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Abstract

Background: Polyporus polysaccharide (PPS), 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 homogeneous polyporus polysaccharide
(HPP) activated macrophages in the treatment of bladder cancer.

Methods: 100 ng/mL Phorbol myristate acetate (PMA) was used to induce THP-1 human leukemic cells as a
macrophage model. Then macrophages derived from THP-1 were treated with different concentrations of HPP (1,
10 and 100 pg/mL). Flow cytometry and RT-PCR were used to detected the expression of CD16, CD23, CD86, CD40
and interleukin (IL)-I3, INOS mRNA. ELISA was used to test the change of IL-13 and TNF-a in macrophage after the
treatment with HPP. The conditioned medium from HPP-polarized macrophages was used to detect the effect of
activated macrophages on bladder cancer. MTT assay, 5-ethynyl-2-deoxyuridine assay, flow 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-kB pathway protein.

Results: HPP promoted the expression of pro-inflammatory factors, such as IL-I3, TNF-a and iNOS, and surface
molecules CD86, CD16, CD23, and CD40 in macrophages and then polarized macrophages to M1 type. 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-kB pathways were
downregulated in the anti-bladder cancer process of activated macrophages.

Conclusion: The findings indicated that HPP inhibited the proliferation and progression of bladder cancer by the
polarization of macrophages to M1 type, and JAK2/NF-kB pathway was downregulated in the process of anti-
bladder cancer.
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Background

Bladder cancer is the leading cause of cancer-related
deaths in urinary system. Surgical treatment, chemother-
apy, and radiotherapy are the main clinical therapeutic
regimens for bladder cancer, but the high recurrence
rate (60-70%) and mortality are still difficult issues to
resolve [1]. Therefore, the necessity of exploring pro-
spective 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 im-
mune response and anti-treatment response. However,
under certain conditions, they can be involved in host
immune surveillance and killing in tumor [3]. Anti-
inflammatory type-2 (M2 macrophage) can promote the
tumorigenesis, development, metastasis, and drug resist-
ance of solid tumors, including bladder cancer [4-6],
while pro-inflammatory 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 blad-
der 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). Polysaccharide extracted from P. umbel-
latus 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 efficiency [12], and effectively in-
hibit the progression of N-butyl-N-(4-hydroxybutyl)-nitro-
samine (BBN)-induced bladder cancer in rats [13]. In
addition, PPS was found to increase the expression level
of CD86 and CD40 in bladder cancer tissue of rats [12],
and regulate the immune activity of macrophages and
promoted them to M1-like macrophages [14]. In our pre-
vious study, a new polysaccharide (HPP) purified from
PPS has been identified and has the activity of polarizing
macrophages to M1 subtype. Therefore, it was speculated
that HPP could inhibit the progression of bladder cancer
by regulating macrophage polarization in tumor macroen-
vironment. The present study aimed to explore the role of
HPP-induced macrophages in bladder cancer cells and its
potential molecular mechanism.

Methods

Materials and chemicals

The RPMI 1640 medium, fetal bovine serum (FBS), and
phosphate-buffered saline (PBS) were procured from
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Hyclone. Lipopolysaccharide (LPS, From E. coli, Cat no:
L-2630) was procured from Sigma (MO, USA). Primers
for real-time reverse transcriptase—polymerase chain re-
action (RT-PCR) and TRIzol (Cat no: 15596026) were
purchased from Invitrogen. Revert Aid First-Strand
c¢DNA Synthesis Kit (Cat no: k1621) and FastStart Uni-
versal SYBR Green Master (ROX) (Cat no: 4385610)
were purchased from Roche. RIPA (Cat no: 9806S) and
primary antibodies for Western blot analysis, including
anti-IkB (Cat no: 76041S), anti-phospho-IkB (Ser32)
(Cat no: 2859S), anti-NF-kB p65(Cat no: 8242S), anti-
phospho-NF-kB  p65(Ser536) (Cat no: 3033) anti-
JAK2(Cat no: 3230S), anti-phospho-JAK2(Tyr1007/1008)
(Cat no: 3771S), and anti-GAPDH (Cat no: 5174S), were
purchased from Cell Signaling Technology. Secondary
antibodies were obtained from Sigma. The Enhanced
Chemiluminescence Solution Kit (Cat no: WBKLS0500)
was obtained from Millipore (MA, USA). APC mouse
anti-human CD16(Cat no: ab203883) and FITC mouse
anti-human CD86(Cat no: ab213044) were purchased
from Abcam (Cambs, UK). APC mouse anti-human
CD40(Cat no: 555591) and FITC mouse anti-human
CD23(Cat no: 561146) were purchased from BD Systems
(BD Biosciences, USA).

