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WD 2003/ 104747 PCT/ GB2008/ 000613 USE OF VEGF IN THE
TREATMENT OF RETARDED FETAL GROMH | N PREGNANCY

Field of the Invention This invention relates to the
WO2BBIKERt of a disease associated with 5 FPET/&BEUE000613
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parents face a stark chojce bet

t )er nFﬁEt af@ﬁtw for &4rd i\ pregangies.offichlg %Sﬁ@c@mgf“@tm high

p@h@aﬁélnmk}hﬁf rat@”%ﬂ'g«té:ﬂp rrﬁuﬂ%ﬁiaﬁ n‘nﬁaafn%n@' angr @Mtnhbreased
to a birt
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bEBd P freatiRAOV &RR&E Sedrip &MéﬂF@ﬁ' af%&fé WO@lﬁﬁédnﬁncu&ermﬂnis
antenatal care is designed to detect

agsosiates with high SOEI Ao 989 1B SRR IO {1 at"’aaf’@s “An

aﬁé’&@d AsudMLERER) aSfEVE REEIK BBRved WeigRTatibadt 500 gRaieihy
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NH results from

1&518Y &) QPN GetN %ﬁalpﬁ%\fehﬁzﬂﬁs in ktmym (e tghttf @ bﬂh@elght of

currently no therapeutic strateg

7600 884 A, BP%ﬁanﬂ“e%‘é?ﬁ'i‘h {a@ frome¢Bit k%r afﬁcﬁﬁ%‘é@ﬁﬂﬂ‘f@

njortikiBrolBvEmS irPsundfal ARG mkaGsNt |nvent| on i's based on
a study (see bel ow) that dem)nstrat es homavfl rst

F neCHeRlrAT oA 1ol RENONA) Seleds gromen who have ' drSuth

r@sﬁ!&ﬁé&’ fetises MACHAIRSA of Sifdbg |e§§@h&i§%§@ﬁ1a0@er0iﬁw Wia&Ers and
results I n increased uterlne bl ood f|

utesing e NoORORAIEr WiFRSOURG PXaTRINAANEATE éé’a"aggmwblé@ﬁ“%% pgle
G PFbdic® IhEE BRbIHORT bnebleifsh bib@piEthese conditions. However,

there are currently no therapeutic strategies that will successfully prevent the
development of FGR.
Summary of the Invention

The present invention is based on a study (see below) that demonstrates
for the first time in an in vivo animal model, that adenovirus-mediated local
overexpression of VEGF results in increased uterine blood flow and relaxation of
the uterine arteries. Low VEGF levels and reduced uterine blood flow are
implicated in the aetiology of FGR. These results suggest therapeutic utility by
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inplicated in the aetiology of FOR These results
suggest therapeutic utility by 1 WO 20081104747
PC T/ GB20081000613 i ncreasi ng VEG- expreSS| on,

W84t he out cone of pregnancies conpli é’é?ff&?z%/ﬂm’ﬁﬁ
severe FGR According to the present |nvent| on, an

PR ot PR SRSt S O  fonances

chmeticatedyryosatvbrel FGR.5 pregnancy Active agents and

vehi ¢l es can h 0
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Q$-ation. Additionally, or alternatively,
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resent terpnati v (o] ti goni. s

BaTSTBa b Bercr sPaPis Bl Brariie o 2o th ARLS i
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act ] vit rom nat ur, -. occur

A, o diegranughnoafiel Fapasts sty Lasive Ages morae

pedsedtti vity. Such manipulations will typically be

carried out. at the n acid.| evel S

R matiens Gohmeetie VERE, St Fa e, USHn OEor example,

shfaA fresl6 RAbsSAROHINTE e sHape oVEEpag W iIVEIGH thaRimdrddt with its

geptlde or a .gene construct encodi ng or expressing

|“8%d In a nore preferred enbodinment, the
VEGFVE@}N bd)@emss fO/EGe A @ie Vivehtida. thad differ pin asdquela:eOfrom

the jnvent,ion VEGE pepti de, con

reicahagaT VGt gepmertngoorc B SRNaY iR, et
aR6urfing VECH. Fer Qxa\ﬁﬁf tRgOMag be reAgineered to have stronger VEGF
activity. Such manipulations will typically be carried out at the nucleic acid level

I

using recombinant techniques known in the art.

in a preferred embodiment, the VEGF agonist is a VEGF peptide, or a
gene construct encoding or expressing a VEGF peptide. In a more preferred
embodiment, the VEGF peptide is VEGF-A or VEGF-D.

