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spent medium, replacing the spent medium with fresh medium, and repeating the process until
the desired quantity of desired cells is obtained. Often, the cell composition is moved to other
devices to initiate a new stage of production as the desired cell population increases and
additional growth surface is needed. However, with conventional methods, the rate of population
growth of the desired cells slows as the population of cells upon the growth surface increases.
The end result is that it is very time consuming and complicated to produce a sizable population
of desired cells.

State of the art production methods for generating T lymphocytes with antigen specificity
to Epstein Barr virus (EBV-CTLs) provide an example of production complexity. The
conventional method for optimal expansion of EBV-CTLs uses standard 24-well tissue culture
plates, each well having 2 cm? of surface area for cells to reside upon and the medium volume
restricted to 1 ml/cm® due to gas transfer requirements. The culture process begins by placing a

cell composition comprised of PBMC (peripheral blood mononuclear cells) in the presence of an
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production time and simultaneously reduce production cost and complexity is needed.

We have created novel methods that increase the population growth rate throughout

production, and by so doing, reduce the complexity and time needed to produce cells.

SUMMARY
It has been discovered that the production of cells for cell therapy can occur in a shorter
time period and in a more economical manner than is currently possible by using a staged
production process that allows unconventional conditions to periodically be re-established
throughout the production process. The unconventional conditions include reduced surface
density (i.e. cells/cm®) of desired cells, novel ratios of desired cells to antigen presenting and/or
feeder cells, and/or use of growth surfaces comprised of gas permeable material with increased

medium volume to surface area ratios.



Enbodi nents of this invention relate to inproved nethods of culturing cells
for cell therapy applications. They include nethods that reduce the tineg,
cost, andwoanplei88y needed to generate a desired nunbercofusdasiosesdl cel | s
by use of various novel nethods that allow the desired cell population to
mai ntain a higher gromh rate throughout the production process relative to
conventi onal mnethods. One aspect of the present invention relies on
conducting the culture process in stagss and establishing conditions at the
onset of one or nore stages that aIIowthe te of the d S|red ceII
popul at i on tEnRedERets WLQP s firvegtien &i#te yo JBRY ﬁ?énet 5| fatupAg °§'§

cul tur gpergfida Jﬁll@itﬁ)&@bflié NRAGdeYméthbds tﬁatredalct- St dirAk,tdosd, me&mhlsle;af;snetea@tto

i ncl ude the deésired s resti ng ei t her on non-gas perneable or

o oy odbirSLNUes! S st utet sy ol el Sl thg dasiedat an
t
dosi r oo app Mgy afthoi 3 gD, PEERTRE ARERM: g PRAAr FERE NS Per

i nvent IoOﬂventlbmldﬁﬁhd’ded cel | popul ation can experi ence nore doublings in a

hor t d of t th | t t hods, t.hereb
7 educt ng”  hOTResel BRI PRSP DR GATIE S SO SIS AT Fy RS EERA

I nvent ieg@blihingeSorANiche Nl URd bhdtt b @né W tridre sPigeS @R allbwSthageswaiNfite of the
establishing conditions at the onset of one or nore stages such that the

gr owt h degited ¢sfl Rapulagienite excesd whap isprirgptly Rossibbe esledsh o€ istage qf cuifre.and
possi b l fe bl d@e@ﬁg ‘ﬂn@ %]ﬁﬂ'%l‘ﬁtil &)llllldh h§ thaf“i}g: d,m'eetpfla@ﬁleﬁ c@ﬁ??ésﬁngkﬁher on
?’n r¥ desired ce

est abl i ns t I nclude t s resting on gr om

sur f acmoowpmmdbbfor@ menm&i)gmwﬂaslafacas atauncgneantivealtyi lmasurfactndgmsltwedl um
vol une t row h surfac ti usi f

b o acBRar S photniehibE ERE T oh el Ping SR D AR o2 LSFERY Refice

nmor e d@ibldingtheindvél cwitddigéntPer thcsohspéct of R ihVaifion srhaldbsamciempopmm@mamonal

nmet hods, thereby reducing. the duration of producti not her aspect
of the cFPUBER Mors doNhlings inep shertes petiosh ofl imerfhan h'éow by F‘é“"ﬁf‘%‘?f@% gethedst ages

and esttggggys@uwnﬁ&@%;dngggfBlfodgaﬁ,g stage such that the growth rate of the
pop

desired cel ation exceeds what is currently possible. At |east one
stage of culAnether aspedt qfrth¢ presdsit ynviention selied dn canduethigi thhrcilhire processamstiagdsons

t hat include t edes red S St n ol e fgas
per rreabalng “Hare h T confhtlt?ﬁ%%ﬁ\}lgn rﬂsgnglqng ?ow sgt\r,\%ace e%gﬁ ygr?) .a% gf ﬁ's/ cn)
with ameslmawvrlepﬁpumlah gxaddde vaifat ambmrmﬂymoeﬁelll Andeasebhe stagndf oultu‘readﬂr

cells) pe esi red eI I he p esen ngonventi onal | i di um
vol une AF er@g %ré’u‘? E&b Hons st atBSPCIL‘}g‘F A RFP Tetting "rr%r%?%“’%‘s

this asp@sde Bnptib& éf}é@ g&ﬂ]ﬁabletnmi‘emﬁﬂ Jn%gn\féﬁhbna‘]’l?Qﬁ’élﬁhb&ﬂm%lhn%@%&é@t’ﬂce
WO 2011/ 072088PCT/ USZ2010/ 059591 -4- nore doublings 1n a shorter period of

tinme thsafaeaicertips iy usieg Hedwvel dnahedimenty efbihisr asgert jof ghe inserdignathe dasiesd
product el rf)opt'ﬁ@!uﬁl: cBEQS%ETJe%m@F doﬁbﬁlw\g NaRer period of time than is allowed by

conventional methods, thereby reducing the duration of production.

