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Abstract

Background and Objective: Chronic stress promotes tumor progression but the specific mechanism in the sympathetic nervous system
is unclear. To explore the mechanism of whether chronic stress affects hormone levels and thus tumor progression, this study was
conducted. Materials and Methods: A tumor-bearing mouse model was constructed by inoculating tumor cells and depression-like
phenotype by chronic unpredictable mild stress, CUMS. The A549 cells were exposed to stress hormones. Mice were divided into 4 groups
(n=8): Control group, Tumor group, CUMS group and Tumor+CUMS group. Detecting the changes of mice models of tumor, CUMS and
Tumor+CUMS in serum hormone and molecules of epithelial-mesenchymal transformation (EMT) in tumor tissues. The change of
molecules of EMT when exposing A549 cells to cortisol and norepinephrine. Results: Chronic stress led to the increase of serum
corticosterone and noradrenaline and enhanced the metastasis and invasion of cancer cells. /n vivo chronic stress resulted in increased
expression of tumor TGF-B1 and the changes of EMT-related molecules were also consistent with its course. /n vitro, A549 cells showed
morphological changes under CORT and NE, enhanced cloning, migration and invasion ability, up-regulated the expressions of TGF-B1,
N-cadherin and Vimentin, down-regulated E-cadherin and ZO-1. The opposite phenomenon occurred after knocking down TGF-B1.
However, CORT and NE reversed these changes. Conclusion: The high stress hormone levels caused by chronic stress affected the
expression of TGF-B1 and thus promoted the tumor EMT.
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INTRODUCTION

Depression is an emotional disorder that always shows
negative emotions such as loss of interest'2, According to the
World Health Organization (WHO), depression is the third
leading disease in the world, affecting an estimated
350 million people worldwide and is projected to be the
number one disease burden by 2030%. Many factors, such as
psychosocial stress and biological stress, are involved in the
pathogenesis of depression and may cause depression
through different pathologic mechanisms*>.

In recent years, the incidence of malignant tumors has
been ontherise. Lung cancer is the most common cancer and
the leading cause of cancer death® Non-Small Cell Lung
Cancer (NSCLC) is the most common type of lung cancer. It
accounts for more than 80% of lung cancer cases’®.

The incidence of depression in patients with cancer is
15-29%, which is 3-5 times higher than that in patients
without cancer®'. A series of studies at home and abroad
have shown that psychosocial stress can affect the occurrence,
developmentand metastasis of cancer''. Cancer patients have
a high risk of depression comorbidity, which will bring more
subjective pain to patients, affect physical treatment and
rehabilitation, reduce the quality of life, accelerate tumor
progression and lead to higher tumor-related mortality'.
Previous research hasalso indicated that stress-related factors
such as marital status, taking analgesic or anxiolytic drugs
are relevant to promoting cancer progression'. Therefore,
an in-depth understanding of the potential mechanisms by
which chronic stress contributes to cancer progression can
help prevent and forestall the negative effects of chronic
stress on it.

Chronic psychological stress can induce continuous
activation of the sympathetic nervous system (SNS) and the
Hypothalamic-Pituitary-Adrenal (HPA) axis. The SNS mainly
mediates the secretion of catecholamines, including
norepinephrine (NE) and epinephrine (E) and promotes tumor
growth mainly by acting on B-Adrenalin Receptors (B-ARs). The
activation of the HPA axis affects tumor progression mainly
through the release of glucocorticoid (GC). When the body is
subjected to stressful stimuli, there is an increase in cortisol
synthesis, which in turn leads to a number of “alert” reactions
in the body. In this case, the hypothalamus releases a
series of hormones such as corticotropin (CRH) and arginine
vasopressin (AVP), which further activate the pituitary and
adrenal cortex to release Adrenocorticotropic Hormone
(ACTH) and the glucocorticoid cortisol (CORT) and so on,
exposing the immune system to high stress hormone levels,
which can affect cancer progression by weakening innate and
adaptive immunity"7.
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Epithelial-to-mesenchymal transition (EMT) is a crucial
molecular mechanism mediating metastatic progression,
which drives the malignant progression of several cancers'82,
Among the many secreted growth factors and cytokines, the
Transforming Growth Factor-B (TGF-B) family has received
much attention for its multiple functions at the cellular level
and during development, as well as its role in a variety of
diseases, including cancer. Loss of control of the TGF- family
signaling can lead to developmental abnormalities and
disease, while increased signaling of TGF-B1 often leads to
cancer and fibrosis. Increased expression of TGF-B1 is a key
factor in EMT and increased TGF-B1 signaling in cancer cells
makes cancer cells more aggressive?'23, The TGF-B1 signaling
pathway is involved in tumorigenesis and metastasis,
suggesting that it is a promising target for cancer
therapy.

