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This invention relates to a cell culture cassette, as 

well as a cell culture automated apparatus using sa id 

cassette. The invention thus concerns a device for cell 

culture, referred to as a cassette. 10 

 

Among the fields using cell culture, cell therapy i s 

the least advanced in terms of industrialization. T here is 

therefore an important need to find a technology ca pable of 

producing cells in sufficient quantity and under op timal and 15 

safe conditions for the use of these cells for ther apeutic 

applications. 

 

Some cell therapy processes require a culture or 

amplification of stem cells before they are reinjec ted into 20 

a patient, as the quantities collected are sometime s 

insufficient to have a therapeutic effect. It is es sential 

to guarantee the integrity of the therapeutic prope rties of 

the cells during their culture. In the current tech nique, 

the solutions proposed for culturing stem cells ex vivo are 25 

artisanal, very empirical and poorly effective. 

 

In addition, current technology does not allow stem  

cells to be produced in sufficient quantities for 
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therapeutic applications. There is therefore a real  need to 

develop a bioreactor technology with a compact geom etry and 

which allows cells to be grown in large quantities.  

The automation of stem cell expansion processes for  

production applications in therapeutic or clinical settings 5 

requires cell production devices capable of operati ng in 

controlled activity areas (clean room), with minima l human 

intervention. Stem cell culture processes are relat ively 

complex because they involve multiple steps for obt aining 

these cells from a patient's sample, isolating the cells, 10 

purifying before culturing and finally collecting, purifying 

and packaging the cells after culture before sendin g them to 

clinical treatment centres. 

All these steps must be carried out in accordance w ith 

manufacturing standards imposing stringent sterilit y and 15 

traceability conditions. The multiplication of manu facturing 

steps, often manual, requires the use of containmen t areas 

of different classes in order to maintain process s terility. 

The proper conduct of the preparation process befor e and 

after cultivation often involves the transfer of pr ocess 20 

intermediates from one area to another, increasing both the 

risk of sterility loss and the risk of mixing produ ction 

flows. 

For example, a cell culture system such as that 

described in document US2012/0308531 is known. The 25 

production of continuous cultures for stem cell pro duction 

is carried out by means of a complex system of sub-

assemblies bringing the different reagents, cells a nd gases 

to the reactor. 

The applicant has also proposed an automated appara tus 30 

for automated cell culture in document WO/2013/1358 17. If 

the cell culture is carried out within a single poc ket, its 

handling can be difficult due to its flexible struc ture. 



3 

The purpose of this invention is in particular to 

provide a simple, effective and economical solution  to the 

problems of the prior art described above. 

To this end, it proposes a cell culture cassette 

comprising: 5 

− an at least partially rigid housing and defining 

an inner space in which a cell culture bag defining  an inner 

volume is arranged and fixed, 

− ducts each connected at one end to the inner 

volume of the pocket and each having a second end l ocated 10 

outside the housing, and 

- valves to open/close the fluid flow through the 

conduits that are mounted on the housing. 

The pocket and valves are handled through the casse tte 

housing. Only the second ends of the ducts require direct 15 

handling. According to the invention, the cell cult ure 

cassette or device integrates all the elements like ly to 

pose a difficulty in terms of sterility and whose d irect 

handling must be limited. These elements are pre-as sembled 

in a single-use cell culture cassette. After use, i t is 20 

possible to dispose of all the used conduits, valve s and 

culture bags according to the rules of good practic e. 

Preferably, the integration of a flexible pocket in  an at 

least partially rigid housing greatly facilitates t he 

handling of the pocket, which is thus retained in t he 25 

housing. Similarly, the integration of the valves i n the 

housing makes it easier to identify the valve posit ions, 

which can then be more easily handled by incubator control 

means, as will appear in the following description.  

The solution for integrating the valves into the fl uid 30 

cassette as a means of occluding the cassette lines  makes it 

possible to improve the automation of the use of th e 

cassette in a cell culture process by avoiding the use of 

plastic "clamps", often weakened during a freezing step, and 
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operable only by hand, or of pinch solenoid valves requiring 

the manual installation of the lines in the solenoi d valve 

jaw. This solution therefore avoids the manipulatio n of the 

conduits, and errors related to the incorrect inser tion of 

the conduits into the solenoid valves. 5 

The cassette in which the bag contains a cell cultu re 

medium can be frozen for as long as necessary. 

Another feature of the invention is that the condui ts 

are formed by flexible tubing and at least some of the 

valves include a movable pinch member for the tubin g on a 10 

structural element of the housing. As described abo ve, the 

integration of the valves in the cassette allows th e closed 

tracks (storage or cultivation time) to be kept aut onomous 

and secure for a desired time without the need for external 

energy. 15 

According to yet another characteristic of the 

invention, each movable member includes an axis of rotation 

and the radially outer periphery of each movable me mber 

includes at least one spiral surface about the axis  of 

rotation forming a pinch surface of the tubing so a s to vary 20 

a fluid passage section through a tubing as the mem ber 

rotates. 

Advantageously, the valves are able to maintain a 

given position. More specifically, the valves are d esigned 

in such a way that the moving parts can maintain a given 25 

opening or closing position in the absence of energ y supply. 

In particular, this can be achieved by ensuring tha t the 

perpendicular to the point of contact of the spiral  surface 

with a tubing is oriented towards the axis of rotat ion of 

the moving member, resulting in zero torque about s aid axis. 30 

In a particular design, the movable parts are mount ed 

in recesses of a plate fixed to the housing, each r ecess 

receiving a movable part. When the housing is made of two 

lower and upper half-shells, it is thus possible to  mount 
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the cell culture bag on the lower half-shell, to mo unt the 

movable parts for pinching the tubing on the lower half-

shell and then to mount the plate which ensures sim ultaneous 

holding of the movable parts. The plate can, for ex ample, be 

attached to the lower half-shell for example by scr ews. The 5 

plate thus makes it possible to secure and facilita te the 

assembly of the various parts mentioned above. It e nsures 

that the valves are maintained. 

Each movable member includes an end accessible from  

outside the housing and provided with first rotatio nal 10 

coupling means intended to cooperate with second ro tational 

coupling means of an actuator which can be 

electromechanical. 

Access to the movable parts of the valves from the 

outside makes it possible to mount the cassette on a 15 

suitable support of an incubator comprising second coupling 

means, for example, complementary second coupling m eans for 

rotating the first valve coupling means to open/clo se the 

liquid circulation as required. This external acces sibility 

makes it possible to manually handle the valves in the event 20 

of failure of the valve drive means. 

Preferably, the moving parts are centred and guided  in 

a rotating manner at one end located in an opening of the 

housing and at an opposite end located in an openin g of the 

plate. When the housing consists of two half-shells , the 25 

plate can be clamped inside the housing between the se two 

half-shells. 

According to another characteristic of the inventio n, 

the pouch has a substantially rectangular shape wit h a first 

flexible wall and a second flexible wall substantia lly 30 

parallel to each other in the empty and liquid-fill ed state. 

The rectangular shape is substantially flat so that  

the thickness measured between the first and second  walls, 

in a first direction substantially perpendicular to  the 
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first and second walls, is very small, i.e. very mu ch 

smaller than the other two dimensions of the pocket  measured 

in the other two directions of the space perpendicu lar to 

each other and to said first direction. “Very signi ficantly 

inferior” means at least 10 times inferior, as comm only 5 

accepted in mathematics. 

Preferably, the ratio of the sum of the surfaces of  

the first and second walls to the total internal vo lume of 

the bag is between 500 and 690 cm 2/L, preferably in the 

order of 580 cm 2/L. This ratio ensures optimal heat exchange 10 

between the flexible bag and the outside when the c assette 

is placed within an incubator in a thermostatic enc losure. 

The distance between the first wall and the second 

wall or thickness of the pouch in the liquid-filled  state, 

measured in a direction perpendicular to the first and 15 

second walls, is advantageously less than 20 mm, pr eferably 

between 10 and 20 mm and even more preferably in th e order 

of 14 mm. The use of a thin thickness further facil itates 

the diffusion of heat within the liquid in the bag.  This 

also allows for uniform freezing and thawing of the  20 

different components of the culture medium, which i s quicker 

at constant temperature. 

The bag according to the invention makes it possibl e 

to maintain the stability of the culture medium dur ing a 

freezing step by deep freezing. Indeed, a high free zing rate 25 

of biological products derived from blood is a guar antee of 

preservation of constituents, homogeneity of the me dium 

after thawing, and absence of concentration effect of salts 

and proteins in solution in the heart of the frozen  mass. 

The bag according to the invention promotes rapid f reezing 30 

of the culture medium thanks to its particular geom etry with 

a high surface-to-volume ratio and low thickness. 

According to another characteristic of the inventio n, 

the walls of the bag are permeable to gases, in par ticular 
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CO2, and preferably have properties that limit the adh erence 

of the cells to the bag walls as much as possible. 

The pouch is preferably flexible, i.e. deformable. It 

preferably includes flexible gas-permeable walls ca pable of 

retaining the culture medium and its cellular expan sion, 5 

which is liquid. In practice, it is a matter of ret aining 

any liquid contained in the bag. It preferably has good 

oxygen and carbon dioxide permeability, which allow s good 

aeration of the contents of the bag without opening  it and 

therefore without risk of contaminating its content s. In a 10 

particular embodiment of the invention, the bag inc ludes the 

following permeability characteristics (in cm 3 per day at a 

pressure of one atmosphere, i. e. 1 bar, at 37°C): for 

oxygen 418 to 508, for carbon dioxide 699 to 1200, for 

nitrogen 157 to 200 and for water 0.05 to 0.1. 15 

The bag is made of a thin film which can be made of  

copolymer such as fluoropolymer and more particular ly of 

fluorethylene propylene with a thickness of about 1 20pm for 

example. In a preferred embodiment, the bag has a 

substantially rectangular shape with a thin thickne ss and 20 

may reach a width of 230 to 250 mm maximum flat and  a length 

of 230 to 250 mm flat. 

The use of a material belonging to the fluoropolyme r 

family has the advantage of being permeable to gase s and 

also of having a low adhesion to liquids. 25 

The housing shall preferably have a shape 

substantially corresponding to that of a rectangula r 

parallelepiped and may comprise a lower half-shell and an 

upper half-shell fixed with each other, the lower h alf-shell 

being rigid and the upper half-shell being rigid or  30 

flexible. 

Thus, the housing can also have a substantially fla t 

shape with a very slim thickness compared to its le ngth and 

width. 
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The housing can be made of any elastomer thermoplas tic 

material such as SEBS (Styrene-Ethylene-Butadiene-S tyrene). 

The lower half shell may be rigid to ensure optimal  

retention of the flexible bag while the upper half shell may 

be partially rigid and include one or more flexible  zones 5 

made of an elastomer material to facilitate grippin g and 

some deformability to facilitate assembly of the ca ssette in 

the support and agitating means, which will be desc ribed 

below. Of course, the upper half-shell can also be totally 

rigid like the lower half-shell. 10 

Both the lower and upper half-shells can be assembl ed 

by clipping, gluing or welding their peripheral edg es. The 

half-shells can have the same or different thicknes ses. 

In a preferred embodiment of the invention, the upp er 

half shell may include a central opening or recess,  the 15 

shape and size of which are designed so as to allow  the 

propagation of a wave of the liquid from the bag in to the 

opening when the cassette containing a liquid is os cillated 

about a horizontal axis, the opening being configur ed facing 

up. The formation of a wave is desirable to achieve  rapid 20 

homogenization of the liquid in the bag. The format ion of a 

recess, which could also be called a cut-out or an opening, 

thus avoids having to increase the thickness of the  housing. 

This recess also ensures a better diffusion of gase s in 

contact with the bag. It can have a dimension of ab out 210 25 

mm wide and about 28 mm long. 

Preferably, the lower half shell has a plurality of  

holes, preferably with a diameter of less than 20 m m, for 

example. The integration of orifices facilitates th e 

transfer of gas in a similar way to the opening of the upper 30 

half-shell while ensuring that the bag is held on t he lower 

half-shell. 

