MESENCHYMAL STEM CELL PARTI CLES FI ELD The present

invention relates to the fields of devel opnent, cel
whr@Bogize4 nol ecul ar bi ol ogy and genetics. Mor ePCT/US2007/018159

particularly, the invention relates to a nmethod of

deriving nesenchymal stemcells from enbryonic stem

cells. BACKGROUND Stem cells, unlike differentiated

cells, have the capacity to divide and either

Dev. 2005;19:1 129-1 155; Wbus and Bohel er, Physi ol
Rev. 2005; 85:635-678; WIles, Methods in Enzynol ogy.
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mul ti paotent stemcells that have docunented evi dence
0001 Ngtappleplgeuti ¢ ef ficacy in treating nuscul oskel et a

i njuries, iggroving;cardiac function in cardiovascul ar

di s SN EYUNE RECARNINGRERERALLY SRORIR LD
Bl d Pit i ' tricted,
they have |1 Mt bRCts OayDEVIROXNERARS restriete

[0002] Negt drfpdicellei ate. i nto nesenchymal cell types, e.g
adi pocytes, chondrocytes and osteocytes, and have
negl i gi bl e BAKKEGROLNND AWa TEHE ANVESNTIONSt i nmune
rejection of transplanted MSCs is routinely

10003) The ricvenient wthtesh fomytthedst ahdgppsrams firl ogéoding pressure within a
transpl antation. MSCs can be isolated from severa

wellbore.attupartitulss wesain ralbedimenth ofithermay entian (cBiviprisadiettuasle and apparatus
ti ssues (ad), cord blood and expanded ex vivo.

for operafifgs e rahyypd blswem revdnserhlave been used in clinical and
preclinical applications to treat a w de range of

[0004) BibvéRAageevehters Afd Usbdng MyE6cHBGK atifitngl ardd pfod@ction operations as a
bi oengi neering ' and heart disease 5 6. The

safety debitetRReIddes, SARRS, dnd hlsMBESydlBotd. EBlovwbuipde B ReS hloWikentially
of diseases in clinical and preclinical applications

large vall@® iHagake BoMicdRd BNBE WEIEhE SRACSonhpHse dbsife InerfRTY capable of
[AI'] in rmuscul oskel etal tissue bioengi neering [A3, Ad]

sealing a@SobiBg e W8 $RSRICH é@é@émflﬁé IR0 O?Mcﬁii%ﬁ}%s% £ drhQjulds from

potentral to differentiate into many Terent

the well.tr ORar9hd vt tﬁ@hbutt YRGEnter QUGY %ﬁtenQVé’ﬁ': APhbtht Pévgg\gd high-pressure

I ssués for their isolation remalns Imting

applicaticfn%qélja hﬁ&t%?&@g@’ é\l%%}%&gerp rQ ‘flﬁﬁf{g}geﬁl?lo%gt vngxtﬁlgﬁllses two opposed

expansi on o s gn onet ess

el g F LT
closure nctbch pe HME MEbosifislh o BB St A B Bl e blowoue
t inyred.tiss .Qr gan nd Ln_ ther ical
preventen (il ofC il BSHERCE bl 88 o8 OBdeeE-BRAEE iridgel gre bore
or .denonst r.at ed. Recent repor ave ested that
and suppdfs SRR R 0B PRrE ey rod SERGtaly BBie /S BERRT T Srnhy to the body
aracri.ne factors.secreted b he 7. These factors .
on the ouB AT or B Y i1 SBRGE &0 aPrals SytRELNS AR Ey e foroe fequired
aracrjne chani sne8, support the stemcell crypt in
to move 'If{ﬁéam?}%%?‘?rrcﬁ%@,"?ﬁt}ﬁoé& agai nst ischenmic renal 10' p ,
gyocardial 12 15 and linb tissue injuryl6 ; support
100051 Thg, A pngt SIUFPPRE reitofrating raembers thap gegagerte pieii b1 dlogt through the
nmegakar yocyte and proplatelet 18 . There is an unnget
bore whep dlagjrayy arg glosgd- Thq,syapy be/pipegamedvhich papeqntigred to close and
option, at-affordable costs, with better quality )
seal an annghusraspundhypips Magt &t Eseaped within the bere, o may Lte@lmdrrams or shearing
ti mesensitive protection against injury such as
reperfusion injury in patients with acute M,. SUVMARY
According to a 1st aspect of the present invention, we
provide a particle secretedlby a nesenchymal stem cel
and conprising at | east one biological property of a
nmesenchymal stemcell. The bi ol ogi cal property my
conprise a biological activity of a nesenchymal stem
cell conditioned medium (MSC-CM . The bi ol ogi cal

. o . " e - -




the particle may be determ ned by el ectron m croscopy.

The particle may conprise a hydrodynam c radi us of
whedsmeed nm It may conprise a hydrodynam c PEOUS®0TH18159

bet ween about 30 nm and about 70 nm It nay be between

about 40 nm and about 60 nm such as between about 45

nm and about 55 nm The nesenchymal stemcell particle

may conprise a hydrodynam c radi us of about 50 nm The

. hyd ' di b : _ .
o oy SR RSB T S DYk 09 pscpe i
s SRR S5l SR B AU, i s ot

~ hosphat i dyl i nositol ,. phosphatidy| choljne .
muliple SIAVBAVENHER CBF At iilcd RGC BN PREEpish kg bet comprise a
~ steroids, cholesterol. The chol gst.erol ph hol i pi d
plurality o tarT3Re PLIEO PERHEBIeTs, R25P SRS PISREI0 P REERDD

particle may conprise a lipid raft. The particgle.ma .

(0006] Rg@-ﬁyﬁg dqlwwé Pw%ﬁsi Bh iO@ege‘ioéﬁgléﬁd, oy %1%8?% sing prossurized
Triton-XIOO The particle may be such .that proteins o

hydraulia fleidriol eatiphtheRasgiansotsihe PRI 19 thecheren Atthough
in the conpl exes of the nolecular weights s ecifie%, .

most blowhetrpreventera ard eoupleaddo gflid BEMRiOr ForRe RENT Agfiesource of pressurized
detergent. The particle may be sensitive to L )

hydraulicfteidotieny mpplicatioed teqube ¢ cotaimmodyes efipsessurized fydraulic fluid to be
particle may be such that treatnent with cyclodextrin

stored amghinseedistehs beaitabll todipssaté the blowoit preyertehpl Bigegase of emergency.
specified. The particle may conprise ribonucleic acid .

‘For exan{gRyAhanylubs@aserating spagifibaticms asqutssoblbwruiepresgniter sidck to be able -

: 1.9 (260:280 nm. The particle may conprise a surface

to cycle dt.| gRVesELRtednbimban béteregn olup extonddds tidh tetektedRgition) several
CD109 and thy-1 . There is provided, according to a

times usti oABP PEdssuitizet NBuigr @6@At ol Nive Btack Mpssamisiyt hid bagh-pressure, large
produci ng a particle according to any preceding claim '

blowout pR&v el ReRk Gesmait IS @ veaPhahdreg ghltenspsfl jreshisizéd Anidamay have to

: nmesenchymal stem cell conditioned nedium (MSC-CM. The

be stored it HRUtAERY U BOIR siZ6 RAd Heigh@iskile Wil thelystent om ot her
conponents based on nol ecul ar wei ght, size, shape,

[0007] TSRARQS h{ah? Bl URIIRG! SlicaGddsVidquird e Wb 03Tt 1af@y dlencter, high
selected fromthe weights set out above. The size nay

pr'essurebﬁo%h@?}&gmféi:s? i BRigdt 288 fstarﬁuﬁ%(ﬁfbtgi/oe fluith fequirements of these
conposi ti on may be sél écted from the conpositions set

e {e7ialin 364 hdi 58wssl Het&@flers and of tt
oo ARY ol g0l 08 B6L G o nel BB and ot
drilling 8 rsot\ga{j Sperité GRL i ﬁ‘gléé, Ql?eaergﬁtg i ARRAF RE pldiEntRhe&R¥h are directed to

AVt ilon. ~a et hod o produci ng a particle according
as,descri bed Q ri i i
oty Sy B0, o0 Tt AR e Mol o
. It may conprise concentrating the mesenchymal stem
proratt.o| | conditi oned .medi um The mesenchymal stem cel |

D L e SRR B NTS g
oo T S S S RSP A BB v

oprto LR Bad S SUEES R EIL o8k 40 S perr
enpl oyed. The net hod nmay . conprise selecting U
further easRRAISRAR GRCEEDT BASINE BN Ghn Pal caDlebEp ARPIEHARd @ second end

exhi bit dynamc light scatterjng. The d¥n mc light .
coupledde athead Fﬁée rpavorb@xﬁ@ttm droygh thegeprgiet & %gﬁ %ﬁera}tgﬁ:*e‘mmg where

scattering (QELS) detector. The nethod may conprise

col lecting fractions which elute with a retention tine

of 11-13 minutes, such as 122mi nutes. W provide,

according to a 4th aspect of the present invention, a

phar maceuti cal conposition conprising a particle as

descri bed together with a pharmaceutically acceptable

exci pient, diluent or carrier. As a fourth aspect of
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signal li ng pat hway, |Inflammation nedi ated by chenoki ne
& cyt oki ne signaling pathway, FGF signaling pathway,
wEagesnerept or signal i ng pat hway, angi ogenesi s, PCT/US2007/018159

pl asm nogen activati ng cascade, bl ood coagul ati on,

gl ycol ysis, ubiquitin proteasone pathway, de novo

purine biosynthesis, TCA cycle, phenyl al ani ne

bi osynt hesi s, hene biosynthesis; (ii) in the
it Al 1 eRithilGhe A8 R MousAE, AfheFkiEn bmpri
nlscoup%ﬁggff#¢%¥%ﬂ%g3pgg¥§§§trhcture gnd nnt?li?y, gg?l fl COmpISes &

t ur g, | cAt ] id Lo :
body and Za dﬁ%geb n‘/,§ ﬂgﬁgé beof QMNP GA dnORe fﬁ@g% gg?gés%é; HglySlghged with the

_ _ ocytosis, mtosis,
operator %}/{sg}% ﬂgéﬁ%yng a%l lr%se %)l,nsg»é?%q é%%%}’ t%%}g ig %feaﬂrcg?y engaged with the
- medi d i § I - i
operstor RSP RSTT5 i TAAEp  THBE  Fl fme o

chenoki ne nedi at ed si gnaling pathway, signa

body seal  apnsduction, extracellular matrix protein-nediat ed
signaling, growh factor honeostasis, receptor protein,

