Patent Application for Miltilayer Tissue Culture Vessel By WIIliam]J.
Lacey, Mchael S. Shanler and Any W Cai Field of the Invention 100011 The
present invention relates to | aboratory vessels. Mre particularly, the
present invention relates to nultilayer tissue culture vessels. Background
of the Invention [00021 Cells, such as eukaryotic cells, are cultured for a
vari ety of purposes, including basic research and high-throughput
screening. However, culturing ceplgnufeitaidnerile conditions is both

| abori ous and expensive. Thus, there is a need for nore efficient and
cost-effective |aboratory vessels for culturing cells. Sunmary of the

I nvention [00031 The present inventio dlscloses a vessel for culturing
cells which includes: a bottominclu ng a base with an upwardly extending
wal | at |east partially bounghiBvéd Esdesrlteie Viskg bottom a top including a
base with a downwardly extending wall at l|east partially bounding the base
of the top; a tubular neck with an opening defined therein; and, one or nore
shel ves, wherein, each shelf includeg, a base with an upwardly extending
wal | at least partially bounding the base of the shelf. The upwardly
extending wall of a first shelf adjoins the downwardly extending wall of
the top with the first shelf being |ocated jnternediate the bottom and the
top. The base of eadhillm {daceyMichasl hRhaplgr ard AwyW. Gae aperture fornmed
therein. The bottom the top and the one or nore shelves collectively
define an encl osed volune for culturing cells. The tubular neck extends
from t IEelded sled Inwetiori he encl osed vol une being accessible by the opening in

the tub r neck, . Advant ageously, this_vessel provjdes hi ol une cel
cul tur e[%(ﬁ la raniTBF Preses iYeRGolsess t%faﬂvp@mwssalﬁd EGRATH 391“ e theguesepy

CulturHﬂgmﬁgﬁhgmti@QQﬂ&h;QQmMﬁ§§ﬁh§V@%ekhe present invention increase the

total culture area per surface area of the footprint of a culture vesse
The vessels al so increase the percent recovery of cells per surface area of

the fo &int f culture vessel. Thus, the vessels provide nmeans for
ef fici epRS e culture. Such vessels may be used in a nmanual
and/ or [gp¢2pmat ed defis RuéHas eukaryotic cells, are cultured for a variety of purposes, including

basic research and high-throughput screening. However, culturing cells under sterile conditions

is both laborious and expensive. Thus, there is a need for more efficient and cost-effective

laboratory vessels for culturing cells.

Summary of the Invention
[0003] The present invention discloses a vessel for culturing cells which includes: a

bottom including a base with an upwardly extending wall at least partially bounding the base of
the bottom; a top including a base with a downwardly extending wall at least partially bounding
the base of the top; a tubular neck with an opening defined therein; and, one or more shelves,
wherein, each shelf includes a base with an upwardly extending wall at least partially bounding
the base of the shelf. The upwardly extending wall of a first shelf adjoins the downwardly
extending wall of the top with the first shelf being located intermediate the bottom and the top.
The base of each of the shelves having at least one aperture formed therein. The bottom, the top
and the one or more shelves collectively define an enclosed volume for culturing cells. The

tubular neck extends from the vessel with the enclosed volume being accessible by the opening



Exenpl ary enbodi nents include, but are not limted to, vessels which

mai ntain the general footprint of a standard BD Fal con T-175 flask, and are
thus conpatible with automated cell culture systens, such as The Autonation
Partnership's Sel ecTTM and ConpacTTM aut omated cell culture systens. The
vessel s, however, may be expanded or reduced in conparison to the height of
a st andatd thhuiglthecls Usdvaatageoushy, thid skl providéb highaslumd dellpaltiednth atannérhe

stacki ng arrangenent of shelves within the vessel permts the height to be
vari ed tgajemr%aﬁ%ﬁte figiency and spducefrtaacasbe! qulinring pelly: cel | s can be expanded.

[ 0005 (bhafddli €1 G vLAs KRS Blessin AiRheh FLALE FER BRI ERE heurtace are

neni pul"ations require eIS and renove rre ere y 1 ncreasing the

ef fi ci efiche fodtpand dflarcuttgrecessels "Hredreshetsra%sncngas’eltl&pecdmmeeoxfew oftaeils peri nat i on

of the vessel with ch nove . Pr r abl the vessels i cI e an
openi n@ugfeﬁefarwéﬁhq §°1Pélflb%f ar“glftuae ‘ﬁﬁSﬁEtf@SttéeaE% BIOVHIE AR S HOGR 1t he
vessel ﬁ@?&&&ﬁe iRt Sucl 98elt ﬂﬁ?'b@h%dﬁn@rn%hhlca%ﬁ/oi oAl t&Blon, cul ture

t echni que. Exenpl ary enbodi nents may include, but are not limted to,
vessel £xaimplagy embdiimene imichgle; tait srgfroi binged toy vd:saclg @hichmanta® thigqnepét te or

oo b BB TBOBT i G 95 Bl SolftE tud Bommp et O RHA gt et ZRE o (e O

val l's agfue @g@&ﬁs @ﬁcht REMeaRGhaton FAHRESIAD sTRECRIM %scéxﬁ;sac@hﬂ hetb@Ried &amoval
of nedia and el'ls. The vessels' design also distributes liquid (e

medi a, Ophwplymres bliefvesssth, Bawévien niayd@)expandeq priedycedfin comhparispy to the hﬁeht

or oot 1ohd sHOYE0 Dot o Bt EREAY 07175 T P e Ve el RETTY 7

distri tsuélwmvnldu HeN@sseESdtnitg the Height W&Waﬁe@ subhItkat @i fatdita foir Stlkiriagt | on of
nutrients, nutrient consunption rate, cell growmh rate and dissociation

rate atcellheantiepgparedel | harvest ther eby fostering nore wuniformcell growth
and/ or er ent - rall
Such " B PG o) EMRR e el SRk ik the R kB cRladbfi B 0L

of neditafillndd énsseaneia th&ebﬁgﬁfb‘asmgt}g effidiencyp oif m)ltumgme]ﬂsedldfduremﬂng thgr owt h
and di ssoci gti on of, cellz respectlvelh In shaqrt %B, vess l.s of the

pr esenthARg o Goptamtivtion F thevresehyiy mcharoverisay Basfar pgwgféssa dedidetasd wi th
cul turifgnif 1 By wll be
better dgndeggltfggggtt%g%% f]ﬁr %ﬁ Egt?eutgqgce% {L%%aa@?%lgé\nﬁﬁg%sg%lg? efrb Igfgéﬂ'é)?l tion and
acconpaeyd lporitcaypragsces ﬁvn gobd Pelb arlmm fedmigfe. thxemplaguerebodiments may include,

but are not limited to, vessels wherein the opening is sufficiently large for a 10 mL pipette or

even for a 50 mL pipette to access the back wall.

