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Abstract: 

The interplay between mesenchymal stem cells (MSCs) and immune cells has been studied for 

MSCs isolated from different tissues. However, the immunomodulatory capacity of urine stem 

cells (USCs) has not been adequately researched. The present study reports on the effect of 

USCs on peripheral blood lymphocytes. USCs were isolated and characterized before co-

culture with resting and with anti-CD3/CD28 bead stimulated lymphocytes. Similarly to bone 

marrow mesenchymal stem cells (BM-MSCs), USCs inhibited the proliferation of activated T 

lymphocytes and induced their apoptosis. However, they also induced strong activation, 

proliferation, and cytokine and antibody production by B lymphocytes. Molecular phenotype 

and supernatant analysis revealed that USCs secrete a range of cytokines and effector 

molecules, known to play a central role in B cell biology. These included B cell-activating 

factor (BAFF), interleukin 6 (IL-6) and CD40L. These findings raise the possibility of an 

unrecognised active role for kidney stem cells in modulating local immune cells. 

Significance statement: 

The active role of stem cells in maintaining tissue homeostasis has been well documented, 

particularly their ability to modulate the local immune response. Our study on the 

immunomodulatory properties of USCs shows that, like MSCs, they are capable of modulating 

immune cells. However, we uncovered an unknown capacity of USCs, residents of the kidney, 

to promote B lymphocyte functions, which could potentially change our understanding of the 

kidneys’ normal immune environment and immune-mediated nephropathy. Further, our 

findings reveal a new possible therapeutic use of USCs as an immune adjuvant with clinical 

implications. 
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1. Introduction 

Urine cytology has remained one of the most commonly used diagnostic tools in nephrology 

since it was first described almost 100 years ago [1].  The ability of some urine cells to grow 

in culture has been known since the 1970s [2]. However, the isolation and culture of 

undifferentiated cells from the urine with the capacity to expand, express mesenchymal stem 

cell (MSC) markers and differentiate into different lineages, has transformed this diagnostic 

tool into an important source of MSCs [3,4]. 

MSCs were first isolated from the bone marrow by Friedenstein et al. as fibroblast-like cells 

capable of differentiating into adipocytes, chondrocytes and osteoblasts [5,6]. Since then, 

similar cells have been found in small numbers in most adult tissues. MSCs strategically reside 

in perivascular spaces, from where they mobilize in response to local or distant tissue damage 

to promote tissue repair and healing [7]. Besides their regenerative capacity, MSCs have an 

immune-regulatory function [8,9],  inhibiting most immune cells, including T cells [10], natural 

killer cells [11], monocytes and dendritic cells [12].  

MSCs have been successfully cultured from different tissues such as umbilical cord, adipose 

tissue, endometrium, placenta, dental pulp and recently, urine (USCs) [7,13-15]. The renal 

origin of USCs was first discovered when the male karyotype of USCs was isolated from a 

female recipient of a male kidney donor. This was further confirmed by the expression of renal 

parietal cell markers and the close correlation between renal progenitor cells’ transcriptome 

and USCs’ transcriptome [16,17].  

The non-invasive way of isolating USCs has quickly drawn attention to urine as a source of 

MSCs with a higher proliferation rate and higher myogenic, neurogenic and endogenic 

differentiation potential compared to other types [18-20].  

USC characterization studies have shown unique podocyte markers expression as well as the 

secretion of growth factors and cytokines, such as VEGF, HGF, IGF-1, IL-6 and IL-8 [21] , all 

of which can modulate the immune cells [22-26]. These studies suggest that USCs could have 
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immunomodulatory properties. Moreover, recent research on the potential use of USCs for 

inflammatory bowel disease (IBD) has shown that USCs negatively modulate T cell functions 

[27]. However, compared to BM-MSCs, the immunomodulatory properties of USCs remain to 

be properly addressed. 

In this study, we report on the effect of USCs on human peripheral blood lymphocytes in resting 

and activated culture conditions. BM-MSCs were used as a control in the proliferation study. 

We found that USCs modulate the function of both T and B lymphocytes. The effect of USC 

co-culture on T cells is similar to that of MSCs; USCs suppressed in vitro stimulated T cell 

proliferation and induced their apoptosis. 

Surprisingly, USCs had a profound yet opposite effect on resting B cells; they stimulated B 

cell activation, proliferation across B cell sub-populations, including transitional, naïve and 

memory cells and induced antibody production. The stimulatory effect on B cells was mediated 

by both cell-cell contact and the secreted factors. USCs secrete a range of B cell 

immunostimulatory molecules such as soluble CD40L, BAFF and IL-6, known to provide 

survival signals to B cells.  

We believe that this previously undescribed effect of urine-derived kidney stem cells on B cells 

is of particular importance given the increasing evidence of stem cells’ contribution to tissue 

homeostasis and the central role that the immune system plays in the kidney. 

2. Material and Methods 

2.1. Human USCs isolation and expansion 

Urine samples were collected from 6 healthy volunteers, aged between 22 and 45 years with 

no history of chronic illness or urinary tract infection symptoms during the previous 3 months, 

UniSA Human Ethics Committee approval no. 35945. USCs were isolated following the 

previously described protocol [28]. Samples were centrifuged (400g for 10 minutes), followed 
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by two washes of the pellets with phosphate-buffered saline (PBS) by centrifugation as above. 

The cell pellet was then resuspended in 2 ml of Renal Epithelial Cell Growth Medium 

BulletKit™ (REGM™; Lonza, Switzerland), 10% foetal bovine serum (FBS) (Gibco, USA) 

containing 100 μg/ml penicillin and streptomycin (P/S), seeded on tissue culture 4-well plates 

(Thermo-fisher, USA), coated with tissue culture certified gelatine (SCT, USA), and cultured 

at 37°C in a 5% CO2. After 48 hours of culture, 50% of the media was replaced with new media 

and cultured for another 24 hours. Then, the culture media was gradually replaced by expansion 

media, composed of a 1:1 DMEM/F-12 and REGM™, 10% FBS, 100 μg/ml P/S, 1% NEAA 

(Gibco, USA), 5 ng/mL of bFGF, PDGF-BB and EGF (Peprotech, USA). During the culture, 

expansion media was replaced daily with a 50% fresh expansion medium. Confluent (80–90%) 

cells were detached with TryplE (Gibco, USA) and re-plated at 3000 cell/cm2 in expansion 

media.  

2.2. BM-MSCs culture and expansion 

Human BM-MSCs were purchased from Lonza (Cat. No. PT-2501), cultured as described by 

the manufacturer using Mesenchymal Stem Cell Growth Medium BulletKitTM (Lonza, 

Switzerland) and expanded similar to USCs.  

The absence of Mycoplasma or Alcoplasma contamination was tested by analysis of the USCs 

and BM-MSCs culture supernatant by PCR [29]. 

