.2 0.0 0.3
Control | WD-323511 70| 0.28 7.8 0.31 188 .30 18.2 8.3 0.4 24
Control | Wi-36008] 73| 0.46 2.1 0.48 30.4 0.48 28.7 204 0.9 31
Control | WD-36010] 74 | 0.27 165 0.26 15.9 0.27 16 1 16.2 0.3 10
Conirol| WD-32346] 76 | 0.25 14.7 0.27 6.1 0.28 154 154 0.7 43
Control | WD-32250] 66| 0.29 174 5.31 18.8 0.33 203 8.8 15 78
[3404] FIG. 14B demonstrates that total IgM levels do not discriminate between individuals

with and without Alzheimer’s disease. Individual measurement values for all samples are shown

as dots, and box-plots are shown for each distribution. The box-plots show the median values
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along with the upper quartile, lower quartile, and distance of the upper and lower quartile to the

largest and lowest non-cutlying points.

[0405] FIG. 16A demonstrates that there is no correlation between total IgM levels and anti-
H1.0K180me2 IgM levels in patient samples. All patient samples were distributed on a scatter
plot based on their measured anti-H1 0K 180me2 IgM concentrations versus their measured total
IgM concentration. Anti-H1.0K180me2 IgM levels are not mfluenced by total IgM levels in

. . 2
patient serum, as evidenced by the low R value.

[0406] FIG. 16B demonstrates that total unmodified H1.0 protemn levels (Ieft graph} and total
anti-H1.0 IgM levels do not discriminate between mdividuals with and without Alzheimer’s
discase. fn the left pancl, a custom chemilumingscent slot-blot immunoassay was used to
measure total H1.0 (unmeodified) levels in Alzheimer’s disease and control patient serum
samples. In the right panel, an indirect ELISA was used to measure IgM autoantibodies against
H1.0 vomodified peptide in patient serum. There was no statistically significant difference 1n the
levels of IgM autoantibodies against unmodified H1.0 peptide (p=0.72), indicating diagnostic
atility for Alzheimer’s is unigue to anti-H1.0K180me? IgM m patient serum. Relative
measurement valugs for both panels, for all samples, are shown as dots, and box-plots are shown
for cach distribution. The box-plots show the median values along with the upper quartile, lower
quartile, and distance of the upper and lower guartile to the largest and lowest non-outlying

points.
Correlation of anti-H1 OKi80me2 Ig(r and Ighd levels

[3407] FIG. 17 demonstrates that measuring H1 0K 180me?2 1gG and IgM autoantibodies may
stratify patients with Alzheimer’s disease into distinct populations. Anti-H1.0K180me?2 IgG
levels were measured in Alzheimer’s discase pationt samples, and these were normalized by total
IgG levels. Normalized anti-H1.0K180me?2 IgM levels in Alzheimer’s discase patient samples
were then correlated with these normalized anti-H1.0K180me2 IgG levels via scatter plot. This
analysis allows for stratification of the Alzheimer’s disease patients into distinct populations.
Patients marked by 75, 77, 94, and 78 in FIG. 17 will bkely respond to any Alzheimer’s disease
treatment. Patients marked by 90, 91, 93, 83, and 103 m FIG. 17 will hikely respond to only
specific Alzheimer’s discase treatments, for example only non-immunomodalatory Alzheimer’s

discase treatmenis.
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Example 13: Rapamycin and its Derivatives Block the Accumulation of H1.OK180me2 in
the Cytoplasm, following BNA Damage

16408} To test if rapamycin denivatives may block H1.OK180me?2 appearance upon BNA
damage. SR hADSs were treated with bleomycin for 2 hours with or without pretreatment with
rapamycin or everolimus (a derivative of rapamycin) for 24 hours. Cells were then lvsed and
analyzed be western blot for H1 0K 180me2, yH2A X and B-Actin, according to methods
described in Example 1. As shown n FIG. 18, both rapamyem and everolimus reduced the
appearance of H1 0K 180me2 upon bleomvein treatment, suggesting everohimus may also block

H1.0K180me? appearance upon DNA damage.

1340%] SR hADSCs were treated for 2 hours with bleomycin or temozolomide, a compound
that triggers basc excision repair pathways. Cells were then lysed and analyzed be western blot
for H1.0K180me?2, vH2A X and B-Actin. As shown in FIG. 19, both bleomyein and

temozolomide were capable of inducing H1.0K180me2 methylation.

Example 11: mTOR and PI3K inhibitors Block the Accumulation of H1.0K180me2
Following BNA Damage

[3410] FIG. 20 shows the effect of effect of mTOR and PI3K inhubitors on H1.0K180me2
dynamics. SR hADSCs were treated with bleomycin for 2 hours with or without 24 hours
pretreatment with chernical inhibitors of mTOR L, mTORZ and/or PI3K. Cells were lvsed and
chromatm exiracted for analysis by western blot for H1.6K180me2, H1.0 total, yH2A X and
histone H4 total. Drug concentration used, and the specific inhibitory targets for each drug are
given next to drug names. All inhibitors tested were capable of reducing the appearance of

H1.0K180me?2 upon bleomyein treatment.
Example 12: in Vitro Methylation with G9%A and Analysis of Producis
6411} FIGS. 21A-21B show the results of this in vifro G9A mgethylation assay.

1412} The GYA methylransferase capable of methylating an HI 0 peptide (FIG. 21A). The
methylation reaction was subsequently resolved on a gel and visualized via autoradiography.
The appearance of a band at 4kDa shows that The GYA methvitransferase capable of

methylating H1.0 peptide through the transfer of tritium-labeled methyl groups to the peptide,
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allowing for visualization. A control reaction lacking H1 .0 peptide vielded no tritium-labeled

products.

16413} The G%A methyltransferase capable of methylating a full-length recombmation H1.0
(FIG. 21B). An in vifro methyiation assay of recombinant full-length histone H1.0 with
ncreasing amounts of GY9A is shown m FIG. 21B. GYA 1s capable of dimethvlating full length
H1.0at KI80.