[0006] The vessels’ design also decreases the amount of media as well as cells “hung up”
along the walls and corners of the vessel’s interior and allows for efficient removal of media and
cells. The vessels’ design also distributes liquid (e.g., media, phosphate buffered saline (PBS),
trypsin) efficiently to the different layers of cells thereby decreasing the amount of liquid
required, promoting more even distribution of liquid and promoting more even cell distribution
during seeding. This provides more consistent distribution of nutrients, nutrient consumption
rate, cell growth rate and dissociation rate at the time of cell harvest thereby fostering more
uniform cell growth and/or differentiation as well as a healthier population of cells overall. Such
vessels also provide a great cost savings with respect to the amount of media and dissociation
agent (e.g., trypsin) required for cell growth and dissociation of cells, respectively. In short, the

vessels of the present invention decrease the amount of labor and expense associated with

culturing cells.



[0008] FIG 1 is a perspective view of a vessel forned in accordance with
the subject invention. [0009] FIG 2 is a cross-sectional view taken al ong
line 2-2 of FIG 1. [0010] FIG 3 is a top plan view of the vessel. [0011]
FIG 4 is a cross-sectional viewtaken along Iine 4-4 of FIG 3. [0012]

FIG 5 is a side view of the vessel. [0013] FIG 6 is a perspective view of
a bott qeogrseabl eTheseland beestebijugsiof tHRMevEntiomMwill bOBELR} ulidetstood th®ugh a

Cross- sectlonal view taken along line 7-7 of FIG 6. [0015] FIG 8 is a

per spectidyef thedolloyring detailed deserislion and pecompansiing &ewingivention. [0016] FIG 9
is a cross-sectional view taken along line 9-9 of FIG 8. [0017] FIG 10 is
a cross-sectional viewtaken along line 10-10 of FIG 8. [0018] FIG 11l is a
perspe@!&i@?ﬁmﬁm&fﬁh&ﬁlﬂ&useabl e with the subject invention. [0019] FIG
12 I'S 30(%8?33 Sef"f('}qrﬁgl E&futv@b a%gself%e&‘ﬁlajcgo Zlnce % dr\ 920] FI G
13 is per spective vi e f'orived 1R accor ance Wt e subj ect

i nvent iioventip0021] FIG 14 is a cr oss sectional view taken along line 14-14
of FIG 13. [0022} FIG 15 is aaplierspe t|ve Vj ew Sf %Higelf useable with the
subj ectl09%% ent i oRIG- 2 ip@stgss-yctional gigvsta e’éf(‘:l c26t trating

equi li on of el e for rred in accordance with the

subj ecﬁb(?ltr?i]/entl onf@ jolégifd @F%Ole@f is a schematl c denonstrating pipette
access [0011% vessE€IG.fas aechbss-wectiand oiakataken albnghlinde4 o6BJ@St | nventi on. [ 0025]

FIG 18 _is.a sch C denonstrating layered arrangenent of cell nedia in a
vessel q?@ﬁmd i nﬁg@édﬁaé’rﬁl@é“‘?ﬁ?ﬁh?ﬁ selubj ect invention. [0026] FIG 19 is a
top pl ggors)ew of Fgg. %@hfpeﬁ?@&% QieW d Ho'&@mﬁid@alb?&\&qth heanbje@Nnventi®®27] FIG 20
is a cross-sectional view taken along |ine 20-20 of FIG™ 19. [0028] FIGS. 21

and 22 [80%] enl ar §Ea Vs evwsosefecBenaliviavstakdn along i 7- F@éﬁ%tﬁl vely, of FIG 20.
0029 . 23 4 di ff t f t 3
00501 BNEE 52 B0 08 a DERREN® yieh R don F AR AP, et ikl ' O"°

[0016] FIG. 9 is a cross-sectional view taken along line 9-9 of FIG. 8.

[0017] FIG. 10 is a cross-sectional view taken along line 10-10 of FIG. 8.

[0018] FIG. 11 is a perspective view of a shelf useable with the subject invention.
[0019] FIG. 12 is a cross-sectional view taken along line 12-12 of FIG. 11.

[0020] FIG. 13 is a perspective view of a vessel formed in accordance with the subject
invention.

[0021] FIG. 14 is a cross-sectional view taken along line 14-14 of FIG. 13.

[0022] FIG. 15 is a perspective view of a shelf useable with the subject invention.
[0023] FIG. 16 is a schematic demonstrating equilibration of cell media in a vessel

formed in accordance with the subject invention.

[0024] FIG. 17 is a schematic demonstrating pipette access in a vessel formed in
accordance with the subject invention.

[0025] FIG. 18 is a schematic demonstrating layered arrangement of cell media in a

vessel formed in accordance with the subject invention.

[0026] FIG. 19 is a top plan view of a shelf useable with the subject invention.

[0027] FIG. 20 is a cross-sectional view taken along line 20-20 of FIG. 19.

[0028] FIGS. 21 and 22 are enlarged views of Sections 21 and 22, respectively, of FIG.
20.

[0029] FIGS. 23 and 24 depict different containment wall configurations.



