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Abstract

Shiitake mushrooms are a fungal food that has been recorded in Chinese medicine to nourish the blood and qi. Len-
tinan (ILNT) is an active substance extracted from shiitake mushrooms with powerful antioxidant, anti-inflammatory,
anti-tumor functions. Inflammatory diseases and cancers are the leading causes of death worldwide, posing a seri-
ous threat to human life and health and posing enormous challenges to global health systems. There is still a lack

of effective treatments for inflammatory diseases and cancer. LNT has been approved as an adjunct to chemotherapy
in China and Japan. Studies have shown that LNT plays an important role in the treatment of inflammatory diseases
as well as oncological diseases. Moreover, clinical experiments have confirmed that LNT combined with chemo-
therapy drugs has a significant effect in improving the prognosis of patients, enhancing their immune function

and reducing the side effects of chemotherapy in lung cancer, colorectal cancer and gastric cancer. However, the rel-
evant mechanism of action of the LNT signaling pathway in inflammatory diseases and cancer. Therefore, this article
reviews the mechanism and clinical research of LNT in inflammatory diseases and tumor diseases in recent years.
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Introduction various diseases [1]. A large number of pharmacologi-
Shiitake mushrooms are nutrient-rich, widely cultivated cal and clinical studies have shown that lentinan (LNT)
fungal plants, and their active extracts are also widely that one of the active shiitake mushroom extracts, has
used as traditional Chinese medicine in the treatment of  antioxidant, immunomodulatory, anti-tumor, anti-can-
cer, hypoglycemic, hypolipidemic and other biological
activities [2-5]. LNT are macromolecules with a 3-1,3-
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health system [11]. Malignant tumors pose a serious
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threat and harm to human life and health worldwide
[12-14]. Genetics and lifestyle are the main causes of
cancer [15]. In addition, there is a close link between
inflammation, disease and cancer, and studies have
confirmed that inflammation plays an important role
in the development and development of tumors [16—
18]. Recent studies have shown that lentinan has great
potential in the prevention and trement of inflam-
matory diseases and cancer, with few side effects and
good effects [19, 20]. Thus, this study will summarize
the molecular mechanism of LNT in the prevention
and treatment of inflammatory diseases and cancer, as
well as the latest progress in combination with other
therapeutic methods.

Studies of LNT in inflammatory diseases

It is learned that LNT products have been approved
for marketing as prescription drugs, including tablets,
capsules, oral agents and injections, for the treatment
of various diseases such as chronic viral hepatitis from
China’s National Medical Products Administration
[21, 22], However, the clinical efficacy of LNT in the
treatment of inflammatory diseases has been poorly
reported. Figure 1 illustrates the therapeutic effects of
lentinan between various types of inflammation.
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Studies of LNT in inflammation of intestinal inflammation.
Inflammatory bowel disease (IBD), a chronic inflam-
mation of the gastrointestinal tract, including ulcerative
colitis and Crohn’s disease, has become a global disease
[23]. Toll-like receptors (TLRs) are the critical media-
tors of innate host defenses in the intestine that maintain
mucosal immune homoeostasis. Nuclear factor kappa-B
(NF- kB) is a transcription factor that regulates a variety
of cell behaviors, such as pro-inflammatory responses
and immune responses [24]. An experiment found that
LNT can reduce the expression of pro-inflammatory
cytokines such as IL-13 by inhibiting TLR-4 signaling/
NF-«B signaling and high-dose LNT treatment was more
effective than the positive control SASP in improving
histological scores for colitis, they also found that LNT
could also improve the imbalance of gut microbial colo-
nies [25]. Another study confirmed that LNT exerts its
anti-inflammatory effect by downregulating cell surface
TNEFR1 to inhibit TNF-a-induced NF-«B activation [26].
Dysbiosis of the gut microbiota is an important cause
of IBD and a side effect of antibiotic abuse. Studies have
shown that LNT can increase the number of probiot-
ics and inhibit the NF-«B signaling pathway to improve
the dysbacteriosis of intestinal microbiota caused by
improper use of antibiotics [25]. In a mouse model of
colitis, administration of LNT induces migration of
CD4 cells from ileum to colon. Moreover,both oral and
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Fig. 1 The therapeutic effects of lentinan between various types of inflammation
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rectal administration inhibits dextran sulfate sodium
(DSS)-induced colitis [27]. OX40, named CD134 or
tumor necrosis factor receptor superfamily member 4
(TNFRSF4), is defined as a biomarker of T cell activa-
tion capable of increasing pro-inflammatory cytokines
[28]. The latest study found that LNT can downregulate
OX40/1L-17A signaling and activate nuclear factor eryth-
roid 2 related factor (Nrf2), an important factor in oxida-
tive stress [29].

Studies of LNT in inflammation of other systems

Oxidative stress and cytokine storming (overexpression
of pro-inflammatory cytokines) are important pathogen-
esis of infectious diseases, especially coronary pneumonia
[30]. LNT can reduce oxidative stress-induced apopto-
sis, and also reduce the expression of pro-inflammatory
factors such as TNF-a, IL-8, IL-2, IL-6, IL-22, thereby
reducing NF-kB activation, which proves its great poten-
tial in the treatment of COVID-19 [31]. Similarly, another
study found that LNT can inhibit the overexpression of
cytokine storms of TNF-«, IL-1f, IL-4, IL-5, and IL-6 in
influenza A viral by modulating the TLR4/MyD88 signal-
ing pathway [32] More interestingly, a randomized con-
trolled human experiment showed that LNT combined
with budesonide reduced endogenous anti-inflammatory
factor adiponectin IL-17, D-dimer acute severe chronic
obstructive pulmonary in patients [33]. Moreover, an
animal experiment found that LNT could inhibit oxida-
tive stress in bovine mammary epithelial cells and also
reduce the expression of inflammatory factor protein by
inhibiting NF-kB and mitogen-activated protein kinase
(MAPK), suggesting its great potential in the treatment
of mastitis [34].

Inflammatory skin diseases are common skin dis-
eases in life, including psoriasis which imposes a heavy
psychological burden on the patients and their fami-
lies and increases the risk of developing mental disor-
ders [35]. Benzo (a) pyrene is a harmful substance that
not only accelerates skin oxidation but also has a risk of
causing skin cancer.A study found that Lentirosean was
able to inhibit benzo (a) pyrene-induced oxidative stress
in human immortalized keratinocytes (HaCaT cells)
and significantly reduced IL-8 and chemokine ligand-2
mRNA [36]. Multiple sclerosis is an autoimmune dis-
ease and chronic inflammatory disease, and studies have
found that LNT can regulate dectin-1 receptors, TNF-a
and IL-1B to promote the transformation of M1 cells
into M2 cells [37-40]. In experiments with mice with
enterogenic sepsis, LNT was able to reduce the activa-
tion of TNF-«, IL-1pB, IL-6 and regulate NF-kB signaling,
and also reduced liver oxidative stress damage caused
by enterogenic sepsis [41]. It is similar that LNT was
able to reduce TNF-a, IL-1f, IL-6 in an acute kidney
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injury model of sepsis [42]. Extracellular regulatory pro-
tein kinases (ERK) include ERK1 and ERK2, which are
involved in cell proliferation and differentiation and
apoptosis. Forkhead Box Protein O1 (FOXO1), a tran-
scription factor, is a key transcription factor involved in
regulating cell proliferation, survival, DNA repair, cell
cycle, apoptosis, metabolism, and immune regulation
[43]. Another study found that LNT could reduce IL-10
in burned mice by regulating Erk-FoxO10 signaling [44].

Studies of LNT in tumor-related diseases
As shown in Fig. 2, lentinan has therapeutic effects in
various tumors.

Studies of LNT in Lung cancer
LNT has been widely studied in cancer-related diseases
such as cancer. Lung cancer is the type of cancer with
high morbidity and mortality, the Lancet study shows
that about 8 million people worldwide are diagnosed
with lung cancer each year, and the 5-year survival rate of
lung cancer is generally lower by 4%-17% [45]. Particulate
matter 2.5 (PM2.5) is an air pollutant It is closely related
to lung cancer, which may cause lung cancer by inducing
cellular inflammatory factors and oxidative stress [46].
CD8T cells are an important member of the T lym-
phocyte family that can mediate specific immunity for
specific killing of target cells. Xu et al. found that LNT
could enhance the activation of selective activation of
Delta-like 1-Notch signaling and enhance its effect on
lung tumor suppression [47]. Caveolin-1, one f the com-
ponents of caveolae play an important role in a variety
of cellular functions such as tumorigenesis cell signal-
ing and it is regulated by miR-199 [48]. miR-199a-5p is
considered a tumor suppressor, and plays an important
role in the development of lung cancer. As microRNA
sponges, long noncoding RNA plasmacytoma variant
translocation 1 (PVT1) also plays an important role in
lung cancer development [49]. Further, PVT1 promoted
caveolinl expression by absorbing miR-199a. LNT can
inhibit PM2.5-induced expression of IL-6 and TNF-«a
as well as the PVT1/miR-199a-5p/caveolinl Pathway
in Lung Cancer [50]. Janus kinase2/signal transducer
and activator of the transcription3 (JAK2/STAT3) sign-
aling pathway plays an important role in the growth,
migration and transformation of cancer cells, and stud-
ies have shown that LNT can inhibit JAK2/STAT3
signaling pathway by regulating miR-216a-5p, thereby
promoting apoptosis in lung cancer [51]. Tumor angio-
genesis is an important condition for tumor growth and
metastasis, therefore, anti-angiogenesis is gaining more
and more attention in tumor treatment [52]. A research
has found that LNT can enhance T cell immune func-
tion and promote the expression of anti-vascular factor
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Fig. 2 The therapeutic effects of lentinan on various tumors

interferon y (IFN-y), and the anti-tumor effect of low-
dose LNT is more significant than that of high-dose
LNT [53].

