
Frontiers in Cellular and Infection Microbiolo

Edited by:
Wanbo Tai,

Shenzhen Bay Laboratory, China

Reviewed by:
Yong Hu,

Beijing Institute of Biotechnology,
China

Bin Zheng,
Tianjin University, China

*Correspondence:
Shishan Dong

dongshishan@163.com
Juxiang Liu

ljx0315@126.com
Zhendong Guo

guozd@foxmail.com

†These authors have contributed
equally to this work

Specialty section:
This article was submitted to

Clinical Microbiology,
a section of the journal
Frontiers in Cellular and
Infection Microbiology

Received: 09 March 2022
Accepted: 27 April 2022
Published: 20 May 2022

Citation:
Cui H, Zhang C, Zhang C,

Cai Z, Chen L, Chen Z, Zhao K,
Qiao S, Wang Y, Meng L, Dong S,

Liu J and Guo Z (2022) Anti-
Influenza Effect and Mechanisms of
Lentinan in an ICR Mouse Model.

Front. Cell. Infect. Microbiol. 12:892864.
doi: 10.3389/fcimb.2022.892864

ORIGINAL RESEARCH
published: 20 May 2022

doi: 10.3389/fcimb.2022.892864
Anti-Influenza Effect and
Mechanisms of Lentinan in
an ICR Mouse Model
Huan Cui1,2†, Cheng Zhang1,3†, Chunmao Zhang1†, Zhuming Cai1†, Ligong Chen3,
Zhaoliang Chen1,3, Kui Zhao2, Sina Qiao3, Yingchun Wang3, Lijia Meng3, Shishan Dong3*,
Juxiang Liu3* and Zhendong Guo1*

1 Changchun Veterinary Research Institute, Chinese Academy of Agriculture Sciences, Changchun, China, 2 College of
Animal Medicine, Jilin University, Changchun, China, 3 College of Veterinary Medicine, Hebei Agricultural University,
Baoding, China

Influenza virus is a serious threat to global human health and public health security. There
is an urgent need to develop new anti-influenza drugs. Lentinan (LNT) has attracted
increasing attention in recent years. As potential protective agent, LNT has been shown to
have anti-tumor, anti-inflammatory, and antiviral properties. However, there has been no
further research into the anti-influenza action of lentinan in vivo, and the mechanism is still
not fully understood. In this study, the anti-influenza effect and mechanism of Lentinan
were studied in the Institute of Cancer Research (ICR) mouse model. The results showed
that Lentinan had a high degree of protection in mice against infection with influenza A
virus, delayed the emergence of clinical manifestations, improved the survival rate of mice,
significantly prolonged the middle survival days, attenuated the weight loss, and reduced
the lung coefficient of mice. It alleviated the pathological damage of mice infected with the
influenza virus and improved blood indices. Lentinan treatment considerably inhibited
inflammatory cytokine (TNF-a, IL-1b, IL-4, IL-5, IL-6) levels in the serum and lung and
improved IFN-g cytokine levels, which reduced cytokine storms caused by influenza virus
infection. The underlying mechanisms of action involved Lentinan inhibiting the
inflammatory response by regulating the TLR4/MyD88 signaling pathway. This study
provides a foundation for the clinical application of Lentinan, and provides new insight into
the development of novel immunomodulators.

Keywords: lentinan, influenza virus, ICR mouse model, cytokine storm, TLR4/MyD88 signaling pathway
1 INTRODUCTION

Influenza A is one of the major infectious diseases threatening human health, and the seasonal
influenza epidemic has been widely studied (Kanekiyo et al., 2013; Hutchinson, 2018). It was
reported that the influenza A virus (IAV) infects approximately 5% of adults and 20% of children
worldwide every year, with up to 3 million severe cases and 250,000 deaths (Zhou et al., 2014;
Fontana and Steven, 2015). According to the antigenicity of hemagglutinin (HA) and
neuraminidase (NA) proteins, IAV can be categorized into many subtypes, such as H1N1,
H3N2, H5N1, H5N6, H7N9, and H9N2 (Park and Ryu, 2018). Previous studies have shown that
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cross-species infection and transmission of avian influenza
viruses such as H5N1, H5N6, H7N9, and H9N2 confer a
broad spectrum of disease with varying severity and mortality,
posing a serious threat to public health and human health (To
et al., 2013; Zhang et al., 2016; Um et al., 2021). New strains of
IAV with new pathogenicity and medication resistance evolve
when HA and NA continue to mutate, resulting in seasonal
influenza epidemics and localized outbreaks (Abdul-Careem
et al., 2011; Perera and Peiris, 2015). Thus, there is an urgent
need to develop more effective novel anti-influenza drugs.

IAV damages the body through viral replication and an
excessive inflammatory response (Lobo et al., 2019). Infection
with IAV can also stimulate the body to produce excessive
cytokine, while a cytokine storm can cause acute lung injury
(ALI) in the host, which is the main cause of mortality
(Fukuyama and Kawaoka, 2011). Toll-like receptors (TLRs) are
an important class of proteins involved in natural immunity and
are also key receptors for the production of inflammatory
mediators, among which TLR4 is closely related to pneumonia
caused by IAV (Martin and Wurfel, 2008). MyD88 is a linker
protein that plays an extremely important role in TLR signaling
(Li et al., 2009). MyD88 recruits IL-1R-associated kinases
(IRAKs) that activate TRAF-6 through autophosphorylation.
TRAF-6 activates nuclear factor (NF)-kB, which induces
related gene expression and secretes inflammatory cytokines
(Downes and Marshall-Clarke, 2010). It has previously been
shown that the activation of the TLR4 signaling pathway
aggravates the lung damage caused by IAV (Imai et al., 2008;
Nhu et al., 2010). Therefore, inhibition of the cytokine storm and
regulation of the TLR4 signaling pathway are particularly
important in the development of new anti-influenza drugs.

Lentinan (LNT) is a b-1,3-glucan extracted from Lentinus
edodes that has good biological activity and its safety has also
been affirmed (Mao et al., 2019; Kuang et al., 2021). LNT has
immunomodulatory, anti-inflammatory, antiviral, and antitumor
effects, and its good anti-inflammatory and antiviral effects have
beenwidely recognized worldwide in recent years (Han et al., 2001;
Ren et al., 2019; Chen et al., 2021; Yang et al., 2021; Du et al., 2022;
Yang et al., 2022). According to studies, LNT can reduce
inflammatory damage by reducing inflammatory cytokine release
and can also control inflammation by inhibiting theTLR4 signaling
pathway, thereby acting as an antiviral (Nishitani et al., 2013; Liu
et al., 2019;Murphy et al., 2020).Basedon these results,we speculate
that LNT can treat influenza A. Oseltamivir is widely used as a
neuraminidase inhibitor in the treatment of influenza A (Agrawal
et al., 2010).Many studies onanti-influenza effects andmechanisms
of drugs chose the ICR mouse model (Geng et al., 2019; Du et al.,
2020; Yu et al., 2020; Cui et al., 2022). In our study, oseltamivir was
used as a positive control drug to study the anti-influenza effect and
mechanism of LNT in the ICR mouse model.
2 MATERIALS AND METHODS

2.1 Ethics Statement
To ensure animal welfare, all research involving animals was
approved by strict regulations. All the animal experiments were
Frontiers in Cellular and Infection Microbiology | www.frontiersin.org 2
approved by the relevant regulatory agency of the Animal Ethical
Committee of Changchun Veterinary Research Institute.
(Document number of approval: SCXK202105099).

