Innovation, Sciences et
I*I Développement économique Canada
Office de la Propriété Intellectuelle du Canada

Innovation, Science and CA 3088661 A1 2019/07/25
Economic Development Canada
Canadian Intellectual Property Office (21) 3 088 661

t2 DEMANDE DE BREVET CANADIEN
CANADIAN PATENT APPLICATION
(13 A1

(86) Date de dépo6t PCT/PCT Filing Date: 2019/01/17

(51) CLInt./Int.Cl. A67K 39/395(2006.01),

(87) Date publication PCT/PCT Publication Date: 2019/07/25 A6TK 47/66 (2017.01), AGTP 1/16(2006.01),

(85) Entrée phase nationale/National Entry: 2020/07/15

A61P 3/08(2006.01), A671P 3/10(2006.01)
(71) Demandeurs/Applicants:

(86) N° demande PCT/PCT Application No.: US 2019/013934 UNIVERSITY OF CONNECTICUT, US;
87) N° publication PCT/PCT Publication No.: 2019/143767 JOSLIN DIABETES CENTER, INC, US

(30) Priorité/Priority: 2018/01/17 (US62/618,332)

(72) Inventeurs/Inventors:
LYNES, MICHAEL A., US;
TSENG, YU-HUA, US;
LYNES, MATTHEW D., US

(74) Agent: MBM INTELLECTUAL PROPERTY LAW LLP

(54) Titre : METHODES DE TRAITEMENT DU DIABETE, DE L'HEPATITE ET/OU D'UNE MALADIE HEPATIQUE

INFLAMMATOIRE

(54) Title: METHODS FOR TREATING DIABETES, HEPATITIS, AND/OR INFLAMMATORY LIVER DISEASE

(57) Abrégé/Abstract:

Disclosed herein are uses of inhibitor of extracellular human metallothionein (MT) to treat a disorder selected from the group
consisting of diabetes, pre-diabetes, impaired glucose tolerance, hepatitis, and/or inflammatory liver disease, and compositions

containing extracellular human MT.

50 rue Victoria ¢ Place du Portage 1 ® Gatineau, (Québec) KI1AOC9 e www.opic.ic.gc.ca i+l

50 Victoria Street e Place du Portage 1 e Gatineau, Quebec KIAO0C9 e www.cipo.ic.gc.ca ( Eal lada



0 2019/143767 A1 | TR0 00O A

CA 03088661 2020-07-15

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

J

=

(19) World Intellectual Property
Organization
International Bureau

(10) International Publication Number

(43) International Publication Date WO 2019/143767 Al
25 July 2019 (25.07.2019) WIPO | PCT
(51) International Patent Classification: . .
A61P 1/16 (2006.01) AG61P 3/08 (2006.01) Publlshed? ) A
AGIK 39/395 (2006.01) AGIP 3/10 (2006.01) with international search report (Art. 21(3))

(21) International Application Number:
PCT/US2019/013934

(22) International Filing Date:
17 January 2019 (17.01.2019)

(25) Filing Language: English

(26) Publication Language: English

(30) Priority Data:
62/618,332 17 January 2018 (17.01.2018) UsS

(71) Applicants: UNIVERSITY OF CONNECTICUT
[US/US], 262 Farmington Avenue, Farmington, CT
06030-6400 (US). JOSLIN DIABETES CENTER, INC,
[US/US]; One Joslin Place, Boston, MA 02215 (US).

Inventors: LYNES, Michael, A.; c/o University of
Connecticut, 262 Farmington Avenue, Farmington, CT
06030-6400 (US). TSENG, Yu-Hua; c/o Joslin Diabetes
Center, Inc., One Joslin Place, Boston, MA 02215 (US).
LYNES, Matthew, D.; c/o Joslin Diabetes Center, Inc.,
One Joslin Place, Boston, MA 02215 (US).

Agent: HARPER, David, S.; McDonnell Boehnen Hulbert
& Berghoff LLP, 300 South Wacker Drive, Chicago, IL
60606 (US).

(72)

(74)

(81) Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY, BZ,
CA, CH, CL,CN, CO, CR, CU, CZ, DE, DJ, DK, DM, DO,
DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,
HR, HU, ID, IL, IN, IR, IS, JO, JP, KE, KG, KH, KN, KP,
KR,KW,KZ ,LA,LC,LK,LR,LS,LU,LY, MA, MD, ME,
MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA,
SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE,LR, LS, MW, MZ, NA,RW, SD, SL, ST, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW,
KM, ML, MR, NE, SN, TD, TG).

with sequence listing part of description (Rule 5.2(a))

(54) Title: METHODS FOR TREATING DIABETES, HEPATITIS, AND/OR INFLAMMATORY LIVER DISEASE

(57) Abstract: Disclosed herein are uses of inhibitor of extracellular human metallothionein (MT) to treat a disorder selected from the
group consisting of diabetes, pre-diabetes, impaired glucose tolerance, hepatitis, and/or inflammatory liver disease, and compositions

containing extracellular human MT.



10

15

20

25

35

CA 03088661 2020-07-15

WO 2019/143767 PCT/US2019/013934

Methods for treating diabetes, hepatitis, and/or inflammatory liver disease

Cross Reference
This application claims priority to U.S. provisional patent application serial no.

62/618332 filed Janunary 17, 2018, incorporate by reference herein in its entirety.

Background

Drabetes 1s most ofien treated with insulin replacement. There 15 rescarch being done
to replace the islets that are damaged in diabetes, but unless the inflammatory processes that
damage the islet producing insulin is arrested, islet transplants or stem cell repopulation of
the islets m the pancreas will be short-lived treatments. Similardy, current methods for

treating hepatitis and/or inflammatory hiver disease are inadequate.

Summary

In a first aspect, the disclosure provides methods for treating or limiting development
of a disorder selected from the group consisting of diabetes, pre-diabetes, impaired glucose
tolerance, hepatitis, and/or mflammatory liver disease, comprising administering to a subject
with the disorder or at risk of the disorder a therapeutically cffective amount of a composition
comprising an mhibitor of extracellular human metallothionein (MT) to treat or limit
development of the disorder. In one embodiment, the sabject has diabetes or s at risk of
developing diabetes, and the method serves o treat or hmut development of diabetes. In
another embodiment, the subject 1s at risk of type 1 diabetes, and the method serves to himit
development of type 1 diabetes in the subject; in one such embodiment, the subject may have
one or more of the risk factors for type 1 diabetes, mchiding but not limited to a parent or
sibling with type 1 diabetes, a pancreatic tumor, pancreatitis, pancreatic islet cell
autoantibodics, insulin autoantibodies, glutamic acid decarboxylase autoantibodies (GADA),
msulinoma-associated (1A-2} autcantibodies, zinc transporter autoantibodies (ZnT8), vartants
of the IBDMI gene sciected from the group consisting of DRB1 0401, DRB1 0402, DRB1
0405, DOQA 0301, DOB1 0302 and DQB1 0201; polvuna, polydipsia, drv mouth, polvphagia,
fatigue, or weight loss.

In another embodiment, the subject has type 1 diabetes, and the method serves to treat

tvpe | diabetes in the subject: in one such embodiment the treating may comprise one Of more
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of reducing frequency of need for insalin injection; slowing development or progression of
type 1 diabetes complications in the subject inchuding but not limited to destruction of
pancreatic beta cells, hyperglveemia, bypoglycemia, polvuria, polyphagia, polydipsia, weight
toss, blurred vision, fatigue, decreased wound healing capability, urinary tract infections,
sexual dvsfunction, dry mouth, diabetic ketoacidosis, cardiovascular disease, diabetic
nephropathy, diabetic neuropathy, diabetic retinopathy. stroke, kidney failare, and foot
ulcers; and delaying vneed for a pancreatic or pancreatic isket cell transplant.

In another embodiment, the subject is at risk of type 2 diabetes, and the method serves
to limit development of type 2 diabetes in the subject; in one such embodiment, the subject
may have one or more risk factors for type 2 diabetes, including but not limited to obesity,
smoking, a sedentary lifestyle, a parent or sibling with type 2 diabetes, pre-chabetes, a parent
or sibling with pre-diabetes, poor cating habits (ex too much fat, not encugh fiber, too many
simple carbohydrates, etc.}, age 50 or older, high blood pressure, high cholesterod,
testosterone deficiency, metallothionein 1 A (MT1A) re8032394 locus {G alieration) single
nuclootide polvmorphism, and a history of gestational diabetes.

In another embodiment, the subject has type 2 diabetes, and the method serves to treat
tvpe 2 diabetes in the subject; in one such embodiment, the treating may comprise limiting
one or more of type 2 diabetic complications, including but not linuted to hyperglyeenua,
hypoglveemia, msulin resistance, diabetic nephropathy, diabetic nearopathy, diabetic
retinopathy, proteinuria, impaired glomerular clearance, diabetic circulatory disorders, kidney
failure, cardiovascular discase, polyuria, polydipsia, weight loss, stroke, and reducing
frequency of need for insulin or other therapy.

In a further embodiment, the subject has pre-diabetes, and the method serves to treat
pre-diabetes in the subject; in one such embodiment, the treating may comprise limiting or
slowing progression of one or more complications of pre-diabetes, including but not imite
to type 2 diabetes, hyperglveemia, insulin resistance, and/or cardiovascular disease.