Another aspect of the present invention relies on conducting the culture process in stages
and establishing conditions of each stage such that the growth rate of the desired cell population
exceeds what is currently possible. At least one stage of culture, and preferably nearly all,
establish initial conditions that include the desired cells resting on growth surfaces comprised of
gas permeable material at unconventionally low surface density (i.e. cells’em®) with an
unconventional ratio of antigen presenting cells (and/or feeder cells) per desired cell and in the
presence of unconventionally high medium volume to growth surface area ratios. By using the

novel embodiments of this aspect of the invention, the desired cell population can experience
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Figure 1C the rate of population growth of antigen-specific T-cells diminishes over a 23
day period in Example 1.

Figure 2 shows a table that illustrates the discrepancy between the potential expansion
and observed fold expansion of antigen-specific T-cells in Example 1.

Figure 3A shows the presence of antigen-specific T-cells following stimulations in
Example 2.

Figure 3B shows the expansion of a population of antigen-specific T-cells as surface
densities diminish from 1x10%cm? to 3.1x10*cm’ while maintaining an antigen-specific T-cell
to antigen presenting cell ratio of 4:1 in Example 2.

Figure 3C shows the expansion of a population of antigen-specific T-cells as surface
densities diminish from 1x10%cm?® to 3.1x10*cm® while in the presence of a fixed number of
antigen presenting cells in Example 2.

Figure 4 shows an example of results obtained when continuing the work described in
Figure 3, which further demonstrated that when desired cells need the support of other cells,
unconventionally low desired cell surface density can initiate population expansion so long as
desired cells are in the presence of an adequate supply of feeder and/or antigen presenting cells.

Figure 5 shows a histogram demonstrating the ability to repeat the magnitude of the
population expansion of desired cells by initiating culture at three differing cell surface densities

(CTL/cm?).
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I nvention in conp vent | onal as determ ned Annexi n- P
7AAD. Flgure 7B shows that for Example 5, cell viability was significantly higher in antigen-

specific T cells produced in accordance with the present invention in comparison to conventional
methods as determined by flow cytometric forward vs. side scatter analysis.

Figure 7C shows that for Example 5, cell viability was significantly higher in antigen-
specific t cells produced in accordance with the present invention in comparison to conventional
methods as determined by Annexin-PI 7AAD.

Figure 7D showed that for Example 5, the superior growth of cells produced in the novel
methods of the present invention exhibited the same cell specific growth rate as cell cultured
using conventional methods as determined by daily flow cytometric analysis of CFSE labeled
cells, confirming that the increased rate of cell expansion resulted from decreased cell death.

Figure 8A shows how EVB-CTLs were able to expand beyond what was possible in
conventional methods without need to exchange medium.

Figure 8B shows how the culture condition of Example 6 did not modify the final cell
product as evaluated by Q-PCR for EBER.

Figure 8C shows how the culture condition of Example 6 did not modify the final cell
product as evaluated by Q-PCR for B cell marker CD20.

Figure 9 shows an illustrative example in which we experimentally demonstrated that a
very low cumulative surface density of desired cells and antigen presenting cells (in this case
AL-CTLs and LCLs cells combining to create a cell composition with a surface density of
30,000 cells/cm?) was unable to initiate outgrowth of the AL-CTL population.

Figure 10A presents data of Example 8 that show how two novel methods of culturing
cells produce more cells over a 23 day period than a conventional method.

Figure 10B shows a photograph of cells cultured in a test fixture in Example 8.

Figure 10C shows that in Example 8, the two novel methods of culture and the
conventional method all produce cells with the same phenotype.

Figure 10D shows that for Example 8, a representative culture in which T-cells
stimulated with EBV peptide epitopes from LMP1, LMP2, BZLF1 and EBNA1 of EBV and



Figure 7D showed that for Exanple 5, the superior growth of cells produced
I n the novel nethods of the present invention exhibited the sane cell
speci fi c woautin7e@w8e as cell cultured using conventi onalPCRaSh@do5%591
determ ned by daily flow cytonetric analysis of CFSE | abel ed cells,
confirmng that the increased rate of cell expansion resulted from
decreased cell death. Fi gure 8A shows how EVB-CTLs were able to
expand beyond what was possible in comentional nethods without need to
exchange medi um Fi gure 8B shows how the cul ture condition of Exanple
6 a1 ARG YL A2 PO PER SRS UG S (A U, RS s  PoRER

Fi guresé{éi@p@_\%]lg)ow the culture condition of Exanple 6 did not nodify the
final cell product as evaluated by Q PCR for B cell marker CD20.

Fi gure 9 shdtguradOEshews that foy theawugtphesheds an thetroprensiopa matigsk of| Hxpmple 8,
denonstrat ed. t hat very. low cumul ati yve. f . | | S
and antclelzseﬁna'ﬁlﬁ%geéin Flﬁgcygoémcsac?&nwtaﬁ{i $ }ggcé@%i{yA%ﬁé? ﬂg(ﬁ]g{rl]téyq_ggﬁss g?ﬁ'Pgﬂcg’ﬁ I ni ng
t o creabw killisebdt the BIpOishiacheVEBV -BCE us Eeateatetetysi Cyretdas8®sH80 cel | s/ cn)
was unable to initiate outgrowth of the - CTL .popul at i on. .Figure 10A
presents datfi8Wye ltﬁg‘?ﬁﬂq P EBPRIFATCRIEG R AH B WEPr ‘Ffu"’r%t“l’iﬁd;%e"dﬂ"pﬁlﬁf‘?‘hg’? fg
celI's REQGHGE AR RIEShE SorR¥Riond] %3nfRYasRBMpARd td)ashutationRY PitbioRdEtheMet hod.

