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(57) Abstract: The present invention provides assays, methods and compositions for selecting a treatment regimen for a patient hav -
ing depression or at risk for depression and/or treating at least one symptom of depression in the subject, based on the recognition
that specific combinations of single nucleotide polymorphisms (SNPs) are associated with a therapeutic response to a folate-com-
prising compound. Provided herein are also methods for improving the effectiveness of an antidepressant drug administered to a sub-
ject with depression or at risk for depression by administering an adjunctive therapy of a folate-comprising compound to the subject
if the subject carries a specific combination of SNPs that are predictive of a therapeutic response. Furthermore, provided herein are
compositions of the folate-comprising compound.
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ASSAYS AND METHODS FOR SELECTING A TREATMENT
REGIMEN FOR A SUBJECT WITH DEPRESSION

CROSS-REFERENCES TO RELATED APPLICATIONS
[0001] This application claims priority to U.S. Patent Application No: 13/796,362, filed
March 12, 2013, U.S. Provisional Application No: 61/777,650, filed March 12, 2013 and U.S.
Provisional Application No: 61/914,338, filed December 10, 2013, the disclosures of which

are hereby incorporated by reference in their entireties for all purposes.

REFERENCE TO A “SEQUENCE LISTING,” A TABLE, OR A COMPUTER
PROGRAM LISTING APPENDIX SUBMITTED AS AN ASCII TEXT FILE
[0001] The Sequence Listing written in file SEQ LISTING 95768-902165.TXT, created on

March 11, 2014, 37,509 bytes, machine format IBM-PC, MS-Windows operating system, is

hereby incorporated by reference in its entirety for all purposes.

BACKGROUND OF THE INVENTION
[0002] Recent estimates indicate that more than 19 million Americans over the age of 18
experience a depressive illness each year. It has been generally believed that there is an

association between folate-deficiency states and depression.

[0003] The role of folate in central-nervous-system function has been investigated,
including the role of folate in the one-carbon cycle that furnishes SAMe, the principal methyl
donor for a broad range of reactions involving the synthesis of neuroactive substances, the
formation of membrane phospholipids, and the metabolism of nucleic acids. The evidence
suggests that folate can affect depression. When administered in parenteral and certain oral
forms, SAM has been reported in European studies to have antidepressant efficacy greater
than placebo and comparable to that of tricyclic antidepressants. Folate also appears to
influence the rate of synthesis of tetrahydrobiopterin, a cofactor in the hydroxylation of
phenylalanine and tryptophan, rate-limiting steps in the biosynthesis of dopamine,
norepinephrine, and serotonin, neurotransmitters postulated to play a role in the pathogenesis
of depression. In addition, methyltetrahydrofolate (MTHF) has been shown to bind to

presynaptic glutamate receptors, where it may potentially modulate the release of other
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neurotransmitters, including the monoamines. Elevated levels of homocysteine, resulting
from folate deficiency, can play a role in mediating some of its neuropsychiatric
complications by both generating elevated levels of S-adenosyl-homocysteine (SAH), which
broadly inhibits methylation reactions, and also possibly exerting direct excitoxic effects via

activity at the N-methyl-aspartate glutamate receptors.

[0004] Neuropsychiatric and depressive symptoms, including apathy, fatigue, insomnia,
irritability, and impaired concentration, have been discussed in clinical descriptions of folate-
deficiency states associated with malabsorption, anticonvulsant-treated epilepsy,
megaloblastic anemia, and dietary folate restriction. Previous studies have reported that as
many as one-third of patients among psychiatric cohorts, mainly from the United Kingdom,
exhibited low or deficient serum folate values, with generally comparable findings in the few
studies that have assessed red blood cell (RBC) folate as a more accurate reflection of tissue
folate stores. In the subset of the studies in which depressed patients were compared with
psychiatric or non-psychiatric control subjects, depressed patients were reported to have
serum folate, RBC folate [21], or serum methyltetrahydrofolate (MTHF) levels that were
lower than levels in all other groups except for patients with alcoholism who had a similar
prevalence of low folate. Furthermore, low serum or RBC folate and serum MTHF were

often associated with greater symptom severity among depressed patients.

[0005] While significant advances in the treatment of depression have been made in the
past decade, as many as 29% to 46% of patients with depression taking an antidepressant are
still partially or totally resistant to the treatment. In addition, those who suffer from
treatment-resistant depression have almost no alternatives. Approximately 50% of MDD
patients receiving antidepressant drug have no response or partial response. The presence of
residual symptoms is also associated with a higher risk of recurrence, more chronic
depressive episodes and a shorter duration between episodes. Guidelines for treatment
recommend four possible strategies for managing non-response or partial response including:
increasing the dose of the antidepressant drug; replacing the drug with a different
antidepressant drug; augmenting the antidepressent therapy with a non-antidepressant agent;
or combining the initial antidepressant with a second antidepressant. As not every treatment
regimen is effective for each individual, there is a strong need to identify predictive markers
that can facilitate selection of an appropriate and effective treatment regimen for a subject

with depression.
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BRIEF SUMMARY OF THE INVENTION
[0006] A significant portion of patients with depression, such as major depressive
disorders, show only partial or no response to conventional antidepressant drugs, e.g.,
selective serotonin reuptake inhibitors. Thus, there is a strong need to develop effective
antidepressant therapies and/or to stratify patients with depression such that they can receive
appropriate antidepressant therapies. Aspects of various embodiments described herein stem
from the discovery of single nucleotide polymorphisms (SNPs), peripheral biomarkers and/or
clinical features that are associated with an efficacy response to the use of a folate-containing
compound for treatment of depression, e.g., major depressive disorders, as a monotherapy or
as an adjunct to an antidepressant drug. In some embodiments, the inventors have also
shown that these markers or conditions described herein can also be used to select a more
effective treatment for subjects with treatment-resistant depression (TRD), e.g., resistant to at

least one selective serotonin reuptake inhibitor (SSRI).

[0007] Particularly, one or a combination of biomarkers that can be indicative of a patient
(e.g., with major depressive disorders and/or TRD) suitable for a treatment regimen
comprising a folate-containing compound include, but are not limited to, at least one or more
SNPs identified by rs numbers as follows: rs1801133 present in methylenetetrahydrofolate
reductase (MTHFR); 1s2274976 present in MTHFR; rs1805087 present in methionine
synthase (MTR); rs1801394 present in methionine synthase reductase (MTRR); rs 1006737
present in calcium channel, voltage-dependent, L-type, alpha 1C subunit (CACNA1C);

rs 1883729 present in DNA (cytosine-5)-methyltransferase 3 beta (DNMT3B); rs7163862
present in GTP cyclohydrolase 1 feedback regulatory protein (GCHFR); rs12659 present in
reduced folate carrier protein (RCF2); 15202676 present in folate hydrolase (prostate-specific
membrane antigen) (FOLHI); 152297291 present in reduced folate carrier protein (RCF1);
rs1051266 present in reduced folate carrier protein 1 (RCF1); rs8007267 present in GTP
cyclohydrolase 1 (GCHI); 1s7639752 present in choline-phosphate cytidylytransferase A
(PCYT1A); rs6275present in dopamine receptor D2 (DRD2); rs1079596 present in DRD2;
rs11240594 present in DRD2; rs4633 present in catechol-O-methyltransferase (COMT);
1rs4680 present in COMT; rs250682 present in dopamine active transporter (DAT, or
SLC6A3); 152277820 present in formiminotransferase cyclodeaminase (FTCD); rs2236225
present in methylenetetrahydrofolate dehydrogenase (NADP+ dependent) 1 (MTHFD1); and

any combinations thereof, and/or expression of at least one of s-adenosyl methionine (SAM),
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s-adenosyl homocysteine (SAH), 4-hydroxynonenal (4-HNE), high sensitivity c-reactive
protein (hsCRP), and any combinations thereof. Additionally or alternatively, determination
of whether a human subject is obese or not (e.g., by measurement of a BMI value) can also be
used as a biomarker to select an appropriate treatment regimen (e.g., comprising a folate-
containing compound or not) for a patient with depression or a risk for depression. Any
individual or combinations of such biomarkers disclosed herein can be used to identify
patients, who are diagnosed as having depression or having a risk for depression, for
receiving a treatment regimen comprising a folate-containing compound. In some
embodiments, a folate-containing compound can be used in the absence of an anti-depressant
drug for treatment of depression (e.g., major depressive disorders) in subjects selected for
carrying at least one or more biomarkers described herein. In alternative embodiments, a
folate-containing compound can be used alone or in combination (e.g., as an adjunct) with an
anti-depressant drug for treatment of depression (e.g., major depressive disorders) in subjects
selected for carrying at least one or more biomarkers described herein. n one embodiment,
the anti-depressant drug can include a selective serotonin reuptake inhibitor (SSRI).
Examples of the SSRI include, but are not limited to, fluoxetine, citalopram, paroxetine,

escitalopram, sertraline, and any combinations thereof.

[0008] Accordingly, provided herein relate to assays, methods, systems, and kits for
selecting a treatment regimen for a subject with depression or a risk for depression, treating a
subject with depression or a risk for depression, and/or improving the effectiveness of a
treatment regimen recommended for or administered to a subject with depression or a risk for
depression. Provided herein also relate to folate-comprising compositions for use in
treatment of depression in a subject (e.g., a human subject) selected to carry at least one (e.g.,

at least two or more) or any combinations of the biomarkers or conditions described herein.

[0009] In one aspect, provided herein is a method for treating at least one symptom of
depression in a human subject. The method comprises administering a composition
comprising an effective amount of a folate-comprising compound to a human subject, who is
diagnosed to have depression or have a risk for depression, and is further determined to carry

a combination of at least two of the following biomarkers:

i.  a SNP at position 677 of SEQ ID NO: 1 or position 27 of SEQ ID NO:
7 (identified by rs1801133) comprising at least one thymine “T” allele
or the complement thercof, wherein the SEQ ID NO: 1 and SEQ ID
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NO: 7 are each independently a portion of a genomic nucleic acid
sequence of methylenetetrahydrofolate reductase (MTHFR);

a SNP at position 2756 of SEQ ID NO: 2 or position 27 of SEQ ID
NO: 9 (identified by rs1805087) comprising at least one guanine “G”
allele or the complement thereof, wherein the SEQ ID NO: 2 and SEQ
ID NO: 9 are each independently a portion of a genomic nucleic acid
sequence of methionine synthase (MTR),

a SNP at position 1793 of SEQ ID NO: 1 or position 27 of SEQ ID
NO: 8 (identified by rs2274976) comprising at least one adenine “A”
allele or the complement thereof, wherein the SEQ ID NO: 1 and SEQ
ID NO: 8 are each independently a portion of a genomic nucleic acid
sequence of methylenetetrahydrofolate reductase (MTHFR);

a SNP at position 66 of SEQ ID NO: 3 or position 27 of SEQ ID NO:
10 (identified by rs1801394) comprising at least one guanine "G" allele
or the complement thercof, wherein the SEQ ID NO: 3 and SEQ ID
NO: 10 are each independently a portion of a genomic nucleic acid
sequence of methionine synthase reductase (MTRR);

a SNP at position 27 of SEQ ID NO: 11 (identified by rs1006737)
comprising at least one adenine “A” allele or the complement thercof,
wherein the SEQ ID NO: 11 is a portion of a genomic nucleic acid
sequence of calcium channel, voltage-dependent, L type, alpha 1C
subunit (CACNAI1C);

a SNP at position 27 of SEQ ID NO: 12 (identified by rs1883729)
comprising at least one adenine “A” allele or the complement thercof,
wherein the SEQ ID NO: 12 is a portion of a genomic nucleic acid
sequence of DNA (cytosine-5)-methyltransferase 3 beta (DNMT3B);
a SNP at position 27 of SEQ ID NO: 13 (identified by rs7163862)
comprising at least one thymine “T” allele or the complement thereof,
wherein the SEQ ID NO: 13 is a portion of a genomic nucleic acid
sequence of GTP cyclohydrolase 1 feedback regulatory protein
(GCHFR);

a SNP at position 27 of SEQ ID NO: 14 (identified by rs12659)

comprising two thymine “T” allele or the complement thereof, wherein
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the SEQ ID NO: 14 is a portion of a genomic nucleic acid sequence of
reduced folate carrier protein (RCF2);

a SNP at position 27 of SEQ ID NO: 15 (identified by rs202676)
comprising at least one guanine “G” allele or the complement thereof,
wherein the SEQ ID NO: 15 is a portion of a genomic nucleic acid
sequence of folate hydrolase (prostate-specific membrane antigen) 1
(FOLH1);

a SNP at position 27 of SEQ ID NO: 16 (identified by rs2297291)
comprising two adenine “A” alleles or the complement thereof,
wherein the SEQ ID NO: 16 is a portion of a genomic nucleic acid
sequence of reduced folate carrier protein (RCF1);

a SNP at position 27 of SEQ ID NO: 17 (identified by rs1051266)
comprising two adenine “A” alleles or the complement thereof,
wherein the SEQ ID NO: 17 is a portion of a genomic nucleic acid
sequence of reduced folate carrier protein (RCF1);

a SNP at position 27 of SEQ ID NO: 18 (identified by rs8007267)
comprising at least one thymine “T” allele or the complement thereof,
wherein the SEQ ID NO: 18 is a portion of a genomic nucleic acid
sequence of GTP cyclohydrolase 1 (GCH1);

a SNP at position 27 of SEQ ID NO: 19 (identified by rs7639752)
comprising at least one adenine “A” allele or the complement thereof,
wherein the SEQ ID NO: 19 is a portion of a genomic nucleic acid
sequence of choline-phosphate cytidylyltransferase A (PCYT1A);

a SNP at position 27 of SEQ ID NO: 20 (identified by rs6275)
comprising two thymine “T” alleles or the complement thereof,
wherein the SEQ ID NO: 20 is a portion of a genomic nucleic acid
sequence of dopamine receptor D2 (DRD2);

a SNP at position 27 of SEQ ID NO: 21 (identified by rs1079596)
comprising at least one thymine “T” allele or the complement thereof,
wherein the SEQ ID NO: 21 is a portion of a genomic nucleic acid
sequence of dopamine receptor D2 (DRD2);

a SNP at position 27 of SEQ ID NO: 22 (identified by rs11240594)

comprising at least one adenine “A” allele or the complement thercof,
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wherein the SEQ ID NO: 22 is a portion of a genomic nucleic acid
sequence of dopamine receptor D2 (DRD2);

a SNP at position 27 of SEQ ID NO: 23 (identified by rs4633)
comprising two cytosine “C” alleles or the complement thercof,
wherein the SEQ ID NO: 23 is a portion of a genomic nucleic acid
sequence of catechol-O-methyltransferase (COMT);

a SNP at position 27 of SEQ ID NO: 24 (identified by rs4680)
comprising two guanine “G” alleles or the complement thereof,
wherein the SEQ ID NO: 24 is a portion of a genomic nucleic acid
sequence of catechol-O-methyltransferase (COMT);

a SNP at position 27 of SEQ ID NO: 25 (identified by rs250682)
comprising at least one cytosine “C” allele or the complement thereof,
wherein the SEQ ID NO: 25 is a portion of a genomic nucleic acid
sequence of solute carrier family 6 (neurotransmitted transported,
dopamine), member 3 (SLC6A3);

a SNP at position 27 of SEQ ID NO: 26 (identified by rs2277820)
comprising at least one thymine “T” allele or the complement thereof,
wherein the SEQ ID NO: 26 is a portion of a genomic nucleic acid
sequence of formiminotransferase cyclodeaminase (FTCD);

a SNP at position 27 of SEQ ID NO: 27 (identified by rs2236225)
comprising at least one adenine “A” allele or the complement thercof,
wherein the SEQ ID NO: 27 is a portion of a genomic nucleic acid
sequence of methylenetetrahydrofolate dehydrogenase (NADP+
dependent) 1 (MTHFD1);

obesity;

an expression ratio of SAM to SAH smaller than a pre-determined
reference ratio;

an expression of 4-HNE greater than a first pre-determined reference
value; and

an expression of hsCRP greater than a second pre-determined

reference value,

based on the recognition that the combination of said at least two of the biomarkers is

associated with positive-symptom-reducing response to the folate-comprising compound.
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[0010] In some embodiments, the combination of said at least two biomarkers comprises

the following:

i. a SNP at position 677 of SEQ ID NO: 1 or position 27 of SEQ ID NO:
7 (identified by rs1801133) comprising at least one thymine “T” allele
or the complement thercof, wherein the SEQ ID NO: 1 and SEQ ID
NO: 7 are each independently a portion of a genomic nucleic acid

sequence of methylenetetrahydrofolate reductase (MTHFR); and

ii. a SNP at position 2756 of SEQ ID NO: 2 or position 27 of SEQ ID
NO: 9 (identified by rs1805087) comprising at least one guanine “G”
allele or the complement thereof, wherein the SEQ ID NO: 2 and SEQ
ID NO: 9 are each independently a portion of a genomic nucleic acid

sequence of methionine synthase (MTR).

[0011] In some embodiments, the combination of said at least two biomarkers further
comprises at least one of the biomarkers (iii)-(xxv) described herein. In other embodiments,

the obesity is characterized by at least one of the following obesity indicators:

a. a BMI value greater than 30 kg/m2;

b. a waist circumference greater than 40 inches (or greater than 120 cm)
in men, or greater than 35 inches (or greater than 88 cm) in women;

c. a waist-hip ratio above 0.95 for men or above 0.80 for women; and

d. a body fat percentage of at least about 25% in men or at least about
32% in women.
[0012] In some embodiments, the method further comprises assaying a biological sample

obtained from the subject for determination of the presence of said at least two biomarkers.

[0013] In some embodiments, the biological sample comprises a sample selected from a
blood sample, a urine sample, a buccal sample, a saliva sample or a cerebrospinal fluid

sample.

[0014] In some embodiments, the assaying comprises amplifying the biological sample
with at least one set of primers flanking any one of the SNPs. In some instances, at least two
sets of primers amplifying at least two of the SNPs are used in a multiplex amplification
assay. In other embodiments, the assaying comprises separating and/or detecting the

presence of SAM, SAH, 4-HNE, hsCRP or any combinations thereof in the biological sample
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with gas chromatography, mass spectrometry, high performance liquid chromatography,
nuclear magnetic resonance (NMR) spectroscopy, an enzyme-coupled-assay, or any

combinations thereof.

[0015] In some embodiments, the pre-determined reference ratio of SAM/SAH is a control
ratio of SAM/SAH as measured in a biological sample of normal healthy subjects. In some
embodiments, the control ratio of SAM/SAH as measured in a serum sample of the normal
healthy subjects ranges from about 4 to about 12. In certain embodiments, the pre-
determined reference ratio of SAM/SAH is about 3.0 as measured in a plasma sample. In
some embodiments, the first pre-determined reference value of 4-HNE is a control value of 4-
HNE as measured in a biological sample of normal healthy subjects. In some embodiments,
the control value of 4-HNE as measured in a serum sample of the normal healthy subjects is
about 0.24 pumol per liter of serum (or about 0.04 mg per liter of serum). In other
embodiments, the first pre-determined reference value of 4-HNE is about 3 mg per liter of
plasma as measured in a plasma sample. In some embodiments, the second pre-determined
reference value of hsCRP is a control value of hsCRP as measured in a biological sample of
normal healthy subjects. In other embodiments, the control value of hsCRP as measured in a
serum sample of the normal healthy subjects ranges from about 0.5 mg per liter of serum to
about 4.5 mg per liter of serum. In some embodiments, the second pre-determined reference

value of hsCRP is about 2.3 mg per liter of plasma as measured in a plasma sample.

[0016] Insome embodiments, the method further comprises determining a body
measurement of the subject. In some instances, the body measurement comprises weight,
height, waist circumference, hip circumference, body fat percentage, or any combinations

thereof.

[0017] Insome embodiments, the effective amount of the folate-comprising compound is

about 7.5 mg/day to about 50 mg/day.

[0018] In some embodiments, the effective amount of the folate-comprising compound is
administered as a single daily dose. In other embodiments, the effective amount of the folate-

comprising compound is administered in more than one divided doses per day.

[0019] In some embodiments, the administration is oral.
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[0020] Insome embodiments, the composition is formulated to release at least a portion of
the folate-comprising compound over a period of at least about 3-6 hours, upon the

administration of the composition. In some instances, the release is a steady-state release.

[0021] In some embodiments, the method further comprises administering to the subject an
anti-depressant drug. In some instances, the administration of the anti-depressant drug in
combination with the folate-comprising compound increases the effectiveness of the anti-
depressant drug. In some embodiments, the anti-depressant drug comprises a selective
serotonin reuptake inhibitor. In some instances, the selective serotonin reuptake inhibitor is
selected from the group consisting of fluoxetine, citalopram, paroxetine, escitalopram,

sertraline, and any combinations thereof.

[0022] In some embodiments, the method further selecting for the subject a treatment
comprising the folate-comprising compound, optionally administered in combination with the

anti-depressant drug.
[0023] In some embodiments, the depression is major depressive disorder.

[0024] In some embodiments, the subject who is diagnosed as having depression is
resistant to at least one antidepressant monotherapy. In some embodiments, the subject is an

adult subject.

[0025] In some embodiments, the at least one symptom of depression is selected from low
or depressed mood, anhedonia, low energy levels, guilt, decreased work and interests,
psychomotor retardation, agitation, psychic anxiety, somatic anxiety, general somatic

symptoms, reduced cognition or any combinations thereof.

[0026] In another aspect, provided herein is a method of improving the effectiveness of an
anti-depressant drug administered to a human subject. The method comprises administering
a composition comprising an effective amount of a folate-comprising compound, in
combination with the anti-depressant drug, to the human subject who is diagnosed to have
depression and is further determined to carry a combination of at least two of the following

biomarkers:

i. a SNP at position 677 of SEQ ID NO: 1 or position 27 of SEQ ID NO:
7 (identified by rs1801133) comprising at least one thymine “T” allele
or the complement thercof, wherein the SEQ ID NO: 1 and SEQ ID

10
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NO: 7 are each independently a portion of a genomic nucleic acid

sequence of methylenetetrahydrofolate reductase (MTHFR);

a SNP at position 2756 of SEQ ID NO: 2 or position 27 of SEQ ID
NO: 9 (identified by rs1805087) comprising at least one guanine “G”
allele or the complement thereof, wherein the SEQ ID NO: 2 and SEQ
ID NO: 9 are each independently a portion of a genomic nucleic acid

sequence of methionine synthase (MTR),

a SNP at position 1793 of SEQ ID NO: 1 or position 27 of SEQ ID
NO: 8 (identified by rs2274976) comprising at least one adenine “A”
allele or the complement thereof, wherein the SEQ ID NO: 1 and SEQ
ID NO: 8 are each independently a portion of a genomic nucleic acid

sequence of methylenetetrahydrofolate reductase (MTHFR);

a SNP at position 66 of SEQ ID NO: 3 or position 27 of SEQ ID NO:
10 (identified by rs1801394) comprising at least one guanine "G" allele
or the complement thercof, wherein the SEQ ID NO: 3 and SEQ ID
NO: 10 are each independently a portion of a genomic nucleic acid

sequence of methionine synthase reductase (MTRR);

a SNP at position 27 of SEQ ID NO: 11 (identified by rs1006737)
comprising at least one adenine “A” allele or the complement thercof,
wherein the SEQ ID NO: 11 is a portion of a genomic nucleic acid
sequence of calcium channel, voltage-dependent, L type, alpha 1C

subunit (CACNAI1C);

a SNP at position 27 of SEQ ID NO: 12 (identified by rs1883729)
comprising at least one adenine “A” allele or the complement thercof,
wherein the SEQ ID NO: 12 is a portion of a genomic nucleic acid
sequence of DNA (cytosine-5)-methyltransferase 3 beta (DNMT3B);

a SNP at position 27 of SEQ ID NO: 13 (identified by rs7163862)
comprising at least one thymine “T” allele or the complement thereof,
wherein the SEQ ID NO: 13 is a portion of a genomic nucleic acid
sequence of GTP cyclohydrolase 1 feedback regulatory protein
(GCHFR);
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a SNP at position 27 of SEQ ID NO: 14 (identified by rs12659)
comprising two thymine “T” allele or the complement thereof, wherein
the SEQ ID NO: 14 is a portion of a genomic nucleic acid sequence of

reduced folate carrier protein (RCF2);

a SNP at position 27 of SEQ ID NO: 15 (identified by rs202676)
comprising at least one guanine “G” allele or the complement thereof,
wherein the SEQ ID NO: 15 is a portion of a genomic nucleic acid
sequence of folate hydrolase (prostate-specific membrane antigen) 1

(FOLHI);

a SNP at position 27 of SEQ ID NO: 16 (identified by rs2297291)
comprising two adenine “A” alleles or the complement thereof,
wherein the SEQ ID NO: 16 is a portion of a genomic nucleic acid

sequence of reduced folate carrier protein (RCF1);

a SNP at position 27 of SEQ ID NO: 17 (identified by rs1051266)
comprising two adenine “A” alleles or the complement thereof,
wherein the SEQ ID NO: 17 is a portion of a genomic nucleic acid

sequence of reduced folate carrier protein (RCF1);

a SNP at position 27 of SEQ ID NO: 18 (identified by rs8007267)
comprising at least one thymine “T” allele or the complement thereof,
wherein the SEQ ID NO: 18 is a portion of a genomic nucleic acid

sequence of GTP cyclohydrolase 1 (GCH1);

a SNP at position 27 of SEQ ID NO: 19 (identified by rs7639752)
comprising at least one adenine “A” allele or the complement thercof,
wherein the SEQ ID NO: 19 is a portion of a genomic nucleic acid

sequence of choline-phosphate cytidylyltransferase A (PCYT1A);

a SNP at position 27 of SEQ ID NO: 20 (identified by rs6275)
comprising two thymine “T” alleles or the complement thereof,
wherein the SEQ ID NO: 20 is a portion of a genomic nucleic acid
sequence of dopamine receptor D2 (DRD2);

a SNP at position 27 of SEQ ID NO: 21 (identified by rs1079596)

comprising at least one thymine “T” allele or the complement thereof,
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wherein the SEQ ID NO: 21 is a portion of a genomic nucleic acid

sequence of dopamine receptor D2 (DRD2);

a SNP at position 27 of SEQ ID NO: 22 (identified by rs11240594)
comprising at least one adenine “A” allele or the complement thercof,
wherein the SEQ ID NO: 22 is a portion of a genomic nucleic acid
sequence of dopamine receptor D2 (DRD2);

a SNP at position 27 of SEQ ID NO: 23 (identified by rs4633)
comprising two cytosine “C” alleles or the complement thercof,
wherein the SEQ ID NO: 23 is a portion of a genomic nucleic acid
sequence of catechol-O-methyltransferase (COMT);

a SNP at position 27 of SEQ ID NO: 24 (identified by rs4680)
comprising two guanine “G” alleles or the complement thereof,
wherein the SEQ ID NO: 24 is a portion of a genomic nucleic acid
sequence of catechol-O-methyltransferase (COMT);

a SNP at position 27 of SEQ ID NO: 25 (identified by rs250682)
comprising at least one cytosine “C” allele or the complement thereof,
wherein the SEQ ID NO: 25 is a portion of a genomic nucleic acid
sequence of solute carrier family 6 (neurotransmitted transported,

dopamine), member 3 (SLC6A3);

a SNP at position 27 of SEQ ID NO: 26 (identified by rs2277820)
comprising at least one thymine “T” allele or the complement thereof,
wherein the SEQ ID NO: 26 is a portion of a genomic nucleic acid

sequence of formiminotransferase cyclodeaminase (FTCD);

a SNP at position 27 of SEQ ID NO: 27 (identified by rs2236225)
comprising at least one adenine “A” allele or the complement thercof,
wherein the SEQ ID NO: 27 is a portion of a genomic nucleic acid
sequence of methylenetetrahydrofolate dehydrogenase (NADP+
dependent) 1 (MTHFD1);

obesity;

an expression ratio of SAM to SAH smaller than a pre-determined

reference ratio;
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xxiv. an expression of 4-HNE greater than a first pre-determined reference

value; and

xxv. an expression of hsCRP greater than a second pre-determined

reference value,

based on the recognition that the combination of said at least two of the biomarkers is
associated with increasing the effectiveness of the anti-depressant drug when administered

in combination with the folate-comprising compound.

[0027] In some embodiments, the combination of said at least two biomarkers comprises

the following:

i.  a SNP at position 677 of SEQ ID NO: 1 or position 27 of SEQ ID NO:
7 (identified by rs1801133) comprising at least one thymine “T” allele
or the complement thercof, wherein the SEQ ID NO: 1 and SEQ ID
NO: 7 are each independently a portion of a genomic nucleic acid
sequence of methylenetetrahydrofolate reductase (MTHFR); and

ii.  a SNP at position 2756 of SEQ ID NO: 2 or position 27 of SEQ 1D
NO: 9 (identified by rs1805087) comprising at least one guanine “G”
allele or the complement thereof, wherein the SEQ ID NO: 2 and SEQ
ID NO: 9 are each independently a portion of a genomic nucleic acid
sequence of methionine synthase (MTR).

[0028] In some embodiments, the combination of said at least two biomarkers further

comprises at least one of the biomarkers (iii)-(xxv) described herein.

[0029] In some embodiments, the obesity is characterized by at least one of the following

obesity indicators:

a) a BMI value greater than 30 kg/m?;
b) a waist circumference greater than 40 inches (or greater than 120 cm)
in men, or greater than 35 inches (or greater than 88 cm) in women;
¢) a waist-hip ratio above 0.95 for men or above 0.80 for women; and
d) abody fat percentage of at least about 25% in men or at least about
32% in women.
[0030] In some embodiments, the method further comprises assaying a biological sample

obtained from the subject for determination of the presence of said at least two biomarkers.
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[0031] In some embodiments, the biological sample comprises a sample selected from a
blood sample, a urine sample, a buccal sample, a saliva sample or a cerebrospinal fluid

sample.

[0032] Insome embodiments, the assaying comprises amplifying the biological sample
with at least one set of primers flanking any one of the SNPs. In some instances, at least two
sets of primers amplifying at least two of the SNPs are used in a multiplex amplification
assay. In other embodiments, the assaying comprises separating and/or detecting the
presence of SAM, SAH, 4-HNE, hsCRP or any combinations thereof in the biological sample
with gas chromatography, mass spectrometry, high performance liquid chromatography,
nuclear magnetic resonance (NMR) spectroscopy, an enzyme-coupled-assay, or any

combinations thereof.

[0033] In some embodiments, the pre-determined reference ratio of SAM/SAH is a control
ratio of SAM/SAH as measured in a biological sample of normal healthy subjects. In some
instances, the control ratio of SAM/SAH as measured in a serum sample of the normal
healthy subjects ranges from about 4 to about 12. In some embodiments, the pre-determined

reference ratio of SAM/SAH is about 3.0 as measured in a plasma sample.

[0034] In some embodiments, the first pre-determined reference value of 4-HNE is a
control value of 4-HNE as measured in a biological sample of normal healthy subjects. In
some instances, the control value of 4-HNE as measured in a serum sample of the normal
healthy subjects is about 0.24 umol per liter of serum (or about 0.04 mg per liter of serum).
In other embodiments, the first pre-determined reference value of 4-HNE is about 3 mg per

liter of plasma as measured in a plasma sample.

[0035] In some embodiments, the second pre-determined reference value of hsCRP is a
control value of hsCRP as measured in a biological sample of normal healthy subjects. In
some instances, the control value of hsCRP as measured in a serum sample of the normal
healthy subjects ranges from about 0.5 mg per liter of serum to about 4.5 mg per liter of
serum. In some embodiments, the second pre-determined reference value of hsCRP is about

2.3mg per liter of plasma as measured in a plasma sample.

[0036] Insome embodiments, the method comprises determining a body measurement of
the subject. In some instances, the body measurement comprises weight, height, waist

circumference, hip circumference, body fat percentage, or any combinations thereof.
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[0037] Insome embodiments, the effective amount of the folate-comprising compound is
about 7.5 mg/day to about 50 mg/day. In some instances, the effective amount of the folate-
comprising compound is administered as a single daily dose. In other instances, the effective
amount of the folate-comprising compound is administered in more than one divided doses

per day. In some embodiments, the administration is oral.

[0038] Insome embodiments, the composition is formulated to release at least a portion of
the folate-comprising compound over a period of at least about 3-6 hours, upon the

administration of the composition. In some instances, the release is a steady-state release.

[0039] In some embodiments, the anti-depressant drug comprises a selective serotonin
reuptake inhibitor. In some instances, the selective serotonin reuptake inhibitor is selected
from the group consisting of fluoxetine, citalopram, paroxetine, escitalopram, sertraline, and

any combinations thereof.

[0040] In some embodiments, the method further comprises selecting for the subject a
treatment comprising the folate-comprising compound administered in combination with the

anti-depressant drug.
[0041] In some embodiments, the depression is major depressive disorder.

[0042] In some embodiments, the subject who is diagnosed as having depression is
resistant to at least one antidepressant monotherapy. In some embodiments, the subject is an

adult subject.

[0043] In some embodiments, the method of improving the effectiveness of an anti-
depressant drug administered to a human subject results in improvement of at least one
symptom of depression selected from low or depressed mood, anhedonia, low energy levels,
guilt, decreased work and interests, psychomotor retardation, agitation, psychic anxiety,

somatic anxiety, general somatic symptoms, reduced cognition or any combinations thereof.

[0044] In another aspect, provided herein is a method of treating at least one symptom of
depression in a subject comprising administering a composition comprising an effective
amount of a folate-comprising compound to a subject, who is diagnosed to have, or have a
risk for depression, and is further determined to carry a SNP at position 2756 of SEQ ID NO:
2 or position 27 of SEQ ID NO: 9 (identified by rs1805087) comprising at least one guanine
"G" allele or the complement thereof, wherein the SEQ ID NO: 2 and SEQ ID NO: 9 are each

independently a portion of a genomic nucleic acid sequence of methionine synthase (MTR),
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based on the recognition that the presence of the SNP allele(s) is associated with positive-

symptom-reducing response to the folate-comprising compound.

[0045] In yet another aspect, provided herein is a method for selecting a treatment regimen

for a subject diagnosed with depression. The method comprising:

assaying a test sample from the subject for the presence of one of the
following SNPs:

(i) a SNP at position 2756 of SEQ ID NO: 2 or position 27 of SEQ ID
NO: 9 (identified by rs1805087) comprising at least one guanine “G”
allele or the complement thereof, wherein the SEQ ID NO: 2 and SEQ
ID NO: 9 are each independently a portion of a genomic nucleic acid
sequence of methionine synthase (MTR);

(i) a SNP at position 27 of SEQ ID NO: 23 (identified by rs4633)
comprising two cytosine "C" alleles or the complement thercof,
wherein the SEQ ID NO: 23 is a portion of a genomic nucleic acid
sequence of catechol-O-methyltransferase (COMT); or

(ii) a SNP at position 27 of SEQ ID NO: 24 (identified by rs4680)
comprising two guanine “G” alleles or the complement thereof,
wherein the SEQ ID NO: 24 is a portion of a genomic nucleic acid
sequence of catechol-O-methyltransferase (COMT); and

optionally administering to the subject a folate-comprising compound
(optionally in combination with an antidepressant drug), when the subject is determined to

carry one of the MTR, COMT (154633) and COMT (rs4680) SNP biomarkers.

[0046] In another aspect, provided herein is an assay for selecting a treatment regimen for a
human subject diagnosed as having depression or having a risk for depression. The assay

comprising:

(a) analyzing a sample from the subject to determine the genotype of at least
two genetic biomarkers selected from the group of methylenetetrahydrofolate reductase
(MTHFR), methionine synthase (MTR), GTP cyclohydrolase 1 (GCH1), catechol-O-
methyltransferase (COMT), and a combination thereof:

(b) detecting by genotyping for the presence or absence of a single nucleotide
polymorphism (SNP) in each of the at least two genetic biomarkers, wherein the presence of

the SNP is set forth as the following;:
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(1) a SNP at position 677 of SEQ ID NO: 1 or position 27 of SEQ ID NO: 7
as identified as rs1801133 comprising at least one thymine “T” allele for MTHFR,;

(i) a SNP at position 2756 of SEQ ID NO: 2 or position 27 of SEQ ID NO: 9
as identified as rs1805087 comprising at least one guanine “G” allele for MTR;

(iii) a SNP at position 27 of SEQ ID NO: 18 as identified as rs8007267
comprising at least one thymine “T” allele for GCH1;

(iv) a SNP at position 27 of SEQ ID NO: 24 as identified as rs4680
comprising two guanine “G” alleles for COMT; and

(c) selecting the treatment regimen comprising an effective amount of a

folate-comprising compound based on the presence of the SNPs.

[0047] In some embodiments, the assay further comprises administering the treatment

regimen.

[0048] In some embodiments, the at least two genetic biomarkers are the MTHFR and
MTR pair. In other embodiments, the at least two genetic biomarkers are the GCH1 and

COMT pair.

[0049] In some embodiments, step (a) further comprises determining at least one additional
condition selected from the group consisting of obesity, SAM/SAH ratio, level of 4-HNE,

level of hsCRP, and a combination thereof.

[0050] In some embodiments, step (b) further comprises detecting at least one of the

following conditions:

(i) an expression level ratio of SAM to SAH smaller than a pre-determined
reference ratio;

(i) an expression level of 4-HNE greater than a first pre-determined
reference value; and

(i) an expression level of hsCRP greater than a second pre-determined
reference value.
[0051] In some instances, obesity is determined, when any of the following conditions are
present in the subject: a BMI value is 30 kg/m” or greater, a waist circumference is greater
than 40 inches in men or greater than 35 inches in women,a waist-hip ratio is about 0.95 for
men or above 0.8 for women, or a body fat percentage of at least about 25% in men or at least

about 32% in women.
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[0052] In some instances, the pre-determined reference ratio of SAM/SAH is from about 4
to about 12 if measured in a serum sample from a normal, healthy subject. In other instances,
the pre-determined reference ratio of SAM/SAH is about 3.0 if measured in a plasma sample

from a normal, healthy subject.

[0053] In some instances, the first pre-determined reference value of 4-HNE is about 0.24
pumole per liter or about 0.04 mg per liter if measured in a serum sample from a normal,
healthy subject. In other instances, the first pre-determined reference value of 4-HNE is

about 3.0 mg per liter if measured in a plasma sample from a normal, healthy subject.

[0054] In some instances, the second pre-determined reference value of hsCRP is from
about 0.5 mg per liter to about 4.5 mg per liter if measured in a serum sample from a normal,
healthy subject. In other instances, the second pre-determined reference value of hsCRP is

about 2.3 mg per liter if measured in a plasma sample from a normal, healthy subject.

[0055] In some embodiments, the sample is selected from the group of a blood sample, a

serum sample, a plasma sample, a urine sample, a buccal sample, and a saliva sample.
[0056] In some embodiments, depression is major depressive disorder.

[0057] In some embodiments of the assay, the effective amount of the folate-comprising
compound is about 15 mg/day to about 50 mg/day. In other embodiments, the effective
amount of the folate-comprising compound is about 20 mg/day. In yet other embodiments,
the effective amount of the folate-comprising compound is about 40 mg/day. In some
instances, the folate-comprising compound is administered at about a 20 mg dose twice per

day.

[0058] In some embodiments, the treatment regimen further comprises an antidepressant
drug. In some instances, the antidepressant drug is a selective serotonin reuptake inhibitor
(SSRI). In some embodiments, the selective serotonin reuptake inhibitor is selected from the
group consisting of fluoxetine, citalopram, paroxetine, escitalopram, sertraline, or a

combination thereof.

[0059] In some embodiments, the subject has an inadequate response or is resistant to an

antidepressant monotherapy.
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[0060] In some embodiments, the step of detecting the presence or absence of the SNP
comprises a hybridization assay, an amplification assay, a primer extension assay, an

oligonucleotide ligation assay, a sequencing assay or a combination thereof.

[0061] In some embodiments, the step of detecting the condition comprises an
immunoassay, immunohistochemistry (IHC), gas chromatography (GC), mass spectrometry
(MS), high performance liquid chromatography (HPLC), nuclear magnetic resonance (NMR)

spectrometry, or flow cytometry.

[0062] In another aspect, provided herein is a method for treating at least one symptom of
depression in a human subject diagnosed as having depression or having a risk for

depression. The method comprising:

(a) analyzing a sample from the subject to determine the presence or absence
of at least one combination of at least two single nucleotide polymorphisms (SNPs) selected
from the group consisting of:

(1) a SNP at position 677 of SEQ ID NO: 1 or position 27 of SEQ ID NO: 7 as
identified as rs1801133 comprising at least one thymine “T” allele for MTHFR and a SNP at
position 2756 of SEQ ID NO: 2 or position 27 of SEQ ID NO: 9 as identified as rs1805087
comprising at least one guanine “G” allele for MTR; and

(i) a SNP at position 27 of SEQ ID NO: 18 as identified by rs8007267
comprising at least one thymine “T” allele for GCH1 and a SNP at position 27 of SEQ ID
NO: 24 as identified as rs4680 comprising two guanine “G” alleles for COMT, wherein the
presence of at least one combination is associated with a symptom-reducing response to a
folate-comprising compound; and

(b) administering a treatment regimen comprising an effective amount of the
folate-comprising compound to the subject to treat at least one symptom of depression.
[0063] Insome embodiments, the treatment regimen further comprises an antidepressant
drug. In some instances, the antidepressant drug is a selective serotonin reuptake inhibitor
(SSRI). In some embodiments, the selective serotonin reuptake inhibitor is selected from the
group consisting of fluoxetine, citalopram, paroxetine, escitalopram, sertraline, or a

combination thereof.

[0064] In some embodiments, the presence of at least one thymine “T” allele or the
complement thereof at rs1801133 and the presence of at least one guanine “G” alleles or the

complement thercof at rs1805087 are associated with a symptom-reducing response to the
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folate-comprising compound. In other embodiments, the presence of at least one thymine
“T” allele or the complement thereof at rs8007267 and the presence of two guanine “G”
alleles or the complement thercof at rs4860 are associated with a symptom-reducing response

to the folate-comprising compound.

[0065] In some embodiments, depression is major depressive disorder. In some
embodiments, the at least one symptom of depression is selected from the group consisting of
depressed mood, guilt, reduced work or interests, psychomotor retardation, agitation, psychic
anxiety, somatic anxiety, general somatic symptoms, cognition impairment, and a

combination thereof.

[0066] In some embodiments, the subject is obese. In some instances, obesity is
characterized by at least one of the following conditions present in the subject: a BMI value is
30 kg/m” or greater, a waist circumference is greater than 40 inches in men or greater than 35
inches in women,a waist-hip ratio is about 0.95 for men or above 0.8 for women, ora body fat

percentage of at least about 25% in men or at least about 32% in women.

[0067] Insome embodiments, the sample is selected from the group consisting of a blood
sample, a serum sample, a plasma sample, a urine sample, a buccal sample, and a saliva

sample.

[0068] In some embodiments of the method, the effective amount of the folate-comprising
compound is about 15 mg/day to about 50 mg/day. In other embodiments, the effective
amount of the folate-comprising compound is about 20 mg/day. In yet other embodiments,
the effective amount of the folate-comprising compound is about 40 mg/day. In some
instances, the folate-comprising compound is administered at about a 20 mg dose twice per

day.
[0069] In some embodiments, the folate-comprising compound is administered orally.
[0070] In some embodiments, the folate-comprising compound is L-methylfolate.

[0071] In some embodiments, the subject has an inadequate response or is resistant to

antidepressant monotherapy such as a SSRI.

[0072] In some embodiments, the method further comprises measuring the expression level
of at least one biomarker and determining whether the level of the biomarker(s) is associated

with a symptom-reducing response to a folate-comprising compound. In some instances, the
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additional biomarker is selected from the group consisting of SAM, SAH, 4-HNE, hsCRP

and a combination thereof.

[0073] In some embodiments, the subject is likely to have a symptom-reducing response to

the folate-comprising compound if one or more of the following conditions are met:

(a) an expression level ratio of SAM to SAH smaller than a pre-determined
reference ratio;

(b) an expression level of 4-HNE greater than a first pre-determined
reference value; and

(c) an expression level of hsCRP greater than a second pre-determined
reference value.
[0074] In some instances, the pre-determined reference ratio of SAM/SAH is from about 4
to about 12 if measured in a serum sample from a normal, healthy subject. In other instances,
the pre-determined reference ratio of SAM/SAH is about 3.0 if measured in a plasma sample

from a normal, healthy subject.

[0075] In some instances, the first pre-determined reference value of 4-HNE is about 0.24
wmole per liter or about 0.04 mg per liter if measured in a serum sample from a normal,
healthy subject. In other instances, the first pre-determined reference value of 4-HNE is

about 3.0 mg per liter if measured in a plasma sample from a normal, healthy subject.

[0076] In some instances, the second pre-determined reference value of hsCRP is from
about 0.5 mg per liter to about 4.5 mg per liter if measured in a serum sample from a normal,
healthy subject. In other instances, the second pre-determined reference value of hsCRP is

about 2.3 mg per liter if measured in a plasma sample from a normal, healthy subject.

