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Human SChgygegfdaige variant thereof .its: phar maceuti cal use. pcTiGR9S/02547 NE

present invention relates to a novel human stem cel | factor (SCF)
“protein, DNA sequences coding for this 5 protein, its use in therapy,"
'particularly inin vitro fertilisation, as well as pharnaceuti cal
formul ati ons conprising such a protein. ' Successf ul enbryo
i npl antati on requires correct 10 . devel opnment” of the

pre-inplantati Q”Pﬁﬁf %EF, rae§PHéen9a+ﬁnt ereof & Bnﬁqnalakaé{ qy f whi ch is

able to inplant eceptive endonetrium consi e body of
data has been col |l ected V\/m ch supports the idea that soI ubl e

growth factors, gageesteq&h%ﬁehetl%r?rféﬁéeoé elg ;f'fgve]i.5§umaxf‘c§t[eng'ée%t Ly

on the enbryo to con roce
Bi oessays, 13: fmo(scmglpmtem, Mtae@nslnpesB ;:odmngeflon’amrhlsE

Devel opneng Bi ol Ybtein, 1t§4§se34fh3 1% gé?gléﬁgggqh%iﬁi%},hﬁ ,g ind "’2%”

Cel | ul ar i ochem’, 53: 280-287
Hevner, S., MitaferRddisagden, 7ag1 wekbops Pharmaceuwcahdlﬁqmulatmns

devel opi ng enbryeauip@i@;b@armﬁd}p\w protein. ‘produce a variety of cytokines
whi ch may act in an autocrine fashion on the endonetriumto

i nfluence its 25 receptivity. Exanpl es of growth factors shown to be
produced by hunasSuedassiuli nclemmwt 1, iplént&Siot anttequires TNedredt

Zol t t.Al 1 7 d t
S. C)Relpr gd 61I mmnﬁ%uelfg% % —)J.n%qfén?t%ﬁgn[ el’“ﬁ%ds\% éﬂf#@%&/ﬁi’% 0]
be present in cubtuhatgbgdunp asgocyst (winkeh erits yeblep to timplant dnto

stage, but not t astgc e I
Repr oducti on, 8: Q@Ee&:&cﬁ‘e f?%o&’:%él?'lg)%S) )2 ¥8hs§!&§£?§§@0%b§%egfﬁﬁgs'%

enbryo maPeFF’Per EPM-SCESdr Yt GR e FYRPAX LS agbespieep; ct%%néo
growth factors, if secreted by the uterine ep:.thellum,

15 act directly on the embryo to control this process
(Pampfer, S. et ei, Bioessays, 13: 535-540 (1991);
Tartakousky, B.; ‘and Ben Yair, E., Development Biology,

' 146: 345-352 (1991); Anderson, E. D., J. Cellular
Biochem., 53: 280-287 (1993); ‘and Schultz, G. A. and
20  Hevmer, S., Mutat. Res., 296: 17-31 (1992)).

In add:.t:.on, developing embryos have been shown to
produce a var:.ety of cytokines wh:l.ch may act in an

: . autocrine fashion on the endometrium to influence its
25 receptivity. Examples of growth factors shown to be
-produced by human embryos include IL-1, IL- 6, CSF-1 and

TNF-a (Zolti et al, Fertil. Steril., 56 (1991) 265-272

and Witkin et al, J. Reprod. Immunol., 19 (1991) 85-93).

TNF-a has been shown to be present in culture medium of

30 human embryos up to the morula stage, but not that from
| the blastocyst (Lachépp_elle et al, Human Reproduction, 8:
1032-1038 (1993)). Production of cjrt;ok_ines by the embryo

may therefore be regulated in a stage-specific manner.
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2 Data on the possible direct effects of cytokines on

enbr yogobeyaeone primarily from experinments in mce PCT/GBYSO297 nany

cyt oki nes have been shown to affect the devel opnment of
pre-inplantation enbryos in vitro. IENy 5 and CSF-1, at physiological
concentrations, inhibit the némber of . enbryos devel oping to the

bl ast ocyst stage (HI1l et al, J. I'munol., 139 (1987) 2250-2254).
TNF- a has al so been shown to have nore subtle effects.

ceIIs

A Chough TNFpRERToRa% M0 BREBIRAL SHIFEL: OAARS obe! Lyrorllas! &

formati on, appea s
contri buti ngembr‘lYI@é i 'é¢ came prlmarndm's oM exmﬁmnem;eul in mce

bl ast ocyst s Whé?'ea ﬁtSHycgtoklnesl @M«&awe'ﬁr Showth: EJFEdl OQpe 134:

206-212 (1994 %, %rowt factors al so have speC|f|c e fects on
| CM cepleloppent,of s pre - impdantation: egoswos A& Vdt¥or addN-Y 2

Cstinulgte Isﬂa OSF-i2f, el ighysio WPl esb coRS&serheions, inhAbibi tehey

factor (LIF) ibits.their diff renlatl et al
Reprod. Dev.?® ?’E er1 995 SFHEYPSy egBloplng 52 hie %ﬁ%ﬁﬁ?e&taqen nouse
systens, t hat(Heﬁrihr)ects al, J. Izmhumm.bd, 139 (198Y hg2RR0d22BkdpneMNFeanpar ed

o in Vivo pag aggatrgle%&agﬁo%h{ Bl haVEr BEEANAAGKNY R eRELR onbryo

transfer - ( Bowran, aren _
24: 203- 207Althgugh) TNF-a hagysno aapwer&c effect urRier SEEes ng of

the i@le OfalaQ{:@é&Bt Fasmakson, n:.t pea%VQBOQEBEE.fQQ:QJl(in eakikAt :
i nproved in v yre ondi |onsm$nd enh anc the outcone_in ‘

it -
human | VF prBEPiPéeraté@n of SF@?riEelquté'c’t Lingscky iEfes YRBEF h CRat or
related in mass (TOMIGt wibAdiD ¥eFullks ail bI&Stédaj’rQﬂQhwlbh a- K‘IeHuE:bHDSI ne

(L nase receptelr (pphBeRg"S 3R OtneRE A oG 1385 a0spa AL e
I nt o macrophage col oni es.
15 Other growth factors also have spec;flc effects on ICM
cells. For instance, insulin-like growth factors 1 and
2 stimulate ICM proliferation, whereas leukaemia
inhibitory factor (LIF) inhibits their differentiation
{Harvey et al, Mol. Reprod. Dev., 31 '(1992) 195-199).
20 N | |
It has been observed, in mouse systems, that embryos
cultured in vitro lag in development compared to in vivo
controls, and exh:.b:.t lower pregnancy rates after embryo
. transfer (Bowman, P. and McLaren, A., J. Embryol. Exp.
25 Mérphol., 24: 203-207 (1970)). Thus, a better
unéerstand:.ng of the role of growth factors ‘in
development could lead to improved in vi tro culture
conditions and enhance the outcome in human IVF programs.