2.3. USCs characterization 

USCs at passage 3-4 were collected, washed once with PBS and stained for CD73, CD105, 

CD14, CD34, CD45, HLA-DR, HLA-ABC, CD178, CD276, CD29, CD54, CD106 and isotype 

control antibodies (Supplementary Table S1) for 30 minutes at 4ºC. Then, the USCs were 

washed with PBS and analysed by FACScanto flow cytometry (BD, USA).  
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2.4. Confocal microscopy 
BM-MSCs and USCs at passage three were cultured over coverslips, washed twice before 

fixing with 4% paraformaldehyde (30 mins). Cells were washed (X3) and blocked with bovine 

serum albumin (BSA) (10 mg/mL) and glycine (22.52 mg/mL) (30 mins) at room temperature. 

Cells were incubated with mAb to CD54 and isotype control diluted in PBS containing BSA 

(10 μg/mL), overnight in humidified chamber at 4 °C. Cells were washed and incubated with 

anti–mouse Alexa flour 647 according to manufacture instructions for 1 h at room temperature. 

Cells were washed and mounted using DAPI mounting media (Sigma-Aldrich, USA) for 

confocal microscope visualization (Olympus FV3000 Confocal Microscope, Japan). 

2.5. USCs differentiation potential   
USCs were collected from passage 4 and differentiated to either adipocytes, osteoblasts or 

chondrocytes for 21 days, followed by testing their differentiation using specific stains i.e. Oil 

red O for adipocytes, Alizarin Red for osteoblasts and Toluidine Blue for chondrocytes, all 

following a previously described protocol [30]. 

2.6. Peripheral Blood Mononuclear Cells (PBMC) isolation   

Fresh blood samples were collected from 6 healthy donors after informed consent (Human 

ethics approval no. 35760). PBMC were isolated by the Ficoll method [31] and washed three 

times with PBS. The cell pellet was resuspended in complete media (CM) composed of IMDM 

(Gibco, USA) media, supplemented with 10% FBS, 2 mM L-glutamine and 100 µg/ml P/S. 

For B cell isolation, EasySep™ Human B Cell Enrichment Kit was used following the 

manufacturer’s protocol (Stem Cell, USA), achieving a purity >97%. To study the B cell sub-

populations, B lymphocytes were sorted out according to the expression of CD27, CD24 and 

CD38 into 3 sub-populations: transitional cells (CD27-CD38++CD24++), naïve cells (CD27-

CD38+CD24+) and memory cells (CD27+CD38+CD24++), using a FACSAria™ cell sorter (BD 

Bioscience, USA), achieving >98% purity, as described [32-34].  
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2.7. Co-culture studies 

To test the effects of USCs on the immune cells, mycoplasma free USCs vs BM-MSCs, were 

co-cultured with PBMC. USCs or BM-MSCs were plated at 2.6 X 104 cells/cm2 on gelatine-

coated 24-well plates. After 24 hours, cells were treated with Mitomycin C 10 µg/ml (Sigma-

Aldrich, Germany) for 2 hours then washed with PBS twice. Cells grown in control wells were 

detached and counted prior to PBMCs co-culture. CFSE labelled PBMC in CM were added to 

the wells at a final ratio of 1:5. To study the effect of USCs in the immune stimulated PBMC 

condition, similar experiments were performed in the presence of anti-CD3/CD28 beads 

(Dynabeads™ Human T-Activator CD3/CD28, Thermo-Fisher, USA) at 1:4 beads/T cells 

ratio. Trans-well studies were carried out similarly using Trans-well inserts of 0.4 μm pore size 

(Corning, USA) [35]. USCs effect on B cells was also tested using USCs and purified B cells 

or B cell sorted sub-populations co-cultures at the same ratio. 

2.8. Proliferation study 

Proliferation was assessed by labelling the lymphocytes with CFSE (10 µM final 

concentration) using CellTrace™ (Thermo-Fisher, USA), following manufacturer instructions, 

before co-culture with USCs or BM-MSCs. Cells were co-cultured for 5 days and the 

percentage of divided cells was measured as previously described [36]. Cell viability was 

determined by Propidium Iodide (PI) staining or with FITC conjugated Annexin V (BD, USA) 

[37]. PBMC samples experimenting basal proliferation above 10% were excluded. 

2.9. Activation marker expression 

Lymphocyte activation markers (CD69 and CD40) were measured following PBMC co-culture 

with USCs for 24 hours. CpG-B ODN 2006 (3.2 µg/ml, Geneworks, Australia) was used as a 

positive control for B cell CD69 activation [38].  
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2.10. Antibody and cytokine quantification 

Supernatant cytokine and Immunoglobulin isotypes concentrations were measured after 48 

hours and five days respectively, by flow cytometry-based multiplex using a B cell panel 13 

multi-analyte array (Cat.No.740527) and a human immunoglobulin isotyping panel 

(Cat.No.740637), following the manufacturer’s protocol (BioLegend, USA).  

2.11. RNA sequencing  
USCs were processed for RNA sequencing using RNeasy Mini Kit (Qiagen, Germany) 

followed by DNase treatment. cDNA and gene libraries were generated using an Illumina 

MiSeq paired-end 300 bp protocol (Illumina, USA) performed at BIOZERON Biotechnology 

Co. (Shanghai, China). Overexpressed immune-related genes were queried using the online 

database, DAVID ontology [39], followed by gene ontology analysis for immune process using 

“clusterProfiler” R package [40]. Bar plots were generated using ggplot2 R package [41]. 

2.12. Statistical analysis 

Statistical analysis was performed using the GraphPad Prism software (GraphPad, CA, USA). 

The data were presented as Mean± SEM. Assuming a normal distribution of the data (using the 

Shapiro–Wilk normality test), the Paired Student t-test analysis was used to compare the mean 

of marker expression, cytokine concentration and FlowJo-calculated means of percentage of 

proliferating cells between two groups. Repeated Measurement One-way ANOVA followed 

by multiple comparisons using the Tukey test were used to test the significance between 

different groups. Geisser-Green house correction was employed whenever there was unequal 

variance, where Tukey test computed individual variance for each comparison. To normalize 

the distribution, the cytokine results underwent prior logarithmic transformation. The result 

was considered only significant if p-value <0.05. The experiments were repeated at least three 

times.  
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3. Results 

3.1. USCs characterization 

USCs were initially cultured in 4-well plates where cell clones started to appear between Day 

7 and Day 13 of culture, with predominantly stellate shaped morphology and intercellular 

projections (Fig 1A, B). The growth rate of the cells was proportional to their density, with an 

initial lag phase leading into a stage of exponential growth, doubling after two to three days up 

to passages seven or eight (Fig 1C). 

The USCs mesenchymal nature was confirmed by testing their differentiation potential into 

adipocytes, osteoblasts and chondrocytes where the successful induction, unlike the untreated 

cells (Fig. 1D-1F),  demonstrated by the red staining of the intracellular vacuoles with Oil Red 

O stain of the induced adipocytes (Fig. 1G), the orange staining of the calcified osteogenic 

nodules with Alizarin Red stain in the induced osteoblasts (Fig. 1H) and the pale blue staining 

of the extracellular matrix with Toluidine Blue stain in the induced chondrocytes (Fig. 1I).  