In practice of the invention, a VEGF peptide, a gene construct encoding
such a peptide, a VEGF agonist or a nucleic acid encoding a VEGF agonist may
be delivered to a blood vessel, preferably an artery, in any suitable form.
Preferably, the VEGF agonist is administered to the uterine artery. Nucleic acids
may be delivered in a "naked" form unassociated with a vector, or by means of a
gene therapy vector. In particular, a viral or non-viral vector may be used.
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be delivered to a blood vessel, preferably an artery,
in any suitable form Preferably, the VEGF agoni st
is adm nistered to the uterine artery. Nucl eic acids

WR(IH ¢kl i vered in a "naked" form unassocPal/&d2epPe1s
a vector, or by neans of a 35 gene therapy vector.
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of PNBIT dells) W2 cBRs, OFIFedalt, aChRIPTtets)|H-86-6P cBUS, (Fabdedis, ine 293
C&ackgglpgépl i pes include derivatives of PA317 cells,

lsan cells, GRIP cells, E-86-GP cells, Fly
cel I'geGFi dipndR3of te Beddtnangy 2834dminelerel byEGy form of
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SEBEURIMBOUS .or DPdrRBERTaR| admimétrAiHs oul i direc Uibjeutian eaoisthe
or transdg,r mal, adm nj stration, o b%/ dj [%Y%{" [ njbectdl 0
blopgeireafle digch dujgsticBalfo A r &oHNg ntf‘%c TR iYWlo Oty direc
appiiebiith tden@okalr tistueyal Predérably, dbimemstraBéh apyi arbhorof
to nmucosal tissues. Preferably, adm nistration is by
injgetions ipto the HieER AR i nto the uterine artery. The

VEGFTIRO WEGH agdhist hRalebi deivedd by means opfanaimplaiplptatied
pl aced external lg% to a bl pod vesgﬁlt e.d. tpe ias th
egerRinio 2Pipeq yesseleq- e Yierheasent orHhiaRdmMplat copiigs the
ngé:rﬁg%hisﬁm ;srbﬂuésﬂ@fﬁesawbilesemlcagéntof OIt he ageng . 25 fThe
e RRB agois P S0 3B e 66 g o i
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har maceu#i cal,_fornulati og_ may be used. For exanple,

paarmaspyticat fgrmuiption MayLERSed; nei ude aqueous and non-

For example, suitable formulations may include aqueous and non-

aqueous sterile injection solutions which may contain anti-oxidants, buffers,
bacteriostats, bactericidal antibiotics and solutes which render the formulation
isotonic with the blood of the intended recipient; and aqueous and non-agueous
sterile suspensions which may include suspending agents and thickening agents.
The formulations may be presented in unit-dose or multi-dose containers, for
example sealed ampoules and vials, and may be stored in a frozen or freeze-
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aqueous sterile injection solutions which may contain
anti-oxidants, buffers, 30 bacteriostats,
bactericidal antibiotics and sol utes which render the
M%7 on i sotonic with the bl ood of the AGH{(@HEfS§00613
reci pi ent; and aqueous and non-aqueous sterile

T FRERHIO0S, hlifich PRl Bkl SUARATEH RO BRR a2t
forexamipte-wiisifooinjention, imriedistelygrivaionses, for exanpl e

| ' ) . ) '
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pehsibie dodaulatiodsr stérde E;bytolgan—jreé raqeeklist armwnamaqueeiss solutions
[ ' i cul arl [ d ab ,
a?%?{?ﬁqqge?m s particularly nentioned above

ions of this invention may include other
agenise VEGFOagamnidtinnaabe idalivieresl iaranyhsaitailg doegge, dintl ausing

b f . : . . .
Y AT Bred ) TRt B P T b8 BB GRRREAL fre
dosagengrueuni and akgitieansy bandagec fecensace ofiimeal Wigament of the
e Caieout: 5 k&l cepie o Rl bnatirehiscref R e Pt
fadtgs atdy balithe aggpee ag@clm idgh;aindttibs of the sd?j_eagfx bta treau?d, t
i,me m apt.e re opti reat ne
of 1 18 hokeeF aapdfor BisBEsy s SERE Br@Bphcyy BRI -
Va8l drusanveaisvebae Wl depebo @R nsangHactbracindudingrihe dificierivg with
BFSrRSiooB SRy Er e o 8 el B d B B
virunethe WESIH meteibyciteanexplessed initatelier Dosage/sahatules will
alEre ahetying Bhor e i eHE Sk Pt A Thdsiet the
ragigibeti ahdatbe dsnditiorcell the recipianit Hewededr) single dypsed afd miultiple

cj[Bge VEGP, nucl ei. c a?i ds are expressed in.the cells.
SLYLCALNEL RFLDS B PrYS: WPElS QT IQPURAIS FAY¥YSFo, £ or