Preparation of HPP

The preparation process of HPP is described in refer-
ence [15]. Its average molecular weight was showed to
be 6.88 kDa by HPGPC analysis. In addition, GC and
PMP derivatization HPLC analysis determined that HPP
was composed only of glucose.

Culture of THP-1 and differentiation into macrophages
The THP-1 cells were purchased from ATCC and main-
tained in the RPMI-1640 medium containing 10% FBS,
100 UI/mL penicillin, and 100 pg/mL streptomycin at
37 °C in a humidified incubator with 5% CO,. The THP-
1 cells (5x10° cells/mL) were exposed to 100 ng/mL
phorbol myristate acetate (PMA) for 48 h and then cul-
tured for 24h in the absence of PMA as a recovery
period to differentiate into macrophages.

Analysis of THP-1 membrane surface molecules by flow
cytometry

Macrophage-like cells were treated with HPP (1, 10, and
100 pg/mL) or LPS 1 pg/mL for 72 h (LPS-induced M1
macrophages in the positive control group). The THP-1
cells were collected in a flow 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 ana-
lysis with flow cytometry. The expression levels of
CD16, CD23, CD40, and CD86 were detected for
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evaluating the effects of HPP and LPS on THP-1-derived
macrophages.

Detection of target gene mRNA by RT-PCR
THP-1-derived macrophages were treated with HPP (1,
10, and 100 pg/mL) or LPS 1 pg/mL for 6h, 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
c¢DNA Synthesis Kit. PCR was performed according to
the FastStart Universal SYBR Green Master. The genes
and corresponding primer sequences (forward and re-
verse) are listed in Table 1.

Measurement of expression level of cytokine IL-1Band
TNF-a by enzyme-linked immunosorbent assay

After being treated with HPP or LPS, the THP-1 cells in
six-well plates at a density of 5 x 10° cells/well were cul-
tured 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 sample was diluted 20 times
before measurement so that the measured absorbance
was within the range of the standard curve. The absorp-
tion at 450 nm was measured by enzyme labeling to cal-
culate the concentration of cytokines in the sample.

Preparation of THP-1 cell culture medium and grouping
of human bladder cancer cells

The macrophages were incubated with a complete
medium containing different concentrations of HPP (1,
10, and 100 pg/mL) or LPS 1 pg/mL for 72h, and the

Table 1 Primer sequences for PCR amplification
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medium was refreshed for another 24 h. The cell culture
supernatant was collected and stored at - 80°C after
centrifugation at 4 °C and 350 g. Human bladder cancer
cells T24 and EJ were incubated with the THP-1 culture
medium and a fresh medium 1:1 for 24h or 48h, re-
spectively, 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-tetra-
zolium bromide (MTT) analysis kit (Cat no:
0210222701, MPBIO) and 5-ethynyl-2'-deoxyuridine
(EdU) staining assay (Cat no: C10311-2, RIBOBIO) were
used to assess cell viability and proliferative capacity.
T24 and EJ cells (6 x 10° cells per well) 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 incu-
bated with the collected conditioned medium. Then,
20 uL of MTT (5 mg/mL) was added to each well and in-
cubated at 37°C for 4h. The medium was discarded,
and 200-pL 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 EAU assay after the
cells were cultured with the supernatant of macrophages
treated with HPP or LPS in a 96-well plate. After Apollo
and Hoechst fluorescence staining, photographs were
taken under an inverted fluorescence microscope
(Nikon, Tokyo, Japan), and the number of proliferating
cells was counted.

F: 5’-CCTTCAGTATCACAACCTCAGCA-3’
R: 3’-TGGAGACTTCTTTCCCGTCTC-5’

F: 5’-CCTGTCTGCGTGGGTTTTTG-3’
R: 3’-CCAGTGAGTCTGTCAGCCTTTGT-5

F: 5’-CATTCTCAAGAGGTCGTGCCA-3’
R: 3’-GGTTTTGCAGGCCAGTTTGA-5’

F: 5’-GAACGGGAAGCTCACTGG-3’
R: 3’-GCCTGCTTCACCACCTTCT-5

F: 5’-TGATGGCTTATTACAGTGGCAA-3’
R: 3’-TAGTGGTGGTCGGAGATTCG-5’
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Apoptosis assay

The T24 and EJ cells were seeded in six-well plates at a
density of 2.5x10° cells/well and incubated with the
supernatant for 24 h. The cells were collected, washed
with PBS, resuspended in 300 pL. of 1x banding buffer,
mixed with 5 pL of Annexin V-FITC to avoid light, and
incubated at room temperature for 15 min. Then, 5 pL
of PI staining was added and incubated at room
temperature for 5min. Apoptosis was detected using
flow cytometry. In addition, apoptosis-associated protein
markers were detected using Western blot analysis.

