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METHODS OF TREATING FABRY DISEASE IN PATIENTS HAVING A
MUTATION IN THE GLA GENE

TRCHNICAL FIELD

OO0 Principles and embodiments of the present invention relate generally to the use
of pharmacological chaperones for the treatment of Fabry disease, particuiarly 1n patients with

mutations or variants i the g-galactosidase (GLA) gene.

BACKGROUND

{002 ] Many human diseases result from mutations that cause changes in the amino
acid sequence of a protein which reduce its stability and may prevent it from folding propertly.
Proteins generally fold 1 a specific region of the cell known as the endoplasmic reticaium, or
ER. The cell has quality control mechamsms that ensure that protems are folded into thew
correct three-dimensional shape before they can move from the ER to the appropriate
destination in the cell, a process generally referred to as protemn trafficking. Misiolded proteins
are offen ehimunated by the quality control mechamsms after ininiatly being vetained 1 the ER.
In certain instances, mistolded protems can accumntiate i the BER before being eliminated. The
retention of misiolded protems 1w the ER intenrupts their proper tratficking, and the resulting
reduced biological activity can lead to impawred celiviar function and ultimately {o disease. In
addifion, the accumulation of misiolded protems m the ER may lead to vanous types of stress
on cells, which may also contribute to cellular dystunction and disgase.

Q003 ] Such mutations can lead to lysosomal storage disorders (LSDs), which are
characterized by deticiencies of lysosomal enzymes due {0 mutations in the genes encodmg the
tysosomal enzymes. The resultant disease causes the pathologic accumulation of substrates of
those enzymes, which mclude hipids, carbohydrates, and polysaccharides. Although there are
many different mutant genotypes associated with each LSD, many of the mutations are
missense nuitations which can lead to the production of a less stable enzyme. These less stable
enzymes are sometimes prematurely degraded by the ER-associated degradation pathway. This
results 1 the enzyme deficiency 1 the lysosome, and the pathologic accumulation of substrate.
Such mutant enzvmes are sometimes referred to in the pertinent art as "tolding mutants” or

"conformatnonal mutants.”
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{0004 ] Fabry Disease 1s a LD caused by a mutation to the GLA gene, which encodes
the enzyme gog-galactosidase A (o-{Gal A). o-{zal A 18 required for glycosphingohipid
metaboltsm. The mutation causes the subsirate globotriaosyiceranude {(GL-3) to accumuliate
various tssues and organs. Males with Fabry disease are hemuzygotes because the disease

k]

> genes are encoded on the X chromosome. Fabry disease 18 estirnated to atfect | in 40,000 and

60,000 males, and occurs less frequently 1n females.

G005 ] There have been several approaches to treatment of Fabry disease. OUne
approved therapy for treating Fabry disease 18 enzyme replacement therapy (ERT), which
typically mvolves mtravenous, nfusion of a puritied form of the corresponding wild-type

10 protein. Two o-Gal A products are currently available for the treatment of Fabry disease:

™

agaisidase alfa ( Rf:plaga]@, Shire Human Genetic Therapies) and agalsidase beta (Fabraryme™;
Sanoti Genzyme Corporation). BERT has several drawbacks, however. One of the mamn
complications with ER'T 1s rapid degradation of the infused protein, which leads to the need for
numcrous costly high dose mfusions. ERT has several additional caveats, such as ditficulties
15 wath large-scale generation, purification, and storage of properly folded protein; obtamng
glycosylated native protein; generation of an ant-protein ummune response; and imability of
protein to cross the blood-brain barrier to mitigate central nervous system pathologies (i.e., low
bioavaudability). In addition, replacement enzyme cannot penetrate the heart or kidney in
sufficient amounts to reduce substrate accumulation m the renal podocyies or cardiac
20 myocytes, which figure prominently in Fabry pathology.
{0006 | Another approach to treating some enzyme deficiencies involves the use of
small molecule mihubutors 1o reduce production of the natural substrate of deficient enzyme
proteins, thereby amehorating the pathology. This "substrate reduction” approach has been
specifically described for a class of about 40 LSDs that mclude glycosphingolipid storage
23 disorders. The small molecule inhibitors proposed for use as therapy are specific for (nhibitimg
the enzymes wmvolved in synthesis of glycolipids, reducing the amount of celiular glycohipid
that needs to be broken down by the deficient enzyme.
{ G007 | A third approach to treating Fabry disease has been treatment with what are
called pharmacological chaperones (PCs}. Such PCs include small molecule inhibitors of a-{al
30 A, which can bind to the g-Gal A to mcrease the stability of both mutant enzyme and the
corresponding wild type. However, patients for PC therapy should have an amenable mutation

-~
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or variant which results in the production of an enzyme that has the potential to be stabihzed
and folded imto a conformation that permits frafticking out of the EK.
GO0 Thus, even when Fabry disease 1s diagnosed by detecting deficient a-Gal A

activity in plasma or peripheral leukocytes (WBCs), it 1s very dafficult, 1f not impossible, to

I 7

predict whether a particular Fabry patient will respond to treatment with a PC. Thus, there
remains a need to wdentity new GLA mutations or variants that will be responsive 10 a PC and

make avauable new methods of treatment to Fabry patients with these mutations or variants.

SUMMARY
10 {G3U9] (ne aspect of the invention pertains to a method of freating a patient diagnosed
with Habry disease. The method comprises admmistering to the patient a therapeutically
etfective dose of a pharmacological chaperone for o-Gal A, wheremn the patient has a missense
mutation of the nucleic acid sequence encoding a-Gal A, In one or more embodiments, the
mutation 1s D33H, G35A, Yeis, TI04A, W204(, Y2165, (Q250K, or R3927T. In one or more
15 embodimmnents, the mutation s NA3K, Q537R, s62delinsLA, M6V, RI112ZL, DISSE, N221s8D,
{(0330P, V338A, K391E, or N4O8Y. In one or more embodiments, the mutation 1s V22(,
N34H, GROV, QIU7R, Y1520, A1365, LI1s9E, W204L, 5238, 1239M, AZS7YV, P2390,
N3Z20H, P3237T, E338YV, P380L, or T412P. In various embodiments, these mutations are
relative to SEQ 1D NO: 2. In one or more embodunents, the mutation 1s D33H relative to SEQ
20 ID NO: 2. In one or more embodiments, the mutation 1s G353A relative (o SEQ ID NO: 2. In
one or more embodiments, the mutation 18 Y88S relative to SEQ 1D NO: 2. in one or more
cinbodiments, the mutation 1s T194A relative to SEQ 1D NO: 2. In one or more embodiments,
the maitation 18 W204G relative to SEQ 1D NO: 2. [n one or more embodiments, the routation
i1s Y2165 refative to SEQ ID NO: 2. In one or more embodiments, the mutation is 250K
25 relative to SEQ 1D NO: 2. In one or more embodiments, the mutation is R3927T relative to SEQ)
i NG: 2. In one or more embodiments, the mutation 18 N33K relative to SEQ 1D NG: 2. In
one or more embodunents, the nuttation 1s Q37K relative to SEQ 1D NO: 2. In one or moore
embodiments, the mutation 1s »62dehinsLA relative to SEQ ID NO: 2. In one or more
cmnbodiments, the mutation 1s MY6V relative to SEQ 1D NO: 2. In one or more embodiments,
30 the mutation 1s K112 velatve to SEQ 1D NO: 2. In one or moore ermnbodiments, the mutation 18
55K relative to DEQ 1D N 2. In one or more embodiments, the mutation 1s N228D relative

3
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to SEQ ID NO: 2. In one or more embodumnents, the mutation 1s Q330F relative to SEQ D NO:
2. In one or more embodiments, the mutation 18 V339A relative to SEQ 1D NO: 2. In one or
more embodunents, the mutation 15 K391k relattve to SEQ 1D NO: 2. in one or more

ermnbodiments, the mutation 1s N4ORY relative to SEQ D NO: 2. In one or more embodiunents,
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the mutaton 1s V220 relative to SEQ 1D NO: 2. In one or more embodiments, the mutation 18
N34H relative to SEQ 1D NO: 2. In onc or more embodunents, the mutation is G880V relative
to SEQ D NO: 2. In one or more emmbodiments, the mutaton 18 Q1O7R velative to SEQ 1D
N{x: 2. In one or more embodiments, the mutation 1s Y 152D relative to SEQ D NO: 2. In one
or more embodiments, the mutation 18 AlS65 relative to SEQ ID NGO: 2. In one or more
10 embodiments, the mutation 1s L189F relative to SEQ D N(O: 2. In one or more embodiments,
the puuatation 18 W204 L relative to SEQ 1D NO: 2. In one or more embodiments, the mutation 1s
82380 relative to SEQ 1D NO: 2. In one or more embodiments, the mutation 1s 1239M relative
to »EQ 1D NO: 2. In one or more embodiments, the mutation 18 AZ37V relative to SEQ 1D
NO: 2. In one or more embodiments, the mutation 18 P2580Q relative to SEQ 1D NO: 2. In one
15 or more embodiments, the mutation 18 N320H velative to SEQ D NO: 2. In one or more
cmbodinnents, the mutation 18 P3257 relative to SEQ 1D NO: 2. In one or more embodiments,
the mutation 18 E338V relative to SEQ D NG 2. In one or more embodiments, the mutation is
P380L relative to SEQ 1D NO: 2. In one or more embodiuments, the mutation 18 T412P relative
to SEQ D NO: 2. In some emnbodiments, the pharmacological chaperone comprises mugalastat
20 or salt thereot. In one or more embodiments, the dose of migalastat or salt thereof 1s from
about 100 mg to about 1530 mg iree base equivalent (FBE). In some embodiments, the salt of
migalastat 1s migalastat hvdrochloride. In one or more embodiments, the dose 18 about 150 mg
every other day of migalastat hydrochioride or an equivalent dose of mugalastat or a salt
thereot other than the hydrochloride salt. In some embodiments, the mugalastat or salt thereof 1s
23 administered orally or by injection. These embodiments may be combined with one another or
with other embodiments of the wmvention, for example embodiments relating to a method of
enhancing a-Gal A i a patient diagnosed with or suspected of having Fabry disease, use of a
pharmacological chaperone for ¢-Gal A for the manutacture of a medicament tor treating a
patient diagnosed with Fabry disease or to a pharmacological chaperone for a-{al A tor use
30 treatng a patent diagnosed with Fabry disease as well as embodiments relating to amenable
mutations, suttable PUs and dosages, tormulations and routes of admimstration thereof.
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{O010] Anocther aspect of the mvention pertains o a method of enhancing o-Gal A in a
paticnt diagnosed with or suspected of having Fabry disecase. The method comprises
adnunistering to a patient a therapeutically cifective dose of a pharmacological chaperone for
a-Gal A, wherein the patient has a missense mutation in the nucleic acid sequence encoding -

5 Gal A, In one or more embodiments, the mutation 1s D33H, G35A, Y885, TiO4A, W2040,
Y2165, 250K, or R3927T. In one or more embodunenis, the mutation i1s N33K, (57R,
St2delinsLA, MUV, R112L, DI55E, N228D, Q350F, V339A, K391E, or N4O8Y. in one or

more embodiments, the mutation 1s V220G, N34H, GOV, QIO7R, Yis2ZD, Al56S, LIRVUE,
W204LE, S238G, 1239M, A257V, P259Q, N320H, P323T, E338V, P380L, or T412P. In various

10 embodinents, these mutations are relative to SEQ 1D NO: 2. In one or more embodunents, the
putation s D33H rvelative to SEQ 1D NO: 2. In one or more embodupents, the mutabion 1s
{G35A relative to SEQ ID NG: 2. In one or more embodiments, the mutation 1s Y&8S relative o

SEQ ID NO: 2. In one or more embodiments, the mutation 1s T 194A reiative o SEQ 1D NO: 2.

in one or more cmbodunents, the mutation 1s W2044G relative to SEQ 1D NO: 2. In one or

15 more embodiments, the mutation 18 Y2165 relative to SEQ 1D NO: 2. In one or more
cmbodiments, the mutation 1s Q250K relative to SEQ 1D NG: 2. In one or more embodiments,

the mutation 15 R3927T relative to SEQ 1D NO: 2. In one or more embodiments, the mutation is
N33K relative to SEQ 1D NO: 2. In one or more embodiments, the mutation 18 Q57K relative

o SEQ 1D NGO: 2. In one or more embodiments, the nmuutation 18 S62delinsLLA relative to SEQ

20 1D NG: 2. In one or more embodiments, the mutation 1s MU0V relative to SEQ 1D NO: 2. In
one of more embodiments, the mutation 1s R112L relative to SE{} D NG: 2. In one or more
cimbodiments, the mutation 1s D135E relative to SEQ 1D NO: 2. In one or more embodiments,

the mutation 1s N2280 relative to SEQ 1D NO: 2. In one or more erpbodiments, the mutation 18

Y

{1330P relative to SEQ D NO: 2. In one or more embodirents, the mutation 1s V339A relative
25 to SEQ ID NO: 2. In one or more embodiments, the mutation is K391 E relative to SE(Q 1D N{k
2. In onc or morc embodiments, the mutation 18 N4ORY relative to SEQ 1D NO: 2. In one or
more embodunents, the mutation 18 V220 relative to SEQ 1D NO: 2. o one or roore
ermnbodiments, the mutation 1s N34H relative to SEQ 1D NGO: 2. In one or more embodiments,
the mutation 1s GOV relative to SE{Q 1D NGO: 2. In one or more embodiments, the mutation s
30 (QIO7R velative to SEQ 1D NGO: 2. In one or roore embodiments, the mutation 1s Y1520

relatve to SEQ 1D NO: 2. In one or more embodiments, the mutation 1s A156S relative to SEQ

