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CLAIMS

WHAT I8 CLAIMED 15

w

A pharmaceutical composition, coroprising a plurality of diastercomers of a SMADT
antisense oligonucleotide (ASO) having a sequence according to SEQ ID NO: 1 (5°-
GTXGCCCCTTCTCCCXGCAGC-37) in which all internucleoside linkages are (0,0-linked
phosphorothioate linkages and X is S-methyl 2°-deoxycytidine, wherein the plorality of

diastereomers has a phosphorus-31 nuclear magnetic resonance C1P-NMR) spectrum

comprising:
a) one of more resonances between 54.8 to0 55.5 ppm; and
b} a first principal comaponent 1 (PC1) score and a second principal component 2

{(PC2) score, wherein:

(i) the PCI score is below about ~0.20 or above about §.25 and the PC2
score s below about 0.00; or

(1) the PCT score is outside of the range of -0.32 to 0.30 and/or the PC2

score that is putside the range of 0.00 to $.20.

The pharmaceutical composition of claim 1, wherein the *'P-NMR spectrum comprises a

PC1 score that is below about -0.20 and a PC2 score that is below about (L0,

The pharmaceutical composition of claim 1 or 2, wherein the *'P-NMR spectrum comprises
a PC1 score that is from about -0.47 to about -0.20 and a PC2 score that is from about -(3.27

to about (.00

The pharmaceutical composition of claim 1, wherein the 7'P-NMR spectrum comprises a

PCH score that is above gbout 0.25 and a PC2 score that is below about 0.00.

The pharmaceutical composition of claim 1 or 4, wherein the *'P-NMR spectrum comprises
a PC1 score that is from about 0.65 to about 0.9 and a PC2 score that is from about -0.47 to

about .00.

The pharmaceutical composition of claim 1, wherein the *P-NMR spectrum comprises a
PC1 score that is outside of the range of -0.32 to 0.30 when the PC2 score is above §.00 and

below 0.20.

- N . ~ . . 21 N .
I'he pharmaceutical composition of claim 1 or 6, wherein the ' P-NMR spectrurn comprises

a PC2 score is outside the range of 0.00 to 8.20 when the PC1 is above -0.32 and below 0.30.
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The pharmaceutical compesition of any one of claims 1-7, wherein the *'P-NMR spectrum

comprises two or more resonances between 54.8 to 55.5 ppm.

The pharmaceutical composition of claim 8, wherein the two or more resonances between

54.8 to 55.5 ppm have different intensities.

The pharmaceutical composition of any one of claims -9, wherein the *'P-NMR spectrum
comprises, independently at about 54.8 ppm, at about 54.9 ppim, at about 55.0 ppy, at about
55.1 ppm, at about 535.2 ppm, at about 55.3 ppm, at about 35.4 ppm, and/or at about 55.5

ppm, One OF MOre resonances.

The pharmaceutical composition of any one of claims 1-10, wherein the *'P-NMR spectrum

comprises, independently at about 54.8 ppm. at about 54.9 ppim, at about 35.0 ppm, at about

-

55.1 ppm, at about 55.2 ppm, at about 55.3 ppm, at about 55.4 ppm, and/or at about 55.5

PPprn, tWo O MOre 1esonances.

. The pharmaceutical composition of any one of claims 1-11, comprising 100 oullimoles to 5

moles of SMAD7 ASO.

. The pharmaceutical composition of any one of claims 1-12, comprising 100 rodlimoles to 2

maoles, 100 mitHmoles to 900 millimoles, 300 millimoles to 5 moles, 300 millimoles to 2
modes, 300 millimoles to 900 millimoles, 900 millimoles to 5 moles, or 900 millimoles to 2

moles of SMAD7T ASO.

4. The pharmaceutical composition of any one of claims 1-13, comprising about -
I'he pharmaceutical coroposition of any one of claims 1-13, comprising about 300

muliimoles of SMADT ASO.

The pharmaceutical composition of any one of claims 1-13, comprising about 900

mitlimoles of SMAD7 ASQO.

The pharmaceutical composition of any one of claims 1-13, comprising about 2 moles of

SMAD7 ASO.

. The pharmaceutical composition of any one of claims 1-13, comprising greater than 300

miflimoles, greater than 900 millimoles, or greater than 2 moles of SMAD7 ASO.

