5 MAY 2006 WD 03/039566 1 PCT/ NZ02/ 00235 - NOVEL METHODS OF TREATMENT AND
DELI VERY MODES FI ELD OF THE | NVENTI ON The invention relates to novel
delivery nodes for the treatnment of mammals. Particularly but

exclusively the invention relates to novel nethods of treatnment 1n situ in
organs of rpEBLPseearticularly the lungs. The invention @,ﬁ&{g& s to
" treatnent regines applicable to treatngnt of cystic fibrosrs. ND
Lung Il 1l nesses and Conditions Illnesses and conditions of the lungs are
varied and W da¢OVEIIMETHEODS'OF TREATMENT ANDY) mfma @iLEs to
congenital cilia problens and cystic f'inrosi s for g‘%arrp e. Ii‘!uc I 1l nesses
and condi ti ons have one irrporfﬁ,iﬂa m teristic in common - the difficulty
of treatnment as a result of i P iIW@NQ/st ic Fibrosis Cystic
fibrosis (Chle inGenBio | felicld i ' ' ! i ans,

al t hough casesshavg?%ggsnﬁ.?gggrdteggér??%ran&oftg ?%?%@3‘;’?%%29 ) %@ﬁiﬁl efly a
di sease of Witaetexelugively theinvention relases tn goehmieftwds of traatrodnt irnsiturie oigaasness | i ni ng

t he airways 0 faci - ed se ions. ,This_causes

bl ockages O?Etﬁwgfsbﬁ%%%ﬁ% %l?gr@gégé@ﬁdgg%@bo%ﬁ%r{?fa%% 10, EEAPFE [e8i¥Sect i ons
i n t he | ungappliGibi tb dreatoleanafeystaciirosis. n ot her organs of the body, but these
are not so life threatening. People with Cystic Fibrosis suffer fromchronic
| ung probl enms and digestive disorders. The lungs of people with Cystic

Fi brosi s beBAGKGROUNDH with a sticky nmucus which is hard to renove and
pronotes infectjon by bacteria. Many people with CF require frequent

hospi tal i zgi"i' l“&ﬁﬂzﬂiﬁg??filgﬂ’és use of antibiotics, enzyne suppl enents, and
ot her nedi cations. The underlying cause is a defective electrolyte 'punp' in

the cells Iining the airways, Wwhich in return is due to inherited gene
abnor mal i t ylllnessepeand cpaditions of dhcluagrcaseiwaied aud widespread. They vary from asthma,

cancer, emphysema, to congenital cilia problems and cystic fibrosis for example. Such

illnesses and conditions have one important characteristic in common - the difficulty of
treatment as a resuli of in accessibility. '
1. Cystic Fibrosis
Cystic fibrosis (CF) is a fatal genetic disease primarily affecting Caucasians, although
cases have been reported from other ethnic groups. It is chiefly a disease of electrolyte
' trénsport being an inability of the membranes lining the airways to produce sufficiently
“hydrated secretions. This causes blockages of the bronchial airways and development of
recurrent infections in the lungs. Similar changes occur in other organs of the bedy, but

these are not so life threatening.

People with Cystic Fibrosis suffer from chronic lung problems and digestive disorders.
The lungs of people with Cystic Fibrosis become covered with a sticky mucus which is
hard to remove and promotes infection by bacteria. Many people with CF require
frequent hospitalizations and continuous use of antibiotics, enzyme supplements, and

other medications.

The underlying cause is a defective electrolyte 'pump’ in the cells lining the airways,
which in return is due to inherited gene abnormality. Humans have a gene encoded in
their DNA which manufactures a special protein called CFTR (Cystic Fibrosis

Transmembrane Conductance Regulator). The CFTR protein is 2 member of a family of
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their DNA whi ch manufactures a special protein called CFTR (Cystic Fibrosis
Transnenbr ane Conductance Regul ator). The CFTR protein is a nenber of a
fam |y of SUBSTI TUTE SHEET (Rule 26) 5 MAY 2006 WD 03/ 039566 PC;%N%Q@&OOZSS
2 ATP-binding proteins that act as unidirectional solute punps

protein contwelegoiske flow of chloride ions across the cel} Wﬁ?j@gﬁ Each
gene is made up of two alleles; a singlg correctly encoded a

adequate for normal CFTR production. Thus it is only when a person has two
def ecti ve CATRbinding preteinsithat achas unidiregtional soluleaumps: This Brdseinsostrolithese wit h

a single deg%g%ﬁorﬁiﬁl @b%cf?:'é? @L!iﬁgmb]?&;rl ers, and those with two defective

al |l el es hav rosi s he" gene(s cau5|ng the defect are known and
how t hey cause the defective electrolyte punp' is also known. Attenpts to

repl ace the ective ene n a person,with th a by net i

engi neeri ng ?f‘g‘pﬁ?ﬁ? 13[’5'3 e bR © k gﬁglesdégmge °°1‘P£?E§y ‘H’g é*l?lﬁﬁ gde %qu se and
noney bei ngn@maleoﬂﬂd o'ﬁhttﬁonammﬁbnlwmﬁﬂi peREONTHAE BRE b fabtive'CE aﬁe@é%g term
Tr eat ment of stic br05| s Since the defect ive CF gene was di scovered in

1989, the phet a@ml}Yehf’éfarQ)ﬁh%é‘sbf@ﬁweé(bP%? Wil esingled ctmerﬂllgb%e callgdent i st s
successf ul l%ﬂﬁ%@ £88 1P themto CF cells in
| aborat ory di shes, %mbfﬁltcigf&r%g?cggé?ﬁlesgﬁ@%&sjﬁgelbc s. The next major step
was achi eved in early 1993 when the first experlnental gene t herapy

t reat nent rcher a .conmmon

cold virus 10 &¢ (\é)ggautgﬁﬁq‘ﬁf@éef?&%e %0 cla((aﬂ\Fjllo c%%( Namts! tﬁ%% §°§W&§gf"6°lme CF
cells in tHhpump' rim;tslmo&‘aeumttainplsttmchphse the defeaither goay in i perb@pwitingie digesse
delivery thods such as fat c @Bm e 1}%‘“‘} osones and synt heti ¢ vectors.

The first dietic SREiaseHpg 2gRsAE i bavg 8o meyretiart, sEpepisg ad
appr oved by;nbﬁb?beﬁg@ﬁp@lﬂéh PhisGppdaththsyetbd dcdssfYih théloa@®3m. | N cl i ni cal

trials, this nucus-thinning drug called Pul nozyne(r), reduced the nunber of
respiratory infections and inproved lung function. In 1995, a four-year

st udy shomeﬂreg,ﬁﬁéntbb@ymmbrdsgupr ofen, reduced the rate of lung
inflanmation in childien wth CF - under controll ed conditions, and in high
doses. Since the defective CF gene was discovered in 1989, the pace of CF research has greatly

accelerated. In 1990, scientists successfully made copies of the normal gene, and added
them to CF cells in laboratory dishes, which corrected the defective cells. The next major
step was achieved in early 1993 when the first experimental gene therapy treatment was
given to a patient with CF. Researchers modified a common cold virus to act as a delivery
vehicle - carrying the genes to the CF cells in the airways, Several studies are underway

to test new gene delivery methods, such as fat capsules (liposomes) and synthetic vectors.

The first new drug therapy developed exclusively for CF in 30 years was approved by the
Food and Drug Administration (FDA) in 1993, In clinical trials, this mucus-thinning drug
called Pulmozyme®, reduced the number of respiratory infections and improved lung
function. In 1995, a four-year study showed that the drug, ibuprofen, reduced the rate of

lung inflammation in children with CF — under controlied conditions, and in high doses.

In late 1997, the FDA approved the drug TOBI™ (tobramycin solution for inhalation). In
clinical trials, this reformulated version of the common antibiotic improved lung function
in people with CF and reduced the number of hospital stays. The benefits of TOBI are

that it can be delivered in a more concentrated dose directly to the site of CF lung
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In late 1997, the FDA approved the drug TOBI TM (tobranycin solution for

i nhalation). In clinical trials, this reformulated version of the conmobn
antibiotic inproved lung function in people with CF and reducefyh@goggunber
of hospital stays. The benefits of TOBI are that it can be delivered in a

nore concentwelbgesssiase directly to the site of CF | ung SUBgdRFfFeRZEET
(Rule 26) 5 MAY 2006 WD 03/039566 PCT/ Ng02/00235 3 infections nore

efficiently, and that it is preservative-free. The devel opment of TCBI
shoul d | eadnfestions| moerg afficientlys and thak it 4+ preswvativediean (Theidovélopméntrof BT e wi t h

CF. Cell/OQO, At | : £ | ant ati on has

been carri 5&8@83&23%22@2?%%Pg%&?ﬁ}o%@?ggdgﬁbt%%oﬁh%ﬁﬁ@ &, but this is

technically difficult, expensive, has limted success and relies on

avail abilit organ danors. The transplanted |ungs canme from i ndividual s

who do not %ﬂ@éf@qﬂﬁ%@@“mﬁgﬂv&ﬁﬁﬂg@p are initially disease free, however,
: e ) e d ly with=cre ;

CF does renghélel Ring MAnSlMEOS  had W36k Sasied | ot @EldeRAfly witheRke OF 3R fungand

reproductive tiract after the lung transplant. Each i'ndividual has an i nmune

syst em t hatdisasn ot &his ds tepbnicallyy @ffignltnexnspsivs, has Netitedi suecessriand atliss on

Transpl ant %@aﬂbﬁﬁﬂ%m{g&&&%é,gn to the recipient and the imune system
reacts against themin a process called "rejection.” | mmunosuppressive

drugs are given daily for the life of each transplant recipient to reduce

t he i mmune c . & | ant [ fromrej.ection.
| munosuppr tear gl fonfif SAEEhroh Marvidh 0 $Ro 30 1L BNHER s e s
i nf ect i ons araidtidudiecass fiee, dbivewdrSCE uloks eemath mbithé eimnsedepanercas dntektindsey

function, and osteopor,osis, (&hinnj f .the bones). The doses of such drugs
are adj ust®®§% i%pé?pﬁo@é%ﬁ%t%&mﬁéi on and ninimze these side
effects. An alternative approach could be replacenent of at |east sone of
the defective cells bﬁ!@ transplantation. It is known that even a very snall

\

i ncrease i rachdndiyideal has g7 Bomppsyistegn thatprojects againg doseign mpteddsincluding’ only a
smal | per ¢ emcRBes, AradsPlahted BiRaHs 46 fdi8igh SP1RGEGpibdl ahd the iRintub@)Systéd rEldts
against them in a process called "rejection.” Immunosuppressive drugs are given daily for
the life of each transplant recipient to reduce the immune response and protect the
transplanted organs from rejection. Lnmunosuppressive drugs may increase one’s
susceptibility to some infections, and cause side effects such as diabetes, decreased
kidney function, and osteoporosis (thinning of the bones). The doses of such drugs are

adjusted to maintain adequate immunosuppression and minimize these side effects.