2.2 Animal Experiment and Sample
Collection
2.2.1 Animals and Grouping
A total of 120 male ICR mice weighing 18-20 g were purchased
from Beijing Vital River Laboratory Animal Technology Co., Ltd.
During the trial, ICR mice were fed using the IVC system and
provided normal water and food. Sixty mice were randomly
divided into six groups (10 mice per group). Six groups of mice
were observed for clinical manifestations, survival rate, and 14-day
continuous weight monitoring: the negative control group
(control), the virus-infected group (model), the oseltamivir
treatment group (oseltamivir), the lentinan low-dose treatment
group (LNT-L), the lentinan medium-dose treatment group
(LNT-M) and the lentinan high-dose treatment group (LNT-H).
The other 60 ICR mice were grouped as above for sample
collection and subsequent experimental testing.

2.2.2 Source and Dosage of Drugs
Oseltamivir was purchased from Aladdin Bio-Chem Technology
Co., Ltd. (Shanghai, China). Oseltamivir was diluted in
phosphate buffer solution (PBS) at a concentration of 5 mg/mL
and given intragastrically to ICR mice at a daily dose of 20 mg/
kg, as previously reported (Tang et al., 2021). Lentinan was
purchased from Solarbio Science & Technology Co., Ltd (Beijing,
China. Lentinan dissolved in PBS was given to the LNT-L, LNT-
M, and LNT-H groups by gavage at 5 mg/kg, 10 mg/kg, and 20
mg/kg, respectively (Kuang et al., 2021). At 2 hours
postinfection, the mice were given drugs or PBS by oral gavage
once a day for 5 days (Zhang et al., 2021).

2.2.3 Virus and Infection
Influenza A virus A/PR/8/34 (H1N1) was stored by Changchun
Veterinary Research Institute, Chinese Academy of Agriculture
Sciences. The virus was amplified in 9-day-old specific-
pathogen-free (SPF) chicken eggs (Beijing Boehringer
Ingelheim Viton Biotechnology Co., Ltd). Then the harvested
all-cystic fluid was inoculated into SPF chicken eggs and the 50%
egg infectious dose (EID50) of the virus was determined. The 50%
lethal dose (LD50) of A/PR/8/34 (H1N1) was determined in IRC
mice. The EID50 and LD50 were calculated by the Reed - Muench
method. Based on previous studies, the ICR mouse infection
model was established (Reed and Muench, 1938; Wu et al., 2016;
Ma et al., 2021a). In short, ICR mice were anesthetized with
isoflurane and infected intranasally with a 50 mL virus
suspension containing 2 LD50 viruses. The mice were
randomly divided into 5 groups (n=10 for each group): the
model group, oseltamivir group, LNT-L group, LNT-M group,
and LNT-H group. Ten mice in the control group were also
anesthetized with isoflurane and given 50 mL PBS as a control.

2.2.4 Sample Collection
Experimental samples were collected from the mice of the six
experimental groups 5 days postinfection (dpi). EDTA
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anticoagulant blood and ordinary nonanticoagulant blood were
collected from mice under general anesthesia (isoflurane
anesthesia). EDTA anticoagulant blood was used for routine
blood testing. The normal non-anticoagulant blood was stored
for 30 min at 37 °C, followed by centrifugation at 4,000 rpm for
10 min. Then, the serum was utilized to detect cytokines. The
lungs of mice were collected and weighed to calculate the lung
index. Each mouse’s lungs were divided into three parts. The first
section was utilized to identify viral titers in mouse lungs. The
second section was fixed in a 40% formaldehyde solution before
being stained with hematoxylin and eosin (HE) and
immunohistochemically. The RNA extracted from the last
section of the lung was used for mRNA detection of cytokines
and TLR4 signaling pathways.

2.3 Data Recording and Experimental
Testing
2.3.1 Clinical Manifestations, Survival Rate,
and Body Weight
Six groups of mice were monitored continuously for 14 days after
infection for clinical manifestations (reduced activity, back hair,
tachypnea, etc.), survival, and body weight, to assess the
protective effect by reducing survival time and mortality.

2.3.2 Virus Titer and Lung Index
At 5 dpi, the lungs of each mouse were collected and weighed,
and the lung index of the mice was calculated by the formula
(Wei et al., 2018). The mouse lung samples were homogenized in
1 mL of PBS using a tissue lyser (Qiagen, Germany). Samples
were clarified at 8,000 rpm at 4 °C for 10 min. The above-clarified
lung homogenates were inoculated into SPF chicken eggs and the
EID50 was determined by hemadsorption.

2.3.3 Lung Histopathology
At 5 dpi, the lungs of each mouse were collected and fixed in 40%
formaldehyde, and the samples were paraffin-embedded. The
tissue samples were sectioned at a thickness of 4 mm and stained
with hematoxylin and eosin. A light microscope was used to
examine the pathological abnormalities in the lungs.

2.3.4 Routine Blood Tests of Mice
Routine blood tests were performed using EDTA anticoagulant
blood collected from mice at 5 dpi. The collected mouse blood
was tested according to the manual of an automatic blood cell
analysis instrument (BT-3200, Better, China). The differences in
blood cells among different groups of mice were analyzed by the
test results.

2.3.5 Detection of the Cytokine and Signaling
Pathways of TLR4
For cytokine detection, serum samples from mice taken at 5 dpi
were used. The ELISAKit was used according to themanufacturer’s
instructions. Boster Biological Technology Co., Ltd (Wuhan,
China). provided TNF-a (Item Number: EK0527), IL-1b (Item
Number: EK0394), IL-4 (Item Number: EK0405), IL-5 (Item
Number: EK0408), IL-6 (Item Number: EK0411), and IFN-g
Frontiers in Cellular and Infection Microbiology | www.frontiersin.org 3
(Item Number: EK0411) EK0375). To extract RNA from mouse
lungs, anRNeasy PlusUniversal Kit (73404,Qiagen,Germany)was
employed. A Prime Script™ RT reagent Kit (RR037A, Takara,
Dalian, China) was used for reverse transcription of the extracted
RNA to obtain cDNA. Power SYBR™Green PCRMasterMix was
used for RT–qPCR of the obtained cDNA. The primers in Table 1
were used to detect cytokines and TLR4 signaling pathway mRNA
in mouse lungs. RT–qPCR was performed on an ABI 7500 Fast
Real-Time PCR System (Thermo Fisher Scientific, USA). The RT-
qPCRprocedurewas 50°C for 2min and 95°C for 10min. 40 cycles:
95°C for 15 sec and 60°C for 1 min. Data were analyzed using the
2−DDCt method (Pfaffl, 2001).

2.3.6 Immunohistochemical Test
At 5 dpi, the lungs of each mouse were collected and fixed in 40%
formaldehyde, and the samples were paraffin-embedded. The
tissue samples were sectioned at a thickness of 4 mm, and the
operation was carried out using the instructions of the two-step
anti-rabbit IGG-HRP immunohistochemistry kit (SV0002,
BOSTER, Wuhan, China). The primary antibodies used for
immunohistochemistry were as follows: TLR4 (Cell Signaling,
14358S, 1:1000), MyD88 (Beyotime, AF2116, 1:100), TRAF6
(Cell Signaling, 67591S, 1:500), and phospho-NF-kB P65 (Cell
Signaling, 3033S, 1:1000). The brown-positive products were
observed under an optical microscope, and the integrated
optical density (IOD) results were quantified as described
using Image-Pro Plus 6.0 software (Media Cybernetics, USA)
(Peng et al., 2016).

2.4 Statistical Analysis
The results are the means ± standard deviation (SD). Statistical
differences were assessed by using the GraphPad Prism software
TABLE 1 | Primer sequences for RT-qPCR.