16414] In order to identify the precise locations of G9A methylation on uvnmodified H1.0
peptide (AKPVKASKPEKAKPVEPRK (SEQ 1D NO:36)), a methylation reaction was set up and
the products identified by LC-MS. The methylation reaction comprised recombinant GSA, an
unlabeled methyl donor (S-Adenosyi-L-Methionine), and unmodified H1.0 peptide. The
methylation reaction was subsequently analvzed by LC-MS, and each spectral peak
{corresponding to a peptide species in the final reaction) was identified and quantified using
spectral counts. The mumber of “me” curcles in FIG. 22A represents the methylation state of the
Ivame residue (mono-, di~, or tn~-methvlated). FIG. 22A shows that in the presence of
ammethylated H1.0 peptide, G9A specifically and abundantly dimethylates H1.0K180 (99.9% of
all peptides).

13415] More specifically, the data demonstrate that G9A dimethylates bysine K180 but not
other bysines (K166, K174, K175 or K177} present in the same peptide fragment, with an
catimated methylation efficiency of about 99% (FIG. 22A and FIG. 22B). To further address the
sensitivity and specificity of G9A methylation to lysine 180 of H1.0 peptide, the K180me?2
peptide (H1.0 AA 165-182) was used as a substrate in similar iz vifro methylation experiments.
Only nunor quantitates of further methylated peptide were detected: H1.0K166me 1K 180me?2
(1.27% of the total peptide in the reaction), H1.0K174me 1 K180me3 (1.06% of the total peptide
in the reaction) and HL.OK174me3K175me3K177me1K180me2 {0.35% of the total peptide 1n
the reaction) as shown m FiG. 228, FIG. 23,

{6416} In order to identify the precise locations of GY9A methviation on full-length H1.0
protein, a methvlation reaction was set up and the products identified by LC-MS. The
methylation reaction comprnised recombinant G9A, an unlabeled methyi donor (5-Adenosyi-L-
Methionine}, and recombinant haman H1.0 protein. The methylation reaction was subsequently

analyzed by LOC-MS, and sites of methvlation were identified. The number of “me” circles in
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FIG. 24 represents the methylation state of the lvsine residuc (mono-, di-, or tri-methylated).
FIG. 24 shows that in the presence of recombinant, full-length H1.0, GYA methylates C-ternunal

tysine residues, melading H1.0K180me2.
Example 13: In Vitro Methylation with GLP and Analysis of Producis

13417} In order to identify the precise locations of GLP methyvlation on unmoditied H1.0
peptide (AKPYEKASKPEKKAKPYRPK (SEQ 1D NG:36)). a methylation reaction was sot up and
the products dentified by LC-MS. The methvlation reaction comprised recombinant GLP, an
unlabeled methyl donor (5-Adenosyi-L-Methioning), and unmodified H1.0 peptide. The
methylation reaction was subsequently analyzed by LC-MS, and each spectral peak
{corresponding to a peptide species in the final reaction) was identified and quantified using
spectral counts. The number of “me” circles m FI(G.23 represents the methylation state of the
fysine residue (mono-, di-, or tri-methylated}. FIG. 25 shows that in the presence of

unmethylated H1.0 peptide, GLP specifically dimethylates H1.0K180 (96.6% of all peptides).

(6418} In orderto identify the precise locations of GLP methylation on K180 dimethylated
H1.0 peptide (AKPVKASKPKKAKPVE™PPK (SEQ 1D NO:3)). a methylation reaction was
set up and the products identified by LC-MS. The methvlation reaction comprised recombinant
GLP, an unlabeled methyl donor (5-Adenosyl-L-Methionine), and H1 0K 180me2 peptide. The
methylation reaction was subsequently analvzed by LC-MS, and cach spectral peak
{corresponding 1o a peptide species in the final reaction) was identified and quantified using
spectral counts. The namber of “me” circles i FIG. 26 represents the methylation state of the
lysine residue {mono-, di-, or tri-methylated). FIG. 26 shows that in the presence of K180
dimethylated H1.0 peptide, GLP only further methylates HI 0K 180 and H1 0K 174, and only

with g very low efficiency (1.02% of peptides are further methylated),

16419 In order to identify the precise locations of GLP methylation on full-length Hi .0
protein, a methylation reaction was set up and the products identified by LC-MS. The
methylation reaction comprised recombinant GLP, an unlabeled methyl donor (§-Adenosvi-L-
Methionine), and recombinant human H1.0 protein. The methylation reaction was subsequently
analyzed by LO-MS, and sites of methylation were identified. The number of “me” circles m
Fi(z. 27 represents the methylation state of the lysine residue (mono-, di-, or tri-methylated).

F1G. 27 shows that in the presence of recombinant full-length H1.0, under the conditions
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described herein, GLP does not methylated full length H1.0. GLP methylates a large number of
fysine residues on the C-ternunal tail of H1 .0, lacking the specificity of GO9A, under the

conditions provided herein.
Example 14: siRNA Knockdown of G9A in BADSCs
iRNA transfection

16428] =iRNA pools designed to target GOA were obtained from Qiagen (6510919} and
random scrambled siRNA pocls were obtained from ThermoFisher Scientific (4390843). siRNA
pools were transfected into self-replhicating hADSCs using Lipofectamine 3000 (Life
Technologies) following manufacturer’s protocols. Cells were collected 24 hours after siRNA

transfection and analyzed by gPCR or western blot.
gPCR

[3421] Cell cultures were homogenized in Trizol (Invitrogen) and total RNA was 1solated
using the RNeasy kit ((hagen). The RNA was quantified with Qubit (Invirtogen) and reverse
transeribed using SuperScript HI following manufacturer’s protocol (Invitrogen). Quantitative
PCR analyses were performed i triplicate using an Applied Biosystems 7700 sequence detector
with ~35 ng of cDNA, 1 uM designated primer pairs and Fast-SYBR Green PCR master mix
following mamufacturers protocol (Applied Biosvstems). Primer pairs are listed below. The
mean cycle threshold (Ct) for cach gene was normalized to levels of beta-actin in the same
sample (delta Ct). Unpaired two-sample t-tests were used to determine differences in mean delta
Ct values between treatment groups. Where appropriate, the fold change was caleolated by the

delta~-delta Ct method (fold = 2AACt).
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Table 14: Primers

