WD 98/20109 _ PCT/ US97/ 20696
-1- PRES&YE20e® ATED | NTRACELLULAR DELI VERY OF MOLECULESPCRUNYTZRENARTI CLES
5 Background of the Invention This invention
relates to facilitation of the uptake of extracellular substances by |iving
cells. The study of cellular and nol ecul ar bi ol ogy has el ucidated the

exi stence of an intricate physical amrdg bi ochem cal environment within the
10 nenbranes of living cells. These nenbranes provide a sophisticated
sem - perneable barrier that perforns specialized functions in different

cell types; the menbranes of all living cells consist of lipid bilayers
that serve to separate the m croscopi c agueous spaces in which life takes
pl ace. Al cell ?RWR&%@A@E% UﬂA‘ﬁﬁﬁTﬁV 'Qt racel | ul ar
spaces, either Dy pas i:v ABicqmelpel ophobi ¢

subst ances t hat canno@——m. the cell boundary, or

by ag I ve controlled, bi-di nol ecul es or particles
across the cell nenbrane by=Sp¥ et—pro . Sone of these proteins :
can conbine to f8.m: gﬁaﬂ . | d ' | zed passage
into the cell or 'E]Il%\?\%ngﬁrﬁnﬁ%lagn y gﬁg%)@%l?? f@e&&éﬁkﬁ%@ﬁéx%ﬁﬁﬂr The

I nt rOd“CM&&&%fﬁgqmn%wlf.C“l es, and m croscopic-~particles into cells has
iral” todl o

become an essen bi ol ogi cal scientists and nedical clinicians,

and provides t herpasd8yofcefliRk bndMdleéMaf BidlbSPRES elubRlatd the! ar processes
of life and to devise pharmacol ogi cal strategi€s to prevent, diagnose, or

def eat déxieRnee of afl iftrivacs pliysiddl aativiteientichLéevifinnidit withih thenbr ane of ten
25 poses a difficult challenge to the delivery of charged or |arge
mol ddul emembranésmsf litmpedelise These tthtirarepptovide akoplsstcatéd semfr nateri al s

in intracellular applications. In addition, many conpl ex substances can be
t aken uppdynesblé barrier that performs specialized functions in different cell types; the

ent . of
vention

membranes of all living cells consist of lipid bilayers that serve to separate the
microscopic aqueous spaces in which life takes place. All cells regulate the
molecular make-up of their intracellular spaces, either by passive exclusion of

15 large and/or lipophobic substances that cannot penetrate the lipid bilayer of the
cell boundary, or by active controlled, bi-directional movement of molecules or
particles across the cell membrane by specializéd proteins. Some of these
proteins can combine to form pores or channels to provide either generalized
passage into the cell or allow entry only to specific elements. .

20 The introduction of atoms, molecules, and microscopic particles into
cells has become an essential tool of biological scientists and medical
clinicians, and provides the basis for their ability to dissect the cellular
processes of life and to devise pharmacological strategies to prevent, diagnose,
or defeat disease. The elaborate functional nature of the cell membrane often

25 poses a difficult challenge to the delivery of charged or large molecules, and
has therefore limited the potential uses of such materials in intracellular

applications. In addition, many complex substances can be taken up by cells



. -2- only through a process of cell nenbrane invagination such as - :
endocyt oswe ssrogop nocyt osis. I n.nost cases, the endocytoti Cp¥REsdThBsest U
formed that contain the previously extracellular substance then fuse With

| ysosonmes contai ni ng harsh enzymatic environnents, resulting in the

di gestive destruction of the engulfed matter. Summary of the Inventiodn In
accordance with the present invention, -phere is provided a nethod of
enhancing the uptake by a cell of an atom a nolecule, or a particle of
maxt mum di SRNEH6ueh a pHOcds8IoFkell rilérhbroBin PG RSP A as AR fos A
nol ecul es sai'd net hod ‘conprising bringing iIrto contact sal e and a

I qui d medpinboyessis. i fitbst asds,ahe BndBBIBHY vEsicRS thY forfed thafddhitAihni N9 sai d
cell and said liquid nediumin an encl'osed space, and subjecting said

encl osed céid previously exttacaitilamsubstante thesufasé indth I9Eesomdsecoiitdihing ent to
enhance uptake by said cell of said atom nolecule, or particle.” The net hod
of the i nvbarshemzymasicenyinaments, yenflting suthe: digestivieaiestraction ot | ul ar
environment of  a living cell or cells, creation of an encl osed space around
the cel? ofngafedmatigs establi shment of an el evated i ncubation pressure

wi thin the encl osed space sufficient to enhance uptake of the substance by
the cell or cells. The substance can range in size froma snmall nolecule to

a mcroparticle, and can exert,a range_.qf effects on, or serve a range of
functions in, the cells by V\himgﬁgi&&ﬁm%@-mr exanpl e, the substance
can be a small nol r .a su .a fatty,acid or fatty
acid derivative, oﬁ%@%‘?‘%?ﬁ%@?ﬁ?n%“é{ﬂfﬁ%9}’3%52% ; °8rt°§ﬁ‘hor none) .
The cel | s gada @fh3ir driving | s t , forma
por i on of S RHtutdr exvildsicht of  1ViAZ UG O cPERReAtn' of o crtosedbpatt

around the cell or cells, and establishment of an elevated incubation pressure

10 within the enclosed space sufficient to enhance uptake of the substance by the
cell or cells. The substance can range in size from a small molecule to a
microparticle, and can exert a range of effects on, or serve a range of functions
in, the cells by which it is taken up. For example, the substance can be a small
molecule (e.g., a drug), a sugar, a fatty acid or a fatty acid derivative, or a

15  protein (e.g., an antibody, an enzyme, or a hormone). The cells can exist in
vitro, in tissue or organ culture, or can form a portion of a living organism, e.g.,
a mammal such as a human.

Accordingly, a purpose of this invention is to induce a greater degree
of intracellular uptake of microscopic or molecular species than would

20  otherwise be expected or realized within a target cell or population of cells.
This method can therefore be used to facilitate the intracellular delivery of
larger amounts of a substance, which would normally be taken up by cells only
n smal_ller quantities, or to allow uptake by a cell of a substance that would
otherwise remain excluded by the cell membrane in t}-le extracellular

25  environment. This invention can also yield more efficient uptake by a larger

percentage of cells in a target population, and allow specific organs or tissues to

IThis Sheet Has Been Replacec.

T S R QT

REPLACED




2a Accordingly, a purpose of this invention is to induce a greater degree
of i ntracwidggl2arosupt ake of m croscopi c or nol ecul ar speci egcirhuser/vesos d

ot herwi se be expected or realized within a target cell or popul ation of
cells. This nmethod can therefore be used to facilitate the intracellular
delivery of larger anounts of a substance, which would normally be taken up
by cells only in smaller quantities, or-3*o allow uptake by a cell of a
substance that woul d otherw se remai n excluded by the cell nenbrane in the

- extracel | uld taggeted O Tieatelluldt delivemepirried iR Rsipthe Yhethed BP R RivehtbRNt
uptake by a larger percentage of célls in a target population, and allow

speci fi c origals advanifeoas i not cauddPBsste da%hage (e.g., distension) or trauma,

PCT/ US97/ 20696 -3- be targeted. Intracellular delivery carried out using

t he met hod afd mheotibenegpotentialy &bxsio tadelint Rgrthersnore, mahanyossesgthel ssue
damage (e.g., distension) or trauma, and in not being potentially toxic to
cel I s. Fur tintasetiuar deliveryynethed of theinviention padvvidesia means wé delivemhiod of t he
i nvention provides a neans, of deliyvery to 5 the cell cytoplasmw thout
entail i Ag IthessBmytoniasm avithaik eatailing iyvsesomad cempapimentalizatiop, deeatdi on from
destruction of.fhe delivered sybstance by. lysasomgl enzynes. This t hod
can al so erﬂ?&ﬁh‘{%nﬁmﬁ%‘?ﬂ gp%aw@é‘soé@@gvﬁggr%ggﬁﬁ%ﬁ EY Iysgspmals i nto
spaces such_as_t he .gel | cleus,, X her features an dvant ages of the
hventi on \BIEYHSS: s methsd fialsg ApmmécRioyrEat EBRERE AR Re. ar awi ngs,
and the cl agj ' Liptd ' I.g. 1-A depicts a

del i very s3?@%@%15?%%&%?%%%%ép%ﬁ?/%%%c%}g%%?glq%igﬁghom the system of Fig.

