CELL CULTURE SHAKI NG DEVI CE AND SHAKI NG CULTURE METHOD AS CELL CULTURE
METHOD BACKGROUND OF THE I NVENTION 1. Field of the Invention The present
invention relates to a cell culture shaking device and a shaking culture
method as a cell culture nethod for accelerating culture of cells in a
culture vessel. 2. Description of the Related Art In the related art, the
cell culture of suspension cells used in a cell culture, specifically in an
immune cell therapy is carried out by manual operation in nost cases. For

exanple, the cell culture is carried out by inoculating cells sanpled from
apatient bina thagsrkOsu¥RiAE BRyARE! RREYshhRINEE bt%uhﬁ“ﬂ?'rhbéeﬂst oget her
with a ture nedium storing t sane in a |ncu ator ing out the

fl ask every day fromthe |ncu@g£9rcug@ggﬁvhggﬂbbe culture state (for
exanple, the state of proliferation) wusing a mcroscope or the |like and,
when it is determned that the proliferation or the like is taken place, or
after having el apsed a predetermned tinme period fromthe inocul ation of

t he cel | sppardradtipnert hegrc g Todi umto the flask to allowthe cells to
be cultured (for exanple, to proliferate). Wen acquirenent of a |arge

anount of 1 celfdig1ligs oFesineednidg icel | s may be transferred to a culture bag
fromthe flask and cultured therein. 1 The type of culture perforned in the

flask or the b@age present invention relates to a cell culture

shaking device and a shaking culture method as a cell
culture method for accelerating culture of cells in a
culture vessel.
2. Description of the Related Art

In the related art, the cell culture of suspension
cells used in a cell culture, specifically in an immune
cell therapy is carried out by manual operation in most
cases. For example, the cell culture is carried out by
inoculating cells sampled from a patient in a flask to
which an antibody (inducer)is immobilized together with a
culture medium, storing the same in a incubator, taking
out the flask every day from the incubator, observing the
culture state (for example, the state of proliferation)
using a microscope or the like and, when it is determined
that the proliferation or the like is taken place, or
after having elapsed a predetermined time period from the
inoculation of the cells, and adding the culture medium to
the flask to allow the cells to be cultured (for example,
to proliferate). When acquirement of a large amount of
cells is desired, the cells may be transferred to a

culture bag from the flask and cultured therein.



includes a static culture in which the culture vessel is kept standstil
and a shaking culture carried out, for exanple, by oscillating a platform
or the like for placing the culture vessel. However, in the static culture
of the cells, since the distribution of the cells and the concentration of
cul ture nmedi um conponents are unhonogeneous, the control of the culture
environnent is difficult. In addition, since the oxygen supply capacity is
| ower than the shaking culture, there are sonme problens for inducing the
proliferation of the cells to the maximnum In contrast, in the case of the

shaki ng cul t“rﬁq ﬁﬁe&lfschﬁt\ﬁtur Pk&% aVERsSe henkfaéﬁ' bed, g0 %agu' “”e

surface by 0SCIT ng the cu vesse and ce there i's a robl e

that exten fucwade@yal gelcdamges ot the gslh mRY e sgaulied. SUMRRY OF T

I NVENTI ON I n view of such circunstances as descri bed above, 1t 'I's an object

of the | ”‘k%%"c' QR 2L AR ‘1‘1' ‘l%da C%'h'ak%' tghﬁtﬁ%a'&'a’}‘;h%‘c‘iv' 2ng,a shaking

culture od as a cel cul ture net whi ch are capabl € of inproving a

cul turing rty.,0 1 [ I ti-ng p i galy dapg e
cells, thgﬁﬁﬁgﬁé %ghgggﬁ%é%fﬁg d%s?#%ggpfgh%ngﬁg qgkgﬁd e é%ﬁ%gntratlon

of the cuktur e medi-dmyearpgnents into a honogeneous state to simplify a
control of the culture 2 environnent, and enhances an oxygen supply capacity

to acceleratepbPeyedl tupecgt ther¢el kSiture of the cells, since
the distribution of the cells and the concentration of
culture medium components are unhomogeneous, the control
of the culture environment is difficult. In addition,
since the oxygen supply capacity is lower than the shaking
culture, there are some problems for inducing the
proliferation of the cells to the maximum. In contrast,
in the case of the shaking culture, the cells in the
culture vessel are rolled on a culture surface by
oscillating the culture vessel, and hence there is a
problem that extensive physical damages of the cell may be

resulted.

SUMMARY OF THE INVENTION
In view of such circumstances as described above, it

is an object of the invention to provide a cell culture
shaking device and a shaking culture method as a cell
culture method, which are capable of improving a culturinc
property of cells while preventing physical damages to the
cells, that is, which bring the distribution of cells and
the concentration of the culture medium components into a

homogeneous state to simplify a control of the culture



A cell culture shaking device according to an aspect of the invention
includes a pressing unit for pressing a flexible culture vessel for storing
cul ture suspension having cells inoculated therein repeatedly when
culturing cells in the culture vessel, and is characterized in that the
cul ture suspension in the culture vessel is stirred by being pressed by the
pressing unit. Preferably, the pressing unit includes a plurality of
projections and the projections press the culture vessel. Preferably, the
cells are suspension cells. Preferably, the cells are used for an immune

cel | thegapy rofimeRaki B9 aCUhhune LFBLR0E 3% ea Sobb1gulbyae iRt hed for

culturing cells 1n a flexible culture vessel for storing culture suspension

havi ng cellschnogubated thereire agcendi pgite a second aspect of the
invention includes pressing the culture vessel by a pressing unit

repeatedly anf stirringthbe sHhkuhg auspeasheBorfihheteubhukgpressel for
culturing the cells. Preferably, the cells are suspension cells.

Preferabl yr the gakkstabe usedulels anpraxdiggcehlit ther MesAGPrdi ng to the
first aspect of the invention, the pressing unit presses the flexible

cul ture vesselipfer cugkrengelske 1 W Ue o3USRe RS @M ARG e el | s
inoculated 3 therein repeatedly and stirs the culture suspension in the
culture vessehg kB1okhenowandsed k@ etiestr irdpkia@Rdafy When culturing
cells in the culture vessel, and is characterized in that
the culture suspension in the culture vessel is stirred by
being pressed by the pressing unit.

Preferably, the pressing unit includes a plurality of
projections and the projections press the culture vessel.

Preferably, the cells are suspension cells.

Preferably, the cells are used for an immune cell
therapy.

A shaking culture method as a cell culture method for
culturing cells in a flexible culture vessel for storing
culture suspension having cells inoculated therein
according to a second aspect of the invention includes
pressing the culture vessel by a pressing unit repeatedly
and stirring the culture suspension in the culture vessel
for culturing the cells.

Preferably, the cells are suspension cells.

Preferably, the cells are used for an immune cell
therapy.

According to the first aspect of the invention, the

pressing unit presses the flexible culture vessel for

storing the culture suspension having the cells inoculated



cells and the concentration of the culture nedium conponents are brought
into a honogenate, and hence the control of the culture environnent is
sinplified. Furthernore, the oxygen supply capacity is enhanced, and hence
the proliferation of the cells is accelerated and the efficiency of the
cell culture is inproved. Since the cells are just suspended in the culture
suspension which 1is stirred by being pressed repeatedly by the pressing
unit, the cells are prevented fromgetting damaged physically. BRIEF
DESCRI PTI ON OF THE DRAWNGS Fig. 1 is a drawi ng showi ng a configuration of a
cel | cul LHEE 2RPAEALUS oo WaheN 2 iel Lch%u'cwrtgr%h@l@s@%n@%ncqn aggording to

a first e odlnent the invention is applie I's a perspective

vi ew show-0gtarkngubacer inn Bit@erlivofdg, %hbsd%sQ%ﬁ%QQQEhNQﬁN%%% showi ng
the culture cassette stored in a canistér in a incubator in Fig. 1; Fig. 4

is a pers@%@&bvﬁnﬂ'%W%SG%Wb%%t%a%ﬁth%% bag thayurd @dldiwqre nmedi um cassette

and a cell inoculation cassette in Fig. 3, respectively;, Fig. 5is a |layout
draw ng sa@wmgeat@oefrbgwr@ug% Qht o4 ad herbeha téni hndGleddicng@na cani ster in
the incubator in Fig. 2 and the culture cassette stored in the canister;

E: g. g i ScanBlegk ot ageaughewengnd1GONeak S¥Skempafi fitdhe culture unit in
. Furthermore, the oxygen supply capacity is enhanced, and
hence the proliferation of the cells is accelerated and
the efficiency of the cell culture is improved. Since the
cells are just suspended in the culture suspension which
is stirred by being pressed repeatedly by the pressing

unit, the cells are prevented from getting damaged

physically.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a drawing showing a configuration of a cell
culture apparatus to which a cell culture shaking device
according to a first embodiment of the invention is
applied;

Fig. 2 i1s a perspective view showing a incubator in
Fig. 1;

Fig. 3 1s a perspective view showing the culture
cassette stored in a canister in a incubator in Fig. 1;

Fig. 4 is a perspective view showing a culture bag
tray, a culture medium cassette and a cell inoculation
cassette in Fig. 3, respectively;

Fig. 5 is a layout drawing showing a configuration of



Fig. 7A is a perspective view of a shaking nmechanism of a shaking device in
Fig. 5; Fig. 7B is a side view of the shaking nmechanismof the shaking
device in Fig. 5; Fig. 8 is a process drawi ng showi ng a procedure of the
culture in the culture unit shown in Fig. 5 Fig. 9 is a procedure of the
culture in the culture wunit shown in Fig. 5 and is a process draw ng
followng Fig. 8 Fig. 10 is a procedure of the culture in the culture
unit shown in Fig. 5 and is a process drawing following Fig. 9; Fig. 11 is
a procedure of the culture in the culture wunit shown in Fig. 5 and is a

process dgaug gy fol LM Ngnckh@indO0a ELH;isiér! $nathEOWRRAEL c8ROWLNG process

steps in an |nducer stinmulating intermttent perfusion culture process in

the CU|tUF§ unptahH Fh. cRicktg- c&§sé§té Elovehart, shew-ng;isteps fol l owi ng
t he process steps in Fig. 12; Fig. 14 is a flowhart show ng process steps

inthe i ”duceﬁflcft i grud atd ngn ot eﬁﬂéfﬁﬂts%ﬁfr\f@'émc&%féli s PEPERSST
(including a cell collecting step using a cell”collecting 5 bag) in the

culture upht EM1Fhfge Bnifl 9n t9gi.ss@ flowchart showi ng steps follow ng the
process steps in Fig. 14; Fig. ?6 is a flowhart show ng process steps in an

Fig. 7A is a perspective view of a shaking mechanism
of a shaking device in Fig. 5;

Fig. 7B is a side view of the shaking mechanism of
the shaking device in Fig. 5;

Fig. 8 is a process drawing showing a procedure of
the culture in the culture unit shown in Fig. 5:

Fig. 9 is a procedure of the culture in the culture
unit shown in Fig. 5 and is a process drawing following
Fig. 8;

Fig. 10 is a procedure of the culture in the culture
unit shown in Fig. 5 and is a process drawing following
Fig. 9;

Fig. 11 is a procedure of the culture in the culture
unit shown in Fig. 5 and is a process drawing following
Fig. 10;

Fig. 12 is a flowchart showing process steps in an
inducer stimulating intermittent perfusion culture process
in the culture unit in Fig. 5;

Fig. 13 is a flowchart showing steps following the
process steps in Fig. 12;

Fig. 14 is a flowchart showing process steps in the
inducer stimulating intermittent perfusion culture process

(including a cell collecting step using a cell collecting



i nducer stimulating consecutive perfusion culture process in the culture
unit in Fig. 5; Fig. 17 is a flowhart show ng steps follow ng the process
steps in Fig. 16; Fig. 18 is a layout drawi ng showi ng a configuration of
the culture unit and the cell culture apparatus (the
differentiation-inducing state) to which the cell culture shaking device
according to a second enbodi nent of the invention is applied; Fig. 19 is a
| ayout draw ng showi ng a configuration of the culture unit in Fig. 18 in a
state before the differentiation induction; Fig. 20 is a flowhart show ng

process s%g?§ of, ?hedkﬁﬁ%h%%Fh%ﬁkoﬁhi@qgﬁh@gii”ter”itte”t perfusion culture

process in the culture unit in Fig. 18 g. 19; Fig. 21 is a flowhart

showi ng steps foll opkngst her) BLRASSS §B@9§n5ns&gs %QarlgwngZ%hgs a
configuration drawi ng showing a configuration of a culture’unit and a cel

culture %gg@gggugtg?SWQBCmibhelqglI cul ture shaking device according to a
third enbodi ment of the inventionis applied; Fig. 23 is a |layout draw ng

showing a configyratsons 8 efohbgagt! EHB@ngi brbRekydspgpa gul Lure chanber
and a |l ow tenperature chanber spatially independent from each other, a

cul ture bagducay stemned altl nighe chidlelcwite vieo@Rrdne 1d nChiluhg Hgg/esie wat er
bag tray stored in the | ow
in the culture unit in Fig. 5;

Fig. 17 is a flowchart showing steps following the
process steps in Fig. 16;

Fig. 18 is a layout drawing showing a configuration
of the culture unit and the cell culture apparatus (the
differentiation-inducing state) to which the cell culture
shaking device according to a second embodiment of the
invention is applied;

Fig. 19 is a layout drawing showing a configuration
of the culture unit in Fig. 18 in a state before the
differentiation induction;

Fig. 20 is a flowchart showing process steps of a
differentiation-inducing intermittent perfusion culture
process in the culture unit in Fig. 18 and Fig. 19;

Fig. 21 is a flowchart showing steps following the
process steps in Fig. 20;

Fig. 22 is a configuration drawing showing a
configuration of a culture unit and a cell culture
apparatus to which the cell culture shaking device
according to a third embodiment of the invention is
applied;

Fig. 23 is a layout drawing showing a configuration



tenperature chanber in the cell culture apparatus to which the cell culture
shaki ng device according to the third enbodinment of the invention is
applied. Fig. 24 is a perspective view showing a configuration of a
platformin Fig. 23; Fig. 25 is a flowhart show ng process steps in an
antibody stinulating intermttent perfusion culture process in the culture
unit in Fig. 23 in a case in which a step of collecting the cells in the
culture bag is included; Fig. 26 is a flowhart showi ng steps follow ng the
process steps in Fig 25; Fig 27 is a flowhart shomﬁng process steps of

the antibhody, sti tin nt er ent perfusion Rrocess |n t he
culture u??t¥h% Engt%f§ 15 égglh nﬁhlcﬁuggugfe%% coIIeC¥ “he cells
in the cell I i.n is_ingl Fi a ro art_ .show ng

st eps folkomﬁgka%ﬁE %hggggg %P@ggaﬁquﬁndeg?négnt ff@ i S arkf%ﬁkqﬁrt

show ng pro%ﬁi%u%e%ﬁo%ﬁ&t s%%tr'el&o% %'Emélﬁ%g% 9%’25?%5%%' \e perfusion

culture process Int uni t i's a flowhart

showi ng steps. Lol hgy/agsttlaewazem %%gsstrag{tee%%@dﬁlg ?% 15 31is a

fl owchart OWi ng process steps in stlnulatlng simpl e feeding
culture p%@ﬁﬁ%%akﬂrgh@haﬁﬁgEuﬁﬁ QﬂbtceﬁlFbﬂlt%§e apparatus to which

the cell culture shaking device according to the third
embodiment of the invention is applied.

Fig. 24 is a perspective view showing a configuration
of a platform in Fig. 23;

Fig. 25 is a flowchart showing process steps in an
antibody stimulating intermittent perfusion culture
process in the culture unit in Fig. 23 in a case in which
a step of collecting the cells in the culture bag is
included;

Fig. 26 1is a flowchart showing steps following the
process steps in Fig. 25;

Fig. 27 is a flowchart showing process steps of the
antibody stimulating intermittent perfusion culture
process in the culture unit in Fig. 23 in a case in which
a step of collecting the cells in the cell collecting bag
is included;

Fig. 28 is a flowchart showing steps following the
process steps in Fig. 27;

Fig. 29 is a flowchart showing process steps of an
antibody stimulating consecutive perfusion culture process
in the culture unit in Fig. 23;

Fig. 30 is a flowchart showing steps following the



Fig. 32 is a flowhart show ng steps following the process steps in Fig.

31; Fig. 33 is a flowhart showi ng process steps in the antibody
stinmulating sinple feeding culture process in the culture unit in Fig. 23
in a case in which a step of collecting the cells using the cell collecting
bag is included; Fig. 34 is a flowhart showi ng steps follow ng the

process steps in Fig. 33. Fig. 35 is a graph showng the result of culture

t hrough the shaking nmethod using a cell culture shaking device in
conparison with the result of culture through the shaking nethod in the

rel ated agt andsthec gsghthE gul.ture through the static culture.
DESCRI PTI OF THE PRFERRED EMBODI MENTS Referring now to the drawi ngs, a

best node for pearryi ngsoé'tfibﬁchg'i"@n&h@@l%lﬂ)r@@e§§5§5é§§dln[é}1 Fi rst
Enbodi nent (Fig. 1 to Fig. 17 is a draw ng showi ng a configuration

of a Ce||an%@bbﬁ&es@@ﬁ@&ékﬁﬁgt%1W?ﬂ%hf@e@§hb cuhture $haldng devitge
according to a first enbodi nent of the inventionis 8 applied. Fig. 2 is a

per specti v@1¥uew shew Rg algncggator in Fig. 2. Fig. 5illustrates a Iayout
of a culture unit including a canister and a culture cassette stored in the

canister. A ceflgcuBtuie appavatHsriOsEbeWAgi BtEPE. fbALbsingpeskfical ly
adapted to culture suspension cells used for
process steps in Fig. 31;

Fig. 33 is a flowchart showing process steps in the
antibody stimulating simple feeding culture process in the
culture unit in Fig. 23 in a case in which a step of
collecting the cells using the cell collecting bag is
included;

Fig. 34 is a flowchart showing steps following the
process steps in Fig. 33.

Fig. 35 is a graph showing the result of culture
through the shaking method using a cell culture shaking
device in comparison with the result of culture through

the shaking method in the related art and the result of

culture through the static culture.
DESCRIPTION OF THE PRFERRED EMBODIMENTS

Referring now to the drawings, a best mode for
carrying out the invention will be described.
[A] First Embodiment (Fig. 1 to Fig. 17)

Fig. 1 is a drawing showing a configuration of a cell
culture apparatus to which a cell culture shaking device

according to a first embodiment of the invention is



an inmmune cell therapy, and includes a incubator 11 provided with a
of (eight, for exanple) culture wunits 12, an operation control
for controlling an operation of the incubator 11 and the culture

plurality
panel 13
units 12,
and a non
13 and th
the cult
processin
cells inc
Acti vat ed
suspensi o
are stinu

i ndi vi duak neel,h$n

sui tabl e
i nducer f
and the s

cul turing

Fig. 5) separated so

and

an inmage processing conputer 14 for processing i mages of

cells,
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e i mage processing conputer 14 for nonitoring the incubator

ure units 12. The operation control panel 13 and the inage

11 and

g conputer 14 function as a control unit. The known suspension
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i nducer LAK cells is anti-human CD3 anti body, the suitable

t he

eunthecpeural stemcells is epidermal growmh factor such as EGF,
uitable inducer for ES cells is fibroblast growh factor such as 9

FG--8b. The cehlcsul tunerappanghisadlsi soakgowAaPPhi eaBleiat 9sa case of
adherent cells other than the suspension célls. The culture unit

12 includepeaipldbahit ydabreal @bt culhkorcexarpkakicanicstars vied fg: 2 and

an immune cell therapy, and includes a incubator 11
provided with a plurality of (eight, for example) culture
units 12, an operation control panel 13 for controlling an
operation of the incubator 11 and the culture units 12, an
image processing computer 14 for processing images of
cells, and a monitoring computer 15 being connected to the
operation control panel 13 and the image processing
computer 14 for monitoring the incubator 11 and the
culture units 12. The operation control panel 13 and the
image processing computer 14 function as a control unit.
The known suspension cells include peripheral blood
mononuclear cells, LAK cells (Lymphokine Activated killer
cells), neural stem cells, and ES cells. These types of
suspension cells are referred simply to as “cells”,
hereinafter. These cells are stimulated and cultured with
inducers which are suitable for the individual cells. The
inducers differ from cell to cell. For example, the
suitable inducer for LAK cells is anti-human CD3 antibody,
the suitable inducer for the neural stem cells is
epidermal growth factor such as EGF, and the suitable

inducer for ES cells is fibroblast growth factor such as

as to be apart fromeach other in the incubator

11,



culture cassettes 17 (Fig. 2 and Fig. 3) to be stored in
individually. The culture cassette 17 includes, a culture bag 18 as a

the cani sters 16

proliferation culture vessel, a cell inoculation cassette 19 as an i nducer
ng culture vessel, and a culture nedium cassette 20 as a culture
medi um storage unit. Cells in the culture vessels (culture bag 18 and cel

i nocul ation cassette 19) are cultured under the independent culture

stinmul ati

environnments for the individual canisters 16. As shown in Fig. 2, the

i ncubat or
body 22

and the canisters 16 are arran by
i ncubat or 11 mabgkabrs chhe uevly QarERknt( LIRS BLHES thum dinky, and CO2

11 includes a plurality of tiers of shelves 23 in a incubator

haylpg . a @H@“é@h?'%b@%ﬁgbeaB?EQaQ9§y1@°9% %lsb“% diliedpitherein,
ged on 2

he shel ves one Dby one. The

concentration) in the incubator body 22 in an environnent required for the
cell  cultusgehligs skatg.in which the main body door 21 is closed.

Therefore, as shown in Fig. 5 and Fig. 6, a tenperature sensor 24, a CQ2

sensor 25, a O0pRE SENSQFe26niandzajheatges2d greraLiapged ipithe,i ncubator

body 22, and 10 a gas cylinder 28 installed outside is couple

to the

i ncubat or rBedyx2Rp1S) geahs skeem ke (regnepatube FeNse) 24parde 2 sensor

25 and the door sensor 26 are transmtted to the oOperation control panel

13.

The 0perab%O@ocgetégbrtp@@@h L3 cpopthals ihhe nheahenndf oan 1tihe hasi s of the

tenperature signa

romthe tenperature sensor 24, and
culture cassettes 17 (Fig. 2 and Fig. 3) to be stored in

the canisters 16 individually. The culture cassette 17
includes, a culture bag 18 as a proliferation culture
vessel, a cell inoculation cassette 19 as an inducer
stimulating culture vessel, and a culture medium cassette
20 as a culture medium storage unit. Cells in the culture
vessels (culture bag 18 and cell inoculation cassette 19)
are cultured under the independent culture environments
for the individual canisters 16.

As shown in Fig. 2, the incubator 11 includes a
plurality of tiers of shelves 23 in a incubator body 22
having a openable-closable main body door 21 installed
therein, and the canisters 16 are arranged on the shelves
23 one by one. The incubator 11 maintains the environment
(temperature, humidity, and CO, concentration) in the
incubator body 22 in an environment required for the cell
culture in as state in which the main body door 21 is
closed.

Therefore, as shown in Fig. 5 and Fig. 6, a
temperature sensor 24, a CO, sensor 25, a door sensor 26

and a heater 27 are arranged in the incubator body 22, and

10



controls the anbunt of the CO02 gas supplied fromthe gas cylinder 28 to the
i ncubat or body 22 on the basis of the C02 concentration signal fromthe C02
sensor 25. As shown in Fig. 5 and Fig. 6, the canister 16 has an
openabl e- cl osabl e cani ster door 31 nounted to a canister body 30, and an
air-intake filter 32 and an exhaust filter 33 are installed to the canister
body 30 and a blast fan 34 is installed on the air-intake filter 32 side of
the canister body 30. The air-intake filter 32 and the exhaust filter 33
are filters for renoving bacteria, and prevent entry of bacteria fromthe

| ncubat or a§§§¥ %%lh%@rt he ¢aakshgkql6, whan %%Gc%ﬂgl%z 98§ e the

i ncubat or aken |nto the canister he operatlon of the

bl ast fanlﬁéuba%? BBS:'ya gflg @qulfq%En fg‘l p%rca%rré)l%q (%”I.e nai n body

operation control pane sl gn cat 1 ng

door 21 OEhEh@o%”§@P§éPr2§1ahé 9@@”&90r'§e$§§95@8téﬁg %EQHE%E@tQBOf Sensor

26 to the operation control panel 13, the operation of the blast fan 34 is

stopped apd the %?@EggléhaE%nQEoﬁh%a%%@'§%er Phel SpeRSUned cHig dnction of
the air-intake filter 32 and 1 exhaust filter 33 to prevent entry of

bacteria frganthe cbﬂ%BQ@%OEhQOQEa%%r'Qﬁoohh%h%a%b%ﬁ%ro¥6th%“d the _
secur enmen of the sealing property of the canister 16 due to the operation

stop of thembkastukans34nhni Rgckhehinterberstoke tRA KRV duadly canisters 16
to i ndependent culture “environnment. Accordingly, cells in ‘the culture
cassette controls the amount of the CO, gas supplied from the gas

cylinder 28 to the incubator body 22 on the basis of the

CO, concentration signal from the CO, sensor 25.

As shown in Fig. 5 and Fig. 6, the canister 16 has an
openable-closable canister door 31 mounted to a canister
body 30, and an air-intake filter 32 and an exhaust filter
33 are installed to the canister body 30 and a blast fan
34 is installed on the air-intake filter 32 side of the
canister body 30.

The air-intake filter 32 and the exhaust filter 33
are filters for removing bacteria, and prevent entry of
bacteria from the incubator body 22 into the canister 16
when air and CO, gas in the incubator body 22 is taken
into the canister 16 by the operation of the blast fan 34.
The operation of the blast fan 34 is controlled by the
operation control panel 13 and, when a signal indicating
that the main body door 21 of the incubator 11 is opened
is transmitted from the door sensor 26 to the operation
control panel 13, the operation of the blast fan 34 is

stopped and the sealed state of the canister 16 is ensured.

The function of the air-intake filter 32 and the

11



17 stored in one single canister 16 in the incubator 11 are isolated from
cells in other canisters 16, and cells 1in the culture cassette 17 stored in
the canister 16 is prevented from being contam nated by bacteria. So-called
cross-contam nation, which is the contam nation by cells of other patients,
is also prevented. The canister body 30 is further provided with a door
sensor 35, a door |ock sensor 36, a tenperature sensor 37, a humdity
sensor 38, a door |ock nechanism 39, a heater 40 and a circulation fan 41.
The operation control panel 13 controls the heater 40 on the basis of the

te”peratUéﬁhaﬁ%Q”@k%Eé?”BB“@o E?B@éﬁ%“éﬁt% ”é?rb§Zte¥Q§ epefatign control

panel 13 controls the operationh of the circulation fan 41, and circul ates

air and COR.g8stbp LB cg@l%h@a t8e cIheshum dityanansae 38cdekgehs the
hum dity 1n the can|s¥ 6, transmts the sane to the operation contro

panel 13,o@nghgegégi%n&hEereHP&eth%ﬁé'Banh@té?'%6”€ﬂ@e%o th@e interior of
the canister 16 is maintained in an environnent optinmal for the cel

culture. Theraperatkeppcenrt tak Bapsk k3ncent pekagt RRcORALALIiQRs eff the door
| ock mechanism 39 so as to prevent two or nore ?2 cani ster doors 31 from

openi ng aththengagedtibMeckAikherssivgke ingdpah@entlcuAeceedi ngly, erroneous
transportation of cells or the culture medi um between the different

cani st er seA6iksnpepYent edcoThenbogki Bgrigpenathencafitike daekekeek mechani sm
39 is detected by the door lock sensor 36, and is transmitted to the
operationl7 stored in one single canister 16 in the incubator 11
are isolated from cells in other canisters 16, and cells
in the culture cassette 17 stored in the canister 16 is
prevented from being contaminated by bacteria. So-called
cross-contamination, which is the contamination by cells
of other patients, 1is also prevented.
The canister body 30 is further provided with a door
sensor 35, a door lock sensor 36, a temperature sensor 37,
a humidity sensor 38, a door lock mechanism 39, a heater
40 and a circulation fan 41. The operation control panel
13 controls the heater 40 on the basis of the temperature
signal from the temperature sensor 37. The operation
control panel 13 controls the operation of the circulation
fan 41, and circulates air and CO; gas in the canister 16.
The humidity sensor 38 detects the humidity in the
canister 16, transmits the same to the operation control
panel 13, and detects the trouble therein. In this manner,
the interior of the canister 16 is maintained in an
environment optimal for the cell culture.

The operation control panel 13 controls the operation

of the door lock mechanism 39 so as to prevent two or more
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control panel 13. The opened or closed state of the canister door 31 is
detected by the door sensor 35, and is transmtted to the operation control
panel 13. A stage 42 for supporting the culture cassette 17 to be stored in
the canister 16 is provided at the lower portion in the canister body 30
shown in Fig. 5 a weight neter 43 is installed on the stage 42. The wei ght
neter 43 is adapted to weigh the culture bag 18 of the culture cassette 17
stored in the canister 16 and, actually, mneasures the anount of culture
mediumto be supplied from the culture nmediumcassette 20 to the culture

bag 18. Then; geasuned;yahie :hynt BeoHehghtcmeher sdfiel 8:Aksanl kasnitted  to

the operation control panel 13. Aindication lanp 44 1s provided in the

cani ster Rody130;,MisRc6Yl ture h%co%é&ﬁb@? out-raHtematically in sone
canisters 16, the indication |anps 44 of fhe corresponding canisters 16 are

iI'lum nat edanbgrrexaiBhecri Beli€d, o@ndnkheyl direaki0l uhafRs wedh het he
cani sters 16 to which the operation instruction 1is issued and the canister

16 in whi ghrtBechhcUbatkeBrscagsekt rifehscA0t MRUNLRALQ | I um nated in
green. Accordingly, the culture environnment independent from 13 ot her

PaniSterSoé@rhﬁiéﬁCUEeﬁhéoaobBel@@mi&b@héni§m!B9 W@i@Qt@&t@@F%Wﬁk%% pulture
is carried out, so that the cross contam nation or m x-up wth specinen

(cell's) stepedlotR ethebrcamiskausiibtwaysherpeavent ede bhe reulitwr e cassette
17 will now be described. As shown in Fig. 3 and Fig. 5, the culture
cassette control panel 13. The opened or closed state of the
canister door 31 is detected by the door sensor 35, and is
transmitted to the operation control panel 13.