Det ai |l ed Description of the Invention [00311 Wth reference to the Figures,
a vessel 10 for cell culturing is depicted. The vessel 10 nay be utilized
with various cell cultures, as will be appreciated by those skilled in the
art. The vessel 10 generally includes a bottom 12, a top 14, a tubul ar neck
16, having an opening 18 defined therein, and one or nore shelves 20

| ocat eq003w] er medFeGS: A5k depict odaps Ligeabledvitthe butect Idventldie bottom 12, the top
14 and the shelves 20 collectively define an encl osed vol unme 22 for
culturing cells. The tubular neck 16 extends fromthe vessel 10, with the
encl os ible by the opening 18 in the tubul ar neck
16. [O 9B eAGtioh Bt Q[ﬂ&&ﬁﬁﬁ ally tray-shaped with a base 24 from which
upwar di[g031¢xt end¥Vich mﬁréncaﬁo IhIaiFognra;t a besadtl();fe:rcteilla:lultwﬂgm dejsictetheThase 24.
Preferably, the II,2 f the b i etricall 331
Dependi“igrebH PRS bowd IZQS Wi é’§PP‘éSoFe .cz 1%, 25 Hal 5%@% cwf@ﬁm W@Seoﬁl“%ﬂr“éqﬁf t he
shel vesy 4 %&Eﬂall? i udEOLLARRI £ tB}g' 4 %ﬂﬁﬁlbﬁﬁécfefl«s tHﬁ@m@Qﬁ loy&sing0, the
greater the ce I culturing capacity of’ the vessel limts Tn gas
f1 ow ari@ difis¢d thinein, eml orexr @ssé steles 26 lovated mtemtedlatajt«hs ibom:tn lEatnd)dremt s

utilizi or four of the shelves oned

quant i tllqgéllh\é\ﬁ? lg’tt["? fopdd. an%illﬂrf ]fveﬁﬁg @ﬁ%tﬁ? Lol e@‘ﬂ?@&gf’ﬁf}ietﬁa@ shaped
havi ng R1asecellS Thd Iﬁbul@r MRk 16 3QtcRA FBRA HHRD HRIVEY, %Ih thbsﬁ&égé@%mﬁle@tz | east
partial |y bound the base 28. Preferably, the wall 30 fully perinmetrically

bounds be ab%sblzgwftbﬁrommg 18fin thedulstiaringels 1€0. In addi t| on, at least one

PR L TSR B b B SRR A RSB ES oo,

gas- t r aReAiss val 26 pidhlit BastPartand b@uﬂds@Mé RB€24. UPRferabl théwalllze fillysed furt her
bel ow, the gas-flow apertures 32a permt gas transm ssion through the

shel vedonndsshe hase 24 ppamericalljas f | ow t hr oughout the vessel 10. The flow
apertur 2b ma V, I into
the vedditio oo beBe e Bibrpbeile i B ALLAISE, bndWhdte t 3R 3RARkS
suppor t20l rﬁaiyelie&ltﬂlfzed HEhevgen@l thd Quanditydstithewhelvey 20, hile: dredtéahe il auldrihfie shel ves
20. Although it is p{eferred to utiligze QW% g perture arrangenent for each
of t he “prstity@Ethsyessgl 141w ta linyisyn gasefloy 4)0 SIFEUHI, ¥ GEUV S B BALHOISF ¢ he

shel V_e%eépedwn% tmnfz gmt—x%& o P ReisRSes z%far& idib s @qo%%'vano@ d

equi li bration. han two apertures 32 may be utiliz
or bot muefititiels maIyllvn(utlhmds Hath gfithe shcdves 20 ssgamarap trapghapeid Iha‘ang @haselm with

21[ e;e: élg\gzgtw %xéé q.}%%\?g}%gleg @%ﬁ{@oagbeg?tﬁaragtﬁl l?f bgt%nad t%g gase@% Pre era etrhteur e 32b

wall 30 fully perimetrically bounds the base 28 for each of the shelves 20. In addition, at least

one aperture 32 is formed through the base 28 of each of the shelves 20. Preferably, each of the
shelves 20 includes at least two apertures 32, a gas-transmission aperture 32a and a flow aperture
32b. As discussed further below, the gas-flow apertures 32a permit gas transmission through the
shelves 20 so as to permit gas flow throughout the vessel 10. The flow apertures 32b may be
provided for equilibrating cell media disposed into the vessel 10 so as to distribute the cell media
between the various support layers of the vessel 10 as defined by the bottom 12 and the shelves
20. Although it is preferred to utilize a two-aperture arrangement for each of the shelves 20, a
single aperture 32 may be provided for each of the shelves 20 which may perform both functions
of gas transmission and equilibration. Further, more than two apertures 32 may be utilized for
one or both of the functions of gas transmission and equilibration. It is preferred that the gas-

transmission aperture 32a and the flow aperture 32b of a respective shelf 20 be spaced apart.



[ 00341 The top 14 has a generally inverted tray-shape with a base 34 and a
wall 36 which extends downwardly therefromto at |east partially bound the
base 34. Preferably, the tubular neck 16 is fornmed integrally with the top
14 so as to extend therefrom Alternatively, an opening may be fornmed in

the top 14, with the tubular neck 16 being forned as a separate conponent

whi ch i[eozalqec ur ed The tdphidl HaO p gdrbral Bl iRgerfed frak B WiCHBdsq B4 and WeNIIBS Whidi on or
adhesi ve. is further possible to forman opening which extends fromthe

top 14 eéﬁra sqlﬁ%lw@mermtw lqapiepartighly|bouad the bass IdnFreferahly, thﬁttthu&arr neck 16
I's a“ P%lst&%le‘aﬁﬁt@ &@th'ﬂ% t‘bﬁﬁﬁb‘?& oMkt réfﬁonﬁT.EXh R&Rl 'aHBfr)]&ﬂg

