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Objective: Chronic psychological stress is common in patients with bladder cancer. An
increasing number of evidence demonstrated that psychiatric disorder leads to worse prog-
nostic outcomes in bladder cancer. This study was to investigate the effects of chronic
psychological stress on the growth of bladder cancer and its potential mechanisms.
Methods: A xenograft mouse model was established by subcutaneously implanting the
human bladder cancer cell line T24 into nude mice. All of the tumor-bearing mice (N=20)
were randomly separated into two groups. Mice in the control group were subjected to
normal feeding conditions, while in another group, a chronic unpredictable mild stress
(CUMS) model was established, in which mice were exposed to various types of stressors.
Various analyses were performed on parameters including the tumor volume, tumor weight,
expression of Caspase-3 and VEGF, proportion of Ki-67 positive cells (Ki-67 index),
microvessel density (MVD) and serum concentrations of epinephrine and cortisol.

Results: In the CUMS group, the growth of transplanted tumors was distinctly accelerated, with
the weight of removed tumors at the end of experiment increased by 34.07% compared to that of
the control. Serum levels of epinephrine and cortisol determined by ELISA were significantly
increased by CUMS. Immunohistochemistry and Western blot analysis showed that the expres-
sion of Caspase-3 was downregulated, whereas the expression of VEGF was upregulated in the
CUMS group. Meanwhile, CUMS could increase the Ki-67 index and MVD.

Conclusion: Our research supports the hypothesis that CUMS could affect the growth of
bladder cancer in nude mice, indicating that the intervention of chronic psychological stress
may be a possible therapeutic strategy for bladder cancer.

Keywords: bladder cancer, chronic unpredictable mild stress, tumor growth, cell

proliferation, angiogenesis

Introduction

Bladder cancer ranks ninth most common among types of cancer worldwide.
Approximately 430,000 new bladder cancer cases and 165,000 bladder cancer
deaths occur worldwide per year." As a physically and psychologically debilitating
disease, bladder cancer usually leads to severe emotional distress such as anxiety,
depression and suicidality.” The diagnosis of cancer, repeated treatment, worsening
of symptoms, changing state of illness, and negative life events could easily cause
chronic psychological stress in bladder cancer patients. Essentially, it is reported
that the incidence of anxiety and depression in patients with bladder cancer is
significantly higher than that of other tumor patients in China.’

submit your manuscript

Dove n

http:

" in @

Psychology Research and Behavior Management 2020:13 1289-1297 1289
© 2020 Thou et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.php

[T 2nd incorporate the Creative Commons Attribution — Non Commercial (unported, v3.0) License (http://c /by-nc/3.0/). By accessing the work
you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).



mailto:drkexu@163.com
http://www.dovepress.com
https://www.facebook.com/DoveMedicalPress/
https://twitter.com/dovepress
https://www.linkedin.com/company/dove-medical-press
https://www.youtube.com/user/dovepress
http://www.dovepress.com/permissions.php
http://www.dovepress.com

Zhou et al

Dove

Some studies have indicated that depressive symptoms
and major depressive disorder are associated with increased
mortality in bladder cancer patients.* Additionally, substan-
tial evidence demonstrated that the diagnosis of posttreat-
ment psychiatric disorder resulted in significantly worse
overall survival and cancer-specific survival in bladder
cancer.” Chronic psychological stress has been shown to
intervene in immune function and play a role in the tumor
growth and progression in diverse carcinomas.® ® However,
the effects of chronic psychological stress on the biological
behaviors of bladder cancer and possible underlying
mechanisms are unknown.

