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Abstract. – OBJECTIVE: Dilated cardiomyopa-
thy (DCM) is featured by left or bilateral ventricu-
lar dilation combined with systolic dysfunction.
Its clinical manifestations include heart enlarge-
ment, cardiac failure, arrhythmia and cardiac ar-
rest. Medication and heart transplantation have
but only limited treatment effect on DCM. 

MATERIALS AND METHODS: Induced
pluripotent stem cell (iPSC) treatment provides a
new solution for DCM treatment. Human renal
epithelial cells were extracted from the urine of
patients with DCM and transfected with
Sendai virus carrying OCT3/4, Sox2, Klf4 and c-
Myc gene to generate iPSCs by reprogramming. 

RESULTS: The morphology and pluripotency of
iPSCs obtained from the renal epithelial cells
from patients with DCM were confirmed, as well
as the growth characteristics, immunohisto-
chemical features and surface markers of embry-
onic stem cells. Teratoma was formed in vivo. 

CONCLUSIONS: We demonstrated that it was
feasible to obtain iPSCs from the urine of pa-
tients with DCM. This technique lays down the
cytological foundation for understanding the
pathogenesis and for drug screening and gene
therapy for DCM. 

Key Words:
Induced pluripotent stem cell, Dilated cardiomy-

opathy, Cardiac failure, Urine.

Introduction

Dilated cardiomyopathy (DCM) is featured
by left or bilateral ventricular dilation that is
associated with systolic dysfunction. Single
ventricular failure may progress into bilateral
ventricular failure with development of the
condition. Other life-threatening complications
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include ventricular arrhythmias and atrioven-
tricular block, syncope, and sudden death,
which severely affects the life quality of pa-
tients and may even cause death1. Patients with
end-stage cardiac failure usually suffer from
poor life quality and high mortality.

Chronic or acute cardiac failure is an impor-
tant direct cause of death in patients with DCM.
Treatments for DCM that already progresses into
cardiac failure are very limited. The stem cell
transplantation may be a candidate treatment for
DCM2. Pluripotent mesenchymal stem cells
(MSCs) differentiate into a variety of cells, with
cardiomyocytes and vascular endothelial cells in-
clude. In murine DCM model it has been con-
firmed that MSC transplantation improved car-
diac function, possibly through induction of
myogenesis and angiogenesis, and inhibition of
myocardial fibrosis3. Clinically CD34+ stem cell
transplantation in dilated cardiomyopathy was
reported to be associated with short-term im-
provement in left ventricular ejection fraction
and exercise tolerance4. 

However, it should be noted that stem cell
transplantation has limitations such as difficult
accessibility, low survival rate of the transplant-
ed stem cells, the timing of transplantation, and a
low integration with the surrounding cells5-8. In-
duced pluripotent stem cells (iPSCs) are newly
discovered pluripotent cells similar to the embry-
onic stem cells and an emerging paradigm that
helps us with modelling human diseases in labo-
ratory assays or experimental animals, and are al-
ready applied in disease modelling, drug testing
and drug discovery9. Recent discoveries have
demonstrated that iPSCs can be differentiated in-
to cardiomyocytes, suggesting that they have the
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potential to significantly advance future cardiac
regenerative therapies.

It has been found that renal epithelial cells can
be extracted from the urine of normal humane to
obtain iPSCs with simple, reproducible, noninva-
sive method10. 

In this study, we confirmed the feasibility of
extracting renal epithelial cells from the urine of
DCM patients to induce iPSCs, in hope to pro-
vide more information for clinical application
with such iPSCs for DCM treatment. The method
can also be used for modeling for pathogenesis
study and new drug development. 

Patients and Methods

Patients
The experiment was approved by the Ethics

Committee of the Third Affiliated Hospital of
Guangzhou Medical University. According to the
WHO’s diagnostic criteria for DCM11, 4 DCM
patients were selected, including 2 males and 2
females with an average age of 51 years. The pa-
tients were informed of the significance of the
experiment and their rights. Informed consent
was obtained. 

