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-e aim of this study is to explore the protective effects of lentinan on endoplasmic reticulum stress, inflammation, and apoptosis
in sepsis endothelial cells. Firstly, lentinan was extracted, purified, and analyzed. When the concentration of lentinan was in the
range of 0.04–4 μM, there was no obvious effect on the morphology of HUVECs. When the concentration reached 10M, the cells
were obviously contracted and necrotic. CCK-8 cell activity experiment showed that when the concentration of lentinan reached
4 μM, the cell activity decreased significantly (P< 0.001), and it was in a dose-dependent manner.-en, the cells were divided into
the control group (0 μM lentinan), sepsis group, sepsis + lentinan 1.2 μM group, and sepsis + lentinan 2 μM group. Enzyme-linked
immunosorbent assay showed that lentinan could significantly reduce the expression of TNF-α, IL-1β, and IL-6 in sepsis en-
dothelial cells (P< 0.001). In addition, flow cytometry and TUNEL staining showed that compared with the control group, the
apoptosis of cells in the sepsis group increased significantly (P< 0.001), and lentinan could inhibit apoptosis (P< 0.001). In terms
of mechanism research, the mRNA and protein expression of endoplasmic reticulum stress-related protein in endothelial cells
were detected by real-time fluorescent quantitative PCR (qPCR) and Western blotting, respectively. It was found that the
expression of SIRT1, the upstream factors of endoplasmic reticulum stress in sepsis cells, was obviously inhibited (P< 0.001), and
the expression of CHOP, GRP78, IRE1α, and ATF6 was significantly increased (P< 0.001), However, the pretreatment of lentinan
could significantly reverse the above changes (P< 0.001). Besides, lentinan could also reduce the expression of phosphorylated p65
protein (the activation marker of NF-κb) and iNOS. Conclusion. When sepsis occurs, lentinan can protect endothelial cells from
ERS inflammation and apoptosis induced by sepsis. -us, lentinan is expected to be a new target for the treatment of sepsis-
induced endothelial damage.

1. Introduction

Sepsis is a complex systemic inflammatory response syndrome
(SIRS). It is one of the critical causes of death in patients in the
intensive care unit. It can affect the heart, liver, kidney, lung,
and other organ systems leading to the occurrence of multi-
organ dysfunction syndrome (MODS) [1]. Although life
support system technology is continuously optimized with the
advancement of science and technology, the prognosis of
sepsis, especially septic shock, is still very poor. -e current
treatment mainly involves the broad-spectrum antibiotics for
infectious pathogens. However, this method largely ignores the
development of sepsis, which could lead to inflammatory
damage to cells and other serious complications.

When sepsis occurs, bacterial endotoxin activates
monocytes to produce proinflammatory cytokines and
chemokines, induces endothelial cells to transition to the
proinflammatory stage, and can activate endothelial cells to
produce inflammatory cytokines, such as tumor necrosis
factor α (TNF-α), interleukin 1β (IL-1β), increased caspase-3
activity, thereby promoting the occurrence of apoptosis,
necrosis, and other reactions in endothelial cells [2]. In
addition, the release of early response cytokines can lead to
the production of anti-inflammatory mediators, such as
compensatory anti-inflammatory response syndrome
(CARS), which can cause vascular instability and micro-
vascular occlusion, and ultimately lead to organ dysfunction
and failure [3]. In the occurrence and development of sepsis,
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SIRS and CARS are parallel to each other [4]. -erefore,
effective treatment should be targeted at the early proin-
flammatory-anti-inflammatory stage of sepsis to prevent
organ damage caused by the activation of endothelial cells.

