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Aim: Basal epithelial cells are absent in distant prostate cancer. This study aimed to 
investigate whether basal epithelial cells could suppress migration and invasion of prostate 
cancer cells to become a new treatment strategy for prostate cancer.
Main Methods: Basal epithelial cells were identified by immunofluorescence with anti-p63. 
Wound healing assays or transwell assays were used to explore the effects of basal epithelial 
cells, TGF-β1, SB431542 (inhibitor of TGF-β type I receptor) or stattic (inhibitor of 
phosphorylated STAT3) on migration or invasion of mouse prostate cancer cell (RM-1). 
Concentration of TGF-β1 was measured by ELISA assay. HE staining was used to investi-
gate cell morphology. Immunocytochemistry with anti-p63 was used to identify basal 
epithelial cells. Levels of STAT3, p-STAT3 (Ser727) and proteins associated with EMT 
were measured with Western blot assay. Cell proliferation was measured with MTT or CCK8 
assay.
Results: Normal basal epithelial cells acquired from mouse prostate were specific to anti- 
p63 and more than 90%. Basal epithelial cells and RM-1 could both secrete TGF-β1. Basal 
epithelial cells and TGF-β1 promoted the migration and invasion of RM-1 through changing 
the cell morphology and up-regulating expression of ZEB1, N-cadherin, vimentin, snail and 
p-STAT3 (Ser727), at the same time down-regulating E-cadherin of RM-1. SB431542 
strongly suppressed migration, invasion as well as the expressions of EMT relevant proteins 
and p-STAT3 (Ser727) of co-cultured RM-1. In addition, stattic suppressed proliferation, 
migration and invasion of non-treated RM-1 and co-cultured RM-1.
Conclusion: Our study suggests that normal basal epithelial cells might stimulate the 
migration and invasion of RM-1 by TGF-β1/STAT3 axis which could be suppressed by 
inhibitor of TGF-β receptor and inhibitor of p-STAT3. So, basal epithelial cells might not 
become a treatment strategy for prostate cancer, but our results could provide some research-
ing references for other diseases which include basal epithelial cells such as prostatic 
intraepithelial neoplasia, prostatic hyperplasia, cervical cancer, or urinary bladder cancer.
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Introduction
TGF-β isoforms include TGF-β1, TGF-β2 and TGF-β3, but TGF-β1 is the most 
abundant.1 TGF-β1, a suppressor in normal cells whereas a promoter in cancer 
cells,2 plays a role in epithelial mesenchymal transition (EMT), cells migration and 
invasion.3 Normal basal epithelial cells secrete active significant amounts of TGF- 
β1.4 Signal transducer and activator of transcription 3 (STAT3), a cytoplasmic 
transcription factor, regulates cell proliferation, differentiation, apoptosis, 
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angiogenesis, cell survival, cell migration and 
tumorigenesis.5,6 It has been reported that STAT3 was 
related to poor clinical prognosis of many carcinomas, 
including acute myeloid leukemia (AML), and solid 
tumors of the bladder, prostate, breast, brain, cervix, 
colon, esophagus, head-and-neck, kidney, liver, lung, 
ovary or pancreas.7 STAT3 has two important phosphor-
ylation sites: a tyrosine residue at amino acid position 705 
(Tyr705) and a serine phosphorylation site at position 727 
(Ser727)8 which could be effective without the phosphor-
ylation of Tyr705.6,9 Yu et al. suggested that STAT3 is 
a promising new target for cancer treatment.10 TGF-β1 
could up-regulate expression of p-STAT3 to participate in 
progressions of some cancers, which has been consistently 
revealed in recent years.11–14