3
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D NO: 20 In one or more embodiments, the mutation 18 LI18OE relative o SEQ D NO: 2. In
one or more emabodiments, the mutation 18 W204L relative to SEQ 1D NO: 2. In one or more
cmbodiments, the mutation 18 3238 relative to SEQ 1D NO: 2. In one or more embodiments,

the mutatton 1s F2539M relative to SEQ 1D NO: 2. In one or more embodiments, the mutation 18

I 7

A257V relative to SEQ ID NO: 2. In one or more embodiments, the mutation 1s P259() relatve
to SEQ 1D NO: 2. In one or more embodiments, the mutafion 18 N320H relative to SEQ 1D
INCx: 2. In one or more erpbodiments, the mutation 18 P3237 relative to SEQ 1D NO: 2. In one
or more embodiments, the mutation 18 E338V relattve to SEQ 1D NO: 2. In one or more
cmbodiments, the mutation 18 P3R0OL relative to SEQ 1D NO: 2. In one or more embodiments,
10 the mutation 18 T412P relative to SEQ 1D NO: 2. In some ecmboduments, the pharmacological
chaperone comprises mgalastat or salt thereof. In one or more embodiments, the dose of
migalastat or salt thereot 1s from about 100 mg to about 150 mg FBE. In some embodiments,
the salt of miugalastat s migalastat hydrochioride. In one or more embodiuments, the dose s
about 150 mg every other dav of migalastat hydrochloride or an equivalent dose of migalastat
15 ora sait thereot other than the hydrochioride salt. In some embodiments, the migalastat or salt
thereot 1s admunistered orally or by mygection. These embodiments may be combined with one
another or with other embodiiments of the invention, for exampie embodiments relating to a
method of treating a patient with Fabry disease, use of a pharmacological chaperone tor g-(Gal
A tor the manufacture of 4 medicament for treating a patient diagnosed with Fabry disease or
20 to a pharmacological chaperone tor g-Gal A for use 1n treating a patient diagnosed with Fabry
disease as well as embodiments relating to amenable mutations, suitable PCs and dosages,
formulations and routes of administration thereot.
G011 ] Another aspect of the mvention pertamns to use of a pharmacological chaperone
tor o-Gal A for the manufacture of a medicament for treating a patient diagnosed with Fabry
23 disease, wherein the patient has a nussense mutation in the nucleic acid segquence encoding o-
{zal A. In onc or more embodiments, the mutation 1s D33H, G35A, YAa85, TI94A, W204(,
Y2165, 250K, or R3%27T. In one or more embodiments, the mutation s N53K, Q57K,
SO2delmsL A, MOoV, RE1Z2L, DIS3E, N228D, Q330P, V339A, K391E, or N4O&Y. In one or
more embodiments, the mutation s V22{5, N34H, GOV, QI107R, YI52D, AI56S, LI1&SGF,
30 W2Z04L, S238G, 1239M, AZ57V, P259(}, N3Z20H, P323T, BE338V, P38UL, or T412P. In various
cmbodinents, these mutatons are relative to SEQ D NO: 2. In one or more embodimnents, the

5
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mutation s D33H relative to SEQ 1D N 2. In one or more embodiments, the mutalion 1s
(G35A relative to SEQ 1D NO: 2. In one or more embodiuments, the mutation 18 Y83 relative to

SEQ 1D NO: 2. In one or more embodiments, the mutation 1s T194A relative to SEQ 1D NO: 2.

in one or more embodiments, the mutation 1s W204(r relative to SEQ 1D NO: 2. In one or

3 more embodiments, the mudation 1s Y2165 relantve to SEQ 1D NO: 2. In one or more
cmbodiments, the mutation 1s Q250K relative to SEQ 1D NO: 2. In one or more embodiments,

the mutation 1s R3927T relative to SEQ 1D N{O: 2. In one or more embodiments, the mutation 18
N33K relative to SEQ 1D NO: 2. In one or more embodiments, the mutation 18 Q57K relative

to SEQ ID NG: 2. In one or more embodiments, the mutation 15 S62delinsLA relative to SEQ

10 1D NO: 2. In one or more embodiments, the mutafion 1s MY6V relative to SEQ 1D NO: 2. In
one or more empodiments, the mutatton 1s K120 refative to SEQ 1D N(O: 2. in one or more
cmbodiments, the mutation 1s D15SSE relative to SEQ 1D NO: 2. In one or more embodunents,

the mutation 1s N228D relative to SEQ 1D N 2. In one or more embodiments, the mutation 18
(J330P relative to SEQ D NO: 2. In one or more embodiments, the mutation 1s V339 A relative

15 to SEQ D NO: 2. In one or more empbodiments, the mutation 1s K3V 1E relative to SEQ 1D NO:
2. In one or more embodiments, the mutation 1s N4OBY relative to SEQ D NG: 2. In one or

more embodiuments, the mutation 1s V22{s relative to SEQ 1D NO: 2. In one or more
cmbodiments, the mutation 1s N34H relative to SEQ 1D NO: 2. In one or more embodiments,

the mutatton 1s GOV relatve to SEQ 1D NO: 2. In one or more empbodiments, the routation 1s

20 QIOTR relative to SEQ ID NO: 20 In one or more embodiments, the mutation 1s Y 152D
relative to SEQQ D NOx: 2. In one or more embodiments, the mutation 1s A156S relative to SEQ

0 NO: 2. In one or more embodiments, the mutation 1s LI39E relative to SEQ D NO: 2. In

one of more embodipents, the mutation 1s W204L relative to SEQ 1D NO: 2. in one or more
embodiments, the muation 18 52380 relative to SEQ D NO: 2. In one or more embodiments,

25 the mutation 18 1239M relative to SEQ 1D NO: 2. In one or more embodiments, the mutation is
AZSTV relative to SEQ 1D NO: 2. In one or more embodiments, the mutation 1s P2590) relative

o SEQ 1D NO: 2. In one or more embodiments, the mutation 18 N320H relative to SEQ 1D

NO: 2. In one or more embodiments, the mutation 1s P3237T relative to SEQ 1D NO: 2. In one

Oor more embodiments, the mufafton 1s E338V relative to SEQ 1D NO: 2. In one or more

30 embodiments, the muutation 1s P330L. velative to SEQ 1D NO: 2. In one or more emboduments,
the mutation 1s T412P relative to 5EQ 1D NO: 2. In some embodiments, the pharmacological

7
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chaperone comprises migalastat or salt thereof. In one or more embodiments, the dose of
migalastat or salt thereot 1s from about 100 mg to about 150 mg FBE. In some embodiments,
the salt of migalastat 1s migalastat hydrochioride. in one or more embodiments, the dose is

about 150 mg every other day of nugalastat hydrochlonde or an equivalent dose of nugalastat

I 7

or a salf thereot other than the hydrochioride salt. In some embodiments, the mmgalastat or salt
thereot 1s adnunistered orally or by myection. These embodiments may be combined with one
another or with other embodunents of the nvention, {for example embodiments relatng 0 a
method of treating a patient with Fabry disease, a method of enhancmyg o~Gal A m a pahent
diagnosed with or suspected of having Fabrvy disease, or to a pharmacological chaperone for o-
10 (Gal A for use in freating a paticnt diagnosed with Fabry disease as well as embodiments
relating {0 amenable mutations, suilable PCs and dosages, formuiations and routes of
administration thereot.
{0012 Another aspect of the invention pertains to a pharmacological chaperone for -
{zal A for use i freating a patient diagnosed with Fabry disease, wherein the patient has a
15 pussense mutation m the nucleic acid seqguence encodmg g-(Gal A, In one or more
embodiments, the mutaoon 1s D33H, G35A, Yi&s, TI04A, W204(G, Y2165, Q250K, or
R302T. In one or more embodiments, the mutation 18 N53K, (357R, S6Z2delinsLLA, MOV,
RI12L, D155, N228D, (Q330P, V33BA, K301E, or N4OXY. In one or more embodiments, the
mutation 1s V220, N34H, GROV, QIU7R, YI52D, AI56N, LIS9E, W2041L, 52380, 1230M,
200 AZ25T7V, P25390), N320H, P3237T, E338Y, P3&0L, or T412P. In various embodiments, these
mutations are relative to SEQ 1D NO: 2. In one or more embodiments, the mutation 18 D33H
relative to SEQ 1D NGO 2. In one or more embodiments, the mutation 1s G35A relative to SEQ
1D NO: 2. In one or more embodunents, the mutation 18 Y8385 relative to SEQ 1D NO: 2. In
one or more embodiments, the mutation 18 T194A relative to SEQ ID NO: 2. In one or more
25 embodiments, the mutation 1s W20440 relative to SEQ 1D NO: 2. In one or more embodiments,
the mutation 18 Y2165 relative to SEQ 1D NO: 2. In one or more embodiments, the mutation 1s
Q250K refative to SEQ 1D NGO: 2. In one or more embodiments, the mutation 1s R392T relatve
(0 SEQ 1D NO: 2. In one or more embodiments, the mutation 18 N53K relative to SEQ 1D NQO:
2. in one or more embodiments, the mutation s (J37R relative to SEQ 1D NO: 2. In one or
30 more ermmbodiments, the mutaton 18 S6Z2delinsLA relative to SEQ 1D NO: 2. In one or more
cmbodimnents, the mutation 1s MU6YV relative to SEQ ID NQG: 2. In one or more embodiments,

3
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the mutation 1s R112L0 relative to SEQ D NO: 2. In one or more embodiments, the mutation 1s
P155E relative to SEQ 1D NO: 2. In one or more embodiments, the nutation 1s N228D relative
(o SEQ 1D NO: 2. In one or more embodiments, the mutation 1s Q330P relative to SEQ 1D NO:
2. In one or more embodiments, the mutation 1s V339A relative to SEQ 1D NO: 2. In one or

I

more embodiments, the mutation 1s K391E relative to SEQ D NO: 2. In one or moye
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cmbodiments, the mutation 1s N4QRY relative to SEQ 1D NO: 2. In one or more embodunents,
the mattation 18 V220 relative to SEQ 1D NO: 2. In one or more embodunents, the puutation 18
N34H relative to SEQ 1D NO: 2. In one or more embodiments, the mutation 1s G880V relative
to SEQ D NO: 2. In one or more embodiments, the mutation s QI107R relative to SEQ ID
10 NO: 2. In one or more embodiments, the mutation 1s Y 152D relative to SEQ 1D NO: 2. In one
Or more embodiments, the mutation 1s AL36S relatve to SEQ 1D NO: 2. In one or more
cmbodiments, the motation 1s LI8YE relative to SEQ 1D NO: 2. In one or more embodunents,
the mutation 1s W204L relative to SEQ 1D NO: 2. In one or more embodiments, the mufation s
S2380 relative to SEQ 1D NO: 2. in one or more embodiments, the mutation 18 1239M relative
15 to SEQ 1D NO: 2. In one or more embodiments, the mutation 1s AZS7V velative to SEQ 1D
N 2L In one or more embodiments, the mutation 1s PZ2590) relative to SEQ 1D NO: 2. In one
of more embodiments, the mutation s N320H relative to SEQ 1D NO: 2. In one or more
cmbodunents, the mutation 18 P3237T relative to SEQ 1D NO: 2. In one or more embodiments,
the mutation 18 E338V relative to SEQ 1D NO: 2. In one or more embodumnents, the mutation 1s
20 P380L relative to SEQ ID NO: 2. In one or more embodiments, the mutation 1s T412P relative
to SEQ ID NO: 2. In some embodiments, the pharmacological chaperone comprises migalastat
or salf thercol. {n onc or more embodiments, the dose of migalastat or salt thereot i1s from
about 10U mg to about 15U mg FBE. {n some embodunents, the salt of mugalastat 18 migalastat
nydrochlonde. In one or more embodiments, the dose 1s about 150 mg every other day of
25 migalastat hydrochloride or an equivalent dose of migalastat or a salt thereof other than the
hydrochloride salt. In some emboduments, the migalastat or salf thereof 15 adnunistered orally
or by mjection. These embodiments may be combined with one another or with other
embodiments of the invention, for example embodiments relating to a method of treating a
patient with Fabry disease, a method of enhancing o-Gal A i a patient diagnosed with or
30 suspected of having Fabry disease or use of a pharmacological chaperone for o-Gal A for the
manufacture of a medicament for treating a patient diagnosed with Fabry disease as well as

&
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smbodiments relating to amenable mutations, swtable PCs and dosages, formulations and routs
oFf adminstration thercof.

3013 Various cmbodunents are listed below. It will be understood that the
embodiments listed below may be combined not only as listed below, but in other suitable

combinations in accordance with the scope of the mvention.

BRIEF DESCRIPTION OF THE DRAWINGS

{0014] FIGS. 1A-E shows the full DNA sequence of human wild type GLA gene (SEQ
{0 NO: 1),

{O015] FIG. 2 shows the wild-type o-Gal A protemn (SEQ D NO: 2); and

{30167 Fi(. 3 shows the nucleic acid sequence encoding the wild-type o-{Gal A protein

(SEQ 1D NO: 3).

DETAILED DESCRIPTION

{G017] Before describing several exemplary embodiments of the invention, it 18 (o be
anderstood that the mvention 1s not linited to the details of construction or process steps set
forth 1n the tollowing description. The imvention 18 capable of other embodiments and of being
practiced or being carried out 1 vartous ways.