It has been revealed that the complex mechanisms of the
influence of chronic stress on cancer cells are related to the
sympathetic nervous system (SNS) and the hypothalamic-
pituitary-adrenal (HPA) axis, which further act on the
immune system and microenvironment of tumors. The ani-
mal models of chronic stress have become indispensable in
order to discuss the relationship between chronic psycholo-
gical stress and cancer growth under better-controlled con-
ditions. In those previous studies, chronic stress models
using one single stressor, such as the chronic restraint
model, have been widely adopted.®”* Unfortunately, the
long-term repetitive stressor can make animals adaptive.
Therefore, a model capable of better simulating various
unpredictable stressors and chronic psychological stress in
bladder cancer patients is required. '’

In the current study, we introduced the chronic unpre-
dictable mild stress model (CUMS) in which different
types of stressors were applied and the xenograft model
of bladder cancer in nude mice to investigate the effects of
chronic stress on bladder cancer growth. We examined the
serum levels of epinephrine and cortisol in mice exposed
to CUMS. Meanwhile, the expressions of Caspase-3 and
VEGF, Ki-67 index and microvessel density (MVD) in the
transplanted tumors were analyzed to preliminarily explore
the possible mechanisms.

Materials and Methods

Cell Lines and Animals

The human bladder cell line T24 was obtained from the
cell bank of the Chinese Academy of Sciences (Shanghai,
China). Cells were cultured in McCoy’s 5a medium
(Invitrogen) supplemented with 10% fetal bovine serum
(FBS; Thermo Fisher Scientific, Waltham, MA, USA) and
penicillin-streptomycin at 37°C in an atmosphere of 5%
CO..

Male BALB/c-nu mice weighting 15-18 g (3—4 weeks
old) were purchased from the Shanghai SLAC Laboratory
Animal Co., Ltd. (Shanghai, China). All animal experiments
were approved by the animal ethics committee of Fudan
University (Ethical approval number: 2019-HSYY-JS-240)
and conformed to the guidelines of the National Research
Council for Laboratory Animal Care in Research.

In vivo Implantation of T24 Cells

Mice were group housed under SPF conditions and were
allowed to adapt to the laboratory environment for 1 week
prior to start of the experiments. T24 cells harvested after
brief incubation in 0.25% trypsin and 0.02% EDTA were
injected subcutaneously into the right lateral chest wall of
nude mice at a concentration of 3x10° cells/0.2 mL of
PBS. The needle was kept subcutaneously after injection
for 30 s to prevent the liquid from flowing back.

Chronic Unpredictable Mild Stress Model
Mice were randomly divided into CUMS (n=10) or control
(n=10) groups after the in vivo implantation of tumor cells.
The CUMS procedure was conducted as previously
described'''* but adjusted slightly. Briefly, stress regimes
were administered, consisting of the following eight stres-
sors: food deprivation (24 h), water deprivation (24 h), tail
pinch (5 min, 1 cm from the distal portion of the tail), cold
swimming (3 min at 4°C), physical restraint (2 h), moist
bedding (6 h), 30° cage tilt (12 h) and overnight strobo-
scopic lighting. Two stressors were administered daily in
a random order for 28 days consecutive, with the same
stressor not applied on two consecutive days. Mice in the
control group were not subjected to any of these stressors
throughout the experiment. The long diameter (a) and
short diameter (b) of tumors were measured using calipers
every 4 days in each mouse, and volumes were approxi-
mated by the formula V=axb%*2.° All of the mice were
weighed and sacrificed by decapitation 28 days after tumor
implantation. The removed tumors were weighed, and the
blood samples were collected for further analysis.

Measurement of Epinephrine and Cortisol

The blood samples of mice were all collected immediately
after sacrifice at approximately 9:00 a.m., as stress hormones
can vary with circadian rhythms. The serum levels of epi-
nephrine and cortisol were determined by enzyme-linked
immunosorbent assay (ELISA). Plasma was separated by
centrifugation and stored at —80°C for later analysis of the
epinephrine and cortisol concentrations. Samples were tested
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using epinephrine (Alpco Diagnostics, Salem, NH, USA)
and cortisol (R&D Systems, Minneapolis, MN, USA)
ELISA kits according to the manufacturers’ instructions.
The
a microplate reader.