In one embodiment, the subject has impaired glucose intolerance, and the method
serves 1o treat tmpaired glucose tolerance in the subject; in one such embodiment, the treating
may comprise limiting or slowing progression of one or more complications of impaired
glucose tolerance, including but not limited to type 2 diabetes, hyperglyveemia, insulin
resistance, and/or cardiovascular discase.

in a further embodiment, the subject has hepatitis, and the method serves to treat
hepatitis in the subject; in one such embodiment, the treating may comprise hmiting or
slowing progression of one or more complications of hepatitis, including but not limited to

2
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yellow discoloration of the skin and/or whites of the eves, poor appetite, vomiting, fatigue,
abdominal pain, diarrhea, acute liver fathure, scarring of the liver, liver fatlure, and hiver
cancer.

In another embodiment, the subject has an inflammmatory iver disease, and the method
serves to treat the mflammatory liver disease in the sabject. In one such embodiment, the
mflammatory liver disease may be selected from the group consisting of nonalcoholic
steatohepatitis (NASH) and/or non-alcoholic fatty liver disease (NAFLD). In another such
embodiment, the treating may comprise limiting or slowing progression of one or more
complications of inflammatory Hver discase inchuding but not limited to fatigue, malaise,
hepatic fibrosis, hepatic cancer, and/or cirrhosis of the hiver.

In one embodiment, the inhibitor of extracellvlar human MT may comprise an anti-
MT antibody or an antigen-binding fragment thereof and/or an aptamer which specifically
binds to extracellular human MT. In one such embodiment, the inhibitor of extracellular
human MT comprises an anti-MT antibody or an antigen-binding fragment thereof, inchuding
but not imited to a monoclonal antibody or an antigen binding fragment thereof, and a
humanized anti-MT antibody, or an antigen binding fragment thercof,

in another embodiment, the inhibitor of extracellular human MT is linked to a
pancreatic or heptic cell targeting moietv. In one such embodiment, the pancreatic cell
targeting motety may comprise one or more peptides or other moietics that preferentially bind
pancreatic § cells, selected from the group consisting of glucagon-like peptide-1 (GLP-13,
glucagon-tike peptide-2 (GLP-2), peptide YY (PYY), neuropeptide Y (NPY), pancreatic
peptide (PPY), and exendin-4. In another embodiment, the heptic cell targeting moiety may
mclude, but is not limited to, circumsporozoite protein {CSP), CSP region T, CSP region I-
plus, lactosaminated human serum albumin, glyeosylated lipoprotein, and/or arabinogalactan.

In one embodiment, the subject i3 a mammal, including but not imited to a human
subject.

In another aspect. the disclosure provides compositions, comprising:

{a) an mnhibitor of extracellular human metallothionein (MT); and

(b) a pancreatic or hepatic cell targeting moiety linked to the inhibitor of
extraccthular human MT.

In onc embodiment, the inhibitor comprises an anti-metaliothionein antibody or a
fragment thercof which specifically binds to human metallothioncin (MT), including but not
limited to a monoclonal antibody and/or a humanized antibody, or antigen binding fragments
thereof. In ancther embodiment, the cell targeting moiety is a pancreatic col targeting
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moiety, such as one sclected from the group consisting of glucagon-like peptide-1 {(GLP-1},
ghucagon-like peptide-2 (GLP-2}, peptide YY (PYY), nouropeptide Y {NPY}, pancreatic
peptide (PPY), and exendin-4. In another embodiment, cell targeting moiety is a heptic cell
targeting motety that may include, but is not imited to, circumsporozoite protein (CSP), CSP
region I, CSP region [-plus, lactosaminated human serum albunun, glycosylated lipoprotein,
and/or arabinogalactan.

In one embodiment, the composition comprises a recombinant polypeptide. In other
aspects, the disclosure provides recombinant nucleic acids encoding the recombinant
polypeptide, recombinant expression vectors comprising the recombinant nucleic acids,
recombinant bost cells comprnising the recombinant expression vectors, and pharmaceutical
coraposifions comprising (a) the compositions, recombinant nucleic acids, recombinant
gxpression vectors, or the recombinant host cells of the disclosure; and (b) a pharmaceutically
acceptable carrier,

In another aspect, the disclosure provides uses of the compositions, recombinant
nucleic acids, recombinant host cells comprising the recombinant expression vectors, and
pharmaceutical compositions comprising the compositions, recombinant nocleie acids,
reconmbinant cxpression vectors, recombinant host cells of the disclosure, or the
pharmaceutical compositions of any embodiment or combination of embodiments disclose
herein to treat or imit development of a disorder selected from the group consisting of
diabetes, pre-diabetes, impaired ghlucose tolerance, hepatitis, and/or inflammatory liver
discase.

In another embodunent of the methods of the disclosure, the miubitor of extracellular
human MT comprises the compositions, recombinant nucleic acids, recombinant host cells
compnsing the recombinant expression vectors, and pharmaceutical compositions comprising
the compositions, recombinant nucleic acids, recombinant expression vectors, recombinant
host cells of the disclosure, or the pharmaceutical compositions of any embodiment or

combination of embodiments disclosed herein.

Bescription of the Figures

Figure 1. Graph showing the results of glucose tolerance testing of mice mjected
with glucose traperitoncally at the end of the course of treatment with MOPC21 or
UCIMT.

Figure 2. Graph showing the change in glucose tolerance test results normalized to

the mitial measure from each animal in the group depicted in Figure 1.

4
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Figure 3. Graph showing effects of MOPC21 or UCIMT on RNA expression levels
in the epididymal white adipose tissue via gPCR studies. UCIMT treatment had effects on
some of the gene expression of white epididymal adipose tissue (notably Peroxisome
proliferator-activated receptor gamma coactivator |-alpha (PGC-la}, a
transcriptional coactivator that regulates energy metabolism, and Peroxisome proliferator-
activated receptor alpha (PPAR-1)).

Figure 4. Graphs showing the offect of antibody treatment on adipose tissue weights:
{A) Tissue weight as percent of body mass; (B) Tissue weight in grams.  MNote changes in
epididymal white adipose tissue (eWAT). (BAT= Brown adipose Tissug, sWA'T=
subcutancous white adipose tissue).

Figure 8. Graph showing effects of MOPC21 or UCTMT on RNA expression levels
n the liver via gPCR studies. There is substantial increase in the anti-inflammatory 1L-10
gene expression that correlates with treatment with UCIMT in the high fat dict-treated mice
than those HFD mice that were treated with the MOPC21 isotype maiched control antibody.

Figure 6. Graph showing effects of MOPC21 or UCIMT on liver trighveendes using
Thermo Fisher Trigvlcendes kit (colorometric assay). Shown are mean and standard error N=
8 MOPC, 10 UCIMT for male mice fed 16 weeks HFD. * p = 0.0453 by 2 tailed Student’s t
tost.

Figure 7. Graph showing the effects of daily intraperitoneal injection of MOPC21 or
UCIMT (100ul per mouse for two weeks) on blood glucose levels in NOD mice over a 30
week time-course. UCIMT treatment prevented the T1D development in NOD mice.

Figure 8. Graphs showing effects of intraperitoneal injection of UCIMT or MOPC21,
100wl per mouse (twice a week) on blood ghicose level in mice over a 3 week (A) and 6 week
(B} time course. UCIMT treatment prevented the T1D development in NOD mice.

Figure 9. Graph showing effects of MOPC21 or UCIMT on infiltration of

mflammatory celis into the islets of Langerhans (insulinitis).

Detailed Description

As used herem, the singular forms "a", "an” and "the" include plural referents unless
the context clearly dictates otherwise. “And” as used herein s interchangeably used with “or”
unless expressly stated otherwise.

All crobodiments of any aspect of the disclosure can be used i combination, unless

the context clearly dictates otherwise,
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Unless the context clearly requires otherwise, throughout the description and the
claims, the words ‘comprise’, ‘comprnsing’, and the like are o be construed in an inclusive
sense as opposed 1o an exclusive or exhaustive sense; that 15 to say, in the sense of
“including, but not Iimited to”. Words usmg the singular or plural number also include the

RIS

plural and singular number, respectively. Additionally, the words “herein,” “above,” and
“below™ and words of similar import, when used in this application, shall refer to this
application as a wholc and not to any particular portions of the application. The compositions
and methods for their use can “comprise,” “consist essentially of,” or “consist of " any of the
mgredients or steps disclosed throughout the specification.

The description of embodiments of the disclosure is not intended to be exhaustive or
to limit the disclosuare to the precise form disclosed. While the specific embodiments of, and
gxamples for, the disclosure are descnbed herein for lustrative purposes, various equivalent
modifications are possible within the scope of the disclosure, as those skilled in the relevant
art will recognize.

In ong aspect, the disclosure provides methods for treating or limiting development of
a disorder selected from the group consisting of diabetes, pre-diabetes, tmpaired glucose
tolerance, hepatitis, and/or mflammatory liver discase, comprising administering to a subject
with the disorder or at risk of the disorder a therapeutically effective amount of a composition
comprising an tnhibitor of extracellular human metallothionein {(MT) to treat or limit
development of the disorder.

As disclosed in the examples that follow, inhibitors of extracellular human MT.
surprisimgly can be used to treat or limit development of diabetes, pre-diabetes, impaired
glucose tolerance, hepatitis, and/or mflammatory liver discase.