1-A attached to a iGer fRRAtneE afd REORHaYESSEhe iIRFHOR will be apparent from

10  the detailed description, the drawings, and the claims.

Brief Description of the Drawings

Fig. 1-A depicts a delivery system of the present invention. Fig. 1-B
shows the system of Fig. 1-A attached to a free end of a blood vessel, before
delivery of a solution containing a substance to be delivered to the blood vessel.

15 Fig. 1-C shows the system and blood vessel of Fig. 1-B during delivery of a
solution containing a substance to be delivered to the endothelium of the blood
vessel. Fig. 1-C' shows the system and blood vessel of Fig. 1-B during delivery
of a solution contamning a substance to be delivered to the endothelium and
outside surface of the blood vessel.

20 Fig. 2 illustrates delivery to a portion of a blood vessel defining part
of the boundary of the pressurized enclosure.

Fig. 3-A depicts an alternative method of intracellular delivery to a
blood vessel. Fig. 3-B shows the blood vessel of Fig. 3-A, wherein the blood
vess.ei is pressurized mechanically.

25 Fig. 4-A depicts a two-balloon catheter adapted to deliver a solution

containing a substance to be delivered into a blood vessel. Fig. 4-B shows the



delivery of a solution containing a substance to be delivered to t'he bl -ood

vessel . 1&ooghofhe 1 - C shows the system and bl ood vessel OPC?UQWQ()B& during
delivery of a solution containing a substance to be delivered to the -

endot hel'i um of the bl ood vessel. Fig. 1-C shows the system and bl ood

vessel of Fig. 1-B during delivery of a solution containing a substance to
be delivered to the endotheliumand outgide surface of the blood vessel. 20
Fig. 2 illustrates delivery to a portion of a blood vessel defining part of

method of - 1EIAg P EL AR Bk BASCSH By sitidhed e CRY € BB I 0e
bl cod : L . L .
negﬁan?/ga?llsfdy?ﬂfgl:éﬁtmﬁ ﬁv‘ﬁg@?ﬂ&f%@&@gﬁ?@%ﬁ%dt?g‘??‘g@%%g% e'?l er adapted
to deliver c@nsaﬁhﬁig'nﬁgumﬁ@itaiy\%%iegﬁg%bgscb%ﬂs%rémAﬁﬂ%b&\o@é&ﬂ into a blood

vessel . Fig. 4-B shows the 109
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state. Fig. 4-C shows a catheter system having a balloon and inner tubul es
f or del bvershowsdhe alsebf ballcamtathatenyfor pradsuriaimean orgam. del i vered to the
wal I's of a blood vessel. Fig. 5-Aillustrates delivery to blood vessels in
an organ. Fig. 5-BFig. 6 shwvsa delivarysystenbedthprisingaa presaurization chambenr i zi ng
an organ. Fig. 6 shows a delivery system conpri si Qi%aa_pr essurization
chamber. Fig. 7-A SHOwHY tgaistestionr stficicagy ps afuactiomef pppliest appl i ed
pressure for humaP s}ﬁﬁgenou vei n t.ransf gct%g accg,r ding to the present
i nvent i on. PEPSFUTe Iq8 HUmpan saphepeus yandranstactes accogdingdp dneRIeseRt ent i ng
sheath on n CtiQF Lciencw.for.FLTC- ODN transf.ect ed human
saphenous JYSHaE GFiE 77 il R Stk P i Ser PIB R B SFoduct i on
fol lowpg . ARCEGh i cRhcy Yol FAR ISR EarTR tt & hRmH T hSARR SRR SEIE! -
7-C illustrates inhibition of IL-6 protein production following transfection of
IL-6 antisense ODN into human saphenous vein.
Fig. 8-A illustrates inhibition of IL-6 mRNA production following
transfection of IL-6 antisense ODN into human saphenous vein of a first
15 subject. Fig. 8-B is a graph similar to that in Fig. 8-A, for a second subject.
Fig. 8-C is a graph similar to that in Fig. 8-A, for a third subject.
Fig. 9-A shows transfection efficiency for in vivo transfection of
rabbit carotid artery measured by fluorescence microscopy. Fig. 9-B shows
luciferase activity for control, healthy, and atherosclerotic cells following in
20  vivo transfection of rabbit carotid artery with DNA encoding firefly luciferase.
Fig. 10 shows transfection efficiencies for rat vascular smooth
muscle cells transfected in vitro according to a method of the present invention.
Fig. 11 shows luciferase activities for rat kidneys perfused with
plasmid DNA containing the gene encoding firefly luciferase.
25 Fig. 12-A shows the effect of pressure on transfection efficiency for

rat aorta cells. Fig. 12-B shows ischemia-induced PCNA expression in

transplanted rat aortae with and without pressure-mediated transfection of



Fig. 8-Aillustrates inhibition of IL-6 nRNA production follow ng -
transf ectowoos/miod L- 6 anti sense ODN i nt o hunman saphenous vepar/o$9o7zoédsr st 15
subject. Fig. 8-Bis a graph simlar tothat in Fig. 8- A for a second
subject. Fig. 8-Cis a graph simlar to that in Fig. 8-A for a third .
subject. Fig. 9-A shows transfection efficiency for in vivo transfection of
rabbit carotid artery neasured by fluorgscence m croscopy. Fig. 9-B shows

| uci ferase activity for control, healthy, and atherosclerotic cells

fol I owi ng hptighse-PENA (DDN‘.SF?.tliZOG shbwisabdteiniadn@hdedl RIcRSEiMas¥ th DNA
encoding firefly luciferase. Fig. 10 shows transfection efficiencies for

rat vascul ggpie88ieh in Massplanted fad abrtanehdcdmidyithovt pressuse-pesdiated to a met hod
of the present invention. Fig. 11 shows luciferase activities for rat

ki dneys petrhnsfedtion olf aptisesise ddeBlkinasetQDIN. nBigt h2-13 shewe ilhodrates thier ef | y

| uci ferase. 25 Fig. 12-A shows the effect of pressure on

- transf ect i reduetibhdh dwmgnéaloarrewingoofiisotraisptanted, gschepnis-igjuved rat aortae,

i schem a-induced PCNA expression in transplanted rat aortae with and

wi t hout5 prrasulting from pressunermadiptast transfegtion with apgserpeADN against both

PCT/ US97/ 20696 - 5- an%i sense-PCNA ODN. Fig. 12-C shows ischem a-induced
cdc2 ki nasBCHA@BEGdsA Kivaser anspl anted rat aortae with and wit hout

-medi at ed . f ' f i - cdc?2 ki . Fiq. .12-D
Chowe 1 11 st rat os Ko 132 aROVS FoRRIECHE AEPCIRRrIFS frTgL BT BITRGBH AR el
ranet ect | TRENFR FIRCPOTN M iban it ek PO TR SESEIC i
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wth FITC SREpR R Ll R AR Rl Aol el e SRR | o eosi on
in tragspl ghheRctioh ofatisensWICANDH OBNh @ik, I-ESIkERaRE teliRficliBn of
transfection of antisense-ICAM1 ODN. Fig. 13-Cillustrates the induction

of long-term graft acceptance by pressure-mediated transfection of transplanted

(¢ 1%

rat hearts with antisense ODN against ICAM-1,
Fig. 14-A shows wall thicknesses at 6 weeks and 6 months after
transplaﬁtation for untreated (control) grafts, and grafts transfected with either
15 reverse antisense (control) ODN or with antisense.ODN against both PCNA
and cdc2 kinase. Fig. 14-B shows results similar to those in Fig. 14-A for veins
transfected with E2F decoy ODN, as compared to untreated grafts and control
grafts transfected with scrambled ODN. |

Detailed Description

20 The types of substances that can be used with this invention include
(1) charged atoms or ions, (2) neutral or charged small molecules (e.g.,
molecules having a molecular weight of <1,000), with the exception of small
nucleic acids, (3) large molecules (e.g., molecules having a molecular weight of
> 1,006), éspecially proteins and peptides, with the exception of nucleic acids,

25 (4) polymers and filaments (generally < 10 um in greatest dimension), (5)

inorganic atoms and molecules, and (6) microscopic particles (generally <10



long-termgraft acceptance by pressure-nediated transfection of :
transpl aRy&dsidibe hearts with anti sense CDN agai nst 'CAerd;x‘fﬁsw&ﬂ@@‘ shows
wal | thicknesses at 6 weeks and 6 nonths after transplantation for
untreated (control) grafts, and grafts transfected with either 15 reverse
antisense (control) ODN or with anti sense ODN agai nst both PCNA and ctdc2

ki nase. Fig. 14-B shows results simlarg.to those in Fig. 14-A for veins
transfected with E2F decoy ODN, as conpared to untreated grafts and control

