TI SSUE SYSTEM AND METHODS OF USE FIELD OF THE | NVENTION 5 [ 0001]
This invention relates generally to a tissue system BACKGROUND OF
THE 1 NVENTI ON [0002] OQtto Warburg initiated the first attenpt to

cul ture organoi d slicesTISSVE SVSTEMI INESTHODE B USWAr burg, 0.,
(1923), Biochenische Zeuschrift 142: 319 - 333). FolTow up research
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cells, such as the plasnma nenbrane, It c n also irreversi
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For -exanple, liver slices and m cro-needl es can be embedded i n

bet ween aNGPEREY drspages sellsp suchnes t@ﬁ alasma gpembrané, put § can sisei mem@qwadlerupt
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i nt er act i pnianateickthacellalar natries. ceI lular matrix. Integration of

m cro- needl es can, for exanple, serve as a substitute for the |arger
precedi ng vascul atures that supplenents nutrients to the cells.

Al so, forgexaiRires oFenkl W ERTeORNd/ or pressure of the inlet fluids
and nutrients can be 30 controlled or adjusted to allow uniform

distri but i on dﬂﬂﬂ?r]ufh@@r@’lglynmhﬁr imrentors dave euc¢esderd in séewpirg wi movel tissue

i nher wa h.contr ol als . far exa serve. to
rei nstat e&ﬁﬁ a‘)@ﬂ P Sr Sigy ﬁ%’h{%ﬁﬁﬁﬁﬂ (ll’lE?nﬁ;@n‘f“ﬁSrgH{ ﬁﬁs j 1palgx and, pngio-
exanpl e, drehitdbir€ as® tdsuéd | dleses t biSd Uesncurrently, enables, for example, long-term

maintainance of viable, functional cells. This technique utilizes micro-fabricated needles

as a perfusion platform to interface with the existing micro-vasculature of tissue slices. For
examnple, liver slices and micro-needles can be embedded in between a PDMS membrane
25 and glass cover slip to sustain adequate pressure within the tissue slice. Utilization of
tissue slices provides, for example, the advantage of cellular heterogeneity and interactions
within an intact cellular matrix. Integration of micro-needles can, for example, serve as'a
substitute for the larger preceding vasculatures that supplements nutrients to the cells.
Also, for example, the flow rate and/or pressure of the inlet fluids and nuirients can be
30 controlled or adjusted to allow uniform distribution of fluids and nutrients to the tissue
sample via inherent pathways. Such control can also, for example, serve to reinstate the
inherent hemodynamic environment of the tissue. For example, in the case of liver tissues,

by controlling the flow rate and pressure of the inlet fluids and nutrients, the present



by controlling the flowrate and pressure of the inlet fluids and
nutrients, the present 1 systemnot only can allow for uniform
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20 [0009] FIG 5 is an illustration of the effect of different incubation systems
(stationary system and rocker system) using MTT assay. Slices were perfused with UW
solution, precision-cut to 300um using Krumdieck slicer and pre-incubated for 1hr.

[0010] FIG 6 is an illustration of a 300um thick tissue stained with 100uM Rho 6G
and captured using confocal microscopy (excitation: 543nm and emission: 560nm). Each

25  stack is 150pum with optical sections captured every 2um. (a) and (c) were stained under
rocking conditions and (b) and (d) were stained under static diffusion condition. (a-b)
Images obtained from the bottom layer of the tissue and (¢c-d) Images obtained from the
top layer of the tissue.

[0011] FIG 7 is an illustration of a 2mm thick tissue stained with 100uM Rho 6G

30  and captured using confocal microscopy (excitation: 543nm and emission: 560nm). Each
stack is 150pm with optical sections captured every 2um. (a) and (¢) were stained using

single needle perfusion and (b) and (d) were stained under rocking conditions. (a-b)



[0011] FIG 7 is an illustration of a 2mmthick tissue stained with
100uM Rho 6G 30 and captured using confocal mcroscopy (excitation:
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e) Part £9%Cop 5 cover. [0013]. FIG 9 is a schematic representation

o neng) & dhagnaol if Db rBRRE G PRR, Rkkbp! Badh B felfiae
900 m | i vieedlslappastuper f used with 10% Trypan 10 Blue; (a) Top of the -

liver slice; ( omof the liver slice, showng the cutting |ine
of the cross [Bé%‘ﬁic%h;fT(}(IEPIEI@fI%ee@ed‘Bpgﬁmﬁ ReUP ver slice (L); (d)

Ri ght side of | 1 | 4 : : ; LAES1 doh
Femai n o be povrlead T} ScireTupiop T00 i \Tiob HEILES 1028 Trypan
| i verl0s| iBles; (pETopstiie hivertslit@bTByan of Bledsver §lice, Showing thelvettinig\time of the
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to be perfused. DETAI LED DESCRI PTI 8\| OF THE I NVENTI ON [0017] Thus, in

certai n aspect[8016]H8Gpteiseamt illustvasioniofrP00f e tiverssliced perfusad tatht HE6 Maggsn

20 transf lim.t ation,.conundr t hat Ed | agued .t he fj.el d of .tissye
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exi sting inherent extracellular matrix and m crovascul ature of a
tissue s ERWsghowregionsthatyemaintydeppesfesed | n sone aspects, the present
i nvention excludes the necessity of «cell isolation and stinulation
of cells to maintain high functionality with a variety of 25 growh
factors, BEEATOED RESCRAPTRON @B-THE INVENTIGN 0- needl e per f usi on
enhances the [0017] Thus, in certain aspects, the present invention offers a solution to the mass
20  transfer limitation conundrum that had plagued the field of tissue slice engineering for
many years. In some aspects, the present invention provides a higher level of biomimicry
by exploiting existing inherent extracellular matrix and microvasculature of a tissue such
as, for example, the liver. In some aspects, the present invention excludes the necessity of
cell isoIation_and stimulation of cells to maintain high functionality with a variety of
25  growth factoré, scaffold design, and co-culture. Micro-needle perfusion enhances the
uniform distribution of perfusion media, which subsequently ameliorates the viability and
functionality of the tissue over a long-term culture. (Example 1 and 2). Micro-fabrication
techniques enable design and development of a range of micro-needles with varying size,
array distance and shape, which permits the versatility of experimental designs. Utilization
30 of micro-needles can potentially facilitate the introduction of different drugs at different
regions of the liver, and investigate the interactions of the cells from different regions with

respect fo the drugs introduced.
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[0022] The technology of micro-fabrication also offers the possibility of

integrating in situ and real-time sensors, which can detect hormones, oxygen levels,
ligands and chemical agents.