As used herein, a “therapeutically effective amount” refers to an amount of the
coraposition that 1s effective for treating and/or hmiting the relevant disorder.

As used hergin, human metallothionein means any of the 18 isoforms and sub-
isoforms of metatlothionein that have been identified in humans and are grouped as MT1 to
MT4. Where MT3 and MT4 are selectively expressed, MT1 and MT2 arc highly inducible in
many cell types and can be released from cells (Lynes et al. 2006; Laukens et al. 2009). The
mmhibitors of the present disclosure specifically target or bind to the released metallothioneins

Exemplary such isoforms include. but are not limited to:

Human MT1-A:



10

15

20

25

30

CA 03088661 2020-07-15

WO 2019/143767

FaFalve
[

MDPNCSCATG GSCTCTGSCK C KSCCSCCPMS

KECRCT

[Pai Ny J Oty T TN e
RGASEKCSCC A (SEQ ID NO: 1 }

Human MT1-B
MDPNCSCTTG

I TNy N

KGSSERKCRCC A ( > LG

Human MTI1-E

MDPNCSCATG GSCTCAGSCK CRECKCTSCK KSCCsSCCPVG
KGASEKCSCC A {(SEQ ID NO:3)

Human MT1 F

MDPNCSCAAG VSCTCAGECK CRECKCTSCK KSCCsSCCPRPVG
KGASEKCSCC D (SFEQ ID NC:4)

Human MT1-G:

MDPNCSCAAA GVSCTCAESSC KCKECKCTSC KEKSCCSCCPV

FUTI N O TN Y ~ STy T
CRGASERCSC CA (3EQ ID

Human MTZ:

MDPNCSCAAG DSCTCAGSCK CKECECTSCK KSCCSCCERVGEG

5 o ~ [ ot -1 TN s o
KGASDKCSCC A {(SEQ ID NC:6)

Human MT3:
MDPETCPCPS GGICTCADSC KCEGCRCTSC KRKICCSCCPA

CKGGEAARAER

MT~4

MDP CMS GGICMCGDNC RCTTCONCKTY WKSCCPRCCPRP

CKGGSDKCSC CP (SEQ ID NG:8)

PCT/US2019/013934

CAKCAQGCIC

NN T
CAKCAQGCVC

CSKRCAQGCVC

CAKCAQGCIC

ECERCARDCY

CARCARGCE

,

in one embodiment, the inhibitors of the present disclosure specifically target or bind

to retlease MT1 and/or MT2.

The terms “specifically” or “selectively” binding to metallothionein refer to a binding

reaction that is determinative of the presence of a metallothionein in a heterogeneous
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population of proteins and other biologics. Thus, under designated immunoassay or other
conditions, the specified antibodies or aptamers of the present invention bind to 3
metallothionein at least two times the background and do not substantially bind ina
significant amount to proteins other than metallothioneins present in the sample. Specific
binding to an antibody or aptamer under such conditions may thas involve ase of an nhibitor
selected from the group consisting of an antibody or aptamer that is selected for its specificity
to a metaliothionein.

As used herein, "antibody” inchudes an immumnoglobulin molecule immumclogically
reactive with haman MT {preferably selective for human MT, or selective for a one or more
buman MT isotorms) or fragments thereof, and mcludes monoclonal antibodics. Various
isotypes of antibodies exist, for example IgGi, 1gG2, 1gG3, 1gG4, and other Ig, ez, TgM,
IgA, IgE 1sotypes. The term also meludes genctically engineered forms such as chimeric
antibodies (e.g., humanized murine antibodies) and heteroconjugate antibodies {e.g.,
bispecitic antibodics), fully humanized antibodics, and human antibodies. As used
throughout the application, the term "antibody”™ includes fragments with antigen-binding
capability {e.g. Fab', F(ab'),, Fab, Fv and rlgG. See also, Pierce Catalog and Handbook,
1994-1995 (Picrce Chemical Co., Rockford, 1L). See also, e.g., Kuby, [, Immunclogy, 31
Ed., W.H. Freeman & Co., New York (1998}, The term also refers to recombinant single
chain Fv fragments {(scFv). The term antibody also includes bivalent or bispecific molecules,
diabodics, triabodies, and tetrabodies. Bivalent and bispecific molecules are described in,
e.g., Kostelny ef ¢l (1992) J fmmunol 148:1547, Pack and Pluckthun (1992) Biochemistry
31:1579, Hollinger er al., 1993, supra, Gruber et al. (1994).J Immunc! 5368, Zhu ef al.
{1997 Protein Sci 6781, Hu et al {(1996) Cancer Res. 56:3055, Adams ef af. {1993) Cancer
Res. 53:4026, and McCartney, ef al. {1995) Protein Frng. 8:301. The antibodies may
coraprise heterobifunctional antibodies, for example, that might stabilize the MTmm a
particular location by way of the other arm of the antibody binding to a tissue specific
determinant while the anti-MT am blocks MT function. In one embodiment, the antibody
comprises a monoclonal antibody. The examples demoustrate the methods ot the disclosure
using the exemplary monoclonal antibody UCITMT, which is described m US 2003/06007973
and 1s commercially available from Abcam Inc, Cambridge, Mass. Clone UCIMT has also
been described by Lynes et al. (Toxicology 1993 (85} 161-177}.

{n onc embodiment, the antibody used in the methods described herein is a humanized
antibody. Humanized antibodies refer to forms of non-human {e.g. murine) antibodies that
are specific chimeric immunoglobulins, tmmunoglobulin chains, or antigen-binding

8
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fragments thereof that contain nunimal sequence derived from non-human immoenoglobulin.
For the most part, huomanized antibodies are human mmmunoglobuling (recipient antibody) in
which residues from a complementary determining region (CDR) of the recipient are replaced
by residues from a CDR of a non-human species {donor antibody) such as mouse, rat, or
rabbit having the desired specificity, affinity, and capacity. In some instances, Fv framework
region (FR) residues of the human immunocglobulin are replaced by corresponding non-
human residues. Furthermore, the humanized antibody may comprise residues that are found
neither in the recipient antibody nor 1n the imported CDR or framework sequences, but are
mehuded to further refine and optimize antibody performance. In general, the humanized
antibody will comprise substantially all of at least one, and typically two, variable domains,
m which all or substantially all of the CDR regions correspond to those of a non-human
mmnunoglobulin and all or substantially all of the FR regions are those of a human
immunoglobulin consensus sequence. The humanized antibody optimally also will comprise
at least a portion of an imnwnoglobulin constant region or domain (Fc), typically that of a
human immunoglobulin. Antibodies may have Fe regions modified as described i WO
G9/38572. (ther forms of humanized antibodies have one or more CDRs {one, two, three,
four, five, six} which are altered with respect to the original antibody, which are also termed
one or more CDRs "denved from” one or more CDRs from the original antibody. Humanized
antibodies may also involve affinity maturation.

As used herem, "treat” or "treating” means accomplishing one or more of the
following in an individual that has one or more of the recited disorders: {a) reducing the
severity of the disorder; (b) limiting or preventing development of symptoms characteristic of
the disorder(s) being treated; (¢} inhibiting worsening of symptoms characternistic of the
disorder{s} being treated; {d} miting or proventing recurrence of the disorder(s) in patients
that have previousty had the disorder(s); and/or (¢) limiting or preventing recurrence of
symptoms in patients that were previously symptomatic for the disorder(s}. Any amount of
such “treating” is of great benefit to a subject one of the recited disorders.

As used herein, "hout" or "limiting development of” means accomplishing one or
more of the following in an mdividual that 1s at nisk one or more of the recited disorders: (a)
slowing progression to the disorder and/or (b} limiting or preventing development of
symptoms characteristic of progression to the disorder. Anv amount of such “limiting

development” 1s of great bencfit to a subject at risk of one of the rectted disorders.
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Such treating or limiting development of may comprise use of the extracellular MT
mhibitor as the sole therapeutic, or may comprise #s use to complement or augment other
therapeutic interventions, as deemed appropriate by attending medical personnel.

in one embodiment, the subject has diabetes or is at risk of developing diabetes, and
the method serves to treat or limit development of diabetes.