In the previous experiments, noradrenaline and cortisol
levels were elevated in depressed-like phenotype mice?#?> and
the tumor growth was faster and the tumor volume was larger
in the depression-like phenotype group than tumor comorbid
depressive mice', leading to the hypothesis that the tumor
progression was influenced by changes in NE and cortisol in
the internal environment during depression. However, the
mechanism how these serum hormone changes affect cancer
is not clear. It was also hypothesized that depression-induced
increases in serum norepinephrine and cortisol promote EMT
progression in tumor cells by up-regulating the expression of
TGF-B1.

MATERIALS AND METHODS

Study area: This study was conducted from February, 2021 to
December, 2022 in Fengxian Hospital, Southern Medical
University, Shanghai, China.

Materials

Cell culture: Human non-small cell lung cancer cell (A549) and
murine non-small cell lung cancer cells (LLC) were obtained
from the National Collection of Authenticated Cell Cultures
(Shanghai, China). All cell lines were cultured in a humidified
incubator (Thermo, America), with 5% CO,, at 37°C and
supplemented in DMEM with 10% fetal bovine serum
(FBS, Gibco, America) and 1% antibiotics (NCM Biotech,
Suzhou, China). The NE (N-069, 100 ug mL=", Sigma, America)
and CORT (C-106, 1.0 mg mL™", Sigma, America) solutions
were diluted to 100 yuM NE and 10 uM CORT with DMEM
containing 10% de-hormone serum and used in subsequent
cell experiments.
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Model mice: Thirty-two male C57BL/6 mice (weighted 20-22
g) without gene modification were taken from Huachuang
Sino Experimental Animal Co. Ltd. (Animal Quality Certificate:
2022038233) and housed in the Specific Pathogen Free SPF
laboratory animal center. The animals used in this study have
been prepared in accordance with national laws and
regulations on animal care. The animal experiment protocol
was approved and filed with the Bioethics Committee of
Fengxian Hospital (approval number: 22010737).

Methods

Group and molding protocols: Mice were fed at a controlled
room temperature 20%x2°C, normal day and night
environment and unlimited water and diet for mice. After
1 week of animal adaptation, behavioral tests were
performed on the mice, including sucrose preference test
and open field test. The mice meeting the requirements
were randomly divided into 4 groups by random number
method (n = 8/group): Group A (Control group), group B
(Tumor group), group C (CUMS group) and group D
(Tumor+CUMS group). As 5 X 10*LLC cells were suspended in
0.2 mL normal saline and injected subcutaneously into the
hind limbs of mice in group B and D to induce tumor. Mice in
group A and B were not given any stimulation and ate and
drank normally. Mice in group C and D were fed in a single
cage and given chronic unpredictability mild stress (CUMS)?72°
for 6 weeks. Stressors included swimming in 40/4 water for 3
min, behavioral restriction for 3 hrs, day/night reversal for 24
hrs, night light for 12 hrs, noise stimulation for 1 hr, cage
shaking for 15 min, cage tilt at 45°Cfor 24 hrs, wet bedding for
24 hrs and empty cage for 24 hrs. During modeling, two or
three stressors were randomly administered daily, with each
stimulus applied an average of two to three times per week. In
order to prevent the animal from anticipating the occurrence
of the stimulus, the same stimulus cannot be applied
consecutively. After 6 weeks, the sucrose preference test,
open-field test, forced-swimming test and tail-suspension test
were used to verify the success of depression model.

Sucrose preference test (SPT): The sucrose preference test
was used to detect depressive anhedonia in mice3’. Mice were
given a bottle of drinking water and a bottle of 1% sucrose
water 24 hrs before the experiment and the locations of
drinking water and sucrose water were exchanged 1 hr
laterand again 1 hrlater. After the adaptation of sucrose water
for 24 hrs, the intake of drinking water and sucrose water of
mice for 24 hrs was recorded and the percentage of sucrose
water preference was calculated according to the liquid
consumption. The experiment on sucrose preference was
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performed on mice before and after modeling and the results
were helpful in judging the success of the depression model
in mice:

Sucrose water consumption o

Sucrose water preference (%) = 100

Total liquid consumption

Open-field test (OFT): The experimental device was
composed of open field and data acquisition and processing
system (ZSZRDC Science and Technology Co. Ltd., China).
The open field was 100X 100X40 cm, the inner wall was
painted black, the bottom board was white board and it was
divided intofourgrids of 50 X 50 cm?, which could monitor the
behavior of four mice at the same time. The peripheral area
(5050 cm?) and the central area (30 X 30 cm?) were delimited
for each open field. The experiment should be carried outin a
quiet environment with proper light and humidity. Mice were
placed in the central part of the bottom surface of the open
field and their behavior tracks were collected after 1 min of
adaptation and the collection time was 5 min. Behavioral
detection parameters included the number of times mice
entered the peripheral and central areas, residence time,
exercise distance and total exercise distance etc.

