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POLYPEPTIDES, NUCLEIC ACIDS AND USES THEREOF

Fieen

The present invention relates to the ficlds of medicine, cell biology, molecular biology

and genetics, This invention relales to the field of medicine.,

This application claims benelit under 35 U.S.C. § 119(e) of U1.S. Provisional
Application Serial No.: 61/911,276 filed December 3, 2013, the content of which is herein
in\cm'pm‘allcd by telerence in its entirety. Reference is also made to U.S. Application Scrial
No.: 14/496.600 filed September 25, 2014, the content of which is herein incorporated by

reference in its entirety.

BACKGROUND

Hormonal peptides are an important class of secreted signaling molecules.
Lindogenous peplides are most notable for their functions in innate delense as antimicrobial
peplides (Cederlund et al,, 2001, in immune regulation as chemokines (Bonecchi et al., 2009)
and in modulation of behavior as neuropeptides (van den Pol, 2012). Deficiencies in hormonal
peptides are the cause of several human diseases, the most prominent being the toss of
INSULIN or INSULIN resistance in diabetes mellitus. Deficiency in the ncuropeptide
HY POCRETIN causes narcolepsy (Nishino et al., 2000; Peyron ¢t al., 2000) whilc anomalies
in the regulation of the appetite and satiety hormones LEPTIN (Montague et al., 1997) and
GHRELIN are the underlying causes for congenital obesity and hyperphagia in Prader-

Willi syndrome (Cummings ct al., 2002),

The discovery of new peplide-encoding genes is challenging, since their open reading
frames (ORIs) are small and often overlooked by size-biased ORT prediction algorithms. This
Iimitation has lead to their under-prediction or classification as non-coding transcripts (Frith ct
al.. 2006). Equally challenging is (he matching of these hormones Lo their cognate cell surface
receplors. The vast majority of small signaling peptides arc known Lo bind and signal through
G-coupled protein receptors (GPCRs), the largest family of cell surface receptors (Rasmussen
clal., 2007). GPCRs can be broadly classilied inlo two catepories based on the source of (heir
lipands (Vassilatis et al., 2003). Chemosensory-GPCRs sense environmental cues such as
odorants, lastanls and pheromones, while endo-GPCRs transduce signals originating from
cndogenous compounds such as peptide hormones, amines, nucleosides or lipids. Recenl

stidlies estimalte the number of endo-GPCRs in the human genome to be close to 370
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(Vasstlatis et al., 2003), Approximaltely 140 ol these (40%) have no known ligands and are
therelore orphancd GPCR receptors. As such, the discovery and pairing of novel endogenous

hormones to their cognale receptors remains a considerable endeavour,

Whereas many peptide hormones have been characterized and shown o play key roles
in adult physiology., an involvement for these tiny signaling moleeules during cacly
development has not been cstablished: During embryogenesis, six key signaling pathways
namely WN'T, BMP/NODAL, FGF/IGF, NOTCH, HEDGEHOG and HIPPQO are crucial lor
cmbryonic patterning, In particular lGE/FGE and NODAL are essential for maintaining,
pluripolency i human cibryonie stem cells (hESCs) (Dalton, 2013). Aside from
INSULINAGE. FGE and TGFR/ACTIVIN/NODAL, no other soluble factors have been
isolated from feeder or hESC-conditioned media and proven fo be necessary for hiSC culture

(Hughes ctal., 2011,

To our knowledge, no hormonal peptide has ever been implicated in maintaining the
sell-renewal capacity of h1ESCs ot their ability o differentiate into any of the three embryonic

germ layers.,

SUMMARY
According to a ™ aspect of the present invention, we provide an ELABELA
polypeptide. The ELABELA polypeptide may comprise a secuence

CXXXROXXXHSRVPFP (SEQ HY NO: 1), X may signily an amino acid residuc.
We also provide a fragment, homologue, variant or derivative of such a polypeptide.

The polypeptide, fragment, homologue, variant or derivative of sucl a polypeptide

may have an activity, such as a biological activity of an ELABELA polypeplide.

For example, the polypeptide may be capable o maintaining sell-renewal ol a stem-
cell. [t may be cujmblc of maintaining pluripotency of a stem cell, [t may be capable of
nm.intuining grow(h of a stem cell. [t may be capable of promoting growth ol a stem cell. It
may be capable of inhibiting apoptosis. It may be capable of binding o the cell surlace of an
cmbryonice stem cell, [t may be capable ol bias differentiation of a stem cell (oward an
endodermal or mesodermal lineage. 10 may be capable ol binding o apelin receptor (APLNR).
It may be capable of binding (o CXCR4 receptor, [t may be capable ol activating the

PIIKAKT pathway. I may be capable ol cardioprotection. It may be capable of restoration
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or maintenance ol cardiac function during ischemia and/or reperfusion. It may be capable of
reducing oxidative stress, [t may be capable of reducing infarcet size. It may be capable of

inhibiting THV infection,
It may be capable of doing any combination of these, or all of these.

- The ELABELA polypeptide may comprise a basic residue at or about position -7

upstrcam of the sequence CXXXRCXXXHSRVPEP (SEQ 1D NO: 1),

The ELABELA polypeptide may comprise a sequence SEQ 1) NO: 162
(XXXXXXXCXXXRCXXXHSRVPEP), in which X represents an amino acid residue, and in

which position | of SEQ 11D NO: 162 comprises a basic amino acid residue, preferably K or R;

The BELABELA polypeptide may comprise a basic residuc at or about position -8

upstream of the sequence CXXXRCXXXHSRVPEP (SEQ TD NO: 1),
The basic residue may comprise K (lysine). It may comprise R {arginine).

The ELABELA polypeptide may comprise a scquence SEQ 1D NO: 163
(XXXXXXXXOXXXRCXXXHSRVPEP), in which X represents an amino acid residue, and
in which position | of SEQ 1132 NO: 163 comprises a basic amino acid residue, preferably K or

R,

The BLABELA polypeptide may comprisc a pair of basic residues at or about
positions -7 and -8 upstream of the sequence CXXXRCXXXHSRVPEFP (SEQ 1D NO: 1). The
pait of basic residues may comprise KK, They may comprise KR. They may comprise RK.

They may comprise RR.

The FLABELA polypeptide may comprise a sequence SEQ 1D NO: 163
(XNXXXXXXCXXNXRCXXXHSRVYPEP), in which X represents an amino acid residuce. in
which positions I and 2 of SEQ 1D NO: 163 comprisc a pair of basic amino acid residues,

preferably KK, KR, RK or RR.

The ELABELA polypeptide may comprise a sequence selected from the group
consisting ol: SEQ TD NO: 2 1o SEQ ID NO: 18. The ELABELA polypeptide may comprise a
human ELABELA sequence shown as SEQ 1D NO: 2.
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The ELABELA polypeptide may {urther comprise a signal sequence. The signal
scquence may comprise a human ELABELA signal scquence such as shown in SEQ 1D NO:

19,

The ELABELA polypeptide may comprise a sequence selected from the group
consisting of: SEQ 11D NO: 20 to SEQ 1D NO: 36. The ELABELA polyﬁeplide may compri'se
a human ELABELA sequence shown as SEQ 1D NO: 20.

The ELABELA polypeplide may comprise an intramolecular covalent bond belween
the eysteine residues al positions 1 and 6, with relerence to the numbering in the sequence
CXXXROXXXHSRVYPEP (SEQ 1D NO: 1. The ELABELA polypeptide may be such that
onc or both cysteine residues comprise a reduced cysteine, [or example having a sulthydryl

group.

The ELABELA polypeptide may comprise a mutation of the residue al position 31,

The ELABELA polypeptide may comprise a mutation of the residue at position 32, The

ELABELA polypeplide may comprise a R31G substitution, The ELABELA polypeptide may
comprise a R3ITA subsiitution, The ELABELA polypeplide may comprise a K31G
substitution. The ELABELA polypeptide may comprise a K3 1A substitution, The ELABELA
polypeptide may comprise an R32G substitution. The ELABELA polypeptide may comprise
an R32A substitution. The ELABELA polypeptide may comprise a K32G substitution, The
ELABELA polypeptide may comprise a K32A substitution. The residuc numbering may be
by relerence 1o the position numbering of a human ELABELA sequence shown as SEQ 1D

NO: 20,

There is provided, according to a 2" aspeet of the present invention, a nucleic acid

comprising a sequence capable of encoding an ELABELA polypeptide as sct out above.

The ELABELA nucleic acid may comprise a nucleic acid sequence shown in any of
SEQ 1D NO. 37 to SEQ 11D NO: 46. The ELABELA nucleic acid may comprise a human
ELABELA nucleic acid sequence SEQ 1D NO: 37 or SEQ D NO: 42,

. . | . . .

We provide, according {o a 3" aspect of the present invention, a vector such as an
expression veetor comprising such a nucleic acid according. We further provide a host cell
such as a bacterial, fungal or yeast cell comprising such a vector or such a nucleic acid. We

further provide a transgenic non-human animal comprising such a host cell, such a veetor or
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such a nucleic acid, The transgenic non-human animal may comprise a mammal. The

transgenic non-human animal may comprise a mouse.

1" ~ . . . . . -
As a 4" aspect of the present invention, there is provided an antibody or an antigen-

binding fragment thereof.

The antibody or antigen-binding [ragment thereol may be capable of specilicaltly

binding to a polypeptide comprising the sequence CMPLHSRVPFP (SEQ 1D NO: 52).

The antibady or antigen-binding fragment thereof may be capable of specifically
binding o a polypeptide comprising (he sequence QRPYVNLTMRRKLRKHNC (SEQ 1D NO:
53). ’

The antibody or antigen-binding fragment thereof may be capable ol specifically
binding o a polypeptide comprising the sequence

QRPVNLTMRRKLRKITINCLOQRRCMPLIISRVPEP (SEQ 1D NO: 2).

The antibody or antigen-binding fragment thereot’ may be capable of specifically

binding to an ELABELA polypeptide as sel out above,

The antibody or antigen-binding fragment thereol may be capable of specifically

binding to an ELABELA polypeptide encoded by a nucleic acid as set out above.

The antibody or antigen-binding fragment thercof may be capable of specifically

binding o an ELABELA polypeptide comprising the sequence of any of SEQ ID NOs: [-36;

The antibody or antigen-binding fragment thereol may further optionally comprise a

label,

While antibodies that bind them are provided, it should be understood that these

antigenic polypeptide fragments can also be useful and are provided in their own right.

. . | - . . .

We provide, according to a 5" aspect of the present invention, an sShRNA or siRNA
molceule capable of modulating any combination ol the expression, amount or activity of an
ELABELA polypeptide set out above. The shRNA or siRNA may comprise a sequence

selected from the group consisting of: SEQ 1D NO: 47 1o SEQ ID NO: 51.

1 - . . . - N .
Asa 6" aspeet of the present invention, there is provided a method ol assaying

compound of interest. The method may comprise contacting an ELABELA polypeptide as sct
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out above with a candidate compound and performing an assay (o determine if the candidate
compound binds to the ELABELA polypeptide. The method may comprise contacting an
ELABLELA polypeptide as set out above with a candidate compound and performing an assay
to determine if the candidate compound modufates an activity ol the ELABELA polypeptide.
The assay may comprise contacting a cell expressing an ELABELA polypeptide as set out
above with a candidate compound and performing an assay to determine if the candidate
compound causes an clevaled or reduced expression, amount or activity of the ELABELA
polypeptide in or of the cell. The method may .I;urlhel‘ comprise isolating or synthesising the

compound of micrest so identified.

We provide, according (o a 7™ aspect of the present invention, a compound of interes

identified. isolated or synthesiscd by a method as set out above.

The present invention. in a 8™ aspect, provides a method of down-regulating any
combination of (he expression, amount or activity of an ELABELA polypeptide. The method
may comprisce exposing the ELABELA polypeptide o an antibody or antigen-binding,
fragment thereof as described. The method may comprise exposing the ELABELA
polypeptide to an ShRNA or siRNA as deseribed., 'The method may comprise exposing the

BLABELA polypeptide to a compound of interest as described.

The present invention, i a g aspect, provides an ELABELA polypeptide as
deseribed. a nueleic acid as desceribed, a vector, host cell or transgenie non-human animal as
deseribed, an antibody or antigen-binding fragment thereof as described, an shRNA or siRNA
molecule as deseribed or a compound of interest as described for use in the treatment,

prophylaxis or alleviation ol an ELABELA associated condition.

The ELABELA associated condition may comprise cardiac dysfunction,
hypertension, ot a cardiovascular anomaly in blood pressure, cardiac contraetility or [tuid

balance,

The ELABELA associated condition may comprise a cardiovascular discase such as
cardiae hypertrophy. coronary artery discasc (CAD), atherosclerosis, post-infarct trcatment,
myocardial ischemia-reperfusion injury or atrial fibrillation, coronary heart discasc, heart

[ailure, pulmonary arterial hypertension (PAH).
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The ELABELA associated condition may comprise a condition associated with high

blood pressure. such as hypertension, angina, congestive heart lailure or ercetile dysfunction.

The ELABELA associated condition may comprise a condition associated with HI'V

infeelion. suelh as AIDS in an individual.

According to an 10" aspect of the present invention, we provide an ELABELA
polypeplide as described, a nucleic acid as described, a vector, host cell or transgenic non-
human animal as described, an antibody or antigen-binding fragment thereof as described, an
ShRNA or siIRNA molceule as deseribed or a compound of interest as described for use in the
(reatment, prophylaxis or alleviation of an ELABELA associated condition, or for usc as a

vasadilator.

We provide. according to a 11" aspect of the invention, a method of manipulating a
cell, the method comprising modulating, preferably up-regulating, any combination of the
expressiott, amount or activity ol an ELABELA polypeptide as described in or of the cell,
stieh as by exposing the cell to an ELABELA polypeptide as described or introducing a

nucleic acid as deseribed or a vector as deseribed into the cell.

There is provided, in accordance with a 12" aspect of the present invention, a method
ol maintaining or enhancing self-renewal and/or pluripotency in or of a stem cell, the method

comprising manipulating a stem ccll by a method as set out above.

The cell may comprise a stem cell. Up-regulation of the expression, amount or activity
ol an FLABELA polypeplide may result in maintenance or enhancement of self-rencwal

and/or pluripotency in or ol the stem cell.

As an 13" aspect of the invention, we provide a method comprising detecting any
combination of the expression, amount or activity of an ELABELA polypeptide in or of a cell,

such as a stem cell, tissue, organ or organisni,

We provide, according to a 14" aspeet of the invention, there is provided a
cambination comprising a first part comprising a sequence MPLIISRVPEFP (SEQ 1D NO: 54)
or QRPYNLTMRREKLRKHN (SEQ ID NO: 55) or both and a second part comprising a

polypeptide ol interest.
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The combination may be such that the {irst part and the second part are covalently

joined. such as by chemical conjugation. The combination may comprisc a fusion protein

comprising the first part and the second part.

. | . . . . .
According to a (5" aspect of (he present invention, we provide an expression construct

capable of expressing such a fusion protein.

- . . . | . . . .
Fhere is provided, according to a 16" aspeet of the present invention, a method of

detecting or quantifying a polypeptide of interest, the method comprising producing a

combination as desceribed and detecting the presence of or quantifying the first part of (he

combination,

We provide, according to a 17" aspect of the present invention, a method of isolating a
polypeptide of interest. The method may comprise producing a combination as described and
exposing the combination to a molecule capable of specifically binding to the first part. The
molecule capable of specifically binding to the first part may comprise an zlnti[mdy or antigen-

binding fragment thercof as set out above,

e . . . Il ~ . .
here is provided, according to a 18 aspect of the present invention, a method
comprising conjugating or otherwise joining a polypeptide ol interest to a sequence

MPLFESRVPEP (SEQ 1) NO: 54) or QRPYNLTMRREKLREKTIN (SEQ 11 NO: 55) or both.

We provide, according to a 19" aspeet of the present invention a method ol making an
ELABLLA polypeptide or fragment thereof, the method comprising: (a) expressing a nucleic
acid encoding a sequence comprising CXXXRCXXXHSRVPEP (SEQ ID NO: 1) ina cell, in
which X is an/any amino acid residue, and in which the polypeptide tragment maintains sell-
renewal, pluripoteney, or both of a stem cell; or (b) using chemical synthesis (o generale a
synthetic polypeptide or fragment thereof comprising CXXXRCXXXHSRVPEP (SEQ 1D
NO: [y ora fragment having the sequence of SEQ 1D NO: 53.

Ihere is provided, according to a 20™ aspect of the present invention, An
immunoassay kil for measuring or detecting ELABELA expression, the immunoassay kil
comprising: (2) a coating antigen comprising onc or more isolated antibodies or antigen-
binding [ragments thereof that specifically binds to onc or more of the following: (i) a
polypeptide comprising the sequence CMPLISRVPEFP (SEQ ID NO: 52}, (ii} a polypeptide
comprising the sequence QRPVNLTMRRKIRKITNC (STQ D NO: 53); (iii) a polypeptide



[}

9

comprising the sequence QRPVNIL TMRRKLRKIINCLQRRCMPLHSRVPFP (SEQ 1D NO:
2y or (iv) an ELABELA polypeptide comprising the sequence of any of SEQ 1D NQOs: 1-36;

and (b} instructions for using said coating antigen,

The immunoassay kit may be such that the isolated antibodics or antigen-binding

ragments thereol are labelled.

The immunoassay kit may further comprise an enzymce labelled reagent, a sccondary
antibody or antigen-binding fragment thereof that specifically binds (o the isolated antibodies

or antigen-binding Iragments, a solid substrate, or any combination thereof.

BRI DESCRIPTION OF THE FIGURES

Figures 1A Lo 1E. Belonging to the Core Embryonic Pluripotency, £LA Encodes a

Conserved Hormone.

Fipure 1A NANOG, POUSET and PRDM 4 syn-expression groups share a common

list of 33 genes which define a core human pluripotency network. 7.4 is one of these genes.

Figure 1B. LA, like POUSFI, is rapidly silenced in hESCs during embryoid body

dilTerentiation.

Figure 1C. £LA encodes a conserved vertebrate protein of 54 amino-acids consisting
ol a scerctory signal and a mature 32 amino-acid peptide. The carboxy terminus is invariant.
While arrowhead: predicted signal peptide cleavage site between G22 and Q33. Double black
arrovwheads: possible FURIN cleavage sites afler conserved di-arginines R31R32 and R42R43
molits. N- and C-terminal epitopes chosen for N and «. C antibody production are noted. The
o Cantibody is designed to recognize all ELA peptides regardless of species. Figure 1C

discloses SEQ 1D NOs: 20, 22, 25-28, and 30-33, respectively, in order of appearance.

Figure 1. Western blot for ELA which is translated, processed, scereted and
recognized by the u C antibody as a 4 kDa single band when over-cxpressed in Xenopus laevis

cembryos. Brefeldin A-mediated inhibition of secretion blocks ELA processing.

Figure 1T, The o C antibody recognizes both lull-length ELA and processed ELA

whereas the o N antibady is specific to the mature processed ELA peptide.

IFigures 2A to 211 ELA is an Endogenous Tlormone Secreted by hESCs and Essential

for their Survival,
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Figure 2A. By immunolluorescence in hIESCs, endogenous ELA marked with the o C

antibody co-localizes with the trans-Golgi network marked by TGN46.

Figure 2B. Soluble extracellular ELA in conditioned medium ol hiESCs can be

depleted by sIRNA mediated silencing and detected by a sandwich ELISA assay.

Figure 2C. Over a period of 5 days, secreled ELA reaches nM concentrations in the
supernatant of hESCs cultures as mcasured by ELISA. Over the same period, Dox-inducible

shi<l. A knockdown achieves nearly 85% depletion of extracellular ELA.

Figure 2D, As judged by immunolluorescence shELA, but not shf2A4, causes hESCS
colonies to gradually differentiate and lose pluripotency markers POUSKFI, SSEA-3 and 'TRA-

[-60).

Figure 215 Measured on the xCELLigence platform., sh#£44, but not shfg2A/ (insct)

hESCs seeded as single cells exhibil significant growth impairment.

Figure 2F. An average shFL A WESCS colonics are twice as small relative (o control

hESCs,

Figure 2G. shisLA hESCs do not display overt changes in ccll cycle propression

following release from a double thymidine block at G1/8.

Figure 211, By FACs analysis, shELA, but not sh2M, causes hESCS grown in single
cells o undergo rapid apoptosis as judged by increased ANNEXIN V and activated

CASPASIE 3.

Figures 3A 1o 3K, Recombinant ELA Promotes hESCs Growth and Primes Cells

Towards Mesendoderm Lincages.

Figure 3A. Recombinant syntheticatly-produced ELA, and mutant ELA® N (R31G,
R32G), with free termini and intramolecular cystine bond between conserved C39 and Cd4

residucs,

y . . RR=GG
Figure 3B. By immunofluorescence, recombinant ELA, but not ELA, labeled

with FITC is rapidly up-taken by hESCs.

Figure 3C. By cell numbers, addition of exogenous ELA clicits increased growth of

hESCs while shi LA hIESCs show reduced growth relative to untreated hESCs.
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Figure 3D. Relative to untreated hESCs, addition of exogenous ELA, bul nol mutant

. ReGG g o o . e
ELARYYG licits increased survival of h1ESCs.

Figure 3E. By real-time cell index analysis, supply of exogenous ELA, but not mutant

) KRR =Gty . . N EIATE
ELAT 7 affords increased growth of hESCs.

[_\ RR>GG

Figure 3F. Exogenous ELA, but not mutant EL . 1s sulTicient to rescue (he

growlh ol shELA hIESCs,

Figure 3G, Alfinity purified u C antibodies added to the medium of hESCs are

sutficient to inhibit the growth of hESCs, demonstrating potent neutralizing activity.

Figure 3H. The pro-growth and survival properties of recombinant LA are specilic to
hESCs culture and are not scen on multipotent hECs, or unipotent human chondrosarcoma and

primary fibroblast cells.

Figure 31. By qPCR, hESCs treated with recombinant ELA express significantly
higher levels of mesendodermal markers, Conversely shisZA hESCs have reduced levels of

these sume mesendodermal markers.

Figuare 31 As judged by FACs, hESCs treated with recombinant ELA do not lose the

stem cells cell surface markers SSEA-3 and TRA-1-60.

Figure 3K, hESCs treated sith recombinant ELA are not committed to mesendodermal

lincages and can diflerentiate into all three germ layers upon embryoid differentiation as

judged by PCR analysis.

Figures 4A to 414, Generation of an Allelic Series of Mutant efa Zebralish

Iigure 4A. By whole mount in sifie hybridization in zebratish embryos, ela is found (o
be zypotically expressed and ubiquitous in the blastoderm. During gastrulation its expression

becomes axial and is strongest in the neural tube,

Figure 4. gPCR analysis shows that, relative {o aetin, expression ol ela is exclusively

zygolic, peaking at 100% epiboly and absent by 4 days post-tertilization.

Figure 4C.In zebralish, ela consists of three exons located on chromosome 1. A

custom pair of Zine Finger Nucleases (ZFNs) targeting exonl of efer was used to create an



10

]
(]

12

allelic series of mutations within the signal peptide of Ela. Figure 4C discloses SEQ 1D NO:

150.

ligure 41, Three distinet loss-ol-function alleles were generated, the eld" aliele
results in a unique 7 amino-acid in frame deletion in Ela’s signal peplide. Alleles elad”’? and
eld”™ caused premature stop codons and disrupt (he reading frame resulting in no Ela mature
peptide. Figure 4D discloses SEQ 1D NOs: 36 and 157-159, respectively, in order of

appearance.

, , , hrt3 '
Figure 4B, Relative to wildlype embryos, homozygous null efa™ ™ embryos show
delective epiboly movements and a constricted gerni ring at the involuting margin at 70%

epiboly.

IFipure 41, At 100% epiboly, by RT-PCR endogenous efa and eld”™ mRNA are of
distinet size. By western blotting using the ¢ C antibody, endogenous Ela is recognized in wi

. . I
cmibryos and is absent in nult e/a™" siblings.
Figures 5A Lo 514, ela Knockout Zebrafish Have Severe Cardiovascular Delects

. hr2! . — :
Figure SA. Null ela™ " lavvac display pericardial oedema (white arrowheads),
accumulated erythroeytes (red arrowhceads), and have no blood circulation. Variable posterior
anomalies are observed including loss of ventral fin (black arrowheads), tailbud duplications

(inset) and extreme tail/trunk truncations (bottom embryo).

Figure 5B. Loss of ela causcs severe cardiac anomalies ranging [rom mild heart
dysplasia to tolal hearl agenesis as shown by H&E staining on sections from top and bottom

embryos shown in A,

-+ . i3 o . . . .
Figure 5C. Null ele™" fish have severe reduction of emfel expression which marks the

developing heart.

. bri3 oo g , T
Figure SB. Null /™ Tish display increased hematopoiesis as judged by (he up-

regulation of sef, a marker of blood precursors.

. . . - hrl3 . . ~ . .
Figure SE. Classification of null efe™" larvae with varying degrees of tail defects,

Class T are defined as having pericardial oedema and tail blood clot, class 2 have ventral fin

defeets, or tailbud duplications, in addition to class [ phenotypes and class 3 farvac have all

phenotypes of class | combined with mild to severe tail/trunk truncations.
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Figure 5F. Percentages of efarmutant fertile adults that were obtained from

heterozypous intercrosses using all three alleles.
FFigures 6A 1o 6F. EL/A is Essential for Endoderm Differentiation

o : oL
Figure 6A. Relative to wt embryos, homozygous null e/’ cmbryos show
5 convergence-extension defects resulting in delayed blastopore closure and thickened

notochord (insets) as indicated by altered bre expression.

IFigure 6B. The loss of el causes defective migration of mediolateral garad expressing
cells, which mark mesendoderm cells that guide hearl progenitors Lo the anterior Tateral plate

mesodern,

10 Figure 6C, ela mutant embryos show a more compact sox/7 expression pattern than do

wildtype embryos, sox/ 7+ forerunners cells are not affected.

Figure 61, efe null embryos have approximately 40% less sox 17+ cells than (heir

heteravzygous siblings at 75% epiboly.

[ipure OE, Dirccted endoderm differentiation of shizLA, but not control, hEESCs is
15 markedly impaired as judged by the reduction in SOX 17 expression by immunofluorescence.
Addition of recombinant ELA is sulficient 1o rescue this loss ol endoderm differentiation

potential in shish A hESCs.

Figure 6F. Quantification of endodermal differentiation efficiency in control, shi<7.A
and shELA with ELA peptide hESCS after 5 days reveals a significant 45% reduction of
20 SOXI7 expression upon £LA depletion which can be entirely rescued by addition of

exogenous ELA.
Figures 7A to 711 ELA’s Cognate Receptor for Endoderm Differentiation s APLNR.

Figure 7A. ELA and APELIN arc very basic hormones with isoclectric points

exceeding 12, Figure 7A discloses SEQ ID NOs: 160-161, respectively, in order of

[
LN

appearance,

Figure 7B. By Q-PCR, the onset of transcription of apfnra and apinrb coincides with
that of e¢la at the midblastula transition, apelin expression debuts § hours later during

pastrulation,
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Figure 7C. Relative (o control embryos, the expression of aplira and aplnrh at 70%
epiboly becomes stronger and confined to the most equatorial hypoblast in e/ mutant {white

arrowheads: speeific aplnra expression in the animal pole).

Figure 7D. Wildtype embryo with a beating heart and blood circulation at 6 days post
fertilization, normal sox/7 expression in definitive endoderm at 75% epiboly, no erythrocyte
accumulation in the intermediate cell mass, and em/fe/ expression in the heart forming region

at 30 hpt.

Figure 7E. Aplnr morphants phenocopy ela mutant embryos, with no beating heart,
loss of blood circulation al 6 days post fertilization, reduced sox /7 expression in definitive
endoderm at 75% cpiboly, accumulation crythrocytes in the intcrmediate cell mass and loss ol

cndel expression in the heart forming region at 30 hpf.

Figure 71, el mutant embryos are anatomically indistinguishable trom Apfir
morphants and have no beating heart nor blood circulation at 6 days post fertilization, show
reduced sox /7 expression in definitive endoderm at 75% cpiboly, have accumulated
erythroeytes in the intermediate cell mass, and no emde ! expression in the heart forming

region at 30 hpf.

Figure 7G. In 2937 cells, overexpression of zebrafish aplura or aplnrb or human
APLNR ts sufficient to confer cell surface binding to recombinant ELA conjugated 1o

Alkaline-Phosphatase (AP-ELA).

Figure 7H. In 2937 cells, overexpression of zebrafish apfnrd, but not its mutant form
grinch carrying the W90L missense mutation, or GPR/IS an orphan GPCR closely related to

APLNR, is enough (o alford binding (o recombinant ELA conjugated to Alkaline-Phosphatase
(AP-ELA).

Figure 8. Graphical abstract.

Figures 9A to 9H. Expression of £44 is Highest in [uman Blastocysts and hESCs and

is Under POUSF I Control, related to Figure 1.

Figure 9A. According to Unigene, 1.4 is most highly expressed in pre-implantation

human blastocysts,
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Figure 9B. According to GEO, LA expression in (he human pre-implantation embryo

starts by (he blastocyst stage consistent with a zygotic expression.

Figure 9C. LA expression in hESCs is downregulated lfollowing POUSF/

knockdown,

Figure 91D, The promoter region of £LA (chrd:165,796,806-165,798,359) translected
in hESCs can only drive expression of a firefly luciferase reporter in the presence ol its

upstream POUSHT enhancer (chrd:165,787,570-165,788,797).

Figure 9E, FLA expression is rapidly downregulated in hESCs upon embryeid body

differentiation,

igure 9F, ELA expression is rapidly downregulated in hESCs undergoing definitive

endoderm difTerentiation.

Figure 9G. ELA expression is rapidly downregulated in hESCs undergoing RA-

mediated neuroectoderm differentiation,

Figure 9tL LA expression is initially downregulated in hESCs undergoing cardiac

differentiation, but is re-expressed aller day 5.

Figures 10A to 10H. ELA is Localized to the Golgi in hESCs and its knockdown

Compromises Pluripotency, related to Figure 2,

Figure 10A. Tn hIESCs, ELA partly co-localizes with TGN46 a maker of the trans-

Golgi network.
Figure 10B. The same Golgi staining pattern is obscrved using ¢ N antibodics,

Figure 10C, Endogenous ELA in hI[ICs can be cfficiently knocked down by siRNA-

mediated depletion.

Figure 10D, Endogenous £LA in h1iSCs can be ctficiently knocked-down by inducible
shRNA-mediated depletion. shRNA against 24 is uscd as a control against non-specific

cfleets of doxyeyeline treatment or hairpin RNA expression.”

Figure 1015, When 10 million control or shZLA hESCs were injected subcutancously

into SCID mice (n=6), only control, but not sh£L hESCs gave rise to tumors by day 60.
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Figure 10F. shE£LA hESCs lose expression ol pluripotency markers POUS /! and

NANOG upon scrial passaging.

Figure 10G. Single colony qPCR analysis of passage 4 shELA hESCs confirms
downregulation of POUS T and NANOG. '

Figure 10, shRNA-mediated depletion of KLA or f2M does not affect the number of

cells going through S phase and incorporating EDU,

Figures t1TA to 11B. In hESCs, Recombinant £LA is Bioactive and endogenous ELA

can be Neutralized by the o N Antibody, related to Figures 3A to 3K.
Figure I 1A, Dosce-dependent response of hESCs (o recombinant ELA peptide.

Figure 1B, Addition ol purified ¢ N antibodies to hESCs medium inhibits

enddogenous ELA and causes similar effects as shELA knockdown. The neutralizing activity of
o« N antibodies can be competed out by addition of the mutant non-signaling ELAR®Y¢

peplide,

hrts

, 2 - .
Figures 12A 1o 12D, Homozygous ela”?’ and efa” " mutant fish have Identical

Phenotypes, related to Figure 5.
Figure 12A. Wildtype larvac at 6 days post-tertilization.

. - . P hr2i . .
Figure 12B. The 7 amino-acid in frame mutant e/« allele causes identical

hrid hris

phenotypes as the two lrameshift mutants efa” ™ and efe™ ™.

[N 21 iy

. e ~ T . - hr
Figure 12C. The ef¢”” mutant lish are indistinguishable from the ele”*" and ela

alleles.,

Figure 121, Overexpression of 200 pg of zebrafish efa ORF mRNA causes heart
dysgenesis (open arrows) and accumulation of erythrocytes in the TCM (red arrows), similar to

el null fish.

Figures 13A to 13C. Endoderm Differentiation is Defeetive in efa mutant fish and

FLA-depleted hESCs, related to Figurc 6.

hrls

~ hr? - - ~ . o
Figure 13A. efd™”" and ela”"” mutant fish show similar defects in sox/7 expression

pattern at 75% cpiboly.
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Figure 13B. Dirceted endoderm differentiation of sh&LA, but not shf#2A{ and control

hiESCs, s markedly impaired as judged by the reduction in SOX 17 expression.

Figure 13C, Quantification of endodermal differentiation efficiency in control, shi<f.A
ard shff2A hESCS afler divected diflerentiation reveals a signilicant 35% reduction of SOX17

expression upon £LA depletion.

lipurcs [4A to 14F. APLNR is Necessary for ELA Binding but is Not the ELA

Receptor in hESCs, related to Figure 7.

Figure 14A. H3K4me3 by Chip-Seq, transeript levels by RNA seq. and DNA
methylation levels by MeDIP around the ELA and APLNR loci in hESCs, Dala are extracted

from the Human Epigenome Atlas (www.genborec.org).

Fipure 14B, qPCR analysis of APLNR transcript levels (normalized to GAPDH) in
Day O undifferentiated hlESCs compared to Day 3 difterentiated mesoendoderm cells. APLNR
transcript levels are significantly reduced by shRNA-mediated knockdown using two different

consbructs.

Figure [4C. Day 0 undifferentiated hESCs are uniformly APLNR-negative, whereas
levels of APLNR in Day 3 mesoendoderm cells are one log higher, as measured by FACs,
Grey shaded histograms ave cells stained only with the sccondary antibody. These results are

confirmed using a second line of hESCs I1TES3,

Figure 14D. shA PLNR Day 3 mesoendoderm cells have significantly reduced cell
surface APLNR levels. No changes are observed in Day 0 undifferentiated hESCs, confirming

the absence of APLNR.

Figure 14E, shAPLNR Day 3 mesoendoderm cells have signiticantly reduced AP-ELA
binding. This reduction is proportional to the decrease in levels of cell surface APLNR.

shAPLNR docs not affect the levels of AP-LELA bound to Day 0 undifferentiated hESCs,

Figure 14}, Undifferentiated shAPLNR hESCs do not show impaired growth

compared 1o shControl hEESCs, as measured on the xCELLigence platform,

Figures F5A o Figure 151 are drawings showing that ELA activates the essential
PI3K/AKT pathway in hESCs.
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Figure 15A 15 a drawing showing a schematic ol STLAC-based phosphoproteomic

analysis to eluciclate immediate signal transduction of ELA in hIESCs,

Figure 158 1s a drawing showing a mass spectra of a PRAS40-derived peptide
showing phosphorytation on 1426 by ELA but not ELARR>GG, suggesiing activation of the

AKT pathway.

Figure [5C is a drawing showing that hESCs pulsed with ELA show immediate
activation of the PI3BK/AKT pathway. The mTOR pathway, as indicated by phosphorylation of

p7086K, is activated downstream of AKT via the phosphorylation of PRAS40.

Figure 15D is a drawing showing control and shELA hESCs grown in decreasing
INSULIN concentrations for 24 hours, revealing the requirement for ELA-mediated AKT

activation.

Figure 15E is a drawing showing that activation of AK'T by ELA is dependent on

PI3K. and is abrogated by pan-PI3K inhibitors Ly294002 and Wortmannin.

Figure [5T is a drawing showing that following release [rom a double thymidine

block, shiZLA hEESCs show an accumulation of cells in the G phase.

Figure 10A to 16D are drawings showing that ELA is the endogenous signal for

activation ol PI3K/AKT in h[ESCs

Figure 16A is a drawing showing that ELA bul not ELARR>GG or vehicle control

aclivates AK'T signaling in hESCs, with little to no activation of ERK and SMAD?2.

Figure 1613 is a drawing showing ELA-mediated activation of AK'T is not impaired in

undifferentiated shAPLNR hESCs.

Figure 16C is a drawing showing that at steady state, shELA hESCs but not control

hizSCs show an increase in GO/G 1 residence, as revealed by EDU pulsing.

Figure- 16D is a drawing showing that shELA hIESCs have a Jower rate of protein
synthesis when cultured in mTSERT, as shown by a lower rate of incorporation of labeled

amino acids in response to in a pulse-chase experiment,

Figure 17A to 171 are drawings showing that BLA protects against stress-induced

apoptosis and partially replaces INSULIN (sce also Figure S5)
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Figure 17A 1s a drawing showing (hat shTLA hIESCs are more sensitive to INSULIN
deprivation than control hESCs. Exogenous ELA pattially rescues the increased cell death

caused by INSULIN deprivation.

FFigure 171 is a drawing showing that By real-time cell index analysis, ELA but not

ELARR>GG can partially rescue the requirement for INSULIN in hESC growth medium.,

Figure 17C 1s a drawing showing that By FACS analysis, a larger proportion of shELLA

hESCs are positive for ANNEXIN V, which marks apoptotic cells.

Figure 17D is a drawing showing that By FACS analysis, a larger proportion shiELA

hESCs are positive for aclivaled CASPASE 3, which marks apoptotic cells.

Figure 17E 1s a drawing showing that Activated CASPASE 3 can be delected in

shELA hESCs by immunoiluorescence bul not in control hESCs.

Figure 171 is a drawing showing that ELA-trcated hESCs are more resistant to y-
irradiation compared to control hRESCs. shELA hESCs are sensitized (o y-irradiation which

can be rescued by addition of ELA,

Figure 17G is a drawing showing that ELA prevents activation of CASPASE 3 and
apoplosis lollowing irradiation, but does not appear to affect the formation of gamma-H2AX

foci. which mark double stranded breaks.

Figure 17H is a drawing showing that ELA-(reated hESCs are more resistant to low
levels of Actinomyein D treatment, which induces transeriptional stress and pS3-dependent

cell death, shELA hESCs are morce sensitive but can be rescued by addition of ELA.

Figure 171 is a drawing showing that ELA lowers the fevels of activated CASPASE

3/7 and apoptosis following Actinomycin D treatment in hI:SCs,

Figure 17) is a drawing showing that elabr13null zebrafish embryos have higher levels
ol apoplosis relative to controls embryos at 24 hours post fertilization (hpt) as shown by the

increased numbers of cells positive for activated Caspase 3 in head and trunk regions,

Figure 18A to Figure [8H are drawings showing that ELA protects against stress-

induced apoplosis and partially replaces INSULIN
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Figure 18A is a drawing showing that INSULIN is the main activator of the

PIAK/AKT pathway in hESCs grown in TSER-ES.

Figure 18B is a drawing showing that ELA but not ELARR>GG rescues the viability
of ESCs in the absence of exogenous INSULIN,

Figure 18C is a drawing showing that afier 3 days of growth in the absence of
INSULIN, only hESCs supplemented with exogenous ELA continue to grow. bFGF and

TG are present in the culture medium but cannot replace ELA.

Figure 18D 1s a drawing showing that ELA protects against anoikis, which refers (o
apoptosis caused by celfular dissociation. ROCK inhibitor protects against anoikis, and ELA

can partially replace it following cellular dissociation.

Fipure 18 is a drawing showing that ELARR>GG has no protective effect on

Actinomycin D-(reated hESCs,

ligure 18F is a drawing showing that ELA does not alfect the levels of P53, while

ShELA hESCs have redueed Tevels of the antiapoptotic protein MCL-1,

Figure 18G is a drawing showing that ELA prevents activation of the mitochondria
pathway of apoplosts, by inhibiting the inserlion ol anti-apoptotic protein BAX into the
mitochondria membrane. Consequently, less CYTOCHROME C is released from the

mitochondria into the cytoplasm in response to Actinomycin D.

Figure 1811 is a drawing showing that sShELA hESCs have increased activated
CASPASE 9, whereas ELA lowers the levels of activated effector CASPAST 9 and apoptosis

[ollowing Actinomycin D (reatiment,

Figure 19A is a drawing showing the genomic locus of the conditional 1:la knockout
(LalTox) mousc. Cre-mediated excision of Exon 2 flanked by lox sites (black triangles)
generates a null allele (ElaA) which encodes for a truncated Ela peptide. (SP=Signal Peptide;

MP=Malture Peplide)

Figure 1913 is a drawing showing that ElaA/1- intercrosses yield reduced numbers of

Ela knockout mice at time of weaning, indicating partial embryonic lethality.
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IFigure 19C is a drawing showing that Ela knockout embryos at ¢10.5 arc hypovascular

and growlh-retarded, with large pericardial oedema indicating defects in hearl development.

Iigure 19D is a drawing showing that vasculature in an Ela knockout yolk sac, as
revealed by Pecam-1 staining, does not mature into a functional arbour like in ElaA/+-

littermalte control,

Figure 19K is a drawing showing that different extraembryonic layers fail to adhere

and mature o give rise to functional blood vessels in Ela knockout yolk sacs.

Figure 191 is a drawing showing a frontal view of the heart in Ela knockout mice,

stained with a blue dye for contrast, revealing abnormal heart tube development.

Figure 19G is a drawing showing a cross-section view of an Ela knockout hearl
showed abnormal chamber seplation and endocardial development compared to that of a

control littermate.

Figure 20A is a drawing showing that like APLNR, the GPCR CXCR4, onc of the
most prominent HIV receptor, conlers cell surface binding to ELA, Other tested GPCRs did

not conler binding proving assay specificity.

Figure 20B 1s a drawing showing that unlike CXCR4's cognate ligand SDF1 (a.k.a
CXCL 12}, ELA cannot activaic CXCR4,

Figure 20C is a drawing showing that FLA behaves as a CXCR4 antagonistic ligand,

by preventing SDF{-mediated CXCR4 activation,

Figure 201 is a drawing showing that ELA inhibits infection with NL (HTV-1 NL43: a
CXCR4-tropic strain), but not with AD8 (I11V-1 NLADS: a CCRS5-tropic virus) or a VSV-G
pseudotyped virus. HIV-1 infection is measured by a colorimetric assay (B-Gal activity) after
36-48 hrs ol infection. ELA inhibits IHIV at 10-40 uM. Nevirapine, a reverse transcriptase

inhibitor. blocks all viruses (ested,

The practice of the present invention will employ, unless otherwise indicated,
conventional techniques of chemistry, molecular biology, microbiology, recombinant DNA
and immunology, which are within the capabilitics of'a person of ordinary skill in the art.
such techniques are explained in the literature. See, for example, J. Sambrook, E. F. Tritsch,

and T, Maniatis, 1989, Molecular Cloning: A Laboratory Mainal, Sccond Edition, Books 1-3,
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Cold Spring Harbor Laboratory Press; Ausubel, T, M. ¢t al. (1995 and periodic supplements;
Current Protocols in Molecular Biology, ¢h. 9, 13, and 16, John Wiley & Sons, New York,
N.Y.): B. Roe, L. Crabtree, and A. Kahn, 1996, DNA Isolation and Sequencing: Essential
Technigues, John Wiley & Sons; J. M. Polak and James O’). McGee, 1990, 7 Siti
Hyhridization: Principles and Practice; Oxtord Universily Press; M. I, Gail (Iditor), 1984,
(Higomucleotide .Sf])n!‘/aa.vis: A Praciical Approach, vl Press; D. M. 1. Litley and ). E.
Dahlberg, 1992, Methods of Enzymology: DNA Structire Part A: Synthesis and Physical
Analysis of DNA Methods in Enzymology, Academic Press; Using Antibodies: A Laboratory
Manual: Portable Protocol NO. T by Edward Harlow, David Lane (1999, Cold Spring Harbor
Laboratory Press, ISBN 0-87909-544-7); Antibodies: A Laboratory Manual by id Harlow
(Fditor), David Lane (I:ditor) (1988, Cold Spring Harbor Laboratory Press. ISBN (-87969-
314-2). 1855. Handbook of Drug Sereening, edited by Ramakrishna Seethala, Prabhavathi 13,
Fernandes (2001, New York, NY, Marcel Dekker, ISBN 0-8247-0562-9); and Lab Ref: A
Handbook of Recipes, Reagents, and Other Reference Tools Tor Use at the Bench, Edited Jane
Raskams and Linda Rodgers, 2002, Cold Spring Harbor Taboratory, ISBN 0-87969-630-3.

lZach of these general texts is herein incorporated by reference.,

SEQUENCE LISTINGS
QUIINC 15

SEQ 1D NO: I shows a sequence of an ELABELA polypeptide signature scquence.
SEQ ID NQO: 2 shows a sequence of a Homo ELABELA mature polypeptide. SEQ ID NO: 3
shows a sequence of a Peromyscus ELABELA mature polypeptide. S1EQ 1D NO: 4 shows a

sequence of a Rattus ELABELA mature polypeptide.

SEQ 11D NO: 5 shows a sequence of a Mus ELABELA mature polypeptide. SEQ 1D
NO: 6 shows a sequence ol a Bos ELABELA mature polypeptide, SEQ 1D NO: 7 shows a
sequence ol a Sus ELABELA mature polypeptide. SEEQ 1D NO: 8 shows a scquence of a
Dasypus ELABELA mature polypeptide. SEQ 1D NO: 9 shows a sequence of a Trichosurus

ELABELA mature polypeplide,

SEQ 11 NO: 10 shows a sequence of a Gallus ELABELA mature polypeptide. SEQ
D NO: 11 shows a sequence of a Gekko ELABELA mature polypeptide. SEQ 1D NO: 12
shows a sequence of a Anolis ELABELA mature potypeptide, SEQ 1D NO: 13 shows a
sequence of a Xenopus ELABELA mature polypeptide. SEQ 11> NO: 14 shows a sequence of

a Ambystoma ELABELA mature polypeptide.
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SEQ T NO: 15 shows a sequence ol a Oryzias ELABELA mature polypeptide, SEQ
[ NO: 16 shows a sequence of a Callorhinchus ELABELA mature polypeptide, SEQ 11D NO:
I'7 shows a sequence of a Oncorhynchus ELABELA mature polypeptide. SEQ 11D NO: 18

shows a sequence of a Danio ELABELA mature polypeptide.

SEQ 1D NO: 19 shows a sequence of a Human ELABELA signal sequence, SEQ 1D
NO: 20 shows a sequence of a Homo ELABELA polypeptide with signal sequence (bold).
SEQ TD NO: 21 shows a sequence of a Peromyscus ELABELA polypeptide with signal
sequencee (bold). SEQ 11D NO: 22 shows a sequence of a Rattus ELABELA polypeptide with

signal sequence (bold).

SEQ 11D NO: 23 shows a sequence of a Mus ELABELA polypeptide with signal
sequence (bold), SEQ [D NO: 24 shows a sequence of a Bos ELABELA polypeptide with
signal sequence (bold). SEQ TD NO: 25 shows a sequence of a Sus ELABELA polypeptide
with signal sequence (bold). SEQ 1D NO: 26 shows a scquence of a Dasypus ELABELA
polypeptide with signal sequence (bold). SEQ ID NO: 27 shows a sequence ol a Trichosurus

ELABELA polypeptide with signal sequence (bold).

SEQ 113 NO: 28 shaws a sequence of a Gallus ELABELA polypeptide with signal
sequence (bold). SEQ 1D NO: 29 shows a sequence of a Gekko ELABELA polypeptide with
sipnal sequence (bold). SEQ 1D NO: 30 shows a sequence of a Anolis ELABELA palypeptide
with signal sequence (bold). SEQ 1D NO: 31 shows a sequence of a Xenopus ELABELA
polypeptide with signal sequence (bold). SEQ ID NO: 32 shows a sequence of a Ambystoma

ELABELA polypeptide with signal sequence (bold).

SEQ ID NO: 33 shows a sequence of a Oryzias ELABELA polypeptide with signal
sequence (bold). SEQ ID NO: 34 shows a sequence ol a Callorhinchus ELABELA
polypeptide with signal sequence (bold). SEQ ID NO: 35 shows a scquence of'a
Oncorhynchus ELABELA polypcpticle.witl1 signal sequence (bold). SEQ [T NO: 36 shows a

sequence of a Danio ELABELA polypeptide with signal sequence (bold).

SEQ 11X NO: 37 shows a Human (Homo sapiens) ELABELA ¢cDNA sequence. SEQ
11 NO: 38 shows a Mouse {Mus musculus) ELABELA ¢DNA sequence. SEQ 1D NO: 39
shows a Chicken (Gallus gallusy ELABELA ¢cDNA scquence. SEQ 1D NO: 40 shows a _
Xenopus (Xenopus lacvis) BELABELA ¢cDNA sequence. SEQ [D NO: 41 shows a Zebrafish
(Danio rerio) ELABELA ¢DNA sequence,
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SEQ 1D NO: 42 shows a Human (IHHomo sapiens) ELABELA genomic sequence. SEQ
11D NO: 43 shows a Mouse (Mus musculus) ELABELA genomic sequence. SEQ D NO: 44
shows a Chicken (Gallas gallus) ELABELA genomic sequence. SEQ D NO: 45 shows a
Xenopus (Xenopus tacvis) ELABELA genomic sequence. SEQ 1D NO: 46 shows a Zebrafish

{Danio rerio) ELABELA genomic sequence.

SEQ ID NO: 47 shows a Anti-ELABELA shRNA sequence A. SEQ 1D NO: 48 shows
a Anti-ELABELA shRNA sequence 3. SEQ [D NO: 49 shows a Anti-ELABELA shRNA
sequence C, SEQ ID NO: 50 shows a Anti-ELABELA shRNA scquence D, SEQ 1D NO: 51
shows a Anti-ELABELA shRNA sequence [,

DETAILED DESCRIPTION

In describing the different ELABELA polypeptides variants encompassed by this

document, the following nomenclature will be adopted for ease of reference:

(1) where the substitution includes a number and a letter, e.g., 31 A, then this refers to
[position according to the numbering system/substituted amine acid], Accordingly, {or

example, the substitution of an amino acid {o alanine in position 31 is designated as

3

(it) where the substitution includes a leller, a number and a letter, e.g., R31A, then (his
refers to [original amino acid/position according to the numbering system/substituted
amino acid]. Accordingly, lor example, the substitution of arginine with alanine in

position 3| is designated as R3TA.

Whete two or more possible substituents are possible at a particular position, this will
be designated by contiguous letters, which may optionally be separated by slash marks */”,
e, R3ITA/G or K32A/G. Where the relevant amino acid at a position can be substituted by
any amino acid, this is designated by [position according to the numbering system/X], ¢.g.,

31X

Multiple mutations may be designated by being separated by slash marks /7, e.g.
RITA/KIZG representing mutations in position 31 and 32 substituting arginine with alanine

and lysine with glycine respectively.
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ELABELA

We disclose a previously unknown 54-amino acid hormone with a predicted signal
peptide. The peptide hormone, together with its variants, homologues, derivatives and
fragments will generally be referred to in this document as ELABELA (abbreviated to ELA),

This peplide hormone is present in all verlebrate species.

Other names by which ELABELA is also known (given afler our discovery) arc ende,
toddler and apela, The website wwiv.clabela.com contains a repository of information on

ELABELA.

Invivo, £LA expression is highest in the human blastocyst (hs. 105196,
LOCTO0506(1 3), and has been reportted to be rapidly down-regulated during hESC

differentiation (Miura et ak., 2004),

To our knowledge, the next earliest known peptide hormone to be expressed during
embryogenesis is APELIN (APLN), the transcription of which begins during gastrulation in
mice (D'Aniello et al., 2009). However, Apin knockout mice have no defeets in early
embryonic development (Kuba ct al., 2007), which is inconsistent with the inactivation ol its
receplor Aplnr (also known as Apj or Aglrl1) whose loss leads to variable embryonic lethality

duc to growth retardation and cardiac malformations (Charo et al., 2009).

In zebrafish, mutations in the APLNR homologue aplinrh impair the migration of
cardiac progenitors from the lateral plate mesoderm into the heart lield. Because aplira and
aplurh are expressed in early precursors of the endodermal fineage, hours before the onset of
aplin expression, it has been postulated that APLNR (ransduces the signal of an carlier

hormone, yel to be discovered (Charo et al., 2009; Scott et al., 2007).

The Examples demonstrate that ELA is a novel secreted peptide hormonc. Using zine-
finger-nuclease (ZFN)-mediated gene inactivation, we created an allelic series of el null

zebrafish, and show that it is essential for endoderm differentiation and heart morphogenesis.

ELABELA, its vatiants, homologues, derivatives and fragments, as well as modulators
such as agonists and antagonists, may therefore be used for the treatment, prophylaxis or
alleviation ol an ELABELA associated condition. ELABELA associated conditions are
described in further detail elsewhere in this document and may comprisc a cardiac dysfunction

or cardiovascular disease or a condition associated with high blood pressure lor example.
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The Examples show that Ela, and not Apln, is (he fiest ligand recognized by Aplnr
which mediates its effect for endoderm differentiation and subsequent cardiogencsis,
However, in hESCs where APLNR is not expressed, we show that ELA serves as an
cndogenous signal that protects against apoptosis and maintains (he sclf-renewal capacity of

hESCs.

Together, our results unveil the existence of a hitherto uncharacterized hormone ELA
that is indispensable for the sell~renewal of cultured hESCs and critical in vivo for heart

morphogenesis via the APLNR signaling pathway.

Example 19 demonstrates that ELA signals in a paracrine fashion in hEESCS to
maintain their self= renewal. ELA inhibition by shRNA ot neutralizing antibodies causcs cell

death and reduced hESC growth,

Example 20 shows that synthetic ELA is sufficient to potentiate the prowth and

survival of hESCs in part by replacing INSULIN,

FLA’s immediate signal transduction, revealed by SILAC phosphoprotcomics,
demonstrales that it activales the PI3K/AKT pathway which is indispensable to hESCs

maintenance. This is shown in Example 48.

Accordingly, ELA protects against various cellular stress by preventing apoptosis in

cultured hIESCs and in vivo as cvidenced with ela null embryos.

We propose that ELA. via an alternate cell-surface receptor, underwrites ESC self-

renewal and constitutes one of the earliest survival factor secreted by the vertebrate embryo.
ELABELA POLYPEPTIDES
The methods and compositions described here make use of ELABELA polypeptides.
We demonstrate that ELABELA is expressed in a number of vertebrate species. We

further demonstrate that ELABELA is highly conscrved belween species, and that the

ELABELA polypeptide sequence comprises a number of conserved regions.

The sequence alignment below shows ELABELA proteins across 17 vertebrate
species. Conserved residues are shown in bold and are also highlighted/shaded. Signal

sequence is shown in italics. The sequences in Table D1 correspond to those in SEQ TD NO:
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20 to 34 ol the sequence listings. ("Invariant residues” conscnsus sequence disclosed as SEQ

1) NO: 56).

Positions ]:/ Homo I e e H—_————— R Rk FER L TP L LS EFL AT
Invariant residues M-—-eee oo RERI = = ot e e C—-—--RC---HSRVPFP
Homo MREQOFLEFAFFIFIMSLLLISGORPVNLTMRRKLRKHNCLORRCHPLHSRVPFP
Paromyscus MRFQAYFLVFFIFAMSLLFITEQRPVNIFPRKKRKVYRENCFRRRCVPLHSRVPFP
Rattus MRFOQPLEFNVFFIFAMSLLFITEERKSVNFPRRRKLYRHNCFRRRCISLHSRVPIP
Mus MRFQPLFNVFFIFAMSLLFPISEQKPVNIFPRRRKLYRHNCFRRRCTIPLHSRVPFP
Bos MRFHOFFLLFVIFMLSLLL THGOROANLAMRRKLHRHNCLORRCMPLHSRVPFP
s5us MREFRQOQFFLVFFIFMMNLLLTCGORPANLAVRRKLHRENCLQORRCMPLHSRVPIFE
Dasypus MKFQOFrFYVFFVEIMSLLLINGORPANLAMRRKLHRENCFQRRCHMPLHSRVPFP
Trichosurus MRFOQLLFFLFLFFTHMGILLIDGORPGNLALRREKPHRHICPQRRCHMPLHSRVPI P
Gallus MRLRRLLCVVFLLLVSLLPAAAQRPANLALRRKLHRHNCSHRRCHPLHSRVPFP
Gekko MRLOQLLLLTCFLILTGVLLGNGOQRPANLSLRRKLHRQHCSHRRCMPLHSRVPIP
anolis MRLOQLLLTWFLLLAGALLINGOQRPANLASRRELHRHECSHRRCHMPLHSRVPFP
Xenopus MDFOQRKLLYALFFILMSLLLINGOKPANLAQRRRIHRHNCIFLKRCIPLHSRVPFP
ambystoma - MEWOKLLATLFNILMGALLVNGOQRPVNAAHRRRLHRHNCSLRRCHMPLHSRVPFP
oryzias MRVWNLLYLLLLLAAALAPVFSARPDFLNLRRKYHRHHCLHRRCMPLHSRVPFP
Callorhinchus MRFQALLHIILLLCTSLLLTISGQKSGNSWRRKKMORRNCWHRRCLPFHSRVPFP

A number ol sequences from other species show small variations in length:

For example, the Oncorfiynchus ELABELA sequence (SEQ 1D NO: 35) has a one
amino-acid deletion between underlined TV residues. The missing or corresponding residue is

Mcthionine 15 in the human sequence. This is within the signal peptide.