A stage 42 for supporting the culture cassette 17 to
be stored in the canister 16 is provided at the lower
portion in the canister body 30 shown in Fig. 5, a weight
meter 43 1s installed on the stage 42. The weight meter
43 is adapted to weigh the culture bag 18 of the culture
cassette 17 stored in the canister 16 and, actually,
measures the amount of culture medium to be supplied from
the culture medium cassette 20 to the culture bag 18. The
measured value by the weight meter 43 is also transmitted
to the operation control panel 13. A indication lamp 44
is provided in the canister body 30. When culture is
carried out automatically in some canisters 16, the
indication lamps 44 of the corresponding canisters 16 are
illuminated, for example, in red, and the indication lamps
44 of the canisters 16 to which the operation instruction
is issued and the canister 16 in which the incubation
cassette 17 is not mounte are illuminated in green.

Accordingly, the culture environment independent from

13



17 is conposed of the culture bag 18, the cell inoculation cassette 19, and
the culture nedium cassette 20 nounted to a large tray 45, and is a culture
vessel in which the culture bag 18 and the cell inoculation cassette 19
culture cells. The cell inoculation cassette 19 is a function expressing
cul ture vessel for causing the cells to express the function (for exanple,
to cause the cells to proliferate, to cause the cells to differentiate
(described later)), and is an inducer stinulating culture vessel for
stinmulating the cells by the inducer for proliferation in this enbodi nent.

The CU'tP§€h999c;§i5§ s geohgfgéehkga eukt upe xsﬁﬁgkeﬁgrl%aq%'ng the cells

to proliferate stinulated by the inducer in th I nocul ati on cassette

19, The cyhiufeahadulBihssg Elexibbe di saosabliecuessel chak sharing culture

suspension I n s are ‘inoculated, is placéd on a culture bag tray

47 shown b?osE' Qonéémlhﬁfc%ﬁogk”ﬂl% Bb%&%”bfﬁ@cﬁﬁbﬁ %}elli%t vween e
culture bag 18 and the culture bag tray 47, and culture bag tray 47 is

det achabl ynmpuptedchaitherkangemal,r 8¢ §esagwadln Flg 3 and Fig. 5. The
culture bag 18 is 14 a bag fornmed of, tor exanple, an oxygen perneable

material. As SHOWLIPuFb Ocabsetrdi I5twhUIPNE, ba §€60RILEEND 49 and a third
punp 50 are arranged on the large tray 45. One end of the culture bag 18 is

connected to apseyestih i€ONNECtOrapd Vig. the sesondl purp 49systhg a tube 63.

The other end of the culture bag 18 is connected to a first
17 is composed of the culture bag 18, the cell inoculation
cassette 19, and the culture medium cassette 20 mounted to
a large tray 45, and is a culture vessel in which the
culture bag 18 and the cell inoculation cassette 19
culture cells. The cell inoculation cassette 19 is a
function expressing culture vessel for causing the cells
to express the function (for example, to cause the cells
to proliferate, to cause the cells to differentiate
(described later)), and is an inducer stimulating culture
vessel for stimulating the cells by the inducer for
proliferation in this embodiment. The culture bag 18 is a
proliferation culture vessel for causing the cells to
proliferate stimulated by the inducer in the cell
inoculation cassette 19.

The culture bag 18 is a flexible disposable vessel
for storing culture suspension in which cells are
inoculated, is placed on a culture bag tray 47 shown in
Fig. 4A, interposing a platform 46 (Fig. 5) between the
culture bag 18 and the culture bag tray 47, and the
culture bag tray 47 is detachably mounted to the large

tray 45 shown in Fig. 3 and Fig. 5. The culture bag 18 is
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connector 51 using a tube 60. The first punp 48, the second punp 49 and the
third punp 50 are preferably of a peristaltic-type punp fromthe

conveni ence of replacenent of a sterile tube. In the large tray 45, one end
of the tube 61 is connected to the third connector 53 and the other end
thereof is connected to a fifth connecter 55. The tube 61 is disposed on a
rotating portion, not shown, of the first punp 48. The tube 63 is connected
to the seventh connector 57 at one end as descri bed above and to the
culture bag 18 at the other end. The tube 63 is disposed on a rotating

portion, RoLaghewnmeaf okrhe reeceRd PRI 4% RN ndf e G 5% 1 S

connected to the tube 61 via the connecter X "and the othre end thereof is

connect edatoshBRnt YReré3d via aCQ@@§€t§ﬁm¥-4§beatHQ%o§% bend 9ROSEE on a
rotating portion, not Shown, of the third punp 50. As shown in Fig. 4C, the

cel | inocyl ahi @R pampetheald arsahgeaedni Rhe @a@@%S%Eb? gtruciodlee by
i mobi lizing the inducer on the inner side of the bottom surface of an

i nducer sthpaubattpl ¥essekebbagpuit iBgcbRgeceubtiure BEdieW@ntihn the inducer
stinmulation vessel 65, inoculating cells on 15 the culture nedium and

i nstal li ngohhectBduser vski AukakieeBndvesspl 465usAng setybkams .66 ThEhe
operation to place the inducer, the culture nediumand the cells in the

i nducer stheul ahbdosfvessekbubbure ®agrilgdigutoundertedsept iaC figeaditions in a

cl ean bench or a safety cabinet (hereinafter, referred to as clean bench

etc. in thbanector 51 using a tube 60. The first pump 48, the
second pump 49 and the third pump 50 are preferably of a
peristaltic-type pump from the convenience of replacement
of a sterile tube.

In the large tray 45, one end of the tube 61 is
connected to the third connector 53 and the other end
thereof is connected to a fifth connecter 55. The tube 61
is disposed on a rotating portion, not shown, of the first
pump 48. The tube 63 is connected to the seventh connector
57 at one end as described above and to the culture bag 18
at the other end. The tube 63 is disposed on a rotating
portion, not shown, of the second pump 49. One end of the
tube 62 is connected to the tube 61 via the connecter X
and the othre end thereof is connected to the tube 63 via
connecter Y. The tube 62 is disposed on a rotating portion,
not shown, of the third pump 50.
As shown in Fig. 4C, the cell inoculation cassette 19

is formed into a cassette structure by immobilizing the
inducer on the inner side of the bottom surface of an

inducer stimulation vessel 65, putting the culture medium

in the inducer stimulation vessel 65, inoculating cells on
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enbodi ment). The mxed liquid of the culture nediumand cells is referred
to as culture suspension. As shown in Fig. 3, the cell inoculation cassette
19 is detachably nounted to the large tray 45. At this time, as shown in
Fig. 5, the second connector 52 and the fourth connector 54 of the cel

i nocul ation cassette 19 are coupled to the first connector 51 and the third
connector 53 of the large tray 45 under the aseptic conditions,
respectively. In other words, the first connector 51 and the second
connector 52 are coupl ed, for exanpl e, inserting a rubbery joint on one

of those EHeTﬁﬂﬁﬁgké mk8h Ok, nhhﬁp gQ?ﬁlﬂ ek HgB%%g%”Q%ﬁmbﬁ%tﬁ%ﬁpt'c

condi ti ons e coupling o conn ctor the fourth connector

54 is theysaue; By the, CQHE'EQQer%Wee“TBQeoEb&éE1%9“@%0 Qhcel cgd  the
second connector 52, he cell Tnoculation cassette 19 and the culture bag

18 in the19HBE§EenEhEUEh¥EEreeH%U QRMEAY, th@aEehis e cqel I nigpeeyl ation

cassette 19 having a culture environnent for stinulating cells by the

i nducer tetgauﬁstaeﬁ QQEE%lt@5e§@r%§§rtQ% Bﬁ@lhaaeétb@g dhgnction and the
culture bag 18 having a culture 16 environnment for cau5|ng the cells to

pro"feraE%néE%1099”@ﬁcbe€l€§hn%ehE% b%bg @QfeIpeegB@&%t the cells which
are stinmulated by the inducer in the cell inoculfation cassette 19 and has

started thﬁeEé@theé@tlQ@f@&xeaetot@@n&ﬁgéhegehehcgkhur@nb%%l%8 to cause the
cells only to prollferate in the culture bag 18.

embodiment). The mixed liquid of the culture medium and

cells is referred to as culture suspension.

As shown in Fig. 3, the cell inoculation cassette 19
is detachably mounted to the large tray 45. At this time,
as shown in Fig. 5, the second connector 52 and the fourth
connector 54 of the cell inoculation cassette 19 are
coupled to the first connector 51 and the third connector
53 of the large tray 45 under the aseptic conditions,
respectively. 1In other words, the first connector 51 and
the second connector 52 are coupled, for example, by
inserting a rubbery joint on one of those to a needle
joint on the other one of those under the aseptic
conditions. The coupling of the third connector 53 and
the fourth connector 54 is the same.

By the coupling between the first connector 51 and
the second connector 52, the cell inoculation cassette 19
and the culture bag 18 in the different culture
environment, that is, the cell inoculation cassette 19
having a culture environment for stimulating cells by the

inducer to cause the cells to express the proliferating

function and the culture bag 18 having a culture
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As shown in Fig. 4B, the culture nediumcassette 20 is forned into a
cassette structure with nounting a culture nediumbag 67 as a culture
medi um st orage vessel and a used culture nedium bag 68 as a used culture
medi um storage vessel on a culture nmediumbag tray 69. The culture nmedi um
bag 67 is adapted to store the culture nediumto be supplied to the culture
bag 18 and the cell inoculation cassette 19. The used culture nmedi um bag 68
is adapted to store the used culture medi um (supernatant) discharged from
the culture bag 18. Wth the culture medium cassette 20 having the cassette

Structur e hangg.and supal ol Lhe Suliur g mediymears enagled only by

. e .
m)untlngtﬁe culture medl um cassett to the ' culture Tvcassette 17 in the

cani ster 18,1035t ake af Rl %%if“iébg e Gyl tur e hag c&%lisn o echlcani ster
e to the

16. The culture medium cassette 20 i's detachably nount arge tray

45 (Fig. Jhe ;%tgrihgiéﬁg%id”?ﬁ/e%es'l%%cie’} i Qhe5’ce§15ii>é‘%a%ucl%r£’1%% or 56 and an

ei ght h connec cul ture nedium cassette are coupled to the

fifth conagekercSsqandd e SaventdComeon ;3. e da gr tray 45 under

the aseptic conditions respectively in sanme nanner "as the case of the

first conmectaresloand f b serondcannec op 82 (BY Lhg 10uRlig Dot veen the

sixth connector 56 and the fifth connecter , the culture um bag 67
and the celd,ijreeulat iian cgasselite L9 rale 1gconnected. By the coupling between
[ h

the seventh connector 57 and the eight'h connector 58, the used culture

medi um As shown in Fig. 4B, the culture medium cassette 20
is formed into a cassette structure with mounting a
culture medium bag 67 as a culture medium storage vessel
and a used culture medium bag 68 as a used culture medium
storage vessel on a culture medium bag tray 69. The
culture medium bag 67 is adapted to store the culture
medium to be supplied to the culture bag 18 and the cell
inoculation cassette 19. The used culture medium bag 68
is adapted to store the used culture medium (supernatant)
discharged from the culture bag 18. With the culture
medium cassette 20 having the cassette structure, change
and supply of the culture medium are enabled only by
mounting the culture medium cassette 20 to the culture
cassette 17 in the canister 16 in a state of maintaining
the culture bag 18 in the canister 16.

The culture medium cassette 20 is detachably mounted
to the large tray 45 (Fig. 3). At this time, as shown in
Fig. 5, a sixth connector 56 and an eighth connector 58 of
the culture medium cassette 20 are coupled to the fifth
connecter 55 and the seventh connector 57 of the large

tray 45 under the aseptic conditions respectively in the
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bag 68 and the culture bag 18 are connected. Wth the connection anong the
culture bag 18, the «cell inoculation cassette 19 and the culture nmedi um
cassette 20 as descri bed above, a closed systemin which the culture nmedium
in the culture nmediumbag 67 in the culture nediumcassette 20 is supplied
to the culture bag 18 via the cell inoculation cassette 19 when the first
punp 48 is activated, and the used culture nediumin the <culture bag 18 is
di scharged to the used culture nmedium bag 68 in the culture nedium cassette
20 when the second punp 49 is activated is established. Wth the

est abl i shnent of the %d system m (the cuI re b 18, the
cel | inocdPfafi 8 ﬁn83§58Pt§ Ca8id e 8u|¥ g 8P8ﬁF€§s d?%ﬁ% S
nalntalned und rcgg% gﬁep |c c% |t&|on%u lhe C e %%oc%latlon assette 19
descri bed °8b6V replac & Rsd86t ?U § &05t £4€ Where there

IS no nnrgn%% kth%%EI %%o QEQ%l%on%Q% |ndg§erﬁbn th ceII i nocul ation
e

cassette TS prevente fro belng trans err o] fﬁe S ure bag 18.

The cul L Ure JTRA! I, 83036 €120 0 17 8GR %2 NRNGUIL Ui JpRdi um casset ce

18 20 havin ur e medi um bag w thtThe culture nmedi um and

an empt y g%gqe%tttjureBgE%gmc%g%é@%g' BeGeBhagneiene e e medi um bag

67 becone repl ac carrie the op erator

dummy casget ta?td79h?—5' an %ttta%o%ne%%ff 98,232 {4 %tﬁrtrt&le nte%flu?A owi ng the

culture nmediumto
bag 68 and the culture bag 18 are connected.

With the connection among the culture bag 18, the
cell inoculation cassette 19 and the culture medium
cassette 20 as described above, a closed system in which
the culture medium in the culture medium bag 67 in the
culture medium cassette 20 is supplied to the culture bag
18 via the cell inoculation cassette 19 when the first
pump 48 is activated, and the used culture medium in the
culture bag 18 is discharged to the used culture medium
bag 68 in the culture medium cassette 20 when the second
pump 49 is activated is established. With the
establishment of the closed system, the system (the
culture bag 18, the cell inoculation cassette 19 and the
culture medium cassette 20) is maintained under the
aseptic conditions.

The cell inoculation cassette 19 described above is
replaced by a dummy cassette 70 in a stage where there 1is
no more cell therein. Accordingly, the inducer in the
cell inoculation cassette 19 is prevented from being
transferred into the culture bag 18. The culture medium

cassette 20 is replaced by a new culture medium cassette
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The culture (cell proliferation) in the culture bag 18 includes a feeding
culture in which the first punp 48 is activated to supply (feed) the
culture nediumin the culture mediumbag 67 in the culture nedium cassette
20 to the culture bag 18 so that the proliferation of cells is achieved, a
perfusion culture in which the first punp 48 and the second punp 49 are
activated to discharge the used culture nediumin the culture bag 18 to the
used culture nediumbag 68 in the culture nmedium cassette 20 and to supply
the culture mediumin the culture nmediumbag 67 to the culture bag 18 so

Lhat e BRobLgF 98 SlSeklo s AOEer RS, A19aakig culr e el no o

shaki ng dévi ce’s i stat tu i ch the shaking
wd

operat fon s 1oL 6aLELG QU o The Rer (USEoR GULLLY Ge i

I S .an .
intermttent perfusron culture in i ch " "di'scharge of the u eéﬁ%df&ure

medi um ang %‘EB&%wB‘érteh‘ElhteC%htlﬂﬁ%ﬁh”ﬁ%hj‘itﬁfﬁg%gigc%ﬁr el gl {%lrrlnépetyat ely, and a

consecutive pe sion culture’i scharge o sed culture

edi um andf e - sUpOLY-h L HE ULLULY JRdpumgee cartied outysi nul taneously.
trl e a ?

In the consecu pertusion culture, | t'er or preventing transfer

f 19 cel [ [ t b t;h d
pump 491 ATRG CHBEC65%1 o pPaubnt TR Gel I’ ReTL RS Curtiro Bag 2 Trom

B et AL L e e e LT eg 68, T L P e

the culture The culture (cell proliferation) in the culture bag
18 includes a feeding culture in which the first pump 48
is activated to supply (feed) the culture medium in the
culture medium bag 67 in the culture medium cassette 20 to
the culture bag 18 so that the proliferation of cells is
achieved, a perfusion culture in which the first pump 48
and the second pump 49 are activated to discharge the used
culture medium in the culture bag 18 to the used culture
medium bag 68 in the culture medium cassette 20 and to
supply the culture medium in the culture medium bag 67 to
the culture bag 18 so that the proliferation of cells is
achieved, a shaking culture using a shaking device 80
described later and a static culture in which the shaking
operation is not carried out. The perfusion culture
includes an intermittent perfusion culture in which
discharge of the used culture medium and supply of the
culture medium are carried out alternately, and a
consecutive perfusion culture in which the discharge of
the used culture medium and the supply of the culture
medium are carried out simultaneously. In the consecutive

perfusion culture, a filter 71 for preventing transfer of
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bag 18 using the inmages. In other words, the cells in the culture bag 18 is
introduced fromthe culture bag 18 to the cell inoculation cassette 19 or

t he dummy cassette 70 via the tube 63, the tube 62 and the tube 61 when the
filter 71 is not disposed in the tube 63, and is shot by a CCD canera 88,
described |l ater, so that the nunber of proliferated cells or the like is
observed. Wien the filter 71 is disposed in the tube 63, the upstream side
of the third punp 50 is connected to the culture bag 18 via a bypass tube
73, and the cells in the culture bag 18 are introduced into the cel

| nocul at | %gﬁ@sﬁgt B‘Br?n%%?ézr hESpOQIéMe(Egl%%@Dttﬁe79:u\i't@§teh$hgyuse riibe 73 and

t he tube are o using th canera "Cul ture

Tedi um | n e by 8,430 418 15 ool SERAr g8d (Lo the ysed eulduing edi um bag

68 in the culture n1cassette after ing conplete

prol i ferakhon o ookl 8200 16he ol HuiePad Lfa fed (e creeldad n the culture

bag 18 is con ense Theé di scharge he used culture nmediumis carried

out by activati-d,chhenseeenggpunp 49 until the anount of the culture
suspension in the culture bag 18 is recued to about 1/2 to 20 1/3 in

quantity by th@hQOBEEP& BﬁmbhgooﬁgrQEEPOaEQBtrPBr Qﬁﬁﬁglé3 QR the basis of

the val ue neasured by the weight neter By the condensation of the cells
in the culbyee,rbagst8yihle chwnben 1af tﬂorrqsfeqfat%@t Ninf 4gRl 10N 1Gafd 1 ed out

by a centrifuge for the purpose of washing and condensation of cells,

carried oyyl agefgihg t8AUGBRAges. In other words, the cells in the
culture bag 18 is introduced from the culture bag 18 to
the cell inoculation cassette 19 or the dummy cassette 70
via the tube 63, the tube 62 and the tube 61 when the
filter 71 is not disposed in the tube 63, and is shot by a
CCD camera 88, described later, so that the number of
proliferated cells or the like is observed. When the
filter 71 is disposed in the tube 63, the upstream side of
the third pump 50 is connected to the culture bag 18 via a
bypass tube 73, and the cells in the culture bag 18 are
introduced into the cell inoculation cassette 19 or the
dummy cassette 70 via the bypass tube 73 and the tube 62,
and are observed using the CCD camera 88.

The used culture medium in the culture bag 18 is
discharged to the used culture medium bag 68 in the
culture medium cassette 20 after having completed the
proliferation of cells in the culture bag 18, and the
cells in the culture bag 18 is condensed. The discharge
of the used culture medium is carried out by activating
the second pump 49 until the amount of the culture

suspension in the culture bag 18 is recued to about 1/2 to
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In the culture nediumcassette 20, it is also possible to replace the used
culture nediumbag 68 by a cell collecting bag 72 as a cell collecting
vessel which 1is attachable to the centrifuge after having condensed the
cells in the culture bag 18 as described above, and then supply the culture
suspension in which the cells are condensed in the culture bag 18 into the
cell collecting bag 72 by activating the second punp 49 provided that the
filter 71 is not disposed in the tube 63. Accordingly, «collection of the
cells in the bag which is attachable to the centrifuge nay be carried out

thin th ' h I that th
'abor | f of /GorTelt PRy ke Rel e FeReaogd O AS EnaR P ro e e Fig. 6, the

Iargg traéﬁﬁ%loﬁ3 Fp tﬁgl% s%sc%&s%%%ev£iu%t% gguf%deSIQﬁﬁgik gp%ﬁ s

provi ded a ce i'nocu atlon cassetté sensor detects the fact

that the gelligacul ali gﬂeC%%aagkga%%o " ot e dumy (cassette o t'§5ﬁvunted

to the large ray 45 a cul'ture medi um cassett e séns etecting

the fact Lt ol Necullige Medi WThEQsSEl e 20 s munted. gn the o far ge tray

45. Signal's”from the sensors are dnsm it e operatlon

control panel, 13,+The, gp%r% %%% %%Qb %% %%”%Es%% go%flrns the fact that the

cell inoc Iatlon cass tte unmy cassett nounted to the

| arge tray. 4aeakathencult lereqlgas\%%t g el oudNd okl Tact Jtdhal-dhe culture
medi um cassette 20 is nounte hen “activates the first punp 48, the

second In the culture medium cassette 20, it is also
possible to replace the used culture medium bag 68 by a
cell collecting bag 72 as a cell collecting vessel which
is attachable to the centrifuge after having condensed the
cells in the culture bag 18 as described above, and then
supply the culture suspension in which the cells are
condensed in the culture bag 18 into the cell collecting
bag 72 by activating the second pump 49 provided that the
filter 71 is not disposed in the tube 63. Accordingly,
collection of the cells in the bag which is attachable to
the centrifuge may be carried out within the canister 16,
which is a space in the closed system, so that the labor
for collecting the cells is saved.

As shown in Fig. 5 and Fig. 6, the large tray 45 of
the culture cassette 17 stored in the canister 16 is
provided with a cell inoculation cassette sensor 74 which
detects the fact that the cell inoculation cassette 19 or
the dummy cassette 70 is mounted to the large tray 45 and
a culture medium cassette sensor 75 for detecting the fact
that the culture medium cassette 20 1s mounted on the

large tray 45. Signals from the sensors 74 and 75 are
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punp 49 and the third punp 50. As shown in Fig. 5, the culture cassette 17
is stored within the canister 16, and the culture cassette 17 is supported
on the stage 42 of the canister 16, and the stage 42 is provided with an
inclined notor 76, a cam mechanism 79 and a positioning sensor 77 bel ow a
position where the culture bag tray 47 of the culture cassette 17 is
installed. A part (elevating unit, not shown), of the platform46 for
placing the culture bag 18 on the culture bag tray 47 directly is adapted
to be able to be noved upward and downward. The inclined notor 76 rotates

the cam ‘E‘%gﬁ@%%‘%‘eégt%ot%"g *}%t‘?ﬁ' F‘u‘é%‘oﬁ%o‘i“ tan‘%fl tlge Rlpat form 46 upward

and downwar e position o vating u tected by the

bosi Li oni pgsensap, zzntrggdpla%ew ansi-{ced, Lo he caper a-an gentz ) panel

13. The I ned notor s controlled by the operation contro panel 13

SO as to mpye,bie;eheyatiag (unif %f tt?% Hk g/ Ms <46 (dowmard in an initial

stage of culture in the culture |ngly a I|qU|d reservoir 78

(Figs. BARNM: BB Fhgs 1%/%g%nc&r%§> dss honed i cLhe ildre bag 18 1 the

initial stage of culture in‘the c | ture bag 1 the culture suspension

fromthe celyl th'%o‘%%%t gﬂ%tc%%%ekh‘?itulz% 'm%d&%ha'c%%@e't’% & liquid reservoir

78, so that the ensity per area in the culture bag 18 i s nmaintained

at a densiiyingeitl aaln% k@ nt B tRrAldferal %I%@dp%;@ a4, hechec§elc%nqifl ciently
proliferate in the initial stage of the culturé n the mddle stage and

the later $ha9@90hi@he third pump 50.

As shown in Fig. 5, the culture cassette 17 is stored
within the canister 16, and the culture cassette 17 is
supported on the stage 42 of the canister 16, and the
stage 42 is provided with an inclined motor 76, a cam
mechanism 79 and a positioning sensor 77 below a position
where the culture bag tray 47 of the culture cassette 17
is installed. A part (elevating unit, not shown), of the
platform 46 for placing the culture bag 18 on the culture
bag tray 47 directly is adapted to be able to be moved
upward and downward. The inclined motor 76 rotates the
cam mechanism 79 to move the elevating unit of the
platform 46 upward and downward. The position of the
elevating unit is detected by the positioning sensor 77,
and 1s transmitted to the operation control panel 13. The
inclined motor 76 1is controlled by the operation control
panel 13 so as to move the elevating unit of the platform
46 downward 1in an initial stage of culture in the culture
bag 18. Accordingly, a liquid reservoir 78 (Figs. 8A and
8B, Figs. 9A and 9B) is formed in the culture bag 18.

In the initial stage of culture in the culture bag 18,
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culture in which the anount of the culture suspension in the culture bag 18
is increased to a level at least equal to a predeterm ned anount a
(described later), the inclined notor 76 noves the elevating unit of the
platform 46 upward via the cam nechanism 79 to bring the culture bag 18
into a horizontal state to elimnate the liquid reservoir 78. As shown in
Fig. 5, a shaking nechanism 91 of the shaking device 80 is installed as a
pressing unit above the culture cassette 17 where the culture bag tray 47
is arranged in the canister 16. The shaking device 80 includes the shaking

rechan st 31,30 9RCLALLAA JTRLOr Al 3 AMIEChINL AN A0, A1 2o ROSL T oNi g

sensor aklng frechani sm es an

appar at us Bra 8§etgg§88era}|pge EH§5§d8§e%%r%%%b rﬁ§5|%ge upmard§§osed on

t he apparatus ¥ rame Via a guide s0 as to be nova and

downver d, and achlliral id OJreogo SoLhensuBbypEoleat hng 1 rom e bos tom

surface o e operati plate 8 e oper tlng I's noved

upvrd and_dounygrd . | deroalelycby ancopsEatican of chhe camamahanism 90

(Fig. 23 erating notor rolectlons operatlng

pl ate 85 gr?gg the i Iéﬂyf% ﬂf%éggyglpmeghedQH@%@5q|%t%f t?ﬁfg%3%|ng

nechanlsn1 repeat edl vy, I's, pressing and releasing f ture bag

18 are re I n c ch.t e Ltur 18 s
et To 508006 1500 r" andct héd?’.%e@gfa@%he%%;gﬁrg%, 0% -t be seulykurs bage

culture in which the amount of the culture suspension in
the culture bag 18 is increased to a level at least equal
to a predetermined amount o (described later), the
inclined motor 76 moves the elevating unit of the platform
46 upward via the cam mechanism 79 to bring the culture
bag 18 into a horizontal state to eliminate the 1liquid
reservoir 78.

As shown in Fig. 5, a shaking mechanism 91 of the
shaking device 80 is installed as a pressing unit above
the culture cassette 17 where the culture bag tray 47 is
arranged in the canister 16.

The shaking device 80 includes the shaking mechanism
91, an operating motor 81, a cam mechanism 90 and a
positioning sensor 82. As shown in Fig. 7, the shaking
mechanism 91 includes an apparatus frame 83, an operating
plate 85 as the pressing unit disposed on the apparatus
frame 83 via a guide rod so as to be movable upward and
downward, and a plurality of projections 86 projecting
from the bottom surface of the operating plate 85. When
the operating plate 85 is moved upward and downward

alternately by an operation of the cam mechanism 90 (Fig.
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plate 85 is set to 30x40 cm the nunber of the projections 86 projecting in
t he shaki ng nmechanism 91 shown in Fig. 7A is preferably five to twenty
five, for exanple. As showmn in Fig. 7B, the dianeter r of the projection 86
is preferably, for exanple, from0.5 to 7 cm nore preferably, from1l to 3
cm The height h of the projection 86 is preferably, for exanple, fromO0.5
to 7 cmand, nore preferably, from1l to 3 cm The material of the
projections 86 is, for exanple, plastic, alumnumor rubber. By formng
with these materials, the culture bag 18 and the cells in the culture bag

18 are pr ;e%e‘égfﬁr g?erg‘%%' ngdagaged. tﬁ'&eg%j%%t‘i fih%doo%l et?]ut' on 86 may

any shape-“su AT semici reular shape cylln rical ape as |l ong

o i does, a0t ghepdaraoes Lo.the il gmu £2ag .18 5The JY38Id00 by the

proj ection 5r exanpl rom1l 1§0™FPres per mnutes in vel ocity

with a r d fon t ah&%% a nly, and

the i nvelr[:tdlg?)]r%]mlgg \r%)/ tol%l nt‘lh%e 11taokqtn??;sI‘\{/Bc'g ues 9\ﬁ ove &W't ﬂﬁ% s%ak?/ng

nechanls e i h cul.t S i ture bag
3%%% a6l Q%qe%lnga @ ne lé'ul%%e %%ggaiag%;}l Oatetsdé%tﬁﬂ

18 is st 4 the cell's in the culture b noves in

the cul ture 5P§p§”éé98 1§0w1‘=15_‘é‘1‘=1 the @'hﬁé!’:h@%’tb?”t% EhecGek! 8agand the

concentration of the culture nedium conponents are om)genl zed'in the

culture bag %%ta@@ %@% Qéyg%@OSHHp%hd Q%%a%hE£ % %%%rQi%Qaﬁ¥%§fﬁﬂ the
proliferation of the | s is accel erated

plate 85 is set to 30x40 cm, the number of the projections
86 projecting in the shaking mechanism 91 shown in Fig. 7A
is preferably five to twenty five, for example. As shown
in Fig. 7B, the diameter r of the projection 86 is
preferably, for example, from 0.5 to 7 cm, more preferably,
from 1 to 3 cm. The height h of the projection 86 is
preferably, for example, from 0.5 to 7 cm and, more
preferably, from 1 to 3 cm. The material of the
projections 86 is, for example, plastic, aluminum or
rubber. By forming with these materials, the culture bag
18 and the cells in the culture bag 18 are prevented from
getting damaged. The shape of the projection 86 may be
any shape such as a semicircular shape or a cylindrical
shape as long as it does not give damages to the culture
bag 18. The pressing by the projection 86 is, for example,
from 10 to 180 times per minutes in velocity with a
pressing width from 1 to 15 mm. These values are examples
only, and the invention is not limited to the values shown
above.