An alternative approach could be replacement of at least some of the defective ceils by
transplantation. It is known that even a very small increase in the electrolyte 'pumping’
will reverse the disease i.e. only a small percentage of cells need to be replaced in the

airway lining,

OBJECT OF THE INVENTION

It is an object of the invention to provide a novel means of treating mammals suffering
from diseases or conditions which manifest themselves in the lungs of the mammal; and
it is a further or alternative object of the invention to provide a novel or alternative

treatment for the condition of cystic fibrosis
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OBJECT OF THE INVENTION It is an object of the invention to provide a novel
nmeans of treating mammals suffering from diseases or conditions which

mani fest themselves in the lungs of the mammal; and it is a fuhRebR"
alternative object of the invention to provide a novel or alternative
treatment f ndition of cystic fibrosis SUBSTI TUTE = e 26) 5
MAY 2006 V\DO% }0 %%3%%6 PCT/ NZ02/ 00235 4, STATEMENTS OF THE ?ﬁ@g@#@s
According to a first aspect of the invention there is provided a biol ogical

devi ce capablATENEINTS QRTHEINVENEIONIng capillary of a patient suffering

one or mor ACRBE s fist wsphct BLE BB S Rrp PR Sblabilp dgues RIS ohe
or nore coatpenyimpdctionsini 4 digecdpillaep afal bbﬁmtrﬁfﬁﬁhﬁunﬁﬁ Qs fibfosines of nore

cells; iii),_one or nore proteases . assQciated with the one or nore coatings;
wher ei n t he'veating tie Pptientspypasing.ofjin £e is such that, upon introduction to

the venous j)sysiaoPnotdIpaititifile sibatifly f6mith LFTRRARbuGHDS antial ly in
the region of a lung capillary of the patient, and wherein, upon inpaction,
by di sruptiiin ofone e msne eqatingsraf aceitable hiprompatible anatarial soted the ug of mereone or
nore proteases abrgs.abl e to act upon a wall of the lung capillary, thereby
al l ow ng access (" I'rectly or indirectly) of the one or nore cells to the

| ung epit h#) i a.onPoeimerairbigasehassebistedeyh thebné hemtiewbatinigs;al device is
substantially within the range .20-80 micr ters. Preferably_ the one or
nore prot ea‘glzegelﬁr ° Wgt"?iﬁ}?}lg@g‘gaﬁigpﬁﬁﬁ %{’I"F;}Eﬁh‘flﬁ"&r ‘ﬁchmf Lt VEnes o e
coatings, véystethesf thé patientthe Hevicelwill ipant gibstahtialyfin tieregios o0k hifiglcapitiagt i ngs,
or uniformy within one or nore of the one or nore coatings. Alternatively
t he one or %&b%vahﬁ%t eases are distributed throughout the one or nore

coatings i nn@l WHbHS upon impaction, by disruption of the outer surface of the device or

otherwise, the one or more proteases are able to act upon a wall of the lung capillary,

thereby allowing access (directly or indirectly) of the one or more cells to the lung

epithelia.

Preferably the diameter of the biological device is substantially within the range 20-80

micrometers.

Preferably the one or more proteases are distributed substantially uniformly in the one or
more coatings, whether it is uniformly through all of the one or more coatings, or
uniformly within one or more of the one or more coatings. Alternatively the one or more

proteases are distributed throughout the one or more coatings in clusters.

Preferably the one or more proteases have the characteristics of proteases secreted by the
Ascaris roundworm. Preferably the one or more proteases are neuiral proteinases. More
preferably the one or more proteases may be collagenases or proteo glycanases.

Preferably the cells may include human lung cells and/or porcine lung cells and/or human

lung stem cells.

Preferably the one or more coatings around the cells provide(s) a protective coating to the
cells and is//are permeable to nutrients. Preferably nutrients include water, salts and

glucose.
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Preferably the one or nore proteases have the characteristics of proteases
secreted by the Ascaris roundworm Preferably the one or nore proteases are
neutral proteinases. More preferably the one or nore proteasess¥RY 6%

col | agenases or proteo glycanases. Preferably the cells nmay include human

lung cel |l s apgofesoftgr ci ne lung cells and/or human lung stg &?Hﬂﬁms
Preferably the one or nore coatings arognd the cells provi dg)fs a protective

coating to the <cells and is//are perneable to nutrients. Preferably
nutrients include water, salts and glucose. SUBSTI TUTE SHEET (Rule 26) 5

MAY 2006. I; |, he one or nore coatings
is/are or %ﬁ%@éﬁ?gr?cn%g‘{ryé?@ggéﬁcygtlﬁ%ﬁé?iagg%ﬂté'm)re coatings conprise the
following: i) an inner layer of alginate, ii) polyornithine, iii) an outer

| ayer of algipate.,Preferably the proteage re in clusters, contained
within a m%?@’?éﬁ’sth?%‘}“%%‘“ﬁ%“%é? f?wseﬁ%e% YWIRE outer |ayer of alginate.
Preferably the n)croeapmet Bydrafalptatf a suitable water absorbing material,

preferably gelatjn. Preferably the one or nore cells have been obtained
according to a pPoceBRlysmuthidg] ation froma donor. Preferably the process of

i sol ation includgs expesurBy&iorblgtage or nore cells to a liquid nedium
contai ning one or nore of: N cotinamde, Liberase/Collagenase, Lignocaine.

Preferably the biological devices is contained within or supported by a

h i | e i . L er di d
Pepect of (ol 6 BERLAR e b UbAUENRSE Vil o miGHARRUL dph frc R
bi ol ogi cal atesn theowterplapdrenf algimate. Pogferablly die mivracapauteomay pe bf &syitable watgrat i ent

SUTTering  pcorbing material, preferably gelatin,

Preferably the one or more cells have been obtained according to a process of isolation
from a donor.
Preferably the process of isolation includes exposure of the one or more cells to a liquid
medium containing one or more of:

Nicotinamide,

Liberase/Collagenase,

Lignocaine.

Preferably the biological devices is contained within or supported by a pharmaceutically

acceptable intravenous carrier.

According to a second aspect of the invention there is provided a method of preparing a

biological device capable, upon impaction in a lung capillary of a patient suffering

from cystic fibrosis, of treating the patient comprising or including the steps of:

i) isolation of one or more cells exhibiting substantially normal CFTR production;

i) a step of coating the one or more cells with one or more coatings of a suitable
biocompatible material;

i)  attaching or otherwise associating one or more proteases with the one or more

coatings;
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fromcystic fibrosis, of treating the patient conprising or including the
steps of: i) isolation of one or nore cells exhibiting substantially nornal
CFTR production; i) a step of coating the one or nore cells w{hyop OF
nore coatings of a suitable bioconpatible material; iii) attaching or

otherw se asg@gdpbiggd one or nore proteases with the one o atings;
SUBSTI TUTE SHEET (Rule 26) 5 MAY 2006 WO 03/039566 PCT/ NZO%?@B%@@O%Q wher ei n

the size of the biological device is such that, upon introduction to the
venous syshersimthet dige gahé biologidat deldod Besuut tHat, i gitroduétidnadtthéveroul n t he

region of a lun apil.l ar of tl,]g, atient. Preterably the dianeter of the
bi ol ogi cal S&Wg’éﬁi\@mgﬁ}s&‘@ﬁwm “’ig)l??cft 5{\'8“?"&1?8&“‘2@9 gegron:of-d lypg capillary
Pr ef er abl yofhﬁp@ﬁght_or nore cells are human lung cells and/or porcine |ung

cells and/or human lung stemcells. Preferably nicotinam de and/ or
Li gnocai ne may be introduced to the one or nore cells prior to coating, or

al any one plrepfems ! Ae s {h@_ebi{% 80hoe 5 SHARARNY hIGe (O8I HllsF! oP
i ncludes the TolFTow ng substeps: (a) encapsul ation or”encasenent “of the one
or nore celmigrometess. sui t abl e bi oconpatible nmaterial, (b) coating the
encapsul ated one or nore cells with a positively charged material, (c)

providing an outer coat of a suitable bioconpatible nmaterial. Preferably the

bi oconpat i Bleferablyehé ahe oiabeyRls iafe Kuidandk ¢l ahd/of psidivedfhe céllsdindat €.
Preferably the alginate is in ultra pure form Preferably the encapsul ation
provi des alUnpR BpRSMSh prevents, once inplanted, direct tissue contact
with the one or nore cells. Preferably each encapsul ati on invol ves

presenting_the one or nore cells and_ a suitable
Preferably nicotinamide and/or Lignocaine may be introduced to the one or more cells

prior to coating, or at any one or more stages of the procedure.
Preferably the coating step includes the following substeps:
(a) encapsulation or encasement of the one or more cells in a suitable biocompatible
material,
(b) coating the encapsulated one or more cells with a positively charged material,
(c) providing an outer coat of a suitable biocompatible material.
Preferably the biocompatible materiai employed in (a) and (c) is a suitable alginate.

Preferably the alginate is in ultra pure form,

Preferably the encapsulation provides a surround which prevents, once implanted, direct

tissue contact with the one or more cells.
Preferably each encapsulation involves presenﬁng the one or more cells and a suitable
alginate solution into a source of compatible cations thereby to entrap the one or more

cells in a cation - alginate gel.

Preferably said cation alginate gel is calcium-alginate gel.
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al ginate solution into a source of conpatible cations thereby to entrap the
one or nore cells in a cation - alginate gel. Preferably said cation

alginate gel is calciumalginate gel. SUBSTI TUTE SHEET (Rul e 269mayheg 2006
WO 03/ 039566 PCT/ Nz02/00235 7 Preferably said alginate used in the solution

I's sodi um alyghgfi8ssgand the islet and sodium al gi nate sol E&M}Bﬂiﬁggresent ed
as a droplet into a bath of suitable cayions. Preferably the second’| ayer of

the capsule will be of a positively charged polymer naterial preferably
pol y- L- or niRraferably sidalginatsiuged inshe sndutiongs swlivm algimate, laad fhelislehand godiutn) an

I nner | ayer | Y [t hi | del ). outer |ayer of alginate.
Preferably %@%ag@%@#%iﬁgéaéﬁ&d’%u @‘%@ﬁﬁ%ﬁ%ﬂl&ﬁ#gﬁ%%ﬁ%ﬂ buti on of the one
or nore proteases in the one or nore coatings (by mxing with the outer
coati ng befpor i catio for .exanple). Aterpatively step iii) includes
distributi rﬁe‘t%@%h& %FF°’FFB:‘%%PB?&£%§&M Ik A 2 POEHely, pharged YIS i n
clusters' (hj(ateﬁalipfwerhﬁ]?pﬁlyL@bﬁﬁtﬁinw th the outer coating before application
for exanple). Preferably the one or nore proteases have the characteristics

of proteases secreted by mgrating parasitic nenmatodes, nore preferably

Ascaris su%fepdlbg,zﬂslg&gl\ﬁlgg%o?né){jegég%?@ﬁmﬂg: the one or nore proteases are

neutral protelna [ | the one or nore proteases may be
col | agenases or ipr ot enifingrlayersésigingiecor ding to a further aspect of the
i nvention there.hs pr 91\9 in@n | ntravenous preparat ion for admnistration
to a patient sufferi Rg Prom Cystic fibrosis conmprising or including: (a) a
bi ol ogi cal devi d#) as apoetet byaiof algimster i bed, and (b) a pharnaceutically
acceptabl e i ntravenous carrier.
Preferably step iii) includes substantially uniform distribution of the one or more .
proteases in the one or more coatings (by mixing with the outer coating before application
for example). Alternatively step iil) includes disiributing the one or more proteases
throughout the outer coating in clusters (by mixing the clusters with the outer coating

before application for example).