In addition, the clinical effect of LNT in treating lung
cancer has been widely reported. It is known that cel-
lular immunity mainly relies on T lymphocytes, and the
ratio of suppressor T cells and helper T cells determines
the level of immune function, and if the CD4/CD8 ratio
is elevated, tumor growth will be inhibited. Zhu et al.
randomized controlled studies found that LNT com-
bined with GP (guitar cesibin combined with cisplatin)
chemotherapy improved the effective CD4/CD8 ratio
and better quality of life in patients with advanced lung
cancer compared with GP chemotherapy alone, and had
fewer adverse reactions such as gastrointestinal reac-
tions [54] Moreover, another study also found that LNT
combined with GP enhanced the immune function of
CD4 and NK cells in patients with advanced non-small
cell lung cancer [55]. The above cell and animal experi-
ments and clinical effects fully prove the importance of
LNT in the treatment of lung cancer.
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Studies of LNT in Colorectal cancer

Colon cancer is a malignant tumor of the digestive system
with high clinical incidence, surgery is currently the main
treatment for colon cancer, chemotherapy and targeted
therapy and other adjuvant methods are also very impor-
tant, but regardless of chemotherapy and targeted therapy
or combination regimens such as oxaliplatin plus capecit-
abine (CapeOX) There are serious adverse effects, such
as bone marrow suppression, cytotoxicity, which lead
to some colon cancer patients can not tolerate [56, 57].
Therefore, it is necessary to develop new drugs to treat
colon cancer. In addition, autophagy is also an important
pathway by which ER stress can initiate apoptosis [58].
Zhang et al. [59] showed that endoplasmic reticulum
stress can exert anti-tumor effects through autophagy
and apoptosis in colon cancer. The two major pathways
of apoptosis are extrinsic signaling pathways, involving
tumor necrosis factor receptor gene superfamily mem-
bers, including FasRL/FasR, TNF-o/TNFR1, and mito-
chondria-induced intrinsic signaling pathways [60]. LNT
can simultaneously initiate cell extrinsic apoptosis and
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intrinsic apoptosis in colon cance by increasing TNF-a
and mitochondrial membrane potential loss [61]. Mao
et al. [62] used LNT combined with fruit acid in colorectal
cancer mice and found that the combination of the two
could increase the expression of antitumor factors TNF-a
and promote the conversion of M2 cells into M1 cells.

More importantly, the existing clinical studies have
revealed the application effect of LNT in colorectal can-
cer.Chen et al. randomized controlled experiments found
that LNT combined with chemotherapy regimen can
greatly improve the effective rate (chemotherapy regimen
with 28% effective rate, LNT combined with effective rate
52%) in colorectal cancer [63]. Moreover, Tu et al. also
found that LNT combined with pentafluorouracil can
not only enhance the immune function of colorectal can-
cer patients (CD4/CD8 ratio is elevated), but also signifi-
cantly improve the quality of life of patients [64].

Studies of LNT in Liver cancer

At present, significant progress has been made in the
diagnosis and treatment of liver cancer, but due to clini-
cal complexity, liver cancer still lacks effective treatment
measures and has a poor prognosis [65, 66]. Sorafenib is
a multi-target kinase inhibitor and a guideline-recom-
mended first-line drug for liver cancer, which can improve
the survival rate of patients, but there is drug resistance
and toxicity, so clinical application is limited [67].

The EGR1 gene is an important transcription factor
and belongs to the EGR protein family, which has been
reported to be transcription factors in phosphatase and
tensin homolog (PTEN) tumor suppressor genes, and
Bcl-2 and Bax are important members of the Bcl-2 gene
family and are closely related to apoptosis. Bcl-2 is con-
sidered anti-apoptotic, while Bax is a pro-apoptotic fac-
tor in the Bcl-2 family. PTEN can inhibit cancer cells by
inhibiting AKT phosphorylation to promote increased
expression of pro-apoptotic factors and reducing the
apoptotic pathway initiated by anti-apoptotic fac-
tors. Studies have shown that LNT can activate PTEN-
induced apoptosis pathways by promoting the expression
of EGR1 [68].The Apoptotic protease activating factor 1
(Apaf-1) protein is an important factor in mitochondrial
mediation of the cellular intrinsic apoptosis pathway [69].
Studies have found that LNT combined with cisplatin can
not only reduce the dose of cisplatin, but also promote
the activation of the intrinsic apoptosis pathway through
the regulation of signals, leading to apoptosis of liver can-
cer cells [70]. Similarly, another study found that LNT in
combination with oxaliplatin chemotherapy could also
exert anti-tumor effects by activating the intrinsic apop-
tosis pathway, and also reduced the side effects of oxalipl-
atin chemotherapy [71].
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What is more surprising is that LNT can act as antigen,
activate hepatocyte immune function and anti-tumor activ-
ity, which is of great significance in liver cancer prevention
[72]. However, a previous randomized controlled study
showed no statistically significant difference in the sur-
vival time and mortality of patients with liver cancer com-
pared with pentafluorouracil alone compared with control
groups [73], and recent studies showed that LNT-linked
hepatic artery embolization chemotherapy can significantly
improve liver function enhancement IL-12 expression in
liver cancer patients compared with hepatic artery embo-
lization chemotherapy alone [74]. In addition, another ran-
domized controlled study found that the use of LNT not
only reduced the expression of vascular endothelial growth
factor, but also reduced the incidence of adverse effects of
chemotherapy, such as nausea, vomiting, pain, etc. [75].

Studies of LNT in gastric cancer
Gastric cancer is a malignant tumor originating from gas-
tric mucosal epithelial cells. Early gastric cancer is mainly
treated by surgery, and advanced stage [76]. Gastric can-
cer chemotherapy, immunotherapy, targeted therapy, etc.
have also made breakthroughs in gastric cancer. How-
ever, the common chemotherapy regimen oxaliplatin
combined with pentafluorouracil has adverse reactions,
and the economic cost is large, and the limited clinical
application of new adjuvant chemotherapy drugs, such as
anti-angiogenic drugs, has not been fully verified [76, 77].
The clinical effect of LNT in gastric cancer has been
widely reported. A randomized controlled study in
Japan showed that LNT combined with pentafluoroura-
cil improved survival time for advanced gastric cancer,
which is consistent with the results of a meta-study of five
randomized controlled trials [78, 79]. Another prospec-
tive study also found that LNT combined with chemo-
therapy not only improved the survival time of patients
with advanced unresectable gastric cancer (199 days in
the control group and 277 days in the shiitake combina-
tion chemotherapy group) but also improved the quality of
life of patients [80]. A study from China showed that LNT
combined with chemotherapy FOLFOX4 can improve the
treatment efficiency of elderly patients with advanced gas-
tric cancer, and significantly enhance the immune function
of CD4 cells, increase NK cells and reduce IL-6 levels [81].
Furthermore, another study showed that LNT combined
with paclitaxel chemotherapy could not only improve the
efficiency of advanced gastric cancer, but also reduce the
toxic effects of chemotherapy such as leukocytopenia, gas-
trointestinal reactions, etc.) [82]. Although LNT has been
approved in Japan as an immune agent for chemotherapy
in gastric cancer, the signaling pathway and mechanism
of LPS in the treatment of gastric cancer need further
research [83].
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Studies of LNT in other cancer

Studies have shown that LNT can inhibit the ERK/
MAPK signaling pathway by regulating miR-340, thereby
promoting apoptosis in osteosarcoma cells [84]. Esopha-
geal cancer is important in cancer-related deaths in men.
At present, surgery and chemotherapy are still the main
treatment methods, and there is currently no effective
treatment for advanced esophageal cancer [85]. Stud-
ies have shown that LNT combined with oxaliplatin can
effectively promote apoptosis of esophageal cancer cells
[86]. It is gratifying that a randomized controlled experi-
ment shows that LNT combined with tigafluoride not
only reduced the level of pro-inflammatory factors in
esophageal cancer patients, but also improved symptoms
and quality of life [87].