{0009] Tlftuysg R ﬁégrgp]%@é gm@pgﬁ%qqtﬁg Qéqqq%&vee’gw coniprise apcombmatton of
adhesi on- medi at ed_ si gnaling, cell surface receptor

features and Aoy PRIGESS taﬁfeﬁnaPkaﬁ\)gatae&*%lo‘%ﬁlbWe@fﬂf%a@@aﬁézn and control of a

. antioxidation and free radi cal_ renoval, honeostasis,

ram-type hlpweut PrEveiiers e Theneqi arious ofyer hetasteistishapg advantages of the
processes, nesoderm devel opnent, skel etal devel opnent

present inypyitiogeraldibe repdily| epnaesns| lepthese  skiflede I the et ypeR grading the
protei n metabolismand nodification, proteolysis, .

followingdesaidechddsetipiionyof fheareferred smblodimends ehihieyinveriongnd dygreferring
activation, intracellular protein traffic, other

to the acqompapymgtdrawiigsng and | ocal i zati on, amino acid
nmet abol i sm protein biosynthesis, protein ‘
di sul f i de BRIEF RESCRIZATOM O EHEORRNWINGR:t.abol | sm
gl ycol ysis, pentose-phosphate shunt, other

[0010]) Foh ys@eateatiied amdetsedndingsof thereseat imtcation,irefirence is made to the
regul ati on of phosphate netabolism vitamn

accompanfh@ Pidurés)whafeifio aci d bi osynthesis, pre-nRNA
processing, translational regulation, mRNA splicing;

(0011 Fi¥urd L id ) rdi-tyRELISWRRL PrePéntbtidtilkirQdted i eddedddide aAth @fibdiments
or nore of the foll.ow ng: signaling nolecule,

of the pres8@NR¥drtidn; growt h factor, cytokine, interleukin, other
cytokine, extracellular matrix, extracellular matrix

[0012] FidubdOtidratdroRl QL8bihl VMR £X)dra@R] bpdrator Bl felracted position and
extracel lular matri x gl ycoprotein, protease,

constructf®{rPAdcBRIALERRR enBblifficd Ot BB PRIentRhRRBAS | Nhi bi tor,
nmet al | oprotease inhibitor, serine protease inhibitor,

[0013] F EQ@H@‘%%%&@@BH%BI?(H%%&EE@ hy@&LAX b8 for FAREFCP8hown in an

aper oni n, am-ly chaperone, "ot her chaperones,

" S " gﬁ-ﬁynthase and synt hetase, select cal cium
m(mukdﬁ¥ﬂégﬁbq%?d?eln, am noacyl -t RNA synt het ase, | yase,

.[0014] F{%%g ri@.‘c‘decrogst-&gﬁ Jxaﬁq)m%%%he Eraﬁﬁ@to 8tor J}yuﬂﬁigt&lgs?? Shown in an

nsam nase, er l'yase, other enzyne reg
sel,ect e u?atory nol ecul e, actin binding cytoskel et al
mdaubdﬁngﬁ%ﬁ9p§§lg%keletal protein, non-notor actin binding

rotein, actin and actip related profein, annexin .
o01s1 PRy 3 2B FTSReYEsn O GRS T DI AP Sropgperucted in
rotein, intermegdiate fil.anent, ribonucl eoprotein,
accorda“?? |sf c‘?ﬁﬁ?"dﬁP?ﬂt%Pﬂt,lhePF?ﬁgﬁ YS9 act or, ot her
RNA- bi ndi ng protein, histone, cal nodulin rel ated
protein, vesicle coat protein. In a 7 aspect of the
present invention, there is provided a delivery system
for delivering a particle, conprising a source of
particle together with a di Spenser operable to deliver
the particle to a target. According to an 8th aspect
of the present invention, we provide use of such a
delivery systemin a nethod of delivering a particle
to a target. The practice of the present invention
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shown in Figure B. Non-CM n=9; CM n=9; saline, n=8.

* p < 0.05 vs. Non-CM and saline. Figure 3. Oxidative
WEL00831268/i ability of CEMcells in either CM oPCNMUR20CM18159

and treated with H2Q2. (*p<0.05, A). Conditioned

medi um protects cells fromdeath i nduced by H2ZO2. To

assess oxidative stress in vivo, infarct area sections

frompigs treated with Non-CM (B), CM (C), or saline

{0016} Flg@e 8848 s%ﬁé}hﬁ'tﬁfjcé%g rﬁomto?oaﬁglggﬁ Jyéﬁgéqb’p% 1 tf and a parallel

i dative stress anti fica Ive

dual oyl g{: s assessed at 200x magnification and is
° cymgl $cte§?| n Figure EE Also in vivo, CMreduces

[0017) Flgﬁ}ed’ﬂé %%rc% S%isogagna |0%4 gﬁ%l (¢ Iﬁg% olgx{:dgéul%gééeg etplr Berg{ructed in
h I SVAD B d 3
accorda"%%“ﬂ%f&%g B e PO, v Mior sal e
b I
R A A

{0019} Flbet V&,eglnagbglgl cr:rgu eeagcgiﬁ grtegvcﬂ-CM QOW&BEW%;gPDS@?AaduaI cylinder
i ons. ocardi al. i nf arct e quantification in
hydeautic pBEtyr gt ol et iy BoBokDerieR thopreptat aepon:
unf rab;:tl ona th Unfracti gnated conditioned nmedi um
10020} F‘§P‘§’n]| iF eaAe 9’1 @E§pﬁrﬁ‘@68fg?%‘lre?=rﬁné’r ct size conpared

o saline .treated animls. The <1000 kDa fracti on,

10021] FlﬁBWelvle‘ls d’é%@OWd%revei“FFﬂﬁ%‘Slﬁﬁfﬁnlbﬂét the cardioprotective

factor is/are |larger than 1000 kDa. Saline, n=10:;
H*E—%?R!lﬁﬂ QN8B ma’mmn @MB@QIMEQITS
sal ine. Figure 6. Chem cally defined nmedium

[0022) Incthp diesdrintion thgt fellsesMBE® pirtsSoe Eharksed Hyofighout thespediication and
was filtered through a.0.22 nfilter. The conditi oned
drawings nwth uire (BR)e wefsrepon ownteras.cdespectivielies Dhye trdwiagi ﬁgures are not

through a nmenbrane with a 10 kD MN cut-of f. The
necessarilyoceater (f@thiCatass phdre ioeattidn mge detshowugiraggerated in scale or
menbrane with either a 100 kD or a 300kD MW cut - of f
in somewhetsdhematjc ifornaadd dorhw dbtailh pf bonventibsaltederh@ite Aagt@rt be shown in
rati o. The unfractionated CM filtrate and retentate
the interestanfipllattywad eohciasteds.i n the volune ratio of 5:4:1
Figure 7. ldentity of eonponents in the filtrate after
(00z3] Réfetrimrganbwntot Aigangh, dlovestirm@eeentét D0 2oa@RiskObbY qut vehhets 14,
: a) conparison of protein conponents in filtrate vs

operator fysthel 16, aadRissand SehibeishEy. NBAIE 0D @bﬁ?}@ﬁ@ﬁb&%d‘w Gbposed cavmes
(NCM . Condi t i oned. medi um (CM, the ltrate after

20, and uppér drid Toeiee Yoltbd QUEHECHBRDLARS: MséAbRng Q@dthnMo%&Hon‘aﬁtfs above
(100 kD filtrat e) and NCM was separated on a SDS-P.

d below BRv@R)t pr@EntdraioN Sgtniist
e el bands; tg) Cﬁ V\ZS ?\?clht esrlgglﬁilgyggtg &g&t&uﬁkélgﬁ/\/&%fﬁﬁ?wmg 14

are coupléfﬁf&’&ﬁﬁﬁli By R6RHES s 24 (Rdt SMbAL tﬁetb‘aln.fxétg [%g:! ?ex%@xlzeﬁlr@om the body

ratio of 4:1. The The retentate, filtrate, a

to prowdéi labdeRE R IRLA ﬁieﬂxb%i’bop'} e atol By Qﬁ s B %@A\Jn)(ed to bonnets 14

defined nedium nanely insulintra erin-
d utili é%' RIRL ERGE te
it SLGRRNE S 5 o2 PR B SRR s 1

through cy‘qhygfor &dogut%f?)ofl Qure 8. ReI atlve si zes. of

biol'ogi’cal material's and pore sizes in menbr anes.

{0024] F1§‘3QE |2n,1 ﬂEJ S&%Cérﬁyg&ﬁené‘ gp é)ri ﬁ%&%&é)f F@f)tg?lf tgng rc}uces the volume

mce a
o i ng%&%%; P Bk b PR i o

m nut es, and reperfu5| on was initiated by renoval of
suture. Five mnutes before reperfusion, mce were
treated with tail vein injéttion of 20 m
unfractionated MSC-CM (10-220 nnm), 20 m of < 100 or
1,000 kD fraction, 4 mM of >1000 kD retentate or
saline. 24 hours later, the hearts were excised.
Before exci SI on, the Area At R| sk (AAR) was determ ned
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Figure 16. U tracentrifugation of CM CM was

concentrated five tines by filtering through a
woresoboanes wi t h MACO of 500 kDa. The retent at e, PERUS100E018159

unfiltered CMwere ultracentrifuged at 200,000y for 2

hour. The supernatant and the pellet were anal ysed by

western blotting for the presence of CD9. Lane 1-3:

different protein concentrati on of CM Lane 4 and 5:

than to exfk ngg P%;ra on o ?ﬁﬁ%tﬁtetpé%gxﬁ tB?an and és coupled to closure

member %e t ﬁp a5 sg/%tteg{)ﬁérklgtaseersaptéslg(oe)ﬂ 78%3 1548%3%9 'épék(aﬁrﬁ%{ 91% 40, head

L e R T L
nbr kDa, Fi

seal 52 QREREAIFGRAEING AUGRAGR: ol A S SYAIPEBn SPAGEE: R %’Léwoégusmg 40.