Fi gure "10B shows a photograph of cells cultured in a test fixture in

Exanpl alegred cell typejugimgeng @gpestiike pragent inyertioanpl e 8, the two novel net hods
of culture gg j i 1:h .

phenot ype.  Hikureyl? sERDYGEHARR o1} AApRLe ACAANEE il sl b gRATR

cul t ur suifacevdoinghisdd cBgdsspesitabld abedalaridarE@\¢opeptioddlyelpigh apdsini volumeNP1,

LMP2, BZ
W2, gré‘vﬁ% sgrr}gce%?m%tig Ley%lr%}{ laorr]q ml/em?.

Figure 13 shows a graphical representation of a novel method of expansion of a desired
cell population on a growth surface under the conventional scenario as compared to population
expansion of the desired cell type under one embodiment of the present invention in which the
cell surface density at the completion of is much greater than conventional surface density.

Figure 14 shows another novel method of cell production that provides yet further
advantages over conventional methods.

Figure 15 shows a comparison of each production method depicted in Figure 14 to
demonstrate the power of the novel method and why it is useful to adjust the production protocol
at various stages to fully capture the efficiency.

Figure 16 shows an example of how one could adjust the production protocol in the

novel method to gain efficiency as production progresses.

DETAILED DESCRIPTION
Definitions
Antigen presenting cells (APC): Cells that act to trigger the desired cells to respond to a
particular antigen.
CTL: Cytotoxic T cell
Desired cells: The specific type of cell that that the production process aims to expand in
quantity. Generally the desired cells are non-adherent and examples includie regulatory T cells

(Treg), natural killer cells (NK), tumor infiltrating lymphocytes (TIL), primary T lymphocytes
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cell pr odu_ct i on t ] hat provides yet further .a vant ?es over conventi onal
met hodEBV-CTL: A T-cell that specifically recognized EB V-intected cells or cells expressing or

presenting EBV-derived peptides through its T cell surface receptor.

EBV-LCL: Epstein Barr virus transformed B lymphoblastoid cell line.

Feeder cells: Cells that act to cause the desired cells to expand in quantity. Antigen presenting

cells can also act as feeder cells in some circumstances.

Growth surface: The area within a culture device upon which cells rest.

PBMCs: Peripheral Blood Mononuclear Cells derived from peripheral blood, which are a source

of some of the desired cells and which can act as feeder cells.

Responder (R): A cell that will react to a stimulator cell.

Static cell culture: A method of culturing cells in medium that is not stirred or mixed except for

occasions when the culture device is moved from location to location for routine handling and/or

when cells are periodically fed with fresh medium and the like. In general, medium in static

culture is typically in a quiescent state. This invention is directed to static cell culture methods.

Stimulated: The effect that antigen presenting and/or feeder cells have on the desired cells.

Stimulator (S): A cell that will influence a responder cell.

Surface density: The quantity of cells per unit area of the surface within the device upon which

the cells rest.

In attempting to find novel methods to simplify the production of a desired population of
cells for adoptive T cell therapy, a series of experiments were conducted that have that opened
the door to more efficient culture of cells for cell therapy applications. Numerous illustrative
examples and various aspects of the present invention are described to indicate how the ability to
reduce production time and complexity relative to conventional methods can be achieved.

EXAMPLE 1: Demonstration of limitations of conventional methods.



Figure 15 shows a conparison of each production nethod depicted in Figure
14 to denonstrate the power of the novel nethod and why it is useful to
adj ust t woppoduaeds8on protocol at various stages to ful PgTaspinsssvhe
efficiency. Figure 16 shows an exanple of how one coul d adjust the
production protocol in the novel method to gain efficiency as production
progresses. DETAI LED DESCRI PTI ON Definitions Antigen presenting cells
(APC): Cells that act to trigger the eksired cells to respond to a
particul ar % ti 0X

o cel 1 ¢ haitht AR GFES GiesmRle deBin et BE SR P Rl quire quapitiry te' P

Gener al kddubm @IﬁEBwedquhlssanam mwaa@faﬁfe&mtu@nﬁla@g@@lzean% sutrraéelaeea per
regulator T cells e natural killer cells % t unor |nf|Itrat|ng
g wgwye eig

| ynphod¥etl gsnggqauyedqgm, f |2y1ﬁ-bﬁgc\5ygl,l3§1 e. medium tat 1.0 cm and a medium
volume to surface area ratio of Iml/cm?).

Stage 1 of culture, day 0: The expansion of an EBV-CTL population was initiated by culturing
a cell composition of PBMCs from normal donors (about 1x10° cells/ml) with antigen presenting
gamma-irradiated (40 Gy) autologous EBV-LCLs at a 40:1 ratio (PBMC:LCLs) and a medium
volume to growth surface ratio of 1 ml/cm® thereby establishing a cell composition surface
density of about 1x10° cells/cm” in RPMI 1640 supplemented with 45% Click medium (Irvine
Scientific, Santa Ana, CA), with 2 mM GlutaMAX-I, and 10% FBS.