The 1 ypes A Bperai M SRIA, e S el e IR e " et wae (1)

charged at P%glﬂ H@érﬁ%ﬂ (e.g.

nol ecul es awdr%gugé}%’vécu éﬁ?%?@h‘f&r L{I Qfﬂl (g)co tﬁle’_ exception of
smal | ”UC|191‘e¥e1%BI}d%utﬁai liliMedQo,"PhRE W EMIE 8 endiﬁé%ﬁ%h@%yﬂéadf ng a

nol ecul ar ‘wei ght of [err]1,000), especially prote| ns and ‘peptides, with the

excepti on sifbstiickeeind iacintthdeduse. ([(Ak eratysicenfifitions fodseauired ihgadkeral |y < 10
[err]min greatest dinmension), (5) inorganic atons and nol ecul es, and (6)

m cr os Gopi appiivation| afsh¢ gereatiohopn bealeternAfed By 2hd Ger based on his or her

PCT/ US97/ 20696 -6- [err]min greatest dinmension). These substances can be
del i ver ed hmwlwgemfrth@@mmwam bioghemistontordhnctianal properiesofithde range of
concentrations, preferably, but not limted to, 1 nMto 1 nM depending on
the type ofubstansedade devycrads The trhstancasen exif insolBtion dmEnt r at i ons to be
used in each 5 plication of .fhe invention can be det ned by the user
based on h‘?’gmcﬁeuﬁg WHW‘QE?&& (B'flE %C%THEHF‘?;PF?SP%‘FM&O&P% or functional

i f th be de Th ist i
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sealed enclosure. In a preferred embodiment, the boundary of the enclosure is

(0]

defined substantially by an enclosing means, so that target tissue (tissue
comprising the target cell) is subjected to isotropic pressure, and does not
distend or experience trauma. In another embodiment, part of the enclosure
15 boundary is defined by a tissue. A protective means such as an inelastic sheath
is then placed around the tissue to prevent distension and trauma in the tissue.
In particular, in a blood vessel, a sealed enclosure is preferably
defined between occlusions formed by inflatable bélloons or tie wraps. A
solution containing a substance to be delivered is delivered to the enclosure
20 through a catheter having a delivery outlet between the occlusions. More
generally, an enclosure is defined within an org;hmby establishing occlusions
within organ conduits (e.g., blood vessels), such that é space within the organ
can be pressurized.
~ The incubation pressure used to facilitate cellular uptake is
25 preférably maintained at a predetermined level for a predetermined incubation
period. The incubation pressure depends on the application, including

parameters such as the incubation period, the tissue type, and the molecule



10 environment is defined, and the incubation pressure is established,
within tinoesmmitesd encl osure. In a preferred enbodi nent, thecTtsgssidessy of t he
encl osure is defined substantially by an encl osi ng neans, so that target
tissue (tissue conprising the target cell) is subjected to isotropic
pressure, and does not distend or experience trauma. |In another enbodi nent,
part of the enclosure 15 boundary is defined by a tissue. A protective
means such as an inelastic sheath is then placed around the tissue to

prevent di%iﬁg%ﬁoeﬁad THSHPBBbAtib] PRséire 24ed chil rite! frol #r exiafple Pb®Od
vessel, a sealed enclosure is preferably defined between occl usions forned

by i nfl at ajahe Hpedd $eftgospheidsaabifivaRenbifniSsressure fos eraaply, 300ansuHgttance to
be delivered is delivered to the enclosure 20 through a catheter having a

del i very ol§0Ctrh&igwieove dmbratpressmesor 0o @ agoepldrby abave mmblemsure i s
defined within an organ by establishing occlusions within organ conduits
(e.g., bl cethpezatues;dnghenariowien presserzacen wisobemsede prowided that effective
pressurized. The incubatjon pressure used to facilitate cellular uptake is
25  pPef edelbieyy macﬁhlaVMCb&aéa soBater ¥eHingsiajuryie pot sstaingd bydher ni ned

I ncubati on peri oﬂ. The incubation pressure depends on the application,

i nel udi ng BEFAFELHLEY8ch as the incubation period, the tissue type, and

t he nol ecul e 98/ 20109 . -

PCT/ US97/ 20696 - \;\Q‘}l?elpﬁb g Regijusefifo ferilits celintep pataks a0 @%% can range

Lo " o oM e SRS PG B S RS T
oL ToSPhr B SHaNE BAR R A LDl EYPIRAGSIRAGES o0 o
Courk a0, YLDt o L0 Yl e | sl . The
four hours. Preferably, the pressure duration is between 20 seconds and 30
minutes, more preferably between 60 seconds and 10 minutes.
Suitable mammalian target tissues include blood vessel tissue (in
particular, veins used as grafis in arteries), heart, bone marrow, connective
15  tissue, liver, kidney, genital-urinary system tissue, bones, muscles,
gastrointestinal organs, and endocrine and exocrine organs. The methods of the
present invention can be applied to parts of an organ, to a whole organ (e.g., a
heart), or to a whole organism. In one embodiment a solution containing a
substance to be delivered is perfused into a target region (e.g., a kidney) of a
20 patient, and the patient is subject to pressure in a pressurization chamber.
Applications of the present invention also include the treatment of allografts
(grafts derived from a different subject than the transplant patient) and
- syngrafts (grafts derived from the transplant patient).
The conditions for each application of the invention can be
25 deteﬁﬁinéd by labeling the substance with a radioactive, fluorescent, or
chemical tag, and then following the substance, following pressure-enhanced

administration, via the label. Alternatively, measurement of biological activity



dependi ng on paraneters such as the incubation pressure, the target tissue
type, th?vd@%s%%s»e bei ng delivered, and the desired dosage %@; MG%ion of
the 10 incubation pressure can range, for exanple, from aBS P ely 1
second to four hours. Preferably, the pressure duration is between 20
seconds and 30 m nutes, nore preferably between 60 seconds and 10 m nutes.
Suitable manmal i an target tissues include blood vessel tissue (in
particular, veins used as grafts in arteries), heart, bone marrow,

connective 15 . tissue, |ivyer i dney,.genitagl-urinary systemtissue, bones,
nuscl es, gacsan%‘? ﬁ?%’?ﬁi%’h HPB&ﬁ& ogﬁﬂléﬁﬂﬁéﬁ!%ﬁvﬁﬂ’oc‘é@g{‘msr@n&egans. The
nmet hods of : ' E ] ppl i arts, of man.organ, to a
whol e or gan@‘%‘&ﬁ?@é‘g{r}ﬁ?&%@f @ag’e&ﬁﬁégﬁg‘g%‘ﬁ ec{rﬁla'gaﬁ@l @fﬁ%ﬁi ment a
sol ution cotfeRhig : | : IL.S..perfused into a target
region (e.g., éei?gﬁgwg’?&%@%ym%@%@ﬁwﬁgﬁ% %@bugﬁ&ent IS subject to
pressure in a press\yisZRéd e ' b3 Lipvent i on
al so include the treaitszrragntlﬁgef&a! I o@?gyggm(gﬁ%&lgggggg\%é}s?@%%ﬁ%n%ﬁ@erent
subj ect 5t hagsifig thd inatiagdsdTith® Biveatibh i610ASYADEREIbSing HeHnk %ﬂ&éﬁﬂiﬁg dtr om t he
transplant patient). The conditions for each application of the iInvention
can be 25 leasttparmofiebobyddrahflaisegledienciosnsd, ande presdurizatiod neask ifve,
fluorescent, or chemcal tag, and then follow ng the substance, follow ng
pr essur e- ergstablisiingian moubaton presswicawithin thaleatloswte eFlreagricleduye measur enent
of biological activity WO 98/ 20109 i X
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desired,substance., As is discussed,above,. a system for delivering. a
mor ccul | Rt 2avtoRinp it SHRENT ST Hitinctol Eiee rcr Res TRHOR. an
encl osing neans fordeli-fisig %undary is defined by the enclosing means, and
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possibly by tissue. Suitable enclosing means include, depending on the
embodiment, a pressurization chamber, an impermeable sheath or bag, and an
occlusion means for occluding a passage in a tissue. A pressurization chamber

15 is particularly suited for the treatment of grafts or entire organisms, while other
devices are well suited for intraoperative treatment of tissue.