Fange SR Sl B Rl b 553G i

W50Ti  centrifuge tube with the npst concentrated
40. The %eellng digmelgr q ﬁkansefs% mitds Ll thn thesepitng ¢agster ghgody seal 52.
The sanpl e was | oaded on top of the gradient and
[0025] Thy engeserment eillordy se8t 52 604 fispae sead 542p6h gpeIriqy homsing 0 divides
SW60Ti rotor (Beckman Coulter Inc.). 13 fractions were
the interigtof dlet eperptogrintoothremhydreukieallycisplsted; shamhess, gugend chamber 56,
gradient. The density of each fraction was cal cul ated
slack ﬂulb)ﬂhwbgmﬁ@xgmd eiraedchawbened.oExtead ishamber $& ks fonned between head
fractions were then anal ysed by western bl ot anal ysis
42 and fangepseabed. f dixtendr port B lpronddes, hpbapliCo®mmawmdc8@Dl with extend
Protein standard nol ecul ar wei ght markers were
chamber f56ac8lack dtudd chamae:s 60ii$ dormgrdach thet arenethrtdegion defined by operator
di stribution of the markers in the different fractions
housing 40 ahd@isseic B09R theeinebddynarad S eandt fahgatsetih 84 b (laaknilaill port 62
the figure a) CMwas fractionated, b) CMwas treated
provides Wyldbauli¢sésmimuhicatioh afith elderi NgidS clagibed nell. e Rearact leRamber 64 is
sucrose gradient.Figure 18. Trypsinization of CM CM

formed iN@fe SHrBestegion deffinkd YR UpRrat® hdisidy £0 ard pitbrinB8l i Between body
mns. The partially digested CMwas anal ysed for the

seal 52 aﬂﬂ %%ﬂ&t‘%?f R@%ctaﬁtgt 863roviib OHLR dnmORhNYSH Svit reﬁ'é!@t chamber
th a, NA was extracted from M5Cs and
64. I\/BC—CM The purlfl ed RNA was denatured and separ at ed
on a glyoxal agarose gel and urea-PAGE, respect ively

[0026] I gzzﬁx u%kte}ﬁal HRRE fetldcf @ %osp o§lb aFBfh fluid %%rgmunication

éxtri ysi's bu er or | pase A2.

vt TR Sy o AP EORLAE A i o
conﬁgurat{o%ac;ﬁ? ‘?‘ﬁumﬁ Jl.{ppl %}ﬂd &ﬂlt ol & rfs%dgpﬂﬁ x\ﬁgﬁed from the e);tend

ara rea

chamber $6% taﬁxd r?Atﬁ 0(5 chail N'Agerghrﬁt %«gy %Elrg’ L})r'vge%lzlééo tgg %ethQ ¥1 a&lﬂ}:&}gr may be
vanted 19 Qge QL PRS2, A e RO M
i e iy DM L MR R IR  ppoeaoo
N o e i e A

concentration was nornalized to the h| ghest RNA

open to Ehen SWFIISNS FOYIFOHREH ¢ SRHPSH 1o PISSSHES CoPIheRsatiop syestem that
as 100% b) The RNA extracted from each fraction was

mamtaln%@’f?dﬂéft@éd aresaurgrathipdrslagh uidehpmper. RNA was not i n
CD81+ exosones. CD81 i mmunoprecipitation which al so
precipitated CD9 was perforned as described in fig 2.
The i mmunopreci pitate and t Re supernatant were
extracted for RNA and the extracts were separated on a
urea- PAGE and vi sual i zed by et hi di um brom de st ai ni ng.
Figure 22. Mcroarray analysis of mRNA in the CM RNA
san‘pl es from I\/SC and the CI\/I ver e hybri di zed to
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sedi mentation densities of 1.01 6- 1.215 g/m that

revert to MV dependent densities upon treatnent with a
woresboanes | ysis buffer. The secretion al so conP@i/ns2007/018159

RNAs (<300 nts) in cholesterol-rich lipid vesicles.

HPLC fractionation and dynam c |ight scattering

studies further indicate that the only detectable

particles in the secretion wthin hydrodynam c radius

0027} In(l-'gg)lrerf rQCfO{ 1'65}91'803(’1{9 Qﬁ%rﬁn{ D 8facten gésfxﬁ&lx wHES Giston 38 is

ervation er wt e presence o nbr an

g%ﬂaet%d 3121 Eugép?ﬁxkg dj(}lﬁsosﬁfsi?éd]atgg&%ﬁi Jf ?ltuﬁcf'go extend port 58 actuates
operator é%g%%g@r Otcf %ioé/\ég é{isggﬁj I R Bwa etsff r e}\é gpsto%r S8 rﬁoves toward

I pi ve3|c es. 'Thées nesen
] L t*cle : exes.or . exoso
bonret 33, i WGt BAGR B pbeEB0 XA SRR T Fol e 6250 muia
reventlon for cardjiacor, heart dis s
within reﬁgereembsr Odais Rusied A PUBHERTash POF oyl Emhedrﬁew slack
al so be used for repair fO||OMAng er f usi on
fluid chamhfmé@ anpagractrEamerded By e rtaigd ingg BYdniin rsgrvoir or ejected
derivabl e froma nmesenchymal stemcell .(MSC). The
to the surpeinding envizapnirt.d dysi ydmudicr s sieppiisd th%;ﬁQ CBPmber 56, piston
several neans, for exanple by secretion, budding or
38 will cafitite te alovenoi teai BT contests deang|32, a1 ehpenin Eigurady
. _beproduced, exuded, enmtted or shed fromthe MSC.
[0028] Bitfausepistan Ms@uissmone S Jame axigfrdistandeedusing §x¢¢nsionegndystraction,
© secreted into the cell culture nmedium The particle
the differmmge inrflyd redquinsrsntscie mphieged by veing elsmallghdiapweterihydeaviigarea for
conpri se an exosone. The particles described here may
retractiorc tinqor éxdensiory  diés ombatence of flujverquopeetisesswis irthe reduced total
exosones described herein. The particle nay conprise
volume ofefuidl that dv rapfidedttbenett gphepaator mystesh bgtwaehiani ektended and a
bi |l ayer. The particles may conprise dianeters of
‘retracted 4bsitidd. NMhe TRRGu@Rnt irC remirayflkia Joditfednby benvfaggbcial interest in
buddi ng of the endosonmal nenbrane. The particles may

subsea aﬂiﬁ‘éﬁtléhsd\ﬁﬁ&btp%rﬁﬁmaﬂoe]{%qulrémér&s ﬁééﬁss@e{ﬂ@l tl[@étoxfaE@ of 1efe volumes
sucrose gradients. The particles may be enriched in

of flmd WP hﬁ:sﬁl@{vght ﬁ%@eﬁ@ﬁbﬁ%ﬁ#' R &duciitkhleividlding 8f FlultPhdeES to move
such aws, flotil'lin and the src protein

the operdthf Qﬁs@eﬂtyte therh@tr&ﬂéa lpSLlﬁén TRdudeS ThE 'v%ﬁm%‘ &f HuidBh& needs to be
protel ns present In mesenc ynal stemcells or :

stored w@ﬁﬁ%ﬁﬁ%ﬂﬁﬂ pret&RCRbdmEgndi ti oned medi um (MSC-CM),

as a proteln charaCteristic or specific to the

(0029} U%%\I% r@fér%n&@yh yERulfO Wa ti6:9 Tha8 X@BPARIed benefit of
2m provide a particle which conprises one or
. S dugt
‘gen.eratm:%lfeg?] Q?}SE%C%\%{&@? ?%ﬁ“é’g[’@y u%u ?I{tf?g %2?'1 htﬁgg%eﬂfércpa tnlléc ted by the

operator [)Eg/gttefng' rrhgx?l m) lél xee radted s@tg%rp Xs ful&t ﬁ@gn \% the closure

I na I ons ecu

member %\811%' ddcetélzg%rlel é} fBIé Q%%agg c?xgxpgﬁ%g tsy§ renp ralgitlﬁ{:/ ts1t8£tlons if
i n_place m conditio
the operfinh sKies A b GomGRoRS  BR Hir éthF*é'aﬂang &, o
preventing a di sease. The rticle my. co i se
reducing g SeIGE iEEHpRCCA TR ASHAcHOH BSIps 4% BriBREAS & gﬁﬂag‘f J¥isn the operator
actin and actln bi ndi ng prot ei ns, |ntracellular
system af{grmpisa piat ﬁaug toHETagha closuresembereang holpssevRat Wipteptipnal release
pr ot ei ns, gnal transduction proteins e. protein
of hydrowhe%séy prfxelstlre the @peaing pbths leyire ﬂ@“ﬁ%’féf’aﬁeﬁé’nd“ pressure.
net abol i ¢ enzynes e.g. peroxidases, pyruvate and |ipid
ki nases, and enol ase-1 and the fam |y of tetraspanins
e.g. CD9, CD63, CD81 and CD&2. In particular, the
particle nmay conprise one or nore tetraspanins. The
particles may conprise mRNA and/or m croRNA. The term
"particle" as used in this docunent nmay be taken to
mean a dlscrete entlty The partlcle may be sonethlng

1. i I
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disposed a
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(MsC), a descendent thereof or a cell line derived

therefromin a cell culture nmedium and isolating the
w@edos/ozazbs ure nmedi um The nesenchymal stem cel PCTYES2002018159

produced by a process conprising obtaining a cell by

di spersing a enbryonic stem (ES) cell colony. The

cell, or a descendent thereof, nay be propagated in

t he absence of co-culture in a serumfree medi um

oo AP ARy B R Sl e
. . .Suc . ' ] [ .

require a B%er:éﬁw]%m”cﬁrtdﬁg goeﬁ%ﬁ}}%g l'ﬁ?% ?é&ﬁﬁ:l%lz ij ﬁi%'l\%%utrg %ﬁghbeg in the case
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. particle may be |sal at for, ex | e by bgei .
44 i oG 0T FoIBT i HOE o SRR RS doghroghgs. which
r r f th icle. F X l. . par t.i

s rotatablisoupied togheati . BUGURS 8ROV LEGHaF SHETYFUH G tpdobk fod 46 when
shape, conposition or biological activity.The

the lock rednigiratptéhed medi um may be filtered or concentrated or
both during, prior to or subsequent to separatign. For .