Forced-swimming test (FST): Mice were placed in a
transparent bucket with a diameter of 110 mmXa height of
300 mm. During the test, a water level of 37°C was added to
the bucket to a water level of 20 mm, which provided an
unavoidable compression environment and the time of
immobility in water was measured by the instrument. The
duration of recording was 5 min and the last 4 min was
selected as the exercise condition of mice. The parameters of
forced usefulness wereimmobility time, immobility times and
activity time.

Tail-suspension test (TST): The experimental device is
composed of a suspension box and a data acquisition and
processing system. When the mice were suspended in a
square box 30 cm from the ground, the stationary time of the
mice was collected and recorded for a total of 5 min. The last
4 min was selected as the movement of the mice. The test
parameters of the tail suspension test included stationary
time, stationary times and activity time of mice.

ELISA measurement of NE and corticosterone: The levels of
NE and corticosterone in serum were assessed using ELISA kits
(NE ELISA kit, Biovision, ab287789, corticosterone ELISA kit,
KGEO0Q9) according to the operating guide.
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Hematoxylin-eosin and staining (H&E): Mice tissues,
including liver and lung tissues, were collected and placed in
4% paraformaldehyde for tissue fixation. The fixed tissue was
paraffin embedded and sliced. Paraffin sections were
successively placed into xylene for 20 min, xylene for 20 min,
anhydrous ethanol for 5 min, anhydrous ethanol for 5 min,
75% alcohol for 5 min and finally washed with tap water to
dewax the paraffin sections. Then the slices were put into the
hematoxylin dye solution for 3-5 min, washed with tap water,
differentiated liquid differentiation, washed with tap water,
followed by blue return solution, rinse with running water.
The sections were dehydrated with 85% gradient alcohol and
95% gradient alcohol for 5 min, respectively and then stained
with eosin dye solution (Yuxiu Biotechnology, Shanghai,
China) for 5 min. Last, a microscope (Olympus Corporation,
Japan) was used for photography.

Cell transfection: Inoculate 1X10° A549 cells individually in
6-well plates 24 hrs in advance and knock down TGF-B1 using
siRNA targeting (Gene primer sequence of siTGF-B1, sense:
GCAGAGUACACACAGCAUATT, Antisense: UAUGCUGUGUG
UACUCUGCTT). Incubate siRNA and transfection reagent
Lipo3000 (Thermo, America) with Opti-MEM medium
(Gibco, America) separately for 5 min and then mix and
incubate for 20 min to form liposome-siRNA complexes.
Finally, they were added to the lined 6-well plates and the cells
could be collected after 48/72 hrs.

Cell viability assay by CCK-8: The A549 cells were inoculated
with 100 pL (1 X 103 cells) per well in a 96-well plate and when
the cells were plastered after 12 hrs, the medium was replaced
with de-hormone medium for hormone starvation and
subsequently replaced with norepinephrine solution
(0, 0.1, 1, 10, 20, 50 and 100 uM) and cortisol solution
(0, 1,15, 2 and 5 uM) were added to the wells at 37°C.
As 10 pL of Cell Counting Kit-8 (CCK-8) reagent was added to
each well and the absorbance (OD) at 450 nm was measured
on a full wavelength enzyme standardizer (Bio Tek, America)
after incubation for 1-4 hrs at 37°Cin an incubator protected
from light. The OD of each well was deducted from the blank
control wells and then compared to analyze the cell activity.

Cell morphology: The A549 cells were inoculated in 48-well
plates with 200 cells per well, cultured for 12 hrs for
serum-starved and then cultured with 1.5 uM CORT for 24 hrs
and 10 uM NE for 48 hrs, stained for cell estimates using
fluorescent substances FITC Phalloidin (100 nM) (CA1620,
Solarbio, Beijing, China) and the nuclei were re-stained with
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DAPI (C0060, Solarbio, Beijing, China) stain, followed by
observation and photography under fluorescence
microscope (Olympus Corporation, Japan), selecting FITC
excitation/emission filter (Ex/Em = 540/570 nm) and DAPI
excitation/emission filter (Ex/Em = 364/454 nm) at the same
screen for taking pictures.

Clone formation assay: The A549 cells were inoculated into
6-well plates at a density of 1X10% cells per well and
incubated for 10-14 days after 12 hrs with serum starvation in
de-hormone medium with 10 uM NE and 1.5 uM CORT,
changing the medium every three days. When the number of
cellsinasingle cloneis greater than 50 as observed under the
microscope, 4% paraformaldehyde can be used for fixation
and crystalline violet staining operation and then dried and
photographed under the microscope.