For further characterization, phenotypic analysis was performed at passage 3-4, showing high 

expression of MSC markers CD29, CD73 and CD105 up to 97%±2% and negative for 

hematopoietic markers CD45, CD14, CD34 and HLA-DR with low expression of HLA-ABC 

(Fig. 1J), as expected [42,43].  

3.2. USCs’ immune-modulatory effect on PBMC  

3.2.1. Inverted phase-contrast light microscope of USCs and PBMC co-culture 

 Monitoring of the PBMC culture wells showed that in the resting conditions compared to the 

PBMC cultured alone (Fig. 2A.I), USCs seemed in causing the potential recruitment of the 

PBMC (Fig. 2A.II). The addition of anti-CD3/CD28 beads to the PBMC caused the formation 

of proliferation aggregates (Fig. 2A.III), consequent with their stimulation.  However, in the 
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USCs’ co-culture, PBMC seemed to be forming discrete aggregates with the USCs (Fig. 

2A.IV). This cell association was also observed in syngeneic cultures (data not shown).  

3.2.2. Similar to BM-MSCs, USCs inhibit T lymphocyte proliferation in the 
activated condition  

The co-culture of USCs or BM-MSCs without any additional stimulation showed that neither 

USCs nor BM-MSCs caused significant T cell proliferation (Fig. 2B). The presence of anti-

CD3/CD28 beads resulted in a significant increase in T cell proliferation, which significantly 

decreased  in the presence of both BM-MSCs and USCs (Fig. 2B), which is in line with immune 

suppressive capacity of MSCs extensively reported [44]. 

3.2.3. Unlike BM-MSCs, USCs significantly stimulate B cell proliferation in the 

resting condition  

On the other hand, the study of B cells in the same co-culture conditions showed a peculiar 

result. While the presence of BM-MSCs had a modest effect on B cell proliferation, USCs 

induced a significant proliferation of these B cells (Fig. 2C). USCs induced proliferation 

seemed to be limited to the B cells population of the PBMC (Supplementary Fig. 1). Similar 

to CD3+ T cells, the presence of anti-CD3/CD28 beads resulted in an increase of CD19+ B 

cells, probably as consequence of T cell activation with the resulting CD40L expression and 

cytokine release by activated T cells [45]. Notably, the presence of either USCs or BM-MSCs 

significantly supressed B cell proliferation in this condition, possibly reflecting the supressing 

effect on T cells and a decrease in the T cell dependent B cell stimulation (Fig. 2C).  

3.3. USCs induced apoptosis of T cells in the activated condition and decreased 

inflammatory cytokine production 

To elucidate the mechanism behind the USCs’ immunosuppression, T cells’ viability under 

activated and resting conditions was analysed as a possible mechanism of MSC-induced 

immune suppression [46-48]. The PI viability studies revealed a decrease in the percentage of 
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the viable T cells co-cultured with USCs, which reached statistical significance in the presence 

of anti-CD3/CD28 beads (Fig. 3A). Further analysis of T cells showed a significant increase 

in the percentage of apoptotic T cells under the same conditions, measured by Annexin V 

staining (Fig. 3B). These results were confirmed by PI and Annexin V double staining (Fig. 

3C). These results indicate that USCs not only inhibit the proliferation of T cells cultured under 

activating conditions, but they also induce their apoptosis, as described for other MSCs [49,50].  

To further understand the suppressive effects of USCs on T cells under activated conditions, 

we proceeded to measure cytokine concentration in the supernatants of these co-cultures. The 

addition of anti-CD3/CD28 beads increased the measured cytokine concentrations, including 

IFNƔ, which exceeded the upper limit of detection (>10 ng/ml). However, the presence of 

USCs significantly decreased the concentrations of the inflammatory cytokines TNFα (1571± 

124.4 vs 160.6±15.51 pg/ml), TNFβ (3176.7±116.5 vs 183.1±20.4 pg/ml) and IL13 (688.5±192 

vs 135.6±12.7 pg/ml). Surprisingly, the presence of USCs increased IL-6 (2680±611.4 vs 

42081±7028 pg/ml), BAFF (30.42±8.302 vs 2630.4±342.6 pg/ml), APRIL (9.163± 3.749 vs 

279.4±54.14 pg/ml), and CD40L (162.4±18.83 vs 261.3±21.84 pg/ml) concentrations, although 

the latter did not reach statistical significance (Mean±SEM, n=3) (Fig. 3D).  

Combining this cytokine increase with the observed USCs’ induced B cell stimulation observed 

before, we proceeded to analyse the USCs-B cell stimulatory effect further.  

3.4. USCs cause activation, proliferation and antibody production of enriched B cells 

In order to exclude the possible contribution of HLA-mismatch to the observed proliferative 

USCs effect on B cells, we proceeded to include syngeneic USCs. While USCs induced 28.2% 

of the matched B cell proliferation, they induced 30% of the mis-matched B cell proliferation 

compared to control (Fig. 4A).  

The study of the USCs effect on B cell activation measure by CD69 expression showed that    

USCs co-culturing with B cells caused a significant increase in the expression of CD69, similar 
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to the CpGB stimulation, used as positive control (Fig. 4B). In addition, USCs caused increased 

expression in the co-stimulatory molecule CD40 compared to untreated (1735±461 vs 

2695±205 MFI, n=3), (Supplementary Figure 2). 

To further study the effect of USCs on B cells, excluding any effect of T cells, and to determine 

whether the effect of USCs was towards a particular B cell sub-population, we co-cultured 

USCs with highly CD19+ purified B cells. Again, USCs induced purified B cell proliferation 

(Fig. 4C). To test for the selective stimulation on B cell sub-populations, we proceeded to sort 

the B cells into transitional (CD19+CD27-CD38++CD24++), naïve (CD19+CD27-CD38+CD24+) 

and memory B cells (CD19+CD27+) (Fig. 4D). USCs co-culture with the sorted B sub-

populations showed enhanced proliferation in all sub-populations studied, compared to cells 

cultured alone (Fig. 4E). 

Given that the main function of B cells is antibody production, we proceeded to measure the 

USCs effect on antibody production in supernatants collected from the co-culture of USCs with 

purified B cells, under resting conditions, and in the presence of the Toll-like receptor 9 (TLR9) 

ligand, CpGB known to induce antibody production [38]. We found that the presence of USCs 

induced a significant increase in antibody secretion, namely, IgM, IgG1, IgG2, IgG3, IgG4 and 

IgA (Fig. 4F). The addition of CpGB, as expected, significantly increased the production of all 

antibodies. However, the presence of USCs further significantly enhanced the CpGB-mediated 

antibody production for IgM, IgG1, IgG2, IgG3, IgG4, IgA and IgE (Fig. 4G), 

(Supplementary Table S2.A), further confirming the USCs’ B cell stimulatory properties. 

3.5. USCs effects on B cells are mediated by both cell-cell contact and secreted factors 

To identify the mechanism behind B cell stimulation, we performed Trans-well experiments 

were PBMC and USCs were co-cultured in close cell-cell contact or physically separated. We 

also included BM-MSCs as a control to rule out the culture conditions as a contributing factor. 

