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Supplementary Table S1: Details for sources of modulatory proteins, sample size, cells, animals and human subjects in each study included in 
the StoneMod database. 
 

Study Title and References PubMed 
ID 

Sources of kidney stone modulatory proteins 
Commercial In vitro Animal Human 

The calcium oxalate crystal growth inhibitor 
protein produced by mouse kidney cortical cells 
in culture is osteopontin.1 

1414495 - Cellular secretome: 
Primary renal cortical 
tubular cells from 
C57b16 mice 

- - 

Effects of chondroitin sulphate, human serum 
albumin and Tamm-Horsfall mucoprotein on 
calcium oxalate crystallization in undiluted 
human urine.2 

1909472 Purified protein - - Human urine:  
No. of samples: 11 
Gender: Male  
Mean age: 37 years  
Health status: Healthy  

Evidence that nephrocalcin and urine inhibit 
nucleation of calcium oxalate monohydrate 
crystals.3 

1951713 - - - Human urine:   
No. of samples: 2 
Gender: N/A 
Mean age: N/A 
Health status: 1 healthy and 1 
stone former (recurrent calcium 
oxalate stone) 

Inhibitors within the nephron.4 2008908 - - - Human urine:   
No. of samples: N/A 
Gender: N/A 
Mean age: N/A 
Health status: Healthy and stone 
former  

Does Tamm-Horsfall mucoprotein inhibit or 
promote calcium oxalate crystallization in 
human urine?5 

2253402 - - - Human urine:   
No. of samples: 15 
Gender: Male 
Mean age: 30 
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Health status: Healthy  

The dual role of polyelectrolytes and proteins as 
mineralization promoters and inhibitors of 
calcium oxalate monohydrate.6 

2476205 Purified protein - - - 

Possible role of Tamm-Horsfall glycoprotein in 
calcium oxalate crystallisation.7 

2611614 - - - Human urine:   
No. of samples: 11 
Gender: Male  
Mean age: N/A  
Health status: Healthy 

Inhibition of calcium oxalate monohydrate 
crystal aggregation by urine proteins.8 

2750929 Purified protein - - Human urine:   
No. of samples: N/A 
Gender: N/A  
Mean age: N/A (adult) 
Health status: Healthy and stone 
former with recurrent calcium 
oxalate stone 
Calcium oxalate stone: 
No. of samples: N/A 
Gender: N/A  
Mean age: N/A (adult) 
Health status: Stone former 

Crystal adsorption and growth slowing by 
nephrocalcin, albumin, and Tamm-Horsfall 
protein.9 

3202183 Purified protein Cellular secretome: 
Human kidney cells 

- Human urine:   
No. of samples: N/A 
Gender: N/A  
Mean age: N/A (adult) 
Health status: Healthy 

Tamm-Horsfall mucoproteins promote calcium 
oxalate crystal formation in urine: quantitative 
studies.10 

7057493 - - - Human urine:   
No. of samples: N/A 
Gender: N/A  
Mean age: N/A (adult) 
Health status: Healthy 

Tamm and Horsfall glycoprotein does not 
promote spontaneous precipitation and crystal 
growth of calcium oxalate in vitro.11 

7086979 - - - Human urine:   
No. of samples: 15 
Gender: N/A 
Mean age: N/A 
Health status: 6 healthy and 9 
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stone formers with recurrent 
calcium stones 

Characterization of uronic-acid-rich inhibitor of 
calcium oxalate crystallization isolated from rat 
urine.12 

7676539 - - - Human urine:   
No. of samples: N/A 
Gender: Male  
Mean age: N/A (adult) 
Health status: Healthy 

Adhesion of calcium oxalate monohydrate 
crystals to renal epithelial cells is inhibited by 
specific anions.13 

7733317 - Cellular secretome: 
Human renal carcinoma 
cells 

- Human urine:   
No. of samples: 2 
Gender: N/A 
Mean age: N/A 
Health status: Healthy 

The role of Tamm-Horsfall mucoprotein in 
calcium oxalate crystallization. N-
acetylcysteine--a new therapy for calcium 
oxalate urolithiasis.14 

7953256 - - - Human urine:   
No. of samples: 16 
Gender: N/A 
Mean age: N/A 
Health status: 10 healthy and 6 
stone formers with recurrent 
calcium oxalate stones 

Characterization of calcium-binding sites in the 
kidney stone inhibitor glycoprotein 
nephrocalcin with vanadyl ions: electron 
paramagnetic resonance and electron nuclear 
double resonance spectroscopy.15 