GLP-Forward 5-AGGGGAGTGCTGACACAGAG-3 (SEQ ID NO:79)
GLP-Reverse 5-GGGATCTTTACTGGCTGCAT-3 (SEQ 1D NO:8D)
Beta-actin-Forward 5 -CTCTTCCAGCCTTCCTICCT-3” (SEQ ID NO&D)
Beta-actin-Reverse 5" -AGCACTGTGTTGGCGTACAG-3” (SEQ 1D NO:82)

H1.0-Forward S-CTCAAGCAGACCAAAGGGUGT-3" (SEQ ID NO:R3)
H1.0-Reverse 5-GOCGTGGCTACCTTCTTGAT-3 (SEQ ID N B4
H1.1-Forward 5-AGGCAACGGUTGCATCTAAA-3™ (SEQ 1D NG:B5)
HIi.1-Reverse S-GATTTCCTTGTTGCCGCAGG-3™ (SEQ 1D NO:86)
H1.2-Forward F-CAAAGAAGGUCAAGGTTGCG-3" (SEQ 1D NO:8T)
H1.2-Reverse S-CGCCTTCTTAGGCTTGACAAC-3 (SEQ ID NO:88)
H1.3-Forward 37-AGTGGCCAAGAGTGCGAAAA-3 (SEQ ID NO:39)
H1.3-Reverse 5-CTTCGGCTTCCCCGACTTAG-3 (SEQ 1D NO:9G)
H1.4-Forward S-ACGCTTGCCTTCAACATOTCC-3 (REQ ID NGO
H1.4-Reverse 5-AGTAATGAGCTCGGACACCG-3" (SEQ 1B NO:92)
H1.5-Forward 5-CCGGCTAAGAAGAAGGCAAC-3 (SEQ TD NO:93)
H1.5-Reverse 3S-GUTCCTTAGAAGCAGCCACA-3 (SEQ ID NO:%4)
GSA-Forward 5 -TGCTGAGGCTGATGTGAGAG-3 (SEQ ID NO:95)
GYA-Reverse S-GOGTCACACAGGTGOGTTGATG-3™ (SEQ ID NO:96)
Results

[3422] Self renewmg (SR) human adipose derived stem cells (hADSCs) were transtected with
cither scrambled control siRNA or siRNA targeting G9A. The cells were then subjected to 2
hours blcomycin treatment. Westemn blot analysis indicated knockdown of G9A 1o vivo results
i reduced H1 0K 180me?2 appearance upon DNA damage. H3K9me?2, a known methylation

product of G9A ) was used to monitor loss of GY9A activity upon knockdown. (FIG. 28A)

[3423] The siRNA knockdown of GO9A i hADSCs led to a significant reduction in
H1.0K180me?2 levels upon 2 hours bleomycin treatment {ADD) concomitantly with a reduction
of H3K9me?Z, a known PTM provided by GYA (FIG. 28B).
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Example 135: Production of in vifre Methylated H1L.OK180me2 Proteins or Peptides in Bulk

16424] As observed in FIG. 21B and FIG. 24, G9A 15 capable of efficiently and specifically
dimethylating K180 on full length recombinant human H1.0. This process may be utilized in
order to create large quantities of H1 0K 180me?2 full length protein that could be incorporated
into ELISA kits (c.g. sandwich ELISA kits) as a reference standard for the detection of
H1.0K180me?2 in biological samples. This process could involve setting up a bulk methylation
reaction comprising 1X HMT reaction butfer (50mM Tris-HCL 3mM MeCl,, 4mM
dithiothreitol, pH 9.0), recombinant human or mouse GYA Methyltransferase, 3.2mM S-
Adenosyl-L-Methionine, and recombinant full-length human H1.0 labeled with an N-terminal
tag (HA, His, GST, FLAG or other tag suitable for downstream purification). The reaction could

be incubated at 37°C for 1 hour to enable GY9A-mediated H1 0K 180me2 methylation.

13425] Full-length H1.0 contamning K180me?2 would then be enriched and purified in a one or
two-step process. First, all full-length recombinant H1 .0 species in the reaction would be
purtfied away from the reaction mixture through affinity purification utilizing the N-terminal
tag. b one mstance, H1.0 could be labeled with HA tag and purified with an HA antibody
immobilized on a column or resin. After purification, the tag could be removed through
proteolytic cleavage if required. This process would enrich for only full-length H1.0K180me?2 in
the final product, ensuring both capiure and detection epitopes were present. The second step
would utilize an HE OK180me?2 antibody immobilized on a cohumn or resin, tn order to further
purtty only full length H1.0 species containing HI 0K 180me2. This final product could then be
concentrated (for example using lyophilization), guantified, and ncluded in ELISA kitsas a
reference standard, or ased as a therapeutic. A one step purification approach utilizing only

H1.0K180me?2 antibody purification may be sufficient in some instances.
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16.

CLAIMS

An antibody that specifically binds a dimethylated antigen, wherein the dimethylated
antigen comprises dimethylated lysine residue, wherein the lysine residue corresponds to
K180 of a human histone H1.0, and wherein the dimethylated lysime residug s required

for binding.

The antibody of claim 1, wherein the dimethylated antigen does not comprise any other

tysine residues that are methylated.

The antibody of claim 1, wherein the antibody does not bind, or only minimally binds, if
the antigen comprises dimethvlated lysine residues at lysine residues corresponding to

K166, K172, K174, K173, and/or K177 of a human histone H1.0 proten.

The antibody of claim 1, wherein the antibody does not bind, or only minimally binds, if
the antigen comprses monomethvlated bysine residues at lysine residues corresponding

to K166, K172, K174, K175, K177, and/or K180 of a human histone H1.0 protein.

The antibody of claim 1, wherein the antibody does not bind, or only minimally binds, if
the antigen comprises trimethylated lysine residues at lysine residues corresponding to

K166, K172, K174, K173, K177, and/or K180 of a human histone H1.0 protein.

The antibody of claim 1, wherein the antibody is at least 2-fold more specific for the
dimethylated antigen, than a monomecthylated amtigen, wherein the monomethylated
antigen comprises a monomethviated Iysine residue, and wherein the lysine residue
corresponds to K180 of a human histone H1.0 protein.