Lty Various aspects of the invention pertain to identification of new GLA mutations
m Fabry patients who will respond to treatment with pharmacological chaperones. Other
aspects of the mvention pertain (o the treatment of these Fabry patients, as well. or example,
it has been unexpectedly discovered that the low o-Gal A activity resulting from the missense
mutations D33H, G35A, Y88S, TI94A, W204(G, Y2165, (250K, R3Y2T, N533K, (37K,
Sel2delmsL A, MYGYV, RELZL, DI55E, N223D, Q350P, V339A, K3V1E, N4UBY, V220, N34H,
GOV, QIO7R, Y1532, AISGS, L1sBk, W204L, 52386, 1239M, AZST7V, P2539(3, N320H,
P3237T, E338V, P380L, or T412P 1 o-Gal A can be increased when cexposed (o
pharmacological chaperones. By extension, patients with these mutations will be responsive to

treatment with pharmacological chaperones.

{3019 Llefinifions
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{O020] The terms used m this specification generally have their ordinary meanings mn
the art, within the context of this invention and i the specyic context where each term 18 used.
Certan terms are discussed below, or elsewhere n the specification, to provide additional
gmdance to the practittoner i descnbing the compositions and methods of the mvention and
> how to make and use them.
{3021 The term "Fabry discase™ refers o an X-linked inbom ermror of
glycosphingolipid catabolism due to deficient lysosomal a-(al A activity. This defect causes
accumulation of the substrate globotnacsylceramide ((TGL-37, also known as Gbs or ceramide
tritiexoside) and related glvcosphingolipids i vascular endothelial lysosomes of the heart,
10 kidoeys, skin, and other tissues. Another substrate of the cenzyme 18 pilasma
giobotriacsylsphingosine ("plasma 1yso-{sb; ).
{30221 A "carrter” 18 a female who has one X chromosome with a defective o-Gal A
gene and one X chromosome with the normal gene and in whom X chromosonie inactivation
of the normal allele is present in one or more cell types. A carrier is often diagnosed with
15  Fabry disease.
{O023] A Tpatient” refers to a subject who has been diagnosed with or 1s suspected of
having a particular disease. The patient may be human or animal.
G024 ] A "Fabry patient” refers to an individual who has been diagnosed with or
suspected of having Fabry disease and bas a mwutated g-(al A as detined further below.
200 Characteristic markers of Fabry disease can occur in male hemizygotes and female carriers
with the same prevalence, although females typically are less severely attected.
{OU25 ] Human a-galactosidase A {(a-Gal A) refers to an enzyme encoded by the human
GLA gene. The full DNA sequence of o-Gal A, mceluding mtrons and exons, 18 available
{GenBank Accession No. X14448.1 and shown n FIGS. 1A-E (SEQ ID NO»: 1), The human o-
25 Gal A enzyme consists of 429 amino acids and 18 available in GenBank Accession Nos.
A14448.1 and U78027 and shown in FIG. 2 (GEQ HD NO: 2). The nucleic acid sequence that
only imcludes the coding regions (r.e. exons) of SEQ D NO: 1 18 shown 1n FlIG. 3 (SEQ 1D
NQ: 3).
{0026 The term "mutant protemn’ includes a protein which has a mutation in the gene
30 encoding the protein which results i the mability of the protemn to achieve a stable
conformation under the conditions normally present m the ER. The failure to achieve a stable

i1
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conformation results 1n a substantial amount of the enzyme being degraded, rather than being
transported to the lvsosome. Such a mufanion i1s sometunes called a "conformational mutant.”
Such mutations include, but arc not lumucd to, misscnse mutations, and n-frame small
deletions and nsertions. As used herein, deletions are mdicated by the abbreviation "del” and

> msertions  are  indicated by the abbreviation ins'. Thus, the nucleotide change
e 184 _185msTAGT refers to an insertion of the nucleotide sequence TAG between
nucleotides 184 and 183 and the protein sequence change "S62delinsLA” refers to a deletion of
the ammo acid S (sering) at positton 62 and an nsertion of the ammo acid sequence LA
{leucine and alanine).

10 (00271 As used herein in one embodiment, the term "mutant o-Gal A" mcludes an ¢-
{zal A which has a mutation 1 the gene encoding o-Gal A which results 1n the mabihity of the
enzyme to achieve a stable conformation under the conditions normally present in the ER. The
failure to achieve a stable conformation resulis in a substantial amount of the enzyme being
degraded, rather than being transported to the ysosome.

15 [OO28] As used heremn, the term "specific pharmacological chaperone” ("SPCT) or
‘pharmacological chaperone”™ ("PL7) refers to any molecule including a small molecule,
protein, peptide, nucleic acid, carbohvdrate, efc. that specifically binds 0 a protein and has one
or more of the following etfects: (1) enhances the formation of a stable molecular conformation
of the proten; (1) induces trathicking of the protemn from the ER (o another cellular location,

20 preferably a native cellular location, 1e., prevents BER-associated degradation of the protein;

(111) prevents aggregation of misiolded proteins; and/or (iv) restores or enhances at least partial

!

wiid-type function and/or activity to the protein. A compound that specidically binds to e.g., a-

{

{zal A, means that i binds to and exerts a chaperone effect on the enzyme and not a generic
group of related or unrelated enzymes. More specilically, this term does not refer to
23 endogenous chaperones, such as BiP, or to non-specific agents which have demonstrated non-
specific chaperone activity agamnst various proteuis, such as glycerol, DMBO or deuterated
water, 1.e., chemical chaperones. In one or more embodunents of the present invention, the PC
may be a reversible competitive inhibitor. In one embodiment, the PO 18 migalastat or a salt
thereot. In another embodiment, the PC 1s migalastat tree base {e.g., 123 mg of migalastat free
30 base). In vet another embodiment, the PC 18 a salt of nmugalastat {(e.g., 150 mg of migalastat
HC).
12
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{0029 A Tcompetitive mhubitor” of an enzyme can relfer to a compound which
structurally resembiles the chemuical structure and molecular geometry of the enzyme substrate
to bind the enzyme in approximately the same iocation as the substrate. Thus, the inhibitor
competes for the same active site as the substrate molecule, thus increasing the Km.
> Competitive mnhibition 18 usually reversible if sufficient substrate molecules are available to
displace the inhibitor, 1.e., competitive inhibitors can bind reversibly. Therefore, the amount of
enzyme mnhibition depends upon the mhabitor concentration, substrate concentration, and the
relative athinities of the mhibitor and substrate for the active site.
030 As used herein, the term "specifically binds” refers to the interaction of a
10  pharmacological chaperone with a protein such as o-{Gal A, specifically, an interaction with
amine acid residues of the protein that duectly participate in confacting the pharmacological
chaperone. A pharmacological chaperone specifically binds a target protein, e.g., o-Gal A, (o
exert a chaperone etfect on the protein and not a generic group of related or unrelated proteins.
The amino acid residues of a protemn that interact with any given pharmacological chaperone
15 may or may not be within the protein's "active site.” Specilic binding can be evaluated through
routine binding assays or through structural studies, e.g., co-crystallization, NMR, and the like.
The active site Tor a-{zal A 1s the substrate binding site.
LHIRIY "Deficient a~-Gal A activity” refers to o-(Gal A activity in cells from a patient
which 18 below the normal range as compared {(using the same methods) to the activity in
20 normal mdividuals not having or suspected of having Fabry or any other disease (especially a
blood discase).
G032 ] As used herein, the terms "enhance o-GGal A activity” or "increase g-(Gal A
activity” refer to mcreasing the amount of a-{Gal A that adopts a stable conformation in a cell
contacted with a pharmacological chaperone specific for the g-Gal A, relative to the amount in
25 a cell {preferably of the same cell-type or the same cell, e.g., at an earlier tune) not contacted
with the pharmacological chaperone specific for the o-{al A. This term also refers to
increasing the trathicking of o-Gal A o the lvsosome in a cell confacted with a
pharmacological chaperone specitic for the ¢-Gal A, relative to the trafficking of a-{al A not
contacted with the pharmacological chaperone specific for the protein. These terms refer o
30 both wild-type and nutant g-Gal AL In one embodiment, the mcrease 1n the amount of a-{al A
i the cell 1s measured by measuring the hydrolysis of an arttficial substrate 1n lysates from

13
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cells that have been treated with the PO, An mcrease 1 hydrolysis 18 mndicative of mcreased o-
{zal A activily.
{0331 The term "o-{al A activity” refers to the normal physiological function of a
wild-type a-Gal A 1 a cell. For example, o-Gal A activity includes hydrolysis of GL-3.
> {0034] A responder” is an individual diagnosed with or suspected of having a
tvsosomal storage disorder, such, for example Fabry disease, whose cells exhibit sutficiently
mereased o-Gal A activity, respectively, and/or amelioration of symptoms or enhancement in
surrogate markers, i response to contact with a PC. Non-himiting examples of enhancements
in surrogate markers for Fabry are lyso-GBj and those disclosed i UbS Patent Application
10 Publication No. US 2010-0113517, which 1s hereby incorporaied by reference 1 ifs entirety.
{0035] Non-hmuting examples of umprovements 1 surrogate markers for Fabry disease
disclosed 1 US 2010/0113517 mchude mereases i g-Gal A levels or activity in cells (e.g.,
fibroblasts) and tissue; reductions i of GL-3 accumulation; decreased plasma concentrations
of homocysteime and vascular cell adhesion molecule-1 (VCAM-1);, decreased (GL-3
15 accumulation within myocardial cells and valvular fibrocytes; reduction i plasma 1lyso-Gbs;
reduction i cardiac hypertrophy {(especially of the lett ventricle), amehoration of valvular
insutficiency, and arrhyvthmias; amebioration of proteinuria; decreased urinary concentrations
of lipids such as C'TH, lactosylceramide, ceramide, and mcreased urinary concentrations of
glucosyiceramide and sphimgomyelin; the absence of laminated mclusion bodies {(Zebra
20 bodies) m glomerular epithelial cells; improvements in renal function; mutigation of
hypohidrosis; the absence of angiokeratomas; and improvements 1in hearing abnormalities such
as high frequency sensormeural hearing loss progressive hearing loss, sudden deainess, or
tinnitus. Improvements i neuvrological symptoms include prevention of transient 1schemic
attack (TIA} or stroke; and amehoration of neuropathic pam mamfestung itself as
23 acroparaesthesia (burning or tinghing m extremities). Another type of clinical marker that can
be assessed for Fabry disease is the prevalence of deleterious cardiovascular manifestations.
{Common cardiac-related signs and sympioms of Fabry disease inclhude left ventrnicular
hypertrophy, valvular disease (especially matral valve prolapse and/or regurgitation), premature
coronary artery disease, angina, myocardial imnfarction, conduction abnormalities, arrhythimias,

30  congestive heart failure.
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036] The dose that achieves one or more of the aforementioned responses 1s a
‘therapeutically etfective dose.”
G057 ] The phrase "pharmaccutically acceptable” refers to molecular entities and
compositions that are physiologically tolerable and do not typically produce untoward
5 reactions when admimistered to a human. In some embodiments, as used herem, the term
"pharmacecutically acceptable” means approved by a regulatory agency of the Federal or a state
government or histed i the ULN. Pharmacopoeia or other generally recognized pharmacopoeia
tor use m ammals, and more particularly m humans, The term "carrer” in reference to a
pharmaceutical carrier refers to a diluent, adjuvant, excipient, or vehicle with which the

10 compound 1s adounistered. Such pharmaceutical carners can be sterile liguuds, such as water
and otis. Water or agueous solution saline sohitions and agueous dextrose and gilycerol
sohutions are preferably emploved as carrters, particularly for mjectable solutions. Suttable
pharmaceutical carriers are described in "Remington's Pharmaceutical Sciences” by E. W.
Martin, 18th Edition, or other cditions.

