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METHOD OF TREATING NEPHROPATHY

[Intentionally left blank]

FIELD

The present application relates to a method for treating or preventing nephropathy.

INTRODUCTION
Nephropathy

Nephropathy is a class of disorders characterized by damage to a kidney and encompasses
nephritis (inflammatory kidney disease) and nephrosis (non-inflammatory kidney disease). Causes
of nephropathy include chronic conditions (including systemic lupus erythematosus, diabetes
mellitus and high blood pressure (hypertension)), deposition of IgA antibodies in the glomerulus,
administration of analgesics, xanthine oxidase deficiency, toxicity of chemotherapy agents, and long-
term exposure to lead or its salts.

Nephropathy associated with diabetes (i.e., “diabetic nephropathy”) is the most common
cause of end-stage renal disease in the United States and several other developed countries. For
example, diabetic nephropathy accounts for almost 35% of end-stage renal disease in the US today
and costs approximately $50,000-$65,000 per patient per year, exceeding $2 billion per year for all
US patients. Approximately 40% of patients with type 1 diabetes and 5-15% of patients with type 2
diabetes eventually develop end-stage renal disease.

The pathophysiologic mechanisms of diabetic nephropathy are incompletely understood. The
carliest demonstrable abnormalities include intrarenal hypertension, hyperfiltration (increased
glomerular filtration rate), and microalbuminuria. Clinically, the most important screening tool for
identifying early nephropathy is detection of microalbuminuria. Risk factors for development of

diabetic nephropathy include

Date Recue/Date Received 2021-09-29



CA 02931357 2016-05-24

WO 2015/077845 PCT/AU2014/050387

2

hyperglycemia, hyvpertension, positive family history of nephropathy, and smoking,
Diabotic nephropathy is generally considered to be g result of hypertension and
byperglycemia in diabetes, with many researchers considering hyperglycenia to be a
significant contributing factor to the developrent of this discase.

5 Moedical interventions thus far are wot effective cunough to treat or provent
progression of diabetic nephropathy and the development of end stage renal disease. In
this regard, cument treatments are primarily divected to improving complications of the
diseases as follows: 1) contvol of blood-pressure {ACE-nhibitors inhibitors o
Angiotensin receptor blockers (ARBs); 2) Control of glycemic values; and 3)

10 Lpoproteic diet, excreise or other life styles modifications, Howover, current treativent
have limited impact on the progressive decline in kidney function and patients still
progress to renal replacemest therapy, either dialysis or renal transplantation.

Cther treatment strategics have focused on one or mere growth factors as
therapeutic targets, often those tdentified as being upregulated in nephropathy models.

13 For example, therapies directed at inhibiting TGEFp, cither alone or in combination with
ACE inhibitors have been examiged. Vascular endothelial growth factor A (VEGE-A)
and other factors volved v angiogenesis have also been stodied ag targets i the
teeatment of nephropathy.

20 YVEGF and nephropathy
The VEGF family of growth factors incorporates five ligands (VEGEF-A, VEGE-
B, VEGF-LC, VEGF-D, and placenta growth factor (PIGE)) that can bind differentially
to three receptor tyrosine kinases (VEGFR-, -2, and -3} and the semaphorin receptors

{newreopilin 1 and 23 The VEGF family of growth factors are twvolved in normal and
25  pathological angiogenesis and lymphangiogenisis. VEGF-A binds to VEGIFR-1,
VEGFR-2, NP-1, and NF-2; VEGF-B binds v VEGFR-1 and NP-1. VEGE-C and
YEGFE-D are mainly involved in Tymphangilogenesis and bind to VEGFR-2, VEGFR-3

and NP-2.
VEGF-A is the most well sindied member of the VEGF family, and the role of
30 VEGF-A and investigations of the inhibition of VEGE-A n relation fo kidney and
nephropathy Have provided mived outcomes, often resulting i deleterious effects on
the kidney. Some of these studies have involved the administration of soluble VEGF
recepror 1 (also known as sFt-13, which may act as an antagonist of VEGE-A but also
of YVEGF-B and PIGF, and have led to proteinurea and hypertension (Nakagawa et al,
Diabetes, 58, pl471-8, 2009). Kosugi et al (Am J Phystol Renal Physiol 298: F6(9—
Falg, 20100 concluded that sEle1 weatment is unlikely to be beneficial in diabetic

XSS
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nephropathy and that alternative approaches to treating diabetic renal discase ane
needed. A recent study involving an antagomst of VEGER-1 (Yang et al, PLOS ONE,
94y, ©945440, 2014} in di/dh mice concluded that inhibition of VEGER-1 aggravaics
diabetic nephropathy. and actually suggested that VEGEFR-1 activation may provide a
5 therapeutic modality in type 2 diabetic nephropathy. As discussed above, VEGFE-B is
onie of the ligands that signals thiough VEGER-1, and these studiss involving sFE-1 or
the antagonist of VEGFR-1 would have blocked VEGF-B signalling, albeit in a non-

spectfic manner.

10 SUMMARY
In producing the present invention, the mvemtors proceeded against the
knowledge i the st in relation to VEGE signaling in nephropathy and studied the

effects of inhibiting signating of VEGF-B in accepted mouse models of nephropathy,

e.g.. high fat fed mice and models of diabetic nephropathy including, nephropathy
15 associated with type 1 diabetes and type 2 digbstes. The inventors studied the effect of

this growth factor by preventing expression of VEGFE-B (e.g., using genetically-
modified mice in which expression of VEGE-B i3 reduced or prevented) or by
administering an antagonist of VEGF-B (e.g., au antagensistic antibody). The present
inventors have found that, surprisingly. the inhibition of VEGFE-B signalling has a
200 beneficial effect in a varisty of animal medels of nephropathy. For example, the
inventors were able to prevent development of nephropathy, e.g., diabetie nephropathy
and o treat (c.g. delay progrossion ofy nephwopathy, e.g., diabetic nephropathy
depending on the treatment regime nsed.
The inventors fouwd that amtagowism of VEGEB signaling decreases o
25  prevents at least glomerular mesangial expansion, glomerular and tubular sclerosis,
mesangial extracellular matrix deposition, abnormal thickening of glomerular baserent
membrane and renal lipid accumulation, e.g., m kidney glomeruli, podocyte loss,
hypertension, glomerular vascular rearrangements and presarves podocyte structuse in
digbetic subjeots. It some cases {e.g., in an experiment described herent) the changes
30 o the kidney ogcured despite a moderate effect on blood glacose levels m diabetic
subjects, Todicating that inhibiting VEGE-B provides a thewpeutie/prophylactie bexefit
in nephropathy through a pathway additional to-or other than glycemic confrol.
The findings by the iventors provide the basis for methods for weating or
preventing nephropathy in a subject by inhibiting VEGF-B signaling. For example, the

(¥
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present disclosure provides a method for treating or preventing nephropathy in a
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subject, the method comprising administering to the subject a compound that inkibits
VEGF-B signaling.

TIn one example, the nephropathy s nephritis, i.e., inflammatory kidoey discase.

For example, the nephropathy is IgA nepbropathy or is caused by use of drugs (e.g.,

5 analgesics or chemotherapy), xanthine oxidase deficiency, polyeystic kidney disease or
is camsed by an chronic disease, e.g. an inflammatny or autoimmune disease or
diabetes.

For example., the nephropathy is glomernlonephritis andfor slomerulosclorosis.
For example, the glomenilonephritis andfor glomerulosclerosis is a proliferative

10 glowmerulonephrits andfor glomerlosclerosis.

In one example, the nephropathy or nephritis is assoclated with or caused hy
another disease.  For example, the nephropathy is cawvsed by an nflammatory or
autoimroune disease {e.g., systemic lupus erythematosis, Geodpasturg syndrome),
vasculitis (e.g., Wegener granulomatosus or microspeopie polyangitis) or diabetes.

15 In one example, the nephropathy or nephritis is assoctated with or caused by
prediabotes.

Tn one exanple. the vephropathy or nepbritis is associated with or cansed by
type 1 diabetes.

In one example, the nephropathy or nephritis is associated with or caused by

2 type 2 digbetes.

For example, the present disclosure provides a method of treating or preventing
diabetic nephropathy in a subject suffering from diabetes, the method comprising
administering to the subject a compound that inhibits VEGE-B signaling.

As exemplified herein, the present inventors have shows that administeation of

25  an inhibitor of VEGEF-B signaling to a subject suffering from diabetic neplwopathy is
cffective in the treatment of this condition.  Accowdingly, the present disclosure
additionally provides a method for treating diabetic nephwopathy, the method
comprising administering to a subject suffering frons diabetic nephropathy an inhibitor
of YVEGF-B signaling.

30 In one example, the subject is at visk of developing nephropathy or is developing
nephicopathy {e.g. diabetic tephropathy).  For example, the subject suffers from.
muicroalhuminuria or macroalbuminuria. In another example, the subject sutfers from
hypertension.

In one example, the present disclosure provides a apethod for preventing or

(¥
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delaying development of nephropathy (e.g., diabetic nephropathy), the method

comywising administering t© a subject suffering from  microslbuminudia  or
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macroalbuminuria (e.g., 4 subject suffering from diabetes and micrealbuminuria or
macroalbuminuria) a compound that inhibits VEGF-B signaling. In one example, the
subject suffers from microalbuminida.

In one example, the present disclosure provides a mwethod for preventing or

5  delaying development of nephropathy (e.g.. diabetic nephropathy), the method
comprising administering to a subject suffering from hypertension (e.g., a subject
suffering from diabetes and hypertensiony a compound that inhibits VEGE-B signaling.

In one example; the compound is administerad biv an amount effective & have
one o more of the following effects:

10 s Reduce or prevent lypertension;
¢ Reduce or preveut glomerular acd/or tubular sclerosis;
# Reduee or prevent mesangial extracellular matrix deposifion and/or abnormal
thickening of the glomerular basement membrang;
+ Reduce or prevent glomerular mesangial expansion;
15 * Reduee or prevent glomerular vascular regirangements:
¢ Roduce or prevent renal lipid acewnmulation;
* Reduce or prevent glomeralar lipid accumulation;
¢ Redue or prevent glomenular collagen deposits andfor anteviolar hyaliosis;
ani/or
20 ¢  Reduce or prevent macroalbuminuoria.

In one exampie, the compound that inhibits VEGE-B signaling specifically
inhibits VEGF-B signaling. This dogs not mean that a method of the present disclosure
does not encompass inhibiting signaling of ouldple VEGE proteins, ouly that the
compound (or paret thereof) that inhibits VEGE-B signaling s specific to VEGE-B, e.g,,

25 is not a general inhibitor of VEGY proteins. This term also deoes not exclude, e.g.. 4
bispecific antibody or protein comprising binding domains thereof, which can
specifically inhibit VEGF-B signaling with one {or more) binding domains and can
gpecifically inhibit signaling of another protein with another binding domain.

In one example. a compound that inhibits VEGE-B signaling binds to VEGE-B.

30 For example, the compound is a proteis comprising an antibody variable region that
binds o or specifically binds to VEGE-B and neutralizes VEGE-B signaling.

In one example, the compound is an antibody mimetic. For example, the
compouiid is a profein comprising an antigen binding domain of an inmmuneglobulin

e.g., an IgNAR, a camelid antibody or a T cell receptor.

(¥
LA

In one example, a compeund is a domain antibody {e.g., comprising enly a
heavy chain variable region or only a Hght chaig variable region that binds o VEGE-B)
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or a heavy chain ouly antibody {c.g., # camelid antbody o an [gNAR) or variable
region thercof.
In one cxample, a coropound is a protein comprising a Fv, For cxample, the
profein is selected from the grony consisting of:
S M a single chain Fv fragment (seFv);
(i} adimeric scFv (di-sePv); or
{ivy adiabody;
{vi atriabody;
(vi) atcwabody;
I dvit)  aFab;
(viii)  a Flab™y
{ix) aFv;or
(X}  one of (1) te{ix) linked to a constant region of an antibody, Fe or a heavy chain
constant domain (Cy) 2 anddor Cy3.
15 In another example, a compound is an sutibody. Exengplary antibodies are full-
length andfor naked antibodies.
Tn one example, the componnd i 4 protein that is recombinant, chimeric, CDR
grafted, humanized, synbumanized, prirvatized, detrmnmgized or buman.
In one example, the compound is 4 protein comptising an antibody variable
20 region that competitively inhibits the binding of antibody ZHI10 to VEGEF-B. In one
examyde, the protein comprises a heavy chain vadiable reglon (Vi) comprising a
sequence set forth in SEQ 1D NO: 3 and a light chain variabile region (V) comprising a
sequence setforth in SEQ D NO: 4.
T one example, the compound is o protein comprising a humanized variable
25 region of amtihody 2ZHIQ. For example, the protein comprises a variable region
carnprising the complementarity determining regions (CDRS) of the Vi andfor the Vi
of antibody 2H1¢. For example, the protein comprises:
D a Vy comprising:
{a3 aCDRI1 comprising a sequence set forth in amine aclds 25-34 of SEQ ID
30 NO: 3
{by  a CDR2 comprising o sequence set forth i amine acids 49-065 of SEQ D
NG: 35 and
{cy  a CDR3 conmprising a scquence sct forth in amine acids 98-108 of SEQ ID
NO: 3; andfor
{iiy  a Vy comprising

(¥
LA
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{a} aCDRI comprising a sequence set forth tn amine acids 23-33 of SEQ 1D
N 4

{by 4 CDR2 comprising a sequence set forth in amino acids 49-35 of SEQ ID
NO: 45 and

¢y a2 CDR3 comprising a sequence set forth in aming seids 88-96 of SEQ ID
NO: &

In ome example, the compeund & a protein comprising 4 Vg and a Vy, the Vy

and Vy, being homanized variable regions of antibody 2H18. For example, the protein

comprises:

{0

(i)

NO: 4,

a Vy coniprising:

(ay  a CDRI comprising a sequence set forth in amino acids 25-34 of SEQ 1D
N 3;

() a CDR2 comprising a sequence sef forth in amine acids 49-65 of SEQ ID
NO: 3 and

(¢} aCDR3 comprising a sequence set forth in aming acids 98-108 of SEQ ID
NO: 35 and

a Vi comprising:

(ay  aCDRI comprising a sequence set forth inn aruine acids 33.33 of SEQ 1D
N 4

(1) a CDR2 comprising a sequence sef forth in amine acids 49-55 of SEQ D
NO: 4; and

{¢} aLDR3 comprising a sequence set forth in amine acids 88-96 of SEQ ID

Tn ¢ xariple, the variable region or Vg iu ¢ C the foregol viragraphs
5 one exarople, the varable region or Vg 1o any of the foregoing pavagraphs

comprises a sequence set forth in SEQ 1D NO: 5.

In ong example, the variable region of Vi id any of the foregoing parvagraphs

comprises a sequence set forth in SEQ D NQ: &

In ene example, the compound is an antibody.

In one exanmple, the compound is aw antibody comiprising a Vu comprising a

sequence set forth in SEQ 1D NO: 3 and a Vi comprising a sequence set forth m SEQ
IDNO: &

In onc example, the protein or antibody is any form of the protein or antibody

encoded by a nueleic acid encoding any of the forcgoing profeins or antibodies.

@

In one exarople, the protein or antibody comprises:

a Vg comprising:
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{i1)

[1]

{ii)

{1

{a} a CDRI comprising a sequence encoded by a npeleie acid comprising
SEQ ID NO: 11 or comprising an amine acid sequence of SEQ 1D NO: 17,
(b} a CDR2 comprisiog a sequence encoded by a nucleic acid comiprising
SEQ ID NGO 12 or comprising an amino acid sequence of SEQ TD NO: 18; and
{cy o CDR3 comprising a seguence encoded by a nuclete acid comprising
SEQ II¥ NO: 13 or comprising an amino acid sequence of SEQ 1D NO: 19;
andfor
a Vi comprising:
{ay a CDRI1 comprising a sequence encoded by a mucleie acid comprising
SEQ I NO: 14 or comprising an amine acid segoence of SEQ ID NO: 2
gy a CDRY conywising a seguence socoded by a nucleie acid comprising
SEQ Y NO: 15 or comprising an amino acid seguence of SEQ 11D NO: 21; and
£y a CDR3 comprising a sequence encoded by a nueleic acid comprising
SEQ ID NO: 16 or comprising an amino acid sequence of SEQ ID NO: 22.
In one example, the protein or antibody comprisss:
& Vg comprising:
{2y a CDR]1 comprisiog a sequence encoded by a wucleie acid comprising
SEQ ID NO: 23 or comprising an amine acid sequence of SEQ TD NO: 29,
{by a CDR2 conuprising a sequence encoded by a nucleie acid eomiprising
SEQ 1D NOx: 24 or comprising an amino acid sequence of SEQ ID NO: 30 and
{¢) a CDR3 comprising a sequance encoded by a nucleie acid comprising
SEQ 1D NO: 25 or comprising an amino acid sequence of SEQ 1D NO: 31;
andfor
a Vy comprising:
fay a CDRI comprising a sequence encoded by a nucleic acid comprising
SEQ ID NO: 26 or comprising an antine acid séquence of SEQ 1D NO» 32;
)  a CDR2 comprising a sequence enceded by a nueleic acid comprising
SEQ ID NO: 27 or comprising an aming acid soquenge of SEQ ID NO: 33; and
(¢} a CDR3 comprising a sequence encoded by a nucleie acid comprising
SEQ ID NO: 28 or comprising an aming acid sequence of SEQ 1Y NOx 34
Tu e exantple, the profein or attibody cotmprises:
a Vy comprising:
{ay a CDRI comprising a scquence encoded by a nucleie acid eomprising
SEQ 1D NO: 35 or comprising an amine acid sequence of SEQ 1D NO: 41
{by a CDR2Z coumprising a sequence encoded by a nucleic acid comprising
SEQ 1D NO: 36 or comprising an amino acid scquence of SEQ ID NO; 42; and
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{€1  a CDR3 comprising a sequence cncoded by a npeleie doid comprising

SEQ ID NG 37 or comprising an amino acid sequence of SEQ 1D NO: 43;

ancléor
{iy  a Vg comprising:

3 {ay o CDRI comprising a seguence encoded by a nuclete acid comprising

SEQ D NO: 38 or comprising an amine acid sequence of SEQ 1D NO: 44

{by  a CDR2 comprising a sequence encoded by a nuclele acid comprising

SEQ ID NO: 39 or comprising an amine acid sequence of SEQ ID NO: 45; and

(¢) a CDR3 comprising a seguence encoded by a mucleic acid comprising

10 SEQ D NCOx: 40 or comprising an amine acid sequence of SEQ 1D NO: 46.

In eve example, the compound is within a compositionn. For exanple, the
compasition comprises a protein comprising an antibody varisble region or a Viyor a
¥y or an antibody as described herein. I ong example, the composition additionally
comprises one of more variants of the protein or antibedy. For example, that comprises

153 a vatiant missing an encoded C-wemingl bysine residue, a deamidated variant and/or a
glvcosylated variant and/or a varviant comprising a pyroglutamate, e.g., at the N-
termings of & protein and/or a variant lacking a N-terminal residue, e.g.. a N-terminal
glotamine in an adibody or V oreglon andfor a variant comprising all ov pat of &
secretion signal. Deamidated varimits of encoded asparigine residues may result in

2y isoauspartic, and aspaitic acid iseforms being generated or even a succinands involving
an adjacent amine acid residue. Deamidated variants of encoded glutamine residues
may result in glutamic acid. Compositions comprising a heterogencous mixture of such
sequences amd varlants are infended to be included when reference s made o a
particular anudo acid sequence.

25 In one example, the compound that inhibits VEGF-B signaling inhibits or
prevents expression of VEGE-B. For example, the compound is selected from the
group an antisense, 4 siRNA, a RNAL a ribozyme and a DNAzyme.

In enc example, the VEGF-B is mamumalian VEGF-RB, o.g., human VEGF-B.

In one example, the subject i5 a mammal, for example a primate, such as a

30 human.

Methods of weatment deseribed hereiw can additionally eomprise adniinistering
a further compound to treat or prevent the nephropathy.

Methods of treatment of diabetic nephtopathy deseribed herein can additionally

conmprise administering a further compeound to treat or prevent (ot delay progression of)

(¥
LA

diabetes. Exemydary compoungds are described hevedin.
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The presont disclosure also provides a conmpound that inhibits VEGE-B
signaling for use in the treatment or prevention of nephropathy.
Thie present disclosure also provides for use of a conpotiid that inhibits VEGF-
B signaling in the manufacture of a medicament for treating or preventing nephropathy.
3 The present disclosure also provides a kit comprising a compound that inhibits
YEGF-B signaling packaged with instructions Yor use in the treatment or prevention of
nephrppathy:
Exemplary scphropathies and compounnds are described berciin and are to be
taken to apply muratis mugaudis to the examples of the disclosure set out in the

10 previeus thiee paragraphs.

BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1A comprises twe graphical representaiions showing urine
albumin/ereatinine ratio (ACR) measured by ELISA for dbkth, db/dbi/Vegfh™ and
15 didbiVegfh™ mice (n=5 group, left graph) and lean wild type (wt) and lean Vegfh™
mice {n=4-6/group, right graph). Values are means ssem. ¥P<.05, *FP<L01,
P 001 compared to dhAdb controls.
Figure 1B is a graphical vepresentation showing tail-cuff blood pressure

M mrice

{systolic and diastolic blood pressure; as ndicated) in db/db and db/idbiVegf
200 (n=Sigroup). Values are means s.ean. ¥P<0.05, P01 compared o dbidb
conirols.

Figure 2A 15 a graphical representation showing quantification of abnormalities
in the tobuli compartments measured as thickening of tubali basernent membrane (BM)
i1 kidney sections from dbfdhb, db/db/iVesfl® " qnd a’b/%fb;ﬂfegfb"j" mice. Values arg

25 means + s.e.m. FP<0.03, #¥P<0.01 compared to dBATR controls. ## P<0.01 compared to
lean 28 week old wild type mice.-

Figure 2B 15 a graphical representation showing quantification of glomerular
sclerosis. as measured as mosangial expansion in kidoney seetions from. Jb/dh,
db/db//ifegﬁ)'”" and db/dbry Vegfb"‘}' nice. Values are moeans & s.eam. *P<0.05, *¥P<0.01,

30 #PL0001 compared to dlddb controls,

Figure 2€C i a graphical repecsentation showing quantification of gomerulae
apoptosis measured as apoptotic glomerult per frame (n= 4/group) in kidney sections
tfrom dbidb, JB bV ?gfb”' and db/dbm/c«'g}‘b'f' mice. Valoss aré means + s.eam
¥P<L.03, FFP01, # ¥ P<0.001 compared 1o db/db controls.

Figure 3A is a graphical representation showing guantification of glomerular

(¥
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basement menibrane thickness as measured using tratsmission clectron microscopy
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(TEM) analysis of kidocy sections from lean wt, db/db, db/dbiVegft™ and
db/db/Vegfb”™ animals (as indicated). n=3-4/group. Values are means * s.e.n.
TP0.001 compared to lean db” controls and ¥¥P<(.01 compared to dh/db controls.

Figure 3B is a graphical representation showing quantification of the number of
slits as measured using transnission electron microscopy (TEM) analysis of kidney
sections from lean wt, dhidh, JdLyY V.?‘gﬂ)*f* ang (.lb/di.v//Vegfi'f'“ animals (as fndicated).
n=3-d/group. Values are means + s.e.m. ™ P<0.001 compared to lean db™ controls and
*PA)L O compared to JB4dk controls.