Extraction of Renal Epithelial Cells 
from Urine

500 ml wide-mouth bottles were sterilized be-
fore urine collection. Donors were asked to wash
extensively their urethral area with flushable pre-
moistened wipes, and to direct the first portion of
the urine stream into the toilet instead of the con-
tainer. The first urination of the day was routinely
avoided. Besides, only the mid stream of urine
was later on collected into sterile containers. Pa-
tients were instructed to drink a large amount of
water within a short period of time over and later
200 ml of urine was collected. Urine samples were
then transferred into 50 ml conical-bottom cen-
trifuge tube and these tubes were centrifuged at
300 g at room temperature for 10 minutes. The su-
pernatant was carefully discarded, leaving approx-
imately 5 ml or less of urine in the tube. The cells
were re-suspended in the remaining supernatant
and pooled into a 50 ml conical-bottom centrifuge
tube. After centrifugation at 300 g for 10 minutes
at room temperature, the supernatant was drawn
using the pipette. The remaining was discarded
except for 5 ml left in the tube. Then 5 ml of PBS
containing penicillin and streptomycin was added
to resuspend the cells with blowing. Then the cells

were transferred to a 15 ml conical-bottom cen-
trifuge tube and centrifuged at 300 g for 10 min-
utes at room temperature. The supernatant was
completely discarded. The cells were resuspended
in 0.5 ml Urineasy medium I (Cellapy, Beijing,
China. Cat. no. CA3101200), followed with inoc-
ulation to 35 mm Matrix-coated culture plate
(Growth Factor Reduced (GFR) BD Matrigel™
matrix (Cellapy, Beijing, China. Cat. no.
CA3003007/3003008, Corning Inc, Corning, NY,
USA, Cat. no. 354230/356230/356231/254277).
The cells were cultured in an incubator at 37°C
and 5% CO2 for 24 hours. Then, 2 ml of
Urineasy medium I was added slowly, with the
replacement of half amount of medium every 2
days. After cell attachment, the medium was re-
placed every 2 days using 3 ml of fresh Urineasy
medium II (Cellapy: Cat. no. CA3101200). Cell
passage was performed when the cells proliferat-
ed densely.

Cell Passage
Urineasy medium II was removed and the cells

were washed once with phosphate buffered saline
(PBS). Cover the bottom of the culture dish was
completely covered with 0.25% trypsin. After cell
digestion at 37°C for 3 minutes, an equal amount
of PBS was added. The cells were transferred to
another 15 ml centrifuge tube for centrifugation at
200 g for 5 minutes. The supernatant was com-
pletely discarded. The cells were resuspended
with fresh Urineasy medium II and inoculated in a
new culture dish. After that, the cells were cul-
tured at 37°C in an incubator with 5% CO2. Re-
place the medium with fresh Urineasy medium II
every 2 days. Cell passage was performed when
the cells proliferated densely. 

Obtaining of iPSCs by Reprogramming
The renal epithelial cells were inoculated in

the 6-well plate. Transfection was performed
when the cells reached 50%-80% confluence.
Cytotune2.0 Sendai  virus carrying OCT3/4,
Sox2, Klf4 and c-Myc gene (Invitrogen, Gronin-
gen, The Netherlands: Cat. no. A16517) was
used to transfect the renal epithelial cells at 37°C
in incubator with 5% CO2 overnight. After trans-
fection for 24h, the medium was replaced by
DMEM (Gibco, Grand Island, NY, USA, Cat.
no. 11995065) + 10%FBS (Gibco, Cat. no.
10099141) DFBS culture medium. After that, the
medium was replaced with fresh medium every
other day. The transfected renal epithelial cells
were harvested 5 days after transfection and in-
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oculated in a Matrix-coated culture plate. Trans-
ferring, selenium, insulin-like growth  factor and
transforming growth factor-β were added into the
culture medium. The medium was replaced every
day. Cell masses with features of transformed
cells were observed under the microscope. The
clones were picked and transferred to the Ma-
trigel-coated culture plate for further amplifica-
tion and analysis12.

Characterization of iPSCs
The protein expressions of Nanog, Oct3/4,

Sox2, SSEA-4, TRA-1-60 and TRA-1-81 were
detected with high specificity and sensitivity.
The pluripotency of the iPSCs was confirmed.
The iPSCs were evenly inoculated to 24-well
plate and subjected to staining after the clones
had grown big enough. The cells were washed
with PBS three times and 5 minutes each time,
and fixed in 4.4% paraformaldehyde at room
temperature for 15 minutes. Then, the cells were
washed with PBS three times, 5 minutes each
and reacted with 0.5% Triten-100 at room tem-
perature for 15 minutes. The Triton working so-
lution was removed and 3% BSA sealing fluid
was added, and cells were incubated at room
temperature for 30 minutes. Then, the sealing
fluid was removed and primary antibody work-
ing solution diluted at 1:100 was added and cells
were incubated at 4°C overnight. The cells were
washed with PBS twice, 5 minutes each time.
Hybridization was carried out at 37°C for 45-60
minutes by adding the secondary antibody work-
ing solution diluted at 1:100. The cells were
washed with PBS three times, 5 minutes each
time. The slide was stained with DAPI.