15 [G0358] As used herein, the term "isolated” means that the referenced matenial s
removed from the environment 1n which 1t 18 normally found. Thus, an 1solated biological
material can be tree of cellular components, i.e., components of the cells in which the material
is found or produced. in the case of nucleic acid molecules, an 1solated nuclere acid includes a
PUR product, an mRNA band on a gel, a ¢DNA, or a restriction fragment. In another

20 embodiment, an 1solated nucleic acid 18 preferably excised from the chromosome i whach 1t
mav be tound, and more preferably 18 no longer jomed (o non-regulatory, non-coding regions,
or {0 other genes, located upsiream or downstream of the gene contained by the isolated
nuclelc acid molecule when found 1n the chromosome. In vet another ernbodiment, the 1solated
nucleic acid lacks ong or more mtrons. Isolated nucleic acids mchude sequences mserted mnto

23 plasmuds, cosmuds, artificial chromosomes, and the hike, Thus, in a specitic embodiment, a
recombinant nucleic acid 1s an isolated nucleic acid. An 1solated protein mayv be associated
with other proteins or nucleic acids, or both, with which 1t associates 1 the cell, or with
celiular membranes if it is a membrane-associated protein. An 1solated organelle, cell, or tissue
s remaoved from the anatomical site 1 which ¢ 1s found 10 an organism. An isolated material

30 may be, but need not be, purtiied.
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0039 The terms "about” and "approxamately” shall generally mean an acceptable
degree of error for the quantdy measured given the nature or precision of the measurements.
Typical, exemplary degrees of error are within 20 percent (%), preferably wihin 10%, and
more preferably within 5% of a given value or range of values. Alternatively, and particularly
Yy i bwological systems, the terms "about” and "approximately” may mean values that are within
an order of magnitude, preferably within 10- or 3-told, and more preferably within 2-fold of a
given value. Numerncal guantities given heremn are approximate unless stated otherwise,
meamng that the term "about” or "approXumately” can be mierred when not expressly stated.
{040 The term "enzyme replacement therapy” or "ERT" refers to the mtroduction of a
10  non-nabive, purthied enzyme mio an mdividual baving a deficiency i such enzyme. lhe
adnunistered proten can be obtamed from natural sources or by recombinant expression (as
described 1n greater detail below). The term also relers to the introduction of a purihied enzyme
i an mdividual otherwise requiring or benefiting from administration of a purified enzyme,
¢.g., sulfering from enzyme insuifficiency. The mtroduced enzyme may be a puriied,
15 recombinant enzyme produced in vifro, or protemn purtiied from 1solated tissue or fluid, such
as, e.g., placenta or animal mulk, or from plants.
{341 ] As used herein, the term "free base equivalent” or "FBE" refers to the amount of
migalastat present in the mugalastat or salt thereot. In other words, the term "FBE" means
etther an amount of magalastat free base, or the equivalent amount of migalastat free base that
20 18 provided by a salt of mugalastat. For example, due to the weight of the hydrochloride salt,
150 mg of migalastat hydrochloride only provides as muich migalastat as 123 mg of the free
base form of migalastat. Other salts are expected to have different conversion factors,
depending on the molecular weight of the salt.
{0042 ] The term "migalastat” encompasses mugalastat free base or a pharmaceutically
25 acceptable salt thereot (e.g., migalastat H{l), unless specifically mdicated to the contrary.
G043 ] The terms "mutatton’” and "vanant {(e.g., as i amenable mutation or variant’)
refer (o a change wm the nucleotide sequence of a gene or a chromosome. The ftwo terms
referred herein are typically used together — e.g., as 1n "mutagon or vanant — referring to the
change in nucleotide sequence stated 1 the previous sentence. If only one of the two terms 18
30 recited for some reason, the nussing term was ntended to be wmcluded and one shouid
understand as such. Furthermore, the terms "amenable mutation” and "amenable varant™ refer
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to a4 mutatton or variant that 18 amenable to PC therapy, e.g. a mutation that 1s amenable to

-

migalastat therapy. A parficular type of amenable mutation or variant 18 a HEK assay

amenable mutation or varant', which 18 a nutation or vanant that is determined to be

k]

amenable to migalastat therapy according to the critena in the i vitre HEK assay described

5 herein.

0044 ] Fabry Disease
O045] Fabry disease 18 a rare, progressive and devastaong X-linked lysosomal storage

disorder. Mutations in the GLA gene result in a deficiency of the lysosomal enzyme, a-Gal A,
10 which 1s required tor giycosphingolipid metabolism. Beginning early in e, the reduction 1 o-
{al A activity results 1 an accumulation of glycosphingolipids, mceluding GL-3 and plasma
tvso-{ibs, and leads to the symptoms and life-hmiting sequelae of Fabry disease, mcluding
pain, gastrointestinal symptoms, renal failure, cardiomvopathy, cerebrovascular events, and
arly mortality. Early mmifiation of therapy and hitelong treatment provide an opportunity o
15 slow disease progression and prolong life expectancy.
0046] Fabry disease sncompasses a spectrim of disease severity and age of onset,
although it has traditionally been divided mnto 2 main phenotypes, "classic” and "late-onset’.
The classic phenotype has been ascribed primardy to males with undetectable to low g-Gal A
activity and earlier onset of renal, cardiac and/or cerebrovascular mamifestations. The late-
20 onset phenotype has been ascribed primardy to males with higher residual g-Gal A activity and
later onset of these disecase manifestations. Heterozygous female carriers typically express the
late-onset phenotype but depending on the patiern of X-chromosome mactivation may also
display the classic phenotype.
0047 ] More than 1,000 Fabry disease-causing GLA mutations have been identified.
25 Approxunately 60% are missense mutations, resulfing in single amino acid substitutions i the
a-Gal A enzvme. Missense GLA mutations often result i the production of abnormally folded
and unstable torms of ¢-Gal A and the majority are associated with the classic phenotype.
Normal cellular quality control mechanisins i the endoplasmc reticubuin block the transit of
these abnormal proteins to lysosomes and target them for premature degradation and
30 ebhmuination. Many missense mutant forms are targets for mugalastat, an o-Gal A-speciiic

pharmacological chaperone.
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{0045 The chnical manifestations of Fabry disease span a broad spectium of severity
and roughly correlate with a patient's resudual o-GAL levels. The majority of currently treated
patients are referred 0 as classic Fabry disease patients, most of whom are males. These
patients experience disease of various organs, including the kidneys, heart and brain, with
Yy disease syvmptoms first appearing in adolescence and typically progressing in severity unfil
death 1n the fourth or fifth decade of life. A number of recent studies suggest that there are a
targe number of undiagnosed males and females that have a range of Fabry disease symptoms,
such as mmpatred cardiac or renal function and strokes, that usually first appear in adulthood.
Individuals with this type of Fabry disease, referrved to as late-onset Fabry disease, tend o have

10 hagher residual o-GAL levels than classic Fabry disease patients. Individuals with late-onset
Habry disease typically fust experience disease symptoms 1n adulthood, and often have disease
symptoms focused on a smgle organ, such as enlargement of the left ventricle or progressive
kidney tailure. In addition, late-onset Fabry disease may also present in the form of strokes of
UNKNown cause.

15 [0049] Fabry patients have progressive kidney impaimrment, and unfreated patients
exhibif end-stage renal impairment by the fifth decade of lite. Deficiency in o-Gal A activity
leads to accumulation of GL-3 and related glycosphingolipids i many cell types mcluding
cells 1 the kidney. (GL-3 accumuiates m podocyvies, epithelial cells and the tubular cells of the
distal tubule and loop of Henle. Impaurment m kidney huncton can manifest as protemuria and

20 reduced glomerular filtration rate.

LEH Because Fabry disease 18 rare, mvolves multiple organs, has a wide age range of
onset, and 18 heterogenceous, proper diagnosis i1s a challenge. Awareness i1s low among health
care professionals and musdiagnoses are frequent. Diagnosis of Fabry disease 18 most often
confirmed on the basis of decreased g-Gal A activity 1 plasma or peripheral leukocytes

23 {WBCs) once a patient 18 symptomatic, coupled with mutational analysis. In femailes, diagnosis
i even more challenging since the enzymatic dentification of carvier females 18 less rehiable
due to random X-chromosomal mactivation i some cells of carrers. For example, some
obligate carrters {daughters of classically altected males) have g-Gal A enzyme activities
ranging trom normal to very low activities, Since carrters can have normal o-Gal A enzyme

30 activity m leukocyies, only the identification of an a-Gal A mutation by genetic testing
provides precise carrier identification and/or diagnosis.
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0051 ] Also, as described above, the age of onset, progression, and severty of Fabry
disecase 1s at least partly dependent on the rate of substrate accunuiation, which correlates to
the enzymatic activity i lyvsosomes. Thus, a complete lack of residual activity can correspond
to rapid substrate accumulation, and therefore a more severe form of the disease (having early
> onset and rapid progression). However, even small guantities of residual activity may be
enough 1o degrade a large amounts of substrate. This m turn would lead to milder discase with
tater onset and slower progression because of the slowed substrate accumulation. Considering
these factors, it 1s thought that even modest mcreases m enzymatic activity can reduce the
effect of a severe chinical phenotype. [3ata suggests that for most L5Ds, just 1% to 6% of

10 normal activity has been estimated as sufficient to delay or preveni diseasc onsef or vield a
more mild form of the disease. That 18, just small increases m activity could have a significant
anpact on substrate levels, and hence disease severity and the rate of disease progression.
Conversely, it 18 expected that a mutant lysosomal enzyme that shows no response in vifro
would also not respond in vivo.

15  [O652] {n one or more emboduments, mutant or variant forros of g-(Gal A considered o
pe amenable to nugalastat are defined as showing a relative mcrease (+10 uM mugalastat) of
>1.20-1old and an absolute mcrease (+ 10 uM migalastat) of > 3.0% wild-type when the
mutant form of g-Gal A 18 expressed in HEK-293 cells (veferred to as the "HEK assay’)
according to (Good Laboratory Pracuce (GLP)-vahdated i vitro assay (GLF HEK or

20 Mugalastat Amenability Assay). such mutatons or variants are also referred to herein as "HEK
assay amenable” mutations or variants.

OU53 Previous screening methods have been provided that assess enzyme
enhancement prior (o the putiation of treatment. For exampie, an assay using HEK-293 cells
has been vtlized i clhinical tmals to predict whether a given mutation will be responsive to

23 pharmacological chaperone (e g., migalastat) treatment. In this assay, cDNA constructs are
created. The corresponding g-Gal A mutant forms are transiently expressed m HEK-293 cells.
{ells are then mcubated £ magalastat (17 nM to 1 mM) for 4 to 5 days. Atter, g-(al A levels
are measured 1 cell lysates using a syvnthetic fluorogenic substrate (4-MU-o-Gal) or by
westernn blot. This has been done for known disease-causing missense or small im-frame

30 msertion/deletion nutations. Mutations that have previously been identified as responsive 1o a
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PC {e.g. migalastat) using these methods ave listed i U.S. Pat. No. 8,392,362, which is hereby
incorporated by reference in ifs entirety.
LHIREY HEK assay amenable mutations include at least those mutations listed in a
pharmacological reference table (e.g., the ones recited 1 the ULS. or International Product
> labels for a migalastat product such as GALAFOLD®). As used herein, "pharmacological
reference tabie” refers to any publicly accessible written or electronic record, included in either
the product label within the packaging of a migalastat product {e.g., GALAFOLD®) or in a
website accessible by health care providers, that conveys whether a particular mutation or
variant 1s responsive to migalastat (2.2, GALAFOLD®) PC therapy, and 18 not necessarily
10 hmated to wrtten records presented in tabular form. In one embodiment of the present
invention, a pharmacological refevence table” thus refers to any depository of information that
inchudes one or more amenable mutations or vanants., In  another embodiment, a
‘pharmacological reference table” refers to an updated depository of amenable muitations or
variants that includes the novel mutations or varnants disclosed herein (i.¢., D33H, (G35A.
15 YBsS, T194A, W04, Y2165, QZ250K, R3UZ2T, N33K, QO7R, S62delinsiL A, MUYOV, R1121L.
DI55E, N2ZRD, Q330P, V3I39A, KAVIE, N4USY, V222G, N34H, G0V, QIUO7R, YIi52Dh,
AlS0S, LI8OE, W204L, 5236{5, 1239M, AZ57V, P59, N320H, P323T, E338V, P330L, or
T412P). An exemplary pharmacological reference table for HEK assay amenabie muitations
can be tound m the summary of product characteristics and/or prescribing mformation for
20 GALAFOLDY in various countries in which GALAFOLD" is approved Tor use, or at a webstte
such as www.galafoldamenabilitytable.com or www.fabrygenevarianisearch.com, each of
which i1s hereby incorporated by reference in s entirety.
OO55] However, as only certain nuitations are amenable to treatment with nugalastat,
there 1s a need to identily new mutations and determine whether such mutations are amenabile
23 to nugalastat therapy. As described in the Example below, several new mutations have been
identified and determuned to be mutations that are amenable to migalastat therapy. These
mutations mclude D33H, G35A, Y88S, TI94A, W2044(3, Y2165, 250K, R392T, NA3K,
(07K, d62delinsL A, MO6V, R1121L, D ISSE, N228D, Q330P, V339A, K391E, N4ORY, V22(,
N34H, G0V, QIO7R, YI52D, AlIS6hS, LIsYlE, W204L, $238G, 1239M, AZ37V, P259Q),
30 N3Z0H, P3237, E338V, P350L, and T412P.
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{O056] Accordingly, in one or more embodiments, mugalastat 18 used to weat Fabry
disease and/or enhance g-{al A activity in a patient having an o-{zal A mutation selected from
the group consisting of: D33H, G35A, Y8R5, T194A, W204G, Y2165, Q230K, and R392T. in

one or more embodiments, mugalastat 1s used to treat Fabry disease and/or enhance o-Gal A

I 7

activity 1in a patient having an o-Gal A mutation selected tfrom the group consisting of: N33K,
(07K, S62dehnsLA, MB6V, RI112L, DI55E, N228D, (J330P, V339A, K391E, and N4U8Y. in
one or more embodiments, migalastat 158 used to treat Fabry disease and/or enbance o-Gal A
activity in a patient having an o-Gal A mutation selected from the group consisting of: VZ22(,
N34H, G830V, QIU7R, Y1320, A1365, LI8YF, W204L, N2338G, [239M, AZSTV, PI59Q,
10 N3ZOH, P323T, E338V, P380L, and T412P. In one or more embodiments, the patient has the
mutation D33H. In one or more embodiments, the patient has the mutation G35A. in one or
more embodiments, the patient has the mutation Y35, I one or more embodiments, the
patient has the mutation TI94A. In one or more embodiments, the patient has the mutation
W2044. In one or more embodiments, the patient has the mutation Y2165, In one or more
15  embodiments, the patient has the mutation (250K, in one or more embodiments, the patient
nas the mutation and R3Y27T. In one or more embodiments, the patient has the mutation N53K.
In one or more embodiments, the patient has the mutation Q37R. In one or more embodiments,
the paticnt has the mutation S62delinslLA. In one or more embodiments, the paticnt has the
mutation M9Y6V. In one or more embodiments, the patient has the mutation R112L1L. In one or
20 more embodiments, the patient has the mutation DI135E. In one or more embodiments, the
patient has the mutation N2Z28D. In one or more embodiments, the patient has the mutation
(J330F. In one or more embodunents, the patient has the mutation V339A. In one or more
embodiments, the patient has the mutation V339A. in one or more embodiments, the patient
nas the mutation K391k, In one or more embodiments, the patent has the mutation N4UsY. In
23 one or more embodiments, the patient has the mutation VZ22(. In one or more embodiments,
the patient has the mutation N34H. In one or more embodiments, the patient has the mutation
30V, In one or more embodiments, the patient has the mutation QIU7R. In one or more
embodiments, the patient has the mutation Y 152D, In one or more embodunents, the patient
has the mutation A136S5. In one or more embodunents, the patient has the mutation L18YF. in
30 one or more emmbodiments, the patient has the mutation W204L. In one or more embodiments,
the patient has the mutation S23380. In one or more embodiments, the patient has the mutation
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1239M. In one or more embodiments, the patient has the mutatton AZ37V. In one or more
embodiments, the pafient has the mutation P259Q. in one or more embodunents, the patient
has the mutation N320H. In one or more embodiments, the patient has the mutation 32371, In
one or more embodiments, the patient has the mutation E338V. In one or more embodiments,
the patient has the mutation P350L. In one or more embodiments, the patient has the mutation
T412F. In various embodiments, these o-{al A mutations are relative to the amino acid
sequence shown i SEQ D NO: 2.