Assessment of protein level using Western blot analysis
The expression of EMT-related marker, and JAK2/NF-
kB signaling pathway protein was detected using West-
ern blot analysis. The cells were split using RIPA lysate
containing inhibitors of proteases and phosphorylated
proteases. Subsequently, the protein was collected and
quantified by bicinchoninic acid assay. Then, 8-12%
SDS-PAGE was used for protein electrophoresis and
then transferred to an Immobilon-P membrane (Milli-
pore). The membranes were saturated with a blocking
solution (5% bovine serum albumin) for 1.5h at room
temperature and incubated with a primary antibody over-
night at 4 °C. The immunoblot was washed five times with
TBST, 5min 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-um pore size.
The cells treated with the supernatant were starved for
2 h with a serum-free medium. The lower chamber was
filled with 600-puL 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-pL of the cell suspension was added to the
upper chamber at a density of 2x10°/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 + SD of three inde-
pendent experimental results. One-way analysis of vari-
ance was used for inter-group data. GraphPad Prism 6.0
was used for data processing. A P value < 0.05 was con-
sidered statistically significant.
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Results

HPP increased the expression levels of inflammatory
factors iNOS and IL-13 and surface molecules CD86,
CD16, CD23, and CD40 in macrophages

The polysaccharides extracted from herbal medicines
can promote the production of pro-inflammatory fac-
tors by macrophages with their good immunoregula-
tory activity [16-18]. Compared with the control
group, HPP increased the mRNA expression levels of
IL-1B, and iNOS (Fig. la-b). Furthermore, the ELISA
kit was used to detect the change in cytokine levels
in the cell supernatant, which demonstrated a signifi-
cant increase in the expression level of IL-1f and
TNF-a (Fig. 1c-d). CD86 and CD16 were phenotypic
molecules produced by M1 macrophages [19, 20].
The results showed that both HPP and LPS could
promote the expression of M1-type membrane molecules
CD16, CD23, CD40, and CD86 on the cell surface
(Fig. le-h).

Macrophage incubated with HPP 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 treat-
ment group showed a downregulated trend com-
pared with the control group. Figure 2 (a-d) 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 inhibi-
tory effect of the conditioned medium on the viabil-
ity of bladder cancer cells, the cell proliferation was
detected 48 h later. An EdU nucleoside should al-
ways be used to evaluate cell proliferation [21].
Figure 2 (e-h) shows that the macrophages activated by
HPP attenuated the hyperplasia of T24 and EJ cells in a
concentration-dependent manner.

Apoptosis of bladder cancer was enhanced by the HPP-
polarized macrophages

The M1-like macrophages induce apoptosis in cancer cells
[22]. Our results showed that HPP-polarized macrophages
increased apoptosis obviously compared with the control
group, as shown in Fig. 3a. Especially, activated macro-
phages significantly increased the apoptosis of bladder
cancer cells in the late stage rather than in the early stage
(Fig. 3d-e). Apoptosis is characterized by nucleocytoplas-
mic collapse and cell volume reduction. Flow cytometry
showed that the cell volume in the experimental group
decreased significantly in the present study (Fig. 3f-g).
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Fig. 1 HPP increased the expression levels of inflammatory cytokines, such as IL-13 and NO, secreted by macrophages and promoted the
expression of surface molecules CD86 and CD16. a-b mRNA expression of IL.-13, and iNOS in macrophages after 6 h of HPP or LPS incubation. c-d
HPP or LPS induced IL-13 and TNF-a production in the cell supernatant and the expression levels cytokines were analyzed by ELISA. e-h THP-1-
derived macrophages were pretreated with HPP or LPS for 72 h, then the expression levels of CD23, CD40, CD16, and CD86 were measured by
flow cytometry. ‘P< 0.05; P <0.01 compared with the control group(n = 3)

Cell migration and epithelial-mesenchymal
transformation ability of bladder cancer cells were
regulated