3b Stem cell factor (SCF) is" a growth factor related in
| structure to CSF-_i, and acts through the c-kit tyros:me
kinase receptor. In bone marrow, .SCF and CSF- 1 act
synergistically to promote prol:.ferat:.on and

differentiation of stem cells into macrophage colonies.
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3 &ﬂgﬁaﬁﬂ23980 di scl oses the nucleic acid sequencepefiGRySHIR47

SGF, and di scusses potential uses of SCF in conditions requiring -
stinmulation of cell proliferation, particularly bl ood cells. 5

In nmouse, c-kit has been shown to be exf@essed throughout

pre-inplantation devel opnent - (Arceci et al (1992)). W have now
shown that the sanme is true in human enbryos. At certain stages the
human enbryos al so express SCF 10 MRNA, suggesting that this growh

factor may act -EP-&r 0423980 slissdaaes thennusleTni acid seduence £f human
rmngse W?Zre SctF [Eh@igg%gtﬁﬁbgéigbo%@ﬁ%ﬂ{@if dﬁée%:” t@ﬂtﬁnpprieﬁ Idaaidsirttﬁsnsan
enbr yos rceci et g u n ranscr
Conel s\ ot Cor yre g SeinulaghPn pE FoLH Pral Lferkeion, @artisalaly
(1990)), which blood delis. al so di scl oses a variant ‘formof SCF. A splice-
variant of SCF has al so been described which arises by virtue of the

| oss of eXon 6 (Flanagan et al, Cell, 63: 20 - 1025-1035 (1991)).
There has now bdenmoused &- ﬂqa.rtt has, beeneshowp| t ¢ dbe/ Expareéssed thronghsiut

appears 10 ari Sg. sl drftead {3 UM Yinént O¥fkcect et 8101189891511 e O

155 base pairs Detwe also results In
franeshift, an@a@&jép"fo?h‘awn that &hecisamerfissFre@npRi bnngnssmmas

ani no aci ds fol lxgwi Ggrtain stadEl 3thé9f1ﬁ{u&ri eéfibPpbds NG 1o aexpﬂeééar&pwp
codon whi ch._now a; ears 1 n exon due -to the franmeshift

Thus, th&9%preseffN¥y i tngi ghat Séﬁlﬁhl‘-’cﬂ?“i |haRker may aFEeln an
foll.ow ng Ctergutdcriencfashion. This is ifil dohteaSys tSelind:ﬂé Letheyee

GQ/Z 'I&re; Lh; Al a -cl;yrexggessz.on of Sc:l-Gl yJaléeude%.ectl‘eecij JF.)xr;Q_pL p‘ia&%ﬁo‘ﬁ Thr
embryos (Arceci et al (1992)_) .

15 The full length SCF transcript consists of eight exons
(Martin, F. H. et al, Cell, 63: 203-211 (1990)), which
paper also discloses a variant form of SCF. A splice-
variant of SCF has also been described which arises by
v1rtue of the loss of exon 6 (Flanagan et al Cell, 63:

20 _ 1025- 1035 (1991)).

There has now been found a further, novel, splice_-_variant
which appears to arise due to the inclusion of a novel
exon consisting of 155 base pairs between exons 3 and 4.
25 This also results in a frameshift, and codes for a
sgecn.es of SCF comprising 33 novel amino acids following
eion: 3, before terminating at an in frame stop codon
‘which now appears in.exon 4 due to the frameshift.

30  Thus, the present in_.ventioh provides SCF which includes
the following C-terminal sequence:

Glu Ile Cys Ser Leu Leu Ile Gly Leu Thr Ala Tyr Lys

Glu Leu Ser Leu Pro Lys Arg Lys Glu Thr Cys Arg Ala



4
i s substanti

t he i rwersilas10conpri ses t he first 39 ami no aci ds RET/GBIN0284Ingt h SCF
(not including any signal sequence) followed by the above-noted 33
new - am no aci ds. I n one enbodi nent the Revel—SG—et—the

i nventi on has a sequence at positionst 1-39 subst a?HIBaBHEETlfd)‘\S BEENﬂ mol ogous
to that shown in figure 2. "At the ami ndg aci dREBMVALSED a prqtein
sequence may be regarded as substanti al | y"nonorogous to anot her

protein

aci ds exhi bi
or even 99%
may be honol
result in 20
Therefore, t
treatngnt o
di fferenti at
subj ect. 25

sequence sub
ATA GGG CTG
ACT TGC AGA

10

lle An Hs Pro Arg Lys Asp or a sequence which
al l'y honvol ogous t hereto, 5 Preferably, the novel SCF of

-

t .hom) ngsﬁrgt %ase?éﬁﬁi% %% %0/; hgooCA)OhSt ! tuengooa@m no 15

i n increasing order of preference, of the-anino acids

BOUS. sequence whifds 1:Lst méﬁﬂ ﬂl‘ﬂﬁ@ﬁl %m&n

producti on nove
he novel SCF of the |nvent|on can be used in t he

Prieferdabilanttid AlbveANEOPDE itheeAsi¥ehtion corwiﬁé the

e32e"YY, ARiRei BRLORn gt Wtk | onar oSEFORREs WPNd Bsfucnce

codi ng for aapyotsdignalf démuémvent foblakedhbgetihenabove-notedi@Ldasy a

%&%@%ﬁgomﬁg Odie! %mbodé%}snﬁ qﬁnﬁgl@@ﬁf TTG TTG

doxention has a SPRuUENGeCAT @_@sm@@nmA-G@Csm'canuanY
homologous to that shown in figuro 2.

