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Abstract:

Tumor development is closely related to the tumor microenvironment(TME),with cancer-as-
sociated fibroblasts(CAFs)being a key component.Lentinan,a polysaccharide fromLentinus
edodes,inhibits tumor cell proliferation and induces apoptosis,but its effects on CAFs are
unclear.This study investigates the role of MPSSS,a key component of lentinan,in the activa-
tion of prostate cancer-associated fibroblasts(CAFs)through in vitro experiments.A co-cul-
ture model using PC-3 cell supernatant and LX-2 cells was established to simulate CAF acti-
vation in the TME.MPSSS cytotoxicity was assessed using the MTT assay,while fibroblast
activation protein a(FAP)MRNA expression was measured by qPCR.Results show that
PC-3 supernatant reduced LX-2 cell viability,but MPSSS restored it in a concentration-de-
pendent manner.FAP mRNA expression was upregulated after 96 hours of induction,cor-
relating positively with MPSSS concentration.This indicates that MPSSS regulates CAF acti-
vation,providing a basis for targeted CAF therapy.
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1. Background:

The formation of tumor cells is related to genetic
mutations in normal cells. In addition to the impact of
genomic abnormalities, tumor formation is closely
associated with the tumor microenvironment (TME)
[1]. Studies have shown that CAFs can promote the
formation of an inflammatory environment in the TME,
enhancing the proliferation and metastasis of
tumors[2]. CAFs are one of the main stromal cells in
the TME, regulating the TME through cell-cell direct
contact and secretion of specific cytokines[3]. There-
fore, targeting CAFs is likely to become an important
direction for tumor therapy.

In the formation of CAFs, normal fibroblasts (NFs)
activated by various factors and recruited into tumor
tissues are an important source. CAFs can promote
tumor angiogenesis, regulate immune responses, or
directly act on tumor cells to promote their proliferation
and invasion, playing a significant role in the occur
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-rence, development, and metastasis of tumors[4].
Current therapies targeting CAFs mainly include
inducing apoptosis to reduce or eliminate cells, inhibit-
ing cell function to further reduce tumor activity, and
promoting cell differentiation or blocking the activation
pathways of CAFs.

Some active components of traditional Chinese
medicine have significant effects on inhibiting tumor
growth and regulating immunity. MPSSS, a novel
polysaccharide isolated fromLentinus edodes, has
been shown to inhibit cancer development through
immune regulation[5]and inhibition of cancer cell
proliferation[6]. However, previous studies on the
anti-tumor effects of lentinan have mainly focused on
immune regulation and inhibition of tumor cell growth,
with few studies on the effects on the activation
process of tumor-associated fibroblasts. This study
aims to investigate the role of MPSSS in the activation
process of prostate cancer-associated fibroblasts
(CAFs) and the possible molecular mechanisms
involved through in vitro experiments.
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2. Methods
2.1 Cell Lines

The cell lines used in this study were obtained from
the Cell Bank of the Institute of Biophysics, Chinese
Academy of Sciences. The human prostate cancer
cell line PC-3 was provided by Professor Gao
Weiqgiang from the School of Life Science and Engi-
neering, Shanghai Jiao Tong University. The LX-2 cell
line, established by Professor Xu Lieming from
Shanghai University of Traditional Chinese Medicine,
was derived from hepatic stellate cells isolated from
healthy adult livers and selected through transfection
with the SV40T gene and long-term low-serum
culture. Other materials included 10%fetal bovine
serum (Pan, Germany) , 1%antibiotics (streptomycin
and penicillin) , high-glucose DMEM culture medium
(CM15019, Macgene Biotech) , and MPSSS (lentinan
purchased from Johncan Company and purified
according to previous studies) .