In one embodiment, the enclosure boundary is defined substantially
by the enclosing means. Pressure is then applied to the target tissue uniformly
from all directions, and the target tissue is not subjected to a risk of suffering

20  trauma. In another embodiment, part of the boundary is defined by a tissue
(e.g., the target tissue). The tissue forming part of the enclosure boundary is
subjected to pressure from one side only, and can become distended. A
protective means such as an inelastic sheath is placed around the tissue to
prevent distension and trauma in the tissue. The methods and delivery systems

25 ofthe invention are illustrated in further detéil as follows.

Figs. 1-A through 1-C" illustrate methods of pressurized delivery of

molecules to cells of a blood vessel. Fig. 1-A is a side view of a delivery



| east part of a boundary of a seal ed enclosure, and a pressurization neans
for establyisdigghean i ncubation pressure wthin the encl osugy e éeg! osure
contains the target cell and an extracellular environnent of the cell. A
delivery means, such as a catheter or syringe is used to deliver the

mol ecule-to the 10 extracellular environnment, directly or indirectly
(e.g., by intravenous injection). The eprclosure boundary is defined by the
encl osi ng neans, and possibly by tissue.” Suitable enclosing neans incl ude,
dependi ng qn_t he lment..a Pressuki zati chanber n..d bl e
sheat h or ggg{%ﬁﬁ%ﬁﬁ%gﬁﬁg@ﬁ Wgﬂﬁ%?rsgy%t?nb@fsﬁﬁ’ipﬁ'&g%a5%5?&%@%?8? tissue.
A pressuri 3af} f ' I i g@b;rent of
grafts or g{n%tulﬁrﬁg %@gﬁﬁé r‘r‘é%ov%aqu@@(’)% %@#k 59?{82’? &ae?igeé\%r, F‘Hs?%ictegl or

I nt raoper aty { X : di - osure
boundary iy%@%%ﬁ%@%@?&%ﬁ%ﬁ??ﬁﬁ%&gﬁ og‘l Eg%%gxg&g%ggésure I's then
appl i ed t o dongprisds depluhiEs1Pand b idelivkdy fubemdal bpsbsirGilisgé-18nd the target
tissue is not 'subjected to a risk of sSuffering trauma. I'n anot her
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tissue). The tissue formng part of the enclosure boundary is subjected to
pressure frpyoxmigy $o desepvoiy 10 anstopaoclbd6 cnpredsiweeradge 184a petodated | ve neans
such as an inelastic sheath is placed around the tissue to prevent
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of the invention are illustrated in further detail as follows., Figs. 1-A

t hrough 1- &Notch22sismgkb i disialonen endadbef fubsd 4 ctopeesk 1o 1samtially Bsat o

cells of a Io%d vessel . Fig. 1-A is 3%[de view%f adeliv.eré WO

98/ 20109 ¢losed position, preventing solution 40 from passing from resefyqigd9teos9s - 9-
systeméél 3{5 %?g present invention. System 11 conprises a reservoir 10 for
hol ding~a P ron 40 containing a substance to be delivered, and a

del i very means. for pex el ot Pbibbeséd 24 MAChE 55 ¥ickm'h. Gpen dRki very

neans

30 is placed into a proximal end of blood vessel 24. Notch 22 fits inside a -
proximal end of tissue 24. Sheath 20 is pulled down to cover tissue 24. A tie
or ligature 26A is wrapped around sheath 20 and tissue 24 at the point where

15 they are attached fo tube 14, to prevent tissue 24 from slipping from open end
30. When stopcock 16 is turned to an open position, the solution 40 enters tube
14 and sheath 20, flushing out all gases and liquids present through open end
28 of sheath 20. After the flushing, a tie wrap 26B is placed over distal open
end 28 of sheath 20 to form a water-tight seal, as shown in Figs. 1-C and 1-C'.

20  Fig. 1-C illustrates delivery targeted to the endothelium of blood vessel 24,
while Fig. 1-C' illustrates delivery to the endothelium and to the outside
surface of blood vessel 24.

In Fig. 1-C, tie wrap 26B is placed around sheath 20 and tissue 24.

Tie wrap 26B occludes blood vessel 24. Stopcock 16 is turned to its open

25 posiﬁon, and plunger 12 is pushed, such that the solution 40 is delivered into
vessel 24 under a delivery pressure. The delivery pressure is allowed to

increase until an incubation pressure is reached, and stopcock 16 is closed.



conprises a plunger 12 and a delivery tube 14. Opposite plunger 12, 5
reservoir_10 opens into tube 14. Attached to tube 14 are,él' §§ah§6order
of proxiﬁ¥?§m? %eservoir 10, a stopcock 16, a pressure g d@@b , -
retracted sheath 20, and a notch 22. Sheath 20 is preferably inperneable
and inelastic. Notch 22 is next to a distal open end 30 of tube 14. -
Stopcock 16 is initially in a closed piﬁition, preventing solution 40 from
passing fromreservoir 10 to 10 tube 14 Fig. 1-B shows a bl ood vessel 24
“attached tgQ system 11. Open end 30 js placed intgo a proxi nmal end, of bl ood
vessel 24.Bleadyessol 24 1s5alf9%¢dj@ IRCRPRIRITARAD BHYLAROR PSEeD &gtaﬁr Btie 20 is
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1-C . 20 ustrates deliTVery targeted to the en 't um of

bl 0od vessgbpddok 10iid # &tlbsed pésitibh) ﬂh%tdhékﬁ}ﬁlfjmbhﬂsec!ﬁdfnpﬁséshﬁbe ndot hel i um -
and to the outside surface of blood vessel 24. In Fig.  1-C, tie wap 26B is
pl aced ar ogtopcsdke6 rardligatoret 268Ut stdpcoblkel 6rsdn ad@penokitibes thd ood vessel
24. Stopcock 16 is turned to its open 25 position, and plunger 12 is
pushed, suetclosing mémnssoimprises ligdture 268, itwker B4 plungerddssed pavs ofiths a
delivery pressure. The delivery pressure is allowed to increase until an

i ncubat i onwplrlégﬁmssarvglrﬂ@a&ﬁ@oﬁncgamsms)dkﬁw atdeast pagpfthe WO 98/ 20109
PCT/ US97/ 20696_ - 10-, Bl ood vessel 24 is allowed to incubate for an

i ncubdil onb@ndagy of gke enclofiren ti e

In the embodiment shown in Fig. 1-C, part of the boundary of the

enclosure is defined by blood vessel 24. Applying pressure only to the inside
of blood vessel 24 could cause blood vessel 24 to distend and experience.
trauma. Sheath 20 acts as a protective means, preventing blood vessel 24 from
15 distending. In an arrangement such as the one in Fig. 1-C, it is thus important
_ that sheath 20 be inelastic.

It is also possible to place tie wrap 26B around sheath 20 only, as
illustrated in Fig. 1-C'. In this case, the sealed enclosure containing the target
cells of blood vessel 24 and their extracellular environment is defined

20 substantially by an enclosing means. If stopcock 16 is in a closed position, the
enclosing means comprises sheath 20, tube 14, stopcock 16, an-a ligature 26B".
If stopcock 16 is in an open position, the enclosing means comprises sheath 20,
tube 14, ligature 26B', plunger 12, and parts of the walls of reservoir 10.
. In the embodiment shown in Fig. 1-C', the boundary of the enclosure
25 is defined substantially by the enclosing means. The pressure around blood
vessel 24 is uniform, and thus blood vessel 24 does not experience trauma.