In a practical embodiment of the invention, the low er 

half-shell may include about 50 and 400 orifices ea ch with a 
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diameter between 5 and 20 mm, for example of the or der of 10 

mm. The holes can be distributed according to a mes h size 

with a basic pattern that is that of an equilateral  triangle 

with a unit length of between 5 and 40 mm and, for example, 

of 20 mm. 5 

In a cassette design according to the invention, th e 

conduits extend through one of the peripheral edges  of one 

of the lower or upper half-shells. The ducts can be  housed 

in slots in one of the peripheral edges of a lower or upper 

half-shell. 10 

The cassette preferably includes a duct support str ip, 

arranged outside the housing and through which at l east some 

of the ducts pass. This strip supports the conduits  that 

extend outside the cassette housing, which limits 

unintentional movements of the free ends of the con duits. In 15 

addition, the support is intended to form a waterti ght 

passage element for the door of an incubator as it will 

better appear in the following description. 

The cassette preferably includes a cell culture med ium 

stored in the bag, the cell culture medium can be f rozen. 20 

The cell culture medium may be a cell culture mediu m 

whose composition is suitable for the multiplicatio n of 

mammalian cells, in particular human cells, excludi ng human 

embryonic stem cells. The culture medium may or may  not 

include cells in culture. 25 

These cells, in particular human cells, excluding 

human embryonic stem cells, may advantageously be, or 

include, CD34+ (human) cells, in particular CD34+ ( human) 

hematopoietic cells or non-hematopoietic CD34+ (hum an) 

cells. These CD34+ (human) cells may, for example, be cells 30 

from peripheral blood (human) or umbilical cord (hu man) or 

human tissue, in particular peripheral blood (human ). 

These cells, in particular human cells, excluding 

human embryonic stem cells, may advantageously be, or 
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include, stem or progenitor cells, in particular mu ltipotent 

or pluripotent cells. 

These cells are not, or do not include, human 

embryonic cells. 

This cell culture medium may include components tha t 5 

allow these cells to multiply, in particular, that allow 

them to multiply while maintaining them in an 

undifferentiated state, or at the very least not re aching a 

stage of terminal differentiation. 

This cell culture medium may include insulin, 10 

transferrin and plasma or serum (human). 

This cell culture medium may include or be devoid o f 

feeder cells, such as fibroblasts. 

This cell culture medium may, for example, be, or 

include, the Iscove 's Modified Dulbecco's Medium (IMDM ); 15 

see, for example, Iscove, N.N. and Melchers, F. (19 78) J. 

Exper. Med. 147:923), optionally supplemented with glutamine 

or glutamine-containing peptides. 

In particular, this cell culture medium may be, or 

include, the IMDM medium, optionally supplemented w ith 20 

glutamine or glutamine-containing peptides, which i s 

fibroblast-free and includes human (recombinant) in sulin, 

(human) transferrin and (human) plasma or serum. 

For example, the culture medium may include: 

− from 1 to 50 µg/mL, in particular from 8 to 12 25 

µg/mL, of insulin, 

− from 100 to 2000 µg/mL, in particular from 300 to 

500 µg/mL, transferrin, and 

− from 1 to 30%, in particular from 4 to 12%, of 

(human) serum or plasma. The culture medium may als o include 30 

heparin, for example 1.5 to 3.5 IU/mL of heparin. 

The culture medium may also include erythropoietin,  

including human (recombinant) erythropoietin. 
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The culture medium may also include one or more gro wth 

factors, including one or more growth factors selec ted from 

hydrocortisone, SCF (Stem Cell Factor), interleukin 3 (IL-

3), thrombopoietin (TOP), FLT3 (Fms-like tyrosine kinase 3), 

BMP4 (Bone Morphogenetic Protein 4), VEGF-A 165 (Vascular 5 

endothelial growth factor A  165), and IL-6. 

The culture medium may include, but is not limited to, 

− hydrocortisone, or 

− SCF, or 

− SCF and IL-3, or 10 

− hydrocortisone and SCF, or 

− hydrocortisone, SCF and IL-3, or 

− SCF, TOP, FLT3, BMP4, VEGF-A165, IL-3 and IL-6. 

The culture medium may in particular be a culture 

medium as described in WO 2011/101468 (or in one of  the US 15 

patent applications that are derived from or based on this 

international PCT application, such as in particula r the US 

application 2013/0078721 Al, which is incorporated herein by 

reference). 

The cassette may include the culture medium and/or 20 

cells as described above. 

According to one method of production, the cassette  

includes the culture medium in the bag, more partic ularly in 

frozen form, but does not include cells. 

According to another method of production, the 25 

cassette includes culture medium in the bag, more 

particularly in non-frozen form, and also includes cells, in 

particular cultured cells, in particular CD34+ (hum an) cells 

as described above. 

The invention also concerns a cell culture incubato r, 30 

comprising a thermostatic enclosure and a device fo r 

supporting and agitating a cell culture cassette ac cording 

to one of the above claims and means for positionin g and 
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blocking the cell culture cassette in a given posit ion in 

the support device. 

In one embodiment, the support and agitation device  

comprises a support plate for the cell culture cass ette 

which is mounted rotatably about a horizontal axis around 5 

which the plate is intended to oscillate for agitat ing and 

homogenizing the contents of the bag. 

The support and agitation device may include a 

connecting rod, one upper end of which is connected  to the 

plate via an oscillator and the lower end of which is 10 

connected to a crank handle rotatably driven by the  shaft of 

a motor with a substantially horizontal axis. 

The incubator may include means for controlling the  

position of the cell culture cassette in the suppor t means 

so as to ensure that the cassette is properly posit ioned on 15 

the support means and that it can be used. 

The plate can carry electromechanical actuators for  

opening/closing the valves, one outlet of which car ries 

second coupling means intended to cooperate with fi rst 

coupling means of the cassette valves when the cass ette is 20 

in the said given position. 

According to another characteristic of the inventio n, 

the incubator comprises a door for sealing an openi ng in the 

enclosure, this opening comprising a peripheral edg e in 

which a recess is formed, the shape of which is ada pted to 25 

receive the duct support strip, the strip forming a  sealing 

member between the door and the peripheral edge whe n the 

door is in the closing position of the enclosure. 

The integration of a duct support strip allows the 

positioning of the ducts at the doorway to be carri ed out 30 

quickly and easily. Indeed, contrary to the known t echnique 

which consists in directly integrating the conduit housing 

grooves into the peripheral edge, and placing them one by 

one in grooves, this invention proposes to assemble  all the 
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conduits in a single step. In addition, the sealing  is 

carried out on the strip and no longer on the ducts , which 

makes it easier to carry out the sealing since this  strip 

can have a rigid structure on which the door can be  

supported. 5 

The invention also concerns a cell culture automate d 

apparatus comprising at least one incubator of the type 

described above, and a computer control system incl uding 

data capture and recording means and intended to re gulate 

the culture conditions in an enclosure of said at l east one 10 

incubator and to control the valves of the cassette  housed 

in the enclosure. 

The invention also concerns a process for cell cult ure 

by means of the automated apparatus described above , the 

process comprising the steps of: 15 

a)  placing a cell culture cassette as described above 

inside the incubator enclosure in a thawing positio n on the 

support and agitation device; 

b)  supply the bag with cells to be cultivated; 

c)  place the cassette on the support and agitation 20 

device in a cell culture position; 

d)  shake the cell culture cassette for a given period 

of time to homogenize its contents; 

e)  maintain the cell culture cassette under 

incubation conditions for several days; and 25 

f)  retrieve the contents of the cassette by means of 

one of the tubes of the cassette. 

The process further includes: 

- during step d), one or more steps of sampling the  

contents of the bag, each preceded by a step of til ting the 30 

support plate from a horizontal culture position to  an 

inclined position in which the sampling area of the  bag 

represents the lowest point of the bag. 
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The invention will be better understood and other 

details, advantages and characteristics of the inve ntion 

will appear when reading the following description by way of 

example, with reference to the annexed drawings in which: 

- figure 1 is a schematic view in perspective of th e 5 

cell culture automated apparatus according to the i nvention, 

this automated apparatus comprising an incubator de fining a 

thermostatically controlled enclosure that is open;   

- figure 2 is a schematic view of the isolated 

incubator in perspective; 10 

- figures 3A and 3B are schematic side views of the  

support and agitating means and of the cassette; 

- figure 4 is a schematic view in perspective of th e 

support and agitation means and of the cassette; 

- figure 5 is a schematic view of the top of the 15 

cassette resting on the support and agitation means ; 

- figures 6A to 6C represent different operating 

positions of the cassette in the thermostatic enclo sure of 

the automated apparatus;  

- figure 7 is a schematic view in perspective of th e 20 

cassette according to the invention, towards the up per half-

shell;  

- figure 8 is a schematic perspective view of the 

cassette according to the invention, towards the lo wer half-

shell;  25 

- figure 9 is a larger scale schematic view of the 

dotted area in Figure 8; 

- figure 10 is a schematic perspective view of the 

cassette in Figure 7, with the upper half-shell rem oved; 

- figure 11 is an isolated schematic view in 30 

perspective of the lower half-shell, 

- figure 12 is a larger-scale schematic view in 

perspective of the area outlined by dots in Figure 11;  
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- figures 13 and 14 are schematic views in perspect ive 

of the upper half-shell; 

- figure 15A is a schematic view in perspective of a 

reception plate for the opening and closing valves of the 

cassette ducts; 5 

- figures 15B and 15C are schematic views in 

perspective and on a larger scale of only part of t he plate 

shown in Figure 15A; 

- figures 16A, 16B and 16C represent a first varian t 

of a valve that can be used with the plate in Figur e 15A;  10 

- figures 17A and 17B represent a second variant of  a 

valve that can be used with the plate in Figure 15A ; 

- figure 18 is a schematic view in perspective of t he 

means of rotating the valve in Figures 16A, 16B and  16C;  

- figures 19A and 19B are schematic views of a valv e 15 

actuator in perspective from Figures 17A and 17B;  

- figure 20 is a schematic view in perspective of a  

cell culture system consisting of a plurality of in cubators 

and a centrifuge; 

- figure 21 is an organization chart showing the st eps 20 

of a cell culture process according to the inventio n. 

First of all, we refer to Figures 1 and 2, which 

represent an example of an embodiment of the cell c ulture 

automated apparatus 10 according to the invention, this 

automated apparatus 10 being for example intended f or the 25 

culture of stem cells, to the exclusion of human em bryonic 

stem cells. 

As shown, automated apparatus 10 essentially consis ts 

of three elements: 

− an incubator 12 with a thermostatic enclosure 30 

comprising a device for supporting and agitating 14  a cell 

culture cassette 16 according to the invention (Fig ures 1 

and 3); 
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− a rack 18 supporting the incubator 12 and a 

centrifuge 20, and 

− a computer system connected to the incubator 12 

and the centrifuge 20 for valve and pump control an d 

supported by frame 18. 5 

Typically, the computer system includes data entry and 

recording facilities, data processing facilities, d isplay 

facilities, and control and monitoring signal trans mission 

facilities for the incubator as well as for valves and pumps 

of the cassette 16. Preferably, the computer system  includes 10 

a touch screen display 22 and data entry by an oper ator or 

user. 

The control and traceability of the biological 

protocol steps can be ensured by the computer syste m and an 

appropriate human-machine interface (HMI), which al lows in 15 

particular: 

− to ensure full traceability of the manufacturing 

process of each stem cell graft, the steps of opera tor 

intervention on the automated apparatus, culture pa rameters 

such as temperature, CO 2 rate, and time of each step and the 20 

validation actions required at certain process step s, 

− to ensure the traceability of consumables and 

reagents used in the process, via an input interfac e, means 

of reading and storing bar code data and RFID label s, and a 

verification of the consistency of the information collected 25 

against an internal database. This traceability can  be 

applied to the entire manufacturing, storage and tr ansport 

chain of consumables and reagents, as well as to th e 

material conditions for maintaining the temperature  of these 

components. 30 

− to systematically indicate to the user the details 

of the protocol steps through animations and images  

illustrating the progress of the process steps, 
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− securely record patient identification data, 

biological data related to the characterization of stem cell 

transplants, 

− to control each of the actuator control functions, 

− to record and interpret the data of the various 5 

sensors present on the automated apparatus or fluid ic 

cassette. 