[0077] In yet another aspect, provided herein is a method for improving the effectiveness of
an antidepressant drug administered to a human subject who is diagnosed as having

depression or having a risk for depression. The method comprising:

administering a therapeutic composition comprising an effective amount of a
folate-comprising compound in combination with the antidepressant drug if the subject is
carrying at least one of the following combinations of single nucleotide polymorphisms
(SNPs)

(1) a SNP at position 677 of SEQ ID NO: 1 or position 27 of SEQ ID NO: 7
as identified as rs1801133 comprising at least one thymine “T” allele for MTHFR and a SNP
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at position 2756 of SEQ ID NO: 2 or position 27 of SEQ ID NO: 9 as identified as rs1805087
comprising at least one guanine “G” allele for MTR; or

(i1) a SNP at position 27 of SEQ ID NO: 18 as identified by rs8007267
comprising at least one thymine “T” allele for GCH1 and a SNP at position 27 of SEQ ID
NO: 24 as identified as rs4680 comprising two guanine “G” alleles for COMT.

[0078] In some embodiments, the subject has received antidepressant monotherapy. In
some embodiments, the subject had an inadequate response to antidepressant monotherapy.
In some instances, the inadequate response is based on a clinical assessment (e.g.,

neuropsychological test).

[0079] In some embodiments, the antidepressant drug is a selective serotonin reuptake
inhibitor (SSRI). In some embodiments, the selective serotonin reuptake inhibitor is selected
from the group consisting of fluoxetine, citalopram, paroxetine, escitalopram, sertraline, or a

combination thereof.

[0080] In some embodiments of the method, the effective amount of the folate-comprising
compound is about 15 mg/day to about 50 mg/day. In other embodiments, the effective
amount of the folate-comprising compound is about 20 mg/day. In yet other embodiments,
the effective amount of the folate-comprising compound is about 40 mg/day. In some
instances, the folate-comprising compound is administered at about a 20 mg dose twice per

day.

[0081] Insome embodiments, the effective amount of the folate-comprising compound is
administered as a single daily dose. In other embodiments, the effective amount of the folate-

comprising compound is administered in at least two divided doses per day.

[0082] In some embodiments, the folate-comprising compound is administered orally.
[0083] Insome embodiments, the folate-comprising compound is L-methylfolate..
[0084] In some embodiments, depression is major depressive disorder.

[0085] In another aspect, provided herein is a folate-comprising composition for use in the
treatment of depression in a human subject who is diagnosed as having depression or having
a risk for depression and carries at least two of the following SNPs selected from the group

consisting of:
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(i) the SNP at position 677 of SEQ ID NO: 1 or position 27 of SEQ ID NO: 7
as identified as rs1801133 comprising at least one thymine “T” allele for MTHFR,;

(i) the SNP at position 2756 of SEQ ID NO: 2 or position 27 of SEQ ID NO:
9 as identified as rs1805087 comprising at least one guanine “G” allele for MTR;

(iii) the SNP at position 27 of SEQ ID NO: 18 as identified as rs8007267
comprising at least one thymine “T” allele for GCH1; and

(iv) the SNP at position 27 of SEQ ID NO: 24 as identified as rs4680
comprising two guanine “G” alleles for COMT.

[0086] In some embodiments, the at least two SNPs are the SNP at position 677 of SEQ ID
NO: 1 or position 27 of SEQ ID NO: 7 as identified as rs1801133 comprising at least one
thymine “T” allele for MTHFR and the SNP at position 2756 of SEQ ID NO: 2 or position 27
of SEQ ID NO: 9 as identified as rs1805087 comprising at least one guanine “G” allele for
MTR. In other embodiments, the at least two SNPs are the SNP at position 27 of SEQ ID
NO: 18 as identified as rs8007267 comprising at least one thymine “T” allele for GCH1 and
the SNP at position 27 of SEQ ID NO: 24 as identified as rs4680 comprising two guanine
“G” alleles for COMT.

[0087] In some embodiments, depression is major depressive disorder.
[0088] In some embodiments, the subject is receiving at least one antidepressant drug.

[0089] In some embodiments, the subject who carries the at least two of the SNPs is
administered an adjunctive therapy comprising the folate-comprising composition and an

antidepressant drug.

[0090] Insome embodiments, the antidepressant drug is a selective serotonin reuptake

inhibitor (SSRI).

[0091] In some embodiments, the folate-comprising compound comprises about 15 mg to
about 50 mg of L-methylfolate. In some embodiments, the folate-comprising compound

comprises about 20 mg of L-methylfolate.

[0092] In some embodiments, the folate-comprising compound has a pre-determined
release profile. In some instances, the pre-determined release profile is a sustained release.
In other instances, the pre-determined release profile is a pulsatile release. In yet other

instances, the pre-determined release profile is a chrono-controlled release.
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[0093] In some embodiments, the folate-comprising composition is formulated to release at
least 30% of the folate-comprising compound over a period of at least 3 to 6 hours upon the

administration of the composition.

[0094] In yet another aspect, provided herein is a kit for use in selecting a treatment
regimen for a human subject diagnosed as having depression or having a risk for depression.
The kit comprises at least one reagent for determining the presence or absence of at least two
(e.g., 2, 3 or 4) of the following single nucleotide polymorphisms (SNPs) in a sample taken

from the subject:

(1) a SNP at position 677 of SEQ ID NO: 1 or position 27 of SEQ ID NO: 7
as identified as rs1801133 comprising at least one thymine “T” allele for MTHFR,;

(i) a SNP at position 2756 of SEQ ID NO: 2 or position 27 of SEQ ID NO: 9
as identified as rs1805087 comprising at least one guanine “G” allele for MTR;

(iii) a SNP at position 27 of SEQ ID NO: 18 as identified as rs8007267
comprising at least one thymine “T” allele for GCH1;

(iv) a SNP at position 27 of SEQ ID NO: 24 as identified as rs4680
comprising two guanine “G” alleles for COMT; and

instructions for use of the kit.
[0095] Insome embodiments, the at least one reagent is selected from the group consisting
of a restriction enzyme, an oligonucleotide, a nucleic acid probe, a polymerase and a

combination thereof.

[0096] Other objects, features, and advantages of the present invention will be apparent to

one of skill in the art from the following detailed description and figures.

BRIEF DESCRIPTION OF THE DRAWINGS
[0097] FIG. 1A-B are tables summarizing mean changes in HAMD-28, HAM7, and CPFQ
in MDD patients carrying one SNP marker (e.g., a rare variant on the indicated gene), or a
combination of 2 indicated SNP markers, as compared to the MDD patients carrying fully
normal on the respective gene(s), after both groups were treated with a folate-comprising
compound, e.g., as an adjunct to an SSRI. FIG. 1A is a set of tables summarizing mean
changes in HAMD-28, HAM7, and CPFQ in MDD patients carrying one SNP marker (e.g., a
rare variant on the indicated gene), as compared to the MDD patients carrying fully normal

on the respective gene, after both groups were treated with a folate-comprising compound,
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e.g., as an adjunct to an SSRI. FIG. 1B is a set of tables summarizing mean changes in

HAMD-28, HAM7, and CPFQ in MDD patients carrying a combination of 2 indicated SNP
markers, as compared to the MDD patients carrying fully normal on the respective gene(s),
after both groups were treated with a folate-comprising compound, e.g., as an adjunct to an

SSRI.

[0098] FIG. 2 is a set of result tables showing effects of the presence or absence of an
indicated condition (a combination of 2 SNP markers, or a combination of 1 SNP marker and
obesity indicator, e.g., BMI>30 kg/m?), in MDD patients on HAMD-28 or HAMD-7 value,
when the patients were treated with a treatment regimen comprising a folate-comprising

compound, e.g., as an adjunct to an SSRIL.

[0099] FIG. 3 is a set of result tables showing effects of the presence or absence of an
indicated condition (a single SNP marker), in MDD patients on HAMD-7 value, when the
patients were treated with a treatment regimen comprising a folate-comprising compound,

e.g., as an adjunct to an SSRI.

[0100] FIG. 4 is a set of result tables showing effects of the presence or absence of an
indicated condition (a combination of 1 SNP marker and obesity indicator, e.g., BMI>30
kg/m?), in MDD patients on HAMD-28 or HAMD-7 value, when the patients were treated
with a treatment regimen comprising a folate-comprising compound, e.g., as an adjunct to an

SSRI.

[0101] FIG. 5 is a set of result tables showing effects of the presence or absence of an
indicated condition (a combination of 2 SNP markers, or a combination of 1 SNP marker and
obesity indicator, e.g., BMI>30 kg/m?), in MDD patients on CPFQ value, when the patients
were treated with a treatment regimen comprising a folate-comprising compound, e.g., as an

adjunct to an SSRI.

[0102] FIG. 6 is a set of result tables showing effects of the presence or absence of an
indicated condition (a single SNP marker), in MDD patients on CPFQ value, when the
patients were treated with a treatment regimen comprising a folate-comprising compound,

e.g., as an adjunct to an SSRI.

[0103] FIG. 7A-B are a set of result tables showing the statistical analysis on the effects of
genetic moderators (e.g., race, age, sex, and BMI) comparing biomarker positive versus

biomarker negative subjects within the placebo (an antidepressant administered without a
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folate-comprising compound) or folate-comprising treatment (a folate-comprising compound
administered as an adjuvant to the antidepressant) arms of clinical studies. FIG. 7A
represents one set of patients. FIG. 7B represents a second set of patients. Results show
statistically significant treatment effect within all of the indicated genetic modifiers (e.g.,
race, age, sex, and BMI) for subjects positive for the MTR 2756 AG or GG genotype
(rs1805087) compared to subjects negative for this SNP. Subjects positive for the COMT CC
(rs4633) or COMT GG (rs4680) SNP also show statistically significant treatment effect in at

least one genetic moderator category.

[0104] FIG. 8A-B is a set of result tables showing the response rates of biomarker positive
subjects within the placebo and folate-comprising treatment arms of clinical studies. A
responder is indicated by a reduction of at least about 50% in HAMD-28 over the evaluation
period. FIG. 8A shows the response rate of individual biomarkers. FIG. 8B shows the

response rate of dual-marker combinations.

[0105] FIG. 9A-B show the HDRS-28 response rate (treatment minus placebo) with L-
methylfolate stratified by markers involved with methylation (top) and markers involved with
L-methylfolate metabolism (bottom) that were normal and putative positive. FIG. 9A shows
the response rate for total, MTHFR CC, MTHFR CT/TT, FOLH1 AA, FOLH1 AG/GG,
GCHFR AA, GCHFR TA/TT, RFC2 AA (e.g., RFCI 815 AA), RFC2 815 TT (e.g., RFC1
815 TT), RFC1 GG, RFCI AA, RFC1 80 GG, RFCI1 80 AA, GCH1 CC and GCH1 TC/TT.
FIG. 9B shows the response rate for total, CACNA1C GG, CACNA1C AG/AA, DNMT3B
GG, DNMT3B AG/AA, DRD2 129 CC, DRD2 129 TT CC, MTR 2756 AA, MTR 2756
AG/GG, COMT TT, COMT CC, COMT AA and COMT GG.

[0106] FIG. 10 shows the mean change from baseline for L-methylfolate vs. placebo on
the HDRS-28 according to the presence of the individual markers, e.g., COMT A/GG,
COMT GG, GCHI1 CC, GCHI1 TC/TT, MTR 2756 AA, MTR2756 AA/GG, MTHFR 677
CC, MTHFR 677 TC/TT, BMI <30 kg/m* and BMI > 30 kg/m’. P-value is for L-

methylfolate vs. placebo comparison.

[0107] FIG. 11 shows the pooled effect size for L-methylfolate vs. placebo according to

the presence of the individual markers.

[0108] FIG. 12 shows the pooled mean change for L-methylfolate vs. placebo on the CGI,

HDRS-7, and CPFQ scores according to the presence of dual combinations of biomarkers.
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NA indicates data not available due to small sample size. * p<0.05 and ** for p<0.001 for L-

methylfolate vs. placebo.

DETAILED DESCRIPTION OF THE INVENTION

I. Introduction

[0109] The present inventin provides in-part an assay for selecting a treatment regimen,
e.g., adjunctive (add-on) therapy of a folate-comprising compound such as L-methylfolate,
for a patient with depression or a risk for depression. Also provided is a method for treating
at least one symptom of depression in a patient with depression or at risk for depression. In
addition, a method for improving the effective amount of an antidepressant drug administered
to a patient with depression or at risk for depression is also provided. The assays and/or
methods include identifying whether the patient carries a synergistic dual-marker
combination, such as the methylenetetrahydrofolate reductase (MTHFR 677 CT/TT;
rs1801133) and methionine synthase (MTR 2756 AG/GG; rs1805087) SNP pair and/or the
GTP cyclohydrolase 1 (GCHI TC/TT; rs8007267) and catechol-O-methyltransferase (COMT
Vall58Met GG; rs4680) pair of markers. Also provided herein is a folate-comprising
composition for use in treating a patient diagnosed with depression or at risk for depression

who also carries a synergistic dual-marker combination.

[0110] The assay, methods and compositions provided herein are related to the descriptions
found in, e.g., U.S. Patent App. Nos. US 2013/0172361 and US 2013/0267523 and
International Patent. App. Pub. NO: WO 2013/074676, the disclosures of which are herein

incorporated by reference in their entirety for all purposes.
II.  Definitions

[0111] As used herein, the following terms have the meanings ascribed to them unless

specified otherwise.

[0112] It should be understood that this invention is not limited to the particular
methodology, protocols, and reagents, efc., described herein and as such may vary. The
terminology used herein is for the purpose of describing particular embodiments only, and is

not intended to limit the scope of the present invention, which is defined solely by the claims.

[0113] The term “biomarker” or “marker” includes any genetic marker, biochemical

marker, serological marker, or other clinical characteristic that can be used in predicting,

28



10

15

20

25

30

WO 2014/164882 PCT/US2014/023695

identifying, evaluating, assessing, determining, monitoring, and/or optimizing folate-
comprising compound response, efficacy, toxicity, and/or resistance according to the assays

and/or methods provided herein

[0114] The term “nucleic acid” is well known in the art. A “nucleic acid” as used herein
will generally refer to a molecule (i.e., strand) of DNA, RNA or a derivative or analog
thereof, comprising a nucleobase. A nucleobase includes, for example, a naturally occurring
purine or pyrimidine base found in DNA (e.g. an adenine “A,” a guanine “G” a thymine “T”
or a cytosine “C”) or RNA (e.g. an A, a G. an uracil “U” or a “C”). The term “nucleic acid”
encompasses the terms “oligonucleotide” and “polynucleotide,” each as a subgenus of the
term “nucleic acid.” The term “oligonucleotide” refers to a molecule of between about 3 and
about 100 nucleobases in length. The term “polynucleotide” refers to at least one molecule of

greater than about 100 nucleobases in length

[0115] The term “complementary” or “complement” as used herein refers to the broad
concept of sequence complementarity between regions of two nucleic acid strands or between
two regions of the same nucleic acid strand. It is known that an adenine residue of a first
nucleic acid region is capable of forming specific hydrogen bonds ("base pairing") with a
residue of a second nucleic acid region which is anti-parallel to the first region if the residue
is thymine or uracil. Similarly, it is known that a cytosine residue of a first nucleic acid strand
is capable of base pairing with a residue of a second nucleic acid strand which is anti-parallel
to the first strand if the residue is guanine. A first region of a nucleic acid is complementary
to a second region of the same or a different nucleic acid if, when the two regions are
arranged in an anti-parallel fashion, at least one nucleotide residue of the first region is
capable of base pairing with a residue of the second region. Preferably, the first region
comprises a first portion and the second region comprises a second portion, whereby, when
the first and second portions are arranged in an anti-parallel fashion, such that at least about
50%, and preferably at least about 75%, at least about 90%, or at least about 95% or at least
100% of the nucleotide residues of the first portion are capable of base pairing with
nucleotide residues in the second portion. More preferably, all nucleotide residues of the first

portion are capable of base pairing with nucleotide residues in the second portion.

29 LC

[0116] The terms “variant”, “variance”, “mutation” or “polymorphism” are used
interchangeably herein, and refer to a difference in nucleic acid sequence among members if

a population of individuals. Polymorphisms can sometimes be referred to as “single
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nucleotide polymorphism” or “SNP” when they vary at a single nucleotide. In some
embodiments, polymorphisms can be synonymous or non-synonymous. Synonymous
polymorphisms when present in the coding region or non-coding region typically do not
result in an amino acid change, but can result in altered mRNA stability or altered alternative
splice sites. Non-synonymous polymorphism, when present in the coding region, can result
in the alteration of one or more codons resulting in an amino acid replacement in the amino
acid chain. Such mutations and polymorphisms may be either heterozygous or homozygous
within an individual. Homozygous individuals have identical alleles at one or more
corresponding loci on homologous chromosomes, while heterozygous individuals have two
different alleles at one or more corresponding loci on homologous chromosomes. A
polymorphism is thus said to be “allelic,” in that, due to the existence of the polymorphism,
some members of a species carry a gene with one sequence (e.g., the normal or wild-type
“allele”), whereas other members may have an altered sequence (e.g., the variant or, mutant

“allele”).

[0117] In defining a SNP position, SNP allele, or nucleotide sequence, reference to an
adenine “A”, a thymine “T” (uridine “U”), a cytosine “C”, or a guanine “G” at a particular
site on one strand of a nucleic acid molecule also defines the thymine “T” (uridine “U”),
adenine “A”, guanine “G”, or cytosine “C” (respectively) at the corresponding site on a
complementary strand of the nucleic acid molecule. Thus, reference can be made to either

strand in order to refer to a particular SNP position, SNP allele, or nucleotide sequence.

[0118] The term “genotype” refers to the specific allelic composition of an entire cell or a
certain gene, whereas the term “phenotype” refers to the detectable outward manifestations of

a specific genotype.

[0119] The term “allele”, as used herein, refers to one member of a pair of different forms
of a gene. As used herein alleles refer to coding and to non-coding sequences. Alleles occupy
the same locus or position on homologous chromosomes. When a subject has two identical
alleles of a gene, the subject is said to be homozygous for the gene or allele. When a subject
has two different alleles of a gene, the subject is said to be heterozygous for the gene. Alleles
of a specific gene can differ from each other in a single nucleotide, or several nucleotides,
and can include substitutions, deletions and insertions of nucleotides. An allele of a gene can

also be a form of a gene containing a mutation.
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[0120] The term “SAM” refers to S-adenosyl methionine, commonly known as SAM, or
SAM-e, or AdoMet, which is a natural compound found in all living cells. It is one of the
most used enzymatic substrates in biochemical reactions. S-Adenosyl methionine is a
common cosubstrate involved in methyl group transfers. It is made from adenosine
triphosphate (ATP) and methionine by methionine adenosyltransferase. SAM is used in

metabolic pathways such as transmethylation, transsulfuration, and aminopropylation.

[0121] The term “SAH” refers to S-adenosylhomocysteine which is formed by the
demethylation of S-adenosyl-L-methionine. The relative levels of S-adenosylmethionine
(SAM) and S-adenosylhomocysteine (SAH) in blood, plasma or serum can be used to predict
metabolic changes associated with nutritional and chronic disease states, such as

cardiovascular disease, some cancers and neuropsychiatric disease.

[0122] The term “SAM/”SAH ratio” refers to the relative levels of S-adenosyl methionine to
S-adenosylhomocysteine. In some instances, a decrease in the SAM/SAH ratio is associated

with increased homocysteine in serum and an increase in SAH.

[0123] The term “4-HNE” refers to 4-hydroxynonenal, or 4-hydroxy-2-nonenal which is an
a, B-unsaturated hydroxyalkenal that is produced by lipid peroxidation in cells. 4-HNE is the
primary o, B-unsaturated hydroxyalkenal formed in this process. It is found throughout body
tissue, and in higher quantities during oxidative stress due to the increase in the lipid
peroxidation chain reaction in stress events. It appears to play a key role in cell signal
transduction in a variety of pathways from cell cycle events to cellular adhesion. 4-HNE is
also considered as possible causal agents of numerous diseases, such as chronic
inflammation, neurodegenerative diseases, adult respiratory distress syndrome, atherogenesis,

diabetes and different types of cancer.

[0124] The term “hsCRP” refers to the high-sensitivity c-reactive protein which is found in,
e.g., blood, serum, and plasma. Elevated levels of hsCRP in serum and plasma have been
detected in patients with symptoms of depression, as well as patients with an inflammatory
disease. For example, it has been reported that major depression is associated with increased
levels of hsCRP and inflammatory markers such as IL-6 and TNF-a (see, e.g., Dinan TG.
Current Opinion Psychia., 2009, 22(1):32-6).

[0125] The term “depression” refers to a mental state of depressed mood characterized by
feelings of sadness, despair and discouragement. In some instances, depression is a clinical

symptom, and can include, but not limited to, major depressive disorder (including single
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episode and recurrent), unipolar depression, treatment-refractory depression, resistant
depression, anxious depression and dysthymia (also referred to as dysthymic disorder).
Further, the term “depression” can encompass any major depressive disorder, dysthymic
disorder, mood disorders due to medical conditions with depressive features, mood disorders
due to medical conditions with major depressive-like episodes, substance-induced mood
disorders with depressive features and depressive disorder not otherwise specific as defined
by their diagnostic criteria, as listed in the American Psychiatric Association’s Diagnostic
and Statistical Manual of Mental Disorders, 4th Edition (DSM-1V) or any later edition
thereof, or the World Health Organization's International Statistical Classification of Diseases

and Related Health Problems (ICD-10).

[0126] The terms “treatment” and “treating” as used herein, with respect to treatment of a
disease, means preventing the progression of the disease, or altering the course of the disorder
(for example, but are not limited to, slowing the progression of the disorder), or partially
reversing a symptom of the disorder or reducing one or more symptoms and/or one or more
biochemical markers in a subject, preventing one or more symptoms from worsening or

progressing, promoting recovery or improving prognosis.

[0127] The term “treatment regimen” refers to a clinically relevant alleviation of at least

one symptom associated with a disease or disorder, e.g., depression.

[0128] The term “negative response” includes a worsening of a disorder condition in a
patient receiving therapy, such that the patient experiences increased or additional signs or

symptoms of the disorder.

[0129] The term “positive response” includes an improvement in a patient with a disorder

condition, such that the therapy alleviates signs or symptoms of the disorder.

[0130] The term “antidepressant” or “antidepressant drug” refers to any pharmaceutical
agent which treats depression. In some embodiments, the antidepressant drug administered to
the subject in accordance with the methods described herein can be any conventional

pharmaceutical agent which is commonly indicated for treating depression.

[0131] The term “folate-comprising compound” or “folate-comprising drug” refers to a
compound containing an effective amount of at least one folate for use in the methods
described herein. Folate is a form of the water-soluble vitamin B9. The term “folate”

encompasses the naturally-occurring form of folate, folic acid (also known as vitamin B9 or
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folacin) and metabolites or derivatives thereof such as methylfolate, tetrahydrofolate, and
methyltetrahydrofolate. The term “folate” can also refer to both pteroic acid monoglutamate
(folic acid) and reduced forms such as dihydrofolates and tetrahydrofolates, e.g. 5-
formyltetrahydrofolic acid, 5-methyltetrahydrofolic acid, 5,10-methylenetetrahydrofolic acid,
5,10-methenyltetrahydrofolic acid, 10-formyltetrahydrofolic acid and tetrahydrofolic acid,
polyglutamates thereof, optical isomers thereof (e.g., optically pure natural isomers thereof,
and also mixtures of optical isomers such as racemic mixtures), derivatives thercof,
pharmaceutically acceptable salts and esters thereof, glucosamine salts thereof, and

galactosamine salts thereof.

[0132] The term “pharmaceutically acceptable salts and esters” refers to pharmacologically
acceptable and pharmaceutically acceptable salts and esters. Pharmacologically and
pharmaceutically acceptable salts can include, but are not limited to, alkali metal or alkaline
earth metal salts, e.g., sodium, potassium, magnesium or calcium salts. Pharmacologically
and pharmaceutically acceptable esters can include, but are not limited to, C-C4 alkyl, Cs
cycloalkyl or Cg cycloalkyl, phenyl, C;-C,4 alkylphenyl, benzyl or C;-Cys-alkylbenzyl esters.
The esters can be monoesters or diesters. Diesters can be homogeneous or heterogeneous. In
some embodiments, pharmacologically and pharmaceutically acceptable esters can be

homogeneous diesters such as C;-Cy dialkylesters, for example dimethyl- or diethylesters.

29 <

[0133] The term “adjuvant,” “adjunctive agent,” “adjunctive drug,” or “adjunctive therapy”
as used herein generally refers to any agent or entity which increases the effect of another
agent or entity. In certain embodiments, the term “adjuvant” is used herein in reference to a
folate-comprising compound as an add-on agent (drug) to increase or enhance the effect (e.g.,

efficacy and/or therapeutic effect) of an antidepressant drug.

[0134] As used herein, the term “administer” or “administration” refers to the placement of
a composition into a subject by a method or route which results in at least partial localization
of the composition at a desired site such that desired effect is produced. Routes of
administration suitable for the methods described herein can include both local and systemic
administration. Generally, local administration results in a higher amount of an
antidepressant (e.g., SSRI) and/or a folate-comprising compound being delivered to a specific
location (e.g., serotonin receptors in the central and/or peripheral nervous systems) as
compared to the entire body of the subject, whereas, systemic administration results in

delivery of an antidepressant (e.g., SSRI) and/or a folate-comprising compound to essentially
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the entire body of the subject. In some embodiments, the compositions described herein are
administered to subjects with depression orally. In other embodiments, the compositions

described herein can be administered to subjects with depression by injection.

[0135] The term “an inadequate response” in the context of a therapy refers to a drug
response that has failed to reduce or minimize a symptom(s) of a disease/disorder and thus,
does not provide a therapeutic benefit to the patient. In some instances, an inadequate
response for a patient with depression includes no or little decrease in the severity of a

symptom of depression according to a neuropsychological assessment scale.

[0136] The term “symptom-reducing response” or “positive symptom-reducing response”
refers to a drug response that reduces or minimizing a symptom of a disease/disorder, thereby
providing a therapeutic benefit to the subject. In some instances, a symptom-reducing
response for a subject with depression is characterized as the reduction of at least one
symptom of depression, by a clinically-relevant amount of a drug as determined by a skilled

practitioner, without a significant adverse effect on the subject.

[0137] The term “subject” or “patient” or “individual’typically includes humans, but can
also include other animals, such as, e.g., other primates, rodents, canines, felines, equines,

ovines, porcines, and the like.

[0138] The term “normal healthy subject” refers to a subject who has no symptoms of any
diseases or disorders, or who is not identified with any diseases or disorders, or who is not on
any medication treatment, or a subject who is identified as healthy by physicians based on

medical examinations.
HI. Detailed Description of Embodiments

[0139] The assays, methods and compositions described herein directed to individual who
are diagnosed with depression, e.g., major depressive disorder, or are at risk for depression.
Depression can be diagnosed using standard clinical criteria, e.g., the DSM-IV-TR system.
For example, the DSM-IV system for diagnosing MDD requires the presence of at least five
out of the ten depressive symptoms including depressed mood or irritable, decreased interest
or pleasure, significant weight change (5%) or change in appetite, change in sleep (e.g.,
insomnia or hypersomnia), change in activity, fatigue or loss of energy, guilt or

worthlessness, diminished concentration and suicidiality. In addition, the symptoms should
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be represent for at least two weeks and each symptom should be at sufficient severity for

nearly every day.

[0140] Generally, depression evaluated by a clinician using, e.g., the criteria list in the
DSM-1V or efficacy measures (neuropsychological assessments) such as the Hamilton
Depression Rating Scale (HAMD-28 or HAMD-7), the Clinical Global Impression (CGI)
Scale, the Montgomery-Asberg Depression Rating Scale (MADRS), the Beck Depression
Inventory (BDI), the Zung Self-Rating Depression Scale, the Wechsler Depression Rating
Scale, the Raskin Depression Rating Scale, the Inventory of Depressive Symptomatology
(IDS), and the Quick Inventory of Depressive Symptomatology (QIDS). For example,
measurable lessening of depression (improvement of depression) includes any clinically
significant decline in a measurable marker or symptom, such as measuring markers for
depression in the blood, e.g., red blood cell folate, serum folate, serum MTHF, or assessing

the degree of depression, e.g., using a neuropsychological assessment.

[0141] For example, a score of 0-7 on HAMD is typically considered to be normal. Scores
of 20 or higher indicate moderate, severe, or very severe depression. Questions 18-21 may be
recorded to give further information about the depression (such as whether diurnal I variation
or paranoid symptoms are present), but are not necessary part of the scale. Thus, a reduction
of symptoms can be considered clinically relevant if, e.g., the HAMD score is decreased to

under, e.g., 20.

[0142] In one aspect, some embodiments provided herein relate to assays or assay methods
for selecting a treatment regimen for a patient with depression or at risk for depression by
genotyping the patient to determine if the presence of a synergistic pair of folate-responsive
markers. In some embodiments, the genotype that indicates folate responsiveness includes a
SNP in MTHFR (identified by rs1801133) comprising at least one thymine "T" allele or the
complement thereof, and a SNP in MTR (identified by rs1805087) comprising at least one
guanine "G" allele or the complement thereof (e.g., MTHFR 677 CT/TT and MTR 2756
AG/GG). In other embodiments, the genotype that indicates folate responsiveness includes a
SNP in GCHI1 (identified by rs8007267) comprising at least one thymine "T" allele or the
complement thercof, and a SNP in COMT (identified by rs4680) comprising two guanine "G"
alleles or the complement thereof (e.g., GCH1 TC/TT and COMT Vall58Met GG). In yet
other embodiments, the genotype that indicates folate responsiveness includes any synergistic

dual marker described in Table 4. A treatment regimen comprising an effective amount of a
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folate-comprising compound is selected for the patient if it is determined that the patient

carries the folate-responsive SNP pairs.

[0143] In some instances, the adjunctive therapy of folate-comprising compound is
prescribed if the patient carries the SNP pair of MTHFR 677 CT/TT and MTR 2756 AG/GG,
and is obese. In some instances, the adjunctive therapy is prescribed if the patient carries the
SNP pair of MTHFR 677 CT/TT and MTR 2756 AG/GG pair, and has a SAM/SAH ratio less
than a pre-determined reference ratio. In other instances, the adjunctive therapy is prescribed
if the patient carries the SNP pair of MTHFR 677 CT/TT and MTR 2756 AG/GG, and has an
expression level of 4-HNE greater than a pre-determined reference value. In yet some
instances, the adjunctive therapy of folate-comprising compound is prescribed if the patient
carries the SNP pair of MTHFR 677 CT/TT and MTR 2756 AG/GG, and has an expression

level of hsCRP level is greater than a pre-determined reference value.

[0144] In some instances, the adjunctive therapy of folate-comprising compound is
prescribed if the patient carries the SNP pair of GCHI TC/TT and COMT Vall58Met GG,
and is obese. In some instances, the adjunctive therapy is prescribed if the patient carries the
SNP pair of GCH1 TC/TT and COMT Vall158Met GG, and has a SAM/SAH ratio less than a
pre-determined reference ratio. In other instances, the adjunctive therapy is prescribed if the
patient carries the SNP pair of GCHI TC/TT and COMT Vall58Met GG, and has an
expression level of 4-HNE greater than a pre-determined reference value. In yet some
instances, the adjunctive therapy is prescribed if the patient carries the SNP pair of GCH1
TC/TT and COMT Vall58Met GG, and has an expression level of hsCRP level is greater

than a pre-determined reference value.

[0145] In another aspect, some embodiments provided herein relate to methods of treating
a human subject with depression comprises administering to the subject a folate-comprising
compound (and optionally in combination with an antidepressant drug). In one embodiment,
the method of treating a depressed subject by administering a folate-comprising compound
(and optionally in combination with an antidepressant drug) is based on the determination
that the subject carries both folate-responsive markers : a SNP in MTHFR (identified by
rs1801133) comprising at least one thymine "T" allele or the complement thereof, and a SNP
in MTR (identified by rs1805087) comprising at least one guanine "G" allele or the
complement thereof. In another embodiment, the method of treating a human subject with

depression by administering to the subject a folate-comprising compound (and optionally in
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combination with an antidepressant drug) is based on the determination that the subject
carries both folate-responsive markers: a SNP in GCH1 (identified by rs8007267) comprising
at least one thymine "T" allele or the complement thereof, and a SNP in COMT (identified by

rs4680) comprising two guanine "G" alleles or the complement thereof.

[0146] In some instances, the administration of a folate-comprising compound is selected
for a patient who carries the SNP pair of MTHFR 677 CT/TT and MTR 2756 AG/GG, and is
obese. In some instances, the administration of a folate-comprising compound is selected for
a patient who carries the SNP pair of MTHFR 677 CT/TT and MTR 2756 AG/GG, and has a
SAM/SAH ratio less than a pre-determined reference ratio. In other instances, the
administration of a folate-comprising compound is selected for a patient who carries the SNP
pair of MTHFR 677 CT/TT and MTR 2756 AG/GG, and has an expression level of 4-HNE
greater than a pre-determined reference value. In yet some instances, the administration of a
folate-comprising compound is selected for a patient who carries the SNP pair of MTHFR
677 CT/TT and MTR 2756 AG/GG, and has an expression level of hsCRP level is greater

than a pre-determined reference value.

[0147] In some instances, the administration of a folate-comprising compound is selected
for a patient who carries the SNP pair of GCH1 TC/TT and COMT Vall58Met GG, and is
obese. In some instances, the administration of a folate-comprising compound is selected for
a patient who carries the SNP pair of GCH1 TC/TT and COMT Vall58Met GG, and has a
SAM/SAH ratio less than a pre-determined reference ratio. In other instances, the
administration of a folate-comprising compound is selected for a patient who carries the SNP
pair of GCH1 TC/TT and COMT Vall58Met GG, and has an expression level of 4-HNE
greater than a pre-determined reference value. In yet some instances, the administration of a
folate-comprising compound is selected for a patient who carries the SNP pair of GCHI
TC/TT and COMT Vall58Met GG, and has an expression level of hsCRP level is greater

than a pre-determined reference value.

[0148] The subject with depression being treated with the methods described herein can be
a subject currently taking an antidepressant. Accordingly, the methods of treating a human
subject with depression described herein can also be used to select a human subject to be
treated with the combination of a folate-comprising compound and an antidepressant to
improve the effectiveness of an antidepressant drug currently taken by a subject.

Accordingly, if the human subject currently taking an antidepressant is determined to carry
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one or more of the synergistic dual-biomarker combinations, the subject can be further
administered or prescribed with a folate-comprising compound as an adjuvant to the

antidepressant.

[0149] In another aspect, some embodiments provided herein relate to methods for treating
at least one symptom of depression in a subject with depression or at risk for depression. The
symptom includes depressed mood, guilt, reduced work or interests, psychomotor retardation,
agitation, psychic anxiety, somatic anxiety, general somatic symptoms, cognition impairment,
or any combinations thereof. In some embodiments, the method for treating at least one
symptom of depression in a subject comprises genotyping the subject to determine if the
subject carries a synergistic pair of SNPs such as (i) a SNP in MTHFR (identified by
rs1801133) comprising at least one thymine "T" allele or the complement thereof, and a SNP
in MTR (identified by rs1805087) comprising at least one guanine "G" allele or the
complement thereof, or (ii) a SNP in GCH1 (identified by rs8007267) comprising at least
one thymine "T" allele or the complement thereof and a SNP in COMT (identified by rs4680)
comprising two guanine "G" alleles or the complement thereof. A treatment regimen
comprising an effective amount of a folate-comprising compound is administered to the

subject if the presence of the synergistic SNPs pairs are determined.

[0150] In some instances, the treatment regimen comprising an effective amount of a
folate-comprising compound is selected for a patient who carries the SNP pair of MTHFR
677 CT/TT and MTR 2756 AG/GG, and is obese. In some instances, the treatment regimen
is selected for a patient who carries the SNP pair of MTHFR 677 CT/TT and MTR 2756
AG/GG, and has a SAM/SAH ratio less than a pre-determined reference ratio. In other
instances, the treatment regimen is selected for a patient who carries the SNP of MTHFR 677
CT/TT and MTR 2756 AG/GG, and has an expression level of 4-HNE greater than a pre-
determined reference value. In yet some instances, the treatment regimen is selected for a
patient who carries the SNP pair of MTHFR 677 CT/TT and MTR 2756 AG/GG, and has an

expression level of hsCRP level is greater than a pre-determined reference value.

[0151] In some instances, the treatment regimen comprising an effective amount of a
folate-comprising compound is selected for a patient who carries the SNP pair of GCH1
TC/TT and COMT Vall58Met GG, and is obese. In some instances, the treatment regimen is
selected for a patient who carries the SNP pair of GCH1 TC/TT and COMT Vall58Met GG,

and has a SAM/SAH ratio less than a pre-determined reference ratio. In other instances, the
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treatment regimen is selected for a patient who carries the SNP pair of GCH1 TC/TT and
COMT Vall58Met GG, and has an expression level of 4-HNE greater than a pre-determined
reference value. In yet some instances, the treatment regimen is selected for a patient who
carries the SNP pair of GCH1 TC/TT and COMT Vall58Met GG, and has an expression

level of hsCRP level is greater than a pre-determined reference value.

[0152] In some embodiments, at least one symptom of depression is alleviated by a
“clinically relevant amount” or “effective amount” as evaluated by a physician or a
psychologist, as compared to a control (e.g., a subject having the same or similar degree of
depression as the treated subject is administered without a folate-comprising compound, or a
subject who has met none of the conditions described herein is administered with treatment

regimen comprising a folate-comprising compound).

[0153] For example, in some embodiments, at least one neuropsychological test is
improved (e.g., HAMD-17 rating is decreased) by at least about 10%, at least about 15%, at
least about 20%, at least about 30%, at least about 40%, or at least about 50%, after the
subject is treated with an treatment regimen. In another embodiment, at least one
neuropsychological test is improved (e.g., HAMD-17 rating is decreased) by more than 50%,
e.g., at least about 60%, or at least about 70%. In one embodiment, at lecast one
neuropsychological test is improved (e.g., HAMD-17 rating is decreased) by at least about
80%, at least about 90% or greater, as compared to a control (e.g., a subject having the same
or similar degree of depression as the treated subject is administered without a folate-
comprising compound, or a subject who has met none of the conditions described herein is
administered with treatment regimen comprising a folate-comprising compound). In some
embodiments, at least one symptom of depression can be alleviated by a clinically relevant
amount as evaluated by a physician or a psychologist within a treatment period of at least
about 10 days, including, e.g., at least about 20 days, at least about 30 days, at least about 40
days, or longer. In some embodiments, at least one neuropsychological test is improved (e.g.,
HAMD-17 rating is decreased) by at least about 10%, at least about 15%, at least about 20%,
at least about 30%, at least about 40%, or at least about 50% or higher within a treatment
period of at least about 10 days, including, e.g., at least about 20 days, at least about 30 days,

at least about 40 days, or longer.

[0154] In another aspect, some embodiments provided herein relate to methods of

increasing the effectiveness of an antidepressant drug administered to a human subject with
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depression, which comprises administering to the subject a folate-comprising compound in
combination with the antidepressant drug, based on the determination that the subject carries
at least two folate-responsive markers, the combination of which yields a synergistic effect.
In some embodiments, the method of increasing the effectiveness of an antidepressant drug
administered to a human subject comprises administering to a subject, who is diagnosed to
have depression, and is further determined to carry one or more (e.g., 1, 2, 3 or more) of the
synergistic dual-biomarker combinations, based on the recognition that the combination of
the indicated biomarkers is associated with increasing the effectiveness of the antidepressant
drug when administered in combination with the folate-comprising compound. In some
embodiments, the method of increasing the effectiveness of an antidepressant drug comprises
administering to the subject a folate-comprising compound in combination with the
antidepressant drug, based on the determination that the subject carries both folate-responsive
markers: a SNP in MTHFR (identified by rs1801133) comprising at least one thymine "T"
allele or the complement thereof, and a SNP in MTR (identified by rs1805087) comprising at
least one guanine "G" allele or the complement thereof. In other embodiments, the method of
increasing the effectiveness of an antidepressant drug comprises administering to the subject
a folate-comprising compound in combination with the antidepressant drug, based on the
determination that the subject carries both folate-responsive markers: a SNP in GCH1
(identified by rs8007267) comprising at least one thymine "T" allele or the complement
thereof, and a SNP in COMT (identified by rs4680) comprising two guanine "G" alleles or

the complement thereof.

[0155] In some embodiments, the method of determining and/or improving the
effectiveness of an antidepressant drug administered to a human subject, e.g., by determining
if the human subject is amenable to folate or a derivative thereof as an adjuvant, e.g., using

the assay described herein.

[0156] In some instances, the subject has an inadequate response to the antidepressant drug.
An adequate response to an antidepressant drug may be a 50-percent decrease in symptom
severity. For instance, a patient responding to an antidepressant has a 50% or greater
reduction in neuropsychological test score compared to baseline. Remission from depression

may be defined as being free or nearly free of symptoms for the episode of depression.

[0157] In some instances, the adjunctive therapy of folate-comprising compound is

prescribed if the patient carries the SNP pair, MTHFR 677 CT/TT and MTR 2756 AG/GG
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pair, and is obese. In some instances, the adjunctive therapy is prescribed if the patient
carries the SNP pair, MTHFR 677 CT/TT and MTR 2756 AG/GG pair, and has a SAM/SAH
ratio less than a pre-determined reference ratio. In other instances, the adjunctive therapy is
prescribed if the patient carries the SNP pair, MTHFR 677 CT/TT and MTR 2756 AG/GG
pair, and has an expression level of 4-HNE greater than a pre-determined reference value. In
yet some instances, the adjunctive therapy is prescribed if the patient carries the SNP pair,
MTHFR 677 CT/TT and MTR 2756 AG/GG pair, and has an expression level of hsCRP level

is greater than a pre-determined reference value.

[0158] In some instances, the adjunctive therapy of folate-comprising compound is
prescribed if the patient carries the SNP pair, GCHI1 TC/TT and COMT Vall58Met GG pair,
and is obese. In some instances, the adjunctive therapy is prescribed if the patient carries the
SNP pair, GCH1 TC/TT and COMT Vall58Met GG pair, and has a SAM/SAH ratio less
than a pre-determined reference ratio. In other instances, the adjunctive therapy is prescribed
if the patient carries the SNP pair, GCH1 TC/TT and COMT Vall58Met GG pair, and has an
expression level of 4-HNE greater than a pre-determined reference value. In yet some
instances, the adjunctive therapy is prescribed if the patient carries the SNP pair, GCHI
TC/TT and COMT Vall58Met GG pair, and has an expression level of hsCRP level is greater

than a pre-determined reference value.

[0159] In yet another aspect, some embodiments provided herein relate to folate-
comprising compounds for use to treat a subject with depression or at risk for depression if
the subject has a genotype indicative of folate-responsiveness. In some embodiments, the
subject is likely to respond to a folate-comprising compound if carrying a SNP in MTHFR
(identified by rs1801133) comprising at least one thymine "T" allele or the complement
thereof, and a SNP in MTR (identified by rs1805087) comprising at least one guanine "G"
allele or the complement thercof. In other embodiments, the subject is likely to respond to a
folate-comprising compound if carrying a SNP in GCH1 (identified by rs8007267)
comprising at least one thymine "T" allele or the complement thereof, and a SNP in COMT

(identified by rs4680) comprising two guanine "G" alleles or the complement thereof.

[0160] In some instances, the folate-comprising compound is administered to a patient who
carries the SNP pair, MTHFR 677 CT/TT and MTR 2756 AG/GG pair, and is obese. In
some instances, the folate-comprising compound is administered to a patient who carries the

SNP pair, MTHFR 677 CT/TT and MTR 2756 AG/GG pair, and has a SAM/SAH ratio less
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than a pre-determined reference ratio. In other instances, the folate-comprising compound is
administered to a patient who carries the SNP pair, MTHFR 677 CT/TT and MTR 2756
AG/GG pair, and has an expression level of 4-HNE greater than a pre-determined reference
value. In yet some instances, the folate-comprising compound is administered to a patient
who carries the SNP pair, MTHFR 677 CT/TT and MTR 2756 AG/GG pair, and has an

expression level of hsCRP level is greater than a pre-determined reference value.

[0161] In some instances, the folate-comprising compound is administered to a patient who
carries the SNP pair, GCH1 TC/TT and COMT Vall58Met GG pair, and is obese. In some
instances, the folate-comprising compound is administered to a patient who carries the SNP
pair, GCH1 TC/TT and COMT Vall58Met GG pair, and has a SAM/SAH ratio less than a
pre-determined reference ratio. In other instances, the folate-comprising compound is
administered to a patient who carries the SNP pair, GCH1 TC/TT and COMT Vall58Met GG
pair, and has an expression level of 4-HNE greater than a pre-determined reference value. In
yet some instances, the folate-comprising compound is administered to a patient who carries
the SNP pair, GCH1 TC/TT and COMT Vall 58Met GG pair, and has an expression level of

hsCRP level is greater than a pre-determined reference value.

[0162] In some embodiments, the folate-comprising compound can be administered in an
amount effective to reduce at least one symptom (e.g., but not limited to, low mood,
anhedonia, low energy, insomnia, agitation, anxiety and/or weight loss) associated with
depression, e.g., major depressive disorders. In some embodiments, the effective amount of a
folate-comprising compound can provide at least about 0.1 to about 1 mg/kg body weight per
day administration to the human subject. In some embodiments, the effective amount of the
folate-comprising compound is about 7.5 mg/day to about 50 mg/day. In some embodiments,
the effective amount of a folate-comprising compound can provide at least about 15 mg/day
to about 50 mg/day administration to the human subject. In one embodiment, the effective
amount of a folate-comprising compound can provide at least about 15 mg/day of folate
administration to the human subject. In other embodiments, the effective amount of a folate-
comprising compound can provide at least about 20 mg/day of folate administration to the
human subject. In other embodiments, the effective amount of a folate-comprising
compound can provide at least about 40 mg/day of folate administration to the human
subject. In some instance, the folate-comprising compound is administered once a day as a
single daily dose or twice a day as a divided dose via any suitable administration route, e.g.,

oral administration. For example, a single dose of 20 mg can be administered per day.
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Alternatively, two doses of 20 mg can be administered a day. In other instances, the folate-

comprising compound is administered more than twice a day.