The ability of cell migration is closely related to the
metastasis of bladder cancer. Figure 4a-c shows that
the number of cells penetrating the upper chamber
decreased significantly after being treated with the
cell supernatant of HPP-polarized macrophages, dem-
onstrating 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 [23]. 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/transcrip-
tion factors N-cadherin, Snail, Twist, and vimentin in
the experimental group significantly decreased, while
that of epithelial marker E-cadherin was reversed
(Fig. 4d-n).
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Fig. 2 Cell viability and proliferation were restrained when incubated with the aforementioned supernatant. a-d Change in the cell viability (% of
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JAK2/NF-kB signaling pathway was involved in the
inhibitory effect of HPP-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 [24, 25]. The
expression of the JAK2/NF-kB signaling pathway protein

was examined to explore the potential molecular mech-
anism of M1-like macrophages regulating the prolifera-
tion, 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-«B p65 in T24 and EJ cells decreased after
incubation with the conditioned medium (Fig. 5). These
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Fig. 4 Determination of cell migration ability and epithelial-mesenchymal transition-related proteins using Transwell chamber and Western blot
analysis. a Microscopic photography of cells penetrating the upper chamber and statistical analysis of migrating cells in different treatment
groups (400x). d-g RT-PCR analysis of expression of EMT transcription factors. h-n Western blot analysis of the expression of EMT marker proteins.
"P< 005, P <001 compared with the control group(n = 3)
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Fig. 5 Detection of the expression of JAK2/NF-kB 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 < 005, “P < 0.01 compared with the control group(n = 3)
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data indicated that HPP-induced macrophages regulated
the proliferation, apoptosis, migration, and epithelial-
mesenchymal transformation of bladder cancer cells
through the JAK2/NF-«xB 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 confirmed
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 HPP played
an anti-bladder cancer role by polarizing macrophage to
M1 type. Moreover, it also provided evidence that the
downregulation of JAK2/NF-«B pathways was involved in
the anti-tumor effect of polarized macrophages.

The M1 macrophages produce pro-inflammatory
factors (TNF-q, IL-1f, and iNOS), 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-inflammatory factors (IL-10 and TGE-),
and chemokines (CXCL18 and CXCL22), which play a
tumorigenic role in cancer [26, 27]. Therefore, seeking
drugs that can induce macrophages to become M1 macro-
phages and then play an anti-tumor role is of great
significance.

Plant polysaccharides can induce macrophages to
polarize to pro-inflammatory subtypes due to their good
immunomodulatory effects [28], indicating that poly-
saccharides 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 en-
hanced the activity of macrophages stimulated by IFN-y
[14]. In addition, PPS had an inhibitory effect on the
progression of bladder cancer in BBN-rat models and in-
creased the effect on the expression levels of CD86 and
CD40 in peritoneal macrophages [12]. HPP is a homoge-
neous polysaccharide extracted from PPS, which has
been proved to have regulatory activity on macrophages
by Toll-like receptor 2 (TLR2) and activated the signal-
ing pathways of NF-kB and NLRP3 [15]. It was specu-
lated that HPP 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 com-
monly used human macrophage model, which was used
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in this study. Subsequently, the present study showed
that HPP could promote macrophages to secrete inflam-
matory factors, such as IL-1p and TNF-a; increase the
expression levels of membrane surface molecules CD86,
CD16, CD23, and CD40; and induce macrophages to dif-
ferentiate into M1 subtype. The anti-tumor effect of M1
macrophages was confirmed. LPS is the classical inducer
of M1-subtype macrophages, which were used as a posi-
tive control in this study. IL-1p and TNF-a have anti-
tumor effects and can inhibit the growth and metastasis
of tumors in vitro and in vivo [29, 30]. 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 [31]. Next, the conditioned medium of
THP-1 was used in this study to explore the effects of
HPP-polarized macrophages on bladder cancer cells. As
expected, HPP-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 mac-
rophages was found to be different in this study, which
might be caused by different genotypes and cell recep-
tors. Furthermore, the underlying molecular mechanism
of its anti-tumor activity was clarified in the present
study. Abnormal activation of JAK2 and NF-«B path-
ways is known to associate inflammation with tumors
and is closely related to the malignancy and poor prog-
nosis of tumors [32-34]. The downregulation of JAK2
and NF-kB pathways can regulate the proliferation,
apoptosis, and metastasis of tumors [35, 36]. In this
study, the downregulation of the JAK2/NF-kB pathway
was found to be closely related to the anti-cancer effects
of HPP-induced polarized macrophages on bladder
cancer. These findings strongly indicated that the
homogeneous polyporus polysaccharide could play an
anti-bladder cancer role by regulating macrophage
polarization to M1 subtype.