Bladder cancer is the second malignant tumor of the
urinary system, and studies have shown that the incidence
of bladder cancer in men is significantly higher than that
in women (about 3—4 times that of women), but women
are often diagnosed with advanced stages and poor prog-
nosis [88]. A cell experiment showed that LNT combined
with gemcitabine inhibited urothelial bladder cancer cells
and enhanced the cytotoxic effects of gemcitabine [89].
Similarly, another in vivo and in vitro animal experiment
showed that LNT in combination with fluoropyrimidine,
another first-line chemotherapy drug, significantly inhib-
ited the growth of human oral squamous cell carcinoma
[90]. The above preclinical animal experiments have
shown that the use of LNT alone or combined chemo-
therapy can significantly inhibit tumor growth in treat-
ing cancer treatment, but more clinical experiments are
needed to verify its role in human cancer.

Discussion

LNT is an shiitake extract with anti-inflammatory, anti-
oxidant, anti-tumor and other biological activities and
functions. Inflammatory diseases and cancers pose a
serious threat to human health, and the current treat-
ment methods for inflammatory diseases and cancers still
cannot meet the treatment needs of patients. This article
reviews the molecular mechanisms and preclinical and
clinical studies of LNT in inflammatory diseases and can-
cer, to provide evidence for the clinical development and
application of LNT.

Vaccines are biological agents made from bacteria and
viruses, which can make the human body produce specific
immunity, and then play a role in preventing and control-
ling diseases, such as influenza vaccines. Although medical
technology advances and diversifies in treatment methods,
cancer prevention is still very important, and the develop-
ment and application of cancer vaccines are of great signif-
icance in reducing the global cancer burden. Studies have
shown that LNT has great potential for vaccine delivery,
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acting as a vaccine adjuvant, enhancing vaccine immunity
and mitigating vaccine response [91-93].

Targeted therapy is a research hotspot in tumor ther-
apy. Especially with the study of tumor signaling path-
ways and the development of nanotechnology-based drug
delivery systems for precise and accurate drug delivery
in tumor areas, tumor cell targeted therapy is undoubt-
edly the dawn of cancer treatment. Studies have shown
that LNT complexes are more specific and targeted in
drug delivery and gene delivery [94]. In addition, Jia et al.
developed LNT selenium nanoparticles to enhance their
anti-tumor effects [95]. Furthermore,studies also found
that LNT selenium nanoparticles can promote apoptosis
by acting on specific signaling pathways [96, 97]. Wang
et al. found that LNT combined with chemotherapy drug
cisplatin has a synergistic effect. These all show the supe-
riority of LNT in targeted therapy [98].

Although breakthroughs have been made in cancer
treatment, new therapies such as targeted therapies,
immunotherapy and other therapies have become very
promising ways to fight cancer. However, chemotherapy
for cancer is still the most widely used clinical therapy.
However, chemotherapy drugs (platinum, fluorouracil,
etc.) inevitably have side effects such as bone marrow
suppression, nephrotoxicity, digestive tract toxicity, etc.
[99, 100], and the economic cost of cancer is huge and
the clinical benefits are limited. However, the current
study shows that LNT combined with chemotherapy can
not only enhance the immune function of patients, but
also enhance the efficacy of chemotherapy and reduce
the adverse reactions of chemotherapy. This suggests that
LNT can be used as an adjuvant to chemotherapy.

However, it is important to emphasize that the trans-
lation of these findings from preclinical studies to clini-
cal applications requires rigorous evaluation through
human clinical trials [101-103]. It is unclear how LNT
is metabolized in the human body and the differences
in different structures and doses of LNT in the treat-
ment of inflammatory diseases and cancers. Rigorous
clinical trials can reveal the optimal dosage, duration of
treatment, and potential combination therapies for LNT-
targeted drugs. These trials provide an opportunity to
study the mechanism of action of drugs, identify poten-
tial biomarkers that can predict treatment response, and
optimize patient selection criteria for the most effective
treatment outcomes. Clinical trials provide an opportu-
nity to explore the potential synergistic effects of LNT-
targeted drugs with existing treatment modalities, such
as immunotherapy or conventional chemotherapy. or else
ombination therapies have the potential to improve ther-
apeutic efficacy by targeting multiple aspects of tumor
cell apoptosis and immune response, resulting in a more
comprehensive and effective anti-cancer effect.
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Simplified explanation of Lentinan’s mechanisms:

Lentinan acts like a “wake-up call” to the body’s
defense system. When it enters the body, it prompts cer-
tain immune cells to become more active. Imagine these
cells as guards that are on the lookout for harmful invad-
ers like tumor cells or agents causing inflammation. Once
alerted by Lentinan, these guards become more vigilant
and effective in protecting the body.

Specifically, Lentinan stimulates cells known as mac-
rophages and dendritic cells, which are like the body’s
first responders. These cells then produce signals (known
as cytokines) that rally more immune cells to join the
fight against diseases. Additionally, Lentinan enhances
the action of natural killer cells, which are specialized in
directly attacking tumor cells.

For its anti-inflammatory effects, Lentinan works by
reducing the body’s overactive inflammatory response.
It’s like calming an overly aggressive reaction to harmful
stimuli, thereby preventing damage to our own tissues.

Key gaps in current research and recommendations for
future studies:

Pharmacokinetics and Pharmacodynamics in
Humans: Despite extensive research on Lentinan’s ther-
apeutic effects, there is a notable gap in understanding

Table 1 Mechanism of lentinan in inflammatory diseases
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its pharmacokinetics and pharmacodynamics in human
subjects. Future research should focus on comprehen-
sive clinical trials to explore how Lentinan is metabo-
lized and distributed in the human body, determine
optimal dosages, and assess long-term effects; Molec-
ular Structure-Bioactivity Relationship: Another sig-
nificant gap is the relationship between Lentinan’s
molecular structure and its bioactivity; Detailed studies
in this area could lead to enhanced therapeutic efficacy
and the development of targeted delivery methods.
Investigating nanotechnology-based systems for Lenti-
nan delivery could be particularly fruitful; Synergistic
Effects with Current Treatments: While some studies
have explored Lentinan’s role in conjunction with other
treatments, there is a need for more in-depth research
into its synergistic effects, especially in cancer therapy.
Future studies should examine how Lentinan interacts
with and potentially enhances the efficacy of existing
treatment modalities like chemotherapy and immuno-
therapy; Long-Term Impact and Side Effects: There is
a lack of long-term studies on the impact of Lentinan
treatment, particularly concerning potential side effects
and the sustainability of its therapeutic benefits. Lon-
gitudinal studies focusing on these aspects would be

Type of disease Model Mechanism in vivo /in vitro  Author, year

IBD Mouses models of colitis Inhibit TLR4 pathway and NF-kB In vivo,in vitro Liu et al. 2017 [25]
Lower inflammatory cytokine IL-13
restore the structure of the intestinal
microflora

IBD Mouses models of colitis Downregulate TNFR1 to inhibit TNF-a-  In vitro Nishitani et al. 2013
induced NF-kB activation and IL-8 [26]

IBD Mouses models of colitis Stimulate of type 1 helper T cell immune  In vivo Minato et al. 2023
responses [27]

COVID-19 Human airway epithelial cells Reduce oxidative stress-induced In vitro Murphy et al. 2020
apoptosis and reduce pro-inflammatory [31]

cytokine expression

Influenza A viral Mouses models influenza A viral

Regulate TLR4/MyD88 signaling

In vivo,in vitro Cuietal 2022

pathway [32]
TNF-a, IL-1B, IL-4, IL-5, and IL-6

Chronic obstructive pulmonary Human experiment

Mastitis Cell models of mastitis

Skin diseases

Multiple sclerosis

Enterogenic sepsis
Acute kidney injury

Burn sepsis

Human immortalized keratinocytes

Demyelination mouses models

Septic rats
Septic rats

Septic rats

Lower adiponectin IL-17, D-dimer In vivo Sun et al. 2019
[33]

Inhibiting NF-kB and MAPK In vivo Meng et al. 2022
[34]

Reduce IL-8 and chemokine ligand-2 In vivo Zietal. 2020

mMRNA [36]

Regulate dectin-1 receptors, TNF-a
and IL-1 to promote the transforma-
tion of M1 cells into M2 cells

Reduce the activation of TNF-q, IL-16,
IL-6 and regulate NF-kB signaling

Reduce TNF-q, IL-14, IL-6

In vivo,in vitro

In vivo,in vitro
In vivo

Inhibit Erk-FoxO10 signaling,reduced In vivo

IL-10

Zhang et al. 2020
[37]

Kuanget al, 2021
[41]
Wang et al. 2016
[42]