25 [0023] Chip-based systems can be easily duplicated and multiplexed, facilitating
the integration of HTS to screen potential pharmaceutical products. Such systems offer the
advantage of speed, flexibility and accuracy in evaluating the pharmacokinetics of a |
particular drug.

Tissue biochip for bioimaging and biological investigations _
30 [0024] Utilization of a thick tissue that is embedded in between a transparent
PDMS membrane and cover slip permits the incorporation of confocal microscopy and

multiphoton microscopy as a bioimaging tool. Integration of these experimental techniques



[ 0022] The'technology of mcro-fabrication also offers the
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devi ce c#&iMig. TMA isphoemely tisedf for highi thmuehprt hisbaogiagistudies, however, existing

TMA utilizes thin s;actions of fixed tissues. The current device can also be used for similar

20 applications with the advantage of thicker tissue sections and also viable, functional
tissues. This advantage presents many applications such as, for exaﬁlple:

[0029] (3) Viable tissue sections can be cryopreserved and commercially
marketed. Viable and functional tissues preserved this way enable off-the-shelf availability
of tissue chips for experiments, avoiding the need for cell or tissue isolations. This not only

- 25  permits histological studies, but also functional studies.

[0030] (ii)  Thin tissue sections were traditionally preferred due to inability to
uniformly stain the entire tissue. With the current invention using micro-needles perfusion,
this problem can be eliminated.

Cell culture analogues

30 [0031] Besides using the liver as a sample source, the current technique can also be
extended to other organs of the body such as the lung and the kidneys. In the past, cell
culture analogues (CCA) of the body had been created usinig in vitro cell culture flasks
containing different parenchymal cells obtained from vital parts of the body. A chip-based



(TMA). TMA is normally used for high throughput histol ogical studies,
however, existing TMA utilizes thin sections of fixed tissues. The
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- can be seeded with stem cells or progenitor cells prior to encapsulating the tissue slice. In

this configuration, the stem cells or progenitor cells can provide a cell source for

proliferation, and the liver slice can provide signals for the cells to differentiate. By using

the abovementioned methods to grow a larger tissue slab, it can be used for bioartificial
25  liver and other tissue engineering applications to substitute damaged organ parts.

[0034]  The headings (such as “Background of the Invention” and “Summary of
the Invention™) used herein are intended only for general organization of topics within the
disclosure of the invention and are not intended to limit the disclosure of the invention or
any aspect thereof. In particular, subject matter disclosed in the “Background of the

30 Invention” may include aspects of technology within the scope of the invention and may
not constitute a recitation of prior art. Subject matter disclosed in the “Summary of the
Invention” is not an exhaustive or complete disclosure of the entire scope of the invention

or any embodiments thereof.



linmited mass transfer through these pieces of tissue constructs.
Perfusion through mcro- needles can be precisely controlled to

provi de nutrieobssjand r eTHRVEaBE P Qbfefenb@Shesinfddes hbt Bddstiftit® M admission
functions of cells and naintenance of structural int etgrlty of tissues

or ti ssuethat JhQter 1pEsrencss arggier ditneh $rvheny relgvance Go3BF migniabiify of the
m cr of abri \; ~pe S d ggg? h r:.c . e i
bi odegradg{é’? }éﬁ%}%@r&%&g& ﬁ)tgjleﬁ zgpi (r)n 0 Céz% %{(;{?(gu]g %féoggachgg%n%ﬁegre ‘Mefelﬂy
mat eri al omorpenatd by refétrendeiiu ¢hedredntisetpf t he tissue to grow into and

occupy. t he por ructure, hence, making it pqssi.ble to, grow
smal | tissue s@ﬁi@sﬁ‘ﬁ S‘ﬁ?ﬂ?’ﬁpﬁg Sﬂqcétgﬁeé‘agﬁ%laﬂéz Wé%‘e‘_ngw NEDNel gnts ofthe
mat eri al RARHKEL a?@ﬁl@&l@ed“fﬁr!b@%@gnﬁﬁ{ﬂﬁéuﬁ{gnp&@ggﬁa LRIt %{tltéﬁdeﬁrtb it Be

encapsul ating t he tissue slice. I's configuration, the stem
cells or peopgesti ther ingedtion. dderepyapy rebitatior eif| meltiplec enbodiments having stated

T e, G S L el R B Y 5 o
larger ti gay6difeaR, ildorgoddtine dkiR®éht! BSmPbin@@drs! bf Ghél statd® fehtiRls. afdcific

ot her tissue engineering gtppl_'i cations to substitute danaged organ
part si0 [ 063apleh arehpradided sfor sllushrative pBmokeyr dfimov ¢ make, hisevant prnticeathe

" Summary t he | nventi,on" sed herein.are intended only.for.
gonoral” ofepangeifons BE Hefls b Uy iR Yooy BrgRa s G PrysBhise, are not
i nvent i onindédea € baat reprtb@ngtash thet biveh ermbbeinttnECo S Riveitidn@ive, or have
invention or, any aspect thereof. Tn particular, subject matter

di scl osedﬂQtnb%Wéna‘-BéER@?Q@und of the 30 Invention" may include aspects
of technology within the scope of the invention and nmay not _
constitute a recitation of prior art. Subject matter disclosed in the
"Sunmary BXAMELBEShvention” is not an exhaustive or conplete

di scl osure of ti scope of the invention _or any enbodi nents
thereof. 6 [odégﬂ%]%ﬁ?@ foflguinisapler BrecRiRes iorks WPFray e gns gte not intonded

constitut @ 13t AHYcepd Ofthe IRRhtid0Se references are prior art or have
any relevance to the patentability of the invention disclosed

herein. Al references cited in th&XdPLEilcati on are hereby

i ncor por at ed ference in.their entirety. 5 [0036] The description
and specific é%%%l%ﬁ%ﬁﬁ%@ﬁﬁ?@fﬂ%@ﬁ%odi ments of the

i nvermi on, ar §003% dpegderhfissRel EWOEE 1 Bick tidstiSilicas ha Ry bR theiddy Bl
intended to limt the scope of the invention. Mreover, recitation

of mul ti Pfdisgiheléirentissie epgipemres tThidkdtissue slices has been shown to possess better
morphology and functionality (Shigematsu er af, Experimental and Molecular Pathology