Figure 4A is a graphical representation showing quantification of el red O
(ORO) analysis of kidney sections from dhidh, db/dbiVeefb' and dbidbitVegfb™
anbmals., Values are weans £ s.e.m. *P<0.03 compared to divdb controls.

Figure 4B is a graphical representation showing quantification of oil red O
staining in glomeruli and tubular compartments (as indicated). db/db, db/dbiVegih™,
db/dbiVegfh™ and wild type animals.  Values are memns ® sem P<0.05 and
0,001 compared to lean controls, #*¥P<).001 compated to db/db controls.

Figure SA is a graphical representation showing quantification of synaptopodin
stalping iy glomenli from db/db, df:}/db//V@gﬂf’ “and dbfdbf.’i’i/’égfb"‘. Values are means
& s FP<00S, FFP<0.01, ¥4 P 001 compared to ddb controls,

Figure 5B is a graphical representation showing quantification of pecam staining
in glomeruli from Jdb/dl, db/dbi/Ve gfbw‘ and dedb//Vegfb"}‘. Values are means + g.eam.
#P<0.05, * P01, ¥ P<0.00] compared to dbAdh controls.

Figure 6A 18 a craphical representation showing quantification of collagen IV

’

e

staining in glomeruli in kidney sections from dividb, db/dbiVegtbt" ad db/dbiVegfh
nlice, Valoues arg means £ s.ean *P<0.05, #¥P0.01, #%P<.00] compared o db/dh
controls.

Figure 6B is a graphical vepresentation showing quawntificition of o-SMA
staining in glomeruli in kiduey sections trom dbidb, db/db/Vegfb'” and db/dbi/Vegfh™
mice, Values are means £ s.en ¥P<0.0S5, #¥P<0.01, *¥¥P<L00] compared to dbidb
conrols.

Figure 6C 18 a graphical yepresentation showing arteriolar thickness v kiduey
sections Trom db/dh, (ib/db//*v’egﬁ;+"” and dbffii)f/‘;—’@gﬁb“;‘ mice.  Values are medas %
s.c.m. ¥P<0.02 compared to db/db controls.

Figure 7 is a graphical represestation showing results of quantification of ORO
staining both in the glomerult and in the tubular compartment of lean wild type,
dh/AdbYBES 6-wecks and db/dbBRS 21-weeks mice. n1=5-7. Values are means + s.e.m.
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"P<).05 and T P<0.01, tubuli compared to glomeruli, *P <0.05 glomeruli dbAll/BKS 6-
weeks compared to glomeruli db/dbv/BKS 21-wecks.

Figure 8 includes two graphical representations showing glomerular lipid

accumulation correlates with podoeyte loss in progression of 1IN in dbAThZBKS mice.

3 The left hand graph shows cquantification of adipophilin staining and the right hand

graph shows quantification of syraptopedin staining. n=3-5/group Values are means =

sem. #P<0.05, #P<0.01, compared to lean db" controls. *P <0.05 dh/dh/BKS 6-
weeks compared to glomeruli dbdBARKS 21 -weeks.

Figure 9 is a graphical representation showing relative rend mRNA expression

W of Vegfh, Vegfrl, Fapd and Farp? iu lean db7, and 6, 12- amd 2l-weeks old
dB/dbFBR S as indicated). Values are sueans & s.eam. * P < 005, *F P < 001, compared
with lesn control animals. Vegfh, vascular endothelial growh factor B, Vegfr!, vascular
endothelial growh factor receptor 1; Fap3, fatty acid wansporter 3; Faipd, fatty acid
transporter 4.

15 Figure MIA is & graphical representation showing analysis of urine
albumin/ereatinine ratio in high fat diet (HFD) fed WT, HFD fed Ve*gf?f‘/“' HED fed
‘L’rzgﬂ)‘/ “mice and lean control animals. Values are means & s.ean. #P<0.05, ##P<0.01,
#EP<0.001 compared to lean control animals, *P=<0.05, **P<0.01 compared to wt
HFD fad.

20 Figure 10B it a graphical representation showing analysis ef urine albumip in
HFD fed WT, HFD fed Vegfh™ HFD fod Vegfh” mice and lean control animals.
Values arg means & s.em. FP<0.05, #P<00], #4P<).001 compared @ lean control
anbmals, ¥P=<0.03, #¥P<d).01 compared ta wi HELD fed.

Figure 11A s a graphical representation showing quantification of sdlomerular

25  mesangial expanston in HFD fed Vagf-:‘}”‘ and V;gf-b“/’ nice. Analysis of HFD fed
WT, Vz:gf??"”", Xi’eagfz’f” mice aind lean control animals. a= 3-10/greoup. Valucs dte means
+ s.ean. Scale barg, 30 mm. #P<0.035, #HP<(LO01 compared to lean control animals,
#4 P01 comparad to wt HFD fed.

Figure 11B is a graphical representation showing quantification of glomerular

30 aves in HED fed Vegf-h™ and Vegfb™ mice. Analysis of HFD fad WT, V’c:’gﬂ?”', Vegfty
" ririce and Jean control animals, n= S-1group. Values are means % s.cam, Seale bars,

SO mm. #P<0.05, #H#E#P<(L.001 compared to lean control antmals. #*P<(.01 compared

to wt HFD fed.

Figure 12 is & grapbical representation showing quantification. of QRO staining
of kidney sections from HED fed WT, HFD fed Vegfh™, HFD fed Vegfh” mice and

(¥
LA
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lean control animals, n=5-10/group. Valucs are means + soan. #HiP<0.01 compared to
lean control animals. *P<005 compared to wt HFD fed.

Figure 13 is a graphical representation showing quantification of adipophilin
staining in glomeruli of kideey sections from HED fed WT, HFD fed 'Végfb""‘, HFD fed

S Vegfb” mice and lean control animals. Valves are means * s.e.m, #P<0.05 compared to
lean control animals. *P<(.05 compared to wt HFL fed.

Figure 14A is a graphical representation showing quantification of cellagen IV
staining in kidney sections from HFD fed WT. HED fed Vegib™, HFD fed Vegfh™
mice and lean control animals. n=35-10/group. Values are means + sem. #P<(L.05,

10 ##P<0.01 compared to lean control aninals. *P<0.05, #P<0.01 compared to wi HED
fed.

Figure 14B is a graphical representation showing quantification of arteriolar
thickness in kidney sections from HFD fed WT, HED fed Veg/™, HFD fed Vegfh™
nice and lean control aminals. n=3-10/group. Values are means * s.em. #P<0.05,

15 ##P<0.01 compared to lean control animals, #P<0.05, P01 compared w wi HFD
fed.

Figures 13A-F are graphical vepresentations showing analysis of db/dbiBRS
mice that were treated with anti-VEGE-B (2H10) oc control antibody (labeled as “C™)
for 8 weeks. Figure 15A shows postprandial hlood glucose levels in uantreated animals.

200 Arrews indicate glucose levels at the start of the prophyvlaciic or therapeutic trial,
Figure 15B shows ACR in untreated db/db/BKS animals Arrows indicate ACR at the
start of the propbylactic or therapeutic tial. Figures 15C and 15D show postprandial
blood glucose levels from preventative anti-WVEGF-B tfreatment iu dbHBIBRS
separately shown for male (60 n=S/group) and female {603, n= 3-6/group) mice.

25 Figores I3E and 13F show postprandial blood glucose levels from therapeutic anti-
VEGF-B treatment in db/db/BKS separately shown for male (15E. n=5/group) and
female (13F, n= 3-G/group) mice. The administration period of anti-VEGE-B (ZHID
troatmaent is indicated in the rospective graphs.

Figure 16A s a graphical ropresentation showing guantification of glomerular

30 sclerosis as measured by mesangial expansion in kidney sections from db/dhYBRKS mice
treared with, anti-VEGE-B (ZHIO) or control antibody for 8 weeks {as indicated).
Values are means £ s.ean. *P<LO5, **P<0.0) compared tor control weated db/dbrBKS
niies.

Figure 16B iz a graphical reprosentation showing quantification of tubular

(¥
LA

sclerosis as measured by glomeruli size in kidney sections from dbAMbABES mice
treated with anti-VECGE-B (2H10} or control antibody for § weeks (as indicated) in a
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prophylactic manner.  Values me means £ soai *P<008, ¥ P<0.0] compared to

control treated dhAlb/BKYS mice.

Figure 174 is a graphical reprosentation showing quantification of glomerular
podocin staining v Kideey sectfions from db/db/BKS mice treated with anti-VEGF-B
(ZHID) or control antibody in a prophylactic manner or db+ control mice. Values are
means = S.em, #HP<OO], compared to lean db+ controls. M FP<LO1, ¥FP00]
compared to di/db eontrol treated. n=3-Tgroup.

Figure 17B is 4 graphical reprosentation showing quantification of glomerular
pecam staining in kidwey scctions from Jb/dh/BKS mice treated with anti-VEGE-B
(2HIO or contral antibody in g prophylactic manner.  Values are means & s.en
¥P<0.03, P compared t coutrols.

Figure 18A is a graphical representation showing quantification of glomervlar
adipephilin staining in kidney sections from dHABIBES mice treated with anti-VEGH-
B (2H10) or conwol antibody in a prophylactic marmer. Valwes are means + s.eamn.
#P<(.05, compared to lean db+ controls. (= 3-T/group).

Figure 18B is 4 graphical representation showing quantification of glomerular
synaptopoding staining v kiduey scetions from dh/db/BRS mice trpated with auti-
VEGF-B (ZHI10) or control antibody in a prophylactic mamter.  Values are means %
s, FP0.05, P P<0.01 compated to controls. (n= 3-S/group).

Figure 19 iz a graphical representation showing quantification of glomerular
collagen IV staining in kidney sections from d5/db7BKS mice treated with anti-VEGE-
B {ZH10) or control antibody in a prophylactic manner. Valves are means £ ge.m.
¥P<0.05, #*P<0.0] comparved to controls. (v 3-5/group).

Figores 20A-C are a  series of graphical representations  showing
pharmacological inhibition of VBEGFEF-B, using 2HI0 in a prophylactic manner,
improves the plasma lipid profile in diabetic dJhdbIBKS mice. Analysis of db/dbYBKS
mice treated with anti-VEGH-B (2ZH10) or contrel antibody (n=8/group) and lean db/+
animals {p=3}. The graphs depiet plasma levels of (Figure 11A) HDL-¢ and LDL-c,
{(Figire 11B) non-esterified FAs (NEFAs) and (Figare 11B) ketongs, #%P<0.03,
#HH P00, compared to lean db+ or compared to db/dh control treated. Values are
Eans % s.0.10

Figure 21A is a graphical representation showing quantificattion of GEM
thickness in kidney sections from lean div+ and dbAB/BRS mice prophylactically
treated. with anti-VEGF-B (ZHID or control antibody. n=3-4/group. Values are means
£ se.m. ##P<0.01 compared to lean db” controls and ¥¥P<0.01 compared to db/dh
control treated.
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Figure 21B i3 a graphical representation showing quantification of the number
of stits in kidney sections from loan db+ and #hZdh//BKS mice prophylactically treated
with anti-VEGE-B (ZH103 or control antibody. n=3-¥group. Values are mcans £ s.c.m.
#HP<0.01 compared to lean db" conwols and **P<0.01 compared 1o di/dh control

5 freated.

Figure 22 is a graphical representation showing quantification of the oil red O
staining both in the glomeruli and in the tubular compartment in kidney sections from
db/dl//BKS mice treated with anti-VEGE-B {2H18) or control antibody and lean db/+
animals. n=3-Z/group. Values are means * s.e.m. #H#HP<0.001, compared to lean db+

I conmols. ¥ P<0.01 compared to db/db eontrof treated.

Figure 23A is a graphical representation showing quantification of gloremlar
selérosis as measured by mesangial expansion in kidney sections from female
db/dbyBKS mice treated with anti-VEGEF-B (ZH10) or control antibedy for & weeks (as
tndicatedy in a therapoutic manngr. Values are means + sem FP<OS, #*P<0],

15 #p<.001 compared to controls.

Figure 23B is g graphical representation showing quantification of glomerular
sclerosis as measured by resangtad expansion in kidoey sectious from male db/db/BKS
mice treated with ant-VEGE-B (2H10} or coutrol antibody for § weeks (a5 jndicated)
in a therapeutic manner. Values are means + s.em.

20 Figure 24 is a graphical representation showing quantification of oil red O
staining in kidney sections from ¢b/db/BKS mice treated with anti-VEGF-B (2H10) or
control antibady for 8 weeks (as indicated) in a therapeutic manner,  Values are means
& s.eam. FP<00S, FFPOOL, <0001 compared to coutrols.

Figure 254 15 a graphical representation showing quantification of sdlomerular

25  pecam staining in kidoey sections from db/db/BEKS mice treated with ant-VEGE-B
{(ZHI10) or contol antibody in a therapeutic manner. Values are memms £ s.ém.
*P)LOF, ¥¥PLLOI compared to controls.

Figure 25B is a graphical representation showing quantification of glomerular
synaptopodin staming in kiduwey sections from. dH/db/BES mice treated with ainti-

30 VEGF-B 2HID or contred antthbody in a therapeutic manner. Values arg means &
S FP<008, #P< compared to contrals, (= 4-5/groupl.

Figure 26A 15 a graphical representation showing quantitication of glomeralar
collagen TV staining in kidney sections from J/dl/BKS mice teated with anti-VEGH-

B (2H10) or control antibody i a therapeutic manner. Values are means £ s.eumn.

(¥
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*Per (15 compared to controls.
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Figure 26B 15 4 geaphical represcmtation showing guantification of glomerular o-
SMA staining v kidnoy sections from db/db/BKS mice treated with ant-VEGE-B
(2H10) or control antibody in a therapeutic moamner.  Values are means £ s.ean.
*P<(.05, FP<0.0] compaved to controls, (s 4-5/group).
5 Figure 26C 1s a graphical representation showing quantification of glomecalar
arteriolar thickness in kidney sections from dbdBZ/RKS mice treated with anti-VEGH-
B {(2H10} or control antibody i a therapeutic manner. Values are means + s.em.
¥P05, #HP<)0] compared to contrals. {n= 4-5/group}.
Figure 27A is a graphical representation showing wrine ACR measured by
10 ELISA in db/dbABRS nitce treated with anti-VEGF-B (ZH10Y or contvol antthedy for 8
weeks or lean agumals (o=3-7 group). Values are means * sean Staripoint and
endpoint shows ACR before and after the treatment period, respectively. *P<0.05,
#¥Pc(.01 compared to contrel treated animals.
Figure 27B is a graphical representation showing glomerolar filtration rate
15 messured as creatinine clearance in db/db/BKS mice treated with anti-VEGE-B (2HID)
or contrel antibody for § weeks or lean animals (n=3-7 group). Values are means &
sean. *P<0.03, W P<0.0], #HP<0.001 compared 1o divdh conprel treated animals,
Figure 27C i a graphical representation showing til-ctff blood pressure
{systolic and diastolic blood pressure) in db/dbZBKS mice tremted with antli-VEGE-B
200 (2H10} or control antibody for & weeks or lean animals (n=3-7 group). Values are
nieans * s.em.  FP<0.08, ¥P<0.01, ¥HHFPLLOM compared to dbddh control teeated
animals,
Figure 27D is a sertes of three graphical representations showing bodyweight
{left band graph), kiduey weight (center graph) and ratio of bodyweight to Kidney
25 weight (right hand graph) in d/db/BKS mice teated with anti-VEGEF-B (ZH10) or
eomiol antibady for 8 weeks or lean animals (n=4 group}. Values dre means + s.e.m.
*PALOF, FFPLLOL, ¥ P<.001 compared to db/dl control treated animals.
Figure 28 1s a graphical rapresentation showing blond glucose levels in HED fed
mice tredted therapeutically with anti-VEGE-B (ZH10) or control antibody, and lean
30 control animals. Postpravdial bloed glucose levels at the end of the reatment period.
Values are meaus & s.e.o #HP<001 compared 1o lean control animals,

Figure 294 is a graphical representation showing urine albumin levels in HFD
ted nuce treated therapeutically with anti-VEGE-B (ZH1DY or control antibody, and
lean control animals (n=5-1(/group). ACR, albumin/creatinine ratic, Values are means
+ senn #P<0.05, #H#HP<0.001 compared to lean contrel animals. P<(.001
comyprared to HED fed control treated,

(¥
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Figure 29B is a graphical represeatation showing wrine albumin/ereatinine ratio
as measured by ELISA iin HED fed wmice treated. therapeutically with anti-VEGE-B
(ZH10) or control antibody, and lean cotitrol animals (n=5-10/group). Valucs dre rocans
+ sean #<0.05, #HP<0.001 compared to lean control animals. *#¥P<0.001

5 compared to HFD fed control treated.

Figure 304 is a graphical representation showing plasma levels of triglycerides
in HFD fed mice treated therapeutically with anti-VEGF-B (2HI0) or control antibody
and lean wit animals  (0=5-10/group). #P<0.05. ##P<0.01, compared to lean control
animals. Values are means #s.e.m. ¥P<(.05, compared to HFD fed control treated.

10 Figure 308 is a praphical representtations showdug plasiia levels of non-estenified
FAs (NEFA5) o HFD fed mice freated. thecapeutically with anGg-VEGE-B 2HI)) or
controf antibody and lean wt admals {(n=5-10/group). #P<0.05, ##P<0.01, compared to
lean control animals. Values are means + s.e.m. ¥P<0.05, compared to HED fed control
treated.

15 Figure 30C is a graphical representation showing plasma levels of ketones in
HED fed mice treated therapeutically with anti-VEGF-B (2H10) or countrol antibody
and lemy wi apimals  (o=3-10/groap). #P<0.05, ##P<0.01, compared to lean control
avimals. Valueys are menos £ s.e01 ¥P<0.05, compared to HFD fed contiol weated.

Figure 314 is a graphical representation showing quantification of glomervlar

20 mesangial expansion in HFD fed mice treated therapeutically with anti-VEGF-B
{ZH10) or control antibody and lean wt animals. 5= 5-10/grovp. Values ame means +
s.em. #P<0.05, #HP<0.001 compared (o lean control animals. ***P<0.001 compared
to HED fed control treated.

Figure 318 is a grupbical represeutation showisg quantification of glomerali

25  area in HFD fed mice treated therapeutically with anti-VEGF-B (ZH10) or control
antibody and lean wt animals. n= 5-10/group. Valics are means + s.ean. #P<0.05,
#HEP<0.001 compated to fean contrsl ginimals, *¥¥P<001 compared fo HED fed
contaol treated.

Figure 32 18 a graphical vepresentation showing quantdfication of oil red O

30 staimng of glomwernali of kidney sections from HFD fed mice teated therapeutically
with anti-VEGE-B (ZH10) or cantrol dntibody, and lean control amimals, ##P<0.01
compared to lean control and **P<0.4 compared to HFD control treated animals.

Figure 33A is a graphical representation showing quantification of collagen IV
staining of kidney sections from HFD fed mice treated therapeutically with anti-VEGEF-

(¥
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B Q2H1 or contrel antibody, and lean control animals. #P<L05 compared to lean
contrel animals. *P«<0.05 compared to HED fed control treated.
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Figure 33B is a graphical representation showing quantification of aderolar
thickness in  kidney sections from HFD fed mice teated therspeutically with anti-
VEGF-B (ZH10) or control antibody, and lean control animals. #P<0.05 compared to
lean conteol animals. *P<0.05 compared o HFD fed control treated.

3 Figure 34A is a graphical representation showing blood ghicose levels before
and after strapticzotocin (STZ) injections. Lean control animals were not injected with
STZ. After STZ injections, animals with established hyperglyceamia (blood glucose
levels over 12 mM3 were dosed with anti-VEGF-B (2H10) or control antibody. (n=3-
Fgroup). Values are means + s.eam. $#P<0.01, #H3#P<0.001 compared to lean control

10 andmals. STZ, sirepowotocio

Figure 348 s a geaphicval representation showing bload glucose levels in mice
treated with STZ (other thay leag control animals) and treated anti-VEGFE-B antibody
(ZH10) or control antibody, and leaw control animals. Lean control animals were not
injected with 8TZ. {(n=3-7/group). Values are means + sean. ##P<0.01, ###P<0.001

15 compared to lean control animals. 8TZ, streptoroiocin

Figure 35A is a graphical representation showing albumin/creatinine ratio
(ACR) i niice pre-STZ administration and after STZ-administration with dosivg of
anti-VEGF-B (ZH10) or contvel antibody for 1 week. Lean control avimals and db/db
animals were not injected with STZ. Urine albumin/creatinine ratio was measured by

20 ELISA (n=3-6/group). ACR, albumin/creatinine ratio, Vahies are means + <o,
##P<0.01 compared to pre STZ animals. ¥P<05 compared to STZ control wreated
animals, STZ, stepioraiocin

Figure 338 is a graphical representation showing albunin levels in mice pre-
STZ administration and safter ST -administeation with dosing of ant-VEGE-B (2HID

25 or control antibody for 1 week. Lean control animals were not injected with $TZ. Urine
albumin levels were measuted by ELISA (p=3-G/group). Values are medans £ s.ém.
#P<(L.01 compared to pre STZ animals. *P<0.035 compared to 8T comtrol treated

animals. STZ, strepfosdosin

30 KEYTO SEQUENCE LISTING

SEQ 1D NO: 1 s an antino acid seijueniog of a human VEGE-Bige isoform: contaming 4
21 amine acid N-terminal signal sequence

SEQ 1D NO: 2 is an amine acid sequence of a human VEGE-B,g; isoform containing a
21 amine acid N-terminal signal sequence

SEQ D NO: 3 is an aminoe acid sequence from a Vi of antibody 2H10.

SEQ 1D NO: 4 18 ain amine acid sequency from a Vi, of antibody 2H 1L
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SEQ ID N

2H10.

SEQ ID NO: 6 is an aming acid sequenee of a Vi, of a humanized form of antibody

IH10.
SEQ ID NO

SEQ 1D NO:

SEQ ID NO

SEQ ID NO:
SEQ ID NO:
SEQ I NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ 1D NO:
SEQ 1D NO:
SEQ ID NO:
SEQ 1D NO:
SEQ ID NOx:
SEQ ID NO:
SEOQID NOx
SEQ 1D NO:
SEQ ID NO:
SHQ ID NO:
SEQ D NO:
SEQ 1D NO:
SEQ ID NO:
SEO D NO:
SEQ 1D NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NG
SEQ ID NO:
SEQ 1D NO:
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5 is an aming acid sequence from a Vi of a humanized form of antibody

7 is an amine acid sequence froma Vi of antibody $512.

& iz an amino acid sequence of 1 Vy, of antibady 4812,

9 ix an amino acid sequence from a Vi of anfibedy 2F3.

