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Abstract
Background

Polyporus polysaccharide, an active ingredient of traditional Chinese medicinal Polyporus umbellatus,
has multiple biological functions, such as anti-cancer, immune-regulating and hepatoprotective activities.
The purpose of this study was to investigate the mechanism of PPS activated macrophages in the
treatment of bladder cancer.

Methods

100ng/mL Phorbol myristate acetate (PMA) was used to induce THP-1 human leukemic cells as a
macrophage model. Flow cytometry was used to detect the expression of CD14 and CD68 to verify the
establishment of macrophage model. After that, Macrophages derived from THP-1 were treated with
different concentrations of PPS (1,10 and 100ug/mL). Flow cytometry and RT-PCR were used to detected
the expression of CD16, CD23, CD86, CD40 and interleukin (IL)-Iβ, INOS, IL-6 mRNA. ELISA was used to
test the change of IL-1β in macrophage after the treatment with PPS. The conditioned medium from PPS-
polarized macrophages was used to detect the effect of activated macrophages on bladder cancer. MTT
assay, 5-ethynyl-2¢-deoxyuridine assay, �ow cytometry, Transwell assay, and Western blot analysis were
used to detect the effects of polarized macrophages on the viability, proliferation, apoptosis, and
migration of bladder cancer cells. Western blot was also used to analysis the change of JAK2/NF-κB
pathway protein.

Results

PPS promoted the expression of pro-in�ammatory factors, such as IL-Iβ and IL-6, and surface molecules
CD86, CD16, CD23, and CD40 in macrophages and then polarized macrophages to M1 type. The results
demonstrated that activated macrophages inhibited the proliferation of bladder cancer cells, regulated
their apoptosis, and inhibited migration and epithelial–mesenchymal transformation (EMT). JAK2/NF-κB
pathways were downregulated in the anti-bladder cancer process of activated macrophages.

Conclusion

The �ndings indicated that PPS inhibited the proliferation and progression of bladder cancer by the
polarization of macrophages to M1 type, and the JAK2/NF-κB pathway was involved in the anti-tumor
process of bladder cancer.

Background
Bladder cancer is the leading cause of cancer-related deaths in urinary system. Surgical treatment,
chemotherapy, and radiotherapy are the main clinical therapeutic regimens for bladder cancer, but the
high recurrence rate (60%–70%) and mortality are still di�cult issues to resolve[1]. Therefore, the
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necessity of exploring prospective methods to improve the therapeutic effect on bladder cancer is
emphasized.

The role of the tumor microenvironment (TME) in tumorigenesis and development is further recognized in
solid tumors. Immune cells, including T cells, B cells, NK cells, macrophages, dendritic cells, and
neutrophils, in the TME [2] can promote the deterioration of tumors, increase the invasiveness of tumors,
and evade host immune response and anti-treatment response. However, under certain conditions, they
can be involved in host immune surveillance and killing in tumor [3]. Anti-in�ammatory type-2 (M2
macrophage) can promote the tumorigenesis, development, metastasis, and drug resistance of solid
tumors, including bladder cancer [4-6], while pro-in�ammatory type-1 (M1 macrophage) in turn inhibits
these effects[7-9]. Increasing the proportion of M1-subtype cells in TME is a promising strategy for cancer
treatment [10,11]. However, the role of M1-like macrophages polarized by plant polysaccharides in
bladder cancer remains unclear.