. The pharmaceutical composition of any one of claims 1-17, comprising:

a) about 0.5% to about 30% by weight of the SMAD7 ASG;

b} about 20% to about 50% by weight mannitol;
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<) about 10% to about 30% by weight microcrystalline cellulose; and
& an enteric coating comprising an ethylacrylate-methacrylic acid copolymer.

19. The pharmaceutical composition of any one of claims §-18, comprising:

a) an intra-granolar phase comprising:
5 i} about 5% to about 10% by weight of the SMAD7 ASO;

it} about 40% by weight manpitol;
i) about 8% by weight microcrystalline cellulose;
vy about 5% by weight hvdroxypropyl methylcellulose; and
v) about 2% by weight sodium starch glycolate;
10 b) an extra-granular phase comprising:
i} about 17% by weight microcrystalline celtulose;
ity about 2% by weight sodium starch glycolate,
i) about $.4% by weight magnesium stearate; and
c) an cnteric coating comprising an cthylacrylate-methacrylic acid copolymer,
15 wherein the percentages by weight are the weights of the ingredients compared to the total

weight of the pharmaceutical composition.

26, The pharmaceutical composition of any one of claims 1-18, comprising:

a) about 3% to about 30% by weight of the SMAD7T ASO;
b} about 20% to about 50% by weight mannitol;
20 c) about 10% to about 30% by weight microcrystalline celfulose,
d) about 0.5% to about 10% by weight hydroxypropy! methylcellulose;
&) about $.5% to about 10% by weight sodium starch glycolate;
£)] about 0.05% to about 1% by weight magnesium stearate;

£} about 0.5% to about 10% by weight Opadiy® AMB; and

b
o
i
=
=

about 5% to about 20% by weight Acryl-EZE®.

21. The pharmaceutical composition of any one of claims 1-18, comprising:

a) about 8.5% by weight of the SMAD7 ASQ;

b} about 40% by weight mannitol;
9] about 25% by weight microcrystalline cellulose,
30 d} about 5% by weight hydroxypropyl methylcellulose;
) about 4% by weight sodium starch glycolate;
) about 0.4% by weight magnesium stearate;

] about 4% by weight Opadry® AMB; and
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h) about 10% to about 15% by weight Acryl-EZE®.

The pharmaceutical coruposition of any one of claims 1-18, comprising:

aj about 23% by weight of the SMAD7 ASQ;

b) about 28% by weight mannitol;

C) about 25% by weight microcrystalline cellulose,

d} about 3% by weight bydroxypropy! muethylcellulose;
e) about 4% by weight sodium starch glycolate;

f} about 0.4% by weight magnesium stearate;

) about 4% by weight Opadry® AMB; and

b} about 7% to about 12% by weight Acrvi-EZE®.

The pharmaceutical composition of any one of claims 1-22, wherein the pharmaceutical

composition is formulated as a tablet.

The pharmaceutical composition of any one of claims 1-23, wherein the pharmaceutical

composition down-regulates SMADT7 mRNA and/or protein in a cell.

. The pharmaceutical composition of claim 24, wherein the down-regulation of SMADY7

protein expression s more than 40% compared o an untreated cell.

The pharmaceutical composition of any one of claims 1-25, wherein the pharmaceutical

coraposifion is clinically efficacious i treating or preventing inflaramatory bowel disease.

. The pharmaceutical composition of clairn 26, wherein the inflaramatory bowel disease is

Crohn’s disease.

The pharmaceutical composition of claim 27, wherein the Crobn’s disease is postoperative

recurrence of Crohn’s disease.
The pharmaceutical composition of any one of claims 1-28 {or oral administration.

The pharmaceutical composition of any one of elaims 1-29 for oral administration, wherein
the SMAD7 ASO is administered to a subject in need thereof at a dose of about 40 mg,
about 50 mg, about 60 mg, about 70 mg, about 80 mg, about 90 mg, about 100 mg, about
110 mg, about 120 mg, about 130 mg, about 140 mg, about 130 rog, about 160 mg, about

170 mg. about 180 mg, about 190 myg, or about 200 mg.
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. The pharmaccutical composition of any one of claims 1-30 for oral administration about
every 6 hours, about every 12 hours, about every 24 hours, about every 48 hours, about

every 72 hours, every day, two-times a week, once in 2 weeks, or once a month.