Lietal. 2020
[44]
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valuable; Personalized Medicine Approach: Given the
variability in response to Lentinan treatment observed
in clinical settings, research into personalized medicine
approaches could be beneficial. This includes studying
genetic or biomarker profiles that might predict patient

Table 2 Mechanism of lentinan in tumor diseases
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response to Lentinan; Broader Range of Diseases:
Although Lentinan has been studied primarily in the
context of inflammatory diseases and cancers, investi-
gating its potential applications in other diseases could
be a significant area for future research. By addressing

Type of disease ~ Model

Lung cancer
Lung cancer
Lung cancer
Lung cancer
Lung cancer
Lung cancer
Colon cancer
Colon cancer
Colorectal cancer
Colorectal cancer
Colorectal cancer
Liver cancer

Liver cancer

Liver cancer
Liver cancer
Liver cancer
Liver cancer
Gastric cancer
Gastric cancer
Osteosarcoma
Esophageal cancer
Esophageal cancer
Bladder cancer

Human-oral
squamous cell
carcinoma

Human lung cancer cell
Human lung cancer cell
Human lung cancer cell
Mouses models of lung cancer
Human experiment

Human experiment

Mouses models of lung cancer
Mouses models of lung cancer
Mouses models of lung cancer
Human experiment

Human experiment

Mouses models of liver cancer
Mouses models of liver cancer
Mouses models of liver cancer
Mouses models of liver cancer
Human experiment

Human experiment

Human experiment

Human experiment

Mouses models

Mouses models

Human experiment

Mouses models

Cell

Mechanism In vivo /in vitro References

Enhance the activation of selective activation of Delta- In vivo Xu et al. 2022

like 1-Notch signaling [47]

Inhibited PVT1/miR-199a-5p/caveolin1 Pathway In vivo Qietal. 2021
[50]

Regulate miR-216a-5p
inhibited (JAK2/STAT3) signaling pathway

Promote the expression of anti-vascular factor IFN-y

In vitro, in vitro,
In vivo, in vitro

Enhanced the immune function of CD4 and NK cells In vitro

Regulate CD4/CD8 ratio In vivo, in vitro

Endoplasmic reticulum stress autophagy In vivo, in vitro

[n vivo, in vitro

Promote the expression of TNF-a
Promote mitochondrial membrane potential loss

Reduce the expression of antitumor factors TNF-a to pro-  In vivo, in vitro
mote the transformation of M1 cells into M2 cells

Regulate CD4/CD8 ratio In vivo

Regulate CD4/CD8 ratio In vivo
Regulate EGR1/PTEN/AKT signaling In vivo, in vitro
Regulate Apaf1 apoptosis In vivo,

Activate the intrinsic apoptosis pathway
Inhibition of NF-kB

In vivo, in vitro

Activate hepatocyte immune function and anti-tumor In vivo,
activity,

rRaeduce IL-12 In vivo,
Reduce the expression of vascular endothelial growth In vivo,
factor

Increase NK cells and reduce IL-6 In vivo,
Regulate CD4/CD8 ratio In vivo,
Regulate ERK/MAPK signaling pathway in vivo,
Promote apoptosis In vivo,
IL-5, IL-10, and IL-2 levels decrease In vivo,
Promote apoptosis In vivo,

Up-regulate the expression of OPRT mRNA In vivo,in vitro

Chenetal. 2021 [51]

Deng et al. 2018
[53]

Zhu et al. 2022
[54]

Zhou et al. 2018
[55]

Zhang et al. 2021
[59]

Wang et al. 2017
[61]

Mao et al. 2022
[62]

Chenetal. 2019
[63]

Tuetal. 2010
[64]

You et al. 2023
[68]

Wang et al. 2021
[70]

Xu et al. 2022
[71]

Wang et al. 2015
[72]

Nan et al. 2018
[74]

Zhao, 2015

[75]

Wang et al. 2018
[81]

Yan et al. 2008
[82]

Fanetal. 2021
[84]

Huo et al. 2022
[86]

Wang et al. 2012
[87]

Sun et al. 2015
[89]

Harada et al. 2010
[90]
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these gaps, future research can substantially enhance
our understanding of Lentinan’s therapeutic potential
and optimize its clinical applications.

In summary, although significant progress has been
made in the prevention and treatment of LNT in
inflammatory diseases and tumor-related diseases, our
mechanism of action, signaling pathway and upstream
and downstream cytokines of LNT still need to be fur-
ther explored. There is also a need to apply the existing
evidence to the clinic and further explore the clinical
effects of lentinan in inflammatory diseases and cancer.

Tables 1 and 2 provide a comprehensive overview
of molecular mechanisms in LNT use on inflamma-
tory diseases and cancers, highlighting the tremendous
potential of the LNT application. These advances offer
a promising avenue for developing new treatments
that can prevent and treat inflammatory diseases and
cancer.

Abbreviations

LNT Lentinan

IBD Inflammatory bowel disease

TLRs Toll-like receptors

NF-kB Nuclear factor kappa-B

IL-13 Interleukin-13

TNFRSF4  Tumor necrosis factor receptor superfamily member 4
Nrf2 Nuclear factor erythroid 2 related factor
TNF-a Tumor necrosis factor-a

MAPK Mitogen-activated protein kinase

ERK Extracellular regulatory protein kinases
FOXO1 Forkhead Box Protein O1

PVTI Plasmacytoma variant translocation 1
IFN-y Interferon-y

PTEN Phosphatase and tensin homolog
Apaf-1 Apoptotic protease activating factor 1

Author contributions

GZ and HL wrote the draft of the manuscript. YY, QW, LW and JW revised this
manuscript. All the listed authors have made a substantial, direct, and intel-
lectual contribution to the work, and approved its publication.

Funding

The present study was funded by the Shandong Traditional Chinese Medicine
Science and Technology Program (Q-2023126) and the Nursery Project of the
Affiliated Tai'an City Central Hospital of Qingdao University (2022MPMQ6).

Availability of data and materials
Not applicable.

Declarations

Ethics approval and consent to participate
Not applicable.

Competing interests

All authors declare no potential competing interest.

Received: 2 November 2023 Accepted: 10 December 2023
Published online: 03 January 2024

Page 9 of 12

References

1. Balakrishnan B, Liang Q, Fenix K, et al. Combining the anticancer and
immunomodulatory effects of astragalus and shiitake as an integrated
therapeutic approach. Nutrients. 2021;13(8):2564. https://doi.org/10.
3390/nu13082564.

2. Sheng K, Wang C, Chen B, et al. Recent advances in polysaccharides
from Lentinus edodes (Berk.): isolation, structures and bioactivities.
Food Chem. 2021;358:129883. https://doi.org/10.1016/jfoodchem.
2021.129883.

3. MengY, Lyu F, Xu X, Zhang L. Recent advances in chain conforma-
tion and bioactivities of triple-helix polysaccharides. Biomacromol.
2020;21(5):1653-77. https://doi.org/10.1021/acs.biomac.9b01644.

4. Suzuki M, Takatsuki F, Maeda YY, Hamuro J, Chihara G. Antitumor
and immunological activity of lentinan in comparison with LPS. Int J
Immunopharmacol. 1994;16(5-6):463-8. https://doi.org/10.1016/0192-
0561(94)90037-x.

5. MaedaYY, Chihara G. Lentinan, a new immuno-accelerator of cell-medi-
ated responses. Nature. 1971;229(5287):634. https://doi.org/10.1038/
229634a0.

6. Chihara G, Maeda Y, Hamuro J, Sasaki T, Fukuoka F. Inhibition of mouse
sarcoma 180 by polysaccharides from Lentinus edodes (Berk.) sing.
Nature. 1969;222(5194):687-8. https://doi.org/10.1038/222687a0.

7. Du B, Meenu M, Liu H, Xu B. A concise review on the molecu-
lar structure and function relationship of B-glucan. Int J Mol Sci.
2019;20(16):4032. https://doi.org/10.3390/ijms20164032.

8. Zhang D, Wu J, Wang K, Duan X, Liu S, Zhang B. Which are the best Chi-
nese herbal injections combined with XELOX regimen for gastric can-
cer?: A PRISMA-compliant network meta-analysis. Medicine (Baltimore).
2018;97(12):e0127. https://doi.org/10.1097/MD.0000000000010127.

9. Morales D, Rutckeviski R, Villalva M, et al. Isolation and comparison
of a- and B-D-glucans from shiitake mushrooms (Lentinula edodes)
with different biological activities. Carbohydr Polym. 2020;229:115521.
https://doi.org/10.1016/j.carbpol.2019.115521.

10. Dinarello CA. Interleukin-1 in the pathogenesis and treatment of
inflammatory diseases. Blood. 2011;117(14):3720-32. https://doi.org/10.
1182/blood-2010-07-273417.

