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Background:Glucocorticoid receptor (GR) signaling pathway has been shown to involve

epithelial -to- mesenchymal transition which was implicated in the regulation of bladder

cancer stem cells (CSCs) in our previous study. Herein, we aim to figure out how GR

affects the stem-like properties of bladder cancer cells.

Methods: We used dexamethasone (DEX) treatment or gene-knockdown/-knockout

techniques to activate or silence the GR pathway, respectively. Then we applied

immunohistochemical staining and flow cytometry to assess the associations between

the expression levels of GR and a stem cell surface marker CD44. Stem-like properties

were assessed by reactive oxygen species (ROS), sphere-formation and side population

assays. The expression levels of cancer stem cell-associated molecules were assessed

by quantitative PCR and Western blotting. Tumor growth was compared using mouse

xenograft models.

Results: In GR-positive bladder cancer cells, DEX significantly reduced the expression

of CD44 as well as pluripotency transcription factors including β-catenin and its

downstream target (C-MYC, Snail, and OCT-4), the rate of sphere formation, and the

proportion of side populations, and induced the intracellular levels of ROS. By contrast,

GR silencing in bladder cancer cells showed the opposite effects. In xenograft-bearing

mice, GR silencing resulted in the enhancement of tumor growth.

Conclusions: These data suggested that GR activity was inversely associated

with the stem-like properties of bladder cancer cells, potentially via inactivating the

β-catenin pathway.
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INTRODUCTION

Bladder cancer (BCa), a heterogeneous disease with high
metastasis and recurrence rates (1), ranks 13th in terms of
deaths ranks (2) and has an estimated 81,190 new diagnoses
and 17,240 deaths in the USA in 2018 (3). BCa can be
divided into 2 categories consisting of non–muscle-invasive
BCa (NMIBC) and muscle-invasive BCa (MIBC) (4). NMIBC
accounts for around 70% of total BCa, and roughly twenty
percent of them progress to MIBC. MIBC makes up ∼30%
of BCa with a high risk of death following distant metastases
(5). Although modification of the disease management has
improved the overall outcome including radical cystectomy,
systemic chemotherapy, the 5-year relative survival rate is 76%
(diagnosis years 1974–1985) (6) and 77% (diagnosis years 2008–
2014) (7) in the America. The survival rate of patients with
BCa has not obviously improved. Besides, Immunotherapy
has gotten FDA approval in the preceding several years,
both in the first-line or second-line for cisplatin-ineligible
patients with BCa (8); but, response-rate ratio in the first
line are about twenty-three percent (9, 10), and only fifteen
percent in the second line (11). Hence in conclusion, new
treatments and even ways to prevent tumor progression need to
be developed.

Cancer stem cells (CSCs) introduced firstly in 1994, a
distinct fraction of tumor cells, possess the ability to extensively
self-renew and differentiate into progenitors (12). CSCs are
considered responsible for cancer tumorigenicity, treatment
resistance, relapse, and metastasis (13, 14). In 2009, chan et al.
(15) isolated a subset of CD44(+)/CK5(+)/CK20(−) tumor-
initiating cells in the BCa tissues for the first time and they found
that CD44(+) BCa cells possessed differentiation potential. Thus,
CD44 has always considered as a CSC marker.

Our group has long been involved in studying the effects of
steroid hormone receptor signals in the progression of BCa from
2011 (16). We found that GR expression was downregulated
in high-grade tumors (47%) compared with low-grade tumors
(79%) (17). Additionally, we observed that dexamethasone
(DEX) could inducemesenchymal-to-epithelial transition (MET)
and inhibit invasion via activating the GR signaling pathway
(18). Existing preclinical evidence indicated that glucocorticoid
(GC) receptor (GR) had a function as a tumor suppressor in
BCa (18, 19). We find that a lot of literature report epithelial-
mesenchymal transition (EMT) will help to acquire CSCs
properties in pancreatic cancer (20), breast cancer (21), and
BCa (22).