7972057 - - Animal kidney: 
Bovine  

- 

The effect of warfarin on urine calcium oxalate 
crystal growth inhibition and urinary excretion 
of calcium and nephrocalcin.16 

8275352 - - - Human urine:   
No. of samples: N/A 
Gender: N/A 
Mean age: N/A 
Health status: Healthy 

Regulation of renal epithelial cell endocytosis 
of calcium oxalate monohydrate crystals.17 

8498532 - Cellular secretome: 
Human kidney cells 

- Human urine:   
No. of samples: 2 
Gender: N/A 
Mean age: N/A (adult) 
Health status: Healthy 
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Effect of Tamm-Horsfall protein on calcium 
oxalate precipitation.18 

8608191 - - - Human urine:   
No. of samples: N/A 
Gender: Male and female 
Mean age: N/A (adult) 
Health status: Healthy 

Identification of a macromolecular crystal 
growth inhibitor in human urine as 
osteopontin.19 

8839390 - - - Human urine:   
No. of samples: N/A 
Gender: N/A 
Mean age: N/A 
Health status: N/A 

Characterization of Ca(2+)-binding sites in the 
kidney stone inhibitor glycoprotein 
nephrocalcin using vanadyl ions: different metal 
binding properties in strong and weak inhibitor 
proteins revealed by EPR and ENDOR.20 

8942630 - - Animal kidney: 
Bovine  

- 

Renal cell osteopontin production is stimulated 
by calcium oxalate monohydrate crystals.21 

9067899 - Cellular secretome: 
- Nontransformed African 
green monkey (BSC-1) 
cells 
- Madin-Darby canine 
kidney (MDCK) cells 
- BALB/c3T3 fibroblasts 

- - 

Contribution of human uropontin to inhibition 
of calcium oxalate crystallization.22 

9453018 - - - Human urine:   
No. of samples: 13 
Gender: 8 males, 5 females 
Mean age: Males = 41, females = 
27 
Health status: Healthy 

Identification of structural domains in inter-
alpha-trypsin involved in calcium oxalate 
crystallization.23 

9607205 - - - Human urine:   
No. of samples: N/A 
Gender: N/A 
Mean age: N/A 
Health status: N/A  
Human serum:   
No. of samples: N/A 
Gender: N/A 
Mean age: N/A 
Health status: N/A 
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Osteopontin antisense oligonucleotide inhibits 
adhesion of calcium oxalate crystals in Madin-
Darby canine kidney cell.24 

9751404 - Cellular secretome: 
Madin-Darby canine 
kidney (MDCK) cells 

- - 

Role of inter-alpha-inhibitor and its related 
proteins in urolithiasis. Purification of an inter-
alpha-inhibitor related protein from the bovine 
kidney.25 

10092154 - - Animal kidney: 
Bovine  

- 

Nucleation of calcium oxalate crystals by 
albumin: involvement in the prevention of stone 
formation.26 

10231440 - - - Human serum:   
No. of samples: N/A 
Gender: N/A 
Mean age: N/A 
Health status: N/A 

Inhibition of calcium oxalate crystal growth and 
aggregation by prothrombin and its fragments 
in vitro: relationship between protein structure 
and inhibitory activity.27 

10429186 - - - Human blood: 
No. of samples: N/A 
Gender: N/A 
Mean age: N/A 
Health status: N/A 

Role of urinary bikunin in the inhibition of 
calcium oxalate crystallization.28 

10541269 - - - Human urine:  
No. of samples: N/A 
Gender: N/A 
Mean age: N/A 
Health status: N/A 

Prothrombin gene expression in rat kidneys 
provides an opportunity to examine its role in 
urinary stone pathogenesis.29 

10541273 - - Animal kidney: 
Wistar rats  

- 

Citrate determines calcium oxalate 
crystallization kinetics and crystal morphology-
studies in the presence of Tamm-Horsfall 
protein of a healthy subject and a severely 
recurrent calcium stone former.30 

10692522 - - - Human urine:   
No. of samples: 2 
Gender: Male 
Mean age: 41 
Health status: 1 healthy and 1 
stone former with recurrent 
calcium stone 

Fibronectin as a potent inhibitor of calcium 
oxalate urolithiasis.31 

11025758 - Cellular secretome: 
Madin-Darby canine 
kidney (MDCK) cells 

Animal kidney: 
8-week-old, 
specific pathogen-
free, male Wistar 
rats 

Human urine:   
No. of samples: 6 
Gender: Male 
Mean age: N/A (26-39 years) 
Health status: Healthy  
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Expression of proteins that inhibit calcium 
oxalate crystallization in vitro in the urine of 
normal and stone-forming individuals.32 

