PHARMACEUTICAL BIOLOGY
2024, VOL. 62, NO. 1, 214-221
https://doi.org/10.1080/13880209.2024.2316195

Taylor & Francis
Taylor & Francis Group

8 OPEN ACCESS ‘ ) Checkforupdates‘

RESEARCH ARTICLE

Homogeneous Polyporus polysaccharide exerts anti-bladder cancer effects via
autophagy induction

Siwan Luo®?, Xiaopeng Huang?®®, Shiqi Li°, Yuwen Chen®, Xian Zhang*®" and Xing Zeng*®"

aThe Second Clinical College, Guangzhou University of Chinese Medicine, Guangzhou, China; ®State Key Laboratory of Dampness Syndrome of
Chinese Medicine, The Second Affiliated Hospital, Guangzhou University of Chinese Medicine, Guangzhou, China

ABSTRACT

Context: Polyporus polysaccharide (PPS), the leading bioactive ingredient extracted from Polyporus
umbellatus (Pers.) Fr. (Polyporaceae), has been demonstrated to exert anti-bladder cancer and
immunomodulatory functions in macrophages.

Objective: To explore the effects of homogeneous Polyporus polysaccharide (HPP) on the proliferation
and autophagy of bladder cancer cells co-cultured with macrophages.

Materials and methods: MB49 bladder cancer cells and RAW264.7 macrophages were co-cultured
with or without HPP intervention (50, 100, or 200 ug/mL) for 24 h. The cell counting kit-8 (CCK-8) assay
and 5-ethynyl-2"-deoxyuridine (EdU) staining evaluated MB49 cell proliferation. Monodansylcadaverine
(MDCQ) staining and transmission electron microscopy (TEM) observed autophagosomes. Western
blotting detected the expression levels of autophagy-related proteins and PI3K/Akt/mTOR pathway
proteins.

Results: HPP inhibited the proliferation of MB49 cells co-cultured with RAW264.7 cells but not MB49
cells alone. HPP altered the expression of autophagy-related proteins and promoted the formation of
autophagosomes in MB49 cells in the co-culture system. Autophagy inhibitors 3-methyladenine (3-MA)
and chloroquine (CQ) not only antagonized HPP-induced autophagy but also attenuated the inhibitory
effects of HPP on MB49 cell proliferation in the co-culture system. HPP or RAW264.7 alone was not
sufficient to induce autophagy in MB49 cells. In addition, HPP suppressed the protein expression of
the PI3K/Akt/mTOR pathway in MB49 cells in the co-culture system.

Discussion and conclusions: HPP induced bladder cancer cell autophagy by regulating macrophages in
the co-culture system, resulting in the inhibition of cancer cell proliferation. The PI3K/Akt/mTOR pathway
was involved in HPP-induced autophagy in the co-culture system.
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Introduction et al. 2020), modulating immune cells, especially macrophages, in
the TME seems to be a promising strategy for the treatment of
bladder cancer.

Polyporus polysaccharide (PPS) is the major active compo-
nent originally isolated from Polyporus umbellatus (Pers.) Fr.
(Polyporaceae), which has various biological effects, including
anti-bladder cancer and immunomodulatory activity (Zhang
et al. 2011; Liu et al. 2017). Homogeneous Polyporus polysaccha-
ride (HPP) was obtained by further purification of PPS (Liu
et al. 2020). In our previous study, we found that HPP stimu-

Tumor microenvironment (TME) is a complex environment in
which tumor exists. The TME consists of immune cells, stromal
cells, the extracellular matrix, and soluble factors such as cyto-
kines, chemokines, and growth factors (Anderson and Simon
2020; Xiao and Yu 2021). During the course of tumor progres-
sion, interactions between the TME and cancer cells can drive
tumor proliferation, angiogenesis, metastasis, and immune escape
(Casey et al. 2015; Roma-Rodrigues et al. 2019). Recently, the