2.2 Cell Culture

Human prostate cancer PC-3 cells and human hepat-
ic stellate LX-2 cells were cultured in high-glucose
DMEM medium containing 10%fetal bovine serum
and 1%antibiotics (streptomycin and penicillin) at
37°C in a 5%CO2 incubator until the logarithmic
growth phase. Trypsin was used to digest the cells
and prepare cell suspensions, with medium changes
every 2-3 days and passages for 3-4 generations.
During cell culture, PC-3 supernatant was collected
and filtered using a 0. 22 ym cell filter. To ensure
adequate nutrition, the supernatant was mixed with
DMEM culture medium in a 7:3 ratio to prepare the
induction medium for culturing LX-2 cells, with
medium changes every 48 hours for a total induction
period of 96 hours. Pipette retarder (Beijing Ennovate-
Joy Co., Ltd) were used to mitigate the damage to
cells caused by fluid shear stress.

2.3 MTT Assay for Proliferation Inhibition of LX-2
and PC-3 Cells

Normal and induced LX-2 cells were divided into two
groups and seeded in 96-well plates at a density of
3000-4000 cells per well. MPSSS solutions at concen-
trations of 0 mg/ml and 0. 5 mg/ml were added to each
group, with four replicates per group. The cells were
cultured at 37°C in a 5%CO2 incubator for 36 hours.
MTT solution (10 pl per well) was added and reacted
at 37°C for 4 hours. A lysis solution (10 g SDS, 5 ml
isobutanol, 0. 1 ml 10 M HCI, and distilled water to 100
ml) was added overnight to dissolve the formazan
crystals completely. The absorbance was measured at
570 nm to reflect the relative cell viability.

2.4 Real-Time Quantitative PCR (qPCR) for Detec-
tion of FAP mRNA Levels

Total RNA was extracted from cells using TRIzol
reagent and chloroform-ethanol precipitation and
washed. Pipette retarder (Beijing Ennovatedoy Co.,
Ltd) were used to reduse the mechnical damage to the

RNA. Then the RNA was reverse-transcribed into
cDNA using the M-MLV reverse transcriptase system.
FAP primers were added and qPCR was performed
using a real-time quantitative PCR system, with
fluorescence from PCR-coupled fluorescent dyes
reflecting the gPCR process. GAPDH was used as the
internal reference gene, and the relative FAP mRNA
levels were calculated using the Rotor Gene 5
software and the AACt method. The primer sequences
were sourced from PrimerBank and synthesized by
Invitrogen Shanghai Trading Co. , Ltd.

2.5 Statistical Analysis and Graphing

Data were analyzed using IBM SPSS 22 software,
and statistical graphs were created using GraphPad
Prism 9. 0. O software. Differences were considered
statistically significant at P<0. 05.

3. Results

3.1 MPSSS Inhibits the Apoptotic Effect of Cancer
Cell Supernatant on LX-2 Cells

LX-2 cells were induced with PC-3 cell supernatant
for 36 hours, and different concentrations of MPSSS
were applied to the induced cells. The results showed
that the viability of LX-2 cells induced by supernatant
was significantly lower than that of the control group
(P<0. 0001), indicating that the cancer cell superna-
tant inhibited the viability of LX-2 cells. Compared with
the supernatant-induced group, the relative viability of
LX-2 cells increased significantly after the application
of different concentrations (0. 1 mg/ml and 0. 5 mg/ml)
of MPSSS (P<0. 01), and this increase was concen-
tration-dependent (P<0. 05). This suggests that
MPSSS can effectively inhibit the apoptotic effect of
cancer cell supernatant on LX-2 cells.
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Figure 1: Effects of Different Concentrations of
MPSSS on the Relative Viability of LX-2 Cells Induced
by Tumor Supernatant for 36 Hours
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3.2 MPSSS Upregulates FAP mRNA Expression in
LX-2 Cells Induced by PC-3 Supernatant

The effects of MPSSS on FAP mRNA expression in
supernatant-induced cells are shown in Figure 2.
Compared with the control group, FAP mRNA expres-
sion in supernatant-induced LX-2 cells showed no
significant change (P>0. 05). However, after treatment
with 0. 1 mg/ml and 0. 5 mg/ml MPSSS, FAP mRNA
expression increased significantly (P<0. 05), and this
increase was positively correlated with the concentra-
tion of MPSSS used (P<0. 05).
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Figure 2: Effects of Different Concentrations of
MPSSS on FAP mRNA Expression in Induced LX-2
Cells after 96 Hours