" At the amino acid level, a protein sequence may be

15

20

25

30

regarded as substantially homologous to another protein

sequence if a significant number of the constituent amino
acids exhibit homology. At least 40%, 50%, 60%, 70%, 80%,
90% 95% or even 99%, in 1ncreaszng order of preference,
of the amino acids may be homologous.

Thus, the alternative splicing mechanism can result in
the production of a novel SCF in human embryos.
Therefore, the novel SCF of the invention can be used in
the treatment of pre-=implantation 'embryos to ensure
correct differentiation agd.- development prior to
implantation in a subject. |

‘Tmnaddition, the invention also provides a DNA sequence

cordz.ng .- for a protein of the invention which sequence
includes a sequence substantially homologous to:

GAA ATC TGT TCA TTG TTG ATA GGG CTG ACG GCC TAT AAG
GAA TTA TCA CTC CCT AAA AGG AAA GAA ACT TGC AGA GCA
ATT CAG CAT CCA AGG AAA GAC TGA.

and includes all other nucleic acid sequences which, by

—_—

This Sheet Has Bee,

LT

enbryos.



and includes all other nucleic acid sequences whi ch, by WO 96/ 14410

PCT/ (B95/ 5 VipttieBogitasin e
degenera&%gé 4 genetic code, also code for the given am no acid

sequence or which are substantial |y honol ogous to such a sequence.

S5 Sequences having substantial honolsogy may be regarded as t hose
which will hybridise to the nucleic acid sequence shown in figure 2
under stringent conditions (for exanple, at 35 to 65[err]J]Cin a salt
sol uti on of '‘about 0.9M. 10 DNA constructs co r|S|n DNA_seque ces
of the inventionirtue Oﬁ(ﬁhﬁe#RHQRQr%%me%f Ehetﬂ%nggégeﬁP Pmv &ALy FOde

As discussed heggin, dfie PgOv@hN ghihBe a4t iddpience or uwhich imre
treating enbryos to ensuyre _correc deveI%Pnent 15 rior to

i npl ant at i on. H%i%? ogPus tq,Buch a qﬁd%ﬂqﬁj to the

Lransneggrane receptor c-kit. Furt hernore, we have shown t hat
uman enbryos express c- o t

pre-i nmpl ant at i oﬁp hav:.ngda)\é éﬁ?&iﬁ%q %ﬂa%gys% ol re dtand as

aspects, t he prehuse|whmnh|wni1nhmbxmﬂlse to the nucle@g)aq;dnggqngqqg

ensuring the cor el @Eﬂ% f - | IR ey O
whi ch conpri ses ?‘g’%z I H stezp unfder dn#rfl stering theﬁthdFy] of I;/he

present examplesc®ti 38 tP0o653C pRea splharickutPn &fhaReut Oyl -

preferably a human enbryo); and (b) a nmethod for ensuring the
correct devel opnent
10 DNA constructs comprlslng DNA sequences of the invention

form another aspect of the present invention.

As discussed herein, the protein of the invention is
~useful in treating embryos to ensure correct development
15 prior to implantation. SCF has been shown to act by
binding to the transmembrane receptor  c-kit.
Furthermore, we have shown that human'embryos express c-
kit throughout most stages of pre-implantatidn embryo
development.
20
Thus, in further aspects, the present invention provides:

(a) a method for ensuring the correct development
. of a pre-implantation "embryo which comprises the
25 - step of administering the SCF of the present
N ~ invention to a pre-implantation embryo (and
preferably a human embryo); and

(b) a method for ensuring the correct development
30 . of a human pre- -implantation embryo which comprises
the step of administering SCF to a human pre-
1mplantatlon embryo In this method, the SCF used
can be any of the naturally occurring forms,
‘including previously.described variants (Martin et



30 of a human pre-inplantation enbryo which conprises

the step of admnistering SCF to a human pre- - inplantation

enbr yo. wop#14410s net hod, the SCF used can becreamesoess7 t he
naturally occurring fornms, i ncl udi ng previously described
variants (Martin et WD 96114410

PCT/ GB95/ 02547 | 6 6 al, supra
and Fl anagan et al, supra), as well as the novel vari ant

descri bed herein. I'n addition, the invention al'so provides the use

of SCF 5 in th t nedi ¢ t for yse in ensurin
correct devel opmentS %#jérag él’ﬁg ﬁﬂﬁ%ﬁ%ﬁ%n’e‘g nHRF2’) . as we Zgé?nghﬁny
formof SCF can be ng’éelltUapleuncéeacrtubeébhereln medi canment .

The nedicanent is preferably presented in the formof a

phar maceuti cal_forqulati on conprising the protein of the I nvention
t oget her with Bherddirder, pﬁ&Frr&é‘éfGPl &lnl plso prowvissspithe cuse caf r S6Fs

and/ or 5 exci pienth faSttlte of a RBAL ! !
yet further asp ct g mg:;?; thee rﬁesaegH |n§§ﬁt§#§)ngek %én‘ghar%rlg%éﬁ%ﬂé

formul ati ons ©Orrecte FPMERE iR PHMRA; @Fqﬂ@péen%q;e eRLIYea . the
met hods descriAgatimboaey form of SGhecanVibstised o preaude &eseiisteby
nmeans of the %Qedlcarfl&lxtow' ng exanples, which exarrpl es should not be "
construed as in any way limting the present invention. The exanpl es
refer to the follow ng figures which, show ' Figure 1: the
sequengg of t%@%ﬂl@éﬂ&@ngstﬁfegérably presented in t[i'{eedfociln? oft N0

aci d sequence;
'pharmaceutical formulation comprlszng the proteln of the

invention together with one or more pharmaceutlcally

acceptable carriers and/or exc:.p:.ents Such
pharmaceutical formulat:.ons form a yet further aspect of
15 the present 1nventa.on. Such" pharmaceut:.cal formulations

represent one - way in which the SCF can be used in the
methods described above.