Since sheath 20 acts as part of the enclosing means, it is important that



wap 26B is untied to rel ease the pressure (not illustrated). The boundary

of a’seal sgbegmmiesure is defined by the walls of vessel 24 @%@yﬂg‘%ﬁ _
encl osi ng neans. The seal ed encl osure contains the target 5 (endothelTal)

cells of blood vessel 24, and their extracellular environnent. |If stopcock
16 is in a closed position, the enclosing nmeans conprises tube I4, stopcock
16, and ligature 26B. If stopcock 16 isigh an open position, the enclosing
means conprises ligature 26B, tube 14, plunger 12, and parts of the walls
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only to the inside of bldod vessel 24 cou ood vessel

di stend anoﬂeedp@niaﬁﬁmeintmmessshga,th_ 20 acts as a prot ective neans,
preventing bl ood vessel 24 from 15 distending. In an arrangenment such as

the one in Fig. 1-®igi2ilissttatessa inetiwd efin wihedeBvastdf molcbeles tehalbdd. |t
is al so possible to place tie wap 26B around sheath 20 only, as

i 11 ust r &t edvasselRiogmegted to thercirtilstarysystenhef & patient. Shubledistisdnsertddaintéd ng t he
target cells of blood vessel 24 and their extracellular environment is
defined 20 thelemeniiaayasselA2dawhiohds stillmpnnectad to tie bedypeba kivitz i s in a

cl osed position, the enc i ng neans conprises sheath 20, tube 14, stopcock
16, andpl i FrEmal 96%3?91 #&z%g%%q@ua}é viesssl A24nansha dasiensr228r(e.g heheatc| osi ng

the wal s, GEAPREBFTal fhefiyo NP efhent a8l thitn nome- [Sipry 220 st oo —
pouncery. o bBEGSERhER A BpibA e LR BB AI TR GrRaB
vesSol18° G \ERTAERSHAIRII, TR UEf ot Bl ("
PCT/ US97/ 2Q8&4hs, occluding vessel 224. Occlusions 226A and 226B, and the walls of
vessel 224 between occlusions 226A and 226B define a sealed enclosure 230
‘containing the target cells of vessel 224 and their extracellular environment.
The solution 40 is injected into the sealed enclosure, and segment 230 is
15 allowed to incubate for an incubation period. After the incubation period,
occlusions 226A and 226B are removed, and blood is allowed to flow through
vessel 224, _
Figs. 3-A and 3-B illustrate a delivery system having distinct
delivery and pressurization elements, used to deliver molecules to the blood
20  vessel shown in Fig. 2. A rigid tubular wrap 250 is placed around sheet 220,
and a vise 252 is placed around wrap 250: as illustrated in Fig. 3-B. Wrap 250
is circumferentially flexible, so that the diameter of the tube it forms is
variable, but it is rigid axially, so that even when its diameter changes, it still
remains substantially tubular, A tightening screw 254 tightens vise 252,
25 'pullihg wrap 250 tight, creating pressure within vessel 224. This pressure is

maintained for an incubation period, after which screw 254 is unscrewed.

Figs. 4-A through 4-D illustrate a method of delivering a solution



sheath 20 be i nperneabl e. Sheath 20 need not necessarily be inelastic in
the arrangenent of Fig. 1-C, however, since the use of an_elastic. sheath
woul d not ﬁml"bg trauma in bl'ood vessel 24. Fi g. 2 illust PEEESY42008¢ hod of
in vivo delivery of nolecules to a blood 5 vessel connected to the
circulatory systemof a patient. Tube 14 is inserted into the lunen of a
vessel 224 which is still connected to It{;le body of a living animal. A
sheath 220 w aps around vessel 224, and fastener 228 (e.g., a heat seal)
attaches the two, flaps of sheet 220 to form a tube. Sheath 220 acts as a
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el ements, used to deliver nolecules to the bl cod vessel shown in Fig.

2. Arigi dBalhidnaﬂam@amCPS@ZB%cﬁlud@%sﬁlQuﬂdmaftﬁ?@éte%%@aled"eﬂlclbs\at§331252 is
pl aced around wap 250, as illustrated in Fig. 3-B. Wap 250 is

ci rcunf er ervitlaihl vesséle324bl & soktion!B40 ¢dnaidingetebstaicettodetddhiwerdd fsor ms i s
variable, but it is rigid axially, so that even when its di aneter changes,
it still rdelivaredstotsnc r%13$‘yﬂtrabgh aort 330 i Splution 340 ¢ delivezsd undght ens
vise 252, 25 -pulling wap 250 tight, creating pressure wi thin vessel 224.
Thi s pl@ss@F%SSPE% ﬁldéﬁtﬁéﬂ losare bmprsw%@pdoé’o SPHBE aBhi ch screw 254
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334 is depressurized.
Fig. 4-C shows an alternative delivery system of the present
invention, in which a balloon mounted on a catheter has miniature tubules for

15 délivering a solution containing a substance to be delivered to the walls of the
vessel. A balloon 432 has tubules 450 that are directly connected to holes 452
in the segment of catheter 314 within balloon 432. When a pressurized solution
440 is delivered through catheter 314, solution 440 exits holes 452, travels
through tubules 450, and reaches the walls of vessel 324.

20 Fig. 5-A illustrates the use of system 11 fér delivery to blood
conduits (vessels and/or atria énd ventricles) of an organ 124 such as a heart. A
protective sheath 120 is wrapped around organ 124. Organ 124 has an artery
112 which carries blood into it and a vein 114 which carries blood away. Tube
14 is jnserted into the lumen of artery 112, and sheath 120 is wrapped around

25 artery 112 and vein 114. Tie wrap 126A is tightened around sheath 120 at
artery 112, and tie wrap 126B is tightened around sheath 120 at vein 114, to
prevent leakage of fluid out of organ 124. Tie wrap 126A allows tube 14 to
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cont ai ni nyvarosswex ance to be delivered to the lunmen of a blmrwuswsrses 324
through a catheter 314. Catheter 314 is inserted into vessel 324. Catheter
314 is closed at its end 316. Catheter 314 has two ball oons 332A and 332B,
and a delivery port 330 between balloons 332A and 332B. Initially, balloons
332A 5 and 332B are deflated, as showrl3nh Fig. 4-A After catheter 314 is
inserted into vessel 324, balloons 332A and 332B are inflated, as shown in
Fig. 3-B. BattrantaryII2Ayendr@R2iptapcentdpiteses artdd 132dr6mdehkagt. Sgal ed
encl osure 334 within vessel 324. A solution 340 containing a substance to
be del i ver solitioni40 icoptaiminga sibstanse tebd délivtreduyinjpeed, iDorgaal124iign 340
is delivered under 10 pressure, such that enclosure 334 becones

pressuri zedllomsd tovingybate. iAfterthe inoubation periotatie soaps B2EA andd 28R Brear e
defl ated and target enclosure 334 is_ depressurized. Fig. 4-C shows an

al ternati véemvpaaﬁbwaémaﬂpwﬂéo&%élﬁpugm@m 124 onee moreh a bal | oon

nount ed_on a cat heter s.mniature tuhules for 15 delivering_ a solution
contai nPng a subst?ﬂﬁ:e& %oﬂ@étrﬂlfé’fltﬁ?é‘?%e%@i}‘?%%@ﬂ%s T sepling ag delet apd
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i ough ¢ ugdl 2eb 555 s St hic e e SR ORI SLEY bomBniSaion with S
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(vessel S andror atria and ventric an organ
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112 which carries blood into 1t and a vein carries ood away.

Tube 120i s S6Bwee deflated @ot iltustrarsd). Tnoardatietert 550, 860 afdBREAd 2Roi S W apped
around 25 artery 112 and vein 114. Tie wap 126A is tightened around

sheat h 120 their sespecyivd byodavassels challomns 538562 atd wiflatsdeahdestablishsheat h 120
at vein 114, to, prevent |eakage of fluid out of organ 124. Tie wap 126A
al | ows t ub@calysions in conduits 512, 514, respectively. A solution 540 containing a
substance to be delivered is delivered to organ 524 under a delivery pressure.
Fig. 6 illustrates the use of a pressurization chamber to facilitate
15  delivery of substances to cells. A holding means such as a dish 610 contains a
tissue 624 containing target cells. A solution 640 containing the substance is
placed in dish 610. Dish 610 is placed in a pressure chamber 650. Chamber
650 is closed and sealed, and a pressurized gas (e.g., CO,) is introduced into
chamber 650 through a duct 660. Solution 640 and tissue 624 are maintained
20  under an incubation pressure for an incubation period. Tissue 624 can
comprise an entire organ.
A pressurization chamber such as the one shown in Fig. 6 is
particularly suited to a delivery method in which an entire organism is
pressurized. In such a method, a solution containing a substance to be
25 delivered is preferably perfused into blood vessels and/or organs (e.g., kidney)

of a patient. The patient is placed in the pressurization chamber. The

pressurization chamber is then maintained under an incubation pressure, for an
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| eakage. A solution 40 containing a substance to be deliver
and organ 124 is allowed to incubate. After the incubation period, tie
wraps 126A and 126B are renpved, and blood is allowed to flow through organ
124 once nore. 5 Fig. 5-Biljgstrate the use of

bal | oon-catheters for sealing an inlet and an outlet of an organ (e.g., a
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sufficient for achieving a near-maximal transfection efficiency in human

saphenous vein, while an incubation period of over one hour at high pressure

(~2 atm) is required for achieving a transfection efficiency of 80-90% in rat
15  aortae. For rat hearts, an incubation period of 30 to 45 minutes at 2 atm is

necessary for a transfection efficiency above 50%. In general, the incubation

period necessary to achieve a given transfection efficiency in different tissue

types varies from minutes to hours, at incubation pressures on the order of

atmospheres. Suitable incubation periods and pressures for a given tissue type
20  can be readily determined by the skilled artisan.