Accordingly, we hypothesize that there may be a possible
correlation between glucocorticoid receptor pathway and
regulation of bladder CSCs, but remains unproven. Therefore,
in this study, we want to explore the relationship between GR
pathway and BCa stem cell-like properties.

MATERIALS AND METHODS

Cell Culture
Human BCa cell lines (TCC-SUP), obtained from ATCC,
were maintained in DMEM (GIBCO; CA; USA) with

10% FBS (Biological Industries; FL; USA) at 37◦C under
conditions of 5% CO2 and 20% O2. Cells were cultured in
phenol-red free medium (GIBCO; CA; USA) containing
5% charcoal-stripped FBS (CS-FBS) (Biological Industries;
FL; USA) at least 24 h before experimental treatment.
DEX (Sigma; WI; USA) was used as GR agonist and
mifepristone (Sigma; WI; USA) (RU486) was used as
GR antagonist.

Stable Cell Lines With GR Knockdown and
GR Knockout
Stable GR knockdown (KD) cell lines and their control lines were
previously established (15). GR knockout (KO) cell lines were
established by CRISPR/Cas9 genome editing mentioned by Pro.
Zhang (23). We search GR genes (human NR3C1 gene; Gene ID:
2908) by using an online tool (www.ncbi.nlm.nih.gov/gene), and
selected target sites within exon 1 by a web tool developed by
Prof. Zhang (http://crispr.mit.edu/). The procedure was showed
in Figure 1. GR-KO sequence shows deletion of 82bp comparing
with the wild-type GR sequence (Figure 1H). KO cell lines were
expended over 4 generations and were cultured ∼3 weeks in
order to acquire stable mutation.

Immunohistochemical Staining
MIBC samples (n = 28), NMIBC samples (n = 21) and benign
samples (n = 18) sourced from as the Second Affiliated Hospital
of Zhejiang University School of Medicine approved by the ethics
committee. Immunohistochemistry was performed as described
previously (16). After dewaxing and hydrating tissue sections,
antigen retrieval was performed by high pressure. Next, sections
were incubated with 3% H2O2 to block endogenous peroxidase.
Then sections were incubated with normal goat serum for
30min at room temperature. The sections were incubated with
primary antibody CD44 (dilution 1:200, #37259, CST) and GR
(dilution 1:100, #3660, CST) at 4◦C overnight. Then sections
were incubated with the secondary antibody. Finally, after
staining with DAB and hematoxylin, sections were dehydrated
by alcohol and visualized under a microscope. All the stains were
manually scored by one pathologist blinded to patient identity.
Six random views were selected and one hundred cells within
field were counted for analysis. The immunoreactive score was
obtained by multiplying the percentage of positive cells (0–10%
= negative or marginal; 11–40% = weak; 41–70% = moderate;
71–100%= strong).

Reactive Oxygen Species Analysis
Cells (3 × 103/96-well plates) were seeded in medium
supplemented with CS-FBS for 24 h in the presence of DEX
and/or RU486. Cells were stained with 10µM DCFH-DA
(Beyotime, SH, CHN) in phenol-red free DMEM without
serum at 37◦C for 20min, washed with medium, and subjected
to fluorescence plate reader (Thermo, NY, USA) (details in
Supplementary Table 1).

Sphere-Formation Assay
Cells (1 × 106/6-well plates) were cultured in phenol-red free
DMEM medium containing 5% CS-FBS supplemented with
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FIGURE 1 | Schematic outline of the knockout process. (A) gRNA Target site selection: select the first exon of coding sequence and “CACC,” “AAAC” are added to

the oligos. (B) Insertion positions and vector construction. (C) Electrophoresis of the plasmid after digestion. Lane 1, original plasmid (control); M, Markers; lanes 2–4,

vector after cleavage. (D) Colony PCR product of selected clones. Clones 1–6 contain the desired 100 bp fragment, indicating that the target sequence

oligonucleotides were correctly inserted. (E–G) Plasmid sequencing results showing alignment of the 1st (E) 2nd (F), and 3rd (G) loci and confirming successfully

construction of three knockout vectors. (H) Sequencing of a positive clone and alignment to the wild-type NR3C1 sequence showing deletion of 82bp,