With the shaking mechanism 91 as described above, the

culture suspension in the culture bag 18 is stirred, and
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As shown in Fig. 6, the position of the operating plate 85 is detected by
the positioning sensor 82, and is transmtted to the operation control

panel 13, whereby the operating notor 81 is controlled by the operation
control panel 13. The cell culture (shaking culture) in the culture bag 18
usi ng the shaki ng device 80 descri bed above nay be carried out before the
culture suspension is filled in the culture bag 18 to approxinmately a
maxi nrum | evel, or may be carried out after having filled therein to
approximately the maximumlevel. As shown in Fig. 5 an lighting LED 87 and

the CCD c¢aeerai88 ap aRel RIS u3eA¥G N9 YNk t&r @nidnsldldsed 4 nhe canister
16 above and bel ow the position wheré the cell inoculation cassette 19 or

the dumy -gassett euéBedlithe seulthuke thasegtheiblti$nalirangrd cdiagpectively.
The lighting LED 87 illum nates the cell inoculation cassette 19 or the

dummy casgett né0 cbhemnabaveonThe €ER caMRhd B8 edshaotcoridtrld sden the
cell inoculation cassette 19 or the dummy cassette 70 from below to acquire

the i magehohiBgeadledThe ithleUmunaiireg paRenat o ehet s geahtdupgp1kED 87 and
t he shooting operation of the CCD canmera 88 are 25 controlled by the

oper ati on cgeathiely panempkdvied,g.sbhatn@dhel paYES fefrathenceld sHan the cell
i nocul ation cassette 19 or the dunmy cassette 70 are acquired at

pr edet er mceed st iiEe acicRtlerwalesi.(every 6 hours, for exanple). The cell inmges
shot at the respective tine intervals are stored in an inmage nenory circuit
89 of the i magespsheessingregnpal ethe position of the operating

plate 85 is detected by the positioning sensor 82, and is

transmitted to the operation control panel 13, whereby the

operating motor 81 is controlled by the operation control

panel 13. The cell culture (shaking culture) in the

culture bag 18 using the shaking device 80 described above

may be carried out before the culture suspension is filled

in the culture bag 18 to approximately a maximum level, or

may be carried out after having filled therein to

approximately the maximum level.

As shown in Fig. 5, an lighting LED 87 and the CCD
camera 88 as an image acquiring unit are installed in the
canister 16 above and below the position where the cell
inoculation cassette 19 or the dummy cassette 70 of the
culture cassette 17 is arranged, respectively. The
lighting LED 87 illuminates the cell inoculation cassette
19 or the dummy cassette 70 from above. The CCD camera 88
shoots the cells in the cell inoculation cassette 19 or
the dummy cassette 70 from below to acquire the image

thereof. The illuminating operation of the lighting LED

87 and the shooting operation of the CCD camera 88 are

25



14. The inmage processing conputer 14 carries out image processing, for
exanpl e, binarization or nmultithresholding, for the cell imges shot at the
respective tine intervals stored in the inage nmenory circuit 89, so that an
average value of the projected areas of the single cells and the

increasing rate of the non-single cell, which is a cell aggregate formed of
a plurality of single cells are calculated as evaluation paraneters of the
cell culture. The average value of the projected areas of the single cells
(the average projected area of the single cell) is calculated fromthe cel

i mage ta_k%n\e/@%rll1texﬁeg§,ytfn%%p_%9%rt%o%a%o%lt%iegafnreqml@hq FIYTER) WagR the

culture is started after having nounted the cell inocul at’ion cassette 19

to the culittescagsehke cbii1and rstpedetine ;Gultune i $asselde’ tr 1in dhe
cani ster 16. Determ nation of whether the cell is the non-single cel

descri bed taRovianfy Rakskttachicewed iakRUGR4a smBRRRGe tihali e tGeld having a
projected area at 'l east equal to 100 n2 is determ ned as the non-single

celI's singatthea1Br Qeeeted canearef, tthe sikaghaesel | The tha 1 niddpls stage of
26 culture is smaller than 100 nR2. The change of the ratio of the

non- si ngl gneel k% Whih reepRreet vieo tahle tihe 6ells age cameed f ram fol I ow up
i mges of the cells (for exanple, 1images of the cells after having el apsed

24 hours, i48gehaumsrgndift2uleuns bifomhkche msigar b rofkealitng @ontotead cul at e
the increasing rate of the non-single cell.
14.

The image processing computer 14 carries out image
processing, for example, binarization or multithresholding,
for the cell images shot at the respective time intervals
stored in the image memory circuit 89, so that an average
value of the projected areas of the single cells and the
increasing rate of the non-single cell, which is a cell
aggregate formed of a plurality of single cells are
calculated as evaluation parameters of the cell culture.
The average value of the projected areas of the single
cells (the average projected area of the single cell) 1is
calculated from the cell image taken when twenty-four
hours has elapsed from the moment when the culture is
started after having mounted the cell inoculation cassette
19 to the culture cassette 17 and stored the culture
cassette 17 in the canister 16.

Determination of whether the cell is the non-single
cell described above or not is achieved in such a manner
that the cell having a projected area at least equal to
100 pm® is determined as the non-single cells since the

projected area of the single cell in the initial stage of
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The i mage processing conputer 14 calculates a lag tinme fromthe average
projected area of the single cell and estinmates the start tine of the
proliferation of the cells. The lag tinme neans a tinme length of an

i nduction phase required frominoculation of cells in the inducer
stimulation vessel 65 in the cell inoculation cassette 19 wuntil the
proliferation is started. The inage processing conputer 14 determ nes

whet her the culture state of the cells, that is, whether the cell has a
capability to proliferate by the stinulation fromthe inducer or not, from

the timng yhen the celhs has,stanied to prefiferate, Inen. Lbe,jmge

. ]I
processi ng “conput er transmts the "resul rmnation o he cells

(Tor examplee. o YESh-otien o he1qel |5 dave B.canabi Lty g prglid gate and

"NO'  when t he cell's *have né capability 6 “prol i f érat e operation

control pg%ﬁhujc%'d e, tf%ﬁl%pde-ru%g;i%%rg%l .”%arfo't .ep%%‘i'flstlﬁ efrogg%:x‘sél b1 si gnal

i ndi catin at" the capabiTity iferation 0 N t'he inducer

StinU|atiq§P€%§S%%lF§§ L%lﬁgea%%%& %ggnga%g% Fg@g@g}?gw%% i 8 determned to

be remarka I"ow, cperatlon control ays the state of the

correspongi cel ls~52 rati-ng. t n t] e cells
whi ch ar goﬁlgr?a?‘ gbﬁ)% %15;5 Pst ?ﬂrjé)glts t%%%%tarttegfb%utlﬁgnjie d%ée?c%ladr@tﬂe;nce are

det er i ned that, e GapaNilict Y Of v QldLeralhan cehg | ow. The i mmge

processi ng conputer 14 -“calculates a mninmum” doubling tine of the cells from

the increaSingTB@t§m95etB?ocessing computer 14 calculates a lag
time from the average projected area of the single cell
and estimates the start time of the proliferation of the
cells. The lag time means a time length of an induction
phase required from inoculation of cells in the inducer
stimulation vessel 65 in the cell inoculation cassette 19
until the proliferation is started. The image processing
computer 14 determines whether the culture state of the
cells, that is, whether the cell has a capability to
proliferate by the stimulaticon from the inducer or not,
from the timing when the cells has started to proliferate.
Then, the image processing computer 14 transmits the
result of determination of the cells (for example, “YES”
when the cells have a capability to proliferate and “NO”
when the cells have no capability to proliferate) to the
operation control panel 13. When the operation control
panel 13 receives a signal indicating that the capability
of proliferation of the cells in the inducer stimulation
vessel 65 in the cell inoculation cassette 19 is
determined to be remarkably low, the operation control

panel 13 displays the state of the corresponding cells.
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non-single cell. The doubling tinme in this specification neans a tine
period required for the nunber of cells at a certain tinme to be increased
to two tinmes the nunber of <cells. The image processing conputer 14
determnes the culture state of the cells, that is, the proliferation
ability of the cells fromthe m ninumdoubling tinme and transmts the sane
to the operation control panel 13. Then, the operation control panel 13
that has received the signal fromthe image processing conmputer 14 deci des
the timng for nnving the cells fron1the cell inoculation cassette 19 to

t he CU|tu%ﬁﬁP§%% % mon%t{%%qb§g. g%bhylafoElf%e%&%g tqﬁ cultu%$ ?ﬁdlum

to the cul e proli er At on ablllty 0

cell s. The, cgl lnarﬁgm L3 19 308400 L gymgoullifig & e s

det er mi ne 5ecé haV|ng marka |fera ion abpllty The

operati O”Ih%%ter B'repﬁ%‘%'e %‘?[n%%bﬁth?% t’fﬁ%g%alp%‘iﬁ%% | ng ?%'Bi‘itf%rrajt‘i dJrncti ;0”' ng

as control units 7inclu or executi ng corputation or control,
storage dgyige (memory) for storing a processing program or data, and a
i nput / out put Ci'rcuit for the connection 28 with the i nput devices such as a

keyboard, a mogge of.ge bPUCD.RaRg ff;]ﬂguégppw' pg10383:25 commadayand the

out put devi ces suc nmoni t or I mage processin 4 al so

i ncludes e TAge JTRIOLY G189 Aok star 101 2 g dgta diom the

CCD canera e Sstorage device of I mageé processi-ng conp
non-single cell. The doubling time in this specification

means a time period required for the number of cells at a
certain time to be increased to two times the number of
cells. The image processing computer 14 determines the
culture state of the cells, that is, the proliferation
ability of the cells from the minimum doubling time and
transmits the same to the operation control panel 13.
Then, the operation control panel 13 that has received the
signal from the image processing computer 14 decides the
timing for moving the cells from the cell inoculation
cassette 19 to the culture bag 18 or the feeding velocity
for feeding the culture medium to the culture bag 18 on
the basis of the proliferation ability of the cells. The
cells demonstrating a too long minimum doubling time is
determined to be cells having a remarkably low
proliferation ability.

The operation control panel 13 and the image
processing computer 14 functioning as control units
include a CPU for executing computation or control, a
storage device (memory) for storing a processing program

or data, and a input/output circuit for the connection
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14, stores a programfor processing (for exanple, binarization or

mul tithreshol ding) the inages of the cells in the cell inoculation cassette
19 shot at the predetermned tinme intervals by the CCD canera 88,

cal cul ating evaluation paraneters for the cell culture (the average
projected area of the single cell, the increasing rate of the non-singe
cell), and determning the culture state of the cells (the proliferation
capability of the cells, and the proliferation ability of the cells) from

t he eval uati on paraneters of the cell culture. The storage device of the

operat | on, soqt 1ol RAREL Ay sy ench %%u'apneggao%%“ R ap for

controlllng equl exanple he fi he Second punp

49) rel ating Optgg%f %ttb%t%&@ PR GAl S LBl ggmtmt 16, Yl g;%ethcassette

17 accordlng e culture the ceI carrying ou e culture

oper at | ongolhe . SLALAgE devife ot he gRenaL] %”p‘%%’&ters%'l“%a%tt’]“?ﬁ Acubat or

stores a program controlling the eqU|pne elating to

11, the canigher, t%c%@etsh% culy ery%fr%&n NG faddip,aind e Signal s

fromrespective sensors in 29 the |ncu t he cani st d the

culture ca %%eghgggléat%uqquetg@nk@@Idawgf%h% gCCD canera 88 at predeterm ned

time intervals a acquiring the images of the cells. Subsequently, a

process that t@HeOBEBﬁé?Q“dEQQEEOBf EHQGHP%é 90&@%s&ﬂ§?%o&%ﬂ%§§5in9

conmputer 14 carry out he program for cu g cel l escri bed
using 14, stores a program for processing (for example,

binarization or multithresholding) the images of the cells
in the cell inoculation cassette 19 shot at the
predetermined time intervals by the CCD camera 88,
calculating evaluation parameters for the cell culture
(the average projected area of the single cell, the
increasing rate of the non-singe cell), and determining
the culture state of the cells (the proliferation
capability of the cells, and the proliferation ability of
the cells) from the evaluation parameters of the cell
culture.

The storage device of the operation control panel 13
Stores a equipment control program for controlling
equipment (for example, the first pump 48 and the second
pump 49) relating to the incubator 11, the canister 16 and
the culture cassette 17 according to the culture state of
the cells and carrying out the culture operation. The
storage device of the operation control panel 13 also
stores a program for controlling the equipment relating to
the incubator 11, the canister 16 and the culture cassette

17 on the basis of the signals from respective sensors in
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process drawi ngs shown in Fig. 8Ato Fig. 11B, and flowhart shown in Fig.
12 to Fig. 17. In the cell culture process, the operation control panel 13
and the inmage processing conputer 14 set the culture environnments

i ndependently for the individual canisters 16 in the incubator 11, and
control the same to culture the cells in the culture cassettes 17 stored in
the individual canisters 16. Fig. 8 to Fig. 13 show an inducer stimulating
intermttent perfusion culture process carried out in the case of
collecting the cells in the culture bag 18. As shown in Fig. 8A and Fig.

12, the operator places.the  enmpty.culture ba on the cul ture bag tray 47
via the %ﬁgt%BFHEEg?rnéaht§hFh5a¥&FE&Fe1§a6ngr§$e4fug$ufﬁeqa§F ggfiray 45,
and connect,s the,cultur to, the first p 48, the secon np 49
and the T ahuhp S0 CRieeddiom Y Fre GaeREoRe ot et ety s

o the sindl g ea0later 16 Wiase gl GRU opabap 44 s bl nated, for

exanpl e, in green, Kes "t he 'stage 42 to support

the same. Thens,blguORS(Pt oL LUMRDLLT £6a.thg. | Bduser:bn LR aducer SO

stinmul ati on vesse he ctean bénc uts € culture

medi um t herein, tlg”g{u%‘&ﬁtaes ih%%ecgs'ri?ge:s%‘iﬁﬁg%éoimﬁﬂt%ars%%%fc%rjr%/ L whi ch _cells

are inocufate rge tra ani stér as ‘shown in Fig.

o eSSBS B s e o BT Y A € 2
process drawings shown in Fig. 8A to Fig. 11B, and
flowchart shown in Fig. 12 to Fig. 17. 1In the cell
culture process, the operation control panel 13 and the
image processing computer 14 set the culture environments
independently for the individual canisters 16 in the
incubator 11, and control the same to culture the cells in
the culture cassettes 17 stored in the individual
canisters 16.

Fig. 8 to Fig. 13 show an inducer stimulating
intermittent perfusion culture process carried out in the
case of collecting the cells in the culture bag 18. As
shown in Fig. 8A and Fig. 12, the operator places the
empty culture bag 18 on the culture bag tray 47 via the
platform 46, mounts the culture bag tray 47 to the large
tray 45, and connects the culture bag 18 to the first pump
48, the second pump 49 and the third pump 50.

Subsequently, the operator puts the large tray 45
into the single canister 16 whose indication lamp 44 is
illuminated, for example, in green, in the incubator 11,
and makes the stage 42 to support the same. Then, the

operator immobilizes the inducer in the inducer
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culture nediumis put in the clean bench or the like to the large tray 45
in the canister 16 (SI in Fig. 12). Subsequently, the operator confirns the
output of the inmage fromthe CCD canera 88 in the canister 16 in which the
culture cassette 17 having the culture bag 18, the cell inoculation
cassette 19 and the culture nmedium cassette 20 nmounted to the large tray 45
is stored (S2 in Fig. 12). Before or after the confirmation of the inmage
out put, the operator activates the inclined notor 76 of the canister 16 to
nove the elevating unit of the platform 46 downward and forn1the l'iquid

reservoir s@mhﬂa“c'}%n %'sts‘ér% 61339111% Ths caperaheh %t}enchrgqu s dfie wel ght

of the enpty culture bag he melght neter 4 cani ster 16.

Then, as $h@Whu)RuELIneHunl f&%e%qr at ahcchosat ol hee ganyster door 31 and
starts the cell culture in the corresponding canister 16 (S3 in Fig. 12).

Accor di ngliyocul A ttiRg 'cfa@‘é%%rte5t1'9mﬁ|oawh%hv%%§‘i|s 83 N rid®168ldq tgnocul ation
cassette 19, the cells are stinulated by the inducer for proliferation ($4

in Fig. 12he TheqeCRregmarna i 88 hef e seeir aspondi RE Haniist efi g6 dmkes
i mages of the 31°cells’in the inducer stinulati on vessel 65 in the cel

i nocul ati gnpeagsente y19 tale RpRAGEHMISEH thl AR el RLAKRS mddgvgty SiXx hours,
for exanple), and theée i nage processing conputer 14 cal cul ates the

eval uati orapakaret en ehwihg t¢! lcuduhindr eclyiom hey pckedwidnages. In
addition, the inage processing conputer 14 calculates a lag tinme from
culture medium is put in the clean bench or the like to
the large tray 45 in the canister 16 (S1 in Fig. 12).

Subsequently, the operator confirms the output of the
image from the CCD camera 88 in the canister 16 in which
the culture cassette 17 having the culture bag 18, the
cell inoculation cassette 19 and the culture medium
cassette 20 mounted to the large tray 45 is stored (S2 in
Fig. 12). Before or after the confirmation of the image
output, the operator activates the inclined motor 76 of
the canister 16 to move the elevating unit of the platform
46 downward and form the liquid reservoir 78 in the
culture bag 18. The operator then measures the weight of
the empty culture bag 18 by the weight meter 43 of the
canister 16.

Then, as shown in Fig. 9A, the operator closes the
canister door 31 and starts the cell culture in the
corresponding canister 16 (S3 in Fig. 12). Accordingly,
in the inducer stimulation vessel 65 in the cell
inoculation cassette 19, the cells are stimulated by the
inducer for proliferation (S4 in Fig. 12). The CCD camera

88 of the corresponding canister 16 takes images of the
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the eval uation paraneter to determ ne whether there is a capability that
the cells proliferate by the stinulation fromthe inducer or not, and
further calculates the mninumdoubling tine to determ ne the proliferation
ability of the cells (S5 in Fig. 12). Wen the operation control panel 13
receives a signal determning that the proliferation capability cannot be
confirnmed even a predetermned tine length (72 hours, for exanple) has

el apsed since the cells are stimulated by the inducer in the inducer
stinmulation vessel 65 in the cell inoculation cassette 19 fromthe inage

Pr 0cessi NG cGOEPYTeE peldndhlie OBRALIAN 16ANLEALRARE ;13 Wisklays so. Vhen

the operation control panel 13 receives a signal termning that the

celI's in tihgdnducen shisBdatd an wessele£2crhihlRe Geld iiMeeulAtd on cassette
19 has a probability to proliferate fromthe inmage processing conmputer 14,

the oper atiercankr dloupanelsok3 dagipdes ,t hed itHend i@ d Adaysidde cells to
the culture bag 18 or the feeding velocity of the culture nediuminto the

culture bagnidter the Rawhgffes tthe rRrahenahn e raiidddy &f de cells. The
operation control panel 13 activates the first punp 48 on the basis 32 of

these deciceilan canduras vt hen gicke BBp tidaleed the suditture, mediamin the
culture nedium bag 67 of the culture nediumcassette 20 to the cel

i nocul ati amag@s peblesking Woaipsitens theqelllste’ tha dgnduey fStdrrul ation
vessel 65 in the cell inoculation cassette 19 to the culture bag 18, and
feeds the tewl tewag uaediohmplart airee: eGultourde tRe i hd@ther there is a

capability that the cells proliferate by the stimulation

from the inducer or not, and further calculates the

minimum doubling time to determine the proliferation

ability of the cells (S5 in Fig. 12).

When the operation control panel 13 receives a signal
determining that the proliferation capability cannot be
confirmed even a predetermined time length (72 hours, for
example) has elapsed since the cells are stimulated by the
inducer in the inducer stimulation vessel 65 in the cell
inoculation cassette 19 from the image processing computer
14, the operation control panel 13 displays so. When the
operation control panel 13 receives a signal determining
that the cells in the inducer stimulation vessel 65 in the
cell inoculation cassette 19 has a probability to
proliferate from the image processing computer 14, the
operation control panel 13 decides the timing to transfer
the cells to the culture bag 18 or the feeding velocity of
the culture medium into the culture bag 18 on the basis of

the proliferation ability of the cells. The operation

control panel 13 activates the first pump 48 on the basis
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to the culture bag 18 (S6 in Fig. 12). By the operation of the first
48, the static culture of the cells in the liquid reservoir 78 of t
culture bag 18 is started (S7 in Fig. 12). The operation control panel 13
follows the programto carry out the feeding culture while feeding
culture nedium and to determ ne whether the weight of the culture
suspension in the culture bag 18 neasured by the weight nmeter 43 is
increased to a level at |least equal to a predeterm ned value a or n

in Fig.

12). The operation control panel 13 activates the inclined

at a timng whaen. yhe;predetenm ned yalie i3 kg 4 eaghed,, mves dihe el
e

portion of the platform 46 upwar

via the cam chanism 79 and, as

punp
he

t he

ot (S8
notor 76
evating
shown in

Fig. 10A, hnihgs Fn%%i%h' tizrhrsgh_@a%uﬁ%uirrét %edaTLuRO%iaz;O%t7alo§tt%?ee &0 t&lddm nat e

the liquid reservoir

13 det er mppes upweikher tkhe gweight, ofcdihe iGldune isHsRensiaan d n 4 he

bag 18 weighted by the weight meter 43 is increased to a |level at |
equal to a phedeter MhRedeiMal Ue RHeSEQdureH &t ikd) @1 di0tve Rt anf i vates the
33 operating nmotor 81 at a timng when the predeternmined value pis
reached. Ag¢cendi Ra@hy, ia®cshewn dnn FsGet@B19 the tsRaking devigegy 83 ,i s
activated, and the shaking culture in which the operating plate 85

shaki ng meeharies® heofctite rehaldnandavi eee8QunreseenddiantWdgirey bag 18
repeatedly is started (S11 in Fig. 12). The

to the culture bag 18 (S6 in Fig. 12).

By the operation of the first pump 48, the static
culture of the cells in the liquid reservoir 78 of the
culture bag 18 is started (S7 in Fig. 12). The operation
control panel 13 follows the program to carry out the
feeding culture while feeding the culture medium, and to
determine whether the weight of the culture suspension in
the culture bag 18 measured by the weight meter 43 1is
increased to a level at least equal to a predetermined
value o or not (S8 in Fig. 12). The operation control
panel 13 activates the inclined motor 76 at a timing when
the predetermined value a is reached, moves the elevating
portion of the platform 46 upward via the cam mechanism 79
and, as shown in Fig. 10A, brings the culture bag 18 into
a horizontal state to eliminate the liquid reservoir 78
(S9 in Fig. 12).

Then, the operation control panel 13 determines
whether the weight of the culture suspension in the
culture bag 18 weighted by the weight meter 43 is
increased to a level at least equal to a predetermined

value B (S10 in Fig. 12) or not, and activates the

33

in Fig. 12). Then, the operation control panel

cul ture
east

in the



operation control panel 13 continues to determ ne whether the weight of the
culture suspension in the culture bag 18 neasure by the weight neter 43 is
increased to a level at |east equal to a predeterm ned value x (S12 in Fig.
12) or not. Wen the predeterm ned value x is reached, the first punp 48
is stopped, feeding of the culture mediumfromthe culture nediumbag 67 in
the culture nmediumcassette 20 to the culture bag 18 is stopped, and the
operating notor 81 is stopped to stop the shaking culture in the culture
bag 18 (S13 in Fig. 13). The operation control panel 13 activates the

second pupR 4913kt abtbhe saeklts aranselgt hadn R hhe relddientikarg 18 to
di scharge the used culture nediumin the culture bag 18 (supernatant in the

cul ture bag1iR) pt @st heaesed .cuhicdibe dimediyymaBagn®@ni Ant ke Culitow,e medi um
cassette 20 as shown in Fig. 11A (S14'in Fig. 13). Then, the operation

control parelshhXiagt deaties tghe ifd et iR 48 sard theedh dkievgcul ture  nedi um
fromthe culture nediumbag 67 in the culture nediumcassette 20 to the

culture bagli8reand attiichates dpke@neraplagenBiEoi 80 stalkihput the
shaking culture in the culture bag 18 by the shaking device 80 (S15 in Fig.

34 13). Ahfeehahasimn®leloapsed ahpradet eleviined s prdsergt bhe thig topey ati on
control panel 13 stops the first punp 48, stops the feeding of the culture
medi um fr @agt he aepleuredlyedisumthag <6l (911t Her culgt.ure )nedimie cassette 20 to
the culture bag 18, and stops the operating notor 81 to stop the shaking
cul ture i ppehatduint woathad PAnEe316 3 rdrtdnuk3) to determine whether

the weight of the culture suspension in the culture bag 18

measure by the weight meter 43 is increased to a level at

least equal to a predetermined value y (S12 in Fig. 12) or

not. When the predetermined value y 1s reached, the first

pump 48 is stopped, feeding of the culture medium from the

culture medium bag 67 in the culture medium cassette 20 to

the culture bag 18 is stopped, and the operating motor 81

is stopped to stop the shaking culture in the culture bag

18 (S13 in Fig. 13).

The operation control panel 13 activates the second

pump 49 after the cells are settled in the culture bag 18

to discharge the used culture medium in the culture bag 18

(supernatant in the culture bag 18) to the used culture

medium bag 68 in the culture medium cassette 20 as shown

in Fig. 11A (S14 in Fig. 13). Then, the operation control

panel 13 activates the first pump 48 and feeds the culture

medium from the culture medium bag 67 in the culture

medium cassette 20 to the culture bag 18, and activates

the operating motor 81 to carry out the shaking culture in

the culture bag 18 by the shaking device 80 (S15 in Fig.
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The operation control panel 13 determ nes whether the desired culture term
depending on the date and tine of usage of the cells to proliferate is
reached or not, or the imge processing conputer 14 determ nes whether the
cells in the culture bag 18 reaches the desired nunber of cells or not (S17
in Fig. 13). Wien determ ning whether the cells in the culture bag 18
reaches the desired nunber of cells or not, the operation control panel 13
activates the third punp 50 (Fig. 11A), transfers a part of the cells in
the culture bag 18 to the cell inoculation cassette 19 or the dummy

cassette 18)(thedumm 6asseliap sty 1N JR%k6atetkd aldmakag dhe OCD canera

88 to take an inmage of the cells. The i mage processing conputer 14

processes thhe JpeRge i0h e teelll pardat annishepswhelcheri the pumprier, of cells is
at | east equal to a specified value or not, and transmts the sane to the

oper at i on s¢oRtsr @hePadrReldink3.c WieR A el WeRlit@r Mrom e uherreof cells is
not reached, the operation control panel 13 repeats the processing

oper at i on pfeiammSteR 374 ito tHeeR St hireThR dShepsaSk2 the 317 @y erst eps for the
intermttent perfusion culture in which discharge of the used culture 35

medi um i n duhe ued e 1839 abdl atdpsuppley opfeged)i nef mgwr @ul tiy estvgdi umto the

culture bag 18 are carried out alternately. In Steps 59 to 517, the

presence aheabsendefculaireceald sHen dulecirducsy 30 @dationFygsses) 65 in

the cell inoculation cassette 19 is confirmed by the CCD canera 88

The operation control panel 13 determines whether the

desired culture term depending on the date and time of
usage of the cells to proliferate is reached or not, or
the image processing computer 14 determines whether the
cells in the culture bag 18 reaches the desired number of
cells or not (S17 in Fig. 13). When determining whether
the cells in the culture bag 18 reaches the desired number
of cells or not, the operation control panel 13 activates
the third pump 50 (Fig. 11A), transfers a part of the
cells in the culture bag 18 to the cell inoculation
cassette 19 or the dummy cassette 70 (the dummy cassette
70 in most cases), and makes the CCD camera 88 to take an
image of the cells. The image processing computer 14
processes the image of the cells, determines whether the
number of cells is at least equal to a specified value or
not, and transmits the same to the operation control panel
13. When the culture term or the number of cells is not
reached, the operation control panel 13 repeats the
processing operation from Step S14 to Step S17.

The Steps S13 to S17 are steps for the intermittent

perfusion culture in which discharge of the used culture
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and, when there is no cell in the inducer stinulation vessel 65, the
operation control panel 13 pronpts the operator to replace the cel

i nocul ation cassette 19 by the dumry cassette 70 so as to prevent the

i nducer from flowing fromthe inducer stinulation vessel 65 into the
culture bag 18. Wen replacing the cell inoculation cassette 19 by the
dummy cassette 70, the operation control panel 13 stops feeding of the
culture nediumfrom the culture medium cassette 20 to the culture bag 18
and the shaking culture by the shaking device 80 tenporarily wuntil the

repl acemefe@funt H@ G@ld duneGHal0n 1A%t Ripkd y Dfddg damhecassette 70 is
conpleted. Then, in Steps 59 to 517, when the operation control panel 13

det er m negytihatr &t RRIGA ulnS thY Y e WWUY @apdiguird rdhe Lllduy e nedi um bag
67 in the culture nedium cassette 20 fromthe nmeasured val ue by the wei ght
meter 43, alttherepenat.ion control panel 13 pronpts the operator to replace
the culture nmedium cassette 20 by a new culture nedium cassette 20. Wen

repl aci ng the cul tuepsnedi um sgcassehkbepz@sbyickhernawseulckud me@é um cassette
20 as well, the operation control panel 13 stops feeding of the 36 culture
medi um f r emltlkke iculthy & nediarmaassatdte 20 e ddie 65cult whee bagd 118 and t he
shaking culture by the shaking device 80 tenporarily until the replacenent
of the culitnaromlavedinumacassetd d P04 sadipheidedy Athd [T idmngxad 8 when t he
desired culture termis reached or when the desired nunber of cells is
reached i and, when there is no cell in the inducer stimulation

vessel 65, the operation control panel 13 prompts the

operator to replace the cell inoculation cassette 19 by

the dummy cassette 70 so as to prevent the inducer from

flowing from the inducer stimulation vessel 65 into the

culture bag 18. When replacing the cell inoculation

cassette 19 by the dummy cassette 70, the operation

control panel 13 stops feeding of the culture medium from

the culture medium cassette 20 to the culture bag 18 and

the shaking culture by the shaking device 80 temporarily

until the replacement of the cell inoculation cassette 19

by the dummy cassette 70 is completed.