MRIISLLYLLLLVTVLGSVSSVRPDILNIRRRYHRHHCPHRRCMPLHSRVPFP
As another example, the Danio rerio ELABELA sequence (SEQ ID NO: 36) has a
four amino-acid insertion underlined as DKHG (SEQ 1D NO: 57). These 4 residues arc

predicted to be kept in the mature peptide.
MRFFHPLYLLLLLLTVLVLISADKHGTKHDFLNLRRKYRRHNCPKKRCLPLHSRVPFP

In the broadest sense, an ELABELA polypeptide is a polypeptide that includes an
“ELABELA signature” sequence. An ELABELA polypeptide may further comprise one or
more activities., such as a biological activity of a native BLABELA polypeptide, as described
in this document. As is clear from the sequence aligmment, a number of ELABELA signatures

are possible.

For cxample, an ELABELA signature may comprise the sequence HSRVPFP (SEQ 1D
NO: 57). Accordingly, as used in this document, the term “ELABELA polypeptide” may
mean a polypeptide which comprises an HSRVPFP sequence (S1:Q 1D NO: 58). An

ELABELA polypeptide comprising SEQ 1D NO: 58 may comprise one or more biological
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activitics of a native ELABELA polypeptide, such as maintaining sclf-renewal, pluripotency,

ot both of a stem cell, as described herein.

Alternatively, or in addition, an ELABELA sighature may comprise the sequence
RCXXXHSRVPEP (SEQ 1D NO: 59). In this sensc, therefore the term “ELABELA
polypeptide™ may mean a polypeptide which comprises an RCXXXHSRVPFP scquence (SIEQ
11D NO: 59}, in which in which X represents any amino acid residuc. An ELABELA
polypeptide comyprising SEQ 11D NO: 59 may comprisc onc or more biological activities of a
native BLABELA polypeptide, such as maintaining sclf-renewal, pluripotency, or both of a

stem cell, as deseribed herein,

In preferred embodiments, however, the ELABELA signature is intended to refer (o a
sequence CXXXRCXXXHSRVPEP (SEQ 1D NO: 1), in which X significs an amino acid
residuc. Accordingly, the term “ELABELA polypeptide” as used in this document is intended
to refer to a sequence comprising a CXXXRCXXXHSRVPFP (SEQ 1D NO: 1), in which X
signifies an amino acid residue. An ELABELA polypeptide comprising SEQ 112 NO: | may
compiise one or more biological activities ol a native ELABELA polypeptide, such as

matintaining self-renewal, pluripotency, or both of a stem cell, as described herein.

VFor the purposes of this document, the term “ELABELA polypeptide” should also be
taken to encompass any fragment, homologue, variant or derivative of such a polypeptide,
Such ELABELA fragments, homologues, variants and derivatives are described in further
detail clsewhere in this document. Such ELABELA fragments, homologucs, varian(s and
derivatives may comprise one or more biological activitics of a native FLABELA
polypeptide, such as maintaining self-renewal, pluripotency, or both ol a stem cell, as

described herein.

The ELABELA polypeptide encompassed by this document may therefore comprise a
signature or conserved region from any of the vertebrale species in which TLABELA is
expressed (see for example Figure 1C and the sequence alignment above). Such signaturcs
andd conserved regions are st out as SEQ 1D NO: 2 to SEQ ID NO: 18 and SEQ D NOs: 60
o 76,

The BLABELA polypeptide may comprise a signalure or conscrved region [rom any
species, for example: a Homo sequence CLQRRCMPLHSRVPEP (SEQ 1D NO: 60); a

Peromyscus sequence CCRRRCVPLHSRVPEFP (SEQ D NO: 61); a Rattis scquence
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CFRRRCISLHSRVPFP (SEQ ID NO: 62); a Mus sequence CFRRRCIPLHSRVPFP (SEQ D
NO: 63): a Bos scquence CLOQRRCMPLHSRVPFP (SEQ [D NO: 64); a Sus sequence
CLORRCMPLHSRVPFP (SEQ ID NO: 65); a Dasypus sequence CFQRRCMPLHSRVPEP (SEQ
1D NO: 66): a Trichosurus sequence CPQRRCMPLHSRVPFEP (SEQ 1D NO: 67); a Gallus
ELABELA polypeptide sequence CSHRRCMPLHSRVPEP (SEQ 1D NO: 68); a Gekko
sequence CSHRRCMPLHSRVPEP (SEQ 1D NO: 69); a Anolis sequence
CSHRRCMPLHSRVPFEP (SEQ 1D NO: 70); a Xenopus sequence CFLKRCIPLHSRVPFP (SEQ
1D NO: 71); a Amihystome sequence CSLRRCMPLHSRVPEP (SEQ ID NO: 72); a Oryzias
sequence CLEHRRCMPLHSRVPEP (SEQ ID NO: 73); a Callorhinchus sequence
CWHRRCLPFHSRVPEP (SEQ ID NO: 74); a Oncorfhivichius sequence CPHRRCMPLHSRVPEP
(SEEQ 1D NO: 75); a Danio scquence CPKKRCLPLHSRVPEP (SEQ 1D NO: 706).

The ELABELA polypeptide may therefore comprise a signature {rom human
ELABELA, i.c., CKXXRCXXXHSRVPFP (SEQ 1D NO: 1) may comprise
CLORRCMPLHSRVPEP (SEQ 1D NO: 60). it may comprise a signature from mouse
ELABELA, i.c., CXXXRCXXXHSRVPFEP (SEQ ID NO: 1)} may comprise
CFRRRCIPLHSRVPFP (SEQ 1D NO: 63).

An BCLABELA polypeptide comprising CLORRCMPLHSRVPFP (SEQ ID NO: 60) or
CFRRRCTIPLHSRVPFP (SEQ 1D NO: 63) may comprise one or more biological activitics of a
native ELABELA polypeplide, such as maintaining selt-rencwal, pluripotency, or both of a

stem cell, as described herein.

A number of ather residucs may also be present in the ELABELA polypeptide. For
example, the ELABELA polypeptide may comprise one or more basic residues upstream of

the FLABELA signature sequence.

In particular, the ELABELA polypeptide may comprise a basic residue at or about
position -7 upstrcam of the ELABELA signature sequence CXXXRCXXXHSRVPEP (SIKQ 1D

NO: 1), The basic residue may comprise a lysine residue, or an arginine residue.

Accordingly, the ELABELA polypeplide may comprise a sequence
(R/K)XXXXXXCXXXRCXXXHSRVPFP (SEQ 11X NO: 77) where X represents any amino

acid,
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An CLABELA polypeptide comprising (R/K) XXXXXXCXXXRCXXXHSRVPIP (SEQ
1D NO: 77) may comprise one or more biological activitics of a native ELABELA
polypeptide, such as maintaining sell~renewal, pluripotency, or both ol a stem ccil, as

described herein.

The ELABELA polypeptide may, alteratively or in addition, comprise a basic residue
at or aboul position -8 upsiream of (he BLABELA signalure sequence CXXXRCXXXHSRVPFP

(SEQ 1D NO: 1). The basic residuc may comprise a lysine vesidue, or an arginine residue.

Accordingly, the ELABELA polypeptide may comprise a scquence
(R/K)XXXXXXXCXXXRCXXXHSRVPFP (SEQ ID NO:.78) where X represents any aiino
acid. An ELABELA polypeptide comprising (R/K) XXXXXXXCXXXRCXXXHSRVPFP (SIEQ
1) NO: 78) may comprise ene or more biological activities of a native ELABELA
polypeptide, such as maintaining self-rencwal, pluripotency, or both of a stem cell, as

described herein.

As noted above, the ELABELA polypeptide may comprisc a pair ol basic residucs at
or about positions -7 and -8 upstream ol the ELABELA signature sequence
CXXXRCXXXHSRVPFP (SEQ ID NO: 1), i.e., it may comprise a sequence

(R/K) (R/K) XXXXXXCXXXRCXXXHSRVPFP (SEQ ID NO: 79).

It will be evident that where the ELABELA polypeptide comprises a signal sequence
(see below), position -8 upstream of the ELABELA signature sequence
CXXXRCXXXHSRVPFP (SEQ D NO: 1) corresponds to position 31 of a human ELABELA
sequence (SEQ 1D NO: 20) and position -7 upstream of the ELABELA signature scquence
CXXXRCXXXHSRVPFP (SEQ ID NO: 1) corresponds to position 32 ol a human ELABELA
sequence (SEQ 1D NO: 20).

The ELABELA polypeptide may comprise a sequence sclected from the group
consisting ot SEQ 1D NO: 2 to SEQ 1D NO: I8. The ELABELA polypeptide may comprise a
luman ELABELA sequence shown as SEQ TD NO: 2, It may comprise a mouse ELABELA
sequence shown as SEQ D NO: 5.

In some embodiments, the ELABELA polypeplide comprises a signal peptide or signal
sequence. The skilled reader will appreciate that the presence of a signal peplide will allow the

ELABELA peptide to be exported and secreted from a cell. The skilled reader will also know
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how to engincer such signal sequences mto the scquences of ELABELA polypeptides

described in this document,

ELABELA polypeptides comprising signal sequences may referred to in this
document for convenience as “full length” polypeptides. They may be produced by including
any known signal sequences, including the ELABELA signal sequences disclosed in this

document in an ELABELA polypeptide to be produced.

The ELABELA polypeptide may comprise an ELABELA signal sequence from any
suitable species, for example, Homo MRFQOFLFAFFIFTIMSLLLISG (SEQ ID NO: 19);
Peromypscus MREQHYFLVFFIFAMSLLFITE (SEQ ID NO: 80); Raftus
MRFOPLFWVFFIFAMSLLFITE (SEQ ID NO: 81); Mus MRPFQPLFWVFFIFAMSLILFISE
(SEQ D NO: 82): Bos MRFHQFFLLFVIFMLSLLLIHG (SEQ 1D NO: 83); Sus
MRFRQFFLVEIFIFMMNLLLICG (SEQ ID NO: 84); Dasypus
MKFQQFFYVIFVFIMSLLLING (SEQ ID NO: 85); Trichosurus
MRFOLLFFLFLFFTMGILLIDG (SEQ 11D NO: 86); Gallus MRLRRLLCVVFLLLVSLLPAAA
(SEQ 1D NO: 87); Gekko MRLQLLLLTCFLILTGVLLGNG (SEQ ID NO: 88); Anolis
MRLOQLLLTWFLLLAGALLING (SEQ ID NO: 89); Xenopus
MDFOKLLYALFFILMSLLLING (SEQ 1D NO: 90); dmbystoma
MEKWQKLLATLFWILMGALLVNG (SEQ ID NO: 91); Oryzics MRVWANLLYLLLLLAAALAPVES
(SEQ 1D NO: 92); or Callorhinclins MRFQHLLHITLLLCTSLLLISG (SEQ ID NO: 93).

I may for example comprise a human ELABELA signal sequence shown as SEQ 1D

NO: 19, i.c.. MRFQQFLFAFFIFIMSLLLISG.

Examples of “full length” or “native” ELABELA polypeptides are disclosed herein,
and include any of the sequences set out as SEQ 1D NO: 20 to SEQ 1D NO: 36. In some
embodiments, the ELABELA polypeptide may comprisc or consist of a human ELABELA
polypeptide having or comprising a sequence shown as SIEQ 1D NO: 20. It may comprise or

consist ol a mouse ELABELA polypeptide, such as the sequence having SEQ 1D NO: 23.

The "ELABELA polypeptide™ may comprise one or more activitics ol a native
ELABELA polypeptide, such as one or more biological activities of a native ELABELA
polypeptide. Such ELABELA activities are described in detail elsewhere in this document,
and include, for example, the ability to maintain self-renewal or pluripotency, or both, of a

cell such as o stem cell,
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As noled above, homologues variants and derivatives thereof of any, some or ail of

these polypeptides are also included in the term “ELABELA polypeptide”.

For example, an ELABELA polypeptide may comprise one or more reduced cysteines
having a sulfhydryl group. The reduced cystcines may appear anywhere in the ELABELA
amino acid sequence. For example, a cysteine at position 1 with reference to the numbering in
the sequence CXXXRCXXXHSRVPFP (SEQ ID NO: 1) may comprise a reduced cysteine
having a sulfhydryl group. A cysteine at position 6 may similarty comprise a reduced cysteine
shaving a sulfhydryl group. The cysteine residucs al both position 1 and position 6 may be so
madified. The ELABELA polypeptide may comprise an intramolecular covalent bond
between (he cysteine residues at positions 1 and 6, with reference (o the numbering in the

scquence CXXXRCXXXHSRVPEP (SEQ ID NO: 1),

The position numberings above correspond respeclively o position numbers 39 and 43
respectively in the human ELABELA polypeptide sequence
MRFQQFLFAFFIFIMSLLLISGQRPVNLTMRRKLRKHNCLQRRCMPLHSRVPFP (SEQID
NO: 20).

As another example, an ELABELA polypeptide may comprise one or more mutations
of any of (he sequences discussed in this document, such as those referred to as “ELABELA
polypeptides™. Such mutated sequences are described in further detail elsewhere in this

document,

[ncluded are an ELABELA polypeptide which comprises a mutation of a basic residue
al position 31 of its sequence, with reference 1o the position numbering of a human
ELABELA scquence shown as SEQ 1D NO: 20. The basic residue at position 31 may be
mutated (o a neatral residue. For example, an arginine or lysine residue at position 31 may be

mutated to an alanine or glycine residue.

The ELABELA polypeptide may comprisc a mutation of a basic residue at position 32,
with reference to the position numbering of a human FLABELA sequence shown as SEQ 1D
NO: 20. For example, the basic residue at position 32 may be mutated to a neutral residuc.
Thus, an arginine or lysine residue at position 32 may be mutated to an alanine or glycine

residue,
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The FLABELA polypeptide may comprise a mutant in which both of the basic

“residues set out above are so mutated. Thus, the ELABELA polypeptide may comprise an

R31G, R3ITA, K31G or K3TA substitution. The substitutions may comprise R32G, R32A,
K32G or K32A. The ELABELA polypeptide may therefore comprise any one of the
sequences: (R/K) (A/G) XXXXXXCXXXRCXXXHSRVEPFP (SEQ ID NO: 94),

(A/G) (R/K)XXXXXXCXXXRCXXXHSRVPFP (SEQ 1D NO: 95) or

(A/G) (A/G)XXXXXXCXXXRCXXXHSRVPEP (SEQ ID NO: 96).

As noled above, the position numbering is with reference to the position numbering of

a human ELABELA sequence shown as SEQ 11D NO: 20,

10 will be appreciated that, with reference to the position numbering of a human
ELABELA sequence shown as SEQ 1D NO: 20, positions 31 and 32 correspond to positions -
8 and -7 respectively with respeet to the position numbering of the ELABELA sighature

sequence CXXXRCXXXHSRVPFP (SEQ D NO: I).

As cach of the ELABELA polypeptide sequences described in this document
necessarily comprise an ELABELA signature sequence, the skilled person will be able to
establish the position numbering of any particular residue within ELABELA polypeptide
sequence in his possession. That is to say, a skilled person will, given the information
available in this document, and in other resources he has in his possession, be able lo
cstablish, in any ELABELA polypeptide sequence, the position numbering of any particular
residue with reference to the human ELABELA sequence shown as SEQ 1D NO: 20 or with
reference to the position numbering of the ELABELA sighature sequence

CXXXRCXXXHSRVPFP (SEQ ID NO: 1) comprised in the ELABELA polypeptide.

RLABELA polypeptides may be used for a varicty of means, for example,
administration to an individual suffering from, or suspected o be suffering from an

ELABELA associaled condition, for the treatment thereol.

They may also be used for production or screening of anti-ELABELA agents such as
specific ELABELA binding agents, in particular, anti-ELABELA antibodics. These are

described in further detail elsewherc in this document.

The expression of ELABELA polypeptides may be detected for diagnhosis or detection

ol’an ELLABELA associated condition.
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ELABELA associated conditions are described in Turther detail elsewhere in this

document,

We specifically provide for ELABELA polypeptide fragments comprising a sequence
CXXXRCXXXHSRVPEP (SEQ ID NO: 1), where X is an/any amino acid residue, and where

the polypeptide fragment maintains self-renewal, pluripotency, or both of a stem cell.

The fragment may be such that it does not comprise a scquence of SEQ 1D NOs: 60-
70.

An intramolecular covalent bond may be present between the cysteine residues at
positions 1 and 6 of SEQ ID NO: 1, or one or both cysteine residues at positions | and 6 of

SEQ ID NO: | may comprise a reduced cysteine having a sulthydryl group, or both,

The ELABELA polypeptide fragment may [urther comprise a label. The label may

" . S aelio dep 125
comprise a radioisotope. The radioisotope may comprise “1.
The polypeptide [ragment may be derivatized.

The ELABELA polypeptide fragment may further comprise a signal sequence. The

signal sequence may comprise SEQ 1D NO: 19.

The fragment may further comprise seven additional amino acids at the N-terminus of
SEQ ID NO: . The ELABELA polypeptide tragment may have a sequence of SEQ 1D NO:
102 (XXXXXXXCXXXRCXXXHSRVPEP). Position 1 of SEQ 1D NO: 162 may comprisc a
basic amino acid residuc. X at positions 2-6, 8-10, and 13-15 may comprisc an/any amino acid
residue. The polypeptide fragment may be capable of maintaining sclf-renewal, pluripotency,

or both of a stem cell,

The fragment may be such that it does not comprise a sequence ol SEQ 1D NOs: 181-
197,

The basic residue at the position 1 may be selected from K or R,

The fragment may further comprise eight additional amino acids at the N-terminus of
SEQ ID NO: [. The ELABELA polypeptide fragment may have a sequence of SEQ 11D NO:
163 (XXX XXXXXCXXXRCXXXHSRVPEP). Position I of SEQ 11D NO: 163 may comprisc

a basic amino acid residue. The X at positions 2-7, 9-11, and 14-17 may comprise an/any
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amino acid residuce. The polypeptide fragment may be capable of maintaining self~-renewal,

pluripotency, or both of a stem cell.

The fragment may be such that it does not comprise a sequence of SEQ 11D NOs: 164-
180. |

The basic residuce at the position 1 may be selected from K or R.

The fragment may further comprise eight additional amino acids at the N-terminus of
SEQ ID NO: 1. The ELABELA polypeplide lragment may comprise a sequence of STEQ D
NO: 163 (XXXXXXXXCXXXRCXXXHSRVPEP). Positions 1 and 2 of SEQ ID NO: 163
may comprise a pair of basic amino acid residues. The X at positions 3-7, 10-12, and 15-17 -
may comprise an/any amino acid residue. The polypeptide fragment may be capable of

maintaining sclf-renewal, pluripotency, or both of a stem cell.

The fragment may be such that it does not comptise a sequence of SEQ 1D NOs: 164-
180.

The pair of basic residues al positions | and 2 may be selecled from KK, KR, RK, and

RR.

Polypeptide

A “polypeptide” refers to any peptide or protein comprising two or more amino acids

joined {o each other by peptide bonds or modilied peplide bonds, i.e., peplide isosieres.

“Polypeptide” refers o both short chains, commonly referred (o as peptides, oligopeptides or
oligomers, and to longer chains, generally referred (o as proteins. Polypeptides may contain

amino acids other than the 20 gene-cncoded amino acids.

“Polypeptides” include amino acid sequences moditied cither by natural processcs,
such as post-translational processing, or by chemical modilication (echniques which arve well
known in the art. Such modifications are well described in basic texts and in more detailed
monographs, as well as in a voluminous research literature. Modifications can occur anywhere
in a polypeptide, including the peptide backbone, the amino acid side=chains and the amino or
carboxyl termini. It will be appreciated that the same (ype of modification may be present in
the same or varying degrees at several sites in a given polypeptide. Also, a given polypepltide

may contain many types of modifications.
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ELABELA polypeptides may be branched as a result of ubiquitination, and they may
be cyclic, with or without branching. Cyclic, branched and branched eyclic polypeptides may
result from postiranslation natural processes or may be made by synthetic methods.
Modilications include acctylation, acylation, ADP-ribosylation, amidation, covalent
attachment ol flavin, covalent attachment of a heme moiety, covalent attachment of a
nucleotide or nucleotide derivative, covalent aftachment of a lipid or lipid derivative, covalent

atlachment of phosphotidylinositol, cross-inking, cyclization, disulfide bond formation,

“demethylation, formation of covalent cross-inks, formation of cystine, lormation of

pyroglitamate, formylation, gamma-carboxylation, glycosylation, GPI anchor formation,
hydroxylalioﬁ, iodination, methylation, myristoylation, oxidation, proteolytic processing,
phosphorylation, prenylation, racemization, sclenoylation, sulfation, transfer-RNA mediated
addition of amino acids to proteins such as arginylation, and ubiquitination. See, for instance,
Proteins - Structure and Molecular Properties, 2nd Ed., T. E. Creighton, W. H. Freeman and
Company, New York, 1993 and Wold, ., Posttranslational Protein Modifications:
Perspectives and Prospects, pgs. 1-12 in Postranslational Covalent Modification of Proteins,
3. C. Johnson, Ed., Academic Press, New York, 1983; Seilter et al,, “Analysis for protein
modifications and nonprotein colactors”, Meth Enzymol (1990) ]82:626—646 and Rattan ct aL,
“Protein Synthesis: Posttranslational Modifications and Aging”, Ann NY Acad Sci (1992)

663:48-62.

An ELABELA polypeptide may comprise a fragment having the scquence of SEQ 1D
NQO: 53. Such a fragment may comprise a pyroglutamate at the N-lerminus, As understood by
one of ordinary skill in the art, when glutamic acid or glutamine are at the N-terminus of a
polypeptide, such as an ELABELA polypeptide fragment of SEQ 1D NO: 53, they can
spontaneously cyclize to form pyroglutamate. In some embodiments, the fragpment having the

sequence of SEQ ID NO: 53 may further comprise a label.

‘The term “polypeplide” includes the various synthetic peptide variations known in the
art, such as a retroinverso D peptides. The peptide may be an antigenic determinant and/or a
T-cell epitope. The peptide may be immunogenic in vivo. The peptide may be capable of

inducing neutralising antibodies in vivo,

As applied (o ELABELA, the resultant amino acid sequence may have one or more
aclivities, such as biological activities in common with an ELABELA polypeptide, for

example a human ELABELA polypeptide. ELABELA polypeptide aclivities are described in
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detail elsewhere in this document. As an example, an ELABELA homologue may be capable

of maintaining sclf-rencwal or pluripotency, or both, of a ccll such as a stem cell.

[n particular, the term “homologuc” is intended to cover identity with respect (o
structure and/or function providing the resultant amino acid sequence has ELABELA activity.
With respect to sequence identity (i.e. similarity), there may be at [east 70%, such as at [east
75%. such as at leasl 85%, such as at least 90% sequence identity. There may be at least 95%,
such as at least 98%, scquence identity. These terms also encompass polypeptides derived

[rom amino acids which are allelic variations of the ELABELA nucleic acid sequence.

Other ELABELA Polypeptides
ELABELA variants, homologues, derivatives and fragments are also of usc in the

methods and compositions described here.

L uh 33 4

The terms “variant”, “homologue”, “derivative” or “lragment” in relation to
ELABELA include any substitution of, variation of, modification of, replacement of, deletion
ol’or addition of one (or more) amino acid from or to a scquence. Unless the context admits

otherwise, references to “ELABELA” includes references to such variants, homologues,

~derivatives and fragments of ELABELA. Such ELABELA variants, homologues, derivatives

and fragments may comprise one or more biological activities of a native ELABELA
polypeptide, such as maintaining self-renewal, pluripotency, or both of a stem cell, as

described herein.

As used herein a “deletion” is defined as a change in cither nucleotide or amino acid

sequence in which one or more nucleotides or amino acid residues, respectively, are absent.

As used herein an “insertion” or “addition” is that change in a nucleotide or amino
acid sequence which has resulted in the addition of one or more nucleotides or amino acid

residues, respectively, as compared to the naturally occurring substance.

As used herein “substitution” results from the replacement of one or more nuclecotides

or amino acids by different nueleotides or amine acids, respectively.

ELABELA polypeptides as deseribed here may also have deletions, insertions or
substitutions of amino acid residues which produce a silent change and result in a functionally

cquivalent amino acid sequence.,
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Deliberate amino acid substitutions may be made on the basis of similarity in polarity.
charge, solubility, hydrophobicity, hydrophilicity, and/or the amphipathic nature of the
residues. For example, negatively charged amino acids include aspartic acid and glutamic
acids positively charged amino acids include lysine and arginine; and amino acids with
uncharged polar head groups having similar hydrophilicity valucs include feucine, isolcucine,

valine, glycine, alanine, asparagine, glulamine, serine, threonine, phenylalanine, and tyrosine,

Conservative substitutions may be made, for example according to the table below,
Amino acids in the same block in the second column and in the same line in the third column

may be substituted for each other:

ALIPHATIC Non-polar GAP

LV

Polar - uncharged CSTM

NQ

Polar - charged DE

KR

AROMATIC HEWY

ELABELA polypeptides may further comprise heterologous amino acid sequences,

typically at the N-terminus or C-terminus, such as the N-terminus,

Heterologous sequences may include sequences that affect intra or extraccllular
protein targeling (such as leader sequences). Heterologous scquences may also include
sequences that increase (he immunogenicity ol the ELABELA polypeptide and/or which
facilitate identification, extraction and/ov purification of the polypeptides, Another
heterologous sequence that may be used is a polyamino acid sequence such as polyhistidine
which may be N-terminal. A polyhistidine sequence of at least 10 amino acids, such as at least

17 amino acids but fewer (han 50 amino acids may be employed.

The ELABELA polypeptides may be in the form of the “mature” protein or may be a

part ol a larger protein such as a fusion protein. It is also possible to include an additional
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amino acid sequence which contains scerctory or leader sequences, pro-sequences, sequences
which aid in purification such as multiple histidine residues, or an additional sequence for

stability during recombinant production.

The signal sequence (seerctory sequence ot leader sequence) may comprise (he
sequence MRFQOFLFAFFIFIMSLLLISG (SEQ ID NO: 19). An example ol an ELABELA
polypeptide which comprises such a signal sequence is the full length human ELABELA

polypeplide sequence shown as SEQ 1D NO: 20,

ELABELA polypeptides as described here may be made by recombinant mcans, using
known technigues. However they may also be made by synthetic means using techniques well

known to skilled persons such as using chemical methods, such as solid phase synthesis,

Such polypeptides may also be produced as fusion proteins, for example to aid in
extraction and purification. Examples of fusion protein partners include glutathione-S-
transferase (GST), 6xHis (SEQ 1D NO: 97), GAL4 (DNA binding and/or (ranscriptional

activation domains) and [-palactosidase.

it may also be convenient to include a proteolytic cleavage site between the fusion
prolein partner and the protein sequence of interest to allow removal of fusion protein
sequences, such as a thrombin cleavage site. The [usion protein may be one which does not

hinder the function of the protein of interest scquence.

The ELABELA polypeptides may be in a substantially isolated form. This term is
intended to refer to alteration by the hand of man from the natural state. [ an “isolated”
composition or substance occurs in nature, it has been changed or removed from its original
environment, or both, For example, a polynucleotide, nucleic acid or a polypeptide naturally
presentin a living animal is not “isolated,” but the same polynucleotide, nucleic acid or
polypeplide separated [rom the coexisting materials of its natural state is “isolated”, as the

term is employed hercin.

ICwill however be understood that the ELABELA protein may be mixed with carriers
or difuents which will not interfere with the intended purpose of the protein and still be
regaided as substantially isolated. An ELABELA polypeptide may also be in a substantially

purilicd form, in which case it will generally comprise the protein in a preparation in which
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more than 90%, for example, 95%, 98% or 99% of the protein in the preparation is an

ELABELA polypeplide.

By aligning ELABELA sequences from dilferent species, it is possible to determine
which regions of the amine acid sequence are conserved between different species
(“homologous regions™), and which regions vary between the dillerent species (“heterologous

regions”).,
An example of such an alignment is set out in Figure 1C.

The ELABELA polypeptide may comprise a sequence which corresponds to at least

part of a homologous region.

A homologous region shows a high degree of homology between at least two species,
The two species may comprise for example human and another species, such as Peromyscis,
Raittus, Mus, Bos, Sus, Dasypus, Trichosurus, Gallus, Gekko, Anolis, Xenopus, Ambystoma,

Oryzias, Callorhinchus, Oncorlymchus or Danio.

The homologous re 'iOl] may bi' example show atl 1east o, dal 1€ast ¢ o, dl lcas 0
Fhe homologous reg t le show at least 70%, at least 80%, at lcast 90%

or at least 95% identity at the amine acid fevel using the tests described above.

Examples of homologous regions arc sct out in this document and may comprise for
example HSRVPFP (SEQ ID NO: 58), RCXXXHSRVPFP (SEQ ID NO: 59) or
CXXXRCXXXHSRVPEP (SEQ ID NO: I). Such homologous regions may comprise one or
more biological activities ol a native ELABELA polypeptide, such as maintaining sclf-

renewal, pluripotency, or both of a stem cell, as desceribed hercin

Peptides which comprise a sequence which corresponds to a homologous region may
be used in therapeutic strategies as explained in further detail elsewhere in this document.
Alternpatively, the ELABELA peptide may comprise a sequence which corresponds to at lcast
part of a heterologous region. A heterologous region shows a low degree of homology

between at leas( two species.

ELABELA Homologues
The ELABELA polypeptides disclosed for use include homologous sequences
oblained rom any source, [or example related viral/bacterial proteins, cellular homologues

and synthetic peptides, as well as variants or derivatives thereof.
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Thus polypeptides also include those encoding homologues ol CLABELA from other
species including animals such as mammals (¢.g. mice, rats or rabbits), especially primates,

more especially humans, More specifically, homologues include human homologues.

In the context of this document. a homologous sequence is taken to include an amino
acid sequence which is at least 15, at least 20, at least 25, at least 30, at least 40, at least 50, al
feast 60, at least 70, at least 80 or al least 90% identical, such as at [cast 95 or at least 98%
identical at the amino acid level, for example over at least 1,2, 3,4, 5,0, 7, 8‘_1 9,10, 11, 12,
I3, 14, 15, 16, 17,18, 19,20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36,37,
38,39.40,41,42, 43,44, 45, 40, 47, 48, 49, 50, 51, 52, 53, 54, 55, 56, 57, 58, 59 or 60 or

more amino acids with the sequence of a relevant ELABELA sequence.

In particular, homology should typically be considered with respect (o those regions of
the sequence known to be essential for protein function rather than non-essential neighbouring
sequences. This is especially important when considering homologous sequences trom

distantly rclated orpganisms.
Examples of such regions in ELABELA are shown underlined in the sequence below:
(R/K) (R/K) XXXXXXCXXXRCXXXHSRVPFP (SEQ ID NO: 79)

Although homology can also be considered in terms of similarity (i.e. amino acid
residues baving similar chemical propertics/functions), in the context of the present document

homology may be expressed in terms of sequence identity.

Homelogy comparisons can be conducted by eye, or more usually, with the aid of
readily available sequence comparison programs. These publicly and commercially available

computer programs can calculate % identity between two or more sequences.

% identity may be calculated over contiguous sequences, i.e. one sequence is alighed
with the other sequence and cach amino acid in one sequence directly compared with the
corresponding amine acid in the other sequence, one residue at a time. This is called an
“ungapped™ alignment. Typically, such ungapped alignments are performed only over a

retatively short number of residues (for example less than 50 contiguous amino acids).

Although this is a very simple and consistent method, it fails to take into consideration

that, for example, in an otherwise identical pair of sequences, one insertion or deletion will
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cause the Tollowing amino acid residues Lo be put out of alignment, thus potentially resulting
in a targe reduction in % homology when a global alignment is performed. Consequently,
most sequence comparison methods are designed to produce optimal alignments that.take into
consideration possible insertions and deletions without penalising unduly the overall
homology score, This is achieved by inserting “gaps” in the sequence alignment (o try 10

maximise local identity or similarity.

However, these more complex methods assign “gap penaltics” to cach gap that oceurs
in the alignment so that, for the same number of identical amino acids, a sequence alignment
with as few gaps as possible - rellecling higher relatedness between the two compared
sequences - will achieve a higher score than one with many gaps. “Affine gap costs” are
lypic;llkly used that charge a relatively high cost for the existence of a gap and a smaller
pcnul[y\ for cach subsequent residue in the gap, This is the most commonly used gap scoring
systent, High gap penalties will of course produce optimised alignments with fewer gaps.
Most alignment programs allow the gap penalties to be modified. However, the default values
may be used when using such software for sequence comparisons. For example when using
the GCG Wisconsin Bestfit package (see elsewhere in this document) the default gap penalty

for amino acid sequences is -12 for a gap and -4 for each extension.

Calculation of maximum % homology therefore [irstly requires the production of an
optimal alignment, taking into considcration gap penaltics. A suitable compulter program for
carrying out such an alignment is the GCG Wisconsin Bestlit package (University of
Wisconsin, U.S.A; Devereux ef af., 1984, Nucleic Acids Research 12:387). Examples of other
soltware than can perform sequence comparisons include, but are not limited to, the BLAST
package (see Ausubel ¢f al., 1999 ibid — Chapter 18), FASTA (Altschul ef «f., 1990, 1. Mol.
Biol., 403-410) and the GENEWORKS suite of comparison tools. Both BLAST and FASTA
are available for offtine and online searching (see Ausubel ef al., 1999 ibid, pages 7-58 to /-

60). The GCG Bestiit program may be used.

Although the final % homology can be measured in terms of identity, the alignment
process isell is typically not based on an all-or-nothing pair comparison. Instead, a scaled
similarity score matrix is generally used (hat assigns scores to each pairwise comparison based
on chemical similarity or evolutionary distance. An example of such a matrix commonly used
is the BLOSUMO2 matrix - the default matrix for the BLAST suite of programs. GCG

Wisconsin prograins generally use either the public default values or a custom symbol
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comparison lable il supplied (see user manual for further details), The public default values
tor the GCG package may be used, or in the case of other soltware, the delault matrix, such as

BLOSUMG2,

Once the soltware has produced an optimal alignment, it is possible to calculate %
homology. such as % scquence identity. The software typically does this as part of the

sequence comparison and generates a numerical result.

The terms “variant” or “derivative” in relation to amino acid sequences includes any
substitution of, variation of, modification of, replacement of, deletion of or addition ol one (or-
more) amino acids from or to the sequence providing the resultant amino acid sequenee
retains substantially the same activily as the unmodified sequence, such as having at lcast the
same activity as the ELABELA polypeptides. Such ELABELA variants and derivatives may
comprise one or more biological activities ol a native ELABELA polypeptide, such as

maintaining sclf-rencwal, pluripotency, or both of a stem cell, as described herein.

Polypeptides having the ELABELA amino acid scquence disclosed here, or fragments
or homologues thercof may be modified for use in the methods and compositions described
here. Typically, modifications are made that maintain the biological activity of the scquence,
Amino acid substitutions may be made, for example from 1,2 or 3 1o 10, 20 or 30
substitutions provided that the modilied sequence retains the biological activity of the
unmodificd sequence. Alternatively, modifications may be made to deliberately inactivate one
ot more functional domains of the polypeptides described here. Amino acid substitutions may
include the use of non-naturally occurring analogues, for example to increase blood plasma

half-lile ol a therapeutically administered polypeptide.

ELABELA Fragmenty

Polypeptides for use in the methods and compositions described here also include
frapments ol the full length scquence of any of the ELABELA polypeptides identified above.
IFragments may comprise at least one epitope. Methods of identilying epitopes are well known
in the art. Fragments will typically comprise at least 5§ amino acids, such as at least 6, 7, 8, 9,

10, 15,20, 25, 30, 35, 40, 45, 50, 55 or more amino acids.

Included are frapgments comprising or consisting of 5,6, 7, 8,9, 10, 11, 12, 13, 14, 15,

16, 17.18,19,20,21,22,23, 24, 25,26, 27, 28,29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40,
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dE. 42,43, 44, 45,46, 47, 48, 49, 50, 51, 52, 53, 54, 55, 56, 57, 58, 59, 60, or more residues

from a relevant ELABELA amino acid sequence.,

Such ELABELA fragments may comprise one or more biological activities ol a native
FLABELA polypeptide, such as maintaining self-renewal, pluripotency, or both ol a stem

cell, as described herein.

We lurther describe peptides comprising a portion of an ELABELA polypeptide as
described here. Thus, frapments of ELABELA and its homologues, variants or derivatives are
included. The peptides may be between 2 and 60 amino acids, such as between 4 and 50
amino acids in fength. The peptide may be derived from an ELABELA polypeptide as
disclosed here, for example by digestion with a suitable enzyme, such as trypsin. Alternatively
the peptide, fragment, etc may be made by recombinant means, or synthesised synthetically

via chemical means, such as solid phase synthesis.

We therefore deseribe a method of making an ELABELA polypeptide or a fragment,
the method comprising expressing a nucleic acid encoding a sequence comprising
CXXXROCXXXHSRVPEP (SEQ ID NO: 1) in a cell, in which X is an or any amino acid
residue, and in which the polypeptide fragment maintains self-rencwal, pluripotency or both

of a stem cell.

The cell expressing the nucleic acid encoding a sequence comprising

CXXXROXXXHSRVPFP (SEQ TD NO: 1} may be a bacterial, fungal or yeast cell.

The sequence comprising CXXXRCXXXHSRVYPFP (SEQ ID NO: 1) may be selected
rom the group consisting of SEQ 11D NOs: 2 to 36.

We further describe a method of making an ELABELA polypeptide or a fragment, the
method comprising using chemical synthesis to generate a synthetic polypeptide comprising
CXXXRCXXXHSRVPFP (SEQ ID NO: I} or a frapment having the sequence of SEQ 1D
NO: 53, in which X is an or any amino acid residue, and in which the polypeptide fragment

maintaing sclf=renewal, pluripotency, or both of a stem cell,

The ELABELA polypeplide or frapment, derivative, homologuc or variant may
. . .. i . . 4
comprise a label. The label may comprise a radioisotope. The radioisotope may comprise 123,

the ELABELA polypeptide or fragment, derivative, homologuc or variant may be derivatized.
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| Such ELABELA polypeptides, fragments, derivatives, homologues and variants may
be used to generate probes to preferentially detect ELABELA expression, for example,
through antibodies generated against such fragments. These antibodics would be expected to
bind specifically to ELABELA, and are useful in the methods of diagnosis and freatment

disclosed here,

ELABELA and its fragments, homologues, variants and derivatives, may be made by
recombinant means. However they may also be made by synthelic means using techniques
well known to skilled persons such as solid phase synthesis. The proteins may also be
produced as fusion proteins, for example (o aid in extraction and purification. Examples of
fusion protcin partners include ghutathione-S-transferase (GST), 6xHis (SEQ 1D NO: 97),
GAL4 (DNA binding and/or transcriptional activation domains) and B-galactosidase. It may
also be convenient to include a proteolytic cleavage site between the fusion protein partner
and (he protein sequence of interest to allow removal of fusion protein sequences. The fusion
protein may be one which will not hinder the function of the protein of interest scquence.

Proteins may also be obtained by purification of cell extracts from animal cells.

The ELABELA polypeplides, variants, homologues, fragments and derivatives
disclosed here may be in a substantially isolated form. Tt will be understood that such
polypeptides may be mixed with carriers or diluents which will not interfere with the intended
purpose of the protein and still be regarded as substantially isolated, An ELABELA variant,
homologue, 1'|'.agmcnl or derivative may also be in a substantiaily purified form, in which case
1twill generally comprise the protein in a preparation in which morve than 90%, ¢.g. 95%, 98%

or 99% of the protein in the preparation is a protein.

The ELABELA polypeptides, variants, homologues, fragments and derivatives
disclosed here may be labelled with a revealing label. The revealing label may be any suitable
fabel which allows the polypeptide, ctc to be detected. Suitable labels include radioisotopes, ¢.g.
'21, enzymes, antibodies, polynucleotides and linkers such as biotin. Labelled polypeptides may
be used in diagnostic procedures such as inmunoassays to deferinine the amount of a
polypeptide ina sample. Polypeptides or labelled polypeptides may also be used in serological or
cell-mediated mmune assays for the detection of immunc reactivity to said polypeptides in

animals and humans using standard protocols.
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ELABELA polypeptides, variants, homologues, fragments and detivatives disclosed
here, optionally labelled, may also be fixed to a solid phase, for example the surface of an
immunoassay well or dipstick. Such labelled and/or immobilised polypeptides may be packaged
o kits in a suitable container along with suitable reagents, controls, instructions and the like.
such polypeptides and kits may be used in methods of detection of antibodics to the polypeptides

or their allelic or species variants by immunoassay.

Immunoassay methods are well known in the art and will generally comprise: (a)
providing a polypeplide comprising an epilope bindable by an antibody against said protein;
(b) incubating a biological samplc with said polypeptide under conditions which allow lor the
formation of an antibody-antigen complex; and (¢) determining whether antibody-antigen

complex comprising said polypeptide is formed.

The ELABELA polypeptides, vartants, homologues, fragments and derivatives
disclosed here may be used in in vitro or in vive cell culture systems to study the role of their
corresponding genes and homologues thereof in cell function, including their function in
disease. For example, truncated or modified polypeptides may be introduced into a cell to

disrupt the normal functions which occur in the cell.

‘Ihe polypeptides may be introduced into the cell by in sitir expression ol the
polypeplide from a recombinant expression veetor (sce elsewhere in this document}. The
expression vector optionally carries an inducible promoter to control the expression of the

polypeptide.

The use of appropriaie host cells, such as insect cells or mammalian cells, is expected
to provide for such post-translational modifications (e.g. mytistolation, glycosylation,
truncation, lapidation and tyrosine, scrine or threonine phosphorylation) as may be needed to

confer optimal biological activity on recombinant expression products.

Such cell culture systems in which the ELABELA polypeptides, variants, homologues,
fragments and derivatives disclosed here are expressed may be used in assay systems to
identily candidate substances which interfere with or enhance the functions of the

polypeptides in the cell.

We deseribe methods of making an ELABELA- polypeptide or fragment thereof, the

methods comprising: {a) expressing a nucleic acid encoding a sequence comprising
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CXXXROXXXNI ]SRVPFP (SEQ ID NO: 1) in a cell, wherein X is an/any amino acid residue,
and wherein the polypeptide fragment maintains setl-renewal, pluripoteney, or both of a stem
cell; or (b) using chemical synthesis to generate a synthetic polypeptide or fragment thercol
comprising CXXXRCXXXHSRVPEP (§EQ 1D NO: 1) or a fragment having the sequence ol
SEQ D NO: 53, whercin X is an/any amino acid residue, and wherein the polypeptide

frapment maintains self-rencwal, pluripotency, or both ol a stem cell.

The cell expressing the nucleic acid encoding a sequence comprising

CXXXRCOXXXIISRVPEP (SEQ ID NO: 1) may comprise a bacterial, fungal, or yeast cell.

The scquence comprising CXXXRCXXXHSRVPEP (SEQ 1D NO: 1) may be selected
from the group consisting of SEQ ID NOs: 2-36.

The ELABELA polypeptide or tragment thercof further may comprise a label. The

. . - . . 125
fabel may comprise a radioisotope. The radioisolope may comprise 1.
The polypeptide or fragment thercof may be derivatized.

ELABELA POLYPEPTIDE ACTIVITIES

An ELABELA polypeplide according to this document may comprise one or more
activitics, such as biological activitics of a native KLABELA polypeptide, such as a human
ELABELA polypeptide having SEQ 1D NO: 20. Such activity may be referred to for
convenience as an “ELABELA activity” or an “ELABELA polypeptide activity™.

Where reference is made (o the “activity” or “biological activity™ of a polypeptide
such as ELABELA, these terins are intended to refer to the metabolic or physiological
function of ELABELA, including similar activitics or improved actlivities or these aclivities

with decreased undesirable side effects.

For example, an ELABELA activity may comprise any activity of a native ELABELA
polypeptide. It may comprise for example any physical, biochemical, enzymatic, biological

cte aclivity of a native ELABELA polypeptide.

In particular, ELABELA activitics, including activities of ELABELA polypeptides,
frapgments, variants, homologues and derivatives may include any one or more ol the

following:

« ability to maintain sell-renewal of a stem cell
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o ability to maintain pluripotency of a stem cell

» abilily (o maintain growth of a stem celt

e ability to promole growth ol a stem cell

* ability to inhibit apoptosis

e abilily to bind to the cell surface of an ecmbryonic stem cell

o ability to bias differentiation of a stem ccll toward an endodermal or mesodermal

lincage
¢ ability to bind to apclin receptor (APLNR)
e ability to bind to CXCR4 receplor
o abilily to activate the PI3K/AKT pathway

e cardioprotection, for example restoration or maintenance of cardiac function

during ischemia and/or repertusion
* reduction of oxidative stress
¢ reduction of infarct size
* inhibition of HII'V infection

The FELLABELA activity may include any one or more of the ability to maintain the
growth potential of a stem cell, ability to maintain the clonogenicity of a stem cell and ability

to maintain the survival of a stem cell.

The ELABELA activity may include onc or both of (he ability (o be secreted by an

cembryonic stem celf and ability to be taken-up by an embryonic stem cell

Also included are antigenic and immunogenic activitics of ELABELA. Examples of
such activities, and methods of assaying and quantifying these activities, are known in the art,

and are described in detail later in this section.
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Maintenance of Self-Renewal
The ELABELA polypeptide may have a property of a native ELABELA polypeptide

comprising the ability (o maintain self-renewal of a cell such as a stem cell.

Muaintenance of Pluripotency
The ELABELA polypeptide may have a property of a native ELABELA polypeptide

comprising the ability to maintain pluripotency ol a eell such as a stem cell.

Assays for Maintenance of Self-Renewal / Pluripotency

Assays for maintenance ot sclf-rencwal and/or pluripotency are described in detail in

the section below headed “MAINTENANCE OF SELF-RENEWAL OR PLURIPOTENCY™.

Inhibition of Apoptosis
The ELABELA polypeptide may have a property of a native ELABELA polypeplide
comprising the ability to inhibit apoptosis. The ELABELA polypeptide may have a property

ol a native ELABELA polypeptide comprising the ability to promote cell growth,

Assay for Promotion of Cell Growth / Inhibition of Apoplosis

Apoplosis inhibitory activity may be assayed as described in detail in Example 2 .

helow,

Briefly, hESCs are dissociated into single cells using Accutase (Stem Cell
Technologies) and plated in the presence of 10 nM Y-27632 (ROCK inhibitor) for 12 hours
(Watanabe ct al., 2007).

xCELLigence real time growth assays are performed, with 4000 cells plated per well

ol an L-plate (ACTA Biosciences) with media changes cvery 48 hours.

FLABELA polypeptide is-added at 2.5uM (or 10 pg/ml). Cell cycle studies are
performed with Click-iT EDU staining kit (Invitrogen) and by performing a double thymidine
block (2.5 mM thymidine; 16 hour block, 8 hour release, 16 hour block) followed by DAP1

staining for DNA content at the indicated times following release.

Apoplosis assays are performed by plating control and Doxycycline-treated cells
without Y-27632 onto matrigel for 6 hours, followed by harvesting and staining for Annexin

V and activated Caspase 3.
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The ELABELA polypeptide may be such that a concentration of 10pM of ELABELA
polypeptide exposed to human IS cells over a period of 120 hours increases the cell index of
the human LS cells by at least 10%, at least 20%, at lcast 30%, at least 40%, at lcast 50%, at
least 60%, at Teast 70%, at least 80%, at fcast 90%, at least [00%, at least 150%, at least 200%

or more compared to control cells not exposed to ELABELA polypeptide.

The ELABELA polypeptide may be such that a concentration of 10uM of ELABELA
polypeptide exposed to human IES cells over a period of 120 hours increases the cell index of
the human ES cells by 2.5 times or more, 3 times or more, 3.5 times or more, 4 times or more,
4.5 times or more, 5 times or more, 5.5 times or more, 6 times or more, 6.5 times ot more, 7
times or more, 7.5 times or more, 8 times or more, 8.5 times or more, 9 times or more, 10
Limes or more, 15 times or more, 20 times or more, 30 limes or more or 40 times or more

compared to control cells not exposed to ELABELA polypeptide.

By the term “cell index™ we mean the quantitative measure (such as the number) of
viable cells at any given time compared to the initial number of cclls seeded at the start of a
cell culture assay (see Ke N, Wang X, Xu X, Abassi YA. The xCELLigence system for real-

tinte and label-fiee monitoring of cell viabifity. Meiliods Mol Biol. 2011;740:33-43).

ES Cell Surfuce Binding
The ELABELA polypeptide may have a property of a native CLABELA polypeptide

comprising the ability to bind to the cell surface of an ES cell.

Assay lor ES Cell Surface Binding
IS cell surlace binding activity assays may be performed with a number of methods

known to the person skilled in the art, for example as described in Example 7 below,

ELABELA polypeptide may be exposed to embryonic stem cells such as hES cells and
allowed to bind to their cognate cell surface receptors. hIES cells may then be fixed and
stained with an anti-ELABELA antibody, such as any of the antibodics having ELABELA
polypeptide binding activity, as described in this document. Chromogenic methods to reveal
anfibody binding are known to the ar(, and may include alkaline phosphatase, digoxigenin,
based methods cte. Confocal microscopy may be used to reveal cell-surtace binding (as

opposcd (o intracellular binding).
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Apelin Receptor (APLNR) Binding
The ELABELA polypeptide may have a property of a native ELABELA polypeptide

comprising the ability to bind to an apelin veceptor (APLNR),

Assay for Apelin Reeeptor Binding

Apelin receptor binding assays are known in the art and are described in detail in, for
example. Angela Giddings, Scott Runyon, James Thomas, Julianne T'ajuba, Katherine BortofT,
Rangan Mailva (2010). Development of a fimctional HTS assay for the APJ recepltor.
International Jouwrnal of High Throughput Sereening, Volume 2010:1 Pages 39 — 47,

CXCRA Receptor Binding
The ELABELA polypeptide may have a property ol a native ELABELA polypeptide

comprising the ability to bind to a CXCR4 receptor.

Assay Tor CXCR4 Receptor Binding
Secreled ELABELA polypeptide-Alkaline Phosphatase (ELABELA polypeptide-AP)

is produced by transfecting a construct encoding ELABELA polypeptide-AP into 2937 cells,
as described previously (Chng et al., 2013). Conditioned medium from ELA-AP expressing
cells is then incubated lor 3 hours with 293T cells transfected with plasmids encoding full
length OREs of CXCR4. Unbound ELABELA polypeptide-AP is washed away and cells are
lysed with 1% Triton-X/PBS. Lysates are cleared and incubated with an AP substrate
BCIP/NBT at 37°C for 15 minutes. Optical density is rcad at 495nm, and the intensity of blue
coloration is directly proportional (o the alfinity of ELABELA polypeptide-AP (o the

averexpressed CXCR4 receptor.

Biasing Towards Endo or Mesodermal Lineages

The ELABELA polypeptide may have a property of a native ELABELA polypeptide
comprising the ability to bias, poise or steer a pluripotent cell toward an endodermal or
mesodermal lincage. The ELABELA polypeptide may poise a cell such as a stem cell towards

the mesendoderm lineage without causing overt lineage commitment.

Assay for Ability lo Bias Towards Endo or Mesodermal Lineages

Assays for mesoendodermal lineage bias are known in the art and are described for

example in International (PCT) Patent Publication Number WO 2007/050043.

Assays for bias towards endodermal or mesodermal incages may also be performed as

described for example in Example 3 and Example 20 below.



L0

20

52

Any suitable ES celf culture, such as a-human ES cell Jine Shefd cell line (Inniss and
Moore, 2006), may be used. ES cells are cultured in the presence of a suitable concentration
ol ELABELA polypeptide (2.51M or 10 pg/ml) for a suitable amount of time such as 24

hours, 48 hours, 72 hours, 96 hours, 120 hours.

FFollowing incubation, expression of mesendodermal markers including GATAG,
GATA4, FOXA2, EOMES and BRA may be assayed by any suitable means, for example

using RT-PCR, gPCR or immunofluorescence, lor example.

Thus, RNA may be extracted using RNeasy kit (Invitrogen). qPCR reactions may be
carried out using cither Universal FastStart SYBR Green Mastermix (Roche) or using the

Universal Probe Library system (Roche} in tandem with Tagman Fast Mastermix (Invitrogen).

Primer scquences for each of these markers are known in the art and arc also lisled in

for example in Table E1 (Example 3),

Expression of cell surface markers such as SSEA3 and TRA-1-60 may be assaycd to

confirm that the ES cells do not fose stemness.

Cardioprotection
The ELABELA polypeptide may have a property of a native ELABELA polypeptide
comprising cardioproteetion, The cardioprotection may comprise restoration or maintcnance

of cardiac function during ischemia and/or reperfusion.

Cardioprotection may also be assayed as the ability to reduce infarct size. Reduction of
infarct may be assayed in a mouse or pig model of myocardial ischemia and reperfusion

injury.

Assay for Cardioprotection

Cardioprotection may for example be assayed using any one or more of the methods
deseribed in Examples 5, 10, 14 and 20 of Tnternational (PCT) Patent Publication WO
2009/105044.

Oxidative Stresy
The ELABELA polypeptide may have a property ol a native ELABELA polypeptide

comprising the ability to reduce oxidative stress (or cytoprotection).
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Assay for Oxidative Stress

The reduction of oxidative stress may for example be assayed using an in vifro assay
ol hydrogen peroxide (HyOs)-induced cell death, Tn summary, hydrogen peroxide (IH,0,)-
mediated oxidative stress is induced in human feukemic CEM cells and cell viability is
monitored by Trypan blue-exclusion. Human leukemic CEM cells are incubated with
ELABELA polypeptide (with saline as a controt) and treated with 50 pM H,O3 to induce
oxidative stress. Cell viability is assessed using I'rypan Blue exclusion at 12, 24, 36 and 48

houts aller Ho0; treatment.

The reduction of oxidative stress may further be assaycd using an in vivo assay ol
DNA oxidation. /i vivo oxidative stress may also be assayed as follows, Pigs are treated with
the ELABELA polypeptide (with saline as a control). Tissue sections of pig heart arc
obtained. Nuclear oxidative stress in tissuc scctions of treated and untreated pigs is quantified
by 8-OHdG immunostaining for oxidized DNA. The tissue sections are assayed for intense

nuclear staining indicative of DNA oxidation and oxidative stress,

Reduction of Infarct Size
The ELLABELA polypeptide may have a property of a native ELABELA polypeptidc

comprising the ability to reduce inlarct size.

Assay for Infaret Size
Infaret sive may for example be assayed using any onc or more of the methods
deseribed in Examples 6 and {3 of of International (PCT) Patent Publication WO
2009/105044,

Inhibition of HIV Infection
The ELABELA polypeptide may have a property of a native ELABELA polypeptide

comprising the ability inhibit any of the activities of LIV, including HIV infection,

Assay for HIV Inhibition

Assays for HIV inhibition may be performed as described in Example 56 below.

ELABELA NucCLEIC ACIDS

The methods and compositions described here may make use of ELABELA
polynucleotides, ELABELA nucleotides and ELABELA nucleic acids, as well as variants,

homologues, derivatives and [ragments of any of these.
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The (erms “ELABELA polynucleotide”, “ELABELA nucleotide” and “ELABELA
nucleic acid™ may be used interchangeably, and should be understood to specifically include
both eDNA and genomic ELABELA sequences. These lerms are also inlended to include a
nucleic acid sequence capable of encoding an ELABELA polypeptide and/or a [ragment,
derivative, homologue or variant of this. These terms are also intended to include a nucleic
acid sequence which is a fragment, derivative, homologue ot variant of an ELABELA
polypeptide having a specitic sequence disclosed in this document, for example as set out in

the sequence listings.

Where reference is made to an ELABELA nucleic acid, this should be taken as a
refercnce (o a nucleic acid sequence capable 0féncoding an ELABELA polypeptide. Such
nueleic acids may encode ELABELA polypeptides comprising one or more biological
activities of a native ELABELA polypeptide, such as maintaining self-renewal, pluripotency,

or both of a stem cell, as described herein.

For example, an ELABELA nucleic acid sequence may be capable of encoding a
polypeptide comprising a scquence CXXXRCXXXHSRVPEFP (SEQ 1D NO: 1), in which X
significs an amino acid residue. The resulting encoded polypeptide sequence may comprise
ELABELA aclivity, such as being capable of maintaining self—renewal and/or pluripotency of

a stem cell,

An ELABELA nucleic acid may also be taken generally to refer to any member of the

ELABELA lamily ol nucleic acids.

ELABELA nucleic acids may lor example be capable of encoding polypeptides
comprising any of the sequences set out as SEQ 1D NO: 2 to SEQ ID NO: 19. An ELABELA
nucleic acid may be capable ol encoding a polypeptide comprising a sequence

CLORRCMPLHSRVPFP (SEQ ID NO: 2).

Examples of ELABELA nucleice acids include those selected from the group consisting
of SEQ ID NO: 37 to SEQ ID NO: 41 or SEQ 1D NO: 42 to SEQ ID NO: 406. For example, a

human ELABELA nucleie acid sequence having the sequence SEQ D NO: 37 is disclosed.

