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Claims

1. A membrane for selective separation of target stem cells from a single-cell 

suspension containing stem cells, whereby said single-cell suspension is 

obtained from a biological sample containing stem cells, 

wherein the membrane consists of a 3D carrier structure made of at least one 

layer of a biocompatible polymer with pores, wherein said biocompatible 

polymer is inert towards the target stem cells, meaning that it should not 

influence essential characteristics of the target stem cell, 

wherein the pores have a diameter in the range from 200 to 500 µm for enabling 

a free flow of the input single-cell suspension through the carrier structure

and wherein the carrier structure has on its surface and/or in the pores

covalently bound selected target molecules for recognizing characteristic 

antigens on the surface of the target stem cells to be isolated, and for specific 

binding to the characteristic antigens on the surface of the target stem cells to 

be isolated, for selective retrieval of target stem cell subpopulation only, by 

binding the target stem cells to be isolated to the selected target molecules.

2. The membrane according to claim 1, wherein each individual layer of the carrier 

structure is either of a structured geometry with a shape, size and distribution 

of the pores uniform throughout the layer or of an unstructured geometry with 

a shape, size and distribution of the pores coincidental throughout the layer.

3. The membrane according to claims 1 or 2, wherein when the carrier structure 

is formed of several layers of structured or unstructured geometry, the individual 

layers are prepared from the same or different biocompatible polymers and the 

geometry of individual layers is the same or different.

4. The membrane according to any one of the previous claims, wherein the 

membrane additionally includes functionalized nanoparticles in situ integrated 

into/onto the membrane structure, into a biocompatible polymer from which the 

carrier structure is made, whereby target molecules are covalently bound onto 

the functionalized nanoparticles via their surface functional groups.
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5. The membrane according to any one of the previous claims, wherein 

biocompatible polymers include woven and nonwoven natural materials, 

semisynthetic materials and synthetic materials.

6. The membrane according to claim 5 wherein the woven and nonwoven natural 

materials are selected from derivatives of polysaccharides, alginate (ALG), 

carboxymethyl cellulose (CMC), viscose (VIS), silk, collagen, nanofibrillated 

cellulose (NFC) and combinations thereof, the semisynthetic materials are 

selected from chitosan (CHI) with derivatives, cellulose and combinations 

thereof, and the synthetic materials are selected from  polycaprolactone (PCL), 

polyethylene terephthalate (PET), polybuthylene terephthalate (PBT), 

polypropylene (PP), polyhydroxyethylmethacrylate (PHEMA), poly(N-(2-

hydroxypropyl) methacrylamide) (PHPMA), polyvinyl alcohol (PVA), 

polyethylene oxide (PEOX), polyamidoamine (PAMAM) dendrimers, 

polyethylenimine (PEI) dendrimers and combinations thereof.

7. The membrane according to claim 6 wherein the biocompatible polymers are 

selected from PCL, CMC, HIT, ALG, PET, PEOX and PHEMA/PHPMA.

8. The membrane according to any one of the previous claims, wherein said target 

molecule is an entire antibody or part of the antibody that recognizes the 

characteristic antigen on the surface of the target stem cell and enables specific 

binding to the characteristic antigen.

9. The membrane according to claim 8 wherein the antibodies recognize the 

following antigens: CD90, CD146, CD44, CD73, CD105, CD34, STRO-1, 

STRO-3.

10.The membrane according to any one of the previous claims, wherein 

functionalized nanoparticles are inorganic, organic, hybrid, composite, 

magnetic or combinations thereof; and consist of metals or their alloys and/or 

metal oxides and/or polymers or any combination of the above basic materials 

and have on their surface functional groups.
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11.The membrane according to claim 10, wherein the functional groups are, 

selected from NH2, OH, COOH, and SH.