Again, direct cell-cell contact induced a significant B cell proliferation. However, it also 
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induced, although to a lesser extent, a significant proliferation of CD19+ B cells in Trans-well. 

These results suggested that USCs’ effect on B cells was not dependant on cell-cell-contact 

(Fig. 5A). No proliferation was observed with BM-MSCs Trans-well co-culture.  

Therefore, we proceeded to identify the production of known B cell related cytokines by USCs. 

We found that in the USCs-PBMC co-culture supernatant, there was a significantly higher 

concentration of BAFF (1111±189 vs 3722±119pg/ml) and APRIL (17±4 vs 56±22pg/ml) 

compared to BM-MSCs-PBMC co-culture (Fig. 5B), (Supplementary Table S2.B). 

Further analysis was conducted on the USCs co-culture supernatant for more B cell-related 

cytokines. Analysis of the co-culture supernatant revealed a significant increase, compared 

with that of PBMC alone, in CD40L (40.7±10.9 vs 294.7±29.8pg/ml), IL-6 (1600±575 vs 

37018±769.7 pg/ml), IL10 (7.5±3.4 vs 233.5±73pg/ml), BAFF (28.9±7.3 vs 

1256.1±84.5pg/ml) and APRIL (27.7±9 vs 60.6±10pg/ml) (Mean±SEM, n=3) (Fig. 5C,D).  

The measurement of these cytokines in of 48 hours culture supernatant of USCs (105 

cell/1.5ml) showed the presence of BAFF (467±20 pg/ml), CD40L (120±6 pg/ml) and IL-6 

(8319.6±688.8 pg/ml) (Mean±SEM, n=3) (Fig. 5E), demonstrating the USCs origin of the 

cytokines. While MSCs supernatant analysis of similar cell number showed presence of CD40L 

(59.7±6.2 pg/ml) and IL-6 (2060.4±83.1 pg/ml) with no detectable levels of BAFF or APRIL 

in the supernatant (Fig. 5F). Levels of IL2, IL4, IL12p70, IL13, IL17A and TNFβ were below 

the range of detection. 
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3.6. Surface expression of immunomodulatory factors by USCs 

To further study the expression of immunomodulatory molecules that could better explain the 

above observations, including the PBMC recruitment pattern described in Fig 2A II and IV, we 

first performed USCs RNA-seq and identified over expressed immune-related genes. The gene 

ontology analysis revealed the expression of many genes involved in T, B cells immune 

functions and cytokines signalling (Supplementary Figure 3A, B, C) and (Supplementary 

Table S3).  

Using flowcytometry to confirm expression of relevant molecules, we found that USCs highly 

express the adhesion molecules CD29 or β1 integrin (3275±179 MFI) (Fig. 1G), CD54 or 

ICAM-1(1553±30 MFI), and CD106 or VCAM-1(1325±77 MFI) (Fig. 6A), which might 

correlate with the cell behaviour in the in vitro co-culture mentioned above. With regard to the 

T immunosuppressive function, we found that USCs highly expressed CD276 (2137±184 MFI) 

(Fig. 6A), known to play a role in downregulating T cell functions [51,52], while the stem cells 

were negative for CD178.  Although both, BM-MSCs and USCs expressed CD276 (>98%), 

BM-MSCs expressed lower level of CD106 (53.3±5.5% vs 74.9±6.5%) and CD54 (7.9±2.6% 

vs 91.38±3.5%) than USCs (Fig. 6C). Confocal imaging of the USCs and BM-MSCs stained 

with CD54 confirmed these results, while USCs showed strong staining, BM-MSCs were 

negative (Fig. 6B, D).  
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4. Discussion 

USCs’ simple isolation and rapid expansion in vitro make them an attractive source of MSCs 

for therapeutic use, potentially for the treatment of nephropathies and other tissue regeneration 

[3,19,53]. Moreover, USCs offer a non-invasive way of studying the biological functions of 

kidney stem cells shed in urine [16,54].  

Here, we investigated USCs’ immunomodulatory properties, which have been extensively 

studied for other MSCs, especially BM-MSCs [46,55-57]. To test the effect of the USCs under 

immune-stimulated conditions, anti-CD3CD28 beads were used as these mimics the activation 

state generated by antigen presentation with T cell receptor (TCR) signalling [58].  

Following slow growth during the first four days of culture, USCs expanded exponentially, 

doubling every 24-48 hours, obtaining up to 1.6x107 USCs from 100 ml of voided urine 

reaching up to passage 6-7. Phenotypic characterization showed that more than 97% of the 

USCs were positive for the MSC markers CD73, CD29 and CD105 [42], and negative for 

hematopoietic markers such as CD45, CD19, CD34, CD14 and MHC class II [43], with low 

MHC class I expression [59,60]. Additionally, using standard differentiation protocols [30], 

we successfully differentiated the USCs to adipocytes, osteoblasts and chondrocytes, further 

confirming their MSC properties.  

Our study revealed that USCs have the capacity to interact and modulate T and B cell functions, 

both in resting and activating culture conditions. We found that USCs express adhesion 

molecules, known to play a role in cell-cell contact during the immune response. These 

molecules, which included CD54 and CD106, mediate the adhesion of immune cells to 

endothelial cells, particularly following immune cell activation [61,62]. The high expression 

of these molecules in USCs, in particular CD54 (ICAM-1), compared to BM-MSCs may 

account for the consistent USCs-PBMC aggregates  observed when co-cultured in the presence 
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of anti-CD3/CD28 beads (Fig. 2A.IV) [63]. Furthermore, these molecules have shown 

correlation to the immunosuppressive capacity of the MSCs [64].  

Regarding the effect of USCs on T lymphocytes, we found that neither the BM-MSCs nor the 

USCs co-culture with PBMC resulted in T cell proliferation. This result suggests that USCs 

exert poor allogenic stimulation, which could be explained by the lack of expression of MHC 

class II and low expression of MHC class I. 

The MSCs’ T cell immunosuppressive capacity, particularly under activating conditions, has 

been extensively demonstrated [46-50], and was also observed in our study. We found that 

both BM-MSCs and USCs significantly inhibited T cell proliferation in the presence of anti-

CD3/CD28 stimulatory beads. In addition, we observed that USCs decreased the production of 

inflammatory cytokines (TNFα and TNFβ) and induced T cell death by apoptosis when 

cultured under stimulatory conditions, as other MSCs [46,47]. 

Interestingly, during the USCs phenotype, we found high expression of CD276 - one of the 

suggested molecular players of the MSC immunosuppression [52], which was similarly 

expressed by BM-MSCs. 

However, on B cells, the effect of USCs was surprisingly different. USCs induced a significant 

proliferation of CD19+ B cells when co-cultured with PBMC. This effect was reproducible 

when cultured with highly purified B cells (>97%). This indicates that the effect was cell-

specific and not dependent on T cells, ruling out the possible contribution of HLA mismatch. 

