
Analytical Cellular Pathology 36 (2013) 63–69
DOI 10.3233/ACP-2013-0081
IOS Press

63

Urothelial differentiation of human umbilical
cord-derived mesenchymal stromal cells
in vitro

Shuai Wua,b,c, Zhongliang Chenga,b, Guohua Liub, Xinfeng Zhaod, Liang Zhongb, Yingjian Zhub,∗

and Jiang Zhub

aSchool of Medicine, Shanghai First People’s Hospital, Shanghai Jiao Tong University, Shanghai, China
bDepartment of Urology, Shanghai First People’s Hospital, Shanghai Jiao Tong University, Shanghai, China
cDepartment of Urology, Qingdao Municipal Hospital, Qingdao, China
dSection of Animal Models for Human Disease, Shanghai First People’s Hospital, Shanghai Jiao Tong University,
Shanghai, China

Abstract. Human umbilical cord-derived mesenchymal stromal cells (hUCMSCs) are the most primitive of those isolated from
other post-natal tissue source. The hUCMSCs possess the capability of differentiating along multi-lineage. This study aimed
to investigate whether hUCMSCs can differentiate into urothelium-like cells. The hUCMSCs were isolated from fresh human
umbilical cord postpartum and expanded at least to passage 3 in vitro. Subsequently, they were cultured with conditioned medium
from urothelial cells (UC-CM) supplemented with 20 ng/ml exogenous epidermal growth factor (EGF). Urothelial cell specific
marker uroplakin II (UPII) and cytokeratins were evaluated by reverse transcriptase-polymerase chain reaction (RT-PCR) and
immunofluorescence technology. During culture, hUCMSCs started to express UPII and cytokeratins weakly at 7 days and
were significantly up-regulated at 2 weeks post-induction. Additionally, morphology of hUCMSCs changed from spindle-shape
to a polygonal epithelial-shape similar to that of urothelial cells after 7 days. The study results indicated that hUCMSCs can
differentiate into urothelium-like cells in a defined micro-environment in vitro constituted by UC-CM and exogenous EGF.
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1. Introduction

Mesenchymal stem cells (MSCs) have immense
therapeutic potential due to their capacity of self-
renewal and their ability to differentiate into multiple
cell or tissue types. Over the last several years, intense
research has been conducted to improve the characteri-
zation, isolation, and expansion of human MSCs [1–3].
The research findings have brought out the potential
of these cells in the fields of therapeutics and tissue
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engineering. These cells may be successfully collected
and stored for both preclinical work and banking ser-
vices [4, 5].

Bone-marrow represents one of the important
sources for MSCs for both clinical and experimental
purpose. However, bone marrow aspiration is a painful
procedure and the frequency and differentiation poten-
tial of MSCs decrease significantly with age [6, 7].
Currently, umbilical cord (UC) is gaining attention for
its therapeutic potential and as an accessible source
of MSCs which can be easily processed after birth.
Thus, UC can be considered as an alternative source
of MSCs. Previous studies have demonstrated that
human umbilical cord-derived mesenchymal stromal
cells (hUCMSCs) are the most primitive MSCs among
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those isolated from other post-natal tissue sources and
do not express the major histocompatibility complex
(MHC) class II (HLA-DR) [8]. The UCMSCs show
low immunogenicity, following xenotransplantation of
human or pig UCMSCs into immune-competent rats
[9, 10]; lower than the other MSCs isolated from bone
marrow and fat tissue [8]. Apart from their prominent
advantages like abundant availability, painless collec-
tion, and faster self-renewal, hUCMSCs possess the
capability to differentiate into a variety of cells of three
germ layers in vitro, such as muscle cells [11], hep-
atocyte cells [12], and endothelial cells [13] which
includes bone, cartilage, adipose cells, neural cells
[14, 15].

Recent studies have demonstrated that hUCMSCs
do not form any teratomas when injected into severe
combined immunodeficiency (SCID) mice [16, 17].
In light of these circumstances, we speculated that
hUCMSCs could have the potential to differentiate into
urothelium-like cells and might be an ideal alternative
cell source for bladder tissue engineering. According
to previous studies [18, 19], epidermal growth factor
(EGF) may be a critical element for differentiation of
MSCs into urothelium-like cells.

In the current study, we hypothesized that
conditioned medium from urothelial cells (UC-
CM), supplemented with exogenous EGF would be
more functional in differentiating hUCMSCs into
urothelium-like cells, which expresses urothelial cell
specific marker uroplakin II (UPII) and cytokeratins.
Therefore, this study was conducted with the objec-
tive to describe the methodology of differentiating
hUCMSCs into urothelium-like cells and to assess
uroplakin II (UPII) and cytokeratins followed by cell
differentiation.

