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Description

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims benefit under 35 U.S.C. § 119(e) of U.S. Provisional Application No. 62/073,320 filed
October 31, 2014.

SEQUENCE LISTING

[0002] The instant application contains a Sequence Listing which has been submitted electronically in ASCII format
and is hereby incorporated by reference in its entirety. Said ASCII copy, created on October 23, 2015, is named
701039-082321-PCT_SL.txt and is 4,600 bytes in size.

TECHNICAL FIELD

[0003] The technology described herein relates to inhibition of sepiapterin reductase, the monitoring of such inhibition,
and the treatment of sepiapterin reductase-associated disorders.

BACKGROUND

[0004] Sepiapterin reductase (SPR) catalyzes the formation of BH4, which contributes to the perception of pain and
the generation of inflammation. Accordingly, inhibition of SPR activity can permit treatment of certain disorders, e.g.,
chronic pain or pain hypersensitivity, and inflammation.

SUMMARY

[0005] The technology described herein is directed to assays and methods of treatment relating to the measurement
and/or monitoring of SPR activity and detecting risk of adverse effects by determining sepiapterin levels. The invention
relates to a sepiapterin reductase inhibitor (SPRi) for use in a method of treatment of chronic pain or pain hypersensitivity,
and inflammation of a subject, wherein the method monitors administration of the SPRi to the subject, the method
comprising: administering a dose of the sepiapterin reductase inhibitor (SPRi); measuring the level of sepiapterin; and
a) administering a further and/or increased dose of the SPRi if the level of sepiapterin is at or lower than a reference
range and b) ceasing or administering a decreased dose of the SPRi if the level of sepiapterin is greater than the reference
range. The invention further relates to an assay to identify the presence, degree and/or rate of inhibition of sepiapterin
reductase (SPR) by an inhibitor, the assay comprising: measuring the level of sepiapterin in a sample, wherein the
sample contains a cell that has been contacted by a candidate agent; wherein an increased level of sepiapterin indicates
the candidate agent is an inhibitor of SPR.
[0006] In one aspect, described herein is an assay to identify the presence, degree and/or rate of inhibition of sepiapterin
reductase (SPR) by an inhibitor, the assay comprising: contacting a cell with a candidate agent; and measuring the level
of sepiapterin; wherein an increased level of sepiapterin indicates the candidate agent is an inhibitor of SPR (SPRi). In
some embodiments, an increased level of sepiapterin can be a detectable level of sepiapterin. In some embodiments,
the measurement step can comprise performing liquid chromatography coupled to mass spectrometry, fluorescent
detection, mass spectroscopy, or ELISA measurement. In some embodiments, the contacting step can comprise con-
tacting an in vitro cell. In some embodiments, the contacting step can comprise contacting an in vitro cell culture. In
some embodiments, the contacting step can comprise administering the agent to a subject. In some embodiments, the
level of sepiapterin can be the extracellular level of sepiapterin. In some embodiments, the level of sepiapterin can be
the intracellular level of sepiapterin. In some embodiments, the intracellular level of sepiapterin can be the level in a cell
selected from the group consisting of: a neuron; a white blood cell; a red blood cell; a fibroblast; an epithelial cell; a
neural progenitor cell; an embryonic stem cell; and an induced pluripotent stem cell (iPSC). In some embodiments, the
cell can be a white blood cell. In some embodiments, the level of extracellular sepiapterin can be the level of sepiapterin
in a bodily fluid. In some embodiments, the bodily fluid can be selected from the group consisting of: plasma; blood;
cerebrospinal fluid; synovial fluid; saliva; tears; and urine.
[0007] In one aspect, described herein is a method of treating a subject with a sepiapterin reductase inhibitor (SPRi),
the method comprising: administering a therapeutically effective dose of the sepiapterin reductase inhibitor (SPRi);
measuring the level of sepiapterin for monitoring the presence, degree and/or rate of SPR inhibition; administering a
further and/or increased dose of the SPRi if the level of sepiapterin is at or lower than a reference range; and ceasing
and/or administering a decreased dose of the SPRi if the level of sepiapterin is greater than a reference range. In some
embodiments, the further and/or increased dose of the SPRi can be administered if the level of sepiapterin is undetectable.
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[0008] In one aspect, described herein is a method of monitoring administration of a sepiapterin reductase inhibitor
(SPRi) to a subject, the method comprising: administering a dose of the sepiapterin reductase inhibitor (SPRi); measuring
the level of sepiapterin at a first time point; and measuring the level of sepiapterin at at least a second time point. In
some embodiments, the method can further comprise administering a second dose of the SPRi after the first measuring
step and prior to the second measuring step. In some embodiments, a level of sepiapterin at or lower than a reference
range can indicate the subject is in need of a further and/or increased dose of the SPRi. In some embodiments, an
undetectable level of sepiapterin can indicate the subject is in need of a further and/or increased dose of the SPRi. In
some embodiments, a level of sepiapterin greater than a reference range can indicate the subject is in need of ceasing
and/or administering a decreased dose of the SPRi. In some embodiments, a level of sepiapterin greater than a reference
range where no adverse effects occur due to inhibition of SPR can indicate the subject is in need of ceasing and/or
administering a decreased dose of the SPRi. In some embodiments, a level of sepiapterin greater than a reference
range where adverse effects occur due to inhibition of SPR can indicate the subject is in need of ceasing and/or admin-
istering a decreased dose of the SPRi. In some embodiments, the level of sepiapterin can be the extracellular level of
sepiapterin. In some embodiments, the level of extracellular sepiapterin can be the level of sepiapterin in a bodily fluid.
In some embodiments, the bodily fluid can be selected from the group consisting of plasma; blood; cerebrospinal fluid;
synovial fluid saliva; tears; and urine.
[0009] In one aspect, described herein is a method of measuring the central activity and/or penetrance across the
blood brain barrier of an SPR inhibitor, the method comprising: measuring the level of sepiapterin in the cerebrospinal
fluid; measuring the level of sepiapterin in the blood and/or plasma; calculating the ratio of sepiapterin in the cerebrospinal
fluid:blood and/or plasma; wherein a lower ratio indicates a decreased central activity and/or penetrance across the
blood brain barrier. In some examples, a lower ratio can indicate a decreased risk of central nervous system related
adverse effects and a higher ratio indicates increased risk of such adverse effects. In some examples, the measurement
step can comprise performing a liquid chromatography coupled to mass spectrometry, fluorescent detection or ELISA
measurement. In some examples, the method can further comprise an initial step of administering an SPR inhibitor to
a subject. In some examples, the level of sepiapterin can be the extracellular level of sepiapterin. In some examples,
the level of sepiapterin can be the intracellular level of sepiapterin. In some examples, the intracellular level of sepiapterin
can be the level in a cell selected from the group consisting of a neuron; a white blood cell; a red blood cell; a fibroblast;
an epithelial cell; a neural progenitor cell; an embryonic stem cell; and an iPSC. In some examples, the cell can be a
white blood cell.
[0010] In one aspect, described herein is a method of treating a subject with BH4 or BH2, the method comprising:
measuring the level of sepiapterin for monitoring the presence, degree and/or rate of SPR inhibition in a subject; and
administering BH4 and/or BH2 to the subject if the level of sepiapterin is greater than a reference level associated with
adverse effects due to excessive SPR inhibition and excessively reduced BH4 and BH2 levels. In one aspect, described
herein is a method of treating a subject with BH4 or BH2, the method comprising administering BH4 and/or BH2 to a
subject determined to have a level of sepiapterin greater than a reference level associated with adverse effects due to
excessive SPR inhibition and excessively reduced BH4 and BH2 levels.
[0011] In one aspect, described herein is a method of detecting a loss of function mutation in SPR, the method
comprising: measuring the level of sepiapterin in a sample; wherein a level of sepiapterin which is increased relative to
a reference level indicates the presence of a loss of function mutation of SPR in the sample. In some examples, an
increased level of sepiapterin can be a detectable level of sepiapterin. In some examples, the sample can be a sample
obtained from a cell culture. In some examples, the sample can be a sample obtained from a subject. In some examples,
the measurement step can comprise performing liquid chromatography coupled to mass spectrometry, fluorescent
detection, mass spectroscopy, or ELISA measurement. In some examples, the level of sepiapterin can be the extracellular
level of sepiapterin. In some examples, the level of sepiapterin can be the intracellular level of sepiapterin. In some
examples, the intracellular level of sepiapterin can be the level in a cell selected from the group consisting of a neuron;
a white blood cell; a red blood cell; a fibroblast; an epithelial cell; a neural progenitor cell; an embryonic stem cell; and
an iPSC. In some examples, the cell can be a white blood cell. In some examples, the level of extracellular sepiapterin
can be the level of sepiapterin in a bodily fluid. In some examples, the bodily fluid can be selected from the group
consisting of plasma; blood; cerebrospinal fluid; synovial fluid; saliva; tears; and urine.
[0012] In one aspect, described herein is a method of defining the therapeutic index of an SPRi, the method comprising:
administering doses of the sepiapterin reductase inhibitor (SPRi) to a population of subjects; measuring the level of
sepiapterin in the subjects for monitoring the presence, degree and/or rate of SPR inhibition; defining the ED50 as the
dose at which 50% of the population a decrease in pain and/or inflammation; defining the TD50 as the dose at which
50% of the population exhibits a level of sepiapterin which is increased relative to a reference level; and calculating the
therapeutic index as the ratio between the TD50 and the ED50. In one aspect, described herein is a method of defining
the therapeutic index of an SPRi, the method comprising: administering doses of the sepiapterin reductase inhibitor
(SPRi) to a population of subjects; measuring the level of sepiapterin in the subjects for monitoring the presence, degree
and/or rate of SPR inhibition; defining the ED50 as the dose at which 50% of the population report or experience a
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decrease in pain and/or inflammation; defining the TD50 as the dose at which 50% of the population exhibits a level of
sepiapterin which is increased relative to a reference level where adverse effects due to excessive inhibition of SPR are
detected; and calculating the therapeutic index as the ratio between the TD50 and the ED50. In some examples, the
reference level of sepiapterin can be the level in a subject prior to administration of the SPRi. In some examples, an
increased level of sepiapterin can be a detectable level of sepiapterin. In some examples, the level of sepiapterin can
be the extracellular level of sepiapterin. In some examples, the level of extracellular sepiapterin can be the level of
sepiapterin in a bodily fluid. In some examples, the bodily fluid can be selected from the group consisting of plasma;
blood; cerebrospinal fluid; synovial fluid saliva; tears; and urine. In some examples, the measurement step can comprise
performing a mass spectroscopy or ELISA measurement. In some examples, the level of sepiapterin can be the intra-
cellular level of sepiapterin. In some examples, the intracellular level of sepiapterin can be the level in a cell selected
from the group consisting of a neuron; a white blood cell; a red blood cell; a fibroblast; an epithelial cell; a neural progenitor
cell; an embryonic stem cell; and an iPSC. In some examples, the cell can be a white blood cell.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013]

