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Human urine-derived stem cells:
potential therapy for
psoriasis-like dermatitis in mice

Munhkjargal NasanOchir, Akihiko Uchiyama*,

Syahla Nisaa Amalia, Mai Ishikawa, Bolor Nasanbat,

Bayarmaa Taivanbat, Keiji Kosaka, Mayu Nishio, Yoko Yokoyama,
Sachiko Ogino, Ryoko Torii and Sei-ichiro Motegi

Department of Dermatology, Gunma University Graduate School of Medicine, Maebashi, Gunma,
Japan

Over the past decade, significant advancements in stem cell research led by
mesenchymal stem cells (MSCs) have facilitated their practical application
in clinical settings, including inflammatory skin diseases. Urine-derived
stem cells (USCs) are obtained from healthy human urine in a
noninvasive approach with properties similar to mesenchymal stem cells
(MSCs). However, the therapeutic potential of USCs for inflammatory skin
diseases has not yet been fully explored. Herein, we report the
therapeutic effects of USCs-derived culture supernatants on mice with
psoriasis-like dermatitis using our originally established human USCs
model. We examined the isolation of USCs from human urine using a
simple centrifugation process. Cell markers related to MSCs-like cell
were positive for CD29, CD44, CD73, CD90, and negative for HLA-DR,
CD34, and CD45 by FACS analysis. Differentiation assays revealed that the
cells possessed the capability to differentiate into adipocytes,
chondrocytes, and osteocytes. USCs-conditioned medium (CM)
treatment significantly suppressed the severity of dermatitis in
imiquimod  (IMQ)-treated psoriasis mice model. Histopathological
examination revealed that USCs-CM treatment attenuated epidermal
thickness and the numbers of infiltrating inflammatory cells, including
neutrophils, T-cells, and macrophages in dermatitis-affected areas in
IMQ-treated psoriasis mice. Furthermore, USCs-CM treatment
decreased mRNA levels of IL-17A, IL-17F, and IL-23p19 was reduced in
dermatitis area. In summary, our findings revealed new potential strategies
for utilizing USCs and USCs-CM as therapeutic agents for inflammatory skin
diseases, including psoriasis.
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Introduction

Stem cells are self-renewing and multipotent cells, which are
vital for the development and homeostasis of living organisms. In
the past 10 years, significant advancements in stem cell research
have facilitated their practical application in clinical settings,
utilizing induced pluripotent cells [1, 2], mesenchymal stem cells
(MSCs) [3], and stem cells from adipose tissue for therapeutic
purposes [4]. Various cell types, such as bone marrow,
adipocytes, and skin fibroblasts, have been utilized to generate
these stem cells. However, adopting collection methods that
employ minimally invasive procedures is essential for their
development. Urine-derived stem cells (USCs) are obtained
from human urine through a noninvasive process [5], and
cells can be acquired from donors without regard to their age,
gender, or medical history [6]. Additionally, they share biological
characteristics with MSCs [7]. The usefulness of USCs has been
proven through animal studies to investigate their tissue-
protective effects, such as hepatic injury, ischemic neurological
injury
cutaneous wound healing [8-11]. Besides direct differentiation

dysfunction, ischemia-perfusion in kidneys, and
by stem cells, various functions related to cytokines and
microRNAs within exosomes derived from stem cells have
also been documented [12, 13]. Several studies have examined
the possible therapeutic benefits of MSCs and extracellular
vesicles for inflammatory skin disorders, including AD and
psoriasis [14]. However, the therapeutic potential of USCs for
inflammatory skin diseases has not yet been fully explored.
Herein, we report the therapeutic effects of USCs-derived
culture supernatants on mice with psoriasis-like dermatitis using

our originally established human USCs model.