Preferably the one or more proteases have the characteristics of proteases secreted by
migrating parasitic nematodes, more preferably Ascaris suum, or stercoralis. Preferably
the one or more proteases are neutral proteinases. More preferably the one or more

proteases may be collagenases or proteoglycanases.

According to a further aspect of the invention there is provided an imtravenous
preparation for administration to a patient suffering from cystic fibrosis comprising or
including:

(a) a biological device as previously described, and

(b) a pharmaceutically acceptable intravenous carrier.

Preferably the intravenous preparation may be stored at a range of temperatures not less

that 2°C and not exceeding 30°C without destabilisation and/or decomposition.

Accbrding to a further aspect of the invention there is provided a methed of treating a

patient suffering from cystic fibrosis comprising or including the step of:
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Preferably the intravenous preparation may be stored at a range of
tenperatures not |ess that 2C and not exceeding 30C wi thout destabilisation
and/ or deconposition. According to a further aspect of the invepj q,rbgbé"lere
is provided a nethod of treating.a patient suffering from cystchfi rosis

conpri si ng Owolgspeiosss Ng the step of SUBSTI TUTE SHEET (Rul e ﬁ@k&&’w 2006 WO
03/ 039566 PCT/ NZ02/ 00235 8 Intravenousgadm nistration to F t of an

i ntravenous preparation conprising or including: (a) a pharmaceutically
accept abl e i nt r dnteweness edminisatiomiodhe gdtipntaf i iMtagénoas priparatien coplpriskn t he

bi ol ogi cal devi %‘?micﬁld%%pabl e, upon inpaction in a lung capillary of a
patient suffering Trom cystic fibrosis, of treating the patient. Preferably

t he bi ol ogi cal devakephamaceutclyicdptubledfiefendul caier, @id more cell's exhibiting
substantial ly norgﬁ %F(;AFR ,gqr@duct ion; 1i) one or nore coatings of a suitable
bi oconpati bl e mat éP! " UPHAEY e one of nore cells; iii) one or nore

proteases apgpsh dedfol¥ditdl detige N\ @pile, Bf?uﬁ;%' fid 85, uid ' si ze of
t he bi ol ogi cal  devi cew%s such thaF,i Er@n I troﬁ%ﬁ onE?S‘y@ﬁg%@é’ﬁgﬁé system
of the pat isefering{eongexstie Sbrgsis| ofitrepting the pitisttanti al Iy in the region of a |ung
capillary of the patient, and wherein, upon inpaction, by disruption of the

outer surface of the device or otherw se, the one or nore proteases are
abl e to actPrefprablydhedsblogiodl dehiee compgrisesaqriihdladey;, t hereby al | owi ng access

(directly or ingirectl of t ..Or e.cells t | yng. epithelia.
Preferably the gi arre?%e\rlo)rgfor? ﬁegﬁl?%l‘ﬁwgé'gﬁ%{aaté%gé‘é’nilﬁl%sphﬂﬁmgﬁﬁ%&m y within the
range 20-80 mi di) omeder ar.méie ebstimh by a stieabld thocdinpatille nidt@iat @St Me®ne
di stributed substantiialll% iformy in the one or
of more cells;
iti)  one or more proteases associated with the one or more coatings;
and wherein the size of the biological device is such that, upon introduction to the
venous system of the patient the device will impact substantially in the region of a lung
capillary of the patient,
and wherein, upon impaction, by disruption of the outer surface of the device or
otherwise, the one or more proteases are able to act upon a wall of the lung capillary,
thereby allowing access (directly or indirectly) of the one or more cells to the hung
epithelia.

Preferably the diameter of the biological device is substantially within the range 20-80

micrometers.

Preferably the one or more proteases are distributed substantially uniformly in the one or
more coatings, whether it is uniformly through all of the one or more coatings, or
uniformly within one or more of the one or more coatings. Alternatively the one or more

proteases are distributed throughout the one or more coatings in clusters.

Preferably the one or more proteases have the characteristics of proteases secreted by
migrating parasitic nematodes, more preferably Ascaris suum, or stercoralis. Preferably
the one or more proteases are neutral proteinases. More preferably the one or more

proteases may be collagenases or proteo glycanases.
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nore coatings, whether it is uniformy through all of the one or nore
coatings, or wuniformy within one or nore of the one or nore coatings.
Alternatively the one or nore proteases are distributed throu one
or nore coatings in clusters. Preferably the one or nore proteases have the
characteri sty roteases secreted by mgrating parasitic_nenmatodes,
nore prefera éal‘%g%ogris suum or stercogalis. Preferably th %% nore
prot eases are neutral proteinases. Mxre preferably the one or nore

prot eases Pagfertablydbe tedlg emaysnciuderhupian theg oglly emros pefineSuSdelF eidoind ( Rul e
26) 5 MAY ﬁ}g‘%GtV\D Gl / 039566 PCT/ Nz02/ 00235 9 Preferably the cells may

i ncl ude hu ﬁﬂﬂ@e ells and/or porcine lung cells and/or human |ung stem
cells. Preferably the one or nore coatings around the cells provide a
protective coating to the cells and are pernmeable to nutrients. Preferably
nutrients ERdrEhly theees or marecoatings prepnd thaeplls pravids aprotestivepasting dbihy t he one
or nore coakg | | . £ ti conpri se
the' Tol | ow p o % Berleatt 10 HESr Srotedly nEERE RN oS, SRE IR ST 0
out er | ayemmyfo zgidsi nate. Preferably the proteases are in clusters, contained
Wi thin a mcrocapsule, and are held in or on the outer |ayer of alginate.
Preferably the m crocapsule may be of a suitable water absorbing material,
pr ef er abl y Pgeferablyrthe dreek ercabioatinpearocindludeadginatecl | s have been obt ai ned
according to a process of isolation froma donor. Preferably the process of
I sol ation includes exposure of the one or nore cells to a nedium containing

one or nor @reftrabitGeddoativg¥ cdfprise the following:

i) an inner layer of alginate,

ii) polyornithine,

iii)  an outer layer of alginate,

Preferably the proteases are in clusters, contained within a microcapsule, and are held in
or on the outer layer of alginate, Preferably the microcapsule may be of a suitable water
absorbing material, preferably gelatin.

Preferably thelone or more cells have been obtained according to a process of isolation
from a donor.
Preferably the process of isolation includes exposure of the one or more cells to 2 medium
containing one or more of:

Nicotinamide,

Liberase/Collagenase,

Lignocaine.

Preferably the patient prior to and/or during and/or after administration of the intravenous

preparation is treated with an oral dose of nicotinamide,

According to a further aspect of the invention there is provided a biological device
capable upon impaction in a lung capillary of a patient suffering from a condition or
illness (“the condition”) of the lung or lung region, of treating the condition,

comprising or including:
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Li ber ase/ Col | agenase, Lignocaine. Preferably the patient prior to and/or
during and/or after admnistration of the intravenous preparation is
treated with an oral dose of nicotinam de. According to a furthgg.asegect of
the invention there is provided a biological device capable upon | mpacti on
in a lung ceombdmpgssof a patient suffering froma condlth,:h dbg\ess
("the condition") of the lung or lung fggion, of treating the condition,
conprising or including: SUBSTI TUTE SHEET (Rul e 26) 5 MAY 2006 WO 03/ 039566
PCT/ Nz02/ 00235 10 |9n°0ﬁ@°mtm@ttsp@wsmegle§§§eatmstla,@paﬁunen,of treating the
condition, ii) e o ASER

treatment speci g@ %ﬂﬁ%ﬁ%ﬁs Zeso@% tﬁgﬁﬁ%% ﬁ%ﬁ?l%&%&aﬁm?lg%&gch t hat,
upon i ntroducti wherein thesize wf tieuestmentespeciés is lvechpthii, apon mﬂ'aduﬁmnl toahev | |

I npact substantjally ip a ign of, a, lung.c ry of. the atiet, and
wher ei n, upon i?ﬁ%%?&%/?%ﬁ’%‘;f‘ﬁggﬁlfme ithsdegtee "B‘E)H”L?“%é%’f‘ ailé'én&F Pokfevi ce or
ot herw se, the nmgcqﬁn@bethapme@gses are able to act upon a vvaII of the lung

capillary, thereb ow ng ,access (directly or indirectly) of the one or
nore treatnent ﬂ%‘%&’ﬂ?@g, FROD; iR@agHpRPYgisruplian of th W@F%%F?O%ﬁé deuios e

incl udes one or ghBRfiR, G S mef@bfow&soire ab10110 GRIMAAdH le@amﬁbﬁl@u&&g around
the one or nore treat rrent Specl es, the one or nore pr ot ease elrn

distributed wi eamiliery, Hherghie aB‘P@W@“@)(@WH&I“GD@MGﬂ@SOf thedoneher moamet er of
the device is SH%@R%JS){()&%&%% 'ﬂfa range 20-- 80 mcroneters.
S

Preferably the one or re prote ave the characteristics of proteases
secreted by the Ascaris roundworm and are neutral prote| nases. According

(03 Bl 5 e ek I G P50 S Mo S P P

pati ent suadoend tig one or more treatment species, the one or more proteases being distributed

within the one ore more external coatings, and the diameter of the device is substantially
within the range 20 — 80 micrometers.

Preferably the one or more proteases have the characteristics of proteases secreted by the

Ascaris roundworm, and are neutral proteinases.

According to a further aspect of the invention there is provided a method of preparing a
biological device capable, upon impaction in a lung capillary of a patient suffering
from a condition or illness (“the condition”) of the lung or lung region of treating
the condition comprising or including the steps oft
i} isolation of one or more treatment species capable of treating the
condition;
i1} a step of coating the one or more cells with one or more coatings of 2
suitable biocompatible material;
iiiy  attaching or otherwise associating one or more proteases with the one or
more coatings;
wherein the size of the biological device is such that, upon introduction to the

venous system of the patient the device will impact substantially in the region of a

lung capillary of the patient.
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froma condition or illness ("the condition') of the lung or |ung region of
treating the condition conprising or including the steps of. i) isolation
of one or nore treatnment species capable of treating the condighgq;mw) a
step of coating the one or nore cells with one or nore coatings of &

sui t abl e bi qgg @%égl e material; iii) attaching or otherw se associ ati ng one
or nore proteas th the one or nore, coatings; wherein PRENZ2N8238F ¢ he

bi ol ogi cal device is such that, upon i lroduction to the venous syst em of
the pati enprdféiablgemb Ganvtdr! of S | B dnYstheldi r&8irbeO50.89 | UNg
capil lary of, thegpat I ent. rSUng}ﬁ'ﬂ%gégHaE%'lwe(ﬁhuélugﬁ%mg%m@gz3 o %Q\D 3/ 039566
PCT/ NZ02/ OBB&9meters. pr ef er abl y t he di ameter of the biological device is
substantially in the range 20-80 microneters. According to a further aspect
of the invention there is provided an intravenous preparation for

admi ni st r aticoerding to pafuitbert aspeét§ of ithmy ifventiona therends pravidedr an lihtraeenon$ t he
lung or lu | conpt.i- Si r_including. (.a) a biglogic devj ce as
descri bed gge \?Zﬁ%(gwnf r(ag?'mé&rﬁﬁg? ﬁﬁ%é’ﬁﬁ%ﬁ#@‘%%f&ﬁ?‘&?ﬁﬂ EiYd stg?:ar rier.
Accor di ng hmgarlungtregion aspeicing @t idchalingnventi on there is provided a nethod of
treating a patjent . suffering from ndition or illness ("the condition")
of the lung or tfﬁﬁ‘d" %%?ﬂgﬁe“%oaﬁﬂﬁ%ﬁ%ﬁfga ¥&i3e| udi ng the step of. Intravenous
adnini stration {y alghGmiedutiedlly REeptdblé Rk RYNORQMSieRr eparation conprising or

i ncluding: (a) a pharmaceutically acceptable intravenous carrier, and (b) a
bi ol ogi cal Age¥

fing to a further aspect of the invention there is provided a method of treating a
patient suffering from a condition or illness (“the condition™) of the lung or lung region

-

comprising or including the step of:
Intravenous administration to the patient of an intravenous preparation comprising -
or including:
(a) a pharmaceutically acceptable intravenous carrier, and
(b) abiological device,
wherein the biological device is capable, upon impaction in a lung capillary of a

patient suffering from the condition, of treating the patient.