Figs. 1A-1C demonstrate the effect of an SPR inhibitor (SPRi) on sepiapterin levels in fluids, in vivo and in vitro.
Fig. 1A depicts sepiapterin levels in supernatant of mouse dorsal root ganglion neurons exposed to an SPRi
(ACS8099/SPRi3) (structure shown in Fig. 1C) for 24 h. Fig. 1B depicts sepiapterin concentration in plasma of mice
treated with the SPRi (ACS8099 300 mg/kg; five consecutive days; b.i.d.; i.p.). (ND) = no detectable levels of
sepiapterin.
Fig. 2 depicts product ions scan of the internal standard, melatonin-D7.
Fig. 3 depicts product ions scan of sepiapterin.
Figs. 4A-4B depict calibration curves of ion intensity ratio of sepiapterin (165) vs. melatonin-D7 (178; internal stand-
ard). Curves show linearity within the range 0.35-250 nM (Fig. 4A) and also within 0.35 to 27.8 nM (Fig. 4B), the
anticipated concentration range of sepiapterin in biological samples after mutation or inhibition of SPR.
Figs. 5A-5B depict representative chromatograms for the quantification of sepiapterin levels in supernatants from
dorsal root ganglia neurons exposed to one specific inhibitor of sepiapterin reductase activity (SPRi) for 24 h (Fig.
5A). Controls were exposed to medium not containing the SPRi (Fig. 5B). Sepiapterin elutes at 2.75 min and
melatonin-D7 (internal standard) at 3.82 min., measured by liquid chromatography coupled to mass spectrometry.
Sepiapterin is detected only in samples treated with the SPRi.
Figs. 6A-6B depict representative chromatograms for the quantification of sepiapterin levels in plasma from mice
treated with (Fig. 6A) one specific inhibitor of sepiapterin reductase activity (SPRi) for five consecutive days (300
mg/kg, i.p.; b.i.d.), 28 days following sciatic nerve injury or (Fig. 6B) vehicle. Sepiapterin elutes at 2.74 min and
melatonin-D7 (internal standard) at 3.82 min., measured by liquid chromatography coupled to mass spectrometry.
Sepiapterin is detected only in samples from mice treated with the SPRi.
Fig. 7A depicts sepiapterin reductase activity measured by spectrophotometry in primary sensory neurons cultures
after 24 hrs incubation with various doses of an SPR inhibitor (n= 3-5 samples per condition), (1 unit (U) = mmol
consumed sepiapterin/min). Fig. 7B depicts sepiapterin release after inhibition of SPR activity in mouse dorsal root
ganglion neurons (n=3 samples per condition). Results are mean +/- SEM from 3 independent experiments. *: p<0.05
one way ANOVA followed by Tukey post hoc test.
Figs. 8A-8B depict schematics of the BH4 synthesis pathway under normal conditions (Fig. 8A) or in the case of
SPR blockade (Fig. 8B). The importance of the reaction is represented by the thickness of the arrows. Enzymes
are in italic. In the absence of SPR the salvage pathway reactions are not as efficient so there is an intracellular
accumulation of sepiapterin.
Fig. 9 depicts the measurement of sepiapterin in urine. The upper panel depicts the levels of sepiapterin in urine of
mice (n=3-6 per day) treated with a sepiapterin reductase inhibitor (SPRi3; 300mg/kg/day). Sepiapterin was unde-
tectable prior to the SPRi3 treatment (Basal) and levels reduced following washout of the compound. The lower
panel depicts a graph of the levels of sepiapterin in samples of urine from humans (subjects A and B) treated with
a standard clinical dose of sulfasalazine, an FDA approved SPRi (2g/day). The control sample was obtained from
a human not treated with sulfasalazine and sepiapterin was not detectable (ND).
Fig. 10 depicts a graph demonstrating the correlation between plasma sepiapterin and SPRi3 levels.

DETAILED DESCRIPTION

[0014] As described herein, the inventors have determined that sepiapterin levels provide a surprisingly efficacious
and unexpected means of measuring and/or monitoring inhibition of or loss of function mutations in sepiapterin reductase
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(SPR) activity. SPR activity can be modulated to treat a number of conditions, e.g. excessive pain, chronic pain, and/or
pain hypersensitivity and acute and chronic inflammatory conditions. SPR is an intracellular enzyme and while levels of
its substrate, 6-pyruvoyl-tetrahydrobiopterin, would be expected to rise intracellularly when an inhibitor of SPR is applied,
this would not necessarily occur for 6-lactoyl-7,8-dihydropterin (sepiapterin), which can be formed non enzymatically
from 6-pyruvoyl-tetrahydrobiopterin (see, e.g. Figs. 8A-8B). Furthermore, as release processes for sepiapterin have not
been identified, sepiapterin could not have been predicted to be increased extracellularly when SPR is inhibited. Meas-
uring sepiapterin levels as a marker of SPRi is an improvement over measuring BH4, as sepiapterin is stable, while BH4
is a metabolite very prone to oxidation. Sepiapterin is an ideal candidate to identify SPR-related inhibition because: i) it
is a stable metabolite ii) upon accumulation is not further metabolized, as is the case for 6-pyruvoyl-tetrahydrobiopterin,
the SPR substrate in the de novo BH4 pathway; iii) under normal conditions no sepiapterin can be detected in extracellular
fluids, giving high sensitivity to the measurement; iv) sepiapterin is only formed in the BH4 salvage pathway, while other
metabolites like BH2 and BH4 can be formed by several pathways (see Figs. 8A-8B for details about the biochemical
transformations).
[0015] In normal conditions (Fig. 8A), the final steps in the de novo synthesis BH4 pathway are carried by SPR, which
converts 6-pyruvoyltetrahydrobiopterin (produced by pyruvoyl tetrahydrobiopterin synthase) to 1’-hydroxy-2’-oxopro-
pyltetrahydropterin, then catalyzes the reaction towards the formation of 1 ’-oxo-2’-hydroxypropyltetrahydropterin (also
known as 6-lactoyl tetrahydropterin) and finally produces BH4. These reactions are all carried out by SPR so under
optimal conditions there is no formation/accumulation of sepiapterin; see Fig. 8A). As described herein, in the absence
of SPR or when the enzyme is blocked (Fig. 8B), 6-pyruvoyl-tetrahydrobiopterin can be to some extent metabolized into
BH4 through alternate enzymatic routes known as the salvage pathway. In the first route, aldose reductase (AKR1B1)
and carbonyl reductases (CR) can reduce 6-pyruvoyl-tetrahydrobiopterin into 1’-oxo-2’-hydroxypropyltetrahydropterin.
[0016] 1’-oxo-2’-hydroxypropyltetrahydropterin is non-enzymatically transformed into sepiapterin (6-lactoyl-7,8-dihy-
dropterin), which is then transformed into 7,8-dihydrobiopterin (BH2) by carbonyl reductases. BH2 is then reduced into
BH4 by dihydrofolate reductase. The absence (or blockade) of SPR prevents the direct transformation of 1’-oxo-2’-
hydroxypropyltetrahydropterin into BH4. As a result there is a non-enzymatic production of the intermediate sepiapterin
from 1’-oxo-2’-hydroxypropyltetrahydropterin/6-lactoyl tetrahydropterin, something that does not normally occur (see
Fig. 8B). As described herein, the accumulation of sepiapterin therefore reflects the degree of inhibiton of SPR.
[0017] It is possible that both 1’-oxo-2’-hydroxypropyltetrahydropterin and 1 ’-hydroxy-2’-oxopropyltetrahydropterin
accumulate when SPR is inhibited. Those metabolites however are not likely as stable as sepiapterin and therefore less
reliable to quantify. BH2 could also accumulate when SPR is blocked. However, BH2 is formed when BH4 is metabolized
as a cofactor by monoamine hydroxylases, making its measurement not specific for SPR blockade. The second route
of the salvage pathway consists of the aldose reductase AKR1C3 that can reduce 6-pyruvoyl-tetrahydrobiopterin into
1’-hydroxy -2’-oxopropyltetrahydropterin, which is then further reduced into BH4 by AKR1B1 (see Fig. 8B).
[0018] Accordingly, provided herein are methods and assays relating to measuring and/or monitoring SPR inhibition
and treatment of SPR-related conditions.
[0019] As used herein, "sepiapterin reductase" or "SPR" refers to an oxidoreductase that catalyzes the NADPH-
dependent reduction of 6-pyruvoyl-tetrahydrobiopterin (de novo synthesis) and sepiapterin 6-lactoyl-7,8-dihydropterin
(salvage pathway) to tetrahydrobiopterin (BH4). The sequence of SPR is known for a number of species, e.g. human
SPR (NCBI Gene ID NO: 6697; mRNA (NCBI Ref Seq: NM_003124; SEQ ID NO: 1); polypeptide (NCBI Ref Seq:
NP_003115; SEQ ID NO: 2).
[0020] As used herein, "sepiapterin" refers to a compound having the structure of Formula I