69: 119 — 143 (2000)), however, the culture duration is limited due to mass transfer
limitations. Utilization of dynamic cultures enhances mass transfer, bﬁt exposes the tissue
25  to mechanical abrasions and damage. Embedding tissue slices in agarose has been shown
to protect the tissue and hence, improve viability and functionality to the extent of
prolonging the survival of the tissue (Nonaka et af, Cell Transplantation 12: 491 — 493
(2003)). The current example illustrates how a single micron-sized needle can be used to

perfuse a thick liver slice under static and embedded conditions.



features is not intended to exclude other enbodi ments having
additional features, or other enbodinents incorporating different

conbi nati ons O[Ifoomt]msé@tﬁ&mfs&ﬁwwa% ghatlihl & I0CERRAPELSVRAEE from Male
provi ded for | ustrative purposes of how to make, use and practice

the conpBdsten &as (ieiehieeth eprrosimately s230s) ehet aerarraacstietised using sodium
licitl t

EXP o L BB O TS 0D D0 pel OIS dinfl Foh PSR b

made or t@spaed uling EXAMAESiEO&3Y borTie tdod)ldnowmtgoﬁ&ia\l‘ml isuarcering devwe

|ntended fo) be hllustratlve and are not intended _to lin.t _the sco
of the cesmmeqlsmweéstp PEFR (4TiBH &t vilradme s\ tR0ha efeo

Bl ue. 20 &Q&iﬁ s OHIVE eﬁmﬁ

al ways be][gn ﬂonﬁl }R%dagﬁ fy?f)ssu EI{ ﬁ ce %E‘Pg@% fefﬁ%laﬁg@lr th%g ﬁtlﬁlcc}é
tissue sImgseesslfcaslsﬂngameislhmmhbwnpmﬁms1 better m)r phol ogy and

60 110 - 145 PISHITFIrbBver e PRt GHRt A AEI O 1S ot RetsaLaTh
to mass tTEPRsf Blue thi FLliAlEODS shblvhlih ﬁ%ﬁfe%c)oéle BIY fenStd b4 RS fltll'e cross

enhances nass transfer, but exposes t ti'ssue nmechani ca
abr asitonsseamah ddntige .tiszb@dnicnlgrlwi g6 ube shéedkes puncta,garpom Résing ese rsimilar

h t tect t ti d h d
FUnct i ondi PR R0y HERBE RETEFON BRorORYFIR 1ok Bet GRS Parasistined
(Nonaka ekitiTryfes Hiud (ApsRI33¢iatd &ind & sm@%lne'edﬁ%gthlbﬁt?&géﬁc)ed 43§ transport

current exanple illustrates how a single mcron-sized needl e can be
used to q:féelmpsfe viilizetiapk of v erray| olcmiandeedles sen @ckinde bigher ¢éliriency and
condition ; erfused with 4% formalin at 37C were
excavat ec1‘§ rom %ﬁiﬂﬂp % ?5%1 %t s (wei ght of approxinmately 250g) that
wer e gnaest hetized using sodi um piEspObREEi2Z one and injected with
0.5nmL heparin. Tissue cylinders fromliver sanples were _prepared

usi ng an 8- nm [8P4Fiiceliusionr stadies yeine dhha Soeedt carplplion te divee sdem vingility.

devi ce. [

(DT 1000 M EE San Sy HABSTeH G SR ptl SRt of ST YR ot P Pl
was per f udahlifyrdnd finheticwdiiyt ¢ iking celdsarel tésuee Hxainple b ikestrates k@w a;lamgh:
in Figure_ 1.

micto-needle can be used to interface with existing microvasculature and hence, perfuse

20  through the sinusoidal pathways. The current example aims to illustrate the correlation
between improved perfusion and mass transfer to the vialfility of liver slice.

| [0043] Livers perfused with UW solution at 4°C were excavated from Male Wistar

rats (weight of approximately 250g) that were anaesthetized using sodium phenobarbitone

and injected with 0.5mL heparin. Tissue cylinders from liver samples were prepared using

25 an 8-mm diameter coring tool on a motor-driven tissue coring device. Tissue slices were

| _precision-cut to 300um using Krumdieck slicer (Alabama Research and Development,

Germany). Slices were cultured under static conditions and rocking conditions (Leeman et

al, 1993, Toxicity in Vitro 9; pp. 291 — 298) as illustrated in Figure 4; in Hepatozym-SFM -

(Gibco Laboratories) supplemented with 100U/mL penicillin, 100ug/mL streptomycin,

30  0.1uM dexamethasone, 20ng/mL EGF and 10uM insulin. Both systems were incubated at

37°C and 95% O,, 5% CO,. Tissues were removed from incubation at an interval of —l1hr

(before pre-incubation), Ohr (after pre-incubation), 3hrs, 6hrs and 24hrs and assayed using

- MTT assay.Fixed liver samples were obtained using similar method as described in



[0041] Figure 2 shows the 2mmthick tissue slice that has been
perfused with Trypan Blue for 5 mnutes. As shown in figure 2(c) the

dye has pBrehpietEskuehiced et precRvh-cul Qo %@Bi'snpﬁ‘siﬁ KirB@dfeb® $H6er (Alabama
particularly at the needle puncture point. ing a simlar
conf i gur aRewsarchwne Pevaleppent Geimean eikot? @8l 1980) ar Zmauusinglaevibratome

ti ti ined wth T F .S '
cingl o nelol s 0GR BIP Rt ReldRE b amt of Bithiebn ot e ves et
utilizatipio e MmahicRYis@fe JHcs LoinB ARAMLHp GARMAFREEFRU ONSiffusional studies

efficiency and elimnate the unperfused regions. 15 EXAMPLE 2 [ 0042]
Per f ust onwsteuptirismed by gn@ibetiggs3 001 cod r2aimtsliors ind3rhi o1 0GUNIRho 6G under

iability., ..Enh d 1. f., | en] d fo)
e PRI TRSs, s o Lo CLents e Cerolel o pests
living cefAefss R 51 §)Si48TH: 100 MR Se &t delcltitRin 4R RnBRWaAd §nitdoBs wavelengths

r
m cro-needl e can be 'used to interface with existrng mcrovascul ature
and henceof Yénmuand Fonmmesnegtiveli & os ienckstiisuakliqeas bacy of 76Mbitioalisections was

exanpl e ai toillustrate the correlation _ between inproved
per Pﬁs_i on"%ﬁ’d’e‘ﬁ%ﬁg ST AR frsrenet Etﬂ@i g?%ﬁ’fe?fﬁ (tffa?e}? StF‘ﬁVérls fte. [0043]
Li ver gy perf use@doys)ti 1:‘#‘6&05 Uk 190 b@tcibﬁgv\é@g%t?ﬁ%‘éﬁ%ﬁ%aér%b &onditions