TME has been a focus in the field of cancer, including bladder
cancer. Tumor-associated macrophages (TAMs), considered
essential drivers of cancer progression and metastasis, are the
most abundant innate immune population in the TME.
Accumulating evidence suggests that the density of TAMs is
highly associated with poor prognosis in bladder cancer (Nielsen
and Schmid 2017; Leblond et al. 2021). Given the immunogenic-
ity of bladder cancer (Crispen and Kusmartsev 2020; van Wilpe

lated macrophage polarization toward the M1 phenotype, leading
to the secretion of pro-inflammatory cytokines, such as TNF-q,
IL-6, and IL-1B (Jia et al. 2021; Liu et al. 2022). In addition,
HPP-stimulated macrophages promote apoptosis of bladder can-
cer cells, and inhibit their proliferation, migration, and
epithelial-mesenchymal transition (Jia et al. 2021). However, the
specific mechanism of action of HPP-stimulated macrophages in
bladder cancer remains to be elucidated.
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There is growing evidence that several pro-inflammatory
cytokines, such as TNF-a, IL-6, and IL-1p, can induce autophagy
(Shen et al. 2017; Ge et al. 2018; Yuan et al. 2018; Hu et al.
2021). Autophagy is a highly conserved process of cellular
self-consumption that maintains cellular homeostasis by degrad-
ing cytoplasmic organelles and macromolecules, and recycling
catabolic products (Mizushima & Komatsu 2011; Parzych &
Klionsky 2014). Autophagy mainly occurs in four stages: induc-
tion, autophagosome formation, autophagosome-lysosome fusion,
and final degradation (Levy et al. 2017). Autophagy-related pro-
teins, such as Beclinl, LC3, and p62, are involved in the autoph-
agy process (Lv et al. 2021). Autophagy is regulated by various
signaling pathways, among which the PI3K/Akt/mTOR pathway
is the key regulator (Sun et al. 2013; Heras-Sandoval et al. 2014).
Previous studies have illustrated that autophagy acts as a tumor
suppressor to prevent the development of cancer (Li et al. 2020).
Therefore, we hypothesized that autophagy may be a critical
mechanism by which HPP-stimulated macrophages act against
bladder cancer.

In this study, we used a co-culture system to mimic the inter-
action between bladder cancer cells and macrophages in the
TME. The investigation focused on the effects of HPP on the
proliferation and autophagy of bladder cancer cells, as well as
exploring the association between proliferation and autophagy.
Our findings reveal a novel therapeutic mechanism of HPP on
bladder cancer.

Materials and methods
Materials

Dulbeccos Modified Eagle Medium (DMEM), fetal bovine serum
(FBS), and phosphate-buffered saline (PBS) were procured from
Thermo Fisher Scientific, USA. 3-Methyladenine (3-MA; S2767)
was supplied by Selleck, USA. Chloroquine (CQ; HY-17589A)
was purchased from MedChemExpress, USA. The cell counting
kit-8 (CCK-8) (C0038), and the monodansylcadaverine (MDC)
staining kit (C3018S) were acquired from Shanghai Beyotime
Biotechnology Co. LTD, China. The 5-ethynyl-2”-deoxyuridine
(EdU) staining kit (C10310-1) was purchased from Guangzhou
RiboBio Co. LTD, China. RIPA (9806S), anti-PI3K p85 (4257S),
anti-Akt (4691S), anti-phospho-Akt (Ser473) (4060S), anti-mTOR
(2983S), anti-phospho-mTOR (Ser2448) (5536S), anti-SirT1
(9475S), anti-Beclinl (3495S), anti-p62 (5114S) and anti-GAPDH
(5174S) antibodies were provided by Cell Signaling Technology,
USA. LC3 antibody (14600-1-AP) and horseradish peroxidase
(HRP)-linked goat anti-rabbit IgG (SA00001-2) were purchased
from Proteintech, USA. The enhanced chemiluminescence solu-
tion kit (WBKLS0500) was obtained from Millipore, USA.

Preparation of HPP

HPP was prepared as previously described (Liu et al. 2020). The
HPP obtained an invention patent authorized by the United
States (Patent No. US 10723811B2). The average molecular
weight of the HPP was 6.88kDa.

Cell cultures

MB49 bladder cancer cells and RAW264.7 macrophages were
originally obtained from American Type Culture Collection
(ATCC) and preserved in our laboratory. The cells were
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maintained in DMEM supplemented with 10% FBS, 100U/mL
penicillin, and 100ug/mL streptomycin. The medium was
refreshed every two days until the cells reached 70-80% conflu-
ence for subculturing or subsequent experiments. The cells were
incubated in a humidified atmosphere at 37°C and 5% CO,.