Then, in Steps S9 to S17, when the operation control

panel 13 determines that there is no more culture medium

in the culture medium bag 67 in the culture medium

cassette 20 from the measured value by the weight meter 43,

the operation control panel 13 prompts the operator to

replace the culture medium cassette 20 by a new culture

medium cassette 20. When replacing the culture medium

cassette 20 by the new culture medium cassette 20 as well,

the operation control panel 13 stops feeding of the
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Step 517, the operation control panel 13 stops shaking. Wen the cells are
settled, the operation control panel 13 activates the second punp 49 as
shown in Fig. 11B, discharges the used culture nmediumin the culture bag 18
to the used culture nmedium bag 68 of the culture medium cassette 20 and
condenses the cells until the culture suspension in the culture bag 18 is
reduced to about 1/2 to 1/3 on the basis of the neasured val ue by the

wei ght neter 43 (S18 in Fig. 12). The operation control panel 13 then stops
the second punp 49 to conplete the cell culture (S19 in Fig. 12). After

havi ng cora&h%% %G ?H tedicty e LAlddd hddi@m ¢4 tslérteceb% 18 ang

transferre vesse the centrifuge in the clean bench or the |like

by the op toh { ) r Il ect i fugation
(S20 in F?ﬁﬂk%'f.b%ﬁgégqﬁgﬁtF&fp§h€§§§gfﬁ%%ﬁﬁgﬁ ?ﬁ%gﬁ¥%g§§§ﬁg%f col l ecting

the cells Juyithe 8@e|t|enff3%|11aerqtl'w9mb@ig ad E‘eﬁblac@me'nr’c tJF ddugar: §id mul ating

intermttent perfusion culture process is include will be shown in Fig. 14

and 37 Fi gegtbm Treefere o oStieps dt@S38 in the process shown in Fig. 14
and Fig. 15 are the sanme as Steps Si to S18 in Fig. 12 and Fig. 13, and

hence descripthenthe @ikt palnltnwﬁteﬁpt§38déamﬁ@dl Bufkdrel®eraf tier having
condensed the cells in the culture bag 18 by the activation of the second

punp 49, the oper ald ahetOROldepANRld Tntlapo it kel 1sedoand-quiieA9%n and
pronpts the operator to replace the

Step S17, the operation control panel 13 stops shaking.
When the cells are settled, the operation control panel 13
activates the second pump 49 as shown in Fig. 11B,
discharges the used culture medium in the culture bag 18
to the used culture medium bag 68 of the culture medium
cassette 20 and condenses the cells until the culture
suspension in the culture bag 18 is reduced to about 1/2
to 1/3 on the basis of the measured value by the weight
meter 43 (S18 in Fig. 12).

The operation control panel 13 then stops the second
pump 49 to complete the cell culture (S19 in Fig. 12).
After having completed the culture, the cells in the
culture bag 18 are transferred to a vessel for the
centrifuge in the clean bench or the like by the operator,
and then the cells are collected by the centrifugation
(520 in Fig. 12).

Subsequently, a case in which the process of
collecting the cells by the cell collecting bag 72 (Fig.

5) in the inducer stimulating intermittent perfusion

culture process is include will be shown in Fig. 14 and
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used cul ture mediumbag 68 in the culture nmedium cassette 20 by the cel
collecting bag 72 (Fig. 5) (S39 in Fig. 13). The cell collecting bag 72 is
a bag which nmay be used for the centrifuge by being nounted to the
centrifugation. After having replaced the used culture nmediumbag 68 in the
cul ture nedium cassette 20 by the cell collecting bag 72, the operation
control panel 13 activates the second punp 49 and the operating notor 81,
and transfers the cells in the culture bag 18 to the cell collecting bag

72 nmounted to the culture medium cassette 20 together with the culture

medi um whirlig .shaki nghiehe fiortegr isafepaf St2he tocW3tBurie hag 18 due dhestshaki ng
device 80 (S40 in Fig. 15). The operation control panel 13 then stops the

second punp rM9Y.and LhQ oAy .aliNG MOtee hnmRNdsStRRed A a8l Isiaulitire  (S41
in Fig. 15). After having conpleted the culture, the operator nmounts the

cel I coll ggly ngbagd/#it0 the LRNYIfLIeART i¢RlIIRClS (e 1qeld s by the
centrifugation (S42 inFig. 15). 38 Referring nowto Fig. 16 and Fig. 17,

the inducer stjmulgpi8gacanseaulive Ber fysi ool LULe gl acass ull De

descri bed. Steps I'n the inducer’s I'ng ~“consecutive

per fusion _cul ture pr.ocess shown in Fig., 16 a Fig.. 17 .are t sane as
Steps Si ttcc?esfflﬁr? tlﬁe%?lr‘?dtfélg‘rturs ibrﬂ?lg a1t8| 23& ir%g][eerarﬁltve Eloﬁlercf{lgt‘b% culture
process in Fi%gt 12 an% Fid:%]L 13, and hence description s onitt%?. In the

i nducer stSSAANS: IPVGPC Fige S WRSFEHRE GPrdHtluPé@nSilodes StORME S Iter 71 i s

di sposed between the culture bag 18 and
second pump 49, and prompts the operator to replace the

used culture medium bag 68 in the culture medium cassette
20 by the cell collecting bag 72 (Fig. 5) (S39 in Fig. 13).
The cell collecting bag 72 is a bag which may be used for
the centrifuge by being mounted to the centrifugation.
After having replaced the used culture medium bag 68
in the culture medium cassette 20 by the cell collecting
bag 72, the operation control panel 13 activates the
second pump 49 and the operating motor 81, and transfers
the cells in the culture bag 18 to the cell collecting bag
72 mounted to the culture medium cassette 20 together with
the culture medium while shaking the interior of the
culture bag 18 by the shaking device 80 (S40 in Fig. 15).
The operation control panel 13 then stops the second pump
49 and the operating motor 81 and stops the cell culture
(S41 in Fig. 15). After having completed the culture, the
operator mounts the cell collecting bag 72 to the
centrifuge and collects the cells by the centrifugation

(S42 in Fig. 15).
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the second punp 49. The operation control panel 13 activates the second

punp 49 and di scharges the used culture nediumin the culture bag 18 to the
used culture mediumbag 68 in the culture nmediumcassette 20 at a nonent
when the weight of the culture suspension in the culture bag 18 is
increased to a level at |least equal to the predeterm ned value x (S62 in
Fig. 16) during the shaking culture by the shaking device 80 in the culture
bag 18 (S61 in Fig. 16) while feeding the culture nediumfromthe culture
medi um bag 67 in the culture nediumcassette 20 into the culture bag 18
(S56 in Fig. 1B¥feActogdnngl yp Flig.cdhsendt Fug.péif ushenindulkceur e whi ch
carries out feeding of the culture nediumto the culture bag 18 and

di schar ge safinfuhe tused caulsadie i veedidrndgion e tedd wredewag 38 1si md t aneousl y
is started in the culture bag 18 (S63 in Fig. 17). At this tine, the 39

cell's in thecylddd.e Ragpk8 Bye gy eventied tfeomfduew NG iy tdhei fd | ter 71,
and hence do not flowinto the used culture nediumbag 68. The shaking

culture bidie shaldang eyl e, 4015,RArea Ut sl AUl EANS0HS] b dhid g the

consecutive perfusion culture. The operation contr 13 determ nes

whether the g dasired el ure d ermdepending on.jbhe date and, [ide of usage
of the cell'Sto proliferate I's reac Oor- not,” “or he 1 mage processi ng

computer 14 determ nes whether the <cells in the culture bag 18 reaches the
desired ndr@M G NGe 14N G0t SV SEL 5§ I B Cig)t.u%é%fctfe%“?rﬁ%ﬁfggma her

12 and Fig. 13, and hence description is omitted. 1In the
inducer stimulating consecutive perfusion culture process,
the filter 71 is disposed between the culture bag 18 and
the second pump 489.

The operation control panel 13 activates the second
pump 49 and discharges the used culture medium in the
culture bag 18 to the used culture medium bag 68 in the
culture medium cassette 20 at a moment when the weight of
the culture suspension in the culture bag 18 is increased
to a level at least equal to the predetermined value ¥
(S62 in Fig. 16) during the shaking culture by the shaking
device 80 in the culture bag 18 (S6l in Fig. 16) while
feeding the culture medium from the culture medium bag 67
in the culture medium cassette 20 into the culture bag 18
(S56 in Fig. 16). Accordingly, the consecutive perfusion
culture which carries out feeding of the culture medium to
the culture bag 18 and discharge of the used culture
medium from the culture bag 18 simultaneously is started

in the culture bag 18 (S63 in Fig. 17). At this time, the
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the cells in the culture bag 18 reaches the desired nunber of cells or not,
the operation control panel 13 activates the third punp 50, transfers a
part of the cells in the culture bag 18 to the cell inocul ation cassette 19
or the dumy cassette 70 (the dummy cassette 70 in nost cases), and nakes
the CCD canera 88 to take an inmage of the cells. The inmage processing
conputer 14 processes the image of the cells, determ nes whether the nunber
of cells is at least equal to a specified value or not, and transmts the
sanme to the operation control panel 13. Wien the culture termor the nunber
of cells asldeschi hed a0t ries bagt 18r @aehedeviehe ecloFsesutilveripey fysi on
culture in Step S63 is repeated. In Steps S59 to S64, the presence or

absence ofhkhei14@rcehl s ain thie dendic oSty ahiten tressele 21t e cel |
i nocul ation cassette 19 is confirned by the CCD canmera 88 and, when there

Is no cel oy kg algn@ucer w5l Il ahiy ”Fu%%%§%'b + heNS HARGTAL IR, jeQnt rol

panel 13 pronpts the operator to replace the cell inoculation cassette 19
by the d casset.te 70,.so.as . to _prevent the inducer from flow ng from
Che | nducdl 46 Aot Seean Ao Semds IrRes e AL bk PEE SN r opl aci ng

the cell inocul ation _cassette 19 by the dummy cassette 70, the operation
control p&RFEIFUB3OB: G4 tH&&di ng of the culture mediumfrom the culture
medi um cassette 20 to the culture bag 18 and the shaking culture by the
shaki ng devi ceTB® PBAparaPn| gongnell PeRelr &gl deerentingf whetbell theocul ati on
cassette 19

desired culture term depending on the date and time of

usage of the cells to proliferate is reached or not, or
the image processing computer 14 determines whether the
cells in the culture bag 18 reaches the desired number of
cells or not (S64 in Fig. 17). When determining whether
the cells in the culture bag 18 reaches the desired number
of cells or not, the operation control panel 13 activates
the third pump 50, transfers a part of the cells in the
culture bag 18 to the cell inoculation cassette 19 or the
dummy cassette 70 (the dummy cassette 70 in most cases),
and makes the CCD camera 88 to take an image of the cells.
The image processing computer 14 processes the image of
the cells, determines whether the number of cells is at
least equal to a specified value or not, and transmits the
same to the operation control panel 13. When the culture
term or the number of cells as described above is not
reached, the consecutive perfusion culture in Step S63 is

repeated.

In Steps S59 to S64, the presence or absence of the
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by the dummy cassette 70 is conpleted. Then, in Steps S59 to 564, when the
operation control panel 13 determnes that there is no nore culture nedi um
in the culture nmediumbag 67 in the culture nmedium cassette 20 fromthe
nmeasured val ue by the weight neter 43, the operation control panel 13
pronpts the operator to replace the culture nmedium cassette 20 by a new
culture nediumcassette 20. Wen replacing the culture nedium cassette 20
by the new culture nmedium cassette 20 as well, the operation control panel
13 stops feeding of the culture nediumfromthe culture medium cassette 20

to the #EE%EeiPaQHé81ﬂBﬁc%Qes%@%ﬁgﬁﬁﬁ8H'BF%§e9y6%h§|SQ%%'%% 1 devi ce 80

tenporari 'y unti € replacenment o e culture um cassétte 20 is

compl et edy 41, The . 3aeratian coftyr gl Banel 13¢StgPs nkhech (ol umag 48, the

second punp t he operating not tops the perfusion culture
and the 5@%&'nghEH'EH%?eaEsano”%%ﬁﬂt1Wh%ﬂet@%dg%%'r%ql%&h%%&%nter”1'” St ep

S64 is reached, or when the desired number I'ls is reached (S65 in

Fig. 17). ;TBecopesat iaa %?@tr%@,llol?ia@%lntl‘%lt B%ﬂeqotl'l%\/%tr%%l fthe rrgecond punp 49
to discharge the used culture nmediumin the culfure bag 18 to the used

cul ture npdiwarbagcB8rbpibbe toul tc'érlq ediuna¢asselhe s2Q tand copdense the
cells unti t he anobunt of the culture suspension in the culturé bag 18 is

reduced t@nabauknl/ 2ak8elht3 on_Lhe skasis pekvehe tMRAsWRE Al DY the
wei ght neter 43 (S66 in Fig. 17).
flowing from the inducer stimulation vessel 65 into the
culture bag 18. When replacing the cell inoculation
cassette 19 by the dummy cassette 70, the operation
control panel 13 stops feeding of the culture medium from
the culture medium cassette 20 to the culture bag 18 and
the shaking culture by the shaking device 80 temporarily
until the replacement of the cell inoculation cassette 19
by the dummy cassette 70 is completed.

Then, in Steps S59 to S64, when the operation control
panel 13 determines that there is no more culture medium
in the culture medium bag 67 in the culture medium
cassette 20 from the measured value by the weight meter 43,
the operation control panel 13 prompts the operator to
replace the culture medium cassette 20 by a new culture
medium cassette 20. When replacing the culture medium
cassette 20 by the new culture medium cassette 20 as well,
the operation control panel 13 stops feeding of the
culture medium from the culture medium cassette 20 to the
culture bag 18 and the shaking culture by the shaking
device 80 temporarily until the replacement of the culture

medium cassette 20 is completed.

41



The operation control panel 13 then stops the second punp 49 to conplete
the cell culture (S67 in Fig. 17). After having conpleted the culture, the
cells in the <culture bag 18 are transferred into the vessel for the
centrifuge in the clean bench or the like by the operator and then the
cells are collected by the centrifugation (Step S68 in Fig. 17). In this
configuration, according to the enbodi nent shown above, the foll ow ng
effects (1) to (8) are achieved. (1) The inage processing conputer 14
processes the images of the cells in the cell inoculation cassette 19, that

the CCD canera B88ehagephtkes Q@ntt@laﬁgﬂé[elézs@M?EU@héolﬂipétaﬁﬁhprS of the
cell culture (average projected area of the single cell, the Increasing

rate of the ner-skoghe ¢8klp) 4%2RGdt @ hdebekMare nanehorval wat @righe culture
state of the cells (the capability of proliferation and the proliferation

abi i1y obctpe ol ghreuTs openatin conthal sanshold.aarries oyt the

e
culture operation cording to the culture state he timng of transfer
of the cells fromthe cell, inocul ati.on _cassette to the.culture bag 18,
the feedi AG™SF K eBuits: Sesﬁé&dur%u&t%u&eprstg&g‘t éPm‘jS%eeé’ ?égdilﬁg vel ocity from
the culture nmediumcassette 20 tq the culture bag.18 or the [like).
CbnsequenFFﬁFh§gnc@rter@uﬁﬁﬁr€e§ﬁéﬁg OHPRE Ol ICEL11iSs iFett&AmTs in a
non-contact and non-invasive state, the cells are prevented fromgetting
damaged, df&5t Bé Filtgk df7) -contami nation and the | oss of the cells due to the

The operation control panel 13 then activates the
second pump 49 to discharge the used culture medium in the
culture bag 18 to the used culture medium bag 68 in the
culture medium cassette 20 and condense the cells until
the amount of the culture suspension in the culture bag 18
is reduced to about 1/2 to 1/3 on the basis of the

measured value by the weight meter 43 (S66 in Fig. 17).

The operation control panel 13 then stops the second
pump 49 to complete the cell culture (S67 in Fig. 17).
After having completed the culture, the cells in the
culture bag 18 are transferred into the vessel for the
centrifuge in the clean bench or the like by the operator
and then the cells are collected by the centrifugation
(Step S68 in Fig. 17).

In this configuration, according to the embodiment
shown above, the following effects (1) to (8) are achieved.

(1) The image processing computer 14 processes the
images of the cells in the cell inoculation cassette 19,

that the CCD camera 88 has picked up, to acquire
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sanpling are avoided. Since, the operator needs not to carry out the
culture operation one by one, the I abor of the operator is alleviated.
Since the cells of one patient can be inoculated to the cell inoculation
cassette 19 in the culture cassette 17 which is stored in the single
cani ster 16, and the culture operation according to the culture state of
the cells can be carried out on the individual bases. Therefore, the
culture operation suitable for each patient is achieved, and the cross-
contam nation is avoided. Since the culture operation suitable for the

culture S%@EgﬁgEiBHepgfghﬁtE%saB@i%K@dcel&h@u§HhEHrQaggg%p%iOn by the hour

is enabl e the 43 culture is accelerated to shorten the culture term

(2) The cghbucerggdhupncagsehktes2@ghasca1¢assqbt enstbdst Hge radd Jrs _
connected to"the culture bag 18 ang the cell inoculation’cassette 19, which

is also h@ﬁean§ﬁ5§§ﬁ?§e ebnugtungy thenetarfinthengubidneakagthd. in
particular, is constfantly retained in the canister 16 which provides an

opti mal epuikgprEEBRtater ofheneukbung. (€pesedpapthy+y é&mages to the cells in
the culture bag 18 in association wth the environment change is reduced,

and asept beoligaBRirpYl ahi aRdf eheSBRPLYIFBGathencHbE Uheymedi wmet @ctihe) .cul ture
bag 18 in the clean bench or the like is omtted. (X) The cul ture nedi um

cassette 20e bhereehbn tBagubat banetagsetheri8sandtt haecuhtitieecbag 18 are

connected to forma closed system Therefore, the culture nedium cassette

20, the cebkrhneedl atcemdiagsebt ehd9candure state (the timing of
transfer of the cells from the cell inoculation cassette
19 to the culture bag 18, the feeding of the culture
medium at a predetermined feeding velocity from the
culture medium cassette 20 to the culture bag 18 or the
like). Consequently, since the culture state of the cells
is determined in a non-contact and non-invasive state, the
cells are prevented from getting damaged, and the risk of
contamination and the loss of the cells due to the
sampling are avoided. Since, the operator needs not to
carry out the culture operation one by one, the labor of
the operator is alleviated. Since the cells of one
patient can be inoculated to the cell inoculation cassette
19 in the culture cassette 17 which is stored in the
single canister 16, and the culture operation according to
the culture state of the cells can be carried out on the
individual bases. Therefore, the culture operation
suitable for each patient is achieved, and the cross-
contamination is avoided. Since the culture operation

suitable for the culture state of the cells is achieved,

the culture operation by the hour is enabled, and the
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the culture bag 18 are nmintained under the aseptic conditions. (4) The
culture suspension is stored in the liquid reservoir 78 of the culture bag
18 inthe initial stage of the culture in the culture bag 18, and hence the
cell density per area may be maintained at a suitable density. Therefore,
the cells may proliferate efficiently in the initial stage of culture. (5)
When the cells proliferated in the culture bag 18 is introduced into the
cell inoculation cassette 19 or the dumry cassette 70 and the images of the
cells are acquired 44 by the CCD canera 88, the nunber of cells and the

formof | theraell s ace abssived by apgyihng Lhe ells prghiferated in the

culture ba S W't hout 'sa ng. & used cul ture medi um

in the culture baoygB Ls) dischanged andsstoLedoip,Lhe usedoclture medium

bag 68 in the culture nedium casse ence e celrs’in the

cul ture ?@Qr&%tﬂ?%,?ﬁn&oﬁge%%ﬁﬁek%gbng%e%%% Egﬁtﬁ?h'Fgg”%%t%ndgﬁ%%efore’ the

nunber of tines 0O e operation entrifugation col I'ecting the cells

Ty be reduged: potanseduenthy. the haborytan ool Leot] pa .t he Beldes s saved

and the damage o e cells in association with thé centrifugationis

reduced. (f) \Whepcal | Th'é‘%e‘%%'r!es,g%%%g%%%rie” phie 18Ul LW 939 - /48 ar e

collected to the cell collectin mounted to’ fhe' culture nédi um

cassette 2Q, -LRgraakhS FRYBGeeOihethed cahY sTRYUNYINgHiRE ¢ollyi¢Rld ecting bag
72 directly to the

an optimal environment for the culture. Consequently,
damages to the cells in the culture bag 18 in association
with the environment change is reduced, and aseptic
manipulation for supplying the culture medium to the

culture bag 18 in the clean bench or the like is omitted.

(3) The culture medium cassette 20, the cell
inoculation cassette 19 and the culture bag 18 are
connected to form a closed system. Therefore, the culture
medium cassette 20, the cell inoculation cassette 19 and
the culture bag 18 are maintained under the aseptic
conditions.

(4) The culture suspension is stored in the liquid
reservoir 78 of the culture bag 18 in the initial stage of
the culture in the culture bag 18, and hence the cell
density per area may be maintained at a suitable density.
Therefore, the cells may proliferate efficiently in the

initial stage of culture.

(5) When the cells proliferated in the culture bag 18
is introduced into the cell inoculation cassette 19 or the

dummy cassette 70 and the images of the cells are acquired
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centrifuge. Therefore, the labor for collecting the cells my be saved. (8)
The culture suspension in the culture bag 18 is stirred by repeatedly
pressing the flexible culture bag 18 having the culture nmediumto which the
cells are inoculated stored therein by the projections 86 of the operating
plate 85 in the shaking nmechanism 91 of the shaking device 80. Therefore,
the distribution of the cells and the concentration of the culture nedi um
conponents in the culture bag 18 are honpgeni zed, and the oxygen supply
capacity is inproved, so that the 45 proliferation of the cells is

accel eratgd and the -efbi-gi @Rcy 0k Lhgpee! broubhbke hg kMRl @ved o nce the

cells are just suspended in the culture suspension stirred by being pressed

repeat edl yny cEhgs0ReEaLLAE Rk 8,838l rihg %g@kheqlge Ircq 180, Jthe cells
are prevented from getting danaggd. [B] Second Enbodiment (Fig. 18 to Fig.

21) Fig. 18 kseaclayout dnawingasheWengmaqeaniigubati Qimpdfing cul ture unit
and a cell culture apparatus (differentiation-inducing state) to which the

cell culture %@FKTHQ dsuhcey REGOE UhBdi bR §n5€59ngu§3999iBE?tlgfiEhe _
invention is applied. Fig. 19 is a layout draw ng show ng he culture unit

in Fig. 18ikBnargtat enbekeoectihen @nktf aksent catiorel RAUGLIMNBag Het he second

enbodi nent, the sane parts as in the first enbodi nent are deési gnated by

the sanme reterenearaufetabm 2adsdeser 2pti @Rdi fedlet t@@ cells in the
culture bag 18 may be condensed to increase the cell
density. Therefore, the number of times of the operation
of centrifugation for collecting the cells may be reduced.
Consequently, the labor for collecting the cells is saved,
and the damage of the cells in association with the
centrifugation is reduced.

(7) When all the cells condensed in the culture bag
18 are collected to the cell collecting bag 72 mounted to
the culture medium cassette 20, the cells may be collected
by mounting the cell collecting bag 72 directly to the
centrifuge. Therefore, the labor for collecting the cells
may be saved.
(8) The culture suspension in the culture bag 18 is

stirred by repeatedly pressing the flexible culture bag 18
having the culture medium to which the cells are
inoculated stored therein by the projections 86 of the
operating plate 85 in the shaking mechanism 91 of the
shaking device 80. Therefore, the distribution of the
cells and the concentration of the culture medium
components in the culture bag 18 are homogenized, and the

oxygen supply capacity is improved, so that the
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A cell culture apparatus 100 according to the second enbodinent is an
apparatus in which the cell inoculation cassette 19 (Fig. 5 in the cel
culture apparatus 10 in the first enbodinent is replaced by a
differentiation- inducing cassette 101 as a differentiation-inducing
culture vessel in which differentiation-inducing factor is added in
advance. Then, the cell culture apparatus 100 activates the second punp 49
to introduce the culture nediumfromthe culture nediumbag 67 in the
culture mediumcassette 20 to the culture bag 18 to cause the <cells to

prO'!feragégla@g 5@§8n38%'¥g%$§gﬁﬁ% E%rébc@ggga%%d4§nhotm%troduce the

proliferate s to rentiation ucing cassette 10l to give a

role to  the;eoehespgrding %%hhscuﬁQ%&elgs thagaéat'a%%%c%h%hecorrespond'ng

cells. The term"differentiation” in this cification nmeans to give a

role to t'&%l‘i‘%' Lscag u%%' |s%sp%d%dh%r ttheO"cuﬁl@uﬁ;}bv%u% "e‘ﬁ's%otno stth%r%%l”e as
cells of Iliver. As shown in 19, a dummy cassetp arranged

instead ofyt Beidif beegrtihatie @a‘t@@lll%‘/' RY ¢assepkearify %qfa%e 8t5h%fcel I's
prollferated in the culture bag 18 "are differentiated in the

di fferentiati @ﬁaknﬂgcu@glc@ag@et t@el@l)1and rthe rused ceul tf%@h medi umin the
culture bag 18 is discharged to the used culture mediumbag 68 in the

culture ng@t@nhgaagggbgdZO via the dunmy cassette 102 by the activation of
the first punp 48. The dummy cassette 102 functions as a flow path for

simply al ljew Bgcohhe espbukentedirym.t a sf kewrag .i niyhe case of the dummy

Fig. 18 is a layout drawing showing a configuration
of a culture unit and a cell culture apparatus
(differentiation-inducing state) to which the cell culture
shaking device according to a second embodiment of the
invention is applied. Fig. 19 is a layout drawing showing
the culture unit in Fig. 18 in a state before the
differentiation inducting. In the second embodiment, the
same parts as in the first embodiment are designated by
the same reference numerals and description is omitted.

A cell culture apparatus 100 according to the second
embodiment is an apparatus in which the cell inoculation
cassette 19 (Fig. 5) in the cell culture apparatus 10 in
the first embodiment is replaced by a differentiation-
inducing cassette 101 as a differentiation-inducing
culture vessel in which differentiation-inducing factor is
added in advance. Then, the cell culture apparatus 100
activates the second pump 49 to introduce the culture
medium from the culture medium bag 67 in the culture
medium cassette 20 to the culture bag 18 to cause the

cells to proliferate, and then activates the first pump 48
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cassette 70 (Fig. 5). In the second enbodi nent, as shown in Fig. 18, the
CCD canera 88 takes images of the cells differentiated in the
differentiation-inducing cassette 101 at predetermned tine intervals. A
program for carrying out the shooting is stored in a storage device of the
operation control panel 13. The inage processing conputer 14 carries out
processi ng such as binarization or nmultithresholding on the imges of the
cells, and acquires the formof the cells as evaluation paraneters. A
program for carrying out the acquisition of the evaluation paranmeter is

Stored 47.pn;LbeoSaLage dgyiee lothe LERgE progassing computer 14.  The

i mage processing conputer et ermnes ether t corresponding cells are

dif Fer ent bated 0n-ngt brohhile; nghange ot ot g1l eomyelet he okl goui th ti e,

The operation control panel ontrols the entlatlon-ingucipg
oper ati oncpy Eegr@gEBQHQHBI%%uQQ;!@ﬂg%'@g,ce§§@%3%nég%te%pQ%erecept'On of

the signal fromthe i mage “processing conputer 14. exanpl e, the

oper ati on g@rtERbnRAREG! c&31scont Thdes t-he vdiifrerentiiatiion- ndugihng operation
when the inmage procesSsing conputer 14 determ nes that the corresponding

cel I s havgpaceapahihbhymehindi kbeygnti at kele tbf tRat cetile BRS$RUE ssaying so
is displayed. The program for carrying out the determ nation of

di ff erent b@t bORead@SCHIrbed %QQ%eai§o§E0$%dth@ Lheestar age 1devjrce in the

i mge processing conputer 14, and a program for carrying out the

di fferentiiatien-i ndughBgnoRAr #iigQn 19 st ALREY Bassette 102 is
arranged instead of the differentiation-inducing cassette
101 before the cells proliferated in the culture bag 18
are differentiated in the differentiation-inducing
cassette 101, and the used culture medium in the culture
bag 18 is discharged to the used culture medium bag 68 in
the culture medium cassette 20 via the dummy cassette 102
by the activation of the first pump 48. The dummy
cassette 102 functions as a flow path for simply allowing
the culture medium to flow as in the case of the dummy
cassette 70 (Fig. 5).