[0163] Insome embodiments, the folate-comprising compound is administered in
combination with an antidepressant drug. In some instances, the therapeutic effect (e.g.,
reducing at least one of core symptoms associated with depression) can be synergistic when a
human subject, who is determined to carry at least two of the folate-responsive biomarkers, is
administered with an adjunctive therapy of the folate-comprising compound. The term
“synergy” or “synergistic” as used herein in the context of a therapeutic effect refers to the
combined effect of at least two or more agents being greater than the sum of their individual
effects. In particular, the term “synergy” or “synergistic” as used herein refers to the
combined therapeutic effect associated with a human subject carrying two or more folate-
responsive biomarkers that, when the human subject is administered with a treatment
comprising a folate-comprising compound, is greater than the sum of the therapeutic effect
associated with the individual folate-responsive biomarkers (additive effect). In some
embodiments, the synergistic effect can be greater than the additive effect by at least about
10%, at least about 20%, at least about 30%, at least about 40%, at least about 50%, at least
about 60%, at least about 70%, at lcast about 80%, at least about 90%, at least about 95% or
more (e.g., as determined by HAMD-28, or any other equivalent measures for evaluating
depression symptom). In some embodiments, the synergistic effect can be greater than the
additive effect by at least about 1.5-fold, at least about 2-fold, at least about 3-fold or higher,
e.g., as determined by HAMD-28, or any other equivalent measures as described elsewhere in

this application, for evaluating depression symptoms.

[0164] In some embodiments, the therapeutic effect can be determined using a
neuropsychological test such as HAMD-28, CGI-S and CPFQ. Accordingly, in some
embodiments, the synergistic therapeutic effect refers to a total reduction in HAMD-28 score
that, when a human subject carrying at least two or more folate-responsive biomarkers is
administered with a folate-comprising compound, is greater than the sum of individual
reduction in HAMD-28 associated with each respective biomarker. In some embodiments,
the synergistic effect on mean change in HAMD-28 can be greater than the additive effect by
at least about 10%, at least about 20%, at least about 30%, at least about 40%, at least about
50%, at least about 60%, at least about 70%, at least about 80%, at least about 90%, at least

about 95% or more. In some embodiments, the synergistic effect on the mean change in
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HAMD-28 can be greater than the additive effect by at least about 1.5-fold, at least about 2-
fold, at least about 3-fold or higher.

[0165] For example, patients who were determined to carry a single folate-responsive
biomarker (i) (i.e., at least one "T" variant in the MTHFR) showed a mean change in HAMD-
28 of about -3.0 to about -5.0 after administration with a folate-comprising compound (e.g.,
optionally in combination with an antidepressant), and also shows that patients who were
determined to carry a single folate-responsive biomarker (iii) (i.e., at least one "G" variant in
the MTR gene) showed a mean change in HAMD-28 of about -8.2 after administration with a
folate-comprising compound (e.g., optionally in combination with an antidepressant). When
patients carry both of the gene mutations, the patients' mean change in HAMD-28 in response
to the treatment comprising a folate-comprising compound (e.g., optionally in combination
with an antidepressant drug) was about -23.3, which is not only greater than the effect
associated with each biomarker individually, but is also surprisingly greater than the sum of
the effects associated with each individual biomarkers (i.e., the additive effect would yield a

mean change in HAMD-28 of about -11.2 to about -13.2) by at least about 2-fold.

A, Folate-Responsive Genetic Biomarkers

[0166] The SNPs that can predict the therapeutic efficacy of a folate-comprising compound
(e.g., in a combination therapy to increase the efficacy of an antidepressant) administered to a
subject for the treatment of depression include at least two of the SNPs as follows: rs1801133
present in methylenetetrahydrofolate reductase (MTHFR); 152274976 present in MTHFR;

rs 1805087 present in methionine synthase (MTR); rs1801394 present in methionine synthase
reductase (MTRR); rs1006737 present in calcium channel, voltage-dependent, L-type, alpha
1C subunit (CACNA1C); rs1883729 present in DNA (cytosine-5)-methyltransferase 3 beta
(DNMT?3B); rs7163862 present in GTP cyclohydrolase 1 feedback regulatory protein
(GCHFR); 1512659 present in reduced folate carrier protein (RFC1); rs202676 present in
folate hydrolase (prostate-specific membrane antigen) (FOLH1); rs2297291 present in
reduced folate carrier protein (RFC1); rs1051266 present in reduced folate carrier protein 1
(RFC1); rs8007267 present in GTP cyclohydrolase 1 (GCH1); 187639752 present in choline-
phosphate cytidylytransferase A (PCYT1A); rs6275present in dopamine receptor D2
(DRD2); 181079596 present in DRD2; rs11240594 present in DRD2; rs4633 present in
catechol-O-methyltransferase (COMT); rs4680 present in COMT; rs250682 present in
dopamine active transporter (DAT, or SLC6A3); rs2277820 present in formiminotransferase
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cyclodeaminase (FTCD); rs2236225 present in methylenetetrahydrofolate dehydrogenase

(NADP+ dependent) 1 (MTHFD1); and any combination thereof (see, Table 1 and 2).

Table 1. Single nucleotide polymorphisms of folate responsive genes

PCT/US2014/023695

Fulate-respunsive SNP Blomarkers

SEQID NO Sequence s nunther Chromosome locus | Gens name
7 CIIGAGGAGARGG TETOTOCOEEAG [0/ T COAT TICATCATCACGCARC T TIC 51801133 16363 MTHER
8 COAGBOCTTISCCUIGTURATIOAGC [ A/ G BTCEUCARMGL T TATCAGGAGHAG 132274876 10363 WTHER
4 GOAAGAATATEAABATATTAGACAGG [A/6 1 COATTATCAGTCICTCAALGTARGY 51805087 1q43 MIR
10 CAGCUABAGGCCATCOCAGAAGANAT 1A/ G ] T0TCAGCAABL TG TOGTALATGAT 151801394 §915.34 MIRR
H TAAGTICCATTCOATCICAGCOCEAM [AS G TG TT T TCAGAGCUGGAGACCTCACA 1006757 12p13.338 C;C@l;:

LI
12 CTGCIGCTOGTATUACCUTOGABEAA [A/6 ] TOAGTEACATCAGTTCTCAGCATIA 151883729 204112 DNAT38
1% MACCAATCACARCAAGGCAGRTANAG LA/ T LAGGATOAG TIGRCAGATTT TRATAA 1$7163862 150151 GCHER [BK4)
14 GOTTCHGACT ICOAGCOUATEANTCE [T/ T 1 BECCCAGGLEGBANGCTOOGACACG 1$1265% 214223 ROF2
H
1% AAGCTCAGAACATCARGAAG TICTIA[C/ T I AGTALSTACKTCC TCOAMAGTTTAT 15302676 piLd ;jf,;j;
16 GEOEABGGCACCCGTAGAGGCCTONGC [A/ G CTGACACTSLTCAB TOECTCTOLIC 152287281 24223 RCFY
17 FEACCCCBAGCTCCOGTRUTEO06C [A/G I COTCOIGTBCTACCTITOUTTCTAC 151051266 29223 RCFY
18 CAATAGGAGCG TG TCTT TOAACAGTA [/ T ACGCCABAL TTCAGTCATICARG 1A 158007267 1492234222 GUH BHA]
1% GECCTAATCANTCOTICICATCTTTT [A/ G TACCCACCT FTTGCAGGARACCEGT 157639752 3429 PLYTIA
0 CTGACTCTCCECOACCCETCCCATCA 10/ TIGETCTCCACAGCALTCCOBACALCC (36275 119232 DRO2
31 BTOCCTGCAGTTTAATIATCCTOMNC [A/ G TTACTGCCATACCCTACATTTTI66 1$1079506 11423.2 DROZ
22 DICALAGT T TGTORTICAGACTAAGT [A/G] TEACAACAG TOGCASTTIST6GECC 1511240584 BRDZ
$.
23 ACCANGOAGCABCECATCCTEAMCIA [/ THGTECTECAGCATEOGBAGCCUGEGA 154633 aiLa oMY
n11.23|22q11.21
2% CETAGCHGATOUTGOATTTOECTOR0 [A/ 6 TOAAGBACAAG BTG THCATOUCTGA 154680 2121 (oMY
Q1123 22q11.21

% FRATATGGCCACCUCARC S TTONIAT [C/ 6 | KTTACTG T T IO TO TOGTATTATCTT 15250682 Sp15.3 $LLBAS
2% ATCAGCCCTAGATECTIGACCABETC [/ T TCCEGCCTCACCTLO TR TTCTICC 152277820 210223 FICD
47 CTGOBOCAACAGCTTOAGTOCOATE [T/ TI GG TCTECARTGATOAGEANTIGEC 152236725 14424 BITHEDY
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Table 2. Folate responsive alleles for marker genes

Folate-responsive Conditions
Gene Name Condition Folate-responsive Folate-responsive Pos. No. SNP in
identifier allele complementary allele the Sequence
MTHFR A T A 27
MTHRF B A T 27
MTR C G C 27
MTRR D G C 27
CACNAIC [Caion] E A T 27
DNMT3B F A T 27
GCHEFR [BH4] G T A 27
RCF2 H T A 27
FOLH]1 (GCPID) 1 G C 27
RCF1 J A T 27
RCF1 K A T 27
GCHI1 [BH4] L T T 27
PCYTIA M A T 27
DRD2 N T A 27
DRD2 0] T A 27
DRD2 P A T 27
COMT Q C G 27
COMT R G C 27
SLC6A3 S C G 27
FTCD T T A 27
MTHFDI U A T 27

[0167] In some embodiments, a pair of the SNPs described herein is used to determine
whether a subject with depression or at risk for depression is likely to have a positive
response to a folate-comprising compound. In particular, the presence of at least two of the

following SNPs is associated with a response to a folate-comprising compound:

i. a SNP at position 677 of SEQ ID NO: 1 or position 27 of SEQ ID NO: 7
(identified by rs1801133) comprising at least one thymine "T" allele or the complement
thereof, wherein the SEQ ID NO: 1 and SEQ ID NO: 7 are each independently a portion of a
genomic nucleic acid sequence of methylenetetrahydrofolate reductase (MTHFR);

ii, a SNP at position 2756 of SEQ ID NO: 2 or position 27 of SEQ ID NO: 9
(identified by rs1805087) comprising at least one guanine "G" allele or the complement
thereof, wherein the SEQ ID NO: 2 and SEQ ID NO: 9 are each independently a portion of a
genomic nucleic acid sequence of methionine synthase (MTR);

iii. a SNP at position 1793 of SEQ ID NO: 1 or position 27 of SEQ ID NO: 8
(identified by rs2274976) comprising at least one adenine "A" allele or the complement
thereof, wherein the SEQ ID NO: 1 and SEQ ID NO: 8 are each independently a portion of a
genomic nucleic acid sequence of methylenetetrahydrofolate reductase (MTHFR);

iv. a SNP at position 66 of SEQ ID NO: 3 or position 27 of SEQ ID NO: 10

(identified by rs1801394) comprising at least one guanine "G" allele or the complement
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thereof, wherein the SEQ ID NO: 3 and SEQ ID NO: 10 are each independently a portion of
a genomic nucleic acid sequence of methionine synthase reductase (MTRR);

v. a SNP at position 27 of SEQ ID NO: 11 (identified by rs1006737)
comprising at least one adenine "A" allele or the complement thercof, wherein the SEQ ID
NO: 11 is a portion of a genomic nucleic acid sequence of calcium channel, voltage-
dependent, L type, alpha 1C subunit (CACNAI1C);

vi. a SNP at position 27 of SEQ ID NO: 12 (identified by rs1883729)
comprising at least one adenine "A" allele or the complement thercof, wherein the SEQ ID
NO: 12 is a portion of a genomic nucleic acid sequence of DNA (cytosine-5)-
methyltransferase 3 beta (DNMT3B);

vii. a SNP at position 27 of SEQ ID NO: 13 (identified by rs7163862)
comprising at least one thymine "T" allele or the complement thereof, wherein the SEQ ID
NO: 13 is a portion of a genomic nucleic acid sequence of GTP cyclohydrolase 1 feedback
regulatory protein (GCHFR);

viii. a SNP at position 27 of SEQ ID NO: 14 (identified by rs12659)
comprising two thymine "T" allele or the complement thereof, wherein the SEQ ID NO: 14 is
a portion of a genomic nucleic acid sequence of reduced folate carrier protein (RCF2);

ix. a SNP at position 27 of SEQ ID NO: 15 (identified by rs202676)
comprising at least one guanine "G" allele or the complement thereof, wherein the SEQ ID
NO: 15 is a portion of a genomic nucleic acid sequence of folate hydrolase (prostate-specific
membrane antigen) 1 (FOLHI); x. a SNP at position 27 of SEQ ID NO: 16 (identified by
1$2297291) comprising two adenine "A" alleles or the complement thereof, wherein the SEQ
ID NO: 16 is a portion of a genomic nucleic acid sequence of reduced folate carrier protein
(RCF1);

xi. a SNP at position 27 of SEQ ID NO: 17 (identified by rs1051266)
comprising two adenine "A" alleles or the complement thereof, wherein the SEQ ID NO: 17
is a portion of a genomic nucleic acid sequence of reduced folate carrier protein (RCF1);

xii. a SNP at position 27 of SEQ ID NO: 18 (identified by rs8007267)
comprising at least one thymine "T" allele or the complement thereof, wherein the SEQ ID
NO: 18 is a portion of a genomic nucleic acid sequence of GTP cyclohydrolase 1 (GCH1);

xiii. a SNP at position 27 of SEQ ID NO: 19 (identified by 1$7639752)
comprising at least one adenine "A" allele or the complement thercof, wherein the SEQ ID
NO: 19 is a portion of a genomic nucleic acid sequence of choline-phosphate

cytidylyltransferase A (PCYT1A);
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xiv. a SNP at position 27 of SEQ ID NO: 20 (identified by rs6275) comprising
two thymine "T" alleles or the complement thereof, wherein the SEQ ID NO: 20 is a portion
of a genomic nucleic acid sequence of dopamine receptor D2 (DRD2);

xv. a SNP at position 27 of SEQ ID NO: 21 (identified by rs1079596)
comprising at least one thymine "T" allele or the complement thereof, wherein the SEQ ID
NO: 21 is a portion of a genomic nucleic acid sequence of dopamine receptor D2 (DRD2);

xvi. a SNP at position 27 of SEQ ID NO: 22 (identified by rs11240594)
comprising at least one adenine "A" allele or the complement thercof, wherein the SEQ ID
NO: 22 is a portion of a genomic nucleic acid sequence of dopamine receptor D2 (DRD2);

xvii. a SNP at position 27 of SEQ ID NO: 23 (identified by rs4633)
comprising two cytosine "C" alleles or the complement thereof, wherein the SEQ ID NO: 23
is a portion of a genomic nucleic acid sequence of catechol-O-methyltransferase (COMT);

xviii. @ SNP at position 27 of SEQ ID NO: 24 (identified by rs4680)
comprising two guanine "G" alleles or the complement thereof, wherein the SEQ ID NO: 24
is a portion of a genomic nucleic acid sequence of catechol-O-methyltransferase (COMT);

xix. a SNP at position 27 of SEQ ID NO: 25 (identified by rs250682)
comprising at least one cytosine "C" allele or the complement thereof, wherein the SEQ ID
NO: 25 is a portion of a genomic nucleic acid sequence of solute carrier family 6
(neurotransmitted transported, dopamine), member 3 (SLC6A3);

xX. a SNP at position 27 of SEQ ID NO: 26 (identified by rs2277820)
comprising at least one thymine "T" allele or the complement thereof, wherein the SEQ ID
NO: 26 is a portion of a genomic nucleic acid sequence of formiminotransferase
cyclodeaminase (FTCD); and

xxi. a SNP at position 27 of SEQ ID NO: 27 (identified by rs2236225)
comprising at least one adenine "A" allele or the complement thercof, wherein the SEQ ID
NO: 27 is a portion of a genomic nucleic acid sequence of methylenetetrahydrofolate

dehydrogenase (NADP+dependent) | (MTHFD1).

[0168] The combinations of two biomarkers that show a therapeutic response greater than

the response produced by either marker alone are presented in Table 3.

Table 3. Dual-biomarker combinations indicative of folate response

Combination Biomarkers and associated folate-responsive conditions

(1) a SNP at position 677 of SEQ ID NO: 1 or position 27 of SEQ ID NO: 7

! (identified by rs1801133) comprising at least one thymine “T” allele or the
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complement thereof, wherein the SEQ ID NO: 1 and SEQ ID NO: 7 are each
independently a portion of a genomic nucleic acid sequence of
methylenetetrahydrofolate reductase (MTHFR); and

(i1) a SNP at position 2756 of SEQ ID NO: 2 or position 27 of SEQ ID NO: 9
(identified by rs1805087) comprising at least one guanine “G” allele or the
complement thereof, wherein the SEQ ID NO: 2 and SEQ ID NO: 9 are each
independently a portion of a genomic nucleic acid sequence of methionine synthase
(MTR)

(1) a SNP at position 27 of SEQ ID NO: 18 (identified by rs8007267) comprising at
least one thymine "T" allele or the complement thereof, wherein the SEQ ID NO: 18
is a portion of a genomic nucleic acid sequence of GTP cyclohydrolase 1 (GCH1);
and

(i1) a SNP at position 27 of SEQ ID NO: 23 (identified by rs4633) comprising two
cytosine "C" alleles or the complement thereof, wherein the SEQ ID NO: 23 is a
portion of a genomic nucleic acid sequence of catechol-O-methyltransferase
(COMT)

(1) a SNP at position 27 of SEQ ID NO: 18 (identified by rs8007267) comprising at
least one thymine "T" allele or the complement thereof, wherein the SEQ ID NO: 18
is a portion of a genomic nucleic acid sequence of GTP cyclohydrolase 1 (GCH1);
and

(i1) a SNP at position 27 of SEQ ID NO: 24 (identified by rs4680) comprising two
guanine “G” alleles or the complement thereof, wherein the SEQ ID NO: 24 is a
portion of a genomic nucleic acid sequence of catechol-O-methyltransferase
(COMT)

(1) a SNP at position 27 of SEQ ID NO: 11 (identified by rs1006737) comprising at
least one adenine “A” allele or the complement thereof, wherein the SEQ ID NO: 11
is a portion of a genomic nucleic acid sequence of calcium channel, voltage-
dependent, L type, alpha 1C subunit (CACNAI1C); and

(i1) a SNP at position 27 of SEQ ID NO: 24 (identified by rs4680) comprising two
guanine “G” alleles or the complement thereof, wherein the SEQ ID NO: 24 is a
portion of a genomic nucleic acid sequence of catechol-O-methyltransferase
(COMT)

(1) a SNP at position 2756 of SEQ ID NO: 2 or position 27 of SEQ ID NO: 9
(identified by rs1805087) comprising at least one guanine “G” allele or the
complement thereof, wherein the SEQ ID NO: 2 and SEQ ID NO: 9 are each
independently a portion of a genomic nucleic acid sequence of methionine synthase
5 (MTR); and

(i1) a SNP at position 27 of SEQ ID NO: 23 (identified by rs4633) comprising two
cytosine "C" alleles or the complement thereof, wherein the SEQ ID NO: 23 is a
portion of a genomic nucleic acid sequence of catechol-O-methyltransferase
(COMT)

(1) a SNP at position 27 of SEQ ID NO: 11 (identified by rs1006737) comprising at
least one adenine “A” allele or the complement thereof, wherein the SEQ ID NO: 11
is a portion of a genomic nucleic acid sequence of calcium channel, voltage-
dependent, L type, alpha 1C subunit (CACNAI1C); and

6 (i1) a SNP at position 2756 of SEQ ID NO: 2 or position 27 of SEQ ID NO: 9
(identified by rs1805087) comprising at least one guanine “G” allele or the
complement thereof, wherein the SEQ ID NO: 2 and SEQ ID NO: 9 are each
independently a portion of a genomic nucleic acid sequence of methionine synthase
(MTR)

(1) a SNP at position 27 of SEQ ID NO: 12 (identified by rs1883729) comprising at
least one adenine “A” allele or the complement thereof, wherein the SEQ ID NO: 12
7 is a portion of a genomic nucleic acid sequence of DNA (cytosine-5)-
methyltransferase 3 beta (DNMT3B); and
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(i1) a SNP at position 27 of SEQ ID NO: 24 (identified by rs4680) comprising two
guanine “G” alleles or the complement thereof, wherein the SEQ ID NO: 24 is a
portion of a genomic nucleic acid sequence of catechol-O-methyltransferase
(COMT)

(1) a SNP at position 27 of SEQ ID NO: 11 (identified by rs1006737) comprising at
least one adenine “A” allele or the complement thereof, wherein the SEQ ID NO: 11
is a portion of a genomic nucleic acid sequence of calcium channel, voltage-
dependent, L type, alpha 1C subunit (CACNAI1C); and

(i1) a SNP at position 27 of SEQ ID NO: 23 (identified by rs4633) comprising two
cytosine "C" alleles or the complement thereof, wherein the SEQ ID NO: 23 is a
portion of a genomic nucleic acid sequence of catechol-O-methyltransferase
(COMT)

(1) a SNP at position 27 of SEQ ID NO: 12 (identified by rs1883729) comprising at
least one adenine “A” allele or the complement thereof, wherein the SEQ ID NO: 12
is a portion of a genomic nucleic acid sequence of DNA (cytosine-5)-
methyltransferase 3 beta (DNMT3B); and

(i1) a SNP at position 2756 of SEQ ID NO: 2 or position 27 of SEQ ID NO: 9
(identified by rs1805087) comprising at least one guanine “G” allele or the
complement thereof, wherein the SEQ ID NO: 2 and SEQ ID NO: 9 are each
independently a portion of a genomic nucleic acid sequence of methionine synthase
(MTR)

10

(1) a SNP at position 27 of SEQ ID NO: 15 (identified by rs202676) comprising at
least one guanine “G” allele or the complement thereof, or one adenine “A” allele or
the complement thereof, wherein the SEQ ID NO: 15 is a portion of a genomic
nucleic acid sequence of folate hydrolase (prostate-specific membrane antigen) 1
(FOLH1); and

(i1) a SNP at position 27 of SEQ ID NO: 24 (identified by rs4680) comprising two
guanine “G” alleles or the complement thereof, wherein the SEQ ID NO: 24 is a
portion of a genomic nucleic acid sequence of catechol-O-methyltransferase
(COMT)

11

(1) a SNP at position 677 of SEQ ID NO: 1 or position 27 of SEQ ID NO: 7
(identified by rs1801133) comprising at least one thymine “T” allele or the
complement thereof, wherein the SEQ ID NO: 1 and SEQ ID NO: 7 are each
independently a portion of a genomic nucleic acid sequence of
methylenetetrahydrofolate reductase (MTHFR); and

(i1) a SNP at position 27 of SEQ ID NO: 15(identified by rs202676) comprising at
least one guanine “G” allele or the complement thereof, or one adenine “A” allele or
the complement thereof, wherein the SEQ ID NO: 15 is a portion of a genomic
nucleic acid sequence of folate hydrolase (prostate-specific membrane antigen) 1
(FOLH1)

12

(1) a SNP at position 27 of SEQ ID NO: 18 (identified by rs8007267) comprising at
least one thymine "T" allele or the complement thereof, wherein the SEQ ID NO: 18
is a portion of a genomic nucleic acid sequence of GTP cyclohydrolase 1 (GCH1);
and

(i1) a SNP at position 27 of SEQ ID NO: 17 (identified by rs1051266) comprising
two adenine “A” alleles or the complement thereof, wherein the SEQ ID NO: 17 is a
portion of a genomic nucleic acid sequence of reduced folate carrier protein (RFC1)

13

(1) a SNP at position 27 of SEQ ID NO: 12 (identified by rs1883729) comprising at
least one adenine “A” allele or the complement thereof, wherein the SEQ ID NO: 12
is a portion of a genomic nucleic acid sequence of DNA (cytosine-5)-
methyltransferase 3 beta (DNMT3B); and

(i1) a SNP at position 27 of SEQ ID NO: 23 (identified by rs4633) comprising two
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cytosine "C" alleles or the complement thereof, wherein the SEQ ID NO: 23 is a
portion of a genomic nucleic acid sequence of catechol-O-methyltransferase
(COMT)

14

(1) a SNP at position 27 of SEQ ID NO: 16 (identified by rs2297291) comprising two
adenine “A” alleles or the complement thereof, wherein the SEQ ID NO: 16 is a
portion of a genomic nucleic acid sequence of reduced folate carrier protein (RFC1);
and

(i1) a SNP at position 27 of SEQ ID NO: 18 (identified by rs8007267) comprising at
least one thymine "T" allele or the complement thereof, wherein the SEQ ID NO: 18
is a portion of a genomic nucleic acid sequence of GTP cyclohydrolase 1 (GCHI1)

15

(1) a SNP at position 27 of SEQ ID NO: 11 (identified by rs1006737) comprising at
least one adenine “A” allele or the complement thereof, wherein the SEQ ID NO: 11
is a portion of a genomic nucleic acid sequence of calcium channel, voltage-
dependent, L type, alpha 1C subunit (CACNAI1C); and

(i1) a SNP at position 27 of SEQ ID NO: 18 (identified by rs8007267) comprising at
least one thymine "T" allele or the complement thereof, wherein the SEQ ID NO: 18
is a portion of a genomic nucleic acid sequence of GTP cyclohydrolase 1 (GCH1)

16

(1) a SNP at position 27 of SEQ ID NO: 18 (identified by rs8007267) comprising at
least one thymine "T" allele or the complement thereof, wherein the SEQ ID NO: 18
is a portion of a genomic nucleic acid sequence of GTP cyclohydrolase 1 (GCH1),
and

(i1) a SNP at position 2756 of SEQ ID NO: 2 or position 27 of SEQ ID NO: 9
(identified by rs1805087) comprising at least one guanine “G” allele or the
complement thereof, wherein the SEQ ID NO: 2 and SEQ ID NO: 9 are each
independently a portion of a genomic nucleic acid sequence of methionine synthase
(MTR)

17

(1) a SNP at position 27 of SEQ ID NO: 13 (identified by rs7163862) comprising at
least one thymine “T" allele or the complement thereof, or one adenine “A” allele or
the complement thereof, wherein the SEQ ID NO: 13 is a portion of a genomic
nucleic acid sequence of GTP cyclohydrolase 1 feedback regulatory protein
(GCHFR); and

(i1) a SNP at position 27 of SEQ ID NO: 20 (identified by at rs6275) comprising two
thymine “T” alleles or the complement thereof, wherein the SEQ ID NO: 20 is a
portion of a genomic nucleic acid sequence of dopamine receptor D2 (DRD2)

18

(1) a SNP at position 27 of SEQ ID NO: 11 (identified by rs1006737) comprising at
least one adenine “A” allele or the complement thereof, wherein the SEQ ID NO: 11
is a portion of a genomic nucleic acid sequence of calcium channel, voltage-
dependent, L type, alpha 1C subunit (CACNAI1C); and

(i1) a SNP at position 27 of SEQ ID NO: 21(identified by rs1079596) comprising at
least one thymine “T” allele or the complement thereof, wherein the SEQ ID NO: 21
is a portion of a genomic nucleic acid sequence of dopamine receptor D2 (DRD2)

19

(1) a SNP at position 27 of SEQ ID NO: 13 (identified by rs7163862) comprising at
least one thymine “T" allele or the complement thereof, or one adenine “A” allele or
the complement thereof, wherein the SEQ ID NO: 13 is a portion of a genomic
nucleic acid sequence of GTP cyclohydrolase 1 feedback regulatory protein
(GCHFR); and

(i1) a SNP at position 27 of SEQ ID NO: 17 (identified by rs1051266) comprising
two adenine “A” alleles or the complement thereof, wherein the SEQ ID NO: 17 is a
portion of a genomic nucleic acid sequence of reduced folate carrier protein (RFC1)

20

(1) a SNP at position 27 of SEQ ID NO: 15(identified by 1s202676) comprising at
least one guanine “G” allele or the complement thereof, or one adenine “A” allele or
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the complement thereof, wherein the SEQ ID NO: 15 is a portion of a genomic
nucleic acid sequence of folate hydrolase (prostate-specific membrane antigen) 1
(FOLH1); and

(i1) a SNP at position 27 of SEQ ID NO: 23 (identified by rs4633) comprising two
cytosine "C" alleles or the complement thereof, wherein the SEQ ID NO: 23 is a
portion of a genomic nucleic acid sequence of catechol-O-methyltransferase
(COMT)

21

(1) a SNP at position 27 of SEQ ID NO: 12 (identified by rs1883729) comprising two
adenine “A” alleles or the complement thereof, wherein the SEQ ID NO: 12 is a
portion of a genomic nucleic acid sequence of DNA (cytosine-5)-methyltransferase 3
beta (DNMT3B); and

(i1) a SNP at position 27 of SEQ ID NO: 15(identified by 1s202676) comprising at
least one guanine “G” allele or the complement thereof, or one adenine “A” allele or
the complement thereof, wherein the SEQ ID NO: 15 is a portion of a genomic
nucleic acid sequence of folate hydrolase (prostate-specific membrane antigen) 1
(FOLHI1)

22

(1) a SNP at position 27 of SEQ ID NO: 21(identified by rs1079596) comprising at
least one thymine “T” allele or the complement thereof, wherein the SEQ ID NO: 21
is a portion of a genomic nucleic acid sequence of dopamine receptor D2 (DRD2);
and

(i1) a SNP at position 2756 of SEQ ID NO: 2 or position 27 of SEQ ID NO: 9
(identified by rs1805087) comprising at least one guanine “G” allele or the
complement thereof, wherein the SEQ ID NO: 2 and SEQ ID NO: 9 are each
independently a portion of a genomic nucleic acid sequence of methionine synthase
(MTR)

23

(1) a SNP at position 27 of SEQ ID NO: 12 (identified by rs1883729) comprising two
adenine “A” alleles or the complement thereof, wherein the SEQ ID NO: 12 is a
portion of a genomic nucleic acid sequence of DNA (cytosine-5)-methyltransferase 3
beta (DNMT3B); and

(i1) a SNP at position 2756 of SEQ ID NO: 2 or position 27 of SEQ ID NO: 9
(identified by rs1805087) comprising at least one guanine “G” allele or the
complement thereof, wherein the SEQ ID NO: 2 and SEQ ID NO: 9 are each
independently a portion of a genomic nucleic acid sequence of methionine synthase
(MTR)

24

(1) a SNP at position 27 of SEQ ID NO: 13 (identified by rs7163862) comprising at
least one thymine “T" allele or the complement thereof, or one adenine “A” allele or
the complement thereof, wherein the SEQ ID NO: 13 is a portion of a genomic
nucleic acid sequence of GTP cyclohydrolase 1 feedback regulatory protein
(GCHFR); and

(i1) a SNP at position 27 of SEQ ID NO: 23 (identified by rs4633) comprising two
cytosine "C" alleles or the complement thereof, wherein the SEQ ID NO: 23 is a
portion of a genomic nucleic acid sequence of catechol-O-methyltransferase
(COMT)

25

(1) a SNP at position 677 of SEQ ID NO: 1 or position 27 of SEQ ID NO: 7
(identified by rs1801133) comprising at least one thymine “T” allele or the
complement thereof, wherein the SEQ ID NO: 1 and SEQ ID NO: 7 are each
independently a portion of a genomic nucleic acid sequence of
methylenetetrahydrofolate reductase (MTHFR); and

(i1) a SNP at position 27 of SEQ ID NO: 11 (identified by rs1006737) comprising at
least one adenine “A” allele or the complement thereof, wherein the SEQ ID NO: 11
is a portion of a genomic nucleic acid sequence of calcium channel, voltage-
dependent, L type, alpha 1C subunit (CACNAI1C)
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(1) a SNP at position 27 of SEQ ID NO: 11 (identified by rs1006737) comprising at
least one adenine “A” allele or the complement thereof, wherein the SEQ ID NO: 11
is a portion of a genomic nucleic acid sequence of calcium channel, voltage-

26 dependent, L type, alpha 1C subunit (CACNAI1C); and

(i1) a SNP at position 27 of SEQ ID NO: 20 (identified by at rs6275) comprising two
thymine “T” alleles or the complement thereof, wherein the SEQ ID NO: 20 is a
portion of a genomic nucleic acid sequence of dopamine receptor D2 (DRD2)

(1) a SNP at position 27 of SEQ ID NO: 15(identified by 1s202676) comprising at
least one guanine “G” allele or the complement thereof, or one adenine “A” allele or
the complement thereof, wherein the SEQ ID NO: 15 is a portion of a genomic
nucleic acid sequence of folate hydrolase (prostate-specific membrane antigen) 1

27 (FOLH1); and

(i1) a SNP at position 27 of SEQ ID NO: 18 (identified by rs8007267) comprising at
least one thymine "T" allele or the complement thereof, wherein the SEQ ID NO: 18
is a portion of a genomic nucleic acid sequence of GTP cyclohydrolase 1 (GCHI1)

(1) a SNP at position 27 of SEQ ID NO: 13 (identified by rs7163862) comprising at
least one thymine “T" allele or the complement thereof, or one adenine “A” allele or
the complement thereof, wherein the SEQ ID NO: 13 is a portion of a genomic
nucleic acid sequence of GTP cyclohydrolase 1 feedback regulatory protein
(GCHFR); and

(i1) a SNP at position 2756 of SEQ ID NO: 2 or position 27 of SEQ ID NO: 9
(identified by rs1805087) comprising at least one guanine “G” allele or the
complement thereof, wherein the SEQ ID NO: 2 and SEQ ID NO: 9 are each
independently a portion of a genomic nucleic acid sequence of methionine synthase
(MTR)

28

(1) a SNP at position 27 of SEQ ID NO: 13 (identified by rs7163862) comprising at
least one thymine “T" allele or the complement thereof, or one adenine “A” allele or
the complement thereof, wherein the SEQ ID NO: 13 is a portion of a genomic
nucleic acid sequence of GTP cyclohydrolase 1 feedback regulatory protein
(GCHFR); and

(i1) a SNP at position 27 of SEQ ID NO: 21 (identified by rs1079596) comprising at
least one thymine “T” allele or the complement thereof, wherein the SEQ ID NO: 21
is a portion of a genomic nucleic acid sequence of dopamine receptor D2 (DRD2)

29

(1) a SNP at position 27 of SEQ ID NO: 15 (identified by rs202676) comprising at
least one guanine “G” allele or the complement thereof, or one adenine “A” allele or
the complement thereof, wherein the SEQ ID NO: 15 is a portion of a genomic
nucleic acid sequence of folate hydrolase (prostate-specific membrane antigen) 1
(FOLH1); and

(i1) a SNP at position 2756 of SEQ ID NO: 2 or position 27 of SEQ ID NO: 9
(identified by rs1805087) comprising at least one guanine “G” allele or the
complement thereof, wherein the SEQ ID NO: 2 and SEQ ID NO: 9 are each
independently a portion of a genomic nucleic acid sequence of methionine synthase
(MTR)

30

(1) a SNP at position 27 of SEQ ID NO: 11 (identified by rs1006737) comprising at
least one adenine “A” allele or the complement thereof, wherein the SEQ ID NO: 11
is a portion of a genomic nucleic acid sequence of calcium channel, voltage-

31 dependent, L type, alpha 1C subunit (CACNAI1C); and

(i1) a SNP at position 27 of SEQ ID NO: 12 (identified by rs1883729) comprising at
least one adenine “A” allele or the complement thereof, wherein the SEQ ID NO: 12
is a portion of a genomic nucleic acid sequence of DNA (cytosine-5)-
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methyltransferase 3 beta (DNMT3B)

32

(1) a SNP at position 27 of SEQ ID NO: 13 (identified by rs7163862) comprising at
least one thymine “T" allele or the complement thereof, or one adenine “A” allele or
the complement thereof, wherein the SEQ ID NO: 13 is a portion of a genomic
nucleic acid sequence of GTP cyclohydrolase 1 feedback regulatory protein
(GCHFR); and

(i1) a SNP at position 27 of SEQ ID NO: 16 (identified by 1s2297291) comprising
two adenine “A” alleles or the complement thereof, wherein the SEQ ID NO: 16 is a
portion of a genomic nucleic acid sequence of reduced folate carrier protein (RFC1)

33

(1) a SNP at position 27 of SEQ ID NO: 15(identified by 1s202676) comprising at
least one guanine “G” allele or the complement thereof, or one adenine “A” allele or
the complement thereof, wherein the SEQ ID NO: 15 is a portion of a genomic
nucleic acid sequence of folate hydrolase (prostate-specific membrane antigen) 1
(FOLH1); and

(i1) a SNP at position 1793 of SEQ ID NO: 1 or position 27 of SEQ ID NO: §
(identified by 1$2274976) comprising at least one adenine “A” allele or the
complement thereof, wherein the SEQ ID NO: 1 and SEQ ID NO: 8 are each
independently a portion of a genomic nucleic acid sequence of
methylenetetrahydrofolate reductase (MTHFR)

34

(1) a SNP at position 27 of SEQ ID NO: 15 (identified by rs202676) comprising at
least one guanine “G” allele or the complement thereof, or one adenine “A” allele or
the complement thereof, wherein the SEQ ID NO: 15 is a portion of a genomic
nucleic acid sequence of folate hydrolase (prostate-specific membrane antigen) 1
(FOLH1); and

(i1) a SNP at position 27 of SEQ ID NO: 17 (identified by rs1051266) comprising
two adenine “A” alleles or the complement thereof, wherein the SEQ ID NO: 17 is a
portion of a genomic nucleic acid sequence of reduced folate carrier protein (RFC1),

35

(1) a SNP at position 27 of SEQ ID NO: 11 (identified by rs1006737) comprising at
least one adenine “A” allele or the complement thereof, wherein the SEQ ID NO: 11
is a portion of a genomic nucleic acid sequence of calcium channel, voltage-
dependent, L type, alpha 1C subunit (CACNAI1C); and

(i1) a SNP at position 27 of SEQ ID NO: 12 (identified by rs1883729) comprising
two adenine “A” alleles or the complement thereof, wherein the SEQ ID NO: 12 is a
portion of a genomic nucleic acid sequence of DNA (cytosine-5)-methyltransferase 3
beta (DNMT3RB)

36

(1) a SNP at position 27 of SEQ ID NO: 11 (identified by rs1006737) comprising at
least one adenine “A” allele or the complement thereof, wherein the SEQ ID NO: 11
is a portion of a genomic nucleic acid sequence of calcium channel, voltage-
dependent, L type, alpha 1C subunit (CACNAI1C); and

(i1) a SNP at position 1793 of SEQ ID NO: 1 or position 27 of SEQ ID NO: §
(identified by 1$2274976) comprising at least one adenine “A” allele or the
complement thereof, wherein the SEQ ID NO: 1 and SEQ ID NO: 8 are each
independently a portion of a genomic nucleic acid sequence of
methylenetetrahydrofolate reductase (MTHFR)

37

(1) a SNP at position 27 of SEQ ID NO: 15(identified by 1s202676) comprising at
least one guanine “G” allele or the complement thereof, or one adenine “A” allele or
the complement thereof, wherein the SEQ ID NO: 15 is a portion of a genomic
nucleic acid sequence of folate hydrolase (prostate-specific membrane antigen) 1
(FOLH1); and
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(i1) a SNP at position 27 of SEQ ID NO: 12 (identified by rs1883729) comprising at
least one adenine “A” allele or the complement thereof, wherein the SEQ ID NO: 12
is a portion of a genomic nucleic acid sequence of DNA (cytosine-5)-
methyltransferase 3 beta (DNMT3B)

38

(1) a SNP at position 27 of SEQ ID NO: 13 (identified by rs7163862) comprising at
least one thymine “T" allele or the complement thereof, or one adenine “A” allele or
the complement thereof, wherein the SEQ ID NO: 13 is a portion of a genomic
nucleic acid sequence of GTP cyclohydrolase 1 feedback regulatory protein
(GCHFR); and

(i1) a SNP at position 27 of SEQ ID NO: 14 (identified by rs12659) comprising two
thymine “T” alleles or the complement thereof, wherein the SEQ ID NO: 14 is a
portion of a genomic nucleic acid sequence of reduced folate carrier protein (RFC1)

39

(1) a SNP at position 27 of SEQ ID NO: 15 (identified by rs202676) comprising at
least one guanine “G” allele or the complement thereof, or one adenine “A” allele or
the complement thereof, wherein the SEQ ID NO: 15 is a portion of a genomic
nucleic acid sequence of folate hydrolase (prostate-specific membrane antigen) 1
(FOLH1); and

(i1) a SNP at position 27 of SEQ ID NO: 21 (identified by rs1079596) comprising at
least one thymine “T” allele or the complement thereof, wherein the SEQ ID NO: 21
is a portion of a genomic nucleic acid sequence of dopamine receptor D2 (DRD2)

40

(1) a SNP at position 27 of SEQ ID NO: 18 (identified by rs8007267) comprising at
least one thymine "T" allele or the complement thereof, wherein the SEQ ID NO: 18
is a portion of a genomic nucleic acid sequence of GTP cyclohydrolase 1 (GCH1);
and

(i1) a SNP at position 27 of SEQ ID NO: 12 (identified by rs1883729) comprising at
least one adenine “A” allele or the complement thereof, wherein the SEQ ID NO: 12
is a portion of a genomic nucleic acid sequence of DNA (cytosine-5)-
methyltransferase 3 beta (DNMT3B)

41

(1) a SNP at position 27 of SEQ ID NO: 15 (identified by rs202676) comprising at
least one guanine “G” allele or the complement thereof, or one adenine “A” allele or
the complement thereof, wherein the SEQ ID NO: 15 is a portion of a genomic
nucleic acid sequence of folate hydrolase (prostate-specific membrane antigen) 1
(FOLH1); and

(i1) a SNP at position 27 of SEQ ID NO: 16 (identified by 1s2297291) comprising
two adenine “A” alleles or the complement thereof, wherein the SEQ ID NO: 16 is a
portion of a genomic nucleic acid sequence of reduced folate carrier protein (RFC1)

42

(1) a SNP at position 27 of SEQ ID NO: 13 (identified by rs7163862) comprising at
least one thymine “T" allele or the complement thereof, or one adenine “A” allele or
the complement thereof, wherein the SEQ ID NO: 13 is a portion of a genomic
nucleic acid sequence of GTP cyclohydrolase 1 feedback regulatory protein
(GCHFR); and

(i1) a SNP at position 1793 of SEQ ID NO: 1 or position 27 of SEQ ID NO: §
(identified by 1$2274976) comprising at least one adenine “A” allele or the
complement thereof, wherein the SEQ ID NO: 1 and SEQ ID NO: 8 are each
independently a portion of a genomic nucleic acid sequence of
methylenetetrahydrofolate reductase (MTHFR)
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(1) a SNP at position 27 of SEQ ID NO: 14 (identified by rs12659) comprising two
thymine “T” alleles or the complement thereof, wherein the SEQ ID NO: 14 is a
portion of a genomic nucleic acid sequence of reduced folate carrier protein (RFC1);
and
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(i1) a SNP at position 27 of SEQ ID NO: 15 (identified by 1s202676) comprising at
least one guanine “G” allele or the complement thereof, or one adenine “A” allele or
the complement thereof, wherein the SEQ ID NO: 15 is a portion of a genomic
nucleic acid sequence of folate hydrolase (prostate-specific membrane antigen) 1
(FOLHI1)

44

(1) a SNP at position 27 of SEQ ID NO: 13 (identified by rs7163862) comprising at
least one thymine “T" allele or the complement thereof, or one adenine “A” allele or
the complement thereof, wherein the SEQ ID NO: 13 is a portion of a genomic
nucleic acid sequence of GTP cyclohydrolase 1 feedback regulatory protein
(GCHFR); and

(i1) a SNP at position 27 of SEQ ID NO: 12 (identified by rs1883729) comprising at
least one adenine “A” allele or the complement thereof, wherein the SEQ ID NO: 12
is a portion of a genomic nucleic acid sequence of DNA (cytosine-5)-
methyltransferase 3 beta (DNMT3B)

45

(1) a SNP at position 2756 of SEQ ID NO: 2 or position 27 of SEQ ID NO: 9
(identified by rs1805087) comprising at least one guanine “G” allele or the
complement thereof, wherein the SEQ ID NO: 2 and SEQ ID NO: 9 are each
independently a portion of a genomic nucleic acid sequence of methionine synthase
(MTR); and

(i1) obese
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(1) a SNP at position 27 of SEQ ID NO: 18 (identified by rs8007267) comprising at
least one thymine "T" allele or the complement thereof, wherein the SEQ ID NO: 18
is a portion of a genomic nucleic acid sequence of GTP cyclohydrolase 1 (GCH1);
and

(i1) obese

47

(1) a SNP at position 27 of SEQ ID NO: 12 (identified by rs1883729) comprising at
least one adenine “A” allele or the complement thereof, wherein the SEQ ID NO: 12
is a portion of a genomic nucleic acid sequence of DNA (cytosine-5)-
methyltransferase 3 beta (DNMT3B); and

(i1) obese

48

(1) a SNP at position 677 of SEQ ID NO: 1 or position 27 of SEQ ID NO: 7
(identified by rs1801133) comprising at least one thymine “T” allele or the
complement thereof, wherein the SEQ ID NO: 1 and SEQ ID NO: 7 are each
independently a portion of a genomic nucleic acid sequence of
methylenetetrahydrofolate reductase (MTHFR); and

(i1) obese

49

(1) a SNP at position 27 of SEQ ID NO: 24 (identified by rs4680) comprising two
guanine “G” alleles or the complement thereof, wherein the SEQ ID NO: 24 is a
portion of a genomic nucleic acid sequence of catechol-O-methyltransferase
(COMT); and

(i1) obese

50

(1) a SNP at position 27 of SEQ ID NO: 11 (identified by rs1006737) comprising at
least one adenine “A” allele or the complement thereof, wherein the SEQ ID NO: 11
is a portion of a genomic nucleic acid sequence of calcium channel, voltage-
dependent, L type, alpha 1C subunit (CACNAI1C); and

(i1) obese

51

(1) a SNP at position 27 of SEQ ID NO: 13 (identified by rs7163862) comprising at
least one thymine “T" allele or the complement thereof, or one adenine “A” allele or
the complement thereof, wherein the SEQ ID NO: 13 is a portion of a genomic
nucleic acid sequence of GTP cyclohydrolase 1 feedback regulatory protein
(GCHFR); and

(i1) obese
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(1) a SNP at position 27 of SEQ ID NO: 21(identified by rs1079596) comprising at
least one thymine “T” allele or the complement thereof, wherein the SEQ ID NO: 21
is a portion of a genomic nucleic acid sequence of dopamine receptor D2 (DRD2);

52 and
(i1) obese
[0169] In some embodiments, the dual-biomarker combinations set forth in Table 3 can be

used in the assays and/or methods described herein to identify a patient who will positively

respond to a treatment comprising a folate-containing compound. In other embodiments, the

folate-comprising compound described herein can be used to treat a patient carrying a dual-

biomarker combination set forth in Table 3.