P. umbellatus, belonging to Polyporaceae, has been traditionally used for treatment of edema, acute
nephritis and diarrhea (The State Pharmacopoeia Commission of PR China, 2010). In addition, P.
umbellatus is also used in combination with other drugs to treat tumors, such as the application of
Wulingsan(WLS) in bladder cancer[12,13]. Polysaccharide extracted from P. umbellatus is the main
ingredient of the medicine. Previous studies found that polyporus polysaccharide (PPS) could alleviate
the adverse reactions of Bacille Calmette-Guerin BCG  and improve its e�ciency[14], and effectively
inhibit the progression of N-butyl-N-(4-hydroxybutyl)-nitrosamine (BBN)-induced bladder cancer in
rats[15]. In the following study, PPS was found to increase the expression level of CD86 and CD40 in
bladder cancer tissue of rats [14], and regulated the immune activity of macrophages and promoted them
to M1-like macrophages [16]. Therefore, it was speculated that PPS inhibited the progression of bladder
cancer by regulating macrophage polarization in tumor macroenvironment. The present study aimed to
explore the role of PPS-induced macrophages in bladder cancer cells and its potential molecular
mechanism.

Methods

Materials and chemicals
P. umbellatus was purchased from Kangmei Pharmaceutical Co., Ltd. (Guangdong, China). The RPMI
1640 medium, fetal bovine serum (FBS), and phosphate-buffered saline (PBS) were procured from
Hyclone. Lipopolysaccharide (LPS) was procured from Sigma (MO, USA). Primers for real-time reverse
transcriptase–polymerase chain reaction (RT-PCR) and TRIzol were purchased from Invitrogen. Revert Aid
First-Strand cDNA Synthesis Kit and FastStart Universal SYBR Green Master (ROX) were purchased from
Roche. RIPA and primary antibodies for Western blot analysis, including anti-IκB, anti-phospho-IκB, anti-
NF-κB p65, anti-JAK2, anti-phospho-JAK2, and anti-GAPDH, were purchased from Cell Signaling
Technology. Secondary antibodies were obtained from Sigma. The Enhanced Chemiluminescence (ECL)
Solution Kit was obtained from Millipore (MA, USA). APC mouse anti-human CD14, APC mouse anti-
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human CD16, APC mouse anti-human CD40, FITC mouse anti-human CD86, FITC mouse anti-human
CD68, and FITC mouse anti-human CD23 were purchased from BD Systems (BD Biosciences, USA).

Preparation of PPS
Crushed P. umbellatus was mixed with water in the ratio of 1:10. After soaking for 1 h, the mixture was
boiled at 100°C and re�uxed two times, �ltered, combined with the �ltrate, and concentrated. Then, the
solution was added with ethanol to the supernatant to adjust the proportion of ethanol to more than 80%.
After �ltration, the supernatant was left at 4°C overnight, precipitated, and freeze-dried to obtain crude
polysaccharide. Then, the crude polysaccharide, chloroform, and n-butanol were mixed in a proportion of
25:4:1 and shaken for 3 min. After static strati�cation, the organic layer and precipitation were discarded,
and this protein removal process was repeated until no white precipitation occurred. The supernatant was
collected, concentrated to a proper volume by a rotary evaporator, and then freeze-dried; thus, PPS was
obtained.

Culture of THP-1 and differentiation into macrophages
The THP-1 cells were purchased from ATCC and maintained in the RPMI-1640 medium containing 10%
FBS, 100 UI/mL penicillin, and 100 μg/mL streptomycin at 37°C in a humidi�ed incubator with 5% CO2.

The THP-1 cells (5 × 105 cells/mL) were exposed to 100 ng/mL phorbol myristate acetate (PMA) for 48 h
and then cultured for 24 h in the absence of PMA as a recovery period to differentiate into macrophages.
Microscopic photography and �ow cytometry were used to evaluate the establishment of a macrophage
model. The expression of membrane surface molecules CD14 and CD68 of THP-1 were detected by �ow
cytometry (BD Biosciences).

Analysis of THP-1 membrane surface molecules by �ow
cytometry
Macrophage-like cells were treated with PPS (1, 10, and 100 μg/mL) or LPS 1 μg/mL for 72 h (LPS-
induced M1 macrophages in the positive control group). The THP-1 cells were collected in a �ow tube
and washed with 2-mL of PBS three times. After removing the supernatant, the cells were incubated with
corresponding antibodies for 30 min at 4°C and protected from light, following analysis with �ow
cytometry. The expression levels of CD16, CD23, CD40, and CD86 were detected for evaluating the effects
of PPS and LPS on THP-1-derived macrophages.