In the second embodiment, as shown in Fig. 18, the

CCD camera 88 takes images of the cells differentiated in
the differentiation-inducing cassette 101 at predetermined
time intervals. A program for carrying out the shooting
is stored in a storage device of the operation control
panel 13. The image processing computer 14 carries out
processing such as binarization or multithresholding on
the images of the cells, and acquires the form of the
cells as evaluation parameters. A program for carrying

out the acquisition of the evaluation parameter is stored
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t he storage device in the operation control panel 13. Referring now to Fig.
20 and Fig. 21, a differentiation-inducing intermttent perfusion culture
process carried out by the cell culture apparatus 100 will be descri bed.

all, the operator adds a culture nediumand cells to the culture
bag 18 in the clean bench or the like (S71 in Fig. 20), places the culture

First of

bag 18 on the culture

cul ture
oper at or

11 uri nat ed byet beokagicabhone Bmchd. ihlhe BXBERLE nin BRRR N e

i ncubat or

bag tray 47 via the platform 46, and attaches the

bag tray 47 to the large tray 45 (S72 in Fig. 20). Then, the

carries the large tray 45 into the single 48 canister 16

Then, the operator nounts the culture nedi um cassette

20 to

the Iargewheaymééelprbbgs§@ﬂ$8k%ﬁp&@era@d peYetmihBe oML Caggette 102

(Fig. 19)

of the campbstes

18 is st

smal |, the operator
unit of tbatpbatbahen46dewnwands and Harmet-ba thiz@uics-1Hesiercy digr

(S73 in Fig

hen, the operator closes the canister door 31
éﬁdlnen@eun@ strat g reehbuke0kqt Be ekl Frion ke cul ture bag

arted ?874 in Fig. 20). Wen carrying out the static culture, in a
case in wiheRgkherampentoeh bifeteuel tenes suspensmen i rhihepewtyos bag 18 is

activates the inclined notor 76 to nove the el evating
78 (Fig.

8) in the culture bag 18. After having started the static culture, the

oper at i onogemrtkabnpanekhe3dagifierahes athenseednd ipgnmea4Set tand ofieeds the
culture nmediumfromthe culture nmedi um bag

upon reception of the signal from the image processing
computer 14. For example, the operation control panel 13
continues the differentiation-inducing operation when the
image processing computer 14 determines that the
corresponding cells have a capability of differentiation.
If not, the message saying so is displayed. The program
for carrying out the determination of differentiation
described above is stored in the storage device in the
image processing computer 14, and a program for carrying
out the differentiation-inducing operation is stored in
the storage device in the operation control panel 13.

Referring now to Fig. 20 and Fig. 21, a
differentiation-inducing intermittent perfusion culture
process carried out by the cell culture apparatus 100 will
be described.

First of all, the operator adds a culture medium and
cells to the culture bag 18 in the clean bench or the like
(S71 in Fig. 20), places the culture bag 18 on the culture
bag tray 47 via the platform 46, and attaches the culture
bag tray 47 to the large tray 45 (S72 in Fig. 20). Then,

the operator carries the large tray 45 into the single
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67 in the culture nediumcassette 20 to the culture bag 18 (S75 in Fig.

20). The operation control panel 13 confirnms whether the culture suspension
in the culture bag 18 is increased to a level at |least equal to the
predeterm ned value a or not fromthe neasured value by the weight neter

43 (S76 in Fig. 20), and when the neasured value by the weight neter is
increased to a value at least equal to the predeterm ned value a, the
operation control panel 13 activates the inclined notor 76 to nove the
elevating unit of the platform 46 upward, and brings the culture bag 18

into the B%ﬁ%é@@%ah6SE§&§ﬁEHa%EB”EPaEﬁetQﬁdkEQEEQnﬁ?TgﬁsgﬁVOEBr78 (S77 in

Fig. 20). sequently, e operation control pane et erm nes whet her

the weightyofpibe ¢Hl LUEensysPeRsi QAckBachhe gul ture bag 18 weighted by the
wei ght nmeter 43 Is increased to a |evel at |east equal to the predeterm ned

value p or notT{3{8 e FbSer20dr ﬁ%uﬁt%iﬂﬂ@ng@?@r@ m&€i Gt ch§sbpgeeased to

a value at |least equal to the predeterm ned value p , the operation control

panel 13 jactbvahesihhgeoperdt ungiRDtAE 8int 9rast hyat anbhacshaki Rge device
80 to start the shaking cultiure (S79 in Fig. 20). Then, the operation

control_paughyléaggathU@sztQFi%et@gmimg7@h@hh@&gth@pweig@heat the culture
suspension in the culture bag 18 weighted by the weight neter 43 is

i ncreasedoberat¥al Heoats! east caguaket-odbBe predet enai pad i svalug gx or not

(S80 in Fig. 20). At atimng when a weight is increased to a val ue at

| east equahdt @hkhetatic culture of the cells in the culture bag 18
is started (S74 in Fig. 20). When carrying out the static
culture, in a case in which the amount of the culture
suspension in the culture bag 18 is small, the operator
activates the inclined motor 76 to move the elevating unit
of the platform 46 downward, and form the liquid reservoir
78 (Fig. 8) 1in the culture bag 18.

After having started the static culture, the

operation control panel 13 activates the second pump 49,
and feeds the culture medium from the culture medium bag
67 in the culture medium cassette 20 to the culture bag 18
(S75 in Fig. 20). The operation control panel 13 confirms
whether the culture suspension in the culture bag 18 is
increased to a level at least equal to the predetermined
value o or not from the measured value by the weight meter
43 (S76 in Fig. 20), and when the measured value by the
welght meter is increased to a value at least equal to the
predetermined value a, the operation control panel 13
activates the inclined motor 76 to move the elevating unit
of the platform 46 upward, and brings the culture bag 18

into the horizontal state to eliminate the liquid
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predeterm ned val ue x, the operation control panel 13 stops the second punp
49 to stop feeding of the culture nediumfromthe culture nediumbag 67 in
the culture nediumcassette 20 to the culture bag 18, stop the operating
notor 81 and stop the shaking culture in the culture bag 18 (S81 in Fig.
20). The operation control panel 13 activates the first punp 48 after
havi ng settled the cells in the culture bag 18 to discharge the used
culture nediumin the culture bag 18 to the used culture nediumbag 68 in
the culture nmedium cassette 20 (S82 in Fig. 21). Then, the operation

control  5Qspagek r13gagkhvatgsliRe segond punp 49 to feed the culture
medi um fromthe culture nediumbag 67 in the culture nediumcassette 20 to

the culture bag,d8:q@cht YAl e8nthspe PREISA T BGNEBL P8t 016arry out the
shaking culture in %he cul ture bag 18 by the shaking device 80 (S83 in Fig.

21). Afteethayingselyapsadratpeedet ghii Bedchimeuhengbhsukp@nsaper ati on
control panel 13 stops the second punp 49, stops feeding of the culture

nediunlfr@ﬂbtbaleuEEUbagn&@iw@ﬁ@aged6£yi@hbhae@gh&uh@t@@dmgnﬁ%assette 20 to
the culture bag 18, stops the operating notor 81 and stops the shaking

culture HActbasedl ture bagel8afS84akh Eg@allip. thbepepekalirgine@nt rol panel
13 determ nes whether the desired culture term depending on the date and

time of wsage Pfotheocel(ksst anpraki.fenate hAs reachedgowheat o or the image

processi ng conmputer 14 determ nes whether the desired nunber of cells is

reached i metibatcukt iherbageti8to a value at least equal to the
predetermined value B , the operation control panel 13
activates the operating motor 81 to activate the shaking
device 80 to start the shaking culture (S79 in Fig. 20).
Then, the operation control panel 13 continues to
determine whether the weight of the culture suspension in
the culture bag 18 weighted by the weight meter 43 is
increased to a value at least equal to the predetermined
value y or not (S80 in Fig. 20). At a timing when a
welght is increased to a value at least equal to the
predetermined value jy, the operation control panel 13
stops the second pump 49 to stop feeding of the culture
medium from the culture medium bag 67 in the culture
medium cassette 20 to the culture bag 18, stop the
operating motor 81 and stop the shaking culture in the
culture bag 18 (S81 in Fig. 20).

The operation control panel 13 activates the first

pump 48 after having settled the cells in the culture bag
18 to discharge the used culture medium in the culture bag

18 to the used culture medium bag 68 in the culture medium

cassette 20 (S82 in Fig. 21). Then, the operation control
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or not (S85 in Fig. 21). Wen determ ning whether the desired nunber of
cells is reached in the culture bag 18 or not, the operation control panel
13 activates the third punp 50 to transfer part of the cells in the culture
bag 18 to the dummy cassette 102 and nake the CCD canera 88 to take an
imge of the cells. The inmage processing conputer 14 processes the imge of
the cells, determ nes whether the nunber of cells is at |east equal to a
specified value or not, and transmits the sane to the operation panel 13.
When the culture termor the nunber of cells is not reached, the operation

control papglki1133repealarthechl 9merati pmbr 29 ShepgeaB2nko 383 urkhe Steps
S81 to S85 are steps of intermttent perfusion culture process in which

di schar ger@fii hRerusrdtneukhuka rBedediunnbhBesguk hukgebag 118 and supply
(feed) of new culture nediuminto the cultfure bag 18 are carried out

al ternat eli¥qilin Shepet8&72b0tS8oneWbanttike BREN aki 0gceentials parel 13
determ nes that there is no nore culture nediumin the culture medi um bag

67 in thecpukhuigghRELBm gasset tar2¢ ofitoRmkhenarasyr ed1value jhy thhe wei ght
neter 43, the operation control panel 13 pronpts the operator to replace

the cul tueglredeuBrgassebietBe Byagingwdewhtdr eomediggmi ncasget a)20. Wien
repl acing the culture nmedium cassette 20 by the new culture nedium cassette
20 as wel hftthehaopagatiapseantr pirepanekmldest epaef eedigrg ot hiehe cul ture

medi um from t he cul ture nmedi um cassette 20 to the culture
operation control panel 13 stops the second pump 49, stops
feeding of the culture medium from the culture medium bag
67 in the culture medium cassette 20 to the culture bag 18,
stops the operating motor 81 and stops the shaking culture
in the culture bag 18 (S84 in Fig. 21).

The operation control panel 13 determines whether the
desired culture term depending on the date and time of
usage of the cells to proliferate is reached or not, or
the image processing computer 14 determines whether the
desired number of cells is reached in the culture bag 18
or not (S85 in Fig. 21). When determining whether the
desired number of cells is reached in the culture bag 18
or not, the operation control panel 13 activates the third
pump 50 to transfer part of the cells in the culture bag
18 to the dummy cassette 102 and make the CCD camera 88 to
take an image of the cells. The image processing computer
14 processes the image of the cells, determines whether
the number of cells is at least equal to a specified value
or not, and transmits the same to the operation panel 13.
When the culture term or the number of cells is not

reached, the operation control panel 13 repeats the
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bag 18 and the shaking culture by the shaking device 80 tenporarily until
the replacenent of the culture nmedium cassette 20 is conpleted. At the tine
poi nt when the desired culture termis reached or when the desired nunber
of cells is reached in Step S85, the operation control panel 13 activates
the first punp 48 to discharge the used culture nmediumin the culture bag
18 to the used culture nediumbag 68 in the culture nmedium cassette 20 and
condense the cells until the culture suspension in the culture bag 18 is
reduced to about 1/2 to 1/3 on the basis of the neasured val ue by the

vei ght nmeter 436886 bR Ek8ps53831) .. sghen, after having stopped the first
punp 48 by the operation control panel 13, the operator replaces the dunmmy

Cassette_102_théh§t9§§f§§§“€&?@é9n3£@d§€éﬂ9 ofasseLiRi40dnas shown in Fig.
18 (S87 in Fig. 21). After having conpleted the replacenent of the dumy

cassette %@%fgﬁibhethEﬁ%ée?Eb%%%%”ih”QHQEHQd@%%%%&b% 101 het R @peration
control panel 13 activates the control unit 29 to feed the culture nedium

in the CUEh@&ﬁraeaEuﬁhaagnG%heieuu@%rQUngr@8WSQBU@h§§§§eu&%e%Q g the
culture bag 18, and activates the operating notor 81 t0 carry out the

shaki ng cuklueg1kirthgeaubiui@tbagnt8chy thhe shakinRga devace i@ 888 in Fig.
21). Then, the operation control panel 13 activates the first punp 48 to

transfer theeredktuge suspension in the culture bag 18 to the
di fferentiation-inducing cassette 101 while continuing the

In Steps S77 to 885, when the operation control panel
13 determines that there is no more culture medium in the
culture medium bag 67 in the culture medium cassette 20
from the measured value by the weight meter 43, the
operation control panel 13 prompts the operator to replace
the culture medium cassette 20 by a new culture medium
cassette 20. When replacing the culture medium cassette
20 by the new culture medium cassette 20 as well, the
operation control panel 13 stops feeding of the culture
medium from the culture medium cassette 20 to the culture
bag 18 and the shaking culture by the shaking device 80
temporarily until the replacement of the culture medium
cassette 20 is completed. At the time point when the
desired culture term is reached or when the desired number
of cells is reached in Step S85, the operation control
panel 13 activates the first pump 48 to discharge the used
culture medium in the culture bag 18 to the used culture
medium bag 68 in the culture medium cassette 20 and
condense the cells until the culture suspension in the
culture bag 18 is reduced to about 1/2 to 1/3 on the basis

of the measured value by the weight meter 43 (S86 in Fig.
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shaking culture in the culture bag 18 and feeding of the culture nedium
fromthe culture nedium cassette 20 (S89 in Fig. 21). Accordingly, the
differentiation-inducing culture is started in the differentiation-inducing
cassette 101 (S90 in Fig. 21). The operation control panel 13 causes the CCD
canera 88 to take inmages of the cells in the differentiation- inducing
cassette 101 during the differentiation-inducing culture at predeterm ned
time intervals (every six hours, for exanple). The image processing
conput er 14 processes the picked-up inage, acquires the formof the cells
as 53 evab tion paraneters, and determ nes whether the cells are
dlfferentla ed in the differentiation-inducing cassette 101 or not fromthe

change of the {orm of ¢ 16glhs MLILATEL (P11 Fiy 24)y,Theooperation

control panel st ops e seco and the

oper at | ngiBtQr 8% L3R gnsldhﬁfe&ﬁet'g%gg@ggnqgggage%Uk%%re to conplete

the cell ture upon rece t|on t he “si termning that the cells

are dif1eugphyatadLeem tho LynancpLocessiig;coupLen il by Step S91 (S92 in

Fig. 21) aving co the culture, the operator collects the

cells in nggegkgf?bgnggaghggnl@nghag gg?§§g§e3%0§|8y ??_cell col | ecting

operation in the clean bench or the I'i ke In this

tcgmz | ?”;ﬁﬁ, i ?Q)Afl@éf?rﬁwgnaoc&ﬂaslé{%@&n@hee@ww&ﬂémt89 spEeqghhgcts as (2)
cassette 102 by the differentiation-inducing cassette 101,
the operation control panel 13 activates the control unit
29 to feed the culture medium in the culture medium bag 67
in the culture medium cassette 20 to the culture bag 18,
and activates the operating motor 81 to carry out the
shaking culture in the culture bag 18 by the shaking
device 80 (S88 in Fig. 21). Then, the operation control
panel 13 activates the first pump 48 to transfer the
culture suspension in the culture bag 18 to the
differentiation-inducing cassette 101 while continuing the
shaking culture in the culture bag 18 and feeding of the
culture medium from the culture medium cassette 20 (S89 in
Fig. 21). Accordingly, the differentiation-inducing
culture is started in the differentiation-inducing
cassette 101 (S90 in Fig. 21).

The operation control panel 13 causes the CCD camera
88 to take images of the cells in the differentiation-
inducing cassette 101 during the differentiation-inducing
culture at predetermined time intervals (every six hours,
for example). The image processing computer 14 processes

the picked-up image, acquires the form of the cells as
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first enbodi ment are achieved (provided that the cell 1inoculation cassette
19 is replaced by the differentiation-inducing cassette 101) and the
following effect (9) is achieved. (9) Since the culture state of the cells
(whether the <cells are differentiated or not) is determned by processing
the images of the cells in the differentiation- inducing cassette 101 and
acquiring the evaluation paraneters (the formof the cells) of the cel
culture, and the culture operation according to the culture state (the
timng of culture nmedium feeding fromthe culture 54 medi um cassette 20 to

h I d feed [
(he cUl Luggobag;18.al 8.k glet mnsd Tegdon yeLoglyorar dheceel L
101) is Cg%“ SQf%EenEhSt‘éH' kﬁ”%h% ﬁﬁ%fgﬁek@‘fgt%é'eﬁp' 4% cdgher m “ed by a

non-cont a non-rnvasi ve “st s are prevented from

getting dagngedee the biolioof scoptamLnatiogeand Lhe Logs ofr the cells by

sanpling are avoi dé and the e-operator aIIev at ed.

Furthernore; ;8 féept he gel g;of a ng pati ent prollferate in the culture
bag 18 in t egcuﬁﬁarg mcaséette 1§§§ndbgre differentiated in the

dlfferentlatlgﬂg Cg?ggag oGassgtte 1g§n&@'f§ ééo?EOEﬁg EQ Lh8 ﬁhﬂgnd|V|dual

cani ster ture 1s a uately carr OI’ t

patients, 43nd heccrass,aAR! 3 DAL RRe bBe2YRlflgdnoLesoRd! 1Y Kadphe cel

cul ture apparatus
the differentiation-inducing culture to complete the cell

culture upon reception of the signal determining that the
cells are differentiated from the image processing
computer 14 in Step S91 (S92 in Fig. 21). After having
completed the culture, the operator collects the cells in
the differentiation-inducing cassette 101 by the cell
collecting operation in the clean bench or the like (S93
in Fig. 21).

In this configuration, according to the second
embodiment, the same effects as (2) to (6) and (8) in the
first embodiment are achieved (provided that the cell
inoculation cassette 19 is replaced by the
differentiation-inducing cassette 101) and the following
effect (9) is achieved.

(9) Since the culture state of the cells (whether the
cells are differentiated or not) is determined by
processing the images of the cells in the differentiation-
inducing cassette 101 and acquiring the evaluation
parameters (the form of the cells) of the cell culture,
and the culture operation according to the culture state

(the timing of culture medium feeding from the culture
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in the first and second enbodi nents, the follow ng effect (10) is achieved.
(10) The cell culture apparatuses 10 and 100 are both adapted to transfer
the cells cultured in one of the plurality of culture vessels for culturing
the cells in different environnments to another culture vessel on the
downstream side. In other words, in the cell culture apparatus 10, the
cells are stinulated by the inducer for the proliferation in the cell

i nocul ation cassette 19, which is one of the culture vessels, and then the
cells are transferred fromthe cell inoculation cassette 19 to 55 the

| ture bag 18 ti th 't | ing the cells t
orol 1 or a8 R ERECEEFF Chl oy BheapiaraFeb180 0L A& Gell S prol iferate in

the culture Ea 18, m@i h i,s one of the culture vessels, and tEen the cells
are (ransPOFREAFPBRFENE SUrPdr S°585 T ¢ 87t RS HERRerSATTAE on i PRduUC ng

tt 1, ich i till t her | t . for .diff tiati th
coi o 1t Renrt R ReP ot ol Bor G G t B E e Et T bl 8O S5A4Pat uses 10 and
100, [ f . f .cel | I ' hi d. Al h th
Fnventi onCRas besn’ desei tbad oncing  thasl s Gk TR oRpAat SNt S ehown above.
the invention.igsngl cbhhtadyther ga. Far examle. ;i n.thefihatand second
enbodi nent’s, £he I'mage processi ng conputer 14 procésses t e i'mages taken by

the CCD caperarBfcandngabeyhal §3e! PeefUatUa! FPBnPELRMRLE Samaged,

the risk of contamination and the loss of the cells by
sampling are avoided, and the labor of the operator is
alleviated. Furthermore, since the cells of a single
patient proliferate in the culture bag 18 in the culture
cassette 17 and are differentiated in the differentiation-
inducing cassette 101 which is stored in the single
canister 16, the cell culture is adeguately carried out
for the individual patients, and the cross-contamination
is avoided.

According to the cell culture apparatuses 10 and 102
in the first and second embodiments, the following effect
(10) is achieved.

(10) The cell culture apparatuses 10 and 100 are both
adapted to transfer the cells cultured in one of the
plurality of culture vessels for culturing the cells in
different environments to another culture vessel on the
downstream side. In other words, in the cell culture
apparatus 10, the cells are stimulated by the inducer for
the proliferation in the cell inoculation cassette 19,
which i1s one of the culture vessels, and then the cells

are transferred from the cell inoculation cassette 19 to
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and determnes the culture state of the cells (the proliferation capability
of the cells, the proliferation ability of the cells) fromthe eval uation
parameters. However, the function of the imge processing conputer 14 rmay
be carried out by the operation control panel 13. The taking of the cel

i mges by the CCD canera 88 may be <carried out in the culture bag 18. Wen
the shaking culture by the shaking device 80 is not carried out in the

i nducer stimulating consecutive perfusion culture process (Fig. 16 and Fig.
17), it is not necessary to dispose the filter 71 between the second punp

49 and th?h%“'h%%ﬁrgag 361%8as'ggﬁﬁﬁ Qﬁﬁ%&g?t'gﬂtthtQ%s%%ﬁs%o%”d second

enbodi nent’s & oper atron “cont f pane i MAge ~processi ng

comput er L2uGoREr ehet 814 Adk Yl dyalh ;GaRLSLErs (. Eh%eﬁfln@u%ﬂ Jpubator,

However, it | SO pOSSi préepare a plurality of the iicubat ores of

the same tta%ﬁg‘éraﬁ‘ﬂg G@ntL r al, the jhndiviqual canl stens, d %Jl@;fé‘%‘é’ft% s by

t he opera n control panel” 13 and the i mage processing compute [ ]

Thi rd_ Embogi KRNt o Bhd. 022 :ha Elgeyd )v%'sgellgz L$4@ cfLaniag shawing a

configuration o culture unit an culture apparatus to which the
cell culture %Q%K%@%r@%&'%%o%?%%rdbﬁgtthab% ingd cempedi ment of the

invention is applied. Fig. 23 is a layout drawi ng showi ng a configuration

of ‘a cul t ure ruBleh i3120h0ghudidg g ceukiuke §haTben ;240 :and:d1how tenperature
another culture vessel for differentiating the cells. 1In
this manner, according to the cell culture apparatuses 10
and 100, a variety of forms of the cell culture is
achieved.

Although the invention has been described on the
basis of the embodiments shown above, the invention is not
limited thereto.

For example, in the first and second embodiments, the
image processing computer 14 processes the images taken by
the CCD camera 88 and calculates the evaluation parameters,
and determines the culture state of the cells (the
proliferation capability of the cells, the proliferation
ability of the cells) from the evaluation parameters.
However, the function of the image processing computer 14
may be carried out by the operation control panel 13. The
taking of the cell images by the CCD camera 88 may be
carried out in the culture bag 18. When the shaking
culture by the shaking device 80 is not carried out in the
inducer stimulating consecutive perfusion culture process
(Fig. 16 and Fig. 17), it is not necessary to dispose the

filter 71 between the second pump 49 and the culture bag
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chanber 230 spatially independent fromeach other, a culture bag tray 241
stored in the culture chanber 240, and a culture nediumbag tray 231 and a
waste water bag tray 232 stored in the | ow tenperature chanber 230 in the
cell culture apparatus 200 according to the third enbodinment of the
invention. The cell culture apparatus 200 shown in Fig. 22 is specifically
adapted to culture suspension cells used for the immune cell therapy, and

i ncludes a culture device 210 provided with a plurality of (three, for
exanple) the culture units 212, an operation control PLC (programmable 57
| ogi c conﬁgoller) 223 for controlling the operation of the plurality of
culture unrts 212, an inmage processing unit 221 for processing cell inmages,

a data coIIect}Qgt?gv&ggcrggé%ggaago£%gc%iPQFagkdtQg?gﬁaa, a touch panel 222

for displaying informaiion o entéering the 'con of the operation

cont 1ol PLE, 223,800 1 Ne LMBOe 0LOCESSLN0 DI an22L, 3200 2, HonL L gLng

conput er €l ng coébnnect e 0 the “opera n confro t"he i nmage

processingrgeggsgﬁﬁ cBRfue a8 eoblegh! FAce¥LGG:48d1vIcand 233 TOF

nonitoring the ¢ ure apparatus e culture "unit 2

operati O”tﬁgmsrii?hé@-gpé%%a%‘lt hedlIRee Ertpgtgsg?fgga?ﬂ%istsi%ye fgnction as

control wunits. rality of culturé uni e each provided with an

o e LPRGFATE 8 (ERscare ok B skt sysnens angeedag nolude
and control the individual canisters in the incubators by
the operation control panel 13 and the image processing
computer 14.

[C] Third Embodiment (Fig. 22 to Fig. 34)

Fig. 22 is a drawing showing a configuration of a
culture unit and a cell culture apparatus to which the
cell culture shaking device according to a third
embodiment of the invention is applied. Fig. 23 is a
layout drawing showing a configuration of a culture unit
212 including a culture chamber 240 and a low temperature
chamber 230 spatially independent from each other, a
culture bag tray 241 stored in the culture chamber 240,
and a culture medium bag tray 231 and a waste water bag
tray 232 stored in the low temperature chamber 230 in the
cell culture apparatus 200 according to the third
embodiment of the invention.

The cell culture apparatus 200 shown in Fig. 22
is specifically adapted to culture suspension cells used
for the immune cell therapy, and includes a culture device
210 provided with a plurality of (three, for example) the

culture units 212, an operation control PLC (programmable
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cells), neural
referred sinply to as "cells", hereinafter. The cell culture apparatus
is also applicable to a case of culturing adherent cells (nesenchynal
cells, for exanple) other than the suspension cells. The cell culture
apparatus 200 has a structure in which a plurality of (three, for exanp

spatially and

stemcells and ES cells. These types of suspension cells

structurally independent culture units 212 stacked one on

top of another, and the each culture unit 212 is divided into the | ow
t enmperature chanber 230 and the culture 58 chanmber 240 as shown in Fig. 23.

Th | I 0 .includ I b 241, I
i um bag P Hy C93 P RAEE wdere ‘A 6P 3G LBy 255 SPUFEALLrerAS A
culture ba 24§.%5 an anti body stinu% Eing and roliferation culture ve
SHEERE uPPurB bAS S ERAY 241 %4s BesBPPBel "PEESF 1T B0k I, and

medi um ba
is placedp
cul ture g@?i

st orage uni

wast e wat er

wast e mat§E4Eggrt%§é%g%géggag%q QEFV§E$?CU|t%E%FgﬁgEthb?gftr 231 and the

s

a

b .cul [ b 33 I .nedi
e S R AR S MR N TP
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openal o 414, 2lo8gPLe cdoges (oL ehounl Lot hhe sl Lure chagher 240 anc

the low tenp
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are
200
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ssel
a

n

envi ronmegl, (LeTBAr abUEEoAN$102230QNGeRHEALHADL bR LRE (G WG cchamber 240

to an
221,

and a monitoring computer 226 being connected to the

operation control PLC 223, the image processing unit 221

and a data collecting device 224 via a hub 225 for

monitoring the cell culture apparatus 200 and the culture

unit 212. The operation control PLC 223 and the image

processing unit 221 function as control units. The

plurality of culture units 212 are each provided with an

observation camera (CCD camera) 302.

The known suspension cells include peripheral blood

mononuclear cells, LAK cells (Lymphokine Activated killer

cells), neural stem cells and ES cells. These types of

suspension cells are referred simply to as “cells”,

hereinafter. The cell culture apparatus 200 is also

applicable to a case of culturing adherent cells

(mesenchymal stem cells, for example) other than the

suspension cells.

The cell culture apparatus 200 has a structure in

which a plurality of (three, for example) spatially and

structurally independent culture units 212 stacked one on

top of another, and the each culture unit 212 is divided

into the low temperature chamber 230 and the culture
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environment required for culturing the cells in the state in which

is closed
230 to an
the cultu
244, a do
gas cyli

t he door

, and the environnent (tenperature) in the |ow tenperature chanber

envi ronnment optinmal for preserving the culture nedium Therefore,
re unit 212 includes tenperature sensors 236 and 243, a C02 sensor
or sensor (not shown) and a heater (not shown) disposed therein. A

nder (not shown) installed outside is coupled to the cel

culture

apparatus 200 (the culture unit 212) via a C02 supply system 245. Signals
tenperature sensors 236 and 243, the C02 sensor 244 and the door

fromthe
59 sensor

control PL

fromthe
gas supp

he 'héat er “on the

cALGpLEa0eR Lhed bont he eagrabhon qant ol \PlGi233, The operation
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247 is st
alleviate
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23 and, when e signa
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the operation control the operation o

e stirring fan

aRBgd2a0d,Lha SR HAAMAkel G7ARGEALT, AR QUM RNt 212 1

medium bag (new culture medium bag) 233 as a culture
medium storage unit and a waste water bag (waste culture
medium bag) 234 as a waste water bag tray are placed on
the culture medium bag tray 231 and the waste water bag
tray 232, respectively.

The culture unit 212 includes an openable and
closable doors (not shown) for the culture chamber 240 and
the low temperature chamber 230. The culture unit 212
maintains the environment (temperature and CO;
concentration) in the culture chamber 240 to an
environment required for culturing the cells in the state
in which the door is closed, and the environment
(temperature) in the low temperature chamber 230 to an
environment optimal for preserving the culture medium.

Therefore, the culture unit 212 includes temperature
sensors 236 and 243, a CO, sensor 244, a door sensor (not
shown) and a heater (not shown) disposed therein. A gas
cylinder (not shown) installed outside is coupled to the
cell culture apparatus 200 (the culture unit 212) via a
CO, supply system 245. Signals from the temperature

sensors 236 and 243, the CO, sensor 244 and the door
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The cell culture apparatus 200 has a dry air sterilization function, and is
able to sterilize the interior of the apparatus and the individual trays in
a state in which the culture bag tray, the culture nedium bag tray and the
waste water bag tray are set therein, so that the proliferation of bacteria
in the culture unit 212 is prevented. The individual culture units 212 have
an independent space structure, the each culture unit 212 is isolated from
the cells in other culture units 212 and the culture bag 242, the culture

medi um bag 233 and the waste water bag 234 stored in the culture unit 212

are connectgd,60, %ng?$ﬂg ?@eBGQBhtHE Fpgrkk Sna§§BE98@ bi ipskalled in

the culture unit ore, the culture store inthe culture

uni t 212 kpcsegured; b gopkosedp Léyg§§”bgHQQOQQGEhéyﬁgsghr and gant ani nat i on

that the cells 1nthe culture I's contam nated by bacteria is

preventedbaggg 8@'%HéetHH Er%} rEU%%§35§b”@kBﬂeﬁhEh%eﬁgg&a%%Qﬁor (not

shown t he door | ock sen tenperature sensors 236 and

243, a dogengeeg reghanksy 3( NghqSREeWR)o15henheahelnEnat %gﬁggéiand the

stirring 247 di sposed therein. The operation control controls

the heater,gpi1the baghs-ak Hhe E@nﬁﬁaé&uaﬁtéleﬂéllnh oT4i,Re Leperature

sensors 236 and 243. The opération control PLC 223 controls the operation
of the stuﬁatggzﬁ@nonZQKetgaeheceka%%et692a&én@@ﬁtggglaﬁssiansbe culture

chanmber 240. In this manner, the interior of the culture
from the CO, sensor 244. The CO,; in the room is discharged
by a predetermined constant value by a circulation pump
246.