Materials and methods
Isolation and purification of USCs

Isolation and purification of USCs was performed as
previously described [5, 6]. Human urine specimens were
collected from a 38-year old female subject. To isolate USCs,
the fresh urine samples (160 mL) was centrifuged for 5 min at
500 x g at room temperature. The supernatant was aspirated, and
the pellet including cells was rinsed twice with phosphate buffered
saline (PBS). Cells were grown in 24-well plates with a mixture of
Keratinocyte Serum Free Medium (Gibco, United States), and
Essential 6™ Medium (Gibco, United States) in a 1:1 ratio, along
with 100 U/mL penicillin and 1 mg/mL streptomycin (Gibco), and
5% fatal bovine serum (Gibco). The cell suspension was seeded
info 24-well plates or 6 cm dish or 10 cm dish and incubated at
37°C with 5% CO,. The cells were subcultured using 0.25% trypsin
at a confluence level of approximately 80%, and the medium was
replated every 2 days. Cells stocks were stored in liquid nitrogen for
further examination.
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Flow cytometry analysis

To examine the manifestation of surface markers of USCs,
cells were subjected to consecutive incubation with Alexa Fluor”
488-conjugated anti-human CD29, CD34, CD44, CD45, HLA-
DR, and FITC-conjugated CD73, CD90 antibodies (Abs) or no
staining, followed by flow cytometric analysis using an Attune
Flow Cytometer (Life, United States). The data was analyzed
utilizing FlowJo™ software program (Version 10.9.0, BD,
Biosciences).

Differentiation assay

In order to evaluate the differentiation potential of MSC, we
employed the Human Mesenchymal Stem Cell Functional
Identification Kit (R&D systems) in accordance with the
USCs
adipogenic differentiation medium, which comprised a mixed

manufacturer’s  guidelines. were cultured in an
culture medium supplemented with 10% FBS, hydrocortisone,
isobutyl methylxanthine, and indomethacin (R&D systems). The
medium was replaced every 3 days. After 21 days of induction,
the cells were fixed in a solution of 4% paraformaldehyde (PFA)
for 10 min and subsequently stained with oil-red-O for 15 min at
room temperature. For immunostaining, cells were stained with
FABP4 Ab (R&D

differentiation, USCs were cultured in a specialized osteogenic

anti-mouse systems). For osteogenic
differentiation medium, which consisted of a mixture of culture
medium supplemented with B-glycerolphosphate, ascorbate-
phosphate, recombinant human BMP-2, and 10% FBS. The
medium was replaced every 3 days for 2 weeks. Cells were fixed
with cold 70% ethanol and then stained with 40 mM alizarin red S
(pH 4.2) for 15 min, followed by fixation with 4% PFA. Cells were
immunostained with anti-human Aggrecan antibodies (R&D
Systems). USCs were cultured in a pellet culture technique to
promote chondrogenic differentiation, utilizing a chondrogenic
differentiation medium that comprised of mixed culture medium
complemented with ascorbate-phosphate, pyruvate, recombinant
human TGF-3, proline, and dexamethasone. The medium was
replaced every 3 days for 3 weeks. Following the fixation of pallets
with 4% PFA, they were embedded in an optimum cutting
temperature compound and 10 pum frozen sections were stained
with anti-human Osteocalcin Ab (R&D systems).

Animals

Eight-to 12 weeks-old female BALB/C mice were obtained
from the SLC (Shizuoka, Japan). Mice were maintained in the
Institute of Experimental Animal Research at Gunma University
under specific pathogen-free conditions, and they were handled
in accordance with the animal care guidelines established by
Gunma University.
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Collection and establishment of USCs from human urine samples. (A) Schematic representation of isolation and incubation process of urine-
derived stem cells (USCs). (B) Photographs illustrating cell morphology in a time series on days 1, 5, and 12 after seeding; n = 3.

Psoriasis-like dermatitis mice model

Psoriasis mouse model experiments were performed using IMQ
cream (5% Beselna Cream, Mochida Pharmaceuticals, Tokyo, Japan)
described previously [15]. Topical application of IMQ cream (62.5 mg/
day) was performed to on the back skin for a period of 6 days in a row.
The evaluation of dermatitis severity was conducted using the Psoriasis
Severity (PSI) Score, which ranges from 0 to 4, as previously detailed
[16]. To examine the influence of USCs-conditioned medium (CM)
on the development of dermatitis in mice, 200 uL of USCs-CM or the
same volume of cell culture medium as control was administered
subcutaneously at four sites, each comprising 50 pL, in the back
subcutaneous tissue just after IMQ treatment.