TTGGTTCCGAAAATTGGAATAGGTGCCAAGGATCTGGAGATGACAACTTGACTTCTCTGGGGACTCTGAACTTCCCTGGTCG.

ligands (DEX/RU486) at 37◦C in a CO2 incubator for 24 h.
Then after 24 h, the cells were seeded in ultra-low-attachment
6-well plates (Corning Inc.) at a density of 2 × 104 cells/well
and maintained in a phenol-red free DMEM/f12 (Gibco; CA;
USA) supplemented with insulin epidermal growth factor
(20 ng/ml; Invitrogen), basic fibroblast growth factor (10 ng/ml;
Invitrogen), N2 (Invitrogen; CA; USA) and B27 (Invitrogen;
CA; USA). Spheres were imaged and counted under a phase-
contrast microscope (Leica; BS; DEU) after 1 week (details in
Supplementary Table 2).

Side Population Analysis
Cells were seed at the 6-well plates supplemented with phenol-
red free DMEM medium containing 5% CS-FBS 48 h before side
population (SP) sorting. SP assays were carried out as described
previously (24). In brief, cells were cultured with or without
verapamil (150µM; Sigma; WI; USA) at 37◦C for 30min and
then stained with Hoechst 33,342 (5µg/ml; Sigma; WI; USA) for
90min. Finally, cells were counterstained with propidium iodide
(2µg/ml; Sigma; WI; USA) in order to discriminate dead cells.
Stained cells were analyzed using a FACS Aria cell sorter (BD
Biosciences; NJ; USA).

Fluorescence-Activated Cell Sorting
Cells were harvested by non-EDTA trypsin and washed twice
with PBS. Then cells were incubated CD44 antibody (Abcam;
EPR18668) at 4◦C for 30min in the dark. After incubation, cells
were washed third with ice cold PBS. The stained cells were sorted
and analyzed using a BD FACS CantoTM II (BD Biosciences). The
percentage of CD44+ sorted cells were evaluated with the FACS
CantoTM cell sorter (details in Supplementary Table 3).

Western Blotting
Western blotting protocol were carried out as described
previously (16). The cell culture dish was placed on ice
and washed with ice-cold PBS. Then cells were lysed by
RIPA containing 1x protease inhibitor cocktail for 1 h on
ice. Next, centrifugated at 15,000 g for 15min at 4◦C, and
collected the supernatants. Total protein (35 µg/15 µl) as
measured by the bicinchoninic acid protein assay was separated
by electrophoresis on SDS-PAGE gels, and transferred onto
polyvinylidene fluoride membrane to incubated with anti-
CD44 antibody (ab51037, Abcam), anti-GR antibody (ab228972,
Abcam), anti-β-catenin antibody (ad224803, Abcam), anti-
C-MYC antibody (#5605, CST), anti-Snail antibody (#3879,
CST), anti-OCT-4 antibody (ab109183, Abcam), anti-GAPDH
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antibody (#5174, CST), overnight at 4◦C. Finally, the membrane
was incubated at 4◦C with the appropriate secondary antibodies,
and autoradiography was performed with the ChemiDoc MP
Imaging System (Bio-Rad).