(|nclu ei ng C|rc or sem -circular and may for me
const anﬁa}da“e forraed 1attlheetopr10fwﬂtlethalndmgarmbcd< 16ebeirighfoated dsen stepdu‘aieaompemdnt 16 (e.qg.,
a portion of the opening 18 may be elliptical

nd_a portion na
sem ci'Yhel isseciresig thedap A& HEipg Ayt Krion® (e HiALr Suﬁﬂe%fuf'@)l or peftseRs. %ltﬁ% bot t om
N pd P S0 @ﬁﬂ afP[')g&?ﬂfeWHEh EREn R R &t% 11 P4 it RBBE Fhotdbffihe St acked
fashlon so as to collecti formthe vessel 10. Preferably, the conmponents
ar e f orslreides 29 to avHidhetherobhlas heak 16Es attachéd. ViFlieaipeniag ¢ 8 mptht inkbiuéarwec¢khl G thay cel | s

i nt Pol ystyrene may b utili.ze eci ated by those
Qi 1 1o dpeieiintind it Rloltgt e ThbuIa on i S AT by b fpPmed B GG AURR ALY 1oy e
for med \&ih%}é profild}166k he 1dgih dfltheerutmat decR'16 g@g 0§ E&ltl()ﬁ’ oBthe o g'g 18 mh{be
addition, various portions of the bottom e top 14, and the shel ves 20

may be ehtepdictli aad agortiongndyed ssui- cm@hrcalmhhmbegtb@rf ﬂmtnbtdmpk l@ons. For

exanpl e or I ents ma plied one Qqr.nore

porti oﬁg t he gﬁ??% Eﬁ)% @’Ptlggn‘iﬂn ?fd%%rf {ﬁ% bﬁlg?i/ieooarﬁﬁrm}%%f i ng, but
not | iskck&ifatiBon o asa¥ bolaealdly far Bl Esked, 100 Prefeab9N@B tompdiRheQte fosteh as

| am nin, fibronectin, and_ collagen, in any conbination. In addition, or

al t er natfiavkarpoplastistmatetial whisdris sompajibisewisly heicelds offpigrests M)@b@@iem B so be
pre-t r%%& AU RS gﬁﬂ%ﬁt&i' %H&e%k’i:l }e&’gﬁhé Eﬁaotth@?%ztté}[ es E@u H%&’."flﬁé zation.

As wi || "be appreci at se SKi Inthe a vari ous eat nent s
or rmdicbn@aﬁemwm@/fonbai clsgptinted oo |b1utst1mp0f£nottﬁéd @S, antter)utlh hidigeh,dependi ng

i nt ended t 00361 The, bot the t 4 th h| 20
e ad) ORAEPOET OF HettioPe2ebr oFold, 3hd T ahissbaney RBoHAR oM Sohe ¢ op
14 is %@h&éﬂﬁﬂcéé&nﬁlﬁ%om 1J)ns?’q~'of’£xarnJ e, DRELS mglg(yl(ﬂsgtzﬁq%@rgb AGEBL a f&dtt(he top

14. of the shelves are | ocated I nterne otoml and the top
14. Achaoenmre;ﬂnehmsof 2 bartemali2y toe gell4 mdédraw&dlvbmmumiuchngj batihadi ned with

t he wal,l .30 of the ﬁv\fe st acked shel f .20 9,8 oln%tothe |gher

st acked ™ 4idde é‘HteXE‘Pﬁ? appalriy, or OMACHFA'Y Hefegh, S& Bi ?fh’d‘lftg‘ fHEcEhan

adj acenbliiRnt RenPebhbithidch, MAldiHS %@hlke&ﬁlvu}esﬁmata &Pk Pe Sipted. ?ﬁt if a
plurality of the shelves 20 is utilized, t he vva% 26 of the bottom 12

bei ng a;g]'f@ﬂeﬁ arytalsotblg gre-treated, such as with tissue- culture treatment or plasma polymerization.

As will be appreciated by those skilled in the art, these various treatments or modifications may
be used in various combinations and utilized depending on intended objectives.

[0036] The bottom 12, the top 14 and the shelves 20 are adjoined to form the vessel 10.
In particular, the wall 36 of the top 14 is adjoined to the wall 30 of the shelf 20 located adjacent
to the top 14. All of the shelves 20 are located intermediate the bottom 12 and the top 14.
Adjacent shelves 20 are arranged in stacked fashion and adjoined with the wall 30 of the lower
stacked shelf 20 being adjoined to the higher stacked adjacent shelf 20. The bottom 12 is
adjoined to the shelf 20 adjacent to the bottom 12, which shall be the lowest stacked shelf 20 if a
plurality of the shelves 20 is utilized, with the wall 26 of the bottom 12 being adjoined to the
adjacent shelf 20. Any known technique, such as fusion (e.g., by ultrasonic welding), adhesion,

and/or mechanical interconnections (e.g., interlocking tongue and groove) may be utilized in any



adj acent shelf 20. Any known techni que, such as fusion (e.g., by ultrasonic
wel di ng), adhesion, and/or nechanical interconnections (e.g., interlocking
t ongue and groove) nay be utilized in any 5 conbination, so as to provide
liquid-tight seals at the interfaces thereof. Sealing nenbers, such as
gaskets, may be interposed between adjacent conponents, such as between the

top 14 cambiniatién, sads @q&@\tldé;r@iiﬂ-tigﬁl sedlb et e fttatacodthercbfil Seatiyg Memblrossaoh so as
to be gas perrreabl e, but %w d jnperneable. In_addition, one or npore

vent ed 3 gaskpligaaghe w&ypq;sedb Weetrdjsceptromponentimsuch asbreveen dis tam 144w B one or

nore ofyg ggeg‘p ]Jggﬁggb PERuge 39 may
be prOV|%Bﬁu§%§%¥$Zn§%%§é%g§&g%§£ n%?é%%g)tﬁ%bv nte openlngsu37 [ 0037]
The botitnpemitablet readditpn]dncaorandre eerﬁédabpmmgﬁ 07 may bb orsied éul theibbhiomd2j thas

shapes to vi de different ce areas faor, cell .culturing. Accor |ngly,
the vedel4 Q@?me BEmpE ORah ERS 201 4 a3 Brmedhl /DAY RECraReD B iertr 0 shapes,

such_agyg fo ASNARBRSend SorHIONE of uokd\F the hi@Ropeniflbi 7.nat fvel y, the vessel