Wstar rats (weight approxi mately 250 at were anaestheti ze
usi ng sodimpreyedethebsurbiviloé thaidsienjpedicathriy tfterOa Shhr hoajptarel The Tingmoeed

coring. t oty it R e nEaBoRas, gt Ben oo the GSug igated by
Vere  pregiafjeBhs Giffusiof iSRAApAHRNE Hsilfs REIGeF#h Bbined. ThiY ARRIBeRGRES he

and Devel opment, Germany). Slices were cultured under static _
condi t i ongengimationoeiihnglyeaigr tthowrsingihasinn rintet the dissuel 89 HotlT sirfic pnd radking

Vi t ; o . as_il].ustrated in Fi 4: SEM
Vs bol” BROBRE o S RohhvRh o B el figutiat Bt { SRR GARCE
st r ept onythe surfid@ of tHeMdsde tened fiamenerhind gl Fluokistend et Qd WbmpariohRe the

Both systens were incubated at . 37C and 95% 02, 5% CQ2. Tissues were
removed PSR YEEHathSAyaPensiratian df wagre ghitfusedy resplfisggipea lower intensity but

pre- i nCubgfck@Puoréddbnt(@fr€r Pre-incubation), 3hrs, 6hrs and 24hrs and
assayed using MIT assay. Fixed |iver sanples were obtained using

si m | ar nmet hod0edbidesing thiechrighatios, Exianialr difftistmuakingtstigatonedisg a 2mm thick

20 3, OB Rl S5 2y ) B e, Wi

Vi br at omgndicate that using a micro-needle perfusion enables the dye to penetrate to at least a depth

comparable to the rocker system. This is illustrated by the thick diffuse fluorescent layer

on both the top and bottom layer of the tissue. The needle perfusion also possesses a

significant advantage to perfuse thick tissue sections in comparison to the rocker system.

25 As shown in Figures 7(c) and (d), the top layer of the needle perfused tissue is uniformly
stained, however, the rocker incubated tissue is very faintly stained.

[0047] The above studies establish that a single micron-sized needle can be used to
interface with the existing microvasculature of the tissue slice and thus, enable efficient
perfusion for nutrients delivery and waste removal. This efficiency can be further

30 enhanced with the integration of an array of micro-needles. Moreover, micro-needle
perfusion provides a platform to eliminate mass transfer limitations for thick tissue

sections, consequently, improving the survival of thick tissue sections over a long-term
culture.



(DTK- 1000, Pelco International, Redding, USA). 2nl of 100M Rho 6G dye
was perfused into the 2nmthick tissue slice using the set-up as
shown in Fi gurjeods] Ehbdddsigondues il di BISMS ¥RitheP @ah BeBd optiod M Rah i
300m and 2mm slices in 3ml of | OOM Rho 6G under. static and rocking
condi t i orfXamles prpdert $hg gukacqef 819 rgprsdem deschanipgl sbeasion ad slamegg hence,

Sagbegirt: Bt R e G e

tissue slice, a stack of 76 opticalEXsadPifils was captured at every

2mincrenent ( | thickness af each stack is 150m. 10 [0045] In
Figure 5, it c[hﬁiﬁé’e P\‘/‘é‘&?gtnﬁﬁlio'l?eﬁglﬁlﬁ’gﬁlp - under rocking conditions

i nproved the g6t \Elanfiest Nend bobifles PIRITH PEtALiLY ofh UREr 8ickHing 4 singl
culture. The is[npr(%vegnﬁ)vefsabi 1ty ca?ls be co%re ellt e8 to t]hel%i f?lgsal' %lﬂge
of the nunicientsdld. Mile tireent iesgmiple Amstrdtbu dter perfickidmy of dlmea liveroslice using a
di ffusion.j nvestigatio sing Rho 6Gin Figure 6. This figure
demnstr;?férécaf% %ﬂ%e{&fea‘%haaﬁ’g’bf the dye after 1lhour incubation into
the tissugefBiolg®f h static and rocking 15 conditions. Under static
conditions, the dye seens to accunul ate at a short distance from the
surf ade of t hd0831d dabricitioncd nyirornegdls chirnberh Thtinycrbingodle shamiter cayprises
In conparison to..the .rocker system the dye penetration is nore

di ffused,oﬁgﬁﬁfﬁlﬁ&eigﬁ'_ a lower intensity but thicker fluorescent

| ayer. [0046] Hdsi Ngbidel Bhis Phi & @etsiz@ed tcPholdl AR A x PhinltRlv&RE and the PDMS
i nvestigation using a 2nmthick O liver slice and under needle
per f usi on was mB@RRfaet-ed (as illustrated in Figure 7). Results

per fusi on vas meWEet cd n Figure
penetrate Lo ABAEPME HERPREECs R AR BN SR bR g Mt oy

is illsustratedliby the thick diffuse fluorescent |ayer on both the

top and bottom | ayer .of the tissue. The needl e perfusion also .

possesses a sﬁa&# T %afﬁfnesgk?&.lﬁt | AGUSErRepdle ATy Qemrisngof daeedlanis

in conparison GI@C%H%icE@&‘ﬁ%tﬁX?fa%}m% As shown in Figures 7(c) and

(d), the top layer of the needle perfused tissue is uniformy

st ai ned, howeRart4 + lep cockerhd thp abetr édddasignsd & ¢rslose the dhainbet and for

stained. [0047] _The above studies.establish that a single

ni cron-si zed ]él&cho%satﬁ tﬁeepﬂﬁﬂ?nt%mmlt'nt erface with the existing

m cr @¢ascul ature of the tissue slice and thus, enable efficient

perfusion for nutrients delivery and waste renoval. This efficiency .

can be furt hed0&R] hprdismatic yapresertaion of thg mietogieedle champberraag itsfassembly is

m cr o- need| : i [ r.QVi

o el 1 m nare i dCEmEY Pl e Ao h b R MBl i 380 ool 0 e
perfusion circuit as shown in Figure 10. Fluid is pumped from a reservoir by a peristaltic

pump (P-1, Amersham) to enter the chamber via a center inlet, exits via a side outlet and is
25  returned to the reservoir.
[0053] Diffusional studies
[0054] Liver slices are prepared by excavating UW solution perfused liver from
Wistar rats (250-300g) and sliced to 900um using the Krumdieck slicer (Alabama
Research and Development, Germany). 3ml of 100uM Rhodamine 6G dye or 10% Trypan
30 Blue was perfused into the 900pm thick tissue slice for 1 hour using the set-up as
described above. A static control was set up by incubated a 900um tissue slice in 3 ml of
Rhodaminé 6G. Rhedamine 6G stained slices were imaged under confocal microscopy