[0021] As used herein, the term "inhibitor" refers to an agent which can decrease the expression and/or activity of the
targeted expression product (e.g. mRNA encoding the target or a target polypeptide), e.g. by at least 10% or more, e.g.
by 10% or more, 50% or more, 70% or more, 80% or more, 90% or more, 95% or more, or 98 % or more. The efficacy
of an inhibitor, e.g. its ability to decrease the level and/or activity of the target, can be determined, e.g. by measuring
the level of an expression product of and/or the activity of the target. Methods for measuring the level of a given mRNA
and/or polypeptide are known to one of skill in the art, e.g. RTPCR can be used to determine the level of RNA and
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Western blotting with an antibody can be used to determine the level of a polypeptide. The activity of a target can be
determined using methods known in the art and described herein, e.g. transcriptional activity assays. In some embod-
iments, the inhibitor can be an inhibitory nucleic acid; an aptamer; an antibody reagent; an antibody; or a small molecule.
Non-limiting examples of SPR inhibitors (SPRi’s) can include sulfapyridine; ACS8099/SPRi3; N-Acetylserotonin; and
several sulfa drugs including sulfasalazine (see, e.g., Haruki Science 2013 340:987-991 and International Patent Pub-
lications WO 2011/047156, WO 2011/035009 and WO 2005/048926).

[0022] In one aspect, described herein is an assay to identify the presence, degree and/or rate of inhibition of SPR
by an inhibitor, the assay comprising contacting a cell with a candidate agent and measuring the level of sepiapterin;
wherein an increased level of sepiapterin indicates the candidate agent is an SPRi.
[0023] The level of sepiapterin can be measured by any means known in the art. Exemplary methods can include
enzyme linked immunosorbent assay; chemiluminescent immunosorbent assay; electrochemiluminescent immunosorb-
ent assay; fluorescent immunosorbent assay; dye linked immunosorbent assay; immunoturbidimetric assay; immunon-
ephelometric assay; dye-based photometric assay; western blot; immunoprecipitation; radioimmunological assay (RIA);
radioimmunometric assay; immunofluorescence assay; mass spectroscopy; liquid chromatography tandem mass spec-
troscopy; and high-pressure liquid chromatography. In some embodiments, the level of sepiapterin can be determined
by mass spectroscopy. In some embodiments, the level of sepiapterin can be determined by liquid chromatography
coupled to mass spectrometry or fluorescent detection. In some embodiments, the level of sepiapterin can be determined
by ELISA.
[0024] In some embodiments, the level of sepiapterin can be the extracellular level of sepiapterin. In some embodi-
ments, the level of sepiapterin can be the intracellular level of sepiapterin, e.g. the level in white blood cells. In some
embodiments, the level of sepiapterin can be the level of sepiapterin in a bodily fluid. In some embodiments, the bodily
fluid can be selected from the group consisting of: plasma; blood; cerebrospinal fluid; synovial fluid; saliva; tears; and
urine. In some embodiments, the bodily fluid is urine.
[0025] In some embodiments, the cell which is contacted with the SPRi can be an in vitro cell, e.g. the assay can be
an in vitro cell assay. In some embodiments, the cell which is contacted with the SPRi can be an in vitro cell culture,
e.g. the assay can be an in vitro cell assay. The cell can be an isolated cultured cell (e.g. an isolated primary cell or a
cultured cell line) or part of a tissue (natural or artificial). In some embodiments, the cell can be a neuron, a white blood
cell, red blood cell, fibroblasts, epithelial cells, neural progenitor cell, embryonic stem cell/iPSC or any cell derived from
these stem cells or a progenitor of any of the proceeding cell types (e.g. a stem cell, IPS cell, or the like).
[0026] In some embodiments, the cell which is contacted with the SPRi can be present in a subject, e.g., the contacting
step can comprise administering the agent to a subject. In some embodiments, the subject can be a subject in need of
treatment for SPR-associated disorders, e.g., acute or chronic pain, pain hypersensitivity, neuropathic pain, inflammatory
pain, nociceptive pain, inflammation (including, e.g., arthritis and inflammatory bowel disease), asthma and allergic
inflammatory conditions, or autoimmune diseases that are due or contributed to by increased BH4 synthesis and where
a reduction in BH4 levels produced by an SPRi produces benefit. In some embodiments, the subject can be a human.
In some embodiments, the subject can be a mammal. The administration can be according to any method known in the
art. In some embodiments, the administration can be via injection or intravenous, intranasal, inhaled, intraocular, topical
or oral.
[0027] In one aspect, described herein is a method of treating a subject with an SPRi, the method comprising admin-
istering a therapeutically effective dose of the SPRi, measuring the level of sepiapterin (e.g. monitoring the presence,
degree and/or rate of SPR inhibition), administering a further and/or increased dose of the SPRi if the level of sepiapterin
is at or lower than a reference range; and ceasing and/or administering a decreased dose of the SPRi if the level of
sepiapterin is greater than a reference range. In some embodiments, described herein is a method of treating a subject
with an SPRi, the method comprising administering a therapeutically effective dose of the SPRi, measuring the level of
sepiapterin (e.g. monitoring the presence, degree and/or rate of SPR inhibition), administering a further and/or increased
dose of the SPRi if the level of sepiapterin is at or lower than a reference range (e.g. is undetectable); and ceasing and/or
administering a decreased dose of the SPRi if the level of sepiapterin is greater than a reference range (e.g., is detectable).
In some embodiments, administering a decreased dose of the SPRi can be administered if the level of sepiapterin is
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greater than a reference range associated with adverse effects due to excessive decrease in BH4 levels.
[0028] Some subjects, e.g., those with a loss of function mutation in SPR and/or those receiving treatment with a sulfa
drug, may have decreased SPR activity such that treatment with an SPRi would be contraindicated. Accordingly, in one
aspect, provided herein is a method of treating a subject with a sepiapterin reductase inhibitor (SPRi), the method
comprising: measuring the level of sepiapterin in a sample obtained from a subject; administering a therapeutically
effective dose of the sepiapterin reductase inhibitor (SPRi) if the level of sepiapterin is at or lower than a reference range;
and not administering a SPRi if the level of sepiapterin is greater than a reference range. In some embodiments, the
subject is a subject who has received or is receiving treatment with a sulfa drug.
[0029] In some embodiments, a level of sepiapterin can be greater than a reference level or range if it is statistically
significantly greater than the reference. In healthy subjects, (e.g., those not having or diagnosed as having acute and
chronic pain, pain hypersensitivity, neuropathic pain, inflammatory pain, nociceptive pain or for inflammation including
arthritis and inflammatory bowel disease, asthma and allergic inflammatory conditions, or autoimmune diseases) the
level of sepiapterin can be undetectable, e.g., there is no sepiapterin present in such subjects. Accordingly, in some
embodiments, a level of sepiapterin can be greater than a reference level or range if it is detectable. In some embodiments,
a level of sepiapterin can be greater than a healthy reference level or range if it is 2x or greater, e.g. 3x, 4x, 5x or greater
than the reference.
[0030] In some embodiments, a level of sepiapterin can be less than a reference level if it is statistically significantly
less than the reference. In some embodiments, a level of sepiapterin can be less than a reference level or range if it is
50% or less, e.g. 40%, 30%, 20%, 10% or less of the reference. In some embodiments, a level which is lower than a
reference range can be a level that is undetectable.
[0031] In some embodiments, a reference level and/or range can be the level and/or range obtained with a sample
obtained from a healthy subject, i.e. a subject not having or diagnosed as having an SPR-associated disorder (e.g.
chronic pain or inflammation that responds to an SPRi). In some embodiments, the reference level and/or range can be
the level and/or range obtained for a population of healthy subjects. In some embodiments, the reference level and/or
range can be the level and/or range obtained for the subject at an earlier date, e.g. before chronic pain symptoms were
evident or before an increase in symptoms.
[0032] In some embodiments, a reference level and/or range can be the level and/or range obtained with a sample
obtained from subjects with an SPR-associated disorder (e.g. chronic pain or inflammation that responds to a SPRi or
a mutation of SPR) and/or from subjects given different doses of an SPRi. In some embodiments, the reference level
and/or range can be the levels and/or ranges obtained for subjects given different doses of a SPRi who did or did not
develop adverse effects. In some embodiments, the level(s) and/or range(s) of sepiapterin levels may define risks of
developing adverse effects due to excessive reduction of BH4 synthesis; e.g., wherein low levels indicate inhibition of
SPR but with no adverse effects and wherein high levels of sepiapterin indicate excessive inhibition resulting in decreased
BH4 and increased risk of adverse effects.
[0033] In some embodiments, the methods and assays described herein can comprise measuring the level of sepi-
apterin in a test sample, e.g. a sample obtained from a subject. The term "test sample" as used herein denotes a sample
taken or isolated from a biological organism, e.g., blood, plasma, cerebrospinal fluid, synovial fluid, urine, tears or any
other fluid or cell or tissue sample obtained from a subject. The term "test sample" also includes untreated or pretreated
(or pre-processed) biological samples. A test sample can contain cells from subject, but the term can also refer to non-
cellular biological material, such as non-cellular fractions. Samples can also include, e.g., frozen tissue.
[0034] The test sample can be obtained by removing a sample (e.g. of cells) from a subject, but can also be accom-
plished by using previously isolated samples (e.g. isolated at a prior timepoint and isolated by the same or another
person). In addition, the test sample can be freshly collected or a previously collected sample. In some embodiments,
the test sample can be an untreated test sample. As used herein, the phrase "untreated test sample" refers to a test
sample that has not had any prior sample pre-treatment except for dilution and/or suspension in a solution. Exemplary
methods for treating a test sample include, but are not limited to, centrifugation, filtration, sonication, homogenization,
heating, freezing and thawing, and combinations thereof. In some embodiments, the test sample can be a frozen test
sample, e.g., a frozen tissue. 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. In some embodiments, the test sample is a clarified test sample, for example, by centrifugation and
collection of a supernatant comprising the clarified test sample. In some embodiments, a test sample can be a pre-
processed test sample, for example, supernatant or filtrate resulting from a treatment selected from the group consisting
of centrifugation, filtration, sonication, homogenization, lysis, thawing, amplification, purification, restriction enzyme di-
gestion ligation and any combinations thereof.
[0035] In some embodiments, the test sample can be treated with a chemical and/or biological reagent. Chemical
and/or biological reagents can be employed to protect and/or maintain the stability of the sample, including biomolecules
(e.g., nucleic acid and protein) therein, during processing. One exemplary reagent is a protease inhibitor, which is
generally used to protect or maintain the stability of protein during processing. In addition, or alternatively, chemical
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and/or biological reagents can be employed to release nucleic acid or protein from the sample. The skilled artisan is
well aware of methods and processes appropriate for pre-processing of biological samples required for determination
of expression of gene products as described herein.
[0036] In one aspect, described herein is a method of monitoring administration of an SPRi to a subject, the method
comprising: administering a dose of the SPRi; measuring the level of sepiapterin at a first time point; and measuring the
level of sepiapterin at at least a second time point. In some examples, the method further comprises administering a
second dose of the SPRi after the first measuring step and prior to the second measuring step. In some examples, a
level of sepiapterin not higher than a reference range indicates the subject is in need of a further and/or increased dose
of the SPRi and/or or that further SPRi is unlikely to produce adverse effects. In some examples, an undetectable level
of sepiapterin indicates the subject is in need of a further and/or increased dose of the SPRi and/or that further SPRi is
unlikely to produce adverse effects. In some examples, a level of sepiapterin that is increasing after each administration
and/or greater than a reference range indicates the subject is in need of ceasing and/or administering a decreased dose
of the SPRi, e.g., to avoid generation of adverse effects.
[0037] The assays and methods of measuring SPR activity as described herein can permit determining the relative
activity of SPR (in the presence or absence of an SPRi) within and without the central nervous system, e.g. measuring
the ability of an SPRi to cross the blood-brain barrier (i.e., penetrance) and/or to inhibit SPR within the central nervous
system. In one aspect, described herein is a method of measuring the central activity and/or penetrance across the
blood brain barrier of an SPRi, the method comprising: measuring the level of sepiapterin in the cerebrospinal fluid;
measuring the level of sepiapterin in the blood and/or plasma; calculating the ratio of sepiapterin in the cerebrospinal
fluid:blood and/or plasma; wherein a lower ratio indicates a decreased central activity and/or penetrance across the
blood brain barrier. Cerebrospinal fluid can be collected and/or sampled by any means known in the art, e.g. by lumbar
puncture, cisternal puncture, and/or ventricular puncture. In some examples, a lower ratio indicates a decreased risk of
central nervous system related adverse effects (e.g., altered consciousness, dizziness, seizures, muscle spasm, fatigue,
sedation, lethargy, and/or personality alterations). In some examples, the method can further comprise an initial step of
administering an SPRi to a subject.
[0038] In one aspect, described herein is a method of treating a subject with BH4 or BH2, the method comprising:
measuring the level of sepiapterin for monitoring the presence, degree and/or rate of SPR inhibition as described above
herein; and administering BH4 and/or BH2 if the level of sepiapterin is greater than levels associated with adverse effects,
e.g., as defined by reference levels from patients given ranges of doses of SPRi. In some examples, the levels of
sepiapterin can be used to monitor the degree of inhibition of SPR and/or to detect thresholds where the inhibition is
excessive and risks development of adverse effects. In some examples, sepiapterin levels can define the therapeutic
index of SPR inhibitors, the safe range of doses that produce efficacy in SPR-realted conditions without adverse effects.
[0039] As used herein, "BH4" or "tetrahydrobiopterin" refers to a compound having the structure of Formula II:

BH4 is also referred to in the art as THB, Kuvan™, or sapropterin.
[0040] As used herein, "BH2" or "7,8-dihydrobiopterin" refers to a compound having the structure of Formula III:

[0041] In one aspect, described herein is a method of defining the therapeutic index of a SPRi, the method comprising
administering doses of the sepiapterin reductase inhibitor (SPRi) to a population of subjects; measuring the level of



EP 3 213 062 B1

10

5

10

15

20

25

30

35

40

45

50

55

sepiapterin in the subjects for monitoring the presence, degree and/or rate of SPR inhibition; defining the ED50 as the
dose at which 50% of the population a decrease in pain and/or inflammation; defining the TD50 as the dose at which
50% of the population exhibits a level of sepiapterin which is increased relative to a reference level; and calculating the
therapeutic index as the ratio between the TD50 and the ED50. In one aspect, described herein is a method of defining
the therapeutic index of a SPRi, the method comprising administering doses of the sepiapterin reductase inhibitor (SPRi)
to a population of subjects; measuring the level of sepiapterin in the subjects for monitoring the presence, degree and/or
rate of SPR inhibition; defining the ED50 as the dose at which 50% of the population a decrease in pain and/or inflammation;
defining the TD50 as the dose at which 50% of the population exhibits a level of sepiapterin which is increased relative
to a reference level where either signs of toxicity are evident or undesired metabolic changes / adverse effects occur,
and calculating the therapeutic index as the ratio between the TD50 and the ED50. In some examples, the reference
level of sepiapterin is the level in a subject prior to administration of the SPRi. In some examples, the reference level of
sepiapterin is the level in a healthy subject or a population of healthy subjects. In some examples, the reference level
of sepiapterin is the level in a subject or a populatin of subjects who do not display adverse effects after administration
of an SPRi. In some examples, an increased level of sepiapterin is a detectable level of sepiapterin.
[0042] In some embodiments, the methods described herein relate to treating a subject having or diagnosed as having
an SPR-associated disorder, e.g., chronic pain or pain hypersensitivity and inflammation with, e.g., a SPRi. Subjects
having chronic pain can be identified by a physician using current methods of diagnosing chronic pain. Symptoms and/or
complications of chronic pain which characterize these conditions and aid in diagnosis are well known in the art and
include but are not limited to, pain, depression, and fatigue.
[0043] The compositions and methods described herein can be administered to a subject having or diagnosed as
having an SPR-associated disorder. In some embodiments, the methods described herein comprise administering an
effective amount of compositions described herein, e.g. a SPRi to a subject in order to alleviate a symptom of an SPR-
associated disorder. As used herein, "alleviating a symptom of a disorder" is ameliorating any condition or symptom
associated with the disorder. As compared with an equivalent untreated control, such reduction is by at least 5%, 10%,
20%, 40%, 50%, 60%, 80%, 90%, 95%, 99% or more as measured by any standard technique. A variety of means for
administering the compositions described herein to subjects are known to those of skill in the art. Such methods can
include, but are not limited to oral, parenteral, intravenous, intramuscular, subcutaneous, transdermal, airway (aerosol),
pulmonary, cutaneous, topical, or injection administration. Administration can be local or systemic.
[0044] The term "effective amount" as used herein refers to the amount of a compound needed to alleviate at least
one or more symptoms of the disease or disorder, and relates to a sufficient amount of pharmacological composition to
provide the desired effect. The term "therapeutically effective amount" therefore refers to an amount of a compound that
is sufficient to provide a particular effect when administered to a typical subject. An effective amount as used herein, in
various contexts, would also include an amount sufficient to delay the development of a symptom of the disease, alter
the course of a symptom disease (for example but not limited to, slowing the progression of a symptom of the disease),
or reverse a symptom of the disease. Thus, it is not generally practicable to specify an exact "effective amount". However,
for any given case, an appropriate "effective amount" can be determined by one of ordinary skill in the art using only
routine experimentation.
[0045] Effective amounts, toxicity, unwanted on-target effects and therapeutic efficacy can be determined by standard
pharmaceutical procedures in cell cultures or experimental animals, e.g., for determining the LD50 (the dose lethal to
50% of the population) and the ED50 (the dose therapeutically effective in 50% of the population). The dosage can vary
depending upon the dosage form employed and the route of administration utilized. The dose ratio between toxic and
therapeutic effects is the therapeutic index and can be expressed as the ratio LD50/ED50. Compositions and methods
that exhibit large therapeutic indices are preferred. A therapeutically effective dose can be estimated initially from cell
culture assays. Also, a dose can be formulated in animal models to achieve a circulating plasma concentration range
that includes the IC50 (i.e., the concentration of a compound which achieves a half-maximal inhibition of symptoms) as
determined in cell culture, or in an appropriate animal model. Levels in plasma can be measured, for example, by high
performance liquid chromatography. The effects of any particular dosage can be monitored by a suitable bioassay, e.g.,
assay for SPR inhibition, reduction in BH4 levels, among others. The dosage can be determined by a physician and
adjusted, as necessary, to suit observed effects of the treatment.
[0046] The methods described herein can further comprise administering a second agent and/or treatment to the
subject, e.g. as part of a combinatorial therapy. By way of non-limiting example, if a subject is to be treated for pain or
inflammation according to the methods described herein, the subject can also be administered a second agent and/or
treatment known to be beneficial for subjects suffering from pain or inflammation. Examples of such agents and/or
treatments include, but are not limited to, non-steroidal antiinflammatory drugs (NSAIDs - such as aspirin, ibuprofen, or
naproxen); corticosteroids, including glucocorticoids (e.g. cortisol, prednisone, prednisolone, methylprednisolone, dex-
amethasone, betamethasone, triamcinolone, and beclometasone); methotrexate; sulfasalazine; gabapentin; pregabalin;
tricyclic antidepressants; duloxetine; leflunomide; anti-TNF medications; methotrexate or other dihrofolate reductase
inhibitors, cyclophosphamide; pro-resolving drugs; mycophenolate; or opiates (e.g. endorphins, enkephalins, and dynor-
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phin), steroids, analgesics, barbiturates, oxycodone, morphine, lidocaine, and the like.
[0047] In certain embodiments, an effective dose of a composition comprising, e.g., an SPRi, as described herein can
be administered to a patient once. In certain embodiments, an effective dose of a composition can be administered to
a patient repeatedly. For systemic administration, subjects can be administered a therapeutic amount of a composition,
such as, e.g. 0.1 mg/kg, 0.5 mg/kg, 1.0 mg/kg, 2.0 mg/kg, 2.5 mg/kg, 5 mg/kg, 10 mg/kg, 15 mg/kg, 20 mg/kg, 25 mg/kg,
30 mg/kg, 40 mg/kg, 50 mg/kg, or more.
[0048] In some embodiments, after an initial treatment regimen, the treatments can be administered on a less frequent
basis. For example, after treatment biweekly for three months, treatment can be repeated once per month, for six months
or a year or longer. Treatment according to the methods described herein can reduce levels of a marker or symptom of
a condition, e.g. by at least 10%, at least 15%, at least 20%, at least 25%, at least 30%, at least 40%, at least 50%, at
least 60%, at least 70%, at least 80 % or at least 90% or more.
[0049] The dosage of a composition as described herein can be determined by a physician and adjusted, as necessary,
to suit observed effects of the treatment. With respect to duration and frequency of treatment, it is typical for skilled
clinicians to monitor subjects in order to determine when the treatment is providing therapeutic benefit, and to determine
whether to increase or decrease dosage, increase or decrease administration frequency, discontinue treatment, resume
treatment, or make other alterations to the treatment regimen. The dosing schedule can vary from once a week to daily
depending on a number of clinical factors, such as the subject’s sensitivity to the treatment. The desired dose or amount
of activation can be administered at one time or divided into subdoses, e.g., 2-4 subdoses and administered over a
period of time, e.g., at appropriate intervals through the day or other appropriate schedule. In some embodiments,
administration can be chronic, e.g., one or more doses and/or treatments daily over a period of weeks or months.
Examples of dosing and/or treatment schedules are administration daily, twice daily, three times daily or four or more
times daily over a period of 1 week, 2 weeks, 3 weeks, 4 weeks, 1 month, 2 months, 3 months, 4 months, 5 months, or
6 months, or more. A composition can be administered over a period of time, such as over a 5 minute, 10 minute, 15
minute, 20 minute, or 25 minute period.
[0050] The dosage ranges for the administration of, e.g., an SPRi, according to the methods described herein depend
upon, for example, the form of the compound, its potency, and the extent to which symptoms, markers, or indicators of
a condition described herein are desired to be reduced, for example the percentage reduction desired for symptoms.