10 may have 'a rectangul ar shape, or be tforned of oTher polygonal or other
shapes.[0R7f er ablThe bd)tlmen V2 gketop 19 and tlestielses20f mayshe ered vaigh ‘famoneshap@s tsuppor t

t he vessel. i n u ion ere t hel ve al i
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| ocation on the vessel fromthe opening 18 of the tubular neck 16. The
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and t hensBagMedsiBbn whegRRsdheked 20 areRd ﬁdaelpk\a . PHis is2Bpreferred Qtatelfort t om 12 and
t he top 14, respectively, define port| ons of e exterjor surface of the

vessel lqasling qefouaia tpachigyd eaueibsajion) mrapreéwably,ttm grspend 38 isderatclat at he f 1 ow

t f
oper L U ot Roifod BFALSHhc T RO oL i 001 Bt BsmeneT
with thﬂay\m:%mit surface @8 b lorgs Ofpdlﬂitewfrndh&bllamﬂe@&zﬁhdnere@&ﬂlg sutfadé.a C may pass
through the flow Eil<§rtures 32b and achi eve djvj vol u )

Vi, V2, V3..
in an BQW i br ad 8BSt 2.5k (RedA apthers ?lf’?ﬁﬁolfItht vegeef Se—ghe'z‘(?)al}ﬁrﬁ the top
14. Frog H‘S’f BV I R ftop H%B(?thetsﬂévé’s%sﬁés é’cﬂvélz a%ﬁlfﬁee%sésongs BF dced

hori zont a resting on tom 12, as sho e divi ded
anount sboﬁbmtlﬁemddieltopruiuespébtanebf t¢fus proaumsdf the esprieasirface ofSthe vésseldlipporti ng

o | S e b8 ST P S Ao, L0

bet weenyroximity to the first end 38. In this manner, as shown in FIG. 16, with cell media C bemg
disposed in the vessel 10, and with the vessel 10 resting on the first end 38, the cell media C may
pass through the flow apertures 32b and achieve divided volumes (Vi, V3, V3...) in an
equilibrated state between the bottom 12, the shelves 20 and the top 14. From the equilibrated
state, the vessel 10 is caused to be placed horizontally resting on the bottom 12, as shown in FIG.
18. The divided amounts of the cell media C are thus caused to spread across the supporting
underlayer, which may be defined by the bottom 12 or the shelves 20.
[0040] Preferably, the cell media C is caused to equilibrate into eqilal volumes between
the bottom 12, the shelves 20 and the top 14. Equal spacing, such as spacing z, between the
bases 24, 28 and 34 of the bottom 12, the top 14 and the shelves 20, respectively, can cause equal
volumes to be entrapped between the layers, particularly adjacent to the first end 38 of the vessel

10.



the bottom 12, the shelves 20 and the top 14. Equal spacing, such as spacing
z, between the bases 24, 28 and 34 of the bottom 12, the top 14 and the
shel ves 20, respectively, can cause equal volunes to be entrapped between
the layers, particularly adjacent to the first end 38 of the vessel 10. 6
100411 As shown in FIGS. 13-14, the base 34 of the top 14 may be forned

gener al[0o41] pl ananshévauGRIGS. 13704, 0k¢ bast 34 0Dthe [PopPBL iney Be foemsd géeealljase 34 of
the top 14 may have portions t her eof spaced fromthe base 28 of the

adj acerp!angh@mgh@tgffe@%mt smirplmﬁt@ ageead ithipase 3hohie b Idseay hav@opipgss 28 of
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Preferably, the distance y is equal to the spacing z set between each adjacent pairs of the shelves
20 and between the bottom 12 and the adjacent shelf 20. It is further preferred that the second
portion 44 have a predetermined length L extending from the first end 38 which is equal to or
greater than the length necessary to accommodate the target equilibrated volume. In this manner,
as shown in FIG. 16, with the cell media C being equilibrated, the second portion 44 extends
coextensively with or beyond the height of the cell media C (as equilibrated as volumes V, Vs,
Vs...). It is preferred to have the height of the cell media C be below the third portion 46 in the
equilibrated state. Height of the cell media C above the second portion 44 and into contact with
the third portion 46 may result in uneven volumes resulting from equilibration. With the
arrangement of the first, second and third portions 42, 44, 46, good pipette access may be
provided to the first end 38, which includes access to the volume adjacent to the second portion

44 in proximity to the first end 38, with the pipette passing through the greater height area

adjacent to the first portion 42. This arrangement also permits for equal volumes to be



V3...). It is preferred to have the height of the cell nedia C be below the
third portion 46 in the equilibrated state. Height of the cell nedia C
above the second portion 44 and into contact with the third portion 46 may
result in uneven volunes resulting fromequilibration. Wth the arrangenent
of the first, second and third portions 42, 44, 46, good pi pette access may
be pr equilibgtddbetwinlthe GiriogdyaS, Thbfigharndwetadgmriate @3 544 @ay beeachl unme

adj acent to the second portion 44 in proximty to the first end 38, with
the pi demed flshand may baireanged inraraicbalthopghethgrqonfipwationsdp-ge aruatehate he fir st
portioqwé@h This arrangenment also permts for equal volunes to be 7
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pr oxi macgess thetdefoopasirng 18 defined in the tubular neck 16. The gas fl ow
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linear registration so as to define a gas flow channel 40 inside the enclosed volume 22.
Preferably, the gas flow channel 40 extends into proximity to the opening 18 defined in the
tubular neck 16. The gas flow channel 40, by extending through the shelves 20, permits gas flow
to reach various portions of the enclosed volume 22.
[0046] As discussed above, and shown in FIG. 18, in a cell culturing use state, the vessel
10 is disposed to rest on the bottom 12. In this position, the cell media C, due to its liquid nature,
is disposed across the face of the base 24, 28 of the corresponding bottom 12 or shelf 20. With
respect to the bottom 12, the wall 26 provides fluid containment in maintaining the cell media C
atop the base 24. With respect to the shelves 20, to provide containment in preventing the cell
media C from passing through any of the apertures 32 (32a, 32b), a containment wall 50 may be
disposed along the edge of each of the apertures 32 to act as a levee. Preferably, the height of the
walls 30 of the shelves 20 is greater than the height of the containment walls 50. In this manner,

an open space can be maintained above each layer of the cell media C between the shelves 20.