10 is an amino acid sequence of a Vi, of antibedy 2F3.,

11 is a nucleotide sequence from a Vi, CDRI of antibody 2H10
12 s & vucleotide sequence from a ¥y CDR2 of antbody 2H10
13 is s nucleotide sequence from a Vi CDR3 of anttbody ZH10
14 is a nueleotide sequence from a Vg CDR1T of smtibody 2H10
13 is a nucleotide sequence from g Vy CDR2 of antibody 2H10
16s a nucleotide ssquence from a Vg CDR3 of antibedy 2H10
17 is an amino acid sequence from a Vi, COR1 of antibody 2H10
18 is an amino acid sequence from a Vi, CDR2 of antibody 2H 10
19 s an anding deid sequence from & Vi COR3 of awtibody 2H10
2015 an amdno acid sequencs from a Vi CORY of autibody 2HIY
21 is an amine geid sequence from a Vi CDR2 of antihody 2H10
22 ig an amino acid sequence from 4 Vi CDR3 of antibody 2HID
23 is a nucleotide sequence trom a ¥y, CDR1 of antibody 2FS

24 is a nucleotide sequence from a Vi COR2 of antbody 2F5

35 15 a nucleotide sequence from a Vi, CDR3 of antibedy 2F3

26 is a wucleotide sequence from a Vg CDRE of antibady 2F3

27 i a nucleotide sequence from a Vi CDR2 of antibody 2F3

28 is a inucleotide sequerice from a Vi COR3 of antibody 2F5
2915 an amino acid sequence from a vV, COR1 of antibody 2F5
30 is an amine acid sequence from a Vi CDR?2 of antibody 2F3
31 is an amino aeid sequence front a Vi, COR3 of antibody 2F5
32 s an aming acid sequence from a Vi CORIL of antibody 2ES
33 15 an amine geid sequence fromt & ¥V CDRZ of antibody 2F5
34 is an amino acid sequence from a Vi CDR3 of antibody 2F3
25 i8 a nueleotide sequence tfrom a Vy, COR1 of antibody 4E12
36 is a nucleotide sequence from a Vy CDR2 of antibody 4E12
37 is a nueleotide sequence from a Vy, CDR3 of antibody 4E12
38 is g nucleotide sequence from g ¥y CORT of antibody $512
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SEQ ID NO: 39 is a nucleotide sequense fromt a ¥y COR2 of antibody 4E12
SEQ 1D NO: 40 1s a nucleotide sequence from a Vi CDR3 of antibody 4512
SEQ 1D NQ: 41 is an damido geid séquence from a Vi, COR1 of antibody 4E12
SEQ I NG 42 35 an amino acid sequence from a Vi, CORZ of antibody 4E12
5 SEQID NQ: 43 is an aming acid sequence from a ¥V, COR3 of antibody 4512
SEQ 1D NO: 44 is an amino acid sequence from a Vy CDR1 of antibody 4E12
SEQ ID NO: 45 is an amine acid sequence from a Vo CORZ of antibody 4812
SEQ 1D NO: 46 is an amino acid sequence fram a Vi CDR3 of antibody 4812

10 DETAILED DESCRIPTION
General

Throughout this specification, unless specifically stated otherwise or the context
requires atherwise, reference to a single step, composition of matter, group of steps or
group of compositions of matter shall be taken to encompass oy and a plurality (Le

15 one or more) of those steps, compositions of matter, groups of steps or groups of
compesitions of matter.

Those skilled in the art will appreciate that the present disclosure is susceptible
to varlations and modifications other than those specifically described. It is to be
understood that the disclosure includes all such variations and modifications. The

200 dizclosure alse includes all of the steps, features, compositions and compounds referred
to or indicated in thiy specification, individually or collactively, and any and all
combinations or any two.or more of sqid steps of features.

The present disclosure is not to be limited in scope by the specific examples
described  heredn, which are intended for the purpese of evemplification only.

25  Functionally-equivalent products, compositions and methods are clearly within the
scope of the present disclosure.

Any example of the present disclosure herein shall be taken to apply nataris
mnterndis to any other example ot the disclosure unless specifically statod otherwise.

Any example of the present disclosure in velation to teatment or prevention of

30 av nephropathy shall be taken to apply mutatis suandis to jubibiing or preventing an
iinate ionnmne resporise feg, an lunate luuore respouse i the digestive systém.
andfor a systemic tmate immune response) i a subject suffering from an nephropathy.

Unless specifically defined otherwise, all technical and scientific terms used

herein shall be maken to have the same meaning as commenly understood by one of

(¥
LA

ordinary skill in the art (for exampls, in ecll evlfure, molecular genatics, innmunology,
inumunehistochemistey, protein chemistry, and biochemistiy).
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Unless otherwise indicated, the recombinant pretein, cell cobwre, and
immunological technigues utilized in the present disclosure aro standard procedures,
well kmiown to those skilled in the art. Such technigues are described and explaiisd
througheout the literature in sotirces such as, I Perbal, A Practical Guide te Molecular
Cloning, John Wiley and Sons (1984), 1. Sambrook ef ol Molecular Cloning: A
Laboratory Manual, Cold Spring Harbor Laboratory Press (1988, T.A. Brown (editor),
Essenitial Molecular Biology: A Practical Approach, Velumes | and 2, IRL Press
{19613, D.M. Glover and B.D. Hames (editors), DNA Clouing: A Practical Approach.
Volumes 1-4, TRL Press {1995 and 1996), and .M. Ausubel ef al. {editors), Corrent
Protocols in Molecular Biglogy, Greeng Pab. Associates and Wiley-Toterseience (1988,
tocluding all updates uniil present), Ed Harlow and David Lane (editors) Antibodies: A
Laboratory Manual, Cold Spring Harbor Laboratory, (1988), and J.E. Coligan et al.
{editors} Current Protocols in Immunology, John Wiley & Sony (inchuding all updates
until present).

The deseription and  definitions of variable regions and pars thereof,
immunoglobuling, antibodies and fragments thereof herein may be further clarificd by
the discussion in Kabar Sequences of Proteins of Fnrumological Interest, Natiopal
Tostinutes of Health, Bethesda, Md., 1987 and 1991, Bork ef af,, J Mol. Biol 242, 309~
320, 1994, Chorhiz and Lesk J. Mol Biel. 190001 -917, 1987, Chothia er of Nature
342, 877-8E3, 1989 and/or or Al-Lazikani et al., J Mol Biel 273, 927-948, 1997.

Any discussion of a protein or antibody herein will be understood o include any
variants of the protein or antibody produced during manufacturing and/or storage. For
example, during mamifactering or storage an aptibody can be deamidated (e.g., at an
aspavagine of a glutamine residue) andfor have altered glveosylation and/or bave 4
glutamine residue converted t pyroglutamine and/or have a N-terminal or C-terminal
residue removed or “clipped”™ and/or have pat or all of a signal sequence incompletely
processed and, as a consequence, remain at the terminus of the antibody. 1t is
understood that a composition comprising a particular amino acid sequence may be a
heterogeneous mixture of the stated or encoded sequence andfor variants of that stated
or encoded sequeuce,

The term “andfor”, ¢.g., “X and/or Y™ shall be wnderstood to mean either “X and
¥ or "X or Y7 and shall be taken to provide explicit support for both meanings or for
either meaning.

Throughout this specification the word “comprise”, or variations such as

“compwises” or “comprising”, will be understond to imply the inclusion of a stated
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clement, integer or step, or group of elemets, integets or steps, but not the exchusion. of
any other clement, integer or step, or group of elements, integers or sfops.
As used herein the teim "derived from” shall be taken to indicate that a specificd
jnteger mway be obtaired from. a particular source albeit not necessarily divectly from
5 that source,

Selected Delinitions
VEGF-B is known & exist in two majov isoforims, reforred to as VEGF-B g and
VEGF-Big;.  For the purposes of nomenclanre only and not Hmitation exemplary
10 seguences of human VEGE-Bygs is set out in NCBI Reference Sequence: NP_003368.1,
o NCBI protein accession numbers NP_O03368, P49765 and AALT001 and in SEQ
IDNO: 1. In the context of the present disclosure, the sequence of VEGF-B g can fack
the 21 amino acid N-terminal signal sequence {e.g., as set oul at amino acids 1 to 21 of
SEQ D NO: 1. For the purposes of nomenclature only and not limitation exemplary
15 sequences of human VEGE-Ber is set out i NCBI Reference Sequence:
NP_001230662.1, in NCBT protein accession numbers AALTO000 and AABO6274 and
in SEQ 1D NO: 2. In the context of the present disclosure, the sequence of VEGE-By4;
can lack the 21 amivo acid Neterminal signal sequence (e, 4 setout at amino acids 1
to 21 of SEQ 1D NO: 2. Additions] sequence of VEGF-B can be determined using
200 sequences provided herein andfor in publically available databases and/or determined
using standard techniques {e.g., as deseribed in Ausubel er of, {editors), Current
Protocols in Melecular Biology, Greene Pub. Associates and Wiley-Interscisnce (1988,
including all updates wotil presenty or Samwbrook er al, Moleculr Cloning: A
Laboratory Marmaal, Cold Spring Harbor Laboratory Press {1989)}) Reference to human
25  VEGF-B may be abbreviated to hVEGF-B. In one example, reference herein to VEGE-
B is to VEGF-B 57 isoform,
Reference hervin to VEGF-B also encompasses the VEGF-Bigges peptide as
described in WOZ2006/01 2688,
The wim “nephropathy™ shall be understood to wean damage to or disease of a
30 kidwey. This termt encompasses all ¢livical-pathological changes in the kiduey which
may result i kidney fibvosis andfor glomerulay diseases (o8, glomerulosclerosis,
glomerulonephritis} andfor chronic renal fnsutficiency, and can cause end stage renal
discase and/or renal failure. Exemplary nephropathies include hypertensive

nephropathy, diabetic nephropathy, and other types of nephropathy such as analgesic

(¥
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nephwopathy, immune-meadiated glomerulopathics (e.g. IgA nephropathy or Berger's
discase, lupus neplwitis), ischenie  nephlwopathy. HlV-asssoctated  wephropathy,
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membranous  nephropathy,  glomerulonephiitis,  glomerulosclerosis, radiocontrast
media-induced nephropathy, toxic nephropathy, analgesic-induced nephrotoxicity,
cisplatin  nephropathy, transplant nephropathy, aind  other forms of  glomicrular
abnormality or injury; glomerular capillary injuey (tobular fibrosis). In some examples,
5 the terms "nephropathy” or "nephropathies” refers specifically to a disorder or disease
where theee is either the presence of proteins (el profeinuria), such as albumin, in the
urine: of a subject andfor the presence of renal insefficiency. Nephropathy is often
diagnozed based on the presence of albumin in the wrine (microalhbuminuria o
macroalhaminuria), increased blood urea nitvogen lovels (e.g., levels above 20mg/dL)

I andbor ingreased <erum ereatinive levels (e, levels above 1. 3mgfl, for oiales and
1. 3mg/dL for females).

The term "fibrosis” refers to shnormal processing of fibrous tissue, or fibreid or
fibrous degeneration. Fibrosis can result from various imjuries or diseases. Fibrosis
typically involves the abnormal production, aveumulation, or deposition of extracellular

15 matrix components, including overproduction and increased deposition of, for example,
collagen and fibronectin, As used herein, the terms "kidney fibrosis® or "renal fibrosis”
or "fibrosis of the kidney” refer to diseases or disorders associated with the
overproduction or abnormat deposition of extracellular matrix components, particularly
eollagen, leading to the degradation or impairment of kidney function.

20 The term “nephritis” will be understood to mean inflammation of a kidney. In
the context of the present diselosurs, nephritis encompasses a subset of nephropathy
characterized by mtlammation iy a kidwey. The inflammation ¢an involve glomeruli,
tubules, or Interstitial tissue swrownding the glomeruli and tubules.  Generally,
nephritis 15 either glomerulonephritls (e, inflapumation of the glomeraliy ov interstitial

25 nephritis (i.e., inflammation of the interstitial spaces between renal tubules).

The term “glomeniionephritis” cticompasses a class of kidney diseases, which
cant be broken into sub-class of proliferative diseascs and non-proliferative diseases.

53

As the names suggest, “proliferative” discases inelude forms of glomerulonephtitis in
which there is 4 significant ncrease in the sumber of cells in the glomerulus, while
30 “von-proliferative” diseases include forms of glomerdlonephritis s which such an
nerease in cell numbers 18 not present. Exemplary proliferative diseases include TgA
nephropathy, post-infectious glomeralonephritis, membranoproliferative
glomerolenephritis and vapidly progréssive glomerilonephritis.  Exemplary non-

proliferative  diseases  include minimal change disease, focal segment

(¥
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glomerulosclerosis  think  basement  membrane  disease and  membranous
glomicrnlonephitis,
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*Diabetic nephropathy” is a clinically well-defined patholegy charactorized by
proteinuria, hypertension, cdema and vewsl insufficiency. Characteristic aspects of
diabetic nephropathy include glomerulosclerosis, modification of the vascular struciuee,
and tubulointerstitial disease. The first clinical evidence of diabetic nephropathy is

5 often the presence of albuminuwia in the wine, cg micoalbuminera o
macroalbumitnuria. Diabetic neplwopathy is typically characterized by the following: 1)
glomerulosclerosis, 2) modification of the vascular structure, mainly in the small
arterietlies and 3y mobuleinterstitial disease. The most characteristic aspect of diabetic
nephropathy is the glomerular injury, detectable by the enfargement of the mesangium

10 and by the thickening of the basal wiewmbrane, which often tooks like a diffuse
glcateisaiion of the whele glomerule. The first clinical evidence of diabetic nepbropathy
is the presence of albuminuria or proteinuria.

By “microalburminuria” is meant the presence of 30-300mg albumin per 24
hours of urine collection andfor 30-300mg/L albumin in a single sample. Generally,

15 bhoth of the foregoing should be measured in at least two of thiee samples over a two to
three month period.  Microalbwpinuria can also be defined by a rato of albumin o
cregtining (ACR) of >3.3mg/uuool for famales or 22,5 mg/myual for mafes or betwesn
30-300pg albumin/mg creatinine. Albumin levels can be assessed using, for example,
cammereially available dipsticks (e.g., comprising bromophenol blue as an indicator).

20 The ferm “macroalbuminuria™ means the presence of amounts of albumin higher
{or higher ACR} than is observed in microalbuminuria.

The term “proteinuria”™ means the amount of total protein in uring is about
=30meghdL or a protein/oreatinive ratio greater thay 43 mgfmmwel.

“Hypertension” refers to a subject {e.g. 4 buman subject) having a svstolic

25 pressure of 140 mm Hy or higher and/or & diastolic pressure of 90 mm Hg or higher. In
some examples of a methed & use described herein, a subject is prehypertensive, e.g.
having a systolic pressure of about 120-139 mm Hg or higher andfor a diastolic
prassure of 80-89 mm Hg or higher.

The term “recombinant™ shall be understood to mean the product of atificial

30 genetic recombination.  Accordingly, in the coutext of a recomhinant protein
corprising an antibody virlable region, this terma does niot encompass an antibody
naturally-occurring within a subject’s body that 1s the product of natural recombination
that cceurs during B cell maturation. However, if such an antibody is isolated, it 15 to

be considered an isolated protein comprising an antibody variable region. Similarly, if

(¥
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nucleie acid encoding the protein is isolated and sxpressed using recombinant means,
the resulting protein i3 4 recombinant profeln comprisistg an antibody vanable region,
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A recombinant protein alse encompasses a protein expressed by artificial recombitant
means when it is within a cell, tissue or subject, e.g., in which it is expressed.

The torm “protein” shall be taken to include a single polypeptide chain, 1.6., a
series of contiguons amine acids linked by peptide bonds or a series of polypeptide
chains covalently or non-covalently linked to one another (i.e., a polypeptide complex).
For example, the series of polypeptide chains can be covalently Tinked using o suitable
chemical or a disulphide bond. Examples of non-covalent bonds include hydrogen
honds, ionic bonds, Van der Waals forces, and hydrophobic interactions,

The term “polypeptide™ or “polypeptide chain™ will be understood from the
Foregoing paragraph to medn a sedies of contignous aming aeids linked by peptide
bouds.

The skilled artisan will be aware that an “antibody™ is generally considered 1o he
a protein that comprises a variable region made up of a plurality of polypeptide chains,
e.g., a polypeptide comprising a light ehain variable region (Vi) and a polypeptide
comprising a heavy chain variable region (Vg An antibody also generally comprises
constant domains, some of which can be arranged into a constant region, which
includes a constant fragment or fragment crystallizable (Fo), in the case of a heavy
chain. A Vg and a Vi lnteract to form a Fv comprising an antigen binding region that is
capable of specifically binding to one or a few closely related antigens, Generally, a
light chain from marmmals is gither a x Hght chain or a A Tight chain and a heavy chain
from manurals is o, 8, & v. or w. Antibodies can be of any type (o.g.. 1gG. IgE, Igh,
IgD, TgA, and IgY), class {e.g., 1gGy, IgGa, TgGs, IgUs, {gA, and 1gAs) or subilass, The
term “antibody™ also encompasses humanized avtibodies, primatized antibodies, buman
antibadies, syninomanized antibodies aud chimerte antibodies.

The texms "full-length antibody,” "intact antibody™ or "whole antibody" are used
interchangeably to refer to an antibody i its substantially intact form, as opposed to an
antigen binding fragment of an aniibody. Specifically, whele antibodics inelude those
with heavy and light chains incleding an Fe region. The constant domains may be wild-
type sequence constant dosnaiys {e.g., humay wild-type sequence constant demains) or
amire acid sequence variants thereof,

Asused heredn, “varidble region” refers to the portions of the Hght adfor Bewvy
chains of an antibody as defined herein that s capable of specifically binding to an
antigen and includes amine acid sequences of corplementarity determining regions
(CDRs); te, CDRL CDR2, and CDR3, and framework regions (FRs). Exemplary
variable regions comprise three or four FRs {e.g., PRI, FR2, FR3 and eptionally FR4)
together with thiree CDRs. I the case of a protein dedived from an LleNAR, the protein
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may lack a CDRZ. Yy refers to thie varidble region of the heavy chain. ¥y refers to the
vartahle region of the light chain.
As used herein, the tenm "complementarity determining regions™ (oyn. CDRs;
e, CDRYL CDR2, and CDORF) refers to the amine acid residues of an antibody variable
5  domain the presence of which are necessary for antigen hinding, Fach variable domain
typically has three CDR regions identified as CDRI, CDR2 and CDR3. The amine acid
positions assigned to CDRs and FRs can be defined according to Kabat Sequences of
Proteins of hrranological Interest, National Institutes of Health, Bethesda, Md., 1987
and 1991 or other mumbering systems i the performance of this disclosure, e.g.. the
10 cavondcal winbering systens of Chothia and Lesk 2 Mol Biol }95: 901817, 1987;
Chothia ¢t af. Naowe 342, 877-883, 1989; and/or Al-Lazikani ef al., J Mol Biol 273:
027-948, 1997; the IMGT numbering system of Lefranc ef ol Devel And Compar.
Fymnanol., 270 55-77, 2003: or the AHO numbering system of Honnegher and Plitkthun
J. Mol Biol., 30¢: 657-670, 2001,
15 “Framework regions” (FRs) are those varisble domain residoes other than the
CDR residues.
As used hergin, the teem “Fv” shall be taken to roean any protein, whether
comypreised of moltiple polypeptides or a single polypeptide, in which a Vi and & Vi
assoviate and form a complex having an antigen binding site, iLe. capable of
2 specifically binding to an antigen. The Vi and the V. which form the antigen binding
site can be in a single polypeptide chain or in ditferemt polypeptide chains.
Furthgrmore, an Fy of the disclosure {as well ag any protein of the disclosure) may have
multiple antigen binding sites which may o may not bind the same antigen. Thix term
shall be understond to encompass fragments divecty derived from an antibady as well
25 as proteins comesponding to such a fragment produced using recombinant means. In
some examples, the Vyg is not linked to a heavy chain constant domain {(Cy} 1 andfor
the V¢ is not linked to a light chain constant domain (Cr). Exemplary Fv confaining
polypeptides or proteins include a Fab fragment, a Fab™ fragment, a Fab™ fragment, a
schv, a diabody, a triabody, a tetrabody or higher order complex, or any of the
30 toregoing linked to a constant region or domaiy thereof, e.g.. Cg? or Cyd domain, e.g..
a minthody., A “Fab fragoent” consists of a moneavalent witigen-binding fragment of an
antibody, and can be produced by digestion of a whele antibody with the enzyme
papaii, to yield a fragment consisting of an intact Hght chain and a portion of a heavy

chain or can be produced using recombinant means. A "Fab' fragment” of an antibody
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can he obiained by treating a whele antibody with pepsin, followed by reduction, to
vicld a molecule congisting of an intact Hght chuin and a portion of 4 heavy chain
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comprising a Vi and a single constant domain. Two Faly' fragiments are obtained per
antibody treated in this manuer. A Fab® fragment can also be produced by recombinant
micans. A “Fab'12 fragment” of an antibody consists of a dimet of two Fal’ fragments
held together by two disaifide bonds, and 15 obtained by wreating a whole antibody
5 molecnle with the enzyme pepsin, without sohsequent reduction, A “Faby” fragment is
a recombinant fragment comprising two Fab fragments linked using, for example a
leneine zipper or a Cp3 domain. A “single chain Fv™ or “scPv” is a recombinant
molecule containing the variable region fragrment (Fv) of an antibody in which the
variable region of the light chain and the variable region of the heavy chain are
10 covalently linked by a suitahle, flexible polypaptide linker,

As used herein, the erm “bivds”™ i referznce o the inferaction of a protein or an
antigen binding site thereof with an antigen measns that the interaction is dependent
upon the presence of a particular straeture {e.g., an antigenic determingmt or epitope) on
the antigen. For example, an amtibody recognizes and binds o a specific protein

15 steuctore rather than to proteins generally, It an antibody binds to epitope "A”, the

st g

{or free, unlabeled “A™), in a reaction

h %

presence of a molecule containing epitope “A
conaining labeled “A™ and the protein, will reduce the amount of tabeled “A™ hound to
the antibody.

As used herein, the term “specifically binds”™ or “binds specifically”™ shall be

200 taken to mean that a protein of the disclosure reacts or assoctates more frequently, more
rapidly, with greater duration and/or with greater affinity with a particular antigen or
cell expressing same than it dogs with alternative antigens or cells, For example, a
protein binds to VEGE-B with materially greater affinity {e.z., 20 fold or 40 fold or 60
fold or 80 fold to 100 fold or 150 fold ar 200 fold) thay it does to other growth factor

25 {e.g., VEGF-A) or o antigens commeonly recognized by polyreactive natural antibodies
{i.e., by naturally occuiring antibodics known to bind a variety of antigens naturally
found in humans). Generally, but not necessarily, reference to binding means specific
binding, and. cach term shall be understood fo provide explicit support for the other
ferm.

30 As used beredn, the eom “neutralize™ shall be taken to wean that a protein is
capable of blocking, redecing or prevewting VEGF-B-signaling in 4 cell through the
VEGF-R1. Methods for determining ncutralization are known in the act andfor
described herein.

Ag used beretrt, the fermt “specdically inhibits VEGE-B signaling” will he

Lt
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understood to mean that the compound. inhibits VEGF-B signaling and docs not
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significantly or detectably inhibit sigoaling by one or more other VEGF profeins, e.g.
VEGE-A, VEGE-B, VEGE-C, VEGE-D and/or PIGE.
As used herein, the term “does not significantly inhibit” shall be understood to
mean that the level of inhibitiow of signaling by a VEGF protein other than VEGF-B
5 (c.g. signalling by VEGF-A. VEGF-B, VEGF-C. VEGPF-D asd/or PIGF) in the
presence of a compound described hereist (s not statistically significantly lower than iy
the absence of the compound described herein {e.g., iy a contvl assay which may be
conducted in the presence of an isotype control @nitibody).
As used heretn, the term “does not defectably inbibit” shall be understood to

10 mean that a compound as descibed herein inhibits signalling of a VEGE protein other
than VEGP-B (e.g., signalling by VEGEF-A, YEGF-B, VEGF-C, VEGF-D and/or PIGE)
by no more than 10% or 8% or 6% or 3% or 4% or 3% or 2% or 1% of the level of
signalling detected in the absence of the vompound described herein {e.g., in a control
assay which may be conducted in the presence of an isotype control antibody).