The dosage should not be so large as to cause adverse side effects. Generally, the dosage will vary with the age,
condition, and sex of the patient and can be determined by one of skill in the art. The dosage can also be adjusted by
the individual physician in the event of any complication.
[0051] For convenience, the meaning of some terms and phrases used in the specification, examples, and appended
claims, are provided below. Unless stated otherwise, or implicit from context, the following terms and phrases include
the meanings provided below. The definitions are provided to aid in describing particular embodiments, and are not
intended to limit the claimed invention, because the scope of the invention is limited only by the claims. Unless otherwise
defined, all technical and scientific terms used herein have the same meaning as commonly understood by one of
ordinary skill in the art to which this invention belongs. If there is an apparent discrepancy between the usage of a term
in the art and its definition provided herein, the definition provided within the specification shall prevail.
[0052] For convenience, certain terms employed herein, in the specification, examples and appended claims are
collected here.
[0053] The terms "decrease", "reduced", "reduction", or "inhibit" are all used herein to mean a decrease by a statistically
significant amount. In some embodiments, "reduce," "reduction" or "decrease" or "inhibit" typically means a decrease
by at least 10% as compared to a reference level (e.g. the absence of a given treatment) and can include, for example,
a decrease by at least about 10%, at least about 20%, at least about 25%, at least about 30%, at least about 35%, at
least about 40%, at least about 45%, at least about 50%, at least about 55%, at least about 60%, at least about 65%,
at least about 70%, at least about 75%, at least about 80%, at least about 85%, at least about 90%, at least about 95%,
at least about 98%, at least about 99% , or more. As used herein, "reduction" or "inhibition" does not encompass a
complete inhibition or reduction as compared to a reference level. "Complete inhibition" is a 100% inhibition as compared
to a reference level. A decrease can be preferably down to a level accepted as within the range of normal for an individual
without a given disorder.
[0054] The terms "increased", "increase", "enhance", or "activate" are all used herein to mean an increase by a statically
significant amount. In some embodiments, the terms "increased", "increase", "enhance", or "activate" can mean an
increase of at least 10% as compared to a reference level, for example an increase of at least about 20%, or at least
about 30%, or at least about 40%, or at least about 50%, or at least about 60%, or at least about 70%, or at least about
80%, or at least about 90% or up to and including a 100% increase or any increase between 10-100% as compared to
a reference level, or at least about a 2-fold, or at least about a 3-fold, or at least about a 4-fold, or at least about a 5-fold
or at least about a 10-fold increase, or any increase between 2-fold and 10-fold or greater as compared to a reference
level. In the context of a marker or symptom, an "increase" is a statistically significant increase in such level.
[0055] As used herein, a "subject" means a human or animal. Usually the animal is a vertebrate such as a primate,
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rodent, domestic animal or game animal. Primates include chimpanzees, cynomologous monkeys, spider monkeys, and
macaques, e.g., Rhesus. Rodents include mice, rats, woodchucks, ferrets, rabbits and hamsters. Domestic and game
animals include cows, horses, pigs, deer, bison, buffalo, feline species, e.g., domestic cat, canine species, e.g., dog,
fox, wolf, avian species, e.g., chicken, emu, ostrich, and fish, e.g., trout, catfish and salmon. In some embodiments, the
subject is a mammal, e.g., a primate, e.g., a human. The terms, "individual," "patient" and "subject" are used interchange-
ably herein.
[0056] Preferably, the subject is a mammal. The mammal can be a human, non-human primate, mouse, rat, dog, cat,
horse, or cow, but is not limited to these examples. Mammals other than humans can be advantageously used as subjects
that represent animal models of, e.g. chronic pain. A subject can be male or female.
[0057] A subject can be one who has been previously diagnosed with or identified as suffering from or having a
condition in need of treatment (e.g. chronic pain) or one or more complications related to such a condition, and optionally,
have already undergone treatment for the condition or the one or more complications related to the condition. Alternatively,
a subject can also be one who has not been previously diagnosed as having the condition (e.g. chronic pain) or one or
more complications related to the condition. For example, a subject can be one who exhibits one or more risk factors
for the condition or one or more complications related to the condition or a subject who does not exhibit risk factors.
[0058] A "subject in need" of treatment for a particular condition can be a subject having that condition, diagnosed as
having that condition, or at risk of developing that condition.
[0059] The term "isolated" or "partially purified" as used herein refers to an agent separated from at least one other
component (e.g., nucleic acid or polypeptide) that is present with the agent as found in its natural source and/or that
would be present with the agent when expressed by a cell. For example, a chemically synthesized polypeptide or one
synthesized using in vitro transcription/translation is considered "isolated."
[0060] As used herein, "contacting" refers to any suitable means for delivering, or exposing, an agent to at least one
complex, enzyme, or cell. Exemplary delivery methods include, but are not limited to, direct delivery to cell culture
medium, perfusion, injection, or other delivery method well known to one skilled in the art.
[0061] As used herein, the term "detecting" refers to observing a signal from, e.g. a probe, label, or target molecule
to indicate the presence of an analyte in a sample. Any method known in the art for detecting a particular label moiety
can be used for detection. Exemplary detection methods include, but are not limited to, spectroscopic, fluorescent,
photochemical, biochemical, immunochemical, electrical, optical or chemical methods.
[0062] As used herein, the terms "compound" or "agent" are used interchangeably and refer to molecules and/or
compositions including, but not limited to chemical compounds and mixtures of chemical compounds, e.g., small organic
or inorganic molecules; saccharines; oligosaccharides; polysaccharides; biological macromolecules, e.g., peptides, pro-
teins, and peptide analogs and derivatives; peptidomimetics; nucleic acids; nucleic acid analogs and derivatives; extracts
made from biological materials such as bacteria, plants, fungi, or animal cells or tissues; naturally occurring or synthetic
compositions; peptides; aptamers; and antibodies and intrabodies, or fragments thereof.
[0063] As used herein, the terms "candidate compound" or "candidate agent" refer to a compound or agent and/or
compositions thereof that are to be screened for their ability to, e.g., inhibit SPR. Candidate compounds and/or agents
can be produced recombinantly using methods well known to those of skill in the art (see Sambrook et al., Molecular
Cloning: A Laboratory Manual (2 ed.), Cold Spring Harbor Laboratory Press, Cold Spring Harbor, N.Y., USA (1989)) or
synthesized. Candidate compounds and agents can be screened for their ability to inhibit SPR, e.g. in vitro or in vivo.
In one embodiment, candidate agents are screened using the assays described above herein. Candidate agents are
typically first screened for activity in vitro and those candidate agents with activity are identified. In vivo assays can then
be conducted on the identified agents.
[0064] Compounds can be tested at any concentration that can modulate expression or protein activity relative to a
control over an appropriate time period. In some embodiments, compounds are tested at concentrations in the range of
about 0.1nM to about 1000mM. In one embodiment, the compound is tested in the range of about 0.1mM to about 20mM,
about 0.1mM to about 10mM, or about 0.1mM to about 5mM. In one embodiment, compounds are tested at 1 mM.
Depending upon the particular embodiment being practiced, the test compounds can be provided free in solution, or
may be attached to a carrier, or a solid support, e.g., beads. A number of suitable solid supports may be employed for
immobilization of the test compounds. Examples of suitable solid supports include agarose, cellulose, dextran (com-
mercially available as, i.e., Sephadex, Sepharose) carboxymethyl cellulose, polystyrene, polyethylene glycol (PEG),
filter paper, nitrocellulose, ion exchange resins, plastic films, polyaminemethylvinylether maleic acid copolymer, glass
beads, amino acid copolymer, ethylene-maleic acid copolymer, nylon, silk, etc. Additionally, for the methods described
herein, test compounds may be screened individually, or in groups. Group screening is particularly useful where hit rates
for effective test compounds are expected to be low such that one would not expect more than one positive result for a
given group.
[0065] As used herein, the terms "protein" and "polypeptide" are used interchangeably herein to designate a series
of amino acid residues, connected to each other by peptide bonds between the alpha-amino and carboxy groups of
adjacent residues. The terms "protein", and "polypeptide" refer to a polymer of amino acids, including modified amino
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acids (e.g., phosphorylated, glycated, glycosylated, etc.) and amino acid analogs, regardless of its size or function.
"Protein" and "polypeptide" are often used in reference to relatively large polypeptides, whereas the term "peptide" is