(Zeiss LSM 510) using 10x objective at excitation wavelengths and emissions wavelengths

10



sections, consequently, inproving the survival of thick tissue
sections over a long-term culture. 9 [0048] Enbedding tissues in a

PDVS ¢ hanp@s43eanandess3amapijeetivdl ator €adh tids@é slicRXAbREICof T StREL scbiiéhs was
surface of the tissues from nmechani cal abrasi on and danage, hence,

reduci ng eArEEedLt eves Hwa insremetotad thicknpssed e@mtaqlcaﬁlﬁ@gn)t in

chanber [ 05Ol OEEgrES b e p ot STt HIMHISIaf Bies RS it
slice usi®,ar§paadtiae uithe B AREShed1el Jilﬁnﬁiéf rmo%m@é HaU%iert%fJ @8 the

t he perfusion of the liver slice usi ng fabricated m cro-need
chanbe¥ . tasuedeiehdwly pmw[ed:os’ilpreﬁabhq aﬁtm rofothe rtisewe {Figorsl &l rﬂarmetnally

The mcro ri.ses ar S (Fi.gure Par.t
base: Thi %é?ﬁlggcl G\(l:rgpsdse‘a’g I %nr?e %uﬁ%‘leo(asas égf}/élp‘i ﬁ3 Bh %813{ ﬁg’ dye
PDVS  nmentisgtetrdtdd inti?deepBOMperfefiHeangue ﬁates sERAN r@iend 'emedRiSto BRYRrfhsed
hold the 8mmtissue 15 slice. Part 3 - cro-needl'e platform .

ni cr o- needflia lﬁ?tﬁéyywrﬁmﬁﬂlmsoﬂhﬁwl es is ONCfabricated into

this platform t (o) i de5| ned_t

encl ose the ch@ﬁggrRéonénJ&%&cao{ﬁfhselg fﬁ‘g pﬁa B’%e%ll dothF St%
[0052]0 A atthenBdsiles b@pyhesanhatigar Df. ]111|ﬂiﬁsﬂﬂihqﬁtb- ﬂh@etﬂ;’s@e glhww aﬁdmdre‘»
assenbly is_as shown in Figure 9. The chanber is fixed to

usi ng M4 ReeflsRerisian sypRRcd@rpnsaten that tha fpshasrpespkeated tmtaég% h&’)%ﬁlicﬁ In
Fi gure 10, g@anms&% %é@gg@%gﬁ]ﬁﬁ&hmdg%gs&%&% fin B &&85}3@0‘[@{3&&&3 oYt is

(P-1, Aner via a center in exit
si de out | dtscanditd ise mate difftsednad peoetiabed deese i the stafiO5@kend f f usi onal
studies [0057] This example shows the possibility of utilizing a micro-needle array
15 fabricated into a micro-needle chamber to perfuse a thick tissue slice. Diffusional studies
show that the penefration of dye is improved in comparison to a static system, thus,
demonstrating improvement in mass transfer. | *
[0058] All references cited in this specification are hereby incorporated by
reference in their entirety. The discussion of the references herein is intended merely to
20 summarize the assertions made by their authors and no admission is made that any
reference constitutes prior art relevant to patentability. Applicant reserves the right to

challenge the accuracy and pertinence of the cited references.

11



[ 0054] Liver slices are prepared by excavati ng UWsol ution perfused
liver from Wstar rats (250-300g) and sliced to 900m using the
Krundi eckWSIATE CLADMBAENS: Research and Devel opnent, Germany). 3nil of
100M Rhodam ne 6G dye or 10% Trypan 30 Bl ue was perfused into the
900m thick tissue slice for 1 hour using the set-up as described
above. A st atifgtis@B5i@m \W88paghegUP by incubated a 900mtissue slice
in 3 mMm of Rhodam ne 6G Rﬁodam’ ne 6G stained slices were inaged
under conf ocala dhiembersioopgntainingithetitsi 510) usi ng 10x obj ective at
excitation wavel engt hs, and, em sSsion vel engths 10 of 543nm and
565nm%r espectia%/léjluggt@&ﬁ%glgr?oflﬁgggoeé’f\léﬁ%[@?era stack of 76 opti cal
sections was amapetsRofatlyesoapikd2mtcnttiepBntnd t otal thickness of each
stack is 150m). [0055] Figure 11 shows the diffusional results of a
900m | i ver sl 088 opBIofLEgEo-weedies croysamypEne Btipendishabp enfbeing positioned

Ui ceue 2o ORI B8 B el Bo TG alidions BPotRB of ueclios & gur o

11b) is partially perfused. Cross sections of the tissue (as shown in
Figures 11 ¢ and d) show that the dye has penetrated into deeper

| ayer’® of % he Thesytiemofiglagn 1sehesein the iakt pers, the phamper.cing dhquiictpagareas
i ndi cate sl ar I I . 056]:.Rhodam ne 6G

di f fusi o%gﬁﬁ%%rgcglmeﬁs}g{é e?ﬁé&%@ro ggﬁgﬁfilil/s el%)[harﬂgg} glng atic 10
culture results are shown in Figure 12. Diffusion into the tissue

slice using the mcro- needl e perfusion system denonstrates _that {he
dye has penet r@@éast?rﬁpécmg 21 whesein dhg qoatinpgps Tlogyhas s oy rate,subglentially j ¢
cul ture, AY8RENGLELZE Lt??h.hﬁgaﬁﬁgﬂi%%‘r%.edl e perfusion systemis

an

observed to be nore diffuse penetrated deeper than the static
systém [0057] This exanple shows the possibility of utilizing a

m cro- needl e ra 15 fabricated into m crp- needl e chanper, to
per fuse- ok hi dbecvea 2 shitbe st (8 GO BreSS ARGWEEIE S he
penet r at isgbst@tiatly eqiiSalbiiRb @ Behvivd heRoPAatSOPrel@ral static system
thus, denonstrating inprovenent in mass transfer. [0058] All

references cited in this specification are hereby incorporated by

reference d n thei [ i SCUSSI p '
o nt endcd megisyeifl o bl 2 iG] a4 ahs Havl HESlEle0G BRedi b
aut haps aeitinpo adm ssion is made that any reference consti-tutes prior

art relevant to patentability. Applicant reserves the right to

6.  The system of claim 2, further comprising a recirculating system configured for

providing a recirculating flow of the continuous flow.
25 7.  The system of claim 1, further comprising a housing defining the chamber.