11136174 - - - Human urine:   
No. of samples: 85 
Gender: 50 males, 35 females 
Mean age: N/A 
Health status: 24 healthy males, 
19 healthy females, 26 male stone 
formers, 16 female stone formers 

Strong inhibition of crystal-cell attachment by 
pediatric urinary macromolecules: a close 
relationship with high urinary citrate 
secretion.33 

11549512 - - - Human urine:   
No. of samples: 21 
Gender: Male 
Mean age: children = 6.1, adults 
= 31.5 
Health status: Healthy 

Effect of prothrombin and its activation 
fragments on calcium oxalate crystal growth 
and aggregation in undiluted human urine in 
vitro: relationship between protein structure and 
inhibitory activity.34 

11914105 - - - Human urine:   
No. of samples: 10 
Gender: Male 
Mean age: N/A 
Health status: Healthy 
Human blood:   
No. of samples: N/A 
Gender: N/A 
Mean age: N/A 
Health status: N/A 

Role of Tamm-Horsfall protein and uromodulin 
in calcium oxalate crystallization.35 

12424489 - - - Human urine:   
No. of samples: 30 
Gender: 20 males, 10 females 
Mean age: N/A 
Health status: 10 healthy males, 5 
healthy females and 5 pregnant 
females, 10 male stone formers 

The role of osteopontin on calcium oxalate 
crystal formation.36 

12706004 Purified protein Cellular secretome: 
Engelbreth–Holm–Swarm 
mouse sarcoma cells 

Animal serum: 
Bovine 

Human urine:   
No. of samples: N/A 
Gender: N/A 
Mean age: N/A 
Health status: N/A 
Human milk:   
No. of samples: N/A 
Gender: Female 



Supporting Information  p. 7 of 15 
 

Mean age: N/A 
Health status: N/A 

Renal tubular cell injury and fibronectin.37 13680020 Purified protein  -  -  - 
Identification of Bikunin isolated from human 
urine inhibits calcium oxalate crystal growth 
and its localization in the kidneys.38 

14516400 

 

 -  -  - Human urine:   
No. of samples: 2 
Gender: Male 
Mean age: N/A 
Health status: Healthy 

Molecular modulation of calcium oxalate 
crystallization by osteopontin and citrate.39 

14766970  -  -  - Human urine:   
No. of samples: N/A 
Gender: N/A 
Mean age: N/A 
Health status: N/A 

Renal epithelial cells constitutively produce a 
protein that blocks adhesion of crystals to their 
surface.40 

15100100  - Cellular secretome: 
Nontransformed African 
green monkey renal 
epithelial cells (BSC-1) 

 -  - 

Effects of urinary prothrombin fragment 1 in 
the formation of calcium oxalate calculus.41 

15592049  -  -  - Human urine:   
No. of samples: 20 
Gender: Male 
Mean age: N/A (healthy = 28-43 
years, stone former = 24-40 
years) 
Health status: 8 healthy, 12 
calcium oxalate stone formers 

Regulation by macromolecules of calcium 
oxalate crystal aggregation in stone formers.42 

15864572 Purified protein Cellular secretome: 
Mouse kidney cells 

Animal milk: 
Bovine 

Human urine:   
No. of samples: 52 
Gender: 38 males, 14 females 
Mean age: Healthy = 46, stone 
former = 51 
Health status: 20 healthy males, 5 
healthy females, 18 male stone 
formers, 9 female stone formers  
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Urinary macromolecular inhibition of crystal 
adhesion to renal epithelial cells is impaired in 
male stone formers.43 

16164655  -  -  - Human urine:   
No. of samples: 48 
Gender: 34  males, 14 females 
Mean age: Males = 56.7, females 
= 54.0 
Health status: 17 healthy males, 7 
healthy females,17 male stone 
formers, 7 female stone formers 

Identification of human urinary trefoil factor 1 
as a novel calcium oxalate crystal growth 
inhibitor.44 

16308573  -  -  - Human urine:   
No. of samples: 53 
Gender: 26 males, 27 females 
Mean age: Healthy = 26.1, stone 
former = 45.3 
Health status: 14 healthy males 
and 16 healthy females, 12 male 
stone formers, 11 female stone 
formers (18 new-onset calcium 
oxalate stone formers and 5 
recurrent calcium oxalate stone 
formers) 