15 As used herein, the terms “preventing”, “prevent” or “prevention” include
administering a compennd of the disclosure to thecehy stop ov hinder the development
of at least pne symptom of a condition.

As used hercin, the ferms “weating”, “weat” or “treatment” include
administering a protein described herein to thereby reduce or eliminate af least one

200 symptom ot a specified disease or condition or to slaw progression of the disease or
condition.

As wsed herein, the term “subject”™ shall be takeu to mean any animal including
tueenas, for example a nranmal. BExeniplavy subjects inclade but are not lgied o

humans and non-human primates. Fer example, the subject is a human.

25
Treatment of nephropathy
The disclosure herein provides, for example, a method for treating or preventing
neptwopathy i a subject comprising adnunistering to the subject a compound that
inhibits VEGF-B sienaling:
3 In ouve example, the suhject suffers from diabetes.  For example, a subject

suffering from diabetes has a chinically accepted marker of diabetes, such as:
¢ TFasting plasma glucose of greater than or equal to Tnmol/L or 126mghdl;
¢ (asual plasma ghueose (taken at any tinmwe of the day) of greater than or equal to
1L InmolL or 200 mg/dl with the symptoms of diabeess.
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*  (Oral glueose tolerance test {OGTT) value of greater than or cqual te 11 hiymel/L
or 200 mg/dl measured at a two-hour nterval. The OGTT is given over 4 two or
three-howr thine span.

In one exaraple, the subject suffers from type: | diabetes.

In one example, the subjeet suffers from type 2 diabetes.

In one example, the subject suffers from digbetic nepbropathy. For example, the
subject suffers from nephropathy associated with type 1 diabetes.  For example, the
subject suffers from pephropathy associated with type 2 diabetes.

In one example, the subject is at risk of developing disbetic nephropathy. For
example, the subject is at risk of developing wephropathy associated with type |
diabetes. For example, the subject is at risk of developing seplwopathy associated with
type 2 digbetes.

I one example, the subject suffers from microalbuminuria. In accordance with
this example, treatment according to the present disclosure may reduce the
migroalbuminuria {e.g., to less than abour 30mg albumin per 24 hours of urine
collection and/or 30mg/L albumin in a single sample and/or an ACR of less than
3.5mglmmol for females or less than 2.5 mgfomol for males or less than about 30ug
alburoiw/mg creativine.

In another example, tredatment according to the present disclosuie prevents or
slows progression of micrealbuminugia to macroatbuminutia

In one example, the subjeet suffers from reduced glomerular filtration rate, e.g.,
as measured by reduced creatining clearance rate (8.2., below 90mL/min/| .733"3). In
ong example, a method of the disclosure enhances glomeralar flltration rats.

Tn a further example, the subject suffers from hypertension or prebypevtension.
In one example, & method of the disclosure are effective in lowering a subject’s systolic
andfor diastolic blood pressure by at least 1,2, 3, 4, 5,6, 7, & 9, 10 mm Hg or more.

In one example, performing a method deseribed hetein according fo any
exampde of the disclosure resulis enbancemant of a clinical response and/or delayed
disease progression,

By "clhinical response” is meant an improvement i the symptoms. of disease.
The chimical respouse wiay be achieved within « cottain tme frame, Tor example, within
or at about ¥ wecks from the start of treattoent with, or from the mitial asdministration.
Clinical response may also be sustained for a period of time, such as Tor >24 wecks, or
=48 weeks,

Quantitative assessment of renal function and parameters of renal dysfunetion
are well known in the art aid can be found, for example, v Lovey (Am J Kidney Dis.
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2203207214, 1993). Examples of assays for the detcemination of renal

function/dysfunction are: serum creatinine level; creatinine clearance rate; cystatin C

clearance rate, 24-howr urinary creatinine clearance. 24-hour urinary protein secration;

Glonierular filtration rate (GFRY; urinavy albumin creatinine ratior (ACRY; albuwmin
5 excreten rate {AFERY; aud renal hiopsy.

VEGF-B Signaling Inhibitors

Proteins Comprising Antibody Variable Regions

An exemplary VEGE-B signaling inhibitor comprises an antibody variable
I region, &g, & an antibody or ap antibedy fragment that binds o VEGEB aad
newwalizes VEGH-B signaling.

In ome example, the antibody variable region binds specifically to VEGF-B.

Supitable aniibodies and proteins comprising variable vegions thereof are known
in the art.

15 For example, anti-VEGF-B antibodies and fragments thereof any deseribed in
WO2006/0126838.

Tn one example, the anti-VEGP-B antthody or fragmeut thereof is aw antibody
that competitively inhbibits the biading of JHIO to VEGE-B or an antigen binding
fragment thereof. In one example. the anti-VEGE-B antibody or fragment thereof is

200 antibody 2H10 or a chimeric, TDR grafted or humantzed version theveof or an antigen
binding fragment thercof. In this regard, antibody 2HI10 comprises a Vi comprising a
saguence set forth in SEQ ID Ny 3 and a Vi, comprising a sequence set forth in SEQ
I MO 4. Exemplary chimerie and homantzed versions of this antibody are described
it WO006/031 2688,

25 In one example, the anti-VEGF-B antibody or fragment thersof comprises a Vi
cofmprising a sequence st forth in SEQ 1D NG 5 and a V), comprising 4 seéquence set
forth in SEQ ID NO: 6.

In one example, the anti-VEGF-B anitbedy or fragment thercof is. an antibody
that competitively inhibits the binding of 4E12 to VEGF-B or an antigen binding

30 fragment thereof. In one example, the antl-VEGE-B antibody or fragment thereof is
antibedly 4E12 or a chimerie, CDR grafted or huntanized version thereol or an antigen
binding fragment thereof. In this regard, antibody 4E12 comprises a V3 comprising a
seguence set forth in SEQ 1D NO: 7 and a Vi comprising a sequence set forth in SEQ
IDNO: &

In one example, the compound is a protein comprising a humanized variable
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vegion of antibedy 4E12.  For example, the protein conprisces a variable region
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comprising the complementarity determining vegions {CDRs) of the Vi andfer the Vi,
of antibody 4E12. For example, the profein comprises:
) aVncomprising:
(a) a CDRI comprising a sequence set forth bir amine acids 25-34 of SEQ 1D
3 NO: 7

(B a CDR2 comprising a scquence set forth in amine acids 49-65 of SEQ ID

NEO: Foand

¢y a CDR3 comprising a sequenes set forth in amine acids 98-185 of SEQ ID

NO: 7; andfor

I i) aVpcomprising:

(ay  a CDRI comprising a sequence set forth in amino acids 24-34 of SEQ 1D

NO: 8

(1 a CDR2 comprising a sequence sef forth in amine acids 50-56 of SEQ ID

NO: & and

15 (¢}  aDR3 vomprising a sequence set forth in amine acids §9-97 of SEQ ID

NO: &

Tn one example, the anti-VEGP-B antthody or fragmeut thereof is aw antibody
that competitively inhibits the binding of 2F) w VEGRE or an antigen binding
fragment thereof. In one example. the anti-VEGE-B antibody or fragment thereof is

200 antibody 2FS or a chimeric, CDR grafted or humanized version thereof or an antigen
binding fragment thereof. In this regard, antihody 2E5 comprises a Vi comprising a
sequence set forth in SEQ 1D NG 0 agd a Vi comprising a sequence set torth in SEQ
1D NGk 10,

T one example, the compound is o protein comprising a humanized variable

25  region of antibody 2F3. For example, the prolein comprises a variable region
carnprising the complementarity determining regions (CDRS) of the Vi andfor the Vi
of antibody 2F5. For example, the protein comprises;

D a Vy comprising:
{a3 aCDRI1 comprising a sequence set forth in amine aclds 25-34 of SEQ ID
30 NO:9;
{by  a CDR2 comprising o sequence set forth i amine acids 49-065 of SEQ D
NQOQ: 9y and
{cy  a CDR3 comprising a scquence sct forth in amine acids 98-107 of SEQ ID
NO: 9y andfor

{iiy  a Vy comprising

(¥
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{a} aCDRI comprising a sequence set forth tn amine acids 24-34 of SEQ 1D
NO:10;
{by 4 CDR2 comprising a sequence set forth in amino acids 50-56 of SEQ ID
NQ:10; and
3 ¢y a2 CDR3 comprising a sequence set forth in aming seids 89-96 of SEQ ID
NO: 14,
In another example, an antibody or protein comprising a variable region thereof
is produced using a standard method, e.g., a3 is known in the art or briefly described

herein.

Tnumunizetion-based Methodys

To generate antibodies, VEGF-B or an epitope bearing fragient or portion
thereof or a modified forn thereof or nucleic acid encoding same (an “immunegen™),
optionally formulated with any suitable or desired adjuvant and/or pharmavceutieally

15 dcceplable carvier, is administered 0 a subject (for example, a non-human animal
subject, such as, 2 mouse, a rat, a chicken efe.) in the form of an injectable composition.
Exemplary nou-human animals are magunals, such as morive animals (e.g., rals or
mice),  Ilnjection may be futravasal, intrannscolar, sub-Coaneous, iNEAVENOUS,
inteadermal, inteaperitoneal, or by other known route. Optionaily, the inununogen is

20 administered numerpus times. Means for preparing and characterizing antibedies are
known in the art (See, w5, Antibodies: A Labotatory Manual, Cold Spring Harbor
Laboratory, 1988). Methods for producing anti-VEGF-B antibodies in mice are
deseribed in WO2006/(1 2688,

The production of palyclonal antibodies may be monitored by sampling blood of

25  the immunized animal at various poeints following immunization. A second, booster
injection, may be given, if required. to achieve & desired antibody titer: The process of
boesting and titering is repeated wirtil a suitable titer is achiaved. When a desived level
ot immunogenicity is obtained, the immunized animal is bled and the serum isolated
and stored. and/or the animal is used to generate menoclonal antibodies (mAbs).

30 Monoclonal antibodies we exemplary antibodies conterplated by the present
disclosure. Generally, production of monoctonal antibodies hvolves, immomizing 4
subject {e.g., a rodent, e.g., mousc or rat) with the immunogen under counditions
sutficient to stimulate antibody producing cells. In some examples, a mouse

genctically-engineered to express human antibodies and not express muring antibedies
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profeins, 1% immunized to produce an antibedy (eg, as described in
PCTAIS2007/008231 andlor Lonberg er al, Natwre 368 (19941 856-859). Pollowing
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inymunization, antibody producing sematic cells {e.g, B Iyvmphocytes) are fused with
immortal cells, e.g., immortsl myeloma cells. Various methods for producing such
fused cells (hybridomas) are known in the art and described. for example, in Kobler
and Milstein, Nature 256, 495-497, 1975, The hybridoma cells can then be cultured
5 undler conditions sufficient for antibody production.

The present disclosore contemplates other methods Tor producing antibodies,
£.g. ABL-MYC technology (as described, for example in Largaespada et af, Curr. Top.
Microbiol. Immmnol, 166,91-96. 19%(0).

W Library-Based Methods
The present disclosure also encompasses sereening of libraries of antibodies or
profeifis comprising antigen binding domains thereof {e.g., comprising variable regions
thereof) to identify & VEGF-B binding antibody or protein comprising a variable region
thereof.

15 Examples of librarics contemplared by thix disclosure include naive libraries
{(from unchallenged subjects), mmunized Nbrarvies (from subjects immunized with an
antigen) or synthetic libraries. Nucleic acid encoding anmibedies or regions thereof {e.g.,
variable regions) ave cloned by conventional technigues (e.g., as disclosed in Sarabrook
and Russell, eds, Molecular Cloning: A Lahorvatory Manual, 3rd Ed, vols. 1-3, Cold

200 Spring Harbor Laboratory Press, 2000) and used to encade and display proteins veing a
niethod known in the art.  Other technigues for producing libraries of proteins are
described in, for example in US6300064 (e.g.. a HuCAL library of Morphosys AGY;
USS885793; US6204023; US62911358; or US6248516.

The proteins according to the disclosure may be soluble secreted proteing ov

25  may be presented as a fusion protein on the surface of a cell, or particle {e.g., a phage
or othier virus, a ribosome of a spore). Various display Hbrary formats are known in the
art. For example, the libvary is an e vigw display Hbrary {e.g.. a ribpsome display
libeary, a covalent display library or a mRNA display library, e.z. as deseribed in
LIST2F0096Y). In yet another example, the display library is a phage display library

30 wherein proteins comprising antigen binding domains of antibodies are expressaed on
phage, e.g., as described fn USE300064: USSEES793; US6204023: USE291158: or
Us6248516. Other phage display methods are knows in the art and are contcmplated
by the present disclosuie. Similaily, methods of cell display are contemplated by the
disclosure, e.g., bacterial display libwaries, e.g., as deseribed in US5316637; yeast
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display libraries, ¢.g., as described i US642353% or a mammalian display library.



CA 02931357 2016-05-24

WO 2015/077845 PCT/AU2014/050387

34

Methods for screening display libraries are known in the art. In one cxample, a
display library of the present disclosure s screened using affinity purification, ¢.g., as
deseribed in Scopes (fa: Protein purification: principles and practice, Third Edition,
Springer Verlag, 19941 Methods of affinity purification typically involve contacting

5 proteins comprising antigen binding domains displayed by the libvary with a target
antigen {e.g., VEGF-B) and. following washing, eluting those domains that remain
bourxd to the antigen.

Any variable regiomns or seFyvs identified by sercering are readily modificd inte a
complete antibody, if desired. Exemplary methods for medifying or reformatting

I variable regions ov scFys fnto @ complete antiboedy are described, for example, in Jones
et af . J Imwaol Methiods. 354:85-90, 2010 ot Jostock er al., J mmunol Methods, 289:
65-20, 2004, Alternatively, or additionally, standard clening metheds are used, e.g.; as
deseribed in Ausubel er of (hn: Cuwrvent Protorols in Molecular Biology, Wiley
Interseience, ISBN 047 150338, 1987), and/or (Sumbrook ef af (I Molecutar Cloning:

15 Molecular Cloning: A Laboratory Manual, Cold Spring Harbor Laborgtogies, New
York, Third Edition 2001).

Deimmunized, Chimeric, Humanized, Synhwmanized, Primarized and Human Proteins
The proteins of the present disclosure may be a humanized protein.
20 The term “humanized protein” shall be understend to refer © a protein
comprising a human-like variable region, which ineludes CDRs from an antibody from
a non-human species (g, mouse or rat or non-human prigae) gratied onto or inserted
inte FRs from a human antibody (this type of anttbody is also veferred o a "CDR-
grafted antibody™). Humanized proteing dlse inclode proteins in which oue or more
25 residues of the human protein are medified by one or more amino acid substitutions
andfor-oite or more FR residues of the human protein ave replaced by corresponding
non-human residues, Humanized proteins may also comprise residues which are found
in neither the human antibody or in the non-human anfibody. Any additional regions of
the proteiny fe.g., Fo region) are generally buman, Humanization can be perforimed
30 using a method koown in the art, g, USS223530, USensd297, USTS66771 or
LISA385089,  The term “humanized protein” also eucompasses a super-homanized
protein, e.g., as described in TIS7732578.
The proteins of the present disclosure may be human protemns. The term

“human protein” as used herein refers to proteins having variable and, optionally,
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constant antibody regions found in humans, €.g. in the human germline or somatic cells

or from librarics produced using such regions. The “honsan™ antibodies can include
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aming acld residues not encoded by human sequences, .g. mutations introduced by
random or site directed mutations in vitre (in particolar mutations which involve
comservative substitutions or mutations in a small mirnber of residues of the protsin,
g 1, 2, 3, 4 or § of the residues of the protein). These “human antibodies™ do oot
5 necessarily need to be generated as a result of an impoune responss of a buman, rather,
they can be generated using recombinant means (e.g.. screening a phage display
library} andfor by 4 transgenic animal {e.g., & mouse) comprising nucleic acid encoding
human antibedy constant andfer variable regions and/or using guided sclection (a.g., as
deseribed in or TS5565332). This term also encompasses affinity matured forms of

10 such antibodies. For the prurposes of the present disclosure, a hoioait protein will also
be considered o fnclude a protein comprising FRs from a human antibody or FRs
comprising sequences from ¢ consensus sequence of human FRs and in which one or
mote of the CDRs are random or semi-random, e.g., as described in US6300064 and/or
UIS6248516.

15 The proteins of the pregsent disclosuie miay be synhumanized proteins, The term
“synhumanized profein” refers to a protein prepared by a methed deseribed in
WORT7H19620. & syrhumianized protein includes a variable region of an antibody,
wherein the variable region cowprises HFRs from a New World primate antibody
variable regiom and CDORs from a non-New World primate antibody variable region.

200 For example, a synhumanized protein includes a variable region of an antibody,
wherein the variable region comprises FRs fromr a New Werld primate amibody
variable region and CDRs from. 4 nouse or rat antibody.

The proteins of the present disclosmre way be primatized profeius. A
“priviatized  protell™  corgprises variable region(s) from an antibody  generited

25 following immunization of a non-human primate (e.g., a cynomolgus macaque).
Optionally, the vartable regions of the non-humain priroate antibody are lnked to
human constant regions to produce a primatized antibody, Excmplary methods for
producing primatized antibodies are deseribed in US61 13898,

In one example o protein of the disclosury is 2 chimeric protein. The term

30 “chimeric protemns”™ refers to proteins i which an antigen binding domain is from a
particular species {e.g. murine, such as soouse or raQ) or belonging o a particular
antibody class or subclass, while the remainder of the protein is from a protein derived
from another species (such as, for example, human or nen-human primate) or

belonging to another antibody class or subclass. In one example, a chimeric protein is a
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chimeric antibody comprising a Vg and/or a Vi, fronmi a non-hwman antibody (e.g., a
murine antibody) and the remaining regions of ithe antibody are from a homan
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antibody. The preduction of such chimeric proteins is knows in the art, and may be

achicved by standard mesns {as described, cg. in US633141S; USS807715;
LIS4816567 and US4816397).

The present discloswre also conternplates a detowsunized protein, eg., as

5 deseribed in WOX000/34317 and WO/ 108158, De-dmmunized antibodies and

proteins have one or more epitopes, e.g.. B cell epitopes or T eell epitopes removed

{i.e.. mutated) to thereby reduce the likelthood that a subject will ralse an immune

response against the antibody or protein.

W Other Proteins Comprising Antibody Viariable Regions
The present disclosure alse comemplates other proteins. comprisiug a wariable

region or antigen binding domain of an antibody, such as:
(i} a single-domain antibedy, which is a stngle polvpeptide chain comprising all or
a portion of the Vi or a Vi of anantibody {see, e.g., US6248516);

15 iy  diabodies, riabodies and tetrabodies, «.g. as described in USS5844094 and/or
US2008152586;
(i) scbvs, e.g., as described in US3260203;
{ivi  minibodies, e.g.. as desceibed iv US5837821;
(v}  “key and hole” hispecific proteins as described in USST31168;

200 {vi}  heteroconjugate proteins, €.4., a8 described in US4676980;
{vii) hetereconjugate proteins produced using a chemical eress-linker, e.g., as
described in US4676980;
{viif) Fab'-SH fragments, ¢.g., as described in Shalaby ef af, J Exp. Med, 175 217-
225, 1992 or

25  {(ix) Fab; {e.g., as described in EP19930302894).

Constant Domain Fusions
The present disclosure encompasses a protein comprising a variable region of an
antibody and a copstant region or Fo or a domain thereof, g.g., Cu2 and/or Cud domain.
30 Sueitable constant regions aud/or domains will be apparent to the skilled artisan andfor
the sequences of such polypeptides we readily avatlable ¥roni publicly available
databascs. Kabat #f ol also provide description of some suitable constant
regions/domains.

Constant regions and/or domains thereof are useful for providing biological

(¥
LA

activities such as, dimerization, extended serum half-life e.g. by binding to FeRn
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{neonatal Fc Receptor), antigen dependent cell ewtotoxicity {ADCC), complement
dependent cyvtotoxicity (CDC, antipen dependent cell phagocytosis (ADCP).
The present diselosure also comtemplates proteins comprising mgtant constant
regions or domains, e.g., as described in US7217797, UST217798; or US20000041770
5 (having increased half-life) or US2005037000 fuoreased ADCC.

Stabilized Proteins
Neutralizing proteins of the present disclosure can comprise an Ig(G4 constant
region or a stabilized 1pG4 constant region. The term “stabilized g4 constant region”
I will be understood to mean an 1gG4 constant region that has beeyw miadified to reduce
Fab arm. exchange or the propensity to undergoe Fab arm exchange or formation of a
half-antibedy or a propensity to form a half antibady. “Fab arm exchange™ refers to a
type of protein modification for human 1964, in which an 1gG4 heavy chain and
attached light chuin (half-molecule) iy swapped for a heavy-light chain pair from
15 another IgG4 molecule. Thus, IgG4 molecules may acquire two distinet Faby arms
recognizing two distinet antigens {(vesulting in bispecific molecules). Fab arm exchange
oceurs naturally én vive and can be indouced in vivro by porified blood cells or reduciug
agents such as veduced glitathione. A “half antibody™ forros when an eG4 antibody
dissoeigtes to form two molecules sach containing a single heavy chain and a single
200 light chain.

In one example, a stabilized IgG4 constant region comprises a proline at
position 241 of the hinge region according to the system of Kabat (Kabat &1 al.,
Sequences of Proteins of Immunclogical Interest Washington DC United States
Department of Hedlth and Humoy Services, 1987 andfor 1991).  This position

25 comecsponds to position 228 of the hinge region according to the EU numbering system
{Kabat et af., Sequences of Proteins of Inununclogical Interest Washington DC United
States Department of Health and Humas Services, 2001 and Edelman et ab, Proc. Natl.
Acad. USA, 63, 78-85, 1969). In human 1G4, this residue is generally a serine.
Following substitution of the serine for proling, the lgG4 hinge resion comprisés a

30 seguence CPPC. hu this regard, the skilled person will be aware that the “hinge regiow™
is a proline-rich portivn of an antibody Heavy chain constont region that Hiks the Fe
and Fab regions that confers mobility on the two Fab arms of an anttbody. The hinge
region includes cysteine residues which are involved in inter-heavy chain disulfide

bonds. It is generally defined as stetching from Glu226 to Pro243 of buman IgGl
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according to the numbering system of Kabat, Hinge regions of other 1gG isotypes may
be aligned with the 1gGl sequence by placing the first and last cvsteine rosidugs
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forming inter-heavy chain disulphide (5-5) bowds in the same positions (sce for
cxample WO201(/080538).

Additional Protein-Based VEGE-B Signaling Iubibitors

5 Other proteins that may interfere with the productive teraction of VEGE-B

with its receptor include mutant VEGF-B proteins.