When looking for anti-inflammatory drugs to treat
sepsis, mild natural compounds caught our attention. For
example, Dagmar et al. studied the effect and mechanism of
Sini decoction, Baihu decoction, and Xuebi decoction in the
treatment of sepsis endothelial cell model and found that the
above traditional Chinese medicine has anti-inflammatory
and antiapoptotic effects in sepsis [5]. It is well known that
natural compounds containing β-glucan can be used to
improve human health. For example, lentinan containing
1,3-β-glucan is an active ingredient extracted from lentinan.
Various studies have shown the anti-inflammatory, anti-
bacterial, and anticancer potential of lentinan [6, 7]. For
example, through in vitro experiments, Nishitani et al.
confirmed that lentinan can affect the expression of IL-8 and
TNFR1 in intestinal epithelial cells, thereby exerting anti-
inflammatory activity [8]. Mizuno also reported a similar
discovery that lentinan can downregulate the IL-8 mRNA
expression of TNF-α-induced Caco-2-expressing leukocytes
[9]. However, in terms of sepsis research, there are few
studies on lentinan, for instance, Wang et al. established a
mouse model of burn sepsis and found that lentinan
polysaccharides play a protective role by inhibiting the
expression of inflammatory factors [10]. -erefore, this
study intends to establish a model of endothelial cells with
sepsis in vitro with the pretreatment of lentinan to inves-
tigate whether lentinan treatment has a protective effect on
sepsis endothelial cells and explore its potential mechanism.

2. Materials and Methods

2.1. Extraction of Polysaccharides. Lentinan was extracted by
water extraction and alcohol precipitation [11]. After the
filtrate was obtained, it was concentrated, alcoholized with
95% ethanol overnight, and dried after centrifugation to
obtain the crude lentinan powder, followed by the freeze-
thaw classification, deproteinization, and purification of the
crude lentinan, and finally obtained lentinan powder [12].

2.2. Determination of Polysaccharide Content. -e total
sugar and reducing sugar content were measured by the
phenol-sulfuric acid method and the 3, 5-dinitrosalicylic
acid colorimetry, respectively. -e polysaccharide content
(%)� total sugar content (%) − reducing sugar content (%)
[13].

2.3. Polysaccharide Purity Identification and Component
Analysis. Lentinan (3mg) was dissolved in 1ml of deionized
water, and the purity was determined by high-performance
liquid chromatography (HPLC, type 1260, Agilent, USA)
with SHODEX SB-806HQ column (8.0mm× 300mm) and
RID-10A parallax refractometer. In addition, gas chroma-
tography (GC, Shimadzu, Japan) was used with a capillary
column DB-1 (0.25 mm× 30m) and an FID detector to
detect the components of lentinan.

2.4. Cell Culture. Primary human umbilical vein endo-
thelial cells (HUVECs) were isolated from human um-
bilical veins within 10 hours after delivery. -is study was
approved by the ethics committee of the hospital, and the
umbilical cord was provided by volunteers with signed
informed consent. -e umbilical vein was perfused with
M199 (M199/HEPES/PS) containing 0.02M HEPES and
100mM penicillin-streptomycin, and endothelial cells
were obtained by digestion. HUVECs were cultured in
M199 medium containing 0.02MHEPES, 20% fetal bovine
serum, 100mM double antibody, 10 μg/mL epidermal cell
growth supplement (ECGS, BD Biosciences, USA), and 15
IU/ml heparin (Baxter, Austria). HUVECs cells between
passages 4–7 were used in subsequent experiments. Hu-
man mononuclear cell line THP-1 was purchased from
ATCC (USA) and cultured in RPMI-1640 medium
(Sigma-Aldrich, USA) containing 10% fetal bovine serum,
0.02mM HEPES, and 100mM double antibody at 37°C
with 5% CO2.

2.5. Observation of Morphological Changes of HUVECs
Treated with Lentinan. HUVECs cells were seeded in a 24-
well cell culture plate and cultured to 60–80% confluency
and were treated with lentinan at concentrations of 0, 0.04,
0.4, 0.8, 1.2, 2, 4, and 10 μM. 24 h later cell morphology was
observed with an optical microscope (Leica CRT6000,
Germany).

2.6. Cell Viability Assay. Cell counting kit-8 (CCK-8,
Donjindo, Japan) method was used to evaluate the prolif-
eration activity of HUVECs. Specifically, cells were first
seeded in a 96-well tissue culture plate at a density of 1× 104
cells/well, and the next day, cells were treated with 0, 0.04,
0.4, 0.8, 1.2, 2, 4, and 10 μM lentinan for 24 h. After the
treatment, 10 μL of CCK-8 solvent was added to the cell
culture medium for 1 hour, and the cell viability was
evaluated by measuring the absorbance of the cells at
450 nm, and the cell viability was expressed using the fol-
lowing formula: cell viability�OD value of treated cells/
average OD value of control cell× 100%.

