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FIG. 4a
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FIG. 4dc
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FIG. 5a

{a) NMDA group, before Ac-LM-HMRG administration

FIG. 5b

{b) NMDA group, 30 min after Ac~-LM~-HMRG administratiocon
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FIG. 5S¢

{c) NMDA group, 60 min after Ac-LM-HMRG administration

s

{d) NMDA group, 90 min after Ac~LM-HMRG administration
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FIG. ba

{a) PBS group, before Ac-LM~-HMRG administration

FIG. 6b

{b} PBS group, 30 min after Ac~IM-HMRG administration
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FIG. 6C

{c) PBS group, 60 min after Ac-LM-HMRG administration

FIG. &d

{d) PBS group, 90 min after Ac-LM-HMRG administration
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FIG. Ta

(a) NMDA group, FG

FIG. 7b

(b} NMDA group, Ac-LM-HMRG
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FIG. Tc

{c) NMDA group, Sytox Orange ({(dead cell stain)

{a) PBS group, FG
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FIG. 8b

{b} PBS group, Ac-LM-HMRG

FIG, 8c

{c) PBS group, Sytox Orange {dead cell stain)
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1
FLUORESCENT PROBE FOR DETECTING
CALPAIN ACTIVITY

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue; a claim printed with strikethrough
indicates that the claim was canceled, disclaimed, or held
invalid by a prior post-patent action or proceeding.

TECHNICAL FIELD

The present invention relates to a green fluorescent probe
capable of detecting the activity of calpains. The present
invention also relates to diagnostic for retinal disease that
uses the fluorescent probe.

BACKGROUND ART

Glaucoma is the number one cause of acquired blindness
in adults in Japan, affecting an average of approximately 5%
of those at least 40 years old. The definition of glaucoma is
“a disease characterized by functional, structural abnormal-
ity of the eye having characteristic changes in the optic nerve
and visual field in which optic nerve damage can usually be
improved or suppressed by lowering the intraocular pressure
sufficiently” (Non-patent Reference 1). Glaucoma is broadly
classified as I) primary glaucoma, II) secondary glaucoma,
and III) developmental glaucoma. 1) primary glaucoma is
also classified as 1) glaucoma primary open-angle glaucoma
(broad sense) (A: primary open-angle glaucoma, B: normo-
tensive glaucoma), 2) primary closed-angle glaucoma (A:
primary closed-angle glaucoma, B: iris plateau glaucoma),
and 3) mixed glaucoma (Non-patent Reference 1).

Elevated intraocular pressure is one finding often seen in
glaucoma, but in Japan normotensive glaucoma in which the
intraocular pressure remains constantly at a normal value
during the course of development and progress of the
glaucoma accounts for approximately 70% of all glaucoma
patients. This is a trend seen conspicuously in Asia. The
treatment method for glaucoma currently relied upon, how-
ever, is only lowering the intraocular pressure, and treatment
methods for factors other than intraocular pressure are being
sought.

Glaucoma in all its forms is characterized by the progres-
sive disappearance of retinal ganglion cells (RGC) and
corresponding visual field abnormalities. The disappearance
of RGC has recently been suggested to be affected by
calpain activity, and disappearance of RGC is reported to be
decreased by administration of a calpain inhibitor in an
animal model of normotensive glaucoma (Non-patent Ref-
erence 2).

The participation of calpains is also suggested in retinitis
pigmentosa (RP), age-related macular degeneration (AMD),
and retinal neuropathy associated with diabetic retinopathy
(Non-patent References 3-6).

Further, it is thought that calpain activation participates in
retinal vascular occlusive diseases such as retinal vein
occlusion and retinal artery occlusion, which are ischemic
diseases (Non-patent References 7 and 8).

Calpains are cysteine proteases that act Ca>*-dependently.
They are expressed universally in the central nervous system
and are related to neurodegenerative diseases such as
Alzheimer’s disease, Parkinson’s disease, and Huntington’s
disease. Calpains are expressed by RGC and the nerve fiber
layer in the retina (Non-patent References 9-11), and acti-
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vation of calpains is confirmed in the GCL (ganglion cell
layer) of retinal grafts after axotomy and in rat glaucoma
models (Non-patent References 12 and 13). Calpains indi-
rectly induce an apoptosis pathway, and, as a result, are
related to the disappearance of RGC.

From this viewpoint, it is thought that being able to
observe calpain activity in real time in animal models would
make it possible to:

(1) clarify when, where, and how calpain activity partici-
pates in the pathology of retinal diseases and

(2) use the knowledge of (1) to assess the progress of
retinal diseases and the timing of treatment intervention.

Calpain probes reported to date are:

(A) a protein-based probe in which a fluorescent protein
domain is bonded to a peptide that serves as a substrate of
calpain (Non-patent Reference 14) and

(B) a probe in which a dipeptide is bonded to coumarin
(Non-patent Reference 15). However, the development of a
calpain activity-detecting fluorescent probe that does not
rely on gene introduction and does not use UV light for
excitation light is required in imaging in live cells.

PRIOR ART REFERENCES
Non-Patent References

Non-Patent Reference 1: Japan Glaucoma Society HP.