The antibody of claim 1, wherein the antibody 1s at least 2-fold more specific for the
dimethylated antigen, than a trimethylated antigen, wherein the trimethviated antigen
comprises a tnmethylated lysine residue, and wherein the lysine residue corresponds o

K180 of a human histone H1.0 protein.
The antibody of claim 1, wherein the antibody compnses a label.
The antibody of claim &, wherein the antibody is biotinylated.

The antibody of claim 1, wherein the antibody 1s attached to solid surface.
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1.

12.

13.

14.

1s6.

17.

18.

15.

28,

3]
5\3

23.

24.

The antibody of claim 10, wherein the antibody attached a bead, column, resin, or a

microplate.

The antibody of claim 1, whercin the antibody is conjugated to at least one therapeutic
agent selected from the group consisting of a radionuclide, a cytoloxin, a
chemotherapewtic agent, a drug, a pro-drug, a toxin, an enzvme, an immunomoduiator, a
pro-apoptotic agent, a cvtokine, a hormone, an oligonucleotide, an antisense molecule, a

siRNA, and a second antibody.

The antibody of claim 1, wherein the antibody is capable of clearing H1 0K180meZ in a

sampie.

The antibody of claim 1, wherein the antibody is capable of clearning cells compnising

HI 0K 180me2.
The antibody of clatm 1, wheremn the antibody 1s capable of clearing sencscent cells.

A synthetic histone H1.0 peptide comprising a dimethylated lysine residae or a synthetic
histone H1.G protein comprising a dimethylated lysine residue, wherein the dimethylated

lysine residue corresponds to K180 of a human histone H1.0.
The peptide of claim 16, wherein the protein or peptide comprises a label.
The peptide of claim 16, wherein the protein or peptide is biotinvlated.

The peptide of claim 16, wherein the protein or peptide does not comprise any other

tysine residues that are dimethyvlated.

The peptide of claim 16, whercin the protein or peptide does not comprisc any other

tysine residues that are methylated.

The peptide of claim 16, whergin the protein or peptide is attached to a bead, microplate,

column, or resin.

The peptide of claim 16, wherein the peptide comprises any ong of the sequences of SEQ

1D NOS:3-35,
The peptide of claim 22, wheremn the peptide comprises the sequence of SEQ [D NG:3.

The peptide of claim 16, wherein the protein comprises the sequence of SEQ IDNO:2.
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26.

28.

25,

30.

31.

33.

The peptide of claim 16, wherein the protein or peptide 18 conjugated to at least one
therapeutic agent selected from the group consisting of a radionuchide, a cytotoxin, a
chemotherapeutic agent, a drug, a pro-dmg, a toxin, an enzyvme, an immunomodulator, a
pro-apoptotic agent, a cvtokine, a hommone, an oligonucleotide, an antisense molecule, a

siRNA, and a second antibody.

The peptide of claim 16, wherein the protein or peptide is capable of cleanng or blocking

H1.0K 180me?2 autoantibodies.

The peptide of claim 26, wherein the protein or peptide is capable of cleanng or blocking

H1.0K180me? Ig( autoantibodies.

The peptide of claim 26, wherein the protein or peptide is capable of cleanng or blocking

H1.0K180me2 IgM autoantibodics.

A method of determining whether an individual has, or 15 at risk of developing,

Alzheimer’s discase, comprising:

{a} contacting a biclogical sample from the individual with the antibody of claim 1

and

(b}  determining the concentration of the dimethylated antigen in the sample that
binds the antibody. wherein a decrease n the concentration relative to a conirol

indicates that the individual has, or 15 at risk of developing, Alzheimer’s disease.

The method of claim 29, wherein the mdividual has, or 1s at nsk of developing,
Alzheimer’s disease when the serum concentration of the histone H1.0 protein 15 less
than or below 5.61 nmol/ml.

The method of claim 29, wherein the decrease is below a threshold established by a
Recetver Operating Characteristic curve analvsis for optimal specificity and sensitivity.
The method of claim 29, wherein the individual has, or is at nisk of developing,
Alzheimer’s disease when the PLR (LR+) 1s 3.6 or greater,

The method of claim 44, wherein the individual does not have a risk of developing,

Alzheimer’s discase when the NLR (LR~} 15 .26 or jower.
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34.

s
9

36.

37.

38.

The method of clamm 29, further comprising treating the individual with an Alzhenner’s
disease drug or regimen if it is determined that the individual has, or is at nsk of

developing, Alzheimer’s discase.

A method of determining whether an mdivideal diagnosed with Alzheimer’s discase and

receiving treatment for the Alzheimer’s disease, will benefit from the treatment or will

continue 1o benefit from the treatment, the method comprising:

{a) contacting a biclogical sample from the individual with the antibody of claim 1

{b)  dectermining the concentration of the dimethylated antigen in the sample that
binds the antibody; and

{¢) determining that the individual will benefit from the treatment or will continue fo

enefit from the treatment if there is an increase in the concentration, relative to a

control.

The method of claim 35, wherein the mcrease is above a threshold established by a

Reeetver Operating Characteristic curve analvsis for optimal specificity and sensitivity.

The method of claimm 35, further comprising treating the mdividual with an Alzheimer’s

disease drog or regimen if i is determined that the individual will benefit or continue fo

benefit from the treatment.

A method of determining whether an mdividual diagnosed with Alzheimer’s discase will

benefit from a candidate treatment, wherein the mdividual has not vet started the

treatment, the method comprising:

{a) administering to the individual a candidate treatment;

{b})  contacting a biological sample from the individeal after adnmunistration of the

candidate treatment with the antibody of claim 1

{c} determining the concentration and/or subceliular localization of the dimethylated

antigen in the sample that binds the antibody; and

{d) determining that the individual will benefit from the candidate treatment if there
1s an mcrease i the concentration or an decrease in cytoplasmic subcellular

focalization, relative to a control.
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39,

40,

41.

42.

43.

44.

The method of claim 38, wherein the increase n the concentration 18 above a threshold
established by a Receiver Operating Characteristic curve analysis for optimal specificity

and sensitivity.