[0031] Refeaing aow 1o Figpred, PReq Ristd 3% mAysh tavatdhbeuist 32 !gpk rod 46 is
exanple one wth a size or nol ecular weight cut-off.

rotated. [The thrpadesl engsigewent of logk geddp andshiding slegverds palfeyfhe sleeve to
ultrafiltration. For exanple, filtration with a- :

move axistjrivelatiee tsf the laek todb|leocknbd 46 inrotated yhtil Yeevs 4econtacts shoulder
cutoff, as described in the Assays for Mlecular

68 of pidtén §Btasck showvaria Figutehd.s Sdidingnslatve #rhyvilleengsgel andrpiston 38 and
condi ti oned medium optionally filtered or

prevent the Aiv@sineat efthe pidiai awayrfignbleorsighf2ct to furt her _
separati on neans, such as colum chronat ography. For

[0032] Thxahmehded digabement of ok esl 46 gnd dlidihp chevedrdpMelffldpkiGy’ to the
wi th various columms may be used. The col ums may be

extent thit L8aEHeddion e QRlinHsew will Aok rogate Helstes e rhativeto tinr ck rod.
properties or biological activities of the particle

Thus, whSY siMndSBEvE U4 [2hKcdritdctasith \hbyldet 68 Ngisfona8s 1o padvieaird from
of the nesenchymal stemcell conditioned nmedi um

moving &VBF M @M 38Xa0REE slidiihg Hlecve a4 & bfghged LitRGhovEer 68, the
i ndex, dynamc |ight scattering or UWisible detectors

pressure FithiR 8x 48 hhRbE060 4% bOBdRREd hitd BRtorS 98 welX 261RAif.in &he extended
therapeutic activity such as cardioprotective activity

position. "8 t§ nihlr tsﬂdff{%aﬁgevter@l Afd 0%k (r¥d d8dpaghte as a locking system that
n. e fol e a

fractionati | om ng paragraphs provid

can be é%ga%%:dzt%) gn&?%%gEio‘ém%fm&%Weﬁsﬂ‘ﬁ%ﬁ{‘S uitin %ﬁ%ﬂly. Although only

Such as an exosone nay Dbe oDt al ned.
) | st I L:Cl
o RETSINTBl AT LB GHUELR, TP SBSEE o Dl o

. ﬁgindg i.on it..ghe nmesenchymal stemcells may conprise
against Qppag S B ALPPYURne nedi um may conprise DVEM The DVEM

o B B 355 0L R R PR gy e 2
o S Bl ol ey SETRhRRle BESOL v
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~ nmedium may conprise gl utam nepenicilljn- streptonycin

rotation gf loskivied sehsibng sispvafd W&Mﬁf%ﬁh%ﬂdf%ége%%dr%’é’ pressure

cells may be cultured for about 1, 2, 3, 4, 5, 6, 7,

8, 9, 10 days or nore, for exanple 3 days. The

condi ti oned nedi um may be obtained by separating the

cells fromthe medium The conditioned nmedi um may be

centrifuged, for exanple at 500 g. it may be

concentrated by filtration through a nenbrane. The

nmenbrane may conprise a > 1000 kDa nenbrane. The

condi ti oned nedi um may be concentrated about 50 tines

or nore. The conditioned nmedi um may be subject to

.



CARDI OPROTECTI ON The particle may have a property of
mesenchymal stem cells and/ or nesenchymal stem cell

wa@ onvdioz426ned medi um (MSC-CM) conpri si ng PCT/US2007/018159
cardi oprotection The cardi oprotection nmay conpri se
restoration or mai ntenance of cardiac function during
i schem a and/ or reperfusion. Assayfor Cardioprotection
Cardi oprotection may for exanple be assayed using any

on toen 55l AR O3 LRI i o

erty of nesenchymal stemcells and/or mesenchyrral
position (gtFo% cé‘rr condi t| oned medi um (MBC-CM conprising the
to red xi_dat i VA

. [0034] L%R?& r(‘j-’lf)ltr&/oq céa&!i ga Yarte bf %la?t%% rg ofsés gd]:ﬁl{.hc motors, or other
ifw;g;a%&f%a@:éh%ﬁ%s?ggaw b BRIl g e
15000 2SRl Soy Sy 5B 5! BT, LSR8 N e 72 vis

in human | eukem c_CEM cel l s and cell vi ab
transmissigghsystioa d O ghat trappiers wotien Seor ths Ator e e OFE aﬁ%n?tg“&ﬂ/rshows
' cells are incubated with particle, conditioned medium -
. motor 72opeing sBrreHy rlikedt tentogk|rpd (4@ phthent prignsmission, systemy) In certain
and treated wwth 50 MM H2ZQ2 to i nduce oxidative )
embodimentsebath sgatem 70 efbFighre3 prd motarsiPeref Higiuegt aneypaaipre ydth backup
exclusion at 12, 24, 36 and 48 hours after H20

systems theeallove manugheparetior of brekabdaie, duchi seby aremotatnpperated vehicle
further be assayed using an in vivo assay of DNA

(ROV). @BhiedROMVonouldrbeviised xsufply hydsmlie fhidmy e¢gicdlepower to operate
assayed as follaoaws. Pigs are treated with the

motor 72parcbuld te usedna directhebtate tbakmoddémesenchymal st em cel |

. (wWth saline as a control). Tissue sections of pig

[0035] Abehsdus@xiepretivasipedperiioe lsgaem®d ciat opeeats teffes8vélp whiksutdizing a
sections of treated and untreated pigs is quantified

smaller B)drSulfdHakeai fomiseadtivnnitag fodrextetisibnz bebabbAless hforde BSteguired to
sections are assayed for intense nuclear staining

retract ciol3@ieCafehitRr 0f4 BNA exXicdaindotheaiidsi@¥i Watbye isbr 88Swellbore. The
| NFARCT SI ZE The particle nmay have a property of

maximulEGaRe BE 1B QIFeffdd Nsys'%&ﬁ/ r HERgNEMEMBlowihu® n?r"é@édter is often
condi ti oned nmedi um ( -CM conprising the ability to

detern‘nnlé&3 %grctﬁe'ﬂvdﬂtﬁfc ﬁEZs%re AadhhOfs 1efhRéS to SikE thdhwdliBbre under full
may “f or exanpl e be assayed using any one or nore

working glz'el_se f,l}%_ EFFI\I/@%L %?&z\%éhﬁ:gtlbﬁk AR eRr BF %%plagatmg system is often

| GHT The particle may have a

larger thaal:p{rl{%ﬁ*eél(l:%ft o%hrgg&ﬁ% tl?drﬁé‘tz@&pl&h thb QS \5% l%xje@eﬂmxyb&ﬂy €As many

ar -wei greater an 5

ram-typeelﬁl &EB%% &btgpsy ac\é?ls equIl %fﬁ ﬁ‘ﬁlltﬁﬁé Q%S ée%gltﬁ Lififa mggle body

ar wei gt rm ne

with mul? %‘b R Sthmﬁe gf tﬁ’w' gg#a% sttel:h fi‘é?l (?été%ﬂ?x %/\fﬁngl%rall height

et ermne ysrz rac |ona|ona
h the £
of the as%e[ﬂlglg% tl?erwg?vrgguﬁ {tey eps %H ecfe é‘#g?{m Arl]igodg Eltearance for
trackin segr egati on of corrponent pr ot_el ns with
the operagpsas Bt by a biol ogical assay. Assay of Mol ecul ar

: - P Th i cl hav, I I
[0036] ergré '@%’cé{%& Q%Eup}eaﬁa E)R/cégte pmareng;r%l afppﬁzgrrﬁop{rﬁgrug garallel dual
particle may be such that nost proteins of the

cylinder ﬁarrarqrﬁ é%wwlqde@schwa% Pydroengts #: e QRPRiowgHilize two smaller
segregate into the greater than 100 kDa nol ecul ar

dlameterm)éy@ﬁtﬂw SUHRLEs elof PEMIdD R GlEvaleRibFloset E1Ee 1Py atSiRgle, larger
Simlarly, when subjected to filtration with a '
.menbrane with a 500 kDa cut off, nobst proteins of the
particle with | ess than 5008kDa mol ecul ar wei ght may
segregate into the greater than 500 kDa nol ecul ar
wei ght retentate fraction. This indicates that the
particle may have a nol ecul ar wei ght of nore than 500
kDa. Assay of Ml ecul ar Wi ght by Biological Activity



(such as < 100 or 1,000 kD fraction), retentate (such
as >1000 kD retentate) or saline intravenously via the
wo 200802661, 5 m nutes before reperfusion. 24 hpCr/ES2007/018159
| ater, the hearts are excised. Before excision, the
Area At Risk (AAR) is determned by religating the LCA
and then perfusing Evans blue through the aorta. AAR i s
defined as the area not stained by the dye and is
diameter ﬁ?(?rrégﬁc? %glliﬂéer? PES Bhags @hindeb® hRfriuneeBilinded afloWd!ddjacent
. area. Infarct sizes assessed 24 'hours later using
bonnets 86 14 be, E)lcgt%fllq:ggsfl%g%tgg}h?& fhat %%W@ﬁt%rhv&té%ﬁ}ﬁﬁ4 $h<€ 8 thhimum

ignifican n animals treated wt
i SRS el PR BRI, 0 o
o SRS oM Boahl it B BRI AR e 6w
e 50 SRk s e TR it b0, 4 oo
oylinder GResBipEAS FTRIFSSBLadLpY 6P G4 Dy i snsrdlon i o, 36 o Digieter 96 is

‘nm The particle may_ have a size of,grgater ”‘ﬁtﬁ 100 £ th
selected sugh thatcthe detalyprea s of beth dpsbopgtpiorh i Fdrast caualig A9 of the
) a size of substantially 200 nmor greater. The -
single langgrdipmieter ylipden | dioeBrOViF hawéstamilai}ygsmaf’a‘&%’fzBgﬁ,sslhrﬁaﬁea’ 1t 1s
~as between 2 nmto 20 nm 2 nmto 50 nm 2 nmto 100
believed digmepen®¢ io 2pBOXHAKELY O.7hifimes dBOSiEh 92rh& op &K EMlee apfeventeen

particles may have a size between 20 nmto 50 nm 20
inch diarmetett opar@i©r san beorenlpced bysm epareior Doving Rasalld dwale R pistons.
particle or particles may have a size between 50 nmto .
Calculatib30OsmggeS0Hnat ttigis FSQuatipnodecsErspsmtheo OGN SPAHBE eFween adjacent
or particles nmay have a size between 100 nmto 150 nm
cavities foom $&GniwentiociRB@o mwelvéfrehparticl e or particles may
have a size between 150 nmto 200 nm The size may be
‘[0038] Fhieteriames ilhstasr oreusichparatlel ¢ylinger opdrptoe that hisodeatares reduced
may be determ ned by size fractionation and filtration
fluid voliiié Gsi0RtractieN P aaReMiuahcylhrier epadamntsyskmel 0OUongfrises Thmounted
particle size may then be determ ned by tracking
to bonneb €07 Q8@ ChbAMPriots SANPARESL ot eintiet 1 BDSERACHpantihy cylinder
a biological assay. The size may al so be determ ned by