. The pharmaceutical composition of any one of claims 1-31 for oral administration at a dose

of about 160 mg daily.

3. A method of treating or preventing an inflammatory bowel disease in a subject in need

thereof, comprising administering to the subject the pharmaceutical cornposition of any one

of claims 1-32.

Use of a pharmaceutical composition of any one of claims 1-32 for the manufacture of a

medicament for the treatment of an inflammatory bowel disease.

. A pharmaceutical composition of any one of claims 1-32 for use in the treatment of an

inflammmatory bowel disease.

. The method of claim 33, use of claim 34, or pharmaceutical composition for use of claim 35,

whetein the inflaramatory bowel disease is Crohu’s disease.

. The method of claim 33 or 36, use of claim 34 or 36, or pharmaceutical composition for use
of claim 35 or 36, wherein the Crohn’s disease is postoperative recurrence of Crobn’s

disease .

. A method of preventing or treating postoperative recurrence of Crohm’s disease (CD) ina

subject in need thereof, comprising inhibiting SMAD?7 in the subject.

The method of claim 38, wherein at least one sample from the sabject has an elevated
SMADT7 level relative to a known control level, wherein the known control fevel is the
SMADT level in a samople collected from the subject prior to or during the surgical treatment

for CD or the SMAD7 level in a saople collected from a healthy subject without CD.

A method of preventing or freating postoperative recurrence of Crohn's disease (CD)yin a
subject in need thereof, comprising preventing a Crohn’s Disease Activity Index (CDAT)

score greater than 200 of the subject or reducing CDAI score for at least 50 points.

The method of claim 40, comprising preventing a CDAI score greater than 150.

2. The method of claim 40, comprising reducing CDAI score for at least 100 points.
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A method for predicting postoperative recurrence of Crohw's disease (D) in a subject in
need thereof, comprising determining the level of SMADY7 in a first sample from the subject,
wherein an clevated SMAD7 level relative to a known control level is predictive of the
recurrence of T, wherein the known control level is the SMAD7 level in a sample collected
from the subject prior to or daring the surgical treatment for CD or the SMAD7 level in a

sample collected from a healthy subject without CD,

A method of identifying a subject at risk of postoperative recurrence of Crohn’s disease
(CD), comprising: determining the level of SMAD7 in a first sample from the subject,
whercin an clevated SMATDY7 level relative to a known control level identifics the subject as
being at risk for the recorrence of CD, wherein the known control level is the SMAD7 level
in a sample collected from the subject prior to or during the surgical treatment for CD or the

SMAD7 level in a sample collected from a healthy subject without CD.

. The method of claim 43 or 44, comprising:

a} if the SMADY7 level is elevated relative to the known control level, then
administering to the subject a pharmaceutical composition comprising a SMAD7
ASG; or

b} if the SMAD7 level is not clevated relative to the known control level, then

determining the level of SMAD7 in a second sarople from the subject.

The method of claim 45, wherein the second sample is collected immmediately after, about 1
hour after, about 3 hours after, about 6 hours after, about 12 hours after, about | day after,
about 3 days after, about 1 week after, about 2 weeks after, about 1 month after, about 2
months after, about 3 months after, about 4 months after, about 5 months after, sbout 6
wonths after, about 7 months after, about 8 months after, about 9 months after, about 10

months after, about 11 months after, or about 12 months after the first sample.

A method of preventing or treating postoperative recurrence of Crohn’s disease (CDY in a
subject in need thereof, comprising administering to the subject a pharmaceutical

cornposifion comprising a SMAID7 ASQ.

. The method of claim 38, wherein inhibiting SMAD7 in the subject comprises administering

to the subject a pharmacestical composition comprising a SMAD7 ASO.

The roethod of claim 47 or 48, wherein the SMAD7 ASG 1 administered at a dose of about

40 mg, about 50 mg, about 60 mg, about 70 myg, about 80 mg, about 90 mg. about 100
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mg, about 110 mg, about 120 mg, about 130 mg, about 140 mg, about 150 mg, about 160

mg, about 170 mg, about 180 mg, about 190 mg, or about 200 mg.

