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Abstract

Dictyophora indusiata, commonly known as bamboo fungus, is a type of edible mushroom that is highly popular worldwide for its rich
flavor and nutritional value. It is also recognized for its pharmaceutical efficacy, with medicinal benefits attributed to its consumption.
One of the most important components of Dictyophora indusiata is polysaccharide, which has been acknowledged as a promising regulator
of biological response due to its immunostimulatory and anti-inflammatory properties. However, the specific roles of polysaccharide in
modulating the NOD-like receptor protein 3 (NLRP3) inflammasome activation within macrophages remain relatively under-researched.
To investigate this further, the mechanism by which Dictyophora indusiata polysaccharide (DIP) exerts its immunostimulatory activity in
RAW 264.7 macrophages was analyzed. Results indicated that DIP has the potential to facilitate the priming of NLRP3 inflammasome
activation by enhancing TLR4 expression, phosphorylation of IkB-a, and nuclear translocation of NF-kB p65 subunit. It was noted that
DIP was unable to mediate the second step of NLRP3 inflammasome activation. The findings of this study provide compelling evidence
that DIP has immunomodulatory effects by modulating the NLRP3 inflammasome in RAW264.7 macrophages.
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Highlights:

« Dictyophora indusiata polysaccharide (DIP) is a promising immunomodulator.

+ DIP activates NLRP3 inflammasome via TLR4/NF-kB signal pathway.

+ The application of DIP is potentially important for immunomodulatory therapies.

Abbreviations:

ASC, Apoptosis-associated speck-like protein; DAMPs, Danger-associated molecular patterns; DIP, Dictyophora indusiata polysaccharide;
FBS, Fetal bovine serum; IL, Interleukin; LPS, Lipopolysaccharide; NF-kB, Nuclear factor kappa B; NLRP3, NOD-like receptor protein 3;
PAMPs, Pathogen-associated molecular pattern; P2X7R, P2X purinoceptor 7 channel; ROS, Reactive oxygen species; TLR4, Toll-like
receptor-4

membrane (Martinez-Micaelo et al., 2015). Upon activation,

Introduction

The immune system plays a critical role in recognizing and re-
sponding to various microbial pathogens, including Gram-neg-
ative bacteria (Yu et al., 2014). One of the key mechanisms by
which the immune system recognizes Gram-negative bacteria
is through the activation of Toll-like receptor 4 (TLR4), which
recognizes bacterial lipopolysaccharide (LPS) in the outer

TLR4 triggers a cascade of inflammatory responses that lead
to the activation of NF-kB and the subsequent induction of
various inflammatory mediators, such as IL-6 (Guo et al,
2018; Tak and Firestein, 2001).

Inflammation is an essential process of the innate immune
system that plays a crucial role in both the activation of adap-
tive immunity and the maintenance of homeostasis (Freuden-
berg et al., 2015). However, dysregulated immune responses
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and persistent inflammation can lead to severe outcomes, such
as immune dysfunction, sepsis, tissue damage, organ failure,
and even fatality (Xin et al., 2017).

The NOD-like receptor protein 3 (NLRP3) inflammasome
is a component of the innate immune system that recognizes
cellular danger signals and promotes the maturation of pro-in-
flammatory cytokines such as IL-1p and IL-18 (Schroder and
Tschopp, 2010). The inflammasome consists of three key com-
ponents: NLRP3, the (apoptosis-associated speck-like protein)
ASC, and caspase-1. Upon recognizing cellular stress, NLRP3
recruits ASC and pro-caspase-1, leading to inflammasome mat-
uration and the release of pro-inflammatory cytokines (Liu et
al., 2018). Numerous studies have shown that the secretion of
IL-18 is associated with various auto-inflammatory diseases,
including Alzheimer’s disease. Dysregulated inflammasome
activity has been strongly linked to several human heritable
and acquired disorders, further underscoring the importance
of NLRP3 inflammasome-mediated immune responses (Man-
gan et al., 2018).