Detection of target gene mRNA by RT-PCR
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THP-1-derived macrophages were treated with PPS (1, 10, and 100 μg/mL) or LPS 1 μg/mL for 6 h, and
then the cells were collected for RNA extraction. Total RNA was extracted from THP-1 using TRIzol
reagent and converted into cDNA using the Revert Aid First-Strand cDNA Synthesis Kit. PCR was
performed according to the FastStart Universal SYBR Green Master. The genes and corresponding primer
sequences (forward and reverse) are listed in Table 1.

Table 1: Primer sequences for PCR ampli�cation.

Gene Primer sequence

IL-1 β F: 5’-TGATGGCTTATTACAGTGGCAA-3’

R: 3’-TAGTGGTGGTCGGAGATTCG-5’

IL-6 F: 5’-TGCCAGCCTGCTGACGAA-3’

R: 3’-AGCTGCGCAGAATGAGATGA-5’

SNAL1 F: 5’-CCTGTCTGCGTGGGTTTT1G-3’

R: 3’-CCAGTGAGTCTGTCAGCCTTTGT-5’

TWIST1  F: 5’-CATTCTCAAGAGGTCGTGCCA-3’

R: 3’-GGTTTTGCAGGCCAGTTTGA-5’

GAPDH F: 5’-GAACGGGAAGCTCACTGG-3’

R: 3’-GCCTGCTTCACCACCTTCT-5’

Measurement of expression level of cytokine interleukin-1β
by enzyme-linked immunosorbent assay
After being treated with PPS or LPS, the THP-1 cells were cultured in a fresh medium for 24 h. Cell
supernatants were collected and stored at -80°C after centrifugation at 4°C and 350g. The expression
levels of cytokines were analyzed using an enzyme-linked immunosorbent assay (ELISA) kit (Abcam).
The concentration of the standard curve used to quantify interleukin (IL)-1β was in the range of 0.48–100
pg/mL. The sample was diluted 20 times before measurement so that the measured absorbance was
within the range of the standard curve. The absorption at 450 nm was measured by enzyme labeling to
calculate the concentration of cytokines in the sample.

Preparation of THP-1 cell culture medium and grouping of
human bladder cancer cells
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The macrophages were incubated with a complete medium containing different concentrations of PPS
(1, 10, and 100 μg/mL) or LPS 1 μg/mL for 72 h, and the medium was refreshed for another 24 h. The cell
culture supernatant was collected and stored at -80°C after centrifugation at 4°C and 350g. Human
bladder cancer cells T24 and EJ were incubated with the THP-1 culture medium and a fresh medium 1:1
for 24 h or 48 h, respectively, which were used in the following experiment.

Cell proliferation detection using 3-(4,5-dimethyl-2-
thiazolyl)-2,5-diphenyl-2-H-tetrazolium bromide assay and
5-ethynyl-2¢-deoxyuridine assay
The 3-(4,5-dimethyl-2-thiazolyl)-2,5-diphenyl-2-H-tetrazolium bromide (MTT) analysis kit and 5-ethynyl-2¢-
deoxyuridine (EdU) staining assay were used to assess cell viability and proliferative capacity. T24 and
EJ cells (6 × 103) were seeded into a 96-well plate, and 6 parallel wells were set up for each group.
Following a 24-h incubation, the cells were incubated with the collected conditioned medium. Then, 20 μL
of MTT (5 mg/mL) was added to each well and incubated at 37°C for 4 h. The medium was discarded,
and 200-μL of dimethyl sulfoxide was added to each well. The 96-well plate was gently shaken for 10
min. Then, the absorbance was measured at 490 nm. The Cell-Light EdU Apollo 567 In Vitro Kit (RIBOBIO,
Guangzhou, China) was used for EdU assay after the cells (3 × 103/well) were cultured with the
supernatant of macrophages treated with PPS or LPS in a 96-well plate. After Apollo and Hoechst
�uorescence staining, photographs were taken under an inverted �uorescence microscope (Nikon, Tokyo,
Japan), and the number of proliferating cells was counted.