50. The method of any one of clairns 47-49, wherein the SMAD7 ASO is administered about
every 6 hours, about every 12 hours, about every 24 hours, about every 48 hours, about

cvery 72 hours, every day, two-fimes a week, once in 2 weeks, or once a month,

51. The method of any one of claims 47-50, wherein the SMAD7 ASO is administered at a dose

of about 160 mg daily.

52. The method of any one of claims 47-51, wherein the SMAD7 A5G comprises a sequence

selected from any one of SEQ 1D NOs: 1-6 or a pharmaceutically acceptable salt thereof.

33, The method of any one of clairns 47-32, wherein the SMAID7 ASO has a sequence according
to SEQ ID NO: 1 (5°-GTXGCCCCTTCTCCCXGCAGC-3") 1n which all internucleoside

linkages are (3,0-linked phosphorothicate linkages and X is 5-methyl 2" -deoxyeytidine.

54. The method of any one of claims 47-53, wherein the pharmaceutical composition comprises
a plurality of diastereomers of a SMAD7 ASQ having 4 sequence according to SEQ D NO:
1 -GTXGCCCOTTCTCCCXGCAGE-37) in which all internucleoside linkages are 0,0-
linked phosphorothioate linkages and X is S-methyl 2"-deoxyeytidine,
wherein the plurality of diastereomers has a *'P-NMR spectrum comprising:

a) one or more resonances between 54.8 to 55.5 ppm; and
b} a first principal component § (PC1) score and a second prinecipal component 2
(P(C2) score, wherein:
{i) the PCI score is below about -0.20 or above about (.25 and the PC2 score
is below about 0.00; or
(ii} the PCI score i3 outside of the range of -0.32 to 0.30 and/or the PC2 score

is outside the range of 0.00 w0 0.20.

55. The method of claim 54, wherein the *'P-NMR spectrum comprises:

aj a PC1 score below about -0.20 and a PC2 score below about 8.00;

b) a PC1 score above about .25 and a PC2 scove below aboat 0.00;

9] a PC1 score from about -0.47 to about -0.20 and a PCZ score from about -0.27 to0
about 0.06;

d} a PC1 score from about .65 to about §.9 and a PC2 score from about -4.47 to

about 0.00;
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a PC1 score outside of the range of -0.32 1o (.30 when the PC2 score {s above
0.00 and below 0.20; and/or
f} a PC2 score outside the range of (.00 to 0.20 when the PC1 is above -0.32 and

below (.30,

(g

. The method of any one of claims 38-55, wherein the postoperative recuirence is selected
from the group consisting of: endoscopic recurrence, histological recurrence, radiographic

recurrence, clinical recurrence, and combinations thereof.

. The method of any one of claims 38-56, wherein the subject has received at least one

surgical treatment for CD.

The method of any one of claims 57, wherein the at least one surgical treatment is selected
from a group consisting of: bowel resection, ilcocolonic resection, colectomy,

proctocolectomy, strictureplasty, ileostomy, anal fistalotorny, and combinations thereof.
. The method of claim 58, wherein the at feast one surgical treatment 1s Ueocolome resection.
=

. The method of any one of clairos 38-39, wherein the subject exhibits no sign of

postoperative recurrence.

61. The method of any one of claims 38§-60, wherein the subject exhibits at least one sign of
postoperative recurrence.

62. The method of claim 61, wherein the subject exhibits at least one sign of endoscopic
recurrence.

63. The method of claim 62, wherein the at least one sign is a mucosal lesion.

64. The method of any one of clairos 39-63, wherein the sample is a mucosal sample.

65. The method of claim 39-64, wherein the sample is collected immediately after, about | hour

after, about 3 hours after, about 6 hours after, about 12 hours after, about | day after, about 3
days after, about | week after, about 2 weeks after, about 1 month after, about 2 months
after, about 3 months after, about 4 months after, about 5 months after, about 6 months after,
about 7 months after, about 8 months after, about 9 months after, about 10 months after,

about 11 months after, or about 12 montbs after a surgical treatment for CD.
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66, The moethod of any one of claims 39-635, wherein the SMAD7 level s SMAD7 mRNA level

or SMADT7 protein level.