absorbance was measured at 450 nm using

Histology and Immunohistochemical
Assay

Bladder tumor xenografts were removed, fixed in 10%
formalin and embedded in paraffin. Sections were stained
with hematoxylin and eosin (HE) to evaluate the histolo-
gical changes using a light microscope (H550S, Nikon,
Japan). In addition, immunohistochemical analysis of
these sections was performed using specific antibodies
for Ki-67, Caspase-3 and VEGF (Proteintech, 1:100).
Briefly, sections were incubated in 3% hydrogen peroxide
for 15 min and blocked for 30 min at room temperature
using horse blocking buffer. Sections were then incubated
with primary antibodies overnight at 4°C. The goat anti-
rabbit HRP conjugated secondary antibodies were used to
detect primary antibodies. Color was developed with fresh
DAB solution for 5 min. Five random fields at 200x
magnification were examined for each tumor, and the
mean optical density was measured using Image-Pro plus
6.0 software. The quantification of cell proliferation was
based on Ki-67 staining, and the results were expressed as
ratios of positive cells/total cells (Ki-67 index). Five sec-
tions per five random tumor tissues were quantified.

Microvessel Density Assessment

To quantify the microvessel density (MVD) in xenografts,
the tumor sections were immunostained with mouse anti-
monoclonal CD34 antibody (Proteintech, 1:100) as the
primary antibody. Counterstaining was performed with
hematoxylin. Any brown-stained endothelial cell or
endothelial cell cluster, clearly separate from adjacent
tissue elements, was considered to be a single, countable
microvessel under microscopy. Five sections per five ran-
dom tumor tissues were quantified. The sections were
scanned at low power (40x magnification) to identify five
areas rich in microvessels. Then, in each area, individual
microvessels were counted at high power (200x magnifi-
cation) to obtain a vessel count. The average vessel count
in the five randomized areas was taken as the MVD. Data
extraction was conducted in a blinded fashion so that the
researchers who performed analysis did not know which
group the tumor sections belonged to.

Protein Extraction and Western Blotting
Xenograft proteins were extracted with RIPA buffer and
quantified using the BCA method. Then, protein samples
were separated by 10% SDS-PAGE electrophoresis and
transferred to PVDF membranes (Millipore). The mem-
brane was blocked in 5% nonfat milk with 0.1% Tween-
20. The membrane blots were incubated with primary
Caspase-3 and VEGF antibodies (1:1000, Cell Signaling
Technology) overnight at 4°C and with goat anti-rabbit
HRP-conjugated secondary antibodies for 1 h. Then, the
membranes were incubated in ECL solution, and immuno-
detection bands were photographed and scanned. Data
were from pooled tumors of five random xenografts in
each group, and three technical replicates were performed.

Statistical Analysis

SPSS software (version 21.0, SPSS Inc., Chicago, IL,
USA) was used to analyze the experimental data. The
data were presented as the mean = SD and analyzed by
the Student’s two-tailed #-test between two groups. The
individual time points of tumor growth were also com-
pared by the Student’s s-test. A P-value less than 0.05 was
considered statistically significant.

Results
Chronic Unpredictable Mild Stress
Promoted Bladder Cancer Growth in

Nude Mice
Mice in the CUMS group showed irritability and anxiety for

the first three days. Then, the mice were generally inactive
with reduced movement in the following days until the end of
the experiment. Approximately 4-5 days after the inocula-
tion of T24 cells, a tumor mass began to appear in the right
lateral chest wall in both groups. However, the tumor growth
in the CUMS group presented a more rapid tendency than
that in the control group. Significantly, the tumor volumes
measured on the 24th and 28th day in CUMS group were
larger than those in the control group (Figure 1A). There was
no difference in the body weight of mice between the two
groups after the experiment, while the weights of removed
T24 xenografts were 1.35 £ 0.35 g and 1.81 + 0.52 g in the
two groups, respectively (Figure 1B, Table 1). We calculated
that the tumor growth rate was 34.07%, indicating that
CUMS obviously promoted the growth of bladder tumor

xenografts.
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Figure | Tumor volumes and weight measured in CUMS group and control. T24
bladder cells were inoculated into the nude mice and were allowed to grow with or
without CUMS for 28 days. (A) Tumor volumes measured at a 4 day interval. (B)
excised tumor weight among two groups for each biological replicate (n=10).
*p<0.05, CUMS group vs control.