Prostate tubules and acinus consist of three types of 
epithelial cells: secretory luminal cells, neuroendocrine 
cells and basal epithelial cells.15 Basal epithelial cells are 
a blood–prostate barrier between luminal cells and base-
ment membrane16 but are absent in prostate 
carcinoma.17–19 Loss of basal epithelial cells is 
a characteristic of prostate carcinoma20,21 and one of the 
diagnostic criteria of prostate cancer,19 suggesting that 
some essential connections might exist between basal 
epithelial cells and prostate cancer cells. So, we put out 
a question regarding whether basal epithelial cells could 
suppress migration or invasion of prostate cancer cells 
when basal epithelial cells are artificially added into 
a cultured system of prostate cancer cells. Through exten-
sive reading of the medical literature, we found that the 
effects of basal epithelial cells on prostate cancer cells are 
still limited. One previous study reported that extracellular 
matrix of basal epithelial cell inhibited the proliferation of 
prostate cancer cell LNCaP by secreting TGF-β1.22 But 
another research found conditional medium of basal 
epithelial cell promoted the migration of BPH-1 by lami-
nin-5 through the PI3K pathway.23 In conclusion, only 
a few studies have focused on the effects and mechanisms 
of normal basal epithelial cells on prostate cancer cells. 
Besides, previous authors just studied this effect through 
conditional medium or extracellular matrix, which could 
not simulate the natural relationship of basal epithelial 
cells and cancer cells.

In this study, we investigate the effect and mechanism of 
mouse normal basal epithelial cells on migration and inva-
sion of mouse prostate cancer cells RM-1 through a co- 
cultured system, wound healing assay, transwell assay, 
ELISA, Western blot, HE staining, CCK8 assay and MTT 

assay. In the results, we found that basal epithelial cell might 
stimulate the migration and invasion of RM-1 through TGF- 
β1/STAT3 axis. So, we suggest that basal epithelial cells 
might not become a new treatment strategy for prostate 
cancer but our results might provide new research ideas for 
some early prostate diseases in which basal epithelial cells 
still exist such as benign prostatic hyperplasia and prostatic 
intraepithelial neoplasia (PIN). Besides, our research ideas 
could also provide new research inspirations for other can-
cers which can break through the basal epithelial cell layer 
and basement membrane to transfer.

Materials and Methods
Materials
Mouse prostate cancer cells RM-1 and mouse primary nor-
mal prostate basal epithelial cells were obtained from iCell 
Bioscience Inc. in Shanghai. All experiments involving 
mouse were approved by the animal center in South China 
University of Technology School of Medicine and the ethic 
number is 2018051. Inhibitor of phosphorylation of STAT3 
(stattic, purity >98%) and inhibitor of TGF-β type I receptor 
(SB431542, IC50=94nM) were purchased form 
MedChemExpress company (USA). Fetal bovine serum 
(FBS), Dulbecco’s Modified Eagle’s Medium (DMEM)/ 
F12 and RPMI-1640 basal medium were purchased from 
Gibco Company (USA). Recombinant TGF-β1 was pur-
chased from Peprotech Company (USA). Primary antibody: 
anti-p63, anti-ZEB1, anti-E-cadherin, anti-vimentin, were 
purchased from Proteintech Company (Wuhan, China). 
Anti-snail, anti-N-cadherin, anti-STAT3, anti-p-STAT3 
were purchased from WanLei Company (Beijing, China).

Cell Culture
Basal epithelial cells were cultured in (DMEM)/F12 med-
ium supplemented with 5% FBS and 1% penicillin- 
streptomycin. RM-1 was cultured in RPMI-1640 medium 
with 10% FBS and 1% penicillin-streptomycin. Co-culture 
treated cells were cultured in (DMEM)/F12 medium 
including 5% FBS and 1% penicillin-streptomycin. All 
cells were incubated in an incubator with humidified atmo-
sphere of 5% CO2 at 37°C.

Immunofluorescence
Basal epithelial cells were cultured on glass coverslips for 
24 h. Glass coverslips were fixed in 4% paraformaldehyde 
followed by penetration with triton x-100 and blocked 
with goat serum. Glass coverslips were incubated with 
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anti-p63 at 4°C overnight and washed with phosphate 
buffered saline (PBS) three times and then incubated 
with CoraLite594-conjugated secondary antibody for 2 
h at normal temperature. Cells were stained with DAPI 
for 5 min and then photographed under fluorescence 
microscopy.

Cell Co-Cultured System
In wound healing assays, 1.0 x 105 RM-1 and 1.0 x 105 

basal epithelial cells were mixed and cultured in a 6-well 
plate until confluence. In Western blot assays, basal epithe-
lial cells were cultured in 6-well transwell upper chamber 
of which pore size was 0.4 µm, and RM-1 was in lower 
chamber for 72 h. In transwell assays, basal epithelial cells 
were cultured in 24-well transwell lower chamber, and 
RM-1 was in upper chamber of which pore size was 8 
µm for 20 h. The above co-cultured systems have been 
sketched in Figure 1.