The method of clamm 38, further comprising treating the individual with an Alzhenner’s
disease drug or regimen if i is deiermined that the mdividual will benefit from the

treatment.

A method of determining whether an mdividual diagnosed with Alzheimer’s disease will
benefit from a candidate treatment, wherein the individual has not yet started the

treatment, the method comprising:
{a) contacting a biological sample from the mdividual with a candidate treatment;
{b)  contacting the biological sample with the antibody of ¢laim 1

{¢) determiming the concentration and/or subcellular localization of the dimethvlated

antigen in the sample that binds the antibody; and

{d) determining that the individual will benefit from the candidate treatment if there
15 an increase in the concentration relative to a control or an decrease In

cytoplasmic subcellular localization, relative to a control.

The method of claim 41, wherein the increase is relative to a threshold established by a

Recerver Operating Charactenistic curve analysis for optimal specificity and sensitivity.

The method of clamm 41, further comprising treating the mdividual with an Alzheimer’s
discase drug or regimen if it is determined that the mdividual will benefit from the

treatment.

The method of any one of claims 38-42, wherein the treatment is selected from the group
consisting of APP svnthesis Inhibttors, beta-secretase inhibitors, gamma-secretase
mhibitors and modulators, AB aggregation inlubitors, AR mmmunotherapy, Cholesterol-
lowering drugs, Anti-tau drugs, cholinesterase inhibitors, N-methyl D-aspartate (NMDA)
antagonists, atypical antipsychotics, blockers of protein S-nitrosylation, glucagon-like
peptide-1 receptor agouists, rapamycin, rapalogucs, endocannabinoids, cannabionoids,
neuroprotectors, molecules controlling calcium nflux, antioxidants, anti-inflammatory

drugs, drugs controlling control of glutamate homeostasis, astophagy inducers,
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46.

49.

50.

51.

52.

hormones, hormonal regolators, stating, nsehin, msulin carriers, multifunctional
nanocarriers, vitamins, nutritional supplements, small RNA molecules, peptides, and

ultrasound therapy.

The method of any one of claims 29-44, wherein the biclogical sample is selected from
the group consisting of whole blood, plasma, serum, saliva, urine, feces, synovial fluid,
cercbrospinal fluid, bronchial lavage, ascites fluid, bone marrow aspirate, pleural

effusion, tissue, cells, a biopsy, mterstinial fluid, and lymphatic flnd.

The method of any one of claims 29-45, wherein the mdividual is 60 vears of age or

older.
The method of any one of claims 29-46, wherein the antibody comprises a label.

The method of anv one of claims 29-47, wherein the antibody 1s attached to a bead,

microplate, column, or resin.

The method of any one of claims 29-48, wherein the concentration 13 determined via an

ELISA.

The method of anv one of claims 29-49, wherein the antibody is at least 2-fold more
specific for the dimethylated antigen, than a monomethylated antigen, wherein the
monomethvlated antigen comprises a monomethyiated lvsine residue, and wherein the

lysine residue corresponds to K180 of a human histone H1.0 protein.

The method of any one of claims 29-49, wherein the antibody is at least 2-fold more
specific for the dimethviated antigen, than a trimethvlated antigen, wherein the
trimethylated antigen comprses a trimethvlated lvsine residue, and wherein the fysine

residue corresponds to K180 of a human listone H1.0 protein.

A method of determiming whether an individual has, or is at risk of developing,

Alzheimer's discase, comprising:

{a} contacting a biclogical sample from the individual with the protein or peptide of
claim 16; and

{b} determinming the concentration of autoantibodies in the sample that bind the
protein or peptide, wherein an incrcase in the concentration relative to a control

indicates that the individual has, or1s at risk of developing, Alzheimer’s disease.
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61.

62.

The method of clam 32, comprising determining the concentration of IgM
autoantibodies in the sarple that bind the protein or peptide.
The method of claim 52, comprising determining the concentration of IgG autoantibodies

in the sample that bind the protein or peptide.

The method of claim 52, wherein the individual has, or is at risk of developing,
Alzheimer’s discase when the scrum concentration of the lgG autoantibodics is greater

than or equal to 2.69 ug/ml, normalized to total 1gG levels.

The method of claim 52, wherein the individual has, or s at risk of developing,
Alzheimer’s discase when the scrum concentration of the lgG autoantibodics is greater

than or equal to 8.23 ug/ml, normalized to serum volume.

The method of claim 52, wherein the individual has, or s at risk of developing,
Alzheimer’s disease when the serum concentration of the IgM autoantibodics is greater

than or equal to 409 tMol/mi, normalized to serum volume.

The method of claim 52, wherein the individual has, or is at risk of developing,
Alzheimer’s discase when the ratio of the concentration of IgM autoantibodies to total

1M concentration is greater than 26.6x10°°,

The method of claim 32, wherein the increase is above a threshold established by a

Receiver Operating Characteristic curve analysis for optimal specificity and sensitivity.

The method of claim 52, wherein the mdividual has, or i1s at nsk of developing,
Alzheimer’s disease when the PLR (LR+) is 2 4 or greater for 1g( autoantibodics or the
PLR (LE-+) 15 3.5 or greater for IgM autoantibodies.

The method of clam 32, further comprising determining the concentration of IgM
autoantibodies in the sample that bind the protein or peptide, and companng that
measurcment to the total lgM concentration in the sample.

The method of clamm 52, further comprising treating the individual with an Alzheimer’s
disease drug or regimen if 1t is determined that the individual has, or is at nsk of

developing, Alzheimer’s discase.
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A method of determining whether an mdivideal diagnosed with Alzheimer’s discase and
receiving treatment for the Alzheimer’s disease, will benefit from the treatment or will

continue to from the treatment, the method comprising:

{a) contacting a biological sample from the mdividual with the protein or peptide of

claim 16;

(b) determmming the concentration of autcantibodies in the sample that bind the

protein or peptide; and

{c) determining that the individual will benefit from the treatment or will continue to
benefit from the treatment if there 1s an decrease 1n the concentration relative to a

control.
The method of claim 63, wherein the decrease is below a threshold established by a
Receiver Operating Characteristic curve analvsis for optimal specificity and sensitivity.
The method of claim 63, comprising determining the concentration of IgM
autoantibodies in the sample that bind the protein or peptide.
The method of claim 63, comprising determining the concentration of lgG autoantibodies
in the sample that bind the protein or peptide.
A method of determining whether an mdividual diagnosed with Alzheimer’s discase will
benefit from a candidate treatment, wherein the individual has not vet started the
treatment, the method compnising:
{a} admimstering to the individual a candidate treatment;
{b)  contacung a biological sample from the individual with the protein or peptide of
claim 16;
{c} determining the concentration of autoantibodics in the sample that bind the
protein or peptide; and
(d} determuning that the individual will benefit from the candidate treatment if there
15 a decrease m the concentration, relative to a controd.