Activation of the NLRP3 inflammasome in certain cells like
macrophages or neutrophils, follows a two-step mechanism.
The first signal involves TLR-mediated activation of NF-kB,
which transcribes pro-IL-1p and NLRP3 (Dowling and O’Neill,
2012; Lamkanfi and Dixit, 2014; Sharma and Kanneganti,
2016; Zeng et al., 2017). The second signal is initiated by the
detection of molecules with functions similar to pathogen-as-
sociated molecular patterns (PAMPs), or danger-associated
molecular patterns (DAMPs) such as Reactive Oxygen Species
(ROS) and Extracellular ATP. This results in caspase-1-depend-
ent cleavage and activation of the NLRP3 inflammasome (Jan-
eway and Medzhitov, 2002; Sutterwala et al., 2014).

Polysaccharides are biopolymer compounds known to play
fundamental roles in diverse physiological cellular processes.
Research in the field of immunology and virology has explored
the potential of certain polysaccharides in the regulation of
immune response. These polysaccharides are often investigat-
ed for their ability to modulate the host immune system and
potentially exhibit antiviral effects (Chen and Huang, 2018).
Dictyophora indusiata is among the world’s most renowned
edible mushrooms, with the Dictyophora indusiata polysac-
charide (DIP) considered a promising regulator of biological
response due to its immunostimulatory and anti-inflamma-
tory properties (Jin and Flavell, 2010). However, there is
little knowledge regarding the immunostimulatory roles of
DIP in the regulation of NLRP3 inflammasome activation
in macrophages. Accordingly, this study aims to investigate
the mechanisms underlying modulation of the NF-kB signal
transduction pathway and NLRP3 inflammasome-mediated
production of IL-18 and IL-1p in RAW 264.7 macrophages by
DIP. The findings of this study could have important impli-
cations for the development of potential immunomodulatory
therapies using DIP.

Materials and methods

Chemicals and reagents

To perform their experiments, the researchers in this study
obtained LPS extracted from Escherichia coli 0111: B4 from
Sigma-Aldrich (St. Louis, MO, USA) as well as ATP from Invi-
voGen (San Diego, CA, USA). The cell culture media and sup-
plements utilized consisted of fetal bovine serum (FBS), peni-
cillin G, streptomycin, and Dulbecco’s modified eagle medium
(DMEM) which were all purchased from Gibco (Carlsbad, CA,
USA).

DIP preparation and characterization

In this study, the fruiting bodies of D. indusiata were collected
from Changning, China, and purified to isolate DIP via a series
of methods as described previously (Wang et al., 2019). Initial-
ly, the fungal bodies were ground into powder, and lipids were
extracted. Then, the powder was extracted with distilled water
at 90 °C, and the supernatant was obtained by centrifugation
to collect the polysaccharide fractions. The polysaccharides
were then precipitated with ethanol to increase the yield, and
protein was removed using the Sevage method. To further en-
sure purity, the polysaccharide was characterized via gel filtra-
tion chromatography, dialysis, and lyophilization. Subsequent-
ly, DIP was dissolved in DMEM, filtered with a 0.22 pm filter,
and preserved at -20 °C in readiness for further analyses. The
DIP was found to have a total sugar content of 95.67%, and in
the DIP solution at a concentration of 25 pg/ml, the endotoxin
content is below 0.01 ng/ml (Wang et al., 2019).

As shown in Fig. 1A, the molecular structure and chain
of DIP have been previously established and reported (Deng
et al., 2012). In this study, Fourier transform infrared (FTIR)
spectroscopy, gel permeation chromatography (GPC), and nu-
clear magnetic resonance (NMR) were employed to validate
the consistency of DIP with earlier findings. The FTIR analysis
displayed characteristic absorption peaks of DIP distributed at
3313 cm™, 2927 cm™!, and 1621 cm™ corresponding to the
hydroxyl group stretching vibration, C-H band, and bound
water, respectively (Fig. 1B). Moreover, the characteristic
absorption at 891 cm™ confirmed the existence of a B-type
glycosidic bond in DIP. The 3C-NMR spectrum exhibited six
peaks relating to the carbons in [B-Glc(1-53)-]n (Fig. 1C). Based
on Table 1, the molecular weight of DIP was calculated to be
651 kDa.