Preferably the diameter of the biological device is substantially within the range 20-80

micromeiers.

Preferably the biological device is as described above.

'This invention may also be said broadly to consist in the parts, elements and features
referred to or indicated in the specification of the application, individually or collectively,
and any or all combinations of any two or more of said parts, elements or features, and
where specific integers are mentioned herein which have known equivalents in the art to
which this invention relates, such kuown equivalents are deemed to be incotporated

herein as if individually set forth,

Definitions

As used herein these terms have the following meanings:
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wherein the biological device is capable, upon inpaction in a lung capillary
of a patient suffering fromthe condition, of treating the patient.
Preferably the dianmeter of the biological device is substantialdgpjsyizhdsi n the
range 20-80 mcroneters. Preferably the biological device is as described
above. This y kon may al so be said broadly to consist | ts,

el enent s anJ” gg?%?%s referred to or iydicated in the speg¢y&ca'@gﬁ of the
application, individually or collectively, and any or all conbinations of
any two or nore of said parts, elenents or features, and where specific

integers ar@ppRNti ey i hay own equivalents in the art to
whi ch this Thvent it%nné?sgljag@%ggs ?ﬁ%@gﬁﬁﬁﬁe ?éﬁ%&ﬁngﬁ&g‘gﬁgr polsin, hayige 3o
i ncor por at dunctivairg chloaile pdmp.ndi vi dual |y set forth. Definitions As used
herein thesg ter have_.t he fol | .ow Jeani ngs: BSTI TUTE SHEET (Rule 26) 5
MAY 2006 \/\656‘37'6‘3"3’3‘85’ PERFHEHS 3 h’@fﬁ@gﬂh@e&f&mg thieride,feqm theraimyay Jluids
Transnenbr ang ntPRtiie thd e itekmd o@iee mmgﬁnhavi ng a functioning chloride
punp. Chloride PurT_Bit- functions in the epithelial cells, taking chloride

1

fromthe ai®elisy exhibiting naypal GF TRy nredudiionser ¢ally| which esubstaptiedlye pavchal i al

| ayer. Cell &?&Bir@i ' ICT - ch substantially
haves, a 1?Jl.‘mctl n@%ﬁgﬁ@ﬁ%@e@%ﬁﬁo@gﬁl g%qeﬁgtopﬂrlg uc@n%m%t er into the
ai rway f | uilsepact/Impaetion| rpalesdribes - thde procedse svhietee the ddelogicah atesicshedue

furt ner ¢« nibu a8 el BotBRkA obtudtily BUfS e S FRIBR PIEF o™

-

further thrpo‘gag; i
Devi ce - dedfectivedyjammmedasur enent from side to side of the device; it downs

Cphor  cai . Tpmertecl the e - st & e BHeREy BEL e BRI VB e

fol | ow ng dR$&Endt nedsssarily imply that the device is spherical although it may be spherical.

Other objects of the invention may become apparent from the following description
which is given by way of example only.

Other aspects of the invention may become apparent from the following description
which is given by way of example only and with reference to the accompanying
drawings.

Brief Description Of The Drawings

The invention will now be described by way of example only and with reference to the

drawings in which:

Figure 1: illustrates a lung cell cluster of porcine lung epithelia

Figure 2: illustrates a number of the clusters of Figure 1,

Figure 3: illustrates the preparation of a biological device in accordance with the
inventiomn,

Figure 4: ilhistrates the process of impaction in a lung capillary of a device of the
invention.

To those skilled in the art to which the invention relates, many changes in construction

and widely differing embodiments and applications of the invention will suggest

themselves without departing from the scope of the invention as defined in the appended
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which is given by way of exanple only. Qther aspects of the invention may
becone apparent fromthe foll ow ng description which is given by way of
exanple only and with reference to the acconpanying draw ngs. Bkia& 2006
Description O The Drawi ngs The invention will now be described by way of
exanpl e onl ywenaoiskdsh reference to the drawi ngs in which: PE&M@%S
illustrates a lung cell cluster of porgigne lung epithelia gur .
illustrates a nunber of the clusters of Figure 1, Figure 3: illustrates the
prepar at i oflalns.o The slisslpswrgs awbthe desariptionschnrein e purelyhillnsteative audate wt, Fi gur e
4: illustr s bpaction in a lung capillary of a device of
the i nvenﬁtgﬁn%eaﬁbsbﬁ%gg§§ﬁ? etic]' inthe art to which the invention rel ates,
many changes in construction and wi dely differing enbodi nents and
applicatio t ' | ] nsel ves wi thout departing
fromthe s%@%ﬁyﬁxwmﬁwgi}%ﬁ%nﬁ&fhe appended SUBSTI TUTE SHEET
(Rul e 26) 3.B#ckgzoiia WO 03/ 039566 PCT/ NZ02/ 00235 13 claims. The disclosures
and the desgcriptions, herein are purely illystrative and are not intended to
be i n any SBREEVA! AckRimegion e feataisntmersyopihedny cofiom s imaedes of

Backgr ound a Tiu@asitRVdmASHE, MheS AbakS PShn@REmh 188 PR in FRAGS beingd, N de&gﬁat on
results from know edge of a parasitic nematode, the Ascar Fs roundworm life
cycl e in hb#aw. beings, as detailed below. 2. Intestinal Roundworns Ascaris
| unbricoides is one of the |argest and nost conmon parasites found in
humans.

2. Intestinal Roundworms

Ascaris lumbricoides is one of the largest and most common parasites found in humans.
The adult females of this species can measure up to 18 inches long (males are generally
shorter), and it is estimated that 25% of the world's population is infected wiih this
nematode. The adult worms live in the small intestine and eggs are passed in the faeces.
A single female can produce up to 200,000 eggs each day.

About two weeks after passage in the faeces the eggs contain an infective larval or
juvenile stage, and humans are infected when they ingest such infective eggs. The eggs
hatch in the small intestine, the juvenile penetrates the small intestine and enters the
circulatory system, and quickly the juvenile worm makes its way to the capillaries of the

fungs.

In the lung capillaries the juvenile worm secrets proteolytic enzymes from its mouth.
These enzymes act upon the cells of the capillary wall. The wall ultimately breaks down

and the worm is able to move across the blood-air barrier into the lung.

The juvenile worm then migrates up the air passages into the pharynx where it is

swallowed, and once in the small intestine the juvenile grows into an adult worm.
meﬁples of specific worm proteases include the Strongyloides stercoralis — the larvae of

this nematode parasite can move through tissue at speeds of up to 10 cm per hour. This

nematode larvae secrete a potent histolytic metalloprotease to facilitate the rapid
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The adult fermales of this species can neasure up to 18 inches long (nmales

are generally shorter), and it is estimated that 25% of the world's

popul ation is infected with this nenmatode. The adult worns | inglﬁq{ztO&e
mal e

smal|l intestine and eggs are passed in the faeces. A single fe can
produce up twWo¢sehes40 eggs each day. About two weeks after § ang)e in the
faeces the eggs contain an infective I gfval or juvenile st ﬁg B humans

are infected when they ingest such infective eggs. The eggs hatch in the
smal | i nt estigration. t This proteass has efnstaset activitysantl lotalysasithe deptwiatibnef sansdetof er s t he

circul at or d l.ckly the juvenile worm nakes its way to the
capillari eécr%%f%ﬁrga]celﬁ@%é%aah.n the lung capillaries the juvenile worm secrets
proteolytic enzynes fromits nouth. These enzynes act upon the cells of the

capillary |1, The wall ultimately breaks down and the wormis able to
nmove acr osg?‘f“ SH¥Both F Hsgperipyasive jifetive jgad fupgplagriarvaaxeinesy mrolsinasest hen

m grates URpdckiRaRy, thRASHANG Tohtdined hiSipM Blo¥dlWNEL Gnd tactk%stsis%&ﬂw’ and

once in the small”intestineg the |juvenile 5}@3% i nto an a rm “Exanpl es
of speci fi ehymatpypie.coetie eellagamalyliwand plestdlytiomtiyltich.des stercoralis - the

| arvae of this nematode parasite can nove through tissue at speeds of up to
10 cm per hour. This nenatode |arvae secrete a potent histolytic

met al | opr o8B foo thieknventiat e t he rapi d SUBSTI TUTE SHEET (Rule 26) 5 MAY

2006 WO 03403956 CIINzZQ2/ 00235,.14. nmigration. This oflease .has el ast ase
activity an G%%tegf‘&lg?%ﬂ%n Wgﬂ’fgﬁé?il%vﬁn %’Hiﬂ'&épe ngéafﬁa?‘ﬁﬁ'&?%l | ul ar
mat ri x. Aseamvérsers wothibitedh by hige Worms URe iattiv@Sdgest, whichGh itheerxafifhlds Wbskiddrape | ar vae
rel ease proteinases, . ecifically, this activity coptajined nultiple

br o ool vt | BéEr2iveteh it Rpntieat OF e ool S brovsy el p wieamiog ol e 1658

col I agenol ¥igiltary Bkt Sithsth® kxdrétion 36 bih¥iwlide@PplicatioPardtehRs, ié Me loBfeRIheON The
novel adm nistration means of the invention enploys the nmethod of bl ood-air

barrier nbY@daEinieths BPEed by the worm The active agent, which in the
exanpl es consi dered

It will be appreciated by one skilled in the art that although this discussion is primarily
concerned with cystic fibrosis the novel administration method of the invention may well
be used to treat other lung conditions as it allows a cell or a treatment species access to
the lung. In the case of cystic fibrosis the “treatment species™ is one or more cells having
normal CFTR production. In other applications the treatment species may be other drugs
(anticancer, asthma drugs efc) or other chemical or biological bio-actives for which will
have some effect in the lung. An essential process in the invention is access of the
treatment species into the lung via access to the lung epithelia. The result could be
incorporation of the treatment species (or a derivative) into the epithelial layer as is the
case with CFTR functioning cells. Alternatively access to the lung epithelia of the
treatment species could result in access through the epithelia by disruption or otherwise,
of the treatment species into the lung itself.

