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COMPOSITIONS OF SMADT ANTISENSE GLIGONUCLEOTIDES (ASQO) AND
METHODS OF USING THE SAME

RELATED APPLICATIONS
{6001} The present application claims priority to U.S. Provisional Patent Application No.
63/015,120, filed on April 24, 2620; U.S. Provisional Patent Application No. 63/030,818, filed
on May 27, 2020; and U.S. Provisional Patent Application No. 63/135,283, filed on January 8,

2021, the entire contents of gach of which are hereby incorporated by reference for all purposes.

SEQUENCE LISTING
{0002} The present specification makes reference to a Sequence Listing, submitted
electronically as a .ixt file naraed “GHU_061_Sequence_Listing (xt™ on April 23, 2021, The .ixt
file was generated on March 24, 2021 and is 3,711 bytes in size. The entire contents of the

Sequence Listing are herein incorporated by reference.

BACKGROUND
{6003] Non-saperiroposability of an object onto its mirror image is called chirality. A
molecule is chiral if it cannot be superimposed onto its mirror image. A chiral center of a
molecule is an atom that has four different atoms or groups bonded to it in such a manner that i
has a nonsuperimposable roirror image.
{6004] Stereoisomers are molecules that differ in spatial arrangement of atoms.
Enantiomers are a pair of sterecisomers that are mirror images of each other that are non-
superimposable. Diastoreomers dre non-roirror image non-identical stercotsomers.
{0005] Enantiomers often have identical chernical and physical properties, except for the
direction in which they rotate polarized light and how they interact with different chiral entities,
such as chiral receptors, chiral solvents, chiral chromatographic stationary phases, and
clectromagnetic radiation. On the other hand, diastereomers display different chemical and
physical properties and are typically considered different chemical and pharmacological entities.
{0006} Many biological molecules and coraponents of biological systens {e.g., receptors,
enzymes, and co-tactors) are chiral, and different stereoisomers can have different effects on
biological organisms. The chivality of a drog can influence all aspects of pharracological and
pharmacokinetic activities, ¢.g., bicavailability, distribution, metabolism, and permeability. For

exarople, while one of a drug’s enantiomers may have favorable physiological and/or clinical
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effects, the other cnantiomer may be less active or inactive, have different physiological and/or
clinical activities, or produce adverse effects.

{0007] Oligonucleotides are short BNA or RNA molecules that have a wide range of
applications in therapeutics (e g., antisense therapies), genetic testing, and forensics.
Cligonucleotides are chemically synthesized using nucleotide building blocks. To promote the
stability of oligonuclestides, chemical modifications, such as phosphodiester backbone
modifications and sugar ring modifications have been employed. Phosphorothioate (PS)
modification of the backbone is a common practice to protect synthetic oligonucieotides from
degradation, thereby improving the stability and pharmacological profiles of the
oligonucleotides. PS medification converts the focally achiral phosphor atom of the
phosphodiester (PO) linkage into a chiral PS center, resulting in diastereomers of the synthetic
oligonucleotides. However, common synthetic methods of PS modified oligonucleotides do not
atlow for control of the chirality at the phosphor atom. Meanwhile, individual diastercomer
fevels in a given synthetic batch of PS oligonucleotides cannot be analytically determined
without chirality-at-phosphor control.

{0008] While how controlling chirality of the PS linkage modulates therapeutic profiles of
oligonucleotides is still under debate, recent studies suggest that stercodefined systems may have
improved therapeutic efficacy. Techniques arve described in the art for the evaluation of
stereoisomeric purity, ¢.g., optical rotation or polarimetry and nuclear magnetic resonance
{NMR) spectroscopy.

{6009] There reroains a need for iroproved strategies for evaluating the diastereomeric
profile of PS oligonucleotides and for predicting their related pharmacological and/or clinical
cfficacy. There further remains the need to provide oligonucleotides with defined
diastereomeric profiles having known pharmacological and/or clinical efficacy. The present
disclosure provides oligonucleotides having characterized diastereomeric profiles and improved
strategies for assessing and predicting the pharmacological and/or clinical efficacy of the same
using diastereomeric profiles.

{60101 Crohn's disease {CD) is a chronic inflamnmatory disorder characterized by transmural
and segmental lesions. CD can ocear in any part of the alimentary tract, although the terminal
ileum and the right colon are the most commenly invelved sites. Nearly half of D patients
require surgety within 10 years from diagnosis. Bowel resection (e.z., ileocecal resection) is the
maost common surgical procedure performed for CD. However, surgery does not cure CD.
While surgery often results in clinical remission, most patients vltimately relapse and require
subseqguent surgery. Postoperative recurrence of CD can be diagnosed by histologic or

endoscopic findings or by the presence of clinical symptoms.
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{6011] There rernains a need for strategies for predicting, treating and preventing
postoperative recurrence of CO. The present disclosure provides methods for predicting,
treating, and/or preventing postoperative recurrence of CD and for identifying patients at risk of

postoperative recurrence of CD.

SUMMARY
{6012] The present application provides pharmaceutical compositions of SMAD7 antisense
oligomicleotide diastereomers and methods of mamfactaring, assessing efficacy, and using the
COMpPOsitions.
{0013] Accordingly, one aspect of the present application provides a pharmaceutical
composition, comprising a plurality of diastereomers of a SMADT antisense oligonucieotide
(ASQO) having a sequence according to SEQ ID NO: 1 (8’-CGTXCGCCCCTTCTCCOCXGCAGE-
3’y in which all internucleoside linkages are O,0-linked phosphorothioate linkages and X is 5-
methyl 2’-deoxyeytidine, wherein the plurality of diastereoroers has a phosphorus-31 nuclear
magnetic resonance (' P-NMR) spectrom comprising: a) one or more resonances between 54.8
t0 535.5 ppm; and b} a first principal component 1 (PC1) score and a second principal component
2 (PC2) score, wherein: (i) the PCI score is below about -0.20 or above about 0.25 and the PC2
score is below about 0.00; or (i1) the PC1 score is outside of the range of -0.32 to 0.30 and/or the
PC2 score that is outside the range of 0.00 to 0.20.
{60147 In some embodiments, the J'P-NMR spectrum comprises a PC1 score that is below
about -0.20 and a PC2 score that is below about 0.00. fn some embodiments, the ' P-NMR
spectrumn comprises a PCL score that is from about -0.47 to about -0.20 and a PC2 score that is
from about -(.27 to about 0.00. In some embodiments, the *'P-NMR spectrum comprises a PC1
score that is above about 0.25 and a PC2 score that is below about (.00, In some embodunents,
the *'P-NMR spectrumn comprises a PC Y score that is from about 0.65 to about 0.9 and a PC2
score that is from about -0.47 to about 0.00. In some embodiments, the "'P-NMR spectrum
comprises a PC1 score that is outside of the range of -0.32 to .30 when the PCZ score is above
0.00 and below 0.20. In some embodiments, the *'P-NMR spectrom comprises a PC2 score is
outside the range of 0.00 to 0.20 when the PC1 is above -0.32 and below §.30.
{0315] In some enbodiments, the Y P-NMR spectrum comprises two Or mMore resonances
between 54.8 to 55.5 ppot. In some embodiments, the two or more resonances between 54.8 to
55.5 ppm bave different intensities. In some embodiments, the *'P-NMR spectrum comprises,
independently at about 54.8 ppm, at about 54.9 ppim, at about 55.0 ppry, at about 55.1 ppm, at
about 55.2 ppmy, at about 55.23 ppm, at about 35.4 ppm, and/or at about 35.5 ppm, one or more

resonances, T some embodiments, the 'P-NMR spectrurn comprises, independently at about
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54.8 ppm, at about 54.9 ppny, at about 55.0 ppm, at about 55.1 ppm, at about 35.2 ppm, at about
55.3 ppm, at about 554 ppm, and/or at about 535.5 ppm., two or more resonances.

{0016] In some embodiments, the pharmaceutical composition comprises 100 mitlimoles to
5 moles of SMADT ASQ. In sore embodiments, the pharmaceutical coraposition comprises
100 millimoles to 2 moles, 100 millimoles to 900 millimoles, 300 millimnoles to § moles, 300
miflimoles to 2 moles, 300 millimoles to 900 millimoles, 900 millimoles to 5 moles, or 900
millimoles to Z moles of SMAD7 ASO. In some crbodiments, the pharmaceutical composition
comprises about 300 millimoles of SMAD7 ASO. In some embodiments, the pharmaceatical
composition comprises about 900 millimoles of SMAD7 ASQ. In some embodiments, the
pharmaceutical composition comprises about 2 moles of SMADT7 ASO. In some embodiments,
the pharmaceutical composition comprises greater than 300 millimoles, greater than 900
millimoles, or greater than 2 moles of SMAD7 ASO.

{0617} In some erabodiments, the pharmaceutical composition comprises: aj about .5% to
about 30% by weight of the SMAD7 ASO; b) about 20% to about 50% by weight mannitol; ¢}
about 10% to about 30% by weight microcrystalline cellulose; and d) an enteric coating
coraprising an ethylacrylate-methacryvlic acid copolymer. In some cmbodiments, the
pharmaceutical composition coroprises: a} an intra-gramular phase coroprising: 1) about 5% to
about 10% by weight of the SMAD7 ASO; 1) about 40% by weight mannitol; i) about 8% by
weight microcrystalline cellulose; iv) about 3% by weight hydroxypropyl methyleellitose; and
v) about 2% by weight sodium starch glycolate; b) an extra-granular phase comprising: 1) about
17% by weight microcrystalline cellulose; ity about 2% by weight sodium starch glycolate; i)
about 0.4% by weight magnesium stearate; and ¢) an enteric coating comprising an
cthylacrylate-methacrylic acid copolymer, wherein the percentages by weight are the weights of
the ingredients compared to the fotal weight of the pharmaceutical composition.

{0018] In some embodunents, the pharmaceutical composition comprises: 4) about 5% to
about 303% by weight of the SMAD7 ASO; by about 20% to about 50% by weight mannitol; ¢}
about 10% to about 30% by weight microcrystalline cellulose; d) about .5% to about 10% by
weight hydroxypropyl methyleellulose; e} about 0.5% to about 10% by weight sodium starch
glveolate; f) about 0.05% to about 1% by weight magnesium stearate; g) about 0.5% to about
10% by weight Opadry® AMB: and h} about 5% to about 20% by weight Acryl-EZE®. In
some embodiments, the pharmaceutical composition comprises: 4) about 8.5% by weight of the
SMAD7 ASG; b) about 40% by weight mannitol; ¢) about 25% by weight microerystalline
cellulose; d) about 5% by weight hydroxypropyl methyleellulose; e} about 4% by weight sedium
staxch glycolate; ) about G.4% by weight magnesium stearaie; g) about 4% by weight Opadiy®

AMB; and h) about 10% to about 15% by weight Actyl-EZE®. In some embodiments, the
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pharmaceutical compasition comprises: ay about 23% by weight of the SMAD7 ASO; b) about
289% by weight mannitol; ¢} about 25% by weight microcrystalline cellulose; d) about 5% by
weight hydroxypropyl methylcellulose; e} about 4% by weight sodium starch giycolate; f) about
0.4% by weight roagnesium stearate; gy about 4% by weight Opadry® AMB; and h) about 7% to
about 12% by weight Acryl-HZE®.

{60191 In some emabodiments, the pharmaceutical composition is formulated as a tablet. In
some embodiments, the pharmaceutical composition is for oral administration. In some
embodiments, the pharmaceutical composition is 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 g, 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 150 mg, about 160 mg, about 170 mg, about 180 mg,
about 190 mg, or about 200 mg. In some embodiments, the pharmaceutical composition is 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.
In some embodiments, the pharmaceutical composition is for oral administration at a dose of
about 160 myg daily.

{6026] in some embodiments, the pharmaceutical composition down-regulates SMAD7
mRNA and/or protein in a cell. In some embodiments, the down-regulation of SMAD7 protein
expression is more than 40% compared to an untreated cell. In some embodiments, the
pharmaceutical composition is clinically efficacious in treating or preventing inflammatory
howel disease. In some embodiments, the intlanunatory bowel disease is Crobn’s disease. In
some embodiments, the Crohn’s disease is postoperative recurrence of Crohn’s disease.

{0021] in one aspect, the present disclosure provides a method of treating or preventing an
inflammmatory bowel discase in a subject in need thereof, comprising administering fo the subject
a pharmaceutical composition provided herein. fn one aspect, the present disclosure provides a
use of a pharmaceutical composition provided herein for the manufacture of a medicament for
the treatment of an inflammatory bowel disease. In one aspect, the present disclosure provides a
pharmaceutical composition provided herein for use in the treatmoent of an inflamrnatory bowel
disease. In some embodiments, the inflammatory bowel disease is Crohn’s disease.
pharmaceutical composition, the Crohn’s disease is postoperative recurrence of Crohn's disease
{0022] In another aspect, the present disclosure provides a method of preventing ot freating
postoperative recurrence of Crohn's disease (CD) in a subject in need thereof, comprising
inhibiting SMAD7 in the subject. In some embodiments, at feast one sample from the subject

has an elevated SMAD7 level relative to a known control level, wherein the known control level
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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.
{0023] in another aspect, the present disclosure provides a method for preventing or treating
postoperative recurrence of Crohin's disease (CD) in a subject in need thereof, comprising
preventing a Crohn’s Disease Activity Index (CDAD score greater than 200 of the subject or
reducing CDAT score for at lcast 50 points. In some embodiments, the method comprises
preventing a CDAIR score greater than 150, In some embodiments, the method comprises
reducing CDAT score for at least 100 points.

{6024] In another aspect, the present disclosure provides a method for predicting
postoperative recurrence of Crohn’s disease (CD) in a subject in need thereof, comprising
determining the level of SMADT in a first sample from the subject, wherein an elevated SMAD7
fevel relative to a known control level is predictive of the recurrence 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.

{0025] In another aspect, the present disclosure provides 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, wherein an elevated SMAD7 level relative to a
known control level identifies the subject as being at risk for the recurrence of CD, wherein the
known control level is the SMAD7 level in a sample collected from the subject prior to or during
the surgical treatroent for CD or the SMADT level in a sarople collected from a healthy subject
without CD.

{6026] In some embodiments, if the SMADT7 level is elevated relative to the known control
level, then administering to the subject a pharmaceutical composifion comaprising a SMAD7
ASG:; or if the SMAD7 level is not elevated relative to the known control level, then
determining the level of SMAD7 in a second sample from the subject.

{60271 in some erabodiments, the second sample is collected immediately after, about |
howr after, about 3 bours after, about 6 hours after, aboot 12 hours after, about 1 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, about 6 months after, about 7
maonths 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.

{0028] In another aspect, the present disclosure provides a method for preventing or treating
postoperative recurrence of Crobn’s disease (CD) in a subject in need thereof, coraprising

administering to the subject a pharraceutical composition comprising a SMAD7 ASC.
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{6025] fn some ernbodiments, inhibiting SMADT in the subject comprises administering to
the subject a pharmaceutical composition comprising a SMAD7 ASO. In some embodiments,
the SMAD7 ASG is administered at a dose of about 40 mg, about 50 mg, about 60 mg, about
70 g, about 80 mg, about 90 mg, about 100 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. In some embodiments, the SMAD7 ASG is administered about every § hours,
about every 12 hours, about every 24 hours, about every 48 hours, about every 72 hours, every
day, two-tines a week, once in 2 weeks, or once a month. In some embodiments, the SMAD7
ASO is administered at a dose of about 160 mg daily.

{0038] In some embodiments, the SMAD7 ASO cormprises a sequence selected from any
one of SEQ 1D NOs: 1-6 or a pharmaceutically acceptable salt thereof. in some embodiments,
the SMAD7 ASO has a sequence according to SEQ ID NO: 1 (5-
GTXGCCCCTTICTCCCXGCAGC-37) in which all internucleoside linkages are (,0-linked
phosphorothioate linkages and X is S-maethyl 2°-deoxycytidine. In some embodiments, the
pharmaceutical composition comprises a plurality of diastereomers of a SMAD7 ASQO having a
sequence according to SEQ 1D NG: 1 §"-GTXGCCCCTTCTCCCXGCAGC-37) in which all
internucleoside tinkages are (,0-linked phosphborothioate linkages and X is 5-maethyl 27-
deoxyeytidine, wherein the plurality of diastereomers has a *'P-NMR spectrurm comprising: a)
one or more resonances between 54.8 to 55.5 ppmy; and b) a fivst principal component | (PC1)
score and a second principal component 2 (PC2Z) score, wherein: (1) the PC1 score is below
about -0.20 or above about .25 and the PC2 score is below about 0.00; or (it) the PC1 score is
outside of the range of -0.32 to 0.30 and/or the PC2 score is outside the range of .00 t0 0.20. In
some embodiments, the **P-NMR spectrum comprises: a) a PC1 score below about -0.20 and a
PC2 score below about §.00; b)Y a PCI score above about €.25 and a PC2 score below about
(.00; ¢} a PC1 score from about -0.47 to about -0.20 and a PC2 score from about -0.27 to about
$.00; d) a PC1 score from about §.65 to about 8.9 and a PC2 score from about -0.47 to about
0.00; e} a PC1 score outside of the range of -0.32 t0 0.30 when the PCZ score is above 0.00 and
below 0.20; and/or; and/or f) a PC2 score outside the range of (.00 to 8.20 when the PCH is
above -0.32 and below (.30,

{0031] In some embodiments, the postoperative recurrence is selected from the group
consisting of: endoscopic recurrence, histological recurrence, radiographic recurrence, clinical
recurrence, and combinations thereof.

{0632) In some emabodiments, the subject has received at least one surgical treatment for
CD. In some embodiments, the at least one surgical treatment is selected from a group

consisting of: bowel resection, ileocolonic resection, colectomy, proctocolectomy,
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strictureplasty, deostomy, anal fistulotomy, and corabinations thereof. In some embodiments,
the at least one surgical treatment is ileocolonic resection.

{0033] In some embodiments, the subject exhibits no sign of postoperative vecurrence. In
some embodiments, the subject exhibits at least oune sign of postoperative recurrence. In some
erbodiments, the subject exhibits at least one sign of endoscopic recurrence. In some
embodiments, the at least one sign is a mucosal lesion,

{60341 in some emabodiments, the sample s a mucosal sample. In some embodiments, the
sample s collected immediately after, about I hour after, about 3 hours after, about & howrs
after, about 12 hours after, about 1 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 S months after, about & 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 months after a
surgical treatment for CD.

{60351 in some erabodiments, the SMAD7T level is SMADT mRNA level or SMAD7Y protein
fevel. In some embodiments, the elevated SMAID7 level is at least about 10%, at least about
20%, at least about 30%, at least about 40%, at least about 60%, or at least about 80% elevated
as compared to the known control level.

[0036] In some embodunents, the pharmaceutical composition is administered orally. Tn
some embodiments, the pharmaceutical composition is administered immediately after, about 1
hour after, about 3 hours after, about 6 hours after, about 12 hours after, about 1 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 S months after, about & months after, about 7
months after, about 8 months after, about 9 months after, about 10 months after, about 11
meniths after, or about 12 months after a surgical treatment for CD.

{0037] in another aspect, the present disclosure provides a pharmaceutical composition
comprising a plurality of diastereomers of a SMAD7 antisense oligonucleotide {ASO) that is
pharmacologically and/or clintcally efficacious, made by a method comprising: a) confirming a
HP.NMR spectrum for the plurality of diastereomers of one or more resonances between 54.8 to
55.5 ppim; and b) confirming the 3'P-NMR spectrurm has: (i) a first principal component 1 (PC1)
score that is below about -0.20 or above about 0.25 and a second principal cormponent 2 (PC2)
score that is below about 0.00, or (i) a PC1 score that is outside of the range of -0.32 10 .30
andfor a PC2 score that is outside the range of 0.00 to 0.20, as determined by principal
component analysis (PCA).

{8038] {n another aspect, the present disclosure provides a method of manufacturing a

pharmaceutical composition comprising a plurality of diastereomers of a SMAD7 antisense
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oligonucleotide (ASO), the method comprising: a) confirniing 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 spectrum has: (i) a first principal component 1 (PC1) score that is
below about -0.20 or above about .25 and a second principal component 2 (PC2) score that is
below about .00, or (it} a PCI score that is outside of the range of -0.32 to (.30 and/or a PC2
score that is outside the range of 8.00 to 0.20, as determined by principal component analysis
(PCA}.

