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CLAIMS 

1. A microfluidic device (1; 8) for the production of cellular spheroids comprising at least 

one chamber (2; 9) comprising a fluid inlet (3) for introducing fluid into the chamber (2; 9) 

and a fluid outlet (4) for removing said fluid from the chamber (2, 9), in which the at least one 

chamber (2; 9) comprises a base formed by a substrate (5; 10) comprising at least two recesses 5 

(6; 11) to collect a fluid comprising biological cells when the substrate (5, 10) is contacted 

with the fluid, in which the size of the at least two recesses (6; 11) decreases from the fluid 

inlet (3) to the fluid outlet (4) of the at least one chamber (2; 9). 

2. A device (1; 8) according to Claim 1, in which the substrate (5; 10) comprises, consists 

of or is coated with a biocompatible material, preferably in which the biocompatible material 10 

is a silicone or a plastic material or glass, more preferably in which the biocompatible material 

is selected from the group consisting of a polystyrene, cycloolefin-copolymer, 

polymethylmethacrylate, cyclo-olefin polymer, polydimethylsiloxane, polycarbonate (PC), 

polypropylene (PP), polyvinylchloride (PVC), perflouropolyether (PFPE), polyurethane, 

poly(ethyleneterephthalate) (PET), polyester and thiol-enes. 15 

3. A device (1; 8) according to Claim 1 or 2, in which the at least two recesses (6; 11) 

and/or the substrate (5; 10) is/are coated at least partially with an anti-fouling layer, preferably 

in which the anti-fouling layer is selected from a material of the group consisting of 

polyethylene glycol (PEG)- based polymers, preferably PLL-g-PEG or PEGS having different 

lengths, varying from about 22 to 450 repeating units, and/or corresponding to a molecular 20 

weight in the range of 1000 to 20000Da, polybetaines, such as poly(sulfobetaine) (PSB) or 

poly (carboxybetaine) (PCB), polyampholytes, fluorinated-polymers, polysaccharides, such as 

agar or agarose, polyhdroxy-polymers, such as poly(2-hydroxyethyl methacrylate (poly-

HEMA) or poly-hydroxypropyl methacrylate (poly-HPMA), poly(ethylene oxide), 

hydroxypropyl methylcellulose (HPMC), poly(vinyl alcohol) (PVA), poly(2-hydroxyethyl 25 

methacrylate) (pHEMA), poly(acrylic acid) (PAA), dextran, hydroxylethylcellulose (HEC), 

natural biopolymers (Hydrophobines, S-layer protein SbpA), anti-fouling nanointerfaces such 

as polyelectrolyte multilayers (PEMs), self-assembled monolayers (SAMs), nonionic 

surfactants such as polyoxyethylene dodecanol, Tween-20, n-dodecyl-D-maltoside (DDM) 

and pluronics (triblock copolymers PEO-b-poly(propylene oxide)-b-PEO), and silanes such as 30 

3-glycidoxypropyltrimethoxysilane (GPTMS) and 3-chloropropyltrichlorosilane (CPTMS) 

and (3-aminopropyl)triethoxy silane (APTES). 



 
 

22 

4. A device (1; 8) according to Claim 1, 2 or 3, in which the at least two recesses (6; 11) 

have the shape of a hemisphere, a spherical cap, a semi ellipsoid, a cone, a truncated cone, a 

terraced cone, a pyramid, a truncated pyramid, a terraced pyramid, a torus, or an elliptic 

paraboloid. 

5. A device (1; 8) according to Claim 4, in which with the at least two recesses (6; 11) 5 

having the shape of a spherical cap the spherical cap has a polar angle (α) of 30° to 90°, 

preferably 40° to 90°, more preferably 50° to 90°, more preferably 60° to 90°, more preferably 

70° to 90°, more preferably 80° to 90°, more preferably 85° to 90°. 