2.7. Preparation of Conditioned Medium (CdM) for HUVECs
Stimulation and Lentinan Treatment. THP-1 cells were
seeded into a 24-well cell culture plate at a density of 1× 106
cells/well; after 10-h culture, 10 ng/mL lipopolysaccharide
was added; and the cells were cultured in the original culture
environment for another 4 h. Subsequently, the cell sus-
pension was centrifuged at 1000 g for 5 minutes, and the
obtained CdM was stored at − 80°C until use. -is method of
obtaining TNF-α by treating mononuclear cells with lipo-
polysaccharide has been researched and confirmed, and the
method is extensively used [14]. For stimulation, HUVECs
were inoculated into T25 cell culture flasks (Corning, USA)
and were treated with 1.2, 2 μM lentinan for 24 h. After the
treatment, the cells were washed with 3mLM199/HEPES/PS
and then stimulated with 5mL CdM for 24 h.
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2.8. Analysis of Changes in Protein Expression with Western
Blotting. Cell proteins were extracted using RIPA lysis
buffer (Biyuntian, Beijing). -e BCA™ Protein Detection Kit
(Takara, Japan) was used to measure total protein concen-
tration via the comparison with protein standards. A 20 μg
protein sample was then added to a prepared SDS-PAGE gel
for electrophoretic separation. After separation, proteins
were transferred to a PVDF membrane. After blocking,
primary antibodies including CCAAT enhancer-binding
protein (CHOP) (ab10444, Abcam, UK), glucose-regulating
protein 78 (GRP78) (ab21685, Abcam, UK), inositol-re-
quiring enzyme 1α (IRE1α) (ab37117, Abcam, UK), acti-
vating transcription factor 6 (ATF6) (65880, cell signaling
technology, UK), SIRT1 (8469, cell signaling technology,
UK), NF-κB phosphorylation p65 (ab97726, Abcam, United
Kingdom), p65 (ab16502, Abcam, United Kingdom), in-
ducible nitric oxide synthase (iNOS) (EPR16635, Abcam,
United Kingdom), and internal reference protein β-actin
(ab8277, Abcam, United States) were added and incubated
overnight. -e next day, the primary antibody was removed,
and an HRP-conjugated secondary antibody was added at
room temperature for incubation. After washing, images
were developed with ECL luminescent liquid (Biyuntian,
China).

2.9. RNA Extraction and Measurement of mRNA Expression
with Real-Time Quantitative PCR (qPCR). Total cellular
RNA was extracted by TRIzol (Invitrogen, USA) method,
and the cellular RNA concentration was measured spec-
trophotometrically. Reverse transcription into cDNA
(Takara, Japan) was performed according to the instructions,
and qPCR was performed by SYBR Green (Takara, Japan)
method.-e experimental data were analyzed by the relative
Ct value method (2− △△Ct method) for relative quantitative
comparative analysis, and β-actin was used as the reference
gene.-e target primer sequences are shown in the following
Table 1.

2.10. Detection of Cytokines. Enzyme-linked immunosor-
bent assay (ELISA, Baosai, China) was used to determine the
levels of inflammatory factors including tumor necrosis
factor α (TNF-α), interleukin 1β (IL-1β), and IL-6.

2.11. Detection of Apoptosis by Flow Cytometry and TUNEL
Staining. -e Annexin V (FITC)/propidium iodide (PI)
method was used to detect apoptosis. Apoptosis detection kit
was purchased from Beijing Baosai Biotechnology Co., Ltd.
Specifically, cells were seeded at a density of 1× 105 cells/well
in a 6-well plate for culture. After treatment, cells were
washed twice with prechilled PBS and centrifuged and
resuspended in binding buffer. -en, 5 μL of Annexin
V-FITC solution was added and gently mixed, after which
the samples were incubated for 15 minutes in the dark.-en,
5 μL of the PI solution was added. Apoptosis was detected by
flow cytometry (Beckman, USA). In terms of TUNEL
staining, cells were treated according to TUNEL’s instruc-
tions (Biyuntian, China), observed under a laser confocal

microscope, and each field was randomly selected under a
high-power microscope (×400) to count the number of
apoptotic cells and the total number of cells.