Non-Patent Reference 2: M Ryu, M. Yasuda, D. Shi, A. Y
Shanab, R. Watanabe, N. Himori, K. Omodaka, Y
Yokoyama, J. Takano, T. Saido, T. Nakazawa, J Neurosci
Res. 2012, 90, 802-815.

Non-Patent Reference 3: Eye (2014) 28, 85-92.

Non-Patent Reference 4: Biochimica et Biophysica Acta
1822 (2012) 1783-1795.

Non-Patent Reference 5: PLOS ONE August 2013, Volume
8, Issue 8, €71650.

Non-Patent Reference 6: Neurobiology of Disease 48 (2012)
556-567.

Non-Patent Reference 7: Retinal ischemia: Mechanisms of
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Non-Patent Reference 8: Degeneration and dysfunction of
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SUMMARY OF THE INVENTION

Problems to be Solved by the Invention

The purpose of the present invention is to provide a
fluorescent probe that detects calpain activity in cells at high
sensitivity.

The purpose of the present invention is also to provide a
diagnostic for retinal disease that, through the use of the
fluorescent prove, permits real time monitoring of calpain
activity and clarification of pathology, clinical diagnosis,
and assessment of therapeutic effect in retinal neuropathy
that progresses via activation of calpains in the field of
ophthalmology.

Means for Solving the Problems

Upon in-depth studies, the present inventors discovered
that a fluorescent probe the fluorescence of which rises
during enzymatic reaction with calpains within cells can be
provided by using HMRG as a basic skeleton and amide
bonding a peptide chain to serve as a substrate for calpains,
and completed the present invention.

Specifically, the present invention provides:

[1] A compound of the following general formula (I):

[Chemical formula 1]

@

R4

RS

wherein R' is a hydrogen atom or from one to four of the
same or different substituents that bond to the benzene ring;

R?, R? R* R® RS, and R7 are, each independently, a
hydrogen atom, hydroxyl group, alkyl group, or halogen
atom;

R® and R® are, each independently, a hydrogen atom or
alkyl group;

X is a C,-C; alkylene group;

R'° is a monovalent substituent cleaved by contact with
calpain;
or a salt thereof.

[2] The compound according to [1] wherein R is a
monovalent substituent including an oligopeptide residue, or
a salt thereof.

[3] The compound according to [2] wherein the monova-
lent substituent including an oligopeptide residue is repre-
sented by the following formula (1) or (2), or a salt thereof.
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OH

[4] A compound of the following formula (3) or a salt
thereof.

&)

[5] A compound of the following formula (4) or a salt
thereof.

)

[6] A fluorescent probe containing a compound according
so to any of [1]-[5] or a salt thereof.

[7] A method for measuring calpain, comprising the
following steps: (a) a step for bringing a compound accord-
ing to any of [1]-[5] or a salt thereof and calpain into contact
and (b) a step for measuring the fluorescence intensity of the
compound produced in step (a) after contact with calpain.
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[8] A diagnostic for retinal disease containing a compound
according to any of [1]-[5] or a salt thereof.

[9] The diagnostic according to [8], wherein the retinal
disease is glaucoma, retinitis pigmentosa, age-related macu-
lar degeneration, or retinal neuropathy or retinal vascular
occlusive disease associated with diabetes.

[10] The diagnostic according to [9] wherein the glau-
coma is normotensive glaucoma.

Advantages of the Invention

The use of the compound of the present invention makes
it possible to provide a bright flourescent probe that can
detect calpain activity in the green wavelength region, has
excellent photostability, and a high quantum yield of the
fluorescent substance generated by reaction with calpain.

The use of the compound of the present invention also
makes it possible to provide a diagnostic of retinal diseases
that permits real time monitoring of calpain activity in live
cells, clarification of pathology, clinical diagnosis, and
assessment of therapeutic effect in retinal diseases that
progress via activation of calpain in the field of ophthalmol-
ogy (for example, glaucoma, retinitis pigmentosa, age-re-
lated macular degeneration, retinal neuropathy or retinal
vascular occlusive disease associated with diabetes, and
other such retinal diseases). In particular, because it emits
green fluorescence of basically the same wavelength as
fluorescein, the compound of the present invention can be
observed by a fluorescein fluorescence fundus angiograph,
which is already widely used in the field of ophthalmology,
and is immediately applicable to actual clinical practice.