4, Agents active in cystic fibrosis treatment

The “active agent” contemplated here is cellular material from a suitable mammal donor,

More specifically it may take one of (but is not restricted to) three forms:

i) human cells in which the CFTR protein is present (in other words, the chloride
pump is functioning);

ii)  porcine cells in which the CFTR protein is present;
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here, is useful in treatnent of cystic fibrosis, is brought into the
vicinity of the lung capillary and, with the excretion or otherw se
application of proteases, is able to cross the boundary into tégaywigs |t
wi Il be appreciated by one skilled in the art that although this discussion
is primaril ned with cystic fibrosis the novel n nmet hod
of the mve?]‘?{?g%%ng{‘/‘ well be used to tyseat other |ung conn}dﬁ/ﬁgéfz&?g
allows a cell or a treatnent species access to the lung. In the case of
cystic fibriidi s humansteneeeilsent species"” is one or nore cells having nornal
CFTR production. In other applications the treatnent species may be ot her
drugs (anticancer, asthma drugs etc) or other chem cal or biological

bi o- acti vesS.fBiologiohmelmehiDeﬁm/e sonme effect in the lung. An essential

process in ihvention, |s ss_of the reaf ment species into the |ung
via access ?‘?JIJE 99, A terR |ﬂ?§h ° e ‘ffe%bl"i %LF@“{?@’ dpies Ty it meEe of t he
treat ment é@e@iﬁ@my(efaeapauﬁ@abmt bﬂ’e%):aﬂsﬁl&t@d Edifcisdrd, nel 1@l layer as is the

case with TR functioni ng cel [s. Al ternatively access to the lung epithelia
of the treatment species could result in access through the epithelia by

di sruption | i h g htself. 4.
Agent s act |,€‘§a I?Ir%&g{n tﬁﬁm 5 @3&@%@%@%@?{%&%@%{1 Pgélggé‘élﬁ? imqg%ﬁ#l | at ed
here is cel amtealatqdacotberl lalowir variatiosuort aitnhmtimnfmlthjdonﬁhodow@rzﬁa)s pkoitei cal | y

it may take trict three forms: i) human cells in
whi ch” t he dﬁ@gﬁpr o“‘é’.%ﬁ‘t‘?paﬁﬁ‘#gits"gln@%("?°ﬁ° f‘ﬂ% %8s, the chloride punp is
functioning); ii) porcine cells in which the CFTR protein is present;

SUBSTI TUTE Sﬁg Rul.e 26) 5 MAY 2006 WD 03/ 039566 PCT/ Nz02/00235 15 iii)
human stem¥e M AR ol ogi cal Delivery Device The cells are adninistered

in the for nmfcelatrmsplaﬁ@hsﬁihedalsmsedMayiﬁwue@ (asdbdv@):i s nore specifically
encapsul ated cel |l s, encapsul ated cell clusters. The follow ng outlines

our preferred"‘ﬂ@tﬁ%‘}'ﬂ(§I°B7{:1|§Fa¥t gpang (nob havipe Cyetic Bbsesd but it will be

- cells taken from other suitable mammalian species (such as pigs)

- cells taken from transgenic species not having the defective gene.

- Human stem cells.

b. Cell Cluster Preparation

In our preferred method we prepare clusters of cells which will then be encapsulated. As
the size of the overall device is crucial in the method of the invention (ultimately a device
in range 20 —80 micrometers is desired) then a cluster of <70 micrometers is (pre-

encapsulation) required to provide this size.

We have prepared micro clusters of porcine lung epithelia according to the following

method.
i. dissection of parenchyma from large vessels and airways of the donor species
ii. removal of red blood cells
iii. digestion with liberase or similar i
iv, addition of nutrient media (including RPMI, nicotinamide, human serum
albumin, pig serum, aproxin)
V. removal of gross clumps by filtration
vi. segmentation and resuspension in the nutrient medium

vii.  culture in non-adherent culture dishes (up to one month)
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appreci ated other known variations or alternatives for this nethodol ogy may
al so be included wthout departing fromthe scope of the invention. a. Cell
Prey ation For cell transplantation the cells used may include 5(1@§Y§QBve): -

cells taken from heal thy humans (not having Cystic Fibrosis) - cells taken
from ot her ' manmal i an species (such as pigs) - cells taken from
t ransgeni c ?&e@ﬁ@sﬁ?\ot havi ng the def Ive gene. - Huma < By s. b,

Cell Cluster Preparation In our preferted nethod we prepare clusters of
cel | s whi cAnwkdnhplé hep clueteepreparedibpiirH a nidthod idhoSin4e Fidhurd NeTdiadagé Is adevi ce i s

crucial i met hod of the invention (ultipately g device in range 20 -80
m cr omet ew&%g?%ﬂ)mpr@ﬁerg&cﬁﬂgg é?mé)féow"‘?ﬂ‘@é& H‘Bt‘g?@“"% (iguae 2

encapsul at {jpgatdseHidbefofisAcléiMéde this size. W have prepared micro
clusters of porcine lung epithelia according to the follow ng nethod. i.

di ssection of parenchyma from| arge vessels and airways of the donor species

i rem)va{.ﬁ% {5&&“?! ood cells A digestion with [iberase or simlar iv.

addition o medi a (including RPM, nicotinam de, human serum
al bum n, pOgr edtirttamsplap waxk bis shownalnad wahsphahted celtsseveh fopsfobgigd sgetiemtanon vi .

segnentation and resuspension.in the nuirient di u Vii. culture in
non- adher et PRtFER TG ISaeT p165 TR paton Tk wicBaastiotiEe Spieter e 26) S
MAY 2006 VWRpdrtdamd&ags. PCT/ NZ02/ 00235 16 An exanple |ung cluster prepared by

such a method is shown in Figure 1. The image is a UV/ phase contrast the
spheroid being sonme 60 mcroneters in dianmeter. Figure 2 .

This is done by coating the cells or clusters of such cells with ‘micro-capsules', which
allow the required cell secretion out, and nutrients in but excludes the larger components

of the immune system.

Smaller components can be neutralised by use of nicotinamide--—-a harmless vitamin

derivative.

One particular encapsulation process (as an example) follows. It employs alginate as an
encapsulation material but equally other in vivo similarly behaving materials may be
employed.

- take a population of cells (or cell clusters) to be transplanted

- encapsulate or encase in an alginate coating

- apply polyornithine

- coat once more in alginate

- The proteolytic enzyme may be inserted on top of the polyornithine before application
of the second coating of alginate. Alternatively it may be mixed with the final alginate
coating in the form, for example as gelatin (or other suitable) microcapsules.

This process results in encapsulated cells or cell clusters.

The outermost alginate coating will dissolve relatively quickly in blood of the patient {for
example within 2 days) to expose the proteolytic enzyme.
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Il lustrates a nunber of such clusters. c. Encapsulation Qur cell transpl ant
wor k has shown that transplanted cells even fromforeign species can be
protected fromrejection after transplantation without the needMAayu6s
severe imrune suppressing drugs. This is done by coating the cells or
clusters of wge§ehes! s With 'mcro-capsules', which all o%@ﬁﬁgﬁisred cell
secretion out, and nutrients in but exg#udes the larger co of the

i mmune system Smaller conponents can be neutralised by use of

ni cot i nami J¥ith patimulat efgence ttadigure Be i forniof qreftinel devite ofiilar ineatiopgs| at i on
process (a anpl e ollaws. Jt enploys al.ginate ag an engapsul ation
nat eri al bE]th%gHﬁ% ?@paﬁ%‘ﬁiﬂ’ thﬂm\'/F \5%50‘?1 p?epaﬁt}oy %Z‘WQVM’ E3PSWAROT INDE o

enpl oyed. epitl&lﬁ@lm&lﬁnwaabi'gbﬂo@{)ic@ﬁlhdu&eiﬁﬂhmhédﬁ‘rbtéﬁieftﬂl@s}eri.o be transpl ant ed
- encapsul ate or encase in an alginate coating - apply polyomthine - coat
once nore in alginate The proteolytic enzyme nmay be inserted on top of the
pol yorni thipe b ﬁ-%oéﬁ ' nﬁﬁfﬂ% f : ' :

Al ternati vgiﬂy [ ?E%ah% lt?e m'ltgg%d %Etpﬁéb{aﬁghﬁi na g%&ﬁ%@%ﬁ% ?Jngml@%tlﬂe form
for exanple as @gedapatynic sovctyesdhe spherai hayingriag ravtsadeyer ef . epithélial pellcess

results in encaﬂﬁﬁq _ aehl s.0or cell clusters. The outernost al ginate
coating will di sson\%ﬁggﬁgtlﬁq@gl y quickly in blood of the patient (for

exanpl e wi (b)i n A fitstylsyer ofalginge sutsidh thepelld ie déposita] tynmiciem g8l | TUTE SHEET
(Rul e 26) MAY. 2006 WO 03/ 039566 PCT/.NZ02/.0Q235 17 W th ticylar

ref erence ?‘8 Fi a‘ﬁ?gut?:s #%Pﬁaﬁgwgéygﬁﬁ{’ﬁ ‘i"@éac}?yeﬂ?é-l’l" FeTIETES: s
i'lustrated. | nPpsfriblgite deadet clistes oFPRIMAsRRANRRPAdiIed Avitiithé polplLLormANiaE ed
encapsul ati on | &lar;(gr

{d)  There is an option for a third layer of alginate to cover the protease beads in order

to conserve their activity.

6. Mode of Administration
The delivery mode takes advantage of the circulation system, in particular the venous
system. The delivery device is injected into a vein and then moves through the system

until it reaches the smaller diameter capillaries of the lungs.

As a result of the decreasing capillary size the device will eventually get “jammed” or

impact in the vessel in the lung, The impaction may also cause compaction of the device.

The size of the device is crucial to the working of the invention. It must be large enough
to impact in the capillary system within the lung but small enough not to lodge earlier in
the venous system.

Lung capillaries are approximately 7-13p diameter. This lung microvasulative has a

diameter less than 100p.

Once the device is impacted, via the structure of the outer wall of the device is
destabilised and the proteases released such that they come into contact with the capillary

wall.
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e e et —

epithelial structures, as organotypic structures with beaded protease
clusters. (a) Porcine lung epithelia are prepared in nodified cell culture
medi a as spheroidal organotypic structures, the spheroid havi ng;Rp 2644t €r

| ayer of epithelial cells a lunen filled with liquid. (b) Afirst layer of
al gi nate outg} cells is deposited by calciumagelatio outer
surface of t ggg?%lgkﬁate Is stabilised ywth a | ayer of pol y?g’é@ﬂ(ﬁﬁne.
Preferably the beaded clusters of proteases are deposited with the

pol y- L- or nThéi capillatyawall . wifldthei Heeakdown admitfihg dire {residwe of)i the dewice; and

al ginate to cover the proteas ads in qgrder . to conserve theic,activity.

