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ARTICLE INFO ABSTRACT
Keywords: Background: Studies have shown that glucocorticoid receptor (GR) has inconsistent effects on the
Androgen.rec.eptor proliferation of prostate cancer cells, we found dexamethasone inhibited the proliferation of
l?(l)u;(o);ortlcmd receptor androgen receptor-negative prostate cancer cells, but the underlying mechanisms remain to be
a .
illustrated.

LncRNA GASS5

P Methods: GR expression and its prognosis role were analyzed based on the TCGA dataset. Bio-
rostate cancer

informatic analysis was performed to identify the candidate of GR downstream, which includes
FOXO03a. After overexpressing FOXO3a in PC-3 cells, cell counting kit-8 (CCK-8) and migration
assays were performed to evaluate cell proliferation and migration ability. Regulation of FOXO3a
on GAS5 was also analyzed by JASPAR and PCR.

Results: GR had low expression in prostate cancer and predicted poor prognosis. FOXO3a was
identified as the downstream of GR to inhibit the proliferation of prostate cancer cells. Moreover,
FOXO03a directly induces GAS5 expression, forming the GR-FOX03a-GAS5 signaling pathway.
Conclusion: Our study showed that GR played a role as a tumor suppressor gene in androgen
receptor-negative prostate cancer cells via the GR-FOX03a-GAS5 axis. Our results suggested
patients with prostate cancer should be classified and develop a treatment plan according to the
expression of AR and GR.

1. Introduction

Cancer incidence increased for prostate cancer by 3% annually, and it was estimated that 288,300 new cases, and 34,700 deaths in
the US in 2023 [1]. Five-year relative survival could be almost 100% for localized and regional prostate cancer patients, but it would
drop to 30% for patients with distant metastases [1]. Although advanced patients responded to initial anti-androgen therapy, most
patients were no longer sensitive to treatment after 24-36 months and developed castration resistance prostate cancer (CRPC) [2].
Although many methods such as chemotherapy and immunotherapy are being studied, effective therapeutic measures are still lacking
[3]. It is of great significance to study the mechanism of occurrence, development, and metastasis of prostate cancer, and the results
would help identify specific prognostic molecular markers and new therapeutic targets.
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The etiology of prostate cancer is diverse, among which androgen receptor (AR) plays a crucial role in tumor growth. Since Huggins
and Hodges discovered the androgen-dependent characteristics of prostate cancer in the 1940s, androgen deprivation therapy (ADT)
has been applied clinically as an important therapeutic method for prostate cancer [4]. ADT includes two treatment methods: inhi-
bition of testicular androgen secretion and inhibition of androgen activity. Inhibition of androgen secretion can be achieved through
gonadotropin-releasing hormone agonists, antagonists, or surgical excision of the testis, etc., while the inhibition of androgen activity
is to inhibit the binding of androgen to AR. In general, after the combination of androgen and AR, AR dimer is formed into the nucleus,
which binds with androgen response elements to induce gene expression and promote the proliferation of tumor cells. However, the
formation of CRPC indicates that even if androgen is at a very low castration level, AR can continue to activate downstream signaling
pathways independent of androgen binding. AR amplification, mutation, spliceosome formation, and overexpression of AR coac-
tivators can mediate the activation of AR signaling pathways [5]. In recent studies, it has been found that there are various factors for
the progression of prostate cancer, and there is great heterogeneity in the formation mechanism of castration resistance in different
patients [6]. Recently, it was reported that after continuous ADT treatment, prostate cancer cells gradually differentiate neuroen-
docrine, accompanied by decreased or even disappeared expression of AR, suggesting that AR-negative prostate cancer cells con-
tributeto the progression of prostate cancer [2,6,7].

We previously studied the effect of glucocorticoid receptor (GR) on the proliferation of prostate cancer cells, GR did not affect cell
proliferation in AR-positive cells but inhibited the proliferation of AR-negative cells [8]. LncRNA GASS participates in the regulation of
dexamethasone on androgen receptor -negative and -positive prostate cancer cell proliferation, GR-induced GAS5 expression to inhibit
the proliferation of AR-negative prostate cancer cells, and the combination of AR and GASS5 inhibited its effect in AR-positive cells [9],
to further clarify the relationship between GR and GASS5, we used bioinformatics technology to analyze and screen the downstream of
GR, we found that FOX0O3a may act as a mediator between GR and GAS5, and experimentally verified that GR acted on GAS5 through
FOXO3a to inhibit the proliferation of AR-negative prostate cancer cells.