Stage 2 of culture, day 9-16: On day 9, EBV-CTLs were harvested from the cell composition
created in Stage 1, resuspended in fresh medium at a surface density of 0.5x10° EBV-CTL/cm?
and re-stimulated with irradiated autologous EBV-LCLs at a ratio 4:1 CTL:LCL (surface density
0.5x10° CTL/ecm?*:1.25x10° LCL/cm?). On day 13, 1 ml of the 2 ml medium volume in each well
of the 24-well plates was removed and replaced with 1 ml of fresh medium containing

recombinant human IL-2 (IL-2) (50 U/mL) (Proleukin; Chiron, Emeryville, CA)

Stage 3 of culture, day 17-23: The conditions of Stage 2 were repeated with twice weekly
addition of IL-2 and the culture was terminated on day 23. Although the culture was terminated,

it could have been continued with additional culture stages that mimicked that of stages 2 and 3.

Cell lines and tumor cells for use as target cells in Cytotoxicity assays: BJAB (a B cell
lymphoma) and K562 (a chronic erythroid leukemia) were obtained from the American Type
Culture Collection (ATCC, Rockville, MD, USA). All cells were maintained in culture with
RPMI 1640 medium (GIBCO-BRL, Gaithersburg, MD) containing 10% heat-inactivated fetal
calf serum (FCS), 2 mM L-glutamine, 25 IU/mL penicillin, and 25 mg/mL streptomycin (all
from BioWhittaker, Walkersville, MD). Cells were maintained in a humidified atmosphere

containing 5% CO, at 37°C.



WO 2011/ 072088PCT/ US2010/ 059591 -7- and a wide variety of antigen specific
cells, and many others (all of which can also be genetically nodified to

| mprove twei2n1fareas8i on, i n-vivo persistence or safety). PCalusgowmssmr ed for
clinical use can be expanded with feeder cells and/or antigen presenting
cells that can include PBMC, PHA blast, OKT3 T, B blast, LCLs and K562,
(natural or genetically nodified to express and anti gen and/ or epitope as
wel |l as co-stinmulatory nol ecul es such-&s 41BBL, 0X40, CD80, CD86, HLA, and
many others) which may or may not be pulsed with peptide or other relevant
ant i geﬂg’m‘EBP eRMXPWEN Barr Virus EBV-CTL: A T-cell that specifi caI |y

recogni zed EBV-infected cel I ar cells pr pres nti n erived
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cause the desired cell's to expand in ntlapﬁsgresentl ng cells can

al so aentibligse@dAbs)clel €B3i ﬁ%@%l@@ﬁﬁm@@h@e@D6@,o O CRUSRATHD 2k ea
wi thin (ﬁ)ﬁlﬂléﬁﬁf éﬁﬂl Cﬁoﬂpﬁgctmb%}n%&lll(i/[c(u%tc‘atln View, CA, USA). PE-conjugated

tetramers (Baylor College of Medicine) and APC-conjugated pentamers (Proimmune Litd,
Oxford, UK), were used to quantify EBV-CTL precursor frequencies. For cell surface and
pentamer staining 10,000 and 100,000 live events, respectively, were acquired on a
FACSCalibur flow cytometer and the data analyzed using Cell Quest software (Becton

Dickinson).

CFSE labeling to measure cell division: To assess the doubling rate of 2 x 10’ PBMC or EBV-
specific CTLs (EBV-CTLs) were washed twice and resuspended in 850ul 1x phosphate-buffered
saline (PBS) containing 0.1% Fetal Bovine Serum (FBS) (Sigma-Aldrich). Prior to staining, an
aliquot of carboxy-fluorescein diacetate, succinimidyl ester (CFSE) (10mM in dimethyl
sulfoxide) (Celltrace™ CFSE cell proliferation kit (C34554) Invitrogen) was thawed, diluted
1:1000 with 1x PBS and 150ul of the dilution was added to the cell suspension (labeling
concentration was 1uM). Cells were incubated with CFSE for 10 minutes at room temperature.
Subsequently 1ml FBS was added to the cell suspension followed by a 10 minute incubation at
37°C. Afterwards cells were washed twice with 1x PBS, counted, and stimulated with antigen as

described.

AnnexinV-7-AAD staining: To determine the percentage of apoptotic and necrotic cells in our
cultures we performed Annexin-7-AAD staining as per manufacturers’ instructions (BD
Pharmingen™ #559763, San Diego, CA). Briefly, EBV-CTL from the 24-well plates or the G-
Rex were washed with cold PBS, resuspended in 1X Binding Buffer at a concentration of 1x10°
cells/ml, stained with Annexin V-PE and 7-AAD for 15 minutes at RT (25°C) in the dark.

Following the incubation the cells were analyzed immediately by flow cytometry.



PBMCs: Peri pheral Bl ood Mononucl ear Cells derived from peripheral bl ood,
whi ch are a source of sone of the desired cells and which can act as feeder
cells. Respanden72@8R): A cell that will react to a stinulParars2eelobesott ati c
cell culture: A nmethod of culturing cells in nediumthat is not stirred or
m xed except for occasions when the culture device is noved fromlocation
to location for routine handling and/or when cells are periodically fed
with fresh nediumand the like. In geh@ral, nediumin static culture is
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cells for cell therapy applicatisgns., Nunerous illustrative exanpl es .and
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nmet hods can be achi eved. EXAMPLE 1: Denonstration of limtations of
conventPWYsI SRePARSQEs coupgs) o0l 072088PCT/ US2010/ 059591