Also included ate any one or more of the nucleic acid sequences set out as “Other

ELABELA nucleic acid sequences” elsewhere in this document,
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For example, the ELABELA nucleic acid may comprise a huiman ELABEILA scquence
SEQ 11D NO: 37,

ELABELA nueleic acids may be used for a varicty of means, as deseribed in this
document. For example, ELABELA nucleic acids may be used treat an individual suffering
from. or suspected to be sulfering from an ELABELA associated condition, or o prevent such
a condition or to alleviate any symptoms arising as a result of such a condition. They may be
used to maintain or sustain pluripotency or sell-renewal or both of a cell such as a stem cell.
ELABELA nucleic acids may also be used for the expression or production of ELABELA
polypeptides. Other uses will be evident to the skilled reader, and are also encompassed in (his

document,

The term “polynucleotide”, as used in this document, generally refers to any
polyribonucleotide or polydeoxribonucleotide, which may be unmodificd RNA or DNA or
modified RNA or DNA. “Polynucleotides™ include, without limilation single- and double-
stranded DNA, DNA that is a mixture of single- and double-stranded regions, single- and
double-stranded RNA, and RNA that is mixture of single- and double-stranded regions, hybrid
molecules comprising DNA and RNA that may be single-stranded or, more typically, double-
stranded or a mixture of single- and double-stranded regions. Tn addition, “polynucleotide”
refers to triple-stranded regions comprising RNA or DNA or both RNA and DNA. The lerm
polynucleotide also includes DNAs or RNAs containing one or more modified bases and
DNAs or RNAs with backbones modified for stability or for other rcasons. “Modified” bascs
inctude, for example, tritylated bases and unusual bases such as inosine. A variety of
modilications has been made to DNA and RNA; thus, “polynucleotide” embraces chemically,
enzymatically or metabolically modilied forms of polynucleotides as typically found in
nature, as well as the chemical forms of DNA and RNA characteristic of viruses and cells.
“Polynucleotide” also embraces relatively short polynucleotides, often referred to as

oligonucleolides.

[0 will be understood by the skilled person that numerous nucleotide sequences can

cncode the same polypeptide as a result of the degeneracy of the genetic code.,

As used hercin, the term “nucleolide sequence” refers to nucleotide sequences,
oligonucleolide sequences, polynucleotide sequences and variants, homologues, fragments and

derivatives thercof (such as portions thercof). The nucleotide scquence may be DNA or RNA
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of genomic or synthetic or recombinant origin which may be double-stranded or single-
stranded whether representing the sense or antisensc strand or combinations thereol. The term
nucleotide sequence may be prepated by use of recombinant DNA techniques (for example,

recombinant DNA).
The term “nucleotide sequence™ may mean DNA.

Other Nucleie Acids

We also provide nucleie acids which are fragments, homologues, variants or
derivatives ol ELABELA nucleic acids, The terms “variant”, “homologue”, “derivative™ or
“fragment™ in relation to ELABELA nucleic acid include any substitution of, variation of,
modification of, replacement of, deletion of or addition of one (or more) nueleic acids from or
to the sequence of an ELABELA nucleotide sequence, Unless the context admits otherwise,

references to “ELABELA” and “ELABELA nucleic acid”, “ELABELA nucleotide sequence”

ele include references to such variants, homologues, derivatives and fragments ol CLABELA.

The resultant nucleotide sequence may cncode a polypeptide having any one ot more
ELABELA activity. The term *homologue™ may be intended to cover identity with respect to
structure and/or function such that the resultant nucleotide sequence encodes a polypeptide
which has ELABELA activity. For example, a homologue ete of ELABELA may have a
increased expression level in cells from an individual suffering from an ELABELA associated
condition compared to normal cells. With respect to sequence identity (i.e. similarity), there
may be at least 70%, at least 75%, at least 85% or at least 90% scequence identity. There may
be at least 95%, such as at least 98%, sequence identity to a rclevant sequence such as any
nucleie acid sequence shown in the scquence listings (e.g., an ELABELA sequence having

SEQ 1D NO: 37), These terms also encompass allelic variations of the scquences.

Variants, Derivatives and Homologues

ELABELA nucleic acid variants, [ragments, derivatives and homologues may
comprise DNA or RNA. They may be single-stranded or double-stranded. They may also be
polynucleotides which include within them synthetic or modilied nucicotides. A number of
different types of modification to 01ig0nucleotides are known in the art. These include
methylphosphonate and phosphorothioate backbones, addition of acridine or polylysine chains
at the 3" and/or 5" ends of the molecule. For the purposcs of this document, it is to be

understood that the polynucleotides may be modified by any method available in the art. Such
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modifications may be carried out in order to enhance the in vivo activity or life span of

~polynucleotides of interest.

Where the polynucleotide is double-stranded, both strands of the duplex, cither
individually or in combination, are encompassed by the methods and compositions described
here. Where the polynucieotide is single-stranded, it is to be understood that the

complementary scquence of that polynucleotide is also included.

The terms “variant”, *homologue” or “derivative™ in relation to a nucleotide sequence
include any substitution of, variation of, modification of, replacement of, deletion of or
addilio-n of one (or more) nucleic acid from or to the sequence. Said variant, homologues or
derivatives may code for a polypeptide having biological activity. Such {ragments,
homologues, variants and derivatives of ELABELA may comprise modulated activity, as set

out above.

As indicated above, with respect to sequence identity, a “homologue” may have at
least 5% identity, at least 10% identity, at least [5% identity, al least 20% identity, af lcast
25% identity, at least 30% identity, at least 35% identity, at least 40% identity, at lcast 45%
identity, at least 50% identity, at least 55% identily, at least 60% identity, at least 65%
identity, at least 70% identity, at least 75% identity, at least 80% identity, at least 85%
identity, at least 90% identity, or at least 95% identity to the relevant sequence, such as any
nucleic acid sequence shown in the sequence listings (e.g., an BLABELA sequence having

SEQ ID NO: 37).

‘There may be at least 95% identity, at least 96% idenlity, at least 97% identity, at teast
98% identity or at least 99% identity. Nucleotide identity comparisons may be conducted as
deseribed above. A sequence comparison program which may be used is the GCG Wisconsin
Bestfit program described above. The default scoring matrix has a match value of 10 (or cach
identical nucleotide and -9 for each mismatch. The default gap creation penalty is -50 and the

default gap extension penalty is -3 for each nucleotide.

Hybridisation

We Turther describe nucleotide sequences that are capable of hybridising sclectively to
any of the sequences presented herein, or any variant, [ragment or derivative thercof, or to the
complement ol any of the above. Nucleotide sequences may be at least 5, 10, or 15

nueleotides in length, such as at least 20, 30, 40 or 50 nuclcotides in length,
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The term “hybridization™ as used herein shall include “the process by which a strand
of nucleic acid joins with a complementary strand through base pairing” as well as the process

of amplilication as carried out in polymerase chain reaction technologies.

Palynucleotides capable of selectively hybridising to the nucleotide sequences
presented herein, or to their complement, may be at least 40% homologous, at least 45%
homologous, al least 50% homologous, at least 55% homologous, at least 60% homologous,
at least 65% homologous, at Jeast 70% homologous, at least 75% homologous, at least §0%
homologous, at least 85% hotmologous, at lcast 90% homologous, or at least 95% homologous
to the corresponding nucleotide sequences presented herein, such as any nucleic acid sequence
shown in the sequence listings {e.g., an ELABELA sequence having SEQ ID NO: 37). Such
polynucleotides may be generally at least 70%, at least 80 or 90% or at feast 95% or 98%
homologous to (he corresponding nucleotide sequences over a region ol at least 5, 10, 15 or
20, such as at Jeast 25 or 30, for instance at least 40, 60 or 100 or more contiguous

nucleotides.

The term “sclectively hybrid‘izable” means that the polynucleotide used as a probe is
used under conditions where a target polynucleotide is found (o hybridize to the probe at a
level significantly above background. The background hybridization may occur because of
other polynucleotides present, for example, in the cDNA or genomic DNA library being
screening. In this event, background implies a level of signal generated by interaction between
the probe and a non-specific DNA member of the library which is less than 10 fold, such as
less than 100 Told as intense as the specific interaction observed with the target DNA. The
intensity of interaction may be measured, for example, by radiolabelling the probe, c.g. with

» 3 . L e e C
[ or P or with non-radioactive probes (e.g., [Tuorescent dyes, biotin or digoxigenin).

Hybridization conditions are bascd on the melting temperature (Tm) of the nucleic
acid binding complex, as taught in Berger and Kimmel (1987, Guide to Molecular Cloning
Techniques, Methods in Enzymology, Vol 152, Academic Press, San Diego CA), and confer a

delined “stringency” as cxplained elsewhere in this document.

Maximum stringency typically occurs at about Tm-5°C (5°C below the Tm of the
probe); high stringency at about 5°C to 10°C below Tm; intermediate stringency at about
10°C o 20°C below Tm; and low stringency at about 20°C to 25°C below Tm. As will be

understood by those of skill in the art, a maximum stringeney hybridization can be used to
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identify or deteet identical polynucleotide sequences while an intermediate {or low) stringency

hybridization can be used to identify or deteet similar or related polynucleotide sequences,

We provide nucleotide sequences that may be able to hybridisc to the ELABELA
nucleic acids, frapments, variants, homologues or derivatives under stringent conditions (c.g.

65°C and 0.1xSSC (IxSSC = 0.15 M NaCl, 0.015 M Na; Citrate pIH 7.0).

Generation of Homologues, Variants and Derivatives

Polynucleotides which are not 100% identical to (he relevant sequences (e.g., a human
ELABELA sequence having SEQ ID NO: 37) but which are also included, as well as
homologues, variants and derivatives of ELABELA can be obtained in a number of ways.
Other variants of the sequences may be oblained for example by probing DNA libraries made
from a range of individuals, for example individuals from different populations. For example,
ELABELA homologues may be identified from other individuals, or other species. Further
recombinant ELABELA nucleic acids and polypeptides may be produced by identifying
corresponding positions in the homologues, and synthesising or producing the molecule as

described clsewhere in this document,

In addition, other viral/bacterial, or cellular homologues of ELABELA, particularly
cellular homelogues found in mammalian cells (e.g. rat, mouse, bovine and primatc cells),
may be obtained and such homologues and fragments thereot in general will be capable of
sclectively hybridising to human FLABELA. Such homologues may be used to desigh non-
human ELABELA nucleic acids, frapments, variants and homologues. Mutagenesis may be

carricd out by means known in the art to produce further variety.

Sequences of ELABELA homologues may be obtained by probing ¢cDNA libraries
made from or genomic DNA libraries from other animal species, and probing such libraries
with probes comprising all or part of any of the ELABELA nucleic acids, fragments, variants
and homologues, or other fragments of ELABELA under conditions of medium {o high

stringency.

Similar considerations apply to oblaining species homologues and allelic variants of

the polypeptide or nucleotide sequences disclosed here.

Variants and strain/species homologues may also be obtained using degenerate PCR

which will use primers designed to target sequences within the variants and homologues
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encoding conserved amino acid sequences within the sequences of the ELABELA nucleic
acids. Conserved sequences can be predicted, for example, by aligning the amino acid
sequences from several variants/homologues, Sequence alignments can be performed using
computer software known in the art. For example the GCG Wisconsin PileUp program is

widely used.

The primers used in degencrate PCR will contain one or imore degencrate positions
and will be used at stringency conditions lower than those used for cloning sequences with
single sequence primers against known sequences, It will be appreciated by the skilled ['JBI‘SOH
that overall nucleotide homology between sequences from distantly related organisims is likely
(o be very low and thus in these situations degenerate PCR may be the method of choice

rather than screening libraries with labelled fragments the ELABELA scquences.

In addition, homologous sequences may be ideniified by searching nucleotide and/or

protein databases using scarch algorithims such as the BILAST suite of programs.

Alternatively, such polynucleotides may be obtained by site dirceted mutagenesis of
characierised sequences, lor example, ELABELA nucleic acids, or variants, homologues,
derivatives or frapments thereof. This may be useful where for example silent codon changes
are required 1o sequences Lo optimise codon preferences for a particular host cell in which the
polynucleotide sequences are being expressed. Other scquence changes may be desired in

order to introduce restriction enzymc recognition sites, or to alter the property or {unction of

the polypeptides encoded by the polynucieotides.

The polynueleotides described here may be used to produce a primer, e.g, a PCR
primer, a primer for an altcrnative amplification reaction, a probe e.g. labelled with a
revealing label by conventional means using radioactive or non-radioactive labels, or the
polynucleotides may be cloned into vectors. Such primers, probes and other fragments will be
at least 8,9, 10, or 15, such as at lcast 20, for example at least 25, 30 or 40 nucleotides in

length, and are also encompassed by the term “polynucleotides™ as used herein.

Polynucleotides such as a DNA polynucleotides and probes may be produced
recombinantly, synthetically, or by any means available to those of skill in the art. They may

also be cloned by standard techniques.



20

25

30

61

In general, primers will be produced by synthetic means, involving a step wisc
manufacture ol the desired nucleic acid sequence one nucleotide at a time. Techniques for

accomplishing this using automated techniques are readily available in the art.

Primers comprising fragments of ELABELA are particularly useful in the methods of
detection of ELABELA expression, such as up-regulation of ELABELA expression, for
example, as associaled with an ELABELA associated condition. Suitable primers for
amplification of ELABELA may be generated from any suitable stretch of ELABELA.
Primers which may be used include those capable of amplifying a sequence of ELABELA

which is specific.

Although ELABELA primers may be provided on their own, they are most usefully

provided as primer pairs, comprising a forward primer and a reverse primer.

Longer polynucleotides will generally be produced using recombinant means, for
example using a PCR (polymerase chain reaction) cloning techniques. This will involve
making a pait of primers (e.g. of about 15 to 30 nucleotides), bringing the primers into contact
wilh mRNA or cDNA obtained from an animal or human cell, performing a polymerase chain
reaction under conditions which bring about amplification of the desired region, isolating the
amplified fragment (¢.g. by purifying the reaction mixturc on an agm‘ose gel) and recovering
the amplified DNA. The primers may be designed to contain suitable restriction enzyme

recognition sites so that the amplified DNA can be cloned into a suitable cloning vector.

Polynucleotides or priners may carry a revealing label. Suitable labels include
radioisotopes such as ¥p or %S, digoxigenin, fluorescent dycs, enzyme labels, or other protein
labels such as biotin. Such labcls may be added to polynucleotides or primers and may be
detected using by techniques known per se. Polynucleotides or primers or fragments thercof
labelled or unlabeled may be used by a person skilled in the art in nucleic acid-based tests for

detecting or sequencing polynucleotides in the human or animal body.

Such tests (or detecting generally comprise bringing a biological sample containing
DNA or RNA into contact with a probe comprising a polynucleotide or primer under
hybridising conditions and detecting any duplex formed between the probe and nucleic acid in
the sample. Such detection may be achieved using techniques such as PCR or by immobilising
the probe on a solid support, removing nucleic acid in the sample which is not hybridised to

the probe, and then detecting nueleic acid which has hybridised to the probe. Alternatively,
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the sample nucleic acid may be immobilised on a solid support, and the amount of probe
bound o such a support can be detected. Suitable assay methods of this and other formats can

be found in for example W0O89/03891 and WO90/13667.

Tests for scquencing nucleotides, for example, the ELABELA nucleic acids, involve
bringing a biological samplc containing target DNA or RNA into contact with a probe
comprising a polynueleotide or primer under hybridising conditions and determining the

sequence by, for example the Sanger dideoxy chain termination method (sce Sambrook ef al.).

Such a method generally comprises elongating, in the presence of suitable reagents,
the primer by synthesis of a strand complementary 1o the target DNA or RNA and selectively
terminating the elongation reaction at one or more of an A, C, G or T/U residue; allowing
strand elongation and termination reaction to oceur; separating out according to size the
elongated products to determine the sequence of the nucleotides at which sclective termination
has occurred. Suitable reagents include a DNA polymerase enzyme, the deoxynucleotides
dATP, dCTP, dGTP and dTTP, a buffer and ATP. Dideoxynuclcotides are used for sclective

termination,

ELABELA Control Regions

For some purposes, it may be necessary to utilise or investigate control regions of
ELABELA. Such control regions include promoters, enhancers and locus control regions. By
a control region we mean a nucleic acid sequence or structure which is capable of modulating

the expression of a coding sequence which is operatively linked to it.

For example, control regions are uscful in generating transgenic animals expressing
ELABELA. Furthermore, control regions may be used to gencrate expression constructs [or

ELABELA. This is described in further detail elsewhere in this document.

ldentification of control regions of ELABELA is straightforward, and may be carried
out in a number of ways, For example, the coding sequence of ELABELA may be obtained
[rom an organism, by screening a cDNA library using a human or mousc ELABELA ¢DNA
sequence as a probe. 57 sequences may be obtained by screening an appropriate genomic
library, or by primer extension as known in the art. Database searching of genome databases
may also be employed. Such 5’ scquences which are particularly of interest include non-

coding regions. The 57 regions may be examined by eye, or with the aid of computer
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programs, o identify sequence motifs which indicate the presence of promoter and/or

chhancer regions,

Furthermore, sequence alignments may be conducted of ELABELA nucleic acid
sequences from two or more organisms, By aligning ELABELA sequences from different
speeices, it 1s possible to determine which regions of the amino acid sequence arc conserved
between different species. Such conserved regions are likely to contain control regions for the
gene in question (i.e., ELABELA). The mouse and human genomic sequences as disclosed
here, for example, a mouse ELABELA genomic sequence, may be employed for this purpose.
Furthertmore, ELABELA homologues from other organisms may be obtained using standard
methods of screening using appropriate probes generated from the mouse and human
ELABELA sequences. The genome of the pufferfish (Takifiigu rubripes) or zebrafish may
also be screened Lo identify an ELABELA homologue; thus, several zebrafish sequences of
LLABELA have been identified (noted above). Comparison of the 5’ non-coding region of the
Fugu or zebrafish ELABELA gene with a mouse or human genomic ELABELA sequence

may be used to identify conserved regions containing control regions.

Deletion studies may also be conducted to identify promoter and/or enhancer regions

for LLABELA.,

The identity of putative control regions may be confirmed by molecular biology
experiments, in which the candidate sequences are linked to a reporter gene and the

expression of the reporter detected.

MobpuLaTion or ELABELA

We desceribe a method of manipulating a cell, the method comprising modulating, such
as up-regulating, any combination of the expression, amount or activity of an ELABELA
polypeptide inor of the cell. The method may comprise exposing the cell to an ELABELA

polypeptide.

Alternatively, or in addition, ELABELA expression, amount or activity may be up-
regulated by introducing an ELABELA expression construct (also known as an ELABELA
construct) into the cell. The ELABEILA expression construct or ELABELA construct may
comprise an ELABELA nueleic acid or a vector (such as an expression vector) comprising an

ELABELA nucleic acid sequence,
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As a result of such manipulation, ELABELA expression, amount or activity in or of
the cell may be up-regulated by al least 1%, at lcast 2%, af least 5%, at lcast 10%, at least
15%, at lcast 20%, at lcast 30%, at least 40%, at least 50%, at least 60%, at least 70%, at least
80%, at lcast 90%, or at least 100% or more compared to a cell which has not been subject to

the manipulation,

The ELABELA expression, amount or activity in or ol the cell may be up-regulated by
at least 1x, al least 1.5x, at lcast 2x, at [cast 2.5x, at lcast 3x, at lcast 3.5x, at least 4x, at lcast
Sx, at least [0x, at least 20x, at lcast 30x, at lcast 40x, at least S0x or morc compared to a cell

which has not been subject to the manipulation,

Mechanisms for delivery of such constructs, nucleic acids and vectors may comprise
clectroporation, calcium phosphate transformation or particle bombardment. However,
transfer of the construct may be performed by any of the methods mentioned which physically

ot chemically permeabilize the cell membrane.

1. Electroporation
The ELABELA construct may be introduced into the cells via electroporation.
Ilectroporation involves the exposure of a suspension of cells and DNA to a high-voltage

electric discharge.

Transfection of eukaryotic cells using electroporation has been quite successful.
Mouse pre-B lymphocytes have been transfected with human kappa-immunoglobulin gencs
(Potier ct al., 1984), and rat hepatocytes have been transfected with the chloramphenicol

acetyltransferase gene (Tur-Kaspa et al., 1986) in this manner.,

It is contemplated that electroporation conditions for cells from different sources may
be optimized. One may particularly with fo optimize such parameters as the voltage, the
capacitance, the time and the electroporation media composition. The execution of other

routine adjustments will be known to those of skill in the art.

2. Particle Bombardment
One of the ways of transferring a naked DNA construct into cells involves particle
bombardment. This method depends on the ability to accelerate DNA-coated microprojectiles

to a high velocity allowing them to pierce cell membranes and enter cells without killing them
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(Klein et al., 1987). The microprojectiles used have consisted of biologically inert substances

such as tungsten, platinum or gold beads.

It is contemplated that in some instances DNA precipitation onto metal particles would
not be necessary for DNA delivery (o a recipient cell using particle bombardment. It is
conlemplated that particles may contain DNA rather than be coated with DNA. Hence it is
proposed that DNA-coated particles may increase the fevel of DNA delivery via particle

bombardment but are not, in and of themselves, necessary,

Several devices for accelerating small particles have been developed. One such device
relies on a high voltage discharge to generate an electrical current, which in turn provides the
motive force (Yang et al., 1990). Another method involves the use of a Biolistic Particle
Delivery System, which can be used to propel particles coated with DNA through a screen,
such as stainless steel ot Nytex screen, onto a filter surface covered with cells in suspension.
The screen disperses the particles so that they are not delivered to the recipient cells in large
aggregates. It is believed that a screen intervening between the projectile apparatus and the
cells to be bombarded reduces the size of projectile aggregates and may contribute to a higher
frequency of transformation by reducing the damage inflicted on the recipient cells by

projectiles that are too large.

For the bombardment, cclls in suspension may be concentrated on filters, or
alternatively on solid culture medium. The cells to be bombarded are positioned at an
appropriale distance below the macroprojectile stopping plate. 1f desired, one or more screens

are also positioned between thic acceleration device and the cells to be bombarded.

In bombardment transformation, one may optimize the prebombardment culturing
conditions and the bombardment paramcters to yield the maximum numbers of stable
transformants. Both the physical and biological parameters for bombardment are important in
this technology. Physical factors are those that involve manipulating the DNA/microprojectile
precipitate or those that affect the flight and velocity or either the macro- or microprojectiles.
Biological factors include all steps involved in manipulation of cells before and immediately
after bombardment, the osmotic adjustment of target eclls {o help alleviate the trauma
associated with bombardment, and also the nature of the transforming DNA, such as
linearized DNA or intact supercoiled plasmids. It is believed that pre-bombardment

manipulations are especially important for successful transformation of primordial germ cells,
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Accordingly, it is contemplated that one may wish to adjust various of the
bombardment parameters in small scale studics to fully optimize the conditions. One may
particularly wish to adjust physical parameters such as gap distance,.ﬂight distance, tissue
distance and helium pressure. One may also optimize the trauma reduction factors by
modifying conditions which influence the physiological state of the recipient cells and which
may therefore influcnce transformation and integration efficiencies. For example, the osmotic
state, tissue hydration and the subculture stage or ccll cycle of the recipient cells may be
adjusted for optimum (ransformation, The execution of other routine adjustments will be

known to those of skill in the art.

3. Viral Transformation

a. Adenoviral Infection

One method for delivery of the ELABELA nucleic acid construets involves the use ol
an adenovirus expression vector. Although adenovirus vectors are known to have a low
capacily for integration into genomic DNA, this feature is counterbalanced by the high
cfticiency of gene transler afforded by these vectors. "Adenovirus expression vector” is meant
to include those constructs containing adenovirus sequences sufficient to (a) support
packaging of the construct and (b) to ultimately express a construct that has been cloned

therein,

The vector comprises a genetically engincered torm of adenovirus. Knowledge of the
genetic organization or adenovirus, a 36 kb, linear, double-stranded DNA virus, allows
substitution of large pieces ol adenoviral DNA with foreign sequences up (o 7 kb (Grunhaus
and Horwilz, 1992). In contrast (o retrovirus, the adenoviral infection of host cells does not
result in chromosomal integration because adenoviral DNA can replicate in an episomal
manner without potential genotoxicity. Also, adenoviruses are structurally stable, and no

genome rearrangement( has been detected after extensive amplification.

Adenovirus is particularly suitable for use as a gene transfer vector because of its mid-
sized genome, ease of manipulation, high titer, wide target-cell range and high infectivity.
Both ends of the viral genome contain 100-200 base pair inverted repeats (ITRs), which are
cis elements necessary for viral DNA replication and packaging. The early (I?) and late (L)
regions of the genome contain different transcription units that are divided by the onset of
viral DNA replication. The El region (E1A and E1B) encodes proteins responsible for the

regulation of transcription of the viral genome and a few cellular genes. The expression of the
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E2 region (E2A and E2B) results in the synthesis of the proteins for viral DNA replication.
These proteins are involved in DNA replication, late genc expression and host cell shut-off
(Renan, 1990). The products of the late genes, including the majority of the viral capsid
proteins, are expressed only after significant processing of a single primary transcript issued
by the major late promoter (MLP). The MLP, (located at 16.8 m.u.) is particularly cfficient
during the late phase of infection, and all the mRNA's issued from this promoter possess a 5'-

tripartite leader (TPL) sequence which makes them suitable mRNA's for translation.

[n & current system, recombinant adenovirus is generated from homologous
recombination between shuttle vector and provirus vector. Due to the possible recombination
between (wo proviral vectors, wild-type adenovirus may be generated from this process.
‘Therefore, it is critical to isolate a single clone of virus from an individual plaque and examine

its genomic structure.

Generation and propagation of the current adenovirus vectors, which arc replication
deficient, depend on a unique helper cell line, designated 293, which was transformed from
human embryonic kidney cells by AdS DNA fragiments and constitutively expresses El
proteins (Graham ct al., 1977). Since the E3 region is dispensable from the adenovirus
genome (Jones and Shenk, 1978), the current adenovirus vectors, with the help of 293 cells,
carry foreigtt DNA in either the El, the D3 or both regions (Graham and Prevec, 1991). In
nature, adenovirus can package approximately 105% of the wild-type genome (Ghosh-
Choudhury et al., 1987), providing capacity for about 2 extra kb of DNA. Combined with the
approximately 5.5 kb ol DNA that is replaccable in the E1 and E3 regions, the maximum
capacity of the current adenovirus vector is under 7.5 kb, or about 15% of the total length of

the vector. More than 80% of the adenovirus viral genome remains in the vector backbone,

Helper cell lines may be derived from human cells such as human cmbryonic Kidney
cells, muscle cells, hematopoietic cells or other human embryonic mesenchymal or epithelial
cells. Alternatively, the helper cells may be derived from the cells of other mammalian species
that are permissive for human adenovirus. Such cells include, e.g., Vero cells or other monkey

embryonic mesenchymal or epithelial cells. A suitable helper cell line is 293.

Racher ct al. (1995) disclosed improved methods for culturing 293 cells and
propagating adenovirus. Tn one format, natural ccll aggregates are grown by inoculating

individual cells into 1 liter siliconized spinner flasks (Techne, Cambridge, UK) containing
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100-200 ml of medium. Following stitring at 40 rpm, the cell viability is estimated with
trypan blue, In another format, Fibra-Cel microcarriers (Bibby Sterlin, Stone, UK) (5 g/} is
cmployed as follows, A cell inoculum, resuspended in 5 ml of medium, is added to the carrier
(50 ml) in a 250 m| Erlenmeyer flask and lefl stationary, with occasional agitation, for 1 to 4
h, The medium is then replaced with 50 ml of fresh medium and shaking initiated. For virus
production, cells are allowed to grow to about 80% confluence, after which time the medium
is replaced (to 25% of the final volume) and adenovirus added at an MOI of 0.05. Cultures are
left stationary overnight, following which the volume is increased to 100% and shaking

commenced for another 72 h.

Other than the requirement that the adenovirus veclor be replication defective, or at
lcast conditionally defective, (he nature of the adenovirus vector is not believed to be crucial
to the successful practice of the methods and compositions described here, The adenovirus
may be of any ol the 42 different known serotypes or subgroups A-F. Adenovirus type 5 of
subgroup C may be used as starting material in order to obtain the conditional replication-
defective adenovirus vector for usc in the methods and compositions described here. This is
because Adenovirus type 5 is a human adenovirus about which a great deal of biochemical
and genetic information is known, and it has historically been used for most constructions

employing adenovirus as a vector.

As stated above, the typical vector according lo the methods and compositions
described hereis replication defective and will not have an adenovirus E1 region, Thus, it will

be most convenient to introduce the transforming construct ai the position from which the E1-

coding sequences have been removed. However, the position of insertion of the construct

within the adenovirus sequences is not critical to the methods and compositions described
here, The polynucleotide encoding the gene of interest may also be inserted in lieu of the
deleted 133 region in E3 replacement vectors as described by Karlsson et al. (1986) or in the

E4 region where a helper cell line or helper virus complements the E4 defect.

Adenovirus growth and manipulation is known (o those of skill in the art, and exhibits
broad host range in vitro and in vivo. This group of viruses can be obtained in high titers, e.g.,
10.5up.9 -10.5up.11 plaque-forming units per mi, and they arc highly infective, The life cycle
of adenovirus does not require integration into the host cell genome. The foreign genes
delivered by adenovirus vectors are episomal and, therefore, have low genotoxicity to host

cells. No side effects have been reported in studics of vaccination with wild-type adenovirus
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(Couch et al., 1963; Top et al., 1971), demonstrating their satety and therapeutic potential as

in vivo gene transter veetors,

Adenovirus vectors have been used in cukaryotic gene expression (Levrero et al.,
1991; Gomez-Foix ¢t al., 1992) and vaccine development (Grunhaus and Horwitz, 1992;
Graham and Prevec, 1992). Recently, animal studies suggested that recombinant adenovirus
could be used for gene therapy (Stratford-Perricaudet and Perricaudet, 1991; Stratford-
Perricaudet et al., 1990; Rich et al., 1993). Studies in administering recombinant adenovirus (o
different tissues include trachea instillation (Rosenfeld et al., 1991; Rosenfeld et al., 1992),
muscle injection (Ragot ¢t al., 1993), peripheral intravenous injections (Herz and Gerard,

1993) and stercolactic inoculation into the brain (Le Gal La Sallc et al., 1993).

b. AAV Infection

Adeno-associated virus (AAV) is an attractive vector system for use in the methods
and compositions described hercas it has a high frequency of integration and it can infect
nondividing cells, thus making it useful for delivery of genes inlo mammalian cells in tissue
culture (Muzyczka, 1992). AAV has a broad host range for infectivity (Tratschin, et al,, 1984;
Laughlin, et al., 1986; Lebkowski, et al., 1988; McLaughlin, et al., 1988), which means it is
applicable for use with the methods and compositions described here. Details concerning the
generation and use of TAAV veclors are described in U.S. Pat. No. 5,139,941 and U.S. Pat.

No. 4,797,368, cach incorporated herein by reference.

Studies demonstrating the use of AAV in gene delivery include Lal'ace et al. (1988);
Zhou ct al. (1993); Flotte et al. (1993); and Waish ¢t al. (1994). Recombinant AAV vectors
have been used suecessfully for in vitro and in vivo transduction of marker gencs (Kaplitt, et
al., 1994; Lebkowski, et al., 1988; Samulski, et al., 1989; Shelling and Smith, 1994; Yoder, et
al., 1994; Zhou, ¢t al., 1994; Hermonat and Muzyczka, 1984; Tratschin, et al., 1985;
McLaughlin, ¢t al., 1988) and genes involved in human discases (Flotte, et al., 1992; Luo, et
al., 1994; Ohi, et al,, 1990; Walsh, et al., 1994; Wei, et al., 1994). Recently, an AAV vector

has been approved for phase I human frials for the treatment of cystic fibrosis.

AAV is a dependent parvovirus in that it requires coinfection with another virus (either
adenovirus or a member of the herpes virus family) to undergo a productive infection in
cultured cells (Muzyczka, 1992). In the absence of coinfection with helper virus, the wild type

AAYV genome integrates through its ends into hwman chiromosome 19 where it resides ina
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latent state as a provirus (IKKotin et al., 1990; Samuiski et al., 1991). rAAV, however, is not
restricted (o chromosome 19 [or integration unless the AAV Rep protein is also expressed
(Shelling and Smith, 1994}, When a cell carrying an AAV provirus is superinfected with a
helper virus, the AAV genome is "rescued” from the chromosome or {rom a recombinant

* . . ' . . . N} . ~ . . .
plasmid, and a normal productive infection is established (Samulski, et al,, 1989; McLaughlin,

ct al., 1988; Kolin, et al., 1990; Muzyczka, 1992).

Typically, recombinant AAV (rAAV) virus is made by cotransfecting a plasmid
containing the gene of interest flanked by the two AAV terminal repeats (McLaughlin et al.,
1988; Samulski et al., 1989; ecach incorporated hercin by reference) and an expression plasmid
containing the wild type AAV coding sequences without the terminal repeats, for example
pIM45 (McCarty et al., 1991; incorporated herein by reference). The cells are also infected or
transfected with adenovirus or plasmids carrying the adenovirus genes required for AAV
helper function. rAAYV virus stocks made in such fashion are contaminated with adcnovirus
which must be physically separated from the rAAV particles (for example, by cesium chloride
density centrifugation). Allernatively, adenovirus vectors containing the AAV coding regions
or cell lines containing the AAV coding regions and some or all of ithe adenovirus helper
genes could be used (Yang ct al., 1994a; Clark et al., 1995). Cell lines carrying the rAAV

DNA as an integrated provirus can also be used (Flotte ct al., 1995).

¢. Retroviral Infection

The retroviruses are a group of single-stranded RNA viruses characterized by an
ability to convert their RNA to double-stranded IDNA in infected cells by a process of veverse-
transcription (Coffin, 1990). The resulting DNA then stably integrates into cellular
chromosomes as a provirus and directs synthesis of viral proteins. The integration results in
the retention of the viral gene sequences in the recipient cell and its descendants. The
refroviral genome contains three genes, gag, pol, and env that code for capsid proteins,
polymerase enzyme, and envelope components, respectively. A sequence found upstream
from the gag gene contains a signal for packaging of the genome into virions. Two long
terminal repeat (L TR) sequences are present at the 5' and 3' ends of the viral genome. These
contain strong promoter and enhancer sequences and arc also required for integration in the

host cell genome (Collin, 1990).

In order to construct a retroviral vector, a nucleic acid encoding a gene of interest is

inserted into the viral genome in the place of certain viral sequences to produce a virus that is
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replication-defective. In order to produce virions, a packaging cell line containing the gag,
pol, and env genes but without the L'TR and packaging components is constructed (Mann et
al., 1983). When a recombinant plasmid containing a ¢cDNA, together with the retroviral [ TR
and packaging sequences is introduced into this cell line (by calcium phosphate precipitation
for example), the packaging sequence allows the RNA transcript of the recombinant plasmid
lo be packaged into viral particles, which are then secreted into the culture media (Nicolas and
Rubenstein, 1988; Temin, 1986; Mann et al., 1983). The media containing the recombinant
retroviruses is then collected, optionally concentrated, and used for gene transfer. Retroviral
vectors arc able to infect a broad variety of cell types. However, integration and stable

expression require the division of host cells (Paskind et al., 1975),

Concern with the usc of defective retrovirus vecetors is the potential appearance of
wild-type replication-competent virus in the packaging cells, This can result from
recombination events in which the intact sequence from the recombinant virus inserts
upstream rom the gag, pol, env sequence integrated in the host cell genome, However, new
packaging cell lines are now available that should greatly decrease the likelihood of

recombination (Markowitz et al., 1988; Hersdorffer et al,, 1990).

d. Other Viral Vectors

Other viral vectors may be employed as ELABELA constructs in the methods and
compositions described here. Vectors derived from viruses such as vaccinia virus (Ridgeway,
1988; Baichwal and Supden, 1986; Coupar ct al., 1988) and herpesviruses may be employed.
They offer several attractive features for various manunalian cells (Fricdmann, 1989;

Ridgeway, 1988; Baichwal and Sugden, 1986; Coupar et al., 1988; Horwich et al., 1990).

With the recent recognition of defective hepatitis B viruses, new insight was gained
into the structure-function relationship of different viral sequences. In vifro studies showed
that the virus could retain the ability for helper-dependent packaging and reverse transcription
despite the deletion of up to 80% of its genome (Horwich et al., 1990). This suggested that
large portions of the genome could be replaced with foreign genetic material. Chang et al.
recently introduced the chloramphenicol acetyltransferasc (CAT) gene into duck hepatitis B
virus genome in the place of the polymerase, surface, and pre-surface coding sequences. Tt
was colransfected with wild-type virus into an avian hepatoma cell line. Culture media

containing high titers of the recombinant virus were used to infect primary duckling
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hepatoeytes. Stable CAT gene expression was detecled for at least 24 days after transfection
(Chang et al., 1991).

In still further embodiments, the E.LABELA nucleic acids to be delivered are housed
within an infcctive virus that has been engineered to express a specific binding ligand. The
virus particle will thus bind specifically to the cognate receplors of the target cell and deliver
the contents to the cell. A novel approach designed (o allow specific targeting of retrovirus
vectors was recently developed bascd on the chemical modification of a retrovirus by the
chemical addition of lactose residues to the viral envelope. This modification can permit the

specific infection of hepatocytes via sialoglycoprotein receptors,

Another approach to targeting ol recombinant retroviruses was designed in which
biotinylated antibodies against a retroviral envelope protein and against a specific cell receptor
were used. The antibodies were coupled via the biolin components by using stteptavidin
(Roux et al., 1989). Using antibodies against major histocompatibility complex class I and
class 11 antigens, they demonstrated the infection of a variety ol human cells that bore (hose

surface antigens with an ecotropic vitus invitro (Roux ct al., 1989).

4. Calcinm Phosphate Co-Precipitation or DEAE-Dextran Treatment

[ other embodiments, the ELABELA nucleic acid construct is introduced to the cells
using calcium phosphate co-precipitation, Mouse primordial germ cells have been transfected
with the SV40 large T antigen, with excellent results (Watanabe et al., 1997). Human KB cells
have been transfected with adenovirus 5 DNA (Graham and Van Der Eb, 1973) using this
technique. Also in this manner, mouse L{A9), mouse C127, CHO, CV-1, BHK, NIH3I'3 and
Hela cells were transfected with a neomycin marker gene (Chen and Okayama, 1987}, and rat

hepatocytes were transfected with a variety of marker genes (Rippe et al., 1990).

In another embodiment, the ELABELA expression construct is delivered into the cell
using DEAE-dextran lollowed by polyethylene glycol. In this manner, reporter plasmids were

introduced into mouse myeloma and erythroleukemia cells (Gopal, 1985).

3. Direct Microinjection or Sonication Loading
Further embodiments include the introduction of the ELABELA nucleic acid construct
by dircet microinjection or sonication toading. Direct micioinjection has been used to

introduce ELABELA nueleic acid constructs into Xenopus oocytes (Harland and Weintraub,
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1985), and L'TK.sup.- libroblasts have been transfected with the thymidine kinase gene by

sonication loading (Fechheimer et al., 1987),

6. Liposome Mediated Transformation

In a further embodiment, the ELABELA nucleic acid construct may be entrapped in a
liposome. Liposomes arc vesicular structures characterized by a phospholipid bilayer
membrane and an inner aqueous medium. Multilamellar liposomes have multiple lipid layers
separated by aqueous medium. They form spontaneously when phospholipids are suspended
in an excess of aqueous solution. The lipid components undergo self-rearrangement before the
formation of closed structures and entrap water and dissolved solutes between the lipid
bilaycrs (Ghosh and Bachhawat, 1991). Also contemplated is an ELABELA nucleic acid

construct complexed with Lipofectamine (Gibco BRL).

Liposome-mediated nucleic acid delivery and expression of foreign DNA in vitro has
been very successful (Nicolau and Sene, 1982; Fralcy ct al., 1979; Nicolau ct al., 1987). Wong
el al. (1980) demonstrated the feasibility of liposome-mediated delivery and expression of

forcign DNA in cultured chick embryo, HelLa and hepatoma cells.

In certain embodiments, the liposome may be complexed with a hemagglutinating
virus (HVI). This has been shown to facilitate fusion with the cell membrane and promote cell
entry of liposome-encapsulated DNA (Kaneda et al., 1989). In other embodiments, the
liposome may be complexed or employed in conjunction with nuclear non-histone
chromosomal proteins (HMG-1) (Kato et al., 1991). In yet further cimbodiments, the liposome

may be complexed or employed in conjunction with both HVI and HMG-1.

7. Adenoviral Assisied Transfection

In certain embodiments, the ELABELA nucleic acid construct is introduced into the
cell using adenovirus assisted transfection. Increascd transfection ctficiencies have been
reported in cell systems using adenovirus coupled systems (Kelleher and Vos, 1994; Cotten et
al., 1992; Curiel, 1994), and the inventors contemplate using the saime technique to increase

translection efficiencies,

8. Receptor Mediated Transfection
Still further ELABELA constructs that may be employed to deliver the ELABELA
nucleic acid construct (o the target cells are receptor-mediated delivery vehicles, These take

advantage of the sclective uptake of macromolecules by receplor-mediated endocytosis that
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will be occurring in the target cells. In view of the cell type-specific distribution of various
receptors, this delivery method adds a degree of specificity. Specific delivery in the context of
another mammalian cell type is described by Wu and Wu (1993, incorporated herein by

reference).

Certain nueleic acid delivery constructs comprise a cell receptor-specific ligand and a
DNA-binding agent. Others comprisc a cell receptor-specific ligand to which the DNA
construct to be delivered has been operatively attached. Several ligands have been used for
receptor-mediated gene transfer (Wu and Wu, 1987; Wagner ct al., 1990; Ferkol et al., 1993;
Perales el al., 1994; Myers, EPO 0273085), which establishes the operability of the teclnique.

In other embodiments, the DNA delivery vehicle component may comprise a specific
binding ligand in combination with a liposome. The nucleic acids to be delivered are housed
within the liposome and the specific binding ligand is functionally incorporated into the
liposome membrane. The liposome will thus specifically bind (o the receptors of the target
cell and deliver the contents to the cell. Such systems have been shown to be fimetional using
systems in which, for example, cpidermal growth factor (ILGF) is used in the receptor-

mediated delivery of a nucleic acid to cells that exhibit upregulation of the EGF receptor.

In still further embodiments, the DNA delivery vehicle component of the delivery
vehicles may be a liposome itself, which may comprisc one or more lipids or glycoproteins
that direct cell-specific binding. For example, Nicolau et al. (1987) employed lactosyl-
ceramide, a galactose-terminal asialoganglioside, incorporated into liposomes and observed an
increase in the uptake of the insulin gene by hepatocytes. It is contemplated that the
ELABELA nucleic acid described here can be specifically delivered info the target cells in a

similar mannect.

Down-Regulation of ELABELA
We describe a method of manipulating a cell, the method comprising down-regulating,
any combination of the expression, amount or aclivity of an ELABELA polypeptide in or of

the cell.

The method may comprise exposing the cell to an inhibitor of ELABELA activity. The
method may comprise exposing the cell to an anti-ELABELA antibody or antigen-binding
(ragment thereof. Alternatively, or in addition, ELABETA expression, amount or activity may

be down-regulated by introducing an ELABELA shRNA or siRNA into the cell.
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As a resull of such manipulation, ELABELA expression, amount or activity in or of
the cell may be down-regulated by at [east 1%, at least 2%, at least 5%, at least 10%, at least
15%, at tcast 20%, at least 30%, at fcast 40%, at least 50%, at least 60%, at least 70%, at lcast
80%, at least 90%, or at least 100% or morc compared to a cell which has not been subject to

the manipulation.

The ELABELA expression, amount or activity in or of the cell may be down-regulated
by at least 1x, at least 1.5x, at least 2x, at least 2.5x, at least 3x, at least 3.5x, at least 4x, al
least 5x, at least 10x, at least 20x, at least 30x, at lcast 40x, at least 50x or more compared to a

cell which has not been subject to the manipulation.

MAINTENANCE OF SELF-RENEWAL OR PLURIPOTENCY
We disclose a method of maintaining or enhancing self-renewal or pluripotency, or

both, in or of a stem cell. Such a method may comprise manipulating a stem cell by a method

set outl above.

We therefore describe a method of manipulating a stem cell by modulating, such as
up-regulating, any combination of the expression, amount or activity of an ELABELA

polypeptide in or of the stem cell, The method may comprise exposing the stem cell to an
ELABELA polypeptide.

Alternatively, or in addition, ELABELA expression, amount or aclivily may be up-
regulated in the stem cell by introducing an ELABELA expression construct (also known as
an ELABELA construct) into the cell. The ELABELA expression construct or ELABELA
construct may comprise an ELABELA nucleic acid or a vector (such as an expression vector)
comprising an ELABELA nucleic acid sequence. Methods of introducing such constructs are

set out in detail in the immediately preceding section.

Muaintenance of Pluripotency

Cells treated by the methods and compositions described here retain pluripotency. In
other words, such cells retain at least one characteristic of a stem cell, such as a vertebrate,
mammalian, primate or human stem cell. Such cells may retain the characieristic after one or

more passages. They may do so after a plurality of passages.
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The pluripotency or stem cell characteristic may comprise a morphological
characteristic, immunohistochemical characteristic, a molecular biological characteristic, etc,

The characteristic may comprise a biological activity,
¥ g 3

Stem Cell Characteristics
The cells treated by our methods, in which pluripoteney is retained, may display any ol

the following stem cell characteristics.

Stem cells may display increased expression of Octd / POUSF1, TRA-1-160 and/or
SSEA-1. Expression of any one or more of Flk-1, Tie-2 and c-kit may be decreased. Stem
cells which are self-renewing may display a shortened cell cycle compared to stem cells which

arc not self-renewing,

Stem cells may display defined morphology. For example, in the two dimensions of a
standard microscopic image, human embryonic stem cells display high nuclear/cytoplasmic
ratios in the plane of the image, prominen{ nucleoli, and compact colony formation with

poorly discernable cell junctions.

Stem cells may also be characterized by expressed cell markers as described in further

detail below.

Expression of Pluripotency Markers
The biological activity that is retained may comprise expression of a pluripotency

marker,

Stage-specific embryonic antigens (SSEA) are characteristic of certain embryonic cell
types. Antibodies for SSEA markers arc available from the Developmental Studies
Hybridoma Bank (Bethesda Md.), Other useful markers are detectable using antibodies
designated Tra-1-60 and ‘Tra-1-81 (Andrews et al., Cell Linesfrom Human Gern Cell Tumors,
in E. I. Robertson, 1987, supra). ITuman embryonic stem cells ave typically SSEA-1 negative
and SSEA-4 positive. hEG cells are typically SSEA-1 positive. Ditferentiation of pPS cells in
vitro results in the loss of SSEA-4, TRA-1-60, and TRA-1-81 expression and increased
expression of SSEA-1. pPS cells can also be characterized by the presence of atkaline
phosphatase activity, which can be detected by fixing the cells with 4% paraformaldehyde,
and then developing with Vector Red as a substrate, as described by the manufacturer (Vector

Laboratorics, Burlingame Calif.).
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Embryonic stem cells are also typically telomerase positive and OCT-4 / POUSF1
positive. Telomerase aclivity can be determined using TRAP activity assay (Kim et al.,
Science 266:2011, 1997), using a commercially available kit ('RAPeze RTM. XK
‘T'elomerase Detection Kit, Cal. s7707; Intergen Co., Purchase N.Y.; or TeloTAGGG.TM.
Telomerase PCR ELISA plus, Cat. 2,013,89; Roche Diagnostics, Indianapolis). N'I'ERT
expression can also be evaluated at the mRNA level by RT-PCR. The LightCycler
TeloTAGGG.TM. hTERT quantification kit (Cat, 3,012,344; Roche Diagnostics) is available

commercially for research purposcs.

Any one or more of these pluripotency markers, including FOXD3, PODXI,, alkaline
phosphatase, POUSFEI (also known as OCT-4), SSEA-3, SSEA-4 and TRA-1-60, etc, may be

retained by the cells produced by the methods and compositions described here.

Delection of markers may be achieved through any means known in the art, for
example immunologically. Histochemical staining, flow cytometry (FACs), Western Blot,

enzyme-linked immunoassay (ELISA}, etc may be used.

FFlow immunocytochemistry may be used to detect cell-surface markers,
immunohistochemistry (for example, of fixed cells or tissue sections) may be used for
intracellular or cell-surface markers. Western blot analysis may be conducted on cellular

extracts. Enzyme-{inked immunoassay may be used for cellular extracts or products sccreted

into the medium.

For this purpose, antibodies to the pluripotency markers as available from commercial

sources may be used.

Antibodics for the identification of stem cell markers including the Stage-Specific
Embryonic Antigens | and 4 {SSEA-1 and SSEA-4) and Tumor Rejection Antigen 1-60 and
I-81 (TRA-1-60, TRA-1-81) may be obtained commercially, for example from Chemicon
International, Tnc {Temceula, CA, USA). The immunological detection of these antigens using
monoclonal antibodies has been widely used to characterize pluripotent stem cells (Shamblott
ML et. al. (1998) PNAS 95: 13726-13731; Schuldiner M. ct. al. (2000). PNAS 97: 11307 —
11312; Thomson J.A. et. al. (1998). Science 282: 1145-1147; Reubinoff B.LE. et. al. (2000).
Nature Biotechnology 18: 399-404; Henderson 1.K. et. al. (2002). Stem Cells 20: 329-337;
Pera M. ct. al. (2000). 1. Cell Science 113: 5-10.).
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The expression ol tissue-specific gene products can also be detected at the mRNA
level by Northern blot analysis, dot-blot hybridization analysis, or by reverse transcriptase
initiated polymerase chain reaction (RT-PCR) using sequence-specific primers in standard
amplification methods. Sequence data for the particular markers listed in this disclosure can
be obtained from public databases such as GenBank (URL www.nebinlm.nih.govi8tentier),

Sce U.S, Pat. No. 5,843,780 for further details.

Substantially all of the cells treated by the methods and compositions described here,
or a substantial portion of them, may express the market(s). For example, the percentage of
cells that express the marker or markers may be 50% or more, 60% or more, 70% or more,
80% or more, 90% or more, 93% or more, 95% or more, 97% or more, 97% or more, 99% or

more, or substantially 100%.

Cell Viability
The biological activity may comprise cell viability after treatment by the methods and
compositions described here, or atter propagation following treatment. Cell viability may be

assayed in various ways, for example by Trypan Blue exclusion.

A protocol for vital staining follows. Place a suitable volume of a cell suspension (20-
200 pL) in appropriate tube add an equal volume of 0.4% Trypan blue and gently mix, let
stand for 5 minutes at room temperature. Place 10 pl of stained cells in a hemocytometer and
count the number of viable (unstained) and dead (staincd) cells, Calculate the average number
of unstained cells in each quadrant, and multipiy by 2 x 10" to find cells/ml. The pereentage of

viable cells is the number of viable cells divided by the number of dead and viable cells,

The viability of cells may be 50% or more, 60% or more, 70% or more, 80% or more,
90% or more, 93% or more, 95% or more, 97% or more, 97% or more, 99% or more, or

substantially 100%.

Karyotype
~ The cells treated by the methods and compositions described here, in which
pluripotency is enhanced or induced, may retain a normal karyotype during or after
propagation. A “normal” karyotype is a karyotype that is identical, similar or substantially
similar to a karyotype ol a parent stem cell from which the propagule is derived, ot one which
varies from it but not in any substantial manner. For example, there should not be any gross

anomalies such as translocations, loss of chromosomes, deletions, etc.
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Karyolype may be assessed by a number ol methods, for example visually under
optical microscopy. Karyotypes may be prepared and analyzed as described in McWhir et al.
(2000}, Hewitt et al. (2007), and Gallimore and Richardson (1973). Cells may also be
karyotyped using a standard G-banding technique (available at many clinical diagnostics labs
that provides routine karyotyping services, such as the Cytogenetics Lab at Oakland Calif))

and compared to published stem cell karyotypes.

All or a substantial portion of cells treated by the methods and compositions described
here may retain a normal karyolype. This proportion may be 50% or more, 60% or more, 70%
ot more, 80% or more, 20% or more, 93% or more, 95% or more, 97% or more, 97% or more,

99% or more, or substantially 100%.

Pluripoiency

The cells treated by our methods may retain the capacity to differentiate into all three
embryonic lincages, i.e., endoderm, ectoderin and mesoderm, Methods of induction of stem
cclls to differentiate each of these lineages are known in the art and may be used to assay the
capability of the cells (o differentiate. All or a substantial portion of the treated cells may
refain this ability. This may be 50% or more, 60% or more, 70% or more, 80% or more, 90%
or more, 93% or more, 95% or more, 97% or more, 97% or more, 99% or more, or

substantially 100% of the trealed cells.

Co-Culture and Feeders

Our methods may comprise culturing stem cells in the presence or absence of co-
culture, The lerm “co-culture” refers to a mixture of two or more different kinds of cells that
are grown together, for example, stromal feeder cells. The two or more different kinds of cells
may be grown on the same surfaces, such as particles or cell container surfaces, or on different
stirfaces. The different kinds of cells may be grown on different particles or container

surfaces.

Feeder cells, as the term is used in this document, may mean cells which ate used for
or required for cultivation of cells of a different type. In the context of stem cell culture,
feeder cells have the function of securing the survival, proliferation, and maintcnance of [£S-
cell pluripotency. ES-cell pluripotency may be achieved by dircctly co-cultivating the feeder
cells. Alternatively, or in addition, the feeder cells may be cultured in a medium to condition

it. The conditioned medium may be uscd to culture the stem cells.
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The inner surface of the container such as a culture dish may be coaled with a feeder
layer of mouse embryonic skin cells that have been treated so they will not divide. The feeder
cells release nutrients into the culture medium which are required for ES cell growth. The

stem cells may be growi in such coated containers.

The feeder cells may themselves be grown on particles. They may be seeded on
particles in a similar way as described for stem cells. The stem cells to be propagated may be
grown together with or separate from such feeder particles. The stem cells may therefore be
grown on a layer on such feeder cell coated particles. On the other hand, the stem cells may be
grown on sepatate parlicles. Any combinations of any of these arrangements are also possible,
for example, a culture which comprises feeder cells grown on particles, particles with feeder
cells and stem cells, and particles with stem cells growing. These combinations may be grown

in containers with a feeder layer or without,

Arrangements in which feeder cells are absent or not required are also possible. For

example, the cells may be grown in medium conditioned by feeder cells or stem cells.

Media and Feeder Cells
Media for isolating and propagating pluripotent stem cells can have any of sevéral
different formulas, as long as the cells obtained have (he desired characteristics, and can be

propagated further.

Suitable sources are as [ollows: Dulbecco’s modified Eagles medium (DMEM),
Gibeo#11965-092; Knockout Dulbecco’s modified Eagles medium (KO DMEM),
Gibeo#10829-018; 200 mM L-glutamine, Gibeo#15039-027; non-cssential amino acid
solution, Gibco 11140-050; beta-mercaptoethanol, Sigma#M7522; human recombinant basic
fibroblast gtowth factor (bFGF), Gibeoff13256-029. Exemplary serum-containing embryonic
stem (ES) medium is made with 80% DMEM (lypically KO DMEM), 20% defined fctal
bovine serum (IF'BS) not heat inactivated, 0.1 mM non-cssential amino acids, 1 mM L-
glutamine, and 0.1 mM beta-mercaptoethanol. The medium is filtered and stored at 4 degrees
C for no longer than 2 weeks. Serum-free embryonic stem (ES) medium is made with 80%
KO DMEM, 20% serum replacement, 0.1 mM non-essential amino acids, 1 mM L-glutamine,
and 0.1 mM beta-mercaptoethanol. An effective serum replacement is Gibeo#10828-028. The

medium is filtered and stored at 4 degrees C for no longer than 2 weeks. Just before use,
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human bIFGE is added to a final concentration of 4 ng/ml. (Bodnar et ai., Geron Corp,

International Patent Publication WO 99/20741).

The media may comprisc Knockout DMEM media (Invitrogen-Gibeo, Grand Island,
New York), supplemented with [0% serum replacement media (Invitrogen- Gibeo, Grand
Island, New York), Sng/ml FGF2 (Invitrogen-Gibco, Grand Island, New York) and Sng/ml
PDGF AB (Peprotech, Rocky Hill, New Jersey).

Feeder cells (where used) may be propagated in mEF medium, containing 90%
DMEM (Gibco#11965-092), 10% FBS (Hyclone#30071-03), and 2 mM glutamine. mEFs are
propagated in T'150 flasks (Coming#430825), splitting the cells 1:2 every other day with
trypsin, keeping the cells subconfluent. To prepare the feeder cell lay.er, cells are irradiated at
a dose to inhibit proliferation but permit synthesis of important factors that support human
embryonic stem cells (.about.4000 rads gamma irradiation). Six-well culture plates (such as
Falcon#304) are coated by incubation at 37 degrees C. with 1 mL 0.5% gelatin per well
overnight, and plated with 375,000 irradiated mEFs per well. Feeder cell layers are typically
uscd 5 h to 4 days after plating. The medium is replaced with fresh human embryonic stem

(hES) medium just before sceding pPS cells.