Alkaline Phosphatase Staining of iPSCs
Remove the culture medium of the iPSCs and

wash the cells with PBS twice and fix with
paraformaldehyde at room temperature for 15-20
minutes. Then remove the paraformaldehyde and
wash cells with PBS once and stain cells with
AP. Cells were incubated at room temperature
away from light for about 1.5 hours until the
clones presented the color of purple blue uni-
formly. Remove the AP working solution and
wash cells with PBS once. Then observe under
the inverted microscope. 

Karyotype Analysis of iPSCs 
The iPSCs were passaged for over 8 genera-

tions. When the cells reached 80% confluence in
the T-25 bottle, 50 ng/ml demecolcine was added
and keeps culturing the cells at 37°C for 6 hours.
All cells were harvested and prepared into sin-
gle-cell suspension by adding appropriate
amount of low-permeability potassium chloride
solution. After cell incubation at 37°C for 30
minutes, 3:1 methanol/acetic acid mixture was
added. Centrifugate the tube at 1000 rpm for 10
minutes, with 1 ml supernatant retained. Cells
were gently suspended again with fixing solu-
tion, followed by centrifugation at 1500 rpm for
5 minutes. The fresh fixing solution was added
while shaking the tube, followed by centrifuga-
tion at 1500 rpm for 5 minutes with supernatant
discarded then. Fixing solution was added and
the cells were incubated at 4°C overnight. The
supernatant was discarded and the cells were
added dropwise to the slide precooled at -20°C,
which was then dried at 75°C for 1-2 hours. The
slide was stained at room temperature with 2 ml

Figure 1. Collection and characterization of urine cells. The renal epithelial cells were isolated and inoculated to the culture

dish and cells were adherent to the dish bottom and proliferated. (A) Observed at 10 days. (B) Cell passaging was performed

by trypsin digestion and the P2 generation was of good growth status. Magnification x 10. 
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Giemsa and 48 ml PBS for 10 minutes, and then
washed with pure water and dried. Under the mi-
croscope, 30 metaphase cells were randomly se-
lected and observed to calculate the accuracy rate
of karyotype analysis. 

Teratoma Formation Assay
After amplification and induction, the iPSCs

were digested with EDTA and centrifuged at
1000 rpm for 5 minutes. The cell precipitation
was collected into the 1.5 ml EP tube and re-
suspended in PBS. The cells were injected sub-
cutaneously into the NOD-SCID mice at 1×107

cells/mouse to induce teratoma. The mice were
sacrificed by cervical dislocation. The teratoma
was harvested and fixed in paraformaldehyde
for 2 days.The sections were led through grad-
ed alcohol dehydration and xylene transparenti-
zation. The tissues were embedded in paraffin,
sectioned and subjected to HE staining. 

Results

Isolation, Culture and Passage 
of Renal Epithelial Cells

The renal epithelial cells were isolated and in-
oculated to the culture dish and half of medium
was replaced with fresh medium every 2 days.
The proliferation of adherent rounded cells sug-
gested an epithelial phenotype and significant
proliferation of cells was observed on Day 10
(Figure 1A). Cell passaging was performed by
trypsin digestion and the P2 generation was of
god growth status (Figure 1B).

Obtaining of iPSCs by Reprogramming
The renal epithelial cells were transformed by

reprogramming with the appearance of EC- like
cells. The medium was replaced every other day
for 9 consecutive days. The clones grew bigger
and denser (Figure 2A). On Day 15 clones were
big enough with high nuclear-cytoplasmic ratio
and single clones were picked (Figure 2B). 

Characterization of iPSCs
The iPSC clones were picked for immunofluores-

cence staining, alkaline phosphatase staining, and
karyotype analysis. The clones were positive for
Oct3/4 (Figure 3A), Sox2 (Figure 3B), Nanog (Fig-
ure 3C), TRA-1-60 (Figure 3D)/TRA-1-81 (Figure
3E) and SSEA-4 (Figure 3F), indicating high
pluripotency of the iPSCs. The clones were detected
positive for alkaline phosphatase staining (Figure 4)
and normal karyotype (Figure 5) by showing the 46
chromosomes within cells (Figure 5). 

Teratoma Formation Assay
The P15 generation cells were collected and in-

jected into male SD rats aged 6 weeks. Teratoma
was formed 1 month later with diameter of 3-5 cm.
Immunohistochemistry analysis indicated that the
teratoma consisted of 3 germ layers: cartilage,
nerves and glands (Figure 6A-C), which suggested
the strong differentiation capacity of the iPSCs. 