Apoptosis assay
The T24 and EJ cells were seeded in six-well plates at a density of 2.5 × 105 cells/well and incubated with
the supernatant for 24 h. The cells were collected, washed with PBS, resuspended in 300 μL of 1×
banding buffer, mixed with 5-μL of Annexin V-FITC to avoid light, and incubated at room temperature for
15 min. Then, 5 μL of PI staining was added and incubated at room temperature for 5 min. Apoptosis
was detected using �ow cytometry. In addition, apoptosis-associated protein markers were detected using
Western blot analysis.

Assessment of protein level using Western blot analysis
The expression of apoptosis-associated protein marker, EMT-related marker, and JAK2/NF-κB signaling
pathway protein was detected using Western blot analysis. The cells were split using RIPA lysate
containing inhibitors of proteases and phosphorylated proteases. Subsequently, the protein was collected
and quanti�ed by bicinchoninic acid assay. Then, 8%–12% SDS-PAGE was used for protein
electrophoresis and then transferred to an Immobilon-P membrane (Millipore). The membranes were
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saturated with a blocking solution (5% bovine serum albumin) for 1.5 h at room temperature and
incubated with a primary antibody overnight at 4°C. The immunoblot was washed �ve times with TBST, 5
min each time, and incubated with a secondary antibody for 2 h, which were detected using ECL.

Cell migration assay
The Transwell migration assay was used to evaluate the metastatic ability of cancer cells. The Transwell
chamber had a 6.5-mm diameter insert with an 8.0-µm pore size. The cells treated with the supernatant
were starved for 2 h with a serum-free medium. The lower chamber was �lled with 600-μL of RPMI 1640
medium containing 10% FBS. The aforementioned treated T24 and EJ cells were counted and
resuspended in a serum-free medium, and 200-μL of the cell suspension was added to the upper chamber
at a density of 2 × 105/mL. The cells were incubated at 37°C for 24 h. The cells penetrating the upper
chamber were immobilized with methanol for 30 min and stained with crystal violet for 20 min. The cells
were photographed under a microscope, and the cells passing through the upper chamber were counted.

Statistical analysis
The data were presented as a mean ± standard of three independent experimental results. One-way
analysis of variance was used for inter-group data. GraphPad Prism 6.0 was used for data processing. A
P value <0.05 was considered statistically signi�cant.

Results

Identi�cation of THP-1 differentiation into macrophages
Macrophage differentiation was closely related to the changes in cell morphology characteristics and cell
surface molecules [17,18]. Human monocyte THP-1 was incubated with 100 ng/mL PMA and
differentiated into macrophages. Then, the cells became adherent and underwent signi�cant
morphological changes. Microscopic photographs showed that PMA-induced cells were enlarged and
polygonal, as opposed to the small and round shape of untreated THP-1 cells (Fig 1A). The �ow
cytometry results showed that, compared with untreated THP-1, the differentiated cells had higher
forward scattering (FSC) value and side scattering (SSC) value, re�ecting the size of cells and the number
of intracellular granules, respectively (Fig 1B). At the same time, the increased expression levels of cell
surface molecules CD14 and CD68 in differentiated cells than original THP-1 indicated successful
induction of macrophages (Fig 1C-D).

PPS increased the expression levels of in�ammatory
factors IL-6 and IL-1β and surface molecules CD86, CD16,
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CD23, and CD40 in macrophages
The polysaccharides extracted from herbal medicines can promote the production of pro-in�ammatory
factors by macrophages with their good immunoregulatory activity [19-21]. Compared with the control
group, PPS increased the mRNA expression levels of IL-6, IL-1β, and iNOS (Fig 2A). Furthermore, the
ELISA kit was used to detect the change in cytokine levels in the cell supernatant, which demonstrated a
signi�cant increase in the expression level of IL-1β (Fig 2B). CD86 and CD16 were phenotypic molecules
produced by M1 macrophages (Smith et al., 2016, Audzevich et al., 2017). The results showed that both
PPS and LPS could promote the expression of M1-type membrane molecules CD16, CD23, CD40, and
CD86 on the cell surface (Fig 2C).