Co-culture experiment

MB49 cells and RAW264.7 cells were co-cultured in a 1:1 ratio
using a Transwell Permeable Support System (0.4pm pore-size,
Corning, USA). The cells were co-cultured in fresh medium with
or without HPP treatment (50, 100, or 200ug/mL) for 24h.
3-MA and CQ were used as inhibitors of autophagy. MB49 cells
were pre-treated with 5mM 3-MA for 4h or 50uM CQ for 3h,
and then co-cultured with RAW264.7 cells in fresh medium con-
taining 100 ug/mL HPP.

CCK-8 assay

MB49 cells were harvested and seeded in 96-well plates at a den-
sity of 2x10* cells/mL. Five parallel wells were used for each
treatment group. After incubation for 24h, 10puL of CCK-8 solu-
tion was added to each well, and the cells were cultured at 37°C
for 4h. The absorbance was measured using a microplate reader
(BioTek, Winooski, VT, USA) at 450nm, and the cell prolifera-
tion activity was determined.

EdU staining assay

EdU staining was performed according to the manufacturer’s
instructions. After Apollo and Hoechst fluorescence staining,
photographs were taken under an inverted fluorescence micro-
scope (Nikon, Tokyo, Japan). The percentage of EDU-positive
(proliferating) cells was calculated wusing the formula:
(EDU-positive cells/total number of cells) x 100%.

Western blotting analysis

Western blotting was performed to detect the expression levels of
autophagy-related proteins and PI3K/Akt/mTOR pathway pro-
teins in MB49 cells. To obtain total protein extracts, MB49 cells
were lysed by RIPA buffer containing protease and phosphatase
inhibitors. The protein concentration was quantified using a
bicinchoninic acid assay. Protein samples were separated from
SDS-PAGE, then transferred to polyvinylidene difluoride mem-
branes. Subsequently, the membranes were blocked with 5%
bovine serum albumin (BSA) at room temperature for 1h. The
bands were incubated overnight with the primary antibodies at
4°C. After washing three times in TBST solution, the membranes
were incubated with goat anti-rabbit secondary antibodies at
room temperature for 1h. Protein bands were visualized using
ECL kits and an imaging system (Bio-Rad, Hercules, CA, USA).

MDC Staining assay

Cell autophagy was measured by the MDC staining assay accord-
ing to the manufacturer’s instructions. Briefly, MB49 cells were
treated with MDC staining solution at 37°C for 30 min, followed
by washing three times with 1x assay buffer. Autophagic
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vacuoles were observed under an inverted fluorescence micro-
scope (Nikon, Tokyo, Japan).

Transmission electron microscopy (TEM) analysis

MB49 cells were collected and fixed overnight in 2.5% glutaral-
dehyde at 4°C. After post-fixation with 1% osmium tetroxide,
the MB49 cells were dehydrated in a graded ethanol solution and
embedded in epoxy resin at 4°C. Ultrathin sections (70 nm-thick)
were double-stained with uranyl acetate and lead citrate at room
temperature. Finally, autophagosomes were captured using TEM
(JEOL, Tokyo, Japan).

Statistical analysis

Statistical analysis was conducted using SPSS 22.0. All experi-
ments were repeated three times. Data were expressed as the
mean +standard deviation (SD) for normally distributed vari-
ables. Comparisons of data among the groups were performed
using one-way ANOVA. p<0.05 was considered statistically sig-
nificant. Statistical graphs were generated using GraphPad
Prism 8.0.

Results

HPP inhibited the proliferation of bladder cancer cells in the
co-culture system

Our previous study indicated that HPP stimulated macrophage
polarization toward the M1 phenotype, which inhibited the
proliferation of bladder cancer cells (Jia et al. 2021). This study
adopted a co-culture system to better mimic the interaction
between bladder cancer cells and macrophages in the TME, and
investigated the effects of HPP on the proliferation of bladder
cancer cells in the co-culture system. Consistent with our

previous findings, HPP inhibited the viability of MB49 bladder
cancer cells in the co-culture system (Figure 1(A)). EdU stain-
ing assay showed that the percentage of EDU-positive (prolifer-
ating) cells was significantly decreased after HPP treatment
(Figure 1(B,C)). Additionally, we tested the effects of HPP on
the viability of MB49 cells cultured alone. Notably, HPP had no
effects on the viability of MB49 cells cultured alone (Figure
1(D)). These results demonstrated that HPP inhibited the pro-
liferation of bladder cancer cells by regulating macrophages in
the co-culture system.