0057 ] Exemplary nucleotide changes associated with these novel mutations are shown

1{

in Table 1 below:

Table I: Novel Migalastat-Amenable Mutations

Nucleotide change Nucleofide change Protein seqguence change
C.B 7> c.GY7( D33H
¢ 104G>C ¢.G104C G35A
C.2063A>C ¢ A263C Y83S
c.580A>G c.ASROG T194A
60T . T610G W204G
c.H647 A CABATC Y268
C.7T48C>A c.CT48A (250K
c.1175G>C c.H175(C RAGZ2T
. 15905G or €. 159C>A c.C159G or c.C159A N53K
c. 170A>( c ALTUG U37R
c.i84 185msTAG ¢.i84 1R5mmsTAG S62delinsi A
C.286A>( c. A286(5 MoV
C.335G> 1 c. (333571 K1i2L
c.405T>A or c.465 1> c. TA85A or . T4650 D55E
c.O682A>G c ABRIG NZ2Z281
¢. 989 A c. A9RGC {J330P
c. 10161T>C c. T1016C V33UA
c. 1171 A0 c. AL K391k
L 1222AT ¢ AL222T N4ORY
c.63T>G c. TO5G V22(3
¢ 1OUAS ¢ ATO0C N3d4H
¢.2390G>T c 2397 {380V
320G c.A320G {J107R
c.4534'1>(3 C. 14545 Y 152D
c.4660G>T c. 54067 Al1565
c.3670G>C or . 5670G>T c.(387C or c.G36TT 189K
c.611G>T c.GOH1IT W24l
¢, 712A>(G c.ATLI2G D238

22



i

1{

15

24

WO 2020/040806 PCT/US2019/013761

- TITASG e AT1TG [239M
. 7I00>T - c.C770T A257V
. 7I60>A ' c.CTT6A P259()
| 0.958A>C ¢ AG58C N320H

c.O6TC>A - c.CO67A P3237T
O3 AST c. ALQI3T JSRRTIAY
.1139C>T ¢.C1139T P380L
c1234A>C ¢. A1234C T412p

{058 Accordingly, i various embodiments, migalastat is used to treat Fabry discase

and/or enhance o-Gal A activity i a patient baving a GLA montation selected from the group
consisting of: ¢.97G>C, ¢ 104G, ¢ 263A5C, ¢ S5BUA>G, c.6lU01>0, c.647ASC, ¢748C>A
and ¢.1173G>C. In some embodiments, migalastat 1s used to treat Fabry disease and/or
enhance o~{zal A activity in a patient having a GLA mutation selected from the group
consisting of: ¢.159C>G of ¢ I39C>A, ¢ 170ASG, ¢ 184 _1853msTAG, ¢ 286A>G, ¢.3353G>T,
C.A65T>A of c.4653T>0, c.682A>0, c.O988AS, c. 1016150, ¢ 1171A>G, and ¢ 1222A5T. In
some embodiments, migalasiat 1s used 1o treat Fabry disecase and/or enhance g-Gal A activity
in a patient having a GLA mutation selected from the group consisting of: ¢.63T1>4,
CHOOASC, ¢.2390G>T, ¢.320A>G, ¢.454T>0, ¢ 46606>T, ¢.5670G>C or ¢.367G>T, ¢.61106>T,
CTI2A>G, C.TVTASG, . 7700C>T, ¢ 7760 >A, c.U58AS(, c.U6TU>A, ¢ 1013AST, ¢. 11380C>T,
and ¢.1234A>C. In one or more embodiments, the pafient has the GLA mutation ¢.97G>C. In
one or more embodiments, the patient has the GLA mutaton ¢ 104G>C. In one or more
embodinents, the patient has the GLA mutation ¢.263A>(C. In one or more embodiments, the
patient has the GLA mutation ¢.280A>0. In one or more embodiments, the patient has the
GLA mutation ¢.0101T>0. In one or more embodiments, the patient has the GLA mutation
c.647A>C. In one or more emmbodiments, the patient has the GLA mutation ¢.743C>A. In one
or more embodiments, the patient has the GLA mutation ¢ 1175G>C. In one or more
embodiments, the patient has the GLA mutation ¢.1539C>G or ¢ 139C>A. In one or more
embodiments, the patient has the GLA mutation ¢. 1703A>(. In one or more embodiments, the
patient has the GLA mutation ¢.184_185mmsTAG. In one or more embodumnents, the pafient has
the GLA mutation ¢.280A>(. In one or more embodiments, the patient has the GLA mutation
¢.335G>T. In one or more embodiments, the patient has the GLA mutation ¢.463T>A or

c.465T>G. In one or more embodiments, the patient has the GLA mutation ¢.682A>G. In one
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or more embodiments, the patient has the GLA mutaton ¢.9&9A>. In one or more
embodiments, the pafient has the GLA mutation ¢.10161>(. In one or more embodunents, the
patient has the GLA mutation ¢.1171A>G. In one or more embodiments, the patient has the

GLA mutation ¢ 1222A>T. In one or more embodiments, the patient has the GLA mutation

I 7

¢.65T>(5 In one or more embodiments, the patient has the GLA mutation ¢ 100A>C. Inone or

more embodiments, the patient has the GLA mutation ¢.239G>1. In one or more embodiments,

fhe patient has the GLA mutation ¢.320A>(. In one or more embodiments, the patient has the

GLA mutation ¢.434T>G. In one or more embodiments, the patient has the GLA mutaton

c.4660G>T. In one or more embodiments, the patient has the GLA mutation ¢.567G>C or

10 567>, In one or more emnbodiments, the patient has the GLA mutation ¢.611G>T. In one
or more embodiments, the patient has the GLA mutaton ¢.712A>(5. In one or more
embodiments, the patient has the GLA mutation ¢.717A>(0. In one or more embodiments, the
patient has the GLA mutation ¢.770C>T. In one or more embodiments, the patient has the
GLA mutation ¢.776C>A. In one or more embodiments, the patient has the GLA mutation

15 ¢ UX8A>(. In one or more embodiments, the patient has the GLA mutation ¢.9670U>A. In one
or more embodiments, the patient has the GLA mutation ¢ 1013A>T. In one or more
embodinents, the patient has the GLA mutation ¢.1139C>T. In one or more embodiments, the
patient has the GLA mutation ¢.1234A>C. In various embodiments, these GLA mutations are
relative to the nucleic sequence shown m SEQ 1D NO: 3.

20 {0059] Furthermore, various embodunents of the present mvention provide PCs for the
treatiment of Fabry disease in a patient having a mutation in the gene encoding o-{al A,
wherein the patient 18 identified as having a missense mutation i a human g-{sal A encoded by
a nucieic acid sequence set forth i SEQ 1D NG: T and/or SEQ 1D NO: 3. Another aspect of the
mventon pertams a method of treating a patient diagnosed with Fabry disease. In ong or more

25 embodiments, the method comprises administering to a patient a therapeutically etiective dose
of a PC of o-Gal A, In further embodiments, the patient has a missense mutation in the nucleic
acid sequence encoding o-Gal AL Another aspect of the mvention pertamns to a method of
enhancing o-Gal A 1n a patient diagnosed with or suspected of having Fabry disease. in ong or
more embodunents, the method comprises administering to a patient a therapeutically effective

30 dose of a PC of a-Gal A, whereimn the patient has a mutant o~Gal A encoded by a nucleic acd

sequence having a mussense mutation relative to SEQ 1D NO: 1 and/or SEQ 1D NO: 3. Details
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and further embodiments of these uses and methods tollows below. Any of the embodiments
relating a method of treating a patient with Fabry disease, a method of enhancing ¢-Gal A in a
patient diagnosed with or suspected of having Fabry discase, use of a pharmacological

chaperone tor o-Ual A tor the manufacture of a medicament for treating a patient diagnosed

I 7

with Fabry disease or to a pharmacological chaperone for o~0al A for use mn treating a patient

diagnosed with Fabry disease wheremn the patient 18 identiticd as having a missense mutation in

a human o-Gal A encoded by a nucleic acid sequence set forth in SEQ 1D NO: 1 and/or SEQ

I NO: 3 can be combined with any of the other embodiments of the mvention, for example

embodiments relating to the PUs and suitable dosages thereof.

10 {6060] in one or more embodunents, the paticnt may have other mutations in thew
LA gene. For example, there may be mutations m the intron region which may or may not
attect the resulting o-Gal A enzyme. Thus, 1 one or more embodiments, the patient has mutant
a-(Gal A encoded by a nucleic acid sequence having at least 95, 96, 97, 98, 99, 991, 99.2, 993,
99 4, 995, 99.6, 99.7, 99.8 or 99.9% identity to SEQ 1D NO: 1. Furthermore, the paticnt may

15  bave one or more additional mutations m the coding region of the GLA gene. Thus, in one of
more embodiments, the patient has mutant a-Gal A encoded by a nucleic acid sequence having
at least 93, 96, U7, 98, 99, 9491, 9872, 99.3, $9.4, 995, 89.6, 99.7, 998 or Y9.9% identity to
SEQ HY NO: 3. Moreover, 1n one or more embodiments, the patient has 1, 2, 3,4, 5,0, 7, 8, 9,
13, 15, 20 or 30 outations relative to SEQ 1D NG: 1 or SEQ 1D NO: 3. It 1s also noted that

20 some nucleic acid muttations i SEQ ID NO: 1 or SEQ 1D NO: 3 can result 1 no change i

amine acid for the resulting profein, as various amuno acids are encoded by multiple nucleic

acid sequences. Again, any of these embodiments can be combined with anv of the other
embodiments of the invention, for example embodunents relating {0 amenable mutations, the

P(s and suitable dosages thereot.

25
{061 Pharmacological Chaperones
{3062 ] The binding of small molecule imhibitors of enzymes associated with LSDs can

increase the stabuity of both mutant enzvime and the corresponding wild-type enzvime (sece U.S.
Pat. Nos. 0,274,597, 0,583,158; 6,589,964, 06599919, 06916829, and 7,141,582 ali
30 mcorporated herein by reference). In particuiar, adnmunisiration of smail molecule derivatives of
glucose and galactose, which are specific, selective competitive inhbitors for several target
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tysosomal enzymes, eftectively increased the stability of the enzymes in cells n virro and,
thus, increased trathicking of the enzymes to the lysosome. Thus, by increasing the amount of
enzyme in the lysosome, hvdrolysis of the enzvme substrates 18 expected to increase. The
original theory behind this strategy was as follows: smnce the mutant enzyme protein 1s unstable
in the ER (Ishi et al., Biochem. Biophys. Res. Comm. 1996; 220 812-813), the enzyme protein
is retarded m the normal transport pathway (ER—Golgl apparatus—endosomes—1ysosonic
and prematurely degraded. Theretore, a compound which binds to and mcreases the stability of
a mutant enzyme, may serve as a chaperone” for the enzyme and mncrease the amount that can
exit the ER and move to the lysosomes. In addition, because the folding and tratficking of
some wild-type proteins s incomplete, with up t© 70% of some wid-type protems bemng
degraded m some mstances prior 1o reaching their final cellular jocation, the chaperones can be
used to stabibize wild-type enzymes and increase the amount of enzyme which can exit the ER
and be tratficked to lysosomes.

063 | fn one or more cmbodiments, the pharmacological chaperonc coniprises
migalastat or a salt thereol. The compound pugalastat, also known as -
deoxygalactonojmmycin {(1-DG1) or (ZR,35,4R.55%)-2-(hydroxymethyl) piperdine-3.4,5-tnol 1s

a compound having the tollowing chemical formula:

+ +
+ +

+ +
+ +

+ +

OH :
HO +
flf!!;f S .

and
Migalastat free base

{0064 ] As discussed herein, pharmaceutically acceptable salts of nugalastat may also

be used in the present invention. When a salt of mugalastat is used, the dosage of the salt will

be adjusted so that the dose of migalastat received by the patient 18 equivalent to the amount

which would have been received had the migalastat tree base been used. OUne example of 4

pharmaceutcally acceptable salt of migalastat 1s nugalastat HCL:
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Miagalastat HC

{B065] Migalastat 1s a low molecular weight immosugar and 18 an analogue of the
terminal galactose of GL-3. In vitro and in vivo pharmacologic studies have demonstrated that
migalastat acts as a pharmacological chaperone, selectively and reversibly binding, with high
attimity, to the active site of wild-type o-Gal A and specific mutant forms of o-Gal A,
Migalastat binding stabilizes these mutant forms of a-{al A m the endoplasmic reticulum
facihitating theiwr proper tratficking to lvsosomes where dissociation of nugalastat allows o-{al
A to reduce the level of GL-3 and other substrates.