Macrophage incubated with PPS inhibited the viability and
proliferation of human bladder cancer cells
The MTT assay was used to detect the changes in the viability of T24 and EJ cells incubated with the
conditioned medium at different time points. The optical density (OD) values measured in the treatment
group showed a downregulated trend compared with the control group. Figure 3A and 3B shows that the
cell viability of the experimental group on T24 and EJ cells decreased with the prolongation of culture
time. In view of the time-dependent inhibitory effect of the conditioned medium on the viability of bladder
cancer cells, the cell proliferation was detected 48 h later. An EdU nucleoside should always be used to
evaluate cell proliferation [24]. Figure 3C and 3D shows that the macrophages activated by PPS
attenuated the hyperplasia of T24 and EJ cells in a concentration-dependent manner.

Apoptosis of bladder cancer was enhanced by the PPS-
polarized macrophages
The M1-like macrophages induce apoptosis in cancer cells[25]. Our results showed that PPS-polarized
macrophages increased apoptosis obviously compared with the control group, as shown in Figure 5A and
5B. Especially, activated macrophages signi�cantly increased the apoptosis of bladder cancer cells in the
late stage rather than in the early stage (Fig. 5C). Apoptosis is characterized by nucleocytoplasmic
collapse and cell volume reduction. Flow cytometry showed that the cell volume in the experimental
group decreased signi�cantly in the present study (Fig. 5D). Apoptosis-related proteins Bcl-2 and Bax
were analyzed by Western blot analysis. Consistent with the result of apoptotic determination by �ow
cytometry, the expression level of apoptosis inhibitor protein Bcl-2 decreased in the experimental group,
while the expression level of apoptosis inducer Bax remained unchanged.

Cell migration and epithelial–mesenchymal transformation
ability of bladder cancer cells were regulated
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The ability of cell migration is closely related to the metastasis of bladder cancer. Figure 6A-B shows that
the number of cells penetrating the upper chamber decreased signi�cantly after being treated with the cell
supernatant of PPS-polarized macrophages, demonstrating that the migration capacity of T24 and EJ
cells was inhibited. A close correlation exists between epithelial–mesenchymal transformation and
metastasis and invasion of tumors [26]. A conditioned medium of macrophages attenuated the cell
migration of bladder cancer cells. Then, the effect of the medium on EMT of bladder cancer was
investigated. The expression levels of mesenchymal marker/transcription factors N-cadherin, Snail, Twist,
and vimentin in the experimental group signi�cantly decreased, while that of epithelial marker E-cadherin
was reversed (Figure 6C-D).

JAK2/NF-κB signaling pathway was involved in the
inhibitory effect of PPS-polarized macrophages on bladder
cancer cells
The JAK2 receptor was reported to be closely related to a series of cell functions, such as cell cycle,
apoptosis, genetic stability, and tumor cell migration [27,28]. The expression of the JAK2/NF-κB signaling
pathway protein was examined to explore the potential molecular mechanism of M1-like macrophages
regulating the proliferation, apoptosis, migration, and epithelial–mesenchymal transformation of T24
and EJ cells. The Western blot analysis showed that the level of phospho-JAK2 and phospho-NF-κB p65
in T24 and EJ cells decreased after incubation with the conditioned medium (Figure 7).These data
indicated that PPS-induced macrophages regulated the proliferation, apoptosis, migration, and
epithelial–mesenchymal transformation of bladder cancer cells through the JAK2/NF-κB pathway.