104 comBHKS Pifbn FL 106,G25Yn 108, siRsabt hesking 1 fXanging slecve 1TReand lock
size may conprise a hydrodynam c radius. The

rod 114.%*3519?}@?&{1}& i 86liig! Sowfled BE st EletbERY 16@h&redouplelGO a closure
nm |{ may be between about 30 nm and about 70 nm The

member '{%&f SOUREHNR RdiddSthIBpisRsPRISRSIiA BRIy oM chigd. Cylinder

out 60°nm such as between about 45 nm and about 55

headmﬁgwg?;g@gdwgmml .u. ngé‘.di us may be about 50 nm The

ynam c of the particle nay be determ ned

[0039] E%)r!h g{/&/onsﬂﬁ ?0?119]%}14552)&?%! std rlZ@WE&i ot P@@}F %ﬁ bdd BSidedRal flange

nam c ering. exanpl e 'of a dynaric
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of the proteins. The particle may conprise

e"te“dcgﬂﬁg‘?rﬁi' al ly about 75% of these proteins. The

. proteins nay be defined by reference to a |ist of ,

proteins or gene products of a |ist of genes. Proteins
The proteins may be selected fromthose set out in
Table DI below. Table D conprises the follow ng
proteins nunbered 1 to 250, as well as the "proteins
with unidentified functions”, in the paragraphs bel ow
1. 1PI00021428 Actin, alpha skeletal nuscle; 2. |PI004

A AN\ — AN L "

_________ S . ~



| PI 00024046 Cadherin- 13 precursor; 30. |PI00290085
Neur al - cadherin precursor; 3 1. 1PI 00029739 Splice
wo s@Boe4rsd of Conpl ement factor H precursor; 32CT/URI0@DO8159
1201 1 Cofilin, non-nuscle isoform 33. |PI00007257
cal syntenin 1 isoform2; 34. |PI002 18539 Splice
| soform B of Col |l agen al pha-1(Xl) chain precursor; 35.
| PI 00477350 Col | agen, type Xl, al pha 1; 36.

[0041 P&?‘m | ?Eﬁ?‘#‘%g lrd %ﬁa}é’igs%‘”?b %8‘8&5 qg Q%ﬁ{mgleﬂ? 3ame sequence
s oo RS A 0 A o o
s 5 FELAETSE B P8l Sl 0 AR o s
sy o OSREES BIN S A L s B E L 16 s

| Pl OO 167087 3 rotein; 4 .,IPI 002
that the gigye CaPENCRIPrAL (o chedi B i cfﬁfe%éldl Bt 04 A6 heensaged,
. e |V call agen preproprotein;

pressuHZ?c%ﬁetﬂs@aa@%Eewrp%termcba‘aﬂ 2‘5?\99 relpogt ﬁh%P%‘irulr%zorThWeSS“med
| Pl 00303313 Cbllagen alp chai n precursor;

fluid ﬁlllpslrstswmr@ei g42itul m%teeplﬁtomw fovae Jrad ghl 80@."51!211 support

rotein; | PLOOA 8279 Col | agen al pha-3(V) chain

member ]f%W%@ ,bom\;p_g 102 pingid pparatos s ystsm 1g|tlpmﬁ.|(.lly11(e(yp9ted position of
chain precursor; 52. 1PI 00304840 Spllce | sof orm 2C2 of

Flgures(:ollagen al pha-2(Vvl) chain precursor; 53. |1PI00220613
Splice Isof orm 2C2A of Col | agen al pha-2(VlI) chain

(0041} Opexatarr system 390 i PEEOOZL RO theabxthade® positgony/of digirageby applying
isoform 1 precursor; 55. IPI000729 18 al pha 3 type VI

hydraulicciiwill dlgengh sfeod port ¥Bdetolexsand; chmbet P20A2 Pdddn Hp8 imoees toward
| soform 2 of Col |l agen al pha-3(VlI) chain precursor; 57.

bonnet 10R10G0 FAHIT sk Haid chapberVI 30cl gualiehthrewdhosiaeld fluid port 138 and
precursor; 58. |PI00021 828 Cystatin B; 59.

fluid withiRIr6088 thatibel 13 depydhed ith@bphSetridt oL 198, ; Th fluid pushed from
| P 00295741 Cat hepsin B precursor; 61. |PI00299219

slack fluilrablagiber Mﬁﬂd BeteRt EBAhberti32 hkY 80 %eth#38Gn 4hydRRulic reservoir or
pr ot ei n; | PI 00333770 Sim lar to Dedicator of

ejected t@ﬂi@iﬁrﬁﬁﬁlﬂ fgoérﬁiiﬁinﬂxehg Citte JiftbRAH283 I PiaTkheAExtbRied position,
Dedi cator of cytokinesis protein 9; 65. 1PI 00000875

lock rod§! VAGaEd %afeacﬁ@rthét Qﬁ’% si&ves | 10QABRRAfhe pistons and prevent
Al pha- enol ase; Pl 13769 Al pha- enolase [ ung

movemertREHE piSiond Fron Eﬂe%%hﬁlﬂ Lo&igbRR- enol ase; 69.
| PI 00218803 Splice IsoformB of Fibulin-1 precursor;

{0042) SK;Q:OH %9&8&65131% g %\ld%% 8%)%92{9% 108 Fdn?“' '1&01]‘ rods 193 remain

precursor; recursor,;

synchrong;> fﬁggﬁg efg O;Eér?t;&l %f 1{}/ Eerngg?as:rﬁg ?13 V\{ ﬁ]uf‘ ggtcgrg%?% sﬁgphes fluid to
operator %;sg&g 198" ay7 Aso LE o g @8 %o e}%)élg%ygxsa%ilg rfmu? t$ the7c§)erator system

;U

bl’ast gr owmt or rec recursor
Fi br obl h
msuch 0% pﬁéggsp 0%5& 1 P, Bl 55
[0043] R@éﬁgrflﬁh :ﬁ(t)\lx ?Cﬂ?'nélgt(gz:[gl oL 8yS F%15§0333 %x‘ comprise drive

system 1%(5}1'518339% gr%%'l e]gl?é Py Otgg Iaﬂgangifqg q(?% 1r]1't%6and out of locking

i nsol | obul i n) Q. .Splice isoform 3;
engagem R BGITS| Bo) PYS PYUPE) IS RSN T4 (Paeafeiagy 144, and

82.. 1 PI 00339319 Splice Isoform 11 of Fibropectin
ROV ovegfide JASor Driys sypisip 34868 300wpied ée headfldBrwith metor 142 disposed
Fi bronect i n precursor; 84. 1Pl 0041 1462 Hypot heti cal
prot ei n DKFZp686B18150; 85. | PI 00029723
Follistatin-rel ated proteinl@ precursor; 86.
| PI 00005401 Pol ypepti de
N-acetyl gal act osam nyl transferase 5; 87. 1PI00219025
G utaredoxin-1; 88. IPI0017141 1 Gol gi phosphoprotein
2 89. IPI00026314 Gelsolin precursor; 90. 1 PI00219757
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transform ng gromh factor beta binding protein 1
i soform LTBP-1L; 123. |PI 00220249 Latent transform ng
w@e@stob2bact or bet a- bi ndi ng protein, isoform |RCT/US2007/018159

precursor; 124. |PI 00220249 Latent transform ng growth

factor beta-binding protein, isoformIL precursor ";

125. 1 PI 00410152 latent transform ng growth factor

beta binding protein 1 isoformLTBP-IL; 126.
generallylﬂzéww&oklfl%ﬁﬁ’éh PIE CMIoSS 1421 dhicl El|a9%%9a1%am leetric, or

dehydr ogenase, m tochondrial precursor;

I C r
other moﬂo? 1QQQ g% 802 g%gﬁrﬂﬂﬁgglq #%?%ﬁ%& lﬁ%} Ofra%srﬁ{osgﬁ)ﬂ 1249 comprises a

plurality M‘%%ér‘% 2t§at x]o:ﬁaélqnahg I"gg’g'%‘?gng’ Nlﬁ?l\}%qlohﬂn 138s 114'1 Querride 146 is

740 eop osg1n .
P°S“1°ne§§£z°a%&?%§%%§é Bk LU g S e

Pl OOQ. .5 I
power to eD vech]f 2%6 r&ag Pro \Pg% gorrsddre& TgELfn{i%l S%tf%e g }ll?ransmlssmn

144 or ma 8%3/' ) b Temalr s éf%tﬁwgr o d S PReEts maler 182

cific; . | PI002 80 Uroki nase-type pl asm nogen
0044} TEE frapifes pe 1]51‘3&?&?/% &Fsm%&é OPPR{RODESGY éa@lmff@ta w3y §F rpsed alone
of Plectln 1; 141 | PI 002 15942 Splice |Isoform 2. of
or in coopprafipny, Fpr example, Braxsdrqubyaun)s elact afoPRiFAPY of Figures 2-4 may
Plectin 1; 143. 1PI1 00398777 plectin 1 isoform8; 144.
be used ip pprwbiggienavith thetlpeking radpet shiding slesve lopk @oreBsTRant as shown or
plectin 1 isoform6; 146. |PI 00420096 plectin 1
may be qsgéﬂﬁmtber logking DistoEo gTirmlasiye dhe lpckingsiofiang stiting slgeve lock
I PI 00398778 plectin 1 isoform 10; 149. |PI 00398002
arrangemghieeant e used oFidh witier opseatoy FYtems D938 Stgptypdy lof pinghiy hetuated
cis-trans isonerase A; 151. |1PI00472718 peptidyl prolyl
systems. | Therparatlel pylirgist opayator sySEm nRyOOeDd8 Wsed in other applications and
Per oxi redoxi n-1; 153. |PI 00024915 Per oxiredoxi n-5,
with othemritypss Imﬁpi:ﬁmradind)%dhldesaﬂssemhﬁﬂs ad WtlDeSsthsOmcking systems.
peroxiredoxin 5 precursor, isoformb; 155. [PI 00012503
[0045] ABpbugte thesof fontrsapibeOusell ir omet iapplicitions) thee@dsctlbed features
precursor; 156. |PI 00374179 proteasone activator
provide §uhnergistit behefiorher useliSih coitbR80.154s Rob:amsslBEa double ram
activator conplex subunit 1; 158. |PI00168812 PTK7

blowout PiSlcaich thyf Asésne drilas ecylindepiopemmist Pyseah I sing ¥&fhced volume
| PI 00419941 PTK7 protein tyrosine kinase 7 isoforma

retractiorP{te€ vp&or &n Ji 93589 188 GhOrt&0 and 8859649 lic fluid
di%l QIIBPI C 591 GI%Qﬁe g%r?\%lé grovvth arz;ctors Hdraulic flui

than a coﬁg&ﬁgﬁﬁ[‘ blowok BreveRldd ARk vBRING 1 S pEeS s%t%ﬁ‘fsh The use of the

factor; 163. 1PI00298289 Splice Isoform2 of
locki B&ta!naudlﬁ% led®é 1ock PP ER0 138! f
O TRt cul on- gis *165. 1 Pl 00 13895a(:a|ﬂ§§§§ﬂ§s??r?%?lﬁe@ﬁocooé System

when cont Q@tcﬂﬂ%ﬂifGSﬁvéfﬁilonﬁ’lrIQEl@hEs?r&%s | PI 002 18733
uper oxi de” di snut ase; 168 PI'00014572 SPARC

