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SYSTEM AND METHOD FOR PRODUCI NG DYNAM C CONDI TI ONS

I NCLUDI NG I N VI VO HEMODYNAM C CONDI TIONS | N A THREE
WORMEBRIGISENAL TUBULAR STRUCTURE BACKGROUND OF TPEL/US2006/045715

I NVENTION 1. Field of the Invention [0001] The

invention relates to a systemthat sinmulates dynam c

fluid flow patterns, and, nore particularly, to a

system that sinulates henodynani c patterns of

PEYSTEMOAND MEPﬁdﬂ)%R&’R@W@ﬁQ@ﬂYﬁAm@:] Eegbfrons

Art [0002] Henodynam cs plays an obligate rol e on e

f LYRIRG INR VBEMEODYNAMIG CONDETIONS.IN A THREE

endot hel i al 'I'ﬂ’%ﬁjl j bl ast s,
etc.) and ti@%gwsﬁgﬁf@car |o§§€§t#(gjrc£y em during
di sease and healthy states. Cardiovascul ar disease is
e~ | ead; i-n North Anerica, Europe
BACKGROUN ity d——#tt h coronary heart disease
1. and at heFieldadfahe$heeddinng anongst the nost prom nent
car&hﬁ?ﬁascul di seases. Atherosclerogsis is a disorder.
in h t he CHrBRRtiPnelasstee Heeondat pisydases dynantie fluid flow
pattetihd, GniPridhe PhAGUBIE, @0 bARnh RAAT HQRINA! henody a8
a{ﬂaer_i es, | eg)gi ng tlg'l decr e}gsed bl oéd fal ow whi ¢h cacnpi"itrgmls of
phys ?Sl%%lﬁg‘éﬂﬁypertensi on, ischenias, strokes and,
potentially, death. Associated systemc risk factors
i ncl ude hypertension, diabetes nellitus, and
2. hyper | i piagkgionndafshe Related Aract ors. [ 0003]
At hgpgsc! er ogi Sy :her rdi oyascul ar , di seases .
suc lgﬂg per i phera 31?%%”13 ;ﬁg@d?‘geé@% al(%Pﬁ{B}e, %I%:c%lrc function and
phengtyipe @f v3scladicels i enduivhatiabeells, shemtiofnusdapdiBxfibroblast s, etc.) and

: dynam 6. behavi or _and, consequentl,y tivates X
oo TP uisa Tt RS A PR ang herlb et cudiaguscolas
disepser il clmv/lasbing aruselbf dasle sn Nioeth Axrfipd, Eurapdide| REASHiSg world,
. has _been shown.to occur_,in sites of conplex .
i s AR A R D RIRF O SHBORIO% e, GRITEH fhe ghaskprominen
cardiapls@il@dideases. [/ohtrdsélerosi® 6 IdYordAGhUGECH RSEIk by Aftedes become
1 bal |00 cgt.Pfrterf t.0 cl ean ogt .the plaquie, and )
clogerd &Pt s it 4P Hfehlpaifi #iaPs thidntgaigs avalls of ahaireriey, lewsling to
decfeas¥di Blo6d ETow OrhiBRYeah Mgl HOR EMbd P& INRAS 38R eas! BEokes and,
cl ogged vessel s. Bypass surgery invol ves f he renoval
potgfually s deathon HFosiged e sk dadtent inslidowaypdregsiomndiabetes

mellibi, dddaHypRhMMentiftnd BRILQPLI ate cardiac bl ood
vessel 2{%0 tﬁ);;%t lblaooddgfoltows t rsought the transpl ant ed

veilf0Uhd t hudthsrpeciesess enrbodien geydipvewmule dsseasss, waghoss peripheral
BLPBEN @599 e Wil - ery..is & he patenc .

arteof_ the vessel's to g%ﬁ u@%gx‘?%t? ??é&%@gé‘ggf‘&ﬁ%%ﬁ%xs sedeynamlc
behgvigs e, acenssaoselys o mictivites e fumherc hnnayigacour invé t bien sle  of

hen%?ﬁ&mﬁ?fd. &diovascular diseases. For example, atherosclerosis has been shown to

occur in sites of complex hemodynamic behavior. Surgical intervention is often employed

to treat it, and may include insertion of a balloon catherter to clean out the plaquie, and
insertion of a stent within the vessel to enable it to remain open, or may include multiple
bypasses of the clogged vessels. Bypass surgery involves the removal of a section of vein
from the patient’s lower leg, and its transplant into the appropr.iate cardiac blood vessels so
that blood flows throught the transplanted vein and thus bypasses the clogged vessels. A

major problem associated with bypass surgery is the patency of the vessels to be used in
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of tinme after bypass surgery, or after a period of

several years. Henodynam c forces have been inplicated
w@2008/06@por factor contributing to the fail ur ep@f/US1966/045715

bypass vessels. [0004] Henodynanic forces, which are

forces generated by irregular flow, and in particular,

by the (sonetines irregular) flow of blood, are known

to have nunerous influences on bl ood vessels,
e et U R BN e
of time tfe kypesishiigeryevanfibea péridal dosdvete]smfs sfﬁémodiyﬂamxaﬁﬁces have

at hol o t he vascul ar cel.l's |ini.n bl ood
beef GuB R A M AT PSR FAES P VRRE vessl,
sereen4y and HeatuBIcSfoddes,t WRicRfard R cd¥BleBérated by irregular flow,
henmodynam c forces to which they are exposed. These
andfla prteulasd e (REerimes dspenlar} dew of blggdy gre kgRivaroihave memerous

Lnﬂﬁédébsd oh!b1654 QR&Ls f lecﬁﬁlr%e bubide 1hitsdi z%@f%ct@‘rd:ﬁ""blo%ﬁdvessel cell
hoop stress, which is driven by the circunferenti al

strusturgy prtioloy, Yurstiopy sads developmengedn theaspecifineasmplerafdlood vessel
stru@filr® axgt# EMORE-& t@xleqrgg:ul/agﬁ:%ﬁ; hr?m% an %ﬁc}ﬁﬂ@%k ﬁﬂ(c!cﬁhelm célﬁ (ECs),

circunt erent strain is assoti ate
are grepomnsrtsemorsodndt ansdiicess pictver oferhy majbt hé¢mhodynanih fmvgeso which
' >5S€ I
el b DAL U LRAGRSSLI hly SARODSIE g o e i
fncnexﬁdl ebtrcteo per fumitt bé seife@ubah] and almbpt bteess,n erHictalis dnven by the

of bl ©OW caus fference
cir G ea T ed GRNe (PR BT Al Cars i ess i the blood
vessSPﬁlomgxtmcﬁﬁaI&kgnwhilcamulnyfextehmiwgdanuis atsbelaret meath eHel deformation of
such

d.i s nost negative i.n ease prope | ocations,
the 305wl G Pngr B Bt BBt g BT EeRoHs S fopteillation
or @&aﬁ&?xrﬁﬁ%&ﬂz}rq)r&sﬂ‘éﬁ Wb&ﬂ@txﬁﬁf Eﬂﬁté ¥1raﬂitﬁﬁi a3 tlhle inertial effects
nam c forces have been shown amat i ca
of Blpga vt neIErte SHPenFTet FoT en#aswifo{ Sha7 ibedreen CS and
wshi ghgr sk %ﬁessglgﬁﬁéar{tiyoéﬂrgl%ﬂout ShAQE A dnWiif A negative in
at heroprotective gene’ expression profile, and a | ow

disegseeprions decatigny, sethyes WpAuierswellssefcd hloed vabsehbidigrcation such as the
carcﬁtch €9 eaﬂﬁcthgeg@ogﬁi'?r ﬁ%ecﬂegn P0fdd b/rﬁ:)mm[ Q0% hfv@sb&éﬁnshown to

nfl uence vasoactivity and cause vessels to contrac

dramatl@lllb'aatlfer degrtheliah geld fundiientdndophdniotype (& he dighst nsle@s stress [low

SPP@QQ asf%ggtt%aj&ﬁtlhgaﬁla&ﬁ&%% (?clgéé:grltecg?ng %}fp?%xonir}gﬁfe A 8w MGr stress

[largee‘ig}U‘L]as aasmla@wghtah@thmngennmoe bmssfoacnroﬁb) whi ch

|nf ce an r_are,dependen n the henpdynam ¢
bgﬁ i ust %joC%ea? 1 uen e vas?ﬁc 1\\,% ﬁd Icause v t\jf r:o contract or dilate

depeﬁtflhgj enchd blmpdrfmm(ihmmmss) aill pedgsoits (@bting sneeich ok YG8sand thus

may al so direct d.ndirectly influence
are 1Rk SRR “HE (o EHHR i SlogHc BEeipsbylaugn among the many
impdirsat) ﬁﬁ&ﬂs ahakeanflhiare ayndidd fe fd@ﬁeﬁfd‘&nthaﬂ ¢hd B odOWIcst BCs are
dramatic b al ter,endotheli al ction andnggenoty pe.

]ustrgéxre TEpe phge Wlf‘ﬂé 1scc8fe8 ¥ influenced. l‘i>ye emedynapucsJdpmercus other cell
typéh iSAgIeo Pik QFP o@ﬁﬁcﬁfe’cﬁﬁ influchf K5 KeihddnbRitsANA nitaNhidal forces.
most extreme SPA int
[0006] As discussed above, hemodynamic forces have been shown to
dramatically alter endothelial function and phenotype. For example, the coronary arteries
are the most disease prone arteries in the circulation and have the most extreme SPA in the

circulatory system, typically having a large, negative value, yet do not have a particularly
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circulatory system typically having a | arge, negative

val ue, yet do not have a particul arlylow shear stress
wore@sioeasele, t hus suggesting that conpl ex henpdpCEHDBM06/045715

factors that include the SPA are inportant in

cardi ovascul ar function and pat hol ogy. Accordi ngly,

there is a great need to study vascular biology in a

conpl ete, integrated, and controll ed henmodynam c
1owerau¢arrosafeeg1tma sRIed T Yo bRl LIRSS, HEWAYSTmic!

f det ai | ed knowl ed guéé35 gﬁe Si rrun&?aneous y onbi BCté)rs that
includf |the B 8F ROV \szaqdmg:ubatfpeam aid wascham @scordmgly,
thef) wh&gl eaét dyevRANSEL e

e eggﬂ% to%tu I@Er 5 S%gcxlla?o%ggi | y’ g].eéet I?n:}e rateg anci cé’ntrolled

am @g@@omemh @réfacblyi dudtdiefehdots dﬂoﬁfb\telﬂ,e Ito \%8: detailed
o on ECs separa Jhe no common WSS
k““é’%@ o & e Ui GEPBLRE B imilidRed SCers vorgthapasierns of WSS

andf G$ oambxlokqucal ghmase bdsirde bedrofechiitodiballgfbdsible on the
a 1 el fl.ow chanber, or_a
ot 12 11l ol 2ty et Jéf?ibfb&?‘“‘% seism b fRspsedspreshe individual

effe‘&fs (o] &&héﬂ WSS or ¥lRdif loni BCORbIraRBE THRITRELY B8 fonCRRY | 'sﬂtegﬂs use a 2-
di In.su ﬁ %stenl t he WBS nust usual |y remai n steady
imgiopt) e ot Ticbss i STamAlacs #leps glides farithe EQ ewkrureind the wall
of Spdralldd pite HbwahahbES b8 alcdnBLSd- Q% thfiber Y stn!?ﬁ[ e wall shear

cycllc st.rai ni ng deV|ces can onI ner at e stralnab
stregg $lepe AThigh sanls camhemedmpmiasendiiomr Emeichwi Slvktomt the WSS must

fbPVem ARG ¥Pi G Sflo0L N
usuof}psﬁt ens a}fe %Jv?qg%g}tyes i sgnm%k@ﬁﬁa%efﬂ der rid Stya'uf Rr stretch
effeghsi whstt broprmétad- s Frorhen etyallq mapmgoctqyicet earh @rrbdgmrﬁte strain by

[ S n

e O LT B9, iy oty e 2
dlrrgphp@sg nboﬁ@gss@&l}’&dﬂl%tdﬁolﬁﬁbuﬂyahmnﬁﬂ (1) dlhﬂ:ﬁdhhtﬁ&%ﬂyﬁhwh they

t tubes could only achi eve phase
can Sl AR SR SR bR T BRReRY Ay, i oh' | <
[ na[d&(lﬂ] ate f (Tfo aﬁidf&i dhkinged o0 DRGlEY el Rildabk stralfand shear stress,
or 250 I he nnst di sease prone vessels
a squﬁmf Ha %F?a(t,‘:tﬂ ‘g{tg(}fﬁ %ﬁ\s gll-&%ev&:, sttaglators using these tubes

couldd 6rilyi laalkit @ plabCinghS (STEL) chha%Ba{ 96 'dEgrUJ:saIf' a99’ Wﬁ@ﬁ Ql inQdequate for
renal , organ hepodynam cs, or head and brain

SimplaHRG GRSt sS e ~a - 180ver 25 dreeccelo i o disease prone vessels
in DBYSFAMRBC o MothéORERINs YhiKeh c:P&Q%lcgle%cth' RE pYAPNEr N circulation,
uni form cycl ic CS and pul satile WSS
carofidy r ¢gh ST ARskam ey Mg 2t head 204 brain he@ln‘élfmcsr, amgemeh few. A
morspcsnipc-iet% tlﬂhly!uoﬁgﬁqa%dtroingggtg*]vh§#g§r{>@1@%4 alrﬁexra a’1§orm cychc CS
research devel opnent cuse
and gpdsapilen\V S ip A St disersienst] epnligrrasine avess F@ssletaenmgg/ nfasam is still
needddl Ce characteristics, even though, based on physics,
mat hemati cs, and experinentation, there are clearly a
mull909Lde of Sebsranisilopll passeshahendweydopieniiids Hocmey only on
m c_fqgrces sent, in vivo, such
o RS TR A “r RSt BB Bt pigceerisics,
everhitheugh, based on physxcs, mathemaucs, and experimentation, there are clearly a

multitude of dimensions associated with the with many simultaneous hemodynamic
forces present in vivo, such as pressure and strain. Physiologic environments are highly
dynamic and nonlinear, the cardiovascular system is certainly no exception. There is a

need to preserve 3-dimensional vascular geometry while simultaneously and independently
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dynam c and nonlinear, the cardi ovascul ar systemis

certainly no exception. There is a need to preserve
w@2@BM0ei323 onal vascul ar geonetry whil e sinmul t aPE€DUS1096/045715

and i ndependent ! ycontrolling henodynam c forces such

as, for exanple, pressure, flow, and stretch, as well

as many ot her paraneters and forces) in a cell and

tissue culture environnent in order to nore fully and

PR 16h Bl Bfnahnic RERRLIHLATS d WY dynam c
O envi ronment’s. BRI EF DE%H(J:I%I’ IEDC%I éé%lmgle’ $$%A%Wd[%ﬁ?} as well
as opHy etheepitematen #id fsecedoinor ¢eleandi tissutetidiure whtifonment in order to
|l qwi drawi ngs i;n which |ike
mol 2P El ERE o kBl LB IR o P et Rruperrare
[ OBRIEFFDRESGRIPATON OE TREERRAWINGS of a system for
reqkﬁﬂﬁing a&ﬁﬁgnggnanic.ﬁq%bronnggl_in accor.dance
wi thoan enbodielt =Bt ke iy Brcribed ip olsts) withyueferenes to the
followirg dsehing@in which&ile Offe@nécaathatgls keftPlo MSSINhIMRS, R rein:
syﬁ@ﬁgbshowng_n Figure | A, [0013] Figures 2A-2E are
sc ic vi SWMDf 8yt anichemptic gdeeaet mg spstem for recreating a
henttRlfRAM RNV T o R iM¢AT ARSI arich wAGCH! GRS Em LaBnts
of the i nveﬁt I on; %00146]‘ CFi gures 3A- BIB\Q%ttr%tgc g’gng{{(?rpd
vi dOR12) systigvse £B s ¢ ehemats wigwaokhe nseryparfor use with the system
shoaﬁqﬁ@qﬁ@@pA.in accordance with enbodi nents of the
i nvent on; [0015] Fi gures 4A-4D are schematic views of
a dMsber whifigwrermyARE apsphibedhavict ieamyofobystdnes €ors r@B@ting a
herSRAYW i ' 2 A 3A- 30 1.0016] - Fi gures. 5A-5C
em P ApleRn DGR, & e AU il ibodhipes oL is e inpt n
any0l#] t he s¥euesys3AHBDMard RcHenguicegieRA- &Esﬁfwnﬁforﬁgacreating a

. Fi A- 6E il lustrate exenplary chanber(s)s
he“%ﬁ@@é‘ﬁé@?ﬁéﬁ‘f%@ Y THr LT PP ETPFERS AhS B R8P ed
wi {001§hy of Flgaresym-&ﬁ’saxﬁhmh&lnfﬂib Eie@iﬂ@ﬁa?eﬁagxgexla%ich may be
3A- 30 [00 Figures 7A-7D i trate an_exenplary
app%u"ﬁ‘t%i’ ﬁléy Sf;é{eéﬁﬁtgﬁ?f gl’?wr?av ‘é“fsia%?*‘.zé& i Rhy of the
Sy $a0a6F S hoWRiguFes BIAGST @fusebve2Fediinén gl'ﬁrp%pwhﬁc@xq;x%] be applied with
strate a coupling system which rra%?

Fi 8A-8E i ||
oy 8%%&%%?’@8SWY‘I?1‘ %58 2878 BHeRs shown in Fi gures

2AjEE7RpNd  3AFBres [ HR2B] ilfalgite eé:e%h%g @{aﬁ]bfel(g)wﬂ ts?ecimen(s)
il f%tratl g .operation_of the syste shown 1'n Fi gures
mougiedtaeraiy whichsmay bs applimbwith phy e abe $6rentOHommeingrigyks 2A-2E
and ®A-3py;essure, dianeter and flow rate conditions

generated by the s}yst ens shown in Figures 2A-2E and
3AL0933] Figures 7A-7D illustrate an exemplary mounting system which may

be applied with any of the systems shown in Figures 2A-2E and 3A-3D;

[0019] Figures 8A-8E illustrate a coupling system which may be applied
with any of the systems shown in Figures 2A-2E and 3A-3D;

[0020] Figures 9A-9C are flowcharts illustrating operation of the systems
shown in Figures 2A-2E and 3A-3D; and

[0021] Figures 10A-10H are graphs of pressure, diameter and flow rate
conditions generated by the systems shown in Figures 2A-2E and 3A-3D.

[0022] Figure 11 shows a side view of a specimen in accordance with an

embodiment of the invention;
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[0022] Figure 11 shows a side view of a specinen in

accordance with an enbodi nent of the invention;[0023]
wWo2@anes522 shows exanpl es of cross-sections of PETYD81086/045715

structures according to various enbodi nents of the

i nvention; [0024] Figure 13A shows several exanples

for the neasurenent of the paranmeter D(t); [0025]

Figure 13B is a schematic cross sectional view of an

exampps of a [ t tur.e: 02 ‘

Fi algpeﬂm. shop\}kéwéxrain'pg?{(gvgs %’@’?’Lﬂ% Iogrc;%tg %é&% il [é)g ;tuF%)l@’éfﬁruc““res
accpdig @ vesioyhemboditlentssif she lagérmios; i n an exenpl ary

tu st rugt; er .G conditions,can be

| | g@g%{]t o gl ?Séf’gd%%ﬁ%‘g% SRk GAEPIesfOf 1hg mempprgent of the
parampigt Dgnid t he out put, respectively; [0028] Figure 16

sh n alternati bl ock di agram of .a system
ac gl\gg%lsjng t o anot hlérE R PoSar Rt <i5Ps f%@"i“’jv‘@ﬁ‘f’i‘{frﬁn example of a
mu[tBRP&|tubilgrstestdréA and 17B show exanpl es of vari ous

for r typ of nam c conditions; [0030] Figure 18

sho@%gxanpl S8 1%%%"?9‘%‘3’8?{;69%3’%@“ ¢@Refurdsons t hat

carfobzz]si nul Fgde a6 GREWE RildSle YL RUS |

the, i nventi o.;.@figosl] Fi gur eﬂigégsi,hows aar%{agﬁgiﬁg%l?%nﬁtmcmre
whege dynamif fendidensaeadiedlinpdiie glnbal mysdintrependifionsheeasured at the

inp{nny@{ﬂeq;nu;tp‘[tpgzg&]cﬁgggyre 20 shows a a bl ock di agram of
a translator according to an enbodi ment of the

i n89A8lon; [ Gimsy 1§skewearpdtestrive biorkekiemminasfya system according

to aatm}%ggai%tsp{hgaﬁem%;ow [0034] Figure 22 shows an
exenpl ary pressure/flow ['oop subsystemin accordance

wi tIAV29 enmbodfigveest 17% anthd7B rrhewt éxamplds O 3Grioks Gorn@Sor types of

dvnané 4ad; . diagrans that show various stages of a
ynpI ur%ﬁll %t;%;ngT punps; [0036] Figure 24 shows a plurality
of [683] es duFiguge 0 ehawycéanples e elade of 'cly{uQQi%z:]onditi_ons that can

' s 25MA-25C exenpl ary. dynam ¢ conditions rel ating
be s?‘éiglg{euﬁ\?%wﬁ@é‘ g% "%”f‘°‘t§reé‘§’§)éf"éé/”éﬁ1g‘] ‘?‘F R¥EFBB38] Fi gure 26
shq0#31yx scheliure 18lishgwam Kbckatia@Mal Bl ardbnBeBy according to an

embodiment of the invention;

[0032] Figure 20 shows a a block diagram of a translator according to an
embodiment of the invention;

[0033] Figure 21 shows an exemplary physiological coronary flow;

[0034] Figure 22 shows an exemplary pressure/flow loop subsystem in

accordance with an embodiment of the invention;

[0035] Figures 23a-23d are diagrams that show various stages of a plurality
of pumps;

[0036] Figure 24 shows a plurality of states during one cycle of operation;

[0037] Figures 25A-25C exemplary dynamic conditions relating relative
phases of pressure and flow;

[0038] Figure 26 shows a schematic diagram of an exemplary pump;

[0039] Figure 27 shows a motor controller in accordance with an

embodiment of the invention;
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[0039] Figure 27 shows a motor controller in
accordance with an enbodi nent of the invention;[0040J
Wo2@aness28 shows a controller having a processPCT/US2006/045715
coupled to a punp controller in accordance with an
enbodi ment of the invention; [0041] Figure 29 shows an
exenpl ary flowchart to determ ne control signals
corresponding to dynam c conditions and/]E)rt |hnput
i nf tion gg [ nent o e
oot " BEEST 2 ¥ok8 S EIRIH T . BlodklS: ponpled to a pump
confyollex inmegredatrgritina embodimenodf the dyweatibe; vari abl e g(t)
[ r dancey: Wi n_enbodi nent af the i nyenti.on; .
Lod 85 Gur ittt 2o SRR R Re Db b Yeifeniae control ignals
coriegporgling e idpnirhive cofdichay amtésd dhp@s iﬁ)ﬁorﬁnﬁﬁ@@ according to an
l?"%f' noni of a da/r]am' c condition; [0044] Figure 32
oy cl)r\l/\lémvogftP%ﬁVS?\té Bf the th harmonic anplitude of a
dyrea condiFigues JonskAGOrARAESs W LNERIRAMLIRISGRL o (1) of a
the invention; [0045] Fi gure 33A and SSB.show‘
dynagys waishle(d) Ypadepedgnenvith an amdodimprnic pﬁdesnvmmnl;
di f nt physj ol.ogj e i ence respgctively;, . .
LoElTR gl erfCpLERtn SRR B 6GRall BHIRE| 1ptifhs in time of
charagyeeisticsfof dynahtmmmbftaidynsmfcaforr:ditimhysif IoI og|h calt f
ex i4gnce; 047].,Fi,qure 35A sho a flqwchart o
rreltiiﬁéo‘i(ﬁ f or C%Qe%l ?]n?’é BIRST STEGeE ot s e ’é‘ancof‘mBﬁdee of a
dynpaqid @mlititintih aacopdartc ewithadm it tedds ohtlfetiatention9 048]

Fi 35B | ists I of physi ol ogj cal . )
elxgg(ﬁasénces; F tgb‘ﬁedfg%i@ gﬁﬁ 3?%4‘%‘6 ’%Rf&segt?%é’ﬁ gxmmrme and amplitudes
for diffagma pbysidlogiyd erparientdsiregpuativel)] er and a

r e/ fl ow. subsyst.em t hat generate a flow | oop of )
19 I E‘?@ézﬁ;\ccor dr B¢ o'te i FEreo ot Helpmlishiaf orypes of dynamic

condlitidhOfor kiphysiekogR8l apdrid2eshow bl ock di agrams of _
sy? e wi th_pressure/flow | oop subsystens according
to é‘ﬁ‘gidi ment$uEt 3 hehqrnatievenrt ¢feoBathofifguereatiry; physiological

&AW fSY$ bR MBnWnlidh ans- acerding..t o enbodi ments of
E:xpt he | nven%)i on; Oa?%i}glzi guE%els 41A- %’IC show exenpl ary

el é¥¥Bbde coRmrEAE: I%S@mﬁsiam@les etpkysidlogica yrpariences;
€O W4b] ons, {;%g;—é e ang%ﬁsh%%lgng dgngnﬂsso sg/:[s)’t?mg 2 lJgrr\é?xecd)ntroller

exanpl es of nplary sensors comuAicativ
and{ ¢ preghredflow selsgbtem, thatagemirsteandflowec bdoge of dALRIC tac@dding to

embggfn‘f@ftgof the invention; '

[0050] Figures 38 and 39 show block diagrams of systems with
pressure/flow loop subsystems according to embodiments of the invention;

[0051) Figure 40 shows system with sensors according to embodiments of
the invention;

[0052] Figures 41A-41C show exemplary electrode configurations for
measuring dynamic conditions;

[0053] Figure 42A-42B and 43A-43B shows examples of exemplary sensors
communicatively coupled to transmit, receive, transmit and receive, detect and forward
data used as feedback;

[0054) Figs. 44A-44B show exemplary embodiments of a prove sensor

according to an embodiment of the invention.
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data used as feedback; [0054] Figs. 44A-44B show

exenpl ary enbodi nents of a prove sensor according to
wa@poositses mrent of the invention.[0055] Fi gur esPdBBS2086045715

and 46 show exenpl ary tubul ar structures in accordance

wi th enbodi nents of the invention; [0056] Figures

47A- 47G show exenpl ary tubular structures illustrating

exenpl ary second order dynam c condi tions in

acc nce w fEpnt e |nven ion

Fi g@?e 48 sh%%rgm?%mhar ? d % 3 Procest art' tugt“gr Figictures in
accs@emmhdmlbodﬁwmmafthmnﬂbhmms to a sel ect ed target

acc ng to of the invention; [0058] . )

i GOPBS CndBRes R OB Sl oo heereh traing
exelyipbirp giecorih drdee tyiia i gohditioiR i fab@r8and6 GRitIl digbddimats of the
. _embodi nent of the invention; and [0059] Figure 50
IVEHRE NO | evel s for cells experiencing different

dynaosm COnd'Fxé&%ﬂ%lﬁg&lQ%Maﬂrbfea%ggés%f‘&na%hxﬁg second order

system according to the invention
Y%é‘sm 1t top SgF!E FERFED2 ENBting MENTSnDBDBO]T diphe invention;
ref ce in s X £ GIPQ
" an[@g?ﬁoodl menftléu"r 42512(#{3; éeﬁg%'r 7 fh%ﬁ R S$en‘oo%‘lﬂg{gntg biglogic and
nonghiglogiosbmnaterialy accoadlpam arc cmlaodlheat qfnép irstentiotyumd, or

t bed
ot en: i SRS S0 GhaR NG ISRRISE R b Bhichaticferspe dynamic
condiy@nis pyedhvicedby ad baebathmt ahcgsteai acsuetingdorths ésvention.

DN PRSCSERION ot PREFERIRR RO ENENTSon

Fur[ﬂmiﬂ] V\/nen\xﬁr pdétdneduhﬁr tieapedificatioh! tC t“dhe, elbodiment,” “an
b har act.er.i st i g scri hed |ﬁ%§onnegtion wi th any .
G r’renf’xan?pﬁe i é’gﬁﬁ?’ttt e SR AAITERES] et tTHEARSt Higt a particular
featptér \stgisti0€, Onehsdstdetiat desctiBed 3k t conBe®fohn€GlithS Wed) embodiment is
ure, structu racterjstic in connection
‘nd\‘ltﬁ(i‘t“‘{t’noattﬂéﬁﬂ BPFe%m%?d‘F‘ﬁ%t drYREfHOS: {"@&H’P]” apces of such phrases in
BRSBHEYNAR e pedltAlohARe SYSHRMdrly 38 GOEARRGSE M Lhhe cmbodi
Vanerrggdl ment s %f the i nvention as rrbodl eg&anéﬂ%roaﬁfm ediment.
FurthegoPhiad RMEIIAT fopatce SHBEUIAIOF ehtragierisch dgscc’é)bd in connection
with by EAbb&RRt, B Q's%gteQQhatr iER&&LGH tﬁ@ rvﬁ:@J I)ti ﬁgrﬂz S Min the are
in vascul ar research are overcone
to qfiept Bitlicierryrd otcwon, mal cfamttemsseaseqnmyen omxgmher ones of the
embddhesin a controlled environnent. A precise and
coonete physi ol ogi ¢ environnment is achi eved via
cordf@&l] of sa& htemdydlymammut?@ndlsysttfmn 3¢d:0h:1a&8¢ whthrembodiments
ress
of B8 TBuGichl SR CHABodtd Pl TGadk T HERFbu, e popames curren:
techn8R gamtlliGBatidis in bxemadnhale*eﬁdrch and, particularly, in vascular research are

overcome by physically reproducing both normal and diseased physiologic states in a
controlled environment. A precise and complete physiologic environment is achieved via
control of salient dynamic conditions such as, for example, pressure, flow, and diameter,
that consequently control the predominant dynamic forces, WSS and CS. This is achieved
through independent control of these dynamic conditions, thus allowing for independent
control over a variety of dynamic parameters and forces such as the magnitude and phase
of the pulsatile WSS and CS at a wide range of SPA. The system provides for the

recreation of real dynamic patterns, complex and simple, while also meeting the stringent
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t hrough i ndependent control of these dynamc

conditions, thus allow ng for independent control over
w@ 28062y of dynami c paranmeters and forces surtI/ES20061@45715

magni t ude and phase of the pulsatile WSS and CS at a

wi de range of SPA. The system provides for the

recreation of real dynam c patterns, conplex and

sinple, while also neeting the stringentrequirenents
reqhiPémsitieths | : .0 i ume..chi.tical in.
RS, PSP PO IR SR BB E B apdime cuteure
SYSW§E¥t | y i ntegrates engi neering and bi ol ogi cal

pri@eedl €s by ' realistic, ti.nme varyin .
redhettleal erbioORRBNT R o ad: Slnsering s biplpgleal principles by
impfosing axaalptie, itk vanytnguasdidhizsl c@@irbfmehOoRh @t SR cBndSeh as, for

fonermal  and di seased cardi ovascul ar function to hel
exaxglglled giv%glascéuﬁ%ra%eﬁ uté)hprggladﬁﬁ Waat RO f5 d?seaseé) cardio&ascular

funsismtebilp puidetinyCatds sublehofiyureGBblap@iti dtiaf31S, stem cell therapy,
r.egemeration or engineering, genetic or pharmacol ogic.
CEUTNE TS PEATEALCOR BhErBReSMBpBFISHE jar Pharmegolasdr. The independent

confrel S tpuls@rile! e he puRatile Pebderel @F pzjo_ogfé F6h %@Eerﬁﬁm t8trol over
gvgr S, CS and pressure is a significant . .
WSBy ék%{ﬁr BASSHIRS & [§ignidicany brepkeh whighado&irtaseenFhmradoxical.

ThdtSs, cgsﬁéﬁliyg ﬁl'elséﬁre R EASH Fe étf‘.g:léci O o FerS QP ldgﬁl mic oscillatory or
. However, in a dynam c_ oscill&dtory or 'sihusol al
sinuspigal eAviEPRMentcrchsasi 5 preessierin ihis thtens flotvennd foresure can be
ind ' ntly. control.l ed |
B S T § el SRR e P sl o, i - Where
do wy dessribe the pdsthde floal cdmep@ess ichinpofitions? L onponent
corm%s"ti ons%? 61] Fiqure IA.is a.schematic view |
of ‘a SI)]/st em % 3%“ r‘[f gl%\r ol%luac f‘%’ge“g“ﬁe%‘ayﬂ%\rﬁ &yséer’?i‘/if‘f:’fwn'ﬁﬁfﬂducmg a
herrmdﬁl pam;icr v 2 tieathad,| Iyioljf’ap:&ﬁbﬂmg&,i £s&iegw;]iefviav ok QWlow loop of
00p._of suc system in accordance with one )
such & SISl 577 TR BAY PBROGEBE 6L e neian asduoadly deseribed
herdier Bi this $yBuei L, 51y 6f Rid hindf draviedi islihiatbda)d QEadyBHvAsystem 30
ghsS. Lhitiat ed %[a steady fl ow system 30 and_introduced
and jigrotuced g A fip looRnwhereiit Psies 4w 4 srewman ypisdP v wdividual or
muldiple sﬁl_%biin@ﬁl ny inthye ﬂ@iti@_ﬁ!’:d iPihe _s?&ﬁﬁéx{@ﬁ‘it ig ngXngﬁlting system 8Q.
posetgo‘gedlnt,hesemrren unit 10 by a nounting .
Thes‘y‘s%h FEEPle Resimeh it wefiPescd ke Hyiskandrienmedia sarsicdsbyobe dluid, as
wellt 3 16 kit rﬁﬂﬂé Qﬁvif@lﬂieﬂt Eécfdhk&ﬁb Mxetsgﬁ lfnl ! 'ﬁ‘le $e ixvr\{eelnl nft10 may
to the dynam c_environhent produce gy t he sfs? em 1.
be crprled gadipreiprabhy detarbatingotmed oo phestihw Zmvp i edcemplib yystem 300.
defgmapbl y Cﬁgg%xgxfc deQuidnd QY HRER:oRY Wf%*lhgr\il)v ‘H’Hﬁl slpggmen unit 10

s%/;t em 300. 62| Dynam c pressure and
mayclhginerayers and pirintainge by pawiessere/{lnivt cob@rolraystdae 200, which acts on

r : (At @i n by ressure/fl ow control .
the_ g&ﬁ?e?nLZ %ﬁg%ﬁ%@la?f‘es %goﬁv 't hgihgflu it Egvse"\%éﬁaﬂtgm}’h (8aERuously
recinchlated| Yuough dhedflowmylobe feu bstquitddahhyumost titidddigley, or based on

Jhecl -t hrough the. fl ow,loop fo required
oSSBT V5508 0 D b " s b
In odamtqndihddumgntp,laa’ pﬂ]ﬁétefmmhﬂ ahotaulofl flged/eiddia A8y fbeAWroduced into
the AW %ch: arltdr}xeelci i e s;?e(c):ghen unit 10 for a predetermined amount of time/cycles,
or other such controlling parameter, as the pressure/flow control system 200 generates the

required conditions in the specimen unit 10.
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In other enbodi nents, a predeterm ned anount of

fluid/ nmedia my be introduced into the flow | oop and
whedod/ 066523 he speci men unit 10 for a predeter m PEOUS2006/045715

amount of time/ cycles, or other such controlling

paranmeter, as the pressure/flow control system 200

generates the required conditions in the specinen unit

10.[0063] The action of the steady flow system 30 and

t hgopgxssur e/ n

e[a cﬁnt r ol s,ﬁegt%(atfr;?l BF e S%g%}ﬁﬂ%pq ystem ‘?ﬁg%e E rFssure/ﬂow

con|tré)é st da? aiawéteypeﬁotltd l?/)ﬁ? pwsolpwamoe r'Ehefdonmol system 70 may

V. hout various porti
alsoox%Eé@éeJ&ag;;c‘/ g{lgtr%{i o 89&&&3 &%ﬁ%jeté [f)r%yrgx%rtoqs SERSPsPOs {?&eﬁglﬁwghwt
varignp POIIOmStOIﬁehcssysmtiy 160, swlsgpsfoerex&ﬁplet e spe@ﬁaehl Raltf1opthe steady

| tem 2004 _and ot | g the fl
o R o e A BB GEREHL et £ a1 PEhes e Hone the flow

loopr bvcd'eﬁn fembodgtmm the asticfodkysodm 70§ r&yigtseigy Ji%z@ﬁlt%%‘ioﬁﬁol of the
ectl on

ari ety of sensing/de
SYS‘§§5‘sf€ Stedéﬁg‘\/ﬁf"xﬁe‘agt’ A ivrifty of Fisefste/ 119%9ct10r1rwstems (not shown
in (ﬂkdibfrﬂﬂighiﬂ&elﬁ odlai@kdve diBoRRRhOtheSHRk ke
oper atgbt he syst eem 100 in asiccor anl?glsgn% may simply

OPGW%\f}“gtfé’P‘ﬁmsﬂB? et #rghneenmit ageeremuémﬂptedoﬂsomhm based on

BRink Qdsitdd frheheS GREIMBMMPI1D e
%l ow | oop, Wit hoﬁ’tge Teodback. a%gégzzg{r%{l u@équ%w 13 withour

feedbaflerat i ¢ view of a reservoir 20 that may be

optipeyag! |y u Lmd he s I tem 30 sh
Fi qur e;]l A. E‘Fggllrreser\?%l rgﬁggbéné ‘ﬁo‘ivd ?I urd ror %th? am2y be
optigaally sediinchE steadn ﬂOWSMy3Qi$HOGWm mthgaret DAb'@he reservoir 20 ma

y

h d h f
holc{l zl'ﬁfcp fj&f‘cﬁf}f%}%}g dr%—cu%ulguoo Ne ex(xrz}%?] 3 1?% emﬁég &p 3)% Wtrfguceg into or

lals re Ur n
s1pl”p9|=d from thoy flaivl loop. tTHet fid, ub diuitdiadiaB rehiende e RCIaSvoir 20, a

si.pho f f not ecircul ted For thjis .
P °“gﬁ’%’pdésa2 , (ﬁftﬁe%l eds/gnre\%b 5 P% B° FRretisds p%fr“‘ffflt‘tnﬁﬂé’gfl Rt recirculated.
Forithfsl p)Wpa:&a tlan eesaxybir| 2DnmaP he FREfTiEOHE, in€ idfley 30PRANBGlow 20b
e di,v ed to hol di n k or, other such
porob B T A58 St g B e S el o
ﬂowgeeﬁv@iotsﬁ&vﬁyay further i nclude a sanpling port 21

[ anple ncom ng fluid before recircul ation
é‘?‘glsfdl ver hE Fetsveh 2OomeY IfTBthero irdusle 2 o#mpling port 21 which

sampléi ﬂicﬁgnﬁglﬂkld g&@r&%@édlﬁﬂ)ﬂpﬁfdyog dibeffh tb)eth@%r?ﬁ&d ptopnon 20b

comng fluid based on or exa
or aﬁ*&é&&gé t The S?jﬁPla%P‘efit §1§E|@h5%13dapfift§1r togglawp Inecommg fluid based
W&&H’Iﬂl@tﬁsoﬂxegsfurémgltaof% {tgﬁtsﬁch %9%@%%}%})&, concentration of

| evel s, C|rculat|ont|rre/cyc and t’he |
medtﬁ RIP SNt [Keniapdraviondeysly Cirodadgmtiofe/ Givles med ehy bke. Rikewise,

the {}ﬁtxrrp"%z%(ltﬁ?%# Oa agbal J3 h?}‘\élsglﬁqr Zﬁlzrﬁ%)g 1rgc||!]tlé¥ Yo 1%h8xt;v2;)eorg 22 to allow for
the ngradieteh Oﬁﬁﬂil‘nﬂ}al flnel adléosardiaras r&ﬁllﬂedﬂk&ﬂmﬁﬁ) iddhele sensors 23
hnkgcg 2%1 Iﬁ% yc%}é'fls&to? Qk%gmv% Wl}ll ogcgritpn%oc)%sllyymggm)} ?eveis a/uealnuéy of such
fluid/media as it is introduced into the flow loop.

[0066] The reservoir 20 may also include a port to atmosphere (not shown),
preferably with a sterile filter to preclude contamination from the atmosphere.
Additionally, other cell or tissue types may be positioned throughout the system, such as,

for example, near the reservoir 20 or a port thereof. For example, a chamber (not shown)
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fluid/media as it is introduced into the flow | oop.

[ 0066] The reservoir 20 nmay al so include a port to
w@rewsspdses e (not shown), preferably with a stePCT/852006/045715

filter to preclude contam nation fromthe atnosphere.

Addi tionally, other cell or tissue types may be

posi tioned throughout the system such as, for

exanpl e, near the reservoir 20 or a port thereof. For
conead Ih€patdec gga,;;‘g; . LNl epat ocyt es .
_ may. be F|g)osi){:ti onedbie %B?ﬁg&%&ﬁlg"\},ﬁfgg}%&}égﬁ gcgas?t gqﬁeexgésﬁgégﬂhe fluid
in thg loRelopps fscrdlhast et fiangoboyf thadymwehic casditionain thedkw loop, if

j ditirons jn the.flow | oo i f

e BRI YRR SRS PR ARG bnffide cfbera gL g guch o, for
exaplsy ilohg moethleolisusddtal data such as, for exanple, drug

met ismdata. [0067] Th 0si tioni.n

i nt[gé)éc?l(lnnect ?Iglr? %Sl?cﬁrgl‘% cﬁaﬁgoﬁ’é‘?{f%m%ﬁ“‘?‘%e"afga& gpgnponents of the
sysshoWshownFingHigerd AAI S M@l de@MFp! ial Yarh i, RAY Liﬁf%ndé?ﬁgmply to
.Huétntenﬁed Si n(]%lg toillustrate the presence of these
oD SR RIS qoh Hisse cPewgRett vad fhsist iedestivg fenomophavithin the
sysByiSt.eMhls, foRéSampR| alehAFR! Be s@hd)ABGNNRE: 56 SR fil %re 1is

Syst %30 shown In Figure 1 is positioned adjacent t
POSIORE} FYRGEnDEReAREFT¢ie 20 prd therpsessisiflewisonubl syeie?no2flowed in
the flol 16¥© By i 54 QW LA, ¥ e SOURLI

esyst eMer?S}(’)OTILOi.t i S vve_lcl Q%nég g?lgggbillrt}%{]vv ‘?L‘é‘g ST Ségoa‘yyﬁ’faf%\%s':eady

flowg Syt emn38 onamindluse) wdeuy senperentoppiiertshpaghbiotietystem 1 to

4E OuoBasbi e the capapilitie
Prorlequi r eﬁﬂg% &{%Eg%ltﬁeeg% 1?’1% %\t/\}elg’l asﬁ\sﬁtogvre}]s’ésge.m Li%k Zgﬁkg‘é’fse’ although the
presiprehiderg hontrel gysess200cik fhowmn siontly oh ayiagess s2@0ofi the SfHifen unit
10. §i; ' side ofs the specinmen ynit 10, i .
O & SRt AR L ALE e BT o Sorl Pl et Bl iictide various
conwgcrgmhpmmqmﬁé thnalgher \che is?stlsrfnclmlnmgelﬁmls tlﬁosécfdi&fiﬁﬂtsf of the

out t.he system.1l to fulfi the requirements o
pred e P s T S Ao i Feipling amaties oshe RO BagS Fomponents o
the gyspim @sintndidyeche @Bapling 1§ s@OMID) &l¥us Ak stREM WSEEM ol system 7 0,
d|Snecl u(gllﬂg L(?e co]ggl h% syst em 300, npunting system 86,

and SpSCPREY viEE & &Rt Pe Brferairdessingd i theriplloganadisqussign.

be{aoss] under Bigaad 2Ar Bm hendak | QN g SeusRsh

% 068] Figure ggA_ is a schem;ti c view of an %xgnn‘é)fséerl?/ 1000 for
reproguqing heHtedsrmic BRBERIcIans @ drcpnsdyemmith ews embediprens of the
invenfloAGERYHANRsMHD HeREH eRRRG ; i lLon;

. b gad y deggfef bed herein. Al t%géﬁ%ch%%%%gly%&ﬁrpnﬁnﬁgum 28
inclyggs 8 pRDSrH IFrishdommns pmendlesare far ¢ kinglsopedhen i thh system 1000
AR cRe 8NGAAS Uh bR g8 ' I onedsh ‘
mai%qsit B0ty e nar TR0 BRI B ackBnel . « pluralicy of
cham g,’lhgacé l']‘C§3|'~‘l§l‘|‘“5|~'=‘i siyglofpesipeni ien plukaljtysofphumbbristly eadh housing a

lurSIS R 86 S inkdn ' single specinen 12, a. .
P urp Ihgr al 1|Bt y pfsel?r’:] gﬁ%g#’?r?%y}zgcc ha‘ﬁ%ﬁg isig’gsoéln DRLHeHIE 2 Soglg specimen
12, apdesoimpeeheusing, a ghualitypdfuspadimeys 02, asheibltbler furfkiby de@fibed below in
' ars] ngl ecy 12, ,and so housi
°°“%eﬁ‘?%9‘?%hf%?‘p%p§%?§énié‘@“;f’ BT G e, R the system 1000
maydase i elimlividnal/multiple specimen 12 not surrounded by any type of

enclosure or chamber 11. Instead, an individual/ multiple specimen 12 may be aligned

directly with the flow loop.
[0069] In alternative embodiments, the chamber 11 may be jacketed 15, as

shown, for example, in Figure 4B, thereby enabling circulation of a cooled or heated fluid
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connection with Figures 6A-6C. Further, as shown in

Fi gures 6D 6E, the system 1000 may al so include an
w0 paBwease®ml / mul ti pl e speci men 12 not surroundePCHYSHENG 045715

type of enclosure or chanber 11. Instead, an

i ndi vidual /mul tiple specinen 12 may be aligned

directly with the flow |loop. [0069] In alternative

enbodi ments, the chanber 11 may be jacketed 15, as
thrediihe chethb&X AN dEspe I U

&tghcul ation of a cgoiugaeﬁog ﬁrggfbgé t(% Fﬂiﬁgﬁr%gqgm? %’gture required
by é‘%ﬁ%ﬁm&f& 18 mnds pe csyasipeerd ridln ddnderratwdynmhmtchamberhm may be

y [ e nen 12 and

i BRIt el 1630 Bl e IS R BB kO Te. farpmele in

Figpnerd, serdmiyn 1ra:1wvb:t iEfJOIthma]:IGCLaixla&bnq:mpi{ @prdsahewn, for example, in
n Figure 4C, or

as

Flg&%lmlf% cﬁdﬁi{%é glecdgsﬁac%tv%lgglﬁ &G U Fg’{flr‘tp %lﬁff@ﬁtspat h 17, as

shc{(mﬂO]for eXhaphBrent nldaogu{aga ?&emlyaqjh_l evie 4che temperature of
a desi ri%g' E;E%Sr at(?re co#t effects %0070] The system
PPIGTHRy 2 g 8rEF S F§PHsErdeuRuLfansbe epfsaied ph tepgratures ranging from
appapimatclymeoe g reeé dESfr%@&ieOe@tdpgﬁ&gﬁmtep}“tSOC Qe H& Cfentx rade, or

h gerated at tenperature rang| ng from apprOX| mat e 56

Whal ST SERPERRIG P B fgagarnarastialso degr ees

Cenpomn ade, erTNhGE%EM em:g,e e

fo? a E)artl cul ar tr| al . fZO tﬁ%%‘ﬁgf@}é@lgl %ﬁ%ﬁﬁ gmboalmems’
the gpegingrplymasobas substanially mhqlse tresel Forppliant svtrhecusmadmfnnatenals
suchlds, f@%xg}ﬁp@ s?l%‘?& a&)tlllagérl )STS.:EbHiJ a‘ﬁ)ﬂ% er suc ?ﬁﬂq'g})rlate materials,

StrUCturermeO lals
whigh iy Eestewithol varipen of REfEar f:¢1bp¢>1m,ds and/ cb)t JfEélB sighhus, for example,

end@u‘ﬁgﬁ:ﬁ QFIBsanr%teg%En%%uoﬁl :fllax\'rf]\h )ecgt?n rlcr:xéfrl '195%(2 uc\é\n ﬂtrrgxéateggrrfaslse v¥all a non-
rlgxcémh@t cogtrdit x’nglnrrathan: etllssa bloodtvestelcadcised fiBnmAa mammal, or other
used o simulate essel wall, a

b‘”"%@é‘?dﬂﬁ‘?% i3 e R ichrLe S be dBpB attached

therges skal othmcerﬁlﬁﬂ:lnfnﬁ:ﬁxm chelspedimbn 12 maBt ey pﬁh%ﬁff%t dcﬁlag vessel (ex
| ch cellsS Can

vive ratfe agxtgﬂ' ni n%, cells o gnt o]
zrsc‘)l\ﬁm Broat B4t RePRYY™ TARCHtHED %ﬁiﬁ"ﬁﬁ‘ftﬁ%m ghe h4ppodynamic
envxsqnﬁﬁeﬂfqnoél{:’ceﬂﬁw ’&% rsfeaf 100 Dikedibe2GhialhY ‘§1§e%ﬁ£ex( ?2( discussed

r exanpl e_artery or vein, ichis
heref‘b e“é‘t?gy %ft “é‘ae P disprssiRBnasARTA! ’\é/ whylap.ghfrepecimen 12 may also
havd.)irﬁﬁ'lplé‘g@ﬁr b&rntl he n%/r%ta%mr;lgg)ore bds KB &tua%?xg gﬁ:al condition or
eci men gl scussed heréin are, si or
envig R sTUGH 25, SRS EIRLS: a1 Bikpreatipny mpurve, mé}’spbwcrmsnui:ﬁ spgagent, or
char@e$S d?@éé@e@ﬁn'tB rEEelaLe 4 &Hﬂrkﬁow&e@%ﬁ%aa'i:ﬁla}/vessel Samples of

represent an act ual ﬁ)hy3| ol ogical’ condi tion
some pRACHRAINWhick hate st nffegul?e)fam ae s}aavim fruFigates 6A:-5Q

CUfdg82] PhYSI BhOGielinas A i SSHEN,, Ol Shan
cross_section t% repr o uce 5Ccons‘fafli°'é Frbtr’]ues’r%’ser?f for, example,

diffeggnt gell geges. V'E@g@may $areplleetherf theo wescsbe Cd:lhievnhxilﬁ vyl huttached or

La k shovvn n,Fi gures, 5A-5C
et 048 55 YTk EE A2k Y3REOR) B ORI o snd “uibperipatcn w fo
exan'gqjghnagunef oils,esahmak,efor example, leukocytes, monocytes, and the like, stem

cells, such as, for example, adult, embryonic, progenitor, and the like, cancer cells, red
blood cells, platlets, and other such cell types. Other organ cells such as, for example,
hepatocytes for liver toxicity assessment or adsorption distribution metabolism excretion

(ADME) examination, may also be incorporated into the system for activities such as, for
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different cell types. These may be cells other than
vascul ar cells which may be attached or integrated in
wo b@sspsed men 12, or which nay be non- att achedP@mtiS2006/045715
circulating, such as, for exanple, imune cells, such
as, for exanple, |eukocytes, nonocytes, and the I|iKke,
stemcells, such as, for exanple, adult, enbryonic,
progenitor, and the |ike, cancer cells, red bl ood
exafiPld, SestiRl ahdl 84r8eni r A
g? n ce%ls such ggguﬁﬁgseﬁgﬁggéﬁ 1%%%¥§§§¥%§&Pg§mponﬂnsnmy
be pddrgytor thej wiedip tasstmylstre diffepint axpoditipns,omcliidsty; ibou triooimited to,
chol® j |- O ' ' may ,al $0 be .
o SR Ab Bl Oftnle ST 18} Lot BB OBl b, ol
for V@Péwghﬂlaquemeéﬂdsm fardatser, eadbrigr pashposgonesisni | arl vy,

nu s di ffkerent co ts may_be added to th
' meg[i6 gﬂﬁo simil & eesyé}?ef’?ng?%bﬁfmogvdhﬂr FigBFFs?‘g’i ﬂ’&-“fﬁi‘fiﬁgl,wmswm 30
inclndés 4 Lene]tcrtrad 20 @n? ahakds ﬂehﬁvo;burﬁpgohy}aﬁﬁ& Wiheast ecls 213 lim(?juced into
[ OWM actqrs r,gr owt n evel ppnent , cal ci um f or
the 3%‘?%‘8 HBPE lgf‘éﬁ’u‘g"' %‘%&’f’i B, 03 ﬁg? EERECHA?, biaths ssteHEflogyppmp 30a

whiebijiciaR bsd nf2004i3] a kiibsdiRiaby $baM kO Qs SHANY, L5 &ikd H%% of fluid

2A, the steady flow system 30 includes a reservoir
frong the ées§’f"é>érd3° ¥ﬁ%ﬁ% Hrwy loom. Rrher dymenicd Pumpstas demponents which

may Bt LedleL thilifit Qnd hgaiSRBC RN, WRidy 4
2 f he resélrlvoilrr1 201b t he st eadéy flpvgw u%go %%Za%?%gﬁm' The

f 4 A - .
Steagﬁ iflrape@pAa shewntaifigira 24uisstismesidabdryegorist merryoir 20 and the
SHS ARt ikt ¥ datbersdL f 1] uj ram.t he,reservoir .
Spe 50 into t hg ; |POW 1| 06%].5 ré?%"éx?)n% )‘}%g}égfg %ﬁﬁ%tso t(lilrc specimen unit 10.
Howeyssorierttesdyilozhpumyp e rumeese be idispbsedta calet praitivingivithin the

svstSC stERY ifel sQ.h8 appropriate, The, stea
Y ql\%og’u%% SOat%ﬁg%E?%ongéogn Er ggﬁx&?{? %I S (E,)esté' d SE?S?\'A@SW%O‘D the
reservpdr & gewelday the Plaedetthe shecompontit bf dHe,syatmal000.

pPoShd+449Nn upstteam.from an ingress 10a jnto the ..
R T AR T —
withiayhasmoinze Wiis pobe thapreat g floPQSintiodsGteth 2OY. Nnt i€ system 1000

Sho‘%xs}nerg.looo Aba ed on the type of conponents) used to i
G8ndt At Fhéf s BE P EleMo FrRHe!l rsEgERy4PP Mmay imslude a first

preswie/fl@s coieoldogasiinbd abstlhess ¢e fm%}&% N6 iMb thdecimen unit 10
dsyst em 1000. /50074] The desired test environnent ma{
and S RATTEPEE R vt aP pestigrechrlemesieeampeicinensessriPb from the

specifeDMnit . QhesStiatié LRABoGREUNED Ithegﬁieﬁmlé)&oma} ?158 Rclude a third
g%;%ffm 1000 showg, Ln Figure 2A, the pressure/tlow '
pres Fr ceyelet whishrrugrhrmenserls an fnteeel pressmsinmd/ok Gaw within
the GP&limeh ddle PRSI Jndehed U Q%f&?%r@i uld'® TR9 rffﬁ? d3d b8 third
t effpem men unit 10 and a secon(i pressurel i ow
Prespppd iy comrels 4P $Q et 6@ svarshe exanbioéd annergsseysdirdiy dpepmion of
the $y9@uS 00! d8EndiR b khicH LAkt | phadi nent s, the -
syf/}?t em 100 rrlmyé al so | n% u ecﬁ%'lt t;oyb% rg %’g‘slﬁerd ef ftﬁ%wmmm unit
10 asgnwhish Bwpestics faré wetlee mandnoreddbsdad durtrgr nglarpieubastitad  For
8/ B hilr@Wredd L) imen unit 10, and/or an .
exangf(lt ernal pp(reéggsktr?}g% “%Eoglt?(lﬁ?@ %% 3%tofﬁedrcgﬁlde 1 jogoe situations, such
as, fpr exasople/ Whewacprtimeh s1248 , alighedaddedly whit the A iddpedvithour a
chan@l?ernﬁc&§§o%’nﬁindgutrhle nsgec?gi%xru,agsl s %waf in Figures 6D-6E, or when there is a
chamber 11 in use but all the required trial conditions can be reproduced with, for
example, just the first and second pressure/flow controls 40, 50, as shown in the

embodiment of the system 2000 shown in Figure 2B. Preferably, the pressure/flow
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t he system 1000, dependi ng on which conditions are to
be reproduced in the specinen unit 10 and which
WEe@poedsees are to be nonitored/ studi ed duri ngPEI/US2006/045715
particular trial. For exanple, the third pressure/flow
control 60 may not be required in sone situations,
such as, for exanple, when a specinen 12 is aligned
directly with the flow | oop, w thout a chanmber 11
con&¥l sQ4agi t egi , L Flgures, 60 6E,
or when tﬁﬁebr é@%&g é{é:ha er q%iégg&%gg SOF QPO h‘@ and a second
Pfesﬁwéﬂ?‘éaoﬁvpbﬂo-conditi ons can be reproduced with, for

ex , jus - fipst and cend . pressure/ fl ow )
oo e Rt L A SR O e Aot Sbifthe specimen
units ¥@ taady Q0 Oifose horperidnged-ibyutle SBcinkimefierighlfy ma?'hﬁe controlled and
i ncl udes at | east a

[&8 %re/flo ontrol_.s temZO? t
morf|JFe b AL liL RS Bk iofo 8B At 7Dapennclude @ processor (nor
shoyn a6 skdtadl) fthaoh Gubstah@llpEont{RGAsT] 1fRRahkd inﬁ%eréH P8R nirored
Clthe flow |.oop, . incl !qg‘l ng Wthin the specinen unit 10
and da3 g begrthercdeirprert Maeretnepdnd prefesphly prpbrralioy gftsemsiofs provided at
IOy pbsriGaNtiald it AGH 1885 1l r
Varl70. l,jThl, onttr ol syst emj‘g na)%/?%n%(lfgg%g%r%gg?gaﬁ %?qﬁg?]em of
Sensefie lth %i teaEer) 720k ipspvideshrozimital 4nd preferdbhyiwutblity, the specimen
it 10BN SeHsbS 7PAN ' 3 eBydel BE;
unltgat her éd fr or?? gtﬁgﬁg%%’gé‘ﬂ&fqgﬁgﬁeg{“g e‘?lggﬁg%gg%ﬁeﬂrtg H8yess 10a
to thy spseimsa i anddbd fiat pressere(fowp centrolotls and b binsod Féeis provided
[ an . exenpl | acenment of ,
donhlie 8P SR i IR B0 EXETBLTBN o \F SR i 10
the gpehdpressereBby agntdl $0. t he specinen unit 10, a sensor
74 rovid upstr.eam of the specimen unjit 10, )
be{d\/@gﬁ t he ?ﬁ% leéréﬂtfog} £8P He P ¥l oA WREY ?8 fupggions. For
examphle, dhiersetsop72ssayr ked & kawoe @hidhomoftlorsanebndittNsOthe &Pediden 12,
such?Y: o{yi ded wnst ream of the ﬁgeci nmen utgi 10, between
. })ta}gl,e of é%c%gg e Y2 mﬁ?éers%@&'t e onivvallthickaess of thespegimgn 12, or
a coudisiliof/ the 0fwidaAEdiolsubBundidd ML sHREnRhuiAl hikl Lf for example,
sSensors gag/ serve %ﬁ/ar) e%é of functions. For exanple,
con RN HFOMBRTHEY Hlud aitlibor afiifnsionaf flarldmadia (water flux) or
of s6REddi {ileoMuotestdi® 18RS THIL b2, dSHGH, t@%xi'nggﬁént@%%?ﬁﬁlteﬁféui@/media)

si.ze/ di aneter, ar owh rate or wall” kness
throughyan pter 1211 of thespeeimentl2oPwer fusetionsfod A se dpsitioned sensor may

Iso BHIApPHPHALD iEewiRE ChdBhsdR: ho@$ bef | e :
asoconggnt ration. of components %?Lyf%l ﬁ?%/bﬁbgéra?%%lﬁea Sensors which

measyrq f REgseire opdfarfian mselpna corespondingppsicion o6 tisoflowdsop. Other
{ bf SensddsURLAS I rdextran, c onept s

PO the Tl R e gfﬁ?ﬁégﬁg‘ﬁ%ﬁ@%}} gpPisipten DYt gollected by the

pluradjyis dif rrepsore magt e psefl U theoomtf @ rsysreso7pas lajuginggkration/ control

a r iate, Likew se, the sensQrs
paraBERROor THY EAEP A0S SRBRORL AL ew kb kS Sinctal Gufir 20, and the

sens

like. pprergnganeenaof any nfinbvr aral wpaiof sensarsresPlNeirRg 20 @SHrbpAkte based
ensoys and/or, se

' fl ow | oop. her es of nsor
on tﬁpﬁrké’g‘g’?r’é ﬁ‘i‘l“%?ﬁ’ye‘é‘i% &8‘9 e 5&%‘%@1}% pegls dictsge b’é%P}"é‘é@éﬂ”B‘i

t hi@077] Numerous types of sensors and actuators may be used to gather the
data required by the control unit 70. For example, wireless nanotechnology,
microelectromechanical systems (MEMS), or electrochemical based systems may be

integrated at various points within the system 1000 to detect and transmit data such as, for

example, real time metabolite and proteins present, % absorption and absorption rates,
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plurality of sensors may be used by the control system
70 to adjust operation/control paraneters for the
wWGe e@adyestd ow system 30, the fl ow pressure contP@I/US2006/045715
system 200, and the |ike. Arrangenent of any nunber
and type of sensors may be varied as appropriate based
on the control requirenents and data gathering needs
dictated by a particular trial. [0077] Numerous types
reQfireS 86%0 t at her the
P dat a {r;e_qﬁli%r ggggs& (%hﬁlggr%%%te gg?fhgﬁ# é%.tecg%‘?lo@g}ﬁﬂ als0 be used as
vehiglerte|deliverrcfivid. ecshn o obgmicats, sndedsecdmugiechspeiifially targeted area of

. el egtrochem.cal based stens may )
the BYCEERELS Y Mahom S Tk Hae e B 0 bt Sy s B esaciogs
froth @ splestificiremoithe spechtn 12atraquibch Wlrasdutd ©NBII S mieBd used to

oﬁii ey et abolcj.t e and/ecgéfgﬁt‘ei ns present, 9% absorption and
MOESor Pt iF oS At Rt U I3tgsy GFOVERFatshad theclike. Strain gauges
mayD BE A8R] &5 &onﬂélrspr&%@@/ pfesshﬁ':cﬂﬁ&b%sr@}‘o hef Pf?e H§fqoop. The
as a vehicle to deliver a fluid, cells, or chem cal s,

nUMELAYS SRRSO fAngdgactyaions easebs plased 1y numerevelpcations Yirotghout the
syst:@rﬁeﬂjOU,E[hci\%i’i.néI BotH &S Bldrall TPAER 50N, %Bﬁcéhpe% ShiiHow loop
. or.to take other types of readings froma spemFlc

(inclyding che Clﬁ%’éb%'débi men 12 as required. U trasound

t e¢dyrgl ogy : Lt L ow r.at.e .
1008100 TEARRSOSiA IO Lo BT RLEY, prgps s ive
to, |lasrie, degicrigh nsypaarye santhyortiealu sledtction ngysiehsr such as, for example,
f r fl uctuations,throughout the flaw
oo SESSH RLRLERSHEE &SR0 R SUAROL By L g v
meapyre gelhrendies liyee attegy drhrheugbodtien ihearsl/st eshdflP@lectrical stimuli
i ncl udi n th the,overall. systemf]|ow |l.ogp.and th .
o e S By BB FREFST R BHE RS RIed Shpoiy b poecimen
12 tvhsoualppidgisi Atk 28,0f08icREmplS b MmeBMingSitded cRiMurdt&l layer
. not limted to, Iaigé det ect.i op systens, and optj cal
mte%fété'_e%rt F’b}f‘fm§§/§f %‘Wg"_ friogsor the liks o fsrous forkgs ptrabasy. stypes and
reladittThBRNIBAIAE Sof Qisdls GhP GRBESe apPRPFiaRY Hep R § Whdggl éagticular
%ncl ude probes to nmeasure cell and/or layer integrit
congjfiortie Rperranuned: and ghrprepunt ond sppe ofatasernetesab bsanitored and
the d@a {16 gRIRGEdEN 12. For exanple, electrical stinuli

rra{(&be applied directly to the specinen 12 at various

| ot®Pbns suchhafrstssseonskandpthard presmraiflomt targrgdoi®it50 60 may
keTBAFUOEME ERbr LAKRe, | | bV LM

e ndti on of rt%exﬁ{?éggl%gﬂ %%Igg%rteher’qﬁﬁﬁﬁsgra%&etc?/rb%greésﬁad flow
contrels 4P §@ mpryshe:ifoniemample, penporenmemyedaiosthe fbow loop upstream and
dowdRPLAPLE ale ;g 0N t.he particul ar. conditi to
°"Pbe Te pég U ngg.?kﬁgﬁgﬂﬁ go’aarl?rlgutﬁ? tglﬁ% Bt f/sﬁ%reégovﬁﬁf"é%f ébfgmy be an
exterrng! [peessrond flaw edneoll syhen dahaedral be thatshatineh ynd07®ko exert an

LISt econd and.third pressure/flow controls 40
extelfpishfold om PP e P coRbPY & e d o & Bighambr 11, such
as, I egumple2 the radhie! fiow of flaicdtheRghRbe piRs Siblé'tﬁ&llfﬁzl'e@Wap@ﬂIs r(ﬁl;u%mural
. I
flow?algxg Vtvrsa]%(s)%n%}suogg{)? %Dgfr:hﬁ%ﬁgﬁp In ’thig gx@n?plg,ggsg%gtgveeddrgv% utnitg (not shown)

of the first, second and thirds pressure/flow controls 40, 50, 60 are preferably

independently controlled. In certain embodiments, the pumps 40, 50 may be piston-type
pumps, such as, for example, bellows pumps, which can be independently varied in
oscillatory motion with typical waveform parameters such as magnitude and phase to

produce a desired overall effect in the specimen unit 10.
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downstream of the specinen unit 10, and the third
pressure/flow control 60 may be an external

w@e@ssensed f | ow control system connected to thePGpESINEMST1S
unit 10 to exert an external pressure on the specinen
12, or to control a flow of fluid in the chanber 11,
such as, for exanple, the radial flow of fluid through
the outer circunferential walls (transmural flow and

L a00gr L) ObrdhRuOPes) BRMGAGy MRS FXURL S be programmed
intoswieh Py mpn o itk mdy bpru@sisunrté;/e IfirfUWnd(sertode psesdaﬂ',e/ﬁi@w c6fkrols 40, 50.

t I
T e e
blogdi ppssure wedvelsm, faobloealaﬂfp;lr ewvavbblrhﬂ\éﬁdxpﬂﬁﬂﬁ  wiRfdEhh, GAklnusoidal

Wwem_mnde endet tl%/ﬁ aried in osci atory notion with
typredl™have E%Faﬁe%?fg EATEIPT s 2GR YRR 2 slew rate, a

dutph:&sle & @eﬂbddw%r@nﬂeﬁdtbl&d oP\dedsedlic, ahfnédic iffbqhibifies, magnitude,
h@éem nF ﬁnlt 0.[ 0080] Preferably, any OSCI Iq1 atory
phage, 28d Shenlikgy Qrhsh Aazameters yaash plsg bsrappaCRTiftD feruptegpmping into

thes‘élfékéihplﬁ'@y Qﬁpsﬂ%ﬁ@h‘ rﬂa)t Be uie'drlﬁtth@ﬂgt 58 9&@ 11 ressure/ flow controls
ssur e/ I ow cont rol’s 40, 50. These osci fl g
g%g“@rfb‘ihﬁ% og thesef *afiwrﬂ%yl thespesiraen bwrc 18re not | | mt ed
t o, exa 0 e,
fl cg(\,\(/fs\(/iv!av ef o??ﬁﬁlga cg?tg!r)rle% gr&v\g‘ﬁ alfa%r m e{ﬁunlsrgg%gkd%} &Her features
mengipned @bave, dn sho-pegindnt vprvahaens) pravslqu ammlwmtef)b mMvida range of
pre(flsreeaglg%Gﬁéfoﬁ&pﬂ&m)dyn%m% ?gya:rn%{e% dsuch as SSC %%a lp%:ﬁgﬁrﬁ, and the SPA,

period, a percent ‘systofic or astoll
inclpdipg ire i resge impghich mkdfe;noptfms&asedaprdnt h:&olna&yemeﬂeh €l (SPA >-250
aj r al so, be. ap te for a
dedP LR IFRE LN AL20, PO APRHORAR £ lShc B SBURTH By e
vaMBs, rastl afdrablye @nduqbafre@dters,eﬁrhidhmme aohitrolisd 49, theGontrol unit 70 to
fect desired in t. agﬁg(pem nen

t.h
cont G AEGRT 1 5uEh T BB RigHet BERina SHhagBee the fow which

rumambm@.ttheiﬂb@’r lobpadndy esnsBRItht1PNBEWHHANE spdciind €2, is related to wall
ters provides si rruhgtl on of a w de

Sheaf asﬁifés WS&? et éhf‘arPdeSé‘bfﬁt #611ed dOh She FpReFieR Hararfgeedsto the
cxrcﬁxﬂfh‘ﬁerﬂﬁl Wadn (€S, (R pasiewsaNGdtcie pelRitile '(fSQnQQ b8 gm'dgbendently
r%ggﬁ in i ch the nost. di seased prone coronary
°°mz§P Sranddhysippy papasoupbadgvigig) certpingengs  enbodi nent s,

t hepdsky st angh SREQDMVP reﬁ%Hfrﬁexﬁp Bhr 9%&}14913 @PesHHX/ flow control
i ncl ude val ves, and preferab occl uder val

systefp 208 dpplwdss Iaetéilréwrmereéﬂﬂvr@mmh bQ, the thipd powturel flash eontrol 60
mayf FQ:chleh € nLll?l'équxg hd1¥‘PQre9E d%]dlttl(%laﬁ) %qéﬁ n§ t%n {3? rfofiuced in the

fects. Since the runs rOU
speciragspunia A, ar@o‘i"i%‘é qeaynteke numierang ginffetrlaxa fs)peus i Mon eidnplesin certain

emb%gin%?sd th@ tWEJdl gt%ejgs%%/ R ggﬁtrgl\/\éﬁ n e% de 211? ﬁe sl pre?sure/ flow

exerted on peci men 1
contgpl wsadrie cembiration twigh n (h@Bper 1 heupobstibg bﬁe VWEmaa dp&diheen 12,

dependent | y cont '
ThOHST BIR P Wk TREST R o Byt Biowh S chsbnber 11,
as shaivre imltei anebcehtlneniu ofethiessybmiTooRhbWa iRrfgsd 2, fdrGay include a

- ont r.ol
pum% XY, 5h as the piston or bellows type pumps discussed above with respect to the

first and second pressure controls 40, 50, used to apply an external pressure to the
specimen 12 within the chamber 11, as shown in the embodiment of the system 4000

shown in Figure 2D. Alternatively, the third pressure/flow control 60 may be a
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system 200 includes a third pressure/flow control 60,

the third pressure/flow control 60 nmay provide for
woenseneisss di fferent, additional conditions to PEI/US2006/045715

reproduced in the specinmen unit 10, and thus may take

numerous different fornms. For exanple, in certain

enbodi nents, the third pressure/flow control 60 may be

an external pressure/flow control used in conbination
cotbinbrién & ARbE&kerhdl §%50551§h&9n0£&er9£1 1O €100 &9 'Z\?Qhown in the

This may_ include an external flow [oop 59 ich'r
emBogipegt phihe Pﬁsmﬁoqorﬁélomrrﬂ:egurﬂﬁx as shown in the

enb nt of

e e it et T, STRAD LREROUE i dyion andor
extagpen ptfnplsdfal Bews shed chbobe 0,1 br mgrpbetusbab whiadiitd $low and/or

ecaon syre _.cont.r,ol s, 4 ed to ap ply an
Clr&m%o?lnala Pﬁr"tg%ugﬁ r&éretmot‘ AR zhs a?ﬁ‘ﬁ’fi g\ﬂ A As- A example, radially,
suchhvhabdre picinea Ezhémp&nbﬂceﬁ kRenditibad suwbhnds, §dr ERGnSIY SEBMision in a

D Alte atively, the th|rd

racel AR PriPe BFFr Lo Heipah B SEBAh 5 Groedr decelerseed
dxffexnbﬁ rdiahecnu ARrdd haael spetiEh Qpnehll,f dOMCHlRRP 1B ge@Ration of other

shown | odlnent of the systenthOO shown in
coneitinns v Fss apbernl Isaseappepprigte.f tAéwhpwapms@gWyZA and in more
det&ﬁﬁi Fﬂgﬁ@t‘ﬁk 110 ekdRi10 B8 18P 58RHA Q&te%ﬁ baf ?{r bR Bined to

the chanber 11, or may be used to'in uce

FHPr PFEHFﬁﬂpﬂﬁopﬁﬂbabartlcular direction mnthln

th Oﬁmnber e§éiﬁgl é;c'( ’exJeprIal ?@gﬁg%ﬁ%o&fagon% lyﬂs s%xown in more

that the specinen 1 perien Itions as,
dergibin Bigurepte, lesipansibodioiant atheablird) oméxverntl pxressubaefﬁdwrtgmtrol 60

Rle L ymation, . el erated or
Qe OLIEk AR U0 ASLRLTR 2B AEPE] O e
ciropletdry, mscillatory, i <t>ratpelst1tlrie fyen esaprasurefinotheechapsidi 11, ad/or to

mtrg‘duael arzidﬁ}gnaf' gxeg'g lﬁbor %r %%{%F q%%r %at € Azﬂnggq\gmél | [}hts exemplary
thudxt:a:eml pfesave/Mloopcafirand oxj eﬁd]ﬁﬂe a1 8Rehnl B@é’d}bﬁow unit 62 to

init georrb ed.to. f he hlrd res re/flowcong‘rol
TR Re T’at:hﬁ erﬁ gY‘Jrl@PPIS(?w doattiar th*’é’ugh the

ext&hﬂ\l\ﬁownldaspr 89 dahyile bnSIEﬂng r€idMatibh $iflsiE '?Potqilb N&fnber 11.
[ r or exter nfi\ pressure/ fl ow control

AR 4o PR T 9967 FRpinslyde dispre reRoriche 64 10 hold, for

exaﬁb&[’l’ﬁﬁl‘ha 14 bt trrd e EHRIPhEchahBAMEE BhELLSHLATAY ¥oop 59 may also
oscillatory, or pulsatile flow or pressure in th

inclgfe, AryerYig Hogr 4t 66 & EARe-eHaUREAHERS i dhfaflompigkdurrlointo the
cha@beX1 [ akh AP Aed LN tHeocRANNRH f?‘%vT %8:' Ear@égﬂp lp% Yon of the

third, external pressure/flow cont I'nc
chamhere H.ephal Pevsilaiflor avfumber $mulae ol dimsarmn dcondmons The
ary1Bg LR dhid @bt RERURNLBE o flowlag
M owthr(lJu vat)he egt gbrlr%a E@vaﬂgﬁe Qmﬁﬁ Ejea gbe?alrs pEpumps
whigl operatd étlml}@n tgfthf:|fmstd andh stdmadcﬂrrassb&r/ﬂdx& controls 50, 60 described

abo@ t q'rh%a{}J égclé%/%ﬁtr?aﬁ 6"2 5{;\% : f | Owlble ocggabmed w}éhlangelplélrdatee external

p1ston or bellows type pump 65 which may be separately coupled to the chamber 11, or,
alternatively, which may be incorporated into the external flow loop 59, to introduce
additional forces as discussed above with respect to the first and second pressure/flow

controls 40, 50.
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exanple, nmedia to be introduced into the chanber 11.

The external flow loop 59 nmay al so include a varying
WO b@s/0ensed 66 to generate variations in the flPOI/US2006/045715

i ntroduced into the chanber 11, such as, for exanple,

a concentrated flowin a particular portion of the

chanmber 11, or a pulsatile flowto further sinulate

actual dynam c conditions. The varying flow unit nay '

be @ogdjngl e TR .

pai l?s of pu npm&h&%@&gf& gérn lél? }ggg?lﬁiear febp ﬁ&logﬁé’m?? 5 gpplied in
congrollingithsrfersts gecond |aod/cgoﬂnndqbrssssﬂa/ﬂ6® aesotsi xtoeaoaemvce produce a

: f
T 85, S EEL0S) ] D9 ER T FESS e
assmnmqe}lmPIMy pb@%@pﬁ&fspn@hgﬂhe dready flow spddn&ﬁbens ihlueady flow
al t ivel i,C e inc rate o .the
pusly 308 e P S o580 e i PRI Tl b sty erBg bellows
typaspuﬂmpsc us dedthabpstenishbwh GG PBighres R A-PE, fad $he M pressure/flow
?gg ﬁ{dessur e/ fl ow conﬁt> rols 40, 50. [0085] Nunmer ous
conffof P pedes Fy PRk - FepHOkE! BETALoH RIS TP wgrdinared
to prode@n deirkd Behdidiéh. f IftBE puMmPs A @A &%cﬂamc‘éﬁconnecnon through,
3 o
pressure/flow controls 4 0, 60 to ﬁroduce a desire
for examaple; Bhadivstatle camp abatiess bl to amntenl dho Fiming oy ghmtbetween the
B8 furah P OR: d&RLsr XA I
o 6ur %s?g%vaof di scussgl onrqur?g% ‘ Egy%%‘ggy%mg%vmgy tem 30° certain
magngtuge,sg%wligbwdﬁwﬂptrgég PT bt]tfet;lqyr gtayapﬂji{sgcdﬁﬁtrent times.
LikP¥ ?
1 yﬁ;i Stgﬁ %uﬁ’%@ asé}»i ?}e téc%erdsytseg%?m tLJSo ecfiI ?carﬁﬁﬁg lfrgggggkxeﬁzrespectwe
nmmgd apdep h‘Fr dr pyyaskiomg/  Thwy, cpmssuod:/ﬂ@@r | wdnleulvdesnalbe upstream,
a t var i
L R e TR T -
t elpmwpsctwallcmaapm\(S)a mechani cal connection through, for
H@(ﬁ] an %%%Sé ?.b e,camt atblvvas abl edt o,control
3 ing or "pREEETHRL Wéseﬁ’r HablE,Rostioned Sty hgsReginen unit
10 @u\mstnroaaﬁng lsij?qmmmbe 'Eidﬁﬂ’oﬁﬁlhn@ bl)ﬂ;'&n\i\@mrﬁayol&eﬁﬁﬂao%pﬁopnately

cert th dovvn tream punp,
posiiiey Hdp BOaR 1 “AFPFEAGIETPrTLL S EIRAh 25: ARE S e of
moﬁf&ihgb@st@ﬁh@ byl Rt e rpred, rd@[%iﬁihiﬂkbf@ el péra{rﬁ)et&@ Rha Qh?qracterlstxcs to

t here respective timng phase .or synchrony
be tsprrdugidirt FRsIPeSHRE it iq g% PUPRSE TS0 © %@émmﬁ@éﬁ\wdqe studied

durﬁ?tc@éﬂt&bn JTelye D6w G88Y, LRl kigdnybe s sﬁ%gﬁ rl‘.@tc?g ggglél?{kd in the

s.at thejr respective |ocation(s)
Specign é‘ﬁ&clnone‘ﬁ is1sq wseiyil apd iRBPIF2OS; he b wprcmune phpsical forces,

suctS RS ENBAMPBI, il ki, Qgrsﬁ)Méanlgs%%e? 80 Tél'%e present in an

nounting system 80 may be used to ap roprlate
actughrbtsiclegieah endpraeens en the smn@melrz ia thih sgroieneniunit 30, reledher the

specthe @5 is AAYaifMATRS LLRE: P gécnrger? Yk qBBo ¥1mpqy coupled to

appr opri ate, dependi ng on t raneters
theﬂﬂ‘érramévpsshrélsmmmbl@gls)eqwodgced in the speC| men unit

10 [06817? Propgk tshgén% Ptxgu?essyggmn ce am %t od1men(jts,ef9xed ends of

the specimen 12, which may be, for example, a silicone tube, an expanded PTFE (ePFTE)
tube, artery, vein, tissue engineered artery, and the like, may be attached to a rigid tube 14
that can rotate about its longitudinal axis. The tube 14 and/or specimen 12 are preferably
sized so as to correspond to the actual vessel which it is intended to simulate. For

example, in certain embodiments, the tube 14 and/or specimen 12 is preferably between
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during operation of the flow | oop, and the nunber of
specinen 12 to be positioned in the specinen unit 10.
w0 20088660 useful and inportant to be abl e t oPCT/US2006/045715
reproduce physical forces, such as, for exanple, axial
strain, torsion and bending forces, which may be
present in an actual physiol ogical environnent on the
specimen 12 in the specimen unit 10, whether the
appPhEfia t ShANR
P peci {rgg}ﬂo ﬁ?hsang%or?hﬁqg Chsl,%nﬁgpt y coup %us iletngc q ranq!?%fmm ! cm and
80 ¢rp dyypidally uegsl lnrmrdmmwlngsusgcsy)e rﬂin&&hex{ &0BddimAsts StheWwhecimen 12
o o Bl B a1 Uk PR lisnpg Bermprnse ssrucrured
appgqaprpmm}muwh;chams ex panded I‘Eg'EFrE thetahther tURBY ormbehy present
vel 8él ssue gngi neer.ed art? I‘and the like, may
At L o AN TS feiermple i TIER Tbtia Erialsothbadiments the
tubé Mgia}rlwlafta&hea)tbs mdiie 16 ve isldbupRd/B8la 3 %& ﬁ@r&ll@;%;r%r the mount
16 referlab‘y I zed so as to corre ond to tRe actual
e SRBH NI PG {orgiudingletisretiono  dibm araladimpeyr showmn Figure 7A
mclhﬂes&&faﬁ@dg@ 18P esbhn®Atos chd J';‘)@mﬁiég%nlﬂldi Be4 9 Q'rthégﬁg 'o%&l%éarnages
is preferably betweenapproxi mately O.
8 WRBTRLEr atah P me- eﬁé?‘ﬁ%"er»awglvnglef aoringe tﬁrmmobesaecessary,
dep&iBifd ¥ P &Mitidn surgery). In
pot eér enbodlar‘rest}ﬁg‘qr%dr}gqgép g?i\éeﬁe%%éta{o be a 2D
suﬂ@?@&t e sudhceppley 1§|maysbesitiathedro bcbthehe ﬁibeslml amdohemount 16

e 1o that it
to ;ﬂ%@i% %? 1§&e&)gﬁ&é& Qﬂoﬁg‘%ﬁ L edﬁh"&f Prraedet&r,mw rsxégep? glé)ﬁlpn The
couP]@ggg]mAg thérolm, atfadredercanplrive symeﬁi dorsacly As, fon e&&dhblil R linear
e SR B o Bl B L 2B T i
tran’;‘_di,lcbo .trrchmhd: alﬂre ita [ﬁxbeldleOﬁa)gl tnetibAain didofdeink® Rvicl hﬁe rescribed

con&H nt shown l/ gure /A in¢gludes acarrla(f‘]

‘% og; %‘h effretice i/ BB &RS srerimsniunin i Maee eartiedar X)ﬁ‘és}éﬂwn’ for
exaxhplehuﬁﬂfgﬁreagh,Sgel& TE3hd RV B3 ndy R dded Wb $rodildBnear or torsional

carriage 18 nay be necessary,

mOtboé"pé’de"ﬁé&b%)f% 31/ Q5 HeinFaqls reththe rRekssPe ditaingumiction to a

corrdponHH@GRhr 11 EPHRhRRe H2ulBYs RS v@ﬁ&l@@l‘&egxb% CM» Qghybrt gmmen 12 is
%h?ge 14 and the pount 16 to provide for independe
attagRed o ARV 1% loRBifuding] aiiet & BrimEY H}aar?é@ b uwdtqodnoveTheack 13 to

tran6liRh€ mokar M8h 4hafl REe&ldnached to a drive system 17
such as, for_exanple, a linear actuator that inposes

0584990kt or y BFef%t?HMs@edabe Hokdsawo endstaepipetreamy bt 2 dawnstream
end ela.tﬁpteftﬁgy R rBth ternﬁpa-g% %rﬁﬁge %Qx?trl:lllelae QXI%)IO%} arn(l) Vang? or torsion.

for notion in accor rescril
Alcegpasiyely ons epd niry lreeprroﬁmﬂe@d mpbyextdeemsmeabn;ewhum tlte other end

expel’%g&%&%geﬁég%ggésﬁ &%LxXn il/?oarg ﬁés) \M%gpa{lorthg c%%%e%) 1% may translate so
as i ean the twwaepposie ends of drealubérnuland/mf spéhmehuﬂzeapl& to induce an
pecinen 12 with the r Jrectlng tion
ax1alaf3g<{e %:uoc?xr esfoo n’éamnpgégaecéjfnpffe{ltoo ad(rlai sirﬁté 198 PR 538, carriage(s)
18 n‘?/d)ﬂ aéthp ﬁrh@dttumaaslté damel/th tv8POppe8ie chds bthe tube 14 and/or specimen
12 towards each other so as to induce a force such as, for example, compressor or bending
in the tube 14 and/or specimen 12. A mounting of the tube 14 and/or specimen 12 in the

specimen unit 10 using the mounting system 80 is shown in Figure 7C.
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attached, about its |ongitudinal axis. A gear 11 may

al so be used to nove a rack 13 to translate the nount
wdagoosneans axi al direction. [0090] Preferably, P¢EUS20€045715

14 has two ends, an upstream and a downstream end, and

ei ther or both ends may experience controlled axial

strain and/or torsion. Alternatively, one end may

remai n fixed and experience no notion, while the other

eanMHer I eNClR c3EiMELoPy gﬁglrsjukaﬁ‘gcatMé z%ProciVch? %u:her wxgl both fixed

p?m fically, the carriage( SL rans
ends gt thegibe frbandder spgsimen & esedlsting, Qrmmln ohefited amldomktant and the

' a e 1 such
RS 1, B8 L, 18 b g i
12 may also be'ﬁﬂglst;ér rTieg ey, yyridBnnimyaxidl saainr @ASkRLR &fhs@st, thile the
el g PR L s et e e and o L

Specl men ovvar

both dixhd asds 6fahe exisenpl and/ 695[3&&1@:&%01'2 Rharh@NdE RG:H Snd (l;lethe two fixed
unt| ng of the tube 14

endh L FORR] HhiPob R LB 56t P 1y W Sentpaen 2 may be

attadmdnthhﬁ te E‘c}bﬁh&ﬁchQ; h %eaS'hQWEhalt rﬂ)rg‘i'xgysr ®rhbn [dQngJ-L u']ﬁck ear 11.
axial] strain can be reproduced eit h&r t i

at Or
A“‘E h ‘}“F f@ﬁ igRfE8 feaf FRIOteqth &0 P40 dgtren thpeashtiem a@e is preferably
limR&Ctd hadill ek o stant . a
“other end osccgﬁ% at IerePJB% ethér(rggtngg% 31'%[% tr érfuﬁeJ]or %) %&fes * 45
degrepyyish both fined ends go@ﬂmgmmppposgp:ec |onm Oli2gmeay+ ab slegrb@® with one
fixe@QhLY §Elgqn J?.)ﬁgta}f %s‘llt?(;rl aﬁ rgﬂtlonshaxb ciwe S% :a)&aﬂstfﬂln f\ﬁlc;(g)d’smn can

remai n const_ant e mean axra
be Séﬁdat}géshtﬂ vemed isdqiemldzry df egheaked. Torsi on may be

ac d wt f xed ends of the tube 14 and/or_,

SpdbBEEn 1o AP0 GRS Bins 6 R e Fisures A

7C eahids oh ehd dnmsym 17Ia”.escﬁrfbed abbedidpividet he thé@nchét nbQssary
n 12 nmay, be attac nected to

whi ¢ be co
cendi s Gl RSy R, 0% eddo e pEITT v ecpaRioB lﬁfha@l@“g@arcontrol

of thd tim@l tahyitgpotifiondItihé eAdy GNGE Quisaty %%@%Pecﬁrﬂe&@@ may also be
t he ro atlon angle is referably I mted

ee
appr&ygﬁaﬁ g‘d%&‘?"is% g{ﬂé{kﬂnﬁ tube 14 angl/gf FRASLBSY l%1s|s§own mounted
usingithé ifeilntify stéeﬁﬂ @G%ﬁowfwn ERAFQ&S/ YL [} Pl b%'v%e@ldurﬁfgpslc:’OOd that

rotating in oggosmlon or to O degrees 90 degre
the gqugrigg éthFsee epieldien eradily adamsers taumeceprosinultipde nAaes 14 and/or

spedBérid, QR SRbPn bﬁ@@ﬁ@ 78X iakdfEE ALY tl?enl@ Jﬁl‘i(ﬁl‘l qutr%%[ ?jiglgtﬁ]rsmn in

i?nul ated and var] ed independent of ea
or abpytitge ghatih@s dgssripshrbovavareitrig eylwidimeds tehmaennt posmons may

movelif) ¥ 488 ersfns, (§{ r'leLﬂd?ﬁ) s b Fore ¥ Euc s & e&u?ve %}ecesscgl

above to provi de the novenent necessary
ax 103kt r ai nThisemditpgng aysfoorsc; cwlsph)np SC(Dhl’EeEmbodlments may be

sehant, ntrol of the tine var
confiRERPILOTENMARED 1Bl At fha fR0LE Y Slely s> bE Tnct Pt inco o
ﬂownlﬁyp a1 descrifeeddispeio pe rgtreduce ialdivipad, healddyoagh fordey néN@produced

oy b0 AL SRS, 8 0. TRk uL g U
completd phynidogstab ddmbHphamic environment. An embodiment of the system 5000
incorporating this hemodynamic axial strain and torsion simulator shown in Figure 2E.
[0094] In certain embodiments, the mounting system 80 can include
additional components such as additional drive systems 17 coupled to either or both ends

of tube 14 to provide longitudinal strain (e.g., stretch) and torsion (e.g., twist) along the Y
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the nounting system 80 could be readily adapted to
receive nmultiple tubes 14 and/or specinen 12, as shown
WO pooBlogasee 7D. I n addition to the |ongitudi nal PGL/D82006/045715
and torsion in or about the X axis, as described
above, in certain enbodi nents the nount positions may
nmove in 3 dinensions, (X, Y and Z) so as to rotate
about the respective axes, Y and Z [0093] Thi s
axidYO UAlkd rR&HVE WS t Q8% 80y y TR
consi der edws S(I?erm %%grﬁeggaifﬁa stlrragﬁp H%§%m¥oup‘?ed to the
PRIt 14t Brubway stvecthrecil o a@@aolia;bimpepvﬁdeow axdpngitudinal stretch
and?6s&#ikbed herein to reproduce additional henodynam c
forces not reproduced by the various punps and
pr d982l e/ f | odn cdditionhls emfoodihensyshenmamm@ §Qvef B0i @8 include

{.
R e o RS P 5GP B PP g G both ends
of thmej yo @mvuddibdngitudihﬁladtﬁuﬁﬁkﬁﬂfbﬁ EGrsioR abAEHIRLD Ly SN Wk rnatively,

fl gure 2E. %0?94% In tain enbo(?ll ments, the
S Ga uﬁ’lP Y e 85° Q’n ’{?8@5’ saupled o Fhe shemmprRAR o tubular
stru&tiﬁ‘h 1HI2 18 dShirblatdy ﬂi’vhc%ez aMs lRgRudialGRURIneSR 4V & Slilcher
14 to rOV|de Iongltudlnal strain

ends of tu
[8(?965I stret é\ﬁ):orghq:g%f o= qﬂx]m(:g:s t £ ngqu}mexaﬂmh@art ¥eor pressure
ﬂovaf 2K subdr@h NBA0E Y BdrYexafiptd  GRITRAN ﬁ{Hu%qu%gQ@md %(5 BF cl)%ponents

or indirectly coupled to the speC|nen rtu
direggly @& tipgigecyly xoupled ¢o ¥PecnERBRycaprmrevide sietchi and twist in single or

oppbgfhgdi&éégbﬁkaéloﬁé Erﬁﬁﬁ@uﬁ%q/ cgkbtnwu%hs of 80921 v 1 nélOZ axxs of specimen

addi ti onal enbodi nent mount i ng syst em
12 orybylee sudeved dH2H Embpémreemssacsqchn@m dekdintvemiad cadf ld«tae such
5y i-t her or both ends of tube
strat oﬁp(fg%llsté;glo Elgél t%S(}f ? A §1s atpositions rmfeéfngﬁﬁﬁe 19 of tubular
strutiyee P113)¢.g., refidreAat leae:Icyes cffupdfmﬁ&mm(h@tﬁgm&y 58€5D and XI) or

|re coupl ed t he speci 12 or
for Siuliid ptellont FELAAHNA Y BARSRERUR dapo RS bPTEr Baxi s
|l o Iﬁ@ﬂmh di nal Ir? terefic entiodingdned, \MluS Epec[r%&g Ghit Aochk¢ ﬁﬂfﬂllxeY sinclude
i ments of t eci o) or pressure flow
"‘dd’i%"“% SUBRYEPENT L ?b‘%ﬁgf B’quk’ a‘E'ﬁ fg% SPPRSIR AEepothst Ahiege-described
conppatRiTHhod bciaRNOD @Bdifed HedfuBCAd Yhel odRASLAE AN HERY an’ﬁgonents
imen 12, can provide stretch and twist in

c
mays‘l“ﬁ%ﬁ‘é%fi’i 3PS TR Oﬂf“r‘%ré‘f;‘]l svhick Al Efperibglied! oppecondary flow

withif i dhatdben $1 &f ndehiea \B fon@ SR
er:tersn{g,g r structure 1112, olotll Tents. accorgﬁhgﬁé}b&%hgtheﬂmd

’B‘PFrc%nﬂ!e(ﬂf’a‘i @%’d%ﬂlbg‘tamaﬁl}y hehigalt wi st al ong t he
X, [0698nd Z axitsrmdtivd Oxﬁlatt(hbgﬁ Sor! QB&FHEQ{A?t& e{]gﬁ 9(( generate

t ubul.ar ﬁ@iucture 11 e.g., reg Branches
subsggntia (cércgl ar ﬁi:cpvg Lqre‘ga@geﬂg@lcqun)@p):cmenf ¥ or tubular

strudfdid i Pize IRECHIRD §mi>%d1 X %2st¥:rgs 5€ @088 ng{O&p garna#)e m?%réted on

speci nen hol der certain e
mechisieal mestenpprihpt ngatmdss-f hotidrenaliyh et aiflecddistizbéeonatind a center point

comﬁﬁ‘ﬁg%ﬁmiért&% %UGJ:H&& AR Yo Eh@ece];l{egvgogrnergucﬂ c:ontrollecrI circular

above-descri
and vertical motion (e.g., merry-go-round) of the systems 1, 5000, 1101 can controllably

generate a helical flow of fluid in conduit 3701, specimen 12 or tubular structure 1112.
Further, in certain embodiments, the rotation around and vertical movement relative to
the center point can be at a steady or time varying speed (e.g., constant speed, increasing

speed, pulsed speed, sinusoidal speed or the like). Additional movement of the systems 1,
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conponents cannot achieve the desired result on their

own. Such additional conponents may include, for
we@x@spbe?2s jets or internal fins which could ef PEDUS2006/045715

hel i cal or secondary flow within the chanber 11 as

necessary, or be positioned in the flow | oop such that

as the fluid enters the chanber 11, the fluid flowis

substantially helical. [0098] Alternative methods or
500007 RRREN S pFATHAS { {antdal | int i

helical t1bw cir 3{}?‘?9?‘“% Pl (B IRttty ol penter poinr in
a capealledefpshign. o husy bddigonslt amibwtdimnentd tdiP seldcrivelgriraiide one or more
£ di yst ,. 5000, 1101 can be mount.ed on,, )
© E%’Eﬁahl ca S"usyozt %ﬁﬁ) Q?%%tm%"tnéﬁnés &8y, tangegpiel, o\‘ﬁrﬂfﬁqy)"adé"tl or in
congbifiatied whesbfinafetter guteth d, 6600, eX10pGirddind: @ndeinfee bhotht Fo generate

vert i cal. venent rel.ative to the center point. Such,
confislied AL AVERP LI ARERTD6r P HOmR B iato ¢y e viscosities of the
fluid®indrulithf auBlredfhetdig. systens 1, 5000, 1101 can

co%{)ﬁl | abl y generate g helical flow of fluid in
corldlfl 3701 I* Sseanembedimsats; \spegupling tsyeremyupe0 a2 be used to

couplé’ thB &pecithPn 681181 13 RERRWY f&gt Salch S« RE @Hé@ﬂlﬁyg%&dwO is not
and vertical nmovenment relative to the cent olI’nt can

reqpgechin grdey foadye wstemt frgo pRerpieray dopreibad heretn, the omsiliagtsystem 300
#6LEand JIC LSS £ | . dal

mayzpeed "0 rlﬁf he | i e?ﬁagggﬁrﬁlg%%?qﬁ%%%ﬁ%}%%ﬁy?ﬁé RIS Fpdapred

to arcepe@date KOspeciarentrenip 0w iteld idojudeamyihambenal diish aither single or

t omthe center point in a controlled .
mullpld B $5700 BT, SmitlE st Bafl SRR pinte or
mulsipley/ipgeinene 2ovithmn e dimbhest  Thelicvilinglsyaemr 0i pipLsd facilitate

. 4., tapgential, .vertical, radi.al or in -
che FRAB AL sbiodlment 8RB api(F oL g Ringispestary seeitey
of the sumdindercehtherflpoilsdp. t Thgebepliigesysent 600 heg fidiltbw for quick

g)w?m cs (e. g , dh%n m c .congf'bjt i g)gﬁh)l gccor ding to the
remgd dBEPOTREOBPIngE the wReciReafy 14 fns dhaherapplya apd she like.
t hqo@i00] [ 00A extih pledy cadfliREYQReinM0LS shoy € RUPILAE 8A-8E. The
s%nstem 300 nmay be used to cougl e the specinmen unit 10
coupiing petep 0P |1%%1p£‘fw 115b GgPPlEh 1Q Fiiahi mey destepmmaBbocdupled to a

secondt ccfu%ﬂ:lz'iﬂ@dcoi f_Berréj QSquﬁHrg &xh? 3§U.StIfl"QPe1]a§%p HP%h l?ngascystem 300
i d;%crl bed herein, the coupling system 300 nay, Tor
inclugesftoupling peR3p fi-cqurrcrl tiss exshsreend efupldre XPe2Qypnsitioned on

Uslid et of 2RE PRI AR AR SO | RN
PPOnit 10 ‘whi cﬁﬁj&ncl u_ges a chgkggﬁ%g%&ﬁ%ﬁé S’Pﬁh@?g%%l gmoved
fromg thenflop fsiop lespeepirasing 1each eecondconplen 3D fate i oprespareing first

R} §10L0min ' ' . litipke specinen 1 .

cou P Bt s e bbb Pt i B e SRS b ey ap agoreion
of thadlaw tleems white thenseeand andpleepRacemeint cofiplepasi amportion of the
specitbd (8) 140 whil e naintaining necessary sterility of

the remai nder of the flow | oop. The coupling system

3000t18Y] al solmédroim Embodjuienks, Henfinsahnd @cond couplers 310, 320 may

. st-processi ng _of the specinen(s for further .
e F AR Rellenkod BTt lesBaiir st whic
coupsly shiecliins 800 secorglowplersd16] Jp0N18S (&AxSEple] 4fp fit, or other such means

which would facilitate easy engagement and disengagement while maintaining seal and

sterility integrity. When the corresponding inter-engaging protrusions and recesses are
engaged, their respective through holes are aligned so as to allow fluid to pass

therethrough. Upon disengagement of the first and second couplers 310, 320, flow
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coupling system 300 includes a first coupler 310 which
may be separably coupled to a second coupler 320 to
w0 ooosoessedupl i ng unit 330. Preferably, the coupdT/nR006/045715
system 300 includes a coupling unit 330 (i.e., set of
first and second couplers, 310, 320) positioned on
opposite ends of the specinen unit 10 such that the
specimen unit 10 may be renoved fromthe flow | oop by
inh 0
inh A, 2%%*1,13@1 E%C%}{Iar B ggh URE ShB 0ol BB Sahibic che flow of fluid
thexeplyougthereby mairftaingig sced lapdi sterilOinragriey whes sspaeeied wdl,
n of f mh | e the second. coupl.er
323@ 019 i ns g{) E% e‘lizllf)tlg1 dgrspdoo oF %ﬁﬁ 04 tSI‘f(‘:}l$ SR ﬁgﬁnf“t‘mber of
corx_‘@spox{dirﬁg]_ﬁz_ﬂtrdsmns end mcassmodldrbim pproprite, fdefaéddu?"én a number of
correspon

| 3 |
P eclmt'a er- erﬁ&ulgq erslblf'%tal"ds?‘g‘ﬁga %{%Incg?gg‘%b“?%cegé}é@me although the

exefnbbiffp fieg ankiseddnd ij@ﬂlé’rstsh@wfx lih & @&@Aﬁ-@@ thﬂre@ﬂi@h% i shape, it is
, or other such

0,, 320 by, for exa snap
wrell e R Tt TPt 4 71 i bk 9e it brahon (3 1Ard 320 and the

poslﬂioﬁﬁ{ggﬁﬂieﬁﬁﬂberml the ad?@é&te@b%tp&létﬁaalndqmss%g ?rfa#rlﬂet MMapted to suit
%ff grity. Wen the cor respon ing inter-engag
the, peestsr fs Bsicalar aprlication s Thue ler@asg@&mdeWpupla@%tem 800, the

fluid QUM fRIRSY RLE nd 'bgarlﬁg%ﬁe% f@%hé Q?lﬂ)llﬁlg\él}lstétyl '390 a(rj;d parncularly,

t her et hrough. Upon di'sen genent
to the covRlingoupt é@%pgm@one@mstr&m\mf nhe kpecine, usiudb, asi, spli®fo as to

- I oW h hi bi.t
o Bt LTS S AR e e 10
witkn frel ostregaupling unnt3ég mi fty inghess 182 pad ﬁreﬁ 18b ay‘@idlgned thh the flow

0010 under st o hat
loog %l]en%lr%g% agf co(ra'rS Spondi” ﬁﬁPgllét‘?TYssﬁﬁ Y‘Fg "F@i %d without
comp@gﬂnﬁkxdﬁ:r&ppkfﬁ{lﬁfﬁktﬁ;h dpfoe Bekinnfle, Qljistaml’lkiﬂ:’gﬁfy &fsterility.
ﬁ lﬁf 12 t,0 e saerrmpl ed and, ot hﬁ% a(t%g
at i oﬁ‘§ 15qupsEthi D8 Ve aftt i RIGH i that cinspupling: pRist330 be
posﬂbde& ofi @ikh @it e Spe%hﬁéﬁﬂuﬂuﬂ 161 gtk €8s18BuBler 3i@includes a number
¢ ect an[g%%ﬁr in shaP é is.well understood that a
° P§ﬂt5bsé° Hextending fromp St sidg 3dbupveids 18 Fespastere3d efrtde flow
loog. helnpéfel Edupling Qurd d30 prbiebnf uﬁ&%aﬁ?%@Qh@tsS&lmen 1hn1t 10, these

protrusi ons and recesses may be adapted to suit
pr °ﬁﬁ%‘é‘€f§ Y2 ae penplecctol fiaw lgam supplyi lines whiehsrecgine flhid¢media from the

reseORNP0. ALY (RO H&ﬂﬂlﬁh@ L§1Ytsﬁﬁ§>3§g93neh I'H%VJIJSP'EQA @Qh? e%cg%%xeumt 10,

flow | gop may be su to the coupling sys
thesg pEPtEasQnsAIR ard gpupleé tpifksaia dimg# rJFanugl fronBge qmmstrem stlle of the

specHiR&t BQRF@oOf?ﬁ@&a&Hﬁﬁgggﬂ ?P{h e % coupls er%gb 111?1%%% Cé>rreisl?ondmg

supply f ve specl
numbgyt of peessespdd iwrhach engagescotBspactingvpioarvsions 6IMfoe Mg |oh&g1rst side

321 HPEHe 3&%% 3hd] A0Y P A5 SR AL Al L gne
s ug,e oopgfﬁéséro%% 92$ ?r g 1{11}(]) rsfécgfsﬁ% % and an o-
ﬂnglﬁd?t!(l@) bfi_@sqdaup mrpmmﬂngnﬂamﬁphﬂ&eﬂembéﬂ&%ﬁ The second side
32 al feat f or exanpl e,

3 %@ g%’t r%!%)ﬁ{l Q:gu;I) f:r S%d; “ehid] gly[% O@f SRECIYP Mpits 1y includes a
num@bové;orlr@pmsdlpg pfc&hﬁh:lne 312h aathm’:h &eH ioRkGrdltld sp3dfheRB&init 10 and
specimen(s) 12 positioned therein so as to supply fluid/media thereto or drain fluid/media
therefrom.