2. Material and methods

2.1. Isolation and culture of hUCMSCs

With a proper written consent from parents, human
umbilical cords were aseptically obtained from full-
term cesarean-section infants at Shanghai Jiao Tong
University, affiliated to First People’s Hospital. The
use of this material was approved by the institutional
review board of Chinese Academy of Medical Science
and Medical School of Shanghai Jiao Tong University.
Umbilical cords were obtained from 10 healthy women
(age < 35 years old) and stored aseptically in cold

Dulbecco’s modified Eagle medium (DMEM). Cellu-
lar isolation started within 4 hours postpartum. The
hUCMSCs isolation was performed as described pre-
viously [20–22]. The blood cells from arteries and
veins were removed by flushing phosphate buffered
saline (PBS) through the vessels and the cord was
pulverized into approximately 1-2 mm3 large pieces.
The cord pieces were transferred to cell culture flasks
and incubated in DMEM with low glucose (DMEM-
LG, Invitrogen-Gibco, Carlsbad, CA) supplemented
with 10% fetal bovine serum (FBS, Invitrogen-Gibco,
Carlsbad, CA) at 37◦C in a humidified atmosphere
with 5% CO2. The medium was changed every two
days after initial plating. At the beginning, outgrowth
of an adherent cell layer from single cord pieces
was observed approximately after 10 days. After 2
weeks, tissue pieces were removed and adherent cells
were harvested with 0.25% trypsin (Invitrogen-Gibco,
Carlsbad, CA) treatment. The obtained cell suspen-
sion was centrifuged at 200g for 5 minutes and
the cells were resuspended in DMEM-LG supple-
mented with 10% FBS and subcultured at a density
of 1 × 104 cells/cm2. Only cells from passage 3 to 6
were used for subsequent studies. In this study, we
performed flow cytometry analysis of cultured hUCM-
SCs. Our data showed hUCMSCs were positive for
MSC markers, such as CD44, CD73, CD90, CD105,
and negative for CD14, CD31, CD34 and CD45.

2.2. Urothelial differentiation of hUCMSCs
in vitro

Urothelial cells used in this study were obtained
from a commercial source (SV-HUC-1, Shanghai Insti-
tutes for Biological Sciences, Yueyang road 320.
Shanghai, China) and cultured with Ham’s F-12K
medium (Invitrogen, Carlsbad, CA) supplemented
with 4% FBS. Conditioned medium (CM) was derived
from urothelial cells by collecting the media from
cultured urothelial cells at 70–90% confluence every
48 hours. Collected CM was centrifuged at 300g for
5 minutes and filtered through a 0.22 �m filter to
remove cells and microorganisms, respectively. The
UC-CM was prepared by diluting the collected CM
with equal volume of DMEM-LG with FBS at a final
concentration of 2%. For urothelial differentiation,
three experimental groups of hUCMSCs were estab-
lished and cultured initially at 2000–4000 cells/cm2

in DMED-LG with 10% FBS for 48 hours. After 2
days, media from three groups were replaced with
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UC-CM only, UC-CM + 20 ng/ml EGF (ProSpec,
Rehovot Science Park, POB 398), or 30 ng/ml
EGF + DMED-LG, respectively. The medium was
changed every two days after 48 hours of initiation
and cells were passaged by digestive method [0.25%
trypsin and 1 mM ethylenediamine tetraacetic acid
(EDTA)] at 80%–90% confluence. To assess the pos-
sibility of differentiation of cells into urothelium-like
cells, hUCMSCs in three groups were individu-
ally analyzed on Days 0, 7 and 14 with reverse
transcriptase-polymerase chain reaction (RT-PCR) and
immunofluorescence technology.

To understand the necessity of UC-CM and EGF for
directing hUCMSCs differentiation to urothelium-like
cells, we designed three exprimental groups: UC-CM,
UC-CM + EGF, DMEM + EGF. The urothelial cells
were used as positive control group.

2.3. RNA extraction and RT-PCR

Total cellular RNA was extracted from UC-induced
hUCMSCs at day 0, 7 and 14 using Trizol reagent
(Invitrogen, Carlsbad, CA) which subsequently
had been reversely transcribed into complemen-
tary DNA using SuperScriptTM Reverse-Transcriptase
reagents (Invitrogen, Carlsbad, CA) according to the
manufacturer’s instructions. Human glyceraldehyde
3-phosphate dehydrogenase (GAPDH) primers were
used as an internal standard. Finally, PCR products
were separated by 2% agarose gel-electrophoresis and
observed under UV illumination.