{0066] in a specitic embodiment, the PC comprises migalastat or salt thereot. In further
embodiments, the PC comprises mugalastat hvdrochioride.

G067 | Any of these PCs tor a-{al A may be used i combination with any of the other
embodiumnents of the mvention, for example embodiments relating to a method of treating a
patient with Fabry disease, a method of enhancing o-Gal A i a patient diagnosed with or
suspected of having Fabry disease, use of a pharmacological chaperone for g-Gal A for the
manufacture of a medicament for treating a patient diagnosed with Fabry disease or (o a
pharmacological chaperone for ¢-Gal A for use i freating a patient diagnosed with Fabry
disease as well as embodiments relating to suitable doses of PCs, amenable mutations and to
the treatment of a Fabry patient having certain mutations 1n the nuclerc acid sequence encoding

o-Cral A

{0068 Dosing, Formulation and Administration

{ BUGY | in onc or more embodiments, the Fabry patient 1s admuinistered migalastat or
salt thereof at a freguency of once every other day (also referred to as "QUD™). In various

embodiments, the doses described heremn pertain to mugalastat hydrochlonde or an equivalent
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dose of migalastat or a salt thereot other than the hyvdrochlonide salt. In some embodiments,
these doses pertain o the free base of migalastat. In alternate embodiments, these doses pertaimn
to0 a salt of sougalastat. In further embodiments, the salt of migalastat s mugalasiat

hydrochloride. The administration of migalastat or a salt of mugalastat is referred {0 heremn as

I 7

‘migalastat therapy .
O The effective amount of migalastat or salt thereof can be m the range from
about 100 mg FBE to about 150 mg FBE. Exemplary doses mclude about 100 mg FBE, about
105 mg FBE, about 110 mg FBE, about 115 mg FBE, about 120 mg FBE, about 123 mg FBE.
about 125 mg FBE, about 130 mg FBE, about 135 mg FBE, about 140 mg FBE, about 145 mg
10  FBE or about 150 mg FBE.
{0071 Again, it 1s noted that 150 mg of mugalastat hydrochlonde s eguvalent to 123
mg of the free base form of migalastat. Thus, 1 one or more embodunents, the dose 18 150 mg
of migalastat hvdrochioride or an equivalent dose of migalastat or a salt thereof other than the
hyvdrochloride salt, administered at a frequency of once every other day. As set forth above,
15 thus dose 1s referred to as 123 mg FBE of mugalastat. In further embodiuments, the dose 18 120
mg of mugalastat hvdrochlonde admustered at a frequency of once every other day. in other
embodiments, the dose 1s 123 mg of the mugalastat free base admunistered at a frequency of
once every other day.
{72 In various embodiments, the effective amount 1s about 122 mg, about 128 mg,
200 about 134 myg, about 140 mg, about 146 mg, about 130 myg, about 132 mg, about 159 mg, about
165 myg, about 171 mg, about 177 mg or about 183 mg of migalastat hvdrochioride.
G735 Accordingly, in  various embodiments, muigalastat therapy  includes
admuustering 123 mg FBE at a frequency of once every other day, such as 150 mg of
migalastat hydrochlornde every other day.
25 {0474] The admintstration of muigalastat or salt thereof may be for a certam pertod of
fime. In one or more embodiments, the migalastat or salt thercot 1s adnunistered for a duration
of at least 28 days, such as at least 30, 60 or 90 days or at least 3, 4, 5, 6,7, 8,9, 10, 11, 12, 16,
20, 24, 30 or 36 months or at least 1, 2, 3, 4 or 5 vears. In various embodiments, the mugalastat
therapy 15 long-term migalastat therapy of at least 6 months, such as at least 6, 7, 8, 9, 1{, 11,

30 12,16, 20, 24, 30 or 36 months or at least 1, 2, 3, 4 or 5 years.
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O075] Admimstration of migalastat or salt thereot according to the present mvention
may be i a formulation suitable for any roufe of adnunistration, but is preferably administered
in an oral dosage torm such as a tablet, capsule or solution. As one example, the paticnt is
orally admnistered capsules each contaiming 150 myg mugalastat hydrochionde or an equivalent
> dose of nugalastat or a salt thereot other than the hydrochloride salt.
{0076 in some embodiments, the PC {(e.g., migalastat or salt thercot) 1s admunistered
oraily. in one or more embodiments, the PU (e.g., migalastat or salt thereot) 18 admuustered by
mgection. The PU may be accompanied by a pharmaceutically acceptable carrier, which may
depend on the method of administration.

10 {G077] in one or more cmbodunents, the PC (e.g., migalastat or salt thereot) is
adnunistered as monotherapy, and can be 1in a form suitable for any route of admimstration,
mcluding e g., orally in the form tablets or capsules or hiquid, or 1n sterile agueous sohttion for
imiection. In other embodiments, the PO 1s provided in a dry lvophilized powder to be added o
the tormuiation of the replacement enzyme during or ummediately after reconstitution o

15  preventi enzyime aggregation in vifro prior to admimstration.

G078 ] When the PO (e.g., migalastat or salt thereol) 18 formulated for oral
administration, the tablets or capsules can be prepared by conventional means with
pharmaccutically acceptable excipienis such as binding ageunts {(e.g., pregelatinized maize
starch, polyvinyipyrrobidone or hydroxypropyl methylcellulose);, fillers {(e.g., lactose,

200 macrocrystaliine cellulose or calcium hydrogen phosphate); lubricants {e.g., magnesium
stearate, talc or silica); disintegrants (e. g., potato starch or sodium starch glycolate); or wetting
agents {e.g., soduumn fauryi sulfate). The tablets may be coated by methods well known 1n the
art. Laquid preparations for oral adounistration may take the form of, for example, solutions,
Syrups or suspensions, or they may be presented as a dry product for constitution with water or

25 another suitable vehicle betore use. Such hquid preparations may be prepared by conventional
means with pharmaceutically acceptable additives such as suspending agents {e.g., sorbitol
syrup, cellulose denvatives or hydrogenated edible fats); emulsityving agents (e.g., fecithan or
acacia); non-aqueous vehicles (e.g., almond oil, oily esters, ethyl alcohol or fractionated
vegetable oils); and preservatives {(e.g., methyl or propyl-p- hyvdroxybenzoates or sorbic acid).

30 'The preparations roay also contamn buffer salts, flavoring, coloring and sweetening agents as

=
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appropriate. Preparatons for oral admunistration may be suttably formulated to give controlled
release of the active chaperone compound.
G079 The pharmaccutical formulations of the PC (e.g., nugalastat or salt thereot)
suttable for parenteral/injectable use generally include sterile aqueous solutions {where water
> soluble), or dispersions and sterde powders tor the extemporaneous preparation of sterile
mjectable solutions or dispersion. In all cases, the form must be sterile and must be fiuid to the
extent that easy syringability exists. It must be stable under the conditions of manufacture and
storage and must be preserved against the contanunating action of mucroorgamsms such as
bacterta and fungt. The carrier can be a solvent or dispersion medium containing, for exampie,
10 water, ethanol, polyol (Tor example, glycerol, propylene glycol, and polvethviene glveol, and
the {ike), suitable muxtures thereot, and vegetable oils. The proper thndity can be maintamed,
for example, by the use of a coating such as lecithin, by the mamtenance of the required
particle size 1n the case of dispersion and by the use of surfactants. Prevention of the action of
microorganisms can be brought about by various antibacterial and antifungal agents, for
15  example, parabens, chiorobutanol, phenol, benzyl alcobol, sorbic acid, and the hike. in many
cases, 1t will be reasonable to mclude sotonic agents, for exampie, sugars or sodium chloride.
Prolonged absorption of the myectable compositions can be brought about by the use in the
compositions of agents delayimg absorption, for example, aluminum monosterate and gelatin.
{GO80] Sterile injectable solutions are prepared by incorporating the purified enzyme (f
20 any} and the PC {(e.g., migalastat or salt thereol) mn the required amount in the appropriate
solvent with various of the other ingredients enumerated above, as required, followed by filter
or ternunal stertlization. (Generally, dispersions are preparcd by mcorporating the various
sterilized active mgredients mto a sterile vehicle wiich contains the basic dispersion medum
and the required other mngredients from those enumerated above. In the case of stenle powders
25 for the preparation of sterile injectable solutions, the preferred methods of preparation are
vacuum drying and the freeze-drving techmque which vield a powder of the active ingredient
plus any additional deswed mgredient from previousty sterile-filtered solufion thereot.
{0051 ] The tormulation can contain an excipient. Pharmaceutically  acceptable
excipients which may be included in the formulation are buffers such as citrate buffer,
30  phosphate bulfer, acetate butfer, bicarbonate butfer, amino acids, urea, alcohols, ascorbic acid,
and phospholipids; protems, such as serum albumin, collagen, and gelatin; salts such as EDTA
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or BEGTA, and sodium chlonde; hiposomes; polyvinvipyrolhidone; sugars, such as dextran,
mannitol, sorbitol, and glycerol; propylene glveol and polvethviene glveol {(e.g., PEG-4000,
PEG-6000); glycerol; glycine or other amino acids; and lipids. Bufier systems for use with the
formulanons include citrate; acetate; bicarbonate; and phosphate buifers. Phosphate butfer 1s a
Yy preferred embodiment.
OS2 | The route of admuustration of the chaperone compound may be oral or
parenteral, inchuding mmtravenous, subcutaneous, mira-arterial, intraperitoneal, ophthalmac,
miramuscular, buccal, rectal, vagnal, mtracrbital, intracerebral, intradermal, intracranial,
intraspinal, itraventricular, intrathecal, intracisternal, miracapsular, intrapulioonary,
10 intranasal, transnuicosal, transdermal, or via mhalation.
{OO83] Admunistration of the above-described parenteral formulations of the chaperone
compound may be by periodic mjections of a bolus of the preparation, or may be admmistered

by mitravenous or miraperitoneal admnistration from a reservoir which i1s external (e. 2., an 1.v.

bag) or internal (e. 2., a bioerodable implant).
15 [O084] mbodunents relating to pharmaceutical formulations and administration may

pe combined with any of the other embodiments of the imvention, for example embodunents
relating to methods of treating patients with Fabry disease, use of a pharmacological chaperone
tor g-(Gal A for the manufacture of a medicament for freating a patient diagnosed with Fabry
disease or to a pharmacological chaperone tor a-Gal A for use in treating a patient diagnosed

20 with Fabry disease as well as embodiments relating to amenable mutations, the PCs and
suitable dosages thergof.

LHD R in one or more embodiments, the PC (e.g., mugalastat or salt thereof) is

L -

admustered 1 combination with ERT. ER'T mcreases the amount of protem by exogenously
miroducing wild-type or biologically functional enzyme by way of infusion. This therapy has
23 been developed tor many genetic disorders, mcluding LLSDs such as Fabry disease, as
referenced above. After the mtfusion, the exogenous enzyme i1s expected to be taken up by
fissues through non-specific or receptor-spectic mechamsm. In general, the uptake efficiency
15 not high, and the arculation time of the exogenous protemn 18 short. In additon, the
exogenous protein 1s unstable and subject to rapid intraceliular degradation as well as having
30 the potential for adverse immunological reactions with subsequent treatments. In one or more
embodinents, the chaperone 18 admimstered at the same time as replacement enzyime {(e.g..
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replacement ¢-Gal A). In some embodiments, the chaperone 1s co-formulated with the
replacement enzyme {(e.g., replacement a-Gal A).

{HOB6] Reference throughout this  specification to "one embodument,” “certain
embodiments,” "variocus embodiments,” "one or more embodiments’ or "an embodiment’
means that a particular feature, structure, material, or charactenstic described in connection
with the embodiment s mcluded in at least one embodiment of the mmvention. Thus, the
appearances of the pbrases such as "1n one or more embodiments,” "in certain embodiments,”
in various embodiments,” " one embodiment” or 'in an embodiment” m various places
throughout this specification are not necessarily referring o the same embodiment of the
invention. Farthermore, the particular features, structures, materials, or characteristics may be
combined in any suitable manner m one or more embodiments.

{087 | Although the mvention herein has been described with reference to particular
embodiments, it 1s to be understood that these embodiments are merely ilustrative of the
principies and applications of the present invention. kIt will be apparent to those skilled 1n the
art that various modifications and variations can be made to the method and apparatus of the
present mnvention without departing from the spint and scope of the mvention. Thus, 1t is
intended that the present imvention include modifications and variations that are within the

scope of the appended claims and thewr equivalents.

BEXAMPLE: Eftect of Migalastat on Mutations of o-(Gal A

G088 ] The o-(Gal A activity was measured 1n lysates prepared from HEK-293 cells
transiently transtected with the mdicated mutant form of ¢-Gal A and incubated i the absence
or presence of 10 uM migalastat for 5 days. The a-Gal A activity 18 expressed as the nmoles of
frec 4-MU released per mulligram of protein per hour (nmol/mg/hr). Baseline g-Gal A activity
and o-(zal A activity after mcubation with 10 uM roagalastat, were additionally expressed as a
percentage of basehine wild-type a-Gal A actvity (9% WT) The wild-type o-Gal A activity that
was used to calculate these percentages was the average activity measured in lysates from
wild-type transtected cells, incubated 1n the absence of migalastat, measured in paraliel.