[00104] Thus, fluid/media from the flow loop passes through the first and

then the second coupler 310, 320 of the upstream coupling unit 330, and then passes
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posi ti oned on each end of the specinmen unit 10. The
first coupler 310 includes a nunber of protrusions 312
wexaosneisey froma first side 311 towards its rPGPESINV@LST1S
end of the flow loop. In the coupling unit 330
positi oned upstream of the specinmen unit 10, these
protrusions 312 are coupled to flow | oop supply Iines
whi ch receive fluid/media fromthe reservoir 20. In
thré i} GRUBLL RGN WHid 103 30hePORe! d siream BE fu; -
Jﬁkglm rre% uni t 10, t esegé)gﬂr 0 ?ﬂg‘%{;ﬁg@ é’segdotl? S Jlyjdy media.
ThejHyidhmed lnessd’@meérqungf theoprediinen dtuwﬂ@tandmses eo die gebend coupler
T secodS|d 13 .of t fir
3203 Py Bbbetd 10 B e Boftcr Hortinped S e dowastream end
of ‘lheGEmSn i Vhivdere Itglagﬁtrﬁchrcédkfbﬁﬂﬂ tlitoghe Iﬂ@gvr w&po{m alternative
fo f i,de 32 he second coupl er
embifme S sPp A sids 20 o8 hegpionth uplie 423 ey e b ben individual
chafhibérs ]al’rd:daﬁr Spelcingends) 92 APYtoIg: diS@Raded foMRIAY ﬁo@r I%Sﬁlvﬂﬁg others
characteristic therebetween. The second side 3
are fq, FCRAUR GARNSCEG Feah 2300or exaimplp, Piritsetimp byics agdssm, I‘?Ehere different
chaﬁﬂb@f{é B MmNt spéfmeh izjﬁlﬁgt ke 41 dQ 1“.91%1
ot r)u5| ons 351 \Tﬁl g ext end tge%% Eg&%é%lgi’%gﬁ%n ¢ during
amf toRfQ Vs sempis et for progeesyien @ﬁ@dmtﬂhelp €in so as to
supgenost | ui d/m ht Her 85018 | ui d/;medi a
ther el rz)m ;oomz‘f ﬂ‘ ‘%‘u%d?@dﬁét’f%rﬁ}t% P ff opipstream and
downstsgam eode of the megilmenwemf i19,sthe ayuickt Hiscorinhe/ secnnd: qualmes and
rrglq&ghg; ¢oupl ing un
orand th eeng %eg%rgggoqh?{asﬁéﬂﬁ?’ %g%geg% meﬁseﬂ AP fsg(i%o%’& Bif$,330 may
alsoshge@q:fantt(rgquguwtéelebopﬂlmd thmuglkmnfthuﬂd\ﬁrimb aFor @mple, a set of

dr ai-ned Lut of the n unit 10_and
couplity SaTPHIcAnk? £ SRRt Lo, st oI R Fieioufe flow control
40 wobhpbepnd :p@essxfre/fﬂtﬁav catpdlisogousicd mak0 RS bstAMLR Ot N easily
remggvgne/te ar elnd of ,the specinen unit 10, where it is
5&: Sa%géiwelrgt o the flow loop. In alternative

en‘rpmﬂmﬁp nts, ThB&afeedthpoheis 32 helfystehS 15 mr&s&mé@ LE&ve may

320 may be ug ?n i ndi vi dual chanbers 11 and/

be iomied; WeiprEy e 1}% PP HENg fsngmgwde.f bingt hd his @wlnmpnerally

comiphisdseari blﬁfa%leafﬂaet& [85Btd} %BH%C%%}; ﬁu&Pakﬁ§ ’offl:s%in sterilized,
tine series anal YSI S, g

mdwﬁa&ﬁbf%ﬂ) %Elrlsaﬁapéwr §pyapirpklp é@)orq_tgrmxsme@ealdumga@mg The
distlceshei f86L1He vRALI SrgdnbhilBndtd (9ré c;ﬂ’d.ug lef%B %8 gﬁ(e t%gmg may

anpl e data for_ progression type ana
be cApseREagH te Heingsirs Ithh tptalolume géﬂaxdeusshow:nefenablypsuase bengths are

calcRRdd A0 WRSTiHE AR AR S Ol o I?ﬁe,sa&%cﬂo id Qlcbui Qe 1{1|1§e uslte%ll( based

di sconnect/reconnect qua It1es ana conmensur
upop rRosadymn lagar dlicosy.eas kinowyn abfdmdcedkfdiyd tihade drypeSeretally, it is
f&gylgltl n& sef u
pre o éﬂé?{lx%entsh%t Q?é(;(ﬁ%hou u1ct{ usec*fJ i W4e6 6B recgtﬁe g?( SRS Qf media
utlhaatgm dotg caphémganthictls bﬁ@@od’c&y (hehpesbht abedintifed to, proteins,

SRS LES 1:80d the,fir pressure/flow control 40 or
P he sé‘conlgn) %éescglﬁr e’/mi1 f%‘v}} c?ont rol 50 so as to nake

t hE@0Ely st enﬁysmmhﬂoﬁrepaﬁdilcﬁig&i hémodynamic environment in accordance
with other embodiments of the invention as broadly described herein will now be
discussed with respect to Figures 3A-3D. The systems and combinations of components

discussed above with respect to the embodiments of the system shown in Figures 2A-2E

are readily adapted to the embodiments shown in Figures 3A-3D. Thus, for example, the
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renmovabl e/ repl aceabl e as well. [00106] The vari ous

conponents of the systens 1, 1101 descri bed above may
wheooposdsesl to formthe flow | oop using, for exBopUS2006/045715

tubi ng. This tubing generally conprises any suitable

type of | aboratory tubing which is capable of being

sterilized, including silicone tubing, or other

conmpar abl e | aboratory or nedical -surgical tubing. The
couplif (RS r he.

g é ?}R&i@é 3@@ er stbft %1(9 Yrd ggmglwg}egle C?] eé‘ﬁf‘lﬁeg aggve may

cgrrespondln [ ength”of the tubin
each e pppliedito she ?}@tW%IShWII unBigofes ﬁIAl:ﬂQI Ubes).there are any number of

poskt bR %51‘?1'9# txohpeéie Ljhgsrégtcpx%pgﬁ&tcal cul alltled t F].Fﬁ)r?) cgjn?enatl within

maxi mum ow rate, and avol d
embagdiments of sugplo anthcsunpllarfyr taay of dﬂsdiﬁﬁbz)!,,an@rsdulpﬁ@éﬁﬁe ldescription
isobfigse skilled in the art. Generally, it is preferable
ommmzethe amount of fluid used in order to
r edumsi he C(ﬁfﬁ&}’ﬁlﬁnﬂm&hlﬁvh' inZFikiRM A JAUGdds rae%‘em;rumt 10
wnﬁ‘a cel | rOdLé]Ctﬁxé h as, but not limted t
SJF“ ‘H%“ é‘%ﬁ EROITL Y 2 M Qpafing sYserp 88 ind sgupled to a flow loop

by |cb1k1ﬂmg[ ORItOBBO.SYy ot eBgeroRr ZfJeB['sQ %‘x@bsﬂge/ﬂo@e 'ggl%f?la% and second
accordance wth her enbodi men of

environnment jn
pressyrs/ ﬁﬁ?ﬁ’/ éﬂ'&ﬁfeféoa%auﬁﬁ%laé( Fedin &ciow dxpoh tregieservik PO plowuglethe flow
loolhssdes 8 aBb¥d) FIBSPRE! stlQy oI ES BATAR ol B BYS! g?xqﬁe first and
d conbi pations of conponents di scusse °Above
secqngsﬁré:ésprq /Elopn sortypls df & pbwt heovidedt byn = heady iffow system 30
e e o) enbodi e
BB P A B R AR A3 AR TR B 25
provided wnsi3e0, angiomtristrepns yétherspé}ﬁmexannht ao m}riﬂi px&yﬁiedm stéhdy flow
each be R lied t
o b e MO ol o 5B ot PP F i ey B i second
Pressireﬁbwspmteolsémwat i ons of t hese conponents, as -well
pl acenment wit hi.n enbodi rren s, of the system
&6(“ {m ?gese oBressux ﬂa‘{"s‘é‘tj&’éﬂl offc “Qﬁ’g? %ﬁj ’I Wg{chv@ay be, for

exardpls,c rpux]m;hl Orlalvles oni fisedocduded08hd THR: 3%s! ALiGBRAM Ssnﬁﬁ@@am and

3A i.ncl udes. a specinmen unit 10 with a
dwé‘“é%mgnﬁ‘ﬁ q’fipﬁ%ﬁ’ﬁt‘ &1t HeRasiife By arniortstsrrging sqnsralied oscillatory

manaBLd tosuflbethd for srehd;out OAPILY wididht b GadiiIds pand. A
first pressure/flow contr 40 an

ir 20
i@ﬁg(ﬁpr es st BPFFRR- CEREABE osguder pes PWSEHrd/ fsdicantrd 40 or 50

is ofx{tQWhé rhert Repre@SeHIY AlbsedO ’HMSO lfglh eH}S tal Q)Heh 98P M3 upstream
(ggcrl bed above However, steady f Fromt
occlpdes 35.jg ppem ghe ﬁ‘?‘:@f}@ FpEiFRant P‘F‘%‘!deaﬁa 15 elomqlobnd pump 40 can eject or

puslPHERISHWENA | AW o‘f)QHthglluger‘lg)ﬁ wAH & ANNHEEY V? tg S{)é/CéIgFﬁl 12 at an

steady flow system 30 conprising a palir o
aPPrgRaty @\Mfgtlkéamtbﬁrewh rretefas divsehby @l reqmodederdauﬁﬁ BRewise, to
fill d;r 19eRe 4 n
1 I URSCR0 SNGL FAI Bl ARSI e pumo
40tq ﬁl‘éwfﬂhsd/ Tow theaneekregip 20 prroaglettel apen iontlodersd, @tibreQf mbfi8e held

by thk rp%‘inpaqg SRC O1kg occulder 37 until, for example, sufficient fluid has been

collected therein to operate the pump 40 to create the particular flow dictated by the

desired condition. The downstream occluders 36, 38 operate in a similar manner. This
allows for control of various hemodynamic parameters such as flow, pressure, and

diameter and consequent hemodynamic forces in the specimen unit 10.
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pressure/flow controls 40, 50 [00109] These

pressure/fl ow control occluders 35-38, which nay be,
wo enoses@Erpl e, pi nch val ves, or flow occl uders BCMUS1006/045715

| i ke, positioned upstream and downstream of the

speci men unit 10 occlude flow and pressure in a

controlled oscillatory manner, thus allow ng for

steady or nean flow wi thout a steady flow punp.

[ 0Q#dDl1) ! n opgtah c

pr celssur (la/ f1 ow con%tg}gly’\gf@e%rr g% ?sg%%ggﬁéngoqn Yotifepcligred while
MAGFAURIBE oh|eag| prespre Ty sontrolling xdweplis; pabwuret fiewf Esitol 40 and
upSH‘QéIl ro@aml g: §é %9% on§5va1ltﬁ‘ tl’? g&ndtpggssér% nvg' gg tsrt {éqaﬁmjlgﬁiownstr cam

occl uder 7 I’S C can

occhudeis B6t d$vag dssexttgﬂ](ypamnmn: Ial.td&xln pEbssitfel *&hxlé stxlli P@x‘lﬁx@ﬁ@gdcontrol of
e or

12 t |
R NI AT e

upstredee wicdedert 37 4rd bpdhﬁngSLilﬁhQ}eymt SRS, 4&’1193(39 WIS gl?; d s move
tow FCF%IWI‘]I | e occludegr 35 1s cl osedH al | owi ng punp 4
Arawts PRECEGY Bttt e 2RE PErsveeransly PWrUdbﬁ%‘h@fbp@nncrease in the

dimeh wdRr103iheil WRmEridm BBNudE 388
spﬂcl osed occuluder :-{',17 rurﬁrtll I ,ufor3@e%<g%%%gtaﬁg 3????,032&% (@ngen) thus

allopjing i sQ s she wrsrimenrwnt {hedatedutiog presuae accohdinglynps pressure
and 4o GefdheMeCddsed I@%E' Gggtpegmf bl %‘5%39 bbeytggse% gnd upstream

desired condition. ownst r eam occl uders
occlygerrHimay he apesieds fréllls %M@meaﬁmrgsmelaoddlohom Icombinedined in the

spechey @Eitol@sthp&[%dﬁe r?atpacr BIRLGES nRd “%Q 3 d%em%and closing of

pressure, consequen
the pepludess 3538 he speci rren un| t 10. [00111] Al ter nat ively,

a ijgf y of sconditio e.achi eved
rra:(ﬁ{lelus i ng 8 s pr%&lﬁﬁ}é‘)g‘ip% m r BFPP d’afrﬁ% fifikgument in
accqmdtests LWldi fahother @nthodiméG m&eUﬁﬁEﬁt&ﬁﬂhQ%&d&ﬂ%gﬁscﬁﬁed $brein is
and

shod n ng. W E? h@rsecond e%sur e/Eow cont r ol
"&oxﬁn‘%st‘%% LREER 8V LR A OB symifag tatthe sysgem 6000
showR an FRUESRA EToMAdves, tht k)letenEJ 2668 it act%%tdrlﬂjessgie/ fll)QVgontrol 60

nd r ssure. e.exenpl ary manner in whi
“’h"gb %%d’-xreg qﬁyﬂw QPmg° aw%télarﬁocqek@riu@eqhespecanun unit 10 as

descﬁb@ch hifre U IS 82K) BE ChetidRdl fR% 100BIsD bk idl i f3|Bué>l?c Y steady
toward the speC|nen unit 10 and pressu e and 110w

ﬂ°"wf’i fhe egisrrah et loop Porfserse pair @ﬁwtcsrpdc;prnsnrea'ﬂpw cb@rtrol occluders

& d r C 0
68, C| ggﬂga ?%?%CE%%&% %{:Jéggg[ovg’%ufng) F gg%eb exsy teP-ﬁ, 8000 and 9000

showp g FgresniG and Hadaneedmdlango pthessymm Z0QUDslowg | iyi. Figsre 3B.
Hovperv@IS %Hé %rs?e%g 86(5(9%{8&%?% g}ngrnq d;SJrlegsgx?fi, écg}l#o EE dizﬁpusggg above, in

occl uder an
compmgtipe ugﬁemg dxtefﬁal flowl ]Ioop\é9 awlnelamopr ﬁﬁhﬂdéﬁarﬁﬂﬁerf bt &rernal

Qﬁ,ﬂﬁ%ﬁ Lt. 1Q thro
pres ap% fopr {Kg’ltngﬁ %é?%lg?é %étagg (‘6;’ mf'ﬂﬁ dgglluop épagp%ﬁgcﬁgnalrﬂossure/ flow
contmlogclngers)ﬁl,tﬂ.’penmbé ertployedto fiBthef AQtAh cOns¥ilREs6:l0r flow in
the LERLOS uﬁl 98 es1redd yna n%h% seyr;é/elmr %B(%e r;LOXIVIq in Figure 3D, the third
pressure/flow control 60 is simply an external pump 65 externally coupled to the chamber
11.

[00113) As can be well understood, the various means set forth herein may

be combined as necessary and expedient to achieve a desired result. Thus, for example,

steady flow may be provided both in the flow loop and in the external flow loop by a
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accordance wi th anot her enbodi nent of the invention as
broadly described herein is shown in Figure 3B. The
W@ y@Be657900 shown in Figure 3B is simlar to PEEUS2006/045715
system 6000 shown in Figure 3A. However, the system
7000 includes a third pressure/flow control 60 which
i ncl udes an external flow | oop 59 separately coupled
to the specinmen unit 10 as described above. However,
nurhtht® X h B obt
st ead ﬁé i;b\?vk |C%h‘?hgérggf g?ﬁé& H Fh&légsge?o?}no%? b SPCh as, for
exagp eegﬁ@pcﬁmﬂowrm rog /af RWg: ghpnesslurem’ ﬂoWL[d:ethmG &ndGBexr operation

w steeady flo ew se
ith Eghi}gi ohgﬁxlg ésg%at?x)é%fg&g R v‘%um% m é c};ﬁategrg'l pressure
congpbmgy ot hauy ttoo be ire:hgi;dlne rheffie@uatifivm cbﬂtrEi sg'khfe& 38d may include,

he s 800 L, ncl udes, an ext pressure
for g,pa\p{%e S lpely e et 5%8{)%“? ROSFRLLT ﬁ fQ67% AT apump, or

a paridlesmiall d‘xkd}ﬂéuﬂ]ﬁ@l&% \Mﬂlacdbnm%tid?ﬁﬂx@%$ m@tcgﬁf)lupg%}rstem and
of . ext er nal ?res flow contro] occluders 6 1" an

moungingTfyStem, isqusss a?b°ﬁa| magt beapBligth to panys ofir def cmbmanons of
cormfpoRtt®bs PEbMURESefilredtS pﬁ%‘d@&h@ﬂ&lc{%ﬁ&ly L.xgi/fop 'é&sg %g yse.

nalntal constant pressure or flowin the ch
1 [ I4Ds; ¢ eBikepset ey s§fs thess SpOems rown nokude guvaeleS)D of other

comtpbﬁeﬂtb inbl sMﬁWG?t/aﬁllﬁ%fsg&tagthSlﬂ@q &lu es; %\.{]Eg o, A} examg% a flow

external punp 65 externa chanbéer
dampgr p1 gpispilter phas sedysy Vllamliensoromd§e mhbe flaidi fous nmqnsrs, such as

flows Rser{c@k By QE\E\}E thgsth d&omu%%vgarfl{]ye eel_ss%g & ik fmcrease pressure in

expedl ent to hieve a desired re
the @@glmgngxmtst%gqjgthﬁt logatieywirbinprhe losielbop o tfhelrélsxstt&&sfabﬁﬁkdpnately

; xter al f,low | oop by a

pos B3R 00 ) U B MLl 280 STUEPEE B i e i

the qupment@ 10. s@aﬂmcae:s, flﬁh/afﬁ?lﬁﬁibleﬁtl‘iaﬁ (1;84 aaayd fl{nanHHm acts as a
[ r re ow occl uders and their

°°m§[‘a‘%§t&8‘ﬁ’bw R B SRR O ARt eaFY oo tRepinnn unit 10,

prefmbpudpwnmdamm wehelp ddisk Grariond SRRy RARRSPHrEMmEQA 6h as the

qpﬁ o% ﬁot bg |ncluded in the pressure/flow

impecRes ?“@é% SHPMQREFSHES i ncl ude, for exanple, sinply
an [(mals]r nal | Yhapftdue dyssr e\ GORL 1P Iexérﬁ'?l@ &ub @l Meservoir(s),
or a or a partial or full external &t

and o3RGS B Gre6r o fesrentlpl mmyrsipatremdments, hese componens

a maumd Tebr YIS I 0
may BRURAde TEbra i Eg‘*{?‘."% gagxgﬁsgﬁgggggr gmgﬁee pBRBL 88 k8o AMNe, PETG, and

the lgﬁﬁf’éiﬁ‘y‘%ﬁéﬁ pedinsred mainjining Yueglleavicemmerttj 4siwell as ease of set up and
chandP8LO6f 8a%HaI0f Iryétﬁer e dknts! 4 ? ﬁg)r %nx)fts Of fNeses. %f non-

systems may include a variety o ents no
dispesablgnaterialn sugh asi for exrample paetals crol ;apvrﬂecgerrlaa¢ed9:hﬁlﬂnht3r,, structural

ntedeRy, £XMPLEe. B LAIW, 22olbb bl
: e%é§uces vfb?a?ﬁons o%q%gﬁggnghsqﬁ“effmwan?r%ﬁPy%enmde°fa
comigaatian of disposaltlh andndi-disposeble maérids tion col B&m&ﬂﬁi&:ﬂtby, for example,
ETO, Saldcla6t, S hehils ek

Bros s(,: ave, %Q ;111grl'i8%t18n,rre rc]i tgﬁﬁ%xe fbéi-b?la%flﬁ]é preter Sfyek&hng non-toxic
mategjalshi n t he f|OM/|OOp if the resistor is appropriately

[00116] An exemplary operation of the systems shown in Figures 2A-2E and

3A-3D will now be discussed with reference to Figures 9A-9C. As shown in Figure 9A,
first, the specimen unit 10 is coupled to the flow loop (§100), preferably using the coupling

units 330 as described above. The steady flow system 30 is activated to draw fluid/ media
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positi oned, such as downstream of the downstream punp

if this condition is desired in the specinen unit 10.
WE22paoedseF s, such a chanber that has air and fPci/tiSion6/045715

it and acts as a conpliance chanber, can be pl aced

upstream or downstream of the specinen unit 10,

preferably downstream to hel p adjust various

henodynam ¢ paraneters such as the inpedance bet ween

frorh| AW radeediF e8,Swhieh if A8Lm] fAdie n\@H ‘ﬁ" i>HRFE into the flow loo
nponents, such as, for exanple, g P

(SZQOESaé),dvgierErgjsured gwml smsmb@Onxad@ooa‘cuaaw@l(ﬂ@Oy s@fthat as the
ﬂuxdl'ﬂﬁ&ﬁd &l Fawh thco%rgg QEngﬁg%&' JB%? afut § glgto t fg:spsemmen unit

may be nade from°di sposa
10, theapptapriapd d»stam;c cqulityqrseps presey nPEIEGpec&ﬁhdn uhi 10] KerekRatively,

di.n d maintalni rile
e LRERLLT 25 G108 20T 0% i ety o
systerh Wssbr tthe ab& systenmt ey Berbotlvre sinultMeSR1y; ONPRAGRL Son the

de of .nondi sppsable materials, such as, for
rea et S R ReWa gl o 56 praeusia il ahe Huiddprdinggio the specimen

units1a, L&lﬂulﬁa’ihcdlﬁhﬂﬁ g!ié Nara@iGhticd @f lth&K @luid Mhelldl JasLoc%&P Gvith pressure

I Mmen Qnponent s may € nmade of
and/ ogﬁfg"["ﬁa?ﬁ Iv%ﬁil aéftpxa £ g(&tm withingh ASPECHNepBBIY ﬁp,eand particularly those

assoﬂiaieﬂrivﬁhspreish% acr TRywd 10 Mthl RS Vi, 1P r:chee F&EHL&I unit 10, are
ﬁ&g ut ocl ave, ganma irradi ati on, and t 11
established iby| the prewureAfipy dostiel syssemt 290 h}lsttdaberpaadmeters preset in the

conle P10 s SHEQTRL ALY 19BGIAChAR B oG U AR BN i che

spectra¢repeinde, th Entpuy ecdlegmdeg@and\srasmmhe datitguthe cQdrol system 70

S it-10 is tothe flo
e il B0 1 T Bl i e,
contgel, dad adjuse chalbpeetioThvé tht eadyy flloewsgyah an 2 tis Bressure/ flow

cont\%'&llt Jgﬁt%lneg%ot ;i% axgercg\é\%rif;r blélzl %g%]g?c% ?Jl:ﬁgagut ﬁ])fe ﬁél}etz}%\é? Iﬁ{]ﬁl%sut pfothe data
colldctedw | 0op (8200) and the pressure/flow control system

20Q . S..al so t i,vat.ed 00) so that as the

£l Bﬁ”&?ﬂed. o The gp E‘%Fgﬂbha%éuwéf%mwum%bo again, at a
pressiité tnd/30 fRecdrdtivort Seabsiped BYBhe Wiksdurl ot REutrol system 200 based

appr riate dynam c cqonditions are present in t he
on °8€é81io I??é?fnﬁtﬁfstmf € CORLFLSHERERVEL hetcrﬁlégcrawﬂsldr’@/edthwses through
the d‘cﬁwfﬁs&@&m&%ﬁ%ﬁﬁ@ il 3%&’&013({:5%&@%% BN 1tn§ por Q.Jif’élﬁg l?é(‘;ervou*

the steady flow siistem or the
0. At ihezemp 1§grﬂ?|ﬁt aheda u}d/ ﬁdthﬁgtqdntot tigher the reservoir 20, an

floQ0 b RIFEALS o Ofh | € (ugt
:::e (gf t he fl ui dc/)rregfkgﬁ?ﬁlgg?h%r SF)IEG)%:C{I?II! F}a-ggn l{ta‘%&l ﬁowqooP » again

8P Presel R ppeteriotetd imdearnypl gysteof 70 drel cfHatactbhmctl mAeasured by
the séopgsated with pressure and/or flow, as well as the
conditions within the specinen unit 10, and
palC01H8l| ar | yThetm'st@ma@@@commBksm bberpteds Setoedaabé#ith the control

&Lm%ﬂs@b}] 4 dia ecinmen .unit 10, are
pars gL B o o TR e 0 w8 PO OBt pespis s renched
(ssoq)ag‘é@ ggnexpmmaraetsr @rres:eltndm wthlﬁ& BAAbE Plesttthtthe fontAS system
70, n{ q) CIX l erl nces t nam.c 1C I'ldl tions

a for exam e, ﬁ’ apse t1me cyc es, emaxmng evel of fluid and/or media
in the reservmr 20, a concentration or other characteristic of the fluid/media as it is

returned to the sampling port 21 of the reservoir 20, and other such parameters and/or

conditions. When the preset condition has been satisfied, the steady flow system 30 and
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speci men unit 10, the sensors collect data and
transmt the data to the control system 70 for
worsnesehig and anal ysis (S400). The control uPCT/USD06/045715
may dynam cally nonitor, control, and adjust the
operation of the steady flow system 30 and the
pressure/flow control system 200 as necessary based on
its substantially continuous analysis of the data
theGREs@Cl BSw bHARLL ! S8;
tqﬁe speci ren uni tzgsie-g’hgg%g{énd%gtggg& Gg@ggrp@anﬁlcg%rﬁcxmtem 70
collefsh el BHLESE ABY i Eeaihing daqqeaSpreagggd ¢8500purheopteeiolen unit 10 is

decSYSIL rol n,the co
e AL I TGS L0 OO0 fld, ARLBIRESER +husis SRk When
othe s ditioas ayo uicludgd,umeah BSOfC&ndxdlﬁ!dk, tagiaBrstirchhend/or torsion

n f the reservoir_20. At the sanpling
confihts 1rRlet P B piodialits Sintnc 08t apthien pieme may be
actwa:sda Y/ O¢cess2fY, afeen thel fiblvossnpiviohs are s%@ bI'th seh¥2s ERSRIYR4 fensing as

hal di k.outsi w | oop, again

req%‘éésdeﬁﬁ’ %ﬁ“eﬁ Pague &533%%0 gf?%‘?ag tPr? § Keateeleigm 70 throughour

opeS@t%@ﬁeMoﬂﬁﬂerﬁh@f@@tsﬁJtérﬁﬁé fesuffeasured by the sensor
001 18J Thg system 1000 continues to operate in
g

ac clgéldghce wiftshdipqissed orhor o | th arrasasiasr® gay Uy bied whentrol the
varieQEdborRME BB ARl oBhRSRIGH 1& gﬁggutcé Qﬁes%red conc%mon or set of

gar ameter is reached (S500)." The governi ng
congitiogy, it Fhe) PACImMEHR; st %afbiéomfe‘saelous ipctiheﬂx:@ntbtrghbutsgl‘stfhmr loop.

The/ EntFOR% ng ;d)ﬁla§)£§??l)le%fn dg};‘a aoqgﬁg S)}'sterrr? 2 cE%grsager (ll'loﬁnf.merous

renalnlng | evel
modry, inglusing dnt reasmple, orfimst hexde ohawbxche!ﬁuesdolncrobfsystthﬁ 70 controls

th
ol MAPBING, Bl s SLALIES, QU0 SO B0 ROLL 2,

witlg g to mléeedWcé;rfrdmevapbes&hscﬁo rehiiéhi oy espdiRRed throughout the

tlsf t he steady,fl ow system 30 andt
Row ke it BERS chRRERS SR, b 08 {qepatogtrol mode). The

con(rSBﬁ@t;emSW)ﬁ)ay alsheoswal dnflodiniedre BT e s¢Rbkiaa hSe®Rd mode in which
r emai nin datg ,as.required (S8Q0),. the

e B e SR oo RS g iy s s

on i(e&ﬂﬁﬂ) ré@BiVed) OIm PEOSSHSIONY sé@@s)ﬁsﬁxoh@d BebhoHdR Qhe M@@rloop (a
1 girer cond tions are included, such as, for exanple,
closey (9P °§PFQ &tpdgh dresAbacsrmmomchdapion emmspler pressde floy, diameter,

strainl) &néfﬁlbkflltb NErody &t SN 44 oﬁﬂégsﬁcﬁ%hish?é'rﬂeﬁy $LIGTE %HX paqncular
gctl gfd as,_necessary after the flow conditions
con carignns. Mlpmprous Pehes paesmstery mRy Alwobs medxt@r@d and fed

bacled RBE BhQYI SicdigSPAC grcgrﬁdenx%r t%?dcgégl%aé 9 u%l%xen? %Hcge control

system 70 thrioughout operation
Paragiesere Anchalzpidmy anplieqd bp theojontolldi boad sedhapowmetetshbictated by a

partRh¢ %§§<%oZ,Qe£TB§’ cc;}giln%cfgd CBL%F:C ?ﬂ{tgﬁ %)(ﬂ:% Jiﬁglrudmé f,combination of

conponents of ments 0 e sys
the gpey gnsiicl @f@ddpw gontwel medespmay alsdi lie| appsopiriutd. hé‘hsqa&enffehmodes

are &ifyugse%gl angl dQLi1 gélovarl ous | ocations throughout the
[00120] Figure 9B is a flow chart of the operation of the controller

throughout the process shown in Figure 9A, in accordance with an embodiment of the
. . » . . ..

Invention. It is assumed that at least one, and preferably a plurality of dynamic conditions
and associated control parameters/algorithms producing the consequent hemodynamic

forces are previously stored in a memory portion (not shown) of the control system 70 for
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The control system 70 may control enbodi nents of the
systemto operate in nunerous nodes, including, for
wex@spbea2s a first node in which the control syRCEDS200€045715
control s enbodi nents of the system based on manual ly
entered or preset paraneters/algorithnms, with little
to no feedback from various sensors which may be
posi tioned throughout the flow |oop, and no
seleCOORBR SH IoRERISHHA & BN ontr
rrpde)ﬁ TI?g contr OFé glﬁﬂdrﬁ(% rrterlt)} a stgiggo &Fna%we elrBodiments,
conditinag arsies centrph @amtetm mnY abes edemetl rmdmtendv\biaﬁiihlly Such
& I net.er s/ al orlthrrs
e P oo e i B R0 EL BENSE" K Sntedler doat pugminuce,
pr eﬁpmnmqgmtndnmf@m rdamsg ramdpmfhmt mmheﬁarhim&ug Rehi¢h 0h8 produce a

QSD a c ed | oop control node). Feedback may
desm!”&)%ﬁé“]l ?o?ccéj%ar%p é, pressure, flow, dianeter,

st r[ﬂﬂlﬁ,l] met aldal sHviprindBighicOnB, dng Qtﬁ&{o Qltﬁm condition/set of
conlTBaS n% g ated to partlculg |t|on/set o?
Qition: fs sglecte I{iﬂ;:gi c8{1ﬁ Paﬁ%{flﬁfﬁﬁ( gyl agjosmteglewith a selected

condivivin? @t &t @Aditiond A bet RidlIed GRIM raOFre%}é)%EfgrrT}tzgdt &t of control
ynam ¢ adj ustnent o trol

ovi fo
par 283 ten @rgluaﬁ gs%ﬂgge’f Manke meprallydersgred {823 ohasedlonerequirements
dictR8 @6 Opurtif@aPai-29RY Sfiserdh ot @Jrﬁ@emxoﬁs @6* I g4l Qxample, a specific

condi tjon/set of conditions. her con
hemqdypamicnissiencisnmibig cestainiflovh end) p@cssmdccmdwm wdb bave certain

asso@ﬁfgdr@ill ngxes%res@)ia@ cﬁgulgﬁre%gfg{ QP gtvFls rr-1r he ?538?1} trooproduce a

nodes are di scusse nor e
patipntppeafiorditien, shdwass fardxample k]dlstrpﬁéchtdnaﬁa@f artdff with a typical

s S OO Ao 0 L L G e

dlff¢rsn<asb,ftme¢h tﬂm&t aatl presmte mealataa&l;lr pimeller akl discussed above, these
comﬁ)t‘.xgﬁsa {‘5 3583 nam. c,condi ti ons and associ at ed gont r ol

L ks G R S o e REBHSBYtisHred in the control
systharﬁmy Aakdvasd, grapaferarsesuehexi fieks| Maglided pfees@e TR{PRlUde, phase

ot shpown) of the contro sstem
relal?or segé c‘tllﬂ?) E‘éﬂzaab%l Pagrisredand faen ’f‘ﬁ"‘t ltigg F%‘?FhBPnsacalculated by
the @cmttdleycslt@ﬂi 70 nfaésuedin al ternative enbodi nents,

ons and/ or, contrql paranmeters may be sel ect ed
or [(g]ﬂ% red nBAGAHRS constrlparaspiensdgasithes ddve either been retrieved

fron® Oxﬁglhbi'}ﬂr(sjd?aBﬁrfﬁﬁxﬁfaﬁ ”@Ntefeﬁcgyg)e' tHeOFo &np;/s Emf}d) sends the
magni t ude, pressure, fmgnitude/ phase rel ati‘on,

cor rﬁstpﬁéiimg Lfeﬁtrﬁbpameé?rg aer@hrnmay ¢ odtices affebesi c@dponents (540)
suctRIRDVRERb L, BRNGEddy How %?sQe’lrg ]3}381&1% fﬁJ’}Og/glgotlg{] pn onlil;cP gress’ure/ flow

first a henbdynam ¢ condition con
contgels 40 &3, 68103 thie ce)mmqmldlqgaccanmrmngl stbgdr iatehimcluded in the

aﬁ.g m et of nditio
PR B85S R 8 P a8 i
Str alé@ﬁfi'fcb'l torsiana Ard eny ptteg oompbmesity ]&'ﬂ&)i toahe flay 166p which should be

t%ﬂeﬂai ly sht.e S25 ase nts, dictated
by a par ti chl é{;ﬁiﬁ érl g )pTO(P tg%rsglg Li’fB’r‘? PHRIPig spfgion/set of
conct1®21@;) These eouztngll parame&pﬁméyl thclude, for example, output voltages or
currents with appropriate oscillatory patterns (such as, for example, sinusoids or blood
pressure waveforms) to produce the desired conditions.

[00123) As the control system 70 operates embodiments of the system, it

determines whether or not feedback has been received (S50). If no feedback has been
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henpbdynam ¢ region in which certain flow and pressure

conditions wll have certain associated wall shear
W@ 200896635 and circunferential strain | evel s nmapChES2006/045715

chosen to produce a patient specific condition, such

as, for exanple, a distressed coronary artery with a

typi cal | arge phase difference between pressure and

flow, or a healthy condition in which a phase :
recevddf ﬁ'b&ﬂ clee hatoveethel LW ANGsRAL 36 Whécls Sof &L at I g?lr}éw/ additional

rri As di scussed above, these cond|t| ons

congrol parameiers baKt PeAn paruwt ereredd§5De Brmew mrc;l mmedrs have
beehentdd&l (SO5), £l neSy 8481 [Rrarkd &@W&éﬁ iD S %8

f1 Qw nag’nfbt ude, pr essur%mnagtm - %f;@ﬂm O%trollj Stem 70 and
trangpyttedh g0 Fhek@npm)}leg'@ (ﬁﬁ})u df lnngmlemb plaraamdar&t hm not been entered,
the c@ﬁ‘HJolt §ygtgm.c7€m htc’[egeg%é e! %}a c?:ll 8 | if ngts tchrl‘rt]mues to

70, 1fdesire
transayithe valid ¢artgd paatahreserh m/@rsent h;enpcheﬁﬁ (S@ r i'Epleprdcese @bntinues

nual | y .ent,er e 825 e control
unt TPl erd 20 TRt ey weh e ar e Ewmbler G50
par[am%er s/ alIfgf@édHaEﬂETGs ﬁeeexﬁdﬁﬁfraﬁrdh@ 'déias@xfsf(gﬂi) edle contr}glI system 70

n uch asg, for exanple, the stea
e GRS Sl b hiePe fonsi smeroaene PP RGFr BesL N fewback (560,
To mah‘fpdlkl‘s th€) thd&€bnt) spdieintAehdy, GO Jx@ﬁ?ﬁen Q&;&&c{?%@&g%ﬁ of the

Bch are included in the préssure/flow control
conyrgpparpRgters Rripig Ly yereklphebra psep pbmiesuradarrappensp rz‘\lmmnvely,
the @%bl ${4téth 7@ RO LebRESIHRNy f@% one

eli nked %(; the fl g\(/)v T | oop V\:%I caﬁ%g‘go %e%g%rrﬁ&? ’I &0 rform 4
caley anP’a & determane aconab dydemis ‘E‘Wéltmselzlaedrm&ymmmcompared to

gieiadi t4-Rh S 0 Thes ntrol paja
won may i ncl ude@&eoémgglgﬂ ﬁgéagﬁ%ﬁ pfl}’t‘? \%Ft gé%usonor %u :B?a%e ¢ §n these
conma{qipng_,fp@]:cgbppm, ethgs Gphﬂrak @ygterpaf/'@ edatsm(i8esC bhaaS po f &justment s

N d Y.00d. D e_wave

T 2134 C gb?ﬁw%g%}nr iod&c ongr rlnb ns. ii"ﬁL){'C?f'L E}S"] tr %L‘s CHE)P&B?] (70 and, if

not,s:pstlemsm tmpﬁﬂﬂtb@véﬁﬂ]@ﬁtrﬂiﬁpirﬁm@feri 0ehs¥sste@itomponents (540). If
eth k has been recelved

feed?%%%%s e R D AT Mo et SOETTEF P B feerol parsmeters i

reqetdosdl, od tie eaijiaFiednssyddudditiond, be ekscdridrdl %ﬁrdrﬁet@gﬁre adjusted
control paraneters, have been manua

ditional
(s63} nr\f%/ef &d{“é?§§)°°n‘iff> PR ClSFR 7 Frapamigive e the wave m@wn‘yents (540).

Thieptoeer tofies ,unkill §hd) ¥aeSINdyE @ ma@gﬁﬁﬁEsgt}?aE Qhé' BERIY @gmplete
y the control system 70 and transmtted t

(870 onponents (S40). If new control pararreters have not

begoviesit er edas §R€oRAbSR tl%yvsﬂ'i%m Z:Q?& ARG teH %lescnbed
the trial, is corrplete(S7 , contl ue

herejn mzx her adaprsd \F‘aFFfGWGorm%Pufaé»fffam énsestoé ‘spgcinemand be operated
and CONIRAREN nSa (raé%@% 8f Eﬁfe?erﬁrrgﬁﬁl%?shgaggg hxp ltll?esreglrrﬁrlementlg dictated by a

contral st det er m nes at t
particylgptetle f}(/ Allystrarige ppagoses; Opeedbracolﬁ thessyseae 2®®dsffo|womn Figure

. SRy B 8 Dl s
withgendophelipleally se las (t@@@)rgpresentauve of an actual vessel, in-vivo, with similar
mechanical properties such as, for example, modulus of elasticity, compliance, and the like,
has been mounted in the specimen unit 10 for drug screening and testing will now be
discussed in more detail. It is well understood that this is just one example of the many

applications of each of the various systems set forth herein, and is not meant to in any way

30



10

15

20

25

30

To acconplish this, the control system 70 may, for
exanpl e, conduct a conparison of the control

w@aranetses s as originally established to a setP@f/US2006/045715

nmeasured paraneters. Alternatively, the control system
70 may receive the various feedback paraneters, and
performa calculation to determ ne actual dynamc
conditions at a particular |ocation conpared to
be oRRghdd ! |cidd 8l | LS for. that
| ocat i o%.rL%I I?Qk% sf}é\%s ryc?[lﬁ%% gl—g %r'gé{)??%)ﬁ? %% ¢ ﬂFsa‘i’flijt f§ystem as
emhadiedsdibreddly descubedA®redat er mi nes that no adj ustnment is
reqyaed, the cant siem. .0 t hen, detern nes :

. mgwwlez}%ﬂt he i 'Trxglmé’g%pfh& & ‘E%“foff‘b"aﬁﬁ‘,edi V“ﬁ‘of‘}'dmhehal cells
discygsed iahoes ist @ be anlsjpdted ther paticalas Glinodynmaic HoRHRIGS P testing,
a toh%a %/sgrem conponent s 1(03511‘02 | f feedhack_is, received
PPYIFOIN T RE*TEREDLPE SESKOPTAMEE Sifhus comefitions I s ssampls) a healthy
hempdy ameicetoadit®nmgubd fRPrdianed b9 WS of 10 +10 dynes/cm? at a pressure

f@OITBQFI ngS/ cal cul ati.ons, .then the control paraneters
oF 78r &7 adP DR SeET RfrIetl sHain sPEertehiby o changa i tdismeter of

+4%] Pieldi@N amSPACEf HQUekRBs Y 8 UIRRUERATPONE S A%Q):usséﬁqi«l@ove, these
congéfcess continues until the control system 70 ~

RAATAES TRare preually erered, erolpr sver ReSwoyd if 961:28)ry portion
of thScoiRiol kRidh 78BR Y &ocildith Wﬁ'a%ﬁen?{gﬁ?ﬁaﬂgﬂﬁcscogﬁit{&? and accessed
be apted t Ive

system descri bed herein ma a O recelv

as nefgpaRYORIEOrdofthe idwatiomygfagrisk  speci men and be oper at ed
angggaenf i gur | i f different nners based
onqj(% he ];equi ?glrcrée E%é’sJl a%f;}(r? g}%éeédlgi)ebnilloCi "Hart f%’fﬂlrtg et F%lﬁc.tede and the
corrpypongingrentral paremgrarspos esde opdabit,tha caftrdlBgstays0eBntrols to the

A0S ' igure 2B..in which a conpl.i,apt speci nen
steaci%g it 3?% F(f ggeéantgltg’xhgmgeo%r&rfu ar ons?({rﬁtéls ﬁgrctuﬁﬁ éﬁe ?l%w loop.
Thelfirsteddweddndemesstedlavakonredls 40530, ahidhQ idehis example, are likely to be

epresent at.,ve of ap actual vessel, in-vivo, wth .
bellévlv WILPS, r?és‘(::lh%ltﬁlt% £ 868‘?‘@?‘*85” gra%ﬁo%s’ cqrfﬁspgséé%péfhe required
dynamiidogdicivhs.€ [Tasd inaj by aceiiplishad 69, forRbathPR, {HekBrsr PRSsure/flow

tbelre‘g)rmun ed,i1n the specinen unit 10 for drug . ) ]
contg @ BeAPRY Y 1 Bt F P PROHF HESTEA ST BeBRACTFR gD increase in
flowdgidaptessukd diréctatdwadd RS SieoRtert M@t 15MN/Bild thd #edndPPssure/flow

eéa l e of, the many applications of each of the
contyal, pgueonsiderednin guf exympls rebeithe damanstream opumpa simuligneously
creatifly @RYinWaYd2€inCGW tant E6ke@8reS Qirkdetl tdwiGdtiae Lgalio

o?]g opel?ati onnof er?‘go | r?en%s léf tt he syst emsggﬁéﬁ%g{ﬁuego' The
coorgitadrasan pt theswnsiersnl and dewnstr¢a00p@®ps ifd the gesubmanprlesre and
flowl do@dRidns pPOHRIEIRERL e LhakatghLs
i scussneg above 1S ts%&grge% {Jég?%gkpg ag%ﬁ%frfg?iyufoﬂpogem avor
aboviehp chhaﬁ’fﬂe SPéotssecidterh witdra headthiyrlgmaglyparoprdoatigion for the such a
specid@ganeters are set to produce such a condition. In
P . . s

this exanple, a healthy henodynam c condition may be

r el0828%nt ed Bie ascilB®nyf wikforinsl gendyuneishg Mh cabrdinated action of
erenti.al strai

r f +20 nd a circu :
the é%?%g gﬁ% gawégtr Caamc?]uafﬁ]TS‘e_g)i tﬁusaﬁxglﬁﬁgkeerpa}b c X%'%d RYi @rzzﬁnﬁ éﬁe action
of thenuSPkaof a9l degneesmapumpt raecprdingly. ofThis,Hor eA8mple, rather than

. i scussed above, thes
dlrec(ém% AR &Ras2 S pressure §id7or flow toward the specimen unit 10, one of both of
the upstream and downstream pumps may instead operate to draw fluid collected in the
specimen unit 10 out of/away from the specimen unit, thereby producing a differentiated

effect on the specimen mounted therein. In this particular example, if bellows pumps are
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control paraneters may be manually entered, or they
may be stored in a nenory portion of the control
W@ YBBAeSTD i n association with a given henodyne@i/tsS2006/045715
condition, and accessed as necessary prior to the
initiation of a trial. [00127] Once the appropriate
henmodynam ¢ condition is selected and the
correspondi ng control paranmeters are made avail abl e,
emplBfedC @Ntholy 0 S e fiea I
O To oror e o oDt il B0 i RoR Y Thhed by
alloppngythsrbellees frosiien obphe primepsfiorfill wavkdflsid Fommal the flow loop through

h in this e
e BESSE B I OMYER0E B S0y b6 Dkl o PR e o
loomwnctirafmthhm}ef mtm cfotlreesporedinngnd @lobinerrés yubgd, and then

cong%ﬂﬁ}g' a rquaﬁnéj o Ifgxécf frB g%ﬁn@%mggﬁ/%gﬁﬂ los;p%&tggenbunit fasoxtequlred to
prod‘tméSthd éésﬁ(édleffe&thl@r, a)tadi’iﬁ)dl&l}t Qhb Bel’!cﬂ@s MR bE GAB BYMshe specimen
uni % % qgﬁan i ncrease in fgom1and ressure directed
TR THE "epetRRHmpAn thp reloas pitheiselleqsrdotlieid into the flow loop
conﬁbH&Bsz rolh @MnCORENdly BRectédDérElcder ed in this exanple
he downsiream punp,. simul taneously creating an

&&‘é‘&%b in Fsslrcaived pravesiarbismareenlarexedpler thetstrady flow pump

30a Sﬁl@&dam@r& B 166 chINGheMOfdI AL ?Qo;ﬁ%Bh&Hreqﬁft v&ﬁ?the action of the
upst ream and downstream punps and the resultant
upsiseass ang dOWRH I APEBNdT b As thsreritresd and dofrasspet pmeps collect
dléi%lcﬁ flhRSidkrd A n o ARQY,

an o eg%«g s ad! ggg (f)%lﬁ‘giﬂg JBE&&I%R ﬁgﬁqgt zt?tﬂgasﬁgome 1fanoq aﬁ of the
fluid sriing dohgh thetmnapscly the)smatmrepleﬁﬁh%]mt'ﬁh&rculatmg fluxd As
fluiP3 0 0 g t he coordinate
UICg C%:V%Jn ﬁ%ef 0¥ é@ﬁ%&} %Hﬁa ?p? ag%lﬁg%w{v%éia%e ﬁeservou n%f fyhere, in this
Part@}éhimlxemnhya [perticy thedeo}ﬁys paxiogiatly tslpéoaed bfﬁ nt e fabpling port 21

Feam d down tre accordi n for
for 4H3LE PG SATEHRR 7 B Frepthidirol R ieseSire20 for
recuacnbhtlon ltﬁ kl(m\lpilmxwa}ad edtanepls pREbWEH) atidisdusskd, abOVE iDEthBPSdplications,

str nd downsgtream unps may i nstead
this Qrub altP g BRRAP G Gy b remed i o Sk Gk Aok pr holding
tanklfhtb&rt thah/ eviedulicedMTHIE resheclhiiBn of Fidid ah@peRYion of the various
differentiated effect on the speci nen

cin
poefR G B HGHEIT. AP R gtfeat cl SisrB R algorithans uoil

a prbet kt@p&dﬁd[ﬁlﬁl BIRERPDYBHa bxdrisle DS bR, AR hich a specimen is
downst p05|t|ons this may be acconpllshed by

undergoigg; gttﬁ151"‘§e Iﬂlnﬁ)\ﬁBoPpB‘f‘rPﬁné'ﬁr df oftsd tpebesedoifi lekpagitenof the
specithétl 2 td @Pabit@ldr|sovbs &Qﬁltfolﬁg SS90 B aRoLhOBf H{n ' flGed on actual
. Steady fl punp 30a which nalntalns a mean
intesagiion, gh 4 b B “Yisorp Hasrrvar. e discwisechabidve, it itop coldition may
varyl HaGed S tdq 8 A Bmand dﬂ:@é%ﬁsﬁ}r ngtlgblﬁpﬁ'!aland then

controlllng a release of Tluid fromthe bellows toward

t h0d38ci nenThisiis jess anecaxample ©b howodue of the euhbsdm&adts of the
inveBlibGlay KT emBllal AR A8} YorcldlSs BE) LONS, IRY B, L1 énpdﬁ,% silicone

romt speci n uni pecti v
tubealmdméh erdashelial efllst Beis ool walestdd Ulmadthenétaﬂothethéi @#hponents

descHBQP herein may also be applied to embodiments of the system to augment the

capability of that system and provide further variation in the dynamic conditions to which
a specimen may be exposed. For example, addition of a third pressure/flow control 60,

which may include a pressure/flow control pump, a full external flow loop, or a

32



10

15

20

25

30

controlled to produce an alternately directed effect.

[ 00129] As described above, in this particular
wex@spbe?2s t he steady fl ow punp 30a nai ntai ns aPCEHEI2006/045715

fl ow t hroughout the flow | oop, concurrent with the

action of the upstream and downstream punps. Thus, as

t he upstream and downstream punps col |l ect and

di scharge fluid toward/ away fromthe specinmen unit 10,
con%m&tﬁﬁﬁ%h; b h§é 5 rtgxgger gc%r efuﬁéextr gaq a&xﬁ#;q éu@lolwngwtirgﬁl%%gt created
withinyth spacimep fhigilg. anASOfrﬂnLﬁndxrhteandéSxdnhbcamhmaﬁdxﬁaiﬁhemodynamlc

u [ els toward {he reservoir, 20,. where,

for&h Ingfhﬁa%%%l{égily a(lff é(;(r%lon Shd/ 8F FaP SErain, ﬁlé‘ioéléli’ gxgplementanon of the
capgiahuc;chfothé kxpmtmbepﬁ&ncﬁof majt furtler 2RPad the sROLE céndiribt) which

np remai nder of the fluid is, then returned
ma)fab ﬁréa'gtg%sl rg}? PSR el ARd)| SEPPTSREPS thpsparticular specimen.

Nupﬁfdds cdiffafene )éamibﬁmex&k tdhdUgtamaerdiGUSS ‘fr‘ﬁjorﬁmy@ and/br control
] F %pllc ns, thlsreturnflwdmay e y or
3 g‘b’ﬁ i 5@ %SF R PolR ﬁutt}’%\ﬂpéd? fqeBenp O aorvarlety of sensors
thr&\@hdi e b@bdted @Is{:b% aﬂch&@ cgﬁgilftféy L;)P\‘fh%%?yakérstem 70,

| ui d

recircul ation_of operation o var i ous
purtf¥3d} des Fg‘ﬁé‘dl%ﬂ%{ providsngraphied jepreaguetiatmnefethe various

stre¥d fWSS) heidegiap l(CS)h éi?tl (%% r%ﬁl@ﬂﬁn%%é lacﬁe dglgye Etlh S %a?r?ous systemns

condi tfion iIs achi‘eve an exa € sucC

Figyiiet 2428 andeth -6 siaphiscalie depoired) irdrangs toé$tesmg¢ ®h ldan&tdnr(D) and

flow 358! e r Mo‘?e g{)éeﬁﬂ:ah{z an&Px%§ elgAt fO’I—? lemo t?;?tg %gn%]r g magnitude,

Speci to a ar se
phagg, ged frammny ovbﬂow, pesssiyasad diamaedt Wa'l'eszmﬁﬁhaﬁstpleﬁﬁleﬁfn such as,

r di.scussed. aboye
for S B oond BE B B P o mpabiphioved
by tiye gyspar t10C uhathet dhaalber [1001F0¢ vhkbes lc6nd1ti§1t1s @i® combinations of

one of _.t he nent | hvention
condB D et o e iy [T Ol oafer B rblng ke
on a con‘pl iant silicone tubg |ined wihh endot hel i al
cells i s _well understood that the various other
corrponeﬁ\t%“‘glgscri bed her ei nTmay Bl so be applied to
enbodi ments of the system tp augment ghe capability of
that system and provide further variation in the
dynam cRonditions to whichTa spéci meh may be exposed.
For example, addition of a-hirdppressure/flow control
60, which may include a pressure/flow control punp, a
full exFernal flow loop, orFacor®inatfon thereof, may
providedor further variatign ofpthe I ow environnment
created within the specinmen unit 10 and. comrensurate
addi ti ofhl comnbi nations of henodynan force. The
addi ti opyffsn i on and/or @xialgstrgin through
i npl emsghdz}t [ gﬁ;@f t he capabl [iti es o?:l t he nounting
system 80 nmay further expand the sets of conditi on(s)
whi in .t eC| n_un
exgg{rglleg?%egg l<)E/’{lgactoa?llrg tllocnlfl%lmr vl & Higres Nh%&g "Where an
di psaillasnty emdition heshtos aandl,paxdanaimBtamt kB AR Bhd s 8¢
angy/ or control

[00132} In Table 1, an oscillatory condition for one of the parameters Q, P
or D is shown as True or “T” state, while a constant or non-time varying condition is

shown as a False or “F” state. For example, a condition in which there is oscillatory flow

v
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al gorithns adjusted based on a nunber, type and
pl acenent of a variety of sensors throughout the

wa elogoteses syst em and the capabilities of the cREI/D82006/045715
system 70. [00131] Figures 10A-10H provi de graphical
representations of the various stress (WsS) and strain
(CS) conditions which may be achieved by the various
systens Fi gures 2A-2E and 3A-3C, graphically depicted

Q (TRud @f&b@)‘r-:’vgﬁfsl E)lgz:c?‘f&?écégﬁ Z(yrgsx%ﬁegjué‘f;?&% E&g i@oﬁégg rsr%#]e as sl}own in line C
inls

%gaﬁ } tnd grpphieadiyi depisee asrespoaplmgfﬁlgqu dACymof ndw bwiachieved due
t f ci_nen
o B AEALAF L, BT o AES R0 by
showﬁexnuﬁgwe ZAO'Hﬁ pid 3AS3E.h&urchay, d)eomkiﬂimeme dfhm;hdiﬂéﬁe is oscillatory
The ari.ous .condi ti ons
flod KBk SRt Pelia®yr 4R APLdR pupPoEme P (s
statf)i agshesn 10Bad DHAT ¢ abud giapﬁxchlly deddeed in bgtQ n&&gm 10D

TT,CT FFFT
ma)[—f‘%wg’e'?‘d-(r‘n‘?‘é‘id SRite ﬁaﬂfbngan %’l%d ‘\Ya?hede@bé%ﬁﬁ@intqf@ﬁglponents

progided\By khie sybighik Sisowtd) Ar ERbkes WA, B QS5€C] | | atory
ondition is shovvn a and a constant condition is
%‘ ﬁ Firyisd] shewpappide viewpfos sptdimemrshown as a tubular

stm&tixlﬁdhliZQ[h 5 I@?él_ ecBR& Qhic ‘(:t& sﬁaﬁrﬁﬁﬁ{ £Srdehce with aF eln’f‘oo%nggm of the

as. True or St ate whil e a constant or non-t
nVeRLOY; ngPeaReR thldd ip §eBIﬁ89m€dass a Wabbe spructyze lmvatgea length L.

SpeE Q{e\r;gé ?ﬂmérﬁ)edaabgg)@ %&lb%@ %@&tclt}nitpf {cS téb a3 C%Jc?&rg "W12. As

True state ange 1 n r’essu
usec%j pegeit arbway Fabeserestide e)lclaéessdw\mrqzmdﬂmamexoﬁaloftru?able @aflable of

sﬁ&dﬂxﬁﬁq oak llycaqug duegtthlern ?E{sruexaeg |s:hf'€e u?ggﬁ:tllgg&ound in

may now be achieve e ‘capa
the lbardidvescelarisysnat iin huafans onpairedit sr piipvhaghed of Ebchb@s including but

A-3C._Further
R S L T T A
any sh:&tee))f seodais| fbatdinyhithaneirenidkhl{ fHateréd &) @)nsfans pﬁssQ]uxd from

P tate assho |nI|neD
one g e e B P ot i e e

to, aGIrtngaeteﬂle;)artenoles, capillaries, venules, veins, vena cavas, pulmonary arteries and
pulmonary veins. Tubular structures can further be synthetic, partially porous, permeable,
grooved, microgrooved, hybrid biological/synthetic and/or electrospun.

[00134] Region A as shown in Figure 11 represents a portion or subsection of
specimen or tubular structure 1112. Specimen 1112 has a diameter of approximately D(r)
over a length L which is < L'. In accordance with one embodiment of the invention, a
sample has pressure P and flow Q, if the measured pressure P and flow Q are substantially
within AP and AQ of the values of P and Q over the Region A. Hence, region A
represents a portion of tubular structure 1112 in which pressure is substantially between
P+AP/2, flow is Q+AQ/2, and diameter is D+AD/2, and a specimen is said to have
dynamic conditions P, Q and D, if the measured values of P, Q and D over a region A are
substantially within the ratios AP/Prasge, AQ/Qrange and AD/Drange, respectively, where
Prange, QRrange and Drange can be, for example, mean values of the potential ranges of pressure,

flow and diameter for specimen 1112. In preferred embodiments, AP/Prunge < .35, and
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may now be achieved due t o the capabilities provided

by the conbi nati on of conponents provided by the
waBBees2shown i n Fi gures 2A-2E and 3A-3C. [ OORGBS2006/045715

Figure 11 shows a side view of a speci nen, shown as a

tubul ar structure 1112, in a specinen unit (not shown)

i n accordance with an enbodi nent of the invention.

Speci nen 1112 is represented as a tubul ar structure
Ieﬁ%l a t Scr
P nel }F‘&ggP& %ﬂ? iIESL%%{n%‘P gg’k@gbl} ZAPa fﬁgu:?g?mg ‘r’%’c Qfegpreferably
AP/Pra@ < /G5, usméhr}yeAQ/lQnmteuﬁu}.’aranﬂt prafrable A”Q/]Qa,l,gngl 126e8nd more

pr e?Fa\%l}; xcﬁ Rane ggn-ﬁ% 8 a %V%tnr Ilfllgg‘ - refe a@a bé-ﬁ/ &ang a(ﬁs Eéﬁg @nd similarly

AD@&&QS 33f aﬁcnyref@ﬁﬂj’ mmﬂ& IZ‘S an@% &le&\(ﬁﬁ? lAllﬁ/rDRangc< 15 and
systemi.n @ or animals or any shapes of” sections,

eveq mﬂraamﬁaa é?“*'isﬂfmoﬁed toC | , T, Y of Figures
5A-B83sPd 115 t rt
any shages of 1%(&3%%% %{?;é fe%%% i S{Sﬁégr?]a%gfoglrs ogﬁ'l(br‘fléﬁr SLmﬁ%’f es 1112
accardingetq veripysammbedinantp b sthe| mwchrfqrom"bhme circse—aicnoms tof arubular
h a str
stru@tgx%safaél 1?140: ?Fciu?ﬁ' HWJ% of gfﬂgh? even é ageg gsrvtc ﬁs& gg.\rc eight).
Ot}xgapxrﬂbbélmegss ofvtéa m\@sclow mmncluéﬂauhﬂvﬁﬁmcmksl’m{iﬂﬁg’a nearly two

ubul truct
i B R R AP TR DR TP BN osvsection s
shognan¥Fephre 1d.cr ogr ooved, hybr| d bi oI ogi cal / synthetic

an .el ectrospu 014.Rei n.A.,as shown in
b sef o b SR8 e (¥R BrssFimen 1112 is not
confpieely Fifid Of tHat! el shepSbf M&E%E&eé{l&gma§% iﬁezrés tJ‘ﬁﬁfxcxently
mat el y t) over a Ien

) a_diameter of g [

g YArHoDs o o R PRRAGEIEh SoRTe e et withinuctures WSS,

circhmfe@8itia0Biraia (€8) RirBchast Hrn%% %r) Ervs ghd g%d + 50! fordhl! ®Hence,
t' a

asured pressure and are substa
tubilasn $ryctyses Rreder ddydraw Ak eawsaer@ fogxitpligmia e come rh#rtethe diameter

D(t)FEQ LoRrdly Hehee ’hef ' &B Ar&ﬁ ﬁ$89£e toasu@i?(.rlet_ritg)n lagge variations in

tubul ar Structure pressure IS

presgy StEnflpal Q. tfeqewéecw I:engthP/(Q), afhillow tvgstQorP@ @) @ a selected

dxre&‘i&ﬁ@ﬁrﬁéashé and a specinen is said t o have
ynam c con tlons P Qand D, if the neasured

Va|[m§7bf P FngeariG aDdohBey demprgfaon hdwadi@merer D(t) as used herein

I thlnthe ti,0s DP/ PRa
can 595 B%%%%Eg I%LXCI‘ eléldléé \IreVCéf{ tge slmgs roé ﬁﬁﬁ%@ﬁo%%%@?aégﬂncmres
he BRagregef tbamulb:@r Qi‘mS-smmﬂ'p'h@ bémaﬂ-ci\taUMESudhfastenQ)tlcal or ovular, in
ressure, flow ter faqr

{ d. di
Wh*&"ca%g MLy R0 B P RS L et PGRLe chpRagsgh that cros-

sect1985 shaphd pFef eamlpley phiRARRAM() canBpreddif thD P URhekabine ourer
di Iia Bul 15 and, e re preferably DP/ PRs gc
1ame6q5r the l%] B gf fti}“cﬂt’fé wﬁggnc ngss a %ortﬁ,@?@p{foqhyecnons of the cross-

sectxaﬂlq&mﬂﬁng a Zﬁectémﬁiiréﬁﬁlbﬁ aQrsE&\@ﬁ "JHQ' 18 qrhg(‘selectlé da8dion of
even m)rebprefer bl¥ gﬁa and simlarly
e BRAGR O 1BEY HFRGUpR SHEY EhRegt mhmgtecnoxzeé areand

nmofos1psjef er atibyre DD5 DR sh8@s seleraBNEaBGR TPr §
r ef er abl DRangc T e TRa P ow a direction of

measurement can be selected for the measurement of the parameter D(t) as well as how the
measurement of the inner and/or outer diameter of a cross-section of tubular structures

can be accomplished according to alternative embodiments of the invention. For example,
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[00135] Figure 12 shows exanpl es of cross-sections of
tubul ar structures 1112 according to vari ous
wepdsdedsent s of the invention. The cross-sect i PCBEUST006/045715
tubul ar structures can be circular, ovular or
elliptical, even | obe shaped (such as a figure eight).
O her enbodi nents of the invention may include,
tubul ar structures having a nearly two di nensi ona
Fi a [ e i nd/or
B g sares PR Il I, b BBl B0 B pometer,
r eSP&Ctp‘feéJr &f petosentsoidhatenta affa tubeat simentieas meapeed stofg dikldrection
[ Lgid in that the shgpe of,.its
L Sl ARGl U o b e SR Gr R ey respectivel,
of tlhartgbalvrasmmtumrm mensﬁi:ysd auorg ﬂﬁﬂﬂf&:tx@ﬁ& sThh paameter D(t) can be

sure . t 1 struct res WSS,
Conﬁn?acll? & en Igl" ? %% For rexprp eorpataé‘??@?r hP(t ynight be the
thicknéss bf theroalk of e @adlasard@lﬁﬁemodglaﬁ&emoﬁ W Dy, Dl(r)-D (). Also,

structur s prefera | east sone flex

di Fly have a
iamigfessy g BF abearag o daa*ﬁaaisrilrmem( sl gease rvalulev combined by
con€loflérEra ko8 iiideptinMA Yo difbrEE E? %ﬁ?rofl@r AL lhﬁé,feﬂhér}é feedback
| ar ge variations in pressure P Q1)
s@%# Length (L), and/or tmnst/torque (T) along a
oot dir [ r

(5 i ggﬂ dem)ggl% rtgl%%ﬁ{]séfvﬁﬁgﬁ‘g o g %&ZJI@F gﬁmceture in which
cuedgﬁa@@e@%aeaaﬁ@p@peng chrreingkt Shamepdarmitlay&be xoflortghdiregtiape and D'y
can Qépré’seﬁtr &%%u?e@c&l'idr&&erogf léyl'ép ¥ laﬁ)ngb irec cx:cgnu% I(:"? c ulTI;re shape of

tubul'ar cross-sectron ma such as
eI I[i"Bt“Dl:aI oFigova [l 38 is larsclmnetxhc OGSSESdchenedlvaﬁEt(ﬁra Rednrn blood

enres |nd|cat| riations jin
e ERECHRLS 3 BRI L1 LS MBI O M
brogigndefepd deein, which shumrhodr ﬂﬁ&iaﬁfmet&xhe (tPUnEY ardl/ 3NBItEF diameters
of a Qreosg-sugtlilclar?‘rofsrtn{lﬂ ]:ay r ¥z\1,a Lhi cknes% a ogg oned orccordl
ore ot eEtT onE oY ThE PR PO SETERT O AM PEr e HPigd 2 ng to

altemeh'efcérﬁﬁocﬂhfeﬁ&tdf @lne ﬂ&er&l’&%xta&efhwﬁﬁns]-%llo&rkﬁbﬁﬁ{tﬁ ?Qﬁie same
asurenent .can be in any direction w

tio
hm‘%&’ﬁ cpa ‘B’Pt k?re[FcF’é‘g’é mast{4Y6Rat 2arieaer ?‘99‘53@}1‘?@%% regdothelium,

follokded W@B&oﬁ@%@éﬁbf RbadikBSiaDEodheVi? kL athian f&fowed by a third
sur nent n be selected for the nmeasurenent of ﬁ

layeb 8?5??&‘9 ¥ SfEX’? rgusclfe Mhichsis highly Heveleredunemerits. @ﬁnadlbrethere is a
fourtl\Rger 8N EdHecH BlsudLARBLEL a&)sfenﬁtlg rﬁﬁ%hst%ﬁ{aﬁrgrhe%es that supply

tubul ar structures can be acconp accor
the mpsculas Javiepses srel ¢l Pnewpscs«pﬂlanhem qhv éqwgﬂdﬂwdimssels

exproRlg) Fi QUPGah3RrsS VG ﬁ'ﬁ‘r@}%r% Cfﬁ'xa%% NDHa ourer diameters,

representing the inner and oute
respeayplye of petrgss-sestiopalaresef & bicttilayvalof ar malteh‘aya- tubblak arructure as

meas%trgd"f:l HE thAdirdB8r Y! § %1%&9#5 A d ]Sze;% gz:ﬁf’ rflﬂrgsethﬂgrmner and

y, paraneters Sepr
outeaﬁhar@qg@r respeativelyt of newpast layet wf thé ntlla-liyebubsular structure as

StEMGENE 8, red along the direction 2. The
meaparamet ‘Ot %%% be conbinations of DI, Di, D2,
anﬂWMz]D 2. FoamexanPleandpBr arepresenb(the umwhatndb&ntexhaiameters,
respectively, of a cross-sectional area of the first layer of the multi-layer tubular structure
as measured along the direction 2. Similarly, parameters Dz and D'z represent the inner

and outer diameters, respectively, of the second layer of the multi-layer tubular structure

as measured along the direction 2.

36



10

15

20

25

30

thi ckness of the walls of the tubular structure al ong
direction 1, nanely, Di(t)-Di(t). Al so, dianeters can
wheoosweses ed al ong additional directions and tPOBES2006/045715
val ues conbi ned by controller 70 and/or independently
noni tored by controller 70 as independent feedback
signals. [00139] The tubular structure may al so be a
mul ti-layer structure, in which case paranmeter Dxy can
reqoee@pt therjuane . dLarRLE ndfhet 2YiE orﬁe@ligé?)gtc}‘;ose w{ﬁch respond
di rection and D xy can represent the outer dianmeter
to dyhaiigyeenditios dmg sulistaatialilorpngistend 40¢r dFidghoe thaRld mota
sc hC cr ' | view of .a hupan bl ood vessel
(o BT 7, O BREerARE b 2R Hh ook ot @ ag 12 R o
varigu$ ldcatiensem systionisain astdrdaicel athasn nsdimdhy oflefid ineéhtion. Feedback
i i. . t.er t nner
FB{FGR ARt BT HRAREPS O nff 5EERGE: FigRUiSIORS other than regions
A offspdcimémyEr?. tSuabildhamicr doatlitions G milie, HOOHRleIt8 RBRE, be referred
accordin | ternatiyve enbodi nents of the invention.
tO AAFHSET 85318}?% ‘S’é‘F‘ﬁ’éc $gdItfSsubst anti al |y the sanme

hi go@l4agi cal Awies Bereiﬁ?@tabﬁr@'nam&llylr@%:%'hsijvé t@:ﬂllajt%&%Emres are
lining called the endothelium followe bg/ a secon
tubyplag grucgeres wheridImels spnhiepnies rearen ¥ ars webstapially irepeatable for a
. i Y . . |
s D Bl A B0l 05 Al ALV 10
accqrding tp spyboHimenyeef e invsntiewt i ve tissue called the
ad i1 a, [ L S:.nerves tf ly the _.
OB 7, ORDSE O RS AL AL i i
and|dymgeiic Bspodiwies sklthe r§loibdlip HeawesmettershySicalasthiciire bi the first

5 SRE Gl A 06  ATSEL Sy SRS ] e
haveralstabld dyremit wbspbagivisg, rthet globaladyHaBAs u6editiahoag Bd@anslated by
di pection 1. .Simlarly, paraneters, D21 and ‘21 ..
confrgliicLionto T KRR hno BRPER thebrarert tpbdeitryeyeey s prior.
Forekaripkeif angistemyiol & erdiRe] weitlel 4 fits@yeuldribrblbaive, Shil WEIHHT @ mnamic
. e sur%% | ong.the _d} rection 1, [0Q142] Paraneters .
condifions (e DFE(D) PaspiRRSE it OfRarioh et beridlipkdefin apeardanee vith, for
exathBRPBRIkY 29)Y th&f a fecbh@SBLRAGLLIAP Hru@hfAwhh duhSudi &Sl thickness
| ayer of the multi-Ilayer tubular structure as neasured

twice) BAg ok He st Btulas stopcruy, tut she game ipnsrsfaspeserppf2hg Atstpubular

structibe CORHOSEMserkdid BREImANGMiIPYDSSS SHR0RYALS: loop subsystem 1105.
resgectlvely, of the second | ayer of the nulti-layeér

Conrenller dil7Q tepmchen @edsrmehs wpptbpaiatm iy antiaiais rrecyieldnlocal dynamic
. . Iyt L1 zeaq .
conditib9 ]aﬁ 3l c&%%?%xﬁt{nrl%trgéfg%%{ g@ éﬁg edotld l!&%g}a? %h%gt%lr% Zpar%wded the

into those spon ynam c con I ons

respopiisirant # stcopd cendistaaturamminkeriendhe trrrdlsibickiness iglonavot a priori.
Trah @R ﬁ%&&%& DG wk& @ak?g E&u%ﬁ’str%%&%g &Gn B2 r:];.gcle}tlaglg as known to

gl(t can be neasured at various ocations on Ssystiens,
thosjerskidled or thermee fov examphd) Odidniynb i hand fleid mednhican.