Conditions for culturing other stem cells are known, and can be optimized
appropriately according to the cell type, Media and culture techniques for particular cell types

referred to in the previous section are provided in the references cited.

Serun Free Media
The methods and compositions described here may include culture of cells such as

stem cells in a serum-{rec medium.

The term “serum-{rec media” may comprise cell culture media which is free of serum
proteins, e.g., fetal calf serum. Serum-free media are known in the art, and are described for
example in US Patents 5,631,159 and 5,601,034, Serum-free media are commercially

available from, for example, Gibco-BRL (Invitrogen).

The serum-free media may be protein free, in that it may lack proteins, hydrolysates,
arcl components of unknown composition. The serum-{rec media may comprise chemically-
defined media in which all components have a known chemical structure, Chemically-defined

serum-free media may be used as it provides a completely defined system which eliminates
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variability allows for improved reproducibility and more consistent performance, and

decrcases possibility ol contamination by adventitious agents.

The serum-[ree media may comprise Knockout DMEM media (Invitrogen-Gibceo,

Grand Island, New York).

The scrum-free media may be supplemented with one or more components, such as
serum replacement media, at a concentration ol for example, 5%, 10%, 15%, cte. The serum-
{ree media may be supplemented with 10% serum replacement media from lirvitrogen- Gibeo

(Grand Island, New York).

The serum-free medium in which the dissociated or disaggregated embryonic stem
cells arc cultured may comprise one or more growth factors. A number of growth factors are
known in the art, including FGIF2, 1GF-2, Noggin, Activin A, TGF beta 1, HRG1 beta, LIF,
S1P, PDGF, BAFE, April, SCF, FIt-3 ligand, Wnt3A and others. The growth [actor(s}, may be

used at any suitable concentration such as between 1pg/ml to 500ng/ml.

STEM CELLS

As used in this document, the term “stem cell” refers (o a cell that on division faces
two developmental options: the daughter cells can be identical to the original cell (self-
renewal) or they may be the progenitors of more specialised cell types (differentiation). The
stem ccll is therefore capable of adopting one or other pathway (a further pathway exists in
which one of cach cell type can be formed). Stem cells are therefore cells which are not

terminally differentiated and are able to produce cells of other types.

Stem cells as referred to in this document may include totipotent stem cells,
pluripotent stem cells, and multipotent stem cells. They also specifically include induced

pluripotent stem cells (iPS).

Totipotent Stem Cells
The term “totipotent” cell refers to a cell which has the potential to become any cell
type in the adult body, or any cell of the extraembryonic membranes (c.g., placenta). Thus, the

only totipotent cells are the fertilized egg and the first 4 or so cells produced by its cleavage.

Pluripotent Stem Cells
“Pluripotent stem cells” are truc stem cells, with the potential to make any

differentiated cell in the body, However, they cannot contribute to making the extraembryonic
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membranes which are derived from the trophoblast. Several types of pluripotent stem cells

have been found.

Lembryonic Stem Cells
Embryonic Stem (ES) cells may be isolated from the inner cell mass (ICM) of the

blastocyst, which is the stage of embryonic development when implantation occurs.

Embryonic Germ Cells
Embryonic Germ (EG) cells may be isolated from the precursor to the gonads in

aborted fetuses.

Lfmbryonic Carcinoma Cells

Embryonic Carcinoma (EC) cells may be isolated from teratocarcinomas, a tumor that
occasionally occurs in a gonad of a fetus, Unlike the first two, they are usually ancuploid. All
three of these types of pluripotent stem cells can only be isolated from embryonic or fetal
tissue and can be grown in culture. Methods arc known in the art which prevent these

pluripotent cells from differentiating,

Adult Stem Cells

Adult stem cells comprise a wide variely of types including neuronal, skin and the
blood forming stem cells which are the active component in bone marrow transplantation,
These latter stem cell types are also the principal feature of umbilical cord-derived stem cells.
Adult stem cells can mature both in the laboratory and in the body into functional, more
specialised cell types although the exact number of cell types is limited by the type of stem

cell chosen.

Multipotent Stem Cells

Multipotent stem cells are true stem cells but can only differentiate into a limited
number of types. For example, the bone marrow contains multipotent stem cells that give rise
to all the cells of the blood but not to other types of cells. Multipotent stem cells are found in
adult animals, Tt is thought that every organ in the body (brain, liver) contains them where

they can replace dead or damaged cells,

Methods of characterising stem cells are known in the art, and include the use of
standard assay methods such as clonal assay, flow cytometry, long-term culture and molecular

biological techniques e.g. PCR, RT-PCR and Southern blotting.
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In addition to morphological differences, human and murine pluripotent stem cells
differ in their expression of a number of cell surtace antigens (stem cell markers). Markers for
stem cells and methods of their detection are described elsewhere in this document (under

“Maintenance of Stem Cell Characteristics™).

SCREENING FOR ANTI-ELABELA AGENTS

Identifying ELABELA Modulators, Agonists and Antagonisis
Anfagonists, in particular, small molecules may be used to specifically inhibit

ELABELA for usc as anti-ELABELA agents.

We disclose a method of assaying a compound of interest, the method comprising
contacting an ELABELA polypeptide with a candidate compound and performing an assay to

determine if the candidate compound binds to the ELABELA polypeplide.

We further disclose a method of assaying a compound of interest, the method
comprising contacting an ELABELA polypeptide with a candidate compound and performing
an assay to determine if the candidate compound modulates an activity of the ELABELA

polypeptide.

We [urther disclose a method ol assaying a compound of interest, the method
comprising contacting a cell expressing an ELABELA polypeptide with a candidate
compound and perlorming an assay to determine if the candidate compound causes an
clevated or reduced expression, amount or activity of the ELABELA polypeptide in or of the

cell.
The compound of interest so identified may then be isolated or chemically synthesised.

We therefore disclose ELABELA antagonists and small molecule LILABELA
inhibitors, as well as assays for screening for these. Antagonists of ELABELA may be
screencd by detecting modulation, such as down regulation, of binding or other ELABELA
activity. We therefore provide a compound capable of down-regulating the expression,
amount or activity ELABELA polypeptide. Such a compound may be used in the methods and

compositions described here (or treating or preventing an ELABELA associated condition.

ELABELA may therefore be used to assess the binding of small molecule substrates
and ligands in, for example, cells, cell-free preparations, chemical libraries, and natural

product mixtures. These substrates and ligands may be natural substrates and ligands or may
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be structural or functional mimetics. See Coligan et al., Current Protocols in Inimunology
1(2): Chapter 5 (1991). Furthermore, screens may be conducted to identify factors which

influence the expression of EILABELA, in particular in an ELABEIA associated condition.

In general, the assays for agonists and antagonists rely on determining the effect of
candidate molecules on one or more activities of ELABELA. An assay may involve assaying
ELABELA activity in the presence ol a candidale molecule, and optionally in the absence ol

the candidate molecuie, or in the presence of a molccule known to inhibit or activate an

ELABELA activily.

Expression of ELABELA may be modulated, such as up-regulated in an ELABELA
associated condition, Therefore, it may be desirous to find compounds and -drugs which
stimulate the expression and/or activity of ELABELA, or which can inhibit the function of
this protein. In general, agonists and antagonists may be employed for therapeutic and

prophylactic purposes for an ELABELA associated condition.

By “down-regulation” we include any negative effect on the behaviour being studied;
this may be total or partial. Thus, where binding is being detected, candidate antagonists are
capable of reducing, ameliorating, or abolishing the binding between two entities. The down-
regulation of binding (or any other activity) achieved by the candidate molecule may be at
least 10%, such as at least 20%, at least 30%, at least 40%, al least 50%, at least 60%, at least
70%, at least 80%, at lcast 90% or more compared to binding (or whichever activity) in the
absence of the candidate molecule. Thus, a candidate molecule suitable for use as an

antagonist is one which is capable of reducing by 10% more the binding or other activity.

The term “compound” refers to a chemical compound (naturally occurring or
synthesised), such as a biological macromolecule (e.g., nucleic acid, protein, non-peptide, or
organic molceule), or an extract made from biological materials such as bacteria, plants, fungi,
or animal (particutarly manmmalian) cells or tissucs, or cven an inorganic element or molecule.,

The compound may be an antibody.

Examples of potential antagonists of ELABELA include antibodies, small moleculcs,
nucleotides and their analogues, including purines and purine analogues, oligonucleotides,
stapled peptides or proteins which are closely related to a binding partner of ELABELA, c.g.,

a fragment of the binding partner, or small molecules which bind to the ELABELA
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polypeptide but do not elicit a response, so that the activity of the polypeptide is prevented,

etc,

Sereening Kits
The materials necessary for such screening to be conducted may be packaged into a

screening kit,

Such a screening kit is useful for identifying agonists, antagonists, ligands, receptors,
substrales, enzymes, elc. lor ELABELA polypeptides or compounds which decrease or
enhance the production of ELABELA. The screening kit may comprise: (a) an ELABELA
polypeptide; (b) a recombinant cell expressing an ELABELA polypeptide; or (¢) an antibody
to ELABELA polypeptide. The screening kit may comprise a library. The screening kit may
comprise any one or more of the components needed for screcning, as described elsewhere in

this document. The scrcening kit may optionally comprise instructions for use.

Sercening kits may also be provided which are capable of detecting ELABELA
expression at the nucleic acid level. Such kits may comprise a primer for amplification of
ELABLELA, or a pair of primers for amplification. The primer or primers may be chosen from
any suitable sequence, lor example a pottion of the ELABELA sequence. Methods of
identifying primer sequences are well known in the art, and the skilled person will be able to
design such primers with ease. The kits may comiprisc a nucleic acid probe for ELABELA
expression, as described in this document. The kits may also optionally comprise instructions

for use,

Rational Desigi

Rational design of candidate compounds likely to be able to interact with EL,ABELA
may be based upon structural studics of the molecular shapes of an ELABELA polypeptide.
One means for determining which sites interact with specific other proteins is a physical
structure determination, e.g., X-ray crystallography or two-dimensional NMR techniques.
These will provide guidance as to which amino acid residues form molecular contact regions.
For a detailed description of protein structural determination, see, e.g., Blundell and Johnson

(1976) Protein Crystallography, Academic Press, New York.

Polypeptide Binding Assays
Modulators and antagonists of ELABELA activily or expression may be identitfied by

any means known in the art.
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In their simplest form, the assays may simply comprise the steps of mixing a candidate
compound with a solution containing an ELABELA polypeptide to form a mixture, measuring
activity of ELABELA polypeptide in the mixture, and comparing the activity of the mixture to

a standard.

Furthermore, molecules may be identificd by their binding to ELABELA, in an assay

which deteets binding between ELABELA and the putative molecule.

One type of assay lor identifying substances that bind to an ELABELA polypeptide
described here involves contacting the ELABELA polypeptide, which is immobilised on a
solid support, with a non-immobilised candidate substance determining whether and/or to
what extent the ELABELA polypeptide of interest and candidate substance bind to cach other,
Alternatively, the candidate substance may be immobilised and the ELABELA polypeptide as

sel out in this document non-immobilised.

The binding of the substance to the ELABELA polypeptide can be transient, reversible
or permancit. The substance may bind to the polypeptide with a Kd value which is fower than
the Kd value for binding to control polypeptides (e.g., polypeptides known to not be involved
in an ELABELA associated condition), The Kd value of the substance may be 2 fold less than
the Kd value for binding to control polypeptides, such as a Kd value 100 fold less or a Kd

1000 fold less than that for binding to the control polypeptide.

In an example assay method, the ELABELA polypeptide may be immobilised on
beads such as agarose beads. Typically this may be achicved by expressing the ELABELA
polypeptide as a GST-fusion protein in bacteria, yeast or higher eukaryotic cell lines and
purifying the GST-ELABELA fusion profein from crude cell extracts using glutathione-
agarose beads (Smith and Johnson, 1988; Gene 67(10):31-40). As a control, binding of the
candidate substance, which is not a GST-fusion protein, to an immobilised polypeptide may
be determined in the absence of the ELABELA polypeptide. The binding of the candidate
substance to the immobilised ELABELA polypeptide may then be determined, This type of
assay is known in the art as a GST pulldown assay. Again, the candidate substance may be

immobilised and the ELABELA polypeptide non-immobilised.

It is also possible to perform this type of assay using different affinity purification
systems for immobilising one of the components, for example Ni-NTA agarose, histidine-

tagged components as well as antibody-based affinity chromatography.
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Binding of the polypeptide to the candidate substance may be determined by a variety
ol methods well-known in the art. For example, the non-immobilised component may be
labeled (with for example, a radioactive label, an epitope tag or an enzyme-antibody
conjugate). Alternatively, binding may be determined by immunological detection techniques.
For cxample, the reaction mixture can be Western blotted and the blot probed with an

antibody that detects the non-immobilised component. ELISA techniques may also be used.

Candidate substances are typically added to a final concentration of from 1 to 1000
nmol/ml, such as from 1 to 100 nmol/ml. In the case of antibodies, the final concentration

uscd is typically from 100 to 500 ug/ml, such as from 200 to 300 ug/ml.

Modulators and antagonists of ELABELA may also be identified by detecting
modulation of binding between ELABELA and any molecule o which this polypeptide binds,

or modulation of any activity conscquential on such binding or release.

Cell Based Assays

A cell based assay may simply test binding of a candidatc compound wherein
adherence Lo the cells bearing the ELABELA polypeptide is detected by means of a label
dircetly or indirectly associated with the candidate compound or in an assay involving

competition with a labelled competitor,

Further, these assays may lest whether the candidate compound results in a signal
penerated by binding to the ELABELA polypeptide, using detection systems appropriate (o
the cells bearing the polypeptides at their surfaces. Inhibitors of activation are generally
assayed in the presence of a known agonist and the effect on activation by the agonist by the

presence of the candidate compound is observed.

Another method of screening compounds utilises eukaryotic or prokaryotic host cells
which are stably transformed with recombinant DNA molecules expressing a library of
compounds. Such ccells, either in viable or fixed form, can be used for standard binding-
partner assays. See also Parce ef al. (1989} Science 246:243-247; and Owicki ef af, (1990)
Proc. Nat’l Acad, Sci. USA 87:4007-4011, which describe sensitive methods to deteci cellular

responses.

Competitive assays arc particularly useful, where the cells expressing the library of

compounds are contacted or incubated with a labelled antibody known to bind to an
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ELABELA polypeptide, such as '*I-antibody, and a test sample such as a candidate
compound whose binding affinity to the binding composition is being measured. The bound
and free labelled binding partners for the ELABELA polypeptide are then separated (o assess
the degree of binding. The amount of test sample bound is inversely proportional to the

amount of labelled antibody binding to the ELABELA polypeptide.

Any one of numerous technigues can be used to separate bound from frec binding
partners to assess the degree of binding. This separation step could typically involve a
procedure such as adhesion to filters followed by washing, adhesion to plastic following by

washing, or centrifugation of the cell membranes.

The assays may involve exposing a candidate molecule to a cell, such as a colon, lung,
squamous cell including lip, larynx, vulva, cervix and penis, pancreatic, brain, oesophageal,
stomach, bladder, kidney, skin, ovary, prostate and testicular cell, and assaying expression of
ELABELA by any suitable means. Molecules which down-regulate the expression of
ELABELA in such assays may be optionally chosen for {urther study, and used as drugs to
down-regulate ELABELA expression, Such drugs may be usefully employed to treat or

prevent an ELABELA associated condition.

¢DNA encoding ELABELA protein and antibodies to the proteins may also be used (o
configure assays for detecting the effect of added compounds on the production of ELABELA
mRNA and protein in cells. For example, an ELISA may be constructed for measuring
secreted or cell associated levels of ELABELA polypeptide using monoclonal and polyclonal
antibodies by standard methods known in the art, and this can be used to discover agents
which may inhibit or enhance the production of ELABELA protein (also called antagonist or
agonist, respectively) from suitably manipulated cells or tissues. Standard methods for

conducting screening assays are well understood in the art.

Activity Assays
Assays to detect modulators or antagonists typically involve detecting modulation of
any activity of ELABELA, in the presence, optionally together with detection of modulation

of activity in the absence, of a candidate molecule.

Assays which detect specific biological activities of ELABELA, such as phosphatase
activily, may be used. The assays typically involve contacting a candidate molecule (e.g., in

the form of a library) with ELABELA whether in the form of a polypeptide, a nucleic acid
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cncoding the polypeptide, or a cell, organclle, extract, or other material comprising such, with
a candidate modulator. The relevant activity of ELABELA (such as phosphatase activity, as
described elsewhere in this document) may be detected, to establish whether the presence of

the candidate modulator has any effect.

Phosphatase assays are known in the art and are described in Wu et al (2004), Int ]
Biochem Cell Biol. 36(8):1542-53 and Alonso et al (2004). ] Biol Chem. 20;279(34):35768-
74. Such assays comprise assaying the ability of ELABELA to de-phosphorylale a suitable
substrate such as p-nitrophenyl phosphate, or as oligopeptides containing phospho-tyrosine
and phospho-thrconine residues. The assays may be performed in the presence or absence ol a
candidate modulator and the appropriate activity detected to detect modulation of ELABELA

activity and hence identification of a candidate modulator and/or antagonist of ELABELA.

Promoter binding assays to detect candidate modulators which bind to and/or affect the
transcription or expression of ELABELA may also be used. Candidate modulators may then
be chosen for further study, or isolated for use. Details of such screening procedures are well
known in the art, and are for example described in, Handbook of Drug Screening, edited by
Ramakrishna Seethala, Prabhavathi B. Fernandes (2001, New York, NY, Marcel Dekker,
ISBN 0-8247-0562-9).

The screening methods described here may employ in vive assays, although they may
be configured for i vitro use. In vivo assays generally involve exposing a cell comprising
ELABELA to the candidate molecule. In in vitro ésszlys, ELABELA is exposed to the
candidatc molecule, optionally in the presence of other components, such as crude or semi-
purificd cell extract, or purificd proteins. Where in vitro assays are conducled, these may
cmiploy arrays of candidate molecules (for example, an arrayed library). /i vivo assays may be
employed. Therefore, the ELABELA polypeptide may be comprised in a cell, such as

heterologously. Such a cell may be a transgenic cell, which has been engineered (o express
ELABELA as described above.

Where an extract is employed, it may comprise a cytoplasmic extract or a nuclear

extract, methods of preparation of which are well known in the art.

It will be appreciated that any component of a cell comprising ELABELA may be
employed, such as an organelle. One embodiment utilises a cytoplasmic or nuclear

preparation, ¢.g., comprising a cell nucleus which comprises ELABELA as described. The
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nuclear preparation may comprise one or more nuclei, which may be permeabilised or scmi-

permeabilised, by detergent treatment, for example,

Thus, in a specific embodiment, an assay format may include the following: a
multiwell microtitre plate is set up to include one or more cells expressing ELABELA
polypeptide in each well; individual candidate molecules, or pools of candidate molecules,
derived for example from a library, may be added to individual wells and modulation of
ELABELA activity measured, Where pools are used, these may be subdivided in to further
pools and tested in the same manner. ELABELA activity, for example binding activity or
transcriptional co-activalion activity, as described elsewhere in this document may then be

assaycd.

Alternatively or in addition to the assay methods described above, “subtractive”
procedurcs may also be used to identify modulators or antagonists of ELABELA. Under such
“subtractive” procedures, a plurality of molecules is provided, which comprises one or more
candidate molecules capable of functioning as a modulator (e.g., cell extract, nuclear extract,
library of molecules, etc), and onc or more components is removed, depleted or subtracted
from the plurality of molecules. The “subtracted” extract, elc, is then assayed for activity, by

exposurc to a cell comprising ELABELA (or a component thereof) as described.

Thus, lor example, an ‘immunodepletion’ assay may be conducted to identify such
modulators as follows. A cytoplasmic or nuclear extract may be prepared from a suitable cell.
The extract may be depleted or fractionated to remove putative modulators, such as by use of
immunodepletion with appropriate antibodies. If the extract is depleted of a modulator, it will
lose the ability to affect ELABELA function or activity or expression. A series of subtractions

and/or depletions may be required (o identify the modulators or antagonists,

It will also be appreciated that the above “depletion” or “subtraction™ assay may be
used as a preliminary step to identify putative modulatory factors for further screening.
Furthermore, or alternatively, the “depletion” or “sublraction” assay may be used to confirm
the modulatory activity of a molecule identified by other means (for example, a “positive”

screen as described elsewhere in this document) as a putative modulator.

Candidate molecules subjected to the assay and which are found to be of interest may

be isolated and further studied, Mcthods of isolation of molecules of interest will depend on
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the type of molecule employed, whether it is in the form of a library, how many candidate

molecules are being tested at any onc time, whether a batch procedure is being followed, elc.

The candidate molecules may be provided in the form of a library. In one embodiment,
more than one candidate molecule may be screcned simultaneously. A library of candidate
molecules may be gencrated, for example, a small molecule library, a polypeptide library, a
nucleic acid library, a library of compounds (such as a combinatorial library), a library of
antisensc molecules such as antisense DNA or antisense RNA, an antibody library ete, by
mceans known in the art. Such libraries arc suitable for high-throughput screening. Different
cells comprising ELABELA may be exposed to individual members of the library, and effect
on the ELABELA activity determined. Array technology may be employed for this purpose.

The cells may be spatially separated, for example, in wells of a microtitre plate.

In an embodiment, a small molecule library is employed. By a “small molecule”, we
refer to a molecule whose molecular weight may be less than about 50 kDa. In particular
embodiments, a small molecule may have a molecular weight which is less than about 30
kDa, such as less than about 15 kDa or less than 10 kDa or so. Libraries of such small
molecules, here referred to as “small molecule libraries” may contain polypeptides, small
peptides, for example, peptides of 20 amino acids or fewer, for example, 15, 10 or 5 amino

acids, simple compounds, ctc.

Alternatively or in addition, a combinatorial library, as described in further detail
elsewhere in this document, may be screened for modulators or antagonists of ELABELA.

Assays for ELABELA activity are described above.

Libraries

Libraries of candidate molecules, such as libraries of polypeptides or nucleic acids,
may be employed in the screens for ELABELA antagonists and inhibitors described here.
Such libraries arc exposed to ELABELA protein, and their effect, if any, on the activity of the

protein determined.

Selection protocols for isolating desired members of large libraries are known in the
art, as typified by phage display techniques, Such systems, in which diverse peptide sequences
are displayed on the surface of filamentous bacteriophage (Scott and Smith (1990 supra), have
proven uscful for creating libraries of antibody fragments (and the nucleotide sequences that

encoding them) for the /i vifro selection and amplification of specific antibody fragments that
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bind a target antigen. The nucleotide sequences encoding the Vi; and V), regions are linked to
genc ﬁ'ag.ments which encode leader signals that direct them to the periplasmic spacc of E.
coli and as a result the resultant antibody fragiments arc displayed on the sutface of the
bacteriophage, typically as fusions to bacteriophage coat proteins (e.g., plll or pVIII).
Alternatively, antibody fragments are displayed externally on lambda phage capsids
(phagebodies). An advantage of phage-based display systems is that, because they arc
biological systcms, selected library members can be amplified simply by growing the phage
containing the selected library member in bacterial cells. Furthermore, since the nucleotide
sequence that encodes the polypeptide library member is contained on a phage or phagemid
vector, sequencing, expression and subsequent genetic manipulation is relatively

straightforward.

Methods for the construction of bacteriophage antibody display libraries and lambda
phage expression libraries arc well known in the art (McCafferty ef of. (1990) supra; Kang ¢f
al. (1991 Proc. Natl. Acad. Sci. U.S.A., 88: 4363; Clackson ef af, (1991) Nature, 352: 624,
Lowman ef af. (1991) Biochemistry, 30: 10832; Burton ef al. (1991) Proc. Natl. Acad. Sci
U.5.4., 88: 10134; Hoogenboom ef /. (1991) Nucleic Acids Res., 19: 4133, Chang ef «.
(1991) J. Immumnol., 147: 3610; Breitling ef af, (1991) Gene, 104: 147; Marks ef af, (1991)
supra; Barbas ef al. (1992) supra; Hawkins and Winter (1992) J. fnmnnol., 22: 867; Marks ef
al., 1992, J. Biol. Chem., 267: 16007; Lerner ef al. (1992) Science, 258: 1313, incorporated
herein by reference). Such techniques may be modified if necessary for the expression

generally of polypeptide libraries.

One approach has been the use of scl'v phage-libraries (Bird, R.E,, ef al. (1988)
Science 242: 423-6, Huston ef al., 1988, Proc. Natl. Acad. Sci U.S.A., 85; 5879-5883;
Chaudhary ef af. (1990) Proc, Natl. Acad. Sci U.S.A., 87: 1066-1070; McCafferty ef al.
(1990) supra; Clackson et al. (1991) supra; Marks ef af. (1991) supra; Chiswell ef af. (1992)
Trends Biotech., 10: 80; Marks ef al. (1992) supra). Various embodiments of scFv libraries
displayed on bacteriophage coat proteins have been described. Refinements of phage display
approaches are also known, for example as described in W096/06213 and W092/01047
{Medical Research Councit ef «l.) and W0O97/08320 (Morphosys, supra), which are

incorporated herein by reference.

Alternative library selection technologies include bacteriophage lambda expression

systems, whicl may be screened directly as bacteriophage plaques or as colonies of lysogens,
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both as previously described (Huse e/ af. (1989) Science, 246: 1275; Caton and Koprowski
(1990) Proc. Nuail. Acad. Sci. U.S.A., 87; Mullinax ef al. (1990} Proc. Natl. Acad. Sci. U.S.A.,
87: 8095; Persson ef al. (1991) Proc. Natl. Acad. Sci. U.S.A., 88: 2432) and are of use in the
methods and compositions described here. These expression systems may be used to screen a
large number of different members of a library, in the order of about 10° or even more. Other
screening systems rely, for example, on direct chemical synthesis of library members. One
early method involves the synthesis of peptides on a set of pins or rods, such as described in
WO84/03564. A similar mcthod involving peptide synthesis on beads, which forms a peptide
library in which each bead is an individual library member, is described in U.S. Patent No.
4,631,211 and a related method is described in W092/00091. A significant improvement of
the bead-bascd methods involves tagging each bead with a unique-identiﬁer tag, such as an
oligonucleotide, so as to facilitate identification of the amino acid sequence of each library

member. These improved bead-based methods are described in W0O93/06121,

Another chemical synthesis method involves the synthesis of arrays of peptides (or
peptidomimeltics) on a surface in a manner that places each distinet library member (e.g.,
unique peplide sequence) at a discrete, predefined location in the array. The identity of cach
library member is determined by its spatial location in the array. The locations in the array
where binding interactions between a predetermined molecule (e.g., a receptor) and reactive
library membets occur is determined, thereby identifying the sequences of the reactive library
members on the basis ol spatial location. These methods are described in U.S. Patent No.
5,143,854; WO90/15070 and W092/10092; Fodor ef al. (1991) Science, 251: 767; Dower and
Fodor (1991) dnn. Rep. Med. Chem., 26: 271.

Other systems for generating libraries of polypeptides or nucleotides involve the use of
cell-free enzymatic machinery for the in vitre synthesis of the library members. In one
method, RNA molecules are selected by alternate rounds of selection against a target ligand
and PCR amplification {Tuerk and Gold (1990) Science, 249: 505; Ellington and Szostak
(1990) Nafure, 346: 818). A similar technique may be used to identify DNA sequences which
bind a predetermined human transcription factor (Thiesen and Bach (1990) Nucleic Acids
Res., 18: 3203; Beaudry and Joyce (1992) Science, 257: 635; W092/05258 and
W092/14843). In a similar way, in vitro translation can be used (o synthesise polypeptides as
a method for generating large libraries. These methods which generally comprise stabilised

polysome complexes, ate described further in WO88/08453, W090/05785, W090/07003,
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WO091/02076, WO91/05058, and W092/02536. Alternative display systems which are not
phage-based, such as those disclosed in W095/22625 and W095/11922 (Affymax) usc the
polysomes to display polypeptides for selection. These and all the foregoing documents also

are incorporated herein by reference.

Combinatorial Libraries
Libraries, in particular, librarics of candidate molecules, may suitably be in the form of

combinatorial libraries (also known as combinatorial chemical libraries).

A “combinatorial library”, as the term is used in this document, is a collection of
multiple species of chemical compounds that consist of randomly selected subunits,

Combinatorial libraries may be screened for molecules which are capable of inhibiting
ELABELA.

Various combinatorial libraries of chemical compounds are currently available,
inctuding libraries active against proteolytic and non-protcolytic enzymes, libraries of agonists
and antagonists of G-protein coupled receptors (GPCRs), libraries active against non-GPCR
targets (e.g., integrins, ion channels, domain interactions, nuclear receptors, and transcription
factors) and libraries of whole-cell oncology and anti-infective targets, among others. A
comprehensive review of combinatorial libraries, in particular their construction and uses is
provided in Dolle and Nelson (1999), Journal of Combinatorial Chemisiry, Vol | No 4, 235-
282. Reference is also made to Combinatorial peptide library protocols (edited by Shmuel
Cabilly, Totowa, N.J.: Humana Press, ¢1998. Methods in Molecular Biology v. 87). Specitic
combinatorial libraries and methods for their construction are disclosed in United States
Patent 6,168,914 (Campbell, ct al), as well as in Baldwin et al. (1995), “Synthesis of a Small
Molccule Library Encoded with Molecular Tags,” J. Am. Chem, Soc. 117:5588-5589, and in

the references mentioned in those documents.

In one embodiment, the combinatorial library which is screened is one which is
designed to potentially include molecules which inferact with a component of the cell to
influence gene expression, For example, combinatorial libravies against chromatin structural
proteins may be screened. Other libraries which are useful for this embodiment include
combinatorial libraries against histone modification enzymes (e.g., histone acetylation or
histone methylation enzymes), or DNA modification, for cxample, DNA methylation or

demethylation.
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Further references describing chemical combinatorial libraries, their production and
use include those available from the URL http://www.netsci.org/Science/Combichem/,
including The Chemical Generation of Molecular Diversity. Michacl R. Pavia, Sphinx
Pharmaccuticals, A Division of Tli Lilly (Published July, 1995); Combinatorial Chemistry; A
Strategy for the Future - MDL Information Systems discusses the role its Project Library plays
in managing diversity libraries (Published July, 1995); Solid Support Combinatorial
Chemistry in Lead Discovery and SAR Optimization, Adnan M. M. Mjalli and Bairy E.
Toyonaga, Ontogen Corporation (Published July, 1995); Non-Peptidic Bradykinin Receptor
Antagonists From a Structurally Directed Non-Peptide Library. Sarvajit Chakravarty, Babu .
Mavunkel, Robin Andy, Donald J. Kyle*, Scios Nova Inc. (Published July, 1995);
Combinatorial Chemistry Library Design using Pharmacophore Diversity Keith Davics and
Clive Briant, Chemical Design Ltd. (Published July, 1995); A Database System for
Combinatorial Synthesis Experiments - Craig James and David Weininger, Daylight Chemical
Information Systems, Inc. (Published July, 1995); An Information Management Architecturc
for Combinatorial Chemistry, Keith Davies and Catherine White, Chemical Design Lid.
(Published July, 1995); Novel Software Tools for Addressing Chemical Diversity, R. S.
Pearlman, Laboratory for Molecular Graphics and Theoretical Modeling, College of
Pharmacy, University of Texas (Published June/Tuly, 1996); Opportunitics for Computational
Chemists Afforded by the New Strategies in Drug Discovery: An Opinion, Yvonne Connolly
Martin, Computer Assisted Molecular Design Project, Abbott Laboratories (Published
June/luly, 1996}); Combinatorial Chemistry and Molecular Diversity Course at the University
of Louisville: A Description, Arno F. Spatola, Department of Chemistry, University of
Louisville (Published June/July, 1996); Chemically Generated Screening Libraries: Present
and Future, Michacl R. Pavia, Sphinx Pharmaceuticals, A Division of Eli Lilly (Published
June/luly, 1996); Chemical Strategics For Introducing Carbohydrate Molecular Diversity Into
The Drug Discovery Process.. Michael I, Sofia, Transcell Technologies Inc. (Published
June/July, 1996); Data Management for Combinatorial Chemistry, Maryjo Zaborowski,
Chiron Corporation and Sheila H. DeWitt, Parke-Davis Pharmaceutical Research, Division of
Warner-Lambert Company (Published November, 1995); and The Impact of High Throughput
Organic Synthesis on R&D in Bio-Based Industries, John P. Devlin (Published March, 1996).

‘Techniques in combinatorial chemistry are gaining wide acceptance among modern
methods for the generation of new pharmaceutical leads (Gallop, M. A. et al., 1994, J. Med.

Chem, 37:1233-1251; Gordon, E. M. et al., 1994, . Med. Chem. 37:1385-1401.). One
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combinalorial approach in use is based on a strategy involving the synthesis of libraries
containing a dilTercnt structure on cach particle of the solid phase support, interaction of the
fibrary with a soluble receptor, identification of the “bead” which interacts with the
macromolecular target, and determination of the structure carried by the identified “bead
(Lam, K. S. et al., 1991, Nature 354:82-84). An alternative to this approach is the sequential
release of defined aliquots of the compounds from the solid support, with subsequent
determination of activily in solution, identification of the patticle from which the active
compound was reteased, and elucidation of its structure by direct sequencing (Salmon, S. E. et
al., 1993, Proc.Natl.Acad.Sci.USA 90:11708-11712), or by reading its code (Kerr, I. M. et al.,
1993, I.Am.Chem.Soc. 115:2529-2531; Nikolaiev, V. et al., 1993, Pept. Res. 6:161-170;
Ohlmeyer, M. H. I. ctal., 1993, Proc.Natl. Acad.Sci.USA 90:10922-10926).

Soluble random combinatorial libraries may be synthesized using a simple principle
for the peneration of equimolar mixtures of peptides which was first described by Furka
(Furka, A. et al., 1988, Xth International Symposium on Medicinal Chemistry, Budapest
1988; Furka, A. ctal., 1988, 14th International Congress of Biochemistry, Prague 1988;
Furka, A, et al., 1991, Int. J. Peptide Protein Res, 37:487-493). The construction of soluble
libraries for iterative screcning has also been described (Houghten, R. A, et al. 1991, Nature
354:84-86). K. S. Lam disclosed the novel and unexpectedly powerful technique of using
insoluble random combinatorial libraries. Lam synthesized random combinatorial libraries on
solid phase supports, so that each support had a test compound of uniform molecular structure,
and screened the libraries without prior removal of the test compounds from the support by

solid phasc binding protocols (Lam, X. S. et al., 1991, Nature 354:82-84).

Thus, a library of candidate molecules may be a synthetic combinatorial libraty (c.g., a
combinatorial chemical library), a cellular extract, a bodily fluid (e.g., urine, blood, tears,
sweat, or saliva), or other mixture of synihetic or natural products (e.g., a library of small

molecules or a fermentation mixture).

A library of molecules may include, for example, amino acids, oligopeptides,
polypeptides, proteins, or fragments of peptides or proteins; nucleic acids (e.g., antisense;
DNA; RNA; or peptide nucleie acids, PNA); aptamers; or carbohydrates or polysaccharides,
Each member of the library can be singular ot can be a part of a mixture (¢.g., a compressed
library). The library may contain purified compounds or can be “dirty” (i.c., containing a

significant quantity of impurities).
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Commenrcially available libraries (e.g., from Affymetrix, ArQule, Neose Technologies,
Sarco, Ciddeo, Oxford Asymmetry, Maybridge, Aldrich, Panlabs, Pharmacopoeia, Sigma, or

Tripose) may also be used with the methods described here,

In addition to libraries as described above, special libraries called diversity files can be
used (0 assess the specificity, reliability, or reproducibility of the new methods. Diversity files
contain a large number of compounds (e.g., 1000 or more small molecules) representative ol
many classes of compounds that could potentially result in nonspecific detection in an assay.
Diversity files are commercially available or can also be assembled from individual

compounds commercially available from the vendors listed above.

ANTIBODIES

Anti-ELABELA agents, including antagonists or modulators of ELABELA, which
may be used to regulate the activity of this protein (for example, for methods of treating or
preventing diseases such as an ELABELA associated condition as described in this document)

may include antibodies against the ELABELA protein.

We therefore provide for antibodics which bind to an ELABELA polypeptide, (ragment,
homologue, variant or derivative thereof. Such antibodies may be uscful in detecting ELABELA
expression, and in particular in diagnosing an ELABELA associated disease or condition. Other
antibodies include those which have therapeutic activity, i.c., which are may be used in a

therapeutic manner to treat, manage or prevent any ELABELA associated disease or condition.

An antibody against ELABELA may be gencrated by any means known in the art, {rom

the ELABELA sequences disclosed in this document.

For example, an anti-ELABELA antibody may be generated against an ELABELA
polypeptide as disclosed in this document, or a polypeptide encoded by an ELABELA nucleic
acid as disclosed in this document, such asrany of the ELABELA sequences set out in (he

sequence listing.

An antibody against ELABELA may be generated as described in the Examples, by
immunisation with a peptide CMPLHSRVPEP (SEQ ID NO: 52) corresponding to amino acid
residues (44-54) of human ELABELA.

Antibodies against a polypeptide comprising the sequence

MRFQQTFLFAFFIFIMSLLLISG (SEQ ID NO: 19) or QRPVNLTMRRKLRKHNC (SEQ 1D
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NO: 53); or a polypeptide comprising the sequence
QRPYNLTMRRKLRKHNCLQRRCMPLHSRVPEP (SEQ ID NO: 2) may also be generated
as anti-ELABELA antibodlies,

Furthermore, antibodies which are specific for ELABELA may be gencrated against
any suitable epitope, for example, an epitope derived from the ELABELA protein, The
sequence of a suitable fragment of ELABELA may comprise residues HSRVPFP (SEQ ID
NO: 58), RCXXXHSRVPEP (SEQ ID NO: 59).or CXXXRCXXXHSRVPFP (SEQ 1D NO: 1)
of ELABELA and any epitope from this sequence may be used for the generation of specific
ELABELA antibodies.

We therefore disclose isolated antibodies or antigen-binding fragments thereof which

are capable of specifically binding to one or more of the following:
(a) a polypeptide comprising the sequence CMPLHSRVPEP (SEQ ID NO: 52,

(b) a polypeptide comprising the sequence QRPVNLTMRRKLRKHNC (SEQ 1D NO:
53);

(¢} a polypeptide comprising the sequence

QRPVNLTMRRKLRKHNCLORRCMPLHSRVPFP (SEQ ID NO: 2);
(<) a polypeplide comprising the sequence of any of SEQID NOs: 1 to 36.

The isolated antibodies or antigen-binding fragments thereof may further comprise a

. 125
label, such as a radiolabel, such as "1,

For the purposes of this document, the terin “antibody” refers to complete antibodies or
antibody fragments capable of binding to a selected target. Unless specified to the contrary, the
term includes but is not limited to, polyclonai, monoclonal, natural or engincered antibodies
including chimeric, CDR-grafted and humanised antibodies, and artificially selected
antibodies produced using phage display or alternative techniques. The term also includes
single chain, IFab fragments and fragments produced by a Fab expression library. Such
fragments include fragments of whole antibodies which retain their binding activity for a target
substance, Fv, F(ab”) and F(ab’), fragments, as well as single chain antibodies (scFv), fusion

proteins and other synthetic proteins which comprise the antigen-binding site of the antibody.
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Small fragments, such as Fv and ScFv, possess propertics for diagnostic and therapeutic

applications on account of their small size and consequent superior tissue distribution.

The antibodies and fragments thercof may be humanised antibodies, for example as
described in EP-A-239400. Furthermore, antibodies with fully hwnan variable regions (or their
{ragments), for example, as described in US Patent Nos. 5,545,807 and 6,075,181 may also be

used.

The anti-ELABELA antibody may comprise a neutralising antibody. Neutralizing
antibodies, i.e., those which inhibit any biological activity of ELABELA, may be used for

diagnostics and therapeutics.

The antibodies described here may be altered antibodies comprising an effector protein

-such as a label. Labels which allow the imaging of the distribution of the antibody in vive or in

vifro may be used. Such labels may be radioactive labels or radioopaque labels, such as metal
particles, which are readily visualisable within an embryo or a cell mass. Morcover, they may

be fluorescent labels or other labels which are visualisable on tissue samples.

Antibodies may be produced by standard techniques, such as by immunisation ot by
using a phage display library, Such an antibody may be capable of binding specifically to the

ELABILLA protein or homologue, fragment, etc.

Polyclonal Antibodies

If polyclonal antibodies arc desired, a selected mammal or vertebrate species {e.g.,
chicken, mouse, rabbit, goat, horse, camel etc.) may be immunised with an immunogenic
composition comprising an ELABELA polypeptide or peptide. Depending on the host species,
various adjuvants may be used to increase immunological response. Such adjuvants include,
but are not limited to, Freund’s, mineral gels such as aluminium hydroxide, and surface active
substances such as lysolecithin, pluronic polyols, polyanions, peptides, oil emulsions, keyhole
limpet hemocyanin, and dinitrophenol. BCG (Bacilli Calmefte-Guerin) and Corynebacterium
parvim are potentially uselul human adjuvants which may be employed if purified the
substance amino acid sequence is administered to immunologically compromised individuals

for the purpose of stimulating systemic defence.

Serum from the immunised animal is collected and {reated according to known

procedures, If serum containing polyclonal antibodics to an epitope obtainable [rom an
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ELABELA polypeptide contains antibodics to other antigens, the polyclonal antibodies can be
purified by immunoaffinity chromatography. Techniques for producing and processing
polyclonal antiscra are known in the art. Tn order that such antibodies may be made, we also
provide ELABELA amino acid sequences or fragments thercof haptenised to another amino acid

sequence for use as immunogens in animals or humans.

Monoclonal Antibodies

Monoclonal antibodies directed against epitopes obtainable from an ELABELA
polypeptide or peptide can also be readily produced by one skilled in the art, The general
methodology for making monoclonal antibodies by hybridomas is well known. Immortal
antibody-producing ccll lines can be created by cell fusion, and also by other techniques such
as direct transformation of B lymphocytes with oncogenic DNA, or transfection with Epstein-
Barr virus. Panels of monoclonal antibodies produced against orbit cpitopes can be screened

for various properties; i.e., for isotype and epitope affinity.

Monoclonal antibodics may be prepared using any technique which provides for the
production of antibody molecules by continuous cell lines in culture. These include, but are
not limited to, the hybridoma technique originally described by Koehler and Milstein (1975
Nature 256:495-497), the trioma technique, the human B-cell hybridoma technique (Kosbor et
al (1983) Immunol Today 4:72; Cote ef af (1983) Proc Natl Acad Sci 80:2026-2030) and the
[BV-hybridoma technique (Cole et al., Monoclonal Antibodies and Cancer Therapy, pp. 77-
96, Alan R. Liss, Inc., 1985).

Recombinant DNA technology may be used to improve the antibodies as described
here. Thus, chimeric antibodies may be constructed in order to decrease the immunogenicily -
thereof in diagnostic or therapeutic applications. Such techniques comprise splicing of mousc
antibody genes to human antibody genes to obtain a molecule with appropriate antigen
specificily and biological activity (Morrison ef af (1984} Proc Natl Acad Sci 81:6851-6855;
Neubetger ef af {1984) Nature 312:604-608; Takeda ¢f «f (1985) Nature 314:452-454).
Moreovet, imniunogenicity may be minimised by humanising the antibodies by CDR grafting
[see European Patent Application 0 239 400 (Winter)] and, optionally, framework

modification [EP 0 239 400].
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Alternatively, techniques described for the production of single chain antibodies (US
Patent No. 4,946,779) can be adapted to produce the substance specific single chain

antibodics.

Antibodies, both monoclonal and polyclonal, which are dirccted against epitopes
obtainable from an ELABELA polypeptide or peptide are particularly useful in diagnosis.
Monoclonal antibodics, in particular, may be used to raise anti-idiotype antibodies. Anti-
idiotype antibodies arc immunoglobulins which carry an “internal image” of the substance
and/or agent against which protection is desired. Techniques for raisi'ng anti-idiotype

antibodies are knowi in the art. These anti-idiotype antibodies may also be useful in therapy.

Antibodies may also be produced by inducing in vivo production in the lymphocyte
population or by screening recombinant immunoglobulin libraries or panels of highly specific
binding reagents as disclosed in Orlandi ef «f (1989, Proc Natl Acad Sci 86: 3833-3837), and
Winter G and Milstein C (1991; Nature 349:293-299).

Antibody fragments which contain specific binding sites for the polypeptide or peptide
may also be generated. For example, such fragments include, but are not limited to, the
F(ab’), fragments which can be produced by pepsin digestion of the antibody molecule and
the Fab fragments which can be generated by reducing the disulfide bridges of the F(ab’),
fragments. Alternatively, I'ab expression libraries may be constructed to allow rapid and easy
identification of monoclonal Fab fragments with the desired specificity (Huse WD ef af
(1989) Science 256:1275-128 1).

Techniques for the production of single chain antibodies (U.S. Pat. No. 4,946,778) can
also be adapted to produce single chain antibodies to ELABELA polypeptides. Also,
transgenic mice, or other organisms including other mammals, may be used to express

humanized antibodics.

The above-described antibodies may be employed to isolate or to identify clones

expressing the pelypeptide or to purify the polypeptides by affinity chromatography.

Recombinant Techniques of Antibody Production
Recombinant DNA technology may be used to produce the antibodies according to
established procedure, in bacterial or mammalian cell culture, The selected cell culture system

may scerete the antibody product.
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Therefore, we disclose a process for the production of an antibody comprising
culturing & host, e.g. E. coli or a mammalian cell, which has been transformed with a hybrid
vector comprising an expression cassette comprising a promoter operably linked to a first
DNA sequence encoding a signal peptide linked in the proper reading frame to a second DNA

scquence encoding said antibody protein, and isolating said protein.

Multiplication of hybridoma cells or mammalian host cells i vitro is carried out in
suitable culture media, which are the customary standard culture media, for example
Dulbecco’s Modified Eagle Medium (DMEM) or RPMI 1640 medium, optionally replenished
by a mammalian serum, e.g. foetal calf serum, or trace efements and growth sustaining
supplements, e.g. feeder cells such as normal mouse peritoneal exudate cells, spleen cells,
bone marrow macrophages, 2-aminocthanol, insulin, transferrin, low density lipoprotein, oleic
acid, or the like. Multiplication of host cells which are bacterial cells or yeast cells is likewise
carried out in suitable culture media known in the art, for example for bacteria in medium LB,
NZCYM, NZYM, NZM, Terrific Broth, SOB, SOC, 2 x YT, or M9 Minimal Mediun, and for

yeast in medium YPD, YEPD, Minimal Medium, or Complete Minimal Dropout Medium.

In vitro production provides relatively pure antibody preparations and allows scale-up
to give large amounts of the desired antibodies. Techniques for bacterial cell, yeast or
mammalian cell cultivation are known in the art and include homogencous suspension culture,
e.g. in an airlift reactor or in a continuous stirrer reactor, or immobilised or entrapped cell

culture, e.g. in hollow fibres, microcapsules, on agarose microbeads or ceramic cartridges.

Large quantities of the desired antibodics can also be obtained by muitiplying
mammalian cells in vivo. For this purpose, hybridoma cells producing the desired antibodies
arc injected into histocompatible mammals to cause growth of antibody-producing tumours.
Optionally, the animals are primed with a hydrocarbon, especially mineral oils such as
pristanc (tetramethyl-pentadecane), prior to the injection. Afler one to three weeks, the
antibodies are isolated [rom the body fluids of those mammals. For example, hybridoma cells
obtained by fusion of suitable myeloma cells with antibody-producing spleen cells from
Balb/c mice, or transfected cells derived from hybridoma cell line Sp2/0 that produce the
desired antibodics arc injected intraperitoneally into Balb/c mice optionally pre-treated with

pristane, and, after one to two weeks, ascitic fluid is taken from the animals.
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The foregoing, and other, techniques are discussed in, for example, Kohler and
Milstein, (1975) Nature 256:495-497; US 4,376,110; Harlow and Lane, Antibodies: a
Laboratory Manual, (1988) Cold Spring Harbor, incorporated herein by reference. Technigues
for the preparation of recombinant antibody molecules are described in the above references
and also in, for example, EP 0623679; EP 0368684 and LiP 0436597, which are incorporated

herein by reference.

The cell culture supernatants are screened for the desired antibodies, such as by

immunofluorescent staining of PGCs or other pluripotent cells, such as S or EG cells, by

immunoblotting, by an enzyme immunoassay, e.g. a sandwich assay or a dot-assay, or a

radiocimmunoassay.

For isolation of the antibodics, the immunoglobulins in the culture supernatants or in
the ascitic fluid may be concentrated, e.g. by precipitation with ammonium sulphate, dialysis
against hygroscopic material such as polyethylene glycol, filtration through selective
membranes, or the like. If necessary and/or desired, the antibodies are purified by the
customary chromatography methods, for example gel filtration, ion-exchange
chromatography, chromatography over DEAE-cellulose and/or {immuno-) affinity
chromatography, e.g. affinity chromatograplhy with the antigen, or fragments thercof, or with

Protein-A.

Hybridoma cells secreting the monoclonal antibodics are also provided. Mybridoma
cells may be genetically stable, secrete monoclonal antibodies of the desired specificity and

can be activated {rom deep-frozen cultures by thawing and recloning,

Also included is a process for the preparation of a hybridoma cell line secreting
monoclonal antibodics directed to the ELABELA polypeptide, characterised in that a suitable
mammal, for cxanmple a Balb/c mouse, is immunised with a one or morc ELABELA
polypeptides, or antigenic fragments thereof;, antibody-producing cells of the immunised
mammal are fused with cells of a suitable myeloma cell line, the hybrid cells obtained in the
fusion are cloned, and celf clones secreting the desired antibodies are selected. For example
spleen cells of Balb/c mice immunised with ELABELA are fused with cells of the myeloma
cell line PAI or the myeloma cell line Sp2/0-Agl4, the obtained hybrid cells are screened for

secretion of the desired antibodies, and positive hybridoma cells are cloned,



[5

20

25

30

105

We describe a process for the preparation of a hybridoma cell line, characterised in
that Balb/c mice are immunised by injecting subcutaneously and/or intraperitoneally between
10 and 107 and 10° cells expressing ELABELA and a suitable adjuvant several times, e.g. four
to six times, over several months, ¢.g. between two and four months, and spleen cells from the
immunised mice arc taken two to four days after the last injection and fused with cells of the
myeloma cell line PAT in the presence of a {fusion promoter, such as polyethylene glycol. The
myeloma cells may be fused with a three- to twentyfold cxcess of spleen cells from the
immunised mice in a solution containing about 30 % to about 50 % polyethylene glycol of a
molecular weight around 4000. After the fusion the cells are expanded in suitable culture
media as described hereinbefore, supplemented with a selection medium, for example HA'T
medium, at regular intervals in order to prevent normal myeloma cells from overgrowing the

desired hybridoma cells.

Recombinant DNAs comprising an insert coding for a heavy chain variable domain
and/or for a light chain variable domain of antibodies directed to ELABELA as described
hereinbefore are also disclosed. By definition such DNAs comprise coding single stranded
DNAs, double stranded DNAs consisting of said coding DNAs and of complementary DNAs

thereto, or these complementary (single stranded) DNAs themselves.

Furthermore, DNA encoding a heavy chain variable domain and/or for a light chain
variable domain of antibodies directed to ELABELA can be enzymatically or chemically
synthesised DNA having the authentic DNA sequence coding for a heavy chain variable
domain and/or for the light chain variable domain, or a mutant thereof, A mutant of the
authentic DNA is a DNA encoding a heavy chain variable domain and/or a light chain
variable domain of the above-mentioned antibodies in which one or more amino acids are
deleted or exchanged with one or more other amino acids. The modification(s) may be outside
the CDRs of the heavy chain variable domain and/or of the light chain variable domain of the
antibody. Such a mutant DNA is also intended (o be a silent mutant wherein one or morc
nucleotides are replaced by other nucleotides with the new codons coding for the same amino
acid(s). Such a mutant sequence is also a degencrated sequence. Degenerated sequences are
degenerated within the meaning of the genetic code in that an unfimited number of nucleotides
are replaced by other nucleotides without resulling in a change of the amino acid sequence
originally encoded. Such degenerated sequences may be useful due to their different

res(riclion sites and/or frequency of particular codons which are preferred by the specific host,
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particularly Z. coli, to obtain an optimal expression of the heavy chain murine variable

domain and/or a light chain murine variable domain.

The term mutant is intended to include a DNA mutant obtained by in vitro

mutagenesis of the authentic DNA according to methods known in the art.

For the asscmbly of complele tetrameric immunoglobulin molecules and the
expression of chimeric antibodies, the recombinant DNA inserts coding for heavy and light
chain variable domains are fused with the cortesponding DNAs coding for heavy and light
chain constant domains, then transferred into appropriate host cells, for example after

incorporation into hybrid vectors,

Also disclosed are recombinant DNAs comprising an insert coding for a heavy chain
murine variable domain of an antibody directed to ELABELA fused to a human constant
domain g, for cxample y1, v2, ¥y3 or y4, such as y1 or y4. Likewise recombinant DNAs
comprising an insert coding for a light chain murine variable domain of an antibody directed

to ELLABELA fused to a human constant domain « or A, such as ¥ are also disclosed.

In another embodiment, we disclose recombinant DNAs coding for a recombinant
polypeptide wherein the heavy chain variable domain and the light chain variable domain are
linked by way of a spacer group, optionally comprising a signal sequence facilitating the
processing of the antibody in the host cell and/or a DNA coding for a peptide facilitating the
purification of the antibody and/or a cleavage site and/or a peptide spacer and/or an effector

molecule.

The DNA coding for an effector molecule is intended to be a DNA coding for the
effector molecules useful in diagnostic or therapeutic applications. Thus, effector molecules
which are toxins or enzymes, especially enzymes capable of catalysing the activation of
prodrugs, arc particularly indicated. The DNA encoding such an effector molecule has the
sequence of a naturally occurring enzyme or toxin encoding DNA, or a mutant thereof, and

can be prepared by methods well known in the art.

Antibodies
The terms “antibody” and “immunoglobulin®, as used in this document, may be
employed interchangeably where the context permits. These terms include fragments of

proteolytically-cleaved or recombinantly-prepared portions of an antibody molecule that are
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capable of selectively reacting with or recognising ELABELA or an epitope thereof, such as

an epitopc of ELABELA bound by 209,

Non limiting examples of such proteolytic and/or recombinant fragments include Fab,
I (ab”) 2, Fab’, Fv fragiments, and single chain antibodies (scl'v) containing a VL and VH
domain joined by a peptide linker. Thesc Fvs may be covalently or non-covalently linked to

form antibodies having two or more binding sites.

By “SckFv molecules” we mean molecules wherein the V11 and VL partner domains
are linked via a flexible oligopeptide. A general review of the techniques involved in the
synthesis of antibody fragments which retain their specific binding sites is to be found in

Winter & Milstein{1991) Nature 349, 293-299,

Whole antibodies, and F(ab”) 2 fragments are “bivalent’’, By “bivalent” we mean that
the said antibodies and F(ab”) fragments have two antigen combining sites. In contrast, Fab,

Fv, ScFv and dAb fragments are monovalent having only one antigen combining site.

The anti-ELABELA antibody may comprise a high affinity antibody with an off rate

from 107%™ to 10™s™", The off rate may be about 2 x 10™s™,

The term “off-rate” as used in this document refers to the dissociation rate (ko) of an
antibody such as an anti-ELABELA antibody disclosed here. It may be measured using BIA
evaluation soflwarc (Pharmacia). A low off rate is desirable as it reflects the affinity of an Fab

fragment for an antigen.

The term “affinity” is defined in terms of the dissociation rate or off-rate (ko) of an
antibody such as an anti-ELABELA antibody. The lower the off-rate the higher the affinity
that a an antibody such as an anti-ELLABELA antibody has for an antigen such as ELABELA.

The anti-ELABELA antibody may comprise a peptide per se or form part of a fusion

protein.

The anti-ELABELA antibodies described here include any antibody that comprise
ELABELA binding aclivity, such as binding ability to intracellular ELABELA or binding to

the same epitope bound by 209 as the case may be.

The anti-ELABELA antibodies also include the entire or whole antibody, whether

mouse, humanised or human, such antibody derivatives and biologically-active fragments.
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‘These may include antibody fragments with ELABELA binding activity that have amino acid

substitutions or have sugars or other molecules attached (o amino acid functional groups, etc.

The anti-ELABELA antibody may comprise isolated antibody or purified antibody. It
may be obtainable from or produced by any suitable source, whether natural or not, or it may
be a synthetic anti-ELABELA antibody, a semi-synthetic anti-ELABELA antibody, a
derivatised anti-ELABELA antibody or a recombinant anti-ELABELA antibody.

Where the anti-ELABELA antibody is a non-native anti-ELABELA antibody, it may
include at least a portion of which has been prepared by recombinant DNA techniques or an

anli-ELABELA antibody produced by chemical synthesis techniques or combinations thereof.

The term “derivative” as used in this document includes chemical modification of an
anti-ELABELA antibody. lltustrative of such modifications would be replacement of
hydrogen by an alkyl, acyl, or amino group, for example. Thee sequence of the anti-
ELABELA antibody may be the same as that of the naturally occurring form or it may be a

variant, homologue, fragment or derivative thereof.