{66391 in some embodiments, the method comprises confirmung: a) the PCT score is below
about ~$.20 and the PC2 score is below about 80.00; b) the PC1 score is above about 8.25 and the
PC2 score is below about 0.00; ¢) 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; &) the PC1 score is from about .65 to about 4.9 and the
PC2 score is from about -0.47 to about §.00; e} the PCI score is outside of the range of -0.32 to
.30 when the PC2 score is above 0.00 and below (.20; and/or t) the PC2 score is outside the
range of 0.00 to .20 when the PCI s above -0.32 and below 0.30. Tn some embodiments, the
method comprises confirming: a) the 31P-NMR spectrum has two or more resonances between
54.8 to 55.5 ppm: b) the 31P-NMR spectrum has one or more resonances at about 54.8 ppm; ¢}
the 31P-NMR spectrum has two or more resonances at about 54.8 ppmy; d) the 31P-NMR
spectrum has one or more resonances at about 54.9 ppny e) the 31P-NMR spectrum bas two or
more resonances at about 54.9 ppm: 1) the 31P-NMR spectrum has one or more resonances at
about 55.0 ppmy; g) the 31P-NMR spectrum has two or more resonances at about 35.0 ppm; It)
the 31 P-NMR spectrum has one ot more resonances at abott 55.1 ppoy i) the 31P-NMR
spectrumn has two or more resonances at about 55.1 ppm; ) the 31P-NMR spectrum has one or
more resonances at about 55.2 ppm; k) the 31P-NMR spectrum has two or more resonances at
about 55.2 ppm; D) the 31 P-NMR spectrum has one or more resonances at about 35.3 ppm; m)
the 31P-NMR spectrum has two or more resonances at about 55.3 ppm; n) the 31P-NMR
spectram has one or more resonances at about 55.4 ppim; o) the 31P-NMR spectrum has two or
more resonances at about 55.4 ppm; p) the 31P-NMR spectrum has one ot more resonances at
about 55.5 ppry ) the 31P-NMR spectrum has two or more resonances at about 35.5 ppm;
and/or 1) the 31P-NMR spectrum has two or more resonances between 54.8 to 55.5 with
different intensities.

[0040] in another aspect, the present disclosure provides a method of predicting
pharmacological and/or clinical efficacy of a candidate corpposition comprising a plurality of
diastercomers of a SMAD7 antisense oligonucleotide (ASO), the method comprising subjecting
a ' P-NMR spectrum for the plurality of diastereorners to principal coniponent analysis (PCA) to

obtain a first principal component (PC1) and a second principal component (PC2), wherein: a) a
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PC1 score that is below about -0.20 or above about 0.25 and a PC2 score that is below about
0.00 is predictive of pharmacological and/or clinical efficacy, or b} the PC1 score is outside of
the range of -0.32 0 0.31 and/or the PC2 score that is outside the range of 0.00 to 8.20, is
predictive of pharmacological and/or clinical efficacy. In some embodiments, a} a PCI score
that 18 below about -0.20 and a PC2 score that is below about 8.00; b) a PC1 score above about
.25 and a PC2 score that is below about 0.00; ¢} a PC1 score from about -0.47 to about -0.20
and a P2 score that is from about -0.27 to about .00; d) a PC1 score from about (.65 to about
0.9 and a PC2 score that is from about -0.47 to about 0.00; e) a PC1 score outside of the range of
-0.32 to .30 when the PC2 score 1s above .00 and below 8.20; and/or f) the PC2 score is
outside the range of .00 to .20 when the PC1 is above -0.32 and below (1.30, is predictive of
pharmacological and/or clintcal efficacy.

{0041] In some embodiments, he PCA comprises selecting prineiple components using a
modeling data set. In some embodiments, the modeling data set comprises five, six, seven,
cight, nine, ten, or up to twenty-seven * P-NMR spectra sclected from the *'P-NMR spectra as
shown in FIGs. 5C-SCC. Tn some embodiments, the modeling data set comprises the *TP-NMR
spectra as shown in FiGs. 5C, 5L, 53X, 5H, 5P, 51, 5M, 57T, 5§, and 5BB. In some cmbodiments,
the principal coroponents are selected to account for more than 90% variance of the modeling
data set. In some embodiments, the YP-NMR is performed in solution at about 14.1 1. In some
embodiments, the SMAD7 ASQO comprises a sequence selected from any one of SEQ ID NGs:
1-6 or a pharmaceutically acceptable salt thereof. In some embodiments, infernucleotide
finkages of the SMAD7 ASO are O,0-linked phosphorothioates. In some embodiments, the
SMAD7 ASO has a sequence according to SEQ ID NO: 1 (5~
GTXGCCCCTTCTCCCXGLAGC-3) in which all internucleoside linkages are O,0-linked
phosphorothioate linkages and X s 5-methyl 2'-deoxyceytidine.

{0042] in some embodunents, provided here 1s a method of treating an inflanunatory bowel
disease in a subject in need thereof, comprising administering to the subject a SMAD7 ASO
manufactured according a method disclosed herein or a SMAD7 ASO predicted to be
pharmacologically and/or clinically efficacious according a method disclosed herein. In some
embodiments, the inflammatory bowel disease i1s Crohn’s disease. In some embodiments, the
Crohn’s disease is postoperative Crohn’s disease.

[0043] These and other aspects and advantages and other aspects of invention described in

the present application are illustrated by the following figures, detailed description, and clairos.
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BRIEF DESCRIPTION OF THE DRAWINGS
{60441 In order to understand the invention and to demonstrate how it may be carried out in
practice, ermbodiments are now described, by way of non-limiting example only, with reference
to the accompanying drawings in which:
{0045] FIG. 1 1s an illustration showing the structure of exemplary SMADT antisense
oligonucleotides (ASOs).
{6046] FIGs. 2A-2E show Western blot images of whole cell lysates prepared from HCT-
116 cells ransfected with different batches of SMAD7 ASOs. FEG. 2A shows Western blots
probed with SMADT (top panel) and B-actin loading control (bottom panel) of lysates prepared
from HCT-116 cells transfected with either 0.5 pg/ml or 1 pug/mi of SMAD7 ASG (SEQ ID
NO:1y Batches T, P, H, A, or J or Lipofectamine 3000 alone (negative control). FIG. 2B shows
Westernt blots probed with SMAD7 {top panel) and B-actin loading conwrol (bottom panel) of
lysates prepared from HCT-116 cells transfected with 1 pg/ml of SMAD7 ASG (SEQ ID NOG:1)
Batches B, M, X, B, F, S, C, K, W, U, or A or Lipofectamine 3000 alone (negative control).
FIG. 2C shows Western blots probed with SMADT (top panel) and B-actin foading control
{bottom panel} of lysates prepared from HCT-116 cells transfected with 1 ug/mt of SMAD7
ASG (SEQ ID NO:y Batches L, V, N, O, Y, 7, D, G, Q. L, or A or Lipofectamine 3000 alone
{negative control). FIG. 2D shows Western blots probed with SMAD7 (top panel) and B-actin
foading control (bottom panel) of lysates prepared from BCT-116 cells wansfected with 1 pg/mi
of SMAD7 ASG (SEQ 1D NO: 1) Batches A, F, O, or S or Lipofectamine 3000 alone (negative
control). FIG. 2F shows Western blots probed with SMAD7 (top panch) and B-actin loading
control (bottom panel) of lysates prepared from HCT-116 cells ransfected with 1 pg/mi of
SMAD7 ASO (SEQ ID NO:1) Batches A or 520 or Lipotectamine 3000 alone (negative
controf).
{0047] FIG. 34 is a bar graph showing mean percentage difference in SMAD7 protein
expression following transfection of HCT-116 cells with different SMAD7 ASC (SEQ ID
NG:1) batches as compared to cells treated with Lipofectamine 3000 alone (negative control).
{30481 FIG. 3B is a bar graph showing mean Performance Score of SMAD7 ASO (SEQ 1D
NO:1) batches relative to Batch A (positive control).
{0049] FIG, 3C is a bar graph showing real-time PCR analysis of SMAD7 mRNA
expression of HOT-116 cells transfected with SMAD7T ASG (SEQ 1D NO:1) Batches A, X, K,
or T, as compared to cells treated with Lipofectamine 3000 alone (negative control).
{0056] FIG. 4A is a bar graph showing mean changes in Crohn’s disease activity index
(CAD score i patients receiving different batches of SMAD7 ASG compared to baseline at

the end of 4 weeks of daily treatment.
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{08051} FEG. 4B is the superposed “'P-NMR spectra at 14.1 T in the region of 56.5-53.5 ppm
of the SMAD7 ASC (SEQ ID NO:1) batches used to treat patients for the chnical performance
plot in FIG. 4A.

[0052] FIG. 54 is the superposed "H-NMR spectra of 27 tested batches of SMAD7 ASO
(SEQ 1D NO:D). FIG. 5B is the superposed *'P-NMR spectra at 14.1 T in the region of $7-53
ppm of 27 tested batches of SMAD7 ASG (SEQ 1D NO:1). FEGs. 3, 5D, 8K, 5F, 5G, 54, 51,
5}, 5K, 5L, 5L, 5M, 3N, 5, 8P, 33, 5R, 58, 57T, 5U, 5V, 8W, 53X, 5Y, 57, 5AA, 5BB, and
S5CC are *'P NMR spectra in the region of $6.5-53.5 ppm of SMAD7 ASG (SEQ 1D NO:D
Batch A B C,DEFGHLLE,LMNOP QRS T U V. W, X, Y, Z and S20.
tespectively. FIG. DD is superposed *'P-NMR spectra in the region of 56.5-53.5 ppm of
SMAD7 ASO (SEQ ID NO: 1) Batches A (solid line) and Y (dashed line). FIG, SEE is
superposed > P-NMR spectra in the region of 56.5-53.5 ppm of SMAD7 ASO (SEQ ID NO: 1)
Batches P (solid line} and T (dashed line). FI{. 5FF is superposed "'P-NMR spectra in the
region of 56.5-53.5 ppm of SMAD7 ASO (SEQ 1D NO:1) Batches A, B, and D, which represent
batches in three distinct areas in the PCA score plot presented in FIG. 7D,

{0053] FIG. 6 shows variable temperature circular dichroism spectra of different batches of
SMAD7 ASO. Inflection points are indicated with grey curcles.

[0054] FIG.7A is superposed 1 P-NMR spectra in the region of 37-53 ppro of SMAD7 ASO
Batches AF, G, LK, N, Q, R, V, and 7, used as a training set in the principal component
analysis (PCA). FIG. 7B is a Scree Plot generated with the *'P-NMR spectra of SMAD7 ASO
hatches used as a training set. FIG. 7C is a PCA score plot with the first two components of the
3P NMR spectra of the SMAD7 ASO batches used as the training set. FIG. 7D is a PCA score
plot of the *'P-NMR spectra of the additional SMAD7 ASQ batches projected onto the PCA plot
generated with the training set, as displayed in FIG. 7C.

{0055] FIGs. 8A-8C show representative endoscopic images of the terminal ilea of Crohn’s
disease (D) patients with no evidence of postoperative endoscopic recurrence (i0), with severe
endoscopic recurrence (i4), and with established lesions (i.e., established CD} (FIG. 8A) and
immunohistochemical staining of SMAD7-positive cells in CD patients at different disease
stages {F'IG. 8B and FIG. 8C). Insets 1-3 in FIG. BC show higher magnification
photomicrographs; insct 4 of FIG. 8 shows immunochistochemical staining with control igG
[0056] FIGs. 9A-9C show the quantification of SMAD7-positive cells in the whole
ntestinal mucosa (FIG. 94), epithelivm (FI1G. 9B), and lamina propria (FIG. 8C) of CD
paticnts with no endoscopic recurrence (13-11), CD patients with endoscopic recurrence (12-14),

CD patients with established lesions (i.e., established CD), and control group patients. For each
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patient group, SMAD7-positive cells were manually counted in at least S high-power fields per
section of 3 independent experimenis. Data are presented as median and interquartile ranges.
{0057] FiGs. 18A-18C show the quantification of SMAD7-positive cells in the whole
intestinal roucosa (FIG. 10A), epithelial (FIG. 10B), and lamina propria (FIG. 10C) samples
from CD patients at 6 months after ileocolonic surgery, fromn CD patients at 12 roonths after
ileocolonic surgery, from CD patients with established lesions at the time of Hlencolonic surgery,
and from control group patients. For each patient group, SMAD7-positive cells were manually
counted in at least S high-power fields per section of 3 independent experiments. Data are
presented as median and interquartile ranges.

{0058] FIG, 11A and FIG, 11B show the correlation between the nuraber of lamina propria
SMAD7-positive cells analyzed via imownohistochemistry with the percentage of IFN-y-
positive cells (FIG. 131A) and with the percentage of IL-17A-positive cells (FI. 11B) analyzed

via flow cytometry in D patients at different stages of disease.

DETAILED DESCRIPTION
{0059] Provided herein, infer alia, are compositions of an oligonucleotide, such as an
antisense oligonucleotide {e. g., SMADT antisense oligonucieotide), comprising a plurality of
diastercomers, and methods of predicting pharmacological and/or clinical efficacy, selecting,
manufacturing, and using the compositions for treating, preventing, and managing a disease or
disorder, such as an inflammatory bowel disease (e.g., Crohn’s disease and ulcerative colitis).
The methods of predicting pharmacological and/or clinical efficacy, selecting, manufacturing
and using the compositions comprise obtaining, comparing. assessing, and/or characterizing
spectroscopic profiles and/or performing chemometric analysis. Also provided here are methods
of preventing or treating postoperative recurrence of Crohn’s disease (CD) using a SMAD7
inhibitor (e.g.. a SMAD7T antisense oligonucleotide). Also provided herein are methods of
predicting postoperative recurrence of CD in a subject and identifying a subject at risk of

postoperative recurrence of CD.

Befinitions

{G060] As used herein, “oligonucleotides” refers to short DNA or RNA molecules.
Oligonucieotides can be composed of 2'-deoxyribonucicotides (oligodeoxyribonucleotides}),
which can be modified at the phosphate backbone or at the 27 sugar position. In some
embodiments, oligonucleotides of the disclosure have one or more phosphorothioate (PS)
backbone modifications, where one or more of the non-bridging oxygen atoros in the phosphate

backbone is replaced with a salfur atom. In some embodiments, a “phosphorothioate
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oligonucieotide” or "PS oligonucleotide” has at least one internucleoside linkage that is an O, 0-
linked phosphorothioate linkage {i.e. a phosphorothioate linkage). In some embodiments, a PS
oligonucleotide has all internucleoside linkages being O, O-linked phosphorothioate linkages
{(i.e. a phosphorothioate linkage).

5 [00e1] “Antisense oligonucleotide,” ("AS(Q”) as used herein, refers to a short synthetic
oligonucleotide sequence complementary to the messenger RNA {mRNA) that encodes a target
protein {e.g., SMAD7). Without being bound to a particular theory, antisense oligonucleotide
sequences can hybridize to a complementary region in an mRNA molecule thereby producing a
double-stranded hybrid that can lead to the activation of ubiquitous catalytic enzymes, such as

13 RNase H, which degrade DNA/RNA hybrid strands thus preventing protein transiation. Without
being bound by theory, an antisense oligomucieotide provided herein can hybridize to its target
sequence as RNA or DNA. Thus, even if a DNA sequence is provided as a target, the
corresponding RNA sequence (including uracil instead of thymine) is included as an ASO.
“Phosphorothinate antisense oligonucieotides” or “PS AS0s” arc antisense oligonucientides that

15 are modified to have a phosphorothioate backbone.

{0062] The present disclosure also provides for methods of treating inflammatory bowel
disease {e.g., Crohn’s disease, such as postoperative recurrence of Crohn’s discase, and
uleerative colitis) via administering specific inhibitors of SMAD7. A “specific inhibitor,” as
used herein, refers to an agent that has structural and/or functional properties that allow it to

20 exclusively or with a high degree of selectivity act upon a melecular target. In some
embodiments, a specific inhibitor of SMAD7 can reduce the expression and/or biological
function of SMAD?7 while having no, or limited effect on other molecules, e.g. other SMAD
family proteins. In some embodiments, a specific inhibitor of SMAD7 may be a SMAD7
aniisense oligonucieotide.

25 [0063] As used herein, “Mothers against decapentaplegic homolog 77 ( "SMAD7,” also
known as CRCS3, FLI16482, MADH7, MADHS, MAD {mothers against decapentaplegic,
Drrosophiia) homolog 7, MAD homuolog 8, SMAD, mothers against DPP homolog 7, mothers
against DPP bomolog 8) means the human protein or any of the aRNA transcripts encoded by
the gene identified by Entrez GenelID No. 4092 and allelic variants thereof.

30 [B064] As used herein, “SMAD7 antisense oligonucleotide” or “SMADT AS( is
vanderstood to refer to an oligonucleotide comprising a nucleic acid sequence that is
coraplementary to a nocleic acid sequence in an mRNA molecule transeribed fror the SMADT
gene. More specifically, such an oligonucieotide can be complementary to the nucleic acid

seqguence in the coding region of such an mRNA. In some embodiments, a SMAD7 antisense

(5]
n

oligonucleotide possesses the inherent functional property of targeting the SMAD7 gene, its
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RNA or protein products, or another molecular entity whose activify or expression impinges
upon the activity or expression of SMAD7 or its products either exclusively or with a high
degree of specificity. In some embodiments, a SMAD7 antisense oligonucleotide can reduce the
expression of SMAD7 when introduced into a cell {e.g., an imunune cell, such as a PBMC,
dendritic cell, or B-cell). fun some ernbodiments, a SMADT antisense oligonucieotide can reduce
expression of an mRNA transcribed from the gene. In some embodiments, a SMAD7 antisense
oligonucleotide can reduce expression of a protein encoded by the gene. In some embodiments,
4 SMADYT antisense oligonucleotide can reduce secretion of a protein encoded by the gene from
the cell into which the SMADY7 antisense oligonucleotide was introduced. In some
embodiments, a SMAD7 antisense oligonucleotide comprises the sequence of SEQ ID NOs: i,
2, 3,4, 5, or 6, or pharmaceutically acceptable salts thereof,

{0065] As used heretn, “pharmacological efficacy” refers to the ability of a drog substance
to produce a desired or intended therapeutic effect. A “pharmacologically efficacious” drug
substance, therefore, is capable of producing a desited or intended therapeutic effect. As used
herein, “clinical efficacy” refers to the ability of a drug suhstance to produce a desived or
intending effect when administered to a subject. “Therapeutic effect” refers to the response(s)
after a treatment of any kind, the resulis of which are judged to be useful or favorable. ltis to be
understood that the establishment of the efficacy of a drug substance is often done relative o
other available drug substances, with which it will be compared. In some embodiments,
pharmacological and/or clinical efficacy of a drug substance may be evaluated by means of
presence, absence or degree of one or more symptoms assoctated with a discase or disorder {e.g.,
Crohn’s disease and ulcerative colitis), analysis of tissue histology, biochemical assay, imaging
methods such as magnetic resonance imaging, or other known methods. For instance,
pharmacological and/or clinical efficacy of a SMAD7 antisense oligonucleotide may be
evaluated by Crobn's Disease Activity Index (CDAT) scoring following administration of a
SMAD7 antisense oligonucleotide to a Crohn's Disease patient. Biochemical assays that
examine protein or RNA expression may also be used to evaluate pharmacological and/or
clinical efficacy. One roay also evaloate the presence or level of expression of useful
biomarkers to evaluate the progression of the disease or disorder and thereby the
pharmacological and/or clinical efficacy.

{0066] The terms “patient,” “individual,” and “subject” are used interchangeable and refer to
any animal suffering froro or diagnosed with a disease or disorder, such as an inflammatory
bowel disease, e.g. Crohn’s disease (such as postoperative recurrence of Crohn's discase} or
ulcerative colitis, including, but not lintied to, manwvoals, pripates, and humans, fn certain

embodiments, the patient may be a non-buman manunal sach as, for example, a cat, adog, ora

15



14

(5]
n

WO 2021/214548 PCT/1B2021/000272

horse. In a preferred embodiment, the patient is a hurnan subject. None of the termos require the
supervision of a medical professional.