Fe?&h@?f As discussed above, sensors, detectors, transmitters, receivers and/or
transceivers (referred to herein from time to time as “sensors”) can be arranged within, on
and/or around pressure/flow loop subsystem 1105 to sense, detect and/or measure various
dynamic conditions at various locations in pressure/flow loop subsystem 1105 and/or to

transmit information. The locations of such sensors will yield feedback signals FB;(t)

corresponding to types of dynamic conditions (examples of which are shown in Figures
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FBj (t) can include signals indicative of dynam c
conditions at locations other than regions A of
wGep@sieses 1112. Such dynamic conditions g; (t) PETO82006/045715
fromtinme to tine, be referred to as system or gl obal
dynam ¢ conditions. [00145] As used herein, stable
dynam cal ly responsive tubul ar structures are tubul ar
structures whose dynanic conditions at region A are
17 ASAIS 178 that kb d R RE AL A2k e 1%9&1 e i
dynar??:] condi tions and/ of | Q‘gﬁeﬁ%&g@;oggnd?ys?oniwflbﬁs with
a sigs §)7§1@‘F‘nA?z T v wesiation of etabhbublu mtrectgfestdag be linked to global
dynhAYERbAdRond $J146] C [ ai.ned, usi a
.Yn first tubul ar 9'st I‘lfgtétlfl‘g galvm?t[% Zlmsat'b~ (gcgft’{ - glt&yﬁ‘gﬁg‘é‘mems of the
quﬂé@ponm vity. If the rel ati onship betvveen t he physi cal
st rotsgf € of ¢ he. subhsequent tuhul ar
uct u{ es i sft wen C%’ﬁtéal?qﬁelggy supe é‘ﬂf‘gtauﬂ&’gﬂ lgypubular structure

havgxgragca:m]ne&uha\fer acagipﬂ;ﬂ(ﬁ Iy ﬂ'ﬂﬁ%@oﬂi@ %E’lﬂi:i}salréﬂé&%uré RED controller

a nham c conal.t)l ons can slate

110% SRy IP%‘? PIOFESSIE SV RIF Wpafrl?fﬁﬁig@be{)%mamle sendifiopte multiple or

alteﬁlﬂbﬁ@ﬁﬂgﬁﬂﬁ A f8r4 @verSiubukl Wr€GuR 19rahﬁrﬂancg%xt@éﬁg&hﬁrents of the
if. a system 1101 is trained using a first tubul

mveé‘f‘f’ﬂc fF $xamp gflag) apt%@ﬁp@r CBReHEY, ordtipls. rggmns A1-A5 can be

seledc® (chn) béi@éiedt&p U:turin%f Qrtﬁrﬁﬁxngn x%@&s begn dkrhﬂk cc(ﬂJ]tlons at their
accordance with, for exanple, Figure 29

respggivsecatipabian btel.lblkledl ko ghobnlciyuumm\mhﬁxtms &LHaﬁfred(\Etl the input (G )

th| cknes ce that of the first tubular structure,
Bl oytpet M forated atgiba i randbutpme of spesimdniliario, respectively,

t uld be inserted in specinen unit 10 of
s Shot“;n lgluﬂfié‘irﬁclgw | oop subsystem 1105. Controller 1170 can

t hﬂlﬂlpﬁ]rf or nThéze aPPEAPEIRbL lhdhink! abhQRs Eﬁn&hﬁéeﬁs, receivers,
d cal nam c conditions at a correspondlng regi on A
ete"tf’“f H . ECHRY ThbATgr St PERSEuRectp TesARRREd tragemit and/or receive

mfofrﬁﬁ:ﬂﬁﬂ@hiéhtcyn (513 d&e&@ﬁ&nﬁdfrb@}&l BlocRdd Gt n%ﬁdntcmo'hmm:bﬁs at any
1 t.he t hi ckness i's known r|or|. Transl ati on
°°"‘B?’bp%’a EenpREs Gk Re &% applbox erml eathas parasensess erale lege or more

asieeled oy sB@hk, dscHkRAWMRE in g ]
P exanpl gy fluid dynam cs Iiadr?g&eotﬁ dgyh%gﬁ’a% %lg%eq%ﬁgﬁ%fﬂerem
AslW13Wus s e Figmisvié, shawnswplssrnasisteddedks diggremanfanytreeridol with a

IeGEbY eisulandf Ry IIE_,r@n £ f ed to,herein from
spc:ctI e to T me A u Sensgﬁ%? {}g (rbg c?;ié'l re ct:chrdng té)nanother
embgdigegt obihs irengions Susterf 1104irichalps &cdwydtee MAIGE 4 gressure/flow

loopss%%@teng ei@ct caRdLRL, ﬂ??%&regre pu? %Bﬁ'agas/rsﬁ?%malnfm/ clobrsgondmg

condi tions at varrous 1ocatlons
to desirpd gpnaamic toaditiandist trhxﬁlaltd‘sahﬁ’thforhﬂfxﬁﬁ Bk is€bf NREntrol signals
£(0), Fcps b onsyof ¢ch seqsors edbac signal s
©. %i; c?ﬁ?esggnglng toI¥V’é§“ ﬁﬂﬁlfztﬁﬁ FﬁPBH§1“§m1°r
multeféy( awpk@ggmhls\/\kffr@dﬁuav’ ﬁoﬁ*ﬂ@t\ﬁﬂsd&yﬁrﬁ Unes indhudi drebstiBd/ flow loop
combdlBheCQ consi dered gl opal dynamj c condltlons of

é %xts oaf t I Variqus eéengﬁrﬁsgl Vicgy Pf‘) FuRsYsiepswie the embodiments
dxscw&dll&tdlmnﬁrdsiur&tfhabd' R)Obtﬂékﬂp@herﬁ:?s EULindRQS, ﬁ?@xzﬁﬁpll‘: Ogﬂ'gs@gre/ﬂow

ns by in controller

ob diti
contxa)gc rte Qé% %rﬁ 1%8 A% flemegys; deyices or subsystems contauned therein

as well as other elements, devices or subsystems contained in the embodiments of the
systems discussed herein, such as steady flow systems, specimen units, sensors, reservmrs,

pumps, upstream or downstream pumps, steady flow pumps, occluders, external pressure
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invention. [00148] If a given controller 1103 is

trained using a stable tubular structure having an
w@re@kiseses ure, for exanple, C I, T, Y or sonePOI/082006/045715

architecture, then controller 1103 may incl ude

processi ng whi ch maps those gl obal dynam c conditions

to nultiple or alternative regions A for a given

tubul ar structure in accordance wth enbodi nent s of

l et
contserk MR el b, BT el Q0L SR o el lgents i
the pe:ssed:/éhweebrm;qi ispgyeras. t(Btmtml rsignpls di¢k 5 van ardinparics pressure/ flow
d tio their respecti ocati,ons,can,be |inked

loorg GIHSTAasRI 108 Ttse Eodb SRR EeE it e SCERlS A/ PR adpo pe o more of
thepﬁsshrdlﬁk&ﬁlbﬁp@cbmpblﬁermut) Iocat ed at the input and

out ut _of specipen ectl ely, ,as shown .
199158} e 1545 [Cgsg gﬂ §9§tt SiealsBEge be a single
conﬁ‘@p%@ﬁﬁa of LaNgPlktdRkD] siRGRI fb?rdfrwnﬁjgettl?é:tvﬁ’x‘iéus components of the
transcei vers, ‘etc., and can sense, detect, neasure,

pressrafider oamabeystera ddPRee Tihafvarinus prssruviifler loan demponents of the
presgl!ureﬁiﬁf‘éév Xo&H sdb%é'nq Citlbél cAoBO gérﬂl'cﬁgd\%lhb rgyé@i@k Q:ogtrol signals fi(t).
conditions at any location. System sensofs can
In ermembodimams| fentralleant 193 nogents or separath econgiod esigmal rfﬁi dor each
[ S_san | ot her
conBORRLb b Rb AR IHE ore SN 8%, 1800 Milysuf1afl. 20 oo o
16 [Qﬂid% an Alhtamnatlw goiok ankalﬂloéghamonfpoaemysﬂhem:ﬂakelup the

W t ec n _or ruct ur € 12
presfbeldhy SREE BBy i) AR08 3ol 08 st Gkt SRS s, thar an
adjusfmdriterol ove nbﬂnpanexﬂ/ﬁsﬁml&ﬂhoﬂ nigndld 6&) avillofalieoh | edetermined

1103 and a ,pressure/flaqw | 105.
adiuEERRT G | P TP G3TPREEATEE SPilph e SR ROl rbisqHlows for the
adjus@hdre i anelipl édm;dﬁﬁhfsac&n@/fé@m eo&@a%%daﬁnﬁ(t)adhdn the number of
transl ates that |nf§ rIatlonbtoaset N contr
COmPOgARS dn fipg tp)'ess?r w lgop subsypgemTHi®55 euchf q@gma} gpuplers are
des@ibg@ @ Seldibd S, GRReP Q\I@ 7506@%'4@ NS @cto%'eggaiOqu and incorporated
mul tiple control signals ressure/ fl ow | oop subsyst er%
by refegmnce preituesseny essure/ f1 ow | oop conponents such as
thgoy@sj ous £] GABALS, (HICMIRERP ot BN h /flow 1
en‘godd/]i rrjent s di scussed er elﬁﬁ Pr esggr e/ % Fou + g)r&b&e ow foop
subgystepo bt en abkn bervmujmlechah@all)exalmkdeanqo#@smsﬂrl@/ cfdrmwlmcate with
eactC 80LL ?Jlde%gr%eﬁgg %ng{n!: bR Okpi)n l%tﬂﬁ'x af‘(% £ edback and status
devices or su 8NB cont ai ned t ner e a vvél
infoptnhgon ef ememt s:,orejefvnhc esdlmﬁuslub&memts og dfetihacrkexdformatlba Such
cougl’t;m()dl ogwa Sl)(}rsl t %rmsdS yaz %rglgﬁ dlnal&rh Iutale %legn:e:r]lgso of (:Solflr?g]ongrslts of the
pres&ﬁﬁéﬁ@/@llbtﬁp sxﬂidmné‘m lllpstcﬁlﬁiétmhﬂi’e ;de;wn&t/ﬂeartbppl n:‘pﬁl,ponent feedback
st ead | uder s, exter

W
infof G BEBPIB |E CLATRE S Gy Bnloog, saggonents (ee, for
exaiiplel Faga, FigOfeS2A) Minsly 6t €d¥abaR0dadd Yr GhidematbeNRidhSasi FB; or other

t he re/flow control  systens. Control signals f
inforpibsy Sugh pomehHEe couRjingEeRar FIMeHEbiRlsaeRAtion of
mecl%@i@al}/ﬂ%ﬁfaﬁnge aﬁélu&iﬁﬁtﬂufelno‘é nedd dol dh)m&PBhicsll Supg Aescribed in

usts._ one or nor
u.s. Pjatent No. 7,063,942, Local processing can also be used, as discussed, for example,
with respect to Figures 28 and 27.
[00154] Controller 1103 includes, for example, any control systems discussed

herein including, for example, control systems 70 in Figures 1A-3D and 6A-6D.
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the pressure/flow | oop conponents. [00151] As
di scussed above, the set of control signals fj(t) can
wheo0a/06isegyl e control signal or multiple controPCHUMVS/E45715
for driving the various conponents of the
pressure/flow | oop subsystem 1105. The vari ous
pressure/flow | oop conponents of the pressure/flow
| oop subsystem 1105 can be controlled with respective
Corftdller 011031 AR Ak&ifel {ophr idfrBNEoL TP A N ;
1103 outputs a éepa?)_a‘t:é C(r)ntrorF si g#wlg:sg%? f?freipgrgd%lgc‘i? desired
dY“&’éS'FFpé‘?FéhPOJESoS%b as slesirasl pressuirey fldve apd ebaurey, fdesived SRAY's, sample
dimShsysSig : ative sone or, all of
"t he _conp[%%%%gﬂf%g?& %gineé{%&{ e Pre g%/%rrsé?’ﬁeéwq"&gﬁner 1103 can
alsogngeriyesfeedhatlt Gdfoooatiah Hehnes dtedbidkadignalsCrB)() &Strespoiiding to one or
h an ,adj ust.nment ..t.o one, conponent _usi ng a contrql
m°’§ei ’8‘%%?!‘“?] ‘?’% P F?“dé“é%‘éses"&h ¥ é’(’i%sf‘éanflﬂKd Q'%ﬂ]ﬁt%{c KAy, presence,
amaamot el conepeaisis of ipartdla N nan FPEHAS, GRkantOMY indPganidindlecules
d AI ows %oi thF ag%ust ment of nultiple conmponents usi nH o
A BnaPY BNt St s £ gy Qhamaterals fptrpdcedsinto the fluid in
presSQEPRGRN66p bibsyien PNES Sk peddh QW hRARNS BRSY M. '&Qﬁ- 12 and/or
L Such m?%g?m_cag couplers are described in related U S
the ngtwéhto logecay gratagials ip ispeézﬁfl@hv?@{l%gé.@s herpigdiscussad herein.
| N¢EU1ZST at edlrtﬁﬁt r ﬁlff&rn?ﬂﬁﬁ lefh 1dish GRULEE tiﬁforinglqgé 3Jeg:!trlaing the
addi tion, the'individual conponents in the
patholegysapdofiearesyof pashologh 39 Jreesimalbes, cnstabsarelzmd properties of the
R RERAR] 68!k QUBlAC A0 t,OpgQayni cat e
SamIv;vi th eath ot her %tngepeneg%nt lgggg‘%gg’tersg]aﬂecetrgy%iﬁéfamwlar set of
dynamig efidifdonst dire exaapd enarmee dibaciiclanbe dyatmis conditions change or
s i of t,he i ndi vi dugl . .
prod SRl o oo ™BE Pl G P& B8 rarg ipwhich che
comppfigemetfitha fiwid dbdrgeanpngrimadi @bstusller el 105RA% S50 serve to couple

. ents of .the ,pressure/flow | oop_ subsyst.em 1105
vari G TR e Slnic DB ARISRR PiSl T S5t o e wieiBaick ) length or
stretich (o) avak ivdst/ tas g TAStot dhearss rbUSVSH), fifaREch isk@in (CS&, and in turn
the Bp£SSU e/ fl ow | o%? co%gnents (see, for exanple, n
P PP ES 3952 S ursef Sstia ik 2 datanes Vithinselstred gmbodiments of
the iave&dtia@s FBj or ot her information. Such non-nechani cal
coupl.i proyvi des non- mechani cal i npl enentation of
mt‘ﬁdﬁ?ﬁ al cBWpHF iHgr™RYRA Gen iobigelude tinformptien correspomding to
charB®éhaith 68 kighay Pprafn@ies el BRAmid cc&tlld%ic)lgaihaﬁgin%pfor example, the
7,063,942, Local processing can al so be used, as ’
freqeincgy e, amplinggatip eratoniand/ oredparc eyde of ilgurpsard® @mditions,
Whic317cor[tQQfE54]lOﬂ}Qﬁs‘1aQJ:sl &fo LGl sf%qa}éq%? ’wﬁ'a{ ineé%gp Arle\fe R %arious
control systems discussed herein ir Iudlng, or
compongnst ef the grasyust/ flopsloensulrstiem FH0f i esomdandDvah@mbodiments of
the @QefE oML Ak Shi : | ' t hnfarmation or.
°] nput dafa ccl})’r r e%fé%%g?%g‘gt‘%s’gg‘is?l?%%‘@%% ed By SR ¥ Gopkinmous
randgptariables essipeltrstis wsizbles, f| ow and di aneter, desired

Spﬁﬁ57]sanplpeedback signals FBj(t) are received by controller 1103, which

correspond to one or more measured dynamic conditions in pressure/flow loop subsystem
1105, as discussed herein with respect to various embodiments of the invention. Feedback
signals FBj(t) can be dynamic conditions actually measured at region A of specimen 1112
(as shown in Figure 11, in accordance with an embodiment of the invention. Feedback

signal FBj(t) can be measured dynamic conditions at other locations in pressure/flow loop
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di mensi ons and structural information related to a
sanple or sanples. Controller 1103 can al so receive
wo e@dioersks | nf ormati on such as feedback signal sPEBU$§10)6/045715
corresponding to one or nore nmeasured dynam c
condi tions such as pressure, flow, dianeter, velocity,
presence, anounts and concentrations of particles,
nano-particles, organic and inorganic nol ecul es and/ or
systaRY 11050 1/4i I ial.
T gy P RRE b G Rour At Bnf b QL 1215 gyessure/flow loop
syst§th 515t efrpntrolero}103 rroveives feedhmkgsigrolst FBifr) tud is pci eaRnproduces
TR\ I ologi.cal terials in
coné%é%?‘%al\%ﬁ@nfpfp %&gér/l?lé’g’f 18? %g‘fl?/\s/?%%malilggéussed her ei n. .
[ 0d28EB] | nputFigurtsotT¥atandri7Bashosd &aniphs! sfdeiridal @it bOBypes of

regar di t he hol ogy and ree, of pathol ogy to be
R Aoy Kol o (Pt e (Pabiop FRgsimpReecdy or
indiﬁécg]?aﬁﬁisgﬁabld tigelvaRghE phisidal T&Bnc?tigﬁrwlc{? @Q&H&G tQBular structures
ubjected tp a parti ar, set_of dynam_c conditions,
andforohids Bassedchrestheaoeh %‘%ﬁ_% Hefiaed hegetanifeeepingiof iverigus forms of
typ&IGIntRaiic B6 QNGRS (9% HicH EdfEbe f)%u@éagiﬂpgﬁﬁ{elnpwlﬁf inb8e pressure

fhw d ?nd the rate and manner 1n whicH t'he conpositio

P(t)otlovR(®} Fall gheas age SV oer cirqumicreatinlt strain €5(t) Hd@actemD(t), length
AkSch FOF Y& kRiERURME (1§Tab 1G i

o condi ?ig{)ns s.uésh z;l’(s&upr(ngau:rBé13 4 ?Eﬁflgé/vh?%g}?%iag%?ae'}m with the

embogjments of the igwerrionet Ststen } 1Ginantsinnslaret areq treo,(thyeetar more forms

3 ci.reylanion strain. and in

o %%ﬁg{ ?1125%%% éoan?d\ﬂs dh s\?/ée&rzssghags‘fn di SEs slégbsl%iré)ﬁgglnasl fell as non-
biolggicdrsistrwe with preferred enbodi nents of the

in bpn. [ 00156 ut_informati.on can, al so i ude )

i nﬁgdrltr?g i on %Qogfu ?%]%% ﬁgﬂs tF?'gp ¢ 5}%5 at gglfeéjrﬁosqxnég“%for%%“‘g materials.
Thefsd grehids, b?qoxres?nﬂimi@dt g fdi'yd’kaﬂiipté, e@m&h&h@&g of ﬂﬁlldlﬁlh{éﬁal (Crw),

QL _ex e, th requency, ase, anp)itude, slew . )

expieiost SR Gt ) PGB o P SO B AOI g1 v materal
(Ve floe @i fluid neteriAll@B.)t r ansl ates into control signals

fj ich in turn drive the various conponents of

thi&i}lﬁﬁﬁsure/\ﬂ WVF’O%‘%&WW@EQOFWP%%_dh%léﬁ?fémen 12 or
tubWlart fir@DRA1 TRt $2i8ftotHAQe IdPMERI QIRditlde gd,y am Co. if the measured

conditions may be characterized by discrete or
valugg fiti BlaoBs 1 andon?¥Fart aiseies &y ase cwhetsntiallyy arithib| g, ratios of

AgQ0157]h feedbg%ﬂ signals FBj(t) are received by

—Rg;gger’ 2 respectively ewbeoe g RagengRangennr.eg-Range can be,
& Slﬁzegn%eynﬁm Y8 onditions in pressure/flow | oop
for &MBHYES tnedin LhARs ofthelci &S B RELE] n W g nEesR
vari ous enbodi nment sedéof tége ir%ven{teéllognz. Fée g%cﬁgsell%g%lpgefermd
bEBintdks C e ani c_cefditi act ual | y, ,neasdged at
S egi ons’A&%f basf)%%:gl}lrrgh Aéj]l&ngaé “sHoWwy P ??feﬁ%/bdﬁr 8g ngbr?'zs’ and
accordance with an enbodi ment of the invention’
F back siga,al EBj{t),can be neasused dggani c
o e ogE el MELRED RS PO RUSHE S p 05
z . £
| oopsyst em 1105, either upstream or downStréam from
sptdilhtin 12 Figupr Bsshowe/ckhoples obplasses of dynamic conditions that can

be simulated by systems according to various embodiments of the invention. Classes of

dynamic conditions refer to the location of the tubular structure at which a set of dynamic
conditions to be simulated might occur. Dynamic conditions that occur in wivo are

referred to herein from time to time as iz vivo dynamic conditions. Iz vivo dynamic
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system 1105. Controller 1103 receives feedback signals
FBj (t) and in turn can produces control signals fj(t)
wo e008peasssur e/ f1 ow | oop subsystem 1105. [ 00158PCHUMRINEEBI5715
17A and 17B show exanpl es of various forns or types of
dynam c conditions g(t). Fornms or types of dynamc
conditions refers t o a directly or indirectly
nmeasur abl e time varyi ng physical condition of or
conBlRioat ethchidet UPMIAE $1 TGS WSSl s pRssed condid
ther et hr ough broadl y defned oAt %%n}'bepe@%?mm conditions.
Dygaspic é iqoopigcoplitionp emydhcluden don cxaomididynank @ptjtions that cells,
issWi 6P G2 b c 1101 incl ude pressur .
tiss P(t), F o %}{%&% Fg gﬁ}eéa(?%g{ ?lgaélsﬂi%g:é)fr)a’mlc ¢oRditions. %ynamxc
conditiogs pdreslem inchidegtomehinlogig{ltdyhamicacriditiond(foind nemeiBr Sfuctures
r . and. twi st/torqgue (T) as broadly defined
s bEGeI) Gl b A i B B s s phise tavention.
i nJeowezpn. SEshrend by Cabilosit Al AELoONNRrAINO1 108 Y IBEL Blcludes a
nﬁre {}E ns ,or t%/%ss of dynam ¢ conditions in states
AR é B8t AY IS RSFBRTEaPT dEnYRIc) coaditipangsinerateri EHY. Input
infcbpStiGiBean] GHLER] dyh@ice cdddBibhsS trSp LGS that @ i
o o, dynan 2 aHIe? cblcRiohs S s._.Thgsg’(‘?n%C%‘&[é‘,‘g o an
emhgdiment of she inveptior dFeexample, dxasmicaonditioas st ahbmdad:(t) could
be Plesbuce MRY)EHIR} ' Mnd 8XRELESSH f fr$ i d naterial
_ %Efm,n?r)muﬁnts%gfl ui d mgteri g‘F %A? e,gfo\x/le C)crie?pfc%‘fely' Input
informafien par ke indorogagior whinl istuseshrcothafdctrrtke mhg¢ dyriaatic ¢6didions gi(t).
InphOQ 16 21 A% SROYE. ' : ents;.a portion of the
S eci men 12 or td‘éu“fg‘# Qgsktr{rg\ﬁe(r:tg%gagé ff%lsflelctéagsaé'inamfco c?fé‘{)féons 8i(t)
storgld; pay rroptrolad 70 o oyigenay@e dynamig RohditibAE an®as Uds@stiate or link

d u i o kG QVer a region A are .
ynés(xg csf‘tgurﬁ% | c>>/1j \%%%eﬁiort]' ;%}Hrgm}o % Sreayfur;g(i 2 e ttCF\Fglng,r’Ol signals for
prespireffovg l Rprybsysg2RAIIG6n accordangdRadhgen edimbies of @ invention.

ex neag. val of the potentjal.ranges aof gi, .
ga 001681 Rl HE ol yraay o AL Phisth TersaR e conditions

gi(t) au eragsliregilone Aynand phditichadd M AREIBERIPEEf S&aR! Yhe number
61] Figure 18 shows

apd even. nor referably [ 00 3 s
end BRSIpEFaRich ot Ehd LG srsntly SEfepcee an T onehteraite Goplemented for
prf;sﬁirﬂlﬂoﬁki _ﬂdo;b YSu_S%%Ee@rmSI 185 GRIWilNge t WAsiel OS a&%’?d%gw‘%&lh? various
of. the |fgvent ion. Casses of dynam c conditions refer

embpdimaggs ¢ b‘éﬂ"&ﬁ“@‘#- the tubular structure at which a
sefo0ab41dy nank e, eond &Hdw%rb%ggiglc}%?caﬁ E%kﬁgfeﬁ]ovm { an%ggrlésrshre P(t)

Dynam c condi tions that oCcur in vivo are referred to
to be pradpped biotstartd1dlnrs forrexamplé, npedimen d3 nhfigore 18. In this example,

the SRBGAARY%TypdsTbf iy Wiy QAN L Q5! ASUAR, dXnai.C
in vivo bi o condit ?Icr)lns anéﬁ)ﬁlg’%a%/s{ﬁ%ﬁ@’ @8?1’&&& ! 5%&;81”“&“ D@
whepydiameter rapresens the outcodiineieons a melyulamchudee. The class of dynamic
condNGPLE ;. d¥z%”11&n8§1_ﬂg Jons that cells tissues, or. .
organs, experience ) nh% vcgr%rfaﬁ%rccf@gho 'em)lgyffgfﬁsﬁmame signal
corresppaling emgressiyra X(t) can be generated digitally with signal processing techniques
or actually measured by sampling over a period T or other methods as known to one of
ordinary skill in the art. Controller 1103 can perform a Fast Fourier Transform (FFT) on
P(t) to yield the amplitude and phase of P(t) for the first and higher order harmonics. In
embodiments of the invention, amplitude and phase of at least the first harmonic is

determined and/or utilized, and preferably the first two harmonics, and more preferably

42



10

15

20

25

30

condi tions can al so include non-bi ol ogi cal dynam c
conditions found in tubular structures as broadly
waledosied2herein in accordance with alternati vePCT/US2006/045715
enbodi nents of the invention. [00162] Figure 19 shows
a bl ock diagram of controller 1103 which includes a
translator 1113 and a dynam c paraneter or dynamc
condition generator 1117. Input information can
the |ﬁ3ﬁ|tﬁfi§€ h@Mﬂ@zﬂhﬁ aﬁ@ B.‘QJI’E i‘)%&‘ag ?QE %ﬁ&rﬂ;l@ ﬂrs@ )4 lgjo(r::{gore harmonlcs are
accordlng to an enbodi ment of the invention
det@%ﬁﬁ?ﬁ@ wifigedi ¢ conditions gi(t), g (t) and g3(t)
coubhehdas PressitnRtt I g) neter
at U[a regl on A E%slpéc%%ge C%M bﬁf ° @ or mat 8%“??5?(3 %@e while
keepiagcathers iconstantti v dpmpde do tverycpamm B(t) néhile hBaididAg flow Q(r)
nput, i nf or . gan,.he us sed to
and?@ﬁ?*a%l\?gé?z[g?(% al %Star}tése l-"ehcazst & tfﬁ/fﬁa%gc coHdli BP oﬁsprﬁiet fed set of
dynsmmradmbhscontroller 70 and/ or generate dynan1c
congj ti ons and/ or 00|ate or |ink dyna ondi ti ons
or qgéfadpgs of %ng ﬁ?’s 38 qxgra\glapégrqsslrg/%gg@mmhsymm 1105
for Ssiygﬂr&ﬂ s1d106f [HgHs L[IIBGM |a6cWrcﬂzQ1Q@ Wik S EBBbdikdAr IdF the invention.
the invention. [00163

ordance wi.th enbodi nme
Preafigh f& J0PR FRRES S LR SPat e %ﬂa@s RATER 4P eid, 4@5b positioned at
the QYRAGHCakDBhdrRAm Sidstiba aRd 1@15 %s%le@ﬁ\%‘ﬁy tJf Ql? s&%[%ﬁgﬂ {nit 10 in

conditions to N control signals
conpRihfiEth afripden aplvet 8P respectivelyt H’Féltwﬂ@ Wbtrgang laadi glownstream of
eacll bf ik HARDENPuAs 1852, RS Vol LGl ABLBIRIUAE LR condition. A set

pressure/f op subsystem cusse
of qoptrgt signaladicle wikich cvammé tenthe dlesreqdt sorglitidrn ere generated by the

. conkrdY Ie&rp c[ Qorgc?]th &&er %%'IVS h . % h(%, alyngal.rr? c8aﬁ‘8]e§jgw fs and

cor ary pressure
fs csytss@leﬂwelat@m af eadtopf ehabplllceys peps AeFn, MRSbftoFjegerate R desired

con!iirtllogrib% h&S %gpneéxsusnd{] gO P%?% eeaselﬁr)] Wyc%es?cjr} ewsf?:}xg%rpgﬁgrarbflltl}er fully
opemﬁterfell}zilckraai eHdv&pﬁeQ&eﬁH T’vell hﬁadfalsiiéﬁﬁ wWhatt ﬁ:ljue@fJS@S may at any
r strycture cl,ass o na conditions is
sivery IR 56 2R PECIooEh O 209 BBIAREIeHSY e may B2 Spplied to the
opeﬁﬁ@f (Q(Ssﬁ{gt Stany&f $he)Pdles 3013806 RORGliBdiftPeR BaSHLAs A tht specimen
C e generated digitally with signal processing
unity ﬁ?‘ﬂ]‘u’&g or actually measured by sanpling over a

PenocId7iT or pidieds 2TRDRD Gl vASa ke Wl dsQr BREHI
sklr[II |]n t he {a%lrat ° Control | erar1103 casn peroor%%géwa)éndwsb

and drigee 2 shpp stags AT TYneRYClog Py Perdod) Tepkioperatiombhs basdedivided
intoAfodr @G- TP, t'i‘/ 4972, t1e- 3fI'/ Elsﬁndaf‘fl/ 40 9BGE gﬁgtf of ogaranon can

har moni cs. Ine 0|rrentso t elnventlon
corrgspenghts evele af drekeartt beat for g draqritedi betes det mcmdaeda with

K3AHAA:s ot ik ik RilrioBD ARIEL PLADLY,
S Rar mon| cs, - and Hore br e‘?er a%f %/tsﬁgwﬁ t‘gtirﬁtzgvo the upstream pump
4054 rfvibmwpsndedmedrfeu ef fnidf erdathe yloahstlraaspump d05h isgtillfedifiracted,
huh n m d and util

thu arﬁ%’) tfgqgﬁo id c% gcug/ ?3% h'o é)rStre% g?na%g 9% arJ closed,
whilezghie alovesunkrinh sralves 37 and 38 are open, thus contammg the fluid between the
valve 35, through the first pump 405a and the specimen unit, and to the valve 36. As the
system moves to the condition T/4, with the valves 37 and 38 open, the upstream pump
405a contracts to push the fluid into the specimen unit 10, and the downstream pump 405b

expands to prepare to draw fluid away from the specimen unit 10 and into the pump 405b
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keepi ng others constant, for exanple, to vary pressure

P(t) while maintaining flow Qt) and/or dianmeter D(t)
w@oemwsveisey enabl es controller 70 to "dial up" BCT/US2006/045715

presel ected set of dynam c variables. [00166] Figure

22 shows an exenplary pressure/flow | oop subsystem

1105 for system 1101 of Figure 18 in accordance with

an enbodi nent of the invention. Pressure flow | oop
oncé WRSyHEIB id b and_ 405

p03| ti oned;a teHgP i&%kgtgft élggnwéﬁ\éﬁla%\%nqgsﬁrﬁa%%%gnaagoﬁeﬁa Shglves 37
andi§ipre ¢ lesgde tte upstryam @lmp05s pﬁetmnmntedmrﬂ the dbwneweae phmp 405b
is eﬂiﬂahhecPCd uder val ves 35-38 respectively positioned

upstream and downstream of each of the bell ows punps

40960168D5b t é\sgahnesya'tm mnvesxﬁaml iy aftyiRicar2onditibh OR-T/4, as

t: Of ntrol al,s whi,ch .correspond to the
Sh°§8§|ngé T8 %%dl PP )é %‘@F‘f’ﬁ‘ éa ap¢ 3p t?é’e‘bcfﬁf‘ raies/stnhis close,
the TPstr@nc pﬁfnlpo405h leparie |dxhd€ bl QI EF1tBHAS, ardNghe AT Eam pump
405gont r ol aﬁg{ <ifand f control operation of each of

RRHETS Palfﬁ% reethe pamRQ5bang e inge ahe dewassamesnd of the
ﬂovﬁ%ﬁiltbwas ke IeE@v&PQQ'Hﬁfhquétgmmovegﬁronﬁéﬁse 2fn ement/ condmon
sion, the valves 35-38 are either T §

| SCU
s TG 10 Py PP SGE F BRGSO ard 15 Awehe valureldh snd g pginelose, the
valv\éﬁbﬂﬁ&i HPork? afRN o ?En 3RY uPdeNeahh [SdrHF 4 cBﬁ{rtaJ:tQH n%ushbﬂmd into the

open/ closed, and that appropriate slew rat
SpecimEh Ut 16 etk th damnepredun pump ¢P5kamypanfis ttbedmazl flesl from the

spechriesfink 10 26PN MSpithf hggent conditions in the
speci nen unit S reqU|red [00167] Figures 23a-23d

shd00168} i ousFmgb!s rofinthoht @Ms‘e,pun‘gsxlswﬁa canpleterdbs ﬁﬁ:dsystem
mov%k gd"fr%mzﬁ /E4h Qﬂ&o%na&efﬁgt?r% acrl‘ %csotg1 Qe %yc h 216 H@H?s 305 and 36 open,

oper at 1 oh has been
the @lffdslw and 48 Tldke, th¢ BpSiarh panpl 4656/ eésznds@'mee peiin 6H wath fluid, and
respond to

|on can r r heart eat or .
e BB L R e R S B larionband oot o e
dowmkteeannvmhdbﬁ uhaﬂofktlobp v akddthedsseshomgn. i N Fi gure 23a,

PR B B S SRSk s

the q&&'&ﬂe&Cﬁrﬁd 10 Isfw&lbb@}(h{lgr teotila} Eufs&hl@ Aohl M Qhﬁﬁ%‘f& §Ydrawn into
val ves 3 36 are cl osed

Both of th
the YRSFImE O HHE g%\%ﬁ‘g{ ‘\’ia’t‘i gew gmalhemegntaedinpend thydrawn out

chaflawlbsg ThibisfParticibel g
e Do e an he-IAEE) AR LBe 3o Dnsin

and gofgastion o phe he aw8 Pumppf! sy &e5btis shaven wovndint substaitially about the

cent¥¥s th e s\ € a an [ c 1 a
) ;;‘;%m Y e R0 PR and/BF T GR L BIRA P08, 405t

gt ereetinm rare ahess Lshpwnos Elexp@aiﬂ:#s%tioswh ep éxyefotcmng all of the

fl H f e nd i nt.o
AR 00 LSRR s i AP

Qld iptihe waherdille®s.anul/a6 bareryipg nhe thve/titaingest $hé apding and
closxﬁg (ﬁf ﬂaec La5&0ss. S?enl&llgg}oqlg(afﬁ%g‘egp comiuonsS ntx:a?rmi){e agcétnggfed More

he downstred
spec1f1cally, as the fluid flows into and out of the specimen unit 10 through the interaction

of the fluid pushed into and drawn out of the specimen unit 10 by the upstream and
downstream pumps 405a, 405b, numerous different combinations of pressure and/or flow

rate may be generated as the fluid is forced to occupy the same space and/or change
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i s expanded. [00168] As the system noves fromthis
arrangenent/condition at T/ 4, as shown in Figure 23b,
W owanas25T/ 2, the val ves 35 and 36 open, the vECT/ES2086045715
and 38 cl ose, the upstream punp 405a expands once
again fill with fluid, and the downstream punp 405b
contracts to expel fluid fromthe punp 405b and out
into the downstream end of the flow | oop towards the
direb®SE RY Bl TcoBRes”AS thp
arrangenent/ condi t i gnégr?gﬁ%m\gggg ﬁ%ﬁnmu?tgﬁ%uﬂa &gy gut of the
speq G ES 18 frem hath t%lmﬁe@a@@ndlql@“@&rmmcagaa r10bJ ose,

T Y
substafitially on phaek, tih ovidolvSBAY saqwqmmﬁy 4)65& Qmp’&lndSF rd2BAV In this
iga

esseﬁ%%kﬂhé{aggg]ééﬁlﬁgr%%ﬁ? Eiﬁge g ﬁPl]aozgﬁ X)}’EIC sec{;?,ncP tg]ﬁ [Pag1p405a full
of flusd &dnqd'i Etle.dnpﬁl threugly spainviiay 83 nﬁt@ dlEZF@CHérﬂunﬁslo out of the

23d, ot T, .where t ves 35
spechE Dat NP ISNah Shof wals@ 46y Vehere st clopees bY KDStrLgtlve At pushed

baclpmm tl'ﬂé)ﬁi&cﬁiéﬁaﬁﬁSlme&lgagﬁb Redidd bf ﬁMetlJﬁnfﬂ WSQ; aitheh Q@awn out
contracts to expel fluid fromt

St
aga"bﬁlﬁﬁ“ bEEL Bl afl&%%lfttﬂéhed%%é?crpeaa\%teward@frhq heeerfmne\m
| opmizgpar ds AbBeher @8GHMR4 d&m& Qgﬂgxg]m utx v&tﬁ.%ﬁ‘;}fe‘?ﬂ;ée and flow

ot in this particular "exXanple, the flow o
are (%Chr‘b‘ﬁg‘?f Rff?ée@ﬁé‘el%Oﬁﬁmnt@@yl%%emtmm |0élalsymewhat diseased

condifighl] @rshWhSﬁtkaﬁeUSBWShﬂ (ép ef(«lfngélgg cc‘on%tﬁnmm ¥ c)h pressure

t he speci nmen unlt 10, ere
and Joipre 189° tquinef phaws Phen S(Wavxﬁ esentiallyt 1(801’ h@rkéenwdvemﬁ a more

seveldly Hgéﬁecpéfntdhm Ash&%ATP IF?gurg' bR W O %(?n%%:% s ni::ﬂr be generated by

di'scussi on, the expansi on ‘and contraction
varypg] qhg\%regmqﬁe) i1 Qdach heShvid 5 Ish‘@d/rbyt the pogips 405a, 405b into and out

th t t he bel,l
o RSLA! gl Yo S U GPILSLS L Lol Ry s tace o

acce]#@@!@ne«xﬁﬁbenccd dslafrkaﬂent directions fromthose shown in

23a- h as by forci al | f the fl uj
el 178 The BRbieahiPa® Sl et of upecef arbellows pump
400 Wh:hoah héﬂywbepummemﬁd end hosb of Fighee 14. uPAmipedod i Bnt réf:‘ample of a
or by varying the rate/timng

I and
Pumpyd ‘H‘“ ?ﬂerfﬁlmi%e“&‘f (B ot AovdP oo s lrggnatiyg, ﬁ@beé@ﬂenm of

the 1dvéxfte:rnenA franaidt40ensf HadwH4050€ %%Ecﬁtf&dexal\%ﬂee to a fxrst: support 410.
n

eci fical s the fluid flows into a out of
The i‘%%é“ﬁ%%“ Cfﬁ%{l‘s Ok g et 30casi Apehedtoi ovirusture a5 ffbim rgnders it

subsRHEABHuAALE LA ITEE 2bnPed fdobidI®hs QQIHM o Eétgch:!eg t(? ¥ movable
t he _upstream and downstream punps 5a, 405 nuner ou

SUPPEf428r ent conbi nati ons of pressure and/or flow rate

map0obes)generphesodsbld Elf‘ppfow*rﬂi) 1‘5 Sech P Qg Frﬂo a%?e@%;ﬁ 4&? which

sane spage and/ or changedl rection as it
is ingten mpvabledhy meprs afpa dgive |S§§St§‘rlrﬁ}lot<@ml591gya Hne\awrmom 431 and

magiRkictidRe IPEGI &@&duﬁuetw ;!+9 E£8BuRALD of rga
domﬂé‘?r a5 10 dLeokdatite wi En i of 18 PSS 23N ear motor
431 interacts with the magnetic plate 435 to move the movable plate 425 and therewith the

movable support 420 and the second end 406b of the bellow 405. Other types of drive
systems may also be appropriate.

[00175] The bellow 405 may be made, for example, of plastic, such as

polypropylene, or silicon.
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[00171J An exenplary dynam c condition in which

pressure and flow are substantially in phase, in which
woeRAshessessentially 0, is shown in Figure 25A PCHUSING045715

essentially healthy condition, the valve 35 woul d

initially be closed and the punp 405a full of fluid

whi ch is punped through open valve 37 into die

speci men unit 10, out of the specinmen unit 10 through

0pgo0178| Ve 3G he\WhiRE Gydtdm 430 |

EEhed Lack into theys eC|nzﬁggﬁ??n?%kghg%SQHMQ%X§K§§1cmlbe

drivgg gV@He@F mye Cﬁ)’ﬁfﬁ%‘ . Agrracodreyngy ‘H\Qmemhe ﬂg@gﬂl to mclude an
cnch s O OREE NS a0 £ A0 LB LR ORR B0, psiion

towards the reservoir
of thiy/marible pbnei#35 owl provided die fgndbs«slm@aaﬁdtd dh@wuafpec&&oner 2701.

0 an.SPA of ,essenti al |y
Theréglp?(g%elg gt§ ive agfb 2 T atR e ao‘f’%‘%‘é&‘éﬂl ‘E,”(?ﬂﬁ‘?rt AR Qpufal encoder, a
capshierencodel gmaene?io Bneddet bt a BR@tdhesde x@iRhardulg alflide Q% er and
essure and flow are 180 out of phase, or an

Congﬁﬁng%éggéﬁtlally 180 representative of a nore

seyenigly di Sha&ﬁﬁex@ﬁfp(ﬂdrﬁr ip@hp, bRoodTRWR ihid dhk g)@fl@vvszpﬁ&p 400 in a
d These, condi ti.ons ma g generated by varying the
iregfiqroeh ATERY SP 1R KigHAE &6 Vtarfglffcp dtt2l apd e¥rinidd Phyep 408 ipardiection of

arro4032, vid Gaffick M50, afkk Bl pOfoot B brovigé Cﬁ H]f P{y Lot s%ggl such as

t he varyi g degrees of pressure an
congpls sigrdalsh discused éb@Y%tIie@mVGéxb'em enmedlleasﬂa whishl ¢ontrols the

“‘{;Pea gﬁaheﬁk‘gﬁl{g QO@ @o m éze-‘c%% suc cﬁax%%(rﬁ 1c9 That 1s the drive

ures of ms punp
systepn 430,aneludiog &me#r rﬁp@m Hél 2l mpgrepicH00e #35, mtefeehamblvd)lé)ﬁupport

420 nd ed didlenids P ?% Jchm:i)e = 53%8'4:95% E{egte dﬁ%‘le ?fféred pumping effect

. accordance wth altéernative*é
In respeusa te ohre, cofitfol Blgtlalé.n dI' lzﬂe()i@edhaék hgh:ﬂ dmvirdldaatiivs of ihé@@dsition of the

f o ort The first,_ support
moyis sFEETRS fprbRici b hR¢ o OHB Uit Aot soRpol P bR ensure
the daﬁed ﬂill&hpfngﬁhﬁ&ftﬁs b&@ab&%@ntn all'y unnovabl e. The

se end 406b .of the bellow 405 js attached to a
&@E q%‘ sup p-gﬁ‘f dyze sysasm 172 1s dreenby atseatrelippenlt sugh@s control

mgndl%(@tdm’iﬁh;@&i abéved réBRMBD R nP LéiBolte 0. WL el 's@n&l%(g controls
novabl e Feans of a drive system 430 conPr|S|n

the cunrent, t fhﬁ%% ngar) mokef Ay Pemp| eansralles 27A1 sbewn dianEigure 27,

acco¥dihy) t8hne8RBIAiRRAt offihd RS ehRYE mlb-fm}? c-lc;H%g 1SR Hgﬁlﬁgs motor

431 interacts with the nagnetic to nove
contflles BT @3 ﬁ}daqr@plgf% 2205 Mﬁ@mtmll@WOWegd@mmrmller 70. In

alterﬂ%@v%&ﬁﬁxeﬁ@%r}ﬁe %Wén&&@% %ﬁtxjaﬁéxj 23 %rqi?y regde in dynamic

types of drive systens nmay a e appropri
condifgey 7gnemiter LY owndv®5 maysktxer ntxtié f dforex anpk@llenf2703 may

L L o
fromygncodan 442 by pump controller 2701 at motor controller 2703 and/or amplifier
2705. An example motor controller 2703 is SPii Plus HP Series motion controller by ACS
Motion Control. Examples of motors 430 includes AC servo/DC brushless motors, DC
brush motors nanomotion piezo-ceramic motors, step motors and servo motors. Motor

430 preferably has sub-nanometer resolution such as those used in semiconductor

manufacutring, water inspection, or flat panel display assembly and testing.
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driven by one or nore control signals. An encoder unit
440 may be arranged to include an encoder 440a
wa@rdaobses t o t he novabl e plate 425, and a r eadeCT/U8Ddbe/045715
whi ch senses a position of the novable plate 425 and
provi des the feedback signal fa>to the punp controller
2701. The encoder unit 440 may be, for exanple, a
nechanical encoder, an opti cal encoder a capacitive
M%glhclaugg%u? ! %és:sehr%r%%gd E:rgir:icr:ref;b Wit eprroceegscog§ 1 couplled to pump
con{rGMWpl land trhérsosyx 275! iar accordagxe wbltb@d a‘nhbmﬁmlem of tHaanvenuon

Mogg eSS 7B 0 Ryl RatislBr FoR il b e iosionesh input tnformaion
recehietl exytdoafronér 0. IS4 afSd Mg@ee 18,728C €0 42022 TRR HUETNANGr 2803 may
nal such .as contro

d with the control
mclgﬁq iﬂca RIPESFS Y X 07 aud anemsy 907  8i5h; %5 sachermemenner eibeekypes of

menz&)ry VRUFERinGABFiRkRs 198nd th@ GolRf of BEnMERoAGPioh Senerator 1117
provi de the desired flom1character|st|cs That 1s, the

and dfraiflﬁ)§°§9é¥3e<i?ﬂ48(§halieﬁ &P yanyirg degrren by mpeastson 371 1amnd local processor
270414 NRLE BhableAsh n?:\aeﬁet@ rqné@biysl %nggagéet @Qhérﬂ,qlk of the

the second end 405b OWS punp 0 cre
progepring) ¢ qoatfoempP rigp et epriocéssprr 35k o Awtibos tnhmrekyom rsprhchromze

im0 L5l L B Bl DL OB, S go oo

mgn@lﬂ di6Y based wint mlﬂdaouif@nqwmn uocu@hfrolléxez‘o é’czeﬁdmg) 1€ BAdiERbbdithent of

eff IS bei In 178] The
che GERUASE, B R oo BB o Bb A 1o PG gt portion
of thsproostinglin sdrgrdler 6. Fpr d:ta&qﬂléi ii)eﬁkem\lﬁll cfaa(gehm pro&@ 8 input

control | 70. The contyr ol nal . fs(t) .cont e )
infof Ay anEo F5k (R @ uPHn S lsE G704 LS i B At chbe dymamic
condifiGils gltpwth bahﬁk@ufoem;z: @&cfwtwnﬁg dotrdfle €70 o ffRAa e, local
the jnyv %4/ Punp controIIer 2701 incl udes notor
meRefK Y B 027’03‘35‘&5}’ “ifier 2705. Motor controller

2708188y I eSRERriify GRMmbI & |MEurdd. 18] Moalh&r AtihVEecordance with
enbodi nents of the invention, motof controller 2703

embegimenss phidiejipvenpieantenteermiingls 6if) errreseey law dqomebsystem 1105

are 4&8RSh g ol sha inpu ressu w
e?rﬁ epeﬁédent %’J“gé‘%%gpg g%fglglgr& (Joﬁfrl % % gaf i dnpp o pressure flo

loograbayseank 1497 messhringa resaltingdidsysed Of dmnen couditionsind linking

thatk‘fyrstpééggf & I‘<¥l% eérngg%glglixc?es n% 1rs? Q! gfoA)Jngrl‘n{%g?ri%étlgons. One or

and/ or anp not or
mor2 of Bhe epn§il sigPhls gretReselighely vapitdd myc:bm segbh@ setl®f cAGTo! signals,
[0 0 of ot on 430 i.nel,ude
00 SRR e B DB SRR R B Sy g s o
conpplsgnabsgpahe cesnbhlgrsscorsitsepoﬂ‘d;tmmc enrdlis@tsy Arhioparcsss is repeated
Mot or ,430 f has sub-n ter resol ution sue

p r 0
to fgrm 4, discretecy eeg o cgm%% CS%'H{S)%?I& ﬁ‘ﬂﬁ%e?oaﬁ FPFeTRy e B © £ tontrol
signils syhédt ¢anrhe emdsreﬂl fiir epangle, di aSlbbEh)’p ‘abdeimbdontidlidr 70. The number

of s%?e %% %yg-%.g{;g %}rﬁ 1%185 gérgryf ep%%}ﬁ%\g on g crleglrleg hemgmty oP system 1101.
A variety of interpolation techniques can also be used to interpolate between sets of
dynamic conditions to provide corresponding sets of control signals thereby yielding a
fully flexible “dial-up” system 1101 capable of producing sets or states of dynamic
conditions between those determined using the above approach in accordance with yet

another embodiment of the invention.
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controller 2701 and menory 2715 in accordance with an
enbodi nent of the invention. Mdtor controller 2703 in
w@eop/oeset rol | er 2701 can be used to process iPEIUS2006/045715
i nformati on received by controller 70. See al so
Figures 18, 28, 19 and 22. Mtor controller 2703 may
i nclude a | ocal processor 2709 and nenory 2707 such as
cache nmenory or other types of rrem)ry Referring to
Fi quoms1] 19 ameud29 tshews ele sStlQlft QB@QH&H' graevelop sets of
ge ?erator 1117 and transla or can e share
conyy ﬁ’lgﬁt}s augisBeRAIpY to dyBamnissondiy ‘Pﬂs aprdf or depyt lpfqnmesem according
to & BAbblinitRt OF ¢ r u roi2d.
may take on thg@%‘reghgﬁ tﬁg& :grl %@e@?ﬁgp%‘%@éé’ﬁ ohott énmal et of
confo! signtlsatvhiphocas borwAndd & U @bdtONSF, psfekycdifrol signals, namely,
synchroni ze generation of dynamc condi ti ons gj (t%
F (@Fe(ﬁfsqthf@(flhfé«(d)nam ancendipld, oms irtidal centof alonriol) @%b&ls can be a

%612 f(fj)onlnput |nf rmation to controller 70

s1nu§8 a’gxhaa b P¥AWPSeAH S g4 ipfrefepance 1o avarions emhediments of the

mvéiltfoﬁf NN Ere D AFh IR0 IptessiePA5F $Absyetbhl Y b@%rnfaggm & receive
ater portion of the processing i'n control

COHFifB S*é%ﬁﬁl%owmf@eeﬁs%w e, 28 FiguresP2pmddtafe siop §8335s theripistal set of

t oIIe 2701 yield
Conjf:rgL%rE?S gna S Pf‘ PE 5he sg&)r&&ﬁ% {OPSH ??‘Sfef’bhéo%gj (1)
carjoxs?] i nke&ceb@lb@@h'ﬁvolv@i el in® AnialsobRRHN & Jo%resgcgldmg set or
at, for exanple, local nmenmory 2707 and/or in_menory
StatQ'PiBiYﬂP@mZLSt@)}dlﬂerﬁserwhlnlg agadben wrtehi gun e@cth8, GIH ahM 2@ mamic
i.h, accordance_w t h, enbodi nents Qf the invention,
congigions, o PAmElyn aFdf (& e pgeslr e $lepnSIHEp lrswﬁ)‘esysh!elnng or
h a.first set of
asso%%ﬂtﬁ /e r%lﬁfén g%ﬁ%?%o&@ ?io?é lgggpr eslgaulrnéuafl skage| oF ?S:t of control
signglg M;)s imer_lg@& mciddemasug b hgplapnaideld inegoties H101%9ad/ 22705 (see

Fief A0 E9ULLLOR BB L, 1 Lok oF2L ?Lt e invention
Stepd&h?@?nrﬁayc ﬁiﬁtd nﬁdltﬂi&Sstow cﬂdradfaﬁﬁlcﬁ E)f tRe kD HySingo %Bﬁdmons
(t)aas llen S‘}@P Y varl ? | d a second set, of
gl SHPHETna PRI @I sHFN 1 Lli‘er B 4 g“%?é(:%f?ﬁ“%’étdo?he signals
repréyeReny CheCfdhdit estediaad dol BKicBrbNgzmRC M S8l9 Qlflvolves ad)ustmg
control signals to the r esul ting second set of dynam c
or PEGHERIPE GRS OF AP el sisnrls fiBpearield a toped stcor state of control
sxgngk Sl NS T )] el%%?t@oﬁtr%?g i §d fo then\?\xﬁgagﬁ;l o%ane rgsultmg second

cor Féspondi ng set contro S|d al's
set ot is@kEEE dyin@micecaMMichs @S, whitlp %Hﬂe%&ﬁleﬁt e A )ﬁz’(t)

70. The nunber of sets of dynamc conditions can va

det@83ihg onThi @rdfeess cadbé repeited [td tpyodifce yddsized hibfhber Af links

vari.ety of |nterp tion techni ques can al so be used =
betsgesn; igpds %r B‘(S?rﬂaémﬂei &h dé’@?’glco?o"gltﬁﬂi’m @.. c%jh’d F‘?fitb‘ﬂsmgf@ls w in

accopaa%\éé %t}f:%?&ﬁpﬂﬁg &gt;l%QE%,ngfonc Oﬁ&f exam nal i %anony of steps

% ding a | exi Ial
S13Q 3380 em@plvgs( g@sulgmng Be@hps oin qu%m/ﬂlfwdld’b@msﬁbsystem 1105, a

rmn Vv
smugdgtgérif ‘}aﬁlﬁ% chr%:dé"cgr%ﬁ g%llgcg)%eesg%er}cﬁ ing 1o p%gmuo% or}gh fﬁlo%vt;over%us time (as
discussed with respect to bellows pumps 400 in Figure 26) with a frequency approximately
equal to a base heart rate. Step 1309 may then involve varying the phase of one of the
bellows pumps with respect to the other bellows pump to establish a next set of control

signals F, and measuring the resulting set of dynamic conditions G, .
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anot her enbodi ment of the invention.[00181] Figure 29
shows steps that nay be inplenented to devel op sets of

W@ ewB0ais25i gnal s correspondi ng to dynanm ¢ condPCT/0806/045715
and/ or input information according to an enbodi ment of
the invention. Step S1301 invol ves sel ection of an
initial set of control signals, which can be witten
as a vector of k control signals nanely, s an

ex opisy an i ;ﬁa@;‘, t 1§d§n :
diSor fal s @; el 1Tl BLOREAAAP B Brolinde o
St W}" ol gn dbrikaw sPwhpy Wghlrmmtpoht? oec tadeatdish A nexr set

fl aw subsystem. coul d be arrangedto
of ?&eﬁtreomv %\é?og Ag] %ccggiy gﬁ’omt 15?aregpélnﬁpxé ineax mterpolanon
Hﬂ %% S n S 1 e
tec f é(%té? X t 2(% s?a@g c;Hiir ﬁhli%oggftﬁ)lnggén bt pﬁké&&!roeas gouc a§7<h Bwf control
signpls sp enalhe Ydial dmamc[co@dxazps Step S1306 invol ves
me g an 1 dy corres in t or state
of bt c&%éf BRbPLE FHh B T i pgoduce dynamic

condl@l@ma rthef lemldty reecat mm:«;nd’il"hns omsludébﬁae,hstmglstlﬁep féﬁ&&?:y, phase or
t t

amﬂlﬁé{% %/fe Oﬁ Si”xrsq ?/gcj q}x }?%}S?gg?rﬁi’ \ris chgt% ¢ ges g’f mlsogg dglpar}girg]cgndmons

oveconiudé pmogisal «sf;fulqeét ) Li nki ng can include storing a

0 able_in ne 701 and/or 2705 (see Figures
QQ@%GL?) of O% SFATRIF 'gf f%et grde fryguence di d’g 9§e (95 mare types of
dynﬁmhﬂdjnHR%s ein {7;{}? JvBVERLITON in Speieratmihed HMh Rl SPor example, the
i nclude storing characteristicS of the neasured

TESTRG R LD iR bat gPjkeeys pess@EtHe| r“@wpéxmxggqoeéunoas such as
Presmlell)(@s ﬂbf}ﬁQﬁT ang/ d?rd1£‘rn§'éxaﬁ grdo%ﬁ:i gﬁ&ua{ﬂ JIHS es kr%g'fa %ust order

represent nam ¢ conditi on he co
ffe%?’g’bra‘l’fsm ﬁi’eﬁﬁ’ 2393 $Wiey @l Hs sa@l} @étmmgtearhqmes,tanc bﬂﬁg rate and
pro@B&ida of TRhdhet 9BE rdﬁ'keré{tg&%!exs ha Alg%l\%ll gxhayyéh?fl 28 SeC%ne: dynamic

et or stat& of control s gna e fehit
condigan F-‘é iwedlj agrfat diffepgng tt)'pestdfetynnmas crmdltcgoris R I‘\&Sshhls tQEY D(v), etc.

t itions whi ch
Thxslsﬁc?l? rsfg %ﬁ'ﬁ t% ?tﬁg %rsé (% Me{'o 23 alzfl?rtuis of[%l%ﬂore dynamic
cond‘hpss pr ocess can be repeated to produce a desired
/ or

ks b en input informatiopn an i

ﬂaﬁgﬂocond ig}‘ffngé mﬁ‘ﬂwﬁzg FPs QVgh & F’ntl%fc‘gfﬂ; Pafigsgharmonic

o, (tW bh erBagiierhsatd diyewhiheid B pFQfucEXaAPh&ordance with an
i npl emrent ati on of steps S1301- 81305> i nvol ves assi gnl ng

embsémqq{ the éS‘SelEPF‘éPf | dwt+80w; §lineghs tcomesptdl, toaa restmg heart rate

o QBT 40 Y8 e Prondl vikeed PRfeptad of G easBens e fis

ordel €6d9@61cyt B, ERhLOWRrLNNRS ﬂ;QQlI) (Igag': LAUE Ieg%)es \é\éctong.?aover multiple

frequency appr oxi mately equa art

per l‘lsise% &30S Tard (Tt RO, HOOITVe.) \aartirhag: (th& BaseTof100Te 1G0T ...).
I h. r,espect e other bellows -

Betv&elgﬁ t@ﬁg tg\g?lg b‘z‘”H% g’s% eo)f er H?rmcfm% oCﬁ%P ?mg?b ﬁ%}f’tév [fonstant at

o, (tameﬁEB&uﬁswgo he) Leaud) 364 3 len
-100184] Alter- na??veI;U, A 136%1???%ht Bladp i e O Berween
tlmevrarayq:l g @l 28wl femadts whatively constant at @, (r3) and then increases back

tow,(f1) at ts and continues to increase for t>ts. The above holds for higher order

frequencies @), (f) as well in accordance with embodiments of the invention.
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stroke Il ength of one of the bellows punps wth respect
to the other to establish a next set of contro

WGEe@Rabes2Al so, in accordance with |inear and nPCF/US0e&045715
i nterpol ati on techni ques, sets or states of dynamc
conditions can be linked to associated sets of contro
signals to enable "dial-up" dynam c conditions.
[00185] Controller 70, 1103 can further be trained to
pPr qoenss) dy namig,: £ 91WlishdLsh Ezllﬁlpl@gp K& a8 nstih Tae %fWh% phases
i ncl udes adjusting the frequency, phase or anplitude

6; obfthe sy three havapaes frirgher 1,02 dod haf nodyesiofcondieionag(t). The

o USRS 15" N ) 5051 LB ol s o

therb¥elh vRA&] OFer TRALIH XBST 2R M@l@rﬁa&\%@ﬁg@£§mg %ptl'f\é:%;ﬁ;ention.
over time TTi in a predeterm ned manner. For exanpl e,

The; panbes of hagmopiay vhess phaseiagh pripditede s7@utibetisapbe preferably 1, and
A e RblyT el ' I S SIS Tl L

ey e T T

Thef g kolfls fort mohtipdy fdrmecqrempss off dyitunkiz condifidfs kizbepetinderstood

t. 0 i nyt es, hQuULS tc. .The rate d .
thacsh B 0B, T D b5 ORE P B Febinif “GrdiBhs ) i from ehe
freq@eydid, (rprandophapyp;@nef dyResAE of Ofidicidnan d?ﬁaﬂﬂ%l YarBBles gi(t) in

for different types of dynam c conditions”P(t) versus
accorglance with ymbedimenmofshpaigstibur I hesplabedigenss oft the invention,

ir [ r der harnmoni cs of one or. nore dynam .
systes 130 B b0 o 86T e AHUTR 2 rtnet SRk R 16 GUBRE cffort in
any tphysicalnadtiveyf existieorioe shdvks ntimzsa d%éxt)) ottfer agitgyﬁam ﬁhicﬁ could

i able g(t) which can be produced in accordance wit

natu\aﬁ%weﬁgggi ment of the invention. At t=0, wl(t) m ght

cof0tas8ppnd t Bigard 85thavgs Maddtions A &hWlhOlarmohlcTarhglihdd &; of a
d %:%cl es ,per g%ﬁc nd), where T is the period of the
YORRIGPBAROn S & DEFG st or der frequency wi(t) then

i ncreases toawl(t 1) (say 120 cycles per second) over

nul ti pl &Rer2o@sHrie§) 5T, 10T, 100T, 1000T ...) @

time t (t = 5T, 10T, 100T, 1000T ...). Between tine t
whede 12,0, hee foFmhliAe8 dgkis Tah jsC i QORY;

re?gtdcig’vel )’/j const ant at M(tZ)&%HénOf\gge’%%%rgées t%%ﬁag(@) such as
sinusoigyl (Ju3) as @ay) 10D oQyciras vasr o ehhe )Y, e dohpIRudS3G; can vary over
. Between tine t 3 and t4, wl(t) again remains
umeig|ageqrdasiop widherpberimgnts wi thedpvemydnt hen i ncreases back

to 1) at i nue | nereasq for t>t5. _

Thgmgg%]ve hof%géf gﬁﬁ%’ﬁéf gr%@r i 85&8?1"0%53&%]]1‘“&1? ot the jth
harmeniqef dynamiacomtidamg@ (Wnithlly GO hresd) sinafeaseh® Gi(t:) at t=t1. The

i; j 88] ~Figure 3l hows an exanpl e of the )
amp {}gﬁgg&t; 1(t2nr}se&9%&ta§n%’]ft’fu?@eti ’agréeél mcregi‘esttﬁgaf@r &t tTHy Sgere 1t
remfiay potil st fapwhjickepdint 2 deetbais ab Gi(wynarhs D9Asthid &hdirion g(t)

may%%‘&c)rﬁe %ﬁge &gx{e{s)?ﬁgg%? I&Iﬂg éﬁ’éﬁ%&:%&é’?’%ﬁ{}? ragr? LtIiggs f\é\g-rg) one or more
states or classes (Figure 18) of dynamic conditions.

[00191] Figure 31B shows an example of how amplitudes of the first three
harmonics of a dynamic condition may vary with time as well as the corresponding
dynamic condition in real time. At t=0, the first order amplitude G1(0) > G2(0), the second
order amplitude Gz(0) is about .8 Gi(0), and the third order Gs(0) is about half of G1(0).

The presence of the higher order terms for dynamic variable G(t) are apparent as variations
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t hensel ves varied over time in accordance with
alternative enbodi nents of the invention. The nunber
w@bookaedsehi cs whose phase and anplitude are utPCT/ES06/045715
can be preferably 1, and nore preferably at |east 2
and nore preferably at |east 3 and nore preferably at
| east 4-10. The sane holds for nultiple forns or types
of dynami c conditions it being understood that the
: - and [ f. one .dynapm .
i BRSO o) AP E Aoty s PB4 GEIAH orqes senplivuces
Ga(g rreid (SFrétd @pproaeh) zash, whishoemdts dn tladdy tanta abndlyiBAMG(®) varying more
sin)éBidh@p! es gi (t) in accordance with enbodi ments of the
Invention. In these enbodi nents of the invention,
syq0ern2] 10 cRefdrfing s€Bqhioni (MLdLE, G(1PeEHRRnR 2 VRIFF N ‘types
exercising or exerting effort in any physical
of Gmamis ppriatdssper cerditines Fipeks 1m%a!§é7mrg;(amhm fee=1..N where
N=Sj. tltgtd.ons which could naturally occur. [00189] ig 32
shows variations of the jth harnonic anplitude G of a
dynam c condi@ E@g, (0t d).wheey where nj w +q ) are
normal i zed basis functions of dynamc condition g(t),
sudP0I3] si nuSpiters. 1104 sprodecenjan (dxpederte 1Gt ht BagyorV & 3 a tubular
-1 t | gy ..can vary over tine in
s i ABrdlncd 1% BEBYULIAR Popl BRAREY A SlpstictiG srbpprrespond
to Fpydidgn@ficpewsiins operiexedpt eegibn Hows tehbulaplridebide 8 fvivo or
scr BbdAhc BRARIS 0o DDA, G RN e b U dedorbafy i Bldihy non
biolapipdli dyrdeni6 donylitions)ating a8d¢ nGh (ki divblntinl additién, id@Rperience can
incrgats s to. 8{13%) at ht:t3, ere [t remains unti
coryesROpALD AXRTRIS BBANE™S Fhipbdreued Lo tging anyiitign 4 tubulpgstructure.
Dy neowioa) condirbi ORxghb:, MBYede t e 5C
(Fiqgur e]s 17A and 17B§ of di/ega?ﬁgﬁgﬁgg%ai trti?’o(%»s/@f?)oarﬁdgng)can be
reprssenprgras: st at es or cl asses (Figure 18) of dynanmic
condi tigns. [00191] Figure 31B shows an exanpl e of how
anplitu "es“ék' 8?1‘feng(f)r'$%f)ﬁr ee harnonics of a dynamc

condi t i &h° (eey (afAt)y eit).held (theghs)mel | as the

corresp@nﬂ(lt' ape gy conditiop.increal time. At t =
0, the fi rs)tnggﬁgf Eg%[gfﬂ%le @&80%”5@( 0), the second
whepe e axppriehcsden@( 03 iGudbptvivd @i(dl) noabiblbfieal! Ridiging or
?riggrn GBr(Ci(}) IS a@out half of G (0)., 6 The presence  of
congiBRNDE (AEY Obr PEPOPRIRE HisFeodyRaAfOTIRECT aB1tR epbodimerrs of the
inveAPBAS €TH ¥ Bf UphdoRieToRditiBRs BifhreOh ' 5
H_WAS L ap;r%%ghes ?i, t he slelcosnghgélrg t{qﬁa‘éﬂi(}l‘?ﬁé?&ﬁeﬁpkﬂ&ws(} ’

G” AP trleet weetsyrilyridie Gare.) Fappravagh, g@ionowhicedarily the same as

s fesulds ip the dyngm c condition Gt) varying nore )
gr Q% L%cg?)daﬁsﬁ’. S’Fd%’i[‘g’ff SEATmF ferdigoryatN' o Y 1 pamabsodifferent in
accdr@§ce $8ih snbbNBehQbf He iMbdnyiBgs Of dynam c variables or

conditions (Figures 17A and 17B) g (t), that is
i =[[0019%] \wher Eigure 33A and 33B show representative frequencies @; () and

amplitudes G, (¢) for three different physiological experiences i = A, B, and C,

respectively. Training time corresponds to the length of time that a set of dynamic
conditions are to be produced at a tubular structure before they are repeated. Total
tramning time TTT' corresponds to the total time a tubular structure is subjected to a set of

dynamic conditions for the i physiological experience.

51



10

15

20

25

30

N>2. Hence, [00193] System 1101 produces an experience
at region Ain a tubular structure in accordance with
wersdedsent s of the invention. An experience CBEI/US2006/045715
correspond to actual dynam c conditions experienced at
region A of tubular structures in vivo or actual
dynam c conditions experienced at region A of tubular
structures (including nonbi ol ogi cal dynam c
Coggdlbk ns) i:%%}e M ?hcﬂ?st \fé) of i’xgwas%gt! sQeh & XTSI 1 and
erience ca correspon ynam CC i"ORS
110apeodised singlet mnem wmgchhtxatym@mbarﬁa&btes sﬁ'(tch ') @nd D'(t) and
t hr ee experienc
whif BEER aratie St VBt e" o BABFIGABECT Ry ook istepeind fopa total
traidiny Gim@CI'TE| =a0MThi GiagekCchi, ,Dt aid l(,D_ngarDrre[ﬁ'Gsiéﬁt tfo8NxR@ple, the
‘%%gr corrbl nati ons t er eof accrt%:/gance W th ,
am Phasp o8 frsauenes of mersaff—'» YRIGF i Rgrien or tbular
struePdiid, 1908 {FhQUF R cel AhaRbod#Rind Bf tl'ﬁ%ﬁ@éﬂtﬁﬁc EstalHraining time
are not necessarlly t he sarre For exan'p e, is not
TTReendsanpltiple; rainggnimas Td7 and gapsigeluge fraptionsest wfining time TT .
For@apleC PP {reNSelre « N Jrll ndinbe S} BEHId LET. @ni 5)'3” 20, 100,
accof dance wi th énmbodi ments of the’invention. [00195]
100¢;.candsodemhand 33B show representative frequenci es ¢
() anpl di £t er ept
Jg(?l%q gl CaFIggg‘gz?{@e/ snI%/g)Ss E&g sx%{&g? lénlc}()gcgﬂ be used to produce
dynm@m@mﬂltwls yvhlélhr wionldrige d:qpnteem;e;i be ’srpmiwdscubxdat hmclaensginra patient
Wltl? agec { aue tsehl tOf d Conigll t I OI}}
rodiced P fubtiar s ructureg% Bot £V
pam@ﬂmaﬂediyna'mtcaiontirtmn@ largrepradacelfat'a spedimes pe Imdﬁxldratrﬁzbﬁre 12 or
111%otal inme a tubul@r struct,ur A IS subj ected to géet ¢ h
FSEYFHEI T SIEETRE PR AS RSt nd 194 17 45eR7drese oyl g bodiments of the
inveiXpar i ence. [ 00196] Figure 34 shows an exanple of how

systens. such syst.e 1 and 1101 produce a si.ngl ..
f!{%‘?lgghce uéﬁeﬁﬁ%ﬁ rléggl?ﬂiﬁn‘é‘ﬁ%m\ga? Yé’&f“eé“’f&“ﬁ‘}sucb‘)? gy in vivo
tubé’lﬂxdstgcédr} 168 dWh L Pari&t B idpui RapdREDhRIorY @ foath @S Figure 35B
over a training tinme TT' which is repeated for a tota
shoyr gxamplyyyiraten oryinformptionHence, P', D 1 and Q' can
r eRoEDoPL fg{e ex36%| Gvole afmli tséjaﬁm PRASRKOTin vivo tubular
frequency o ﬁe pressure, flow and di arret er at a
cor@mudmrwcshe tIUblUP afrueiire, of [gmeoving thelin ¥iva whake erdemredrom the
t i
pau\illﬁr\{rﬁt §'39<95g LWER! s%?{mh?‘r?}gél th?éﬁg& !tt%éar s?r%;@l!ur(t_ ga% &Lspegnti 1181. Step
3507 frololige sdlechiog |amisfs1@ioguqah¢xp|engacm epaniples of vHoch eeahpive in Figure
3spl 1T 1= xTT 1, where x is a real nunber, for exanple x=
.3, 15/3, 20, 100, 1000 ... and so fort h. [00197]
Fi Jo200B5A sBeps 350 sysiens ihpletidfing anhdesdised tghysiological

experiecx)'lccjxle'I gsemg system 1, 1101 with the selected tubular structure and optionally adding,

gacaP expernence In

subtracting and/or altering the fluid and/or fluid material in the system 1, 1101 for a time
TTT'. Step 3511 involves testing, removing and/or outputting resulting fluid from the
flow loop of system 1, 1101 and/or testing removing and/or outputting the resulting
tubular structure from the system 1, 1101.

[00201) In accordance with additional embodiments of the invention, it
should be understood that the number and types of dynamic variables used during training

time TT' for a particular physiological experience can vary during a training time TT' .
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dynam c condi ti ons whi ch woul d be experienced by in

vivo tubular structures in a patient with a particul ar
wQaiseets2hi st ory whil e undergoi ng a physi ol ogi BE&I/US2006/045715

experience. In particular, the dynam c conditions are

reproduced at a specinmen or tubular structure 12 or

1112 inserted into systens such as systens 1, 1101 in

accordance with enbodi nents of the invention. [00198]

ForSt£fin@50 dystdhy 01 19€ Scould Wrbi g @"ﬁgﬁﬂa&% ézghaﬂ@sc‘gﬁg >§Jid &) while

of .an in vivao tubul ar Structure ‘|l ocat In a
measHHNg RR ROPLAERE she errlting shict Jyriantio varablog(), Fthgu pBDd&Bchynamxc

varﬁbﬁg\@zgg)&ﬁﬂr@ (@hilkahd SMin 6%1515111]%5}{01[19%ﬁ{er@gult?n%fx['sgggnarlnc variable

'BE*T 03 involves eith
g1t} ubhg measuoady ggpgg@dmb'namld; ‘aeiable cui wovesisrfoatbaclesig@ils FB; (see, for

fn [[,’O\pl t .ar_structur.e fromthe
PRt T en 1%!19 Z@ fok %géggﬁ%rv%v es alcﬁosrgﬂ ekf K& gpbegiments of the
mvd:rubml ar st ruct ure into system 1, 1101 Step 3507

i Ny, sel egt i a,physiol o cal experi enc
exa{%%/ogz 5%6 cé}%'é\'oé(?%‘yﬁi\ﬁﬁp?r nEFSy e SG’BICC‘[CSO‘?OE}]N'H a tubular
struStxep (Bﬁﬂ&gxd:am\éﬁ e bidlogica e Hisci8ed MHverRrie Qfepresented W two or
g Si oleoggl cal .experjence usi ngb em 1, 1107 wth e
MO PFED Xf’é‘ﬂ}‘%lrcogfhﬂ?&f UPE varg 6%t °6r?é’|yl Srated aFr r@ass Of dynamic
condlithing.aFbt Bhnailel/ pHysidldgidal eh@l@cefA %@h@ﬁ&l/eoaf trzum‘ﬂ 1me TTA =
material in the system1, 1101 for a'tine

24 Baurs IW\Fbldb’é’@W‘é@Pﬂd!gom’ e@lﬁﬂ)l mgadanu# et aOlSétpr tthdﬂghree dynamic

tin fromt h of 0
conifs riluie B diiirg TXhbrSr oRals teeg e and ow Q'
expergséd bng mbmnmlsancﬁw ldﬁitHdi & {Hecgmrhb@rﬁ %EEBDfls 601)1&1 old athletic

r dance w g({; addi t;i.onal .enbodi ment.s of

|
malt R (B ROl R He D s TS SE DR St A dPhyeiological

expﬁ’i‘ﬁﬂlcé Pomighof foll \eradiple, Yerrbspbh® $o WS@sInB iR of MBIMLNY week with
TT' for_a particul ar physi ol ogi cal experience can

dYn%‘&Fy“Qﬂ‘éf‘f‘W@ @ @) aiade My thlaniet qintwo fprandg gapditions ygteemeed by a
0SS A0SR 8 Oyt vt e (i) a0t LD v
hlstdgybLarﬁgalru allthcﬂkdxemgﬁé tof ph&ﬁﬁhbghﬁloﬁdp@ﬂe&y@&m lestadRird BRLRS3SB, it

h
bei Z],(‘nc? 7 ng Ia&g tam n!a ngﬁrrlgg% arﬂy({xgxlt;[dol-g ysmlE)gSal experiences
hsted&hﬁeumed/ noni t or ed dynam c vari abl e can serve as
E@@?f Si g al s EIB_JH(s)see for exanple, Figure 18) for
8%“P Br Fnke charedienizd i by i dippthulitre she classes
(Flgofe t§eof Hyﬁﬂhjcofbndﬁmomd/ghQ:y?&)’@éurgg 'lﬁﬁl and 17B) of dynamic
can,be selected to train a tub

xperience
°°n(§f Bﬁ%tthﬁ? ends5iesped A 2 vemEngion Alasybdar St&smé‘les cussed

abm&,}tr@md.pwxa,,[@,pr esented by two or nore types of
dynam c conditions (or variables) for any state or
cl H00204) dyn%‘?ﬁ ggiven pressure/flow loop subsystem 1105, controller 1103 may -

be trained to provide a single state of dynamic conditions, (a single state controller) in
accordance with embodiments of the invention. Similarly, for a given same pressure/flow
loop subsystem 1105, controller 1103 may be trained to provide discrete states or sets of
dynamic conditions, (a discrete controller) in accordance with other embodiments of the
invention. Also, for a given same pressure/flow loop subsystem 1105, controller 1103 may

be trained to provide multiple discrete and continuous states of dynamic conditions (a
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condi tions. For exanple, physiological experience A
m ght have a training tinme TTA 24 hours with dynam c
w@omvdisdsens GA(t) made up of a set of the threrCHYSENG/G45715
conditions pressure P (t), dianeter D (t) as broadly
defined herein, and flow Q (t) experienced by a
tubul ar structure located in the pul nonary artery of a
60-year old athletic mal e Caucasi an (patient history)
hybki@dP&rk Vil r
y Phys| Oﬁ%l%elz i a‘%?(l}gtéfrufyeﬁgg %ﬁgrﬁdq%neﬁés@fthl Xu’/i\venltlon Similarly, for a
gwe@opqegssl Wt l@oa subsyistein @1Q5, WBnUblléE'THwt rihay/vbe Ptramdd']to provide a

Smgﬂ'y E’ﬂg}l&og%% F% eg%{:,ic S@é%zrlrlee n‘g &a Slnga F’ﬁﬁa 'Ie‘ol\‘g)e §??t158]lle[5}" gmultiple

phymglggtc:@};j qxpemdmeesl & gaultﬂetxpshtm:e (:xfntﬁ)lBE)— y#r aOlhgtbrid of discrete
ar a Agai.n, ot her

i.story,)
Phy%i’aﬁpﬁa e i 6‘5‘? Hhy efﬂﬂ%ﬁ’g’fﬁyewc glalug Zayious; gigres (pf dynamic
conditigus,&a BpiR:id é}tpehahd&@oﬂﬁéﬂé’rﬁt ood that system 1101 is :
nec ssarl}r:] lited phyS| 0|7ioél cal experiences

C°'1qr‘§,‘fee*d' gurss 1cAmnd1 iR of Dpmig Copditions

Chq00205pT | zeBoby glves pﬂés@ﬁi’b}fﬂdvb 196p $ulbSy:Edrd'3 8653 cggﬂrgfﬂé’rellw can
f dynam c conditjaons and or types (Fi gur es

be témzfd%ﬁs?uf@fu egmiEgtisisrals A twleﬁs yieltheertain tipes 9 é@m@e@‘lmes 17A

and 378] ¥E8y kit QBndlfiod. | FOULAM o3 IHELHii&- 103,
Con)t roBT er- Fl exi bi || ty [002(5j§ For a 1 N be trained to output

contspleggialelRt Brrduenp (il st émnﬂib(s) at@owgmlA@If akéb@anamyucture,
Whebf-.e Cff)ais 'Eiéssh& ?Q) nég(?): 1saﬂ§\'zvn@étz,n€ g the waﬁ t%xcknesd g%g a first

tions, state in accor
dlrequma@rm@bhs mqpugfferth@allsmram lrcgnon& m larly, for a

CorfiHIRR SO & PEBUICHS) 0P ¥y a80: TURAUIRE™, 1100,

contr ol Pl ned O provide discrete
st ##0286br seFer mglvelxy pmtrretﬂmd Iddposnbsysfem d105¢ cetgoller 1103 can

trol |nacor her enbodi nments
be R, bR S8 whish sl dine SR Geutinbie o 19
of dymcsub&yxshe NFArle}bnploiitcbflrbldr 11003 cbYed® duiphd@eibPsignals

rovide nmul ti rete and cont.i uou st ates of
50 B AR B Ssﬁ‘aﬁe? *‘%‘?ﬁ&‘i%h‘%}’ﬁtamc’dﬂ% P"’dW“ﬂb 9 Preaet Broga figtes in the
dynémichblerﬂ])ﬁd iofebhditibhs fdiCexafpdd)lcb8itollS mob &6 laYnod- HJRHV% condition

en ssure/flow | oop subsystem 1105, controlle
Com%‘il& ?'Fé{/syﬁi‘@mt Y&t ffécfiﬁnaﬁu‘iﬁ"e\ﬁoéém&nﬂ’ﬁgpe physi ol ogl cal

ex pErognce (Fb@ﬁx@erﬁ’ﬂj)es&?eﬁl‘oagllogp gmgt'e&nﬁ@S system 1101 may be
controller), multiple, phyS|oIo éxperienc szn
r efeﬁﬁf[ 9 2%% ﬁ:‘é‘S]ie éF?é%SYéE?ﬁ% Hofonwioller laa lsipiglei sthto fconlirglderet discrere

Sta n € S al n 1 t I er. IS a
rareP{Peehd LORnE Rl £ 36PL81 E0Ra3 @Enabia, ngyblfr gﬁ%&@%‘aifhéég{ 3

di'al up various states of dynam c con
hybrgd serirelire ardpdiabiip sy yrem@b norwplicsris a dialpe wntdellemn accordance

wnh(cmeﬁ%né%ﬂmﬂv&Z& of Dynani ¢ Conditions [00205}
For a given pressure/flow | oop subsystem 1105,

coffi0R88l er 1Yi0dladanfdyea grvanrwdssum/ﬁqtrmubs;smmt rabs, system 1101
ma}rsl&egg‘rixl glef é:%%)xeﬁ@'s?&erwl? | 8nG 8 133 Y R smg?e expengr!i:’ce controller, a

Fi gur
multx—expenence system if controller 1103 is a multi-experience controller, and a hybrid

experience system, if controller 1103 is a hybrid experience controller.
[00209] The method and systems described herein can be characterized by
additional/alternative means in accordance with embodiments of the invention as shown

in Figures 36, 37, 39 and 38. Figures 36 and 37 show block diagrams of system 1101 with
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and 17B) of dynami c conditions. For exanple,
controller 1103, can be trained to output control
WGEe@nabes23 hat produce gi (t), g2(t), g3(t) and PE(/U$2086/045715
a region A of a tubular structure, where gi(t) is
pressure P(t), gi(t) is flow Qt), g3(t) is the wall
thi ckness along a first direction and g i(t ) is the
circunferential strain at region A. Controller -
confAoBES 113 Al OpheSuldHof ?e%cfl(g»o RY 00298l Far
a gi ven pr ess%ree(ufl ow I‘Sgg?gsubsystgfrgcgffggeih%rﬁpgrgh L plow loop
2103 phBuidas bseadly defined bersim uystam & Bt ofdligisie 36 ahcdudes & pecimen unit
10 Whicehrayh & Jicht : ti ar class (Fiqur 8) .
of dynan c con |bt%i§g§£n.télgg?{eel>?gén{%f°§’ Shereas §y Ilgp}i‘)i&‘ﬁ“m 37
shows at blailn ddgtan winlt @uitrotlent 103! amgli g padssiréAflow) subs@stém 1105 with a
V. e te/flow,l oop su stem 1105 which yield .
AloPAPLa 8 BTHEE ok e R B4 i ot ol a regon of the
flove dowsi Rl@NsdlDsereasad¥pihe  regiontA Al £ tubbldJrhdnde (e.g., Figure 11) in
ngn- i nvi vo ogdl tion_controller, and system _110& IS a
acc°d§?f§ﬁ1%“’5ie C8HBF S Gh the, wverion: 0 perpllFo 108 igitpaired to generate
conftbbsighdlefift) QNidhORRers Uty b PR s ow YbS e hl Pibs rHpgdlpc% various
referred t o ? a S|ir(1)gl)e state systemif controller
dyninfSqu’gltg’@iaﬁg @ plystologiesherrsricries ana dulydsretrmicytra e accordance
witlp %8 b8l ehiesCINhE RivkSsiod. S @ discrete state controller, a
hybrid systemif cont roller is a hybrid controller,
and0®18] al - uFisyest 3nanfl §drhewl ketem s11@1divith- ppessure/flow loop
b5 A1 b8, LA g%_@c | +: 1 _enbodj ment s .of e
7 nvention 088%%1% i m?q%w‘{/‘fp‘e’%tér°?gh%f‘§)’§ﬁ“°“- Hhee pressure/flow
loom pubszuem/ $108 Wosu by sickte Flc6 Jocpy Stienbut Idbks imgudeea donduit 3701,
-5 . iagnce systemif controller 1103 is a )
whidh oS D B AT BURY AT 1 Mkl owarmbrip docordance with
varigys babpdimanonbf ahé énivehiioa. | Soaduit| 7Dt @XPEREIAAE Any tubes, pipes,
cvligent rtoiyller,s and a hybrid %‘peri nce system jf | T
YECONt rorT et “TH03 T €78 Wy PY EXPOrp SRE@CEEHE dsicribed herein with
resppd233 Gﬁiteﬁﬁ!ﬂ sudhiels hjadﬂerﬁs_nd aisy stamddRB&S !kh@gfnhg b of %pdinﬁ‘y skill
char aét eri,zed by addléltl onal /alternative nmeans in

in theAthr QR AEY WReR ERbetFwei® 5, Brstamm ¢1G1nfdiigure A9 insluleompecimen
uniti 10 ini PebRBn@OwitBlan dIbSHheBBof FHeIHLERicIO QQHlaﬁ%ogﬁgI#g system

blfoc,k di_agrans of system 1101 withcontroller 1
1101 of fiigure 3¢ eyvFregnt 04193 Vignens 81 ders nahinshide e gpedimen geindf.alretead, a
regiéh bf @W prQ9Re248P 10 shbdisdnf 1081 Lned.herel .
glSyster_nplilOle_of Figure %Jg "8 gé{eggg%\eﬁ%gglmnké%g%ﬁﬁ ofhe tubular
strugthreyFegrel Ahda apgarfanseivadi emebrdimerits o ehd imventdmo NAgain, controller
11088 &Y siemed 104 i ELauE s ;. ghows a bl ock di agram
with contr % Egart 1?%%61&%%&25”%@3%1&}3eolﬁnowp gl lf)%%els%ﬁ?/r ffow loop
subsyste®s Wi @hpredfitaoverions QYQ"II@'B cofidifibus gk, a tegtonnitih Pudssire/flow loop
bsSRESI1bg specinmen unit 10. Instead, a region of the
su S? owj] ggp 2105 itself serves as the region A of a
t UML) st r uBiguree4¢ eshgws slybrgir @ 1011 Jwith 36G6F0AN0R, W tahd Bn.
Ahhggg_g%genetngorof A hF i nventi on. ntroller 1103 is
trai néd 1o gener ate" tditYof*StRyf1aPYPPIcEt FUmAticRdumenes can be
greatien prismblber phas Rt eSehbddwvi S2H) 3y &I Bt BAGRIML %ax‘ﬁﬁfe‘ tPHRmitters,

recervers, transmitter/receivers, transducers, detectors and other sensors. Fluid sensors as

used herein are sensors in the fluid which are added to the pressure/flow loop subsystem

of Figures 38 and 39 or which comprise the flow loop shown in Figures 36 and 37.
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dynam ¢ condi tions and/ or physiol ogi cal experiences at
a tubular structure in accordance w th enbodi nents of
wo b@sioevsent i on. [ 00210] Figures 38 and 39 sShowGHESBNG/045715
1101 with pressure/flow | oop subsystens 1105 in
accordance wi th enbodi nents of the invention. Here
pressure/flow | oop subsystem 1105 does not i ncl ude
flow loop fluid but does include a conduit 3701, which
opqoediryel y goupl.es su fL 00 ubsystem .
cog'ponext S, | g g%cp?ﬁ%ﬁ%e \(/j\?{ h l%clleougngnb% TERt S’ of CoorVers,
transmEtgriAresetVest trageneiterst tramducers detlectoks dewalhys dnybdsices which can
[ : ¥ t r. structures and any other, ..
be Bl 1B; A6k LS o S ol S b e P girectly or
indiggegly spens o mars dyysténeontitions, shih s dide Ui s FlR@MY A and 178
and%kt@g&fhoghprdinary skill in the art. As with system
P66 ‘ElgUre 36, system 1101 of Figure 39 includes a

SEQMPZIB]’I uni Figliesi ﬂPﬁGT@Eldﬁﬂ €lﬁjeﬁ\ﬁﬁleﬁr@& E‘JTI% O%I.EM%]BE f&fmeasuring

the, 1 nventl.o .l arly, S wt system 0] .

he ponftieuvisy of §3§ﬁ“§ ﬁ‘?ngl)fﬁi %?nozﬂygﬁ b2 SEPWfesirussire 1A, inleccgrdance

witls pRbbaitnw bt thklnvédiReAG, thd ek®BUReR oftH18ure 17C, electr%des 1200
e

ressure/flow | oop subsystem 1105 itself Serves as t
and 126" 5k Pleced OpIRPPOTIER AdeS o8 Hrefebune stetyner 1 12 apd jare connected to a

voltB&CRLARNGO4 Vint dhe QAL ABRLE F%furé D) Qg Qltebt?gd A93 an 1208 are
controller 1103 is trained to generate’con For sighal s
SPaGF? (@Pyrt-anMi etienchereund pytleasoa froegsmrod/tht @ivchmbgpence of the tubular

[ narmd c_congit i ons, at
RS 45T FEOSC BN N LS B £ DE L OR8 cre
1117. 30 2heldmbodjment 4FigieiZE sslatwded DD ant t1R0B e $iced dn one side of

the &Bulaf @ ugpnlélthough four sensors are shown as an
exanpfe, purposes, nunber and types can be greater or

smilli2a4] t hanTheuhree SkosodscdhfigdfatioAs 3 BhgdresB At wl@sure the

or. exa eqtransnmtters,, receivers, .
cond B AT s LR P tobi e St g pddh mogplaver imside che
tubuldriefucaR8 $ 012Salordy diffdreBEHiSQFiSnASE &S&Qm?f‘er, tﬁ}qerkoﬁfiguration shown in
o the

Ei segzgrs in.the fluid EgiCh are added tr
'8¢ €S gD apefelibry meashiiag the gapdactagyapida 3gonslayer (not
shoW)i £0wEOSP LS rsldiSuthiof QQRUENMrbAufd BHRESSIRA LM ductivity
37.[0£fé2] é?sten1sensors (A) include any
reading Goy Pe &pag, foroeampds: g0 meagys vhe fusrcsionalopiandf o, the integrity of
the hbABRFEIN BhSmblLABSHUGRI §1p det ectors, as well as any
devi ces which can be used to detect inmages or neasure

an{”“&i‘@ or mbhe yekesmeewrs 1284 &aédbdiﬂ _éi)‘_t?¢tyc101rent source or an
altﬂJn%g Bl n Ar&&NeTls, TRL %&9% ﬂ%@fgg?&ﬁrgl L : gsrl%’hé%gp i hades the

those listed In Figure 1 a scusse
meapyseragnt, of [rgdRiVBY, Fppdams add feaddficeshow t hr ee el ect r ode

I T T L —
and/on imegiog dasiess,vintlhdimghbati meritsivaf od, iigitah ¢@Atia@MRIINMR, and
PET J}%e%@%%r%?c%%es? fult@zs%gxrl S):flsZe%s, enlm S&gg %%S 01:'L %f%oultrasound imaging
systems, chemical sensor systems, gas analyzers, electromagnetic detecting/ measuring
and/or imaging systems and any other fluid material (e.g., Figure 17B,
detecting/measuring and/or imaging systems.

[00217] System nanosensors (Bn) represent nanosensors, nanotransmitters,

nanoreceivers, nanotransceivers, nanotransducers, nanodetectors, as well as any devices
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and 1202 are placed on opposite sides of the tubul ar

structure 1112 and are connected to a voltage source
wa2ed/o6dses t he enbodi nent of Figure 17D, ring ePEDUSMIEBI5715

1206 and 1208 are spaced apart and extend around at

| east a portion of the circunference of the tubular

structure 1112, and preferably around the entire

circunference of the tubular structure 1112. In the
whiehtead beasdd wofdeficgung elZxEme&h%&ﬂqu-exﬁoQ&Qarﬁ@c@rs}_%gged%{ipecdy or

d Ia,%ed on one side of the tubylar structure 11
1ndirgly 19100¢108 MY{E dENYUPICORHFONE bRy ding. dur oatlihtedtguhes listed in
FigdebA1 24 endrgasur e the conductivity of the fluid inside

the tubular structure 1112 and/or a nonol ayer inside

t hdO2I8hI ar Refarving beckitpBigurk dAgfheldl Sérspent indlude ahj enasmitters,
diflrs, 834 eqnf i allaon shown i,n Figure 17E is X
e _|c1)a|rr ti culg%yrt ;S/Egsbg?vgfg’ Pgl?slé&rrggg’utf ‘lmrﬁcéucteﬁse SR £ VE §s By devices
whigh grmbd @lyé to detedt 1@9&&’0{ nliz-ﬂéammg apnotder mbsd fieambiefsaeRiedldirectly
: struct .. Such. a candugfivity . .
or hliertif 48 e &' B b Wy B SotieooS it hede biged in Figures
17 A unict7Bonal ity and/or the integrity of the nmonolayer in
thg M&ig | ar Ir.ﬁ&lcture 1112. [00215] The vol tage source
120% be &WUF r SEPSO%Ur PEnt IRGTFEe BRUUARNSIS or PAROHAgSmItters,

nanoteceiedrs, SOidkRAsceilBiS nahdt@ards@iddds, ‘ﬁQH&dé@Jc'tdQs,t é(s wellSas Uﬁ‘&ddevices
.her ei cl udes the neasurenent of resistivity,

o
whigh o b ied R deteetn Pl ar. meRSerE FOT ooypatiemasumesers selired directly or

indik €l 46 BnEBF B0EOBPh B¥ic UGLBRALAL thcl IBAS ;Bﬁé RG: 13{1{1{8@{0, those listed in

stens, including, but not"limte

. i magj ng
F‘g‘ﬁfi;%tpaf‘mg ras, MR, NVR and PET systens,
M qe0220PPes, Fightd A50 YRSl SUSLOIE of hBG) &thg%a&@e&%rs“}?, Bn, 1 and

ul trasound inaging systens, Chemcal se r’systens
2n gn defommunieatively eompledmigun ttiansmist sotivagrasasuanidigceive, detect
d 38928 d.egi ny other,.fluid,naterial
. ge. g., Fi gurag&i 1%?&%%‘33@? ‘gn‘% %r%zlacs%ornldﬁbonérﬂﬂ‘ﬁg?ar Pihstdpig used as
feed W%) Rooas7ipdigystdirectiam of 8osarfsla(Bey infephfieNt Dashed lines
) notranspitters, nanoreceivers, .. .
wre Ry RS BBl P o b PO ERE M atiooh gforguion flow
depends bnabe gipe davisoes il necaibditmese f tig BOLALIn, sérd¥888may not
direQfy TRASUT ne ot fore para ters related directly or
Fdirect ry” Y S Eh&SERC e ‘ﬁgﬁ’é’ﬁ‘ie? o FiPertens For example, in one
embodichend iohghe danrentitat tHei fidid €6nchids thdRS@s! dfSta88ddibetbis GHH S Sceivers
whill{é\etargd 17B. LOQZ%. Ref erring back to Figure 40,
1 Ue" SBRSHPETATHEME (RPAH T P iEr rtterhotonserta) perpig, frequency
depdndBigs 6 tthe HEdstReebV Edrfain 15hRE SIERINE sSlidst LATSH q)qglggit:zg materials,
etectors, as well as any devices which can be uSed to

whi Yeyn ﬁﬂib%g etﬁfteﬁ@é(_sst}f Ft_émaﬁyscﬁl’ﬁé (o8- Hb@t@nﬁblte&m;e?’@(:h in turn
putsicak atfedbaik R6lal ¥BE) tb REAEEEr 170, FREQRG: 6 FIRLE 494 Ii€would be
dsynaglbc condi tions, including those | Fst ed’1n Figures

represented by the configuration shown in Figure 42B.