Target
Gene

Direction Sequences (5’-3’)

TNF-a Forward
Reverse

CCCTCACACTCAGATCATCTTCT
GCTACGACGTGGGCTACAG

IL-1b Forward
Reverse

GCAACTGTTCCTGAACTCAACT
ATCTTTTGGGGTCCGTCAACT

IL-4 Forward
Reverse

GGTCTCAACCCCCAGCTAGT
GCCGATGATCTCTCTCAAGTGAT

IL-5 Forward
Reverse

GCAATGAGACGATGAGGCTTC
GCCCCTGAAAGATTTCTCCAATG

IL-6 Forward
Reverse

TAGTCCTTCCTACCCCAATTTCC
TTGGTCCTTAGCCACTCCTTC

IFN-g Forward
Reverse

ATGAACGCTACACACTGCATC
CCATCCTTTTGCCAGTTCCTC

TLR4 Forward
Reverse

ATGGCATGGCTTACACCACC
GAGGCCAATTTTGTCTCCACA

MyD88 Forward
Reverse

AGGACAAACGCCGGAACTTTT
GCCGATAGTCTGTCTGTTCTAGT

TRAF6 Forward
Reverse

AAAGCGAGAGATTCTTTCCCTG
ACTGGGGACAATTCACTAGAGC

NF-kB p65 Forward
Reverse

AGGCTTCTGGGCCTTATGTG
TGCTTCTCTCGCCAGGAATAC

GAPDH Forward
Reverse

AGGTCGGTGTGAACGGATTTG
TGTAGACCATGTAGTTGAGGTCA
May 2
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version 8.0.2 (GraphPad Prism software, Inc San Diego, CA,
USA) by one-way analysis of variance (ANOVA). P < 0.05 was
deemed statistically significant.
3 RESULT

3.1 LNT Showed a Good Protective Effect
on Infected Mice
The clinical manifestations, survival rates, and body weight
changes of the six groups of mice (control, model, oseltamivir,
LNT-L, LNT-M, and LNT-H) were monitored and recorded
daily to determine the protective impact of LNT on mice infected
with IAV (Figure 1). During the 14-day study period, the LNT
therapy group exhibited good protection. At 3 dpi, mice in the
model group displayed clinical signs such as reduced activity,
erect back hair, and tachypnoea. However, clinical symptoms of
the mice did not appear in the oseltamivir and LNT-H groups
until 5 dpi, and LNT-L and LNT-M also delayed the emergence
of clinical symptoms. Mice in the model group began to die at 6
dpi and all died at 9 dpi. At 7 dpi and 8 dpi, mice in the
oseltamivir and LNT-H groups began to die, with death
protection rates of 50% and 60%, respectively (Table 2). The
death protection rates of LNT-L and LNT-M were 30% and 40%,
respectively. We discovered that as the LNT dose increased, the
protection rate of the mice also increased. Furthermore, middle
survival days were prolonged in infected mice treated with LNT
(Table 2). During the weight monitoring period, the model mice
showed a continued drop in body weight until all died at 9 dpi,
approximately 25%. The body weight of mice in the oseltamivir,
LNT-L, LNT-M and LNT-H groups showed a trend of first
decreasing and then increasing. Among the four groups, mice in
the oseltamivir and LNT-H groups lost the least body weight and
recovered most rapidly. The mice in the control groups were in
good physical condition.

3.2 LNT Exerts a Protective Effect
Against ALI
The lung coefficient and viral titer of mice at 5 dpi were
determined to study the protective impact of LNT on ALI
(Figure 2). The lung index (1.71 ± 0.39) and virus titer
(104.83 ± 0.63 EID50/mL) in the model group were significantly
higher than those in the control group (P < 0.001). The
pulmonary coefficient and virus titer of the four treatment
groups (oseltamivir, LNT-L, LNT-M, and LNT-H) were all
Frontiers in Cellular and Infection Microbiology | www.frontiersin.org 4
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TABLE 2 | The protective effect of Lentinan on infected mice.

Groups Mice
(n)

Death
(n)

Death rate
(%)

Death protective
rate (%)

Middle survival
days

Control 10 0 0 / /
Model 10 10 100 / 7
Oseltamivir 10 5 50 50% 11.5
LNT-L 10 7 70 30% 9
LNT-M 10 6 60 40% 9.5
LNT-H 10 4 40 60% >14
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reduced to some extent compared to the model group, indicating
that the pulmonary edema of mice had been improved to some
extent, with the oseltamivir and LNT-H groups having the most
obvious improvement effect. HE staining of the lungs of mice was
performed to further study the protective impact of LNT on ALI
in mice (Figure 3). The control group showed no obvious
pathological damage, whereas the model group showed
alveolar thickening, inflammatory cell infiltration, and
epithelial cell death. In the four therapy groups, lung damage
was reduced, with oseltamivir and LNT-H providing the
best protection.
Frontiers in Cellular and Infection Microbiology | www.frontiersin.org 5
3.3 LNT Improved the Blood Indeces of
Mice Infected With IAV
The blood routine of mice was measured to evaluate the
influence of LNT on blood indices in mice infected with IAV.
Routine blood data are an important indicator of inflammation
caused by the IAV. In this study, four important indicators of
routine blood tesys (white blood cells, lymphocytes, monocytes,
and granulocytes) were analyzed (Figure 4). These four types of
blood cells were found in much lower numbers in the model
group than in the control group. Compared to control mice, the
four treatment groups (oseltamivir, LNT-L, LNT-M, and LNT-
A B

FIGURE 2 | Protective effect of LNT on the lungs of mice infected with influenza virus. Male ICR mice were intranasally infected with 2 LD50 influenza virus A/PR/8/
34 (H1N1). At 5 dpi, the lungs were harvested from the euthanized mice and weighed to calculate the lung index (B). At the same time, the virus titer in the lungs
was titrated with SPF chicken embryos (A). ###p < 0.001, vs. control group (n=10); *p < 0.05, **p < 0.01, ***p < 0.001, vs. model group (n=10).
A B C

D E F

FIGURE 3 | Pathological observation of the lung in mice. Lung pathological changes were observed by HE staining at 5 dpi (200 x): control group (A), model group
(B), oseltamivir group (C), LNT-L group (D), LNT-M group (E), and LNT-H group (F). Necrosis of epithelial cells (black arrow); Inflammatory cell infiltration (red arrow);
Alveolar wall thickening (green arrow); Bleeding (yellow arrow).
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H) were effective in inhibiting the decrease in the four blood cell
types in mice, with oseltamivir and LNT-H showing the best
inhibitory effect.

3.4 Effects of LNT on Cytokines in
Infected Mice
During IAV infection, inflammation-related cytokines increase
significantly, and cytokine storms are thought to be a major
cause of death (Fukuyama and Kawaoka, 2011; Labella and
Merel, 2013). The quantities of cytokines in mouse serum and
the mRNA expression of cytokines in mouse lungs were
examined in this study. TNF-a, IL-1b, IL-4, IL-5, IL-6, and
IFN-g expression levels in the serum of mice in the model group
were significantly greater than those in the control group
(P<0.001), as shown in Figure 5A. TNF-a, IL-1b, IL-4, IL-5,
and IL-6 expression in serum was inhibited to varying degrees in
the four treatment groups (oseltamivir group, LNT-L group,
LNT-M group, and LNT-H group) compared to the model
group. Serum IFN-g levels, on the other hand, were
significantly elevated, with the oseltamivir and LNT-H having
Frontiers in Cellular and Infection Microbiology | www.frontiersin.org 6
the greatest influence on serum cytokines. The mRNA
expression trend of these six cytokines in the lungs of mice
was the same as that in the serum (Figure 5B). The regulation of
LNT on cytokine expression in the serum and lung of mice was
improved when the LNT dosage was increased.