Antibodies

The following antibodies (Abs) were used: myeloperoxidase
(MPO) Abs (Thermo Scientific, RB-373-A0), CD3 (Abcam,
ab5690), CD68 Abs (Bio-Rad Laboratories, MCA1957GA),
CD29 Abs (Biolegend, #303015), CD44 Abs (Biolegend, #338829),
CD73 Abs (Biolegend, #344015), CD90 Abs (Biolegend, #328107),
CD34 Abs (Biolegend, #343517), CD45 Abs (Biolegend, #304019),
HLA-DR Abs (Biolegend, #307619), FABP4 Abs (R&D systems,
#967799), Osteocalcin Abs (R&D systems, #967801), Aggrecan Abs
(R&D systems, #967800). Alexa Fluor” 488 or 568 secondary Abs
(Invitrogen, Carlsbad, California).
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Histological and immunohistochemical
examination

Histological and immunohistochemial examinations were
performed as previously described [16-18]. Skin tissues were
excised, treated with formalin, and then embedded in paraffin
blocks. Paraffined embedded sections
hematoxylin and eosin (H&E). Six random microscopic images

were stained using
per slide were obtained to measure the epidermal thickness.
Calculation was performed using Image] software (Version 1.54)
in H&E-stained sections of control group (n = 7) and USCs-CM
group (n = 6). For immunohistochemical staining, sections were
subjected to deparaffinization and heating for 10 min with citrate
buffer or Tris-EDTA (pH 8.0) buffer. Blocking step was performed
using endogenous peroxidase blocking solution and protein block
solution (Dako). The specified antibodies (Abs) were incorporated
into the appropriate sections and allowed to incubate overnight at a
temperature of 4°C. Subsequently, these sections were exposed to
horseradish peroxidase (HRP)-labeled secondary antibodies. The
(CD3* T-cells, MPO*
neutrophils and CD68" macrophages) in the dermis was carried

quantification of inflammatory cells

out by counting the numbers of positive cells. Six microscopic
images were obtained in one slide. n = 3 for CD3, CD68 and
n = 6 mice for MPO per group. Immunofluorescence staining
protocol of cryostat sections and subsequent analyses were carried
out in accordance with previously described [17]. Sections were
stained with Alexa Fluor 568- conjugated secondary antibodies,
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FIGURE 2

Investigation of the characteristics of human USC. (A) Representative flow cytometry analyses of the cell surface expression of CD29, CD34,
CD44, CD45, CD73, CD90, HLA-DR, and no staining as a negative control in USCs; n = 3. (B) Adipogenic differentiation was assessed by
immunostaining for FABP4 (left) and Oil-red-O staining (right). Bar = 50 pm; n = 3. (C) Osteogenic differentiation was assessed by immunostaining for
osteocalcin (left) and Alizarin Red staining (right). Bar = 50 um; n = 3. (D) Chondrogenic differentiation was assessed by immunostaining for
Aggrecan. Bar = 50 pm; n = 3

followed by staining with 4,6-diamidino 2-phenylindole (DAPI) to SYBR system (Applied Biosystems, Foster City, California) using
visualize nuclei. Finally, sections were mounted in a Pro-Long Gold Applied Biosystems 7300 Real-Time PCR System (Life Technologies).
antifade reagent (Life Technologies). Immunofluorescence images SYBR probes and primers for IL-17A, IL-17F, IL-23p19, and 18S were
were acquired and visualized using an FV10i-DOC confocal laser purchased from Takara Bio (Otsu, Japan) Inc and Sigma (St. Louis,
scanning microscope (Olympus). Missouri). The levels of 185 mRNA were quantified in parallel with

the target genes as an internal control. The normalization and fold-

i . changes were calculated using the comparative Ct method.
Real-time reverse transcriptase PCR

RNA collection and RT-qPCR experiments were performed as Statistics
previously described [16, 18]. Total RNA from skin tissue was

obtained using the RNeasy Mini Kit (Qiagen, Valencia, All statistical analyses were performed using GraphPad
California), and then reverse transcription using a GoScript Prism software (Version 10) with one-way analysis of variance
Reverse Transcription System for RT-PCR (Promega) as followed by Bonferroni test, non-parametric Mann-Whitney U
previously described. We examined RT-qPCR experiment with the test, or Student’s t-test (two-sided). Error bars indicate standard
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FIGURE 3