6. b of SHRTHeRY: P PEe et T, EPYAB ed Mebe o0 o dgeiecy vithdae "
ci rcul at i ogpithelbEBlls iiRkiddathé Ty suifatd) AsVIRIBWesn kiotad BiMthe Pridr 4Rl the Siidlaflevi ce i s
injected into a vein and then noves through the system wuntil it reaches the

smal | er di Breperies 8 el treatmeat cells allpw merging of the treapraant cellsowith fhe pithetishsi ng
capillary sixe | | sl | ' ¢ ' I n the
vessel in ? ﬂgs Tobiﬁgnﬂ%}/{g@%ﬁ ?lgﬁn&ﬁaw& tg%ﬂg%&asnéﬁ%%ﬁ%onéég?%g' devi ce.
The size of the device is crucial to the working of the invention. It nust

be | arge epngu tg iqpact inp . th apillary. Lt hi he l.un ut smal |
enough not Eﬁ%‘%%%‘(?(g%"e@‘? e‘fap{ilr?:y S’ﬁ‘g I{Q/%rﬁ%rﬁ%exéégl? tév%mt\ll_\%%gq)glé%ﬁaf F?ﬁéi lgos‘p are
appr oxi mat edcudé-teatntbnboells @ith a Thalthylchhgidepanpy@isity ah thedudpgpsalh  di aneter | ess
than 1 00. Once the device is inpacted, via the structure of the outer wall
of the device is destabilised and the proteases rel eased such that they

Cone into Gp gsx&icﬂm RefdrbiRe G8 Wiguré tywe Waved illnSHdedTdnT biampR6E Imgddtbe 026) 5 MAY
2006 WO 03/ 039566 PCT/ NZ02/ 00235 118 . The gap_l llary wal| will_ thep Qreakdovvn

admi tting enapfHaisd ding sgngtues drgugh blgod-gip

airway structure.

arrier and integration into the patient’s

e In stage ONE the capsules are injected into a suitable vein, travel in the venous blood
{o the lung where the narrow capillaries prevent onward movement and the structure’
is impacted and compressed and the capsule structure compromised.

o In stage TWO the outer surface of the capsule structure is sufficiently compromised

" to release the protease beads that degrade the capillary wall and the basal layer of the
airway epithelium, releasing epithelial cells in a focal area.

e In stage THREE the encapsulated cells are released from the capillary into the
epithelial layer where they integrate as a micro-chimaeric group of cells capable of

expressing CFTR and promoting chloride transport and water secretion.

7. Outcome and Advantages
The assimilated cells should start to cause water transport into the lung linings via the

chloride pumping system.

Cystic fibrosis studies have shown you only need <1% of total chloride pumping ability
to significantly decrease Cystic fibrosis symptoms.
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specifically the treatnment cells. The treatnent cells then, conme into
contact with the epithelial cells inside the lung surface. As has been
known in the prior art the simlar properties of the treatnents meYbkmsal | ow
merging of the treatnent cells with the epithelial cells to formmcro
chimaeric clwgbtmessesi thin the lung (a mxture of the two cett/SziNRBS) -
Utimately, the human capillary wall ré®rganises itself whilst the
epithelial cells now, ipclude treatnment §§Ils,wﬁth a healthy chloride punp

activity ofdEiRIsTRieg ifxH the yynons Susten) thyp e adpimstered deyigesrmay procoed e hay e

i1l ustrat egheaapRMATHSRIOb allHRAS bf BB 12k, THPPRSIdvaitaR dvengrictlattUfdatiha® t hrough
bl ood-air barrier ‘and integration into the patient's airway structure. In
stage ONE Dithodapdishaenerplly only dlloplgeaimend inonespecifig aeasei n, travel in the
venous blood to the lung where the narrow capillaries prevent onward
novenent and the structure' is inpacted and conpressed and the capsule
structure &éhepy dwitlee fhregoing ddseriptiol\A€feteinee hat beensmadeatveclefmenth @r dafegers e
structure is.sufficientl ogprom.sed ,tq release.th rot ease. beads t hat
deqr ade ¢ nbiviSkanis Geae o MR S Bttt &S RRip g b HEHBTRRY, | o
rel easi ng eqifédgl ial cells in a focal area. |In stage THREE the encapsul at ed
cells are released fromthe capillary into the epithelial |ayer where they
integrate as a mcro-chimaeric group of cells capable of expressing CFTR
and pronot iAMlogdl Bel ifPeritioR MaPBEn dHIEHHAAS wESf ekdnfile arld wHlk! efiEhceRé _
Advant ages The assim|ated cells should start to cause water transport into
the |ung | Patipgfer embodiments,dh jsdie; hecundersiord dhad yuqdifipationssand{orfimpraysments t udi es
have shown Ofer Il bhgiaabi ity to

signi fi cantf’ 8%83‘24%5’&3%6%\/‘%@? chﬁéuﬁ%rrﬁggsgsﬁgy% %ﬁgﬂ%ﬁg%%"%m SHEET (Rul e 26)
5 MAY 2006 WO 03/ 039566 PCT/ NZ02/00235 19 Administration is via the venous
systemthus the adm ni stered devices nmay proceed via the capillary system
to all areas of the lung. This is an advantage over prior art treatnent

nmet hods which generally only allow treatnent in one specific area.
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Where in the foregoing description reference has been nmade to el ements or

i ntegers having known equival ents, then such equivalents are included as if
they were individually set forth. A though the invention has bggrydgscri bed
by way of exanple and with reference to particular enbodinents, it is to be

under st ood tyglspaesksf | cati ons and/ or inprovenents nay be @f—@ ut
departing fromthe scope or spirit of tidge invention. SUBS T (Rul e

26) 5 MAY 2006 WD 03/039566 PCT/ Nz02/ 00235 20 CLAIMS: 1. A biol ogical
devi ce capabl e, upon inpaction in a lung capillary of a patient suffering

fromcysti ‘CEA#)’IS‘.Si s, of treating the patient conprising or including: i)
one or nore cells exhibiting substantially normal CFTR production; ii) one
or nore coati hgsA diolegicalidevioé eaplables uppaimpactiontin e nag capitlarydof 4 patiaite of

I1s; iii t iated with th
Cont 1 ngs:  wher ePRCRREaERSuPiRoERAT3r R e hallnttombelig of e ding on
introduction to the jfyenouge systngite Obellsh@xpiditingntsubd@tislBy | @mal | CFTRPact

substantially in the region of a lung capillary of the patient, and
wher ei n, upon inpacti on, B‘S?db‘it’ﬁ‘upti on of the outer surface of the device or

otherwi se, the one Ofiier_rSn@éﬂh&%%ﬁﬁn%&%fﬁ%ﬁaﬂl@bﬁ%mﬁm% Ratéfdilar@hgt he | ung
capillary, thereby allowi ng access (directly or indirectly) of the one or

nore celis to the |ung eprerenepimoregellsy device as claimed in claim 1 wherein

the dianeter of the byl ogiéalneofik Sl haRtheabl Wokdiishlie range

20-80 nmicroneters. 3. A devi ce as’ clarned inclarm wher el n bne or nore
prot eases are divétersimtheesize efths bintegical [dgvicmist schrithat, wpon lintratwetiarr tnthee

CO S et s e 8By GBS o A 271 795
lung capillary of the patient,
and wherein, upon impaction, by disruption of the outer surface of the device or
otherwise, the one or more proteases are able to act upon a wall of the lung
capillary, thereby allowing access (directly or indirectly) of the one or more cells

to the lung epithelia.

2. A device as claimed in claim 1 wherein the diameter of the biological device is

substantially within the range 20-80 micrometers.

3. A device as claimed in claim 2 wherein the one or more proteases are distributed
substantially uniformly in the one or more coatings, whether it is uniformly through
all of the one or more coatings or uniformly within one or more of the one or more

coatings.

4. A device as claimed in claim 2 wherein the one or more proteases are distributed

throughout the one or more coatings in clusters.

5. A device as claimed in claim 3 or 4 wherein the one or more proteases have the

characteristics of proteases secreted by the Ascaris roundworm.

6. A device as claimed in claim 5 wherein the one or more proteases are neuiral

proteinases.
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T U S

coatings. 4. A device as clainmed in claim2 wherein the one or nore
proteases are distributed throughout the one or nore coatings in clusters.
5. A device as clained in claim3 or 4 wherein the one or norespt BMSES
have the characteristics of proteases secreted by the Ascaris roundworm 6.
A device a P in claim5 wherein the one or nore pr neutr al
prot ei nase:%é%llgisg}&TUTE SHEET (Rule 269; 5 MAY 2006 WO 03/ 8%3%%@&58

PCT/ Nz02/ 00235 21 7. A device as clainmed in claim6 wherein the one or nore
prot eases are col |l agenases or proteo glycanases. 8. A device as clained in

Cerl s and o hana v onane) R utign BER of Kb el HoMfpenfitt i 5° |7

wherein the pne#c®glycmasescoati ngs around the cells provide(s) a protective
coating to the cells and is/are perneable to nutrients., including one or
nore of water, salts and glucose. 10. A device as clained in claim9 wherein
the one or 8NN gevieddsicR@tSied /oM 70¥hekdiehe d6lls BAPINBRES hunidn ufy S8R &0AS
claimed in claim10 wherein the one or nore coatings conprise the
fol | owi ng: i POE#NG lHngeells ggdior hyymag lygigsterecells, ) pol yornithine, iii) an outer
| ayer of alginate. 12. A device as clained in claim 11 wherein the proteases
are in clusters, contained wthin a mcrocapsule, and are held in or on the
outer | ayef. ¥ devieg anclaimeddn clhim/whaeinghe bas pepthormcatingnarendhercelln t he
m crocapsul e [ §,: a | e r i mpterial . .14, yice as
clainmed in clpléoﬁrrln&)ef@ ﬁfﬁé!r"r&‘.ﬂ% ﬁ%ﬁéﬁ it? a@?}%&gtagg 3o B’i%heabl%ra eﬁftggmf's

including one or more of water, salts and glucose. :

10. A device as claimed in claim 9 wherein the one or more coatings is/are or inchude

alginate.

11. A device as claimed in claim 10 wherein the one or more coatings comprise the
following: '
i) an inner layer of alginate,
ii) polyornithine,

ili)  an outer layer of alginate.

12. A device as claimed in claim 11 wherein the proteases are in clusters, contained

within a microcapsule, and are held in or on the outer layer of alginate.

13. A device as claimed in claim 12 wherein the microcapsule is of a suitable water

absorbing material.

14. A device as claimed in claim 13 wherein the suitable water absorbing material is

gelatin.

15. A device as claimed in claim 14 wherein the one or more cells have been obtained

according to a process of isolation from a donor.
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gelatin. 15. A device as clained in claim14 wherein the one or nore cells
have been obtained according to a process of isolation froma donor.