Antibody Variable Regions

The term “variable region”, as used in this document, refers to the variable regions, or
domains, of the light chains (VL) and heavy chains (VH) which contain the determinants for
binding recognition specificity and for ibe overall atfinity of the antibody against ELABELA

(or variant, homologue, [ragment or derivative), as the case may be.

The variable domains of each pair of light (VL) and heavy chains {VH) are involved in
antigen recognition and form the antigen binding site. The domains of the light and heavy
chains have the same general structure and each domain has four framework (FR) regions,
whose sequences arc relatively conserved, connected by three complementarily determining
regions (CDRs). The I'R regions maintain the structural integrity of the variable domain. The
CDRs are the polypeptide segments within the variable domain that mediate binding of the

anfigen.

The term “constant region”, as used in this document, refers to the domains of the light
(CL) and heavy (CH) chain of the antibody (or variant, homologue, fragment or derivative)
which provide structural stability and other biological functions such as antibody chain

association, secretion, transplacental mobility, and complement binding, but which are not
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involved with binding an ELABELA epitope. The amino acid sequence and corresponding
exon scquences in the genes of the constant region will be dependent upon the species from
which it is derived. However, variations in the amino acid sequence leading to allotypes are
relatively limited for particular constant regions within a specics. An “allotype” is an antigenic

determinant (or epitope) that distinguishes allelic genes.

The variable region of each chain is joined to the constant region by a linking
polypeptide sequence, The linkage secquence is coded by a “J” sequence in the light chain

gene, and a combination of a “D” sequence and a “I” sequence in the heavy chain gene.

Antibody. Variable Region Sequences

Anti-ELABELA antibodics, according to the methods and compositions described
here, may be gencrated from these variable region sequences by methods known in the art.
For example, the heavy and light chain sequences may be recombined into a constant
sequence for a chosen antibody, through recombinant genetic engineering techniques which

are known to the skilled person.

Constant region sequences are known in the art, and are available from a number of
databases, such as the IMGT/LIGM-DB database (described in Giudicelli et al, 2006, Nucleic
Acids Research 34(Database lssué):D?Sl-D784 and LeFranc et al (1995) LIGM-DB/IMGT:
An Integrated Database of Ig and TcR, Part of the Immunogenetics Database. Annals of the
New York Academy of Sciences 704 (1), 47-47 doi: 10.1111/j.1749-6632.1995.1b55805.x)
and the IMGT/GENE-DB databasc (described in Giudicelli et al, 2005, Nucleic Acids Res.
2005 Jan 1;33(Database issue):D256-61), IMGT/LIGM-DB and IMGT/GENE-DB are part of

the ImMunoGencTics Database [ocaled at www.ebi.ac.uk/imgt/,

Methods for combining variable regions with given sequences and constant regions to
produce whole antibodies are known in the art and are described for example in Example 16
and in Hanson et al., (2006). Respiratory Research, 7:126, Fragments of whole antibodies
such as Fv, F(ab’) and F(ab), fragments or single chain antibodies (scFv) may be produced by

means known in the art.

Using the disclosed sequences and the methods described in the literature, for
example, the heavy and light chains of the variable region of antibody 209, having the
sequences shown above, may be transgenically fused to a mouse [gG constant region

scquence to produce a mouse monoclonal anti-ELABELA antibody.
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Uses

Anti-ELABELA antibodies may be used in method of detecting an ELABELA
polypeptide present in biological samples by a method which comprises: (a) providing an anti-
ELABELA antibody; (b} incubating a biological sample with said antibody under conditions
which allow for the formation of an antibody-antigen complex; and (¢) determining whether

antibody-antigen complex comprising said antibody is formed.

Suitable samples include extracts from tissues such as brain, breast, ovary, lung, colon,
pancreas, testes, liver, muscle and bonc tissues or from neoplastic growths derived from such
tissues. In particular, a sample may comprise a tissue such as a colon, lung, squamous cell
including lip, larynx, vulva, cervix and penis, pancreatic, brain, oesophageal, stomach,
bladder, kidney, skin, ovary, prostatc and testicular tissue from an individual suspected to be

suffering from a relevant an ELABELA associated discasc.

Antibodies may be bound to a solid support and/or packaged into kits in a suitable

container along with suitable reagents, controls, instructions and the like.

Antibody Delivery

The antibodies against the ELABELA protein may be delivered into a cell by means of
techniques known in the art, for example by the use of liposomes, polymers, (e.g.,
polyethylenc plycol (PEG), N-(2-hydroxypropyl} methacrylamide (HPMA) copolymers,
polyamidoamine (PAMAM) dendrimers, HEMA, lincar polyamidoamine polymers ctc) etc.
The immunoglobulins and/or antibodies may also be delivered into cells as protein fusions or
conjugates with a protein capable of crossing the plasma membrane and/or the nuclear
membrane. For example, the immunoglobulin and/or target may be fused or conjugated to a
domain or sequence from such a protein responsible for the translocational activity.
Translocation domains and sequences may include domains and sequences from the HIV-1-
trans-activating protein (Tat), Drosophila Antennapedia homeodomain protein and the herpes

simplex-1 virus VP22 protein.

DETECTION AND IMAGNOSTIC METHODS

Detection of Expression of ELABELA
We describe methods of detecting the expression of ELABELA, including ELABELA
polypeptides, ELABELA nucleic acids and variants, homologues, derivatives and fragments

thereof, elc.
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ELABELA expression may be detected as a means to determine the quantity of
ELABELA or its activity. ELABELA expression may be detected in or of a cell, such as a
stem cell. Detection ol ELABELA cxpression may also be conducted on a sample comprising

a cell tissue, an organ or part or all of an organism.

Ixpression of ELABELA in an ELABELA association condition may be modulated,
such as up-regulated when compared to normal tissue. Accordingly, we provide for a method
of diagnosis of an ELABELA associated condition, comprising detecting modulation of
expression of ELABELA, such as modulation or up-regulation of expression of ELABELA in

a cell or tissue of an individual,

Delection of FLABELA cxpression, activity or amount may be used to provide a
method of determining the state of a cell. Thus, a cell of interest may be one with high levels
of ELABELA expression, activity or amount compared to a normal cell. Similarly, a cell of
interest may be one with low levels ELABELA expression, activity or amount compared to a

normal cell.

Detection of ELABELA may also be used to determine whether a cell is a cell of
interest. Thus, a high level of ELABELA expression, amount or activity of ELABELA in the
cell may be detected. Similarly, a low level of ELABELA expression, amount or activity may

also be delected in a cell.

It will be appreciated that if the level of ELABELA varies with the apgressiveness of
an ELABELA associated condition, that detection of ELABELA expression, amount or
aclivity may also be used to predict a survival rate of an individual with an ELABELA
associated condition, i.c., high levels of ELABELA indicating a lower survival rate or
probability and low levels of ELABELA indicating a higher survival rate or probability, both
as compared to individuals or cognate populations with normal levels of ELABELA.
Detection of expression, amount or activity of ELABELA may therefore be used as a method

of prognosis of an individual with an ELABELA associated condition.

Detection of ELABELA expression, amount or level may be used to determine the
likelihood of success of a particular therapy in an individual with an ELABELA associated

condition,
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The diagnostic methods described in this document may be combined with the
therapeutic methods described. Thus, we provide (or a method of treatment, prophylaxis or
alleviation ol an ELABELA associated condition in an individual, the method comprising
detecting modulation of expression, amount or activity of ELABELA in a ccll of the
individual and administering an appropriate therapy to the individual based on the
aggressiveness of the ELABELA associated condition. The therapy may comprise an anti-

ELABELA agent as described elsewhere.

The presence and quantily of ELABELA polypeptides and nucleie acids may be
detected in a sample as described in further detail elsewhere in this document. Thus, the
ELABELA associated diseases can be diagnosed by methods comprising determining from a
sample derived from a subject an abnormally decreased or increased expression, amount or
aclivity, such as a increased expression, amount or activity, of the ELABELA polypeptide or

ELABELA mRNA.

The sample may comprise a cell or tissue sample from an organism or individual
sutfering or suspected to be suffering from a disease associated with increased, reduced or
otherwise abnormal ELABELA expression, amount or aclivity, including spatial or temporal
changes in level or pattern of expression, amount or activity. The level or pattern of
expression, amount or activity of ELABELA in an organism suffering from or suspected to be
suffering from such a disease may be usefully compared with the level or pattern of

cxpression, amount or activity in a normal organisn as a means of diagnosis of discase.

‘The sample may comprise a cell or tissue sample from an individual suffering or
suspected to be suffering from an ELABELA associated condition, such as a tissue or cell

samplc of any of those tissues or cells.

In some embodiments, an increased level of expression, amount or activity of
ELABELA is detected in the sample. The level of ELABLELA may be increased to a
significant extent when compared to normal cells, or cells from an individual known not to be
suffering from an ELABELA associated condition. Such cells may be obtained from the
individual being tested, or another individual, such as those mafched to the tested individual

by age, weight, lifestyle, etc,

In some embodiments, the level of expression, amount or activity of ELABELA is

increased by 10%, 20%, 30% or 40% or more. In some embodiments, the level of expression,
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amount or activity of ELABELA is increased by 45% or more, such as 50% or more, as

judged by eDNA hybridisation,

The expression, amount or aclivity of ELABELA may be detected in a number of
ways, as known in the art, and as described in further detail elsewhere in this document.
Typically, the amount of ELABELA in a sample of tissue from an individual is measured, and
compared with a sample from an unatfected individual. Both ELABELA nucleic acid, as well

as ELABELA polypeptide levels may be measured.

Detection of the amount, activity or expression of ELABELA may be used to grade an
ELABELA associate condition. For example, a high level of amount, activity or expression of
ELABELA may indicate an aggressive ELABELA associate condition. Similarly, a low [evel
of amount, activity or expression of ELABELA may indicate a non-aggressive ELABELA

associate condition.

Levels ol ELABELA gene cxpression may be determined using a number of different

fechniques.

Measuring Ixpression of ELABELA at the RNA level
ELABELA gene expression can be detected at the RNA level.

In one embodiment therefore, we disclose a method of detecting the presence of a
nucleic acid comprising an ELABELA nucleic acid in a sample, by contacting the sample
with at least one nucleic acid probe which is specific for the ELABELA nucleic acid and
monitoring said sample for the presence of the ELABELA nucleic acid. For example, the
nucleic acid probe may specifically bind to the ELABELA nucleic acid, or a portion of it, and

binding between the two detected; the presence of the complex itself may also be detected.

Thus, in one embodiment, the amount of ELABELA nucleic acid in the form of
ELABELA mRNA may be measured in a sample. ELABELA mRNA may be assayed by in
situ hybridization, Northern blotting and reverse {ranscriptase--polymerase chain reaction.
Nucleic acid scquences may be identified by in situ hybridization, Southern blotting, single
strand conformational polymorphism, PCR amplification and DNA-chip analysis using
specific primers. (Kawasaki, 1990; Sambrook, 1992; Lichter et al, 1990; Orita ct al, 1989;
Fodor et al., 1993; Peasc ct al., 1994).
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ELABELA RNA may be extracted from cells using RNA extraction techniques
including, for example, using acid phenol/guanidine isothiocyanate extraction (RNAzol B;
Biogenesis), or RNeasy RNA preparation kits (Qiagen). Typical assay formats ulilising
ribonucleic acid hybridisation include nuclear run-on assays, RT-PCR and RNase protection
assays (Mclton ef al., Nuc. Acids Res. 12:7035. Methods for detection which can be employed
include radioactive labels, enzyme labels, chemiluminescent labels, fluorescent labels and

other suitable labels.

Each of these methods allows quantitative determinations to be made, and are well
known in the arl. Decreased or increased ELABELA expression, amount or activity can
therefore be measured at the RNA level using any of the methods well known in the art for the
quantitation of polynucleotides, Any suitable probe from an ELABELA sequence, for
example, any portion of a suitable human ELABELA sequence may be used as a probe.
Sequences for designing ELABELA probes may include a sequence having SEQ ID NO: 37

to 41, or a portion thereof,

Typically, RT-PCR is used to amplify RNA targets. In this process, the reverse
transcriptase enzyme is used to convert RNA to complementary DNA (¢cDNA) which can then

be amplificd to facilitate detection.

Many DNA amplification methods are known, most of which rely on an enzymatic
chain reaction (such as a polymetrasc chain reaction, a ligase chain reaction, or a self-sustained
sequenee replication) or from the replication of all or part of the vector into which it has been

cloned,

Many target and signal amplification methods have been described in the literature, for
example, general reviews of these methods in Landegren, U. ef al., Science 242:229-237

(1988) and Lewis, R., Genetic Engineering News 10:1, 54-55 (1990),

For example, the polymerase chain reaction may be employed to deteet ELABELA
mRNA.

The “polymerase chain reaction” or “PCR” is a nucleic acid amplification method
described infer alia in U.S. Pat. Nos. 4,083,195 and 4,683,202, PCR can be used to amplify
any known nueleic acid in a diagnostic context (Mok et al., 1994, Gynaecologic Oncology

52:247-252). Sclf-sustained sequence replication (3SR) is a variation of TAS, which involves
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the isothermal amplification of a nucleic acid template via sequential rounds of reverse

(ranscriptase (RT), polymerase and nuclease activities that are mediated by an enzyme

- cocktail and appropriate oligonucleotide primers (Guatelli ef al., 1990, Proc. Natl. Acad. Sei.

USA 87:1874). Ligation amplification reaction or ligation amplification system uses DNA

ligase and four oligonucleotides, two per target strand, This technique is described by Wu, D.
Y. and Wallace, R. B., 1989, Genomics 4:560. In the Qff Replicase technique, RNA replicase
for the bacteriophage Qf, which replicales single-stranded RNA, is used to amplify the target

DNA, as described by Lizardi ef al., 1988, Bio/Technology 6:1197.

A PCR procedure basically involves: (1) treating extracted DNA to form single-
stranded complementary strands; (2) adding a pair of oligonucleotide primers, wherein one
primer of the pair is substantially complementary to parl of the sequence in the sense strand
and the other primer of each pair is substantially complementary (o a different part of the same
sequence in the complementary antisense strand; (3) annealing the paired primers to the
complementary sequence; (4} simultaneously extending the annealed primers from a 3'
terminus of each pi‘imer to synthesize an extension product cotmplementary to the strands
annealed to each primer wherein said extension products after separation from the
complement serve as templates for the synthesis of an extension product for the other primer
of each pair; (5) scparating said extension products from said templates to produce single-
stranded molecules; and (6} amplifying said single-stranded molecules by repeating at least

once said annealing, extending and scparating steps.

Reverse transcription-polymerase chain reaction (RT-PCR) may be employed.
Quantitative RT-PCR may also be used. Such PCR techniques are well known in the art, and

may employ any suitable primer from an ELABELA sequence.

Alternalive amplification technology can also be exploited. FFor example, rolling circle
amplification (Lizardi ef al., 1998, Nat Genet 19:225) is an amplification technology available
commercially (RCAT™) which is driven by DNA polymerase and can replicate circular
oligonucleotide probes with either linear or geometric kinetics under isothermal conditions, A
further technique, strand displacement amplification (SDA;, Walker e/ al., 1992, Proc. Natl.
Acad. Sei. US4 80:392) begins with a specifically defined sequence unique to a specific

target.
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Measuring Expression of ELABELA af the Polypeptide Level

ELABELA expression can be detected at the polypeptide level.

In a further embodiment, therefore, ELABELA expression, amount or activity may be
detected by detecting the presence or amount of ELABELA polypeptide in a sample. This
may be achieved by using molecules which bind to ELABELA polypeptide. Suitable
molecules/agents which bind either directly or indirectly (o the ELABELA polypeptide in
order (o detect its presence include naturally occurring molecules such as peptides and

proteins, for example antibodies, or they may be synthetic molecules.

Thus, we disclose a method of detecting the presence of an ELABELA polypeptide by
contacting a cell sample with an antibody capable of binding the polypeptide and monitoring

said sample lor the presence of the polypeptide.

IFor example, the ELABELA polypeptide may be detected using an anti-ELABELA
antibody. Such antibodies may be made by means known in the art (as described in further

detail elsewhere in this document).

Detection of ELABELA may conveniently be achicved by monitoring the presence of
a complex formed between the antibody and the ELABELA polypeptide, or monitoring the
binding between the polypeptide and the antibody. Mcthods of detecting binding between two
entities are known in the art, and include FRET (fluorescence resonance energy transfer),

surface plasmon resonance, ctc.

Standard laboratory techniques such as immunoblotling as described above can be
used to detect allered levels of ELABELA protein, as compared with untreated cells in the

same ccll population.

Gene expression may also be determined by detecting changes in post-translational
processing of ELABELA polypeptides or post-transcriptional modification of ELABELA
nucleic acids. For example, differential phosphorylation of ELABELA polypeptides, the
cleavage of ELABELA polypeptides or alternative splicing of ELABELA RNA, and the like
may be measured. Levels of expression of gene products such as ELABELA polypeptides, as
well as (heir post-translational modification, may be detected using proprictary protein assays

or technigues such as 2D polyacrylamide gel electrophoresis.



117

Assay techniques that can be used to determine levels of ELABELA protein in a
sample derived from a host are well-known to those of skill in the arl. Antibodies can be

assayed for immunospecific binding by any method known in the art,

The immunoassays which can be used include but are not limited to competitive and
5  non-compelitive assay systems using technigues such as western blots, radioimmunoassays,
ELISA, sandwich immunoassays, immunoprecipitation assays, precipitin reactions, gel
diffusion precipitin reactions, immunodiffusion assays, agglutination assays, complement-
fixation assays, immunoradiometric assays, {luorescent immunoassays and protein A
immunoassays. Such assays are routine in the art (see, for example, Ausubel e/ al., eds, 1994,
10 Current Protocols in Molecular Biology, Vol. 1, John Wiley & Sons, Inc., New York, which

is incorporated by reference herein in its entirety).

We describe immunoassay kits for measuring or detecting ELABELA expression. The

immunoassay kits may comprise
(a) a coating antigen;

15 (b) one or more isolated antibodies or antigen-binding fragments thereof that

specifically binds to one or more of the following:
(i) a polypeptide comprising the sequence CMPLHSRVPFP (SEQ 1D NO: 52);

(i) a polypeptide comprising the sequence QRPYNLTMRRKLRKHNC (SEQ ID NO:
33)

20 (iii) a polypeptide comprising the sequence

QRPVNLTMRREKLRKHNCLQRRCMPLHSRVPEP (SEQ ID NO: 2);
(iv} a polypeptide comprising the sequence of any of SEQID NOs: 1 to 36; and
(c) instructions lor use.

The isolated antibodies or antigen-binding fragments may be labelled, such as with a

25 radiolabel, for example 1.

The immunoassay kit may further comprise an enzyme labelled reagent, a secondary
antibody capable of specifically binding to the isolated antibodies or antigen-binding

fragments, a solid substrate, or any combination of these.
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The specimen may be assayced for polypeptides/proteins by immunohistochemical and
immunocytochemical staining (sce generally Stites and Terr, Basic and Clinical Immunology,
Appleton and Lange, 1994), ELISA, RIA, immunoblots, Western blotting,
immunoprecipitation, functional assays and protein truncation test. Other assay methods
include radioimmunoassays, competitive-binding assays, Western Blol analysis and ELISA

aSSAYS.

ELISA assays are well known to those skilled in the art. Both polyclonal and
monoclonal antibodies may be used in the assays. Where appropriate other immunoassays,
such as radioimmunoassays (RTA) may be used as are known to those in the art. Available
immunoassays are extensively described in the patent and scientific literature. See, for
example, U.S. Pat, Nos. 3,791,932; 3,839,153; 3,850,752; 3,850,578, 3,853,987; 3,867,517,
3,879,262; 3,901,654; 3,935,074; 3,984,533; 3,996,345; 4,034,074; 4,098,870; 4,879,219,
5,011,771 and 5,281,521 as well as Sambrook el al, 1992.

Diagnostic Kits
We also provide diagnostic kits for detecting an ELABELA associated condition in an

individual, or susceptibility to such an ELABELA associated condition in an individual.

The diagnos_tic kit may comprisc means for detecting expression, amount or activity of
ELABELA in the individual, by any means as described in this document. The diagnostic kit
may therefore comprisc any one or more of the following; an ELABELA polynucleotide or a
fragment thereol; a complementary nucleotide sequence to ELABELA nucleic acid or a
fragment thereof; an ELABELA polypeptide or a ffagment thercof, or an antibody to an
ELLABELA, such as comprising an anti-ELABELA antibody against ELABELA, e.g., an anti-
peptide antibody human ELABELA antibody.

The diagnostic kit may comprise instructions for use, or other indicia. The diagnostic
kit may further comprisc means for treatment or prophylaxis of an ELABELA associated
condition, such as any of the compositions described in this document, or any means known in
the art for treating such an ELABELA associated condition. In particular, the diagnostic kit
may comptise an anli-ELABELA agent as described, for example obtained by screening. The
diagnostic kit may comprise a therapeutic drug. The therapeutic drug may also comprise an
anli-ELABELA antibody.
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Immunoassays

We describe immunoassay kits for measuring or detecting ELABELA expression, ihe
immunoassay kits comprising: (a} a coating antigen comprising one or more isolated
antibodics or antigen-binding fragments thereof that specifically binds to one or more of the
following: (i) a polypeptide comprising the sequence CMPLHSRVPEP (SEQ ID NO: 52); (ii)
a polypeptide comprising the sequence QRPVNLTMRRKLRKHNC (SEQ ID NO: 53); (iii) a
polypeptide comprising the sequence QRPYNLTMRRKLRKHNCLQRRCMPLHSRVPEP
(SEQ ID NO: 2); or (iv) an ELABELA polypeptide comprising the sequence of any of SEQ

ID NOs: 1-306; and (b) instructions for using said coating antigen.
The isolated antibodics or antigen-binding fragments thereof may be labelled.

The kit may further comprise an cnzyme labelled reagent, a secondary antibody that
specifically binds to the isolated antibodies or antigen-binding fragments, a solid substrate, or

any combination thereof,

PROPHYLACTIC AND THERAPEUTIC METHODS

We disclose methods of treating an abnormal condition, such as an ELABELA
associated condition, related to insufficient or excessive amounts of ELABELA expression or
activity, Methods of preventing an ELABELA associated condition (i.e., prophylaxis) also

suitably employ the-same or similar approaches.

In general terms, our methods involve manipulation of cells, by modulating (such as
down-regulating) the expression, amount or activity of ELABELA in the cell. A step of
detecting modulated ELABELA expression, amount or activity in a cell may be conducted
before or after the manipulation step. The detection step may detect up-regulated or down-
regulated ELABELA expression, amount or activity. Any of the methods of modulating or

down-regulating ELABELA, as described in detail elsewhere in this document, may be used.

The method may comprise exposing the cell to a suilable siRNA, shRNA or chimera
RNAI Ixamples of siRNA and shRNA are set out in the sequence listing. For example, any
of the shRNA sequences shown as SEQ 1D NO: 47 to SEQ 1D NO: 51 may be employed to
down-regulale ELABELA mRNA expression.

Chimera RNA interference (chimera RNAI) is process by which small interfering

RNA/DNA chimera iriggers the destruction of mRNA for the original gene. Chimer RNAI is
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described in detail in Ui-Tei K et al., 2008, Nucleic Acids Res., April 2008; 36: 2136 - 2151,
Naito al, Nucleic Acids Res., Jul 2005; 33: W589 - W591, Ui-Tei K et al., 2004, Nucleic
Acids Res. 2004 I'eb 9;32(3):936-48 and Naito et al. Nucleic Acids Res. 2004 Jul 1,32 (Web
Server issue): W124-9,

" The method may also comprise exposing the cell to an anti-ELABELA antibody
capable of specifically binding to ELABELA. Such an antibody may comprise any anti-

ELABELA antibody, as described elsewhere in this document.

Where CILLABELA is associated with aggressivencss of an ELABELA associated
condition, the level of ELABELA may be detected in a cell of an individual with an
ELABELA associated condition, and the aggressiveness of the ELABELA associated
condition assessed. A high level of ELABELA amount, expression or activity compared with
a normal cell may indicate an aggressive an ELABELA associated condition, and a stronger
ot harsher therapy may therefore be required and chosen. Similarly, a lower level may indicate

a less aggressive therapy.

The approaches described here may be used for therapy of any ELABELA related
disease in general. ELABELA related discases arc described in detail elsewhere in this

document.

An ELABELA related disease is defined as being “treated” if a condition associated
with the disease is significantly inhibited (i.e., by 50% or more) relative to controls. The
inhibition may be by at least 75% relative to controls, such as by 90%, by 95% or 100%
relative to controls. By the term “treatment” we mean to also include prophylaxis or

alleviation of an ELABELA associated condition.

One possible approach for therapy of an ELABELA associated conditions or disorders
1s to express anli-sense constructs directed against ELABELA polynucleotides as described
here, and administering them to cells or individuals suffering from an ELABEILA associated

condition.

Anti-scnse constructs may be used {o inhibit gene function to prevent growth or
progression in a proliferative cell. Antisense constructs, i.e., nucleic acid, such as RNA,

constructs complementary to the sense nucleic acid or mRNA, are described in detail in US
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0,100,090 (Monia ef al.), and Neckers ef al., 1992, Crit Rev Oncog 3(1-2):175-231, the

teachings of which document are specifically incorporated by reference.

In a particular example, an ELABELA associated condition may be trcated or
prevented by reducing the amount, expression or activity of ELABELA in whole or in part,
for examiple by siRNAs capable of binding to and destroying ELABELA mRNA. We
specifically provide for an anti-ELABELA agent which downregulates ELABELA by RNA
interference. The anti-ELABELA. agent may comprise a Small Interfering RNA (siRNA) or
Short Hairpin RNA (shRNA).

RNA interference (RNAI) is a method of post transcriptional gene silencing (PTGS)
induced by the direct introduction of double-stranded RNA (dsRNA) and has emerged as a
uselul tool to knock out expression of specific genes in a variety of organisms. RNAI is
described by Fire ef al., Nature 391:806-811 (1998). Other methods of PTGS are knbwn and
include, for example, introduction of a transgene or virus. Generally, in PTGS, the transcript
of the silenced gene is synthesised but does not accumulate because it is rapidly degraded.
Methods for P'I'GS, including RNAI are described, for example, in the Ambion.com world

wide web site, in the directory “/hottopics/”, in the “rnai” file.

Suitable methods for RNALI in vitro are described herein, One such method involves
the introduction of siRNA (small interfering RNA). Current models indicate that these 21-23
nucleotide dsRNAs can induce PTGS. Methods for designing effective siRNAs are described,
for example, in the Ambion web site described above. RNA precursors such as Short Hairpin

RNAS (shRNAs) can also be encoded by all or a part of the ELABELA nucleic acid sequence.

Alternatively, double-stranded (ds) RNA is a powerful wéy of interfering with gene
expression in a range of organisms that has recently been shown to be successtul in mammals
(Wianny and Zernicka-Goetz, 2000, Nar Cell Biol 2:70-75). Double stranded RNA
corresponding to the sequence of an ELABELA polynucieotide can be introduced into or

expressed in oocyles and cells of a candidate organism to interfere with ELABELA activity.

Other methods of modulating ELABELA gene expression are known to those skilled
in the art and include dominant negative approaches. Thus, another approach is to use non-
functional variants of ELABELA polypeptide in this document that compete with the

cndogenous gene product resulting in inhibition of function.
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One example of a non-functional variant of ELABELA is a mutation to alanine or
glycine of an arginine or lysine residue at a position 31 or 32 — or both - of (or cortesponding
to) the human ELABELA sequence SEQ 1D NO: 20.

ELABELA gene expression may atso be modulated by as introducing peptides or
small molecules which inhibit gene expression or functional activity. Thus, compounds
identilied by the assays described here as binding to or modulating, such as down-regulating,
the amount, activity or expression of ELABELA polypeptide may be administered to cells to
prevent the function of ELABELA polypeptide. Such a compound may be administered along
with a pharmaceutically acceptable carrier in an amount effective to down-regulate expression
or activity ELABELA, or by activating or down-regulating a second signal which controls

ELABILA expression, activity or amount, and thereby alleviating the abnormal condition,

Suitable antibodies against ELABELA polypeptide as described herein may also be

used as therapeutic agents.

Alternatively, gene therapy may be employed to control the endogenous production of
FLABELA by the relevant cells such as embryonic or adult stem cells in the subject. For
cxample, a polynucleotide encoding an ELABELA siRNA or a portion of this may be
engineered for expression in a replication defective retroviral vector, as discussed elsewhere
in this document. The retroviral expression construct may then be isolated and introduced into
a packaging cell transduced with a retroviral plasmid vector containing RNA encoding an
anti-ELABELA siRNA such that the packaging cell now produces infectious viral particles
containing the sequence of interest, These producer cells may be administered to a subject for
engineering cells /i vivo and regulating expression of the ELABELA polypeptide i vivo. For
overview of gene therapy, see Chapter 20, Gene Therapy and other Molecular Genetic-based
Therapeutic Approaches, (and references cited therein) in Human Molecular Genetics, T

Strachan and A P Read, BIOS Scientific Publishers Ltd (1996).

In some embodiments, the level of ELABELA is decreased in a stem cell.
Furthermore, in such embodiments, treatment may be targeted to, or specific to, stem cells.
The expression of ELABELA may be specifically decreased only in diseased stem cells, and
nol substantially in other non-diseased stem celis. In these methods, expression of ELABELA

may be not substantially reduced in other cells, i.c., cells which are not stem eells. Thus, in
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such embodiments, the level of ELABELA remains substantially the same or similar in non-

stem cells in the course of or following treatment.

Stem cell specific reduction of ELABELA levels may be achicved by targeted
administration, i.e., applying the treatment only to the stem cells and not other cells. However,
in other embodiments, down-regulation of ELABELA cxpression in stem cells (and not
substantially in other cell or tissue types) is employed. Such methods may make use of stem
specific expression vectors, for stem specific expression of for example siRNAs, as known in

the art.

ELABELA RELATED CONDITIONS

“ELABELA related condition”, as the term is used in this document, is intended to
encompass any cardiac dysfunction, hypertension, or a cardiovascular anomaly in blood

pressure, cardiac contractility or fluid balance.

The term “ELABELA related condition” is also intended to encompass any
cardiovascular discase such as cardiac hypertrophy, coronary artery disease (CAD),
atherosclerosis, post-infarct treatment, myocardial ischemia-reperfusion injury or atrial

tibrillation, coronary heart discase, heart failure, pulmonary arterial hypertension (PAH).

“ELABELA related condition” may also include a condition associated with high

blood pressure, such as hypertension, angina, congestive heart failure or erectile dysfunction.

“CLABELA related condition” may also include a condition associated with HIV

infection, such as AIDS in an individual.

For example, the methods and compositions described here may be used to prevent,

treat or alleviate any of the conditions or diseases set out below:

Heart Discase

Heart discase is an umbrella term for a variety for different diseases affecting the
heart. As of 2007, it is the leading causc of death in the United States, England, Canada and
Wales, killing one person every 34 seconds in the United States alone. Heart disease includes

any of the foHowing.
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Coronary Heart Disecase

Coronary artery discase is a disease of the artery caused by the accumulation of
atheromatous plaques within the walls of the arteries that supply the myocardium. Angina
pectoris (chest pain) and myocardial infarction (heart attack) are symptoms of and conditions
caused by coronary heart disease. Over 459,000 Americans die of coronary heart discase

every year. In the United Kingdom, 101,000 deaths annually are due to coronary heart disease.

Cardionyopathy

Cardiomyopathy is the deterioration of the function of the myocardium (i.e., the actual
heart muscle) for any reason. People with cardiomyopathy are often at risk of arrhythmia
and/or sudden cardiac death. Extrinsic cardiomyopathies - cardiomyopathies where the
primary pathology is outside the myocardium itself comprise the majority of

cardiomyopathies . By far the most common cause of a cardiomyopathy is ischemia.

The World Health Organization includes as specific cardiomyopathies: Alcoholic
cardiomyopathy, coronary artery discase, congenital heart disease, nutritional diseases
affecting the heart, ischemic (or ischaemic) cardiomyopathy, hypertensive cardiomyopathy,

valvular cardiomyopathy, inflammatory cardiomyopathy.
Also included are:
Cardiomyopathy secondary to a systemic metabolic disease

Intrinsic cardiomyopathies (weakness in the muscle of the heart that is not due 1o an

identifiable external cause)

Dilated cardiomyopathy (DCM, the most common form, and one of the leading
indications for heart transplantation. In DCM the heart (especially the left ventricle) is

enlarged and the pumping {unction is diminished)

Hypertrophic cardiomyopathy (HCM or HOCM, a genctic disorder caused by various
mutations in genes encoding sarcomeric proteins. In HCM the heart musele is thickened,

which can obstruct blood flow and prevent the heart from functioning properly).

Arrhythmogenic right ventricular cardiomyopathy (ARVC, which arises from an
electrical disturbance of the heart in which heart muscle is replaced by fibrous scar tissue, The

right ventricle is generally most affected)
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Restrictive cardiomyopathy (RCM, which is the least common cardiomyopathy. The
walls of the ventricles ave stiff, but may not be thickened, and resist the normal filling of the

heart with blood).

Noncompaction Cardiomyopathy - the left ventricle wall has failed to properly grow

from birth and such has a spongy appearance when viewed during an echocardiogram.

Cardiovascular Disease

Cardiovascular disease is any of a number of specific diseases that affect the heart
itself and/or the blood vessel system, especially the veins and arteries leading to and from the
heart. Research on disease dimorphism suggests that women who suffer with cardiovascular
disease usually suffer from fortus that affect the blood vessels while men usually suffer from
forms that affect the heart muscle itsell. Known or associated causes of cardiovascular disease

include diabetes mellitus, hypertension, hyperhomocysteinemia and hypercholesterolemia.
Types of cardiovascular disease include atherosclerosis

Ischaemic Heart Disease

Ischaemic hcart discase is disease of the heart itself, characterized by reduced blood
supply to the organs. This occurs when the arteries that supply the oxygen and the nutrients
gets stopped and the heart will not get enough of the oxygen and the nutrients and will

eventually stop beating,

Heart Fuailure

Heart failure, also called congestive heart failure (or CHF), and congestive cardiac
failure (CCF), is a condition that can result from any structural or functional cardiac disorder
that imipairs the ability of the heart to fill with or pump a sufficient amount of blood

throughout the body. Cor pulmonale is a failure of the right side of the heart.

Hypertensive Heart Disease

Hypertensive heart disease is heart disease caused by high blood pressure, especially
localised high blood pressure. Conditions that can be caused by hypertensive heart disease
include: left ventricular hypertrophy, coronary heart disease, (Congestive) heart failure,

hypertensive cardiomyopathy, cardiac arrhythmias, inflammatory heart disease, ete.

Inflammatory heart disease involves inflammation of the heart muscle and/or the tissue

surrounding it, Endocarditis comprises inflammation of the inner layer of the heart, the
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endocardium, The most common structures involved are the heart valves. Inflanunatory
cardiomegaly. Myocarditis comprises inflammation of the myocardiwm, the muscular part of

the heart.

Valvular Heart Disease

Valvular heart disease is disease process that affects one or more valves of the heart.
The valves in the right side of the heart are the tricuspid valve and the pulmonic valve, The
valves in the left side of the heart are the mitral valve and the aortic valve. [ncluded are aortic

valve stenosis, mitral valve prolapse and valvular cardiomyopathy.

[The above text is adapted from Heart disease. (2009, February 3). In Wikipedia, The
Free Encyclopedia. Retrieved 06:33, February 20, 2009, from
http:/fen.wikipedia.org/swv/index.php?title=Heart_disease&oldid=268290924]

PHARMACEUTICAL COMPOSITIONS AND ADMINISTRATION

While it is possible for the anti-ELABLELA agent, including an ELABELA nucleic
acid, polypeptide, fragment, homologue, variant or derivative thereof, modulator, agonist or
antagonist, a structurally related compound, or an acidic salt of cither to be administered

alone, the active ingredient may be formulated as a pharmaceutical formulation.

We therefore also disclose pharmaceutical compositions comprising an anti-
ELABELA agent. Such pharmaceutical compositions are useful for delivery of the anti-
ELABELA agent such as in the form of & composition as described, to an individual for the

treatment or alleviation of symptoms as described.

A pharmaceutical composition in the context of the present document is a

composition of matter comprising at least an anti-ELABELA agent as an active ingredicnt.

The pharmaceutical formulations comprise an effective amount of the anti-ELLABELA
agent together with one or more pharmaceutically-acceptable carriers. An “effective amount”

is the amount sutficient (o alleviale at least one symptom of a disease as described.

The effective amount will vary depending upon the particular discase or syndrome to
be freated or alleviated, as well as other factors including the age and weight of the patient,
how advanced the disease ete state is, the general health of the patient, the severity of the
symptoms, and whether the anti-ELABELA agent is being administered alone or in

combination with other therapies.


http://en.wikipedia.orgAv/index.php?title=Heart_disease&oldid=268290924
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Suitable pharmaceutically acceptable carriers are well known in the art and vary with
the desired form and mode of administration of the pharmaceutical formulation. For example,
they can include diluents or excipients such as fillers, binders, wetling agents, disintegrators,
surface-active agents, lubricants and the like. Typically, the catrier is a solid, a liquid or a
vaporizable carrier, or a combination thereof. Each carrier should be “acceptable” in the sense
of being compatible with the other ingredients in the formulation and not injurious to the
patient. The carrier should be biologically acceptable without eliciting an adverse reaction

(c.g. immune response} when administered (o the host.

The active ingredicnt(s) of a pharmaceutical composition is contemplated to exhibit
therapeutic activity, for example, in the alleviation of an ELABELA associated condition.
Dosage regimes may be adjusted to provide the optimum therapeutic response. For example,
several divided doses may be administered daily or the dose may be proportionally reduced as

indicated by the exigencies of the therapeutic situation.

The active compound may be administered in a convenient manner such as by the oral,
intravenous (where water soluble), intramuscular, subcutancous, intranasal, intradermal or
suppository routes or implanting (e.g. using slow release molecules). Depending on the route
of administration, the active ingredient may be required to be coated in a material to proteet
said ingredients {rom the action of enzymes, acids and other natural conditions which may

inactivate said ingredient.

The anti-ELABELA agent may be administered alone, or in combination with other
therapeutic agents. Other therapeutic agents suitable for use hercin are any compatible drugs
that arc effective for the intended purpose, or drugs that are complementary to the agent
formulation. The formulation utilized in a combination therapy may be administered

simultaneously, or sequentially with other treatment, such that a combined effect is achieved.

Oral Administration

In soine embodiments, the inhibitor of ELABELA activity, expression or amount is
provided as an oral composition and administered accordingly. The dosage of the inhibitor of
ELABELA activity, expression or amount may be between about 1 mg /day to about 10 mg

/day.
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The pharmaccutical composition can be administered in an oral formulation in the
form of tablets, capsules or solutions. An effective amount of the oral formulation is

administered to paticnts | to 3 times daily until the symptoms of the discasc alleviated,

The effeclive amount of agent depends on the age, weight and condition of a patient.
In general, the daily oral dosc of agent is less than 1200 mg, and more than 100 mg. The daily
oral dose may be about 300-600 mg. Oral formulations are conveniently presented in a unit
dosage form and may be prepared by any method known in the art of pharmacy. The
composition may be lormulated together with a suitable pharmaceutically acceptable carrier
into any desired dosage form. Typical unit dosage forms include tablets, pills, powders,
solutions, suspensions, emulsions, granules, capsules, suppositories, In general, the
formulations are prepared by uniformly and intimately bringing into association the agent
composition with liquid carriers or finely divided solid catriers or both, and as necessary,
shaping the product. The active ingredient can be incorporated into a variety of basic materials
in the form of a liquid, powder, tablets or capsules to give an effective amount of active

ingredient to treal the disease.

The composition may be suitably orally administered, for example, with an inert
diluent or with an assimilable edible carrier, or it may be enclosed in hard or soft shell gelatin
capsules, or it may be compressed into tablets, or it may be incorporated directly with the food
of the dict. For oral therapeutic administration, the active compound may be incorporated wiih
excipients and used in the form of ingestible tablets, buccal tablets, troches, capsules, elixirs,
suspensions, syrups, wafers, and the like. The amount of active compound in such

therapeultically useful compositions in such that a suitable dosage will be obtained.

The tablets, troches, pills, capsules and the like may also contain the following: a
binder such as gum tragacanth, acacia, corn starch or gelatin; excipients such as dicalcium
phosphalte; a disintegrating agent such as corn starch, potato starch, alginic acid and the like; a
lubricant such as magnesium stearate; and a sweetening agent such as sucrose, lactose or
saccharin may be added or a flavouring agent such as peppermint, oil of wintergreen, or
cherry flavouring. When the dosage unit form is a capsule, it may contain, in addition to

materials of the above type, a liquid carrier,

Various other materials may be present as coatings or to otherwise modify the physical

form of the dosage unit. For instance, tablets, pills, or capsules may be coated with shellac,
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sugar or both. A syrup or elixir may contain the active compound, sucrose as a sweelening
agent, methyl and propylparabens as prescrvatives, a dye and flavouring such as cherry or
orange flavour. Of course, any material used in preparing any dosage unit form should be
pharmacecutically pure and substantially non-toxic in the amounts employed. In addition, the

active compound may be incorporated into sustained-release preparations and formulations,

Injectable or Intravenous A dministration

In some embodiments, the anti-ELABELA agent is provided as an injectable or
infravenenous composition and administered accordingly. The dosage of the anti-ELABELA
agent inhibitor may be between about 5 mg/kg/2 weeks to about 10 mg/kg/2 weeks. The anti-
ELABELA agent inhibitor may be provided in a dosage of between 10-300 mg/day, such as at
least 30 mg/day, less than 200 mg/day or between 30 mg/day to 200 mg/day.

The pharmaceutical forms suitable for injectable use include sterile aqueous solutions
(where water soluble) or dispersions and sterile powders for the extemporaneous preparation
of sterile injectable solutions or dispersion. In all cases the form must be steriie and must be
fluid to the extent that casy syringability exists, It must be stable under the conditions of
manufacture and storage and must be preserved against the contaminating action of
microorganisms such as bacteria and fungi. The carricr can be a solvent or dispersion medium
containing, for example, watet, ethanol, polyol (for example, glycerol, propylene glycol, and
liquid polyetheylene gloycol, and the like), suitable mixtures thereof, and vegetable oils. The
proper fluidity can be maintained, for example, by the use of a coating such as lecithin, by the
maintcnance of the required particle size in the case of dispetsion and by the use of

superfactants.

Topical Administration
The pharmaceutical compositions disclosed here include those suitable for topical and
oral administration. Topical formulations may be used where the tissue affected is primarily

the skin or cpidermis (for example, psoriasis, eczema and other epidermal discases).

The topical formulations include those pharmaceutical forms in which the composition
is applied externally by direct contact with the skin surface to be treated. A conventional
pharmaceutical form for topical application includes a soak, an ointment, a cream, a lotion, a
pasle, a gel, a stick, a spray, an acrosol, a bath oil, a solution and the like. Topical therapy is

delivered by various vehicles, the choice of vehicle can be important and generally is related
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{0 whether an acute or chronic discase is to be treated. As an examplie, an acute skin
proliferation disease generally is treated with aqueous drying preparations, whereas chronic
skin proliferation diseasc is treated with hydrating preparations. Soaks are the easicst method
of drying acute moist cruptions. Lotions (powder in water suspension) and solutions
{medications dissolved in a solvent) are ideal for hairy and intertriginous areas. Ointments or
waler-in-oil emulsions, are the most effective hydraling agents, appropriate for dry scaly
eruptions, but are greasy and depending upon the site of the lesion sometimes undesirable. As
appropriate, they can be applied in combination with a bandage, particularly when it is
desirable lo increase penetration of the agent composition into a lesion. Creams or oil-in-water
emulsions and gels are absorbable and are the most cosmetically acceptable to the patient.
{(Guzzo et al, in Goodman & Gilman’s Pharmacological Basis of Therapeutics, 9th Ed., p.
1593-15950 (1996)). Cream formulations generally include components such as petroleum,
lanolin, polycthylene glycols, mineral oil, glycerin, isopropyl palmitate, glyceryl stearate,
celearyl alcohol, tocopheryl acetate, isopropyl myristate, lanolin alcohol, simethicone,
carbomen, methylchlorisothiazolinone, methylisothiazolinone, cyclomethicone and

hydroxypropy! methylcellulose, as well as mixtures thercof.

Other formulations for topical application include shampoos, soaps, shake lotions, and
the like, particularly those formulated to leave a residue on the underlying skin, such as the

scalp (Arndt et al, in Dermatology In General Medicine 2:2838 (1993)).

In gencral, the concentration of the composition in the topicél formulation is in an
amount of about 0.5 to 50% by weight of the composition, such as about 1 to 30%, about 2-
20%, or about 5-10%. The concentration used can be in the upper portion of the range
initially, as treatment continues, the concentration can be lowered or the application of the
formulation may be less frequent. Topical applications are often applied twice daily.
However, once-daily application of a larger dose or more frequent applications of a smaller
dosc may be effective, The stratum corneum may act as a reservoir and allow gradual

penetration of a drug into the viable skin layers over a prolonged period of time.

In a topical application, a sufficient amount of active ingredient must penetrate a
patient’s skin in order to obtain a desired pharmacological effect. It is generally understood
that the absorption of drug into the skin is a function of the nature of the drug, the behaviour
of the vehicle, and the skin. Three major variables account for differences in the rate of

absorption or flux of different topical drugs or the same drug in different vehicles; the
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concentration of drug in the vehicle, the partition coefficient of drug between the stratum
corneum and the vehicle and the diffusion coefficient of drug in the stratum corneum. To be
effective for treatment, a drug must cross the stratum corneum which is responsible for the
barrier function of the skin. Inn general, a topical formulation which exerts a high i# vifro skin
penetration is cffective in vivo. Ostrenga et al (J. Pharm. Sci., 60:1175-1179 (1971)
demonstrated that in vivo efficacy of topically applied steroids was proportional to the steroid

penetration rate into dermatomed human skin in vifro,

A skin penetration enhancer which is dermatologically acceptable and compatible with
the agent can be incorporated into the formulation to increase the penetration of the active
compound(s) from the skin surface into epidermal keratinocytes. A skin enhancer which
increases the absorption of the active compound(s) into the skin reduces the amount of agent
needed for an effective treatment and provides for a longer lasting effect of the formulation.
Skin penetration enhancers are well known in the art. For example, dimethyl sulfoxide (U.S.
Pal. No. 3,711,602}; oleic acid, 1,2-butanediol surfactant (Cooper, J. Pharm. Sci., 73:1153-
1156 (1984)); a combination of ethanol and oleic acid or oleyl alcohol (EP 267,617), 2-cthyl-
1,3-hexanediol (WO 87/03490); decyl methyl sulphoxide and Azone.RTM. (Iadgraft, Eur. J.
Drug, Metab. Pharmacokinet, 21:165-173 (1996)); alcohols, sulphoxides, fatly acids, esters,
Azone.RTM.,, pyrrolidones, urea and polyoles (Kalbitz et al, Pharmazie, 51:619-637 (1996));

Terpenes such as 1,8-cincole, menthone, limonene and nerolidol (Yamane, J.
Pharmacy & Pharmocology, 47:978-989 (1995)); Azone.RTM. and Transcutol (Harrison ¢t al,
Pharmaceutical Res. 13:542-546 (1996)); and oleic acid, polyethylene glycol and propylene
glycol (Singh et al, Pharmazie, 51:741-744 (1996)) are known to improve skin penetration of

an active ingredient,

Levels of penetration of an agent or composition can be determined by techniques
known to those of skill in the art. For example, radiolabeling of the active compound,
followed by measurement of the amount of radiolabeled compound absorbed by the skin
cnables one of skill in the art to determine levels of the composition absorbed using any of
several methods of determining skin penetration of the test compound, Publications relating to
skin penetration studies include Reinfenrath, W G and G S Hawkins. The Weaning Yorkshire
Pig as an Animal Model for Measuring Percutaneous Penetration. In:Swine in Biomedical
Research (M. E. Tumbleson, Ed.) Plenum, New York, 1986, and Hawkins, G. S. Methodology

for the Execution of {n Vifre Skin Penetration Determinations. In: Methods for Skin
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Absorption, B W Kemppainen and W G Reifenrath, Eds., CRC Press, Boca Raton, 1990,
pp.67-80; and W. G. Reifenrath, Cosmetics & Toiletries, 110:3-9 (1995).

For some applications, a long acting form of agent or composition may be
administered using formulations known in the arts, such as polymers. The agent can be
incorporated into a dermal patch (Junginger, H. E., in Acta Pharmaceutica Nordica 4:117
(1992); Thacharodi et al, in Biomaterials 16:145-148 (1995); Niedner R., in Hautarzt 39:761-
766 (1988)) or a bandage according to methods known in the arts, to increase the efficiency of

delivery of the drug to the areas to be treated.

Optionally, the topical formulations described here can have additional excipients for
exanmple; preservatives such as methylparaben, benzyl alcohol, sorbic acid or quaternary
ammonium compound; stabilizers such as EDTA, antioxidants such as butylated

hydroxytoluene or butylated hydroxanisole, and buffers such as citrate and phosphate.

Parenteral Adminisiration

The active compound may also be administered parenterally or intraperitoneally.
Dispersions can also be prepared in glycerol, liquid polyethylene glycols, and mixtures thereof
and in oils. In some embodiments, the dispersions may be prepared in 30% Capsitol (CyDex,
Inc., Lenexa, Kansas, USA). Capsitol is a polyanionic B-cyclodextrin derivative with a sodium
sulfonate sall separated from the lipophilic cavity by a butyl ether spacer group, or

sulfobutylether (SBE). The cyclodextrin may be SBE7-3-CD.

Adfjuvents

The composition may be administered in an adjuvant, co-administered with enzyme
inhibitors or in liposomes. Adjuvant is used in its broadest sense and includes any immune
stimulating compound such as interferon. Adjuvants contemplated herein include resorcinols,
non-ionic surfactants such as polyoxyethylene oleyl ether and n-hexadecyl polyethylene ether.
Enzyme inhibitors include pancreatic trypsin. Liposomes include water-in-oil-in-water CGF

emulsions as well as conventional liposomes.

Prevention of Microorganisn Growth
Under ordinary conditions ol storage and use, these preparations may contain a

preservative to prevent the growth of microorganisins.
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The prevention of the action of microorganisms can be brought about by various
antibacterial and antifungal agents, for example, parabens, chlorobutanol, phenol, sorbic acid,
thirmerosal, and the like. In many cases, it is possible to include isotonic agents, for example,
sugars or sodium chloride. Prolonged absorption of the injectable compositions can be
brought about by the use in the compositions of agents delaying absorption, for example,

aluminium monostearate and gelatin,

Sterile injectable solutions are prepared by incorporating the active compound in the
required amount in the appropriate solvent with various of the other ingredients enumerated
above, as required, followed by filtered sterilisation. Generally, dispersions are prepared by
incorporating the sterilised active ingredient into a sterile vehicle which contains the basic
dispersion medium and the required other ingredients from those enumerated above. In the
case of sterile powders for the preparation of sterile injectable solutions, the methods of
preparation may include vacuum drying and the freeze-drying technique which yield a powder
of the active ingredient plus any additional desired ingredient from previously sterile-filtered

solution thereof,

Pharmaceutically Acceptable Carrier

As used herein “pharmaceuntically acceptable carricr and/or diluent” includes any and
all solvents, dispersion media, coatings, antibacterial and antifungal agents, isotonic and
absorption delaying agents and the like. The use of such media and agents for pharmaceutical
active substances is well known in the art. Except insofar as any conventional media or agent
is incompatible with the active ingredient, use thercof in the therapeutic compositions is
contemplated. Supplementary active ingredients can also be incorporated into the

compositions.

Dosage Unit Forms
Pharmaceutical compositions may be formulated in dosage unit form for ease of

administration and uniformity of dosage.

Dosage unit form as used herein refers to physically discrete units suited as unitary
dosages for the subjects to be treated; each unit containing a predetermined quantity of active
material calculated to produce the desired therapeutic effect in association with the required
pharmaceutical carrict. The specification for the novel dosage unit forms are dictated by and

directly dependent on (a) the unique characteristics of the active material and the particular
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therapeulic effect to be achieved, and (b) the fimitations inherent in the art of compounding

such as active material for the (reatment of diseasc in living subjects having a diseased

condition in which bodily health is impaired.

The principal active ingredients are compounded for convenient and cffective
administration in effective amounts with a suitable pharmaceutically acceptable carrier in
dosage unit form. In the case of compositions containing supplementary active ingredients, the
dosages are determined by reference to the usual dose and manner of administration of the

said ingredients.

ELABELA COMBINATIONS

ELABELA polypeptides as disclosed in this document imay be combined with a
molecule of interest. They may be conjugated to a molecule of interest. Alternatively, or in
addition, onc or more fusion proteins may be produced comprising an ELABELA polypeptide

together with a molecule of interest such as a polypeptide of interest.

Such combinations are referred to generally in this document as “ELABELA

combinations”.

We disclose an ELABELA combination comprising a first part comprising an
ELABELA polypeptide and a second part comprising a molecule of interest. The ELABELA
polypeptide may comprise any sequence disclosed in this document, for example, a sequence
MPLHSRVPEFP (SEQ ID NO: 54) or QRPVNLTMRRKLRKHN (SEQ ID NO: 55) or both.

The combination may be such that the first part comprising an ELABELA polypeptide
is coupled, fused, mixed, combined, or otherwise joined to a second part comprising a

molecule of interest.

As noted above, the combination may be such that the first part and the second part are
covalently joined. Such covalent joining may for example be achieved by chemical
conjugation. Alternatively, or in addition, the combination may comprise a fusion protein
comprising the first part and the second part, where the molecule of interest comprises a

polypeptide. We further disclose an expression construct capable of expressing such a fusion

protein,

The generation of such combinations of ELABELA polypeptides and molecules of

interest may aid in the tracking, quantitation, extraction or purification of the molecule of
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interest. In other words, the ELABELA polypeptide may act as a “flag” peptide. Flag peptides
are known in the art and include for example glutathione-S-transferase (GST), 6xHis (SEQ ID

NO: 97), GAL4 (DNA binding and/or transcriptional activation domains) and 3-galactosidase.

The ELABELA combination may be tracked, quantitated, extracted, purified ctc by
means of any agent capable of binding to an ELABELA polypeptide, such as the anti-

ELABELA antibodies disclosed elsewhere in this document.

Where ELABELA combinations are produced as fusion proteins, it may also be
convenient to include a proteolytic cleavage site between the ELABELA polypeptide and the
protein sequence of interest so as to allow removal of fusion protein sequences, such as a

thrombin cleavage site.

The coupling, etc between the ELABELA polypeptide and the molecule of interest in
the ELABELA combination may be permanent or transient. It may involve covalent or non-
covalent interactions (including ionic interactions, hydrophobic forces, Van der Waals
inferactions, etc). The exaclt mode of coupling is not important. Accordingly, where reference
is made to “comprising”, “conjugation”, “coupling”, etc, these references should be taken (o
include any form of interaction between the ELABELA polypeptide and the molecule of

interest,

ELABELA Fusion Profeins

For example, the ELABELA combination may be a molecule of interest such as a
polypeptide of interest which is provided as a fusion protein with the ELABELA polypeptide.
An expression vector may be constructed by standard recombinant DNA technology to
include a nucleotide sequence capable of expressing an ELABELA polypeptide together with
a nucleotide sequence capable of expressing a polypeptide of interest, such that a fusion
protein is expressed comprising the ELABELA polypeptide of interest fused to the
polypeptide of interest. The expression vector may be transfected or transformed into a
suitable host for large scale production of fusion protein, by means known in the art (and as
described in detail elsewhere in this document. Purification of the fusion protein may also be

carried out by known means.

Alternatively, or in addition, and as discussed above, the ELABELA polypeptide may
be physically associated with the molecule of interest, and attached fo it by chemical

conjugation.
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The ELABELA polypeptide of the combination or conjugate or fusion protein ctc may
comprise the whole ELABELA molecule, or fragments of it. It may for example comprise the
native ELABELA, or any ELABELA polypeptide as disclosed above, The molecule of
interest portion may comprise any moleculc of interest, whether proteinaceous or not, Where
the molecule of interest is proteinaceous in nature (i.e., a polypeptide of interest), it may be
conjugated to the ELABELA polypeptide portion by means of covalent bonds, for example,

amide bonds (for example, as a fusion protein),

Furthermore, protein-protein conjugation also provides a convenient and alternative
choice for conjugation between the ELABELA polypeptide portion and the molecule of
interest portion. Any suitable means of conjugation, for example, chemical conjugation may
be used to couple the ELABELA polypeptide and the molecule of interest. Cross-linkers, for
example, heterobifunctional cross linkers are known in the art, and may be used. Furthermore,
other conjugation agents, for example, poly-lactic acid (PLA) and polyethylene glycol (PEG)

may also be employed.

Chemical Coupling

As noted above, the ELABELA polypeptide may be coupled to the molecule of
interest by a number of methods. Crosslinkers are divided into homobifunctional crosslinkers,
containing two identical reactive groups, or heterobifunctional crosslinkers, with two different
reactive groups. Heterobifunctional crosslinkers allow sequential conjugations, minimizing

polymerization.