This was further confirmed by the observation of B cell proliferation of syngeneic USCs and 

PBMC co-culture. We also observed that USCs induced the expression of co-stimulatory and 

activation markers CD40 and CD69 respectively, and significantly induced the secretion of 

IgM, IgGs and IgA antibodies. Of note, we found that the level of B cell activation by USCs 

was comparable to the stimulation resulting from CpG-B, which is known to induce strong B 

cell activation [38]. Additionally, the presence of USCs synergized with CpGB, significantly 
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enhancing CpG-mediated B cell antibody production. We therefore propose that the production 

of CD40L by USCs and the known effect of CpGB enhancing CD40 expression on B cells 

[65], may contribute to this synergism, previously described in other cellular systems [66]. 

Given that B cells are a heterogenous cell population, we sought to establish whether USCs 

had the same proliferation-inducing effect on different B cell sub-populations. We found that 

USCs significantly induced proliferation in all three major B cell sub-populations (transitional, 

naïve and memory) that were studied. This again confirmed that the activation of USCs was T 

cell-independent.   

The analysis of possible contributors to USCs’ B cell stimulation using Trans-well studies 

showed that although the stimulation was stronger when cultured in direct cell-cell contact, 

USCs significantly induced B cell proliferation when physically separated, suggesting the 

contribution of secreted factors, as soluble molecules or extracellular vesicles, currently under 

study. 

We found that USCs indeed, constitutively secrete several molecules known to directly 

contribute to B cell survival, activation and differentiation, notably, CD40L, APRIL, BAFF, 

and as previously reported IL-6 [19,67].  These findings of USCs secreting CD40L and BAFF 

were surprising, given that their expression is mainly limited to immune cells. For example, 

CD40L is primarily expressed by activated T cells [68] and bind to CD40 molecules expressed 

on activated B cells leading to further B cell activation, proliferation, immunoglobulin class 

switching and antibody secretion [69]. This finding is highly relevant, considering that, as 

described earlier, USCs also induce the expression of CD40 on B cells. Furthermore, the high 

ICAM-1 expression in USCs could be contributing to the higher B cell stimulation observed 

during cell/cell contact conditions as it had been reported to lower B cell stimulatory threshold 

[70].  



 
 
19 

Similarly, BAFF is normally produced by lymphoid stromal cells, macrophages and dendritic 

cells in the germinal centre. It binds to three different receptors - BAFF-R, TACI/CAML and 

BCMA - which are constitutively expressed by B cells [71], leading to NF-kB activation in B 

cells and the transcription of anti-apoptotic genes [72]. These molecules are also important in 

maintaining long lived plasma cells and inducing B cell differentiation [73,74], and their 

dysregulation could result in the arrest of B cell differentiation and the development of primary 

immunodeficiencies [75,76] while their increase could result in the survival and expansion of 

autoreactive B cells and autoimmunity [77,78]. 

It worth noticing that in spite of the consistent BAFF expression at protein level, it didn’t 

correlate its expression at gene level, which has previously been described for other cytokines 

[79].  

BAFF expression by BM-MSCs has been previously reported in association to TLR-4 priming 

[80] and interestingly, high BAFF expression had been previously reported in BM-MSCs 

isolated from rheumatoid arthritis patients [81] but not from healthy individuals, confirmed in 

our study. 

The effect of BM-MSCs on B cells has been previously studied, with conflicting results [82], 

[83-85] attributed to the difference in the starting population, the purity of isolation and culture 

conditions [86]. In our study, we found that BM-MSCs did not have a significant effect on B 

cell functions. 

Although interesting, we believe that our study has several limitations that should be 

considered for future studies. For example, evaluating the effects of urine and the in vitro 

culture on the behaviour of USCs, the role of other cytokines and molecules not properly 

addressed in this study such as INFɣ, and to expand the effect of USCs to more immune cells 

subpopulations such as Monocytes/Macrophages, NK and dendritic cells. Also, although the B 
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cell stimulatory functions of BAFF and CD40L is well stablished, blocking their activity would 

validate their role in this system.  

Given that MSCs play a central role in modulating the cell microenvironment, we theorise that 

the effect of USCs on T and B cells, as described in this study, could contribute to the 

homeostasis of the kidney immune microenvironment in health as well as in pathological 

conditions such as infections, autoimmunity, diabetic nephropathy and organ rejection. 

Interestingly, production of BAFF has also been recently reported by the renal tubular 

epithelium (REC), which correlated with the degree of kidney damage in SLE nephritis and is 

thought to provide survival signal to the long-lived intra-renal plasma cell niche [87,88]. The 

findings that USCs also secrete BAFF and are capable of modulating B cells functions suggest 

that these cells might also contribute to the renal immune pathologies, therefore, the study of 

USCs in these conditions could provide new insights on their pathogenesis, possible diagnostic 

and therapeutic targets.  

5. Conclusion 

In this study, we examined the effect of USCs on B and T cells in a PBMC microenvironment, 

both in a resting condition and under stimulation. Our study shows that similarly to MSCs, 

USCs exert a direct immunosuppressive effect on T cell functions under stimulatory conditions. 

However, in a resting condition, we found that USCs have a stimulatory effect on B cells, 

which is T cell-independent, and mediated by both cell-cell contact as well as soluble factors. 

USCs constitutively secrete CD40L, IL-6 and BAFF, while inducing the secretion of APRIL 

when cultured with PBMC. These molecules are known to play a central role in B cell biology 

and survival.  

We believe that the study of USCs has the potential to provide unique information of different 

kidney pathologies [89] and although the physiological function of USCs within the kidney is 

not known, our results raise the possibility of USCs having an immune modulatory role in 
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kidney infection and pathologies, for example, in the formation of tertiary lymphoid tissue 

observed in kidney inflammatory conditions such as in organ rejection and Systemic Lupus 

erythematous  [90-92], where coincidently, kidney derived BAFF has been reported to play a 

central role [93]. 

Finally, we believe that the intrinsic B cell stimulatory capacity of USCs opens up new 

possibilities for their therapeutic use in conditions where immune stimulation, in particular B 

cells, is required, for example, cancer immunotherapy, immunization and immunodeficiencies.  

Acknowledgement 

We wish to thank all the volunteers for their time when donating blood and urine for this 

research. Special thanks to the Royal Adelaide Hospital blood collection centre for their 

collaboration, to Moustafa T. Mabrouk for his valuable help with the data analysis, and to the 

reviewers whose inputs improved the data presentation significantly. 

Conflicts of Interest  

All authors declared no potential conflicts of interest.    

 Data Availability Statement 

The data that supports the findings of this study are available on request from the corresponding 

author. 

 



 
 
22 

References 

1 Addis T. The number of formed elements in the urinary sediment of normal individuals. 
The Journal of clinical investigation 1926;2(5):409-415. 

2 Linder D. Culture of cells from the urine and bladder washings of adults. Somatic cell 
genetics 1976;2(3):281-283. 

3 Zhang Y, McNeill E, Tian H et al. Urine derived cells are a potential source for 
urological tissue reconstruction. The Journal of urology 2008;180(5):2226-2233. 