SUBSTI TUTE SHEET (Rule 26) 5 MAY 2006 WO 03/ 039566 PCT/ NZ02/ 0023RAy34p616. A
device as clained in claim15 wherein the process of isolation includes
exposur e of or nore cells to a liquid nmedi um cont giy or nore
of : 1. Ni co‘tv?ﬁglg?g@, 2. Liberase/ Col | agenase, 3. Li gnocalﬁ%@hﬂ‘%ﬁﬂg devi ce
as clainmed in claim 16 wherein the biological device is contained within or
support ed byb.& gevicerrsctimedinldaimdSoditeibihe pravessaf ésolation drmhndesexpodifie ofA et hod

of preparing Lal oai V] . bl e, upon inpaction.in a |lung

capi | lary of ?{%ﬁ%iogg‘{&%%efu?gﬁﬁ@nﬁﬁgﬁ}l@fgﬁafﬂ & BiF gL frore ‘?ﬁ treating the
patient conpri sind. dficotivaiids, ng t he steps of. i) isolation of one or nore
cells exhibiting sybst.antially normal CFTR production; ii) a step of
coating the one orgnéﬁ‘geréfﬁ?yf@%ﬁqaﬁ'one or nore coatings of a suitable

bi oconmpati bl e nmat esj aligndchind. attaching or otherw se associating one or nore
proteases with the one or nore coatings; wherein the size of the biological
device is such that, upon introduction to the venous systemof the patient

the device Y lA gdviRagt i | : ' [ ry of
the patient WI fgc.lé A netchﬂg%p(g}snadg%gﬁ%%h%rﬂn gfégﬁlﬁg%gﬁwgg{cg?snw% %%éﬁ of the
bi ol ogi cal devepperted by s phamacsuticdlly\acieptabledntrayempms 2@xi80 ni cronmeters. 20. A
method as clained in claim19 wherein the one or nore cells are human | ung
cells and/or porcine lung cells and/or human |ung stem cells.

18. A method of preparing a biclogical device capable, upon impaction in a lung

capillary of a patient suffering from cystic fibrosis, of treating the patient
comprising or including the steps of:
i) isolation of one or more cells exhibiting substantially normal CFTR
production;
ii) a step of coating the one or more cells with one or more coatings of a
suitable biocompatible material;
ifif)  attaching or otherwise associating one or more proteases with the one or
more coatings;
wherein the size of the biological device is such that, upon introduction to the
venous system of the patient the device will impact substantiaily in the'region ofa
lung capillary of the patient. '

19, A method as claimed in claim 18 wherein the diameter of the biological device is

substantially in the range 20-80 micrometers.

20. A method as claimed in claim 19 wherein the one or more cells-are human lung cells

and/or porcine hung cells and/or human lung stem cells.
21. A method as claimed in claim 20 wherein nicotinamide and/or Lignocaine is/are

introduced to the one or more cells prior to coating, or at any one or more stages of

the procedure.
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21. A nethod as clainmed in claim20 wherein nicotinam de and/or Lignocaine
is/are introduced to the one or nore cells prior to coating, or at any one
or more stages of the procedure. SUBSTITUTE SHEET (Rule 26) 5 MiXy3@f6 VO
03/ 039566 PCT/ Nz02/ 00235 23 22. A nethod as clainmed in claim21 wherein the
coating step_includes the follow ng substeps: (a) encapsul ation or
encasement oG WE3BPe or nore cells in a suitable bi oconpaPCHBNEO29aIseri al |
(b) coating the encapsul ated one or nmoré&cells with a positively charged

.
material, (9)ARKANE b AaRiE a0 ELimC : j | 2.0 [ aterial .
23. A nethod as clalned ?n clqgi m Zzﬂaﬁg%é?ﬁh?ggﬁﬁpgg?n%g@?ﬁgs% piai-Y

enpl oyed in (apbstepsd (c) is a suitable alginate. 24. A nethod as clained in

ol antedh i repeapa BT it B OY oh S Bof et b mubble SosBBiie g o

cl ai med in cl ai mmatrialher ei n each encapsul ati on invol ves presenting the one
or nore cell Se@ da@ smtabl e al gi nat e soleilti Qn intg a source of conpatible
cations ther $c9 g ere_gﬁapﬁwét_e HE® gimginee S&%‘ih|a§’°ﬁw_vslyea%rs_eﬂumatma¢gi nate gel.
26. A method &g) floRidigthn outes adt BF 2 Suivb18 bR:SmpHBILALERS), @l i nate gel s
calciumal ginate gel, the alginate used in the solution is sodium al gi nate,

and the islet and sodium alginate solution is presented as a droplet into a

bath of sui babh ¢8Rk 9Rfimed’; cﬁixﬁ@ ' ' I i the
second | ayer of tehq caapgltﬂle 1\1/_lvi bg 0 re%ﬁh%é@%ﬁ?&a&b}f/b 15ci %ggéggyp(;%@]

mat eri al . 28. andf@tinasnitableglgitated in clai m 27 wherein the positively charged
polymer material is poly-L-ornithine. 29. A nethod as clainmed in claim28

wherein the coatings conprise the following: i) an inner |layer of alginate,
ii) polyor ni2#hA masthod as claimed in claim 23 wherein the encapsulation provides a surround

which prevents, once implanted, direct tissue contact with the one or more cells.

25. A method as claimed in claim 24 wherein each encapsulation involves presenting the
one or more cells and a suitable alginate solution into a source of compatible cations

thereby to entrap the one or more cells in a cation - alginate gel.

26. A method as claimed in claim 25 wherein the cation alginate gel is calcium-alginate
gel, the alginate used in the solution is sodium alginate, and the islet and sodium

alginate solution is presented as a droplet into a bath of suitable cations.

27. A method as claimed in claim 26 wherein the second layer of the capsule will be of a

positively charged polymer material.

28. A method as claimed in claim 27 wherein the positively charged polymer material is

poly-L-omithine.

29. A method as claimed in claim 28 wherein the coatings comprise the following:
i) an inner layer of alginate,
" §)  polyornithine,
ili)  an outer layer of alginate.
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iii) an outer |ayer of alginate. SUBSTI-TUTE SHEET (Rule 26) 5 MAY 2006 WO
03/ 039566 PCT/ Nz02/00235 24 30. A nethod as clained in claim29 wherein
step iii) includes substantially uniform distribution of the Gaekrodore
proteases in the one or nore coatings (by mxing with the outer coating

bef ore appl i ' or exanple). 31. A nethod as clained i | wherein
step iii) | mjé@gssgi stributing the one,0r nore prot eases‘%%@q}@]ﬂ%gt t he
outer coating in clusters (by mxing the clusters with the outer coating
bef ore appl 3t at mothofl s claimedlin claiB29 wherein fxtep it} imdludeswobstamtisityimifos or 31

wherein the o .[or r ses have t.he - characteristics of, proteases
secreted by malgtrfg’ﬁ‘f‘ﬁo"g%?ﬁ% ?ﬁa@oﬁmﬁﬁs&ﬁhﬁe OR MREe ﬁ‘E?Z‘“ﬁ%(%é’lnH?‘ iy claim
32 wherein t henerarentouting befoee dfpliodtion fewmample). stercoralis. 34. A method as
clainmed in claim33 wherein the one or nore proteases are neutral

protei nases. 35. A method as clained in claim34 wherein the one or nore
proteases Ny AD@eth6@lab JBRARS BSclRin PO WnSRH! HGAR %ﬁ&udé%'suﬁshﬁhgttﬁeaefﬁwg#s .
preparation for adm nistration to a patient ‘suffering %rom cystic i brosi s
conpri si ng or MopcPgtspsey throughant Bleugayicowting de vlustersby aiigingsdbe ¢lustarnwithne of
clainms i to 1 o ' cceptabl e intravenous carrier.
37. A prepar atﬁ{egg&ggoagﬁgP%@@H@F@#%@?ﬁ%@?ei n the intravenous preparation
may be stored at a range of tenperatures not |ess that 2C and not exceedi ng
30C wi t hout estabilisatiagn and/ deconposi t.ion. 38, A nmethod of .treating
a pati ent s11 ﬂe’??'%&d % %lﬁ%n%e@s?ic wPiO'{S)r%gi s}"’r&g’ﬁ%i}?esqnﬁd’rd?"m?’ 25 e st ep
of : | nt r avenocismracthisticssifipadteasss decreted &y pAgratiy paddsitiihehiatodas enous preparati on
conprising or including:

33. A method as claimed in claim 32 wherein the nematodes are Ascaris suum, or

stercoralis.

34. A method as claimed in claim 33 wherein the one or more proteases are neutral

proteinases.

35. A method as claimed in claim 34 wherein the one or more proteases may be

collagenases or proteoglycanases.

36. An intravenous preparation for administration to a patient suffering from cystic
fibrosis comprising or including:
(a) a biological device as claimed in any one of claims 1 to 17, and

(b) a pharmaceutically acceptable intravenous carrier.

37. A preparation as claimed in claim 38 wherein the intravenous preparation may be
stored at a range of temperatures not less that 2°C and not exceeding 30°C without

destabilisation and/or decomposition.

38. A method of treating a patient suffering from cystic fibrosis comprising or
including the step of:
Intravenous administration to the patient of an intravenous preparation comprising

ot including:
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SUBSTI TUTE SHEET (Rule 26) 5 MAY 2006 WD 031039566 PCT/ N102/00235 25 (a) a
phar maceutical ly acceptable intravenous carrier, and (b) a biol ogical

devi ce, wherein the biological device conprises or includes: BMAMI®r nore
cells exhibiting substantially normal CFTR production; ii) one or nore

coati ngs ltabl e bi oconpatible material around the AENZo re
calls; iti oﬁﬁ@w(;{r;?nore prot eases assogi ated with the one or z'n%&émggati ngs;
and wherein the size of the biological device is such that, upon

i ntroduction to t(aksphemacenticgliy aepidble thizayonousmatrierteaddevi ce wil | i npact
substantially in e .egion of.a lung capillary of the patient, and

wher ei n, upon irrp@?taibdﬁl,%glﬁgl c%l‘@?’ljption of the outer surface of the device or
ot herwi se, the one or nore proteases are able to eat upon a wall of the |ung
capillary, thereby allow ng access (directly or indirectly) of the one or
nore cells to the lung epithelia 39.. A nmethod as clained in claim 38
wherein the dianeter of the biological device is substantially within the
range 20-80 microneters. 40. A nethod as clainmed in claim39 wherein the one
or nore proteases are distributed: wiendisthabidladita) devicd ammpriges or ibdhalegne or

more coatings, .whether it is unifaqrm ho al | he ong or nore

coati ngs or un')form°9°%Wﬁ%ﬁ@%ﬁ’“ﬂ%&“@#ﬁﬁﬁomwmcﬁmg%ati ngs. 41. A
nmet hod as cl ai fid i Bné€bRnere3Ebatigy & armitiife BidCorBpatibly Reteiidl RAEIhabE

di stributed throughqQut the one or nore coatings in clusters. _ 42. A nethod

as clained in clai nP4BOH“®3% wherein the one or' nore proteases have the

characteri sti Ci‘rh_‘[})f Bﬁ@&@ﬁ&ﬁ?r&ﬁ%ﬁs@&i&%ﬂﬁiﬂﬂ@bﬁ@&ﬂ%%ﬁiﬁﬂgﬁ; nemat odes.
SUBSTI TUTE SHEET (Rul e 26) .5 MAY 2006 o ]
and wherein the size of the biological device is mich that, upon introdustion to the

venous system of the patient the device will impact substantially in the region of a
lung capillary of the patient,

and wherein, upon impaction, by disruption of the outer surface of the device or
otherwise, the one or more proteases are able to ect upon a wall of the lung
capillary, thereby allowing access (directly or indirectly) of the one or more cells
to the Iung epithelia.

39. A method as claimed in claim 38 wherein the diameter of the biological devioe is
-substantially within the range 20-80 micrometers,

40. A method as claimed in cleim 39 wherein the one or more proteases are distributed
substantially uniformly in the one or more coatings, whether it is uniformly though
all of the one or more coatings or uniformly within one or more of the one or more
coatings. |

41. A method as claimed in claim 39 wherein the one or more proteases are distributed
throughout the one or more coatings in clusters.