[00221] Figure 43A shows various possibilities of how six sensors A, Bn, C,
1, 2n and 3n can be communicatively coupled or transmit, receive, transmit and receive,
detect and forward data related to, for example, dynamic conditions or other data used as
feedback FBj(t). Again, in some embodiments of the invention, sensors may not directly

measure, but may instead serve as boosters or repeaters. Referring to Figure 43A, this

would be represented by the configuration shown in Figure 43B.
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17A and 17B. [00219] Fluid sensors 2n represent

nanosensors, nanotransmtters, nanoreceivers,
woaene@Enscei ver s, nanotransducers, nanodet ect PEHFUSHG6/045715

wel | as any devices which can be used to detect, inage

or measure one or nore paraneters related directly or

indirectly to one or nore dynam c conditions,

including, but not limted to, those listed in Figures

17hoeun2} 17B. ALOR 2:% tolx érﬂwcfr‘mégtA o? tgf?é’\ﬁwgﬁ&%}p laer%ce(?\]:er Qe? \gN system

exenplary sensors
or Rihtan bavei sxemnplago Mpllumsmf l@anhanr hiashyi less thm: 6DV @ym?, less than 1

mnd? rl@s@?mx} 5@3}111{ &$&l yngpnge}ngglﬁs I ganoL 88/8(5 ano retfclnﬁiﬂs%lthan 100

nmil mdtkaa lfm:'db‘ahk 11EB P(dcbrdmg‘%fd dr\hSr d-rﬂﬁbdi‘ﬁ&@ts @ EIRCk &N at least
ed Jines are used to

data or mat i,on.”
one et 52 psgh o5 PHID 5 LAV oY SRR 186 Ship or s leas
SOOtrmtalcﬂfgtd'Wst dipdcabRAt PN TLhOWEES mg*?oxp Bod Pﬁ"x d1y ﬁr'st dlrectlon,

sensors. | n some embodi nents of the iInven ens
100 ﬂﬁ?/ alogg %ﬁfftééchyowela!s@r?éonmflrsndy eqtipsy é@jmsssdmmg afirst dn'ecnon

100 bﬁl@%to%rgsd e &1?&%@1:1 effosn Fag ge&( APk ldﬁ‘ect:%cﬂ'xéu Ft%%?a Hr%t direction,

i nvention contalns
0.1 ﬁa'h élﬁ’ég achirsy dir kaﬂmr @Célevlekes Impfoitlody cnlﬁtc&bhemea ®¢ceivdr €an have a

mmﬁyxngﬁp I‘E) é: ﬁgql IICL g\p&?‘ %Il ot%x%raer}n dtlants a Prgnsg]ifllftgf &ﬁﬁggx@gsmxtter s

frequency depen FESence o
tranisingftrirdesceivay| fluid ta!mdlﬁluterheodmtg;lcem havent similad Sze dahh ﬂ?lhd lrEl:elver or

n et.ect ed by system sensor
r“em okt ge}.)ep S‘Rﬁ 5‘%"3“?? %i%‘ﬁ‘”;y)@l%s ‘%ﬁfysaew’aﬁa%ée%*gﬁea ﬁarche like) can
havd.:am(ﬂag sites 16 @médeiVet, @fandRittdRed @k {dsi@idPrebéigany € 42A, this
WO represented by the configyration shown in
Q30 o EBED e Yaiea sessorS BN RS sensors (A, B, .. A
Bn, pogsepi. thtIneS.) QA sctiosd &b?éxrﬁ@é’@ofe%eﬁersBﬂan&mtt%rs, Zpan%gfers) may

n noruni cafi vel y coupled or transmt,
féd&?]vée PEQ ﬁghf@&f?acer webispbodimense pf Hirdinveroigar dPridencan be

used 8! BligGykem Y oﬁgiﬁgﬁ'{e%’ seM@nPﬁ)bQQ&qx Jl'llapagg‘en{%g b?chgglcal activity

data_uséd as feedback . Agai n,
sucha sl rBipice: cﬁOftePfémthéM%ml agtenwasl bmybmmedobrrdm:ctctqd using

actiVIBASHEEL prdbed. Hﬁﬁcﬂnﬂﬁl GR ﬁ)rb\é %a:‘?g )&QP:Q E&r?c[ @ﬂﬁﬂ i drevers1b1e covalent

repeaters. Referring to F gure 4
bonii)emtélsenie@t:tdbgﬁtltvhénlfdoglﬁalguarat |(@g1 eph@mm talﬂgeE-) guPmce the target is

t nb
cou[gg’c?te({: %Igi)z&le ﬁ?eq:gxrggé &g beomgre e%lfg@g?ec?eghnﬁgvgrelgg)\é/ﬁ% 15?({]1
voll9R24] of | Elggret Hl‘alh S.homsﬂan laeg ity hasedS5PbbeMPO1 | @G Sinclude an

enga%E‘%nen% Hoor T‘I;érzls han égg amﬁ% co?lgeziortﬁr%)%oal&} 1 ggtgécqlr&gaiji:e with
one ph:dmdxlnm&f che irhzenthdnke Endainy ehdD0b Q:a@‘b@ Qfes@ﬁ@pﬁii &Rt Samino
i nvent i on e r ., System
acid Q-esn%fe at i active en en&%g.r y&l Pffgﬁé rS‘fCtT"g'é’S pt)lﬁxapy, charge,
size @Illd gtudte@shn %Qhéﬂiﬁf&’th@ﬁ@ss’ﬂarfdl sEﬁt:tnfit SGhE BPobel THRNTEOPRGsed to
a fifst direction. 500 ,?Ion i.rst direction,
detect and/or enric e active target. 9 can include a radioactive molecule,
fluorescent or the like. Tag D09 can be, for example, a biotin, a radicactive molecule, or a
fluorescent molecule such as fluorophore or 125I. Connector portion D11 is a molecular

chain which can reduce interference between tag D09 and engaging end D05 as well as to

assist in selecting the probes target D13 can be, for example, a peptide, alkyl polyether or
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100 mm along a first direction, 1 nmalong a first
direction, 500 nmalong a first direction, 100 nm
wa@b@wsged23 i rst direction, 50 nmalong a first PCT/US2006/045715
direction, 1 nmalong a first direction, 0.1 nm al ong
a first direction or the like. In other enmbodi nents, a
recei ver can have a simlar size to a fluid receiver.
I n other enbodi nents, a transmtter, fluid
the likanSMghgiaf end HIAASND 4 %héﬁﬁ&)ﬁbt\éeﬂuorfokﬂb%honate, epoxyketone or
b * ansmtter/receiver can have a simla zf
MEPEYi d recei ver or receiver. In other enbodi nents, a
senesy2sf €. 9. Figute A4BYsHo® a | rw)ed DSSIp\%ﬁicHEiQ QlakPend preferabl
|ike) can have sinmilar sizes to a receive 7
signficaptsmalies thanorarger B33 niHdrer probe El5t eso liae)aa Eﬁgagﬁiguarﬂ Dos and a

conﬁ&:@&ﬂé&ngﬁyﬁf 1emtsv§QP3 QargSDa%] gep?afec? RS: (im)taa E)SS?? n@éﬂéjs ‘R@F A 'drug or

pha(reacglogxqaé egingerrsanyt s@ald rrt IthSmoIeEﬂa\S (ier \eRdrfiple/T8ee Figure 17B).
cl ude in ac or.danc odi nents

Herlg bkl DA Eont e BB Rty i S i s dhraRgvesy semism to

tub\ﬁﬂdﬁtﬁlﬁ(:tﬁtl@eﬁﬂl ABdbr&216 With eMbOMRSEnEAN ARANIGHRIH. Z8 an alternative
ch as cell activit For

t t
ernbRTh et B B e toed o7 G LeaIDenibel e P0grof Figure DA and

a drdg,t;ﬂﬁhﬁdcdmgl&h@ agdak lo¥ iahy oﬂ%?%%aﬁr&%%e nﬁﬂec@féts' '&Mlch case probe
based prg r(glr1c:an forma bond e@g rreversib
>lotrateEtt by )@ AFlivera mershaniey andtd sansei bir OT@IEGabuhianged;ture or

spec(xﬁexg and/RF @5 @LY AL tn ﬂQElQ QedchiBed ﬁgrg%} and)c‘or 1%”1@ qoop fluids in

the probe, the target can be nore easi
SYS“HBN“FB PeEysEms b L9 iadccqrdonre Aittrpger enumdmsmm tl&'nnvenuon

acyposkgy base u ap_engagin
g R har hea%u&;@‘ﬁ‘gé% %mdd Ogﬁ%:ro%ﬁ%% "or mgogf’ f ee%?} (dashed
llneﬂ) rin gekigh dasrsendiitaghDSAds erricheil reiok aos‘ecm’rdecamweua»i-lgmuon D61 in

d dt
acco'x?tﬁlagﬁg e, Qth)grflg&ﬁmlgnt Sf &eg{rl\ezentﬁ%lgf-ll%ﬂgec 8(@?%% ynth tag D55

residue at an active enzyne Si
functipes ireactimiat ;n,anpﬂ'l w@r thay ,desthhédg abo ir&h&féq:e&t tdI Fidt-€ DA, and

fecti | veness and sel ectivjty, of the
prot3] ;3 e S Fionh 8 S B Pttt e
acmoszm]t ar geFLgufEa@Pmﬂ)ﬁﬁ&Hum| seidbRuied BIAD ORKILH U€e permeable or
ffi orescent_or th ’Vﬁ Tag D09 can be for
sermiBRiRCIPle o il G0t iy Biad b Hopiroueemesie sbular sucrures
1152f li af:@:ﬁ-d:ﬁﬁ:% wih %ﬁibbﬂlrﬁdiﬁ@ ofshd | HeAGRN O REabI2Ribular structures

ector portion 11 is a nol ecul ar chain which can
1152%% o1 HedPrztite doBetndden diffusionodf Byid aaddergimyfleddmaterials,

suchm@aﬁ&lééleiehs&§ drandle&il&tas 'd@scﬁ%g& filrelig e}u?lg)lpsr Rich are listed in
t D 13 can be, for exanple, a pepti alkll
Flguf)ca 1% gt g 178 t Hence; REISUERERG O g}meeq@@o\mglmnvebgna of fluid or fluid

PRADSHRARBLE tof h y
mat DS % 0225to é@%&gﬁgﬁ %P?I}Q\%\gf g i OE%S@QS% ex?]m%)les of which
B

are SEerHP U Figary | riZBl y significant snaller than target

o ror oy S Tep AT, B AR RaCRBRF e fimefe of o
dlrecpgga Dymagg ecpditingl 8@k badingn ugrnppnepiuam thecehigl diadctidgemtwell as
meas'grerr?er}x %gl‘éljllilrgcgzmka ' %agl?c! ceocnléllm?osns g(t rsuc ggrgxlagunti %? fluid or fluid

matenal System and/or fluid sensors can be used to measure these types of dynamic

conditions, in accordance with embodiments of the invention.
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Hence probe D51 can provide a delivery nechani sm such

as a drug delivery nechanismto tubular structures in
waemendarte Wt h enbodi nents of the invention.PCHUS2IV06/045715

alternative enbodi nent of the invention, tag D55 can

be a conbination of tag D09 of Figure DA and a drug,

phar macol ogi cal agent or any other small or |arge

nol ecul es, in which case probe D51 can serve both as a

deljpoxpy nec ul

st r uct u}f/e or h?géi anlgﬁg%v%dg%rgﬁwg e% o tl;citn‘efartsg%21 Wres 1132, which are
porgys prosert eparpivh tibullpe rseiuptugesdl 166, troadcbaiantofirhf dmlbazthmemts of the
mve?ﬁﬁ%h e %TE‘P W3 s&yu?t%lﬁ'g.ﬁl 1%5 aiigsgrlfok Qh aC A r dan %‘E)w iﬁ% oy ggtfusxon

ot her Inents o I nventi on.
of flyitbamsl/peflughoatesnl @I’d@ﬂdﬂbnﬂé hEreof emmﬂiies Eﬁézh{cﬁa&hﬁﬁbwn in Figures
I [ ich a seco ttac ed wth a
7A WE B, T B BB RRC of 3 BRbunS ibtedoqt i Sther dynamic
condlnoh hefr flaith @di fimeidt maferibln €onstiviatd in@AsurERBEE of R&?&eoﬁ Yirectional
D55 fuynctigons in a simlar. manner to that

dyn%‘@%?c 05‘21&0350@ Dt Fe SPFavePEnt; qu FEPPARCBReftPRk dynamic
Sidiod kD), a8 ShdPd ih el Y l
con egCI‘IE ed herej ﬁ Lph%hézsg{?y% I%l?cégzﬁél 4A5§é ﬁ{é dél\[/\grsg& d?rﬁlxﬁ% variables
maygipglyde ypeszere sgmmnm lfal?h? rp‘énlrsbaﬂstlenor sem per rreabl e
t oyddadpd mat | wn as p
t ulc[)ulzar]dst r ug{éﬁ?éegseil%‘g@yoﬁeggy or artf%buqar et BEL TER W Bich are
eleceptpudi mbnlas suhctukes Ilﬁﬁ,epnefeoably Beydeadfiteirt idouwlmddnner such as that

15 I rat ow and/ or
desclzfi) crcfgygxa%g% [ﬁ% I%.\If]v g\gosagfgﬂ:r{; dné-/rkgr 521 ége captepts of which
p@notrpcmiaad hs:ensdjys,refarenfml eEluéte@spaﬁ abahii Radulies @bz can be
er\)IhI ch are listed in Figures 17A and 17B.
éfient of the anount, flow, velocity of

fl (noasnr f | uFfurREeEh@ys 6kr @ﬁk@r&&ubﬂam&ﬁﬁgﬁmz Qfhich are
'g%g $ lgﬁnam C condl tions, exanples of which are
micloRERATeS Al Rereal ZBAg Mistesreqyed sehulaturugryrect258 haws depths
of 50ﬁhoeﬁidt FoORRL a‘ahcmtv@ @PodveE mewimﬁss Bf 88%/2kn QbnA and 2000nm and
ect i onal nam c c(gndl tion g (t ) having a

Pfef%'a of fest afﬂﬁ REnpeppd Pach deFeen; HprodTayRly |20ggo approximately
5000'%%‘;55‘§Qﬁﬂfy é:gpraﬂﬁgtélﬁ %O %%prgylp@a@él 4683 Péﬂeh@i‘ﬁg Ak class of
such as amount's of fl'uid materi a
dynymig/onditiog; Figwend8) E’hﬁ‘énlt bell dﬂ@e&#bteetedrsasw well Iaeslee type of cells
dAc¥REiAL AP tRagbldQns, |0 accordance wi th
= nbodlu%fsent s of ' t ﬁ%/ent |gon [ 00229] Figure 45B shows
ot 9232l pes Eﬂbmlalbﬂhaxurss tU2taands coibinatich oftae er more of the
b ubul ar petures 1
sbo RO OUR: Sy SER RERM T b8l SHRE B o T i Bigpres 11, 12
13A: 4B 1k 141 teicvbules sttddareallll 52y 1f165 1152 amil QU282 iafidh spdci@ws 12 in
d{ pr n f UId terial as
F = -
1gu§ée}3%?| %Rgﬁzhg?\egg géxsf?rrp (256%0 V\,hl 1] Qﬁ%ﬁrﬁ“ﬁ“re could be a
comBngUO@s»f 1Mramd:u]bﬁ13r stiradtge, 1168 @&gﬁﬁ:ﬂ%@ afd atofiercpPduiRll tubular
struden QW S%E; OCIt .07 ot her dynamic condition of fluid or
TG é constitut es neasurenent of types of
di r(mss]onal Second order dynamic conditions can include any type of dynamic

perw%@an%?or RO

conditions such as those listed in Figures 17A and 17B and any others known in the art.
Second order dynamic conditions are localized dynamic conditions produced by systems
discussed herein, such as systems 1 and 1101, in conjunction with tubular structures having

perturbed physical characteristics and/or properties when those systems operate to
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dynam ¢ conditions g(J) and/or measurenent of types

non-directional dynamc conditions g(t), as shown in
wor@enes2317A and 17B. Again, directional dynanPCI/US2006/045715

vari abl es may include a nonzero conmponent in the

radi al direction. [00230] Figure 45C shows other types

of tubular structures 1112 which are el ectrospun

tubul ar structures 1157, preferably made of fibrin in

Pro@xd@ﬁn?%n ST %&32 I@Eaxﬂ%&fddﬁ%s an@y oxeﬁ}g{ggmc coh, 15108? at one or

Pat en and 6, /87, 35 ten
mulgyrie: Fegigns An’é’o F‘W@r@d Vhlell eembOIdymms& @tfellheelnventxon . When these
157 can er neab] e
o EhE RS LV 51 U89 SR e

of ctylglbmlkawnslttmmtamms olMﬂtlpHNeghnamxm@bﬂigh&owﬁﬂ embodiments of
theh#@ ?h structures 1252. M crogrooved tubul ar
ruct'ures 1252 have depths of 50nm and 7Q0nm can

h a\{QOZQ}H? oV ez ISWI:H %br\iﬂrﬁé&ﬁ;]l?gfaa b@ﬁ%ﬁﬂ&lﬁ&?fé}q@g&tlggggﬁ Br example,
7 n
N e N

locaﬂiﬁﬁf ﬁ[fﬁiéksYarﬂpélis@%it?H;&r%kﬁgsﬂQg ,%‘%%P*g%‘ﬁ)ﬁ‘{% Yor 4'§9cpgart1al rings,
ass

ng, on the ¢
exPifB*;gE(%%Plé Ragt oppartiahungs itk kpewn elysticigesnes Weléss tigid fol) pleeves or

i@aeBl Heev@ HrFLlich deed
rig! %8232 Tubufar st?%%?%ﬁ%s %%15E%%% ggggg Nat f ngSTChha

Pefttu\‘ihﬁddrl e grystunelrlaraoevistids ¢hy ﬁraiudsthgsmsh ahe:redh c@éﬁaents of

1
i g LA AP R D B B G8uE gedure,

the sppgi7l frempendigoofmn rcpecingemscti: pemtuh?bgwne SudhA;s sﬁAllEbEmps, rings,
groc’s)%/'\s %gbgeéAshsaD all C(ii soAfort% ¥an%‘pq%s oV élc? |b§r é:‘l}JJ?stﬁg tv&a}lrbrespect to

nbi nat 1 on’ 6
Flg@iﬁﬂﬁ(ﬁf@ure 458) and a m crogrooved tubular structure

colBPBFb e CHASR TS 2Ry oE B <51 <yt Moo s order

dynsm(chccﬂﬁhtidiﬁSlﬁechusstﬁhéy Ir&ul'_tl her@s of ihe W&gﬁ AR Yrucrures in
hers known in the art. Second order nanlc

sy AP HREHF &0 PETATS pedeaywRRT 3;‘6?!‘6?‘ el dppesaigeeditions of
one Y nflEple FegichsSA U SQhdNGHSH dYina S b rdBi ¥ ThE BE u%edaﬁq' example, to

1 conjunctiaon w {h tubular structures havin
effecs eﬁ%g’iﬁ'roﬁgoseﬁh?fu denamig sarditpRs Vhichasishhbe PrespRioferivp gsr healthy,
dlseﬂ&@& NortRs %Y’zﬁ:t RBBlPReEALRs. ORLAY 'oijcﬁer@l gﬁﬁ‘ﬁrl: ﬁgftxogg can also be
cglobal dynam ¢ condi ti ons and/ or ynanrc condi tions
use

£9 ﬁqeéteraéigftw sty ¢f @@@@mquwstqt other non-b1olog1cal
situR19R0,dis RRN LS d91ﬁaxﬁi3%oh&‘i¥1%ﬂ§ 4Qf] for aﬁH g ﬁ%ﬁ gtcﬁ'zﬁowmg tubular

operate to EFOVI de a given set o
SUTUELE R SEMEles ohmdrdbrarg plovwn inFigereds. dynanlc condltlons at

on @gﬁ]m'” t 'leetuﬁﬁﬁk %%cfo‘résndxg %&2h dtﬁpcg:ueghout can include biological
odi ments of e 1 nvent

matenal such as cells, etc., can include a hybnd of biological material and non-biological
material, synthetic or non-synthetic non-biological material, or completely biological
material, such as veins or arteries or tissues, or organs and so forth as described herein.
[00237] Variations in cross-sectional area along the z direction correspond to
variations in D as broadly defined herein. Hence, tubular structure along Z can be
represented by D(z). The z axis can represent an approximately straight line along the

direction of the mean pulsatory flow in tubular structures, in accordance with
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[00234] Such perturbed tubular structure
characteristics include, for exanple, shape,

W@ 008066522, porosity, perneability, di mensi onsPCT/US2006/045715
t hi ckness, stiffness, elasticity, ridges, l|localized
stiffness and elasticity, protrusions, bunps, rigid
full rings or rigid partial rings, expandable ful
rings or partial rings with known elasticities, as

Buither®§ of 1Bl thvkiibn.S| ARMESRIRy, th@ViPALLELA L, SLECYES . |;
or full _ort partially expaﬁgg{g’r éh% e%l\g%él%\naétaﬁ RO ¥'a line that
follay s, appr ET‘WFEIQ}%S the F‘Efﬁ?fb@fdeapl@l Igcqsaerecréotfall etaarad a tubular structure,
acc&aﬁ{gqsibﬁ{ér%mbgain? s NGk yde, goatings with altered

coefficients of friction, snobothness and /or roughness
of [09288] nner Tsbulhncerucfureshelss Libelhdy, fot raxaiples, bialdgickilNgr non-

. i aly fir cies of any.repeati,ng structure, . .
biofS R St EMBLEAP 48! ofiicl SiceD sl ripRietiy Pk, have been in
any sragelightly, shajeeselgra ssistdraiatli meRftnds @ Tewic ofve sibjebred to one

espect to Fig 47A-47H, [ 00235]

' be discussed with r re
o e S G BB A D 4SS 79 TSRS s P biapsder an amount

of thee oufficiendley ydidaiy suchodight,| RBEere RUSBsthMEY hi&BH dions of the
t.he use of th? perturbed tubul ar structures in systens

tubylps cHr5PEF af®e f‘ o YRtV gePylate FEETTSN R ohakh opgrtbesh aphysical
chadyBAsics @a/H bidpREiRf wRRE iBfmdMillelly P}iB1d" Q100U Aamic conditions
. .Second order dynam c conditions can be used, for ’
mclyé;ggrﬁqcegd eEes dysamickpaditiangadncs glasedin shpreansi described herein with
the GORNDbLihQ@NTo N IS IO r L i vo. for lthy, ..
© d?%ggsl edrg%l_r 8? her i éry;n\?‘l?t\?/(:)mgt ﬁffﬁ#%‘%g gfsyeﬁ%st bragg.lqgg’ca&ﬁ%"dmg re
emb@l&iﬂ%ﬁ‘mﬁ?ﬁfbmf@e@@%i tions can al so be used, for
exasgpbe, 1O f dgi Lonal  setis am c .
co?dﬂiét_ iﬂons ofl%glt%& gzgnon- E)loovf’71 SETEP (gf{ttug’é{;f SHESTUES fepreimens
12, H42 gxhieingao beoned ta offest ssefidibrdeody fandt Bomdjriany] A@SH,ia8discussed

' ar structures, sanples, of which are
her 6 SRk R S4B 1 Dt A et B and subular
strughes isdeting, Hooughplt, acgsmel diahatd@ofibolafigheal thoR! @bkalin Figures

C C , C,.., include, a hybrid of .
14, g?’o{&o"é}?‘éaﬁéﬁt‘* o516 Ahatng 55157k 48| PArEPR o gection of systems,
suchsigryhiehs £, 1001 whichsyAtphatived ABRr MeabQBiosab JABMEF hefin®d herein
ol ogi cal material, such as_veins or

onpl et el '
(see &ﬁq‘g‘?si gsa%ir Pjﬁ RO RS POPRS QPRI Ot PedBeably phnggrpermeable or any
hybfié shedebf bidlegiedl N noh B Sgikal Viey hﬁ‘}' BSidl thereof, multilayered, multi-
L crfnas-se t.ional g%iea l ong the Zz direction corres{v)(_)nd’
chanyigleq o poptipla dranshes s Hroaingion ofalicshendione orendiple tubular

strudriibl| REwAl MUETMEQ RIAORET.Z 31 PRIDLERT £RRNAIEH BY }ﬁt(rg )p'erturbed
g

Tryﬁ fl axi s can represent an approxi mately strai

phyyah shamegtsticnend! P erorsitior whitd nedy pubsditoly yiddwhé desired

dyndnbil bAditi8hd MehdiSsecdd SRIELH 15 C%JHSHSO&%’& 3 ;9 ];ystems 1
the invention. Alternatively, the dl rectiorr can ?

101 3nglfpr LI (with thepprdpaate glbobad dgnampiocoxditimtel y al ong t he

cefvosioiof eagh, cuos! Longl_ area o bular . .

st [rhl‘}ct ur e, ac%gr g?n;s}ltg g’g%tt‘?ueu?}are‘c’%1 o |r?‘r%7ﬁ?1§5%?“3hhvé‘ry ing diameter
D alopgent? cﬂﬁ!ec‘{lQ)DM'Ph,Tlim Wcaerdgpaeustithr embalisenit f uthe, invention,
corrésBSncEXMAr?a’tiogl &J au gr%lss-s(e):gticpn%p %Ire%!; % Itggllxlar structures along the z

direction. Again, diameter D, and hence at cross-sectional areas at Zi..Z. of tubular

structures as defined herein can include Figures 12, 13A, 13B and 17. Hence, D1 may

correspond to a circular cross-sectional area and D: may correspond to an ovular cross-
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or hybrid biological and non-biol ogical tubular
structures which have been in any way slightly,
worp@enetses y or substantially nodified as a reseCT/UST006/045715
bei ng subjected to one or nore sets of dynamc
condi tions and second order dynam c conditions for an
anount of tinme sufficient to yield any such slight,
noderate or substantial nodifications of the tubular
sectibridll GfcH! @eh&%ﬁir,fDx E{f\g%{hantblépfélr @ﬁarﬁﬁl&%&}r%;c?é-se%ﬁgngeﬁyeea including
perturbed physical characteristics and/or properties
tho ferexpmplss iraFigrse 42; endithdaminsividn dyama Bi: co Boabbingithas direction can
be i |skhalicNgE ond. lypaf] ngi, ki ,4once placed
° ﬂfsf yst ens _ g%g%l ég Qﬁeg? eﬁfgmﬁg ttfzgt %Z&agg‘?o%‘ O fapre examples of
tubglap patctaes anvbichdPdindi Brmjghi be hpshorignSsls tlensumk, Backhe transition
ccordi ng.to,enbodi nents o he i.nventi on, )
of “11 é%%g@%n% B SEG AT érﬁe&ﬁffé%%ﬁ%cgﬁa?g At g smaller (Figure
47B3 or bedontiag smaslle Pl laRes (Figure 32&R Whi ch can be used to
ef f econd,.order _dynam c conditions, Again, as )
di s@ﬁ}s“s‘id et ¢ (R et aneiber oo cPiiublag fuctures with cross-
sects@at vareiions Q@npﬂihé z Afre@ldn. Oltfli%ﬁn%%% %Qﬁp@%ﬂnsﬂé RELRS of cross-
structures including, for exanple, anyone or nore

sect PR3t LR Z2572Ehdhen §1PR)\%thiCﬁ0$‘is‘§—‘EliPé§ qrgg DY21) might represent a
circle3s¥ink3Braditd of 2. DED: might repPesefta crﬁ%—s@&ldnaﬁ:ﬁ*e?@%&h 111 BTJhr on

poréign_or section of systens, such as systens

the jpp Bl with Faysr Higradive rp ardeieculaycat the hottomdrdft shidlrwials the radius
RN DCCRD 358 SHAUES o 4N, be: porous.

n‘non-porgus, perneabl e or ﬁ%ﬁ§ 3?%€§%€%*8§%5h5”ﬁ§6¥F ' and 2

minok exig ot Whiersl rogircald, foremabplel bgircal or any hybrid

Lr00nEy Tl kY SEthod i AEARNEL G Dl IHALPAB0 according to

branched a nation o ese a
addirigng} gheodimbatsaf the mventiowes FigewivE hasFgrgores anMAd ¥hkh respect to

0. tubul ar, structures can have perturbed, physical, |
the 2B ot PP abe HiatF b B P ORI TSI ElY Thgard ith the 2 direction
if theyradiapprekimatele| pdralblrotes ided ety aifiskoul @ B Lh#&8Sod that grooves
cml%g%kudin second order.%gnanic condi ti ons once, pl aced.

7 28Y S ARES T BIONT Y 78T Bde R HARS Eﬁé cath B¢ prihatqner diameter,

the gluhradiaghyantd effendidri @Rmpld, 00 24Rkcukl FREBIAY S BRI of the
btubular st%#?ture 12, 1112 with varying diameter D

tubylar sguciucs apdf or Within thei Wl of Ane ek cratakverawh the tubular structure,

accRQdb RBIbogintdntd Satht MARALLRNGrE6Vek &3 RS L0, i\ﬁ@fuidgkljleoﬁesence
f the cross-sectjonal areas of tubular structures

andg o ﬁlése{uf?eo a&.yrl@e{qgigﬂl_ a%gézirnr’xc.nﬁbig}%ice} npyterigdndndheding but not
limiedd €6058n& 8l hd@lor apR&ht din %hy : tu%uﬂr S%reutcﬁ.!qgé a5 Sde{ifed herein.

structures as defined herein can inc gure

Accorginglyagrogygy cay begavshs hpyingraydesiondr aspoentional ghape such as a "V
hagel I<ehtl 6 GLARAYSERLIANEl SR8 %, OrhgsPang P
° algn OV_ll,I| arr %cr os}srs.ecti onal area. a@%’gr?%i ,l%bi Shg?fg Bz *° forth.
Varggignypn thegtepehy arigthe lengtly, dircodgn,sepd amblor gedadicity (for example,
distdae | i r_exanple, ;in Figure.12, and th )

st tﬁsgn%?%l%n%%?%% Eﬁragt %’e ug‘gloé nagl{e htg €z eﬂlﬁ?’é%ts?‘i?ﬁacﬁ ep lynamic
condifigns é91j ®giveh ser of globek tjomaik canda®ns h@loredy e cddditions at
-417(Ql,§.how nore exanpl es of

regio
[00243] Figure 47F shows a tubular structure with projections on an interior
surface according to additional embodiments of the invention. Bumps 2515 can provide

fluid perturbations as desired or that provide selected empirical results. Bumps 2515, as
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tubul ar structures in which DI and D2 m ght be

approxi mately the sane, but the transition of
weemsHeasett i onal areas varies along the z dir eRCT/08200§045715

becom ng | arger then smaller (Figure 47B) or becom ng

smaller then larger (Figure 47C). [00241] Figure 47D

shows anot her exanple of tubular structures with

crosssectional variations along the z di recti on. If z

used ehpfe&ﬁ&ﬁ&lﬁdé e PeRhexXidibe J6RAtEsf Ay BibRg eﬁ}d/eg?kn iological
ﬁE)( then the first cross- sectlo area
ma‘ﬁ{l an %é%é)é‘ﬁﬂwa Liggited e, tzseiialy ue@drqdqrmnofn auy. tubglar $tructures
' re ichiis ovul
as dﬁ% }éértgi%[) qﬁgﬁs (%n HaleS 2 crgsjﬁgzrl Icgcg(;?%qec?}a §4apeS Such Las 0 dircudr shape,
semé pf paytighly gﬁcq]ﬂeorbvp{a@ nhatpaj fecgnglhr sknapchartd’\@ fortli O&riptions in the
ar.e ) ht be , ovul a
depyl‘h evt'nﬁtﬂ' Flrcg?gg}rl cg)%cggﬁ &%Séa a dﬁp/%r rﬁenggicg& (gorfgamaﬁeiilétaﬂcg{)etween
bunpm;) aan.‘dproﬁigce exanp e resultiirg sdcond O8R4 Ay nirth@BoadHibEs &30S ven set

. structure rooves, 2500 according to
of gﬁ’&ép‘?’%ﬁéf Lt ‘““z’]‘“sr?é‘ﬁgvI ¥ ‘g’F‘gi"h%cﬂ é%ﬁisuabffglmi(sgér e 47E
has[ﬂl@mlbv es &iglked7@ishbwk QSngﬁIaa tsﬁu&ttllﬁe tZZ ldllrL@3 lchtx 'a@crbrdance with
ves. are, consi dered conpl ete al i gned
anoffiéy ﬁf"tbﬁg“%g% oF dheyimgecion- arrLi‘FFL‘&b’rS? i 1ok b3y partial ring 4001,
a fuﬂa’iri;ﬁ 40208, & Qull bleevz 4009, A3 Q41 slebbe SAHUIE ab t&p%ﬁé tgglged and/or

ves can be angz grooves, m CngTOOVGS

°°“P1ﬁ@ éﬁgal?'ﬁahgt%wrec% 1582 ad/on datiripated idtontbudar, Strluhexre 12, 1112.

R @1 Lhdafoel dledvtO45f At r | ar,
m%“eiil bility ofe el aé??c@?y%ooz%d?&&ﬂ%&?zf?n g’t%rr%ggy of flexible to

Provide) kBewavarptionsta Heaibilityfand redesteitymof thelveatls rs tmwuummaure 12,
111 Wb ahe St LUCT r ANOINC: jole
| nve%t i on. Ggr3 ogé‘gﬂé kﬂé‘ggu‘%ggg Per €l ﬂbmgrhgf '&‘2 @ﬁtéc’ty yield sets of

dyn?fﬂ’és@?éélqiﬁdﬁdpdlaBde Qrﬂeladyndmxolcogdmahs anédibadar structure 12,

111098;R c%l’t%%o%ﬂl to SB Idg 1red|dn %%rlfllgcl & gﬁ*t‘k‘)’% B’nlh%tg Plsédr?ntS}ersqems herein

to, materials use pres
in acsprdaotavish eax.bodaﬁ«tmedf the uxmeﬂnonAﬁthrad sy¥@dnys 1,010Qves can

be hs havi Cros sec i onal, shape such
[J&Q%}g sha%e d'nsg‘ésrshe c{j °v|5a?f3“5‘fsl AFf Li‘lrealt“lﬁﬂ?ar oViHchres which
can bh afpeped mtsaxiagsﬁs&lmsshamﬁ)laﬁldtLﬂﬂldtrOJtiJ&turE@EHa@ter @érn'léal trained

wi. dt h th, direction, shape and/ or
and/gp peff? "&‘?8&%3}3%%?“"5&*5 9 Bedgieanuicd &y Bunineendigoavvedyding global

and/@&fdiyﬁﬁxﬁﬂihb&dﬁ[on@af Bdpidnd A FSHpeHOEr SIRED Qﬁllogﬁtd(g(f tﬁfg% Hence, an

yn c conditiops gi ven set of gl obal
initi Hg}qff‘f SHE Yt & la%L\ﬁ?%Ufbé‘h%I@St 4%@%@6@9@ rvréxss)tms in shape
D(z)| 64248]eldp §desired Hhash b d&irkd! kﬂ)@l’tﬁfbaﬁgﬁy % Uir&er %é Besired second

d gd;gJ ections _on an interjor surface accordi ng t
ordel AP &PRdiRBBY RRrentesulsfoft the Braweht ansor éumbs d5tkbpment of

roo% pyod deseitloyiag b Pl io 1 t hat
s ?gw de sel écttgd %/{r%gl Ellycal rpgg% o ngg; L dtfg'ilér Stm‘iﬁ‘é’gadue to
the gavi} 4/ PR ERiRiRE ¢ iﬁolpzledmgrmdwd/agd/me ndml@fstraa:ytre

bi pboggical aA‘IééOEuH%PJ? Qhﬂ:&:&g& Al i ecrolrn 1S l nCl ﬁdoglgsor more

but not linited to, nmaterials use prese
tubujag strpeturestwigle ﬁ)ml@cal or non-biological matenals Whlch can be applied to the

inner surface and/or the outer surface of the tubular structures. In addition, tubular
structures include all of the above combinations which have been placed in the systems
described herein and allowed to develop, grow under desired dynamic conditions for a

desired length of time. Such tubular structures are said to have been tubular structures as
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as defined herein. Bunps can have a desired

cross-sectional shape such as a circul ar shape, sem
wo@eoopasdse®l |y circular or ovul ar shape, rectanpCi/a82006/045715

shape and so forth. Variations in the depth, wdth,

| ength, direction, shape and/or periodicity (for

exanpl e, di stance between bunps) can produce or alter

the resulting second order dynam c conditions for a
shoﬁh\iﬁfo t 1@furﬂi|epb@tm t i . i
SR 9 ORI B ARLAD o YR, ron i
qu Multanisg ﬁ%war@nﬂgmnmirz vityp dmwua«rmhmrtshmagmtm serve as
trai DA R orlridnld s AP E%RHJHQ.?J B is? VI G peinic Zopdisipns and

parti ring ring

tral@ha/émnﬂ@‘%amecq@admoab sl eeve 4007 and a patch 4009
E?&Igfl andl[o g to tub Iar ucture 12, 1112
abri c:é\1 fuc Gbut® §t Plﬂé’t » ePyrsially,y pybstantially or

cordﬁiemglg 0@l iante 48@3(:(3 of ﬁ@Vlﬁslo%QQBma&dml@Q@Zve@n drpebsifht include
b cgn be ri dged or flexi ﬁ’d’e 0 provide known
su Jv%Hgaf‘f S PRUGTRER  §91 FraRng eaéY‘ftE‘F‘f’y"bfaC‘fCﬁéa%al vigh other
emba.ﬂuﬁdihubﬁt’hesh’f/bkﬁtdﬂﬁ drder %{%pﬁleQH&nt(n'ealér WS or THE lahem for a
giywn variations in flexibility and elasticity yield
PAEMA Ut dynani ¢ condi tions including second order
dy (eU248] CONdREfepiSy Bhck! H)bpigﬁfe 84,r 4Glddr & %’Jan&é‘%gm\x)\ﬂb&shcan be
correspond to certain desired dynamc co tions
ubdjeder! | iftas yaseasngr Hepasions | 4 adédhr dhecdynaimit entodinnengls occur.
HCHQ(;dytﬂgl%.ld @éﬁ%ﬂﬁbgp Cép Cliar %%axﬁé&t %gs 13’1'de&' Jigt‘]bb ]hLIIOngy Salmc cond1t10ns
di Scussed above, Figures 47A 47 are tu
expagtepenek lr erserign i Phecenpeb begfay ranedemttbﬁ Hevaleg, ovims in tHb]lQib er legs
t rned tra| ned .and/
o VS{HSV# bcg%: tq Eé‘?vg{) [e%%gﬁgeﬁ téllg? ;éedg i pvree PP Ny B’K}lﬁ%ﬂﬂaﬁy arteries,
arteggndithe opsk andhsd {edtn gI—l;rlbobahbtdmdétmctﬂyn ami2ccaadAcludld etforhelial
[ det
celsrok BOLANE abnially oS U BRI o dppes of dynamic
condigots (BigireongAandl prR)dfires phﬂﬁﬁ:dlav atds@lof @yfiamit sh@dEons, e.g.,

can .de eIo esite shape a d desirg
P amDélza% uaﬁ'fé¥|18n g%efrf {Rﬁ I iR §]§’§6nﬂ1dogﬂfé"1“°nahty of the

endcdhélazm elle ngd;lwtd C(f}SnﬁSsteﬁln r&ﬂkﬂ tin@fort ﬁ@uﬁﬂo%&raﬁg{) erOlleg artery
b #rt her de el o nFnt of grooves, varg el asti ci
mEBT SRGOBPROP! pEPTHBATFERE LWL e Ciifemahan the morphology

and Sfuhttidnali®, Bfeat Bartibelaf M réRa/ d/ ot 2irtinb® @fder hemodynamic
CFI ol ogi cal materl al on and/or the tubular structure.
con

B‘O‘ﬂ%‘}’ewf% by the Particelar yeipin abe peticplar smasundi(srat foprexample,
DavRf GO rRbn MIhe shekp Wk c§t1{egﬁhg E3r Elgarbll\?alth II&@JZL\C% Vol. 11,

non- blologlcal mat eri al s wh can be applie

No. i Al Q9P are A7 by Jartse NouTeppes et fahc 8Blopd tflvew pudwvhsanlar gene
expréstsfoﬂc:t Uh&e - shla:ﬂ* Qe t n%og  mbUAWLBT o %xrx Ql;léirag é)l‘lleggﬁl‘}’%g'e éVIolecular

of the above conbi nati ons whic ave
MEdFCFPGt Heday:sTaamsryd d8%%h i Med‘ﬂmﬁr eUbf hmtradskap@dDt e al "Endothelial

F &ﬁ:\ﬁe|A0 ﬂ?jg{ nami.c, condi t
un ony e@nlt%%oi? ; Ingreﬁ-lsA ﬁsc crost af}mg 1cr:adlc%lo?% gxsg?céanon, June
1, 2604i HPtB~2ﬁéIrla3 Hibynrd lMuBayle,s]rr, lMDucereai aAadlepywoler adislFilgem 8y The

Socu;]tg olimlqu ractn!: §| n nx%{ﬁtpleangjg}%di‘ete %CD%%Q détt;lo%%at?ﬂ%iclrgstimuli in
Endothehal Mechanos1gnalmg" Circulation Research March 7, 2003, pp. 359-370; Shu
Chien "Molecular and mechanical bases of focal lipid accumulation in arterial wall"

Progress in Biophysics & Molecular Biology 83 (2003), pp. 131-151; Michael B. Dancu et
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vivo bio training/testing conditions. In vivo dynam c

conditions mght also serve as training/testing
w@omvdisdsens as wel | as conbi nati ons of in vivopdyns2wwe045715

conditions and training/testing dynam c conditions.

[00247] Tubul ar structures can be slightly, partially,

substantially or conpletely trai ned in the absence of

any biological materials as well.” This mght include

al. SHBREEIHOYs tIHRM Bfresit S @fc%ﬁxf&x@n&&lﬁ%t@%ﬂnga,ucgb ?anﬂthehal NO
Syqtﬁl;;t ens, |1 n accordance with ot I ments

eard Siclopxyaerese-2thnt Jndysar Bndashelinot Gene Exptesson or Endothehal
Cells® Atk {3&R Bl rofh PRESL B! A vléﬁ'x%er 156&2%1? ]20%5844a§n mg ang et

| Lo Higure 18, classes of “dynam ¢ cohbh t1ons ¢
Sldsaifigatied ¢ineoNavdaFamily| QfC Sellomdacat Prheiah Edpeessed in Human

Vasgylgxaglggotﬁggugr}l't I'I%n JBuguhl 0 géo ogxM@’ﬁﬁa&n ?}? 297(:"1{15 O4nSS Issue of

Nomnbzhrtz%mgoaxmemeemeebmy Filbh@hi €8 Niprish@ MDDBEneIﬁ%‘Ql @ffects of
i n the .l ower

i eg, veins i theLﬁéa[f | egs, or
PorGB S Frivhan| SR HEEs s e o] FRBE e, apide. synthase
actibifly BMeﬁbﬂ’iE&rttﬂbléd'ml@ﬁf Fred" IPRIA S Mardh LORDES vbl) 1606,1€F I%p 4896-

an

brid tubular structures 1112 c
490; ’nﬂ‘ﬁ%@jpg’ni‘otlﬂg{‘ﬁﬁp gert s Egrermalial neelly clymenbeginnings of modern
&mda SloSPYSTNAY ulnd] 0 I BecaC BRL DAt t
I : cg}}gondljtl orr113 (Fi guraes 17%%l 9%%%1!‘1% Mgegs Slrober 2004, pp-
103{%9‘&% vihicharealhhereby inporaited by m:fﬁltenm@ thelr gnureay)

parbeay] ar aws%rsé/d h&eﬁhﬁrﬂggg Pg%ﬁro u egﬂ W Sysrem, tubular

mor phol ogy and functioha
Stfug‘f“@%nsp(eflmm beldprscetd/ 9? mafc#/ the dika eldava nbhen wmslyl égcribed.

Ho@EJeF %llél In% yggtmu(fte '3 olfm cP ar %I?_]I(‘: l'clelxgrgplma IHTHAS used in

er ent t an t e norp O
embodma¢ntonahs t:lylbodmmnpxadfahl iacbde flutl ma@halﬁll’ku&n df Hguids, solids, gases
and;’ ar'n?s%e {agggesrner}gsern erﬁ]m ]EY %ondl‘}al O o el errxlced (l?e¥1 rations or
e baT PP e ar Wei ATV ITUR e Op AP tRHAY S FORRITAEPDS SeRcenfrar
m1xexea:rpEecm;Da:\y| fluids kat inchofe floldenferond s&hra@&ﬂl@fbakt@ﬂ&” 1ﬁ|911mum
r |

r.t.e cl ear" Nat ur di cin
esse%ﬂsrfaglﬁs 3 “%176gr°j‘§ﬁe3/e agprs Tbegfpengf%ften%ﬁtmg SB}aHodnqu‘é‘J?, cell
d1fféi&€i1a‘ﬁ&§ ;zzcsg QB cBNHEHSdIOR: orf 4h'é|lﬂ<es heah, pild, ﬁmﬁscaﬁ include

) endot eI | al phenotype Mol ecul af dicin
P as‘T’&d ne» Mprerg oyl cylyire mpdings, eyt bovinel sreume(FBS)Vbowine serum

albudtin (ﬁﬁﬂ}j et-a\lal %J.nﬁl'fﬁﬁ& bPthe ke ihidCak L ggm&ﬁﬂl‘e sblﬁ‘ds such as

At heroscl erosi s" Anerican Heart Association, June 1,
bormopes, BEeteins. 2Yirpses3; limdnarrephitlesBoyueleotides, chhs, adntibiotics,

pharrﬂcﬁﬂg%l@g%ﬁ&s Eﬁnsrrlu%%?s, byl gg%an? Tt%rﬂgctemrs, %éf ganoparricles,

Sur geons, pp. Pet er
free plestrons, impineyals; § FFOEn d’(’)‘FhG?HPat » NMgslkhawos cgoiahi ngthe hke Exemplary

gasepcarnqm:lﬁaé Qgsrch&%ﬁﬁ{& 13@%%?03 du%c? atarggn 35%x1 29 OF th

Chi en nica Ses O Oca
ac 89369at i onSyistenzhegeindhclydihg Yystems 1 and 1101 can be used to model or
simulate. According to one embodiment, systems 1 and 1101 together with perturbed
tubular structures can model pathology or the departure or deviation from a normal
condition at the tubular structure. This can include anatomic or functional manifestations
of a disease (or structural and functional changes in cells, tissues and organs that underlie
disease). Systems 1 and 1101 can model pathologies within various classes of dynamic

conditions (e.g., see Fig. 18) using at least one and typically multiple types of dynamic
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Progress in Biophysics & Ml ecul ar Bi ol ogy 83 (2003),
pp. 131-151; Mchael B. Dancu etal. "Asynchronous
woh@anesses ess and Circunferential Strai n ReducBSI/US2006/045715
Endot hel i al NO Synt hase and Cycl ooxygenase-2 but
I nduces Endot helin-1 Gene Expression in Endotheli al
Cells" Arterioscler Thronb Vase Biol., Novenber 2004,
pp. 2088-2094; Ruey-Bing Yang et al. "ldentification
con@ftions Ne¥elsed 5! M7 8 afehhmSHEL REQ
in Huma% \72134:3% ar’ Endot hel )ISUI% ?d%ﬁ% éour n&ﬂ?m%&@ &8 havention.
Acgrdipglyi embodimentssefr gystens| 1 ay ’IlOll\h}m HBuseHspuder@inine or evaluate
d QQ\{@Q{Q@E 29 PR30 16364- 46373, (F | onena de Nigris
yn . Btenée %D%ggﬁnt l?(? arorc anﬁélé av1%rs] Ui ce on
ox [ [ﬂ&“tﬁlbn s eﬂ“iue tfmnmogdmiﬁnanyqbe oh dashlﬂe& erffotlmdliubd €antbel x‘éq:onswe
£ has ctivit as .Of hear, stress
CopfRRIERRTHS 8 nirkn B! pliciongsl B parhog i ioeiig Smuottof which
replaﬁtdlt Rtjtbephodeyd‘Jﬁﬁh Iﬁaﬂdlﬁbnﬁlas pexE!B"(hQ&'é}eiﬂﬁalan& aB, CS‘\Lcthu&]gnuh can

n nodern vascul ar blology The Journal o
‘“"165'19 i?ﬁ"@éﬁ”%Fﬂ\?‘é‘é*fﬁ“g%m“s% s plpmmptory cipsings, GevohéerzeGirculating
horpionesl @2l b4l pabducks. are additioh eérﬁ#%)’héhﬁfhofs g@ge%dtoby number of

reference. i n1 their entirety).
b‘°‘F‘F‘ihaB§r&p%f§§‘i‘ hgestinguiRm s 99\6@% |fbw s>§/sbt1@crﬁ wihbu|the branched
vascildr UsdUlRR:dBReRiiBAAINR 8! ﬁui@nQ{egxr stgésgefs &ic ds‘tﬁ%ns skre ch) and

have been variously described. However, )( S arevnot

hydrostasicoaersyrss B’etf@dnkle.(mttaédmonelrcyemfpiyaamfd cmnquns el pen’Fxgures

lyAqquByrent s or as enbodi nents can include fluid

materials such as |iquids, solids, gases and/or

m $8@2S2hneouShdat esvsess | ohwlawuiad | yydad i of \iarhd@llSlar events (e g

. i n Exenpl ary
RIS AR TR O P85 SEAA e
contﬂﬂaiotlepf Bigures A7 inand 6€Be erm'EI of Ehgie @Sertg GuchThs ¢HalPéslin intracellular
Calm L eﬂll i f er ent |dat| ng rrql L ro) ecul e,. cell

émf’ pe(r)eehrfP ATPRYVBTHSE AR s utectirulann of Rtk BRidAPsRducHen, occur

WltHln lGEconHX aftpdl ﬁ{cyohdeﬂ of dEeat aitdi Gk dRarRLASIR, asS@1 $Mpe and gene
wat er,, cel | ulture nedium fetal bovine ser um

eXpr(ef—ségb’ OIS IR Fbuni n (BSA), cerebral spi nal
fl @258y t heEmbk@imdnkdlic 1hat 8fstedl ScaﬁaﬂloHElC ladg1a8 Oc!hkélscés using
.such as nDnes roteins, viruses, l|ipids, peptides
var1ﬂ1t§ct|}r865t > gonsa ¥ qrmxe{qp&% th%ﬁmrm(j:pe@gq:@ahemodynamlc
stimal €4HdS thet ﬁﬁ@ﬁ&la‘l tHeBotyp8 G MRoShelium can affect variety of vascular
transmtter/receivers, fluid nanoparticles, tree
disessfectrons, mnerals, iron, zinc, copper, magnesi um

‘calguzsgp or tOge | dkhy a'i__'fe ! (?fr glog@e%g&lgaim (frlltlfla{:(l:ellulaxd signaling

oxygen, nitric oxi d&. | OXI on' non
dyngspict gpadjtiope in [@é@@@l]lal Syﬂt ears bh doeptherascletedisngAshyesbseleBosis is a

pro%es@&g dls:l:QsJ: Gad cpﬁlglésc' %&itlhg ﬂgda%éeggfl ixbdlon%xjelgxté?e hsg?ﬁ&a%tr% rgcreased

o one enbodi ment,> syst ens
per Dﬁﬁ?btllﬁ}’ e di poRAotei s equthdtadl ceb doasgermndbdr xfaﬁilh,(linﬁg}ie @kpression of
opndi ti.on .at

r eviation,froma orma
leukB %%x%fxgxlll Sofibuld€ V.8 dem%{ﬁtriaﬁgl Hy é gn ghesergpic  process.

ar structuré
Intelfaetn@rm bavwkermapoftest aighding kinag dI(ASK$)$ ’(‘}Qﬁp,sﬁrhi&t 4r@kmolecule

who?eﬂfévély n(%ftrelotg avlfltl'? than&g?ee' of sﬁear sgress l‘i-uore cr>]x1n cgrrl egcri]othehal cells
can be related to shear stress. Txnip binds to catalytic cysteines of thioredoxin to reduce
thioredoxin activity and its ability to bind to ASK1. See, for example, Blood Flow and

Vascular Gene Expression: fluid shear stress as a modulator of endothelial pehenotype,
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di sease). Systens 1 and 1101 can nodel pathol ogies
W thin various classes of dynam c conditions (e.g.,
wG@e®sP6a2s 18) using at | east one and typi cal | ypamiusiopé/es5715
types of dynam cconditions (e.g., see Figs. 17A and
17B) according to enbodi ments of the invention.
Accordi ngly, enbodi nents of systens 1 and 1101 can be
used to determ ne or evaluate dynamc, static, tine
Tostepe) ANt andGiinbioRe ., B, A£hanQ | :
%fhw Jf’]ung’ti onal ,phengtype ot R{/kgg‘%gﬁrg\?%ﬁggﬁgf*%ﬁgg%% 1999, pp.
40408 3?%%0;5‘6%%? 9*2""](“6}.‘ gre ingpypanstedhersip bygefarenae.r ay of
phyieb gi calp frchpat vsl.pl agi gal oul.i cakl .of .
D o R AORSRera BE Bl thotfie ifleractions o
endppl@bpbgelgmdaﬁxg P8, ofSdyharsici qnaditicanmeasctedded/or controlled by
LQchem cal. nsubst es such as,infl ammatory,cyt gki nes, .
T ryGaaF B ANEER BRED FBftowedoaim beliRarbresion of
antq@xddumrayrriem libelgliptfoxide dismtlateentd \gachthice @@ﬁﬁcﬁ’dafs@oﬁglutathione.
nur[‘eg%;“ﬁ)f bi qmechani C@il Sti EU}:‘FI resulting fromthe
pul'satit e fI 6WOBF “BPEYFRE Chitf 1enttrth AcRedmeRde §hely as tubular
structuee 1112 i axglothidliel il ad plabddCRSa shdcithéh RBRRF 10 in pressure flow
trains (stretch) and hydrostati é) '

leoSthESSES, §$ch i']é IE %) i
ooR PHRERiFRS 1 HHE ths fenapyietondider Phrherr wiepes cottreliablatiagied and
detez €168l iof IABRI, Soix@oxTh Ak %{ju]pgéﬁe %xgozgf F}(J F%@&?&%%@ﬁ%&gg{s or fluid

stress stinulates a nyria intrac ar ev

sengogs- g, In the eadeshelil zells| heat istrgssesseodiadd itn drodotdedin adan affect
i681dnSotASR. ahS8. LERE ofy; ¥mam 6. gondi Liqas.

acn_of “Fi qures 17A and 17%?38%%)}1%}/%? ésts ’h%é%xgc\)/xé%tlss,go%nudchy g@m’p and

maiglyiegas apanictive stetel Whichrleadake inengasqel awtieition of ASK1. This leads to

incrl ti ut tinmulatjon of nitric axide

e S b0 ML B Bl 1 VAL o Bromores

leukoiqprzradhemiomtinfrmmhdngesl shefosaerosie) IFos kansple)d 16808 TNFI can

expr.essi,on., occur .over hours t ays., [[00253] .
lead 2P PSR B55 e et T AT i e i e s BT brcivates
dowusiragn \MARO kinate pesl Ohintité1apI8 6N GuhkQAnal FBhase (JNK), which
. exan?hmi he interplay between henodynam c stinull and
INCTEREs ‘onal phenotype of endotheliumcan affect a

vaneosy] _Of Vﬁﬁﬁ&ékrél{ iﬁ“tﬁ@%ﬁ@s%nce[ 8P 2641 sgg_g, %fgjlc% Ye reduced,
Lib set gt&l, bi onechani cal and intracel | ul ar signal i'ng
ICCRIPRBNPOTENAR (REneading andaeisaset dbindisg| of duerefexifioro ASK1 and
inhiBfcio@r 66 AISRIMORIS - 1At RSK P SEHf 3! By "ENPapf Glgfug,s ?fLe\éF stress can be
di sease, and changes within the arterial endothelium
conig haset bstwase ednpemmeniilid ina sepie phogpsoriglendaga is collected
eBEQ ! dnflodfibde. CPIRIC.ARALQL bt &RRIN 1o AR LNE 4o o 1.
X gessi on of | é:ukocy?ee a Eé:glI{ gﬁ%ﬁl%‘%egctﬁlcé’?es g levels of the
mte@éﬁ‘ﬁhfs%qﬂattﬁ &yi for expanple,venuelérstQotr ILOPr ocess.
| nffpa8t | Onspbe n. apept osi s,si.gnal i ng ki.nase 1 )
(A ‘%) ,']t TXni ‘B‘;p &i??f?%edi s‘"gg"ewo sl teﬁﬁ%é‘gnf | Bgtween  dynamic
concbggzseﬂ]a;stgz.arwie_tzhnplhgr dedeleg atgeshfardisidsed smbadicthents. Exemplary
rnodtemlgo El’?ag Uh Be! p%rf%prggcl E}glslygl:mce%lﬂ'l)gdiments or modeling embodiments are

shown in Figure 40.

[00259] Similarly, embodiments of systems and methods described herein
with respect to Figures 1-47 and be used for testing/ training activities. Embodiments can
be used for exemplary dynamic conditions related to testing and training as described

herein.
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can be related to shear stress. Txnip binds to
catal ytic cysteines of thioredoxin to reduce
wao hiosoedexi n activity and its ability to bind pPOI/BSH06/045715
See, for exanple, Blood Flow and Vascul ar Gene
Expression: fluid shear stress as a nodul ator of
endot hel i al pehenotype, Topper, J . N.., and G nbrone
Jr., M A, Ml ecular Mdicine Today, January 1999,
PP.[0825016; T FeneORs SHUws s@ \Miﬂ RfRq!
gerel n by reference, [00255] Addit on gécgﬁo[r}trgﬁ.\ Giog dynamic
conginiong, @t gegiensefl. A Welld®s sepr atder olysamic epdtididrel atad specimen or
tub€8f defuchid 1608 14 YD ephdheBY ons S
and/ or controlied by systens aP&ggﬁ H%gﬁlé’f’ ffig conditions
g(®niseq Fegvasi dd pebding sesand mﬂandgnhmmpcmmmm afd mean dynamic
]tk I i ke superoxide di snutase and
Conail o péhlgﬁgesug%f%?gase or glutathione. [00256] In one
enﬂiﬁmﬁﬁh nt oBteph8OIinwmandsiselacring aSbGlaFRPuckdreded tcASain system 1,
110{ l@i%il Sty uct U{? 1112 wi th, endot heli al E)I’I sis
eI % S pc AT A SPHEF R S9Teshries Bisr evramigy oadipions gi(t)s
measurbéyﬁtsed’p 48(!15 Swhi 4820 t1h€olﬁ'éé”s’é[€cﬁn§ Qe t gBBaloglyrﬁlHﬁ@ conditions
d]S resa is controll able vari g and detection of
AU HSOBHEREX PhORhET PORT [FBne isyaewdl; H;ll%ysqeém the mean of the
deﬁncebn&lkluhdg,@ensors In the endothelial cells,
E‘?‘V ?t ress_associated to thoioredoxin can affect
8t} on ofteRSKILS fayolwse mprsuriee dffirsheetr oftresdng dynamic
concllflbﬁ’sf X th I&M&lebx gutil f
|nacti@§£ state, ' eads t’é@‘%@?ﬁ‘i‘@; gk g%trln\?aolg%ﬁn%fyswms
descpibed herrig (o eerawles seqs«pre Po s 6th, Bepresiboh, 23f3nthe ), as well as any
othe¥ 33GUbA 2kl egy! &1 ch
ronotes. | eu}{g)cyt e gﬁ'ﬂgg%ﬁn&y I%egrrra to)d”e y &nd/or indirectly
meagrp gregseiling dymamiropndisiempl e, cytokl ne TNF O can | ead

to m phory and .activati,on of ASKI nd the X
9 vg:tﬁed AS%?IE 0 AT QYeS) Btatting, Hrs B bl ﬁ‘g@gg gfgeture 1n a
mangtrt, |f<pra¢>@tr5plep$8 da;mxhse]:iﬂbot/e incordlecKoMagieh E&KMSA\MB'@ hi6, and 47A-
i ncrea 0 wever, .in the presence qf
P %gar% S F’Ié“g%e ?(‘hslge% %%fﬁ’]"b S RelPvolepeplcinggrhe stable tubular
strudtieowdtiox isaccidd pére@ted gublar igi@ased TiendhBlg tQbular strucrure is

i,oredoxin,t.o ASKI and i bi n of ASKI (e.g., less
Pref‘?i%?l?’ REFF 05T i 18n2 baamee- b&l H L hapgeath %ﬁ?‘e@é reswitinge dynamic
conditeHs) dlchaldhy reéselting eédone %r&r@ﬁ@aﬁld@ﬁdﬁ%ﬂsvé Pfuds Qh?t [are closer

(Ser | esﬁgf st %E’S while data is collected according o
to tHE FRSTRAR: of PRBHMI g BdiFioss char BemPple, il £ ring (Figure 471D can

be uﬁaﬂ kb @BRANE kQGItir@\@h%QfmﬁBﬁohg Iat?c{ &%&t&%@f ?}crksxﬁlm t¥ndMons.
exanpl e, controller or 1103 58
@BF?‘Bed by Eep 4835 iy lﬁtdeTer@F@Fil w;hq 1=rpt§1e etubienset of dynamic

cond&y&ﬁmn'éasﬁﬁaldhtt étgﬁ?s‘%i TR Exﬁcf tKe q}?glgured g | of dynamxc

targets for disclosed enbod errp ary no
condiyipgs og giflepgedser o }fveanmor@ygtrerﬁfetnﬂsoﬂﬁ menbed @rds. Ifnot then the

metHPAGEb OB &ITBQE,MBRE S are shown in Figure 40.

[00265] In the method embodiment above, it is assumed that a selected class

of dynamic conditions (e.g., Figure 18) was determined prior to step 1. Further, steps 2
and 3 above presumes that a plurality of systems having different components have been
trained using a plurality of initial tubular structures. The initial systems could include

systems such as systems 1, 1000, 2000, 3000, 4000, 5000, 6000, 7000, 8000, 1101. Further,
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[00259] Simlarly, enbodinents of systens and net hods

descri bed herein with respect to Figures 1-47 and be
wais@d/oéases t esting/training activities. Enbodi nRCL/BES1861045715

be used for exenplary dynam c conditions related to

testing and training as described herein.[00260]

Fi gure 48 shows steps of a preferred nethod for

produci ng dynam c conditions at regions A as well as

the $@66A Gl dRicid ORI CstARAdES LIS babnf +SIRA% JRL.QL
ular structure 12 or 1112. The ﬁgthod star s opjuch as shown

in ﬁég‘gﬁs TP RAAG A Wi v Hodaiadiisies, gﬂ(cmdmr(@é:e.known stable
tuthl'aQbﬁ’@ctﬂ-rZ)oan ijeconeiilgd 36 GG AndBler gm%rcﬂdnen% cyérlirg)gnt%e global

and nean dynam ¢ conditions, are measure
anF@GFZGEE{F igpay i1 8UB; Bmtveélogellegp i suhsystenubfalgar pressure flow loop

subéis{em: fd)rSg %gr a‘i}é) %};d\{ 9{19 chyd? txc?nrpa t}l% q%ﬁt%p\%% g:ﬁ?(le}ldnteda therein or

C co I'0ng CToOSEE
one@@mbrbrcgn@sg?xpn)secmaﬁmtaedcmaum ep 4801. Step 4810

sel ct i al gl obal., dynamc condltlons
?dz\ég ondi o‘%%‘%isteg “\&?8"60 rC% ‘émFﬁtﬂ“d tReqrpphes gastrather 1105
and]sﬁnsgistl@ QE),&AEB ?ri 1, hgoggg? 1ﬁ§lud&%§ﬁ%§%§€nsdbfawrp sensors in the
ndi tion ep i nvol ves neasuri ng
i e b ot gictih oo -CHP 78S (sp(eyed bekein by
lettdrhia, BNOYEnd o2 ok ehel sgg’sﬂnaﬁ 08 FUBEr YR cruPYepRfse 108 em?grri:&%mbers

and systens descri bed herein (for exanple, sensors
1, B‘ efletters A B.ondfiepend: ing pn vglppt errthey’ )werggax\pv@f khqgs/stamyor part of

the fitidehad@h h@&i&d@ﬁ'ﬂjy SYSSIR), kBQWa (l‘)rbr DGR andhx%&nga (tr). System

used to directly ‘and/ or |nd|rect nmeasur e
sensppdfy| Piee dyPhite kel the mrsssur[eoﬁgﬁrs}oc& eqdasz;kseﬁ 1105 including

conﬂpeﬂéﬂty e rO&T {7 Bl 9}93 g[ﬂ@l de&xaw gnci [ ozs E'.rli IFe ﬂ}r] &?HJ 8(?11 to each

manner, for exanple, scusse
othegjapg tq:,sgggemdgm dew@coramd!letﬂo\to 4§'tlet:t d;rnaﬁﬂc &tri’dﬁtﬁdﬁsS(eg Flgs :

17 Adcl nvol ve ci n
S E el
as fluith mtaasmitersy fluid ereceliees, Shad lientmbitdrAfec&tdrti Gy & f18id detectors.

bl tur bed whi h th
For BBl Pich IE o5 4 o o PEA et gosensors and/or

mermsesnddrs Wblchexiﬂmﬂh@fed&& 1dyna achef fidint 1,005, R rY @Sinsmitter,

ar e C|Oﬁﬁ to the nea?ured set of %pan1c
recews?]axi- Bt SrCelnen A aparticlss| @isffnf sfiyid ap rSEpymeR) can include

a naﬂ&kﬁnsﬁ@ﬂﬁerbﬁaﬂlﬁ@&ﬂe@ oh hfdostfi6r b£5 Hhdde PG AU RAMeCeiver.
Bg é ons and second order dynam ¢ conditions.
& JT At staframser/feceye (isteat riyid andfrstspesimenais capable of

recei‘v&fgﬁhfdrﬂ@nﬁﬁ‘frdﬁi At A& fnsGORAY FcQ0S ERASH dﬁugd %c(l)/%‘i' §Pecimen) a

4801 |s suf fj C|ently cl ose to the neasure
tranmxﬁtgm YsEeshdilid Ang/ o specieas)r edragemitoihg cyanaparticle (system, fluid

an C ransmitiing sen r s Cant or gl €, ana/or
S8kl S A5 bl T, s

combinations thereo e transmitter/receiver (system, fluid and/or specimen) is capable
of sending information to another transmitter/receiver (system, fluid and/or specimen), a
receiver (system, fluid and/or specimen), a receiving nanoparticle (system, fluid and/or
specimen), a receiving senmsor (system, fluid and/or specimen), or the like and/or
combinations thereof. Further, a first transmitting or receiving sensor and/or mems or
nanosensors (system, fluid and/or specimen) or a plurality of first transmitting or receiving

sensors and/or mems or nanosensors each can be capable of sending or receiving
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[00265] In the method enbodi nent above, it is assuned

that a selected class of dynam c conditions (e.qg.,
wWo-e@anesst8) was determned prior to step 1. FupPCTi®E82006/045715

steps 2 and 3 above presunes that a plurality of

systens having different conponents have been trained

using a plurality of initial tubular structures. The

initial systens could include systens such as systens
infokmatiBR Qo/f i 8000,

1101 Fu/r %ﬁlgrgn le%gg%ﬁ gé:v\ggg trgﬁ qgQﬂll’rlﬁ6 910 I%Fel %ggt‘msors and/ or mems or
nANgEEnFRIs &W@S%ﬂullddmééorammmbhpamcswa:ct ures such as

Zg Imtjbldgg F'pg?{lcgl? bt?%gﬂ?ﬁm%ﬁ?gﬁedg vf'r% ar@@ugnf s can rchlst for a
transpoittert o @ rcca:nvebe 1&omedueuted(sysmemnﬁhﬂdaacb(aekb&ﬁmen) is capable of

t ditions | n
L L P T g AL
(Systfﬁmpﬂtsdj bsl/st giecihidi)a deCeiging ﬁﬁ:ﬂiﬁrt@d’] aRkksoe oP e HIQNS pRality of

a tubul.ar,structure nounted.therein or one or mor e

the spmeindivadug, it€is Rbeve 9F ombingriops thireof. | Gorben, the transmitter is
cap4b16 o S&RKn A IV RRat iR BHE %P A5 @@n‘@e%eﬁrm (Qg sk&LJne& fluid)
105 and sensors (e.g B,
and({ or-PREJR B@RTIEMT éﬁcF’U% (E-St’ \Ré%?fnsférﬂc}mi)s $1nmt ﬁlpdmdhty of first
nisn@Rre BANL§ 6 e RS Fluid) r

o t he sr ygﬁgrﬁ( ? eprres entt%g @ﬁégﬁg "Ep %W&Ff S"éﬁd&lg ‘ﬁbr@angn {0) 4 single or
desigmatechfecsiveridisenspeci nen or tubul ar structure

r eQﬁ@%@Pg:geﬁ' {egg{r%ﬁ(x \ﬁqg%&hs%rhjﬂemé is c%pa’ble (t)f re?éx%lﬁlé mfo\ fmation
from yélwrensnpapt/ reseivehe tfrdln;nxﬂtttrﬁaat:emana lf]lud:l ttnﬁlslmakdeiy a transmitter,

a tr%r[sﬁ'{!&mé na%gﬁrtlgﬁggrsgﬁlesﬁ{' ;;)y glfollé{ nsiterg%gsorp %‘ﬁqﬁ% (illuﬁéty of the same,
mdlplrdssls ireres fabove looapnstiibaisk alekdN5 Huieandi Icliitg ré‘o@%ﬂ RERAfable of
recehh (f)r and/ or _the specimen 10 and dir ef

T OB P e £ TMUE RH PR SPTIRIF o ey v macrdiuid) and/or

one Iomcrholtdl thg‘d cembmikdre (e.gl Osytseend 6f €aid). d)l’ﬂ@l’ﬁrﬁlxt?f&fcfggﬂ fRB&vers (e.g.,
ul or

7B). Sensors in the
SY“%‘Plﬂqoﬂ“é‘gn“gB reécj}h@‘é C%Pémbé &efa‘?%% sieimatiqolipE #reingls oridegignated
tran&ﬁnfelrld)lr@entsdhansm tters, fluid receivers, fluid
insm tter/receivers and/or fluid detectors. For
M5 such rrrredrsery paepmslelda. masroparn flwifleis capable
of &lﬂgm g2SndRROIEREMS ARGty f;%?xpSQrﬁ- Mx&gr@gc%wer, a fluid
|nd|cated as In, Zn ... rather than 3
trangggmtyf ra«;eg,vef,raatﬁgqutteq/ recple‘glepev@pa@qcle, a transmxtter a fluld transmitter,
a re&eﬁ@?smtxfcpfeé&@&eh\éﬁho&ilag&a;xgﬁ&cl'agﬁmEt é{'sg?fr}l(% sensor a SEnsor or a
/ or sgem men) can I ncl ude a nanot rahsm
NanQFERF & dh dikeor plurpligyoefeths sameyr individual items above or combinations
herBGNH AP §Th 4G
e ansm t 1 erﬂ‘1 g%ﬁ?b{g{?&v {e% ll arﬁde S oK eBue5 fuid) is capable
of sending palsbagivify kg oshatiany to/ififopn rmtmnmbw aacaﬁmttwrsmmmg and/or
Syste d and/ or,_ speci
recel A SRR EHUEE SIS oo et ol QB Bq ndor xéiving
nanqgaatmlm Qrtmqng Impbqndrtyloélfﬁst(tfdyﬁm&fﬂr/ fetdived rﬂﬁd :ﬁﬁcles is capable of

a tr nsmttln senso syst fl |d and/ or
e TRy R R bl L3 Y ccive
nan@amqlaf ansmtter/r ece| ver (system fluid and/or

sp n) i pabl e
FO%&?F] SSucﬁ transmitting or receiving relationships can exist for a

nanotransmitter or a nanoreceiver. A nanotransmitter (e.g., system or fluid) is capable of
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of sending information to another transmtter/receiver
(system fluid and/or specinen), a receiver (system
w0 basaieeEn®l/ or speci men), a receiving nanopart i BCEUS2006/045715
(system fluid and/or specinen), a receiving sensor
(system fluid and/or specinen), or the |ike and/or
conbi nations thereof. Further, a first transmtting or
recei ving sensor and/ or mens or nanosensors (system
sendlibyliigkoRRGHH tosﬁﬁﬁio@ﬁmmﬁferﬂc@u"&aal ﬂl!u)ﬁ r&LoIec£1§ér a receiver, a fluid
transa‘n tting or receiving sensors and/or nmens or
receivgiod Bl sersop s prnosgiseh lraanbresavationghohike, a plurality of the
mle RN ING 0 LB ne
T ansm ttllng or ree%§°ﬁg£t%§%?‘§&§? 9“ ﬁrs? gnotransmitter is
capafdn b eendingsinfospstienrto pheipd mamel fawond peewanemanapartwlds de.g., system
0268]. .Suc ansmttln elv
o ﬂllﬁfl Pg%cgs;h%gsdrc%ﬁreg)% I SEEFOrT ga’?‘??é’ﬁ%‘ilﬁs £ér 58‘?‘9’3 or fluid) or more.
S1rrmlezdye,| a/pinralu@y of fn?.smrtdtfahsr(l&;ési &@, shrteinCbralid)dan each be capable of
senc?g cigre %t IS Cagﬂg‘lbfl sen g information to a
SHS I T PEcHIEAS" ‘%é*ﬁg‘t"é arfqrEﬁeH’ e AGIegsordBee sy or fluid).
a flﬁmm/ef ( 9y sta@BRecdilet Ge.@N Ay QEemS @@Cﬂﬁﬁ?‘)m éipable of receiving
frecel Vi ? nano artl cle, a sensor or the a
in PrArari 'g’“bf t he! séﬁ’r’éOtrTrf‘?Hilv?rdEP&FW?"@ eﬁsna‘l&févgé“@#tter/ receiver, a
trarS NI ARCEIORS at ﬂ@irde&ansnﬁ%ﬁlﬂ&rewel; hg ﬂtﬁ@qms;nﬁt@& a”transmitter, a
capabl e of sendi ng i nformati on to one or nore seconlalS
nanpRARRiEES (¥nyr, °rs“§1§t1€‘ﬁ1 érthrP]LﬁYd()f dndroe, iodividial peme above or
comBMdtfbnk RRELYCT & i8S Fceive 2R Rfc 1§J k&)able%fr@el:e%'mg 'infdrmation
lurality of first transmtt e.g., systemor
to/frpmiane of appre seshnd trapampitisk earcsfpa i(erg. syteor nuflivdhaddloa one or
moxr%gggjld\e/té?{sng&é" %@%%?1;%?3@% : sxe% of Qﬂﬁ ror Qnoe26 ]plurahty of first
nanpeERiyess Iﬁ‘ggl nfsmrnat flond) fcrmwach Bd cupdble of recewmg mformauon from a

sing%é’ gLthci {'A’n%g aln rmtfer ?‘)f%rseanrs]én{ :ggt%%%ﬁrgrg%? :ﬁl\ée a fluid
naﬂi@‘mﬁl | C| eEx‘anﬁleﬂ’S Odimn'ﬁmfdatlbﬁis bansai séfsofsh@nl b @uppdrted by
descpﬂbgr al b mems E vi dual, it.ens, above or

I na Fons t her eexcfil P li%ﬁrtf?{’é?mt"trﬁ‘ézc?“é‘iféf’{/%FeHa?t% H3uisnis sensor
and créceum Esenaon)glslcalﬁibﬂdmf t@Asthit@ig QTerMAtidiDIE of @eaBitting/receiving
£ t ransm ttZ{ system or fI ui.d) and/or one or
infoggaption ;tpffr ?’Pan%mq‘f‘ér drapymister/receivesm @F f4 uirdyraliyy  of  first
tranpkhltfea}’ tetdivedf) bnd S se@GRl \t&h&n(t%r&ecen%\‘stcﬁ'mao 'bhfrl«ﬂ%'yd)of second
an ch be .ca able gelwnglnformatlonfrom
tr an??ﬁﬁﬁr Fregiveidsi En afaé’a r aﬁ fetdYingr gqrawtion] 0bery] the  first
tranbrh RES et di®dr/ (0 CieV BlurAIAN OPR i d: Ctr8ndnfirtSr/ recepretsf Mnd" transmitting
fluid) is capable of sending and/or recelving
infomationte | A FHISMIGSHY Eeceivens i t i F3sec tiev tpnsmaitfek{rpativers (e.g.,
systdrh &R FHIid)t @h/De QEREMBEers Br kBRI HGLA BEGELY l%irr%xcles (e. g; System or
cBanopartl cle, atransmtter, a fluid trans
fluid) or gprpbnatigng thegegt. r ecei ver, a nanoreceiver,
@Psm tiirlera’x1.of’}1e§’I Q:Jcaqnéﬁ §L&I ort%dsg?s { ?ﬁ;@%geéla embodiments, a

nanosensor or the I
trangrpiteyq rgepaver iy émbkb@&/ ecoy mgomﬁmmaattuoo nisormhexr a@ﬁsmﬁung/ receiving

xnfoﬁ’nitfﬁn URaASStht U] ngllrgznd%rgﬁsrﬁﬁt%?)r%(% r NA0PPA t p? rality of first

g., systemor
transmltter/ recelvers) and a second fluid transmitter/receiver (or a plurality of second

transmitter/receivers) is capable of transmitting information to the first fluid

transmitter/receiver (or the plurality of first transmitter/ receivers) and receiving
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of sending or receiving information to/from one or
nore second transmtting and/ or receiving
wo208peises cl es and/ or one or nore third transnPCT/USZP06/045715
and/ or receiving nanoparticles or nore. A plurality of
first transmtter/receiver nanoparticles is capable of
sending or receiving information to/froma single or
designated transmitter/receiver nanoparticle. [00271]
mfoSHﬁﬂoh rfedie Nih tekAGmAter/ REQTSL NG 1184 8k O{h%hérzﬂﬁsrrﬁé&/ PtkiShrs (e-g.,
for %}anot ransmtter or a nanoreceiver.
SYSIRENR ﬁl ) fAn befrapsmiffers apyreecivarpand fan lep) naxsvpeapéda(eg system or
ﬂm@f&%q;mgatwﬁgg{gm;fl on to a nanotransmitter/ receiver,
fluid nanoreceiver, a receiver, a fluid receiver, a
f | UPBR7S&nsor A wasseriger or mcaivarosepsiole of aammmm@:mfom{auon to or
i/ LA R BB o ) YR S e
and maﬂotaha)n shietometl trimsmiaga ol ecefvesdn ddp’:lglel difréuj:eawe%nir@umcanons
one nore second: recei ver- nanopart i
(c2g\I3pan Pl SR EHET R B> Bino ot hialor e el o the like)
withh eeadpmft thel ﬁﬁt (tRngmittesy f dtderf |tHi Whbn Qkad¥RAE information to the
| ar | plurality 9f first napotransmtters
tfa“f‘é‘“@“ or %ef"eeﬁn ér“?’}smﬁasf TSV et FRAgBleod pessivineomiasergiopdrom or
tranlsmit@lhgﬂ&béi)ﬂng Qnformbiiel €oQFordleS 18RALRL HANALE QPN QY receiver,
.g., systemor fluid). [00272] A nanorecel ver
and(aeP raht)é ;?éf%cﬁﬂé iflugd anlrrsr/e@qsabtsearefcaméteeq»f\mengvmg information
frorh RhOF PR FuQ e rh A BMedr/fd ki b DRANQLLANSHGE R lnafiSS B Xt.elreast Bne third
nanotransmtter/receiver, a transm Brer/recer ver
fluid prapgmiveriespiver drat F%@FW“ irdosfrhaviod tprthﬂsmldmualer/ recelver or vice
versh! aPﬁ:‘rHé&f t%;/syéﬁxrp ngg(glﬁgéﬂht %I \t/).ficau ot BJ{S AWord' lgx\r/aglt)é oif Sensors in
respe@m qeahumisatidne (epf 1-téklf msy-tﬁ-e,cbtwman;nanmparotmﬂiye 1its-all, all
to- lggggcg%? &2fht & ?Egtthﬂ] gugsgtfsogrq:%tr Iegm : O/ggtgn%lén gg%&?f?tgg pluralmes to

ransm nanopartic

: tranﬁdni;i Idgpeg_mrdq’ inforoneion Ifn(t)'r[fi(@ of IFBy(d) tHeﬁHmS.mNghlﬂ[ sensors (e.g., system or

i ROPRRASLERILSE, e oL LB

fI lApja)nccﬁmsechysthcapabl e of receiving information

mglgx desi ate notransmtter or a
[T oSt B Ao L pnly descrive
here@tD mm:ﬁ&bh@ﬁlﬁd batede el BRBAGHS eﬁéﬂplbﬁf SSRRAEE 64 fB¥h herein has

?cgcrl bed enhodi nents.. For exanp
focuped, mainly of / %leélF%}e%PPélafftloalsSf@paqnah@wraﬁsqh the syyseson and more

part®Alhrkye 68 NeRIod§ BARR TdrckS whaBaRl 8n Modd mmgtt tAdn blood carrying
| nforl’mt on to or transmtti ng/recel ving I nror

vessely it inpeh vnppstood thaisembediments cfithe syspam maypbe et qoyreproduce
any QynhinkS brdshROSHY iR éﬁﬁ&ﬁhﬂ&fr%h@ﬂ qv@ul? 95006 gom the ability to

transmiter/receiver (Or a Ura|ty OoT seco
indepengdegtiyt qoseyol qreessire rasid flgwg ap‘étdla bbth bidogicabgind non-bxologlcal

applicﬂ&@ﬁmtl”&ne}ta'}rgﬁé t Ofbddibghest LL PR s}s‘gn/ L eceo Vgs{‘eﬂ % produce a

the plurality of first transmt /receivers
biolegiea} sarivironmgni mfbdchnatobh sitoilathen tmanbelmof toehe!rr & elveeconditions.

Th_eiencotnlaitﬁan(s‘ @x’?‘a%ﬂ mEluge 2 Q;é%&lé,%@és&?r%%'n‘c’l‘?fow S.ondguons within joints or

on various bone/tendon/musculature structure. Embodiments of the system may also be
used to reproduce conditions within, for example, the stomach, intestines, esophagus,

lungs, or sinus cavities, or any other such dynamic in-vivo-environment in which such a
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systemor fluid) can be transmtters or receivers and
can be nanoparticles (e.g., systemor fluid) or

we wbioe#ERd ons t hereof. [00274] 1 n anot her exanptBUS2006/045715
supported by discl osed enbodi nents, a
transmtter/receiver is capable of receiving
information fromor transmtting/receiving information
to/froma first transmtter/receiver (or a plurality

rep@idutridss bf bERS B EddsI S &R RE S
transmtter/receiver s( or a\fﬁ urgﬁ{%t f/glof %%900%”86“[%5 of the system

may, 'witk Fhe tReppereesdilae stpciivge, Gaqsiatm emdf cqrrwpm'rdlﬁg imedia, be used to
initiafdf %@Bﬁ%plk&n‘ié% b{pﬁéﬁ&rﬂfagy/} og an L Stru r% t?%% /g{esgﬁﬁl ver

(or the pluralit St otran 5) and
r ed‘é‘l’lv Pgﬁelrhaplmmom omthe t r ansm tter/ receiver. In

th| e i h-ans er/yeceivers g system or
NIPOETIESr | B R T b PSR Br s Cofitionmumenn Syscems as
emhq:dredmlldt brobkdly described heyehd ﬁmyadlsoflid'lﬁs{éal 8 rre&%ﬂpéer@da% pressure

thereof.. [00275 ransmtt.er recei ver is capable
and W ?navrl]xéom ents, Vﬁ}cgﬂ?ﬁt 1%lﬂg1f% ents are subjected durE)ng operations.

Suck mnsimlbtgncﬂgip’pexeﬁidﬂs Ngay HRIERE O abAd, B i P bkl
nsm té}rters oy}r receivers ag% a’plur ak%ﬁré %Md flow

shreh IR PR ebesin T B lpciast € dgsens wstofms. These systems

mayf ﬁsneetwar@ Q6TNEREEAtd, FDSexat dotel
ny-to- many, ?L tcl)ﬂ’eape °a f“l?‘Bg'?’M A fhow lines in o

vangiyl Of ch gpqent oWSERS [y Q@}‘ 19V VPremsc Humicanhe $yistests, fluid lines in
mankufRAS Mgt h&ifeDbnd @ﬁﬁb‘ﬂ?f thds@ uh@&;brgsrsggs m'atlrt\agnf osrteg:rngﬁt vg{' related

to the transmtter or receiver transm
storps waggs gtk sevageetreivpiony SIYﬂ?@F,I’mIlld anyf oider ooch practical/industrial

a i\ LN Losf L om e
ppﬁc‘atﬁl8§ WHidH {s}g(xlrd%&%'d\{b [Tl &4 ng 8 tBTllng(;ifng’s

one first fluid transmtter/receiver,
of Biglegigel Apulll@tnonansm tter/ recei vers are capabl e of

glnf |onfr e first
gﬁ?yg][]t er/T g% e vlé)fls aRd™¥ E%rfﬁaf?"rtﬁéf’l ﬁPfthﬁ?lP@h litg science,
acadaqmq, @ng tresemreh tindusdries Ifut al S)trstﬁﬁl abretrbedicd Q68 1b¢84dl§ ladcrib@herein
mclchearlﬁl'i” ;rel nf onnat |dot the transmtter/receiver, or

Cte VerSa lOFiiT a"EVHERTT SCTCFREE Ko iPHe netdy dliscovery &

develqumenm of dougs, zpinué aldntc}lediﬂes SIRPERF &ive InddRSRABCInkdiBal devices, cell &
coO ni cati on g_ tOl many -to-1, 1t0na
mssue SIS my © S]-f Sl | ruga| |del(1Yfr)_[ saqsqe:qso aerson@;zeg hemedicine,

gendrmks&‘))rcweérhms Lbh&ﬁtcﬁlcﬁical} (B[dl@gs&oﬁldd ne 1nRe s BAEk S 8 ghee system
$ c!altlttlestotranag1C pective information fi(t

can bs aqap eéir ORI 3 & merd it caA yﬁcu]g)éﬁ%regateé pgtholo‘g}psp@qh as, for

exantyle,f |cuh(da)' @an dbeRANORAT §ilnel 89 n( &fJ r%)atl‘ﬁ)‘ll c.e oqr nfonlﬂagpologxc)

h %?orrbl tions thereof. Applicatio
cmpGESTUT Kiih| iPLUtE b ensearens msckplagiat (o c;fontmehcdygc)emsponse and

pheda,mﬂdby Headid bal hegrilnsarg
d Q %rlsa@%h t he exenpl ary dlsscuggl%gﬁsr gglt?e ?ﬂrt\r@{]e@% rﬁ’ehd‘:"c’lgne(i
everoBe TREEEh PgRiBY the prtdglogisl magell Thistdymamid cell and tissue culture

en'\”.l%ﬁhﬁq |E§§Eh (S 1 ncrio | |
hem)dt nam i or%gg %lﬁéﬁ%c ngt n%r god {‘Y%?A#ﬁgr’?%r’&?@ﬁly than
tradla%%etaealcwlymg

[00279] Embodiments of the system can enhance and reduce therapeutic
discovery times by providing a cost-effective platform to perform typical and novel cell,
molecular biological, and pharmacological research and development. Embodiments of

the system not only provides a means of studying hemodynamics in normal and diseased
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vessels, it is well understood that enbodi nents of the
system nmay be used to reproduce any dynam c pressure
wW@p@sNba2s envi ronment whi ch woul d benefit fronmP@©ES2006/045715
ability to independently control pressure and fl ow,
i ncl udi ng bot h bi ol ogi cal and non- bi ol ogi cal
applications. For exanple, enbodinents of the system
may be used to produce a biological environment which
statdbDbiiCtad h¥Y Iba tuSeBf ol Wi RR en Be&f:@%rnd'r erk%]ﬁo P&ghtals Q09 éxample, to
These conditions may include, for eXanple, pressure ’
test OF dragn Hhy feaeran PhbiePan Yessels gredritosopynagy bypass sugery or peripheral
hens/ hendontmgs cylatdll eeq GRadirent s of the &
am\?ﬁlst em may al so _belﬁﬁ%{elgatt t(g;}}r%’g)tf)#érgﬁ% é’g%%ﬁ rﬁ%ﬁ%geardt‘ of medical
use.\fixamiple affpdicateoranipélede at!inerqsd:lexmis,rpladpret €ailhéreble plaque, protruding,
Cang%g,g%ﬂg gﬁ%ﬂ’- wg%?%aﬁfé)irnr ?"!Ffrrg‘fsﬂk%?%lefﬂhﬁ%ﬁo {E%QXOS?;, I?:Sr[cef n(itlar]tastasis~
tumar epreadiug té eohaftisaeds) aturaandbhiransr WadlléhoR6EOME adhesion, and the
.peneficial. Enbodi ts of t ystemmy, with the
hke)g? ‘gglrag%gﬁ q‘?ﬂ”&f’rpag}ygtfgg?. & @ ‘ggﬁﬁ‘ﬁfﬁ) and correspondi ng
meqdo2sope USBthbodirhdlitd of e Syiebnd RN/ a'ls%p#x%@ﬁﬁe&gential capabilities
490 e/cartil age/l_o_r gan structure and the 1ike. ]
an &bé]‘:'éif%lr PEabiingh e tan Phaea) porirjindystrinse pell-based ecreening and
testinfle 8fugd MRSy | frdV HMRISHGN: ! LANShe QRLL AEL1.5X8d '
e?rbodiggd and }E)r oadl y descri bed her el n may a soeag%yﬁzrélaﬂemly
evalpgge feshiSERRIGINPHENT &0 pPiskainally arlevant ovntery mitiriire ddediporential
for ¥htehof 8P hUHOIRGnER onClBRERR! F A& Sl ¢RI S}qs%rh Gn be used to
operations.” Such non-bi ol ogi cal applications nmay
systgmprticalde scrfeer aadaiepl wast dymeherc opcesponed anchtidaivns, testing their
fedt N LOMO Barf 2 4/, f Wel| ' ubes in a whol e ho f
€ edi.ffgge.nt I%I)S/g{r rrrsﬁ%gA hcglégkgt%s (éetrlrlsor 3 e e\é\%lec,s':%tcglgf‘émres to
alloyjdntetactipn sdth eomplex bikegipl pathpeys dheamnpt peképliested tugkell-free
I [ . vari et f differen yst ens,.
s, Q¥ BERIE QUIBF Wik, Bl st BSPUIRY ™ R sy och o
hepavanyudsacdnal,i aglidqetd. ifor esrionmrpspeaichl dsyplokileg WREehr growth

envipgnelgesn%%t iSollreai nage .s%vs .ens and, rel ated storm water an
SEVage tT ST RERTTAYET BRIV HAY™ 6 er such

pr ggesrial / i nBinbbdintdntapp kheC Afstedd nyi B8 ek i@dn@PHnt Gotential
b b.e%ef F} fromsuch a deling of actual conditions.
chengic |*Bﬂg‘ BaTS ARAGHY BT B 1F82 B2 8PIAP PT 82K PIns Frhighehave effects
upopltall @Gﬁd}t@b&a! Onbi r@ét_ﬁ&'l‘ %@ﬁé}% ericgrs S FREAF 1infE gﬂgﬂg}g@ly alike
anggr gs,ear ch i ndgpst ries for a system as enbodi ed an
CXCERT BUPFT GERETT P tPT| RevEion) Pherecupretein of ineeeshan different dgrels (and

any UQsthéN QIFRPEIE] GeSGSiREY B?. ot SBfd B0 eg;gr%gsi)o\éﬁ.r Y Inhibitors or
.devel opnent . of. drugs, active bionol ecul es,

activagqss perigenifiedsgtheinreateneftiice an thiephenssypeced thedugher producing
cell desSSue devices or therapies, drug delivery systens,
personal i zed nedi ci ne, genom cs/ proteom cs, snall

chi?8d| , bidrpgrhesotypinl chiracteiifte. ofrtbediellemthichofis taffected by
expreéioh &P ha (Fi@ Ee‘?‘gs ,t Shee Y model . F 4" in i
Par di ovas? ular ang rel at ed‘f’3 ﬁa? ?1‘%?%3%% seulgﬁgé)sf the protein itself,
may be assayed. The phenotypic characteristic is preferably a "cultural" or
"morphological” characteristic of the cell. For purposes of this application, these terms
may be defined as follows.