to reach various portions of the enclosed volune 22. 100461 As di scussed
above, and shown in FIG 18, in a cell culturing use state, the vessel 10
is disposed to rest on the bottom12. In this position, the cell nedia C
due to its liquid nature, is disposed across the face of the base 24, 28 of
the correspondi ng bottom 12 or shelf 20. Wth respect to the bottom 12, the
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to the contai n apertures
ar cuat eiimosqmleﬁong etdgesttherecibﬂnaddltrmtas wmw@nmsm Ings and sHholseaperend2 edges
thereof. In addition,_.as sho inMGS 11, 15 and 19, the fg@ertures 32 my
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of 32a fgRYedas extend across a portion of a side edge 52 of the shelves 20 (FIGS. 11 and 15) or be

formed to extend along the full length of the side edge 52 of the shelves 20 (FIG. 19).

[0049] The containment walls 50 may be provided with other anti-wicking features such
as being angularly disposed relative to the base 28 of the respective shelf 20 (FIG. 21); being
provided with arcuate cross-sections (FIG. 23); and/or, include non-smooth surfaces 53 facing
away from the corresponding aperture 32. The non-smooth surface 53, as shown in FIGS. 20-24,
may include various surface interruptions or protrusions, such as bumps, dimples, roughened
areas, striations, and the like. The anti-wicking features are intended to disrupt capillary
attraction. In addition, or alternatively, the containment walls 50 may be made or prepared to
have hydrophobic portions to repel the cell media C. For example, free edges 54, at which the
containment walls 50 terminate, may be prepared to be hydrophobic. Other portions of the
containment walls 50 may be likewise treated. To further enhance this effect, portions of the

bases 28 of the shelves 20 may be formed hydrophilic so as to enhance the retentiveness of the



formed to extend across a portion of a side edge 52 of the shelves 20 (FIGS.
11 and 15) or be forned to extend along the full length of the side edge 52
of the shelves 20 (FIG 19). [0049] The contai nnent walls 50 may be provided
with other anti-w cking features such as being angularly disposed relative
to the base 28 of the respective shelf 20 (FIG 21); being provided with
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provide lateral stability in a stacked configuration. It is noted that the wall 36 of the top 14,
particularly by protruding from the base 34, may be configured to primarily bear the weight of
the upper-stacked vessel 10. Instability issues due to the existence of the recess 48 may thus be
avoided.

[0052] The bases 28 of the shelves 20 are preferably formed to be flat. Alternatively, the
bases 28 may be formed with a rippled, wavy, or other configuration to increase surface area.
With any configuration, it is preferred that the layers of the cell media C supported by the
shelves 20 be disposed to be parallel with the vessel 10 resting on the bottom 12. The base 24 of
the bottom 12 may be likewise configured to be rippled, wavy or otherwise formed to have
increased surface area. With any configuration, it is preferred that the layer of the cell media C
supported by the bottom 12 be parallel to the other layers of the cell media C.

[0053] The vessel 10 may be provided as an assembly with a corresponding cap 58

formed to mount onto the tubular neck 16 so as to seal the opening 18. Any known arrangement
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of the | ower-stacked vessel 10. To enhance stability, a bead 56 may be
defined on the exterior surface of the bottom 12. Correspondi ngly, the wall
36 of the top 14 may be forned to slightly protrude fromthe base 34. The
wal |l 36 may be fornmed to nestingly receive the bead 56 to provide |ateral
stability in a stacked configuration. It is noted that the wall 36 of the

top 14, for pemmittifgimdtntihgbsuchaoh Midionditf ihepfeidnce-Hg sigeaitd ofByyoher mauntingur ed to
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[ 0054] Onveugsilibiated, the 5683kl 100s hdjusted tolpadn tikebdtiofSt2 witldthd@elfddia Guf f i ci ent
amount of the cell  nedia Cis introduced into the enclosed volune 22 via
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may be stacked during incubation.
[0055] To extract the cell media C for exchange or cell harvesting purposes, the vessel 10
may be set upon the first end 38. A pipette, or other extraction device, may be introduced to
extract the cell media C from adjacent the first end 38. This permits thorough removal. The
pipette may be introduced into the enclosed volume 22 in between the top 14 and the adjacent
shelf 20 to access the volume adjacent to the first end 38 for extraction. Under negative
pressure, the cell media C may be caused to be drawn through the flow apertures 32b to the
volume adjacent the top 14 for extraction therefrom. Alternatively, the cell media C may be
caused to be poured through the opening 18. Trypsin, or other disassociation agents, may be

utilized to release cells for harvest.
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di vi ded vol unes of the cell nedia C corresponding to the bottom 12 and each
of the shelves 20. Once equilibrated, the vessel 10 is adjusted to rest on
the bottom 12 with the cell nedia C dispersing across the bottom 12 and
each of the shelves 20. The cap 58 may be nounted to the tubular neck 16 to
seal the opening 18. Thereafter, the vessel 10 may be placed in an
i ncubatWhat is Edtimeddgisportation, it is preferred that the vessel 10 be held
upright with the cell nmedia C being accunulated in the encl osed vol une 22
adjacent to the first end 38. A plurality of the vessels 10 may be stacked
ﬂuringlincup@%£gmﬁn%g ks & éﬁﬁﬁgthe cell media C for exchange or cel
arvesting purposes, the vesse 0O ™y be set upon the first end 38. A
pi pette, or abbtien imhidizgd basa wah\enepwardy exsending waltlatdesdt pastialgxbauading tlee cel |
medi a g fr W%gg{acent the first end 38. This permts thorough renoval. The
pi pett aﬁﬁﬁt %% oduced into the encl osed vol une 22 in between the top 14
and the adj 3¢&ncludiglafbadlwiiiPa 86T RS dly & n@ing Wal1af 1 AG Ak bbisiind het end 38
for extraction. Under negative pressure, the cell nedia C may be caused to
be dr awmsetditiatgh; t he fl ow apertures 32b to the volunme adjacent the top 14