The operation of a stirring fan 247 is controlled by
the operation control PLC 223 and, when the signal
indicating the fact that the door of the culture unit 212
is opened is transmitted from the door sensor to the
operation control PLC 223, the operation of the stirring
fan 247 is stopped and the environmental change in the
culture unit 212 is alleviated.

The cell culture apparatus 200 has a dry air
sterilization function, and is able to sterilize the
interior of the apparatus and the individual trays in a
state in which the culture bag tray, the culture medium
bag tray and the waste water bag tray are set therein, so
that the proliferation of bacteria in the culture unit 212
is prevented. The individual culture units 212 have an
independent space structure, the each culture unit 212 is
isolated from the cells in other culture units 212 and the
culture bag 242, the culture medium bag 233 and the waste

water bag 234 stored in the culture unit 212 are connected
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chanber 240 is maintained in an environnent optimal for «culturing the
cells. The operation control PLC 223 controls the action of the door | ock
mechani sm so that two or nore doors of the «culture units 212 are not opened
simul taneously in one single cell culture apparatus 200. Accordingly,
erroneous installation of the cells or the culture nedium anong the
different culture units 212 is prevented. The | ocking action of the door

| ock mechanismis detected by the door |ock sensor and is transmtted to
the operation control PLC 223. The opened or closed states of the doors of

the 61 culpupg.uniLs 21g.ace detget od by Lhe flagr ;sensor and yransmitted to

t he operation contro rame 2 for “supporting the culture bag

tray 241 .ho Bejshotedin bhe cubiure chanber 240, s or guided,in the | over

portion in the culture uni own 1n Fig. ight meter 251,

whi ch SUPBOLLsaLR LEBTR.250:cl Bnibstal Led an.tia frage 250 bove the

cul ture uni 2. The werght neter 2 S ada t 0 nmeasure the wei ght of

the Cultu%g?Qgg %%gnQEPFefsgék%Hﬁe B?%6E5ﬁ¥a%?%a§$85GthQ t%@ec%ﬁh%ure

chanber 2 and ‘actua asurés anoun culture medium supplied

fromthe cul e [ 1.0 - .he anount of
wast e matgg Eﬁ%cﬁg?gggg}?%%1%%2 é%lf&?ga@géggﬁg ?ggFéggﬁgggeH%ater bag 234.
The neasubggvgﬁkggs by the weight neter 251 are also transmitted to the

operation control PLC 223. The main body of the culture unit 212 is
provided With @ culture unit 212 further includes the door sensor

(not shown), the door lock sensor (not shown), the
temperature sensors 236 and 243, a door lock mechanism
(not shown), the heater (not shown) and the stirring fan
247 disposed therein. The operation control PLC 223
controls the heater on the basis of the temperature signal
from the temperature sensors 236 and 243. The operation
control PLC 223 controls the operation of the stirring fan
247 to circulate the air and CO; gas in the culture
chamber 240. In this manner, the interior of the culture
chamber 240 is maintained in an environment optimal for
culturing the cells.

The operation control PLC 223 controls the action of
the door lock mechanism sc that two or more doors of the
culture units 212 are not opened simultaneously in one
single cell culture apparatus 200. Accordingly, erroneous
installation of the cells or the culture medium among the
different culture units 212 is prevented. The locking
action of the door lock mechanism is detected by the door
lock sensor and 1s transmitted to the operation control

PLC 223. The opened or closed states of the doors of the
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i ndication |anp (not shown) for indicating the presence or absence of the
culture bag 242 in the culture unit 212. The operation control PLC 223
illumnates the indication |lanp, for exanple, in red, when the culture bag
242 is stored in the culture chanber 240, and illum nates the indication
| anp, for exanple, in green, when the culture bag 242 is not stored in the
cul ture chanber 240. The culture bag tray 241 wll be described here. The
culture bag 242 is nounted on the culture bag tray 241 as shown in Fig.23,
and the culture bag 24 is a culture vessel to culture the cells. The

cul ture bad)262:62,i 53,8 unstbOR-eXRresshd Gl Lbe uessel: Lo causing the

cells to express t ncti on exanp O cause t to

proliferateqsntf;¢augecbheneebberte dhf tenerbiaber. 20and is an antibody
stimulating culture vessel for stinulating the cells by the antibody for

proliferation ne ihisoegbedimenp ofEiﬁ%?@héU8§I£98§ B8 atpgglbﬁ@ration
culture vessel for causing cells ?o proliferate stlnula?ed y the anti body

in the samg gul tWbechagn242e The bkt unanBag 249 s arlhaxdl arvessel for
storing the culture nediumin which the cells are inoculated, and is

pl aced onibhercybidienbag thay c44tuirdt @hReSHbAG @hoRhatihoFNg25230et ween t he
cul ture bag 242 and the culture bag tray 241. The culture bag 242 is a bag

formed of anhog w%&@ﬂﬁ'ﬁet@%yg%ﬂ,pﬁﬁﬂ%ﬁbhﬁﬁg%EQ%i%he Eheneubtsyr e juni t 212
wi |l now be described. In the culture chanber 240, a supply punp 261 and an

installed on the frame 250 above the culture unit 212.
The weight meter 251 is adapted to measure the weight of
the culture bag 242 of the culture bag tray 241 stored in
the culture chamber 240, and actually, measures the amount
of culture medium supplied from the culture medium bag 233
to the culture bag 242 and the amount of waste water
discharged from the culture bag 242 to the waste water bag
234. The measured values by the weight meter 251 are also
transmitted to the operation control PLC 223. The main
body of the culture unit 212 is provided with an
indication lamp (not shown) for indicating the presence or
absence of the culture bag 242 in the culture unit 212.
The operation control PLC 223 illuminates the indication
lamp, for example, in red, when the culture bag 242 is
stored in the culture chamber 240, and illuminates the
indication lamp, for example, in green, when the culture
bag 242 is not stored in the culture chamber 240.

The culture bag tray 241 will be described here.

The culture bag 242 is mounted on the culture bag
tray 241 as shown in Fig.23, and the culture bag 24 is a

culture vessel to culture the cells. The culture bag 242
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exhaust punp 271 are arranged as shown in Fig. 23. The culture bag 242 is
connected at one end thereof to a supply systemcoupling 264 via the supply
punp 261 using a tube 262. The culture bag 242 is also connected at the
other end to an exhaust system coupling 274 via the exhaust punp 271 using
a tube 272. In the culture unit 212, the culture bag 242 is connected to
the supply system coupling 264 via the tube 262, and is connected to the
culture nedium bag 233 via a tube 265. The culture bag 242 is connected to
t he exhaust system coupling 274 via the tube 272 and is connected to 63

the vt e yaLeg, hag, AAdckbRca kR T8, NG GuLt uge Ag 247 5 gont i gur od
3 S5 R RS IR

into a casse structuar as’s i zed with

the ant'beggyentehsﬁggesg %hgefQFcEQSan%Er2%§5R§é§OtEgnhaﬁgrf%ﬁ% connect ed

to the supp punp e culture bag &d the Cilture mediumin

the cultuce)bag242, o inacukatedd he cel s ondie o redmdivmand

installed on"the culture bag'tray he operation to

antibody apd add.thencubbuve rediimand Lhecaeb! selert e oul ture bag 242 is

carried out under the asepti con in the clean bench or the Ilike.

The cul tuge; gnyLE9RgeRhef Qélﬁé‘”%nghkhsnl@&%bg EBE' Qolﬁ‘f’é@a&? Brofithe cells

n
to express, that 1s; by stinmulat t he cel e antibo ané t he

cul ture emyi5ORRBBL:HEk« ca@%la@sbh%uﬁgkh%ngoaerelF&%&%%%r%&qo%stabllshed in
the same culture bag 242 by making part of i mmbifized

culture vessel for causing cells to proliferate stimulated
by the antibody in the same culture bag 242.

The culture bag 242 is a flexible vessel for storing
the culture medium in which the cells are inoculated, and
is placed on the culture bag tray 241 interposing a
platform 252 between the culture bag 242 and the culture
bag tray 241. The culture bag 242 is a bag formed of, for
example, oxygen permeable material.

The culture unit 212 will now be described.

In the culture chamber 240, a supply pump 261 and an
exhaust pump 271 are arranged as shown in Fig. 23. The
culture bag 242 is connected at one end thereof to a
supply system coupling 264 via the supply pump 261 using a
tube 262. The culture bag 242 is also connected at the
other end to an exhaust system coupling 274 via the
exhaust pump 271 using a tube 272.

In the culture unit 212, the culture bag 242 is
connected to the supply system coupling 264 via the tube
262, and 1s connected to the culture medium bag 233 via a
tube 265. The culture bag 242 is connected to the exhaust

system coupling 274 via the tube 272 and is connected to
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antibody in the culture bag 242. Therefore, by supplying the culture nmedium
to the cells which are stinulated by the antibody in a part of the culture
bag 242 and started to proliferate, an efficient proliferation is enabl ed
in the sanme culture bag 242. The culture nmedi um bag 233 as a culture nedi um
storage vessel and the waste water bag 234 as a used culture nmedium storage
vessel are placed on the culture nediumbag tray 231 and the waste water
bag tray 232, respectively, and each are configured into a cassette
structure. The culture nediumbag 233 is adapted to store 64 the culture

medi um to.he suppLi £4+LQ ng ?ghtggg ag,,p42975The waste water bag 234 is

adapted to store the used ture nedi um supernatant) di scharged fromthe

culture bag 2 iH,10e,0as5ph1es SLINEIL LT A0S SuLLLLe, cpedi um bag

tray 231, the change and supply of ure nediumis enabled only by
munti ng gb@ugebt@reagegheahbéa Ftaay2%31whmta t@elhaﬁ%tgagarattte chamber

230 in the culturé unit 212 in a state’in which the culture bag 242 is

nalntalneehbnaab@beayteﬁetﬁeaqpa@rZQQdeTB@ eHbl BES+bag thay p24lohs
detachably nounted t0 the «culture unit 212. At this tine, the supply system

coupling 364rafet heceHhtBEeqbag 242 b%pﬁ@?pbﬁﬁpt96§ b@i Rhe eftheccul ture
medi um bag 233, and the exhaust system coupling 274 is coupled to a joint

of the waghg yaber shagq 284 eaiﬁaQEIM@bxumn@artheecaiaa&be%gn@m@Ions I'n
other words, the supply system coupling 264 and the joint o

inoculated the cells on the culture medium and installed

on the culture bag tray 241. The operation to immobilize

the antibody and add the culture medium and the cells in

the culture bag 242 is carried out under the aseptic

conditions in the clean bench or the like.

The culture environment for causing the proliferation
function of the cells to express, that is, by stimulating
the cells by the antibody and the culture environment for
causing the cells to proliferate are established in the
same culture bag 242 by making part of immobilized
antibody in the culture bag 242. Therefore, by supplying
the culture medium to the cells which are stimulated by
the antibody in a part of the culture bag 242 and started
to proliferate, an efficient proliferation is enabled in
the same culture bag 242.

The culture medium bag 233 as a culture medium
storage vessel and the waste water bag 234 as a used
culture medium storage vessel are placed on the culture
medium bag tray 231 and the waste water bag tray 232,
respectively, and each are configured into a cassette

structure. The culture medium bag 233 is adapted to store
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cul ture nmedi um bag 233 are coupled by, for exanple, inserting a rubbery
joint on one of those to a needle joint on the other one of those under the
aseptic conditions. Coupling between the exhaust system coupling 274 and
the waste waterwaste water bag 234 is also the sane. The work to couple the
culture bag 242 with the culture nediumbag 233 and the waste waterwaste
water bag 234 is carried out in the clean bench or the |Iike under the
aseptic conditions. WTh the connection anong the culture bag 242, the

cul ture nmedi um bag 233 and t he waste mater bag 234 as 65 described above, a

cl osed 1 opp.i p %@h?% hgélﬁﬂ'kggﬁeréggg h%h%“%h%%ﬁrgeg'g 929 233 on

the cul ture medi um tray to the culture 42 by the
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culture bag 2 I SC to the te water on the waste water

bag tray g§§t9¥etﬁ@dlﬁﬁt'!ﬁFb?Ha@EnEhed§§EﬁH§ eBu@? ﬁ7%hbscﬁikﬂqllshed Wth

the configuration of this closed |oop, the syst culture bag 242, the

cul ture ngggughbag ﬁ%%ha@ﬁeteﬁs§@§E@ sW@E@Eu?@go%3ﬂhe'%uq%hg%a'ned under the
aseptic conditions. The culture (cell proliferation) in the culture bag 242

i ncl udes tbeishabhg @yb UQ@l(SkHE|%hE%§€'BHH kNpwhichr the %ﬁ@@hxepunp 261
is activated to supply cul fure nediumin the culture nmedi um bag

233 on thﬁedguhtygeeﬂsguealeaqyt5§ym%§$taggthﬁeceh&%h%eb%gd%ﬁ% bag cause the
cells to proliferate, the perfusion culturé in

tray 231 into the low temperature chamber 230 in the

culture unit 212 in a state in which the culture bag 242

is maintained in the culture chamber 240.

The culture bag tray 241 is detachably mounted to the
culture unit 212. At this time, the supply system
coupling 264 of the culture bag 242 is coupled to a joint
of the culture medium bag 233, and the exhaust system
coupling 274 1is coupled to a joint of the waste water bag
234 respectively under the aseptic conditions. In other
words, the supply system coupling 264 and the joint of the
culture medium bag 233 are coupled by, for example,
inserting a rubbery joint on one of those to a needle
joint on the other one of those under the aseptic
conditions. Coupling between the exhaust system coupling
274 and the waste waterwaste water bag 234 is also the
same. The work to couple the culture bag 242 with the
culture medium bag 233 and the waste waterwaste water bag
234 is carried out in the clean bench or the like under
the aseptic conditions.

With the connection among the culture bag 242, the

culture medium bag 233 and the waste water bag 234 as
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whi ch the supply punp 261 and the exhaust punp 271 are activated to

di scharge the used culture nediumin the culture bag 242 to the waste water
bag 234 on the waste water bag tray 232 and supply the culture nediumin
the culture nmediumbag 233 to the culture bag 242 to cause the cells to
proliferate, and the shaking culture using a shaking device 290 descri bed

| ater. Anong these, the perfusion culture includes the intermttent
perfusion culture in which discharge of the used culture nmediumand supply
of the culture nediumare carried out alternately, and the consecutive

per f usi onggyktupedi Bpwhkchat Beo§Badi separ gewat chhengukhuca aediumuand the
supply of the culture nediumare carried out sinultaneously. In the

consecutiyg pgefusiefreUhbdi@m Babi bber ohoenpreventikBImetinanshaly of cells is
normal |y di sposed in the tube 272" between the culture bag 242 and the

exhaust pupRy2731t©s Bhp¥entdt ke egkl sul Butbepgyl burephagnd42 from bei ng

di scharged to the waste water bag 234. After having conpleted the .
proliferattenvetibheoceeths suppthepatpt vee, bagd248e tibequsedteukt ure medi um
inthe culture bag 242 is discharged to the waste water bag 234 of the
wast e wat gedbag thayhé32ulandet begcghbsiksndibehaeyktiuce bag 2423tks
condensed. The di scharge of the used culture nediumis carried out by the
activati opaeért heg e3hauat thenpad?d, wandri bagatrked20at bynthke the anount of

the culture nmediumand the cells in the culture bag 242 is
1/2 to 1/ 3cthvguaohi by byet beheantr plimpf 271 is established.

reduced to about
With

the configuration of this closed loop, the system (the

culture bag 242, the culture medium bag 233 and the waste

water bag 234) is maintained under the aseptic conditions.

The culture (cell proliferation) in the culture bag

242 includes the static culture (simple feeding) in which

the supply pump 261 is activated to supply (feed)

culture medium in the culture medium bag 233 on the

the

culture medium bag tray 231 to the culture bag 242 to

cause the cells to proliferate, the perfusion culture in

which the supply pump 261 and the exhaust pump 271 are

activated to discharge the used culture medium in the

culture bag 242 to the waste water bag 234 on the waste

water bag tray 232 and supply the culture medium in the

culture medium bag 233 to the culture bag 242 to cause the

cells to proliferate, and the shaking culture using a

shaking device 290 described later. Among these,

the

perfusion culture includes the intermittent perfusion

culture in which discharge of the used culture medium and

supply ©of the culture medium are carried out alternately,

and the consecutive perfusion culture in which the
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t he operation control PLC 223 on the basis of the neasured

val ue by the

wei ght neter 251. By the condensation of the cells in the culture bag 242,
the nunber of times of centrifugation carried out by a centrifuge carried
is al so possible

out later is reduced. In the waste water bag tray 232, it
to replace the waste water bag 234 by a cell collecting b

ag as a cell

coll ecting vessel which is attachable to the <centrifuge after having
condensed the cells in the culture bag 242 as descri bed above, and then
in which the cells

67 are copdgpggdgknotheneukhyk@rbaged4dn AHA the @@b%; ce&'%%%in? 3@9 by |
| IS NO | Spose

supply the culture suspension (culture medium and cells)

activating the exhaust punp 271, provided that the ter

in the tubg)12d2e Aeaufli BELY cag@kkacbensofuthgneslksyi.n tthe thag which is

attachable to the centrifuge may be carried out within the

culture unit

212, whi chohseauspaeepkhfliBecel esedusyst anrilsert fat bhevkakanf or
collecting the cells Is saved. In this case, as showmn in Fig. 23, the
cul ture bagankfay 241lcksistesedoirhallng aukbysedunint tR:2taped the culture
tray 241 is supported by the frane 250 of the culture chanber 240. The

pl at f orm Be2wken dheeetlly upkadibng2ubeanaukhdr exhags24uen the ewl ture bag

tray 241 includes a non-elevating part 252a, and a plural

ity of

ar ea- changragenparhse 282bsand 2bh2ccwhicoheabagabhe teorpweiwpward and

downward. The culture area of the culture bag 242 is cont
ar ea- chandiisghpagts 2b2hhanda2%2cwater bag 234.

rolled by the

After having completed the proliferation of the cells

in the culture bag 242, the used culture medium in the

culture bag 242 is discharged to the waste water

bag 234

of the waste water bag tray 232, and the cells in the

culture bag 242 is condensed. The discharge of the used

culture medium is carried out by the activation of the

exhaust pump 271, and 1s carried out until the amount of

the culture medium and the cells in the culture bag 242 is
reduced to about 1/2 to 1/3 in quantity by the control of
the operation control PLC 223 on the basis of the measured
value by the weight meter 251. By the condensation of the
cells in the culture bag 242, the number of times of
centrifugation carried out by a centrifuge carried out
later is reduced.

In the waste water bag tray 232, it 1s also possible
to replace the waste water bag 234 by a cell collecting
bag as a cell collecting vessel which is attachable to the
centrifuge after having condensed the cells in the culture
bag 242 as described above, and then supply the culture

suspension (culture medium and cells) in which the cells
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Install ed below the portion of the culture tray 241 where the area-changi ng
parts 252b and 252c are arranged are an inclined notor (elevating nechani sm
280), a cam nechanism 281 and a positioning sensor (not shown). The
inclined notor 280 rotates the cam nechani sm 281 and noves upward and
downward t he area-changi ng parts 252b and 252c of the platform 252
separately and i ndependently from each other. The positions of the

el evating units are detected by the positioning sensor, and transmitted to
t he operation control PLC 223. The inclined notor 280 is controlled by the
operati on,eantppleRbCq223 %aea§uggugevsﬁgh§49rEﬁF@8tﬁ@aegp@9 parts 252b and

252c of the platform 252 downwar Int Initral stage of culture in the

cul ture bag)242tinAceEdbPahY.c1@akiAYi dnECERAYQLE bambopARd at portions of
the culture bag 242 correSponding to"the area-changing parts 252b and 252c.
For exanpheovtihReqcHhbUr enar ealekrt he nakaaieFebgéZiﬁhew@ ikRpEl 97224 s
changed in three stages by noving the heights of the area-changing parts

252b and a283equnyayd apdidewnwar drrespeetivel Yn THeegagr wARE® 9k the
ar ea- changi ng parts may be provided, whereby the finer “adjustment of the

culture aredatBaBChi e¥edheFic@nt24 fugeamapebspestirVedvb@y $RewW:Rgd tae
configuration of the platform 252 in Fig. 23. By the cells and the culture
nedi um betagtater edikn2ibhewhiigui dsr@sepyeir $ni Bhkhe bRl 8l sstage of
culture in the culture bag 242, a culture condition suitable for antibody
stimul atigs, thhat the, 1kBercebl densetyihg the cells is saved.

In this case, as shown in Fig. 23, the culture bag
tray 241 is stored in the culture unit 212 and the culture
bag tray 241 1s supported by the frame 250 of the culture
chamber 240. The platform 252 for directly placing the
culture bag 242 on the culture bag tray 241 includes a
non-elevating part 252a, and a plurality of area-changing
parts 252b and 252c which are able to move upward and
downward. The culture area of the culture bag 242 is
controlled by the area-changing parts 252b and 252c.
Installed below the portion of the culture tray 241 where
the area-changing parts 252b and 252c are arranged are an
inclined motor (elevating mechanism 280), a cam mechanism
281 and a positioning sensor (not shown). The inclined
motor 280 rotates the cam mechanism 281 and moves upward
and downward the area-changing parts 252b and 252c of the
platform 252 separately and independently from each other.
The positions of the elevating units are detected by the
positioning sensor, and transmitted to the operation
control PLC 223. The inclined motor 280 is controlled by

the operation control PLC 223 so as to move the area-
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culture bag 242 is maintained to a density which is preferable for the
proliferation. In the mddle stage or the later stage in which the culture
medium and the cells in the culture bag 242 are increased to a value |arger
than the predeterm ned value, the inclined notor 280 noves the
area-changi ng parts 252b and 252c of the platform 252 wupward via the cam
mechani sm 281, and maintains only the parts having the predeterm ned area
of the culture bag 242 in the horizontal state, so that the areas of the
liquid reservoirs are changed. By changing the areas of the |liquid

reservoirgpp iﬁ&e?§§£552999 Lhe sybture PRI YL 69-2MCOEEI REhRaLRE Progress

of culture, the Ce density per area in the culture bag 242 is maintai ned

to a denSEBYthQVfﬁ?f@?hesEQ?etB@ pnothterahi one 8Q1that bHhg eabls
efficiently proliferate in the cell proliferation stage. For exanple, when

the platfaeab282nysyabhertguiar mestwoostagesrotmbigdtdppeseny@i bg as shown
in Fig. 24, first of all, the culture nmediumand the cells are retained in

a portiOﬁh@fcﬁbepﬁéeﬁaghémgiB@r@ééboﬁézﬁ% whi eRei srthechawgshgpart, in Fig.
24 to avoid lowering of the density of the cells. Wen the cells has

started tpertprobpbenati op2and hencexthplanmount efiltheecukbdr efnedeum is
i ncreased, the height of the area-changing part 252c in Fig. 24 is noved

upward bypoaefstagestosabivgnihheigrea4 cbapphngepath 2hzZbeardatbe
area-changi ng part 252c at the sane level, so that the area of the culture
bag 242 whichovisgushbl eef ghtshefcuhtuneehscrahgiggdpbyta psedetanni ned
252c upward and downward respectively. Three or more of
the area-changing parts may be provided, whereby the finer
adjustment of the culture area is achieved. Fig. 24 is a
perspective view showing a configuration of the platform
252 in Fig. 23.

By the cells and the culture medium being stored in
the liquid reservoirs in the initial stage of culture in
the culture bag 242, a culture condition suitable for
antibody stimulation, that is, the cell density in the
culture bag 242 is maintained to a density which 1is
preferable for the proliferation. 1In the middle stage or
the later stage in which the culture medium and the cells
in the culture bag 242 are increased to a value larger
than the predetermined value, the inclined motor 280 moves
the area-changing parts 252b and 252c of the platform 252
upward via the cam mechanism 281, and maintains only the
parts having the predetermined area of the culture bag 242
in the horizontal state, so that the areas of the liquid
reservoirs are changed. By changing the areas of the

liquid reservoirs for the cells and the culture medium
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anount. Accordingly, the density of the cells which is preferable for the
proliferation may be maintained for a certain tine | ength again. Wen the
cells further proliferate and hence the amobunt of the culture nmediumis

i ncreased, the area-changing part 252b and the area- changing part 252c are
noved upward by one stage to align wth the part 252a, so that the culture
is carried out in the entire part of the culture bag 242. Furthernore, a
shaki ng nechani sm 291 of the shaking device 290 is installed above the
culture bag tray 241 where the culture bag 242 is arranged as the pressing

uni t 70 0.t ?ﬁEHétE etﬁﬁng?%gﬁﬁgglggléﬂﬁ%ﬂr%” Ehd c231 EQ%sigia%%Qg device

290 i ncl udes haki ng operati ng ot

mechani sm,293 gpd chhec,posiLi 0akng ;5eS0R(AOL 13AN), Anshquy i Fig. 23,

t he shaking nechani sm i nclddes an operating plate as~ the pressing

uni t d'5pg§%@eE8bE€eféEp%két ﬁl%%?a§§gnY'§o Ep%tg%h%e rgq 2508 so as to be

capabl e of novi ng upward ownwar and a plurality of projections 291b

proj ecting kel gnbhﬁﬁ bg&%@@&%g%&@cgnokhgh%egﬁwgéba @egh%&%n 2313 Vhen the

operating plate I's noved upward alternately "on the basis

of the action ?értQEaﬁﬁﬂé ”EHQﬁ”tﬁ81§9§t?¥r&h§5999£38b99 PRt @692, the
projections 291b of the operating plate 291la presses the culfure bag 242

pOSItIone@weegea@egeo%hakqmgdW%%Q%Qw%qk%9&sr%a%@BGQByflgth@M | $ fsgpeats

pressing and rel éasing with respect to the culture bag 242. ‘Accordingly,

the cultupe gedi URhkNculture medium and the cells are retained in a
portion of the area-changing part 252c¢, which is the
lowest part, in Fig. 24 to avoid lowering of the density
of the cells. When the cells has started the
proliferation and hence the amount of the culture medium
is increased, the height of the area-changing part 252c in
Fig. 24 is moved upward by one stage to align the area-
changing part 252b and the area-changing part 252c at the
same level, so that the area of the culture bag 242 which
is usable for the culture is enlarged by a predetermined
amount. Accordingly, the density of the cells which is
preferable for the proliferation may be maintained for a
certain time length again. When the cells further
proliferate and hence the amount of the culture medium is
increased, the area-changing part 252b and the area-
changing part 252c are moved upward by one stage to align
with the part 252a, so that the culture is carried out in
the entire part of the culture bag 242.

Furthermore, a shaking mechanism 291 of the shaking

device 290 is installed above the culture bag tray 241

where the culture bag 242 is arranged as the pressing unit
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the culture bag 242 is stirred, and the cells in the culture bag 242 floats
and noves in the culture nedium so that the distribution of the cells and
oxygen concentration distribution in the culture bag 242 are honogeni zed,
and hence the proliferation of the cells is pronoted. As shown in Fig. 23,
the position of the operating plate 291a is detected by the positioning
sensor, and is transmtted to the operation control PLC 223, and the
operating notor 292 is controlled by the operation control PLC 223 on the
basis of the measured value by the weight 71 neter 251. The cell culture

(shaki ng EH'EHée%uRBu%QechQME& 94Qagezéﬁowﬁ'99 %P§u59§k'”9 ndevi ce 80

descri bed ove nay be carrle out fore the cu re nmedium and the cells

are fil!ednbpsbheacltor 89bagn24aabe ndBXhaNIRL CHELnan EmBY 1De Al T T od out

after having |l ed therein tot maxi mum aking'device 290 is

controlleg?gyatggg QAPELAt b, C?”Eéﬂ'mgkﬁé3§§m°@9§h§néa%hé of the detected

position of the operating panel and the neasured val ue by the weight neter

251. In tB@s?Qi&HEEgCBéﬂggE 2A40¢ §ﬁo§ﬁﬁ“ﬂ AQ EhBwn23n @Bg . bhum.pating |anp
301 is installed at "a position above t cul ture bag 242 where the antibody

i's '”“Db'Ehé%ﬂn@nﬂeéhdSEEhcégﬁr@né@@dé§ an bﬁ@ggtéﬁgubibﬂg wgiy L installed
bel ow t he sanme. "The CCD canera 302 is added with i cal equipnment such as

?I:52§ha3F§éIﬁﬁésglﬁ?rﬁﬁhtaeggpes@a te thbeagpégavuggfﬂaﬁ@ o5ot heal i ke. The
g

the guide rod 250a so as to be capable of moving upward
and downward, and a plurality of projections 291b
projecting from the bottom surface of the operating plate
29la. When the operating plate 29la is moved upward and
downward alternately on the basis of the action of the cam
mechanism 293 by the operating motor 292, the projections
291b of the operating plate 291a presses the culture bag
242 positioned below the shaking mechanism 291 repeatedly,
that is, repeats pressing and releasing with respect to
the culture bag 242. Accordingly, the culture medium in
the culture bag 242 is stirred, and the cells in the
culture bag 242 floats and moves in the culture medium, so
that the distribution of the cells and oxygen
concentration distribution in the culture bag 242 are
homogenized, and hence the proliferation of the cells is
promoted.