11. Han X, Yang NN, Nogueira L, et al. Changes in cancer diagnoses and
stage distribution during the first year of the COVID-19 pandemic
in the USA: a cross-sectional nationwide assessment. Lancet Oncol.
2023;24(8):855-67. https://doi.org/10.1016/51470-2045(23)00293-0.

12. Aizer AA, Lamba N, Ahluwalia MS, et al. Brain metastases: A society for
neuro-oncology (SNO) consensus review on current management and
future directions. Neuro Oncol. 2022;24(10):1613-46. https://doi.org/10.
1093/neuonc/noacl 18.

13. LinL, LiZYanL,LiuY,Yang H, Li H. Global, regional, and national
cancer incidence and death for 29 cancer groups in 2019 and trends
analysis of the global cancer burden, 1990-2019. J Hematol Oncol.
2021;14(1):197. https://doi.org/10.1186/513045-021-01213-z.

14. Ganesan K, Du B, Chen J. Effects and mechanisms of dietary bio-
active compounds on breast cancer prevention. Pharmacol Res.
2022;178:105974. https://doi.org/10.1016/j.phrs.2021.105974.

15. Byrne S, Boyle T, Ahmed M, Lee SH, Benyamin B, Hypp&nen E.
Lifestyle, genetic risk and incidence of cancer: a prospective cohort
study of 13 cancer types. Int J Epidemiol. 2023;52(3):817-26. https://
doi.org/10.1093/ije/dyac238.

16. Ugai T, Liu L, Tabung FK, et al. Prognostic role of inflammatory diets in
colorectal cancer overall and in strata of tumor-infiltrating lympho-
cyte levels. Clin Transl Med. 2022;12(11): e1114. https://doi.org/10.
1002/ctm2.111.

17. Wan D,Wang S, Xu Z, et al. PRKAR2A-derived circular RNAs promote the
malignant transformation of colitis and distinguish patients with colitis-
associated colorectal cancer. Clin Transl Med. 2022;12(2):e683. https://
doi.org/10.1002/ctm?2.683.

18. Khan HM, Ramsey S, Shankaran V. Financial toxicity in cancer care: impli-
cations for clinical care and potential practice solutions. J Clin Oncol.
2023;41(16):3051-8. https://doi.org/10.1200/JC0O.22.01799.

19. ZhangY, Zhang M, Jiang Y, et al. Lentinan as an immunotherapeutic
for treating lung cancer: a review of 12 years clinical studies in China. J
Cancer Res Clin Oncol. 2018;144(11):2177-86. https://doi.org/10.1007/
s00432-018-2718-1.


https://doi.org/10.3390/nu13082564
https://doi.org/10.3390/nu13082564
https://doi.org/10.1016/j.foodchem.2021.129883
https://doi.org/10.1016/j.foodchem.2021.129883
https://doi.org/10.1021/acs.biomac.9b01644
https://doi.org/10.1016/0192-0561(94)90037-x
https://doi.org/10.1016/0192-0561(94)90037-x
https://doi.org/10.1038/229634a0
https://doi.org/10.1038/229634a0
https://doi.org/10.1038/222687a0
https://doi.org/10.3390/ijms20164032
https://doi.org/10.1097/MD.0000000000010127
https://doi.org/10.1016/j.carbpol.2019.115521
https://doi.org/10.1182/blood-2010-07-273417
https://doi.org/10.1182/blood-2010-07-273417
https://doi.org/10.1016/S1470-2045(23)00293-0
https://doi.org/10.1093/neuonc/noac118
https://doi.org/10.1093/neuonc/noac118
https://doi.org/10.1186/s13045-021-01213-z
https://doi.org/10.1016/j.phrs.2021.105974
https://doi.org/10.1093/ije/dyac238
https://doi.org/10.1093/ije/dyac238
https://doi.org/10.1002/ctm2.111
https://doi.org/10.1002/ctm2.111
https://doi.org/10.1002/ctm2.683
https://doi.org/10.1002/ctm2.683
https://doi.org/10.1200/JCO.22.01799
https://doi.org/10.1007/s00432-018-2718-1
https://doi.org/10.1007/s00432-018-2718-1

Zhou et al. European Journal of Medical Research

20.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32

33

34.

35.

36.

37.

38.

(2024) 29:8

Zhou M, Yue Y, Wang Y, Yan S. Polysaccharides from Chinese herbs as
natural weapons against colorectal cancer. 2023. Biosci Rep. https://doi.
org/10.1042/BSR20230041.

Jiang V, Li X, Wu'Y, Zhou L, Wang Z, Xiao W. Effect of Lentinan on Peyer’s
patch structure and function in an immunosuppressed mouse model.
Int J Biol Macromol. 2019;137:169-76. https://doi.org/10.1016/j.ijbio
mac.2019.06.206.

Zhang M, Zhang Y, Zhang L, Tian Q. Mushroom polysaccharide lentinan
for treating different types of cancers: A review of 12 years clinical stud-
ies in China. Prog Mol Biol Transl Sci. 2019;163:297-328. https://doi.org/
10.1016/bs.pmbts.2019.02.013.

Ng SC, Shi HY, Hamidi N, et al. Worldwide incidence and prevalence of
inflammatory bowel disease in the 21st century: a systematic review of
population-based studies. Lancet. 2017,390(10114):2769-78. https://
doi.org/10.1016/50140-6736(17)32448-0.

Lawrence T. The nuclear factor NF-kappaB pathway in inflammation.
Cold Spring Harb Perspect Biol. 2009;1(6):a001651. https://doi.org/10.
1101/cshperspect.a001651.

LiuY, Zhao J, Zhao'Y, et al. Therapeutic effects of lentinan on inflam-
matory bowel disease and colitis-associated cancer. J Cell Mol Med.
2019;23(2):750-60. https://doi.org/10.1111/jcnm.13897.

Nishitani Y, Zhang L, Yoshida M, et al. Intestinal anti-inflammatory
activity of lentinan: influence on IL-8 and TNFR1 expression in intestinal
epithelial cells. PLoS ONE. 2013;8(4):e62441. https://doi.org/10.1371/
journal.pone.0062441.

Minato KI, Oura K, Mizuno M. The inhibitory effect of oral administration
of lentinan on DSS-induced inflammation is exerted by the migra-

tion of T cells activated in the ileum to the colon. Eur J Pharmacol.
2023;946:175631. https://doi.org/10.1016/j.ejphar.2023.175631.

StUber E, Neurath M, Calderhead D, Fell HP, Strober W. Cross-linking

of OX40 ligand, a member of the TNF/NGF cytokine family, induces
proliferation and differentiation in murine splenic B cells. Immunity.
1995;2(5):507-21. https://doi.org/10.1016/1074-7613(95)90031-4.
YangY, Song S, Nie Y, Chen R, Chen P. Lentinan alleviates arsenic-
induced hepatotoxicity in mice via downregulation of OX40/IL-17A
and activation of Nrf2 signaling. BMC Pharmacol Toxicol. 2022;23(1):16.
https://doi.org/10.1186/540360-022-00557-7.

Tisoncik JR, Korth MJ, Simmons CP, Farrar J, Martin TR, Katze MG. Into
the eye of the cytokine storm. Microbiol Mol Biol Rev. 2012;76(1):16-32.
https://doi.org/10.1128/MMBR.05015-11.

Murphy EJ, Masterson C, Rezoagli E, et al. 3-Glucan extracts from the
same edible shiitake mushroom Lentinus edodes produce differential
in-vitro immunomodulatory and pulmonary cytoprotective effects -
Implications for coronavirus disease (COVID-19) immunotherapies. Sci
Total Environ. 2020;732: 139330. https://doi.org/10.1016/].scitotenv.
2020.139330.

CuiH, Zhang C, Zhang C, et al. Anti-influenza effect and mecha-

nisms of lentinan in an ICR mouse model. Front Cell Infect Microbiol.
2022;12:892864. https://doi.org/10.3389/fcimb.2022.892864.

Sun J, Zhao G. Clinical effects of lentinan combined with budeson-

ide inhalation in treating acute exacerbation of chronic obstructive
pulmonary disease under mechanical ventilation. Exp Ther Med.
2019;17(3):1503-8. https://doi.org/10.3892/etm.2019.7149.

Meng M, Huo R, Wang Y, et al. Lentinan inhibits oxidative stress and
alleviates LPS-induced inflammation and apoptosis of BMECs by
activating the Nrf2 signaling pathway. Int J Biol Macromol. 2022;222(Pt
B):2375-91. https://doi.org/10.1016/j.ijbiomac.2022.10.024.

Weidinger S, Novak N. Atopic dermatitis. Lancet. 2016;387(10023):1109—
22. https://doi.org/10.1016/50140-6736(15)00149-X.

ZiY, Jiang B, He C, Liu L. Lentinan inhibits oxidative stress and inflam-
matory cytokine production induced by benzo(a)pyrene in human
keratinocytes. J Cosmet Dermatol. 2020;19(2):502-7. https://doi.org/10.
1111/jocd.13005.