In one example, the inhibitor js a soluble protein comprising ene or mere
domains of a VEGE-R1 that bind to VEGF-B (and, e.g., do not substantiaily bind to
VEGF-A). In one example, the soluble protein additionally comprises a constant

10 region of an antibody, such as an 101 antibody.  Por example, the solable protein
addittenally comprises a Fo region and, optioually a hinge region of an antibody, ey,
an Ig3] antibody,

I one example, the protein inhibitor is an antibody mimetic, e.g., a protein
scaffold comprising variable regions that bind to 4 target protein in 4 manner analogous

13 to.anantibody., A description of exemplary antibody mimetics follows.
Irnmenoglobrding and Immunoglobulin Fragments

An sxample of a compound of the present disclosure: is o protein conmiprising a

variable region of an immuonoglobulin, such as a T cell receptor or a hegvy chain

200 immunoglobulin (e.g., an ENAR, a camelid antibody).

Hegvy Chain Impuisioglobulias
Heavy chain immunoglobulins differ structorally frem many other forms of
immnmeglabubin (g.g., antibodies) i se far as they comprise a heavy ehain, but do not
25  comprise a light chain. Accordingly, these immunoglobulins are also referred to as
“heavy chain only antibodies™ Heavy chain immunoglobuling areé found in, for
example, camelids and cartilaginous fish {also called IgNAR).
The wvariable regions present in  naturally ocowring  heavy  chain
immunoglobuling ate generally referred 0 a8 "V domaing” in camelid 1g and V-NAR
30 in IgNAR, in order to distinguish them from the heavy chain variable regious that are
present in convennonal 4-chain witibodics (which are referred o as "V domains™) and
from the hight chain variable regions that are present in conventional 4-chain antibodics
{which ari referred t© as "V domains").

Heavy chain ionwnoglobuling do not require the presence of light chains to
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bind with high affinity and with high specificity to a relevant antigen. This means that
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single: domain binding fragments can be derived from heavy chaiy imimunoglobulins,
which are casy to express and are generally stable and soluble.

A general description of heavy chain immunoglobuling from camelids and the
variable regions thereof and methods for their production and/or isolation and/or use is

5 found inter alic W the following veferences WOR4/04678, WOUTHOB0S and WO
D7/49805.

A general description of beavy chain immunoglobubing from cantilaginous fish
and the variable regions. thereof aid methods for their production andfor 1selation
andfor use is found fefer alia in WO2005/1 18629

10

Velike Proveins

An example of & compovnd of the disclosure i8 a T-cell receptor. T cell
receptors have two V-domuins that combine into a structure similar to the Fv medule of
an antibody. Novotny ef al., Proc Narf Acad Sci U3A 880 8646-8650, 1991 describes

15 howthe two V-domains of the T-cell veceptor ttermed alpha and beta) can be fosed and
axpressed as a single chain polypeptide and, further, how to alter surface residues to
reduce the hvdrophobicity divectly analogous 1o an antibody scPv. Other publications
describing production of single-chain Tecell receptors or nuliimeric T cell teceptors
eomprising two  V-alpba and  V-beta  domains  include WOI1999/045110 or

200 WO2011/107593.

Other non-antibody proteins compwizsing antigen binding domains include
‘profeing with V-like domains, which are generally monomeric. Examples of proteing
comprising such V-like dowaius inchade CTLA-4, CD2R and ICOS. Further disclosure
of proteins comprising such V-lke domaius is ncluded in WOIT996/045110.

Adnecting
In one example, a compound of the disclosure is an adnectin,  Adnecting are
basad on the tenth fibronectin type I (“}an%) domain of human fibronectin in which
the Loop regions are altered to conter antigen binding. Por example, three loops at ong
30 eud of the P-sandwich of the "“Fn3 donain can be engineered to emable an Adnectin to
specifically recognize an antigen. For further details see US20080139791 or
WO2005/056764.

Anticaling
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In a further example, a conpound of the disclosure is an anticalin. Anticalins are
derived from lipocalins, which are a family of extracclular proteins which transport
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simall hydrophobic molecules such as sterolds, bilins, retinoids and lipids. Lipecaling

have a rigid f-sheet secondary structure with a plurality of loops at the open end of the

conmical structure which can be epgineered to bind fo an avkigen. Such engineercd

lipocaling are known as apticalins.  For fucther description of anticalins see
3 USTIS0297B1 o US20070224633.

Affibodies
In a further example, a compound of the disclosuie is an affibedy. An affibody
is a scaffold derived from the Z domain (antigen hinding domain) of Protein A of
10 Sraphvlococeus auredy which can be engineered o hind to antigen. The Z domain
consists of a thres-helical nndle of approximately 58 amine acids. Libraries have been

generated by randomization of surface residues. For further details see EP1641818.

Avimers
15 In a further example, & compound of the disclosure is an Avimer. Avimiers are
multidomain proteins derived from the A-domain scaffold family. The native domains
of approximately 35 amine acids adopt g defined disulphide bonded structure. Diversity
is generated by shuffling of the natoral variation exhibited by the farnily of A-domains.
For further details see WO2002088171.

DIARPins
In a fugther example, a compound of the disclosure is a Designed Agkyrin
Repeat Protein (DARPin). DARPins are derived from Ankyrin which is a family of
profeins that mediate attachment of integral wembrane proteins to the oytoskeleton. A
25 single ankyrin repeat is a 33 residue motif consisting of two g-helices and a B-oum.
They cait be engincered to bind different target antigens by randomizing residues in the
first p-helix and a oo of each repeat. Their binding interface can be increased by
tncreasing the number of medulas {(a methed of affintty maturation). For further details

see US20040132028.

30
Methods for Produciie Proteins
Recombinant Expression
Tu the case of a recombinant protein; nucleic acid encoding same can be cloned
inte expression vectors, which are then transfected inte host cells, such as Bl coli cells,
35 yeast gells, insect cells, or mammalian cels, such as simian COS cells, Chinese

Hamster Ovary (CHO)Y cells, human embryonic kidoey (HEK)Y cells, or nyveloma cells
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that do not otherwise produce an antibody. Exemplary cells used for expressing a
protein of the disclosure are CHO cells, myeloma cells or HEK cells. Molocular
cloning techniques to achicve theése ends wré kiown in the art and descvibed, for
examople in Ausubel gt al, {editors), Carvent Protocols in Moleoular Biology, Greene
5 Pub. Associates and Wiley-Interscience (1988, ineluding all updates until present) or
Sambrook ef ol, Molecular Cloning: A Laboratory Manual, Cold Spring Harber
Laboratory Press (1989). A wide vatiety of cloning and én vifre amplification methods
are suitable foo the construction of recombinant nucleie acids. Methods of producing
recombinant antibodies are also known o the art. See US4816567 or LIS5530101.

10 Following twolation, (e mucleie acid is inserted operably linked 1o a promoter in
au expression construct or expression vector for further cloning (anmplification of the
DNAY or for expression in i cell-free system or in cells.

As uyed herein, the term “promoter™ s to- be taken in its broadest context and
tncludes the transcriptional regulatory sequences of a genomic gene, including the

15 TATA beox or initiator element, which is vequired. for accurate transcription initiation,
with or without additional regulatory elements (e.g., upstream activating sequences,
transcription factor binding sites, enhiancers and silencers) that alter expression of a
wicleie acid, e.g., in response o a developmental and/or external stimulus, of in a tissue
specifie manner. In the present context, the term “promoter” is also used to deseribe a

20 recombinant, synthetic or fusion nucleie acid, or derivative which confers, activates or
enhances the expression of a nuelsic acid to which it is operably linked. Exemplary
promaeters can contain additional copiss of oite of more specific regulatory elements to
further enhance expression andfor alter the spatial expression avnd/or temporal
expression of said nueleie acid.

25 As used herein, the term “operably Hoked 0" means positioning a promoter
relative to a duekeic acid such that expression of the nutleic acid is contcolled by the
promoter.

Many vectors for expression in cells are available. The vector components
generglly include, but are not lmited to, one or more of the following: a signal

30 seguence, a sequence encoeding an antibody {e.g.. derived from the information
provided hereind, an enhancer clement, o promoter, and & travserption ernination
scquence. The skilled artisan will be aware of suitable sequences for expression of an
antibody. Exemplary signal sequesces include prokaryotie secretion signals {e.g., petB.

alkaline phosphatase, penicillinase, Ipp, or heat-stable enterotoxin i), yeast secretion
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signals {g.g., invertase leader, o factor leader, or agid phosphatase leader) or
mamntalian scereton signals (¢.g, herpes simplex g signat}.
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Exemplary prometers active in mammalian cells include cytomegalovirus
immediate carly promoter (CMV-IE), human clongation factor 1-o promoter (EF1),
small nuclear RNA promoters (Ula and Lilb), t-myosin heavy chain prorooter, Simian
virus 40 promoter (3V40), Rous sarcorma virus profooter (RSV), Adenovirus major late

5 promoter, Bractin promotes; hybrid regulatery element comprising 2 CMV enhancer/ -
actin promoter ¢ an immunoglobulin promoter or active fragment thersof. Exanples of
wseful mammalian host cell lines are mopkey kidney CV1 line transformed by SV40
{CO8-7, ATCC CRL 1651y, human embryonic kidney line (293 or 293 calls subcloned
for growth in suspension culture; baby hamster kidney cells (BHK, ATCC CCL 10%; or

1 Chinese hamster gvary cells {CHO).

Typical prometers suitable for expression in yeast cells such as for example a
yeast eell selected from the group comprising Piehic pastoris, Sacchavemyces
cerevisioe and 8. pombe, include, but are not imited to, the ADHT promoter, the GALZ
promoter, the GAL4 promoter, the CUPI promoter, the PHOS promoter, the wmr

15 prometer, the RPRI promotey, or the TEFT promoter.

Means Tor introducing the isolated nucleic acid or expression construct
comprising same into a cell for expression ave known to those skilled in the art. The
techuique used for a given cell depeuds on the knowa successful techuigques. Means for
introducing recombinant DNA into cells include microinjection, twansfection mediated

200 by DEAE-dextran, transtection mediated by Hposomes such as by using lipofectamine
{Gibeo, MD, USAY and/or cellfectin {(Gibeo, MD, USA), PEG-mediatad DNA uptake,
electroporation and microparticle bombardment sueh 4s by using DNA-coated tungsten
or gold particles (Agracetus Inc., W, USAY amongst others.

The host ¢ells used to produce the antbody may be cultured bt o virtety of

25 media, depending on the cell type used. Conumercially available media such as Ham's
FI0 (Sigma), Minimal Essential Medivm ((MEM}, (Sigma), RPMI-1640 (Sigma), and
Dulbecer's Modified Eagle’s Medinm ((DMEM), Sigma} are suvitable for culturing

manupalian cells. Media for culturing other cell types discussed herein are knowa in

thie art.
30
Proteins Purification
Following production/cxpression, a protein of the disclosure is puritied using a
methed known in the art. Such purification. provides the protgin of the disclosure
substantially free of nenspecific protein, acids, lipids, carbobydrates, and the like. In
35 ope example, the protein will be in a preparation wherein more than about 90% (v.g.

95%, 98% or 999} of the protein by the preparation is a protein of the disclosore,
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Standacd methods of peptide punfication are cmployed to obtain an isclated
protein of the disclosure, incloding but not Hmited to varions high-pressure (or
performarce) liquid chromatography (HPLC) and non-HPLC pelypeptide isolation
protocols, such as size exclusion chromatograpby, lon exchange chromatography,

5  hwidrophobic interaction chromatography, mixed mode chromatography, phase
separation methods, electrophoretic separations, precipitation methods, salting infout
methods, immunochromatography, andfor other methods.

In eme example, affinity purification is useful for isolating a fusion protein
comprising a label. Methods for isolating a protein using affinity chromatography are

10 known in the art and described, for example, in Scopes ( Pratein purification:
principles and practice, Thivd Bdition, Springer Verlag, 19943, For example, an
antibody or compound that binds to the label (in the case of @ polyhistidine tag this may
be, for example, nickel-NTA) is immebilized on a solid support. A sample comprising
4 protein is then contacted to the immobilized antibody or sompound for o time wnd

15 under conditions sufficient for binding to oceur. Following washing o remove any
unbound or non-specifically bound protein, the protein is eluted.

Tn the case of 4 protein comprising a Fo region of an avtibody, prowin A or
protein G or modified forms theceof cau be used for affinity porification. Protein A is
useful for isolating purified proteins comprising a huntan yl , v2, or y4 heavy chain Fe

200 vegion, Protein G is recommended for all mouse Fe isotypes and for human v3.

Nucleic Acid-Based VEGF-B Sigraling Inhkibitors
In one example of the disclosure, therapeutic and/or prophylactic methods as
describad  heveln according to any exdmple of the disclosure volve reducing
25 expression of VEGF-B. For example, such a method involves administering a
compouiid that reduces transceription and/or translation of the nucleic acid. In one
example, the compound is a nucleic acid, g.g., an anfisense polynucleotide, a ribozyme,
a PNA, an interforing RNA, a siRNA, a microRNA

30 Antisense Nugleic Acids

The term. “antisense nucleie acid” shall be taken to mean a DNA or RNA or
derivative thereof {c.g., LNA or PNA), or combination thereof that is complementary to
at least a portion of a specific mRNA moleciile encoding & polypeptide as described

herein in any example of the disclosure and capable of iuterfering with a post-

(¥
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franscriptional event such as mRNA franslation. The use of antisense methods is
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know in the art (see for example, Hartmann and Endres (cditors), Manual of Antiscuse
Methodology, Klawer (19997,
An antisense nucleic acid of the disclosure will bybridize to a target mucleic acid
under physiological cenditions.  Antisense nucleie acids include sequences that
3 comespond tostructural genes or coding regions of o sequenves that effect control over
gene expression o splicing, For example, the antisense nucleic acid may eovrespond o
the targeted coding region of a nucleic acid encoding VEGE-B, or the 5 auntranslated
region (UTR} or the 3'-UTR or combination of these. It may be complementary in part
to intron sequences, which may be spliced out during or after transeription, for example
1 only o exon sequences of the target gene, The length of the mutisense sequencs should
be at least 19 contiguous vuclentides, for example, at feast 50 nucleotides, such as at
least 100, 200, 500 or 1000 micleotides of a nweleie scid encoding VEGEF-B. The full-
lengih sequence conplementary o the entire gene transcript may be used. The length
cant be 100-2000 nucleotides. The degree of identity of the antisense sequence to the
15 argeted transcript should be at least 90%, for example, 93-100%.
Exemplary antisense nucleic acids against VEGF-B are described, for example,
i WO03/ 105754,

Catalviic Nucleic Acid

20 The term “catalytic nuclete acid” refers to a2 BDNA molecule or DNA -containing
mielecule (also known in the art as a “deoxyribozyme™ or “DNAzyme™) or 3 RNA or
RNA-containing molecule {also known 25 a “ribozvie™ or "RNAzymie™ which
specifically recognizes a distingt substrate and catabyzes the chemical modification of
this substrate. The nucleic acid bases in the catilytic nocleie acid can be bases A, €, G,

25 T {and U for RNA).

Tvpically, the catalytic nucleic acid contging an antisense sequeace for speeific
recognition of 4 target nucleic acid, and a nucleie acisd cleaving enzymafic activity (also
referred to hetein as the “catalyfie domain™), Ths types of ribozymes that are useful in

this disclosure are a bammevhead ribozyme and a bairpin ribozyine.

30
RNA uterferenee
RMNA interference (RNAT) is useful for specifically inhibiting the production of 4
particular protein.  Witheut being limited by theery, this technology relies on the
presence of dsRNA molecules that contain a sequence that is essentially identical to the
35 mRNA of the gene of interest or part thereof, in this case an mRNA snecoading a YVEGE-

B. Conveniently, the dsRNA can be produced from a single prometer in g recombigant
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vegtor hust cell, wheny the sense and anti-sense sequences are flanked by an unrclated
sequence which enables the sense and anbi-sense sequences o hybridize to form the
dsRNA melecule with the wnrelated sequence fornting a loop stictre. The desigit and
productiom of suitable dsRNA molecules for the present disclosure is well within the

5  capacity of a person skilled in the at, particulaly considering WQO99/32619,
WORYS53050, WO09/40029, and WOU/34B15.

The length of the: sense and antisense sequences that hybridize should each be at
least 19 contiguons nucleotides, such as at least 30 or 50 nucleotides, for exampls at
least 100, 200, 5300 or 1000 nucleotides. The full-length sequence corresponding to the

I entire geng transceipt may be used, The lengths cant be 1002000 nucleotides. The
degree of identity of the sense and antisense sequences to the targeted transcript should
be at least 85%, for example, at least 0% such as, 95-100%.

Exemplary small interfering RNA ("siRNA™) molecules contprise a nucleotide

sequence that is identical to abowt 19-21 contiguous nucleotides of the target mRNA.

15 For example, the siBRNA sequence commences with the dimscleotide AA, comprises a
GC-content of about 30-70% {for examples, 30-60%, such as 40-60% for example about
43%-35%), and does not have a high perceutage identity to sy vucleotide sequence
other than the target in the genome of the mummal in which it i§ to be introduced, for
example gs determined by standard BLAST search. Exemplary siRNA that reduce

Y expression of VEGE-B are commercially available from Santa Cruz Biotechoology or
Novus Biologicals.

Short hairpin RNA (shRNA) that veduce gxpression of VEGE-B are also known
in the art and commercially available From Santa Cruz Biotechnology.

25 Screening Assays
Compounds that inhibit VEGEF-B signaling can be identified using techniques
known in the art, £.g.. as described below. Sinvlarly, amounts of VEGE-B signaling
inhibitors suitable for use in a method described harein can be determined or estimated

using techinigues known iy the ant, e.g.. as described below.

30
Neutralization Assays
For compounds that bind to VEGF-B and inhibit signaling, a ncutralization
assay can be used.
In one example, a newtralization assay tnvolves contacting VEGF-B with a
35 compound in the presence o absence of defectably labeled soluble VEGE-R1 or

contacting detectably labeled VEGE-B with a compound i the presence or absence of



CA 02931357 2016-05-24

WO 2015/077845 PCT/AU2014/050387

46

a cell expressing VEGF-R] or a seloble VEGF-R1. The level of VEGE-B bound to the
VEGF-R1 is then assessed. A reduced level of bound VEGE-B in the presence of the
compouitd compared. to in the absence of the compouand. indicates the compound
inhibits VEGF-B binding to VEGEF-R1 and, 85 a consequence VEGEF-B signaling.

5 Aunother neutralization assay s deseribed 1o WO2006/012088 and nvalves
contacting a fragment of VEGH-R1 comprising the second Ig-like domain immobilized
on a solid support with a subsatwrating concentration of recombinant VEGE-B pre-
incubated with a compound. Following washing to remove unbound protein, the
immobilized protein is contacted with anti-VEGE-B antibody and the amount of hound

10 antibady dndicative of omobitlized VEGE-B) determingd. A componnd that reduces
the level of bound antibody conmpared. to the level in the abseoce of the compound is
considered an inhibitor of VEGF-B signaling.

In another example, a compound that inhibits VEGF-B signaling is identified
using a cell dependent on VEGF-B signaling for proliferation, .z, a BaF3 cell

15 modificd as described in WO2006/01 2688 to express a chimeric recepter incorporating
the intracellular domain of the human erythropoietin receptor and the extracellular
domain of VEGF-RL. Cells are cultmed in the presence of VEGE-B and in the
presence or dbsence of a compound. Cell proliferation is then assessed using standard
metheds, ¢.g., colony formation assays. thymidine incotporation or uptake of another

200 suitable marker of cell proliferation (e.g., a MTS dye reduction assay). A compound
that reduces the level of proliferation in the prosence of VEGF-B is considered an
inthibirer of VEGF-B signaling,

Compowds can also be assessed for their ability to bind o VEGF-B using
standand methods. Methods for dssessing binding to & protein are know i the at,

25 e.g., as described in Scopes (fa: Protein purification: principles and practice, Third
Edition, Springer Verlag, 1994). Such a method generally involves labeling the
conmpound and contacting it with immobtized VEGEF-B. Following washing to remove
non-specific bound compound, the ameunt of label and, as a consequence, bound
compound is detected. Of course, the compound can be tmmobilized and the VEGE-B

30 labeled. Panning-type assays can also be used. Alternatively, or additionally, surface
plasmon resonanice assays can be used.

A compound that reduces or prevents expression of VEGF-B is identified by
35 contacting a ¢ell with the compound and determining the level of expression of the
VEGEF-B, Suitable methods for determining gene expression at the nucleic acid level
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are known in the art and tnclude. for example, quantitatye polymerase chain tedction

{(qPCR) or microarray assays. Suitable methods for determining cxpression at the

protein lkevel are also known in the art and include, for example, enzyre-linked

immunosorbent assay (ELISA). fluorescence boked imnuwmosorhent assay (FLISA),
5 immunofluoreseence or Western blofting,

In Vivo Assays

Compounds described herein can be tested for activity in amimal models.

Examples of animals models of type IT diabetes and obesity include: the Ob/Ob mouse
H movogenic model of obesity, leptin deficient), the db/db mouse (monogenic model of

obesity, leptin resistant), the Zucker (fa/fa) rat (monogenic model of obesity, leptin

resistant), the Goro-Kakizaki rat, the KK mouse, the NSY moise, the OLETF rat, the

Israch sand rat, the Fat-fed streptozotocin-trested rat, the CBA/ A mouse, the Digbetic

Torri rat, the New Zealand obese mwouse (see Rees and Aleolado Diaber. Med. 22, 359-
15 370, 2005),

Known animal models of spontancous type 2 diabetic neplwopathy include: the
spontangously hypertensive/NIH-corpulent {SHR/N-cp) rat {model of obesity, tvpe 2
diabetes aud nephropathy), fhe lean SHRN-cp rat and the Wiktue-Kyoto/NIH~-corpulent
{WKY/N-cp) rat. Both of these models allow assessment of the role of hypertension

200 and eobegity in the pathogenesis of diabetic nephropathy: the SHR/N-cp rats have
abnornial glucose wlerance, hypertension, and develop a renal discase reminiscent of
humat diabetic nephropathy, whereas the WKY/N-cp rats are also obess and have
hyperfipidacmia, but their glucose control is less controlled thau that of the SHR/N-cp
raty. A fucter roodel 1 the LAM-ep rat {also carries the gene for obesity, and exhibity

25  hyperlipidaemia) {see Kimmel ef al. Actu Divbetolopica, 29, 142-148, 1992). As
exemplified herein, the db/db mouse is also an effective madel of diabetic nephropathy.,

Pharmaceutical Compositions and Methods of Treatment
A compound that tnhibits VEGE-B signaling (sya. active ingredient) is useful
30 for parvewteral, topical, oral, or local administration, aevosol administration, or
transdermdl admoitistration, tor prophylactic or for therapeytc treatiient. In one
cxample, the compound is administered parenterally, such as subcutancously or
intravenously.

Formulation of a compound o be administercd will vary according te the route

(¥
LA

of administration and formulation {e.g.. selution, emulsion, capsule) selected.  An
appropriate pharmaceatical compostiion comprising compound to by adininistered van
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be preparcd in a physiologically accoptable camrier. For selutions or smulsions, suitabls
carriers include, for example, aqueous or aleoholicfaqueous solotions, emulsions: or
suspensions, including saling and boffored media.  Parenteral vehicles ean include
sodiom chloride solotion, Ringer's dexivose, dextrose and sodivm chloride, lactated

5 Ringet's or fixed oils. A variety of appropriate aqueons cartiers are known to the skilled
artisan, including water, buffered water, buffered saline, polyols {e.g. glycerol,
propylene  glycol, liquid polyethylene glveol), dextrose solution and  glyeine
Iatravenous vehicles can inelude various additives, preservatives, or fluid, nuatrient or
clectrolyte replenishors (See, genersily, Remington’s Pharmaceutical Science, I6th

10 Edidon, Mack, Ed. 19803 The compositions can optionally contain pharmaceutically
acceptable anxiliary substances as vequired to approximate physiological conditions
such as pH adjusting and buffering agents and toxieity adjusting agents, for example,
sodiom acetate, sodivm chlovide. potassivm chlotide, calcium chloride and sodium
luctate. The compound can be lyophilized for storage and reconsiituted n a suitable

15 carrier prior to useaccording to art-known lyophilization and reconstitudon techniques.