Therapeutic potential of USCs-conditioned medium (CM) on
IMQ-treated psoriasis-like dermatitis. (A) Time course in in vivo
experiments. USCs-CM or control medium was administered by
subcutaneous injection and topical application of IMQ cream

on the back skin for six consecutive days. (B) Representative
images of skin manifestation on days 0, 2, 4, and 6 in control or
USCs-CM-treated mice. (C) Skin erythema, scaling, thickness, and
cumulative PSI score are depicted; n = 7 for the control and n =
6 for the USCs-CM group. All data are expressed as mean +
standard error of the mean. *P < 0.05 and **P < 0.01.
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errors of the mean. The numbers of experiments (n) are as
described below. indicated. Figure 1: (B) n = 3. Figure 2: (A) n =3,
(B-D) n = 3. Figure 3: (A) n = 7 for control, n = 6 for USCs-CM.
Figure 4: (A) n = 7 for control, n = 6 for USCs, (B) n = 3 per
group, (C) n = 6 per group, (D) n = 3 per group. Figure 5:n = 6 for
no treatment, n = 8 for ctl, and n = 10 for USCs-CM.

Results

Collection and establishment of USCs
from human urine samples

First, we examined the isolation of USCs from 160 mL of
human urine using a simple centrifugation process (Figure 1A).
After washing with PBS, cells were cultured in 24-well plastic
plates for 12 days. At 12 days after seeding, cells reaching 90%-
95% confluency were passaged to a 6 cm dish with minimal
the
accumulated and formed clusters (Figure 1B).

processing. During incubation, round-shaped cells

Investigation of the characteristics of
human USC

Next, we investigated the cell surface markers and performed
differentiation analysis. MSCs-like cell surface markers,
including CD29, CD44, CD73, and CD90, were positive in
about 80-90% of cells. However, the markers of hematopoietic
stem cell, including CD34, CD45, and HLA-DR, were not
expressed by FACS analysis (Figure 2A).

The differentiation potential was investigated in vitro.
Adipogenic differentiation was evaluated by immunostaining
for FABP4, a known marker of adipose cells, and Oil-Red-O
staining (Figure 2B). Osteogenic differentiation was confirmed
by immunostaining for osteocalcin, a marker of osteocytes, and
Alizarin Red § staining (Figure 2C). Chondrogenic differentiation
was assessed by Aggrecan (Figure 2D).

USCs-conditioned medium treatment
suppressed the severity of dermatitis in
IMQ-treated psoriasis mice model

Several studies have shown the therapeutic potential of
conditioned medium of MSCs and USCs
inflammatory disease animal models, such as wound healing,

in multiple

and radiation injury [19, 20]. Then, we assessed the therapeutic
effects of the conditioned medium of USCs in the IMQ-treated
mice model. USCs-conditioned medium (USCs-CM) and cell-free
medium, used as a control (Ctl), were subcutaneously injected into
the dorsal skin every day (Figure 3A). The results indicated that
treatment with USCs-CM attenuated the severity of IMQ-induced
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psoriasis-like dermatitis compared to that observed in control mice

80 - o (Figure 3B). In mice treated with USCs-CM, skin erythema was
_ significantly inhibited on days 3 and 6. Additionally, skin thickness
= £ 60 1 and scale were significantly suppressed on day 6 compared to
%g 40 control mice. The total PSI score demonstrated a significant
.'g_ £ inhibition in the progression of skin dermatitis on USCs-CM-
w :E: 20 - treated animals from day 5 to day 6 (Figure 3C).
0 “cu uscs
<M USCs-conditioned medium treatment
attenuated acanthosis and inflammatory
(B) cD3 uated acant 1 |
25 1 %k cells infiltration in dermatitis-affected

areas in IMQ-treated psoriasis mice

To investigate the influence of USCs-CM treatment on the
pathological changes in the dermatitis-affected area, skin samples
were collected on day 6 and subjected to H&E staining. The
histological analysis showed a significant reduction in epidermal
thickness within the dermatitis-affected area of IMQ-treated mice