Styaypl e, the route of adm nistration, the species of

%e. re%idmkﬁ t ,and the condition of the recipient.
ﬁﬁﬁ}gra, E?rés doses and nultiple doses spread over

beeriodnialfAndagls; weeks or nonths are envi saged. 20

St udy,. Materi al s _and t hods Experinental . Ani Si ., .
S x BaofRay e Bied Fahee ark R Wit AhBleigity T %r twin
(81 dbiused metwedh 88 ahdi 102 (ays—of pedtatians ¢ermb ettdBedays8aF
and.102 days o estation (ter 45 days _ af

RGN} wAP T e didteo Phdiirol. ks Wefe dmefdied, aper
ré¢aingintrachgiridl @rogesieeinei sugpoditbries uanuédctuper) fers? eeekseto
1%&%8 %%Ita |<§n'. eAsfteg %H}ﬁg%?ntgu&ef{egd E\%migzjht\,ﬂ%gr%esralt Shaesthesia was
induced in the ewes with thiopentone IV (20mg/kg manufacturer). The ewes
were intubated with a size 11 endotracheal tube (Jorgen Kruuse, Denmark) and
maintained on halothane 2% in O, via a Manley MP5 ventilator (Blease Medical

Equipment Lid, UK). Maternal pulse and respiratory rate, blood pressure, oxygen
and carbon dioxide saturation and core temperature were measured throughout
the procedure. Ewes received 01 mg/kg IM buprenorphine (Alstoe Animal
Health, UK) for analgesia and Penstrep (procaine penicillin 200 mg/ml and
dihydrostreptomycin sulphate 250 mg/mi, Norbrook Laboratories Lid, UK) to
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i nduce ovul ation. After wth-hol ding of feed
overni ght, general anaesthesia was induced in the

ewes with thiopentone IV (20ng/ kg manufacturer). The
WA/ 10§ e i ntubated with a size 11 endot r FEREH20GB{4g13
(Jorgen Kruuse, Denmark) and 30 maintai ned on
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e e o
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ﬁ‘ér peg g&gg&oﬁn Penstrep (procaine penicillin 200

‘hydr ostrept onyci n sul phate 250 ng/m,
brabownkexanbipatidroef tbe eisedgnddust o 4 WO 2008/ 104747

recothAkta 12t XE0 ARl LOHBEL I menty BrkES Ui was
u%edi tdr aB ultrasoumid umaging\gFétbmimgemwammsiesmddmmG saigery and

(e 16 SR el RPN ok Aporin i Ff R MbaBlicRRNG
(B&BuiaaA,i .mﬂés Ovd et hie {Qésg@ﬂﬁ aw &Nd&\lﬂ&\a@dﬂ at9sesety RW &
bR TEog0 he Ve ok e ahtuh gy bbAd
e
8 deveda e RS o i Mol At ss v ARy Solor
mmreemage@mm amg aﬁ@euaﬁtQB@ i1 ourstlieerd aratsducer. The
14 TR TR G T e mfsigim K ower
lik®8 The uﬂ’me%w@ﬁm\/@aﬁ ideatified jGsiras30cmobsedt @er the external
G it P vovaeD it ol 2 BRI R wes
o@[titﬂwd@mﬁ@traﬁsﬂueer wﬁ%@)l&deﬂ@d tlhdg?m um bngc: ﬂﬁve;v'aﬁ at 90° to the
Rapdisen T hAeseh desol A et Bpei R T kB iRy of
tﬂév@sbﬂbsn\&éen {h @0ten wals i v umereinii WasdelmeaTuEg by ltioneaior

nal r oin to t
7 gl A6 diaie” Byt reticsd, 8P yestd Meeg G, HifboeE
Wi&&raﬁhﬁ@xﬁ{eﬂ ahs thehlaﬂ]llstwtsertyatahg disedhop pfl e Urabislodrflow was
east 3.cC { e r | C es,was .
R Aoyt BRanadr SRR o8 A s Bhniitet e BidlPas ingregpo o
émb@mdasfsl ANoinae véﬁse@ Othet wz(atj\telfnﬁrm bvadnls@l Fmapleteiﬂlmrdims sglles
ter S re rpendicular to t .