Wound Healing Assays in vitro
RM-1 and basal epithelial cells (1:1) were co-incubated in 
the same 6-well plate for experiment group while only 
RM-1 was cultured for control group. The mono-layer 
cells were scratched in the middle of well plate with 200 
µl pipette tips and washed with PBS to remove floating 
cells. PBS was replaced by (DMEM)/F12 without FBS. 
Images were photographed under microscope at 0 h and 24 
h, respectively. Photos were quantified with Image J and 
the width of 24 h subtracted the width of 0 h for the 
migrated width.

Preparation of Conditional Medium of 
Basal Epithelial Cells
Basal epithelial cells which fused to 80% were washed 
with PBS three times and cultured with 4 mL (DMEM)/ 
F12 without FBS. After 24 h incubation, the conditional 
medium was collected and centrifuged at 2000 r/min for 5 
min and then stored at −80°C.

Cell Migration Assay
Cell migration assay was performed in 24-well transwell 
chamber of which pore size was 8 µm. 1.0 x 105 RM-1 was 
cultured in upper compartment with 200 µl (DMEM)/F12 
without FBS. Lower chambers had 500 µl (DMEM)/F12 
added with 10% FBS. 1.0 x 105 basal epithelial cells were 
cultured in lower chamber of co-culture groups.24 Conditional 
medium group had 500 µl medium including 80% (DMEM)/ 
F12, 10% FBS and 10% conditional medium added to lower 
chamber. After incubation for 20 h, non-migrated cells in the 
upper compartment were removed with cotton swabs. Cells 
which penetrated the membrane were fixed with methanol for 
20 min and stained with 0.1% crystal violet for 15 min. Five 
random fields of per chamber were photographed and the cell 
numbers quantified for statistics analysis.

Cell Invasion Assay
Cell invasion assay was performed in 24-well transwell 
chamber of which pore size was 8 µm. Transwell upper 
chamber was made with a thin underlay on the base with 
80 µl matrix gel and incubated at 37°C overnight. The next 
procedures performed were the same as the migration assay.

HE Staining of Cells Growing on Glass 
Coverslips
Sterile glass coverslips were put on the base of 6-well 
plates, and cells were cultured on the coverslips. After 
incubation at 37°C for 48 h, cells were fixed with 4% 
paraformaldehyde for 1 h and stained with hematoxylin 
for 20 s and then washed and blued in running water 
followed by staining with eosin for 3 min. Coverslips 
were dehydrated with graded alcohol, transparented with 
xylene and coverslipped with resin.

Immunocytochemistry with Anti-p63
Cells on the coverslips were fixed with 4% paraformalde-
hyde and penetrated with triton x-100 and then blocked with 
goat serum. Glass coverslips were incubated with anti-p63 

Figure 1 Simple map of cell co-cultured system.
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(1:100) at 4°C overnight and washed with phosphate buf-
fered saline (PBS) three times and then incubated with HRP- 
conjugated secondary antibody for 30 min. Cells were 
colored by DAB and then stained by hematoxylin.

MTT or CCK8
RM-1 (1000 cells per well) was cultured in 96-well plate 
with 100 µl growth medium. After incubation, all wells had 
10 µl MTT added and incubated at 37°C for 4 h continually. 
Then, all medium was replaced by 100 µl dimethyl sulfoxide 
to dissolve the formazan and plates were shaken for 15 min. 
Optical absorbance was measured at 570 nm using an 
enzyme-linked immunosorbent assay reader. In CCK8 
assays, 10 µl CCK8 was added per well and incubated at 
37°C for 2 h and then measured at 450 nm. Results were 
expressed by the mean values of results from replicated 
wells.