8.  The system of ¢laim 7 wherein the housing comprises a polydimethylsiloxane

| (PDMS) membrane and /or a biodegradable polymer.
30 9.  The system of claim 1 wherein the one or more micro-needles are fluidly coupled.

10.  The system of claim 1, further comprising:

a top cover;

12



chal | enge the accuracy and pertinence of the cited references. 11
VWHAT |S CLAIMED IS: 1. A tissue systemconprising: a chanmber for

cont ai ni ng t hea micgsuesdlSp@tion ubhpdisipothe ohk oi hoye wvphesdidspaidne
chanber; an inlet port fluidly coupled to the chanber; and one or
more i cro- nedP®S each conprising a tip end, the tip end being

posi tioned abghdreinhife mthrheRRs %oﬁﬂﬁiiscéa’ﬁf)leg%lé%eﬁﬁ{e thPk&er af®iR vhid!i d
into a portion of the tissue. 10 2. The systemof claim 1 wherein the
i nl et porand wheeeip eedbemberain dortted byuht equpbog of the éop comef, ingjarcentetle portion
pr ovi %e aanglcigt%nuous flow of the fluid through the tissue. 3. The
syst erh of TE1'AT W% wherein the continuous flow has a flow rate
substantially equivalent to an in vivo henodynamc flow rate. 15 4.
The system of claim 2 wherein the continuous flow has a pressure that

i s substldnti altesysigm afgladmtlO; Birther comprising hoewbivana podiopreesBgnred fos.
The syst f glaim?2.wherein the .conti.nuo |l ow.is adjustable .to a
or eden or ihe BsisBe HeRind oGO Bba BN et b m P RO D b ufl
conpri si rtgeaage%@mdﬂul ating systemconfigured for providing a

recircul ating ow of the continuous flow 25 7. The systemof claim
1, fuld her conprising a housing defining the chanber. 8. The system

(POVS) metor anieanao R O AR A o R ol G Fcon,

claim1 vinéfoghbiddegradiisie polymef.e m cro-needles are fluidly coupl ed.

10. The systemof claim1, further conprising: a. top cover; 12 a

m cr o- needl e portion conprising the one or nore mcro-needles; and a
base, 13.

The system of claim 1, wherein the tissue is selected from the group consisting of
15 adrenal, bladder, brain, colon, eye, heart, kidney, liver, lung, ovary, pancreas, prostate,

skin, small intestine, spleen, stomach, testis, thymus, tumor, and uterus tissue.

14.  The system of claim 1, wherein the inlet port, the chamber, and the outlet port are
configured to provide a continuous flow of the fluid through the tissue.

20
15. The system of claim 7, wherein said housing defines a plurality of chambers, each
of the chambers being configured for containing one or more fissues, each of the chambers
comprising one or more outlet ports and one or more inlet ports each of which is fluidly
coupled to the plurality of chambers; and

25 wherein one or more micro-needles are associated with each inlet port and chamber,

each of the micro-needles each comprising a tip end and a base end, the tip-end being
positioned about the associated inlet port and configured for injecting a fluid into a

portion of the one or more tissues.
30 16 The system of claim 10, wherein said one or more micro-needles each further

comprise a base end and wherein said chamber is defined by the top cover, the micro-

needle portion and the base.

13



wherein the mcro-needle portion is coupled between the top cover and
t he base and wherein the chanber is fornmed by the coupling of the
top coverl7.m cAediaRidfHepRsihi afissue con@irled ®yhasembdr] the ha@hsl/congiristlg
claim 10, further,  conprising a_menbrane portjon canfigured for .

hol di ng tiREcting fuid pio pREHBR ol Beveei wherpodhe Heidasinmpretsidiough a micro-
m cro- neegl.geportion and the base portion. 10 12. The system of
claiml wherein the one or nore mcro-needles conprises silicon
and/ or a bi odegradabl e polyner. 13. The systemof claim1l, wherein

the tissug is .selecte r.om roup cansi stin f adrenal ,

bl addeh - B ot ABHOS LR Ko drihel ebramaping fovak Bp i copfirgraly through
pancr eas,thphesikate, skin, small intestine, spleen, stonmach, testis,
thymus, tunor, and uterus tissue. 14. The systemof claim1, wherein
the inlet port, the chanber, and the outlet port are configured to
provi de ont4.nuoQ | of e fluid through the tjssue, 20 15. The
system O?IQCCI ai%eﬁéﬁﬂ%f’gﬁm5%’%%&%8“8‘8??‘?%5“%% @Piﬁﬂ-y of
chanbers, each of the chanbers being configured for containing one

or nore tissues, each of the chanbers conprising one or nore outl et
por t sllandbne Bre methed piglaim powheremdbe tisfuewha Bveritissyd aniddyherein thepluad is
to the pl. [ f. ers; and 25 wherein one or nore '
m cro- nee e?gh#g%asi‘nsg@ﬁgt ed with each inlet port and chanber, each
of the mcro-needl es each conprising a tip end and a base end, the

ti p-end being _positioned about the associated inlet port and _
conf i gur &d- f orTheapetbed piclainy | {iwhereinthe tissug v selesteddtom Hee gypep ennsigipgof

ti : ; f el ai i '
i or o nedaezab plabge, SE, SOlo ot Haff, Mg YIRE bl Bty G, P,
chanbisr  iskind edilhédedbiviet dpbeeh Opporaaohetestid, eynis; tumornaelditeupdsdueon and

the base. 13 17. A nethod of perfusing a tissue contained by a
chanber, the nmethod conprising injecting a fluid into a portion of

the tissue, WR{shdhdd6r dihitl 7 Wvlerbi 1RE BB it Bh 8XEnReAING{O-

23.  The method of claim 17 wherein the fluid is a nutrient-containing fluid.

20
24.  The method of claim 17 wherein the fluid comprises a predetermined amount of a
factor selected from the group consisting of a growth factor, a differentiation factor, a

metabolite, and a hormone,

25 25.  Themethod of claim 17 wherein the fluid is injected through a plurality of micro-

needles.