{0067] The terms “disease,” “disorder,” and “condition” are used interchangeably herein.
[6068] “Treating,” includes any effect, e.g., lessening, reducing, modulating, preventing, or
eliminating, that results in the improvement of 4 condition, disease, disorder, symptom, efc.
“Treating” or “treatment” of a disease state includes: (1) inhibiting the disease state, i.e.,
arresting the development of the disease state or its clinical symptoms; (2) relicving the discase
state, i.e., causing temporary or permanent regression of the disease state or its clivucal
symptoms; (3) reducing or lessening the symptoms of the disease state; or (4) preventing the
discase state, e.g., causing the chinical symptoms of the disease state not to develop in a subject
that may be exposed to or predisposed to the discase state, but does not yet experience or display
symptoms of the disease state.

{0069] As used herein, “preventing” or “prevent” describe reducing or eliminating the onset
of the symptoms or coroplications of the disease, condition or disorder. The term “preventing,”
when used in relation to a condition, such as inflanmnation or the recurrence of Crohnt’s disease,
is art-recognized, and refers to the abiity of a formulation, composition, and/or device to reduce
the frequency of, or delay the onset of, signs and/or symptoms of a medical conditionin a
subject relative to a subject which does not receive the formulation, composition, and/or device.
Insofar as the methods of the present disclosure are directed to preventing disorders, it is
understood that the term “prevent” does not require that the disease state be completely
thwarted.

{6078 As used herein, “redace,” or other forms of the word, such as “reducing” or
“reduction,” refers to decreasing the incidence of an event or lessening a chavacteristic {e.g.,
inflarnmation or lesion). It is understood that this s typically in relation to some standard or
expected value, in other words it is relative, but that i is not always necessary for the standard or
relative valae to be referved to.

{6071] As used herein, “ameliorating a symyptom,” or other forms of the term such as
“ameliorate a symptorn,” refers to the mitigation of one or more symptoms of a disease or a
disorder in a host and/or reduces, inhibits, or eliminates a particular symptorm associated with
the disease or disorder prior to and/or post-administration of a therapeutic agent.

{0072] As used herein, “manage,” “management,” “managing,” and the like generally refers
to controlling the severity or roanifestation of symptoms of a disease, or the means of treating
the disease. Generally, management is used to obtain a desired pharmacological, physiological,
and/or clinical effect. The effect may be therapeutic in termos of partially or completely curing a

disease and/or adverse effect attributed to the disease or ensuring that a particular symptom or
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manifestation of the disease does not occur or reoccur in a patient or does 1ot rise 10 an
andesirable or intolerable level in a patient. The term “management” as used herein covers any
management of a disease in a mammal, particularly a buman, and includes: {a) inhibiting the
disease, i.e. preventing the disease from increasing in severity or scope; (b) relieving the disease,
i.e. causing partial or complete arpelioration of the disease; ov {¢) preventing relapse of the
disease, i.e. preventing the discase from returning to an active state following previous
successtul treatment of symptoms of the disease or treatment of the disease.

{00731 The term “Crohn’s disease” ("CD”), as used herein, shall be given its ordinary
meaning, as an inflammatory bowel discase that causes chronic inflammation of the
gastrointestinal tract. Crohn's discase can affect any part of the gastrointestinal tract, but most
often atfects the small intestine and colon. Surgical intervention is often required in Crohn’s
disease patients.

{0074] ins some embodiments, Crohn’s disease as used herein may be postoperative
recurrence of Crohn’s disease. Postoperative recurrence of Crohn’s disease may manifest by
histologic or endoscopic findings or with clinical symptoms. “Histologic recurrence (HR)” is
the presence of histological activity on mucosal biopsies obtained during deocolonoscopy,
which roay be observed within one week of the surgery. Endoscopic evaluation is a valuable
tool in determining postoperative recurrence and guiding medical management. The Rutgeert’s
scoring system is most widely used to grade “endoscopic recurrence (ERY”. The score is
assessed by evaluvating the ileum proximal to the anastomosis (neoterminal leum): i} indicates
no evidence of lesions; i1, 5 or less aphthous lesions; 12 applies to more than 5 aphthous lesions
with normal mucosa between the lesions, or skip areas of larger lesions, or lesions confined to
the ileocolonic anastomotic lining; i3 indicates diffuse aphthous ileitis with diffusely inflamed
mucosa; and i4 presents diffuse ileal inflammation with larger ulcers, nodules, or narrowing.
“Radiographic recurrence” is the exhibition of symptoms observed with radiographic methods,
such as contrast ultra-sonography and computed tomography (CT) or magnetic resonance {MR)
enteroclysis. “Clinical recurrence” is defined using the Crohn’s Disease Activity Index (CDAT),
a tool used to quantify the syrmptoms of patients with Crohn's disease, as, e.g., CDAI > 150 or
CDAI > 200.

{0075] Subiects in need of treatment by the methods described herein tnclude subjects
baving Crohn's disease, such as postoperative recurrence of Crohn’s disease. In some
embodiments, the subject may have endoscopic recurrence of Crohn’s disease. Signs of
endoscopic recurrence include, but are not limited to, lesions (e.g., mucosal lesions), aphthae,
ulcers, narrowing of the lumen in the neoterminal ileum, abscesses, fistulas, joint pain, diarchea,

stomach pain or craroping, fever, bloody stool, and anemia.
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{6076] Throughout the description and claims of this specification the word “comprise” and
other forms of the word, such as “comprising” and “comprises,” means inchiding bot not limited
to, and is not intended to exclude, for example, other additives, components, integers, or steps.
{0077} “Optional” or “optionally” means that the subsequently described event or
circurustance can or cannot occur, and that the deseription includes instances where the event or
circumstance occurs and instances where it does not.

{6078] As used herein, the term “about” or “approximately,” when used in reference to a
quantitative value, inclades the recited quantitative value itself, unless specifically stated
otherwise. As used herein, the term “about” or “approximately” refers to a £10% variation from
the recited quantitative value unless otherwise indicated or inferred from the context.

{0079] The terminoiogy used herein is for the purpose of describing particular ernbodiments
only. and is not intended to Hmit the scope of the present disclosure. As used throughout this
disclosure, the singular forras “a,”" “an,” and “the” include plural reference unless the context
clearly dictates otherwise. Thus, for example, a reference to “a composition” includes a
plurality of sach compositions, as well as a single composition, and a reference to “a thevapeutic
agent” is a reference to one or more therapeutic and/or pharmaceutical agents and equivalents
thereof known to those skilled in the art, and so forth. Al percentages and ratios used herein,
unless otherwise indicated, are by weight.

{60801 Unless otherwise defined, all technical and scientific terms used herein have the same
meaning as commonly understood by one of ordinary skill in the art to which this disclosure
helongs. In the case of conflict, the present specification will control. Although methods and
materials stmilar or equivalent to those described herein can be used in the practice or testing of

the present disclosure, suitable methods and materials are described below,

(ligonucieotides of the Disclosure

{6081] Provided herein, inter aliu, are pharmaceutical compositions comprising a plurality
of diastereomers of a SMAD7 antisense oligonucleotide {AS(O), wherein the plurality of
diastereomers of a SMAD7 ASO has a phosphorus-31 noclear magnetic resonance (31P-NMR)
spectruin comprising: {(a) one or more resonances between 54.8 to 55.5 ppm; and (b} a first
principal component 1 (PC1) score and a second principal component 2 (PC2) score, wherein (i)
the PC1 score is below about -0.20 or above about .25 and the PC2 score is below about (0.00;
or (it) the PC1 score is outside of the range of -0.32 to 0.31 and/or the PC2 score that is outside
the range of 0.00 to 4.20.

{60821 fn some erabodiments, the SMAID7 ASO has a sequence at least 90% identical to

SEQ ID NG: 1 (5-GTXGCCCOTTCTCCCXGCAGC-3Y, in which X is S-methyl 2°-
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deoxycytidine. In some embodiments, the pharmaceutical compositions comprise a plurality of
diastereomers of a SMAD7 ASO having a sequence at least 95% identical to SEQ ID NO: 1 (6
GTXGCCCCTTCTCCCXGCAGC-3Y), in which X is S-methyl 2’-deoxycytidine. In some
emmbodiments, the pharmaceutical compositions comprise a plorality of diastercomers of a
SMAD7 ASO having a sequence according to SEQ TD NG: 1 (5™
GTXGCCCCTTICTCCCXGCAGC-3, in which X is 5-methyl 27-deoxyeytidine.

{0083] in some erabodiments, the SMAD7 ASO has a sequence at least 90% identical to
SEQID NO: 2 (5-GTXGCCCOTTCTCTCXGCAGC-3" in which X is S-moethyl 27-
deoxyeytidine. In some embodiments, the pharmaceutical compositions comprise a plurality of
diastereomers of a SMAD7 ASO having a sequence at feast 95% identical to SEQ ID NO: 2. In
some embodinents, the pharmaceutical compositions comprise a plurality of diastereomers of a
SMAD7 ASQO having a sequence according to SEQ ID NO: 2.

{60841 In some embodiments, the SMAD7 ASO has a sequence at least 90% identical to
SEQID NO: 3 (5-GTXYCCCCTTCTCCCXYCAG-3Y, in which X s a nucleotide including a
nitrogenous base of cytosine, S-methyleytosine, or a 2’-O-methyleytosine and Y is a nucleotide
including a nifrogenous base of guanine, 5-methylguanine, or a 2’-O-methylguanine, provided
that at least one of X and Y includes a methylated nitrogenous base. Io some erobodiments, the
pharmaceutical compositions comprise a plorality of diastereomers of a SMAD7 ASO having a
sequence at least 95% identical to SEQ ID NO: 3. In some embodiments, the pharmaceutical
compositions comprise a plurality of diastercomers of a SMAD7 ASO having a sequence
according to SEQ 1D NG: 3.

{0085] In some embodiments, the SMAD7 ASC has a sequence at least 90% identical to
SEQ ID NG 4 (5-GTXGCCCCTTCTCCCKGCAG-3Y, in which X is S-methyt 27-
deoxycyiidine. In some enmbodiments, the pharmaceutical compositions comprise a plurality of
diastercomers of a SMAD7 ASO having a sequence at least 95% identical to SEQ 1D NO: 4. In
some embodiments, the pharmaceutical compositions comprise a plurality of diastercomers of a
SMAD7 ASQ having a sequence according to SEQ 1D NOG: 4.

{6686} in some embodiments, the SMAD7 ASO has 4 sequence at least 90% identical to
SEQ IB NG: 5 (-GTC*GQUCCCTTICTCCCOCHYCAGC-3), in which CF is S-methyl-2’-
deoxyeytidine and Y is a nucleotide including a nitrogenous base of guanine, S-methyiguanine,
or a 2"-O-methylguanine. In some embodiments, the pharmaceutical compositions comprise a
plurality of diastereomers of a SMAD7 ASO having a sequence at least 95% identical to SEQ
I NO: 5. In some embodiments, the pharmaceutical compositions comprise a plorality of

diastereomers of a SMAD7 ASO having a sequence according to SEQ 1D NO: 5.
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{60871 in some ernbodiments, the SMAD7 ASG has a sequence at least 90% identical o
SEQ ID NG: 6 (5-GTC*GLCCCTTCTCTCCHYCAGC -37), in which C¥ is S-methyl-2’-
deoxyeytidine and Y is a nucleotide including a nitrogenous base of guanine, S-methyiguanine,
or a 2'-O-methylguanine. In some embodiments, the pharmaceutical corapositions comprise a
plurality of diastereomers of a SMAD7 ASO having a sequence at least 95% identical to SEQ
1D NO: 6. In some embodiments, the pharmaceutical compositions comprise a pluralify of
diastercomers of a SMAD7 ASQ having a sequence according to SEQ ID NO: 6.

{03881 in some emnbodiments, the ASQO is chemically modified. In some embodiments, the
ASO is a phosphorothicate (PS) oligonucleotide wherein one of the non-bridging oxygen atoms
in the phosphate backbone is replaced with a sulfur atom. In some embodiments, the ASO has
at feast one internucleoside linkage that is an 0, O-linked phosphorothioate linkage (i.e., a
phosphorothicate linkage). In some embodiments, the ASO has all internucleoside linkages
being O,0-linked phosphorothioate linkages (i.e., a phosphorothicate linkage).

{608%] in some ernbodiments, contemplated compositions disclosed herein may include a
pharmaceutically acceptable salt, 2. 2., a sodium salt of the antisense oligonucleotide of SEQ 1D
NO: 1, SEQ ID NO: 2, SEQ 1D NO: 3, SEQ 1D NO: 4, SEQ ID NO: 5, or SEQ ID NO: 6, that
optionally may include 1 to 20 O, O-linked phosphorothioate internucleoside linkages (i.e.
phosphorothicate bonds). In some embodiments, the contemplated antisense oligonucleotide is
an antisense oligonucleotide comprising the free acid form, the salt form, or the anionic form
without a counterion of SEQ 1D NO: 1, SEQ ID NG: 2, SEQ ID NO: 3, SEQ ID NG: 4, SEQ ID
NG: 5, or SEQ TD NO: 6, wherein each of the 20 internucicoside linkages is an O, O-linked
phosphorothioate linkage. In some embodiments, the phosphorothioate backbone of SEQ ID
NO: 1, SEQ ID NGO: 2, SEQ 1D NO: 3, SEQ 1D NO: 4, SEQ ID NO: 5, or SEQ ID NO: 6, can be
fully or partially protonated to form an acidic form of SEQ ID NO: 1, SEQ ID NG: 2, SEQ D
NG: 3, SEQ 1D NO: 4, SEQ ID NO: 5, or SEQ 1D NO: 6. Conternplated salts of
oligonucleotides include those that are fully neutralized, e.g., each phosphorothioate linkage is
associated with an ion such as Na*. In some embodiments, the salt of the antisense
oligomucleotide of SEQ ID NO: 1, SEQ ID NO: 2, SEQ 1D NO: 3, SEQ 1D NO: 4, SEQ D NO:
5, or SEQ ID NO: 6 is only partially neutralized, e.g., less than all phosphorothioate linkages are
associated with an ion (e.g., less than 99%, less than 95%, less than 90%, less than 85%, less
than 80%, less than 75%, less than 70%, less than 65%, less than 60%, less than 55%, less than
50%, less than 45%, less than 40%, less than 35%, less than 30%, less than 25%, less than 28%,
{ess than 15%, less than 10%, less than 5%, less than 3%, or less than 1% are neutralized).
Oligonucieotides may include nanrally occurring nucleobases, sugars, and covalent

internucleoside (backbone) linkages as well as non-naturally cccurring portions. In varying
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embodiments, the antisense oligonucleotides of the present disclosure, for example, the
antisense oligonucleotide of SEQ D NO: |, SEQ ID NO: 2, SEQ ID NG 3, SEQ 1D NO: 4,
SEQID NG: 5, or SEQ ID NO: 6, include or may include nucleotides including deoxycytidine
and/or S-methyl 2’ -deoxyeytidine, including, but not limited to, 5-methyl-2"-deoxyeytidine 5°-
monophosphate and S-methyl-2’-deoxycytidine §'-monophosphorothioate.

{6096] In some emabodiments, the pharmaceutical compositions comprising a plurality of
diastereomers of SEQ ID NO: 1 comprise greater than 50 millimoles, greater than 100
miftimoles, greater than 200 millimoles, greater than 300 millimoles, greater than 400
millimoles, greater than SO0 millirnoles, greater than 600 millirnoles, greater than 700
miliimoles, greater than 800 millimoles, greater than 900 millimoles, greater than 1 mole,
greater than 1.5 moles, greater than 2 moles, greater than 2.5 moles, greater than 3 mooles,
greater than 4 moles, or greater than 5 moles of the plurality of diastereomers of SEQ ID NO: 1.
In some embodiments, the pharmaceutical compositions comprising a plurality of diastercomers
of SEQ ID NO: 1 comprise greater than 2 moles of the plurality of diastereoraers of SEQ ID
NO: 1. In some embodiments, the pharmaceutical composition comprises less than 5 moles, less
than 4 moles, less than 3 moles, less than 2.5 moles, less than 2 moles, less than 1.5 moles, less
than 1 moles, less than 900 millimoles, fess than 830 nullimoles, less than 800 millimoles, less
than 750 millimoles, less than 700 mullimoles, less than 650 millimoles, less than 600
mitlimoles, less than 550 millimoles, less than 5300 millimoles, less than 450 millimoles, less
than 400 millimoles, less than 350 millimoles, less than 300 millimoles, less than 250
millimolces, less than 200 millimoles, {ess than 150 millimoles, or less than 100 millimoles of the
plurality of diastereomers of SEQ 1D NO: 1. In some embodiments, the pharmaceutical
composition comprises greater than 100 millimoles to about 5 moles of the plurality of
diastereoroers of SEQ 1D NO: 1. In some embodiments, the pharmaceutical composition
coraprises greater than 100 millimoles to about 2 moles of the plurality of diastereomers of SEQ
ID NO: 1. In some embodiments, the pharmaceutical composition comprises greater than 300
millimoles o about 5 moles of the plurality of diastereomers of SEQ ID NO: 1. In some
embodiments, the pharmaceutical coraposition comprises greater than 300 millimoles to about 2
maoles of the plarality of diastereomers of SEQ ID NO: 1. In some embodiments, the
pharmaceutical composition corprises greater than 900 millimeles to about 5 moles of the
plurality of diastercomers of SEQ 1D NO: 1. In some embodiments, the pharmaceutical
coraposition comprises greater than 900 millimoles to about 2 moles of the plurality of
diastercomers of SEQ ID NOG: 1. In some embodiments, the pharmaceutical composition
comprises greater than 300 millimoles to about 900 millimoles of the plurality of diastereomers

of SEQ ID NO: 1. In some embodiments, the pharmaceatical composition comprises greater
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than 300 millimoles to about 5 moles, greater than 300 millimoles to about 4 moles, greater than
300 millimeoles to about 3 moles, greater than 300 millimoles to about 2.5 moles, greater than
300 millimoles to about 2 moles, greater than 300 millimoles to about 1.5 moles, greater than
300 millimoles to about | mole, greater than 300 millimoles to about 900 millimoles, greater
than 300 millimoles to about 800 millimoles, greater than 300 millimoles to about 700
milliroles, greater than 300 millimoles to about 600 millimoles, greater than 300 millimoles to
about 500 millimoles, greater than 300 millimoles to about 400 millimoles, greater than 400
miftimoles to about 5 moles, greater than 400 millimoles to about 4 moles, greater than 400
millimoles to about 3 moles, greater than 400 millimoles to about 2.5 moles, greater than 400
millimoles to about 2 moles, greater than 400 millimoles to about 1.5 moles, greater than 400
millimoles to about 1 mole, greater than 400 millimoles to about 900 millimoles, greater than
400 millimoles to about 800 millimoles, greater than 400 millimoles to about 700 millimoles,
greater than 400 mitlimoles to about 600 millimoles, greater than 400 millimoles to about 500
millimoles, greater than SO0 roillimoles 1o about S moles, greater than 500 millimoles to about 4
moles, greater than 500 millirooles to about 3 moles, greater than 500 millimoles to about 2.5
mades, greater than 500 millimoles to about 2 moles, greater than 500 millimoles to about 1.5
moles, greater than 500 millimeles to about 1 mole, greater than 500 millimoles to about 900
millimoles, greater than 300 muillimoles o about 800 millimoles, greater than 500 milliroles to
about 700 millimoles, greater than 500 millimoles to about 600 millimoles, greater than 600
millirnoles to about 5 moles, greater than 600 millimoles to about 4 moles, greater than 600
miflimooles 1o about 3 moles, greater than 600 millimoles to about 2.5 moles, greater than 600
millimoles to about 2 moles, greater than 600 millimoles to about 1.5 moles, greater than 600
millimoles to about 1 mole, greater than 600 millimoles to about 900 millimoles, greater than
600 millimoles to about 800 millimoles, greater than 604 milluvoles to about 700 millinoles,
greater than 700 millirooles to about 5 moles, greater than 700 millunoles to about 4 moles,
greater than 700 millimoles to about 3 moles, greater than 700 millimoles to about 2.5 moles,
greater than 700 mitlimoles to about 2 moles, greater than 700 millimoles to about 1.5 moles,
greater than 700 millimoles to about 1 mole, greater than 700 millimoles to about 900
millimoles, greater than 700 millimoles to about 800 millimoles, greater than 800 millimoles to
about 5 moles, greater than 800 millimoles to about 4 moles, greater than 800 millimoles to
about 3 moles, greater than 800 rotlimoles 1o about 2.5 moles, greater than 800 millimoles to
about 2 moles, greater than 800 noillimoles to about 1.5 moles, greater than 800 millimoles to
about 1 mole, greater than 80¢ millimoles to about 900 millimoles, greater than 900 millimoles
to about 5 moles, greater than 900 mullimoles to about 4 moles, greater than 900 millimoles to

about 3 moles, greater than 900 millimoles to about 2.5 moles, greater than 900 millimoles to
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about 2 moles, greater than 900 millimoles to about 1.5 moles, greater than 900 roillimoles to
about 1 mole, greater than | mole to about 5 moles, greater than 1 mole to about 4 moles, greater
than 1 mole to about 3 moles, greater than 1 mole to about 2.5 moles, greater than 1 mole o
about 2 moles, greater than 1 mole to about 1.5 moles, greater than 1.5 moles to about 5 moles,
greater than 1.5 moles to about 4 moles, greater than 1.5 moles to about 3 moles, greater than 1.5
moles to about 2.5 moles, greater than 1.5 moles to about 2 moles, greater than 2 moles to about
5 moles, greater than 2 moles to about 4 moles, greater than 2 moles to about 3 moles, greater
than 2 moles to about 2.5 moles, greater than 2.5 moles to about § moles, greater than 2.3 moles
to about 4 moles, greater than 2.5 moles to about 3 moles, greater than 3 moles to about 5 moles,
greater than 3 moles to about 4 moles, or greater than 4 moles to about 5 moles of the plurality
of diastereomers of SEQ 1D NO: 1. In some embodiments, the pharmaceutical composition
comprises about 1 moles, about 900 millimoles, about 850 millimoles, about 800 millimoles,
about 750 miflimoles, about 700 millimoles, about 650 millimoles, about 600 millimoles, about
550 millimoles, about 300 millimoles, about 450 millimoles, about 400 millimoles, about 350
miftimoles, about 300 mithmoles, about 250 millimoles, about 200 nullimoles, about 150
millimoles, or about 106 millimoles of the plurality of diastercomers of SEQ 1D NO: 1.