Chronic Unpredictable Mild Stress
Increased the Serum Levels of
Epinephrine and Cortisol

To verify the activation of the HPA axis and SNS, the
serum levels of epinephrine and cortisol in nude mice were
measured by ELISA assays. The concentration of epi-
nephrine was 174.85 + 25.04 pg/mL in the control group

Table | Weight of Mice and Removed Tumors After
Experiments in Both Groups

Data Control Group (g,

MeantSD, n=10)

CUMS Group (g,
MeaniSD, n=10)

Weight of mice 21.74+1.26 22.30+0.79
Weight of tumors 1.35+0.35 1.81+0.52
Tumor growth rate 34.07%

and 234.58 + 36.00 pg/mL in the CUMS group. There was
a significant difference between the two groups (Figure 2).
Furthermore, the serum cortisol level in the CUMS group
(86.86 + 20.16 ng/mL) was significantly higher than that
in the control group (49.45 £ 12.29 ng/mL). Thus, the
multiple stressors applied to the nude mice caused general
HPA and SNS stimulus characteristics of chronic stress.

Chronic Unpredictable Mild Stress
Changed the Levels of VEGF and

Caspase-3 Expression in Xenografts
Bladder tumor xenografts were histologically confirmed
by HE staining in both groups (Figure 3A). VEGF is
a signaling protein generated by cells, which can stimulate
angiogenesis and thereby promote tumor growth.'* We
analyzed the VEGF protein levels in xenografts using
IHC and Western blot. The stained images showed that,
compared with the control group, the VEGF protein
expression in the CUMS group was significantly increased
(Figure 3B and D). Additionally, the average band inten-
sity of VEGF shown in Figure 3F was increased in speci-
mens of stressed mice (p = 0.042), indicating that CUMS
could upregulate the expression of VEGF.

Tumor growth is considered to be the result of abnormal
cell proliferation and normal apoptosis dysfunction. The inhi-
bition of apoptosis function is closely related to the change of
caspase-3 protein expression. A significant decrease in cas-
pase-3 levels was detected by IHC in the CUMS group
(Figure 3C and E). The reduced expression of caspase-3
was also confirmed by Western blot analysis (Figure 3F),
showing significant differences between the two groups.

Chronic Unpredictable Mild Stress
Increased the Proportion of Ki-67
Positive Cells and MVD in Xenografts

Ki-67 is an established marker of cell proliferation, which is
present during the cell cycle. We examined the cell prolifera-
tion rates in xenografts of each groups by Ki-67 staining.
Only the nuclear staining result was used to interpret posi-
tivity for Ki-67, and the results were expressed as ratios of
positive cells/total cells. In our experiment, cell proliferation
rates were significantly higher in the CUMS group than that
in control mice (Figure 4A and B). These data suggested the
increased susceptibility of bladder cancer to CUMS-induced
proliferation.

A similar effect was observed with respect to the
angiogenesis of tumors. CD34 is specifically expressed
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Figure 2 Epinephrine and cortisol levels determined in CUMS group and control. Blood samples were obtained at the end of the experiment and serum concentrations of
epinephrine and cortisol were detected by ELISA. **¥p<0.001, ***p<0.0001, CUMS group vs control.
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Figure 3 CUMS changed the expression of VEGF and Caspase-3 expression in xenografts. (A) HE staining of tumor tissue of two groups (¥200). (B) Immunohistochemical
staining targeting VEGF (%200). (C) Caspase-3 immunohistochemical staining (¥200). (D) Mean optical quantity of VEGF staining. (E) Mean optical quantity of Caspase-3
staining. (F) Western blot analyses of VEGF and Caspase-3 expression in T24 xenografts. *p<0.05, CUMS group vs control.
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Figure 4 CUMS increased the Ki-67 index and MVD in xenografts. (A) Immunohistochemical staining targeting Ki-67 (%200). (B) The percentage of cells positive for Ki-67
staining was presented as a Ki-67 index. (C) Immunohistochemical staining targeting CD34 (%200). Microvessels were indicated with red arrows. (D) The average vessel
count in the five areas (x200) was taken as the MVD. *p<0.05, **p<0.01, CUMS group vs control.