Zhang D, JiaY, Sun X, et al. The Dectin-1 receptor signaling pathway
mediates the remyelination effect of lentinan through suppression of
neuroinflammation and conversion of microglia. J Immunol Res. 2022.
https://doi.org/10.1155/2022/3002304.

Deerhake ME, Shinohara ML. Emerging roles of Dectin-1 in noninfec-
tious settings and in the CNS. Trends Immunol. 2021;42(10):891-903.
https://doi.org/10.1016/}.it.2021.08.005.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

Page 10 of 12

Xiao R, Zeng J, Bressler EM, Lu W, Grinstaff MW. Synthesis of bioactive
(1—6)-B-glucose branched poly-amido-saccharides that stimulate and
induce M1 polarization in macrophages. Nat Commun. 2022;13(1):4661.
https://doi.org/10.1038/541467-022-32346-5.

Wu X, Zheng Z, Guo T, Wang K, Zhang Y. Molecular dynamics simulation
of lentinan and its interaction with the innate receptor dectin-1. Int J
Biol Macromol. 2021;171:527-38. https://doi.org/10.1016/j.ijbiomac.
2021.01.032.

Kuang Z, Jin T, Wu C, et al. Lentinan attenuates damage of the small
intestinal mucosa, liver, and lung in mice with gut-origin sepsis. J
Immunol Res. 2021;2021:2052757. https://doi.org/10.1155/2021/20527
57.

Wang SX, Liu QY, Li Y. Lentinan ameliorates burn sepsis by attenuating
CD4+ CD25+ Tregs. Burns. 2016;42(7):1513-21. https://doi.org/10.
1016/j.burns.2016.04.003.

Guo S, Mangal R, Dandu C, Geng X, Ding Y. Role of forkhead box protein
O1 (FoxO1) in stroke: a literature review. Aging Dis. 2022;13(2):521-33.
https://doi.org/10.14336/AD.2021.0826.

Li X, Zhang W, Li P, Lu G. The protective effect and mechanism

of lentinan on acute kidney injury in septic rats. Ann Trans| Med.
2020;8(14):883. https://doi.org/10.21037/atm-20-5158.

Hirsch FR, Scagliotti GV, Mulshine JL, et al. Lung cancer: current thera-
pies and new targeted treatments. Lancet. 2017;389(10066):299-311.
https://doi.org/10.1016/S0140-6736(16)30958-8.

Li R, Zhou R, Zhang J. Function of PM25 in the pathogenesis of

lung cancer and chronic airway inflammatory diseases. Oncol Lett.
2018;15(5):7506-14. https://doi.org/10.3892/01.2018.8355.

XuH,QiZ, Zhao Q et al. Lentinan enhances the antitumor effects of
Delta-like 1 via neutrophils. BMC Cancer. 2022,22(1):918. https://doi.org/
10.1186/512885-022-10011-w.

Yang C, He B, Dai W, et al. The role of caveolin-1 in the biofate and
efficacy of anti-tumor drugs and their nano-drug delivery systems. Acta
Pharm Sin B. 2021;11(4):961-77. https://doi.org/10.1016/j.apsb.2020.11.
020.

Meng W, LiY, Chai B, Liu X, Ma Z. miR-199a: a tumor suppressor with
noncoding rna network and therapeutic candidate in lung cancer. Int J
Mol Sci. 2022;23(15):8518. https://doi.org/10.3390/ijms23158518.

Qi H, LiuY, Wang N, Xiao C. Lentinan attenuated the PM25 exposure-
induced inflammatory response, epithelial-mesenchymal transition and
migration by inhibiting the PVT1/miR-199a-5p/caveolin1 pathway in
lung cancer. DNA Cell Biol. 2021;40(5):683-93. https://doi.org/10.1089/
dna.2020.6338.

Chen Q, Zheng Y, Chen X, Ge P, Wang P, Wu B. Upregulation of miR-
216a-5p by Lentinan Targeted Inhibition of JAK2/STAT3 Signaling
Pathway to Reduce Lung Adenocarcinoma Cell Stemness, Promote
Apoptosis, and Slow Down the Lung Adenocarcinoma Mechanisms.
Front Oncol. 2021;11:778096. https://doi.org/10.3389/fonc.2021.778096.
Huang Y, Carbone DP. Mechanisms of and strategies for overcoming
resistance to anti-vascular endothelial growth factor therapy in non-
small cell lung cancer. Biochim Biophys Acta. 2015;1855(2):193-201.
https://doi.org/10.1016/j.bbcan.2015.01.003.

Deng S, Zhang G, Kuai J, et al. Lentinan inhibits tumor angiogenesis via
interferon y and in a T cell independent manner. J Exp Clin Cancer Res.
2018;37(1):260. https://doi.org/10.1186/513046-018-0932-y.

Zhu J, Zhou GP. Efficacy of lentinan combined with chemotherapy

in advanced lung cancer. Chin J TCM WM Critical Care. 2011;18(1):37.
https://doi.org/10.3969/j.issn.1008-9691.2011.01.013.

Zhou XD. Assessment of the near-term efficacy and immune function
of lentinan combined with chemotherapy for lung cancer. Chin J Criti-
cal Care Med. 2018. https://doi.org/10.3969/].issn.1002-1949.2018.21.
285.

ZhangT, Liu Z, Lin Q. Clinical effect and safety of targeted therapy com-
bined with chemotherapy in the treatment of patients with advanced
colon cancer. Pak J Med Sci. 2023;39(4):1074-9. https://doi.org/10.
12669/pjms.39.4.7105.

Morton D, Seymour M, Magill L, et al. Preoperative chemotherapy for
operable colon cancer: mature results of an international randomized
controlled trial. J Clin Oncol. 2023;41(8):1541-52. https://doi.org/10.
1200/JC0.22.00046.

Nakka VP, Prakash-Babu P, Vemuganti R. Crosstalk between endoplasmic
reticulum stress, oxidative stress, and autophagy: potential therapeutic


https://doi.org/10.1042/BSR20230041
https://doi.org/10.1042/BSR20230041
https://doi.org/10.1016/j.ijbiomac.2019.06.206
https://doi.org/10.1016/j.ijbiomac.2019.06.206
https://doi.org/10.1016/bs.pmbts.2019.02.013
https://doi.org/10.1016/bs.pmbts.2019.02.013
https://doi.org/10.1016/S0140-6736(17)32448-0
https://doi.org/10.1016/S0140-6736(17)32448-0
https://doi.org/10.1101/cshperspect.a001651
https://doi.org/10.1101/cshperspect.a001651
https://doi.org/10.1111/jcmm.13897
https://doi.org/10.1371/journal.pone.0062441
https://doi.org/10.1371/journal.pone.0062441
https://doi.org/10.1016/j.ejphar.2023.175631
https://doi.org/10.1016/1074-7613(95)90031-4
https://doi.org/10.1186/s40360-022-00557-7
https://doi.org/10.1128/MMBR.05015-11
https://doi.org/10.1016/j.scitotenv.2020.139330
https://doi.org/10.1016/j.scitotenv.2020.139330
https://doi.org/10.3389/fcimb.2022.892864
https://doi.org/10.3892/etm.2019.7149
https://doi.org/10.1016/j.ijbiomac.2022.10.024
https://doi.org/10.1016/S0140-6736(15)00149-X
https://doi.org/10.1111/jocd.13005
https://doi.org/10.1111/jocd.13005
https://doi.org/10.1155/2022/3002304
https://doi.org/10.1016/j.it.2021.08.005
https://doi.org/10.1038/s41467-022-32346-5
https://doi.org/10.1016/j.ijbiomac.2021.01.032
https://doi.org/10.1016/j.ijbiomac.2021.01.032
https://doi.org/10.1155/2021/2052757
https://doi.org/10.1155/2021/2052757
https://doi.org/10.1016/j.burns.2016.04.003
https://doi.org/10.1016/j.burns.2016.04.003
https://doi.org/10.14336/AD.2021.0826
https://doi.org/10.21037/atm-20-5158
https://doi.org/10.1016/S0140-6736(16)30958-8
https://doi.org/10.3892/ol.2018.8355
https://doi.org/10.1186/s12885-022-10011-w
https://doi.org/10.1186/s12885-022-10011-w
https://doi.org/10.1016/j.apsb.2020.11.020
https://doi.org/10.1016/j.apsb.2020.11.020
https://doi.org/10.3390/ijms23158518
https://doi.org/10.1089/dna.2020.6338
https://doi.org/10.1089/dna.2020.6338
https://doi.org/10.3389/fonc.2021.778096
https://doi.org/10.1016/j.bbcan.2015.01.003
https://doi.org/10.1186/s13046-018-0932-y
https://doi.org/10.3969/j.issn.1008-9691.2011.01.013
https://doi.org/10.3969/j.issn.1002-1949.2018.z1.285
https://doi.org/10.3969/j.issn.1002-1949.2018.z1.285
https://doi.org/10.12669/pjms.39.4.7105
https://doi.org/10.12669/pjms.39.4.7105
https://doi.org/10.1200/JCO.22.00046
https://doi.org/10.1200/JCO.22.00046

Zhou et al. European Journal of Medical Research

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

72.