{6091] In some embodiments, an oligonucleotide targeting SMADT of the disclosure {e.g.,
SEQ D NO: 1) or a pharoaceutical composition disclosed herein (2.g., & compeosition
comprising a plurality of diastereomers of SEQ ID NG: 1) down-reguiates SMAD7 expression.
In some embodiments, the SMAD7 expression is SMAD7 protein and/or mRNA expression. In
some embodiments, the SMAD7 protein expression is down-regulated in a cell by roore than
about 10%, more than about 15%, more than about 20%, more than about 25%, more than about
30%, more than about 35%, more than about 40%, more than about 45%, more than about 50%,
more than about 55%, more than about 60%, or more than about 65% compared to an untreated
cell. In some embodiments, the SMADT protein expression is down-regufated in a cell by more
than about 40% compared to an untreated cell. In some embodiments, the down-regolation of

SMAD7 protein expression in a ccll may be determined as described in Example 2.

Biastereomer Profile

{6092] in some embodiments, the plurality of diastereomers has a characterized
diastereomperic profile. In some embodirents, the plurality of diastereomers has a spectroscopic
profile indicative of pharmacological and/or clinical efficacy. The spectroscopic profile
indicative of pharmacological and/or clinical efficacy is at least one of a >'P-NMR spectrum, a

'H-NMR spectrum, a PC-NMR spectrum, and a VICD spectrum.
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{6093] fn some ernbodiments, the spectroscopic profile indicative of pbarmacological and/or
clinical efficacy is a *'P-NMR spectrom. In some embodiments, the >'P-NMR is performed at
about 14.1 T. In some embodiments, the *'P-NMR is performed in solution.

[0094] In some embodiments, the 3'P-NMR spectrura has one or more resonances between
54.8 to S5.8 ppm. In some ernbodiments, the *'P-NMR spectrun has one or more resonances
between 54.8 t0 55.5 ppm. In some embodiments, the >'P-NMR spectrum has two or more
resonances between 54.8 to 55.5 ppm. In some embodiments, the *'P-NMR spectrum has two or
more resonances between 54.8 to 35.5 ppm with different intensities. In some embodiments, the
HP.NMR spectrum has one or more resonances between 55.0 w 554 ppr. In some
embodiments, the *'P-NMR spectrum has, independently at 54.8 ppny, 54.9 ppm, 55.0 ppm, 55.1
ppoy 55.2 ppm, 55.3 ppm, 535.4 ppm, and/or 55.5 ppm, one of mote resonances. in some
embodiments, the >'P-NMR spectrum has one or more resonances at about 54.8 ppm. In some
embodiments, the > P-NMR spectrum has one or more resonances at abowt 54.9 ppm. In some
embodiments, the *P-NMR spectrum has one or more resonances at about 55.0 ppnw. In some
embodiments, the ¥'P-NMR spectrumn has one or more resonances at about 55.1 ppr. In some
embodiments, the *P-NMR spectrum has one or more resonances at about 55.2 ppm. In some
embodiments, the *'P-NMR spectrun has one or more resonances at about 55.3 ppm. In some
embodiments, the >'P-NMR spectrum has one or more resonances at about 55.4 pprn. In some
embodiments, the > P-NMR spectrum has one or more resonances at about 55.5 ppm. In some
embodiments, the *'P-NMR spectrum has, independently at 54.8 ppm, 54.9 ppm, 55.0 ppm, 55.1
ppra, 55.2 ppm, 55.3 ppm, 55.4 ppm, and/or 55.5 ppm, two or more resonances. In some
embodiments, the *'P-NMR spectrum has two or more tesonances at about 54.8 ppm. In some
embodiments, the “'P-NMR spectruni has two or more resonances at about 54.9 ppm. In some
embodiments, the *'P-NMR spectrun has two or more resonances at about 55.0 ppm. In some
embodiments, the ' P-NMR spectrum has two or more resonances at about 55.1 ppm. In some
embodiments, the >'P-NMR spectrum has two or more resonances at about 55.2 ppm. In some
embodiments, the *'P-NMR spectrum has two or more resonances at about 55.3 ppm. In some
embodiments, the Y'P-NMR spectrum has two or more resonances at about 55.4 ppm. In some
embodiments, the *P-NMR spectrum has two or more tesonances at about 55.5 ppm.

{6095] In some embodiments, the *P-NMR spectrum, when subjected to principal
coraponent analysis (PCA), comyprises a first principal component 1 (PC1) score that is below
about -(1.20 or above about 0.25 and a second principal component 2 (PC2) score that is below
about 0.00. In some embodiments, the *'P-NMR spectrum, when subjected to PCA, comprises a
PC score is outside of the range of -0.32 to .31 and/or a PC2 score that is outside the range of

0.00 to 0.20. In some embodiments, the *TP-NMR spectrum, when subjected to PCA, comprises

24



14

15

(5]
n

WO 2021/214548 PCT/1B2021/000272

a PC1 score that is below about -0.20 and a PC2 score that is below about .00, In some
embodiments, the *'P-NMR spectrum, when subjected to PCA, comprises a PC1 score that is
above about 0.25 and a PC2 score that is below about 0.00. In some embodiments, the 'P-NMR
spectrum, when subjected to PCA, comprises a P(C1 score that is from about -0.47 to about -0.20
and a PC2 score that is from about -0.27 to about 0.00. In some embodiments, the ¥ P-NMR
spectrum, whexn subjected to PCA, comprises a2 PCH score that is from about 0.65 to about 0.9
and a PC2 score that is from about -0.47 to about 0.00. In some embodiments, the *'P-NMR
spectrum, when subjected to PCA, corprises a PC1 score that is outside of the range of -0.32 1o
0.30 when the PC2 score is above .00 and below 0.20. In some embodiments, the *'P-NMR
spectrum, when subjected to PCA, comprises a PC2 score is outside the range of .00 t0 0.20
when the PC1 is above -0.32 and helow 0.30.

{0096] In some embodiments, the PCA comprises selecting principle components using a
modeling data set. In some embodiments, the modeling data set comprises five, six, seven,
eight, nine, ten, or up o fwenty-seven P NMR spectra, e.g., selected from the P NMR spectra
shown in FIGs. 5C-SCC. Tn some embodiments, the modeling data cornprises ten *'P-NMR
spectra, e.g., the ten *'P-NMR spectra shown in FiGs. 5C, 5L, 5X, 5H, 5P, 51, 5M, 5T, 58, and
388,

[0097] In some embodunents, the principal components are selected to account for more
than 65%, more than 70%, more than 75%. more than 80%, more than 85%, more than 90%,
more than 95%, or more than 99% variance of the modeling data set. In some embodiments, the
principal components are selected to account for more than 90% variance of the modeling data
set. In some embodiments, the PCA may be performed as described in Example 7.

{0098] In some embodiments, the spectroscopic profile indicative of pharmacological and/or
clinical efficacy is a '"H-NMR spectrum. In some embodiments, the spectroscopic profile
indicative of pharmacological and/or clinical efficacy is a PC-NMR spectrurn.

{6099] In some embodiments, the spectroscopic profile indicative of pharmacological and/or
clinical efficacy is at least a VICD spectrum. In some embodiments, the VICD spectrum has at
feast one nflection point between 40 °C to 55 °C. Tn some embodiments, the VTCD spectium
has at least one inflection point between 42 °C to 48 °C. In some embodiments, the VICD
spectrum has at least one inflection point between 44 °C to 46 °C. In some embodiments, the

VTCD spectrurn has an inflection point at about 45 °C.
Methads of Treating an Inflammatory Bowel Disease of the Disclosure

{3108] Provided herein, in certain embodirnents, are pharmaceutical compositions for use in

treating an inflammatory bowel disease, comprising a plurality of diastereomers of a SMAD7

25



14

15

(5]
n

WO 2021/214548 PCT/1B2021/000272

antisense oligonmucleotide {e.g., an antisense oligonucleotide of SEQ ID NO: 1,2,3, 4,5, or 6, or
a pharmaceutically acceptable salt thereof), wherein the plurality of diastereomers has a 31 P-
NMR spectrum comprising: a} one or more resonances between 54.8 to 55.5 ppmy; and b) (i) a
first principal component 1 (PC1H) score that is below about -0.20 or above about .25 and a
second principal cornponent 2 (PC2) score that is below about 0.00; or (it) a PCI score is outside
of the range of -0.32 to .31 and/or a PC2 score that is outside the range of 0.00 t0 0.20. In
some embodiments, the SMAD7 antisense oligonucleotide comprises a sequence selected from
any one of SEQ 1D NOs: 1-6 or a pharmaceutically acceptable salt theveof. In some
embodiments, the SMAD7 antisense oligonucleotide has a sequence according to SEQ ID NO: 1
{&-GTXGCCCCTTCTCCCKGCAGC-3") in which all internucleoside Hnkages are 3,0-linked
phosphorothioate linkages and X is 5-methyl 2'-deoxycytidine.

{0101] The plurality of diastereomers of a SMAD7 antisense oligonucleotide of the provided
method has a spectroscopic profile indicative of pharmacological and/or clinical efficacy. In
some embodiments, the spectroscopic profile indicative of pbarmacological and/or clinical
efficacy is 4 “'P-NMR spectrum comprising: a) one or more resonances between 54.8 to 55.5
ppmy; and b) a first principal component 1 {PC1) score and a second principal component 2
(PC2) score as determined by principal component analysis (PCA), wherein (1) the PC1 score s
below about -0.20 or above about .25 and the PC2 score is below about (.00, or (i1) the PCI
score is outside of the range of -0.32 to 0.31 and/or the P2 score that is outside the range of
0.00 to0 0.20. In some embodiments, the *'P-NMR spectrum comprises: a) a PC1 score that is
below about -0.20 and a PC2 score that is below about (.00; b) 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; and/or d) a PC1 score from about 0.65 to about
0.9 and a PC2 score that is from about -0.47 to about 0.00; d) a PC1 score that is outside of the
vange of -0.32 10 0.30 when the PC2 score is above (.00 and below 0.20; and/or ) a PC2 score is
outside the range of 0.00 to 0.20 when the PC1 is above -(1.32 and below §.30.

{0102] iIn some emabodiments, the spectroscopic profife indicative of pharmacological and/or
clinical efficacy is at least one of a *'P-NMR spectrum, a ' H-NMR spectrum, a PC-NMR
spectrurn, and a VICD spectram. Tn some embodiments, the *P-NMR spectrum has one or
more resonances between 54.8 to 55.8 ppm. In some embodiments, the *'P-NMR spectrum has
one or more resonances hetween 54.8 to 55.5 ppro. Tn some embodiments, the *'P-NMR
spectrum has hwo or more resonances between 54.8 to 55.5 ppm. In some embodiments, the *1P-
NMR spectrum has two or more resonances between 54.8 to 55.5 ppm with different intensities.
In some cmbodiments, the Y P-NMR spectrum bas one or more resonances between 35.0to 55.4

ppm T some embodiments, the *'P-NMR spectram has, independently at $4.8 ppro, 54.9 ppo,
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55.0 ppm, 55.1 ppm, 55.2 ppro, 55.3 ppm, 55.4 ppro, and/or 55.5 ppmy, 00e OF MOTC 1eSONAnces.

In some embodiments, the 3'P-NMR spectrum has one or more resonances at about 54.8 ppm.

In some embodiments, the *'P-NMR spectrum has one or more resonances at about 54.9 ppm.

In some embodiments, the *1P-NMR spectrum has one or more resonances at about 55.0 ppn.

In some embodiments, the *'P-NMR spectrom has one or more resonances at about 55.1 ppm.

In some entbodiments, the ' P-NMR spectrum has one or more resonances at about 55.2 ppm.

In some embodiments, the *'P-NMR spectrum has one or more resonances at about 55.3 ppro.

In some enbodiments, the 3'P-NMR spectrum has one or more resonances at about 55.4 ppm.

In some embodiments, the 3'P-NMR spectrum has one or more resonances at about 55.5 ppm.

In some embodiments, the *'P-NMR spectrum has, independently at 54.8 ppm, 54.9 ppn, 55.0
ppoy, 35,1 ppm, 55.2 ppm, 35.3 ppm, 55.4 ppm, and/or 55.5 ppmy, two or moore resonances. In
some embodiments, the *'P-NMR spectrum has two or more resonances at about 54.8 ppm. In
some embodiments, the *'P-NMR spectrum has two or more resonances at about 54.9 ppm. In
some cmbodiments, the *'P-NMR spectrum has two or more resonances at about 55.0 ppm. In
some embodiments, the 'P-NMR spectrum has two or more resonances at about $5.1 ppm. In
some embodiments, the ¥ P-NMR spectrum has two or more resonances at about 55.2 ppm. In
some embodiments, the VP-NMR spectruro has fwo or moore resonances at about 55.3 ppon. In
sotne embodiments, the *'P-NMR spectrum has fwo or more resonances at about 55.4 ppm. In
some embodiments, the *'P-NMR spectrum has two or more resonances at about 55.5 ppm. In
some embodiments, the *'P-NMR spectrum, when subjected to PCA, comprises a PC1 score that
is below about -0.20 or above about 9.25 and a PC2 score that is below about 0.00. In some
embodiments, the *'P-NMR spectrum, when subjected to PCA, comprises a PC1 score is outside
of the range of -0.32 t0 0.31 and/or a PC2 score that is outside the range of .00 to0 0.20. In
some embodiments, the VP-NMR spectrum, when subjected to PCA, comprises a PC1 score that
is below about -0.20 and a PC2 score that is below about 0.00, In some embodirents, the 21P-
NMR spectrim, when subjected to PCA, comprises a PCH score that is above about .25 and a
PC2 score that is below about 0.00. In some embodiments, the *'P-NMR spectrum, when
subjected to PCA, comprises a PCH score that is from about -0.47 to about -0.20 and a PC2 score
that is from about -0.27 to about 0.00. In some embodiments, the 'P-NMR spectram, when
subjected to PCA, comprises a PCI score that is from about 0.65 to about 0.9 and a PC2 score
that is from about -0.47 to about 0.00. In some embodiments, the 7' B-NMR spectrum, when
subjected to PCA, comprises a PCH score that is outside of the range of -0.32 to0 0.30 when the
PC2 score is above (.00 and below 0.20. In some embodiments, the *'P-NMR spectrum, when
subjected to PCA, comyprises a PC2 score is outside the range of 0.00 0 0.20 when the PCl is

above -0.32 and below 0.30. In some ercbodiments, the PCA may be performed as described in
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Exarople 7. In some crobodiments, the PCA comprises sclecting principle components using a
modeling data set. In some embodiments, the modeling data set comprises five, six, seven,
cight, nine, ten, or up to twenty-seven * P-NMR spectra, e.g., selected from the *'P-NMR spectra
shown in FiGs. SC-5CC. In some embodiments, the modeling data comprises ten S P-NMR
spectra, e.g., the ten TP NMR spectra shown 1n FIGs. SC, 5L, 5X, 5H, 5P, 51, §M, 37, §5, and
5BB. In some embodiments, the principal components are selected to account for more than
65%, more than 70%, more than 75%, more than 80%, more than 85%, more than 90%, more
than 95%, or more than 99% variance of the modeling data set. In some embodiments, the
principal components are selected to account for more than 90% variance of the modeling data
set. In some embodiments, the VTCD spectrum has at least one inflection point between 40 °C
to 535 °C. In some embodiments, the VICD spectrum has at least one inflection point between
42 °C t0 48 °C. In some embodiments, the VICD spectrum has at least one inflection point
between 44 °C to 46 °C. In some embodiments, the VTUD spectrum has an inflection point at

about 45 °C.

Inflammatory Bowel Disease

{6103] Disclosed herein, in certain embodiments, are methods of treating, preventing, and/or
ameliorating an inflammatory bowel disease or symptoms thereof in a subject in need thereof,
the method comprising administering to the subject a pharmaceutical composition comprising a
plurality of diastereomers of SMADT7 antisense oligonucleotides {e.g., an antisense
aligonucieotide of SEQ ID NO: 1, 2,3, 4, 5, or 6, or a pharmaceutically acceptable salt thereof),
wherein the phurality of diastereomers has a *'P-NMR spectrum comprising: a) one or more
resonances between 54.8 10 55.5 ppma; and b) (i) a3 PC1 score that is below about -0.20 or above
about 0.25 and a PC2 score that is below about 0.00; or (i1} a PC1 score is outside of the range of
-0.32 10 0.31 and/or a PC2 score that is outside the range of 0.00 to 0.20. In some embodiments,
provided herein are methods of treating an inflammatory bowel disease, comprising
administering a pharmacecutical composition comprising a plurality of diastereomers of SMAD7
antisense oligonucleotides, 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} {i) a PC1 score that is
below about -0.20 or above about (.25 and a PC2 score that is below about 0.00; or (i) a PCH
score is outside of the range of -0.32 to 0.31 and/or a PC2 score that is outside the range of 0.00
to (.24

{0104 In some erabodiments, an inflanunatory bowel disease may be Crohn’s disease or
ulcerative colitis. In some embodiments, an inflaromatory bowel disease is Crohn's disease or

5r

uleerative colitis. In some embodiments, an inflaromatory bowel disease is Crohn’s disease. In
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some crbodiments, an inflanunatory bowel disease is ulcerative colitis. In some embodiments, a
provided method reduces or alleviates one or more symptoms associated with an inflammatory
bowel disease, including but not limited to: abdominal pain, diarrhea, rectal bleeding, severe
internal cramps/muscle spasros in the region of the pelvis, weight loss, anemia. In some
embodiments, a provided method reduces a Crohn’s disease activity index (CDAI) score in a

subject.