4 Bharadwaj S, Liu G, Shi Y et al. Multipotential differentiation of human urine-derived 
stem cells: Potential for therapeutic applications in urology. STEM CELLS 
2013;31(9):1840-1856. 

5 Afanasyev BV, Elstner E, Zander AR. AJ Friedenstein, founder of the mesenchymal 
stem cell concept. Cellular Therapy and Transplantation 2009;1(3):35-38. 

6 Friedenstein A, Heersche J, Kanis J. Bone and mineral research. 1990. 
7 Young HE, Mancini ML, Wright RP et al. Mesenchymal stem cells reside within the 

connective tissues of many organs. Developmental Dynamics 1995;202(2):137-144. 
8 Leuning DG, Beijer NRM, du Fossé NA et al. The cytokine secretion profile of 

mesenchymal stromal cells is determined by surface structure of the microenvironment. 
Scientific Reports 2018;8(1):7716. 

9 Ferreira JR, Teixeira GQ, Santos SG et al. Mesenchymal Stromal Cell Secretome: 
Influencing Therapeutic Potential by Cellular Pre-conditioning [Review] [in English]. 
Frontiers in Immunology 2018;9(2837). 

10 Glennie S, Soeiro I, Dyson PJ et al. Bone marrow mesenchymal stem cells induce 
division arrest anergy of activated T cells [in eng]. Blood 2005;105(7):2821-2827. 

11 Spaggiari GM, Capobianco A, Becchetti S et al. Mesenchymal stem cell-natural killer 
cell interactions: evidence that activated NK cells are capable of killing MSCs, whereas 
MSCs can inhibit IL-2-induced NK-cell proliferation [in eng]. Blood 
2006;107(4):1484-1490. 

12 Ramasamy R, Fazekasova H, Lam EW et al. Mesenchymal stem cells inhibit dendritic 
cell differentiation and function by preventing entry into the cell cycle [in eng]. 
Transplantation 2007;83(1):71-76. 

13 Klingemann H, Matzilevich D, Marchand J. Mesenchymal stem cells–sources and 
clinical applications. Transfusion Medicine and Hemotherapy 2008;35(4):272-277. 

14 Barker N, Bartfeld S, Clevers H. Tissue-Resident Adult Stem Cell Populations of 
Rapidly Self-Renewing Organs. Cell Stem Cell 2010;7(6):656-670. 

15 Stem cell sources for regenerative medicine: the immunological point of view. 
Seminars in immunopathology, 2011. Springer. 

16 Rahman MS, Wruck W, Spitzhorn L-S et al. the fGf, tGfβ and Wnt axis Modulate Self-
renewal of Human SIX2+ Urine Derived Renal progenitor cells. Scientific reports 
2020;10(1):1-16. 

17 Benda C, Zhou T, Wang X et al. Urine as a Source of Stem Cells. In: Weyand B, 
Dominici M, Hass R et al., eds. Mesenchymal Stem Cells - Basics and Clinical 
Application I. Berlin, Heidelberg: Springer Berlin Heidelberg, 2013:19-32. 



 
 
23 

18 Kang HS, Choi SH, Kim BS et al. Advanced properties of urine derived stem cells 
compared to adipose tissue derived stem cells in terms of cell proliferation, immune 
modulation and multi differentiation. Journal of Korean medical science 
2015;30(12):1764-1776. 

19 Qin D, Long T, Deng J et al. Urine-derived stem cells for potential use in bladder repair. 
Stem cell research & therapy 2014;5(3):69. 

20 Wu C, Chen L, Huang Y-z et al. Comparison of the proliferation and differentiation 
potential of human urine-, placenta decidua basalis-, and bone marrow-derived stem 
cells. Stem Cells International 2018;2018. 

21 Zhu Q, Li Q, Niu X et al. Extracellular Vesicles Secreted by Human Urine-Derived 
Stem Cells Promote Ischemia Repair in a Mouse Model of Hind-Limb Ischemia. 
Cellular Physiology and Biochemistry 2018;47(3):1181-1192. 

22 Navarro R, Compte M, Álvarez-Vallina L et al. Immune Regulation by Pericytes: 
Modulating Innate and Adaptive Immunity [in eng]. Front Immunol 2016;7:480. 

23 Xia H, Bao W, Shi S. Innate Immune Activity in Glomerular Podocytes [in eng]. Front 
Immunol 2017;8:122. 

24 Morán GAG, Parra-Medina R, Cardona AG et al. Cytokines, chemokines and growth 
factors. In: Autoimmunity: From Bench to Bedside [Internet]. El Rosario University 
Press, 2013. 

25 Smith TJ. Insulin-like growth factor-I regulation of immune function: a potential 
therapeutic target in autoimmune diseases? [in eng]. Pharmacol Rev 2010;62(2):199-
236. 

26 Okunishi K, Dohi M, Nakagome K et al. A novel role of hepatocyte growth factor as 
an immune regulator through suppressing dendritic cell function [in eng]. Journal of 
immunology (Baltimore, Md : 1950) 2005;175(7):4745-4753. 

27 Zhou C, Wu X-R, Liu H-S et al. Immunomodulatory Effect of Urine-derived Stem Cells 
on Inflammatory Bowel Diseases via Downregulating Th1/Th17 Immune Responses in 
a PGE2-dependent Manner. Journal of Crohn's and Colitis 2019. 

28 Zhou T, Benda C, Duzinger S et al. Generation of Induced Pluripotent Stem Cells from 
Urine. Journal of the American Society of Nephrology 2011;22(7):1221-1228. 

29 Uphoff CC, Drexler HG. Detecting mycoplasma contamination in cell cultures by 
polymerase chain reaction [in eng]. Methods Mol Biol 2011;731:93-103. 

30 Ciuffreda MC, Malpasso G, Musarò P et al. Protocols for in vitro differentiation of 
human mesenchymal stem cells into osteogenic, chondrogenic and adipogenic lineages. 
In: Mesenchymal stem cells. Springer, 2016:149-158. 

31 Fuss IJ, Kanof ME, Smith PD et al. Isolation of whole mononuclear cells from 
peripheral blood and cord blood [in eng]. Current protocols in immunology 
2009;Chapter 7:Unit7.1. 

32 Kaminski DA, Wei C, Qian Y et al. Advances in human B cell phenotypic profiling [in 
eng]. Frontiers in immunology 2012;3:302. 

33 Simon Q, Pers JO, Cornec D et al. In-depth characterization of CD24(high)CD38(high) 
transitional human B cells reveals different regulatory profiles [in eng]. J Allergy Clin 
Immunol 2016;137(5):1577-1584.e1510. 



 
 
24 

34 Cherukuri A, Salama AD, Carter CR et al. Reduced human transitional B cell T1/T2 
ratio is associated with subsequent deterioration in renal allograft function [in eng]. 
Kidney Int 2017;91(1):183-195. 

35 Chauhan S, Omoto M. Mechanisms of Mesenchymal Stem Cell-Mediated Promotion 
of Regulatory T cell Function. Investigative Ophthalmology & Visual Science 
2014;55(13):1856-1856. 