often used in reference to small polypeptides, but usage of these terms in the art overlaps. The terms "protein" and
"polypeptide" are used interchangeably herein when referring to a gene product and fragments thereof. Thus, exemplary
polypeptides or proteins include gene products, naturally occurring proteins, homologs, orthologs, paralogs, fragments
and other equivalents, variants, fragments, and analogs of the foregoing.
[0066] As used herein, the term "nucleic acid" or "nucleic acid sequence" refers to any molecule, preferably a polymeric
molecule, incorporating units of ribonucleic acid, deoxyribonucleic acid or an analog thereof. The nucleic acid can be
either single-stranded or double-stranded. A single-stranded nucleic acid can be one nucleic acid strand of a denatured
double- stranded DNA. Alternatively, it can be a single-stranded nucleic acid not derived from any double-stranded DNA.
In one aspect, the nucleic acid can be DNA. In another aspect, the nucleic acid can be RNA. Suitable nucleic acid
molecules are DNA, including genomic DNA or cDNA. Other suitable nucleic acid molecules are RNA, including mRNA.
[0067] As used herein, the terms "treat," "treatment," "treating," or "amelioration" refer to therapeutic treatments,
wherein the object is to reverse, alleviate, ameliorate, inhibit, slow down or stop the progression or severity of a condition
associated with a disease or disorder, e.g. chronic pain. The term "treating" includes reducing or alleviating at least one
adverse effect or symptom of a condition, disease or disorder associated with SPR, e.g., chronic pain or inflammation.
Treatment is generally "effective" if one or more symptoms or clinical markers are changed, in the case of SPR inhibition,
an increase in sepiapterin. Alternatively, treatment is "effective" if the progression of a disease is reduced or halted. That
is, "treatment" includes not just the improvement of symptoms or markers, but also a cessation of, or at least slowing
of, progress or worsening of symptoms compared to what would be expected in the absence of treatment. Beneficial or
desired clinical results include, but are not limited to, alleviation of one or more symptom(s), diminishment of extent of
disease, stabilized (i.e., not worsening) state of disease, delay or slowing of disease progression, amelioration or palliation
of the disease state, remission (whether partial or total), and/or decreased mortality, whether detectable or undetectable.
The term "treatment" of a disease also includes providing relief from the symptoms or side-effects of the disease (including
palliative treatment).
[0068] As used herein, the term "pharmaceutical composition" refers to the active agent in combination with a phar-
maceutically acceptable carrier e.g. a carrier commonly used in the pharmaceutical industry. The phrase "pharmaceu-
tically acceptable" is employed herein to refer to those compounds, materials, compositions, and/or dosage forms which
are, within the scope of sound medical judgment, suitable for use in contact with the tissues of human beings and animals
without excessive toxicity, irritation, allergic response, or other problem or complication, commensurate with a reasonable
benefit/risk ratio.
[0069] As used herein, the term "administering," refers to the placement of a compound as disclosed herein into a
subject by a method or route, which results in at least partial delivery of the agent at a desired site. Pharmaceutical
compositions comprising the compounds disclosed herein can be administered by any appropriate route, which results
in an effective treatment in the subject.
[0070] The term "statistically significant" or "significantly" refers to statistical significance and generally means a two
standard deviation (2SD) or greater difference.
[0071] Other than in the operating examples, or where otherwise indicated, all numbers expressing quantities of
ingredients or reaction conditions used herein should be understood as modified in all instances by the term "about."
The term "about" when used in connection with percentages can mean 61%.
[0072] As used herein the term "comprising" or "comprises" is used in reference to compositions, methods, and
respective component(s) thereof, that are essential to the method or composition, yet open to the inclusion of unspecified
elements, whether essential or not.
[0073] The term "consisting of’ refers to compositions, methods, and respective components thereof as described
herein, which are exclusive of any element not recited in that description of the embodiment.
[0074] As used herein the term "consisting essentially of’ refers to those elements required for a given embodiment.
The term permits the presence of elements that do not materially affect the basic and novel or functional characteristic(s)
of that embodiment.
[0075] The singular terms "a," "an," and "the" include plural referents unless context clearly indicates otherwise. Sim-
ilarly, the word "or" is intended to include "and" unless the context clearly indicates otherwise. Although methods and
materials similar or equivalent to those described herein can be used in the practice or testing of this disclosure, suitable
methods and materials are described below. The abbreviation, "e.g." is derived from the Latin exempli gratia, and is
used herein to indicate a non-limiting example. Thus, the abbreviation "e.g." is synonymous with the term "for example."
[0076] Definitions of common terms in cell biology and molecular biology can be found in "The Merck Manual of
Diagnosis and Therapy", 19th Edition, published by Merck Research Laboratories, 2006 (ISBN 0-911910-19-0); Robert
S. Porter et al. (eds.), The Encyclopedia of Molecular Biology, published by Blackwell Science Ltd., 1994 (ISBN
0-632-02182-9); Benjamin Lewin, Genes X, published by Jones & Bartlett Publishing, 2009 (ISBN-10: 0763766321);
Kendrew et al. (eds.), , Molecular Biology and Biotechnology: a Comprehensive Desk Reference, published by VCH
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Publishers, Inc., 1995 (ISBN 1-56081-569-8) and Current Protocols in Protein Sciences 2009, Wiley Intersciences,
Coligan et al., eds.
[0077] Unless otherwise stated, the present invention was performed using standard procedures, as described, for
example in Sambrook et al., Molecular Cloning: A Laboratory Manual (4 ed.), Cold Spring Harbor Laboratory Press,
Cold Spring Harbor, N.Y., USA (2012); Davis et al., Basic Methods in Molecular Biology, Elsevier Science Publishing,
Inc., New York, USA (1995); or Methods in Enzymology: Guide to Molecular Cloning Techniques Vol.152, S. L. Berger
and A. R. Kimmel Eds., Academic Press Inc., San Diego, USA (1987); Current Protocols in Protein Science (CPPS)
(John E. Coligan, et. al., ed., John Wiley and Sons, Inc.), Current Protocols in Cell Biology (CPCB) (Juan S. Bonifacino
et. al. ed., John Wiley and Sons, Inc.), and Culture of Animal Cells: A Manual of Basic Technique by R. Ian Freshney,
Publisher: Wiley-Liss; 5th edition (2005), Animal Cell Culture Methods (Methods in Cell Biology, Vol. 57, Jennie P. Mather
and David Barnes editors, Academic Press, 1st edition, 1998).
[0078] Other terms are defined herein within the description of the various aspects of the invention.
[0079] All patents and other publications; including literature references, issued patents, published patent applications,
and co-pending patent applications; cited throughout this application are for the purpose of describing and disclosing,
for example, the methodologies described in such publications that might be used in connection with the technology
described herein. These publications are provided solely for their disclosure prior to the filing date of the present appli-
cation. Nothing in this regard should be construed as an admission that the inventors are not entitled to antedate such
disclosure by virtue of prior invention or for any other reason. All statements as to the date or representation as to the
contents of these documents is based on the information available to the applicants and does not constitute any admission
as to the correctness of the dates or contents of these documents.
[0080] The description of embodiments of the disclosure is not intended to be exhaustive or to limit the disclosure to
the precise form disclosed. While specific embodiments of, and examples for, the disclosure are described herein for
illustrative purposes, various equivalent modifications are possible within the scope of the disclosure, as those skilled
in the relevant art will recognize. For example, while method steps or functions are presented in a given order, alternative
embodiments may perform functions in a different order, or functions may be performed substantially concurrently. The
teachings of the disclosure provided herein can be applied to other procedures or methods as appropriate. The various
embodiments described herein can be combined to provide further embodiments. Aspects of the disclosure can be
modified, if necessary, to employ the compositions, functions and concepts of the above references and application to
provide yet further embodiments of the disclosure. Moreover, due to biological functional equivalency considerations,
some changes can be made in protein structure without affecting the biological or chemical action in kind or amount.
These and other changes can be made to the disclosure in light of the detailed description. All such modifications are
intended to be included within the scope of the appended claims.
[0081] Specific elements of any of the foregoing embodiments can be combined or substituted for elements in other
embodiments. Furthermore, while advantages associated with certain embodiments of the disclosure have been de-
scribed in the context of these embodiments, other embodiments may also exhibit such advantages, and not all embod-
iments need necessarily exhibit such advantages to fall within the scope of the disclosure.
[0082] The technology described herein is further illustrated by the following examples which in no way should be
construed as being further limiting.