In the absence of limitations imposed by surgical procedures, it is in
general preferred that the walls of the pressurized enclosure do not include
living tissue, since tissue forming parts of the englosure wall is subject to
mec}_la_nical stress. Some surgical procedures, such as the treatment of blood

25  vessels connected to the circulatory system during the procedure (see Figs. 3-A
and 3-B), require that at least parts of the enclosure walls be defined by tissue.

In such a case, it is important that a protective means be used to prevent



- pressuri zation chanber is then maintai ned under an incubation pressure, for
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PCT/ US97/ 20696. - 14- incubation period. There are several possible

mechani snms underlying the increased perneability to nol ecul es of cell

menbranes under pressure. The increase in nenbrane perneability requires an

i ncreased pressure within the cell and{lér 5 extracel | ul ar environnent,

but not necessarily a pressure gradient across the cell nenbrane. It is
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and concentrations used 10 depend on the target tissue type. For
exanpl e, asentlesdescri bed further bel ow, an incubation period of
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enclosure wall is subject to nechanical stress. Some sur gi cal procedures

such as t heligodedxyritonutldokidedPCR, polymerase chain reaction; VSMC, vascular

66,59

smooth muscle cell. The letter “n” refers to the number of subjects evaluated
for each data point. The pressures given are the net pressures applied to the

samples, above ambient (atmospheric) pressure.

15 Example1

Human saphenoﬁs vein was transfected with FITC-ODN, according
to a method similar to that illustrated in Fig. 1-C. Fig. 7-A shows transfection
efficiency, as a function of applied pressure, for several ODN concentrations.
Efficiency was measured as percentage of total intimal and medial cells found

20  to have nuclear localization of FITC-ODN via fluorescence microscopy.
Pressures ranged from 50 to 760 mm Hg, and ODN concentrations in
physiologic saline solution ranged from 5 to 100 pM. n=6.

The effect of a distension-preventing sheath on transfection
efﬁcicﬁcy was evaluated using a method similar to that illustrated in Fig. 1-C,

25 at an ODN concentration of 20 pM and at pressures ranging from 50 to 760
mm Hg. Fig. 7-B shows the results of the experiment. n=6.



25 vessel s connected to the circulatory systemduring the procedure (see

Figs. 3-AypWEner®) . require that at least parts of the encpeppkegdd S be

defined by tissue. In such a case, it is inportant that a protective neans
be used to prevent WO 98/ 20109

PCT/ US97/ 20696 -15- distension of the tissue. Gafts treated ex-vivo are,
in general, preferably treated by incubgtion in a pressurized chanber or an
equi val ent pressurized enclosure. The nethods of the invention are
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concentrations in physiologic saline solution ranged from5 to 100 [err]M
n=6.

10 Example 2

Quantitative reverse transcription PCR was used to measure the
reduction in IL-6 mRNA resulting from antisense-ODN transfection performed
according to the present invention. Three specimens of human saphenous vein
were transfected as illustrated in Fig. 1-C, and mRNA levels in antisense-

15 transfected vein segments were compared to levels in untreated and reverse
antisense (control) ODN-transfected segments. Results for the three specimens
are shown in Figs. 8-A, 8-B, and 8-C, respectively. Reductions in mRNA

levels indicate sequence-specific efficacy of antisense-ODN treatment.

Example 3
20 Rabbit carotid arteries were transfected in vivo with FITC-ODN,

according to a method similar to that illustrated in Fig. 2. Transfection
efficiency was measured at 4 hours, 4 days, and 7 days after transfection. The
perce;ntages of FITC-positive nuclei as a function of time are shown in Fig. 9-
A. n=2-3. Expression of the gene for firefly luciferase was measured after in

25  vivo transfection of rabbit carotid artery with a plasmid DNA construct



The eff-ect of a distension-preventing sheath on transfection efficiency was
eval uat edygasBaied nNethod simlar to that illustrated in Figcrdris$snodds at an
ODN concentration of 20 [err]Mand at pressures ranging from50 to 760 mm

. Fig. 7-B shows the results of the experinment. n=6. WO 98/ 20109
PCT/ US97/ 20696 -16- The transfection efficiency of a method of the present
i nvention was investigated in vitro by_.jyeasuring the inhibition of IL-6
production by antisense ODN in whole organ culture. Vein segnents were
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i nvention. Three speC| mens of human saphenous vein were transfected as

i 1l ustrat eHig.®-Bi 3=2t4C, and nRNA | evel s in antisense- 15 transfected vein
segments were conpared to levels in untreated and reverse antisense
(control) ODN-transfected segnents. Results for the three specinens are
shown in F,gs. 8-A 8-B, and 8-C, respectively. Reductions in nRNA | evels

i ndi cate sgg@ﬁi%ispeci fic efficacy of antisense-CDN treatnent. Exanpl e 3

20 erle e ected i  vo Wit h

FITe- con. accor di Mt Bk Teh RBRIEmyERic FeS (VsHEE) e bttt 40

Transf ecti @fh FITC-ODN, as shown in Fig. 6. Cells were exposed to etther atmospheric
10  pressure (0 atm net pressure) or to 2 atm for 45 minutes. Fig. 10 shows

transfection efficiencies for FITC-ODN concentrations of 1 mM and 80 mM.

n=4.
Example 5

Fig. 11 illustrates the effect of pressure on fransfection efficiency for
15 rat kidney cells perfused in vivo with plasmid DNA contai'ning the gene for
firefly luciferase, as illustrated in Fig. 6. Rats were exposed to atmospheric
pressure (0 atm) or 2 atm for 30 minutes after kidney perfusion. Kidneys were
harvested 3 days after transfection and tissue homogenates were assayed for

luciferase activity. n=7

20 Example 6 |
| F ig. 12-A shows the effect of pressure on transfection efficiency for

rat aorta cells. Aortae were harvested from donor rats and incubated at 4°C for
24 hours in physiologic solution to induce ischemic injury, in a manner similar

to that illustrated in Fig. 1-C'. The incubation solutions contained 40 um



efficiency was neasured at 4 hours, 4 days, and 7 days after transfection.

The perce‘gb%gg(?lggf FI TC positive nuclei as a function of t%&:{ggﬁog own in

Fig. 9- A Expression of the gene for firefly lucif € Wwas -
measured after in 25 vivo transfection of rabbit carotid artery with a
pl asm d DNA construct WO 98/ 20109 : -
PCT/ US97/ 20696 -17- containing the |ucif,erase gene. Healthy arteries
(Normal ) and atherosclerotic vessels (CROL/inj) were transfected under

o1 asri o caFTPEHGbhe ncxbians wersardomded i s and & B Prabour o artori es
Yﬁ&ef-Q?ralliiéﬁgﬁhfﬁ%é%dﬁéﬁéﬁiﬁg Beubaiuine ﬁgﬁﬂféfv‘gé. gﬁﬁaﬁf@ﬁm@ 4
$ PRZTAS B
Frrcoon B SRR R oste 24 bt it BhRnki oS B Caltialehll ¢ 10
pressure (Bt AelsBEIUY RlordlcdiBedRtANbRL of SedfidlcBste ol wiliDa ShOVS

transfection &ftficiencles~fo conc ations of nd 80 nmM

n=4. Exﬁaﬁphggfes%ﬂt D%—Eﬁ&f&ldtggetliyé. hmg&feeﬁan eHRESSPIY Sppéssbi agsf ection

efficiency rat ki dney S pertused in vivowth plasm d DNA

cont ai ni ngcdiedepnsis@hudlbadiooMidation TRITE-OBNidslasdreaitad thfal bblls. 6. Rats
wer e exposed to atnospheric pressure (0O atm) or 2 atmfor 30 mnutes after

ki dney perfesiom< KDOfeys were harvested 3 days after transfection and
ti ssue honogenates were assayed for luciferase activity. n=7. 20 Exanple 6
Fig. 12-A shows t hEigell2d®shows mchemia-indnced PANA exprassioaf ihi teamsplantédr
rat aortae with and without pressure-mediated transfection of antisense-PCNA
10 ODN. The transfection procedure was similar to that illustrated in Fig. 1-C".
Ischemic injuries were induced by 24 hour incubations at 4°C, either in saline
solution (control), or in saline solution containing 40 puM ODN. A pressure of
2 atm above atmospheric pressure was applied during incubation to both
control and ODN-treated samples. Tissue was harvested six days after
15  isotransplantation, and PCNA protein levels in tissue homogenates were
measured by ELISA. n=7, p=0.02. |

Fig. 12-C shows ischemia-induced cdc2 kinase expression in
transplanted rat aortae with and without pressure-mediated transfection of
antisense-cdc2 kinase ODN. The transfection, transplantation, and harvesting

20 procedures were similar to those described above in relation to Fig. 12-B.
Protein levels for cdc2 kinase were measured by ELISA.