[0046] F gecctti:_lsﬁfwétert&tgg K g):ﬂnvg(qgoggqlé’ritgpl t/a%ﬁ %@f ézggygilgéégga%ellhead 202.
3%@%#«%%&% 8 AT i A B e o

assemblypr 2% Sf o rg '%P%Ff%%%_:gr bet vlge'[.]rSF %ﬁ g%e?a%}az &649 compnses a

wellheadf%ﬁ%%%rsg(‘g% d'fnﬁ\e@ mterslz%é)s apx:gqplelg glglgg greventer 212, choke

. al l.opro |nh|b| cursor; 177.

and il 991 Git13) 168 PRI 5P PLIeFR1S &1 P RS G 59 thy . comprises
178. 1PI1 00220828 Thynosin beta-4; 179. [Pl 00180240
t hynosin-1ike 3; 180. 1PI 00299633 OIrTHUMP00000031270
(Fragnent); 181. | Pl 004650281 Tri osephosphat e i sonerase
1 variant (Fragnent); 182. 1PI 00451401 Splice Isoform
2 of Triosephosphate isonmerase; 183. |PI OO0 10779
Troponyosin 4; 184. 1PI002 16975 Splice Isoform 2 of
Tropony03|n alpha 4 chain; 185. IPI00180675 Tubulln

A N 1 NE /ALY A NSNS AP ™ 1




to Nucleolin; 229. 1 PI004 12473 Protein; 230. |PI004
14489 Protein; 231. I1PI0041 1463 Protein; 232.
w0 RI080226415 Transgelin variant (Fragnment); 23BCT/US2007/018159
| Pl 00718825 Cal nodul i n; 234. 1PI00478156 17 kDa
protein; 235. |1PI00386621 CALM3 protein; 236.
| Pl 00647001 Acidic; 237. |1PI 00642650 Simlar to
St anni ocal cin 2 precursor; 238. |PI00641471
annular bggbéa@q&evénk&ezw, Q:h@kﬂ’an@ 3P bR lhéﬁﬁggékgifg%m& joint 222,

Inding glutamc¢ acid-rich protein like 3;

control pbg% 9941 A@g%ol L Qg‘lﬁf@:@fﬁgl t.§ Sﬁ@%B@?«%&érEﬁgf%?g%%i%s 4%1easable

I PI 00003 utati ve clum

conneif pBRASP 8BGO STBLIEARH, 2647
S L R (ML et T

247. 1P 00639879 Sim.lar to t oki nesi s _protein sepA
10047)  Tsjdfors, She)BR ke RSy O T HTEset PGPt {ORP 3 gparatus for
) protein %249. | PI 00555993 Vascul ar endot hel j al .
improved faRyiiyRS PLEY VI PrEXeBiitor 18 PRSPy eBiing, s |sppqspHblogq wmbodiments
) Degi catqor. of cytokinesis protein 8,  Proteins wth, ) .
of differepf, foymyt i Fhege) ar sty A the pyppaogwh besgmowHEPe dgseribed in detail,
) protein DKFZp686F 10164; | Pl 00470919 Hypot heti cal
specific ypbedipgniskel I aretrns 4nventionoyidis 8 gpfersigpdipg thpppthe present
. precursor; 1Pl 0071 9778 Simlar to Annexin A2;
disclosurg js| tgd5posidercing Popplifisation af thersinsinlgoeitbe dreation, and is not
. highly simlar to Hono sapiens fibulin-1D nRNA | Pl OO
intended golimét the iRPation do dhat: illpgtra0al 287 dascpbed bgrepr.oﬁe particular, various
| Pl 00396479 24 kDa protein; |PI00334627 39 kDa
embodimentstadi the preyed0 658D ProkiDa gysetrsi that RGOS T&dBHD ilkDhe size,
protein; |PI00514817 Similar to Lamin A/ C, |PI 00644087
weight, céinplggity,rand IfRl Sghir8h2n iRled banrymstEb woneprandritgren Reference is made
MJ RMS-40. 12; | PI 00604517 Simlar to Nucleolin;
to the applithiOdl ARG o0tEs b theéptent hiventidroerak=ERIBADIABAT breventers, but
highly simlar to Nucleolin; 1PI004 12473 Protein;

the use of ﬂb%ﬂc%@@ﬁ&@%&h%véﬁi&Q4 hot A8 R1i® HRAE applications, and can be
| PI 00478156 17 kDa protein; |1PI00386621 CAL pr ot ei n;

used for &d3Y ORCA ZHkatdrsdineindldg 86420 Bl @ahBeE ef@pment. It is to be fully
Stanniocal cin 2 precursor; |PI 00641471 Col Fagen-l i ke

recognizeltRA1GthE i PR AAARER oPHie HRBBIMAI AL REs&l BHIGWIay be employed
acid-rich protein ITke 3; 1PI00003734 Putative SI"OCO

separatel;ﬁ@xl 5l PR AL DnBinQhi& 16 foNRARGN Breluld Pl 00029574 11
Da protein; |PI00654821 hypothetical protein LOC54845

[0048] ThS 8858 knts %} 8%@%%%%%\5?% &@B}fﬂlﬁ zﬂwédanﬁr«ﬁ)t ﬁitrh'ﬁ’}it the scope of

precursor; | ar 'to Cytokinesis protein

e 50 SRS, B b SPOACh P Pl o ma

. ' . Ce P I [

mpoves 5 B o6 SRS R AT RR PRI G RFRTR Ao o
out rises t

. . t i n. Tabl bel.ow. bl h .
invention; G 1K BB PR (RS A 60 R B S Ao A e and differen

embodim%%ﬁazy&{%;@? W}Lég'égie séqc%gf ;&é‘%&%& g,%g(%pit ég%%la;ught, including
\ CN6; ACTd ; A3; | GEBP5; N4: ACT@X; CSTB; .. .
equwaleq%s%fesgr@ﬁﬁg% grsafier tepught 9 Pecaysg megpynodifieafipns may
CTSB; K-ALPHA-1; SODI; ANP32B; CYR61; KDR, SPARC, )
be made jo\pagemindprerts heyaiirdetadpd-pnpecosganepvith thecdeserintiye repuirements
STC2; B2M ECM ; LGALS3BP; SVEPI; BWMPl; EEFI G LIMNA;
TAGLN ; Cldorfl 66; ENA : LOX; TAGLN2; C R ENJ B;
LTBPl ; TGFBlI; CALM ; ENO2; LUM TGFBR3; CD109; FBLN ;
MDH2; THBSI; CD44; FBN ; MRC2; TIMPI; CDH | ; FBN2;
MYH 1; TIMP2; CDH13; FGF 1¥2 MYH9; TNMSB4X; CDH2;
FGFR2; NCL: TMSL3; CFH HF1; FLJ21 918; NPM: TNMSL6;
CFLI ; FLNA; PBP; TPIIl; CLSTN ; FN ; PCOLCE, TPM4; COLI
| Al ; FSTLI; PDGFRB; TUBA3; COL12Al1; GALNT5; PFN ;
TUBAG6; COL16Al1; GARX; PG&KI:; TXN, COLI Al ; GOLPH2; PGK2;

~NNI A NN M 'R 1 NN ~NNI N A A P N




| arge val ves that are connected to the well head and
conprise cl osure nenbers capable of sealing and

wa@bw@sionget he well in order to prevent the rel eB&BUSL007/018159
hi gh-pressure gas or liquids fromthe well. One type

of bl owout preventer used extensively in both | ow and
hi gh- pressure applications is a ramtype bl owout
preventer. A ramtype bl owout preventer uses two

of the la\ng gtgg 36 ?F ér%%d < Jetafll hé 0836 Be Er'ﬁ@xg)ré%& B§ Auitrative and

eS| housring, or I owout
. Nold body has bore that is aligned with the
notu1ah§%ﬁ¥%§%ﬁé Opposed cavities intersect the bore and
support the rans as they nove into and out of the
bore. A bonnet is connected to the body on the outer
end of each cavity and supports an operator system
that provides the force required to nove the rans into
and out of the bore. (0005] The rans are equi pped wth
seal ing nenbers that engage to prohibit flow through
the bore when the rans are closed. The rans nay be
pi pe rans, which are configured to close and seal an
annul us around a pipe that is disposed within the
bore, or may be blind ranms or shearingblind rans,
which are configured to close and seal the entire
bore. A particular drilling application nay require a
variety of pipe ranms and blind ranms. Therefore, in
many applications nultiple blowut preventers are
assenbl ed into bl owout preventer stacks that conprise
a plurality of ramtype bl owout preventers, each
equi pped with a specific type of ram 10006] Ramtype
bl owout preventers are often configured to b e
operated using pressurized hydraulic fluid to control
the position of the closure nenbers relative to the
bore. Al though nost bl owout preventers are coupled to
a fluid punp or sone other active source of
pressuri zed hydraulic fluid, many applications require
a certain volune of pressurized hydraulic fluid to be
stored and i medi ately available to operate the
bl owout preventer in the case of energency. For
exanpl e, many subsea operating specifications require
a bl owout preventer stack to be able to cycle (i.e
nove a cl osure nmenber between the extended and
retracted position) several tines using only
pressurized fluid stored on the stack assenbly. In
hi gh-pressure, | arge bl owout preventer stack
assenbl i es, several hundred gallons of pressurized
fluid may have to be stored on the stack, creating
both size and wei ght issues with the system [0007]
Because many subsea drilling applications require the
use of |arge dianeter, high pressure bl owout
preventers, the height, weight, and hydraulic fluid
requi renents of these bl owout preventers is an
important criteria in the design of the bl owout
preventers and of the drilling rigs that operate them
Thus, the enbodi nents of the present invention are
directed to ramtype bl owout preventers that that seek
to overconme these and other linmtations of the prior
art. SUMVARY OF THE PREFERRED EMBCDI MENTS (00081
Certain enbodi nents of the present invention include a
hydraul i ¢ bl owout preventer operator that conprises a
pi ston rod having one end coupled to a cl osure nenber.
The operator further conprises an operator housing
havi ng one end coupl ed to albonnet and a second end
coupled to a head. The piston rod extends through the
bonnet into the operator housing whereit is coupled to
a piston that is disposed within the operator housing.
The plston conprlses a body and a flange A flange



hydraul i ¢ operator constructed in accordance with
enbodi nents of the present invention; f0020] Figure 10

wo sooa02e20d vi ew of the operator of Figure 9; apdr/(8Da1)18159
Figure 11 is a blowout preventer stack assenbly.
DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENTS
{0022] In the description that follows, like parts are
mar ked t hroughout the specification and drawi ngs with