[0170]

The synergistic dual-biomarker combinations described herein are indicative of a

therapeutic response to a folate-comprising treatment that is greater than the sum of responses

produced by two individual biomarkers alone, or is greater than a response produced by

cither biomarker alone (Table 4).

Table 4. Synergistic dual-biomarker combinations that are indicative of folate response

Theoretical
S e .. HAMD-28 HAMD-28 (single HAMD-28 Measured
ynergistic combinations (single marker) marker) change for HAMD-28
additive effect
MTHFR MTR
MTHFR+MTR (SEQIDNO: 7) (SEQ IDNO: 9) -12 233
-3.8 -8.2
GCH1 COMT rs4633
GCH1 + COMT (rs4633) (SEQID NO: 18) | (SEQ ID NO: 23) -159 220.7
-6.7 -9.2
GCH1 COMT rs4680
GCHI1 + COMT (rs4680) (SEQID NO: 18) | (SEQ ID NO: 24) -17.6 220.7
-6.7 -10.9
CACNAIC COMT rs4680
CACN(‘;‘SI“% JO)COMT (SEQIDNO: 11) | (SEQ ID NO: 24) 155 162
-4.6 -10.9
MTR (SEQ ID
BMI>30 + MTR BMI>30 NO: 9) 12.9 144
-4.7 -8.2
GCHI (SEQ ID
BMI>30 + GCHI BMI>30 NO: 18) 114 143
-4.7 -6.7
CACNAIC MTR
CACNAIC + MTR (SEQIDNO: 11) | (SEQIDNO:9) -12.8 2135
-4.6 -8.2
DNMT3B
BMI>30 + DNMT3B BMI> 30 (SEQ ID NO: 12) 101 114
-4.7 -5.4
MTHFR + FOLH1 MTHFR FOLH1 -9.2 -11.4
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(SEQIDNO:7) | (SEQ IDNO: 15)
38 54
MTHFR
MTHFR + BMI>30 (SEQ ID NO: 7) BMI > 30 85 99
38 -4.7

[0171] In some embodiments, the synergistic dual-biomarker combinations set forth in
Table 2 can be used in the assays and/or methods described herein to identify a patient who
will positively respond to a treatment comprising a folate-containing compound. In other
embodiments, the folate-comprising compound described herein can be used to treat a patient

carrying a synergistic dual-biomarker combination set forth in Table 2.

[0172] In some embodiments, the synergistic dual genetic pair that is predictive of
responsiveness to a folate-comprising compound are 1) a SNP at position 677 of SEQ ID NO:
1 or position 27 of SEQ ID NO: 7 (identified by rs1801133) comprising at least one thymine
“T” allele or the complement thereof, wherein the SEQ ID NO: 1 and SEQ ID NO: 7 are each
independently a portion of a genomic nucleic acid sequence of methylenetetrahydrofolate
reductase (MTHFR) and 2) a SNP at position 2756 of SEQ ID NO: 2 or position 27 of SEQ
ID NO: 9 (identified by rs1805087) comprising at least one guanine “G” allele or the
complement thereof, wherein the SEQ ID NO: 2 and SEQ ID NO: 9 are each independently a

portion of a genomic nucleic acid sequence of methionine synthase (MTR).

[0173] In other embodiments, the synergistic dual genetic pair that is predictive of
responsiveness to a folate-comprising compound are 1) a SNP at position 27 of SEQ ID
NO:18 (identified by rs8007267) comprising at least one thymine “T” allele or the
complement thereof, wherein the SEQ ID NO:18 is a portion of a genomic nucleic acid
sequence of GTP cyclohydrolase 1 (GCH1) and 2) a SNP at position 27 of SEQ ID NO: 24
(identified by rs4680) comprising two guanine “G” alleles or the complement thereof,
wherein the SEQ ID NO: 24 is a portion of a genomic nucleic acid sequence of catechol-O-

methyltransferase (COMT).

[0174] In yet other embodiments, the synergistic dual genetic pair that is predictive of
responsiveness to a folate-comprising compound are 1) a SNP at position 27 of SEQ ID
NO:18 (identified by rs8007267) comprising at least one thymine “T” allele or the
complement thereof, wherein the SEQ ID NO:18 is a portion of a genomic nucleic acid
sequence of GTP cyclohydrolase 1 (GCH1) and 2) a SNP at position 27 of SEQ ID NO: 23

(identified by rs4633) comprising two cytosine “C” alleles or the complement thereof,
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wherein the SEQ ID NO:23 is a portion of a genomic nucleic acid sequence of catechol-O-

methyltransferase (COMT).
[0175] Other synergistic dual-marker combinations include:

(i) a SNP at position 27 of SEQ ID NO: 11 (identified by rs1006737)
comprising at least one adenine “A” allele or the complement thercof, wherein the SEQ ID
NO: 11 is a portion of a genomic nucleic acid sequence of calcium channel, voltage-
dependent, L type, alpha 1C subunit (CACNAI1C); and (ii) a SNP at position 27 of SEQ 1D
NO: 24 (identified by rs4680) comprising two guanine “G” alleles or the complement thereof,
wherein the SEQ ID NO: 24 is a portion of a genomic nucleic acid sequence of catechol-O-
methyltransferase (COMT);

(1) a SNP at position 27 of SEQ ID NO: 11 (identified by rs1006737)
comprising at least one adenine “A” allele or the complement thereof, wherein the SEQ ID
NO: 11 is a portion of a genomic nucleic acid sequence of calcium channel, voltage-
dependent, L type, alpha 1C subunit (CACNA1C); and(ii) a SNP at position 2756 of SEQ ID
NO: 2 or position 27 of SEQ ID NO: 9 (identified by rs1805087) comprising at least one
guanine “G” allele or the complement thereof, wherein the SEQ ID NO: 2 and SEQ ID NO: 9
are each independently a portion of a genomic nucleic acid sequence of methionine synthase
(MTR);

(1) a SNP at position 677 of SEQ ID NO: 1 or position 27 of SEQ ID NO: 7
(identified by rs1801133) comprising at least one thymine “T” allele or the complement
thereof, wherein the SEQ ID NO: 1 and SEQ ID NO: 7 are each independently a portion of a
genomic nucleic acid sequence of methylenetetrahydrofolate reductase (MTHFR); and (ii) a
SNP at position 27 of SEQ ID NO: 15(identified by 1s202676) comprising at least one
guanine “G” allele or the complement thereof, or one adenine “A” allele or the complement
thereof, wherein the SEQ ID NO: 15 is a portion of a genomic nucleic acid sequence of folate
hydrolase (prostate-specific membrane antigen) 1 (FOLHI1);

(1) a SNP at position 2756 of SEQ ID NO: 2 or position 27 of SEQ ID NO: 9
(identified by rs1805087) comprising at least one guanine “G” allele or the complement
thereof, wherein the SEQ ID NO: 2 and SEQ ID NO: 9 are each independently a portion of a
genomic nucleic acid sequence of methionine synthase (MTR); and(ii) obesity;

(i) a SNP at position 27 of SEQ ID NO: 18 (identified by rs8007267)

comprising at least one thymine "T" allele or the complement thereof, wherein the SEQ ID
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NO: 18 is a portion of a genomic nucleic acid sequence of GTP cyclohydrolase 1 (GCH1);
and (i) obesity

(i) a SNP at position 27 of SEQ ID NO: 12 (identified by rs1883729)
comprising at least one adenine “A” allele or the complement thercof, wherein the SEQ ID
NO: 12 is a portion of a genomic nucleic acid sequence of DNA (cytosine-5)-
methyltransferase 3 beta (DNMT3B); and (ii) obesity; and

(1) a SNP at position 677 of SEQ ID NO: 1 or position 27 of SEQ ID NO: 7
(identified by rs1801133) comprising at least one thymine “T” allele or the complement
thereof, wherein the SEQ ID NO: 1 and SEQ ID NO: 7 are each independently a portion of a
genomic nucleic acid sequence of methylenetetrahydrofolate reductase (MTHFR); and (ii)
obesity.
[0176] Further, peripheral biomarker conditions that can predict efficacy of administering
to a human subject a folate-comprising compound (e.g., in a combination therapy to increase
the efficacy of an antidepressant) for treatment of depression include relative expression
levels between s-adenosyl methionine (SAM) and s-adenosyl homocysteine (SAH),
expression of 4-hydroxynonenal (4-HNE), expression of high-sensitivity c-reactive protein
(hsCRP), and any combinations thereof. Additionally, obesity has also been discovered to be
predicative of effectiveness of a treatment regimen comprising a folate-comprising compound

(e.g., as a monotherapy or a combination therapy with an antidepressant).

[0177] In some embodiments of the assays and/or methods provided herein, at least one
synergistic biomaker combination is measured, and optionally at least one peripheral
biomarker, such as obesity, the SAM/SAH ratio, the level of 4-HNE, the level of hsCRP or a
combination thereof, are measured to determine whether the subject will have a therapeutic

response to adjunctive therapy of a folate-comprising compound, e.g., L-methylfolate.

B. Other Folate-Responsive Biomarkers

[0178] In some embodiments, when the expression ratio of s-adenosyl methionine (SAM)
to s-adenosyl homocysteine (SAH) [SAM/SAH ratio] is smaller than the pre-determined
reference ratio, e.g., smaller than a control ratio of SAM/SAH as measured in a biological
sample of normal healthy subjects, the subject can be recommended for and/or optionally
administered with a treatment regimen comprising a folate-comprising compound. In one
embodiment, the pre-determined reference ratio of SAM to SAH can be the control ratio of

SAM to SAH as measured in a serum sample of normal healthy subjects, wherein the control
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ratio of SAM to SAH can range from about 4 to about 12 such as 4, 5, 6,7, 8,9, 10, 11, or
12. In other embodiments, the control ratio of SAM to SAH as measured in a serum sample
of normal healthy subjects can be about 7. In some embodiments, the pre-determined
reference ratio of SAM to SAH can be about 3 as measured in plasma sample. In other
embodiments, the pre-determined reference ratio of SAM to SAH can be about 2.8, as
measured in a plasma sample. In another embodiment, the pre-determined reference ratio of
SAM to SAH can be about 2.71, as measured in a plasma sample. In some embodiments, if
the expression ratio of SAM to SAH is at least or greater than the pre-determined reference
ratio (e.g., at least or greater than 2.71 as measured in a plasma sample), the subject is not
recommended for nor administered with a treatment regimen comprising a folate-comprising
compound. Depending on the test sample source, e.g., a serum sample vs. a urine sample, the
pre-determined reference ratio of SAM to SAH for a blood plasma sample can be different
from that for, e.g., a urine sample. See, e.g., Stabler SP and Allen RH. 2004 Clinical
Chemistry 50: 365-372. Methods for detecting SAM and SAH are described below.

[0179] In some embodiments, when the expression of 4-HNE in the subject is greater than
the first pre-determined reference value, e.g., greater than a control value of 4-HNE as
measured in a biological sample of normal healthy subjects, the subject can be recommended
for and/or optionally administered with a treatment regimen comprising a folate-comprising
compound. In one embodiment, the first pre-determined reference value of 4-HNE can be the
control value of 4-HNE as measured in a serum sample of the normal healthy subjects,
wherein the control value of 4-HNE can be about 0.24 mol per liter of serum, or about 0.04
mg per liter of serum. See, e.g., Gocmen AY ef al. 2008 Clinical Biohemistry 41: 836-840. In
one embodiment, the first pre-determined reference value of 4-HNE can be about 3 mg per
liter of plasma as measured in a plasma sample. In one embodiment, the first pre-determined
reference value of 4-HNE can be about 3.2 mg per liter of plasma as measured in a plasma
sample. In one embodiment, the first pre-determined reference value of 4-HNE can be about
3.28 mg per liter of plasma as measured in a plasma sample. In some embodiments, if the
expression of 4-HNE is less than the first pre-determined reference value (e.g., less than 3.28
mg per liter of plasma as measured in a plasma sample), the subject is not recommended for
nor administered with a treatment regimen comprising a folate-comprising compound.
Depending on the test sample source, e.g., a blood sample vs. a cerebrospinal fluid sample,

the pre-determined reference value for a plasma sample can be different from that for, e.g., a
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cerebrospinal fluid sample. Methods for measuring the level of 4-HNE in a sample taken

from a patient are described below.

[0180] In some embodiments, the assay and methods described herein can further comprise
determining expression of high-sensitivity c-reactive protein (hsCRP), wherein the hsCRP
expression greater than a second pre-determined reference value, e.g., greater than a control
value of hsCRP as measured in a biological sample of normal healthy subjects, is indicative
of the subject recommended for and optionally administered with a treatment regimen
comprising a folate-comprising compound. In some embodiments, the second pre-
determined reference value of hsCRP can be the control value of hsCRP as measured in a
serum sample of normal healthy subjects, wherein the control value of hsCRP can range from
about 0.5 mg per liter of serum to about 4.5 mg per liter of serum. See, e.g., Guven SF et al.,
2012 Sleep Breath 16: 217-221. In other embodiments, the second pre-determined reference
value of hsCRP can be about 2.3 mg per liter of plasma, as measured in a plasma sample. In
some embodiments, if the expression of hsCRP is lower than the second pre-determined
reference value (e.g., lower than 2.3 mg per liter of plasma, as measured in a plasma sample),
then the subject is not recommended for nor administered with a treatment regimen
comprising a folate-comprising compound. Depending on the test sample source, e.g., a
blood sample vs. a cerebrospinal fluid sample, the hsCRP expression a plasma sample can be
different from that in, e.g., a cerebrospinal fluid (CSF) sample. Methods for measuring the

level of hsCRP in a sample taken from a patient are described below.

[0181] In some embodiments, a physical biomarker, e.g., obesity indicator, can also be
measured, wherein obesity (e.g., defined by a BMI value of at least about 30 kg/m” or greater;
a waist circumference greater than 40 inches (or greater than 120 cm) in men, or greater than
35 inches (or greater than 88 cm) in women; a waist-hip ratio above 0.95 for men or above
0.80 for women; and/or a body fat percentage of at least about 25% in men or at least about
32% in women) indicates a treatment regimen comprising a folate-comprising compound be

recommended for and/or administered to the human subject.

[0182] In some embodiments, the assay/method provided herein can comprise determining
if the human subject is obese or not. If the human subject is determined to be obese, then the
human subject is selected for and optionally administered with a treatment regimen
comprising an effective amount of a folate-comprising compound. Methods of determining

obesity in a human subject are known in the art and can include, but are not limited to, body
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mass index (BMI) measurement, measurement of abdominal fat (e.g., by waist circumference
or waist-hip ratio), measurement of body fat, skinfold thickness, underwater weighing
(densitometry), air-displacement plethysmography, computerized tomography (CT) and
magnetic resonance imaging (MRI), and dual energy X-ray absorptiometry (DEXA), and any

combinations thereof.

C. Methods for Detecting or Measuring Biomarkers

[0183] In some embodiments, a test sample subjected to analysis performed in the assays
and/or methods described herein are derived from a sample (e.g., biological sample of a
subject. The term “biological sample” as used herein denotes a sample taken or isolated from
a biological organism, e.g., cell lysate, a homogenate of a tissue sample from a subject or a
fluid sample from a subject. The biological sample includes untreated or pre-treated (or pre-
processed) biological samples. A non-limiting example of a biological sample includes a
biological fluid, such as, blood (including whole blood, plasma, cord blood and serum),
lactation products (e.g., milk), amniotic fluids, sputum, saliva, urine, semen, cerebrospinal
fluid, bronchial aspirate, perspiration, mucus, liquefied feces, synovial fluid, lymphatic fluid,
tears, tracheal aspirate, and fractions thercof. In other embodiments, the biological sample
can include cell lysate and fractions thereof. For example, cells (such as red blood cells,
platelets, white blood cells and any cells circulating in the biological fluid described herein)
can be harvested and lysed to obtain a cell lysate. In some embodiments, the biological
sample is a blood sample. In some embodiments, the biological sample is a plasma sample.
In other embodiments, the biological sample is a saliva sample. In another embodiment, the
biological sample is a buccal sample. In yet other embodiments, the biological sample is a

urine sample. In other embodiments, the biological sample is a cerebrospinal fluid sample.

[0184] In some embodiments, the sample contains cells from the subject and/or non-
cellular biological material, such as non-cellular fractions of blood, saliva, or urine, that can
be used to measure plasma/serum biomarker expression levels or determine SNPs. In some
embodiments, the sample is from a resection, biopsy, or core needle biopsy. In addition, fine
needle aspirate samples can be used. Samples can be either paraffin-embedded or frozen

tissue.

[0185] The sample can be obtained by removing a sample of cells from a subject, but can
also be accomplished by using previously isolated cells (e.g. isolated by another person). In

addition, the biological sample can be freshly collected or a previously collected sample. In

63



10

15

20

25

30

WO 2014/164882 PCT/US2014/023695

some embodiments, the biological sample can be a frozen biological sample, e.g., a frozen
tissue or fluid sample such as urine, blood, serum or plasma. The frozen sample can be
thawed before employing methods, assays and systems described herein. After thawing, a
frozen sample can be centrifuged before being subjected to methods, assays and systems

described herein.

[0186] In some embodiments, the sample can be a nucleic acid product amplified after
polymerase chain reaction (PCR). The nucleic acid product can include DNA, RNA and
mRNA and can be isolated from a particular biological sample using any of a number of
procedures, which are well-known in the art, the particular isolation procedure chosen being
appropriate for the particular biological sample. Methods of isolating and analyzing nucleic
acid variants as described above are well known to one skilled in the art and can be found in,
e.g., Molecular Cloning: A Laboratory Manual, 3rd Ed., Sambrook and Russell, Cold Spring
Harbor Laboratory Press, 2001.

[0187] The skilled artisan recognizes methods and processes appropriate for pre-processing
of test or biological samples, e.g., blood, required for determination of SNPs or expression

levels of serum/plasma biomarkers as described herein.

[0188] Identification method of SNPs can be of either a positive-type (inclusion of an
allele) or a negative-type (exclusion of an allele). Positive-type methods determine the
identity of a nucleotide contained in a polymorphic site, whereas negative-type methods
determine the identity of a nucleotide not present in a polymorphic site. Thus, a wild-type site
can be identified either as wild-type or not mutant. For example, at a biallelic polymorphic
site where the wild-type allele contains thymine and the mutant allele contains cytosine, a site
can be positively determined to be either thymine or cytosine or negatively determined to be

not thymine (and thus cytosine) or not cytosine (and thus thymine).

[0189] In some aspects, provided herein is a method for determining whether a subject is
homozygous for a polymorphism, heterozygous for a polymorphism, or lacking the
polymorphism altogether (i.e. homozygous wildtype) is encompassed. As an exemplary
embodiment only, a method to detect the C>T variance at position 677 of SEQ ID NO: 1, a
method for determining the allele, heterozygous for the C- and T-alleles, or homozygous for
the C-allele or the T-allele at the SNP loci are provided. Substantially any method of
detecting any allele of the SNPs described herein, such as allelic discrimination, restriction

enzyme digestion, restriction fragment length polymorphism analysis, allele-specific probe
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hybridization, allele-specific primer extension, allele specific amplification, sequencing (e.g.,
Sanger sequencing, pyrosequencing™ and next-generation sequencing), 5’ nuclease
digestion, molecular beacon assay, oligonucleotide ligation assay, single-base extension or
minisequencing, size analysis, homogenous assay (e.g., TaqMan® assay), melting-curve
FRET hybridization, fluorescent polarization, INVADER® assay, SNP microarrays, and

single-stranded conformational polymorphism, can be used.

[0190] Any approach that detects mutations or polymorphisms in a gene can be used to
detect the presence or absence of SNP biomarkers described herein, including but not limited
to single-strand conformational polymorphism (SSCP) analysis (Orita et al. (1989) Proc.
Natl. Acad. Sci. USA 86:2766-2770), heteroduplex analysis (Prior ef al. (1995) Hum. Mutat.
5:263-268), oligonucleotide ligation (Nickerson ef al. (1990) Proc. Natl. Acad. Sci. USA
87:8923-8927) and hybridization assays (Conner ef al. (1983) Proc. Natl. Acad. Sci. USA
80:278-282). Traditional Taq polymerase PCR-based strategies, such as PCR-RFLP, allele-
specific amplification (ASA) (Ruano and Kidd (1989) Nucleic Acids Res. 17:8392), single-
molecule dilution (SMD) (Ruano ef al. (1990) Proc. Natl. Acad. Sci. USA 87:6296-6300),
and coupled amplification and sequencing (CAS) (Ruano and Kidd (1991) Nucleic Acids
Res. 19:6877-6882), are casily performed and highly sensitive methods to determine
haplotypes (Michalatos-Beloin ef al. (1996) Nucleic Acids Res. 24:4841-4843; Barnes (1994)
Proc. Natl. Acad. Sci. USA 91:5695-5699; Ruano and Kidd (1991) Nucleic Acids Res.
19:6877-6882).

[0191] SNP genotyping methods are available from, e.g., Sequenom (San Diego, CA),
[lumina (San Diego, CA), Life Technologies (Carlsbad, CA), and Affymetrix (Santa Clara,
CA).

[0192] In some embodiments, the assay and/or methods provided herein include measuring
the level of metabolites, such as SAM, SAH and/or 4-HNE, in a sample, e.g., serum, plasma,
or CSF sample, from a subject having or at risk for depression. Levels of metabolites (e.g.,
SAM, SAH, and/or 4-HNE) can be detected by any known methods in the art. For example,
mass spectrometry (MS) can be used to identify and to quantify metabolites after separation
by GC, HPLC (LC-MS), and/or CE. In some embodiments, MS can be used as a stand-alone
technology, e.g., the biological sample is infused directly into the mass spectrometer which
provides both separation and detection of metabolites (e.g., SAM, SAH, and/or 4-HNE). In
some instances, the target metabolite (e.g., SAM, SAH and/or 4-HNE) can be optionally
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separated (e.g., prior to detection) from a biological sample by gas chromatography (GC),
e.g., when interfaced with mass spectrometry (GC-MS), and/or high performance liquid
chromatography (HPLC), and/or capillary electrophoresis (CE). Further details about
detecting SAM and SAH, including immunoassays for determining SAM, SAH and/or ratios
thereof are described in U.S. Pat. App. NO:: US 2009/0263879, which is incorporated herein

by reference.

[0193] Other useful methods for detecting a metabolite include nanostructure-initiator mass
spectrometry, laser-desorption/ionization mass spectrometry, e.g., matrix assisted laser
desorption/ionization (MALDI) mass spectrometry, surface-enhanced laser
desorption/ionization (SELDI) mass spectrometry, secondary ion mass spectrometry (SIMS),
desorption electrospray ionization (DESI) mass spectrometry, nuclear magnetic resonance
(NMR) spectroscopy, on-mobility spectrometry, electrochemical detection (coupled to
HPLC) and radiolabel (when combined with thin-layer chromatography), mass spectrometry
such as MALDI/TOF (time-of-flight), SELDI/TOF, liquid chromatography-mass
spectrometry (LC-MS), gas chromatography-mass spectrometry (GC-MS), high performance
liquid chromatography-mass spectrometry (HPLC-MS), capillary electrophoresis-mass
spectrometry, or tandem mass spectrometry (e.g., MS/MS, MS/MS/MS, ESI-MS/MS, etc.).

[0194] In other embodiments, an enzyme-coupled assay can be used to determine
metabolite level (e.g., SAM, SAH, and/or 4-HNE) in a biological sample. By way of
example only, a stereospecific colorimetric assay of SAM based on an enzyme-coupled
reaction, thiopurine methyltransferase-catalyzed thiol methylation (see, e.g., Cannon, L. M, et
al, Analytical Biochemistry, 308 (2) 358-363, 2002), can detect SAM levels in a sample.
Additional metabolite analysis methods, e.g., as described in U.S. Pat. NO: 8,344,115, and
U.S. Pat. App. Pub. Nos. US 2012/0130212, and US 2008/0081375, can be also used for
measurement of metabolites (e.g., SAM, SAH, and/or 4-HNE) in a biological sample.
Further details about detecting SAM and SAH, including immunoassays for determining
SAM, SAH and/or ratios thereof are described in U.S. Pat. App. NO:: US 2009/0263879,
which is incorporated herein by reference. The levels of 4-HNE can be determined by
measuring expression levels of 4-HNE adducts, e.g., 4-HNE-His. Commercial ELISA kits
for measuring 4-HNE adducts, e.g., OxiSelect™ HNE-His Adduct ELISA Kit are available,
e.g., from CellBioLabs.
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[0195] In some embodiments, expression level of hsCRP in a sample taken from a subject

can be determined by measuring the protein level or mRNA level.

[0196] Without limitations, levels of the hsCRP protein can be detected by immunoassays,
such as enzyme linked immunoabsorbant assay (ELISA), radioimmunoassay (RIA),
Immunoradiometric assay (IRMA), Western blotting, immunocytochemistry or
immunohistochemistry. Suitable ELISA kits for determining the presence or level of hsCRP
in a serum, plasma, blood, CSF sample are available from, e.g., MP Biomedicals, Abcam and

Calbiotech.

[0197] One skilled in the art recognizes that an antibody, antibody fragment,
immunoconjugate and the like that can specifically bind to (e.g., recognizes) the biomarker
are useful to detect the level of protein expression of the analytes described herein. Any
known method in the art for measuring the levels of protein expression in a sample can be

used in the assays and/or methods described herein.

[0198] In other embodiments, the expression of hsCRP is detected at the level of mRNA
expression with an assay such as, for example, a hybridization assay (e.g., microarray) or an
amplification-based assay. In preferred embodiments, the levels of mRNA expression of the
analytes provided herein are performed by Northern blotting, Reverse Transcriptase
Polymerase Chain Reaction (RT-PCR), quantitative RT-PCR (qRT-PCR), TagMan"” assay, or
microarray. Any known method in the art for measuring the levels of RNA expression in a

sample can be used in the assays and/or methods described herein.

D. Subjects with Depression or At Risk of Depression

[0199] In some embodiments, subjects amenable to assays, methods and compositions
described herein are subjects that have been diagnosed with or suspected of having or
developing depression. Accordingly, the subjects that have been diagnosed or suspected of
having or developing with depression can be selected prior to subjecting them to the assays,
methods and/or compositions described herein. In other embodiments, the subjects described
herein are individuals that presents one or more symptoms indicative of a depression
including major depressive disorder (e.g., unexplained insomnia, fatigue, irritability, etc.) or
are being screened for depression including major depressive disorder (e.g., during a routine

physical), for example, in accordance with the criteria listed in DSM-IV or ICD-10.
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[0200] The DSM-IV and ICD-10 provides a common language and standard criteria for the
classification of mental disorders, and have been commonly used by a suitably trained
general practitioner, or by a psychiatrist or psychologist for diagnosis of depression including
major depressive disorders. Symptoms of depression can include, but are not limited to,
problems concentrating, remembering, and/or making decisions, changes in eating and/or
sleeping habits, a loss of interest in enjoyable activities, difficulty going to work or taking
care of daily responsibilities, feelings of guilt and/or hopelessness, slowed thoughts and/or
speech, and preoccupation with thoughts of death or suicide. One of skill in the art can

determine the score or rating of depression based on DSM-1V or ICD-10.

[0201] Other scales or criteria for classification of mental disorders known in the art, e.g.,
Maier or HAMD-7 scale, or social functioning questionnaire (SFQ), visual analogue scale
(VAS), and/or cognitive and physical function questionnaire (CPFQ) can also be used to

determine the degree of depression.

[0202] During diagnosis for depression, the practitioner can also assess the patient’s
medical history, discuss the subject’s current ways of regulating their mood (healthy or
otherwise) such as alcohol and drug use, and/or perform a mental state examination, which is
an assessment of the person's current mood and thought content, in particular the presence of
themes of hopelessness or pessimism, self-harm or suicide, and an absence of positive
thoughts or plans. Additionally, a practitioner can generally perform a medical examination
to rule out other non-cognitive causes of depressive symptoms. For example, blood tests
measuring TSH and thyroxine can be used to exclude hypothyroidism; basic electrolytes and
serum calcium to rule out a metabolic disturbance; and a full blood count including ESR to
rule out a systemic infection or chronic disease. Testosterone levels can also be evaluated to

diagnose hypogonadism, a cause of depression in men.

[0203] Any genetic or biomarker methods known in the art can also be used for diagnosis
of depression. For example, U.S. Pat. App. NO: US 2010/0273153 describes that the
presence of TG7AT haplotype can be indicative of predisposition to major depressive
disorder. Additional genetic markers for depression such as ATP2A2, SCYAS5, STIPI,
EEF1A1, GRB10, CASP6, TSSCI1, RAB9, NFATC3, TPR, and any others listed in, for
example, U.S. Pat. App. NO: US 2005/0239110 can also be used for diagnosing depression.

[0204] In some embodiments, subjects amenable to assays, methods and compositions

described herein are subjects that have been diagnosed with or suspected of having or
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developing major depressive disorder. A major depressive episode is characterized by the
presence of a severely depressed mood that persists for at least two weeks. Episodes can be
isolated or recurrent and can be categorized by a skilled practitioner as mild (few symptoms
in excess of minimum criteria), moderate, or severe (marked impact on social or occupational

functioning).

[0205] In some embodiments, subjects amenable to assays, methods and compositions
described herein are subjects that have been diagnosed with depression (e.g., major
depressive disorder (MDD)) and are resistant to antidepressant monotherapy, i.e., a treatment
for depression with a single antidepressant only. In some instances, the subject with
depression is resistant to at least one antidepressant in one or more classes, e.g., at least 2, 3,
4, 5, or more antidepressants in one or more classes. In some embodiments, the subjects
described herein have been diagnosed with major depressive disorder (MDD) and are
resistant to at least one serotonin reuptake inhibitors (SRI), including at least 1, 2, 3, 4, 5 or
more SRIs. In other embodiments, subjects described herein have been diagnosed with major
depressive disorder (MDD) and are resistant to at least one selective serotonin reuptake

inhibitor (SSRI), including at least 1, 2, 3, 4, 5 or more SSRIs.

[0206] In some embodiments, subjects who are resistant to antidepressant monotherapy do
not show a clinically-relevant reduction (e.g., as evaluated by a physician or a psychologist)
in at least one symptom of depression from which they are suffering, after they have been
administered with the antidepressant monotherapy for at least about 3 weeks or more, or up to
about 3 weeks. Non-limiting examples of symptoms of depression include, but are not
limited to, low or depressed mood, anhedonia, low energy levels, guilt, decreased work and
interests, psychomotor retardation, agitation, psychic anxiety, somatic anxiety, general

somatic symptoms, reduced cognition or any combinations thereof.

[0207] In some embodiments, subjects who are resistant to antidepressant monotherapy do
not show a clinically relevant reduction in at least one symptom of depression (e.g., 1, 2, 3, or
more symptoms), after they have been administered with the antidepressant monotherapy for
at least about 3 weeks, at least about 4 weeks, at least about 5 weeks, at least about 6 weeks,
at least about 7 weeks, at least about 8 weeks, at least about 9 weeks, at least about 10 weeks,
at least about 11 weeks, or at least about 12 weeks or more. In some embodiments, subjects
are determined to be treatment resistant if they do not show a clinically relevant reduction in

at least one symptom of depression (e.g., 1, 2, 3, or more symptoms), after they have been
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administered with the antidepressant monotherapy for at least or up to about 3 weeks, at least
or up to about 4 weeks, at least or up to about 5 weeks, at least or up to about 6 weeks, at

least or up to about 7 weeks, at least or up to about 8, at least or up to about 9 weeks, at least
or up to about 10 weeks, at least or up to about 11 weeks, or at least or up to about 12 weeks.
The clinically relevant reduction in symptoms of depression can be evaluated by a physician

or a psychologist.

[0208] In some embodiments, the subjects described herein are diagnosed with treatment-
resistant depression (TRD) or treatment-refractory depression. For instance, the subjects
exhibit a kind of depression that does not respond or is resistant to at least two or more
antidepressant drugs, e.g., at least three or more, or at least four or more antidepressant drugs.
Treatment-resistant depression can include failing to achieve remission after two treatments

or two antidepressants within 4-12 weeks of time.

[0209] In some embodiments, a subject is diagnosed with a treatment-resistant depression
if the subject does not show a clinically relevant reduction in at least one symptom of
depression described herein, after being administered with at least two or more antidepressant
drugs (either individually or in combination) for at least about 3 weeks or more, e.g., at least
about 4 weeks, at least about 5 weeks, at lecast about 6 weeks, at least about 7 weeks, at least
about 8 weeks, at least about 9 weeks, at least about 10 weeks, at least about 11 weeks, at
least about 12 weeks or more. In some embodiments, a subject is diagnosed with a treatment-
resistant depression if the subject does not show a clinically relevant reduction in at least one
symptom of depression described herein, after he/she has been administered with at least two
or more antidepressant drugs (either individually or in combination) for up to about 12
weeks, including, e.g., up to about 11 weeks, up to about 10 weeks, up to about 9 weeks, up
to about 8 weeks, up to about 7 weeks, up to about 6 weeks, up to about 5 weeks, up to about
4 weeks, or up to about 3 weeks. In some embodiments, a subject is diagnosed with a
treatment-resistant depression if the subject does not show a clinically relevant reduction in at
least one symptom of depression described herein, after being administered with at least two
or more antidepressant drugs (either individually or in combination) for at least or up to about
6 weeks, at least or up to about 7 weeks, at least or up to about 8 weeks, at least or up to
about 9 weeks, at least or up to about 10 weeks, at least or up to about 11 weeks, or at least or
up to about 12 weeks. In some embodiments, the treatment-resistant depression is diagnosed
if the subject does not experience clinically relevant improvement in the symptoms of

depression after at least or up to about 12 weeks on an antidepressant medication.
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[0210] In some embodiments, the subjectsdescribed herein are diagnosed with treatment-
resistant depression (TRD) or treatment-refractory depression and are currently taking non-
medicine treatment for TRD, e.g., but not limited to, electroconvulsive therapy, vagus nerve
stimulation, transcranial magnetic stimulation, and/or “talk” therapy. These subjects can be
recommended for, or administered with, a treatment regimen comprising a folate-comprising
compound, alone or in combination with a non-medicine treatment for TRD as described
herein. In some embodiments, these subjects can be recommended for, or administered with,
a treatment regimen comprising a folate-comprising compound, in combination with at least
one antidepressant drug, and optionally non-medicine treatment for TRD. In these
embodiments, the antidepressant drug that is recommended for, or administered to, the
subjects with TRD, in combination with a folate-comprising compound, can be an
antidepressant drug to which the subjects have previously shown resistance, or an

antidepressant drug that the subject has never tried.

[0211] In some embodiments, the subject selected for the assays, methods and

compositions described herein have been in remission from depression and is now diagnosed
with a relapse or a predisposition to a relapse. In other embodiments, the subject selected for
the assays, methods and compositions described herein have been diagnosed with depression

and is currently taking at least an antidepressant.

E. Adjunctive Therapy of Folate-Comprising Compounds

[0212] The assays and/or methods described herein can be used as a screen to identify and
select for particular patients with depression, where a treatment regimen comprising an
antidepressant and a folate-comprising compound will be beneficial to enhance the
therapeutic effect of the antidepressant drug. In some embodiments, the selected patient, e.g.,
a patient with depression or at risk for depression and carrying a synergistic dual SNP
combination (COMT Vall58Met GG and GCH1 TC/TT pair and MTHFR 677 CT/TT and
MTR 2756 AG/GG pair) is currently receiving at least one antidepressant drug. In some
instance, the selected patient is or has experienced an inadequate response to antidepressant

monotherapy.

[0213] A folate-comprising compound included in a treatment regimen can be administered
together via a single dosage form or by separate administration. In certain embodiments, the
folate-comprising compound can be administered in a single dosage form. For example, the

single dosage form can be administered as a single tablet, pill, capsule for oral administration
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or a solution for parenteral administration. Alternatively, the folate-comprising compound
can be administered as separate compositions, e.g., as separate tablets or solutions. The
length of time between administrations of a sub-dose of a folate-comprising compound can

be adjusted to achieve the desired therapeutic effect.

[0214] In some embodiments, a treatment regimen comprising a folate-comprising
compound further comprise at least one antidepressant (e.g., 1, 2, 3 or more antidepressants).
Non-limiting examples of antidepressants include tricyclic antidepressants, monoamine
oxidase inhibitors, selective serotonin reuptake inhibitors (SSRIs), serotonin-norepinephrine
reuptake inhibitors, norepinephrine and dopamine reuptake inhibitors, and atypical

antidepressants.

[0215] In some embodiments, the treatment regimen can include the folate-comprising
compound in combination with an antidepressant drug. In some embodiments, the
antidepressant drug includes a selective serotonin reuptake inhibitor, such as, but not limited
to, fluoxetine, fluvoxamine, citalopram, paroxetine, escitalopram, sertraline, and any

combinations thereof.

[0216] A treatment regimen comprising a folate-comprising compound and at least one
antidepressant can be administered together via a single dosage form or by separate
administration. In certain embodiments, the antidepressant and the folate-comprising
compound are administered together in a single dosage form. For example, the single dosage
form can be administered as a single tablet, pill, capsule for oral administration or a solution
for parenteral administration. Alternatively, the antidepressant and the folate-comprising
compound can be administered as separate compositions, e.g., as separate tablets or solutions.
The antidepressant can be administered at the same time as the folate-comprising compound,
or the antidepressant can be administered intermittently with the folate-comprising
compound. The length of time between administration of the antidepressant and the folate-
comprising compound can be adjusted to achieve the desired therapeutic effect. In particular,
the folate-comprising compound can be administered at any frequency or administration
protocol to enhance the efficacy of the antidepressant drug, as compared to efficacy of the

antidepressant drug alone (e.g., in the absence of the folate-comprising compound).

[0217] In some embodiments, the folate-comprising compound can be administered only a
few minutes (e.g., 1, 2, 5, 10, 30, or 60 min) before or after administration of the

antidepressant. Alternatively, the folate-comprising compound can be administered several
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hours (e.g., 2, 4, 6, 10, 12, 24, or 36 hr) before or after administration of the antidepressant.
Depending on the half-lives of the antidepressant and the folate-comprising compound, in
certain embodiments, it can be advantageous to administer more than one dosage of the
folate-comprising compound between administrations of the antidepressant. For example, the
folate-comprising compound can be administered at 3 hours and then again at 6 hours
following administration of the antidepressant. Alternatively, it can be advantageous to
administer more than one dosage of the antidepressant between administrations of the folate-
comprising compound. Importantly, in some embodiments, the therapeutic effect of each
antidepressant and folate-comprising compound can overlap for at least a portion of the
duration of each therapeutic agent so that the overall therapeutic effect of the combination
therapy is attributable in part to the combined of the combination therapy. In some
embodiments, the folate-comprising compound and the antidepressant can be administered in
a pulse administration. In other embodiments, they can be administered as a pulse-chase
administration, e.g., where a folate-comprising compound is administered for a brief period
of time (pulse), followed by administration of the antidepressant for a longer period of time

(e.g., chase)

[0218] In some embodiments where the antidepressant and the folate-comprising
compound are administered in separate compositions, the antidepressant and the folate-
comprising compound can be administrated by the same or different routes. For example, the
antidepressant can be administered by intravenous injection while the folate-comprising
compound can be administered orally, or vice versa. Alternatively, for example, both the
antidepressant and folate-comprising compound can be administered together by intravenous

injection or by oral administration.

[0219] The adjuvant effect of the folate-comprising compound administered in
combination with an antidepressant can be additive. The term “additive” as used herein in
the context of one agent has an additive effect on a second agent, refers to an increase in
effectiveness of a first agent in the presence of a second agent as compared to the use of the
first agent alone. Stated in another way, the second agent can function as an agent which
enhances the physiological response of an organ or organism to the presence of a first agent.
Thus, a second agent will increase the effectiveness of the first agent by increasing an

individual’s response to the presence of the first agent.
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[0220] In some instances, the adjuvant effect of the folate-comprising compound
administered in combination with an antidepressant can be synergistic, wherein the
interaction of two or more agents produces a combined effect that is greater than each of their

individual effects at the same dose alone.

[0221] In some embodiments, the treatment regimen can further comprise cognitive-
behavioral therapy (CBT), interpersonal therapy (IPT), life-style advice, including, e.g.,
prescribing an exercise regime, dietary advice, and/or administering another pharmaceutical
agent (e.g., antipsychotics, lithium, L-triiodonthyronine and stimulants) effective in treatment

of depression.

[0222] The subject with depression being treated with the methods described herein can be
a subject currently taking an antidepressant. Accordingly, the methods of treating a human
subject with depression described herein can also be used to identify a human subject who
may benefit from adjunctive therapy of a folate-comprising compound. The methods also
provide a means for improving the effectiveness of an antidepressant drug currently taken by

a subject who exhibits an inadequate (unsatisfactory) response or resistance to the drug.

F. Folate-Comprising Compounds

[0223] Any art-recognized folate-comprising compound can be selected and/or optionally
administered to a human subject selected to carry at least one dual-marker combination (e.g.,

at least one synergistic dual-marker combination).

[0224] In some embodiments, the folate-comprising compound can include at least one
(including at least two, at least three or more) alkaline metal or alkaline earth metal salt of

folate, e.g., but not limited to, a calcium salt of folate.

[0225] In some embodiments, the folate-comprising compound can include at least one
(including at least two, at least three or more) glucosamine salt and/or galactosamine salt of
folate (including, e.g., folic acid and reduced folate, e.g., but not limited to, tetrahydrofolate,
and derivatives thereof). Examples of glucosamine-folate and/or galactosamine-folate and
derivatives thereof, e.g., disclosed in U.S. Patent NO: 7,947,662, can be administered to a
human subject in the methods or included in the compositions described herein. In one
embodiment, QUATREFOLIC® (Gnosis S.p.A, Milan, IT) or N-[4-[[[(6S)-2-amino-
1,4,5,6,7,8-hexahydro-5-methyl-4-ox0-6-pteridinylJmethyl]Jamino Jbenzoyl]-L-glutamic acid,
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glucosamine salt can be administered to a human subject in the methods or included in the

compositions described herein.

[0226] In some embodiments, for a subject with depression who is deficient in the enzyme
dihydrofolate reductase, methyl folate, also known as Me-THF, N5-Methyl-THF, MTHF, 5-
MTHF, L-methylfolate, and Levomefolic acid, or a pharmaceutically acceptable salt thercof
(e.g., sodium salt, potassium salt, magnesium salt, calcium salt, glucosamine salt, or
galactosamine salt), is more desirable for use as a folate-comprising compound. For
example, methyl folate calcium salt is available by prescription in the United States as
DEPLIN® (L-methylfolate calcium salt). Methyl folate calcium salt is also available outside
of the United States as METAFOLIN®, BODYFOLIN®, and NUTRIFOLIN®,

[0227] Additional examples of folates or folate-comprising compounds that can be
administered to a subject in the methods or included in the compositions described herein can
include, but not limited to, the ones described in the U.S. Pat. Nos. 4,336,185; 6,921,754; and
7,947,662; and U.S. Pat. App. Publication NO:: US 2008/0064702, the disclosures of which

are incorporated are herein incorporated by reference for all purposes.

[0228] In accordance with the assays and/or methods described herein, subjects with
depression who have been determined to have the presence of at least one of the conditions
described herein (e.g., dual SNP combinations and/or plasma/serum biomarkers described
herein) can benefit from the therapeutic effect of an antidepressant administered in
combination with an effective amount of a folate-comprising compound. In some
embodiments, the folate-comprising compound can comprise L-methylfolate. In some
embodiments, the folate-comprising compound can comprise 6(S)-5-methyltetrahydrofolate

(also known as 6(S)-5-MTHF).