[00283] Cultural characteristics include, but are not limited to, the following:

the nutrients required for growth; the nutrients which, though not required for growth,
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exanpl e, cancer or diabetes, via sinmulation of
pat hol ogi ¢ (or non-pat hol ogi c) henpbdynanm cs t hat
W0 pasoess2s consequent pat hol ogi ¢ (or non- pat hol PQT/T$2006/045715
response and phenotype on vascul ar cells as well as
other cells. Therapies can then be designed,
devel oped, and tested agai nst the pathol ogi ¢ nodel .
This dynam c cell and tissue culture environment
mark Bfnotd) gMwil; t , tions.: hysi ol o
rm%%:l osel v t han'g{1 fggir%{tip%npglrygg?la‘%qgl?néogﬂgtctber?ne%gat["ff@%b] gaseous
envERPHEN OsTETie lagg end yasichemage depentienve eorandepeederse) of the culture
whith§ b, gl LOEBRichY, jdipg a. .
g Y LR S U S e il el
cellP0284b| ecuMarpholobiogi dalractaisdephatutag bhogiCabe limited to, the

dd | t .. Enbodi t f th t

foll SEREZRD BACoRE SEiP R el fhedt A TerP et ndhiieesiption; and
subgetlohm btramdresli seasedst at es, but can al so be used for

ti ngi nggri ng, and regeneration, such as, for )

exd0RET Lo DA< 3he (HRaTeR o dnteasie o GPUFAIBY iasemorigenesis or
relatbd':‘;ﬁnel_l&néﬁad,,(lﬁe ERarERENR ro%sé?y&?@ pretéthbl§ohe FE1aR28 15 RORHZ rowth

arferles or .AV-shun,gfs, or .to investigate cr opreserveog
ConV8£s ergijtiafigp, | desdbpreRtigtione gpctiosese. tERgaphetion, metastasis,

rum@figéresialdrangiokdtebiside at heroscl erosis, plaques
(vul nerabl e aque, protruding, calcified, soft,

et d90286] f | 4 viric changes whishiewe pbeeredtrewitbrihe naked eye are of
i SERARS | Chanf &N e (BRL ' J reading,to other
P ssues. ext. g avasati on- ?Etrfrg?é g%%“?e%%&o%y ean%(li‘ RERSF ifependent
mangse e BEOW ikft agando dorabéice i ¢etleultepancip, tabé Lpselesa stains, for
AP, 4B Garkd Lments, of the system can
e aﬂs 0 p?%ll\tllicgg)lg g é@%’ ?lg%e I% ggg P4 for gbsegyaion and Romparison.
hi 28R OUgh’ﬁhT lh@bll px:jddesing oelt lige hl’pgéfﬁﬁbly @Ete'@gd by introducing
j ' cel] - ed s ning and testipg, drug .
« aehBHBIeShe PES s AR B O Rn 898 e Sr R Pt Bgrein of he
cell, dlsys antsoduningr £ prénioey dhuwathe delitlar GEARAL s@dnh \Of tandi dpeatively

. .bi ol gqi l'y.rel evant .context, wth the added )
1“’Ik‘E)‘Jo?"en_ EBL e b e B re KPgted; o rerme oh pe peganisn, a
cDNArfpgepareh fronD bn t RN SERGR AN AR FESN LR organism, or a synthetic
duoBs! tically screen and test vast nunbers of.

P LS H B A Wb CRATT BB S e J% g glsorhere 2 ssquenteswhish dges not occur

exacfl@lih nhtud€budrathed EBH&pERds! toQf mBta€iBh Qhdle OF nﬂlﬂhbl‘?:mif a naturally
ecific st cultures to allow interaction WItPI

S m cel |
occuzig peaense Stlararedin #angreld ar semanest)- bRl orlépittinat isdntended
on théimankelih Wfl'ﬁ&ﬁhﬁstﬁaﬁéted%a%ﬁgmé b, cell or tissue

types_can be added to certain systens such as
heﬁ’&?%’ﬂyt es, Thegare 1 areferably eperabliyolinkeak tous ppompeses gene

expréddioh @BichlOVLAL RGP it 8/ hBL, WRMHL: GRY Ichﬁgsgggﬁllntghl@él i$ stably

" repr ese!:]t.at Ive Of_ In-vivo enV'l ronnents.
overRfigduterenins thyf redipienty sebmrongiffesing sdrgrdes [Ttenpichyétag may be
nakeatdAdnaghe 3l »d AN Rt QLs (o activat or :
C(_msenzyrres_,, “Tecept 0 s,d‘%{grgérif;cg%r’ ot &1 AY a%far@ﬁ tﬁg@’fg Tobr gpregsed at
higheplepels é they g@wgpe}lbrer_na@pgla}mit tdldligertanain| the oFiny Sell Ware. This
allowCbde {d é):%@rat@geﬁf HRRINRLLKS (or secrete) from as little as a few fold to
more than 100-fold elevated levels of the POI relative to the control cells.
[00289] Any method may be used to introduce the gene into the host cell,

including transfection with a retroviral vector, direct transfection (e.g., mediated by
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except for their expression (production) of the
protein of interest at different |evels (and any

wo eooslers2zli f f erences necessitated by that di ffRCEOISEO6/0M5715
expression). Inhibitors or activators are identified
by their greater effect on the phenotype of the higher
producing cell line. [00282] Any phenotypic
characteristic of the cell which is affected by

calchp phssiHat &f DENE-RahE), An@Elebbsd88d i .
1Sug@urpgeqjthan t he Ievelg%fnthg pr%%élHIF?EEF%PG%€§“B§“M‘md”r

sayed. The phenotypic characteristic is preferably a

"Ccybdavopl " Ofrhe rﬁ%&@&ﬁé %u@c@lexhl T ?a%ﬁlﬁ roll)? 1 8105k gx{g:;gyplc change

cell. For ﬁurposes of this applica Tese
as "}Tﬁﬁsubeoaéfl ed a%oqhmnloov\gf tlfﬁO@QHS]PrEfatabLyr, ahis response should be

pro?&"i‘{ oAal 85 1 RE! £l QfCl criBt ALE. ) f lI-l’gxP%l&rte,ﬂthte? ﬁeé]ts should not

ow ng: the nutr S Téq i red
spomahequelyt manifdsc the ddsmecgbhﬂﬁitymeqhir[‘gedf"tf)@lixample 3T3 cells form foci

SPO‘g‘raﬁ%\é“tSIiY% k%{ljél%¥heo P& f{‘j‘feg 96&_%3&?8& ?eéﬂ%Pgﬁ'} gygﬁﬁat 6 fibroblasts,
C3H§ﬁf)t1l/2: ffktrablests,aimd HLGDO (U6 e aRGeMCE:IOline that dlffere(rjmates in

nce) .of [ ture which affe growt h; an
resp RS B ARERLOMAPER IR be v i Do atteRistiph sted abore.
celjba2911 0028 @enmnﬁ h@eﬂghﬁ alie ¢h %{r@i@;a%[é Q& ' ﬁ'ﬁxﬂnﬁgé L{ﬂ@ ratio of
e fol I'ow ng: t e size and

gLn ar.e limt i
prodyciicn By ¢ qeeeﬂvgrprto 58" gef H&eﬁ?e?ﬂoéua@ y the "native" line. This is

fac1mafeﬂaf}e§klldcﬁhg Qhios2 Bl BHD %liéhuﬁx%ﬂu&ts rlHﬁé uf %5 P(bpoa%ﬁilltroducmg
ﬁ[ﬁ%the proteln of interest ISIn”plcate In
multigiteP g eRRiesi @ A(rT ysutedtishsipral aprana promorers.

ch JOGOLET | St iThe RASGIe \‘fﬁg’yb %bp:glﬁgs% @ip hx}{e %naevirﬁ @%? ghet o embryo

cel lul ar, growth control; di fferentiat
fibreplesyicpl peptatlsheshby Besemiansyemi 619?2)aw§f1mlami bpiisiao et al., 1986.

Thi§ BlIES 284 Sin Mmﬁgﬁg rﬁholgéy,aquﬂ ?r?&lr?ttaw[e? i1 c@l]n‘l(re ¢ post-

Phenot ypi ¢ change are-observa
conflyencafer efensied pesbds vﬁemesdlspla}samgbsragﬂ déﬂmdahl grbﬁvyh @hd, thus
far, hgkencsr}glvr\}ldgrﬁgge g{o%\%r{egusat{xla o:’}‘?‘f‘]{‘aggﬁt vaagg %|1 eag{ﬂrﬁ?g studies since
it hamel ‘eoy tlak elequ csfed:rsbgenbusﬂﬁ(@sacnfrmy aaaaemhive lewd &f high affinity

rt ar ropri ate phenonena for observation and
raEQQ”Sh"ngﬁxxf%%§87] The hi gher producing cell line is

pr eﬁmabl y ohtaj'rdm@ toy thesé madhedsN®rR Boke f&anOQi #Orebf2Cin the
henot 1ccﬂa ee i é eﬁ) i’xn% a host cell |2
PSR PV E BI85t é 8 e ¢l yhic e?‘ﬁ’i“?“&ﬂ‘i’f’é‘?rr?@t%lrﬁf‘??ﬁ‘ﬁﬁé?‘Presswn
of thenP@It'ﬁlels Ged I'gthdud @Hﬂl@ﬂﬁes#&&%f eafiofs Wlsos@@&ﬂlz'ea @t¥ponse that
h% inked ta the PO% } y be a ne i solated from
inhi Hars d)érfta%atgfs cg Fhe, qagﬁi St agents dat ag upon other
cell ﬁﬂdéohfeaftsﬁfdcpi ph&Rktie thdnk, @m an 0r ganism or a
i C du |cate of. a pat U1y occurrlng gene. It
@‘f"g%o hav ‘és’ é’éa@éﬁerée%mgﬁgatﬁég the felblipgsrare assayed for their
relative levels of the POI, and their ability to grow in anchorage-independent systems (e.g.,
matrices such as soft agar or methocel), to form small "foci" (areas of dense groups of cells
clustered together and growing on top of one another) in tissue culture dishes, to take up
selected stains, or to bind an appropriately labeled antibody or other receptor for a cell

surface epitope. In addition to exhibiting these growth control abnormalities, such cell
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exactly in nature, but rather corresponds to a

mutation (single or nultiple) of a naturally occurring
wGaemsmeses (al so referred to as a "w |l d-type sePUEOS®0§/045715

Nolimtation is intended on the manner in which this

nmut at ed sequence i s obtai ned. [00288] The gene is

preferably operably linked to a pronoter of gene

expression which is functional in the host, such that

lineb hell eR6 beseRReend (R} gﬂo%vtﬁtpﬁ’@e)fneso%ecrhgﬁlﬁcqug%ms vlzllﬁclrl alee capable

recipient cells to differing degrees

of bipdingies oF madifyingshe bivdrsitabe ctsB;f theP&lpr oduced" s
negpgzospat t ITﬁ? sdiéded &n@&?ﬁngﬁg gt?r. %fetﬁ]ocgheramcuy rllkyhuéuque in that it

t he genetlca y mani pul a I'ne an
can G iegipdeitedcel search mapidiyHps EEIHERsacoinarok0OFeinhitiioes 684 ngen POI,

. cont i on.s?crete) fromas |t
Ay R bt B A20 ThE kR o6 i S0 b pobishdS P fbstance
necdd@ry rfet alid POItw Hsdaeme artiveoln € fifse pfd2028%] subodneBHRRR merely

sed t nt rodyce, t he ge to the host cel
wcedB R B A P o P oA TFbd4s hth i swbgaiitghich reduce the
actidiy 6fthetFr@D Sﬁ&ﬂkh@O{-}h{cB r@lify Teslteadr DYhah GIH¢H has more than one
and e| ectroporation.

{ﬁl hat e E- dext r.an
pos 8?‘5‘%‘%‘8 PRAFUTARAD Mastulpsery] GUBIE]its PR@vities.
ho$#0296] | s S|'I‘P1H hue 8%41‘1'15@&&31:1?@@&11!}3 & Qﬁﬁgf@aﬂhgmors or activators

phenot ypi ¢ change as_a resul enhanced 'pro
of epfympetds pEppech} sftenestbln certai Brefeéaqdmmske)dsmm,dhb enethod is used to

idenkifP gﬁhiﬂn%?sa lort Qctfvla&)r%’] ¢ e!z fnef QQYGLL O morﬁ%enesfls g.fld related

Finally, the cel ot spont aneous
phenergente sfior eercapwémpymxg bimawgé:, Eumtemrq@mbo:sfme,c ehélic AMP-

\ n ong L he o
ot Ll MBI GRSk AR 5 UL, S o
and !I.}IGZef@VmeQ?bwaSQf varidus-leBGlar 6t ghes ﬁlch abItHERdsr€ 61 &-rds igBiges,
faeuaw |nr e.to PKC agtivation.))
sriiozdfl ¢ ey e u§4é1 D KET RN i Ro GogBiy Bl puHoBiddaeendent
serxrabthreom{xé)(i)i&]n]n Eener of ﬁmdsmeﬁﬂal fifporitdnck SneBhiaF 2Rvht Gntrol.

he,rati o, of prodyctian by_the
PRCTG, PGt SrangeeBiy by it BRgaEt oy et hormones, and
neuronahsmdﬁterﬁ afid hasThde§ shSwih @(fy‘bé b}hagheﬁﬁbﬁ’ %%Eﬁt%} fdIdhe pHQxSHol ester
uces little or no

| i ne whic
‘“m?'hPF‘HBﬁ‘c?fﬁq@S ﬁ‘ﬁﬁﬁs m‘gerg%&ﬁ%tSc‘BbaCE§°awaS/ afmwspﬁgnwrghacthty (for

reviérsgRaNisHi LA abBe; N eI B E:Sdel, 1998 9Bk CTHE bRaL sHE v r;§Fx‘?>sphorylate
ahbrobhggk cell line is a variant of the rat enb
Severs JREBTRY T cRICteit | sHbstedrsabndludieg thy dpideemah gertwthafactor (EGF)

rece;ftlaQ (BEhngRd: S 0l9ghe ?F&chﬂ%cﬁl@d & ﬁall985) %%Qnsu]—lﬂ r%ce%%r (Bollag et

i ne has an unusua

al, ff6oht a2 heas i(engust a]r»e 198%7),perd c,rom @elmre (N;shlmkhe 1684). Several
labo&%ﬂ&dﬁavgfr e&én@i‘?r 1s&iht§9 l C%Jéa(ﬂglbegre%ggdlﬁ eg ISQIdn%tn %or g‘lrsog! pKC thus

and, thus far, "has not ergone spo
demenssrasing thattRESR is ¢ricodgisbyah gmxlugmalfarﬁdy (®h6$e als,t1198|6 ,&8nopf et al,,

1986SP£]1%1" bt alh‘f’l§8@‘ ﬁ\;(&[sy l s QW Tll el%?% 'ﬁkog¥ %enlou1$986 K(ghno et al., 1987;

activity and a Teve
Housey et al,, 1987). The multiple forms of PKC exh1b1t con51derable tissue specificity

(Knopf, et. al., 1986; Brandt et al., 1987; Ohno, et al, 1987; Housey, et. al., 1987) which
suggests that there may be subtle differences in the function(s) of each of the distinct
forms. However, all of the cDNA clones which have been isolated thus far that encode

distinct forms of PKC share at least 65% overall deduced homology at the amino acid
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receptors for phorbol esters. [00293] According to

t hese net hods, one |ooks for is a increase in the
w@hb@sotesps c change exhi bited by the cell whi chP@EUSWBE045715

greater with increasing expression of the PO. This is

a "graded cellular response,” and it is by this

speci ali zed response that inhibitors or activators of

the PO can be distinguished fromagents that act upon
levél] HRY tr&@len: BB RAN &fﬁ%nfrfgnﬁfvt'ﬁggo « BPANQL XIENCA %F)?xgsgﬁaive shown

%qﬁ294 Thus, in a preferred enbodi nent,
thaf theg engede Sa%%%’y’éGOflme Prpieir kinese aciividied whishsiod td,@ are activated

by,ancﬁhcﬂngl dshe 'tlﬁm@pg}drﬁ(ytexts((l{gégwe(-tj AR 1986ﬁHC?no, &k Sa.l S}.?(?ﬁ) as

or age-i ndependent syste
sofPO%Fhr or %h hbc: ekqeptlom of @lumbmralvvheré @t@lexp(easﬁ@ass \Qa?y high,

tered together ,and grow
PKéS&§ ¢ 1952&995’?&9 Le & v? l eve%s( i Mot B%r.lesu Apd dtr'sseﬁcggesm?% 1s virtually

one ano e
undewkebﬁpmsﬁhteetfé:dolslhas if®¢ balowl).0Thiis) d.lsﬁfg PERR wall §hakimize the

l e nti bod t,her rece r r a.cell surface
phegBRBIEhAMNARE st oo BB ctlfteaid el oyercspressing the

mtmdmtetl (ﬂ)rrﬂbfl PKG THd PRCbaucbrmal hikb Bﬁ%ax"ﬁkuar el Hecause within
thejr growh properties to chem cal

t
Itggrll?\//v?ﬂ“(’:' 4¢ dedugsdifrebosy Bimidrhdomain displasdibeyhighyst overall
horﬁdﬂeg}bltdﬁh@ ghaBricehbant f f cydid Q’ﬂﬁgde{ag'gi%g u‘%]xoltan %ﬁla@e (%’Tﬁ}\c) and

enbodi t net hod |s parti cul arl
the jgyc %rge%@ ‘%ﬂﬁv%ﬁ dPHOEFIR elﬁfl%fﬁ CESF |(I;iof1w 2 '51—|EFR987) The latter
obs&@iﬁd&ﬁidﬁ%@stsqgai PR'AQ% PRGS aﬁé ke gétX?@oxﬁpof Pﬁ%oglg% sgage & common

upon t he need. erm"activators, as use ereil
ancesfral traes’ Beromasuprtein damase CLESSBHPN ahdrchaththeP@dittamal PKC genes
mayP AR BRe A veg chiulh @vémﬂéﬁaryh@g,egﬁ "WoRiRShANEE A Cf

merel y accentuate’its activ
i nd?0248 bot Agsmshmmeervwwﬂuh rcexhiaesttuteiralc piotdihy saéh as actin
dt it altogether. Wen a
and pfoliger S0t bl EREATMRICN it Wl el Py SSimgabispipr e rmay be
1nvq§yedagttpmatlgqrnemayndrnnm’:isatleatamy Sadh iatdradfonk t4n lead to changes in cell
0296 The. use this screeni ng nethod
phef'i‘&%é’ lv&x can ﬁSSBY‘%d bys %bs mef g?ﬁfi

den vators of enzymes i s of

spe(m3a()] | nt eheaﬂd1t1bﬁalcﬁﬁd1€d Withl 6THRE IeRfesS TROMI ABRIKIP the c-Horas
identify inhibitors or

thod.i s used.t
°“°%§?f’? VAF SRR Sé*??k‘g}ﬁefg ﬁhﬁ\FéSFIQFeéMIﬁ denspeet rertein dingegy the c-myc
oncdigeha,ta&dl {‘.H]}QHOWMA &&Ees@ﬁ@tﬁﬂlh@,phgfmghgr kidRag grotems, similar
E ﬁlth ecaﬁfgﬁﬁlase, cycl 1 c AMPdependent proteln y
reSuRt HAEEYC B SKF 1adt0 elearahristhsimethed jcas (beiganeralized to a

widEridte 6€ Eérﬁ& encddith bARRNFHIE 2L QAT 8 ceN@kL H)%vth control in

cel |l ul. ar one genes such as the c-src or c-ras
numegys gek ?“ﬁFbteln kinase C (PKQ) is a Ca and

phampbn! i pi dode pensietihe e bt Q%Jeﬁh%g 1ofeid? rxgh%lltor}%c S drug

of, fun%@nental I mportance in ‘cel growt h cont ol
screqaigs gthedof the @Ge@mvgenml@d tWOHowugstepa.rl et y of

gr gwt h t@&&arcaonmrawg s a¥efcl U Ohmﬁ”% ”éa{)%b foarexmgmg the

has been shown to I g nity rece
protgRpfgreress i the selected host by inserting a gene encoding that protein into a

transfer vector. The gene may be inserted 3' of a promoter already borne by the transfer
vector, or a gene and a promoter may be inserted sequentially or simultaneously.
2. Introduction of the expression vector (a) into cells which produce

recombinant retrovirus particles, or (b) directly into host cells which will be used for
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tunor pronoters as well as other agents which possess

tunor pronoting activity (for reviews see N shizuka
wa2@8/0665984; Ashendel, 1984). PKC has been shoReir/Us82006/045715

phosphoryl ate several intracellular protein

substrates, including the epidermal growth factor

(EGF) receptor (Hunter et al., 1984), pp Osrc (Gould

et al., 1985), the insulin receptor (Bollag et al.
subdeR8&t, dAZl sk e I 7 n thers "

(Ni_shi zﬁ%a 1%2131% Eﬂg%gveethél refulﬁgfa%gsr ?%g v% 1-r(‘)eer‘él(ralnt‘ie§f cells).
In paggliehttbel teppler etcnrclee mlamjacng ldilgng riot gene rafEntfesPKA possibly a

linkel\ rolRFBN B BhAGisk IRERI ob S8 TGRARURY Rt LdERbly also

intregucgt mt019®6hos(:omsrﬁs;e@sll dtnesaldemveHQﬁGm MK Qanek Ga g wall be used as
e 1987;, Housey.et al ., 1987). The
e oS B M e SR <Pieteter BPEsrdy the uomodiie
hossmlsirrfaiyd:ietuyec(dm:enfmlset al ., 1986; Brandt et al.
Sé Ohno, e 1987; _Housey, et., al,, 1987) whi ch
Y wag gmp ‘?W?Qr by, afier apAPPECRTIAG St dos- |4|8 bMS) media

confeﬁkﬂﬁg re@Bobinaat vBas Pardilel nQréfﬂsﬁweH Cntd 968Rel1HQY btam test or
f the cDNA cl ones which have been isol ate us

CO“f’SL frat encode distinct forms of PKC share at Ieast

65% overak! testegie Q:@nt}emtzl@sg Xreatrahg&ré}fntg Oseﬁgt.ln%l g%,o%h medium

and transi ent expressi on experi ments wt
conypuag theprRrQpriy EEY'(}'EC}SWdWIVhaDW‘tthegﬁ celix:hzdboseg th&ekpressmn

vectoPESRBnTH RE legdti‘blé(hﬂﬂg‘eg g@tget LY bl gétht ercl:tl:] orb Ic f experlmental

are activated th ester
mte{q{ﬁ épgrovgtAftq] an appg@a'lataﬁdﬁctletl tingd (.usuallQEWﬁDQ d:{y@)O ﬁﬂﬁ}xdual clones

t n, where its expression
of C% (Q%EJ)%S eeéﬁlqﬂ’ﬁ%zéﬁe ?SOlaﬁ Q@x%?aggg%aepgfat Jer y 1ow
| edtel s Enchmasltpmdssm&ﬁ lua:nsi téstedl fOX plieleelT Préduction of the POL
A undet le in Rat brobl asts (see
By Y] oy MR8 BT & bk PhhetF r o feom 2 few fold to
morp hhiltdl09-}ﬁd>ld lejilefsfcérthﬂ pex. Bbﬁ&ﬁl\]/e@ (thb@bNeeNceldiet QhideddnSain only

che 2nd fc oVer ex r%§5| ng | nt r oduced. form of PKC.
‘f’h S W&Cé?r 220Gy by e lepé‘?atf}“"éugeé‘te i2fft @lse swssayed for their

enddpeaandevel dftheiPOIe PKC gene family its deduced carboxy
tersm na est overall honol og

|s ] ays .t he high
to”t he 1@%\“3’3??3‘38 <t iﬁ’ﬁu‘i thep testrd gfeyéf prowhmaprbylisside peft agar (or

Récel, &rnarki HASL sinhAChad g
:’:eaﬁgt e|rn dl?l 5 Ses( F§KG ;1 I—%ﬂ S?té hﬁtéltgtyi Fér@e%s d.\%ﬂ vﬁ)qx?%?ltnnﬁ different

&Rt G saug@fésﬁeé ineft arpm@mf@mfhrah cpqswes Het desired growth

charh@ErieRE a RIS AR SHAE Borftr AQPITRReANCESt I al
serine/threonine protein kinase progenitor, and that

t h& addFtshorelilimois alserressechioy itvaabalityarerfodmr i@t ctrlmensgﬂ dense
cell 84O Y HAIDNAT s ¥ GE r}‘fl%e{][x b b etnq:m:rlifr{%? ;ﬁrﬁou &eéceﬂiages and

Agents that Interact wt taln T tC
typeg o€ Feras @etoi ﬁo%né%rﬁynsn,rfetahpdf slrem, oflf sentimy hstse serum, etc.) and

R P o PRSP (CERERBLA S RES Bt S Tebrers or
other lgr@rtécsnlpelnsleaartoltéadnetd«mmhvan@e&tm’e aﬁﬂMunﬂHR? GhMfeons, etc). In
thesdfH& hth(é%nllsb:ﬁ-e IS 1nedk;¥ post—con gnrég or extended periods of time (from
two to eight weeks) with media changes every three days or as required. Such growth
parameters are varied until cell lines are identified which possess the desired foci formation

capacity relative to the control cell lines under the identical conditions.
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[00300] In additional studies with other genes, npst

notably the c-Hras oncogene, the catalytic subunit of
w0 b@soyski c AMP- dependent protein ki nase, the BETY82006/045715

oncogene, and certain cDNA cl ones encodi ng

phor bol -ester inducible proteins, simlar results have

been obtained. Thus it is also clear that the nethod

can be generalized to a wde variety of genes encodi ng

pr ot ei nAnkiCRIAme doiiNethel AoGSld Wodhn iGROG Aenvify

i n. nunerous cel | tyﬂpe‘s: 1[%O?‘?Oljl Ojeéugnbogﬁ%\é%ntjtgn%%sés Reatiied,
the gellsrags groguppnsienthe donditisins deteauitvied &t () abvegwisie Heegrongh medium

40RA 4 Of ik RERENVSAL | i ude the following ... .
suP_lgltgeps: 1. m_(}onst r u’%tB % é)gn%‘ﬁﬁgﬁl J@zhggl‘f)tra Iécsegiv‘(r}’ﬁc%é%a{yo?oﬁlflc}ﬁ“’l"gmauy
actiyssagenpaiprafioto ehepP@EsTlng, theleprqtweified ehibstaices padseskifg the latver
eg¢t ed .npst by..i nsert,i ng ,a,.gene encodi ng that

profeifed BB HapdB haetind YLD lc e e g eatir the grow
proparsiey dletheFxpaimentplr @iio (@hichl Jradydher#he Pyl lgtive to the control

t f ctor, o ene.gnd a pronoter. nmay be
cells (ydhich doy néﬁq{a%mh do ”é’f“_ﬁiﬁ EYemBhHEIRe olzssrvyation with the naked
eye,|sitice @Hel6blomies Fhichh@ oS XRrBESI@NaNG O Qbekk Ale LR &6 elv% without
.whi ch_ praqdyce reconbinant retrovirus particles, or %)
SRIYPEECTPYET HED "HESE stedradsfoppisien defiefiobe used
f oreosbapquentindinyg, FOhe kD HEslS f£>§if¥%n5§t§&ﬂ 5{5{39-5 chosen, the
.cells are called herein™test” cells). In para el® ’
fociiphicl rospls plter sppEeBmately B9 wepks wediesrsilyzsckn micht the nglemieye, or
thes@fodi BALL16Sbe RNHeP QQ%&%I%' c%f fle Lgs;g}rg gy BL pa{Fi-’)&lg trc%tgijéllinsed by measuring

: - v t
ot herw se identi cal he expgression-ve

the prlativerabisppangeseS thattesycheleds corhpartd eo hlxs toraedll @lls Gal400 nm, or
dheN € Lived, hi at ter. case w I% be used a

T a? P l\C/EZ3 contr g{lgr[g[%) tlﬁelhsl,suttffgielbolﬂlérfg G (i)s ggrcggﬁ’l%ﬁ&s could be

scregnegtpsr mafntlefon ghdivblolggidahectivitgodili vegl 1w $dboe ahd fa6@1A1sk©sts.
us 3@§% cont .0l Ber Iofre (i{ag was enpl oyed above, after, an
appropr

ate tIHE T8 9. “HEHSTPEY IO o8 dHE &5hrelly cxpressing
highr decibiafardic HOLisrepeivt | 63 ahel SodtkdNSER I £0siRPld BBSne-Linked
I cel Ig sQ.as,to O(Etg#r} togli% or c ntr(glagells._ 3. The
MEURRdsOERH T AP scanld be psrormrd apd pp anstbedy ispesific to the
antigghow h medi um cont ai ni ng the appropriate drug which

Wi ly al] those cells harboring the expression
ve L‘{"é imc ont aW%Yﬁ gha HeaysBrebe Refermed e oprerntiad seliing and one

test @3l i itg@ BBssiBle GRINA 204itiS % RA TR A &inds ;61 fh;e}i%g %ﬁr 19Ws. Also

After an_appropriate selection tinme (usua
addigjgmal yets phegnprolfife: linep RE§InBTNg Eppsotharehaswsatiay decestdd.

[ psiare iged -af. ch

| niopendent ool ol R BRARNE loP RRALALEE e R Hnd <o
cellulprgangetsi sehor merabpap praypinshber wishtodpecessarilggdfefing et hltering
the gﬂegg@ngfggQ@ﬁ_at ed which overproduce froma few fold

to nore that 100-fold levels of the PO. In parallel, .

t hE008%Mt r ol Kas| 4xamiplee shevsyssém comt i usahytermine the ability of an

agent to bind to a particular site on a membrane protein and thereby alter the level of
surface expression thereof. Such an alteration in surface expression may result from the
agent blocking a site on the mutant that corresponds to an active site on the wild-type
membrane protein and/or by blocking intracellular trafficking and/or processing of the
mutant membrane protein. Alternatively, an alteration in surface expression may result

from the agent improving intracellular trafficking of the mutant membrane protein.
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the transfer vector alone (wth the sel ectabl e marker
gene) are al so assayed for their endogenous |evels of
w0 b@sP&ls25s 5. Each i ndependent line is then tesPerUSING/045715
its growh capability in soft agar (or nethocel, or
any other simlar matrix) of various percentages and
containing different types of gromh nedia until cel
lines are identified which possess the desired gromﬁh
chapaséri sti cele) n
G e el | P aasiRaTPOLE el 5T F SR Vi B e fBown and
ava*lithl?nto thrse! skillgd im tleenart dér @tmxgprmelblmdlag aﬂg:I}GV\ancordlng to certain
CIH L ur e u5|n a contalnln
e Y B B B LS 5  SBpp O may be
profrigedlin gabiftatde hqund mailﬁm%ﬁLﬁ’poMrtSQJrﬁQirLkﬁbre&Taﬁdﬂia@ Rdmpounds,

il b B N mel 6P ARNiEA T iupctiod dhen exposed
to ﬂmp@héniaﬁtt aompmlmlae) ws@humy,t@a&ahfgt ¥ QildRethd Wi hdiYients of the

vari ations, In these tests, the cells are
inveRtiomy A5t &tOfﬁcﬁ?dlé%ﬁquHm?eé &Rayeke emamabiled | erig wiface and

expbicio @l liqaiE meiutPcddiGhing Wae %?)ndi%tcgls'mgﬂ \Rfégéy Hfethbrane protein

every three dgys or as reqU|re Such
of IB%FF%%@{ shecandidategamppugdfs) magdiel mplpdeismaar euitalierliquid erkdium to

whidh o B oP B3 8415 Eﬂﬁeg?x?o rrﬁ&nf){%‘ﬁlk Ipt'&gﬂia&f 1 Hdre tﬂi? Q&dda'ﬂy

relative to the con nes un entica
corl89308pns. 7 Bindingis oftemedapiet tméetpasaesssxemg inf kwchich at least one of

the rc%ﬂ&'l'dﬁt%dc g%\@n SRALRAC %Hb%gﬁec SIS | dlg leJ I(ﬁ.q,], egltlrll ﬂx(l%r)escence,

s are wn under t condi t1ons
r adlamwetywam lentshree, gnowtihodys etrmmmﬁpigemtﬁlﬁﬂldm t:llibrecbft Beknown to

substanc on
thoys o geéi caFi&51 ; ?\‘ Ve “Hyehss 56% artE C?%P?‘I"l"é‘f ri‘e op}] gxpressing a
mergbrade pocnenpwndfmehhng uﬁﬁ;ﬁftﬁeﬁlﬁ%mgﬂgg@bbﬁﬁi J'eagcgﬁsf the presence
ertjes.ca ra y, i de ed by their ility
of ‘It%o ng?l?der e°ﬁ’%‘?’2<r bg?ﬂe °ithe “é‘?%ﬁ{‘ # Frrpperent ¢f ‘gﬁ ER eWStem) is
xnaem@érlnental ceIIs (whi ch over produce the PQ) .
rel control cells (which do not). This can
@@ﬁ’é r api M] @@gﬂr W{‘gm eAris bindang aspayaiarerknowe in the art,
1ncl{ﬂc&k1§ Gue)es limihe & m%ssﬁf’ st RS suMiaG o Qe chhBedS&flt’C’@g%phcauon
er 2 weeks are easily seen even w thout staining,

Usshy iq‘?éé'gh Vereys relsrepess stravidecenetel slsxiripriodetodotarions formats for
prole08Rding Sy, 3hd1¥ding Eoﬁpﬁltm%nﬁﬁgfaéséﬁnﬁxﬁ cfu%&! 1tnd1n]g assays, (see

formati ogn_assay is chosen, the t resu
&8 a0 RPfraf “EF»yBWﬁ) awé &Nizricoh dmvennobogy) Jrbs er(1991); hMabgo Enzyme

ImR8 0 YER COP el 83,8, fl@x%n,gﬁﬁp (? a% '%%s%l%ne mctz e and fbeo].y of

of thé assays can be rapl &r'm ne
Enzyme Imgiuopsigysaiys éqétwmtevey $¢elmmest msBzodeMzsr;asnab Mvmxled Biology,

ElselRr Ea&&%ﬁzhgkrsc v g}%[%?ér(f’ 910 Ej@;,)) or anot her

appropriate mavé fashi on, thousands of
col@Bdfls colihds,becmediegned peraimd amlboﬁmtentsl;l eithmunoassays are

L T T e AT
generahi boumdh t¢ hesuttelslt: soBd Isspgtpraad Sdofithined with a candidate agent, and
observing changes in the level of surface expression of the membrane POL In these
embodiments, one or more of the assay components is attached to a solid surface.

[00311] In some embodiments, an assay system may used (as known in the

art) to detect the change in the surface expression of the membrane protein due to the
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high Ievels of the PO relative to the control cells,

a sinple Enzyne-Linked | mmunoadsor pti on Assay (ELI SA)
weowBdedses per f ormed and an anti body specific tBCT/H82006/045715

antigen. [00304] While the assay may be performed with

one control cell line and one test cell line, it is

possible to use additional lines, tests lines with

differing PO |evels. Al so additional sets of control/
bindi$ of kth&@sndidé Ghdal i of; i -

te%t ed. [00305] The s@kgté;x?n&gl thtlgla{seo gélﬁ)gasné %éf)e?r? of interest is a
membyrane 197y fhngnglyeriatcht damp bisay may ke binployed tadgettss clsangh in the

fluxaSt BRIDLARE (RE WU&h - ngcessarLiLy
aftect ng or al terll%hrée’tq ﬁés S%g%g#%én GPCERS ‘gethe level of surface
explesB0e| thEdmn eheangl e, the system may be used det erm ne
th b ity of jan ent ,tq.bind ta articular site
onf%(%?r%L‘br angn %%5?%%5 by girﬂeéF%W ! &f IPRYNPRS§Ry] SYglem is used
in wghig }idxcenﬁnbrraes @?@Bintdmiieafxrf?c‘él.t;fhhaEielﬁ&)tiﬁ ﬂ&E&t&g })jr @}f(e_ addition of
surface expression may. result fromthe agent ocki ng .
one 3 EHTE SO TG FLILHAEH AR CoT eI GBIDRS i ha dRqmigans protein
as kdwe irothetaie Wi | d-t ype nenbrane protein and/ or by
bl ?cki nﬁui ntracel lular trafficking and/or processing
& hut ant¥ e isiegreolt sterr. inAnbadimenty of pethads according to

the alveR¥iéd, Afublly QHY fBHE BARER SLARLIERYs o,%%uistt kPPt arerial is
agent inproving intracellular traffickirng o t'he
comperbie W itheip pHAE rpet e if 50estble Ag aechothi bewipaiymw €9 the surface

witHoR€ LEd4 eah%rm% 7] 8 YeQEljixg{yyoptfhefagsrag%Bﬁ] %B?PNE‘ '?H(gse of skill in the art
avai |l able to those skilled in the art for appropriate
recoppigelthny sams gpmponense pehibig reduced petaiity iersobd iphesetassapd, but this is
&NE 1RYEMIE 0N, cel s .exprgssing. a menbrane ..
Ben P(]Sr ma)ﬁ bele’pdr}_ol\t?? gsdg{ena!lg@%%t%tf) e %i taﬁ?ed‘h ertreaﬁduamndz%ﬁq“amﬁed'
Suitgblpedidduppomsniachude,rhor erecen dintistde ta anpaliddsfacstsistieas glass beads,
e i ts the cel.dl s. may be jnmobilized on a .
planl Dl UL S el cplp e b RS RIS S b b T () which 2
mateéSialviok &ell ynayabe adlthirety eta). SThbde dft il i@ RO FRdHEHiz0fth{thi@ some
i pvention, e or nore,candi date conpounds may be o
embpiEsts Pl RO Yo &Y B lthe G ipg dpy be derivatized
withTadictibhogloapi(@g BfRoDfls, MhRes; CddrBosdylRlesRID I RASMhydryls) to
renbrane protein of i nLer est or the candi date
vag‘%n‘fx‘??ﬁ‘i%“( §‘)tesrr§%7 B Furchmary of dinkessypr abe dlifecygitachment of the
candided i &r WRELHsHNS pRr e cells expressing a
o o itorest s added. [00308] Binding

msn‘grfme pr otglgl _ { . .
i s0P1n eastehesion ofepaeey campgaensig 2isaliduunporagan|bealitect (ie.
the 6A@pOient NEr&APdLHRIS CRRAUD Quﬁ%) te; R plee ;Eqﬁl’x\‘s and/or

| abel ed (e.g., with fluorescence,’radi oactivit
com Wg. an aaﬂ&xpcb@ (59/ aredyopnd t¢ ggpmmgnd@hbbﬁ)at pApSComponent(s)
bindb t@f}ﬁs_o;gen%r &?Qﬂ“heh@ra&@e@%ﬁarﬁ%‘ nge eid ﬂxg&»gﬁ?afnt s)omepéfn%b%rdiments,
exposi ng the candi date conpound to t cel I expressing
the BWERBPHr @MDY & rovaledtlyaistmolyliofd (e, oflngvssgle reactive thiol
group€ 'SP\, Q8inY e ‘&H&Jrﬁa%gl‘?r%iénacw% PJ:S&%’%%% (see e.g., Bioconjug. Chem.,
4:528-536 (1993)), or non-covalently, but specifically (e.g., via immobilized antibodies or
other specific binding proteins (see e.g., Adv. Mater., 3:388-391 (1991); Anal. Chem., 67:83-
87 (1995)), the biotin/streptavidin system (see e.g., Biophys. Biochem. Res. Commun.,
230:76-80 (1997)), or metal-chelating Langmuir-Blodgett films (see e.g., Langmuir 11:4048-

4055 (1995); Angew. Chem. Int. Ed. Engl., 35:317-320 (1996); Proc. Natl. Acad. Sci. USA
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of the | abeled noiety (i.e., bound to the unlabelled

conponent of the test system is neasured. [00309]
wordBO6S23 or perform ng vari ous bindi ng assaysPEr/BS2006/045715

known in the art, including but not limted to the

assay systenms such as those described in PCT

Application US98/18368. Various references provide

general descriptions of various formats for protein

93:937diony (&8BRYsnd NSHHAl BBLCATReiA- 13V @199inndi No n@%ﬁ%ﬁéating self-
a i rect, bi nding assays see e.g., Stites an err,
asseéar@ffg megoleysti e q&m‘i’mlo@zemw A8:420-4971 40996)), Maggbinding of

olFRgNdBe FyXIBNaesay, CRC Press, Boca Raton, FL (1980);
P gnd Ti j ssen,rm%racti ce and TheolLy of Enzyne

| midA¥d s qy s Injsemeatrobediments, Taatdard)dissci or BidheheRL IS FA, or

' . H sevier Sgience Publi.shers, .
BN Rt el BB 0 sy Bt e o oncive
agegletq ai memhivodiBRht dp someundasiaysis a5 ifdreaé d@dhé Mevel of surface

L: e or re cells expressing a,ne ane protein,
expbhBH PE lmBRE ofrints JRUGRE  Build yhilash s Prodiments
decgappanhe kae df@iﬁﬁdd&dpx\%sﬁ(h? el dSti%&é?.d ame]sc,agﬁ Riear ﬁﬂger_nbodiments of

bservi ng changes in the |evel of surface expression
me Py AEFORG I anES PeE 9% HE SBRABIS doniist Soiecsive, genpipision, and
chaafcrdrhaiassfaryiun@nm'] a8atis, i s ngt;I ache? to a solid Com
-surfac 00311] In sonme enbodinents, an assay systel
yﬁ)@s}gb Eas Achovirglh theoms Prriqrlabt eedderred epthadgeentn of the
medhB8s Sihk3eFeneioR! £ §§id%¢}pﬁLfStKegmg-ﬂgﬁe&)fng&gbgsogyc%t %%aéy) with
t hehi ndi ng of the candi date agent. For exanple, 1
a nﬁ?ﬁﬁﬂ?’éﬁ er Fﬂoé}fcé?ff?l enrtiberyefos saptnte Ga paptvrameibiody”) a:jnd a secondary
| » | qyed .t o det ect
e o T AR BE WS ol hacR Rl may be
usedbyj denci ng an increase in the | evel of surfiace .
ex fon of t [ O hann 00312]. I n alternatiye
en‘ggﬁ’i%% nts, fl%n&?rﬁédi rgge re? m%‘ Rfas§ éoéﬁel%sm fl altféeed’\fﬁof'?hatase
congyghteh atehesedewibilane spilostbempeferiddeersbodiaefisphoisbRdish peroxidase

is;detected by.the.addition of one,or re .
confifpeet Sk ls8a. O bt B e doex Rl 4F aq pojsisularly for
assagfsydréres imewhichriacreised ighal ads désiedn Shiftabilé enAftes foOQé]i??]preferred

ort..in enbodi ments of nethods

: in solid su i th i
DR Ry nel L cuvport Ly amood ot Bt

phosphataeeglusoss bkicﬁkﬂsﬁ;eﬁeﬁ@aldc&ﬁﬂié%‘é ahd ﬁ%iﬁt%'}ésgﬁ' %;v%ﬁ* eddr8thereof.
i's tibl i {.h the assay reagents and it is L
podiB3RE (o Iy edifior R thetisgriastems én prhachsupglisowpport is utilized,
the WiviehQod pHAadlEsYentlddahifd of REKRGHI WY & adflBcARSMents remain
copponents. Those of skill in the art recognize at

suspepied Ip SANBRBNt s exhi bit reduced activity in solid
PORBIE S0k S SR ASGEOL S o i
the grrgense o B £9rididage agent relative to control indicates that the candidate agent
alters the level of surface expression of the first mutant form of the membrane protein.
[00320] The determination of the level of surface expression of the integral
membrane protein of interest may be performed using any of the methods and techniques
known and available to those skilled in the art. Preferably, the level of binding is

determined by fluorescence, luminescence, radioactivity, absorbance or a combination of

two or more of these.
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Sui tabl e solid supports include, but are not |imted,

to any solid surface such as gl ass beads, planar
wQ@b@smes?2s control | ed pore gl asses, plastic porPCBEUS2006/045715

plastic nmetals, or resins to which a material or cel

may be adhered, etc.). Those of skill in the art

recogni ze that in sonme enbodi nents, the solid supports

used in the nmethods of the invention nay be

derpoussiy zed W td I ; : xY1iS,

_ani Fges, I] car boxyjlgrsfili I{tgc;_lg)tdg 82& ea%i%??t&%%l lg%l t%nptrhgvelmcf geellular
epifogg &¢ ichsibe eatibesdy binds ar themembransfprbieik srmeforablhthe same as a

14l : e candidat.e agent or,other .
B e e AR KN g 95 g a0 Sl form() of
thecoapbrrontprowim of dhtedessupPittouc arislisg dbrecboGid @o 4d§erheory of

n di.rectly contacts the solid surface). or
opeF RIS e e B Rty eSS eRE Redsial g reduce errors
arisaupt frdvo differesdeat e phabintstienae Sfep RRIhple dyth ERROLNBhe or more of
h %%fa§ aon&&penn§) glnq% Fo this agent or conponent
the fugehiopal Praperies qtithe BB support). In sone
entjoed2zpnt s, AlcbsrdagaBtcefhin DRéHes Bﬁth(éq}{@én@f%%! éﬁe extracellular

.imobilized (e.g., utilizing single reactive thio

g i v
SPIGPBEHHE B OpstRRriee-f Sritahie ey Pisgknoror efchersdebls o those skilled in
the G&{TP W?ﬂiﬁul@ﬁ? réfefted 1 PGONUD: sefcbRD metﬁ.f)?i §{ MO invention is a

(1993) or non-covalently, but specifica e.g.,
hemagglutipiadBiA)i tege dThntagiventi kssingartedtinen expanellélac ddinsidiafighe POT or
FD18d v -888-391 (1991),;
5 gl T T R R G S
bi d8933BEt r epPawiediad of sdemnifyisg@neaggns tIBit ofleyssthe level of surface

' : . 230 76-80 (1997 or . .
e ST haRe o AR R ALY PRr R Rrgfin i gmammalian ol
accqrdingmuei disdlosed OekBbodiBsbts(GaAErIudAngepiringhe firsd Riediuld .containing

.. 35331¢7-320 (1996); Pr,oc. Natl. Acad. Sci. . .
ol zfg%}‘&"é4i"?(f§559§)‘% TRPTAe Pepielftt g0 the first medium
confhirdng ndmk2Biah Oy effatide BRbaAr 6helaldidage %@hi, aﬁc%ait?ﬁ§g1e cells
- nol a erfgésee.g.g., al,éﬁ?henl, 68: 490- 497 )
m %e‘ib’@ e of the ndidsy g8 "ot 1&*?%1?%5'@@'&%1%“10% Ptserhaccording
to {Iﬁlﬂﬁﬂrﬁ]ﬁntk,nacﬁi&@ t&ﬁb@dirﬁeﬂk&unﬁt@iﬁgﬁﬁr% HabGR41RS cells an effective

FA, aor. RIA nethods as generally known

i ndi rect ELISA, | LAY, .
amquit ohat e feanBed cONelbPEk e e lgtrefiengrtesbellular epitope of the

merBBAAE Pi&in 388 AbrelRirBnd BINLRD 61 Bl Hing!d? tﬁgmeas][ one antibody to the
emhodi nent s, ﬁn increase in the |l evel of surtace

SXUTESERPRS SPitPedP P Bhasioe Pitbirks parididatergent,crhdreing change in
the &aﬂ'FHfQ);indMl% earivl tthBS{roﬁﬂi’G&QdeEfﬁ{Ltt The ?angﬁﬁﬁeﬁ%gl?t alll{l:rslt tglx% level of

| evel of surface expression is detecte
surfeqecoxpression of Hpvaicmbitns proteie o dusdsarecdredixmgcdlmlarhupitope of the
menhBP4EOb IO ar € adaptable to the detection

identification, and characterization of nultiple

el &BAtk. [ 00318hoddenddentighthe presseref parbietubagdny of interest

o SRR S B T e d L o
accopfling embvdinaaitand) contapixgy dieonalplantiibedynipoing aphidl Belectively
hybﬂilcliigesct%rﬁlg rggneac;}t 1lngrcr)es¥ Q’ it oSt eegr%geqr? raP{d (c) determining whether the
compound hybridizes to the gene of interest or binds to the protein in 1;he sample.

[00325] A method for identifying a compound which binds to or modulates

the activity of a protein according to one embodiment can include (a) immobilizing a cell
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anti body ("a reporter antibody") for detection of
bound anti body-antigen conplex may be used. [00317] In
wa eovs/opised erred ELI SA enbodi nents, al kal i ne phpephstlaset5715
conjugates are used, while in still other preferred
enbodi nents, horseradi sh peroxi dase conjugates are
used. In addition, avidin/biotin systens may al so be
used, particularly for assay systems in which
expleBfifE AR obdiFNRh sPNten ARG embddiARLS, @51 Eyﬂgé'rfgotrh ltlgl? with a
in preferred enbodi nents incClude, but are not P8 € &
test cgmpeupd and {Qedetermiing evkesker, the| feateim bindh os phatas esmpound or
; L0058 - oal ' 1 xt.ures of
derlninng Eretl thef?%%?‘?f;f" SRR SARE, M Bl 252y
syd0@326] i n whAi oletheedsef| idengfypyeoa tutlsicudcid hodadnlet &36ociated with a

- imvent i .0Eovi dags enbodi nents pf nmethods,in i ch the,
disol BT LBREN s 5ot IR X Sl dF et for g s soglisorder
accmmg?ha?g?diﬁmb oasha;s:laendbease iﬁ)ﬂ?&beﬁy (p&:&ﬁ:.g_:i Eanfpl€ containing
evel, 0 [ ng in,the presence,o e candi dat i
nucleftid Pioleab B0 2 BHGHE ofh R atee deloP PR Catdriabsysiom
accoadingt erabbdif@ntsneb)l ey@hcitfy shi kagfleewRhes ShydidfatibACprobe that
first tant formof the nmenbrane protein.” [00320] %he
coniguise? MRAKC Sfauenes insicarve ef she f‘gif’édeéx% gisls ifem deteloping the

disokd@ drdl RYIdRlecHBITKAREHRI & D miklelci&d 638le Y iPGhe sample that
rformed using any of the nethods and techni ques

hYbreﬁ’&ﬁh toibe pyehe abarebyt ideptibdag eknvdleie afid mplscule tassociated with a
disoFle?loR tRDdY; i i bR R § 48 8%
1sof I ugr esceu}rl?g:eg{, HaIQ’lIJAr%et ﬁglggg{]%g?)p?ﬂa’g%ofggtd ?‘\%&ﬁ{/ﬂ@ g%gl or (gfﬁ'ce
or [&P33hbi nalt oecofdangio withnowetlsr tedmdith®0324] pharmaceutical
[ r.tai ' t f the inpvention,.,the.
comBORAL T S8 s AlcbegRBOM, B, E anldlfy AVSDRRY ightied o
describhed henebr ander pinobneienticdlypffeérereabtert he same as a

Wi |4l e epitape, ,i.e._an extracellul.ar epitop ound

on [Qﬁggﬁ at ur taﬂ |agy)c-°5%“é‘ Gt I‘“Iulilalé ¥8 Fl??( <S§rbgdimpnr, r?er?iﬁ‘g‘?f{e can' nclude
addipp eteffactdfe anntuer efit. ledsWbah ptitnavy shi@ytaadha difectivd dntbunt of at

any theary_ of rability or the like, such an
least 9o SRR A REYEOLIR Hi BRETEY 2RH0oRUBEGS dp tt getrecelular
epitapd &f ail’hgexfgbfmile @E&&RN adahs sécﬁn@dr?taﬁ'tiBoc?t ItSiﬁﬂi %H @betfl_cr&r anltibody. In

exanpl e change. in one qQr npre o e functiona
e B By SOADIS 0 0 1 ong, O the functiongl T
lumBRédedtd) lral(ﬂililﬁhedi}iﬁﬂ _Ei%)ﬁ)rB:fncE Bea :CBI\AQHIa'tit@H of the or more, the{eoé.

ex ul ay epitope may, alsq contain a tag. Suitable

t aé@%gﬁe kn_ofﬁh ASEHRHRG%i WA WothsT  sreRedigRRY, |8 intpgreh gembrane
prow@in! can’bPal tkmblAk | i¥n RLSALA S eth 1R8rdafke WS &r{b(tlﬁ_%) gx?lgcgﬂment, a

met hods of the invention is a hemaggl utinin ;
menyhang ion dapngean ke ersedmn ghaprebptparsinmuthanndoamalnigd channel

or alhRridOchfinelay replace a portion of an extracellular
domai n t hereof .
[00330] In accordance with another embodiment, a primary or secondary

antibody can be coupled to an enzyme. In accordance with another embodiment, an
enzyme can be selected from the group including or consisting of peroxidases, luciferases,
alkaline phosphatases, glucose oxidases, beta-galactosidases, or the like and mixtures of
two or more thereof.

[00331] Other applications in the tissue regeneration and engineering,

clinical, and research industries include, but are not limited to, tissue engineering arteries

86



10

15

20

25

30

[00323] A nethod of identifying an agent that alters
the level of surface expression or binds to an
we@xisaeskd ul ar epi t ope of a menbrane protein i PCHUS2006/045715
manmal i an cell according to disclosed enbodi nents can
i nclude preparing a first medi um contai ni ng mammal i an
cells that express the nenbrane protein, adding to the
first nmedium containing manmal i an cells an effective
and PG o Pf ifda ggpt t el ]
t he pres gﬁ?e&‘%l?gjtlﬁe}%aﬁd?gareglag(gg%? %%? tgﬁglug b vacl veins or
arteHeS RréRt ¢ implantatiom @ygppmrazcaonchangemo t@nﬁb@dspmnﬁen, prior to
r opt.a
imp BB EB: Rl BB O T By o e Soronary
hembdmlgmlce fat gl‘mg tissuse eugmaame:l |0U|1ﬁgerﬂ£utécbﬁﬁeﬁés A for training
HIE e or g%e n and determning the |ev f blhdl%
sop ROV 5 & BeBehos B RSB E O pHESEHOR dpBHTe i one dynamic

corc@piyt eypérdrdhdnd \bir RghdrierphéraDirtaikal Qistle reao8 daloth2@ithple may
incl erein a change in the Jevel of hinding relatjve to
incluge tregfing HHPEETe’r FHAt ViR geraiNdd: er gisitbiamolepulas feerapy in
conjutt@dn Okviglr haREdEMRLES SinfNariin Bﬁofre'?br Qﬁ&apé'u%‘be' ilteNention.
binds to the extracellular epi tope of the nenbrane
Embgdiments off tigagaienn captpierids gecidaieetnd pepcishecoptiel erf cehysiologic
para@etés gﬁpﬁﬁ?ﬂaﬁﬁng%ﬁhgftxséd%t £ §1§Jratll<ﬂ'1 4 &aézqggn%er n mdusmes For
accordi ng'to one enbodi nent €an i ncl td i
examplaptee gl‘Q‘W aragybt amiticredadi wighendro dieln rhfsmociyb)mlc stlmuh ranging
fronf Q:B}cﬂfa h%?&'f‘ﬁ'n%nlé‘é tatg ﬁelf QIR{Y rmc slglm li, such as growth
sel ect brldlzes tot ene 0 est”
factdrisrads blecﬁpp ied o exralivonathe steo) Cdkstte rdmﬁferemmgatMVdsarlaﬁ ¢ells that are
ridizes to the gene of interest or binds
pn£%8gH§HE%P8 gln in the sanple. [00325] A nethod for
[ dw&myl ng Ehe ospbuied ofihiahhdid dasdutarOlprosliistsata@s dapsble of
rov&& a at rotein lﬁcc rdln? to one enbo ne t can ..
profiing Blsteld) “RGtH Frdi MG <cusnfaier SRR FepHat Gon rapidly
occludle &e&ﬁgiaﬁﬁd @e&bﬁlﬁdﬂicnwhﬁd}lﬂwﬁw 1 Synthbric %Nl&cérhﬂg hlsrkﬁeveloped
cell with a % ﬁ conmpound anpd (c) determ ning whet he
at-a Rty BRes: Ang eHaes [y eahEr ey satephBotriacyded diedesHns qudlfferent
graft ﬁh@te@iﬁfs%ﬁﬁ thé uIchi%chnQ%%n@iQﬁRﬁH_ eflt th@t@nﬁQ ik Vit Yre@featiinr used
L ein. [00326] A nethod of identif g a nucleic
to scalthe HiSTREER @ e STS WRIEVARF blpos Iarsdeam dhe wssel. (Sauvage, L. R., in
Haithd6i0f Ief YAL.NGdQ, %ﬂlfn%%m hayisngaa SQ}g%P}F d@trh 4., alt99£ k['z{gﬁ’}’/ only

devel opi ng a di sorder accordi ng t nmbodi nent s o

polyethydanei smerhthalptgc (RAERQIN) pndc pnb'taraéhlmprbeehudem dTBEFBYN) are
appaaugd 155 emagraﬁﬁlr& WhEs é&&m&& WAL §Gt with or at risk

of devel opi ng a df sor der in a system according
entf¥dBHent s, Evdy) so ontodegoln graftyetil carp lcensidaréd superior to synthetic

ones Wk gl LR} b cﬂnﬂglgllp ﬁn!s:%?t 15 91?2&'1’& aehu%elr eolf fa u(:)-aldann-thrombonc

sequence |n | cafive e dlsor er or ri
substhages) van@e & e b}httso rﬂdwr suafack (ha)n Iﬂlletm@tm:dgastdl éorpiodsEf eenthetic

qeul e in
prosflesd; LRGBSl s BE aPebg pRERT bPgY A aphttsrely provide
tissuaeuxdahi@foemsé & aﬁshbgbﬁt \&@lctﬂdrttﬁ’arﬁplants, and improvements in the field of
synthetic prostheses would prove a boon to many patients, especially those requiring

multiple heart bypasses.
[00334] Another limitation of synthetic vascular prostheses currently

approved for use is that the caliber, ie., inner diameter, of grafis deemed as acceprable
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di sorder or the subject having the disorder or at risk

for devel oping the disorder. [00327] |In accordance
wowRaR/0erset her enbodi nent, a pharmaceuti cal conpOBUS10061045715

can include a therapeutically effective anmount of an

agent identified or described herein and a

phar maceutically effective carrier. [00328] In

accordance wi th another enbodi nent, a nmethod can

musk rlﬁ:l MAR.R AR, RN G{%L%B! rf fa%{mt!ﬁm n8f saﬁ%fact?%rs%yrt g prosthesxs

rlnarg ant i body and an effect’ive anoun
havisge asbiberriztiowy 6ammi bty jodwh érmi Smuvhge, PIGGNET usathe xb:@diyor smaller

ellula e of a nenbrane
e et ol SHECRIEL LU S0 LB AUIEEELENE o coromey
bypam,t obbalwe. périphaed crataialk ecdhdstd’ms dnrtdwehe RABOAF Rk c@ebrovascular
be nmeasur fl uoresgence,

di
tree) TrH{Eh SRR Sl A B oY BIPEG: SR bR Cerppagable,
COI[IﬂIBBﬂII on of ﬂewno eali’@rae dliskL0bs &0&%@%&& 'Eave reported the

rdance mntF ﬂérgpbo liment, an_integral
occsﬁxg SRPEBRER 8f RAChFS ealls srewinghamnbe wallp of synthetic
vascﬂIéE %Eadﬁr@% VW‘iJhetaam Og hessc. eﬁf@é’@l@%@k67 ald@“’@&ﬂp th!aloﬁ Vasc. Surg.

can.be a sodi um channel, a potassium cha

nne
19: 555 A é??ﬁnsé‘h gnilel] Visc.aSuenl B7PEE4BHEARe Sevdr§088Hs hane suggested
that@h#K %Fﬂ@ﬁ&ﬁcé"éﬁd’bt%ﬁh%ﬁn%@ f{gggitmar WOIn{T%Xsmurfd microvessels,

. secondary anti bod % can n enz
Le., sy dlepshvessely thir infibtdie thecarifo maﬂemd thanoegmmhmlvbefrom pre-

exxséﬁ‘é Blob& q'esfsélg’(@ %hélﬁeg WPl Qﬁ“{".ﬁ]d?zﬁgolo ﬁ’ﬁf Qﬂf] 431 M‘;}% &;u et al., Ann.

per oxi dases, ferases, I ne’ phosphat ases,
Vang Surgod @1 tr)w,df&@é)s Hdyever, gdieasttud@ diasaemdxoaredttha ak ldss sam of the

0 0 re .t hereof 00331.
cad B o Rl TRk Bl DR off SRR e grats sppeas 10

Ong@ﬁgﬂ frewy blngd-boknmwﬂaIthatabtdamesﬁameﬂ tb nHelstgstlesalls (Scott et al., |

Ve S5 5Bl 26801 L 001 0 BB SNERATY g v

Surg épJSGZ}%VE ne9Rrehitet al. 1ji V@c.@ﬁrg | 357362120 399 FAA&GY dr€3. Tex. Heart

o B BRAR, BP0 00 LY R0 SEUTE e B 7o

phesynhadinne pilkedOfalldie esdsh@Rligaidngi Mék@glﬁzci‘fﬁﬂgl €Xhas been proposed
L Eronary hempdynam.cs for romnnghtlssue englneered or
that the, srelaringicells that giee gireiror edotheliphnfasgingmphesiets: prosthsses may

arisecfforfi@hd BSHd MGrr6&YPARIhEnPLLENDSS, I N preparation for
the harsh and dy nan1c coronar énvi ronnent or ot her

pel13A%r al Alodesd circpleueg sad giadrrslls Anen been okeemypdeby many

mve tor (AR LA, S1%erRD 20658967011 9¥& 1 Bl i L1k &eﬂe(]; Clin. Invest.
or ot her bi onoi ecul ar therapy in conjuncti

92: 6% $70: h&He Gpaeasi < abiThrpmbpynisemostatiot T HIr BpelAR)s The latter two
of theédt Pr¥aaL 'e@iﬂencgnmg'cmgéngo%nJJgﬁelﬁy%Elﬁ%ﬁ?ﬁgan%rfggxlndt e walls of
pnysi ol ogrc

accurate and preci se contro par aret €
blooﬁdiessﬁﬁﬁ p(ple@fﬁele@ﬁ’s 1992t Rercivplésserenl s 4920 enrat therstadydof Asahara et al.

(1999 RS viercP 8YST Lt &Suink Udothelial progenitor cell that expresses CD34,

an antigen also associated hematopoietic progenitor cells, and that can participate in
angiogenesis in ischemic tissues. Whatever their source, graft recipients clearly would
benefit from the development of treatments promoting the deposition and outgrowth of

circulating endothelial cells on the inner walls of synthetic vascular grafts.
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exanple, to grow vascul ar grafts seeded with stem

cells, henmodynam c stinmuli ranging fromcoronary to
weospbsenl arteries, as well as biochem cal sPeTuUk1006/045715

such as gromh factors, can be applied to condition

the stemcells to differentiate to vascular cells that

are preferrable functional. [00332] The surfaces of

synthetic vascul ar prostheses are capabl e of provoking

pl afoes®n] act iMadibwnofafd Klperd: Goao nef.aticn ‘
qocloLs that can rapidi ocel ude the g%mo? tp%sel%es of "Edothelial
Oﬁfgéqu%tvaeouwgnrqeﬂ@ tPRsPefhes h%’? ipe¢redévised decimcansing the rate of
enddtillibs-aR8s geV i and. eff or.t s

to ensure thei fﬁglgggtggaﬁsgv'g%%cﬁag as%ﬁd1n St nlP o‘fnplan‘ with
autggenpay éﬁ‘llmb? afm, adtwred @ndotheliumher bnoé usar@dﬂWOEEells (Hernng et al.

i 0 i eri al n the at nent
Surflly 4 PR0ROBIE AdBLER' &1, 1 SBeashE aDL57 S0 W IRR ksl oo ot ]
Thq)xJ@gg,CsfrdmasIch%lrgewe'/Bb 76§alwa;gﬁazzlucotah etiall, H&tlmg&is 19787-790,
ed
19935 e LR Rl YRR MU 200 Ui e, 1996

Onahrcbtpblfwret\faaé | Sueg. aenhyheneméﬂSEﬁum ofadh@scABBHBY, é%dhehr)é been able
Feder,al Dru r%nl stratjon for this use. 33]

e Er\?81‘“a§e the 1 81 of8Rs Hgmedyran; anHP%mé%sP?F@FSeW for complete

endstlmhﬁllzﬁﬁoxﬁ OwBH Nk hedrifle@N @SoddbGE ST LRI {ha? NGt BE! idleved with
(}?{‘H nl% %/ggl ch secrete a number of natural

embadiments phrhs syTtemagerifmgceshe igvevicose a far better flow
surfbeszs] t han g e, Ea@fdnaéf eQ&ﬁPlaI)pémE&Hmeéaé O%BQn}thﬁg fu?d methods

pr,ost heses. Unfor unat e
desﬁ,éﬁ ¥ CBF{%‘&PU\?QS{@’éhngp#) 1 d¢viermand mlt dbkaepyf X hybrid or

conﬂﬁ@atioﬁ @U&ﬂirog‘gﬂsi Yae %letﬁ 1 a
cl’%on'pr ovenents i1n tlsﬁe fiel dfs 3’19 ge?lita]?‘wla{k}’gcepr‘gs yl%md Yescular graft is

B P pb@besyat%@nmtﬁrnhnyd patingrels, dspoalimehy ohasebrid or
confbEthiioh i vAG. ! prlvﬁhgg@ bk d@ép f2p el%mbL(?' t(r)%gg Mhﬁ@\fafsg}dar graft

limtation of synthetic vascur ar pros
can ép peodertdfusingesemplary ha:tbodxlfreenaabf sb&éms lané methrﬁlﬁﬂfescnbed herein

d bI t
(e. gr F%ﬂ?és%ﬁ&h% (’%fég%e Igc\ri}gn %.Fglé/ e aﬁ gr texs got intended to
be sgdimiielabereby synt heti c pr ost heS| s haV| ng a cal i ber
1996). Thus,

bel siy36, MM exi s ay (.e. Sauv

t hé negh for %‘snérf og fm‘é‘zﬂ q(f é‘l’%bafiéffstcg a §ﬁ’é‘i 8 e a Synthetlc vascular
grafu I@ gl ﬁnllhbledcorﬁbﬁﬁad tie g nng@ll‘s qes., mbi&%&lﬂ)ﬁ Qb '&@n reduce or
elimi 8 %i corona % %{SE@S‘%E have peripheral arterial
OECT %??g BE[FIWS SRAeIEe PR drigs, sedush sBhssqesHt gprgeries and

mort raeﬂ;rat\éljd ﬁ:ﬂedﬁﬂﬂirﬁadlsi%l |I!’or°@i:|a}n9ﬁ:r R AL DG 56a 0 Exﬂfxtﬁiment can
[00335] "I n recent years

ese e .avai l
recof R ReGr FRYEGE PO S Hisps cPlisonhedunsribnolomistbstal cls (o3,
ev1datma&afyalEHIEchfradaﬁisﬁhﬁ%xﬁfesﬁ&g %ﬁ‘&ﬁ& 8t n?e@woilsxgl O\Aijl'Qeghmld graft

b Fe wal | s of . synthetic¢c vascular grafts (e.g
embgdlimeny cqp, sgplic ré-xe q;glg.ég:}g plogiofmction cqftlnexug afteriesJand veins

with/as@larSeng. Fd9n85; el |
g N 736 a3 o 7) art g?lalgdgl?% I%gré bﬁ usecff:l fo5 the difficult or
prevmgf Ré)amb e small diameter synthetlc grafts (e.g., 6 mm or less, 4 mm or less).

The hybrid graft embodiment can use endothelial cells or other cells (e.g., stem cells) that
differentiate into in endothelial cells that are attached to a synthetic graft. Once cells (e.g.,

endothelial cells) are attached (e.g., as conventionally known) to the synthetic graft a
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that this graft surface endothelialization originates

primarily fromtransnural mcrovessels, i.e., tiny
whb@edeosessel s that infiltrate the graft wall, P@ntiSioh&045715

originate thensel ves frompre existing bl ood vessels

(e.g., Cowes et al., Am J Pathol. 123:220-230, 1986;

Wi et al., Ann. Vase. Surg. 10:11-15, 1996). However,

ot her studi es have indicated that at |east sone of the
funafudal &ating(d.g.ad ¢MueRSAENSIEydrilof RI1ELRAbwS BYTRD L?bz@é rafts using
d4i g(%lg%hetl C vgscul ar grafts appears to originate ront
IsCsgOEstssied cuthedsiaas Figscms)-at t ached to the vessel

walfbes40pcot t aAgtodlne: td e. r 9: 285- . 11994,
Shit et B J Vaser Sir g@ézﬁ:”%‘ggﬁ?‘é, of o8 gido visgular raf
(combigaen S}gu}ig;c vaed@28188Y or t@9b6inaGhi netdical dedceyasein be used for

syn‘cjﬁ@g% va;é@gxgg}gf}géjésgigél;z#mg%[sfaxé%lgéﬁngfl) Eclf%%%%gs Ebécg%bqa;cﬂ?atr graft, 2)
fempial Sitteay (gadfs anddur, 3)1€Q6h)ry Bipass ghdn orfeddition &RpRey uses of
em 'bg%lnqytofe?]d t.hel if?l l zat | o " Mre specifically, it .

as been p 8’%5‘ 2 15A7 1pqhRAeFr R ATY T PRlACSEanESs Telpk Ofyphssructive
disetise snetifysandpiinalduala epat, AGBoAlcuYR Hehsa kreRirdS RS $ESlike,

may arise fromthe bone marrow (Hamond et _al. 1996).
[02@%‘%@? | nde Ht,e“tr‘j]i dissgreadinsiefcetratphred AaterigbPissakdRAD), which is

the beibhup b £k vaALONrt 1 MRt BRLO 6B tHASAPRLR it
§Ci/a§§§e 275: 965- 9%?, 1997, Perci \Q/al_fe e .u%hrcﬁaﬁ‘nﬁ’.t‘“gbl°°d
supply,\Aog atherpsebisgsis 7 AR 9B; oagap igydocations, sudth e whwsidsartery, renal
rteFREIRSErAS SfefibraiAiltety 2P | t hese. .
’ e}pj?ovj de _e%’/i g.en(r:e‘ t hez;:{_;t'5 3%?1%1 c%l_gﬁtfr @gérﬁ%%{l %&%Ag{é?rf)ss&emm 152
chrogi giseest & Whish thirkewak) kardéning, cod lossd elasti¢iGeof ge @terial walls
&l in imb224d il | -al .. 1993) o and the study of :
sl iy 921 R ELTE B B0 R0 D62 g
angigi,rhigh blopd gresvwdethigh cladlesparolgbevirt @rack gdtfokiehaid SXBRRGESES

ant4+gen al sQ assqci ated he opoi etic
or Boa B O AR o R BRee fr B surgery. An
exergplgiyodpesestypassrgrafs chiense ©nt bgpaseso coiaérahie intbhRl mammary artery

Qur ce raft recipients clearl uld benefit from
R T R AR U AR
righaeutonarly gi@yy. NAGhaj6i noté 8f iraGmRALRE REIRhs B8l Idfe QBs &6 bypass

|Fner wal I's of synthetjc va?%cul ar grafts.[00337] In
O BUTSWESTY tSNE YU grscarit B¢ onbot i ¢ properties of

enfimBhsl i al FHbew U EaeRRg¥Abl BHRURNPEL] TPMLic vascular grafts
. lg*l‘)spro ch_eéqhave been devised for increasing the rate
incl ”é?fga'e’ﬁ disafyansers fudt assaer isempliarge ¢ &5 rigithesiee mismatch and
viscdelGtitlEle $EL i AR deDAlirl O dishaffbe t B; jcati
. Sce dc;t_ﬁgl ium 1cL_JID?I%J|rted1tcse’ndc§t hgl % ?rs1 orﬁb%g}é&gn‘gglr{ﬁg\?v %oéﬁl[fhscamons
incl ’F‘i‘ﬁnﬁ]gh)ﬁ’Ff Pdpsia aanefeqnpoBy thogniggis, rey9@dsis (tipttbumele) ginfection,

bactéia cSIOhBSHivn, 1@kniion 28 7, tz@t al . I
3¢ Thaof ac. Gallrrai ovasco. .Su%l.p &1%43%%9%5? a 959215 also”fail because of
complgnge sysraitkl, sach ad withjy thefbulk garsial, % ivVi8 74 tHO OyruidddBdtachment to

he NMRLEDLV KLl o 1. Organs 19:17-26, 1995;
e RO S igﬂke S’%agh.e,an?%g{‘?&ﬁéd. 2:90-93, 1996: Onuki et al.

Ani9034dse. S%Ihkg)modiﬁlyliif bede4Bgraft l@B&)gh amri:&ri.@fvehbﬁﬁ@w shunt is a
ave en aple to repii e el n vivo
foop Ecg% %%%Qeél e na{/r?err%ﬁ ﬁtveWe%@Séﬁrt@Ea’é?ﬂys'c Srpreamgple, the AV shunt

can be located in the upper arm, middle arm, lower arm or combinations thereof. The

blood can be transferred to a dialysis machine from the portion of the AV shunt connected
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endot helialization with a confluent nonol ayer of cells

that can be achieved with enbodi nents of the system
w@ewsneisey to the invention. [00338] One appl i PEX/USW06645715

exenpl ary enbodi nents of systens and net hods descri bed

herein is conbination (or hybrid) nedical devices and

cell therapy. A hybrid or conbination vascul ar graft

is one exenplary medical device. A hybrid vascul ar

to the aftery andaet@raid RbmbeendialyGt RElchfne"RY Ble! HlrtiBRbf t!h\él AY shunt
cells. Enbadi ments of a hybrid or conbination vascul ar

Conﬂ?ﬁﬁt £ Ve'Aow be descri bed. Enbodi ments of a hybrid
vageusas] 9r aéien&%ﬁ‘mﬁ%e@%‘f | gg&ﬂo g%h%gscr ?’blgg& ke the material is

enbodi nents of ;}/stems an erei
non{iying or mpyhiodegi 4189{ thboswbsequendn fah‘bﬁldus&’mftremfosﬁheof a treated

Y I not ntend tp be so Limifed
b1°dayh2{°§sg§ Arspals) B s o Rent oFog” fsﬁﬁ dSie clrpbess,  and
strugpea‘bfmgzhanigd faihgy of ﬁetgraft uae}ﬁ:uikar graft (e.g.,

Si ined with vi.ng ce

bi h) ‘E"ggl)r i al )t KRPRHR ?’%ia‘tfb’élga F hr‘?féFF Sreke Grmedontder the
biophlygicd ostvirpndreperitepgaé @l @EU@S sudhCal) G6r SHRSSIEUBIRM cardiovascular
surger i,es and nore_accurately reflect human biol ogy.
SYStERy ! g‘(‘gfﬂﬁ Sémullaﬂ8“ ﬁ%‘r hef °%®Yémwl(%nfoﬁﬁent wall shear stress,

stretcR.Ccidl gridsadel Babo¥@ndnt\of the 'P?IQHQ Arercufap Erakt' Mhg daggJ:eL%d in vitro

can be functi onal endothella ., evi
to BIR LRI tsloshalial ells pe ghe é%@slrlerssrafmuffa@f(p ke sulpiar structure) that

can AREARLI W) waslide dWVipdd 1911 abé‘éﬁwﬁdm&# nﬁ@fategaﬂt {eggﬁélgégs cannot

t he, ori gi nal physi ol ogic function o Iving arteri
grow, fefls\ant p¥asgilen giafisleytlane Buictignal rﬂtldb!lﬁleh'c}l Cblhsebéltyimmsdetch devices

ro ete n sSPrarn fie ougaff
p &E@EngE‘JS‘QQQLF@rH tef Qc?u LLF gg dI qgi e ! lxlﬁg:f'logv a?%fl{)gr devices

evi y |np033| TSt et st
Prodg’éegnl}’?eﬂ lelriWIdmtsrztemin or Iess) The hybrid graft

t t t her
errmghﬂen C%F# E Cg #da aécut?araqr% ﬁr cl;,ﬂ?lou qﬁe; traxn w1th regard

stem ce
to. aqq‘.‘an@ltﬂeialtlaie afel g&ftt ditaﬂixsf&ﬁff} aadjmaetie dntitordn &y rﬁfhf-‘kﬂa& and/or the

dynag?1facaﬁulg %F & seaseS i’ggﬂg/renetrﬁln%%ighel Is;l#o ellyr|1$ drach r grafts can be

develypred hei siee g:reaEf tl'aﬁ lﬂaﬁﬁﬁ,l nralsoGoatiza lmﬁﬁoﬂ less &GN &M mm or
romn Qn the hybrid grafts.

f ]
o BRI e S5 2 P SRS S B e i

redu&@on’ﬂ 9 ac[u@@é%ﬂg ﬁﬁﬁﬁfgdtlrﬁsg ehdbtRAE] O I’g@g}h Qs &ha ultimately
bri d. vasc raft conbi nati on synthetic vascul ar

differ S19) ingp cegntieHaltse0h hsariess fecHesel endotbelinl rellushat line the
hybﬁ@gmﬁynthetlc vascular grafts for sel ected uses,
|nclud|ng 1) henndlaIyS|s access vascul ar graft, 2)

f eGP 4l ar t Pye pmtfodiraent/ of B )hybuodografty chy Msde\g:laffeﬂ using a
syntfARiJab QA grift ?Ml@e@ywﬂﬁ’ SanPlelf r&}qg W I5Ph $n Qh é’ %’; ‘Irascular cell

graft can & ncfude coronary replacenents,
origig b%t’inub?m%gl‘éh avased exprsed yronconemdled | hetxrmlyﬁanrce pasurit;mg in an

exen{ﬁ;{r | oy As CWhAr ndl-isase l Lk 093 %

tgr |%a di seases ?ncl H%Jes‘[%féngm{?él?eaaf ; E)r R a&xsmplary
emqu:mgxt ofshilyridsvascular graft with funcuonal vascular endothehal cells can be
used as described above. According to another embodiment, stem cells can be extracted
from the patient intended to receive the embodiment of a hybrid vascular graft (a

combination synthetic graft).
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the build up of fat on the artery wall and narrow ng

of the artery structure limting bl ood supply and
w@rdweneses er osi s. PAD can occur in |ocations, BCUDOSHE6/045715

carotid artery, renal artery, iliac artery, fenoral

artery, popliteal artery, or tibial artery.

At herosclerosis is a chronic disease in which

thi ckeni ng, hardening, and | oss of elasticity of the

o348} wal I I
5. ir o, " vate ol SeHpbiint R plReing OB eld Wlatdebraf, o plovalicy
of qe Isu lﬁgd an@i nafachpflh yhdwtic mrafssudxdzmdhng hmaterial (e.g., adhesion
I bga C S

prot%n{s) ﬁg%ﬁfegdm % bl u ?l;dt & Ec»aé f Etﬁlﬁ%e & t(ﬂle § %&;8 gé%b i Safﬁx the

Treat nent of suc i‘'seases caf i ni
plurehtymfaﬁkls st aperher earbodivmmp farr prepariry aehjdwm&sc@iragrhft Ceaching of
pass to connect the i n ernal nm artery
the %Iﬁﬁhé%[} nch“‘%f‘ PR’ Sé‘F?‘“‘ GHEP ¢ é’f?téw () e Sn'é‘abf%’efed“ce or
rembyq)d&mdcasn}bmﬁ@dimdlhg niddriad Eﬁcl‘hﬁl@ widhOplhsreOfreftdedts can include
A, maj,or of treatnent for cardivascul ar

OXY%FH Spea%%% gt%vr Hﬁc}W%Faégsn&s % Agyde and @EW cogtajiigg plasmas. Further,

for pylptcnaflucreviadedd @TRE) @k ePTFE) Q8ARInidA QB YL gen plasmas can be used
andgl sadvanta es, of prosthetics or synthetic va cul ar

FORRS canky WBQC??EYYHB Amass ad aiteresn Bagyes o delpHackirapodhesion of

pro@meﬁhaaglrgqeéegg;) rigid), size msmtch and
vi scoel asticity, and bioconpatibility di sadvantages.

Bi B5AMat i bi Addificsgmskerepletyoembiodimente ¢hmiavaeds for processing

bionhé I I St enosi
10 i IE%E?% rﬁﬁpit lgﬁxglgate@?ﬁﬁ?t@’goﬁﬁat ogl(ls:t g%pg(gis Qe i }hy%n vascular grafts) will

now, eI atbiedn or rupture. Vascul ar grafts can al so fall
§f of capp ' t ych as thin
‘ rrglt erj aﬁ \%v%t ﬂl n’t qu)ljifur e&’ %,rré’n‘fpaflggt?webmmaw”al
mte@d@ﬂsfqrngnylestsébn oint@ta trhewroalast a:ﬁamtherebf)eﬁiﬂélhcléde placing the
t. t hou an arterio-ve

: halysis access f us . .
blon?igg)aq lﬁ a¥¥stem accqrds ngx% 1;l1éx?etutso th érhvegﬁo%ﬁré\r%}l iGlent time prior
to 1mldam:a(len g:f thd biotraesriabity) theﬁﬁﬁmﬁ%ﬂnnln%xeﬁlbﬁrﬁ}ﬁeﬂmdr@mbodxment

can tedl t,he u rm le arm |ower arm
of PR RATRERITRY T ACCBH oAk fo BV HSAF B i & Py e+ body
can inelude @lzingsihe biwaiend ih raQ%tExl?xeacE&Hldgod& cQ&leQ& eAYo it prior

nnect ed the artery and returned fromthe dialysis
to “?Ilg@?ﬂ"“ﬁ%“f’ qFH’é‘”Bb‘Ff‘?‘dW"dﬁeﬂ?ﬁ“AV sdtedsit connected to

t hﬁ)OB@i]n [ 0A34hbwot @NESuld 46, in Qﬁgﬁﬂa}@ﬁ P rh%mg systems
di 1 aryﬁthe body since the material is non-living o
isclptsd hsrean §ge- c%ﬂ“e”éfrﬂd 1194 Sorstensiag os prosessing ¢ b@meéwdi now be

descﬁBe&'NsséHo%vrpm Iﬂgﬁrreaat el @%’Mﬁlﬁ%@ uchi AN S8R rg? g, HRM a1 cells,

§I'T00t h nuscl cel 1 S, Sstent 0SI S,
Stems%eIl carbe Melvﬁ% wathi 2 pon-biematastal (g, gspithenr giafip (block 4905).

The | dobbindtf4348] théh &QN 15&31: pin Q”J?r%l g%“'b? °£e15l¥e% {:gis 8f dynamic

grafts can consi der bi ophysi cal envifonmen
condgiqyst (e, Iselegred systers u:gtbog{gnedtdg 1&8@artploek 421®. The combination is

thenG2 é@‘é@sc&llé S in ud| ng. si,imul ati on, of
en ED éynam <L ed. cyrs E’ar%g%lrllagc& :& nfiltﬁoﬁle%r segies 8§ §on¢¥tlons (e.g.,
hemodynamxc conditions of an abdominal aorta) (block 4915). 'The combination (e.g., a
hybrid synthetic graft) can then be continuously monitored or periodically monitored for
desired results (e.g., generation of a confluent functional monolayer of endothelial cells) or

for a selected period of time (block 4920). Optionally, the controlled dynamic conditions

can be repeated or modified (e.g., "dial-up") according to feedback (e.g., FBj(t)) from the
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stretch, and pressure). Enbodi nents of the hybrid
vascul ar graft can be processed in vitro to grow or
wao e@sneasexiot hel i al cells on the vascul ar graf t PEGVUSAOE045715
(e.g., tubular structure) that can function as if it
was in a desired in vivo environnent. Related art
t echnol ogi es cannot grow cells on a vascular graft |et
al one functional endothelial cells because stretch
moni€dted e(SmBi‘n@dUﬁ? Or @8 kiviforhéX baleDed RELAE 9988?% SWh@ﬁ Phe time
fie t hout applied flow, and flow devi ces prou
perigfls ba"ﬁ WPERA 95 epetshare bean abtrisedshe f%@dl?t]lorEnetmbh evented from
the @éledﬂ&bﬁ&&n’ﬁ@%@fihx@{on%ﬁg §iPniA0r kﬁlbéﬂ 48y § r %‘he C{ng%gg% corgbmanon

regard to- a physical nature of a gra
can g rHec lreplonted nive At mahmal. g r B nmnhbd)rerrtbbduﬁhmasﬁ Big. 49 can be

perﬁ%w? n BlontiS8aSQonfurther, embodi ments of hybrid
vascul ar grafts can be devel oped at a size greater

t hd®0363n bu ﬁnaéxsmpim'y anesshakeribodigent 65ronfotiy édfothelialization

I ar, l ess Ihe kea have signific ntIy
of a ‘%g&dar r}%& SKE Ui udcf*l g'é’i“ﬁ@ Fmg I’i‘rlg Qf ‘S{}Eh‘f ligf gglls'on at least
one rsetfauetqfomas&llacgtla&mﬂ (b)/ pIaElﬂg rﬂheﬂ@as&h@r ?ﬁﬁoitnhﬁL s@kn according to
[1s that ultipately ferentiate into

temc
d‘SCf“‘aJo?S‘ﬁ e e fandieiqns é% fersive G Ef?‘ﬁﬂ‘&lthé persthdial edlls to form

a confthdrts nidillayel B8 thd\@urhybof We 9hsdlithr %I[aﬂg348% 013
€ devel ope u5|ng a

nt of a hybrid graft can
s;)g‘fo'\%éﬁc vaSeEnPEF )éf!{et}md(ﬁwhpéernmttqf Csaterlg a:'edsttslar(gsft with a
confliSenk NAYALIAYErt B cAddthelBd Fells ¥AS Gil1Ade ?aﬁ Jp rﬂ{)&ﬂéﬂﬁ a pmrahty of

ngi_obl ast ) and exposed to contr ol
end?tgggﬁl £5 lﬁgml a4 legst @Wﬂgmgf ag&fagffu(lar\@rqfn ahdrﬁb)t plm% the vascular graft
in a%§eH! :ﬁon%ﬂ%?&@ﬁhée@l enfod rﬁent?ﬂﬁge kEd rq)h?f;eéhvcet fopfqmote the

efrbodi nent brid vascul ar gra
endqrhelialcells terféonrvetqdluemehﬂosolam drethesefaas of idmorkded grafc. An

exe . gnat hﬁera earrb di ne stemgcells ca
U AT DL VIR PRSI SRS A
endashtlpd pq!ib man oficladé o rundnv!ahauk arplafatity of Subi@iematd®Rells on ar

t h aft OO 4 n, enbodi nent, f or
s ot Tt e (P aPing s Fosciop Piiinia §7sgm according to
dlsclowldl anb@dszeﬁtsxeﬂaetmoad&wn% affecdfe & pYShbRL i GEAT LellsAo form
prot ei ns,

teri dheS|
contfieif 5ie 7 ) °t e BEr0s bt qwulr arfoard & elasinerthe vascular graf
in arsgmrfubﬁhieﬁt Qfaﬂfsforh&eﬁfﬁels&n{ bails b Hffﬁl‘énttMtqut&éuoalehhrkells

b?gsr Igl ment for prepari % vascul ar

@ let chi®hg st ple Sthedembe gﬁfafttof@awnpﬁpg endothelialization

of a smﬁlasga&cﬂaﬁsmad@(a) Bﬁ&'bgihgﬁlgaan}qu& g}%f hﬁ%p{t@xﬂ e@nﬂ H&FS on at

least O L €OVe t he nggessmyo bi ndi ng materi =

cast, e ﬁ“rgﬂ%ﬁé’frﬁ VEsCBEF BEHE 8nd ) pulawmgurae V@%y’ge Eraﬁl iassmstem accordxng
digéleved Aistohah ai n

to digé &fts Qhéé%ﬁdﬁ{on?@fgc% ? Ipe?rﬁy he { ’c_eég' q8 form a

Further, for po ytetra

| asmas
confg\p-qugon@mmmnathg arfaneyod elre Phadrasafc antddiffemadanifto endothelial

censt,wpaguwac@mhb% pBRL3GRE Wi th ami nes and nitrogen
grou;s to faci1Ptate adhesion of

[00356] An exemplary method embodiment for the generation of tissue can

include (a) immobilizing a plurality of cells in at least one surface of a matrix, the matrix
including a suitable biomedical material; and (b) placing the matrix in a system according
to disclosed embodiments under conditions effective to promote the cells to grow on the

surface of the matrix. An exemplary method embodiment of storing an organ prior to
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proteins and cells (e.g., EC). [00350] Additional

exenpl ary enbodi nents of nethods for processing
whr@smeeses al s, non-biomaterials or conbi nati onBCT/H8208€645715

(e.g., hybrid vascular grafts) will now be descri bed.