Therefore, the present invention contributes to clarifying
the pathology of retinal neuropathy that progresses via
activation of calpain in the field of ophthalmology as a tool
for monitoring calpain activity in live cells.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1a shows the changes in the absorption and fluores-
cence spectra of Ac-LLY-HMRG due to calpain addition
(using calpain 1)

FIG. 1b shows the changes in the absorption and fluo-
rescence spectra of Ac-LLY-HMRG due to calpain addition
(using calpain 2)

FIG. 2a shows the changes in the absorption and fluores-
cence spectra of Ac-LM-HMRG due to calpain addition
(using calpain 1)

FIG. 2b shows the changes in the absorption and fluo-
rescence spectra of Ac-LM-HMRG due to calpain addition
(using calpain 2)

FIG. 3 shows live cell imaging using Ac-LLY-HMRG

FIG. 4a shows live cell imaging using Ac-LM-HMRG (no
ALLN added)

FIG. 4b shows live cell imaging using Ac-LM-HMRG (1
uM of ALLN added)

FIG. 4c shows live cell imaging using Ac-LM-HMRG (2
uM of ALLN added)

FIG. 4d shows live cell imaging using Ac-LM-HMRG (5
uM of ALLN added)

FIG. 5a is a fundus photograph of before Ac-LM-HMRG
administration in the NMDA group
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FIG. 5b is a fundus photograph of 30 minutes after
Ac-LM-HMRG administration in the NMDA group

FIG. 5¢c is a fundus photograph of 60 minutes after
Ac-LM-HMRG administration in the NMDA group

FIG. 5d is a fundus photograph of 90 minutes after
Ac-LM-HMRG administration in the NMDA group

FIG. 6a is a fundus photograph of before Ac-LM-HMRG
administration in the PBS group

FIG. 6b is a fundus photograph of 30 minutes after
Ac-LM-HMRG administration in the PBS group

FIG. 6c is a fundus photograph of 60 minutes after
Ac-LM-HMRG administration in the PBS group

FIG. 6d is a fundus photograph of 90 minutes after
Ac-LM-HMRG administration in the PBS group

FIG. 7ais an FG stained image of a flat-mounted retina in
the NMDA group

FIG. 7b is an HMRG stained image of a flat-mounted
retina in the NMDA group

FIG. 7c is a Sytox (registered trademark) Orange stained
image of a flat-mounted retina in the NMDA group

FIG. 8a is an FG stained image of a flat-mounted retina in
the PBS group

FIG. 8b is an HMRG stained image of a flat-mounted
retina in the PBS group

FIG. 8c is a Sytox (registered trademark) Orange stained
image of a flat-mounted retina in the PBS group

BEST MODE FOR CARRYING OUT THE
INVENTION

In the present specification, an alkyl group may be any
alkyl group comprising linear, branched, cyclic, or a com-
bination thereof. The number of carbon atoms in the alkyl
group is not particularly restricted; for example, about 1-6
carbon atoms or about 1-4 carbon atoms. In this specifica-
tion, alkyl groups may have one or more optional substitu-
ents. Examples of substituents include, but are not limited to,
an alkoxy group, halogen atom (may be any of a fluorine
atom, chlorine atom, bromine atom, or iodine atom), amino
group, mono- or di-substituted amino group, substituted
silyl group, acyl group, or the like. When an alkyl group has
two or more substituents, they may be the same or different.
The same is also true for alkyl moieties of other substituents
that include an alkyl moiety (for example, an alkyloxy
group, aralkyl group, or the like).

In addition, in the present specification, an aryl group may
be either a monocyclic aryl group or a fused polycyclic aryl
group, and may include one or more heteroatoms (for
example, an oxygen atom, nitrogen atom, sulfur atom, or the
like) as ring members. In the present specification, an aryl
group may have one or more optional substituents on its
ring. Examples of substituents include, but are not limited to,
an alkoxy group, halogen atom, amino group, mono- or
di-substituted amino group, substituted silyl group, acyl
group, or the like. When an aryl group has two or more
substituents, they may be the same or different. The same is
also true for aryl moieties of other substituents that include
an aryl moiety (for example, an aryloxy group, aralkyl
group, or the like).

One embodiment of the present invention is a compound
of the following general formula (I):
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[Chemical formula 1]

@

R4

RS

wherein, R is a hydrogen atom or from one to four of the
same or different substituents that bond to the benzene ring;

R?, R?, R* R® R and R7 are, each independently, a
hydrogen atom, hydroxyl group, alkyl group, or halogen
atom,

R?® and R? are, each independently, a hydrogen atom or
alkyl group;

X is a C,-C; alkylene group;

R'° represents a monovalent substituent cleaved by con-
tact with calpain;
or a salt thereof.

R' represents a hydrogen atom or from one to four
substituents that bond to the benzene ring. Examples of
substituents include, but are not limited to, an alkyl group,
alkoxy group, halogen atom, amino group, mono- or disub-
stituted amino group, substituted silyl group, acyl group, or
the like. When there are two or more substituents on the
benzene ring, they may be the same or different. A hydrogen
atom is preferred as R'.

R?, R, R* R’ RS and R7 each independently represent
a hydrogen atom, hydroxyl group, alkyl group, or halogen
atom. R? and R” are preferably hydrogen atoms. R?, R*, R,
and R® are also preferably hydrogen atoms. It is more
preferred that R?, R®, R* R> RS, and R are all hydrogen
atoms.

R® and R® each independently represent a hydrogen atom
or alkyl group. When R® and R® both represent alkyl groups,
they may be the same or different. For example, it is
preferred when R® and R® are both hydrogen atoms or when
R® is an alkyl group and R® is a hydrogen atom. It is more
preferred that R® and R are both hydrogen atoms.