36 Quah BJ, Parish CR. The use of carboxyfluorescein diacetate succinimidyl ester 
(CFSE) to monitor lymphocyte proliferation [in eng]. Journal of visualized experiments 
: JoVE 2010(44). 

37 Yeh C-JG, Hsi B-L, Faulk WP. Propidium iodide as a nuclear marker in 
immunofluorescence. II. Use with cellular identification and viability studies. Journal 
of immunological methods 1981;43(3):269-275. 

38 Krieg AM, Yi A-K, Matson S et al. CpG motifs in bacterial DNA trigger direct B-cell 
activation. Nature 1995;374(6522):546-549. 

39 Sherman BT, Tan Q, Collins JR et al. The DAVID Gene Functional Classification Tool: 
a novel biological module-centric algorithm to functionally analyze large gene lists. 
Genome biology 2007;8(9):R183. 

40 Yu G, Wang L-G, Han Y et al. clusterProfiler: an R package for comparing biological 
themes among gene clusters. Omics: a journal of integrative biology 2012;16(5):284-
287. 

41 Wickham H. ggplot2: elegant graphics for data analysis. springer, 2016. 
42 Dominici M, Le Blanc K, Mueller I et al. Minimal criteria for defining multipotent 

mesenchymal stromal cells. The International Society for Cellular Therapy position 
statement [in eng]. Cytotherapy 2006;8(4):315-317. 

43 Tondreau T, Lagneaux L, Dejeneffe M et al. Isolation of BM mesenchymal stem cells 
by plastic adhesion or negative selection: phenotype, proliferation kinetics and 
differentiation potential. Cytotherapy 2004;6(4):372-379. 

44 Abumaree M, Al Jumah M, Pace RA et al. Immunosuppressive properties of 
mesenchymal stem cells. Stem Cell Reviews and Reports 2012;8(2):375-392. 

45 Klaus SJ, Pinchuk LM, Ochs HD et al. Costimulation through CD28 enhances T cell-
dependent B cell activation via CD40-CD40L interaction. The Journal of Immunology 
1994;152(12):5643-5652. 

46 Plumas J, Chaperot L, Richard M-J et al. Mesenchymal stem cells induce apoptosis of 
activated T cells. Leukemia 2005;19(9):1597-1604. 

47 Akiyama K, Chen C, Wang D et al. Mesenchymal-stem-cell-induced 
immunoregulation involves FAS-ligand-/FAS-mediated T cell apoptosis. Cell stem cell 
2012;10(5):544-555. 

48 Haddad R, Saldanha-Araujo F. Mechanisms of T-Cell Immunosuppression by 
Mesenchymal Stromal Cells: What Do We Know So Far? BioMed Research 
International 2014;2014:216806. 

49 Glennie S, Soeiro I, Dyson PJ et al. Bone marrow mesenchymal stem cells induce 
division arrest anergy of activated T cells. Blood 2005;105(7):2821-2827. 



 
 
25 

50 Di Nicola M, Carlo-Stella C, Magni M et al. Human bone marrow stromal cells 
suppress T-lymphocyte proliferation induced by cellular or nonspecific mitogenic 
stimuli. Blood 2002;99(10):3838-3843. 

51 Leitner J, Klauser C, Pickl WF et al. B7-H3 is a potent inhibitor of human T-cell 
activation: No evidence for B7-H3 and TREML2 interaction. European Journal of 
Immunology 2009;39(7):1754-1764. 

52 Nishizawa K, Seki R. Mechanisms of immunosuppression by mesenchymal stromal 
cells: a review with a focus on molecules. Biomedical Research and Clinical Practice 
2016;1:82-96. 

53 Dong X, Zhang T, Liu Q et al. Beneficial effects of urine-derived stem cells on fibrosis 
and apoptosis of myocardial, glomerular and bladder cells. Molecular and cellular 
endocrinology 2016;427:21-32. 

54 Chen C-Y, Rao S-S, Ren L et al. Exosomal DMBT1 from human urine-derived stem 
cells facilitates diabetic wound repair by promoting angiogenesis [in eng]. Theranostics 
2018;8(6):1607-1623. 

55 Gao F, Chiu S, Motan D et al. Mesenchymal stem cells and immunomodulation: current 
status and future prospects. Cell death & disease 2016;7(1):e2062-e2062. 

56 Kode JA, Mukherjee S, Joglekar MV et al. Mesenchymal stem cells: immunobiology 
and role in immunomodulation and tissue regeneration. Cytotherapy 2009;11(4):377-
391. 

57 Regmi S, Pathak S, Kim JO et al. Mesenchymal stem cell therapy for the treatment of 
inflammatory diseases: Challenges, opportunities, and future perspectives. European 
Journal of Cell Biology 2019;98(5):151041. 

58 Trickett A, Kwan YL. T cell stimulation and expansion using anti-CD3/CD28 beads. 
Journal of immunological methods 2003;275(1-2):251-255. 

59 Fruci D, Benevolo M, Cifaldi L et al. Major histocompatibility complex class i and 
tumour immuno-evasion: how to fool T cells and natural killer cells at one time. Current 
Oncology 2012;19(1):39. 

60 Ryan JM, Barry FP, Murphy JM et al. Mesenchymal stem cells avoid allogeneic 
rejection. Journal of inflammation 2005;2(1):8. 

61 Verma NK, Kelleher D. Not Just an Adhesion Molecule: LFA-1 Contact Tunes the T 
Lymphocyte Program. The Journal of Immunology 2017;199(4):1213-1221. 

62 Oppenheimer-Marks N, Davis LS, Bogue DT et al. Differential utilization of ICAM-1 
and VCAM-1 during the adhesion and transendothelial migration of human T 
lymphocytes. The Journal of Immunology 1991;147(9):2913-2921. 

63 Hogg N, Patzak I, Willenbrock F. The insider's guide to leukocyte integrin signalling 
and function. Nature Reviews Immunology 2011;11(6):416-426. 

64 Ren G, Zhao X, Zhang L et al. Inflammatory cytokine-induced intercellular adhesion 
molecule-1 and vascular cell adhesion molecule-1 in mesenchymal stem cells are 
critical for immunosuppression. The Journal of Immunology 2010;184(5):2321-2328. 

65 Bishop GA, Hostager BS. Signaling by CD40 and its mimics in B cell activation. 
Immunologic research 2001;24(2):97-109. 



 
 
26 

66 Boeglin E, Smulski CR, Brun S et al. Toll-Like Receptor Agonists Synergize with 
CD40L to Induce Either Proliferation or Plasma Cell Differentiation of Mouse B Cells. 
PLOS ONE 2011;6(10):e25542. 

67 Liu G, Wu R, Yang B et al. Human Urine-Derived Stem Cell Differentiation to 
Endothelial Cells with Barrier Function and Nitric Oxide Production. STEM CELLS 
Translational Medicine 2018;7(9):686-698. 

68 Grewal IS, Flavell RA. The role of CD40 ligand in costimulation and T-cell activation. 
Immunological reviews 1996;153:85. 

69 Laman JD, Claassen E, Noelle RJ. Functions of CD40 and its ligand, gp39 (CD40L) 
[in eng]. Critical reviews in immunology 1996;16(1):59-108. 