Western Blot Assay
Cells were lysed with RIPA lysis buffer on the ice box. 
Protein concentrations were detected with BCA protein 
assay kit (Beyotime Biotechnology, Shanghai, China). 
Proteins were separated by electrophoresis on 10% SDS- 
polyacrylamide gel, transferred onto polyvinylidene difluor-
ide (PVDF) membrane (Millipore, Burlington, MA, USA), 
and blocked by 5% fat-free milk at room temperature for 2 
h. The membranes were covered with primary antibodies 
and incubated at 4°C overnight (ZEB1, N-cadherin, 
E-cadherin, vimentin, snail, p-STAT3 (Ser727), STAT3, β- 
actin at 1:1000, 1:500, 1:2500, 1:2000, 1:1000, 1:1000, 
1:300, 1:800 respectively). Then, membranes were incu-
bated with HRP-labeled secondary antibody (1:20,000) at 
room temperature for 1 h after being washed with TBST 
three times. The proteins of interest were detected by ECL 

chemiluminescence. The data of blot bands were analyzed 
with Image-pro plus software.

Statistical Analysis
Data were expressed as mean±SD followed by analysis 
using SPSS 17.0 software. Student’s t test was applied to 
analyze the difference between two groups. A p value 
lower than 0.05 represents statisticalsignificance. (*), 
(**), (***) indicate p<0.05, p<0.01, p<0.001 respectively. 
Each assay was performed independently at least three 
times. All graphs were made using GraphPad Prism 5.0.

Results
Identification of Basal Epithelial Cells 
Acquired from Mouse Prostate
To identify the specificity and purity of mouse normal 
prostate basal epithelial cells, we performed cell immuno-
fluorescence on the cell glass coverslips with anti-p63, and 
Figure 2 shows that the basal epithelial cells we isolated 
were specific to anti-p63 at more than 90%.

Mouse Normal Basal Epithelial Cells 
Could Stimulate the Migration of RM-1
To investigate the effect of basal epithelial cells on 
migration of RM-1, we performed wound healing assay 
and migration assay. As shown in Figure 3A–D, basal 
epithelial cells significantly stimulated the migration of 
RM-1 in wound healing assay and migration assay. 
Ten percent of conditional medium of basal epithelial 
cells also promoted the migration of RM-1 (Figure 3E 
and F). In conclusion, it was demonstrated that normal 
basal epithelial cells could stimulate the migration of 
RM-1 directly or indirectly.

Figure 2 Identification of basal epithelial cells acquired from mouse prostate with anti-p63 in immunofluorescence assay (Objective 10X). Basal epithelial cells were specific 
to anti-p63 and more than 90%.
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Mouse Normal Basal Epithelial Cells 
Could Promote the Invasion of RM-1
In order to explore the effect of basal epithelial 
cells on invasion of RM-1, we performed invasion 
assay with matrigel. Figure 4 reveals that basal epithe-
lial cells and the conditional medium both stimulated 
the invasion of RM-1, which indicates that basal 
epithelial cells also promoted the invasion of RM-1 
directly and indirectly.

Basal Epithelial Cell Could Secrete TGF- 
β1 and Additional TGF-β1 Stimulated the 
Migration and Invasion of RM-1 in vitro
TGF-β1 is one of the most important factors in EMT. We 
performed TGF-β1 ELISA assay to measure the condi-
tional medium of RM-1, basal epithelial cells and co- 
cultured system to explore whether basal epithelial cells 
could secrete TGF-β1. We performed migration and inva-
sion assays to which were added 5 ng/mL TGF-β1 to 

Figure 3 Normal basal epithelial cells could stimulate the migration of RM-1 directly or indirectly. (A) Effect of basal epithelial cells on cells wound healing of RM-1 was 
determined after being mixed-cultured (1:1) for 0 h and 24 h. (B) Quantification of migrated width of wound healing assay. (C) Effect of basal epithelial cells on migration of 
RM-1 was determined after being co-cultured for 20 h. (D) Quantification of migrated cells in (C). (E) Effect of 10% conditional medium of basal epithelial cells on migration 
of RM-1 was estimated after being cultured for 20 h. (F) Quantification of migrated cells in (E). Values are represented by mean±SD from at least three independent 
experiments. “*” represents “p<0.05”, “***” represents “p<0.001” vs control group.