As shown in Figure 2, incubator 12 has two doors, a  

first internal door 22 to be applied to a first con tact 

surface surrounding the opening 26 of enclosure 28 of 10 

incubator 12 and a second external door 30 to be ap plied to 

a second contact surface 31 surrounding the first c ontact 

surface 24. The first door 22 and second door 30 ar e, for 

example, each pivotable around the same vertical ax is. 

Enclosure 28 houses ventilation means 33 which are located 15 

in the upper part of enclosure 28 (Figures 1, 6A, 6 B and 

6C). These ventilation means 33 are designed and co nfigured 

to allow a uniform distribution of temperature and gases 

within the incubator chamber necessary for efficien t cell 

culture and to have an appropriate temperature (Fig ures 1, 20 

6A, 6B and 6C). During thawing of the culture mediu m 

contained in the bag, the heat in the chamber is th us 

uniformly distributed to allow rapid thawing of the  cell 

culture medium. 

The internal door 22 can be made of transparent gla ss 25 

so that the contents of the chamber 28 of incubator  12 can 

be observed while keeping incubator 12 in the close d 

position. The opening 26 of enclosure 28 includes a  

peripheral edge 24, corresponding to the first cont act 

surface, whose lower edge 24a includes a recess 32 intended 30 

to receive a strip 34 for holding tubes or conduits  36, 38 

of cassette 16 which will be described in more deta il later, 

in particular with reference to figures 7 and 8. Ba r 34, 

which is visible in Figures 4, 5, 7 and 8, forms a rigid 
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shell that can be substantially parallelepiped in s hape. It 

can also have two flanks 40, opposite and connected  to each 

other by lower and upper sides 42. Ducts or pipes 3 6, 38 

extend water tightly through holes in the strip 34.  These 

holes are formed in walls 44 substantially perpendi cular to 5 

the flanks 40 and the lower and upper walls 42. Eac h flank 

40 of the bar 34 has a groove 46 parallel to the lo wer and 

upper sides 42. The grooves 46 of the flanks 40 are  arranged 

asymmetrically with respect to each other with resp ect to a 

median plane of the bar 34 and parallel to both fla nks 40. 10 

These grooves 46 are intended to receive ribs (not visible) 

from the sides of recess 32 of the lower peripheral  edge 24a 

of the incubator 12 so as to ensure that the strip 34 is 

positioned in recess 32. The asymmetrical positioni ng of the 

grooves 46 makes it possible to perform a coding wh en 15 

mounting the strip 34 in recess 32 of the incubator  12. 

Thus, more generally, the strip may include means o f coding 

when mounting it in a recess in a peripheral edge o f an 

incubator opening. The opening can then be closed b y a 

movable member, such as a door or hatch, which is m ovable 20 

between an incubator opening position and an incuba tor 

closing position. The bar or rigid shell 34 prefera bly has a 

shape complementary to that of the recess 32. This 

complementary shape may be such that when the strip  34 is in 

position in recess 32, its lower face 42 contacts t he bottom 25 

face of recess 32 and the upper face 42 flushes the  

remainder of the peripheral edge 24 of the opening 26 of the 

enclosure 28 of incubator 12 to form a substantiall y flat 

surface on which the first door 22 can rest in a se aled 

manner. In this way, the sealing of the inner door 22 on the 30 

peripheral edge 24 of the opening 26 of the enclosu re 28 of 

incubator 12 can be carried out in a simple way. In  

addition, the passage of pipes 36, 38 or ducts thro ugh the 

first door 22 can be easily realized without the ne ed to 



19 

handle pipes 36, 38 one by one. Finally, when the f irst door 

22 is applied to the strip 34, the closing force is  applied 

to the rigid structure of the strip 34 and not to t he pipes 

36, 38, which prevents any crushing of the pipes 36 , 38 and 

guarantees their fluid passing cross-section. Prefe rably, 5 

recess 32 may include a presence sensor 47 of the s trip 34 

to confirm the correct positioning of the strip in recess 32 

so as to allow the first door 22 and then the secon d door 30 

to be closed. 

As shown in Figure 2, the front of the incubator 10 

chamber 12 has another recess 48 leading into reces s 32 of 

the peripheral edge 24 of opening 26 of enclosure 2 8. This 

recess 48 is intended to allow the passage of ducts  or pipes 

36, 38 beyond recess 32 of the first door 22 and th e second 

door 30 to the centrifuge. In practice, this second  recess 15 

48 can be closed by a hatch (not shown), for exampl e a 

sliding hatch. 

As shown in Figure 3A, the thermostatic enclosure 2 8 

includes a device for supporting and agitating 14 a  cell 

culture cassette 16 according to the invention. Thi s device 20 

can be divided into a support device 50 and a agita tion 

device 52 connected to each other. The support devi ce 50 

consists of a support tray 54 or cassette 16 suppor t cradle 

and a base 60. Plate 54 has a first end 56 located at the 

bottom of the thermostatic enclosure 28 and a secon d end 58 25 

opposite the first end which is rotatably connected  about a 

horizontal axis 63 to the substantially vertically extending 

base 60 and which is carried by the wall 62 forming  the 

floor of the thermostatic enclosure 28 (Figures 3A and 4). 

More precisely and as shown in Figure 3B, the first  end 56 30 

of the plate 54 is carried and rotated about axis 6 3 on two 

arms 65 extending vertically from the floor 62 of e nclosure 

28 and formed on either side of the plate 54. 
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The agitation device 52 comprises a connecting 

rod/crank type system having a connecting rod 64, o ne upper 

end of which is connected to a lower end of an osci llator or 

vertical oscillating rod 66 supporting at its oppos ite upper 

en the plate 54 by its lower face. The lower end of  5 

connecting rod 64 is connected to a crank handle 68  

rotatably driven by a motor shaft with a substantia lly 

horizontal rotation axis 70. This axis 70 is perpen dicular 

to axis 63. The upper end 66 of the oscillator is c onnected 

to the plate so as to allow the oscillator to move in a 10 

plane perpendicular to the rotation axis 70. Also, the upper 

end of the oscillator 66 is movably connected to th e support 

plate 54 in the direction of axis 70, this connecti on can 

possibly be made by sliding a finger from the upper  end of 

the oscillator 66 into a slot 71 or groove in the p late 54. 15 

As shown in Figures 3, 4 and 5, oscillator 64 passe s 

through the floor wall 62 of enclosure 28 of the in cubator 

12. Preferably, sealing means, such as a bellows, a re 

provided around the oscillator 66, at the level of the 

passage area of the floor wall 62 in order to avoid  heat and 20 

moisture transfers outside the thermostatic enclosu re 28 

that could damage the mechanical components of the agitation 

device 52. 

Figures 6A, 6B and 6C represent three positions tak en 

by tray 54 during its movement by the agitating mea ns. 25 

Figure 6A shows the tray 54 in its upper position a nd Figure 

6B shows the tray 54 in its lower position. In eith er of 

these two positions the plate is inclined with resp ect to a 

horizontal plane. Figure 6C shows a median position  in which 

the tray 54 is substantially horizontal. During ope ration, 30 

the cassette support plate 54 is thus able to angul ate 

between its extreme positions (figures 6A and 6C) a round 

axis 63 (figure 4). 
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As shown in Figure 2, the support plate 54 of casse tte 

16 is formed by a frame 72 with an opening 74 or ho llow part 

and a solid part 76. The hollow part 74, located ne ar the 

first end 56 of the tray 54, is intended to face th e lower 

half-shell of the cassette, which will be described  below. 5 

The solid part 76 is arranged in the vicinity of th e second 

end 58 of tray 54. This solid part 76 includes mean s for 

positioning and locking the cell culture cassette i n a given 

position on the tray 54 corresponding to a position  in which 

the cassette 16 rests on the frame 72 and allows an  10 

incubation phase to be carried out. The positioning  means 

includes two pins 78 projecting upwards to cooperat e with 

two blind holes in cassette 16 (described below). T he 

cassette 16 locking means include a clip hook 80 or  a snap 

hook with a cassette hook which will be described b elow in 15 

order to lock cassette 16 on tray 54. The hook 80 o f the 

solid part 46 of the frame 72 of the tray 54 is arr anged 

between the two pins 78. 

As shown in Figure 2, the plate includes three 

electromechanical actuators 82 for opening/closing valves, 20 

each actuator 82 including an output having second coupling 

means for cooperating with first valve coupling mea ns of the 

cassette when the cassette 16 rests on the frame 72  of the 

plate 54. 

The frame 72 is surmounted by a structure 84 25 

supporting the cassette 16 at a distance from the f rame 72. 

This support structure 84 allows the cassette 16 to  be 

supported in a second position corresponding to a t hawing 

phase. This support structure 84 comprises two late ral fins 

86 connected to each other by a flat wall 88 and to gether 30 

form a common support plane for cassette 16 in the second 

position. It should be noted that the support plane s of 

cassette 16 in the first position and in the second  position 

are inclined relative to each other. The second pos ition 
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allows the cassette 16, hermetically vacuum sealed in an 

envelope, to be supported at a distance from the fr ame 72 in 

order to avoid any tearing of the envelope, general ly made 

of plastic, by the pins 78 during the thawing phase . 

Figures 7 and 8 are now referred to which represent  a 5 

cassette 16 for cell culture according to the inven tion 

comprising a housing 90 having a shape substantiall y 

corresponding to that of a rectangular parallelepip ed having 

a first end 92 and a second end 94 with reference t o the 

positioning of the cassette 16 on the tray 54. The housing 10 

90 has a lower half-shell 96 (Figures 9 to 12) and an upper 

half-shell 98 (Figures 13 and 14) integral with eac h other, 

the lower half-shell 96 being rigid and the upper h alf-shell 

98 being rigid or partially rigid, i. e. including flexible 

parts. The two lower half-shell 96 and upper half-s hell 98 15 

together define a housing in which is fixed a flexi ble cell 

culture bag 100 defining an inner volume to be fill ed with a 

cell culture medium. 

The lower 96 and upper 98 half-shells are connected  to 

each other by four peripheral edges 102a, 102b. The  two 20 

lower half-shell 96 and upper half-shell 98 can be assembled 

by clipping, gluing or welding their peripheral edg es 102a, 

102b. In a preferred embodiment, the lower half-she ll 96 and 

upper half-shell 98 are both rigid. 

The lower half shell 96 includes a plurality of hol es 25 

104 preferably with a diameter of less than 20 mm. For 

example, cassette 16 is 405 mm long, 305 mm wide an d 25 mm 

thick. It also includes two blind holes 106 spaced from each 

other and framing a through opening 107. The blind holes 106 

are formed by a recess 109 in the lower half-shell 96, 30 

extending towards the upper half-shell 98 (figures 11 and 

12). The upper half shell 98 comprises an opening o r recess 

108 whose shape and size are determined to allow th e 

propagation of a wave of the liquid from bag 100 in to the 
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opening when the cassette 16 containing a liquid is  

oscillated about the horizontal axis 63, the openin g 108 (or 

cut-out) being arranged upwardly (figures 7, 13, 14 ). As 

mentioned above, the formation of a recess 108 allo ws the 

surface of bag 100 inside the housing to be undulat ed when 5 

cassette 16 is mounted in the second position on tr ay 54 and 

the tray is moved in an oscillating manner as descr ibed in 

Figures 6A, 6B and 6C. The upper half-shell 98 incl udes an 

elastic tongue 110 carrying a clip hook 112 with th e hook 80 

of the frame 72 of the plate 54 as already mentione d above. 10 

Hook 112 of the upper half-shell 98 is thus configu red to 

pass through the opening 107 of the lower half-shel l 96. 