[00351] An exenpl ary nmethod enbodi nent of preparing a

bi omaterial intended for inplantation into a mammal in

need thereof can include placi ng the biomaterial in a
trarsylsh@ﬂbﬁemeradpﬁgmemb@xdédTﬁmr&)f Odan! iR€uHO pERL fo@Land

Fiffl cient. tijre prior to inplantation g ﬁ%e ofgan’in a system

accqrimen t [disslosed, egnhodimerpmiender mnéﬂ@ﬁ‘pllar Whmh hbel organ remains
sub@ERQMly HRBkan@ld B GUBEIOG,.E a biomaterial

fol | 0\5/Iv| ng aln% | ant at | é%%nn{%géng (?ngn&} c(’)fftmﬁody can

i ndPUl pl acimercoivants withtaepitat embodmseyls,taemaaﬁg Qtctlidigh at least

t&qu§ 1 PLd QN 1L i_npl taty f the
b7 omat g}IFI al ‘%I %?%’9% "BQ}ti%n g 6%;?“6[%‘% e Biogiserial (e.g.,
vasquipr cafurneatdi@ orahe é»kre)wphaf yo [ﬂai:ehﬁdlt Qh the hﬁﬁerﬁ.y §h @B®rdance with

1, 1101) f t t
ano{ﬂe? %l’n%%glme B! &e Eﬁ(l ﬁafeéercf%él %FI;B th%ntfe)sta@ggqqsgg%ﬂé gg%m cells,

processing
messthﬂl\}mlal ﬂeIE| (@Uf &né&;heﬁ:ﬂkﬁﬂi @ﬁllobtl'pﬁﬁgcﬁé Eélissosciégcpte@ OI‘ osteoblasts
endot heli,al cells, stem cel

In o n{%‘mﬁgd’v i arodhep g FeRetetheatoatiag gan taeladanen efﬁxeﬂg substance
selecgédifrbbn filrboaedtind 888 - g ot B1HRL HAL b0 br e11i QI?J] Jﬂgmbm collagen,

b | aced in a si lator of a selected cla
aseRsAbMEmbREe( @ Yginatsepnskmisgursy of tova erodt N 1, 1101)

(btomt5814910)1 dherfapbinal 0
i l@g ted or rler escribed d ngl?ﬁg)cgéliglhglgttﬂf%ﬁpo%%sceora ”é% Fygther can
inclyde 4 least pne segplgmenh einGncmalgedic, ansinefthaiv, an antimicrobial

seiTanahiB&y, 4 ) mbi nat i on
comg hybral d tslynt}{ﬁ e%‘fg%‘? Fta)ég gégnan{% ‘grm 1c aﬁfinthﬁb%ér. Vg]ammatory
comppiHid GR egtiperagite peritcal azwvmah pd>mpemhcf arcydcﬂahé @Ccytotoxin or cell

1 S r pf a,confl uent functional
pro ﬁ%ﬁg&gylgslpo“?ngen ﬁbﬁ) ﬁl aI Trf’%‘)he’c?Pe‘ftbcr dté“%ef‘e%‘t"é‘ﬁﬁ factor, an
osteggenicodr ahartilagee u(chicmgk c(é;ﬁa&)nd Q)thd}igﬂink,y ant ﬁﬁ’zarferon a lipid, an
condi tions can be repeated or
°hg°%‘?*3fe t%ed a(%%s“ rﬂa&ﬁds»l Eﬁ“‘)"”&d%‘g&%ga PEPtecsbiBack Polypeptide, a
sterofidy. agvasodeBftticdox, 4 FaxsdiliieRnnitaliedocO rhdal LA nﬁﬁtu’réssbf any two

or opé/tlhreonfent or desired results (bI ock 4925) When t
Ty f)é’ ods have el apsed or results have been

obpassmd, the cesrBidtatyion a&&ﬁexb@rngéqxﬁ@fi{ %dsu%%ﬂgme&gg coating is
T gl ecttﬁ:ed g(}/nam (i condi ti on class sinmul at or
appligd 3§) therbiompenisli Sy aBoABPRAL icHrctvanta pepmbee ﬁrlblraxgtrewn, cell

prohlfd?at&)rf‘f&[m&l' cell Agfr@ichadn E;H’Qoééllgﬁﬂx% ngxg% gﬁ;&ironl}xz%(n? rif1 accordance

perf ormed on biomaterjals alon
YPFRINE SPPlsFsatsdi mtlemdmamiiedadou dat bloma&hahm an

amoﬁ/xﬁséffécﬂe tﬁrﬁljogn&@@na&ﬁlelﬁq’igat cﬁ) IHZ“?% atzer irtan gﬁ%ﬁ%‘@l cell-

plurality of endotheli al éast 6he
conteﬁfung ePHEQRMeN, @'lhalfetsualh QnQC}j)lelpihZacpm gart hewsy asonflladnt Gayaf bf cells

to fdrfh dnSHR! RIARE O HleNBickiterial when the biomaterial is placed into the

endothelial cell- contaming environment. In accordance with another embodiment, a

supplemented coating is applied to the biomaterial in an amount effective for the
prophylaxis or treatment of infection in a patient when the biomaterial is placed into a

patient.
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di scl osed enbodi nents under conditions effective to
pronote the endothelial cells to forma confl uent
worwelesses on the surface of the vascul ar grafPCT/US2006/045715
[ 00354] An exenpl ary nethod enbodi nent of coating a
vascul ar graft with a confluent nonol ayer of
endot helial cells can include (a) immobilizing a
plurality of endothelial cells on at |east one surface
of [00368pCUl atn QBfdanc@RdH ) Héraél;ﬁ' i Lal; ;
graft i fl a syric,t em ;élgor pﬁ ng oéj sc olg}gié&gﬁ’b\éﬁ%ﬁttaegal can include
or pe CHHY PR jasthepedit elevicpea nwingrio noheset, e Bndetgeelai @htheter, a
1fr8l d SastQarf HoRHAsiC QT yer on,the surface of
" e vagsca! gr grallf’?l : lﬂn%géuénp ng’;a?‘ cr?élfaﬁgl n%’r?og%ﬁnnﬁ?ch’e’&fmmﬂder
replagementy esico.ase 1dllarw greplatermin hdesricepaf hipe rdplavemehniieric)fa knee
i.al _cells.can include ( i myobi l.i zing a i
repBOARSPALGAL o eh it nchude (Bl TIRRLLLZL0 2 implo, <
bressuiriplew, otesdcnlasieglatt, gegdrige, { filkn BF a6hd Il RBoMASEMRE another
emb%rdf"fet:m' n g.%{st em accor di n% tg di sc|.osed euzlchdl ment s -
under tSndiFTOHE ef¥e Of | PEPRGS pPGRTIRS (*ReSUSte fXwplpy method
embodish@ftsn conf | uent nonol ayer on the surface of the
va | ar graft and (c) placing the vascular graft in
an?@#\?ﬁ o_nrreh’t _a‘Ecﬁé‘fa“ﬁ? st égotse esthorireent] she biomaterial can be
combidedewfAtd @y hiid FaRUAPIHER | H pLRlHests. [M0328MdaA% with another
beﬁ,errpl ar 2t hod enbodi ment of ™ pronoti ng
embeiitte halbiomieds sitendedataryiraplagtation iotm o muinudel @mjudes a

S}’ntih@g;@bf:isj:ﬂ;zjé}ﬂ:t 8r RYbHi@biskY1aPfrafful ti potent stem cells on
at | east one surtace of a Vascular graft; and (b)

pl 936 t he Irazcsotdanceymitht aionher gytsidémemc clor Hicugptérnl intended
for HhSighQssd ; | SN opditions, effegtive to
o pr%lrmt e t ﬁ%agfg&rﬁq%g%]l csallllt gee% %éramf(])g acléﬂfrllcb g‘ﬁ?oﬁlﬁ‘%fsaﬁféer‘s graft, 2
hybeid femerakartdrn gafodr 4 hgbrichsmuhay bypas tvasotlat graft. In accordance with

anotill | i nto endof helial cells on the syrface of
ot?n xfe g’gg‘g@t‘#gﬁ %gh é’f’? vrsﬁt}%\% gj‘aftm B¢ é)ﬁﬁ]: %f"%; Srr%xfrhgsss than 8 mm, in
less dnbddinme tdss fhan Sthe, gendiaatd am Bs thius S WemAas thdiC? HHL less than 1

( i {lizing,.a plurality of cells in at |east one
mm’sozl}%l Sggg&o' ’é\nnﬁﬁr??ﬁag{étet"he matrix including a suitable

bi feaddical nEdbodiglentsadl the)syblear iy LRE PBUsEX doNdBferentiate
tem rding to discl enbodi nent s under

SY'S C se
undifEnged fell, peboas: %Xamﬁfeo t1E steprecedle (oF pregeniep ellsntoward a
partichlar SﬁfefﬁﬁieteﬂfstaE@QcH&E,rM exa%bl@,xa%mluﬁrsyerﬁr@élhfwan endothelial cell

en‘ood}ilﬂmant1 of si,orl ng a}n organ prior totransplantation
or a;SHogt, utle Al The HrsBrelpme caibrlso byisechid trdim ot eeridigon cells or
tissub BechQls G hehBusveRy S BLAESRELL L $Gh0 i
b Sue _odisrghm;es usnder condi tliqggns Jii}%r{v\e}}))( ghééih'eéggaﬁgﬁr tissues can also

€ ufegrt;’é‘i FROHBEIE L o PP emangEde e cpirebl phifsislogin simulation for
vari(ﬁlxtaﬁﬁlﬁt%ﬂo@ﬁdhh@ ds RfcakdiBevdd93a4] o lggla ﬂggs%ro?t?ng ?hetV\éonstruction of

th
anot her enbodi ment, a coating Including-a east one
a margp vive dgpivstem and die likeaEmbmdpoertts ofitlefsyster eastlsobeused to
intdlhf 8e8,, oF ehiGcPiR ' . 0., vascular graft, :
R rfﬁ% dr the Iclplg‘e ‘{)Oﬁtg?&t%%ﬁ SRR o ai‘%é”%?%f“ecﬁl as liver,
kidngy, hgergdrasaneresynivinl Baset.her enbodi ment, the cell is

sejosséhd fr %e%!t%ggln?siégt &0.&8l¢ osrganasl%yxld ttisssuteg rf]grct%:!ulsglantation
lies in the development of stem cell technology. Theoretically, stem cells can undergo self-
renewing cell division to give rise to phenotypically and genotypically identical daughters

for an indefinite time and ultimately can differentiate into at least one final cell type. By
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mesenchymal stemcells, endothelial cells, snpoth

muscl e cells, osteocytes, or osteoblasts. In
waewenaante with anot her enbodi nent, the coat i PQI/US2006/045715

i nclude an affixing substance selected from

fibronectin, fibrin glue, conbinations of fibrinogen

and thronbin, collagen, basenent nenbrane, or

al ginate, and m xtures of two or nore thereof. [00358]
endr] t . t h
B R G0 Painr ¥ onal BEBL el 6 BFehitally alring
heter?le&w&rpeam @easihe recipientrioynimg syeterraq!pea nbi recogrody them as foreign,
R s T bt oGl &7 SO BL b Baees o amatiaied ik
xenmaraplanpatpasmthomt algaemocxmd mktwfunfreahommmumfé;ecaon

agtotqr1 or ce rollgeratlonlnlblti ‘
hpoun Tehd [‘ste PO A6 48T ST T2t gene
therOISjt eﬁgﬁnemt OFw e ekl deﬂgﬂadlch Htl g&d&ﬂc'ﬂmﬁﬂdn v&rch @héDfdhtroduced

an interfero |gonucl tlde
in v g biteersrieepF st Fh Brecoieabzalisr it S slliapould bave
the opetiapapt bél Qndfd:eéitt%r QiffbreRia¥ASOCRBGL b GLRAudA of cell types for
asodilator,.a vitamn, or.a mneral, and m xtures of

implam{Atiofoat PPetHicesitR dPette. Dpdnamafon rsiseiorpakiession: t lternaely,
hete@él@ Har sleabedis"ERld R Mﬁbﬁf}e o &6d qgaé}!\?ggs the %ﬁgieﬁgs major

he biomaterial in an anount effecti
1St%fé>|rmpamb§*tmcp@nlex&MHCmgm,evratq wm/aﬂpwoeqqsplam of those cells

frol bbA&F t%%élﬁfehpanhgutachg dshei c@&i@k Bf H:?ec%ig}{' ronment. In

accordance wi t h anot her enbodi ment, "a suppl enent ed
codU386] i s apishi eslls pxs cteﬁeﬂbamﬁﬂt ehatéllaver extemyivanparhaps indefinite,

prolgglfaﬁghl e 81 B0 qg}’e?%lg{iﬂ I?Cg FEVEL: 1 2811 1$Qaggs, an@ ®hat can repopulate

r|a In an en T “con
tissugs) vpmo mrresplantwier. & lrsmlnntesrsemuh eteai cetlais |tbdnerﬁbn‘yoﬁalusen e(ES) cell,

as ltgfi?ﬁ med] & Yfer[ane%ta% %g% i ten{ H]f%rent angngaroie%?igl i gse cells are

terna nlEal erra
derrenidivbinethie dhnegalell nton bhthei bigt @y, oo kae be deﬂnﬂed&fﬁ@ﬁrtﬂa PEithordial

not her enbpdi nent ted coatin
gern st B0 4 Do B BHADE Sy BRSO o e oF s crlls) ES and
EG tdB harobdewl dyived ﬁme rh6ade Y mofe debdRtdlRITréh A& Primates

en t bi onma is pla into pat| ent . [ 00360]
and %%&&Z\E’thggr o 'é*ﬁ%ﬂf’é‘ﬁe gﬁ‘b‘@ a%OWS@r?é@é#qraﬂmmal% ES
cellsCAR doRedibiae t6'hll GREGRE Be N I‘rfd)u's"é‘(aﬁfxﬁahp meHisE tdRle8ed B post-natal
.urinary catheter, an intravascul ar catheter, "a suture,

animply,  ESuIaA  FiCostilesBeneran Feietomseu | ahich opasin adasmensiretes  their

mul{:x Gtency E?.e@ﬁa EAIME cad RhattgRA Uy%sﬁ%%m& i Ere aﬁﬂbodxes
bow repl acenent device, a hip replacenent device,

SSEQﬁéédﬁ 4cenent device, an artificial heart, a

fiyouseop pl ahe.hd deptak: '1£G%i aﬁg’arﬁ @Z@ kg r@ﬁt rﬁ.]mber of
breast 1nplant, a testicular m a spon

tranmnpawsafgctoqsdngm epedidinder tiesern rh@mat@#@éﬂdﬂﬁ@m x,nchude oct-4 and
Rexfl Q’H?J e x%aﬂxebfﬂﬁ eRar gd é&r&&?ﬁgﬁ&g £1cPors Y sox-Z and Rox-1, even

exen‘p ary net hod
though the latter two are also expressed in non-ES cells. Oct4 is a transcription factor

expressed in the pregastrulation embryo, early cleavage stage embryo, cells of the inner cell
mass of the blastocyst, and in embryonic carcinoma (EC) cells. Oct+4 is down-regulated
when cells are induced to differentiate in vitro and in the adult animal oct-4 is only found

in germ cells. Several studies have shown that oct4 is required for maintaining the
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enbodi ments. [00361] In accordance with another
enbodi nent, the bionmaterial can be conbined with a
w@Bhetsex vascul ar graft or prosthesis. |n ackOr/usawee045715
wi th anot her enbodinent, the bionaterial intended for
i mpl antation into a mammal includes a synthetic
vascul ar graft or hybrid vascular graft. [00362] In
accordance with another enbodi ment, the biomateri al
undiffdremnihes] lﬂmhot)fﬁabgﬂﬂsl&klld? And plags ﬁnﬁﬁﬂf‘%taie i ﬁ@teﬁﬁxrﬂ%&rly steps in
for a hybri e i al ysis access gra a
emhfreﬂ%ﬁnﬁ?ly F’E‘g gfg‘a%ﬁttat@iﬂ aOFsr i GQH@PWanywahs Rox-1, causes
traié@§Sindl Bidtlon LR @€ CQEQ&E&E p\%&m ?Hh eJndeFEbeéb ”Feghred for
.a hy br|d vascul ar graft is one of east
malflﬁaﬁne Efhip ap pindiffesentiagad seltmﬁlkmrss Sph'anISSIendnd tbgcslser with oct-4
afzIg® staagg mn | ess
to rk h Jﬁﬁ]fke@(?ﬁla'i omj’ ﬁ%%ﬁg?%ﬁntﬁ%&g?e ut "ot human) ES

mm or |ess mm i n
cellEfbodimrentrsirine ptrhleorslyé gem palls radlumz fesenseof LIF. Another hallmark

f f d
of f LOETENLE SIELSLEMA B g Coll Pl 05 00 i

reanbaotenumllxawndof ferenti at ed state such as, for
an adul t tﬁ t P ndot heI ial cell or

S BBEL s Sieh Loy B BesetenRid g cpiapigsn osussad e best

chaﬁaﬁtehﬁéﬂ 19 ¢ h&ﬁﬁdpbkﬁ@u@ﬁ' deB. Dhis tid §gié€oct§%faeﬁ$ed cell that has been
enqus Vv tls ue e neered artery or vein.
purdEd B doen fris Suthce CBATRER oA unie Forerbicnsthes hespatopoictic
stent Béll, Sy34edNfiotn BEAY kifler i HI6AY, cBEd bRIBUSFRlI A/EEL and golk sac, is the
Si [TLI| atjon for variaqus appl i cati ons such as rese

progeaiar spteher reinigates themmsonaiesis for shadife grfst renipicunand generates
mul fe%ehﬂtdﬁo‘f&ml lidé zge§ Ys%é £ Rn gt ﬁlh%b Ik’ﬁ NEDRH 118 ni/ﬁ:G‘i’ave etal.,

stem can a used mal ntai'n, drow, or
U. Seﬁﬁa%’e 51468,9#: &Amm%, Daret e]usUé?r anNo.cu677s]36a R kamoro, et al.,

tp.SSNES [ Vo..N n
U.S.S 1;/320 %/ﬂ?)a %’?g‘%’?ﬁgcllx%'%‘gé gt }]ﬁ ﬁtﬁ@ Pat, S%ptr;%‘)m@f %nggbor gtealﬁfUS Pat.

No.cxgfd b9 abishknimesaes af.oU.S. rPansIﬁb Y B, 820N Hill &8, enalt, IBp. Hematol.
The reticall

(199@?!? l(ger‘;?gt(% L un%{en tr%\gls[llae e I;]rlilcg 129 611% éfrla ?eg anim t06 humans,

r enew n
hemgtqpelqtuc setd pélbnotaypirepdgufatandhgeagthypld; a |n|e§itroph11 macrophage,

s 5745 A Rl B STAT S B ens s s can

‘be iaédded tey pmde&\ogﬁnlemtsbmg skif $616@8n® kel DHBRASHsS 48 be 1nduced to

ient’ temcells, or by netically al

it RsF ool R DRSS YRR B it it SIS y&k i of

a stéfaslln®dens eaxagea}ézﬁ dxﬁ&ﬁhﬁ’age fotﬂl!]}e k& gorntx trcél'lBSQf ﬁ&hatbb&t%ﬂg%neage,
can be rated to provide the advantages assocl ate

howgyery a’S‘c’e‘l‘gﬂi‘Ef a??sb‘lOéffﬂea& fcenph ¢edE fon Tepats of eehertdagnagpds ssues, for

exarfle, HthRUri10fy Bdsud H88468d SIS IRP chd P BEApevtticecel | S

al so _provide prom se for inproving the result f gene
t nEIOZPYL. A phticeritd gemvpellsthermhaebten wudicd ebenswely is the neural

stenD&IMEGGAIH M 8LikRdCs71133Y 4780 006d) 8P RLDT ﬂd&cﬁ,dBram Path 9:499
513, 1999; Okabe S et al, Mech Dev 59:89 102, 1996). Neural stem cells were initially

identified in the subventricular zone and the olfactory bulb of fetal brain. Until recently, it
was believed that the adult brain no longer contained cells with stem cell potential.
However, several studies in rodents, and more recently also non-human primates and

humans, have shown that stem cells continue to be present in adult brain. These stem cells
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in vivo to produce a desired gene product. These
genetically altered stemcells would have the
w@oientisai to be induced to differentiate to fRPCHUS2006/045715
mul titude of cell types for inplantation at specific
sites in the body, or for system c application.
Alternately, heterol ogous stemcells could be
genetically altered to express the recipient's ngjor
n (irSEREAMALHBI drdt 361¢RIBL gé/kg; AL 01,0
“ {Bé all ow t rgnsp ant’[1 1of tsﬁ%g ce%“ies fr%?ngo ont?'auronM_'%lIS it vivo..
WhP%GPbP@ﬁtewlchouﬁumheteassdbl @neke fidvkedto peplifetatgras well as to
GfrLA0IRCLncS! SILASL L5 hat  hay
' ext ens; ve, per t |n er?el ni aq‘d gch 1(Ilzsra |onnt’65TPzW?dafnt° the
brainjpeuralj stfre celbst qaateaglraftt amdwna'aal neoeil Icelﬂsl anelagiaBcellarTherefore, this
|ate tissues upon transplantation. The
(ﬁHEng%§QQQEEBQFH ﬁ?@@?ﬁ ﬁs the enbryonal stem (ES)
ceI[0037a]s it Masedthlinal t @éns etifs- (ISRl orafighl Ul detiP@L eRbm  the
diff rentlatlon po ea% i.al dhlﬁ e cells are derlved
embty oAl TREOPTb ARG diqIstheh JEPrd ot PO fupey's con Ghffesemtiagioto form
mugdRy{ ibegel Edreiligé, hfae,Pabifeis@bm@e hid Gehdon. f]ﬁ@z"ﬂl? embryo enes1s, the
germcells or

pQst -i,mpl ant at i yo ( nbryona

mesg g1y flevefaps o %@ltgo‘{ el STHeddIRT BeRFIHED hpmu@eulage, far,

skelell AR LAE Pkl cBRothe Rt NWBHARD JNJ WSS BRY o visceral

humans. When |ntroduced i nto nouse bl astocysts or

mesgerat owishscast seh@dse Enicamlias, mEstle estheothapiusdnt oi Ihisod islands

C l Ik e €8 al or

onglglr% ‘IEJfl %ﬂ@g}gﬁﬁnnpgoés m?ﬁg?)gﬁﬁn(: ?ﬂb%@.&t})ﬁém g’rganve ni1 odermal
getheral eremegells.ohersforghiauid ag:emh aj:emnwsflor atrmsnbienef cell and tissue

typéguwthﬁattga&ys ediftc (aNhaFls 18 h3mERR B8 LICU LB B ol sterm

positive sta ning w odr 655
cell] 00@4ly] describdve bprofredemblaeinl @"«relepslﬁsnamdkEGPmll 543 11, 1982). A
ss._a ranscripti.on factors hi
oo e BB colITPF BFi R et e igueplan, A et al,
U.Si Pml Nove5.484,359; mng?,em Et 2lAITSS. PAUNGD. 8)827.F i aabﬁnRAamdal Us.

e T RO, 801013 I fa TR oL, DS o

No.(8,8375395 Masidcasiss B, thI SNPARAGTEN 5 86785 Felerdglr, tMe U.S. Pat. No.

s AL ior Eofim ey (RsPhen abt S5 s w11

Bonendpwlom'e@ (wet;u eﬁazézE@nCJ%lhh&oan; él al S(199 f) 238(1): 265 272; Yoo,
down-regul at e | s are induced ferentiate

et afd - PPRg "arn%”FnAffhé193éh¥q(1%n17ﬂﬁl17%@1’4?@}5)50% Plood (94) 84(12):

4164417 YVHRIBS, é o a8y el nﬁie.&,%dus@g)fi@%(s %bﬁmt)t hat oct-4
is reQU|re for naintaining théun fferentiated

phd®Bf¥be of Qulzercestmp sellsdgie b#wderalfwé} cludingegasointestinal stem
celld %%nﬁéﬂﬁzﬂ‘ Isfach 6als! é/ndsltlu%gﬁc kS n%ya%et@ﬁﬁ&§ o@ﬂ QE%IS (Pitten C, Philos

ferentiation, oct-4, in conbination Wt
Tfa’ésa%§@§ Liong s Bidl §ci 3138213t 1998t Mot Bf Phils. ZparfsiFa§ee Lond B Biol

Sci $3%58] BoFE 1§1f‘}slm Mfall B1 OTELr%PzJ SR ‘F%sgor mai nt ai ni ng ES

I'n" an’ undi erentiated state. Lirkew Sox-2, is
ned@¥3d2} oget Remparedhwirbt E debs, ridsad mpdcife stem cells have less self-

rene%{;ﬁﬁj afbflﬁ? %{d tls%gg%s agigy (Hﬁfe%esxlltgge airrl]tccl) trr?ulup nhneages, lgey are not

multlpotent No studies have addressed whether tissue specific cells express markers

described above of ES cells. In addition, the degree of telomerase activity in tissue specific

98



10

15

20

25

30

cells. Human or nurine prinordial germcells require

presence of LEF. Another hallmark of ES cells is
w@e@seeses of tel omerase, which provides these BPEI/US2006/045715

with an unlimted selfrenewal potential in vitro.

[00368] Stemcells have been identified in nost organ

ti ssues. The best characterized is the henmatopoietic

stemcell. This is a nmesodermderived cell that has
sterth @8l RAY Adti HRen kf@l%e Elquaregeid pard YR Te1=N Hngekx‘ﬁIrﬁb&Q ‘Ef highly enriched

nctional characteristics. The hematopoietic st ern

POR}@WOHS PE et cells ’Frﬁd?#@‘é)lﬁéo pltritow, bl ood, cord bl ood

f et ver \ enLt.o |

ol oo ARSI S AR ol gl els could
onlarﬁhffgrematatle@ enlls tafpihe dam&a\tasmu‘étnmﬁar mfag:e&t( lsvﬂﬂmamons have

sogggiled fhgafth fpanigpteifc yf el o BRe o ibgrenifine ko cels of

difféj:eﬁt tiBats. ANoumbei6af7stidies hheukatmtbiar @lls danspldhi® aPde-time of a
b 750, 397;: Schwartz, et al US. Pa No. .
on;g@arf%g traﬂs%ﬁl tqag di ?regﬁxate 1o gkelp%{ mume %ang:gxls%@ge 279:528 30,
19985 Ghissshl Wargte 401:390 U, S999atThiNeould, b%l&r&&&edﬂvhhm ﬁre' realm of
F %é Exp. Hemat OL (1996) 24 (8) 936 943) .
posgiple ﬁé‘?fsfmaélérnupﬁffama ?ﬁw‘é‘F%ef}ChW%ﬁF Beher dn PRt lblmarrow Jackson

publishenbac AR QRIIiRILEs Shedtfeehlise ¢A48 He?rlb%@kéh@ cE11d Q%m a switch
eryt hroid, neutro hll-nacr;%gage g/oc te an

in Wﬁﬁ%ﬁ " HERBeisBlepehnie mespssm (hqksm PNAS REHD 96i16482c6, 1999).
Otk eMEs |h§vec @Ho‘pl? ih 39 lé&%g defls Y %anl'}e Sl lgpp ?E(for instance
sel f-renewi n I VI SI ons an can e uce o)
splagrhgier matod tcanthéfewnetel uneags;sesashmghs ee:n Hen desiived. during
T f I h eria e .
emb%@%&e%% grr?\nfzgld?ﬁeq‘%# ‘&H‘laf °r ?1 iyt Eht ?g énsoan Yy 6 Ofl}f lﬁli | &% o their
pregutdrs defcthd imbopehe b anilrmaked:ge pn&amnemarmmetrum@ﬂﬂrmttdm are at

oV d urce of ceII f or
leas? %’n genvfeg ?rog)l( ehe %rrowe lonpr ?alﬁagzﬁb ll\?zg g\ggp %g}@gg@%jm Clin
Invdst QDS ﬂbg ezmw;rmhnlise Fvésoaul k‘rﬁesﬁgﬁﬁtﬁmd ﬁ&%@gﬂchﬁ_c&ﬁ%ﬂ&m such as
MS§ g t hat has rtgzeen sI ed ex ensively is the .

B ?t’g/le g{(&?flx é.fq tr% gxagg)fv 3 n}_qrggurpnsmg are
the Zaﬂﬁts &tﬁﬁdﬁﬁﬁn§bbﬂﬁin @J)denﬁr ﬁ'ld’lhtlﬂﬁﬁxli} Baft $Epaik3epith?B4; cells and
Lili be S. qi ;ﬁ Mech Dev, 59:89 102, 1996). li)\leur al stem

ligg v el s aF §FiTeddRem Ehedonar maeoE (Beremen iSeisnes 284:1168
11760089 MhetsBe T RpARS9" Y1:838 Bo Obodoetleisdhr i b2:11 6, 2000
recentl y, it Wab Bg?l eved that the aegu %?Q%gylno )
Likewsgy e Frko rirarite hoke | R™HH tthets pewrk otgm p'éﬁt”é ne4rg| differentiate into
herddPORVIE cell$ EWiRRIRY, Slavkl @5 al.Nr Egﬂgcmtﬁat ﬁ‘aﬁal"ﬁ&% E& eg ekd into
al so non- human prlnates and humans, have
blastqcypts et sontibieitpgl tisepep of ﬁ?eeélencnq moashﬂqlarbe,eﬁcmnce 288:1660 3,
2000hese stem cel l scan proliferate in vivo and
conti nuously regenerate at | east sone neuronal cells
i n [09374] V%eﬁrmpltamdneof BT andeugais ghemedefrbs bsaerologous
oo RUEEIL R RLELL IS G FRNTELl 5, L0, L RSB i
expressa@rs pf aertadn celhtsurfadeembnkarsn or meatrtht usd eﬁhhﬁhb&eﬁ@mtxc immune
supl%gggglt %?rgﬂlqe qgng [at %ongr%rte%lt a%aemststrgrrx]s%lagllt Ir%}ect(i:on 'fhus, although
embryonic stem cell research provides a promising alternative solution to the problem of a

limited supply of organs for transplantation, the problems and risks associated with the

need for immunosuppression to sustain transplantation of heterologous cells or tissue
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cell too fulfills the definition of a stemcell.

[ 00370] Mesenchymal stemcells (MSG), originally
walerswed23 rom t he enbryonal mesoderm and i sol aP@rUS$20061045715

adult bone marrow, can differentiate to form nuscle,

bone, cartilage, fat, marrow stroma, and tendon.

Duri ng enbryogenesis, the nesoderm devel ops into

i mb-bud nesoderm tissue that generates bone,
wolldlreinhdJ&n

endot hel i umg ﬁ;(ll\j/nlail;%ikﬁeﬂf %%hggmgﬁl %?g%tr %}g? glsepf) g ecabryonic, prem cells

would s tenbesiablished in Jirdes tIOI provids igemehiaxompagiole aells for therapies

: d consi ff,in .
dlre%&ggg)ﬁg%%rﬁggﬁh%?op%tf etic Cgr ogﬁi’& ,-96(?;}99) 398: 551). Using
cellpfrom thevdevelepatimdivduabrrarhes elohymmainbstgrs eebhisse of autologous or
allogg%{c S.Eé)nrsl g%llsfvgé{hg 09%9%’%9 ehd: ng@ﬁkgf ttﬁglgﬁ gf%}ilg;g‘ rlhttgr%éﬁ%%mlted with
the has dfe eansphareetl am:bi'ﬁdm@ atdm i @ll§,ha WREeRCIARhS teiltal dilemma

cel Id 1 ni tbal I descrl bed hy Fri densht ei n
ASSOFRISCE IGYRA celpEseArca. 44:3 11, 1982). A nunber
Of [0035’8]10 hlem méﬂﬁmfsﬁalkﬁréﬂﬁ‘iﬁnéﬁﬁﬂmhaﬁﬁh @tteﬁfjce(lﬁ ggooréxﬁé to one
exanpl e, g , et al Pat : 35
embgdipent cﬁn 1nélf.1 ea|(a) prepagingpy medpygsn cgntggr;ngggmr@gpaqqem cells and
placﬁ‘xg tlﬁtumédhum i ass'\?g%?ﬁ ac%%dxél Ge%;godgrﬁénts )&Mdﬂdmgsfd tifel gdmm an
effewa‘te ageunsy, Oésern sRent WReh Rutey dnﬁerentyatgm Ré theNoslls, producing
di ffé‘(:&?’&?ccﬁ 8 i3 0, un an
i &8s, @B ELAaasTy thM celtV .%nbl %r@'\'&n{] % %{"b‘é 4 ypount of

Jai swal, N, 9
agergg:gatgq_azxses@a@glp@den Rf ce]éet pxa:ldu;:ed]m. sto iy atind) recResing stabilized,

1264 1273; Johnstone, B., et al., (1998)
ff
di %%%?%dé%l 5 272 Yoo, et al., J . Bone Joint Sure. Am

(199876 BO( 121 ni&ﬂ&i 155 Tgeneraning hdffercbriateBl 60l b8P 4hammalian

mesf ORI 850 Tse e By PirosTbofiisty fn ke el lcing che

mesaﬁihlymahast&nbe&la irdlentsybiemd  acédttingdieRB ofiasentQi (M) €fichbatlng the
IIs c?l'de mal stemcells, and hepatlc stem

me%‘éﬁ?’w a6 siegh mags | hay putice the mestobymalsigs cells to

dlffd?erﬁﬂﬁe aah@) ﬁc&eﬁ'nga(ié diffedn8dekd 365, 1998; Watt F,
Philos. Trans R Soc Lond B Biol Sci 353:831, 1997

AU et & methopapioprodycigg s gretiplygpgiseersd zell such as stem
cellsCREBAT 8 tVoh b egi%ogﬁﬁén%’ca;xhﬁag@e ﬁazqﬂicflﬁﬁcélg %[D:}E 6L k&m cells in a

have | ess selfrenemal abi | ough
SYSUR PROEAES atrabodimenigu adqs) éomcﬁxﬁefagetbat tdQeyloar@usmtthe cells to

diffdFet ctded) QE)ecpztnsfeH@ngstthU QEl%SsuB@&est@xngMJﬁg ?ﬁ%&%ﬁst&#& Etgcgudmg at

SpeCI fl c cells express mar kers descri ove
leastqrie| ggne phingatentit (Foalectitgfog ewreglcg‘f ofttbé gerercd smerest invthe yells such

as stbfd ctell§a3+d§(dfaﬁ&1'n %Q é(.eeq'i]sgt% R @S9 elec?e n fsﬁe:pléﬁ[

expl or ed, e ealen arge nunbers o
eni®3f8d po p&l ractlhgdu $>f @ri Vm%iemostrbtsoxa pba @idibinCel gent ®f interest

acco?éﬁhg t8 onk Ogﬁgg’cilmyntt can 1 luge &2‘)(: a;:lc1r1r$I M \_%cFA ntt %lg in a system

n specitic stem Ce
accqrqlmg embbilisnents, {H) eraas‘fmhrtgi the wells sAcln hﬂﬁﬁﬁﬁ célfs vlh@l@ @REctor including

DNRucprI Rﬁﬁi t 1y Sexpressgs a protein or gene of interest, (c) selecting for expression of
the protein or gene of interest in the cells such as stem cells and (d) delivering the cells such

as stem cells selected in step (c) to a mammal in need thereof.
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suggested that. adult organ specific stemcells my be
capable of differentiating into cells of different
W 2@sess2s A nunber of studies have shown that PEI/US2006/045715
transplanted at the tine of a bone marrow transpl ant
can differentiate into skeletal nuscle (Ferrari
Sci ence 279:528 30, 1998; Gussoni Nature 401: 390 4,
1999). This could be considered within the real m of
pogessrop di f frenReddadti tinRhenbiliay) off cﬂﬁ?cﬁ?é:%%ﬂpto odulate the
Il's that are present in marrow.” Jackson publis ed
Pmﬁ%ﬁu%&fcﬂ bneege sprommitesd) el aseerdifisf toegnentmibadimennt @n include (a)

ladMTRRR] &1l Gn Ge | J i type,wthin . .
P atlhe spl anéhﬁﬁcé}lﬁés% e?ﬁi?ggwgg%pﬂ{ﬁé%éﬁpﬁé’%fiﬁ@%%,Ceus na
growgpglediume hat miingirsshh aee efliown linkgt wweermdet |csll, (©mdding the
e yonal | ayver (f instance spl anchni ¢ nesoderm
Cané}gﬁtecﬁg%tet%en S éu?ln{nc()io {dP Selshrging Himpr ﬁfgerﬁtéorbl é‘?‘?gigﬁage of the
cellgby mRINArdspyesgemeasatigsenf axprasdonlibf beeg Rieagyybr yonal | ayer.
For, @{@ ance,, en otdhefl ial cells or hhei r. precursors
detl® in KuFRSHOIH RIFRATMEs Trratcell TeRsFideR uivep tistie or organ
repdif £0e6aliaRNicAbhdintRidimatk: daf asdlud Ppﬁﬁﬁ' Gehl SMnting;
ey ow donqr .(Takahashi, I\Iat,u I\}crlsz(a 5:&%4%5#%%92 Li n,.mgstem
cellelith 3 Rl ogiemly Aeceprablopayrix matrsial ¢ e aptereedidermix and (b)
incibRfing e SPARNNMREX TR QPREM acSotAtheBsn DK imetS Pt o use in tissue
progeny are transferred with the infused marrow. Even
OF OREAIFCBUF PF HS¥tMYthre t he reports denonstrating both in
r odeg¥ss; and hupRpsd bHat ' Li:pel i al I n
bi ﬁi ar y] duct ecgi tﬂibgl %ss%i?f‘%&%P :r%&elyi%\%éc%aﬁ%r% %ﬁgrdqng fo one
embodiraentneanr swlydPelak pseraringci smme cdB natd6 byl di0ixidgd 9 Jreparation

ncldpel : : 4 00Q; Thei se, at ol, 0
inclff; $egn EERGHON @ Py ddioBiR Reca A 0%, BF indiBE e el
matnEin akysés proeding tc embddiffearsqnidrab asé nid(chvmpdediag tite stem cell
Lls. Finally arke et al. reported that neural :

matgi%éljﬁtw%cae?allug%l lﬁljﬂe,?g&ehc?reiogt o bl astocysts can contribute to

al [00a382kues D adcbalagbd withiaothed @M bo&nddn SmaalHRE Stem cells can
b 88:1660 3, 2000). - OOSgeﬂ Transpl antation_ of tissues ]
¢ BHUPEFYRRE GERBPEPRAFY B St WEEPEgo gE TR iBlisy oMt eccordamre with
anothet lefabotijhknt el dell€lcadt Bathonftfef@lus Sedd 1w &hﬁéteroger_leous stem

genetically modified to inhibit expression of certain
CCHSC :[H ACQIApLE gV %Fw & en&‘?“%ﬁg?& stem ¢edls cyF be autologous or allogeneic
10 aGREMBANK AReMEaE | MUNe suppressors continue in order

to protect against transplant rejection. Thus, '

al {5388h enbFyontcerdenem withl anethsar embadivéntesa a physiologically
acceFfaQ_IE' B RhdeBNALINEGBQLY Flo He Do rh 11&[&@%&1 (? fnsgting of small
) imted suppl¥ of organs for tranSplfantati oh, He
1nteFing bubmscand(StS) s kosdiskest plginate, WydtpcoHeidn eelthgtmrpolyglycolic acid
PGATTBIINAIIRR 1 YO S ' apspl ant at i on of . . .
( hét'ero oglougﬁcié)l’ Irhse%%rs" %igé ?%Jege\l/\t})rgl %a?erfaﬁp rﬁer lzegsslki”hﬁfl‘é’a alents,
polyzgeismpaholkydircal pylyludrbethghined, i prdgviofl ellbridoPUYCHt pollystyrene,

1,6 8lked 5 | establ i shed in order to

pe ygr ovr?eé’ec\é?%?gen%g%ﬂ%g@?sbﬁ)érsc%T‘f%leftor?et?]t#él?eéspi es directed

t ol@0384]maj or Int 3ccofdandrewiph pubidiet exnbOoMbTHAB tenMcellsNah e &brained

fronf 1988 seRSted Tt 'theugrlmqg consisting of adult, embryonic, and fetal tissue. In

accordance with another embodiment, such tissue can include bone marrow, muscle,

adipose, liver, heart, lung, or nervous system tissue.
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cells fromthe devel oped individual, rather than an

enbryo, as a source of autol ogous or allogeneic stem
w@edoBmeasetll d overcone the probl em of tissue  PCT/US2006/045715

inconpatibility associated with the use of

transpl anted enbryonic stemcells, as well as solve

the ethical dilemm associated with enbryonic stem

cell research. [00375] A nethod for differentiating

Mamuedgspn St eMae& AR Hldifed AnOREmEAP QAL IR Q%ll “A¥rix can be
d g mamalT an

include (a) preparing a medium contalnin

used fQzry et keaking) spreiesl Mgisionerepaigitissns avgmesipsibewrgan augmentation,
GHRE U310 De Ht’)gglil_ , ' o {.he di.um an ,.

et fect ] ve pgm)unt E%? £%nméfg?§r{t@9a \?\#‘Ii%gﬁi%ogu‘?ésgm%p aif OF Hhe like.
di flPR3¥86ht i at Iopcerdanike widl drrhqravhwlingniisfefrecdis taraiffided to a

c).contacting the cel.ls frgm.step, (b) with )

phy§Ploaelt SbobBME R D ndBal Piea P Qi Butsdl et s o oue.
In apfordmick svigr attubednitiodihen, (He)fibaiidgl(€lyar RCRBBIeidRGred with at least
neSt abcl I zedé [ fferﬁntl ted cells. [00376]. A nethod for )
onef8HL dF HEOGRPICY B ARathst SRl dimeant.hp giraly acceptable matrix
matBRARE BY BBdorisibaNdCedd-thsababledi Ng to one enbodi nent can

in e (a) placing the nesenchymal stemcells in a

sy {"gﬁ%%ccor dv meEtRefhden peqstusing( d)PrpvsiuIpAtipregest recording to one

boRERAR IR EncRIdee ) CBlrhSng!AdEss: GRN! | haleol ;
emhtoge rresenchri/male_ (s;% em ceﬁjs tOStdi f.flélr g%?ls%g{neg%ﬁgﬂ‘?%?g disclosed
emhodiperBt PRgeT ¢radiians dp arhichathedprordin ds o687 pnd (Wetehowring the

@fn. PROFUG] A | o&8Ld (SUSh a8.4;
pron, PO oA o? sHRRERACh SURRYIVE! Sitohllhe o6 T iBodizpent can
inclpdesplpeing she ¢ebls due byssen stcendingtd disclnsed emytsidenems coddlicngditions
in P di S I R that do_not cause th .
el Sh?ga?ﬂsi ?e#ga r eﬁ‘tliﬁgdt?lgl,aﬁ% g‘ggl%arnﬁ%ff et s ﬁeedsg%rllcfcgof time. In
accardariee awitht emtbel esbuiliniens DiNAsalovedt culire i dfctelldi g bé prepared

n ene ,of,.i nt er gst c) selecting for

accgé%%?é%g}sglﬁgeo e”f%oéilrﬁgﬁts—sog etihﬁ’gl%r est in the cells such

as [M1388) cel | & acdrdape eulht atfdthg driBodiglehs iSktiihe a8l e killer

cells selected in step. (c). 0378] ,A nethod of in .
celi Higsls SoLkE T bGP “’a"%‘f’&% Oriae dfg%f@dg?erslﬁ P& PEsdin systems
1, 1aCCOrElirtiger} m Qe el At ukd@ni Vs Fdid) dBHAE PG aration or
cells such as stemcells in a system accordi ng

diffeseasagioferh Sem trls teeardimg ol mgthode qelgrmdseslraimdn sheprt.  Such

imnfiftle| BliVedd ba W&L tDEleddN 6} U oReh hNAYeOfonBinhiR@lcells, Further, such
expresse rotein or gene of interest, (c) selecting

a.p C : ¢
cellsregp béxﬁ?cggs%wt@ﬁhftrwesepwétté@tﬁblelcorgrewenws_ fush @5 &gl pnmold. In
additiBg, Ca@édrﬁin%”@th @bl SN e ltﬂxsls iAudd)cele!cly efr%xﬁ?m&p Cor destroy
cells such“as stemcells selected in step (c 0 a
conwEnFAIs {SHCIh edsd mpiseplasha, | BOBH Obacreriretootheofike.e s tAaagrditgly, the

effe@Rbhdst ¥f BBlo%mQPé}Qﬂa&%ﬁn@QEQﬂosetd%e%ﬁ %Lng)ce i the%scd.

proliferation of a li neage uncommtted ce accordi ng
t o[89%e b odEmbadineeats ofrtbé spdeent adayHeappligl stemoe ell tie stages of

card.isc{\]rgs?:nu%g l%fsgﬁlk,ﬁs%gl? gsdéh@%arqypoofgi:en&é]gteg ’ancg sp angxlflllgttfiltgugg dguhgetreatment

to tissue and cell regeneration. The early stages are often treated medically with drugs and

biomolecules that can be screened and tested, discovered and developed using the
technology. The next stages are often treated with drug-eluting stents where in this
example, the 'drug-elutant' can be discovered, screened, and tested, discovered and

developed using embodiments of the system. The late stages often require arterial bypass
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growm h mediumthat maintains the stemcells as |ineage
uncomm ted cells, (c) adding the candi date agent to
wo b@soedeaim and (d) determ ning the proliferatPORUs2d6/045715
| i neage of the cells by nRNA expression, antigen
expression or other means. [00380] A nethod of
preparing a stemcell matrix for use in tissue or
organ repair according to one enbodi nent can include
whér@ enfbdH ntdridofc R sPRED &hh 8B ulddGh Wolbdike S8 rggénlelfsatél& (grhcn%ineered
physi ol ogi cal |y acceptable matrix nmateri al
Pr°§twéﬁn fox| xample psterigsd fram parentbedls nsgcla e, Ewreenaogld, stem cells or
0 r to us
prof il bl it SR RS g BT IR FE, G slgenigomosite.
met[@8¥0bf t i Fouodimens ghrhersgpeainrmay alse batswdnt a vascular trainer, to

ing.to_one enbodi ment can i ncl ud r.epari.ng
reca%?(gr?n c‘gﬁl Tia r%er yﬁédvr%n%mn gy%a”f)’l;e éé?%n%f I""t‘lré‘i"ﬁggr owth
facotseor geletis oM dH&rrﬁcad) hyeatmtngindadthyr additpdsaddRn&BE th therapeutic

ating,.t.he stem cell Ix in a system
oueliibe I 1 GO AT SOBPFr  TB J89 3l Fecso sschul in seviving
crybgdnically pred@védesimscel | matrix into a patient in
neeg t her eof ?} Q0382] In accordance w th another
md003%Ent | dbniRYSnsionslsearewreserehasliments|of pispuemmnd grmethod
by dhikh p@tp%ﬁrla‘éé ermaéh%}dcﬁ Qﬁvd'cmnlxeﬂl% & il G l Lo L& d1rect the
accordance wi th another enbodi nent, stemcells can
ren’ﬁ’éﬁ’b‘@e‘?fé@l?é §¥W<ﬁé¢¢%v@wlﬂf@t%¢9®gémeﬁsglseee¢d E@bdlschakatrtenzed
by ﬁl“é&g{eg%]%ﬁu %{epneﬂ@%xtf@ér SEPQG PR nes t"?ﬂ% ?h sma(ipe cxsed vessels,
aut ol ogoUs or allogenel¢ to a recipient mal -
arterigH 38 3yent veips doceian tiesugienginemet blopd ertsels |fmemste inaascular surgery.
Emgg%, gdggles ch ftgg rﬁl\% g&g ?lgrftjl'naeqlpero ;[3 51'1 )éva ! go(%ln% %’g %%Eb ogpance of these
tlssmglneemﬂéqunesshbmwsa (SI S) cr ossl i nked al gi nate,

hy | oi d ol } age I cou:acid, PGA, .
D iibeeal | °) Eaid Al orBhe Y8hdrg Ak St siskitnpt the hypothesis
thatdblnngcﬁETlm'tﬁ:eﬁoS kﬂrﬂ??ﬁdh&maﬁﬁf)ﬁ eloﬁQJtLb@xSlIﬁ ra&dmonh IWhilga éhere are
ol ya enes uor get hyl e vin chl ori de
aut Gt AT so B BroBPt Sme b G w2l P g Arsuios vatHiRb prates, they
ofiel A8 Hf ah Handficiandlehfi@il do MBdiathe frbf8fed. ndeQOBEA Exdntble, the internal
accordangce with anot her embodi nent, stemcells can be
thopgicATIeaY bet EFfelenti loagtermepaeqce brE émek #e adeavats length for only a
singlOPasst drife. Ibwati! Pecogrﬂﬁhg %Ht &b th@rd?te;}ﬁ&ﬁlld bk §§H§atecl & could be
accordance W th anot her enbodi ment, such tissue
used 1o| hreasy greltiply oswusiaps cing, thelivse sef, vpssderdemmmnng inferior
perliok’&ﬁgnceoc,roume b¥ %Vﬁld%é( S&ﬁg&ilfn@ﬁ& f[ &Q%ﬁ@lmld& 9&&8&9%!&91? provides
wi th anot her enbodi nent, temcell matri x can
relishledsshosngiwarnd Heed vasgls duu@qccat lengi toi roeet tleip aéead,
ti ugne at i ot h
e ai9a OTER BAdifBn, QLARRHITE ISR o5 DR
the meqledutar gegutliteort pk erechanically induced vascular remodeling by characterizing

rlseg Ctlo eexplore

the expression and regulation of key regulatory factors, for which the spatial expression
and distribution of mRNA and protein are monitored as a result of various mechanical
loads.

[00394] Thus, embodiments of the invention also provide a protocol by
which localized intravascular and extravascular pressures are measured in real time, and the .

measured pressures are compared with the calculated pressure estimates.
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[00386] I n accordance with another enbodi nent, stem

cells are affixed to a physiologically acceptable
woredosiosesemt eri al usi ng a bi ol ogi cal adhesi ve sSPCTUS®06/045715

fibrin glue. In accordance with another enbodi nent,

the fibrin glue can be supplenmented wth at | east one

agent. In accordance wth another enbodinent, a

physi ol ogi cal ly acceptable matrix material can be

absigo | e orr (oL-¥als 0 1 hod

pr oduﬁg a . hg?%? fgl n o(p@&]n? ce?éelgt&g%%o‘ré ?raft méy be derived
fromnpsentirdnt anya hioleital dessyea pf Gaterasr mgvxéedrmlsd: toalel hasntl® proper

odi nment

eeo kL AT HARGRE HRvh FRFLRIEE ARSI S bReon, Tygieally, he
graft e’éweﬂilr‘;g cph@rqquCbofevascula& uissdchechdved frnsm mhamanra;g ffom an animal

speQ B! H%r %OV oms accordi ng to one enbodi meier
PeRe Fide OpI SeP HG En@ 1 Re 49 heRLy §PEnfEe B d’i“ﬁ’g ¢ ggmoved from
var@us chasedca rpbﬁlﬁbﬁe ﬁ&hﬂnﬂ nterbod9nNdFbi eremple, WY Mt H8ue may be
derS é# rerralcp substanti al | y unchanged for  an ext ended

PEr 'S GF °PT Aaeren’ QL3S HEGTEES, AR RIBH Bt bl en{lhe graft
nssﬁlmtﬁohﬂieeﬁ stttidcliid] @.00Fa e@uls &ARNNS, %chadl&ﬂxe@ﬁﬁ QhAHBY lumen
b to dj.scl psed enbodl ments_of met hods. [O
VHiEC StREEEs whtHCIsMo tiRe r allomierii bead | tq rﬂnyned@eenhsaugh following
imp{®wgion. Kil l er cells, T-cells or the i ke) can be used

in various fluids as described herein or used in

sysi?'&% 1, 17bs. Pr%ﬁfrv mﬂpqnnmm%t}@ebibkpgi}ahtibﬁeeuged tionfabricate
b10ﬁ1%§ﬂh@§é§ if lc&l!g acc Mlcp{eﬁgafogt | 9a if}f ﬁ lated ex&racc&lﬁpar proteins.

of stem cel |ngt0 nmet S Ot erVVlse
Collagen mraleculsy eﬁnqmnmgh@lr efe{:hesnscdrpcﬁ}e (usme dc@lscheaigediin a trihelical

confj&ﬁgﬂ&?g&cﬁ ﬂéf&lncghﬁoq{ ¢ S%Lcl ic’mm rltentlgglli' ']Flic’elélg polfagen molecules

can be use e ect W se una
assegblg mﬁqxgntrgcrgﬁbhlsasrhﬁqlmgn twon asehible 1mo dibdild, iresulting in collagen

C diiments, the i ne celJ]ls can .,
flbeps Gﬂ{l %‘gglé) r acdcgsstw ?’6‘:}1 co?f £ 2R ﬁg“htcgi%ﬁﬁ Hn‘c’t;!f ‘ﬁrﬁscﬁ?ﬂ“é’é‘nﬁde groups,
1nclﬁd;ng aminrgaadid bn(a?ﬁdérokhl%rbuﬁse in ﬁgﬁ%ﬁ:ﬁt&@b)éannﬂé’li&mds dof the polymer
ffechiy S 0 [ i ca odj nent s di ose
backiong il SRS s 83“{1%}038@}% BRTRAhESsoRolerdes.
sys:Q(BDV]my bBeaapf! doHltlgeibuailisuy degldde oS, %ﬁﬂf %pg); implantation,
cis glvascug ﬂrsease such, as the early’t
i ?f":i&’é‘ i ulods @‘éﬁ TGS Sug ke b iplentedinte ﬁthvm qyﬁfs@u elhe tissue
can b8 Grabiizkd GEGHLBMAbAYINQALs JNBe @Ml SHBIESeBlibn B E@xﬁbmanon with
treated dical ly th drugs_and bi onol ecul es th can
any B JetH A GORTRIPRY B80S Briorsepi aheicel sgﬁehzaugn by tissue
crosb- hﬁkfhgcﬂ&QL&&Yed idhes BeNE FRLAGESAr S chh'ieefgd t\.{sﬁxgtbq(juwuolﬂal and

drug-el uting stents where in this exa
multifprgsiogrl mefcules dvisg wpgivevasoups Cwbbenfeébmangi irreversible and

stabkﬁﬁfr@ﬂole%l%&%h%@m%@ug?vﬁén‘ﬁBﬁq)oﬂaé Rangabed) HFen:Lﬁm% acid side
the system The | ate stages ten require arteri
BTOURS p R &SRR r 81 erfhe dicribages Gﬁoltehéessys"tre madditiodod usetlod 0 for  the
fixaddSYUE R ARS8 HL ngineer roducts, for
e exampl e arteri esgﬁgﬂgﬁn&%z&ogﬁs% Fs?x’sdggﬁg BE*¥%or
ex P8P8 st e?mcbgqhogoqgmdanon may be carned out according to conventional

methodologies. Suitable photooxidation process have been described, for example in U.S.

Pat. No. 5,854,397, the disclosure of which is incorporated herein by reference, and in
Moore et al. (1994). The photooxidation process provides an efficient and effective method

for cross-linking and stabilizing various proteinaceous materials including, but not limited
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progenitor cells with various possible scaffolds such

as a ePTFE or collagen conposites. [00390] Enbodi nents
w@booBlesssyst em may al so be used as a vascul ar PCHUS®NG/045715

to recondition a vein or artery under various dynam c

conditions, with various growh factors or genetic or

chem cal treatnent and other additives enhancing the

t herapeutic outcone of such a conditioning
to, @M OOBAREn filAisSn | fbee] Ry

cr y_% en?l?gl ly pr esgﬁglé%hzglea%? Cr‘rag.\lnrglg3 #g’gfglf]dr@ﬁ%%y hlabetedl as used
herqipjaetudesrbath ssotsts\sugle s ealiedi et mroufin-corgyinirgmmangia such as

: t [ i ate nmechani cal, environngnts
1900 ol ML B 00 AKLELS PERON G SR e e
Suck yedterals btechmivesedsietm the doneansindl saddmengidaeg igtnersed in cold

sel.s eharacteri.zed by increas | engt h, jnternal .
boffEEle F N GReE PYfT e Slme S-S cor Fndesiaih (Gk paing, vncl
fixaries pedesss igpdrfyrired, Or even veins, becone

ti -engi ngered bl ood vessels for use in vascul ar
suﬁ‘é@?ﬁ Enbg'g*F TATFHRr FsuerBateriyleiet bonhetapiized py then demmersed,
dispaRted;\cal suglen @il (@epdndengn@dnoitBReRuObrdBERR) in an aqueous media for

ti ssue- eg{qi neered pl ood vessels in_ vivo. [ 00392 ] .
ProGeyRE PHERMS Mo preirapessian of|the fareriak for Batpoe ©f senienience, the

worlyRAbRE3 S dhhRbe lBAGH BN ﬁicbﬁfers\%ﬁ% Rbn ShEA LIS ES of the
artery elongation. In addition, wiile there are
Proteimagiays siserdidniselude mavdons 2pi hgapiopelferdiohmpne having a neutral to
1ka¥aé bHL Bigka K . f they of ten are of
: .aan |bns ff] CFIZ%IJ Pltiag%ltﬂﬁﬁ;é oﬁ%%b%%%EeCP Ié%u(%frtg%éer?éteuéf{mf‘—no?wsed by
acidgpbinBrmiculably pirefemedate hufferesciquearstseluyiona baéng @ pFeof from about
6.8 10 §Em patency, but is of an adequate length for
onl'y a single bypass graft. However, recognizing that
i f [@G4€0%r t er In @opteterixd ghonogaidedon i froesy| Wrdenddiedolubions are
- SS | tiple gqcclusi.ons,, and the use of vessels )
il BN, bl P PR STTRERCEOBUR diba Sy dbge materia
befoeerboaiabit ThefmichtaliinVgatdritiaddai dgeRusd thaPfiauk 98%ed in the
p? rel i.able .ti ssye-engi eerﬁd bl oQqd vessel s of sufficient
1t gt KORHORER ipRfiarer| g gbe F%f@ggﬂe PRPAERIIt Peter cross-linked, e,
theye stixad i mpased OfnedHaRicaly SR @k CandUddcAGEedU SRELpkDiIRY PoOp Breolyrtic
d t he, nol ecular regul ation of mechanjcally induced i
egradationt e cHifatep #ﬂgﬁ prpeendivioning is sffeqtgd tiverhe opmelabitoaf the first
daneblieehy|iabtial REfekeY hRNAIRE oL QL Solafi k& i
e t he spat ilal ,e?(p#r}egsi org and distri bu?‘iﬁ on g#aflﬂ':(})?g\l\&g%nﬁ vhe first
medbar wlenen- Fegticudasin picksaredsarg spdiyp potgssiumy proorganic buffer solutions
WTRC k6 2L h1bABE Sodh @D R8I pRERY d i
e i nvention al so provi d% a Ppr ot %gé HE{I} wgﬁélp%gﬁ%lpgleﬁhmphate’
and Godz\kusfery bavingwipBxef faomsabobn.8ppabour 86, dieesmeddiny of which

et By D O L SR 60,
molepulek tweighs serbobydrperie betvofen taheun 98 eubsat amgl Afolar 8BY/mbean.
defdﬂ%ﬁf’] The solute added to increase the osmolality of the first media may
have an adverse effect on the degree of cross-linking of the product when present during
irradiation. Consequently, after soaking in the first media, the tissue is preferably removed
therefrom and immersed in a second media for irradiation. The second media is preferably

an aqueous buffered solution having a pH of from about 6.8 to about 8.6 in which the

photo-catalyst is dissolved. Preferred second media are sodium and potassium phosphate
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fromessentially any biological tissue of interest

provi ded the tissue has the proper geonetri cal
waleomeneisehs and/ or configurations for its intePcBUS2006/045715

application. Typically, the graft tissue will be

conprised of vascular tissue renmoved froma human or

froman ani nal species, e.g., bovine, porcine, ovine,

equi ne, canine, goat, etc., and may be renoved from
buff&@ﬂia@k&% P HokAIbRP S uttbqaéutvx 6 Mdard &gﬁ% of in about 150 to

exanpl e, ‘the graft tissue may erived m car ot1a
abo‘&r"@@r@@@ thoracic arteries, rmmmry arteries, and the

li e gr tructure, e .a .

| LAIDe 01 Ghi S5 B0l 2y LB Sy Sy e e
medfpagrich thegi meuhswawals'semmnporaetd second axhddm/\pngr i phmtobndanon for a
o i UECEL U oL Nt 2004 o 8385, Db,
Whefrﬁth‘el aaibeofhihe mbﬁ:ednheﬁe:s of she aleHR@C o tlat IFNAE infatdr@l B be cross-

faml relafed extra IIuIa prot ei ns.
tinkg s Gy Tobe Ot sbmd: GG bopoin FelibRuprenarngslly be readily
achléxﬂzﬁl The 24id18) th@rcf)ﬁ&gﬁdubﬁk 9 gtex'iérﬂ?)l h&adricantih g H[a?tﬂeoﬂjusted up
endi ng,i n non-helical_carboxyl and am no term ni.

or defases desirrhdencentit eilirinmds siphad, tloe saseple is photooxidized in the
cataRsCinebipBFdtt S meWing. rTTl'l@tlHé“%Clﬁ?&? k& ch hQii Ha@fn V\%ﬁleﬁ depending

resulting in collagen fibers. The am no aci
upoRgkeh farornes. éul insigess sl lempPature ohithd mediadelugioonpbe osmolality
of th@ qer‘.d H!:Qm?% She %ic? Qsﬁdofhéf%r 83%!: 3 t%@xs ’sar{xglle a&d k}otgnaceous

am de bonds o ymer bac I
matWﬂl C-ﬁ mf@dsq>ft eme fag shgrotae latflei!ﬂ moheaes gabs loages isorerdnlays may be
l.eg\l ol | age us, tissy

woffRRE T ohl S, e b BEAGNSEE T TABIRSS! LSRN Soraion i
geneparlbf siffbbe tooalbtvabufficizet tilme foi ssuse cblﬂagbﬂiods&nit@mﬂe and media to
. uih{;r;pl anted into a living system The tissue can be
1 i'l'i zed using enbodi nents of the system of the

I NYEdA03on | NThenbdcalgdts OforWidsé ﬁﬂ)’th@f p&o\z’(ﬁfxlaﬁ&ﬂ Pfocess include

convent i onak}ﬁts roache For exa chem

b

C
photopxidatiye £pta horeeiayeplodhat| ¥ R‘? r?gtweﬁfé ow‘?leF%FF ggansfer of

electtr@nsa§r hi:@%dén hioxat drﬂnbhe&BQ RIS hiseN@d T 3 presence of oxygen.
unct| onal. and nulti-functional nolecul es "having

Altf&Oé&‘&tW'é gicgtiFsaicapesbible Bepcraingi neP? rherertiulirecagplyst utilized,

app&bﬁbﬂe%aﬁdﬂ}s’i@fﬁ@iu@@ U@l ar@ et 'hﬁhé&%' %4!3 @Ete& heB&d! et al, ] Am.
bonds with the reactive anino acid sid rou‘E{tj resen
d

Chegn Sppre8le é@%é@% P BcRearisularky prafefired mﬁwtch niaghylene blue,
me I l S 1 al->-

el G0 AL AR HERAED BLALIE A3l S und prdonats
phosphateooxi dat i on may be carried out according to

Com(ﬁﬁi' onal T gxgtlscr I Gcfd:aér};st ﬂ’plh% IR%th %ﬁi(l q'% Iaog o8 several

process have or exanpl e
prockks. pEa8E%r3 dt sthkvelcbl be cluffgieme tof inshiec hdeqaaue nmeﬁmﬁ(at dko the

dejeinb r ore et..al. éﬁ 92&{. The .
mat rﬁ‘(ﬁ) doxi da ?161% %r o%@%s tgl Yo% f}ﬁegﬁ ARoFAFIN ?he grein. A typical
cataleﬁtf eohtamgranphhoeghges from about 0.0001%-0.25% (wt/vol); the preferred
concentration ranges from about 0.001 to about 0.01%.

[00405] To achieve maximum cross-linking and stabilization of the vascular

tissue, the following steps may be taken: (1) the photooxidative caralyst should be

completely solubilized in the reaction medium prior to use to ensure that the desired dye
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for cross-linking and stabilizing various

prot ei naceous materials including, but not |imtedto,
waeoeiosagesny col |l agen fibrils and col | agen matri PEFUSZNE045715

term protei naceous material as used herein includes

both proteins such as collagen and protein-containing

materi als such as tissues. The material to be

cross-linked is generally provided as a vascul ar
conéen®r@H6n $PABRES ed; JOF theBRL &Ik AliSn ¥ Snd'8k M?&tlﬁqug Eigs@ %)I;' Suspension

donor  ani nal and 1 medi ately |nnerseé n'col d buffered
showld| beyén fegyilibrigmageith pliar Hnf the quersundingsesdiang/ andr (3) the catalyst

i i 0L i xation pr.ocess i .

sohBRRAGR Pls5Es] TRl Dy HPA eRolorh® riePl RO iR chemica
Partmwbtf@oweeﬁfm is then i nmersed, dispersed, or

su d (dgpendi upon..its previous pgrocessing) in .

anf(gg‘ﬁggus rrgg'fagsef g}% B %8%}§a§’i°ﬂgl? TO&E t* B‘ﬁ@esrr%rd’i“é“g’o?n oxidative
reactiometcs atireOforhpleriomiof thalredction, ad@mes Qfpply of oxygen must be

conveni enge, thg V\/orﬁ(,".'krmer sion" shall  be consi dered
proYided iR AL o Bt GP G B6 EPR T BPUY #6 by volume
(refepring b thRcRAtFRLAT Bkygeh i LMORMRAGHIRRY Svdife ﬁfegaﬂ Isfreferred to

buf f er. so,utf'ons having a neutral to alkaline p

g
assu Siefs| dssalvpdionyeearB ibe Bedia dn dreafsay extese saswenbiromhleecoming
Gigaiahr AL éRemPatRRE PYoaGh disBHbe Rod .ty !
e re bgffer ed?aqueous. sél uti gns ?hlg\é/(i[ n%gﬁ;ekgidgéﬁ?ﬁgfgng&&mum
at whish rhe &agertaé 1saltf&lfiu13gg¢xppggqg@]1$htnt}aa cpqygérerqqgttement can be met,
for Qﬁ&lheé?)ﬂ f?%fragﬂ g%@ CSado to\t\%tié@q)xs% ﬂ;ighr&%] %fgegéoh?tric?n, suspension, or

utilize is referred to herei

samplp rdveimgdibie roaiting” pioess.v @syganacorickssaromixt elid almdsphae @ver the

br jatl : nial -is. "preconditioned” in t
et o TOE Lo S S EAIA S iy B o son
40%afiech commdiabuehsi (agdit depmdmgcupmincteapeanean) kyn Bd therachieved, for

. cross-linked, e.g., th shpw | nproved,.mechani cal . .
S Epart ?Dlééﬁéﬁr% aggé?té’agg% r%?iigaceaﬂ'\’nr i predjanon ol tiec ors if
con@eghdaat higher thae abbhi 26w arotediRds bPrRGBNLE kPN idtSres or air
b .af f ect ed %y t he osnol al itt¥. of the first nmedia
VIR PR HICETRSCT PYBER R PP e dhe@at  sol utions of hi gh
osfuoHer]i ty bAs watidomsr thadyfid b8 kid¥BekgpeSRhdttdndthe temperature at
Particularly preferred are sodi um potassi um or ) )
whicly the fractignyit spn diseqily Bfsets Shrcreagrionsengs ad therpoeemiavailable in the
med &0 T RSBl vROSASIL; fi e T
. ..phosphate, and Good's buf#ﬁﬁl?iﬁ%\/ﬂh g g&%{Hag%tﬁgo‘?ﬁ to about 7.4
indicarotitat @s ghe trmpssritregolhthernedin srrptastsi rgmofbonhitc® thapeut 50 C.,
oxy g8 EdnkdHf i lot1vOF; | L
T R 0P LRl it £RRRP MO EL1ET0 HHhn o abour 5
PPmg aF o Wy eeztelyzed Rhetogxidrtiah opriocd9 3is noopheamic, abwlutit 8QCherefore,

prefmhaE Q%Q&Ld}@%ﬁ%#&% %gﬂ%% e iaﬂ'ﬁgigg‘é gu;'lr?eirradiation of the
osmolality of the first redi a rmymhave an “adverse
protgifficseys omterid tdeprerentodengrugmmn ohlkha profeirab@uprodedil and the
. e e during jrradjation. Consequentl afte
v BB AP oot P bl R byt RERETIE bt ety o
recircelnpwgbath hesuficiem tanchihtairerrsladniol thesempadrure Siithih e jacketed

reactidd @gslseqt &OL 'axr-lrbhe? bsu%cpq{]cgmgr?tdge e r acr:t%ne E:ﬁla%ger within a controlled

environment such as a refrigerator or freezer will work as well. As disclosed herein,

photooxidation conducted at temperatures ranging from about -2 C to 40 C. has been

shown to be effective; the preferred temperatures being about 0 C to about 25 C. To
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an aqueous buffered solution having a pH of from about

6.8 to about 8.6 in which the photo-catal yst is
waele@sobesesl. Preferred second nmedi a are sodi um BEMUS2006/045715

pot assi um phosphat ebuffers having a pH of from about

7.4 to about 8.0 and an osnolality of from about 150

to about 400 nosm [00402] The tissue nmay be

advant ageously i mrersed sequentially in the first
preveRdi ar adidviuhee meh&ut'diﬁ)nc%tfajcﬁéﬂprbt@ﬁp FRAUREE ShHE O‘QQ ular tissue

medi a pri or E phot ooxi dation for a tota eriod of ’
‘emPF‘ﬁ%‘r%‘Fffl?Yfl ﬁfieli"é“félﬂl%wfwesstuée ofgihat peaveinravelprafertedl. Likewise,
tem[a@x@ﬁﬂeseﬂlé'vé Y i ?Eﬁﬁ I PR fehich rggc}utnlﬂ % A0§ Sxtgf Ayl on

the mediumto tR e materia
cr d@%‘loﬁhked iTheiproteheis rcanclys:t@if atftemeaboes lokdedodgh to avoid heat
ener readi |y .achie

den%ﬁfeallp at &o é#{bp;ﬁg r%l o%n ﬁo?%d ?s natuREPnqf t % ﬁage“ or other
prommateomal matandl dayn@e;raa:djlmktngd Luknevaﬁe, dt@m’pemuxdeﬁl E@dl.at a level

ff an e briumis reached,. }ﬂé?
sofRE SoH D PYRE e R Fﬁ’bﬁ%éﬁ B sk thrprorpigaceous
mattdidles inegerséddhring ik Rdtiogqui | i brium varies dependi ng

t he tenperature of

up h factors,as, for instapce,
Z&]@gfa Sohﬂcf’ ghe t’sf"“?e‘s FEERFE i1t )’/S photorigradiped; preferably in a
conffBIﬂédis sﬂﬁg wHeeih k& Qx@ﬁﬁe,ocilstﬁxlﬂz% tU B %ogfcef)hpﬁﬁatﬁﬁr@"le?gy and

Lot ei naceous naterial. A period of tine as short
wavglengihy @y BeRn ERASEBHIars anc period of dyediation apn lmayw!}éored and/or
maiftd{deli C TRRT vissBeItis IdhohR3 DGR Bg&g}dcéJMo&e% ffﬁg§ntoto i cross-

m nutes to hours duration is generall I cl ent
linking Bheogridpdoe fstzentrally achievaduting mchra@emwvlm leghit aF Quorescenr
i
hghﬁsg Fﬁs%lﬁgkp o gl#alt )?a%‘t.?%ﬁofplé%ggrg gl]lei \}];cs:ﬁ%le dx%Bge 3t & afbsorbed by the
Catabhbt ooxi dative catal ysts (phot o cat al yst s) that V\,hen
ac d wi use tr r y
L e s R R R e
to amﬁss-d)mkge iveAl pd@wmem&r inewrislesill tvaryadepdpdisy b}b(ﬁ’l several factors.
on the particylar catalyst util
Theaep Ffe}gF [ Q) e tpe A5 Prmoparcat pereitiggeons cpacsiel (2f Fics igkpes o the
tissdeN@&pld; i (3) ekke idivtddst Berwerh tlahE lzlaroihmaégﬁus%gf&mﬁﬁlﬁd tBd irradiation
509 5096,(1959). Particularly preferred cata
S°uﬁ°ﬁc@LHbe ‘ffé%lﬁiv |eé‘ﬁé%qda é5t) ﬁ%fmﬂe@ﬁétlafr &b fatalysfs LR F type and
mteﬁéx@zoxﬁfl ¥ ilight EHLQEA Fbr Mastddctl UxBEGBE AmeSASY Daryd8m as little as a few
phat e. 004 4] The concentfration of

yri doxal - 5-
secopdl up §3s PRk FF@%?EHF%? lwqr? Wisk yeenee ethe intsasier off the light, one or
more12ERSHaPBE A Alifrenft %r%fé?al-ﬂl}d rzgx%lrﬁutigf {d:élﬁﬁ‘ﬁ 15@wafts , Préferably

adequate penetration into the mater al
held gt gdistnsideem ahaut 25 cm 1 2 em dmm ph@mmlf: alalfacenGmatqr lgwposure

1m Il €. { i ran re quite
RSB AR A PR oS e

varighledeareavat ithey rralvrgl@seaﬁxbodf;tmmd €00 givew radveninl virlgitoresort to

undue experimentation.

[00411] Evidence of the cross-linking of the wascular tissue by
photooxidation may be provided by several approaches. For instance, polyacrylamide gel
electrophoresis of the irradiated material in sodium dodecylsulfate (for example, 0.1%)
evidences such cross-linking by a significant decrease in the amount of lower molecular

weight material with the simultaneous appearance of high molecular weight material.
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[ 00405] To achi eve maxi mum cross-|inking and
stabilization of the vascular tissue, the follow ng

wGe@pseasey be taken: (1) the photooxidative car@l/ys1006/045715
shoul d be conpletely solubilized in the reaction
medi um prior to use to ensure that the desired
dyeconcentration is achieved; (2) the concentration of
the catalyst in the tissue or suspension should be in

eqddaPy 1 um W t, in the surroundin di um, an
( stdt“ﬁgf cat a\l‘w‘)'/‘gtt51 e{c, 2 Pideds, OE resdT o eggdp’iogldlﬁgn%(/ ginown
solubylyy sind aligestilpdini csisaFer matated, crossdihkied egllaghie il g@ekrally insoluble

i cul.af.es herefrom |[00406] Because the .
S“d‘Sﬁ%{‘o |l>l<bg£"|:yo ﬁeSEpsr BEEES %’ff&le\}’écgn%ﬁ i°ﬁsfﬁ?l Biff ofx Fgsyinfdng. The
digestiilityl enys imyohesikebaavApbieticopraatinhdtdus ?@&ldc@ RyitRR proteolytic

ade ugte suE{) |y of oxygen nust ke provided during i
RZURG TG §AP 2o YRR PESS og pptferial cotlesentseaanidghe sbseqnsat testing

of 1BO%hdalya WONHIEL Che bedub@nd endife GRNGRALLRY 0N sfible degradation
Pmcﬁé%/sgen in the atposphere over the nedia) 1s preferre

2 he srasuipked rdudi Shoreel ssngradn agcamphishedeli pelletizing the

n 1 § ntr. 1 . .i . natant for
u diglasleyc@ R QAINEEN 1iER0 b5 e nf O RACHI R I{Sgg{él_% ‘Jﬁge%@e‘?%%lﬁ"g“ tant f

_concentrations > 0% can al so be u
degragasientiredeetiper at ure at which the material is held
dUkdgag3EXPOSHEBod Qo | irta 8 OXY requi hegent can
be{rret,]efor Fns(t) an e,bggt;o1g:’a?x?%§%(,ngﬁghg%%grn&el oﬁroc‘)i?JCt may  be
advagtdgeowslis sahjickidy adHisiondl triatroents Sarshe nah ol obthesanbls€and other

i .t he.r.eact.i r.ocess., Oxygen concentrati.on._i,n )
chefiih 9 RS GESELLEN DERRER bV A EONCERL AL LOY Ut v
in a fregf bufbdy|splutminpfcaieredple mishke uadgiollofved bom Rbaphrth¥edoval of

about 40% _Such ,concentrati ons.(agai n dependi ng upon
ward Bl PO SCRSE e SpoRo g8l St chetiacad By volume of
rinsd ¢thlid i gecphiied idependt iR nnehe infasebf tHeGiskid /M el @R1yE cddi€ntration
issue or, if concentrations higher than about 20% are
desired, by bubbling oxygen mixtures or air having an

| npovaasied OXRMitE iRk ubdbfpHREABR R prbBRER fdr S fixation of
L W th other catalytjc or Kkineti c-t¥lpe reactions, the )
the gRaHLEISHE-UREDEHOUSIATRY foriEion daethipdn iR besr dserelad| and are readily

avaiRble a6 tfie bRCadeRs} beRsdPlaCcodNthcliBE XY 988 o@%AHN AN Be iflvention.
the nedia. Tests conducted ith various nmedia ranging

For jepampples plyiaraldelirdes and gher gekatrdurldehygles, duive stan prasd use in
bR ERREARIAEBI cal (MGu dIEM R ddIFLE QM 3 Sologi
p.rept 0 About B0 Cf, )52?é.nucon§ent ra(lt;i %ﬁggarlg%?ak %Q?tg%ng%ﬁ é}OIOglcal
tissupg havgrbeen shieosivély slscaibed and arewelpbnown imbloisrt Sinpgeneral, a tissue

1080 B¥ @z &Lk yF KU RN ANRLARG AN, BI.OGERR. dS oty i
samil S0 B AR AE RN ADG BRLAT B0 BLASERE Soyign fgr 2 duraion
effeqrigt g cpetey theodesiradhtdegreerpé rcadssrliokiyg within eienbidlapital pigsue being
radi ati on of the proteinaceous material to prevent
naturation of the proteinaceous material and the

dr [0fHRY of t Menpxyagarionutndfcondiiome dharebyechheppliedr A99timize

i e rat.ure. ual Iy, a reci,culating bath is
elonds I SERTEANE BroceRbir rok sibotdin PO ConsRamfuns Bt been found ro
be baitehiim Huble tisauek etosdlinking compared to higher concentrations. Tt has been

utili%

treatjgaé

proposed that higher concentrations of glutaraldehyde may promote rapid surface cross-
linking of the tissue, generating a barrier that impedes or prevents the further diffusion of
glut:araldehdye into the tissue bulk. For most bioprosthesis applications, the tissue is

treated with a relatively low concentration glutaraldehyde solution, e.g., typically between
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reacti on vessel or chanber but placenent of the

reacti on chanber within a controlled environnent such
W@2008/06652% | gerator or freezer will work as wel PCT/BS2006/045715

di scl osed herein, photooxidation conducted at

tenperatures ranging fromabout -2 Cto 40 C. has been

shown to be effective; the preferred tenperatures

bei ng about 0 C to about 25 C. Toprevent or alleviate
0.1489A A D4l BurOfor LRErePIOL AL 8 Uns FRL: dNOY BSEW, Various other

ti ssue, t enperatures bel ow t he denaturati on
co rrtkémsmnatﬁ@umaldehade epnsertraticas engdriedaememokimes willviabe be suitable

V. poi nt of the reaction

ckp&%ﬁﬂ%%?&%é (gggﬁré ??éaﬁgﬁ%ﬂg68] The process is

cor{ﬂﬂfﬂtﬁéd at It edgiepatabisnétovak aldeighles, Qnﬁwobtdzeh €idmical fixation

d t h d
BT TN PR T ——
exaxﬁiplee I scahe Chwch N gmﬁl{dds Shdvenkidployeli p81etRrs, t EH@%@&B’U [cBmpounds,

held at, a |le sufficient to maintain the ox
st SABRRT PREFDRS | PEYEPHOUE PREH ORI foriDe ek Had glgdual in
the BRUOF ithtih bioldmEda$ GebuekivilNBe htﬁfa@di' Rl Ic%s-hmgé Qcul R GEafe tissue
t he tlssue is prepared, it is photo-irradi ated
in egibefiumest ¢ f sypress agrording F‘éﬁ“‘s%ﬁ@#ﬁfv\her eint enper ature,
-di ybeee to |'I'119|'}Ierr§ﬂyf1£ﬁ!c fobde b BL: gﬁfd ?9 %mbodnments of
wavel engt h, oxygen concentration an er|o
the isyytefai B8y soc hh vl mnnmr@we@rmtr@nsmt rErafadetks aFidemake these
e h agi.a pder, . co sufficient
P méédagégus%&g?o%sc e,sé {ng* éﬁg‘t'lgog dat i %gdrgégggne%aﬁrfmmeq (e-g»
hempdppamis) fosin g)rgm:andxesoc ennsplar betl dghhg mlue transport period and
whild W{lgﬁgg al k:rg{H}ilarr]lt t ﬁl\é[brevgg’rt bulgrlg,ngrov chg% a. s§mglﬁge6ir %Qaaule or
heniwlynhelccatvatcymtem,[ ©bith Ohayl h@mf&le I’iﬁlvfnyo ebnditiend bfilie particular
u re

orssfh b0 BT Bt o<t RepsesL e DAt tiF preoy pyymaintaining
its ph@pexn d\hﬂitgmupkhﬁ sfear €l a'ias fb%@ﬁ Q—Eﬁxova’l €5 &s |tBCﬂ>ﬂé¢Ele thd) bdsh@ossible

% pe agd amount . of r eou rmterl afl t he
erarg B8 A e TRph it Pl B Aoy SR0pdynephe itace may be used to
re-vbetweegad fhar ﬁﬁ@&@bﬁ%&@@d&r@aﬁﬂ vaith arﬂfpet 8 rbdeFAtbA ki nent as

source; (4) the catal yst enpl oyed, he
welboncentrati on of catal yst; and (6) the type and

| nt[@mﬁsi y of ThBenJehbh al30 F&»@des aﬁ%nibﬁaﬁﬁaﬁ%fa%é?ﬁ Y& applying

ﬂe g y fromas littile as_a few seconds up as

°°n?¥ﬁ ¢l & e”éb v 160 Heuremmglien ¢ellgsulinrep userb fpmaeqnfsqlalycamlage
pro®@fctiblie 1ight, one or nore |lights may be used of

intensity preferably rangi ng up to about 150 watts,

pr d§Q418b| y héirgbars sher Homceressr omaathoe- dl@lEﬁSlomlt@r tonolayer
hofdPobf@N{IHe Saaval i} 3 e LIE )
¢ 0r equ%t‘reed v\,he lj eé‘g:}ten{t;&gars% g%er%tbooﬁ)‘g&w ‘ig 3%1 ?PCSI collagen
produced e dhe ﬂh@sérqcmg eSharsbeguilow viaess atbioe ademsly enhances

ma11tl£1q¥ncga3f Qﬁe ?%Hi%cﬁt ueherxr'}o%g:? T‘;@.ﬁuﬁsat Bl"c%ﬁoﬂa ct) sfmear flow stress

out resor ex
according to embodiments of this invention improves the functional outcome of a three-

dimensional or monolayer chondrocyte culture and increases the useful lifetime of the
monolayer culture.
[00420} Applying shear flow stress to stem cells induces or promotes

differentiation of the stem cells into chondrocytes. Inducing or promoting stem cells to
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[00411] Evidence of the cross-linking of the vascul ar
ti ssue by photooxidation may be provi ded by several
wappsoeskes. For instance, polyacryl am de gel PCT/US2006/045715
el ectrophoresis of the irradiated material in sodium
dodecyl sul fate (for exanple, 0.1% evidences such
cross-linking by a significant decrease in the anount
of | ower nol ecul ar weight material with the
diffesbrtithd 3R6 Q%&Q@Q&rlﬁﬁ&gn@ﬁlsmd% @Ltﬁgﬁh gte {zfor chondrocytes
. Jmateri al 412&%Further evi dence of
in }Ef’e‘hﬁ?roﬂmd apthed deserheddsraininith Sﬁgaﬁdoahg@bpcmﬁd Tthy Chondrocytes
e
sl o e erh 08 e feny 4 0P Bk S AR b s il she
ﬂowmtree‘cfoxewsueifemm tipfie tohdlodggrodectaf Q‘ffaﬁSfSeldllcﬁlkﬂdgg The
di ilit ts invol.ve |j cubat
pr ??}gceougheﬁfgl Fregs 9 o ?Sgglaﬁ‘iqr%né 2 §ﬁ)§>0§%<ﬁ1ts of this
inveagopapai imdute ytpaisdlffe&ﬁﬂsmcﬁh o difieteidied @i | iageNafRidrocytes.

: t he. subsequent t.he nedj.a in mh ch the
Traf iAo B SRRl Ry heutbeig, LBrapise Cel other than

chomgcﬁd@tetgo,nmpbsldu@tos fﬁfroElH@s Gh Q88 shiap KRy m&maescﬁb&l herein
rally acconpllshe by pelletizing t

t est n
with Frgpigeir ipnoprs. 1 eRRapst e Strostisg? Hewtseierughn diffareaigted cels
randd@féreRGatk eidi§SU er nt ad
' Empr oductast [%)(5413%:Edlgglgcl)c?)’\)%\ﬁR bgngltrl}%t ochlfo?{lraog?\Q% [ o%ﬁs[l@r:e from  the
crangditierenigtifiaeprasess de Marigingd im theamingeousiey shesbjfbot edess, for
suffltign@tqgﬂettb MR, g}&ﬁﬁhg}? BE §rt1ff19fal Eal?gla noval of the

catal yst and other chemcals or | urltlesfound
t Q0422 pef oﬁetlﬂymlngrtdsgdp@slueﬁdvasgtdlzg tcg laaf' tembodxment of this
iplepri h ffer soluti.
tnvellbh BnCbl WBEETol ufbicl EPibsphliralon S Reptdifl g flspliphed. medica
procedyreyato aéplwat éamtgpdtmeaﬁmg cu\ntﬂ:tge flyipidallgt anifiial cartilage is
nunber of rinses and the volune of rinse

emp?oé'lgg zll%)}he ' qu°r ad gegetia euc;pﬁwef%aé’d F%f the tissue

an ﬂm@m&] cat aPietdralsipnhe lﬂﬁ]tﬁhfed&hohﬂrbkﬁéﬁﬂ‘e ah&ddi]i.el, Artached, to

g ition thg t he use orflgf <l)t ooxi dati on, pr oc_gsses for
a suPffgatpi RRETISh SSPE S b PAPIDICE SieB oNBit dsdgtRgionsl culeure. A
monlolayai-fupporaighafifacladtea Dekme SGI sQEBIANE 2biBrd28@¢ it Ynoculated

..a lable in the grt a ma e used in conjunctio
itk Rop A 1T ot PhBTROT el oy Bleatas] Bsmsdifrerentiation.

Aruighibll @haligehyge, banidodidgr by ebdkar: aélﬁlﬁhy& fs 1AL c%ﬁ@&monal

Wi despread use in prep arlgg cross-|inked biol ogi cal
manymaliggdissuq el Wé%l?ef’b‘lm st BEMLAEfS daster’ %quOGnS@f McCoy's. Such

medRi 2L QQH108]ovld §§Hﬁ3mh aNe al%e&ﬂn&é&m a\és a161 é{] ét}ﬂi{]&lls are

are well known in the art. In genefa
cultyrgd |78 3% dssing P’ﬁk@kﬂ’?le@egrqq!pl“ytfb Off afé@éd \Hrtdar ahese condltlons, a

chorgjrgéﬂé aln@ﬁ%ﬂ er> gJa' é Ok 0g; SHLAL Icgquae%’]f ?nca}xll% Cist l%Ix;]oduced in

cause the de Ir egree of cross-|
apprigkishasely dalo t56sdaye depiending rasmthed cel] (:))Qﬁ:l&]ed I\fbnynoculanon and the
culi@lbdiligRs and conditions have been applied to
optim ze
[00424] Isolated chondrocytes can be used to inoculate the surface of a

support or a 3-dimensional matrix. Alternately, stem cells, or cells suitable for
transdifferentiation can be used for inoculation.
[00425] Cells used for inoculation of cultures used in the invention can be

isolated by any suitable method. Various starting materials and methods for chondrocyte
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gl ut ar al dehyde fi xati on procedures. For exanple, |ower
concentrations have been found to be better in bulk

W0 p@s6es5eF 0ss- | i nki ng conpared to hi gher PCT/US2006/045715
concentrations. It has been proposed that higher
concentrations of glutaral dehyde may pronote rapid
surface crosslinking of the tissue, generating a
barrier that inpedes or prevents the further diffusion

isol&fonQrblkab @ dshdygedalf: Of‘rtsé'h‘?xé ' é§l‘t{ﬁ-e R A i nEPE D it }é[anuatl ﬁf Basic

bi opr ost hesi s amfllcatlons tissue Is treat

Tecamﬂé‘l’satzii\ﬁél VA Rulisy ﬁrecenwpm@#, gb 31168 (IM87)d Examples of starting
mard@dok Chondiobyre idoYRloRAhANIARENEEN0 ATESRE L orrébch:'a hours

or nore 0 enhsure optimu
varl9436] Ot helf clontsiamang onsedl &l ut dssat diahwdéch chondrocytes are
and tr eat nent

ent r at, On
s e S NP RG FSHein oo BERR s¥ g, hegrefian be obiained
direeghyp bir G:ahvmnonﬁan&ﬂﬂa\@&nakd’ld@éﬁﬁbhl a0l tisQudbdltine tmhe@RGHs. Alternatively,

oth em cal flxatlon procedures
the RIF 6 BE olebelpBen o TGl e iR @ bR HRing matersl. One known
metBbD i@t edndlkScyld isoR®iod ARclud@ Uidferer4l ﬁ)ﬁm %o g?ag{fg S8€ Nulture
et hers, epoxy ounds,

ods hayve enp| oyed po
vess{F 1B oysotal by piiodi i b g choraroiite Felbppioeateisrs can
be ca¥l loabligud Bultie phithd 4RiCkhieh disad dﬂé'lech@el%r rb@ncﬁEl‘ioJc@&cytes from a
treating biological tissues will be sui
hetegqggears, Gk REPwaEe| Hr aghirelt methodhy eﬂuomsem;g ohcrremch cll sorting
(FA@XF&&H@ c@&ﬁgﬁwt@%et:ﬂxctamlﬁodl%vﬁ 'Us%” u g%lgpeg&oh nf)oc&Tes In % fourth

henodynam ¢ forces recreate
methgd »chendrpeyienansasplatd on bee hesieof thix hmytanedmsgwarby centnfugatlon
thn%g@gggg t %ﬁ&&%ﬂ&(% Sp;a0f meke these procedures nore
ccesstal® y providing an appropriate environments
( e[@427]hermdﬁmn1blcs) of otssuan framg awhipl isaim tcelld fc&néhtﬂea:ﬁtxation, or

dlffeg%%tnt (glutrcérlg;g gm a%l ! rforrl\]%%e 1f§8er£tza§1|0é1?|nc3n\l\€%_ d l%g@ c(;ucge placenta,
umislicalibatde opel h&atdd ek, nhealpaidstdng B ﬁ@ﬁn&mnumém can be
ltciyfrep resent in vivo con |t| of the tICU|af
isolat e iR thESS Yissues, bya FrepiRE iRt Ofp'éffqyaf&gmﬁ%?f%%ft gf ysgpunding
matlhfltlﬁgg ténweatiohddenth@RN by mal ntaining its proper
uﬂéﬁ% nal it aft roit Q@ en renoved so as to i )
t he Ho 2gitisial corrilage icopBch has ke @ thedlesired size

"and &oﬁh@%lhaﬁt a oﬁré‘l&}eseﬁd’mag BNt OF ihiBdeatiam BR¥odRients of the

useqg to re-vive an_organ that was cryopreserved or
SYStrp. e“gle@eaW\R/Pf%e*aa%‘gﬁp%mé%reﬁ?eé gbe patticil cerdagerrentnes fopfurure use.