Discussion
The relationship between tumor cells and immune cells in TME has become a hot topic in recent years. A
large number of clinical and experimental data have con�rmed that TAMs can promote the genesis and
progression of tumors [5]. In view of the role of macrophages in tumors, several anti-cancer strategies
targeting macrophages are available[10]. This study demonstrated that PPS played an anti-bladder
cancer role by polarizing macrophage to M1 type. Moreover, it also provided evidence that the
downregulation of JAK2/NF-κB pathways was involved in the anti-tumor effect of polarized
macrophages.

The M1 macrophages produce pro-in�ammatory factors (TNF-α, IL-12, and IFN-γ), chemokines (CXCL10,
CXCL11, and CCL2), antigen-presenting molecules such as MHCII, costimulatory molecules (CD86 and
CD80), and antigen-treated peptidases, which play an anti-tumor role in cancer. The M2 macrophages
produce nutritional polyamines, anti-in�ammatory factors (IL-10 and TGF-β), and chemokines (CXCL18
and CXCL22), which play a tumorigenic role in cancer[29,30]. Therefore, seeking drugs that can induce
macrophages to become M1 macrophages and then play an anti-tumor role is of great signi�cance.
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Plant polysaccharides can induce macrophages to polarize to pro-in�ammatory subtypes due to their
good immunomodulatory effects [31], indicating that polysaccharides regulate TME and have anti-tumor
activity. The aqueous extract of P. umbellatus Fries was found to effectively inhibit bladder cancer, and
polysaccharides were the main component responsible for its effect; however, little is known about its
anti-bladder cancer mechanism. The follow-up studies showed that PPS enhanced the activity of
macrophages stimulated by IFN-γ [16]. In addition, PPS had an inhibitory effect on the progression of
bladder cancer in BBN-rat models and increased the effect on the expression levels of CD86 and CD40 in
peritoneal macrophages [14]. Therefore, it was speculated that PPS might play an anti-tumor role by
regulating the changes in macrophages in the TME of bladder cancer. In this study, in vitro experiments
were conducted by simulating the effect of macrophages on tumor cells in TME. PMA-induced THP-1 is a
commonly used human macrophage model, which was used in this study. The increased expression
levels of CD14 and CD68 on the cell membrane of THP-1 suggested successful modeling, accompanied
by increased cell volume. Subsequently, the present study showed that PPS could promote macrophages
to secrete in�ammatory factors, such as IL-1β and IL-6; increase the expression levels of membrane
surface molecules CD86, CD16, CD23, and CD40; and induce macrophages to differentiate into M1
subtype. The anti-tumor effect of M1 macrophages was con�rmed. LPS is the classical inducer of M1-
subtype macrophages, which were used as a positive control in this study. IL-1β and TNF-α have anti-
tumor effects and can inhibit the growth and metastasis of tumors in vitro and  in vivo [32,33]. CD40 and
CD86 were costimulatory molecules on the surface of macrophages. The increased expression levels of
CD40 and CD86 can promote T-cell activation and play an anti-tumor role [34]. Next, the conditioned
medium of THP-1 was used in this study to explore the effects of PPS-polarized macrophages on bladder
cancer cells. As expected, PPS-induced M1-like macrophages inhibited many pathophysiological
characteristics of bladder cancer, including proliferation, migration ability, and epithelial–mesenchymal
transformation accompanied by increased apoptosis of bladder cancer cells. At the same time, the
sensitivity of T24 and EJ cells to activated macrophages was found to be different in this study, which
might be caused by different genotypes and cell receptors. Furthermore, the underlying molecular
mechanism of its anti-tumor activity was clari�ed in the present study. Abnormal activation of JAK2 and
NF-κB pathways is known to associate in�ammation with tumors and is closely related to the
malignancy and poor prognosis of tumors [35-37]. The downregulation of JAK2 and NF-κB pathways can
regulate the proliferation, apoptosis, and metastasis of tumors[38,39]. In this study, the downregulation of
the JAK2/NF-κB pathway was found to be closely related to the anti-cancer effects of PPS-induced
polarized macrophages on bladder cancer.