In one such embodiment, the subject is at risk of type 1 diabetes, and the method
serves to limit development of type I diabetes in the subject. As shown in the examples that
follow, human MT1 inhibitors prevented development of type 1 diabetes in the NOD mouse
model. Thaus, the methods of this embodiment can be used to hmit development of type 1
diabetes (T1D) in subijects at risk of T1D. Limiting development of T1D may include, but is
not imited to, slowing progression to T1D and/or slowing development of symptoms
characteristic of T1D. In this embodiment, the subject at risk for T1D has one or more risk
factor for T1D from which attending medical personnel deems the treatment to be
appropriate. Such nisk T1D nsk factors include, but are not limited to: a parent or sibling
with type 1 diabetes, a pancreatic tumor, pancreatitis, pancreatic islet cell autoantibodies,
msulin autoantibodies, glutamic acid decarboxylase autoantibodies (GADA), insulinoma-
associated (FA-2) autoantibodies, zine transporter autoantibodies (Zn'T8), and/or variants of
the [DDMI gene sclected from the group consisting of DRB1T 0401, DRB1 0402, DRBI
0405, DOQA 0301, DGB1 0302 and DGB1 0201, Alternatively, or im combination, the subject
may exhibit one or more symptom of T1D {(but not yet be diagnosed with T1D); such
symptoms may mclude, but are not limited to polyurnia (increased urination), polydipsia
{increased thirst), dry mouth, poivphagia (increased hunger), fatigue, and weight loss. As
will be understood by those of skill in the art, any hmit on the development of TID or its
symptoms provides a great benefit a subject at risk

The Insulin-dependent (tvpe ) diabetes mellius 1 (IDDM1) gene 18 located in the
MHC Class H region on chromosome 6. Certain vanants of this gene increase the risk for
decreased histocompatibility charactenistic of type 1 diabetes. Such variants inchude DRB1
0401, DRB1 0402, DRBI 0405, DQA 0301, DQB1 0302 and DQB1 0201, Similarly, the
appearance of diabetes-related avtoantibodies such as pancreatic islet cell autoantibodies,
msulin autoantibodies, glutamic acid decarboxylase autoantibodies (GADA), insulinoma-
associated (FA-2) autoantibodies, zinc transporter autoantibodics {(Zn'T8) often predate the
byperglveemia diabetes type 1 before any hyperglycemia arises. The risk of T1D increases
with the number of antibody types, and the time interval from emergence of astoantibodies to
clinically diagnosable T1E can be a few months in infants and young childien, but in some

16



10

15

26

25

30

CA 03088661 2020-07-15

WO 2019/143767 PCT/US2019/013934

people it may take vears. Such autcantibodies can be detected by, for example,
immunofluorescence or binding assays.

in another embodiment, the subject has type | diabetes, and the method serves to treat
tvpe I diabetes in the subject. In this embodiment, the subject has already been diagnosed
with T1D, and the methods can be used to treat TID. T1D involves autoimmaune destruction
of beta cells in the pancreas, little to no insulin production, and hyperglycemia. Treating T1D
thus rovolves administration of insulin to the subject. Subjects with T1D mayv have
symptoms or complications including but not limited to hvpoglveemia, polyuria, polyphagia,
polvdipsia, weight loss, blurmred vision, fatigue, decreased wound healing capability, urinary
tract infections, sexual dyvsfunciion, dry mouth, diabetic ketoacidosis, cardiovascular discase,
chabetic nephropathy, diabetic neuropathy, diabetic retinopathy, stroke, kidney failure, and
foot ulcers. In some cases, a subject having T1D may require a pancreatic or pancreatic islet
transplant. Thus, in various embodiments, the treating may comprise one or more of)
reducing frequency of need for msulin injection; slowing developraent or progression of type
1 diabetes complications i the subject including but not imited to destruction of pancreatic
beta celis, hyperglycemia, hypoglycemia, polyuria, polyphagia, polydipsia, weight loss,
blurred vision, fatigue, decreased wound healing capability, urinary tract infections, sexual
dyvsfunction, dry mouth, diabetic ketoacidosis, cardiovascular discase, diabetic nephropathy,
diabetic nouropathy, diabetic retinopathy, stroke, kidney failure, and foot vleers; and delaying
need for a pancreatic or pancreatic slet cell transplant. In one embodiment, the treating may
comprise a reduction of 10%, 15%, 20% or greater in blood glucose levels (mg/dL), such as,
for example, withm 20-120 minutes afier administration of the mhibitor.

In another embodiment, the subiect is at risk of type 2 diabetes, and the method serves
to limit development of type 2 diabetes (12D} in the subject. T2D is a metabolic disorder
charactenized by hyperglvecena, insulin resistance, and relative lack of insulin. Symptoms
and/or complications nclude, but are not limited to, hypoglveemia, insulin resistance,
diabetic nephropathy, diabetic neuropathy, diabetic retinopathy, proteinuria, tmpatred
glomerular clearance, diabetic circulatory disorders, kidney failure, cardiovascular discase,
polyuna, polyvdipsia, weight loss, and stroke. . In one embodiment, the hmiting development
of type 2 diabetes may comprise a reduction of 10%, 15%, 20% or greater in blood glucose
levels (mg/dL), sach as, for example, within 20-120 minutes after administration of the
inhibitor.

Rusk factors for T2D include, but are not limited to, obesity, smoking, a sedentary

lifestyle, a parent or sibling with type 2 diabetes, pre-diabetes, a parent or sibling with pre-
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diabetes, poor eating habits {ex: too much fat, not enough fiber, too many simple
carbohydrates, etc.}, age 30 or clder, high blood pressure, high cholesterol, testosterone
deficiency, metallothionein 1 A (MT1A) rs80523%4 {ocus (G alieration) single nuclentide
polymorplusm, and a history of gestational diabetes. Thus, in vanous embodiments the
subject has one or more of these risk factors, and the method serves to slow progression to
T2D and/or (b) limit or prevent development of symptoms charactenstic of T2D.

As disclosed in the examples that follow, the methods of significantly imaprove
glucose tolerance in a mouse model of T2D. Thus, in another embodiment, the subiect has
12D, and the method serves to treat T2D in the subject. In this embodiment, the treating may
coraprse limiting one or more of type 2 diabetic complications, mcluding but not linited to
hyperglycemia, hypoglyveemia, msulim resistance, diabetic nephropathy, diabetic newropathy,
diabetic retinopathy, proteinuria, impaired glomerular clearance, diabetic circulatory
disorders, kidney failure, cardiovascular disease, polyuria, polvdipsia, weight loss, stroke,
and reducing tfrequency of need for insulin or other therapy. Any amount of imiting of these
symptoms/complications 1s of great benefit to a subject with T2, . In one embodiment, the
treating may comprise a reduction of 10%, 13%, 20% or greater in blood glucose fevels
{mg/dL), such as, for example, within 20-120 minutes after administration of the inhibitor.

In another embodiment, the subject has pre-diabetes, and the method serves to treat
pre-diabetes in the subject. In this embodiment, the subject is one who has pre-diabetes. Ag
used herein, “pre-diabetes” is the state in which some but not all of the diagnostic critena for
diabetes are met. Thus, the prediabetic subject may: (a) have impaired fasting glucose
tolerance, which is a condition whereby the response of beta cells to an oral glucose
challenge (OGT) 1s deficient or (b) may have consistently elevated fasting ghucose (IFG),
which is a condition in which the fasting blood glucose is elevated above what is considered
normal fevels but 1s not high enough to be classified as diabetes metlitus. ¢ pre~-diabetic
state mav be assoctated with msulin resistance and increased rigk of cardiovascular
pathology. Individuals with a pre-diabetic state are at a relatively high nisk of devcloping
T2D. The methods of the disclosure can be used to treat a subject with pre-diabetes by, for
example, limiting or slowing progression of one or more complications of pre-diabetes,
mehiding but not limited to T2D, hyperglycemia, insulin resistance, and/or cardiovascular
disgase. . In onc embodiment, the treating may compnse a reduction of 10%, 13%, 20% or
greater in blood glucose levels (mg/dL), such as, for example, within 20-120 minutes afier

administration of the inhibitor.
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In another embodiment, the subject has impaired glucose intolerance, and the method
serves to treat impaired glucose tolerance in the subject. As used herein, impaired ghicose
tolerance is defined as two-hour glucose levels of 140 to 199 mg per dL (7.8 to 11.0 mmol/b)
on the 75-g oral glucose tolerance test. A patient is said to be under the condition of IGT
when he/she has an mtermediately raised glucose level after 2 hours, but less than the level
that would qualify for type 2 diabetes mellitus. The fasting glucose may be either normal or
mildly elevated. Impaired glucose tolerance is a pre-diabetic state of hyperglyvcemia that s
associated with insulin resistance and increased risk of cardiovascular pathology. IGT may
precede type 2 diabetes mellitus by many vears. In this embodiment, the treating may
coraprse limiting or slowing progression of one or more complications of impaired glucose
tolerance, including but not hmited to type 2 diabetes, hyperglyveemia, insulin resistance,
and/or cardiovascular discase. . In one embodiment, the treating may comprise a reduction
of 10%. 13%, 20% or greater in blood glucose fevels {mg/dL}, such as, for example, within
20-120 minutes after administration of the inhibitor.

In another embodiment, the subject has hepatitis, and the method serves to treat
hepatitis in the subject. As disclosed in the examples below, MT inhibitors are effective in
hmiting tissuc inflammation, and decreased pro-inflammatory cvtokines MCP-1 and TNF-a
while mereasing the anti-inflammatory 1L-10 signal in biver tissue. Hepatitis 1s an
mflammation of the liver tissue. Symptoms inclade, but are not limited to vellow
discoloration of the skin and whites of the eves, poor appetite, vomiting, tiredness, abdominal
pain, diarrhea, acute liver faillure, scarring of the liver, liver tailure, or liver cancer. The most
common causes of hepatitis are viral infections (types A, B, C, D, and E}, heavy alcohol use,
certain medications, toxins, other mfections, autoimmune digeases, and non-alcoholic
steatohepatitis (NASH). Thus, in various embodiments the treating may comprise limiting or
slowing progression of one or more complications of hepatitis, mcluding but not limited to
vellow discoloration of the skin and/or whites of the eyes, poor appetite, vomiting, fatigue,
abdominal pain, diarrhea, acute liver fatlure, scamng of the hiver, liver fathure, and liver
Cancer.