2. Materials and methods
2.1. Bioinformatic and TCGA PRAD data analysis

Prostate cancer and glucocorticoid receptors were searched in the GEO (Genomic Expression Omnibus) database, and a total of 25
literatures were retrieved. We screened the articles one by one, and the inclusion criteria included: 1. GEO2R online analysis could be
performed (16 articles); 2. GR agonists were used to treat prostate cancer cells (16-8 = 8 articles); The exclusion criteria included: 1.
Less than 20 differentially expressed genes (GSE150437, GSE51872); 2. 2. Non-prostate cancer cells (GSE150432); 3. Only two groups
of samples were compared (GSE71099); 4. Duplicate data (GSE39654 and GSE39880 for LNCaP-1F5 cell, GSE52169 and GSE51871 for
LREX cell). Finally, two databases GSE39654 and GSE52169 were included for analysis. GTRD (Gene Transcription Regulation
Database, http://gtrd20-06.biouml.org/) was used to predict GR downstream. For GTRD analysis, “Genes regulated by the specified
transcription factor” was selected, the method was “analysis of TF binding”, TF binding site location was “promoter [-100, +10]",
organism was “Human”, transcription factor was “NR3C1 P04150”, the GR (NR3C1) downstream was then analyzed. TCGA PRAD Data
included 497 prostate cancer patients, UALCAN (https://ualcan.path.uab.edu/analysis.html) was used to examine the expression of
GR from the prostate adenocarcinoma (TCGA PRAD) database found in The Cancer Genome Atlas (TCGA) database. Survival analysis
was done using UCSC Xena (https://xenabrowser.net/heatmap/) with TCGA Prostate Cancer (PRAD) dataset containing 550 samples.
The human protein atlas (https://www.proteinatlas.org/) was used to analyzethe GR and FOXO3 expression. The significance of
expression levels between normal and tumors or tumor subtypes was calculated by t-test.

2.2. Cell lines

The human prostate cancer (PCa) cell lines PC-3 (American Type Culture Collection) were routinely maintained in RPMI 1640
(KGM31800S, keygentec, CA) with 10% fetal bovine serum (FBS, 10,099-141, keygentec, CA), 100 U/ml of penicillin, and 100 mg/mL
of streptomycin in a 5% CO, atmosphere at 37 °C. Dexamethasone was dissolved in DMSO with 2 x 10~2 M concentration, dexa-
methasone should be diluted 100,000-fold in medium to reach a final concentration of 100 nM. PC-3 cells infected with FOXO3a
overexpressing lentiviral vector were prepared for plate infection when the cells grew to the appropriate density. The 6-well plate was
taken as an example, and 1 x 105 cells were laid in each hole. Cell infection was carried out after cell adhesion on the second day. The
polycoagulant was added into the medium at the rate of 2000, and the amount of virus required for each group was calculated ac-
cording to the formula of "amount of virus added per well (ul) = MOI x cell number/titer (TU/ml) x 1000”, which was added into the
culture medium, mixed and added into the well for cell infection, and PCR and WB were performed 72h later to verify the infection
efficiency.

2.3. Real time-PCR

Fluorescence quantitative PCR verification RNA was extracted from each group. After extracting RNA, cDNA was synthesized
according to the corresponding reverse transcription kit (CW0581 M , CWBIO). cDNA was used as the template for detection on the
real-time quantitative PCR instrument. Primers are as follows:

B-actin F TGGCACCCAGCACAATGAA

p-actin R CTAAGTCATAGTCCGCCTAGAAGCA.
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Fig. 1. NR3C1 gene expression and prognosis study using TCGA dataset. (A) Boxplots show the expression of the NR3C1 gene in tumors (red) and
normal (blue) in 24 tumors(Bladder urothelial carcinoma [BLCA] Normal (n = 19) VS Tumor (n = 408); Breast invasive carcinoma [BRCA] Normal
(n = 114) VS Tumor (n = 1097); Cervical squamous cell carcinoma [CESC] Normal (n = 3) VS Tumor (n = 305); Cholangiocarcinoma [CHOL]
Normal (n = 9) VS Tumor (n = 36); Colon adenocarcinoma [COAD] Normal (n = 41) VS Tumor (n = 286); Esophageal carcinoma [ESCA] Normal (n
=11) VS Tumor (n = 184); Glioblastoma multiforme [GBM] Normal (n = 5) VS Tumor (n = 156); Head and neck squamous cell carcinoma [HNSC]
Normal (n = 44) VS Tumor (n = 520); Kidney chromophobe [KICH] Normal (n = 25) VS Tumor (n = 67); Kidney renal clear cell carcinoma [KIRC]
Normal (n = 72) VS Tumor (n = 533); Kidney renal papillary cell carcinoma [KIRP] Normal (n = 32) VS Tumor (n = 290); Liver hepatocellular
carcinoma [LIHC] Normal (n = 50) VS Tumor (n = 371); Lung adenocarcinoma [LUAD] Normal (n = 59) VS Tumor (n = 515); Lung squamous cell
carcinoma [LUSC] Normal (n = 52) VS Tumor (n = 503); Pancreatic adenocarcinoma [PAAD] Normal (n = 4) VS Tumor (n = 178); Prostate
adenocarcinoma [PRAD] Normal (n = 52)VS Tumor (n = 497); Pheochromocytoma and paraganglioma [PCPG] Normal (n = 3) VS Tumor (n =
179); Rectal adenocarcinoma [READ] Normal (n = 10) VS Tumor (n = 166); Sarcoma [SARC] Normal (n = 2) VS Tumor (n = 260); Skin cutaneous
melanoma [SKCM] Normal (n = 1) VS Tumor (n = 472); Thyroid carcinoma [THCA] Normal (n = 59) VS Tumor (n = 505); Thymoma [THYM]
Normal (n = 2) VS Tumor (n = 120); Stomach adenocarcinoma [STAD] Normal (n = 34) VS Tumor (n = 415); Uterine corpus endometrial car-
cinoma [UCEC] Normal (n = 35) VS Tumor (n = 546)). (B) Boxplot showing the expression of the NR3C1 gene by RNA-seq in normal tissue (blue)
and PCa tumor (red) tissue. (C) Correlation of the expression of NR3C1 RNA with patient Gleason scores. (D) Disease-specific survival analysis of
550 PCa patients according to GR expression. (E) Progression-free interval was compared between GR high and low expression. (Asterisks denote
s‘igniﬁcant p-values; *p < 0.05, **p < 0.01 and *** indicates p < 0.001).

FOXO3A F CGGACAAACGGCTCACTCT.

FOXO3A R GGACCCGCATGAATCGACTAT.

LncRNAGASS F CTTGGGTAAGGACATGAAGACA.

LncRNAGASS R AAGACCACTGGGAGGCTGAG.

Note: Primer synthesis company: General Biological Systems (Anhui) Co., LTD.

2.4. Western blot

Each group of cells was added into lysate, and the homogenate was collected by 12000r/min high-speed centrifuge for 15mim. The
supernatant was taken to obtain the protein. Protein concentration was determined according to the BCA kit (E-BC-K318-M, Elabs-
cience), after protein denaturation, sodium dodecyl sulfate gel electrophoresis was performed for 1-2 h, and the proteins were
transferred by wet method for 120 min. Incubation with primary antibody solution at 4 °C overnight; The secondary antibody solution
was incubated at room temperature for 1 h. The ECL exposure solution is dripped onto the membrane and exposed in an imaging
system. The information of antibody was: Mouse Monoclonal Anti-p-Actin (TA-09, ZS-BIO, 1/2000), Secondary antibody: Goat Anti-
Mouse IgG (H + L) (ZB-2305, ZS-BIO, 1/2000), Rabbit Anti FOXO3A (AF7624, Affinity, 1/1000); Second antibody: Goat Anti-Rabbit
IgG (H + L) (ZB-2301, ZS-BIO, 1/2000).