Reverse Transcription and Real-Time PCR
Total RNA was extracted from cultured cells with TRIzolZ
(Sigma). RNA was reverse transcribed to generate cDNA by
using First Strand cDNA Synthesis Kit (Invirtrogen). cDNA
was then subjected to real-time PCR by SYBR Green (Takara),
as described previously (25). The next primer pairs were
used for PCR: GR (forward: 5′-CTGTCGCTTCTCAATCA
GACTC-3′; reverse: 5′- CCCAGGTCATTTCCCATCACTT-
3′), β-catenin (forward: 5′-TGCAGTTCG CCTTCACTATG-
3′; reverse: 5′-ACTAGTCGTGGAATG GCACC-3′), C-MYC
(forward: 5′-GCCCAGTGAG GATATCTGGA-3′; reverse: 5′-
ATCGCAGATGAAGC TCTGGT-3′), GAPDH (forward: 5′-
CGCTCTC TGCTCCTCCTGTTC-3′, reverse: 5′-ATCCGTTGA
CTC CGACCTTCAC-3′) (details in Supplementary Table 4).

In vivo Experiments
Seven-week-old male severe combined immunodeficient (SCID)
mouse were randomly divided into 3 groups and each mouse
were transplanted with TCCSUP GR-positive cells, GR-KD
cells or GR-KO cells. Growth of the tumor transplanted
subcutaneously were determined weekly by vernier caliper
measurement.When the sizes of all tumors in each group reached
20 mm3, slow-releasing pellets [dexamethasone (0.5 mg/mouse)
or placebo, Innovative Research of America] were injected with a
precision trocar. After 5 weeks of treatment, the mice were killed,
then tumor volume was estimated as follows: tumor volume =

(short axis)2 × (long axis)× 0.5.

Statistical Analyses
Each experiment was carried out at least three times. Continuous
data were recorded as mean SD if normally distributed or mean
rank if not normally distributed, and analyzed with Student’s
t-test if normally distributed or Wilcoxon rank sum test if
non-normally. Categorical data were analyzed with Fisher’s
exact test or chi-square test. Date analyses were performed
using SPSS 23.0 (SPSS, Chicago, IL, USA) and Prism software
(GraphPad, CA, USA) for Windows. p < 0.05 was considered
statistically significant.

RESULTS

Down-Regulation Expression of GR in
Knockdown and Knockout Cell Lines
The KO positive clones were sequenced, and the result revealed
a deletion of 82 bp compared with the wild-type GR sequence
(Figure 1H). Next, we examined the expression of GR in TCC-
SUP control, KD, and KO cell lines by QPCR and western blot
analysis. Silencing of GR expression in KD and KO lines was
then confirmed.

CD44 Is Up-Regulated, but GR Is
Down-Regulated in BCa
All parameters of immunohistochemical detection are
summarized in Table 1 and Figures 2A–H. For CD44 staining,
26 (92.9%; 4 weak, 8 moderate, 14 strong) of 28 MIBC tissues; 18
(85.7%; 7 weak, 9 moderate, 2 strong) of 21 NMIBC specimens;
11 (61.1%; 9 weak, 2 moderate) of 18 benign bladder tissue
were positive. We could find there were statistically significant
differences between the tumor (MIBC + NMIBC) group and
non-neoplastic urothelium group (p < 0.001), and between
MIBC group and NMIBC group (p = 0.017). In addition, the
rate of CD44 positivity was significantly higher in tumor than in
non-neoplastic tissues (p = 0.012). For GR staining, 21 (75%; 15
weak, 6 moderate) of 28 MIBC, 19 (90.5%, 7 weak, 10 moderate,
2 strong) of 21 NMIBC, and 18 (100%, 6 weak, 9 moderate, 3
strong) of 18 non-neoplastic urothelial tissues were positive. The
results proved that there were statistically significant differences
between MIBC group and NMIBC group; tumor group and non-
neoplastic urothelium group (p= 0.041, p= 0.046, respectively).
Besides, the rate of GR positivity was significantly lower was in
tumor than in non-neoplastic tissues (p= 0.048).

In addition, we performed flow cytometry (Figure 2I), and
found that GR-KO cell lines had more CD44 positive cells than
GR-positive cell lines (74.96%± 0.071 for GR-KO cell vs. 48.02%
± 0.037 for GR-positive cell, p= 0.042).