Enzyme-Linked Immunospot (ELIspot) assay: ELIspot analysis was used to quantify the
frequency and function of T cells that secreted IFNy in response antigen stimulation. CTL lines
expanded in 24 well plates or in the G-Rex were stimulated with irradiated LCL (40Gy) or
LMPI1, LMP2, BZLF1 and EBNA1 pepmixes (diluted to 1pg/ml) (JPT Technologies GmbH,
Berlin, Germany), or EBV peptidess HLA-A2 GLCTLVAML=GLC, HLA-A2
CLGGLLTMV=CLG, HLA-A2-FLYALALLL = FLY, and HLA-A29 ILLARLFLY=ILL
(Genemed Synthesis, Inc. San Antonio, Texas), diluted to a final concentration of 2uM, and
CTLs alone served as a negative controls. CTLs were resuspended at 1x10%ml in ELIspot
medium [(RPMI 1640 (Hyclone, Logan, UT) supplemented with 5% Human Serum (Valley
Biomedical, Inc., Winchester, Virginia) and 2-mM L-glutamine (GlutaMAX-I, Invitrogen,
Carlsbad, CA)].

Ninety-six-well filtration plates (MultiScreen, #MAHAS4510, Millipore, Bedford, MA) were
coated with 10pg/mL anti-IFN-y an tibody (Catcher-mAB91-DIK, Mabtech, Cincinnati, OH)
overnight at 4°C, then washed and blocked with ELIspot medium for 1 hour at 37°C. Responder
and stimulator cells were incubated on the plates for 20 hours, then the plates were washed and
incubated with the secondary biotin conjugated anti-IFN-y monoclonal antibody (Detector-mAB
(7-B6-1-Biotin), Mabtech) followed by incubation with Avidin:biotinylated horseradish
peroxidase complex (Vectastain Elite ABC Kit (Standard), #PK6100, Vector Laboratories,
Burlingame, CA) and then developed with AEC substrate (Sigma, St. Louis, MO). Each culture
condition was run in triplicate. Plates were sent for evaluation to Zellnet Consulting, New York,

NY. Spot-forming units (SFC) and input cell numbers were plotted.
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culture nethods for the production of EBV-CTL in standard 24 well tissue
cul ture pvates/q72ese. 2 cnR surface area per well) usingPaTmSAN0EF9501 une of
2 m per well (i.e. nmediumheight at 1.0 cmand a nmedi um vol unme to surface
area ratio of Im/cnR). Stage 1 of culture, day 0: The expansion of an
EBV- CTL popul ation was initiated by culturing a cell conposition of PBMCs
from normal donors (about 1x106 cellsflhil) with antigen presenting
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and a ’Efi'sﬁ'ﬁ?a\/ﬂ’ﬂ%és't% Yrawek asrg PrEEUeq 28 msaps 11§]IR1 ?té’ﬁ‘?‘ttsﬂeﬁegb‘yas fet t

est abl igeRimiie I Sthlistic ARG TiEdn6d of ditfermCesdidwédnysafiplesPaidt P kxdDGas aldeple@n? i n
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CA), wias indicating epignidivat-differgig- 1006 FBS. Stage 2 of culture, day 9-16: On
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addi ti Qgy @fhd kréﬁ!ile"ﬁ of My bdablfi® Mathst ﬁwtmt@ﬁiarﬁas,d@m?a;m A khpasadodone

culture s term nal ed, It co_ul d have .been conti nued wth additional
cul t ur eng 04d¥s resheativaiyniAfikealsinglastimblagomge day0,dnyoda3.9 e flequanne of wirdmennor

cells for..use as t et, cells..in t X1.Git : B [0

Fy ooy s iRl e fpeftaf yid iRt e BRPUBOSTRRA R T2 e
Aer i caespdativelyCUliusy @ [B3kfokE athd N 26 A3KdCincieasK wn Ithee pefdBhtagdSAS .anfibén-spetiis wer e
mai ntained in culture with RPM 1640 lﬁedl um (G BCO-BRL,, Gai t her ur@ﬂ(ND)
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(approximately 1.1x10° cells/cm® were present). Since the majority of cells within the PBMC
composition are not specific for the stimulating antigens, little overall increase in total cell
number is observed, but the fold expansion of the antigen-specific cell population within the
composition was around 280 during the first stage of culture, as shown in Figure 1C.
Unfortunately, although the number of cell doublings was the same during the second and third
stages of culture as measured by CSFE, this rate of antigen-specific T cell expansion was not
sustained during the 2™ or the 3™ stages of culture, being only 5.7 in stage two and 4.3 in stage
three. Figure 2 shows a table that illustrates the discrepancy between the potential expansion and
observed fold expansion of antigen-specific T-cells (n = 3).
Example 1 demonstrates that the amount of time it takes to produce the desired cells is

typically delayed after roughly the first week of production since the rate of population

expansion of the desired cells decreases in subsequent stages of culture.

EXAMPLE 2: Reducing the amount of time needed to increase the desired cell population can
be achieved by reducing the cell surface density of the desired cell population as the onset of any

given stage or stages of culture.
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density of 3.1x10"/cm”, as presented in Figure 3C. Importantly, this modification of the culture

conditions did not change the function or antigen specificity of the cells (data not shown). A

population of activated antigen-specific T cells is therefore capable of greater expansion than
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of time needed to increase the desired cell population can be achi eved by
reducing the cell surface density of the desired cell population as the
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with an unconventionally low desired cell surface density, allowing population expansion,
terminating the stage and repeating conditions was demonstrated to deliver repeatable outcomes.
We continued the assessments described in Example 3 at three of the desired cell surface

densities (CTL/cm®) as shown in Figure 5. Each specific seeding density was able to
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9, theceﬁ’apapumtlynof T-cells are antigen-specific, and although the total