Cry{)&@él@h]no;r}ﬁethe&eﬂfd' RiteAS RorRh AN IR AlueaNAgL Hﬁgetnapire % nown

system for applying controlled shear flow stress t
il
tot rdigre il iz theast-es used for artificial carti I age

Pr pd4gs)i on. ][/lggﬂjliglmcf‘ﬂﬁiey FE goxs'ﬁ&%(eng oRY Rih &S %{ I‘ngm%mhan cells

t hr ee- di mensi onal or nonol ayer ¢ rocyte cul
are kndiremimatecus| Sgei e r Ba% dat. tl‘ﬁe 5,266,4800Typicpldy, lal schftﬁoltl ypesed in a

bior!:acﬁﬁllérggﬂp chamber to support a 3-dimensional culture. The scaffold can be made
of any porous, tissue culture-compatible material into which cultured mammalian cells can
enter and attach or anchor. Such materials include nylon (polyamides), dacron (polyesters),
polystyrene, polypropylene, polyacrylates, polyvinyl chloride, polytetrafluoroethylene

(teflon), nitrocellulose, and cotton. Preferably, the scaffold is a bioabsorbable or
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produced by the chondrocytes. The shear flow stress
al so advant ageously enhances mai ntenance of the
w@ebh@sgeseyt e phenot ype. Thus, application of sSPEHUSID@MS71S
stress according to enbodi nents of this invention
i nproves the functional outcone of a threedi nensiona
or nonol ayer chondrocyte culture and increases the
useful lifetinme of the nonol ayer culture. [00420]
biodRPIMbIR dnRAAN schOW 541585 801icCackd, € o
ﬁ%bnotes dlffe?ént|a§ g§§()c fe s%aéﬁ ﬁf ena or gelatin. In
gene%bﬁléﬁ&bem efsthe peaffiold gooeritimbrot i ng st em cel I s
ent i ndrocytas.i s i shed
oL g Sfisls, PHBF3E Rb R SREREPRr e dven i setfold
Stromatb\ﬁﬁlhﬁrh @@Cdbsd mbedhdmnﬁolﬂ atmdtdﬂomgab(fohﬁ a stromal matrix. The
dr oc s. .The ndro tes arisin romth
chof R Rk FE PSR BIHBEES SFAPE WaIFHE ASGuFarmiY s con include
fibrﬁbl]laitkl rThe stiodal cdlieak alkd Mvludlt LEES cell B/pest S uf ficient
gﬁ aIIo roductlon ?f artifici I Cartll%%ﬁg
"ﬁ’]?l Shear HigRFRsoPaeltrn bePsbin AuEerte jinpgntion and
sheetroﬂ@ﬁ Q@&Lks"ﬁiﬁlﬁd% iHai &dnﬂ%ﬁ:?%e’s% bR RIEGEL: of the 11qu1d culture
ransdi fferentijati on of erentiated cell's

meqipgRyRegtEouglkthe stAvthehemberamhith ¢®taatdxvp1 qhsh:edow culture.
Preﬁ% lid H.Ich@%bo@ﬂrggrﬁg QHE t&:@ﬁgﬂ ang al:t?cl-% %{Is ar satauclz n the

chonidrocytes, e.g., l'ast's or
shd@32] ow nﬁmb@dlrd@% of bexdisysere for wmzhtmggannbdyoamm forces as
drac p r flow,stres
M YTHITE L M 11—
mdmndnmdytcesaatt“éhs mhrbn dnwecyt esd aiWaECermgenﬁ: rod reaidi@vascular research,
mai nt ai ne

t rentlatlo I OCESS ,a inth
and &’ﬁt ﬁn(r;ié:\g GRdar"s sear ArCh and Vel°? o] a‘éﬁgﬂed"éﬁg were never
befdre ipessitde, adt laoy cps0 dF.Imbbdhli’neﬁfs cﬁfrsfylsifetrﬁlaaﬂ iéthbdd @{JBgreatly advance

[00422] ;Artifici e pr a ding to a

oo A e Pl B B B, 857 R BBt e

gendticamspbgat 8b i 0N tesbdCat dhih 1Ow&S tadd |t§ﬂf—‘d:oﬂ$&it§ﬁhl methods of
trocedures, to r? pl ace dampged gF m ssing_cartil age.

expFUBFEAIaTy, UFFRtst aticatr Vil Bgsfit shefosopige jehodiments of the

inven€iBa I willQfdvAnbaBw @érﬂ:Eﬁts if cBrdio 4R8BS c@@&’se%rg%mn, development,
[00423] Preferabl e cultured chondrocytes are

and grfappstiag Healthy ,Paa?rttaéﬁbﬁmcv@n as Bipdsevet mempgre of egciety, improve

theif Ep@éﬂ@y 861ifR, MRNQHA%Ghe st Of Rl\é@lcilr%re%rgerg:l mensi onal
cul ture. A nonol ayer-supporting surface, or a

3- WME3ki onaflemodynonig, C‘Pmil%\or!ﬂ eree o oelasss of rtyoenit ednditions
(Flg%%t hg CQQJ] ALY L Biovald }lsﬁjlo%/:] agi\ré ?l'fioqn%y | T i€ dow @),

SU|tabIe for transdl% erent’i at i
presgre (P arbdiemstasdDp madefords txergwahshegr sthesn (WS8)y nesnilprass, and

al i e cuwlture di um
1rc%r%%¥&€%hgpﬁé (%&s %? d g?/ré%scogalltﬁ%&%s showndin ]i;']lgm%dl?()ion blood

vessgls.dnwe stkdu@m dage h#‘l@ facused an dithereW6® EmﬂSd:lua Inby their interaction.
Stuo?ér{]sa%u?egls gt bl Xge%% s me%tﬁh ecg;soeyléflé% a{ﬁ&é ItOE red a&emonstrated that
congoumichnt Nﬁfﬁ%and&CS affect endothelial cell (EC) biochemical response modulated by
the temporal phase angle between WSS and CS (stress phase angle, SPA) (one type of
dynamic condition as shown in Figure 17). Systems 1, 1101 have shown that large negative
SPA occurs in regions of the circulation where atherosclerosis and intimal hyperplasia are

prevalent, and that nitric oxide (NO) biochemical secretion was significantly decreased in
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chondrocyte nonol ayer or a three di mensional cartil age
matrix is produced in approximately 7 to 56 days,
waelependisny on the cell type used for inocul atiPCT/ESH06/045715
the culture conditions. [00424] I|sol ated chondrocytes
can be used to inoculate the surface of a support or a
3-dinensional matrix. Alternately, stemcells, or
cells suitable for transdifferentiation can be used
soofke 4 b 042! f.or idaC ian of .
e e ek I FRCCk ven o daRt Ban PATH B sy somc
endgtbiclialisells (RAEKD dt 5 Viawr Systesnsst, 41Q1 ung theadiserewlhenadgtnamic conditions

{ ndracyt &i sol ati on are n e i
of en%fr?%%{??{ Iéslg‘gﬁg@? Mﬁ?l ?rb(lr enoé?logﬁt?]ﬁ:allgp(‘%? Psgegi Rt toput
infog[nafasi © 'fggiyggtgﬂ?gh}é%ﬂoﬁd. SPAl. used L-ﬂ'oSSprbﬂ*@ce, th€Weorresponding

r pp < anpl es of startjn
hempgly il oo 8 dRe c ég?s%r’éﬂr% i AesAd@shansyatemsnt, 1101
demon@eat ahitt SnOrtypd bf CgiRgnic [BAdRBhL (SPAY) hﬁaﬁ 3htin}brrant role in

terial i.s a tissue in which chondrocytes are .
hemodxpafpics, Mith fepRech P yarcelar remodelinge emeostasisy and pathogenesis, and
that@llhig6 Wkg@kive SP A iid @g,eathérhgerﬁél |'s can be obtai ned

di rectIf:/ by conventional collagenase digestion and
ul

ti d8d4kul t uFrdatbelindaslls @Q)eliniag rlldilgod veseelcedllsssenarms sensors
and R@nbAREA R Wb rt9pgls?;fl'g?rga§ﬁ}é éontdYthﬁ‘ﬁb r?e:)lf,n%ﬁllcl)gh P %tr?Sé (WSS) and

. startin ma_lterla_ nown ne nar ocy
circpnyisrentiabprriin dCSHdn the Chey enbéraddyadivis comlitionsp| WeSSiand CS (also

1 .dn a cond t hod, ,anti bodi e
i bEE UL AKESEED R EERONGTEL Do ORLRRH oS, o
examplat doavom, tB.s&ueercul.t B001,pl“Hesodymamidseandised Focal Origin of

| ecti.velycbin hondr, oc s, f.r het er ogeneqQus

AEGAELILN SPUAE AR FHHiE, SePeurogeis drpression, and
Funmri,\éai’tmd N, |Acsdlff $dimg47(,':pk‘§£§} 165 D4 pp. 56- 17; Kitlo, H. et al,, 1998,
«~.chondrocyt e-speci fi.c anti bodies s, u to solate )

CrRORGR B BSRRipm, i JAERe rasiodEnskBh doglbobageed o Cyelic
Strains'® Ea_tigﬁemn_nl h(e%,ﬁﬁasils{]ﬂﬁ lzd Bed _Ftrebxtgey, %gtc.detera&.i, bY¥61, B¥he Integrin-

ent r gali an _through a density gradient such as

MEd%tﬁ‘{)l¢Yclf‘f Oé‘é@“?]ln%g‘p@&al% CrdEtgs it r rsewlar chndsttelial Cells,”
End6@elismf 91), gpf 1-e102 ttd @Ik Qs of Nk hidh fafqux%ppggatt&gh&cg%xg% reference.

suitable for transdifferenti at | on, can i sol

i nE1038 pl ac¥iiba,2odnifFY i elsp énsdependsoles rnfleamse G nmonolayer

A4S ro RRIGORbRENEs 9hd REEd-CheRdE] Iy .C e
pet i sol gfégl from these tissues bigééi(!b#égﬁﬁgg%lS?l&frgﬁa\?d?to?l" 1995,

“Shean Apress Incretheyeblytomlio fCenducavindiohCulatred Endsihedjal Monolayers,”
m . l 0 a L AL 3 aro
AmSOPRERLI 9832 PPONOESTss PO4E8E ML Fe 3! TG 3 M, and Caro,

carti |l age nstru . as grown to red si
C. GolffdsiThoRttecy of Jymprab Stow & Rabbif Caratid Arebeon Transmural Fluid
Trad ed . i.nt . di S he syste h .
B TN RN —
hereguby rdfergmcec Y83 isuptimfportaﬁuﬂuid enddRhicaliyed i SEEr avigdrbtrosis and
toge{rrf%% E‘?lllqiz gg érga %%%%ksva];c%ﬁarnr%gmiénagn(} Iresrrsfgcﬁzligg.l tSlélg,efor example,
Gimbrone, Jr., M. A., 1999, “Vascular Endothelium, Hemodynamic Forces, and

Atherogenesis,” Am. J. Pathol., 155(1), pp. 1-5, the contents of which are incorporated

herein by reference.
[00436) Changes in flow rate are sensed by the endothelium through the

WSS by releasing vasoactive agents that modulate smooth muscle contraction or dilation as
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to those of ordinary skill in the art. [00429] Methods

and materials for 3-dinensional cultures of mammali an
w@eioBmeEeE known in the art. See, e.g., U S. PetT/UB®NG6/045715

5,266, 480. Typically, a scaffold is used in a

bi oreactor growth chanber to support a 3-dinensi ona

culture. The scaffold can be nmade of any porous,

ti ssue culture-conpatible material into which cultured

discTRBIRA &Rnfisil kxﬁ gg%§%t R! Far%%dait ki? g agn ﬁ‘% «THE P)bhgatory

materi als incl n (pdly
Rolg B@E?é@#‘é‘#@ Cellpai @St&d&nepn pﬁAytpn@lrﬁth@cnh Muscle by Acetylcholine,”

a I t Vi oyl I «
N g A7 B WY T RS Tt eI tiensd K% “Flow
Affesost Dewlop‘mefte]f dbliyal Hyperpbaiaf et A&eﬂalh SORAAD! Arterioscler.

radabl.e rial s.pol ygl, iC ac
Th“’mt O’??"gui’%a% n%dlae%fﬁ% ¢°°“Eﬁ Tglgle&tﬁl 15 °n é&%ﬁﬁmulﬁ«?ﬁe‘ﬂndmhehal.
Cells h@pRelaﬁset hexrmaﬁg‘otanstor srma;atlts qvataﬁ:ﬁa@édd b&oﬁgtﬁ&kd Thiol” Am. J.
ior tao_inoculating chondrocytes into
Phyé‘é’;f ?@Iﬂj Wg} BB EIS0¢SHIBLY, ahe cnigrtalohmehich penedrporated herein by
refefe®ad.f obgaad ﬁiekl@a‘?@cql teﬁvfrgﬁzm:ﬁ:s SOTRL tlgaafffe%ent T{}Adothehal cell

chondrocytes are then inoculated®into the st
Pheqopy pesythrapghoyt Fb.marcuéeémns Been fomertagpde, fCEltappbil,a@t €. eThk, 1998,

“Os@fll‘aﬂfr‘?lSh@ﬁJ $rPesf IAmAlSQ Aﬁﬁ%sf&exvi%ie%r % éss1ax & SCultured Human

[004 A 3-di nensional culture can be
En gglse%xem ofCinchRes..ni2e ppi m—a:vﬂja@hyareni |IRviMs e ds 39@3; Pl Gtudy of

the irﬁlJeH«.ee SP?EQJ 88Wa§§ul:§' o%hfq%v(?eg? E%’}%XKJ Re a]]n%g?‘{j Sci., 316, pp.

ture medi um punped throu
169“V\1rﬁ56: theconteatsns which &ednmpsnamda‘iemim b weferenty. ef er abl y,

enbo e s and attach l1s,
L LGSR, STROUATRRE SmobllS RSt (M b0 esStels B ey aamic forces
thats|hmr,d dtdenguhp]mattéylnam cheforgekfeasionrhadi adg@nén baPaghs¥rved in

bed her.ein is.c f_generating the conplete

) R R G GEIRCE GE  ICV
Devdbﬁrnaﬁhv asichitRiidl iypel4tia0 e UlAdfer hE IRRNF Nin W Ahenoscler

Th F g&ﬁ/ave§¥337of % rch, and devel opnent avaLJabI
HAP e H Ak BPnétrar” hardle ?‘g“dsg' dt-e andt]awiey, desi?92, “Flow Affects
DevEapRdhimyat &tﬂﬁalsﬁgb@%sﬁn Ch Pt R%%aw'ﬂ'x} riﬁa}ﬂa\[s ’E Artenoscler

advance our unde andi ng of cardi ovascul ar funé
Thromb- 478k e 2630941, aht sontshia ofaduttoere dnenrporgeddieren by reference.

Mos8 ttuaes th£ SxdRinb g sﬁ'{ﬁﬁ@aﬁgo@twgy QHd b@vﬁl’ve Glp tl‘xﬁﬁﬁ c1r had limited

conventional nethods of experinentation.
Comp@tq dhe §enN><Prlal mi@msmale btre'en@&’ SS midhcs (&yrﬂs@plluase anse cﬁPA) See,

for &Amp! éW\Z%B' l |1'9§§j\'4 ﬂ?WECfﬁe@tcs tPslu d S}fﬁ% tStresgnadml Cyclic

car ovascu ar |sease reSS|on eve
CircuméereptiatStrebihabe HYaspeles @nﬂsthched €elh Mmpholagy phddOgtoskdeton,”

Arte%m&r SI'I’E’ nﬁboe‘ya% f)_/Blof g&%éfby pt q?%lr— %ah ﬁ%‘ﬂ%f lAfet "al. a{%4 “A

reducé t cost 0 rea
Comigdignu ¥ nbwlac Devineltd Body the énﬁhmacesl ﬁSWabetdeﬂﬁ{B Bluid Shear Stress
on Cceﬂggbf tljlleo{}g'scélﬁxld%alle'hi ég@ |pé> ]rl? %%ggllgr T. et al., 1998,

“Influence of Osclllatory and Un1d1rect1onal Flow Environments on the Expression of
Endothelin and Nitric Oxide Synthase in Cultured Endothelial Cells,” Arterioscler.,
Thromb., Vasc. Biol., 18(5), pp. 686-692 and Qiu, Y., and Tarbell, J. M., 2000,

“Interaction Between Wall Shear Stress and Circumferential Strain Affects Endothelial
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pressure (P), and dianeter (D) waveforns exert wall
shear stress (WSS), normal stress, and circunferenti al
W@ 2008/0665¢CS) (types of dynamic conditions as SPOIISI0N06/045715
Figure 17) on bl ood vessels. In vitro studies to date
have focused on either WSS or CS but not their
interaction. Studies caused at using enbodi nents of
systens 1 and 1101 have denonstrated that conconitant
CelVEiSclaE ’ lL a e C)=Pi.pchem ca
T res p%égglgﬁ%gg{ﬁagaejgsﬂ %‘ﬂ ge%'é%g)f H) ' %ﬁaég}zénegfoen ‘Bt
lncqmamﬁ*dlﬁ%n(bytrpfemcghase angl e, SPA) (one type of

11030980 bl e RIPHT: ol Bt P Sl pipihplebpl produced in

mameglions:llofind physh nejdrabledn wabele hahtesass hedoaissedang example,

. 4.ntinma y lasta are. prevalent, and that nitric )

in T8\ dy P B e JPRidk P AT WieBes g yetian Mpchanism for

Tragkeelhdas €dminMiR&RIORSCHY BerterdsRIng 86 BRI Uy R4EPMOoritdBO of which
de%rvvlthges ct to an SPA of O _1n_bovine aortic ]

are TWSHROKAFS Afretndh wiergmgp hegonsenylongigpdinahgndy or nagied velegity/flow
tdheratlbs Of 1® PeHREY BRI fantoRGhdiligRS : IENRLC

coII(SP;:- 180 dega) ?r%g nor'mopat hi c 1(ISPA: égg? zltl%tesres a{cl}ie of NO

permigs) yohindessanorenentotos perahbaring pHilss howorsire tisPshars dulfilife (<5
oRHYdHREs khengor i ' LE Uoh bindi

e o n g, REF R oot QETRP AL SRR bE N5 ¥ Bl binding

withyherpaglebiatte formnivesyl-hegme adductyhanire momdiableothag SRANO. NO

' t.r i enpdynam cs w t.h respect
prod R e R 0 Felc oL EPAUIE Thizk PR spfacrors
and airdictdxade syntlasg EN@Spetai Vead SiAtHiescopk ersiah B MOGeMike to L-citrulline

an dog helial cell EC) Jining. all blood vessel |

d[ﬁg%g% é\f?@éo%s’ é’énso’?@ e’aﬁﬁﬁiaf‘a sdfdets \?\N&Sct"ﬁ/p tiy¢ Oxide

Syndlym:rﬂ?(gles; (r?fqulﬂis,t dnd!’@qntﬂ:ﬂmé !Qéll, AR(b), p_§h%ﬁ 938 F\ﬁ@ Naﬂ%ﬁﬁst., and Xie,
i, r rential. strain .. 10.the class 0

Q- Wanbhimanre HER T ons R NS 3 by orfem. 269019, pe

13728s- EUegichb fortaite pERHRAtkY incBifodRBE Berbln HYDIRRGIR0Y and

bi ) stry... See, for ex le, Davies, 'P. F. et al.,
A L AT G TG L N I kR
cellsAINEIS0S6ha a6 VS explesSPat dndl mARDY Qa%thdOinEBQ&kEﬂg'e@N' agd eNOS—
n. .

Structure,  Gene Expression, and Function,"” .
locatgd iy _en%tt?xc_:l’la?egqil? ’anﬁ gl_xe ly jspforgypo foppy. a qggmi)x_‘@?lg-bpﬁn@cblinhgc in the
ign&ttradbducirkd@naindYCihQ ,0Nsd N BV
Sl AR, PSR T LB, v 1
A., pAdoviresli Gm 1891) (Blepd Yespel Wil avietrikr KlngoSen®r: @viddnce and

Speclation20®lood” V&L NE&KEY | 515, MBI a2 ljc
“peCStarlginn- | ndouced eSi ’gnglgllr’ P%%hv\%? ’ i%ﬁe%gisjéu‘i&érand Laber, 1, 1991,
Presyvgio ek Float-Depdnidsnt VEadet Hehe, 0MASERT),,5(Pppp. 226710 22138 Bevan, J.

A., t9t e s ok MY %_r i Reor parated herejn .

r ef érence. e[%‘&g “ﬁv@‘aﬁ g‘r%’gsec%ea §O F’%%f@%én@éfff’?f)ieCtOrs? Blood

Vesstlaf P8Endle 1HE Mol d7ar Doeiene®bi F.i 11995,0 “Fhaor-biediaeel Bagothelial
et al

M%gg)% o2®Ph Q] RXE ,Silg_ .

<50 &t Tl FAERAEL o ettt ClRoRe JrMyA- o ol
2000pf ‘E@dbthelid dD¥fidiatioe) HamoMpashiyRsrses, and Atherogenesis,” Ann. N.Y.
Acad. Sci., 902, pp. 230- 239; 902, pp. 239-240 and Cahill, P. A, et al., 1996, “Increased

Endothelial Nitric Oxide Synthase Activity in the Hyperemic Vessels of Portal

| )
f
\(l)ve‘éVRmh are

Hypertensive Rats,” J. Hepatol, 25(3), pp. 370-378, the contents of which are incorporated

herein by reference. WSS increases NO secretion. See for example, Cahill, P. A. et al.,
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Am J . Physiol, 268 (2 Pt 2), pp. H535 - H543 and
Lever, M J., Tarbell, J . M, and Caro, C. G, 1992,

wO Tiwe/o&fstect of Juminal Flow in Rabbit Caroti dPGF/US2096/045715
on Transnural Fluid Transport," Exp. Physiol., 77(4),
pp. 553- 563, the contents of which are incorporated
herein by reference. WsS is an inportant fluid
nmechani cal nedi ator of atherosclerosis and together

1996y ‘tThcrefsed 33rﬂd3ﬂﬂ[1§16N terik @}M@é%t%ﬁ%ﬁﬁﬁﬁ%t?tﬂj QLe %erl&mlc Vessels of
r.

delin ,..for_exanpl e rone
Po"fg ggyp origgsive, Eﬁ?s’ Edd &laratol.utq Grore dy PredifB.C tfﬁor:comsnts arf dwhlch are
incohbHREQAIRPER S refefifice. JCs afoak BRY Cs céﬁ—’i)g@d’ ni%g WK a0 2l augment NO

contents of which are incorporate erei
relegsgs Seqderexapmde Fyoleniadyds, Sessaf WOVT ¢ aucbslanpxos BnBgd9o4sy “Cyclic

Straslrgg %?ﬂ%ﬁg?%igﬁ GS)Q{ %?Ht ta%ﬁllnvz?%u?xﬁ%&eopp%@l%é Endothelial Cells,”

J. Glioninveet.i 2063)oppdi448t1450, dedionedss ofl wihidh &)éaﬂair?oifafhd herein by
refe%ré:hgott R F., -and Zawadzki, J . V., 1980,
iI'gatory Rol e of Endothelial Cells in the Rel axatl on

of [60488) i al Bubailh bltsicllew iy cAse&aéhslhakdu!h%m %@Bﬁ'&? scillatory
(London) 288(5789), pp. 373-376; Kaghler, d
wall phogratressavith 10am yalugs fovm SABHE dtyse/[a&veISesp Iﬁd&fﬁxaﬁxﬁ)le, Lipowsky, H

Il%ﬂe F@%g{x’ly ﬁe)cr%sp 1.:2%19 CAJCB%E?AM e r E? e}%/flt &?ﬁ&R%BBR é)f \jascular

Functidgn, editediby J. AQ®@yarl' & d\wilst eontbmt o8 mEEnaohlaeihb oragﬁl 111f§e1n by

R Ni di | at That Pot ent
refextlsg uiie)eﬁ :ITIEI M éﬁ%gsggeoca[uﬁ%%g{gslargngggt Sne;p;n Zl)rg Wnantly in the

Clrcﬁiﬁﬁdedfﬁﬂ.ﬂ;redthm edeta@n lenphditl 64padkiBn i i1CORRAIREES blood vessel
refer Dffer egléqlnechanl cal environnents

brang iy ot o0 B TPt AERRIBAOREI Rl Toclo Sy reiey e roperticsof
Arterias UlI{]ﬂ@ilabl R&L, 53, b@ub@LH% 51’1;5@&1&;119 lf SHREP Ll% 1ncorporated herein

D. C._et al atory
by r%rreg‘g At Flifvestchepaafie a afions cueunteratil sssi @mrpduced For this

e Ry em Rk Sl Pyl el oof oo
dimqrgienpl Harymsedrate, B swdon SVatsmaI Jarllah,dwhhchl prlod ek |heterogeneous

traifl GUATY. SecATh d. A1 02
s raxcont axy eoe r ex%mgﬁ l?rﬁgzjgf bor Ke &Bﬁoér echgiﬂueé for %/Iechamcal

Stimplatipp of, £&lls [IOUﬂZQ?]A Rewew! gl Bsmoathh 3ﬁupp:|3el£&hé Sorbr® of which
A forces
are 1&3%9{ 5ﬂa€eg(}%raﬁ%?%§g?éycg Ifx Io}pg ngtbogweéﬁ 8¥ ﬁ?eglpg?r}tm systems 1, 101,
1101ob§elp9@@ mxaumherqechb SIogi sr Gaeref oariedeHIPCS= (D?QJJJDa.rn)/Dmm,
il e B Bl oo 3550 AL S0, Sovelopert,
arterw fegpqrdsmtee'y, arTch p@hﬂ‘nn,aqilﬂ(t&)y rafies 96 B8 koamsd, KAR BE pressure
"FI ow(@} fects Devel opnent

P ulse] Th|e Venou S}ﬁyeﬁlélf; ﬁfrgéiaréo% Bilmeet 8P| mqtpy YRAAtoR q’i‘ﬁt‘@ the low
pressAre qmulses Qﬁltﬁérosc_[él-bﬁﬁftbccurlzﬁ'ls}he RRge WY whdrbecs is significant,

nt s whi ch are incorporated herein by
Amf‘g 'PE er‘fteonel\/ﬁ’?k’ dimrar X theatovenrtpsnexstestm) t14Ab @redEs both

hematythafite dondaidRICTRAWES.! ed or had Iimted

[00441)] Blood vessel endothelial cells in vivo are subjected to simultaneous

pulsatile CS and WSS acting approximately in perpendicular directions. The temporal

phase angle between pressure and flow (e.g., impedance phase angle, IPA also a type of
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control of the tenporal phase angle between WSS and CS
(stress phase angle, SPA). See, for exanple, Zhao, S
WwW@R00840665231995, "Synergistic Effects of Fluid SPEHDS2006/045715
Stress and Cyclic Circunferential Stretch on Vascul ar
Endot hel i al Cell Morphol ogy and Cyt oskel eton, "
Arterioscler., Thronb., Vase. Biol., 15(10), pp.
1781-1786; Benbrahim A et al., 1994, "A Conpli ant

dYngﬁlngéFcﬁlsllt%Vds f&: r egﬁ%eﬁé}%e{l Bglg}'?%nfﬁ'avvaegg%#oléxrg%ﬁ: Fxrculauon,

as wrll as\the dnerdp)reffects zﬁ(otc)od fhw, @8- SporaiphgteashiftsTio &lcur between

CI | at
S %!ﬁ? ?Sggltg}lleotr%m Aﬁ%ﬂo}%? 3%1 onﬁte% @%X?‘ﬁwg ﬁPé%)si”oW”Bfgener ates
n@ﬂggotthm-varymgdmhhhamm@l @ﬁtd@aﬁ?&m& has :?_1;:! [lErgglxlzllJﬂ\cllil@@r, as shown in
eri oscl er ro ase

Flglges &Mﬁ’é‘%&#ﬁm%é@%gz and Qu, Y., and Tarbell, J

. rwu44zpoo Phﬁﬁ@lbgﬁtfhaarsﬁ%hvmﬁﬁe V@krbna‘ihﬁérm%tﬁ@aﬁo@&%ut the
g rqlarent L%n ﬁff cts Endothellal Cel |

cirege S HEL 51 Pr JSEPROF, ey asevag baRgsen d@pesy (Dppad WSS (7),
dendid -as 1D - N aheOH S €5E WAl &freht 35 %E}ﬁk&gel dlameter D)

.herein by reference. [004§8] Ni'trii c oxi
varigiion. e SRl qande dstampised iiteswppaduced in rrarrmal i an

cel I s andppl.ays ol IO vascul ar omeost asi s,
as di sc%g?edsz %@ g@an’g o b?nqugn? ( ., 1990,
whetdNid( Di-00)01i¢ dpprofiniaviel equIgftaEheTnam,s gypt.lg;n sM@g &SP (D) and

for ghanscel [yl ar Communi cation,"” Hypertension, 16(5),

pr esﬁﬂe are pgarly imghessipe A slagic vme‘e h'r avlsllazrrmumpue,aareldqb(f —-Q) is
he her gl gi tud and/, g

he PR PalpESLE S0E v 18 SO0 S, B 0 Y Bl i
resisgymaTicampbinttie} |anHdS waké gxtéﬂ&:tibﬁ) ¢The— )5 |the3|f?r§: %fanﬁbec of a

h ﬁerm ts unhi ndered novenent to nei ori ng) cel |
phyjiplpgisevavefara aprfiopchea 4> Heer @ lags céhdlsg inj rhet wriat sd large

artefi@NA8: feBE Ridh QQISEdQEAJ ﬂ"ov(; %H'CIQE %J{&g{ ? éorrgg oarrtterlg%due to their

t hrough binding wth heno ormnit
uniqyg dloEt grquitht appreachey @ deg Hbﬁf@alk Freavics dge tHiCeduNed dlstal compliance,

d Reogust gLion i nvo
s SOl S0 U USRS L B
N1c@q;twa3¥’ o B@)Oﬂh&(rkct,eMdSF 1 A998 eMecDoneldsi Bh)odf Flow in Arteries

Theén'eagagl ﬂ&ﬁggﬁ%ml‘l rﬁf &Hn Ialrf(map ar %lxr%?)?de irg:ggl\lparr{ﬁ?ﬁvgfsg}t Press,

exanpl e
NeW()(pdse tl&nwlh@sesf Wﬁwbh @& lna'@'bb&;ecﬁfaﬂexﬁfbmréﬁké&we Cel |,

g&)‘ 3]%2 gulgé{) Oé)l th@ 685 %ﬂ?ﬁggﬁesang}e > 1 s(trfallgxtmsﬁ@s detprmined

by the Bidvlve ikipeithnceZ8UndRddy PRrtialedifiRscoud Bfdla Bllllgpends strongly on
contents of which are incorporated herein B

the v@f@é@ﬂ%@ar{r@m&}r =T/ 60/ W) 5 0% Eoessd rtaﬂluB\JO8=émnc&tnenth%quency
m nan neur.onal cells: -constitutive
of theerxiler%sg?toﬁn ¥ ik ER faspsagah agiapies and veins

w1thdﬁ|§ﬁ-a pacappabprbadhias atabelel ahd ¢64 Lﬁal@@ra‘g@@ aﬁ@hé’s and veins with
isoformto forma menbrane-bound |inkag€ in the

low &, §(7a1 Ot sparghies ‘hg‘eﬁdﬁhﬁhsymmq hellflasngiredore, intsheimen 12 or
tubuﬁ@gt@&lt@xee 11§§e5eef, r e}er:%(r%p e, &’omers\{ey, T. fg 1955, “Method for Calculation

of Velocity, Rate of Flow and Viscous Drag in Arteries When the Pressure Gradlent 1s
Known,” J. Physiol. (London), 127, pp. 553-563, the contents of which are incorporated

herein by reference.
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A., and Siegel, G, 1991, "Blood Vessel Wall Matrix

Fl ow Sensor: Evi dence and Specul ation,"” Bl ood Vessel s,
wWQ@3{8)pe6spp. 552- 556; Bevan, J . A, and LaherPCT/US2006/045715

1991, "Pressure and Fl ow Dependent Vascul ar Tone, "

FASEBJ., 5(9), pp. 2267 - 2273; Bevan, J . A, 1991,

"Pressure and Flow. Are These the True Vascul ar

Neur oef f ect ors?" Bl ood Vessels, 28(1-3), pp. 164 -

173bo04dayi es, B

M gh P Ot Cans gﬁsgfil Oonnthg: %E%es?lgéu&%ﬁgé ﬁ)@lé?ré@jgl%& apg)f§1matxons in
stra@b@)vesglwwdmummanzed/pndxproéuc@ﬂ by sy2@00 1, 181dot hel i al

. . PR el TRERR, bR 540 45 e 00 e

239 240 Iangd veahirdighty ¢(ﬁ-—r?t= 0ldeg -45386,= 4ngdeased
Endothelial Nitric Oxide Synthase Activity in the

Hy per enidaallasisst Gtraightho (B Dy pOideprSdee=Redeg, " J .

Hepatol 3 7 cO ent f whi ch are
i ncor por giaﬁg % (Ftpgﬁhcz ggéf’é?engg Ny n &ses N O
Seqﬂmpn Sqﬁef&EaquHJhese Q%IIE lsj strcg)nglﬁ deﬁéncﬁht ’oillgl%(éal vessel
"I ncreased, Endot hel i Nitric Oxid hase Activit
geomRtr C‘Plgﬁp‘éf“e‘fﬁndn‘é‘é@s%?‘%a éke%spéwelﬂy@e Pfcédgq ang fRey sephrauon
Thid can [ERPRL16La] sPafaBiscrMRiion 69SB
Fi 1afr;aen i ncor poar ;%Sd hlgtrrel F]lobgl) rSng(? t}rﬁg%f%&g o%gggh(%é%ﬂ own in
Figwrg b nigd ceiain wsslsabud ay ghmqt aSNJOQWCbWGa]S entiBek hyﬁ:eu‘plasm and

ath&éﬁ@&s@s m}a?shlghglsk/'\'artef? S ies hﬁu?«g t%u m%'oxgic abdominal

train Up- ates Fic
Sgﬂﬁlpha@@, |f¢r exdAneple.cHeRdVi ﬁe aAdr'farbelEnIddﬂheI%aJ “@edlll Sheéar Rate

3
DisiouEhifn 453600 43960 bRt 95 PR bR oS SRl o
Phafeufsgle |He@vd3hdtrelssﬁiecwd1 FlotwhW aeefo i ’ay Bibfeuh aﬁmga,n119(3), pp- 333-
wal | sh ar eres with nme

342 pth]%q:%gteeleSOOm ‘giutcﬁtaﬁfb x}ﬂ:gﬂaeofr%ﬁﬁi er§éré Y fefere ﬂm coronary artery
(seeLfopCEdbehple qu, , and 9Bfrbell, $h®AS 2880] €BEmddichiNSimulation of Pulsatile

Ci.rcul w- depe t Regul ation of Vascul ar
Flo¥ ifc4 ‘%?‘Pq’éa? tclé’d""éJy%}]‘be %& &gé’gé‘n Cafongry Anery,’ chnBiemesh. Eng.,
122@f, pph7TI85211R doREQEDSH @hiek aRAEE PoiVed 1R\ GH 8 Geference), and end-to-
| ood pressur? causes large artefies to

Pul sat i
end é‘%ﬂ%fﬂae‘jpgfég SRissmess allf prhéchcsap by predusad Pod srerirmest [2dn systems

1, 194 e 68SEdrARgnbldiNale Sorha Qﬁ&&ﬁmﬁﬁbm;th{naltﬂg gPBydxlgbé) ngng the
vessel branchi ng and tethering. See, for exanple

outqgotﬁ;f } ﬁ:spepallB near)degliseasgprhpniresion PrRgsEe the fowf divider to -80 deg

IV T R

d
oL BRI BB B S o e g

oppb&hd @e clth l’(@msheeﬂﬁlglcgﬁﬁrﬂﬁvf YfivideReT Harin haHudBEloSt diviled) s a higher
i nstead of a twodi nensional flat nenbrane, is used in

SPAs(pee#® deg nprmal anghi-ghdes bykecwessiva taed dygiee chearstiessi fystems 1,
fields. See, for exanple, Brown, T. D., 2000,

110% pagHAdens el of shesybemanyramtic Spadiipnstac specizherCel bstubnlar structure

111M N&: oxﬁ‘y %Yf\}\ﬁﬂ%’ﬁ ﬂrge ﬁla"HEg%Hve i Phe pe%xon og' atherosclerotlc plaque

contents” of ]
development, but also hypertension will further decrease the SPA, resulting in a more

atherogenic condition. Such pathology (e.g., dynamic conditions as shown in Figure 17)

can be reproduced by systems 1, 1101.
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are incorporated herein by reference. In one

enbodi nrent of the invention, systens 1, 101, 1101
wee@doed2a maxi mum cyclic strain or di ameter vVBCT/HS10061045715

driven by pulsing transnural pressure in |arge

arteries such as the thoracic aorta, carotid artery,

fenoral artery, and pulnonary artery ranges from2%to

18% over the pressure pul se. The venous systemc

Ci feo4udf i on RaAS,AJAVSL oA e iation due,to .

_ thé I ovv} pr essurg_gul se. Aﬁé‘?%&l%?%%rnscgsofg? gexl fefgdynamics
primagily cavsed diyi dhe wiiereecasniry fiivgmirtiic ahut. allaes dodithgmosi Bxtreme
SPAOHIE (BIMRQdt f. 4 nv i on.  Systens 1101 .

pr oduces Jﬁﬁhhagn%ggﬁg%ﬁb %ggnegﬁ%{ § 8érs°n@§ 3%8%\%’@?““3““5 2 large
negdtRO4PA] ( Bl, 8PA X ER86le-2nIOHALL Bl iff\all, T2g r
subjecJég to s!nulta%eous %ﬁlsafﬁlergé én&KV%%oggﬁfﬁawrvmn)
whidpRiD bk Frbekdtdi 4 pesiReR diCy %bu@drrﬁﬁktﬁgsl-llil%% ystems 1, 1101,
t enpor al , phasg angl e, between pressure and flo ?e.g.,
Corppasg dEHFHES pfd8e mast Hisease-prong|asisrigs tnythe cafdigyraslar circulation. In
all iSRS, kROSPA iPRorEh G '/ lowd ¥ i 29N i
reflection in the cfgédc1 Ul at ?Oon,ﬁﬁgég %A:gﬁogléggélﬁgsa%hﬁgrl i%éﬁh shear
healdptrsgipss.of bl ood flow, cause tenporal phase shifts to

ocC t wee Th oral phas ngl e
be vveg?])]eCS a’g]a%gl?@\é\gf tlllencl\?/cluzl/%méle ré’f‘%?tg Spaglaﬂﬁglé)éevelopment
sucht psnatheresslenogis med Havimehhypaphea pad tleragertmedt e ldE e negative SPA

e as shown j,n Fi,gures 1QA-.10H, ,25A-25C and
el GO A SRR o % TR E G iP R (i veins, small
arterjesy z@gn siltﬁgr idregi&Mr;’I mr%m ghertids).t Recoedingly| @Bi;l'@lbgticsaé\ze%;}ﬂnent or
e descni bed,as, t he ase e be en di aneter L
CO“CE%%“S\/% kter‘f‘?deg%%?%%ége“fs( %q%{-) EPE‘%AtﬁS‘PI g’mgle@ée pgoduction is
: rQ i el ,di aneter

G0 Sy SR IR A0 SRl AT b .00, 200,

“Intéaliod heﬁ&&@' Rall S_‘he:fu( gtl'rgs )anﬁ( ir%%%eﬁe_élti{aég'cri?(oéff\%}? r]i"ahclothelial

f(D-Q) is approxi mately equa
Cell Bioghempiab Readuetion) JaNascpRes.sU(B, 6P)148¢167 nharchytents of which are
i S6d Lok l.c vessel or tubular structure, and
nmoﬁ%?-c» ?gnfﬁ%ﬁ%ﬁgég angl e between the WSS and fl ow
r al08448]( P- QDetsctibet ef fluidedoletwden @igst dldoftRtialSécHNE) production)
e first

' fl.ecti . f(B- I ,th
o GELLAN e AU MBS SR 0Bl (59, QDS LISk

~ a clagsPofl dygmnf byndiGonieeg) showi he Faard 88 &, hah&® rantietbREtions) on

that feed high inpedance flow cirgujts (except for
EC aggrt%% arr§1°§?stc'gl[“f @'ggghé'gl"ch?{@ﬁ aiffie flow circuit),
apjpodighes Oristegreidht 2RBhple (Ll F@S460US pt&iA&ONSE 8nonstrate the
oaches 0 deg in. veins

~ j.stal ,conpli e, anpd al so app . clns. .

copapiiit B oyt e ENEU PRy ok e dRiestioBdler Feproduciag i vivo

mameadiap lhemolly editic TonditiolY ir 2ikb. AnFRiiKiar %ec&, thel 98ent example
1 Dgnald S BHPOd Flowin Arteries Theoretical, o

wi %{;&) FRARYTAS thesremelarnpelity ¢ theenpipasnt forraditainigak iz vitro and

in vik¥ Ir@6 VR [8ink Yo Ba&SSand types of dynamic conditions (e.g., Figures 17A,
17B and 18). Types of dynamic conditions g(t) that were measured in the present study
include changes in production of NO from ECs exposed to pathologic (e.g., BAECs -180
SPA, Figure 10B) hemodynamic conditions versus production of NO from ECs exposed to
normal (e.g., BAES, 0 deg SPA, Figure 10A). Additional types of dynamic conditions

which systems 1, 1001 measured and/or controlled include changes in specimens 12 or
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New York, the contents of which are incorporated
herein by reference. [00443] f(t-Q , the shear-flow
w@basec@Enyl e, in straight vessels is detern neRCHYS100€045715
rel ative inmportance of unsteady inertia and viscous
forces and depends strongly on the unsteadi ness
paraneter [ ; a =vessel radius, w=fundanent al
frequency of the heart beat, and v = kinenmatic
tubwlas @&&l:ﬂu)‘e aft 1@'&%(1%7529151& éfrﬂ@tx&krﬁﬂogngrearf ?ngi d@&g

veins w

@é% ggroaches +45
tempgraryre v rla}’ trefab\) erpd AMES A5 ﬁ?Av@xtdqreb@w a f ( t -
Q [@@fyO?aChe?T 1 cQﬁQulchQ'c%Hsét)é& |84 gpngaﬁ %%vx%g%g 1c oH‘xeﬁal cells

in specinmen 12 or tubular struct
BA@Q;}Tgbt@meMm @eg}yaorgas Biefly, 1885 bovihke hdrod has obtamed and rinsed
Rat e .of . .Fl ow and Vi scous

w1tlg:§l>l§rulli{%r : es ﬁe%lﬁﬁ'“ﬁ?f%gg%%“@%ﬁ A0Kfa mas /Ry, o]mgntu Jnﬁgr along
he Bitgcbghl arfdrizs dad Yornded intdpp trdofB- P& mi i o8 ﬁa@@SeS Oﬁlendzyme

ncor p ed here by, reference. [ 00444
fronfl R ke SR TeRB i RrasP CeBerohin Fhe TSERGRF 5 SN Lemone,
Iﬂﬁﬁg’edxﬁe@t te(@eaﬁ:edl ﬁlvétﬁxﬂé@.htTM@igl‘Plpﬁa ﬁﬁﬂopepuﬂllml 3R~ 99% as
rad qu systens 1, 1101: Large artery
de“‘—( fé’t*}e ‘Qh#a) eled %‘l-acthlated@%eg commagegpacker dor erv@ﬂae\rab gells, and
flowehbme&yr ai ght): f(D- t) = 0 deg -45 deg = -45 deg
Smal | artery stralaht) f(D r) =0deg - 0 deg =0
dedP®M3] | veilhe BABGS gisry grch(r}}thfy 1&°/ooF1%Ee@eg Ezde@ fron Sigma

Chedfighl [W@Mﬂbﬁ ﬁgﬁﬁrrecf geCEN Wes f&%? mta%:h &r[ ﬁaét%c}cl)a 1% bovine

dependent on Io al vessel®’geonetric
Serury d‘ll,klémslpfﬁg alBSdk S@fon gA-(a’ﬂS‘k/ étcum $lgmpr6h¢rhesl &g, flevpenicillin-
SRALHT [ 50Tt TIC A spa
stre%tI gﬁcl blft%lnon 0( ?,ﬂy%e o %érmné%1 ma CPemlcal 90) and L-
glutghimer(2inM)Rirgil rpassﬂ.ge) (44-8) (pepulaion &@.ﬁ)‘hﬁhsﬁs llgﬂ'] E2PerilOH8] medium

h I
was SRR ot oAt Besoob G r T U8 KDy MA26 figen i Ghermical

Co.)i %Cﬂnuti&set\flﬁoﬁw 16.38 éil*)d@ ekigve ddsfrtd Gt Qc'ilesg SI?@ECﬁ Xere plated on
exa and_Tar bel I, P

EbrieRal (e SOTE B B FomrS BBe &#%Fal,@? 132 g/ml in MEM)
treat@ﬂfsﬂfc%ﬁt Qesl\@%\?\ggeg L& tw%tho;m r1c g%gp or A4CGiG" gfhe plating

Phase Angle n Pressure and orns,

densBiy G GR6x T gells/rhll 943 kultRd IR w&égpoviﬂﬁ th9 E}Icﬁl@&ér £r 3-4 days
which are incorporated herein by reference) curve

untibegndlvanse pridreroyexpedment fﬂhe eulamqairéxpe Qb wa¥ 38 candEach experiment
r| cal mul.at i |1 of
conshULEE Iyl GRS SSRAMUARTS Gy B el Fpdppipfon, controls:

steac@osl‘&BDaStyesA(SSQ,r $fatic d)ntroBl(SﬂJDE de pER@irized 284ttdl, (PN THE tonditions
the contents of which are I ncorporated herein by
werg é%%fé Aress/ cra tP+3P dambign dodi ddfis dinewtag rafittion at 1 Hz and 37°C.
. anastonosis, all of which can be produced at a
lfegb@tﬁrﬁ%ﬁpqzlsw%ﬁwew vanidied Cell@lachmgqbef%mﬂé)@&mx@pnm&ms

t hﬁ)ﬂﬁ@f]t i c aReler fidde éNdc))" %eggdrgxgemt Qgs 1? Fx)'ﬁ)r 9Ra % flbdometric

method Indirect determination was performed via examination of NO breakdown

products NO; and NO: . The fluorometric quantification is based on the reaction of
nitrite with 2,3-diaminonapthalene (DAN) that produces the fluorescent compound 1-(H)-
napthotriazole and can detect concentrations as low as 10 nM. See, for example, Stamler,

J. S., 1995, “S-Nitrosothiols and: the Bloregulatory Actions of Nitrogen Oxides Through
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outer wall, especially near the di sease-prone region

opposite the flow divider to -80 deg (e.g., normal)
w@eas/dBes deg (e.g., hypertensive case). Thi s PenyuUswIeH45715

conpl ex henodynani ¢ conditions in the aortic abdom nal

bi furcation is also characterized by | ow shear stress

as opposed to the high shear region of flow divider.

The inner wall (flow divider) has a hi gher SPA (e g.,
ReattdChsO®Gc N Q‘i’xﬂﬁl ﬁﬂ\% ”ségg'e%fgy E{/?tho%rﬂo% ng 4. 1b§ &p:.] ég =36, the

shear stress. 1°can
conteaprpefyWhirhare mmcprewd heteis ;bgfmefeeerncé.z N)erxtt byl ladf DAN solution

tryctur 0 P rge and negative
(005 ke 1 8. 58 P o it Bncyl kg fis oot giedar 10 min and
the b&atn@i 8Qs Ry pfdred Sithn o] lof ﬁlerrNBOﬂF Wfﬁ%r&ﬁ@te?‘e{\hzed filters
resul.ting in a nore atherogenic condition. Suc

for seeftAdPR gy 3¢Q e andigmissivr 2t bHdnmi (egs Paskserﬂ dihmononodat gluubeometer
and POAPRRREDERPYGHUG D P&fr@@t mlte ’stan a Lve9e4r£;'1§;.|le with the same

curved coronary artery experi ences co
expérenertylinandie.sphemiolregd froe MM odtlo %t BSA u mseweeﬁﬁhpnaﬂgé range 60

£ t anvvsfor t extrene SPA in
nM %12 a?g’lgovégsfég é‘?raclfnrl(r:a gﬁﬁa(s)nh&#l[’o tévrﬁ‘t ire coronary
ar (@g3pxper Aetwefactor] maGSis BE0ALAYER mBA] (WasTnsed 7 ‘ﬁl <he Tukey
cefiBO %0 -250, deg. on the inner wall, - eg on
metg ap % ):o%me&ﬁ: E‘é‘?’("ﬂeTBP standadizad rgp:b!@lsrmd rf_pgme} probab1hty
plott ofbrebidfial$ bdelEibdl mEodbl uB¥me Y S B Bindari ](Q.%;, sggég&as{?gtware from

@?ﬂes are the nost di sease-prone arterres In
vascul ar circulation. In all instances, the SPA

i S gL, nega r ns. t han

e Choar ey L SR GARH' Gt 910 0L 1Ry stow
comgpnery eeng¢ringy (upsiream)prhsniestt scpen hdle@fg ithoe dpst&iaop lﬂbﬁrtnstream, and

SUE . Nt nas a are
el DGRBS ] AT DI 4, ery e

characteri ze 61%t S
compeggngrihat sepilesdll lhycwmtolicru pulsatlé obxmugtlcnsd ey ﬁimmm Flgures 10A and

( arter | es e s in
10B. g? glesag%f?de% es) v 3&@ R ol 5’5%??87 'g’éfecprﬁ éﬁs WRETRE dynamic
cond;noxg chdivhi ionEigoan 1he an‘ﬁﬁﬂﬂ edietis bfl glaSsgs tof Myndmicl d8Hitions (here

hemEngot f}gu)%%sB\O??f%gCg&ukpggg}mt LO é\lngﬁgf f e‘ieigﬂc%, gressure and

diarrgerot vﬁambedx JlandX degMnd -2808kg SHAVt whiak tm@nb&ﬁew&mo\%uormal and
thSE) Str ss andfCl rcunferential Strain Affects
pachBICRi HAPPRaEEr B BEntoc SPepr G Bie By specimemelder 10 was

muldRsisxed m(oamnmatemz +diReg  withh endaoiatlﬁrméd@flmm eftha%hifcluding real-
i ncar por at ed he .ein by erence. [00448] Detection of
nmef’f’fﬁ“ TS aé’éiu‘flﬂ‘? 1f3é1og1 fgwﬁ@trﬁétmeaqndccgppew waveforms therein via a

data pEQACibh @ﬁs)terﬁadﬁd%m% Fad% rﬁéagtﬁ@ﬁxémoﬁu%aﬁh&nmvas ve Doppler
1 condj ti %ns of Figure 17 (e.g %'gé negative S 5
ultrapQinaapreq dfoayreien (floé"b FRfFﬁtfl Iﬁﬁée OsthIWnTlranSdhngU)r @ressure

measLSerﬂﬁltgwas Rermady pamice caBtlel IRBSIreORAES ?{/1 from Millar®).
cardi ovascul ar system (e.g., coronary arteri es
Noninvasive inner diameter monitoring required an ultrasound system that utilized a 10

MHz transducer, pulser/receiver, and 50 MHz high-frequency data acquisition card
(compulite 1250 from GAGE™ Applied Technologies). Sensor signals were acquired in real
time with custom data acquisition software written in LABVIEW® and utilized a DAQ

card (400 kHz, PCl-6024E from National Instruments™). Waveform data was analyzed for
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[ 00449] The present exanple (e.g., Fig. 46) is
provided to denonstrate the capability and utility of

wao bh@seedsexli mnents of the invention for reproducP@muUsIN0s/045715
vivo mammal i an henodynamic conditions in vitro. In
particul ar aspects, the present exanple will also
denonstrate the exenplary utility of the equi pnent for
obtaining a in vitro and in vivo information rel ating

desitdd GhRSS&FoR typ%l fandy. I
Fi gur es§17A r(% B and an@i Q@Fgg Q?ﬁggﬁg‘%@? con%f?ltgn%etermme

n?j("t“)‘ seqhoas wipiebormenkase e@lg1¢ difterances; ovgnitudt mﬂyfrequehqd @alibration

scalﬁllgaﬁhgﬁ $nd:?ndih Oﬂl‘t‘&st:ilg y Qxfple'\%él\ %B%H]rg Cauy r)él% %%) etwn DAQ cards,

logic (€.9. BRECS T~ 1
sensnemﬁ’%&ﬁ’% andnszhftwamﬂsveweasmedovxaohméxtémabfun&@l fge@dMitor. The
SPA, Figure

flow; FpSUREREE Atafe! B Sndhsy et CAUSHER Lron b mon fow rat, a
presmgtiemsnsipcet @&ternBERMH BOBEDIEK® Kottt fehds dnd a‘flé&jseon fabricated

C mens 1 ort ubul ar structure 1
tubg; E‘%%Wﬁn“’&fdp f&??&?tt RETRE %&hetpcs?sg‘trefsmmqftaf wquld yequipe gglibration
pnoplrbeatchlmpdfrahmte viability, (directly) and NO WSS, CS,
culture consi sted

direc . .[.00450], The cell
ﬁﬁ’rg?ﬁ]ary b%?y’#e BICPE Ok TS tH7EFTHY Eeknsyr¢ papess) pH and gas
conﬂ:hfrat oo 981k 185 By RBhlas, ABLELt)Yem 4
aortalls vve:e ok();tgal nedﬁand ri nsgd V\%tcﬁcggﬁﬁﬂ%%%&gﬁg EiIbI probes
{e.g. pBH RStItRhe) }g,attraéeb{n@ ¢x¢d Withea pBy meten @O BECO: was measured with a

.bloddo Bed Lughoa! [Fpaten %l&J@ﬁAsn}%ﬁ%‘&%? f}}amar"lte?-u ? ;i"emperature was

or med into a trough agenase
conppliadcpt\ 378G viern h‘@ch]ete[}rabhwt watsr Bathpthat was epl:las}:édnl athermal

hoo{l Q%Celg?ggg??’ oIS alé&ss'%i rﬁo_f{% i lcr(gsgcg C%ergt%a{l{zfaﬁg V%\‘I{B}g ah intact
tubegiz 3ello9 oh fase dtatmngr(shedg meaubadqgﬂngad Di | -acet yI at ed LDL,

n marker fo ndot hel i al and

cyf @ %84511" fe BAECS Wer gﬁyr oVBRIRFS f Ypprpdstics  of
non(}eo@x;cuﬁ, 234:41’23& T CHRDS (S € ER fo‘l'e[ﬂih&ﬁisccffﬂ )usui\IEM1M BR&N@kchanical

red &?e.g. M,0769 fram Slag , 1% bovi ne
ProReRysi Ne-&t BUHiSH wwsdonsiBeinabes n%%ﬁsw Frreom SAGAF /ALI L] A: F is
forcENR M 6)ss-$elrid | ra 3

Ul and 50 g?arlr%!/eaggg%% {‘s rl%r%ﬂtgl g%ﬂ‘? Slgfg)g%odl égte yeriation
(F4%)ghndeanpre@utdndd 70400 npEgS I¢e s(iléco&): dpentéats d® 184, Dow

doubl i ng 15- 18). Experinental nedi umwas phenol red
Corfiinglew dEvedibibdent tlenube. oy tubulit‘h%rd{:&remaf Owhich it i 0cBe were
. emegal Co.) to incr gase Vi 38 cP)
sx GRS Bon i eSS SRRl S S b g

fih&ﬁﬂ@cti n (e.g. bOVI ne plasma F-1141 from Si gna

Cheni cal 30 /bwg in MEM treated silicone tubes
(el%457]pr et r@ﬁt’ &nbrPipeny odothe contrplder aldP3 chmpraduceitime varying

cont?d&idMaB ) Ae e I The cultur
ont tUb ééSH ?‘Er(qur%ovrtf] HE%SPﬁyaﬁ}dﬁ Clgiéeg SCI%) t?z{sgé et gut mf?rrrlm%on fi(t)
inc h’é’t‘)‘?ﬁ‘ e sgici Bpidimoeing erpacisntle-g. Thempusbe) sut faaedorgred desired

dynaf@&S cSfiGHAs at %Q%Ybr&’&@ﬁ%h ept specimen 12 for pressure flow loop subsystem

1105 components. One exemplary method (e.g., controller 1103) will now be described.
[00458] In this experiment, theoretical approaches for WSS characterization
in straight elastic tubes used sinusoids to approximate prominent characteristics of

physiologic waveforms and to allow emphasis on the SPA. Alternatively, iz vivo
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consi sted of pulsatile conditions (SPA=0 deg or -180
deg) with conpani on controls: steady shear stress
w@ 3Bp/o6aseati ¢ control (SC), and pressurized coPCT/052006/045715
(PO . The conditions were 10 10 dynes/cm, 7020 mrHg,
and 44%di aneter variation at 1 Hz and 37C. Direct
m croscope visualization verified cell attachnent
before and after experinments. [00452] Nitric oxide

medshifdm BRI SSBRL RS RES b L iRd S/éeafo§e)fc+x§91 %g%‘ﬁ{;llg K., Smith, M.

met hod. I ndirect determ nation was
B., ardrkswaB. 34 B NO2bPeakiglart Meﬁm tImam AvatleMi® San Thiego, the
ftgrhlpg [ f based eacti on
ook OB UL RLLAT SrGRE UL Gtk ae baviorns
Wltb mdunleéiatmemtsl mnetsbseq:ﬂararcamedl byl akingh) value of SPA. The calculation
t d d t t I
of ?@e lsgnlgffgor ag& éﬁrgglg t%é?egsn}(%(:)vgg ?Q %mlez(')s Sggssolut?gyx a’l$he ‘wall
moti&a Nl i elsoichiled Snpnel 4 AdiaBtaivegweabRipbnded thNF{ofs the WSS. The
N|tro n Oxi.des Iﬁrou hReact i ons Wth Thi ol G oups,'
n°"é‘l5‘F?’ e o roBle ﬁ%lby a pggurbgtion rockzdque that produced

corﬁa@ﬁ&xﬁlﬁcﬁor@ff T diherdle s IsBRGOROTAL €
o 1ro ﬁ'}s 15 RAGEOT Sogﬁt@élatgcﬁ'pﬁls?ﬂle WS? component is

renc Next
thep A NPres Fresarstlen dKES compardnt whtt|cam hd dpeermnxgeelrfmrea @trection
factépahﬂfed]tg FBxs@u@chhd;v@ eSeE ei%? el IWJH?Q'}{I% g dﬁ? 1}'*955 Needi@ihod for

. he fl uoro t er ut
Calf‘éfm%‘k @f VSJPF’GY) %qte %@lﬂ‘m aaddVieenus Prog intAraies Whére Ilgp Pressure

Gra@%k ﬁrlgncﬁérrp@i qﬁl%n)tl e(}hﬂ%r??ﬁt?éf»g ajgg a0 EganREﬁD@IQ and Tarbell, J.

Version 3 of t'war tandards

,V\]9Pﬁ, tNenkezmre /evahersi ofeFloat imediRlastipHEwisd (A:ed-yf r&t&db/EMreammg
EfféM: Ny 194, BPA .10 %ﬁeﬁ%p{ ol 443, Wpg ralgg‘i/I‘San?gAg%g%l?‘fAM 1995,

concent rati’é ange Wwas
“Nwlgleﬁraémhfsarrél @siildatofy ’v“buw aWzé: mﬂde:hzemMmedn \wint Blastic Tube

TS B0, S Ssontl dence Loteral T

herdie by defatences at i Sfl ed nodel requirenents for linearity

(e. tatl |css re.frgmMN T [ 00454
Erislhgsalos Thog phs g@éﬁ“@%l% daprads em s “rﬁk‘l‘sﬁdéglﬂ(wlel’f\)’ a, and
the Q égdyd O ew. mmaﬁz@fﬂrrr@ MNrBichR9n bU RSN ihP& ﬁlﬁJﬂnatlon fi(t) to
t| on_where #ﬁj_g up tream downstream and external
COHHP HerchPaomhich « destrmaipe Fimsoweyiag contepl digrabrfi(t) for a selected
emboAMRER ATt &Ehr%'ﬂ%wsl dyibiysRh ¢ RIPQRGRInehRak d
in cont rglrl ed pul szf)?l e c}lgndl ti ons as sh 0\/vnE|&§lbdlecs Bllow. The
WavEIogur e¥ €1 decosirpsah Brtnsmenns ands eerilaiove ,copyponents, where mean
RERP bicAlBinEP O sifRfle LHED )
Comgﬁ nam c ec c?nnl tion smo%\/ﬁtol n gri Lglg{ 25%1]!%0%3(%&%1& &)ﬁgmgems are
deﬁ{ﬁd vithedeublgpverpaani ¢ conditi ons (here hempdynanic
condi ti §$=S| mul at ed. Fi gures 10A and 10B show
flow, p%?sﬁﬁ}gﬁ 65i anet er vari at i on, and O d@@; and
-180 de =whi ch may be referred to as nor and
SREETn B

pat hol o dynamics fromtine to time. In is
st udy, %pegpgn %ol der 10 was )
WSS = WSS yois (0, D) - C(O, &, @ % WSS vorm (O, D) @
C(0,0,¢.,9)
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mul ti pl exed to accommodat e six tubes with individual

media lines each including r eal tinme nonitoring and
woe@eabdszat i on of flow, pressure, and di amet er PCT/US2006/045715

wavefornms therein via a data acquisition system and

software. Flow neasurenent utilized a noninvasive

Doppl er ul trasound probe and flow neter (flow neter

nodel TI10 from Transonics(tm). Pressure neasurenent

wHBC TSR Y T e et ﬁfss“rﬁwg.w@i” oy W58 s the
oscilRitld wsgﬂ&t&ﬁﬁgémgm%ouursﬁ asound iy T & b B3ttt 288 for the

t ransducer Ser rece
ahi &ingdrRg }C datld RERUISH
mef r ogl‘%g% @ plied TeéhnoalcgJil fS@{Hi Jéggggg?} g%’xglﬁé%é& [38) & is
the qazgﬂetqzrnvqr)@gpn;t Pnis th § dmrglsa{naEq (4) are functions of

t t i tten LA \MLEW(
the &?ﬁﬂlfj’?e%a '1%95%%*@%’%? \A%U WQWL 8@;9)6%0'# ?‘%mf‘NﬁtioenQI and DJ.

Thd &ttdcHBE Pcford far thm;ﬁefr@wgtﬂ %Lgdlggﬁﬁw#ﬁﬂg gAggédeg? Cnd Fig.

time periods
3(BYet$biegreret o determ ne functions such as vvaveform

phase a i.fferen magni t ude and frequency,
cal i br atrtrg{;ﬁog%’lo d:‘?g) op%gk max/ m n, autoscale, sanple
acqui si td’%POE)@KelSOT& i_g@;s, bet ween DAQ cards,

sensors software were assessed via an

exter nalcfsommo@m geasgratsar. The flow, pressure, and

di anet er_ measurenents were calibrated fromthe nass

f1 ow r at@(5087@nEosEIsociegy-amzsducer tester (DPM I B,

BI O TEK (r) |nstrunents), and a precision fabricated,

t uj@0464] | se?ﬂbgrrssukmgewrssw@tefoemem WSS= ﬂOEaOpfyeﬁ&hhﬁ efor both

R A A
SPASNSHEEdEY, SREflow unﬂﬂ%&a@ CORGRNEL #d, g@éerf t%ﬁ*%hé’ lvgcgneralley flow

experiments. A pH syst em acconmbdated si x

el 808 Bl B Bl 0

ampliGE 3@01 b RRAL(GRT RO 15 She frh O e
el S econter ol | e& ata37C via a hot %ﬁ and %Pg{@ Me for hese

congypps-t hat was enclosed in a thernal hood Cel |

Vi §dUdoif Y VeBecABR&S SF0rhifiR HE; (@CE%r{nb%r 8&8191? ied 1n the selected

vi sual i zation through an I ntac
embpgdimeenss aff pressyre( oW deapysubliestamy béob;mnponeb&%ﬂﬁjutﬂ'ﬁre:o controller

1101; Hhukag cﬂ&ﬂ&sqﬁ%§stéﬁll%of é;h:gter% pl%{ %? %f rfl:%%%f‘g‘élf; g%oel) In this

ncytotoxicity cal enc
studv: sﬁ%ﬂth lpaltud@hat laml Q(éc Mﬁ; B4, p@i (Ipmpéxlaaﬁe (Walglity and NO, WSS,
gpAl fied using Iongitudinal stiffness, KL, where KL I A
"=AF] ALILIA: Fis force, Ais cross- sectl onal area,

antP62ls | Z 2?1 Ebis aa;tddy\m logg-plays Isﬁ%)ﬂ)@y Cofdila s@arm under pulsatile
unaer ressures o .
condi a{bﬁsgvg%seasse sed tv6a n%?,ntl(ng P@ g}o&(tﬁung_ gﬁ thqéNPCé? quﬁ%gns over a
36 hu@edosﬂ at 37aldeg, ediich $Hvavddudonsrolled baitb@ines bf HEl & fathic conditions
or ]f V\A};é‘p b?) this case were
wave otms 2/PCO:z concentrations were measured after pulsatile conditions with a
blogd gas analyzer and were shown to have similar values to incubator controls of the
same time duration of 17 h, POz= 141 mmHg and PCO2=40 mmHg. The temperature was
very stable (+0.5°C) and was not affected by opening/ closing the thermal hood door. In
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Si X tubes of 8 mminner dianeter xI5 cmlength and

wal | thicknesses of 500 mm Results [00457] One
wersdedsent of the controller 1103 can producePT/mg2006/045715

varying control signals fj(t) (e.g., 0 deg SPA and

-180deg SPA) based on input information fi(t)

i ncl udi ng speci nen size, fluid noving capacity (e.g.,

punp size) and | ocation, and desired dynamc

thisGOY), th@8Svedé nlhoAlAREhEH AR SpRkiingP&mdiRhs Ief He 15 cm tube
1mggg(essure flow | cop subsystem 1105 conponents. One

Ehpiedess sagiood he sariations aeropsgih subelleagh (W duringomulizele flow at

descgri bed. | 00458] In this_experinent, theoretical 2
SPATE 68 B 5 OB B 2 PP GHIFO SHY g+ 0.2 dyne/emm
(cal@ilaed)| Snd NSRS -DSE4begSi NUSOi ds to approxi mate proni nent

characteristics of physiologic waveforns and to all ow

errﬁﬂ%‘@?ls on THErSPR shgwse preductienyof O from BAECs exposed to

heméid SR '
Y ARRAIRIL G5, L] BYA 0 A AP
indiggredppy *#9n degbP Hehp e8P diz SPdifclar Oldem§P Agnd Avade e, (SS), and
3k ' the: c t.s. of i ch i ncor.por at ed . .

RSO0 DR YA 808 5 AL BB et o
thiswitedy repiciqdl & Fig. nttnisbew canipaifidaer deaeaetiar NK@dquayitiy for the

i e, al u f SPA., The cal.cul ation o f
et POl BE 1 e B r S L AP 200k il 91 SBA cae
was s@gnificapnly Tigbemvahdn miof seady Bhei? EERShdeC(EwMBS) MIDSAE Brnamic
conéigidi al convecgi Ve cgggonept tgat affects the WSS, The
nonkt near , S@HaEr e & SPUbITM RS eV etirty cguirol (5C), and
prespaidedidoatroD(PQ) &6 RI0I0G)) X Hel B3t cald REHICE ehft QhS EfdokiNal cells exhibited
factors, for V\bnlgr sl.ey's solution. The corrected

the BRAIRAPY totRsEChEantesPerst IfSrrPatrdda the SCheset BhadjC case was

not SikONCUBE Gespomenthdd@tascan be deternmined froma
correction factor applied to Poiseuille flow See, for

exé%é], V\bnﬁysgqr@yl’, 1301 simulatq ngygnal ang pardalogisrhemodynamics (e.g.,
Fig.%.cgb%h&gp%ioy iéﬁ ﬁé&%dyﬁ%lg f%tu JL QWOgggdﬁgﬁ\ﬁdijﬁer%tagascular

in Arterie hen e P(essure adient 1s
bedspeppsheptimulareshitoriyro. Iothis gmpbodigent 86 FysivdngilizBl thiee-damehsional

mareld e dil " L1 ne Lysis.of Flowin
AT EFaSs%i c 1'Ic'é/‘lé)eet At o :Qig{E eaa%;i/lyé{ r Epaétrrf' THEFORFIRE g, onjrol or
system4tiallyl endoine or286del ppncdditand S8fludieagof Q, PYland dAddvaveforms on
hel L. .J . 1995, "Nanl i gear al ysi s  of .

vasc@g iq%ygltoloorgy ﬂMé \?\f P ohogg'\%&?zglru e eﬁl;l%? ﬁu%xn ag-ges; ppd protein
exprissiyen guafidegk y) , " J. Biomech. Eng., 117(1), pp. 127-135,

th ents,of, whi ch.are incgrporated herei

re e@gﬁfce. [ 0D 2BeY™ ng%“‘f r?@ OIS ﬁoﬁé‘ge&@ By Was not
significenih fixeeastigt @nfaBiNg thee statddEorthdd (QC) Base2idehl{Ang &h&t- the mean

ress(‘:% 2y}l/%veifror nf? vxlnli ch .ca(ﬁisg)e provided as i.nput .

presfult PR BIFIPHS TR Sla 8P hevs 2 wERitfrnt Hafluengs on NO
prodiﬁfieﬁ ﬁbﬂgpaﬁeﬂﬁm_st\éﬂi’yysihﬁ?' SEiREK [IHW&?J? Baﬁ(ii)nii'ta@t )S%Eu‘i)d CB affected the

sel ect ed,enpodi nt..o ssure ow | 0op subsystem
NO 6 ML L e lfo SR BEI el be sgmahiantly Tower NO
response of the -180 deg versus the 0 deg SPA case along with companion controls
indicated that the large negative SPA had a negative or pathologic effect on the NO
response. Regions of the circulation prone to pathologic development (i.e., atherosclerosis

and intimal hyperplasia), such as the aortic abdominal bifurcation and curved coronary
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wavef ornms are deconposed into nmean and oscillatory

conponents, where nean conponents are defined with a
wa@Revghessever bar and oscillatory (sinusoidal) cPEPUSING/E45715

are defined with a doubl e overbawhere is the nmean W5S

determ ned from Poiseuille flow, is the oscillatory

WES determ ned from Wnersley's solution; Cis the

correction factor for the mean conponent [37]; is the
arteB)Q re&ﬁ&‘ién@@ afhaglp heéaﬁ(re Eﬁﬁ OSike! for Ak Ph le C]%Ep ?p gny, %l %glbell J. M.,
the anplitude of dianmeter varia t

1996&%\"/&11‘%&% &eresDistritmgion(ig po dvtelofin thcrie Bdhrdahen Model: Effects of
f or tlon

VRIS L PR DRIl il S o A Homect

Enggdﬁam,. Em$35h ot and gy, 3@A)Ta(fl6):ll;i¢gM a20do Pngumaﬁal Simulation

046 e i,n S wavef orns are
of P\S\Eét%%fg %dn dyné é)l Q%’twelae% q’?ﬁﬁé‘ﬂg BOgT A rtgrpe’ J- Biomech.
Engc dez@p tplpoﬂ'/l'q—-f &ﬁc]flwa)ggﬁﬁs difhglge}a Eﬁéﬂﬁcfdhrﬁsx;&lte@' he#&h ;wre%&%ce
t t t t
PR e s b b Sk wic

refefﬁi\iﬁé td WdRimsd bf 3llustRATE eﬁlxﬁgmmcelﬁ%uﬂgr&? il ZP(E)LIIIQ NQ&IndeRbd that
the W rslﬁ EfIOMIanplltude The correction factors

numerous;qthe mﬁgﬁteglb\ﬂéw%@q l@ dsivised by thoseslilled in the art
tharCRAUigEll Grishin[ 90481 EeedldRKof L EEEBE%&Q SEHid dne@loR® More
determined in the sel ected enbodi of pressure
partjquipgly} 6??}50%1?&%?3@9?1 a0b modifsenens e zmsbllnicmqn whe tcunponent parts
an n s u 1 Ia 1 SC O (S
d/éiﬁ 4 ?aglgtﬂ.ﬁ@xrné érlpfgtnl{eos @fégte ?‘Z‘E‘gq‘gg%u%ﬁ ef) vr tﬁtnh&-xe ope of th
foreg@ggyilsclngur(et ¥he d@lwgmggdmdtthb @agctnc@ tc)a;mD(vd:xﬁhou?(débartmﬂ,from the

00462
splritt %mﬁrlﬁtf%{tﬁd %Iz%g(lr:‘lllél Em)eécr) At mqgs V$MO61%S clapi% ssxi;g[-‘%ﬁ?xﬂﬂ t parts

and,fgmagxangdreeme m&EMaovsumwllhﬂscelscs@ahena t& tHksé $KiedSin the art.
nmonitoring of the Q P, and D waveforns over a 36 hr
period at 37 deg, which $howed controll ed mai ntenance
of the dynam c conditions or wavefornms. PO2/ PCO2
concentrations were neasured after pulsatile
condi'tions with a bl ood gas anal yzer and were shown to
‘have sim|ar values to incubator controls of the sane
time duration of 17 h, PCh= 141 mmHg and PCO2=40 mmHg.
The tenperature was very stable (0.5C and was not
af fect ed by opening/closing the thermal hood door.
Inthis study, there were mnor variations in the
operating conditions over the 15 cmtube length in the
test section. The variations across the tube |ength
(L) during pulsatile flow at SPA=0 deg and -180 deg
were: DP =1.5-2 mmHg, DQ 10 m/mn, Dr -0.2 dyne/cm 2
(cal cul ated), and DSPA=2-6 deg.
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[ 00463] Figure 50 shows production of NO from BAECs
exposed to henbdynami c conditions in nedia at 5 hr. In
wWOo-e@anessz®, pairwi se significant differences ipdi/ostoee045715

by for 0 deg SPA and -180 deg SPA, for 0 deg SPA and
steady state (SS), and for dynamc and static controls
wth p values <0.05 (n = 5). The biological results in
this study depicted in Fig. 46 show a significant
wHIeTIs&IAIMENGSjuantity for the pathol ogic -180 deg
SPA versus the nornal] O deg SPA case (p<0.05). The O
ded- SPALHEEMEOTPr§IBT i cant |y hi gher than the steady
shear (R%hnGBR& KT 0 Bhst Ak hnddd ?oxdéé@%g uf3AdL 44008 feedback
_ were significantly higher than the stati& cases,
infosmgtipr ardbin peput BE)outEnpearml sigads: avdnt r ol ( PC)

(p<0.05),. T ified that theg endothelial,.
cells e% i Sﬁ?&?‘f‘ﬁz& ns;{llg%fs%a eor :ﬂ%ctf’ éﬁlgéan ThEYpprising:
response conpapeiintohslder, SC case. The PC case was not

2 e 1 a0 bR S b Saehen htdr
hermodynani cs af @upuz fdti dhitputBhg s faRiexk PRSI Qi C

henodynani c .features assocjated with different )
vascul ar 5EAR sHA Rresere/Hiny lopR aubsistomy reerives maid gprirol signals and

is capable df adjBitirdghiedinioleL BT ddpetineBtn hlofBmE: TRRA$hANBhtrol signals,
tri.es silicone tubes) to provide a

geo i, e.,
Wh"ﬁh? iSBFOGEe ekder Femimienthersecimarr ol or systematically

eval uate or nodel concom tant influences of Q P, and

D wavef ornms on vascul ar physi ol ogy and/ or pat hol ogy

(e2qg., PYUFETsPEELsiEs: such as gene and protein

expr essi i h k0 Figure 50 .

the pr egg Sc}sgfzrgélﬂ%:vgs}ﬁegl[l g%’%;l%éi%&\?\g% (II)(‘I)OP SyhehiTor generating o
flovslogniand ourputtyng feedtmak edonuanpas ed to the static control

(SO ca ' i.ng that the nean pressure and

ci rcunf grg eﬁ%% MAsvtlr i e e n‘b‘tsg'ﬁgff’év !aoogf gni fi cant

i nf | uene eowmolN® lpripgucicand Pne dippafadetdviag adcinalaand said

trness. However, concopitant SS and . af fected the
feedBp R RsmalST Ao i GERRGF Forio RRiriee Sqfuealsbela Chyd Ressgpltiow
systdiigarsli gni fi cantly | ower NO response of the -180 deg

versus the 0 deg SPA case al ong with g¢onpanion )

cont r ol ¥PEERYE 3 BEPSTRtloFusERa i sheglipmeter gbke rpgcimen at
said BEfiGH invRcodap@i vivh 04d 6otdl@zhalo ind Higd Ne@ IR SHBASSIon.

Regi ons of the circul ation prone to pathol ogic

devel opnment (i.e., atherosclerosis and intinal

hyper pl asdygkm, eskaBrigsgt he aortic abdom nal bifurcation

and curved coronaryar%ery, experience_a highly

negat i véc@prolleshaving gy legsk appinpur faseecefyinginforapegion and feedback
infol@4tR8] dnd ah t SehRigd §d 104E Lo,

an Abdom na?flvg%trft%?gzu iufttx}fécégtn ?%ﬁak/%ddﬁgltn?d@f‘?%%:‘Jtlg&g%{?r?&téaay
ﬂ°W§f§é‘|C°Béfl?bFIBaﬂt:@dand Phase Angl e Between Pressure and

FI ow 1 B . v 119(3 . 333-.

342: %E%Qﬂu?g/@?v; lg r?g %L}_gs?%g{al c’ogggd ’tmatm? g?)\%fbc’)lpe?, comprising:

"Nunerical Stspecimdndrlder,

an external flow loop system coupled to said specimen holder,
a steady flow system, and

an output for cutputting said feedback information;
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of Pulsatile Flow in a Conpliant Curved Tube Mdel of
a Coronary Artery," J . Biomech. Eng., 122(1), pp. 77-
w@2008bs2xont ent s of which are incorporated heP€i/nS1¥96/045715
reference. [00466] Al though enbodi nents of the
i nventi on have been described with reference to a
nunber of illustrative enbodi nents thereof, it should
be understood that nunerous other nodifications and
enbodi MgHeseif & j skil.led.i,n the art
_ that will FeLf il PR RGFICRY shilgse HELcine i Copgl signals and
is caprblaof pdjngingfa didinerer ofespetioren iMbeoerdart wivhlsaid| pntrol signals,
iations and modifications are possible
wh{nﬁs@ﬁ%@@c@%ﬁ%éﬁgﬁ?&pﬁ?, %ﬂlaerfgf%rrne%'r rangenents of the
subj ect conbination arrangenent within the scope of
th% for %goi n%Tgi scl.asure, the draw ngs and the
appended” erAMECRPIHBET departing fromthe spirit of
t he i nveptdsaite/flow syeeint h¥ing M ¥aEdnal fl fodYstem and a steady
q nodi fléﬁ%l ons.in fihe conponent parts and/or .
AP OMBRISSAtng 4 /oW Je9R and ueRutHE feedback informppement
t o t hose ssdeichdiLkhvirdy 4 RGiAl drrafblilinl ssid e Mep. 1S 1. A
system conprising: a controller having at | east one
i nput  f 8FeRtERlsr pYigs iahleast wae iyt fordretedaap tndrmation and said
feedbAdOLIBR HafBn 82 Budt Rﬂ'touft%[t 18%&5}“} 1sf3da16 P01 L9 E essyre/flow
signals; and a pressure/flo fo p subsystem cou 1Yo
system; @clugingrblepsone sadr flowisystem copwoel sigmlhofider, an
ext er na L I 0 said s i men .
_hol der, 'wg%x&ﬁg\éﬁ Lc’éﬁ’?ﬁ%ﬁ@%@ sg’g'{é%u %ﬁj‘fsasga °§%’P%’e¥ ggt aggetmen at
said regfion imedccedanagtveirtesaid saitebl pigesls und4ad fradb 0k pofstbsyst, em
receives said control signals and is capabl e of
adjusting a dianeter of a specinmen in accordance with
sabd coAtsyskmstgnptisng:when sai d speci men hol der
contai ns _t he ci.nmen., 2. A system conprjsing:, a
pressur %f?‘?%%fég%‘f*&ﬁ%ls%ﬁ‘ Rge S LGP Qusigp and feedback
infosysi@mridon aeparfat biguaidd @atdodgpnandn@ut put ti ng
f eedback i nforpation; speci nen Eavi ng a re,gi on .
ar r angedPTSFUEHEe™F ook splpem £ouBlst £ Faid FonERHenromtprising:
| east one i NPiplecitvh Heddee] Vi Ng i nformation and said

f eedback i nformation antlzi an output for outputting
control si grA ¥w%rgaldgvy loppsysameorplsdita §aid eneciragncholder, and

wherei n sai dpERpSioe bl sy ste@adll S A dlamet er
of the sgecg men at said region I n accordance wth said

cont r ol W8¢tgiald prsusedflavileerindexstémiencivas fashcontrol signals and

is capable of adjusting at least two dynamic conditions in said specimen holder in

accordance with said control signals.

6. A system, comprising:
a pressure/flow system having an external flow loop system and a steady
flow system for generating a flow loop and outputting feedback information;
a specimen having a region arranged in said flow loop;
a controller having at least one input for receiving information and said
feedback information and an output for outputting control signals to said pressure/flow

system, including at least one steady flow system control signal; and
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3. A system conprising: a controller having at | east
one input for receiving information and feedback
w0 pdosedEes on and an out put for outputting contP@I/US2006/045715
signals, including at |east one steady fl ow system
control signal; and a pressure/flow | oop subsystem
coupled to said controller, conprising: a specinen
hol der, an external flow | oop system coupled to said
speci mervizedifedid psslr-Saky output ...
f.Qr outputting sgi_d feedba?lﬁ%imnf %ﬁ%ﬂ%ﬁhﬁ%ﬁaﬁuggn rons
at s‘ﬂ? ESLN By FrIRANE Fiths ik santeahsigade andsaidsigedbaclo ntfoohation.
signals and is capable of adjusting a dianeter of a
specimen in accordance with said control signals, when
sai’d spdesmtem, koingdsingont ai ns the speci men. 4. A

system hsiing: a pressute/fl.ow system.having a

ext er nala%? F%{/’&hﬁsfé‘ég‘%% eésr%noélﬁéf‘ Pyt dqrastRvips W%toé’rﬂ"gé?edb“k
infogmnegomendign aupliofer bagaidngcdiidd sighilggndlesaPackast one steady
flov‘irsrn‘spr magi on.. 2 l_s%%ci men having a region arranged in

sard ™ TOW T 58P H%ontrol l er having at |east one input

for receipyisiige/{Rfv0loopisubysRRtccupled th 888 baskoller, comprising:

i nformati on and an qutput for outputting control

signals to s&?&?cﬁﬁ‘eé’slk‘dﬁq@fl ow system including at

| east one st ﬁﬁ%eﬁn&%@ygﬁysﬁmgiedﬁb 0h@LpecAld: Lolder

wherein said pressure/fl ow System adj usts 2 di ameter

of the speciﬁﬁﬁaddtﬂ%ﬁﬁt%ginén in accordance with said

control st Nl suBleic? Yutbi AECNAFKANLRLIBLLA,, 5 A

system conprising: a controfler Rhavi ng at least one

i nput f Fheresewidpgsurefflormtacp erbspstemfreiionskd control signals and
is cal 1 . for ;,out putti contro .
s R g A b B Bt B P i B SRR B e 1 o
accosgddnge matht spigl doatrol Sgmy: i si ng: a speci men hol der, an

external flow | oop system coupled to said specinen

hol der, and an output for outputting said feedback

i nBor mat\i systemywbenptigingiai d pressure/ fl ow | oop subsystem

receives said ntrol sjgnals and is. capabl e of

adj ust i AEFAT AR STTUHE Wt Rditlavoleepisksteamiagd a steady
flowsgeeinnien ghek AR aiflovalkopladrfeoubihdfesdbadk FBihion;

si gnal s. , : . .
g a specimen having a region arranged in said flow loop;

a controller having at least one input for receiving information and said
feedback information and an output for outputting control signals to said pressure/ flow
system, including at least one steady flow system control signal; and

wherein said pressure/flow system adjusts at least two dynamic conditions

at said region in accordance with said control signals and said feedback information.

9. A method of identifying an agent that alters the level of surface expression
of a membrane protein in a mammalian cell, said method comprising:

a) preparing a first medium containing mammalian cells that express said

membrane protein,
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6. A system conprising: a pressure/flow system having
an external flow |loop systemand a steady fl ow system
w0 o008gerses ati ng a flow | oop and out putting feePlEUK2006/045715
information; a specinmen having a region arranged in
said flow | oop; a controller having at | east one i nput
for receiving informati on and sai d feedback
informati on and an output for outputting control
si gnal s H) eddiag b AIEBIEA kP R YRS %aﬁﬂgile{'ﬁdéengaxggffectwe
| east one _steady flow system contr
am%%%esmd&d%%\mnm essure/ fl ow syst em adJ usts at | east
fl\n\’\?hdggl%glngggﬂ&g slnglgélasaﬁtthé ncg gk ?ald %dxa at%%rger%r}gr a sufficient
peripd fob rimetin arsystgm aﬁccsghsgemn;compof dmﬂg 1-8a control I er

havi ng nput. for receiving infor

and fee CE% nﬂ‘Sc:’)“rderrftlarts 8 élﬁﬁbcoé‘ﬁal?)ﬂtg Palangg %f’t %Feﬁ@"e
amopan bf ad le:St gnadibold Whlkdi higdato didast oNGuattiatly ef)ﬂt&iy& of said

stem control signal; and a pressure/flow | oop

mex’g%g@gf%ﬁﬁnc led to said controller, conprising: a

speci I’TEB) B@Er@lﬁﬁmg&ﬂe ﬁ*él@ff m)ﬂ{duflé Qﬁ’!aid% ﬂ’ea§r)/(§1te%m159c%ploes%d A

to,said sp nhId astea flow syste and a _
emaiﬂlﬁgf epigppectoll puie iRy batio s T beaiseeRdilnE oL ¥berein « change in
said WRRI 6f Eln&ﬁ'g(}'el%@eﬁ%lébﬁ{rm ALROPS E"Q& Xaﬁcﬁ%ﬁr %‘éﬁﬂ M?e?s the level of

said contro|l signals and is capable of I ng at
surfpcegapressipn el saiehinembomdiProteins i n sai d speci men hol der

|n accordance with said control signals. 8 A system
) risin a pressure/flow system havi ng an exter nal
fI %@9

of edentifyingparsageatithat binds syat ematdhular epitope of a
merfSAGL BIDY iR 2 bl AUUAARA LML LG LagdPacK
I nforhat i on; ecl nen 'havi ng §rranged in
said fl @)/\prlep:umg aafusomt:almhi mnthaMgn:gaxﬂmdh:ﬁmﬂs thaeexpied baid
ing information and sai d feedback
menlf‘%%nggrgot%&éh and an out put for outputting control
signal s b) m:ldsnag o spideasiinedibynsaisihg i anh A gliad GeMOarbdffective
| ea é tead fI ow system control signal; and
AMORRLPET ff aEF 15? sure/flow system adj usts at |east two
dynam c c)h(ﬁﬁlﬁhahln@ B4id 3éllsSklek $:R¢nGEof NidBGEMIIRNAEE MbL Dsufficient
gﬂg .control .signals and said fe?dback i nformation. 9.
perige P’H’Sdnﬁisyﬁt%ﬁf‘iof PREP 2 aferltclamad-8al ters the | evel

of surf grRidendiorsdlifRR medium containing mammalian cells an effective

amount of at least one antibody which binds to at least said extracellular epitope of said

membrane protein; and

€) determining the level of binding of said at least one antibody to said
extracellular epitope following incubation with said candidate agent, wherein a change in
said level of binding relative to control indicates that said candidate agent binds to said

extracellular epitope of said membrane protein.
11. A method for detecting the presence of a protein or gene of interest in a

sample, comprising:

(2) placing a sample in a system according to any one of claims 1-8;
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of a menbrane protein in a mamualian cell, said nethod

conprising: a) preparing a first medi um contai ning
woreoosmbdsah cel |l s that express said nmenbrane prRPCEUSZ00§/045715

adding to said first medi um contai ning mammalian cells

an effective anount of a candi date agent; c)

i ncubating said cells in the presence of said

candi date agent for a sufficient period of tine in a

system el f

Lo sai dqgf )C&JI o ggé:é:ﬁcrin Qig% r%?g}:?tr}ll%ncgo rﬁdu'ﬂﬁ thx?h se‘ii%cpvgg hygnchzes to
saidgepe ef injeresy 95 bifds §¢ said prasein andne antlbody whi ch bi nds

to at | f said.

pr ot ei naka oy B PARAE il Al BRI OB Beed P g mierest
or bindsogtidipeatsin mrseldanmpbody to said extracellular

epitope follow ng incubation with said candidate

agent, wherein a change in said | evel of binding

relidti veA tretloirfor h:lentxf’y@igcea&ﬁﬁpddﬁﬂtwlﬁ@h dircie b ARk ulates the

a n{ alters the |evel %ﬁéiurface expression of said
acnvn%ﬁﬂ RRETYP SORPHSIng dhe seRt@fhod of i dentifying an agent

t hat bi @Sm&x&bbﬂﬁhl@%i Eéﬂ(‘e?(bl”egsllﬁg saﬁpbltoQBﬁ i?h shedll H&Eﬁﬁﬁg to any

eln in a manmalian cell, said nmethod conpri sing
‘“wéf 4% ng a first medium containing nanmal i an cell s
t hat ex QS aeasah g s AP GRE, wspéﬁhpourﬁ) afding to said
first i um cont ai ni ng manmmal i an” celI's an effective

anount &«? dsteeraﬁangmbetharg@mproee)m birsky b@taldlgpssmrmbqneﬂlos
derdrRidiRE Y SRENGRT s;%a SO PALE, A rad fsgbag%%eén to any

suffiCient perio In a sys
one of clainms 1-8; d) addlng to said first medi um

coRgai Nign n.effiective anount, of at
| east onelglg{r%?’?%géa %wﬁ?? Ig%a Bug § 3id mglequls aspociatedwith a disorder
COHEK$W@C€||u|ar epltope of said nenbrane protein; and e)

detern1ﬁ5 Y | ev of . blndlqg of salqa? | east gne
ant i bod PE cm Ia FAp e cggréafrpw gyc bfa:fxs FS%OIf gs nhgsub)ect with or
at rikk}@ﬁxbﬁehopmgw ditordeiid a@;’mdh da&&dﬁg@@thm\i\@er ein a change

in saldllevel of b d|n é@%e to control indicates
that sa aceaﬁa’i‘%? Bh A bybridizatenprobe thas eppiginge nucleic

acide@ideageindicatial 6 sﬂ'ﬁfﬂi)sfo&[k@ o Ei@!: 8 Hevdld mésﬁatd%gﬁdefr Ynd
detecti 9 t he presence of a protein or gene o
i nter esE Aepecti PEESenCy ﬁﬁ? pgq:lﬁl@ acid molecule in the sample that

hybridizes to the probe, thereby identifying a nucleic acid molecule associated with a

disorder.

14. A method of identifying a subject having a disorder or at risk for developing
a disorder comprising:
(a) placing a.sample containing nucleic acid molecules from a subject with or
at risk of developing a disorder in a system according to claim 2;
(b} contacting said sample with a hybridization probe that contains a nucleic

acid sequence indicative of said disorder or risk for developing said disorder; and
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(a) placing a sanple in a system according to any one
of clains 1-8;(b) contacting said sanple with a
W@ oovpoense’s whi ch sel ectively hybridizes to sai dPQENS2006/045715

interest or binds to said protein; and (c) determ ning
whet her sai d conpound hybridi zes to said gene of

interest or binds to said protein in said sanple. 12.

A nethod for identifying a commpound whi ch bi nds to or
nmodul at % dﬁﬂ@txﬁ’égﬂe\ﬁr&%n&fof g nQEle"ceA {4 SBIERLIE $ OY o saraple that

steps of . (a)y inmmobilizing a cell expressing's
hybgidizewtorthie pr %bes. ylsqrdm idersify oig mgulojecteimylrxgwedmﬁrdﬁi i afrBisk for
ckvéoﬁm GRlsof@pt acting said cell with a test conpound,

%c) determ ni ng whether said protein binds to said
test conmpound or determning the effect of said test
compoun a of sai rotein, 13. A nethod

qlgden?‘ x?‘Igtlhno g qgr %E% E"E‘Xt%'i“amﬁt?ﬂl R e cells comprisidsini t h
a dl s or @Iprepmng la Shed)im Caraidh RO AG nliaa wh&egpmcwsulﬁggsald
aci d nol.ecul es $£$%$ ;hsubject with or at Tisk

me (5‘1"“(3%\353’ SHP AGFORIIgR £ A e 1% dBem according to
cl ai m 2(b)@abJling @8 64E ielBins @ S SAMPABOWAL &Y 4 agent which causes
dffh ybridi z tlg robe that_ contains a nucleic acid
HISERERe e v celly piaduging diffesengietedicgllys or risk for
devel opidy GOM%gdéaﬁmeﬂgfrom%% (Ef:gvxtQQhee@frett %nt o ?]n agent
e sanpl e

presence, of a nucleic acid l['ecule Int

Wh‘ﬁ‘?/ﬁ%“?"ﬁﬁ%@@@ﬂ% REcebls @b%ducfdw’@rsm/(b) dadtifying a nucleic
aci d rmkcsqwo%eﬁéga&mﬁie%ddm&ennéted' R der. 14. A method
of identifying a subject having a disorder or at risk
for devel oping a di sorder conprising (a) pIaC|ng a
saqpl e ﬁorﬁglﬁx' H'f&g e'ﬁgﬁhgk 9#%9 ngxa cgﬁsu 0] e

ect with or at Fis evel opl hg a $0rdé

SWHS @wpavﬂasdlng to claim?2; (b) contactlng sai d
sanpl e ridizatio that contains a
nucl ei c %E3%§Eylgé?1€5%nﬁ%ﬁﬁlap3t{)l \?‘ké)l?sol asfgftamaﬁc%rgﬂ’@rm gpy one of

claims $R; f or developlng sai d di sorder; and(c) detecting

the pregence cleig acid nDI cuI he s

tat | hy B POPR4nS Y TE B BE SERurby it enpfr gebinduce
said snis¢rehymabstern gelds Widifi¢re@iatgndt ri sk for devel oping a

dlSOde{ 15. A nmeth 8 for dj fferentlatlng mamal i an

stem ce CPéecoﬁ‘?ﬂﬁﬁr*’éil ereptgteqyiellsari ng a nedi um

cont ai ning mammal i an stemcells and placing said

g:%n mﬁsegchymal

17. A method of producing a genetically engineered stem cell, comprising;
(a) placing stem cells in a system according to any one of claims 1-8 under
conditions which do not cause said stem cells to differentiate;
(b) transfecting said stem cells with a DNA construct comprising at least one
gene of interest; '
(c) selecting for expression of the gene of interest in said stem cells; and

(d) culturing said stem cells selected in step (c).