. the same reference nunerals, respectively. The draw ng

Vﬂmtmc#?ﬂﬂf@s are not necessarily to scale. Certain features

f the ipvention may b shown .exaggerated in scale or
L. Ai%ﬁ{drs%‘ﬁ% OU PHE| ﬁ%tf%/ 81’7’%19 hFAREE0%e details of
conventignal elenents may not be shown in the interest
a BlPSWE MYRPTand conci seness. (0023 Referring now to
Figure 1, bl owout_ preventer 10 Cg ri ses body 12,
a ﬁfﬁ% piston rod hayigg afjrst endcoppied tq gai gﬁ’&‘“@l BEBPE: nenber s
17. Body 12 conprises bore 18, opposed cavities 20,
a firsd operpior hawging bewing Boirstead conpled £¢ 3 Rennes apd)a second end coupled
assenbl i ng additi onal conponents above and bel ow .
to a headp whatsint spiddfshpistontod extpnds shyongh thepbermstitwhsrainenssspnd end of
stack assenbly. Bonnets 14 are coupled to body 12 by
said first pistomgrod o & 1east partiellynflispesed véthio paid operator housiagov ed
fromthe body to provide access to closure nenbers 17. i
a Gpetrpadton asleastqrastidlly dismosed withid said fiysrapstatoriousing, wherein said
utilize a hydraulic piston 26 and cylinder 28
first pistdly cAMEESEE At o dycandoy Bangs) silreeeinehb eecond 2ot rfeaighfirst piston rod is
cavities 20, into and out of bore 18. {0024J Fi gures
coupled t3-tHe bddyusttshidt rsopistogrbodi ment of an operator system
that reduces the volune of fluid needed to cycle the
aOREl AhRde B4l Widpoked BY thé FRinkt GRAAtdeylih@ly SenlgyghidawiithCsaid operator
fluid to retractthan to extend. OQperator system 30 is
housing; gR4nt ed to bonnet 32 and is coupled to closure nenber
34. QOperator system conprises piston rod 36, piston

n
= ey PAZREN Ao RSl B, B0l Sty ST, AU Bocior housing,
. fl. . ' iall ; .
wherein %’%(g)ﬁjigsj éﬁg%% &%gé?sfﬁ S%a)lllﬁé rgigié%egs pét?ﬂ%ﬂg? ah%ﬁ%&glgﬁhgg of said first
bodysaiqange seal 54 circunferentially surrounds flange 50
and seal i ngly engages operator housing 40. The sealing
di aneter of flange seal 54 is larger than the sealing
di aneter of body seal 52. [0025] The engagenent of

| .52 and f| | 54 wit t h i .
2. ﬁg%fl?ﬁ%ag é)??\ﬁgl?ti WF‘é%Q ?o%?eﬂ?hgié' Sl\éﬂg?;l[ ggﬁ{eﬁ tchﬁxf) ?n:lg'angack fluid
cramer SR b 5 e RS SRS ELRREE o g v

chanber 56 is fornmed between head 42 and fl ange sea

bodyseab, Extend port 58 provides hydraulic conmunication
with extend chanber 56. Slack fluid chanmber 60 is
formed in the annul ar regi on defined by operator
housi ng 40 and piston 38 in between body seal 52 and

3. Thiedrydeaudie dllowant pspeankerfapgiatorefralaigp?2 prheyein saidigagkaliyid chamber
conmuni cation with slack fluid chanber 60. Retract

is open to hambyeundidg érsvifoomeatl i n t he annul ar regi on defined by
operator housing 40 and piston 38 in between body sea
52 and bonnet 32. Retract port 66 provides fluid
communi cation with retract chanber 64. [00261

4. Tenerdadulicaxdoendt sleasher ofetatan df climalc wheltednmrsaid cfebupy member is
in fluid comuni cation with a hydraulic fluid supply

moveablt Batwde ah @gtehaéEpbsiorarkiiietratted positon rddaperditirgbamet.
the configuration of the hydraulic fluid supply and
control system fluid expelled fromthe extend chanber
56 and retract chanber 64 ngy be recycled into the
hydraulic fluid supply or may be vented to the
surroundi ng environnent. Slack fluid chanmber 60 may be
pressure bal anced with the surroundi ng environnent
such that the fluid pressure within the slack chanber

I L,
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reduci ng the force generated during retraction hel ps
to mnimze danage when the operator systemattenpts,
whoioshaizbs to retract a closure nmenber and hel pST/US2007/018159
prevent unintentional rel ease of hydrocarbons by
preventing the opening of the closure nenber when
under pressure.[0030] Although operator 30 is actuated
by hydraulic pressure, many applications also require
a mechanical lock in order to maintain the position of
the cl osure nenber in the case of loss of hydraulic
Liivel y.lo ' 38 1N .
5. TRLERRHAR vioflolf Avehd: DRyl KR clilF SaRlath 3R Yol member s
relatiyv Q pi.ston 3 nd.thre bl y_.en ed wth | ock.
moved tor s Bichicd BoRtd ) o Brd Hoyint, SEREH PotRLGishod bighegt sgia st
| eeve 44 noyes axi.ally relative to | qck. rod 46 en
flange sea] RE G640 GO DL E ST G9Y BRERS PO Al SHGWIFBbS 1o moved to
Fi.gure. 4, once piston 38 poves. toward nnet 32 | ock
the retracieg PoggionsDy beckph Vol PhiEdceinee dEResn iRt by seal
46 and sliging sl eeve 44 causes the sleeve to nove
and the ﬁ’é‘??’&{]ﬂ’gﬁaﬁ% 15t PREEAMPHIPYENG ock rod. Lock rod 46 is
rotated until sleeve 44 contacts shoul der 68 of piston
38 as is shown in Figure 4. Sliding sleeve 44 w |
engage and piston 38 and prevent the novenent of the
6. Thy kydspulinflgwewtarevsairi epertorjofobom ITfyethetosaptising:
engagenent of lock rod 46 and sliding sleeve 44 is
a sleevq shidinglyrdjsposed whdie ptaamity tdigposedk wathirf eaid dirstnpistos, wherein
sliding sleeve will not rotate the sleeve relative to
said sleevg fierotasisinally fixedtelativewh exid dirstgiisign;sindeve 44 is in
contact with shoul der 68, piston 38 is prevented from
a hawki rgl entetablyr cruphedntoe the3ReadCmok tlebaddidhg esgaped ewilld shid sleeve,
engaged wi th shoul der 68, the pressure within extend
wherein rotatiom of sid) lachrod gratistatcedd slbelepickition taSSudikst pistsrmi N i n
t he extended position. In this manner, sliding sleeve
44 and | ock rod 46 operate as a | ocking systemthat
can be engaged to prevent closure nenber 34 from

7. TIRP BRUAG1IE BIOWER bRRahtey opblatdiovfRipn! ¥ HAGKN cbﬂlpﬁaiﬁﬁ a motor
fully extended and | ocked position, sliding sleeve 44

rotational BadbupR@dad 8aidNébk @ak agai nst piston 38 in any position.
[0033] In order to nove operator system 30 back to the
retracted position of Figure 2, hydraulic pressure is
first applied to extend chanber 56. This renpbves any
8.  TRARaARBIEESH pfevdnREdpblafP ot lclath S aptigd | ock
ro i% and allg&s Phe Pogk rog toq%gﬂ?otéﬁgﬁﬁu%ge
RbAd | abq! 4 i di e
= §5 g O fel BRI ahb e, HeRle R ccknillon rod has

a longitu Lkfqni9s {)%@3% a?%g@g{naﬁéci? 8r &id %95'}_.5%\/0% x%'il,st on 38

ack toward retr position o gure [ 0034]
r 4 t y. a ri of electric .
2 1ta oBE R 103 nd Sl o eopleRh 3o bfinct g firbinGeid second

. n.ce i n dinments, the notor is hydr aul.i ¢ not or
piston rod qhuGiits ol FRHRR el orO BhmreSp Po e dee 1

Fi gure .3, lock rod 46,is cqupled t tar 72.via, .

a 5ol pidlon ROl R AEFD SRR HTEASPa B PHoH PHHn i second

notor to the lock rod. Figure 4 shows notor 72 being
operator RoUsig: | v | i nked to | ock rod 46 without a transnission
system In certain enbodi nents, both system 70 of
Figure 3 and notor 72 of Figure 4 are equipped with
backup systens that all ow nmanual operation of |ock rod
46, such as by a renotely operated vehicle (ROV). The
ROV coul d be used to supply hydraulic fluid or
el ectrical power to-operate nmotor 72 or could be used
to directly rotate |l ock rodl46. {0035] As discussed
previ ously, operator system 30 can operate effectively
while utilizing a snmaller hydraulic area for
retraction than for extension because less force is
required to retract closure nenber 34 than to extend

I . g



104 conprises piston rod 106, piston 108, operator

housi ng 110, sliding sleeve 112, and |ock rod 114.
wEawh/opi2zst on rod 106 is coupled to support menmper/usH67/018159

that couples to a closure nenber (not shown) and

ensures that pistons 108 remain axially synchronized.

Cylinder head 118 is coupled to both housings 110.