2.12. Statistical Analysis. Statistical analysis was performed
using SPSS IBM Statistics 21 (US) software. All results were
expressed as mean± standard deviation. T-test was used for
comparison between two groups, and univariate analysis of
variance was used for comparison between multiple groups.
P< 0.05 was considered statistically significant.

3. Results

3.1. Purity Determination and Component Analysis of
Lentinan. -e lentinan was analyzed by HPLC and showed
a single narrow symmetrical peak with a relative molecular
weight of about 7037Da, see Figure 1.

-e polysaccharide content of lentinan was 43.71%,
determined by phenol-sulfuric acid and the 3,5-dini-
trosalicylic acid colorimetric methods. Gas chromatography
analysis showed that it is composed of various monosac-
charides including glucose, galactose, and mannose, fucose,
and its molar ratio was 9.28 : 3.57 :1.92 :1.03, respectively, as
shown in Figure 2.

3.2. Effects of Lentinan on HUVECs Activity. Lentinan was
added to the culture medium at a final concentration of 0
(control group), 0.04, 0.4, 0.8, 1.2, 2, 4, and 10 μM, and cells
were incubated for 24 h. -e morphological changes of the
cells were observed under a light microscope. As shown in
Figure 3, compared with the control group, the morphology
in the lentinan treatment groups with concentrations of 0.04,
0.4, 0.8, 1.2, 2, and 4 μM did not change significantly,
whereas the cells in the 10 μMgroup atrophied, degenerated,
and showed the state of cell death.

3.3. Concentration-Dependent Effect of Lentinan on HUVECs
Activity. -e CCK-8 assay was used to detect activity
changes of HUVECs treated with different concentrations of
lentinan. As shown in Figure 4, compared with the control
group, when the concentration of lentinan was 0.04, 0.4, 0.8,
1.2, and 2 μM, there was no significant difference in cell
viability (P> 0.05). However, when the concentration of
lentinan reached 4 μM, the cell viability was significantly
lower than that of the control group (P< 0.001), which was
further reduced (P< 0.001) when the concentration of
lentinan was 10 μM. -erefore, in subsequent experiments,
1.2 and 2 μM lentinan were used to treat cells.

3.4. Lentinan Reduces Endoplasmic Reticulum Stress Response
in HUVECs with Sepsis. To investigate whether the protective
effect of lentinan on sepsis endothelial cells is related to en-
doplasmic reticulum stress, we examined the mRNA and
protein expression levels of endoplasmic reticulum stress-re-
lated factors using the qPCR and Western blotting methods,
respectively. -e qPCR results (Figure 5(a)) showed that
compared with the control group, the expression of CHOP,
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GRP78, IRE1α, and ATF6 in sepsis cells was significantly in-
creased (P< 0.001). However, when the cells were pretreated
with 1.2 and 2μM lentinan, expression levels of these factors
were significantly reduced (P< 0.001). -e Western blotting
results (Figure 5(b)) were consistent with the qPCR results
(P< 0.001). SIRT1 is a key medium for reducing endoplasmic
reticulum stress. In this study, the mRNA (Figure 5(c)) and
protein (Figure 5(d)) expression levels of SIRT1 were therefore
also measured. -e results showed that SIRT1 expression of
endothelial cells was inhibited (P< 0.001) in sepsis. However,
whenHUVECs were pretreated with 1.2 and 2μM lentinan, the
inhibitory effect of SIRT1 expression was reversed (P< 0.001).
-e above results suggest that lentinan can inhibit endoplasmic
reticulum stress response by upregulating SIRT1 expression in
HUVECs in vitro sepsis model.