3.5 Inhibition of LNT on TLR4/MyD88
Signaling Pathway by LNT
TLR4, MyD88, TRAF6, and NF-B P65 mRNA expression levels
were evaluated by RT–qPCR in this work to assess the effects of
LNT on the TLR4/MyD88 signaling pathway (Figure 6). The
expression levels of TLR4, MyD88, TRAF6, and NF-kB P65
mRNA in the model group were significantly upregulated
compared with those in the control group (P < 0.001).
Compared with the model group, the four treatment groups
(oseltamivir group, LNT-L group, LNT-M group, and LNT-H
group) exhibited varied inhibitory effects on the mRNA
expression levels of TLR4, MyD88, TRAF6, and NF-kB P65 in
the lungs of mice. Except for the LNT-L group, there were
significant differences in the other three groups (P < 0.05).
A B

C D

FIGURE 4 | Routine blood results of mice. At 5 dpi, EDTA anticoagulant blood was collected for routine blood testing. An automatic blood cell analyzer (BT-3200,
Better, China) was used to detect the mouse samples. The blood cell data are shown in the figure. (A) White blood cells; (B) lymphocytes; (C) monocytes;
(D) granulocytes. WBC stands for white blood cells, LY for lymphocytes, MO for monocytes and GR for granulocytes. ###p < 0.001, vs control group (n=10);
*p < 0.05, **p < 0.01, ***p < 0.001, vs. model group (n=10).
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TLR4, MyD88, TRAF6, and NF-B P65 mRNA expression levels
in the lungs of mice were significantly reduced in the oseltamivir
and LNT-H groups. Immunohistochemical techniques were
utilized to evaluate the protein expression levels of TLR4,
MyD88, TRAF6, and P-NF-B P65 in the TLR4/MyD88
signaling pathway. The two treatment groups with the best
therapeutic effect (oseltamivir group and LNT-H group) were
chosen for immunohistochemistry staining after a thorough
Frontiers in Cellular and Infection Microbiology | www.frontiersin.org 7
evaluation of all other findings in this study. To present the
data, we tallied the IOD of all immunohistochemical staining
sections and derived the mean values and SD (Figure 7). The
protein expression levels of TLR4, MyD88, TRAF6, and P-NF-
kB P65 in the model group were significantly upregulated
compared with those in the control group (P < 0.001). The
protein expression levels of TLR4, MyD88, TRAF6, and P-NF-
kB P65 in the lungs of both treatment groups (oseltamivir and
A1 A2 A3

A4 A5 A6

B1 B2 B3

B4 B5 B6

FIGURE 5 | Effects of LNT on cytokines in mice. The serum and lungs of 5 dpi mice were collected. Cytokines in the serum of mice were detected by ELISA
method, and cytokines in the lungs of mice were detected by RT–qPCR. LNT decreased the levels of TNF-a, IL-1b, IL-4, IL-5 and IL-6 in the serum (A) and lung
(B) of mice, and increased the level of IFN-g. ###p < 0.001, ##p < 0.01, vs. the control group (n=10); *p < 0.05, **p < 0.01, ***p < 0.001, vs. the model group (n=10).
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LNT-H) were significantly downregulated compared with those
in the model group (P < 0.001).
4 DISCUSSION

IAV isapathogen that cancause apandemicand seriously threatens
human health and public health security all over the world. As IAV
continues to evolve and mutate, new drug-resistant strains are
emerging, making the development of new anti-influenza
medications critical. LNT has received much attention in recent
years, and the safety of LNT in food has been proven (Sun et al.,
2020). LNThas a variety of actions, including immunomodulatory,
anti-inflammatory, antitumor, and antiviral activities, according to
recent research (Han et al., 2001; Ren et al., 2019; Gu et al., 2022; Liu
et al., 2022). Previous studies have reported that LNTpossesses anti-
influenza activity, while the anti-influenza mechanism of LNT is
Frontiers in Cellular and Infection Microbiology | www.frontiersin.org 8
still unclear (Irinoda et al., 1992). In recent research, LNT has been
proven to have a favorable immunomodulatory impact in vitro and
is suspected of having a regulatory influence on cytokine storms
induced by a new coronavirus and IAV, but this has yet to be
confirmed in vivo (Murphy et al., 2020). There has been no further
research into the anti-influenza action of LNT in vivo, and the
mechanism is still not fully understood.

In this study, LNT showed a good protective effect on mice
infected with IAV. It delayed the appearance of clinical
manifestations and the appearance of the first dead mouse
(Figure 1), improved the death protection rate of mice,
significantly prolonged middle survival days (Table 2), and
reduced weight loss. In comparison to the oseltamivir group, the
LNT-H group’s protective impact on mice was more noticeable.
LNTnotonlyprotected infectedmice frominfectionbut alsohelped
prevent animals from ALI. LNT lowered not only the virus titer in
mouse lungs, but also the lung coefficient, reducing the pathological
A B

C D

FIGURE 6 | Effect of LNT on the TLR4 signaling pathway in the mouse lung. The lungs of 5 dpi mice were collected, and the mRNA levels of TLR4 (A), MyD88
(B), TRAF6 (C) and NF-kB P65 (D) in the TLR4 signaling pathway were detected by RT–qPCR. LNT inhibited the expression levels of the four mRNAs. ###p < 0.001,
vs control group (n=10); *p < 0.05, **p < 0.01, ***p < 0.001, vs. model group (n=10).
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harm produced by IAV infection in mice. Our study on the anti-
influenza activity of LNT in vivo is more extensive than a previous
study (Irinoda et al., 1992). Routine blood tests are critical in the
early detection of IAV infection, with the four white blood cell
markers of lymphocytes, monocytes, and granulocytes being
particularly essential (Shaim et al., 2020). In mice infected with
IAV, drug therapy has been demonstrated to enhance blood
indicators (Chik et al., 2004). Our findings are consistent with
prior findings, and infected mouse blood indices can be
dramatically improved after treatment with LNT.

Host defense systems have been demonstrated to alter
cytokine levels and the onset of clinical symptoms of IAV in
previous investigations (Hayden et al., 1998; Kaiser et al., 2001).
Although cytokines can aid in pathogen clearance, unregulated
cytokine release can result in cytokine storms (Loo and Gale,
2007). The etiology of severe influenza is linked to cytokine
storms as well as direct damage from viral multiplication in the
lungs (Fukuyama and Kawaoka, 2011; To et al., 2013; Lobo et al.,
2019). Therefore, immunomodulators combined with anti-
inflammatory therapy may be a viable strategy to treat drug-
resistant IAV infections in the future (Peiris et al., 2009). LNT
has been identified as a good immunomodulator in numerous
Frontiers in Cellular and Infection Microbiology | www.frontiersin.org 9
anti-inflammatory and antiviral studies (Mao et al., 2019; Li
et al., 2020; Kuang et al., 2021). TNF-a, IL-1b, IL-4, IL-5, IL-6,
and IFN-g are the key cytokines that have been implicated in the
inflammatory response following IAV infection. TNF-a is a
multifunctional inflammatory cytokine that plays a key role in
the development of severe influenza. TNF-a levels are linked to
the severity of infection-induced pulmonary damage (Aldridge
et al., 2009). Overexpression of IL-4, IL-5, and IL-6, on the other
hand, was linked to illness severity (Damjanovic et al., 2011; Wei
et al., 2018; Ma et al., 2021b). L-1b is a major inflammatory factor
that contributes to ALI and plays a significant role in the
development of ALI (Niu et al., 2019). IFN-g has been found
to reduce early death of IAV infection in mice, and it plays a key
role in virus clearance (Wiley et al., 2001; Weiss et al., 2010;
Kawahara et al., 2015). In this study, the LNT significantly
reduced TNF-a, IL-1b, IL-4, IL-5, and IL-6 levels, improved
IFN-g levels, and alleviated cytokine storm caused by IAV
infection. Recent research has discovered that elevated plasma
levels of IL-1b and IL-6 expression are a typical sign of the
cytokine storm generated by new coronavirus pneumonia
(COVID-19) (Liu et al., 2020; Zhang et al., 2020). LNT, on the
other hand, has strong regulatory effects on IL-1b and IL-6, and
A1 A2 A3 A4 A5