HPP inhibited the proliferation of bladder cancer cells by
inducing cancer cell autophagy in the co-culture system

Next, we investigated how HPP inhibited the proliferation of
MB49 cells in the co-culture system. Interestingly, HPP showed
ability to increase the expression of LC3II (Figure 2(A,B)), a
marker for autophagy. Besides, the expression of Beclinl, an
autophagy-related protein, was distinctly increased, whereas the
expression of p62, an autophagic substrate, was markedly
decreased after HPP treatment (Figure 2(A,B)). Additionally,
the autophagy inhibitors 3-MA and CQ were used to deter-
mine autophagic flux. 3-MA is an early inhibitor of autophagy
that blocks autophagosome formation. As expected, the upreg-
ulation of LC3II/I stimulated by HPP was suppressed by 3-MA
treatment (Figure 2(C,D)). Conversely, CQ is a late inhibitor of
autophagy that inhibits autophagosome degradation. We dis-
covered that pre-treatment with CQ resulted in the accumula-
tion of LC3-II (Figure 2(E,F)). These results indicated that
HPP induced autophagic flux in MB49 cells in the
co-culture system.

To further confirm autophagy induction, we performed MDC
staining assay to visualize the level of the autophagosomes.
Consistent with the Western blotting results, HPP induced auto-
phagy and promoted the formation of autophagosomes, which
was inhibited by 3-MA (Figure 3(A)). We also performed TEM

Figure 1. HPP inhibited the proliferation of bladder cancer cells in the co-culture system. A CCK-8 assay. B-C EdU staining assay (magnification, x400). The fluores-
cence of EdU (red) and Hoechst (blue) represent proliferating cells and cell nuclei, respectively. D CCK-8 assay. *p <0.05; **p <0.01; ***p<0.001 compared with the

control group.
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Figure 2. HPP induced bladder cancer cell autophagy in the co-culture system. A-B Protein expression of p62, Beclin1, and LC3II/I was determined by Western blot-
ting analysis. C-F MB49 cells were pre-treated with 5mM 3-MA for 4h or 50uM CQ for 3h, and then co-cultured with RAW264.7 cells in fresh medium containing
100 pg/mL HPP. Protein expression of LC3Il/I was determined by Western blotting analysis. *p <0.05; **p<0.01; ***p<0.001 compared with the control group.

#p<0.01 compared with the HPP group.

Figure 3. HPP induced bladder cancer cell autophagy by regulating macrophages in the co-culture system, resulting in the inhibition of cancer cell proliferation. A
the formation of autophagosomes in MB49 cells was observed by MDC staining (magnification, x200) and TEM (scale bar, 2um). The red arrows indicate autophago-
somes. B-C CCK-8 assay. D-G Protein expression of LC3Il/l was determined by Western blotting analysis. *p <0.05; **p <0.01; ***p <0.001 compared with the control

group. #p<0.05; #p<0.01 compared with the HPP group.
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Figure 4. PI3K/Akt/mTOR signaling pathway was involved in HPP-induced autophagy in the co-culture system. A-B Protein expression of PI3K, Akt, p-Akt, mTOR, and
p-mTOR was determined by Western blotting analysis. *p <0.05; **p <0.01; ***p <0.001 compared with the control group.

analysis, which is the Gold Standard method for confirmation of
autophagy. The results showed that autophagosomes with a dou-
ble membrane structure increased conspicuously after HPP treat-
ment, which was also restrained by 3-MA (Figure 3(A)). These
data revealed that HPP significantly induced MB49 cell autoph-
agy in the co-culture system.

Furthermore, we explored the role of HPP-induced autophagy
on MB49 cell proliferation in the co-culture system. CCK-8 assay
showed that the autophagy inhibitors 3-MA and CQ attenuated
HPP-induced proliferative inhibition (Figure 3(B,C)). Thus, it is
likely that HPP inhibited the proliferation of bladder cancer cells
by inducing cancer cell autophagy in the co-culture system.