EXAMPLES

EXAMPLE 1

[0083] Described herein are experiments demonstrating that the pterin, sepiapterin, in plasma and other biological
fluids or tissues, can be a biomarker for the inhibition of the activity of the enzyme sepiapterin reductase (SPR) by specific
sepiapterin reductase inhibitors (SPRi). Inhibition of SPR results in accumulation of the metabolite sepiapterin and
unexpectedly its release from cells into body fluids so that its levels reflect the degree of SPR inhibition and can be a
surrogate for reduced BH4 or BH2 levels, while providing advantages over measurement of BH4 and/or BH2 as described
elsewhere herein.
[0084] Activity of SPRi can be followed by measurement of sepiapterin levels using HPLC-MS/MS (high performance
liquid chromatography coupled to tandem mass spectrometry) or other appropriate analytical techniques, e.g., LC-
MS/MS (liquid chromatography coupled to tandem mass spectrometry), LC coupled to fluorescent detection. When the
enzyme activity is inhibited by SPRi’s, the tetrahydrobiopterin (BH4) synthetic pathway is blocked, and the metabolic
intermediate sepiapterin accumulates, which is followed by an extracellular secretion of the metabolite. The increased
levels of sepiapterin can be measured in tissues, e.g. liver and nervous tissue, cultured cells, and fluids e.g. plasma,
urine and cerebrospinal fluid. The increased levels of sepiapterin directly demonstrate inhibition of sepiapterin reductase
activity. Measuring levels of sepiapterin following administration of SPRi’s can be used to titrate the degree of inhibition
of SPR, in vitro and in vivo for drug discovery and for monitoring therapeutic ratio in patients.
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[0085] As demonstrated by Figs. 1A-1B, increased levels of sepiapterin in the supernatant of cultured dorsal root
ganglion neurons and in mouse plasma demonstrate SPR inhibition.

EXAMPLE 2: Determination of Sepiapterin by liquid chromatography coupled to tandem mass spectrometry 
(LC-MS/MS) in tissues and biological fluids

[0086] General sample preparation. Tissues, plasma, homogenates from dorsal root ganglia neurons, or cell super-
natants are prepared for analysis by adding one volume of 5% trichloroacetic acid (TCA) containing 6.5 mM dithioerythritol.
After homogenization, samples are centrifuged at 10,000 x g for 10 min at 4°C.
[0087] Equipment. AB Sciex QTRAP5500™ mass spectrometer equipped with a Shimadzu HPLC consisting of 2 x
LC-20AD XR™ pumps and a SIL-20AC XR™ autosampler. The LC column (Agela Technologies, reverse phase C:18;
2.1 3 50 mm, 2.5 m) is run at room temperature and the autosampler maintained at 4°C. Table 1 lists the LC-MS/MS
settings and conditions.

[0088] Chromatographic conditions: Table 2 lists the chromatography gradient conditions for sepiapterin elution. In-
formation is collected by the MS/MS between 2 & 4.2 min.

[0089] Calibrators: Concentrations in the samples are evaluated with a calibration curve, treated in the same way as
the samples (0.5 nM to 250 nM). Appropriate blanks and calibrators are analysed between each set of ten samples. LC-
MS/MS peak areas are integrated using Analyst™ 4.0 software. Different flow rates and temperatures in ion source are
tested to see the changes in daughter ion intensity ratio.
[0090] Figs. 2, 3, and 4A-4B depict representative product ion scans of sepiapterin and the internal standard (melatonin-
D7) and the calibration curve (ratio sepiapterin / melatonin-D7). Figs. 5A-5B and 6 depict chromatograms demonstrating
the accumulation of sepiapterin under the effect of one specific inhibitor of sepiapterin reductase activity in different
experimental conditions.

EXAMPLE 3

[0091] Administration of an SPRi significantly reduced SPR activity in primary cultures of sensory neurons (Fig. 7A)

Table 1. LC-MS/MS settings and conditions

Mass spectrometer settings

Curtain gas 40
Ion spray voltage 4500v
Dissolvation temperature 500 °C
GS1 and GS2 40
Declustering potential 10v

Collision energy (CE) for different multiple-reaction-monitoring 
transitions

Sepiapterin 237.9 / 165.2 (CE 34cv)
237.9 / 192.2 (CE 24ev)

Melatonin-D7 239.8 / 178.3 (CE 25ev)

Time (min) Chromatography gradient conditions

Flow rate (mL/min) Solvent A (%)a Solvent B (%)a

0 0.3 90 10

3.5 0.3 5 95

6.5 0.3 5 95

8.5 0.3 100 0

11.5 0.3 100 0
aSolvent A: LC-MS/MS water; solvent B: LC-MS/MS methanol.
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(IC50 = 0.45 mM) and this was associated with a concomitant accumulation of sepiapterin (Fig. 7B).
[0092] Concentrations of sepiapterin in DRG neuron supernatants were determined by liquid chromatography coupled
to electrospray ionization tandem mass spectrometry. The method was adapted from Tegeder et al. (2006) and the
following optimized multiple-reaction-monitoring (MRM) parameters 237.9 > 177.2 and 237.9 > 178.2 were used for
sepiapterin identification and quantification

EXAMPLE 4

[0093] Sepiapterin levels were measured in the urine of mice administered SPRi3 (300mg/kg/day) and humans ad-
ministered a standard clinical dose of sulfasalzine an FDA approved SPRi (2g/day) (Fig. 9). Prior to administration of
the sepiapterin reductase inhibitor, sepiapterin was undetectable in all subjects. Fig. 9 depicts the measurement of
sepiapterin in urine. Sepiapterin levels were reduced following washout of SPRi3 in mice (Fig. 9; upper panel).

SEQUENCE LISTING

[0094]

<110> CHILDREN’S MEDICAL CENTER CORPORATION
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<140>
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<150> 62/073,320
<151> 2014-10-31

<160> 2

<170> PatentIn version 3.5

<210> 1
<211> 1466
<212> DNA
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Claims

1. A sepiapterin reductase inhibitor (SPRi) for use in a method of treatment of chronic pain or pain hypersensitivity,
and inflammation of a subject, wherein the method monitors administration of the SPRi to the subject, the method
comprising:

administering a dose of the sepiapterin reductase inhibitor (SPRi);
measuring the level of sepiapterin; and

a) administering a further and/or increased dose of the SPRi if the level of sepiapterin is at or lower than a
reference range and
b) ceasing or administering a decreased dose of the SPRi if the level of sepiapterin is greater than the
reference range.

2. The sepiapterin reductase inhibitor (SPRi) for use according to claim 1,
wherein an undetectable level of sepiapterin indicates the subject is in need of a further and/or increased dose of
the SPRi, or
wherein a level of sepiapterin greater than a reference range where no adverse effects occur due to inhibition of
SPR indicates the subject is in need of ceasing and/or administering a decreased dose of the SPRi or
wherein a level of sepiapterin greater than a reference range where adverse effects occur due to inhibition of SPR
indicates the subject is in need of ceasing and/or administering a decreased dose of the SPRi.

3. An assay to identify the presence, degree and/or rate of inhibition of sepiapterin reductase (SPR) by an inhibitor,
the assay comprising:

measuring the level of sepiapterin in a sample, wherein the sample contains a cell that has been contacted by
a candidate agent;
wherein an increased level of sepiapterin indicates the candidate agent is an inhibitor of SPR.

4. The assay of claim 3 wherein an increased level of sepiapterin is a detectable level of sepiapterin.

5. The assay of claim 3 or claim 4, wherein the sample is a sample obtained from a cell culture or a subject.

6. The assay of any of claims 3-5, wherein the cell is an isolated cultured cell or part of a tissue.

7. The assay according to any one of claims 3 to 6, wherein an increased level of sepiapterin is a detectable level of
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sepiapterin.

8. The sepiapterin reductase inhibitor (SPRi) for use, or assay according to any one of claims 1 to 7, wherein the
measurement step comprises performing a liquid chromatography coupled to mass spectrometry, fluorescent de-
tection, mass spectroscopy, or ELISA measurement.

9. The sepiapterin reductase inhibitor (SPRi) for use, or assay according to any one of claims 1 to 8, wherein the level
of sepiapterin is the extracellular or intracellular level of sepiapterin.

10. The sepiapterin reductase inhibitor (SPRi) for use, or assay according to claim 9 wherein the intracellular level of
sepiapterin is the level in a cell selected from the group consisting of: a neuron; a white blood cell; a red blood cell;
a fibroblast; an epithelial cell; a neural progenitor cell; an embryonic stem cell; and an iPSC.

11. The sepiapterin reductase inhibitor (SPRi) for use, or assay according to claim 10 wherein the intracellular level of
sepiapterin is the level in a white blood cell.

12. The sepiapterin reductase inhibitor (SPRi) for use, or assay according to claim 9 wherein the level of extracellular
sepiapterin is the level of sepiapterin in a bodily fluid, optionally wherein the bodily fluid is selected from the group
consisting of: plasma; blood; cerebrospinal fluid; synovial fluid; saliva; tears; and urine.

13. The sepiapterin reductase inhibitor (SPRi) for use, or assay according to claim 12 wherein the bodily fluid is urine.

14. The sepiapterin reductase inhibitor (SPRi) for use, or assay according to any one of claims 1 to 13, wherein the
subject is a subject who has received or is receiving treatment with a sulfa drug.