Cancer Management and Research 2021:13                                                                                     https://doi.org/10.2147/CMAR.S303122                                                                                                                                                                                                                       

DovePress                                                                                                                       
3689

Dovepress                                                                                                                                                                 Li et al

https://www.dovepress.com
https://www.dovepress.com


investigate if TGF-β1 could promote the migration and 
invasion of RM-1. Figure 5A shows that normal basal 
epithelial cells and RM-1 could both secrete TGF-β1 and 
the concentration of co-culture group was higher. In the 
results shown in Figure 5B–D, addition of 5 ng/mL TGF- 
β1 stimulated the migration and invasion of RM-1.

TGF-β1 Was the Key Reason That Basal 
Epithelial Cells Promoted the Migration 
and Invasion of RM-1
We investigated the effect of basal epithelial cells and 
TGF-β1 on EMT of RM-1 through the change of cell 
morphology as well as EMT relevant proteins of RM-1. 
Culturing RM-1 in (DMEM)/F12 with 5% FBS served as 
control group. Figure 6A shows that RM-1 grew centrally 
and cell morphologies were polygon or gravels in the 
control group, but RM-1 scattered relatively and the 
morphologies were spindle-shaped, needle-point or more 
elongated in co-cultured, 50% conditional medium treated 
and TGF-β1 (5 ng/mL) treated cells. Morphology of RM-1 
also changed to mesenchymal-like in mixed-culture group 
(Figure 6B); the arrowhead indicates basal epithelial cells. 
In the results of Western blot (Figure 6C and D), some 

EMT relevant proteins such as ZEB1, N-cadherin, vimen-
tin and snail expressed higher whereas E-cadherin 
expressed lower in co-cultured, 50% conditional medium 
treated and TGF-β1 (5 ng/mL) treated RM-1 than 
untreated RM-1. These results further illustrate that basal 
epithelial cells and TGF-β1 (5 ng/mL) could promote the 
migration and invasion of RM-1 in vitro.

To determine whether TGF-β1 is the key reason that 
basal epithelial cells promoted the migration and invasion 
of RM-1, we performed transwell assay and Western blot 
assay with or without SB431542 (2000 nM, 4000 nM), an 
inhibitor of TGF-β type I receptor (IC50=94nM). After 
incubation for 20 h with SB431542, we firstly performed 
CCK8 assays (Figure 6E) to study if different 
concentrations of SB432542 could kill RM-1 so that we 
could choose a suitable concentration to perform migra-
tion and invasion assay to decrease the effect of number 
of killer cells. As shown in Figure 6E, concentration of 
SB431542 from 500 nM to 4000 nM did not kill RM-1. 
Concentration of 2000 nM and 4000 nM strongly sup-
pressed the migration (Figure 6F and G) and invasion 
(Figure 6H and I) of RM-1 which was co-cultured with 
basal epithelial cells. Besides, when SB431542 was 

Figure 4 Normal basal epithelial cell promoted the invasion of RM-1 directly or indirectly. (A) Effect of basal epithelial cells on invasion of RM-1 was determined after being 
co-cultured for 20 h. (B) Quantification of invasive cells in (A). (C) Effect of 10% conditional medium of basal epithelial cells on invasion of RM-1 was estimated after being 
cultured for 20 h. (D) Quantification of invasive cells in (C). Values are represented by mean±SD from at least three independent experiments. “**” represents “p<0.01”, 
“***” represents “p<0.001” vs control group.
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added into co-cultured group, expressions of proteins 
associated with EMT (ZEB1, N-cadherin, vimentin, 
snail) were down-regulated as well as E-cadherin being 
up-regulated (Figure 6J and K). These results demon-
strated that TGF-β1 secreted by basal epithelial cells 
was a key factor to promote the migration and invasion 
of RM-1.

TGF-β1 Secreted by Basal Epithelial Cells 
Might Promote Migration and Invasion of 
RM-1 Depending on the Phosphorylation 
of STAT3
To explore whether STAT3 is the downstream molecular 
basis of basal epithelial cells and TGF-β1 to promote the 
migration and invasion of RM-1, we performed Western 
blot to measure the expression levels of p-STAT3 of non- 
treated cells, co-cultured cells, 50% conditional medium 
treated cells, TGF-β1 treated cells, and co-cultured cells to 
which were added 2000 nM or 4000 nM SB431542. 
Figure 7A and B show that phosphorylation of STAT3 
was up-regulated in co-cultured, 50% conditional medium 

treated and TGF-β1 treated cells but these treatments had 
no effect on the STAT3 protein levels. However, p-STAT3 
protein was down-regulated in the co-cultured cells which 
were treated by SB431542, although it had no statistical 
significance in 2000 nM vs co-cultured group (Figure 7C 
and D). Taken together, these results illustrated that basal 
epithelial cells might promote migration and invasion of 
RM-1 through TGF-β1/STAT3 axis.