Fig. 12-D illustrates the reduction in lumenal narrowing of
isotransplanted, ischemic—injﬁred rat aortae, resulting from pressure-mediated
transfection with antisense ODN against both PCNA and cdc2 kinase.

25  Ischemic injury was induced by 24 hours of incubation at 4°C in either saline

solution (control), or antisense-PCNA/antisense-cdc2 kinase ODN solution

(40 uM each). A pressure of 2 atm above ambient pressure was applied to all



rat aorta cells. Aortae were harvested from donor rats and incubated at
4[err] C f quo3dndiesrs i n physiol ogic solution to induce i scheor/wsymosssy, in
a manner simlar to that illustrated in Fig. 1-C . The incubation solutions
contained 40 [err]m WO 98/ 20109 -

PCT/ US97/20696 -18- FITCG-CDN. |ncubations were perfornmed at 0 atmand 2 atm
above at nospheric pressure. Follow ng ingubation, the tissue was

i sotransplanted into rat aortae and harvested 24 hours after

transpl ant ati gis (MThERE doffdl). 2BLERAIOLT i dBs oFARASREIDYdbLOT escence

m croscopy 0 t1ons co-stail’ne uorescent DNA-intercal ating

dye. Transf Fé‘gﬁﬂ&ﬁrﬁ%&ﬁé‘é RAfYed SeNRART ﬁ?ﬁe ast£hnd [utheid] %ﬁh@gviﬁ%% ear
| ocal i zation of FI'TC-ODN as a percent of total cells. n=3, p<0.005. Fig.

12- B shows {sshémidadly iguredds Lexh esired by Rotpateridedrihmgeranblysty.t ae Wi th

and wi thout pressure-nediated transfection of antisense-PCNA 10 ODN. The-

transfecti on=pitdgeesh0.63was simlar to that illustrated in Fig. 1-C.

| schemic injuries were induced by 24 hour incubations at 4[err]C, either in

saline solution (control), or in saline solution containing 40 [err]M CDN.

A pressure of 2 atm above atnospheric pressure was applied during

i ncubat i%on Exampl¢r:7control and GDN-treated sanples. Tissue was harvested

-six days after 15 jsotrapspl antati and_PCNA proteip levels jn tissue
3h Bl £h feister

n,,
honogenat es were ne@gud O‘EEI"@ASfoeﬁtlﬁnP, figjiencigs dor raf-hearts transieets

ORISR AR 0.
o those. bl BEEBEHARTIS fug SHOaABI R8s Mt Sher BRRIFIERAVE € 707 o
ki nase vier o RgSE i 2V Thb hishs e séhnBrgel HFITELODN Beufeflugid on 1 n

| umenal narrow ng
10  exposed to either O atm or 2 atm above ambient pressure for 45 minutes at 4°C,

as shown in Fig. 6. The hearts were then heterotopically transplanted into the
abdominal aorta and vena cava of recipient rats.. Nuclear localization of FITC |
was assessed 24 hours after transplantation by fluorescent microscopy of
sections co-stained with a fluorescent DNA-intercalating dye. Transfection
15 efficiency is expressed as cells displayiﬁg nuclear localization of FITC-ODN as
a percent of total cells. n =3, p <0.005.
Fig. 13-B shows ICAM-1 expression in transplanted rat hearts, with
- and without pressure-mediated transfection of antisense-ICAM-1 ODN. Either
saline (control) or antisense-ICAM-1-ODN solution (80 pM) was perfused into
20  the coronary arteries of donor PV G strain hearts after aortic cro'ssclairﬁf)ing.
The hearts were then submerged in FITC-ODN solution and exposed to 2 aﬁn
above ambient pressure for 45 minutes at 4°C, as illustrated in Fig. 6. Tissue
was harvested 3 days after heterotopic transplantation into ACI recipients.
| ICAM-I positive area was measured by image analysis of sections stained
25 immunohistochemically for ICAM-1. n=3-6, p = 0.04.
Fig. 13-C illustrates the induction of long-term graft acceptance by



I sotranspl anted, ischemic-injured rat aortae, resulting from :
pressur es | transfectiron with anti sense CDN agai nst and
cdc2 ki n%@%@g@g‘jl schem c injury was induced by 24 hours o ?‘%357 at1on at
4[err]Cin either saline solution (control), or

ant i sense- PCNA/ anti sense-cdc2 ki nase ODN solution (40 [err] M each). A
pressure of 2 atm above anbient pressupg was applied to all WO 98/ 20109
PCT/ US97/ 20696 -19- tissues (including control). Blockade of expression of

fﬂﬁeﬁﬁf ;3”1!58%%8?@%% L‘ﬁ%%? C&ﬁ%ﬁgﬁ%ﬂé@%&%%ﬁ%ﬁgg@ L@gj@yand
hovs. ¢ r arSAEIEANRT, X8 G stolinpdfearlh Weit hityedted alrf BRod oo U

FI TC- CDN, mthfbiﬁa@ii aﬂﬁééieellcmqspwmsﬁl o Cgs@ﬁh'gf ot Wifth%liﬁggoilﬁfoﬂ M was

perfused into the coronary arteries o ono eafts after aortic

crosscl anpicogtroas Hessiibeduode SnBTRE &Rt Fip. ABTE: BN Heahywers tasgd 10
exposed to either O atmor 2 atm above anbient pressure for 45 m nutes at
4C, as Sshdysterotopically GrandpianfedantosAQF seainesigieiter dibpiealld weks anspl ant ed
into the abdom nal aorta and vena cava of recipient rats. Nuclear

| ocal i zat i systemickll¥ @dwenistexsé antd BA- lnantibodyf foe 6 dayardsiidwitgat i on by
fluorescent mcroscopy of sections co-stained with a fluorescent

DNA- i nt er ctadnsplanfatign, to blecksthedigand fosICAM{lci Madyrther expressed as cell's
di spl ayi ng nucl ear localizatiqgn of FITC-ODN as a percent of total cells. n
= 3, p < OMypBnosynpresssorEwanadminisierad Eelsranesiis nepartadraspeseentesriof at

1 OON RS S R TS Ve s PSR DU RLOETR: §HeFB0 [ err] M
vas DS USE ok 0e B A PHRLched rHehifedl U YS STOGURyIo

after

control n = 12, antisense-treated n = 27, p = 0.003.

Example 8
Figs. 14-A and 14-B show inhibition of neointimal hyperplasia in
rabbit jugular veins grafted into carotid arteries, following pressure-mediated
15 transfection with ODN designed to block up re.gulation of cell cycle regulatory
genes.

' Fig. 14-A shows wall thicknesses at 6 weeks and 6 months after
transplantation for untreated (control) grafts, and grafts transfected with either
reverse antisense (control) ODN or with antisense ODN against both PCNA

20 and cchdl-thnase. Neointima formation was inhibited for up to 6 months, while
medial hypertrophy allows adaptive wall thickening to reduce wall stress in the
high-pressure arterial environment. Fig. 14-B shows results similar to those in
Fig. 14-A for veins transfected with E2F decoy ODN, as compared to untreated
grafté and control grafts transfected with scrambled ODN. n= 6, p <0.005.

25 Although the above descriptions contain many specificities, these

should not be construed as limitations on the scope of the invention, but rather



The hearts were then subnerged in FI TC-ODN sol ution and exposed to 2 atm
above anpiceeunopgeessure for 45 mnutes at 4C, as ill ustrat edtrHwsdriz06966.