18. A method of in vivo administration of a protein or gene of interest,
comprising:

(a) placing stem cells in a system according to any one of claims 1-8;
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mediumin a systemaccording to any one of clains 1-8;

(b) adding to said mediuman effective amount of an
wao@aoeaski ch causes differentiation of said _(:eP(]S"B/U_S2006/045715

producing differentiated cells; (c) contacting said

cells fromstep (b) with an effective amount of an

agent which causes stabilization of cells produced in

step (b); and (d) recovering stabilized,

differe ) nera

dj ffer egg g%ﬁ%ecglg% id f %grrﬁeﬁsa%r]&?‘%ﬁ&?fese ﬁmﬁyﬁgtoérﬁNA
Whlé’éleililsl‘e%?mnosqmgrgf(na)ofpnamsmg said rresenchylmal stem

cells i r.din one of ains, 1- 38

(0) 1 nodnarikedlt GHakih Ml a3 Gen of et in said stem
cellgendii ti ons that induce said mesenchymal stemcells to

di fferent,i and. eri gsa dlfferentlated
cells. Té) daiiv 6‘8(565%“ f)"ﬁ]gd‘)tll rczbertol acgppypal in need thereof.
engi neered stemcel |, conprising: (a) pl ?m Ing st erln .
cells i maccordlngto any one of clains
undér ¢ :}‘nﬂ‘Féﬁyaﬁz teRHPE Fheb s of & sendidasapagns yamodelateghe o
prolﬂﬂef‘aﬁ:ﬁh@fﬁ'hﬂ&z%e uﬁ@&mhﬁt@é@éeﬁ%&%c&%x@seg emcells with a
DNA con ct conprising at |east one gene of
i nter esi S raé’)“g§@lffé€€t ls iya pystene respeding emanyforntee cg?eme 1-6f
' ?t er esﬁ)'cﬁlﬁﬁﬂéégiag% ﬁlgﬁlﬁc?:gitléeﬁ’a g@?xgtl'( ﬁ&dﬁm &vﬂk:lhglgax tams said stem
stemcells sel
cellsgs\igezpgvinpersmidicedls; of a protein or gene of inter est
conpris cel,l stem
accor dig Qddxﬁ%%}a;@%a%gi%% %Egmo salf d(‘brfl rdgnsf ecting
sai d st édndewthining the prolifecition aod lipedgs bﬁ@ld)&&ﬂsdmy(dﬂ)%WA
res rotein or' gene of interest c
e}‘:peggylleétagﬁ enexﬁl%gsi ot €s81°6h 61 "sai d protein or gene of
interest in said stemcells; and (d) delivering said
stemcells selected in step (c) to a mammal in need
thereof. 19. A nethod of testing the ability of a
C aﬁd.l datemaod of prepamltii ks el enapriotd:fRE &l Q0 8f oRan repair,
i.neage uncommtted cell which conprises: (a) placing
comgflélﬁgcel I's in a systemaccording to any one of clains

1-8; (a) admixing a preparation comprising stem cells with a physiologically

acceptable matrix material to form a stem cell matrix; and
(b) incubating said stem cell matrix in a system according to any one of

claims 1-8 prior to use in tissue or organ repair or treatment.

21. A method of tissue or organ repair or treatment, comprising:
(a) preparing a stem cell matrix by admixing a preparation comprising stem
cells with a physiologically acceptable matrix;
(b) incubating said stem cell matrix in a system according to any one of
claims 1-8 prior to use; and

() introducing said stem cell matrix into a patient in need thereof.
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(b) culturing said stemcells in a growth nedi um which
mai ntains said stemcells as |ineage uncommted cells;

W@ egosmeideg sai d candi date agent to sai d nmedi uPCT/ESIH06/045715
(d) determining the proliferation and |ineage of said
cell's by nRNA expression, antigen expression or other
means. 20. A nethod of preparing a stemcell matrix
for use in tissue or organ repair, conprising: (a)
admXi NG\ AefHoRARA pREJaARe G BIB irShid) InrSh S fSF{rhgla 1iBn Bho
physi ol ogical ly acCeptable matrix material to form &

margpighincqsed thegeaf; seid merdiod lspmprisiod atacing ssidibibratterialoeklsystem

accdPBins1tY ah{l ofte Y ALifY 136605 $hfigichOri Al én%p Eo 9 lgrllt%{igg g §a18d

. prior to use In tissue or organ repair or Rearnest S

biomarerial ipet aisimatinal.ssue or organ repair or treatnent,
conprising: (a) preparing a stemcell matrix by
adm xi ng a preparation conprising stemcells with a
physi ol ;ﬁ’lgi setlod astc gpombtiag naﬁgrhﬁtmgﬁb) ofi NCubiatdatgiab ?fdllowing

. temcell matrix.,j systemagcording to any ope of |

impfanfglion piq, Ramspalis bofly ik mathog jcompr g RACH S biomatsal in a

syst&fil decordingi 06 drfyt éhePofPddikBNLS pAoP &S tnbIARa86H of 2aid Adiomaterial into

.,method, of preparing a biomaterial intended for

SmdPWHP%ﬁk%Rq ninto a manmal in need thereof, said
nmet hod conprising placing said biomaterial in a system
according to %ny one of clainms 1-8 for a sufficient
tifd prifomethed dfaramesing spdorheliphiverian ofhmvecilar giaf erid method

compRisthgmammal . 23. A nethod of pronoting engraftnment of
a biomaterial following inplantation into a mammal's
body, sé&)dmmebHiséheropipralisy atendotelinelapmatieonatenirfke of a

vaschidr @r3y 8L§M according to any one of clainms 1-8 prior
to inplantation of said biomaterial into said manmal 's
body. 24b) phcimgtshiddrasilap gorfoini asystemdot drdidgabiangtone bf dbims 1-8

i | arc.graf sai d net ho ri.sing: (a
wndf BRIt ko e S PG RAEREN o Rl £ bonfiyeng monolayer
on shidastfacend ssdvhsehr gfafta vascul ar graft; and (b) placing

sai d vascular graft in a systemaccording to any one
of clains 1-8 under conditions effective to pronote

sas. endombblot af caiings va@ul0 kraftwRRATCLHBNN FUHIBYLES
endothelial cells, said method comprising:
(a) immobilizing a plurality of endothelial cells on at least one surface of a
vascular graft; and
(b) placing said vascular graft in a system according to any one of claims 1-8
under conditions effective to promote said endothelial cells to form a confluent monolayer

on said surface of said vascular graft.

26. A method for the generation of tissue, said method comprising:
() immobilizing a plurality of cells in at least one surface of 2 matrix,
said matrix comprising a suitable biomedical material; and
(b) placing said matrix in a system according to any one of claims 1-8 under

conditions effective to promote said cells to grow on said surface of said matrix.
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on said surface of said vascular graft. 25. A nethod

of coating a vascular graft with a confluent nonol ayer
we@boosnasehel i al cells, said nmethod conpri sing: PCEPS2006/045715

i mobi lizing a plurality of endothelial cells on at

| east one surface of a vascular graft; and (b) placing

sai d vascular graft in a systemaccording to any one

of clains 1-8 under conditions effective to pronote

saigg endothelddpds ~

on said surf adccgé (%31? @géﬁgé grécgogﬁelmgr& ag?ﬁ%{ g%%l.ﬂg%} %g’ta%gddm ethod
compaisiighe generation of tissue, said nethod conprising:

(a) i il 7] . ' .cells in | east one

Sur  ace gy marefl PR b plluSRincsidol ol o S fhardip qurace
of ayrermbadigeaft; andt eri al ; and (b) placing said matrix in a

system agccqrdi ng.fo any one.of clains 1.8 under X
condi ti g@qu%??%%f‘f Véc%% gﬁ%}gﬁbi YRt HFeprtipstodnY GG Glgims 1-8
undsacahdivivrisatiectdle t6 pidin o tsiit ¥tedy celldrdTRiFRAG igfe iRfoRAbEHRYA] cells
e%tl{ﬁelﬁi)fal zation of .a vascular graft, said nethod
on S RIFRReS ofgrid ey Hangt 1 i zing a plurality of
nmul ti potent stemcells on at | east one surface of a

vascul ar_ graft; and () placing said vascular graft in
a §§st ertt %@Wmfwgomatl%vl%lehzaaoaiqﬁ@ vascglap giadts said method
co igﬁijgtions effective to pronpte said stemcells to
ifferentiate into endothelial cells on said surface
of sai d (@ amemnbilizieg aplpralizg of mubindiou stin grllopp ki kegst one surface

ofaggggtap?;f@lahgati on of a vascular graft, said nethod
conpri Si ng: (a) immobilizing a plurality of
mul ti pofldrilacingsridoabduiar grafain 4 gasm enerdsng tbaog ook of claims 1-8

ft. .an b llaci ngysai g vascul.ar graft, in

i R A I L T i N

said goriatietdf oxid vefchrepiafte t o pronote said stemcells to
forma confluent nonol ayer on said surface of said
vascul ar graft. 29. A nethod of coating a vascul ar

gr 2Pt WA eehodafifcbatiigta vamsndlr gyt with 0Rd0tdtInaolsrt bs,
ndst%i]ﬁqlnelﬁhod corﬁg{di Si ng: .négi) i mobi lizing a plurality
endgipehgl ctlsH YL REHAdSPEETIS on at | east one surface of a
vascul afa) gihdthébilizing a plurality of multipotent stem cells on at least one surface
of a vascular graft;

(b) placing said vascular graft in a system according to any one of claims 1-8
under conditions effective to promote said stem cells to form confluent monolayer on said
surface of said vascular graft; and

(¢) placing said vascular graft in an environment that promotes said stem

cells to differentiate into endothelial cells.

30. A method of storing an organ prior to transplantation into a patient in need
thereof, said method comprising placing said organ in a system according to any one of
claims 1-8 under conditions in which said organ remains substantially unchanged for an

extended period of time. '

31. A method for producing a protein of interest comprising:
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(b) placing said vascular graft in a system accordi ng
to any one of clains 1-8 under conditions effective to
w@e@snt@235ai d stemcells to form confl uent nonNPCHYS20060045715
said surface of said vascular graft; and (c) placing
said vascular graft in an environnment that pronotes
said stemcells to differentiate into endotheli al
cells. 30. A nethod of storing an organ prior to

transpl ggtoattfiig b o Al Rd L3fin hdtoRBfghd D16 SR of HAhI1-8 under

thod c rising placing said organ in a“system
C"“g'g*f’é‘?éﬂwg‘{g?‘da OtstbisGRPresseds#ed 1- 8 under conditions in

whi ch sgp e@g@ﬁﬁggﬁg?}&an_subst antially unchanged for
an extended period of tinme. , 31. A nethod for

producing a protein of interest conprising:(a)

culspuri ng,a ﬁg&eﬁz i stem agcordi ng tq any one. .
of “cl ai ms T unagrgih%%lhg}gt% i%ﬁls”el gr?ce | TR fgi"iﬁ‘%ﬁaﬁp cells ina
system agxpdaggedny and of thinsclehuater ngndidibsk iRrehich fhid Slls réain
had for nmaiataining.a,culture. of cells conprising
Sub%?%b@%él n§féﬁn§eii:g %8 ﬁxﬁ&ge%’ffesrfoéirﬁfé’d’&%r ding to any one of
clains 1-8 under conditions in which said cells remain

suhstant,j al | y unchanged for an extended period of
time: Sépﬁs%?‘g@g’ﬂ’?lggw‘bhﬁﬁ’?‘%pc%‘wf%em conpri si ng:

a regiolayreddn; Nput for receiving a plurality of
control signals; an output for outputting feedback
i nf or maf P dPutdonreasiEng # plusplityof seuprelsignels | oop

subsyst eAEHRIERAlBueRE RleBbhk InBadubaput ; and an
external flow |loop system containing said region. 34.

A pr essarbrpligyef|psespirs(fley koprspbsystepy ianpgiens coepled my said
inp@Maddput for receiving a plurality of control signals;
an output for outputting feedback information; a
pl ur al | ey cverny ewleed §iisom taugnegissidsegon.conponent s
coupled to said input, wherein at |east one of said
plurality of pressure/flow | oop subsystem conponents
COApr i séspmssstedddy lbbpwutsyséredonggtibign external fl ow
| oop system contai ning said region.
a region;
an input for receiving a plurality of control signals;
an output for outputting feedback information;
a plurality of pressure/flow loop subsystem components coupled to said
input, wherein at least one of said plurality of pressure/flow loop subsystem components

comprises a steady flow system; and

an external flow loop system containing said region.

35. A pressure/flow loop subsystem, comprising:
a specimen holder;
an input for receiving a plurality of control signals;
an output for outputting feedback information;

a plurality of pressure/flow loop subsystem components coupled to said

input.
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35. A pressure/flow | oop subsystem conprising: a

speci nen hol der; an input for receiving a plurality of
w@owB0ads2si gnal s; an output for outputting feePEUK2006/045715

information; a plurality of pressure/flow | oop

subsyst em conponents coupled to said input.36. A

pressure/flow | oop subsystem conprising: a specinen

hol der; an input for receiving a plurality of control

si gaal s @;réssa%/ﬂ% IEeﬁ OB REth! J:J})Q%rfi back

i nformation; plural Tty of pressure/T1ow | oop

subsystéﬁP‘%?é’ﬁffb%‘é‘ﬁF% coupled to said input, wherein at

| east 0B Qfu & Qc&l&ﬂ%@l 'lJtht fof REGFSUESL]] ow | oop

subsyst em conponent s r sés a st eao%/ 1 ow system

and an elxpemnlalforfm@p\nﬂtmgéeedbskenﬁocman@m ni ng said

speci msn Esur eéfl ow | ookg;? subsyste

conpri si R 0701t e e ”ﬁ'@"séoul’led to said
mptpl mhatielrtgt lafst co:nmifrs@ild pigliel & prasureilgylodp b8t drhfhents

ormation. .a plurality of pressure/flow

Co'qp%sesas ad?@togrﬁyétSWpéﬂ%nts coupl ed to said input,
V\,her ei Na &kterral 6@/ 1bdy syRfenPERSHRING/sEiHQYLdiAAPLSHPSYSt em
conmponents are capabl e of generating, In response to
said control signals, a dianmeter at said region; and
an 3gxt ewtﬂiessix}ea%{vqe@? SRy R (M FsiHgng sai d region.
38. A pressure/ flow 1 oop subsystem conprising: a
speci meh™#™er; an input for receiving a plurality of
control alskq;ﬂak&, rediivifh euﬁaﬂtg of Qéﬁtpéi}gnaﬁ f eedback
information; a pluralTt ressure/ 1 ow | oop
subsyst @h?’é‘@ﬁbﬁﬁé’r‘?ﬁsut@mﬁﬂeé‘wct@lfsan@mmput wher ei n
a| d pl bsyst em
Py ngr%ﬁrtgé of réggvﬁl?ﬁfwv?{ooher aég,lgtggl’ S &rﬁeegts Toupled 1o said
mPlsa‘iV ereigrsaidc! uxshgznaﬁ wessaredﬂawé@cqr subbyssan dompemmmne capable of
Qp_system cont ai ni ng
genéé‘gclk gnpré%{bg’e n{%&%grn%%éé'gn ardgas SUFeT i \XF%‘%’&&“H
subsyst engxtemabiléwilowg system containing said region.

l%?r of &esbure/

38. © A pressure/flow loop subsystem, comprising:
a specimen holder;
an input for receiving a plurality of control signals;
an output for outputting feedback information;
a plurality of pressure/flow loop subsystem components coupled to said
input, wherein said plurality of pressure/flow loop subsystem components are capable of
generating, in response to said control signals, a diameter at said specimen holder; and

an external flow loop system containing said specimen holder.

39. A pressure/flow loop subsystem, comprising:
a region;
an input for receiving a plurality of control signals;

an output for outputting feedback information;
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a region; an input for receiving a plurality of
control signals; an output for outputting feedback

w0 ndosroedes on; a plurality of pressure/fl ow | 00pPCT/US2006/045715

subsyst em conponents coupled to said input, wherein at
| east one of said plurality of pressure/flow | oop
subsystem conponents conpri ses a steady fl ow system
and wherein said plurality of pressure/flow I oop

subsyst QPG %Q&éut@y ovg ?cgca)g%ugsygtenggynﬁéc?génp ouiggfi do said

response to sal contro ;o a dra er a

inppigyiberein arleasapneecdiseidnzliiralityool prespresfiow dvnpcaibtBidth Bemponents

[ i,0 40. A pressure/flow | po ubsyst em
coriE: { 808 Moy Sueth BES i Berd PR roteer Ekionmg
subsyspinucahp dngnafarcaiptblelof gi@nalig; indsgaubdidt safddontrol signals, a
di nquttputttj n? feedhack information; a plurality of

ABEEEL PdFER% Pdop subsyst em conponents coupl ed to
sai d i npttextehefleWlodd sfstas totl@idisaidabgloR! ural ity of
pressure/flow | oop subsystem conponents conprises a
steady flow system and wherein said plurality of

Prepsur & bleikd/A8R 18UP YR QBN CUIRANGHL S are capabl e of

generating, .in response to said control signals, a

di anet e? seciment Boldeyi on; and an external fiow | oop

system gut ai Bl Nd . Sal i er. @Al A

pressure/f nglwﬂ? opﬁé‘?hgg}g?glﬁﬁgedggﬁlggﬂgs_sﬁﬁlﬁé’ a region; an

| nput f er opwwefari avgputtipl deedbadkyinfokmede;r ol si gnal s; an

out put 3 ' k. information; a .
o bl S PR SR Boiienfh sl o said

pl ural i ure op SySst C

inpwowpkrth didesseont ofspidtpluralion ofipressarieflgpw loopl subsystdin components

conBSESHESLLRN 900, SUHSLEM AOOnrie oLe spRatl ©

ating, I n’response
subdys@st canymnelyw ard @palsiadf fénensingf ingaipdniagisaid MhaB] S@Hatk, 2
diaRLES5ur. /rf Iiovy I(gop subsystem contains a fluid; and an
externar 4 W 'Bop system containing said region. 42,

A pr essui ekttinallbw MfoS HRENSESMInEQRRAIsSdEen BolIRECT MEN
hol der; an input for receiving a plurality of control

signal s;
41. A pressure/flow loop subsystem, comprising:

a region;
an input for receiving a plurality of control signals;
an output for outputting feedback information;

a plurality of pressure/flow loop subsystem components coupled to said

input, wherein said plurality of pressure/flow loop subsystem components are capable of

generating, in response to said control signals, at least two dynamic conditions at said
region when said pressure/flow loop subsystem contains a fluid; and

an external flow loop system containing said region.

42. A pressure/flow loop subsystem, comprising:
a specimen holder;

an input for receiving a plurality of control signals;

an output for outputting feedback information;
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an out put for outputting feedback information;a

plurality of pressure/flow | oop subsystem conponents
w@omwphed2s o sai d i nput, wherein said pluralityP@f/US2006/045715

pressure/flow | oop subsystem conponents are capabl e of

generating at |east two dynam c conditions at said

speci nen holder, in response to said control signals

when said pressure/flow | oop subsystem contains a

fluid; nt ai ni .
| sald pal Rl e 0 BBt SIS bR o said
lnplgtumby@gremd plorgdity of prgssuee/flewiloop subnystepubmbponents are capable of

| y - contr.gl signal s, and a .
senck L 10 BrPLR Lol RN T s isaEIh Qe Bt hna to said
congolLipgreds twhes sdid prasput/flowhlenpistbsyttemamataimnehal; sdi d

pl ural i Ly otf g{)ggssqr e/ fl ow | oop subsystem copponent s
conpri s&% SKCERLEAY P ORMWSETL EUNAHS o SPRSReR Bplger.
plurality of pressure/flow | oop subsystem conponents
are,capagbl e of generating, in response to said control
Si gﬁ'al s?‘%"tessflé%{gf’wﬁﬁ%? ﬂ%&%ﬁ?’ﬁ’ CERIAIStBONS at said
regi on whehoai d pressure/flow | oop subsystem contains
a fluid. 44. A pressure/flow | cop subsystem
conpr i sPRPPUA fesreesviag2 Rraley of sentrelsignakiondr ecei vi ng
a plur ala';ﬂdi‘al@tfy &9&%&9!::/ fﬁ@@#%ﬁ?ﬁ%n@cﬁﬂgﬂ@h{s%éué}fcd to said
. pressure/flow | oOp subsystem conponents “coupl e 0
inpug gy Betieipnstleasyprerafistid glurhlitystf poeseurefflavalabpplibsyateit gonofonents

ESSUL Iy .em. nent.s conpyd ses a
co ey P b RO B S AR S R SR 57 oo
subsyptemsipm/cinenw ateompatdel b gestenng Onpespentesoasid comapabiigalif at
erat | j#.response to said control ,signals,  at
teas R epridlicng LT et stk P ok loredivbeerem
conpmesdluid/ f | ow | oop subsystem contains a fluid. 45. A
pressure/flow | oop subsystem conprising: a plurality
of pressure/flow | oop subsystem conponents; a conduit
f or4.0peAgiresseteylow Updp sismains, ddprlgt y of
pressure/flow |0 % subsyst em conponents; andat | east
one sen%fﬁe,'c‘_“i“?‘al?ﬂ(i "tter, receiver, transceiver,
nanot r amns Gphy Br.redANO) £ SRS bELontRARRLAGIGYEr or MEMS
devi ce fo[“rtran mtting and/or receiving information
di r ect | §PEFelitHaf Preetrs/Hlasloep seksstaintdemponeiys oonméd to said
inpug,gi/ﬁ'?riﬁig% llk{a&- orf&f sdid B o {)FASQWE/} fR)Q&plo%H @1§I¥S§r£t§m components
comprich a stead)g flow system and wherein said plurality of pressure/flow loop

subsystem components are capable of generating, in response to said control signals, at
least two dynamic conditions at said region when said pressure/flow loop subsystem

contains a fluid.

45. A pressure/flow loop subsystem, comprising:
a plurality of pressure/flow loop subsystem components;
a conduit for operatively coupling said plurality of pressure/flow loop

subsystem components; and
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a specinmen holder; a plurality of pressure/flow | oop
subsystem conponents; a conduit for operatively

W@ ouwpleases sai d plurality of pressure/fl ow | 00pPCT/US2006/045715

subsyst em conponents; and at | east one sensor,

transmtter, receiver, transceiver, nanotransceiver,

nanotransmtter, nanoreciever or MEMS device for

transmtting and/or receiving information directly or

i ndi r ectat Jeast o9 6éBbE Grankhed &%&ﬂrﬁscé@érgnﬁl%%m&iver,

47. A pressure/flow | oop subsystem conprising: a
nangirapsgppter, ngposseigeer or MEMSderisd frrsansmistingrud/iop oereiving
infRm@ B8 Hirkct08r ARRERL M)Wt QMR b Q%%&@bidsam Vd‘jé)rnalnltt y of

pressure/ fl'ow | oop Subsystem conpdhents, erern at

| east one of said plurality of pressure/flow | oop

SubRY St AUBEIROBRY Rof ARILERScAoshaady Tl ow system

and at st one sens ransm t¥ ér,°'r ecei ver,
t r ansceiaspecimpaholdegnscei ver, nanotransmtter,
nanor eCiaeYz.?rra el fI\/El\/S rdgfxi cg for,transmtting and/or
recei vi ARG VRS HeTTSHEHTE Q9P SUBIYSTERHPQBRRAS
associ atedniwit forapeegvelp cohpliri sdidgMinliyt of #8ssud/flow loop
pRLessur e/flow | o(fp subsystem conprising: a specinmen
SUDHYSICHErO™RCYs I 419 t y of pressure/flow | oop subsystem

conponent kastdné 916K, trahfhic@Pae@lveY B dhs R xild?xgtxﬁﬁsjcgiver,
rjlan&xlﬁur ality of pressure/flow | oop subsystem conponents,

BIBHHCa PP ¥EeEves 98 MIFMS dpticplon tempmiptiag and/or receiving
infoRi@8SHARLL AW ihARPRISURS ¥at-l RiBP PN R QUIRbLSeS 2

steady flow system "and at | east One sensor,
transmtter, receiver, transceiver, nanotransceiver,

nanet r ?%E?eﬁsh%/ﬂo%&% gﬁisgﬁg{l, 8{?%{51 .device for

transmtting and/or receiving in ion directly or

i ndi r ecelPjurakyoipagsewted{fiavhlawprsebiyswenoforspordnts;

condui t . c risi ng: .an 4 nput for

recei vi ﬁgg?% oﬁ)g{a&%};%lﬁjf’quﬁ%upgf%rsgc sl,lgr(%lr“yfoofrp rgsﬁ%féé@%“( ipp
subsystieth qopgeineed, whéeimmtdaorprand sadtphithlisynd pesplrel v lopp
Subsogte&oc%tng ol erslé'sgnrartll S. capabl.eof control|ing a

S PNYTRR P B S aridY R SHemASXbnt r ol | er |

conpr i satlgast afe sdhpor, trhMmiteE, @bdeiviag, tkddk @iVl d-88iradaévér,

rocessor for processj ﬁai,d i nformati.on and L

nan tﬂ?‘ﬁw&t?rﬂ aaréorﬁgﬁ\feépr M? evice for transmitting and/or receiving

information directly or indirectly associated with a region of said conduit.

48. A pressure/flow loop subsystem, comprising:

a specimen holder;

a plurality of pressure/flow loop subsystem components;

a conduit for operatively coupling said plurality of pressure/flow loop
subsystem components, wherein at least one of said plurality of pressure/flow loop
subsystem components comprises a steady flow system; and

at least one sensor, transmitter, receiver, transceiver, nanotransceiver,
nanotransmitter, nanoreciever or MEMS device for transmitting and/or receiving

information directly or indirectly associated with a region of said conduit.

141



10

15

20

25

30

control signals capable of controlling a pressure/flow
| oop subsystem wherein at |east one said plurality of

W@ ewB0als25i gnal s conpri ses a steady fl ow syst ePeTUSL0€045715
signal. 51. A controller, conprising: an input for
receiving a feedback signal; and a processor for
processi ng sai d feedback signal and outputting a
plurality of control signals capable of controlling a
pr e@slxgégt}&wr,l&%rgm%syst em 52. A controller,
conprising: an input for receiving a feedback signal;
and a p@éé@@§é@rﬁ@ﬂvﬁﬁoc@wsmhgusadd f eedback si gnal

and out R, bidd@rg.Pliaralit v of contrel signal s capahl e

of contr g)ltr Hng Y }égggsglklé}[afl?gevﬁeﬂv% o%’?%rﬁﬁﬁg’éltaé’%ouﬂﬁ’é?’ég H
plugglity efosontrohdgsds chppblaoatirtiyolidg cpretsued/ fl%iwglﬁa{a Subsystem.

conprises a steady flow system control signal. 5%. A

controller, conprising: an input for receiving

i nf50r Matdmrollkndobgeitsgek | nfornmation; and a processor

for processinﬂ sai d Iec%ived,info mati on and feedback

i nf or maff P EATY GEEHEBLTHAT 49 8%l ity of control

si gnal s agapakdor f6 prodbih®ldid AordnRicBSSH St i

Sugsgéﬁenllﬁ4. A ggntrol?er, conprfsin P iﬁhﬁﬁ%%?RQ%%YOf
conprot8ERAsfPg 8f RrtTdlnemeresseedBapdoomswisynen owheraindit Zeast one
saidP1OGRSSEHcoh @bl REDTLSMPIeSAI AL RS YEHnd LLgn and

feedggék inforn%tion gﬁ%eougpu?ting¥§ Sfﬁ%gﬁg?‘n%f

control signals capable of controlling apressure/flow

| ogp, AURBYNEMcolfpeigln at |east one of said plurality

of control signal$ cofiprises a steady flow system

cont r ol aBpygltor eeiving ¢ deetlbaskIsenal; emdpri si ng: 5. an

i nput f R4 Lnf.ormaid on: .and rocessor far .

proc ess?%’é&ggﬁgﬁ Yérr c 8+65Iélgg n %?Ar?rjﬁflf %lﬁnag ﬁgd SutRyt e ngu%?hty of
conysbl sigualstoppablle clorunrmollirg gpraissretApaliibsp afbsgsedthr ol 1 i ng a

pressure/ fl ow system wherein said pressure/flow

systemis capable of generating a flow | oop that

I n6R.udssneroflet)icdmptsing. A controller, conprising: an

i nput for.receiving.infornatjon; and a processor for

process?%ﬁm?é§61F dFﬁﬁ‘Fgﬁm ﬁ@n3UFﬁbt;ing a plurality

of cont & plocedsgNfdr précpab Ridatedbasit £i§:|mh LR o@t/pfultting a plurality of

oW

pressu e/fl?mpfyste wherein said pressure
control'signals capable of controlling a pressure/flow loop subsystem, wherein at least one

said plurality of control signals comprises a steady flow system control signal.

53. A controller, comprising:
an input for receiving information and feedback information; and
a processor for processing said received information and feedback
information and outputting a plurality of control signals capable of controlling a

pressure/flow loop subsystem.

54. A controller, comprising:

an input for receiving information and feedback information; and
a processor for processing said received information and feedback

information and outputting a plurality of control signals capable of controlling a
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systemis capable of generating a flow | oop that

includes a fluid, and wherein at |east one 5 said
w@bkwsabdsey of control signals conprises a steaPyT/iEm06/045715

system control signal. 57. A controller, conprising:

an input for receiving a feedback signal; and a

processor for processing said feedback signal and

outputting a plurality of O control signals capable of
P A pRaBr RO Bp S Fun s KAl B IERY o s gt
COH!PG’@?? asteatly flowi Surﬁtesl @nfdolisignal 58. A cont roller,

conprising: an input for receiving a f eedback si gnal ;

and 5 a processor for processing said feedback signa

and50ét qeutrollerg camptisingl i ty of control signals capable
ressure/ fl ow system wherein said

of controlli \5\/90 {) ‘
pr essur &7 PSR EJEEHPE SIREMAPRAYY  generating a flow
| oop t habrdc@ﬁbﬂﬂﬁ%r&:eﬁa’mg Aid 160Vl iffoRfnatiSR 8hd 8RB uR Bl
1 rgt’urcgl |t f 91? slg gnalf conprises_a steady flow
plurdyisy s¢ @%&f @ntyglling agseeprsy fley syssempyheseingaid
presétel g Eysfe(h{ 1src61§«$1é/d>ir@nbxrdf19§ @Bﬁqgo;@ﬂﬁt fREMRAC guxd.
i nformati on; anda processor for processing sal

recei ved i nfor mati on and feedback i nformati on and

OUtSQUIAtdoH&oﬁexpE&hﬁhélhgé of control signals capable of
controlling a pressure/flow system wherein said

pr essur &7 fapyhfosyeqeising Bif@rafmbheam*f generating a flow
| oop t hé‘ rdc@s@&%@%r@ce% SQId i8Rl 600 1{1& gut P{dnﬁ a a@%arahty of

COprrl Si an 1 n receirving In
contrelestfinals l@avqbfemfwamr eﬂmgarmesaurp{ fbave s;soam fwolerpinaaiegsesgre/ flow

I t|on nd f nf tion .and
S}’St%ﬁl lsgCGFtﬁilﬁﬁ gy§g6){aﬂngﬁ ﬁ tln gﬁg gmggrga{ﬂréatdfast one
said pbtlitglof corgrel spgnels sum@hﬁds @wcay)s ﬂeWIsthﬁroehﬁoBagrdll

pressure/flow systemis capabl e of generating a flow
| oop that includes a fluid, and wherein at |east one
of 53aAdoptrullal édrypidingont rol signal s conpri ses a

steady flow Sy st em cont gnal . 61. A system
conpr i s?rhldlpura PrESETET %F‘%)%Cgf/‘g{“é’rﬁ“ﬁaw ng an exter nal

f1 ow | ooprosysss it bescegipanidifbddBad digraVadPORp aﬂﬁlg a pIurahty of
% ugrd%l ng [g %dback Infor maté? wherein said f
contf o‘% EtHiGEL sopuellignd ParsSYre ™ BifeempIvdhnsein ctfonsepre/flow
systéih QURpAHINSH gehimn@h Hlod 1bbyiid: RROAISL higd €.

58. A controller, comprising:
an input for receiving a feedback signal; and
a processor for processing said feedback signal and outputting a plurality of
control signals capable of controlling a pressure/flow system, wherein said pressure/flow
system is capable of generating a flow loop that includes a fluid, wherein at least one said

plurality of control signals comprises a steady flow system control signal.

59. A controller, comprising:

an input for receiving information and feedback information; and
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a fluid transmtter/receiver, and a fluid transmtter

and a fluid receiver; a specinen having a region
wa@eeoakgses i n said flow | oop; a controll er haviPQI/ES$2006/045715

| east one input for receiving information and said

feedback information and an output for outputting

control signals to said pressure/flow systenm and

wherein said pressure/flow system adjusts a di aneter

of- t he Saﬂﬁﬁée@%? G o pr%@ésgné S Aldeil U ﬁ@&%{aglﬁﬂgﬁd ‘féehgac%al d
cont.r ol ie gnal s and sald eedback i nformati on

infortpetigpnd gpipmineplueelipr ekeontiol sipeals eopehlenf ernrialingn
pre@¥icPfloR! sykleVw/ AR §a\f§é 9/‘?10%85%‘53'&39} 1\%\% aBlefAf%gflmldratqu%z\xN flow

and outputtln f eedbac ornatlon rern

loop ehsp inched e&dﬂSKb gas, at Ieast one el ement froma first
group consisting of: a transmtter,a receiver, a
transmtter/receiver, a nanotransmtter, a
naﬁ@rébennaﬂkrandquhgansn1tting/ receiving

nanoparticl e ne el em a second
group cSRIRY f%rgr eﬁ?vmg "%?’fff‘%f ?1'?%??9}? glormatiog; 3pd
t r ansmi tatpeodessoe &brv;ebcesaﬂgisaai fécéllvéil M&ﬁfaﬂbh L84 fRRBa &
y uj.d re&slver I@Eﬁf $ havi| i.on arranped in
in °§'5ﬁa8°? PO BEIRER 1FoPh oRtR v C&Pa legsonsrallingmut
presfsﬂre/ flee @yétéxﬁgwhé}feﬁrsﬂiﬂtﬁr@d@u@ﬂﬂoﬁ 8y erh REAPAMIK of generating a flow
ut put for outputting contro

on and a
100%{15’1‘1 ba Qa{éd #@g%‘lﬁ%ﬂ@‘fl‘f%‘\/@fs@ﬁﬁ@ﬁ?‘ﬁ Vet epirpl sigpialy

comPrRE&SINQIY FRW S¥RIEMnadl isha. a di aneter of the
speci nen at said region in accordance with said

control signals and said feedback information. 63. A

SY$henls Qgﬂp&ﬁﬁﬁﬁ§h .a pressure/flow system having an
externar flow l'oop systen1for generating a flow | oop

and out prressurg/ flasessteok hividgamenrernal, flavwh &ropi systemi for férevating a
flow QB ah8 %lu%%énffegclbg!:lg mqg)rmanon, wherein said flow loop includes a gas and

at least one element from a group consisting of:
a fluid nanoparticle,
a fluid transmitter/receiver, and
a fluid transmitter and a fluid receiver;

a specimen having a region arranged in said flow loop;

a controller having at least one input for receiving information and said
feedback information and an output for cutputting control signals to said pressure/flow
system; and

wherein said pressure/flow system adjusts a diameter of the specimen at

said region in accordance with said control signals and said feedback information.

62. A system, comprising:
a pressure/flow system having an external flow loop system for generating a
flow loop and outputting feedback information, wherein said flow loop includes a gas, at
least one element from a first group consisting of:

a transmitter,
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| east one el enment froma group consisting of: a fluid
nanoparticle, a fluid transmtter /receiver, and a
wo bsdedseansm tter and a fluid receiver; a speRCTERR006/045715
having a region arranged in said flow | oop; a
control l er having at |east one input for receiving
i nformati on and sai d feedback informati on and an
out put for outputting control signals to said
pressure/ fl owrsdestegm and wherein said pressure/flow
system adj usts a dianeter of the specinen at said
region in ac AFasmitEeri{fiessivesai d control si gnal s and
sai d feedback J,pfQrRLiQn. 64. A system conprising:a
pressure/ fl ow system having an external flow | oop
system for gemepetetaigraand ow | oop and out putting
f eedback i nfqr, ' in said f|low | oop includes
a fluid and gt‘@é%&?“%ﬁ%%%’?ﬁ%ﬁ”??‘@%a first group
andgdeissonngenént feorh paconi gteip, coasiswmpsfver, a
transm tter/reﬂce' ver, a phanotransmtter, a.
nanor ecei ver ? é‘hci:lnaélo%’?%ﬁgm tting/receiving
nanoparti cl e faidhradsnligagtecoiver, gh@nment from a second
group consi sti of: a fluid nanoparticle, a fluid "
transmtter/ Pé@g‘%'if%‘?sfm‘é?foar’gaf W gecesfisi tter and a
flui d reGpédi@En havisPerds B hrRAYE S Bid R Mdpar ranged in
said flow | oofl’%r a control ler Raving at |east one input

for rec@ionmgleriroigat lean oandnpmifer eesiribgiformation and said

feedbAIOMGHNRBnANE 2R BuPhit F&touftﬁ[ttiﬁg EoMEL sgé%aﬁ\?ﬁgaru? ressure/flow

signals to said pressure/flow system eret n sal

- SYStHPedire/ f | ow syst em adj usts a diameter of the

speci MeRyifteis &id pfEBrOMob/s, RGO FANCE M | -
..control si geﬁal s &nd sai g f gg%g]a%ﬁ&%nﬁ‘%%‘{gf %ﬁt.hg@é’.wﬂ?en at
saldg?gp@m aqepranfesiith said control signals and said feedback information.

63. A system, comprising:

a pressure/flow system having an external flow loop system for generating a
flow loop and outputting feedback information, wherein said flow loop includes a fluid at
least one element from a group consisting of:

a fluid nanoparticle,
a fluid transmitter/receiver, and
a fluid transmitter and a fluid receiver;

a specimen having a region arranged in said flow loop;

a controller having at least one input for receiving information and said
feedback information and an output for outputting control signals to said pressure/flow
system; and

wherein said pressure/flow system adjusts a diameter of the specimen at

said region in accordance with said control signals and said feedback information.

64. A system, comprising;
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a pressure/flow system having an external flow | oop
system for generating a flow | oop and outputting

wo e@dioesks | nf ormati on, wherein said fl ow | oop PeDUSHEE045715
a fluid conprising at | east one elenment froma first
group consisting of: cells, bacteria, mninmm
essential Eagles nedium growh factors, cell
differentiating small nolecules, cell differentiating

bi ol 0gi @gpressind/ B ksydih herigphh atdkRl ﬁwvtl&ggesxg@gi %pggﬂégating a
a¥ | east one el ement_ from a_second.grqizﬁ onsistin
flowpfoop and gugpwiting fradiack ixformatin, whereim sidrflowdodp xchkideer fluid

and@Dad ok Wietheht ARR{I ;iIs?%rr?ﬁg(éoﬂsisftin ig receiver; a

speci men having a regi rranged 1n said flow | oop; a
control | er hawapgmater] east one i nput for receiving
information g Cesv%}d feedback information and an

out put for out puftl’ng control signals to said

pressur e/ f| owrtspshipre/rateibenher ei n sai d pressure/fl ow
system adj usts a di aneter of the specinen at said
region in acEOfBINEE™ W Th said control signals and

sai d feedback nandreédiverjsad. 66. A system conprising: a
pressure/fl ow system h/avi ng an external flow | oop
system for gBHEPIPIHES/ ZEEIVHE 186P~ERE: out put ti ng

and heRaM @6 K elefife8f frBid DRcotNBHEH Eblﬁi%i:igggl::ow | oop i ncludes
a fluid conpri g at least one elenent froma first

i Si
group consi sty BmopeEiFles,. bacteria, nini mum

essenti al Eaghgd dRAkMR:/ QW fpactors, cell
differentiating small nolecules, cell differentiating

bi ol ogi es, ap#uiderinsaitgrandatfluid resegiveral t ure medi um

a specimen having a region arranged in said flow loop;

a controller having at least one input for receiving information and said
feedback information and an output for outputting control signals to said pressure/flow
system; and

wherein said pressure/flow system adjusts a diameter of the specimen at

said region in accordance with said control signals and said feedback information.

65. A system, comprising:

a pressure/flow system having an external flow loop system for generating a
flow loop and outputting feedback information, wherein said flow loop includes a fluid
comprising at least one element from a first group consisting of:

cells,

bacteria,

minimum essential Eagles medium,
growth factors,

cell differentiating small molecules,
cell differentiating biologics, and
cell differentiating culture medium

and at least one element from a second group consisting of:
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at |l east one elenment froma second group consisting
of: atransmtter, a receiver, a transmtter/receiver,
w@20anetseansni tter, a nanoreceiver, and a PCT/US2006/045715
transmtting/receiving nanoparticle, and at |east one
element froma third group consisting of: a fluid
nanoparticle, a fluid transmtter/receiver, and a
fluid transmtter and a fluid receiver;a specinmen
having a reghoRidhidparlld N said flow | oop; a
controller having at | east one input for receiving
i nf or mati on afyidHprputitereseiver, atdr nati on and an
output f or oWk {rkihiGeNAY il Jghg.. 0 sal d
pressure/fl ow system an ereln sard pressure/flow:-
syst em adpessnen sadiimaedgerm afangébinspeldiove ot sai d

region i i th said ntrol. .si | s and .
o T ecdpat PRl RleE Al LS RE e B g <5
feedbrdsintnreratibowand yis berpun i awgpwting X6 slalgnbls @Wsdi@ BRessure/flow

sysiem for generating a flow | oop and outputting
eedback information, wherein said flow | oop i ncl udes

a sol i dwdiettidbaid passureRvedyeRRIUdjdstOMidm@eP BPthe specimen at
JCconsi sti n&dgf: a. {}l uldd nanlopartl cle, %fl ui d ]
SACTERRR H 1CPPEcEIh atd copfgolsignplyppd s4id Frerback drformarien.
fluid receiver; a specinen having a region arranged in
said flow | oop; 'a controller having at |east one input
f 0661 AP IMEOPRTiSPEAL | on and sai d f eedback
I nf or mag i,alla g : ' 0 I .
sj gnal s ? 0 sa?glcﬁf(se)gg{?? g%?ulfl%\g/vn %Hé@g%qévg%oﬁv#%%& fr?r P
flowplogp apd ertpupinsipedhunk ddpurativna whereiresaed flow lodpeincludes a fluid
[ i i i r.dan wi.th said
co A e on Pletheh LA i e AR on. 6. A
system conpedllsi ng:

Syst

bacteria,

minimum essential Eagles medium,

growth factors,

cell differentiating small molecules,

cell differentiating biologics, and

cell differentiating culture medium,
at least one element from a second group consisting of:

a transmitter,

a receiver,

a transmitter/ receiver,

a nanétransmitter,

a nanoreceiver, and

a transmitting/receiving nanoparticle,
and at least one element from a third group consisting of:

a fluid nanoparticle,

a fluid transmitter/receiver, and

a fluid transmitter and a fluid receiver;

147



10

15

20

25

30

a pressure/flow system having an external flow | oop
system for generating a flow | oop and outputting
wo e@dioesks | nf ormati on, wherein said fl ow | oop PeDUSHEE045715
a solid, at |east one elenent froma first group
consisting of: a transmtter, a receiver, a
transmtter/receiver, a nanotransmtter, a
nanor ecei ver, and a transm tting/receiving
nanopar talsﬁécﬁmexaﬁﬁjv@éalr x@:ﬁ%e&iﬁiﬁf‘ﬂlovfr [8Yp; & second
group consistjng of:a fluid nanoparticle, a fluid
transni ttORFPREdIaYiag at Jaaes Qnefingtdon resssink infermatih and said
feedbablt Bhf6 RERIMGRd 2R 0BRRR 'f&eéhtpét\ﬂ ggoﬂtr{)les 3R tglée{xgngessurlz ow
said flow loop; a control ing at 1 east in
systegs adcei ving i nformati on and sai d feedback

| nf or Mt} 00 d Rt Rl L £Qf O%gg%gda RORE IR spegimen at

signals to sal ressur el Pow s et “ahd

saxdppggg [ edc*bfdawcesvysh ead adptme]t Sgralsdhd et Ededibdcktib@rmation.
speci men at said region in accordance with said
control signals and said feedback information. 69. A
Sy s7em sysenkompfiging:a pressure/ fl ow system havi ng an

external flow lLoop system.,and a steady fl ow system for
gener at PREESSETE( Wﬂﬁg‘?ﬁ“ gﬁﬁn%ﬁ‘? prrerHieY deapsaetem for generating a
flow nfo@raaatomqmumjnﬁwaak $rifofinidVwHeRM éaﬁwhy‘éeéo@m%%e@srwxd
east ement froma group consisting of

‘mdF‘F iinti ‘Wﬁﬁgﬁ’ﬁf‘ { iree? Braup coRsstng gfisni t t er / r ecei ver and
a fluid trangﬁhuﬁnogmmg fluid receiver; a specinen
having a region arranged in said flow | oop; a
controller ha\f)lPH’gma'tqul%Fét’eC@ﬁer, prbut for receiving

i nfor mat i on @ﬂqldst@argnﬁﬁsdmcakﬂdm&&]@al' on and an

out put for outputting control signals to said
pressur eﬁpchrsl;mm reginey a;rt;hnggd atsaiddlost locope st eady

Tl ow sy§/g SRR O s&{ nal ere
or essur & ? 6W 558 18ﬁ1 % Sgé) e naoua r e exvm%;fnf?rﬁréatxon and said
feedbgé@mfpgmaapn and an output for outputting control signals to said pressure/flow
system; and

wherein said pressure/flow system adjusts a diameter of the specimen at

said region in accordance with said control signals and said feedback information.

68. A system, comprising;

a pressure/flow system having an external flow loop system for generating a
flow loop and outputting feedback information, wherein said flow loop includes a solid, at
least one element from a first group consisting of:

a transmitter,

a receiver,

a transmitter/receiver,

a nanotransmitter,

a nanoreceiver, and

a transmitting/receiving nanoparticle,

and at least one element from a second group consisting of:
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said region in accordance with said control signals
and said feedback information. 70. A system

W@ upe@seg: a pressure/ fl ow system havi ng an BXI/E82086/045715
flow | oop systemand a steady flow system for
generating a flow | oop and out putting feedback
i nformati on, wherein said flow | oop includes a gas, at
| east one elenent froma first group consisting of: a
transmtter, @ receiver. a transmtter/receiver, a
nanotransmtter a nanorecei ver, and a
transmtti ngkﬂsrcblransmgtmdmméﬁ, hed e, and at | east one
el ement from cond.grou nsgisting of: a fluid
nanoparticl e} cftlr?ﬂsﬂ‘"? @ f@’t‘éf‘?cfe‘é’ 3 ver, and a
fluid teapsiméd bﬁvuagrwlregld‘rﬂ dtt g BB MIlow ﬁ)o§PeC| nmen

having a r n.arranged in said _flow,l oop

cont r ol Fé?n%‘é@‘? rhgvigs @ ?IEE(%PHSHQDW APFAECHHRE f‘é‘é’é‘i‘%ﬂ"ﬁ’gﬂnd said
feedlbﬂtflﬂhff&hiaﬁﬁn and as sindut AARRGK LY LRSI QRS 35 Qeu@Bressure/ flow

out for outputting control srgnals to sai

syStffP'e re/flow system incl udi ng at | east one st eady

fl ow sysiepais e f)félssu%/ng@J sysé & £4ifm f%the specimen at
pressure/fl ow system adj usts a difaneter o

said gegien Hpgrcardanes with said epntrel sigoels nud sidfeaback daformation.
control signals and said feedback information. 71. A
system conprising: a pressure/flow system having an
exb@r Aadysteipuppopngsyst em f or gener at | ng a flow | oop

and out kiinformatio rein said flo
| oop i niQ:?HV%geurs}g/affof%vle %'Q%?n e SSHE oS mgn ¥ % A4 d asteady
flowgyeep oogsicsitingy fbifw lcwpfdndl aitpariop &retdbek énfoambdion, Gvherein said
[ ecai afI |dtransmtter and a

flow OQP gml&e%ga\%sra%%ﬁ% 388 o elenhe Vi rr?én LBER o B ged i n
said flowl omﬂmdalanopﬁmdlej er having at |east one input

for receivi nggql N for ITHttI o? and sai d feedback
i nf or mat i on an'(%il A Ot Ut " FBY "ot %Dut t i ng control
signal s to salldidprfssitee/ablavluid receiver;

a specimen having a region arranged in said flow loop;

a controller having at least one input for receiving information and said
feedback information and an output for outputting control signals to said pressure/flow
system, including at least one steady flow system control signal; and

wherein said pressure/flow system adjusts a diameter of the specimen at

said region in accordance with said control signals and said feedback information.

70. A system, comprising:

a pressure/flow system having an external flow loop system and a steady
flow system for generating a flow loop and outputting feedback information, wherein said
flow loop includes a gas, at least one element from a first group consisting of:

a transmitter,
a recetver,
a transmitter/receiver,

a nanotransmitter,
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system including at | east one steady flow system

control signal; and wherein said pressure/flow system
w@ejosseas2n di ameter of the specinen at said reptDOS1006/045715

accordance with said control signals and said feedback

information. 72. A system conprising: a pressure/flow

system having an external flow | oop system and a

steady flow system for generating a flow | oop and

out putting feaedbsrkeivd gigration, wherei'n said flow

| oop includes a fluid and at Ieast one el enent froma

first group @OFRSSEitring redeiving nanmpsrrideer, a receiver, a

and LARRILLL a%z&% %rsmﬂdg@&gpt Jo%@f;mé%tﬁf a

nanor ecei ver, tran I ng el vi ng
nanoparti cl eafhmdinawplaea:k:t. one el ement froma second
group consi st |fﬁ9d 9ran nanogartl cle, afluid

transmtter/recei versmlgﬁ{{rece’fvf’bl transmtter and a
fluid recei Varﬂumhnﬁmattemmwﬂ@‘e@wreﬁgi on arranged in
said flow | cop; ,a .controller haying. ast one i nput

for rec@PFATeR ArBREAITEAD Srapsen i L
i nf or mata cdAtraller RBRimguk Ridit dne ﬁnﬁiﬁ%ﬂi&éx@&g(iﬂ@hﬁ%on and said
¢ 4% nalfs to. said pressure/flow system _includ mg
eeqPags it %W@t&*é&gynfquwé%%mmtcpmrobﬁl Rkt sal gressure/flow

systhhe R IS4 de 2 E9SHL8Y fflb%%?%&%:%@hgé%sanﬁ di amet er
of the specinen at said region in acc ance with said

contr ol V%hegﬁmssx pressweitleov vsternediuitng demster ohthe7gpecifen at
saldsrl‘?eﬁ T a&:@%ﬁh@WQ saifl cPAESISWALST aklg\%xg)fgé%iPQkQ@&xqgu

rnal flow | oop systemand a stea ow system for
generating a flow |l oop and outputting feedback

| nfAQr RLan, o y)vFlg)%@mQ said flow loop includes a fluid

conpri si‘ng at one elenment froma first group
consi st iarpgesofire/ e Isnetenb he:\txeg am;:xtmml flomlessesteialor generating a

ﬂovﬁ%%lp and %gpul’émlg f:] matlon, wherein said flow loop includes a fluid at
least one element from a group consisting of:

a fluid nanoparticle,

a fluid transmitter/receiver, and

a fluid transmitter and a fluid receiver;

a specimen having a region arranged in said flow loop;

a controller having at least one input for receiving information and said
feedback information and an output for outputting control signals to said pressure/flow
system, including at least one steady flow system control signal; and

wherein said pressure/flow system adjusts a diameter of the specimen at

said region in accordance with said control signals and said feedback information.

72. A system, comprising:
a pressure/flow system having an external flow loop system and a steady
flow system for generating a flow loop and cutputting feedback information, wherein said
flow loop includes a fluid and at least one element from a first group consisting of:

a transmitter,
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cell differentiating small nolecules, cell

differentiating biologies, and cell differentiating
weiosea2sredi um and at | east one el ement from BCHESNE045715

group consisting of: a fluid nanoparticle, a fluid

transmtter/receiver, and a fluid transmtter and a

fluid receiver; a specinen having a region arranged in

said flow | oop;a controller having at |east one input

for receivi ngrja&fv%; mati on and said feedback

i nformati on and an ’out put for outputting control

signal s to saitchnpnassireedifdrow system i ncluding at

| east one st E%dx tfI ow.s%/st em control signal; and

wher ei n sai d pressurerti'ow system adj usts a di anet er

of the speci amanédeced@drfanidegi on i n accordance with said

control signals and .sa)d f eedback information. 74. A
system conpf S UES SFESIRE MPPPHRICSy st em havi ng an

andexle@dt Ak cleheWt 18812 Se¥ShEEFoap dosistingay fl ow system for
generating a f|ow | oop _aE:d out putting feedback
i nf or mat i on, *AMEr BARRPRAICH: f | ow | oop includes a fluid

conprising ah AugPehns}IReFI&LERAL 2hgO0m a first group
consisting of: cells, bacteria, m ninumessenti al

Eagl es nedi umfluigt gersmirercandradluid edceiveisf f er ent i at i ng

smal | mol.seuh &3 havifid b rdlidn £FE0L Bl | les, and

cel |l di ffsgr en%?a%i n E%f ture ged?lur#{g%‘?vl’?éeog’gt one

el enent afcpomrelerdurimgat fro wpe dgns fet jengving infarmation and said

' r recejver,. a transmtterireceiver, a
feedRh ARl hlflop B SR ERIE or Rep b BPE Sl BRe HEE prifge/flow
systemciochuding an dmsparetsicetp flow system control signal; and
wherein said pressure/flow system adjusts a diameter of the specimen at

said region in accordance with said control signals and said feedback information.

73. A system, comprising:

a pressure/flow system having an external flow loop system and a steady
flow system for generating a flow loop and outputting feedback information, wherein said
flow loop includes a fluid comprising at least one element from a first group consisting of:

cells,

bacteria,

minimum essential Eagles medium,

growth factors,

cell differentiating small molecules,

cell differentiating biologics, and

cell differentiating culture medium
and at least one element from a second group consisting of:

a fluid nanoparticle,

a fluid transmitter/receiver, and

a fluid transmitter and a fluid receiver;

a specimen having a region arranged in said flow loop;
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and at | east one elenent froma third group consisting
of: a fluid nanoparticle, a fluid
W e@n®edses er/ recei ver, and a fluid transm tterP@nuiSm06/045715
fluid receiver; a specinmen having a region arranged in
said flow | oop; a controller having at | east one i nput
for receiving informati on and sai d feedback
i nformati on and an output for outputting control
si gnal s & Qnsdliek 1y | l;
émast one st eady fv?o%\?v&sl&é{%aﬁwgg%? tr)gfgcellvﬂl F%rmgnon and said
fee prpationng agrasspurfey wthtsggspenph@gmstm said pressure/flow
re |on ccordance
T Rl b e PR APl oo B
i nf or matwhenein 7&d pﬁcssvstfém sysomp djsitng diaepires She' SpccingeM ar

hav I I t
BB L 8 ISR e

out putting feedback i nformati on, wherein said flow

ogp i‘{cl udes a so)Jid and at Ieast one elenent from a
dp ‘e S CPRETSYS a f1uid nanoparticle, a fluid

t ransmi taﬁﬁés’sﬁx@¢ﬂ¢%@i]&terﬁ'ﬂ1@wﬁ bh Wkidrrdal A THSY gf teﬂpgm%l steady
fluid receiver; a_specinmen EaV|n a region drrange

tlovg sysgemp ifctf\ﬁef“?féﬁ“g QHEUHP?E) P‘Fda?utﬁ‘a\?inﬁ geedbadkaafarmarien; kaem said

flow ®opiaeladesiaTihid BEApARLS meﬁpgnééérget{tqﬁqﬁqcfhst roup consisting of:
information and an output for oufputting contd of

signals to s&! pressure/flow system including at

| east one st gadyif ! ow systemcontrol signal; and

wherein said pressure/flow system adjusts a di aneter

of the speci anmatmsssmltlad@gglonmﬁdluaccor dance with said
control si gn?iosmﬁrfg S8l d feedback information. 76. A

system conpfisin a pressure/flow system havi ng an

external fl oeell d}&pregyxsmxgnnaahkknale&tlesady fl ow system for

generating ac%@#eren??tm%‘b F v'f/?uul ng feedback

i nformati on erein sai p i ncludes a solid,
at |east onecdl diffefehtibtigyauleutd m8diugl, oup consisting of :

a transmtt a receiver, atran?mtter/ receiver, a
at leﬁ%tno(s)terege ?rpg)ra second group ‘consisting o

a transmitter,
a receiver,
a transmitter/receiver,
a nanotransmitter,
a nanoreceiver, and
a transmitting/receiving nanoparticle,
and at least one element from a third group consisting of:
a fluid nanoparticle,
a fluid transmitter/receiver, and
a fluid transmitter and a fluid receiver;
a specimen having a region arranged in said flow loop;
a controller having at least one input for receiving information and said
feedback information and an output for outputting control signals to said pressure/flow

system, including at least one steady flow system control signal; and
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a nanoreceiver, and a transm tting/receiving

nanoparticle, and at | east one elenent froma second
w@emapeasensi sting of: a fluid nanoparticle, a PCTIUSR006/045715

transmtter/receiver, and a fluid transmtter and a

fluid receiver; a specinmen having a region arranged in

said flow | oop;a controller having at |east one input

for receiving informati on and sai d feedback

I nf or matgd R A

si gnal s topeslglgag g{éé%g%@%h {yg%n{;&%‘%g}r% &IFI%E ng i $ppcimen at
said|regien Ipprsoxdapendyith paidicoyselsignels r-md odid Eedpraak ,mfamtiatxon

wherein said pressure/flow system adjusts a di aneter

of the specinen at said region in accordance with said

coﬁﬁr@lsysﬁegnabmpdsidgsai d feedback information. 77. A

system a essure/flo st em havi ng an

ext er naf b f ‘%Tg%eﬁgoc‘)’%s%yeg? %ﬁ‘%?}“ grea #Cfoé’\ﬁ}'%%‘t"é’l‘hafs&?ady
flov&gs’rsenafdrl’ggnaiatidgm/\ﬂd@ Ogopedid cugp@ihg feedbdcRestdaekiion, wherein said
ﬂwoo ngé Cffg}ftnsaldﬂovw plncludesagasand

P daclpdes g solx {3t Sty LTV S b REUBIPRYSHIE ol

fI ui d nanopaaﬂuml&nogaﬁluél d transm tter/receiver, and

a fluid transgﬁter and a fluid receiver; a specinen

having a reg? SHiddransmisd/ reqeizen ard | ow | oop; a

controller haﬁhﬂ&rﬁfsmxﬁé%dqrfﬁudfb‘&bﬁrexf or receiving
i nformati on and sai d feedback i nfornmafi on and an

out put P PecBREpRAVineRyresiontaroRget igraiddlorvlooni d
pressur g/ hQues ¥1§$1ﬁgbt; fe&? lng trﬁ% gé{ rec%%&g&@%n%att%%da%d said

fl ow system control
feedb?@slﬁfﬂfgvaﬂp@wcéyspwa rwsxnsnatxg teast siguds dynidpessure/flow

sysob@ALALARS: o33k L SONAD L R ATEOLANGEL I D sal d

contr ol |gna S an ion. 78. A
syst em wherepr $a8] prgssuee/floesysien/ a‘dﬁusw aslishene bfahe ngedmen at

i S5H81 B Lt SOP YL S0 51 30K et ot S

i nformati on, vvhereln said flow | oop includes a gas, at

I egst osneteg1 gggn}s froma first group consi stl ng of: a
transm e PE&F ver, '

a pressure/ flow system having an external flow loop system and a steady
flow system for generating a flow loop and outputting feedback information, wherein said
flow loop includes a solid, at least one element from a first group consisting of:

a transmitter,

a receiver,

a transmitter/receiver,

a nanotransmitter,

a nanoreceiver, and

a transmitting/receiving nanoparticle,
and at least one element from a second group consisting of:

a fluid nanoparticle,

a fluid transmitter/receiver, and

a fluid transmitter and a fluid receiver;

a specimen having a region arranged in said flow loop;
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atransmtter/ receiver, a nanotransmtter, a
nanorecei ver, and a transmtting/receiving

wmaeperses cl e, and at | east one el enent from aPGEUSNAG6/045715
group consisting of: a fluid nanoparticle,a fluid
transmtter/receiver, and a fluid transmtter and a
fluid receiver; a specinen having a region arranged in
said flow | oop; a controller having at |east one input

for recaicohfigllenHRIHFRk 108 3R GnHAISK xfe@tﬁgige(i"xlfformation and said
nf 0{9?’&“ on and an out EUt for outputting control

feedbptic tafarmagion e aB CUURIRH THBNSG SorRe] sianelsnelpaid prssure/flow
systt@aRchang R1LHNnd QW B¥SLSRAULIA! sigl gl and
wherein said pressure/flow system adj Usts at | east two
dynami c vehsrein said peessre/dlemtsystegi ahjustin diemeredafide spietimen at
1dSad; ' I [ ba Lof or.nati on.
sid 33 SO BlanSe SR R - el SREDES KB Pipion
having an external flow | oop system and a steady fl ow
syst.e enerating a flow | oop and outputting
fezzbamc{zg{eﬁgg?m {768, wherein said flow | oop i ncl udes
a flui dagtesheaslownsrah Riveig ad £:260na] Y0 IbPPRESndNGteady
AowPlvered, £ Ui d nanogerthcle,da fluid i _ T
t PAREHY B8PS PRt VRY CRAPILIEP RS fredbrcriinfosmatiers wherein said
flovf oo dndlexdes ia\gad andar SPQCINTRIEAAY Fagh AgfRPicBRsi@lzpged in
said fIOM/Ioo%;He control |l er having at | east One i nput
for receivi ng PHFAPREITFSS and sai d f eedback -
i nformation apdiBRa iR rkQbeOMiPUt ting control
signals to sai d pressure/flow system including at
| east one sta& FIRsRIEsTomd M raceversi gnal ; and
wher ei n ' Sy | t least two
dynami caglgér?g??[irgns af{eg%?g{réég%dgﬁ]s%ﬁ ﬂé’?‘%:%? ance with
sai d coatrpwirolisrdwuing anleest oa¢ thple betbackvingfndommtioannd said
: . i S| pg: .essurelfl o st em
fee B oL e R PLeeBL I8 cu B B2 R sa0il Y Serpsifiow
systemysineluringrat lpestamatsiendy Ao Ispsnerh aoptralndkraljtapdt t i ng
feedbac%hiepfugrarir(?tionr ﬁherein %@ld flow | oop, i ncl udes, .
a fluid and hiad RS fa™ sy urg i s egstwodyngmys gonditions

at sagbregiostih Agcodflance with said control signals and said feedback information.

78. A system, comprising:

a pressure/flow system having an external flow loop system and a steady

flow system for generating a flow loop and outputting feedback information, wherein said

flow loop includes a gas, at least one element from a first group consisting of:
a transmitter,
a recetver,
a transmitter/ receiver,
a nanotransmitter,
a nanoreceiver, and
a transmitting/receiving nanoparticle,
and at least one element from a second group consisting of:

a fluid nanoparticle,
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atransmtter, a receiver, a transmtter/receiver, a
nanotransmtter, a nanoreceiver, anda

W0 e@n®6isei i ng/ recei vi ng nanopartide, and at | eBST/USINE6/045715
el ement froma second group consisting of: a fluid
nanopartide, a fluid transmtter/receiver, and a fluid
transmtter and a fluid receiver; a specimen having a
region arranged in said flow | oop; a controller having

at | east oneaifRiditrah@hiceMe&ENEANInd Nf Or mation and said
f eedback information and an out'put for outputting

control si gnalflid gansmigrernasstlvid redeyarsyst em
i ncl udi gg @Jlmleﬁmngmeg%neﬁsi&a Ly %mgafyﬁé meontr ol

si gnal ; and wher el n” said pres ure ow sys‘% ém adj usts
at | east comyollgrizaving @éﬁaethnle@msxtdor sa¢iding étfoanatich and said

[ ntr na s and sai d .f eedbac
feedl%% X g&?&m Iagxr?w %?agi g%ucf?or ou%autu Cg'i“ﬁ&l 51%121%';8 sud Ipéqs?qrﬁx/ﬁ
systems inelndivgpvdt lepsaomeeskdady flaky sfyktew donapl ﬁg:;ieltl emdfm da

st ead fl ow system f eneratj.ng a ow | gop an

out pu%/t |Wr¥5 r‘?’%éﬂ%gﬁfs‘-} ts’fegh?‘l’\}\ﬁ%% tdeait weq é’v’ V\Fondmons
at sdid eqgidrnil adckeslascefvidh dud: eoHRrdl Sighgls ald daPebdiaeR iiFbeRR YN,

froma first group consisting of: cells, bacteria,

m ni num essenti al Eagles nedium growh factors, cell

di Wen&e@gﬂea{ |cag,ps1gﬁ J nol ecul es, cell differentiating
bi ol ogi es, and differentiating culture medi um and
at | easf Posente( fi?ﬂéﬁxstql? bvieg sbevpmabilonfoaonsient dndg steady

ﬂovﬁyste@h fdr%‘ex@erﬂﬁﬁ?i’ﬁé&r'lg@p axﬁl Jdtb‘t'ugx Fg&ﬁﬁmktlh% (n W86 Wifrein said

nd a fluid transm tter receiver,
ﬂow loop includes a fluid at least one element from a group consisting of:

a fluid nanoparticle,
a fluid transmitter/receiver, and
a fluid transmitter and a fluid receiver;

a specimen having a region arranged in said flow loop;

a controller having at least one input for receiving information and said
feedback information and an output for outpurting control signals to said pressure/flow
system, including at least one steady flow system control signal; and

wherein said pressure/flow system adjusts at least two dynamic conditions

at said region in accordance with said control signals and said feedback information.

80. A system, comprising;

a pressure/flow system having an external flow loop system and a steady
flow system for generating a flow loop and outputting feedback information, wherein said
flow loop includes a fluid and at least one element from a first group consisting of:

a transmitter,

a receiver,

a transmitter/ receiver,
a nanotransmitter,

a nanoreceiver, and
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a specimen having a region arranged in said flow | oop;

a controller having at |east one input for receiving
w0 ndosnoedEes on and sai d feedback i nformati on andP@mnus2006/045715

out put for outputting control signals to said

pressure/fl ow system including at |east one steady

fl ow system control signal; andwherein said

pressure/fl ow system adj usts at |east two dynam c

condi tions ak teakditkiaglreckivifg a&ﬁgmél}é}e with said

control sjgnals and said feedback information. 82. A
and?}'igela%trﬂneé FSF ngﬁg@ segopg growp cenfistizg ofy st em havi ng an

external fl owfjugpga&\bg;tgg,and a steady flow system for

generating a flow | oop and outputting feedback

i nf or mat i on, 2kt epesmitter/ réceiver, kedp i ncl udes a fluid

conprising a t.:froma first group

consi sting o%flhggﬁ'grés?rﬂgtgﬂng?@?ldrrr‘fcﬁllvﬁﬁm essenti al

Eagl es mepécimen haong b rdgiot araged izl saiddfldv dsopat i at i ng

smal | leculgs,, cell differentiating.hiologies, and .

ol | di Aeannfe bt s et s ot e cering il aies and said
feedbhenimfidrnfatiomand a6 Gatjsht G6OMAPEBING cSiktkHGigdhls 18 said pressure/flow

rans[llitter a receiver, a transmtter/receiver, a

t
SSRGS {8 one sisady Heacertgmrconyirtsignal; and
transm twheRgh 508 E;eémg/ﬂwgp@m AdpbsBs ar Gk Ao dRARC O8Wlitions
el ement, froma third gc{oup consisting of: a fluid
at sqid resfon inj acesdance yith sid omiealsigpaly andossisd fpedbacls information.
fluid transmtter and a fluid receiver; a specinen
having a region arranged in said flow |l oop; a
_coﬁ;tl'r %Y_éﬁmha?ma@mag= | east one input for receiving
i nformag 'ppégsﬁgglcﬁw@_kﬂtcjn? ﬁ%?%{a‘n éﬁﬁ&%ﬂ'@évb ?&gg%}gte%nand a steady .

out put for outputti’ng cont signal's to
ﬂovaégagufog Benesgying a flow loop and outputting feedback information, wherein said

flow loop includes a fluid comprising at least one element from a first group consisting of:
cells,
bacteria,
minimum essential Eagles medium,
growth factors,
cell differentiating small molecules,
cell differentiating biologics, and
cell differentiating culture medium
and at least one element from a second group consisting of:
a fluid nanoparticle,
a fluid transmitter/receiver, and
a fluid transmitter and a fluid receiver;
a specimen having a region arranged in said flow loop;
a controller having at least one input for receiving information and said
feedback information and an output for outputting control signals to said pressure/flow

system, including at least one steady flow system control signal; and
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system including at | east one steady flow system

control signal; and wherein said pressure/flow system
wa@jsseas2at | east two dynami c conditions at saPdI/DE0EMS715

in accordance with said control signals and said

feedback information.83. A system conprising: a

pressure/fl ow system having an external flow | oop

system and a steady flow system for generating a flow

| oop andviedipudid bfk@sdr@ﬂwi@%ténp scgﬁs'i’?&t' 18{5111 tvng}fr%'nnc ?&cﬁtxons

f.Low.| oop |ncludes a solid’and at | east one

at sid gegion - aserrdanas Svish sacestrol sighals prtl srichfspdirack edfermaion.
fluid transmtter/receiver, and a fluid transmitter
and a fluid receiver;, a specinen having a region
arﬁ%nd@ﬁmwﬁhsamanﬂMQMIIoop, a controller having at
| east on

CIVIn infor n _and sai

f oo dback%ré %\H‘g}’fl W nsgegrrx] avmg F‘Hﬁ’i”a?’g wgcaﬁppﬂftsftethﬁmdasteady

flove @mltqnofor gegamhng 4 ﬂowdltbcﬁb mxbgﬁp?tflnﬁ |f&hib&§t§hﬁﬂ‘}namorlx, wherein said
cl uy past one stea ow sy.stem_contro

Ao A Oy & P 3 G e as AP g S i) spveistng of:

at I east twocdignam c conditions at said region in

accor dance m%th sai d control signals and said feedback

i nformation. "¥4°™A system conprising: a pressure/flow

syst em havi ngisifufx bektall Ehiiovmbaom, system and a
steady flow system for generating a flow | oop and

out putting f BOYBRAICIP5S or mat i on, wherein said flow

| oop i ncl Ude§e113d1§9xleh§anr%;srﬁaﬁarﬁgleaﬂgs el ement from a
first group conS|st|ng a transmtter a receiver,

a transnitt efelidifferepagtingbiplogiss.radsni tter, a
nanor ecei Ver g.[af} er@n&{ dehibd AG4L&CE! Vi ng

nanoparticle, an st one €l énment froma second

at legfft@ap clement &Pmr?gsegfnd grofip umkmmag@fxart icle, afluid
transmtter/;ggggnyl%r and a fluid transmtter and a
fluid receiver; a spécimen having a region arranged in
sai d fl ow | oogEceiver,

a transmitter/receiver,
a nanotransmitter,
a nanoreceiver, and
a transmitting/receiving nanoparticle,
and at least one element from a third group consisting of:
' a fluid nanoparticle,
a fluid transmitter/receiver, and
a fluid transmitter and a fluid receiver;

a specimen having a region arranged in said flow loop;

a controller having at least one input for receiving information and said
feedback information and an output for outputting control signals to said pressure/flow
system, including at least one steady flow system control signal; and

wherein said pressure/flow system adjusts at least two dynamic conditions

at said region in accordance with said control signals and said feedback information.
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a controller having at |east one input for receiving
i nformati on and sai d feedback informati on and an
Wo@p6e6stHr out putting control signals to sai dPCT/US2006/045715
pressure/flow system including at | east one steady
fl ow system control signal; andwherein said
pressure/ fl ow system adj usts at |east two dynamc
conditions at said region in accordance with said
comsBr &l sysiegnabmpatidgsai d feedback information. 85. A
system conprisling: a pressure/flow system having an
ext er naP Pf ?Sé%e? fiﬁ?bs}é"ym bevingieh extetnebiiyw ldapsystpst i af sprady

ﬂov‘g@@%&rﬂfcjr_@gn&aﬁmgoi’\ﬂ&@@&. 8] oty lfe,régb;c § o?r%ia(ttio wherein said
:fa% f?q% l% 0 ? AL

i nformation, wherein sdi p 1rncludes a g

flowgloopdadudes psolkid earkatteast o demyrro dppne o gaivptdongstfg ofa
fluid nanopaghh@&nogar(-lcféi d transmtter/receiver, and
afluid transmtter and & fluid receiver; a speci nmen
havi ng a r egk 8nidarsramiyect/iceisa, aind | ow | oop; a

control l er hawying at lLeast ,one.input for receiving
i nf ormati on aaﬁaldgcé‘irﬁmfté‘ér(fﬂgé‘%‘%f‘%?‘ﬁ%'i on and an
out put fepecirnérphivirgngregidhtarAhgéd @RaHTIOloop d

pressure/flow system Jincluding at |east one steady
flow syéfa?ﬁf%fbﬁﬁ%“?‘arlg &% ‘§Gishone MYt i re Fing wifermation and said

feedPidSIREDTR1afibR ML S S bAPLALIr WSt Surahe LSRRI siWA E’a'md@.%ssure/ﬂow
conditions at said regjion in accordance wth sa

systerB e gaing 3 frattons sgadatlew sevep sertrphignakand on. 86, A

Syst em wherg said ﬁgésu?e/ﬂﬁw%ﬁ/ Jdﬁlﬂw a2 Yl SRR A Aditions
external flow loop systemand a Steady flow systemtor
at Sagcgﬁﬁs’roa ippgeeadence withsaig controbtigpnls aridrgidffessbibaicinformation.
i nformati on, wherein said flow | oop includes a gas, at
| east one elenment froma first group consisting of: a
t r §hsfisystem, compridegiver, a transmitter/receiver, a

LY S
flowslysenfor geremtmgsdontbogrand pugandhg feedigicbinfoAniddt, &herein said
ﬂovﬂ%&? ?r?cﬁ&cieg L Solid® atf llea% gné erzléa:rggrm ftrgnelra/f{rgtcgergt\x/; cr:dnSLaspxgg of:
a transmitter,
a receiver,
a transmitter/receiver,
a nanotransmitter,
a nanoreceiver, and
a transmitting/receiving nanoparticle,
and at least one element from a second group consisting of:
a fluid nanoparticle,
a fluid transmitter/receiver, and
a fluid transmitter and a fluid receiver;
a specimen having a region arranged in said flow loop;
a controller having at least one input for receiving information and said
feedback information and an output for outputting control signals to said pressure/flow

system, including at least one steady flow system control signal; and
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a fluid transmtter and a fluid receiver; a specinen
having a region arranged in said flow | oop; a

w@oBioedsker having at | east one input for receP@I/NHR006/045715
informati on and said feedback information and an
out put for outputting control signals to said
pressure/flow system including at |east one steady
fl ow system control signal; and wherein said

pressur e/hdre s PrQRRAMNS LRt adjaas b lt:i’é@_tvg% Hglqgn‘gc conditions
d al

condi.tions at, said region i'n accordance wt

at S‘i:‘g )< ery “’s‘i‘c(jﬂléiaéc"a‘f'i’dh s gorte gigaelk 2ndhsaid fradbagh infermarion.
system conprising: a pressure/flow system having an
external flow | oop systemand a steady flow system for
gerfer dt st compasingop and out putting feedback

i nf or mat,i i.n.saikd .fl ow | oop, Lhcl,udes a flujd
at |east pggséue géﬁ‘:}ﬁ st faving a7 S’ffﬁnfc%bﬂg?'é??%ﬁ’sﬁff’f a"‘cifas’:ead)’
flovf bystatn farrgepeannting h Bpwdobp aridlodtpantgifeddbadl REReEbn, Wein said
ﬂmﬁlofol %Qué&%ﬂ%@ﬁ Af) and alfl uid receiver; a specinmen
aving a reg o et r oY §HMEEiPR A STPUPFOFSISYRS of:
control | er hadiuidnalophrk{ one input for receiving
informati on and.sai d f.eedback i nformati on and an
out put for oﬁ?ﬂ‘tﬁf‘?’i‘?@m%ﬁfﬁ‘ﬁ‘l"e’é? als to said

pressure/ f| owiRySiremmitcfCiddi figd ddcelv@ast one st eady
fl ow system contrql signal; and wherein said

pr essur @SPFINER Patiagt s@janstrenged incsaisk flawwboagy nani ¢

condi ti QRenabll&HJidee91aR dnB ; ; b d ;

contraol si Bnal s and gsaiegﬁfdggél ac%‘?’%?%%ﬁg%’%%ﬁgag’é{ an& said
feedbycls ipfgrmagioprand jap gutrut frrensprtting conrshsignentd said pepsaume/ flow
systBail BIcRkngl d: O &mfax%hsw FREn2RLEAAN S QW System for

generating a flow I oo and’ out putting Feddback

i nf or matherein whid peissure/dionr fysew ddpeps dtiekimskesdymafditiéchditions

le e el,ement froma . first.groyp consisting
o s el nSRE0aPRE ST Lont TP et PlGimvon

a nanotransmtter, a nanoreceiver, and a
tr@gsm'[stttielqlg/crr%celiivi_ng nanoparticle, and at |east one
el eneftfrom A 8E¥B%d group consisting of:

a pressure/flow system having an external flow loop system and a steady
flow system for generating a flow loop and outputting feedback information, wherein said
flow loop includes a gas, at least one element from a first group consisting of:

a transmitter,

a receiver,

a transmitter/ receiver,

a nanotransmitter,

a nanoreceiver, and

a transmitting/receiving nanoparticle,
and at least one element from a second group consisting of:

a fluid nanoparticle,

a fluid transmitter/receiver, and

a fluid transmitter and a fluid receiver;

a specimen having a region arranged in said flow loop;
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a fluid nanoparticle,a fluid transmtter/receiver, and
a fluid transmtter and a fluid receiver; a specinen
whamwsneps2s regi on arranged in said flow | oop; aPCT/US2006/045715
control l er having at |east one input for receiving
informati on and said feedback information and an
output for outputting control signals to said
pressure/flow system including at | east one steady
flow sysi@nenat KRingSit
ressyre/f] ow system agjasc'sotng%t}@gg%? élt}l\/\ga%grmmon and said
fee‘@’&ﬁﬂ%’#?%loﬂtanéap&uﬁmgl wqtnum@pMnlcmmﬂtb ssidiptessure/flow
s f.or t| on. 89. A
e e e B TE i g an
ext er nalwherawsaid ppessystfow amlenaact)ﬁsead)lea‘s{ BN Syx&tnﬁﬂb&ﬁﬁnons

AT P—

conprl sing at | east one el enent from a first group
? % cells, bacteria, mninumessenti al
Eag e Fhﬁ\omgflé’\ﬁgh factors, cell differentiating

smal | malpeesbesflo e serfl hhfifg &n&h@&ﬂamo@u@&pgﬂst%ﬁl a;@rhdsteady
cel | dfffer ent i athng cul ture nmedi um and 'east one

flovg pstrgmtorsFpsrrtingsatawdocs %.ﬂﬁipm%%mstfqe%acésfmfoamfatlgn,dwherem said
flow RIRPRANLAS laFluidad bist 8 éélé’rﬂ@rﬁ‘f}&ﬁ%/

flﬁﬁ)?d trangmutlt?er andna [uld recg&gﬁéo\ﬁ%mn@n nen

havi ng a regPé‘HldafP%ﬂa’ng@éleb n said flow | oop; a

controller héﬂhﬂﬂtrﬂsrﬂﬁéﬁ ecQP&, hput for receiving

informati on and said feedback i nformation and an

out put for oaﬂplﬁmmgnmmﬁtndcalﬂlsd gweiver;t 0 sai d

pressur gl at _l.east. one steady

f1ow sygt%‘lr%m%’ﬁ%{%ﬁm TG %1””“ & Sraidioy lepy

pr essur acbhuallseragaalipushe it fc&astentmgndyﬂﬁdﬁcﬁx and said

[ t _said region in _accordance

feedB R AR bnd B0 Rl B 8 ROt Sfemals oo Biyssue/flovw
syﬂ&ysinelmrhngcantnnstsumgteadpfle@sys“teﬁfcbﬁWoBsygaﬁrﬁhbaVI ng an

external ,fl ow Ié)olp ¥}ﬂem and a st ead){ ) .
whereln 5a1 CSsu ow systern adjusts at least two dynarmc cond1t1ons

at said region in accordance with said control signals and said feedback information.

88. A system, comprising:

a pressure/flow system having an external flow loop system and a steady
flow system for generating a flow loop and outputting feedback information, wherein said
flow loop includes a fluid and at least one element from a first group consisting of:

a transmitter,

a recelver,

a transmitter/receiver,

a nanotransmitter,

a nanoreceiver, and

a transmitting/receiving nanoparticle,
and at least one element from a second group consisting of:

a fluid nanoparticle,
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flow systemfor generating a flow | oop and outputting

f eedback information, wherein said flow | oop includes
wa@2doBéas2onpri sing at | east one el enent from BCT/USBD6/045715

group consisting of: cells, bacteria, mninmm

essential Eagles nmedium growth factors, cell

differentiating small nolecules, cell differentiating

bi ol ogi es, and cell differentiating culture nmedium at

| east one el ammtrgﬁ@m@r/sg&p,@g ag4oup consisting of: a
transmtter, a receiver, a transnmtter/receiver, a

nanot r ansmi t fdlid tranwmigernand a/fuid regetyen

transm tytg vy ] i : .l east one

cl oot T oet it RacAA0 PRIk Bl Sia 0180 PO

nanopar ricerwoller Haviright deasarnwiiopwiior ecaiinginfoamarian and said

i S and fluid receiver; a,specinen

feedtth SbEAREILUSE AL PG PR Jafls B a0 Probsure/tlow
systemn trcbidingy at et ovg: saéady dlast sysam doaprel sifadl; 4nicei vi ng

i nf or mat ihon .and,sai d fgg%?ack i nf.or rratli on and an .

out put Far SRsHAPTHYe POFEL YRt ¥ 1635t 95§ fynamic conditions
at sfid egpian @/ dcbdrdaisopShieiitaid 86dcbdlisRgalabnd &ablee @Rk $EBAHN ion.

flow system control signal; and wherein said

pressure/flow system adjusts at |east two dynam c

corgdj LAi@lgﬁngfcoﬁ,@}igingegi on in accordance with said
control signals_and said feedback information. 91. A
syst em aé’é‘??ﬂfriezfrl% sysserp hawag pe el Hywdeon syatennapdosteady
flove ¥l R R)r &ﬁ&mﬁ@&ﬂﬁﬁé&ﬂﬂ@&é @tti?x% ¢ady,dd igﬁ&ﬁ%ﬁ%ﬁ,@ﬁ&gin said
generating a flow | oop "and ou{)put I ng Yeedbac
flovw lropringudes 1 fluiheqraprisisgitdedst ove dlenentiirwh adies grogptamisting of:
and at |east_gpne el enment froma group consisting of:a

fluid nanoparticle,
bacteria,

minimum essential Eagles medium,

growth factors,

cell differentiating small molecules,

cell differentiating biologics, and

cell differentiating culture medium
and at least one element from a second group consisting of:

a fluid nanoparticle,

a fluid transmitter/receiver, and

a fluid transmitter and a fluid receiver;

a specimen having a region arranged in said flow loop;

a controller having at least one input for receiving information and said
feedback information and an output for outputting control signals to said pressure/flow
system, including at least one steady flow system control signal; and

wherein said pressure/flow system adjusts at least two dynamic conditions

at said region in accordance with said control signals and said feedback information.

90. ‘A system, comprising;
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a fluid transmtter/receiver, and a fluid transmtter
and a fluid receiver; a specinen having a region
wa@eeoakgses i n said flow | oop; a controll er haviPQI/ES$2006/045715
| east one input for receiving information and said
feedback information and an output for outputting
control signals to said pressure/flow system
i ncluding at | east one steady flow system control
si gnal ; agsreksuheflekRySahthaPing s W@l i ﬁwg%é% LI5S
ot Ieagcf‘f two dynami o Condl Foans at said ri %eﬁﬁnéa&eady
O% EEHR SN AG & Alow leeperdputpiyinglfsedback middrthdtivathealkin said
flow I iHBLAQN. fhfld copS¥aL §Meast QAPLILSE RN, essurelflow = &
sysdt%em having an ext elr%a{me?sl oW %g%p% Sy P éni i 0P consisting of:
steady flow s¢ldsem for generating a flow | oop and
out putting f%gggggk i nformati on, wherein said fl ow
| oop includes a sdlid, at |east one elenent froma
first group conghshiesgnaifl Eaglet madinm,tter, a receiver,
a transrn'tteré(;e&efi ver, a nanotransmtter, a
nanor ecei ver 3 And B8 PFansni t ti ng/ recei vi ng
nanoparti cl e celadiffetdntibfAsimONRoRt@egnt froma second
group consisting.of: a fluid nanoparticle, a fluid
transmtter/ F‘é‘gg’if{;éﬁn,“a%\%b’&?%fcﬁi Wt ransmitter and a
fluid recei Veélldi@feﬁa@x@iﬁiiﬁ?&hlﬁ@é’hx@&iu%,r egi on arranged in
lsai d f| ow | %op; a controller having at |east one input
at g one SeFSRf FGT MFPRABTOYA candstigiad f eedback
i nformation gpdnaniputput for outputting control
signals to said pressure/flow system including at
| east one st a&svehow system control signal; and
wherein sai d;pLESSHIE/LLQW, Syst em adj usts at | east two
dynani ¢ conditions at said region in accordance with
sai d contr ol aghgetadrsmanet, sai d f eedback i nformation. 93.
A fluid, conprising. a li,quid fromthe group of
pl asma, sal P%g?n%ﬁe%égf’ \F/gt er, cell culture medium
fetal bovi neasensmtiEBSceivipranepaeiclm al bum n (BSA),
and &€ fe%@ rogé elfé:rlnlélntd fromi A trl]'l?rld gfrl)llill;; go;nsi%tqgg of:
a fluid nanoparticle,
a fluid transmitter/receiver, and
a fluid transmitter and a fluid receiver;
a specimen having a region arranged in said flow loop;
a controller having at least one input for receiving information and said
feedback information and an output for outputting control signals to said pressure/flow
system, including at least one steady flow system control signal; and

wherein said pressure/flow system adjusts at least two dynamic conditions

at said region in accordance with said control signals and said feedback information.

91. A system, comprising:
a pressure/flow system having an external flow loop system and a steady

flow system for generating a flow loop and outputting feedback information, wherein said

flow loop includes a solid and at least one element from a group consisting of:

162



10

15

20

25

30

a sensor fromthe group of transmtter, receiver or

transmtter/receiver, nanotransmtter, nanoreceiver, a
WO 20886133Dr, a nanotransmtter/recei ver or a MENMBUS2006/045715

devi ce capable of transm tting and/or receiving

information related to henodynam c conditions. 94. A

fluid, conprising: a gas fromthe group of oxygen,

nitrogen, nitric oxide, carbon dioxide or carbon

monoxi de; a hiflgid shobpamicthe group of plasma, saline,

bl ood, water, cell culture nediu fetal bovine serum

(FBS), bovi.nafle EHSHLBEHTIeivEsAld cerebral spi nal

fluid; and a,88RERLnsHiRR JiA8 AQUR QLI ransmi tter,

receiver or transreceiver, nanotransntter,

nanor ec &iskasimembayirghregion areanged mrssiddlost loop; or  VEMS

devi ce f LtLim d/ ar .r.ecei.vi ng. .

ot or mat T oy o St e DRt B R RUsiliRE i ling ang said
feedbpeli igforomripn iasd mypugput fepuivdpdiriagrotiec] gipals t@faid F&\Sﬁ@e/ﬂow

[ing,.. bl ood, water ell culture diym feta
syseB indfiing ableatnias€ steady Py e hpiieignel sndsa)
cer ﬁb r alwhepimald pressuek/ fldw dysieth ;n?;s&_r da aéastftm}fjrﬁﬁlicgéd?ﬂﬁions
Q ornones, .proteins,, viruses, tipjds, peptides,
at S“ﬁ%&‘igé%'r‘d’é%"fd of Sgihssaidy e %P%%endpwérfﬁfa@a%@fera@anon-
agents, cells, bacteria, mninmmessential Eagles
medi u grovvthfag:tor, cell differentiating snall
ol %‘c‘g]ls}és, ERCMRYISH T 8er ent i ati ng bi ol ogi es or cell

cul t ur ea BRI ANG sRnS BATRY add é}:@&h&lﬁﬁ)v&gfogﬂgyggm anda steady
transmtter, recelver or transrecelver,

flowryatsey ion sprerating, 2 e fnopradwakputtian issdins information, wherein said
flowRBP LARNRE £E6AId &F 1eQ% oNEME 8V 55 acfﬁ'%qlos ans'sti f:
/ Pon rerafedtt o

transmtting and/or receliving Infor

henodynam c T@aeimiftons. 96. Bl ood, conprising: a first
plurality of, pagop articles; a second plurality of
nanoparticles capable of transmitting and/or receiving
i nformati on 4 trexsmibyet/neveiver,el at ed t o henodynamni c
conditions. 97, Afluid, conprising: a liquid; a fluid
material; a YXEPPBRYHE group of oxygen, nitrogen,
nitric oxi des neatdelivediagdi de or carbon nonoxi de;

a transmitting/receiving nanoparticle,
and at least one element from a second group consisting of:

a fluid nanoparticle,

a fluid transmitter/receiver, and

a fluid transmitter and a fluid receiver;

a specimen having a region arranged in said flow loop;

a controller having at least one input for receiving information and said
feedback information and an output for outputting control signals to said pressure/flow
system, including at least one steady flow system control signal; and

wherein said pressure/flow system adjusts at least two dynamic conditions

at said region in accordance with said control signals and said feedback information.
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a sensor capable of transmitting and/or receiving
information related to henodynam c conditi ons.
WO 2008/066525 PCT/US2006/045715

93. A fluid, comprising:

a liquid from the group of plasma, saline, blood, water, cell culture medium, fetal
bovine serum (FBS), bovine serum albumin (BSA), cerebral fluid, spinal fluid; and

a sensor from the group of transmitter, receiver or transmitter/receiver,
nanotransmitter, nanoreceiver, a nanosensor, a nanotransmitter/receiver or a MEMS
device capable of transmitting and/or receiving information related to hemodynamic

conditions.

94. A fluid, comprising:

2 gas from the group of oxygen, nitrogen, nitric oxide, carbon dioxide or carbon
monoxide;

a liquid from the group of plasma, saline, blood, water, cell culture medium, fetal
bovine serum (FBS), bovine serum albumin (BSA), cerebral spinal fluid; and

a sensor from the group of transmitter, receiver or transreceiver, nanotransmitter,
nanoreceiver, nanosensor, nanotransreceiver or MEMS device capable of transmitting

and/or receiving information related to hemodynamic conditions.

95. A fluid, comprising:

a liquid from the group of plasma, saline, blood, water, cell culture medium, fetal
bovine serum (FBS), bovine serum albumin (BSA), cerebral spinal fluid;

a fluid material from the group of hormones, proteins, viruses, lipids, peptides,
nucleotides, glycols, antibiotics, pharmacological agents, cells, bacteria, minimum essential
Eagles medium, growth factor, cell differentiating small molecule, cell differentiating
biologics or cell culture medium; and

a sensor from the group of transmitter, receiver or transreceiver, nanotransmitter,
nanoreceiver, nanosensor, nanotransreceiver or MEMS device capable of transmitting

and/or receiving information related to hemodynamic conditions.

96. Blood, comprising:
a first plurality of nanoparticles;
a second plurality of nanoparticles capable of transmitting and/or receiving

information there between related to hemodynamic conditions.
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97. A fluid, comprising:
a liquid;
a fluid material;

a gas from the group of oxygen, nitrogen, nitric oxide, carbon dioxide or carbon

monoxide;

a sensor capable of transmitting and/or receiving information related to

hemodynamic conditions.
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