70 Carrasco YR, Fleire SJ, Cameron T et al. LFA-1/ICAM-1 interaction lowers the 
threshold of B cell activation by facilitating B cell adhesion and synapse formation [in 
eng]. Immunity 2004;20(5):589-599. 

71 Thompson N, Isenberg DA, Jury EC et al. Exploring BAFF: its expression, receptors 
and contribution to the immunopathogenesis of Sjögren’s syndrome. Rheumatology 
2016;55(9):1548-1555. 

72 Gardam S, Brink R. Non-Canonical NF-κB Signaling Initiated by BAFF Influences B 
Cell Biology at Multiple Junctures [in eng]. Frontiers in immunology 2014;4:509-509. 

73 Jourdan M, Cren M, Robert N et al. IL-6 supports the generation of human long-lived 
plasma cells in combination with either APRIL or stromal cell-soluble factors [in eng]. 
Leukemia 2014;28(8):1647-1656. 

74 Urashima M, Chauhan D, Hatziyanni M et al. CD40 ligand triggers interleukin-6 
mediated B cell differentiation. Leukemia Research 1996;20(6):507-515. 

75 Kienzler A-K, Salzer U, Warnatz K et al. F.112. Human BAFF-R Deficiency is 
Associated with Primary Antibody Deficiency Syndrome. Clinical Immunology 
2009;131:S123. 

76 Bonilla FA, Geha RS. Common Variable Immunodeficiency. Pediatric Research 
2009;65(7):13-19. 

77 Mackay F, Woodcock SA, Lawton P et al. Mice transgenic for BAFF develop 
lymphocytic disorders along with autoimmune manifestations. The Journal of 
experimental medicine 1999;190(11):1697-1710. 

78 Steri M, Orrù V, Idda ML et al. Overexpression of the cytokine BAFF and 
autoimmunity risk. New England Journal of Medicine 2017;376(17):1615-1626. 

79 Shebl FM, Pinto LA, García-Piñeres A et al. Comparison of mRNA and protein 
measures of cytokines following vaccination with human papillomavirus-16 L1 virus-
like particles [in eng]. Cancer Epidemiol Biomarkers Prev 2010;19(4):978-981. 

80 Yan H, Wu M, Yuan Y et al. Priming of Toll-like receptor 4 pathway in mesenchymal 
stem cells increases expression of B cell activating factor. Biochemical and biophysical 
research communications 2014;448(2):212-217. 

81 Dallos T, Krivosíková M, Chorazy-Massalska M et al. BAFF from bone marrow-
derived mesenchymal stromal cells of rheumatoid arthritis patients improves their B-
cell viability-supporting properties [in eng]. Folia biologica 2009;55(5):166-176. 

82 Asari S, Itakura S, Ferreri K et al. Mesenchymal stem cells suppress B-cell terminal 
differentiation. Experimental hematology 2009;37(5):604-615. 



 
 
27 

83 Traggiai E, Volpi S, Schena F et al. Bone marrow‐derived mesenchymal stem cells 
induce both polyclonal expansion and differentiation of B cells isolated from healthy 
donors and systemic lupus erythematosus patients. Stem cells 2008;26(2):562-569. 

84 Rasmusson I, Le Blanc K, Sundberg B et al. Mesenchymal Stem Cells Stimulate 
Antibody Secretion in Human B Cells. Scandinavian Journal of Immunology 
2007;65(4):336-343. 

85 Ji YR, Yang ZX, Han Z-B et al. Mesenchymal stem cells support proliferation and 
terminal differentiation of B cells. Cellular Physiology and Biochemistry 
2012;30(6):1526-1537. 

86 Franquesa M, Hoogduijn MJ, Bestard O et al. Immunomodulatory effect of 
mesenchymal stem cells on B cells. Frontiers in immunology 2012;3:212. 

87 Schwarting A, Relle M, Meineck M et al. Renal tubular epithelial cell-derived BAFF 
expression mediates kidney damage and correlates with activity of proliferative lupus 
nephritis in mouse and men. Lupus 2018;27(2):243-256. 

88 Lacotte S, Dumortier H, Décossas M et al. Identification of New Pathogenic Players in 
Lupus: Autoantibody-Secreting Cells Are Present in Nephritic Kidneys of 
(NZBxNZW)F1 Mice. The Journal of Immunology 2010;184(7):3937-3945. 

89 Xiong G, Tang W, Zhang D et al. Impaired Regeneration Potential in Urinary Stem 
Cells Diagnosed from the Patients with Diabetic Nephropathy [in eng]. Theranostics 
2019;9(14):4221-4232. 

90 Sato M, Takizawa H, Nakamura A et al. Application of Urine-Derived Stem Cells to 
Cellular Modeling in Neuromuscular and Neurodegenerative Diseases [Review] [in 
English]. Frontiers in Molecular Neuroscience 2019;12(297). 

91 Robson KJ, Kitching AR. Tertiary lymphoid tissue in kidneys: understanding local 
immunity and inflammation. Kidney International 2020;98(2):280-283. 

92 Segerer S, Schlöndorff D. B cells and tertiary lymphoid organs in renal inflammation. 
Kidney International 2008;73(5):533-537. 

93 Steines L, Poth H, Herrmann M et al. B Cell Activating Factor (BAFF) Is Required for 
the Development of Intra-Renal Tertiary Lymphoid Organs in Experimental Kidney 
Transplantation in Rats. International journal of molecular sciences 2020;21(21):8045. 

 

 


	Urine Stem Cells are Equipped to Provide B cell Survival Signals
	Authors’ Contributions:
	Corresponding author
	Funding Information:
	Key Words:
	Abstract:
	Significance statement:
	1. Introduction
	2. Material and Methods
	2.1. Human USCs isolation and expansion
	2.2. BM-MSCs culture and expansion
	2.3. USCs characterization
	2.4. Confocal microscopy
	2.5. USCs differentiation potential
	2.6. Peripheral Blood Mononuclear Cells (PBMC) isolation
	2.7. Co-culture studies
	2.8. Proliferation study
	2.9. Activation marker expression
	2.11. RNA sequencing
	2.12. Statistical analysis

	3. Results
	3.1. USCs characterization
	3.2. USCs’ immune-modulatory effect on PBMC
	3.2.1. Inverted phase-contrast light microscope of USCs and PBMC co-culture
	3.2.2. Similar to BM-MSCs, USCs inhibit T lymphocyte proliferation in the activated condition
	3.2.3. Unlike BM-MSCs, USCs significantly stimulate B cell proliferation in the resting condition

	3.3. USCs induced apoptosis of T cells in the activated condition and decreased inflammatory cytokine production
	3.4. USCs cause activation, proliferation and antibody production of enriched B cells
	3.5. USCs effects on B cells are mediated by both cell-cell contact and secreted factors
	3.6. Surface expression of immunomodulatory factors by USCs

	4. Discussion
	5. Conclusion
	Acknowledgement
	Conflicts of Interest
	Data Availability Statement
	References