X represents a C,-C; alkylene group. An alkylene group
may be a linear alkylene group or a branched alkylene
group. For example, in addition to a methylene group
(—CHy—), ethylene group (—CH,—CH,—), propylene
group (—CH,—CH,—CH,—), —CH(CH;)—, —CH,—
CH(CH;)—, —CH(CH,CH;)—, and the like can also be
used as branched alkylene groups. Among these, a methyl-
ene group or ethylene group is preferred, and a methylene
group is more preferred.

In general formula (I), R'° represents a monovalent sub-
stituent that is cleaved by contact with calpain. A monova-
lent substituent including an oligopeptide residue is pre-
ferred as the monovalent substituent that is cleaved by
contact with calpain.

Monovalent substituents including an oligopeptide resi-
due having a sequence of Leu-Leu-Tyr, Leu-Met, Leu-Leu-
Val-Tyr, Thr-Pro-Leu-Leu, Thr-Pro-Leu-Lys, Thr-Pro-Leu-
Phe, and Leu-Try (the amino acid at the right end of the
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sequence bonds directly to the NH group bonded to the
xanthene skeleton) are preferred as monovalent substituents
including an oligopeptide residue.

The N end of the monovalent substituent including an
oligopeptide residue may be protected. Examples of pro-
tecting groups include an acetyl group, glutaryl group,
succinyl group, tert-butoxycarbonyl group, benzyloxycarbo-
nyl group, and the like, but substituents other than these may
be used.

In one embodiment of the present invention, the monova-
lent substituent including an oligopeptide residue is repre-
sented by the following formula (1) or (2).

M

@

One preferred embodiment of the present invention is a
compound represented by the following formula (3) or (4),
or a salt thereof.

&)
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-continued

Q)

Examples of salts of compounds represented by general
formula (I) and formulas (3) and (4) in the present invention
include base addition salts, acid addition salts, amino acid
salts, and the like. Examples of base addition salts include
metal salts such as a sodium salt, potassium salt, calcium
salt, magnesium salt, or the like, an ammonium salt, or an
organic amine salt such as a triethylamine salt, piperidine
salt, morpholine salt, or the like. Examples of acid addition
salts include mineral acid salts such as a hydrochloride,
sulfate, nitrate, and the like, and organic acid salts such as a
methanesulfonate, p-toluenesulfonate, citrate, oxalate, and
the like. Examples of amino acid salts include a glycine salt
and the like. However, salts of compounds of the present
invention are not limited to these.

Compounds represented by general formula (I) some-
times have one or more asymmetrical carbons in accordance
with the types of substituents and can exist as stereoisomers
such as optical isomers and diastereomers. Stereoisomers of
a pure form, any mixtures of stereoisomers, racemic mix-
tures, and the like are all encompassed within the scope of
the present invention. In addition, compounds represented
by general formula (I) or salts thereof can also exist as
hydrates or solvates. All of these are encompassed within the
scope of the present invention. The type of solvent that
forms a solvate is not particularly restricted; examples
include ethanol, acetone, isopropanol, and other such sol-
vents.

A fluorescent probe including a compound represented by
general formula (I), formula (3), or formula (4) or a salt
thereof provided by the present invention can generate a
compound in which the absorption wavelength is shifted to
a longer wavelength (corresponding to a compound in which
R'? in the above general formula (1) is a hydrogen atom) by
cleaving the R'° substituent or the monovalent substituent
including an oligopeptide residue by contact with calpain,
and can be used suitably as a fluorescent probe for measur-
ing calpain.

Calpain can be measured using the above fluorescent
probe in accordance with methods known to those skilled in
the art. The fluorescent probe can therefore also be used as
a reagent for research and also as a reagent for diagnosis of
humans and animals. For example, using the above fluores-
cent probe makes it possible to measure the concentration
and amount of a substance to be measured in a test tube.
Alternatively, measurement is possible by causing the fluo-
rescent probe to be taken up within living cells or a living
body and imaging by a bioimaging technique. A typical
example is a method that includes the following steps: (a) a
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step for bringing a compound represented by general for-
mula (I) having a monovalent substituent that is cleaved by
contact with calpain or a salt thereof and calpain into contact
and (b) a step for measuring the fluorescence intensity of the
compound produced in step (a) after contact with calpain.

The method for using the fluorescent probe of the present
invention is not particularly restricted. Examples include
measurement of the activity of isolated, purified enzymes
and calpain included in cell lysate, measurement of calpain
activity in living cells, measurement of the activity of
enzymes that serve as a cancer biomarker in living tissues
making use of the long wavelength optical property, and the
like.

Another embodiment of the present invention is a diag-
nostic for retinal diseases including a compound and salt of
the present invention.

Another embodiment of the present invention is a diag-
nostic for retinal neuropathy that progresses via activation of
calpain in the field of ophthalmology including a compound
and salt of the present invention.

Yet another embodiment of the present invention is a
diagnostic for glaucoma, retinitis pigmentosa, age-related
macular degeneration, retinal neuropathy or retinal vascular
occlusive disease associated with diabetes (retinal vein
occlusion or retinal artery occlusion) including a compound
and salt of the present invention.