The method of claim 67, wherein the decrease is below a threshold established by a

Receiver Operating Characteristic curve analysis for optimal specificity and sensitivity.
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The method of clam 67, comprising determining the concentration of IgM
autoantibodies in the sarple that bind the protein or peptide.
The method of claim 67, comprising determining the concentration of IgG autoantibodies

in the sample that bind the protein or peptide.

The method of any one of claims 63-70, wherein the treatment is selected from the group
consisting of APP svnthesis Inbubitors, beta-secretase inhibitors, gamma-secretase
mhibitors and modulators, AB aggregation inlubitors, AR mmmunotherapy, Cholesterol-
lowering drugs, Anti-tau drugs, cholinesterase inhibitors, N-methyl D-aspartate (NMDA)
antagonists, atypical antipsychotics, blockers of protein S-nitrosylation, glucagon-like
peptide-1 receptor agonists, rapamycin, rapalogues, endocannabinoids, cannabionoids,
neuroprotectors, molecules controlling calctum toflux, antioxidants, anti-inflammatory
drugs, drugs controlling control of glutamate homeostasis, avtophagy  inducers,
hormones, hormonal regulators, statins, insulim, insulin camriers, multifunctional
nanocarriers, vitamins, nuiritional supplements, small RNA molecules, peptides, and

pltrasound therapy.

The method of any one of claims 52-71, whercin the biological sample is sclected from
the group consisting of whole blood, plasma, serum, saliva, urine, feces, synovial fluid,
cerebrospinal floid, bronchial lavage, ascites flaid, bone marrow aspirate, pleural

cffusion, tissue, cells, a biopsy, interstitial fluid, and lymphatic fluid.

The method of anv one of claims 52-72, wherein the individual 1s 60 vears of age or
older.

The method of any one of claims 52-73, wherein the protein or peptide comprises a label.
The method of any one of claims 52-74, wherein the protein or peptide is biotinylated.
The method of any one of claims 32-75, wherein the protein or peptide is attached to a
bead, microplate, column, or resin,

The method of any one of claims 52-76, wherein the peptide comprises any one of the
sequences of SEQ 1D NOK.3-35,

The method of any one of claims 52-7

SEQ ID NO:3.

6, wherein the peptide comprises the sequence of
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86.

87.

88.

89.

S,

The method of any one of claims 52-76, wherein the protein comprises the sequence of

SEQ ID NO:2.

The method of anv one of claims 52-79, wheren the concentration of autoantibodics

apecific to HI.0K180me?2 1s determined.

The method of any one of claims 52-79, wherein the concentration of Ig(G autcantibodies

1s deternuned.

The method of any one of claims 52-79, wherein the concentration of IgM autcantibodies

1s determined.

The method of any one of claims 52-79, wherein the concentration of IgG and IgM

autoantibodies 1s determined.

The method of anv one of claims 52-79, whercin the concentration of total igG and/or

IgM is determined.

The method of any one of claims 32-79, wherein the ratic of the concentration of IgG

autoantibodics to the concentration of the total IgG is determined.

The method of any one of claims 52-79, wherein the ratio of the concentration of IgM

autoantibodies to the concentration of the total IgM is determined.

A method of determining whether an mndividual has been exposed to a DNA damaging

agent, comprising:

{a} contacting a biclogical sample from the individual with the antibody of claim 1

and

{b)  determiming the concentration of the dimethviated antigen in the sample that
binds the antibody, wherein an increase in the concentration relative 1o a conirol

indicates that the individual has been exposed to a DNA damaging agent.

The method of claim 87, wherein the mcrease is above a threshold established by a

Receiver Operating Characteristic curve analysis for optimal specificity and sensitivity.
The method of claim 87, wherein the DNA damaging agent 1s radiation.

The method of claim 87, whersin the biclogical sample 18 selected from the group

consisting of whole blood, plasma, serum, saliva, urine, synovial fluid, cerebrospinal
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94.

98.

89,

160,

fluid, bronchial lavage, ascites fhiud, bone marrow aspirate, pleural effusion, tissue, cells,

a biopsy, interstitial fluid, and lymphatic fluid.
The method of claim 87, wherein the antibody comprises a label.

The method of claim 87, wherein the antibody 1s attached to a bead, microplate, column,

of resin.
The method of claim 87, wherein the concentration 1s deternuned via an ELISA.

The method of claim 87, wherein the antibody s at least 2-fold more specific for the
dimethvlated aotigen, than a monomethvlated antigen, wherein the monomethylated
antigen comprises a monomethylated lvsine residue, and wherein the lvsine residue

corresponds to K180 of a human histone H1.0 protemn.

The method of claim 87, wherein the antibody is at least 2-fold more specific for the
dimethvlated antigen, than a trunethylated aotigen, wherem the trimethylated antigen
comprises a trimethylated lysine residue, and wherein the lysine residue corresponds to

K180 of a human histone H1 .0 protein.

A method of deternuning whether an individual has been exposed to a DNA damaging

agent, comprising;

{a) contacting a biological sample from the individual with a protein or peptide of
claim 16; and

{b) determining the concentration of autoantibodics in the sample that bind the
protein or peptide, wherein an increase in the concentration relative to a control

indicates that the individual has been exposed to a DNA damaging agent.

The method of claim 96, wherein the increase is above a threshold established by a
Receiver Operating Characteristic curve analysis for optimal specificity and sensitivity.
The method of claim 96, comprising deterouning the concentration of IgM
autoantibodies in the sample that bind the protein or peptide.