Wound healingassay: The A549 cells were inoculated into the
marked 6-well plates at a density of 1X 106 cells per well and
serum starvation was performed 12 hrs later. Sterile 200 L
pipette tips were used to make wounds in the cell layer and
then the cells were washed with PBS twice, 2 mL 10 uM NE
and 1.5 pM CORT was added. The visual field was selected
under the microscope to observe and take pictures
(0,24 and 48 hrs after the scratch) and the horizontal mobility
of cells was calculated.

Cell migration assay: The A549 cells (or with si-TGF-B1) were
digested and resuspended in serum-free medium at a
concentration of 2.5X10° cells mL™". The transwell chamber
was placed in the filling well. As 10 uM NE 600 pL and 1.5 uM
CORT 600 pL was added into the chamber (lower chamber)
and 200 pL cell suspension was slowly added into the
chamber (upper chamber). The transwell chamber was
cultured at 37°Cfor 8 hrs. After the cell culture was completed,
appropriate amount of 4% paraformaldehyde was added to fix
the cells on the surface of the subventricular membrane
for 30 min. Add 0.1% crystal violet and stain for 30 min. The
cells on the bottom of the chamber were gently wiped with
cotton swabs, washed in water to remove the wiped cells and
afterdrying, 5 fields were selected for each chamberunder the
microscope to take photos and the number of cells passing
through the membrane of the chamber was calculated and
counted.

Cell invasion assay: The cell was coated with Matrigel
(Corning, 354234) 4 hrs in advance and the other steps were
the same as the cell migration assay.
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Gene Forward Reverse

GAPDH (Mus) GACATGCCGCCTGGAGAAAC AGCCCAGGATGCCCTTTAGT
TGF-B1 (Mus) GCAACAATTCCTGGCGTTA ATGTCCTGGGCAGAGTGAGA
E-cadherin (Mus) GCCTTGCTTCAGGCGTC TTTGCTGACCTCTCTGAGGC
N-cadherin (Mus) GGAGATGTTTATGCGGACGG CACCATTGGCAATGAGCGGTTC
Vimentin (Mus) GGCCAGATCCTGTCCAAGC TACCCTGGTGGTTCAAGCTG
Z0-1 (Mus) ATGGGAAATGGAAACTTGATGGC GGCGAGGAGAGCAGGATTTC
B-ACTIN (Homo) GAAATACCTGACGGTGCTGC TTCCGTCTCCTTGGTTCAG
TGF-B1(Homo) TGGAGCTTTAGATGCCGCTT CATTGAGAAGGGGCTGTCCTT
E-cadherin (Homo) CTCCAGGGACTCGTTAGTGC CCATTGCTGTGCTCTTAGCG
N-cadherin (Homo) AGGTCTTTGCGGATGTCCACGT GTGGGTTTCCACCATTAGCAC
Vimentin (Homo) CAAAATCCAAGCCCGTGGTG CAGTTGCTAAACTTCACTGAAAGG
Z0-1 (Homo) TGGGTATCAACCAGAGGGAGT GAGGATGGCGTTACCCACAG

Determination of EMT relative gene mRNA expression:
Total RNA was extracted from mouse tissues and cells using
TRIzol extraction reagent and the RNA was reverse
transcribed to cDNA according to the instructions of the
reverse transcription reagent. For gRT-PCR, TliRNaseH Plus
was used according to the manufacturer’s protocol. The
primers sequences were shown in Table 1.

Western blotting analysis of EMT relative proteins: The mice
tissues (included tumor and liver) and A549 cells were
collected and sonicated in RIPA lysis buffer (Beyotime, P0013B)
on ice for protein extraction. The protein supernatant was
collected and the concentration was determined by BCA
protein assay kit (Beyotime, P0012). Total protein (20 pg)
was analyzed by SDS-PAGE and then transferred to NC
membranes. The NC membranes were placed in 5% skim milk
and blocked at 25°Cfor 1 hrand then cleaned with PBST. The
required blots were cut off and placed in the corresponding
antibody for overnight incubation. The B-tubulin antibody,
CST, #86298, TGF-B1 antibody, Abcam, ab215715, N-cadherin
antibody, Proteintech, Cat No. 66219-1-Ig, E-cadherin
antibody, Proteintech, Cat No0.60335-1-Ig, ZO-1 antibody,
Proteintech, Cat No. 21773-1-AP, Vimentin antibody,
Proteintech, Cat No. 10366-1-AP, HRP* Goat Anti Mouse
IgG(H+L), Immunoway, RS0001, HRP* Goat Anti Rabbit
IgG(H+L), Immunoway, RS0002). The blots were cleaned
with Phosphate Buffer Solution-Tween 20 (PBST) for several
times and incubated in HRP labeled secondary antibodies
at 25°Cfor 2 hrs. Finally, ECL luminescence detection reagent
(NcmECL High, P2300) was applied to the blots and visualized
in the developing instrument. ImagelJ software (Fiji) was used
to analyze the gray value of the film.