[ 0039J Each piston 108 conprises body seal 120

. I IRERES Wb At Dt d o MOl AR kb pton further

ngage operator housings 110 such that the housing is
ivided into an extend chanber 128, slack fluid

a %&%HH’ “:Han%ég gee}l le}ﬁ%)ors&l Bg%gjfg%%grgc? ?)is}o?fgancirgeealf?le leérggég?cll Hvéth said

I"aneter arge seal arger an

comprising

sec dc)di QFr.of bpdy seal 120 such that less fluid is
on PF%%Hi 3049 11 retract chanber 132 than is required

to fill t . ch 128.[0040] P Il el. | ) )
2 §oilhar sl GBreel /St e PetPr e o W%bgglﬁ(ﬁwgasﬂ/ with said
second opeiag ReTiEs WAPHR 800 SoLpnd FEP JUFLLaB & SEPEGIBmSEs gisBipe then a

. s shown  in an_extended and | ocked position. Sliding
sealing diamngisy gt spidsseond bedyigidhed by first pressurizing extend
chanber 128 through extend port 134 and then rotating
| ock rod 114 so that the sl eeve noves toward cyli nder
head 118. Once sliding sleeve 112 is di sengaged,
10.  Apydeslie bloaput pravaniescapprisiegl t hrough retract port 136
to retract chanber 132. The pressurized fluid filling
a by heyinghbersdherdiBfough | nove piston 108 toward head
118 and pul |l support nenber 116 toward bonnet 102
a cavityldispoerdithooughyssiddmdy@nd g ersactipethé bbtey r et ract ed
position of Figure 8. [0041] Operator system 100 is
a clesure nehtico nidvealdy tdéspdesl wiolsintsedcasityFi gure 7 by
appl yi ng hydraulic fluid through extend port 134 to
a Bt pistbnabd haeihg hadbst el coupled o 308 cleinesnémbat d bonnet
102, fluid within slack fluid chanber 130 is pushed

a bérretighupidPrelsatd BEdY aapicent k8 8aidrdvity;ui d within retract
chanber 132 is pushed through retract port 136. The

a Fikdti dpepitshBshsidORGARGKHl Bihdl c6liBP e sdidbodne, Ml tsaid first

chanber 132 may be retained in a hydraulic reservoir

piston ro®ExtEh@CtheshohGhé BEnSdt! WRMBHI NEcBAY lh@ BFBAN firfGiSoRirsd Aat least
108 is fiilly in the extended position, |ock rods 114

partially @§pséPwhikafPopdiatbr Rbustigng sl eeves 112 engage the
pi stons and prevent novenent of the pistons fromthe

111 - [0 u 14 .
AP, B0 e M B R, MBSt o

comprisei% 5?&;& ?rlﬂici B S Ak 1h B ﬁgﬁ{@éﬂf{fus%& tﬁ%stc‘ Eﬁmn]lgg'is J&ﬁ)led to the

systémthat supplies perator

- 100 may al so be configured to supply hydraulic
b°dy°fS?¥3?§q%%8@he operator systemin such a way that

| st 10 ' h i zed, whi.l I.ng. 43
SRR L R B e S5 RNt LA g
. f [ dri t 140 t hat t at
rousng ol WL BRRGRRI o0, LS, S em 40 Kt rotates
S T b T L CTe S ——

ROV. qverride 146. Drive system 140 is nounted to head
along a sepgpd anam?t%‘fvs?fewbe dir Sireasdedn dargen thap heveesndsiwpsieor
housi ngs 110. Mdtor 142, which may be a hydraulic,
el ectric, or other notor, is coupled to transm ssion
144 and override 146. Transm ssion 144 conprises a
plurality of gears that rotationally couple notor 142
to locking rods 114. Overrile 146 is positioned so as
to allow access in the case of failure of notor 142 or
the supply of fluid or power to the notor. Override
146 may provide for direct nmechanical rotation of
transm ssion 144 or may provide for the externa

a .



speci fic enbodi nents of the present invention with the

under st andi ng that the present disclosure is to be
waeonsiogesed an exenplification of the principleeT/O82001@18159

invention, and is not intended to limt the invention

to that illustrated and described herein. In

particul ar, various enbodi nents of the present

i nvention provide systens that allow a reduction in

. R Ry SRS o d LAY SETETLS chmoe
X ' [ f th .
e P R BB 8] G BSRi p e.

of the concepts of the present invention is not
limted to these applications, and can be used for any

ot he pplications including, other subse ydraulic, .
12 THIERON PIoMEU BVMBeot ARy L SUBEFR 280 TR Eharber s open
different teachings of the enbodi ments di scussed bel ow
to a surroyggding eNARIMAE] separately or in any suitable
conbi nation to produce desired results. [0048] The
enbodi ments set forth herein are nmerely illustrative
and do not limt the scope of the invention or the
13.  Thiehydrruliq hloweithpreventay of clpien Qppheeinseikiclpsiae mpmBer is moveable
ot her nodifications and i nprovenents to the disclosure
between dnegrééndedpysiien audle retiacted posiiep aelafivgtofthe henres scope of
the invention or the inventive concepts herein
di scl osed. ' Because many varying and different
enbodi nents may be nade within the scope of the
14. Thelrghthilebloonoepievaigercofitldiau i vherdic baidichguwequnembéres tmoved to
structures or materials hereafter thought of, and
the extenB&L pokittorTBN Y fltivdlufiit ofOMsd Rihgdispared betivddhesaid first flange seal
enbodi nents herein detailed in accordance with the

and a se€RACENDBF ¥&idr BE bﬁ@wtrﬁﬂfsing%d gd cldsutesnieghtee is moved to the
understood that the details herein are to be

retracted b8§i3619\9\2ta%@9&§1 Ve o #uldy Eeiﬁ%@m‘ﬁ%edi BetRedd §8id iR body seal and
sense. What 1.

is clained is: hydr aul i ¢ bl owout
the first eRé SY AL Hrst MR- YouGRAPr i sing: a cl osure nenber; a
© rse??rst pisigﬁ fb hgv?%S a first end coupled to said
cl osure nenber; a first operator housing having a
first end coupled to a bonnet and a second end coupl ed

s TSR RIS R e S
B ERER) lck St L) D ERASED S HD AL wheri

. di.spased w thi Ld first .qperat.or housing, wherein
said sleofe S Tt R B o Bt SRS 00 S g

afﬁi’g@éfo@grq&ag%l;g%g@gg %0%a ;?og%iff i 5%%%% N gl%a;gc?siia] said sleeve,
wherein i o SR PR FOHe PR SRHET TR vean s HHPE: ” body

seal disposed on the body and sealingly engaged with
sai d operator housing, wherein said first flange sea
has a sealing diameter greater than a sealing dianeter
16.  The hydsaylie ihleyyousqugvepiss| of daimrps faxthgrgamprisphdpetor rotationally
preventer operator of claim1l further conprising a
coupled tg|saigidogl 1idd chamber formed within said first operator
housi ng between said first flange seal and said first
body seal. 3. The hydraulic bl owout preventer operator
of claim2 wherein said slack fluid chanber is open to
17.  The byimolintiompubpreiedemefivlainy? fuFther bgrdpasihg:c bl owout
preventer operator of claim1l wherein said closure
menber i s noveabl e between an extended position and a
retracted position relativelvo the bonnet.5. The
hydraul i ¢ bl owout preventer operator of claim4
wherein said closure nmenber is noved to the extended
position by a first volunme of fluid being disposed
between said first flange seal and a second end of
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a body having a bore therethrough; a cavity di sposed
t hrough said body and intersecting the bore; a closure
woreomee4260veabl y di sposed within said cavity; BCT/USED7/018159
pi ston rod having a first end coupled to said closure
menber; a bonnet coupled to said body adjacent to said
cavity; a first operator housing having a first end
coupled to said bonnet, wherein said first piston rod
$et 1oh68 WehIbd' R RANAGE ek Ny ie |
2 sa{)lgp?lsrost pi g‘ii%n rod 1S alire?%g‘gt ’part@gﬁcﬁa{/bdséﬁglg% 13to?nmd has
: 1.5 Dl I I 00, [ ' ] sposed
stongudill 1l 25 ARRIN QoA ot i btbRIdNeE. PP,

i Ston Lises body an fl.ange erein.the .
» LB B EAR 1o i8he BoTRE o8 Sa tohp P 46 1ae Btogh b g sccond
. body of. said.first piston: a first flange sea
piston rod 138858 eSS b SRirBend fovryt BRGTEG i ¢ h sai o
oper at or, housi along a first diageter; and a first,
2 fapd gustpn deupsldf BT FReRDaon Aot Sad disnsry dYitjiy Sid second
wi t.h said operator housing along a second dianeter,
operator housing; 1 the first diameter is |arger than the second
di anmeter. 11. The hydraulic bl owout preventer of claim
9 further conprising a slack fluid chanber forned
W thin said first operator housing between said first
18.  Thy hpdraubiedNowaet peaventer oftclaioyyl 7s #dierein Faidrgecond piston further
. hydraulic bl owout preventer of claim 11l wherein said
compnsmgt ack fl uid chanmber is open to a surroundi ng
environnent. 13. The hydraulic bl owout preventer of
a gdcohdhibngh eeadi dispeaedl ou[seiklusesomd pisem agd pealinglhyl engaged with said
bet ween an extended position and a retracted position
second opesitat honsingpatche bonnet. 14. The hydraul i ¢ bl owout
preventer of claim 13 wherein said closure nenber is
a sepoad Hodytdeel dishesedadh paidisetand Pigtod dndr sdalingllyUsrizagdd with said
fluid being di sposed between said first flange sea
second opfatoph@ i) tvhersn 6did seddhdffiangt sef) BaghGeallipUGhmgtedRebater than a
said closure nenber is noved to the retracted position
sealing difyieRr 6£80MEeconll bBBy &fal.f | ui d bei ng di sposed bet ween
said first body seal and the first end of said first
operator housing. 15. The hydraulic bl owout preventer
of claim9 further conprising: a sleeve slidingly
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pi ston, wherein said sleeve is rotationally fixe

suggil%g ¥ GolufheHpYaRiuft ﬁﬂidntgQghe?géggggﬁggrn%i%%gﬁl\%iﬁn an operator

ed to sal bonnet a

ousi . | i . | | erein the exte
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chamber iggﬁnpﬁléé@l{e%l:én%@ &%;ftg%egcgpee\‘ﬁgllt lﬁéusgfgua&:dz% %}‘s} %ntﬁ dF 5 plgsgq?; and

rrsing a notor 1 on 0 sard
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sup@¥ingdd voll e dARI Tl P HeoBl RGeS bisBbeel Plh g gperator
n rod has . a

housing of GR35 TP et et 5% B BB oblE wpitrarufs wherein
tne rtraof Sty R UG BB BBRATE TR OBERRBo g g second

end of the Fs{pr SEBTH Go=R i HoBEIoHgHoS e dieelr 78 fgscoond end of
.. coupled to said second piston rod and di sposed wthin
thepistong 3 d second operator housing. 18. The hydraulic
bl owout preventer of claim17 wherein said second
pi ston further conprising: a second flange sea
di sposed on said second piston and seal ingly engaged
with said second operator housing; and a second body
seal disposed on said secori pi ston and sealingly
engaged with said second operator housing, wherein
said second flange seal has a sealing dianeter greater
than a sealing dianmeter of said second body seal. 19.
A nethod for actuating a hydraulic bl owout preventer
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