In a further embodiment, the subject has an inflammatory liver disease, and the
method serves to treat the inflammatory hiver disease in the sebject. As used herein,
“Inflarnmatory liver disease” is a condition associated with intracytoplasmic accumulation of
large vacuoles of triglycernide fat in liver cells via steatosis (i.¢., abnormal retention of lipids
within a cell}.  The liver plays a large role in systemic metabolism and energy imbalance is
particularly associated with defects in liver lipid metabolism. Specifically, obesity and
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msulin resistance are often assoctated by increased lipid deposition in the liver characteristic
of nonalcoholic fatty Hver discase (NAFLD}. Although Hpid metabolism is highly dynamig,
chronic hipid overload causes tissue damage in the liver resulting in recruitioent of liver-
resident and non-resident immune cells which can cause fibrosis characteristic of
nonalccholic steatohepatitis (NASH). Liver fibrosis can lead to cirthosis, cancer and
significantly increases the risk of cardiovascular disease. This raises the potential for
blocking recruitment of immune cells to the liver to amchiorate the risks of non-alcoholic
fatty bver disease (NAFLD). As shown in the examples that follow, MT inhibitor treatment
was responsible for an increase in the wet tissue weight of epididimal white adipose tissue,
and decreased total triglyceride levels, as well as decreased pro-inflammatory cvtokines
MCP-1 and TNF-a while increasing the anti-mflammatory 1L-10 signal. The inflammatory
Irver disease may be steatosis (non-alcoholic fatty hiver (NAFLY). In another embodiment,
fatty liver disease may non-alccholic fatty liver discase (INAFLD), inchuding but not limited
to non-alcoholic steatohepatitis (NASH), the most extrome form of NAFLD., NAFLD s one
of the types of inflammatory hiver disease which occurs when fat 1s deposited (steatosis) in
the liver due to causes other than excessive aleohol use. Symptoms of NASH and NAFLD
may include, but are not imited to, fatigue, malaise, dull right-upper-quadrant abdominal
discomfort, mild jaundice, and abnormal hiver function tests dunng routine blood tests;
complications of NASH and NAFLD may include, but are not limited fo hepatic fibrosis,
hepatic cancer, and/or cirrhosis of the hiver. Thus, i one embodiment, the inflammatory
liver discase is selected from the group consisting of nonalcoholic steatohepatitis (NASH)
and/or non-alcoholic fatty liver disease (NAFLD). In a further embodiment, the treating
comprises Himiting or slowing progression of one or more complications of mflammatory
hiver disgase including but not limited to fatigue, malaise, hepatic fibrosis, hepatic cancer,
and/or cirthosis of the hiver.

In one embodiment, the MT inhibitor, mehuding but not limited to an anti-MT
antibody, may be linked fo a pancreatic cell targeting moiety, to specifically target pancreatic
cells producing MT, such as pancreatic beta cells. This embodiment will be particularly
useful for treating or limiting development of T1D, T2D, pre-diabetes, and/or impaired
glucose tolerance. In one embodiment, the pancreatic B cell specific targeting moiety
comprises one or more peptides or other moicties that preferentially bind pancreatic P cells,
mcluding but not himited to glucagon-like peptide-1 {(GLP-1), glucagon-like peptide-2 (GLP-
2}, peptide YY (PYY), ncuropeptide Y {NPY), pancreatic peptide (PPY), and exendin-4.

14



10

15

26

25

30

35

CA 03088661 2020-07-15

WO 2019/143767 PCT/US2019/013934

Glucagon-like peptide 1; GLP1{(z2a92-128;

HDEFERHAEGTETSDVISYLEGOARKEFTAWLVKGRG (SEQ ID NOG: %)

Glucagon-like peptide 2; GLP2{(2al46-178)

HADGSFSDEMNTILDNLAARDFINWLIQTKITD (SEQ ID NO:10)

rancreatic peptide (PPY)
MAAARLCLSLLLLSTCVALLLOPLLGAQGAPLEPVYPGDNATPEQMACYAADLRRYINMLTRPRYGKRHKEDTLA
FSEWGSPHAAVPRELSPLDL (SEQ ID NCO:11)

neuropeptide Y (NPY)

MLGNRRLGLSGLTLALSLLVCLGALAERAYPSKPDNPGEDARPAEDMARY Y SALRHYINLITRORYGKRSSPETLIS

DLLMRESTENVPRTRLEDPAMYW (SEQ ID NO:12)

peptide YY (PYY)
MVEVRRPWPALTTVLLALLVCLGALVDAYPIKPEAPGEDASPEELNRY YASLRHYLNLVTRORYGKRDGPDTLLS

KTFFPRGEDREVRIRSEGPDLW (SEQ ID NGC:13)

exendin~—4
MKIILWLCVFGLFLATLFPISWOMPVESGLSSEDSASSESPFASKIKRHGEGTEFTSDLSKOQMEEEAVRLEFIEWLKN

GGPSSGAPPPSG (SEQ ID NO:14)

Attaching the pancreatic cell targeting moiety o the MT mbibitor, including but not
bimited to the MT antibody or fragment thereof, or the aptamer, may be accomplished by any
chemical reaction that will bind the two molecules so long as the pancreatic cell targeting
moicty and the MT antibody or fragment thereof, or the aptamer, retain their respective
activities. In one embodiment where the extracellular MT nhibitor comprises an antibody or
fragment thercof, the composition comprises a recombimant fusion protein. In other
embodiments, a linkage between the pancreatic cell targeting moiety and the MT antibody or
fragment thercof can include many chemical mechanisms, for instance covalent binding,
affinity binding, intercalation, coordinate binding and complexation. Covalent binding can
be achicved either by direct condensation of existing side chains or by the meorporation of
external bridging molecules. Many bivalent or polyvalent hinking agents are useful in
coupling protein molecules, such as the antibodies, to other molecules. For exarple,

representative, non-limiting examples of coupling agents can be organic compounds such as
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thioesters, carbodiimides, succinimide esters, disocvanates, ghutaraldehydes, diazobenzenes
and hexamethylene diamines.

in all embodiments, the subject may be any subject that can benefit from the methods
of treatment disclosed herein, including mammals, humans, cattle, dogs, cats, horses,
chickens, and so on. In one embodiment, the subject is human.

The compositions for administration are typically formulated as a pharmaceutical
composition to include a phammaceutically acceptable carrier. Suitable acids which are
capable of forming pharmaceutically acceptable salts include inorganic acids such as
hydrochloric acid, hydrobromic acid, perchloric acid, nitric acid, thiocyanic acid, sulfuric
acid, phosphoric acid and the like; and organic acids such as formic acid, acetic acid,
propionic acid, glycolic acid, lactic acid, pyvruvic acid, oxalic acid, malonic acid, succimic
acid, maleic acid, fumarnic acid, anthranilic acid, cinnamic acid, naphthalene sulfonic acid,
suffanilic acid and the like. Suitable bases capable of forming such saits mclude inorganic
bases such as sodium hvdroxide, aromontum hydroxide, potassium hydroxide and the like;
and organic bases such as mono-, di- and tri-alkvl and arvl amines {¢.g., incthvlamine,
ditsopropy! anuine, methyl amine, dimethy! amine and the like) and optionally substituted
cthanol-amines (¢ .g., ethanolamine, dicthanolamine and the like).

The pharmacentical composition may comprise in addition to the composition and carnier {(a}
a lvoprotectant; (b) a surfactant; (¢} a bulking agent; (d} a tonicity adjusting agent; (¢} a
stabilizer; {f} a preservative and/or {g} a buffer. In some embodiments, the buffer in the
phammaceutical composition is a Tris buffer, a histidine buffer, a phosphate buffer, a citrate
buffer or an acetate buffer. The pharmaceutical composition may also include a
voprotectant, e.g. sucrose, sorbitol or trehalose. In certain embodiments, the pharmaceutical
composition includes a preservative ¢.g. benzalkonium chloride, benzethonium,
chlorohexidine, phenol, m-cresol, benzy! alcohol, methylparaben, propyiparaben,
chlgrobutanol, o-cresol, p-cresol, chlorocresol, phenylmercuric nitrate, thimerosal, benzoic
acid, and various mixtures thereof. In other embodiments, the pharmaceutical composition
mchudes a bulking agent, bike glveine. In vet other embodiments, the pharmaceutical
composition mcludes a surfactant ¢.g., polvsorbate-20, polysorbate-40, polysorbate-~ 60,
polysorbate-63, polvsorbate-80 polysorbate-83, poloxamer-188, sorbitan monolaurate,
sorbitan monopalmitate, sorbitan monostearate, sorbitan monooleate, sorbitan trilaurate,
sorbitan tristearate, sorbitan trioleaste, or a combination thercof. The pharmaceutical
composition may also mclude a tonicity adjusting agent, ¢.g., a compound that renders the

formudation substantially 1sctonic or iscosmotic with human blood. Exemplary tonicity
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adjusting agents include sucrose, sorbitol, glveine, methionine, mannitol, dextrose, nositol,
sodium chionide, arginine and argimine hydrochloride. In other embodiments, the
pharmaceutical composition additionally includes a stabilizer, ¢.g., a molecule which, when
cornbined with a protein-based composttion substantiallv prevents or reduces chemical and/or
physical mstability of the protein i lyophilized or hguid form. Exemplary stabilizers include
sucrose, sorbitol, glycine, mositol, sodium chlornde, methioning, arginine, and argining
hydrochlonde.