In order to investigate if p-STAT3 plays a role in the 
migration and invasion of untreated RM-1 and co-cultured 
RM-1, we performed Western blot assay to test whether 
stattic, an inhibitor of p-STAT3 (5 µM, 10 µM), could down- 
regulate the expression level of p-STAT3 and inhibit the 
migration and invasion of co-cultured RM-1. Before trans-
well assays, we firstly performed MTT assays to detect if 
stattic could kill RM-1 to influence the migration and inva-
sion of RM-1. In the Figure 7F, stattic killed non-treated RM- 
1 and co-cultured RM-1. Besides, 5 µM and 10 µM stattic 
strongly suppressed the migration (Figure 7G) and invasion 
(Figure 7H) of non-treated RM-1 and co-cultured RM-1. 
Additionally, our result (Figure 7E) reveals stattic as an 

Figure 5 Basal epithelial cells secreted TGF-β1 and additional TGF-β1 stimulated the migration and invasion of RM-1. (A) Quantification of TGF-β1 levels measurement in 
ELISA assay. Effect of 5 ng/mL TGF-β1 on migration (B) and invasion (C) of RM-1 in transwell chamber with or without matrigel after being cultured for 20 h. (D) 
Quantification of invasive cells in (C). Values are represented by mean±SD from at least three independent experiments. “***” represents “p<0.001” vs control group.
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Figure 6 Basal epithelial cells secreted TGF-β1 to promote the migration and invasion of RM-1. (A) Basal epithelial cells and TGF-β1 (5 ng/mL) changed the morphology of RM-1 from 
cuboid to spindle-shape. (B) HE staining and immunocytochemistry with anti-63 in mixed-cultured group. Arrowhead indicates basal epithelial cell of which p63 is positive. (C) Basal 
epithelial cells and TGF-β1 regulated the proteins associated with EMT. (D) Quantification of relative proteins expression in (C). (E) Effect of different concentration of SB431542 on 
RM-1 death was measured by CCK8 assay. SB431542 (2000 nM, 4000 nM) inhibited the migration (F and G) and invasion (H and I) of co-cultured RM-1. (J) Expressions of EMT relevant 
proteins were down-regulated when SB431542 (2000 nM or 4000 nM) was added into medium of co-cultured cells. (K) Quantification of relative expressions of proteins in (J). Values 
are represented by mean±SD from at least three independent experiments. “*” represents “p<0.05”. “**” represents “p<0.01”. “***” represents “p<0.001”. 
Abbreviation: ns, no significance.
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Figure 7 TGF-β1 which was secreted by basal epithelial cells could promote migration and invasion of RM-1 depending on the phosphorylation of STAT3. (A and B) 
p-STAT3 was up-regulated by basal epithelial cells, conditional medium of basal epithelial cells and TGF-β1. (C and D) Expression of p-STAT3 in co-cultured group was down- 
regulated when SB431542 was added. (E) Stattic down-regulated the expression of p-STAT3 and STAT3. Stattic inhibited the proliferation (F), migration (G) and invasion (H) 
of untreated RM-1 and co-cultured RM-1. Values are represented by mean±SD from at least three independent experiments. “**” represents “p<0.01”. “***” represents 
“p<0.001”. 
Abbreviation: ns, no significance.
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inhibitor of p-STAT3 could really down-regulate expression 
of p-STAT3 of co-cultured RM-1. Taken together, stattic 
suppressed the proliferation, migration and invasion of co- 
cultured RM-1 through inactivated p-STAT3, which reveals 
that phosphorylation of STAT3 is associated with prolifera-
tion, migration and invasion of RM-1.