26.  The method of claim 25 wherein two or more of the plurality of micro-needles are
fluidly coupled.

30 | |
27.  Themethod of claim 17 wherein the injecting comprises contacting a portion of the
tissue with a micro-needle comprising a tip end positioned about an inlet port fluidly

coupled to the chamber.

14



needle. 5 18. The nethod of claim 17, further conprising flow ng the
fluid continuously through the tissue. 19. The nethod of claim 18,
further conprising recirculating the fluid. 10 20. The net hod of
claim 17 wherein the tissue is a liver tissue and wherein _ the fluid

is injectfed iTheonghed pldemyl”, fartherrempgting ambrddinaihalissHeRreTSr? « he
Ui ssue | obahifeholibian DY MG Gl haghg!  adrenal, bl adder,
| on, eyeg, I dney, |1

brain, c eart, ver, lTung, ovary, pancreas,
prostate, 15 skin, snmall intestine, spleen, stomach, testis, thynus,

tunor,_ a uterus tjssue. . 2 The. net hod.of. cl ai m 1.7 wherein the
ot a5 o B oxanh SRS Filainti7 yReinTEe RETEGHISGHOOLPTH 17 wiher ef n t he
fluid is a nutrient-containing fluid. 20 24. The nethod of claim 17
wherein the fluid conprises a predeterm ned anount of a factor

sel ect ed ¥k omEHsenethodipt dans]’s inther odmariging endapswatingrthe tissue in a
differentiation factor, a netabolite, and a hornone. 25 25. The

net hod of "¢PEPHY'17 wherein the fluid is injected through a plurality
of mcro- needles. 26. The nethod of claim25 wherein two or nore of
the plurality of mcro-needles are fluidly coupled. 30 27. The

met hod of3lel aiThermethprbefedlaint Hi wheeir thermensraps ¢arepriseo apakytinmjhdsiloxane
portion 3§D§§§ éiﬁ@ue with a mcro-needle conprising a tip end
position PB4 et port fluidly coupled to the chanber. 14
28. The nethod of claim 17, further conprising enbedding the tissue
bet ween a _pol ydi net hyl si | oxane (PDV5) nenbrane and a nmenber. 5 29.
The net héd- of Tdieansthadrolplarmel h T GRPEFINg arialdy oabedsdingthe fgsuema

met hod Ofpo‘f}dﬁhgﬁh}léﬂoia%t(f‘ﬁﬁﬂsﬁ%gﬁ%rﬁﬁé?g encapsul ating the tissue in a
menbr ane.
15
33.  The method of claim 19, wherein said method is a method of culturing a tissue, and
wherein the recirculating comprises receiving a tissue-exiting fluid about an outlet port

fluidly coupled to the chamber..
20 34,  The method of claim 17 wherein the chamber comprises a membrane.

35.  Themethod of claim 34 wherein the membrane comprises a biodegradable

material.

25 36.  The method of claim 34 wherein the membrane comprises a polydimethylsiloxane
(PDMS) membrane.,

37.  The method of claim 19 wherein the recirculating comprises receiving a tissue-
exiting fluid about an outlet port fluidly coupled to the chamber.
30

38.  The method of claim 17 wherein the tissue is a previously preserved tissue.

15



10 31. The nethod of claim 30, wherein the nmenbrane conprises a

pol ydi net hyl si | oxane (PDV5) nenbrane. 32. The nethod of claim17,
further QopriBiengethad 61 dily3 ewhaesi tAgpichRutlly psdservied tidsue is a cryopreserved
pol ydi met hyl si | oxane (PDMS) nmenbrane. 15 33. The nethod of clalm 19,
wherei n $¥F%-method is a nethod of culturing a tissue, and wherein
the recirculating conprises receiving a tissue-exiting fluid about an
outlet port fluidly coupled to the chanber.. 20 34. The net hod of

cl ai m 17 4fher élihe mdtkodctfanidiar 1'% erbprdis e8d methedis amethod 5 afldlgzing tuh effeco b
claim_34 wherein t.he nmenbrane copprjses,a bi odegr.adable . material. 25
36 The ARHBROD HETE RS CARE  ChR Do ARG SHEE 0 M Fais Tt Thto &

pol ydi metfavda dfa%&RRue cHEMRes MRIMREBAGnd37. The nethod of claim 19
wherein the recirculating conprises receiving a tissue- exiting fluid

“about an out | ethepein thefthethod furdeupimptises assaging taddtemin@the 3&ectTiidhe

met hod off %I aim 17 wherein the tissue is a previously preserved
tissue. '45°39. The nethod of claim 38 wherein the previ ously
preserved tissue is a cryopreserved tissue. 40. The nethod of claim
17, wherein said nethod is a nmethod of analyzing an effect of 5 a
fact o0 orfla tiBwuecthehefalaimtbyhereimtberfrstor ivgetactidiramathe group epnsistng
injected into a .partion i SsSue _co esﬂthe factor; and

f .th i
wherei . r@nfbofing BRclySch Bheign 3 b BHEC B RABER AT L 27T OT 0 N ¢ ect

of the factor. 10 41. The nethod of claim40 wherein the factor is
selected fromthe group consisting of a conpound, an oxygen tension,
a t enper d2ur e Themertbodeicdaing 4bwhergin thapssayiag Rogpoes SNeHoRTOPD Aabisiithe
the assayjg conprises nicroscopic analysis the tissue.

15
43.  The method of claim 42 wherein the microscopic analysis comprises determining
the presence of signs selected from the group consisting of cellular stress, factor toxicity,

cellular viability, and cellular death.

20 44.  The method of claim 42 wherein the assaying comprises histochemically staining

the tissue.

45.  The method of claim 40 wherein the assaying comprises determining secretion or
metabolism of a biomolecule.

25
46.  The method of claim 40 wherein the assaying comprises determining an expression

or an activation of a protein.

47.  The method of claim 40 wherein the assaying comprises determining an oxygen

30 tension, a temperature, or a shear flow.

48.  The method of claim 40 wherein the assaying comprises determining an

intracellular level of a metabolite.

16



15 43. The nethod of claim42 wherein the m croscopic anal ysis
conprises determning the presence of signs selected fromthe group
consisting of cellular stress, factor toxicity, «cellular viability,

and cel | u] ar ath. 20 44.. T t hod of clai.m 42 wherein the

Rosay: ng b TR HENT PP IURa VST 1§ HeAer SS00M5,  The

met hod of claim40 wherein the assaying conprises determ ning
secretion or netabolismof a bionolecule. 25 46. The nmethod of claim
40 wher ei 3. t helhessefhpdgl daimp?1 whereitethe portion sgmarises@pinmseidon  or an
activation of a protein. 47. The method of claim40 wherein the
assayi'ng conprises determ ning an oxygen 30 tension, a tenperature,

or a sheasl.f| ke h&hod BeclaBt eherkincthabrotdh iveRicRid Trdnh ehedh&BY totdisting
conprises determning an intracellular Ievel of a nmetabolite. 16 49.