6. A device (1; 8) according to Claim 4, in which with at least two recesses (6; 11) having 

the shape of an elliptic paraboloid at least a part of a shell surface (18) of the paraboloid is 10 

formed by a parable with the formula y=A*xB rotated in space, in which A is between 0.05 

and 10, preferably 0.05, 0.1, 0.25, 0.5, 0.75, 1, 2, 3, 4, 5, 6, 7, 8, 9 or 10, and B is 2, 4 or 6. 

7. A device (1; 8) according to any preceding claim, in which the at least two recesses (6; 

11) have a depth of 50 µm to 1mm, preferably 50 µm to 800 µm, more preferably 50 µm to 

500 µm. 15 

8. A device (1; 8) according to any preceding claim, in which the at least two recesses (6; 

11) have a width or diameter of 100 µm to 2 mm, preferably 100 µm to 1.5 mm, more 

preferably 100 µm to 1 mm. 

9. A device (1; 8) according to any preceding claim, in which the ratio of depth to width of 

the at least two recesses (6; 11) is between 1 to 1 and 1 to 3, preferably 1 to 1 to 1 to 2. 20 

10. A device (1; 8) according to any preceding claim, in which the at least two recesses (6; 

11) have a different size and shape. 

11. A device (1; 8) according to any preceding claim, in which the at least two recesses (6; 

11) are spaced apart from each other at a distance from 10 µm to 6 mm, preferably 20 µm to 6 

mm, more preferably 30 µm to 6 mm, more preferably 50 µm to 6 mm, more preferably 70 25 

µm to 6 mm, more preferably 100 µm to 6 mm, more preferably 100 µm to 5 mm more 

preferably 100 µm to 4 mm. 

12. A device (1; 8) according to any preceding claim, in which the at least two recesses (6; 

11) are grouped and the recesses (6; 11) of each group (7a-7e) have the same size and/or the 
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same shape and the recesses (6; 11) of different groups (7a-7e) have different sizes or different 

sizes and different shapes, preferably in which one group (7a-7e) of recesses (6; 11) is spaced 

apart to another group of recesses (6; 11) at a distance of 200 µm to 10mm. 

13. A system (13, 20) for the production of cellular spheroids comprising at least one 

microfluidic device (1; 8) according to any preceding claim. 5 

14. Use of a device (1; 8) according any of Claims 1 to 12 or system (13, 20) according to 

Claim 13 for the production of cellular spheroids. 

15. Use of a system (13, 20) according to Claim 13 for determining the influence of varying 

substance concentrations on cellular spheroids. 

16. A method for the production of cellular spheroids comprising the steps of: 10 

- applying a fluid comprising biological cells into at least one chamber (2; 9) of a device 

(1; 8) according to any of Claims 1 to 12 and thus providing said fluid to the at least two 

recesses (6; 11); and 

- incubating the device (1; 8) comprising said fluid for at least 2 hours until at least one 

cellular spheroid is formed in the at least two recesses (6; 11). 15 

17. A method according to Claim 16, in which the device (1; 8) comprising said fluid is 

incubated for a maximum of six months, preferably for a maximum of three months, more 

preferably for a maximum of one month, preferably for a maximum of 14 days, preferably for 

a maximum of 7 days, preferably for a maximum of 96 h, preferably for a maximum of 72 h, 

preferably for a maximum of 48 h. 20 

18. A method according to Claim 16 or 17, in which the fluid comprising biological cells is 

applied into the at least on chamber (2; 9) with a velocity in the range of 4µL/min to 8µL/min. 

19. A method according to Claim 16 or 17, in which with a substrate (5; 10) comprising at 

least two recesses (6; 11) of different size the cellular spheroids are eluted by successively 

rinsing the at least one chamber (2; 9) with a discharging fluid with different velocities. 25 

20. A method according to Claim 19, in which the velocity for eluting the spheroid(s) is in 

the range of 0.5µL/min to 120 µL/min, preferably at least 100µL/min for a recess with a width 

or diameter between 900µm and 1000µm, is at least 30µL/min for a recess with a width or 
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diameter between 500µm and 700µm and/or is at least 20µL/min for a recess with a width or 

diameter between 150µm and 300µm. 