cell density of the conposition is about the sanme, the proliferating cell
density is 50 to 100 fold higher. As a consequence on re-stinulation the
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sur f acgn JenSist¥s of the cell composition varied throughout the experiment as described within.
Medium volume (shown as item 40) unless otherwise indicated was 30 mL, creating a medium

volume to growth surface area ratio of 3 ml/cm®.
Activated EBV-specific CTL and irradiated autologous EBV-LCLs at the conventional
4:1 ratio of CTL:LCL were cultured in G-Rex40 devices. EBV-CTLs were seeded at a surface
density of 5x10° cells/cm® in the G-Rex40 and the rate of EBV-CTL population expansion was
compared with EBV-CTL seeded at the same surface density in a standard 24-well plate with a
medium volume to growth surface area of 1 ml/cm®. After 3 days, as shown in Figure 7A (p =
0.005), the EBV-CTLs in the G-Rex40 had increased from 5x10°/cm® to a median of
7.9x10%cm? (range 5.7 to 8.1x10%cm?®) without any medium exchange. In contrast, EBV-CTLs



Thus, conventional culture conditions were limting, indicating the nedium
volunme to gromh surface area ratio needs to increase beyond the

convent i oweal2o/arkgsesn? to all ow the desired cell popul at iPom/useomwysIbeyond
the surface density Iimts of conventional nethods. Additionally, inproved
expansi on of antigen-specific CIL to about 34-fold can be obtained by
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desi r e¢h gRl G-RRAPLsAE RN24-well plates, T-cells were labeled with CFSE on day 0 and divided
between a G-Rex40 device with a 40 ml medium volume and a 24 well plate with each well at a
2 ml medium volume. Daily flow cytometric analysis demonstrated no differences in the number
of cell divisions from day 1 to day 3. From day 3 onwards, however, the population of desired
cells cultured in the G-Rex40 continued to increase at a rate that exceeded the diminishing rate of
the 2 ml wells, indicating that the culture conditions had become limiting as shown in Figure

7D. Thus, the large population of desired cells in the G-Rex40 test fixtures resulted from a

combination of decreased cell death and sustained proliferation relative to conventional methods.

EXAMPLE 6: By use of unconventionally high ratios of medium volume to growth surface area
and use of growth surfaces comprised of gas permeable material, the need to feed culture during
production can be reduced while simultaneously obtaining unconventionally high desired cell

surface density.



EXAMPLE 5: Culturing desired cells on a gromh surface that is conprised of
gas perneable material while sinultaneously increasing the nediumvolune to
growt h suwbaoes/ge@a rati o i ncreases the nunber of tinespPaTdsséwesseel |
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adequate number of feeder and/or antigen specific cells. When feeder cells are in short supply,



To determine if there was also a contribution froman increased nunber of
cell divisions in the GRex versus the 24-wel| plates, T-cells were | abel ed
wi t h CFSBvoroday2@dsand di vi ded bet ween a G Rex40 devi ceParius2@04893501 nmedi um
volume and a 24 well plate with each well at a 2 m nediumvolune. Daily
flow cytonetric anal ysis denonstrated no differences in the nunber of cell
divisions fromday 1 to day 3. Fromday 3 onwards, however, the popul ation
of desired cells cultured in the G RexAO continued to increase at a rate
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reducing their surface density to bel ow 0.5x106 cells/cn2 is recommended.
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Four days 500 m - final concentration) was added WD

2011/ 0 0OLHRCTPOSHOA DLing TIMBH ecllB(96.7£1.7 vs. 92.845.6; G-Rex vs. 24-well), which were
predominantly CD8+ (62.2% + 38.3 vs. 75% = 21.7). Evaluation of the activation markers CD25
and CD27, and the memory markers CD45RO, CD45RA, and CD62L, demonstrated no
substantive differences between EBV-CTLs expanded under each culture condition. The antigen
specificity was also unaffected by the culture conditions, as measured by ELIspot and pentamer
analysis. Figure 10D shows a representative culture in which T-cells stimulated with EBV
peptide epitopes from LMP1, LMP2, BZLF1 and EBNAI and stained with HLA-A2-LMP2
peptide pentamers staining showed similar frequencies of peptide-specific T-cells. Further, the
expanded cells maintained their cytolytic activity and specificity and killed autologous EBV-
LCL (62% + 12 vs. 57% + 8 at a 20:1 E:T ratio; G-Rex vs. 24-well plate), with low killing of the
HLA mismatched EBV-LCL (15% + 5 vs. 12% % 7 20:1 ratio) as evaluated by >'Cr release

assays as shown in Figure 10E.



directly to the culture, as was 200 ml of fresh nedium bringing nmedi um
volunme to surface area ratio to 4 m/cnR2. On day 16, the cells were

har vest eawarrdiiaoerssed. The nedi an surface density of CTPRETaist@neINas

6. 5x106 per cnR (range 2.4x106 to 3.5x107). Conpared to conventi onal
protocols, the use of growth surfaces conprised of gas perneable materi al
all ows increased nediumvolune to surface area ratios (i.e. greater than 1
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antigen. Unconventionally Low Initial Surface Density: One aspect of
the present invention is the discovery that production tinme can be reduced
relative to conventional nethods by the use of |ower desired cell surface
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WO 2011/ 072088PCT/ US2010/ 059591 -20- cells at the onset of a production
stage is less than conventional surface density. In order to nake the
advant agesoabittiizssnovel net hod the focus, this expl anafConsdaessasot
describe the process of initially obtaining the desired cell popul ation.
The 'Day" of culture starts at "0" to allow skilled artisans to nore easily
determ ne the relative tinme advantages of this novel nethod. In this
exanpl e, each production cycle of the2@onventional method begins at a
conventional surface de SI of .0,5x106 desired ce ile each
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as with the conventi onal nethod t he novel nethod delivers nultlfle of
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the tine as_the conventional yjethod (14 days vs. 42 days).