on vascular endothelial cells of tumor tissues, which is
related to the proliferation and migration of endothelial
cells. Therefore, the MVD count using CD34 staining is
considered to be an indicator of tumor neo-angiogenesis.
As shown in Figure 4C and D, the MVD of bladder cancer
xenografts obtained from CUMS mice was obviously
higher when compared to that of the control group. The
difference was statistically significant, showing that
CUMS may exert an important role in tumor angiogenesis
and development.

Discussion

In this research, we mainly investigated whether chronic
psychological stress could affect the development of blad-
der cancer xenografts in nude mice by introducing the
CUMS model. Up to 85% of bladder cancer patients pre-
sent with non-muscle invasive bladder cancer (NMIBC)."”
Throughout the entire disease process of NMIBC, patients
often experience psychological stress brought on by tumor
diagnosis, repetitive treatment, tumor recurrence and pro-
gression, and other negative events, which may lead to
adverse emotions such as depression, anxiety and fear. The
CUMS model is a widely validated and applied model of
depression, which leads to anhedonia in animals.'® Long-
term repetition of the same kind of stress stimulation may

make the animals adaptive. However, CUMS involves
a series of unpredictable mild stressors to which animals
are exposed for a period of weeks to months (at least 2
weeks). In our study, we selected eight different types of
stressors, which made the mice not only unable to predict
the occurrence of stimulation but also prevented adapta-
tion, thus ensuring the unpredictability and diversity of the
chronic stress state. In addition, these mild stressors with
low-intensity in the CUMS model could better simulate
various life pressures encountered by patients with bladder
cancer than those chronic stress models with only one
stressor.

Cancers can threaten both human physical and mental
health, and many studies have paid more attention to the
role of social psychological factors in the development and
prognosis of cancers.'®'” We explored whether CUMS
could have an impact on the growth of subcutaneous
xenografts of bladder cancer in nude mice in the current
study. The results showed that the growth of transplanted
tumors in the CUMS group was faster than that in control
group. The tumor volumes measured on the mice of two
groups were significantly different, and the average tumor
weight of mice exposed to stress increased by 34.1%
compared to the control. The differences in tumor growth
were not observed early in tumor initiation but instead
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later. We surmised that this may be due to a cumulative
effect of CUMS. Initially, a single or small amount of
stimulation had no apparent effect on tumor growth.
With the prolongation of time and the increase of the stress
times, there were obvious differences in tumor growth.
Clinically, the adverse effects of chronic psychological
factors on bladder cancer patients may also be persistent
and accumulated. Moreover, we found that the serum
levels of epinephrine and cortisol were evidently increased
in stressed mice.

The HPA axis and SNS play a vital role in regulating
tumor growth, but the effects of stress-related hormones on
animal models of bladder cancer are poorly understood.
Recent studies have found that the levels of epinephrine
and norepinephrine generated by SNS have increased con-
tinuously in preclinical models of chronic stress in ovarian
and peritoneal tissues.'®'® The increase of these hormone
levels is related to the increase of tumor loads, which is
mediated by the tumor enhancement of angiogenesis.
Furthermore, the concentration of catecholamine in the cir-
culating plasma of cancer patients provides crucial informa-
tion related to tumor prognosis.””'® Catecholamines also
affect the various steps necessary for tumor metastasis,
including invasion and migration. In vitro, NE promoted
the migration of colon cancer cells, which could be inhibited
by B-adrenergic receptor (B-AR) blockers.”® Another major
neuroendocrine response to stress is through the activation of
the HPA axis, which is indispensable in the process of stress
adaptation.'® The results showed that the level of endogenous
glucocorticoid increased in the stress environment, and glu-
cocorticoid was involved in thymus degeneration induced by
stress. The effects of NE and cortisol on the proliferation of
oral squamous cell carcinoma have been studied.®*'
Specifically, NE and isoproterenol can significantly promote
the proliferation of oral squamous cell carcinoma, while the
effect of cortisol varies with the concentration of the hor-
mone. It is also found that the effect of cortisol on VEGF in
ovarian cancer cells is different, which depends on the hor-
mone level.”> More importantly, evidence suggested that the
role of glucocorticoid on the growth of bladder cancer may
be related to the hormone levels. Experiments in vitro and
in vivo discovered that glucocorticoid enhanced the receptor
activity mediated by the glucocorticoid receptor (GR), pro-
moted the proliferation of bladder tumor cells and inhibited
their apoptosis, but the GR pathway has dual effects on
inhibiting the progression of bladder cancer.”?