Discussion

Along with the development in stem cell sci-
ence and tissue engineering, the treatment by au-

Figure 2. Generation of induced pluripotent stem cells (iPSCs) from urine cells. (A) Photographs of emerging urinary in-

duced pluripotent stem cells colonies on Day 9. Magnification x 20. (B) Photographs of emerging urinary induced pluripotent

stem cells colonies on Day 15 with high nuclear-cytoplasmic ratio for picking single clones. Magnification x 10.
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tologous stem cell transplantation is now widely
accepted. So far several stem cells are under clini-
cal trials, such as the mesenchymal stem cells13,
umbilical cord blood stem cells14, adipose-derived
stem cells15 and peripheral blood stem cells16.
Specifically, many researches have been pub-
lished concerning their applications in the treat-
ment of cardiovascular diseases17. Experimental
studies suggested that cardiac transfer of stem and
progenitor cells can have a favorable impact on
tissue perfusion and contractile performance of
the injured heart. However, due to the problems
of low availability, immunorejection, low sur-

Figure 3. Collection and characterization of urinary induced pluripotent stem cells. The iPSC clones were picked for im-
munofluorescence staining for Oct3/4 (A), Sox2 (B), Nanog (C), TRA-1-60 (D) /TRA-1-81 (E) and SSEA-4 (F), indicating
high pluripotency of the iPSCs. Scale bar, 100 μm.

A B

C D

E F

Figure 4. The iPSC clones were positive for alkaline phos-

phatase staining. Magnification x 10.
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vival rate of the transplanted stem cells and poor
integration with the host organs, the stem cell
transplantation has not been widely applied18. 

Human iPSCs (hiPSCs) are similar to embry-
onic stem cells, which display multi-directional
differentiation potential and immunotolerance
and help the cells evade the immune system.
Research has found that hiPSCs-derived my-
ocardial cells transplanted into the animal mod-
el of myocardial infarction improved the heart
function19, and iPSCs can be obtained from the
renal epithelial cells in the urine10. Forced ex-
pression of selected transcription factors can
transform somatic cells from urine into embry-
onic stem cell-like cells, i.e. the iPSCs. There is
no consensus regarding the preferred tissue
from which to harvest donor cells for repro-
gramming into iPSCs, and some donor cell
types may be more prone than others to the ac-
cumulation of epigenetic imprints and somatic
cell mutations. It is still a matter requiring ex-
perimental confirmation whether iPSCs can be
obtained from the renal epithelial cells in the
urine with high repeatability and feasibility. 

In the present study, renal epithelial cells
were isolated from urine of patients with DCM
and iPSCs were successfully obtained by repro-
gramming by transformation of somatic cells

into iPSCs using exogenous factors. Thie
method is reported to be convenient, repeatable
and noninvasive. Since the iPSC carries patho-
genic genes of a specific disease, it can be used
for the study of pathogenesis and the develop-
ment of specific drugs13,14. 

OCT3/4, Sox2, Klf4 and c-Myc gene can be
introduced into the target cells using different
vectors. Here we chose Sendai virus as the vec-
tor considering the following features: (1) Less
genetic toxicity. The Sendai virus reprogram-
ming vector will not be integrated into the chro-
mosomes of the target cells, thus the transfec-

Figure 5. Normal karyotype of representative male and fe-

male UiPSC clones.

Figure 6. Normal karyotype of representative

male and female UiPSC clones.



tion would not destroy the important genes; (2)
Better adaptability. Sendai vector, with high se-
lectivity on a variety of cells including the renal
epithelial cells, can be integrated into the prolif-
erating and the resting cells; (3) Lower multi-
plicity of infection, higher transfection efficien-
cy and higher efficiency in the expression of
target gene; (4) The transfected target cells will
not produce viral particles. Sendai virus is non-
pathogenic to the human. The results showed
that the OCT3/4, Sox2, Klf4 and c-Myc genes
were successfully introduced into the renal ep-
ithelial cells at relatively high efficiency with-
out producing cytotoxicity.

Conclusions

We generated iPSCs from an easily accessible
source in a totally noninvasive manner, and the
quality of our cell lines seems excellent accord-
ing to standard criteria. The iPSCs obtained from
the renal epithelial cells in the urine of patients
with DCM carry the pathogenic genes of DCM,
making them useful in studying the phenotype or
the molecular mechanism of pathogenesis of
DCM. Considering the pluripotency of iPSCs,
they can be induced into myocardial cells for
transplantation treatment of myocardiopathy and
improvement of heart function. Our study is
valuable for the research of the pathogenesis of
DCM and the development of new therapies, and
confirmed that urine samples may be considered
a preferred source for iPSC derivation.
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