Yet another embodiment of the present invention is a
diagnostic for glaucoma including a compound and salt of
the present invention.

Yet another aspect of the present invention is a diagnostic
for normotensive glaucoma including a compound and salt
of the present invention.

Compounds and salts of the present invention can detect
calpain activity in the green wavelength region and have
excellent photostability. Their use in the field of ophthal-
mology therefore permits clarification of the pathology,
clinical diagnosis, and assessment of the therapeutic effect in
retinal neuropathy that progresses via activation of calpain,
for example, glaucoma (especially normotensive glaucoma),
retinitis pigmentosa, age-related macular degeneration, reti-
nal neuropathy and retinal vascular occlusive diseases asso-
ciated with diabetes, and other such retinal diseases.

In addition, since compounds of the present invention
emit a green fluorescence of basically the same wavelength
as fluorescein, compounds of the present invention can be
observed by a fluorescein fluorescence fundus angiograph,
which is already widely used in the field of ophthalmology,
and are immediately applicable to actual clinical practice.

EXAMPLES
The present invention is explained more concretely below

through examples. The scope of the present invention,
however, is not limited to the following examples.

Synthesis Example 1

Compound 1 (Ac-LLY-HMRG) of the present invention
was synthesized according tyo the following scheme 1.
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Scheme 1: Method for synthesizing compound 1 (Ac-LLY-HMRG)
of the present invention
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LN . 0 ] NH
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Ac-LLY-HMRG

(1) Synthesis of Leuco-HMRG

Three hundred sixty-two grams (0.986 mmol, 1 Eq) of
Rhodamin 110 and 400 pl (7.504 mmol, 7.6 Eq) of sulfuric
acid were dissolved in 40 mL of methanol and stirred
overnight at 80° C. The reaction solvent was removed under
reduced pressure, and the product was neutralized by
sodium bicarbonate aqueous solution. The solid obtained
was extracted by water and methanol. The solvent of the
organic layer was removed, and a solid was obtained. The
solid was then dissolved in 60 mL of THF, 247.8 mg (6.53
mmol, 6.6 Eq) of LAH was added while cooling by ice, and
the solution was stirred overnight at 0° C. in an argon
atmosphere. After quenching by methanol, 50 mL of dichlo-
romethane and 100 mL of Rochelle salt aqueous solution
were added and stirred overnight. Water was added to the
reaction mixture, which was then extracted by dichloroeth-
ane and washed with brine. Sodium sulfate was added to the
organic layer, the solvent was removed after filtration, and a
solid was obtained. The solid was purified by silica gel
chromatography (dichloromethane/methanol=97/3), and the
target compound (64 mg, 21%) was obtained.

H NMR (400 MHz, DMSO): § 7.36-7.34 (m, 1H),
7.12-7.10 (m, 2H), 6.96-6.94 (m, 1H), 6.59 (d, 2H, J=8.2

45

65

Hz), 6.24 (d, 2H, J=2.2 Hz), 6.16 (dd, 2H, J=8.2 Hz, 2.2 Hz),
5.29 (s, 1H), 5.19 (t, 1H, J=4.9 Hz), 5.07 (s, 4H), 4.54 (d, 2H,
J=4.9 Hz). The HRMS (ESI*) was calculated for [M+Na]*
as 341.12605; The value found was 341.12576 (-0.29
mmu).

(2) Synthesis of Ac-LLY-HMRG (Compound 1 of the
Present Invention)

A quantity of 6.3 mg (0.0198 mmol, 2 Eq) of leuco-
HMRG was dissolved in 0.2 ml of dimethylsulfoxide
(DMSO), 5 mg (0.0099 mmol, 1 Eq) of Ac-Leu-Leu-Tyr
(OtBu)-OH, 5.7 mg (0.0150 mmol, 1.5 Eq) of O-(benzotri-
azol-1-y1)-N,N,N',N'-tetramethyluronium hexafluorophos-
phate (HATU), and 5 plL (0.0287 mmol, 2.9 Eq) of N,N-
diisopropylethylamine (DIEA) were added, and stirred for
two hours at 70° C. in an argon atmosphere. Water was
added to the reaction mixture, which was extracted by ethyl
acetate and washed with brine. After drying the organic layer
by sodium sulfate, the solvent was evaporated under reduced
pressure. A quantity of 8.0 mg (0.0099 mmol, 1 Eq) of the
residue and 6.6 mg (0.0268 mmol, 2.7 Eq) of chloranil were
dissolved in dichloromethane solution and stirred for 30
minutes at room temperature. A quantity of 58 ul. (0.495
mmol, 50 Eq) of thioanisole and 2 mL of trifluoroacetic acid
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(TFA) were then added, stirred for seven hours, and crudely
purified by a short column. Next, purification was performed
by HPLC (eluent A (99% H,O (0.1% TFA)/1% CH;CN) and
eluent B (99% CH,CN, 1% H,O) (A/B=90/10 to 10/90, 20
min)), and the target compound (1.4 mg, 19% (in two steps))
was obtained.

The HRMS (ESI*) was calculated for [M+H]* as
748.37048; The value found was 748.36998 (-0.5 mmu).