B1 B2 B3 A4 B5

C1 C2 C3 C4 C5

D1 D2 D3 D4 D5

FIGURE 7 | Immunohistochemical staining observation of key proteins in the TLR4 signaling pathway in mouse lung tissue. Lung tissues of 5 dpi mice were collected and
the expression levels of TLR4 (A), MyD88 (B), TRAF6 (C) and P-NF-kB P65 (D) in the TLR4 signaling pathway were quantitatively analyzed by immunohistochemical staining
(200 x). A1, B1, C1, and D1 represent the control group; A2, B2, C2, and D2 represent the model group, A3, B3, C3, and D3 represent oseltamivir group, A4, B4, C4, and
D4 represent the LNT-H group; and A5, B5, C5, and D5 represent the IOD quantification results of brown positive products. ###p < 0.001, vs control group (n=10); ***p <
0.001, vs. model group (n=10).
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some researchers have postulated that it may also regulate
COVID-19 (Murphy et al., 2020). Thus, scientists should
examine whether LNT has a regulatory influence on COVID-19.

TLR4 is involved in the inflammatory response to IAV
infection, and activation of the TLR4 signaling pathway
exacerbates the lung damage induced by the virus (Imai et al.,
2008; Martin and Wurfel, 2008; Nhu et al., 2010). In the TLR4
signaling pathway, which is necessary for cytokine generation,
MyD88 serves as a vital bridge protein (Yamamoto et al., 2003;
Deguine andBarton, 2014). TRAF-6 triggersNF-kB,which causes
gene expression and inflammatory cytokine secretion (Downes
and Marshall-Clarke, 2010). There are many members of TLRs,
including TLR3, TLR7, etc. In our study, no other TLRs were
found to play an important role in the anti-influenza process of
lentinan. LNT regulates sepsis via the TLR4/MyD88 signaling
pathway, according to previous research (Li et al., 2020; Kuang
et al., 2021). The TLR4/MyD88 signaling pathway was
investigated using RT–qPCR and immunohistochemistry in this
study. Our findings revealed that LNT reduces the severity of
pneumonia induced by IAV infection by modulating the TLR4/
MyD88 signaling pathway, resulting in a more effective
therapeutic impact (Figure 8).

In conclusion, our findings reveal that LNT can reduce ALI in
IAV-infected mice, and we studied the mechanism of LNT action
by inhibiting the inflammatory response by controlling the
TLR4/MyD88 signaling pathway. This research laid the
groundwork for the clinical use of LNT and the development
of novel immunomodulators.
Frontiers in Cellular and Infection Microbiology | www.frontiersin.org 10
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FIGURE 8 | LNT regulates the cytokine storm through the TLR4 signaling pathway and alleviates acute lung injury caused by influenza virus infection. This figure
was drawn on Figdraw.
May 2022 | Volume 12 | Article 892864

https://www.frontiersin.org/journals/cellular-and-infection-microbiology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/cellular-and-infection-microbiology#articles


Cui et al. Anti-Influenza Effect of Lentinan
REFERENCES

Abdul-Careem, M. F., Mian, M. F., Gillgrass, A. E., Chenoweth, M. J., Barra, N. G.,
Chan,T., etal. (2011).FimH,aTLR4Ligand, Induces InnateAntiviralResponses in
the Lung Leading to Protection Against Lethal Influenza Infection in Mice.
Antiviral Res. 92 (2), 346–355. doi: 10.1016/j.antiviral.2011.09.004

Agrawal, R., Rewatkar, P. V., Kokil, G. R., Verma, A., and Kalra, A. (2010).
Oseltamivir: A First Line Defense Against Swine Flu. Med. Chem. 6 (4), 247–
251. doi: 10.2174/1573406411006040247

Aldridge, J. R. Jr., Moseley, C. E., Boltz, D. A., Negovetich, N. J., Reynolds, C.,
Franks, J., et al. (2009). TNF/iNOS-Producing Dendritic Cells Are the
Necessary Evil of Lethal Influenza Virus Infection. Proc. Natl. Acad. Sci. U.
S. A. 106 (13), 5306–5311. doi: 10.1073/pnas.0900655106

Chen, Q., Zheng, Y., Chen, X., Ge, P., Wang, P., and Wu, B. (2021). 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. 11.
doi: 10.3389/fonc.2021.778096

Chik, K. W., Li, C. K., Chan, P. K., Shing, M. M., Lee, V., Tam, J. S., et al. (2004).
Oseltamivir Prophylaxis During the Influenza Season in a Paediatric Cancer
Centre: Prospective Observational Study. Hong Kong Med. J. 10 (2), 103–106.

Cui, X. R., Guo, Y. H., and Liu, Q. Q. (2022). Cangma Huadu Granules, a New
Drug With Great Potential to Treat Coronavirus and Influenza Infections,
Exert its Efficacy Through Anti-Inflammatory and Immune Regulation.
J. Ethnopharmacol. 287, 114965. doi: 10.1016/j.jep.2021.114965

Damjanovic, D., Divangahi, M., Kugathasan, K., Small, C. L., Zganiacz, A., Brown,
E. G., et al. (2011). Negative Regulation of Lung Inflammation and
Immunopathology by TNF-a During Acute Influenza Infection. Am.
J. Pathol. 179 (6), 2963–2976. doi: 10.1016/j.ajpath.2011.09.003

Deguine, J., and Barton, G. (2014). MyD88: A Central Player in Innate Immune
Signaling. F1000prime Rep. 6, 97. doi: 10.12703/P6-97

Downes, J. E., and Marshall-Clarke, S. (2010). Innate Immune Stimuli Modulate
Bone Marrow-Derived Dendritic Cell Production In Vitro by Toll-Like
Receptor-Dependent and -Independent Mechanisms. Immunology 131 (4),
513–524. doi: 10.1111/j.1365-2567.2010.03324.x

Du, T., Fang, Q., Zhang, Z., Zhu, C., Xu, R., Chen, G., et al. (2022). Lentinan
Protects Against Nonalcoholic Fatty Liver Disease by Reducing Oxidative
Stress and Apoptosis via the Ppara Pathway. Metabolites 12 (1), 55.
doi: 10.3390/metabo12010055

Du, H. X., Zhou, H. F., Yang, J. H., Lu, Y. Y., He, Y., and Wan, H. T. (2020).
Preliminary Study of Yinhuapinggan Granule Against H1N1 Influenza Virus
Infection in Mice Through Inhibition of Apoptosis. Pharm. Biol. 58 (1), 979–
991. doi: 10.1080/13880209.2020.1818792

Fontana, J., and Steven, A. C. (2015). Influenza Virus-Mediated Membrane
Fusion: Structural Insights From Electron Microscopy. Arch. Biochem.
Biophysics 581, 86–97. doi: 10.1016/j.abb.2015.04.011

Fukuyama, S., and Kawaoka, Y. (2011). The Pathogenesis of Influenza Virus
Infections: The Contributions of Virus and Host Factors. Curr. Opin. Immunol.
23 (4), 481–486. doi: 10.1016/j.coi.2011.07.016