Dexamethasone Suppressed the
Stem-Like Properties of BCa Cells,
Knockdown, and Knockout of GR
Enhances the Stem-Like Properties
Cancer stem-cell contain lower levels of ROS than non-
tumorigenic cells (26). Cells (3 × 103) seeded in 96-well plates
were incubated with medium supplemented with or without CS-
FBS containing ligands (DEX/RU486). After 48 h of treatment,
we compared ROS levels in cells. The levels of ROS were detected
through DCFH-DA that could be oxidized to fluorescent DCF,
so fluorescence intensity is proportionate to the levels of ROS.
The results (Figure 3A) showed that (1) GR-positive + DEX
group contained significantly higher concentrations of ROS than
other groups in the 60th, 90th, 120th min; (2) GR-KD + Mock
and GR-KO + Mock cell lines contained significantly lower
concentrations of ROS than GR-positive+Mock cell lines in the
30th, 60th, 90th, 120th min; (3) GR-KO+Mock group contained
significantly lower concentrations of ROS than GR-KD + Mock
group in the 60th min.

Diverse cancer cell lines possessed side populations that
having stem cell-like features including BCa (27). We
evaluated the SP fraction in GR-positive cells, GR-positive
cells supplemented with DEX, GR-KO cells (Figure 3B).
0.9, 0.5, 2.9% SP cells were observed in GR-positive cells,
GR-positive cells supplemented with DEX, GR-KO cells,
respectively. The SPs disappeared after treatment with the
calcium channel blocker, verapamil, thus resulting in the
inhibition of Hoechst33342 uptake.

Sphere formation has been well-described as a typical
characteristic of CSCs that reflects the potential for self-renewal
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TABLE 1 | The expression of CD44/GR in BCa tissues and non-neoplastic tissues.

Negative (CD44/GR) Positive (+) P-value

Weak (CD44/GR) Moderate (CD44/GR) Strong (CD44/GR) MIBC vs.

NMIBC

MIBC + NMIBC

vs. Normal

MIBC 2 (7.1%)/7 (25.0%) 4 (14.3%)/15 (53.6%) 8 (28.6%)/6 (21.4%) 14 (50%)/0 (0%) CD44 (χ2)

GR (χ2)

CD44 (+)

GR (+)

0.017※

<0.001※

0.041※ 0.046※

0.693※ 0.012

0.522∗ 0.048⋆

NMIBC 3 (14.3%)/2 (9.5%) 7 (33.3%)/7 (33.3%) 9 (42.9%)/10 (47.6%) 2 (9.5%)/2 (9.5%)

Non-neoplastic urothelium 7 (38.1%)/0 (0%) 9 (50.0%)/6 (33.3%) 2 (11.1%)/9 (50.0%) 0 (0%)/3 (16.7%)

CD44 (χ2 ) = Negative vs. Weak vs. Moderate vs. Strong.

GR (χ2) = Negative vs. Weak vs. Moderate vs. Strong.

CD44 (+) = The rate of CD44 positivity including weak, moderate, and strong; Negative vs. Weak + Moderate + Strong.

GR (+) = The rate of GR positivity including weak, moderate, and strong; Negative vs. Weak + Moderate + Strong.

Normal = Non-neoplastic urothelium.
※Fisher’s exact test. Chi square test. *Chi square test for continuity correction.

(14). We verified the function of GR in tumor formation
by sphere formation assay (Figures 3C,D). DEX significantly
suppressed sphere formation in GR-positive cells (6.2 ± 2.1 for
DEX group vs. 32.6 ± 2.9 for mock group), but not in GR-KD
and GR-KO cells. And this induction was abolished by RU486,
and GR-KD and GR-KO cells exhibited a higher frequency of
spherical colonies than GR-positive cells (41.6 ± 2.2 for KD
and 63.8 ± 3.7 for KO), and GR-KO group was higher when
compared to each other.