[0229] The effective amount of folate for use in the treatment methods described herein can
vary, depending upon the types and/or dosage of the antidepressant (if any), types of folate,
severity of depression, physical conditions of a subject (e.g., ages, genders, weights). The
term “effective amount” refers to an amount of folate or a folate-comprising compound that,
when administered to a selected subject, can reduce at least one symptom associated with
depression, e.g., by at least about 5%, at least about 10%, at least about 20%, at least about
30%, at least about 40%, at least about 50%, at least about 60%, at least about 70%, at least
about 80%, at least about 90% or more, as compared to the treatment in the absence of a

folate-comprising compound.
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[0230] In some embodiments, the term “effective amount™ as used herein refers to an
amount of folate or a folate-comprising compound, when administered to a selected subject in
combination with an antidepressant, can increase the effect (e.g., efficacy or therapeutic
effect) of the antidepressant, e.g., by at least about 5%, at least about 10%, at least about
20%, at least about 30%, at least about 40%, at least about 50%, at least about 60%, at least
about 70%, at least about 80%, at least about 90% or more, as compared to the treatment with
antidepressant alone. Stated another way, the term “effective amount” as used herein refers to
an amount of folate or a folate-comprising compound, when administered to a selected
subject in combination with an antidepressant, can reduce at least one symptom associated
with depression as described later, e.g., by at least about 5%, at least about 10%, at least
about 20%, at least about 30%, at least about 40%, at least about 50%, at least about 60%, at
least about 70%, at least about 80%, at least about 90% or more, as compared to the treatment

with antidepressant alone.

[0231] In some embodiments, the effective amount of folate in the treatment regimen as
described herein can range from about 1 mg/day to about 70 mg/day, from about 1 mg/day to
about 50 mg/day, from about 2.5 mg/day to about 40 mg/day, from about 5 mg/day to about
40 mg/day, from about 5 mg/day to about 30 mg/day or from about 7 mg/day to about 15
mg/day. In some embodiments, the effective amount of folate in the treatment regimen as
described herein can range from about 15 mg/day to about 50 mg/day. In other
embodiments, the effective amount of folate in the treatment regimen as described herein can
range from about 20 mg/day to about 40 mg/day. In some embodiments, the effective
amount of folate in a treatment regimen can be about 20 mg/day. In other embodiments, the

effective amount of folate in a treatment regimen can be about 40 mg/day.

G. Antidepressants

[0232] For some patients with depression or at risk for depression, a treatment regimen
comprising an antidepressant and a folate-comprising compound will be beneficial to
enhance the therapeutic effect of the antidepressant drug. In some instances, the

antidepressant and folate-comprising compound have a synergistic therapeutic effect.

[0233] Examples of antidepressants or antidepressant drugs can include, but are not limited
to, mono-amine oxidase inhibitors such as phenelzine, tranylcypromine, and moclobemide;
tricyclics such as imipramine, amitriptyline, desipramine, nortriptyline, doxepin,

protriptyline, trimipramine, chlomipramine, and amoxapine; tetracyclics such as maprotiline;
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non-cyclics such as nomifensine; triazolopyridines such as trazodone; serotonin reuptake
inhibitors such as fluoxetine, sertraline, paroxetine, citalopram, and fluvoxamine; serotonin
receptor antagonists such as nefazadone; serotonin noradrenergic reuptake inhibitors such as
venlafaxine, and milnacipran; noradrenergic and specific serotonergic agents such as
mirtazapine; noradrenaline reuptake inhibitors such as reboxetine. Additional antidepressants
that can be used in the invention described herein can include, but are not limited to,
bupropion; natural products such as Kava-Kava, and St. John's Wort; dietary supplements
such as s-adenosylmethionine; neuropeptides such as thyrotropin-releasing hormone;
compounds targeting neuropeptide receptors such as neurokinin receptor antagonists; and

hormones such as triiodothyronine.

[0234] In some embodiments, the antidepressant or the antidepressant drug can be a
serotonin reuptake inhibitor (SRI) or selective serotonin reuptake inhibitor (SSRI). Examples
of SRIs and/or SSRIs include, without limitations, citalopram, escitalopram, fluoxetine, R-
fluoxetine, sertraline, paroxetine, fluvoxamine, venlafaxine, duloxetine, dapoxetine,
nefazodone, imipramine, imipramine N-oxide, desipramine, pirandamine, dazepinil,
nefopam, befuraline, fezolamine, femoxetine, clomipramine, cianoimipramine, litoxetine,
cericlamine, seproxetine, WY 27587, WY 27866, imeldine, ifoxetine, tiflucarbine, viqualine,
milnacipran, bazinaprine, YM 922, S 33005, F 98214TA, OPC 14523, alaproclate,
cyanodothepine, trimipramine, quinupramine, dothiepin, amoxapine, nitroxazepine, McN
5652, McN 5707, O1 77, Org 6582, Org 6997, Org 6906, amitriptyline, amitriptyline N-oxide,
nortriptyline, CL 255. 663, pirlindole, indatraline, LY 113.821, LY 214.281, CGP 6085 A,
RU 25.591, napamezole, diclofensine, trazodone, EMD 68.843, BMY 42.569, NS 2389,
sercloremine, nitroquipazine, ademethionine, sibutramine and clovoxamine. The SRIs can be

used in the form of the base or a pharmaceutically acceptable acid addition salt thereof.

[0235] In other embodiments, other therapeutic compounds that can cause an elevation in
the extracellular level of 5-HT in the synatic cleft, e.g., tianeptine, can be used as an

antidepressant.

[0236] A selective serotonin reuptake inhibitor (SSRI) is an inhibitor of the monoamine
transporters, which has stronger inhibitory effect at the serotonin transporter than the
dopamine and the noradrenaline transporters. Examples of selective serotonin reuptake
inhibitors (SSRIs) can include, without limitations, fluoxetine, citalopram, paroxetine,

escitalopram, sertraline, and any combinations thereof.
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[0237] Additional SRIs and/or SSRIs that can be administered to a subject with depression
in combination with a folate-comprising compound can include, for example, the ones
described in the U.S. Pat. App. Pub. Nos.: 2005/0054688, and 2008/0138411; and U.S. Pat.
Nos. 6,720,003; 6,787,560; 7,893,261; and 7,148,238.

[0238] One skilled in the art would be able to readily determine recommended dosage
levels for known and/or marketed antidepressant drugs by consulting appropriate references
such as drug package inserts, FDA guidelines, and the Physician's Desk Reference. In some
embodiments, the antidepressant drug dose can range from 0.1 mg/day to about 1000 mg/day,
from about 0.5 mg/day to about 500 mg/day, from about 1 mg/day to about 400 mg/day, from
about 5 mg/day to about 300 mg/day, or from about 10 mg/day to about 200 mg/day. One of
skill in the art can readily adjust dosage for each different antidepressant drug, depending on
a number of factors such as types and/or potency of antidepressants, severity of depression,
physical condition of a subject (e.g., ages, genders, and weights), administration routes, other

medications taken by a subject, and any combinations thereof.

H. Pharmaceutical Compositions

[0239] Provided herein are pharmaceutical compositions comprising a therapeutically
effective amount of a folate-comprising compound, and a pharmaceutically acceptable carrier
for in vivo administration to subjects who carry at least one synergistic dual-biomarker

combination.

[0240] In some embodiments, the therapeutically effective amount of a folate-comprising
compound or folate, administered with an antidepressant or a pharmaceutically salt thereof is
sufficient to increase the degree of improvement in at least one neuropsychological test, e.g.,
as measured by HAMD-17, HAMD-28 or other efficacy measures as described in the
Examples, by at least about 5%, at least about 10%, at least about 20%, at least about 30%, at
least about 40%, at least about 50%, at least about 60%, at least about 70%, at least about
80%, or at least about 90%, as compared to the degree of improvement obtained in the
absence of the folate-comprising compound (e.g., with or without the antidepressant
monotherapy). In some embodiments, the therapeutically effective amount of a folate-
comprising compound or folate administered with an antidepressant or a pharmaceutically
salt thereof is sufficient to increase the degree of improvement in at least one
neuropsychological test, e.g., as measured by HAMD-17, HAMD-28 or other efficacy

measures as described in the Examples, by at least about 1-fold, at least about 2-fold, at least
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about 3-fold, at least about 4-fold, at least about 5-fold or more, as compared to the degree of
improvement obtained in the absence of the folate-comprising compound (e.g., with or

without the antidepressant monotherapy).

[0241] In some embodiments, a dose of a folate-comprising compound or folate for
administration to a human can be in the range of about 0.01 to about 50 mg per kilogram
body weight of the recipient per day, in the range of about 0.05 to about 5 mg per kilogram
body weight per day, or in the range of about 0.1 to about 1 mg per kilogram body weight per
day. In certain embodiments, the desired dose can be presented as one single unit dosage
form, e.g., containing about 0.5 mg to about 500 mg, about 5 mg to about 250 mg, about 10
mg to about 100 mg, or about 10 mg to about 50 mg. In some embodiments, one single unit
dosage form can provide about 1 mg to about 70 mg folate, about 5 mg to about 60 mg folate,
or from about 7 mg to about 50 mg folate. In other embodiments, one single unit dosage
form can provide about 15 mg to about 50 mg folate. In yet other embodiments, one single
unit dosage form can provide about 20 mg folate. In other embodiments, the desired dose
can be presented in two, three, four, five or more sub-doses administered at appropriate
intervals throughout the day. These sub-doses can be administered in unit dosage forms, for
example, containing about 0.1 mg to about 250 mg, about 1 mg to about 100 mg, about 2 mg

to about 20 mg, or about 2 mg to about 10 mg.

[0242] In some embodiments, the pharmaceutical composition can further comprise at least
one antidepressant drug. In general, a dose of an antidepressant or a pharmaceutically
acceptable salt thereof suitable for administration to a human is in the range of about 0.01 to
50 mg per kilogram body weight of the recipient per day, or in the range of 0.1 to 5 mg per
kilogram body weight per day. In certain embodiments, the desired dose can be presented as
one single unit dosage form, e.g., containing about 1 mg to about 500 mg, or about 5 mg to
about 300 mg. In other embodiments, the desired dose can be presented in two, three, four,
five or more sub-doses administered at appropriate intervals throughout the day. These sub-
doses can be administered in unit dosage forms, for example, containing about 0.1 mg to

about 100 mg or about 1 mg to about 50 mg.

[0243] A pharmaceutically acceptable carrier includes a pharmaceutically-acceptable
material, composition or vehicle, such as a liquid or solid filler, diluent, excipient,
manufacturing aid (e.g., lubricant, talc magnesium, calcium or zinc stearate, or steric acid), or

solvent encapsulating material, involved in carrying or transporting the subject compound
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from one organ, or portion of the body, to another organ, or portion of the body. Each carrier
must be “acceptable” in the sense of being compatible with the other ingredients of the
formulation and not injurious to the patient. Some examples of materials which can serve as
pharmaceutically-acceptable carriers include: (i) sugars, such as lactose, glucose and
sucrose; (ii) starches, such as corn starch and potato starch; (iii) cellulose, and its derivatives,
such as sodium carboxymethyl cellulose, methylcellulose, ethyl cellulose, microcrystalline
cellulose and cellulose acetate; (iv) powdered tragacanth; (v) malt; (vi) gelatin; (vii)
lubricating agents, such as magnesium stearate, sodium lauryl sulfate and talc; (viii)
excipients, such as cocoa butter and suppository waxes; (ix) oils, such as peanut oil,
cottonseed oil, safflower oil, sesame oil, olive oil, corn oil and soybean oil; (x) glycols, such
as propylene glycol; (xi) polyols, such as glycerin, sorbitol, mannitol and polyethylene glycol
(PEQ); (xii) esters, such as ethyl oleate and ethyl laurate; (xiii) agar; (xiv) buffering agents,
such as magnesium hydroxide and aluminum hydroxide; (xv) alginic acid; (xvi) pyrogen-free
water; (xvii) isotonic saline; (xviii) Ringer's solution; (xix) ethyl alcohol; (xx) pH buffered
solutions; (xx1) polyesters, polycarbonates and/or polyanhydrides; (xxii) bulking agents, such
as polypeptides and amino acids (xxiii) serum component, such as serum albumin, HDL and
LDL; (xxiv) C2-C12 alchols, such as ethanol; and (xxv) other non-toxic compatible
substances employed in pharmaceutical formulations. Wetting agents, coloring agents,
release agents, coating agents, sweetening agents, flavoring agents, perfuming agents,

preservative and antioxidants can also be present in the formulation.

[0244] Pharmaceutically acceptable carriers can vary in a composition described herein,
depending on the administration route and formulation. For example, the pharmaceutically
acceptable composition described herein can be delivered via injection. These routes for
administration (delivery) include, but are not limited to, subcutancous or parenteral including
intravenous, intraarterial, intramuscular, intraperitoneal, intramyocardial, and infusion
techniques. In one embodiment, the pharmaceutical acceptable composition is in a form that
is suitable for injection. In another embodiment, the pharmaceutical composition is

formulated for delivery by a catheter.

[0245] When administering a pharmaceutical composition parenterally, it can be generally
formulated in a unit dosage injectable form (solution, suspension, emulsion). The
pharmaceutical formulations suitable for injection include sterile aqueous solutions or
dispersions. The carrier can be a solvent or dispersing medium containing, for example,

water, cell culture medium, buffers (e.g., phosphate buffered saline), polyol (for example,
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glycerol, propylene glycol, liquid polyethylene glycol, and the like), suitable mixtures
thereof. In some embodiments, the pharmaceutical carrier can be a buffered solution (e.g.
PBS). In some embodiments, the pharmaceutical composition can be formulated in an

emulsion or a gel.

[0246] In some embodiments, the pharmaceutical compositions described herein can be
formulated for oral administration or for inhalation. For oral administration, suitable dosage
forms can include tablets, troches, cachets, caplets, and capsules, including hard and soft

gelatin capsules.

[0247] In some embodiments, both an antidepressant and a folate-comprising compound
can be formulated in a single pharmaceutical composition. For example, both an
antidepressant and a folate-comprising compound can be formulated in a single tablet for oral

administration.

[0248] In some embodiments where the antidepressant and folate-comprising compound
are formulated in a single composition, they can be released from the composition at the same
time or at different times. By way of example only, if the folate-comprising compound is
formulated in an outer layer of a composition (e.g., a tablet or drug-delivery particle) while
the antidepressant is formulated in an inner layer of the composition, the folate-comprising
compound could be released from the composition first with a faster rate, while the
antidepressant could be released from the composition later with a slower rate. On the other
hand, if the antidepressant and the folate-comprising compound are mixed homogenously

within the composition, both can be released simultaneously from the composition.

[0249] In other embodiments, an antidepressant and a folate-comprising compound can be
formulated in separate pharmaceutical compositions for the same or different routes of
administration during a therapy course. For example, an antidepressant can be formulated for
inhalation administration while a folate-comprising compound can be formulated for oral
administration. In other embodiments, both the antidepressant and folate-comprising

compound can be formulated for oral administration, e.g., in separate tablets.

[0250] The effective amount of folate administered to a selected human subject for
treatment of depression as described herein is significantly higher than the typical amount
taken as a dietary supplement (between 50-600 pg/day). In some embodiments, the effective
amount of folate administered to a selected human subject is at least about 2-fold, at least

about 5-fold, at least about 10-fold, at least about 25-fold, at least about 50-fold, at least about
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100-fold, at least about 250-fold, at least about 500-fold, at least about 1000-fold or more
than the typical amount taken as a dietary supplement. Accordingly, in some embodiments,
the folate-comprising compound is desirable to be formulated in slow-release or sustained

release composition.

[0251] Accordingly, in some embodiments, the pharmaceutical compositions comprising a
folate-comprising compound (with or without an antidepressant) can be formulated for
sustained release or sustained delivery. In some embodiments, the pharmaceutical
compositions can be formulated in controlled-release drug-delivery systems, e.g., to provide
sustained release of a folate-comprising compound (and optionally an antidepressant). As
used herein, the term “sustained release” or “sustained delivery"” refers to continual delivery
of a therapeutic agent in vivo over a period of time following administration. For example,
sustained release can occur over a period of at least about 1 hour, at least about 2 hours, at
least about 3 hours, at least about 4 hours, at least about 5 hours, at least about 6 hours, at
least about 9 hours, at least about 12 hours, at least about 16 hours, at least about 24 hours
following administration. In some embodiments, sustained release can occur over a period of
at least about 1 day, at least about 2 days, at least about 3 days, at least about 4 days, at least
about 5 days, at least about 6 days, at least about 7 days following administration. In some
embodiments, the release of a folate-comprising compound from a drug-delivery system can
be steady state (zero-order kinetics) with at least about 30% (e.g., including at least about
40%, at least about 50%, at least about 60%, at least about 70%, at least about 80%, at least
about 90%, at least about 95% or more) of the folate-comprising compound (and optionally
an antidepressant) released between about 3-6 hours post administration, or between about 4-
5 hours post administration. In one embodiment, the release of a folate-comprising
compound (and optionally an antidepressant) from a drug-delivery system can be steady state
(zero-order kinetics) with substantially full release (e.g., ~100%) of the folate-comprising
compound released between about 3-6 hours post administration, or between about 4-5 hours
post administration. In some embodiments, the folate-comprising compound can be released
from a drug-delivery system at a rate that is slow enough not to overload the intestinal
absorption capacity of a patient’s duodenum (first 1/3 of the small intestines where ~90% of
the absorption occurs for a folate-comprising compound, e.g., L-MTHF). In some
embodiments, the folate-comprising compound and an antidepressant (if any) can be released
from a drug-delivery system concurrently or separately, with the same or a different release

rate.
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[0252] Any drug delivery system (e.g., but not limited to polymer-based) that provides a
sustained release of a folate-comprising compound (and optionally an antidepressant) over a
pre-determined period of time can be used for administration of a folate-comprising
compound (and optionally an antidepressant). In one embodiment, the drug-delivery system
can be a caplet design large enough to be blocked by a pyloric valve between the stomach
and the duodenum, thus allowing the caplet to slowly and partially dissolve over a desirable
period of time, e.g., over a period of about 2-3 hours, during which the folate-comprising
compound is steadily released from the caplet. As the caplet dissolves to a size that can get
through the pyloric valve at which time it completes its steady state release (e.g., an
additional period of time, e.g., an additional 2 hours), the caplet can continue to travel into

the jejunum (the second third of the small intestines) where absorption is minimal.

[0253] In some embodiments, a drug delivery system can use a blend of hydrophilic and
hydrophobic polymers to control release of a folate-comprising compound (and optionally an

antidepressant) via diffusion through, and erosion of, a polymer matrix.

[0254] In some embodiments, a drug delivery system can comprise a folate-comprising
compound (and optionally an antidepressant) encapsulated in polymer-based particles. These
folate-containing polymer-based particles can be filled into capsules or single-dose sachets

for additional control of release.

[0255] Controlled-release (e.g., sustained release) drug delivery systems for different
administration methods (e.g., oral administration, injection, implantation, and inhalation) are
known in the art and can be adopted to deliver a folate-comprising compound (and optionally
an antidepressant) for the treatment methods described herein. See, e.g., International Pat.
App. Nos. WO 2012/111961 (oral formulation), WO 2012/131678 (injectable formulation);
U.S. Pat. App. Nos. US 2012/0258161 (implantable formulation), US 2001/0038854, US
2001/0033866; and U.S. Pat. NO: 8,268,347 (inhalation formulation), the disclosures of
which are hereby incorporated by reference in their entirety for all purposes, for various types

of drug-delivery systems to deliver an active agent via various administration routes.

[0256] Additionally, various additives which enhance the stability, sterility, and isotonicity
of the compositions, including antimicrobial preservatives, antioxidants, chelating agents, and
buffers, can be added. Prevention of the action of microorganisms can be ensured by various

antibacterial and antifungal agents, for example, parabens, chlorobutanol, phenol, sorbic acid,
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and the like. In many cases, it may be desirable to include isotonic agents, for example,

sugars, sodium chloride, and the like.

[0257] The compositions can also contain auxiliary substances such as wetting or
emulsifying agents, pH buffering agents, gelling or viscosity enhancing additives,
preservatives, colors, binders, and the like, depending upon the route of administration and
the preparation desired. Standard texts, such as “REMINGTON'S PHARMACEUTICAL
SCIENCE”, 17th edition, 1985, incorporated herein by reference, may be consulted to
prepare suitable preparations, without undue experimentation. With respect to compositions
described herein, however, any vehicle, diluent, or additive used should have to be
biocompatible with the antidepressant or a pharmaceutically acceptable salt thereof and/or a

folate-comprising compound.

[0258] The pharmaceutical compositions can be isotonic, i.e., they can have the same
osmotic pressure as blood and lacrimal fluid. The desired isotonicity of the compositions of
the composition described herein can be accomplished using sodium chloride, or other
pharmaceutically acceptable agents such as dextrose, boric acid, sodium tartrate, propylene
glycol or other inorganic or organic solutes. In one embodiment, sodium chloride is used in

buffers containing sodium ions.

[0259] Viscosity of the compositions can be maintained at the selected level using a
pharmaceutically acceptable thickening agent. In one embodiment, methylcellulose is used
because it is readily and economically available and is easy to work with. Other suitable
thickening agents include, for example, xanthan gum, carboxymethyl cellulose,
hydroxypropyl cellulose, carbomer, and the like. The preferred concentration of the thickener
will depend upon the agent selected. The important point is to use an amount which will
achieve the selected viscosity. Viscous compositions are normally prepared from solutions by

the addition of such thickening agents.

[0260] Typically, any additives (in addition to the antidepressant and/or folate-comprising
compound) can be present in an amount of 0.001 to 50 wt % solution in phosphate buffered
saline, and the active ingredient is present in the order of micrograms to milligrams to grams,
such as about 0.0001 to about 5 wt %, about 0.0001 to about 1 wt %, about 0.0001 to about
0.05 wt % or about 0.001 to about 20 wt %, about 0.01 to about 10 wt %, and about 0.05 to
about 5 wt %. For any therapeutic composition to be administered to a subject with

compression, and for any particular method of administration, it is preferred to determine
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toxicity, such as by determining the lethal dose (LD) and LDS50 in a suitable animal model
e.g., rodent such as mouse; and, the dosage of the composition(s), concentration of
components therein and timing of administering the composition(s), which elicit a suitable
response. Such determinations do not require undue experimentation from the knowledge of

the skilled artisan.

[0261] The compositions described herein can be prepared by mixing the ingredients
following generally-accepted procedures. For example, the ingredients can be mixed in an
appropriate pharmaceutically acceptable carrier and the mixture can be adjusted to the final
concentration and viscosity by the addition of water or thickening agent and possibly a buffer
to control pH or an additional solute to control tonicity. Generally the pH can vary from
about 3 to about 7.5. In some embodiments, the pH of the composition can be about 6.5 to
about 7.5. Compositions can be administered in dosages and by techniques well known to
those skilled in the medical and veterinary arts taking into consideration such factors as the
age, sex, weight, and condition of the particular patient, and the composition form used for

administration (e.g., liquid).

I. Kits

[0262] In some embodiments, provided herein is a kit for use in selecting a treatment
regimen for a human subject diagnosed as having depression or having a risk for depression.
The kit comprises at least one reagent for determining the presence or absence of at least two

of the following single nucleotide polymorphisms (SNPs) in a sample taken from the subject:

(1) a SNP at position 677 of SEQ ID NO: 1 or position 27 of SEQ ID NO: 7
as identified as rs1801133 comprising at least one thymine “T” allele for MTHFR,;

(i) a SNP at position 2756 of SEQ ID NO: 2 or position 27 of SEQ ID NO: 9
as identified as rs1805087 comprising at least one guanine “G” allele for MTR;

(iii) a SNP at position 27 of SEQ ID NO: 18 as identified as rs8007267
comprising at least one thymine “T” allele for GCH1;

(iv) a SNP at position 27 of SEQ ID NO: 24 as identified as rs4680
comprising two guanine “G” alleles for COMT; and

instructions for use of the kit.
[0263] In some embodiments, the at least one reagent is selected from the group consisting
of a restriction enzyme, an oligonucleotide, a nucleic acid probe, a polymerase and a

combination thereof. The kit can be used in the methods described herein for genotyping the
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folate-responsive genetic biomarkers. In some embodiments, the kit comprises at least one
set of primers flanking any one of the SNPs. In some instances, the at least two sets of

primers may amplify at least two of the SNPs in a multiplex amplification assay.

[0264] Embodiments of the various aspects described herein can also be described by any

one of the following numbered paragraphs.

[0265] 1. An assay for selecting a treatment regimen for a human subject diagnosed as

having depression or having a risk for depression, the assay comprising:

[0266] (a) analyzing a sample from the subject to determine the genotype of at least two
genetic biomarkers selected from the group consisting of methylenetetrahydrofolate reductase
(MTHFR), methionine synthase (MTR), GTP cyclohydrolase 1 (GCH1), catechol-O-
methyltransferase (COMT), and a combination thereof:

[0267] (b) detecting by genotyping for the presence or absence of a single nucleotide
polymorphism (SNP) in each of the at least two genetic biomarkers, wherein the presence of

the SNP is set forth as the following;:

[0268] (i) a SNP at position 677 of SEQ ID NO: 1 or position 27 of SEQ ID NO: 7 as
identified as rs1801133 comprising at least one thymine “T” allele for MTHFR;

[0269] (ii) a SNP at position 2756 of SEQ ID NO: 2 or position 27 of SEQ ID NO: 9 as
identified as rs1805087 comprising at least one guanine “G” allele for MTR;

[0270] (iii) a SNP at position 27 of SEQ ID NO: 18 as identified as rs8007267

comprising at least one thymine “T” allele for GCH1;

[0271] (iv) a SNP at position 27 of SEQ ID NO: 24 as identified as rs4680 comprising
two guanine “G” alleles for COMT; and

[0272] (c) selecting the treatment regimen comprising an effective amount of a folate-

comprising compound based on the presence of said SNPs.

[0273] 2. The assay of paragraph 1, further comprising administering said treatment

regimen.

[0274] 3. The assay of paragraph 1 or 2, wherein the at least two genetic biomarkers are

the MTHFR and MTR pair.
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[0275] 4. The assay of any one of paragraphs 1-3, wherein the at least two genetic
biomarkers are the GCH1 and COMT pair.

[0276] 5. The assay of any one of paragraphs 1-4, wherein step (a) further comprises
determining at least one additional condition selected from the group consisting of obesity,

SAM/SAH ratio, level of 4-HNE, level of hsCRP, and a combination thercof.

[0277] 6. The assay of paragraph 5, wherein step (b) further comprises detecting at least

one of the following conditions:

[0278] (i) an expression level ratio of SAM to SAH smaller than a pre-determined

reference ratio;

[0279] (ii) an expression level of 4-HNE greater than a first pre-determined reference

value; and

[0280] (iii) an expression level of hsCRP greater than a second pre-determined reference

value.

[0281] 7. The assay of paragraph 5, wherein obesity is determined, if any of the
following conditions are present in the subject: a BMI value is 30 kg/m” or greater, a waist
circumference is greater than 40 inches in men or greater than 35 inches in women, a waist-
hip ratio is about 0.95 for men or above 0.8 for women, or a body fat percentage of at least

about 25% in men or at least about 32% in women.

[0282] 8. The assay of paragraph 6, wherein the pre-determined reference ratio of

SAM/SAH is about 3.0 if measured in a plasma sample from a normal, healthy subject.

[0283] 9. The assay of paragraph 6, wherein the first pre-determined reference value of
4-HNE is about 0.24 pmole per liter or about 0.04 mg per liter if measured in a serum sample

from a normal, healthy subject.

[0284] 10. The assay of paragraph 6, wherein the first pre-determined reference value of
4-HNE is about 3.0 mg per liter if measured in a plasma sample from a normal, healthy

subject.

[0285] 11. The assay of paragraph 6, wherein the second pre-determined reference value
of hsCRP is from about 0.5 mg per liter to about 4.5 mg per liter if measured in a serum

sample from a normal, healthy subject.

87



10

15

20

25

WO 2014/164882 PCT/US2014/023695

[0286] 12. The assay of paragraph 6, wherein the second pre-determined reference value
of hsCRP is about 2.3 mg per liter if measured in a plasma sample from a normal, healthy

subject.

[0287] 13. The assay of any of the preceding paragraphs, wherein the sample is selected
from the group consisting of a blood sample, a serum sample, a plasma sample, a urine

sample, a buccal sample, and a saliva sample.

[0288] 14. The assay of any of the preceding paragraphs, wherein depression is major

depressive disorder.

[0289] 15. The assay of any of the preceding paragraphs, wherein the effective amount of
the folate-comprising compound is about 15 mg/day to about 50 mg/day.

[0290] 16. The assay of paragraph 15, wherein the effective amount of the folate-

comprising compound is about 20 mg/day.

[0291] 17. The assay of paragraph 15, wherein the effective amount of the folate-

comprising compound is about 40 mg/day.

[0292] 18. The assay of paragraph 17, wherein the folate-comprising compound is

administered at about a 20 mg dose twice per day.

[0293] 19. The assay of any of the preceding paragraphs, wherein said treatment regimen

further comprises an antidepressant drug.

[0294] 20. The assay of paragraph 19, wherein the antidepressant drug is a selective
serotonin reuptake inhibitor (SSRI).

[0295] 21. The assay of paragraph 20, wherein the selective serotonin reuptake inhibitor
is selected from the group consisting of fluoxetine, citalopram, paroxetine, escitalopram,

sertraline, or a combination thereof.

[0296] 22. The assay of any of the preceding paragraphs, wherein the subject has an

inadequate response or is resistant to an antidepressant monotherapy.

[0297] 23. The assay of any of the preceding paragraphs, wherein detecting the presence
or absence of the SNP comprises a hybridization assay, an amplification assay, a primer
extension assay, an oligonucleotide ligation assay, a sequencing assay or a combination

thereof.
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[0298] 24. The assay of any one of paragraphs 6-22, wherein detecting the condition
comprises an immunoassay, immunohistochemistry (IHC), gas chromatography (GC), mass
spectrometry (MS), high performance liquid chromatography (HPLC), nuclear magnetic

resonance (NMR) spectrometry, or flow cytometry.

[0299] 25. A method for treating at least one symptom of depression in a human subject

diagnosed as having depression or having a risk for depression, the method comprising:

[0300] a) analyzing a sample from the subject to determine the presence or absence of at
least one combination of at least two single nucleotide polymorphisms (SNPs) selected from

the group consisting of:

[0301] (i) a SNP at position 677 of SEQ ID NO: 1 or position 27 of SEQ ID NO: 7 as
identified as rs1801133 comprising at least one thymine “T” allele for MTHFR and a SNP at
position 2756 of SEQ ID NO: 2 or position 27 of SEQ ID NO: 9 as identified as rs1805087

comprising at least one guanine “G” allele for MTR; and

[0302] (ii) a SNP at position 27 of SEQ ID NO: 18 as identified by rs8007267 comprising
at least one thymine “T” allele for GCH1 and a SNP at position 27 of SEQ ID NO: 24 as
identified as rs4680 comprising two guanine “G” alleles for COMT, wherein the presence of
at least one combination is associated with a symptom-reducing response to a folate-

comprising compound; and

[0303] b) administering a treatment regimen comprising an effective amount of the folate-

comprising compound to the subject to treat at least one symptom of depression.

[0304] 26. The method of paragraph 25, wherein the treatment regimen further comprises

an antidepressant drug.

[0305] 27. The method of paragraph 26, wherein the antidepressant drug is a selective
serotonin reuptake inhibitor (SSRI).

[0306] 28. The method of paragraph 27, wherein the selective serotonin reuptake
inhibitor is selected from the group consisting of fluoxetine, citalopram, paroxetine,

escitalopram, sertraline and a combination thereof.

[0307] 29. The method of any one of paragraphs 25-28, wherein the presence of at least

one thymine “T” allele or the complement thereof at rs1801133 and the presence of at least
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one guanine “G” alleles or the complement thercof at rs1805087 are associated with a

symptom-reducing response to the folate-comprising compound.

[0308] 30. The method of any one of paragraphs 25-28, wherein the presence of at least
one thymine “T” allele or the complement thereof at rs8007267 and the presence of two
guanine “G” alleles or the complement thereof at rs4860 are associated with a symptom-

reducing response to the folate-comprising compound.

[0309] 31. The method of any one of paragraphs 25- 30, wherein depression is major

depressive disorder.

[0310] 32. The method of any one of paragraphs 25-31, wherein the at least one symptom
of depression is selected from the group consisting of depressed mood, guilt, reduced work or
interests, psychomotor retardation, agitation, psychic anxiety, somatic anxiety, general

somatic symptoms, cognition impairment, and a combination thereof.
[0311] 33. The method of any one of paragraphs 25-32, wherein the subject is obese.

[0312] 34. The method of paragraph 33, wherein the obesity is characterized by at least

one of the following conditions present in the subject:
[0313] a) a BMI value greater than 30 kg/m?;

[0314] b) a waist circumference greater than 40 inches in men, or greater than 35 inches in

women;
[0315] c¢) awaist-hip ratio above 0.95 for men or above 0.80 for women; and

[0316] d) abody fat percentage of at least about 25% in men or at least about 32% in

women.

[0317] 35. The method of any one of paragraphs 25-34, wherein the sample is selected
from the group consisting of a blood sample, a serum sample, a plasma sample, a urine

sample, a buccal sample and a saliva sample.

[0318] 36. The method of any one of paragraphs 25-35, wherein the effective amount of
the folate-comprising compound is about 15 mg/day to about 50 mg/day.

[0319] 37. The method of paragraph 36, wherein the effective amount of the folate-

comprising compound is about 20 mg/day.
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[0320] 38. The method of paragraph 36, wherein the effective amount of the folate-

comprising compound is about 40 mg/day.

[0321] 39. The method of any one of paragraphs 35-38, wherein the effective amount of

the folate-comprising compound is administered as a single daily dose.

[0322] 40. The method of any one of paragraphs 25-38, wherein the effective amount of

the folate-comprising compound is administered in at least two divided doses per day.

[0323] 41. The method of any one of paragraphs 25-36, 38 or 40, wherein the folate-

comprising compound is administered in about 20 mg per dose twice per day.

[0324] 42. The method of any one of paragraphs 25-41, wherein the folate-comprising

compound is administered orally.

[0325] 43. The method of any one of paragraphs 25-42, wherein the folate-comprising

compound is L-methylfolate.

[0326] 44. The method of any one of paragraphs 25-43, wherein the subject has an

inadequate response or is resistant to antidepressant monotherapy.

[0327] 45. The method of any one of paragraphs 25-44, further comprising measuring the
expression level of at least one biomarker and determining whether the level of the
biomarker(s) is associated with a symptom-reducing response to a folate-comprising

compound.

[0328] 46. The method of paragraph 45, wherein the additional biomarker is selected
from the group consisting of SAM, SAH, 4-HNE, hsCRP and a combination thereof.

[0329] 47. The method of paragraph 45, wherein the subject is likely to have a symptom-
reducing response to the folate-comprising compound if one or more of the following

conditions are met:

[0330] a) the expression ratio of SAM to SAH (SAM/SAH) is smaller than a pre-

determined reference ratio;

[0331] b) the expression level of 4-HNE greater than a first pre-determined reference

value; or

[0332] c) the expression level of hsCRP greater than a second pre-determined reference

value.
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[0333] 48. The method of paragraph 47, wherein the pre-determined reference ratio of
SAM/SAH is from about 4 to about 12 if measured in a serum sample from a normal, healthy

subject.

[0334] 49. The method of paragraph 47, wherein the pre-determined reference ratio of

SAM/SAH is about 3.0 if measured in a plasma sample from a normal, healthy subject.

[0335] 50. The method of paragraph 47, wherein the first pre-determined reference value
of 4-HNE is about 0.24 umole per liter or about 0.04 mg per liter if measured in a serum

sample from a normal, healthy subject.

[0336] 51. The method of paragraph 47, wherein the first pre-determined reference value
of 4-HNE is about 3.0 mg per liter if measured in a plasma sample from a normal, healthy

subject.

[0337] 52. The method of paragraph 47, wherein the second pre-determined reference
value of hsCRP is from about 0.5 mg per liter to about 4.5 mg per liter if measured in a serum

sample from a normal, healthy subject.

[0338] 53. The method of paragraph 47, wherein the second pre-determined reference
value of hsCRP is about 2.3 mg per liter if measured in a plasma sample from a normal,

healthy subject.

[0339] 54. A method for improving the effectiveness of an antidepressant drug
administered to a human subject who is diagnosed as having depression or having a risk for

depression, the method comprising:

[0340] administering a therapeutic composition comprising an effective amount of a folate-
comprising compound in combination with the antidepressant drug if the subject is carrying

at least one of the following combinations of single nucleotide polymorphisms (SNPs):

[0341] (i) a SNP at position 677 of SEQ ID NO: 1 or position 27 of SEQ ID NO: 7 as
identified as rs1801133 comprising at least one thymine “T” allele for MTHFR and a SNP at
position 2756 of SEQ ID NO: 2 or position 27 of SEQ ID NO: 9 as identified as rs1805087

comprising at least one guanine “G” allele for MTR; or

[0342] (ii) a SNP at position 27 of SEQ ID NO: 18 as identified by rs8007267 comprising
at least one thymine “T” allele for GCH1 and a SNP at position 27 of SEQ ID NO: 24 as
identified as rs4680 comprising two guanine “G” alleles for COMT.
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[0343] 55. The method of paragraph 54, wherein the subject has received antidepressant

monotherapy.

[0344] 56. The method of paragraphs 54 or 55, wherein the subject had an inadequate

response to antidepressant monotherapy.

[0345] 57. The method of paragraph 56, wherein the inadequate response is based on a

clinical assessment.

[0346] 58. The method of any one of paragraphs 54-57, wherein the antidepressant drug

is a selective serotonin reuptake inhibitor (SSRI).

[0347] 59. The method of paragraph 58, wherein the selective serotonin reuptake
inhibitor is a member selected from the group consisting of fluoxetine, citalopram,

paroxetine, escitalopram, sertraline, and a combination thereof.

[0348] 60. The method of any one of paragraphs 54-59, wherein the effective amount of
the folate-comprising compound is about 15 mg/day to about 50 mg/day.

[0349] 61. The method of paragraph 60, wherein the effective amount of the folate-

comprising compound is about 20 mg/day.

[0350] 62. The method of paragraph 61, wherein the effective amount of the folate-

comprising compound is about 40 mg/day.

[0351] 63. The method of any one of paragraphs 54-62, wherein the effective amount of

the folate-comprising compound is administered as a single daily dose.

[0352] 64. The method of any one of paragraphs 54-62, wherein the effective amount of

the folate-comprising compound is administered in at least two divided doses per day.

[0353] 65. The method of any one of paragraphs 54-60, 62 or 64, wherein the folate-

comprising compound is administered at about 20 mg, twice a day.

[0354] 66. The method of any one of paragraphs 54-65, wherein the folate-comprising

compound is administered orally.

[0355] 67. The method of any one of paragraphs 54-66, wherein the folate-comprising

compound is L-methylfolate.

[0356] 68. The method of any one of paragraphs 54-67, wherein the depression is major

depressive disorder.
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[0357] 69. A folate-comprising composition for use in the treatment of depression in a
human subject who is diagnosed as having depression or having a risk for depression and

carries at least two of the following SNPs selected from the group consisting of:

[0358] (i) the SNP at position 677 of SEQ ID NO: 1 or position 27 of SEQ ID NO: 7 as
identified as rs1801133 comprising at least one thymine “T” allele for MTHFR;

[0359] (ii) the SNP at position 2756 of SEQ ID NO: 2 or position 27 of SEQ ID NO: 9 as
identified as rs1805087 comprising at least one guanine “G” allele for MTR;

[0360] (iii) the SNP at position 27 of SEQ ID NO: 18 as identified as rs8007267

comprising at least one thymine “T” allele for GCH1; and

[0361] (iv) the SNP at position 27 of SEQ ID NO: 24 as identified as rs4680 comprising
two guanine “G” alleles for COMT.

[0362] 70. The composition of paragraph 69, wherein the at least two SNPs are the SNP

at position 677 of SEQ ID NO: 1 or position 27 of SEQ ID NO: 7 as identified as rs1801133

comprising at least one thymine “T” allele for MTHFR and the SNP at position 2756 of SEQ
ID NO: 2 or position 27 of SEQ ID NO: 9 as identified as rs1805087 comprising at least one
guanine “G” allele for MTR.

[0363] 71. The composition of paragraph 69, wherein the at least two SNPs are the SNP
at position 27 of SEQ ID NO: 18 as identified as rs8007267 comprising at least one thymine
“T” allele for GCHI1 and the SNP at position 27 of SEQ ID NO: 24 as identified as rs4680
comprising two guanine “G” alleles for COMT.

[0364] 72. The composition of any one of paragraphs 69-71, wherein depression is major

depressive disorder.

[0365] 73. The composition of any one of paragraphs 69-72, wherein the subject is

receiving at least one antidepressant drug.

[0366] 74. The composition of any one of paragraphs 69-73, wherein the subject who
carries the at least two of the SNPs is administered an adjunctive therapy comprising the

folate-comprising composition and an antidepressant drug.

[0367] 75. The composition of paragraph 74, wherein the antidepressant drug is a

selective serotonin reuptake inhibitor (SSRI).
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[0368] 76. The composition of any one of paragraphs 69-74, wherein the folate-

comprising compound comprises about 15 mg to about 50 mg of L-methylfolate.

[0369] 77. The composition of paragraph 76, wherein the folate-comprising compound
comprises about 20 mg of L-methylfolate.

[0370] 78. The composition of any one of paragraphs 69-77, wherein the folate-

comprising compound has a pre-determined release profile.

[0371] 79. The composition of any one of paragraphs 69-78, wherein the pre-determined

release profile is a sustained release.

[0372] 80. The composition of paragraph 79, wherein the pre-determined release profile

is a steady-state release.

[0373] 81. The composition of any one of paragraphs 69-78, wherein the pre-determined

release profile is a pulsatile release.

[0374] 82. The composition of any one of paragraphs 69-78, wherein the pre-determined

release profile is a chrono-controlled release.

[0375] 83. The composition of any one of paragraphs 69-82, wherein the folate-
comprising composition is formulated to release at least 30% of the folate-comprising

compound over a period of at least 3 to 6 hours upon the administration of the composition.

[0376] 84. A kit for use in selecting a treatment regimen for a human subject diagnosed

as having depression or having a risk for depression comprising:

[0377] at least one reagent for determining the presence or absence of at least two of the

following single nucleotide polymorphisms (SNPs) in a sample taken from the subject:

[0378] (i) a SNP at position 677 of SEQ ID NO: 1 or position 27 of SEQ ID NO: 7 as
identified as rs1801133 comprising at least one thymine “T” allele for MTHFR;

[0379] (ii) a SNP at position 2756 of SEQ ID NO: 2 or position 27 of SEQ ID NO: 9 as
identified as rs1805087 comprising at least one guanine “G” allele for MTR;

[0380] (iii) a SNP at position 27 of SEQ ID NO: 18 as identified as rs8007267

comprising at least one thymine “T” allele for GCH1;

[0381] (iv) a SNP at position 27 of SEQ ID NO: 24 as identified as rs4680 comprising
two guanine “G” alleles for COMT; and
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[0382] instructions for use of said kit.

[0383] 85. The kit of paragraph 84, wherein the at least one reagent is selected from the
group consisting of a restriction enzyme, an oligonucleotide, a nucleic acid probe, a

polymerase and a combination thereof.
IV. Examples

[0384] The following examples are offered to illustrate, but not to limit the claimed

invention.

Example 1. Identification of biomarkers for selecting patients with depression for a

treatment comprising a folate-comprising compound in combination with an SSRI.

[0385] A double-blind, placebo-controlled study of 6(S)-5-MTHF among SSRI resistant
outpatients with major depressive disorder (MDD) is performed was performed to identify
specific combinations of biomarkers that are associated with a greater efficacy response (e.g.,
a response greater than an additive response produced by both SNPs, or a response greater
than a response produced by either SNP alone) when a patient is administered with a folate-
comprising compound (e.g., 6(S)-5-MTHF) in addition to an antidepressant drug, e.g., an
SSRI. See, e.g., Papakostas GI et al., Am J Psychiatry, 169:1267-74 (2012)

[0386] Various combinations of two genetic biomarkers, one genetic biomarker and a
clinical feature were assessed for their effects on the efficacy of the treatment comprising a
folate-comprising compound (e.g., 6(S)-5-MTHF) and an SSRI in patients with depression.

Particularly, specific combinations that were assessed are shown in FIGs. 1B, 2, 4, and 5.

[0387] The results of how various single marker and dual-biomarker combinations affect
the degree of improvement, as measured by HAMD-17 score, HAMD-28 score, or cognitive
and physical function questionnaire (CPFQ) score, when patients are treated with a folate-
comprising compound (e.g., 6(S)-5-MTHF) and an SSRI, are shown in FIGs. 1-6. The
efficacy effect is determined by measuring the mean change in the HAMD-17 score, HAMD-
28 score, or HAMD-28 by the end of Phase I and Phase 11, as compared to the baseline (e.g.,

subjects without treatment).

[0388] FIG. 2 is a set of result tables showing effects of the presence or absence of an
indicated condition (a combination of 2 SNP markers, or a combination of 1 SNP marker and

obesity indicator, e.g., BMI>30 kg/m®), in MDD patients on HAMD-28 or HAMD-7 value,
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when the patients were treated with a treatment regimen comprising a folate-comprising

compound, e.g., as an adjunct to an SSRIL.