The method of claim 96, comprising determining the concentration of IgG autoantibodies

in the sample that bind the protein or peptide.

The method of claim 96, wherein the DNA damaging agent is radiation.
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165.

166.
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110.

The method of claim 96, wherein the biclogical sample 18 selected from the group
consisting of whole blood, plasma, serum, saliva, uring, synovial fhud, cercbrospinal
fhuid, bronchial lavage, ascites fluid, bone marrow aspirate, pleural etfusion, tissue, cells,

a biopsv, interstitial fluid, and lymphatic fluid.
The method of claim 96, wherein the protein or peptide comprises a label.

The method of claim 96, wherein the protein or peptide is attached to a bead, microplate,

cohumn, ¢r resin.

The method of claim 96, wherein the concentration is determined via an ELISA.

The method of claim 96, wherem the peptide comprises any one of the sequences of SEQ

iD NOS§:3-35.

The method of claim 1035, wherein the peptide comprises the sequence of SEQ 1D NG:3.

The method of claim 96, wherein the protein comprises the sequence of SEQ ID NG:2.

A method of determining whether an individual receiving treatment with a rapalogue is

responsive to such treatment, comprising:

{a} contacting a biological sample from the individual with the antibody of claim 1;

{b}) determining the concentration of the dimethyiated antigen in the sample that
binds the antibody; and

{¢} deternmining whether the individual is responsive to treatment, wherein a decrease

i the concentration relative to a control indicates that the mdividual is

TESponsIve.
The method of claim 108, wherein the decrease is below a threshold established by a

Receiver Operating Characteristic curve analysis for optimal specificity and sensitivity.

The method of claim 108, wherein the rapalogue 1s selected from the group consisting of
Rapamycin, Sirolimus, Rapamune, Everchimos, RA 001, Afinitor, Zortress,
Temsirolimus, CCI-779, Tonsel, Ridaforolimus, AP23573, MK-8669, Deforolimus,
Zotarolimus, ABT-578, AZDB0O55, AZD2014, OS1-027, MLNO128, WYE-132, Tonnl,
PI-103, P7170, PF-04691502, PF-05212384, PKI-387, GNE477, PKI-180, WIDGO0S,
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113.

1i4.

115,

116,

117,

XL765, SAR245409, NVP-BEZ235, BGT226, SF1126, GSK2126458, Ku-0063794,
WY E-354, NVP-BEZ235, PF-05212384, XL.765, Torin 2, WYE-125132, and OSI1-027. .

The method of claim 108, wherein the biological sample is selected from the group
consisting of whole blood, plasma, serum, sabiva, uring, syvnovial fhuid, cercbrospinal
fluid, bronchial lavage, ascites fhud, bone marrow aspirate, pleural effusion, tissue, cells,

a biopsy, interstitial fluid, and lymphatic fluid.
The method of claim 108, whergin the antibody comprises a label.

The method of claim 108, wherein the antibody is attached fo a bead, microplate,

column, or resin.
The method of claim 108, wherein the concentration 1s determined via an ELISA.

The method of claim 108, wherein the antibody s at least 2-fold more specific for the
dimethylated antigen, than a monomethylated antigen, wherein the monomethvlated
antigen comprises a monomethylated lvsine residue, and wherein the lysine residue

corresponds to K180 of a human histone H1.0 protein.

The method of claim 108, wherein the antibody 1s at least 2-fold more specific for the
dimethylated antigen, than a trimethylated antigen, wherein the trimethylated antigen
comprises a trimethylated lysine residue, and wherein the lysine residue corresponds to

K180 of a human histone H1.0 protein.

A method of deternuning whether an individual receiving treatment with a rapalogue is

'esponsive 1o such treatment, comprising:

{a} contacting a biological sample from the individaal with a protein or peptide of
claim 16;

{b) determining the concentration of autoantibodics in the sample that bind the

protein or peptide; and

{¢} deternmining whether the individual s responsive to treatment, wherein a change
i the concentration of autoantibodics relative to a control indicates that the

individual 1s responsive.
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The method of claim 117, wherein the change 1s with respeet to a threshold established
bv a Receiver Operating Characteristic curve analysis for optimal specificity and

sensitivity.

The method of claim 117, compnsing determining the concentration of IgM
autoantibodies in the sarple that bind the protein or peptide.

The method of clamm 117, comprising determining the concentration of IgG
autoantibodies in the sample that bind the protein or peptide.

The method of claim 117, wherein the rapalogue is selected from the group consisting of
Rapamycin, Sirolimus, Rapamune, Everolimus, RA 001, Afintor, Zortress,
Temsivolimus, CCI-779, Tonsel, Ridaforolimus, AP23573, MEK-5669, Deforolimus,
Zotarolimus, ABT-578, AZDB0SS, AZD2014, OSI-027, MLNG128, WYE-132, Tonni,
PI-103, P7170. PF-04691502, PF-05212384, PKI-387, GNE477, PKI-180, WID0OS,
X765, SARZ45409, NVP-BEZ235, BGT226, SF1126, GSK2i26458, Ku-0063794,
WYE-354, NVP-BEZ235, PF-05212384, XL765, Torin 2, WYE-125132, and (3SI1-027.
The method of claim 117, wherein the biological sample is selected from the group
consisting of whole blood, plasma, serum, saliva, unine, svaovial fluid, cercbrospinal
fluid, bronchial lavage, ascifes fhud, bone marrow aspirate, pleural effusion, tissue, cells,

a biopsy, interstitial fhiid, and lymphatic fluid.
The method of claim 117, wherein the protein or peptide comprises a label.

The method of claim 117, whergin the protein or peptide s attached to a bead,

microplate, column, or resin.
The method of claim 117, wherein the concentration 1s deternuned via an ELISA.

The method of claim 117, wherein the peptide comprises any one of the sequences of
SEQ ID NOS:3-35,

The method of claim 126, wherein the peptide comprises the sequence of SEQ 1D NO:3.
The method of claim 117, wherein the protein comprises the sequence of SEQ 1D NG:2.

A diagnostic kit comprising a proten or peptide of claim 16,
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147.

The kit of claim 129, wherein the peptide comprises the sequence selected from the

group consisting of SEQ 1D NOS: 3-35.