The primers sequence was as follows:
Human cytokeratin 18:
Sense: CCGTCTTGCTGCTGATGA
Antisense: TTCCTCTTCGTGGTTCTTCTT
Human UPII
Sense: CCGCAAGTAAGGAGGTCTG
Antisense: GGAATAATGGAGTGTTGGAAGG
Human GAPDH
Sense: CAGTCAGCCGCATCTTCTT
Antisense: TGAGTCCTTCCACGATACCA

2.4. Immunochemistry

Cells were fixed with 4% paraformaldehyde for
20 minutes at room temperature, permeabilized with
0.25% triton X-100 (Sigma, USA) in PBS and blocked
with 0.1% bovine serum albumin (BSA). Subse-
quently, cells were incubated overnight at 4◦C with the

following primary antibodies: anti-uroplakin II (UPII)
(Santa Cruz, 1:50) [catalogue number: sc-15179] and
anti-cytokeratins (Dako, 1:200) [catalogue number:
M3515]. Although cytokeratins is not a specific marker
for urothelial cells, we used it in combination with
another specific urothelial cell marker UPII [19].
After washing three times with PBS, the cells were
reacted with the appropriate fluorescence conjugated
secondary antibody Alexa Fluor 555 and Alexa Fluor
488 (Invitrogen, diluted at 1:400) for 30 minutes at
37◦C. Finally, the cells were rinsed twice with PBS and
counterstained with 4′, 6-diamidino-2-phenylindole,
dihydrochloride (DAPI, Invitrogen, 1:500) and then
visualized by fluorescence microscopy (Nikon Eclipse
E600).

3. Results

3.1. Characterization of hUCMSCs

Before differentiation, hUCMSCs exhibited pre-
dominantly spindle-shaped morphology, a character-
istic of monolayer growth pattern (Fig. 1A). After 14
days of induction culture, cells were changed from
spindle-shape to a polygonal epithelium-shape; similar
to that of urothelial cells by morphologic observation
when cultured with UC-CM + EGF (Fig. 1B). Urothe-
lial cells were used as positive control (Fig. 1C).

3.2. Induced hUCMSCs expressed
urothelial-specific genes analyzed by RT-PCR

To assess the possibility of urothelial differentiation,
hUCMSCs were evaluated by RT-PCR with urothelial-
specific genes. After 7 days of culture, the results
showed that hUCMSCs with UC-CM + EGF expressed
cytokeratin18 (CK18) and UPII mRNA. Moreover,
those mRNA were expressed markedly after 14 days of
culture (Fig. 2), which was similar to those of UC (pos-
itive control). However, both CK18 and UPII mRNA
were completely absent in hUCMSCs (negative con-
trol), cultured with UC-CM only, or DMEM + EGF
(data not shown).

3.3. Expression of urothelial markers in induced
hUCMSCs analyzed by immunofluorescence
staining

To confirm the results of differentiation, immunoflu-
orescence studies were performed on all the three
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Fig. 1. Light microscopy of hUCMSCs and UC. A. hUCMSCs appear spindle-shaped morphology characterized of mono-layer growth pattern.
B. Induced hUCMSCs exhibit polygonal epithelium-shape similar to UCs after 2 weeks induction with UC-CM supplemented with 20 ng/ml
EGF. C. UCs exhibit typical cobblestone morphology. hUCMSCs: human umbilical cord-derived mesenchymal stromal cells. UCs: urothelial
cells. UC-CM: conditioned medium derived from urothelial cells. EGF: epidermal growth factor.

groups. In the present study, approximately 40%–60%
hUCMSCs in UC-CM + EGF group expressed UPII
protein, a specific antigen for urothelial cells, and
cytokeratins at Day 14. The expression of these mark-
ers was stronger after 2 weeks of culture than at 1 week.
However, neither UPII nor cytokeratins were expressed
in other groups during 2 weeks of culture. Urothelial
cells were used as positive control (Fig. 3).

Immunochemical and RT-PCR analysis showed
UPII positive cells only in group UC-CM + EGF after
2 weeks of induction. In contrast, both UC-CM and
EGF alone failed to induce urothelial differentiation
of hUCMSCs. Therefore, both UC-CM and EGF were
necessary for urothelial differentiation. However, flow
cytometry analysis of induced hUCMSCs was helpful
to compare the yield and purity of UPII positive cells
among different groups.