Any of the homobifunctional or heterobifunctional crosslinkers presented in the table
below may be used to couple the ELABELA polypeptide with the molecule of interest to

produce an ELABELA polypeptide- molecule of interest conjugate.

Coupling
The molecule of interest may be attached or coupled to the ELABELA polypeptide by
a number of methods. For example, the molecule of interest may be coupled to the ELABELA

polypeptide by the use of cyanogen bromide.

Chemical crosslinkers are used to covalently modify proteins for studying ligand-
receplor interactions, conformational changes in tertiary structure, or for protein labeling.

Crosslinkers arc divided into homobifunctional crosslinkers, containing two identical reactive
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groups, or heterobifunctional crosslinkers, with two different reactive groups.

Heterobifunctional crosslinkers allow sequential conjugations, minimizing polymerization.



Honmobifunctional

138

Reagent | code No. Maodifi | Solubility [ Comments Refs
ed
Group
BMME 442635-Y | -SH DM, Homobifunctional crosslinker Weston, P.D., et al.
useful for formation of conjugates | 1980. Biochem.
Acctone Biophys Acta, 612,
via thiol groups, A0,
BSOCOQOE | 203851-Y | -NH2 Waler Base cleavable crosslinker useful | Howard, A.D., et al,
S for studying receptors and 1985. 1. Biol.
mapping surface polypeptide Chem.260, 10833,
antigens on lymphocyles,
Dsp 322133-Y | -NH2 Walter Thiol cleavable crosslinker used Lee, W.T,, and
to immobilize proteins on Contad, D.H. 1985. .
supports containing amino Immunol. 134, 518.
groups.
DSS 322131-Y | -NH2 Water Non-cleavable, membrane D’Souza, S.E., et al.
impermeable crosslinker widely 1988. 3. Biol.
used for conjugating radiolabeled | Chem.263, 3943.
ligands to cell surface receptors
and for detecting conformational
changes in membrane proteins,
EGS 324550-Y | -NH2 DMSO Hydroxylamine cleavable reagent | Geisler, N, et al.
for crosslinking and reversible 1992, Eur. J.
Biochem.200, 841.
immobilization of proteins
through their primary amine 4. Moenner, M., et
groups. al. 1986. Proc. Natl.
Acad. Sei. USASB3,
Useful for studying structure- S04,
function relationships.
EGS, 324551-Y | -NH2 Water Water soluble version of EGS that | Yanagi, T., etal.
Water reacts rapidly with dilute proteins | 1989, Agric. Biol.

at neutral pH. Crosslinked
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Soluble proteins are readily cleaved with | Chem.53, 525.
hydroxylamine at pH 8.5 for 3-6
hours, 37°C.
Glutarald | 354400-Y | -OH Water Used for crosslinking proteins Harlow, E., and Lane,
ehyde and polyhydroxy materials. D. 1988. Antibodies;
Conjugates haptens to carricr A Laboratory
proteins; also used as a tissue Manual, Cold Spring
fixative. Harbor Publications,
N.Y., p. 349.
SATA 573100-Y | -NH2 DMSO Introduces protected thiols via Dunean, R.J.S,, et al.
primary amines, When treated 1983. Anal.
with hydroxylamine, yields a free | Biochem.132, 68.
sulhydryl group that can be
conjugated to maleimide-
modified proteins.
Heterobifunctional
Reagent | code No, | Modifi | Solubility [ Comments Refs
ed
Group
GMBS 442630-Y | -NH2, | DMSO Heterobifunctional crosslinker Kitagwa, T., et al.
-SH useful for preparing enzyie- 1983. J. Biochem. 94,
antibody conjugates (for example | 1160.19. Rusin,
beta-gal-1gG) and for K.M., etal. 1992,
immobilizing enzymes on solid Biosens.
supports. Bioelectron.7, 367,
MBS 442625-Y | -NH2, | DMSO, Thiol cleavable, Green, N, et al.
-SH Water heterobifunctional reagent 1982, Cell 28, 477,
A42626-Y especially useful for preparing
"NH2, peplide-carrier conjugates and
i conjugating toxins to antibodies.
PMPI 528250-Y | -SH2,- | DMSO, Used in the preparation of Aithal, HN,, et al.
OH alkaline phosphatase conjugates 1988. J. immunol.




140

DMF of estradiol, progesterone, serine- | Methods112, 63.
enriched peptides, and vitamin
BI12.
SMCC 573114-Y | -NH2, | DMF, AN | Heterobifunctional reagent for Anmunziato, M.E,, et
-SH enzyme labeling of antibodies and | al. 1993,
573115-Y Acelonitri . . .
antibody fragments. The Bioconjugate
-NH2, | le ) .
cyclohexane bridge provides extra | Chem.d, 212,
-SH
Walter stability to the maleimide group.
[deal reagent for preserving
enzyme activity and antibody
specificity after coupling.
SPDP 573112-Y | -NH2, | DMF, AN | Introduces protected thiol groups | Caruelle, D, et al.
-SH to amine groups. Thiolated 1988. Anal.
Acelonilri . )
proteins Biochem.173, 328.
le

‘can be coupled to a second

molecule via an iodoacetamide

or maleimide group, or to a
second pyridyldisulfide

containing

molecule.

Each of these reagents may be obtained from a number of manufacturers, for example,

from Calbiochem (code No. in column 2), or Piece Chemical Company.

The molecule of interest may be activated prior to coupling, to increase its reactivity,
For example, the molecule of interest may be activated using chloroacetic acid followed by
coupling using EDAC/NHS-OH. Molecules of interest may also be activated using hexane di
isocyanate to give primary amino group. Such activated molecule of interest may be used in
combination with any hetero bifunctional cross linker. The molecule of interest in certain
embodiments is activated using divinyl sulfon. Such activated molecule of interest comprise

moicties which can react with amino or thiol groups, on a peptide, for example.

The molecule of interest may also be activated using tresyl chloride, giving moicties

which are capable of reacting with amino or thiol groups. The molecule of interest may also
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be activated using cyanogen chloride, giving moieties which can react with amino or thiol

groups

Peptide Coupling
The ELABELA polypeptides may be coupled to the molecule of interest by peptide

coupling techniques as described in detail in this section.

Peptides can be obtained by solid phase synthesis methods, The first stage of the
technique, fivst introduced by Merrifield (R.B. Merrifield, Solid Phase Peptide Synthesis, The
synthesis of a Tetrapeptide., I. Am. Chem. Soc. 85, page 2149-2154, (1963) and R.B,
Merrifield, Solid Phase Synthesis, Science 232, page 341-347, (1986)) consists of peptide
chain assembly with protected amino acid derivatives on a polymeric support. The second
stage of the technique is the cleavage of the peptide from the support with the concurrent
cleavage of all side chain protecting groups to give the crude free peptide. To achieve larger

peptides, these processes can be repeated sequentially.

The flexibility of the method allows the synthesis of [ong, short and branched peptides,
including peptides with natural and un-natural occurring amino acids, different linkers and so-
called spacers. The spacers typically being of polyethylenglycol, PEG derivatives or
polyalkanes or homo poly amino acids. The solid phase synthesis method allows for the
preparation of peptides terminated with reactive functionalities, for example free thiols, for

chiemo selective coupling schemes to the molecule of interest material.

A sequence of amino acids can be repeated in the final peptide sequence to enhance
the immunoreactivity with a specific antibody. The repetitive and reactive sequence can be
spaced with irrelevant amino acid sequences in a linear peptide. Also, by synthesizing
branched or dendritic peptide constructs, like the multiple antigen peptides (MAP), the

immuno reactivity can be enhanced.

For a review of the general methodology, including the different chemical protection
schemes and solid and soluble supports, see for example G. Barany, N. Kneib-Cordonier, D.
G. Mullen, Solid-phase peptide synthesis; A silver anniversary report, Int. I. Peptide Protein
Res. 30, page 705-739, (1987), and G.B. Fields, R. L. Noble, Solid phase peptide synthesis
utilizing 9-fluorenylmethoxycarbonyl amino acids, Int. J. Peptide Protein Res. 35, page 161-
214 (1990)
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Other methods for obtaining peptides include enzymatic fragment ligation, genetic
enginecring techniques as for example site-directed mutagenesis. Genetic engineering of
oligonucleotides, PCR-products, or cloned fragments of DNA material encoding relevant
amino acid sequence using standard DNA cloning techniques has been a well-established
methods of obtaining polypeptides. Alternatively, the peptides can be obtained after isolation

from natural sources, such as by protein purification and digestion.

Conjugation of the target molecule (for example, peptide) may be achieved by forming
covalent bonds or using strong binding pairs, for example ion binding, biotin-avidin.
Examples of other binding entities than streptavidin, avidin and derivatives and biotin and
biotin analogues, are the leucine zipper domain of AP-1 (Jun and fos), hexa-his (metal chelate
moiety), hexa-hat GST (glutathione S-Transferase) glutathione affinity, trivalent vancomycin,
D-Ala-D-Ala, lectines that binds (o a diversity of compounds, including carbohydrates, lipids
and proteins, for example Con A (Canavalia ensiformis), concanavalin A and WGA (Whet
germ agglutinin) and tetranectin or Protein A or G. These and other methods are well known

to any skilled in the art of conjugation.
Covalent conjugation confers allows increased resistance to degradation.

The coupling method useful for conjugation is dependent on the chemical structure of
the target and the partner involved. Typical chemical reagents used are so-called zero length

cross linkers, homobifunctional, heterobifunctional or polymeric cross linkers.

Zero length cross linkers like 1-Ethyl-3-(3-dimethylaminopropyl) carbodiimide
(EDAC) or [-cyclohexyl-3-(2-morpholinoethyl)carbodiimide metho-p-tolucnesulfonate
(CHMC) and other carbodiimides can facilitate direct coupling between for example Glu or

Asp to Lysine residues and for example the N terminus of a peptide.

Homobifunctional cross linkers like glutar(di)aldehydes, imidates, bis-diazotized
benzidines, bis(imido esters), bis(succinimidyl esters), diisocyanates, diacid chlorides,
divinylsulfone or similar, allows amino or hydroxy! groups to be bound covalent together
through a short linker molecule. Formaldehyde or glutar(dijaldehyde can also facilitate cross-

linking between the ELABELA polypeptide and the molecule of interest.
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The use of heterobifunctional cross linkers is deseribed in more detail for cross linking
the ELABELA polypeptide to the molecule of interest by a methodology known to any skilled

in the art of conjugation,

Heterobifunctional cross linkers allow greater control over the cross-linking than

methods which rely on for example homobifunctional cross linkets,

The most common schemes for forming a heteroconjugate involve the indirect
coupling of an amine group on one bio molecule to a thiol group on a second bio molecule,
usually by a two- or three-step reaction sequence. The high reactivity of thiols and their
relative rarity in many biomolecules make thiol groups ideal targets for controlled chemical

cross-linking.

If a thiol group is not present, thiol goups can be introduced by several methods. One
common method including the use of succinimidyl 3-(2-pyridyldithio)propionate (SPDP)
followed by reduction of the 3-(2-pyridyldithio)propionyl conjugate with DTT or TCEP.
Reduction releases the chromophore 2-pyridinethione, which can be used to determine the

degree of thiolation.

Allernatively, the degree of thiolation can be measured using 5,5 -dithiobis-(2-
nitrobenzoic acid) (DTNB, Ellman’s reagent) which stoichiometrically yields the

chromophore S-mercapto-2-nitrobenzoic acid upon reaction with a thiol group.

Heterobifunctional cross linkers typically contain an activated carboxyl group at one
end which can react with amino groups and a maleimido or iodoacetamide group at the

opposite end which reacts readily with the sulfhydryl group of cysteine residues.

Two frequently used heterobifunctional crosslinkers are N-gamma-
Maleimidobutyryloxysuccinimide ester (GMBS) and Succinimidyl 4-(N-

malcimidomethyl}eyclohexane-1-carbonate (SMCC).

1t should be understood, that the cross linker may contain a photoactivated reactive
moiety. The photo reactive moicty acts as a masked reactive group. By using a photoactive
coupling method, it is possible to bring the target molecule into specific part of for example

the molecule of interest before using the photo reactive group for the covalent coupling.
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Typically, the peptide is synthesized with a single cysteine residue at either the N- or
C-termini, Alternatively, the internal Cys residues or Cys residues on a linker can be used. If
the peptide contains no thiol group, then one or more can be introduced using one of several

thiolation methods, typically by modifying onc of the amino groups.

Tt should be understood that coupling of target probes, like for example peptides, arc

not limited by the use of thiol selective coupling schemes.

Other useful chemical moieties for both chemo selective or random conjugation
schemes include carboxyl, hydroxyl, aromatic, phenolic or amino groups. Especially amino
groups arc uscful, as they are very reactive at relevant pH, can form strong chemical bonds

and are widely distributed in biological material.

The possibility to employ conjugation schemes using the amino group in the N-lermini
of peptides, including the amino group in the side chain of lysine or pelylysine is of special

relevance to the compositions and methods described here.

The cross linker is first reacted with the amino groups on the molecule of interest,
followed by removal of the unreacted cross linker using for example a decanting or
centrifugation. The activated carrier is then reacted with the Cys-containing peptide. Excess
peptide is removed using for example a desalting column, dialysis, filtration or centrifugation.
The amount of peptide or cross linker attached can be assessed by various direct or indirect

analytical methods.

The conjugation sequence can be reversed by first attaching the heterobifunctional

cross linker to the peptide, before attaching to thiols on the molecule of interest.

During conjugation reaction, the {ree thiols are often protected against spontaneous
oxidation by the addition of EDTA, EGTA or tributylphosphine or similar or by using a

protective atmosphere.

Other methods of covalent cross-linking include the use of homo or heterofunctionel
polymeric cross linkers. Examples of reagents include tresyl or vinylsulfone activated
dextrans or activated polyacrylic acid polymers or derivalives. Especially divinyl is preferred
for activation of for example hydroxyl groups on the molecule of interest, as the resulting

second vinylsulfone is highly reactive towards thiols,
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‘The amount of coupled peptide can be determined by several methods, including
incorporating one beta-alanine residue immediately adjacent to the cysteine residue on the
peptide. Amino acid analysis may then be used to determine the amount of beta-alanine

present after purification of the resulting conjugate.

The cross linkers may offer the possibility to include a tracer or detectable moiety.
This moiety can be used to measure the amount of cross linker bound to the bio molecule, The

tracer can be fluorescent, radioactive, a hapten or any other detectable molecule.

FURTHER ASPECTS

Further aspects and embodiments of the invention are now set out in the following

numbered Paragraphs; it is to be understood that the invention encompasses these aspects:

Paragraph 1. An ELABELA polypeptide fragment comprising a sequence
CXXXRCXXXHSRVPFP (SEQ ID NO: 1), wherein X is an/any amino acid residue, and

wherein the polypeptide fragment maintains self-renewal, pluripotency, or both of a stem cell.

Paragraph 2. The ELABELA polypeptide fragment of Paragraph 1, wherein the
fragment does not comprise a sequence of SEQ 1D NOs: 60-76.

Paragraph 3. The ELABELA polypeptide fragment of Paragraph 1, wherein (a) an
intramolecular covalent bond is present between the cysteine residues at positions 1 and 6 of
SEQ ID NO: 1, or (b) one or both cysteine residues at positions 1 and 6 of SEQ ID NO: 1

comprise a reduced cysteine having a sulfhydryl group.

Paragraph 4. The ELABELA polypeptide fragment of Paragraph 1, further comprising
a label.

Paragraph S. The ELABELA polypeptide fragment of Paragraph 4, wherein the label

is a radioisotope.

Paragraph 6. The ELABELA polypeptide fragment of Paragraph 5, wherein the

radioisotope is 1251,

Paragraph 7. The ELABELA polypeptide fragment of Paragraph 1, wherein the

polypeptide fragment is derivatized.
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Paragraph 8. The ELABELA polypeptide fragment of Paragraph 1, further comprising

a signal sequence.

Paragraph 9. The ELABELA polypeptide fragment of Paragraph 8, wherein the signal
sequence comprises SEQ ID NO: 19,

Paragraph 10. The ELABELA polypeptide fragment of Paragraph 1, wherein the
fragment further comprises seven additional amino acids at the N-terminus of SEQ ID NO: 1,
said ELABELA polypeptide fragment having a sequence of SEQ 1D NO: 162
(XXXXXXXCXXXRCXXXHSRVPFEDP), wherein position 1 of SEQ 1D NO: 162 is a basic
amino acid residue, wherein the X at positions 2-6, 8-10, and 13-15 is an/any amino acid
residue, and wherein the polypeptide fragment maintains self-renewal, plripotency, or both

of a stem cell.

Paragraph 11, The ELABELA polypeptide fragment of Paragraph 10, wherein the
fragment does not comprise a sequence of SEQ 1D NOs: 181-197.

Paragraph 12. The ELABELA polypeptide fragment of Paragraph 10, wherein the

basic residue at the position | is selected from K or R.

Paragraph 13. The ELABELA polypeptide frapment of Paragraph 1, wherein the
fragment further comprises eight additional amino acids at the N-terminus of SEQ ID NO: 1,
said ELABELA polypeptide fragment having a sequence of SEQ ID NO: 163
(XXXXXXXXCXXXRCXXXHSRVPFP), wherein position 1 of SEQ 1D NO: 163 is a basic
amino acid residue, wherein the X at positions 2-7, 9-11, and 14-17 is an/any amino acid
residue, and wherein the polypeptide fragment maintains self-rencwal, pluripotency, or both

of a stem cell,

Paragraph 14, The ELABELA polypeptide fragment of Paragraph 13, wherein the
fragment does not comprise a sequence of SEQ 11D NOs: 164- 180.

Paragraph 15. The ELABELA polypeptide fragment of Paragraph 13, wherein the

basic residuc at the position 1 is sclected from K or R.

Paragraph 16, The ELABELA polypeptide fragment of Paragraph 1, wherein the
fragment further comprises eight additional amino acids at the N-terminus of SEQ ID NO: 1,

said ELABELA polypeptide fragment having a sequence of SEQ 1D NO: 163
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(XXXXXXXXCXXXRCXXXHSRVPFEDP), wherein positions 1 and 2 of SEQ ID NO: 163 arc
a pair of basic amino acid residues, wherein the X at positions 3-7, 10-12, and 15-17 is an/any
amino acid residue, and wherein the polypeptide fragment maintains self-renewal,

pluripotency, or both of a stem cell.

Paragraph 17. The ELABELA polypeptide fragment of Paragraph 16, wherein the
fragment does not comprise a sequence of SEQ ID NOs: 164- 180.

Paragraph 8. The ELABELA polypeptide fragment of Paragraph 16, wherein the pair

of basic residues at positions 1 and 2 is selected from KK, KR, RK, and RR.

Paragraph 19. A method of making an ELABELA polypeptide or fragment thereof, the
method comprising: (a) expressing a nucleic acid encoding a sequence comprising
CXXXRCXXXHSRVPFP (SEQ ID NO; 1) in a cell, wherein X is an/any amino acid residue,
and wherein the polypeptide fragment maintains sclf-renewal, pluripotency, or both of a stem
cell; or (b) using chemical synthesis to generate a synthetic polypeptide or fragment thereof
comprising CXXXRCXXXHSRVPFP (SEQ ID NO: 1) or a fragment having the sequence of
SEQ ID NO: 53, wherein X is an/any amino acid residue, and wherein the polypeptide

fragiment maintains self-renewal, pluripotency, or both of a stem cell.

Paragraph 20. The method of Paragraph 19, wherein the cell expressing the nucleic
acid encoding a sequence comprising CXXXRCXXXHSRVPEP (SEQ ID NO: 1)isa

bacterial, fungal, or yeast cell.

Paragraph 21. The method of Paragraph 19, wherein the sequence comprising
CXXXRCXXXHSRVPFP (SEQ ID NO: 1) is selected from the group consisting of SEQ 1D
NOs: 2-30.

Paragraph 22. The method of Paragraph 19, wherein the ELABELA polypeptide or

fragment thereof further comprises a label.
Paragraph 23. The method of Paragraph 22, whercin the label is a radioisotope,
Paragraph 24. The method of Paragraph 23, wherein the radioisotope is 1251.

Paragraph 25. The method of Paragraph 19, wherein the polypeptide or fragment

thereol is derivalized.
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Paragraph 26. An isolated antibody or antigen-binding fragment thereof that
specifically binds to one or more of the following;: (a) a polypeptide comprising the sequence
CMPLHSRVPFP (SEQ ID NO: 52); (b) a polypeptide comprising the sequence
QRPVNLTMRRKLRKHNC (SEQ ID NO: 53); (c) a polypeptide comprising the sequence
QRPYNLTMRRKLRKHNCLQRRCMPLHSRVPEP (SEQ ID NO: 2); and (d) an ELABELA
polypeptide comprising the sequence of any of SEQ [D NOs: 1-30.

Paragraph 27. The isolated antibody or antigen-binding fragment thereof of Paragraph

206, further comprising a label.

Paragraph 28. An immunoassay kit for measuring or detecting ELABELA expression,
the immunoassay kit comprising: (a) a coating antigen comprising one or more isolated
antibodies or antigen-binding fragments thereof that specifically binds to one or more of the
following: (i) a polypeptide comprising the sequence CMPLHSRVPFP (SEQ 1D NO: 52); (ii)
a polypeptide comprising the sequence QRPVNLTMRRKLRKHNC (SEQ ID NO: 53); (iii) a
polypeptide comprising the sequence QRPVNLTMRRKLRKHNCLOQRRCMPLHSRVPEP
(SEQ 1D NO: 2); or (iv) an ELABELA polypeptide comprising the sequence of any of SEQ

ID NOs: 1-36; and (b) instructions for using said coating antigen.

Paragraph 29, The immunoassay kit of Paragraph 28, wherein the isolated antibodics

or antigen-binding fragments thereof are labelled.

Paragraph 30. The immunoassay kit of Paragraph 28, further comprising an enzyme
labelled reagent, a secondary antibody that specifically binds to the isolated antibodies or

antigen-binding fragments, a solid substrate, or any combination thereof.

IEXAMPLES

Example 1, Materials and Mcthods: Accession Codes

The human ELABELA gence and its vertebrate homologs are accessible with the
following Ensembl 1Ds: Homo sapiens: ENSG00000248329. Mus musculus:
ENSMUSGO0000007430. Gallus gallus: ENSGALG00000023444. Xenopus laevis: no genc
1D exists yet but defined as UniGene X1.40684. Danio rerio: ENSDARG00000094729,
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Example 2. Materials and Methods: Cell culture and Assays

The Shefd cell line was used throughout and exhibits standard morphological and
surface marker characteristics of hESCs and a normal 46XY karyotype (Inniss and Moore,
2000). Feeder-free hESCs were cultured in clumps in mTSER1 (Stem Cell Technologies) on
Matrigel (BD 354277).

Primary human fibroblasts, SW1353 chondrosarcoma (ATCC) and NTERA2 hECs (a
gift from Barbara Knowles and Davor Solter) were grown in Dulbecco's modified Eagle's
medium (DMEM) with 10% FBS (Hyclone), 2 mM GlutaMAX™ (lnvitrogen) and 1 mM

sodium pyruvate,

hESCs were dissociated into single cells using Accutase (Stem Cell Technologies) and
plated in the presence of 10 uM Y-27632 (ROCK inhibitor) for 12 hours {Watanabe et al.,
2007).

FFor xCELLigence real time growth assays, 4000 cells were plated per well of an E-

plate (ACEA Biosciences) with media changes every 48 hours,

Recombinant ELA was added at 2.5uM (or 10 pg/ml). Cell cycle studies were
performed with Click-iT EDU staining kit (Invitrogen) and by performing a double thymidine
block (2.5 mM thymidine; 16 hour block, 8 hour release, 16 hour block) followed by DAPI

staining for DNA content at the indicated times following release.

To assay the sighaling pathway activated by ELA, hESCs were dissociated and plated
in mMTSER! for 48 hours, followed by a 2-hour starvation in DMEM/F12. Synthetically
produced ELA or ELA%Y peptides, dialyzed against PBS to remove any residual synthesis
buffers, were added at a final concentration of SuM (or as indicate(D) for the indicated period
of time, Where applicable, PI3K inhibitors LY?294002 (SuM) and Wortmannin (1uM) were
added 30 minutes before pulsing with ELA peptides. Cells were lysed with PhosphoSafe™

(Millipore) for SDS-PAGE.

Apoptosis assays were performed by plating control and Doxycycline-treated cells
without Y-27632 onto matrigel for 6 hours, followed by harvesting and staining for Annexin
V and activated CASPASE3.
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To induce apoptosis, hESCs were treated with the indicated doses of ActinomycinD
(Sigma) or ionizing radiation followed by Aqueous One Cell Tiler (Promega) or CASPASE
GLO3/7 (Promega) assays 12 hours post-treatment.

For insulin replacement assays, SHEF4 or HESC3 hESCs were cultured in TSER-ES
(Stem Cell Technologics) supplemented with TGF-B (Sng/ml, R&D Systems) and bFGEF
(100ng/ml, Invitrogen) with and without INSULIN (10ug/ml, SIGMA).

Embryoid body differentiation was performed by plating 1 million cells per well of an
Aggrewell 400 plate in Aggrewell Medium (Stem Cell Technologies) followed by harvesting

and replating into low-adhesion plates (Corning).

After the indicated time periods, embryoid bodies were harvested and RNA extracted
using RNeasy kit (Invitrogen). qPCR reactions were carried out using either Universal
FastStart SYBR Green Mastermix (Roche) or using the Universal Probe Library system

(Roche) in tandem with Tagman Tast Mastermix (Invitrogen). Primer sequences can be found
in Table E1.

Reverse

Forward (SEQ ID NOs: 114 to UPL
Transcript (SEQID NOs: 98to 114y 131) Probe
Human
POUSKI agcaaaacccggaggagt ccacalcggectgiplatale 35
ELABELA cacgagtaccctltceetga ggctgggtgtetttectte 35
NANOG tccagcagatgcaagaactc ttgctattetteggecagtt 87
GATA4 ggaagcccaagaacctgaat getggagttgetggaage 69
GATAG aalacilcceccacaacacaa ciciccegeaccagteat 90
FOXA2 cgeectactegtacateteg agcgtcageatettgttgg 9
LOMES gtggpgagategaggttc tgitctggagptecatggtag 6
BRA getgtgacaggtaceeaace calgcaggteagttgicagaa 23
NESTIN tpcgggctactpaaaagttc tgtaggccctgtttetectyg 76
GAPDH agccacatcgetcagacac geecdatacgaccaaatee 60
APLNR alcitgaccclcectiggaat atggguagactaggetgtga 63
PAX6 aatgggcggagltatgatace catatcagglicacticeggg NA
SOXI7 ABI Tagman Assay s00751752 sl NA
NKX2.5 ABI Tagman Assay Hs00231763 ml NA
Zebrafish
aetin gatettcacteececttgttea ggcagegatttccteate NA
apln getgteticagecagtget flctgecegeaaaggagic NA
aplnra cgtetgetactgetteateg geltttictggteticettge NA
apinrh ceteligegetatggactte gectgeaatccagtaggtet NA
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elabelu ttcttccaccegetgtaicet ceggagcatcataagaccic NA

Table El. List of qPCR Primers
Example 3, Materials and Methods: shRNA and siRNA-mecdiated £LA knockdown

To generate stable inducible knockdown of ELA in hESCs, the sequence
GTGATTCTCGTGCCTCAAC (SEQ ID NO: 132) targeting the 3’UTR of £LA was cloned
into pSUPERIOR (Oliogoengine) and nucleofected (Lonza) into Shefdyens hESCs (Zafarana
et al., 2009), Neomycin-resistant cells were clonally expanded and assayed for doxyeycline
(20 ng/ml)-inducible knockdown. Data from one representative clone (Shefdrers suzrs) are
shown in this paper. Shefdrars sypz2ar were derived as previously described (Zatfarana et al.,
2009). Unless otherwise stated, £LA knockdown was induced on Day -4 with 20 ng/ml

doxycycline to generate shELA cells.

Anti-ELA siRNAs were produced by RNase 11T (New England Biolabs) cleavage of
double stranded full-length ELA mRNA produced by T7 in vitro transcription (Applied
Biosystems), siRNAs were transfected into hESCs with Lipofectamine RNAiMax (Invitrogen)

for 48-72 hours prior to assay.

POUSFI knockdowii

Inducible knockdown of POUSK! in Sheldrors was performed as previously reported
by Zarafana and colleagues (Zafarana et al., 2009). Bricfly, Shefdars sirousii hESCs were
cultured in the presence (shPOUSK!) or absence (Control) of 5 ng/ml doxycycline for the

indicated durations and harvested for qPCR analysis.
Example 4. Materials and Methods: Antibodies

Polyclonal antibodies were raised against a human N-terminal epitope (nh2-
QRPVNLTMRRKIRKHNC) (SEQ 1D NO: 53), C-terminal epitope (CMPLHSRVPEFP-cooh)
(SEQ ID NO: 53) or whole mature ELABELA peptide with an intramolecular cystine bond
(nh2-QRPYNLTMRRKLRKHNCLQRRCMPLHSRVPEP-cooh) (SEQ ID NO: 2) and

peptide-affinity purified from rabbit and goat sera.

For extracellular neutralizing assays, the rabbit o N and ¢ C affinity purified antibodies
were dialysed into PBS overnight at 4°C and added to the hESCs culture at 10 pg/ml.. For
western blotting and immunofluotesence assays, ELA antibodies were used at 1 pg/mlL., All

other antibodics are commercially available: TGN-46 (Serotec # AHPS00GT); SSEA-3 (Stem
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Cell Tech #60061AD); TRA-1-60 (BD # 560173); SOX17 (R&D # AF1924); POUSF|
(SCBT #s¢-5279).

Example 5. Materials and Methods: Embryological Methods

Protocols for fertilization, microinjections, secretion assay and whole-mount in sifu
hybridization (WISH) arc at our protocol website (http://www.reversade.com-

a.googlepages.com/protocols/) and are also sel out below.

Invitro Fertilization of Xenopus Eggs
Nathalic Escande-Beillard, March 2009

This protocol describes the in vitro fertilization of Xenopus eggs, to obtain large
amounis of synchronous and dejellyed embryos ready for microinjections and cxperimental

manipulations.

Day | - Inducing ovulation

1. Proven breeders Xenopus laevis pigmented and albinos are purchased from Nasco

(hip:/Avwwv.enaseo.com/xenopus/).

2. Choose female’s breeders with a big belly and a red cloaca as these are usually signs

of readiness to lay.

3. Inject 800 units (800 pl) of Human Chorionic Gonadotropin (HCG) into the dorsal
lymph sac of a female frog. Inject half volume in each side. Place the needle posteriorly, at the
level of the hindlimb near the lateral line sense organs. Penetrate the skin with a firm push and

then hold the syringe almost parallel to the back.
4, Place the frogs in separate bucket fill with charcoal-filtered water and cover.

5. Frogs kept at room temperature (23°C) begin laying eggs about 9-10 hours after
induction of ovulation, whereas frogs kept at 159C begin laying eggs approximately 14 hours

after injection.
0. After ovulation, frog needs to rest 3 months before being induced again.

Day 2 - In vifro fertilization

1. In the morning, put the female in 1X High Salt Barth’s solution diluted with

charcoal filtered walter. Keep them in separate bucket.
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2. After 1-2 hours start to collect eggs. If the frogs lay well, it is possible to collect
eges every | hour. To collect eggs use a pipctiman outfitted with a 25ml pipet that has had a
little bit of its tip sawed off with a hacksaw. Always have the pipetman set to the slow setting
while collecting the eggs. As much as possible try to aveid any perturbations of the cggs
at all points during the process of fertilization. Pipet the eggs into a 100mm glass petri dish,
trying to limit as much as possible the amount of buffer, covering about one third the surface

of the plate. Carcfully pipet off any extraneous buffer,

3. Label glass petri dishes according to which frog the eggs came from on the side of

the bottom dish and the top of the lid. It is very important to know which frog gives good

eggs.
4. Sacrifice male and excise testes. Keep testis at 40C in 1.5ml eppendorf tube,

5. Draw off as much 1X High Salt Barth as possible using a Pasteur pipet and tilting

the dish. Using Kimwipes, suck up as much buffer as possible (keeping the dish tilted).

6. Add about 1ml of Steinberg’s solution to a 1.5ml eppendorf tube. Cut off a small
piece of the testis and mince with scissors in the tube. Add about 5-10 drops of this solution

onte the eggs. Mince fresh testis every time.
7. Cover the dish and incubate at room temperature for 5 minutes.

8. Carefully add 0.1X Barth. Submerge any floating eggs with your prewet fingertip.
Cover the dish and note the time of fertilization on the dish lid, Sperm enters eggs as you add
0.1X Barth. Incubate for 20 minutes at room temperature, Note the embryos should rotate and

the future animal pole (pigmented side) should face up.

9. Decant water, removing excess water with a pasteur pipet. Add fresh Cysteine
Solution, gently pushing submerging any floating eggs with your finger (put finger into the

cysteine before touching eggs to prevent them from sticking to finger).

Incubate for 8§ minutes at room temperature. This step allows the complete removal of

the jelly surrounding the eggs.
10. Decant and add fresh Cysteine Solution. Incubate 3 minutes.

I'l. Decant Cysteine Solution and wash at least 6 times with 0.1X Barth.
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12. Incubate the eggs in 0.1X Barth. The embryos cultured at room temperature should

be at 2-cell stage, | hour 20 minutes after fertilization (step #7).

13. Note that embryos are cultured in 0.1X Barth in 50mm plastic petri dishes lined

with a cushion of 1% agarose solution.

5 14. Do not forget to return back female in regular tank at the end of day 2.

Solutions

10X High Salt Barth’s Solution

Fill a 41, beaker to 3L with nanopure water and add following:

Compound Amount Final concentration
NaCi 256 g 1.095 M
KCl 3g 10mM
NaHCO3 8g 24mM
MgS04.7H20 8g 8mM
Hepes 95.2¢g 100 mM

10 Add the following dropwise after dissolving each in 25 ml nanopure water:
Compound Amount Final concentration
Ca(N0O3)2.4H20 32¢g 3.4 mM
CaCl2.2H20 24g 4 mM

pH to 7.7 with HCIL. Bring to 4L with nanopure wafer. When making a 1X dilution,

add 1 ml of § % Ampicillin per liter,

10X Barth’s Solution

Fill 500 ml beaker to 350 ml with nanopure water and add following;:

Compound Amount Final
concentration

NaCl 26g 889 mM

KCl 038g 10mM

NaHCO3 1g 24mM
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Hepes 119¢g 100 mM

Add the following dropwisc after dissolving each in 25 ml nanopure water:

Compound Amouni Final

concentration

MgS04.7H20 1g 8 mM
Ca(NO3)2.4H20 |04 ¢ 3.3 mM
CaCl2.2H20 03g 4.1 mM

Bring to pH 7.6 with NaOH. Bring to 500 ml with nanopure H20. When making the
1X and 0.1X dilutions, add 1 ml of 5 % Ampicillin per liter. '

10X Steinberg’s Solution

Fill § liter beaker to 800 ml with nanopure water

Compound Amount Final
concentration

NaCl 3g 581 mM

KCl 05¢g 6.7 mM
Ca{N0O3)2.4H20 08¢g 3.3.mM
MgS04.7H20 zg 8 mM
Kanamycin 0.1g 0.01%

Tris Base bg 50 mM

pld to 7.35-7.45 with HCI. adjust volume to 1 liter with nanopure 120

2% Cysteine Solution
Fill a 1L beaker to 800mL with 0.1X Barth’s. Add 20g L-Cysteine Hydrochloride
Monohydrate, pH to 7.8 with NaOH. Bring to 1 liter with 0, 1X Barth’s

5% Ampicillin
Dissolve 5 grams Ampicillin in 100 ml nanopure H20. Filter sterilize, make [ ml

aliquots in 1.5 ml eppendorf tubes, and store at -20°C.
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Preparation of Agarose peiri dishes

Dissolve Agarose to 1% in water, melt in microwave and add Kanamycin (100ug/ml).
Pour pelri dishes with Sml of the Agarose solution, Once cooled down and congealed at room

temperature, petri dishes are stored at 4°C.

Chemicals

I. Human Chorionic Gonadotropin 10 000 units/vial, reconstituted with 10ml of water.
Keep at 4°C. Sigma #CG10-1VL.

2. Cysteine Hydrochloride Monohydrate, Sigma #C7880-500G.

3. Ampicillin. Sigma #A9518.

Microinjection of Xenopus Embryos
This protocol describes the microinjections of Xenopus embryos for gain- and loss-of-

function studies using Morpholinos, DNA, mRNA, Protein or other chemicals,

Day 1 - Injections

1. Embryos for micro-injections are obtained following Inn Vitro Fertilization of

Nenopus Eggs described here: hittp://wwiw.reversade.com-a.googlepages.com/protocols

2. Pull needles made of borosilicate glass capillaries using a micropipeltle puller. Place

pulled needles in safc box as they are delicate.

3. Link ncedle to Microinjector with plastic tubing and place assembled needle onto

Micromanipulator.

4. Under a Stereoscopic Microscope calibrate needle by successively cutting small

segments of its fine end with forceps. 1X Barth solution can be used for calibration purposes.

For cytoplasmic injections calibrate needle so that it delivers 4 nl in 1 second with an
injection pressure between 20 and 25 PS1. Needles that are too thin will clog easily and be
difficult to fill. Needles that are too targe will damage embryos upon injection and lead to

leakage of cyloplasm.

4. For blastocoele injections calibrate needle so that it delivers 50 nl in 2 scconds with

an injection pressure between 20 and 25 PSIL
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5. Once calibrated, cmpty and start filling needle with desired solution.

To fill, carefully place needle into yellow tip containing a few ul. of solution to inject.

Monitor progression of solution inside capillary. Stop before air is drawn.

6. Prepare agarose Pefri dish filled with 1X Barth. Gently pipette embryos with
eyedropper into 1X Barth Dish, Adjust magnification, focus, lighting, chair position and rest

your forearms on bunch. You are ready to inject.

7. Bring filled needie close to embryo, hold embryo in position with forceps, and
gently insert ncedle through chorion and cytoplasmic membrane. Once inside, inject by
pressing foot pedal linked to Microinjector. In 1 second 4 nl. will be delivered to the embryo.
Remove needle by holding embryo, Microinject each blastomere at the 4-cell stage if all

embryo is targeted.

7'. For blastocoele injections, culture embryo until they reach stage 7 to 8. Place in 1X
Barth and microinject in blastocoele cavity, situated just underneath animal cap. You should

sce embryo expand as 50 nl are delivered into blastocoele.

8. Once embryos have been injected in 1X Barth, transfer them into fresh 0.1X Barth
dish. Label lid of dish, Do not forget to keep uninjected embryos. Control embryos should be

from the same fertilization batch and mother frog.

9. Culture embryos in 0.1X Barth at 13°C (not below) to slow down development or up

to 22 °C for faster development.

Day 2 - Look after your embryos

[. Everyday remove dead embryos. De-chorionate using fine forceps and place

embryos in fresh dish filled with 0.1X Barth using an eyedropper.
2. By stage 20, it is preferable to culture embryos in 1X Steinberg.

3. To fix embryos, drop embryos with eyedropper in 2 ml of MEMFA in glass vial.

Fix for 2 hours at room temperature or overnight at 4°C with gentle rocking,

4, Dehydrate through a methanol series (25%, 50%, 75%, 2x 100% in PBS 1X).
Embryos can be stored in 100% methanol at -20°C.,
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5. For Xenopus Whole Mount In Situ Hybridization follow protocol described here:

http:/fwww.reversade.com-a.googlepages.conmy/protocols

Solutions

10X Barth’s Solution

S Fill 500 ml beaker to 350 ml with nanopure water and add following:
Compound Amount Final concentration
NaCl 26g 889 mM
KCI 0.38g 10mM
NaHCO3 g 24mM
Hepes 119¢ 100 mM

Add the following dropwise after dissolving each in 25 ml nanopure water:

Compound Amount Final
concentration
T‘\/IgSOtl-.?HZO lg 8 mM
Ca(N0O3)2.4H20 | 04 g 3.3 mM
CaCl2.2H20 0.3g 4.1 mM

Bring to pH 7.6 with NaOH. Bring to 500 ml with nanopure H20. When making the
1X and 0.1X dilutions, add 1 ml of 5 % Ampicillin per liter.

10 10X Steinberg’s Solution

Fill 1 liter beaker to 800 m!l with nanopure water

Compound Amount Final concentration
T‘JaCI 34g 581 mM
KCl 05g 6.7 mM
7Ca(N03)2.4-H20 08g 3.3. mM
MgS04.7H20 2g 8 mM
T(anamycin 01g 0.01 %
E:'is Base 6g 50 mM

pH to 7.35-7.45 with HCI. Adjust volume to 1 liter with nanopure H20
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10X MEM
To make 1L

209.26¢ MOPS (pH 7.4) | 100 mM
9.36¢ EGTA 2ZmM
1.2g MgS04 1mM

Adjust pH to 7.4 with 10 M NaOH, filter and store at 4°C.

MEMFA X ,
Prepare a small volume of 1X each time. For 100ml: 10ml of 10X MEM, 10mi of
Formaldehyde (37%), 80ml of Water,

Agarose Petri dishes

Dissolve Agarose to 1% in water, melt in microwave and add Kanamycin (100pg/ml).
Pour Petri dishes with 5ml of the Agarose solution. Once congealed at room temperature, Petri

dishes are stored at 4°C,

Instruments
Needle puller: SUTTER INSTRUMENT CO. Flaming/brown Micropipette puller
MODEL P-97

Needles: World Precision Instruments, Inc, Borosilicate Glass Capillaries Ttem
number: TW100-6

Microinjectors: Harvard APPARATUS PLI-100 OR NARISHIGE TM 300

Microinjector
Micromanipulator: Singer Instrwments Mk 1 Micromanipulator
Stercomicroscope: Leica MZ12.5 or MZ9.5
Light Source: Leica CLS 150X
Forceps: Rustless DUMOXEL # 3 or #5 FST by DUMONT Switzerland
Eyedropper: Fisher Scientific Pipet Straight Med Drop FIS#13-700

Glass Vial: Fisher Scientific Vial ST W/ Closure 1 DR FIS#03-399-25B
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Xenopus Whole Mount In Situ Hybridization

[SH is a method used to determine the spatio-temporal expression pattern of a gene.

Synthesis of antisense RNA Probe

I. Linearize DNA plasmid by digesting with a suitable enzyme. Check for complete
5  digestion by running tul of DNA on agarose gel. **All conditions should be RNasc free:

use gloves and filtered tips.

2. Phenol:Chloroform extract and ethanol precipitate DNA or use a Kit for cleaning
DNA. |

3. Resuspend DNA in a suitable volume of RNase free water to get approximately 0.5

10 or Tpg/ul. Measure DNA concentration (nanodrop).

4, Set up transcription reaction: 1000-2000ng DNA, 4pl 10X Transcription Buffer, 4ul
Labelling Mix (Digoxigenin), 1l RNA guard (40 U/ul), 4ul RNA polymerase (20U/ ul),
RNAse free Water to 40ul

5. Incubate for 4-5 hours at 379C,
15 6. Treat with DNase for 20mn at 37°C (1 unit of enzyme/jig DNA).
7. Remove unincorporated, free nucleotides with Ql.lick Spin Columns:
+ Tirst remove top cap from column and then bottom cap to avoid air bubbles.
» Spin for 5 minutes at 4°C, 1800 rpm in a swing bucket centrifuge.
» Remove eluate and spin for an additional 5 minutes.

20 » Put columns in new (labeled) tubes, add transcription reaction making sure to add it

directly on the center of the column while not disrupting resin with the pipette tip.
+ Spin for 15 minutes at 4°C, 1800 rpm,
8. Quantify RNA yield with nanodrop to determine how much to use for the ISH.

9. Run a gel with 1l to verify expected size and quality of probes
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General Notes
All recipes and most chemicals used are listed with their vendor and catalog number at
the end of this protocol. Very important to work in RNAse firee conditions. Use gloves and

filtered (ips from the fixation step to the end of hybridization.

Day 1
All steps in Day 1 are done ON ICE except for Proteinase K treatment (step #3). Use

at least 2ml of buffer for each wash, unless indicated.

1. Rehydrate the embryos through a methanol series in PBSw (75%, 50%, 25%). Each

rehydration step is incubated for 5 minutes.
2. Wash 3X with PBSw, 5 minutes each.

3. Treat embryos for 8 minutes with 10 pg/ml Proteinase K in PBSw at room
temperature (1ml per tube). Staining for highly expressed genes requires less digestion, but

longer digestion may help for genes with lower expression. Do not exeeed 8 minutes !
4. Stop digestion by washing with 2mg/ml glycine in PBSw.
5. Do a fast wash with PBSw, and then wash 2X with PBSw, 5 minutes each.

6. Refix embryos in Sml of 4% paraformaldehyde / 0.2% glutaraldehyde in PBSw for

15 minutes. Make the buffer fresh each time.
7. Do a fast wash with PBSw, and then wash 3X with PBSw, 5 minutes cach.
8. Wash in 1ml of 50% PBSw / 50% Hybridization Solution for 3 minutes.

9. Wash in 1ml of Hybridization Solution (100%) for 3 minutes. Embryos can also be

stored at this step in Hybridization Solution at —20°C.

10. Replace 1mi Hybridization Solution with 400ul Hybridization Solution and

prehybridize for 3 hours at 65°C.

11. Denature appropriate amount of probe in 1001 Hybridization Solution at 95°C for

5 minutes. Put on ice, vortex and add this mix to the embryos and hybridize overnight at 70°C.
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Day 2
1. Remove probe/hybridization mix and replace with 800ul Hybridization Solution,

Wash for 5 minutes at 70°C.
2. Add 400pl 2x SSC (pH4.5) to each vial. Incubate 5 minutes at 70°C.

5 3. Repeat the previous step 2 more times (final volume = 800t + 400ul + 400ul +
400ul = 2000pul). Incubate at 70°C for 5 minutes each time,

4. Remove the mix and wash 2X with 2x SSC (pH7) / 0.1% CHAPS at 70°C for 30

minutes.
5. Wash 2X in MAB at room temperature for 10 minutes each.
10 6. Wash 2X in MAB at 70°C for 30 minutes cach.
7. Wash 2X in PBS at room temperature for 10 minutes each.
8. Wash in PBSw at room temperature for 5 minutes.

9. Incubate the embryos in Iml Antibody Bufler (without antibody) at 4°C, rocking,

for a minimum of 2 hours.

15 10. At this time also pre-block the antibody in Antibody Buffer at 4°C, rocking for 2
hours: Anti-Dig - Alkaline Phosphatase dilute 1:5000 from a stock of 150 units/200ul. Anti-
Dig — Peroxidase dilute 1:200 from a stock of 150 units/ml.

1. Replace Antibody Buffer with 1.5ml of pre-blocked antibody. Incubate with

rocking at 4°C overnight, Check embryos to make sure all are immersed in solution (not stuck
20 inlid of glass).

Day 3
t. Fast wash embryos with 0.1% BSA in PBSw.

2. Wash 5X in 0.1% BSA in PBSw, with rocking, 1 hour each wash at room

temperalure.
25 3. Wash 2X in PBSw for 30 minutes each, at room temperature.

4. Wash 2X in AP1 Buffer for BM Purple staining for 10 minutes each,
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5. Replace AP1 Buffer with 1ml BM Purple, cover with Aluminium foil and incubate
with rocking until desired staining is reached. Check embryos to make sure all are immersed
in solution (not stuck in lid of glass). Staining time will vary depending on the level of
expression and probe quality. It is recommended to let the reaction take place at 4°C,

overnight. At room temperature embryos will tend to get more background.

Day 4
1. Stop staining reaction by washing 2 times in Stop Solution for 15 minutes cach.

Rinse caps as well.

2. Dehydrate through a methanol series (25%, 50%, 75%, 2x 100%). Embryos can be

stored in methanol at -20°C,

3. Optional: to remove pigmentation or excess background and to enhance contrast,
cmbryos can be bleached with 3ml of fresh bleaching solution. To speed up the process, place

tubes on aluminium foil and under intense neon light several hours to overnight.
4, Put back embryos in methanol 100 %.

Solutions
When diluting 10x stock solution use DEPC treated water and filter. All other

buffers are made using DEPC treated water and then filter.

DEPC treated buffers or water

Add 0.1% DEPC. Incubate with agitation until it is completely dissolved and

autoclave.

10x PBS
80g NaCl, 2g KCI, 14.4g Na2HPO4, 2.4¢g KH2PO4, 800ml distilled Water (DDW).
Dissolve, pI1 to 7.4, add DDW (o 1L, DEPC treat and autoclave.

PBSw
PBS with 0.1% Tween-20. DEPC treal and autoclave.

20x SSC
175.3g NaCl, 88.2¢ Sodium Citrate, 800ml DDW. Dissolve, pH to 7.0, add DDW to
1L, DEPC treat and autoclave,
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4% Paraformaldehyde
Dissolve paraformaldchyde in fresh PBS (4g for 100ml), Heat at 60°C and mix until

completely dissolved. Cool on ice, filter, aliquot and store at - 20°C.

Hybridization Solution

Make IL, filter, aliquot and store at —20°C. 10g Boehringer Block, 500ml Formamide,
250ml 20x SSC. Heat at 65°C for | hour. 120ml DEPC treated water, 100ml Torula RNA
(10mg/ml in water; filtered), 2ml Heparin (50mg/ml in 1x SSC), Sml 20% Tween-20, 10ml
10% CHAPS, 10ml 0.5M EDTA

MAB
100mM Maleic Acid, 150mM NaCl pH 7.5

Boehringer blocking solution (10%)

Dissolve Boehringer blocking reagent in maleic acid buffer (MAB) (10g for 100ml).

Heat and vortex frequently to dissolve completely. Store at —20°C as a stock solution.

Antibody Bufler

10% heat inactivated goat serum, 10% Boehringer blocking stock solution. 80%

PBSw. Heat at 70°C for 10 minutes, vortex, cool on ice and filter. Aliquot and storc at —20°C.,

AP1 Buffer
0.1M NaCl, 0.1M Tris pH 9.5, S0mM MgCI2

Stop Solution
100mM Tris pH 7.4, ImM EDTA

Bleaching solution
2/3 Methanol 100%, 1/3 Hydroxyde Peroxyde 31.5% (final 10.5%), Make fresh each

time.

Chemicals for making the probe

Dig RNA Labelling Mix (10x) — Roche #1277073, Flu RNA Labelling Mix (10x) —
Roche #1685619, Transcription Buffer (10x) — Roche #1465384, RNA Guard — Roche
#3335399, T3 RNA Polymerase — Roche #1031163, T7 RNA Polymerase — Roche #881767,
SP6 RNA Polymerase — Roche #810274, Quick Spin Columns — Roche #1274015, QIlAquick
Gel Extraction Kit — Qiagen #28706
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Chemicals for ISH

Boehringer Block — Roche #1096176, Proteinase K — Gibeo #25530-049, Anti Dig-AP
— Roche #1093274, Anti Flu-AP — Roche #1426338, Anti Dig-POD — Roche #1207733, Anti
Flu-POD — Roche #1426346, BM Purple — Roche #1442074, Hydrogen Peroxide 31.5% —
Calbiochem#386790.

ZFNs were purchased from Sigma-Aldrich. 250 pg of mRNAs encoding the ZFN pair
were injected into 1-cell stage embryos. ZEN binding sites within exon 1 are as follows:
5" TCCACCCGCTGTATCT 3’ (SEQ ID NO: 133) and 5 GCTGCTGCTGACAGT 3
(SEQ ID NO: 134). Sequencing primers flanking the mutation sites are: forward
5" AACACTTGCTGAGAGCGACAG 3’ (SEQID NO: 135), reverse
S AGATGTGGTGGTGTTGAGTAGC 3° (SEQ ID NO: 136). For ela overexpression, 200
pg of SP6-transcribed zebrafish ela capped mRNA (Applied Biosystems) was injected into I-
cell stage zebrafish embryos, Translation blocking MOs used for apiinra and apfnrb have been
described previously (Scotl et al., 2007; Zeng et al., 2007} and were purchased from Gene
tools (Oregon, USA). Embryos were injected at 1-cell stage with a combination of 1 ng of
aplnra MO and 0.5 ng of apfnrb MO (Zeng et al., 2007). Information on probes used for g-
PCR and WISH can be found in Tables E1 and E2. Zebrafish embryos at 100% epiboly were
dechorionaled and processed for western blotting as previously described (Link et al., 2006).
For the Xenopus sccretion assay, 16 ng of SPo-transcribed human ELA4 capped mRNA
(Applicd Biosystems) was injected into cach cell of 4-cell stage embryos, At stage 8, embryos
were dechorionated and dissociated in CMFM medium with 5 mM EDTA., Cell pellets of 10
cmbryos were transferred into 1.5 mL tubes and allowed to scerete for 24 hours at room
temperature in 40 p of fresh CMFM medium with or without BFA, The conditioned
supernatant was carefully depleted of all cells before SDS-PAGE electrophoresis on 16.5%

Tris-Tricine precast gels (BioRad).

ISH probes

Forward Reverse

(SEQID NOs: 137 10 140)  (SEQ ID NOs: 141 to 144)
aplnra atggagcecaacgecggaat - fcacacttiggtpgccage
aplnrb atgaalgecatggacaacat tcacacclicgtagecage
cnilel acacacatcccagcecttite ccaatttcalicggeaatet
ela ccaleccteagapggacagag catgtitggecapeagtagga

References

bra ' (Schulte-Merker et al., 1994)
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gatad (Reiter et al., 1999)
scl (Schoenebeck and Yelon, 2007)
soxl7 (Alexander and Stainier, 1999)

Table E2. Inn situ Hybridisation Probes.
Example 6. Materials and Methods: ELISA

For sandwich ELISA assays, goat ¢ C antibody (4 pg/ml) was used as the capture
antibody and blocked with 3% BSA in PBS-Tween (0.05%v/v). hESCs were cultured for 24
hours in mTSER1 and supernatants harvested and incubated with the capture antibody for [
hour at room temperature. After 5 washes with PBST, rabbit ¢, C (0.8 pg/mL ) followed by
anti-rabbit HRP (Jackson Immunolabs, 0.12 pg/ml) in 3% BSA/PBST were used for detection
with 3,3",5,5"-Tetramethylbenzidine chromogenic substrate. Recombinant ELA peptide of

known concentration (Picrce BCA Protein Assay kit) was used to generate a standard curve.
Example 7. Materials and Methods: AP-ELA Binding Assay

An AP-ELA fusion construct was generated by cloning the mature C-terminal 32-mer
of ELA in frame with the 3’ end of the alkaline phosphatase ORF containing an N-terminal
signal sequence rom Xenopurs Chordin (Reversade and De Robertis, 2005). This construct was
transfected into 293T cells with Fugene HD (Promega) and allowed to scerete for 48 hours
into serum-free media (Pro293a CDM, Lonza). The resulting supernatant was incubated with
test cells for 3 hours, washed 3 times with PBS, lysed, and heated at 65°C to inactivatc
endogenous alkaline phosphatases. Lysates were then incubated with BM Purple (Roche) at

37°C for chromogenic development.
IExample 8. Materials and Methods; Statistical Analysis

To analyze the statistical significance of differences between group means, two-tailed

unpaired Student’s T-test was used throughout the study. Significance levels are denoted by *
(p<0.05); ** (p<0.01), *** (p<0.001).

Unless otherwise indicated, all values were expressed as mean = SEM., Comparison of
means were performed using two-tailed Student’s unpaired t-test in Prisim GraphPad, with

sighificance levels indicated as follows: n.s. p > 0.05; * p <0.05; ** p <0.01; *** p <0.001.
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Example 9. Materials and Methods: DNA construets and site-direeted mutagencsis

Zebrafish aplura, aplnrb and elabela ORT's were cloned from 80%-epiboly cDNA into
vector pCS2+ between restriction sites BamHI and Xbal. ITuman APLNR and GPR/5 ORI's
were cloned from human genomic DNA into pCS2+ between restriction sites Bam!il1l and
Xbal. Primers used can be found on Table E3. aplnh¥ ™" (apinb™*™) was generated using
QuikChange Site-dirceted Mutagenesis kit (Stratagene), with the following primer pair:

5" CTTTGTGGTGACCCTGCCCCTGTTGGCCGTCTACACTGCTCTG 3’ (SEQ ID NO:
i45)and 5> CAGAGCAGTGTAGACGGCCAACAGGGGCAGGGTCACCACAAAG 3’
(SEQ ID NO: 146).