67. The method of any one of clairns 39-66, wherein the elevated SMAD7 level is at least about
10%, at least about 20%, at least about 30%, at least about 4%, at least about 60%, or at

least about 80% elevated as compared to the known control level.

68. The method of any one of claims 45-67, wherein the pharmaceutical composition is

administered orally.

649, The method of any one of claims 453-68, wherein the pharmaceutical composition is
administered tmmediately after, about 1 hour after, about 3 hours after, about 6 hours after,
about 12 hours after, about I day after, about 3 days after, about 1 week after, about 2 weeks
after, about 1 month atter, about 2 months after, about 3 months atter, about 4 months after,
about 5 months after, about 6 months after, aboot 7 months after, about & months after, aboot
9 months after, about 1§ months after, about 11 months after, or about 12 months after a

surgical treatment for CD.

70. A pharmaceutical composition comprising a plurality of diastereomers of a SMAD7
antisense oligonucleotide (ASO) that is pharmacologically and/or clinically efficacious,
made by 4 method conprising:

a) confirming a >*P-NMR spectrum for the plorality of diastereomers of one or more
resonances between 54.8 to 55.5 ppm; and
b} confirming the *'P-NMR spectram has:

(1) a first principal component 1 (PC1) score that is below about -0.20 or above
about 0.25 and a second principal component 2 (PC2) score that is below
about 0.00, or

(i) a PC1 score that is outside of the range of -0.32 to 0.30 and/or a PC2 score
that is ouiside the range of 0.00 to .20,

as deterroined by principal coraponent analysis (PCA}.

71. A method of manufacturing a pharmaceutical corposition comprising a plurality of
diastereomers of a SMAD7 antisense oligonucleotide (ASD), the method coroprising:
aj confirming a >'P-NMR spectrum for the plurality of diastereomers of one or more
resonances between 54.8 to 55.5 ppm; and

b) confirming the *'P-NMR spectrunt has:
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(i) afirst principal component 1 (PC1} score that is below about -0.20 or above
about 0.25 and a second principal component 2 (PC2) score that is below
about 0.00, or

(i1) a PC1 score that is outside of the range of ~(.32 to 0.30 and/or a PC2 score

5 that is outside the range of 0.00 to 0.20,

as determined by principal component analysis (PCA).

72. The pharmaceutical composition of claim 76 or method of claim 71, wherein the method

comprises confirming:

aj the PC1 score is below about -0.20 and the PC2 score is below about .00,
16 b) the PC1 score is above about 0.25 and the PC2 score is below about 0.00;
9] the PC1 score is from about -0.47 to about -0.20 and the PC2 score is from about

-0.27 to about 0.00;
d} the PCH score 18 from about 0.65 to about .9 and the PC2 score is from

about -0.47 to about 0.00;

15 ) the PC1 score is outside of the range of -0.32 to .30 when the PC2 score is
above .00 and below 0.20; and/or
B the PC2 score is outside the range of .00 to 0.20 when the PCI is above -0.32
and below 0.30.
73. The pharmaceutical composition of claim 70 or 72 or method of claim 71 or 72, wherein the
20 method comprises confirming:
aj the *TP-NMR spectrum has two or more resonances between 54.8 to 55.5 ppmy;
b} the *!P-NMR spectrum has one or more resonances at about 54.8 pprmy;
<) the *'P-NMR spectrum has two or more resonances at about 54.8 ppm;
d) the *'P-NMR spectrum has one or miore resonances at about 54.9 pprg;
25 ) the 3'P-NMR spectrum has two or mose resonances at about 54.9 ppm;
) the *'P-NMR spectrum has one or more resonances at about 55.0 ppny;
3, the *'P-NMR spectrum has two or more resonances at about 33.0 ppm;
b} the *TP-NMR spectrum has one or more resonances at about 55.1 ppmy
1) the *'P-NMR spectrum has two or more resonances at about 55.1 ppm;
30 1 the *’P-NMR spectrum has one or more resonances at about 55.2 ppin;
k) the *'P-NMR spectrum has two or more resonances at about 55.2 ppim;
b the 3'P-NMR spectrum has one or more resonances at about 55.3 ppmy;
m} the *'P-NMR spectrim has two or more resonances at about 55.3 ppm;
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the > P-NMR spectrum has one or miore resonances at about 55.4 ppro;
the 3'P-NMR spectrum has two or mose resonances at about 55.4 ppm;
the *'P-NMR spectrum has one or more resonances at about 55.5 ppry;
the *P-NMR spectrum has two or more resonances at about 53.5 ppm; and/or
the *TP-NMR spectrum has fwo or more resonances between 54.8 to 55.5 with

different intensities.