Postoperative Recurrence of Crobin’s disease (CD)

[G105] Disclosed herein, in certain embodiments, are methods of treating, preventing, and/or
amecliorating postoperative CD or symptoms thereof in a subject in need thereof, the method
coraprising admoinistering to the subject a pharmaceutical cormposition comprising a plurality of
diastereomers of SMADT7 antisense oligonucleotides (e.g., an antisense oligonucleotide of SEQ
IBNO: 1,2, 3,4, 5, or 6, or a pharmaceutically acceptable salt thereof), wherein the plurality of
diastercomers has a *'P-NMR spectrum comprising: a} one or more resonances between 54.8 to
55.5 ppmy; and by (U a PCI score that is below about -0.20 or above about 0.25 and a PC2 score
that ts below about 0.00; or (i} a PC1 score is outside of the range of -0.32 to .31 and/or a PCZ
score that is outside the range of (.00 to 0.20.

[0106] SMADT expression may be upregulated in postoperative CD patients. In some
embodiments, a postoperative CD patient may be at any disease phase, e.g., early phase of
postoperative CD or recurrence phase of postoperative CD. In various embodiments, early
phase of postoperative CD may be any disease phase of CD before recurrence phase of
postoperative CD. In some embodiments, early phase of postoperative CD is characterized by
the massive infiltration of inunune cells secreting high levels of inflaramatory cytokines {e.g.,
Tul cytokines). In some embodiments, early phase CD (e.z., carly phase of postoperative UD) is
a stage before the appearance of endoscopic recurrence. Accordingly, in certain embodiments,
early phase CD) patients may be postoperative CD patients without endoscopic recurrence (e.g.,
a Rutgeerts score of i0 or 11}, In some embodiments, the number of SMAD7-expressing cells in
the whole intestinal mucosa, mucosal epitheliurn and/or laroina propria is greater than the
number of cells in later stages of the disease {e.g., established phase CD). As described herein,
patients with established phase CD {e.g., recurrence phase of postoperative CD) are patients
baving chronically active disease. In some embodiments, patients {e.g., postoperative CD
patients) with established phase CD may be poorly responsive to medical treatment. In some
embodiments, patients {(e.g., postoperative CD patients) with established phase CD may benefit

from surgical intervention. In certain embodiments, established phase CD can be determined
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using the Crohn's Disease Activity Index (CDATD (e.g., CDAL> 150, CDAT = 200, or CDAL>
250 or the Lewis score (LS} (e.g., LS > 700, LS > 750, or LS > 780).

{0107] Upregulated SMAD7 expression in a postoperative CD patient may be indicative of
postoperative recurrence of CD and/or of the patient being at risk for the recurrence of CD. In
some embodiments, the recurrence of CD may be endoscopic recurrence, histological
recurrence, radiographic recurrence, clinical recurrence, or a combination thereof. In some
embodiments, the recurrence of D may be endoscopic recurrence. In some embodiments, the
endoscopic recurrence may be characterized by one or more signs selected from a group
consisting of: lesions (e.g., mucosal lesions), aphthae, ulcers, narrowing of the lumen in the
neoterminal ileum, abscesses, fistulas, joint pain, diarrhea, stomach pain or cramping, fever,
bloody stool, aneraia, and combinations thereof.

{0108] The expression of SMAD7 may be determined by methods known in the art for
measuring the expression level of SMAD7 mRNA or SMAD7 protein. For example, SMAD7
protein expression level may be quantified by, e.g., mnunohistochenistry (JHC), enzyme-
linked imunenosorbent assay (ELISA), protein ironwumoprecipitation, immunoelectrophoresis,
western blot, protein immunostaining, and spectrometry methods {e.g., chromatography, mass
spectrometty ). SMAID7 gene expression level may be quantified by, e.z., real-time PCR
{quantitative PCR, gPCR), microarray, next-generation sequencing (RNA-Seq), northern
blotting, and serial analysis of gene expression (SAGE).

{0109] To determine whether SMADY7 expression is upregulated, the expression level of
SMADT may he conpared to a conirol value, In some embodiments, the control value may be
determined by measuring the expression level of SMAD7 in a CD patient prior to a surgical
treatment or during a surgical treatment. In some embodiments, the control value may be
determined by measuring the expression level of SMADT in a subject without CD. In some
embodiments, the SMAD7T expression level is at least about 10%, at least about 20%, at least
about 33%, at least about 40%, at least about 60%, or at least about 80% elevated as compared
to the known controd level.

{8116] in soroe ergbodiments, the upregulation of SMADT expression is statistically
significant. In some embodiments, the elevation of the SMADY7 expression level in mucosa
{e.g., ilcal mucosa) of a D paticnt as compared to that of a subject without CD is statistically
significant. The CD patient may be a postoperative CD patient. In some embodiments, the
elevation of the SMAD7 expression level in mucosa {e.g., ileal mucosa) of a postoperative CD
patient as compared to that of an established CD patient is statistically significant. Statistical
significance can be determined using a standard statistical test, for example, Student’s T Test or

Mann—Whitney U test.
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{61113 fn some ernbodiments, the present disclosure provides a moethod of preventing or
treating postoperative recurrence of CD. In some embodiments, the present disclosure provides
a method for preventing or treating postoperative recurrence of UD by inhibiting SMAD7. In
some embodiments, inhibiting SMAD7 may comprise administering to the subject a
pharmaceutical composition corprising a SMAD7 antisense oligonucleotide. In some
embodiments, the SMAD7 ASG comprises a nucleobase sequence selected from any ong of
SEQ ID NOs: 1-6 or a pharmaceutically acceptable salt thereof. In some embodiments, the
pharmaceutical composition comprising a plurality of diastereomers of SMAD7 antisense
oligonucleotides (e.g., an antisense oligonucleotide of SEQ IDNOG: 1,2, 3,4, 5, 0r 6, 0r a
pharmaceutically acceptable salt thereot].

{0112] In some embodunents, the pharmaceutical composition roay be administered orally.
In some embodiments, the pharmaceutical composition may be administered immediately 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 afier, 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 £ months after, about 9 months after, about 10 months after,
about 11 months after, or about 12 months after a surgical treatment for CD the subject receive.
[0113] In some embodunents, the present disclosure provides methods of predicting
postoperative recurrence of CD in a subject having CD, comprising determining the level of
SMAD7 in a sample from the subject, wherein an elevated SMAD7 level relative to a known
control level is predictive of the recurrence of CD. Also provided hercin are methods of
identifying a subject at risk of postoperative recurrence of CD, comprising determining the level
of SMAIDY in a sample from the subject, wherein an elevated SMAD7 level relative to a known
control fevel identifies the subject as being at risk for the recurrence of CD. Tn some
embodiments, the known control level of a provided method is the level of SMAD7 in a sample
collected from the subject prior to the surgical treatment or during the surgical treatment. In
some other embodiments, the known control level is the level of SMAD?7 in a healthy subject
without CI3. In some embodiments, a provided method cormprises, if the SMAD7 level is
clevated relative to the known control level, administering to the subject a pharmaceutical
composition comprising a SMAD7 ASO. In some embodiments, a provided method comprises,
if the SMADYT level is not elevated relative to the known control level, then determining the
fevel of SMADT in a second sarople from the subject. In some embodirents, a provided
method comprises monitoring SMAD7 level in the subject for a predetermined period of time
{e.g., about 1 hour, about 3 hours, about 6 howurs, about 12 hours, about 1 day, about 3 days,

about 1 week, about 2 weeks, about 1 month, about 2 months, about 3 months, about 4 months,
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about 5 months, about 6 months, about 7 months, about 8§ months, about 9 months, about 10
months, about 11 months, or about 12 months after a surgical treatment for CD.

{0114] in some embodiments, the subject of a provided method may have received at least
one surgical treatment for CD. In some embodiments, the surgical treatment is selected from a
group consisting of: bowel resection, eocolonic resection, colectomy, proctocolectomy,
strictureplasty, ilecostomy, anal fistuiotomy, and combinations thercof. In some embodiments,
the surgical treatment is tleocolonic resection.

{8115] in some embodiments, the subject of a provided method may exhibit no sign of
postoperative recurrence. In some embodiments, the subject exhibits at least one sign of
postoperative recurrence. In some embodiments, the postoperative recurrence is selected from
the group consisting of: endoscopic recarrence, histological recurrence, radiographic recurrence,
chinical recurrence, and combinations thereof. In some embodiments, the sabject exhibits at
feast one sign of endoscopic recurrence. In some enmbodiments, the sign of postoperative
recurrence may be selected from a group consisting of! lesions (e.g., mucosal lesions), aphthae,
ulcers, narrowing of the lumen in the neotermiinal ilewm, abscesses, fistulas, joint pain, diarrhea,
stomach pain or cramping, fever, bloody stool, anemia, and combinations thereof. In some
embodiments, the sign of postoperative recurrence may be lesions, such as nwicosal lesions.
[0116] In some embodunents, at least one sample from the subject of a provided method
may have an elevated SMADY7 level relative to a known control level. In some embodiments,
the known control level of a provided methed is the level of SMAD7 in a sample collected from
the subject prior to the surgical treatment or during the surgical treatroent. o some other
embodiments, the known control level is the level of SMAD7 in a healthy subject without CD.
In some embodiments, the SMAD7 level may be a SMAD7 mRNA level or SMAD7 protein
level. In some embodiments, the SMAD7 level is at least about 10%, at least about 20%, at least
about 30%, at least about 40%, at least about 60%, or at least about 80% elevated as compared
to the known control level. In some embodiments, a sample from the subject of a provided
method may be a tissue sample, such as a skin or mucosal tissue sample. In some embodiments,
the sample may be a mucosal tissue sarple. In some embodiments, a tissue sarople from the
subject (e.g., a tissue sample from the small intestine, large intestine, and/or neoterminal ileam
of the subject) may be used as a source of cells, a source of RNA, a source of protein, or a
source of thin sections for measuring the amount of SMAD7-positive cells in the sample, e.g.,
using immunobistochemistry (JHC) or flow cytometry. The tissue sample may be obtained
using conventional biopsy instruments and procedures, such as endoscopic biopsy, excisional
biopsy, or incisional biopsy. The tisste sarople may be in any form suificient for cell sorting,

RNA exiraction, protein extraction, or preparation of thin sections. Accordingly, the tissue
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sample may be fresh, preserved through suitable cryogenic techuiques, or preserved through
non-cryogenic techniques. An exemplary standard process for handling clinical biopsy
specimens is to fix the tissue sample in formalin and then embed it in paraffin. Samples in this
form are coramonly known as formalin-fixed, paratfin-crobedded (FFPE) tissue. Suitable
technigues of tissue preparation for subsequent analysis are well-known to those of skill in the
art. In some embodiments, a sample from the subject may be collected immediately after, about
1 hour after, about 3 hours after, about 6 hours after, about 12 hours after, about 1 day after,
about 3 days after, about 1 week after, about 2 weeks after, about T 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 & months after, about 9 months after, about 10 months after, about

11 months after, or about 12 months after a surgical treatment for CD.

Spectroscopic Technigues of the Disclosure

{6117} in some erabodiments, the present disclosure relates to assessing the spectroscopic
profile of oligonucleotides. The spectroscopic profile may be obtained via one or more various
spectroscopic methods, e.g., circular dichroism {e.g., variable temperature circular dichroism),
fluorescence spectroscopy, mass spectioscopy, nuclear magnetic resonance (NMR) spectroscopy
{e.g., Phosphorus-31 NMR, TH-NMR, BC-NMR), Raman spectroscopy, ultraviolet—visible
spectroscopy, and X-ray photoelectron spectroscopy. In some embodiments, the present
disclosure provides methods of evaluating diastereomeric profile an oligonucleotide by
assessing its spectroscopic profile. In some erabodiments, a spectroscopic profile of an ASO is
obtained, wherein “obtaining” refers to pecforming a spectroscopic analysis and acquiring data
of at least one of V'P-NMR, "H-NMR, PC-NMR, and VICD, and/or acquiring spectroscopic
data of at least one of 2 VP-NMR analysis, a '"H-NMR analysis, a “C-NMR analysis, and a
VTCD analysis that has already been performoed. The present disclosure further provides a
method of predicting pharmacological efficacy of an oligonucieotide by assessing its
spectroscopic profile. In some embodiments, provided herein is a method of selecting a
pharmacologically and/or clinically efficacious oligonucleotide by assessing the spectroscopic

profile of the ohigonucieotide.

Phosphorus-31 Nuclear Magnetic Resonance C/P-NMR) Speclroscony

{0118] P NMR spectroscopy is 4 comrnon analytical chemistry technique that uses nuclear
magnetic resonance to study phosphorus-containing molecules, such as probing the structure and
dynamics of DNA and DNA fragments. ' P-NMR can be very sensitive, as it has a large

resonance range, providing specific information of chemical environments of different
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phosphorus atorns present in a molecule. In addition to the primary information (resonance of
the individual *'P atom, related to the chemical environment), the fine structare of each peak can
provide information on the local conformation of the molecule (via measuring one-bond and
three-bond coupling constants).

{0119] Phosphorothicate (PS) oligonucieotides have one or more chiral PS centers at the
phosphor atom(s} of the phosphorothioate linkage(s). Such a PS oligonucleotide is a mixture of
diastereomers. For example, a PS antisense oligonucleotide {AS() that is a 21-mer manifolds
22% possible diastereomers at the phosphorus atoms.

{6128] When subjecting a PS ASQ to *P-NMR spectroscopy (e.g., solution > P-NMR
spectroscopy), each diastereomer, bearing 20 phosphorus atoms, is expected to display up to 20
mare or less resolved *'P NMR lines. Each *'P atom is to be found in a simifar chemical
environment, and the resonance dispersion is modest. However, secondary effects resolting
from the different stercochemistry of diastereomers may be probed by examining the ’'P
resonance in high resolution spectra.

{8121] in some emvbodiments, the present disclosure relates to assessing a solution *P-NMR
of an oligonucleotide. In some embodiments, the present disclosure provides a method for

assessing the diastereomeric profile of an oligenucleotide using solution Y P-NMR spectroscopy.

f0122] In some embodiuments, “resonance,” “signal,” “chemical shift,” “peak,” and

“component” are used interchangeably in relation to *P-NMR spectra.

Proton Nuclear Magnetic Resonance (CH-NME) Spectroscony

{0123] 'H-NMR is the application of nuclear magnetic resonance in NMR spectroscopy with
respect to hydrogen-1 nuclei within the molecules of a substance, in order to determine the
structure of its molecules.

{0124] In some emboduments, PS lokages of an oligonucleotide impact the overall
stersochemistry and dynamics of an oligonucleotide, and thereby the 'H-NMR spectrum of the
oligonucleotide. In some embodiments, the present disclosure provides a method for assessing

the diastereomeric profile of an oligonucleotide using 'H-NMR spectroscopy.

Carbon-13 Nuclear Magnetic Resonance (“C-NMR) Spectroscopy

{0125] BC-NMR is the application of miclear magnetic resonance spectroscopy to carbon.
BCNMR detects only the C isotope of carbon, whose natural abundance is only 1.1% with
respect to hydrogen-1 nuclel within the molecules of a substance. °C resonances follow the

same principles as those of *H, while the typical range of resonances is nuich larger than for 'H.
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PC-NMR allows the identification of carbon atorns in an organic molecule and is an imaportant
tool in chemical structure elucidation, e.g., stereochernical assignment.

{0126] In some embodiments, the present disclosure provides a method for assessing the

H : - C B : . 3N -
diastereomeric profile of an oligonucleotide using *"C-NMR spectroscopy.

Yariable Temperature Circular Dichroism

{61271 Circular dichroism (CD), such as variable temperature CD (VICD), is a useful
techniquie for examining the overall structure of an oligonucieotide. Owing to the different
overall stereochemistry, vartous diastergomeric mixtures of an oligonucleotide may manifest
different circular dichroism spectra, as a function of terperature.

{0128] In some embodiments, provided herein is a method for assessing the diastereomeric

profile of an oligonucleotide using variable temperature circular dichroism (VTCD).

Chemometric Methods of the Disclosure

{#129] Chernometrics 1s the science of extracting information frorn chemical systems using
mathematical and statistical methods or other data driven means. Chemometrics uses methods
frequently eroployed in core data-analytic disciplines such as nusitivariate statistics, applied
mathematics, and computer science, in order to address probleros in, e.g., chemistry,
biochemistry, medicine, and biology.

{0138] Spectroscopic technigues produce profiles containing a high amount of information,
which can profitably be exploited through the use of chermometric methods. For example, the
application of chemometric methods to NMR spectra has been reported in relation to the
classitfication, diagnosis, and prognosis of ostecarthritis (WO 2002/085195).

{0131] in some embodiments, the present disclosure relates to subjecting the spectroscopic
profile of oligonucleotides to chemometric analysis. In some embodiments, the present
disclosure provides chemometric methods for evaluating the diastereomeric profile of an
oligonucleotide, predicting pharmacological efficacy of an oligonucleotide, and/or selecting a
pharmacologically and/or clinically efficacious oligonucleotide by assessing the spectroscopic
profile of the ohigonucieotide.

{0132] Multivariate analysis is a critical facet in chemometrics. Data from spectroscopic
experiraents are highly mutdtivariate. The structure of these data was found to be conducive to
using technigues such as principal components analysis (PCA) and partial least-squares (PLS).
PCA s performed by either of the following 2 steps: 1} calculating the data covariance {or
correlation) mairix of the original data, or 2) performing eigenvalue decomposition on the

covariance matrix, or by singular value decomposition (SVD) of a design matrix.
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{6133] fn some ernbodiments, the present disclosure relates to subjecting the spectroscopic

profile {e.g., the *'P-NMR spectra) to PCA, as described in Example 7.

Multivariate Calibration

{0134] Many spectroscopic problems and applications of chemometrics involve calibration.
The objective is to develop models (e. g., multivariate regression modeis) which can be used to
predict properties of interest based on measured properties of the spectra. Examples include the
development of multivariate models relating spectral responses of a diastereomeric profile to
pharmacological and/or chinical efficacy. The process requires a calibration or training data set
{reference spectroscopic profiles), which includes refetence values for the speciroscopic
characteristics of interest for prediction, and the measured attributes that correspond 1o these
properties. For example, one can assemble data from a number of samples that are different
mixtures of diasteroisomers of an oligonucleotide, inchuding *'P-NMR spectra for each sample
and corresponding pharmacological andfor clinical efficacy of that sample. Multivariate
calibration techniques, for example, but not limited to, partial-least squares regression, and
principal component regression, are then used {o construct a mathematical model that relates the
spectrur to the pharmacological efficacy, and such a model can be used to efficiently predict

the pharmacological and/or clinical efficacy of new samples.

Classification, Pattern Recoonition, Clusteringe

{0135] Supervised multivariate classification techniques are closely related to rultivariate
caltbration technigues in that a calibration or training set is used to develop a mathematical
model capable of classifying future samples. The techniques employed in chemoretrics are
similar o those used in other fields including, but not limited to, multivariate discriminant
analysis, logistic regression, neural networks, and regression/classification trees. The use of
rank reduction techniques in conjunction with these conventional classification methods is
routine in chemometrics, for example discriminant analysis on principal components or partial
feast squares scores.

{8136] In some embodiments, the present disclosure relates to applying pattern recognition
to NMR spectroscopy. One of the advantages relates o the intrinsic accuracy in a very complex
matrix of potential interferences. In some embodimments, the present disclosure relates (o
employing multivariate regression modeling (“MRM™) as a means of con-elating spectral data

with known compositional changes.

Pharmaceuniical Compositions and Routes of Administration
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{08137} Pharmacentical corapositions containing an oligonucleotide, such as a SMADT ASO
described herein, can be presented in a dosage unit form and can be prepared by any suitable
method. A pharmaceutical composition should be formulated to be compatible with its intended
route of administration. Useful formulations can be prepared by methods well known in the
pharmaceutical art. For example, see Remington's Pharmaceutical Sciences, 18th ed. (Mack
Publishing Company, 1990},

{31381 Pharmaccutical formulations preferably are sterile. Sterilization can be
accomptlished, for example, by filtration through sterile filtration membranes. Where the
composition is tyophilized, filter sterilization can be conducted prior to or following
lyophilization and reconstitution.