Synthesis Example 2

Compound 2 (Ac-LM-HMRG) of the present invention
was synthesized according to the following scheme 2.

Scheme 2: Method for synthesizing compound 2 (Ac-LM-HMRG)
of the present invention

5 OH
H,N 0 NH,

O OH

Ac-LM-OH
HATU
DIEA
DMSO

—_—
70°C.,1.5h.

chioranil
CH,OH
CH,Cl

—_—
t,1.5h

Ac-LM-HMRG

Scheme 3: Reaction scheme of calpain probes with calpin
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(1) Synthesis of Ac-LM-Leuco-HMRG

A quantity of 10.6 mg (0.033 mmol, 12 Eq) of leuco-
HMRG was dissolved in 0.3 ml of dimethylsulfoxide
(DMSO), 5 mg (0.016 mmol, 1 Eq) of Ac-Leu-Met-OH, 9.5
mg (0.025 mmol, 1.5 Eq) of O-(benzotriazol-1-y1)-N,N,N',
N'-tetramethyluronium hexatluorophosphate (HATU), and
8.6 uL (0.049 mmol, 3 Eq) of N,N-diisopropylethylamine
(DIEA) were added, and stirred for 90 minutes at 70° C. in
an argon atmosphere. Water was added to the reaction
mixture, which was extracted by ethyl acetate and washed
with brine. After drying the organic layer by sodium sulfate,
the solvent was evaporated under reduced pressure. The
residue was purified by silica gel chromatography (dichlo-
romethane/methanol=91/9), and the target compound (8.1
mg, 82%) was obtained.

The HRMS (ESI*) was calculated for [M+Na]* as
627.26116; The value found was, 627.25978 (-1.4 mmu).

(2) Synthesis of Ac-LM-HMRG (Compound 2 of the
Present Invention

A quantity of 8.1 mg (0.0134 mmol, 1 Eq) of Ac-LM-
leuco-HMRG and 9.2 mg (0.0374 mmol, 2.8 Eq) of chlo-
ranil were dissolved in dichloromethane solution and stirred
for 30 minutes at room temperature. After crude purification
by a short column, purification was conducted using HPL.C
(eluent A (99% H,O (0.1% TFA)/1% CH,;CN) and eluent B
(99% CH,CN, 1% H,0) (A/B=75/25 10 25/75, 30 min)), and
the target compound (1.3 mg, 13% (in two steps)) was
obtained.

The HRMS (ESI") was calculated for [M+H]" as
603.26357 The value found was 603.26343 (-0.13 mmu).

Reaction Mechanism of Calpain Probes (Ac-LLY-

HMRG, Ac-LM-HMRG)

Probes (Ac-LLY-HMRG, Ac-LM-HMRG) in which an
amino acid that is a substrate of calpain is connected by an
amide bond to an amino group of the xanthene ring of
HMRG are converted to HMRG when the amino acid is cut
out by calpain. Such a change from a closed-ring structure
to an open-ring structure after the reaction causes a signifi-
cant change from no absorption/no fluorescence to strong
fluorescence (scheme 3).
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Ac-LLY-HMRG
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Ac-LM-HMRG

Example 1

Measurement of the Optical Properties of Ac-LLY-
HMRG and Ac-LM-HMRG

The optochemical properties of Ac-LLY-HMRG and Ac-
LM-HMRG were measured in 0.2 M sodium phosphate
buffer of pH 2. Table 1 below also shows the optochemical
properties of HMRG, which is the enzymatic reaction prod-
uct.

TABLE 1
AbS,, 0 Em,,..
[nm] [nm] D,
Ac-LLY-HMRG 470 526 0.19
Ac-LM-HMRG 470 529 0.32
HMRG 501 524 0.81
Example 2

Evaluation of Ac-LLY-HMRG as a Fluorescent Probe (In
Vitro Enzyme Assay Using Calpain)

A calpain enzyme addition assay was conducted in Tris
buffer under the following conditions using a probe synthe-
sized and designed by the above method. As a result, the
absorption and fluorescence intensity of Ac-LLY-HMRG
increased about two-fold due to the enzymatic reaction, and
it was confirmed to function as a calpain probe. The results
are shown in FIG. 1a (using calpain 1) and FIG. 1b (using
calpain 2).

(Experimental Conditions)

A quantity of 3 plL of a DMSO solution (1 mM) of the
probe was dissolved in 3 mL of 50 mM Tris buffer (pH 7.4)
(containing 5 uM of CaCl,) for calpain 1 and 500 uM of
CaCl, for calpain 2) (final probe concentration: 1 puM).
Calpain (2.4 units of calpain 1 and 3.8 units of calpain 2) was
added, and an enzymatic reaction was conducted at 25° C.
The excitation wavelength was 495 nm, and the fluorescence
wavelength was 524 nm.
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(Enzymes)

Calpain 1: calpain-1 from human erythrocytes (Cat. No.
208713)

Calpain 2: calpain-2 from porcine kidney (Cat. No.
208715)

Example 3

Evaluation of Ac-LM-HMRG as a Fluorescent Probe (In
Vitro Enzyme Assay Using Calpain)

A calpain enzyme addition assay was conducted in Tris
buffer using a probe synthesized and designed by the above
method. As a result, the absorption and fluorescence inten-
sity of Ac-LM-HMRG increased about four-fold due to the
enzymatic reaction with calpain 2, and it was confirmed to
function as a calpain probe. The results are shown in FIG. 2a
(using calpain 1) and FIG. 2b (using calpain 2).