Finally, the upper half shell 98 also includes a ci rcular 

hole 114 for inserting a manual valve actuation plu g 116, 

the use of which will appear more clearly in refere nce to 15 

figures 17 and 18. 

It should be noted that the peripheral edge 102a of  

the lower half-shell 96, located at the first end 9 2 of the 

housing 90, has a straight rib 116 which is intende d to 

cooperate with a slot 118 of the support structure 84 of the 20 

plate 54 when the cell culture cassette 16 is mount ed in its 

first position on the plate 54 in the enclosure 28 of the 

incubator 12 (figures 8, 9, 11, 12). In this first position, 

the clip hook 112 of the upper half-shell 98 passes  through 

the opening 107 of the lower half-shell 96 and coop erates 25 

with the hook 80 of the frame 72 of the plate 54 to  ensure 

that the cassette 16 is locked in this first positi on 

(figures 3, 4 and 5). To release cassette 16 and re move it 

from the incubation enclosure 28, one only has to p ress the 

tab 110, which leads to disengaging hook 110 of the  upper 30 

half shell 98 from hook 80 and thus tray 54. 

A plate 120 is fixed by snap-fastening into the upp er 

half-shell and is suitable for holding the pipes 36 , 38 of 
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the cassette 16 in the folded position on the outer  face of 

the upper half-shell 98. 

Figure 10 shows the inside of the housing 90, the 

upper half shell 98 not being shown. As it is visib le, cell 

culture bag 100 has a substantially rectangular sha pe with a 5 

first wall 122 and a second wall (not visible) subs tantially 

parallel to each other in the empty and liquid-fill ed state. 

The first wall 122 and the second wall are connecte d and 

made integral with each other by their peripheral e dges 123, 

by any means such as welding or gluing. In a partic ular 10 

embodiment of the invention, the ratio of the surfa ce area 

of one of the first wall 122 or second wall to the internal 

volume of the pocket is between 540 and 600 cm 2/L, and is 

preferably in the order of 580 cm 2/L. The distance between 

the first wall 122 and the second wall is less than  20 mm, 15 

preferably between 10 and 20 mm and even more prefe rably 

around 14 mm. 

The cell culture bag 100 is fixed on the lower half -

shell 96 by means of pin 124 projecting from the in ner side 

of the lower half-shell 96. These pins 124 pass thr ough 20 

holes in the peripheral edges 123 of cell culture b ag 100. 

The inner volume of bag 100 is in communication wit h the 

outside through a plurality of conduits. In particu lar, 

cassette 16 can include four ducts or flexible tubi ng 36, 

38, three 36 of which being attached to the bar 34 25 

previously described and a fourth 38 being independ ent. 

More specifically, cassette 16 includes a first and  a 

second sampling tube 36a, 36b and an emptying tube 36c. 

Tubing 38 corresponds to a tubing for injecting cel ls of 

interest. As shown in Figures 5, 7, 8, 9 and 10, th e 30 

cassette also includes a tubing 39 for initial fill ing of 

bag 100 with culture medium. In a preferred configu ration of 

the cassette 16 according to the invention, the fou r tubes 

36a, 36b, 36c, 38 are equipped with connectors that  can be 
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aseptic connectors and/or needle-free withdrawal co nnectors, 

said connectors also including non-return means, as  

necessary. In the rest of the description, when the  

reference number 36 is used alone, it will refer to  at least 

one of the pipes 36a, 36b or 36c. 5 

As shown in Figure 10, tubing 36, 38 extend through  

notches 126 in the same peripheral edge 102a of the  lower 

half shell 96, namely the peripheral edge 102a form ed at the 

second end 94 of the housing 90. Filler pipe 39 ext ends on 

one side adjacent to the side through which the pip es 36, 38 10 

pass and is connected to its end arranged inside th e housing 

90 in a portion of the pipe 36 arranged fluidly bet ween a 

valve 128 and bag 100. 

Each of the pipes 36, 38 passes through valves 128,  

130a, 130b, 130c for opening/closing the fluid flow  through 15 

the pipes 36, 38, these pinch valves 128, 130 being  arranged 

in the housing 90. In the example shown, the three pipes 36 

run through a first type of valve 130, the pipe 36a  runs 

through the valve 130a, the pipe 36b runs through t he valve 

130b and the pipe 36c runs through the valve 130c, while the 20 

fourth pipe 38 runs through a second type of valve 128 

(Figures 10 and 15A). More precisely, the housing 9 0 

comprises a plate 132 (figures 15A, 15B and 15C) ha ving a 

plurality of substantially cylindrical recesses 134  each 

receiving a movable member 136, 138 for pinching a tubing 25 

36, 38 (figures 16 and 17). This plate thus forms t he body 

or stator part of the valves 128, 130. Each recess 134 of 

plate 132 includes an annular bottom wall 140 defin ing a 

central hole 142 aligned with a hole 144 of the low er half 

shell 96 when plate 132 is mounted in the housing 9 0 30 

(Figures 10 and 12). 

Each movable part 136, 138 comprises a lower end 13 6a, 

138a and an upper end 136b, 138b, with reference to  the 

lower half-shell 96 and upper half-shell 98 and wit h 
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reference to the arrangement of the cassette in rel ation to 

the vertical. Of course, it would be possible to mo re 

generally designate the lower end as a first end an d the 

upper end as a second end opposite the first end. T hus, the 

upper end 136b, 138b of each movable member 136, 13 8 5 

comprises an annular shoulder 146b intended to supp ort along 

the rotation axis 136c, 138c on the periphery of an  orifice 

142 of a recess 134 of the plate 132 and surroundin g a 

cylindrical wall 148b intended to fit into the orif ice 142 

of the recess. In this case, the surface 146b of me mber 136 10 

is supported on the bottom surface 140 of a recess 134 of a 

valve 130a, 130b, 130c. It is thus possible to carr y out a 

rotational guidance and centring of the second ends  136b, 

136a of the movable parts 136, 138 in the recesses 134 of 

the plate 132. The lower end 136a, 138a of each mov able 15 

member 136, 138 comprises an annular shoulder 146a intended 

to support along the rotation axis 136c, 138c on th e 

periphery of an orifice 144 of the lower half-shell  96 and a 

cylindrical wall 148a intended to be inserted into orifice 

144 of the lower half-shell 96. In this case, the s urface 20 

146b of component 138 is supported on the bottom su rface 140 

of a recess 134 of valve 128. In this way, each of the 

movable parts 136, 138 is guided in rotation and ce ntred on 

the lower half-shell 96 and the plate 142, which is  itself 

fixed to the lower half-shell 96 via ears 150 cross ed by 25 

studs 152 on the inner face of the lower half-shell  96 and 

thanks to the upper half-shell 98, whose peripheral  edges 

102b are fixed to the peripheral edges 102a of the lower 

half-shell 96. The lower ends 136a, 138a of the mov able 

parts 136, 138 thus open through the lower half she ll 96 and 30 

are thus accessible from the outer face of the lowe r half 

shell 96 as shown in Figure 9. 

The movable components 136, as shown in Figures 16A , 

16B, 16C associated with tubing 36, have at their l ower end 
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136a first coupling means accessible from outside t he 

housing so as to cooperate with the second actuator  coupling 

means 82 of the movable components 136, arranged in  the 

incubator. The first coupling means, formed on the underside 

of the member 136, here comprise a radial slot 151 whose 5 

radially inner end is traversed by the rotation axi s 136c 

and a semi-circular groove 153 centred on the rotat ion axis 

136c. The second coupling means of the actuators 82  can for 

example comprise two rods 155a, 155b of which a fir st 155a 

is centred on the rotation axis of the actuator 82 and a 10 

second rod 155b is radially offset with respect to the first 

rod 155a. When cassette 16 is mounted on frame 72, as shown 

in Figure 3A, the first rod 155a engages in the rad ially 

inner end of slot 151 while the second rod 155b eng ages in 

the semi-circular groove 153. It is understood that  the use 15 

of a semi-circular groove 153 ensures that the seco nd rod 

153b cooperates with groove 153 regardless of the a ngular 

position of the movable member 136 before mounting the 

cassette 16 on the frame 72. The integration of a r adial 

slot 151 on the movable parts 136 allows the movabl e part 20 

136 to be manually operated if necessary. 

In the case of valve 138 in Figures 17A and 17B 

associated with tubing 38, the first coupling means  is 

formed at the upper end 138b of the movable member 138. 

Unlike the three movable members 136 of the valves 130, the 25 

movable member 138 of the valve 128 is not actuated  by an 

electromechanical actuator but manually by a rotati ng member 

or knob 154 as shown in Figures 18A and 18B. The co upling is 

made here by a cross recess 157 at the upper end 13 8b of the 

movable member 138 in which a complementary cross-s haped 30 

member 156 of the actuating button 154 engages. The  button 

154 is secured to the upper half-shell 98 by means of a 

plurality of elastically deformable hooks 158 which  hang on 
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to the inner periphery of the circular orifice 114 of the 

upper half-shell 98. 

To pinch the tubing 36, 38, each movable member 136 , 

138 includes a spiral protrusion 160 around the rot ation 

axis 136c, 138c of the movable member 136, 138. The  radially 5 

outer surface of each protrusion 160 forms a suppor t surface 

on a tubing 36, 38. Each protrusion 160 has a plane  of 

symmetry in a plane perpendicular to the rotation a xis 136c, 

138c. Each tubing 36, 38 is partially housed in a 

rectilinear groove 162 with a semicircular section of the 10 

lower half-shell 96 and another part in a rectiline ar groove 

164 with a semicircular section of the plate 132 so  as to 

pass through the periphery of a recess 134 of the p late 132 

in a direction perpendicular to the rotation axis 1 36c, 138c 

of the moving part (figures 11, 12, 15A, 15B, 15C).  Thus, as 15 

a result of the rotation of a movable member 136, 1 38 of a 

valve 128, 130, the protrusion 160 ensures the prog ressive 

opening or closing of the section of a pipe 36, 38 according 

to the direction of rotation of the movable member 136, 138. 

Each annular bottom wall 140 of a recess of the pla te 20 

132 carries two stop members 166a, 166b projecting into the 

interior of the recess 134 and which are angularly spaced 

from each other. A cut-out 167 is formed in each an nular 

bottom wall 140 of a recess 134 so as to delimit an  elastic 

lamella 168 having a free end carrying a protrusion  in the 25 

recess 134, this protrusion having a convex portion  171 to 

cooperate slidingly with moving parts 136, 138 (Fig ures 15B, 

15C). The protrusion 170 cooperates slidingly with a groove 

172, having a circular arc shape and a concave curv ed 

bottom, of each of the movable parts 136, 138. For the 30 

movable member 136 in Figures 16A, 16B and 16C, gro ove 172 

is formed on a radial annular flange 174 arranged a xially 

between the protrusion 160 and the upper annular sh oulder 

146b and on the face facing the upper end 136b of t he 
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movable member 136. Similarly, for the moving membe r 138 in 

Figures 17A and 17B, groove 172 is formed on a radi al 

annular flange 174 arranged axially between the pro trusion 

160 and the upper annular shoulder 146b and on the face 

facing the upper end 138b of the moving member 138.  5 

A semi-spherical cavity 176a, 176b is formed at the  

angular ends of each groove 170, 172 so as to form stopping 

positions of the movable member 136, 138 for one 

corresponding to the opening position where the flu id can 

flow and for the other corresponding to a closing p osition 10 

where the fluid cannot flow. It is also noted that each 

movable member 136, 138 includes a radial finger 17 8 

extending laterally from the upper shoulder 146b an d is in 

contact with the face of the flange 174 bearing the  groove 

172. . Thus, in the flow blocking position through the pipes 15 

36, 38, the movable member 136, 138 is positioned s o that 

the protrusion 170 of the elastic lamella 168 is en gaged in 

the cavity or recess 176a of the movable member 136 , 138, 

the radial finger 178 of the movable member 136, 13 8 being 

arranged to stop in a counter-clockwise rotation, i n Figure 20 

15, against the stop member 166a. In the position w here the 

flow passes through the pipes 36, 38, the movable m ember 

136, 138 is positioned so that the protrusion 170 o f the 

elastic lamella 168 is engaged in the cavity or rec ess 176b 

of the movable member 136, 138, the radial finger 1 78 of the 25 

movable member 136, 138 being arranged to stop in c lockwise 

rotation, in Figure 15, against the stop member 166 b. It is 

understood that the cooperation of the protrusion 1 70 with 

the cavities 176a, 176b makes it possible to ensure  elastic 

locking of the movable parts 136, 138 in the closed  and open 30 

positions. 