The optimum concentration of the active ingredient(s) in the chosen medivm can
be determined eowmirically, according to procedures koown to the skilled arfisan, and
will depend on fhe ultimate pharmacentical formulation desived.

The dosage ranges for the administration of the compound of the diselosure are

20 those large enough to produce the desired effect. For example, the composition
comprises a therapeutically or prophylacticaily effective amount of the compound.

As used herein, the tern “effective amount” shall be taken to mean a sufficient
quantity of the compound to inhibithedoce/prevent signaling of VEGE-B in a subject.
The skilled artisan will be aware that soch an amount will vaey depevnding on, for

25  example, the compound and/or the particular subject and/or the type sndfor the severity
of nephropathy heing tieated. Accordingty, this term is not to be construed to limii the
disclosure to a specific quantity, &.g., weight or number of compounds.

As used hetein, the term “therapeutically effective amount™ shall be taken to
mesn a sufficient quantty of compound to reduce or inhibit one or mere symptoms of

30 nephropathy.

As used berein, the term “prophylactically effective amount”™ shall be takien to
mean a sufficient guantity of compound to prevent or inhibit or delay the onset of one
or more detectable symptoms of nephropathy.

In one example, the conmpound is administered in an amount effective to have

(¥
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o of more of the following effects:
¢ Reduve or prevent hypertension;
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» Reduce or prevent glomerslar andfor tubular sclerosis;

* Reduce or prevent mesangial extracelular mateix deposition and/or abnormal
thickening of the glomerular basement micmbrane;

¢ Reduce or prevent glomerular moesangial expansion;

5 # Reduecs or prevent glormerlar vascular reatrangements;

¢ Reduoce or prevent renal Hipid accumulation;

&  Reduce or prevent glomernlar Hpid accumulation;

¢ Reduce or prevent glomerular collagen deposits andfer arteriolar hyaliosts:
andfor

10 ¢ Reduce or prevent magroalbaminurii,

The dosage should not be so large as to cause adverse side effects, such as hiyper
viscosity syndromes, pulmonary edema, congestive heant failure, snd the like.
Generally, the dosage will vary with the age, condition, sex and extent of the disease in
the patient and can be determinesd by one of skill in the art. The dosage can be adjusted

15 by the individoal physician in the event of any complication.

Dosage can vary from about L1 mg/kg to about 300 mgikg, e.g., from about (1.2
gk o about 200 mg/kg, such as, from about 0.5 mg/kg o abont 20 mgrke, in ove or
more dose adninistrations daily, for one or several days.

In some examples, the compound is administered at an initial {or loading) dose

200 which is higher than subsequent (maintenaisce doses). For example, the compound is
administered. at an initial dose of between about Imgike to about 30mgkg The
compound is then administered at a maintenance dese of between abont 0.0001mg/ky
to about lmgdkg. The maintenance doses may be administered every 7-33 days, such
as, every 14 or 21 or 28 days.

25 In some examples, a dose escalation regime is used, in which a compound is
tnitdally administered at a lower dose than used in subsequent doses. This dosage
regimy is useful in the case of subject’s initially suffering adverse events

In the case of a subject that is not adequately responding to treatment, multiple
doges in a week may be administered. Ahernatively, or in addition, increasing doses

30 may be admimistered.

A subject may be retreated with the compeuud, by being given more than one
gxposure or set of doses, such as at least about two exposures of the compound, for
example, from about 2 to 60 cxposures, and more particslarly about 2 to 40 exposures,

most particularly, about 2 to 20 exposures.

(¥
LA

In one example, any mtreatment may be given when signs or symptoms. of
dizcase return, c.g. when the microalbuminusia progresses.
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In another exampls, sny retrcatment may be given at defined intervals. For
cxample, subsequent exposures may be administered at various intervals, such as, for
example, about 24-28 weeks or 48-56 weeks or longer. For exaniple, such exposures
are administered at intervals each of abeut 24-26 weeks or about 38-42 weeks, o about

5 50-534 weeks,

A method of the present disclosure may #lse include co-administration of the at
least one compound according to the disclosure together with the administration of
angther therapeutically effective agent for the prevention or treatment of a renal
disorder or complication, nephropathy (e.p. diabetic  vephropathy), diabetes,

10 dyslipidemia, bypertension and/or obesity,

In oue example, the compound{s) of the disclosore {5 wsed by connbination with
at least one additional known compound which i3 currently being used or is in
development for preventing or treating diabetes. Examples of such known compounds
tnclude but are not limited to common anti-diabetic drugs such as sulphonylureas (e

15 glicazide. glipizide), metformin, glitazones {e.g. rusiglitazone, pioglitazone), prandial
glucose releasing agents (e.g. repaglinide, nateglinide), acarbose and insulin (including
all nanueally-occurving, synthetic and modified forms of bisuling, such as insulin of
human, bovine or porcing origiin; insulin suspended v, for examyle, isopbane or zinc
and derivatives such as insulin glulisine, insulin lispro, insulin lispro protamine, insulin

2 glargine, insulin detemir or insulin aspatt).

In one example, the compound{s) of the disclosure is used in combination with
at least one addidonal knoww conipounnd which is curtently being used or in
development for preventing or treating venal disovder such as nephropathy, or an
associated disotder or complication. Examples of such known compounds include but

25  are not limited to: ACE inhibitor drugs {e.g. captopril {(Capoten™), enalapril
{Innovace™), fositopril (Staril™), listnopril (Zestril™), perindopril {Coversyl™),
quinapril {Accupro™), mandanalopril (Gopten™), lotensin, moexipril, ramipril); RAS
bleckers; angiotensin receptor blockers (ARBg&) {g.g. Olmesartan, Irbesartan, Losartan,
Valsartan, candesartan, eprosartan, telmisartan, ete); protein kinase C (PKC} inhibitoes

30 {e.g. ruboxistaurin); inhibitors of AGE-dependent pathways (e.g anunoguanising,
ALT-946, pyrodoxanniiie {pyrododerin), OPB-9IYS, alagebrinnd; ant-uflamniatory
agents {e.g. clyclooxigenase-2 inhibitors, mycophenolate mophetil, mizoribine,
permoxitylling), GAGs (e.g. sulodexide (1.8, Pac. No. 53,496,807 1); pyridoxanting (UL,
Pat. No. 7,034,146); endothelin antagomists {e.g. SPP 301}, COX-2 inhibitors, PPAR-

gamma antagonists and other compounds like amifostine (used for cisplatin

(¥
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nephrepathy), captopril (used for diabotic nepliropathy), oyelephosphamide (used for
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idiopathic membranous npephropathy). sodium thiosulfate fused for cisplatin
nephropathy).

Additionally, the methods of the disclosure may also include co-administration
of at Teast one other therapeufic agent for the treatment of avother disease duectly or

5 indieetly related to disbetes andfor nephwopathy, including but not limited to:
dyslipidemia,. hypertension, obesity, neuropathy, andfor retinopathy, etc. Additional
examples of agents that can be co-administered with the compound(s) according to the
invention  are  corticosteroids; immunesuppressive  medications;  antibiotics;
antihypertensive angd diuretic medications {such as ACE-inhibitors): lipid lowering

I agents such as bile sequestrant resing, cholestyramine, colestipol, nieotinke acid, and
more: particularly drugs and medications used fo reduce cholesteral and triglycerides
{e.g. fibrates (e.g. Gemfibrozil™) and HMG-CoA inhibitors such as Lovastatin™
Atorvastatin™,  Huvastatin™, Lescol™), Lipitor™, Mevacor™), Pravachol™,
Pravastatin™, Simvyastatin™, Zoeor™, Cerivastatin™, ete); compounds that inhibit
15 imtestingl abserption of lipids {e.g. ezetiminde); nicotinic acid; and Vitamin D,

As will be apparent from the foregoing, the present disclosure provides methods
of concomitant thetapeuric treativent of a siibject, comprising administering 1o 4 subject
in need thereof an effective amount of a fiest compound and & second compound,
wherein said agent is a compound of the disclosure (i.e., an inhibitor of VEGF-B

200 signaling), and the second agent is for the prevention or treatment of nephropathy,
diabetic nephyopathy, diabetes, hiypertension, hyperlipidentia or obesity.

As uszed herein, the term “concomitant® as in the phrase “concomitant
therapeutic teatment™ jucludes administeriug a first ageut u the presence of a second
agent, A comeoritant therapentic treéatment method includes methods in which the fiest,

25  second, third or additional apents are co-administered. A concomitant therapeutic
treatment method also includes methods in which the first or additional sgents we
administered in the presence of a second or additional agents, wherein the second or
additional agants, for example, may bave been previousty administered. A concermtant
therapeutic treatimenit method may be exgouted step-wise by different actors. For

30 example. one actor may administer to a subject a fivst agent and as a secoud actor may
adroinistex to the subjeat 4 second agent and the administering steps may be excouted at
the same time, or nearly the same time, or at distant tmes, so long as the first agent
{and/or additional agents) are after admiinistration i the presence of the sccond agent

{and/er additional agents). The actor and. the sulject nay be the same entity {e.g. &

(¥
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humany.



CA 02931357 2016-05-24

WO 2015/077845 PCT/AU2014/050387

52

In one example, the disclosure also provides a method for treating or preventing
nephropathy in a subject, the method comprising administering to the subject a first
pharmaceutical composition coniprising at least one compeunnd of the disclosure and a
second pharmaceutical composition compeising one or more additioval compounds,

5 In one example, a method of the disclosure comprises administering an inhibitor
of VEGF-B signaling to a subject suffericg from sepheopathy (e.g.. dizbetic

neplwopathy) and receiving another treatment {e.g. for diabetes).

Kits
10 Anpther example of the disclosure provides kits containing conpounds usefal
for the treatinent of nepheopathy as deseribed above.

In one example, the kit comprises (#) 3 container comprising a eompound that
inhibits VEGE-B signaling as deseribed herein, optionally in a4 pharmaceuticaily
acceptable carvier or diluent; and (b)) 4 package insert with instructions for treating

15 nephropathy in a subject.

In accordance with this example of the disclosure, the package insert is on or
associated with the container, Suitable conrainers include, for example, bottles, vials,
syringes, etc. The containers may be formed from o vaddety of muterials such as glass ov
plastic, The container holds of contains 4 composition that is effective for treating the

200 nephropathy and may have a sterile access port (for example, the container may be an
intravenous solution bag or a vial having a stopper pierceable by a hypodermic
imjection needle). At least one active agent in the composition is the compound that
inhibits VEGF-B signaling. The label or package insert tindlicates that the composition
is ased for weating a subject eligible for treatrent, ¢.g2.. one having or predisposad to

25  nephropathy, with specific guidance regarding dosing amounts and intervals of
compouiid and dny other medicament being provided. The kit may Torther comprise an
additional container compiising @ phanmaceutically acceptable dilvent buffer, such as
bacteriostatic water for injection (BWET}, phosphate-butfered saline, Ringer's solution,
andfor dextrose sotution. The kit may fusther include other materials desirable from a

30 commercial and user standpoint. incloding other buffers, diluents, filters, necdles, and
syringes.

The kit optionally futher compriscs a confainer compriscs a second
niedicament, whergin the compound that inhibits VEGF-B signaling is a first

medicament, and which article further comprises instructions on the package insert for

(¥
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treating the subject with the second medicament, in an effective amount. The second
medicament nray be any of those st forth above,
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The present disclosure includes the following non-limiting Exanmples.

Example 1; Mice deficient in VEGF-B are resistant to the development of diabetic
nephropathy

Diabetic mice deficient in VEGF-B have improved renal function and  redoced

hypertension
CSTBKS/Lepr™ (db/db/#BKS) mice were obtained fram Jackson Lahoratory (as

a model of diaberes and disbetic nephropathy) and bred with C 57BL1’6-V~‘gﬁ}"/" pHee.
10 DBAbVerh™ mice were bred by mating heterozygous db//Wegft™ wice with each
other, creating dbidb, .:!b/’a‘b//if’egﬁf”“ and dbf’cz’b/fVegﬁ'j’ . 42-weeks old female Jdidh,
db/hiVegfh™ and db;h'b//lﬁ/"pgfb‘“ were used in the study. Urine production was
measured by photographing cages housing one animaligenciype. To measure
glucosuria and proteinuria by dipstick analysix, mice were starved for 1 hr, urine was
15 then collected and the glucoze and protein concentration were ditectly measured using
reagent strips according to the manufacturers (Liristix, Siemens). For detection of ACR
20-p to 200-p! volume of wine was collected frons each mouse. Urinacy albumin wag
detected using Albuwell M kit, and uwrinary crveatinine was measured using the
Creatinine Companicnn murine ELISA kit (Exocell, Philadelphia, PA). Systolic and
200 diastolic blood pressure was measured by a tail-cuff method vsing the CORA setup
{Kent Scientitic). All animals were habituated to the blood pressure measurement
device for 2 weeks. They all underwent 1-2 eycle of 20 measurements teordersd. per
day for a mininnun of 3 days.
These malyses showed that deletion of Veg® in diabetic dbvdb BKS mice
25  improves renal physiology and reduces hypertension. For example, b Vegfty™
animals produced less urine than db4db, and db/dblVeefb™ animals.  db/dbiVegfb™
arimals glse had less glucose and protein in their urine than db/dl, and dbdbiVe offr™
animals.
Figure 1A shows urine atbuminforegtinine ratio measured by BLISA for dbddb,
30 dhidbiVegfb' and db/dbiVegfh” mice (n=5 group, left graph) and lean wild type and
lean Vegﬁ)"" T mice (n=4-6/group. vight graph). These data show that db/idbiVegh™
antmals have an improved wrine albumin/creatinine ratio compared to dbidbiVegdl™
animals. A sumilar effect was ohserved in lean animals deficient for Vegfl compared to

lean wild-type animals.

(¥
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Figure 1B shows tail-cuff hlood pressure (systolic and diastolic blood pressure)
in db/db and dbdbiVegfh™ mice (n=S/group).  These data demensteate that
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db/db/Vegfh” animals have reduced systolic and diasvstolic blood pressure compared

to dbidb animals.
These data show that diabetic di/dl mice and lean mice with reduced expression
of VEGF-B have an voproved kidney function with bettee filtration. capacity as
5 measured by reduced concentration of urinary albumsin and urinary albuminfereatinine
ratio, The reduced YEGE-B expressiom also lowered both the systolic and diastolic

blood pressure i db/db animals.

Glomerular and mbular sclerosis is decreased vpon Veefhr deletion 1 db/db BKS mice
10 42-weeks old female dbidb, db/dbiVegb+/- aud ARV egfb~/- mice were

sacrificed aud kidueys isolated, fixed, embedded, sectioned and stained with Pegiodic

acid-Schiff (PAS) to assexs glomerilar mesangial expansion and wbular sclerosis
according te the manufacturer’s instructions (Sigma). At least 10 glomeruli or tubuli
per animal. stained for PAS within cach section were photographed with brighe field
15 microscopy (Axio Vision microscope, Carl Zeiss} at 20x magnification. The glomeruli
were quantified using Axio Vision Run wizard program for §) glomerular PAS staining
{pixeld/um) ) vy of apoptotic glomerull per frame. A glomerulus was designated ag
apoptotic upon intense PAS staining and a diaroeter lesser than 33 po. The tuboli were
quantified using Axie Vision Run wizard program for i) thickness of tubular basernent
20 membrane {pm2},

As shown in Figure 2A Jdb/dh mice developed tubular sclerosis, whereas this
defect was not obsorved in cib/dbf/Veﬁgﬂf/" and de’a/db/ﬂfegﬂ)‘“ nice. Moreover, dbidb
mice developed glomerular sclerosis, whereas db/db//Vegfb™™ and db/dbiVegfh™ mice
did not (Figure 2By These changes in db/dh mice were nssockuted with inersased

25 levels of apoptotic glomeruli compared to didb/Vegft™ and dbidb/Vegfh™ mice
{Figure 2C

These data show that glomernlar and tubular sclerosis are decreasedd in kidneys
from diabetic db/db animals with reduced oxpression of VEGE-B compared to dbidb
animals,

30

Mesangial extracellular matiix_deposition and abuormal thickening of slomerular

basement membrane (GBM) arc decicased i Vegfb-deficiont dbAdl BKS mice

o A
¥

Renal biopsies from d42-weeks old fonale dbddh,  dbAdbi/Vegt and

) v . . . . . NI ) .
dlydbyVegth” mice were used for transmission electron micrescopy (TEM) analysis

(¥
LA

according to standard proceduores. Briefly, tissugs were fixed in fixation solution buffer
(2% glutaraldchyde, 0.5% paraformaldchyde, 0.1 M cacodylate, 0.1M suerose, 3 miM
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CaClz) and washed in §.1 M cacodylate butfer pH 7.4 prier to staining in 2% OO0y in
cacodylate buffer for 1 h at room temperature. Samples wore delyydrated and en bloc
staining was performed i 2% uranyl acetate in absolate gthanol for 1 h at room
temperature. Then samples were taken through an Epon 812/ascefone series and
5  embedded at 60°C i pure Epon 812, Thin sections of 70 nm thicknesses were cut on a
Leica EM UCG ultratome: and mounted on fonmvar coated copper slot grids. Post-
staining was done with 2% aqueens acetate pH 3.5 and Venable and Cogglesall’s lead
citrate. Grids were analyzed on a FEI TECNAT electron microscopy.
High magnification TEM analysis showed that renal abnormalities associated
I with diabetic nephropathy, such as mesangial expansion and thickening of GBM are
redeced v Jb/db mwice with reduced expression of VEGR-B compared 1o db/db mice
{Figure 3A). Thickening of the GBM is a commen feature in diabetic nephropathy.
Figure 3B shows that slit formation is preserved in db/db mice with reduced expression
of VEGE-B. Podocyte formation was also found to be preserved in db/dh mive with

15 reduced expression of VEGF-B.

Deletion of Vegfbreduces reval lipid accumulation i db/db BEKS mice

il red O (ORO) analysis was performed using Kidneys fron 42-week old female
dblidh, dbrdbiVesfh™", db/dbiWVegfh” and lean wild type mice. Bricfly, kidneys were
20 dissected andd flash frozen on dry ice and embedded in Tissue-Tek® (Sakura) directly
on. the mold of the cryostat. Cryosections {12 pm) wena immersed 3-15 min in QRO
wotking solution (2.5 g il red O (Bigma-Aldrich), dissslved in 400 mi 99%
isopropanol, fuvther dituted 6:10 in H20, filtered through a 22 wm filter (Corning)) and
tinsed 10 min under niunbing tap water before they were mounted. Stained sections
25 were examined with bright field microscopy (Axio Vision microscope, Carl Zeiss) at
20x magnification and a minitimm of 10 frames per sectionh was captured. For
quantification of lipid droplets, the amount of red pixels in each frame was quantified
using Axie Vision Run wizard program for total ORO staining (pixel, au).
Renal lipid droplet accumulation and structure are amcliorated it dbddb mice
30 with reduced expression of VEGEF-B (Figure 4AY. 1o particular, the lipid droplets ave
fewer and smaller i kidoey sections from Vegfh deficient db/dh mice. Figure 4B
shows that reducing VEGEF-B cxpression in dbfidl ipice decreases the lipid

accumulation in the glomeruh and presents fewer and smaller lpd droplets.

(¥
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Glomerular rearrangemeints are prevented 1o (8%db BKS mice deficient in Vesfb

Glomerolar morphology was assessed. in kidneys from 42-wecks: old female
ab/idh, dbidhiVesib™ and dbidbiVegfb” mice. Briefly, animals were sacrificed and
kidneys collected, fixed in 4% PFA for 48 hes, cmbedded and 3 pum sections prepared

5 and thercafier immunostained for synaptopodin and/or pecam. Antigen retrieval was
performed on 3 pm sections using Antigen retrieval selution Pho (Dako) and heated at
9R°C for 10 minutes. Sections were incubated at 4°C for 12 hrs with primary antibodies
vabbit  anti-synaptopodin  (Santa Cruz), geat anti-pecam  {Abcam) Appropriate
fluorescently labeled secondary antibodics {Invitrogen, Alexa fluor) were applied and

10 sections were further incubated for T s at RT after which they were prepared for
microscopy. At least 10 glomerohi per animal statwed for synaptopodin and pecam
within each section were phetographed with an Axio Vision microscope (Carl Zeisy) at
40x magnification. The glomersli were quaniified using Axio Vision Run wizard
program for glomerular ¢) synaptopodin staining (pixel”/par”) and glomerular /) pecam
15 staining (pixel7pm®’),

Figures 5A and 5B show increased expression of synaptopodin and pecam. in
glomeruli of db/db#Vegfb™ and db/db//Vegfs” mice. These data and analysis of
stained glomeroll indicate that overall glomeruli morphology is improved in Vegfb
deficient db/db mice. Expression and strocture of podeoytes and endothelial cells, 1.a..

200 cell types that are crucial for the filtration process, are preserved in db/ifl mice with

reduced exprossion of VEGFE-B.

Glomerular collagen deposits aud arteriolar hyalinosis are reduced in Vegfb-deficient
dbfdlb BKS inice

25 Glomerular collagen deposits and arteriolar hyalinosis were assessed in Kidneys
from 42-weeks old female dhAdh, dbfdb//’.i/’egﬁ;*’i' and db/dbf/&-’%ﬁr'/’ mice. Briefly,
animals were sacrificed and kidneys collected, fixed in 4% PFA for 48 hes, embedded

and 3 win sections prepared and thereaftor inummestained for collagen IV, pecam
andfor -SMA,  Briefly, antigen retrtieval was performed on 3 wm sections uging
30 Anfigen retieval solution Phe (Dako #82367) and heated at 98°C for 10 munutes.
Sections were ticubated at 47C for 12 hes with primary antibodies rabbit atti-collagen
IV {abcam}. goat anti-pecam {abcam) ov u-SMA {Sigma). Appropriate fluorescently
labeled seeondary antibodies {Invitrogen, Alexa fluor) were applied and sections were

further incubated for 1 hr at RT after which they were prepared for microscopy. At
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least 10 glomeruli per animal stained for collagen IV, pecam or o-SMA within each
section were photographed with ag Axio Viston microscops (Carl Zeiss) at 40x
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magnification. The glomeruli were quantitied using Axio Vision Run wizard program
for glomerular 7 collagen IV staining (pixel”/pm?), glomerular i) o-SMA staining

{ pixel%’mﬁ i) thickness of glomerular arterioles (pm“’).
Figure & shows that levels of collagen IV (Figure 640 and o-SMA (Figure 68)
S were teduced in dydbiVegfb™ and db/dbiVegfh” mice compared to dh/idb mice.
Furthermore, artericlar thickness was reduoced in dhz’(ﬁ){/@’f‘g{ﬁf’{" and dh/dby Ve ?gfh%
mrice compared to off/db mice (Figure 6C). These data indicate that pathological intra-
elomerular collazen deposition (also known as glomerular extracellular matrix (ECM)
deposits) and arteriolar hyalinosis are reduced in dbAdh mice with veduced expression
10 of VEGF-B. These dara show that conmvnen histological pathologies of diabetic
nephropathy, such as glomeralar ECM depesits and artediotar hyalinosis sre reduced in

db/lh mice with reduced expression of VEGE-B.