The kit of claim 130, wherein the protein or peptide comprises a label.

The kit of claim 131, wherein the protein or peptide s biotinyvlated.

The kit of claim 129, wherein the protein or peptide is attached to solid surface.

The kit of claim 133, wheremn the protein or peptide 1s attached a bead, microplate,

column, or resin.

The kit of claim 129, whercin the protein or peptide 15 provided for the detection of

H1 0K 180me?2 autcantibodies i a sample.
The kit of claim 130, wherein the protein or peptide is provided as a reference standard.
The kit of claim 129, wherein the kit further comprises an H1.0K180me? antibody.

The kit of claum 129, wherein the kit 1s used for the detection of Alzhemmer’s disease,

radiation exposure, exposure to a genotoxin, or exposure to a DNA damaging agent.
The kit of claim 129, wherein the kit is used for drug screening.

The kit of claim 129, wherein the kit is used for patient stratification.

The kit of clarm 129, wherein the kit is used for treatment selection,

A transdermal patch for measuring a concentration of a hypodermal target molecule,

comprising:

{a) a substrate comprising either (1) the antibody of claim 1; or {2} a protein or

peptide of claim 16; and
{b)  aphurality of micronecdles.
The patch of claim 142 wherein the substrate compnses the antibody of claim 1.
The patch of claim 143, wherein the antibody comprises a label.
The patch of claim 142, wherein the substrate comprises a protein or peptide of claim 16.
The patch of claim 145, wherein the peptide comprises a label.

The patch of claim 146, wherein the peptide 1s biotinviated.
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158.

159.

160.

161.

162,

The patch of claim 145, wherein the peptide comprises any one of the sequences of SEQ

1D NOS:3-35.

The patch of claim 148, wherein the peptide comprises the sequence of SEQ 1D NO:3,
The pateh of claim 142, wherein the protein comprises the sequence of SEQ 1D NO:2.
The patch of claim 142, wherein the patch is a transdermal microneedle array patch.
The patch of claim 142, wherein the substrate is elastically stretchable.

A portable unit for determining whether an individual has been exposed to radiation or a

DNA-~damaging agent, comprising:
{a} a sample collection umit;
{b) a reader;

{c} an assay module comprnsing either (1) the antibody of claim 1; or {2) a protein or

peptide of claim 16; and
{d)  aphurality of microneedles.
The unit of claim 153, wherein the substrate comprises the antibody of claim 1.
The unit of claim 154, wherein the antibody comprises a label.
The unit of claim 153, wherein the substrate comprises a protein or peptide of claim 16.
The unit of claim 153, wherein the protein or peptide comprises a label.
The unit of claim 157, wherein the protein or peptide is biotinviated.

The unit of claim 153, wherein the peptide comprises any one of the sequences of SEQ
1D NOS:3-35,

The unit of claim 153, wherein the peptide comprises the sequence of SEQ 1D NQO:3.
The unit of claim 153, wherein the protein comprises the sequence of SEQ D NG.2.

A test stop suttable for a lateral flow assay of an analvte, comprising a sample receiving
zone, wherein the sample receiving zone comprises either {13} the antibody of claim 1; or

{2} a protein or peptide of claim 16.
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168.
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176,

173.

174.

175.

The test strip of claim 162, wherein the receiving zone comprises the antibody of claim

1.
The test strip of claim 163, wherein the antibody comprises a label.

The test strip of claim 162, wherein the receiving zone comprises a protein or peptide of
claim 16,

The test strip of claim 162, wherein the protein or peptide comprises a label.

The test strip of claim 162, wherein the protein or peptide is bistinylated.

The test strip of claim 162, wherein the peptide comprises any one of the sequences of
SEQ D NOS:3-35.

The test strip of claim 168, wherein the peptide comprises the sequence of SEQ 1D NG:3.
The test strip of claim 162, wherein the protein compnises the sequence of SEQ D N(:2,
A method of treating a methvlated HI O-related disease or condition in an individual
comprising administering to the mdividual a therapeutically effective amount of an
antibody of any one of claims I-15.

The method of claim 171, wherein the disease or condition 1s selected from the group
consisting of Alzheimer’s discase, radiation exposure, exposure to a gonotoxic stressor, a
disease or condifion comprising the accumulation of senescent cells, and a disease or
condition accompanied by elevated levels of H1.0K180me2 proteins or peptides.

A method of treating a methylated HI O-related discase or condition in an imdividual
comprising administering to the individual a therapeutically effective amount of any one
of the proteins or peptides of claims 16-28.

The method of claim 173, wherein the discase or condition is selected from the group
consisting of Alzheimer’s disease, radiation exposure, exposure {0 a genotoxic stressor, a
disease or condition comprising the accumulation of senescent cells, or a disease or
condition accompanicd by elevated levels of H1.0K130me2 avtoantibodies.

A method of clearing H1.0K180me? in an individual comprising administering to the

individual a therapeutically effective amount of an antibody of any one of claimg 1-15.
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184,
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182.

The method of claim 173, wherein the mdividual suffers from a discase or condition
selected from the group consisting of Alzheimer’s disease, radiation exposure, exposuie
10 a genotoxin, exposure to a DNA damaging agent, and a condition comprising the

accumulation of senescent cells.

A method of clearing, blocking, or newtralizing H1.0K180me2 autoantibodies in an
mdividual comprising administering to the mdividual a therapeutically effective amount
of any one of the proteins or peptides of claims 16-28.

The method of ¢laim 177, wherein the mdividual suffers from a discase or condition
selected from the group consisting of Alzheimer’s disease, radiation cxposure, exposure
to a genotoxic stressor, a disease or condition comprising the accumulation of sencscent
cells, and a disease and condition accompanied by elevated levels of H1.0K180me2

autoantibodies.

A pharmaceutical composition comprising any one of the antibodies, proteins or peptides

of 1-28 and a pharmaceutically acceptable excipient.
The composttion of claim 179, wherein the composition is sterile.

A kit comprising any one of the antibodies, protein, peptides, or compositions of claims

1-28 or 179-180.

An article of manufacture comprising any one of the compositions of claims 1-28 or 179-

181
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