It is easy to understand that the valves described 

above could well be used in other devices requiring  devices 

to open/close the flow of a fluid through a manifol d. 
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Therefore, this description also includes any devic e 

integrating the valves described, such as for examp le a 

device comprising a plate 132 with a plurality of r ecesses 

134 in which rotating parts are engaged. 

It would be possible to equip the cassette 16 and/o r 5 

the incubator with automatic means of checking the correct 

positioning of cassette 16 in each of its first and  second 

positions. For this purpose, a magnet could be plac ed inside 

the housing 90, on the inner side of the lower half -shell 

96, this magnet cooperating with two Hall effect se nsors 10 

appropriately positioned on the plate in relation t o the 

first and second positions to be detected. 

Figure 20 represents a cell culture system 180 

comprising a plurality of incubators 12 as describe d above 

and a centrifuge 20. Incubators 12 and centrifuge 2 0 are 15 

controlled by the computer system. 

Figure 21 is an organization chart representing the  

steps of the cell culture process according to the 

invention. 

Prior to the process described below, the cell cult ure 20 

cassette 16 is filled with a cell culture medium us ing the 

lateral tubing 39. After filling, this pipe 39 is 

immediately sealed, for example by welding. The cel l culture 

cassette 16 is then frozen flat, i.e. in a horizont al 

position, for storage and subsequent use. 25 

A first step in the process 182 is to capture and 

record culture parameters specific to the biologica l 

protocol using the computer system. The entry is ma de by an 

operator, the parameters entered being for example the 

identification of the patient, the identification o f the 30 

cassette, etc. To facilitate the entry of these par ameters, 

the computer system can be equipped with a bar code  reader, 

the cassette can include a bar code that directly i nforms 

the computer system of the number and nature of the  
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cassette. It is then entered by bar code reading or  manual 

entry via the touch screen of the personal identifi cation 

data indicated on the label of a container, such as  a bag, 

about the cells to be cultured. 

In a second step 184, the computer system assigns a  5 

given incubator to the operator after checking the 

availability of the incubator according to a cell c ulture 

schedule. The operator installs the cell culture ca ssette 16 

comprising a cell culture liquid in said designated  

incubator, the other incubators then being, prefera bly, 10 

inaccessible, i. e. doors 22, 30 of the other incub ators 12 

being locked. 

In a third step 186, the process consists in thawin g 

the culture medium housed in the flexible bag of a culture 

cassette as described above. For this purpose, the cell 15 

culture cassette 16, hermetically sealed in a steri le 

protective envelope, is mounted in the second posit ion on 

the incubator support and agitation device 52 desig nated by 

the computer system, i. e. on the support structure  84 

(Figures 3A and 3B). The operator closes both doors  22 and 20 

30 and the computer system initiates the thawing pr ocedure, 

with doors 22 and 30 automatically locked. The supp ort and 

agitation device is operated in such a way that the  cassette 

16 is positioned horizontally. 

In a fourth step 188, after thawing, the cell cultu re 25 

cassette 16 is extracted from the incubator and the  outer 

shell is removed in an area of adequate controlled activity. 

In a fifth step 190, cells of interest, excluding 

human embryonic stem cells, are injected into the c assette. 

For this purpose, manual valve 128 is positioned in  the open 30 

position. It is recalled that tubing 36, 38 are equ ipped 

with anti-reflux means to prevent the liquid in bag  100 from 

flowing out. The cells are injected into bag 100 by  means of 
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tubing 38 then valve 128 is positioned in the close d 

position and tubing 38 is sealed with a tight cap. 

In a sixth step 192, cassette 16 filled with cultur e 

medium and cells of interest is mounted in its firs t 

position corresponding to the incubation position. The strip 5 

34 is mounted in the opening 32 of door 22, the end s of the 

pipes 36 opposite the bag 100 extending into the op ening 38 

and being connected to the fluid circuit of the sys tem shown 

in figure 20. 

The process according to the invention then include s 10 

an incubation step 194 which can last several days and for 

example about ten days. Periodically, depending on the 

protocol parameters, the contents of bag 100 can be  

homogenized, by oscillating the tray 54 around axis  63 as 

explained above. This homogenization (duration, rep etition 15 

frequency, amplitude) is determined by the paramete rs of the 

selected protocol. 

During the incubation step, the operator can take o ne 

or more samples 196 from bag 100 (Figures 14 and 22 ). Some 

of these samplings may be imposed by the computer s ystem. 20 

Samples are taken using tubing 36a and 36b. 

To take a first sample, the computer system activat es 

the mobile member 136 associated with its correspon ding 

valve 130a in order to allow fluid to flow through the 

tubing 36a. When the sampling is carried out by the  computer 25 

system, a final filling operation of tubing 36a is carried 

out in such a way as to guarantee asepsis and avoid  any 

subsequent use of the sampling tubing already used.  The 

second sampling is done in the same way but by usin g tubing 

36b. 30 

After each sub-step of sampling 196 from bag 100, t he 

operator may carry out analyses of the sample, the results 

of which may be entered and recorded in the compute r system 

by the operator or automatically. 
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In a final step of process 198, the computer system  

recovers or empties the contents of bag 100 of cass ette 16. 

Finally, the contents of the bag undergo a 

purification and packaging step in sterile syringes  for 

later use. 5 

The application also concerns a cell culture proces s, 

in particular the culture of mammalian cells, in pa rticular 

human cells, excluding human embryonic stem cells. 

These cells, in particular human cells, excluding 

human embryonic stem cells, may advantageously be, or 10 

include, CD34+ (human) cells, in particular CD34+ ( human) 

hematopoietic cells or CD34+ (human) non-hematopoie tic 

cells. These CD34+ (human) cells may, for example, be cells 

from (human) peripheral blood, (human) umbilical co rd or 

human tissue, particularly (human) peripheral blood . 15 

These cells, in particular human cells, excluding 

human embryonic stem cells, may advantageously be, or 

include, stem or progenitor cells, in particular mu ltipotent 

or pluripotent cells. 

These cells are not, or do not include, human 20 

embryonic cells. 

These cells, in particular human cells, excluding 

human embryonic stem cells, may advantageously be, or 

include, human CD34+ (multipotent or pluripotent) s tem cells 

or progenitors of peripheral blood mobilized by a g rowth 25 

factor such as G-CSF (Growth Colony Stimulating Factor) . 

These cells, in particular human cells, excluding 

human embryonic stem cells, may be or have been col lected 

from a human subject or patient (newborn, child, ad olescent, 

adult or elderly). The invention is specially adapt ed to 30 

human CD34+ cells (multipotent or pluripotent) that  can be 

collected from the peripheral blood of a human subj ect or 

patient. If the patient is to receive chemotherapy,  these 
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cells may have been collected before or at the begi nning of 

the chemotherapy. 

A biological sample containing cells intended to be  

cultured (e. g. a sample of (human) blood, in parti cular a 

sample of (human) peripheral blood, (human) cord bl ood or 5 

human tissue, in particular a sample of human perip heral 

blood) is or has been collected from a human subjec t or 

patient. 

The means of this application have the advantage of  

not requiring the use of leukapheresis: a simple bl ood 10 

sample, for example a sample of 200 to 250 mL of bl ood, in 

particular 220 mL of blood, is sufficient to obtain  a 

significant number of cells, in particular a number  of cells 

that is sufficient for therapeutic and/or preventiv e 

treatment, more particularly for autologous or allo geneic 15 

cell therapy of a (human) subject or patient, more 

particularly for autologous cell therapy of the (hu man) 

subject or patient. 

This is particularly the case for human CD34+ cells  

intended for therapeutic and/or preventive treatmen t, more 20 

particularly for autologous or allogeneic cell ther apy of 

the subject or patient, more particularly for autol ogous 

cell therapy of the subject or patient. Human CD34+  cells 

may be non-embryonic human CD34+ cells, excluding h uman 

embryonic stem cells. Human CD34+ cells are not or do not 25 

include embryonic CD34+ cells. 

The cell culture means of this application allow to  

obtain, from a small volume of blood (for example a  sample 

of 200 to 250 mL of blood, in particular 220 mL of blood), a 

population of at least 10 7, or at least 10 8, cells comprising 30 

at least 70% of human (non-embryonic) CD34+ cells. In 

comparison, to obtain such a quantity of human CD34 + cells 

directly (without cell culture) from the blood of a  single 
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subject or patient, it would be necessary to treat a volume 

of 7 to 10 L of blood by leukapheresis. 

Cells that are intended for culture, in particular 

human (non-embryonic) CD34+ cells, may be purified or 

isolated from the biological sample collected, incl uding a 5 

blood sample, in particular a peripheral blood samp le (e.g. 

a sample of 200 to 250 mL of peripheral blood, in p articular 

220 mL of peripheral blood). 

Cells can be purified to reach a minimum level of a  

certain cell type. For example, they can be purifie d to 10 

include at least 70% or at least 80% or at least 85 % or at 

least 90% of human (non-embryonic) CD34+ cells, par ticularly 

of human CD34+ hematopoietic (non-embryonic) cells.  

This isolation or purification can be done by any 

means known to any person skilled in the art. 15 

For example, for human CD34+ cells, excluding human  

embryonic stem cells, this isolation or purificatio n may be 

done using a human anti-CD34 monoclonal antibody, f or 

example the human murine anti-CD34 monoclonal antib ody 

marketed as clone QBEnd-10 (code M7165) by DAKO DEN MARK AS 20 

(Produktionsvej 42 ; DK-2600 Glostrup ; Denmark). C D34+ 

(human) cell isolation or purification systems are also 

commercially available, for example, the ISOLEX 300 i 

magnetic cell separator marketed by BAXTER (Deerfie ld, IL, 

U.S.A.), or the CD34 microbead kit marketed by MILT ENYI 25 

BIOTECH (2303 Lindbergh Street, Auburn, CA 95602, U .S.A.). 

Purified or isolated cells are placed on or in a 

culture medium whose composition is adapted to the 

multiplication of these cells. Examples of such cul ture 

media, including media suitable for the culture of human 30 

CD34+ cells, have been described above. For example , it may 

be a culture medium as described above, including a  medium 

containing human insulin, human transferrin and hum an plasma 
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or serum. This culture medium can be contained in t he bag of 

the cassette of this application. 

The cells are then placed in incubation, for exampl e 

by placing the bag, or the cassette containing the bag, in 

an incubator, including an incubator according to t he 5 

present application. For example, the incubation ti me may be 

several days, in particular 8 to 10 days, in partic ular 9 

days, in particular when it concerns a culture of h uman 

CD34+ cells, excluding human embryonic stem cells. 

The application also relates to cells, excluding hu man 10 

embryonic stem cells, a cell population comprising such 

cells, and a pharmaceutical composition comprising such 

cells or cell population. 

These cells or cell populations can be obtained by 

culture according to this application, as described  above. 15 

In this application, cells may include, in particul ar, 

(human) CD34+ cells, excluding human embryonic stem  cells, 

in particular (human) hematopoietic CD34+ cells or (human) 

non-hematopoietic CD34+ cells. 

These (human) CD34+ cells may, for example, be cell s 20 

from (human) peripheral blood, (human) umbilical co rd or 

human tissue, particularly (human) peripheral blood . 

These cells may advantageously be, or include, stem  or 

progenitor cells, in particular multipotent or plur ipotent 

cells, excluding human embryonic stem cells. 25 

These cells are not, or do not include, human 

embryonic cells. 