(Experimental Conditions)

A quantity of 3 pl. of a DMSO solution (1 mM) of the
probe was dissolved in 3 mL of 50 mM Tris buffer (pH 7.4)
(containing 5 uM of CaCl,) for calpain 1 and 500 pM of
CaCl, for calpain 2) (final probe concentration: 1 puM).
Calpain (24 units of calpain 1 and 38 units of calpain 2) was
added, and an enzymatic reaction was conducted at 25° C.
The excitation wavelength was 495 nm, and the fluorescence
wavelength was 524 nm.

(Enzymes)

Calpain 1: calpain-1 from human erythrocytes (Cat. No.
208713)

Calpain 2: calpain-2 from porcine kidney (Cat. No.
208715)

Example 4

Live Cell Imaging Using Ac-LLY-HMRG

The calpain activity in HelLa cells was visualized by the
following procedure using Ac-LLY-HMRG.

(Experimental Procedure)

(a) HeLa cells were incubated for one hour at 37° C. using
FBS (BD Pharmingen stain buffer)-free DMEM (Dulbec-
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co’s modified Eagle’s medium), and also incubated for 30
minutes by 10 uM of Ac-LLY-HMRG. Fluorescence images
and transmission images were taken thereafter using a
confocal microscope.

The results are shown in FIG. 3 (the left side of FIG. 3 is
the fluorescence image; the right side is the transmission
image). The scale bar in the drawing is 50 um.

As shown in FIG. 3, addition of Ac-LLY-HMRG made it
possible to monitor the calpain activity inside Hel.a cells.

Example 5

Live Cell Imaging Using Ac-LM-HMRG

The calpain activity in HeLa cells was visualized by the
following procedure using Ac-LM-HMRG.

(Experimental Procedure)

(a) HeL a cells were incubated for one hour at 37° C. using
FBS (BD Pharmingen stain buffer)-free DMEM (Dulbec-
co’s modified Eagle’s medium), (b) 1 uM ALLN (calpain
selective inhibitor)-containing DMEM (FBS (-)), (¢) 2 uM
ALLN-containing DMEM (FBS (-)), and (d) 5 uM ALLN-
containing DMEM (FBS (-)), and also incubated for 30
minutes by 10 uM of Ac-LM-HMRG. Fluorescence images
and transmission images were taken thereafter using a
confocal microscope. The results are shown in FIGS. 4a-4d
(the left side of each drawing is the fluorescence image; the
right side is the transmission image). The scale bar in the
drawing is 50 pm.

As shown in FIG. 4a, addition of Ac-LM-HMRG made it
possible to monitor the calpain activity inside HeLa cells.
Also, as shown in FIGS. 4b-4d, addition of ALLN, which is
a calpain selective inhibitor, decreased the fluorescence
intensity within the cells, and the fluorescence intensity
decreased as the added concentration of ALLN increased.

As illustrated in the above examples, the present inven-
tion makes it possible to provide new fluorescent probes
having calpain as the target. Specifically, as shown in
Examples 2 and 3, Ac-LLY-HMRG and Ac-LM-HMRG
were demonstrated to increase in fluorescence intensity due
to reaction with calpain. Ac-LLY-HMRG and Ac-LM-
HMRG both also presented an increase in fluorescence
intensity when applied to cells. The fact that the increase in
the fluorescence of Ac-LM-HMRG decreased in the inhibi-
tor addition study of Example 5 also showed that Ac-LM-
HMRG permits the specific fluorescent detection of intrac-
ellular calpain activity.

Example 6

Evaluation of Ac-LM-HMRG Using a Rat NMDA Injury
Model

(Experimental Procedure)

SD rats were placed under general anesthesia using
Nembutal. N-methyl-D-aspartic acid (NMDA) (10 mM, 2
ul) or PBS was administered to the eye. The animals were
again placed under anesthesia by ketamine-xylazine mixture
four hours later, and Ac-LM-HMRG (2 mM, 2 ul.) was
administered to the eye. The fundus was photographed by an
F10 (Nidec confocal biomicroscope).

The results are shown in FIGS. 5a-5d and FIGS. 6a-6d. In
FIGS. 5 and 6, locations indicated by an arrow show nerve
cells stained by HMRG.

As shown in FIG. 5a, no clear signal is found before
Ac-LM-HMRG administration. However, as shown in
FIGS. 5b-5d, nerve cells were clearly stained 30, 60, and 90
minutes after administration of Ac-LM-HMRG in NMDA-
administered rats (NMDA group). On the other hand, no
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signal was found before Ac-LM-HMRG administration in
PBS-administered rats (PBS) group (FIG. 6a), and nerve
cells were only very slightly stained after 30 minutes (FIG.
6b), 60 minutes (FIG. 6¢), and 90 minutes (FIG. 6d).