Conclusion

These findings indicated that HPP could inhibit the
growth and progression of bladder cancer cells by polar-
izing THP-1-derived macrophages to M1 type. The
downregulation of JAK2/NF-«B pathways might mediate
the anti-cancer process.

Abbreviations

P. umbellatus: Polyporus umbellatus; PPS: polyporus polysaccharide;

HPP: homogeneous polyporus polysaccharide; IL-13: interleukin (IL)-I(3;
PMA: Phorbol myristate acetate; TNF-a: 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



Jia et al. BMC Complementary Medicine and Therapies

Supplementary Information
The online version contains supplementary material available at https://doi.

(2021) 21:150

Page 11 of 12

polarization via STAT3 inhibition. Proc Natl Acad Sci. 2018;115(12):£2801-10.
https://doi.org/10.1073/pnas.1707929115.

0rg/10.1186/512906-021-03318-x. 5. Qian B, Pollard JW. Macrophage diversity enhances tumor progression and
metastasis. Cell. 2010;141(1):39-51. https://doi.org/10.1016/j.cell.2010.03.014.
Additional file 1: Supplementary Figure 1. The effect of JAK2 6. Chen.XW, Yu'T), Zhang J, Li Y, Chen HL, Yang G'_:' et. al. CYP4A |.n turmor-
inhibitor (AZD1480) on T24 cells. pJAK2, p-P65, and p-IkB were downreg- assoaateq macrophages promotes pre-metastatic nlche formation and
ulated when T24 cells were treated with AZD1480, P < 0.05, “'P < 0.01 metastasis. Oncogene. 2017;36(35):5045-57. https;//doi.org/10.1038/onc.201
compared with the control group(n = 3). 71 1,8' L o
7. Genin M, Clement F, Fattaccioli A, Raes M, Michiels C. M1 and M2
Additional file 2: Supplementary Figure 2. The effect of HPP-treated macrophages derived from THP-1 cells differentially modulate the response
macrophage on normal bladder epithelial cells (Sv-HUC-1). The condi- of cancer cells to etoposide. BMC Cancer. 2015;15(1):577. https;//doi.org/1
tioned mediums from HPP-treated macrophage have no effect on normal 0.1186/512885-015-1546-9.
cells while LPS-activated macrophage is not. P <005, P<0.01 com- 8. Baer C, Squadrito ML, Laoui D, Thompson D, Hansen SK, Kiialainen A, et al.
pared with the control group(n = 3). Suppression of microRNA activity amplifies IFN-y-induced macrophage
Additional file 3: Supplementary Figure 3. The effect of JAK2 activation and promotes anti-tumour immunity. Nat Cell Biol. 2016;18(7):
inhibitor (AZD1480) on bladder cancer cells. AZD1480 inhibited the cell 790-802. https://doi.org/10.1038/ncb3371.
viability and induced apoptosis of bladder cancer cells. P <005, P < 9. Guerra AD, Yeung OWH, Qi X, Kao WJ, Man K. The anti-tumor effects of M1
0.01 compared with the control group(n = 3). macrophage-loaded poly (ethylene glycol) and gelatin-based hydrogels on
hepatocellular carcinoma. Theranostics. 2017;7(15):3732-44. https://doi.org/1
0.7150/thno.20251.
Acknowledgements 10.  Rubio C, Munera-Maravilla E, Lodewijk |, Suarez-Cabrera C, Karaivanova V,

Not applicable.

Authors’ contributions

Ruiz-Palomares R, et al. Macrophage polarization as a novel weapon in
conditioning tumor microenvironment for bladder cancer: can we turn
demons into gods? Clin Transl Oncol. 2019;21(4):391-403. https://doi.org/1

XZ and WYJ conceived and designed the experiments. WYJ, GNL, SOL and

SWL performed the experiments and analyzed the data. WYJ, MFL and SH 11.
were responsible for the writing and revision of manuscript. The authors

read and approved the final manuscript.