Discussion
Main Backgrounds and Main Findings
Metastatic prostate cancer is one of the most frequent 
cancers among men and is an incurable disease, although 
the world is trying to find an effective treatment.25 Many 
authors have already worked on finding the mechanisms and 
reasons for metastasis of prostate cancer. Prostate epithelial 
cells mainly include luminal cells and basal epithelial cells. It 
is well known that human prostate cancer cells originate from 
luminal cells because prostate cancer cells display remark-
able luminal phenotype and secrete luminal-derived prostate 
specific protein (PSA).26 Additionally, a previous study has 
indicated that focal absence of basal epithelial cells was 
relative to prostate cancer invasion.20 However, it has been 
reported that basal epithelial cells might be the origin of 
prostate cancer cells because basal epithelial cells respond 
to some pathways associated with disease progression such 
as PI3K signaling, FGF signaling and ERG1 signaling but 
luminal cells failed to respond.27 Thus, there are debates 
about the origin of prostate cancer cells and the function of 
basal epithelial cells.28 In this study, we researched the effect 
of basal epithelial cells on migration and invasion of RM-1 to 
investigate whether basal epithelial cells could suppress pro-
gression of prostate cancer to provide a new treatment strat-
egy. However, we found that basal epithelial cells can 
stimulate migration and invasion of mouse prostate cancer 
cells (RM-1) directly or indirectly (Figures 3 and 4), which 
suggests that basal epithelial cells might not become a new 
therapy for prostate cancer.

TGF-β1 in Previous Studies and This 
Study
TGF-β1 which plays a role in EMT is secreted by many types 
of cells.29 Basal epithelial cells secrete active TGF-β1 but its 
growth is not influenced by this cytokine.4 Cancer-associated 
fibroblast,30 tumor-associated macrophages (TAMs)31 or 
other stromal cells32 secrete TGF-β1 to promote the migra-
tion or proliferation of human prostate cancer cells. In our 
study, the normal basal epithelial cells also secreted TGF-β1 
and additional TGF-β1 promoted RM-1 to migrate and 

invade (Figure 5). In EMT, the morphology of cancer cells 
could change to mesenchymal phenotype.33 Besides, 
mesenchymal biomarkers such as vimentin and N-cadherin 
will up-regulate and epithelial cell marker E-cadherin will 
down-regulate,34 also the transcription factors associated to 
EMT like ZEB1/2, snail, twist, slug will up-regulate.35,36 Our 
results on effects of basal epithelial cells and TGF-β1 on 
morphology and EMT relevant proteins of RM-1 were con-
sistent with previous studies (Figure 6A–D), which indicates 
that basal epithelial cells and TGF-β1 could promote the 
EMT of RM-1. Besides, literatures have shown that EMT is 
related to migration and invasion of cancer.34,37,38 So, our 
results can also reflect basal epithelial cells and TGF-β1 both 
stimulated the migration and invasion of RM-1 (Figure 6A– 
D). Next, we found that TGF-β receptor inhibitor 
(SB431542) strongly suppressed the migration (Figure 6F 
and G), invasion (Figure 6H and I) and some expressions of 
proteins associated with EMT as well as promoted the 
expression of E-cadherin (Figure 6J and K). Taken together, 
we concluded that basal epithelial cells could promote the 
migration and invasion through mainly secreting TGF-β1. 
However, 4000 nM SB431542 could inhibit the migration 
and invasion of co-cultured RM-1 incompletely and the 
inhibited rates of migrations and invasion are not significant 
statistically between 4000 nM SB431542 and 2000 nM 
SB431542 (Figure 6G and I). Thus, other molecular mechan-
ism might exist besides TGF-β1.

STAT3 in Previous Studies and This Study
STAT3, which associates with poor prognosis of many 
types of cancers, is a common downstream effector of 
some cytokines such as IL-6, VEGF, and EGF.39 TGF-β1 up- 
regulates the expression of p-STAT3 to exert some biological 
functions, such as associating with prostate cancer resistance 
to enzalutamide,40 promoting EMT in human head and neck 
squamous cell carcinoma,12 prostate cancer,13 glioma cells14 