[0389] FIG. 3 is a set of result tables showing effects of the presence or absence of an
indicated condition (a single SNP marker), in MDD patients on HAMD-7 value, when the
patients were treated with a treatment regimen comprising a folate-comprising compound,

e.g., as an adjunct to an SSRI.

[0390] FIG. 4 is a set of result tables showing effects of the presence or absence of an
indicated condition (a combination of 1 SNP marker and obesity indicator, e.g., BMI>30
kg/m?), in MDD patients on HAMD-28 or HAMD-7 value, when the patients were treated
with a treatment regimen comprising a folate-comprising compound, e.g., as an adjunct to an

SSRI.

[0391] FIG. 5 is a set of result tables showing effects of the presence or absence of an
indicated condition (a combination of 2 SNP markers, or a combination of 1 SNP marker and
obesity indicator, e.g., BMI>30 kg/mz), in MDD patients on CPFQ value, when the patients
were treated with a treatment regimen comprising a folate-comprising compound, e.g., as an

adjunct to an SSRI.

[0392] FIG. 6 is a set of result tables showing effects of the presence or absence of an
indicated condition (a single SNP marker), in MDD patients on CPFQ value, when the
patients were treated with a treatment regimen comprising a folate-comprising compound,

e.g., as an adjunct to an SSRI.

[0393] FIG. 7A-B is a set of result tables showing the statistical analysis on the effects of
genetic moderators (e.g., race, age, sex, and BMI) comparing biomarker positive versus
biomarker negative subjects within the placebo (an antidepressant administered without a
folate-comprising compound) or folate-comprising treatment (a folate-comprising compound
administered as an adjuvant to the antidepressant) arms of clinical studies. Results show
statistically significant treatment effect within all of the indicated genetic modifiers (e.g.,
race, age, sex, and BMI) for subjects positive for the MTR 2756 AG or GG genotype
[associated single-nucleotide polymorphism (SNP) rs1805087] compared to subjects negative
for this SNP. Subjects positive for the COMT CC (rs4633) or GG (rs4680) SNP also show

statistically significant treatment effect in at least one genetic moderator category.
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[0394] FIG. 8A-B is a set of result tables showing the response rates of biomarker positive
subjects within the placebo and folate-comprising treatment arms of clinical studies. A
responder is indicated by a reduction of at least about 50% in HAMD-28 over the evaluation

period.

[0395] The result summary tables in FIG. 1B lists the combinations of two biomarkers in
an order of their decreasing effects in MDD patients (i.e., a SNP marker with a greater
reduction in HAMD-28 is listed earlier in the table). The combinations of two biomarkers
that show a therapeutic response greater than the sum of the responses produced by each
individual marker (as determined by change in HAMD-28) are highlighted in a darker shade,
which are (A+0), (K+P), (K+Q), (B+Q), (C+0), (C+K), (B+0O), (C+H), (A+G), and (A+C),
as shown in FIG. 1B, wherein the alphabet identifiers for cach corresponding SNP are listed
in FIG. 1A. The combinations of two biomarkers that show a therapeutic response greater
than the response produced by either marker alone (as determined by change in HAMD-28)
are highlighted in a lighter shade, e.g., (O+P) as shown in FIG. 1B. The combinations of two
biomarkers that show a therapeutic response comparable to or less than the response
produced by either marker alone (as determined by change in HAMD-28) are not highlighted,
e.g., (0O+Q) as shown in FIG. 1B.

[0396] While the result tables in FIG. 1B lists the combinations of two biomarkers in an
order of their decreasing effects in MDD patients, it should not be construed as, among the
highlighted combinations (i.e., the ones marked by dark and light highlights), one dual-
biomarker combination is a more reliable predictor than another one for use in the assays,
methods, systems, and kits described herein, as all these highlighted dual-biomarker
combinations have indicated a significant change in HAMD-28 when a MDD patient carrying
a specific biomarker combination was treated with a folate-comprising compound, as

compared to a MDD patient carrying normal alleles on the genes.

Example 2. Exemplary methods of selecting patients for folate-containing
augmentation therapy (with an SSRI) and personalized prognosis of MDD patients
subjected to such therapy

[0397] Based upon the double-blind placebo controlled multi-site study on augmentation of
MDD treatment with a folate-comprising compound, e.g., DEPLIN®15, in which 36 patients
received a folate-comprising compound, e.g., DEPLIN® 15, that had a reduction in their

HAMD-28 from the baseline measurement, the patients diagnosed with at least one of the
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conditions as described in the Panel of Tests (PT) with the corresponding “Values” (as shown
in detail later), generally responded in accordance with the expected HAMD-28-reduction as

shown in the table below.

[0398] Accordingly, methods of treating a MMD patient and/or determining or improving
the effectiveness of an antidepressant drug taken by the MMD patient are also provided
herein. For example, in some embodiments, the method can include (1) screening for a
treatment resistant MDD patient (see, e.g., Step 1 for details below); and (2) performing the
Panel of Tests (PT) on a test sample of the MDD patient (see, e.g., Step 2 for details below).
In some embodiments, if the PT results show at least one of the Code grouping as shown in
Table 5 below, the patient can be recommended for a treatment regimen comprising an
antidepressant drug and a folate-comprising compound (e.g., DEPLIN®15). In some
embodiments, if the PT results show at least one of the Code grouping as shown in the table
below, it can be expected that the corresponding reduction in HAMD-28 from the Baseline
value (e.g., the value measured at the Baseline visit) would be achievable with a minimum of
4 weeks of treatment with a folate-comprising compound (e.g., DEPLIN®15) in combination

with an antidepressant drug (e.g., an SSRI).

[0399] Step 1: Treatment-resistant MDD patients are screened to determine (a) if they meet
DSM-IV criteria for MDD; and (b) if they are on an adequate dose of an SSRI and have not
adequately responded to one or more courses of an SSRI. Should the patient meet both of the
screen criteria (a) and (b) then it is recommended that the physician order the panel of test

(PT) as described below.

[0001] Step 2: An example of a panel of test (PT) as shown below can be performed.

Code Panel Of Tests Sample Value Decision

A BMI Calculation Height & Weight > 30 kg/m* Y N
B SAM/SAH Ratio Plasma (nmol/L) <2.71 Y N
C 4-HNE Plasma >3.28 pg/mL Y N
D MTHFR 677 CT/TT Whole Blood Yes/No Y N
E MTR 2756 AG/GG Whole Blood Yes/No Y N
F MTRR 66 AG/GG Whole Blood Yes/No Y N

[0400] The panel of test (PT) as shown above can be modified to delete or add at least one
or any combinations of the biomarkers described herein, or include one or more of the 52
dual-biomarker combinations (see, Table 3) or one or more of the 10 synergistic dual-

biomarker combinations (see, Table 4).
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[0401] Step 3: Based on the test results of the conditions listed in PT of step (2), any of the
PTs (items A through F) tested positive (i.e., with a decision Y) are identified, and then
recorded in alphabetical order of the “Codes” the greatest number of Codes that are
represented in the table below. Once the Code grouping has been selected for a given
patient’s PT, the corresponding “95% CI”” (95% Confidence Intervals) for that Code grouping
can be reviewed. In some embodiments, if the upper end of the CI is below zero, the
HAMD-28 reduction from the Baseline value is likely to be significant. In other
embodiments, if the upper end of the CI is above zero, then the HAMD-28 reduction from the

Baseline value should be interpreted with caution.

[0402] Step 4: The expected reduction in HAMD-28 from Baseline can be determined, for

example, as follows:

(a) If a patient has only a single hit of the PT (i.e., one condition is positive), then the
HAMD-28 reduction from Baseline can be based upon the Code “All”; or

(b) If a patient has a double hit of the PT (i.e., two conditions are positive), then the
HAMD-28 reduction from Baseline can be based upon the highest response (i.e.,
greatest change in HAM-D-28) obtained from either A, B, C, E or “ALL” as shown in
Table 5. In some embodiments, if the double hit is “D+F,” then the reduction can be
based upon Code “All”;

(c) If a patient has a triple hit of the PT (i.e., three conditions are positive), then the
HAMD-28 reduction from Baseline can be based upon the highest response (i.e.,
greatest change in HAM-D-28) obtained from the best combination (i.e., the best of 2-
code combinations) as shown in Table 5. By way of example only, if a patient has a
triple hit on A, C and E of the PT, possible 2-code combinations are A+C, A+E and
C+E. Among these combinations, as the combination “A+E” corresponds to the
greatest HAMD-28 reduction as shown in Table 5, the combination “A+E” is
considered as the best combination that corresponds to the greatest HAMD-28
reduction. However, if the triple hit contains “D+F,” then the HAM-D-28 reduction
should be based upon the highest response obtained from the single Codes of A, B, C,
E or “ALL”;

(d) The negative HAMDA numbers in Table 5 reflect the potential reduction from Trial 2
Baseline HAMD-28 (~24.47). The HAMDA number represents the expected

reduction in a HAMD-28 scale a patient can obtain in response to Deplin®15
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augmentation therapy (with an SSRI) in as little as 4 weeks. In some embodiments,

the actual reduction can fall anywhere within the 95% as shown in Table 5 below.

Table 5: The expected HAMD-28 reduction based upon Trial 2°s mean Baseline of 24.47 per

various Code combinations.

CODE | "N" 95% CI HAMDA | | CODE | "N" 95% CI HAMDA
ALL | 36 (-20.8, 7.2) 6.8 B+C | 11 (-21.3,5.4) 7.9
A 21 (-23.0,8.2) 7.4 B+E 6 (-32.2,-2.1) -17.2
B 16 (-25.3, 6.7) 9.3 B+F 1 (-24.5,3.0) -10.8
C 21 (-20.2, 7.5) 6.4 C+D 8 (-27.2,9.4) 8.9
E 11 (-28.3, 7.6) -10.3 C+E (-25.3,9.3) -8.0
A+B | 13 (-27.0, 7.8) 9.6 C+F 15 (-23.4, 8.4) 7.5
A+C | 12 (-20.3,7.2) 6.6 D+E 4 (-34.3, -10.6) 22.5
A+D (-30.2, 6.9) 117 E+F 8 (-26.7,9.2) -8.7
A+E (-35.7, 0.5) -17.6

Example 3. Effect of Adjunctive L-Methylfolate 15 mg in Depressed Patients Stratified

by Biomarker Levels and Genotype: Results from a Randomized Clinical Trial

[0403]

This example illustrates a method of improving the effectiveness of an

antidepressant drug (e.g., a selective serotonin reuptake inhibitor) that is administered to a

human patient diagnosed as having depression or is at risk of having depression. The method

includes determining whether the patient carries at least one single nucleotide polymorphism

(SNP), wherein the SNP is associated with increased effectiveness of the antidepressant drug

when administered in combination with a folate-comprising compound, e.g., L-methylfolate.

This example also provides a method for treating at least one symptom of depression (e.g.,

depressed mood, guilt, reduced work or interests, psychomotor retardation, agitation, psychic

anxiety, somatic anxiety, general somatic symptoms, cognition impairment, or any

combination thereof) in a human subject. The method includes administering a folate-

comprising compound, e.g., L-methylfolate to the subject who 1) is diagnosed as having

depression or is at risk of having depression and 2) carries a combination (e.g., plurality) of

particular SNPs that is associated with a positive-symptom-reducing response to the folate-

comprising compound.

[0404]

The presence of specific genetic or biological markers may predict inadequate

response to therapy for major depression. The objective of this analysis was to evaluate the

effect of specific biological and genetic markers alone and in combination on the

antidepressant efficacy of adjunctive L-methylfolate 15 mg vs. placebo from a trial of
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inadequate responders to SSRIs. This was a double blind, randomized, placebo-controlled
trial using the sequential parallel comparison design (SPCD). Outpatients with SSRI-
resistant depression received L-methylfolate 15 mg/day for 60 days, placebo for 30 days
followed by L-methylfolate 15 mg/day for 30 days, or placebo for 60 days. The effects of
baseline levels of select biological and genetic markers individually and combined on
treatment response to L-methylfolate vs. placebo were evaluated. Seventy-five patients were
enrolled. Patients with specific biological (body mass index [BMI] > 30 kg/m”, high
sensitivity C-reactive protein [hsCRP] or 4-hydroxy-2-nonenal [4-HNE], low S-
adenosylmethionine/S-adenosylhomocysteine [SAM/SAH] ratio) and genetic markers at
baseline had significantly (p<0.05) greater pooled mean change from baseline on the HDRS-
28 with L-methylfolate vs. placebo. Pooled mean change from baseline on the CGI-I was
significantly (p<0.05) greater with L-methylfolate vs. placebo for most genetic markers.
Most combinations of baseline biological and genetic markers predicted significantly
(p<0.05) greater reductions in pooled mean change from baseline for HDRS-28 scores with
L-methylfolate vs. placebo. In summary, biomarkers associated with inflammation or
metabolism or genomic markers associated with L-methylfolate synthesis and metabolism
may identify patients with SSRI-resistant MDD who are responsive to adjunctive therapy

with 15 mg L-methylfolate.

[0405] Despite the availability of numerous antidepressant drugs, over 60% of patients with
major depressive disorder (MDD) fail to experience a complete remission of symptoms
following their first antidepressant treatment, and the majority of those who do remit
experience relapse or recurrence (Rush AJ, Trivedi MH, Wisniewski SR, et al., Am J
Psychiatry, 163:1905-1917 (2006); Papakostas G, Int J Neuropsychopharmacol, 15:841-854
(2012)). This example describes a method of identifying specific patients with improved
success rates to more efficacious treatment strategies by using clinical and biological

markers.

[0406] Disturbances in metabolic systems have been implicated in the pathophysiology and
course of MDD (MclIntyre RS, Soczynska JK, Konarski JZ, et al., Ann Clin Psychiatry,
19:257-264 (2007); Vogelzangs N, Beckman AT, Boelhouwer IG, er al., J Clin Psychiatry,
72:598-604 (2011); Papakostas GI, Shelton RC, Kinrys G, et al., Mol Psychiatry, 18:332-339
(2013)). For instance, a prospective cohort study found that participants with depression and
co-morbid metabolic syndrome had a higher risk of developing chronic, recurrent depression

(Vogelzangs N, Beekman AT, Boclhouwer 1G, et al., J Clin Psychiatry, 72:598-604 (2011)).
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In parallel, in recent years, an association has also been recognized between MDD and
impaired cellular immunity and inflammation, characterized by elevated interleukin-6 (IL-6),
tumor necrosis factor alpha (TNFa), and high sensitivity C-reactive protein (hsCRP) levels
(Papakostas GI, Shelton RC, Kinrys G, et al., Mol Psychiatry, 18:332-339 (2013); Blume J,
Douglas SD, Evans DL, Brain Behav Immun., 25:221-229 (2011); Miller AH, Maletic V,
Raison CL, Biol Psychiatry, 65:732-741 (2009); Simon NM, McNamara K, Chow CW, et al.,
Eur Neuropsychopharmacol., 18:230-233 (2008)). Furthermore, activation of inflammatory
pathways within the brain also may contribute to oxidative stress leading to the
neuropathological characteristics of MDD (Miller AH, Maletic V, Raison CL, Biol
Psychiatry, 65:732-741 (2009); Ng F, Berk M, Dean O, er ¢l., Int J Neuropsychopharmacol.,
11:851-876 (2008); Staftord L, Berk M., J Clin Psychiarry 72:1229-1235 (2011)). Ina
prospective study of patients hospitalized for cardiac intervention, use of statins, which have
anti-inflammatory and antioxidative properties, was associated with a significant reduction in
the risk of MDD at 9 months (Ng F, Berk M, Dean O, et al., Int J Neuropsychopharmacol.,
11:851-876 (2008); Stafford L, Berk M., J Clin Psychiatry 72:1229-1235 (2011)).

[0407] An association has been observed between folate deficiency, metabolic
dysregulation and inflammation (Vogelzangs N, Beekman AT, Boelhouwer 1G, et al., J Clin
Psychiatry, 72:598-604 (2011); Blume J, Douglas SD, Evans DL, Brain Behav Immun.,
25:221-229 (2011); Miller AH, Maletic V, Raison CL, Biol Psychiatry, 65:732-741 (2009);
Simon NM, McNamara K, Chow CW, et al., Eur Neuropsychopharmacol., 18:230-233
(2008)). The benefits of folic acid, and its biologically active form, L-methylfolate, for
treating MDD have been recognized; also recently recognized are links between folate
deficiency and an increased risk for MDD, reduced antidepressant effectiveness, and a more
chronic course of illness (Vogelzangs N, Beeckman AT, Boelhouwer IG, et al., J Clin
Psychiatry, 72:598-604 (2011); Ginsberg LD, Oubre A, Daoud Y, Innov Clin Neurosci.,
8:19-28 (2011); Fava M., J Clin Psychiatry, 68 Suppl 10:4-7 (2007); Fava M, Borus JS,
Alpert JE, et al., Am J Psychiatry, 154:426-428 (1997); Papakostas GI, Petersen T,
Mischoulon D, et al., J Clin Psychiatry, 65:1096-1098 (2004)). More recently, the results
were published from a randomized, placebo-controlled trial in MDD patients not achieving
an adequate response to selective serotonin reuptake inhibitors (SSRIs), which demonstrated
greater efficacy for adjunctive treatment with 15 mg daily of L-methylfolate versus placebo
using the sequential parallel comparison design (SPCD) (Papakostas GI, Shelton RC, Zajecka
IM, et al., Am J Psychiatry, 169:1267-1274 (2012)).
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[0408] This example describes the treatment effect of 15 mg of L-methylfolate versus
placebo as a function of baseline biomarker levels or genotype focusing on markers of
metabolic or inflammatory status. Specifically, it also illustrates the relationship between
hypofolatemia and metabolic disturbances as well as inflammation, e.g., the interaction
between metabolic or inflammatory status at baseline as defined using specific markers from
these domains and treatment outcome with 15 mg daily of L-methylfolate versus placebo
augmentation. In addition, the example shows the interaction in light of the role of L-
methylfolate in enhancing tetrahydrobiopterin (BH4)-dependent monoamine synthesis
(Hyndman ME, Verma S, Rosenfeld RJ, et al.. Am J Physiol Heart Circ Physiol 282:H2167-
2172 (2002)). Significant correlations have been observed between MDD and levels of red
cell folate, monoamine neurotransmitters, and cercbral spinal fluid BH4. Furthermore, BH4
regulates the presynaptic release of neurotransmitters from nerve terminals (Bottiglieri T.,
Prog Neuropsychopharmacol Biol Psychiatry, 29:1103-12 (2005)). Finally, the example also
shows the influence of markers associated with one-carbon cycle metabolism and treatment

outcome.
METHODS

[0409] This report presents results from exploratory analyses from a multi-center, 60-day,
randomized, double-blind trial of 15 mg L-methylfolate as adjunctive therapy for patients
with SSRI-resistant MDD (Papakostas GI, Shelton RC, Zajecka JM, et al., Am J Psychiatry,
169:1267-1274 (2012)). The study was divided into two, 30-day phases (phases I and II),
according to the sequential parallel comparison design (SPCD) of Fava M, Evins AE, Dorer
DI, et al., Psychother Psychosom, 72:115-127 (2003). The study design and results were
described previously (Papakostas GI, Shelton RC, Zajecka JM, et al., Am J Psychiatry,
169:1267-1274 (2012)) but are summarized briefly below. The study protocol was reviewed
and approved by the following institutional review boards (IRB): Massachusetts General
Hospital, Partners Human Research Office; Rush University Medical Center, Research and
Clinical Trials Administration Office; Goodwyn IRB; University of California, San Diego,
Human Research Protections Program; University of Cincinnati Medical Center, Institutional
Review Board Office; Vanderbilt University, Institutional Review Board; and University of
Pennsylvania, Office of Regulatory Affairs. Written informed consent was obtained from all
study patients before any study procedures were conducted (ClinicalTrials.gov Registration

Number NCT00955955).
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Patient Selection

[0410] Adults age 18-65 years and meeting DSM-1V criteria for a current episode of MDD
were eligible if they had a Quick Inventory of Depressive Symptoms-Self Report (QIDS-SR)
score >12 at screening and baseline visits. Patients must have been treated with an SSRI
during the current episode of MDD for >8 weeks at adequate doses (defined as 20 mg/day or
more of fluoxetine, citalopram, or paroxetine, 10 mg/day or more of escitalopram, and 50
mg/day or more of sertraline) as assessed using the Massachusetts General Hospital (MGH)
Antidepressant Treatment Response Questionnaire (ATRQ) (Chandler GM, losifescu DV,
Pollack MH, et al., CNS Neurosci Ther., 16:322-325 (2010)). Patients also must have been
on a stable SSRI dose for the past 4 weeks. Patients were excluded if they had failed more
than 2 adequate antidepressant trials during the current episode. Patients who demonstrate
>25% decrease in depressive symptoms on the QIDS-SR total score from screening to

baseline were excluded.

Study Procedures

[0411] Eligibility was assessed during the screening and baseline visits, which occurred
within 14 days of each other. Patients eligible during the baseline visit were enrolled in the
study using the SPCD previously described (Fava M, Evins AE, Dorer DJ, et al., Psychother
Psychosom, 72:115-127 (2003)). Patients were randomized to one of three treatment groups
where they received placebo-placebo, placebo-L-methylfolate 15 mg/day, or L-methylfolate-
L-methylfolate 15 mg/day during phases I and II using a randomization code generated by the
primary study center. Each phase was 30 days in duration. Study visits occurred every 10
days during which the concomitant SSRI doses remained constant, and patients unable to
tolerate the study medications were withdrawn from the study. Patients and investigators

were blinded to study assignment.

[0412] Patients were assessed at each study visit with the Hamilton Depression Rating
Scale (HDRS). In addition, symptom response was evaluated with the HAMD-7 (MclIntyre R,
Kennedy S, Bagby RM, er al., J Psychiatry Neurosci, 27:235-239 (2002)), the Cognitive and
Physical Function Questionnaire (CPFQ) (Fava M, losifescu DV, Pedrelli P, ef al., Reliability
and validity of the MGH Cognitive and Physical Functioning Questionnaire (CPFQ).
Psychother Psychosom 78:91-97 (2009)), and the Clinical Global Impression Scale (CGI-S)
(Guy W. Ecdeu. Assessment Manual for Psychopharmacology —Revised (DHEW Publ No
ADM 76-338). Rockville, MD, U.S. Department of Health, Education, and Welfare, Public
Health Service, Alcohol, Drug Abuse, and Mental Health Administration, NIMH
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Psychopharmacology Research Branch, Division of Extramural Research Programs (1976)).
Height and weight were measured, and BMI was calculated in kg/m’. Baseline blood samples
were collected to assess baseline levels of plasma hsCRP, 4-hydroxy-2-nonenal [4-HNE], and
low S-adenosylmethionine/S-adenosylhomocysteine [SAM/SAH] ratio). Also assessed were
genetic polymorphisms for a) the C677T, 1298C, and G1793A genotype for
methylenetetrahydrofolate reductase (MTHFR); b) the A66G genotype for methionine
synthase reductase (MTRR); and c) the A2756G genotype for methionine synthase (MTR).
For additional analyses, bascline samples were assessed for genetic polymorphisms for
calcium channel, voltage-dependent, L type, alpha 1C subunit (CACNA1C); catechol-O-
methyltransferase (COMT); DNA (cytosine-5-)-methyltransferase 3 beta (DNMT3B);
dopamine receptor D, (DRD?2); folate hydrolase 1 (FOLH1); GTP cyclohydrolase 1 (GCH1);
GTP cyclohydrolase 1 feedback regulatory protein (GCHFR); and solute carrier family 19
(folate transporter), member 1(also known as SLC19A1 or reduced folate carrier

(RFC1))(Table6).

Table 6. List of genetic markers examined in exploratory analyses

Genetic Variant RS Number Genotype Comparisons
CACNAIC rs1006737 GG vs. AG/AA

COMT Vall58 rs4633 TT vs. CC

COMT Vall58Met rs4630 AA vs. GG

DNMT3B rs1883729 GG vs. AG/AA and GG vs. AA
DRD2 rs1079596 CCvs. TC/TT

DRD2 129 rs6275 CCvs. TT

FOLHI rs202676 AA vs. AG/GG

GCH1 rs8007267 CCvs. TC/TT

GCHFR rs7163862 AA vs. TA/TT

MTHEFR 677 rs1801133 CCvs. CT/TT

MTHFR 1298 rs1801131 AA vs. AC/CC

MTHEFR 1793 rs2274976 AA vs. GA

MTR 2756 rs1805087 AA vs. AG/GG

MTRR 66 rs1801394 AA vs. AG/GG

RFC1 80 rs1051266 GG vs. AA

RFCI rs2297291 GG vs. AA

RFCI 815 rs12659 CCvs. TT
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Assay Methods

[0413] Serum hsCRP was measured by a commercially available kit latex particle
enhanced immunoturbidimetric assay (Pointe Scientific, Inc., Canton, MI). The turbidity
(absorbance) was read on an ACE Alera clinical chemistry analyzer (Alpha Wassermann,
West Caldwell, NJ). Ptasma 4-HNE was measured by analysis of the amount of HNE-His
protein adducts present in the sample using an enzyme immunoassay (OxiSelect HNE-His
adduct ELISA kit, Cell Biolabs, Inc., San Diego, CA). Plasma SAM and SAH were
determined by stable-isotope dilution liquid chromatography-electrospray ionization tandem
mass spectrometry as previously described (Inoue-Choi M, Nelson MH, Robien K, et al., Int
J Mol Epidemiol Genet, 3:160-173 (2012)). Determination of the presence of genetic
polymorphisms was performed on DNA purified from whole blood using a DNeasy blood
and tissue kit (Qiagen Inc, Valencia, CA). Genotyping was conducted using the MassArray
platform (Sequenom, Inc., San Diego, CA).

Statistical Analyses

[0414] For exploratory analyses, the pooled treatment effect was assessed by average
differences in mean changes from baseline to endpoint for L-methylfolate and placebo
groups, pooled across the two phases of the study, consistent with the SPCD of Fava M,
Evins AE, Dorer DJ, et al., Psychother Psychosom, 72:115-127 (2003) The effect of
biomarkers on the response on the HDRS-28 with L-methylfolate compared to placebo was
stratified by BMI (30 or <30 kg/m”), hsCRP level (median baseline value > or <2.25 mg/L),
SAM/SAH ratio (median baseline value > or <2.71), and 4-HNE level (median baseline level
> or <3.28 ug/mL). Further, the presence of molecular polymorphisms of genotypes was
measured. Elevated BMI, low ratio of SAM/SAH, clevated plasma levels of hsCRP, and 4-
HNE, and molecular polymorphisms were evaluated as predictors of a greater pooled (phases

I and IT according to SPCD) drug/placebo difference.

[0415] A standard SPCD analysis approach was employed in order to analyze the study
efficacy data. Specifically, an intent-to-treat/last observation carried forward (ITT/LOCF)
approach was employed for patients treated with L-methylfolate during phase I. The phase II
dataset of interest was limited to patients treated with placebo during phase I and who
completed phase I, who did not experience a clinical response on the HDRS during phase I
and entered phase II. The LOCF approach was applied to the dataset for phase II, with the
final visit of phase I/first visit of phase II serving as the new baseline visit. The ITT/LOCF

data comparing L-methylfolate and placebo during phase I were combined with the data
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comparing L-methylfolate and placebo in phase II according to the model for SPCD and were
analyzed using the general approach outlined in Fava M, Evins AE, Dorer DJ, et al.,
Psychother Psychosom, 72:115-127 (2003) using a weight (w=0.50) and a randomization
fraction (a=0.333).

[0416] Dichotomous measures were analyzed according to the method for dichotomous
outcomes (Fava M, Evins AE, Dorer DI, et al., Psychother Psychosom, 72:115-127 (2003)),
while seemingly unrelated regression analysis, controlling for baseline scores, was employed
for the comparison of continuous outcomes (Tamura RN, Huang X., Clin Trials, 4:309-317
(2007)). All tests were conducted as two-tailed, with alpha set at 0.05. Pooled mean changes
from baseline to endpoint for L-methylfolate vs. placebo on the HDRS-28 were stratified for
each biomarker and genetic marker. Treatment effect, effect size (difference between means
divided by a standard deviation), and 95% confidence intervals (CI) were calculated for each
biomarker. In addition, within group analyses, HDRS-28 response rate (at least 50%
reduction from baseline), odds ratio, and number needed to treat were determined. Within
group analyses were conducted separately for individuals who received L-methylfolate (in
phase I or as placebo non-responders in phase II) or placebo (in phase I or as placebo non-
responders in phase II) with the biomarker or genetic marker status as exposure. Because
individuals were not randomized based on their biomarkers status, the within-group analyses
adjusted for potential confounders including age, sex, race, and BMI as well as baseline level
of HDRS-28. Adjustment was made using linear regression for continuous HDRS-28 and
through propensity score stratified analysis for binary outcomes (to decrease the number of

predictors in the final model).
RESULTS

[0417] Overall, 74 patients provided data, and 61 (81.3%) completed the study. Detailed
results from the primary analysis of the study (efficacy, safety, tolerability of 15 mg L-
methylfolate versus placebo) have been published elsewhere (Papakostas GI, Shelton RC,
Zajecka JM, et al., Am J Psychiatry, 169:1267-1274 (2012)). For all analyses, results from
both phase I and phase II of the study were pooled according to the SPCD method (Fava M,
Evins AE, Dorer DJ, et al., Psychother Psychosom, 72:115-127 (2003)). Pooled (phases I and
IT) mean change from baseline was significantly greater with adjunctive L-methylfolate 15

mg/day than placebo for HDRS-28 (-6.8 + 7.2 vs. -3.7 £ 6.5, p=0.017).
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[0418] Pooled mean changes with L-methylfolate vs. placebo on the HDRS-28 were
examined among subgroups of patients identified by the presence or absence of various
biomarkers or their combinations. Pooled mean changes from baseline on the HDRS-28 for
L-methylfolate vs. placebo were significantly (p<0.05) greater among subgroups of patients
with a plasma SAM/SAH ratio below the study median value, hsCRP or 4-HNE blood levels
above the study median value, or a BMI >30 kg/m”* (consistent with obesity) (Table 7).

Table 7 Effect of L-methylfolate 15 mg/day vs. placebo on pooled mean change from baseline
for HDRS-28 stratified by baseline level of plasma marker

Pooled Mean | 95% Pooled”
Variable N Change vs. Confidence p-value | Effect

Placebo Interval Size
SAM/SAH >2.71 36 0.07 (-3.33, 3.4%8) 0.966 0.01
SAM/SAH <2.71 37 -4.57 (-7.73,-1.41) 0.005 -0.75
hsCRP >2.25 mg/L 37 -3.61 (-7.23, 0.002) 0.050 -0.50
hsCRP <2.25 mg/L 36 -2.29 (-5.47, 0.89) 0.158 -0.36
4-HNE >3.28 ug/mL 37 -4.55 (-7.61, -1.50) 0.003 -0.74
4-HNE <3.28 ug/mL 36 -0.11 (-3.67, 3.46) 0.953 0.01

" Pooled across study phases with equal weights. A negative sign for pooled effect size
indicates that the treatment effect favored the L-methylfolate group.

[0419] Exploratory analyses demonstrated significant (p<0.05) differences for pooled mean
change from baseline on the HDRS-28 for L-methylfolate vs. placebo based on the presence
of most genetic markers at baseline (see, Table 8). Pooled mean change from baseline with
L-methylfolate vs. placebo on the HDRS-28 was significantly (p<0.05) greater among
subgroups of patients with the MTR 2756 AG/GG or MTRR 66 AG/GG genotype but not
significant for the MTHFR 677 CT/TT or MTHFR 1298 AC/CC genotypes compared to the
respective homozygous dominant genotypes (Table 8). For the HDRS-28, the pooled effect
size ranged from -0.05 to -1.57 for significant mean changes from baseline across all
genotypes. Similarly, HDRS-28 response rate (treatment minus placebo) was significantly
(p<0.05) improved with L-methylfolate vs. placebo when stratified for baseline presence of
most genetic markers. A comparison of the presence of normal and putative positive markers
at baseline demonstrated marked differences in the HDRS-28 response rate, with significant
(p<0.05) differences noted for most markers except for MTHFR 677CT/TT, FOLH1 AG/GG,
and GCHFR TA/TT (FIG. 9A-B).

Table 8. Analysis of the effect of L-methylfolate stratified by baseline levels of individual
markers (n=59)

Variable N Pooled*|Pooled*| Within | Within | Response | Within Pooled Odds Number
Mean | Effect [Treatment|Placebo Rate [Treatment|Difference Needed

109



WO 2014/164882 PCT/US2014/023695
(%) |Change| Size Group | Group |Treatment| Group |Treatment|Ratio|to Treat
Mean Mean minus |Difference| Group
Change* |Change®| Placebo
(Yo)*
COMT GG | 17 | -109 L5 -5.70 6.52 66.7 11.219 0.32 N |
-1 N
(rs4680)  |29%|p<0.001 p=0.079 [p=0.007| p<0.001 | p=0.084 | p=0.045
COMT CC | 18 | -92 L0 -4.45 6.52 58.3 11.219 0.248 w |
(rs4633)  [31%|p<0.001| p=0.162 |p=0.007| p=0.001 | p=0.084 | p=0.168
MTR 2756
20 | 82 -6.95 1.96 37.9 30.97 0.298
AG/GG® 115 624 3
(151805087) B1% |p<0.001 p=0.008 |p=0.397| p=0.025 | p=0.025 | p=0.037
RECL®0) |y | 77 -3.58 -1.13 45.8 6.462 0.146
AA -1.38 NA | 2
(151051266) 19%|p=0.003 p=029 | p=0.73 | p=0.009 | p=0.241 | p=0.314
DRD2129 116 1 76 -0.65 1.44 38.9 0.000 0.09
T -0.70 800 3
(156275) 17%|p=0.028 p=0916 |p=0.652| p<0.001 | p=1.000 | p=0.693
DRD2 TC/TT| 18 | -6.9 0.08 0.28 4.63 44.6 2.005 0.126 ol 2
(1s1079596) |31%[p=0.002 p=0.923 |p=0.047| p=0.003 | p=0.52 0.413 '
RFCLAA | 12| -55 0.96 -2.80 091 433 3.106 0.058 N
0. N
(rs2297291) {20%] p=0.02 p=0385 | p=0.77 | p=0.01 | p=0.416 | p=0.708
DNMT3B
32| 54 -1.70 7.93 31.7 5.977 0.113
AG/AA -0.84 1333 3
(151883729 54%|p<0.001 p=0.573 |p<0.001| p=0.014 | p=0.156 | p=0.481
GCHL TC/TT| 24 | -5.1 078 437 1.54 38.1 119.10 0.268 os3| 3
(r38007267) |41%| p=0.01 | p=0.157 |p=0.550| p=0.015 | p=0.035 | p=0.075 |
RFC1815TT| 10 | -49 0.83 -2.80 091 433 3.106 NA N
0. N
(rs12659)  [17%|p=0.036 p=0385 | p=0.77 | p=0.008 | p=0.416
BMI>30 | 40| 47 -3.53 6.31 30.2 10.76 0.22
P . <0.75 711 3
g 56%|p=0.001 p=0.166 |p=0.003| p=0.009 | p=0.067 | p=0.117
C’zgf&lc 37| 42 -4.73 1.52 27.0 >1000 0.193
3% -0.64 408 4
(151006737) °|p=0.005 p=0.095 |p=0.510| p=0.041 | p=0.997 | p=0.156
MTHEFR 677
24| 38 0.67 5.29 23.1 0.36 -0.06
CT/TT® 0.53 3.99| 4
(r51801133) 37%|p=0.087 p=0.822 |p=0.035| p=0.114 | p=0.402 | p=0.728
FOLH1
30| -32 2.99 0.83 16.9 >1000 0.042
AG/GG -0.40 2.46 6
(15202676) 51%|p=0.076 p=0.497 |p=0.850| p=0.119 | p=0.997 | p=0.828
GCHFR | 43| 31 | 048 | -5.62 0.54 19.9 >1000 0 2921 5
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TA/TT  |73%|p=0.037 p=0.225 |p=0.849| p=0.078 | p=0.997 | p=1.000
(157163862)

MTRR 66

AGIGGE 42 29 045 1.27 412 | 226 1.47 0.001 sl 4
(ts1801304) [[2%6 [p=0.041 p=0.694 |p=0.117| p=0.041 | p=0.782 | p=0.994
MTHFR 1298

AC/CCe 3(3 0.5 005 008 | -558 19.1 2.069 0.123 P
(ts1801131) 6% [p=0.807 p=0.981 |p=0.009| p=0.19 | p=0.561 | p=0.457

* HDRS-28, treatment minus placebo; " Adjusted for baseline, race, age, and BMI; &n=72
(three patients were missing height value for calculating BMI; @ n=65 (10 patients did not
consent to genetic testing); ' n=58 (SNP results were unreadable in one patient); for n=59,
samples for genetic testing were depleted; NA = not available

[0420] Further exploratory analyses were conducted to determine the effect of L-
methylfolate vs. placebo stratified by baseline levels of individual markers when response
was assessed using HAMD-7, CGI-S, and CPFQ (Table 9). Significant (p<0.05)
improvements were noted for pooled mean change from baseline with L-methylfolate vs.
placebo for all genetic markers except for MTHFR 1298 AC/CC on the CGI-S and for many
markers on the HAMD-7 and CPFQ.

Table 9. Analysis of the effect of L-methylfolate on HAMD-7, CGI-S, and CPFQ stratified by
baseline levels of individual genetic markers (n=59)

Pooled* Mean % %
Varabl Neo | Change | QUGS | Change CPRQ
ol 75 11,49 0.52 151
100% | p=0.018 p=0.002 p=0.068
BMI 230 kg/m*® 52(34) pj)'.f)%)z p<06.20301 p;%'.(())gz
CACNAICAGIAA | oo | 009 | poonn or7
COMT (Vall 58Met) GG 2192/ pfb.lg I p;h.a)l p;Z)'.%%4
COMT (Vall58) CC 311§/ pj)'.(())%9 p;%)'.f)%n p;Z)'.%)%g
DNMT3B AG/AA 53134) pj)'.?)é(‘B p;(())'.?)%n pj)'.f)379
DRD2TCTT | 3y | o007 | poool3 0825
DRD2 19T | o | T NA 0387
FOLHIAGIGG | S0 | 5017 | poons 0,019
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CHICT | i | pows | poon | pon
CCHFR TATT 74?1’; pzi)g 8 p;(())'.?)iB p=(())56§ 1

MTHER 677 CT/TT® 3%i6 p;3ﬁ26 pi%334 bﬁg%z
MTHFR 1298 AC/CC® 42&) p;%-é‘i . p;(())-‘é(l)% . p;(()).‘(;% .
MTR 2756 AG/GG® |20 31% p:(‘)-‘f)% 1 p;(())'.?)%3 p_=3(')(.)(§5
T N I
R | pems | poon | oo
oo | 1 | e | o
wav | 8] % | i | b

* HDRS-28, treatment minus placebo;

i Adjusted for baseline, race, age, and BMI; & n=72

(three patients were missing height value for calculating BMI; © n=65 (10 patients did not
consent to genetic testing); * n=58 (SNP results were unreadable in one patient); for n=59,
samples for genetic testing were depleted; NA = not available.

[0421]

The effect on the pooled mean change from baseline with L-methylfolate vs.

placebo for the HDRS-28 in patients with combinations of biological and genetic markers

present at baseline also was examined. Combinations of markers demonstrated pooled mean

change from baseline for L-methylfolate vs. placebo that ranged from -3.6 to -23.3 and
pooled effect size that ranged from -0.56 to -4.50. (Table 10). Combinations of MTHFR 677
CT/TT + MTR 2756 AG/GG, GCHI1 TC/TT+ COMT GG, and GCH1 TC/TT + COMT CC

demonstrated the largest effect size (-23.3, -20.7, and -18.2, respectively) and pooled mean

change for L-methylfolate vs. placebo was highly significant (p<0.001).

Table 10. Analysis of the effect of L-methylfolate 15 mg/day on pooled mean change from
baseline vs. placebo for HDRS-28 stratified by combinations of biomarker level status and

genotype (n=59)

Pooled*

Mean Pooled* | Response Rate | Number
Variable N (%) Chalf e vs 95% CI Effect Treatment | Needed
e vs. Size |[Minus Placebo | to Treat
Placebo
MTHEFR 677 CT/TT 8 -23.3 (-32.09, -14.50) -2.51 66.7% 1
+ MTR 2756 AG/GG | 14% <0.001 p=0.002
GCHI1 TC/TT + 11 -20.7 (-29.99, -11.33) NA 75.0% 1
COMT (rs4680) GG 19% <0.001 p<0.001
GCHI1 TC/TT + 12 -18.2 (-24.70, -11.78) NA 66.7% 1
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COMT (1s4633) CC | 20% <0.001 p<0.001
CACNAIC AG/AA +| 13 -16.2 (-24.70,-7.77) | -2.93 83.3% 1
COMT (1s4680) GG | 22% <0.001 p<0.001
MTR 2756 AG/GG + | 7 -15.1 (-24.17,-6.04) | -4.50 100% 1
COMT (1s4633) CC | 12% 0.001 p<0.001
BMI >30 kg/m*+ 10 -14.4 (-19.45,-9.41) | -2.83 92.9% 1
MTR 2756 AG/GG 17% <0.001 p<0.001
CACNAIC AG/AA +| 13 -13.5 (-17.13,-991) | -2.90 83.8% 1
MTR 2756 AG/GG | 22% <0.001 p<0.001
DNMT3B AG/AA+ | 15 -13.1 (-18.49,-7.67) | -2.55 100% 1
COMT (1s4680) GG | 25% <0.001 p<0.001
CACNAIC AG/AA +| 14 -13.0 (-19.27,-6.65) | -2.67 75.0% 1
COMT (1s4633) CC | 24% <0.001 p<0.001
BMI >30 kg/m” + 16 -12.4 (-16.95,-7.78) | -2.62 70.0% 1
GCH1 TC/TT 27% <0.001 p<0.001
DNMT3B AG/AA+ | 13 -12.0 (-14.93,-9.08) | -2.38 70.8% 1
MTR 2756 AG/GG | 22% <0.001 p<0.001
GCHFR TA/TT + 12 -12.0 (-16.61,-7.48) | -2.25 65.0% 2
MTR 2756 AG/GG | 20% <0.001 p<0.001
FOLH1 AG/GG + 15 -11.8 (-18.33,-523) | -1.63 66.7% 1
COMT (1s4680) GG | 25% 0.001 p<0.001
BMI >30 kg/m” + 14 -11.8 (-20.94,-2.65) | -1.39 58.3 2
COMT (1s4680) GG | 24% 0.011 p=0.010
GCH1 TC/TT + 7 -11.4 (-20.20, 2.51) | -2.02 75.0% 1
RFC1 80 AA 12% 0.012 p<0.001
DNMT3B AG/AA+ | 16 -10.9 (-15.55,-6.24) | -2.24 83.3% 1
COMT (1s4633) CC | 27% <0.001 p<0.001
RFC1 AA + 7 -10.5 (-18.51,-2.56) | -2.66 75.0% 1
GCH1 TC/TT 12% 0.01 p=0.001
GCH1 TC/TT + 9 -10.4 (-20.43,-0.46) | -1.36 62.5% 2
MTR 2756 AG/GG 15% 0.04 p=0.002
CACNAIC AG/AA +| 10 9.9 (-16.32,-3.55) | -1.48 68.8% 1
DRD2 TC/TT 17% 0.002 p<0.001
MTHER 677 CT/TT 13 9.9 (-15.79,-3.97) | -1.45 50.0% 2
+ 22% 0.001 p=0.003
BMI >30 kg/m”

BMI >30 kg/m*+ 20 9.8 (-13.67,-5.94) | -1.98 66.7% 1
DNMT3B AG/AA 34% <0.001 p<0.001
FOLH1 AG/GG + 16 9.8 (-15.36,-4.29) | -1.47 58.3% 2
COMT (1s4633) CC | 27% 0.001 p=0.001
DNMT3B AA + 9 9.7 (-15.23,-4.08) | -1.76 50.0% 2
FOLH! AG/GG 15% 0.001 p<0.001
GCHFR TA/TT + 15 9.7 (-15.03,-4.40) | -1.91 56.0% 2
DRD2 TC/TT 25% <0.001 p<0.001
BMI >30 kg/m” + 10 9.6 (-16.40,-2.81) | -1.46 68.8% 1
DRD2 TC/TT 17% 0.006 p<0.001
DRD2 TC/TT + 8 9.5 (-14.95,-4.14) | -2.29 66.7% 1
MTR 2756 AG/GG 14% 0.001 p=0.001
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DNMT3B AA + 5 9.5 (-17.42,-1.53) | -2.34 50.0% 2
MTR 2756 AG/GG 8% 0.019 p<0.001
CACNAIC AG/AA +| 17 9.4 (-14.37,-452) | -1.48 59.2% 2
GCHI1 TC/TT 29% | <0.001 p=0.001
MTHFR 677 CT/TT | 13 9.0 (-13.59,-439) | -L.15 47.1% 2
+ CACNAIC AG/AA| 22% | <0.001 p=0.015
CACNALIC AG/AA +| 8 9.0 (-17.07,-0.89) | -1.48 50.0% 2
DRD2 129 TT 14% 0.03 p<0.001
FOLHI AG/GG + 18 8.9 (-13.30,-4.41) | -1.22 45.8% 2
MTR 2756 AG/GG | 31% | <0.001 p=0.010
CACNAIC AG/AA +| 21 8.8 (-11.94,-573) | -l.64 54.6% 2
DNMT3B AG/AA 36% | <0.001 p=0.001
FOLHI AG/GG + 8 8.1 (-13.27,-2.96) | -1.68 33.3% 3
MTHFR 1793 GA 14% 0.002 p=0.176
FOLHI AG/GG + 9 8.1 (-14.18,-1.99) | -1.36 50.0% 2
RFC1 80 AA 15% 0.009 p=0.012
GCHFR TA/TT + 8 8.1 (-13.27,-2.96) | -1.68 33.3% 3
MTHFR 1793 GA 14% 0.002 p=0.176
CACNAIC AG/AA+| 6 -8.0 (-15.94,-0.06) | -1.32 40.0% 3
MTHFR 1793 GA 10% 0.048 p=0.177
FOLHI AG/GG + 26 7.7 (-10.85,-4.65) | -1.18 42.5% 2
DNMT3B AG/AA 44% | <0.001 p=0.004
FOLHI AG/GG + 20 7.6 (-11.66,-3.51) | -1.32 51.2% 2
GCHI1 TC/TT 34% | <0.001 p=0.002
GCHFR TA/TT + 17 7.5 (-13.24,-1.76) | -1.16 58.3% 2
COMT (rs4633) CC | 29% 0.001 p=0.002
FOLHI AG/GG + 17 7.2 (-11.53,-2.82) | -1.04 47.9% 2
DRD2 TC/TT 29% 0.001 p=0.001
GCHFR TA/TT + 21 7.2 (-10.58,-3.92) | -1.37 40.4% 2
DNMT3B AG/AA 36% | <0.001 p=0.010
GCHFR TA/TT + 7 7.1 (-13.69,-0.50) | -2.63 50.0% 2
RFC1 80 AA 12% 0.035 p=0.016
BMI >30 kg/m’ + 26 7.1 (-11.02,-3.13) | -1.05 40.2% 2
CACNAIC AG/AA | 44% | <0.001 p=0.014
FOLHI AG/GG + 9 6.9 (-12.24,-151) | -131 50.0% 2
RFC1 AA 15% 0.012 p=0.020
RFC1 815 TT + 8 6.2 (-11.46,-0.84) | -1.19 50.0% 2
FOLHI AG/GG 14% 0.023 p=0.015
GCHI1 TC/TT + 18 -5.8 (-12.86,131) | -0.76 41.2% 2
DNMT3B AG/AA 31% 0.110 p=0.037
GCHFR TA/TT + 8 5.6 (-12.47,-124) | -0.85 45.8% 2
RFC1 AA 14% 0.109 p=0.014
GCHFR TA/TT + 8 5.6 (-12.47,-124) | -0.85 45.8% 2
RFC1 815 TT 14% 0.109 p=0.014
MTHFR 677 CT/TT | 20 45 (-9.69,-0.77) | -0.58 25.0% 4
+ FOLHI AG/GG 34% 0.095 p=0.148
BMI >30 kg/m’ + 23 4.2 (-8.19,-0.29) | -0.74 35.0% 3
GCHFR TA/TT 39% 0.035 p=0.025
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GCHFR TA/TT + 18 -3.6 (-8.02, -0.89) -0.56 22.6% 4
DRD2 129 TT 31% 0.117 p=0.219

* Pooled across study phases with equal weights; NA = not available; sample size differences
were explained by n=72 (three patients were missing height value for calculating BMI; n=65
(10 patients did not consent to genetic testing); n=59, samples for genetic testing were
depleted; n=58 (SNP results were unreadable in one patient).