2.5. CCKS8 assay

By CCK8 detection, cells were digested, suspended, counted, and planed, and the cell density was 1 x 10* cells per well; After 24 h,
the CCKS8 test was performed, and the 96-well plate cells to be tested were replaced with the same medium, 100ul per hole. Add 10ul
CCK8 reagent (KGA317, keygentec, CA) to each well and incubate in the incubator for 2 h. The light absorption value was detected by
the enzyme-labeler at 450 nm wavelength.

Cell viability (%) = [A (experimental group) — A (blank medium)]/ [A (control group) — A (blank medium)] x 100%.

2.6. Migration assay

Cells (5 x 10* for PC3) after different treatments were re-suspended with serum-free media and seeded in the upper chambers of the
transwells. 10% FBS with or without 100 nM Dexamethasone was put in the lower chambers. After 24 h of incubation, remove the
medium in the hole, then add PBS to clean for 5 min, and add 0.1% crystal violet to the prepared chamber and stand for dyeing for 1 h.
After dyeing, wipe the inner cells of the chamber with a cotton swab, and place the chamber upside down on a slide to take photos.
After taking photos, remove the staining solution in the hole. The dye solution of 33% acetic acid 1 mL in lysed cells was added to each
well, thoroughly mixed, and left to stand, and 200 pl was absorbed from each well and placed in a 96-well plate. The wavelength was
562 nm with a multifunctional enzyme marker. The light absorption value of the solution in each well was determined using 200 pl
33% acetic acid per well as a control.

2.7. Statistical analysis

All experiments were repeated three times, the quantitative results were expressed as mean + standard deviation. T-test was used
for comparison between the two groups, F test was performed to compare variances, and p < 0.05 was regarded as significant. SPSS
26.0 and GraphPad Prism 8 software were used for statistical analysis.
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3. Results
3.1. GR is low expression in prostate cancer and associated with prognosis

The TCGA database showed that GR expression was down-regulated in a variety of tumors compared with normal tissues. Such as
Bladder Urothelial Carcinoma (BLCA), Breast invasive carcinoma (BRCA), Colon adenocarcinoma (COAD), Uterine Corpus Endome-
trial Carcinoma (UCEC) and so on (Fig. 1A). In prostate adenocarcinoma (PRAD), the expression of GR was significantly lower in tumor
tissue as compared to normal (median 13.639 VS 28.015, p < 0.001, Fig. 1B). The GR expression of each Gleason score group was also
lower than normal tissue (Fig. 1C). Survival analysis showed that prostate cancer patients with high GR expression had longer disease-
specific survival and progression-free intervals than those with low GR expression (Fig. 1D and E). These results are consistent with our
previous studies that dexamethasone inhibits the proliferation of prostate cancer cells [8].

3.2. Bioinformatic analysis indicates FOXO3a as GR downstream in prostate cancer

Bioinformatics technology was used to analyze and screen GR downstream, and prostate cancer and glucocorticoid receptors were
searched in the GEO database. A total of 25 literatures were retrieved, and two databases were included in the analysis and screening.
The GSE39654 data were obtained by microarray expression assays (GSE39654: Expression profiling by microarray of LNCaP-1F5 cells
treated with vehicle, 100 nM 5a-dihydrotestosterone (DHT), 100 nM dexamethasone (Dex), 1000 nM cyproterone acetate (CPA), 100
nM mifepristone (RU486) and combination of 100 nM DHT,100 nM Dex for 24 h). LNCaP-1F5 cells were obtained from LNCaP cells
transfected with rabbit GR. The stable expression of AR and GR was identified, and the expression of AR downstream genes was not
affected. The GSE52169 database was derived from the LREX cell line treated with dexamethasone under the condition of enzalu-
tamide (castration-resistant cell line treated with MDV3100 in LNCaP cells). 32 overlapping differentially expressed mRNAs were
obtained by analysis and screening of the two sets of data, and the downstream GR was predicted by combining GTRD (biouml.org),
further analysis showed that 23 possible downstream genes of GR may be related to the function of GR. (Fig. 2A). The heat map showed
that the expression of those 23 overlapping genes in the GSE52169 changed upon dexamethasone treatment. Dexamethasone
increased the expression level of FOXO3a by about 2 times (Fig. 2B and D). GSE39654 showed an approximately three-fold increase in
FOXO3a expression in LNCaP-1F5 cells treated with dexamethasone (Fig. 2C).
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Fig. 2. Bioinformatic analysis GR downstream in prostate cancer. (A) Two databases (GSE39654 and GSE52169) were included in the analysis and
screening. 32 overlapping differentially expressed mRNAs were obtained by analysis and screening of the two sets of data, and the GR downstream
was predicted by combining GTRD (biouml.org), 23 possible downstream genes of GR were involved in the formation of castration resistance. (B)
The heat map showed that the expression changes of 23 overlapping molecules of dexamethasone in the GSE52169 database. (C) GSE39654 showed
an approximately three-fold increase in FOXO3a expression in LNCaP-1F5 cells treated with dexamethasone. (D) Dexamethasone increased the
expression level of FOXO3a by about 2 times in GSE52169. (Asterisks denote significant p-values; *** indicates p < 0.001).
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3.3. Clinicopathological findings suggest that GR is associated with FOXO3a expression