Dexamethasone Decreased Cells Express
Stem Cell Markers, Knockdown, and
Knockout of GR Increased Cells Express
Stem Cell Markers
We performed a human cancer stem cell marker PCR array. The
QPCR analysis indicated that GC/GR decrease the expression of
the target genes that play a key role in stem cell (Figure 4A).
DEX decreased the levels of CD44, C-MYC, β-catenin, Snail,
OCT-4 by 69.7, 78.7, 56.1, 59.8, 69.8% in GR-positive lines,
respectively, and inhibitory effects of DEX on the expression of
these 5 genes were antagonized by RU486. In GR-KD/KO line,
the levels of CD44, C-MYC, β-catenin, Snail, OCT-4 increased by
21.3/43.1%, 2.0/31.4%, 34.1/66.0%, and 22.0/36.0%, 21.0/0.34.0%,
respectively. Besides, the levels of these 5 genes in the GR-
KO lines were significantly higher than in the KD lines, and
inhibitory effects of DEX on the expression of these 5 genes were
not significant. Consistent with the QPCR data, the expression
of these proteins was weaker in the DEX group, and stronger
in the KD/KO group, as demonstrated by western blotting
(Figures 4B,C).

GR-KO Cells Display Highly Tumorigenic
Behavior in vivo
As tumorigenic capacity is a major characteristic of cancer
stem cells, GR-positive cells, GR-KD cells or GR-KO cells
were subcutaneously injected into SCID mice for transplanted
tumorigenicity analysis (Figure 5). GR-KO tumors in placebo-
mice were larger than GR-positive (76.1%) and GR-KD tumors
(66.9%) after 5 weeks. In the GR-positive cells, the tumors of

dexamethasone-treated group were larger than placebo group
(41.2%). In the GR-KD or KO cell lines, there were not
significantly difference between dexamethasone-treated group
and placebo group. Besides, GR-positive and GR-KO tumors
were larger than GR-KD (20.5/41.3%) in dexamethasone-
treated mice.

DISCUSSION

Hormone therapy for BCa still remained doubt and dispute
comparing to hormone therapy for prostate cancer. Since 2011,
our group has long been involved in studying the effects of
steroid hormone receptor signals in the progression of BCa.
Firstly, we found GR activation resulted in inhibition of BCa
cell invasion, but at the same time inhibition of apoptosis (18).
Next, we tried to explore its comprehensive effects in the BCa
patients, and found that the expression levels of GR were lower
in bladder tumors compared with bladder non-neoplastic tissue
and in high-grade/MI tumors compared with low-grade/NMI
tumors (28). Finally, we compared the inhibitory effects of 11
GR ligands, and found that prednisone significantly suppressed
their neoplastic transformation (29). Previous studies indicated
that GR might be a tumor-suppressor gene in the BCa, but
the internal cause has been unknown. Now, we try to validate
the relationship between GR signal pathway and stem cell-like
properties. In this study, we introduced CRISPR/Cas9 gene-
knockout techniques into altering GR gene sequence that result
in an inactivated gene compared to previous studies. KO has been
shown to achieve more efficient gene silence and loss-of-function
than KD.

CSCs are a kind of unique cancer cells, and these cells
can stimulate tumor growth through self-renewal (30). The
sphere-formation assay confirmed that DEX could decrease
self-renewal capacity of BCa cells. In addition, our ROS
analysis suggested that levels of ROS were higher in the DEX
treatment group than GR-KD or -KO group. Phillips et al.
(31) founded that the levels of ROS were lower in breast
CSCs than in non-stem cancer cells, contributing to tumor
radio-resistance.
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FIGURE 2 | The relationship between CD44 and GR. (A–H) The immunochemical expression of CD44 (A–D) and GR (E–H): CD44 antigen is a cell-surface

glycoprotein; GR is expressed in the cytosol and nuclei of cells; (A) CD44 negative staining in non-neoplastic urothelium; (B) CD44 moderate staining in NMIBC; (C)

CD44 strong staining in MIBC; (D) CD44 weak staining in MIBC; (E) GR strong staining in non-neoplastic urothelium; (F) GR weak staining in NMIBC; (G) GR negative

staining in MIBC; (H) GR moderate staining in MIBC. (I) GR-control/GR-knockout cells cultured with 10% FBS for 24 h were used for flow cytometry analysis. Each

value for CD44 positive rate represents the mean (+SD) from 3 independent experiments. *p < 0.05.