Geng, Z. K., Li, Y. Q., Cui, Q. H., Du, R. K., and Tian, J. Z. (2019). Exploration of
the Mechanisms of Ge Gen Decoction Against Influenza A Virus Infection.
Chin. J. Nat. Med. 17 (9), 650–662. doi: 10.1016/s1875-5364(19)30079-2

Gu, S., Xu, J., Teng, W., Huang, X., Mei, H., Chen, X., et al. (2022). Local Delivery
of Biocompatible Lentinan/Chitosan Composite for Prolonged Inhibition of
Postoperative Breast Cancer Recurrence. Int. J. Biol. Macromol. 194, 233–245.
doi: 10.1016/j.ijbiomac.2021.11.186

Han, S. B., Park, S. H., Lee, K. H., Lee, C. W., Lee, S. H., Kim, H. C., et al. (2001).
Polysaccharide Isolated From the Radix of Platycodon Grandiflorum
Selectively Activates B Cells and Macrophages But Not T Cells. Int.
Immunopharmacol. 1 (11), 1969–1978. doi: 10.1016/s1567-5769(01)00124-2

Hayden, F. G., Fritz, R., Lobo, M. C., Alvord, W., Strober, W., and Straus, S. E.
(1998). Local and Systemic Cytokine Responses During Experimental Human
Influenza A Virus Infection. Relation to Symptom Formation and Host
Defense. J. Clin. Invest. 101 (3), 643–649. doi: 10.1172/jci1355

Hutchinson, E. C. (2018). Influenza Virus. Trends Microbiol. 26 (9), 809–810.
doi: 10.1016/j.tim.2018.05.013

Imai, Y., Kuba, K., Neely, G. G., Yaghubian-Malhami, R., Perkmann, T., van Loo,
G., et al. (2008). Identification of Oxidative Stress and Toll-Like Receptor 4
Frontiers in Cellular and Infection Microbiology | www.frontiersin.org 11
Signaling as a Key Pathway of Acute Lung Injury. Cell 133 (2), 235–249.
doi: 10.1016/j.cell.2008.02.043

Irinoda, K., Masihi, K. N., Chihara, G., Kaneko, Y., and Katori, T. (1992).
Stimulation of Microbicidal Host Defence Mechanisms Against Aerosol
Influenza Virus Infection by Lentinan. Int. J. Immunopharmacol. 14 (6),
971–977. doi: 10.1016/0192-0561(92)90140-g

Kaiser, L., Fritz, R. S., Straus, S. E., Gubareva, L., and Hayden, F. G. (2001).
Symptom Pathogenesis During Acute Influenza: Interleukin-6 and Other
Cytokine Responses. J. Med. Virol. 64 (3), 262–268. doi: 10.1002/jmv.1045

Kanekiyo, M., Wei, C. J., Yassine, H. M., McTamney, P. M., Boyington, J. C.,
Whittle, J. R., et al. (2013). Self-Assembling Influenza Nanoparticle Vaccines
Elicit Broadly Neutralizing H1N1 Antibodies. Nature 499 (7456), 102–106.
doi: 10.1038/nature12202

Kawahara, T., Takahashi, T., Oishi, K., Tanaka, H., Masuda, M., Takahashi, S.,
et al. (2015). Consecutive Oral Administration of Bifidobacterium Longum
MM-2 Improves the Defense System Against Influenza Virus Infection by
Enhancing Natural Killer Cell Activity in a Murine Model. Microbiol.
Immunol. 59 (1), 1–12. doi: 10.1111/1348-0421.12210

Kuang, Z., Jin, T., Wu, C., Zong, Y., Yin, P., Dong, W., et al. (2021). Lentinan
Attenuates Damage of the Small IntestinalMucosa, Liver, and Lung inMiceWith
Gut-Origin Sepsis. J. Immunol. Res. 2021, 2052757. doi: 10.1155/2021/2052757

Labella, A. M., and Merel, S. E. (2013). Influenza. Med. Clin. North Am. 97 (4),
621–645. doi: 10.1016/j.mcna.2013.03.001

Liu, B., Li, M., Zhou, Z., Guan, X., and Xiang, Y. (2020). CanWe Use Interleukin-6
(IL-6) Blockade for Coronavirus Disease 2019 (COVID-19)-Induced Cytokine
Release Syndrome (CRS)? J. Autoimmun. 111, 102452. doi: 10.1016/
j.jaut.2020.102452

Liu, Y. R., Sun, B., Zhu, G. H., Li, W. W., Tian, Y. X., Wang, L. M., et al. (2022).
Corrigendum to "Selenium-Lentinan Inhibits Tumor Progression by
Regulating Epithelial-Mesenchymal Transition" [Toxicol Appl Pharmacol
360 (2018) 1-8]. Toxicol. Appl. Pharmacol. 435, 115824. doi: 10.1016/
j.taap.2021.115824

Liu, Y., Zhao, J., Zhao, Y., Zong, S., Tian, Y., Chen, S., et al. (2019). Therapeutic
Effects of Lentinan on Inflammatory Bowel Disease and Colitis-Associated
Cancer. J. Cell Mol. Med. 23 (2), 750–760. doi: 10.1111/jcmm.13897

Li, X., Zhang, W., Li, P., and Lu, G. (2020). The Protective Effect and Mechanism
of Lentinan on Acute Kidney Injury in Septic Rats. Ann. Transl. Med. 8 (14),
883. doi: 10.21037/atm-20-5158

Li, M., Zhou, Y., Feng, G., and Su, S. B. (2009). The Critical Role of Toll-Like
Receptor Signaling Pathways in the Induction and Progression of Autoimmune
Diseases. Curr. Mol. Med. 9 (3), 365–374. doi: 10.2174/156652409787847137

Lobo, S. M., Watanabe, A. S. A., Salomao, M. L. M., Queiroz, F., Gandolfi, J. V., de
Oliveira, N. E., et al. (2019). Excess Mortality Is Associated With Influenza A
(H1N1) in Patients With Severe Acute Respiratory Illness. J. Clin. Virol. 116,
62–68. doi: 10.1016/j.jcv.2019.05.003

Loo, Y. M., and Gale, M.Jr. (2007). Influenza: Fatal Immunity and the 1918 Virus.
Nature 445 (7125), 267–268. doi: 10.1038/445267a

Mao, X., Hu, H., Xiao, X., Chen, D., Yu, B., He, J., et al. (2019). Lentinan
Administration Relieves Gut Barrier Dysfunction Induced by Rotavirus in a
Weaned Piglet Model. Food Funct. 10 (4), 2094–2101. doi: 10.1039/c8fo01764f

Ma, Q. H., Ren, M. Y., and Luo, J. B. (2021a). San Wu Huangqin Decoction
Regulates Inflammation and Immune Dysfunction Induced by Influenza Virus
by Regulating the NF-kappaB Signaling Pathway in H1N1-Infected Mice.
J. Ethnopharmacol. 264, 112800. doi: 10.1016/j.jep.2020.112800

Ma, Q. H., Ren, M. Y., and Luo, J. B. (2021b). San Wu Huangqin Decoction
Regulates Inflammation and Immune Dysfunction Induced by Influenza Virus
by Regulating the NF-kb Signaling Pathway in H1N1-Infected Mice.
J. Ethnopharmacol. 264, 112800. doi: 10.1016/j.jep.2020.112800

Martin, T. R., and Wurfel, M. M. (2008). A TRIFfic Perspective on Acute Lung
Injury. Cell 133 (2), 208–210. doi: 10.1016/j.cell.2008.04.006

Murphy, E. J., Masterson, C., Rezoagli, E., O'Toole, D., Major, I., Stack, G. D., et al.
(2020). Beta-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. 732, 139330.
doi: 10.1016/j.scitotenv.2020.139330