3.5. Lentinan Inhibits the Production of Inflammatory Cyto-
kines in Sepsis Endothelial Cells. To explore the protective
mechanism of lentinan on endothelial cells, we quantified
the inflammatory cytokines released by HUVECs cells. -e
ELISA results (Figure 6(a)–6(c)) showed that compared with
the control group, CdM has a stronger activation effect on
the secretion of TNF-α, IL-1β, and IL-6 inflammatory cy-
tokines (P< 0.001). However, pretreatment with 1.2 and
2 μM lentinan cells significantly inhibited the secretion of
inflammatory cytokines (P< 0.001). In addition, we found
that sepsis state can increase the expression of the inflam-
matory factor upstream mediator p65-phosphorylated
protein and the downstream target iNOS protein, and
pretreatment with lentinan can reverse this change
(Figure 6(d)).

Table 1: -e primer sequences.

Gene Forward primers (5′-3′) Reverse primers (5′-3′)
CHOP GGAAACAGAGTGGTCATTCCC CTGCTTGAGCCGTTCATTCTC
GRP78 CATCACGCCGTCCTATGTCG CGTCAAAGACCGTGTTCTCG
IRE1α CACAGTGACGCTTCCTGAAAC GCCATCATTAGGATCTGGGAGA
ATF6 TCCTCGGTCAGTGGACTCTTA CTTGGGCTGAATTGAAGGTTTTG
SIRT1 TAGCCTTGTCAGATAAGGAAGGA ACAGCTTCACAGTCAACTTTGT
β-actin CATGTACGTTGCTATCCAGGC CTCCTTAATGTCACGCACGAT
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Figure 1: HPLC result of lentinan.
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Figure 2: Gas chromatogram of lentinan.
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3.6. Lentinan Inhibits Sepsis Endothelial Cell Apoptosis.
To study the effects of lentinan on the cell apoptosis,
Annexin V-FITC/PI double staining and TUNEL staining

were used to detect the apoptosis of endothelial cells in the
control group, sepsis group, sepsis + LNA 1.2 μM group, and
sepsis + LNA 2 μM group. Figure 7(a) shows that compared
with the control group, the apoptotic rate of the sepsis group
was significantly increased (P< 0.001), which was signifi-
cantly reduced when 1.2 and 2 μM of lentinan were ad-
ministered (P< 0.001). Figure 7(b) shows that the TUNEL
results are consistent with the flow cytometry results
(P< 0.001). -ese results suggest that lentinan can protect
cells from sepsis-induced apoptotic damage.

4. Discussion

Endothelial cell activation and dysfunction is an important
feature of sepsis and can play a key role in the development
of sepsis. In this study, the HUVECs model of sepsis was
established in vitro to investigate the inhibitory effect of
lentinan on endothelial cell injury induced by sepsis. We
found that a low concentration of lentinan had no obvious
toxic effect on HUVECs. However, when the concentration
of lentinan exceeded 2 μM, the cell viability was significantly
reduced, and the cytotoxicity of lentinan was dose-depen-
dent. We found that when HUVECs pretreated with 1.2 and

(a) (b) (c)

(d) (e) (f )

(g) (h)

Figure 3: Concentration-dependent cytotoxic effects of lentinan on HUVECs. Figures A-H are HUVECs treated with lentinan at con-
centrations of 0, 0.04, 0.4, 0.8, 1.2, 2, 4, and 10 μM, respectively. Scale bar� 25 μm.
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Figure 4: Viability of HUVECs treated with different concentra-
tions of lentinan. Lentinan concentrations were 0 (control group),
0.04, 0.4, 0.8, 1.2, 2, 4, and 10 μM, and the values were expressed as
mean± standard deviation (n� 4). Compared with the control
group, ∗∗∗P< 0.001.
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2 μM lentinan and then stimulated with sepsis CdM, len-
tinan significantly reduced the expression of inflammatory
factors such as TNF-α, IL-1β, and IL-6 in sepsis, thereby
reducing the inflammatory response. In addition, we found
that treatment with a certain level of lentinan can inhibit
endoplasmic reticulum stress in the cells; specifically, we
found reduced expression of ER stress-related factors in-
cluding CHOP, GRP78, IRE1α, and ATF6. -e inhibitory
effect may be due to the regulation of lentinan on SIRT1
expression. Endoplasmic reticulum stress is known to cause
apoptotic responses. -is study also found that lentinan can
inhibit the apoptotic response of sepsis cells and reduce the

inflammatory factor upstream regulatory mediator phos-
phorylation of p65 protein (NF-κB activation marker), and
downstream targets iNOS.