Lipids accumulate preferemially in the kidonev glomengll duning progression of diahetic

15 nephropathy in db/dby/BKS mice
Lean db°, S-weeks old dbdl and 2 -weeks old dh/idb//BES mice were used for
Oif red O (ORO) analysis. Kidneys were dissected aud flash frozen on dry ice and

sobedded in Tissue-Tek® (Sakueay divectly on the mold of the cryostat, Cryosections

{12 pm) were immersed 5-13 min in oil ved O working solution 2.5 g oil red O

2 (Sigma-Aldrich), dissolved in 400 mt 99% sopropancl, further diluted 6:10 in H,O,

filtered through a 22 pm filter {Corning)) and rinsed 10 min under rmnning tap water

before they were mounted. Stained sections were sxamied with bright field

microscopy (Axin Vision microscope, Carl Feiss) at 20x magnification and a mininmm

of 10 frames per seciton was captured. For quantification of lipid droplets, the amoant

25 of red pixels in each frame was guantified using Axio Vision Run wizard program for
total ORO staining (pixel, a.u).

Figure 7 shows that as miacroatbuminuria develops in dDdbyBES mice, lipids

aceumulate peeterentially in the glomearuli.

30 Glomerular hipid accumuolation correlates with podooyte loss i progression of diabetic
nephcopathy in dh/dESBRS mice
Lean db”, 6-weeks old dh/lh and 21-wecks old db/dbYBKS mice were used for

analysis. Kidneys were dissected, fixed in 4% PFA for 48 b and subscquently processed

for paraffin embedding using standard procedures. After embedding, 3-pm sections

(¥
LA

were preparad and theveafter immunostained tor synaptopodin andfor pecam. Bricfly,
antigen retrieval was perforrned on 3w sectiony using antigen retrieval solution pHE
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{Dako) and heated at 958°C for 10 minutes. Sections were tcubated at 4°C for 12 h
with primary antibodies guinea pig anti-adipophilin (Fitzgerald) and rabbit anti-
synaptopadin (Santa. Cruz) Appropriate fluomescentty labeled secondary antibadies
{Tnvitrogen, Alexa fluor) were applicd and sectioms were further fncubated for 1 hat RT

5 after which they were prepaved for microscopy. At least 1} glomeruli per animal
stained for adipophilin and synaptopodin within each section were photographed with
an Axio Vision microscope {(Card Zeiss) at 4lx magnification. The glomeruli were
quantificd using Axio Vision Bun wizard programe for glomerolar 7)) adipophilin
staining (pixelzlumz} and i} synaptopodin staining {pixcl‘zmmi).

10 Figure 8 shows that during the development of diabetic nephropathy, lipids

accumulake in the glomeandi and podocyte nurmber declines tn parallel.

The Veeft signalling pathway is upregulated during the progression of diabetic
nephroputhy
15 Kidneys from lean db®, and 6-, 12- and 21-weeks old db/db#BKS mice were

dissected and flash frozen on dry ice. Total RNA was extracted and purified. from

Kidnevs using the RNeasy Mini kit (Qiagen} according to the manufactorec’s

fnstructions. First steand ¢DNA was synebesized from 0.3-1 pg total RNA using iSevipt

eDMNA Synthesis Kit (Bio-Rad). Real-Time quantitive PCR was performed using

200 KAPA SYBR FAST qPCR Kit Magter Mix (2x) Universal (KAPA Biosysiems} in

Rotor-Gene Q (Qiagen) Real-Time PCR thermal eveler according to the manufacturer’s

ingtruetions, Expression levels were normalized o the expression of L19 and B-2
microglobuli.

As shown 1w Figare 9, in diabetic vephropathy, rendd expression of Vegfb, the

25  downstream targets of VEGI-B, Fap? and Faipd, and the main VEGF-B receptor,

Vegirl are upregulated. These data indicate that the renal VEGF-B signaling parhway is

a suitable target for troating diabetic nephropathy,

Renal function is improved in high fat fed Vegf-b"" mice and Vegf-b™ mice
30 Male wild type, Ve and Vegfd” mice where fed 60% high fat diet (HFD)
{Rescarch Diets, USA) for 30 weeks, started at age 5 weeks. The study included fean

wild type conirol animals as well. For detection of ACR 20-pl to 200-pl volume of
urine was collected from each mouse, Urinary albumin was detected using Albuwell M
kit, and urinary credtinine was measured using the Creatinine Companion murine
ELISA kit (Exocell, Philadeiphia, PAJ.

(¥
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Figure 10 shows that HFD-mediated leakage of wrinary protein was reducsd in
HED fed mice with reduced expression of VEGE-B. Thus kidney filtration capacity
was improved as measured both by albumin excretion (Figure 10B) and ACR (Figure
104).

Glomerular mesangial expansion and hypertrophy are decreased in HED fed Veof-b™
and Vesf-b" mice
N = oy, A . e v .
Male wild type, Vegf™ and Vegfl™ mice were fed 60% HFD (Research Dicts,

USA) for HED for 30 weeks, starfed at age 5 weeks. The smdy also included lean

I commrol animals. Antmals were sacrificed by isoflooeane anaesthetics and tatid blood
was remmeved by cardiac punctore. Kidneys weye dissected, fixed in 4% PFA for 48 h
and subsequently processed for paratfin embedding using standard procedures. After
ernbedding, 3-pm scctions were propared and stafned with PAS (Sipma) acconling o
the manefactwern. Ad least 10 glomerubi per animal stained for FAS within each seetion

15 were photographed with bright field microscopy (Axio Vision microscope, Carl Zeiss)
at 40x magrification. The glomerali were quantified using Axio Vision Run wizard
program for glomerular PAS staiving (pixe 1Y pml Y

Figure 11 shows that HFD joduced renal glomervlar mesangial expansion
(Figure 11A) and hypertcophy (Figure 11B) wre prevented. in HFD fed mice with
20 reduced expression of VEGF-B.

Glomerular lipid accumulation is reduced in in HFD fod Vegf-b™ and Vegt-b" mice
Male wild type, Vegf™ and Vegfh™ mice where fed 60% HFD (Research Diets,
LISA) for HFD for 30 weeks, started at fge 5 weeks. The study atso incloded Tean wild

25 type control animals. Animals were sacrificed by isofluorane ansesthetics and total
blood was removed by cardiac puneture. Kidneys were dissected and flash frozen on
dry ice and embedded in Tissue-Tek® (Sakura) dircetly on the mold of the crvestat.
Cryosections {12 pm) were inynersad 5-15 min in oil red O working solution (2.5 g oil
red O (Sigma-Aldrich), dissolved in 400 ml 99% isopropanel, further diluted 6:10 in

30 H:0, filtered theough a 22 wm filter (Comingl) and ciused 10 min wider mumuing tap
water, Thereafter the dcctions were stibmerged for 3 s in hematoxylin solution sud
rinsed under tap water before they were mounted. Stained sections were examined with
bright tficld microscopy. At least 10 glomermli per animal stained for ORO and

henatoxylin within cach sectionr were photographed with an Axio Viston microscope
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{Carl Zeiss) at 4k magnitication. The glomeruli were quantifiad using Axie Vision
. . P P
Run wizaed program for glomendlar ORQ staiming {(pixet“um”),
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Figure 12 and analysis of stained kidney sections shows that HFD increases
repal lipid accumulation mostly in the glomerli. However, this cclopic lipid
accumulation is reduced it HFD fed wiice with rediced exprossion of VEGF-B. The
lipid droplets were reduced both in nuinber and size.

Glomerular lipid accumulation 18 reduced, and podogyte intesrity 18 preserved in HED

fed Vegf-h"" and Vegf-b mice
Male wild type, Vegs™ and Vegflr”™ mice were fed 60% HFD (Research Diets,
USA) for HFD for 30 weeks, starfing at age § weeks. The study additionally included

I lean wild type contrel suirmals. Animals were sacrificed by isofloovane auacsthetics and
total bleed was rerwoved by cardise punctore. Kidneys were dissected, fixed in 4% PFA
for 48 h and subsequently pracessed for paraffin imbedding using standard procedures.
After sipbedding, 3ourp sevtyny were prepured and thereafter immunostained for
synaptopedin and/or pecant. Briefly, antigen retrieval was performed en 3 piw sections

15 using Antigen rewiceval solution Pho (Dake) and heated at 98°C for 10 minutes.
Sections were incubated at 4°C for 12 h with primary antitbodics guinea pig anti-
adipophitin (Fitzgerald) and rabbit anti-podocin. (Sigma) Appropriate fluorescently
labeled seconday autbodies (dnvitroger, Alexa fluor) were applied and sections were
further incubated for 1 h at RT after which they were prepared for microscopy. At least

20 10 glomerul per animal stained for adipophilin and synaptopoedin withiv each section
were photographed with an Axie Vision microscope (Carl Zeiss) at 40x magniftcation.
The glomeruli were quantified using Agio Visien Run wizagd program for glomeralar
i) adipophilin staining {'pixelﬁfmnz} and i) podocin statuing (pi xel !.111'12).

Figore 13 and analvsis of staived sections shows that HED driven ectopie renal

25 lipid accumulation is reduced in mice with reduced expression of VEGE-B. In parallel,

the structural futegrity and numbers of podacytes ae increased.

Glomerular ECM deposits and arteriolar hyalinosis are reduced in HFD fed Veef-&™"

30 Male wild type, Vegf” and Vegfh™ mice were fed 60% HEFD (Research Diets,
LISA)Y for HED for 30 weeks, stting at dge 5 weeks. The study included lean wild
typecontrol anunals as well. Animals were sacrificed by isofluoranc anascsthetics and
total blood was removed by cardiac punicture. Kidnevs were dissceted, fixed in 4% PEA
for 48 h and subsequently processed for paraffin imbedding using standard procedures.
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Afer cmbedding, 3-am sectiony weye prepared and thereatfer immunostained for
collagen IV, pecant andfor &-SMA Brietly, antigen retrieval was performed on 3 pm
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sections using Antigen retricval sokution Ph6 {Dako #S52367) and heated at 98°C for 10
minutes. Sections were incubated at 4%C for 12 h with primary antibodies rabbit anti-
collagen [V {abcam), goat anti-pecam {(abcanl) or o-SMA (sigma). Appropdate
fluorescently labeled secondary antibodics (Jovitrogen, Alexa flunn) were applied and
5 sections were further ncubated for 1 hr af RT after which they were prepared for
microscopy. At least 10 glomerali per animal stained for collagen TV, pecam ot 1-SMA
within each section were photographed with an Axio Vision microscope (Carl Zeiss) at
40x magnification. The glomersli were quantified using Axio Vision Run wizard
program for glomerular i) collagen IV staining (pixel’/um’) and ) thickness of
10 glomerular arterioles (Wm®).

Figure 14 and analysis of stained sections show that key histological patholugies
in diabetic nephropathy such as increased glomervlar ECM accumulation {Figure 14A)
and arteriolar hyalinosis (Figure 14B)Y me reduced in HFD fed mice with reduced
expression of VEGF-B.

15
Example 2: A peufralizing anti-VEGF-B antibody treats or prevents progression
of diabetic nephropathy

Antibody-mediated inhibition of VEGE-B moderately influences blood glucose levels
20 in digbetic dbAIBVBES mice
C37BES/Lepedb (dB/db/BKSY mice were purchased from Jackson Laboratory

and fifjected intraperitoneally twice weekly, stacting at 6 (preventative wialy or 12

{therapeutic trial) weeks of age and continued for & weeks with 400} ug of either 2H10

{neutrilizing ant-VEGE-B antibody) o isotype-matched control antibody. In the

25  proventive trial, start values of ACR and blood glucose were < 30 ug albumin/mg

creatinine and < 15 mb, respectively. In the therapeutic frial, start values of ACR and

blood zlucose were »150 yg albumin /mg creatinine and »>15 mM, respectively.

Postprandial blood glucose levals of mice were monitored hi-weekly after remeval of

food for 2 hrs. Glucose measurements were performed on bload drawn from the tail

30 wvein using a Bayer Contour Glucose meter. For detection of ACR 20-ul to 200-ul

vohumie of urine was collected from each mouse. Urinary albumin was detected using

Albuwell M kit, and urinary creatinine was messured using the Creatinine Compeanion
muring ELISA kit (Exocell, Philadelphia, PA}.

Figures 15A and C-F show hleod glucese levels of db/AdB/BKS mice treated
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therapeutically or prophylactically with antibody 2H10. As shown, administration of
the autibody aftee diabetes had progressed in the experiments descrbed berein (as in
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the aggressive models of diabetes used berein)y did not substantially reduce blopd
glucose levels.
Figure 15B shows ACR levels in divdlyBES wice treated therapentically or
prophylactically with antibody 2H10.
3 These data show that db/db/BES mice develop microalbuminuria at 6 wecks of
age and macrcalbominiuria is established aft 12 weeks Neither preventative or
therapeutic anti-VEGE-B. antihody administration to dbdhYBKS mice in these trials

detectably lowered blood ghucose levels.

10 Prophvlactie Aou-VEGE-B weatment {using 2HI10) decreases eloverndar and mibular
sclerosis in dbAdb/BES wice
Kidneys from 6-8 weeks old db/db/BKS treated with 2H10 op isotype matched

control antibody for 8 weeks as described above were collected, fixed in 4% PFA for

48 hrs, embedded and 3 pm sections were prepared and stained with PAS (Signmm)

15 dccording to the manufacturer’s insouctions. At least 10 glomeruli per animal stained

for PAS within ecach section were photographed with bright field microscopy (Axio

Vision microscope, Carl Zeiss) at 40x maguification. The glomeruli were quantfied
using Axio Vision Run wizard progearo for glomerular PAS staining (pixeﬁ ;u’n‘z).

Ag shown in Figures 16A and 168 mice weated with 2H10 show reduced levels

200 of glomerular sclerasis and tubular sclerosis. These data demonstrate that anti-VEGE-

B teatment in dbdb7BKS mice reduees both glomerular sclerosis and tubular selerosis,

desplte no detectable differences in blood glocose levels,

Brophylactic Anii-VEGE-B tigatnieut {using ZHIO hindews vascular reavangements in
25 d@b/db//BKS mice
Kidneys from 6-8 weeks old db/db/BES treated with 2H10 of isotype matched

contrel antibody for & weeks as described above or age and sex-matched lean db/+
animals were colleeted, fixed 1n 4% PFA for 48 hrs, embedded and 3 pm seetions were
prepared and inomiunostained for pecam or podocin. Briefly, antgen retrieval was
30 performed on 3 pn sections using Autigen retrieval solution Pho (Dako #52367) and
heated at 98°C for 10 minutes. Sections were incubated at 4°C for 12 hes with primary
antibodies goat anti-pecam {abcam) and rabbit anti-podocin (sigma). Appropriate
fluorescently labeled seeondary antibodies (Invitrogen, Alexa tluor) were applied and
sections were further incubated for T hr at RT after which they were prepared for
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nuigroscopy. At least 10 glomeruli per animal stained for pecam within each seetion
weie photographed with an Axio Vision micrescope (Carl Zeiss) af 40x magnification.
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The glemerull were quantificd using Axio Vision Ruin wizard program for glomerular
§) pecam {pixelY/pnr) and i) podocin staining (pixelum?).
As shown in Figure 17A, the level of podocin staining was preserved in mice
teeated with 2ZHW)L  The level of pecam statning was increased o mice teeated with
5  2HIO (Figure 17B). These data and anakysis of the stained sections indicate that bleod
vessel morphalogy in the glomeruli is improved in anti-VEGR-B treated JhedB/BKS
mice and that inhibition of VEGF-B preserves vascular density apd structave. These
data alse show inhibition of VEGF-B proserves vascular density and strocture. Thus
both structure and integrity of the cell types composing the glomerular filteation barrier,
It podocyies and endothelial cells, are preserved in dBAIBZRKS mice trealed with anti-
VEGF-B antibody.

Prophvlactic Anti-VEGE-B treatment (using 2HIO) preserves podocyte strugture in
dbAlby/BES mice
15 Kidneys from 6-8 weeks old dbAdb/BKS treated with 2H10 or isotype matched

control antibody for € weeks as described above were collected, fixed in 4% PFA for

48 hrs, embedded and 3 wm sections were prepared and frnmuvostained for synaptodio

and/oe pecant. Briefly, antigen retrieval was petformed on 3 i sections using Sntigen

retrieval solution Pho (Diko #852367) and heated at 98°C for 10 minues, Sections were

200 incubated at 4°C for 12 hrs with primary antibodies rabbit anti-synaptopodin (Santa

Cruz}). Appropriate fluorescently labeled secondary antibodies (Invitrogen, Alexa fluor)

were applied and seetions were further incubated for 1 hrat RT after which they were

prepared for microscopy. At least 10 glomerull per auimal stabed for pecam within

each section were photogrupbed with au Axto Vision nisroscope {Carl Zeiss) at 40x

25 magnification. The glomeruli were quantified using Axio Vision Run wizard program

glomerular 1) adipophilin  stainihg (pixel?'fyinz) and #f) synapiopodin staining
{pix&lzf‘mnz). .

As shown in Figure 18A, the leval of adipophilin staining was reduced in mice

treated with 2H10. Figure 188 shows that synaptopodin staining was increased in mice

30 treated with ZHID. These data and avalysis of the stained sections indicate that

stractore and imtegrity of the cell types composing the glomerubir filtration barrior,

podocytes and endothelial cells, are preserved in db/db/BRS mice treated with anti-

VEGF-B antibody. These data also show that reatment with anti-VEGF-B antibody

drastically reduced ectoptc glomerular lipid accumulation and preserves podocyte
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Prophvlactic  Apt-VEGFE-B  treatment 2110} reduces elomerular collagen
accumulation {extracellular matrix deposits) in db/db/BES mice
Kidneys from 6-weeks old db/db/BKS treated with 2H10 or isotype matched

control antibody for 8 weeks as deseribed above were collected, fixed in 4% PFA for

5 48 hrs, embedded and 3 wm sections were prepared and immunostained for glomeralar
collagen IV. Briefly, antigen retrieval was performed on 3 pm sections using Antigen
retrieval solution Phé (Dake #82367) and heated at 98°C for 18 minutes. Sections were
incubated at 4°C for 12 hrs with primary antibodies rabbit anti-synaptopodin (Santa
Cruz}. Appropriate flnorescently labeled secondary antibodies (Invitrogen, Alexa fluor)

10 were gpplied and sections were further incohated forr 1 hr at BT after which they were
prepaced for microscopy. At least 1) glonwerali pev anbroal siained for pecam within
each section were photographed with an Axio Vision microscope {Carl Zeiss) at 40x
magnification. The glomeruli were quantified using Axio Vision Run wizgrd program
for glomerular collagen TV staining {pixel™/ pm’),

15 As shown in Figure 19, the level of glomemilar collagen IV staining was
increased in mice freated with 2H10. These data and analysis of the stained sections
trchicate  that antibody-medizted  inhibitlon of VEGE-B rteduces intra-glomerular
pathalogical collagen accurmulation (extracelhulae matrix accnmulation) in d/db/BKS
mice, 4 histological characteristic in diabetic neplwopathy.

Prophviactic anti-VEGE-B teatment (using 2H10) improves the plasma lipid profile in
in db/dbiBKS mice
Blood was collected from 6-8 weeks old female d5/d/BRS mice and age and

sex-matched lean d6/4+ by cardine punciute which were previously reated with ZHIO or

25 isotype-matched control antibody for § weeks. The blood was centrifuged at 14000
tpin, 4°C for 10 minutes, whereafter plasma was sepuarated and frozen in aliquots 4t -
S0°C. Commercially available kits were used for enzymatic determination of NEFAs
{Wako Chemicals, Neuss, Germany), beta-hydeoxybutyrate (Stanbic Laboratories,
Boerne, TX, USA) and HDL-¢ and LDL-¢ (BioVision, Mountain YView, CA, USA),

30 As shown i Figure 2}, adoumistration of 2H1) protected the JdbAI/BRS mice
against clevated levels of keétones, a key hullmak of type 2 diabetes. The anti-VEGE-B
teeatment increased plasma HDL-c lewels, also commonly known as the “good”
chodesternl carrier. Reducing of VEGF-B signaling by 2H10 had no cffect of plasma
LD1 ¢ levels or NEFAs,
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Kidnoys weie collected from 6-8 weeks old fomiale db/db/BKS were treated with

ZHIO or wsotype-maatched control antibody for 8 weeks  and used for feasmission
5 slectrom wmivcosonpy (TEM) analysis, The prepasation of the ronsl Blepsies for TEM
was porformed sccirding to standard procedures. Tissues were fixed in the fixation
solutiom huffer (2% glutaraldehyde, 0.5% paraformaldehyde, 0.1 M cacodylate, (L1M
sucrose, 3 mM CaCly) and washed in 0.1 M cacodylate buffer pH 7.4 prier to staining
in 29 OsQy in cacodylate buffer for 1 b at room temperature. Samples were dehydrated
I and en Bloe staining was performed in 2% uranyl acetate in ahsolute ethanol for | hoat
roco terperature. Then samples were faken through an Epon 812 /acetone series and
embedded at 60°C in pure Epon 812, Thin sections of 70 nm thicknesses were cut on a
Leica EM UCG6 ultratome and mounted on formvar coated copper slot grids. Post-
staining was done with 2% aqueous acetate pH 3.5 and Venable and Cogglesall’s lead

15 citrate. Grids were analyzed on a FEL TECNATF clectron microscopy.

High magnification TEM analysis showed that thickening of GBM, the first
renal pathology in dbdb mice, when veated with 2H10, is decreased (Figure 21A%L
Forthermore, anti-YEGE-B  weatnet ju  dAIB/BRS mice presevves podocyte
merpholegy, measured as number of slit formations (Figure 218).

Prophvlactic  anti-VEGE-B  treatment  (using  2H10¥ reduces  glomerular lipid

gecurmnulation in db/dbyBES mice

Blood and kidneys were collected from 6-8 weeks old db/dlh/BRS mice treated

with 2HID or isotype-matched control autibody for B weeks or lean db/+ miice.

25  Kidneys were dissected and flash frozen on dry ice and embedded in Tizsue-Tek®
{Sukura) direcdy on the mold of the cryostat. Crvosections (12 Jm) were imnersed 3-

15 min in oil red O working solution (2.5 g oif red O {(Sigmia-Aldrich), dissolved in 400

il 99% isopropanol, further dilnfed 6:10 fn H.0, filtered through a 22 pm filter
{(Comingy) and rinsed 10 min under running tap water. Thereafter the sections were

30 submerged for 3 s in hematoxylin solution and tnsed under tap water before they were
niounted. Stained sections were examined with bright ficld microscopy. At least 10
glomeruli per amimal stained for QRO and hematoxylin within each section were
photographed with an Axio Vision microscope (Carl Zeiss) at 40x magnification. The
glomerull were quantified using Axio Vision Run wizard program for glomerular QRO

- N
staimng (pixelYum’}.
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A specific increase 1 Hpid accumulation was detected in the glomerali of
diabetic animals in comparnison to lean non-diabetic animals (Figure 22). Inhibition of
VEGE-B in db/dbi/BKS drastically reduced this ectopic glomerular lipid accumulation.
The Tipid droplets were reduced both in mumber and size. The analysis indicated that

5 the droplets predominantly accumulated in endothelial cells, and podocytes.