Patentansprüche

1. Sepiapterin-Reductase-Inhibitor (SPRi) zur Verwendung in einem Verfahren zur Behandlung von chronischen
Schmerzen oder Schmerzüberempfindlichkeit und Entzündung bei einem Individuum, wobei durch das Verfahren
die Verabreichung des SPRi an das Individuum überwacht wird, wobei das Verfahren Folgendes umfasst:

das Verabreichen einer Dosis des Sepiapterin-Reductase-Inhibitors (SPRi);
das Messen des Sepiapterin-Spiegels; und

a) das Verabreichen einer weiteren und/oder höheren Dosis des SPRi, falls der Spiegel von Sepiapterin
in oder unter einem Referenzbereich liegt und
b) das Absetzen oder Verabreichen einer geringeren Dosis des SPRi, falls der Spiegel von Sepiapterin
über dem Referenzbereich liegt.

2. Sepiapterin-Reductase-Inhibitor (SPRi) zur Verwendung nach Anspruch 1,
wobei ein nichtdetektierbarer Sepiapterin-Spiegel anzeigt, dass das Individuum einer weiteren und/oder einer hö-
heren Dosis des SPRi bedarf; oder
wobei ein Sepiapterin-Spiegel, der über einem Referenzbereich liegt, in dem aufgrund der Inhibierung von SPR
keine Nebenwirkungen auftreten, anzeigt, dass das Individuum des Absetzens und/oder des Verabreichens einer
geringeren Dosis des SPRi bedarf; oder
wobei ein Sepiapterin-Spiegel, der über einem Referenzbereich liegt, in dem aufgrund der Inhibierung von SPR
Nebenwirkungen auftreten, anzeigt, dass das Individuum des Absetzens und/oder des Verabreichens einer gerin-
geren Dosis des SPRi bedarf.

3. Test zum Identifizieren der Gegenwart, des Ausmaßes und/oder der Rate der Inhibierung von Sepiapterin-Reductase
(SPR) durch einen Inhibitor, wobei der Test Folgendes umfasst:

das Messen des Sepiapterin-Spiegels in einer Probe, wobei die Probe eine Zelle enthält, die mit einem Mittel-
kandidaten in Kontakt gebracht wurde;
wobei ein höherer Sepiapterin-Spiegel anzeigt, dass der Mittelkandidat ein Inhibitor von SPR ist.

4. Test nach Anspruch 3, wobei ein höherer Sepiapterin-Spiegel ein detektierbarer Sepiapterin-Spiegel ist.
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5. Test nach Anspruch 3 oder Anspruch 4, wobei die Probe eine Probe ist, die aus einer Zellkultur oder von einem
Individuum erhalten wurde.

6. Test nach einem der Ansprüche 3 bis 5, wobei die Zelle eine isolierte kultivierte Zelle oder Teil eines Gewebes ist.

7. Test nach einem der Ansprüche 3 bis 6, wobei ein höherer Sepiapterin-Spiegel ein detektierbarer Sepiapterin-
Spiegel ist.

8. Sepiapterin-Reductase-Inhibitor (SPRi) zur Verwendung oder Test nach einem der Ansprüche 1 bis 7, wobei der
Messschritt das Durchführen von Flüssigchromatographie in Kombination mit Massenspektrometrie, Fluoreszenz-
detektion, Massenspektroskopie oder ELISA-Messung umfasst.

9. Sepiapterin-Reductase-Inhibitor (SPRi) zur Verwendung oder Test nach einem der Ansprüche 1 bis 8, wobei der
Sepiapterin-Spiegel der extrazelluläre oder intrazelluläre Sepiapterin-Spiegel ist.

10. Sepiapterin-Reductase-Inhibitor (SPRi) zur Verwendung oder Test nach Anspruch 9, wobei der intrazelluläre Se-
piapterin-Spiegel der Spiegel in einer Zelle ist, die aus der aus folgenden bestehenden Gruppe ausgewählt ist:
einem Neuron; einem Leukozyten; einem Erythrozyten; einem Fibroblasten; einer Epithelzelle; einer Nervenvor-
läuferzelle; einer embryonalen Stammzelle; und einer iPSC.

11. Sepiapterin-Reductase-Inhibitor (SPRi) zur Verwendung oder Test nach Anspruch 10, wobei der intrazelluläre Se-
piapterin-Spiegel der Spiegel in einem Leukozyten ist.

12. Sepiapterin-Reductase-Inhibitor (SPRi) zur Verwendung oder Test nach Anspruch 9, wobei der Spiegel von extra-
zellulärem Sepiapterin der Sepiapterin-Spiegel in einer Körperflüssigkeit ist, wobei gegebenenfalls die Körperflüs-
sigkeit aus der aus folgenden bestehenden Gruppe ausgewählt ist: Plasma; Blut; Rückenmarksflüssigkeit; Gelenks-
flüssigkeit; Speichel; Tränenflüssigkeit und Urin.

13. Sepiapterin-Reductase-Inhibitor (SPRi) zur Verwendung oder Test nach Anspruch 12, wobei die Körperflüssigkeit
Urin ist.

14. Sepiapterin-Reductase-Inhibitor (SPRi) zur Verwendung oder Test nach einem der Ansprüche 1 bis 13, wobei das
Individuum ein Individuum ist, das eine Behandlung mit einem Sulfa-Arzneimittel erhalten hat oder erhält.

Revendications

1. Inhibiteur de sépiaptérine réductase (SPRi) à utiliser dans un procédé de traitement de la douleur chronique ou de
l’hypersensibilité à la douleur, et de l’inflammation d’un sujet,
dans lequel le procédé surveille l’administration de la SPRi au sujet, le procédé comprenant les étapes consistant à :

administrer une dose de l’inhibiteur de sépiaptérine réductase (SPRi) ;
mesurer le niveau de sépiaptérine ; et

a) administrer une dose supplémentaire et/ou accrue de SPRi si le niveau de sépiaptérine est égal ou
inférieur à la plage de référence et
b) cesser ou administrer une dose réduite de SPRi si le niveau de sépiaptérine est supérieur à la plage de
référence.

2. Inhibiteur de sépiaptérine réductase (SPRi) à utiliser selon la revendication 1,
dans lequel un niveau indétectable de sépiaptérine indique que le sujet a besoin d’une dose supplémentaire et/ou
accrue de SPRi, ou
dans lequel un niveau de sépiaptérine supérieur à une plage de référence dans laquelle aucun effet indésirable ne
se produit en raison de l’inhibition de SPR indique que le sujet a besoin de l’arrêt et/ou de l’administration d’une
dose réduite de SPRi ou
dans lequel un niveau de sépiaptérine supérieur à une plage de référence dans laquelle des effets indésirables se
produisent en raison d’une inhibition de SPR indique que le sujet a besoin de l’arrêt et/ou de l’administration d’une
dose réduite de SPRi.
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3. Test pour identifier la présence, le degré et/ou le taux d’inhibition de sépiaptérine réductase (SPR) par un inhibiteur,
le test comprenant les étapes consistant à :

mesurer le niveau de sépiaptérine dans un échantillon, dans lequel l’échantillon contient une cellule qui a été
mise en contact par un agent candidat ;
dans lequel un niveau accru de sépiaptérine indique que l’agent candidat est un inhibiteur de SPR.

4. Test selon la revendication 3, dans lequel un niveau accru de sépiaptérine est un niveau détectable de sépiaptérine.

5. Test selon la revendication 3 ou la revendication 4, dans lequel l’échantillon est un échantillon obtenu à partir d’une
culture cellulaire ou d’un sujet.

6. Test selon l’une quelconque des revendications 3 à 5, dans lequel la cellule est une cellule cultivée isolée ou une
partie d’un tissu.

7. Test selon l’une quelconque des revendications 3 à 6, dans lequel un niveau accru de sépiaptérine est un niveau
détectable de sépiaptérine.

8. Inhibiteur de sépiaptérine réductase (SPRi) à utiliser, ou test selon l’une quelconque des revendications 1 à 7, dans
lequel l’étape de mesure comprend la réalisation d’une chromatographie en phase liquide couplée à une spectro-
métrie de masse, une détection par fluorescence, une spectroscopie de masse ou une mesure ELISA.

9. Inhibiteur de sépiaptérine réductase (SPRi) à utiliser, ou test selon l’une quelconque des revendications 1 à 8, dans
lequel le niveau de sépiaptérine est le niveau extracellulaire ou intracellulaire de sépiaptérine.

10. Inhibiteur de sépiaptérine réductase (SPRi) à utiliser, ou test selon la revendication 9, dans lequel le niveau intra-
cellulaire de sépiaptérine est le niveau dans une cellule choisie dans le groupe constitué par :
un neurone ; un globule blanc ; un globule rouge ; un fibroblaste ; une cellule épithéliale ; une cellule progénitrice
neurale ; une cellule souche embryonnaire ; et un iPSC.

11. Inhibiteur de sépiaptérine réductase (SPRi) à utiliser, ou test selon la revendication 10, dans lequel le niveau
intracellulaire de sépiaptérine est le niveau dans un globule blanc.

12. Inhibiteur de sépiaptérine réductase (SPRi) à utiliser, ou test selon la revendication 9, dans lequel le niveau de
sépiaptérine extracellulaire est le niveau de sépiaptérine dans un fluide corporel, facultativement dans lequel le
fluide corporel est choisi dans le groupe comprenant : du plasma ; du sang ; du liquide céphalo-rachidien ; du fluide
synovial ; de la salive ; des larmes ; et de l’urine.

13. Inhibiteur de sépiaptérine réductase (SPRi) à utiliser, ou test selon la revendication 12, dans lequel le fluide corporel
est de l’urine.

14. Inhibiteur de sépiaptérine réductase (SPRi) à utiliser, ou test selon l’une quelconque des revendications 1 à 13,
dans lequel le sujet est un sujet qui a reçu ou est en train d’être traité avec un médicament sulfamide.
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摘要(译)

本文描述了与抑制sepiapterin还原酶有关的方法和测定，并通过测量
sepiapterin的水平来测量所述抑制。在一些实施方案中，所述方法还可
涉及用BH4和/或BH2治疗受试者。
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