{0139] In some embodiunents contemplated herein are corapositions suitable for oral
delivery (e.g., capsules, tablets, caplets, pills, troches, lozenges, powders, and granules) of an
oligonucleotide. Contemplated oligonucleotides, such as SMAD7 antisense nucleotides of SEQ
D NG:1, 2,3, 4, 5, or 6, or pharmaceutically acceptable salts thereof may be administered
orally.

j0144] The formulation of an oligonucleotide {e.g., an oligonucleotide of SEQ ID NOG: 1, 2,
3,4, 5, ot 6, or a pharraceutically acceptable salt thereof) may be an oral pharmaceutical
coraposition. In some embodiments, the oral pharmaceutical composition inchides an
oligonucleotide (e.g.. SEQ 1Dy NO: | or a pharmaceutically acceptable salt thereof). In some
embodiments, the oral pharmaceutical composition includes a SMAD7 antisense oligonuclentide
{e.g., an oligonucleotide of SEQ WD NG 1, 2,3, 4, 5, or 6, or a pharmaceutically acceptable salt
thereof}.

{0141] The pharmaceutical formulation of an oligonucleotide (e.g., an oligonucieotide of
SEQID NQO: 1, 2, 3,4, 5, or 6, or a pharmaceutically acceptable salt thereof) may be a tablet or
capsule.

{31427 The tablet of an oligonucleotide (e.g., an oligonucleotide of SEQ D NGt 1,2, 3,4, 5,
o1 6, or a3 pharmaceutically acceptable salt thereof) may be formulated as a2 minitabletor a
microtablet. The tablet of an oligonucleotide (e.g., an oligonucleotide of SEQ ID NO: 1, 2, 3, 4,
5, or 6, or a pharmaceutically acceptable salt thereof) may include minitablets, microtablets, or
granulates. The capsule of an oligonucicotide (e.g., an oligonucieotide of SEQID NO: 1,2, 3,
4, 5, or 6, or a2 pharmaceutically acceptable salt thereof) may include minitablets, microtablets,
or granulates. The oral pharmaceutical corposition may be enteric-coated. In certain
embodiments, the oral pharmaceutical composition (tablet or capsule) of an oligonucleotide
{e.g., a0 oligonucleotide of SEQ 1D NO: 1 or a pharmaceutically acceptable salt thereof) is

enteric-coated or includes enteric-coated micropellets, microtablets, minitablets, or granulates.
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In certain embodiments, the oral pharmaceutical conposition (tablet or capsule) of an
oligonucleotide {e.g., an oligonucleotide of SEQ ID NG: 1, 2, 3, 4, 5, or 6, or a pharmaceutically
acceptable salt thereof) is enteric-coated or includes enteric-coated micropeliets, microtablets,
minttablets, or granulates.

{0143] In certain emnbodiments, the oral pharroaceutical composition of an oligonucleotide
{e.g., an oligonucleotide of SEGQ 1D NO: 1, 2, 3, 4, 5, or 6, or a pharmaceutically acceptable salt
thereot) is pot enteric-coated. In certain embodiments, the oral pharmaceutical composition of
an oligonucleotide {e.g., an oligonucleotide of SEQ ID NO: 1 or a pharmaceutically acceptable
salt thereot) is not enteric-coated.  In certain embodiments, the oral pharmaceutical composition
of an oligonucleotide {¢.g., an oligonucleotide of SEQID NG: §,2,3,4,5, 0r6,0r 2
pharmaceutically acceptable salt thereof) is not enteric-coated.

{0144} In some embodiments, the composttions of an oligonucleotide (i.e.. a therapy
including an oligonucieotide {e.g., an oligonucleotide of SEQ IDNG: 1,2,3,4,5,0r6,0ra
pharmaceutically acceptable salt thercof)) may be suitable for oral delivery of an
oligomicleotide, e.g., tablets, that inchide an enteric coating, 2.g., 4 gastro-resistant coating, such
that the compositions may deliver the compound to, e.g., the gastrointestinal tract of a patient.
Such administration raay result in a topical effect, for example, by substantially topically
applying the antisense compound divectly to an affected portion of the gastrointestinal tract of a
subject. Such administration, may, in some embodiments, substantially avoid unwanted
systemic absorption of the antisense compound.

{0145] For examople, an oral dosage form (e.g., tablet) for oral administration may include
granules {e.g., an oral dosage form at least partially formed from granules) that include a
disclosed antisense compound (e.g., an oligonucleotide of SEQIDNG: 1,2,.3,4,5,0rb,0ra
pharmaceutically acceptable salt thereof) and pharmaceutically acceptable excipients. Such an
oral dosage form, 2.g., a tablet, may be coated with an enteric coating. Contemplated oral
dosage forms, e.g., tablets, may inclhude pharmaceutically acceptable excipients such as fillers,
binders, disintegrants, and/or lubricants, as well as coloring agents, release agents, coating
agents, sweetening, flavoring such as wintergreen, orange, xylitol, sorbitol, fructose, and
maltodexirin, and perfuming agents, preservatives and/or antioxidants.

{814s] in some embodiments, contemplated oral dosage forms of the pharmaceutical
formulations include an intra-granular phase that includes a contemplated antisense
oligonucleotide (e.g., an antisense oligonucleotide of SEQIDNG: 1,2,3,4. 5, or6,0ra
pharmaceutically acceptable salt thereof) and a pharmaceutically acceptable fitler. For example,
an oligonucieotide {(e.g., an oligonucleotide of SEQHING: 1,2,3, 4,5, 0r 6,012

pharmaceutically acceptable salt thereof) and a filler may be blended together, with optionally
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other excipients, and formed into granules. fn some erobodiments, the infragranular phase may
be formed using wet granulation, e.g., a liguid (e.g., water) is added to the blended antisense
compound and fitler, and then the combination is dried, milled and/or sieved to produce
granules. Other processes in the art may be used to achiove an intragranular phase.

{0147] In some embodiments, conternplated oral dosage forros of the formuslations include
an extra-granuiar phase, which may include one or more pharmaceutically acceptable excipients,
and which may be blended with the intragranular phase to form a disclosed formulation.

{31481 An oligonucleotide {e.g., an oligonucleotide of SEQID NG: 1,2,3,4, S, 0r 6, 01 a
pharmaceutically acceptable salt thereof) formulation {e.g., oral dosage form) may include an
intragranular phase that includes a filler. Exemplary fillers include, but are not limited to,
celhulose, gelatin, calcium phosphate, lactose, sucrose, glicose, mannitol, sorbitol,
microcrystalline celinlose, pectin, polyacrylates, dextrose, cellulose acetate,
hydroxypropylmethyl cellulose, partially pregelatinized starch, calciurm carbonate, and others
including combinations thereof,

{8149] in some embodiments, an oligonucleotide (e g., an oligonucleotide of SEQ ID NG 1,
2,3, 4,5, or 6, or a pharmaceutically acceptable salt thereof) formulation {e.g., oral dosage
form) may include an intragramular phase and/or an extra-gramular phase that includes a binder,
which may generally function to hold the ingredients of the pharmaceutical formulation
together. Exemplary binders include, but are not limited to, the following: starches, sugars,
cellulose or modified celluiose such as hydroxypropyl celiniose, lactose, pregelatinized maize
starch, polyviny! pyrrofidone, hydroxypropyl cetlilose, hydroxypropylmethyl cellulose, low
substituted hydroxypropyl cellulose, sodivm carboxymethyl cellulose, methyl cellulose, ethyt
celiulose, sugar alcohols and others including combinations thergof.

{61567 Conteroplated oligonucleotide (e.g., an oligonucleotide of SEQ 1D NO: 1, 2,3, 4, 5,
ot 6, or a2 pharmaceutically acceptable salt thereof) formulations {e.g., oral dosage form), e.g..
that inclade an intragranular phase and/or an extra-granular phase, may inclade a disintegrant
such as but not limited to, starch, celtulose, crosslinked polyvinyl pyrrolidone, sodium starch
glveolate, sodinm carboxymethyl cellulose, alginates, corn starch, crosmeliose sodium,
crosslinked carboxymethyl cellulose, low substituted hydroxypropyl cellulose, acacia, and
others including combinations thereof. For example, an intragranular phase and/or an extra-
granular phase may include a disintegrant.

{0151] In certain emnbodiments, a contemplated oligonucleotide (e.g., an oligonucleotide of
SEQIDNG: 1,2, 3,4, 5, or 6, or a pharmaceutically acceptable salt thereof} formulation
includes an intra-granular phase including a disclosed antisense oligonucleotide and excipients

chosen frorm: mannitol, microcrystalline celhilose, hydroxypropylmethy! cellulose, and sodium
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starch glycolate or combinations thereof, and an extra-gramular phase including one or more of:
microcrystalline celhulose, sodium starch glyeolate, and magnesium stearate or mixtures thergof,
{0152] In certain embodiments, a contemplated oligonucleotide (e.g., an oligonucleotide of
SEQID NQO: 1, 2, 3,4, 5, or 6, or a pharmaceutically acceptable salt theveof) formulation may
inclode a lubricant, e.g., an extra-granular phase may contain a lubricant. Lubricants include but
are not limited to tale, silica, fats, stearin, magnesium sicarate, calcium phosphate, silicone
dioxide, calcium silicate, caleium phosphate, collotdal silicon dioxide, metallic stearates,
hydrogenated vegetable oil, comn starch, sodiom benzoate, polyethylene glyeols, sodium acetate,
calcium stearate, sodivm lauryl solfate, sodium chloride, magnesium lauryl sulfate, talc, and
stearic acid.

{3153] In certain ernbodiments, pharmaceutical formulations of the present disclosure
include an enteric coating. Generally, enteric coatings create a barrier for the oral medication
that controls the location at which the drug is absorbed along the digestive tract. Enteric
coatings may inchude a polymer that disintegrates at different rates according to pH. Enteric
coatings may include, for example, cellulose acetate phthalate, methyl acrylate-methacrylic acid
copolymers, cellulose acetate succinate, hydroxylpropylmethyl cellulose phthalate, methyl
methacrylate-roethacrylic acid copolymaers, ethylacrviate-methacrylic acid copolymers,
methacrylic acid copolymer type C, polyviny! acetate-phthalate, and cellulose acetate phthalate.
{31547 In certain embodiments, the enteric coating inclades an anionic, cationic, or neatral
copolymer based on methacrylic acid, methacrylic/acrylic esters or their derivatives. In certain
embodiments, the enteric coating includes an ethylacrylate-methacrylic acid copolymer.
Commercially available enteric coatings include Opadry® AMB, ethylacrylate-methacrylic acid
copolymers {e.g., Acryl-EZE®), dimethylaminoethyl methacryiate-butyl methacrylate- methyl
methacrylate copolyraer (2:1:1), or poly(methacrylic acid-co-methyl-methacrvlate) 1:1 and
poly(methacrylic acid-co-methyl-methacrylate) 1:2 copolymers (e.z., Budragit®) grades. Io
some embodiments, the enteric coating makes up about 5% to about 10%, about 5% to about
28%, about 8 to about 15%, about 8% to about 18%, about 10% to about 12%, or about 12% to
about 16%, of a conteruplated pbarraceutical composition {(e.g., a tablet) by weight. In some
embodiments, the enteric coating comprises an ethylacrylate-methacrylic acid copolymer that
makes up about & to about 15% of the pharmaceutical composition {e.g., tablet) by weight. In
some embodiments, the enteric coating comprises an ethylacrvlate-rmoethacrylic acid copolymer
that makes up about 12% of the pharmaceutical composition {e.g., tablet) by weight. In some
embodiments, the enteric coating comprises an ethylacrylate-methaceylic acid copolymer that

makes up about 10% of the pbarmaceutical composition {e.g., tablet) by weight.
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{0155] in some erobodiments, an oligonucieotide {(e.g., an antisense oligonucieotide of
SEQIDNG: 1, 2,3, 4, 5, or 6, or a pharmaceutically acceptable salt thereof) in the form of a
tabiet is provided that includes about 8.5% to about 70%, e.g., about 8.5% to about 30%,
about 1% to about 20%, or about 3% to about 30% by weight of an antisense oligonucleotide
ot 4 pharmacestically acceptable salt thereof. Such a tablet may include, in some
embodiments, about 0.5% to about 60% by weight of mannitol, e.g., about 20% to about
50% by weight mannitol, e.g., about 40% or about 28% by weight mannitol; and/or about
20% o about 40% by weight of microcrystalline celhilose, or about 10% to about 30% by
weight of microcrystalline cellulose. In some embodiments, a contemplated tablet may
include an intragranular phase that includes about 30% to about 60%, about 45% to about
65% by weight, or alternatively, about 5% to about 10% by weight of an oligonucieotide of
SEQIDNO: 1,2,3, 4, 5, or 6, or a pharmaceutically acceptable salt thereof, about 30% 1o
about 50%, or alternatively, about 5% to about 15% by weight mannitol, about 5% to about
15% miicrocrystalline cellulose, about 0% to about 4%, or about 1% to about 7%
hydrogypropyl methyleellulose, and about 0% to about 4%, e.g., about 2% to about 4%
sedium starch glycolate by weight. In some embodiments, a conternplated tablet may
include about 3% to about 10% or about 10% to about 30% by weight of an oligonucleotide
of SEQ ID NG 1, about 20% to about 30% by weight mannitol, about 10% to about 30% by
weight microcrystalline cellulose, about 0.5% to about 18% by weight hydroxypropyl
methylcelulose, and about 0.5% to about 10% by weight sodim starch glycolate by weight.
{6156] Exeroplary oligonucieotide formulations include dosage forms that include or
consist essentially of about 10 mg to about 500 mg of an oligonucleotide of SEQ ID NG: 1, 2,
3.4, 5, or 6, or a pharmaceutically acceptable salt thereof, for example, tablets that include
about 10 rag, about 15 mg, about 20 mg, about 25 mg, about 30 mg, about 35 mg, 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 150 mg, about 160 mg,
about 170 mg, about 180 mg, about 190 mg, about 200 mg, or about 230 mg of an
oligonmucleotide of SEQID NO: 1,2, 3,4, S, or 6, or a pharmaceutically acceptable salt thereof,
are conternplated herein. In some embeodiments, pharmaceutical compositions described
herein are formulated as tablets comprising about 10 mg, about 15 mg, about 20 mg, about 25
mg, about 30 mg, about 35 mg, about 40 mg, about 50 mg, about 60 mg, about 70 mg, about
&0 mg, about 90 mg, about 100 mg, about 110 mg, about 120 mg, about 130 mg, about 140
mg, about 150 mgz, about 160 mg, about 170 mg, about 180 mg, about 190 mg, about 200
mg, or about 230 mg of an oligonucleotide of SEQ 13 NO: 1. In some embodiments,

pharmaceutical compositions described berein arve formulated as tablets comprising about 40 rog
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of an oligonucleotide of SEQ 1D NO: 1. To some embodiments, pharmaceutical compositions
described herein are formulated as tablets comprising about 160 mg of an oligonucleotide of
SEQID NO: 1. In certain embodiments, pharmaceutical compositions described herein are
formulated as tablets for oral use, including: about 0.5% to about 30% by weight of the
oligonucleotide; about 20% to about 50% by weight mannitol; and about 10% to about 30% by
weight microcrystalline cellulose.

{0157] in some embodiments, a pharmaceutically acceptable tablet for oral
admimstration is provided that includes about 5% to about 30% by weight of an
oligonucleotide of SEQ ID NO: 1, 20% to about 50% by weight of mannitol, about 10% to
about 30% by weight of microcrystalline cellulose, about 0.5% to about 18% by weight of
bydroxypropyl methylcelluiose, and about 0.5% to about 10% by weight of sodium starch
glycolate, about 0.5% to about 10% by weight of magnesium stearate, about $.5% to about
10% by weight Opadry® AMB, and about 5% to about 20% by weight Acryl-EZE®. In some
embodiments, a pharmaceutically acceptable tablet for oral administration is provided that
includes about 8.5% by weight of an oligonucleotide of SEQ 1D NO: 1, 40% by weight of
mannitel, about 25% by weight of microcrystalline cellulose, about 3% by weight of
hydroxypropyl methylcellulose, about 4% by weight of sodium starch glycolate, about 0.4%
by weight of magnesium stearate, about 4% by weight Opadry® AMB, and about 10% to
about 15% by weight Aavl-EZE®. In some embodiments, a pharmaceutically acceptable
tablet for oral administration is provided that includes about 23% by weight of an
asligonucieotide of SEQ 1D NO: 1, 28% by weight of manuitol, about 25% by weight of
microcrystalline cellulose, about 3% by weight of hydroxypropyl methylcellulose, about 4%
by weight of sodium starch glycolate, about 8.4% by weight of magnesium stearate, about
4% by weight Opadry® AMB, and about 7% to about 12% by weight Acryl-EZE®. In some
embodiments, a pharmaceutically acceptable tablet for oral administration may be

formulated according to Table 0-1 and Table (-2,

Table 0-1 Table 0-2
Component Amount (mg) Component Amount (mg)

SEQID N | 40 SEQID NG: § 160
Mannitol 1953 Manntiol 193
Microcrystalline Cellulose 1187 Microcrystalline Cellulose 178
Hydroxypropyl >4 i’iydroxypmpyi 6
methylcelintose methyicelbidose

Sodinm starch glyvcolaie 20 Sodinm starch glycolate 30
Magnesium stearate 2 Magnesium stearate 3
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Opadry AMB White 20 Opadry AMB White 30

Acryl-EZE clear 38.8 Acryl-EZE clear 69.3

Total Tablet Weight 478.8 Total Tablet Weight 699.3
{0158] In an exemplary embodiment of the disclosure, a pharmaceutically acceptable

tabiet for oral administration is provided that includes an intra-granular phase that may
include about 50% by weight of an oligonucleotide of SEQ D NO: 1, 2,3, 4,5, or6,0ra
pharmaceutically acceptable salt thereof, about 11.5% by weight mannitol, about 10% by
weight microcrystalline cellulose, about 3% by weight hydroxypropyl methylceliulose, and
about 2.5% by weight sodiurn starch glycolate; and an extra-granular phase that may include
about 20% by weight microcrystalline cellulose, about 2.3% by weight sodium starch
glycolate, and about 0.5% by weight magnesium stearate. The tablet may also include an
enteric coating.

{#159] in another exemplary embodiment, a pharmaceutically acceptable tablet for oral
administration is provided that includes or consists gssentially oft an tntra-granular phase
that may include about 5% to about 10%, e.g., about 8% by weight of an oligonucleotide of
SEQID NG 1,2, 3,4, 5, or 6, or a pharmaccutically acceptable salt thereof (e.g., a sodium
salt), about 40% by weight mannitol, about 3% by weight microcrystalline cellulose, about
5% by weight hydroxypropyl methylcellulose, and about 2% by weight sodium starch
glycolate; and an extra-granular phase that roay include about 17% by weight
microcrystalline cellulose, about 2% by weight sodium starch glycolate, and about 0.4% by
weight magnesium stearate.

{0168] Contemplated tablets may also include an enteric coating, e.g., a disclosed tablet
may include about 13%, about 14%, about 15%, about 16%, or about 17% by weight of an
enteric coating, e.g., ethylacrylate-methacrylic acid copolymers (e.g., AcrylEZE®).

{0161] For example, the oligonucleotide may be in the form of a pharmaceutically
acceptable tablet for oral use including an intra-granular phase and extra-granular phase, in
which for example, the intra-granular phase includes about 5% to about 10%, by weight {for
example about 8% by weight) of an oligonucleotide represented by SEQID NG: 1, 2,3. 4, 5, or
6, or a pharmaceutically acceptable salt thereof, about 40% by weight mannitol, about 8% by
weight microcrystalline cellulose, about 5% by weight bydroxypropyl methylcellulose, and
about 2% by weight sodium starch glycolate, and for example, the extra-granular phase includes

about 17% by weight microcrystatline celiulose, about 2% by weight sodium starch glycolate,
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and about 0.4% by weight magnesium stearate, where the tablet may further include an enteric
coating.

j0162] Conteraplated formulations, e.g., tablets, in some embodiments, when orally
administered to the patient may result in mwinimal plasma concentration of the antisense
oligonucleotide in the patient. In another erobodiment, contemplated formulations, when orally
administered o a patient, topically deliver to the terminal ileum and/or right colon of a patient,
e.g., to an atfected or disecased intestinal site of a patient. Formulations suitable for oral
administration may be in the form of capsules, cachets, pills, tablets, lozenges (using, e.g., a
flavored basis such as sucrose and acacia or tragacanthy), powders, granules, or as a solution or a
suspension in an agueous of non-aqueous liguid, or as an oil-in-water or water-in-oil iquid
erpulsion, or as an elixir or syrup, ot as pastilles (using an inert base, such as gelatin and
glycerin, or sucrose and acacia), each containing a predetermined amount of a subject
composition thereof as an active ingredient. Compositions of the present disclosure may also be
administered as a bolus, electuary, or paste.