How does bovine serum albumin prevent the 
formation of kidney stone? A kinetics study.45 

16671718 Purified protein  -  -  - 

Tamm-Horsfall protein in recurrent calcium 
kidney stone formers with positive family 
history: abnormalities in urinary excretion, 
molecular structure and function.46 

17345077  -  -  - Human urine:   
No. of samples: 78 
Gender: N/A 
Mean age: N/A 
Health status: 34 healthy, 44 
recurrent calcium stone formers 

Renal calcinosis and stone formation in mice 
lacking osteopontin, Tamm-Horsfall protein, or 
both.47 

17898038  -  - Animal urine: 
OPN-null mice  
THP-null mice 

 - 

Control of calcium oxalate crystal growth by 
face-specific adsorption of an osteopontin 
phosphopeptide.48 

17994739 Synthesized 
phosphopeptide 

 -  -  - 
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Urinary trefoil factor 1 is a novel potent 
inhibitor of calcium oxalate crystal growth and 
aggregation.49 

18295252  -  -  - Human urine:   
No. of samples: 5 
Gender: N/A 
Mean age: N/A 
Health status: Healthy 

Phosphorylation of osteopontin is required for 
inhibition of calcium oxalate crystallization.50 

18611047 Synthesized 
phosphopeptide 

 -  -  - 

Phosphorylation of osteopontin peptides 
mediates adsorption to and incorporation into 
calcium oxalate crystals.51 

18728346 Synthesized 
phosphopeptide 

 -  -  - 

Kinetics of calcium oxalate crystal growth in 
the presence of osteopontin isoforms: an 
analysis by scanning confocal interference 
microcopy.52 

19189038  Purified protein - Animal bone: 
Rat 
Animal milk: 
Cow 

 - 

Modulation of calcium oxalate dihydrate 
growth by selective crystal-face binding of 
phosphorylated osteopontin and polyaspartate 
peptide showing occlusion by sectoral 
(compositional) zoning.53 

19581305  -  -  - Human urine:   
No. of samples: 6 
Gender: Male 
Mean age: N/A (23-45 years) 
Health status: Healthy 
Stone: 
No. of samples: 2 
Gender: Female 
Mean age: 67.5 
Health status: Stone former 

The effect of intracrystalline and surface-bound 
osteopontin on the attachment of calcium 
oxalate dihydrate crystals to Madin-Darby 
canine kidney (MDCK) cells in ultrafiltered 
human urine.54 

21883862  -  -  - Human urine:   
No. of samples: 5 
Gender: 2 males, 3 females 
Mean age: N/A 
Health status: Healthy 
Human milk: 
No. of samples: N/A 
Gender: Female 
Mean age: N/A 
Health status: N/A 

On the catalysis of calcium oxalate dihydrate 
formation by osteopontin peptides.55 

22503630 Synthesized 
phosphopeptide 

 -  -  - 
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Novel antilithiatic cationic proteins from human 
calcium oxalate renal stone matrix identified by 
MALDI-TOF-MS endowed with cytoprotective 
potential: an insight into the molecular 
mechanism of urolithiasis56 

23123287  -  -  - Human stone: 
No. of samples: N/A 
Gender: N/A 
Mean age: N/A (>25 years) 
Health status: Stone former 

Reversible inhibition of calcium oxalate 
monohydrate growth by an osteopontin 
phosphopeptide.57 

23611580 Synthesized 
phosphopeptide 

 -  -  - 

Peptides of Matrix Gla protein inhibit 
nucleation and growth of hydroxyapatite and 
calcium oxalate monohydrate crystals.58 

24265810 Synthesized 
phosphopeptide 

 -  -  - 

Natural promoters of calcium oxalate 
monohydrate crystallization.59 

25119124 Purified protein  -  -  - 

The Long Pentraxin PTX3 Is an Endogenous 
Inhibitor of Hyperoxaluria-Related 
Nephrocalcinosis and Chronic Kidney 
Disease.60 

30319631  - Cellular secretome: 
PerC6 human cell line 

-  - 

SIRT3 inhibited the formation of calcium 
oxalate-induced kidney stones through 
regulating NRF2/HO-1 signaling pathway.61 

30548662  - Intracellular protein: 
HK‐2 cells 

 -  - 

Modulatory effects of fibronectin on calcium 
oxalate crystallization, growth, aggregation, 
adhesion on renal tubular cells, and invasion 
through extracellular matrix.62 

30701361 Purified protein   -  - 

N/A = not available or not reported.  
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