Number of positive
cells/field
- - N
o (3, ] o (4, ] o

Ctl USCs
M after USCs-CM treatment, compared to control mice (Figure 4A).
MPO Moreover, immunohistochemical studies demonstrated a significant

reduction in the number of infiltrated CD3* T-cells, MPO*
neutrophils, and CD68" macrophages in the skin following
USCs-CM treatment (Figures 4B-D). These findings suggest that
USCs-CM treatment modulates keratinocyte function and reduces
skin inflammation, thereby improving IMQ-indued dermatitis.

Number of positive
cells/field

o N b~ O OO O

USCs-conditioned medium treatment

Ctl  USCs attenuated IL-17 and IL-23 expression in
M lesional skin site in IMQ-treated
(D) g . CD68 psoriasis mice

Finally, we assessed the effect of USCs-CM treatment on the
mRNA levels of proinflammatory cytokines in lesional skin site

Ctl USCs-CM

i

in IMQ-treated psoriasis mice with RT-PCR assay. The result
indicated that elevated mRNA expression of proinflammatory
cytokines, including IL-17A, IL-17F, and IL-23p19 by imiquimod
treatment in ctl mice was significantly decreased in USCs-CM-

Number of positive
cells/field
o N B »
El‘ *

Ctl USC
_CMS treated mice on day 4 (Figure 5).

FIGURE 4

USCs-conditioned medium treatment attenuated epidermal Dl | N
thickness and inflammatory cell infiltration in the dermatitis-affected SCussio
area in IMQ-treated mice with psoriasis. (A) Representative HGE

images of skin sections from mice treated with control or USCs- This study demonstrated the establishment of USCs in adult
CM on day 6. The right panel depicts the quantification of epidermal

thickness in each group, with n = 7 for the control group and n = 6 for human and 1nvest1gated the suppressive effect of Orlglnally
the USCs-CM group. Bar = 100 pm. (B—D) Immunohistochemical generated USCs-CM in IMQ treatment-induced psoriasis-like
images showing infiltrating inflammatory cells stained for (B) CD3*

T-cells, (C) MPO™ neutrophils, and (D) CD68* macrophages on days 6.
Allows indicate positive cells for each staining (yellow). The right panels effects of USCs-CM were investigated by utilizing skin tissue

show quantitative evaluation by counting the number of positive cells samples obtained from the dermatitis-affected region.

in six random fields of view; n = 3 for (B) and (D). n = 6 for (C). Scale ...
bar = 100 um for (B) and (D), and 50 um for (C). All data are expressed The characteristics of MSCs are defined as follows: 1) they

as mean + standard error of the mean. *P < 0.05 and **P < 0.01. can attach to plastic culture bottles; 2) at least 95% of the cell

dermatitis mouse model. Additionally, the potential therapeutic

population expresses specific surface antigens, including
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FIGURE 5

USCs-conditioned medium treatment attenuated IL-17 and IL-23 expression in lesional skin site in IMQ-treated psoriasis mice. Quantification
of mMRNA expression levels in the dermatitis area on day 4 using skin tissue from ctl or USCs-CM mice by gPCR. n = 6 for normal, n = 8 for ctl,and n =
10 for USCs-CM. All data are expressed as mean + standard error of the mean. *P < 0.05 and **P < 0.01.

CD73, CD90, and CD105, while not expressing CD11b, CD14,
CD19, CD34, CD45, CD79a, or HLA-II antigens; and 3) they
have ability to differentiated into adipocytes, chondrocytes,
and osteocytes [21]. Several studies reported the distinctive
markers of USCs, such as positivity for CD29, CD44, CD54,
CD73, CD90, CD105, CD 166, STRO-1, and HLA-DR, and
negativity for CD11b, CD14, CD19, CD31, CD34, CD43, and
CD 45 [5, 22, 23]. Our urine-derived cells meet the specified
criteria for adhesion, cell surface markers, and differentiation
potential, thereby demonstrating their identity as USCs.
The results demonstrated a significant attenuation in
intension of skin dermatitis and inflammation in USCs-
CM-treated animal with IMQ treatment induced psoriasis
mouse model. Neutrophils infiltrating the skin lesions of
psoriasis are mediators of local inflammation and are
induced by chemokines, such as CXCLI1. Neutrophils
contribute to psoriasis pathogenesis by activating dendritic

