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INTRODUCTION 

Mesenchymal stem cells (MSCs), the nonhematopoietic progenitor cells, emerged as a 

promising candidate for cell-based tissue engineering. MSCs are ubiquitously present in 

various tissues and organs, where they provide support in regeneration and maintaining of 

physiological functions.1 Their properties, self-renewal capacity, ability to adhere to culture 

dishes, expression of specific markers, and their differentiation potential make MSCs an 

ideal contender for regenerative medicine. The traditional way of harvesting MSCs requires 

tissue biopsy, recognized for its’ invasiveness high donor site morbidity. Hence, efforts led to 

investigating urine-derived stem cells (UDSCs) as alternative source. UDSCs can be easily 

harvested via spontaneous voiding, therefore non-invasiveness is the benefit as the donors’ 

safety and comfort are essential for successful cell therapy. 

Our group, was able to isolate UDSCs from urine samples. The isolates were morphologically 

analyzed. Additionally, we provided analysis of biological properties, targeting their 

stemness, differentiation potential and cytokine profile. All examined UDSCs expressed 

typical MSC-like surface markers, CD73, CD90 and CD105. Currently, the assumptions 

regarding main performing mechanism of MSCs point towards their immunomodulatory 

activity via paracrine signaling stimulating key biological processes e.g., cell cycle, cell-cell 

interaction, inflammatory response, etc. Thus, we measured cytokine profile of the UDSCs 

isolated from urine samples, discovering increase in secretion rate of IL-6, IL-8 and MCP-1. 

Our data suggest, that UDSCs are likely to be effective in the future of regenerative tissue 

engineering, while urine is believed to be a non-invasive and cost-effective source of MSCs. 

 

MATERIALS AND METHODS  

Cell Proliferation and Colony Forming Units: To assess the proliferation kinetics, UDSCs 

were seeded in 24-well plates at a density of 4000 cells/well. Afterward, cells were counted 

at the determined time intervals by using CEDEX XS Cell Analyzer (Roche, Switzerland). For 

the CFU assay Isolated cells were plated on a 6-well plate at a density of 100 cells/cm2 in a 

proliferation medium and incubated under standard conditions for 10 days. Cell cultures 

were washed by PBS, fixed with 4% formaldehyde and stained with 0.5% crystal violet. 

Colonies bigger than 2 mm were manually counted. 

Morphological Analysis: The structure of the UDSCs was analyzed under light as well 

as transmission electron microscopy (TEM). For sample preparation for TEM 10,000 cells 

were collected and fixed 3% glutaraldehyde in 0.2M PBS at room temperature for 30 min. 

Then, a cell pellet was post-fixed using 1% osmium tetroxide solution for 1 h. Followed by 

dehydration with ethanol, the samples were embedded into resin and cut. Ultra-thin 

sections were then mounted on the copper grid and observed. Analysis was performed via 

JEOL JEM-2100 (JEOL, Tokyo, Japan). 



Flow Cytometry Analysis: Immunophenotypic analyses with flow cytometry were performed 

according to manufacturer’s recommendations. We used respective antibodies, CD44-

VioBlue, CD73-APC, CD90-PE, CD105-FITC, CD146-PE-Vio770 and CD271-APC-Vio770 and a 

cocktail of CD14/CD20/CD34/CD45-PerCP. All data were acquired using a MACSQuant 

Analyzer 10 (Miltenyi Biotec, Bergisch Gladbach, Germany) and further analyzed by MACS 

Quantify software (Miltenyi Biotec, Bergisch Gladbach, Germany). 

Assessment of the Cytokine and Chemokine Profile: The secretory function of UDSCs was 

estimated by applying MILLIPLEX MAP Human Cytokine/Chemokine Magnetic Bead Panel–

Immunology Multiplex Assay (Merck, Darmstadt, Germany), and the measurement was 

performed on a Luminex MAGPIX® Instrument (Luminex, Austin, TX, USA). Sample 

processing and measurement were performed according to manufacturer’s instructions. 

Data were analyzed and processed using BelysaTM software (Merck, Darmstadt, Germany). 

 

RESULTS 

First, cell colonies emerged within 5–9 days, and larger colonies were formed up to 10–14 

days (Figure 1B). The study of cell proliferation kinetics allowed us to assemble the graph of 

cells’ growth curve (Figure 1C). To evaluate clonogenicity of the UDSCs, a colony forming unit 

(CFU) assay was conducted.  

 

We observed that isolated cells within 1 sample often did not display a uniform structure. In 

general, cells formed 2 types of populations, so different morphologies could be 

distinguished, a rice-grain shape and a polyhedral shape (Figure 2A). 

Two different cell types could be also clearly distinguished ultra-structurally by applying 

TEM. The cells adhered to the bottom of a Petri dish with numerous protrusions of cell 

membrane: microvilli and filopodia. Cells created and secreted multi-vesicular bodies in cell 

membrane bounded amorphous electron-lucid vesicles (Figure 2C). These secretory vesicles 

had around 0.5 µm in diameter. We assume that it could be a special type of communication 

between cells, probably the paracrine type of cell signaling. 