Sedbatdhs iR e RE TP E AR ata whah Rt TR G
rh/eled) aMSa pedid \maitg(avdnﬁx)t meanémprodﬁhnmffrc&n thEse alysles. The

r_gain s redu unt ess wa .
R o Parin® FomEes Sieratint oo, 05 Bihand ik Fldeas, vonay
etnh&:r@hsrﬁemrﬁnareﬁ ot {he drtedy dtlto® doifl wiverede memsuedrhasits were
g qctqerfdhggstg&se:@wwmg t%rmaaOf the transducer. The gate

UtA VOL = TAMx x 7t x (D )% x 60 mU/min
2

A computer-generated pulsatility index (Pl) and resistance index (RIl) were
also recorded in triplicate from each of the UtAs. The umbilical artery (UmA) was

also examined using Doppler velocimetry in a free loop of cord and the Pl and RI
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enconpass all of the vessel. The waveform over the
conpleted cardi ac cycles 25 was then selected and a
mguter generated time-average nean vel ocit

88997340 d a peak velocity (Vmax) were theR€ %4‘%8%’&@@613

from t hese cycles. The UtA blood volune flow was

m&@?@fe%lﬁ%& éa%htd?éan rd?q,amhc rLe He@&ﬁeé( @& tif¥s, and
an

Cross sectlon area o ery at the point
thehaveeagerné theeneanuameents wakiaken. made according to the
%ﬁ!]ﬁ%pé% ﬁjorrrul a: 30 Ut AVOL=TAMK xit x(D)2x60nt/m n

co ter-generated pulsatility index (Pl) and
r esi Surgaye viandperfqrRie)) wedee sthiglo asemior dentlitions. The ewe's

aééc%r@%ﬂy %%%ﬁﬁ%ﬁe\%&f awtg@{eelggfrot lll}%llg-lﬁlg aggmﬁl gtrgﬁrke arteries
weed identifiedr Yhé main Yased was opclodedcoanuadindt it&mo@lprcmimai Riart

agg HiF ERAHAS Y8R ot 2 U il s SR B TECF T 1

etviejrgane @nd 10Y partietesrimd Bmbhorriad saima}s wae injerted slawly over 1

"E'?Lﬁg via M?g& %%{'% ﬁssgﬁﬁ@éem@%clﬂs&( g\fagergalmagw%ﬁ for a

flothenéaninites & givel hitotel doafusioottiorey/ofi Siminsitesn Ticwas Eepeated
uter

ofj % BRIt gAY OdE PRohETePd S Re2 sRE P gane
Thiveghsle nhy iexperimadttbe opentas weng HihdedvESke Avh@crm sid® had

b Re N adfernd Vel FE0Rele ohedlf pETEbSE Bin

Murgilehe tapedman@idctGadgmdiieeshiresaad sythi 1 silk (@anufasiuxm)
ﬁ/as ?[HI ntained for a io further 4 mnutes to give a
B51"98ccl usion time of 5 minutes. This was repeated

on tTie: opPoss reansksietizad agamemeweaenst v ciags after surgery.

R b L GROEA T R Ly
tied chatdnsd ﬁxpmea' neechrbdre divkige 1evelsd enha:wdsemteony ratd@ laad
t e rsi .
B e Paso B8 50stae fo tHesd in MELGeSRs oA Bon, | Roppler

n(emamufmntsuwerre) then Lizpéited ast daailehabevee Whs UtAs and their
reanaeshet i

b b 4 .
iR ghee rdiesechy §8 Gam i e dodksh B ovide, ynder
ansdtisl ceviseakye sbathmasadl usingratie h ovérbiesenedf e im@benous
n | ev
ppRRPIdr (Fitiatal cfoRe ek Esfex BAOSF 188 Ypag and their
bragslsesb werd Ogdtéd aad irembiri]mi pitieodit cstme:johmgr?d piace @o pélet-
ement.s [ repeat ed _as a
oneder RS TR MR % e BIGERE Cofbolfetln AET¥EY,
NalC§ saJe Khd1 80 xly 1t 16emgSOhi 1.¢8 witlPO,, 22.14 NaHCO3 , 11.1
glucose and 0.03 Na,EDTA. The arteries were cleansed of fat and adhering

tissue, and they were divided into 5 sections for analysis.