DISCUSSION

[0422] Results from the primary analyses demonstrated significant differential efficacy
with 15 mg L-methylfolate versus placebo as adjunctive therapy among patients with an
inadequate response to SSRIs (Papakostas GI, Shelton RC, Zajecka IM, et al., Am J
Psychiatry, 169:1267-1274 (2012)). The overall effect size on the HDRS with L-
methylfolate (0.41) was similar to the effect size (0.35 to 0.37) observed in other studies of
adjunctive therapy in MDD (Marcus RN, McQuade RD, Carson WH, et al., J Clin
Psychopharmacol., 28:156-165 (2008); Reimherr FW, Martin ML, Eudicone IM, et al., J
Clin Psychopharmacol., 30:300-305 (2010)). The results provided herein revealed a greater
differential treatment effect with L-methylfolate vs. placebo among patients stratified by the
presence of baseline level biological and genetic biomarkers (moderators of outcome) that
were associated with metabolic dysfunction, inflammation or variants of L-methylfolate

metabolism (e.g., BMI, hsCRP, MTRR, MTR).

[0423] Provided herein are the associations between the presence of select biomarkers at
baseline and the response to L-methylfolate. The treatment effect and effect size with 15 mg
L-methylfolate versus placebo when stratified by the presence of specific biological plasma
or genetic markers appears larger than those reported from conventional antidepressant-
placebo trials (Fournier JC, DeRubeis RJ, Hollon SD, et al., JAMA, 303:47-53 (2010);
Nelson JC, Mankoski R, Baker RA, et al., J Affect Disord., 120:133-140 (2010)).
Combinations of markers demonstrated an even greater treatment effect with 15 mg L-

methylfolate with effect sizes exceeding 1.0 in most comparisons.

[0424] Several biomarkers have been identified that are associated with an increased risk or
severity of MDD. Increased body weight and obesity are positively associated with an
increased risk of MDD and a poorer response to antidepressant treatment (Kloiber S, Ising M,
Reppermund S, et al., Biol Psychiatry, 62:321-326 (2007); Luppino FS, de Wit LM, Bouvy
PF, et al., Arch Gen Psychiatry, 67:220-229 (2010); Faith MS, Butryn M, Wadden TA, et al.,
Obes Rev., 12:¢438-453 (2011); Ma J, Xiao L., Obesity, 18:347-353 (2010)). Genetic

markers related to folate metabolism have been investigated for their association with MDD
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(Peerbooms OL, van Os J, Drukker M, et al., Brain Behav Immun., 25:1530-1543 (2011);
Stopien R, Jasniewicz K, Meczekalski B, er al., Maturitas, 61:252-255 (2008); Lewis SJ,
Lawlor DA, Davey Smith G, er al., Mol Psychiatry, 11:352-360 (2006); Lopez-Leon S,
Janssens AC, Gonzalez-Zuloeta Ladd AM, et al., Mol Psychiatry, 13:772-785 (2008)). The
results described herein provide support for the benefits of L-methylfolate as adjunctive
treatment for patients not responding adequately to SSRIs and suggest additional avenues for
identifying those individuals most likely to respond to this treatment. The methods described
herein can be used to provide individualized treatment approaches for depressed patients

unresponsive to initial antidepressant therapy.

[0425] The Hamilton Depression Rating Scale (HDRS) is widely used as the standard for
assessing drug response in clinical trials of MDD. However, the HDRS has been criticized
because it is multidimensional, lacks sensitivity to detect clinical change, and lacks
discriminative power to define remission (Ballesteros J, Bobes J, Bulbena A, er al., J Affect
Disord., 102:93-99 (2007)). For these analyses, the HDRS-28 rather than the HDRS-17 item
score was used to compare symptom improvement with L-methylfolate vs. placebo because
the longer version is more sensitive to changes in patients with symptoms of atypical or
melancholic depression (Nemeroff CB, J Psychiatr Res., 41:189-206 (2007); Cusin C, Yang
H, Yeung A, Fava M., In: Baer L, Blais MA (eds), Handbook of Clinical Rating Scales and
Assessment in Psychiatry and Mental Health, Humana Press (2010)). Additionally, the 7-
item Hamilton Depression Rating Scale (HAMD-7) and Cognitive and Physical Functioning
Questionnaire (CPFQ) were used in the exploratory analyses because the HAMD-7 may be
more sensitive to change in clinical trials of depression (McIntyre R, Kennedy S, Bagby RM,
et al., J Psychiatry Neurosci, 27:235-239 (2002); McIntyre RS, Konarski JZ, Mancini DA, et
al., CMAJ, 173:1327-1334 (2005)), and the CPFQ has been found to measure cognitive and
physical symptoms of depression, which are predictive of residual symptoms (Fava M,
losifescu DV, Pedrelli P, ef al., Reliability and validity of the MGH Cognitive and Physical
Functioning Questionnaire (CPFQ). Psychother Psychosom 78:91-97 (2009)).

[0426] In conclusion, greater efficacy was observed with L-methylfolate when used as an
adjunct to SSRI treatment in inadequate responders. The present analyses indicate that the
relative superiority of L-methylfolate versus placebo with respect to efficacy may be further
enhanced among subsets of patients stratified by the presence of metabolic and genetic
markers related to inflammation and disturbance of folate metabolism. These results indicate

that the presence of certain surrogate markers can be used to identify patients with SSRI-
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resistant MDD who are particularly responsive to adjunctive therapy with 15 mg L-

methylfolate.

Example 4. Predictive Biomarkers of the Antidepressant Response to Adjunctive L-

Methylfolate in Patients with Major Depressive Disorder

[0427] This example illustrates the use of genetic biomarkers (e.g., single nucleotide
polymorphisms (SNPs)) for predicting whether a patient with major depressive disorder will
respond to combination therapy of L-methylfolate and an antidepressant drug (e.g., a
selective serotonin reuptake inhibitor (SSRI)). In particular, the example shows that specific
synergistic dual-marker combinations are indicative of a therapeutic response to adjunctive
therapy of L-methylfolate and an antidepressant drug in patients diagnosed with MDD.
Furthermore, the therapeutic response to the adjunctive therapy was detected using various

neuropsychological assessment scales such as HDRS, CGI-S and CPFQ.

Abstract

[0428] Biological or genetic markers may be associated with an increased risk of MDD or
inadequate response to therapy. The objective of the study analysis was to evaluate the effect
of specific markers alone and in combination on the antidepressant effect of adjunctive L-

methylfolate (15 mg) among patients with an inadequate response to SSRIs.

[0429] In the primary study, L-methylfolate was evaluated in 75 outpatients with SSRI-
resistant MDD in a double-blind, randomized, placebo-controlled trial. Patients received
either L-methylfolate at 15 mg/day for 60 days, placebo for 30 days followed by L-
methylfolate at 15 mg/day for 30 days, or placebo for 60 days. Detailed descriptions of the
clinical study are found in, e.g., Papakostas GI et al., 4m J Psychiatry, 169:1267-74 (2012)
and U.S. Patent App. Nos. US 2013/0172361 and US 2013/0267523 and International Patent.
App. Pub. NO: WO 2013/074676, the disclosures of which are herein incorporated by

reference in their entirety for all purposes.

[0430] In the analysis described below, the effect of baseline body mass index (BMI) and
the presence of methylenetetrahydrofolate reductase (MTHFR 677 CT/TT; rs1801133),
methionine synthase (MTR 2756 AG/GG; rs1805087), catechol-O-methyltransferase (COMT
Val158Met GG; rs4680), and GTP cyclohydrolase 1 (GCH1 TC/TT; rs8007267)
polymorphisms individually and in combination on treatment response to L-methylfolate was

evaluated.
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[0431] Patients with a BMI >30 kg/m” experienced a significantly greater symptom
reduction with L-methylfolate (the 28-item Hamilton Depression Rating Scale (HDRS-28)
pooled mean change was -4.66; p=0.001), compared to those with a BMI <0 kg/m®. Pooled
mean changes from baseline for HDRS-28 with COMT Vall158Met GG, GCH1 TC/TT, and
MTR 2756 AG/GG were significantly (p<0.05) greater with L-methylfolate vs. placebo with
pooled effect sizes ranging from 0.75 to 1.57. Pooled mean changes from baseline for
HDRS-28 with most combinations of these five markers (BMI, MTHFR, MTR, COMT and
GCH1) also were significant (pooled mean changes range: -23.29, -9.88, respectively;
p<0.05). These results were supported by significant differences for most comparisons using
the outcome measures HDRS-7, the Clinical Global Impressions-Severity Scale (CGI-S) and
the Cognitive and Physical Function Questionnaire (CPFQ).

[0432] Adjunctive therapy of L-methylfolate at 15 mg/day demonstrated a significant
treatment effect in patients stratified by biomarkers, genotypes or their combination. These
conditions either individually and in combination were predictive of an inadequate response
to SSRI therapy. The presence of combinations of specific biomarkers and genotypes also
appeared to predict a benefit from L-methylfolate augmentation while their absence indicated

little to no benefit from such augmentation.
Introduction

[0433] The 12-month prevalence of major depressive disorder (MDD) is reported to be
6.7% among U.S. adults (Kessler RC, Arch Gen Psychiatry., 62:617-27 (2005)) with a
lifetime prevalence of 16.9% (Andrade L et al., Int J Methods Psychiatr Res., 12:3-21
(2003)). The occurrence of MDD is associated with a substantial burden to the patient and
caregivers and markedly greater economic burden (Fostick L et al., Eur
Neuropsychopharmacol., 20:671-5 (2010); Tvanova JI et al., Curr Med Res Opin., 26:2475-84
(2010); Knoth RL et al., Am J Manag Care, 16:¢188-96 (2010)). The majority of patients
experience a poor response rate to antidepressants (Rush Al et al., Am J Psychiatry,
163:1905-17 (2006)). There is no reliable predictor of treatment efficacy (Fabbri C et al., 4Am
J Med Genet B Neuropsychiatr Genet., 162B:487-520 (2013)), and thus, antidepressant

therapy often results in poor or inadequate drug response.

[0434] An inadequate response to initial antidepressant therapy continues to hinder
effective management of MDD in up to two-thirds of patients (Thase, 2003; Rush AJ et al,,
Am J Psychiatry, 163:1905-17 (2006)). While switching antidepressant drugs, augmentation
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strategies, and combination therapy are treatment options for patients who are not responding,
another approach is to attempt to identify patients who will have an optimal response, i.e., by
measuring levels of biomarkers or molecular markers that are associated with MDD risk

and/or treatment response.

[0435] It has been hypothesized that genetic polymorphisms contribute to inter-individual
variability of antidepressant drug response (Fabbri C et al., 4m J Med Genet B
Neuropsychiatr Genet., 162B:487-520 (2013)). Polymorphisms associated with
antidepressant efficacy, tolerability, and safety have been identified. However, the studies
have small sample sizes, poorly defined patient populations and confounding variables,
which have limited the clinical applicability of the results (Fabbri C et al., Am J Med Genet B
Neuropsychiatr Genet., 162B:487-520 (2013)). The complex neurobiology of MDD and
pharmacogenetics pose a challenge for transitioning clinical trials results to clinical practice.
An increased understanding of the molecular mechanisms that are associated with an
antidepressant response, which should lead to improved outcomes in MDD is needed
(O'Leary et al., Pharmacol Biochem Behav., [Epub ahead of print] PubMed PMID: 24161683
(2013 Oct 24)).

[0436] Various genetic biomarkers have been identified that are associated with an
increased risk of MDD, a greater severity of MDD or a poor response to antidepressant
treatment (Vogelzangs N et al., J Clin Psychiatry, 71:391-9 (2010); Kloiber S, Biol
Psychiatry., 62:321-6 (2007); Luppino FS et al., Arch Gen Psychiatry, 67:220-9 (2010)). For
example, the genetic markers 5,10-methylenetetrahydrofolate reductase (MTHFR C677T)
and catechol-O-methyltransferase (COMT) are recognized as predictive of a response to
antidepressant treatment or an increased risk of suicide (Peerbooms OL et al., Brain Behav
Immun., 25:1530-43 (2011); Lanctot et al., 2010; Slopien et al., 2008; Schosser A et al., Fur
Neuropsychopharmacol., 22:259-66 (2012)). Thus, assessment of baseline levels of
biomarkers or the presence or absence of genetic markers could be useful for identifying

MDD patients who are more likely to respond to antidepressant treatment.

[0437] The role of L-methylfolate as a valuable adjunct to conventional antidepressant
treatment of MDD is being increasingly recognized (Papakostas GI et al., Am J Psychiatry,
169:1267-74 (2012); Farah A., CNS Spectr., 14(1 Suppl 2):2-7 (2009); Ginsberg LD, Oubre
A, Daoud Y., Innov Clin Neurosci., 8:19-28 (2011)). L-methylfolate modulates the synthesis

of dopamine, norepinephrine, and serotonin via tetrahydrobiopterin (BH4), which is critical
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for their synthesis by activating tyrosine hydroxylase and tryptophan hydroxylase (Bottiglieri,
2005; Miller AL, Altern Med Rev., 13:216-26 (2008)). Dysfunctional folate disposition can
increase the risk for depression, interfere with antidepressant treatment effects, and result in
decreased treatment response (Vogelzangs N, Beckman AT, Boelhouwer 1G, et al., J Clin
Psychiatry, 72:598-604 (2011)). Results from two randomized, placebo-controlled trials in
MDD patients with an adequate response to SSRIs demonstrated improved response and
remission rates with adjunctive L-methylfolate treatment compared with continued SSRI
monotherapy (Papakostas GI et al., A4m J Psychiatry, 169:1267-74 (2012)). The analysis of
one trial, as presented herein, evaluated the predictive value of five genetic biomarkers alone

and in combination on the treatment response to adjunctive L-methylfolate.
Methods

[0438] A post-hoc analysis was conducted based on the results from a multicenter, 60-day,
randomized, double-blind trial of L-methylfolate as adjunctive therapy for patients with
MDD and previous inadequate responses to SSRI treatment. The study design and results
were presented in full and are summarized in Papakostas GI et al., Am J Psychiatry,
169:1267-74 (2012). The study protocol, amendments, and informed consent forms were
reviewed and approved by an Institutional Review Board. Written informed consent was
obtained from all study patients before any study procedures were conducted

(ClinicalTrials.gov Registration Number NCT00955955).
Patient Selection

[0439] Patients satisfying Diagnostic and Statistical Manual IV (DSM-IV) criteria for a
current episode of MDD and age 18-65 years were eligible if they had a Quick Inventory of
Depressive Symptoms-Self Report (QIDS-SR) score >12 at screening and baseline visits.
Patients were required to have a history of previous treatment with an SSRI during the
current episode of MDD for >8 weeks at adequate doses (>20 mg/day of fluoxetine,
citalopram, or paroxetine, >10 mg/day of escitalopram or >50 mg/day of sertraline) that
remained stable for the previous 4 weeks, as determined using the Massachusetts General
Hospital (MGH) Antidepressant Treatment Response Questionnaire (ATRQ) (Chandler GM
ct al., CNS Neurosci Ther., 16:322-5 (2010)). Exclusion criteria included failure on >2
adequate antidepressant trials during the current episode and >25% decrease in depressive

symptoms on the QIDS-SR total score from screening to baseline.

Study Procedure
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[0440] Screening and baseline visits occurred within 14 days of each other, and patients
eligible during the baseline visit were enrolled in the study after providing written informed
consent. Patients were randomized in a 2:3:3 ratio using the Sequential Parallel Comparison
Design (SPCD) (Fava M et al., Psychother Psychosom., 72:115-27 (2003)) to treatment
groups consisting of placebo-placebo, placebo-L-methylfolate at 15 mg/day or L-
methylfolate-L-methylfolate at 15 mg/day during the 30-day treatment for Phase I and Phase
IT and were maintained at a stable dose on current SSRI treatment. Patients were withdrawn

from the study if they were unable to tolerate study medications.

[0441] At ecach study visit response was evaluated with the Hamilton Depression Rating
Scale (HDRS) (Hamilton M., J Neurol Neurosurg Psych., 23:56-62 (1960)) and the Clinical
Global Impression Severity and scales (CGI-S) (Guy W., In: ECDEU assessment manual for
psychopharmacology. Washington (DC): Superintendent of Documents, US Government
Printing Office, US Department of Health, Education, and Welfare Publication NO: 76-338,
1976:218-22). In addition, symptom response was evaluated with the HDRS-7 (MclIntyre
RS, CMAJ, 173:1327-34 (2005)) and the Cognitive and Physical Function Questionnaire
(CPFQ) (Fava M. et al., Psychother Psychosom., 78:91-7 (2009)). Response was defined as a
>50% reduction from baseline on the HDRS-28. Height and weight were measured, and BMI
was calculated in kg/m*. Baseline blood samples were collected to assess the presence of
genetic polymorphisms for the methylene tetrahydrofolate reductase (MTHFR) T677C allele,
COMT Vall58Met GG, GTP cyclohydrolase 1 (GCH1) TC/TT, and methionine synthase
(MTR) A2756G.

Assay Methods

[0442] Determination of genetic polymorphisms for MTHFR, MTR, COMT, and GCH1
was performed on DNA purified from whole blood using a DNeasy blood and tissue kit
(Qiagen Inc, Valencia, CA). Genotyping was conducted using the MassArray platform
(Sequenom, Inc., San Diego, CA).

Statistical Analysis

[0443] For the analyses, the pooled treatment effect was assessed by differences in mean
changes from baseline to endpoint for L-methylfolate and placebo groups, pooled across the
two phases of the study. This is consistent with the SPCD of Fava M et al., Psychother
Psychosom., 72:115-27 (2003)). Treatment response on the HDRS-28 with L-methylfolate
compared to placebo was stratified by baseline BMI (>30 kg/m” or <30 kg/m?). Further, the
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presence or absence of polymorphisms of MTHFR 677 TC/TT (rs1801133), MTR 2756
AG/GG (rs1805087), GCH1 TC/TT (rs8007267), and COMT Vall58Met GG (rs4680)

genotypes was determined and used as a dichotomous variable.

[0444] Efficacy data were analyzed using the SPCD and an intent-to-treat/last observation
carried forward (ITT/LOCF) approach for patients treated with L-methylfolate during phase
I. The phase II dataset was limited to patients who completed treatment with placebo during
phase I and did not experience a clinical response on the HDRS and entered phase II. The
final visit of phase I/first visit of phase II was considered the new baseline visit. Data
comparing L-methylfolate and placebo from phase I and phase II were combined according
to the SPCD model and were analyzed using the approach outlined in Fava M et al.,
Psychother Psychosom., 72:115-27 (2003) using a weight (w=0.50) and a randomization
fraction (a=0.333). Dichotomous measures were analyzed according to the method for
dichotomous outcomes (Fava M et al., Psychother Psychosom., 72:115-27 (2003)) while
seemingly unrelated regression analysis, controlling for baseline scores, was employed for
the comparison of continuous outcomes (Tamura RN, Huang X., Clin Trials, 4:309-17

(2007)). All tests were conducted as two-tailed, with alpha set at 0.05.

[0445] For the HDRS-28, pooled mean changes from baseline to endpoint for L-
methylfolate vs. placebo were stratified for each biomarker and genetic marker. Treatment
effect and effect size were calculated for each biomarker. Within group analyses, HDRS-28
response rate (>50% reduction from baseline), odds ratio, and number needed to treat were
calculated. For individuals who received L-methylfolate (in phase I or as placebo non-
responders in phase II) or placebo (in phase I or as placebo non-responders in phase II),
within-group analyses were conducted separately, with biomarker or genetic marker status
factored as exposure. Within-group analyses were adjusted for potential confounders
including age, sex, race, BMI, and baseline level of HDRS-28 to account for the fact that
individual patients were not randomized by baseline marker status. To decrease the number
of predictors in the final model, adjustments used linear regression for continuous HDRS-28

scores and propensity score stratified analysis for binary outcomes.

Results
[0446] Data from 74 patients were available for analysis, and 61 (81.3%) patients
completed the study. Results previously were published from the primary analysis of L-

methylfolate versus placebo (Papakostas GI et al., Am J Psychiatry, 169:1267-74 (2012)).
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Overall, pooled mean (SD) baseline HDRS-28 score was 26.0 (5.0) for L-methylfolate and
placebo groups combined. Pooled mean change from baseline vs. placebo was significantly

greater with adjunctive L-methylfolate 15 mg/day for HDRS-28 (-2.74, p=0.017).

[0447] Pooled mean change from baseline with L-methylfolate vs. placebo on the HDRS-
28 was significantly (p<0.01) greater among subgroups of patients with COMT Vall58Met
GG, GCHI1 TC/TT, and MTR 2756 AG/GG genotypes and elevated BMI, and marginally
significant (p=0.087) for the MTHFR 677 TC/TT genotype (Table 11 and FIG. 10). Pooled
cffect size was greater than 0.50 for each of these markers (FIG. 11). Pooled response rate
for treatment minus placebo ranged from 23.1% to 66.7% and was significantly (p<0.05)
greater with L-methylfolate stratified by each marker except for MTHFR 677 TC/TT.

Table 11. Analyses of the effect of L- methylfolate stratified by individual molecular marker

Variable N [ Pooled* | Pooled* Within Within Response Within Pooled | Odds| Number
(%) | Mean Effect Treatment | Placebo Rate Treatment | Difference | Ratio| Needed
Change Size Group Group Treatment Group Treatment to Treat
Mean Mean minus Difference Group
Change# Change# Placebo
(%o)*
COMT 42 1.27 0.20 NA NA -6.0 NA NA 0.72 -17
(Vall58Met) | 71%| p=0.437 p=0.608
AA/AG
COMT 17 -10.9 -1.57 -5.70 6.52 66.7 11.22 0.32 NA 1
(Vall58Met) |29%| p<0.001 p=0.079 | p=0.007 p<0.001 p=0.084 p=0.045
GG
GCHI1 CC 35 -0.76 -0.11 NA NA -2.0 NA NA 0.89 -50
59%| p=0.657 p=0.874
GCHI1 TC/TT| 24 -5.09 -0.78 -4.37 1.54 38.1 119.1 0.27 9.53 3
41%| p=0.01 p=0.157 | p=0.550 p=0.015 p=0.035 p=0.075
MTR 2756 45 -0.05 -0.01 NA NA 4.9 NA NA 1.36 20
AA 69%| p=0.975 p=0.643
MTR 2756 20 -8.24 -1.15 -6.95 1.96 379 30.97 0.30 6.24 3
AG/GG 31%| p<0.001 p=0.008 p=0.397 p=0.025 p=0.025 p=0.037
MTHFR 677 | 41 -1.99 -0.31 NA NA 16.4 NA NA 2.35 6
CcC 63%| p=0.198 p=0.188
MTHFR 677 | 24 -3.75 -0.53 -0.67 5.29 23.1 0.36 -0.06 3.99 4
TC/TT? 37%| p=0.087 p=0.822 p=0.035 p=0.114 p=0.402 p=0.728
BMI <30 32 0.99 0.14 NA NA -19.0 NA NA 0.24 -5
kg/m2 44%| p=0.648 p=0.088
BMI >30 40 -4.66 -0.75 -3.53 6.31 30.2 10.76 0.22 7.11 3
kg/m2 56%| p=0.001 p=0.166 p=0.003 p=0.009 p=0.067 p=0.117

"HDRS-28, treatment minus placebo; #Adjusted for baseline, race, age, sex and BMI; NA =
not available; sample size differences were explained by n=72 (two patients were missing
height value for calculating BMI; n=65 (10 patients did not consent to genetic testing); n=59,
samples for genetic testing were depleted.

[0448] The effect on the pooled mean change from baseline with L-methylfolate vs.
placebo for the HDRS-28 was examined in subgroups of patients using combinations of

various biomarkers and genetic markers (Table 12). Significant (p<0.05) differences in
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combinations except for MTHFR 677 TC/TT plus BMI >30 kg/m”. Pooled effect size ranged

from -40.32 to -1.36 across all combinations. For combinations of three markers, numbers of

patients were too small for statistical analysis of many combinations.

Table 12. Analyses of the effect of L- methylfolate stratified by combinations of molecular

markers

Variable N | Pooled” | Pooled” | Within Within | Response Within Within | Number

(%) Mean Effect | Treatment | Placebo Rate Treatment | Placebo | Needed

Change Size Group Group | Treatment Group Group to Treat
Mean Mean minus Difference | Difference
Change” |Change *| Placebo
(%)’

COMT (Vall58Met) 11 -20.66 | -40.32 -4.54 3.13 75.0 NA 0.11 1
GG + GCHI TC/TT | 19% | p<0.001 p=0.029 [ p=0.042 | p<0.001 p=0.270
COMT (Vall58Met) 7 -15.11 -4.50 -5.37 3.62 100.0 11.35 0.21 1
GG + MTR 2756 12% | p=0.001 p=0.003 [ p=0.021 p<0.001 p=0.037 p=0.258
AG/GG
COMT (Vall58Met) 4 NA NA -3.38 5.73 NA 2.33 0.01 NA
GG + MTHFR 677 7% p=0.135 | p<0.001 p=0.423 p=0.100
TC/TT
COMT (Vall58Met) 14 -11.80 -1.39 -3.86 5.97 58.3 13.95 0.07 2
GG + BMI 230 kg/m? | 24% | p=0.011 p=0.036 | p<0.001 p=0.01 p=0.03 p=0.023
GCHI TC/TT + 9 -10.45 -1.36 -4.79 1.75 62.5 68.89 0.40 2
MTR 2756 AG/GG 15% | p=0.040 p=0.007 [ p=0.316 | p=0.002 p=0.061 p=0.476
GCHI TC/TT + 6 NA NA -3.73 3.33 90.0 7.05 0.03 1
MTHEFR 677 TC/TT | 10% p=0.139 [ p=0.052 | p<0.001 p=0.115 p=0.089
GCHI TC/TT +BMI | 16 -12.36 -2.62 -3.88 4.38 70.0 NA 0.15 1
>30 kg/m’ 28% | p<0.001 p=0.04 | p=0.008 | p<0.001 p=0.067
MTR 2756 AG/GG+ | 8 -23.29 -2.51 -6.09 2.69 66.7 15.24 0.31 1
MTHEFR 677 TC/TT | 12% | p<0.001 p=0.01 | p=0.071 p=0.002 p=0.093 p=0.228
MTR 2756 AG/GG+ | 10 -14.43 -2.83 -6.34 4.53 92.9 NA 0.17 1
BMI >30 kg/m” 16% | p<0.001 p=0.001 [ p=0.008 | p<0.001 p=0.079
MTHEFR 677 TC/TT 13 -9.88 -1.45 -2.22 6.49 50.0 2.04 0.02 2
+ BMI >30 kg/m* 21% | p=0.001 p=0.24 | p<0.001 p=0.003 p=0.375 p=0.028

" HDRS-28, treatment minus placebo; #Adjusted for baseline, race, age, sex and BMI; NA =

not available.

[0449]

All combinations that included BMI >30 kg/m* demonstrated significant (p<0.05)

within treatment group pooled mean changes with L-methylfolate vs. placebo (range: -5.29

to -2.85), except for GCH1 TC/TT plus MTHFR 677 TC/TT plus BMI >30 kg/mz, which was
only trending (p=0.056) and COMT Vall58Met GG plus MTHFR 677 TC/TT plus BMI >30
kg/m® (p=0.071) (Table 13)

Table 13. Pooled mean change from baseline for L-methylfolate vs. placebo on the HDRS-28
according to the presence of combinations of three markers

Variable N Within Within Within Within | Number
(%) | Treatment Placebo | Treatment | Placebo | Needed
Group Group Group Group to Treat
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Mean Mean Difference | Difference
Change * Change *
COMT (Vall58Met) GG + 4 -4.09 2.59 13.90 0.22 1
GCHI1 TC/TT + MTR 2756 7% p=0.003 p=0.037 p=0.034 p=0.218
AG/GG
COMT (Vall58Met) GG + 2 -4.23 -3.50 17.63 0.03 NA
GCH1 TC/TT + MTHFR 677 | 3% p=0.025 p=0.004 p=0.035 p=0.057
TC/TT
COMT (Vall58Met) GG + 9 -3.60 3.95 42.35 0.11 2
GCH1 TC/TT + BMI =30 16% | p=0.012 p=0.001 p=0.021 p=0.043
kg/m*
COMT (Vall58Met) GG + 3 -5.17 3.50 13.58 0.16 NA
MTR 2756 AG/GG + 5% p=0.002 p=0.003 p=0.062 p=0.088
MTHEFR 677 TC/TT
COMT (Vall58Met) GG + 5 -4.41 4.33 18.92 0.13 1
MTR 2756 AG/GG + BMI 9% p=0.001 p<0.001 p=0.033 p=0.034
>30 kg/m*
COMT (Vall58Met) GG + 4 -2.85 5.48 3.33 0.01 NA
MTHFR 677 TC/TT + BMI 7% p=0.071 p<0.001 p=0.128 p=0.050
>30 kg/m*
GCHI1 TC/TT + MTR 2756 3 -5.53 2.43 62.82 0.22 NA
AG/GG + MTHEFR 677 5% p=0.002 p=0.057 p=0.053 p=0.141
TC/TT
GCHI1 TC/TT + MTR 2756 6 -4.38 3.30 NA 0.27 1
AG/GG + BMI >30 kg/m* 10% | p=0.001 p=0.018 p=0.109
GCHI1 TC/TT + MTHFR 677 5 -3.31 437 6.42 0.06 1
TC/TT + BMI >30 kg/m” 9% p=0.056 p=0.001 p=0.045 p=0.030
MTR 2756 AG/GG + 5 -5.29 4.05 20.08 0.16 1
MTHEFR 677 TC/TT + BMI 8% p=0.002 p=0.002 p=0.028 p=0.047
>30 kg/m*

* Adjusted for baseline, race, age, sex and BMI; NA = not available.

[0450]

Pooled mean change for L-methylfolate vs. placebo was examined using the HDRS-

7, CGI-S, and CPFQ scales to confirm the consistency of the findings from the HDRS-28

(Table 14). Significant (p<0.05) differences for L-methylfolate vs. placebo were observed in

the overall population on the HDRS-7 and the CGI-S. For the three scales, significant

(p<0.05) differences for L-methylfolate vs. placebo were observed for each of the
comparisons of interest (COMT Vall58Met GG, GCH1 TC/TT, and MTR 2756 AG/GG
genotypes and BMI >30 kg/m?), except for the MTHFR 677 TC/TT genotype, which was
significant (p<0.05) on the CGI-S and CPFQ only. Combinations of markers demonstrated

significant (p<0.05) differences for pooled mean change with L-methylfolate vs. placebo for

most comparisons (FIG. 12).

Table 14. Pooled mean change from baseline for L-methylfolate vs. placebo according to the
presence of individual markers on the HDRS-7, CGI-S and CPFQ

Variable

| N%) | HDRs-7* |

cGl-s* |

CPFQ*
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Total population 74 -1.49 -0.52 -1.51
100% p=0.018 p=0.002 p=0.068
COMT (Vall58Met) AA/AG 42 0.41 -0.06 0.08
71% p=0.634 p=0.807 p=0.934
COMT (Vall58Met) GG 17 -5.17 -1.71 -7.99
29% p=0.010 p<0.001 p=0.004
GCHI1 CC 35 -0.41 -0.42 -0.30
59% p=0.663 p=0.081 p=0.815
GCH1 TC/TT 24 -2.96 -0.74 322
41% p=0.004 p=0.021 p=0.007
MTR 2756 AA 45 0.09 -0.29 -0.63
69% p=0.912 p=0.190 p=0.620
MTR 2756 AG/GG 20 -4.56 -1.09 -3.01
31% p<0.001 p=0.001 p=0.050
MTHEFR 677 CC 41 -1.40 -0.43 -0.96
63% p=0.101 p=0.063 p=0.511
MTHER 677 TC/TT" 24 -1.46 -0.77 221
37% p=0.176 p=0.024 p=0.020
BMI <30 kg/m* 32 0.47 0.23 0.11
44% p=0.665 P=0.391 p=0.909
BMI >30 kg/m* 40 -2.52 -0.85 -3.04
56% p=0.002 p<0.001 p=0.032

* Pooled mean change vs. placebo; sample size differences were explained by n=72 (two
patients were missing height value for calculating BMI; * adjusted for baseline, race, age, sex
and BMI; n=65 (10 patients did not consent to genetic testing); n=59, samples for genetic
testing were depleted.

Discussion
[0451] The primary analysis of L-methylfolate vs. placebo as adjunctive therapy for
patients with a documented inadequate response to SSRIs demonstrated significant
improvement in the response rate with L-methylfolate (Papakostas GI et al., Am J Psychiatry,
169:1267-74 (2012)). Results from previous studies with L-methylfolate as monotherapy or
adjunctive therapy among inadequate responders to SSRIs also have shown improved
response (Farah A., CNS Spectr., 14(1 Suppl 2):2-7 (2009); Ginsberg LD, Oubre A, Daoud

Y., Innov Clin Neurosci., 8:19-28 (2011)).

[0452] Results from this exploratory analysis demonstrated that the presence or absence of
any of the five biomarkers provided prognostic information for the utility of L-methylfolate
as adjunctive treatment to standard antidepressant therapy. Prognostic benefit was observed
with individual markers, however, combinations of two or more markers surprisingly
provided significantly improved predictive value. These results suggest that screening for

these five biomarkers could be a valuable tool for identifying patients with a high unmet need
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for effective adjunctive therapy; for predicting treatment response or the lack of a response;
and for identifying individual patients who may show a beneficial response to L-
methylfolate. The presence of these biomarkers appears to suggest a moderate independent
benefit of L-methylfolate augmentation and predict a more robust, synergistic L-methylfolate
effect when certain combinations of biomarkers are present (e.g., the COMT (Vall58Met)
GG and GCH1 TC/TT pair and the MTR 2756 AG/GG + MTHFR 677 TC/TT pair). In the
absence of these biomarkers, there appears to be little to no benefit from L-methylfolate

augmentation

[0453] The effect sizes reported with individual markers or combinations of markers in this
analysis were substantial compared with other studies of antidepressant therapy. A meta-
analysis of placebo-controlled antidepressant trials reported an average effect size of 0.31
with active drug therapy (Turner EH, Rosenthal R., BM/J, 336:516-7 (2008)). A second meta-
analysis of placebo-controlled trials with atypical antipsychotics (aripiprazole, quetiapine,
risperidone, and olanzapine/fluoxetine) as adjunctive therapy for MDD also reported an effect
size 0f 0.31 across all studies and a pooled difference in mean change vs. placebo on the
MADRS of 2.69 points (Spielmans GI et al., PLoS Med., 10:¢1001403 (2013)). In the
analysis provided herein, the effect sizes and pooled mean changes were considerably higher
with L-methylfolate when stratified on the basis of individual markers or combinations of

these markers.

[0454] The presence of certain biomarkers tends to be associated with risk or severity of
MDD, while other biomarkers are predictive factors for a response to antidepressant therapy.
A sizeable body of literature demonstrates that increased body weight and obesity are
associated with both a greater risk of MDD and a poorer response to standard antidepressant
treatment (Oskooilar N, J Clin Psychiatry, 70:1609-10 (2009); Kloiber S, Biol Psychiatry.,
62:321-6 (2007); Ma et al., 2010; Faith MS et al., Obes Rev., 12:e438-53 (2011); Luppino FS
ct al., Arch Gen Psychiatry, 67:220-9 (2010); Simon et al., 2008; McIntyre RS et al., Can J
Psychiatry, 51:274-80 (2006)). A strong association has been reported between the presence
of MTHFR 677 TC/TT polymorphism and the risk of MDD (Wu YL et al., Prog
Neuropsychopharmacol Biol Psychiatry, 46:78-85 (2013); Lopez-Leon S et al., Mol
Psychiatry, 13:772-85 (2008); Peerbooms OL et al., Brain Behav Immun., 25:1530-43
(2011); Gilbody S, Lewis S, Lightfoot T., Am J Epidemiol., 165:1-13 (2007); Lewis SJ et al.,
Mol Psychiatry, 11:352-60 (2006)). In addition, the COMT Vall58Met polymorphism was

associated with a worse response to standard antidepressant therapy or increased risk of
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suicide (Baune BT et al., Neuropsychopharmacology, 33:924-32 (2008); Benedetti et al.,
2009; Schosser A et al., Eur Neuropsychopharmacol., 22:259-66 (2012)). Published data is
much more limited with other genetic markers included in the analysis described herein and
their association with MDD. In a study of Japanese patients with MDD, no association was
found between the presence of GCHI and MDD, but GCH1 was a predictor of response to
SSRIs (Kishi T et al., J Affect Disord., 142:315-22 (2012)). Among postmenopausal women,
the MTR 2756 GG genotype was associated with a 5-fold increased risk of MDD as was the
presence of the MTHFR 677 TC/TT polymorphism (Slopien et al., 2008). Published
literature is sparse on the impact of two or more markers on the risk of MDD and the
response to treatment. Pan CC et al., Int J Geriatr Psychiatry, 24:847-55 (2009) used MRI to
evaluate the association between COMT and MTHFR genes with putamen volumes and
MDD in a geriatric population, and found that neither genotype alone demonstrated a role,
but the presence of both polymorphisms was associated with MRI differences between
depressed and non-depressed patients. Secher A et al., Int Clin Psychopharmacol., 24:199-
203 (2009) reported an association between increased body weight and the presence of
COMT polymorphisms among depressed patients on antidepressant therapy. In this study,
mean changes for L-methylfolate vs. placebo on the HDRS-28 exceeded 10 points when
stratified by the presence of specific marker combinations, and significant differences also
were noted for most marker combinations with the CGI-S, HDRS-7, and CPFQ. The
findings suggest specific combinations of biomarkers (e.g., (e.g., the COMT (Vall58Met)
GG and GCH1 TC/TT pair and the MTR 2756 AG/GG + MTHFR 677 TC/TT pair) that can
be used to identify subjects diagnosed with MDD who are likely to respond to adjunctive L-

methylfolate treatment regimen.

[0455] The HDRS is widely used as the standard for assessing drug response in clinical
trials of depression. However, the HDRS has been criticized because it is multidimensional,
lacks sensitivity to detect clinical change, and lacks discriminative power to define remission
(Ballesteros J et al., J Affect Disord., 102:93-9 (2007)). Among the potential limitations of
the HDRS is that in addition to core symptoms of MDD, it also assesses symptom responses
that may reflect the adverse effects of conventional antidepressants, for example, sleep,
insomnia, anxiety, and restlessness (Kennedy SH, Clin Neurosci., 10:271-7 (2008)). Other
subscales of the HDRS have been extensively evaluated as more sensitive assessments of the
core symptoms of MDD than the longer versions of the HDRS (Santen G et al., J Psychiatr
Res., 42:1000-9 (2008); Kennedy SH, Clin Neurosci., 10:271-7 (2008); Mclntyre RS, CMAJ,
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173:1327-34 (2005)). For this reason, this study used the HDRS-7, CGI-S, and CPFQ, in
addition to the HDRS-28, to validate the findings. Most of the significant differences
identified for individual markers and combinations of markers on the HDRS-28 also were
significant when measured with these additional scales, which adds strength to the findings.
The results, even when stratified by the presence of various markers, demonstrated
statistically significant, robust antidepressant response with L-methylfolate as adjunctive

therapy during acute, short-term treatment of MDD.

[0456] The analysis provided herein demonstrated a robust response among subsets of
patients stratified by the presence of bio- and genetic markers. The significant treatment
effects of L-methylfolate were consistent regardless of whether analyses were based on the
HDRS-28 or CGI-S, or when using other assessment scales. Thus, the results demonstrate
the utility of individual markers or combinations of markers, such as the COMT (Vall58Met)
GG and GCH1 TC/TT pair and the MTR 2756 AG/GG + MTHFR 677 TC/TT pair, as

predictive tools to identify subjects responsive to treatment with L-methylfolate.
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[0457] Although the foregoing invention has been described in some detail by way of

illustration and example for purposes of clarity of understanding, one of skill in the art will

appreciate that certain changes and modifications may be practiced within the scope of the

appended claims. In addition, each reference provided herein is incorporated by reference in

its entirety to the same extent as if each reference was individually incorporated by reference.
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WHAT IS CLAIMED I8S:

1.