The invention will now be described by means of the
20 following examples, which examples should not be

construed as in any way limiting ‘the present invention.

The examples rete’r to the following figures which show:

Figure 1: the sequence of the novel - exon and the
25 o predicted amino acid sequence;

Figure 2: the se(;uence of human SCF;

. Figure 3: agarose gel showing the products of nested .
30 . _ RT-PCR amplificstion on RNA from human
embryos. Each panel shows the products of
amplification with primers- specific for
different cDNA targets. Axnpllfied cDNAs
from different embryos were loaded in each

—



Figure 2: the sequence of human SCF; Figure 3: agarose ge

showi ng @ oghPdilct S of nested 30 RT- PChhcariindsiorgt | on
on RNA from hunman _ enbryos. Each panel shows the
~ products of anplification with priners specific for
~different cDNA targets. "~ Anplified cDNAZ from
~different enbryos were | oaded in each WO 96/ 14410
PCT/ GB95/ 02547 7
| ane. Lanes. are | abelled according to Iabels
in Table 1 (below). lane. Lanes areddpbpdhgd m@n@r&so
| ane p, first cDNA t&hﬁéiber &hQPhQEbiét hane(BeIBQNA
from 5 200 mD celas af , 10 fg human
genonic DNA, and lane s, no in asSamples were: ne p, 5fixgstive

control. DNA nol ecul ar wei ght tr:.mester trophoblast ;' MRirer g, WeDRAA ££3m

base Palipradtet 10aded T a00 peo reltet JARE % ons B hulen
Table 1 _ gehomar DNAcyand[l\#neam,drmnMpmﬂs cDNA, as
Bane gtggfqu devel opment a negat;v& copFrola DNA fi6ikcular weight .
cell 20 _ e magkers| were a 123 base pair ladﬂer koaded
g bl ast ocyst | in lane B. TﬁH'EHESSSHEGEHét@ﬂbeEQEdanﬁ g
] t hree pool ed bl astocysts 25 culture
supernaﬂéht for j products are shown in bp
- Tab]
Human embryo cDNAs and controls
15 | name stage of development
a 2 cell |
b 3 cell
c 4 cell
d 6 cell
20 e 8 cell
| £ morula
g blastocyst
'R culture supernatant for a to g
3 three pooled blastocysts
25 k culture supernatant for j
' 1 2 x 6 cell and 1 x 8 cell
5 m culture supernatant for 1
n 1 xXx4cell and 1 x 6 cell
o culture supernatant for n
30

samples a to h are from the same donor.

Figure 4: primers used for RT- PCR, outer paln A and
B, inner pain C and D.



1 2 x 6 cell and 1 x 8 cell : m cul ture

supernatant for 1 n 1 x 4 cell and 1 x 6 cell

o] c W@ 96/B4t0iper natant for n 30 PECTEEIS 085450 h are
fromthe sanme donor. Figure 4. prinmers used for RT-PCR, outer
pain A and B, inner pain C and D. - WD 96/ 14410
PCT/ GB95/ 02547 8 8 EXAMPLE 1:
Enbryo Culture and RNA Extraction Crypopreserved human enbryos

whi ch had been fertilised as part of an | VF programwere used in
this study. ;@@L—aﬁ S been for research purposes by
t he p E ‘thlﬁlggﬁgds ?gﬁﬁﬁ Eﬁg\m gﬁ&’?& dPPerrent s of -

t he Human Enbryol ogy and Fertilisation Authority, and the | ocal

t hi cal d Ear |
bal anced" sal (& aﬁ’ﬁ%?%up FORANES SRS WRLI Ay, pecn rBILIEISEA BoT0r ! o
(Armour Phar RR%ut PEaps F progyam (were umedr dguithde dxtwdowpnefhebest age,

t hen flsash mbrvds ORAA ipedrn q8bd rgqﬁn o] e u (and
t hus |ysed byelczéycryst aﬂgﬁtl fé?éapéh iauE-BUs'é t& {:ﬂe

- An_i
super nat ant "a%"s st'&%?wpfleslntquls the F%%%ﬁ?ﬁgntéuﬁﬁl us
cell's were rtﬁtm\l-aﬂnaiummydmgy rhd Fert:.lh.@i&d:lzbﬁgAuthorlty, EQHaEhSNA

fromfirst tr| e S lated - d of
Chonsczynski A@&;%a%%%{é’gg g+&§}BF%€ﬁe Frogen emhryos 1&%’7 $59 ?‘I@%?ﬁ‘nﬁin
whi ch frozen auldsaced s lnonbglal’ﬂese&balanced i sabcel meliilmf f suppbenehtedg 4 M
guani gigni um yanghe
sodi u?ﬁ mtra?@'% 8hak hy bn s%%& sarcosﬁil %%% l\%g%%? %H)‘éﬂ\ﬁnol ‘
The UK) , until the required developmental stage, then flash
frozen in liquid nitrogen in 5 ul of culture fluid (and
thus lysed by ice crystals). An identical volume of

culture supernatan’t" was frozen. as a control.  Any
15 remaining cumulus cells were removed during routine
handling.

Total RNA from first trimester trophoblast was isolated
by the method of Chomsczynski and Sacchi, Anal. Biochem;,_
20° 162: 156-159 (1987) in which frozen tissue is homogenised
in 5 ml of buffer mcont:aining 4 M guanidinium thiocyanate -
(GJ.bco BRL Livingston, Scotland) . 25 mM sodium citrate pH
7.0, 0.5% sarcosyl and 0.1 M 2-mercaptoethancl. The
lysate was ac:.d:.fln.ed by the addition of 0.5 ml of 2 M
25 sacﬁum acetate pH 4, and phenol-chloroform extracted
| Mng 5 mlL of buffer saturated phenol and 1 ml
dﬁioroform-isoamylalcdhol (49:1 v/v). The suspension was
placed on ice for 15 minutes and centrifuged at 10,000 g
for 20 minutes at 4°C. The aqueous phase containing RNA
30 was precipitated, washed twice in 70% ethanol, dried and
resuspended in TE (10 mM Tris-HCl pH 7.4 and 1 mM EDTa).
The concentration of RNA . was determined
spectrophotometrically at 260 nm.