0.1007/512094-018-1952-y.
Aldawsari HM, Gorain B, Alhakamy NA, Md S. Role of therapeutic agents on
repolarisation of tumour-associated macrophage to halt lung cancer
progression. J Drug Target. 2020;28(2):166-75. https://doi.org/10.1080/10611
86X.2019.1648478.
Zhang G, Qin G, Han B, Li C, Yang H, Nie P, et al. Efficacy of Zhuling
polyporus polysaccharide with BCG to inhibit bladder carcinoma. Carbohyd
Polym. 2015;118:30-5. https://doi.org/10.1016/j.carbpol.2014.11.012.
Zhang G, Zeng X, Li C, Li J, Huang Y, Han L, et al. Inhibition of urinary
bladder carcinogenesis by aqueous extract of sclerotia ofPolyporus
umbellatus fries and polyporus polysaccharide. Am J Chinese Med. 2012;39:
135-44.
Liu G, Zhang X, Tan Q, Xu W, Zhou C, Luo M, et al. NF-kB pathways are
involved in M1 polarization of RAW 264.7 macrophage by polyporus
polysaccharide in the tumor microenvironment. PLOS ONE. 2017;12:¢188317.
Liu CP, Li X, Lai GN, Li JH, Jia WY, Cao YY, Xu WX, Tan QL, Zhou CY, Luo M,
Zhang XY, Yuan DQ, Tian JY, Zhang X, Zeng X: Mechanisms of Macrophage
Immunomodulatory Activity Induced by a New Polysaccharide Isolated
From Polyporus umbellatus (Pers.) Fries. Front Chem 2020;,8:581, DOI:
https://doi.org/10.3389/fchem.2020.00581.
Zhang M, Wu W, Ren Y, Li X, Tang Y, Min T, et al. Structural characterization
of a novel polysaccharide fromLepidium meyenii (Maca) and analysis of its
regulatory function in macrophage polarization in vitro. J Agr Food Chem.
2017,65(6):1146-57. https:;//doi.org/10.1021/acs jafc.6b05218.
Wang M, Yang X, Zhao J, Lu C, Zhu W. Structural characterization and
macrophage immunomodulatory activity of a novel polysaccharide from
Smilax glabra Roxb. Carbohyd Polym. 2017;156:390-402. https.//doi.org/10.1
016/j.carbpol.2016.09.033.
Wang Y, Tian Y, Shao J, Shu X, Jia J, Ren X, et al. Macrophage
immunomodulatory activity of the polysaccharide isolated from Collybia
radicata mushroom. Int J Biol Macromol. 2018;108:300-6. https://doi.org/1
0.1016/j.ijbiomac.2017.12.025.
19. Smith TD, Tse MJ, Read EL, Liu WF. Regulation of macrophage polarization
and plasticity by complex activation signals. Integrative biology. 2016,8:946-55.

Funding 12.
This study was supported by the National Natural Science Foundation of

China (N0.81573769) and Special Support for Scientific and Technological

Research of Guangdong Provincial Hospital of Traditional Chinese Medicine 13,
(No. YN2019MJ02).

Availability of data and materials
The datasets used in the current study are available from the corresponding 14,
author on reasonable request.

Declarations 15.

Ethics approval and consent to participate
Not applicable.

Consent for publication 16.
Not applicable.

Competing interests
All authors claim no conflict of interests. 17.

Author details

'The Second Affiliated Hospital, Guangzhou University of Chinese Medicine,
Guangzhou 510120, Guangdong Province, China. *Guangdong Provincial 18.
Hospital of Chinese Medicine, Guangzhou 510120, Guangdong Province,

China. *Fuwai Central China Cardiovascular Hospital, Zhengzhou 451464,

Henan Province, China.

Received: 11 January 2021 Accepted: 6 May 2021

Published online: 25 May 2021 20.  Audzevich T, Bashford-Rogers R, Mabbott NA, Frampton D, Freeman TC,
Potocnik A, et al. Pre/pro-B cells generate macrophage populations during
References homeostasis and inflammation. Proc Natl Acad Sci. 2017;114(20):E3954-63.

1.

Berdik C. Unlocking bladder cancer. Nature. 2017;551(7679):534-5. https//

https://doi.org/10.1073/pnas. 1616417114

doi.org/10.1038/551534a. 21.  Diermeier-Daucher S. CSTH: Cell type specific applicability of 5-Ethynyl-2

2. Diakos CIP, Charles KAP, McMillan DCP, Clarke SJP. Cancer-related -deoxyuridine (EdU) for dynamic proliferation assessment in flow cytometry.
inflammation and treatment effectiveness. Lancet Oncol. 2014;15(11):e493— Cytometry Part A. 2010;75a(6):535-46.
503. https://doi.org/10.1016/51470-2045(14)70263-3. 22, YinZ,MaT,LinY,LuX Zhang C, Chen S, et al. IL-6/STAT3 pathway

3. Klemm F, Joyce JA. Microenvironmental regulation of therapeutic response intermediates M1/M2 macrophage polarization during the development of
in cancer. Trends Cell Biol. 2015;25(4):198-213. https://doi.org/10.1016/j.tcb.2 hepatocellular carcinoma. J Cell Biochem. 2018;119(11):9419-32. https://doi.
014.11.006. 0rg/10.1002/jcb.27259.