Nhu, Q. M., Shirey, K., Teijaro, J. R., Farber, D. L., Netzel-Arnett, S., Antalis, T. M.,
et al. (2010). Novel Signaling Interactions Between Proteinase-Activated
May 2022 | Volume 12 | Article 892864

https://doi.org/10.1016/j.antiviral.2011.09.004
https://doi.org/10.2174/1573406411006040247
https://doi.org/10.1073/pnas.0900655106
https://doi.org/10.3389/fonc.2021.778096
https://doi.org/10.1016/j.jep.2021.114965
https://doi.org/10.1016/j.ajpath.2011.09.003
https://doi.org/10.12703/P6-97
https://doi.org/10.1111/j.1365-2567.2010.03324.x
https://doi.org/10.3390/metabo12010055
https://doi.org/10.1080/13880209.2020.1818792
https://doi.org/10.1016/j.abb.2015.04.011
https://doi.org/10.1016/j.coi.2011.07.016
https://doi.org/10.1016/s1875-5364(19)30079-2
https://doi.org/10.1016/j.ijbiomac.2021.11.186
https://doi.org/10.1016/s1567-5769(01)00124-2
https://doi.org/10.1172/jci1355
https://doi.org/10.1016/j.tim.2018.05.013
https://doi.org/10.1016/j.cell.2008.02.043
https://doi.org/10.1016/0192-0561(92)90140-g
https://doi.org/10.1002/jmv.1045
https://doi.org/10.1038/nature12202
https://doi.org/10.1111/1348-0421.12210
https://doi.org/10.1155/2021/2052757
https://doi.org/10.1016/j.mcna.2013.03.001
https://doi.org/10.1016/j.jaut.2020.102452
https://doi.org/10.1016/j.jaut.2020.102452
https://doi.org/10.1016/j.taap.2021.115824
https://doi.org/10.1016/j.taap.2021.115824
https://doi.org/10.1111/jcmm.13897
https://doi.org/10.21037/atm-20-5158
https://doi.org/10.2174/156652409787847137
https://doi.org/10.1016/j.jcv.2019.05.003
https://doi.org/10.1038/445267a
https://doi.org/10.1039/c8fo01764f
https://doi.org/10.1016/j.jep.2020.112800
https://doi.org/10.1016/j.jep.2020.112800
https://doi.org/10.1016/j.cell.2008.04.006
https://doi.org/10.1016/j.scitotenv.2020.139330
https://www.frontiersin.org/journals/cellular-and-infection-microbiology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/cellular-and-infection-microbiology#articles


Cui et al. Anti-Influenza Effect of Lentinan
Receptor 2 and Toll-Like Receptors In Vitro and In Vivo. Mucosal Immunol.
3 (1), 29–39. doi: 10.1038/mi.2009.120

Nishitani, Y., Zhang, L., Yoshida, M., Azuma, T., Kanazawa, K., Hashimoto, T.,
et al. (2013). Intestinal Anti-Inflammatory Activity of Lentinan: Influence on
IL-8 and TNFR1 Expression in Intestinal Epithelial Cells. PloS One 8 (4),
e62441. doi: 10.1371/journal.pone.0062441

Niu, J., Wu, S., Chen, M., Xu, K., Guo, Q., Lu, A., et al. (2019). Hyperactivation of
the NLRP3 Inflammasome Protects Mice Against Influenza A Virus Infection
via IL-1b Mediated Neutrophil Recruitment. Cytokine 120, 115–124.
doi: 10.1016/j.cyto.2019.04.019

Park, J. E., and Ryu, Y. (2018). Transmissibility and Severity of Influenza Virus by
Subtype. Infect. Genet. Evol. 65, 288–292. doi: 10.1016/j.meegid.2018.08.007

Peiris, J. S., Cheung, C. Y., Leung, C. Y., and Nicholls, J. M. (2009). Innate Immune
Responses to Influenza A H5N1: Friend or Foe? Trends Immunol. 30 (12), 574–
584. doi: 10.1016/j.it.2009.09.004

Peng, X. Q., Zhou, H. F., Zhang, Y. Y., Yang, J. H., Wan, H. T., and He, Y. (2016).
Antiviral Effects of Yinhuapinggan Granule Against Influenza Virus Infection
in the ICR Mice Model. J. Nat. Med. 70 (1), 75–88. doi: 10.1007/s11418-015-
0939-z

Perera, H. K., and Peiris, J. S. (2015). The Influenza Viruses. Ceylon Med. J. 60 (1),
1–4. doi: 10.4038/cmj.v60i1.8084

Pfaffl, M. W. (2001). A New Mathematical Model for Relative Quantification in
Real-Time RT-PCR. Nucleic Acids Res. 29 (9), e45. doi: 10.1093/nar/29.9.e45

Reed, L. J., and Muench, H. (1938). A Simple Method of Estimating Fifty Per Cent
Endpoints. J. Epidemiol. 27, 493–497. doi: 10.1093/oxfordjournals.aje.a118408

Ren, G., Xu, L., Lu, T., Zhang, Y., Wang, Y., and Yin, J. (2019). Protective Effects of
Lentinan on Lipopolysaccharide Induced Inflammatory Response in Intestine
of Juvenile Taimen (Hucho Taimen, Pallas). Int. J. Biol. Macromol. 121, 317–
325. doi: 10.1016/j.ijbiomac.2018.09.121

Shaim, H., McCaffrey, P., Trieu, J. A., DeAnda, A., and Yates, S. G. (2020). Evaluating
the Effects of Oseltamivir Phosphate on Platelet Counts: A Retrospective Review.
Platelets 31 (8), 1080–1084. doi: 10.1080/09537104.2020.1714576

Sun, M., Bu, R., Zhang, B., Cao, Y., Liu, C., and Zhao, W. (2020). Lentinan Inhibits
Tumor Progression by Immunomodulation in aMouseModel of Bladder Cancer.
Integr. Cancer Ther. 19, 1534735420946823. doi: 10.1177/1534735420946823

Tang, J., Gao, R., Liu, L., Zhang, S., Liu, J., Li, X., et al. (2021). Substitution of
I222L-E119V in Neuraminidase From Highly Pathogenic Avian Influenza
H7N9 Virus Exhibited Synergistic Resistance Effect to Oseltamivir in Mice. Sci.
Rep. 11 (1), 16293. doi: 10.1038/s41598-021-95771-4

To, K. K. W., Chan, J. F. W., Chen, H. L., Li, L. J., and Yuen, K. Y. (2013). The
Emergence of Influenza A H7N9 in Human Beings 16 Years After Influenza A
H5N1: A Tale of Two Cities. Lancet Infect. Dis. 13 (9), 809–821. doi: 10.1016/
S1473-3099(13)70167-1

Um, S., Siegers, J. Y., Sar, B., Chin, S., Patel, S., Bunnary, S., et al. (2021). Human
Infection With Avian Influenza A (H9N2) Virus, Cambodia, February 2021.
Emerg. Infect. Dis. 27 (10), 2742–2745. doi: 10.3201/eid2710.211039

Weiss, I. D., Wald, O., Wald, H., Beider, K., Abraham, M., Galun, E., et al. (2010).
IFN-Gamma Treatment at Early Stages of Influenza Virus Infection Protects
Mice From Death in a NK Cell-Dependent Manner. J. Interferon Cytokine Res.
30 (6), 439–449. doi: 10.1089/jir.2009.0084

Wei, W., Wan, H., Peng, X., Zhou, H., Lu, Y., and He, Y. (2018). Antiviral Effects
of Ma Huang Tang Against H1N1 Influenza Virus Infection In Vitro and in an
ICR Pneumonia Mouse Model. BioMed. Pharmacother. 102, 1161–1175.
doi: 10.1016/j.biopha.2018.03.161