Iflsate was acidified by the addition of 0.5 m of 2 M25 sodi um acet at e
pH 4, andwplygnsdechl or of orm extracted using 5 m of dgIceysoastur at ed
phenol and 1 m chl orof ormi soanyl al cohol (49:1 v/v). The suspension
was placed on ice for. 15 mnutes and centrifuged at 10,000 g

for 20 mnutes at 4[err]C The aqueous pPase contai ning RNA 30 was
preci pitated, washed twice in 70% et hanol, dried and resuspended in
TE (10 mM Tri s- HC pH 7.4 and 1 nM EDTA). The concentration of

RNA dq{lﬁ t hqt t t 26
06/ 14 41\868 %‘se prepared ¥ rs%%gﬂ. o r| C%%g%y%%vﬁgng a scalety\o
9 RNA dewn pprpheedlf based mgl eclr nahovzebp;tosedareg a T oamslist

down protocol 125'@15’190}59 er%RWelooT%%%f Sagﬁflerl_y%res@ ﬁﬂl on

of the RNA 100 carr| er -yeast I“vi ngst on,
Scotl and) was a %t BRIhe Igvingstempgefosdliand) Swep. addad atnstheng

50 fold °° a*%“;"%enl@f@%ﬁﬁf%%m: TR Renbifing| doPELIE) (BFS VEEC
Eppendorf tubes. esc’f@{beé %@m@@e%\%a’irlaﬁ%r'f’ﬁ%‘dﬁespﬁﬁyﬁeﬁ?%s%o@al n

Reaction (RT-PCRess and theDiWholes ppsudiifrtes ofad I @arrded blie el aodRNA
from each ggg}w SI AM/ reverse transcriptase (Super RT, HT 15
' Carrbrl%a ?fﬁ# [ i

Bi ot ech, "mcrogranms of RNA was . primed with
oligo dT (Pharmacia), accor di ng to the manuf acturers i nstructions
for 60 myRputes C “@gg a}@i

pr epar amlgns wa?‘%%‘n% ES&:SQ n& 4'l%é*zg'g%escr’?’%e%;?%har ey, A et
al, Mol ecular 20 Endocr@@!"ﬂﬁ-%u %5942)41 (1992)) with a Hybaid

Omi gene DNA thermal cycler in a final voI urre of 30 pl using 1 U

of Taq DNA pol ynerase Cet us,  Eneryvi of each of
the pair of ext&H 'ﬁé?nﬁﬁtt‘EéésFﬁglﬁ’%’“ﬂ) é{:'rfl the t°Fﬁé RiAuEFom reach
recormended buf femtbryo Taeihgl l2om nﬂe\?érse tedakerppehiske WesupeedRrT,30eT at

95[err]C 303 atBJ.X rrl_lC C%%r%dge, 3-5 micrograms of RNA was
primed with oligo dT (Pharmacia)’, according to the
manufacturers instructions for 60 minutes at 42°C. PCR
amplification of the cDNA preparations was performed as
previously described (Sharkey, A. et al, Molecular

20 Endocrinol., 6: 1235-1241 (1992)) with a Hybaid Omnigene
' DNA thermal cycler in a final volume of 30 ul using 1 U

of Tag DNA polymerase (Cetus, Emeryville, CA) and 10 uM

of each of the pair of external primers (see Figure 4) in

the manufacturer’s recommended buffer. The following

25 cycle profile was used:- 30s at 95°C, 30s at X°C, 30s at
'Y"'C.'__fo'r 30 cycles, where X is the annealing temperature

> each pair of cytokine primers, as shown below.

30 S .
SCF 54 | | | -7
 HistRMA - 52 | . TR

c-kit 56 - : 56



72[err]C for 30 cycles, where X is the annealing tenperature for each

pair of cytokine primers, as shown bel ow. Ext er nal .
Pri mer sW@Y6/1441Q nt ernal Prinmers ([err]C 30 SCF PCT/GB95/02537
54 Hi st RNA 52 _ 59 c-kit
56 56 WD 96/ 14410

- PCT/ GB95/ 02547 10 10 ol i aonucl eot i de
prinmers A igonucl eotide priners for SCF, c-kit and Histidyl-t RNA
synt het ase were synt hesi sed on a Cruachem PS250 DNA 5 synt hesi ser.
Primer sequengesooWdesectqded %ﬁom ~ published nucl eotide
sequences (seeM‘ anplification of any :
contam nating genonm ¢ DNA woul d result i na differently sized
product from tbfl&@ﬂﬁcleotldesﬁfﬁh@:?s £8r scF, ¢ Wunt
of material, two gglrs of . primers were use or eag'ht et c
a nested PCR SYn efag§eocHpre: Whﬁﬁ?@t PTof at r@rmherpr

anplifiesl usi nsyﬂﬁnbls&aer( Cet UPrindy t NFadEntast UreFs 1éeslgnéacomﬂﬂed
t erna pair

buffer. Foll ow ye RCT us t he
one fiftieth o? ﬂésgﬁ'ﬁ quﬁﬁ’g"de seungE i dﬁeﬁaglﬂ%ﬁs#ér’r§ thatr esh’
tube contai ni ngmphéficationi nofr amy mecnpaminagiedgsupenonbd DNZR Wwoulder 30

r ounds ' 9%§ | '{ﬁcagxt ' ﬁ?{iﬁ@?eﬁgﬂgt 'é/iez&?ngv\% 'uc%n gaual ol ungpéd and

of the culture

subj ected to FﬁPP@ReBn the same way. Al so, _ 200. cells of. the BeW

cell liyge (ECACC No 86082803) were - extracted as positive control. _

25 The pri rrers used n this sﬁfdy are shown in Figure 4, ‘
Because o ‘the sma amount of material, two pairs of

primers were used for each target cDNA, in a nested PCR

protocol. One thirtieth of "t__h.e cDNA products were

_ amplified using Amplitag (Cetus), in the manufacturers

15 recommended buffer. Following 30 cycles of PCT using the

external primer pair, one fiftieth of the first round

reaction was transferred to a fresh tube conta:.n:.ng the

inner pr:.mer pa:.r, and subjected to a further 30 rounds

of amplification.  As negative control, an equal volume

20 of the__culture fluid in which the embryo was grown was

extracted and subjected to R.T-PCR_-in the same way. Also,

200 cells of the BeWo cell line (ECACC No 86082803) were
extracted as positive control.