HPP induced bladder cancer cell autophagy via
macrophages in the co-culture system

After confirming that HPP induced bladder cancer cell autoph-
agy in the co-culture system, we tried to elucidate the mecha-
nisms underlying the HPP-induced autophagy. We first tested
the effects of HPP on the expression of the autophagy marker
protein LC3 in MB49 cells cultured alone. Interestingly, HPP
treatment resulted in a reduction of LC3II in MB49 cells cul-
tured alone, rather than increase (Figure 3(D,E)). This indicated
that HPP did not induce autophagy in MB49 cells cultured
alone. We next tested the expression of LC3 protein in both
MB49 cells cultured alone and co-cultured with RAW264.7 cells.
Western blotting results showed that the expression level of
LC3II was not changed significantly (Figure 3(F,G)), suggesting
that RAW264.7 alone was not sufficient to induce autophagy in
MB49 cells. Combined with the results of the aforementioned

experiments, it was reasonable to speculate that HPP induced
bladder cancer cell autophagy by regulating macrophages in the
co-culture system, resulting in the inhibition of cancer cell
proliferation.

PI3K/Akt/mTOR signaling pathway was involved in HPP-
induced autophagy in the co-culture system

PI3K/Akt/mTOR pathway is a critical signaling pathway involved
in autophagy regulation, and its inhibition promotes autophagy
(Heras-Sandoval et al. 2014; Polivka and Janku 2014). Therefore,
we further explored whether or not HPP affected the proteins
levels of PI3K/Akt/mTOR pathway in MB49 cells in the co-culture
system. Western blotting results showed that HPP markedly sup-
pressed the expression levels of PI3K, Akt, p-Akt, mTOR, and
p-mTOR (Figure 4(A,B)), suggesting that HPP inhibited PI3K/
Akt/mTOR signaling pathway in MB49 cells in the co-culture
system. PI3K/Akt/mTOR signaling pathway was involved in
HPP-induced autophagy in the co-culture system.

Discussion

Interactions between bladder cancer cells and macrophages in
the TME play a pivotal role in cancer progression and treatment.
In this study, a co-culture system was designed to simulate the
interactions between bladder cancer cells and macrophages in the
TME. Our major findings were as follows: (1) HPP induced
bladder cancer cell autophagy by regulating macrophages in the
co-culture system, resulting in the inhibition of cancer cell



proliferation, and (2) PI3K/Akt/mTOR pathway was involved in
HPP-induced autophagy in the co-culture system

Nowadays, research on traditional Chinese medicine for can-
cer treatment is attracting increasing attention (Xiang et al.
2019). Polyporus umbellatus is used as a diuretic in clinics and
its main active ingredient is PPS (Guo et al. 2019). Additionally,
PPS has multiple biochemical and pharmacological -effects,
including anti-cancer, immunoregulatory, and hepatoprotection
(He et al. 2016). Previous studies have shown that PPS can effec-
tively inhibit the progression of bladder cancer in rats induced
by N-butyl-N-(4-hydroxybutyl)-nitrosamine (BBN) (Zhang et al.
2011), and increase the expression of CD86 and CD40 in bladder
cancer tissues (Zhang et al. 2015). Moreover, PPS can promote
the polarization of macrophages toward an M1-like phenotype to
regulate immune activity (Liu et al. 2017). These findings pro-
vide evidence that PPS has great potential to modulate the TME
in bladder cancer.

In our previous study, we obtained HPP with strong immu-
nomodulatory activity by purifying PPS (Liu et al. 2020). HPP
was found to stimulated macrophage polarization toward the
M1 phenotype, which inhibited the proliferation of bladder
cancer cells (Jia et al. 2021; Liu et al. 2022). In this study, a
co-culture system was constructed to explore the regulatory
effects of HPP on MB49 bladder cancer cells and RAW264.7
macrophages in the TME. We found that HPP inhibited the
proliferation of MB49 cells co-cultured with RAW264.7 cells
but not MB49 cells alone. This is consistent with our previous
results in which HPP inhibits the proliferation of bladder can-
cer cells by regulating macrophages in the co-culture system.
We further identified that HPP induced autophagy and pro-
moted the formation of autophagosomes in MB49 cells in the
co-culture system. Besides, HPP inhibited the PI3K/Akt/mTOR
pathway in MB49 cells in the co-culture system, which is a
well-known pathway involved in the regulation of autophagy
(Xue et al. 2017).