These cells may include, in particular, human CD34+  

stem cells or progenitors (multipotent or pluripote nt) from 

peripheral blood mobilized by a growth factor such as G-CSF 30 

(Growth Colony Stimulating Factor) . 

The cells of this application, including the (human ) 

CD34+ cells of the application, excluding human emb ryonic 
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stem cells, may be in pure or isolated form, or may  be 

included in a cell population. 

A cell population according to this application can  

thus be a population of non-embryonic human cells, which 

includes human CD34+ cells according to this applic ation. 5 

In particular, cells according to the application m ay 

include (a population of) non-embryonic human cells , which 

are characterized in that: 

− they number at least 10 7 human cells, more 

particularly at least 10 8, or at least 1,5.10 8, or from 10 7 10 

to 1,7.10 8 human cells, and 

− they contain at least 70% human CD34+ cells 

(multipotent or pluripotent, and not embryonic), mo re 

particularly at least 80%, or at least 85% or at le ast 90% 

human CD34+ cells (multipotent or pluripotent, and not 15 

embryonic). 

These human cells may also all have the same HLA 

typing, particularly the same HLA-A, HLA-B, HLA-C a nd HLA-DR 

typing. 

For example, the cells according to this applicatio n 20 

may include (a population of) human non-embryonic 

hematopoietic cells, which are characterized in tha t: 

− they number at least 10 7 human hematopoietic 

cells, more particularly at least 10 8, or at least 1,5.10 8, 

or from 10 7 to 1,7.10 8 human hematopoietic cells, and 25 

− they contain at least 70% human CD34+ cells 

(multipotent or pluripotent, and not embryonic), mo re 

particularly at least 80%, or at least 85% or at le ast 90% 

human CD34+ cells (multipotent or pluripotent, and not 

embryonic). 30 

These human hematopoietic cells may also all have t he 

same HLA typing, particularly the same HLA-A, HLA-B , HLA-C 

and HLA-DR typing. 
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The cells of this application may have one or more 

characteristics, which distinguish them from naive cells. 

The term "naive" in this context means that these a re 

cells that have been directly obtained from a human  subject 

or patient, and that may have been purified, but th at have 5 

not been cultured. 

Indeed, it has been observed that after culture in 

accordance with this application (for example on a culture 

medium and/or in a bag or cassette as described abo ve), the 

resulting human cell population differs from the na ive 10 

population initially placed in culture, in one or m ore of 

the following ways: 

− a larger average diameter (diameters of 11.2 ± 0.5 

µm, in particular 11.18 ± 0.49 µm), 

− a higher proportion of CD34- CD14+ cells 15 

(monocytes, which can have a positive impact on the  

effectiveness of a cell transplant), 

− a higher proportion (but not 100%) of CD34+ CD33- 

cells (CD33 being the marker of the myeloid line), 

− a smaller proportion (but still greater than 10%) 20 

of CD34+ CD133+ cells (marker of endothelial progen itors). 

In particular, the cells of this application may be  

human cells, excluding human embryonic stem cells, that have 

one or more of the following characteristics: 

1/ they number at least 10 7 human cells, more 25 

particularly at least 10 8, or at least 1,5.10 8, or from 10 7 

to 1.7.10 8 human cells, 

2/ they all have the same HLA typing, more 

particularly the same HLA-A, HLA-B, HLA-C and HLA-D R typing, 

3/ they contain at least 70% human CD34+ cells 30 

(multipotent or pluripotent, and not embryonic), mo re 

particularly at least 80%, or at least 85% or at le ast 90% 

human CD34+ cells (multipotent or pluripotent, and not 

embryonic), 
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4/ they have a cell diameter of 11.2 ± 0.5 µm, in 

particular 11.18 ± 0.49 µm, 

5/ they contain (human) CD34- CD14+ cells in a 

proportion of 1 to 12%, in particular from 2 to 10%  or from 

3.8 to 10%, 5 

6/ they contain (human) CD34+ CD33- cells in a 

proportion of more than 10% or more than 20% or mor e than 

25% (and advantageously less than 100%, in particul ar less 

than 60% or less than 50% or less than 40% or less than 

35%), 10 

7/ they contain (human) CD34+ CD133+ cells in a 

proportion of less than 60% or less than 50% (and 

advantageously more than 20%, in particular more th an 25% or 

more than 30%). 

According to an embodiment, the cells of this 15 

application are human cells, excluding human embryo nic stem 

cells, which have at least two of these seven 

characteristics, in particular at least three, or a t least 

four, or at least five, or at least six of these se ven 

characteristics, or have all seven characteristics.  20 

For example, the cells of this application may be 

human hematopoietic cells, which have one or more o f the 

following characteristics: 

1/ they number at least 10 7 human hematopoietic cells, 

more particularly at least 10 8, or at least 1.5.10 8, or from 25 

107 to 1,7.10 8 human hematopoietic cells, 

2/ they all have the same HLA typing, more 

particularly the same HLA-A, HLA-B, HLA-C and HLA-D R typing, 

3/ they contain at least 70% human CD34+ cells 

(multipotent or pluripotent, and not embryonic), mo re 30 

particularly at least 80%, or at least 85% or at le ast 90% 

human CD34+ cells (multipotent or pluripotent, and not 

embryonic), 
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4/ they have a cell diameter of 11.2 ± 0.5 µm, in 

particular 11.18 ± 0.49 µm, 

5/ they contain (human) CD34- CD14+ cells in a 

proportion of 1 to 12%, in particular from 2 to 10%  or from 

3.8 to 10%, 5 

6/ they contain (human) CD34+ CD33- cells in a 

proportion of more than 10% or more than 20% or mor e than 

25% (and advantageously less than 100%, in particul ar less 

than 60% or less than 50% or less than 40% or less than 

35%), 10 

7/ they contain (human) CD34+ CD133+ cells in a 

proportion of less than 60% or less than 50% (and 

advantageously more than 20%, in particular more th an 25% or 

more than 30%). 

According to an embodiment, the cells of this 15 

application are human hematopoietic cells, which ha ve at 

least two of these seven characteristics, in partic ular at 

least three, or at least four, or at least five, or  at least 

six of these seven characteristics, or have all sev en 

characteristics. 20 

In particular, the cells of this application may be  

human cells, excluding human embryonic stem cells, that have 

one or more of the following characteristics: 

1/ they number at least 10 7 human cells, more 

particularly at least 10 8, or at least 1.5.10 8, or from 10 7 25 

to 1,7.10 8 human cells, 

2/ they all have the same HLA typing, more 

particularly the same HLA-A, HLA-B, HLA-C and HLA-D R typing, 

3/ they contain at least 70% human CD34+ cells 

(multipotent or pluripotent, and not embryonic), mo re 30 

particularly at least 80%, or at least 85% or at le ast 90% 

human CD34+ cells (multipotent or pluripotent, and not 

embryonic), 
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4/ they have a cell diameter of 11.2 ± 0.5 µm, in 

particular 11.18 ± 0.49 µm, 

5/ they contain (human) CD34- CD14+ cells in a 

proportion of 1 to 12%, in particular from 2 to 10%  or from 

3.8 to 10%. 5 

According to an embodiment, the cells of this 

application are human cells, excluding human embryo nic stem 

cells, which have at least two of these five 

characteristics, in particular at least three, or a t least 

four of these five characteristics, or all five 10 

characteristics. 

For example, the cells of this application may be 

human hematopoietic cells, which have one or more o f the 

following characteristics: 

1/ they number at least 10 7 human hematopoietic cells, 15 

more particularly at least 10 8, or at least 1.5.10 8, or from 

107 to 1.7.10 8 human hematopoietic cells, 

2/ they all have the same HLA typing, more 

particularly the same HLA-A, HLA-B, HLA-C and HLA-D R typing, 

3/ they contain at least 70% human CD34+ cells 20 

(multipotent or pluripotent, and not embryonic), mo re 

particularly at least 80%, or at least 85% or at le ast 90% 

human CD34+ cells (multipotent or pluripotent, and not 

embryonic), 

4/ they have a cell diameter of 11.2 ± 0.5 µm, in 25 

particular 11.18 ± 0.49 µm, 

5/ they contain (human) CD34- CD14+ cells in a 

proportion of 1 to 12%, in particular from 2 to 10%  or from 

3.8 to 10%. 

According to an embodiment, the cells of this 30 

application are human hematopoietic cells, which ha ve at 

least two of these five characteristics, in particu lar at 

least three, or at least four of these five charact eristics, 

or all five characteristics. 
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In particular, the cells of this application may be  

human cells, excluding human embryonic stem cells, which 

have the following characteristics: 

− they number at least 10 7 human cells, more 

particularly at least 10 8, or at least 1.5.10 8, or from 10 7 5 

to 1.7.10 8 human cells, and 

− they comprise at least 70% human CD34+ cells 

(multipotent or pluripotent, and non-embryonic), mo re 

particularly at least 80%, or at least 85% or at le ast 90% 

human CD34+ cells (multipotent or pluripotent, and non-10 

embryonic), and which also have at least one or bot h of the 

following characteristics: 

− they have a cell diameter of 11.2 ± 0.5 µm, in 

particular 11.18 ± 0.49 µm, 

− they contain (human) CD34- CD14+ cells in a 15 

proportion of 1 to 12%, in particular from 2 to 10%  or from 

3.8 to 10%. 

For example, the cells of this application may be 

human hematopoietic cells, which have the following  

characteristics: 20 

− they number at least 10 7 human hematopoietic 

cells, more particularly at least 10 8, or at least 1.5.10 8, 

or from 10 7 to 1.7.10 8 human hematopoietic cells, and 

− they contain at least 70% human CD34+ cells 

(multipotent or pluripotent, and not embryonic), mo re 25 

particularly at least 80%, or at least 85% or at le ast 90% 

human CD34+ cells (multipotent or pluripotent, and not 

embryonic), 

and which also have at least one (or both) of the 

following characteristics: 30 

− they have a cell diameter of 11.2 ± 0.5 µm, in 

particular 11.18 ± 0.49 µm, 
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− they contain (human) CD34- CD14+ cells in a 

proportion of 1 to 12%, in particular from 2 to 10%  or from 

3.8 to 10%. 

Cells in this population may all have the same HLA- A, 

HLA-B, HLA-C and HLA-DR typing. 5 

Cells in this population may also include: 

− (Human) CD34+ CD33- cells in a proportion of more 

than 10% or more than 20% or more than 25% (and 

advantageously less than 100%, in particular less t han 60% 

or less than 50% or less than 40% or less than 35%) , 10 

− (Human) CD34+ CD133+ cells in a proportion of less 

than 60% or less than 50% (and advantageously more than 20%, 

in particular more than 25% or more than 30% CD34+ CD133+ 

cells). 

Alternatively or in addition, the cells of this 15 

application may have one or more characteristics id entical 

(or not significantly different) to those of naïve cells, in 

particular naïve human cells, in particular naïve h uman 

hematopoietic cells. 

Indeed, it has been observed that after culture in 20 

accordance with the application (e.g. on a culture medium 

and/or in a cassette bag as described above), the r esulting 

human cell population (including the resulting huma n 

hematopoietic cell population) may have characteris tics 

common to those of the naive (hematopoietic) cell p opulation 25 

initially placed in culture. 

In particular, the cells of this application may be  

cells (including hematopoietic cells), which, compa red to 

naïve cells (including naïve hematopoietic cells), and more 

particularly compared to (naïve) cells initially pl aced in 30 

culture, have one or more of the following characte ristics: 

1/ the same number or proportion (or not significan tly 

different) of CD34 epitopes, 
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2/ an identical (or not significantly different) 

ability to divide, in particular an identical relat ive 

length of the telomer (or not significantly differe nt), 

3/ the same absence of chromosomal anomalies and 

polyploidy (or the same chromosomal anomalies or po lyploidy, 5 

in the same proportions), 

4/ identical (or not significantly different) 

viability, in particular identical (or not signific antly 

different) CD34+ cell viability, for example at lea st 90% or 

at least 95% CD34+ cell viability, 10 

5/ an identical (or not significantly different) 

proportion of CD34- CD2+/CD3+ cells, 

6/ an identical (or not significantly different) 

proportion of CD34- CD19+/CD20+ cells, 

7/ an identical (or not significantly different) 15 

proportion of CD34- CD56+ cells, 

8/ an identical (or not significantly different) 

proportion of CD34- CD15+ cells. 