Given that the rat NMDA injury model is believed to be
a retinal disease model, the fluorescent probe of the present
invention is believed to be useful in the diagnosis of retinal
diseases.

Example 7

Evaluation of Ac-LM-HMRG Using Flat-Mounted Reti-
nas with Mouse NMDA Injury Model

(Experimental Procedure)

A study by mouse NMDA injury model was conducted
with flat-mounted retinas. First, male BL6/] mice were
injected with fluogold (FG), which is a retrograde fluores-
cent dye tracer, via the superior colliculus, and the retinal
ganglion cells were labeled (FIGS. 7a and 8a). After one
week, the mice were anesthetized by Nembutal, and 1 plL of
30 mM NMDA (PBS solution) or 1 ul. of PBS was admin-
istered to the vitreous body in the eye. Two weeks later, the
mice were again anesthetized by ketamine-xylazine, and
Ac-LM-HMRG (0.5 mM, 1 uL., PBS solution) was admin-
istered to the eye. One hour after Ac-LM-HMRG adminis-
tration, Sytox (registered trademark) Orange (for staining
cells that have undergone cell death, 25 pl, 1 ul, PBS
solution) (manufactured by Invitrogen) was administered to
the vitreous body. Ten minutes later, the eyeball was
removed, fixed for two hours by 4% paraformaldehyde
(PFA), and flat-mounted retinas were prepared.

The results are shown in FIGS. 7a-7c and FIGS. 8a-8c.

FIGS. 7a-7c show photographs of flat-mounted retinas of
the NMDA group. FIG. 7a shows an FG stained image of the
NMDA group, FIG. 7b shows an Ac-LM-HMRG stained
image, and FIG. 7c shows a Sytox (registered trademark)
Orange stained image. As shown in FIGS. 7b and 7c¢, calpain
activity was detected by Ac-LM-HMRG in the NMDA
group, and cell death was also detected. FIGS. 8a-8c show
photographs of flat-mounted retinas of the PBS group. FIG.
8a shows an FG stained image of the PBS group, FIG. 8b
shows an Ac-LM-HMRG stained image, and FIG. 8c shows
a Sytox (registered trademark) Orange stained image. As
shown in FIGS. 8b and 8c, images stained by Ac-LM-
HMRG and Sytox (registered trademark) Orange were not
found since cell death did not occur in the PBS group.

Given that the mouse NMDA injury model is believed to
be a retinal disease model, the fluorescent probe of the
present invention is believed to be useful in the diagnosis of
retinal diseases.

Applying the fluorescent probe of the present invention to
patients with retinal diseases such as glaucoma, retinitis
pigmentosa, age-related macular degeneration, or retinal
neuropathy or retinal vascular occlusive disease associated
with diabetes first of all makes it possible to know the
calpain activity quickly in the fundus and retinal ganglion
cells of the individual patient, which is expected to exert a
significant effect in clinical diagnosis and treatment selec-
tion. Specifically, the fluorescent probe of the present inven-
tion has great medical and industrial value and economic
effect, such as prescribing a calpain inhibitor for patients
confirmed to have elevated calpain activity.
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The invention claimed is:

1. A compound of the following general formula (I):

@

wherein R' is a hydrogen atom or from one to four of the
same or different substituents that bond to the benzene
ring;

R?, R? R* R® RS, and R7 are, each independently, a
hydrogen atom, hydroxyl group, alkyl group, or halo-
gen atom,

R® and R® are, each independently, a hydrogen atom or
alkyl group;

X is a C,-C; alkylene group;

R' is [selected from the following formula (1) or (2);
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1 a monovalent substituent cleaved by contact with calpain,
and said monovalent substituent consists of an oligopeptide
residue having a sequence of Leu-Leu-Tyr or Leu-Met (the
amino acid at the right end of the sequence bonds directly
to the NH group bonded to the xanthene skeleton), the N end
of said oligopeptide residue may be protected;

or a salt thereof.
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2. A compound of the following formula (3) or a salt
thereof
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3. A compound of the following formula (4) or a salt
thereof

@)
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T

4. A fluorescent probe containing a compound according
to claim 1 or a salt thereof.

=z

5. A method for measuring calpain, comprising the fol-
lowing steps: (a) a step for bringing a compound according
to claim 1 or a salt thereof and calpain into contact and (b)
a step for measuring the fluorescence intensity of the com-
pound produced in step (a) after contact with calpain.

6. A diagnostic for retinal disease containing a compound
according to claim 1 or a salt thereof.

7. The diagnostic according to claim 6 wherein the retinal
disease is glaucoma, retinitis pigmentosa, age-related macu-
lar degeneration, retinal neuropathy or retinal vascular
occlusive disease associated with diabetes.

8. The diagnostic according to claim 7 wherein the
glaucoma is normotensive glaucoma.

9. The compound of claim 1, wherein R*° is selected from

the following formula (1) or (2);

o

I A

o

-



US RE49,518 E
21 22

-continued

@)