The compositions can be administered via any suitable route, including orally,
parentally, by inhalation spray. rectally, or topically in dosage unit formulations containing
conventional pharmaceutically acceptable carriers, adjuvants, and vehicles. The term
parenteral as used herein mcludes, subcutancous, intravenous, intra-artenal, intramuscular,
mtrasternal, mtratendinous, intraspinal, intracranial, intrathoracic, infusion technigues or
mitraperitoncally. Dosage regimens can be adjusted to provide the optimum desired response
{c.g., a therapeutic or prophylactic response). A suttable dosage range may, for instance, be
0.1 ug/ke-100 mg/kg body weight; alternatively, it may be 0.5 ug/kg to 50 mg/kg; 1 ug/ksg to
25 mg/kg, or 5 uglke to 10 mg'kg body weight. The compositions can be delivered i a single
bolus, or may be administered more than once {¢.g., 2, 3, 4, 5, or more times) as determined
bv attending medical personnel. The compositions may be the sole therapeutic administered,
or may be admunistered together with one or more other therapeutic (either separately or as a
combination) as deemed appropriate by attending medical personnel. o one non-limiting
embodiment, the subject has or is at risk of T1D and the inhibitor may be used together with
ong or more of insulin, metformin, or pramiintide. In another embodiment, the subject has or
is at risk of T2D, pre-diabetes, and/or imparired glucose tolerance, and the inhibitor may be
used together with one or more of metformin, sulfonviureas (including but not linited to
glybunide, glipizide, and glimepinde), meghtinides (including but not limited to repaghnide
and nateglinide), thiazolidinediones (including but not limited to romghitazone and
pioglitazone). DPFP-4 mhibitors (including but not Emited to sitagliptin, saxagliptin, and
fimagliptin}, GLP-1 recepior agonists {including but not hmited to exenatide, liraglotide, and
serpaglutide), SGLT? inbibitors (including but not limited to canaghiflozn, dapaglifiozm, and
empaglifiozin}, or insulin. In one non-himiting embodiment, the subject has or is at risk of
hepatitis, and the wnhibitor may be used 1o combination with ong or more of entecavir,
tencfovir, lavuvadine, adefovir, tolbivading, simeprevir, sofosbuvir, mterfercn or ribavinn,

fn another embodiment, compositons are provided comprising

{a) an inhibitor of extracellular human metallothionein (MT}; and
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{b) ong or more of insulin, metformin, pramlintide, a sulfonviurea (including but
not limited to glvburide, glipizide, and glimepiride), a meglitinide {inchiding but not limited
to repaghinide and nateghinide), a thiazolidinedione {including but not limited to rosighitazone
and pioglitazone), a DPP-4 inhibitor {including but not imited to sitagliptin, saxagliptin, and
hnaghptin}, a GLP-1 receptor agonist (including but not limited to exenatide, hiraghutide, and
semaghitide), a SGLT2 inhibitor (including but not hmited to canaglifiozin, dapaghflozin,
and cmpaglifiozin}, entecavir, tenofoviy, lamivudime, adefovir, telbivadine, steeprovir,
sofosbuvir, mterferon or ribavirm, The compositions may be used, for example, in the
methods of the disclosure. In one embodiment, the inhibitor comprises an anti-
metallothionein antibody or a fragment thercof which specitically binds to human
metallothionein (MT). All embodiments and combinations of embodiments of antibodies
disclosed above are suitable for inclusion in the composttions of this aspect. In one
embodiment, the anti-MT antibody or an antigen-binding fragment thereof comprises a
monoclonal antibody or an antigen binding fragment thereof. In another embodiment the anti-
MT antibody comprises a humanized anti-MT antibody, or an antigen binding fragment
thercof.

in another aspect, the disclosure provides compositions, comprising:

{a} an hibitor of extracellular human metallothionein (MT); and

(b) a pancreatic or hepatic cell targeting moiety linked to the inhibitor of
extracetivlar human MT,

The compositions mav be used, for example, in the methods of the disclosure. In one
embodiment, the inhibitor comprises an anti-metallothionein antibody or a fragment thereof
which specifically binds to human metallothionein (MT). Al embodiments and
combinations of embodiments of antibodies disclosed above are suitabie for inclusion in the
corapositions of this aspect. In one embodiment, the anti-MT antibody or an antigen-binding
fragment thereof comprises a monoclonal antibody or an antigen binding fragment thercof. In
ancther embodiment the anti-MT antibody comprises a humanized anti-MT antibody, or an
antigen binding fragment thereof.

In one embodiment, the cell targeting moiety is a hepatic cell targeting moiety. In
exemplary such embodiments, wherein the hepatic cell targeting moigty ncludes but is not
hmited to circumsporozoite protein (CSP), CSP region 1, CSP region I-plus, lactosaminated
buman serum albumin, glveosylated lipoprotein, and/or arabinogalactan. In one embodiment,
the hepatic cell binding moeity 1s peptidic and selected from CS5P, CSP region 1, CSP region |
plus, or hepatic cell binding fragments thereof. C5P targets Plasmodium sporozoite to the
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Bver s attributed to the circumsporozoite protein (CSP), which 13 present on the surface of
Plasmodium sporozoite (Rathore D, et al. The Journal of Biological Chemisiry.
2005:280¢21):20524-20529) C8P is approximately 400 amino acids long organized mto three
domains: the N-terminal domain containing a conserved KLKQP motif named “region 17, a
highly repetitive central domain, and a C-terminal domain containing ancther conserved
sequense named “region H7 {Singh ot al. Cell 2007;131(3):492-504). In addition to the
conserved region § KLK QP sequence, the N-terminal region also contains upstream from
region I, two consensus heparin sulfate binding sequences. Peptides containing both the
conserved region 1 amino acids and two consensus heparin binding sequences upstream from
region | have been named “region I-plus” (Prudéncio ot al., Nature Reviews Microbinlogy.
2006;4(11):849-856).

In another embodiment, the cell targeting moitety is 8 pancreatic cell targeting moiety,
mcluding but not himited to glucagon-like peptide-1 {GLP-1), glucagon-like peptide-2 (GLP-
2}, peptide YY (PYY ), neuropeptide Y (NPY), pancreatic peptide (PPY), and exendin-4;
exemplary amino acid sequences for such peptides are described above.

Attaching the cell targeting moicty to the MT inhibitor, including but not limited to
the MT antibody or fragment thereof, or the aptamer, may be accomplished by any chemical
reaction that will bind the two molecules so long as the cell targeting moiety and the MT
antibody or fragment thereof, or the aptamer, retain their respective activities. In one
embodiment where the extracellular MT inhibitor comprises an antibody or fragment thereof
and the cell targeting moiety is peptidic, the composition compriscs a recombinant fusion
protein. In other embodiments, a linkage between the cell targeting moiety and the MT
antibody or fragment thereof can include many chemical mechanisms, for instance covalent
binding, affinity binding, intercalation, coordinaie binding and complexation. Covalent
binding can be achieved either by direct condensation of existing side chains or by the
mcorporation of external bridging molecules. Many bivalent or polyvalent hinking agents are
useful in coupling protem molecules, such as the antibodies, to other molecules. For
example, representative, non-limiting examples of coupling agents can be organic compounds
such as thioesters, carbodiimides, succininude esters, disocvanates, ghitaraldehvdes,
diazobenzenes and hexamethylene diamines.

In another aspect, the disclosure provides recombinant nucleic acids encoding
recombinant fusion polypeptides of anti-MT antibodies, or fragments thereof fused to the
peptidic targeting moictics, inclading those specifically disclosed herein. The recombinant
nucleic acid sequence may comprise single stranded or double stranded RNA or DNA | and
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derivatives thereof. Such recombmant nucleic acid sequences may comprise additional
sequences useful for promoeting expression and/or purification of the encoded protein,
ncluding but not limited to poly A sequences, modified Kozak sequences, and sequences
encoding cpitope tags, export signals, and sccretory signals, nuclear localization signals, and
plasma membrane localization signals.

In a further aspect are disclosed recombinant expression vectors comprising the
recombinant nucleic acid of any embodiment or combination of crabodiments of the
disclosure operatively linked to a suitable control sequence. "Recombinant expression vector”
mehudes vectors that operatively hink a nucleic acid coding region or gene to any control
sequences capable of effecting expression of the gene product. “Control sequences” operably
hinked to the nucleic acid sequences of the invention are nucleic acid sequences capable of
effecting the expression of the nocleic acid molecules. The control sequences need not be
contiguous with the nucleic acid sequences, so long as they function t¢ direct the expression
thereof. Thus, for example, intervening untranslated vet transcribed sequences can be present
between a promoter sequence and the nucleic acid sequences and the promoter sequence can
still be considered " operatively hinked” to the coding sequence. Other such control
sequences melude, but are not limited to, polvadenyiation signals, termmation signals, and
ribosome binding sites. Such expression vectors can be of any type, mcluding but not limuted
to plasmid and viral-based expression vectors. The expression vector may be replicable n
the host organisms either as an episome or by integration into host chromosomal DNA. In
non-limiting embodiments, the expression vector may comprise a plasmid or a viral vector,

In another aspect, the present disclosure provides recombinant host cells that comprise
the recombinant expression vectors disclosed herein, wherein the host cells can be either
prokaryotic or cukarystic, such as mammalian cclis. The cells can be transiently or stably
transfected.