According to a further embodiment, the cells of thi s 

application have at least two, or at least three, o r at 20 

least four, or at least five, or at least six, or a t least 

seven of these eight characteristics, or have all e ight 

characteristics. 

In particular, the cells of this application may be  

cells (including hematopoietic cells), which, compa red to 25 

naïve (hematopoietic) cells, in particular compared  to 

initially cultured (naïve) cells, have one or more of the 

following characteristics: 

1/ the same number or proportion (or not significan tly 

different) of CD34 epitopes, 30 

2/ an identical (or not significantly different) 

ability to divide, in particular an identical relat ive 

length of the telomer (or not significantly differe nt), 
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3/ the same absence of chromosomal anomalies and 

polyploidy (or the same chromosomal anomalies or po lyploidy, 

in the same proportions). 

According to a further embodiment, the cells of thi s 

application have at least two of these three 5 

characteristics, or all three. 

This application explicitly includes any combinatio n 

of cell characteristics among those described here,  

including the combination of: 

− characteristics that differ cells of this 10 

application from naive cells, and from 

− characteristics that are identical to those of 

naive cells. 

The means of cell culture of this application 

correspond essentially to means of ex vivo  cell 15 

amplification.  It has the advantage of providing a 

significant number (more particularly a therapeutic ally 

sufficient number) of autologous or allogeneic cell s, in 

particular autologous cells (more particularly auto logous or 

allogeneic CD34+ cells, more particularly autologou s CD34+ 20 

cells) from a small sample of peripheral blood from  a 

patient or subject, without introducing harmful 

modifications in these cells. 

Table 1 below provides an illustration of the 

characteristics of a population of cells obtained f rom the 25 

peripheral blood of a cohort of healthy human volun teers 

before and after implementation of a culture in a c ulture 

bag in accordance with this application (9-day cult ure on 

IMDM medium supplemented with glutamine and free of  

fibroblasts, and containing 0.01 mg/mL insulin, 330  pg/ml 30 

transferrin, and 5% (VN) human serum, from cells is olated by 

sedimentation and purified by immuno-affinity on an ti-CD34 

magnetic beads): 
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Table 1:  

Cohort of 71 
Male healthy human 
volunteers 
between 21 and 57 
years of age 
 
Biological sample = 
220 ml of peripheral 
blood per patient 

CD34+ cell population 

Naive population  
(as obtained without cell 

culture) 

Example of population  
obtained after cultivation  

in accordance with the application 
(average value per patient, after 

cell culture) 

Number of CD34+ 
cells 

From 5.1.106 to 40.9.106 From 1.107 to 1.7.108 

Viability of CD34+ 
cells 

More than 95% More than 95% 

Cellular diameter of 
CD34+ 

8.8 ± 0.1 µm 11.18 ± 0.49 µm 

Percentage of CD34+ 
Cells 
(after purification) 

At least 70% 
(or at least 80%, or at least 
85%, or at least 90%) 

At least 70% 
(or at least 80%, or at least 85%, 
or at least 90%) 

CD34- cells 
CD14+ 

From 0.2 to 0.8% From 3.8 to 10% 

CD34+ Cells  
CD33- 

4.2% 33% 

CD34+ CD133+ Cells 75.8% 44.5% 

Number of CD34+ 

epitopes per cell 

14 804 ± 2 294 15 363 ± 2 730 

Relative length  

of telomeres 

9.17 ± 1.32 % 8.35 ± 2.07 % 

Chromosomal 

anomaly 

none none 

Polyploidy none none 

CD34-  

CD2+/CD3+ cells 

From 0 to 0.3% From 0 to 1% 
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CD34-CD19+/CD20+ 

cells 

From 0 to 0.6% From 0.1 to 1% 

CD34- CD56+ 

cells 

0 % From 0 to 1% 

CD34- CD15+ 

cells 

From 2 to 5.8% From 2.5 to 5% 

* Values from a cohort of 8 volunteers. 

 

Once the culture is complete, the obtained cells, 

especially the (human) CD34+ cells obtained, can be  

collected. 

The collected cells can be purified or isolated, mo re 

particularly purified. In particular, CD34+ cells c an be 

purified, for example by using the means of purific ation 

available to the person skilled in the art as indic ated 

above. 

The collected and possibly purified cells may be 

placed in a composition, in particular a pharmaceut ical 

composition, in particular a liquid pharmaceutical 

composition, for example a non-toxic and isotonic 

pharmaceutical solution for humans. The resulting 

composition or solution is a subject of the applica tion. 

The composition may include a physiologically 

acceptable vehicle for humans. 

The composition can be formulated to be administrab le, 

more particularly injectable, to or in a human bein g. It 

can therefore be liquid and include compounds that are non-

toxic to humans, preferably non-toxic compounds at an 

isotonic concentration for humans. 

Thus, in addition to cells, the composition may for  

example include a buffer solution that is non-toxic  to 

humans, such as a saline phosphate buffer solution 

(Phosphate Buffer Saline or PBS), or a gluconate and/or 

acetate buffer solution. 
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The composition may also include at least one addit ive 

that is not toxic to humans, such as a protein from  human 

serum or human plasma, including human serum albumin  ( HSA). 

The composition or solution of the application can be 

stored until use, for example by cold storage (free zing). 

The means of the application may be used for cellul ar 

treatment (therapeutic and/or preventive), in parti cular 

for autologous or allogeneic cell treatment, advant ageously 

autologous cell treatment. 

This cellular treatment may include administration to 

a patient or subject: 

− Of cells of the application, in particular human 

cells containing CD34+ cells, excluding human embry onic 

stem cells, as described above, or 

− a pharmaceutical composition or solution containing  

these cells. 

This patient or subject may be the same as the one 

from whom the cells were initially collected for ce ll 

culture (autologous cell treatment or therapy). 

Alternatively, this patient or subject may be diffe rent 

from the one from whom the cells were initially col lected 

for cell culture (allogeneic cell treatment or ther apy). 

Cellular treatment, more particularly autologous or  

allogeneic (in particular autologous) cell treatmen t, may 

include the treatment or prevention of heart failur e or 

non-cardiac diseases. 

Heart failure can be, in particular: 

− heart failure, which includes ventricular failure, 

particularly left ventricular failure, 

− especially heart failure with impaired systolic 

function, 

− more particularly cardiac failure with alteration 

of the contractile function of a ventricle, particu larly 

the left ventricle, 
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− more specifically, heart failure with increased 

telesystolic volume associated with a decrease in Left 

Ventricular Ejection Fraction (L VEF). 

This may include heart failure of level II or highe r 

according to the New York Heart Association (NYHA) 

classification [The Criteria Committee of the New York 

Heart Association ].  1994. Nomenclature and Criteria for 

Diagnosis of Diseases of the Heart and Great Vessel s. (9th  

edition). Boston: Little, Brown & Co., pages 253-25 6], 

particularly level II or higher heart failure (acco rding to 

NYHA classification) which is induced by mitral 

regurgitation. 

Heart failure can include heart failure induced by 

− high blood pressure, 

− valve damage, 

− a congenital disease, 

− refractory angina pectoris (for example, angina 

pectoris refractory to treatment with Enhanced 

Extracorporeal CounterPulse (EECCP) or neurostimula tion 

treatment (in particular Transcutaneous NeuroStimul ation 

(TNS) or Spinal Cord Stimulation (SMS), or chelatio n 

treatment (in particular EDTA administration treatm ent), 

− cardiomyopathy, in particular 

− ischemic cardiomyopathy, in particular myocardial 

infarction, in particular acute myocardial infarcti on, 

− dilated cardiomyopathy, 

− hypertrophic cardiomyopathy, 

− restrictive cardiomyopathy, 

− arrhythmogenic Right Ventricular Cardiomyopathy 

(ARVC). Heart failure may include heart failure ind uced by 

cardiomyopathy, in particular by 

− ischemic cardiomyopathy, in particular myocardial 

infarction, in particular acute myocardial infarcti on, 
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− dilated cardiomyopathy, 

− hypertrophic cardiomyopathy, 

− restrictive cardiomyopathy, 

− arrhythmogenic Right Ventricular Cardiomyopathy 

(ARVC). 

Heart failure may include heart failure induced by 

cardiomyopathy, in particular ischemic cardiomyopat hy, in 

particular myocardial infarction, in particular acu te 

myocardial infarction. 

Heart failure can be treated or prevented, in 

particular by reducing or even eliminating heart fa ilure 

and/or limiting the development of heart failure. 

Heart failure induced by ischemic cardiomyopathy, i n 

particular myocardial infarction, in particular acu te 

myocardial infarction, can be treated or prevented by 

reducing or eliminating this heart failure and/or l imiting 

the development of this heart failure. 

Indeed, the cells (in particular CD34+ cells) 

obtained by culture in accordance with this applica tion and 

possibly by purification, or a pharmaceutical compo sition 

or solution containing these cells, may be used for  one or 

more of the following purposes: 

− reduce or even eliminate post-ischemic myocardial 

damage, including post-infarction necrosis and/or p ost-

infarction scar size, 

− partially or completely regenerate the structure 

and/or revascularize the myocardium or infarcted ar ea, 

− improve or restore ventricular function, in 

particular left ventricular function, in particular  

ventricular contractility, in particular left ventr icular 

contractility, for example to reduce telesystolic v olume in 

combination with an increase in the left ventricular 

ejection fraction (LVEF ) (in particular to achieve an LVEF 

of more than 45%). 
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More specifically, the treatment or prevention of 

heart failure induced by (acute) myocardial infarct ion, 

more particularly (acute) myocardial infarction due  to 

coronary heart disease or heart attack, is targeted . This 

use is more particularly intended for: 

− patients with impaired left ventricular function 

or contractility, and 

− patients 

- have an acute myocardial infarction occurring de 

novo after a first incident or cardiac syndrome (this fi rst 

incident or cardiac syndrome may have resulted in s tent 

implantation(s) and  percutaneous transluminal coronary  

angioplasty (PT CA), and/or coronary artery bypass graft 

surgery ( CABG), and  

- who at least 10 days after this first cardiac 

incident (for example, at least 3 months or at leas t 6 

months after this first cardiac incident or syndrom e) have 

a Left Ventricular Ejection Fraction (LVEF ) of 45% or 

less. 

The administration of the cells, of cells or of a 

pharmaceutical composition or solution of the appli cation 

may, for example, be carried out within a few weeks , in 

particular 3 to 6 weeks after an ischemic accident.  

The treatment or prevention of heart failure may 

include cellular cardiomyoplasty (by implanting the  cells 

administered in the infarcted heart zone). 

Such treatment or prevention may include administer ing 

a population of cells according to this application  

(including a population of human cells including CD 34+ 

cells, excluding human embryonic stem cells), of ce lls 

(including human CD34+ cells, excluding human embry onic 

stem cells) according to this application, or a com position 

or solution according to this application, by injec ting 

them by surgery or catheter. 
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Surgical injection can be an injection directly int o 

the infarcted area, for example, during Coronary Artery 

Bypass Graft Surgery (CABG). 

Catheter injection may include percutaneous 

transfemoral injection. 

The catheter may include an intracoronary, epicardi al 

or transendocardial injection or infusion catheter.  

For example, the injection or infusion catheter can  be 

equipped with a helix needle such as the HELIX® cat heter 

marketed by BIOCARDIA® (125 Shoreway Road, Suite B,  San 

Carlos, CA 94070, U.S.A.), which can be coupled to a 2-

dimensional (2D) guidance system such as a 2D fluor oscopic 

guidance system. 