12. A process for the production of an activated membrane for separation of target 

stem cells, wherein said process comprises the following phases:

- pre-preparation of functionalized nanoparticles which have functional groups 

on their surface for covalently binding the target molecules which recognize and 

bind characteristic antigens bound to the surface of the stem cells; 

- integration of pre-prepared functionalized nanoparticles into/onto the carrier 

structure during the membrane production process, wherein the carrier 

structure with the pores having a diameter in the range from 200 to 500 µm is 

made of a biocompatible polymer inert towards the target stem cells, meaning 

that it should not influence essential characteristics of the target stem cells, 

wherein the carrier structure is produced by a 3D printing technique, whereby 

functionalized nanoparticles are “in situ” integrated or chemically bound into the 

volume, surface and/or the pores of the carrier structure ;

- membrane activation, whereby the carrier structure with integrated 

functionalized nanoparticles is immersed into a solution of target molecules or 

the active molecules’ solution is put by pipetting onto predefined spots on the 

carrier structure, whereby the target molecules bind to the above functional 

groups of functionalized nanoparticles.

13.The process according to claim 12, wherein the integration of pre-prepared 

functionalized nanoparticles into the carrier structure includes melting of the 

biocompatible polymer, adding previously “in situ” prepared functionalized 

nanoparticles with surface functional groups to the melt, which is followed by 

the production of the carrier structure, during which the functionalized 

nanoparticles are integrated into the membrane structure. 

14.The process according to claims 12 or 13, wherein the process includes 

additional processing of the surface of the carrier structure with integrated 

functionalized nanoparticles to increase the number of active sites on the 
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surface and/or in the pores of the carrier structure, whereby said additional 

surface processing include mechanical, chemical or plasma processing.

15.The process according to claims 12 to 14, whereby the membrane activation 

through functionalized nanoparticles can also be performed before the 

membrane production, whereby to the melt of the selected biocompatible 

polymer “in situ” pre-prepared biofunctionalized nanoparticles with already 

bound target molecules to their surface functional groups are added, which is 

followed by the membrane production via 3D printing whereby the 

biofunctionalized nanoparticles with bound target molecules are integrated in 

the carrier structure during the production process thereof.

16.A process for the production of an activated membrane for separation of target 

stem cells, wherein said process includes:

- production of a carrier structure with the pores having a diameter in the 

range from 200 to 500 µm by a 3D printing technique from a 

biocompatible polymer(s), inert towards the target stem cells, meaning 

that it should not influence essential characteristics of the target stem 

cells, followed by chemical processing of the carrier surface, to obtain

covalently bound surface functional groups on the surface and/or the 

volume and/or in the pores of the carrier structure, or 

- production of a carrier structure with the pores having a diameter in the 

range from 200 to 500 µm by a 3D printing technique from a 

biocompatible polymer(s), inert towards the target stem cells, meaning 

that it should not influence essential characteristics of the target stem 

cells, wherein the selection of the biocompatible polymer itself ensures 

the carrier structure to feature surface functional groups selected from 

NH2, OH, COOH, SH on the surface and/or the volume and/or in the 

pores of the carrier structure;

- membrane activation, whereby target molecules bind to the above 

surface functional groups, wherein membrane activation is performed 

either directly onto said carrier structure during the production of the 

carrier structure by pipetting of an active molecules’ solution onto 
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predefined spots on the carrier structure, or subsequently by immersing 

said carrier structure into a solution of target molecules.

17.A process for separation of target stem cells from biological samples using the 

membrane, according to claims 1 to 11, wherein said process comprises:

- preparation of an input single-cell suspension, whereby the input single-cell 

suspension comprises target stem cells as well as other non-target cells which 

are other tissue cells, non-target stem cells, cellular debris and other 

components present in the biological sample, whereby the size of individual 

cells and/or possible smaller cell clusters in the suspension does not exceed 

the membrane pore size and the density of the input single-cell suspension is 

kept below 2x108cells/mL;

- separation of the target stem cells from the input suspension occurs on the 

basis of the free flow of the input single-cell suspension through at least one 

membrane, whereby target stem cells are caught onto the membrane surface 

and in the pores due to the specific recognition and binding between the 

characteristic antigens on the surface of the target stem cells and target 

molecules bound to the membrane.

18. The process according to claim 17, wherein the preparation of the input single-

cell suspension includes biological sample disintegration processes selected 

from one or more of: mechanical processing, chemical processing, and 

enzymatic processing.

19.The process according to claim 18 wherein the mechanical processing is 

maceration, cutting, scraping, or centrifugation or combinations thereof; the 

chemical processing is processing with erythrocyte lysis buffer, or adding of 

anticoagulants or combination thereof; and enzymatic processing is the use of 

collagenase, hyaluronidase, trypsin or combinations thereof.