Cloning primers

Forward Reverse
(SEQ 1D NOs: 147, 148, (SEQ ID NOs: 150, 151, 141,
137, 138 and 149) and 152)
Human
APLNR atggaggaaggtgplgatittga ggagacccligiggttgactag
GPRIS alggacccagaagaaacttcag ftagagtgacacagaccictice
Zebrafish
aplnra alggapccaacgecggaat tcacactttggtggccage
aptnrh atgaatgecatggacaacatl tcacaccticgtagceage
ela atgagattcttccaccege tcaaggpaaagglacictggag

Table E3. List of cloning primers
Example 10, Materials and Methods: siRNA-mediated ELA knockdown

Anti-ELA sIRNAs were produced by RNase I1I (New England Biolabs) cleavage of
double stranded full-length L4 mRNA produced by T7 in vitro transcription (Applied

Biosystems). siRNAs were transfected into hESCs with Lipofectamine RNAiMax (Invitrogen)

for 48-72 hours prior to assay.
Example 11, Materials and Methods: POUSF! knockdown

POUSE! is also known as OCT-4, Inducible knockdown of POUSF] in Shefdyqrs was
performed as previously reported by Zarafana and colleagues (Zafarana et al., 2009). Briefly,
Shefdronrs sheousre DESCs were cultured in the presence (shPOQUSFI) or absence (Control) of

5 ng/ml doxycycline for the indicated durations and harvested for qPCR analysis.
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Example 12. Materials and Methods: Luciferase Reporter Assay

The ELA promoter situated between coordinates chrd:165,796,806-165,798,359 (hgl9)
was amplified from human genomic DNA and cloned upstream of a firefly lucilerase reporter
gene in pGL3basic (Promega) to generate pGL3-ELAgomoter. To generate pGL3-

ELA promoter+0UsE 1enhancers the POUSE1 enhancer region situated between coordinates
chr4:165,787,570-165,788,797 (hg19) containing several POUSE] putative binding sites as
predicted by TRANSFAC (Matys ct al., 2006) was cloned from human genomic DNA and
inserted 5° of the ELA promoter in pGL3-ELApomoter- These constructs were nucleofected into
hESCs (Human Stem Cell Nucleofector® kit, Lonza) together with pRL-CMV (Promega) for
24 hours. Normalized firetly activity was measured using Dual-Glo® Luciferase Assay

System {Promegay).
Example 13, Materials and Methods: Teratoma Analysis

Shefdrors.shezas cells were cultured in the presence (shLA) or absence (Control) of 20
ng/ml doxycyceline for 3 passages (4 days/passage). Cells were harvested with Accutase
(Stemcell Technologies) and resuspended in 1 part Matrigel to 2 parts mTSERL. 10 million
cells in 200 pl were injected subcutaneously into the right hind paunches of SCID mice,
shisLA-injected mice were fed doxycycline (20 pg/ml) for 3 weeks following injection. Mice

were sacrificed 60 days post-injection for tumor analysis.
Example 14, Materials and Methods: Directed Endoderm Ditferentiation

Shefdyers-shers and Shefdrors.shpan cells were cultured in the presence (shZLA4 and
shff2M respectively) or absence (Control) of 20 ng/mt doxycycline for [ passage (4 days) and
dissociated with Accutase. 0.6 million cells were plated into each well of a matrigel-coated 6
well dish in the presence of 10 uM Y-27632 in mTSERI. 24 hours later, the media was
changed to Endo differentiation media 1 [RPMI 1640 (Gibeo), 1X B-27 supplement
(Invitrogen), 50 ng/mi of Activin A (R&D Systems), 25 ng/ml BMP4 (R&D Systems) and 50
ng/ml bFGF (Invitrogen)] for 3 days. On day 3, the media was changed to Endo
differentiation media 2 (RPMI 1640, B27, 50 ng/m! Activin) for 2 more days of culture.
Rescue experiments were performed by adding 2.5 uM of ELA peptide to Shefdrers.sner
concurrently with doxycycline up to day 3, when the ELA peptide is no longer necessary as

judged by downregulation of endogenous FLA.
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On day 5, cells were fixed with 4% paraformaldehyde and stained with ¢ SOX17
(AF1924, R&D Systems) and DATPI. For each well, three different randomly selected fields
were imaged and the number of nuclei staining positive of SOX 17 and DAPI were counted
using a custom macro in Imagel. A minimum of two wells per condition was used for cach

experiment, and a minimum of (wo independent experiments were performed to generate the

results.
Example 15, Materials and Methoeds: shRNA-Mediated Knockdown of APLNR

Lentiviral constructs encoding shRNA hairpins were prepared as previously described
(Tiscornia et al., 2006a). Briefly, L-CMV-GFP-Nhel vector was modified by replacing the
CMV-GFEFP with PGK-GFP-P2A PURO cassette for stable expression in hIESCs. Validated
shRNA sequences (si4dPLNR-1: 5> ACACGTACCGGGACTATGA 3’ (SEQ ID NO: 153),
shAPLNR-2: 5 CCATCATGCTGACCTGTTA 3’ (SEQ ID NO: 154) and Control: 5°
GACCTCTGCGCCTAATTAT 3° (SEQ 1D NO: 155)) were cloned into Nhel site along with
the along with H1 promoter. Lentiviral particles were prepared as described (Tiscornia et al.,
2000b). HES3 human embryonic stem cells were transduced with 2TU of lentiviruses and

selected with 2 ug/ml puromycin for 2 weeks on feeder free culture system.
Example 16. Materials and Methods: Mesoendoderm Differentiation of hESC

To obtain hESC-derived cells that express APLNR, we adopted a protocol for cardiac
differentiation, which was stopped at Day 3 when APLNR expression peaks (Lian ct al.,
2013). We refer to this intermediary cell type as Day 3-differentiated mesoendoderm. Briefly,
Shefd and HES3 hESCs were dissociated with Accutase, and 0.14 miilion cells were plated
into each well of a Matrigel-coated 24 well plate in the presence of 5 tM Y-27632 in
mTSERI, The media was changed daily for 4 days with mTSER1 until the cells became 90%
confluent, On Day 0, mTSER1 was then replaced with differentiation media [RPMI 1640, B-
27 supplement with no insulin (Invitrogen)] with 9 uM of GSK3[ inhibitor CHIR99201
(BioVision) for 24 hours. The cells were further grown for 2 days in RPMI+B27 without

insulin until Day 3, when they were used for qPCR, flow cytometry and AP-binding assays.
Example 17. Materials and Methods: Flow Cytometry

Cells were resuspended to 2.5 million/ml and stained with 5 pg/mi of ¢ APLNR

(MABBS6, R&D Systems) in PBS/5%FBS/1 mM EDTA for 30 minutes on ice, followed by
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wash in buffer, and stain with o mouse-IgG-Alexa Fluo488 (Molecular Probes) for 30 minutes
on ice, Flow cytometry was carried out on LSRII (Becton Dickinson) and data analysis was

performed with Flowlo (Treestar Inc.).

Example 18. Results: ELA is a Conserved Hormone Associated with Human Embryonic

Pluripotency

Within the human pluripotency circuitry network, which we delincated as the core
intersection of the syn-expresston groups (Day et al., 2009; Niehrs and Pollet, 1999) of
NANOG, POUSFT and PRDMI4, lies a list of 33 transcripts (Figure 1A), six of which are still
unknown or uncharacterized. One, AK092578, was previously reported to be specific to
undifferentiated hESCs (Miura et al., 2004). According to UniGene, this transcript is
conspicuously expressed in human blastocysts before implantation (Figure 9A and Figure 9B).
Its expression is dependent on an active POUSF/ regulatory element 10 kb upstream of its
promoter and is downregulated in POUSFI-depleted hESCs (Figure 9C and Figure 9D),
Consistent with this, LA transcription is highest in undifferentiated hESCs and becomes
rapidly silenced during embryoid body, endodermal, RA-mediated neuronal and cardiac

directed differentiation (Figure 1B, Figure 9E to Figure 9H).

These data validale that EKA expression is correlated with the undifferentiated state of

hESCs and is associated with the pre-implantation human development,

Human ELA consists of 3 exons on chromosome 4 that generates a transcript annotated
as a non-coding RNA, However, L4 mRNA contains a conserved ORF which encodes a
predicted polypeptide of 54 amino acids (Figure 1C). Phylogenetic analysis revealed that this
polypeptide is a highly conserved protein with a predicted N-terminal signal sequence of 22
residues (Figure 1C). Along with a pair of conserved cysteines, the last 13 residues are nearly
invariant in all vertebrate species (Figure 1C). Based on this prediction, we raised antibodies
against the N- and C-termini of the predicted mature ELA peptide (referred hereafter as ¢ N
and u. C antibodies) (Figure [ C). To confirm that ELA is processed for secretion, human £LA
ORF mRNA was microinjected in 4-cell stage Xenopus laevis embryos. After 10 hours of
secretion, we confirmed that £Z4 was translated, processed and secreted by embryos using the
g C antibody (Figure 1D). In the supernatant, processed ELA was of the same size as a
synthetically produced recombinant ELA, Increasing amounts of Brefeldin A (BFA), an

antibiotic that blocks the exit of secretory proteins from the endoplasmic reticulum, was able
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to block ELA processing and secrction (Figure 1D). Unlike the v. C antibody, which
recognizes both full-length and processed ELA, the « N antibody was specific to mature ELA,
indicating that its epitope is revealed once the signal peptide is cleaved (Figure 1E). Taken
together, these data confirm that £L4 belongs to the pluripotency network of hESCs and

encodes a potentially soluble mature peptide with a molecular weight of less than 4 kDa.
Example 19. Results: ELA is Secrefted by hESCs and is Necded for their Self-renewal

ELA is a bona fide endogenous protein because il is detectable by
immunofluorescence using the o N and C antibodies in hESCs and in related human
embryonic carcinoma cells (RECs) (Figure 2A and Figure 10A to Figure 10C). ELA staining
was highest in the Golgi apparatus as evidenced by co-localization with TGN46, a marker of
the trans-Golgi network, but is also found in the cytoplasm (Figure 2A and Figure 10A), This
staining is specific, as it was markedly reduced upon siRNA- and shRNA-mediated £LA4
knockdown in both pluripotent cell types (Figure 2A and Figure 10C). We confirmed that
endogenous ELA was indeed secreted because it is readily detected in the supernatant of
cultured hESCs using a sandwich ELISA assay (Figure 2B). We estimated that over a period
of 5 days, soluble endogenous ELA reached nanomolar range concentrations in the

supernatant of hESCs (Figure 2C).

To assess ELA function, we next generated stable doxycycline-inducible shRNA
knockdown hESCs against £LA4 and a non-essential gene f2-MICROGLOBULIN (32M)
(Figure 10D) (Zafarana et al., 2009). sh&LA knockdown achieved approximately 85%
depletion of extracellular ELA relative to control levels (Figure 2C). Prolonged depletion of
ELA, but not f2M, resulted in a gradual loss of hESCs colony morphology and a
downregulation of pluripotency markers POUSF1, NANOG, SSEA3 and TRA-1-60 (Figure
2D, Figure 10F and Figure 10G). sh&LA hESCs injected into SCID mice did not form
teratomas as did control hESCs (Figure 10L%). In line with these results, sh=ZLA4 hESCs
displayed markedly reduced growth rates compared to control and sh2M hESCs when seeded
as single cells as shown by real-time cell index analysis (Figure 2E). This index serves a
proxy for cell numbers, which is proportional to the surface area occupied (Figure 2E). Slower
growth rates were also documented in shELA hESC colonies that were on average less than
half the size of shf32Af hESCs (Figure 2F).
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Altogether these findings argue that the hormonal peptide ELA made by hESCs is key

to their self-renewal and maintenance in culture.

This impairment in cell numbers was not due to the activation of G1/S checkpoint or
lengthened GO residence, as evidenced by EDU staining (IFigure 10H). Cell cycle analysis
following release from a double thymidine block, which synchronizes hESCs in the G1 phase,
confirmed this result (Figure 2G). Rather, shELA hESCs underwent apoptosis at a
significantly higher rate compared to control hESCs, as revealed by an approximately 40%

increase in the number of ANNEXIN V and activated CASPASE 3-positive cells (Figure 2H).

We conclude from these observations that ELA 1s an endogenous secreted peptide that
is essential for the survival and self-renewal of hESCs and that its depletion triggers apoptosis

and gradual differentiation,

Example 20. Results: Exogenous ELA promotes Growth and Primes hESCs towards

Mesendoderm Lineages

We next assessed the bioactivity of mature ELA. To this end we synthetically
produced recombinant mature ELA at 98% purity as a 32 amino-acid peptide bearing an

intramolecular cystine bond between cysteine residues 39 and 44 (Figure 3A).

This recombinant FITC-labeled ELA was rapidly up-taken by hESCs (Figure 3B). We
found that mutation of two invariant arginines into glycines (R31G and R32G) completely

abolished the uptake of recombinant ELA (Figure 3A and 3B).

While shELA hESCs showed reduced growth, hESCs pulsed with ELA peptide
showed dose-dependent enhanced growth rélative to untreated cells. This was independently
documented by cell counts (Figure 3C), colony size (Figure 3D) and by real-time
measurement of cell indices (Figure 3E and Figure 11A). The doubly mutated ELA mutant

peptide (referred to as ELAR®YY

) was without effect in these assays (Figure 3D and 3E).
Notably, the growth of shifZA hESCs was entirely rescued to norimal levels by addition of
recombinant ELA, but not ELAY99 showing that ELA can exett its role wholly as a non-

cell autonomous factor (Figure 3F).

We therefore hypothesized that its direct inhibition in the extracellular space should
yield similar results as its depletion at the mRNA level. Indeed, we found that addition of

affinity-purified o C and N antibodies to hESC medium recapitulated the effects of sh&£LA
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(Figure 3G and Figure 11B), indicating that these antibodies have potent ELA-neutralizing

T . : RR>GG
activity, The non-signaling mutant ELA

peptide was used as a competitive inhibitor of
the o C antibody to prove the specificity of this assay (Figure 3G). It is noteworthy that
recombinant ELA cxerted activity only on hESCs cultures and no other differentiated cell

types including hECs, a human chondrosarcoma cell line or primary human fibroblasts
(Figure 310).

We conclude from these data that exogenous ELABELA is sufficient to enhance the

growth ol hESCs.

We observed that in the presence of elevated ELA, following the addition of
exogenous ELA peptide to hESC cultures, mesendodermal genes including GATAS, GATA4,
FOXA2, EOMES and BRA were consistently upregulated. These same markers were
conversely downregulated in sh LA hESCs (Figure 31}, In spite of this, hESCs did not appear
to fose stemness, as judged by the unchanged levels of cell surface markers SSEA3 and TRA-
1-60 (Figure 31). This priming towards mesendoderm did not represent a permanent lineage
commitment, since ELA-treated hESCs were not biased towards mesoderm or endoderm
lineages during embryoid body differentiation and could equally express NESTIN a
neuroectodermal marker (Figure 3K). Taken together, these data suggest that mature ELA
functions as an extraceilular factor able to elicit enhanced growth and survival of hESCs.
Upon overexpression, ELA poises hESCs towards the mesendoderm lineage but without

causing overt lincage commitment.
Example 21. Results: Creating an Allelic Series of efa Mutants in Zebrafish

During zebrafish embryogenesis, efa is expressed from the mid-blastula transition
(MBT) to 3 days post-fertilization (Figure 4A and 4B). Without any measurable malternal
contribution, ef« is ubiquitous in dividing cells of the blastoderm before becoming restricted
after gastrulation to axial structures with most prominent expression in the neural tube (Figure
4A). ela is located on chromosome 1 and also consists of 3 exons (Figure 4C). To document
the exact function and requirement for efa in vivo, we designed and injected custom ZFNs to
induce double-stranded breaks in exon 1 of ele, which codes for its signal peptide. Screening
of the F1 generation allowed us to identify an allelic series (Figure 4D) of heterozygous ela
fish that were selected and backcrossed at least five times before phenotypic analysis was

undertaken,
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We analyzed 3 distinct efg alleles. efa”?! is a 21 bp deletion causing a unique 7 amino

acid in-frame deletion within the signal peptide but which leaves the mature peptide intact.

N ; N
bl and e[”lﬂ 15

ela are frameshift alieles caused by deletion of 13 and 15 bp, respectively, that
disrupt the entire mature Ela peptide (Figure 4D). ¢/a null embryos developed normally up to
50% epiboly, after which migration anomalies were observed in the germ ring; ele null
embryos were easily scored by eye using the “rough” and constricted appearance of the
involuting marginal layer at the shield stage (Figure 4E). At 100% epiboly, when ela

13 MRNA was shorter than

expression peaks (Figure 413), we confirmed by RT-PCR that ela
that of wildtype ela mRNA (Figure 4F), which is consistent with its biallelic genomic
deletion. By western blotting using « C antibodies, the endogenous Lila full-length protein

could be detected in extracts of wt embryos but was absent from ela™"? embryos (Figure 4¥).
Example 22, Results: Loss of e/a Causes Embryonic Lethality Due to Heart Dysgencsis

All ela homozygous mutant fish showed similar phenotypes and were of expected
Mendelian recessive ratios (Figure SA and Figure 12A to Figure 12C), suggesting that the
three alleles behave as loss-of-function mutants. e/ heterozygous fish were ostensibly
normal, while e/a null fish presented with severe cardiac dysplasia ranging from rudimentary
heart to no heart (Figure 5A, Figure 5B and Figure 12A to Figure 12C). Loss, or severe
reduction of embryonic heart imarker coile] was seen in more than 95% of ela null embryos
{n>370) regardless of the allele analyzed (Figure 5C). No blood circulation was observed and
excess erythrocytes accumulated at the intermediate cell mass (ICM) (Figure 5A), which was

confirmed by sef upregulation in ele mutant embryos relative to heterozygous siblings (Figure
5D).

In addition, e/a mutant larvae displayed variable posterior truncations, and at times,
tailbud duplications. Posterior tissue defects ranged from loss of ventral fin to complete tail
and trunk truncations (Figure 5A). Unexpectedly, similar phenotypes were also observed upon
ela mRNA overexpression (Figure 12D). Thousands of e/a null embryos from all three
genotypes were obtained and scored into 3 classes according to the severity of tail defects
(Figure 5A and 5E). We obscrved that the relative proportions of each class varied greatly
among heterozygous crosses (Figure SE) and even among different cluiches of embryos born
to identical parents (data not shown}, suggesting notable phenotypic variance in tail
development but not in heart morphogenesis. Remarkably, a very low percentage of ela null

mutants develop to fertile adults (Figure SF), ruling out any maternal e/« effects and



10

15

20

25

30

175

permitting homozygous crosses to yield 100% null clutches. These 3 ela loss-of-function
allcles show that truncation of one third of the Ela signal peptide causes identical phenotypes
as frameshift mutations, indicating that Bla requires an intact signal peptide to be functional in
vivo. Moreover, these recessive efa alleles suggest that lowering Ela levels by half is of no
obvious consequence whereas its total absence is incompatible to heart development,

hematopoiesis and to a lesser extent for tail clongation.

Example 23. Results: ELA is Required for 'roper Endoderm Differentiation in

Zebrafish and hIESCs

In order to understand the embryological origin of the severe cardiac defects observed
in e/a mutant fish, we analyzed by whole-mount in situ hybridization a series of markers for
all three embryonic germ layers. Most prominently, e/a mutant gastrulae displayed specific
defects in the mesendodermal lineage (Figure 6A-D}. Mesoderm, marked by bra, exhibited
impaired epiboly movements presumably caused by convergent-extension anomalies, At
100% epiboly ela mutant embryos were delayed and had an open blastopore with a shorter
and thicker notochord relative to wildtype (wt) embryos (Figure 6A). The expression of gafa5,
which marks mesendoderm and promotes the development of cardiovascular progenitor cells
(CPCs), was distinctly altered in efa embryos compared to wi embryos at 75% epiboly;
instead of marking a discrete axial population of cells in the heart-forming region, el/o null
embryos displayed a distinctive chevron shape around the organizer that was continuous with
the marginal gata3- expressing cells (Figure 6B). Expression of sox/7, which marks definitive
endodermal precursors, was equally chevron-shaped in the dorsal side, although sox/7
forerunner cells were unaltered by the absence of e/a (Figure 6C and Figure 13A), We
observed a significant reduction in the total number of sox/7" cells at 75% epiboly, which on

average were reduced by 30 to 40% compared to wt or e/a heterozygous siblings (Figure 6D).

To test whether human £LA4 is similarly required for endoderm differentiation of
hESCs, we differentiated hESCs for 5 days and counted the number of SOX 17" definitive
endoderm cells. We observed impaired endoderm differentiation of sh&LA but not shf2M or
control hESCs (Figure 6E, Figure 13B and Figure 13C). shZLA hESCs showed a significant
45% reduction over control in the number of SOX 17" cells which could be entirely rescued by
addition of the recombinant TLA peptide (Figure 6F). We conclude that ELA is essential both
in vivo and in vitro for embryonic pluripotency and for the proper differentiation of

endodermal precursors,
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Example 24, Results; APLNR is the Cognate Receptor for ELA During Heart

Development

[Hormonal peptides signal through G-protein coupled Receptors (GPCRs). One such
GPCR, the apelin receptor (APLNR), has been implicated in heart development in fish and
mice. The zcbrafish mutant grinch, which carries a recessive W90L missense mutation in
aplnrb, and Apinr knockout mice both have defects in cardiac morphogenesis (Charo et al.,
2009; Scott et al., 2007). Unexpectedly however, loss of APLN, the accepted ligand for
APLNR does not recapitulate the phenotype of grinch in zebrafish or Ap/nr null mice. We
surmised that ELA might be the long sought-after alternate and earlier ligand for APLNR
(Charo et al., 2009; Scott et al., 2007). Unlike most other hormones that have neai‘ heutral
isoelectric points, ELA and APLN are rich in basic residues and have isoelectric points above
12 (Figure 7A), suggesting they might share a common receptor. For ELA to be the first
ligand of APLNR, we contended that it should: 1) be expressed concomitantly with aplns
before the onset of gastrulation; 2) be expressed in, or adjacent to, apinr-expressing cells; 3)
phenocopy aplrr mutants and 4) bind to APLNR on the surface of cells. Consistent with
previous reports, the onset of ap/nra and aplnrb coincides with that of e/a at MBT, whereas
aplin expression begins 5 hours later during gastrulation (Figure 7B). Cells expressing aplnra
and aplnrb are in the hypoblast (Zeng et al., 2007), just beneath the overlying enveleping
layer where ela is ubiquitously transcribed (Figure 4A and 7C). We found that the expression
of apinra and aplnrb was also responsive to the loss of ela, displaying a more condensed
pattern at the margin relative to wt embryos (Figure 7C). Phenotypically, and using an array
ol markers, we found that ap/ir morphants were indistinguishable from e/ null embryos.
Both exhibited pericardial oedema with markedly reduced emicl expression and accumulation
of erythrocytes in the ICM at 30 hours post fertilization (hpf). By six days, all ¢/a mutant and
aplnr morphant embryos had cardiac dysplasia with little to no blood circulation (Figure 7D-
7F). These in vivo data demonstrate that loss of ele phenocopies the loss of ap/nr, arguing that
they form a ligand-receptor pair in vivo. Lastly, overexpression of zebrafish aplira/b and
human APLNR in HEK293T cells, which do not express APLNR and do not bind ELA, was
sufficient to afford cell-surface binding to ELA conjugated to Alkaline Phosphatase (AP-
ELA) (Figure 7G). Ln contrast aplnrb®™" was unable to bind AP-ELA nor could GPRIS
(Figure 7H), an orphan GPCR closely related to APLNR (Vassilatis et al., 2003). These

results suggest that extracellular ELA can bind APLNR in a native cellular context. Taken
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together, our results strongly support the notion that ELA, and not APLN, is the first agonist

of APLNR which in tandem direct endodermal differentiation for cardiac development.

Unexpectedly, APLNR is reported to be absent in hESCs (Vodyanik et al., 2010; Yu et
al., 2012), arguing that it is not the ELA receptor mediating hESCs self-renewal. Unlike L4,
which is marked by H3K4me3 and actively transcribed in hESCs, APLNR is methylated and
not transcribed (Figure 14A). We confirmed the absence of APLNR transcripts in the Shef4
and HES3 hESC lines by qPCR and flow cytometry. In contrast, APLNR transcripts were
upregulated ﬁbout 2500-fold upon mesendoderm differcntiation, when cell surface APLNR
becomes robustly detectable (Figure 14B and Figure 14C), Notwithstanding, we performed
shRNA-mediated depletion of APLNR in hESCs to ensure that trace levels of APLNR in
hESCs could not account for cell surface binding of ELA. Depletion of APLNR in hESCs
(Figure 14B and Figure 14D) could not reduce binding of AP-ELA to undifferentiated hESCs,
but was sufficient to significantly diminish the levels of AP-ELA bound to hESC-derived
mesendoderm cells (Figure 14E). These data suggest that while APLNR is both necessary and
sufficient to confer cell surface binding to ELA in differentiated cells, it is not the endogenous
receptor for ELA in undifferentiated hESCs. Consistent with this conclusion, the growth of
shAPLNR hESCs was not compromised (Figure 14F), unlike that of shEL4 hESCs. From
these experiments, we predict that an alternate ELA receptor exists in hESCs and is

responsible for maintaining embryonic self-renewal.
Example 25, Discussion

Our work has uncovered a new peptide hormone with potent embryonic signaling
activity, We surmise that more will surface as careful examinations of multi-exonic transeripts
are screcned for the existence of phylogenetically conscrved small ORFs. Encoded by a
transcript believed to be a non-coding RNA, ELABELA is in fact the precursor for a small
secreted peptide found in all vertebrate species. Its mature form ELA, is central to self-
rencwal of hESCs and required for endoderm differentiation. In vivo, ela specifically affects
the mesendodermal lineage where its activity, transduced by APLNR, brings about the
migration and differentiation of the cardiac lineage. The identity of ELA’s receptor in hESCs

is unknown and is the subject of intense investigation.
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Example 26. Discussion: Regulation of Embryonic Pluripotency by Secreted Factors

A disproportionate emphasis has been placed on transcription factors for the
maintenance of the pluripotency circuit. In recent years, a plethora of transcription factors has
been shown to be eritical for the pluripotent state and to enhance reprogramming (Takahashi
and Yamanaka, 2006). However, no novel secreted factors, along with NODAL/BMP and
IGF/FGF that are established factors for pluripotency, have been discovered in the last 20
years. Here we present evidence that one such extracellular molecule, ELA exists and plays an
important role in stemness, Unlike FGT's which needs to be added exogenously, or secreted by
feeder cells to maintain pluripotency in hI:SCs, ELA is endogenously synthesized, secreted
and taken up by hESCs in an autocrine and/or paracrine fashion in self-sufficient quantities.
The reason why such molecules are needed is not entirely clear but the fact that inhibition of
ELA causes rapid apoptosis suggests that it serves as a pro-survival féclor to counteract the
high levels of spontancous apoptosis that are inherent to hESCs, particularly following
dissociation (Wang et al., 2009; Watanabe et al., 2007). In line with this, we note that the
depletion of ELA in hESCs grown as single cells is more detrimental than hESCs grown in
colonies. Alternatively, this might point to the extracellular activity of the peptide, which may
be more readily captured in a paracrine manner by hESC colonies than it is by single cells.
Also, we nole that while endogenous ELA is present in hESC-conditioned media in the nM
range, our recombinant peptide, although specific, is bioactive only in the uM range. This
finding suggests existence of possible post-translational modifications on endogenous ELA

that are required for its full potency, as is the case for GHRELIN (Kojima et al., 1999).

Our observation that recombinant ELA is rapidly taken up by hESCs and that
endogenous ELA can be found in the cytoplasm suggests that it has a dedicated receptor in
these cells, We do not favor the possibility that ELA behaves a self-penetrating peptide
despite its very basic amino-acid make-up (Green and Loewenstein, 1988) because its rapid
cellular uptake is only observed in hESCs and not in other tested cell types. APLNR is silent in
hESCs (Figure 14A to Figure 14C), we therefore believe that another cell surface receptor

mediates ELA activity in hZSCs.
Example 27. Discussion: The ELA-APLNR Axis in Cardiovascular Development

Stainier and colleagues have shown that although apfnr is required prior to the onset of

pastrulation for proper cardiac morphogenesis, its known ligand ap/n is not expressed until
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mid-gastrulation (Scott et al., 2007). Similarly in mice, several groups have reported that the
knockouts of Apii and Apfnr are not functionally allelic, as would be expected if a lincar and
exclusive ligand-receptor relationship linked Apln to Aplnr. This has led some to hypothesize
that Aplnr may have ligand-independent functions and recent reports have shown that Aplnr
can respond to stretch in the absence of Apln (Scimia et al., 2012). An alternate and non
mutually-exclusive explanation for this phenomenon invokes the existence of a second ligand
for APLNR. Our results strongly suggest that ELA fulfills this role in early zebrafish
embryogenesis, where e/¢ phenocopies the loss of apimr and directs the migration and

amplification of endodermal precursors for proper cardiac ontogeny.

At present, it is unclear if APLN and ELA signal through APLNR to elicit identical
signaling cascades and therefore partly compensate for one another. With respect to
cardiovascular development however, we note that ap/n zebrafish morphants or ap/n mouse
knockouts do not display overt congenital cardiac anomalies (Kuba et al., 2007; Scott et al.,
2007). The ELA-APLNR axis thus appears to be exclusive for cardiac development and APLN
may be insufficient cither due to diverging signaling downstream of APLNR, or simply due to

incompatible spatiotemporal patterns of expression.

How eld in the epibolyzing blastoderm affects the migration and differentiation of
aplnr-expressing endodermal precursors in the hypoblast is not clear. Our analysis places ela
upstream of gafa5, one of the earliest markers of mesendodermal cells, which fails to coalesce
at the midline in e/e mutants. Mutation in gafad in faust zebrafish demonstrates that this
transcription factor is required for precardiac mesoderm fo migrate to the embryonic midline
(Reiter et al., 1999). The myocardium lineage which is one of the first paraxial cell
populations to migrate into the anterior lateral plate mesoderm (ALPM) is very sensitive to
changes in the endoderm lineage, which is specified by the Nodal pathway (Schier, 2003).
Our loss-of-function alleles place signaling by Ela upstream, or in parallel to the endodermal-
mediated pathway for heart morphogenesis. Ela may be required for the correct proliferation
of endoderm precursor cells as judged by their decreased numbers in ela mutant fish.
Alternatively, or concurrently, Ela may behave as a chemotactic stimulus that promotes the
timely migration of endodermal cells towards the midline, who in turn guide the
cardiovascular progenitor cells (CPCs) towards the APLM and render them competent to

initiate cardiogenesis.
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Example 28. Discussion: Polygamy of Ligand-Receptor Pairing

~ One receptor, multiple ligands. The TGFf ligands ACTIVIN and NODAL have
distinct spatiotemporal expression during development which allows for the same set of
receptors to be activated sequentially. In the case of ELA and APLN, likewise, differences in
tissue and timing of expression could potentially expand the utility of the APLNR signaling
cascade. However, unlike ACTIVIN and NODATL which are structurally related TGF
cytokines, ELA and APLN do not share sequence homology besides being both very basic
proteins. A similar scenario exists within the world of small peptides, where for instance for
the Calcitonin-gene-related peptide (CGRP) and adrenomedullin (AM) hormone both signal
through the same GPCR calcitonin-receptor-like receptor (CRLR) depending on which
member of the single membrane-spanning RAMP protein is present. By interacting with
RAMP!, CRLR acquires a high affinity for CGRP, whereas by interacting with RAMP2 or
RAMP3, CRLR acquires a high affinity for AM (McLatchie et al., 1998). This system enables

one receptor to fransduce the signals of multiple ligands.
Example 29, Discussion: One Ligand, Multiple Receptors

While ELA signaling appears to be mediated by the APNLR during heart
development, we [ind that APLNR is not expressed in hESCs where ELA has potent
bioactivity. This would not be unprecedented and examples abound of ligands signaling
through distinct receptors in a context- and tissue-dependent manner. For instance, WNT
ligands signal primarily through GPCRs of the FRIZZLED family (Niehrs, 2012) but also via
RTK such as ROR for convergent-extension movements (Hikasa ct al., 2002), Likewise, ELA
signals through APLNR to direct cardiac progenitor migration in the early embryo whereas it
may signal through an as-yet unidentified receptor in hESCs to promote self-renewal and
growth. This putative “ménage a quatre” suggests the existence of a delicate and fine-tuned
relationship between ELA, APLN, APLNR and ELA’s hESC-specific receptor which will
warrant the investigation of tissue specific inactivation of single and double ligand and

receptor mutants,
LExample 30. Discussion: Future Directions

Besides its expression in the pre-implantation human embryo, ELA mRNA is also
found in the adult prostate and kidney in humans. It will be interesting to examine its role in

these exocrine glands as well. Although quite speculative at this stage, several forward-
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looking statements can be made with respect to the possible therapeutic value of recombinant
ELA. Assuming that ELA signals through APLNR in adults it will be important to assess if
this hormone is endowed with potent cardioproteclive and vasodilatory properties as is APLN
(Ashley ct al., 2005; Maguire et al., 2009) and therefore serve as a novel therapeutic peptide
for cardiac repair/regeneration and blood pressure control. In this regard ELA may serve as a
potent inducer of cardiac lincages in vitro and along this line, potential loss-of-function £7A
atleles may be associated with cardiovascular discases in the general human population.
Coincidentally, since APLNR permits entry of the HIV-1 by serving as a co-receptor (Zou et
al., 2000), it will be interesting to determine if, a non-signaling version of ELA may serve as a

means to alter and possibly slow-down AIDS’ progression.
Example 31, ELABELA Polypeptide Has Cardioprotective Activity

To demonstrate that ELABELA polypeptide confers cardioprotection, we use a mouse

or pig model of ischemia and reperfusion injury.

Study Design for Mouse Study
Myocarial ischaemia is induced by 30 minutes left coronary artery (LCA) occlusion

and subsequent reperfusion.

Mice are treated with ELABELA polypeptide via the tail vein, 5 minutes before

reperfusion. Infarct size is assessed the following day (24 hours after reperfusion).

Study Design for Pig Study

Thirty female Dalland Landrace pigs (60-70 kg; IDDLO, Lelystad, The Netherlands),
all pretreated with clopidogrel 75 mg/day for 3 days and amiodarone 400 mg/day for 10 days,
are randomly assigned to ELABELA polypeptide, non-ELABELA polypeptide, or saline

treatment.

The saline group is added to assess a potential effect of fresh, non-conditioned culture
medium. In all pigs, M1 is induced by 75 minutes of proximal left circumflex coronary artery
(LCxCA) ligation and 4 hours of subsequent reperfusion. An ischemic period of 75 minutes is
sclected to inflict severe myocardial injury without inducing completely transmural
myocardial infarction. The 4 hour reperfusion period is used, because infarct size

measurement using TTC staining is most reliable after 3 hours ol reperfusion (Birnbaum et al.,
1997).
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After longer periods of reperfusion, it becomes more difficult to assess oxidative stress
status and apoptotic mechanisms. Treatment is initiated 5 minutes before the onset of
reperfusion by intravenous infusion of ELABELA polypeptide (1.0 ml, 2.0 mg protein) non-
ELABELA polypeptide or saline. Immediately following reperfusion, an additional
intracoronary bolus ELABELA polypeptide (4.0 ml, 8.0 mg protein), non-ELABELA
polypeptide or saline is given. Myocardial infarct size and function are assessed 4 hours after

reperfusion.

MT and Operational Procedure

During the entire operation, ECG, Systemic Arterial Pressure, and capnogram are
monitored continuously, Under general anesthesia as described before (Timmers et al 2007), a
median sternotomy is performed and two introduction sheets are inserted in the carotid
arteries for a 6 I'r guiding catheter and an 8 Fr conductance catheter (CD Leycom,

Zoetermeer, the Netherlands).

The distal tip of a Swan Ganz catheter is placed into the pulmonary artery via the
internal jugular vein. Transonic flow probes (Transonic Systems Inc, Ithaca, NY) are placed
around the proximal aorta and LCxCA to measure cardiac outpuf and coronary flow, and a
wite is placed around the inferior caval vein to enable functional measurements under varying
loading conditions for PV loops. After functional measurements, 10.000 IU of heparin are
administered intravenously and sutures are tightened to occlude the proximal LCxCA. Internal
defibrillation with 50 J is used when ventricular fibrillation occurred. After 75 minutes of
ischemia, the LCxCA is rcopened by release of the suture. Immediately following reperfusion,
Nitroglycerine (0.1 mg to prevent no-reflow} is infused through the LCxCA via the guiding
catheter, followed by intracoronary treatment with ELABELA polypeptide, non-ELABELA
polypeptide or saline. After 4 hours of reperfusion, the final functional measurements are

performed and the heart is explanted for infarct size analysis,

Mice are anesthetized with Fentanyl (0.05 mg/kg), Dormicum (5 mg/kg) and Domitor
(0.5 mg/kg) and intubated using a 24-gauge intravenous catheter with a blunt end. Mice are
artificially ventilated at a rate of 105 strokes/min using a rodent ventilator with a mixture of
0O, and N,O (1:2 vol/vol) to which isoflurane (2.5-3.0% vol/vol) is added. The mouse is
placed on a heating pad to maintain the body temperature at 37°C. The chest is opened in the

third intercostal space and an 8-0 prolene suture is used to occlude the left coronary artery
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(LCA) for 30 minutes. The chest is closed and the following day (24 hours later), the hearts

are explanted for infarct size analysis.

Functional Measurements

The ECG, arterial pressure and cardiac output, are digitized at a sampling rate of 250
Hz and stored for oftline analysis (Leycom CFL-512, CD Leycom). Left ventricular (LV)
pressure and volume are measured using the conductance catheter method, as described
previously (Timmers et al 2007). LV pressure and volume signals dervived from the
conductance catheter are displayed and acquired at a 250-Hz sampling rate with a Leycom

CFL-512 (CD Leycom).

Data are acquired during steady state and during temporal caval vein occlusion, all
with the ventilator (urned off at end expiration, Analysis of the pressure-volume loops is
performed with custom software as described previously (Steendijk et al 1998). In addition,
short-axis epicardial ultrasound images (Prosound SSD-5000, 5-MHz probe UST-5280-5,
Aloka Holding Europe AG, Zug, Switzerland) arc obtained at the midpapillary muscle level.
Wall thickness (WT) of the infarct area, remote area (septum) and LV internal area (LVia) are

measured at end diastole (ED) and end systole (ES).

Systolic wall thickening (SWT) is calculated as [(WT(ES)-WT(ED)/WT(ED)] *
100%, fractional area shortening (FAS) as [(I.Via(ES)- LVia (ED))/ LVia (ED)] * 100%, and
left ventricular cjection fraction (ILVEF) as [(EDV-ESVYEDV] * 100%. The end-diastolic
chamber stiffness is quantified by means of linear regression of the end-diastolic pressure-
volume relationship. Echocardiography and PV loops are measured before MI, 1 hour after
ischemia and 4 hours after reperfusion. To challenge stunned myocardium, additional
measurcments are performed during pharmaceutically induced stress by intravenous

dobutamine infusion (2.5 pg/kg/min and 5.0 pg/kg/min).

Infarct Size

Just prior to excision of the heart, the LCxCA (pigs) or LCA (mice) is religated at
exactly the same spot as for the induction of the M1, Evans blue dye is infused through the
coronary system to delineate the arca at risk (AAR). The lieart is then excised, the LV is

isolated and cut into 5 slices from apex to base.

The slices are incubated in 1% triphenyltetrazolium chloride (T'TC, Sigma-Aldrich

Chemicals, Zwijndrecht, the Netherlands) in 37°C Sorensen butfer (13.6 g/l KH,PO4 + 17.8
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g/L NayH POy - 2H,0, pH 7.4) for 15 minutes to discriminate infarct tissue from viable

myocardium.

All slices are scanned from both sides, and in each slide, the infarct area is compared
with area at risk and the total area by use of digital planimetry software (Image I). After
correction for the weight of the slices, infarct size is calculated as a percentage of the AAR

and of the LV.

Example 32. ELABELA Polypeptide Profects Against Myocardial Ischaemia-

Reperfusion Injury

It is known that the APLN/APLNR (APELIN / APELIN Receptor) axis has protective

effects in myocardial ischemia~reperfusion injury.

Accordingly, ELABELA constitutes an important therapeutic option for myocardial

ischaemia-reperfusion injury.

Materials and Methods
The following publications describe experiments showing the role of a peptide

hormone (APELIN) in protection against myocardial ischaemia-reperfusion injury:

Tao J, ZhuW, Li Y, et al. dApelin-13 protects the heart against ischemia-reperfusion
infury through inhibition of ER-dependent apoptotic pautlnways in a time-~dependent fashion.
Am J Physiol Heart Circ Physiol 2011;301:H1471-86.

Zeng XU, Zhang LK, Wang HX, Lu LQ, Ma LQ, Tang CS. Apelin protects heart
against ischemic/reperfusion injury in raf. Peptides 2009;30:1144-52,

Simpkin JC, Yellon DM, Davidson SM, Lim SY, Wynne AM, Smith CC. Apelin-13
and apelin-36 exhibit direct cardioprolective activily against ischemia—reperfusion injury.

Basic Res Cardiol 2007;102:518-28.

The experiments described in the above publications are repeated, with the
replacement of APELIN with ELABELA.

Results
When the above experiments are catried out, ELABELA administered during

repertfusion is seen to significantly decrease infarct size in subjects hearts.
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Without wishing to be bound by theory, we believe that administration of ELABELA
protect hearts against ischemia—reperfusion injury through activation of PI3K/Akt and ERK

pathways and/or may inhibit generation of reactive oxygen specics.

ELABELA may therefore be used for treating, preventing or atleviating myocardial

ischacmia reperfusion injury in an individual.
Example 33, ELABELA Polypeptide Protects Against Coronary Artery Disease

Materials and Methods
The following publications describe experiments showing the role of a peplide

hormone (APELIN) in protection against coronary arlery disease:

Azizi Y, Faghihi M, Imani A, Roghani M, Nazari A, Post-infarct treatiment with
[Pyri]-apelin-13 reduces myocardial damage through reduction of oxidative injury and nitric

oxide enhancement in the rat model of myocardial infarction. Peptides 2013;46:76-82.

Li L, Zeng H, Chen JX. Apelin-13 increases myocardial progenitor cells and improves

repair postmyocardial infarction. Am J Physiol Heart Circ Physiol 2012;303:H605—-18.

Pisarenko OI, Serebryakova LI, Pelogeykina YA, et al. In vivo reduction of

reperfusion injury to the heart with apelin-12 peptide in rats. Bull Exp Biol Med 2011;152:79—
82.

The experiments described in the above publications are repeated, with the

replacement of APELIN with ELABELA.

Results
When the above experiments are carried out, injection of ELABELA to subjects is

found to limit the myocardial infarction size and reduce damage to cardiomyocytes.

Without wishing to be bound by theory, we believe that the effects of EBLABELA are
achieved by significantly attenuating myocardial damage through the reduction of oxidative

injury and enhancement of Nifric Oxide (NO) production.

In addition, ELABELA is found to promote angiogenesis and ameliorate cardiac repair

postmyocardial infarction.
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ELABELA may therefore be used for treating, preventing or alleviating coronary

artery disease in an individual.
Example 34. ELABELA Polypeptide Protects Against Artherosclerosis

Materials and Methods
The following publication describes experiments showing the role of a peptide

hormone (APELIN) in protection against artherosclerosis:

Chun HI, Ali ZA, Kojima Y, et al. Apelin signaling antagonizes Ang I effects in
mouse models of atherosclerosis. J Clin Invest 2008;118:3343-54.

The experiments described in the above publication are repeated, with the replacement
of APELIN with ELABELA.

Resulls
When the above experiments are carried out, we find that, like APLN, ELABELA can
protect against arthcroselerosis. We find that ELABELA antagonizes the vascular disease-
promoting actions of Ang Il and mitigates the Ang I1-mediated increase in atherosclerosis

burden. It also is seen to inhibit abdominal aortic aneurysm formation and ruptute,

ELABELA may therefore be used for treating, preventing or alleviating

artheroscloersis in an individual,
Example 35. ELABELA Polypeptide Protects Against Heart IFailure

According to the methods and compositions described here, ELABELA exhibits

beneficial effects in the cardiovascular system and/or improves cardiac repair.

Accordingly, ELABELA may be used as, or as part of, therapeutic regimens to treat

patients with heart failure.

Materials and Methods
The following publications describe experiments showing the role of a peptide

hormone (APELIN) in protection against heart failure:

Scimia MC, Hurtado C, Ray S, Metzler S, Wei K, Wang J, Woods CE, Purcell NH,
Catalucci D, Akasaka T, Bueno OF, Vlasuk GP, Kaliman P, Bodmer R, Smith LLH, Ashley E,
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Mercola M, Brown JH, Ruiz-Lozano P. (2012), APJ acts as a dual receptor in cardiac

hypertrophy. Nature 2012 Aug 16;488(7411):394-8.

Sato T, Suzuki T, Watanabe H, Kadowaki A, Fukamizu A, Liu PP, Kimura A, Tto H,
Penninger JM, Imai Y, Kuba K. (2013) Apelin is a positive regulator of ACE2 in fuiling
hearts. 1 Clin Invest. 2013 Nov 1.

The experiments described in the above publications are repeated, with the

replacement of APELIN with ELABELA.

Resuits
When the above experiments are carried out, we find that, like APLN, ELABELA is

able to provide protection against heart failure.

Without wishing to be bound by theory, we believe that ELABELA crosstalks with the
renin-angiotensin system via the Angiotensin-converting enzyme 2 (ACE2)/Ang I1/Ang -7

axis to increase cardiac contractility and control heart failure.

Dysregulation of the ELA/APLNR system may therefore be involved in the
predisposition to cardiovascular diseases. Accordingly, we propose that enhancing ELABELA

action has important therapeutic effects,

Furthermore administration of ELABELA may be used to blunt cardiac hypertrophy as
does APELIN following sustained pressure overload by transaortic constriction (TAC), a

model for heart tailure.

ELABELA may therefore be used for treating, preventing or alleviating heart failure in

an individual.
Example 36. ELABELA Polypeptide Protects Against Hypertension

Like APELIN, we propose that ZLABELA acts as a vasodilator and effectively
lowers blood pressure. Accordingly, ELABELA may be used as, or as part of, therapeutic

regimens to treat patients with hypertension.

Muaterials and Methods
'The following publications describe experiments showing the role of a peptide

hormone (APTLIN) in protection against hypertension:
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Tatemoto K, Takayama K, Zou MX, ct al. The novel peptide apelin lowers blood

pressure via a nitric oxide-dependent mechanism. Regulatory Peptides, 2001;99(2-3):87-92.

Cheng X, Cheng XS, Pang CC. Venous dilator effect of apelin, an endogenous peptide

ligand for the orphan APJ receptor, in conscious rats. European Journal of Pharmacology.
2003;470(3):171-175.

Japp AG, Cruden NL, Amer DA, et al. Vascular effects of apelin in vivo in man.

Journal of the dmerican College of Cardiology. 2008;52(11):908-913.

The experiments described in the above publications are repeated, with the

replacement of APELIN with ELABELA.

Resulis ,
When the experiments described above are carried out, it is found that administration
of ELABELA causes a reduction in blood pressure. Without wishing to be bound by theory,

we believe that it does so by by functioning as an arterial and/or venous dilator via the nitric

oxide-dependent pathway.

ELABELA may therefore be used for treating, preventing or alleviating hypertension

in an individual.
Example 37. ELABELA Polypceptide Protects Against HIV Infection and AIDS

The identification of specific inhibitors of APLNR-mediated HIV-1 entry would

greatly assist efforts to find new reagents to block HIV-1 infection,

Materials and Methods
The following publications describe experiments showing the role of a peptide

hormone (APELIN) in protection against HI'V infection and AIDS:

Cayabyab M, Hinuma S, Farzan M, Choe H, Fukusumi S, Kitada C, Nishizawa N,
Hosoya M, Nishinmra O, Messele T, Pollakis G, Goudsmit J, Fujino M, Sodroski I. (2000)
Apelin, the natural ligand of the orphan seven-transmembrane receptor APJ, inhibits human

immunodeficiency virus type I entry. J Virol. Dec;74(24):11972-6.

Xuejun Fan, Naiming Zhou, Xiaoling Zhang, Muhammad Mukhtar, Zhixian Lu,

Jianhua Fang, Garrett C. DuBois, and Roger J. Pomerantz. (2003) Structural and Functional
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Study of the Apelin-13 Peptide, an Endogenous Ligand of the HIV-1 Coreceptor, APJ.
Biochemistry 42, 10163-10168 10163,

The experiments described in the above publications are repeated, with the

replacement of APELIN with ELABELA.

Results
When the above experiments are performed, it is found that ELABELA prevents or

stows-down HIV-1 entry.

ELABELA may be particulatly useful for central nervous system infection in patients

with HIV-1-induced dementia given that APLNR is widely expressed in the brain.

ELABELA may therefore be used for treating, preventing or alleviating HI'V infection

or AIDS, or both, in an individual,

Example 38. ELABELA Polypeptide Protects Against Pulmonary Arterial

Hypertension

The APLN/APLNR system plays a key role in the occurrence and development of
cardiovascular diseases. Targeting the ELA/APLNR axis also represents a new class of

potential therapeutic agents for pulmonary arterial hypertension (PAH).

Materials and Methods
The following publications describe experiments showing the role of a peptide

hormone (APELIN) in protection against pulmonary arterial hypertension:

Alastalo TP, Li M, Perez Vde I, et al. Disruption of PPARgamma/beta-catenin-

mediated regulation of apelin impairs BMP-induced mouse and human pulmonary arterial
EC survival, J Clin Invest 2011,121:3735-46,

Falcao-Pires [, Gonealves N, Henriques-Coelho T, Moreira-Goncalves D, Roncon
Albuquerque Ir R, Leite-Moreira AF. Apelin decreases myocardial injury and improves right
ventricular function in monocrotaline-induced pulmonary hypertension. Am J Physiol Heart
Cire Physiol 2009;296:H2007-14.

The experiments described in the above publications are repeated, with the

replacement of APELIN with ELABELA,
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Results _
When the above experiments are performed, it is found that ELABELA alleviates

symptoms of pulmonary arterial hypertension.

ELABELA may therefore be used for treating, preventing or alleviating pulimonary

arterial hypertension in an individual.
Lxample 39. ELABELA Polypeptide Treats Ercctile Dysfunction

Materials and Methods
The following publication describes experiments showing the role of a peptide

hormone (APELIN) in treating erectile dysfunction:

Kwon MH, Tuvshintur B, Kim WJ, Jin HR, Yin GN, Song KM, Choi MJ, Kwon KD,
Batbold D, Ryu JK, Suh JIK. Expression of the Apelin-APJ Pathway and Effects on Erectile
Funcetion in a Mouse Model of Vasculogenic Irectile Dysfunction. J Sex Med, 2013 Apr 11,
doi: 10.1111/jsm.12158.

The experiments described in the above publications are repeated, with the

replacement of APELIN with ELABELA.

Resulls
When the above experiments are performed, it is found that ELABELA provides a

significant restoration of erectile function.

ELABELA may therefore be used for treating, preventing or alleviating erectile

dystunction in an individual.
Example 40. Materials and Methods: SILAC Cell Culture and Cell Lysis

SHETF4 hESCs were cultured in custom-made mTSERI (Stem Cell Technologies)
containing either stable medium isotopes of L-lysine-(2114) (K4) and L-arginine-(13C6) (R6)
or heavy isotope L-lysine-(13C615N2) (K8) and L-arginine-(13C615N4) (R10) for three
passages (o allow complete exchange of isotopes. Cells were then starved in DMEM/F12 for 2

hours, following by a 10 minute pulse with 5uM of ELA or ELA9¢

. Cells were lysed in 9
M urea lysis buffer, consists of 20 mM HEPES (pIT 8.0), 9 M urea, 1 mM activated sodium
orthovanadate, 2.5 mM sodium pyrophosphate and 1 mM B-glycerophosphate. Equal amounts

of cell lysates from medium (K4R6) and heavy (K8R10) cells were mixed. Experiments were
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; ; . . RR>GG
carried out in four replicates as two Forward (medium cells ELA™"" versus heavy cells
ELA) experiments and two Reverse (heavy cells ELA® Y versus medium cells ELA)

experiments,
Example 41. Materials and Mecthods: Reduction, Alkylation and Digestion

About 1 mg protein in 9 M urea lysis buffer was reduced by the addition of 1/10
volume of 55mM DTT to the cleared cell supernatant and incubated for 30 min at room
temperature, followed by addition of 120 mM iodoacetamide at a volume equal to the DTT
solution and incubated for 30 min at room temperature in the dark. The samples were then
diluted 1.5-fold using 20 mM Hepes (pH8) to a final concentration of 6 M urea. LysC (Wako
129-02451) was added with a LysC tc; protein ratio of 1:100 and incubated at 37 °C overnight.
The samples were further diluted to a final concentration of ~1 M urea using 20 mM Hepes
(pl18). Sequencing-grade trypsin (Promega) was added with a trypsin to protein ratio of 1:50
(w/w). After 4 hours of digestion at 37 °C, the peptide solution was cleaned up using a C18
cartridge (Waters Sep-Pak Vac RC Cartridge, 100 mg Sorbent per Cartridge), The amount of

peptide obtained was measured using Nanodrop (ThermoScientific).
Example 42, Materials and Methods: IMAC Beads Preparation

IMAC beads were prepared as described with slight modifications (Ficarro et al.,
2009). Brietly, 200 uL. Ni-NTA agarose conjugates (Qiagen) was rinsed 3 times with 800 ul
MilliQQ H20. Nickel was then striped from the resin by incubation with 800 ul of 100 mM
EDTA pH 8.0 for 30 minutes at RT with mixing. Residual nickel was rinsed 3 times with 800
ul MilliQ H20, followed by incubation with 800 pl of a 100 mM iron chloride solution for
30-45 minutes. The resin was washed 3 times with 800 ul MilliQ H20, followed by rinsing 4

times with 800 pl 80 % Acctonitrite / 0.1 % trifluoroacetic acid.,
Example 43, Materials and Methods: Phosphopeptide Enrichment

Phosphopeptides were enriched from the tryptic peptides using IMAC beads. ~600 ug
tryptic peptides were reconstituted in 600 ul, 50 % Acetonitrile / 0.1 % trifluoroacetic acid,
followed by 1:1 dilution with 100 % Acctonitrile/0.1 % trifluoroacetic acid. The peptides were
then incubated with 10 uL IMAC beads for 30 minutes with end-over-end rotation. The beads
were then loaded onto a self-packed C18 StageTip (Rappsilber et al., 2007), which was

conditioned with 200 ul. methanol, washed with 100 ul. 50 % Acetonitrile / 0.1 % formic acid
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and equilibrated with 200 uL 1%formic acid beforehand. A fter being loaded onto the stage tip,
the IMAC beads were washed with 100 uL. 80 % Acetonitrile / 0.1 % trifluorocacetic acid and
200 ul. 1 % formic acid. The phosphopeptides were eluted from the IMAC beads onto C18
membranes on the stage tip using 4 x 70 uL 500 mM dibasic sodium phosphate (pH 7.0),
followed by washing using 200 uL. 1% formic acid. The phosphopeptides were stored on the
stage tip until they were ready to be analysed on 1LC-MS. The phosphopeptides were eluted
from the C18 membrancs with 60 uL 50% Acetonitrile / 0.1 % formic acid, dried using a

speedvac and reconstituted in 24 pl. of 0.1% formic acid.
Example 44. Materials and Methods: LC/MS Analysis

Reconsituted peptides were analysed using an EASY-nLL.C 1000 (Proxeon, Fisher
Scientific) coupled a Q-Exactive (Thermo Fisher Scientific). Peptides were trapped onto a
C18 pre-column and separated on a 50 cm analytical column (EASY-Spray Columns, Thermo
Fisher Scientific) at 50 °C using a 245 min gradient ranging from 0 to 40% acetonitrile/0.1%
formic acid, followed by a 10 min gradient ranging from 40 to 80% acetonitrile/0.1% formic
acid and stayed at 80% acetonitrile/0.1% formic acid for 10 min. Samples were analyzed on a
Q-Exactive (Thermo Fisher Scientific). Survey full scan MS spectra (m/z 310-2000) were
acquired with a resolution of r =70,000, an AGC target of 36, and a maximum injection time
of 10 ms. The twenty most infense peptide ions in each survey scan with an intensity threshold
of 10,000, underfill ratio of 1% and a charge sfate >2 were isolated sequentially with an
isolation window of 2 Th to a target value of 50,000, maximum injection time of 50 ms and
fragmented in the high energy collision cell by high energy collision dissociation using a
normalized collision energy of 25%. The MS/MS was acquired with a resolution of 17,500
and a starting mass of m/z 100. A dynamic exclusion was applied using an exclusion duration

of 135s.

Example 45, Materials and Methods: Identification and Quantification of

Phosphopeptides

Data were processed using MaxQuant (Version 1.3.0.5) (Cox and Mann, 2008; Cox et
al., 2009)against uniprot 2014-04 human database containing 262 commonly observed
contaminants, Database searches were performed with tryptic specificity allowing maximum
two missed cleavages and {wo labeled amino acids as well as an initial mass tolerance of 6

ppm for precursor ions and 20 ppm for fragment ions. The default setting for the minimum
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length of peptide (seven amino acids) was used. Cysteine carbamidomethylation was searched
as a fixed modification, and N-acetylation, oxidized methionine, phosphorylated
serine/threonine/tyrosine were searched as variable modifications. Labeled arginine and lysine
were specified as fixed or variable modifications, depending on the prior knowledge about the
parent ion. SILAC peptide and protein quantification was performed using default settings.

Maximum false discovery rates were sct to 0.01 for both protein and peptide.

