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COMPOSITION AND METHOD 

 

FIELD OF THE INVENTION 

 The present disclosure relates to kidney organoids and methods of 

manufacturing the same.  The organoids and methods may be used in a variety of 5 

applications such as disease modelling, drug screening, regenerative medicine and 

scaling up production of kidney cells.   

 

BACKGROUND OF THE INVENTION 

 Kidneys play a major role in removal of waste products and maintain body fluid 10 

volume.  The functional working units are known as nephrons.  The human kidneys 

contains up to 2 million epithelial nephrons responsible for blood filtration all of which 

arise after birth.  No nephron progenitors exist in the postnatal human kidney.  This 

absence of progenitor population ensures no ability for nephron self-renewal and 

therefore, subsequent injury, aging and disease can lead to end stage renal disease 15 

(ESDR).  The limited treatment options used for the treatment of ESDR generally 

places additional stress to the already damaged kidney.  The only available but costly 

treatment options at the late stages of kidney disease is dialysis and/or kidney 

transplantation both of which have significant disadvantages and affect the quality of 

life of the patient.   20 

 The directed differentiation of human pluripotent stem cells (hPSCs), including 

both human embryonic stem cells (hES) and human induced pluripotent stem cells 

(hiPS), to distinct cellular endpoints has enabled the generation of organoid models of a 

variety of human tissues, including the kidney.  Previous organoid models such as those 

discussed in Takasato et al. (2015) Nature, Vol. 526:564-568 are expensive and may 25 

produce organoids having a complex three dimensional structure, restricting their use in 

imaging and screening applications.  These organoids may also be subject to diffusion 

limitations after three weeks in culture, limiting their capacity to generate increased cell 

numbers and their capacity to mature.  This in turn makes current protocols for kidney 

organoid production a suboptimal source of cells for regenerative medicine or disease 30 

modelling.  New kidney organoids and methods for their manufacture are therefore 

required.   
 

SUMMARY 
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 In one aspect, the present disclosure refers to an in-vitro method of producing a 

kidney organoid, the method comprising, swirling a population of intermediate 

mesoderm (IM) cells in a cell culture medium comprising fibroblast growth factor 

(FGF), wherein the kidney organoid has a diameter less than 500  µm and comprises 

NPHS1+ podocytes, LTL+ proximal segments, ECAD+ distal segments and 5 

ECAD+/GATA3+ collecting duct.   

 In another aspect, the present disclosure refers to a kidney organoid comprising 

less than 50 nephrons produced by the method disclosed herein, wherein the organoid 

has a diameter less than 500 µm and comprises NPHS1+ podocytes, LTL+ proximal 

segments, ECAD+ distal segments and ECAD+/GATA3+ collecting duct. 10 

 In yet another aspect, the present disclosure refers to a kidney organoid 

comprising less than 50 nephrons, wherein the organoid has a diameter less than 500 

µm and comprises NPHS1+ podocytes, LTL+ proximal segments, ECAD+ distal 

segments and ECAD+/GATA3+ collecting duct. 

 In yet another aspect, the present disclosure refers to use of a composition which 15 

comprises a kidney organoid disclosed herein or a cellular composition thereof that is 

prepared by dissociating the kidney organoid with a protease either alone or in 

combination with Ethylenediaminetetraacetic acid (EDTA) or with a collagenase, in the 

manufacture of a medicament for the treatment of kidney disease. 

 The present inventors have surprisingly identified kidney organoids having a 20 

simplified three dimensional structure.  Such organoids are advantageous as they are 
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CLAIMS 

 

1. An in-vitro method of producing a kidney organoid, the method comprising, swirling a 

population of intermediate mesoderm (IM) cells in a cell culture medium comprising 

fibroblast growth factor (FGF) , wherein the kidney organoid has a diameter less than 

500  µm and comprises NPHS1+ podocytes, LTL+ proximal segments, ECAD+ distal 

segments and ECAD+/GATA3+ collecting duct.   

 

2. The method of claim 1, wherein the IM cells are swirled in culture for at least 5 days, 

wherein the first 24 hours comprise swirling cells in a cell culture medium comprising 

FGF, heparin, CHIR and rho kinase (ROCK) inhibitor and the next four days comprise 

culturing cells in a cell culture medium comprising FGF, heparin and CHIR.  