Conclusion
These �ndings indicated that PPS could inhibit the growth and progression of bladder cancer cells by
polarizing THP-1-derived macrophages to M1 type. The downregulation of JAK2/NF-κB pathways might
mediate the anti-cancer process.

Abbreviations
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P. umbellatus: Polyporus umbellatus

PPS: polyporus polysaccharide

IL-1β: interleukin (IL)-Iβ

IL-6: interleukin (IL)-6

PMA: Phorbol myristate acetate

TNF-α: tumor necrosis factor alpha

MTT:  3-(4,5-dimethyl-2-thiazolyl)-2,5-diphenyl-2-H-tetrazolium bromide

EDU: 5-ethynyl-2¢-deoxyuridine

EMT: epithelial–mesenchymal transformation
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Figure 1

THP-1 differentiated into macrophages successfully. (A) Cell morphology observed under a microscope
(200×), THP-1 (left), and PMA-induced macrophages (right). (B) Changes in FSC and SSC during �ow
cytometry before and after cell differentiation. (C) Expression levels of cell surface molecules CD14 and
CD68 of THP-1 increased after incubation with PMA. (D) Mean �uorescence intensity of CD14 and CD68
before and after differentiation. *P < 0.05; **P < 0.01 compared with the control group(n=3).
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Figure 2

PPS increased the expression levels of in�ammatory cytokines, such as IL-1β, IL-6, and NO, secreted by
macrophages and promoted the expression of surface molecules CD86 and CD16. (A) mRNA expression
of IL-6, IL-1β, and iNOS in macrophages after 6 h of PPS or LPS incubation. (B) PPS or LPS induced IL-1β
production in the cell supernatant and the expression levels cytokines were analyzed by ELISA. (C) THP-1-
derived macrophages were pretreated with PPS or LPS for 72 h, then the expression levels of CD23, CD40,
CD16, and CD86 were measured by �ow cytometry. *P < 0.05; **P < 0.01 compared with the control
group(n=3).
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Figure 3

Cell viability and proliferation were restrained when incubated with the aforementioned supernatant. (A
and B) Change in the cell viability (% of the control group) when human bladder cancer cells T24 and EJ
were cultured with the supernatant for 24 h or 48 h. (C and D) Effect of activated macrophages on T24
and EJ cell proliferation observed using EdU staining. Red �uorescence denotes EdU staining,
representing proliferating cells. Blue �uorescence denotes DAPI staining, representing the staining of
nuclei. Statistical data analysis showed a downward trend in cell proliferation. *P < 0.05; **P < 0.01
compared with the control group(n=3).
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Figure 4

Detection of apoptosis by Annexin V/PI staining. (A and B) PPS-polarized macrophages facilitated the
apoptosis of bladder cancer compared with the control group. (C) Statistical analysis showed the
changes in early and late apoptosis of bladder cancer cell lines T24 and EJ in the co-culture system
compared with the control group. (D) Experimental group showed decreased cell volume using �ow
cytometry. (E) Western blot analysis for apoptosis-related proteins Bcl-2 and BAX. The expression of
GAPDH was used as a loading control. These experiments were repeated three times for statistics. *P <
0.05, **P < 0.01 compared with the control group(n=3).
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Figure 5

Determination of cell migration ability and epithelial–mesenchymal transition–related proteins using
Transwell chamber and Western blot analysis. (A and B) Microscopic photography of cells penetrating
the upper chamber and statistical analysis of migrating cells in different treatment groups (400×). (C) RT-
PCR analysis of expression of EMT transcription factors. (D) Western blot analysis of the expression of
EMT marker proteins. *P < 0.05, **P < 0.01 compared with the control group(n=3).
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Figure 6

Detection of the expression of JAK2/NF- B pathway protein by Western blot analysis. The protein levels
of p-JAK2, p-P65, and p-IKB were downregulated in bladder cancer cells T24 and EJ after culture with the
conditioned medium. *P < 0.05, **P < 0.01 compared with the control group(n=3).
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