for extracti herefrom Alternatively,.the cell nmedia C nmaybe caused to
be pour ed tﬁ%%ﬁ%ﬁn?ﬁﬁw Qﬁﬂﬁ@n¥§gh?ﬁﬁ$éﬁﬁ¥a%¥ ot her disassoci ation agents,
may be utibhg6tnbR sha@l&asRhGRf mchainghdayesith ad dpWiialy dxfen@ingiwiBitht lcast 1. A
vessel for culturin cells conprising: a bottomincluding a base with an
upwardm?ﬂ@ﬂYbﬂdNﬁgtgabmwafﬂméhdﬂ partially bounding the base of the bottom
a top inclugh@%hg base with a downwardly extending wall at |east partially
boundi ng t he ase of the top; a tubular neck with an opening defined
therein; and, theepwirdkendingwatiof adaRhahef the bacotlbroghévdsadpimither an
upwar dl y extendi&g wal | at least partially bounding the base of the shelf,
wherein, t HewapsEboexjendingayadl ofghedep of a first shelf of the one or nore
shel ves adj oi n ] t op, the first shelf
bei ng | ocat ed ?ﬁ?ﬁ%ﬁ%ﬂ?Qgggkﬁé&%g%%%%?%ﬁ%h¥ﬁ%&Pg%@Iﬂgu%’

the base of each of the shelves having at least one aperture formed therein, and

wherein,
the bottom, the top and the one or more shelves collectively defining an enclosed
volume for culturing cells, the tubular neck extending from the vessel, the enclosed

volume being accessible by the opening in the tubular neck.

2. The vessel of Claim 1, wherein the at least one shelf includes a second shelf, the second
shelf being located intermediate the bottom and the first shelf, the wall of the bottom adjoining
the second shelf.

3. The vessel of Claim 2, wherein the vessel has a first end, a first volume being defined
between the top and the first shelf extending a predetermined length from the first end, a second
volume being defined between the bottom and the second shelf extending the predetermined

length from the first end, the first and second volumes being substantially equal.

4. The vessel of Claim 3, wherein the opening is aligned to permit pipette access to the first

volume in proximity to the first end of the vessel.
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t he base of each of the shelves having at |east one aperture forned therein,
and wherein, the bottom the top and the one or nore shelves collectively
defining an enclosed volunme for culturing cells, the tubular neck extending
fromthe vessel, the enclosed volunme being accessible by the opening in the
tubul ar neck. 2. The vessel of Caim1, wherein the at |east one shelf
includes a Steebgelsdf@ldim 3, RehefE O NOw apbrlrt idfoime ineaet etthé sHebresmbe fifse t he
bottom and the first shelf, the wall of the bottom adjoining the second
shel f . valumgheingigsamnypiceion vith thedjost anerturernf thpelisgtshelieibe seopnd ¥elugfd, a first

ol une i I . : fi et shelf extending a
\p/)r eget eﬂr%ﬁf‘lggg &ﬁéhgl?%l%nﬁglwglOWE’g{&gr?g,ﬂgasgésbglgghﬂﬁ vol une b)(;i ng Lle?i ned

bet ween the bottom and the second shelf extending the predeterm ned |ength
fromthe fir?1 end, the first an}d}pei)eco d vol umes bei ng s,ubstanéi |1y equal .

t
4. The Sessdiheyessel ofiGrm 3, whsren ﬁ@%ﬁ‘éﬁpﬂ ay1gg 3 firsy Retdion §Pas&d Alstpi pet t e

access d;@adch Frogif the base'6® kﬁé%ti sﬁel?,rtf?é(f)e{g} bY the Qoept e él alr %E?ﬁ%r@(tnl gﬁa&dvaes sel . 12

5. The vesse Clarm 3, erein a flow apertur orme each of the
shel vesgcdanddistance fromvtbé biase ob gierfgstishelf olmafinsi distancerbeiigtdnedtdrahdnl thoweaped t ur e of
the first shelf, the second volume being in communication with the flow
aper t ur®Yet he second shelf. 6. The vessel of Claim 3, wherein the base of
the top having a first portion spaced a first distance fromthe base of the
first shelf, the base of the top having a second portion spaced a second

di st ance fr dietvbsselod<€daiof 6, twherdin thstoperting fs,alighesl tb ipemnit plipsttcaarcess hethadirgr eat er
than the, second .dis ancg,. 7. T{uﬁ vesael of Caim®6, wherein the opening is
al i gned’opgnep]grpﬁ?xtlmﬁ?'ﬁ)%w it ERLRLMe ¥SSFe first volume in proximity to the
first end of the vessel. 8. The vessel of Caim®6, wherein the second

portion extends fromthe first end of the vessel the predeterni ned |ength.
9. The &essdhegtsse] ofiGlrig 6, wrhsrein theserong peviopfexiends frop thenisiand of thervighsel

portion, ext i en, and joining, the first and second portions of
t he baggeérfg{lgljéﬁ%gﬁegg} . The vessel of Caim9, wherein the first and second

portions of the base of the top are disposed to be generally parallel.
9. The vessel of Claim 6, wherein the base of the top includes a third portion extending

between, and joining, the first and second portions of the base of the top.

10.  The vessel of Claim 9, wherein the first and second portions of the base of the top are

disposed to be generally parallel.
11.  The vessel of Claim 10, wherein the third portion is generally flat and disposed at an
angle relative to a plane defined by the second portion of the base, the angle being in the range of

about 10 — 90 degrees.