{0BY] The results of the a-Gal A acuvity tesang tor the novel mutations D33H, G33A,
Y885, TI94A, W204(, Y2165, Q250K, and R3927T 1s shown i Table 2 below:



WO 2020/040806

PCT/US2019/013761

Table 2: BEffect of Migalastat on o-Gal A Activity

o-(zal A Mutant D338 3334 Y835 TIO4A | W204G | Y2165 | Q250K | R392T |
- Form

Baseline g-(Gal A 12925 & 1 19688 | 1510+ { 3751 % BLI H35 & 4339 + 30058

activity 915 + 1062 532 287 64 500 + 1487

(nmoi/mg/hr)

10 uM roagalastat | 24908 31694 | 553424 | 10515 £} 1695+ | 11238 | 11325 % | 36679

g-(3al A a(:‘i;ivi[y P75 + |949 376 459 198 + 751 Pi1id + 1896

(nmol/mg/hr)

Mann-Whitney UJ (.00 (.0001 | 0.000] G.O001 | 0.0001 { 0.0001 | 0.000] (.0014
pvatwe | |

Baseline ¢-Gal A 361 + 511+ 38+ 1.8 + N/A 2.0+ i6.14+ | 104.6 %

activity (% W'l 2.4 372 0.2 0.7 (3.2 1.5 6.8

10 uM mugalastat 68.8 % 82.1 & 14.1 & 3.5 & 5.3 % 34.7 + 41.6+ | 1259+

a-{3al A 3 5.6 i.3 2.4 (3.7 1.8 3.1 6.2

activity{% WT)

Absolite inerease 32.7 31.0 10).3 19.7 6.5 32.7 235 21.3
(%0 WT)

Eelative mncrease 1.93 1.61 3.67 275 N V770 2.98 1.272
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P 0OG ]
SGZ2dchinsLA, MO6V, R112L, DISSE, N228D, (Q330P, V339A, K341E, and N4O8Y is shown

The results of the a-Gal A activity testing for the novel mutations N33K, Q57K,

in {abie 3 below:

Table 3: Effect of Migalastat on g-Gal A Activity
t0 uM
10 uM Mann- Baseline ﬁ
g-(al A Baseline «- roigalastat | Absolute h
J_ mitgalastat o- | Wintney | a-Gal A | Relatve
Mutant (al A acovity a-(al A mcrease |
| -1 Gal A activity Up- activity 1RCrease
Form (nmnol/melhr) __ activity (% | (% WT)
(nmol/mg/hr} value {90 W'T) __
WT)
NS3K 5143 £ 419 P3895 £ 1270 1 G.O001 | 1462 1.0 | 38.6£2.3 24 4 2.7
J57R 20288 £ 993 26357916 1 G.0001 | 809 +£3.8 | 105.0+£3.0 24.0 1.30
SG2dehunsLA 159 & 27 RL1S &£ 810 (.0001 0.4 + 0.1 283 £ 1.7 2.9 5(.92
""""" MO6Y | 34584489 | 14612+1009 | 0.0001 | 140£12 | 381224 | 242 2.68
RI121 BLD 2364 £ 296 (L0001 N/A 754 1.1 7.5 N
$2155E 1738 £78 6619 £ 337 (0.O001 5.3 +£0.3 198+ 1.0 14.5 3.81
N228D 6264 + 654 2581622273 1 Q0001 | 1530+£15 1 632254 48.2 4.12
{F3330P 3593 & 320 123752664 | GO001 | 215216 1 45819 24 .4 2.21
V339A 18918 £ 2287 | 2517442895 G.0339 | 488 £3.3 | 65.6+4.2 16.8 1.33
K391IE 7853 £ 735 153970 £ 1367 1 00001 | 204 +£20 | 4044+ 2.9 26.0 2.03
N4OIY PRI £ 1707 | 23273 2065 | 0.0001 | 409249 § B35x£77 44.6 2.04
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The results of the o-Gal A activity testing for the novel mutations V226, N34H,

GROV, QIOVR, Y1520, Al56N, L189F, W2041., 5238, 1239M, AZS7V, P239Q, N3Z20H,
P323T, E338VY, P3ROL, and T412P is shown in Table 4 below:

Table 4: Btfect of Migalastat on g-Gal A Activity

10 pM

10 pM Mann- | Bascline o-
a-Gal A | Baschne o-Gal migalastat | Absolute
migalastat ¢- | Wintne Gal A Relative
Mutant A activity o-(xal A WCTEAse
| Gal Aactivity | v U p- | oactivity (% i Increase
Form (nmol/mg/hr) activity (% (% WT)
(nmol/mg/hr} value W o
W)
V220 4663 £ 557 7150+ 700 100067 1 155418 1 246428 8.0 1.53
N34H 8L 1414+ 100 | Q.0001 N/A 3.6 0.2 3.6 NC
GBUV 763 £ 56 2434 & 333 (.0001 2.1 5.4 + 0.6 4.3 3,13
OIO7R 1 245901703 ¢ 31193 22248 1 g.0206 1 883 x7.0 | 1098184 21.5 127
Y1520 2397 % 346 6394294 1 0.0001 i 60095 16.7x1.1 1437 275
A156S | 2447941666 | 3159742203 | 00111 | 667150 | 851453 | 184 | 1.29
LIsBF | 22405 £ 1496 | 27388 £ 1605 | Q0266 | 6.3 439 34.6 43.3 i5.3 1.22
W2041, | 1612622360 | 32649 13037 { 0.0002 § 36.9L38 | 843159 47.4 2.0
S238G | 5898 4877 {25106+ 161 1 | 0.0001 | 187421 | 864472 | 6.7 4.26
1239M 4849 = 622 24827 13056 1 0.0001 1 13917 1 693169 335.9 5.12
CA257V | 1641211096 | 303134 1981 | 0.0001 | 555233 0 999146 | 444 | 185
- P25900 | 13658 £ 1384 | 25935 £ 2000 1 Q0001 1 376034 | 73.0+5.0 36,1 }.90)
N320H | 83344344 | 2214911050 100001 | 206413 0 329%3.1 | 322 | 239
P323T | 24566 % 1350 | 29631 £1144 [ 00008 1 59.0x42 | 71.3+4.1 12.3 1.21
338V F1903 4541 21807 £345 1 00001 1+ 30.1 £1.7 d4.8 £2.7 24 §.53
P380L 1424 + 60 4248 £ 369 | 0.0001 | 34102 10.6 % 1.0 7.1 2.9%
T412F 639 £ 25 71591459 (000011 1.7x20.2 1861172 16.9 11,21

{
T
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092 ] In Tables 2-4, values for the mean# standard error of the mean (SEM) were

calculated. nmol/mg/hr indicates nmoles of free 4-MU released per mg of protein per hour'.

i

WT indicates "wild-type”. NC mdicates 'not calculable”. N/A indicates "not applicable”.

THIPAY Baseline and 10 uM migalastat a-Gal A activity: Differences in the o-Gal A

++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++

> activity between lysates incubated 1n the absence and presence of 10 uM mugalastat were
determined using a onc-tatled, Mann Whitney U test; an increase at 10 pM mugalastat with a
p<U.05 was considered sagmificant, "BLD" indicates that the mean a-Gal A activity was below
the hinnt of detection (<142 nmol/mg/hr).

{094 ] Baseline a-{al A activity

= {g-(al A activity i mutant transiected
10 cell bysates without migalastat + o-Gal A activity 1 wild-type transfected cell lysates without
migalastat) * 104,

{0095 ] 10 uM migalastat g-Gal A aclivity (9% W) = (¢-Gal A activity in mutant

transtected cell lysates mcubated with 10 pM mugalastat + o-Gal A activity 1n wild-type
transiected cell tysates without migalastaty * 100,

15  [0096] Absolute increase (% WT) = 1s the 10 uM migalastat g-Gal A activity (% WT)

minus the baseline o-Gal A activity (% WT).

097 Relative increagse is the 10 uM pugalastat o-Gal A activity in mutant
franstected cell ysaies + baselime a-(Gal A activity i mutant transtected cell lysates incubated
without mmagalastat.

20 {GOY8] As can be seen {rom Table 2, the novel a-Gal A mutations D33H, (G35A, YEES,
T194A, W2044(G, Y2165, Q250K, and R392T demonstrated an in vitro response to incubation
with migalastat that met amenability criterta. Accordingly, patients with these mufations are
expected to be treatable with migalastat therapy as described heremn.

LE ) As can be seen from Table 3, the novel o~Gal A mutations D33H, G35A, YRES,

25 TIV4A, W204G, Y2165, Q250K, and R392T demonstrated an in vifro response (o mcubation
with migalastat that met amenabiity criteria. Accordingly, patients with these mutations are
expected to be treatable with mugalastat therapy as described herein.

{GOTO0] As can be seen from Table 4, the novel o-Gal A mutations V22{5, N34H, GEOVY,
QIU7R, YI5ZD, A1565, L189F, W204L, 52365, [1239M, AZ57V, P259(), N320H, P3237T,

30 E338V, P380L, and T412P demonstrated an in vifro response to incubation with migalastat
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that met amenability critena. Accordingly, patients with these mutations are expected to be
freatable with migalastat therapy as described herem.

{0101 The patent and scientific literature referred to herein establishes the knowledge
that 158 available to those with skill i the art. All United States patents and published or
unpublished Unitted dtates patent applications cited herein are imncorporated by reference. All
published foreign patents and patent applications cited herein are hereby incorporated by
reference. All other published references, documents, manuscripts and scientific hiterature cited
herein are hereby incorporated by reference.

{G0I02] While this invention has been particularly shown and described with references
to preferred embodunents thereof, 1t will be understood by those skilled 1n the art that various

changes in form and detais may be made therein without departing {rom the scope of the

mvention encompassed by the appended claims.



WO 2020/040806 PCT/US2019/013761

What i1s claimed is;

1. A method for freatiment of Fabry disedse 1n a human patient in need thercof, the method

comprising admnistering to the patient a therapeutically effective dose of migalastat or a

I 7

salt thereol, wherein the patient has an g-galactosidase A mutation selected from the group

consisting of: D33H, G35A, Y885, Ti94A, W204(, Y2165, Q230K, and R392T.

2. The method of claun 1, whereimn the migalastat or salt thereof 1s administered to the patient
every other day.

1

{ond
*

The method of claum |, wheremn the patient 18 administered about 10U to about 150 mg free

base equivalent of the migalastat or salt thereot every other day.

4. The method of claim 1, wherein the patient 1s administered about 123 myg free base

15 cguivalent of the migalastat or salt thercof every other day.

4

The method of claim 1, wherein the patient 1s adnunistered about 123 mg of nugalastat free

base every other day.

20 6. The method of claun 1, wheremn the patient 18 admunistered about 15U mg of migalastat

hvdrochloride every other day.

7. The method of any one of clauns 1-6, wherein the migalastat or salt thereof 1s admnistered

orally.
25
8. The method of any one of ciatms 1-6, wherein the nugalastat or sait thereot 1s adnunistered
by njection.
Y. The method of any one of claims 1-3, wheremn the migalastat or salt thereof enhances o-
30 galactosidase A activity.

1. The method of any one of clauns 1-Y, wherein the patient is male.

i1. The method of any one of claims 1-9, wherein the patient 1s female.
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14

5.

i6.

17,

149,

240

23.

-

. The metbod of any one of claims 1-11, wherein the mutation 1s D33 H.

. The method of any one of claims 1-11, wheremn the mutation 1s G35A.

The method of any one of clauns 1-11, wherem the mutation 18 Y885,

The method of any one of claims 1-11, wherein the nutation is T194A.

The method of any one of claums 1-11, wherein the mutation 1s W24,

The method of any one of claims 1-11, wherein the mutation 1s Y2168,

. The method of any one of claims 1-11, wherein the mutation 1s 250K,

-

The method of any one of claims 1-11, wherein the mutation 18 K39271.

The method of any one of clauns 1-19, wheremn the montation 1s disclosed m a

pharmacological reference table.

. 'The method of claim 20, wherein the pharmacological reterence table 1s provided in a

product label for a migalastat product approved tor the treatment of Fabry disease.

. 'The method of claum 2{, wherein the pharmacological refcrence fable 1s provided m a

product tabel for GALAFOLD®.

. The method of claim 20, wherein the pharmacological reference table 18 provided at a

website.

. The method of claim 23, wherein the website is one or more of

www.galafoldamenabilitytable.com or www.fabrygenevariantsearch.com.

A method of enhancing o-galactosidase A in a paticnt diagnosed with or suspected of
having Fabry disease, the method comprising administering to the patient a therapeutically

eifective dose of nmmgalastat or a salt thereotf, wherein the patient has an q-galactosidase A
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mutation selected from the group consisting of: D33H, G35A, Y855, TI94A, W204(,
Y2168, Q250K, and R3927T.

26. 'The method of claim 25, wherein the nugalastat or salt thereot 18 admunistered o the

4

patient every other day.

277. The method of claun 25, wheremn the patient 1s admunistered about 100 to about 150 mg

free base equivalent of the migalastat or salt thereof every other day.

10 28, The method of claun 23, wheremn the patient 18 administered about 123 mg free base

cquivalent of the migalastat or salt thereot every other day.

29, The method of claim 25, wherein the patient 18 administered about 123 mg of migalastat

free base every other day.

15
30. The method of claum 25, wherein the patient 1s admunistered about 150 myg of nugalastat
hydrochloride every other day.
31. The method of any one ot claims 25-30, wherein the migalastat or salt thereot 8
20 admunistered orally.

32. The method of any one of clauns 25-30, wheremn the migalastat or salt thereof 18

admimistered by mection.
2> 33, The method of any one of clauns 23-32, wherein the patient 18 male.
34, The method of any one of claims 25-32, wherein the patient 1s female.
35. The method of any one of clauns 25-34, wherein the mutation 18 D33H.
30
36. The method of any one of claims 25-34, wherein the mutation is G35A.