A method for treating at least one symptom of depression in a human

subject, comprising administering a composition comprising an effective amount of a folate-

comprising compound to a human subject, who is diagnosed to have depression or have a risk

for depression, and is further determined to carry a combination of at least two of the

following biomarkers:

ii.

iii.

iv.

a SNP at position 677 of SEQ ID NO: 1 or position 27 of SEQ ID NO:
7 (identified by rs1801133) comprising at least one thymine “T” allele
or the complement thereof, wherein the SEQ ID NO: 1 and SEQ ID
NO: 7 are each independently a portion of a genomic nucleic acid

sequence of methylenetetrahydrofolate reductase (MTHFR);

a SNP at position 2756 of SEQ ID NO: 2 or position 27 of SEQ ID
NO: 9 (identified by rs1805087) comprising at least one guanine “G”
allele or the complement thereof, wherein the SEQ ID NO: 2 and SEQ
ID NO: 9 are each independently a portion of a genomic nucleic acid

sequence of methionine synthase (MTR),

a SNP at position 1793 of SEQ ID NO: 1 or position 27 of SEQ ID
NO: 8 (identified by rs2274976) comprising at least one adenine “A”
allele or the complement thereof, wherein the SEQ ID NO: 1 and SEQ
ID NO: 8 are each independently a portion of a genomic nucleic acid

sequence of methylenetetrahydrofolate reductase (MTHFR);

a SNP at position 66 of SEQ ID NO: 3 or position 27 of SEQ ID NO:
10 (identified by rs1801394) comprising at least one guanine "G" allele
or the complement thercof, wherein the SEQ ID NO: 3 and SEQ ID
NO: 10 are each independently a portion of a genomic nucleic acid

sequence of methionine synthase reductase (MTRR);

a SNP at position 27 of SEQ ID NO: 11 (identified by rs1006737)
comprising at least one adenine “A” allele or the complement thercof,
wherein the SEQ ID NO: 11 is a portion of a genomic nucleic acid
sequence of calcium channel, voltage-dependent, L type, alpha 1C

subunit (CACNAI1C);
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a SNP at position 27 of SEQ ID NO: 12 (identified by rs1883729)
comprising at least one adenine “A” allele or the complement thercof,
wherein the SEQ ID NO: 12 is a portion of a genomic nucleic acid

sequence of DNA (cytosine-5)-methyltransferase 3 beta (DNMT3B);

a SNP at position 27 of SEQ ID NO: 13 (identified by rs7163862)
comprising at least one thymine “T” allele or the complement thereof,
wherein the SEQ ID NO: 13 is a portion of a genomic nucleic acid
sequence of GTP cyclohydrolase 1 feedback regulatory protein
(GCHFR);

a SNP at position 27 of SEQ ID NO: 14 (identified by rs12659)
comprising two thymine “T” allele or the complement thereof, wherein
the SEQ ID NO: 14 is a portion of a genomic nucleic acid sequence of

reduced folate carrier protein (RCF2);

a SNP at position 27 of SEQ ID NO: 15 (identified by rs202676)
comprising at least one guanine “G” allele or the complement thereof,
wherein the SEQ ID NO: 15 is a portion of a genomic nucleic acid
sequence of folate hydrolase (prostate-specific membrane antigen) 1

(FOLHI);

a SNP at position 27 of SEQ ID NO: 16 (identified by rs2297291)
comprising two adenine “A” alleles or the complement thereof,
wherein the SEQ ID NO: 16 is a portion of a genomic nucleic acid

sequence of reduced folate carrier protein (RCF1);

a SNP at position 27 of SEQ ID NO: 17 (identified by rs1051266)
comprising two adenine “A” alleles or the complement thereof,
wherein the SEQ ID NO: 17 is a portion of a genomic nucleic acid

sequence of reduced folate carrier protein (RCF1);

a SNP at position 27 of SEQ ID NO: 18 (identified by rs8007267)
comprising at least one thymine “T” allele or the complement thereof,
wherein the SEQ ID NO: 18 is a portion of a genomic nucleic acid

sequence of GTP cyclohydrolase 1 (GCH1);

a SNP at position 27 of SEQ ID NO: 19 (identified by rs7639752)

comprising at least one adenine “A” allele or the complement thercof,
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wherein the SEQ ID NO: 19 is a portion of a genomic nucleic acid

sequence of choline-phosphate cytidylyltransferase A (PCYT1A);

a SNP at position 27 of SEQ ID NO: 20 (identified by rs6275)
comprising two thymine “T” alleles or the complement thereof,
wherein the SEQ ID NO: 20 is a portion of a genomic nucleic acid
sequence of dopamine receptor D2 (DRD2);

a SNP at position 27 of SEQ ID NO: 21 (identified by rs1079596)
comprising at least one thymine “T” allele or the complement thereof,
wherein the SEQ ID NO: 21 is a portion of a genomic nucleic acid

sequence of dopamine receptor D2 (DRD2);

a SNP at position 27 of SEQ ID NO: 22 (identified by rs11240594)
comprising at least one adenine “A” allele or the complement thercof,
wherein the SEQ ID NO: 22 is a portion of a genomic nucleic acid
sequence of dopamine receptor D2 (DRD2);

a SNP at position 27 of SEQ ID NO: 23 (identified by rs4633)
comprising two cytosine “C” alleles or the complement thercof,
wherein the SEQ ID NO: 23 is a portion of a genomic nucleic acid
sequence of catechol-O-methyltransferase (COMT);

a SNP at position 27 of SEQ ID NO: 24 (identified by rs4680)
comprising two guanine “G” alleles or the complement thereof,
wherein the SEQ ID NO: 24 is a portion of a genomic nucleic acid
sequence of catechol-O-methyltransferase (COMT);

a SNP at position 27 of SEQ ID NO: 25 (identified by rs250682)
comprising at least one cytosine “C” allele or the complement thereof,
wherein the SEQ ID NO: 25 is a portion of a genomic nucleic acid
sequence of solute carrier family 6 (neurotransmitted transported,

dopamine), member 3 (SLC6A3);

a SNP at position 27 of SEQ ID NO: 26 (identified by rs2277820)
comprising at least one thymine “T” allele or the complement thereof,
wherein the SEQ ID NO: 26 is a portion of a genomic nucleic acid

sequence of formiminotransferase cyclodeaminase (FTCD);
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a SNP at position 27 of SEQ ID NO: 27 (identified by rs2236225)
comprising at least one adenine “A” allele or the complement thercof,
wherein the SEQ ID NO: 27 is a portion of a genomic nucleic acid
sequence of methylenetetrahydrofolate dehydrogenase (NADP+
dependent) 1 (MTHFD1);

obesity;

an expression ratio of SAM to SAH smaller than a pre-determined

reference ratio;

an expression of 4-HNE greater than a first pre-determined reference

value; and

an expression of hsCRP greater than a second pre-determined

reference value,

based on the recognition that the combination of said at least two of the biomarkers is

associated with positive-symptom-reducing response to the folate-comprising compound.

2.

The method of claim 1, wherein the combination of said at least two

biomarkers comprises the following:

1.

ii.

3.

a SNP at position 677 of SEQ ID NO: 1 or position 27 of SEQ ID NO:
7 (identified by rs1801133) comprising at least one thymine “T” allele
or the complement thercof, wherein the SEQ ID NO: 1 and SEQ ID
NO: 7 are each independently a portion of a genomic nucleic acid

sequence of methylenetetrahydrofolate reductase (MTHFR); and

a SNP at position 2756 of SEQ ID NO: 2 or position 27 of SEQ ID
NO: 9 (identified by rs1805087) comprising at least one guanine “G”
allele or the complement thereof, wherein the SEQ ID NO: 2 and SEQ
ID NO: 9 are each independently a portion of a genomic nucleic acid

sequence of methionine synthase (MTR).

The method of claim 2, wherein the combination of said at least two

biomarkers further comprises at least one of the biomarkers (iii)-(xxv).
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4. The method of claim 1, wherein the obesity is characterized by at least
one of the following obesity indicators:
a. a BMI value greater than 30 kg/m?;
b. a waist circumference greater than 40 inches (or greater than 120 cm)
in men, or greater than 35 inches (or greater than 88 cm) in women;
c. awaist-hip ratio above 0.95 for men or above 0.80 for women; and
d. abody fat percentage of at least about 25% in men or at least about

32% in women.

5. The method of claim 1, further comprising assaying a biological
sample obtained from the subject for determination of the presence of said at least two

biomarkers.

6. The method of claim 5, wherein the biological sample comprises a
sample selected from a blood sample, a urine sample, a buccal sample, a saliva sample or a

cerebrospinal fluid sample.

7. The method of claim 5, wherein the assaying comprises amplifying the

biological sample with at least one set of primers flanking any one of the SNPs.

8. The method of claim 7, wherein at least two sets of primers amplifying

at least two of the SNPs are used in a multiplex amplification assay.

9. The method of claim 5, wherein the assaying comprises separating
and/or detecting the presence of SAM, SAH, 4-HNE, hsCRP or any combinations thereof in
the biological sample with gas chromatography, mass spectrometry, high performance liquid
chromatography, nuclear magnetic resonance (NMR) spectroscopy, an enzyme-coupled-

assay, or any combinations thereof.

10. The method of claim 1, wherein the pre-determined reference ratio of
SAM/SAH is a control ratio of SAM/SAH as measured in a biological sample of normal
healthy subjects.

11. The method of claim 10, wherein the control ratio of SAM/SAH as

measured in a serum sample of the normal healthy subjects ranges from about 4 to about 12.
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12. The method of claim 1, wherein the pre-determined reference ratio of

SAM/SAH is about 3.0 as measured in a plasma sample.

13. The method of claim 1, wherein the first pre-determined reference
value of 4-HNE is a control value of 4-HNE as measured in a biological sample of normal

healthy subjects.

14. The method of claim 13, wherein the control value of 4-HNE as
measured in a serum sample of the normal healthy subjects is about 0.24 pmol per liter of

serum (or about 0.04 mg per liter of serum).

15. The method of claim 1, wherein the first pre-determined reference

value of 4-HNE is about 3 mg per liter of plasma as measured in a plasma sample.

16.  The method of claim 1, wherein the second pre-determined reference
value of hsCRP is a control value of hsCRP as measured in a biological sample of normal

healthy subjects.

17. The method of claim 16, wherein the control value of hsCRP as
measured in a serum sample of the normal healthy subjects ranges from about 0.5 mg per liter

of serum to about 4.5 mg per liter of serum.

18. The method of claim 1, wherein the second pre-determined reference

value of hsCRP is about 2.3 mg per liter of plasma as measured in a plasma sample.

19. The method of claim 1, further comprising determining a body

measurement of the subject.

20. The method of claim 19, wherein the body measurement comprises
weight, height, waist circumference, hip circumference, body fat percentage, or any

combinations thereof.

21. The method of claim 1, wherein the effective amount of the folate-

comprising compound is about 7.5 mg/day to about 50 mg/day.

22. The method of claim 1, wherein the effective amount of the folate-

comprising compound is administered as a single daily dose.
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23. The method of claim 1, wherein the effective amount of the folate-

comprising compound is administered in more than one divided doses per day.
24, The method of claim 1, wherein the administration is oral.

25. The method of claim 1, wherein the composition is formulated to
release at least a portion of the folate-comprising compound over a period of at least about 3-

6 hours, upon the administration of the composition.
26. The method of claim 25, wherein the release is a steady-state release.

27. The method of claim 1, further comprising administering to the subject

an anti-depressant drug.

28. The method of claim 27, wherein the administration of the anti-
depressant drug in combination with the folate-comprising compound increases the

cffectiveness of the anti-depressant drug.

29, The method of claim 27, wherein the anti-depressant drug comprises a

selective serotonin reuptake inhibitor.

30.  The method of claim 29, wherein the selective serotonin reuptake
inhibitor is selected from the group consisting of fluoxetine, citalopram, paroxetine,

escitalopram, sertraline, and any combinations thereof.

31. The method of claim 1, further comprising selecting for the subject a
treatment comprising the folate-comprising compound, optionally administered in

combination with the anti-depressant drug.

32. The method of claim 1, wherein the depression is major depressive

disorder.

33.  The method of claim 1, wherein the subject who is diagnosed as

having depression is resistant to at least one antidepressant monotherapy.

34,  The method of claim 1, wherein the subject is an adult subject.
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The method of claim 1, wherein the at least one symptom of

depression is selected from low or depressed mood, anhedonia, low energy levels, guilt,

decreased work and interests, psychomotor retardation, agitation, psychic anxiety, somatic

anxiety, general somatic symptoms, reduced cognition or any combinations thereof.

36.

A method of improving the effectiveness of an anti-depressant drug

administered to a human subject, comprising administering a composition comprising an

effective amount of a folate-comprising compound, in combination with the anti-depressant

drug, to the human subject who is diagnosed to have depression and is further determined to

carry a combination of at least two of the following biomarkers:

1.

ii.

iii.

iv.

a SNP at position 677 of SEQ ID NO: 1 or position 27 of SEQ ID NO: 7
(identified by rs1801133) comprising at least one thymine “T” allele or

the complement thereof, wherein the SEQ ID NO: 1 and SEQ ID NO: 7
are each independently a portion of a genomic nucleic acid sequence of

methylenetetrahydrofolate reductase (MTHFR);

a SNP at position 2756 of SEQ ID NO: 2 or position 27 of SEQ ID NO:
9 (identified by rs1805087) comprising at least one guanine “G” allele or
the complement thereof, wherein the SEQ ID NO: 2 and SEQ ID NO: 9
are each independently a portion of a genomic nucleic acid sequence of

methionine synthase (MTR),

a SNP at position 1793 of SEQ ID NO: 1 or position 27 of SEQ ID
NO: 8 (identified by rs2274976) comprising at least one adenine “A”
allele or the complement thereof, wherein the SEQ ID NO: 1 and SEQ
ID NO: 8 are each independently a portion of a genomic nucleic acid

sequence of methylenetetrahydrofolate reductase (MTHFR);

a SNP at position 66 of SEQ ID NO: 3 or position 27 of SEQ ID NO: 10
(identified by rs1801394) comprising at least one guanine "G" allele or
the complement thereof, wherein the SEQ ID NO: 3 and SEQ ID NO: 10
are each independently a portion of a genomic nucleic acid sequence of

methionine synthase reductase (MTRR);

a SNP at position 27 of SEQ ID NO: 11 (identified by rs1006737)

comprising at least one adenine “A” allele or the complement thereof,
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wherein the SEQ ID NO: 11 is a portion of a genomic nucleic acid
sequence of calcium channel, voltage-dependent, L type, alpha 1C

subunit (CACNAI1C);

a SNP at position 27 of SEQ ID NO: 12 (identified by rs1883729)
comprising at least one adenine “A” allele or the complement thereof,
wherein the SEQ ID NO: 12 is a portion of a genomic nucleic acid

sequence of DNA (cytosine-5)-methyltransferase 3 beta (DNMT3B);

a SNP at position 27 of SEQ ID NO: 13 (identified by rs7163862)
comprising at least one thymine “T” allele or the complement thereof,
wherein the SEQ ID NO: 13 is a portion of a genomic nucleic acid
sequence of GTP cyclohydrolase 1 feedback regulatory protein
(GCHFR);

a SNP at position 27 of SEQ ID NO: 14 (identified by rs12659)
comprising two thymine “T” allele or the complement thereof, wherein
the SEQ ID NO: 14 is a portion of a genomic nucleic acid sequence of

reduced folate carrier protein (RCF2);

a SNP at position 27 of SEQ ID NO: 15 (identified by rs202676)
comprising at least one guanine “G” allele or the complement thereof,
wherein the SEQ ID NO: 15 is a portion of a genomic nucleic acid
sequence of folate hydrolase (prostate-specific membrane antigen) 1

(FOLHI);

a SNP at position 27 of SEQ ID NO: 16 (identified by rs2297291)
comprising two adenine “A” alleles or the complement thercof, wherein
the SEQ ID NO: 16 is a portion of a genomic nucleic acid sequence of

reduced folate carrier protein (RCF1);

a SNP at position 27 of SEQ ID NO: 17 (identified by rs1051266)
comprising two adenine “A” alleles or the complement thercof, wherein
the SEQ ID NO: 17 is a portion of a genomic nucleic acid sequence of

reduced folate carrier protein (RCF1);

a SNP at position 27 of SEQ ID NO: 18 (identified by rs8007267)

comprising at least one thymine “T” allele or the complement thereof,
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wherein the SEQ ID NO: 18 is a portion of a genomic nucleic acid

sequence of GTP cyclohydrolase 1 (GCH1);

a SNP at position 27 of SEQ ID NO: 19 (identified by rs7639752)
comprising at least one adenine “A” allele or the complement thereof,
wherein the SEQ ID NO: 19 is a portion of a genomic nucleic acid

sequence of choline-phosphate cytidylyltransferase A (PCYT1A);

a SNP at position 27 of SEQ ID NO: 20 (identified by rs6275)
comprising two thymine “T” alleles or the complement thereof, wherein
the SEQ ID NO: 20 is a portion of a genomic nucleic acid sequence of
dopamine receptor D2 (DRD2);

a SNP at position 27 of SEQ ID NO: 21 (identified by rs1079596)
comprising at least one thymine “T” allele or the complement thereof,
wherein the SEQ ID NO: 21 is a portion of a genomic nucleic acid

sequence of dopamine receptor D2 (DRD?2);

a SNP at position 27 of SEQ ID NO: 22 (identified by rs11240594)
comprising at least one adenine “A” allele or the complement thereof,
wherein the SEQ ID NO: 22 is a portion of a genomic nucleic acid
sequence of dopamine receptor D2 (DRD?2);

a SNP at position 27 of SEQ ID NO: 23 (identified by rs4633)
comprising two cytosine “C” alleles or the complement thercof, wherein
the SEQ ID NO: 23 is a portion of a genomic nucleic acid sequence of

catechol-O-methyltransferase (COMT);

a SNP at position 27 of SEQ ID NO: 24 (identified by rs4680)
comprising two guanine “G” alleles or the complement thereof, wherein
the SEQ ID NO: 24 is a portion of a genomic nucleic acid sequence of
catechol-O-methyltransferase (COMT);

a SNP at position 27 of SEQ ID NO: 25 (identified by rs250682)
comprising at least one cytosine “C” allele or the complement thereof,
wherein the SEQ ID NO: 25 is a portion of a genomic nucleic acid
sequence of solute carrier family 6 (neurotransmitted transported,

dopamine), member 3 (SLC6A3);
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xX. a SNP at position 27 of SEQ ID NO: 26 (identified by rs2277820)
comprising at least one thymine “T” allele or the complement thereof,
wherein the SEQ ID NO: 26 is a portion of a genomic nucleic acid

sequence of formiminotransferase cyclodeaminase (FTCD);

xxi. a SNP at position 27 of SEQ ID NO: 27 (identified by 1s2236225)
comprising at least one adenine “A” allele or the complement thereof,
wherein the SEQ ID NO: 27 is a portion of a genomic nucleic acid
sequence of methylenetetrahydrofolate dehydrogenase (NADP+
dependent) 1 (MTHFD1);

xxil. obesity;

xxiil. an expression ratio of SAM to SAH smaller than a pre-determined

reference ratio;

xxiv. an expression of 4-HNE greater than a first pre-determined reference

value; and

xxv. an expression of hsCRP greater than a second pre-determined reference

value,

based on the recognition that the combination of said at least two of the
biomarkers is associated with increasing the effectiveness of the anti-depressant drug when

administered in combination with the folate-comprising compound.

37. The method of claim 36, wherein the combination of said at least two
biomarkers comprises the following:
i. a SNP at position 677 of SEQ ID NO: 1 or position 27 of SEQ ID NO:
7 (identified by rs1801133) comprising at least one thymine “T” allele
or the complement thercof, wherein the SEQ ID NO: 1 and SEQ ID
NO: 7 are each independently a portion of a genomic nucleic acid

sequence of methylenetetrahydrofolate reductase (MTHFR); and

ii. a SNP at position 2756 of SEQ ID NO: 2 or position 27 of SEQ ID
NO: 9 (identified by rs1805087) comprising at least one guanine “G”
allele or the complement thereof, wherein the SEQ ID NO: 2 and SEQ
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ID NO: 9 are each independently a portion of a genomic nucleic acid

sequence of methionine synthase (MTR).

38. The method of claim 37, wherein the combination of said at least two

biomarkers further comprises at least one of the biomarkers (iii)-(xxv).

39.  The method of claim 36, wherein the obesity is characterized by at
least one of the following obesity indicators:

a. a BMI value greater than 30 kg/m’;

b. awaist circumference greater than 40 inches (or greater than 120 cm) in

men, or greater than 35 inches (or greater than 88 cm) in women;
c. awaist-hip ratio above 0.95 for men or above 0.80 for women; and

d. abody fat percentage of at least about 25% in men or at least about 32%

in women.

40. The method of claim 36, further comprising assaying a biological
sample obtained from the subject for determination of the presence of said at least two

biomarkers.

41. The method of claim 40, wherein the biological sample comprises a
sample selected from a blood sample, a urine sample, a buccal sample, a saliva sample or a

cerebrospinal fluid sample.

42 The method of claim 40, wherein the assaying comprises amplifying

the biological sample with at least one set of primers flanking any one of the SNPs.

43. The method of claim 42, wherein at least two sets of primers

amplifying at least two of the SNPs are used in a multiplex amplification assay.

44. The method of claim 40, wherein the assaying comprises separating
and/or detecting the presence of SAM, SAH, 4-HNE, hsCRP or any combinations thereof in
the biological sample with gas chromatography, mass spectrometry, high performance liquid
chromatography, nuclear magnetic resonance (NMR) spectroscopy, an enzyme-coupled-

assay, or any combinations thereof.
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45. The method of claim 36, wherein the pre-determined reference ratio of
SAM/SAH is a control ratio of SAM/SAH as measured in a biological sample of normal
healthy subjects.

46. The method of claim 45, wherein the control ratio of SAM/SAH as

measured in a serum sample of the normal healthy subjects ranges from about 4 to about 12.

47. The method of claim 36, wherein the pre-determined reference ratio of

SAM/SAH is about 3.0 as measured in a plasma sample.

48. The method of claim 36, wherein the first pre-determined reference
value of 4-HNE is a control value of 4-HNE as measured in a biological sample of normal

healthy subjects.

49. The method of claim 48, wherein the control value of 4-HNE as
measured in a serum sample of the normal healthy subjects is about 0.24 pmol per liter of

serum (or about 0.04 mg per liter of serum).

50. The method of claim 36, wherein the first pre-determined reference

value of 4-HNE is about 3 mg per liter of plasma as measured in a plasma sample.

51.  The method of claim 36, wherein the second pre-determined reference
value of hsCRP is a control value of hsCRP as measured in a biological sample of normal

healthy subjects.

52. The method of claim 51, wherein the control value of hsCRP as
measured in a serum sample of the normal healthy subjects ranges from about 0.5 mg per liter

of serum to about 4.5 mg per liter of serum.

53.  The method of claim 36, wherein the second pre-determined reference

value of hsCRP is about 2.3 mg per liter of plasma as measured in a plasma sample.

54. The method of claim 36, further comprising determining a body

measurement of the subject.
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55.  The method of claim 54, wherein the body measurement comprises
weight, height, waist circumference, hip circumference, body fat percentage, or any

combinations thereof.

56. The method of claim 36, wherein the effective amount of the folate-

comprising compound is about 7.5 mg/day to about 50 mg/day.

57. The method of claim 36, wherein the effective amount of the folate-

comprising compound is administered as a single daily dose.

58. The method of claim 36, wherein the effective amount of the folate-

comprising compound is administered in more than one divided doses per day.
59. The method of claim 36, wherein the administration is oral.

60.  The method of claim 36, wherein the composition is formulated to
release at least a portion of the folate-comprising compound over a period of at least about 3-

6 hours, upon the administration of the composition.
61. The method of claim 60, wherein the release is a steady-state release.

62. The method of claim 36, wherein the anti-depressant drug comprises a

selective serotonin reuptake inhibitor.

63.  The method of claim 62, wherein the selective serotonin reuptake
inhibitor is selected from the group consisting of fluoxetine, citalopram, paroxetine,

escitalopram, sertraline, and any combinations thereof.

64. The method of claim 36, further comprising selecting for the subject a
treatment comprising the folate-comprising compound administered in combination with the

anti-depressant drug.

65. The method of claim 36, wherein the depression is major depressive

disorder.

66.  The method of claim 36, wherein the subject who is diagnosed as

having depression is resistant to at least one antidepressant monotherapy.
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67.  The method of claim 36, wherein the subject is an adult subject.

68.  The method of claim 36, wherein the method of improving the
effectiveness of an anti-depressant drug administered to a human subject results in
improvement of at least one symptom of depression selected from low or depressed mood,
anhedonia, low energy levels, guilt, decreased work and interests, psychomotor retardation,
agitation, psychic anxiety, somatic anxiety, general somatic symptoms, reduced cognition or

any combinations thereof.

69. A method of treating at least one symptom of depression in a subject
comprising administering a composition comprising an effective amount of a folate-
comprising compound to a subject, who is diagnosed to have, or have a risk for depression,
and is further determined to carry a SNP at position 2756 of SEQ ID NO: 2 or position 27 of
SEQ ID NO: 9 (identified by rs1805087) comprising at least one guanine "G" allele or the
complement thereof, wherein the SEQ ID NO: 2 and SEQ ID NO: 9 are each independently a
portion of a genomic nucleic acid sequence of methionine synthase (MTR), based on the
recognition that the presence of the SNP allele(s) is associated with positive-symptom-

reducing response to the folate-comprising compound.

70. A method for selecting a treatment regimen for a subject diagnosed
with depression comprising;:

assaying a test sample from the subject for the presence of one of the
following SNPs:

i.  a SNP at position 2756 of SEQ ID NO: 2 or position 27 of SEQ ID
NO: 9 (identified by rs1805087) comprising at least one guanine “G”
allele or the complement thereof, wherein the SEQ ID NO: 2 and SEQ
ID NO: 9 are each independently a portion of a genomic nucleic acid
sequence of methionine synthase (MTR);

ii.  a SNP at position 27 of SEQ ID NO: 23 (identified by rs4633)
comprising two cytosine "C" alleles or the complement thereof,
wherein the SEQ ID NO: 23 is a portion of a genomic nucleic acid
sequence of catechol-O-methyltransferase (COMT); or

iii.  a SNP at position 27 of SEQ ID NO: 24 (identified by rs4680)

comprising two guanine “G” alleles or the complement thereof,
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wherein the SEQ ID NO: 24 is a portion of a genomic nucleic acid
sequence of catechol-O-methyltransferase (COMT); and

optionally administering to the subject a folate-comprising compound
(optionally in combination with an antidepressant drug), when the subject is determined to

carry one of the MTR, COMT (154633) and COMT (rs4680) SNP biomarkers.
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A. CLASSIFICATION OF SUBJECT MATTER
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According to International Patent Classification (IPC) or to both national classification and IPC
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INTERNATIONAL SEARCH REPORT International application No.
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Box No. 11 Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

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

L D Claims Nos.:

because they relate to subject matter not required to be searched by this Authority, namely:

2. D Claims Nos.:

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

3. D Claims Nos.:

because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

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

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

See Extra Sheets.

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

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

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

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

1,2, 5-8, 19-37, 40-43, and 54-70, limited to SNPs rs1801133 comprising at least one thymine "T" allele and rs1805087
comprising at least one guanine "G" allele.

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

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

D No protest accompanied the payment of additional search fees.

Form PCT/ISA/210 (continuation of first sheet (2)) (July 2009)
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PCT/US2014/023695

Box No. 1 Nucleotide and/or amino acid sequence(s) (Continuation of item 1.c of the first sheet)

1. With regard to any nucleotide and/or amino acid sequence disclosed in the international application, the international search was
carried out on the basis of a sequence listing filed or furnished:

a. (means)

g on paper

in electronic form

b. (time)
in the international application as filed
D together with the intemational application in electronic form
D subsequently to this Authority for the purposes of search
2. D In addition, in the case that more than one version or copy of a sequence listing has been filed or furnished, the required

statements that the information in the subsequent or additional copies is identical to that in the application as filed or does
not go beyond the application as filed, as appropriate, were furnished.

3. Additional comments:
SEQ ID NO: 1 with position 677 as T

SEQ ID NO: 7 with position27 as T
SEQ ID NO: 2 with position 2756 as G

SEQ ID NO: 9 with position 27 as G were all searched.

Form PCT/ISA/210 (continuation of first sheet (1)) (July 2009)



INTERNATIONAL SEARCH REPORT

. . International application No.
Information on patent family members PP

PCT/US2014/023695

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

Group I+: claims 1-70 are drawn to a method for treating at least one symptom of depression in a human subject; a method of improving
the effectiveness of an anti-depressant drug administered to a human subject; and a method for selecting a treatment regimen for a
subject diagnosed with depression.

The first invention of Group I+ is restricted to a method for treating at least one symptom of depression in a human subject; a method of
improving the effectiveness of an anti-depressant drug administered to a human subject; and a method for selecting a treatment
regimen for a subject diagnosed with depression, said methods comprising a human subject who is diagnosed to have depression or
have a risk for depression, and is further determined to carry two biomarkers selected to be i. a SNP at position 677 of SEQ ID NO: 1 or
position 27 of SEQ ID NO: 7 (identified by rs1801133) comprising at least one thymine "T™ allele or the complement thereof, wherein the
SEQ ID NO: 1 and SEQ ID NO: 7 are each independently a portion of a genomic nucleic acid sequence of methylenetetrahydrofolate
reductase (MTHFRY); and ii. a SNP at position 2756 of SEQ ID NO: 2 or position 27 of SEQ ID NO: 9 (identified by rs1805087)
comprising at least one guanine "G" allele or the complement thereof, wherein the SEQ ID NQO: 2 and SEQ ID NO: 9 are each
independently a portion of a genomic nucleic acid sequence of methionine synthase (MTR). Itis believed that claims 1, 2, 5-8, 19-37,
40-43, and 54-70 read on this first named invention and thus these claims will be searched without fee to the extent that they read on
SNPs rs1801133 comprising at least one thymine “T" allele and rs1805087 comprising at least one guanine "G" allele.

Applicant is invited to elect additional SNPs with specified SEQ ID NO for each method to be searched in a specific combination by
paying additional fee for each set of election. An exemplary election would be a method for treating at least one symptom of
depression in a human subject; a method of improving the effectiveness of an anti-depressant drug administered to a human subject;
and a method for selecting a treatment regimen for a subject diagnosed with depression, said methods comprising a human subject who
is diagnosed to have depression or have a risk for depression, and is further determined to carry two biomarkers selected to be i. a SNP
at position 677 of SEQ ID NO: 1 or position 27 of SEQ ID NO: 7 (identified by rs1801133) comprising at least one thymine "T~ allele or
the complement thereof, wherein the SEQ ID NO: 1 and SEQ ID NO: 7 are each independently a portion of a genomic nucleic acid
sequence of methylenetetrahydrofolate reductase (MTHFRY); and iii. a SNP at position 1793 of SEQ ID NO: 1 or position 27 of SEQ ID
NO: 8 (identified by rs2274976) comprising at least one adenine "A" allele or the complement thereof, wherein the SEQ ID NO: 1 and
SEQ ID NO: 8 are each independently a portion of a genomic nucleic acid sequence of methylenetetrahydrofolate reductase (MTHFR).
Additional SNPs will be searched upon the payment of additional fees. Applicants must specify the claims that read on any additional
elected inventions. Applicants must further indicate, if applicable, the claims which read on the first named invention if different than
what was indicated above for this group. Failure to clearly identify how any paid additional invention fees are to be applied to the “+”
group(s) will result in only the first claimed invention to be searched/examined.

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

The Groups I+ formulas do not share a significant structural element, requiring the selection of alternatives for the SNP “i. a SNP at
position 677 of SEQ ID NO: 1 or position 27 of SEQ ID NO: 7 (identified by rs1801133) comprising at least one thymine "T" allele or the
complement thereof, wherein the SEQ ID NO: 1 and SEQ ID NO: 7 are each independently a portion of a genomic nucleic acid
sequence of methylenetetrahydrofolate reductase (MTHFR); ii. a SNP at position 2756 of SEQ ID NO: 2 or position 27 of SEQ ID NO: 9
(identified by rs 1805087) comprising at least one guanine "G" allele or the complement thereof, wherein the SEQ ID NO: 2 and SEQ ID
NO: 9 are each independently a portion of a genomic nucleic acid sequence of methionine synthase (MTR), iii. a SNP at position 1793
of SEQ ID NO: 1 or position 27 of SEQ ID NO: 8 (identified by rs2274976) comprising at least one adenine "A" allele or the complement
thereof, wherein the SEQ ID NO: 1 and SEQ ID NO: 8 are each independently a portion of a genomic nucleic acid sequence of
methylenetetrahydrofolate reductase (MTHFRY); iv.a SNP at position 66 of SEQ ID NO: 3 or position 27 of SEQ ID NO: 10 (identified by
rs1801394) comprising at least one guanine "G" allele or the complement thereof, wherein the SEQ ID NO: 3 and SEQ ID NO: 10 are
each independently a portion of a genomic nucleic acid sequence of methionine synthase reductase (MTRR); v. a SNP at position 27 of
SEQ ID NO: 11 (identified by rs 100673 7) comprising at least one adenine "A" allele or the complement thereof, wherein the SEQ ID
NO: 11 is a portion of a genomic nucleic acid sequence of calcium channel, voltage-dependent, L type, alpha 1 C subunit (CACNA1C);
vi. a SNP at position 27 of SEQ ID NO: 12 (identified by rs1883729) comprising at least one adenine "A" allele or the complement
thereof, wherein the SEQ ID NO: 12 is a portion of a genomic nucleic acid sequence of DNA (cytosine-5)-methyltransferase 3 beta
(DNMT3B); vii. a SNP at position 27 of SEQ ID NO: 13 (identified by rs7163 862) comprising at least one thymine "T" allele or the
complement thereof, wherein the SEQ ID NO: 13 is a portion of a genomic nucleic acid sequence of GTP cyclohydrolase 1 feedback
regulatory protein (GCHFR); viii. a SNP at position 27 of SEQ ID NO: 14 (identified by rs12659) comprising two thymine "T" allele or the
complement thereof, wherein the SEQ ID NO: 14 is a portion of a genomic nucleic acid sequence of reduced folate carrier protein
(RCF2);ix. a SNP at position 27 of SEQ ID NO: 15 (identified by rs202676) comprising at least one guanine "G" allele or the complement
thereof, wherein the SEQ ID NO: 15 is a portion of a genomic nucleic acid sequence of folate hydrolase (prostate-specific membrane
antigen) 1 (FOLHI); x. a SNP at position 27 of SEQ ID NO: 16 (identified by rs2297291) comprising two adenine "A" alleles or the
complement thereof, wherein the SEQ ID NO: 16 is a portion of a genomic nucleic acid sequence of reduced folate carrier protein (RCF
1); xi. a SNP at position 27 of SEQ ID NO: 17 (identified by rs1051266) comprising two adenine "A" alleles or the complement thereof,
wherein the SEQ ID NO: 17 is a portion of a genomic nucleic acid sequence of reduced folate carrier protein (RCF 1 ); xii. a SNP at
position 27 of SEQ ID NO: 18 (identified by rs8007267) comprising at least one thymine "T" allele or the complement thereof, wherein
the SEQ ID NO: 18 is a portion of a genomic nucleic acid sequence of GTP cyclohydrolase 1 (GCHI); viii. a SNP at position 27 of SEQ

<<continued on next sheet>>
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ID NO: 19 (identified by rs7639752) comprising at least one adenine "A" allele or the complement thereof, wherein the SEQ ID NO: 19 is
a portion of a genomic nucleic acid sequence of choline-phosphate cytidylyltransferase A (PCYTIA); xiv. a SNP at position 27 of SEQ ID
NO: 20 (identified by rs6275) comprising two thymine "T" alleles or the compiement thereof, wherein the SEQ ID NO: 20 is a portion of a
genomic nucleic acid sequence of dopamine receptor D2 (DRD2); xv. a SNP at position 27 of SEQ ID NO: 21 (identified by rs1079596)
comprising at least one thymine "T" allele or the complement thereof, wherein the SEQ ID NO: 21 is a portion of a genomic nucleic acid
sequence of dopamine receptor D2 (DRD?2); xvi. a SNP at position 27 of SEQ 1D NO: 22 (identified by rs11240594) comprising at least
one adenine "A" allele or the complement thereof, wherein the SEQ ID NO: 22 is a portion of a genomic nucleic acid sequence of
dopamine receptor D2 (DRD2); xvii. a SNP at position 27 of SEQ ID NO: 23 (identified by rs4633) comprising two cytosine "C" alleles or
the complement thereof, wherein the SEQ ID NO: 23 is a portion of a genomic nucleic acid sequence of catechol-0-methyltransferase
(COMT); xviii. a SNP at position 27 of SEQ ID NO: 24 (identified by rs4680) comprising two guanine "G" alleles or the complement
thereof, wherein the SEQ ID NO: 24 is a portion of a genomic nucleic acid sequence of catechol-O-methyltransferase (COMT), xix. a
SNP at position 27 of SEQ ID NO: 25 (identified by rs250682) comprising at least one cytosine "C" allele or the complement thereof,
wherein the SEQ ID NO: 25 is a portion of a genomic nucleic acid sequence of solute carrier family 6 (neurotransmitted transported,
dopamine), member 3 (SLCB6A3); xx. a SNP at position 27 of SEQ ID NO: 26 (identified by rs2277820) comprising at least one thymine
"T" allele or the complement thereof, wherein the SEQ ID NO: 26 is a portion of a genomic nucleic acid sequence of
formiminotransferase cyclodeaminase (FTCD); xxi. a SNP at position 27 of SEQ ID NO: 27 (identified by rs2236225) comprising at least
one adenine "A" allele or the complement thereof, wherein the SEQ ID NO: 27 is a portion of a genomic nucleic acid sequence of
methylenetetrahydrofolate dehydrogenase (NADP+ dependent) 1 (MTHFD 1 ); xxii. obesity; xxiii. an expression ratio of SAM to SAH
smaller than a pre-determined reference ratio; xxiv. an expression of 4-HNE greater than a first pre-determined reference value; and xxv.
an expression of hsCRP greater than a second pre-determined reference value”.

The Groups I+ share the technical features of a method for treating at least one symptom of depression in a human subject, comprising
administering a composition comprising an effective amount of a folate- comprising compound to a human subject, who is diagnosed to
have depression or have a risk for depression, and is further determined to carry a combination of at least two biomarkers, based on the
recognition that the combination of said at least two of the biomarkers is associated with positive-symptom-reducing response to the
folate-comprising compound; a method of improving the effectiveness of an anti-depressant drug administered to a human subject,
comprising administering a composition comprising an effective amount of a folate-comprising compound, in combination with the
anti-depressant drug, to the human subject who is diagnosed to have depression and is further determined to camry a combination of at
least two biomarkers; based on the recognition that the combination of said at least two of the biomarkers is associated with increasing
the effectiveness of the anti-depressant drug when administered in combination with the folate-comprising compound; a method of
treating at least one symptom of depression in a subject comprising administering a composition comprising an effective amount of a
folate- comprising compound to a subject, who is diagnosed to have, or have a risk for depression, and is further determined to canry a
SNP at position 2756 of SEQ 1D NO: 2 or position 27 of SEQ 1D NO: 9 (identified by rs 1805087) comprising at least one guanine "G"
allele or the complement thereof, wherein the SEQ ID NO: 2 and SEQ ID NO: 9 are each independently a portion of a genomic nucleic
acid sequence of methionine synthase (MTR), based on the recognition that the presence of the SNP allele(s) is associated with
positive-symptom- reducing response to the folate-comprising compound; and a method for selecting a treatment regimen for a subject
diagnosed with depression comprising: assaying a test sample from the subject for the presence of a SNPs. However, these shared
technical features do not represent a contribution over the prior art.

Specifically, US 2012/0277180 A1 to Marini et al. discloses a method for treating at least one symptom of depression in a human subject
(a method of treating a condition or disease associated with aberrant folate/ homocysteine metabolism, Para. [0061); the disease or
condition is ...depression, Para. [0047]; provides improved health benefits or improved amelioration of one or more symptoms, Para.
[0202]), comprising administering a composition comprising an effective amount of a folate-comprising compound to a human subject
(the method comprises increasing the patient's intake of folate, Para. [0061}); administering an appropriate cofactor supplement to the
subject based on the number and type of impaired allele(s) detected in the sample, Para. [0042]), who is diagnosed to have depression -
or have a risk for depression (risk of a disease or condition associated with aberrant folate/homocysteine metabolism, Para. [0060];
folate inadequacy has also been associated with ...depression, Para. [0002}; the disease or condition is ...depression, Para. [0047]),
and is further determined to carry a combination of at least two biomarkers (methods for identifying and/or characterizing a metabolic
enzyme deficiency in a subject, comprising obtaining a sample from the subject and detecting the presence or absence of a plurality of
impaired alleles in said sample, wherein the presence of at least one impaired allele indicates that the subject is at risk of an enzyme
deficiency. The plurality of impaired alleles may be from the same enzyme-encoding gene in the metabolic pathway, or may be alleles
from multiple genes in the same pathway, Para. [0037]; an isolated nucleic acid corresponding in sequence to an allele of an MTHFR
gene, wherein said nucleic acid comprises a SNP ...examples of SNPs or genetic variants of MTHFR are provided in Tables A and S,
Para. [0119}; rs1801133, C to T, Table S; the nucleic acid can be a genetic variant, such as a SNP. In some embodiments, the allele
comprises a genetic variant of ...MTR ...such as those listed in Tables A-X, Para. [0125]; rs1805087, A to G, Table U), based on the
recognition that the combination of said at least two of the biomarkers is associated with positive-symptom-reducing response to the
folate-comprising compound (a method of treating a condition or disease associated with aberrant folate/ homocysteine metabolism
wherein the patient harbors a remediable impaired allele of a gene involved in folate/homocysteine metabolism. In one embodiment, the
method comprises increasing the patient's intake of folate, Para. [0061]); a method of treating at least one symptom of depression in a
subject (a method of treating a condition or disease associated with aberrant folate/ homocysteine metabolism, Para. [0061]; the disease
or condition is ...depression, Para. [0047]; provides improved health benefits or improved amelioration of one or more symptoms, Para.
[0202]) comprising administering a composition comprising an effective amount of a folate-comprising compound to a subject (the
method comprises increasing the patient's intake of folate, Para. [0061]; administering an appropriate cofactor supplement to the subject
based on the number and type of impaired allele(s) detected in the sample, Para. [0042]), who is diagnosed to have, or have a risk for
depression (risk of a disease or condition associated with aberrant folate/homocysteine metabolism, Para. [0060]; folate inadequacy has
also been associated with ...depression, Para. [0002]; the disease or condition is ...depression, Para. [0047]), and is further determined
to carry a SNP at position 2756 of SEQ ID NO: 2 or position 27 of SEQ ID NO: 9 (identified by rs1805087) comprising at least one
guanine "G" allele or the complement thereof, wherein the SEQ ID NO: 2 and SEQ ID NO: 9 are each independently a portion of a
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genomic nucleic acid sequence of methionine synthase (MTR) (methods for identifying and/or characterizing a metabolic enzyme
deficiency in a subject, comprising obtaining a sample from the subject and detecting the presence or absence of a plurality of impaired
alleles in said sample, wherein the presenca of at least one impaired allele indicates that the subject is at risk of an enzyme deficiency.
The plurality of impaired alleles may be from the same enzyme-encoding gene in the metabolic pathway, or may be alleles from multiple
genes in the same pathway, Para. [0037]; the nucleic acid can be a genetic variant, such as a SNP. In some embodiments, the allele
comprises a genetic variant of ...MTR ...such as those listed in Tables A-X, Para. [0125]; rs1805087, A to G, Table U), based on the
recognition that the presence of the SNP allele(s) is associated with positive-symptom-reducing response to the folate-comprising
compound (a method of treating a condition or disease associated with aberrant folate/ homocysteine metabolism wherein the patient
harbors a remediable impaired allele of a gene involved in folate/homocysteine metabolism. In one embodiment, the method comprises
increasing the patient's intake of folate, Para. [0061]); and a method for selecting a treatment regimen for a subject diagnosed with
depression (methods for treating a metabolic enzyme deficiency in a subject are provided, comprising obtaining a sample from a subject
having or suspected of having such a deficiency, detecting the presence or absencs of a plurality of cofactor-remediable impaired alleles
in the sample, and administering an appropriate cofactor supplement to the subject based on the number and type of impaired allele(s)
detected in the sample, Para. [0042]; the disease or condition is ...depression, Para. [0047]; an individual can be analyzed to determine
the predisposition, risk, diagnosis, prognosis, or theranosis of a metabolic condition, such as a cofactor dependent enzyme deficiency.
The analysis can be used to determine the presence or absence, an effectiveness of a treatment, or a response to a treatment of a
cofactor dependent enzyme deficiency, Para. [0195]) comprising: assaying a test sample from the subject for the presence of a SNP
(methods for treating a metabolic enzyme deficiency in a subject are provided, comprising obtaining a sample from a subject having or
suspected of having such a deficiency, detecting the presence or absence of a plurality of cofactor-remediable impaired alleles in the
sample, Para. [0042]; the nucleic acid can be a genetic variant, such as a SNP, Para. [0125]).

Further, “Personalized Therapy of Adjunctive L-methylfolate to Selective Serotonin Reuptake Inhibitor-Resistant Major Depressive
Disorder” to Jain et al. discloses a method of improving the effectiveness of an anti-depressant drug administered to a human subject
(the results of the trial indicated greater efficacy for adjunctive L-methylfolate 15mg/day versus continued SSRI therapy plus

placebo ...according to the 17 question Hamilton Depression Rating Scale (HDRS-17), Results, first column; Major Depressive Disorder
(MDD) patients not achieving an adequate response to SSRI demonstrated greater efficacy with L-methyifolate as an adjunct to SSRIs
compared with continued SSRI monotherapy, second column), comprising administering a composition comprising an effective amount
of a folate-comprising compound, in combination with the anti-depressant drug, to the human subject who is diagnosed to have
depression (75 outpatients with SSRI-resistant MDD were enrolled in a 60-day study ....L.-methylifolate 15 mg/day ...SSR) doses were
kept constant, Methods, first column) and is further determined to carry a combination of at least two biomarkers (secondary genomic
biomarker endpoints were evaluated to determine if there was a difference in treatment effect, Methods, first column; the objective of this
subgroup analysis was to determine the impact of biomarkers consisting of L-methylfolate plasma levels, body mass index (BMI), and
MTHFR (methylenetetrahydrofolate reductase) C677T genotype on the response to L-methylfolate 15 mg/day, second column); based
on the recognition that the combination of said at least two of the biomarkers is associated with increasing the effectiveness of the
anti-depressant drug when administered in combination with the folate-comprising compound (patients with a BMI >30 kg/m*2
experienced a significantly greater reduction in depressive symptoms with L-methylfolate, Resuits, first column; adjunctive L-methyifolate
.may be particularly effective in patients with a BMI >30 kg/m*2 and in patients with MTHFR C677T ‘t’ allele, Conclusions, fourth column;
among obese subjects, mean change in HDRS-28 was significant[ly] greater with L-methylfolate, Results, third column).

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