Statistical analysis: The Graph pad Prism 8.4 version software
and SPSS 25.0 version software were used for data analysis.
Measurement data were expressed as Mean®SD. Two-way

677

ANOVA was used to analyze the results of multiple groups and
One-way ANOVA or two-tailed student’s T-test were uses to
compare between groups. Among all the statistical results,
p<0.05 was considered statistically significant.

RESULTS

Results of /n vivoanalysis

Validation of animal models: The tumor growth of mice in
the Tumor group and the Tumor+CUMS group could be
gradually detected about 21 days after LLC cells were
inoculated subcutaneously. Compared with the Control group,
the total distance of movement and the total distance of
movementin the central areain OFT was significantly reduced
in CUMS group and Tumor+CUMS group (p<0.05) and the
times of entering the central area was significantly reduced
after 6 weeks of chronic stress (p<0.01) (Fig. 1a-d). In TST,
compared with the Control group, theimmobile time of CUMS
group mice was extended (p<0.05) and the immobile time of
tumor mice was also extended. Compared with the Tumor
group, the immobile time of the Tumor+CUMS group was
significantly extended (p<0.05) (Fig. 1e). In the FST, the
immobile time of mice in CUMS group was prolonged and the
immobile time of mice in Tumor+CUMS group was also
prolonged (p<0.05). Compared with the Tumor group, the
immobile time of Tumor+CUMS group was significantly
extended (p<0.05) (Fig. 1f). Compared with the Control group,
the sucrose preference of CUMS group and Tumor+CUMS
group was significantly decreased (p<0.05). Compared with
mice in Tumor group, the sucrose preference of mice in
Tumor+CUMS group was significantly decreased (p<0.05)
(Fig. 1g). Behavioral tests (OFT, TST and FST) and sucrose
preference test results indicated that the chronic stress
induced depression-like phenotype mice and tumor
comorbidities  depression  model was  successfully
established.
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Serum corticosterone and norepinephrine assay: After
chronic stress, the serum corticosterone level of mice was
increased (p<0.05). Compared with the Tumor group, the
serum corticosterone level of mice in Tumor+CUMS group was
not significantly increased (Fig. Th). After chronic stress, the
serum norepinephrine level of mice was increased (p<0.01).
Compared with normal Control group, the serum
norepinephrine level of mice in Tumor group and the
Tumor+CUMS group was significantly increased (p<0.05) and
the serum norepinephrine level of mice in Tumor+CUMS
group was significantly increased compared with that in
Tumor group (p<0.05) (Fig. 1i).

Chronic stress promotes tumor growth: About 21 days after
LLC cells were subcutaneously inoculated in mice in the
Tumor group and the Tumor+CUMS group, tumor growth was
gradually observed. As shown in Fig. 2a-b, about 11 days after
tumor growth, the tumor growth rate of mice in the
Tumor+CUMS group was accelerated (p<0.05) and the overall
tumor volume was higher than that in the Tumor group
in 17 day after tumor development (p<0.05). During modeling,
the weight of four groups of mice were recorded every 7 days.
Compared with the Control group, the weight of mice in
Tumor+CUMS group increased slowly. There was no
significant difference in body weight among the other groups
(Fig. 20).

Liver and lung lesions in model mice: After the modeling, no
lung cancer metastasis was observed in the abdominal cavity
and lung tissues of the mice, while metastatic nodules were
found on the liver of the tumorous mice. White nodules were
visible on the liver lobes of mice in the Tumor group and the
Tumor+CUMS group, while the number of nodules in the liver
in the Tumor+CUMS group was more than that in the Tumor
group (Fig. 2d).

In HE staining of mouse liver sections, liver cords of mice
in the Control group were arranged neatly (red arrow), cell
sizes varied and a small amount of inflammatory cell
infiltration was observed (purple arrow). The liver cords of
mice in the Tumor group were not neatly arranged, lipid
droplet (black arrow) could be seen in the community, liver
cells were cloudy (yellow arrow) and occasionally balloon-like
transformation (green arrow) could be seen. In the CUMS
group, the hepatic cords were not neatly arranged, the
hepatocytes were cloudy and the interstitial Kupffer cells
(hepatic macrophages) were hyperplasia (brown arrow). The
liver of mice in the Tumor+CUMS group was disordered,
hepatocytes were cloudy with disappearance of hepatocytes
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(blue arrow), interstitial Kupffer cells proliferated and a large
number of inflammatory cells infiltrated (purple arrow)
(Fig. 2e).