25 The- primers used in this study are shown in Figure 4,
'.._ﬁfagé_e't.her with the size of the expected product. The
:i;"dentity of each product was confirmed by cloning and
sequencing as described previously (Sharkey et al, Mol.
Endocrinol. (1992)). To ensure that the product detected

- 30 resulted from amplification of <¢DNA rather than
contaminating genomic DNA, prime_'rs were chosen to cross
intron/exon boundaries. Ten nanograms of genomic' DNA was

also subjected to PCR at the same time as the cDNA to

verify no product of the expected size resulted from



thet her with the size of the expected product. The identity of
each prod%s‘ﬁﬂ onfi rmed by cloning and sequenci ng ﬁ_s[n
pr.evi ously ey et al, Ml. Endocrinol . (1992)). 0 ensure that

t he product detected 30 resulted from anplification of cDNA rather
t han contam nati.ng genom c DNA, prilners were chosen to cross

I ntron/ exon boundaries. Ten nanograns of genom ¢ DNA was al so
subjected to PCR at the sanme tinme as the cDNA to verify no product
of the expected size resulted from WO 96/ 14410.

'PCT/ GB95/ 02547 . genomic DNBenoni ¢ DNA. ~ RESULTS 5 The
technique of RT-PCR was applied to total RNA extracted from
human enbryos produced by in vitro fertilisation. Enbryos were
cultured to the a%%i%ﬁate stage, then quick-frozen in liquid

ni t rogen. St ored enbryos were thawed and tot’ aI RNA extracted. In

order to 1 oduce ectab - r oduct tot |,
extracted from a ?tgl ke %ﬁﬁ%ﬁ éﬁesﬁagﬁl? g?ﬁt o%%?lﬁﬁ €°Eﬁ§|’\€§‘§%
in which the cDNAéxtasastleqiecfEdmt chumanseembryos prod@@Rianbyi f irat vdtro
wi th an external nf ol t p

. sﬁe 4 EWOSﬁre BY1 P08t €5 ”f;‘llle gééro%rz.ate

Priners were base on pu &uences
span i ntron-exorstage, Ué\ﬁjhdaw-ég §xoeant mpligndg: imitrrgewnt anﬁ'a@??ﬁg

genomi ¢ DNénisPpbd weré e@@&wé/d CHrid it 1S ravh, s Pacll .Pr @dUSESer to
Initially, cDNAfromeach rycg)ﬁ\% te%lted W|th |rrers 20

f
histidyl  49RNA W‘Ffé?%se etac %‘Eﬁ*lfl? duct f§'813'ces"sq't{)i"}rlRl\ﬂ?‘m '

i sol ation and revwexteattedstromta singliee embryo, @ hestedUPER pautotblewas
150 Do 7 AT L e AR e
detected in PCR amplification with an external primer pair, followed
by an internal pair. Primers were based on -published'
15 cDNA sequences and designed to span intron-exon
boundaries so that amplification of contaminating genomic
DNA could be readily distinguished from c¢DNA products.

Initially, cDNA from each embryo was tested with primers
20 for histidyl tRNA synthetase ~ (HistRS) to confirm
successful RNA isolation and reverse tranécription. The
primers used gave rise to weak products of gi:eat:er than
400 bp from genomic DNA and 110 bp from cDNA derived from
HistRS mRNA. Transcripts for Hist RS were detected in
25 mRNA from embryos at all stages of development, as well
' a8 in decidua and the choribcarcinoma cell line BeWo,
'lu;éed-.. as positive controls (Figure 3, lanes p and gq
respectively). No product was detected in an equal
volume of embryo culture supernatant extracted and
30 - subjected to RT-PCR in the same way, indicating that
there was no contamination of the culture with extraneous
cDNA or RNA.

Examples of similar RT-PCR analysis with primers for SCF



25 nMRNA from enbryos at all stages of devel opnent, as well as in

deci dua and the choriocarcinoma cell |ine BeW, used as positive
cont roO9(1dYure 3, |anes p and q respectivel y) . PCT/ASBOS)284fCt WasS
detected in an equal -volume of enbryo culture supernatant
extracted and 30 subj ected to -PCR in the d g that
-there was no contam nation of the culture with extm or
RNA. Exanpl es of simlar RT-PCR anal ysis with BEPLAGED 1 or

12 and c-kit are shown in Fig 3. St ocks of cDNA were

reverse transgid beddironyeachsHm sgﬁplﬁr#)nﬁv\o ggg@kgtg?\& cDNAko&%%Qi ons

and the PCR assa s vvere repeated twce o
results are St ibednfrem sach RNApsagmlehen phwecsepatrate

e>o<|pr essi onf Ofodcé@iomdarﬁﬂ:FtCR he PCR Qﬁé?ﬁﬁhﬁéfe' dﬂéé&'@héé%ﬁ%&éﬂg bThe
identity of t gnents. o te orrect size was confirmed by .
sequenci ng of% §F8ﬁ§d Pé?‘?)rﬁﬁﬁ?:ig theFigure 3,,,ghigh;e(

producBs wer disgiays hehe \\pattearao ﬁoa&qbrh@sxonandfseiﬂlﬁfmednd scr  For

Cransor pt ée%%@}%&m’%@%@?ﬂéﬁﬁﬁ% o The ideprify g cthe; ,

si ze. Upon cH fFasmentauedici hhe terrusct sime pwasucconfprmedd bp ari se
due to an al ts@q‘iiérié’ﬁug of 2h§p|d19r£& @@i‘qp%ﬁ&é‘té NSerhS & iV

bet ween exons 3 S predi cted sequence of the nove
transcript igovel sizgeg \AﬁrPﬁuFtﬁur"@rP seemhe ﬁb@éﬁ stlrlecﬁk?%aﬁl@m@al so

i nvol xes a faaeVedquendedi ng a total of 33 new am no 20 aci ds, before
an in frame stop codon in exon 4. ~In asimlar analysis using
primers specific for c-kit, the receptor for SCF showed that c-kit

was expressedcat SCF, thertmtedn:cam ixfagmarm iseoemﬁ;ant ammwbrwe
devel oprrent 'SCF  transcripts appeared to show stage-specific
differences in size. Upon cloning and sequencing, the