12.  The vessel of Claim 11, wherein the angle is in the range of about 10 — 30 degrees.
13.  The vessel of Claim 11, wherein the angle is about 20 degrees.

14.  The vessel of Claim 6, wherein the tubular neck extends from the top.

15.  The vessel of Claim 1, wherein the top further includes at least one vented opening.
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11. The vessel of Caim 10, wherein the third portion is generally flat and
di sposed at an angle relative to a plane defined by the second portion of
the base, the angle being in the range of about 10 - 90 degrees. 12. The
vessel of Claim1l, wherein the angle is in the range of about 10 - 30
degrees. 13. The vessel of Caim1l1l, wherein the angle is about 20 degrees.
14. TheaeyesJat vessel Gf DdtmbL5, WhereRi digds pernidablel riembiasdex@onide BetesslithOMridie t op.
15. The vessel of Claim1l, wherein the top further includes at |east one
vent ed %BplERAg-ng. 13 16. The vessel of C aim 15, wherein a gas perneable
menbr ane extends across the vented opening. 17. The vessel of Caim1l,
wherein the opening in the tubular neck is elliptical or sem - circular for
at | eadt7. a [Thevessel oG It vhetetniht bp&fing inehd tubulasneckécdliptiddl orldemivessel of
Claim1, wherein the tubul ar neck extends _along_ a |ongitudinal axis, the

| ongi t SHPHA onkleashaporgon plops thedength afthe ALk pegkat i ve to a pl ane defined by
the base of the first shelf, the angle being in the range of about O
degrees - 90 degrees. 19. The vessel of C aim 18, wherein the angle is about
0 degrd@s. TAevesttlof Cizimel, whitrefi the by nedkerxednds tloeg ahupgaudisalaksuthe 90
degrees. .21. The vessgl of Claim 18, wherein the angle is an.acute angle.
25" Thdongitidion! a5 beyne ppsed g ap angle ’Iﬁ%-t??aﬁ&ﬁ*g%@}eg%yé%‘?‘ﬂ?ﬁP%ﬁF 8 or med | n
each of i ABE JeSSON res of the shelves being in
| i near SP%S?%%?%%:%E%%MC}EH he frgﬁgtg:me Io%)vgc g@r]g;r]éee:d._ 23. The vessel of Channel
22, wherein the gas flow channel extends into proximty to the opening

defi nec{ in Ll?le tu u'fﬁfl .neck. .24, ‘kll'he \fessgl E)deI aim 22, wherein a flow
aperturd: i s H5VHSH of Flamchy, Shereindhe pralq s aboytddesteed,y aperture for each of

t he shel ves being spaced fromthe gas-transm ssion aperture of the
respective shelf 25. The vessel of Caim1, wherein each shelf includes a
cont ai ?ent Thavessebaf édaiinnk$, wherskrtie yndle srabowidOslggrees.t he cont ai nment wal |
defined along at |east a portion of an aperture. 26. The vessel of Caim
25, wherein the containnent wall is bowed al ong an arcuate | ongitudi nal

axis. 21.  The vessel of Claim 18, wherein the angle is an acute angle.

22.  The vessel of Claim 1, wherein a gas-transmission aperture is formed in each of the
shelves, the gas-transmission apertures of the shelves being in linear registration to define a gas

flow channel.

23.  The vessel of Channel 22, wherein the gas flow channel extends into proximity to the
opening defined in the tubular neck.

24.  The vessel of Claim 22, wherein a flow aperture is formed in each of the shelves, the
flow aperture for each of the shelves being spaced from the gas-transmission aperture of the

respective shelf.

25.  The vessel of Claim 1, wherein each shelf includes a containment wall extending

upwardly from the base, the containment wall defined along at least a portion of an aperture.

26.  The vessel of Claim 25, wherein the containment wall is bowed along an arcuate

longitudinal axis.

14



14 27. The vessel of Caim?25, wherein the containment wall is angularly
di sposed relative to the base of the respective shelf. 28. The vessel of
Claim 25, wherein the containnment wall has an arcuate cross-section. 29.
The vessel of O aim 25, wherein the containnent wall includes a non-snooth
surface facing away fromthe respective aperture. 30. The vessel of Claim
25, whearei nThheessemifallarmiem whereln the tontaiamerns vadll ia afigubalyadigg@sed fetative ant ai nment
vvaII bei ng hydr ophobi c ong at least the free edge. 31. The vessel of Caim
whéhedase ebeég"é’“Bng% respective shelf having hydrophilic portions
spaced fromthe containment wall. 32. An assenbly conprising: a vessel
formed in accordance with Claiml; and, a cap forned to nount onto the
t ubul ar28necKhe 8&sel B €lamsEirbhyrenf thCraitamBent webldrae iam atchate caygs-stivent ed.  34.
The assenbly of Claim 32, wherein the cap is not vented. 35. The assenbly of
Claim 32, wherein the cap includes a valve for permtting selective access

to the 29”C| qREJesé@lof '@mm% whBRinAhS 8sHMiMm et v@lﬁh&h@e% .2 nR&LRoth ubBccap
i ncl udes neans for connectlng one or nore tubes.

facing away from the respective aperture.

30. The vessel of Claim 25, wherein the containment wall terminates at a free edge, the

containment wall being hydrophobic along at least the free edge.

31.  The vessel of Claim 30, wherein the base of the respective shelf having hydrophilic

portions spaced from the containment wall.
32. An assembly comprising:
a vessel formed in accordance with Claim 1; and,

a cap formed to mount onto the tubular neck.

33.  The assembly of Claim 32, wherein the cap is vented.
34.  The assembly of Claim 32, wherein the cap is not vented.

35.  The assembly of Claim 32, wherein the cap includes a valve for permitting selective

access to the enclosed volume.

36.  The assembly of Claim 32, wherein the cap includes means for connecting one or more

tubes.
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