Then, we further explored the possible mechanism of
CUMS promoting the growth of bladder cancer xenografts

in nude mice. The expressions of Caspase-3 and VEGF in
xenografts were detected. In the CUMS group, the expres-
sion of Caspase-3 was decreased, whereas the expression
CUMS could
increase the proportion of Ki-67 positive cells and MVD.

of VEGF was increased. Meanwhile,

Previous research has detected the expression of Caspase-
3 in bladder transitional cell carcinoma and normal bladder
mucosa. The results showed that compared with normal
bladder mucosa, the positive rate of caspase-3 protein
expression in bladder transitional cell carcinoma was sig-
nificantly decreased, and the degree of downregulation
increased with the deepening of tumor malignancy, sug-
gesting that caspase-3 protein may be related to the char-
acteristics of tumor apoptosis resistance and the degree of
malignancy.”* Caspase-3 is closely related to bladder can-
cer and interacts with various genes. It is found that the
expressions of Bcl-2, p53, survivin and caspase-3 were
associated with a high recurrence rate of bladder cancer
and disease-specific mortality after radical cystectomy.?
On the other hand, several studies have confirmed that Ki-
67 is strongly associated with recurrence and overall
survival and identified it as an independent prognostic
indicator for bladder cancer.?®*® Therefore, we speculate
that the active proliferation and limited apoptosis of blad-
der cancer cells play an important role in the growth of
xenografts promoted by CUMS.

In the absence of adequate blood supply, solid tumors
cannot continue to grow in an unlimited range. Increased
VEGF expression could accelerate tumor growth and
metastasis.”’ In the orthotopic model of ovarian cancer,
chronic restraint stress increased the tumor load, while the
secretion of VEGF in the tumor increased, indicating that
chronic stress may promote tumor development by increas-
ing the blood supply.*® In addition to stimulating the migra-
tion, proliferation and proteolytic activity of endothelial
cells, VEGF is capable of interfering with the functional
maturation of dendritic cells and T cells, suggesting that this
pro-angiogenic factor may have an effect on the tumor
immune response. A clinical study showed that there was
a correlation between a higher social support level and
a lower serum VEGF level in patients with ovarian cancer
[38]. In addition, a high level of social support is associated
with a low level of interleukin-6 (IL-6) in peripheral blood
and ascites of patients with ovarian cancer, which is also
a crucial factor for angiogenesis.>' Catecholamines have
been shown to increase in adipose tissue and various cancer
cell lines, causing the upregulation VEGF or ADRB2 via
the B-AR-cAMP-PKA pathway.”**? This effect can be
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terminated by propranolol, a B-AR blocker, but induced by
isoproterenol. However, there are few studies on the role of
B-AR in bladder cancer. Therefore, further research is
needed to provide a more detailed understanding of the
mechanism(s). Moreover, additional tumor cell lines, sepa-
rate data collection for male and female mice and the impact
this may have on the outcome are required to refine this
study.

Accordingly, our study revealed that CUMS had
adverse impact on the growth of subcutaneous bladder
cancer xenografts in nude mice. The potential mechanisms
were related to the promotion of cell proliferation and
angiogenesis in the tumor microenvironment affected by
increasing catecholamine and cortisol levels. These results
suggested that the intervention of chronic psychological
stress may be a possible and promising therapeutic strat-
egy for bladder cancer.
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