 

3. The method of claim 2, wherein the remaining days in culture comprises culturing cells 

in a cell culture medium comprising poly vinyl alcohol (PVA) and methyl cellulose 

(MC).   

 

4. The method of claim 2, wherein the cell culture mediums comprise from 100 to 300 

ng/ml FGF.   

 

5. The method according to any one of claims 2 to 4, wherein the first 24 hours comprise 

swirling cells in a cell culture medium comprising 100 to 300 ng/ml FGF, 0.5 to 1.5 

µg/ml heparin, 0.5 to 1.5 µM CHIR and 9 to 11 µM ROCK inhibitor.   

 

6. The method according to any one of claims 2 to 5, wherein the next four days comprise 

swirling cells in a cell culture medium comprising 100 to 300 ng/ml FGF, 0.5 to 1.5 

µg/ml heparin and 0.5 to 1.5 µM CHIR.   

 

7. The method according to any one of claims 2 to 6, wherein the next four days comprise 

culturing cells in a cell culture medium further comprising PVA and MC. 

 

8. The method according to any one of claims 1 to 7, wherein the IM cells are swirled 

between 30 and 90 rpm.   

 

9. The method according to any one of claims 1 to 8, wherein the IM cells are swirled for 

18 to 24 days. 

 



66 

 

10. The method according to any one of claims 1 to 9, wherein the IM cells are produced 

by culturing a population of stem cells for at least seven days, wherein the first 4 to 5 

days comprise culturing stem cells in a cell culture medium comprising at least 6 µM of 

a Wnt/β-catenin agonist and the remaining days in culture comprises culturing cells in 

a cell culture medium comprising FGF and at least 0.5 µM of a Wnt/β-catenin agonist. 

 

11. The method of claim 10, wherein the Wnt/β-catenin agonist is CHIR, and the FGF is 

FGF9. 

 

12. The method according to claim 10 or 11, wherein the cell culture medium comprising 

FGF further comprises 0.5 to 1.5 µg/ml heparin.   

 

13. The method according to any one of claims 1 to 12, wherein the IM cells are dissociated 

with Ethylenediaminetetraacetic acid (EDTA) or trypsin and passed through a mesh 

screen before swirling.   

 

14. The method according to any one of claims 10 to 13, wherein the stem cells are 

pluripotent stem cells, embryonic stem cells or induced pluripotent stem (iPS) cells. 

 

15. The method according to any one of claims 1 to 14, which comprises swirling an IM 

cell population which comprises from 0.5 x 106 IM cells/ml to 1.5 x 106 IM cells/ml.   

 

16. A kidney organoid comprising less than 50 nephrons, wherein the organoid has a 

diameter less than 500 µm and comprises NPHS1+ podocytes, LTL+ proximal 

segments, ECAD+ distal segments and ECAD+/GATA3+ collecting duct.   

 

17. The kidney organoid according to claim 16, which comprises cells expressing high 

levels of any one or more of PAX2, SIX1, LHX1, OSR1, WNT11, GATA3, PAX8, 

EYA1 and CITED1 relative to kidney organoids cultured without swirling.   

 

18. The kidney organoid according to claim 16 or 17, which comprises cells expressing low 

levels of any one or more of PDGFRA, MEIS2, WT1 and/or C-RET relative to kidney 

organoids cultured without swirling.   

 

19. The kidney organoid according to any one of claims 16 to 18, which comprises at least 

25% mature nephron and at least 15% stroma. 
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20. The kidney organoid according to any one of claims 17 to 19, which comprises 1 x 104 

to 5 x 104 cells.   

 

21. The kidney organoid according to any one of claims 17 to 20, which has a diameter of 

250 to 500 µm.   

 

22. The kidney organoid according to any one of claims 17 to 21, wherein the kidney 

organoid remains viable in swirler culture for at least three weeks.   

 

23. The kidney organoid according to any one of claims 17 to 22, wherein the nephrons 

comprise GATA3+/ECAD+ collecting duct, GATA3-/LTL-/ECAD+ early distal tuble , 

LTL+/ECAD- early proximal tuble  and WT1+ glomerulus.   

 

24. Use of a composition which comprises a kidney organoid according to any one of claims 

17 to 23 or a cellular composition thereof that is prepared by dissociating the kidney 

organoid with a protease either alone or in combination with Ethylenediaminetetraacetic 

acid (EDTA) or with a collagenase, in the manufacture of a medicament for the 

treatment of kidney disease.   
 

 

 