74. A method of predicting pharmacological and/or clinical efficacy of a candidate composition

comprising a plurality of diastereomers of a SMAD7 antisense oligonucleotide (ASO), the

method comprising subjecting a *'P-NMR spectrum for the plurality of diastercomers to

principal component analysis {PCA) to obtain a first principal component {(PClyand a

second principal component (PC2), wherein:

N\
a)

b}

a PC1 score that is below about -0.20 or above about 0.25 and a P2 score that i3
below about .00 is predictive of pharmacological and/or clinical efficacy, or
a PC1 score that is outside of the range of -0.32 to 0.30 and/or a PCZ score that is

outside the range of 0.00 to 0.20,

is predictive of pbarracological and/or clinical efficacy.

75. The method of claim 74, wherein:

a)

b}

l¢]
R

a PC1 score that §s below about -0.20 and a PC2 scorve that is below about 0.00;
a PC1 score above about 0.25 and a PC2 score that is below about 0.00;

a PC1 score from about -0.47 to about -0.20 and a PC2 score that is from about -
.27 to about 0.00;

a PC1 score from about .65 to about 8.9 and a PC2 score that is from

about -0.47 to about 0.00;

a PCH score outside of the range of -0.32 1o (.30 when the PC2 score is above
0.00 and below 0.20; and/or

a PC2 score is outside the range of .00 to 0.20 when the PC1 is above -0.32 and

below (.30,

is predictive of pbharmacological and/or clinical efficacy.

76. The pharmaceutical composition of claim 70 or 72 or method of any one of claims 71-785,

wherein the PCA comprises selecting principle components using a modeling data set.
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. The pharmaceutical composition of claim 76 or method of claim 76, wherein the modeling
data set comprises five, six, seven, eight, nine, ten, or up to twenty-seven > 'P-NMR specira

selected from the Y'P-NMR spectra as shown in FIGs. 5C-5CC.

. The pharmaceutical composition of claim 76 or 77 or method of claim 76 or 77, wherein the
modeling data set comprises the SIPNMR spectra as shown in FiGs. 5C, 51, 35X, 5H, 5P, 51,
SM, 5T, 58, and 5BB.

. The pharmaceutical composition of any one of claims 70 and 71-78 or method of any one of
claims 71-78, wherein the principal components are selected to account for more than 90%

variance of the modeling data set.

The pharmaceutical composition of any one of claims 70 and 71-79 or method of any one of

claims 71-79, wherein the *’P-NMR is performed in solution at about 14.1 T.

The pharmaceutical composition of any one of claims 70 and 71-80 or method of any one of
claims 71-80, wherein the SMAD7 ASO comprises a sequence selected from any one of

SEQ D NOs: 1-6 or a pharmaceutically acceptable salt thereof.

. The pharmaceutical composition of any one of claims 70 and 71-81 or method of any one of
claims 71-81, wherein internucleotide linkages of the SMADY7 ASO are O, (-linked

phosphorothioates.

3. The pharmaceutical composition of any one of claims 70 and 71-82 or method of any one of

claims 71-82, wherein the SMAD7 ASO has a sequence according to SEQ 1D NO: 1 (5°-
GTXGCCCOCTTOTCCOXGCAGC-3) o which all intermucleoside linkages are 0,0-linke

phosphorothioate linkages and X is 5-methyl 2" -deoxycytidine.

A method of treating an inflammatory bowel disease in a subject in need thereof, comprising
administering to the subject the pharmaceutical composition of any one of claims 70 and 71-
83, the SMAD7T ASC manuvfactured according to any one of claims 71-73 and 76-83 or the
SMADT7 ASO predicted to be pharmacologically and/or cimically efficacious according to

any one of claims 74-83.
. The method of claim 84, wherein the inflammatory bowel disease is Crohn’s disease.

. The method of claim 85, wherein the Crohn’s disease is postoperative Crohn’s disease.
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