37. The method of any one of clauns 25-34, wherein the mutation 18 Y 885.

33 3%.The method of anv one of claims 253-34, wherein the nuutation 1s T194A.

4{)
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34, The method of any one of claims 23-34, wherein the nutation 18 W204(5.
4{}. The method of any one of claims 235-34, wherein the mutation 1s Y2165,
41. The method of any one of clauns 23-34, wherein the mutation 18 Q250K

42. The method of any one of claims 25-34, wherein the mutation 1s R392T.

10 43. The method of any one of claims 23-42, wherein the nuutation 18 disclosed i a

pharmacological reference table.

44. The method of claun 43, wheremn the pharmacological reference table 18 provided in a

product label for a mugalastat product approved for the treatment of Fabry disease.

45, The method of claim 43, wherein the pharmacological reference table 1s provided 1n a

product label tor GALAF OLD”.

45, The method of claum 43, wheremn the pbarmacological reference table 1s provided at 4

2{k wehsite,

47. The method of claum 46, wherein the websiie IS one or more of

www. galatoldamenabilitytable.com or www . fabrvgenevarnantsecarch.com.

A

25 48, A method for treatment of Fabry disease in a human patient in need thereot, the method
comprising admimstering to the patient a therapeutically effective dose of migalastat or a
salt thereot, wherein the patient has an g-galactosidase A mutation selected trom the group
consisting of: N33K, (Q57R, $62delinsL A, MO6V, R112L1L, D153E, N22&D, (3330P,

V339A, K391E, and N4IBY .

49. The method of claim 48, wherein the mugalastat or salt thereof 18 administered to the

patient every other day.

30, The method of claim 43, wherein the patient 1s administered about 100 to about 150 myg

™

35 free base equivalent of the migalastat or salt thereotf every other day.
41
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. 'The method of claun 43, wherein the patient 1s adounistered about 123 mg free base

equivalent of the migalastat or salt thereot every other day.

. The method of claun 48, wherein the patient 18 administered about 123 myg of migalastat

free base every other day.

. The method of claim 48, wherein the patient 18 admuustered about 150 myg of migalastat

hydrochloride every other day.

The method of any one of clauns 45-33, wherein the mugalastat or salt thereof 1s

administered orally.

. The method of any one of claims 48-53, wherein the nugalastat or salt thercot 18

admnistered by mijection.

. The method of any one of claumns 48-33, wheremn the migalastat or salt thereot enhances -

galactosidase A activity.

The method of any one of claums 45-56, wherein the patient 18 male.

. The method of any one of claims 48-56, wherein the patient 1s female.

The method of any one of claims 48-3%, wherein the mutation 18 N33 K.

The method of any one of claims 48-58, wherein the mutation 18 Q27K

. The method of any one of claums 43-38, wherein the mutation 1s S6Z2delmsLA.

. The method of any one of claims 48-58, wherein the mutation i1s MYGV.

. The method of any one of claums 48-58, wherein the mutation 1s R1121L.

. 'The method of any one of clauns 48-58, wheremn the mutation 18 DI35E.

. The method of any one of claims 48-58, wherein the mutation 1s N2Z2sD.
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66. The method of any one of claims 48-38, wherein the nuutation 18 Q330P.

67, The method of any one of claims 48-58, wherein the mutation 1s V33YA.

63. The method of any one of claums 48-38, wherein the mutation 18 K391 E.

(9. The method of any one of claims 48-58, wherein the mutation 1s N4ORY.

i} 70 The method of any one of clauns 48-0Y, whercin the mutation s disclosed in a

pharmacological reference table.

71. The method of claun 70, wheremn the pbarmacological reference table 1s provided n a

product label for a nugalastat product approved for the treatment of Fabry disease.

15
72. The method of claun 70, wherein the pharmacological reference table 18 provided m a
product label tor GALAFOLD™.
/3. The method of claim 70, wherein the pharmacological reference table 1s provided at a
28 website,

74. The method of claim 73, wherein the websiie 1s one or more of

www.galatoldamenabilitytable.com or www fabrygenevariantsearch.com.

25 75, A method of enhancing o-galactosidase A in a patient diagnosed with or suspected of
having Fabrv disease, the method comprising adnunistering to the patient a therapeutically
effective dose of nugalastat or a salt theveol, wheremn the patient has an g-galactosidase A
mutation selected from the group consisting of: N33K, Q37R, S62delhinsL A, MY6V,
RI12L, DI53E, N228D, Q330F, V339A, KA3VlE, and N4UBY.

3
76. The method of claun 75, wheremn the migalastat or salt thereof 1s admintstered to the
patient every other day.
77, The method of clasm 75, wherein the patient 18 adronustered about 100 to about 150 mg
33 free base equivalent of the migalastat or salt thereot every other day.
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73.

31.
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36.

37.

8.

39,

9.

91.

Y2.

The method of claum 75, wheremn the patient 18 adnunistered about 1235 mg free base

equivalent of the migalastat or salt thereot every other day.

. The method of claun 75, wherein the patient 18 administered about 123 myg of migalastat

free base every other day.

. The method of claim 73, wherein the patient 18 admustered about 150 myg of migalastat

hydrochloride every other day.

The method of any one of clauns 73-80, wherein the magalastat or salt thereof 1s

administered orally.

. The method of anvy one of claims 73-80, wherein the nugalastat or sakt thereot is

admnistered by mijection.

. The method of any one of claumns 75-82, wheremn the patient is male.

. 'The method of any one of claims 73-82, wherein the patient 18 temale.

. The method of any one of claims 75-84, wherein the mutation 1s N353K.

The method of any one of clatms 73-84, wherein the mutation 18 Q37R.

The method of any one of claims 73-84, wherein the mutation 1s S62delinsLA.

The method of any one of claims 75-84, wherein the mutation 18 MY6V.

The method of any one of claims 73-34, wherein the mutation s R1121.

The method of any one of claums 75-84, wheremn the mutation s D133E.

The method of any one of claims 73-84, wherein the mutation 1s N228D.

The method of any one of claims 75-284, wherein the mutation s Q330F.

-
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93, The method of any one of claims 735-84, wherein the mutation 18 V33YAL
94, The method of any one of clauns 75-84, wherein the mutation 18 K391E.
95. The method of any one of claims 75-84, wherein the mutation 1s N4U3Y.

96. The method of any one of claumns 73-935, wherein the mutation s disclosed m a

pharmacological reference table.

7. The method of claun 96, wheremn the pbarmacological reference table 1s provided n a

product label for a nngalastat product approved for the treatment of Fabry disease.

938. The method of claun 96, wheren the pharmacological reference table 18 provided in a

product label for GALAFOLD®.

99, The method of claim 96, wherein the pharmacological reference table 1s provided at a

‘ehsite.

108}, 'The method of claim 99, wherein the website 18 one or more of

www.galatoldamenabilitytable.com or www . fabrygenevariantsearch.com.

1. A method for treatiment of Fabry disease i1 a himnan patient in need thereof, the method
comprising admunistering to the patient a therapeutically erfective dose of migalastat or g
salt thereot, wherein the patient has an g-galactosidase A mutation selected {rom the group
consisting of: V22G, N34H, GOV, QIOTR, Y152D, A156S, LIBOF, W204L, 5238,
1239M, AZSTV, P2590, N320H, P323T, E338V, P380L, and T412P.

132,  The method of claim 101, wherein the migalastat or salt thereot 15 administered to the

patient every other day.

103, The method of clavm 101, wherem the patient 1s admunistered about 100 to about 150

mg free base equivalent of the miugalastat or salt thereot every other day.

104. The method of clanmn 101, wherein the patient 18 administered about 123 mg iree base

cguivalent of the migalastat or salt thereof every other day.
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105, The method of clasm {01, wherein the patient 18 admuustered about 123 mg of

migalastat free base every other day.

106,  The method of claim 101, wherein the patient 18 administered about 130 mg of

migalastat hydrochloride every other day.

107, The method of any one of claims 101-106, wheremn the mmgalastat or salt thereof 18

admimnistered orally.

103, The method of any one of clarms 101-106, wherein the migalastat or salt thereof 1s

administered by mjection.

109, The method of any one of claims 101-108, wherein the migalastat or salt thereot

enhances o-galactosidase A activity.

110, The method of any one of claims 101-109, wheremn the patient 18 male.

111, 'The method of any one of claums 101-109Y, wherein the patient 1s female.

112, The method of any one of clamms 101-111, wherein the mutation 1s V22G.

113,  The method of any one of clamms 101-111, wherein the mutation 18 N34H.

114, The method of any one of clamms 101-111, wherein the mutation 1s G&OV.

115. The method of any one of claims 101-111, wherein the mutation is Q1U7R.

116,  The method of any one of clamms 1{(31-111, wherein the mutation 1s Y 1320,

117. The method of any one of claims 101-111, wherein the mutation 18 A1565.

118,  The method of any one of claims 101-111, wherein the mutation 18 L18YF.

119, The method of any one of claims 101-111, wheremn the mutation 1s W204L.

46
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120,  The method of any one of clanms 101-111, wherein the mutation 1s S238G.
121, The method of any one of claims 101-111, wherein the mutation is 1239M.
3 122,  The method of any one of clamms 101-111, wherein the mutation 1s A237V.
123, The method of any one of claims 101-111, wherein the mutation is P259().
124,  The method of any one of claims 101-111, wherein the mutation 18 N320H.
10
125,  The method of any one of claims 101-111, wheremn the mutation 1s P3237T.
126, The method of any one of claims 101-111, wherein the mutation 18 E338V.
15 127. The method of any one of clasms 101-111, wheremn the mutation 1s P380L..

128, The method of any one of clayms 101-111, wherein the mutation 18 T412P.

129, The method of any one of clamms 101-128, wherein the mutation 1s disclosed in a

20 pharmacological reference table.

130. The method of claim 129, wheremn the pharmacological reference table 18 provided in a

product label tor a migalastat product approved for the treatment of Fabry disease.

25 131, The method of claim 129, wherein the pharmacological reference table 1s provided 1m a

product label for GALAFOLD”.

132,  The method of clazm 129, wherein the pharmacological reference table 1s provided at a

website.
3¢
133, The method of claum 132, whercin the websiie 18 one or more of
www. galatoldamenabihitytable.com or www . fabrygenevanantsearch.com.
134. A method of enhancing g-galactosidase A in a patient diagnosed with or suspected of
33 having Fabry disease, the method comprising administering to the patient a therapeutically

cifective dose of migalastat or a salt thereot, wherein the patient has an g-galactosidase A
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mutation selected from the group consisting of: V226G, N34H, GE0OV, QIUT7R, Y152D,
A156S, L18SE, W204L., 523605, 1230M, AZST7V, P259(), N320H, P3237T, E338V, P38{L,

and T412P.
5 135, The method of claum 134, wherem the migalastat or salt thereot 18 admunistered to the
patient every other day.
136,  The method of clatm 134, wherein the patient 18 administered about 100 to about 150
mg free base equivalent of the migalastat or salt thereof every other day.
10
137.  The method of claim 134, wherein the paticnt 1s admunistered about 123 myg free base
equivalent of the migalastat or salt thereof every other day.
138, The method of claun 134, wherem the patient 1s admunistered about 123 mg of
15 mrgalastat free base every other day.

139, The method of claun 134, wheremn the patient i8 administered about 150 mg of

migalastat hydrochioride every other day.

20 140, The method of any one of claims 134-139, wherein the migalastat or salt thereot is

admanistered orally.

141, The method of any one of clanns 134-134, wherein the smigalastat or salt thereot is

administered by injection.

i42. 'tThe method of any one of claims 134-141, wherein the patient 1s male.

143, The method of any one of clamms 134-141, wherein the patient s female.

3 144, tThe method of any one of claims 134-143, wheremn the mutation is V22(5.

145.  The method of any one of claims 134-143, wherein the mutation 18 N34H.

i46. The method of any one of claims 134-143, wheremn the mutation 1s G8OV.
33
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147,  The method of any one of clamms 134-143, wheremn the mutation 1s Q107R.
148,  The method of any one of claims 134-143, wherein the mutation is Y152D.
3 149, The method of any one of claims 134-143, wheremn the mutation 1s A1565.
150,  The method of any one of claims 134-143, wherein the mutation 1s LIS9F.
151, The method of any one of claims 134-143, wherein the mutation 18 W2041..
10
i52.  The method of any one of claims 134-143, wheremn the mutation 1s S2338G.
153, The method of any one of claims 134-143, wherein the mutation 18 1239M.
15 154, The method of any one of claims 134-143, wheremn the mutation 1s AZ257V.
155, The method of any one of clamims 134-143, wherein the mutation 18 F2539().
156.  The method of any one of clamms 134-143, wheremn the mutation 1s N320H.
157, The method of any one of clayms 134-143, wherein the mutation 18 P3237T.
158,  The method of any one of clamms 134-143, wherein the mutation 1s E338V.
25 159, The method of any one of claims 134-143, wherein the mutation is P330L.

164, The method of any one of claims 134-143, wherein the mutation 18 T412P.

i61. The method of any one of claims 134-160, wheremn the mutation 1s disclosed in a

30 pharmacological reference table.

162, 'The method of claim 161, wherein the pharmacological reference table 1s provided mm a

product label for a mugalastat product approved for the treatment of Fabry disease.

35 163, 'The method of claim 161, wherein the pharmacological reference table is provided in a

product label for GALAFOLD®.
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164.  The method of claim 161, wherein the pharmacological reference table 18 provided at a

website.

3 165. The method of claim 164, wherein the website 1S one or more of

www. galatoldamenabilitytable.com or www . fabrvgenevariantscarch.con.
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