In another embodiment are disclosed uses of the compositions, the recombinant
nucleic acids, the recombinant expression vectors, the recombinant host cells, or the
pharmaceutical compositions of any embodiment or combination of embodiments disclosed
herein, to treat or limit development of a disorder selected from the group consisting of
diabetes, pre-diabetes, impaired ghicose tolerance, hepatitis, and/or mflammatory liver
disease. Such uses are as described above.

in a further embodiment are disclosed methods to treat or hmit development of a
disorder sclected from the group consisting of diabetes, pre-diabetes, impaired glicose
tolerance, hepatitis, and/or inflammatory liver discase by administering to a subject in need

20



10

15

26

25

30

CA 03088661 2020-07-15

WO 2019/143767 PCT/US2019/013934

thereof an amount effective to treat the disorder of the compositions, the recombmant nucleic
acids, the recombinant expression vectors, the recombinant host cells, or the pharmmaceutical
compositions of any cmbodiment or combination of embodiments disclosed herein. Such

methods are as described above.

Examples
Treating Type 2 diabetes with UCTMT

To model the insulin resistance characteristic of Type H diabetes, we fed mice a high
fat diet (HFD}. Five week old C57BL/6) mice were fod a standard 60% high fat dict for 14
weeks before treatment was mitiated. The mice were injected twice weekly 1P with 100 pl of
Img/mi of an anti-MT antibody (UCIMT; obtained from Abcam Ine, Cambridge, Mass}) for
eight weeks and then the mice were sacrificed at 27 weeks of age (for a total of 22 weeks of
HFD). There was no difference in either body weight or food intake between the two
treatment groups. Figure | shows the resulis of glucose tolerance testing of mice mjected
with glucose mtraperitoneally at the end ofthe course of treatment with IzG1 isotype control
{(MOPC21} or UCIMT. Figure 2 shows the change in glucose tolerance test results
normalized to the initial measure from cach animal in the group. Control animals developed
fatty liver and glucose mtolerance, however mice treated with UCIMT showed improved
ghucose tolerance compared to controls. These data demonstrate that anti-MT antibodies can
be used to treat impaired glucose tolerance. Since glucose tolerance can be modulated by
mflammatory status, these results also suggest that UCIMT improves the inflammatory
profile of the mice, and thus improves the abihity of the HFD-fed mice to manage a large

ghucose challenge.

Effects on MASH (non-alcoholic steatohepatitis) iver inflammatory profile in HFD fed
mice treated with UCIMT or MOP(C21

The hiver plays a large role in systemic metabolism and energy imbalance is
particudarly associated with defects in liver lipid metabolism. Specifically, obesity and
msulin resistance arc often associated bv increased lipid deposition in the liver characteristic
of nonalcoholic fatty hiver disease (NAFLD) (Katsiki N et al, Metabolism 2016 PMID:
27237577y, Although lipid metabolism is highly dyvnamic (Sakaguchi M et al, Cell Metab
2017 PMID: 28065828), chronic lipid overload causes tissue damage in the hiver resulting in
recruitment of bver-resident and non-resident immune cells which can cause fibrosis

characteristic of nonalecholic steatohepatitis (NASH) (Naravanan S ¢t al, Immune Netw 2016
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PMID: 27340383). Liver fibrosis can lead to cirrhosis, cancer and significantly increases the
risk of cardiovascular discase. This raises the potential for blocking recruitment of immune
cells to the liver to amehiorate the risks of non-alcoholic fatty liver discase (NAFLD).

The same animals described above o the Type 2 diabetes study were examined for
liver phenotype by asscssing mRNA expression via gPCR studies. UCTIMT treatment had
affects on some of the gene expression of white epididimal adipose tissue {notably
Peroxisome proliferator-activated recepior gamma coactivator 1-alpha (PGC-1a), a
transcrniptional coactivator that regulates energy metabolism, and Peroxisome proliferator-
activated receptor (PPAR gammal) (Figore 3).

At sacrifice of the animals, liver, pancreas, squamous white adipose tissue, eWAT,
mirascapular brown adipose tissue, and serum were collected. Half of each sample was used
for RNA, half for histology {(all tissues were fixed in formalin except pancreas which was
fixed in Z-FIX™ (Fisher Scientific). The data show that the anti-MT antibody was
respousibic for:

e an increase in the wet tissue weight of epididimal white adipose tissug (Figure 4A-B);

» decreased total triglyeeride lovels in the hiver (Figure 6);

e decreased expression of some pro-inflammatory cvtokines (MCP-1 and TNF-a)
{Figure 5); and

e ncreased expression of the anti-inflammatory 1L-10 signal (Figure §)

Anti-metallothionein antibody did not alter body weight or weight gain in high fat
diet-treated mice, nor did it significantly alter liver histology.

Concordant with the improved glucose tolerance shown above, mice treated with anti-
MT antibodies had decreased hiver inglveende levels. These data suggest that MT mhibitors
can mmprove systemic glucose metabolism, which can decrease the burden of nutrient excess

on the hiver and limit development of hepatosteatosis.

Type 1 Diabetes Studies

The NOD/Shilt] mouse strain {commonly called NOD) is a polyeenic model for
autotmunune type 1 diabetes. Diabetes in NOD mice is characterized by hyperglycemia and
msulitis, a leukocytic nfiliration of the pancreatic islets. Marked decreases in pancreatic
msulin content occur in females at about 12 weeks of age and several weeks later in males,
B0% of females and 45% of males become diabetic by 30 weeks; median female incidence is

17 weeks. mmune phenotypes in the NOD background consist of defects in antigen
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presentation, T lymphocyte repertoire, NK cell fumction, macrophage cytokine production,
wound healing, and €3 complement. These defects make the NOD background a common

choice for imununodeficient mouse strains.
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® We used female NOD (non-obese diabetic) mouse for our type 1 BM

prevention study because the NOD mouse has been found to spontancously develops
type 1 DM since it was described in 1980, Hts pathogenic events begin at least as carly
as 3 weeks after birth with presentation of islet antigens m the pancreatic lvmph
nodes. Insulitis with first APC then lymphocytes, begins at about 4-6 weeks of age
and steadily progresses over the next 15 weeks. Frank diabetes as BS>250 mg/dl
begins between 18 and 20 weeks. Also, the incidence of spontaneous diabetes m

the NOD mouse is 60-80% m females and 20-30% in males. Thus, we decided to
divide the NOD mice into 3 groups (10 animals per treatment group): (1) treatment
with PBS for negative control, (2) therapy with non-specific Ig( at 0.1mg/ml, MOPC
as isotvpe control, and (3) daily mtraperitoneal ingection of 8. Img/ml of UCIMT per
mouse, in order to investigate the potential role of anti-MT monoclonal antibody in
Tt DM. Each group received their assigned treatment beginning at 5 weeks of age.
The total therapeutic course was 2 weeks. Blood glucose levels were checked weekly,
and mice that had blood glucose of greater than 250 mg/dl for 2 weeks were
sacrificed. The rest of the NOD mice without diabetes were sacrificed at the age of 30
weeks., As shown in Figure 7 and Figure 8, anti-MT antibody treatment resulted in a
remarkable alleviation of glucose mtolerance in muce treated with high fat diet
compared to 1sotype control MOPC21 or PBS vehicle control, UCIMT also led to a
significant reduction in mnsulitis (¢, infiltration on nflammatory cells mnto the

pancreatic islets of Langerbans) (Figure 9).
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We claim:

L. A method for treating or limiting development of a disorder selected from the group
consisting of diabetes, pre-diabetes, impaired glucose tolerance, hepatitis, and/or
mflammatory hiver disease, comprising administering to a subject with the disorder or at nisk
of the disorder a therapestically effective amount of a composition comprising an inhibitor of

extraceliular human metallothionein (MT) to treat or limit development of the disorder.

2. The method of claim 1, wherein the subject has diabetes or 15 at risk of developing
diabetes, and the method serves to treat or limit development of diabetes.
3 The method of claim 2, wherein the subject 15 at visk of type 1 diabetes, and the

method serves to limit development of type | diabetes in the subject.

4. The method of claim 3, wherein the subject has one or more of the risk factors for
tvpe 1 diabetes, including but not limited to a parent or sibling with type 1 diabetes, a
pancreafic tumor, pancreatitis, pancreatic 1slet cell autoantibodies, insubin avtoantibodies,
glutamic acid decarboxylase autoantibodics (GADA), insulinoma-associated (1A~2)
autoantibodies, zinc transporter autoantibodies (Zn'T8), vanants of the IDDMI gene selected
from the group consisting of DRB1 0401, DRB1 (402, DRB1 0405, DQA 0301, BQB1 0302
and DOB1 0201; polyuria, polydipsia, dry mouth, polvphagia, fatigue, or weight loss.

5. The method of claim 2, wherein the subject has type 1 diabetes, and the method

serves to treat type 1 diabetes i the subject.