As shown in Fig. 23, the position of the operating
plate 291a is detected by the positioning sensor, and 1is
transmitted to the operation control PLC 223, and the

operating motor 292 is controlled by the operation control

PLC 223 on the basis of the measured value by the weight
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is adapted to illum nate the culture bag 242 from above. The CCD canera 302

is adapted to take imges of the cells in the culture bag 242 from bel ow
and acquires the inmages thereof. The illum nating action of the
illumnating lanp 301 and the shooting action of the CCD canera 302 are
controlled by the operation control PLC 223, and the inmages of the cells in
the culture bag 242 are acquired at predetermned tine intervals (six
hours, for exanple). The cell inmages taken at the predeterm ned tine
intervals are stored in an inage nenory circuit (not shown) of the inmage

processi ngynit 5321 £7.The ) MRge. LACESRLAG,UNLL, ZRTGaLET eg out | mage

processing,” Tor exanp Irharirzatron hres i Ng, for the cel

| mages taES?EEEetBSngEQGESEHb“%Het5&555&8t8£¥?%§ ghorgd inythe image menory

circuit o processrng uni at "an average val ue of the

proleCteda859?5m8&h5Q3c3E99E8 ﬁk'%e%@?et@ﬁe'88&?§§E”Qe5§h% g%dt@%e

non-si ngl e ce IS a ce aggregat e |ty of single

celI's are, g?hgugggeglﬁﬁedexa'%g%'%ng%r Ler 349l e ﬁghigﬁﬁgt  The

aver age ue o rojected areas o single ce aver age

proj ected,arga OEetE§r§hE8'%u%egkkekshg@k '?E?gedeR%E%E% %%'Eﬁ'”age t aken

when 24 hours, for exa has ["a sed e nonent when the culture is

started after umayeoelnvuehedskaﬁlﬁgu dlechagodis opopulbiledag 1ray 241

and stored culture bag tray 241 in ture chanber et her the
above-desgpibedecghl snargnithg1N@ATSHnEl 81 the basis of the detected

position of the operating panel and the measured value by
the weight meter 251.

In the culture chamber 240, as shown in Fig. 23, an
illuminating lamp 301 is installed at a position above the
culture bag 242 where the antibody is immobilized and a
CCD camera 302 as an image acquiring unit is installed
below the same. The CCD camera 302 is added with optical
equipment such as a lens, a prism, a barrel according to
the observing mode or the like. The illuminating lamp 301
is adapted to illuminate the culture bag 242 from above.
The CCD camera 302 is adapted to take images of the cells
in the culture bag 242 from below and acquires the images
thereof. The illuminating action of the illuminating lamp
301 and the shooting action of the CCD camera 302 are
controlled by the operation control PLC 223, and the
images of the cells in the culture bag 242 are acquired at
predetermined time intervals (six hours, for example).

The cell images taken at the predetermined time intervals
are stored in an image memory circuit (not shown) of the

image processing unit 221.
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cell or not is determned with reference to the projected area of 100 pm
in such a manner that the cells having a projected area at |east equal to
100 n2 are determned as the non-single cells and the cells having
projected are less than 100 n2 are determned as the single cells. It is
because when the projected areas of the single cells in the initial stage
of culture were neasured, all the cells had projected areas |ess than 100
pm. The change of the ratio of the non-single cells with respect to al
the cells is computed fr0ﬁ1f0||OMFup i mges of the cells (for exanple,

i mages of the fﬁ%lfm %%séggggég gﬁf?dzgﬁ ngffes7§u€81H$§55 and 72 hours

fromthe start 0 increasing ra of the

non- si ng| rSSE% éngTh?ok“%&%%E'%g %%%%r%@a%Q%n“%ﬂ~%hpt n ééﬁ%§ﬁ¥¥ mage

average projected afea of the'single cells are out rom

processi ng E”kkezgéliolhggegpﬁggkhogt EHBté?%d@%gr%ﬁﬁedTg?m%perat'0” contr o

PLC 223 cal cul ates | ag romthe average projected area of a single

cel | and isskLumtessthecti Thng uhep,thenenpresponding ol | hag, gear o

proliferation Ri"s specification me nmeans a time’l'ength of

an !”d“CFFQBchQ Ibggkrﬁgl f%%”EFQQCHkaBVQQaQE %ﬁihé b2 thg portion of

t hei nmobi li ze inthe culture ba until the

ol erotiopeLsgalctag. chemeisbher-eanh hortfticiatay nes whetne
to proliferateckythBenon-single cell, which is a cell aggregate
formed of a plurality of single cells are calculated as
evaluation parameters of the cell culture. The average
value of the projected areas of the single cells (the
average projected area of the single cell) is calculated
from the cell image taken when 24 hours, for example, has
elapsed from the moment when the culture is started after
having mounted the culture bag 242 on culture bag tray 241
and stored culture bag tray 241 in culture chamber 240.
Whether the above-described cells are the non-single
cell or not is determined with reference to the projected
area of 100 um? in such a manner that the cells having a
projected area at least equal to 100 um® are determined as
the non-single cells and the cells having projected are
less than 100 um® are determined as the single cells. It
is because when the projected areas of the single cells in
the initial stage of culture were measured, all the cells
had projected areas less than 100 pum®. The change of the
ratio of the non-single cells with respect to all the
cells is computed from follow-up images of the cells (for

example, images of the cells after having elapsed 24 hours,
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stinmulation fromthe antibody or not, fromthe timng when the cells has
started to proliferate, and evaluates the <cells. The operation control PLC
223 stops the culture in the cell culture apparatus 200 for the cells which
having a very low proliferation capability on the basis of the evaluation.
The operation control PLC 223 cal culates a mninum doubling tinme of the
cells fromthe increasing rate of the non-single cell. The m ni mum doubl i ng
time in this specification neans a mninmumtine period required for the
nunber of cells at a certain tinme instant to be increased 74 to two tines

the numbeyq0f 6 %' SngThe RBSEQE E?Bmc?ﬁérBka{E’LgfzéﬁﬁﬂﬁE%g”&B% the cul ture

state of the cells, that Is, e proliferation a ity of the cells from

the mi ni mugy doybli pgot 1,804, dgChdect e thol AGAOL;LRE veLagiLy of the

feeding o e culture nediumto’the culture bag 242. "The operation control
PLC 223 aqglotDeclOROSngPLAEESSENgnUNLbn 22 nbHnCLEOALNG S chaNt T Ol uNi ts

i nclude, although not "shown, a CPU for execCuting conputation or <control, a

storage dgybegqbnBrBLXLcEAr a3EQr bRt Re QﬁﬁﬁﬁéskgglerQgéagthuQ%E@’ and a
i nput/output circuit for the connection with the 1nput devices such as a

keyboar d, rrgnnpHseiRhgd beHeBsRang! uhor suppLyi pgedahba Qk jeammands and the
out put device such as"the nonitor.” The image processing unit 221 further

i ncl udes thgri-Apger,AEAPRY cCircuit for storing image data fromthe CCD
canera 302. The storage device of the imge processing unit 221

The operation control PLC 223 calculates a lag time
from the average projected area of a single cell and
estimates the timing when the corresponding cell has
started proliferation. 1In this specification, the lag
time means a time length of an induction phase required
from inoculation of cells in the portion of theimmobilized
antibody in the culture bag tray 241 until the
proliferation is started. The operation control PLC 223
determines whether the culture state of the cells, that is,
whether the cell has a capability to proliferate by the
stimulation from the antibody or not, from the timing when
the cells has started to proliferate, and evaluates the
cells. The operation control PLC 223 stops the culture in
the cell culture apparatus 200 for the cells which having
a very low proliferation capability on the basis of the
evaluation.

The operation control PLC 223 calculates a minimum
doubling time of the cells from the increasing rate of the
non-single cell. The minimum doubling time in this
specification means a minimum time period required for the

numpber of cells at a certain time instant to be increased
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stores a programfor processing (for exanple, binarization of

mul tithreshol ding) the inages of the cells in the <culture bag 242 shot at
predetermned tine intervals by the CCD canera 302 and cal cul ating the

eval uation paraneters for the cell culture (the average projected area of
the single cell, the increasing rate of the non- single cell). The storage
device of the operation control PLC 223 also stores a program for
determning the culture state of the cells (the proliferation capability of
the cells, the proliferation ability of the cells) fromthe evaluation 75

par aret er s ,0f bhe s Gell cqul LUk and ;a0r ggramifar o coaLi gl kg Lhg equi prrent
th s720 R

rel ating 6 ture apparatu 0 an & EUltUr & unit 212 (fo

exampl &, bhe 15 pe@éew 301 nand i exaust pUT.27H. ALEONdidg {0 ! ne.

culture state of the ce executing the culture operat’i on t or age

devi ce of  }pe,0peE ALl @189”559h1t§L9f2%ﬁefHéﬁlgrf%%ﬁr%%ea&l%th ment

controlling pPogran1 controlling the equipnent relating to the culture

devi ce 219066@15561;%@ %e Rkt g12nenthRenbagis tak 48 oc5ikgnales thiom
vari ous sensors of the cell culture apparatas 200 and the cCulture unit 212.

The StOraQ%e@@MbC%fOEhEh%ulhﬁ§%emE699%$%b”gh%”bhl%%%eab%% sores an
equi pnent controlling programfor controlling the CCD canera 302 at

predet er m ned Th@ﬁop@£§£Y§ﬁSc@ﬂér@QQPLé'@93tQ§dC€ﬁé ifRges. Referring now to
flomcharts shown in the process drawings in Fig. 25 to"Fig. 34, a process

of culturRgcessing unit 221 functioning as control units include,

although not shown, a CPU for executing computation or
control, a storage device (memory) for storing a
processing program or data, and a input/output circuit for
the connection with the input devices such as a keyboard,
a mouse or a touch panel for supplying data or commands
and the output device such as the monitor. The image
processing unit 221 further includes the image memory
circuit for storing image data from the CCD camera 302.

The storage device of the image processing unit 221
stores a program for processing (for example, binarization
of multithresholding) the images of the cells in the
culture bag 242 shot at predetermined time intervals by
the CCD camera 302 and calculating the evaluation
parameters for the cell culture (the average projected
area of the single cell, the increasing rate of the non-
single cell).

The storage device of the operation control PLC 223
also stores a program for determining the culture state of
the cells (the proliferation capability of the cells, the

proliferation ability of the cells) from the evaluation
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cells carried out by the operation control PLC 223 and the inmage processing
unit 221 by executing the above-described prograns will be described. Fig.
25 and Fig. 26 show an antibody stinmulating intermttent perfusion culture
process in a case,of collecting the cells in the culture bag 242. As shown
in Fig. 25, the operator imuobilizes an antibody in the culture bag 242 in
the cl ean bench or the like (WO in Fig. 25), adds the culture nmedium and
nounts the culture bag 242 having inoculated the cells on the culture
medi um bag tray 231. Then, the operator nmounts the culture nmedium 76 bag

233 in which_ the cult re medium i s.added in the clean _bench or the |ike
onto the 88F?ﬁ?§655d95n1ngcFﬁéycﬁéﬁyrenﬁﬂﬁtg PRE9AY EO%at er bag 234 on the

. 32, and | es_the cul bag,242.with the cul
o um ba2 35 ki B ot HAEDY g 5389 EPn Ende Luphhy st om coupl i ng
264 and the exhayst ing, 274, . tivel y (W02 in Fig. 25).

Then. he"EBar Acks Aarr o8 CRE GUICHFE KBSrThg SALT LrRECGEYL GPE medi um bag

tray 231 andothepyast ocuaLey bAG. cLfan 23gu B bhe)shagdleqaull e it 212 of

t he cell e appara um nat an’iNfumnatifon 1 anp, for

exanpl e, EH#QPES”stﬁﬁgsg% the %gthéﬁdb@ge%%g¥g§4%hgocu9%u§%pported by the

frame 250 0 e culture chanber an | s the Culture nedi um bag

tray 231 and.hbecuast gy owal 8iaRadqbtay 232 Lt BEchawibammeratyse chamber

230. Then e operator connects the punp tu
PLC 223 further stores an equipment controlling program

for controlling the equipment relating to the culture
device 210 and the culture unit 212 on the basis of the
signals from various sensors of the cell culture apparatus
200 and the culture unit 212. The storage device of the
image processing unit 221 also stores an equipment
controlling program for controlling the CCD camera 302 at
predetermined time intervals and acquiring the cell images.

Referring now to flowcharts shown in the process
drawings in Fig. 25 to Fig. 34, a process of culturing
cells carried out by the operation control PLC 223 and the
image processing unit 221 by executing the above-described
programs will be described.

Fig. 25 and Fig. 26 show an antibody stimulating
intermittent perfusion culture process in a case of
collecting the cells in the culture bag 242. As shown in
Fig. 25, the operator immobilizes an antibody in the
culture bag 242 in the clean bench or the like (WOl in Fig.
25), adds the culture medium, and mounts the culture bag
242 having inoculated the cells on the culture medium bag

tray 231. Then, the operator mounts the culture medium
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the culture bag 242 to the supply punp 261 and the exhaust punp 271,
respectively, (W3 in Fig. 25). Then, the operator confirns imges in the
culture bag 242 stored in the culture unit 212, which are outputted from
the CCD canera 302 (Wb in Fig. 25). Before <confirmng the outputted

i mages, the operator activates the inclined notor 280 of the culture unit
212 to nove the area-changing parts 252b and 252c of the platform 252
downward to formthe liquid reservoirs in the culture bag 242 (W4 in Fig.
25). The operator then neasures the weight of the installed culture bag 242

by the “Bbggt2§§ogﬁ:ﬁﬁlgﬁltﬂé EU?tﬁ?%tH 81 HRI § 521 édegh » chize jopgrat or

closes th oor e culture unit starts t culture in the

cul ture unbhcR1y (HEOIERCFLA: 28, éﬁﬁ@ﬁqﬁnﬂ%xluhhsagek&% pgSti mul at ed

by the an r the proliferationint rquid eservoirs’in the

cul ture bﬁ@u%%é QM@7wh$tE'9at%§)Pa£h§34cgp gﬁgeg§s§g2w3EeEh%a ul.ture unit

212 takes the 1mages o he cel inthe liquid reservoirs in the“culture

bag 242 ay,predat epgined %h@ecb@%% %abﬁg(gugrml% xhaurs, fQ% exanpl e),

t he i mage processing unit 221 calcu at es t eval uation paraneters of the

cell cultH@elhﬁogh5h§3@Ighedth@pwb@%aewaIee Beer§§u0ﬂ59%g @l PLC 223
calculates the lag tinme fromthe eval uati on paraneter et erm nes whet her

;PgnffLLsgggﬁégd§§B@emlbbﬁpuqnequuf%h@t%h@pgahéﬁg%p%g%Qemp%o%alq%batIOn
y or not, calculates the mninmumdoubling tinme, and
det er m neg7yhe rpegkickekatiyonwo2 in rig. 25).

Then, the operator carries the culture bag tray 241,
the culture medium bag tray 231 and the waste water bag
tray 232 in the single culture unit 212 of the cell
culture apparatus 200, illuminated by an illumination lamp,
for example, in green, causes the culture bag tray 241 to
be supported by the frame 250 of the culture chamber 240
and installs the culture medium bag tray 231 and the waste
water bag tray 232 in the low temperature chamber 230.
Then, the operator connects the pump tubes 262 and 272 of
the culture bag 242 to the supply pump 261 and the exhaust
pump 271, respectively, (W03 in Fig. 25).

Then, the operator confirms images in the culture bag
242 stored in the culture unit 212, which are outputted
from the CCD camera 302 (W05 in Fig. 25). Before
confirming the outputted images, the operator activates
the inclined motor 280 of the culture unit 212 to move the
area-changing parts 252b and 252c of the platform 252
downward to form the liguid reservoirs in the culture bag

242 (W04 in Fig. 25). The operator then measures the

weight of the installed culture bag 242 by the weight

77



ability of the cells (W8 in Fig. 25). Wen the capablllty of prollferatlon
cannot be seen even when a predetermned tine period (24 hours, for
exanpl e) has el apsed since the cells has stimnmulated by the antibody in the
culture bag 242, the operation control PLC 223 cancels the culture of the
cell in the cell culture apparatus 200 (W8'in Fig. 25). Wen it is
determned that the cells in the culture bag 242 has a capability of
proliferation, the operation control PLC 223 decides the velocity and
timng of feeding of the culture nmediuminto the culture bag 242 on the

basi s of r&g\fl va%gel f%e alj on. j@txﬁbé ldr%flojlé he cells. The operation control

PLC 223 ac S e supply on the basis of this decision, and
feeds th I | t 3 | t

rodi um bag tr 4y 551 5 CRE LSO GRS g ke 000 n Tt 09 N th the
activationof The supny gum. 261 T S G Sl o e INRN

started in reserv0|r havi ng a pre ermned area in the culture

b 242 T 2 whet h

tﬁg wei ghW%) tﬂe ng] ture &?%%ch%@ﬂfne&g%l és)hl nlﬁ%g o rﬁﬁ%{ 3e342 s
d t I t |t

measur e er & ned \Q/AI%%”P&Prt}%élpf%if@f(ﬁ?&g erg)&é/aiy&ﬂg east equal to

the prede a or not At a” timng when the

val ue at legstyequal; f o fde pregal %5@ 3?452 M@d#el@ i? repghed, pfhe operation

control PLC 223 activates the i1nclined notor 280, es the area-changing
CCD camera 302 of the culture unit 212 takes the images of
the cells in the liquid reservoirs in the culture bag 242
at predetermined time intervals (every six hours, for
example), the image processing unit 221 calculates the
evaluation parameters of the cell culture from the picked-
up image. The operation control PLC 223 calculates the
lag time from the evaluation parameter, determines whether
the cells has a capability to proliferate upon reception
of stimulation from the antibody or not, calculates the
minimum doubling time, and determines the proliferation
ability of the cells (W08 in Fig. 25).

When the capability of proliferation cannot be seen
even when a predetermined time period (24 hours, for
example) has elapsed since the cells has stimulated by the
antibody in the culture bag 242, the operation control PLC
223 cancels the culture of the cell in the cell culture
apparatus 200 (W08’in Fig. 25). When 1t 1s determined
that the cells in the culture bag 242 has a capability of
proliferation, the operation control PLC 223 decides the
velocity and timing of feeding of the culture medium into

the culture bag 242 on the basis of the proliferation
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parts 252b and 252c of the platform 252 upward via the cam nechani sm 281
and brings a predeterm ned area of the «culture bag 242 into a horizontal
state to change the |liquid reservoir (W2 in Fig. 25). This process is
repeated until all the steps fornmed on the platform 252 are elimnated and
the culture bag 242 is brought into a horizontal state (W3 in Fig. 25).
Then, the operation control PLC 223 determ nes whether the weight of the
culture nediumand the cells in the culture bag 242 nmeasured by the wei ght
meter 251 is increased to a value at least equal to the predetermned 79

val ue R oL nol (W4 LNcFLgy 29) AL be Liiknacufien ihe; cvabye at | east

equal to e pr ernlne value reac eration control PLC

223 ac;ivgggivéﬁgstgggrﬁﬁkp énghﬁﬁuggg:o Rédbgg %h@h§gak|ng devi ce 290

is activa re’in I'ch aklng mechani sm 291 of

the shaki Bgcﬂgg%aﬁe %ﬁg @ES&%eEhEh‘éul‘EHk{e“éﬁg@?gg?ﬁﬁztﬁgp‘éﬁ%ﬁ Ly s started

(W5 in FI e operation contro continues to determ ne

whether t hequekohoobashencubLuce opdLuRLARdn Deqcelly b8y thecgul ture bag

242 neasure nmet er I ncreas a value at 1east equa

to the pr gggggglggg 2g9|q90§ Qée (g@@ in Fig. 26). At a timng when the

val ue at east equa m néd 'value x is reached, the operation

control PLC 2%§#§ﬁ0@§et%@%§fQPl¥n &ynphg6§%§§%§t%#@§h@eieeéhég of the

cul ture nmediumfrom ulture nedi um ba he cll ture medi um bag

tray static culture of the cells is started in the ligquid
reservolr having a predetermined area in the culture bag
242 (W10 in Fig. 25). The operation control PLC 223
determines whether the weight of the culture medium and
the cells in the culture bag 242 measured by the weight
meter 251 is increased to a value at least equal to the
predetermined value o or not (Wll in Fig. 25). At a
timing when the value at least equal to the predetermined
value o 1s reached, the operation control PLC 223
activates the inclined motor 280, moves the area-changing
parts 252b and 252c of the platform 252 upward via the cam
mechanism 281 and brings a predetermined area of the
culture bag 242 into a horizontal state to change the
liquid reservoir (W12 in Fig. 25). This process is
repeated until all the steps formed on the platform 252
are eliminated and the culture bag 242 is brought into a
horizontal state (W13 in Fig. 25).

Then, the operation control PLC 223 determines

whether the weight of the culture medium and the cells in
the culture bag 242 measured by the weight meter 251 is

increased to a value at least equal to the predetermined

79



231 to the culture bag 242 (W7 in Fig. 26), stops the operating notor 292
to stop the shaking culture in the culture bag 242 (W8 in Fig. 26). The
operation control PLC 223 activates the exhaust punp 271 after having
settled the cells in the culture bag 242 to discharge the used culture

medi um (supernatant in the culture bag 242) in the culture bag 242 to the
used waste water bag 234 on the waste water bag tray 232 (W9 in Fig. 26).
Then, the operation control PLC 223 determ nes whether the weight of the
culture nediumand the cells in the culture bag 242 neasured by the wei ght

80 meter Satukspreduged tg,a VAl beqal supst gAUBLet o4 Y EheEfkned val ue S

or not ( I a e val ue at “nost equal to the

pr edet er m,neq ge'y@a§t'éqﬁs§c@%dtheh r@perathoRegoptial BLEs223 stops the

exhaust punp 271 to stop the discharg use cultu medi um from t he
cul ture b@@a@ﬂ%d(%ﬂ;e' Bp%‘rgtl%ﬁ) con%'%'ﬂ PLE%Q@%@E&%&%”%‘%‘ PLC 223

activates the supply punp 2 feed the culture nediumfromthe culture

”Ed'U”‘baBFg§§tQHgtH@t6¥l§ng ”ﬁebega@ﬁglyra¥h83éhgqlheede%ek%ua@obag 242,
and activates the operating notor 292 t0 "carry out thé shaking culture in

the culture Q@glgé%egé ahﬁetﬁﬁa%haﬁlﬁ%Vbﬁﬁtagg (WBZniiRhFicge 28hkihle
operation control 223 stops the Supply punp 261 after having “el apsed a

predet er njyaedahi BR @glsb@ptheeshaﬁ@hagdgblkeez9QUb&eg%e@EQh%”1fronlthe

cul ture nmedium bag 233 on the culture nmediumbag tray 231 to the culture

bag 242 apditure bag 242 repeatedly is started (W15 in Fig. 25).
The operation control PLC 223 continues to determine
whether the weight of the culture medium and the cells in
the culture bag 242 measured by the weight meter 251 is
increased to a value at least equal to the predetermined
value y or not (W16 in Fig. 26). At a timing when the
value at least equal to the predetermined value y is
reached, the operation control PLC 223 stops the supply
pump 261 to stop the feeding of the culture medium from
the culture medium bag 233 on the culture medium bag tray
231 to the culture bag 242 (W17 in Fig. 26), stops the
operating motor 292 to stop the shaking culture in the
culture bag 242 (W18 in Fig. 26).

The operation control PLC 223 activates the exhaust

pump 271 after having settled the cells in the culture bag
242 to discharge the used culture medium (supernatant in
the culture bag 242) in the culture bag 242 to the used
waste water bag 234 on the waste water bag tray 232 (W19
in Fig. 26). Then, the operation control PLC 223
determines whether the weight of the culture medium and

the cells in the culture bag 242 measured by the weight
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continue the shaking culture in a state in which the operating notor 292 is
activated (W3 in Fig. 26). The operation control PLC 223 determ ned whet her
the desired culture termdepending on the date and tine of usage of the
cells to proliferate is reached or not, or the inmage processing unit 221
determ nes whether the desired nunber of cells is reached in the culture
bag 242 or not (W4 in Fig. 26). Wien the desired culture termor the
desired nunber of cells is not reached, the process step in Steps W8 to
W23 are repeated. Wien counting the nunber of cells, the shaking device 290

|5 Stoppeanco,do A wblicantil LMo el 15 e syl e ghen, the irmges of

the interior the culture bag 242 are taken canera 302. The

| mage proeesE Ng-iidq 221 &St BY 6 @G cal L uhigf e dhe numher of cell's
existing in the bag from the acquired@%nages.'§§eps NM8 to W23 are steps of

interm ttent; Rerfist oe cull 1M &4 Ny chy di scharge of rd e usedn oyl ture
mediumin the culture bag 242 and supply (feed) of new culture nediuminto

the cul ture hag 242 [l Rl il Wfer Al its RAIRING1 AiLd e d id|,oi nt where
the desired culture termor the nunber of cells are reached in Step W24,

the operati®nexicm ¢ ghudp-G 223 St oRsp thee apes@ld Age "OF 0fn292s88§ shown in
Fig. 26 to stop the shaking culture in the culture bag 242 (W5 in Fig.

26) . ThengultheroOpes@tidns cantfiod RLG 223 pagtiaat gsz 1 hen exhaustepunp 271

after having settled the
Then, the operation control PLC 223 activates the supply
pump 261 to feed the culture medium from the culture
medium bag 233 on the culture medium bag tray 231 to the
culture bag 242, and activates the operating motor 292 to
carry out the shaking culture in the culture bag 242 by
the shaking device 290 (W22 in Fig. 26). The operation
control PLC 223 stops the supply pump 261 after having
elapsed a predetermined time to stop the feeding of the
cuiture medium from the culture medium bag 233 on the
culture medium bag tray 231 to the culture bag 242 and
continue the shaking culture in a state in which the
operating motor 292 is activated (W23 in Fig. 26).

The operation control PLC 223 determined whether the
desired culture term depending on the date and time of
usage of the cells to proliferate is reached or not, or
the image processing unit 221 determines whether the
desired number of cells is reached in the culture bag 242
or not (W24 in Fig. 26). When the desired culture term or
the desired number of cells is not reached, the process
step in Steps W18 to W23 are repeated. When counting the

number of cells, the shaking device 290 is stopped once to
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cells in the culture bag 242 to discharge the used culture nmediumin the
culture bag 242 to the waste water bag 234 on the waste water bag tray 232,
and condense the cells wuntil the culture mediumand the cells in the
culture bag 242 are reduced to about 1/2 to 1/3 on the basis of the
measured val ue by the weight nmeter 251 (W26 in Fig. 26) The operation
control PLC 223 then stops the exhaust punp 271 to conplete the cel

culture (VW27 in Fig. 26). After having conpleted the culture, the operator
transfers the cells in the culture bag 242 to a vessel for the «centrifuge

in the clgancbgnehoknkheehikeq randctheBqg. t hen8g, Cehks 1ARgecOLlre¢hed by the
centrifugation (VW28 in Fig. 26). 1In the simlar antibody stimulating

intermtteptepebfuskonneuLtiutarpr gggssq2t ReecagRehnpyphicel the process of
collecting the cells by the cell collecting bag is included is shown in

Fig. 27 apdmEig. 388. Theeefifrge pEbRE8sShEPENYB1lobo WBE gk tkReaprocess shown
in Fig. 27 and Fig. 28 are the sane as Steps W1 to W26 shown in Fig. 25

and Fig. 28lcdeseekpthennusperi bedellBn 5&@@tW5g showRel Ball Grod8, after
havi ng condensed the cells in the culture bag 242 by the activation of the

exhaust pupp 2é4uitbe openasi.on control PLC 223 stops the exhaust punp 271
and pronpts the operator to replace the waste water bag 234 on the waste
wat er bag trays232sbyls heo €2Blacel seeps ngf bagt £ Wbt ten€i ger283iodhe cel |
collecting bag is a bag to be mounted to the centrifuge and used for the
centrifugatilonre in which discharge of the used culture medium in

the culture bag 242 and supply (feed) of new culture

medium into the culture bag 242 are carried out

alternately.

At the time point where the desired culture term or

the number of cells are reached in Step W24, the operation

control PLC 223 stops the operating motor 292 as shown in

Fig. 26 to stop the shaking culture in the culture bag 242

(W25 in Fig. 26). Then, the operation control PLC 223

activates the exhaust pump 271 after having settled the

cells in the culture bag 242 to discharge the used culture

medium in the culture bag 242 to the waste water bag 234

on the waste water bag tray 232, and condense the cells

until the culture medium and the cells in the culture bag

242 are reduced to about 1/2 to 1/3 on the basis of the

measured value by the weight meter 251 (W26 in Fig. 26)

The operation control PLC 223 then stops the exhaust
pump 271 to complete the cell culture (W27 in Fig. 26).
After having completed the culture, the operator transfers

the cells in the culture bag 242 to a vessel for the

centrifuge in the clean bench or the like, and then, the
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After having replaced the waste water bag 234 on the waste water bag tray
232 by the cell collecting bag, the operation control PLC 223 activates the
exhaust punp 271 and the operating notor 292. Then, the operation control
PLC 223 shakes the interior of the culture bag 242 by shaking device 290 to
transfer the cells in the culture bag 242 to the cell collecting bag
nmounted on the waste water bag tray 232 together with the culture nedi um
(W8 in Fig. 28). Then, the operation control PLC 223 stops the exhaust
punp 271 and the operating notor 292 to stop the collection of the cells

from the cul{yrg:bago242ctedda,Coml ebecbheugglh onu! ke sG] n Fhg. 28)

After having conpleted the cell collection, 'the operator nounts the cel

col l ecting bagrd o-gdes Gent4i fuge; b SQy thatnt Ner ool | sneargs cobhected by the
centrifugation (WO in Fig. 28). Referring nowto Fig. 29 and Fig. 30,

process spepsusiBnapudphibogdycsbkgul ahkngasensgcyhivg paef Usbeasegul ture
process wl |l be described. Since Steps X01 to X15 in the antibody

stinul ati pg eenseedt hyerper EUsienbGUkhur ecproegssecshaynbby Fisg. 29 and Fig.
30 are the sane as Steps WOL to W5 in the antibody stinulating

intermttentlpeefiussoBhowtl tyreiproeessnghewy.i ngki gThéved@ndeli 9. 26,
description is omtted. In the antibody stinulating consecutive perfusion
cul ture peosessstapki Wger tonabesbowbhei srodesposhdwhetinegngt. he7cuhtur e bag
242 and the exhaust punp 271. The operation control PLC 223 activates the
exhaust Fig. 28 are the same as Steps W0l to W26 shown in Fig. 25

and Fig. 26, description is omitted.