CD44, relevant in treatment resistance, has been proven
to be a cancer stem cell surface marker of BCa (32). Our
immunohistochemical study in 67 cystectomy specimens
illustrated the lower the level of GR expression, the higher
the level of CD44 expression. Then we performed QPCR
and western blotting to confirm that the activation of
glucocorticoid receptor signal pathway decreased CD44
transcription and translation. The FACS assay also indicated
that the expression level of CD44 rose when GR genes were
knocked out in vitro experiment. Besides, previous studies
(17, 18) have confirmed that weak positivity of GR significantly
correlated with recurrence and progression of BCa, and strong
glucocorticoid receptor had correlate with better prognosis.
Therefore, these results might suggest that GR predicted

low-risk of BCa patients, which could be associated with
CSCs hypothesis.

OCT-4 and C-MYC were proven to be the major transcription
factors that are capable of rewriting stemness, and were regarded
as cancer stem cell markers (33, 34). Additionally, WNT/β-
catenin signaling pathway is considered to play a critical role in
CSC maintenance (35). Activation of WNT signaling induces β-
catenin translocating into the nucleus to promote expression of
many genes (e.g., Snail) involved in regulating CSCs (36, 37).
According our results, we found that β-catenin signaling pathway
was inhibited and its downstream functional genes (Snail)
reduced when GR signaling pathway was activated. We could
verify whether GR regulates CSCs though β-catenin pathway in
the further analyses.
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FIGURE 3 | Inactivation of GR enhances the stem-like properties of BCa cells. (A) GR-Control/-Knockdown/-Knockout cells were cultured with ethanol (mock), 100

nmol/L dexamethasone, and 1 mmol/L RU486 for 24 h and subsequently treated with H2O2 (400 uM) to induce oxidative stress. ROS concentrations were

determined by 2′,7′-dichlorofluorescein diacetate assay staining. (B) GR-Control/-Knockout cells were cultured with ethanol (mock) or 100 nmol/L dexamethasone for

48 h. The control group were under the verapamil pre-incubated. Side population cells were analyzed by fluorescence-activated cell sorting. (C,D)

GR-Control/-Knockdown/-Knockout cells were incubated with DMEM/F12 supplemented with B27, N2, EGF, and bFGF in the presence of ethanol (mock), 100

nmol/L dexamethasone, and 1 mmol/L RU486. Cell clone was counted after 1 week. *P < 0.05. #P > 0.05.

In the mouse xenograft models, firstly we found that GR-
KO tumors in placebo-mice were larger BCa than GR-positive
and GR-KD tumors, which indicated the loss of GR genes
could enhance tumorigenicity in BCa. However, GR-positive
tumors in DEX treatment-mice were larger than GR-positive
tumors in placebo-mice. Because DEX itself could inhibited BCa
apoptotic cells death by downregulation of cleaved caspase-3
expression (18). Finally, GR-KD tumors was smaller than GR-
positive tumors in DEX treatment-mice. In our opinion, the
cause of this phenomenon was because the effect of GR was not
completely blocked in GR-KD cells, so on the one hand, GR-KD
cells could not possess strong tumorigenicity like KO cells, on
the other hand, it partly blocked the function of glucocorticoids
on the apoptosis inhibition. Further analyses are required to
elucidate an underlying mechanism of glucocorticoid receptor–
mediated tumorigenicity.