4. Giurisato E, Xu Q, Lonardi S, Telfer B, Russo |, Pearson A, et al. Myeloid ERK5S 23. Tan TZ, Miow QH, Miki Y, Noda T, Mori S, Huang RYJ, et al. Epithelial-

deficiency suppresses tumor growth by blocking protumor macrophage

mesenchymal transition spectrum quantification and its efficacy in


https://doi.org/10.1186/s12906-021-03318-x
https://doi.org/10.1186/s12906-021-03318-x
https://doi.org/10.1038/551S34a
https://doi.org/10.1038/551S34a
https://doi.org/10.1016/S1470-2045(14)70263-3
https://doi.org/10.1016/j.tcb.2014.11.006
https://doi.org/10.1016/j.tcb.2014.11.006
https://doi.org/10.1073/pnas.1707929115
https://doi.org/10.1016/j.cell.2010.03.014
https://doi.org/10.1038/onc.2017.118
https://doi.org/10.1038/onc.2017.118
https://doi.org/10.1186/s12885-015-1546-9
https://doi.org/10.1186/s12885-015-1546-9
https://doi.org/10.1038/ncb3371
https://doi.org/10.7150/thno.20251
https://doi.org/10.7150/thno.20251
https://doi.org/10.1007/s12094-018-1952-y
https://doi.org/10.1007/s12094-018-1952-y
https://doi.org/10.1080/1061186X.2019.1648478
https://doi.org/10.1080/1061186X.2019.1648478
https://doi.org/10.1016/j.carbpol.2014.11.012
https://doi.org/10.3389/fchem.2020.00581
https://doi.org/10.1021/acs.jafc.6b05218
https://doi.org/10.1016/j.carbpol.2016.09.033
https://doi.org/10.1016/j.carbpol.2016.09.033
https://doi.org/10.1016/j.ijbiomac.2017.12.025
https://doi.org/10.1016/j.ijbiomac.2017.12.025
https://doi.org/10.1073/pnas.1616417114
https://doi.org/10.1002/jcb.27259
https://doi.org/10.1002/jcb.27259

Jia et al. BMC Complementary Medicine and Therapies

24.

25.

26.
27.

28.

29.

30.

31

32.

33.

34.

35.

36.

(2021) 21:150

deciphering survival and drug responses of cancer patients. Embo Mol Med.
2014;6(10):1279-93. https://doi.org/10.15252/emmm.201404208.

Qian C, Yao J, Si J. Nuclear JAK2: form and function in cancer. Anat Rec Adv
Integr Anat Evol Biol. 2011;294(9):1446-59. https://doi.org/10.1002/ar.21443.
Wang S, Liang K, Hu Q, Li P, Song J, Yang Y, et al. JAK2-binding long
noncoding RNA promotes breast cancer brain metastasis. J Clin Invest.
2017;127(12):4498-515. https//doi.org/10.1172/JCI91553.

Rhee I. Diverse macrophages polarization in tumor microenvironment. Arch
Pharm Res. 2016;39(11):1588-96. https://doi.org/10.1007/512272-016-0820-y.
Mills CD, Ley K. M1 and m2 macrophages: the chicken and the egg of
immunity. J Innate Immun. 2014;6(6):716-26. https://doi.org/10.1159/000364945.
Yu Y, Shen M, Song Q, Xie J. Biological activities and pharmaceutical
applications of polysaccharide from natural resources: a review. Carbohyd
Polym. 2018,;183:91-101. https://doi.org/10.1016/j.carbpol.2017.12.009.

Shen J, Xiao Z, Zhao Q, Li M, Wu X, Zhang L, et al. Anti-cancer therapy with
TNFa and IFNy: a comprehensive review. Cell Proloferat. 2018;51(4):e12441.
https://doi.org/10.1111/cpr.12441.

Stolting MNL, Ferrari S, Handschin C, Becskei A, Provenzano M, Sulser T,

et al. Myoblasts inhibit prostate cancer growth by paracrine secretion of
tumor necrosis factor-a. J Urol. 2013;189(5):1952-9. https://doi.org/10.1016/j.
juro.2012.10.071.

Haabeth O, Blake TR, McKinlay CJ, Tveita AA, Sallets A, Waymouth RM, et al.
Local delivery of 0x40l, cd80, and cd86 mRNA kindles global anticancer
immunity. Cancer Res. 2019;79(7):1624-34. https;//doi.org/10.1158/0008-54
72.CAN-18-2867.