73.

74.

75.

76.

(2024) 29:8

targets for acute CNS injuries. Mol Neurobiol. 2016;53(1):532-44.
https://doi.org/10.1007/512035-014-9029-6.

Zhang, LiuY, Zhou'Y, et al. Lentinan inhibited colon cancer growth by
inducing endoplasmic reticulum stress-mediated autophagic cell death
and apoptosis. Carbohydr Polym. 2021;267: 118154. https://doi.org/10.
1016/j.carbpol.2021.118154.

Elmore S. Apoptosis: a review of programmed cell death. Toxicol Pathol.
2007;35(4):495-516. https://doi.org/10.1080/01926230701320337.
Wang J, LiW, Huang X, et al. A polysaccharide from Lentinus edodes
inhibits human colon cancer cell proliferation and suppresses tumor
growth in athymic nude mice. Oncotarget. 2017;8(1):610-23. https://
doi.org/10.18632/0oncotarget.13481.

Mao Q, Min J, Zeng R, et al. Self-assembled traditional Chinese nano-
medicine modulating tumor immunosuppressive microenvironment
for colorectal cancer immunotherapy. Theranostics. 2022;12(14):6088-
105. https://doi.org/10.7150/thno.72509.

Chen C, Shen LH, Liu F. Efficacy of lentinan adjuvant therapy on meta-
static invasion and neovascularization in elderly advanced colorectal
cancer. Chin J Aerosp Med. 2019;30(9):1113-4. https://doi.org/10.3969/j.
issn.2095-1434.2019.09.046.

Tu XH, Ma YX, Song JX, et al. Clinical study of lentinan combined with
fluorouracil implants on patients with colorectal cancer. Mod Integr
Tradit Chin Western Med. 2010;19(15):1824-6. https://doi.org/10.3969/j.
issn.1008-8849.2010.15.002.

Yang JD, Hainaut P, Gores GJ, Amadou A, Plymoth A, Roberts LR. A
global view of hepatocellular carcinoma: trends, risk, prevention and
management. Nat Rev Gastroenterol Hepatol. 2019;16(10):589-604.
https://doi.org/10.1038/541575-019-0186-y.

Park JW, Chen M, Colombo M, et al. Global patterns of hepatocellular
carcinoma management from diagnosis to death: the BRIDGE Study.
Liver Int. 2015;35(9):2155-66. https://doi.org/10.1111/iv.12818.
SuY,Wang K, LiY, et al. Sorafenib-loaded polymeric micelles as passive
targeting therapeutic agents for hepatocellular carcinoma therapy.
Nanomedicine (Lond). 2018;13(9):1009-23. https://doi.org/10.2217/
nnm-2018-0046.

You J,Wu Q, LiY, et al. Lentinan induces apoptosis of mouse hepatocel-
lular carcinoma cells through the EGR1/PTEN/AKT signaling axis. Oncol
Rep. 2023;50(1):142. https://doi.org/10.3892/0r.2023.8579.

Buurman R, Sandbothe M, Schlegelberger B, Skawran B. HDAC inhibi-
tion activates the apoptosome via Apaf1 upregulation in hepatocel-
lular carcinoma. Eur J Med Res. 2016;21(1):26. https://doi.org/10.1186/
540001-016-0217-x.

Wang Z,Qu K, Zhou L, Ren L, Ren B, Meng F, Yu W, Wang H, Fan H.
Apafl nanoluc biosensors identified lentinan as a potent synergizer of
cisplatin in targeting hepatocellular carcinoma cells. Biochem Biophys
Res Commun. 2021;5(577):45-51. https://doi.org/10.1016/j.bbrc.2021.
08.030.

Zhang Y, Li Q Wang J, et al. Polysaccharide from Lentinus edodes com-
bined with oxaliplatin possesses the synergy and attenuation effect in
hepatocellular carcinoma. Cancer Lett. 2016;377(2):117-25. https://doi.
0rg/10.1016/j.canlet.2016.04.037.

Wang Y, Han X, Li YD, Zhao SY, Zhang DJ, Zhao ZH, Wang YB. Effects of
tumor-specific antigen induced by lentinan on murine H22 hepato-
cellular carcinoma immunoprophylaxis. Eur Rev Med Pharmacol Sci.
2015;19(23):4516-24.

Suto T, Fukuda S, Moriya N, et al. Clinical study of biological response
modifiers as maintenance therapy for hepatocellular carcinoma. Cancer
Chemother Pharmacol. 1994;33(Suppl):S145-8. https://doi.org/10.1007/
BF00686688.

Nan J, Gj Xu. Effect of lentinan polysaccharide combined with chemo-
therapy on liver function, T cell subsets, and IL-12 and sIL-2R in HCC
patients. Chin Integr Tradit and Wes Med Liver Dis. 2018;28(3):153-5.
https://doi.org/10.3969/j.issn.1005-0264.2018.03.009.

Zhao J. Effect of lentinan on plasma endotoxin and VE GF levels after
transcatheter hepatic artery embolization chemotherapy in Hcancer
patients. Hainan Med Coll. 2015,21(3):372-4. https://doi.org/10.13210/j.
cnkijhmu.20141112.004.

Yang WJ, Zhao HP, Yu Y, et al. Updates on global epidemiology, risk

and prognostic factors of gastric cancer. World J Gastroenterol.
2023;29(16):2452-68. https://doi.org/10.3748/wjg.v29.i16.2452.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91

92.

93.

94.

95.

Page 11 of 12

Wu SL, Zhang Y, Fu Y, Li J, Wang JS. Gastric cancer incidence, mortality
and burden in adolescents and young adults: a time-trend analysis and
comparison among China, South Korea Japan and the USA. BMJ Open.
2022;12(7):2061038. https://doi.org/10.1136/bmjopen-2022-061038.
Wakui A, Kasai M, Konno K, et al. Gan To Kagaku Ryoho. 1986;13(4 Pt
1):1050-1059

Oba K, Kobayashi M, Matsui T, Kodera Y, Sakamoto J. Individual patient
based meta-analysis of lentinan for unresectable/recurrent gastric
cancer. Anticancer Res. 2009;29(7):2739-45.

Nakano H, Namatame K, Nemoto H, Motohashi H, Nishiyama K, Kumada
K. A multi-institutional prospective study of lentinan in advanced gas-
tric cancer patients with unresectable and recurrent diseases: effect on
prolongation of survival and improvement of quality of life. Kanagawa
Lentinan Res Group Hepatogastroenterol. 1999;46(28):2662-8.

Wang QC, Wang Q, Qu ZY. Effect of lentinan combination chemother-
apy on serum IL-2, IL.-6 and immune function in elderly patients with
gastric cancer. Chin J Gerontol. 2018;38(7):1609-12. https://doi.org/10.
3969/j.issn.1005-9202.2018.07.032.

Yan Q, Zhang YT, Zhang YL, et al. Protective effect of lentinan on toxic
side effects of postoperative chemotherapy in patients with gastric
cancer. J South Med University. 2008;28(1):147-8. https://doi.org/10.
3321/jissn:1673-4254.2008.01.043.

Guo YJ, Pan WW, Liu SB, Shen ZF, Xu Y, Hu LL. ERK/MAPK signalling path-
way and tumorigenesis. Exp Ther Med. 2020;19(3):1997-2007. https://
doi.org/10.3892/etm.2020.8454.

Fan HP, Wang SY, Shi YY, Sun J. MicroRNA-340-5p inhibits the malig-
nant phenotypes of osteosarcoma by directly targeting NRF2 and
deactivating the PI3K/AKT pathway. Eur Rev Med Pharmacol Sci.
2021;25(10):3661-9. https://doi.org/10.26355/eurrev_202105_25932.
Watanabe M, Okamura A, Toihata T, et al. Recent progress in perio-
perative management of patients undergoing esophagectomy for
esophageal cancer. Esophagus. 2018;15(3):160-4. https://doi.org/10.
1007/510388-018-0617-9.

Huo X, Pei Z, Wang W, et al. Lentinan enhances the function of oxalipl-
atin on the esophageal tumors by persuading immunogenic cell death.
Comput Math Methods Med. 2022;2022:2296574. https://doi.org/10.
1155/2022/2296574.

Wang JL, Bi Z, Zou JW, Gu XM. Combination therapy with lentinan
improves outcomes in patients with esophageal carcinoma. Mol Med
Rep. 2012;5(3):745-8. https://doi.org/10.3892/mmr.2011.718.