Autophagy, a dynamic and conserved catabolic process,
plays dual roles in cancer development and therapy. Autophagy
can be an adaptive mechanism for tumor survival under
hypoxic, metabolic, or therapeutic stress (Marinkovi¢ et al.
2018; Udristioiu and Nica-Badea 2019). On the other hand,
autophagy contributes to tumor suppression. Autophagy main-
tains genomic integrity to prevent tumor formation by elimi-
nating damaged structures in the early stages of cancer (Konac
et al. 2021; Vitto et al. 2022). Activation of autophagy can
restrain the growth of cancer cells (Zhen et al. 2020; Zhang
et al. 2021; Huang et al. 2022), which induces autophagic cell
death under certain conditions (Denton and Kumar 2019;
Towers et al. 2020). Autophagy has been reported to be an
important target for bladder cancer therapy. Inhibition of pro-
tective autophagy may be able to increase the sensitivity of
bladder cancer to chemotherapy or radiotherapy, whereas acti-
vation of cytotoxic autophagy may facilitate cell death either
alone or in association with apoptosis (Li et al. 2019). In this
study, we found that the autophagy inhibitors 3-MA and CQ
not only antagonized HPP-induced autophagy but also attenu-
ated the inhibitory effects of HPP on MB49 cell proliferation
in the co-culture system. Therefore, autophagy may be a mech-
anism by which HPP induces cell death in bladder cancer cells
in the co-culture system.

To further elucidate the mechanisms underlying the HPP-induced
autophagy, we explored factors that influence MB49 cell autophagy
in the co-culture system. We evaluated the effects of HPP and
RAW264.7 on LC3II expression in MB49 cells, respectively. It was
surprising to find that HPP reduced LC3II expression while
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RAW?264.7 had no effects on LC3II expression in MB49 cells cul-
tured alone. HPP or RAW264.7 alone was not sufficient to induce
autophagy in MB49 cells. Thus, HPP induced bladder cancer cell
autophagy by regulating macrophages in the co-culture system. In
our previous studies, we have demonstrated that HPP stimulates
macrophage polarization toward the M1 phenotype and increases
the secretion of pro-inflammatory cytokines, such as TNF-a, IL-6,
and IL-1P (Jia et al. 2021; Liu et al. 2022). Therefore, it was rea-
sonable to speculate that HPP induced bladder cancer cell autoph-
agy by stimulated macrophage polarization toward the M1
phenotype in the co-culture system. However, only one bladder
cancer cell line was used in the present study. Thus, follow-up
studies using other cell lines are required to further validate the
conclusions of this study.

The present study demonstrated that HPP induced bladder
cancer cell autophagy by regulating macrophages in the co-culture
system. Accumulating studies show that autophagy and immune
system reciprocally affect each other, and the autophagy-mediated
regulation of the immune system might strengthen or attenuate
the effects of immunotherapy (Jiang et al. 2019; Gao et al. 2022).
Bacillus Calmette-Guérin (BCG) is the preferred treatment for
high-risk non-muscle-invasive bladder cancer (NMIBC) and an
option for intermediate-risk NMIBC (Lenis et al. 2020). It has
been reported that autophagy contributes to trained immunity
induced by BCG, and the pharmacologic or genetic inhibition of
autophagy blocks epigenetic reprogramming of monocytes in
response to BCG training (Buffen et al. 2014). Programmed
death ligand-1 (PD-L1) is the critical checkpoint protein in the
immune system. Previous study has demonstrated that the
expression levels of PD-L1 negatively associates with autophagic
activities, and autophagy inhibition increases PD-L1 expression
leading to immune evasion in bladder cancer (Tsai et al. 2022).
Additionally, autophagy-related genes signature has been proved
to be efficient in predicting immunotherapeutic effect in bladder
cancer (Cao et al. 2021). These findings indicate that autophagy
plays a crucial role in bladder cancer immunity, which provides
targets and enlightenment for bladder cancer immunotherapy.
Our study demonstrates the regulatory effect of HPP on autoph-
agy and immunity in bladder cancer. HPP shows great potential
alone or in combination with the immunotherapy for treatment
of bladder cancer.

Conclusions

Our results provide new evidence that HPP induces bladder can-
cer cell autophagy by regulating macrophages in the co-culture
system, resulting in the inhibition of cancer cell proliferation.
The PI3K/Akt/mTOR pathway is involved in HPP-induced auto-
phagy in the co-culture system.
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