 

Figure 1  Biological characterization of the urine-

isolated cells. (A) Image depicting freshly processed 

urine sample. (B) Primary cell colonies observed after 

initial seeding.        (C) Representative growth curve of 

UDSCs. Exponential growth phase, in which cells 

proliferated rapidly, lasted for 6 days. (D) 

Representative figure of colony forming unit 

experiment. After 10 days, 42 ± 6.5 SD adherent cell 

colonies were observed. 



 
Figure 2 Morphological analysis of the UDSCs. (A) Different cell morphologies could be observed - rice-grain shape (thin 

arrows) and polyhedral-shape (thick arrows). (B) Cell culture depicting dome-like structures formed confluent cell 

populations. (C) TEM micrograph showing metabolically active cells synthesizing proteins. 

 

Flow cytometric analysis confirmed high expression of typical MSC-like markers 

CD73, CD90 and CD105. UDSCs were also positive for CD44, CD146 and CD271. The 

examined cell specimens displayed low expression of non-mesenchymal markers together 

with hematopoietic CD markers such as CD14, CD20, CD34 and CD45 (Figure 3). 

 
Figure 3 Representative histograms (flow cytometry). UDSCs were positive for CD73 (99.65% ± 0.38 SD), CD44 (98.05% ± 

2.37 SD), CD146 (97.91% ± 3.01 SD), CD90 (95.42% ± 5.44 SD), CD105 (91.77% ± 4.93 SD) and CD271 (91.72% ± 10.68 SD). 

UDSCs did not express CD14, CD20, CD34 and CD45. 

To assess the secretion profile of UDSCs, analysis of the conditioned media for selected 

cytokines and chemokines was performed. Results revealed significantly higher secretion 

rate of IL-8, MCP-1, IL-6, and GM-CSF. Moderate levels of TNF-alpha, IL-4, RANTES, and INF-

alpha2 were detected as well (Figure 4). 

 

 



 
Figure 4 Cytokine profile analysis of UDSCs revealed that IL-8 was secreted at the highest concentration followed by MCP-1, 

IL-6, and GM-CSF. Moderate levels within conditioned media were measured for TNF-alpha, IL-4, RANTES and INF-alpha2. 

Concentration of other cytokines and chemokines was lower compared to the control medium. 

DISCUSSION 

Many studies had already described the UDSCs as a cost-effective and patient-friendly cell 

source applicable in the field of regenerative medicine. 

Clonogenicity is an important property of stem cells. Based on the results of the CFU 

assay, UDSCs are capable of forming a large population from a single cell. This indicates that 

just a one urine sample could be sufficient for maintaining a relevant amount of the stem 

cells without surgical intervention. 

Microscopic analysis revealed at least two non-identical types of cell populations. Structural 

analysis applying TEM also confirmed the presence of two different cell types and we also 

have observed the formation of extracellular vesicles of UDSCs. We assume they play role in 

paracrine secretion. 

The examination of the surface markers is crucial for establishing the origin of the 

cells. The highest expression was observed for CD44, CD73 and CD146, where the cell 

positivity was more than 95%. 

The therapeutic effect of the MSCs is traditionally assigned to their paracrine activity.2 

Here, we performed the analysis of the secretion of the basic cytokines and chemokines 

under standard in vitro conditions. Our data revealed significantly increased secretion of 3 

particular molecules—IL-6, IL-8 and MCP-1. In general, IL-6 plays essential role in anti-

inflammatory effects of MSC by stimulating local lymphocytes.3 Moreover, IL-6 stimulated 

MSCs can activate Treg cells, which are known for their immunosuppressive capacity and 

immune system modulation. Higher secretion of IL-8 could be important in the context of 

the UDSCs usage in the tissue engineering. This chemokine seems to promote the 

angiogenesis through increased secretion of vascular endothelial growth factor.4 UDSCs 

secreted significantly higher levels of MCP-1, which is considered as another significant 

chemokine secreted by MSCs.5 MCP-1 affects several cell types which are critical for the 

immune system, mainly monocytes and macrophages. Moreover, this chemokine 

potentiates the transition of macrophages from pro-inflammatory into anti-

inflammatory phenotype which underlines the regenerative potential of the stem cells when 

applied into the affected site both under in vitro and in vivo conditions.6,7 Similarly, a recent 

study revealed that alveolar bone-derived stem cells secreted mainly IL-6 and MCP-1, at 

least partially, explained mechanisms behind their immunosuppressive capacity.8 

All mentioned findings underline the great potential of the UDSCs to be applied as a cell 

therapy for various diagnosis, but primary for those where suppression of the immune 

system and attenuation of pro-inflammatory pathways are the main triggers of the 

pathological mechanisms. 
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