Inthe lung HE staining, compared with the Control group,
the alveolar structure of mice in the Tumor group, CUMS
group and Tumor+CUMS group was indistinct and there were
alarge number of inflammatory cells exudating in the airway,
adjacent to the air passage, beside the blood vessels and
alveoliinthelungtissue (black arrow) and the alveolarinterval
in some areas was widened (red arrow). A large number of
lymphocytes gathered in the lung tissue in the Tumor group.
In addition, compared with the Tumor group, the structure of
the alveolar space of mice in the Tumor+CUMS group was
blurring, the alveolar space of the lung tissue was
significantly widened, part of the alveolar space was broken
and cancer cells were transferred to the vasculature (green
arrow) (Fig. 2f).

Analysis of EMT relative mRNA and proteins in vivo: The
expression of TGF-B1 associated with tumor progression in the
liver of four groups of mice were estimated, as well as the
expression of proteins associated with EMT. The result of WB
showed that the expression of TGF-B1 in liver tissues of mice
in the Tumor group and the Tumor+CUMS group was
increased (Fig. 3a-b). Results speculated that the high
expression of TGF-B1 in liver affected the progression of
tumor. The EMT related protein expression was analyzed inthe
liver of mice inthe Tumor group and the Tumor+CUMS group.
According to the results, epithelial molecular markers
E-cadherin and ZO-1 were down-regulated in the
Tumor+CUMS group, compared with those in the Tumor
group (p<0.01). The expression of interstitial molecular marker
N-cadherin and Vimentin were up-regulated (p<0.05)
(Fig. 3c-d). Subsequently, protein analysis was conducted
on tumor tissues of the two groups of tumor-bearing mice
and it was found that the expression of TGF-B1 in tumor
tissues of mice in the Tumor+CUMS group was increased
compared with those in the Tumor group (p<0.01) (Fig. 3e-f).
In addition, compared with the Tumor group, the expressions
of E-cadherin and ZO-1 in the Tumor+CUMS group were
decreased (p<0.01), while the expressions of N-cadherin
(p<0.01) and Vimentin (p<0.05) were increased (Fig. 3g-h),
conforming to the conjecture that the up-regulation of
TGF-B1 promotes the progression of EMT. Compared with the
Tumor group, the mRNA expressions of E-cadherin and ZO-1
in the Tumor+CUMS group were down-regulated (p<0.05),
while the mRNA expressions of TGF-B1 (p<0.05) N-cadherin
(p<0.01) and Vimentin (p<0.01) were up-regulated (Fig. 3i).
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Fig. 3(a-i): Analysis of EMT relative mRNA and proteins /n vivo, (a) Expression of TGF-B1 protein in liver of mice in each group
(n=3/group), (b) Gray values of (a), (c) Expression of EMT proteins in liver of mice in Tumor group and Tumor+CUMS
group (n=3/group), (d) Gray values of (c), (e) Expression of TGF-B 1 in tumor of mice in Tumor group and Tumor+CUMS
group (n = 3/group), (f) Gray values of (e), (g) Expression of EMT proteins in tumor of mice in Tumor group and
Tumor+CUMS group (n = 3/group), (h) Gray values of (g) and (i) Relative gene expression of EMT in mouse tumor

(n=3/group)
*p<0.05 and **p<0.01 vs Tumor group

Results of /n vitro analysis

Cell proliferation, migration and invasion under CORT and
NE: The CCK8 results show that A549 cell had a high
proliferation activity when exposed to 1.5 uM CORT for 24 hrs
(p<0.05) and to 10 uM NE for 48 hrs (p<0.01) (Fig. 4a). Cell
morphology was changed under 1.5 uM CORT and 10 uM NE.
In the Control group, cytoskeleton protein (actin) was
mainly distributed in the perimembrane. However, the actin
in the perimembrane gradually decreased when exposed
to CORT, while the actin in the cytoplasm increased,
accompanied by the increase of stress fibers. The cell
morphology changed like fiber with invasion characteristic
under NE (Fig. 4b). In cell cloning, compared with the Control
group, A549 cells formed colony number increased
significantly when cultured 1.5 yM CORT and 10 uM NE
(p<0.01) (Fig. 4c). Compared with the Control group, in 1.5 uM
COR and 10 uM NE, A549 cell showed a scratched narrowed
considerably, cell migration speed (p<0.05), at 48 hrs, the
scratches of cells treated with 10 uM NE almost healed,
indicating that CORT and NE promoted the horizontal
migration ability of A549 cells (Fig. 4d-e). In cell migration and
invasion, the number of cell migration and invasion under the
treatment of 1.5 uM CORT and 10 uM NE was significantly
higher than that in the Control group (p<0.01), which
significantly enhanced the ability of cell migration and
invasion (Fig. 4f-g).
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Cell migration and invasion in response to CORT and NE
after knockdown TGF-B1: In order to verify whether stress
hormones promote EMT process by inducing TGF-B1, small
interfering RNA (siRNA) was used to knock down TGF-B1 in
A549 cells and then cultured the cells in 1.5 uM CORT and
10 uM NE. Compared with the Control group, the number of
cell migration was significantly increased when CORT and NE
were applied (p<0.01). The number of cell migration was
significantly decreased in siTGF-B1 group than NC group
(p<0.01), while the number of cell migration increased when
expose to 1.5 pM CORT and 10 pM NE (p<0.05) (Fig. 5a-b) and
the cell invasion results were similar to the migration results
(Fig. 5¢c-d).