Wiley, J. A., Cerwenka, A., Harkema, J. R., Dutton, R. W., and Harmsen, A. G.
(2001). Production of Interferon-Gamma by Influenza Hemagglutinin-Specific
Frontiers in Cellular and Infection Microbiology | www.frontiersin.org 12
CD8 Effector T Cells Influences the Development of Pulmonary
Immunopathology. Am. J. Pathol. 158 (1), 119–130. doi: 10.1016/s0002-9440
(10)63950-8

Wu, Q. F., Zhu, W. R., Yan, Y. L., Zhang, X. X., Jiang, Y. Q., and Zhang, F. L.
(2016). Anti-H1N1 Influenza Effects and Its Possible Mechanism of Huanglian
Xiangru Decoction. J. Ethnopharmacol. 185, 282–288. doi: 10.1016/j.jep.
2016.02.042

Yamamoto, M., Sato, S., Hemmi, H., Uematsu, S., Hoshino, K., Kaisho, T., et al.
(2003). TRAM Is Specifically Involved in the Toll-Like Receptor 4-Mediated
MyD88-Independent Signaling Pathway. Nat. Immunol. 4 (11), 1144–1150.
doi: 10.1038/ni986

Yang, Y., Song, S., Nie, Y., Chen, R., and Chen, P. (2022). Lentinan Alleviates
Arsenic-Induced Hepatotoxicity in Mice via Downregulation of OX40/IL-17A
and Activation of Nrf2 Signaling. BMC Pharmacol. Toxicol. 23 (1), 16.
doi: 10.1186/s40360-022-00557-7

Yang, X., Zheng, M., Zhou, M., Zhou, L., Ge, X., Pang, N., et al. (2021). Lentinan
Supplementation Protects the Gut-Liver Axis and Prevents Steatohepatitis: The
Role of Gut Microbiota Involved. Front. Nutr. 8. doi: 10.3389/fnut.2021.803691

Yu, W. Y., Li, L., Wu, F., Zhang, H. H., Fang, J., Zhong, Y. S., et al. (2020). Moslea
Herba Flavonoids Alleviated Influenza A Virus-Induced Pulmonary
Endothelial Barrier Disruption via Suppressing NOX4/NF-kb/MLCK
Pathway. J. Ethnopharmacol. 253, 112641. doi: 10.1016/j.jep.2020.112641

Zhang, R., Chen, T., Ou, X., Liu, R., Yang, Y., Ye, W., et al. (2016). Clinical,
Epidemiological and Virological Characteristics of the First Detected Human
Case of Avian Influenza A (H5N6) Virus. Infect. Genet. Evol. 40, 236–242.
doi: 10.1016/j.meegid.2016.03.010

Zhang, Y., Wang, R., Shi, W., Zheng, Z., Wang, X., Li, C., et al. (2021). Antiviral
Effect of Fufang Yinhua Jiedu (FFYH) Granules Against Influenza A Virus
Through Regulating the Inflammatory Responses by TLR7/MyD88 Signaling
Pathway. J. Ethnopharmacol. 275, 114063. doi: 10.1016/j.jep.2021.114063

Zhang, W., Zhao, Y., Zhang, F., Wang, Q., Li, T., Liu, Z., et al. (2020). The Use of
Anti-Inflammatory Drugs in the Treatment of People With Severe
Coronavirus Disease 2019 (COVID-19): The Perspectives of Clinical
Immunologists From China. Clin. Immunol. 214, 108393. doi: 10.1016/
j.clim.2020.108393

Zhou, Y., Wu, C., Zhao, L., and Huang, N. (2014). Exploring the Early Stages of the
pH-Induced Conformational Change of Influenza Hemagglutinin. Proteins 82
(10), 2412–2428. doi: 10.1002/prot.24606

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations, or those of
the publisher, the editors and the reviewers. Any product that may be evaluated in
this article, or claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Copyright © 2022 Cui, Zhang, Zhang, Cai, Chen, Chen, Zhao, Qiao, Wang, Meng,
Dong, Liu and Guo. This is an open-access article distributed under the terms of the
Creative Commons Attribution License (CC BY). The use, distribution or
reproduction in other forums is permitted, provided the original author(s) and the
copyright owner(s) are credited and that the original publication in this journal is
cited, in accordance with accepted academic practice. No use, distribution or
reproduction is permitted which does not comply with these terms.
May 2022 | Volume 12 | Article 892864

https://doi.org/10.1038/mi.2009.120
https://doi.org/10.1371/journal.pone.0062441
https://doi.org/10.1016/j.cyto.2019.04.019
https://doi.org/10.1016/j.meegid.2018.08.007
https://doi.org/10.1016/j.it.2009.09.004
https://doi.org/10.1007/s11418-015-0939-z
https://doi.org/10.1007/s11418-015-0939-z
https://doi.org/10.4038/cmj.v60i1.8084
https://doi.org/10.1093/nar/29.9.e45
https://doi.org/10.1093/oxfordjournals.aje.a118408
https://doi.org/10.1016/j.ijbiomac.2018.09.121
https://doi.org/10.1080/09537104.2020.1714576
https://doi.org/10.1177/1534735420946823
https://doi.org/10.1038/s41598-021-95771-4
https://doi.org/10.1016/S1473-3099(13)70167-1
https://doi.org/10.1016/S1473-3099(13)70167-1
https://doi.org/10.3201/eid2710.211039
https://doi.org/10.1089/jir.2009.0084
https://doi.org/10.1016/j.biopha.2018.03.161
https://doi.org/10.1016/s0002-9440(10)63950-8
https://doi.org/10.1016/s0002-9440(10)63950-8
https://doi.org/10.1016/j.jep.2016.02.042
https://doi.org/10.1016/j.jep.2016.02.042
https://doi.org/10.1038/ni986
https://doi.org/10.1186/s40360-022-00557-7
https://doi.org/10.3389/fnut.2021.803691
https://doi.org/10.1016/j.jep.2020.112641
https://doi.org/10.1016/j.meegid.2016.03.010
https://doi.org/10.1016/j.jep.2021.114063
https://doi.org/10.1016/j.clim.2020.108393
https://doi.org/10.1016/j.clim.2020.108393
https://doi.org/10.1002/prot.24606
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/cellular-and-infection-microbiology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/cellular-and-infection-microbiology#articles

	Anti-Influenza Effect and Mechanisms of Lentinan in an ICR Mouse Model
	1 Introduction
	2 Materials and Methods
	2.1 Ethics Statement
	2.2 Animal Experiment and Sample Collection
	2.2.1 Animals and Grouping
	2.2.2 Source and Dosage of Drugs
	2.2.3 Virus and Infection
	2.2.4 Sample Collection

	2.3 Data Recording and Experimental Testing
	2.3.1 Clinical Manifestations, Survival Rate, and Body Weight
	2.3.2 Virus Titer and Lung Index
	2.3.3 Lung Histopathology
	2.3.4 Routine Blood Tests of Mice
	2.3.5 Detection of the Cytokine and Signaling Pathways of TLR4
	2.3.6 Immunohistochemical Test

	2.4 Statistical Analysis

	3 Result
	3.1 LNT Showed a Good Protective Effect on Infected Mice
	3.2 LNT Exerts a Protective Effect Against ALI
	3.3 LNT Improved the Blood Indeces of Mice Infected With IAV
	3.4 Effects of LNT on Cytokines in Infected Mice
	3.5 Inhibition of LNT on TLR4/MyD88 Signaling Pathway by LNT

	4 Discussion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