Yang C, Zhang W, Wang L, Kazobinka G, Han X, Li B, et al. Musashi-2
promotes migration and invasion in bladder cancer via activation of the
JAK2/STAT3 pathway. Lab Investig. 2016;96(9):950-8. https://doi.org/10.1038/
labinvest.2016.71.

Zhang Q, Lenardo MJ, Baltimore D. 30 years of NF-kB: a blossoming of
relevance to human pathobiology. Cell. 2017;168(1-2):37-57. https://doi.
0rg/10.1016/j.cell.2016.12.012.

Fan'Y, Mao R, Yang J. NF-kB and STAT3 signaling pathways collaboratively
link inflammation to cancer. Protein Cell. 2013;4(3):176-85. https://doi.org/1
0.1007/513238-013-2084-3.

Zhou Q, Jin P, Liu J, Wang F, Xi S. HER2 and Src co-regulate proliferation,
migration and transformation by downstream signaling pathways in
arsenite-treated human uroepithelial cells. Metallomics. 2018;10(8):1141-59.
https://doi.org/10.1039/C8MT00131F.

Liu B, Sun L, Liu Q, Gong C, Yao Y, Lv X, et al. A cytoplasmic NF-kappaB
interacting long noncoding RNA blocks lkappaB phosphorylation and
suppresses breast cancer metastasis. Cancer Cell. 2015;27(3):370-81.
https://doi.org/10.1016/j.ccell.2015.02.004.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Page 12 of 12

Ready to submit your research? Choose BMC and benefit from:

e fast, convenient online submission

o thorough peer review by experienced researchers in your field

 rapid publication on acceptance

o support for research data, including large and complex data types

e gold Open Access which fosters wider collaboration and increased citations
e maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions


https://doi.org/10.15252/emmm.201404208
https://doi.org/10.1002/ar.21443
https://doi.org/10.1172/JCI91553
https://doi.org/10.1007/s12272-016-0820-y
https://doi.org/10.1159/000364945
https://doi.org/10.1016/j.carbpol.2017.12.009
https://doi.org/10.1111/cpr.12441
https://doi.org/10.1016/j.juro.2012.10.071
https://doi.org/10.1016/j.juro.2012.10.071
https://doi.org/10.1158/0008-5472.CAN-18-2867
https://doi.org/10.1158/0008-5472.CAN-18-2867
https://doi.org/10.1038/labinvest.2016.71
https://doi.org/10.1038/labinvest.2016.71
https://doi.org/10.1016/j.cell.2016.12.012
https://doi.org/10.1016/j.cell.2016.12.012
https://doi.org/10.1007/s13238-013-2084-3
https://doi.org/10.1007/s13238-013-2084-3
https://doi.org/10.1039/C8MT00131F
https://doi.org/10.1016/j.ccell.2015.02.004

	Abstract
	Background
	Methods
	Results
	Conclusion

	Background
	Methods
	Materials and chemicals
	Preparation of HPP
	Culture of THP-1 and differentiation into macrophages
	Analysis of THP-1 membrane surface molecules by flow cytometry
	Detection of target gene mRNA by RT-PCR
	Measurement of expression level of cytokine IL-1βand TNF-α by enzyme-linked immunosorbent assay
	Preparation of THP-1 cell culture medium and grouping of human bladder cancer cells
	Cell proliferation detection using 3-(4,5-dimethyl-2-thiazolyl)-2,5-diphenyl-2-H-tetrazolium bromide assay and 5-ethynyl-2′-deoxyuridine assay
	Apoptosis assay
	Assessment of protein level using Western blot analysis
	Cell migration assay
	Statistical analysis

	Results
	HPP increased the expression levels of inflammatory factors iNOS and IL-1β and surface molecules CD86, CD16, CD23, and CD40 in macrophages
	Macrophage incubated with HPP inhibited the viability and proliferation of human bladder cancer cells
	Apoptosis of bladder cancer was enhanced by the HPP-polarized macrophages
	Cell migration and epithelial–mesenchymal transformation ability of bladder cancer cells were regulated
	JAK2/NF-κB signaling pathway was involved in the inhibitory effect of HPP-polarized macrophages on bladder cancer cells

	Discussion
	Conclusion
	Abbreviations
	Supplementary Information
	Acknowledgements
	Authors’ contributions
	Funding
	Availability of data and materials
	Declarations
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