Person correlation analysis found that GR expression was significantly correlated with FOXO3a (Fig. 3A), and dexamethasone
treatment of prostate cancer PC-3 cells also showed elevated FOXO3a expression (Fig. 3B). FOXO3a has multiple promoter sequences
(listed on the igenebio website: HPRM69145, HPRM69146, HPRM69147, HPRM69148, HPRM69149, HPRM43701), we used the
JASPAR database to analyze the relationship between GR and FOXO3a. GR was found to bind to the promoter sequence region
HPRM69147 (Fig. 3C). We selected two typical cases from the human protein atlas website and analyzed GR and FOXO3a expression.
Fig. 3D showed a 58 years old male with low-grade prostate adenocarcinoma, the expression of GR and FOX0O3a was consistent and
high, what’s more, the expression of GR and FOX0O3a was consistent and lower in a 55 years old patient who suffered from high-grade
prostate adenocarcinoma (Fig. 3E).

3.4. FOXO3a inhibits prostate cancer cell proliferation

To clarify the effect of FOXO3a on prostate cancer cells, we overexpressed FOX03a in PC-3 cells, and PCR showed a significant
increase in mRNA expression (Fig. 4A), WB showed successful overexpression of FOX0O3a protein (Fig. 4B), CCK8 detection showed
decreased cell viability (Fig. 4C), and migration experiment showed decreased cell migration ability (Fig. 4D and E).

3.5. GASS5 is induced by FOX03a and responsible for the GR-FOX03a-GAS5 axis

To further determine the relationship between FOXO3a and GAS5, we used JASPAR to predict the promoter binding sites of
FOXO03a and GASS5 online and found that there were 10 binding regions between FOXO3a and GAS5, and most of the scores were
greater than 5 (Fig. 5A), indicating that FOXO3a may directly regulate the expression of GAS5. The expression of GAS5 was increased
in PC-3 cells overexpressing FOXO3a (Fig. 5B), and the expression level of GAS5 was also significantly increased in PC-3 cells treated
with dexamethasone (Fig. 5C). Therefore, we believe that GR promotes the expression of FOXO3a, and then directly induces the
expression of GAS5, which inhibitsthe proliferation of AR-negative cells (Fig. 5D).

4. Discussion
Glucocorticoids play a role through GR. Structurally, GR is similar to AR, divided into N-terminal domain, DNA domain, and ligand

domain. After glucocorticoids bind to the ligand domain of GR in the cytoplasm, GR forms a dimer and enters the nucleus. By binding
to the Glucocorticoid receptor element (GRE), it regulates gene expression, thereby regulating cell proliferation [10]. In terms of
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Fig. 4. FOXO3a inhibits prostate cancer cell proliferation and migration. (A) FOXO3a was overexpressed in PC-3 cells, and PCR showed a significant
increase in mRNA expression. (B) Western blot showed successful overexpression of FOXO3a protein. (C) CCK8 assay showed decreased cell viability
after FOXO3a overexpression. (D) Cell migration assay showed decreased cell migration ability after FOXO3a overexpression. (E) The OD value was
compared between the control and FOXO3a overexpression groups. (Asterisks denote significant p-values; *p < 0.05).
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Fig. 5. GASS5 is induced by FOX0O3a and responsible for the GR-FOX03a-GAS5 axis. (A) JASPAR website predicted 10 promoter binding sites of
FOXO03a and GAS5. (B) The expression of GAS5 was detected in PC-3 cells overexpressing FOXO3a by PCR. (C) The expression of GAS5 was
increased in PC-3 cells treated with dexamethasone. (D) Schematic diagram of the mechanism of this study. (Asterisks denote significant p-values;
*p < 0.05, ***p < 0.001).