cells through antimicrobial peptides, such as LL-37,
participating in IL-36 activation, and inducing tissue
damage through the development of neutrophil

extracellular traps [24-27]. T-cells activated by IL-12 and
IL-23, especially Th17 cells producing IL-17 and Th22 cells
producing IL-22, are pivotal in the pathogenesis of psoriasis,
[28].
upon

resulting in the hyperactivation of keratinocytes

Macrophages migrate to sites
stimulation by chemokines, such as MCP-1. They produce
cytokines including TNF-a, IL-23, and IL-6, and, which

contribute to the formation of the local inflammatory

inflammatory

environment in psoriasis [29, 30]. The decreased numbers
of inflammatory cell in the psoriasis-affected skin could
reduce the severity of dermatitis in the IQM-mice model.
Results showed the decreased mRNA levels of IL-17A, IL-17F
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and IL-23 expression in USCs-CM treatment, indicating that
USCs-CM might inhibit IL-23/Thl7 axis in imiquimod-
induced psoriasis mice.

An interesting case study demonstrated complete regression in
patients with psoriasis vulgaris after the topical application, but not
local injection, of concentrated adipose tissue-derived MSCs-CM
[31]. Moreover, the phase I clinical study demonstrated that
subcutaneous administration of allogenic adipose-derived MSCs
into psoriasis skin site in humans decreased PASI score and the
expression levels of psoriasis associated cytokines mRNA, such as
IL-17, IL-23, and TNF-«. Additionally, it increased the numbers of
FOXP3" regulatory T-cells at the local skin site [32]. These results
suggest that MSCs and/or MSCs-CM may hold therapeutic potential
for inflammatory skin disorders by modulating the local
immunological environment. To our knowledge, our study
represents a novel exploration as there have been no reports
investigating the therapeutic potentials of USCs-CM
on psoriasis.

Within a decade, the treatment of psoriasis has evolved
innovatively with the advent of systemic therapies, including
antibody drugs targeting the IL23/Thl7 axis and JAK
inhibitors. Although biologics provide safety and high
therapeutic efficacy, their long-term use, the occurrence of
secondary ineffectiveness upon treatment discontinuation
and resumption, and the high cost of medical care pose
challenges. When treating patients with JAK inhibitors,
healthcare providers should always consider adverse events,
such as heart disease and blood clots, which are highlighted in
the black box warning issued by the U.S. Food and Drug
Administration [33]. Hence, the ongoing necessity for
developing new treatments that are effective, long-lasting,

and safe remains evident. Psoriasis, a chronic inflammatory
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skin condition, is commonly associated with metabolic
abnormalities, including diabetes, dyslipidemia, and obesity.
This relationship is widely acknowledged. [34]. Given the
ongoing global research into the therapeutic potential of
stem cells or its supernatants in diabetes mellitus, there
also exists potential for new therapeutic applications in
psoriasis [35-37].

In summary, our findings revealed new potential strategies
for utilizing USCs and USCs-CM as therapeutic agents for
inflammatory skin diseases, including psoriasis.

Limitations

First, we conducted experiments using USCs from an
individual. It would be necessary to repeat experiments using
newly generated USCs from different participants. Second, since
we have not investigated the therapeutic potential of USCs-CM
in humans, we should carefully consider its clinical application in
future projects. Third, we did not examine the depth of the
immunological aspect of psoriasis in a mouse model. Further
investigation is necessary to examine the underlying mechanisms
responsible for the suppressive effect of USCs-CM on psoriasis.
In addition, a detailed examination of cytokines, mRNAs, and
other components of cell supernatants is required.

Data availability statement

The data that support the findings of this study are available
from the corresponding author AU, upon reasonable request.

Ethics statement

The studies involving humans were approved by the ethics
committee of Gunma University (HS2022-058). The studies were
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