15 new product appeared to arise du_e "to an alternative
splicing event which inserts a new exon between exons 3

and 4. The predicted sequénce of the novel transcript is

_shov_m in Figure 1. The novel splicing pattern also
involves a frameshift, giving a total of 57 new amino
20 acids, before an in frame stop codon in exon 4.

In a similar analysis using primers specific for c-kit,
the receptor for SCF showed that c-kit was ‘expressed at.
most stages of human pre-implantation embryo development.

25 This suggests that the embryo has the ability to respond
to SCF throughout this period. |

D: SION

30 Many growth factors have been shown to influence the
development of cultured pre-implantation mammalian
_embryos - (for review see Anderson, .E. D., J. Cellular
Biochem., 53: 280-287 (1993) and Schultz, G. A. and
Hevner, S., Mutat. Res., 296: 17-31 (1992)).
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25 Thi s suggests that the enbryo has the ability to respond to SCF

t hr oughouiyg stirfaier i od. 30 Many growth factors have pegans to

i nf l uence the devel opnment of cultured pre-inplantation mamralian
enbryos (for review see Anderson, E. D., J. Cellular Bi ochem , 53:
280-287 (1993) and Schultz, G A and i3 Hevner, S., Mutat. Res., 296:
17-31 (1992)). - - WD 96/ 14410 _

PCT/ GB95/ 02547 ' c ' 13 However, there
i s good evidence for speci es to species di fferences in expression of
growth factor receptors in pre-inplantation devel opnent. For

i nstance, EGF nRiéwever5 themxpissgeddi eviiliengeg fowrysedids hes speciesn

found at any t Vau an_et, _al,
Devel opnent , 116‘:'3‘1'55%-&%%%(5 1@'&)1}2);é 56| ﬁe&a@f‘“@@?eﬁ%‘g’&' édep Rts n
1823-1825 (1988§>reamp\lansemon devedopaentBi olFor ihstanRepr &GF, mBNA is

725-733 (1994)). egg gae hhehusﬂg é}ﬁ%&({%rol b« Jkﬁ%%e%%&ﬁaa% any

researchers inter factors
pre-inpl ant at i on5t€€9ellé‘pr‘i"@r\’cse ipre-implantasienl embryyesidiVeawghanhet al,

specific growth pagkebpmens, 116: 66?56990@9921)/9%&;9%@' dt a3UC R lmdices
frequently have %?eﬂ-é%réoseﬂl%# hoc basis.. Both for.ethical

and 15 pract‘?ﬁ?;ll‘ r& Suc 'pp"f‘Bgtc ar8oRet Asyit-afe ey Biol.

use with human eRbpyod. , \s0havr2s-1acef (@g94a)9ed aTheséfore the uBEfliTRess
net hod h has_al | u reen I on_ of owt_h
factor an recep?é t%s 3*.;{18138 %% égéeéﬁ%"ﬂs gtgﬁ%{sg%.? ﬁrbnfé%ﬁ'&
This nethod has mnre@lzng wmus@reﬁmplmamnfe\dmmemmt hds

speci es S I en | ﬁ]zgg
O]E) enbryo materi #ﬁgté& 1iE é&ﬂ@mﬁ hE%Irel \régre?l? st |r§?| %ﬁ’\ﬁ\{‘é B.ﬁﬁ
synt het ase was \Segeptors Wemte@ar@@ucbo St@&i-ﬁsr rﬁernt%Dl\havﬁad

been been chosen on an ad hoc basis. Both for ethical and
15 practical reasons, such an approach is not suitable for
use with human embryos. We have therefore used a nested
RT-PCR method which has allowed us to screen for the
expression of growth factor and receptor mRNAs in single
human pre-implantation embryos. This method has been
20 widely used over the last few years in other species
' since it is reliable, sensitive and economical in its use
of embryo material. |

RT-PCR with primers for Histidyl-tRNA synthetase was used
25 op - cDNA samples to confirm that <¢DNA had been

. éslfully prepared from each embryo RNA sample. <cDNA
"syeé.{fic for this housekeeping gene was successfully
detected in cDNA samples made even from a single 2-cell
embryo, indicating that the method was sufficiently
30 sensitive for this study.

SCF was expressed ét the 2-cell stage, and then
reappeared at the 6-cell stage. This is consistent with
maternal expression followed by re-expression from the



successfully prepared fromeach enbryo RNA sanple. cDNA specific for

t hi s housekeepi ng gene was successfully detected in cDNA sanpl es
~made eWEQ9/i#9a single 2-cell enbryo, indicati ngpcricaosobdye net hod
was sufficiently 30 sensitive for this study. SCF was
expressed. at the 2-cell stage, and then __reappeared—aitt he
6-cel| stage. This is consistent wthl4 mat Emaeg SBERT &S BEEN bi | oved
by re-expression fromthe REPLACED 14
+ Nat ure, - 332: -

enbryos's genone at the 6-cell stage (Braude, P. let—=

459- 461 1988) tra | Dt s .appear ed_t O\1N t age-specific

di ff erences |%m¥’ggétsr asng%ﬁop'}fe sﬁt‘zg&e. g'cefbs'&"l“%ﬁi Zgr Haese vef& &F t hese
were found toNB&uahee 882:5459-461Lt 2984} ) ve SOF iManpafigte gppemed to
transcript. 0 - e, Vg e;sipla | i shed
previ ously ;HBW %l\t/aalgtel ns pee{él ?Ii% s%fr%%%'da%a}ée%éA?régsép,gﬁﬁlb%i%e‘
Endocrinoi ., @8 $29Bing,and| §egpencing.osbenss vereofound to bef due Woi ch

predicts a _spsm:esnai:_i%F'swlti&igé BEVEAR Peikdry trafisdsiph .t heqgar Rgxy
t erm nus. Seveﬁ'al vari ant iS:ﬁOf S are . now known, sOnme of which are

menbr ane bountREAf Varianty; yare; similag tQdhase published pyevieusly
pre-inpl ant at (Martin etenadlyo supradeandiosshieieay, t @ be d8 oagdt,i veo1and