20. The process according to any one of claims 17 to 19, wherein the preparation 

of the input single-cell suspension includes mechanical filtering using mesh 

filters with porosity between 10 and 100µm, provided the mesh filter material 

does not bind the target stem cells and whereby mesh filters are used 
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individually or as a cascade of successive filters with a decreasing pore size 

and whereby individual filters in the cascade are made of different materials.

21.The process according to any one of claims 17 to 20, wherein the preparation 

of the input single-cell suspension includes a step for erythrocyte removal 

before mechanical filtering.

22.The process according to any one of claims 17 to 21, wherein the size of 

individual cells and/or possible smaller cell clusters in the suspension does not 

exceed 70µm in at least two dimensions and the density of the input single-cell 

suspension is between 1x106 and 1x107 cells/mL.

23.The process according to claims 17 to 22, wherein the appropriate density of 

the input single-cell suspension is achieved by adding physiological buffer to 

achieve dilution or by increasing their amount in the suspension through 

concentration, if necessary.

24.The process according to claims 17 to 23, wherein the process includes cell 

separation using several membranes in a cascade whereby every subsequent 

membrane arranged in the cascade having the same or smaller pore 

dimensions.

25.The process according to claims 17 to 24, wherein the process includes 

removal of target stem cells from the membrane, whereby the processes for 

removal include, physical or mechanical processes; physicochemical 

processes; biochemical processes; chemical processes; affinity processes; and 

combinations thereof, 

whereby said processes can be used individually or in combination or as 

cascade systems of same or different processes with any number of repetitions.

26. The process according to claim 25, wherein the physical or mechanical 

process is a change of pressure; the physicochemical processes is ionic 

strength variation by adding salt, buffers, or ultra-pure water rinsing; the 

biochemical process is use of enzymes cleaving the bond between the antigen 
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and the membrane; the chemical process is reduction of disulfide bonds to thiol 

groups; and the affinity process is adding compounds with a greater affinity to 

the selected active functionalization surface than cells.

27.A device for the separation of target stem cells from the biological sample using 

the membrane according to claims 1 to 11, wherein said device consists of a 

housing containing electronic and mechanical components with a 

corresponding regulation 

and of an exchangeable cassette, whereby  the exchangeable cassette 

comprises a collection container (FC) for the input single-cell suspension, a 

mixing chamber (MIX) where by adding physiological buffer from the container 

(PBS) the density of the input single-cell suspension below 2x108 cells/ml is 

ensured, if necessary,  at least one membrane (AM) for the separation of the 

target stem cells from the single-cell suspension, a waste container (W) and a 

collector (SC) for the suspension of the target stem cells.

28.The device according to claim 27, wherein the electronic component includes 

an UPS power supply, flow and temperature sensors to ensure flow and 

optimum temperature of 37°C control, a cell counter, analogue to digital 

converters (ADC) and electrical converters.

29.The device according to claims 27 or 28, wherein the mechanical part of the 

device includes valve systems, a pump system and/or compressor, a guide 

system for opening/closing the part where the exchangeable cassette is 

inserted, clips for fixing the cassette into the device housing as well as a fluid 

system connection based on speed clips to simplify cassette exchange.

30.The device according to any one of claims 27 to 29, wherein the supply of the 

input single-cell suspension onto the membrane (AM) is regulated 

automatically, whereby a cell counter detects the amount of cells and keeps the 

density of the input suspension below 2x108 cells/mL by automatically adding 

physiological buffer from the container (PBS).



32

31.The device according to any one of claims 27 to 30, wherein the cell counter is 

functioning based on the principle of bioimpedance and consists of two 

electrodes made of any material detecting the change in electrical resistance, 

whereby the cell counter is installed in two parts of the device, namely at the 

site before the input single cell suspension reaches the membrane (AM) and 

before the sterile target stem cell suspension in the physiological buffer reaches 

the container (SC).

32.The device according to any one of claims 27 to 31, wherein the device includes 

cleaning cassette for self-cleaning, whereby self-cleaning is performed 

automatically and in accordance with the protocol for automatic self-cleaning.

33.The device according to any one of claims 27 to 32, wherein the sensors are 

connected with the hub computer with a touchscreen with a correspondent 

interface and the device is connected to the Internet using the hub computer’s 

LAN port.