42. A method as claimed in claim 40 or 41 wherein the one or more pmteasés have the
characteristics of proteases secreted by migrating parasitic nematodes,
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WO 03/ 039566 PCT/ Nz02/00235 26 43. A nmethod as clained in claim42 wherein
t he nematodes are Asoaris suum or atercoralis. 44. A nethod as clainmed in
claim43 wherein the one or nore proteases are neutral protei sases20045. A
met hod as clainmed in claim44 wherein the one or nore proteases nay be

col | agena teo gl ycanases. 46. A nethod as clai meq_l i, 45
wherei n tﬁ‘ggg%h%é&may i ncl ude human | Epg cells and/or ngEﬁ@’ﬁdt}ﬁ% cells
and/ or human lung stemcalls. 47. A néthod as clainmed in claim46 wherein
the one of3. dpwecthemiag ohimed Gurethimhe? ohbrieln thepiematodes arp ARt suw, @pati ng to
the cells and arﬁ, pernmeable to nutrients, including one or nore of water,
salts, glucé *am no acids. 48. A nethod as clainmed in claim47 wherein
the one ornore coatings are, or include alginate. 49. A nethod as clained
in claima48 wherein the coatings conprise the following: i) an inner |ayer
of al gi natde A inhethasbo ks glatmadhim elaini i43 )whereiw titecond oty more protdespsnae aeuthid. A

net hod as clﬂ?{rr]%gsei n claim49 wherein the proteases are in clusters,

cont ai ned tﬁ i erocapsul e, and are held in or on the outer |ayer of
alginate. 51. A nethod as clainmed in claim50 wherein the m croeapsul e

gel atin. ., A nmethod gs clainmed in claim wherein the-cue or re cells
have been?%bat' &F‘%E?fp aﬁc'gﬂpafl ﬁﬂnaﬁmh%rm%? N8 ¥ SPPISPIOCRFE TR0 P8 .
SUBSTI TUTE Zbififgentddy beprofeh ghydiinéer 006 WO 03/ 039566 PCT/ NZ02/ 00235 27 53. A

met hod as clainmed in claim52 wherein the process of isolation includes
exposure of the one or nore calls to a nmedium contai ning one or nore of:

46. A method as claimed in claim 45 wherein the cells may include human lung cells

and/or porcine lung cells and/or human Jung stem cells,

47. A method as claimed in claim 46 wherein the one or more coatings around the cells®
provide a protective coating to the cells and are permeable to nubients, including one

or more of water, salts, glucose and emino acids.

48. A method as claimed in-claim 47 -wherein the one ormore coatings are, or include
alginate,

48, A method as claimed in clahn 48 wherein the coatings éomPﬂsa the following;
i) an inner layer of alginste,
ii) polyornithine,

iii)  an outer layer of alginate,

50. A method as claimed in claim 49 wherein the proteases are in clusters, contained

within a microcapsuls, and are held in or on the outer layer of alginate.
51. A method as claimed in claim 50 wherein the microcspsule gelatin, -

52. A method as claimed in claim 51 wherein theome or more cells have been obtained

according to a process of isolation from a donor.
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Ni cotinam de, Liberase/ Coll agenase, Li guocai ne. 54. A nethod as cl ai ned
in claimb53 wherein the patient prior to and/or during and/or after

adm nistration of the intravenous preparation is treated with #MA&Y a006dose
of nicotinam de. 55. A biological device capable upon inpaction in a |lung

capi |l I ary wb oa/opsté ent suffering froma condition or il |pCIRNZRNILE
condition") of the lung or lung regio2] of treating the condition,

conprising, oy inclyuding. i.. Qne Qr re freatnment..speci s .capabl e of
Cronti ng. b sialies $8 e iy S 5 et DiheRTia iSHation Sonthdel caponue

bi oconpat i bl th@&:es drahore A6  bd@ivk] QtaiBAY oftE oS ef: 111) One or nore
pr ot eases associated with the one or nore coatings wherein the size of the
treat nent speci es® i Nienligemideat , upon introduction to the venous system of
the patient, the .dellce \éyclhl act substantially in a region of a |ung
capillary of thei'pa ?bé"ﬁ‘?s, 1P rein, upon inpaction by disruption of the
outer surface of §hejdpyiise Oor otherwise, the one or nore proteases are
able to act upon a wall of the lung capillary, thereby all ow ng access
(directly or indirectly) of the one or nore treatnent species to the |lung

epi thel i ac,58. ' bcal . |.C | . 'r’qﬁé\ﬁggEin e device
I ncl udes g%’e‘gﬁéhﬁ%?%gmeﬁi e1lpgn§ c?aﬁlﬁﬁéiéq%ﬁgu%flgﬁéﬁga ol & mag 5?‘?/%1{] ar ound
the one or naftee ddedaibination ofsthe ditesvendub @repamtion imirested mdtheas el ldesengf
distributed within.;he one ore nore external coatings, and the dianeter of

the device iUedfBE ftially within the range 20 - 80 mnicrometers.. . 57. A
devi ce as ¢l gi L n I m 56 erei he,Qne or, nore ot egsea _have the
character isg“t‘gclgggﬁg‘lcﬁ} ?[egllaes 53?@3@ r“@?ggmbﬁ'#We&AgclgPFsmp%ﬁ% ° r'?npng are
neutral prontfepiaBom S Bhditibhbl iz Fikionditht)’) of HAYarOaROh¥@rofs£) 39566
PCT/ Nz02/ 002?{% . . .
of treating the conditlon, comprising or mcludmg: S
1) one or mare treatment species capable of treating the condition,
ii) one or more coatings of a suitable biocompatible material around the treatment species,

iii) one or more proteases associated with the one or more coatings
wherein the size of the treatment species is such that, upon introduction to the

venous system of the patient, the device will impact substantially in 2 region of
Iung capillary of the'patient, |

and wherein, upon impaotion by dismuption of the outer surface of the device or
otherwise, the one or more protesses are able io act upon & well of the lung
capillary, thereby allowing access (directly or indirectly) of the one or more
treatment species to the lung epithelia.

56. A biological device as claimed in claim 55 wherein the device includes one ore more
external coalings of a biocompatible material around the one or more treatment
species, the one or more proteases being distributed within the one ore more external
coatings, and the diameter of the device is substantially within the range 20 ~ 80

micromsters. .
57. A device as claimed in olaim 56 wherein the one or more proteases have the

characteristics of proteases secreted by the Ascaris roundworm, and are neutral

proteinases.
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28 58.. A nethod of preparing a biological device capable, upon Inpaction in
It lung capillary of a patient suffering fromit condition or illness ("the
condition") of the lung or lTung region of treating the conditg&ucaopri sing
or including the steps of. i) isolation of one or nore treatnent species

capabl e of wig@adabszg the condition; a step of coating thep@gzloes®re cells
with one or nore coatings of a suitalyge bioconpatible material; ii)

attaching or otherwi se associating one or nore pretenses with the one or
nor e coat iS8gd; mgfhed of (prensang jaz blolgelonh dedetoransblen upgn impacten dnyghlmgat , upon

I nt roduction t ' ] | mpact
substanti al | ‘i/atpﬁlrlth'ﬁog ax@g‘? %ﬁpﬁﬁﬁgﬁoﬁ%gﬁgg@ﬁﬁ%s})b q’Pﬁgﬂp@@?n\gﬁk * glbrmA

met hod as cl hingea lnwg rdgiunnof Sfkariing te condifien dompridingy ordhiclidieg tieatepgofal devi ce
S substantial.iy i n ﬁh.e raln e 20-80 m croneters, 60. frAn I nt ravenqus
preparation for? adniiNtaiep o2% gﬁet‘ﬁ HOF, {rPRimpnts BRECISF | FARERIR o Bgn 8Pt i on or

il ness of the |ungenditisi% BRP! A eor P teSdndJorOhmatd 641MCHIA - onb Cor Ber@! Ol 0gi cal’
device as clained in any one of clains 56 to 58, and (d) a pharmaceutically

accept abl e i nt r avengodings of p gvitabipihiocempatithe@aterial r eat i ng a patient suffering
from a conditi;gn or.ihlness :Hrwl'@ Dl lans) Jtmg regi on
conprising or i"Hcl u&Fé}Jg oztostéep ofn?éa%ﬁ@irédé\'/n%nrbgu%&gg %ﬁ?’é#?’%%"né’ o the
patient of an intramreustipgeepar ati on conprising or including: (c) a

h ticall t abl e, [.nt.r. i er, d L ol ogi cal
Gevi co. “wher of IS SR8y P GRUEER Tefpe 26k b oo BredeBbf e o
cel I's exhi bi ti ngnousisyitamtof delpatiaa tinedevick- Wikl ipack substantially iy the fezic of&or €

coatings of a suitable bigcompatjble material around the one or nore cells;
iii) one or nor %%9@5&%&%&@58*‘& ed with the one or nore coatings; and

wherein the size of the biological device is such that, upon introduction to

t he venous syste of the patient the device,wll i n;gact sybstantially in
the regi orfSoh ale%ﬁds (‘,’&‘&PF‘F 5 91:1151]1 58 H’éhaﬁﬁ’c paerﬁa,meter of the biological device 1s

substantially in the range 20-80 microreters,

60. An intravepous preparation for administration to a patient suffering ffom a
condition or iliness of the lung or lung region comprising or inchiding:
(c) abiclogical device a8 olaimed in any one of claims 56 to 58, and
(d) a pharmacentically acceptable intravenous carrier.

61. A method of treating a patient suffering from. a condition or illness (*“the
condition”) of the Jung or Jung region comprising or inclnding the step of:
Intravenous administration to the patient of an intravenous preparation comprising
or including:
(c) a pharmaceutically acceptable intravenous carrier, and
(d) abiological device,

wherein the biological device comprises or includes:

i} one or more cells exhibiting substantially normal CFTR production;
1) one or more coatings of a suitable biocompatible material around the one or more cells;
iit) one or more proteases associated with the one or more coatings;

and wherein the size of the biological device is such that, upon introduction to the venous system
of the patient the device will impact substantially in the region of a lung capillary of the patient,
.and wherein, upon impaction, by disruption of the outer surface of the device or otherwise, the
one or mors proteases are able 10 act upon a wall of the lung capillary, thereby allowing access

(directly or indirectly) of the one or more cells to the lung epithelia.
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and wherein, upon inpaction, by disruption of the outer surface of the
device or otherwi se, the one or nore proteases are able to act upon a wall
of the lung capillary, thereby allow ng access (directly or issiaveoed y) of
the one or nore cells to the lung epithelia. SUBSTI TUTE SHEET (Rule 26) 5
MAY 2006 \%35%53;;&566 PCT/ NZ02/ 00235 29 62. A nethod as gdi@gosd cl ai m 61
wherein the dianeter of the biologicajgdevice is substantially wthin the
range 20-80 microneters. 63. A nethod as clainmed in claim62 mherein the

bi ol ogi c&R. dewvi methbdasadaimedimaami 61 vereyeinthe dofnetes bfthebidbdgidabddTee isSSUBSRHIIYTE

SHEET (Rule 2Q):- 4 range 20-80 micrometers.

63. A method as claimed in claim 62 wherein the biologicnl device is as claimed in any one of

claims 55 1o 57.
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