In Step W56 shown in Fig. 28, after having condensed

the cells in the culture bag 242 by the activation of the

exhaust pump 271, the operation control PLC 223 stops the

exhaust pump 271 and prompts the operator to replace the

waste water bag 234 on the waste water bag tray 232 by the

cell collecting bag (W57 in Fig. 28). The cell collecting

bag is a bag to be mounted to the centrifuge and used for

the centrifugation.

After having replaced the waste water bag 234 on the

waste water bag tray 232 by the cell collecting bag, the

operation control PLC 223 activates the exhaust pump 271

and the operating motor 292. Then, the operation control

PLC 223 shakes the interior of the culture bag 242 by

shaking device 290 to transfer the cells in the culture

bag 242 to the cell collecting bag mounted on the waste

water bag tray 232 together with the culture medium (W58

in Fig. 28). Then, the operation control PLC 223 stops

the exhaust pump 271 and the operating motor 292 to stop

the collection of the cells from the culture bag 242 to

83



punp 271 at a timng when the weight of the culture nmedium and the cells in
the culture bag 242 is increased to a value at |east equal to the
predeterm ned value x (X16 in Fig. 30) to discharge the used culture nmedi um
in the culture bag 242 to the waste water bag 234 on the waste water bag
tray 232 while the culture nmediumis fed from the culture nedium bag 233 on
the culture nmeidumbag tray 231 into the culture bag 242 and the shaking
culture by the shaking device 290 is carried out in the culture bag 242.
Accordi ngly, the consecutive perfusion culture in which the feeding of the

culture ”EQ%?B&EQ the éHhEUEélE§9e84wgéziﬁ”ﬁi&h62§5$ChﬁE9€r0EabBﬁgCU|ture
mediumfromthe culture bag 242 are carried out sinultaneously i$§ started

in the CUEBM%@e@@Q 2AQ £&17 EB1Fkgri3dR) - tAE bPbsatbiepmouhbe €gkls in the
culture bag 242 are prevented from flowing by the filter, and hence do not

flow intockhe cvwasterwahehahago28de BUAtRYrtihe, CoBSepdti ¥RepeEfiUsi ON
culture, the shaking culture by the shaking device 290 is simultaneously

carried odke dbelepeeatbonteenteakrPEGg223cdetwe0i nasrwget hey .a desired
culture term depending on the date and tinme of usage of the cells to

proliferate isr¢Bachaty ofionote Pig. the dm@gei Pr oB@sSp Ngceldst sL@dsdet er m nes
whet her the desired nunber of cells is reached in the culture bag 242 or
not (X18 in EFhganB8@podWhenimheadesir ednesgkttiuieet pemfasiohheudesireed nunber
of cells is not reached, the consecutive perfusion culture in Step X17 is
repeat ed. process will be described. Since Steps X01 to X15 in the

antibody stimulating consecutive perfusion culture process

shown in Fig. 29 and Fig. 30 are the same as Steps W01l to

W15 in the antibody stimulating intermittent perfusion

culture process shown in Fig. 25 and Fig. 26, description

is omitted. In the antibody stimulating consecutive

perfusion culture process, a filter (not shown) is

disposed between the culture bag 242 and the exhaust pump

271.

The operation control PLC 223 activates the exhaust

pump 271 at a timing when the weight of the culture medium

and the cells in the culture bag 242 is increased to a

value at least equal to the predetermined value ) (X16 in

Fig. 30) to discharge the used culture medium in the

culture bag 242 to the waste water bag 234 on the waste

water bag tray 232 while the culture medium is fed from

the culture medium bag 233 on the culture meidum bag tray

231 into the culture bag 242 and the shaking culture by

the shaking device 290 is carried out in the culture bag

242 . Accordingly, the consecutive perfusion culture in

which the feeding of the culture medium to the culture bag
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When counting the nunber of cells, the shaking device 290 is stopped once
to wait until the cells are settled. Then, the inmages of the interior of
the culture bag 242 are taken by the CCD canera 302. The i mage processing
221 estimates and cal cul ates the nunber of cells existing in the bag

unit

fromthe acquired inages.

At the tinme point where the desired culture term

or the nunber of cells are reached in the Step X18, the operation control
PLC 223 stops the supply punp 261 , the exhaust punp 271 and the operating
292 to stop the perfusion culture and the shaking culture (X19 in

Fig. 30).285 ThentnhthgiopgratkoBrcentr eli1 PhEe233qa6hi ¥abgs thae exhaust  punp
271 after having settled the'cells in the culture bag 242 to discharge the

used cul tunecpedi yayi nabhereubbuiecqbadt242mhotbheowaste jwaker rhag 234 on
the waste water bag™ tray 232 and condense the cells until the culture

nmedium and the eehlksrknphkhezeul tune hagr242 30¢.regduced ko taheyt 2 to
1/3 on the basis of the neasured value by the weight neter 251 (X20 in Fig.

30). To stap thelshaki Bge devkceei Bayhesoondenpiregepreaessoins to prevent a
amount of cells fromflowing into the tube and from clogging the
filter. TheoqpegabioaheortnekrPLEnd28ehbendst aps thewexhausthepunp 271 to
conplete the cell culture (X21 in Fig. 30). After having conpleted the
culture, wheteperaterbhganskerspurhagcehkscbasthateukt pee rfhagoad2 to a

for the centrifuge in the clean bench or the like, and then, the

not or

| ar ge

vessel

culture, the shaking culture by the shaking device 290 is
simultaneously carried out.

The operation control PLC 223 determines whether a
desired culture term depending on the date and time of
usage of the cells to proliferate is reached or not, or
the image processing unit 221 determines whether the

desired number of cells is reached in the culture bag 242

or not (X18 in Fig. 30). When the desired culture term or

the desired number of cells is not reached, the
consecutive perfusion culture in Step X17 is repeated.

When counting the number of cells, the shaking device 290

1/2 to

is stopped once to wait until the cells are settled. Then,

the images of the interior of the culture bag 242 are
taken by the CCD camera 302. The image processing unit
221 estimates and calculates the number of cells existing
in the bag from the acquired images.

At the time point where the desired culture term or
the number of cells are reached in the Step X18, the
operation control PLC 223 stops the supply pump 261 , the

exhaust pump 271 and the operating motor 292 to stop the

perfusion culture and the shaking culture (X19 in Fig. 30).

85



cells are collected by the centrifugation (X22 in Fig. 30). Referring now to
Fig. 31 and Fig. 32, processing steps in an antibody stinulating sinple
feeding culture process will be described. Since Steps YOl to Y15 in the
anti body stinulating sinple feeding culture process in Fig. 31 and Fig. 32
are the same as Steps in WOL to WA5 in the antibody stinulating
intermttent perfusion culture process in Fig. 25 and Fig. 26, description
is omtted. The operation control PLC 223 determ nes whether the weight of
the culture mediumand the cells in the culture bag 242 neasured by the

wei ght metgEn25dnkSohBeheasadchbardc186¥abie gtk gasksequal kaatike
predeterm ned value X or not (Y16 in Fig. 32). At a timng when a val ue at

| east equglmpt 970r akacgenat/nag therpegdeher pbned val ugexcugtchieachad, the
operation control PLC 223 stops the supply punp 261 to stop the féeding of

the cul tupesnedi ygnsEhapytheneulibdhecuedirdMubagduR33noRntheuguhdr e medi um
bag tray 231 to the «culture bag 242 and to continue the shaking culture

while achbhyabingtbhenepQratengaietk0ragd923¢Ydh tReFlvast32hatERepaperation
control PLC 223 determ nes whether a desired culture term depending on the

date and tiE® 082 HsageonffichBe €@kl selospupkifecatecuscieachediomn not, or
the i mage processing unit 221 determ nes whether the desired nunber of

cells is pnpached teltbBeigukhudr eubadrd4Bagor4nobreYi8dubehi 8o 3BputWien the
desired culture termor the desired nunber of cells is not reached, the
shaki ng c¢ubtubeliys eanthBueds{Booifnt}28pneaWhiesdcountiengyt hee
welight meter 251 (X20 in Fig. 30). To stop the shaking
device in the condensing process 1s to prevent a large
amount of cells from flowing into the tube and from
clogging the filter.
The operation control PLC 223 then stops the exhaust
pump 271 to complete the cell culture (X21 in Fig. 30).
After having completed the culture, the operator transfers
the cells in the culture bag 242 to a vessel for the
centrifuge in the clean bench or the like, and then, the
cells are collected by the centrifugation (X22 in Fig. 30).
Referring now to Fig. 31 and Fig. 32, processing
steps in an antibody stimulating simple feeding culture
process will be described. Since Steps YO0l to Y15 in the
antibody stimulating simple feeding culture process in Fig.
31 and Fig. 32 are the same as Steps in W0l to W15 in the
antibody stimulating intermittent perfusion culture
process in Fig. 25 and Fig. 26, description is omitted.
The operation control PLC 223 determines whether the

weight of the culture medium and the cells in the culture

bag 242 measured by the weight meter 251 is increased to a
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nunber of cells, the shaking device 290 is stopped once to wait until the
cells are settled. Then, the images of the interior of the culture bag 242
are taken by the CCD canera 302. The imge processing unit 221 estimates
and cal cul ates the nunber of cells existing in the bag from the acquired
images. At a timng when the desired culture termor the nunber of cells is
reached in Step Y18, the operation control PLC 223 stops the operating
notor 292 as shown in Fig. 32 to stop the shaking culture in the culture
bag 242 (Y19 in Fig. 32). After having settled the cells in the 87 culture

bag 242, {he,exhauskaRUMBg34l ks apbi yatgdrbomidbachange yheruaed culture
mediumin the culture bag 242 to the waste water bag 2347on the waste water

bag tray 232¢ @ﬁdpggnd@9§e the gekhmingt khehhg euhturarmedibum apdathe cells
in the culture bag 242 are reduced to about 1/2 to 1/3 on the basis of the

neasured val ye byrtbe wekahtnEELREde28iniX28 LR1HEYy 33) redBgegperation
control PLC 223 then stops the exhaust punp 271 to conplete the cel

culture (YB& bpefFk8iod2rontpbleprBaygpngsen Ieh@dshB919UFhmbez6qh@ooperator
transfers the cells in the culture bag 242 to the vessel for the

centrifugetbp the ekeannbenehtpe thethirkemeandmt iebmt Ree eellksrare collected
by the centrifugation (Y22 in Fig. 32). Subsequently, in the simlar

anti body stdfrumhabkgg23si Bpl ehteedilngreuhtdi ampbagessayt Re1case the whi ch the
step of collecting the cells by the cell collecting bag is
culture bag 242 and to continue the shaking culture while
activating the operating motor 292 (Y17 in Fig. 32).

The operation control PLC 223 determines whether a
desired culture term depending on the date and time of
usage of the cells to proliferate is reached or not, or
the image processing unit 221 determines whether the
desired number of cells is reached in the culture bag 242
or not (Y18 in Fig. 32). When the desired culture term or
the desired number of cells is not reached, the shaking
culture is continued (No in Y18). When counting the
number of cells, the shaking device 2380 is stopped once to
wait until the cells are settled. Then, the images of the
interior of the culture bag 242 are taken by the CCD
camera 302. The image processing unit 221 estimates and
calculates the number of cells existing in the bag from
the acquired images.

At a timing when the desired culture term or the
number of cells is reached in Step Y18, the operation
control PLC 223 stops the operating motor 292 as shown in

Fig. 32 to stop the shaking culture in the culture bag 242

(Y19 in Fig. 32). After having settled the cells in the
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included is showmn in Fig. 33 and Fig. 34. Therefore, since Steps Y31l to Y50
in the process shown in Fig. 33 and Fig. 34 are the sane as Steps YOl to
Y20 in Fig. 31 and Fig. 32, descriptionis omtted. in Step Y50 shown in
Fig. 34, after having condensed the cells in the culture bag 242 by the
activation of the exhaust punp 271, the operation control PLC 223 stops the
exhaust punp 271 pronpts the operator to replace the waste water bag 234 on
the waste water bag tray 232 by the cell collecting bag (Y51 in Fig. 34).
The cell collecting bag is a bag to be nounted to the centrifuge and used

for the g 1999 rbggggg onth é&ﬁgu?ﬁ gg rg@ha %Egvﬁggge ter bag 234

on the was fay col e operation

cont rol  PAC. 223, 8t£MQt8§e§h8B§éﬁggS&e§Hg@ %thh@néuipﬁrgpgggtbﬁg ot or - 292.

Then, the operat on contro s the interior o he cul ture bag

242 Dby th?? E ?k%QSthM ESr289%t93ErBHS£ﬁé &Q§t83k5§ek”8583t95 tg%g tbag 242

to the ce | ecti ng bag nou on the waste water tra oget her

with the subtUbgqBRdLURRE Y021 LNuRLe: BAY- clhe.peerabion gantkgk PLC 229
then stops the exhaust punp 271 and the operating notor 292 to stop the

col I ectiop.ofsthg eséléuiﬁegbtBgﬁcyhbuagebeedgéédaeg aB@HE'?VQ the cel
culture (Y53 in Fig. 34 After having conpleted the cell collection, the

operator mpynts the bgghg eel keet hagshagqat 9athe 5?“Eﬁbfu9§ h$Obhat the
cells are collected by the centrifugation (Y54 in Fig. ?
251 (Y20 in Fig. 32).

The operation control PLC 223 then stops the exhaust
pump 271 to complete the cell culture (Y21 in Fig. 32).
After having completed the culture, the operator transfers
the cells in the culture bag 242 to the vessel for the
centrifuge in the clean bench or the like, and then the
cells are collected by the centrifugation (Y22 in Fig. 32).

Subsequently, in the similar antibody stimulating
simple feeding culture process, the case in which the step
of collecting the cells by the cell collecting bag is
included is shown in Fig. 33 and Fig. 34. Therefore,
since Steps Y31 to Y50 in the process shown in Fig. 33 and
Fig. 34 are the same as Steps Y0l to Y20 in Fig. 31 and
Fig. 32, description is omitted.

In Step Y50 shown in Fig. 34, after having condensed
the cells in the culture bag 242 by the activation of the
exhaust pump 271, the operation control PLC 223 stops the
exhaust pump 271 prompts the operator to replace the waste
water bag 234 on the waste water bag tray 232 by the cell
collecting bag (Y51 in Fig. 34). The cell collecting bag

is a bag to be mounted to the centrifuge and used for the

88



In this configuration, according to the enbodi nrents shown above, the
followng effects (1) to (7) are achieved. (1) The inage processing unit
221 processes the images of the cells in the culture bag 242 taken by the
CCD canera 302 to acquire the evaluation paranmeters of the cell culture
(the average projected area of the single-cell, the increasing rate of the
non-single cell), the operation control PLC 223 determ nes and eval uates
the culture state of the cells (the proliferation capability and the
proliferation ability) to carry out the culture operation 89 according to
the cul turgnstakggbthencul ture nediumfeeding at the predeterm ned feeding
velocity or the timng from the culture nediumbag 233 to the culture bag

242). Consequeptdy . hStN6E £861 Seb 4 UFige SR € Ofatde 584! 33k Sondekermned in
a non-contact state, the cells are prevented fromgetiing damaged, and the

operator peeds Neteeanhy ewhy bhe gyl tHeeceper abioBcenagbyagnehthe | abor of
the operator is alleviated. Since the cells of one patient may be

inoculatedFé@atb@nstagt@o¢UPLurgzbagc24aasé@redei@xhhastcphhpre7mnit 212,
and the culture operation according to the culture state of the cells may

be carriednauthenopbeatingi wbdval 2basi sThea,t bat bperadeguatencubiure
operation is achieved. Since the culture operation suitable for the

cul ture spate2oB thekeel kaei $naehiievedf the eulture baperati oy hyet he hour
is enabled, and the culture is accelerated to shorten the culture term (2)
The cul t uskakedgudebage238) tbetwaastéewatbe ba@ls in the culture

bag 242 to the cell collecting bag mounted on the waste

water bag tray 232 together with the culture medium (Y52

in Fig. 34). The operation control PLC 223 then stops the

exhaust pump 271 and the operating motor 292 to stop the

collection of the cells from the culture bag 242 and

complete the cell culture (Y53 in Fig. 34). After having

completed the cell collection, the operator mounts the

cell collecting bag to the centrifuge, so that the cells

are collected by the centrifugation (Y54 in Fig. 34).

In this configuration, according to the embodiments

shown above, the following effects (1) to (7) are achieved.

(1) The image processing unit 221 processes the images of
the cells in the culture bag 242 taken by the CCD camera
302 to acquire the evaluation parameters of the cell
culture (the average projected area of the single-cell,
the increasing rate of the non-single cell), the operation
control PLC 223 determines and evaluates the culture state
of the cells (the proliferation capability and the

proliferation ability) to carry out the culture operation
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234 and the culture bag 242 are coupled in the clean bench or the |like and
are configured into a closed loop to install in the culture unit 212.
Therefore, aseptic conditions in a conpletely closed system are nai ntai ned.
(3) The culture process is carried out automatically since the culture bag
tray 241, the culture nediumbag tray 231 and the waste water bag tray 232
are installed in the culture unit 212 at the tinme of starting the culture
90 until the culture is conpleted. Therefore, the cells in the culture bag
242 is prevented fromgetti ng damaged due to the change of environnment, and
t he aseptéaccopeingi on thercslippkyi agatbe (thet anétuedi vadtomt heedihgure bag
242 in the clean bench or the like may be omtted. (4) The anti body
stinmul ati et and phedeekkmipedl ftedahyoneiacthe oni thal tsmahg dkoaul ture in
culture bag 242 may be carried out in the sane culture bag 242, and the

liquid resgeveirsunbenediif pebl g33ndot BReCcUhi ttiee BBEI papare stored in the
culture bag 242 nmay be changed into the predeterm ned areas. Therefore, the

cel | densityseRgEntiga dunbpgchhecquthubestgrouibnt ahpedeat sajdensity
preferable to the proliferation, so that the cells proliferate efficiently.

(5) The Ué@QeSMhﬁgaeiHEgigBhLBohﬁﬁcEUEEHES bage28g)h § aQ%SEQébgﬁQeand stored
g 234 on the bag tray 232,

in the waste water ba wast e wat er t t he cel

Ther ef or e O hEChbhDSr CBf 07 Aes BF Shar SEFGACOr TRECSORPF: Fgat: Suct
, per ati e i i or
the culture operation one by one, the labor of the
operator is alleviated. Since the cells of one patient may
be inoculated to the single culture bag 242 stored in the
culture unit 212, and the culture operation according to
the culture state of the cells may be carried out on the
individual basis, so that the adequate culture operation
is achieved. Since the culture operation suitable for the
culture state of the cells is achieved, the culture
operation by the hour is enabled, and the culture is
accelerated to shorten the culture term.

(2) The culture medium bag 233, the waste water bag
234 and the culture bag 242 are coupled in the clean bench
or the like and are configured into a closed loop to
install in the culture unit 212. Therefore, aseptic
conditions in a completely closed system are maintained.
(3) The culture process 1is carried out automatically

since the culture bag tray 241, the culture medium bag
tray 231 and the waste water bag tray 232 are installed in

the culture unit 212 at the time of starting the culture
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collecting the cells is reduced. Consequently, the labor for collecting the
cells is saved, and the damage of the <cells in association with the
centrifugation is reduced. (6) Wien all the cells condensed in the culture
bag 242 are to be collected into the cell collecting bag nounted to the
waste water bag tray 232, the cells may be 91 collected by nounting the cel
collecting bag directly to the centrifuge. Therefore, the | abor for
collecting the cells is saved. (7) The culture nmediumin the culture bag
242 is stirred by repeatedly pressing the flexible culture bag 242 having
t he cul tunetiiedinen tolwhirehisheomplbsedr e Thapefbatedtatoredltshenei n by the
projections 291b of the operating plate 291a in the shaki ng nechani sm 291

of the shakipgldevecpad9042Therpheventtherdbmt ebut hgndahagekl sueand the
oxygen concentration distribution in the culture bag 242 are honpgeni zed,

so that the prel thergki 88 ehvibenmegk! Saha @ﬁ@ebgé?EQQ eﬁgrgﬁ@oﬁffICIency of
the cell culture is inproved. The cells onl y float in the culture nmedi um

stirred by, gb§869£$ﬁsgq réB?@EEQ'%eﬁgsﬁhﬁoogﬁéaEhTQu EaBS ?tlng t he

shaki ng devi c ererore e ce are prevente from
damaged |ng ow 5, npl e of the cell culture
usi ng theggﬁgghﬁandgépg tﬁ F}é ak g 8m18§§§r|bed. Fig. 35 is a graph

showi ng the re?f;t ég gg%abody stimulation and the cell
proliferation in the initial state of culture in culture
bag 242 may be carried out in the same culture bag 242,
and the liquid reservoirs where the cells and the culture
medium are stored in the culture bag 242 may be changed
into the predetermined areas. Therefore, the cell density
per area during the culture is maintained at a density
preferable to the proliferation, so that the cells
proliferate efficiently.

(5) The used culture medium in the culture bag 242 is
discharged and stored in the waste water bag 234 on the
waste water bag tray 232, the cell density in the culture
bag 242 may be increased and hence condensed. Therefore,
the number of times of operation of the centrifugation for
collecting the cells is reduced. Consequently, the labor
for collecting the cells is saved, and the damage of the
cells in association with the centrifugation is reduced.

(6) When all the cells condensed in the culture bag

242 are to be collected into the cell collecting bag

mounted to the waste water bag tray 232, the cells may be
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cell culture according to the shaking nmethod using the shaking device 80 in
Fig. 7 conpared with the result of the cell culture according to the
shaking nethod in the related art and the result of the static culture (the
92 culture nethod in which shaking operation is not carried out). In Fig.
35, the lateral axis represents the culture time (unit: hour) and the
vertical axis represents the nunber of cells (unit: 106 pieces) In the
drawi ng, solid square signs designate the results of the culture using the
shaki ng device 80, a solid dianond sign represents the results of culture
usi ng a rotaiycshkdkbngndenttegi hheheelietal bdcttnhg had dokedtéyr ebe signs
represent the result of culture through the static culture, respectively.
In this exnaptenttheéugel| Thkturerwastharispdrofbr vadeecthegf ehkow ng
conditions and procedures. First of all, peripheral blood is sanpled froma
heal t hy derors apdspeegpheral bl ood nonocul ar cells are separated using
density gradient reagent for blood cell separation. The obtai ned peri pheral

bl ood monocul ar; celdss 1.0 X, rd One §8LA S; el 16 Sa?nc ((j?ngl 39, n gof ALyS203

medi um ( Cel | C|ence & Technology Institute udlng donor's

w th an anbreees Gkl rBBSSCPAFY BEERaNBe ok Rer TR iR i etk b

(precul tused) 0,20 o} L2CUbRLar 2 TG, Y607, e, Br syl Lure ves carried ou

inoculated stored therein by the projections 291b of the
operating plate 29la in the shaking mechanism 291 of the
shaking device 290. Therefore, the distribution of cells
and the oxygen concentration distribution in the culture
bag 242 are homogenized, so that the proliferation of the
cells is accelerated and the efficiency of the cell
culture is improved.

The cells only float in the culture medium stirred by
being pressed repeatedly by the operating plate 291a of
the shaking device 290. Therefore, the cells are
prevented from getting damaged.

Examples

Referring now to Fig. 35, an example of the cell
culture using the shaking device 80 in Fig. 7 will be
described. Fig. 35 is a graph showing the result of the
cell culture according to the shaking method using the
shaking device 80 in Fig. 7 compared with the result of
the cell culture according to the shaking method in the

related art and the result of the static culture (the
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the cells which entered the logarithmc growth phase in the fourth day of
culture were collected. The collected 2.0 x 10" cells were suspended in 350
m of new ALYyS505N nedium (Cell Science & Technology Institute, Inc.) 93

(i ncluding donor's blood plasma 3.5 m), and transferred to 350 ml culture
bags (NIPRO). Three of the sanme 350 ml culture bags were prepared. Then,
the cell culture through the shaking nmethod wusing the shaking device 80,
the cell culture in the rotary shaking method in the related art and the
static culture were carried out for these three 350 m culture bags having

cel | suspenst 9hc CREtRbACHUNt BBE @hNshakespeshe¥et Yonagsanhri Baeulityre. Here,
the nunber of revolution of the rotary shaking device in the related art

was set teusp.rpm Bpgd.was, thstahtedaw thia B@%r@@eﬁtéotﬁéYCh&bh@etO al | ow
oxygen to pass through fromboth surfaces of the culture bag. The nunber of

revol uti opigé theishakbng) dembicen80veasicset ak0s30eppstenbd theee
cylindrical rubber pieces (30 mMmm in dianeter, 20 mmin height) were

arranged hambde shakénys nechani $0f Piasedhe projecd i dnswB6y f osopr@ssi ng and
rel easing the culture bag. Twenty-four hours, forty-eight hours and
sevent y-t wguaheussgnft @eshgubbg shartedulbe o8I bheutthleare2ustingf culture
suspension (including the culture nmediumand the cells) was sanpled from
t he cul tutkebapgskand tdbeinanbeérsa ebleiel Hsamene soygnt edprEesaequentl y, as
shown in Fig. 35,
results of culture using a rotary shaking device in the
related art, and solid circle signs represent the result
of culture through the static culture, respectively.
In this example, the cell culture was carried out
under the following conditions and procedures.
First of all, peripheral blood is sampled from a
healthy donor, and peripheral blood monocular cells are
separated using density gradient reagent for blood cell
separation.
The obtained peripheral blood monocular cells 1.0 x
10" cells were suspended in 30 ml of ALyS203 medium (Cell
Science & Technology Institute, Inc.) {including donor’s
blood plasma 2.4 ml) and inoculated in a 75T-Flask
(SUMILON) immobilized with an anti-CD3 antibody for
suspension cells, and were cultured (precultured) in an
incubator at 37°C, 5%CO0,.
The preculture was carried out for three days. Then,
the cells which entered the logarithmic growth phase in
the fourth day of culture were collected. The collected

2.0 x 107 cells were suspended in 350 ml of new ALyS505N

medium (Cell Science & Technology Institute, Inc.)
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it was found that the nunmber of cells were larger in the case of the
culture using the shaking device 80 than in the cases of the static culture
and the culture using the rotary shaking device in the related art after 72
hours of 94 main culture. 95 WHAT IS CLAIMED IS: 1. A cell culture shaking
device conprising: a pressing unit for pressing a flexible culture vessel
for storing culture suspension having cells inoculated therein repeatedly
when culturing the cells in the culture vessel, wherein the culture
suspension in the culture vessel is stirred by being pressed by the

pressing uphtiudindhgokslt scylbysepshakhng, demi ce aggordhngrbored aim1,
wherein the pressing unit includes a plurality of projections and the

proj ectiops psesslthelewtéupgg¥essebrod. Thereel brcuhéusemshakpngidevice
according to Caim1l or 2, m%erein the cells are suspension cells. 4. The
cell cul tynetshakbagsdeyireepaspardiing to any one of Cains 1 to 3, wherein
the cells are used for an 1mune cell therapy. 5. A shaking culture nethod
as a cell cul tthen MethwdcefDro@lt bl i figr O&IH Scha shdk Exg bhetleodit ure vessel

for storing culture suspension having cells inoculated therein conprising:
pressi ng thénguthar ehakssel dbyiaepsessthg dall culture in the

rotary shaking method in the related art and the static

culture were carried out for these three 350 ml culture

bags having cell suspension contained therein,

respectively, as a main culture.

Here, the number of revolution of the rotary shaking
device in the related art was set to 30 rpm, and was
installed with a net on a rotary table to allow oxygen to
pass through from both surfaces of the culture bag.

The number of revolution of the shaking device 80 was
set to 30 rpm, and three cylindrical rubber pieces (30 mm
in diameter, 20 mm in height) were arranged in the shaking
mechanism 91 as the projections 86 for pressing and
releasing the culture bag.

Twenty-four hours, forty-eight hours and seventy-two
hours after having started the main culture, 2 ml of
culture suspension (including the culture medium and the
cells) was sampled from the culture bags and the numbers
of cells were counted. Consequently, as shown in Fig. 35,
it was found that the number of cells were larger in the
case of the culture using the shaking device 80 than in
the cases of the static culture and the culture using the

rotary shaking device in the related art after 72 hours of
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repeatedly and stirring the culture suspension in the 96 culture vessel for
culturing the cells. 6. The shaking culture nethod as a cell culture nethod
according to Caimb5, wherein the cells are suspension cells. 7. The
shaking culture nmethod as a cell culture nmethod according to Claim5 or 6,
wherein the cells are wused for an i mune cell therapy. 97

main culture.
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WHAT IS CLAIMED IS:

1. A cell culture shaking device comprising:

a pressing unit for pressing a flexible culture
vessel for storing culture suspension having cells
inoculated therein repeatedly when culturing the cells in
the culture vessel,

wherein the culture suspension in the culture vessel

is stirred by being pressed by the pressing unit.

2. The cell culture shaking device according to
Claim 1, wherein the pressing unit includes a plurality of

projections and the projections press the culture vessel.

3. The cell culture shaking device according to

Claim 1 or 2, wherein the cells are suspension cells.

4. The cell culture shaking device according to any
one of Claims 1 to 3, wherein the cells are used for an

immune cell therapy.

5. A shaking culture method as a cell culture method
for culturing cells in a flexible culture vessel for
storing culture suspension having cells inoculated therein
comprising:

pressing the culture vessel by a pressing unit

repeatedly and stirring the culture suspension in the
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culture vessel for culturing the cells.

6. The shaking culture method as a cell culture
method according to Claim 5, wherein the cells are

suspension cells.

7. The shaking culture method as a cell culture

method according to Claim 5 or 6, wherein the cells are

used for an immune cell therapy.
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