and so on. In Figure 7, basal epithelial cells and TGF-β1 up- 
regulated the levels of p-STAT3 in RM-1 (Figure 7A and B) 
but SB431542 down-regulated the expression of p-STAT3 of 
co-cultured treated cells (Figure 7C and D). So, we could 
conclude that basal epithelial cells might promote the migra-
tion and invasion of RM-1 through the TGF-β1/STAT3 path-
way. Besides, Figure 7G and H show that p-STAT3 inhibitor 
suppressed the migration and invasion of untreated RM-1 or 
co-cultured RM-1, suggesting that p-STAT3 played a role in 
the effect of basal epithelial cells on migration and invasion 
of RM-1. In previous studies, Yu et al. found that basal 
epithelial cells promoted the migration of BPH-1 in 
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humans by the laminin 5/AKT pathway23 but Miniati et al. 
found that basal epithelial cells inhibited proliferation of 
human prostate cancer LNCaP through the TGF-β1 
pathway.22 Thus, the interactions of basal epithelial 
cells with different prostate cancer cell lines might vary. 
The differences between these results and our results might 
due to the differing species and cell lines. In conclusion, we 
suggest that normal basal epithelial cells might promote the 
migration and invasion of RM-1 by TGF-β1/STAT3 axis, and 
the inhibitor of p-STAT3 or TGF-β type I receptor may offer 
new research ideas for earlier prostate disease in which basal 
epithelial cells still exist.

Findings and Limitations
Some findings of this study have not been reported in the 
past: Basal epithelial cells might promote the migration and 
invasion of RM-1 in vitro by TGF-β1/STAT3 axis and up- 
regulating proteins associated with EMT; Effect of basal 
epithelial cell on RM-1 was studied by co-cultured system; 
Stattic inhibited proliferation, migration and invasion of non- 
treated RM-1 and co-cultured RM-1. But this study also 
has some limitations. We have preliminarily studied and 
proved a TGF-β1/STAT3 axis in the effect of basal epithelial 
cells on migration and invasion of RM-1, but we have not 
explored it very deeply, especially the relationship between 
TGF-β1 and STAT3. Besides, human prostate cancer cell 
lines were divided into androgen-independent cell 
lines such as PC-3 and DU145 or androgen-dependent cell 
lines such as LNCaP.41 Although many biological 
functions and behavior of mouse cells are close to human 
cells and RM-1 is a better prostate cancer model,42 our results 
can not completely represent the effects of human basal 
epithelial cells on the human prostate cancer cells.

Research Significance
In a tumor micro-environment, the cell-cell interaction is 
complicated, because interactions exist between different 
molecules which are secreted by the cells. Basal epithelial 
cells and the basement membrane of prostate are the last 
line of defence from epithelial mesenchymal transition. 
Previous studies reported that basal epithelial cells still 
remain in benign prostatic hyperplasia43 and prostatic 
intraepithelial neoplasia (PIN).44 Progression of tumor is 
a process which is influenced by multiple factors. In our 
present study, we have found that basal epithelial 
cells might promote mouse prostate cancer cells to migrate 
and invade through the TGF-β1/STAT3 axis, suggesting 
that basal epithelial cells might not become a new treatment 

strategy for prostate cancer. But our results may offer new 
research ideas for earlier prostate disease in which basal 
epithelial cells are still present. Inhibiting this axis might be 
helpful to down-regulate the influence of basal epithelial 
cells on earlier prostate disease to slow down progression of 
disease. Besides, our research ideas could also provide new 
research references for some other cancers which can break 
through the basal epithelial cell layer and basement mem-
brane to transfer, such as cervical cancer, urinary bladder 
cancer and so on.

Conclusion
In conclusion, our results show that basal epithelial 
cells might stimulate the migration and invasion of RM-1 
through the TGF-β1/STAT3 axis which could be inhibited by 
TGF-β receptor inhibitor and the p-STAT3 inhibitor. We also 
found that TGF-β1 promoted the migration and invasion of 
RM-1 by up-regulating expression of p-STAT3 and proteins 
associated with EMT. We suggest that basal epithelial cells 
might not be a new therapeutic strategy for prostate cancer 
but the interaction of basal epithelial cells and RM-1 might 
provide a promising research idea for earlier prostate disease 
in which basal epithelial cells still exist. Besides, the research 
idea in our study could also provide some research inspira-
tions for other cancers which can break through the basal 
epithelial cell layer and basement membrane to transfer.
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