As we all know, although GCs are not clinically used to
suppress BCa growth, GCs are used for prevention of side effects

of chemotherapy and to improve the quality of life of patients
with BCa (38). Our research team has been working on the role of
GR in the progression of BCa, and found that GCs could repress
invasion and metastasis but promote proliferation (18). In the
past we thought GCs could promote proliferation via inhibiting
apoptosis. However, Takeishi et al. (39) put forward that CSCs-
wake-up therapeutic strategy that promoted the entry of CSCs
into the cell cycle would give rise to cancer cell proliferation
after analyzing many relevant clinical trials in their article.
Cancer stem cells are maintained in a non-proliferative state
(G0 phase) and enter the cell cycle infrequently, whereas they
could be woken up and then differentiate and proliferate (40).
We have performed cell cycle analysis (18) and found GCs could
enhance cell cycle at the G1 phase. In summary, we inferred
that DEX might induce the entry of CSCs into the cell cycle, so
promote proliferation.

Although CSCs have been isolated from numerous cancers
and could explain the poor results of many anticancer therapies,
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FIGURE 4 | Dexamethasone decreased the expression of cancer stem cell markers. (A) GR-Control/Knockdown/Knockout treated with ethanol (mock), 100 nmol/L

dexamethasone, and 1 mmol/L RU486 for 48 h were subjected to RNA extraction, RT and real-time PCR. Expression of each specific gene was normalized to that of

GAPDH. Transcription amount is presented relative to that of mock treatment in each cell line. Each value represents the mean ± SD from at least 3 independent

experiments. *P < 0.05; #P > 0.05. (B) GR-Control/Knockdown/Knockout cultured for 48 h in the presence of ethanol (mock), 100 nmol/L dexamethasone, and 1

mmol/L RU486 were analyzed on western blot analysis, using an antibody to CD44, GR, C-MYC, β-catenin, Snail, Oct-4. GAPDH was used as a reference control.

Data were obtained from at least three independent experiments. The data are presented as mean ± SD. (C) GR bands of GR- Control/Knockdown/Knockout cell

lines were analyzed by Image J. *P < 0.05.

few data provide direct evidences to prove that CSCs have
relevance to clinical practice. However, given the fact that CSCs
play a key role in cancer tumorigenicity, relapse, and metastasis,
regulatory factors participating in CSC self- renewal may be
promising targets to suppress tumor progression.

Although CSCs have been isolated from numerous cancers
and could explain the poor results of many anticancer therapies,
few data provide direct evidences to prove that CSCs have
relevance to clinical practice. However, given the fact that CSCs
play a key role in cancer tumorigenicity, relapse, and metastasis,
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FIGURE 5 | The subcutaneous tumorigenicity in nude mice. GR-control/-knockdown/-knockout cells were implanted subcutaneously into the nude mice, and

treatment (injection of dexamethasone or placebo pellet) began when estimated tumor volume reached 20 mm3 (each group, n = 3). Tumor volume was monitored for

5 weeks (right top, mean ± SD), and tumors were then harvested and measured (right bottom, mean ± SD). *P < 0.05.

regulatory factors participating in CSC self- renewal may be
promising targets to suppress tumor progression. Of course, our
study has several limitations. Firstly, underlying mechanisms
of the regulation of CSCs by GR are not confirmed. In the
following experiments, we will verify whether GR regulates the
stem-like properties of BCa by WNT/β-catenin signal pathway.
In addition, we want to validate the relationship between GR
and radio-resistance when we find the lower level of ROS in
the GR-KD and -KO group, but we cannot carry up irradiation
treatment due to the lack of relevant radiation source. Finally, we
apply xenograft mouse model to simulate tumor growth in vivo.
However, GCs will suppress immune system, so SCIDmice with a
compromised immune system cannot simulate real BCa patients.

CONCLUSION

On the basis of our current results, the expression levels of GR
were found to be positively correlated with clinical stage and
grade. Besides, DEX would have the opportunity to be applied
in order to reduce recurrence and metastasis of BCa patients
in clinic.
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