6. The method of claim 5, wherein the treating comprises one or more of reducing
frequency of need for insalin injection; slowing development or progression of type 1
diabetes complications in the subject inchuding bot not limited {o destruction of pancreatic
beta celis, hyperglycemia, hypoglveemia, polvuria, polvphagia, polydipsia, weight loss,
blurred vision, fatigue, decreased wound healing capability, urinary tract infections, sexual
dysfunction, dry mouth, diabetic ketoacidosis, cardiovascular disease, diabetic nephropathy,
diabetic nouropathy, diabetic retinopathy, stroke, kidney failure, and foot ulcers; and delaying

need for a pancreatic or pancreatic islet cell transplant.
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7. The method of claim 2, wherein the subject is at risk of type 2 diabetes, and the

method serves to limit development of type 2 diabetes in the subject.

3. The method of claim 7, wherem the subject has one or more nisk factors for type 2
diabetes, inchuding bot not himited to obesity, smoking, a sedentary lifestyle, a parent or
sibling with type 2 diabetes, pre-diabetes, a parent or sibling with pre-diabetes, poor eating
habits (ex: too much fat, not enough fiber, too manvy simple carbohydrates, etc.}, age 30 or
older, high bload pressure, high cholesterol, testosterone deficiency, metallothionein 1 A
{MT1A) 8052394 locus {( alicration} single nucleotide polymorphism, and a history of

gestational diabetes.

9. The method of claim 2, wherein the subject has type 2 diabetes, and the method

serves 1o treat type 2 diabetes in the subject.

10. The method of claim 9, wherein the treating comprises himiting one or more of type 2
diabetic complications, including but not hmited to hyperglveemia, hypoglyeemia, msulin
resistance, diabetic nephropathy, diabetic neuropathy, diabetic retinopathy, proteinuria,
mmpaired glomerular clearance, diabetic circulatory disorders, kidnev failure, cardiovascular
disease, polvuria, polvdipsia, weight loss, stroke, and reducing frequency of need for insulin

or other therapy.

i1 The method of claim 1, wherein the subject has pre~-diabetes, and the method serves to

treat pre-diabetes n the subject.

12. The method of claim 11, where the treating comprises limiting or slowing progression
of one or more complications of pre-diabetes, including but not limited to type 2 diabetes,

hyperglycemia, insulin resistance, and/or cardiovascular disease.

13. The method of claim 1, wherein the subject has impaired glucose intolerance, and the

method serves to treat impaired glucose tolerance in the subject.

14. The method of claim 13, wherein the {reating comprises imiting or slowing
progression of one or more complications of tmpaired glucose tolerance, including but not

himited to type 2 diabetes, hyperglyveemia, msulin resistance, and/or cardiovascular discase.
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15 The method of claim 1, wherein the subject has hepatitis, and the method serves to

treat hepatitis in the subject.

16. The method of claim 15, whercin the treating comprises limiting or slowing
progression of one or more complications of hepatitis, including but not limited to yellow
discoloration of the skin and/or whites of the eves, poor appetite, vomiting, fatigue,
abdominal pain, diarrhea, acute liver fathure, scarring of the liver, liver failure, and hiver

cancer.

17. The method of claim 1, wherein the subject has an wmflammatory hiver disease, and the

method serves 1o treat the mflammatory liver discase in the subject.

18, The method of claim 17, wherein the inflammatory liver disease is selected from the
group consisting of nonalcoholic steatohepatitis (NASH) and/or non-alcoholic fatty liver

disease (NAFLD).

19 The method of claum 17 or 18, wherein the treating comprises lumifing or slowin
b = =
progression of one or more complications of mflammatory liver discase including but not

limited to fatigue, malaise, hepatic fibrosis, hepatic cancer, and/or cirthosis of the liver.
20, The method of any one of claims 1-19, wherein the inhibitor of extracellular human
MT comprises an anti-MT antibody or an antigen-binding fragment thereof and/or an aptamer

which specifically binds to extracethilar human MT.

21 The method of any one of claims 1-20, wherein the inhibitor of extracellular human

MT comprises an anti-MT antibody or an antigen-binding fragment thereof.

22 The method of claim 21, wherein the anti-MT antibody or an antigen-binding

fragment thereof comprises a8 monoclonal antibody or an antigen binding fragment thereof.

23 The method of any one of claims 21-22, wherein the anti-MT antibody comprises a

humanized anti-MT antibody, or an antigen binding fragment thereof.
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24 The method of any one of claims 1-23, wherein the inhibitor of extracellular human

MT s linked to a pancreatic or hepatic cell targeting moiety.

25 The method of claim 24, whercin the cell targeting moiety is a pancreatic cell
targeting moiety, and wherein the pancreatic cell targeting moiety comprises one or more
peptides or other moieties that preferentially bind pancreatic B cells, including but not limited
to glucagon-like peptide-1 (GLP-1), glucagon-like peptide-2 (GLP-2), peptide YY (PYY),
neuropeptide Y (NPY), pancreatic peptide (PPY), and exendin-4.

26, The method of claim 24, wherein the cell targeting moiety is a hepatic cell targeting
moiety, and wherein the hepatic cell targeting moiety includes but is not imited to
circumsporozoite protein (CSP), CSP region I, CSP I plus, lactosammated human serum

albumin, glveosylated lipoprotein, and arabinogalactan.

27.  The method according to any one of claims 1-26, wherein the subject is 2 mammal.
28, The method according to any one of claims 1-27, whercm the subject is a human.
29. A composition, comprising;

{a) an inhibitor of extracellular human metallothionein (MT}; and
(b} a pancreatic or hepatic cell targeting moicty linked to the inhibitor of

extracelular human MT.

30. The composition of claim 29, wherein the inhibitor comprises an anti-metallothionein

antibody or a fragment thereof which specifically binds fo human metallothionein (MT).

31 The composition of claim 30, wherein the anti-MT antibody or an antigen-binding

fragment thercof comprises a monocional antibody or an antigen binding fragment thereof.

32 The composition of any one of claims 30-31, wherein the anti-MT antibody comprises

a humanized anti-MT antibody, or an antigen binding fragment thereof,

.
3

52

. The composition of any one of claims 29-32, wherein the cell targeting moiety 18 a
pancreatic cell targeting moctty selected from the group consisting of glucagon-like peptide-1
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{(GLP-1), glucagon-hike peptide-2 (GLP-2), peptide YY (PYY), neuropeptide Y (NPY),

pancreatic peptide (PPY), and exendin-4.

34 The composition of any one of claims 29-32, wherein the cell targeting moiety i3 a
hepatic cell targeting moeity selected from the group consisting of and wherein the hepatic
cell targeting moiety includes but is not limited to circumsporozoite protein {CSP), CSP
region I, CSP I plus, lactosaminated human serum albumin, glycosylated lipoprotein, and

arabinogalactan.

35 The composition of any one of claims 29-34, wherein the cell targeting moicty is

peptidic, and wherein the composition comprises a recombinant polvpeptide.

34, A recombinant mucleic acid encoding the recombinant polypeptide of claim 35,
37. A recombinant expression vector comprising the recombinant nucieic acid of clamm
36.

38. A recombinant host cell comprising the recombinant expression vector of claim 37.
39. A composition, Comprising

{a) an mnhibitor of extracellular human metallothionein (MT); and

(b} one or more of insulin, metfornun, pramlintide, a sulfonylurea (including but
not imited to glyburide, glipizide, and glimepiride), a meglitinide {imchiding but not limited
to repaghinide and nateghinide), a thiazolidinedione {including but not limited to rosighitazone
and pioglitazone), a DPP-4 inhibitor {including but not imited to sitagliptin, saxagliptin, and
hnaghptin}, a GLP-1 receptor agonist (including but not limited to exenatide, hiraghutide, and
semaghitide), a SGLT2 inhibitor (including but not hmited to canaglifiozin, dapaghflozin,
and cmpaglifiozin}, entecaviv, tenofoviy, lamivudime, adefovir, telbivadine, steeprovir,

sofoshuvir, interferon or nhavirin,

40. The composition of claim 39, wherein the inhibitor comprises an anti-metallothionein

antihody or a fragment thereof which specifically binds to human metatlothionein (MT).
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41. The composition of claim 40, wherein the anti-MT antibody or an antigen-binding

fragment thereof compriscs a monoclonal antibody or an antigen binding fragment thereof.

42, The composition of any one of claims 39-41, wherein the anti-MT antibody comprises

a humanized anti-MT antibody, or an antigen binding fragment thereof.

43. A pbarmaceutical composition comprising:

{a) the composition of any one of claims 29-35 or 39-42, the recombinant nucleic
acid of claim 36, the recombinant expression vector of claim 37, or the recombinant host cell
of claim 3%; and

(b} a pharmaceutically acceptable carrier.

44, Use of the composition of any one of claims 29-35 or 39-42, the recombinant nucleic

acid of claim 36, the recombinant expression vector of claim 37, or the recombinant host cell

of claim 38, or the pharmaceutical composition of claim 43, to treat or hnut development of a
disorder selected from the group consisting of diabetes, pre-diabetes, impaired glocose

tolerance, hepatitis, and/or inflammatory liver discase.

45. The method of any one of claims 1-28, wherein the inhibitor of extracellular human
MT comprises the composition of any one of claims 29-35 or 39-42, the recombinant nucleic
acid of claim 36, the recombinant expression vector of claim 37, or the recombimant host cell

of claim 38, or the pharmaceutical composition of claim 43.
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