Analysis of EMT relative mRNA and proteins in vitro:
The A549 cells treated with 1.5 yuM CORT and 10 uM NE
showed increased the gene and protein expression of
TGF-B1, N-cadherin and Vimentin, while decreased the
gene and protein expression of E-cadherin and ZO-1
(Fig. 6a-c). Compared with the NC group, the mRNA and
protein expressions of E-cadherin and ZO-1 in group
transfected with siRNA-TGF-B1 were increased and the
expressions of N-cadherin and Vimentin were decreased.
However, compared with the group transfected with
SiRNA-TGF-B1 (siTGF-B1 group), the mRNA and protein
expressions of TGF-B1 increased when exposing to
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Fig. 4(a-g):Cell proliferation, migration and invasion under CORT and NE, (a) CCK-8, (b) Cell morphology (100 X), (c) Colony
formation assay, (d) Cell wound healing assay (100 X), (e) Migration rate of cell wound healing assay, (f) Cell migration
and invasion (100 X) and (g) Migration and invasion cell number

*p<0.05 and **p<0.01 vs Control group

CORT and NE siTGF-B1+CORT group and siTGF-B1+NE
group (p<0.01). The change of gene and protein of
EMT were reversed exposing cell with siTGF-B1 to CORT
and NE, showed that the mRNA and protein expression of
E-cadherin and ZO-1 were down-regulated (p<0.05) and

684

expressions of N-cadherin and Vimentin were up-regulated
(p<0.05) (Fig. 6d-e). To sum up, current study results
implied the critical role of TGF-B1 in tumor comorbidity
depression, promoting tumor EMT and affecting tumor
progression.
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DISCUSSION

Cancer is a major public health problem and the lung
cancer deaths are a significant proportion of cancer deaths in
the world’. More and more studies show that chronic
stress, such as physiological and psychological, affects the
progression of cancer and cancer is more likely to lead to
depression. In this study, a tumor-bearing mouse model was
constructed by translocation inoculation of tumor cells, a
depression-like phenotype mouse model was constructed by
chronic unpredictable mild stress (CUMS) and a Tumor+CUMS
mouse model was constructed by comorbidities. In the
comorbidity model, LLC lung cancer cells were injected
subcutaneously into the posterior right limb of mice and then
the chronic stress model was constructed for 6 weeks to
simulate the fact that clinically depressed patients with cancer
comorbidity are caused by cancer and then depression or
that patients themselves carry susceptibility genes and then
depression caused by psychological stress leads to cancer.
About 21 days after the injection of LLC cells, tumor
development was gradually observed. In CUMS, the mice
subjected to chronic stress showed decreased sucrose
preference and reduced activity in OFT. In TST and FST, the
time of condition of rest after chronic stress was prolonged,
indicating that the chronic stress caused the mice a
psychology similar to despair, indicating that the
depression-like phenotype mouse model was successfully
constructed. In addition, we found that mice in the tumor
group also showed decreased preference for sucrose water,
reduced total distance and prolonged the time of immobility,
which can be inferred that the occurrence of tumor also leads
to the generation of depression and this phenomenon
was more obvious in mice of Tumor+CUMS group, indicating
that chronic stress aggravates the depression of tumor
bearing mice.

From tumor pictures, it was concluded that chronic stress
promotes tumor progression in mice. In the follow-up
experiment, it was found that chronic stress led to the increase
of serum levels of stress hormones CORT and NE and
inflammation in the body. The liver nodules of co-morbidities
mice were more than those of mice in the simple tumor
bearing group and the metastasis of cancer cells was inclined
to occur. Tumor cells in the body will have nearby metastasis,
invasion or cancer cells into the blood for blood route
metastasis, which speculated that chronic stress caused
immune disorders and inflammatory responses, providing an
environment for tumor progression.
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When cancer patients learn about their own disease and
bear the physical and psychological burden as well as the
economic burden, they often suffer from chronic stress
caused by psychological disorders®'. Social stress is
associated with increased lung cancer incidence and
mortality*32. Chronic stress activates the neuroendocrine
pathway HPA axis and SNS, up-regulates the secretion of
various stress hormones, inhibits cellular immunity and
induces chronic inflammation, thus affecting the body’s
immune system and regulating multiple signaling pathways
to promote tumor development'3335 |n various cancers,
chronic exposure to stress-related hormones encourages
tumor growth, invasion and angiogenesis*. Neuroendocrine
changes caused by stress affect tumor progression, which is a
major health problem that has attracted much attention in
recent years.