Example 46. Materials and Methods: Zebrafish Manipulation

13 yebrafish were generated as previously described (Chng et al., 2013). e/a”"*and

ela
AB wildtype zebrafish were grown under standard conditions until 24 hour post-fertilization.
Caspase3 staining was performed as described (Sorrells et al., 2013). Images were acquired on
an Olympus FV1000 confocal microscope and a custom-made light-sheet-based fluorescent

microcope (Swoger et al., 2014),
Example 47, Results; APENR is Not the ELA Receptor in hESCs

We and others have shown that ELA can serve as a cognate ligand to the cell surface
Apelin Receptor (APLNR, a.k.a APJ) to mediate endoderm and subsequent heart
morphogencsis, However, APLNR was reported to be absent in undifferentiated hESCs
(Vodyanik et al,, 2010; Yu et al,, 2012). Unlike £LA, which is marked by H3K4me3 and
actively transcribed, the APLNR locus is methylated and not transcribed in hESCs (Figure
14A). We confirmed the absence of APLNR transcripts in both SHEF4 and HES3 hESC lines
by qPCR and flow cytometry. In contrast, APLNR transcripts were upregulated nearly 2500-
fold upon mesendoderm differentiation, when cell surface APLNR became robustly detectable
(Figure 14B and Figure 14C). Notwithstanding, we performed shRNA-mediated depletion of
APLNR in undifferentiated hESCs to ensure that trace levels of APLNR could not mediate the
effects of ELA on hESCs. We adapted the ELA cell surface binding assay previously
described to hESCs which readily bind recombinant AP-ELA (Chng et al., 2013).
Undifferentiated shAPLNR hESCs had unchanged AP-ELA binding capacity, whereas
shAPLNR hliS-derived mesendoderm cells had significantly less cell surface retention of
recombinant AP-ELA (Figure 14B, Figure 14C, Figure 14D and Figure 14E). These data
suggest that while APLNR is necessary to confer cell surface binding to ELA in mesendoderm
cells, it is not the receptor for ELA in undifferentiated hESCs. Consistent with this conclusion,

the growth of shAPLNR hESCs was not compromised (Figure 14F), unlike that of shELA
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hESCs. From these experiments, we surmise that an alternate ELA receptor exists in hESCs

and is responsible for maintaining embryonic self-renewal.
Example 48. Results: ELA Activates the PI3K/AKT Pathway in hESCs

To delineate the immediate ELA signal transduction pathway in hESCs, we sought to
find it direct downstream targets. Using a proteomic approach known as Stable Isotope
Labeling by Amino acids in Cell culture (SILAC) (Cohen and Melton, 2011), we analyzed the
phosphoproteome of hESCs pulsed with ELA for 10 minutes, using the inactive ELA99
peptide as a bascline control (Figure 15A). The experiment was performed twice in both
forward and reverse configurations, and only hits that were replicated were further
investigated. Among the top phosphopeptides activated by ELA, but not ELAM9Y was
LNpTSDFQK, derived from PRAS40 (proline-rich Akt substrate of 40 kDa a.k.a AKTI S1)
(Figure 15B). PRAS40 is a substrate of AKT, which is in turn activated by
Phosphatidylinositol-4,5-bisphosphate 3-kinase (PI3K) (Vander Haar et al., 2007). This
suggests that ELA can activate the PI3K/AKT pathway. Indeed, addition of recombinant EL A
to hIISCS was sufficient to (rigger the immediated phosphorylation of AKT at serine 473,
leading to phosphorylation of PRAS40 at threonine 246 (Figure 15C). This was not observed

in cells treated with mutant ELAR®Y

or vehicle control (Figure 16A) and was abrogated by
pre-treating the cells with pan-PI3K inhibitors LY249004 or Wortmannin (Figure 15D) but
not using sh-mediated APLNR depletion (Figure 16C). This demonstrates that ELA activation
of AKT is APLNR-independent and requires the PI3K. Once phosphorylated, PRAS40
becomes inaclivated, relieving its repressive effect on the mammalian target of rapamycin
(mTOR) signaling pathway (Sancak et al., 2007; Wang et al., 2012; Wang et al., 2007a). The
subsequent activation of the mTORCI complex is marked by phosphorylation of its
prototypical substrate p70S6K (Peterson et al., 1999; Wang et al., 2007a) (Figure 15C).
Hence, LA activates the PI3K/AKT pathway and subsequently the mTORC1 pathway,
PI3K/AKT and mTOR are both potent regulators of growth and viability, and contribute
integrally to the self-renewal capacity of hESCs (Armstrong et al., 2006; Zhou et al,, 2009).
Consistent with the loss of self~renewal and viability of siELA hESCs, we find that shELA
hESCs indeed have lower levels of endogenous PI3K/AKT and mTOR activity, which can be
revealed by gradually lowering levels of exogenous INSULIN in the growth media (Figure
15E). These results suggest that the growth deficiency seen in shELA hESCs are attributable
to the loss of paracrine and autocrine PI3K/AKT signaling mediated by ELA.
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Example 49. Results: ELA Tmpacts Cell Cyele and Protein Translation Downstream of
PI3K/AKT

PI3K/AKT is upstream of an array of cellular processes involved in growth and
proliferation (Brons et al., 2007). One such function is regulating the progression of cells
through the G1/S fransition during the cell cycle (Tesar et al., 2007). Embryonic stem cells
have an abridged G1 phase compared to differentiated cells (Nichols and Smith, 2012). Unlike
in mESCs, where Cyclin D is mostly inactive (Dreesen and Brivanlou, 2007), the pRB-
CyclinD/CDK4/6 cascade in hESCs is operational (Dreesen and Brivanlou, 2007) and is
indispensable for G1/8 transition and pluripotency (Vallier et al., 2005; Voskas et al., 2014).
Since PI3K/AKT is crucial for the post-transcriptional stabilization of CyclinD (Xu et al,,
2005), we hypothesized that the loss of PI3K/AKT signaling in shELA cells would result in an
accumulation of cells in the G1 phase. Careful analysis of the cell cycle of shELA hESCs
following release from a double thymidine block revealed a noticeable increase of cells in G1
(Figure 15F, black), and a small lag in transiting from G2/M back to G1/G0 (Figure 15F,
magenta). At steady state, EDU incorporation also revealed a similar accumulation of siFELA
hESCs in the G1/G0 phase (Figure 16C). Consistent with impaired activation of mTOR
downstream of AKT, shELA WESCs exhibited reduced protein synthesis (Vander Haar et al.,
2007; Wang et al., 2012) as assayed by incorporation of fluorescently-labeled amino acids
(Figure 16D). These data suggest that one of the functions of ELA in hESCs consists of

promoiing cell cycle progression and optimal protein translation.

IExample 50. Results: ELA Protects Against Apoptosis and Prevents Stress-induced Cell
Death

hESCs are dependent on exogenous INSULIN (Sancak et al., 2007) and autologously-
derived IGF2 (Wang ct al., 2007a), both of which activate the PI3K/AKT pathway to mediate
self-renewal and prevent differentiation (Wang et al., 2007a). For this reason, mTSER1
medium (used in this study), and most formulations of hESC media (Armstrong et al., 2006;
Pcterson et al., 1999) contain high levels of INSULIN. To investigate the requircment for
ELA, we cultured hESCs in a defined TSERe8 medium (Zhou ct al., 2009) which only
conlains four growth factors: INSULIN, bFGF, TGFB! and TRANSFERRIN to allow precise

control of its composition, We confirmed that INSULIN is the sole aclivator of AKT in this
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formulation (Figure 18A). In two ditferent hESCs lines SHEF4 and MESC3, we observed a
high rate of cell death after 24 hours of growth in the absence of INSULIN. Addition of ELA
provided an 80% to 90% rescue in cell viability, while ELA®®% exerted no effects (Figure
18B and 18C). On the contrary, we found that shZLA hESCs are exquisitely sensitive to
INSULIN deprivation compared to control hESCS, while addition of LA provides an
intermediate growth rescue (Figure 17A). These results were confirmed by cell index
measurements over 5 days, where ELA partially replaces INSULIN in a PI3K-dependent
manner, sinice addition of LY294002 abrogated the rescuing effect of ELA (Figure 17B).
Hence, ELA, through activation of the PI3K/AKT pathway, partially replaces INSULIN in the
growth media of hESCs,

PI3K/AKT is most recognized for its anti-apoptotic properties in both normal and
cancer stem cells (Brons et al., 2007). AKT inhibits apoptosis by phosphorylation and
inactivation of numerous pro-apoptotic molecules, such as BAD and FOXO, while activating
pro-survival pathways such as NK-kB (Brons et al., 2007). For this reason, we hypothesized
that ELA may prevent apoptosis and thereby potentiate hESC growth. In line with our
observation that shELA hESCs have impaired AKT signaling and growth, we found that
following passaging, a significantly higher proportion of shELA hIESCs underwent apoptosis,
as marked by surface expression of ANNEXIN V (Figure 17C) and intracellular activated
CASPASE 3 (Figure 17D), which was also observed by immunofluorescence staining (Figure
t7E). This suggests thal endogenous ELA is required to protect against apoptosis induced by
routine n vifro culture conditions, such as dissociation-induced cell death namely anoikis
(Bendall et al., 2007; Wang et al., 2007b). In linc with this observation, shELA WESCs do not
survive single-cell dissociation in the absence of Y-27632, which inhibits anoikis by
inhibition of Rho-associated kinase (ROCK) (Hanahan and Coussens, 2012) (Figure 18D).
Conversely, synthetic ELA peptide was able to increase survival following dissociation
compared to untreated hESCs, partially replacing Y-27632 (Figure 18D). To further document
the protective role of ELA against cellular stress, we exposed hESCs to ionizing radiation to
stimulate DNA damage (Figure [7F). shiLA hESCs were twice as sensitive to gamma
irradiation relative to control, while ELA-treated hESCs were 5 times more resistant. Addition
of exogenous ELA to sfiELA hESCs rescued this phenotype (Figure 17F), Consistent with
thesc results, 3 hours after exposure to [ Gray of vy irradiation, higher levels of activated
CASPASE 3 was detected in shiEELA hESCs compared to control, but were almost
undetectable in ELA treated hESCs, despite comparable numbers of YH2AX foci, marking
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DNA double-stranded breaks (Figure 17G). Similar results were obtained, when hESCs were
treated with nanomolar concentrations of ActinomycinD, which inflicts translational stress
(Junttila and de Sauvage, 2013) with P53-dependent cell cycle arrest and apoptosis (Moral and
Paramio, 2008). S/FELA hESCs were more sensitive compared to control while addition of
LILA conferred signhificant resistance to control hESCs and completely rescued shELA hESCs
(Figure 17H). Mutant ELA®9Y had no protective effect (Figure 18E). ELA had no apparent
effect on the levels of P53 protein following exposure to stress (Figure 18F). shiELA hESCs
had lower levels of the anti-apoptotic BCL-2 family member MCL-1, which was rescued with
exogenous ELA (Figure 18F). At the same time, shi LA cells had higher levels of BAX in the
mitochondria, while it remained primarily in the cytoplasm in ELA-treated cells (Figure 18G).
Consequentially, shELA hESCs had increased levels of activated CASPASE3/7 consistent
with complete leakage of CYT C (Figure 171 and 18G) and CASPASE 9 which is mediated by
BAX (Pickering et al., 2014). This was entirely suppressed by addition of exogenous ELA
(Figure 18H). Altogether, our results indicate that exogenous ELA protects against the
intrinsic apoptosis pathway activated by cellular stress, while hESCs depleted of ELA are

highly sensitized to stress.

We next sought to determine if the protective effect of ELA against cell death
observed in cultured hESCs were also relevant in vivo. In ela mutant zebrafish embryos
carrying a recessive null allele (Gaggioli et al., 2007), we observed a generalized increase in
the numbers of activated Caspase3-positive cells at 24 hours post-fertilization (hpf), with
clusters of apoptotic cells in the trunk, brain and peri-ocular areas of ela™"? but not wildtype
cmbryos (Figure 171). This suggests that Ela’s anti-apoptotic activity is also relevant during

embryogenesis.
Ixample 51. Discussion: An Alternate Receptor for ELA Mediates its Function in hIESCs

Our observation that recombinant ELA is rapidly taken up by hESCs and that
endogenous ELA can be found in the cytoplasm suggests that it has a dedicated receptor in
these cells, We do not favor the possibility that ELA behaves a self-penetrating peptide
(Green and Loewenstein, 1988) despite its very basic amino-acid make-up (Chng ef al)
because its rapid cellular uptake is only observed in hESCs and not in other tested cell types.
As previously reported and confirmed by us, APLNR is silent in hESCs. We therefore believe
that another cell surface receptor mediates ELA’s activity in hESCs. Furthermore, APELIN-

13, which activates the PI3K/AKT via APLNR in certain cell types (Tang et al., 2007) has no
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effect on hESCs (data not shown). Since ELA’s known receptor APLNR belongs to the G-
protein coupled receptor (GPCR) family, we surmise that the alternate and earlier receptor
might also be a GPCR, although we cannot rule out other receptor (ypes such as receptor

tyrosine kinases (RTKs).
Example 52, Discussion: Regulation of Embryonic growth potential by ELA

A disproportionate emphasis has been placed on transcription factors for the
maintenance of the pluripotency circuit, In recent years, a plethora of transcription factors has
been shown to be critical for the pluripotent state and to enhance reprogramming (Takahashi
and Yamanaka, 2006). However, besides the well-studied roles of NODAL/BMP, IGF/FGF
and WNT that are established factors for pluripotency, very few new secreted factors with
proven roles in pluripotency have been discovered in the last 20 years, INSULIN/INSULIN-
LIKE GROWTIH FACTORS (IGF-!1 and IGF-2) are well-known to stimulate preimplantation
embryonic growth in vifro, increasing the number of cells in the inner cell mass of mouse
embryos and protecting them against apoptosis induced by oxidative stress (Kurzawa et al.,
2002; Markham and Kaye, 2003; Rappolee et al,, 1992), In both humans and mice, IGF-2 is
produced by the embryo and acts in an autocrine fashion, while INSULIN and IGI*-1 are
undetectable in the preimplantation embryo but are believed to be supplied by the maternal

environment (Lighten et al., 1997; Schultz et al., 1993).

Here we present evidence that a new extracellular molecule, ELA exists and plays an
important role in stemness. ELA, like INSULIN and 1GFs, can activate the PI3K/AKT
pathway and is either the endogenous or an alternate activator of this crucial pathway during
early embryogenesis. Unlike FGFs which needs to be added exogenously, or secreted by
feeder cells to maintain pluripotency in hESCs, ELA is endogenously synthesized and
secreted by hESCs in sufficient quantitics, ‘The inhibition of ELA causes rapid apoptosis
suggesting that it serves as a pro-survival factor to counteract the high levels of spontaneous
apoptosis inherent to hESC cultures. In line with this, we note that the depletion of ELA in
hESCs grown as single cells 1s more detrimental than hESCs grown in colonies due to the
higher rate of anoikis following dissociation (Wang et al., 2009; Watanabe et al., 2007).
Alternatively, this might point to the extracellular activity of the peptide, which may be more
readily captured in a paracrine manner by hESC colonies than it is by single cells. Also, we
note that while endogenous ELA is present in hESC-conditioned media in the nM range, our

recombinant peptide, although specific and bioactive, works in the nM range. This finding
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suggests existence of possible post-translational modifications on endogenous ELA that are
required for its full potency, as is the case for other peptide hormones such as GHRELIN

(Kojima et al., 1999).

Taken together, our data suggest that mature ELA functions as an endogenous
hormonal peptide secreted by hESCs, taken up by hESCs in a paracrine manner, and
signalling through an unknown receptor to the PI3K/AKT pathway to sustain survival and
self-renewal of ES cells and early embryos. As ELA is highly expressed in the human
blastocyst, the stage from which hESCs are derived, we conjecture that it may play a similar
protective role in mammalian pre-implantation embryos as it does in zebrafish embryos. What
endogenous stress signal in the mammalian embryo ELA might protect against is not entirely
clear. Normoxia, replicative stress, nutrient deprivation, temperature, are potential stimuli

which could equally solicit the need for ELA during embryogenesis.
Example 53. ELA Mouse Knockout: Introduction

We recently reported the discovery of ELABELA (ELA) as a novel and early
endogenous ligand for the APELIN RECEPTOR (APLNR). Mice deficient for Aplnr (or Apj)
display cardiovascular defects and succumb around 10.5 days of gestation due to the lack of a
proper circulation (Charo et al., 2009). However, mice deficient for Apelin, the known ligand
of Apj, are phenotypically normal (Charo et al., 2009). This suggesfs that cardiovascular
functions of Apj are mediated by Ela rather Apelin, and prompted us to investigate the

contribution of Ela to mouse embryonic development.
Example 54. ELA Mouse Knockout: Materials and Methods

Consiruction of conditional Ela Knockout Mouse

A linearized targeting vector containing homology arms and exon 2 of Elabela,
flanked by lox-p sites together with a neo cassette flanked by FRT sites was electroporated
into 129Sv mouse embryonic stems cells. Targeting was verified by southern blotting.
Verified clones were transfected with Flp recombinase to remove the neo cassette, and were
subsequently injected into C57BL6 recipient blastocysts and implanted into pseudopregnant
females. FO founders with >50% chimerism were backcrossed to C57BL6. The IF1 generation,
upon confirmation of stable ELA™ germline transmission, were crossed with ZP3-cre

recombinase-containing transgenic mice to remove Exon 2 to generate the £l null allele.
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Ela™ heterozygous mice were subsequently backcrossed for 8 generations to C57BLO6 before

phenotypic analysis.

Phenotypic Characterization of Ela-Deficient Embryos

Ele™" mice were intercrossed to generate Ela™, Eld®”" and wildtype embryos for
phenotypic analysis. Embryos were harvested at €10.5. Yolk sacs and embryos were fixed for
I hour with 4% PFA, followed by immunohistochemistry for Pecam-1 (MECI13.3,
Biolegend). Embryos and yolk sacs were also paraffin-embedded and sectioned for
hematoxylin and eosin (H&E) staining to observe the morphology of cardiovascular

structures,
Example S5, ELA Mouse Knockout: Results

We successfully generated Ela knockout mice (£le™ ) according to the schematic
shown in Figure 1A. Ela knockout mice are viable and fertile, but showed a statistically
significant reduction in Mendelian ratio at the time of weaning, suggesting partial embryonic
lethality (Figure 113). Analysis of e10.5embryos revealed that a portion of £/a knockouts have
scvere cardiovascular malformations, remniscient of the phenotype of Ap/ knockout mice.
These include including a hypovascularized yolk sac (Figure 1C), cardiac edema (Figure 1C)
and dysgenesis of the heart tube (Figure 1F). Pecam-1 staining, which marks endothelial cells,
showed that £/a knockout mice developed endothglial cells and an immature vascular plexus,
but these did not mature and coalesce iﬁto [unctional vessels (Figure 1D). Furthei‘more, the
endodermal and mesodermal layers of the yolk sac, which is the first site of blood formation,
were not correctly fused and lined with endothelial cells compared to control littermates
(Figure 1E). Lastly, examination of the mis-formed hearts in E/a knockout mice revealed a
severely underformed endocardium which lacked visible trabeculation, Taken together, our
results reveal that Efa and not Apelin acts in concert with 4pj to mediate correct

cardiovascular morphogenesis.
Example 56. HIV Inhibition: Materials and Methods

ELA Receptor Binding Assay

Secreted ELA-Alkaline Phosphatase (ELA-AP) was produced by transfecting a
construct encoding ELA-AP into 293T cells, as described previously (Chng et al., 2013},
Conditioned medium from ELA-AP expressing cells was then incubated for 3 hours with

293T cells transfected with plasmids encoding full-length ORFs of putative receptors.
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Unbound ELA-AP was washed away and cells were lysed with 1% Triton-X/PBS. Lysatcs
were cleared and incubated with an AP substrate BCIP/NBT at 37°C for 15 minutes, Optical
density was read at 495nm, and the intensity of blue coloration is directly proportional to the

affinity of ELA-AD to the over-expressed receptor.

ELA-CXCR4 Binding Assays

To deteet activation of CXCR4 by ELA or SDF-1, recombinant ELA or SDT-1 were
added in increasing concentrations for 90-180 minutes to cells stably expressing CXCR4
coupled to a downstream reporter. f-Arrestin recruitment was measured using the
PathHunter® p-Arrestin CXCR4 assay (DiscoveRx), Interaction of CXCR4 with Arrestin was
detected by Enzyme Fragment Complementation (EFC) between two complementary domains
of B-galactosidase (p-Gal), one fused to CXCR4 and the other fused to fi-Arrestin . f-Arrestin
recruitment to CXCR4 results in complementation of the two domains to generate B-Gal
activity. % Aclvity = 100% x (mean RLU of test sample - mean RLU of vehicle control} /
(mean MAX control ligand — mean RLU of vehicle control). To detect antagonism of SDF-1
by ELA, the assay was run in antagonist mode by measuring the EC50 of ELA in the presence
of SDF-1 at EC80 concentration. To detect synergism between ELA and SDF-1, the assay was
run in positive allosteric mode by measuring the EC50 of ELA in the presence of SDF-1 at

EC20 concentration.

HIV Inhibition Assay

HIV-1 (NL43, JRCSF, and NLADS strains} and HIV (VSV), a defective FIIV-1 with
the env gene deleted and pseudotyped with the VSV-G envelope, were produced, and
infections were performed as described previously (Marechal et al., 1998; Oberlin et al., 1990;
Schwartz et al., 1998). P4C5 cells (HeLa CD4"CXCR4" CCR5" LTR-lacZ) (Marechal et al.,
1998) were grown in Dulbeceo modified Eagle medium (DMEM) supplemented with 10%
fetal calf serum. P4C5 cells (10* per well) in 96-well plates were cultured for 24 h before
infection with 200 pl of viral supernatants (in triplicate) in the absence or in the presence of
ELA and with 20 ng of DEAE dextran/ml and 20 mM HEPES buffer (pH 7.3) as described
previously (Schwartz ct al., 1998). The viral inoculum corresponded to 2 and 2.5 ng of p24 for
NL43 and JRCS¥F viruses, respectively. After viral exposure (2 h at 37°C) and every following
day, the supernatants were harvested and replaced with fresh medivm containing or not
containing ELA. After the indicated periods, the cells were washed to remove unbound virus.

After 24 h, 3-gal activity was measured. The cells were lysed in 100 pl of 60 mM Na PO,
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40 mM Nall,POy, 10 mM KCIl, 10 mM MgSQy, 2.5 mM EDTA, 50 mM B-mercaploethanol,
and 0.125% Nonidet P-40. The lysates were mixed with 100 pl of 80 mM NalOy (pH 7.4), 10
mM MgCl2, 50 mM B-mercaptoethanol, and 6 mM chlorophenol red--galactopyranoside

mono-Na salt and incubated at 37°C before the optical density at 540 nm was measured.

Example 57. HIV Inhibition: Results
The results of the experiments described above are shown in Figures 20A to 20D,

Figure 20A shows that CXCR4 is an alternate receptor for ELA. The figure shows a
binding assay for ELABELA, where colour intensity correlates with the extent of binding.
Like APLNR, the GPCR CXCR4, one of the most prominent HIV receptor, confers cell
surface binding to ELA. Other tested GPCRs did not confer binding proving assay specificity.

Figure 20B shows that CXCR4 is not activated by ELA. Unlike CXCR4's cognate
ligand SDF1 (a.k.a CXCL12), ELA cannot activate CXCR4, '

Figure 20C shows that CXCR4 is antagonised by ELA. ELA behaves as a CXCR4
antagonistic ligand, by preventing SDF1-mediated CXCR4 activation.

Figure 20D shows that ELA inhibits a CXCR4-tropic HIV strain in HeLa cells. ELA
inhibits infection with NI, (HIV-1 NL43: a CXCR4-tropic strain), but not with AD8 (HIV-1
NLADS: a CCRS-tropic virus) or a VSV-G pseudotyped virus. HIV-1 infection is measured
by a colorimetric assay (B-Gal activity) after 36-48 hrs of infection. ELA inhibits HIV at 10-

40 uM. Nevirapine, a reverse franscriptase inhibitor, blocks all viruses tested.
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unduly limited to such specific embodiments. Indeed, various modifications of the described
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modes for carrying out the invention which are obvious to those skilled in molecular biology

or related fields are intended to be within the scope of the claims.
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INFORMAL SEQUENCE LISTING

SEQ ID NO: |
ELABELA polypeptide signature sequence

CXEXRCXXXHSRVPFP
SEQ ID NO. 2
Homo ELABELA mature polypeptide

ORPVNLTMRRKLRKHNCLOQRRCMPLHSRVPFEP
SEQ ID NO: 3
Peromyseus HLABELA mature polypeptide

QRPVNIFPKKRKVYRHNCERRRCVPLHSRVPEP
SEQ ID NO: 4
Rattus ELABELA mature polypeplide

EKSVNEFPRRRKLYRHNCFRRRCISTLHSRVPEP
SEQ 1D NO: 5
Mus ELABELA mature polypeptide

QKPVNFPRRRKLYRHNCFRRRCIPLHSRVPFP
SEQ ID NO: 6
Bos ELABELA mature polypeptide

QROANLAMRRKLHRHNCLGRRCMPLHSREVPFP
SEQ IDNO: 7
Sus ELABELA mature polypeptide

QRPANLAVRRKLHRHNCLORRCMPLHSRVPEP
SEQ ID NO: 8
Dasypus ELABELA mature polypeptide

QRPANLAMRRKLHRHNCEFQRRCMPLHSRVPEP
SEQ ID NO: 9
Trichosurus ELABELA mature polypeptide

QRPGNLALRRKPHRHICPQRRCMPLHSRVPFEP
SEQ 1D NO: 10
Gallus ELABELA mature polypeptide
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QRPANLALRRKLHRHNCSHRRCMPLHSRVPEP
SEQID NO: 11
Gekko ELABELA mature polypeptide

QRPANLSLRREKLHRQHCSHRRCMPLHSRVPEP
SEQ ID NO: 12
Anolis ELABELA mature polypeptide

QRPANLASRRKLHRHHCSHRRCMPLESRVPFP
SEQ ID NO: 13
Xenopus ELABELA mature polypeptide

QKPANLAQRRRIHRHNCEFLKRCIPLHSREVPFEP
SEQ ID NO: 14
Ambystoma ELABELA mature polypeptide

QORPVNAAHRRRLHRHNCSTLRRCMPLHSRVPFEFP
SEQ IDNO: 15
Oryzias ELABELA mature polypeptide

ARPDFLNLRREKYHRHHCLHRRCMPLHSRVPFP
SEQID NO: 16
Callorhinchus ELABELA mature polypeptide

QKSGNSWRREKEKMORRNCWHRRCLPFHSRVPFEP
SEQ ID NO: [7
Oncorhynchus ELABELA mature polypeptide

VRPDILNIRRRYHRHHCPHRRCMPLHSRVPEP
SEQ ID NO: 1§
Danio ELABELA mature polypeptide

DKHGTKHDFLNLRRKYRRHNCPKKRCLPLHSRVPEP

SEQ ID NO: 19
Human ELABELA signal sequence

MREFQOFLFAFFIFIMSLLLISG
SEQ ID NO: 20
Homo ELABELA polypeptide with signal sequence (bold)
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MRFQOFLFAFFIFIMSLLLISGORPVNLTMRRKLRKHNCLQRRCMPLHSRVPEPR
SEQ ID NO: 21
Peromyscus ELABELA polypeptide with signal sequence (bold)

MRFQEYFLVFFIFAMSLLFITEQRPVNFPKKRKVYRHNCFRRRCVPLHSRVPEFPR
SEQ ID NO: 22
Rattus ELABELA polypeptide with signal sequence (bold)

MRFQPLFWVFFIFAMSLLFITEEKSVNFPRRRKLYRHNCFRRRCISLEHSRVPER
SEQ 1D NO: 23
Mus ELABELA polypeptide with signal sequence (bold)

MREPQPLFWVFFIFAMSLLFISEQKPVNEFPRRREKLYRHNCFRRRCIPLHSRVPEP
SEQ ID NO: 24
Bos ELABELA polypeptide with signal sequence (bold)

MRFHQFFLLFVIFMLSLLLIHGORQANLAMRRKLHRHNCLORRCMPLHSRVPEP
SEQ ID NO: 25
Sus ELABELA polypeptide with signal sequence (bold)

MRFRQFFLVEFFILFMMNLLLICGOQRPANLAVRRKLERHNCLQRRCMPLHSRVEPEP
SEQ [D NO: 26
Dasypus ELABELA polypeptide with signal sequence (bold)

MKFQOFFYVFFVFIMSLLLINGORPANLAMRRKLHRENCFQRRCMPLIHSRVPEP
SEQ 1D NO: 27
Trichosurus ELABELA polypeptide with signal sequence (bold)

MRFQLLFFLFLFFTMGILLIDGORPGNLALRRKPHRHICPQRRCMPLISRVPEP
SEQ ID NO: 28
Gallus ELABELA polypeptide with signal sequence (bold)

MRLRRLLCVVFLLLVSLLPAAAQRPANLALRRKLHRHNCSHRRCMPLHSRVPEP
SEQ ID NO: 29
Gekko ELABELA polypeptide with signal sequence (bold)

MRLOLLLLTCFLILTGVLLGNGORPANLSLRRKLHRQHCSHRRCMPLHSRVPI'P
SEQ 1D NO: 30
Anolis ELABELA polypeptide with signal sequence (bold)
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MRLOOILLLTWELLLAGALLINGORPANLASRRKLHRHECSHRRCMPLHSRVPEP
SEQ ID NO: 31
Xenopus ELABELA polypeptide with signal sequence (bold)

MDFQKLLYALFFITMSLLLINGOKPANLAQRRRIHRHNCFLKRCIPLHSRVPEP
SEQ ID NO: 32
Ambystoma ELABELA polypeptide with signal sequence (bold)

MEKWQKLLAILFWILMGALLVNGORPVNAAHRRRTLHRHNCSTRRCMPLHSRVPFP
SEQ ID NO: 33
Oryzias ELABELA polypeptide with signal sequence (bold)

MRVWNLLYLLLLLAAATLAPVFSARPDFLNLRRKYHRHHCLHRRCMPLHSRVPEP
SEQ 1D NO: 34
Callorhinchus ELABELA polypeptide with signal sequence (bold)

MRFOHLLHIILLLCTSLLLISGQKSGNSWRRKKMOQRRNCWHRRCLPFHSRVPEP
SEQ 1D NO: 35
Oncorhynchus ELABELA polypeptide with signal sequence (bold)

MRIISLLYLLLLVTVLGSVSSVRPDILNIRRRYHRHHCPHRRCMPLHSRVPEP
SEQID NO: 36
Danio ELABELA polypeptide with signal sequence (bold)

MRFFHPLYLLLLLLTVLVLISADKEGTKHDFLNLRRKYRRENCPKKRCLPLHSRVPFP

SEQ 1D NO: 37
Human (Homo sapiens) ELABELA cDNA sequence

ATGAGATTTCAGCAATTCCTTTTTGCATTITTTTATTTTTATTATGAGTCTTCTCCT
TATCAGCGGACAGAGACCAGTTAATTTGACCATGAGAACGAAAACTGCGCAAACACA

ATTGCCTTCAGAGCGAGATGTATGCCTCTCCATTCACGAGTACCCTTCCCCTGA
SEQ ID NO: 38
Mouse (Mus musculus) ELABELA cDNA sequence

ATGCGATTCCAGCCCCTTTTTTGGETATTTTTTATTTTTGCCATGAGTCTCCTTTTTA
TCAGTGAACAGAAACCAGTTAACTTTCCCAGGAGAAGAAAACTATACAGACACAACTG

CTTTCGCAGGAGATGCATTCCACTTCATTCTCGAGTGCCCTTCCCATGA
SEQ ID NO: 39
Chicken (Gallus gallus) ELABELA ¢DNA sequence
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ATGAGGCTCCGGCEGCTGCTGTGCGTCGTGTTCCTGCTCCTGGTCAGCCTGCTACCTG
CCGCCGCGCAGAGACCGGCCAACCTGGCCCTGCGCAGGAAGCTGCACCGACACAACTG
CTCGCACCGGCGGTGCATGCCGCTCCACTCCCGCOGTGCCCTTTCCCTGA

SEQ ID NO: 40

Xenopus (XNenopus laevis) ELABELA ¢cDNA sequence

ATGGATTTTCAGAAATTATTGTATGCCTTATTTTTCATTCTGATGAGTCTACTGCTGA
TTAATGGCCAGARACCAGCCAACCTCGCACAGCGCCGGAGGATACACAGACACAACTG
CTTCCTCAAGAGGTGCATACCACTACATTCAAGAGTTCCATTTCCATGA

SEQ ID NO: 41

Zebrafish (Danio rerioy ELABELA ¢cDNA sequence

ATGAGATTCTTCCACCCGCTGTATCTGCTGCTGCTGCTGCTGACAGTGCTGGTCCTCA
TCAGCGCAGATARACATGGTACAARACACGAT TTTCTCAACTTGAGGCGGARATATCG
CAGACACAACTGCCCGAAGARACGCTGTCTACCTCTTCACTCCAGAGTACCTTTCCCT

TGA
SEQ ID NO: 42
Human (Homo sapiensy ELABELA genomic sequence

AK(092578; LOC100506013; cDNA FLJ35259 fis; clone PROST2004251; Hs. 105196

>g1§21751202|dbj|AK092578.1| Homo sapiens cBNA FLJ35259 fis, clone
PROST2004251
ATCATTAACCTTCCTGCAAARACACAGCTGGCAGTTCTCTGAGGCTTGTCACTAGAATGTCGAAGACAGCCA
CACAGATATTGCACAGACTATTTACAGATCGTTTGGCTTACATTGAGAGTCATTGCTCTACTTTTGTGCG
GTAGGARAATGAGATTTCAGCAATTCCTTTTTGCATTTTTTATTTTTATTATGAGTCTTCTCCTTATCAG
CGGACAGAGACCAGTTAATTTGACCATGAGAAGAAAACTGCGCAAACACAATTGCCTTCAGAGGAGATGT
ATGCCTCTCCATTCACGAGTACCCTTCCCCTEAGATCTCTCTAGCTAACTTTACTGGATCTATCAGAAGA
AGAAGAGGAGTGAAGGAAAGACACCCAGCCACACARAAGAACTTCATGATGCCAACAGCGTGATTGCTTA
GAAGTTCCTACACARAARARAGGATCATTTGARAGCACCTGGAATGGTTTATTAGCTTCACAGGATTTTAT
TCTTCTTGGCTTCTATTTGGAGGGAARATAACATAAATTCARAARAGGATTCCAATCTGARGCCCARATTGT
TTGCCTACATAACARAAATATCTCATCTTTTCCTGCACATTATTATTCTTTTATGGGTTAAAARGAAAAA
TACCTTTTAGTGTTTIAGAACTCTCTCATGGTAAARRGTGCAAGAATTTAAAATGTTGCTTTCATATTCC
TATAATTCTCCARAAGTATTAAATTCGTATATGTTTGAGTGATTTTCTAARAACTGCTCAACCTGGAATC
AATTGCATTGACCATTTGGCT'TCGCACAATAGGGAGARAATAATTGGTTCATTGATTATATAGAGAGAAA
GACTAAGAAAAGCTATTRATTGCTACCAATTTTATGATAAGCTTTAAGGTTTATGAAAGTATGTTTTTTT
ATTTAATGAGTAATGTCCATTTGAAGTTGAAAGARAACATGARATCCTAATTGTAGTTCATTTTATGTTC
AAATGAAACCATTGTTITIGTTTTTGTTTTGRAAACAGAGTCTCACTCTGTTGCCCAAGGTGGAGAGAAGT
GGCACGCTTTTGTCTCACTGCARCCTCCACCTCCCGAGTTCAAGTGATTCTCGTGCCTCAACCTCCCAAT
TATAGGCTGGGATTACAGGTGTGCACCACTACACCCAGCTAATTCTTGTATTTTTTGTAGAGATGAGGTT
TTACCCTETTGCCCAGGCTGGTCTTGAACTCAGGCTGGARCCATTCATTTTTTAACCTTTCTCATCATGT
ARTTATAGGABRCCCAACGTTTGATTTCCTTTGAAGTTTTGTTATGTCCTTTATTATT I TGTATGGATAAT
TTCTTTAAAAGTCTTACTTARAGTCGACATCTARAATACAGTTATGCCAATGAAGTCCCACTCAGGGTGA
TATCTGTATCTAAAAGATGAGTGCTCATCATCCTATTAGGCTTTGTCTTGGTGGTGTTCATCCTGAGATG
CTGAGACATGGAAATAAARAATCAGAAGGAATTTAGGGATATGATTACTCAAAAAAGARACTATCCTGTC
TARATTTGRAATTGTGTTGATAACTAGGTGTTCCCCAGATGCTAAGATGT TCTTAATTTGTATTTATTGAA
GGATTGTTAGCTTAGTGCCACAAAATTTTTCTTACTTTATGTTAATTCCAGATAAGAAATTTACAAGTTT
ATATCTTTTTTTTTCITTTTTTTAAGATGAGATCTGGCTCTATCACCCAGGCTARAGTGCAGTGGCATGA
TCTAGGCTAACTCCCTGGCTCAAGCGATCCTTCCACCTCAGCCTCCCAAGTACCTGGGACTACAGGCACT
CACGGCCACACCTGACTAATTITTGTATTTTTTTGTAGAGATGCGAGTATCGCCATGTTGCCCAGGTTGGT
CTCARACTCAGGCTGGTGAGCTCAAGTGATCCGCCTCCTTGGCCTCCCAARATACTGGGATTACAGGCAT
GTGCCACCATGCTGGGCCACAAGTTCATATCTGGAGTAGAAGTTTTACTTTGTAAATATTATAAAGTAGA
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AGAAACCATAAACCATTTTGCTAARAATGARAGGTTGGGGTTAATATARATCTAATTTTAAATAGARAATC
TGACAACACTGTCGAGTTTGTCTTCCTGTCARAGCTTATTARAAGTGTCTTTGCGGATGAATGGTACTTT
CCACAAGTGCATTTGAGTAGAAGCATAACCTATTCTCAGTTATATTTATGTTTAAAACATGTACTGGTTT
GTATATTTTGTACTGAAAAAGAAAACACTTTATAGTCAAGATACATCTCATTCAATACAAGTCTAAACTC
TTTCAAATACAAATTCGCATATTCACAGAAAAAGTTACAAATCAGTTTTACTATTGTAAAGTAATGAAAT
GGTTATACATTTCTTAATTGTTCAATAARAACACTCAATGATT

SEQ ID NO: 43
Mouse (Mus musculus) ELABELA genomic sequence

Mouse Gene AKO14119; XM 003084771.1; Mm.58847

>gi|74182885|db]AK014119.1] Mus musculus 13 days embryo head cDNA, RIKEN
full-length enriched library, clone:31100331I20 product:hypothetical
protein, full insert sequence

CGGACTCTCCTTGGAGCTTTGCAGAGACTTCCCGCTTAAGTTACTGCGTGCCTGAATGGAAALGGCAGCT
GGCAGCCCTCTGAGTTCTGGCCATAGGATGTGGGGTGAGCCGGACAGATACTGCGATTTACAGACGATTT
CUCTACTTGAAGAGCTATTGTTCACTTGCGTGTAAGAAAAAAGAAAAACAAAAGGAAAGAAAAAGAAGAA
AAGARAAAAGAGAAAGAAAAGAALAAGATGCGATTCCAGCCCCTTTTTTGGGTATTTTTTATTTTTGCCAT
GAGTCTCCTTTTTATCAGTGAACAGAAACCAGTTAACTTTCCCAGGAGAAGALAACTATACAGACACANC
PG OGO AGGAGAT GCATTCCACTTCATTCTCGAGTGCCCT TCCCATGAGGARAACCTCTAATTTCCT
TGGCTCTACCAGAAGAAGGGTGAAAGCAAAGATACCCAATCACCGGAAAAACAACCTCAGGATGGCAACA
GGATGGCAGCTCAGGAGT TACTACGCAACAGAGGCTGTTTCAGAGTACCGTGGATGCCTTTTCAGACTGCTCT
TCCTGGATTCTCTTTGACAAGAAAATCGATAGAAAGGCAAAACAGACGAGGTTAAAGCACATGCGTTTGTC
TGAATAACAATCTCTCCTGCTGTTCTGCACGTTCTTT GCGTATAATGTATGAATTACACATAGTGGTGGE
TTTCACARAGGCATTTACATACCAGTACATCACGTCCTATGGCCGTCTTTCCACACATGTGCATCATATA
CACCGATTCTTTACAGGCCATGCATGCCATATACACTGACTACATTTGCACACACATACCTTCCCCTTTCT
CTCCCCTCACCCTCCTGCAGGTCTCTTTTATTCACCTGGGCAGTTTTGTTTCTATTTTAATGGTTTGTAC
ACATGAATGATTTTATTGCACATTATTATTCTTACATGGATTAAAAAGAAAACTACTTTAAT

SEQ ID NO: 44
Chicken (Gallus galinsy ELABELA genomic sequence

Gga.39575; gene in ensembl: ENSGALT00000038777; Gallus gallus hypothetical
protein LOC770154 (LOC770154), mRNA

LOCUS XM 001233479 482 bp mMRNA linear VRT 16-NOV-
2006
DEFINITION PREDICTED: Gallus gallus hypothetical protein LOC770154
(LOCTT70154), mRNA.
ACCESSION XM 001233479
VERSION XM 001233479,1 GI:11808982¢6
/gene="L0OCT70154"
ORIGIN
1 ggcgagtgcc acggacgctt ctgtacacac gcggaccgca gggatgaggc tccggogget
61 gctgtgegte gtgttectge tecctggtcag cetgetacet geecgococgege agagacoggce
121 caacctggcc ctgegcecagga agctgcaccg acacaactgce tegcaccgge ggtgeatgec
181 gectceccactee cgcegtgceccet ttceccctgage goccggcecca gotcecggecaag caatttcegta
241 acgggctttt cagtgtctta aaggaggaag ctgcaacaac tgcactgata gagaagctca
301 ttctaagtac tgcttaccaa cagttgacct ggtggageca cagcaatccht gttttgaggg
361 agtccatctg aaatgaacac tttcagtggt cctgtgtatc acattctgca tgacctggaa
421 caasaggccca tgactcatat cctagaagca gggggaaggg agaaacgggg aadgtgattg
481 gg
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SEQ ID NO: 45

Xenopus (Xenopus laevis) ELABELA genomic sequence

XL40684; UGID:1257954; UniGene X1.40684

dbEST Id: 30218202

EST name: AGENCOURT 54833116
GenBank Acc: DR729415

GenBank gi: 70903527

CLONE 1INFO

Clone Id: IMAGE:7975974 (5")
Plate: LLAM17099 Row: n Cclumn: 04
DNA type: CcDNA

PRIMERS

PolyA Tail: Unknown

SEQUENCE

GTTTCGGTCCGGATTCCCGGGATCCAGACCTGATCTARTAGTTGCCTATCTCTGAAGAGC
AAT - TMOGATTTTCAGAAATTATTGTATGCCTTATTTTTCATTCTGATGAGTCTACTGCTG
ATTAATGGCCAGAAACCAGCCAACCTCGCACAGCGCCGGAGGATACACAGACACAACTGC
TTCCTCAAGAGGTGCATACCACTACATTCAACGAGTTCCATTTCCATGAGACCACTGAGGA
ATCTCATCATGATGTAACATAGCGATCTGACTCAAATCTACAGAAATAATATTTATTTTGA
ACAGTGTTTAAGTTGTTCTTTGACTTATAAGIGGATGTTTCTTARAATGAGCTGCCCACAA
GAATGGGCACAGACAAGCTCCAACCCATGTAACTGGCTGTGARACTGGCACAGGAGCTGC
CGAAAGCAATGTCCCTCCATGAAARCTGATCCAGGAGACATCTACAGCAACCTTTGTTCCA
CCAAAACAGACAAGAGAGCAGATTCTCCATCACATTCCAAGGAAGTGAATGTTCARAGGC
TTGCATTTATTATCAARCTGAAATGAAGCATATCATAATAAGGCTCAATGTCCTGTACCT

CAMAAGATTTRAAARTATGGGGATAAAATGAAGAARAACAGRAGATGGTTTTTGGACAATC
TGGTCATATTTTTAAATATTGCCCCGTGTGCARAALRAAGR

SEQ 1D NO: 46
Zebralish (Danio rerio) ELABELA genomic sequence

Dr.81857; UGID:2443131; UniGene Dr.81857; GenBank: AW777215.1; NCBI

Reference Sequence: XP 001335186.1; gi|125803442|ref]XP_001335186.1|

1 CATCAGGTCATCTGTCTATCTATCCATCCCT CAGAGGACAGAGAGAGAAGAGAGAGTGAA

61 TATCGCCATCTCAARACTTTGARAAARGTTGGAGAGACCGAGAGCTGGCTAGAACTGCGCGT

121 CTTCTATATARCTCAACTTATACGAGATCTGAGAACACTTGCTGAGAGCGACAGACACAT
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AAGAGGATTTCTACAGTCCGTTACCTGCACATCCGACAGAATTTATCGTCTGAGGAACCG

CGGACATCCTGTGAGGAGAGTCGAGTCTGCGCCGCGGACCAAACCACCCTGAGCATCACT

ATGAGATTCTTCCACCCGCTGTATCTGCTGCTGCTGCTGCIGACAGTGCTGGTCCTCATC

AGCGCAGATAARACATGGTACAAAACACGATTTTCTCAACTTGAGGCGCGAAATATCGCAGA

CACAACTGCCCGAAGAAACGCTGTCTACCTCTTCACTCCAGAGTACCTTTCCCTTGAGGT

TTTATGATGCTCCGGGCAAGCATTAAGAAARACCAAAGACCAGCCTTGGATTGGAAATGA

GARAAGATTTATGTCAGATGTGCCGAGGACTGTTTTATTCGCACATGTATIGTAATCAAA

GCCATGTTTGTCACTTCTGTAGCAGAAGTGTTTTTTGT T I TGTTTTGTTTTTTARATGAR

TGTAAGTGAATGAGCCATGGAGATCCTACTGCTGCCAAACATGCTGCAAACTCATCACTC

AATCAGGTTGAGTTGGAGCAGAATCATTGTAAATAGTGAGGACTGAATGAAATGTGTTTA

TATGTAAGTTATGCACTTCAAATGTTTTATTATTATCTTGATTTATTAAAAGTGTATTGT

CTTTTCAGA

SEQ ID NO: 47

Anti-ELABELA shRNA sequence A

GACACCCAGCCACACARARLA

SEQ ID NO: 48

Anli-ELABELA shRNA sequence B

CCCAGCCACACAARAGAAC

SEQ ID NO: 49

Anti-ELABELA shRNA sequence C

GTGATTCTCGTGCCTCAAC

SEQ ID NO: 50

Anti-ELABELA shRNA sequence D

CTCACGGCCACACCTGACT

SEQ ID NO: 51

Anti-ELABELA shRNA sequence E

TTGCCTTCAGAGGAGATGT
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CLAIMS

1.  Anisolated ELABELA polypeptide comprising a sequence CXXXRCXXXHSRVPFP
(SEQ ID NO: 1), in which X represents an amino acid residue, or a fragment, homologue,
variant or derivative thereof, which comprises an ELABELA activity selected from the group
consisting of: maintaining self-renewal of a stem cell, maintaining pluripotency of a stem cell,
maintaining growth of a stem cell, promoting growth of a stem cell, inhibiting apoptosis,
binding to the cell surface of an embryonic stem cell, biasing differentiation of a stem cell
toward an endodermal or mesodermal lineage, binding to apelin receptor (APLNR), binding to
CXCR4 receptor, activating the P13K/AKT pathway, cardioprotection, for example
restoration or maintenance of cardiac function during ischemia and/or reperfusion, reduction

of oxidative stress, reduction of infarct size and inhibition of HIV infection.

2. Anisolated ELABELA polypeptide according to Claim 1, selected from one or more of
the following:

(a) a sequence SEQ ID NO: 162 (XXXXXXXCXXXRCXXXHSRVPFP), in which X
represents an amino acid residue, and in which position 1 of SEQ ID NO: 162 comprises

a basic amino acid residue, preferably K or R;

(b) a sequence SEQ ID NO: 163 (XXXXXXXXCXXXRCXXXHSRVPFP), in which X
represents an amino acid residue, and in which position 1 of SEQ ID NO: 163 comprises

a basic amino acid residue, preferably K or R.

(c) a sequence SEQ ID NO: 163 (XXXXXXXXCXXXRCXXXHSRVPFP), in which X
represents an amino acid residue, in which positions 1 and 2 of SEQ ID NO: 163

comprise a pair of basic amino acid residues, preferably KK, KR, RK or RR.

3. Anisolated ELABELA polypeptide according to any of Claims 1 or 2, which comprises
a sequence selected from the group consisting of: SEQ ID NO: 2 to SEQ ID NO: 18,
preferably a human ELABELA sequence shown as SEQ ID NO: 2.

4.  Anisolated ELABELA polypeptide according to any of Claims 1, 2 or 3, which further
comprises a signal sequence such as a human ELABELA signal sequence shown in SEQ ID

NO: 19.
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5. Anisolated ELABELA polypeptide according to any preceding claim, which comprises
a sequence selected from the group consisting of: SEQ ID NO: 20 to SEQ ID NO: 36,
preferably a human ELABELA sequence shown as SEQ ID NO: 20.

6.  Anisolated ELABELA polypeptide according to any preceding claim, which comprises
an intramolecular covalent bond between cysteine residues at or about positions 1 and 6, with
reference to the numbering in the sequence CXXXRCXXXHSRVPFP (SEQ ID NO: 1), or in

which one or both cysteine residues comprise a reduced cysteine having a sulthydryl group.

7. Anisolated ELABELA polypeptide according to any preceding claim, which comprises

any one or more of the following:

(a) a mutation of a basic residue at position 31, preferably in which a basic residue at
position 31 is mutated to a neutral residue, more preferably in which K or R at position

31 is mutated to A or G;

(b) a mutation of a basic residue at position 32, preferably in which a basic residue at
position 32 is mutated to a neutral residue, more preferably in which K or R at position

32 is mutated to A or G; or

(c)aR31G, R31A, K31G or K31A substitution, preferably an R32G, R32A, K32G or
K32A substitution

with reference to the position numbering of a human ELABELA sequence shown as

SEQ ID NO: 20.

8. A isolated nucleic acid comprising a sequence capable of encoding an ELABELA

polypeptide according to any preceding claim.

9. A isolated nucleic acid according to Claim 8, which comprises a nucleic acid sequence
shown in any of SEQ ID NO. 37 to SEQ ID NO: 46, preferably a human ELABELA nucleic
acid sequence SEQ ID NO: 37 or SEQ ID NO: 42.

10. A vector such as an expression vector comprising a nucleic acid according to Claim 8 or
9, a host cell such as a bacterial, fungal or yeast cell comprising such a vector or a nucleic
acid, or a transgenic non-human animal comprising such a host cell, such a vector or such a

nucleic acid, preferably a mammal such as a mouse.
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An isolated antibody or antigen-binding fragment thereof capable of specifically binding

to any one or more of the following:

12.

(a) a polypeptide comprising the sequence CMPLHSRVPFP (SEQ ID NO: 52);

(b) a polypeptide comprising the sequence QRPVNLTMRRKLRKHNC (SEQ ID NO:
53);

(c) a polypeptide comprising the sequence

QRPVNLTMRRKLRKHNCLQRRCMPLHSRVPFP (SEQ ID NO: 2);

(d) an ELABELA polypeptide according to any of Claims 1 to 7;

(e) an ELABELA polypeptide encoded by a nucleic acid according to Claim 8 or 9; and
(f) an ELABELA polypeptide comprising the sequence of any of SEQ ID NOs: 1-36;
the antibody or antigen-binding fragment thereof further optionally comprising a label.

An isolated shRNA or siRNA molecule capable of modulating any combination of the

expression, amount or activity of an ELABELA polypeptide according to any of Claims 1 to

7, preferably comprising a sequence selected from the group consisting of: SEQ ID NO: 47 to
SEQ ID NO: 51.

13.

A method of assaying a compound of interest, the method comprising:

(a) contacting an ELABELA polypeptide according to any of Claims 1 to 7 with a
candidate compound and performing an assay to determine if the candidate compound

binds to the ELABELA polypeptide;

(b) contacting an ELABELA polypeptide according to any of Claims 1 to 7 with a
candidate compound and performing an assay to determine if the candidate compound

modulates an activity of the ELABELA polypeptide; or

(c) contacting a cell expressing an ELABELA polypeptide according to any of Claims 1
to 7 with a candidate compound and performing an assay to determine if the candidate
compound causes an elevated or reduced expression, amount or activity of the

ELABELA polypeptide in or of the cell;

preferably further comprising isolating or synthesising the compound of interest so

identified.
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14. A method of down-regulating in vitro or ex vivo any combination of the expression,
amount or activity of an ELABELA polypeptide according to any of Claims 1 to 7, the
method comprising exposing the ELABELA polypeptide to an antibody or antigen-binding
fragment thereof according to Claim 11 or an shRNA or siRNA according to Claim 12.

15. A isolated polypeptide according to any of Claims 1 to 7, a isolated nucleic acid
according to Claim 8 or 9, a vector, host cell or transgenic non-human animal according to
Claim 10, an isolated antibody or antigen-binding fragment thereof according to Claim 11 or
an isolated shRNA or siRNA molecule according to Claim 12 for use in the treatment,
prophylaxis or alleviation of an ELABELA associated condition selected from the group

consisting of:

(a) cardiac dysfunction, hypertension, or a cardiovascular anomaly in blood pressure,

cardiac contractility or fluid balance;

(b) a cardiovascular disease such as cardiac hypertrophy, coronary artery disease
(CAD), atherosclerosis, post-infarct treatment, myocardial ischemia-reperfusion injury
or atrial fibrillation, coronary heart disease, heart failure, pulmonary arterial

hypertension (PAH);

(c) a condition associated with high blood pressure, such as hypertension, angina,

congestive heart failure or erectile dysfunction; and
(d) a condition associated with HIV infection, such as AIDS in an individual.

16. Anisolated ELABELA polypeptide according to any of Claims 1 to 7 for use as a

vasodilator.

17. A method of manipulating a cell in vitro or ex vivo, the method comprising modulating,
preferably up-regulating, any combination of the expression, amount or activity of an
ELABELA polypeptide according to any of Claims 1 to 7 in or of the cell, such as by
exposing the cell to an ELABELA polypeptide according to any of Claims 1 to 7 or
introducing a nucleic acid according to Claim 8 or 9 or a vector according to Claim 10 into the

cell.

18. A method according to Claim 17 for maintaining or enhancing self-renewal and/or

pluripotency in or of a stem cell, in which up-regulation of the expression, amount or activity
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of an ELABELA polypeptide results in maintenance or enhancement of self-renewal and/or

pluripotency in or of the stem cell.

19. A method comprising detecting any combination of the expression, amount or activity
of an ELABELA polypeptide according to any of Claims 1 to 7 in or of a cell, such as a stem

cell, tissue, organ or organism.

20. A combination comprising a first part comprising a sequence MPLHSRVPFP or
QRPVNLTMRRKLRKHN or both and a second part comprising a polypeptide of interest,
preferably in which the first part and the second part are covalently joined, such as by
chemical conjugation, or in which the combination comprises a fusion protein comprising the

first part and the second part.
21. An expression construct capable of expressing a fusion protein according to Claim 20.

22. A method of detecting or quantifying a polypeptide of interest, the method comprising
producing a combination according to Claim 20 and detecting the presence of or quantifying

the first part of the combination.

23. A method of isolating a polypeptide of interest, the method comprising producing a
combination according to Claim 20 and exposing the combination to a molecule capable of
specifically binding to the first part, such as an antibody or antigen-binding fragment thereof

according to Claim 11.

24. A method comprising conjugating or otherwise joining a polypeptide of interest to a

sequence MPLHSRVPFP or QRPVNLTMRRKLRKHN or both.

25. A method of making an ELABELA polypeptide or fragment thereof, the method
comprising: (a) expressing a nucleic acid encoding a sequence comprising
CXXXRCXXXHSRVPFP (SEQ ID NO: 1) in a cell, in which X is an/any amino acid residue,
and in which the polypeptide fragment maintains self-renewal, pluripotency, or both of a stem
cell; or (b) using chemical synthesis to generate a synthetic polypeptide or fragment thereof
comprising CXXXRCXXXHSRVPFP (SEQ ID NO: 1) or a fragment having the sequence of
SEQ ID NO: 53.

26. An immunoassay kit for measuring or detecting ELABELA expression, the

immunoassay kit comprising:
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(a) a coating antigen comprising one or more isolated antibodies or antigen-binding

fragments thereof that specifically binds to one or more of the following:
(1) a polypeptide comprising the sequence CMPLHSRVPFP (SEQ ID NO: 52);

(i1) a polypeptide comprising the sequence QRPVNLTMRRKLRKHNC (SEQ ID
NO: 53);

(ii1) a polypeptide comprising the sequence

QRPVNLTMRRKLRKHNCLQRRCMPLHSRVPFP (SEQ ID NO: 2); or

(iv) an ELABELA polypeptide comprising the sequence of any of SEQ ID NOs:
1-36; and

(b) instructions for using said coating antigen.

27. An immunoassay kit according to Claim 26, in which the isolated antibodies or antigen-

binding fragments thereof are labelled.

28. An immunoassay kit according to Claim 26 or 27, further comprising an enzyme
labelled reagent, a secondary antibody or antigen-binding fragment thereof that specifically
binds to the isolated antibodies or antigen-binding fragments, a solid substrate, or any

combination thereof.
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