4. Discussion

MPSSS, a novel polysaccharide isolated fromLenti-
nus edodes, has been shown in recent studies to
inhibit tumor development through immune regula-
tion[4, 6]. To investigate the role of MPSSS in the
activation process of CAFs, we used PC-3 cell super-
natant to induce LX-2 cells. MTT assays were
performed to determine cell viability. The results
indicated that the viability of hepatic stellate cells
(LX-2) induced by cancer cell supernatant was signifi-
cantly reduced, suggesting that cancer cells can
induce apoptosis in normal fibroblasts (NFs) through
the secretion of cytokines. However, when different
concentrations of MPSSS were applied to LX-2 cells
in combination with cancer cell supernatant, cell viabil-
ity increased, indicating that MPSSS can effectively
inhibit the apoptotic effect induced by cytokines
secreted by cancer cells, thereby slowing the forma-
tion of the tumor microenvironment (TME) .

Fibroblast activation protein a (FAP) is selectively
expressed in various types of human epithelial
cancer-associated CAFs[7]and is one of the most
widely used markers for identifying CAFs, with signifi

-cantly higher expression levels in CAFs than in NFs.
Real-time quantitative PCR (qPCR) results revealed
that FAP expression was upregulated in LX-2 cells
treated with MPSSS and cancer cell supernatant. We
hypothesize that this may be related to the positive
effects of FAP in the TME. The same cytokine can
have opposite effects in different cells, as has been
demonstrated multiple times. For example, with the
in-depth study of transforming growth factor-f3
(TGF-B) , its dual role in the TME during different
stages of tumor formation has been increasingly
validated. Studies have shown[8]that in pancreatic
ductal adenocarcinoma (PDA) , typical TGF-f signal-
ing can inhibit the proliferation of epithelial pancreatic
cancer cells. However, in CAFs, TGF-$ can promote
the production of interleukin-6 (IL-6) , thereby promot-
ing the continuous proliferation of pancreatic tumor
cells. This line of thinking may also apply to explain
the results of our study. Although the presence of FAP
in malignant tissues is undeniable, its physiological
role in tissues is not consistent in the literature. One
study[9]has shown that in infiltrating ductal carcinoma
with high FAP expression in stromal fibroblasts near
the tumor cell nest, the invasiveness is relatively
weaker, and elevated FAP expression is associated
with improved patient survival rates and extended
survival time. Another study[10]found that the activa-
tion of pancreatic stellate cells can inhibit tumor cell
proliferation. The overexpression of FAP observed in
our study may potentially inhibit the formation of the
TME and have potential benefits, which could be
synergistic with MPSSS-targeted tumor therapy.

These results suggest the impact of MPSSS on the
transformation of normal fibroblasts into CAFs, but the
specific mechanisms still need to be further explored
and validated.

5. Conclusion and Future work

MPSSS, a novel polysaccharide extracted from-
Lentinus edodes, has been proven to directly inhibit
tumor cell proliferation and regulate immunity. This
study initially focused on the effects of MPSSS on the
activation process of CAFs. Using PC-3 cell superna-
tant induction, we constructed a model of CAF activa-
tion in the TME and detected changes in related
cytokines during the activation process. This study
proposed the hypothesis that FAP may play a positive
regulatory role in the formation of CAFs and investi-
gated the effects of MPSSS on FAP expression during
CAF activation. As research on FAP function contin-
ues to advance, targeting the tumor microenvironment
with MPSSS may provide new insights for inhibiting
tumor growth and offer new pathways for cancer
prevention and treatment.

Due to the limitations of the author's academic and
knowledge levels, this study was unable to fully verify
the effects of MPSSS on the formation of CAFs and its
molecular mechanisms. It is hoped that future
research in the direction of CAF activation will be
perfected and developed to explore the preventive
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and early therapeutic effects of MPSSS on tumors.

It is hoped that in the future, the author will continue
to pursue their scientific research ideals, acquire solid
research skills, and obtain resource support to
conduct in-depth research in this direction, making a
modest contribution to the common goal of curing
cancer and addressing the current shortcomings.
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