15 by tneEadgridholiy B T orye5alel sptern was o nove1 e
time.. form which predicts a species 9§ SCF with 57 new amino

10 acids at the carboxy terminus. Sevéral variants of SCF -

are now known, some of which are membrane bound and ‘

bioactive. The speé.ies expressed by .the'pré-implantation-

embryo include those known to be biocactive, and indicates

_ that various forms_ of sCF can act through é-k’it expressed

15 by the embryo, and can affect embryo development at this

.time. ' '
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@ Al VB 1. DNA encoding SCF which has the followng Ctermna

am no ac ce: 5 "Gu lle Cys Ser Leu Le eu Thr
Ala Tyr 5@%3&%&? G u Leu Ser Leu Pro Lys Arg Lys d Hc$h?”%?§Mkrg Al a

I'le A n H S ProArgLtys—Asp—— 10 2. DNA as clained in clain11

wher ein ;he sequence gins at positigQ
anm no acid J’ﬂﬂﬂ”ﬁ“gﬂﬂﬂlﬂl . llgeDNA as clained i nI'HISESHEEI HA&\BEEM

t he ami no aci e at p05|t|ons 1to39is that SREP[AGEW

positions 1to39 infigure 2. 4. DNA d .

one of clains 1 whi ch I ncl udes the foll ow ng sequence 20

GAA ATC TGT TCA TG ATA GGG CTG ACG -GCC TAT AAG GAA TTA . TCA
CTC CCT AAA AGG AAA GAA ACT TGC AGA GCA ATT CAG CAT CCA AGG.AAA
GAC TGA. 25 i. s6F wENhwhiincludes dishe ufitdilawinghgeRrtesmdnalons
to ? &ﬁ d in any one of clains 1 to 4 , 6. A DNA
const ruct conpr g 8 as defined in any 30 one of clains 1 to 5.

7. SCF engoded by DNA as defined in any one of clains 1to 5.

Glu Ile Cys Ser Leu Leu Ile Gly Leu Thr Ala Tyr Lys
Glu Leu Ser Leu Pro Lys Arg Lys Glu Thr Cys Arg Ala
Ile Gln His Pro Arg Lys Asp

10 or a C-terminal sequence which is substantially
homologous thereto.

2. SCF as claimed in claim 1 wherein the c-terminaﬁ
~ sequence specified in claim 1 begins at position 40.

15 | |
3. SCF as claimed in claim 1 or claim 2 wherein the
sequence at positions 1 to 39 is substantially homologous
to that shown for positions 1 to 39 in figure 2.
20 4. A DNA sequence coding for a protein as defined in
any one of claims 1 to 3.
5. A DNA sequence as claimed in claim 4 which sequence
includes a sequence substantially homologous to:
. GAA ATC TGT TCA TTG TTG ATA GGG CTG ACG;GCC TAT AAG
“~ GAA TTA TCA CTC CCT AAA AGG AAA GAA ACT TGC AGA GCA
ATT CAG CAT CCA AGG AAA GAC TGA. | '
30 6. A DNA consruct comprising a DNA sequence as defined
in claim 4 or claim 5.
7. The use of a protein as defined in any one of claims
1 to 3 for use in medicine. ' ' '
TR




8. SC? as defined in claim?7 for use in nedicine. 9. SCF as

claimed in claim8 for use in ensuring the correct devel opnent of -
pre- | wowsrnuetoi on enbryos. 5 10. The use of SGhcpeposdisged i n
claim6 in the of a nmedi canment for use in ensuring the
correct devel op of pre-inplantation enbryos. 10 11 A

phar maceut i cal’ ijm:’mu Hl ri sid¥y SCF STHIS SHEETCHANS BEEN |in claim
6 together ‘phar madeut i c EpyAGERcEpt apl e
carriers and/ or exci p| ents 12. A phar tion as

clained in clslmll gﬂ% or use in ensurlng the correct
devel opnent o heppge 8| SRS LR 3R 7 wherein the Rresedsd ist

ensuring the esedecttadevehsprent thle préorrect deweddpmlen®n %@rygi'e\ml ch
conprises the, 'ﬁéfgﬁggtig wagg??m stering to an enbryo SCF as defined in

cl aim 6. ensuring the correct devel opnent of
human pre-inpl antation enbryos which conprises the step of

admi ni gf eringgto %ﬂé”@geegprg%:%?eir?%s defined in any one of claims
| ' 1 to 3 in the manufacture of a medicament for use in
ensuring the correct development of pre- 1mplantat:|.on

embryos.

10 10. A pharmaceﬁt'ical formulation compris-ing a p_rot'e'in' as ‘
defined in any one of claims 1 to 3 together with one or
more pharmaceutically acceptable carriers and/or
excipients. ' ' - '

15 11. A pharmaceutical formulation as claimed in claim 10
' which is for use in ensuring the correct development of
pre- 1mp1antat:l.on embryos. '

12. A method of ensuring the correct development of pre-

20 implantation embryos which comprises the step of
administering to an embryo a protein as defined in any
one of claims 1 to 3. |

| 13. A method of ensuring the correct development of
25 -human pre- :melantat:l.on embryos which comprises the step
:'ot adnun:.ster:.ng to a human embryo SCF.

14. A method as claimed in claim 13~ Where.in the SCF is
as defined in any one of claims 1 to 3.
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