Dobruch J, Daneshmand S, Fisch M, et al. Gender and bladder cancer:
a collaborative review of etiology, biology, and outcomes. Eur Urol.
2016;69(2):300-10. https://doi.org/10.1016/j.eururo.2015.08.037.

Sun M, Zhao W, Xie Q, Zhan'Y, Wu B. Lentinan reduces tumor progres-
sion by enhancing gemcitabine chemotherapy in urothelial bladder
cancer. Surg Oncol. 2015;24(1):28-34. https://doi.org/10.1016/j.suronc.
2014.11.002.

Harada K, Itashiki Y, Takenawa T, Ueyama Y. Effects of lentinan alone and
in combination with fluoropyrimidine anticancer agent on growth of
human oral squamous cell carcinoma in vitro and in vivo. Int J Oncol.
2010;37(3):623-31. https://doi.org/10.3892/ijo_00000711.

Jiao L, Liu Z, Zhang Y, et al. Lentinan PLGA-stabilized pickering emulsion
for the enhanced vaccination. Int J Pharm. 2022;611: 121348. https://
doi.org/10.1016/}.ijpharm.2021.121348.

He J, Liu Z, Jiang W, et al. Immune-adjuvant activity of lentinan-mod-
ified calcium carbonate microparticles on a H5N1 vaccine. Int J Biol
Macromol. 2020;163:1384-92. https://doi.org/10.1016/j.ijbiomac.2020.
08.005.

Guo Z,Hu Y, Wang D, et al. Sulfated modification can enhance the adju-
vanticity of lentinan and improve the immune effect of ND vaccine.
Vaccine. 2009;27(5):660-5. https://doi.org/10.1016/j.vaccine.2008.11.
038.

Kumar A, Paliwal R, Gulbake A. Lentinan: An unexplored novel
biomaterial in drug and gene delivery applications. J Control Release.
2023;356:316-36. https://doi.org/10.1016/j.jconrel.2023.02.034.

Jia X, Liu Q Zou S, Xu X, Zhang L. Construction of selenium
nanoparticles/B-glucan composites for enhancement of the antitumor
activity. Carbohydr Polym. 2015;117:434-42. https://doi.org/10.1016/j.
carbpol.2014.09.088.


https://doi.org/10.1007/s12035-014-9029-6
https://doi.org/10.1016/j.carbpol.2021.118154
https://doi.org/10.1016/j.carbpol.2021.118154
https://doi.org/10.1080/01926230701320337
https://doi.org/10.18632/oncotarget.13481
https://doi.org/10.18632/oncotarget.13481
https://doi.org/10.7150/thno.72509
https://doi.org/10.3969/j.issn.2095-1434.2019.09.046
https://doi.org/10.3969/j.issn.2095-1434.2019.09.046
https://doi.org/10.3969/j.issn.1008-8849.2010.15.002
https://doi.org/10.3969/j.issn.1008-8849.2010.15.002
https://doi.org/10.1038/s41575-019-0186-y
https://doi.org/10.1111/liv.12818
https://doi.org/10.2217/nnm-2018-0046
https://doi.org/10.2217/nnm-2018-0046
https://doi.org/10.3892/or.2023.8579
https://doi.org/10.1186/s40001-016-0217-x
https://doi.org/10.1186/s40001-016-0217-x
https://doi.org/10.1016/j.bbrc.2021.08.030
https://doi.org/10.1016/j.bbrc.2021.08.030
https://doi.org/10.1016/j.canlet.2016.04.037
https://doi.org/10.1016/j.canlet.2016.04.037
https://doi.org/10.1007/BF00686688
https://doi.org/10.1007/BF00686688
https://doi.org/10.3969/j.issn.1005-0264.2018.03.009
https://doi.org/10.13210/j.cnki.jhmu.20141112.004
https://doi.org/10.13210/j.cnki.jhmu.20141112.004
https://doi.org/10.3748/wjg.v29.i16.2452
https://doi.org/10.1136/bmjopen-2022-061038
https://doi.org/10.3969/j.issn.1005-9202.2018.07.032
https://doi.org/10.3969/j.issn.1005-9202.2018.07.032
https://doi.org/10.3321/j.issn:1673-4254.2008.01.043
https://doi.org/10.3321/j.issn:1673-4254.2008.01.043
https://doi.org/10.3892/etm.2020.8454
https://doi.org/10.3892/etm.2020.8454
https://doi.org/10.26355/eurrev_202105_25932
https://doi.org/10.1007/s10388-018-0617-9
https://doi.org/10.1007/s10388-018-0617-9
https://doi.org/10.1155/2022/2296574
https://doi.org/10.1155/2022/2296574
https://doi.org/10.3892/mmr.2011.718
https://doi.org/10.1016/j.eururo.2015.08.037
https://doi.org/10.1016/j.suronc.2014.11.002
https://doi.org/10.1016/j.suronc.2014.11.002
https://doi.org/10.3892/ijo_00000711
https://doi.org/10.1016/j.ijpharm.2021.121348
https://doi.org/10.1016/j.ijpharm.2021.121348
https://doi.org/10.1016/j.ijbiomac.2020.08.005
https://doi.org/10.1016/j.ijbiomac.2020.08.005
https://doi.org/10.1016/j.vaccine.2008.11.038
https://doi.org/10.1016/j.vaccine.2008.11.038
https://doi.org/10.1016/j.jconrel.2023.02.034
https://doi.org/10.1016/j.carbpol.2014.09.088
https://doi.org/10.1016/j.carbpol.2014.09.088

Zhou et al. European Journal of Medical Research (2024) 29:8 Page 12 of 12

96. LiuHJ,QinY, Zhao ZH, et al. Lentinan-functionalized selenium nanopar-
ticles target tumor cell mitochondria via TLR4/TRAF3/MFN1 pathway.
Theranostics. 2020;10(20):9083-99. https://doi.org/10.7150/thno.46467.

97. AnY, Zhao J. Functionalized selenium nanotherapeutics synergizes with
zoledronic acid to suppress prostate cancer cell growth through induc-
tion of mitochondria-mediated apoptosis and cell cycle S phase arrest.
Front Oncol. 2021;11:685784. https://doi.org/10.3389/fonc.2021.685784.

98. Wang Z,QuK, Zhou L, et al. Apaf1 nanoLuc biosensors identified
lentinan as a potent synergizer of cisplatin in targeting hepatocellular
carcinoma cells. Biochem Biophys Res Commun. 2021,577:45-51.
https://doi.org/10.1016/j.bbrc.2021.08.030.

99. LiuQ DongL, LiH,Yuan J, Peng Y, Dai S. Lentinan mitigates theraru-
bicin-induced myelosuppression by activating bone marrow-derived
macrophages in an MAPK/NF-kB-dependent manner. Oncol Rep.
2016;36(1):315-23. https://doi.org/10.3892/0r.2016.4769.

100. ZiY, Zhang B, Jiang B, et al. Antioxidant action and protective and
reparative effects of lentinan on oxidative damage in HaCaT cells. J
Cosmet Dermatol. 2018;17(6):1108-14. https://doi.org/10.1111/jocd.
12488.

101. Wang, Jin H, Yu J, et al. Quality control and immunological activ-
ity of lentinan samples produced in China. Int J Biol Macromol.
2020;159:129-36. https://doi.org/10.1016/j.ijbiomac.2020.05.050.

102. ZhangY, Zheng Z, Yang X, et al. A sensitive and rapid radiolabelling
method for the in vivo pharmacokinetic study of lentinan. Food Funct.
2018;9(6):3114-25. https://doi.org/10.1039/c8f000272).

103. Zheng Z, Tang W, Lu W, et al. Metabolism and biodegradation of
-Glucan in vivo. Front Vet Sci. 2022;9:889586. https://doi.org/10.3389/
fvets.2022.889586.

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

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

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions . BMC



https://doi.org/10.7150/thno.46467
https://doi.org/10.3389/fonc.2021.685784
https://doi.org/10.1016/j.bbrc.2021.08.030
https://doi.org/10.3892/or.2016.4769
https://doi.org/10.1111/jocd.12488
https://doi.org/10.1111/jocd.12488
https://doi.org/10.1016/j.ijbiomac.2020.05.050
https://doi.org/10.1039/c8fo00272j
https://doi.org/10.3389/fvets.2022.889586
https://doi.org/10.3389/fvets.2022.889586

	Lentinan progress in inflammatory diseases and tumor diseases
	Abstract 
	Introduction
	Studies of LNT in inflammatory diseases
	Studies of LNT in inflammation of intestinal inflammation.
	Studies of LNT in inflammation of other systems

	Studies of LNT in tumor-related diseases
	Studies of LNT in Lung cancer
	Studies of LNT in Colorectal cancer
	Studies of LNT in Liver cancer
	Studies of LNT in gastric cancer
	Studies of LNT in other cancer

	Discussion
	References