The injection or infusion catheter may be, for 

example, the MYOSTAR® catheter marketed by BIOSENSE  

WEBSTER, INC. (15715 Arrow Highway; Irwindale; CA 9 1706; 

U.S.A.). 

The injection or infusion catheter can, for example , 

be coupled to a 3-dimensional (3D) guidance system such as 

the NOGA® XP electromagnetic 3D cardiac mapping sys tem 

marketed by BIOLOGICS DELIVERY SYSTEMS GROUP (CORDI S Corp., 

Diamond Bar, CA, U.S.A.). 

One or more chemokines, in particular one or more 

chemokines of the CXC family, in particular the che mokine 

CXCL12 (Stromal cell-Derived Factor-1 or SDF-1), may be 

administered, more particularly injected into the p atient 

or subject. Such administration or injection may be  

simultaneous, joint or delayed in time with respect  to the 

administration, more particularly the injection, of  a 

population of cells according to the application (i ncluding 

a population of human cells including CD34+ cells, 

excluding human embryonic stem cells), of cells (in cluding 

human CD34+, excluding human embryonic stem cells) of the 
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application, or a composition or solution of the 

application. 

The uses of the means of the application are not 

limited to the treatment or prevention of cardiac f ailure 

induced by ischemic cardiomyopathy, or cardiac fail ure 

induced by chemotherapeutic treatment. The means of  the 

application (in particular the CD34+ means of the 

application) can alternatively be used to treat or prevent 

non-cardiac diseases. 

It may be a non-cardiac condition, which is not 

induced by cardiac intervention. 

The means of the application can be used to treat 

myelosuppression, including myelosuppression induce d by the 

treatment of lymphoma, particularly non-Hodgkin's l ymphoma, 

Hodgkin's lymphoma, chronic lymphoid leukaemia. The  means 

of the application may then be used to implant 

hematopoietic cells (autologous or from another sub ject), 

including a population of hematopoietic cells (auto logous 

or allogeneic) containing CD34+ cells, into the pat ient's 

bone marrow, by intravenous implantation, as descri bed 

above. The implanted cells are then used to regener ate the 

patient's bone marrow. 

The means of the application can alternatively be u sed 

to treat or prevent a pathology inducing cartilage 

degeneration, such as osteoarthritis. The means of the 

application can then be used to implant cells (auto logous 

or from another subject) according to the applicati on into 

the patient, particularly in the arthritic area, in cluding 

a population of cells including CD34+ cells, as des cribed 

above. The implanted cells are then used to regener ate the 

patient's cartilage. 

The means of the application may alternatively be u sed 

to treat or prevent hepatic insufficiency, in parti cular 

chronic hepatic insufficiency, in particular chroni c non-



54 

alcoholic hepatic insufficiency (for example to pre vent the 

development of hepatocellular carcinoma). The means  of the 

application may then be used to implant cells (auto logous 

or from another subject) according to the applicati on into 

the patient, particularly in the hepatic zone, incl uding a 

population of cells (autologous) including CD34+ ce lls, as 

described above. The implanted cells are then used to 

regenerate the patient's liver. 

The term "including", with which "including" or 

"containing" is synonymous, is an open term, and do es not 

exclude the presence of one or more additional elem ent(s), 

ingredient(s) or method step(s) that would not be 

explicitly indicated, while the term "consisting" o r 

"constituted" is a closed term, which excludes the presence 

of any other additional element, step, or ingredien t that 

is not explicitly stated. The term "consisting esse ntially" 

or "essentially constituted" is a partially open te rm, 

which does not exclude the presence of one or more 

additional element(s), ingredient(s) or step(s), in sofar as 

such additional element(s), ingredient(s) or step(s ) do not 

materially affect the basic properties of the inven tion. 

Therefore, the term "including" (or "includes") 

includes the terms "consisting", "constituted", as well as 

the terms "essentially consisting" and "essentially  

constituted". 
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CLAIMS 

 

1   Cell culture cassette (16) comprising: 

− a housing (90) at least partially rigid and 

internally defining an interior space in which is a rranged 

and fixed a cell culture bag (100) defining an inte rior 

volume, 

− conduits (36, 38) each connected at one end to the 

inner volume of the bag (100) and each having a sec ond end 

located outside the housing (90), 

− valves (128, 130) for opening/closing the fluid 

flow through the conduits (36, 38) that are mounted  on the 

housing (90). 

2.  A cassette according to claim 1, wherein the 

conduits (36, 38) are formed by flexible tubing and  at 

least some of the valves (128, 130) include a movab le 

member (136, 138) for pinching the tubing against a  

structural member (132) of the housing (90). 

3.  A cassette according to claim 2, wherein each 

movable member (136, 138) comprises an rotation axi s (136c, 

138c) and the radially outer periphery of each mova ble 

member (136, 138) comprises at least one spiral sur face 

(160) about the rotation axis (136c, 138c) forming a pinch 

surface of the tubing (36, 38) so as to vary a flui d 

passage section through a tubing (36, 38) as the me mber 

(136, 138) rotates. 

4.  A cassette according to claim 3, wherein the 

movable members (136, 138) are mounted in recesses (134) of 

a plate (132) arranged inside the housing (90) and integral 

with the housing (90), each recess (134) receiving a 

movable member. 

5.  A cassette according to one of claims 2 to 4, 

wherein each movable member (136, 138) includes an end 

(136a, 138b) accessible from outside the housing (9 0) and 
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provided with a first rotating coupling means (154)  for 

cooperating with a second rotating coupling means o f an 

actuator. 

6.  Cassette according to claim 4 or claims 4 and 5, 

characterized in that the movable parts are centred  and 

rotatably guided at one end into an opening in the housing 

and at an opposite end into an opening in the plate . 

7.  A cassette according to one of claims 2 to 6, 

wherein the bag (100) has a substantially rectangul ar shape 

comprising a first flexible wall (122) and a second  

flexible wall substantially parallel to each other in both 

the empty and liquid-filled states. 

8.  A cassette according to claim 7, wherein the ratio 

of the sum of the surfaces of the first wall (122) and the 

second wall to the total internal volume of the bag  (100) 

is between 500 and 690 cm 2/L, preferably in the range of 580 

cm2/L. 

9.  A cassette according to one of claims 7 or 8, 

wherein the distance between the first wall (122) a nd the 

second wall is less than 20 mm, preferably between 10 and 

20 mm and even more preferably in the order of 14 m m. 

10.  Cassette according to one of claims 1 to 9, 

wherein the walls of the bag (100) are permeable to  gases, 

in particular CO 2, and preferably have properties that limit 

as much as possible the adhesion of the cells to th e walls 

of the bag (100). 

11.  A cassette according to one of claims 1 to 10, 

wherein the housing (90) has a shape substantially 

corresponding to that of a rectangular parallelepip ed and 

comprises a lower half-shell (96) and an upper half -shell 

(98) fixed with each other, the lower half-shell (9 6) being 

rigid and the upper half-shell (98) being rigid or 

flexible. 
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12.  A cassette according to claim 11, wherein the 

upper half shell (98) comprises an opening (108) or  central 

recess whose shape and size are determined to allow  the 

propagation of a wave of the liquid from the pocket  (100) 

into the opening (108) when the cassette (16) conta ining a 

liquid is oscillated about a horizontal axis, the o pening 

being disposed upward. 

13.  A cassette according to claim 11 or 12, wherein 

the lower half shell (96) comprises a plurality of holes 

(104), preferably having a diameter for example les s than 

20 mm. 

14.  A cassette according to one of claims 11 to 13, 

wherein the conduits (36, 38) extend through one of  the 

peripheral edges (102a, 102b) of one of the lower ( 96) or 

upper (98) half shells. 

15.  A cassette according to one of claims 1 to 14, 

comprising a conduit (36, 38) support strip (34), a rranged 

outside the housing (90) and traversed by at least some of 

the conduits (36, 38). 

16.  A cassette according to one of claims 1 to 15, 

characterized in that the bag comprises a cell cult ure 

medium. 

17.  A cassette according to claim 16, characterized in 

that said cell culture medium comprises human insul in, 

human transferrin and human plasma or serum. 

18.  A cassette according to claim 16 or 17, 

characterized in that the cell culture medium is fr ozen. 

19.  A cassette according to one of claims 1 to 17, 

characterized in that the bag comprises CD34+ cells . 

20.  A cell culture incubator, comprising a 

thermostatic enclosure (28) and a device for suppor ting and 

agitating (14) a cell culture cassette according to  one of 

the above claims and means for positioning and lock ing the 
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cell culture cassette (16) in a given position in t he 

support device. 

21.  An incubator according to claim 20, wherein the 

support and agitation device (14) comprises a tray (54) for 

supporting the cell culture cassette (16) which is 

rotatably mounted around a horizontal axis (63) abo ut which 

the tray (54) is intended to oscillate for agitatin g and 

homogenizing the contents of the bag (100). 

22.  Incubator according to claim 21, wherein the 

support and agitation device (14) comprises a conne cting 

rod (64), one upper end of which is connected via a n 

oscillator to the plate (54) and the lower end of w hich is 

connected to a crank (68) rotatably driven by the s haft of 

a motor whose axis (70) is substantially horizontal . 

23.  An incubator according to one of claims 21 to 22, 

wherein the tray (54) carries electromechanical act uators 

(82) for opening/closing the valves (128, 130), one  outlet 

of which carries a second coupling means for cooper ating 

with a first coupling means (154) of the valves (12 8, 130) 

of the cassette when the cassette (16) is in said g iven 

position. 

24.  An incubator according to one of claims 20 to 23, 

comprising a door (22) for sealing an opening (26) of the 

enclosure (28), said opening (26) comprising a peri pheral 

edge (24) in which a recess (32) is formed whose sh ape is 

adapted to receive the support strip (34) for the c onduits 

of a cassette according to claim 15, the strip (34)  forming 

a sealing member between the door (22) and the peri pheral 

edge when the door is in the closed position of the  

enclosure (28). 

25.  An incubator according to one of claims 20 to 24, 

comprising means for controlling the position of th e cell 

culture cassette (16) in the support means. 
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26.  A cell culture automated apparatus comprising at 

least one incubator (12) according to one of claims  20 to 

25, and a computer control system including data ca pture 

and recording means for regulating the culture cond itions 

in an enclosure of said at least one incubator and for 

controlling the valves of the cassette housed in th e 

enclosure. 

27. A method of cell culture by means of an automat ed 

apparatus according to claim 26, characterized in t hat it 

comprises the following steps: 

a)  placing a cell culture cassette (16) according to 

one of claims 1 to 19 inside the incubator enclosur e (12) 

in a thawing position on the support and agitation device 

(14); 

b)  feeding the bag (100) with cells to be cultured; 

c)  placing the cassette (16) on the support and 

agitation device (14) in a cell culture position; 

d)  agitating the cassette (16) for a given period of 

time to homogenize its contents; 

e)  maintaining the cassette (16) under incubation 

conditions for several days; and 

f)  recover the contents of the cassette (16) by 

means of one of the tubes of the cassette (16). 

28. A process according to claim 27, characterized in 

that it comprises:  

- during step d), one or more sampling steps (196) for 

sampling the contents of the bag, each preceded by a step of 

tilting the support tray (54) from a horizontal cul ture 

position to an inclined position in which the sampl ing area 

of the bag (100) represents the lowest point of the  bag 

(100). 

29. A process according to claim 27 or 28, 

characterized in that the cells to be cultured are CD34+ 

cells. 
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30. A pharmaceutical composition for use in the 

treatment of heart failure induced by myocardial 

infarction, characterized in that it comprises cell s 

capable of being produced by culture in the cassett e 

according to any of claims 1 to 19, or in the incub ator 

according to any of claims 20 to 25, or in the auto mated 

apparatus according to claim 26, or by the cell cul ture 

process according to any of claims 27 to 29, said c ells : 

− being human cells, 

− being at least 10 7 cells in number, 

− containing at least 70% human CD34+ cells, 

− comprising human CD34- CD14+ cells in a proportion 

of 1 to 12%, and 

− having a cell diameter of 11.2 ± 0.5 µm. 

 