of 0.125x10" cells/cm” (i.e. 32 cm” times O 125x10° célls = 4x10 cells) The cycle, or stage, of

production repeats for another 7 days to Day 14, at which point maximum cell surface density is

again reached, with each of the 32 cm? of growth surface area containing 1.0x10° desired cells to

yield a total of 32x10° cells in just 14 days. Note how at the end of each production cycle, as

with the conventional method, the novel method delivers a multiple of the finishing surface

density divided by the starting surface density. However, by lowering starting cell surface

density and completing each stage of production before cells have entered a growth production



Al t hough we quantified the advantages using a starting surface density of
0.125x106 cells/cn2, skilled artisans should be aware that this exanpl e of
t he presewD 20mvead88on denonstrates that any reducti on beCowsecanwssvi onal
cell surface density will reduce production duration. Furthernore, skilled
artisans will recognize that in this and other novel nethods presented
herein, the rate of cell growth and point at which dimnished cell growth
occurs described is for illustrative-purposes only and the actual rates

will vary .in each applicatiqn based on a w de variety of .condition ch as
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aspect of the present invention is the production tinme reduction resulting
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conventional surface density used in this illustrative exanple may vary
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sur f acdescybadds fardHystiativel purposga onlyeandwlaehdctuah retiesuillt varpinndatle applichtiorhlased owt h

surface is comri.sed pf S _per mgabl e n Lthe.preferred surface.density
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pr ef er abl i mnishing as described in Figure 4, and. )
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feeder cells is preferably at |east about 1.25 x105 cells/cn®. Based

on t hewbstaimpthe parisulae conventignad gyifacgtdeasifyousedrin thig ilestrative example mayesepansi on
of thefrgﬁsaippﬁ&tiﬁﬁw %@ggmogti on does not becone |limted if there is an
o] er

attenp urt uce the surface density of the antigen presenting

cel | s and/ ofhuseederasgeet lo§ the h@tholls 25 thd Pbesert! insémivd. whidn Heledt edletirfo X105
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cells.
deposited upon a growth surface at an unconventionally low cell surface density such that:

a. the desired cells are in the presence of antigen presenting cells and/or feeder cells and
with medium volume to surface area ratio of up to 1 ml/cm” if the growth surface is not
comprised of gas permeable and up to 2 ml/cm? if the growth surface is comprised of gas

permeable, and

b. the preferred surface density conditions at the onset of a production cycle being such that
the target cell surface density is preferably less than 0.5x10° cells/cm® and more

preferably diminishing as described in Figure 4, and



Use of grow h surfaces conprised of gas perneable material and higher
medi um vol unme to growh surface area ratios can sinplify and shorten
producti omO 20n07bes8 aspect of the present invention is Prha/uesooyspy t hat
the use of growh surfaces conprised of gas perneable material and nmedi um
volume to growth surface area ratios that exceed conventional ratios, and
repeated cycl es of production that increase the amount of growth surface
area used over tine wi |l reduce produ224 on duration An illustrative

exanple is nt ed shaw how these co i ons n reduce th
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surface conprised of gas perneable material and an unconventionally high
medi um vol une to growth surface area ratio beyond 1 or 2 ml/cnR. The
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t he onégﬁm%gFﬁfgafﬁéﬁggg agﬁgggggﬁ%ggr%QQMAth desired cells at a surface
density of O. 5x106/cn2 However, the growth surface of in the novel nethod
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type uRefdimibHhe sRerFelf tisS{SBHYY t he present invention in which the surface
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in the conventional nmethod is 1 m/cn2 as opposed to 4 m/cn2 in the novel
met hod. As shown in Figure 13, the desired cell population in the
conventional nmethod begins to diminish in growh rate when it is at a
surface density of about 1.5x106 cells/cnR in about 4 days and reaches a
maxi mum surface density of 2x106 cells/cn2 in 14 days. At that point the
desired cell population is distributed to 4 cn2 of gromh area at a surface
density of 0.5x106/cnR in fresh nediumat 1.0 m/cn2 and the production
cycl e begins again, reaching a surface density of 2x106 cells/cnR2 in

anot her 14 days and delivering 8x106 desired cells in 28



WO 2011/ 072088PCT/ US2010/ 059591 -24- days. By conparison, the desired cel
popul ation in the novel nethod begins to dimnish in growth rate when it is
at a surfwoeodergissy of about 3x106 cells/cnR in roughl yCahisaa100895v0 11
days and coul d reach a maxi num surface density of 4x106 cells/cn2 in 28
days. However, to accel erate production, the cycle ends when the desired
cell population is still in a high rate of growh. Thus, at about 10 to 11
days the 3x106 cells are re-distribut2s to 6 cn? of growm h surface area at
a surfags n of 0.5x106/cnP in fresh ned
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desired cell population on a growth surface under the conventional method as compared to
population expansion of the desired cell type under one novel method of the present invention in
which the surface density of the novel method exceeds surface density of the conventional
method. In order to make this embodiment the focus, this explanation does not describe the
process of obtaining the desired cell population. The ‘Day” of culture starts at “0” to allow
skilled artisans to more easily determine the relative time advantages of this aspect of the
invention. In this example, both cultures are initiated using conventional desired cell surface
density of 0.5x10° cells/cm® at “Day 0”. In this illustrative example, the growth surface of the
conventional method is also comprised of gas permeable material. However, the medium volume
to growth surface ratio in the conventional method is 1 ml/cm® as opposed to 4 ml/cm® in the
novel method. As shown in Figure 13, the desired cell population in the conventional method
begins to diminish in growth rate when it is at a surface density of about 1.5x10° cells/cm?® in
about 4 days and reaches a maximum surface density of 2x10° cells/cm? in 14 days. At that point
the desired cell population is distributed to 4 cm® of growth area at a surface density of
0.5x10%cm’ in fresh medium at 1.0 ml/cm® and the production cycle begins again, reaching a