{0163} in certain embodiments, a pharmaceutical oral dosage form {e. g., tablet formulation)
of an oligonucleotide may include an intra-granular phase, where the intra-granular phase
includes an antisense oligonucleotide such as an oligonucleotide of SEQIDNO: 1, 2,3, 4, 5, ot
6, or a pharmaceutically acceptable salt thereof (e.g.. a sodium salt), and a pharmaceutically
aceeptable filler, and which may also include an extra-granular phase, that may include a
pharmaceutically acceptable excipient such as a disinfegrant. The extra-granular phase may
include components chosen from roicrocrystalline cellulose, roagnesium stearate, and mixtures
thereof. The pharmaceutical composition may also include an enteric coating of about 12% to
16% by weight of the tablet.

[0164] in some embodiunents, a pharmaceutically acceptable tablet for oral use comaprises
about (1.5% to about 10% by weight of an antisense oligonucleotide, ¢.g., an oligonucieotide of
SEQIDNO: 1,2, 3,4, 5, or 6, or a pharmaceutically acceptable salt thereof, about 30% to 50%
by weight mannitol, about 10% to 30% by weight microcrystalline cellulose, and an enteric
coating inchuding an ethylacrylate-methacrylic acid copolymer.

{0165] In some embodiments, a4 pharmaceutically acceptable tablet for oral use comprises an
intra~-granular phase, including about 5% to about 10% by weight of an antisense
oligonucleotide, e.g., an oligonucieotide of SEQ ID NG 1, 2,3, 4, 5, or 6, or a pharmaceutically
acceptable salt thereof, about 40% by weight mannitol, about 8% by weight microcrystalline
cellulose, about 5% by weight hydropropylmethyl cellulose, and about 2% by weight sodium
staxch glycolate; an extra-granular phase including about 17% by weight microcrystalline

cellulose, about 2% by weight sodiurn starch glycolate, about 0.4% by weight magnesiam
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stearate; and an enteric coating over the tablet including an ethylacrylate-methacrylic acid
copolymer.

{0166] in some embodiments, the pharmaceutical composition comprises an enteric coating
including about 13%, about 15%, about 16%, about 17% or about 18% by weight, e.g.,
AcyriEZE® (see, e.g., PCT Publication No. WO2010/054826).

{0167] The rate at which point the coating dissolves and the active ingredient is released
is its dissolution rate. In an embodiment, a contemplated tablet may have a dissolution
profile, e.g., when fested in a USP/EP Type 2 apparatos {paddie) at 180 rpmand 37 “Cin a
phosphate buffer with a pH of 7.2, of about 50% to about 100% of the oligonucleotide
releasing after about 120 minutes to about 244 minutes, for example after 180 minutes. In
another embodiment, a conteraplated tablet moay have a dissolution profile, e.g., when tested in
a USP/EP Type 2 apparatus (paddle) at 100 rpm and 37 °C in diluted HCl witha pH of 1.0,
where substantiaily none of the oligonmucleotide is released after 120 minutes. A
conternplated tablet, in another erabodiment, may have a dissolution profile, e.g. when tested
in USP/EP Type 2 apparatus {paddle) at 100 rpro and 37 °C in a phosphate buffer with a pH
of 6.6, of about 10% to about 30%. or not more than about 50%, of the oligonucleotide
releasing after 30 minutes.

[03168] In some embodiments, disclosed formulations, e. g. tablets, when orvally
administered to the patient results in minimal plasma concentration of the oligonucleotide in
the patient. In some embodiments, disclosed formulations, when orally administered to a
patient, topically deliver to the colon or rectum of a patient, e. 2., to an affected or diseased

site of a patient.

Dosage Regimen

{0169] The formudation of an oligonucleotide (. g., an antisense oligonucleotide of SEQ ID
NG: 1, 2,3, 4, 5, or 6) or a pharmaceutically acceptable salt thereof, provided in the present
disclosure may be administered or is suitable for administration betfore andfor after symptoms of
an inflammmatory bowel disease (e.g.. Crohn's disease and ulcerative colitis) s developed.

[G178] The formulation of the present disclosure {(including e.g., SEQIDNO: 1,2, 3,4, 5,
or 6 or a pharmaceutically acceptable salt thereof) may be administered or is suitable for
administration about every 6 hours, about every 12 hours, about every 24 hours, about every 48
bours, about every 72 hours, every day, two-tirnes a week, once in 2 weeks, or once a month.
{0171] Dosing frequency can vary, depending on factors such as route of admiunistration,

dosage araount and the disease being treated. Exemplary dosing frequencies are once per day,

45



14

15

(5]
n

WO 2021/214548 PCT/1B2021/000272

ance per week and once every two weeks. In cerfain embodiments, dosing is once per day for 7
days.

{3172] In certain embodiments, formulations include dosage forms that include or consist
essentiatly of about 35 mg to about 500 mg of an oligonucleotide {e.g., an oligonucleotide of
SEQIDNO: 1,2, 3,4, 5, or 6 or a pharmaceutically acceptable salt thereof). For exarople,
formulations that include about 35 mg, about 40 mg, about 50 mg, about 60 mg, about 70 mg,
about 80 mg, about 80 myg, about 100 mg, about 118 mg, about 120 mg, about 130 mg, about
140 mg, about 150 mg, about 160 mg, about 170 mg, about 180 myg, about 190 mg, about 200
myg, or about 250 mg of an oligonucieotide {e.g., an oligonucleotide of SEQ IDNG: 1, 2,3, 4, 5,
or 6 or a pharmaceutically acceptable salt thercof) are contemplated herein. In certain
ernbodiments, & formulation may include about 40 mg, about 80 g, or about 160 mg of an
oligonucleotide such as an oligonucleotide of SEQ I NO: 1,2, 3,4, 5, or 6. In certain
embodiments, a formulation may include at least about 180 g of an oligonucleotide such as an
oligonucieotide of SEQ ID NG 1, 2,3, 4, 5, or 6. For example, formulations may inchide about
0.1 mg, about 0.2 mg, about 0.3 mg, about 0.4 mg, about 0.5 mg, about | mg, about § mg, about
10 myg, about 15 mg, about 20 mg, or about 25 mg of an oligonucleotide such as an
oligonucleotide of SEQID NG 1, 2,3, 4.5, or 6.

{0173] The ampount administered will depend on variables such as the type and extent of
disease or indication to be treated, the overall health and size of the patient, the in vivo potency
of the oligonucieotide, the pharmaceutical formulation, and the route of administration. The
initial dosage can be increased beyond the upper level in ovder to rapidly achieve the desired
blood-level or tissue level. Alternatively, the initial dosage can be smaller than the optimum,

and the dosage may be progressively increased during the course of treatment. Human dosage

can be optimized, e.g., in a conventional Phase I dose escalation study designed o run from 40
mg o 160 mg.

{6174} In some embodiments, a patient having an inflammatory bowel disease, e.g., Crohn’s
disease or ulcerative colitis, will be administered an initial dose of an SMAD7 antisense
oligomicleotide, for instance, 2 SMAD7 antisense oligonucleoude of SEQ 1D NO: 1. As used
herein, “initial dose” refers o a dose of an SMAD7 antisense oligonucleotide administered to a
patient having an inflammatory bowel disease, e.g., Crohn’s disease or uvlcerative colitis, in a
series of doses. A series of doses may include one or more doses. For instance, a series of doses
may include a single dose of an SMAD7 antisense oligonucieotide or more than a single dose of
an SMAD7T antisense oligonucleotide. An initial dose may be a dose of an SMAD7 antisense
oligonucieotide adounisicred to a patient prior to any later dose administered to the patient. For

instance, an initial dose may be, but is not imited to, the first dose of an SMAD7 antisense
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aligonucieotide administered o a treatroent-naive paticnt. An initial dose may also be a first
dose in any treatment cycle of the SMAD7 antisense oligonucleotide. For example, an initial
dose may be the first dose of a first treatment cycle, of a second treatment cycle, or of any
subsequent treatment cycles.

{0175] In some embodiments, a patient having an inflammatory bowel disease, e.g., Crohn’s
disease or ulcerative colitis, may be administered a subsequent dose of a SMAD7 antisense
oligonucleotide, for instance, a SMAD7 antisense oligonucieotide of SEQ ID NOG: 1. As used
herein, “subsequent dose” refers to a dose of an SMAD7 antisense oligonucleotide administered
to a patient having inflammatory bowel disease, e.g., Crohn’s disease or uleerative colitis, after
administration of a prior dose, for example, an initial dose. Thus, a subsequent dose may be
adroinistered to a paticnt having an inflamroatory bowel disease, e.g., Crohn’s disease or
ulcerative colitis, in a series of doses including two or more doses. Furthermore, in some
instances, the amount of a subsequent dose may be calibrated with respect to an initial dose or a
prior dose, such that a subsequent dose is greater, equal 1o, or lesser than a prior dose. A
subsequent dose may be a dose administered to a patient having an inflammatory bowel disease,
e.g., Crohn’s disease or uleerative colitis, after a first dose, for instance, an initial dose, of an
SMAD7 antisense oligonucleotide administered to the patient. A subsequent dose roay also be a
dose administered after a prior dose of an SMAD7 antisense oligonucleotide administered to a
patient having an inflammatory bowel disease, e.g., Crohn's disease or ulcerative colids, for
instance, a dose administered after a prior dose in the same round of treatment or a different
round of treatroent, for instance, a previous round of treatment. A subsequent dose may be a
subsequent dose with respect to any prior dose, for instance, a prior dose immediately preceding
the subsequent dose or a prior dose followed by one or more doses administered prior (o
administration of the subsequent dose.

{0176] In some embodunents, the patient having an mflammatory bowel disease, e.g.,
Crohn’s disease has at least about a 5%, about a 10%, about a 20%, about a 30%, about a 40%
or even about a 50% or more reduction in the Crohn’s Discase Activity Index (CDAI) after
administering a SMAD7 antisense oligonucleotide, e.g., a SMAD7 antisense oligonucieotide of
SEQIDNG: 1, 2, 3, 4, 5, or 6 or a pharmaceutically acceptable salt thereof, after e.g., 1 day, 2
days, 1 week, 1 month, or 6 months, of more. Administering a SMAD7 antisense
oligonucleotide may be on, e.g., at least a daily basis. The delay of clinical manifestation of an
inflaromatory bowel disease, ¢.g., Crohn’s disease or ulcerative colitis, in a patient as a
consequence of administering a SMAD7 antisense oligonucieotide may be at least, e.g., 6
months, 1 year, 18 months or even 2 years or more as compared to a patient who is not

administered a SMAD7 antisense oligonucleotide.
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{61771 The composition or fornulation or method the present disclosure provides
administration of an oligonucleotide {e.g., an oligomicleotide of SEQID NO: 1,2,3, 4,5, or 6)
or a pharmaceutically acceptable salt thereof, to a subject who is refractory to a first therapy.
{0178] In some embodinents, a subject who 18 refractory to the first treatment is treated with
an oligonucieotide {e.g., an antisense oligonucleotide of SEQ HINO: 1,2, 3,4, 5, or 6y ora
pharmaceutically acceptable salt thereof, concurrently or subsequent to the first therapy.

{0179] in some emabodiments, methods provided herein may further include administering at
feast one other agent that s directed to treatment of diseases and disorders disclosed herein (e.g.,
Crohn’s disease or ulcerative colitis). In certain embodiments, contemplated other agents may
be co-administered {e.g., sequentially or sinmltaneously},

{0180] Agents contemplated jnclude ironuinosuppressive agents including glucocotticoids,
cytostatics, antibodies, agents acting on inymumophilins, interferons, opiotds, TNF binding
proteins, mycophenolate, and small biological agents. For example, contemplated
immunosuppressive agents inchude, but are not Hmited to: tacrolimus, cyclosporine,
pimecrolirnus, sirolimus, everolinus, mycophenolic acid, fingolimod, dexamethasone,
fludarabine, cyclophosphamide, methotrexate, azathioprine, leflunomide. teriflunomide,
anakinra, anti-thymocyte globulin, anti-lyrophocyte globulin, muromonab-CD3, afutuzumab,
vituxirnab, teplizumab, efalizumab, daclizumab, basiliximab, adaliroumab, infliximab, and
etanercept.

{0181] In some emabodiments, other contemplated agents may be Toil-like receptor {TLR)
modlators or TLR pathway modulators. In some embodiments, the TLR modulator may
modolate the activity of TLR3, TLR7, TLRS, and/or TLRS. In some embodiments, the TER
pathway modulator may modulate the activity of one or more components of a TLR pathway,
including, but not limited to, C-C motif chermnokine receptor 7 (CCRT}, cluster of differentiation
{CD) 80, CDR&3, CD86, CDGY, epithelial growth factor receptor (EGER), glycoprotein A
repetitions predominant (GARP), interleukin (IL)-1-8, IL-2, IL-10Rq, 1L-18, TL-23p19,
macrophage inflammatory protein-1 aipha (MiP-1a), phospho-histone H3, phospho-p38
mitogen-activated protein MAF Kinase, phospho-zeta-chain-associated protein kinase 70
{phospho-ZAPT0), receptor activator of nuclear factor kappa-B ligand (RANKL), SLAM family
member (SLAME7), tissue plasminogen activator (tPA), and urokinase receptor {(uPAR).
Exemplary TLR modulators include, but are not lunited to, BL-7040 (ODN7040}, CYT003,
CYT003-0QbG10, AZD1419, DIMSO150 (ODN130), E6446, CpG ODN2083, IMO-8400, IMO-
3100, CLO75, VTX-2337, ODN2006, and naltrexone. In some embodiments, a TLR modulator
or a TLR pathway modulator may be an agonist. {n some other embodiments, a TLR modulator

or a TLR pathway modulator may be an antagonist.
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EXAMPLES
{0182] The disclosure is further dlustrated by the following cxamples. The examples are
provided for Ulustrative purposes only, and are not (o be construed as Hmiting the scope ot

content of the disclosure in any way.

Example 1: Preparation of SMAD7 antisense sligonuclectides

{0183] 27 batches — Batches A-Z and 520 — of a SMAD7 antisense oligonucleotide (AS0)
{(SEQ ID KG: 1) were manufacoured following solid-phase, non-chirality controlled synthetic
protocols, at different scales and under different conditions.

{01584] Each batch of the SMAD7 ASO resulting from the non-chirality controlled synthesis
is a mixture of diastereomers with unknown individual levels of up to 2%° (i.e., 1,048,576)

possible different diastereoiers.

Esample 2: Inn vitro activity of SMADT7 antisense sligonucleotide diastercomeric mistures
{0185] To assess in vitro pharmacological activity of SMAD7 ASO with different
diastercomeric profiles, the capability of different batches of SMAD7 ASO (Batches A-Q, S-7,
and S20) to down-regolate SMAD7 expression was investigated in the HCT-116 cell line.
{0186] SMATD7 ASO batches in powder form were dissolved in phosphate buffered saline
(PBS) and concentration determined using reverse phase high-performance liquid
chromatography (HPLC).

{6187} Human colorectal carcinoma cell line HCT-116 (American Type Culture Collection,
ATCC) were maintained in McCoy's SA (Lonza) supplemented with 10% fetal bovine serum
(FBS) (Euroclone) and 1% penicillin/streptomycin (P/8) (Lonza}, 1n a 37°C, 5% COq, fully
bumidified incubator.

{0188] Single-cell suspensions were plated at 2 x 10° cells/mL/well in 6-well culture dishes
and allowed to adhere overnight. On the following day, cells were washed twice with PBS
{Lonza} and then transfected with the test items — SMAD7 ASO Batches A-(3, $-Z, and 20 — at
0.5 or 1 pg/ml in PBS, using Opti-MEM I wansfection medivm and Lipofectamine 3000
reagent (Life Technologies) according to the manufacturer’s instructions. Transfected cells
were then washed with PBS and cultured with McCoy’s 5A supplemented with 10% FBS and
antibiotics. Cells transfected with Baich A were used as veference (positive control). Cells
untransfected but treated with transfection medium and Lipofectamine 3000 were used as

negative confrol.
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{6189 After 24 hours, cells were then washed with PBS and total proteins extracted using
the following lysis buffer: 10 mmol/L HEPES, | mmol/L EDTA, 60 mmol/L KCL 0.2% Igepal
CA-630, 1 mmol/L sodivm fluoride, 10 pg/mi aprotinin, 10 pg/il leupeptin, 1 mmol/L DTT,
and 1 ounol/L. PMSF (Sigroa-Aldrich). The lysates were separated on a 10% SDS-PAGE gel.

5 Blots were then incubated with a mouse anti-human monoclonal antibody against the target
protein at 8.5 pg/mb (R&D systems) followed by a rabbit anti-mouse antibody conjugated to
horseradish peroxidase (1:20000 dilution, Dako). After analysis of the target protein SMAD7,
each blot was stripped and incubated with a mouse-anti-human monoclonal B-actin antibody
{Sigma-Aldrich) to confirm equal loading of the lanes. Computer-assisted scanning

10 densitometry (Image Lab Seftware, Bio-Rad Laboratories) was used to analyze the intensity of

the inununoreactive bands and, thereby, quantify the SMAD7/B-actin protein level ratio.

{0156] Exemplary results are illustrated in FIG. 3A and Table 1, comparing the change in
the SMAD7/B-actin ratic upon transfection of cells with each tested batch to the SMAD7/B-actin
ratio of cells freated with Lipofectamine 3000 only (negative control). Values were expressed as

15 mean & SEM of at least three independent experiments. Data were analyzed using one-way

analysis of variance (ANOVA) followed by Dumnett's Multiple Comparison Test. Significance
was detined as P-values (n.s. = not significant; ** = p<0.07; *** = p<0.00/). In certain
embodiments, a more than about 40% down-regulation of SMAD7 protein expression compared
to cells reated with Lipofectamine 3000 alone {(negative control) indicates good in vitro activity

20 of the tested SMAD7 ASO batch.

Table 1. Mean percentage difference in SMAD7 protein expression in HCT-116 cells

transfected with SMAD7 ASO batches as compared to cells treated with Lipofectamine 3000

Batch % SMAD 7 Batch % SMA? 7 Batch 0:6 SMA}} 7
Expression Expression Expression

Batch A -49.72 Batch ) -60.41 Batch T 159
Batch B -43.93 Bawch K 1.41 Batch U -23.41
Batch C -21.12 Batch L 1018 BawhV -51.44
Batch D -33.11 Batch M -32.28 Batch W -3.93
Batch B -38.75 Batch N -44 89 Batch X -43.33
Batch ¥ -36.06 Batch O -49 81 Batch Y -38.33
Batch G -7.38 Batch P -22.97 Batch 2 2.33
Batch H -38.2 Batch @ 1.23 Batch S20 -44 .51
Batch 1 -33.49 Batch § 7.44
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{6191] The pharmacological activity of each tested batch is additionally presented in FIG.
3B and Table 2 as values normalized to the SMAD7/B-actin ratio of Batch A (positive control).
A performance score is given to each tested batch:

R . SMAD7/B-actin ratio of a test batch
Performance Score = —[(— — - aremes =1} % 100%] .
SMAD7/f-actin ratio of Batch A

In certain embodiments, a Performance Score greater than or egual to -20% indicates good in
vitro activity; a Performance Score between -20% to -40% indicates moderate in vityo activity; a

Performance Score lower than or equal to -40% indicates poor in vitro activity.