Sepsis is known to be a proinflammatory and anti-in-
flammatory coexisting complex SIRS. Endoplasmic reticu-
lum stress plays an important role in it. Some studies have
found that endoplasmic reticulum stress is involved in the
occurrence and development of sepsis [15]. Endoplasmic
reticulum stress can induce the release of proinflammatory
factors by activating downstream signaling pathways of the
inflammatory response [16], and cascade activation of in-
flammation further aggravates programmed cell death and
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Figure 5: Lentinan reduces endoplasmic reticulum stress response in sepsis HUVECs. (a, b) mRNA and protein expressions of CHOP,
GRP78, IRE1α, and ATF6 in endothelial cells of the control group, sepsis group, sepsis + LNA 1.2 μM group, and sepsis + LNA 2 μM group
were measured by qPCR andWestern blotting. (c, d) mRNA and protein expression of SIRT1 in endothelial cells of the control group, sepsis
group, sepsis + LNA 1.2 μM group, and sepsis + LNA 2 μM group were measured by qPCR and Western blotting. Values are expressed as
mean± standard deviation (n� 3). Compared with the control group or sepsis model group, ∗∗P< 0.01, ∗∗∗P< 0.001.
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Figure 6: Lentinan reduces the inflammatory response of endothelial cells in sepsis. (a–c) Levels of TNF-α, IL-1β, and Il-6 secreted by
HUVECs cells in the control group (lentinan 0 μM), sepsis group (sepsis group), sepsis + lentinan 1.2 μM group (sepsis + LNA 1.2 μM
group), and sepsis + lentinan 2 μM group (sepsis + LNA 2 μM group); (d) detection of the p65 protein phosphorylation level and iNOS
protein expression level by Western blotting. Values are expressed as mean± standard deviation (n� 4). Compared with the control group
or the sepsis model group, ∗∗∗P< 0.001.
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tissue damage. Lentinan is a biological response modifier,
which has the effect of reducing oxidative damage. At
present, no significant adverse reaction has been reported in
the human intake of lentinan [17]. Previous studies have
found that lentinan can improve the immune defense system
of mice by regulating inflammatory cytokines and chemo-
kines [18]. In addition, it has been reported that lentinan can
regulate the immune response by changing the structure and
composition of the intestinal microbial community [18].
Zhang et al. demonstrated that lentinan can protect car-
diomyocytes, inhibit apoptosis, and reduce hypoxia-induced
cell damage by regulating microRNA-22/SIRT1 in primary
neonatal rat cardiomyocytes [19]. However, no studies have
reported the role and mechanism of lentinan in sepsis en-
dothelial cells.

-e endoplasmic reticulum stress signaling pathway is
closely related to cellular inflammation, and downstream
signaling pathways activated by endoplasmic reticulum
stress can strongly stimulate the production of proin-
flammatory cytokines [20]. As important regulators of en-
doplasmic reticulum stress, CHOP, GRP78, IRE1α, and
ATF6 have all been shown to play a role in regulating ap-
optosis [21]. -erefore, we established a model of sepsis
endothelial cell in vitro, tested the expression of endoplasmic
reticulum stress-related proteins under the intervention of
lentinan, and demonstrated that lentinan can reduce en-
doplasmic reticulum stress response by inhibiting the ex-
pression of endoplasmic reticulum stress-related proteins
such as CHOP, GRP78, IRE1α, and ATF6. In addition, as a
downstream response to endoplasmic reticulum stress, the
inflammatory response is an important cellular response
process. Our study found that lentinan can significantly

reduce the production of inflammatory factors including
TNF-α, IL-1β, and IL-6, thereby reducing the inflammatory
response. Furthermore, apoptosis is one of the cell outcomes
caused by sepsis. In this study, flow cytometry and TUNEL
staining were also used to detect apoptosis, and it was found
that lentinan can significantly inhibit apoptosis and reduce
the expression of the related protein.

-erefore, we believe that lentinan can protect endo-
thelial cells and reduce damage when sepsis occurs in the
body, and lentinan is expected to become a new target for
treating endothelial damage caused by sepsis.
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