surface density of 2x10° cells/cm” in another 14 days and delivering 8x10° desired cells in 28
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volume to surface area ratio of at least 2 ml/cm*, and

b. establishing the preferred surface density conditions at the onset of a production cycle
such that the target cell surface density is wit hin the conventional density of about

0.5x10° cells/cmz, and

c. allowing the desired cell population to expand beyond the conventional surface density of

about 2x10° cells/cm?, and

d. if more of the desired cells are wanted, redistributing the desired cells to additional
growth surface comprised of gas permeable material and repeating steps a-d until enough

desired cells are obtained.
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surface density of 0.06x10° cells/cm®, a growth surface area comprised of gas permeable
material, and a medium volume to surface area ratio of 6 ml/cm®. As shown, when the population
is nearing the start of a growth plateau, cells are redistributed to more growth surface area. In this
case, the population is determined to be reaching plateau from noting that plateau is initiated in
the conventional method when cell surface density approaches 1.5 times the medium volume to
surface area ratio (i.e. about 1.5x10° cells/ml). Thus, at a surface density of about 4.5x10°

2

cells/cm? at about 9 days, cells are distributed onto 36 cm® of growth surface area and the

production cycle begins anew.
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nmet hod of producing cells conprising: growi ng desired cells in the
presence WO 2ama7g88- presenting cell s and/ or feeder cel | #Cans$2ewoRosaedi um
volune to surface area ratio of up to 1 m/cnR if the growth surface is not
conprised of gas perneable material and up to 2 m/cn2 if the growth
surface is conprised of gas perneable material; wherein said desired
cells are at a surface density of Ie526than 0.5x106 cells/cn2 at the onset

he- sur 1 acePteane 1 febleitaomiern e Grs Brarsiphaet el Sntprot mridehgr 16aM o ar o
at | ea@itelﬂ@,%'tstaéesz’@ deBRstfed the /peWEr of the novel method, and why it is wise to adjust the
production protocol at various stages to fully capture the efficiency. Note that the novel method
overpowers the conventional method after completing just the second stage of the production
cycle, delivering nearly 1.37 times more cells in only about half the time with just 61% of the
surface area requirement. However, note how the third stage of the production cycle creates a
massive increase in cells and a corresponding increase in surface area. Thus, one should model
the production cycles to anticipate how to adjust the initial cell surface density and/or final cell
surface density throughout each cycle of the process to attain an optimal level of efficiency for
any given process.

As an example, Figure 16 shows an example of how one could alter variables in the
novel method to gain efficiency as production progresses. For example, an increase inthe
starting surface density of cycle 3 from 0.06 to 0.70 cell/cm?® and a change to the final surface
density from 4.5 to 7.5 cells/cm® can be undertaken. Increasing the final surface density is a
matter of increasing the medium volume to surface area ratio beyond the initial 6 ml/cm® to a
greater number. The greater the medium volume to surface area, the longer the cycle remains in
rapid growth phase (i.e. the population expansion prior to plateau). In this case we have allowed
5 extra days to complete the rapid growth phase and raised the medium volume to surface area
ratio to about 8 ml/cm®. So doing, in this example, allows over 3 trillion cells to be produced in
34 days with a reasonable surface area. For example, we have fabricated and tested devices with
about 625 cm” of growth surface comprised of gas permeable material. This is clearly a superior
approach to producing cells than the conventional method.

Thus, another preferred embodiment of the methods of the present invention when there
is a desire to minimize the duration of production for a given quantity of desired cells that reside

within a cell composition by use of reduced cell surface density is now described:

a. seeding the desired cells upon a growth surface area comprised of gas permeable material
and in the presence of antigen presenting cells and/or feeder cells and with medium

volume to surface area ratio of at least 2 ml/cm?, and



WO 2011/072088 PCT/US2010/059591

27-

b. establishing the preferred surface density conditions at the onset of a production cycle
such that the target cell surface density is less than the conventional density, preferably at
between about 0.5x10° desired cells/cm” and about 3900 desired cells/cm’ and total
number of desired cells and antigen presenting cells and/or feeder cells being at least

about 1.25x10° cells/cm?, and

c. allowing the desired cell population to expand beyond the conventional surface density of

about 2x10° cells/cm?, and

d. if more of the desired cells are wanted, redistributing the desired cells to additional
growth surface comprised of gas permeable material and repeating steps a-d until enough

desired cells are obtained.
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WHAT IS CLAIMED IS:

1. An improved method of producing cells comprising:

growing desired cells in the presence of antigen-presenting cells and/or feeder cells and
with medium volume to surface area ratio of up to 1 ml/cm® if the growth surface is not
comprised of gas permeable material and up to 2 ml/cm? if the growth surface is comprised of
gas permeable material;

wherein said desired cells are at a surface density of less than 0.5x10° cells/cm® at the
onset of a production cycle, and the surface density of the desired cells plus the surface density

of the antigen presenting cells and/or feeder cells are at least about 1.25 x10° cells/cm’.