Inflammation can increase the risk of cancer by
providing bioactive molecules that infiltrate the tumor
microenvironment, including cytokines, growth factors,
chemokines that maintain a sustained proliferation rate,
cell survival signals to avoid apoptosis and pro-angiogenic
factors®”3°. Depressed patients often display high levels of
pro-inflammatory cytokines in their bodies*41,

In this study, TGF-B1 was highly expressed in liver tissues
of cancer mice. The expression of TGF-B1 in comorbidities
depression mice was higher than that in tumor mice and the
results of EMT-related molecularanalysis were consistent with
the fact that chronic stress promoted the EMT process. /n vivo,
the morphology of A549 cells changed when exposed to CORT
and NE, while the cytoplasmic actin increased, accompanied
by increased stress fibers, which supported the development
of EMT. The results of functional experiments showed that the
colony formation, migration and invasion of A549 cells were
enhanced after treatment with CORT and NE. The protein
expressions of TGF-B1 were increased, the mRNA and protein
of N-cadherin and Vimentin were increased, while E-cadherin
and ZO-1 were decreased. After the knockdown of TGF-B1, the
migration and invasion ability of A549 cells were diminished.
The mRNA and protein expressions of N-cadherin and
Vimentin proteins were down-regulated, while the
expressions of E-cadherin and ZO-1 were up-regulated,
suggesting that TGF-B1 was involved in tumor progression.
However, when the cells with knockdown of TGF-B1 were
exposed to CORT and NE and its migration and invasion
ability were enhanced additionally and reversed the
molecular level changes which appeared when knocking
down TGF-B1.
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The occurrence, development, migration, invasion and
metastasis of tumor is a complex process, involving the
remodeling of intercellular skeleton and the change of
intercellular adhesion. One vital molecular mechanism
promoting  the  progression of  metastasis s
epithelial-mesenchymal transition (EMT), a pathological
process leading to tumor progression, which drives the
invasion and migration of various cancers**, Under the action
of some factors, epithelial cells lose their polarity, tight
junctions and adhesion junctions between cells, gain the
ability to infiltrate and migrate and become cells with the
morphology and characteristics of interstitial cells, which may
also induce escape apoptosis of tumor cells’2, In the study
of tumor, the occurrence of EMT indicates the malignant
process of tumor. The TGF-B (Transforming Growth Factor-B)
is a multifunctional cytokine that plays a bidirectional
regulatory role in tumor progression. The TGF-B is a potential
tumor suppressor in the early stages of tumorigenesis. With
the progression of tumor, TGF-B is transformed into tumor
promoting factor to promote tumor metastasis**. In
pathological conditions, TGF-B overexpression leads to
EMT, extracellular matrix deposition and cancer-associated
fibroblast formation, leading to cancer and fibrotic diseases®.
It was found that inhibition of TGF-B1/Smad2/3/Foxp3
signaling pathway can attenuated the protein expression
of lymphocyte apoptosis and apoptosis-related induced
of chronic stress and restored the imbalance between
chronic stress-induced pro-inflammatory cytokines and
anti-inflammatory cytokines®. It is suggested that TGF-B1
pathway may be a new target for chronic stress regulation of
immune function.

Therefore, the conclusion might be drawn that the high
stress hormone caused by chronic stress induced the
expression of TGF-B1, strengthening the progression of EMT
and thus promoting the tumor process.

CONCLUSION

Chronic stress led to nonstandard secretion of stress
hormones CORT and NEin the body, aggravated inflammation
in tissue and promotes tumor progression. Molecular
mechanism studies had shown that abnormal secretion of
stress hormone caused by chronic stress affected the
expression of TGF-B1 and thus affected the tumor EMT
progression. In view of the related mechanism of chronic
stress promoting tumor progression, methods such as signal
pathway-specific target blockers, hormone receptor blockers
and psychotherapy are applied to pay attention to the mental
state of cancer patients in clinical work, timely psychological
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counseling is conducted to improve the chronic stress state of
patients and ensure effective anti-cancer treatment and good
prognosis. The research on the mechanism pathway related to
chronic stress can provide a new idea for clinical antitumor
therapy.

SIGNIFICANCE STATEMENT

Since anincreasing number of cancer patients suffer from
comorbid depression which deteriorates their condition and
quality of life, attention should be paid to thisissue. This study
aimed to understand whether chronic stress might promote
the development of cancer. This study focused on the
molecular mechanisms by which chronic stress affects tumor
progression. The data showed that chronic stress leads to
abnormal secretion of the stress hormones corticosterone and
noradrenaline /n vivo, exacerbates tissue inflammation and
promotes tumor progression by affecting the expression of
TGF-B1, which in turn affects the EMT progression of tumors.
Current results findings may provide a new idea for the
treatment of tumor-combined depression.
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