4. Discussion

Most previous studies have reported that cells and
their secreted proteins constitute a functional niche in
vivo, which orchestrates the balance of self-renewal
and differentiation in all stem cells [23, 24]. Similarly,
all functional elements in the conditioned medium
including various kinds of proteins and ions may
determine the fate of stem cells. Our present data
demonstrated that provision of an appropriate micro-
environment from UC-CM with extra exogenous EGF
can direct and promote the differentiation of hUCM-
SCs toward urothelium. In this study, we initially
cultured hUCMSCs with UC-CM alone for two weeks
and found no expression of UPII and cytokeratins

Fig. 2. hUCMSCs were analyzed by RT-PCR after urothelial dif-
ferentiation. hUCMSCs were cultured with UC-CM supplemented
20 ng/ml exogenous EGF. After differentiation, hUCMSCs were
analyzed by RT-PCR with uroplakin II (UP II) and cytokeratin 18
(CK18). UCs were used as positive control. GAPDH primers were
used as an internal standard.

detected by RT-PCR and immunofluorescence tech-
nology. Using the method from a previous study [19]
as reference, we have tried to induce hUCMSCs dif-
ferentiation into urothelium by DMEM supplemented
with 30 ng/ml EGF and 2% FBS. After two weeks of
differentiation, expression of urothelial marker UPII,
or cytokeratins was not observed (data not shown).
UP Ia/UP II and UP Ib/UP III can be observed in the
intermediate and terminal course of urothelial cell dif-
ferentiation respectively. The urothelial differentiation
of stem cells can hardly reach the terminal stage in
vitro and seldom have enough UP Ib/UP III that is
detectable. Hence, we selected one of these urothe-
lial specific markers (UP II) for estimation. Liu et al.
also reported that uroplakin Ib and cytokeratin 18 were
observed in differentiated hASCs by immunofluores-
cence [18].

We have speculated that the defined inductive
medium incorporating UC-CM with exogenous EGF
may be more functional to promote hUCMSCs’ dif-
ferentiation. In order to determine this, the present
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Fig. 3. hUCMSCs were assessed by immunofluorescence staining after differentiation. hUCMSCs cultured with UC-CM supplemented 20 ng/ml
exogenous EGF were assessed by immunofluorescence staining at day 0 (A, D), days 14 (B, E). UCs were used as positive control (C, F). Cells
were immunostained for cytokeratins (red) (A, B, C) and uroplakin II (green) (D, E, F).

experiment was performed to differentiate hUCMSCs
into urothelium-like cells by UC-CM supplemented
with exogenous EGF. In this study, we have tried to
use different concentrations of exogenous EGF for dif-
ferentiation of hUCMSCs, such as 5 ng/ml, 10 ng/ml,
15 ng/ml, 20 ng/ml and so on. Finally, we have suc-
ceeded in directing the differentiation of hUCMSCs
toward urothelium-like cells by UC-CM supplemented
with 20 ng/ml exogenous EGF.

By contrast, we have found that EGF alone was
insufficient to induce the differentiation of hUCM-
SCs into urothelium. This difference might be related
to the cell types. In the previous study [19], human
urine-derived stem cells were more homoplastic to
urothelium. Their fate may be already half-directed
on account of their origination and were prone to
be induced with EGF only. However, hUCMSCs are
the most primitive and need some active elements
to direct differentiation of cells into urothelium. The
UC-CM could play a critical role in directing dif-
ferentiation of hUCMSCs into urothelium-like cells.
A study conducted by Shi et al. [25], reported that

human adipose-derived stem cells (HADSCs) showed
in vitro upregulation of markers for differentiation
towards urothelial cells by culturing in an urothelial-
conditioned medium, which provides an alternative
cell source for potential use in urinary tract tissue engi-
neering.

However, we could not succeed in differentiating
cells toward urothelium by UC-CM alone. In the study
by Wu et al. [19], EGF was found as a critical ele-
ment for differentiation of cells into urothelium-like
cells. With this in mind, we added some exoge-
nous EGF in UC-CM. Ning et al. [26] conducted
a study to determine the ability of cultured bone
marrow-derived mesenchymal stem cells (BMSCs) to
differentiate into functional urothelium. They con-
cluded that co-cultured BMSCs had microstructural
features characteristic of epithelial cells. We have
also succeeded in orienting and promoting hUCMSCs
differentiation into urothelium-like cells by UC-CM
supplemented with 20 ng/ml exogenous EGF, which
expressed UPII and cytokeratins on the level of genes
and proteins. The results presented here indicated
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that UC-CM might provide an urothelial direction
and partial power for differentiation of hUCMSCs.
The exogenous EGF might further assist the differ-
entiation of hUCMSCs into urothelium.

5. Conclusions

In summary, we have shown that hUCMSCs pos-
sess a capability of differentiating into urothelium-like
cells in an appropriate micro-environment in vitro. The
UC-CM and EGF can constitute a functional niche to
promote differentiation of hUCMSCs. However, fur-
ther work is required to identify whether hUCMSCs
undergo complete differentiation toward urothelium in
vivo after implantation into human or animal bodies.
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