Table 2. Mean Performance Score of SMAD7 ASO batches

Performance Performance Performance

Batch Score (%) Batch Score (%) Batch Score (%)
Negative 120 Barch } 11.79 Baich T 145
Control

Batch B -18.3 Bawch K -3107 Batch U -56.6
Barch C -56.9 Batch L -159 Batch V -i4
Batch D -87.7 Baich M -35.7 Batch W -92.6
Batch E -20.1 Batch N -28.3 Batch X -12.3
Batch ¥ -289.8 Batch © -13 Batch Y -42.7
Batch G -117 Batch P -62.4 Batch Z -139
Batch H -24.2 Batch Q -139 Batch S20 -i14
Batch 1 -53.3 Batch § -117

{0192] These results suggest that the 26 different tested batches of SMAD7 ASO exhibit
significantly different abilities to down-regulate SMAD7 protein expression: Batches B, 1, O, V,
X, and S20 have good in vifro activity; Batches E, F, H, M, N, have moderate in vifro activity;
Batches C, 1, G, LK, L, P, Q, S, T, U, W, Y, £ have poor in vitro activity.

{0193] For Batches A, X, K, and T, Real-Time PCR (RT-PCR) was also performed to
evaluate their etfect on SMAD7 mRNA expression. After transfection, cells were harvested and
RNA was extracted using a PoreLink mRNA mini kit {Thermo Fisher Scientific) according to
the mamufacturer’s instructions. A constant amount of RNA (1 ug/sample) was reverse-
transcribed into complementary DNA (¢cDNA}, and 1 gL ¢<DNA/sample was then amplified by
RT-PCR using i3 SYBR Green Supermix (Bio-Rad Laboratories) and the following B-actin
primers: FWD: 5-AAGATGACCCAGATCATGTTTGAGACC-3; REV: §'-
AGCCACTCCAGACGCAGGAT-3". SMAD7 RNA expression was evaluated using a Tagman
assay (Life Technologies) and calculated relative to the B-actin gene on the base of the AACt
algorithm. Values derived from all the observations were expressed as roean = SEM of at feast

three independent experiments (FIG. 3C). Data were analyzed using one-way analysis of
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variance (ANOVA) followed by Duannett’s Multiple Comparison Test. Significance was defined
as P-values <0.05. These results suggest that the different SMAD7 ASO batches exhibit

different abilities to down-regulate SMAD7 mRNA expression.

5 Example 3: Clinical activity of SMAD7 antisense oligonudieotide diastereomeric mixtures
{61941 Different batches of SMAD7 ASO (Batches A, H, K, P, and T, V, X)) were tested in
Crohn’s discase patients and assessed for their clinical efficacy.

{8195] in the clinical studies, SMAD7 ASO was formulated as a gastro-resistant delayec
release tablet, designed to release the SMAD7 ASO in the intestine via a pH-dependent

10 mechanism. Clinical data from patients receiving SMAD7 ASO tablets once daily at a dose of

160 mg/day in four clinical trials, referred to hereafter as CT-A, CT-B, CT-E, and CT-P, were
obtained and evaluated. In the CT-A, CT-E, and CT-P studies, Group 2, 3, 4, 5, or & patients
were treated for a total of 12 consecutive weeks. In the CT-B study, Group 1 patients were
treated for 14 consceutive days.

15 [5196] For data analysis, patients were grouped as follows:

Group 1: patients treated with tablets manufactured from Batch A;
Group 2: patients treated with tablets manufactured from Batch X
Group 3: patients treated with tablets manufactured from Batch V;
Group 4: patients treated with tablets manufactured using Batch P and Batch T,
20 Group 5: patients treated with tablets manufactured using Batch H and Batch K and
Group 6: patients treated with tablets manufactured using Batch K and Batch P.
{6197} The variation in Crohn’s disease activity index (CDAI) was evaluated for each
patient at baseline and at the end of week 4 of the treatment period. The mean change in CDAIT
score between week 4 and baseline ("ACDAID) was calculated for cach patient group and

25 reported as shown in FIG. 4A. Clinical response (= 70-point CDAI reduction) was observed in

patients treated with tablets manufactured from Batches A, X, and V, with patients treated with

tablets manufactured from Batches A and X showing 10G-point clinical response (2 100-point

CDAJ reduction). Patients treated with tablets manufactiired using Batches P/T, H/K, and K/P

did not show clintcally significant improvements. The results suggest that different batches of

30 SMAD7 ASO present different pharmacological efficacies.

Example 4: Nuclear magnetic resonance spectroscopy of SMADT antisense oligonuclestide
diastereomeric mixtures

{0198] High resolution Phosphorus-31 nuclear magnetic resonance (' P-NMR)

(5]
n

measurervents (1-I spectrurn and longitudinal relaxation measurements) at 14.1 T (in solation)
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were used to map the local structure at cach phosphor atom and to provide diastereoreric
profiles of the SMAD7 ASO batches.

{0199] Saraples corresponding to Batches A-Z and 520 were analysed, each in duplicate.
Briefly, the samples were dissofved in D20 at a concentration of about 9 mg/0.5 mL and
immediately measured on an Agilent Inova 600 MHz spectrometer (14.1 Tesla)y at 25.0 °C o
obtain 'H- and >'P-NMR specira following standard protocols. For the 'H-NMR experiment,
12% transicnts were accuntuiiated (FEG. 3A); for the *'P-NMR experiment, 2000 transients were
accumulated with 2s relaxation time. The 'H DOSY-NMR spectra were assessed to confirm that
the samples were not contaminated with small molecules (e.g., solvents or additives) or with by-
products, and, thercfore, differences observed in the Y P-NMR spectra may be ascribed to the
diastercomeric profiles of the saraples. The *'P-NMR spectra are shown in FIGs, 3B-5FF. The
spectral Hingshapes for the two duplicate specimens of each sample (7.e., batch) match each
other, but there are considerable differences in the lineshapes between baiches. A magnified
analysis of the high resolution *'P-NMR spectra (FIGs. SC-5CC) reveals that the spectra of
different saroples have remarkable differences in lineshapes (intensity, frequency, phase, and
linewidth} in the range between 54.8-55.5 ppm concerning both signal structures and relative
intensitics . In contrast to a Lorentzian lineshape characteristic of a single species, the resonance
in the range between 54.8-55.5 ppm is a convolution of a multiplicity of signals, due to the co-
existence of a manifold of diastereomers. COn the other hand, the 55.5-56 ppm region of the *P-
NMR spectra appeared to have a more conserved lineshape among batches.

{02001 These observations demonsirate that different SMAD7 ASO batches have differing
diastereomeric profiles and that °'P-NMR is suitable for fingerprinting the stereochemistry of
antisense oligonucleotides, such as SMAD7T ASOs. Particularly, the 54.8-55.5 ppm region is

bypersensitive to differences in the diastereomeric composition of a given SMAD7 ASO sanple.

Example 5: Circular dichroism spectroscopy of SMAD7 antisense oligonudleatide
diastereomeric mixiures

{0201] Circular dichroism, particularly variable-temperature cireular dichroism (VTCD),
was employed to assess the overall stereochemistry of the various SMAD7 ASQ batches.

{06202] Five samples corresponding to Batches A, J, H, P, and T were analysed, each in
duplicate. The VTCD spectra are shown in FIG. 6. Batch A and Batch H both have an
inflection point at about 45°C. Batches J, P, and T, all bave an inflection point around 50 °C £ 3
°C. Batch H has multiple inflection points. The VTCD spectra of Batch A and Batch H,
although different from each other, further suggest a more complex set of transitions of the

samples {2 inflection points) as compared to the other samples.
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Example 6: Chemometric modeling of spectroscopic data of sligonucleotide diastereomeric
mixtures

[0203] Chemometric modeling is used to relate the spectroscopic data of oligonucleotide
diastereomeric mixtures {e. ., diastereomeric mixiures of SMAD7 ASO) to pharmacological
andfor clinical efficacy.

{0204] Spectroscopic data, such as 'H-NMR, *'P-NMR, and VTCD spectra, are classified by
means of pattern recognition using Singular Vahie decomposition (§VD) Principal Component
Analysis (PCA). A vector is built using *'P-NMR intensities as a function of resonance (about
200 datapoints for each sample), which is thereafter normalized to total integral, in order to
obtain a concentration-independent vector. The vectors for different oligonucleotide
preparations are then subjected to PCA at various ppm bands, for example in the area around 55
ppm, and more specifically, for exampie, the areas between 54.8-55.5 ppm. Similar 3'P-NMR
spectra correspond to similar structural mantfolds. Subjecting the vectors to PCA {e.g., 54.8-
55.5 ppm areas) reveals stereochemical similarities and diversities which can correspond to the

presence o absence of pharmacological efficacy and clinical activity.

Example 7: Principal component analysis of Phosphorus-31 nuclear magnetic resonance
data of SMAD7 oligonuclestide diasteresmeric mixtures

{0205] To quantitatively attribute the variations in the *'P-NMR spectra of different SMADY7
ASO batches to their diastercomeric profiles and to associate such variations with
pharmacological/clinical efficacy, the *'P-NMR spectra were subject to principal components
analysis (PCA}.

[0206] Briefly, the 7'P-NMR spectra of samples corresponding to Batches A-7 and $20 (as
described in Example 4) were apodized (LB=4Hz), phase and baseline corrected using
MestReNova software and normalized by scaling the intensity to the area (integral) between 53
and 57 ppm. The resulting specira data were exported as an Excel matrix. The principal
components analysis was performed vsing the Chemometrics Agile Tool (CAT) software
{www.gruppochemiometria.it/index.php/software/19-download-the-r-based-chemometric-
software). The 'P-NMR spectra of Batches A, F, G, 1. K, N. Q. R, V, and Z (FIG. 7TA) were
input as the “training set” to determine the nunber of principal coroponents (FCs) for retention
and to generate the scree plot shown in FIG. 78, The scree plot shows that the first two PCs
explain 90% of the variance in the data, whereas the first six PCs explain 99%. Accordingly, the

first two components (PC1 and PCO2) were retained for analysts and to build the PCA plot of the
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training set spectra (FYG. 7C). *'P-NMR spectra of samples from additional 17 batches were
then projected into the PCA plot generated with the training set spectra (F1G., 7D,

{6287] The PCA plot per **P-NMR spectrum (FIG. 7D) was analysed in view of the in vitro
activity of cach saraple (as described in Exarople 2) and revealed that the spectra can be grouped
into three clusters. Cluster | centres round (0, ), represented by a solid oval; cluster 2 centres
around (.35, -.2), represented by a dotted oval; chuster 3 is in the area of PCI>{0.7,
represented by a solid rectangle. Samples that fall within clusters 2 and 3 show good in vifro
activity; saroples that fall within cluster 1 show poor in vifro activity. The superimposition of
HpP.NMR spectra of three batches A, B, and D, falling in cluster 3, cluster 2, and cluster 1,
respectively, in the PCA score plot (FEG. 7D, is presented in FIG. 5FF.

{0208] Projection of the 'P-NMR spectra on PC1/PC2 plane, and evaluation of the in vitro
(IV) pharmacology and a clinical efficacy (CDAI plot) revealed a correlation between IV
pharmacology and NMR PC score versus clinical performance. As shown in FEG. 4A and FIG.
4B, represeniative batches A, H, K, P, T, V, and X, whose FPNMR specira are shown in FEG.
4B, displayed a different clinical performance (see CDAT plot in FIG. 44). Batch A, within
cluster 3 in the PCA plot, and Batches V and X, within cluster 2 of the PCA plot, are identified
as clinically efficacious; Batches H, K, P, and T, within cluster 2 in the PCA pilot, do not have

significant climcal efficacy (see Example 3).

Example 8: SMAD7 expression in postoperative Crohn’s patients

Example 8A: Paticnt selection

{0209] Patients were selected for assessing the expression of SMAD7 in Crohn’s disease
{CD) samples of different discase phases.

[0216] 17 CD patients previously undergone ileocolouic resection were included in the study
as early CD samples. The demographic and clinical characteristics of these patients are shown
in Table 3. Heocolonoscopy was performed with biopsies collected from the neoterminal ilevwm
{10-20 cm above the anastomosis) of the patients to assess the endoscopic recurrence of CD 6
and/or 12 months after surgery (FIG. 12). At the time of ileocolonoscopy, 82% of the patients
were recetving mesalamine and 12% were receiving thiopurines. Endoscopic recurrence was
graded according to the Rutgeerts’s score.

{0211} 11 of the early CD patients underwent ileocolonoscopy 6 months after Heocolonic
resection. 7 (63.6%) of the 11 patients showed endoscopic recurrence, of which 4 also had
clinically active disease (CD activity index (CDAI} > 150). The remaining 4 (36.4%) had no

endoscopic fesion, of which 2 bad underwent a second endoscopy 12 moonths after the resection
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as they becarne symptomatic. The remaining 6 early CD patients underwent endoscopy 12

months after the intestinal resection.

Table 3. Demographic and Clinical Characteristics of Patients
Patients Characteristics N=17
Age
Years, Median {range) 37 (21-64)
Sex,

Male, N (%)

Smoking habits, N (%)

Months, Median (range)

Yes 1{6%)
No 16 (94%)
CB daration

180 (12-320)

Age at diagnosis, N (%)
Al: <16 years
A2: 17-40 years
A3: over 40 years

1(6%)
13 (76%)
3 (18%)

CD behaviour, N (%)

Bl: inflammatory &
B2: Stricture 11 {63%)
B3: Penetrating 6 (35%)
D location, N (%)
L1: Heal 17 (100%)
L2: Colonic &
1.3: Heocolonic &
Harvey Bradshaw index at time of endoscopy
Median (range) 4(2-9)
Remission 13 (76%)
Active 4 (24%)
D medication at time of endoscopy
No medication 1 {6%)
S-aminosalicylic acid 14 (82%)
Corticosteroids &
Thiopurine alone 2{12%)
TNFs alone 0

{0212] For established CD samples, mucosal samples were collected from the resected ileum

of 11 CD patients (8 male; median age 53 (21-69) vears; median disease duration 149 (36-312)

months) at the tirne of ileocolonic resection. Al 11 patients had lesions confined to the terminal

ileum and received surgical treatment due to the chronically active disease poorly responsive to

medical treatment. At the time of surgery, 9 patients were on steroids, 2 of which were

siraultancously receiving azathioprine, and the remaining 2 patients had previously been treated

with anti TNF-o antubody.
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{0213 As the control group, ileal biopsies were taken from 5 paticnts who underwent
leocolonoscopy for irritable bowel syndrome. No endoscopic lesion was found in these patients
and the tieal raucosa was histologically normal.

[0214] Tissue sections obtained from the above-described paticnts were preserved by

formalin fixation followed by paraffin embedding until further use.

Example 8B: Assessment of SMAD7 expression in Crohn’s disease paticnts

{6218} Immunohistochemistry was performed to assess the expression of SMAD7 in ileal
mucosa of in T patients of different disease phases — early CD patients {i.e., postoperative CD
patients with or without endoscopic recurrence) and established CD patients,

{0216] Al reagents were from Sigma-Aldrich (Milan, ltaly) unless specified. Formalin-
fixed, paraffin-embedded sections as described in Example 8A were deparaffinized and
dehydrated through xylene and ethanol. The antigen retrieval was performed in citrate buffer
{pH 6.0} for 20 minutes in microwave. Irmnunochistochemical staining was performed using a
rabbit anti-SMAD7 primary antibody {orb11386; Biorbyt Lid, Cambridge, UK), at room
temperature for 1 hour. Immunoreactive cells were detected using MACH4 Universal HRP-
Polymer (Biocare Medical, Concord, CA, USA) in combination with 3,3’ -Diaminobenzidine
{DAR) (Dako North America, Carpinteria, CA, USA) chromogen and bematoxylin as
counterstain, according to the manufacturer’s protocols. Sections stained using an isotype IgG
antibody (R&D Systems, Minneapolis, MIN, USA) as the primary antibody were used as control.
Stained sections were exarnined with LEICA DMI4000 B microscope, and the SMAD7-
expressing cells were counted in § high-power fields per microscope slide of section.

{0217] Statistical differences were assessed with the GraphPad Prism statistical PC program
(GraphPad Software, San Diego, CA). Nonparametric data were analyzed using the Mann-
Whitney U-test for comparison between two groups or Kruskal-Wallis test for multiple
comparison. Significance of correlation was determined using the Spearman non-parametric
correlation. A P value of less than .05 was considered statistically significant.

{0218] Exemplary results are shown in FIG. 12 and FEG. 13, SMAD7-positive ceils were
more evident in CD patient tleal mucosa than in the control group (Figures 12B and 12C) under
immunohistochemical staining. Particularly, SMAD7 accumudated in the ceytoplasm and nucleus
of both epithelial cells and lamina propria mononuclear cells (LPMCs) (FEG. 12C).
Accordingly, the numbers of SMAD7-positive cells were significantly higher in samples taken
from the neoterminal ileurn of early CD patients (7.e., postoperative CD patients without
endoscopic recurrence (i0) or with endoscopic recurrence (i4)) and established D patients than

those from patients of the control group (FiG. 13). Farthermore, the numbers of SMAD7-
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positive cells were higher in samples from early CD paticnts than in samples from late CD
patients in the whole intestinal mucosa (FEG. 13A) and in the epithelial compartment (FIG.
138).
{0219] FIG. 14 presents the analysis of ileal mucosa of postoperative CD patients at 2
5 different tirae points (f.e., 6 and 12 months after leocolonic resection), which shows no
significant difference in the number of SMAD7-expressing celis.
{6228] The data suggest that the expression of SMAD7 in mucosa of CD patients is
enhanced at the early disease phase, e.g., a short period following the ntestinal resection, and
maintained at high level during the course of the disease and/or disease recarrence. The results
10 further suggest that SMAD7 upregulation may be a suitable marker of CD recurrence and that
modulating SMADT activity {e.g., inhibiting SMAD7) may be beneficial in the prevention

and/or treatment of postoperative recurrence of CD.

Hxanple 8C: Correlation between SMAD7 expression and cviokine expression

15 [6221] To assess the correlation between SMADT expression with the number of cytokine-
secreting cells, fluorescence-activated cell sorting (FACS) analysis was used.
{6222] Lamuna propria roononuclear cells (LPMC) were tsolated from ileal biopsies samples
and intestinal resection specimens from patients selected as described in Example BA and
suspended in RPMI 1640 medium, supplemented with 10% inactivated fetal bovine serum

20 (FBS), penicillin (P) (100 U/rnl), and streptomyein (8) (100 pg/mi) (Life Technologies-
GibeoCRE, Milan, kaly).
{0223] For flow cytometry analysis, LPMCs were seeded in 96-well U-bottom culture dishes
and stimulated with PMA (10 ng/mL), ionomycin (I pg/mb), and brefeldinA (18 pg/ml;
eBioscience, San Diego, CA). After 5 bours, cells were stained with anti-CD3-PerCP (1:50

25 dilution; BD Biosciences, San Jose, CA) and fixed with 1% formaldehyde for 20 minutes.
Subsequently, cells were permeabilized with .5% saponin in 1% bovine sergm albumin (BSA)
FACS buffer and stained with the following antibodies: anti-IFN-o-PE (1:50 didution; BD
Biosciences), anti-IL-17A-APC (1:50 dilution; eBioscience). Appropriate isotype-matched
controls (BD Biosciences) were included in all experiments. Cells were analyzed using a

30 FACSCalibur cytometer and Cell-QuestPro software. Statistical differences were assessed as
described in Example 8B.
{6224] Exemplary results are shown in FIG. 15, A significant correlation was observed
between the number of SMADT7-expressing cells and the number of IFN-y-secreting cells. No

significant correlation was observed between the number of SMAD7-expressing cclis with the

(5]
n

nurnber of IL-17A-producing cells.
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EQUIVALENTS
{0225] The disclosure can be embaodied in other specific forms with departing from the
essential characteristics thereof. The foregoing embodiments therefore are to be considered
illustrative rather than limiting on the disclosure described herein. The scope of the disclosure is
indicated by the appended claims rather than by the foregoing description, and all changes that
come within the meaning and range of equivalency of the claims are intended to be embraced

therein.
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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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8.

9.

16,

it

15.

i6.

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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24,

26.
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28.

29.

30.

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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40.

41.

. 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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49.

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.

70



20

WO 2021/214548 PCT/1B2021/000272

80.

81,

84.

85

86

. 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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