function, glucocorticoids are essential for life activities. GR is widely distributed in various organs of the human body. The expression
of glucocorticoids is induced by inflammation, trauma, infection, toxins, and other factors, and acts on GR to regulate the functions of
various cells and systems, including metabolism (protein, lipid, glucose, and carbohydrate), inflammatory and immune responses, as
well as the central nervous system (cognition, sleep, emotion, and arousal), etc. In tumors, these pleiotropic effects of glucocorticoids
can play a role in the cell life cycle, which directly or indirectly participates in the occurrence, development, and metastasis of tumors
[11].

In prostate cancer, studies have shown that GR has inconsistent effects on the proliferation of prostate cancer cells [12-14]. GR has
no effect on the proliferation of androgen-dependent LNCaP cell line and has no effect on or even promotes the growth of CRPC cell line
22Rv1, but inhibits the proliferation of PC3 and Dul45 cells. Our research group previously found that the proliferation effect of
glucocorticoids on different prostate cancer cells is not only related to the expression of GR in cells but also related to AR expression
[8]. Studies have shown that the combination of AR and EZH2 inhibits GR transcriptio [15], the expression level of GR in prostate
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cancer tissues is relatively low initially, while the effect of AR is inhibited during ADT treatment, and the expression of GR graduated
increased. The combination of GR and GRE activates AR downstream genes through the bypass pathway and promotes the progression
of prostate cancer [14,16]. These results indicate that there is an extremely complex relationship between GR and AR, and the
interaction between them affects the occurrence and development of prostate cancer. In this study, we found GR high expression was
associated with better prognosis, and we first prompted that GR inhibited the proliferation of AR-negative prostate cancer cells via the
GR-FOX03a-GASS5 axis. Patients with prostate cancer should be classified and develop a treatment plan according to the expression of
AR and GR.

The effects of FOXO3a were also varied. Cell experiments conducted in Dul45 cells found that inhibition of the Akt signal can
promote the entry of FOXO3a into the nucleus and induce cell apoptosis [17]. The study on TRAMP, a transgenic mouse model of
prostate cancer, found that tumor progression was accompanied by the activation of the Akt and the inhibition of FOXO3a activity.
Feeding TRAMP rats with FOXO3a inhibitors can promote the progression of tumors, indicating that FOXO3a may inhibit the cell
growth of prostate cancer [18]. Studies have shown that the expression level of cytoplasm FOXO3a was directly proportional to the
Gleason score of prostate cancer [19]. In LNCaP cells, FOXO3a may also promote cell proliferation through AR [20,21]. However, our
study found that FOXO3a inhibited the proliferation and migration of AR-negative prostate cancer cells. These data suggested that
FOXO03a may play a dual role in the proliferation of prostate cancer, and this role may be related to the level of AR expression in cells. It
was noted that the reduction in cell migration may be confounded by cytotoxicity as the FOXO3a overexpression results in significantly
lower cell viability, the detection of some epithelial-mesenchymal transition markers can help to demonstrate changes in cell
migration ability.

The regulatory mechanism of GR on FOXO3a remains to be further demonstrated. Our results suggested GR may play a regulatory
role by binding the promoter of FOXO3a. The combination of GR and FOXO3a promoter region or FOXO3a protein interaction was
found in the JASPAR transcription prediction website. Our laboratory will conduct experiments to further verify the relationship
between GR and FOX03a, the regulatory mechanism of FOXO3a on GAS5 will also be verified by experiments such as luciferase gene
reporting experiments. In addition, the invasion and metastasis ability and mechanism of GR for AR-negative prostate cancer cells are
also worthy of further study.

5. Conclusion

Our study showed that GR played a role as a tumor suppressor gene in AR-negative prostate cancer cells, and GR induced FOXO3a
expression and acted in a proliferative inhibitory role by directly inducing GAS5.
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