Therapeutic Anti-VEGE-B treatment (using 2HIO) decreases slomenlar and tbular

selerosis in severe diabetic db/db/BKS mice
Kidneys from 12-weeks old male and fomale Jdb/db/BKS treated with 2H10 or
10 isotvpe~matched gontvol antibody for § weeks, were collected, fived in 4% PFA for 48

hes, embedded and 3 pm sectons were prepared and stained with PAS (Sigma)
according to the manufieturer’s insfructions. At least 10 glomeruli per auimal staived
for PAS within each section were photographed with bright fielkd micrescopy (Axio
Vision microscope, Carl Zeiss) at 40x magnification. The glomeruli were guantified
15 using Axio Vision Run wizard program for glomerular PAS staining (pixel/p’).
Resulis shown in Figures 23A and 23B and from analysis of the stained sections
indicate that therapeutic inhibittion of VEGF-B in db/Adb/BRS mice reduces glomerular
and wholar sclerasis. The effect ts mly detected ju female andngals, most likely because
the disease is more aggressive in male dbdb/BKS wice (s commonly observed effect).

Therapeutic Anti-VEQE-B teatment (using 2H 1Y) reduces renal lipid accurmilation in
severe diabetic db/dBYBES mice

Kidueys from 12-weeks old male and fomale dbAll/BKS treated with ZHIO or
isotype-maiched control antibody for 8 weeks, were collected, and flagh frozen on dry

25 ice and embedded in Tissue-Tek® (Sakura) directly on the mold of the cryoestat
Cryosections (12 ym) were immersed 5-15 min in ORO working solation (2.5 g ORO
{Sigma-Aldrich), dissolved inn 400 ml 89% isopropanol, further diluted 6:10 in H20,
filtered through a 22 pm filter (Corning)) and rinsed 10 min under running tap water
before they were mounted. Stained sections were oxamined with bright field

30 microscopy CAxo Vision microscope, Carl Zeiss) at 20x magnification and a mininmm
of 10 framies per section wis captired.  For quantification of lipid droplets, the amount
of red pixels in each frame was guantified using Az Vision Run wizard program for
total ORCY staining (pixel, au).

As showrn in Figure 24, the amomit of ORQ staining was reduced in female
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dhidB/BRS mice receiving antihedy treatment. These data and analysis of the stained
sections indicate that both sumbers and size of lipid droplets were reduced in female
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dbdb/BKS mice woated with anti-VEGE-B  antibedy. Anti-VEGF-B  antibody
freatment did not reduce renal lipid accumulation in male db/db/BRS mice, most likely

as a result of the more aggressive development of the disgase in male animals,

5 Therpentiv Anti-VEGF-B treatment fusing 2H1G) prevents glomenilar rearrangements

in severe dinbetic db/ABA/BRS mice

Kidneys from 12-weeks old female db/dlyBKS treated with 2H10 or isotype-
matched control antibody for 8 weeks, were colleetid, fixed in 4% PFA for 48 hirs,
embedded and 3 pm secttons were prepared and immunostained for synaptedin or

10 pecam.  Briefly, antigen retrievid was performed on 3 pm sections using Antigen
retrieval solution Pho (Dako #32367) and heated at 98°C for 10 minutes. Sections wee
incubated at 4°C for 12 hrs with primary antibodies rabbit anti-synaptopodin {Santa
Cruz). Appropriate Huoreseently labeled secondary antibodies (Inviwogen, Alexa fluor)
were applied and seetions were further incubated for 1 hr at RT after which they were

15 prepared for wicroscopy. At least 1) glomeryli per animal swined for pecam within
each section were photographed with an Axio Vision microscope (Carl Feiss) at 40x
magnification. The glomeruli were quantified wsing Axio Vision Run wizard program.
for glomerular synaptopodin or pecany stalning (pixeizi umg).

Figure 2534 and 25B show increased levels of pecam and synaptopodin levels in

200 glomseruli of mice treated therapeutically with anti-VEGEF antibody. These data and
analysis of the stained sections indicate that glemeruli morphology is timproved in
dbrdbIIBRS weated with anti-VEGE-B antibody. Expression and structure of podeovies
awd endothelial cells, i.e cell types that are ¢rucial for the glomerelar filtration process,
are preserved in treated Jh/ABVBKS mice.  Thus, these data also indicate that

25  therapeutic treatment with an anti-VEGF antibody also prevents vascular and podocyte
loss db/db//BKS mice.

Therapeutic Anti-VEGFE-B  treatment  {usi Y meduces _glomerular collage

accumulation and arteriolar hyvalinoesis in severe diabetie db/db/BKS mice

30 Kidueys from. 12-weeks old female db/db/BKY treated with 2H10 or isotype-
matched control antibody for 8 weeks, wore collected, fixed in 4% PRA for 48 hrs,
embedded and 3 pm scctions were prepared and tmmunostained for collagen 1V,
pecarn, andfor ¢-SMA.  Briefly, antigen retrieval was performed on 3y sections

using Antigen retrieval solution Phé {Dako #52367) and heated at 98°C for 10 minutes.
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Sectiens were incubated at 4°C for 12 hrs with primary antibodies rabbit anti-
synaptopodin (Santa Cruzj. Appropriate Huomsscently labeled scvondary antibodigs
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{Invitrogen, Alexa fluar) were applied and sections were fucther incubated for 1 hr at
RT after which they were prepared for microscopy. At least 10 glomeruli per amimal
stained for pecam within each section were phetographed with an Axio Vision
microscope (Carl Zeiss) at 40x magnification. The glomerudi were quantified using
Axin Vision Run wizard program. for glomerular collagen IV, pecam, and/or a-SMA
staining (pixel’/pm®).

Figures 20A-C show reduced levels of collagen 1V, «-SMA and arteriolar
thickness in dBABBRS mice teated with 2H10. These data and analysis of the stained
sections show pathological inira glomerolar collagen deposition {extracellular matrix
deposition) and avteriolar hyalingsis are reduced in d/IBVBES wice treated with aunti-
VEGF-B antibody.
proent. of

Therapeutic Anti-VEGE-B  treatment the develo

] MEVENES

macroalbuminuna in diabetic dh/db/BKS mice with established microalbuminuria

dhdi/BKS mice were jnjected Lp. twice weekly, starting at 6-8 weeks of age,
and continued for § weeks with 400 peg of either ZHIO or isotype-matched control
antibody. For detecdon of ATR 20-ul to 200-ul volums of urine was collected from
gach wouse. Urinary  alburein was detected uwsing Allmpwell M kit, and urivary
eregtining was measured uging the Creatinine Companion muwrine ELISA kit (Exocell,
Philadelphia, PA). Systolic and diastolic blood pressure was measured by a tail-cuff
niethod using the CODA sctup {(Kent Scientific). All animals were habituated to the
blood pressure measurement device for 2 weeks, Animals underwent 1-2 cvele of 20
meastrersents reordered per day for 2 mininum of 3 days. For mouse renal fusctional
studies, individual mice were housed in metabobic cages. Bodyweight and urine volume
in 24 h were monitored for 2 consecutive days. Urine samples of the latter 24 h were
used to measure wine creatitine. After housing in raetabolic cages the animals were
sacrificed by sofluorane anaesthetics and total blood was removed by cardiac puncture,
and used fo measure plasma creafine. Kidneys wore dissected and weighed on a
microscale. Creatinine clearance was calenlated by (uring [Cr| % uring volume)/{plasma
[Cr] = 24 h).

Figure 27 A shows treatment of db/AdE/BEKS mice with 2ZH1O preveats progression
of microalbuminuria to macroalbuminuria, in particular, the ACR did not significantly
change ever the course of the suidy in freated mice. Figure 27B shows glomerular
filtration rate {measwred as creatinine clearance) was alse reduced in db/db/BKS mice

treated with 210 Figure 27C shows that the development of hypertension was

prevented by jnhibition of VEGEF-B. Figure 27D shows that reducing the expression of
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YEGE-B had no effect on body or kidiney weight. These data indicate that db/di mice
freated with anti-VEGF-B antibody have an improved kidney function with beiter
filtration capacity as rcasured by rediced condentration of urinary albumin, uritary

alburoin/Creatinine ratio and creatinine clearance.

Therapeutic anti- VEGE-B tieatment (using 2HI in HED fed mice has a minor effect

on blood slucese levels
Mice were fed 60% HFD {Research Diets, USA) for HFD for 30 weeks, starting

at age 5 weeks. Antibody trestment commenced at week 11 and mice were treated with

ZHI10 or isotype~-matched conwol antibedy for 20 weeks. Postpomdial BG levels of
mice were recorded at the end of the trial, after removal of foed for 2 h. Glucose
nmeasurements were performed on blood drawn from the tail vein using a Bayer
Contour Glucose meter.

Figure 28 shows that HFD fnereases blood glucose levels, however anti-VEGF-

B treatment does not prevent the development of hyperglyeeamia.

Therapeutic-VEGE-B treatment (using 2HI10Y i HFD fed suice improves renal funcdon

without decreasing blond slucese levels

Mice were fed 60% HFD {Research Diets, USA) for HFD for 30 weeks, starting
at age 3 weeks. The study also included lean wild type control animals, Antibody
treatment commeneed at week 11 and mice were treated with 2ZHI1( or isotype-matched
contre] antibody for 20 weeks, For detection of albumin and ACR 204 to 200-ul
volume of urine was collected from each mouse at the endpoint of the trial. Urinary
albumin was detected using Albwwell M Kit, and uripary Credtinine was measured nsing
the Creatinine Companion murine ELES A kit (Exocell, Philadelphia, PA).

While anti-VEGF-B weéatment in HED fed mice did not lower blooad glucose
levels, the eatment had a sigrificant rapact on diabetic renad physiology (Figure 29,
The kidney filtration capacity was impreved as measured by wduced albumin excration
{(Figire 2940, ACR (Figurg 298) and GFR. Anti-VEGF-B weatmest in HFD fed mice
had no effect on body or kiduey weight, in compartson to control traated mice.

Therapeutic anti-VEGE-B treatment (using 2H10y 1n HFD fed mice improves plasma

lipid profile

Mice were fed 60% HFD (Rescarch Diets, USA) for HFD for 30 wereks, starting
at age 5 weeks. The study additionally included lean wild type confrol animals.
Antibedy treatment conunenced at week 11 and mice were treated with 2HI0 o
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isotype-matched control antibody for 20 weeks. Animals were sacrificed by isofluorane
anaesthotics and total blood was removed by cardiac puncture, The blood was
centrituged at 14000 rpm, 4°C for 10 minutes, whereafter plasma was separated and
frozen in aliquots at -80°C. Commercially available kits were used for enzymatic

5 determination of NEFAs (Wako Chemicals, Neuss, Germany), beta-hydroxyburyeate
{Stanbio Laboratories, Boerne, TX, USAY} and friglycerides (Sigma-Aldrich).

Figure 31} shows that administration of 2H1{} in HFD fed mice protected against
clevated fevels of lipid species associated with T2D. Fer example. anti-VEGE-B
antibody treatment decreased plasma levels of wiglycerides (Figure 30A), NEFAs

10 (Figure 30B) and ketones (Figure 300,

Therspeatic anti-VEGE-B  trestment (using 2H10) in HFD fed mice prevents

lomerular mesangial expansion and sclerosis

Mice were fed 60% HFD (Research Digis, USA) for HFD for 30 weeks, starting
15 at age § weeks. The swdy also included lean wild type control animals. Antibody
treatment commenced at waek 11 and mice were treated with ZH10 or isotype-matched
conrrol antibody for 20 weeks, Antroals were sderificed by isoflaorane anaesthetics and
total blood was removed by cardiac punctore. Kidneys were dissected, post-fixated in
49 PFA for 48 b and subsequently processed for paraffin imbedding using standard
200 proesdures. After srobedding, 3-pm sectiony were prepared and stained with PAS
{Sipma) acconding W the manufactgeer. At least 10 glomeruli por animal stained for
PAS within cach section were photographed with bright field microscopy {Axio Vision
microscope, Carl Zeiss) at 40x magnification. The glomeruli were quantified using
Axio Vision Run wizard program for glomenlar PAS staining (pixel’um’).
25 Date presented. in Figure 31 and analysis of stained sections shows that
administation of 2ZHI0 in HFD fed mice profected against glomerular mesangial
expansion {Figure 312} and glomesular hypertrophy (Figure 318).

Thevapeutic anti-VEGE-B  treatmient {(using 2HI)Y tn HFD fed mice prevents

30 glomerular ipd accumulation
Mice wore fed 60% HED (Research Diets, USA) for HFD for 30 weeks, stiting

at age 3 weeks. The study also included lean wild type control animals. Antibody

treatient commenced at week 11 and mice weére teated 'with 2H 1 or isotype-matched

control antihody for 20 weeks. Antmals were sacrificed by isofluorane anaesthetics and
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total blood was removed by cardiac puncture, Kidneys were dissected and flash frozen
on dry we and embdded in Tissue-Tek@® (Sakura) dirgedy on the mold of the crvostat,
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Cryosections {12 pnn) were tmmersed 5-15 min in oil red O working solution (2.5 g oil
red O (Sigma-Aldrich), dissolved in 400 ml 99% isopropanocl, further diluted G160 in
Hz0, filtered through 2 22 um filter (Corning)) and rinsed 10 min unider ronning tap
water. Thereafter the sections were subimerged for 3 s in hematoxylin solution and

3 rinsed under tap water hefore they were wounted. Stained sections were examined with
bright field microscopy. At least 10 glomeruli per animal stained for ORO and
hematoxylin within each section were photographed with an Axio Vision microscope
{Carl Zeisg) ab 40x magnification. The glomeruli were quantified using Axio Vision
Run wizard program for glomerular ORO staining (pixet/pm®).

10 Dara presented 1 PFunwe 32 and analysis of staived sections shows that
adounisteation of 2HI0 fn HFD fed mice protects against ectopic renal lpid

accumulation. Lipid droplets are reduced both in number and size.

Therapeutic anti-VEGE-B treatment (with 2H10% in HFD fed mice prevenis glomerular

15 lipid accumulation and preserves podocyie integrity
Mice were fod 60% HED (Rescarch Diets, USA) for HFD for 30 weeks, starting
at age 5 weeks. The snudy also included lean wild tvpe eovtrol avimals. Antibody

treatment conmenced at week 11 and mice were treated with TH10 ov isotype-matched
eontrol antihody for 20 weeks.  Animals were sacrificed with isofluorane angesthetics
20 and total bloed was removad by cardiae puncture, Kidneys weare dissected, post-fixated
in 4% PFA for 48 b and subsequently processed for paraifin imbedding using standard
procedures.  After  subsdding, Fowy sections were  poepared and thereafter
immunostained for collagen IV, pecami andfor ¢-SMA Briefly, antigen retrieval was
performed ol 3 Yo sections using Asitigen retrieval solation Phe (Dako #8523677 and
25 heated at 98°C for 10 minutes. Sections were incubated at 4°C for 12 h with primary
antibodies rabbit anti-collagen 1V (abcam), goat anti-pecam {Abcand) of o-SMA
{Sigma). Appropriate fluorcscently labeled sccondary antibodies (Invitrogen, Alexa
fluory ware applied and sections were further incubated for | br at RT after which they
were propared for microscopy, At least 10 glomerull per agimal statned for collagen 1V,
30 pecam or G-SMA within each section were photographed with an Axie Vision
mticroscope (Cad Zeiss) at 40x maguification. The glomeroli were qouantified vsing
Axio Vision Run wizard program for glomerular £} collagen IV staining (pixclgip.l,mz}

and #7) thickness of glomeralar arterioles { umz L
Data presented in Figure 33 and analysis of stained sections shows that
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administration of 2H10 in HED fed mice protects against histological diabetic
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nephropathy-associated pathologies, such as ncreased glomerular ECM dccumlation

(Figure 33A) and arteriolar hyalinosis (Figure 338).

Therapeutic anti-VEGE-B greatment Geith 2H100 i STZ injected anumals bas wo effect

5 onblood glucose levels

For induction of type T diabetes, a streptozotozin {(STZ) medel was employed,
Experiments were performed with male BUY6 mice from Charles River. Mice were
starved for 4 hes prier to STZ injections. and received Sling/kg body weight
streptozotocin (Sigma-Aldrich) in 30mM sodiwm citrate (pH 4.3) or sodium citrate

10 buffer inraperitonenlly on day 1, 2, 3, 4and 5. BG levels of mive were recorded hefore
and 1 week after 3TZ administration. Animals with blood glucose levels above 12
mmol/l were regarded as hyperglycernic. Animals were divided randomly in two
groups and teated with 2HIO e isotype-matched control antibody twice wyekly,
Postprandial BG levels of mice treated with anti-VEGE-B (ZH10) or control antibody,

15 and lean control animials were recorded biweekly after removal of food for 2 h, Glucose
meassuremnents were performed on blood drawn from the il vein using a Bayer
Contour Glugose meter.

As shown i Figure 344, STZ injection in male mice nduces hyperglyesarmia.
However, anti-VEGE-B treatment after STZ injections has no major effect oun blood

20 glucose levels (Figure 34B ).

Therapeutic_ anti-VEGFE-B freatment in STZ-injected antmals, using 2H10, improves

renal fuoction
Far induction of type ¥ diabetes, the strgptozotozin (ST medal wis emploved.
25  Experiments were performed with male BI/6 mice from Scanbur. Mice were starved for
4 hws priet to STZ injections, and received SO0mg/kg body weight STZ (Sigima-Aldrich)
in 30 mM sodivm citrate buffer (pH 4.5} intraperitoneally on day 1-5. BG levels of
mice ware recorded before and 1 week atter §TZ admintstration. Animals with glucose
levels above 12 mmol/l were regarded as hyperglycemic. Animals were divided
30 randomily in two groups and treated with 2HI0 or isotype~-matched control antibody
twice weekly as above. For detection of albumin and ACR 204 o 200-ul volume of
urine was collected from each mouse at the endpoint of the trial (ongeing experiment,
only | wk of treatment reported. Urinary albumin was detected using Albuwell M kit
and urinary creatinine was measured using the Creatbnine Companion purine ELTSA
kit (Exocell, Philadelphia, PA).
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Despite minor effects on Blood glucose fevels in mice dosed with anti-VEGE-B
antibody 2HI10 after STZ injections, the renal functon of diabetic mice was
significantly improved by antibody treatment. The kidney filtration capacity was
improved as measured by reduced albumin excretion (Figure 35A) and ACR (Figore

5  33B).
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CLAIMS:

1. Use of a compound that inhibits VEGF-B signaling for treating diabetic
nephropathy in a subject suffering from diabetic nephropathy, wherein the compound is
a protein comprising an antibody variable region that specifically binds to VEGF-B and
neutralizes VEGF-B signaling.

2. Use of a compound that inhibits VEGF-B signaling in the manufacture of a
medicament for treating diabetic nephropathy in a subject suffering from diabetic
nephropathy, wherein the compound is a protein comprising an antibody variable
region that specifically binds to VEGF-B and neutralizes VEGF-B signaling.

3. A compound that inhibits VEGF-B signaling for treating diabetic nephropathy
in a subject suffering from diabetic nephropathy, wherein the compound is a protein
comprising an antibody variable region that specifically binds to VEGF-B and
neutralizes VEGF-B signaling.

4. Use of a compound that inhibits VEGF-B signaling for preventing diabetic
nephropathy in a subject suffering from diabetes and microalbuminuria or diabetes and
macroalbuminuria, wherein the compound is a protein comprising an antibody variable
region that specifically binds to VEGF-B and neutralizes VEGF-B signaling.

5. Use of a compound that inhibits VEGF-B signaling in the manufacture of a
medicament for preventing diabetic nephropathy in a subject suffering from diabetes
and microalbuminuria or diabetes and macroalbuminuria, wherein the compound is a
protein comprising an antibody variable region that specifically binds to VEGF-B and
neutralizes VEGF-B signaling.

6. A compound that inhibits VEGF-B signaling for preventing diabetic
nephropathy in a subject suffering from diabetes and microalbuminuria or diabetes and
macroalbuminuria, wherein the compound is a protein comprising an antibody variable
region that specifically binds to VEGF-B and neutralizes VEGF-B signaling.

7. The use of any one of claims 1, 2, 4, or 5, or the compound of claim 3 or 6,
wherein the compound has one or more of the following effects:
e reduce or prevent hypertension;

Date Regue/Date Received 2021-02-16
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¢ reduce or prevent glomerular and/or tubular sclerosis;

e reduce or prevent mesangial extracellular matrix deposition or abnormal
thickening of the glomerular basement membrane;

s reduce or prevent glomerular mesangial expansion;

s reduce or prevent glomerular vascular rearrangements;

¢ reduce or prevent renal lipid accumulation;

s reduce or prevent glomerular lipid accumulation;

s reduce or prevent glomerular collagen deposits and/or arteriolar hyaliosis; or

+ reduce or prevent macroalbuminuria.

8. The use or compound of any one of claims 1 to 7, wherein the compound is a

protein comprising a Fv.

9. The use or compound of claim 8, wherein the protein is selected from the group
consisting of:

@) a single chain Fv fragment (scFv);

(i)  adimeric scFv (di-scFv);

(iii))  adiabody;

(iv)  atriabody;

(v) atetrabody;

(vi) aFab;

(vii) aF(ab’)2;

(viit) aFv;

(ix) one of (i) to (viii) linked to a constant region of an antibody, Fc or a heavy chain
constant domain (Cy) 2 and/or Ci3; and

(x)  an antibody.

10.  The use or compound of any one of claims 1 to 9, wherein the compound is a
protein comprising an antibody variable region that competitively inhibits the binding
of antibody 2H10 to VEGF-B, wherein antibody 2H10 comprises a heavy chain
variable region (Vu) comprising a sequence set forth in SEQ 1D NO: 3 and a light chain
variable region (V1) comprising a sequence sct forth in SEQ ID NO: 4.

11.  The use or compound of claim 10, wherein the compound is a protein
comprising a humanized form of a variable region of antibody 2H10 or the compound
is a humanized form of antibody 2H10.
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12.  The use or compound of claim 10, wherein the protein comprises a variable
region comprising the complementarity determining regions (CDRs) of the Vy or the
VL of antibody 2H10.

13.  The use or compound of claim 12, wherein the protein comprises:

(i) a Vu comprising:
(a) a CDRI1 comprising a sequence set forth in amino acids 25-34 of SEQ ID
NO: 3;
(b) a CDR2 comprising a sequence set forth in amino acids 49-65 of SEQ ID
NO: 3; and
(c) a CDR3 comprising a sequence set forth in amino acids 98-108 of SEQ ID
NO: 3; and

(1)  a Vi comprising:
(a) a CDRI1 comprising a sequence set forth in amino acids 23-33 of SEQ ID
NO: 4;
(b) a CDR2 comprising a sequence set forth in amino acids 49-55 of SEQ ID
NO: 4; and
(c) a CDR3 comprising a sequence set forth in amino acids 88-96 of SEQ ID
NO: 4.

14.  The use or compound of claim 13, wherein the compound is an antibody
comprising a Vu comprising a sequence set forth in SEQ ID NO: 5 and a Vi
comprising a sequence set forth in SEQ ID NO: 6.

15. The use or compound of any one of claims 1 to 14, wherein the compound is
used in combination with an additional compound for use in treating or preventing the

nephropathy or treating, preventing or delaying progression of diabetes.
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