The et ho liger dbamin, hea gplaetepidasehandwwyitedhgmae P45S0r ea or anmmoni a.  50.
The nethod of claim 27 wherein the portion conprises a sinusoid. 5
51. The nethod of claimb50 wherein the protein is selected fromthe
group corg) st iTg méethod oN@ined () Hitither cb@besig ragdfesindalsetissaathith one or
cytochronme P450. 52, The nethod of clalm40, further conprising
t r ansiectPfg HuRKIGackSue with one or 10 nore nucleic acids. 53. The
nmet hod of claim40, further conprising infecting the tissue with one
or nore mcrobes. 15 54. The nethod of claim53 wherein the one or
mor e m cridbes Tie methéd ofelsdpes) Entiey comptiga eédediingthd tisug widipne or more
consisting, of a bacteria, a virus, and a yeast. 55. The nethod of
cl aim52 &f-n each of the one or nore nucleic acids is a nucleic
acid i ndependently selected fromthe group consisting of al bum n,
bet a gal act osi dase,

15 54.  Themethod of claim 53 wherein the one or more microbes is each independently

selected from the group consisting of a bacteria, a virus, and a yeast.

55.  Themethod of claim 52 wherein each of the one or more nucleic acids is a nucleic
acid independently selected from the group consisting of albumin, beta galactosidase,

20 cytochrome P450, glutathione-S-transferase, sulfotransferase, and N-acetyltransferase.

58. The method of claim 40 wherein the effect of the factor is selected from the group
- consisting of:
(2) adsorption of the factor or an analyte by at least one cell of the tissue;
25 (b) distribution of the factor or an anlyte in at least one cell of the tissue;
(c) metabolism of the factor or an analyte by at least one cell of the tissue;
(d) permeability of the factor or an analyte to a cell membrane of at least one cell of
fhe tissue;
(e) elimination or secretion of the factor or an analyte by at least one cell of the tissue;
30 and

(f) toxicity of the factor or an analyte on at least one cell of the tissue.

59.  The method of claim 40 wherein the assaying comprises bio-imaging,

17



20 cytochrone P450, gl utathione-S-transferase, sulfotransferase, and
N-acetyltransferase. 58. The nethod of claim40 wherein the effect
of the factor is selected fromthe group consisting of: (a)

adsorption of the factor ar e, by at,least one c of t
S aoue: | Be° phreinehid Bladtn Ap et he pRlr i o e orming 0Bt
one cel l ﬁmxdgwbgissue; (c) netabollsn1of the factor or an anal yte

by at | east one cell of the tissue; (d) perneability of the factor or
an analyte to a ceII menbrane of at |east one cell of the tissue;

one cdl 18 ¢ nbepeBREFULBT bR b8 Bhighe RoRER hrdoinf g™

anal yte qmmﬁmlhﬁaﬁko@me cell of the tissue. 59. The nmethod of claim
40 wherein the assaying conprises bio-imging. 17 60. The nethod of
cl ai m 59 wherein the bio-imging conprises perforning conf oca

m crosco 5 d |.ai 9, Whepel I magi ng
conprlsegﬁberfg%ﬁ?%g&%u %Qﬂlﬁﬁ%P%ﬁuﬁﬁég%ggé%@&k hl;Ijhggnethod of
claim40 wherein the factor is fluorescent- tagged. 10 63. The net hod
of claim 17, wherein said nethod is a_nethod of growing said tissue

cont aifned3py sHiednethedwietlaingly, wheesinaitsethod iz p anethedo ETQWﬂﬂeﬁﬂld tissue
conpri si e tissue wwth a stemcell or progenitor
cell. rbgg ﬁ Hl){dhdﬁgﬂﬂj%ecl aim 64, further conprising providing a
differentlatlon signal to pronote differentiation of the stem cel
met hod of claim 63 wherein the tissue is

or progen'tor el | he
froma pr¥évi o ‘ﬁ?%é‘éﬁ'% @3, Swither comprigng corgultyrmeibe tigue Hithy aaterp cell
wherei n tReQANHO4A! Y preserved tissue is a cryopreserved tissue.

15
65.  The method of claim 64, further comprising providing a differentiation signal to
promote differentiation of the stem cell or progenitor cell.
66. The method of claim 63 wherein the tissue is from a previously preserved tissue.

20

67. The method of claim 66 wherein the previously preserved tissue is a cryopreserved

tissue.

68.  The method of claim 65 wherein the providing comprises adding the differentiation

25 signal to the fluid.
69. The method of claim 63 wherein the fluid is a culture medium.

70.  The method of claim 63 wherein the fluid comprises an effective amount of a

30  growth factor.

71. A kit comprising one or more tissues configured for use in a tissue system

comprising at least one chamber for containing the one or more tissues, one or more outlet

18



68. The nethod of claim65 wherein the providing conprises adding the
differentiation 25 signal to the fluid. 69. The nethod of claim#63
wherein t pms‘ ﬂlmﬂljr dosplad cuthe ut astede dhambéd, ontlve nroeé ndet pofts dualilynedadled to
wherein t ui.d copprises an effective anoynt of a 3Q

rowt h .
factor. 7 e afA eé?ttonEB bet; 3§ BT BroreBigomredersac S?IIFP’@W%EI“PSW (lgtip
in a tiSSUR RYSE BISitHRAEES iRGorRlor AR Inl&HBrts ARTBSTH iRl fﬁpﬁﬁe%hﬂgﬁ‘ﬁmd
the one or nore tissues, one or nore outlét 18 ports fluidly coupled
to the at mt@a@qoron@re@hamepfﬂmmeormm@suw et ports fluidly coupled
to thg at |east one chanber, and one or nore nicro-needl es each
conprising a tip end, the tip end bei ng positioned about the one or
mor e i nl ep2.por The ke it TOuFiRekiA eHe dndjol eldré1fssAed drdicBntaindd By 9418 ofé or
nore portions of the one or nore tissues. 5 72. The kit of cIa|n171
wher ei n t MerehamberspopBeurpd Suase iy widéssuesystanby said one or nore
chanbers configured for use in said tissue system 19
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