Organ bath experiments:

The arteries from both sides were separated and cut into individual ring
segments (2-3 mm in length). Each ring was suspended between two stainless-
steel L-shaped pins in 25ml organ bath containing Krebs-Henseleit buffer
solution, which was equilibrated with a mixture of 95% O-5% CO, to give a pH of
7.3 to 7.4. Temperature was held at 37°C. Rings were stretched to the equivalent
of 1 gr of passive tension to allow the maximal detection of active tension. After
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anaest hesi a ewes were eut hanased usi ng an overdose of
i ntravenous pentobarbitone (Euthatal, Rhone Meri eux,
Essex UK). The UtAs and their branches were |igated

WY 8idied wi t hout stretching and place i MCE/G&2e18400613

25 Henseleit buffer solution (pH 7.4) of the
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endoﬁi@lacmda@@éavalgrin the utexine iagaries, ek el ianchkes and the
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TRRpREIRIAS were dehydrated in 100% methanol and transferred to a benzyl
benzoate and benzyl alcohol mixture (2:1 v/v). After tissue clearing the
specimens were photographed under a dissection microscope using a digital
camera (Olympus).
Statistical analysis

Data was analysed using Student's ftest where appropriate. Two-way
ANOVA a General Linear Model function and Tukey pairwise comparisons was
performed using Minitab number and (manufacturer) for UABF blood flow
analysis. All values are expressed either as means+S.E.M or means+SD. For
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was also significantly mcreased compared to blood flow before lacZ injection (p =
0.019) but not significantly different to blood flow after lacZ injection (p = 0.085).

There was no significant difference in blood flow before lacZ injection when

compared with before VEGF-A injection or when compared with after lacZ

injection.
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hi gher on the VEGF A side. The nmean increase was from
408 M/ mn ( SD 273, range 159 - 925) to 1321 m/mn
SO 727, range 391 - 2505). The p values are shown
WO T 1 (bel ow), The uterine artery bl od@THGR3(8/000613
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“Eif@%fe%ti on froma nean of 561 m/mn ( SD 281, range
862) to a nean of 755 m/mn ( SD 193, range
461 - 104@)s¢ Totmdstuterpme artery bl ood flow
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286- 256 ;?/Gﬁm ng?@ %é% ANOVA with a GUM functi on
BB hcPUKEY) 3l rvmoggag cogpapi sons, the nost significant
difference was seen in the blood flow before 25 and
Reet er | njOd¥bi on OF00VEGE- A (p = 0.005). The bl ood flow
iider VEGE-A injection was also significantly
I ncreagsed conpared to blood flow before | acz
Rastee€| 0RO = 0.019) but not significantly
—orfferemt—tobtood—ftowafter lacZ injection (p =
0.085). There was no significant difference in bl ood
f | owlrtjettion of VEGE-D ij engt we dighent increasp dhe dieine artpeyfhigas

8 ER B S o e PRt o BaoBket R, 1 0
rﬂl/rﬁiﬁS% SBastafter; GacZ\(rF}%edi 8idé 7VERTmirPE 8Dl 20ciEfdre 64 220mPR R
0.940 Pre 0.005 0.600 VEG- Post lacZ 0.085

ﬁ'?é’étaﬁ@’ﬁ of VEGF-D | n one ewe did not increase the
ut er *TH@ b%& %Ml IMH%QﬂnblfldaPéthérV HaEaldol lﬁ\}e%ﬁ%ﬁé’d §énﬁ§ Doppler

10 eorelnjectlonto
\@tpcrmtra{f tB}efe wsteznq> Rioaiticary changes 7o shef) &l er f@é@i ?mﬂ rate

ﬂé?ér@aﬁdaeer7aéctﬁh/oﬂve<az:pﬁa 4 after). The blood flow

|'i cal artery was also investigated using
@iﬂ?ﬁl@ﬂ”ﬁ%’ﬁﬁm metry. There were no significant

chang@gnyidbriine Er'oduc%d %née%rﬁﬁorhé‘eﬂiehdérﬂt Qontkb%fléﬁse vitish

after injection of bat h
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maemve{r@au&a Jeperdent,, coBkr §EM 90D Whi 8B, zm;m 0$7.5,
I ess magnitude In art eries transduced wit h,,Ad A\.
reshfstyehl WGt for both groups; P< 0.05). Bradykinin (10° to’ 10 mol/L)
caused endothelium-dependent relaxation. This relaxation was significantly
increased in arteries transduced with Ad.VEGF-A compared with those
transduced with Ad.lacZ (pD2(-log EC50) values were 9.11+0.01 vs 8.65+0.11,
respectively; n=6 for both groups; P< 0.05 ). 5 animals received VEGF-A, and
one got VEGF-D.
VEGF expression

VEGF protein expression was detected in the UtAs of 4 animals and the

placentome of 1 animal using VEGF ELISA analysis (R and D systems, MN,
USA), which was confirmed with VEGF immunohistochemistry.
LacZ expression
The uterine arteries that were injected with adenovirus lacZ vector
expressed B-galactosidase. X-gal staining performed the day after tissue
sampling showed positive lacZ expression in the uterine arteries of 3 animals.
Quantification by ELISA showed significant levels of B-galactosidase
expression in the uterine arteries and branches of the same three animals.
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