Ti ssue was harvested 3 days after heterotopic transplantation into AC
recipients. |CAM 1 positive area was neasured by inmage anal ysis of _
sections stained 25 immnohistochemcally for ICAM1. n = 3-6, p = 0.04.
Fig. 13-Cillustrates the induction of2ijong-termgraft acceptance by WO
98/ 20109 PCT/ US97/ 20696 - 20-
pr essur e- nR41IakLaiiPOEHRGENRP eRboliABHR REEE Féle 1E,Sawn5é1vaa§£ih ense
ODN against CAM 1. PVG strain rat hearts were harvested and trdnsTected
ex- Vi vo WihBulpitidiepreaire van be-usedih kehdl. SRl piedti#H) desighk fbr or Wit h _
saline solution (control), as described above in relation to Fig. 13-B. The
hearts weremcldsing ménesgprotantiveahéans] awd/op beciudihg Iﬁbmsoﬁnbﬁtf&ﬂﬂ?ﬁ eci pi ents.
Al animals were systemcally adm nistered anti-LFA-1 anti body Tor 6 days

f ol | owi ng devasesihynonaskitled it theamodepending omthe dpplichtidat Varisasf ur t her

i mrunosuppr essi on was adm ni stered., Tolerance is reported as percentage of
treat ed arinewbatigropressures,nevieds.cang activie ageot gosages lasdinghto desitabbgyonft s.
Gaft 10 acceptance was defi ?gg‘ by presence Qf- heart, beat in_the graft
for >100 QWREMPYMA frangiection eflagiengensan be seadily deternpiped fordidfayent ~Exanpl e
8 Figs. 14:A and 14-B show i nhibition of neointimal hyperplasia in rabbit
jugul ar vétsiee ed into carotid arteries, follow ng pressure-nediated 15
transfection with lg%iilﬁxrégﬁ to block up regulation of cell cycle

regul at ory genes. . - dws wal | thicknesses at 6 weeks and 6 nont hs
after transplantation for untreated (control) grafts, and grafts
transfected with either reverse antisense (control) ODN or with antisense
ODN agai nst bot h PCNA




20 and cdc2 ki nase. pﬁum”m"ﬂmm was inhibited for up to 6 nonths,
whil e nmegdisal ertro e wall thickening val |
stress in tﬁleZH I'gh-pressur®e arterial «environment. Fig. 14i€rs %’V#/sbg?ﬁ\ggults
simlar to those in Fig. 14-A for veins transfected with E2F decoy ODN, as
conpared to untreated grafts and control grafts transfected with scranbl ed
CDN. n =6, p < 0.005. 25 _ ot hough the above descriptions
contain many specificities, these should not be construed as |initations on

}3?;'/ ngg/ezgggtshez N kl?qn%g{)?rg}aﬁghgge%uﬁé%%ﬁéé%*%i%&?%ﬁ?s t hereof . For
exam e, dlbdie @Xbﬁﬂxdluf‘%?f"lt}&&hﬁﬂnp&ﬁﬁ&]r idh 6Fe1 Ofmtiseth dugagner a . Vany

pot enti al “desi enc ng neans or occl udi ng
means cancgg; | y devised by one skllled in the art, depending on the
application. “Various 5 I ncubati on pressures, periods, and active agent
dosages | eadi ng tprifigi Frlﬁtbl GondictRe/ celPxmdRlig h{cﬁﬂx%ﬂﬁﬁﬁ b@ﬁp@fsiﬂ§$aﬁ@0' es can
be readily determ ned for different tissue types is'clainmed is:

-22- 15 Aatorhhedletuls orgaciiclg, t he uptake by a cell of an atom a nol ecul e,
or a particle of maxinum dinension of <10 [err]m with the exception of
nucl ei ¢ aci d nol ematmtsining shideel etdsaibligsidmgedinimm amgenclosedspatect sai d
cell and a liquid medium conprising said atom nolecule, or particle,

mai nt ai ni B¥dsai d cell and said liquid mediumin an encl osed space,

subjecting said enclosed cell and liquid medium to an incubation
pressure sufficient to enhance uptake by said cell of said atom, molecule, or

10  particle.

2. The method of claim 1, wherein said cell is contained within a
mammalian blood vessel that is sealed at two locations to provide said enclosed

space.

3. The method of claim 1, wherein said molecule is a therapeuﬁc,

15 charged organic molecule having a molecular weight of less than 1,000.

4. The method of claim 1, wherein said molecule is a protein or a

peptide having a molecular weight of greater than 1,000.

5. The method of claim 1, wherein said incubation pressure is

between 50 mm Hg and 5 atmospheres .above_ambient pressure.

20 6. The method of claim 50, wherein said incubation pressure is

between 200 mm Hg and 2.5 atmospheres above ambient pressure;.

iThus Sheet Has Been Replac
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pressur e wobémoent t by said cell of sai dPEX/U&97/20686ecul e,
or particle. 2. The methdd o * , wherein said cell is contained

wi thin a mammal i an bl ood vessel that is sealed at two | ocations to provide
sai d encl osed space. 3. The nmethod of claim 1, wherein said nolecule is a
t herapeutic, charged organi c nol ecul e 28vi ng a nol ecul ar wei ght of | ess
than 1,000. 4. The nethod of claim1l, wherein said nolecule is a protein or

a peptide having a7 nTheeethsd WELR Riwlkrer £hid colas dofifidedin aThe nethod of
claim1l1, wherein said incubation pressure is between 50 nm Hg and 5

at ﬁDSphereﬁxa@hﬁuHaﬂMcﬁhrzespﬂmgm dhd theéncatidtiod ptssuraedqnitibratedier ei n sai d
i ncubation pressure is between 200 mm Hg and 2.5 atnospheres above anbi ent
pressure. betw@nafit 281fdr and interior of the vessel or organ so that there 1s

PCT/ US97/ 20696 -23- 7. The nmethod of claim1l, wherein said cell is

cont ai ned $ubstantiallyano prespireadientbetweensaishexterotandimtemeubat i on pressure
equi l i brates between the exterior and interior of the vessel or organ so
that there is substantially no pressure gradi ent between said exterior and
interiagr. 5 . S em for I|ver|n stance into a cell,
sai d sysstem conpr i &i A ysﬁ’iné?fﬁ%]s"eﬁ’@g f%@lﬁ%@?ﬁiﬁ ‘éfsﬂsé‘%%t part of a
boundary of a seal ed encl osure, said seal ed encl osure cont ai ning said cell
and an ext PYCBIFH&r environment of said cell, said extracellular

environnent contaip 890185{18 micdns f@ygéﬁrﬁﬂg%t I@arsgpart of a boundary of a

sealed enclosure, said sealed enclosure containing said cell and an extracellular

and subjecting said e m%and liquid nmediumto an incubation
el

environment of said cell, said extracellular environment containing said
10  substance; and
a pressurization means for establishin g an incubation pressure within
said enclosure;
whereby an establishment of said incubation pressure facilitates

uptake of said substance by said cell.

15 9. The system of claim 8, further comprising a delivery means for

delivering said substance to said extracellular environment.

10. The system of claim 8, wherein said enclosing means comprises

an impermeable sheath.

20 11. The system of claim 8, wherein said enclosing means comprises

an occlusion means for occluding a passage in a tissue.

12. The system of claim 8, wherein said enclosing means comprises

a pressurization chamber.



a pressurization nea ISk Ng an incubation pressure within said
encl osur‘?bgwﬁq,gby aﬂmrléummﬁ@’ﬂ“h sai d incubation prgsgussnbasi | itates
- upt ake of sald substances D\ Sal ds . 15 9. The systemof claim
8, further conprising a delivery neans for delivering said substance to
said extracellular environnment. 10. The systemof claim8, whérein said

encl osi ng neans conprises an inperneaghe sheath. 20 11. The
system of claim8, wherein said enclosing nmeans conprises an occl usion

means for occl udi. e dn .a bi e. 12...T cl aim 8,

wher ei n sai d enclg'g'i ?ﬁi@%‘g’%"ﬂ%‘?‘f gegggreﬁgég&ﬂuggﬁﬁ%%g %%er. WO

- 98/ 20109 . . . PCT/ US97/ 20696
-24- 13. %beStasnflsatllgn?%?alglegFlﬁsgl,g%%I?Séi n said boundary is defined
substantially by said enclosing neans. 14. The system of claim8, wherein
part of said boundary is defined by a tissue. 5 15. The system
of claim 14, further TROEPstes dTLlzinP8 OvAETciy pafRdRai distamdas; isiidfmed! aced
around said tissue, for preventing a trauma in said tissue. 16. The-system
of clai mBpatisBaeeci n sai d protective nmeans conprises an inelastic sheath.
10

5 15. The system of claim 14, further comprising a protective means

adapted to be placed around said tissue, for preventing a trauma in said tissue.
16. The-system of claim 15, wherein said protective means

comprises an inelastic sheath.

10

- g