Cell culture and stimulation
The RAW264.7 macrophage-like cell line was procured from
the Cell Bank of the Chinese Academy of Sciences (Shanghai,
China) and maintained in DMEM supplemented with high glu-
cose (4.5 g/1), 10% FBS, streptomycin (100 pg/ml), and peni-
cillin (100 U/ml) at 37 °C in a 5% CO, humidified atmosphere.
To evaluate the potential of DIP to induce an inflammato-
ry response by modulating NLRP3 inflammasome activation,
RAW264.7 cells were divided into distinct groups, namely:
(i) blank control: cells cultured with only DMEM medium,
(if) LPS group: cells stimulated with LPS (1 pg/ml) for 3 h,
followed by another hour of stimulation with 5 mM ATP, and
(iii-v) DIP groups: cells treated with DIP at varying concentra-
tions of 12.5 pg/ml, 25 pg/ml, or 50 pg/ml for 4 h each. The
DIP solution was diluted and prepared using DMEM.

Effect of DIP on TLR4 expression

After treating the cells in each group with PE anti-CD284
(TLR4) antibody (BioLegend, USA) for 2 h, flow cytometry was
performed to measure TLR4 expression.

RNA isolation and quantitative Real-Time PCR (qPCR)

Total RNA was isolated using TRIzol Reagent (Invitrogen,
Carlsbad, CA, USA) and reverse transcribed using a RevertAid
First Strand cDNA Synthesis Kit (Thermo Scientific, USA).
QPCR was conducted with a Roche LightCycler 96 Real-Time
System, utilizing UltraSYBR mixture (CWBIO, China). The
reaction mixture comprised of 95 °C for 10 min, followed by
40 cycles, and then 95 °C for 15 s and 60 °C for 1 min. The
primer sequences (5'-3") for IL-6, IL-1f, and GAPDH were as
follows: IL-6, ACAACCACGGCCTTCCCTACTT, and CACGAT-
TTCCCAGAGAACATGTG; IL-1p, GCAACTGTTCCTGAACT-
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Fig. 1. The structure and chain of DIP (A) and its FTIR spectra (B), 13C-NMR spectra (C)

Table 1. The molecular weight of DIP

Molecular weight DIP
Mw (g/mol) 6.512 x 10°
Mn (g/mol) 3.181 x 10°
Polydispersity index (Mw/Mn) 2.05

CAACT, and ATCTTTTGGGGTCCGTCAACT; GAPDH, GAGC-
CAAACGGGTCATCATCT and GAGGGGCCATCCACAGTCTT.
The relative expression levels of the inflammatory cytokines
IL-6 and IL-1pB were normalized to GAPDH using the 2-24C4
method (Livak and Schmittgen, 2001).

Western blot analysis

Supernatant and cellular fractions were collected to assess
NLRP3 inflammasome activation by Western blot analysis.
Denatured proteins were separated on a 10% SDS-PAGE gel
and transferred to a polyvinylidene difluoride (PVDF) mem-
brane. The membrane was blocked for 1 h at room tempera-
ture and then exposed to primary antibodies for 1 h at 37 °C.
Primary antibodies utilized were rabbit anti-phospho-IkBa
(Abcam, UK), anti-IkBa (Abcam, UK), anti-NLRP3 (Abcam,
UK), anti-pro-caspase-1 (Abcam, UK), anti-GAPDH (Beyotime
Biotechnology, China), or goat anti-IL-1p (R&D system, Chi-
na). Subsequently, the membrane was washed and incubated
with a corresponding HRP-conjugated secondary antibody.
Semi-quantitative protein quantification was performed using
ImageJ software (Bio-Rad, CA, USA).

Effects of DIP on NF-xB nuclear translocation

To determine the impact of DIP on nuclear translocation of NF-
kB, immunofluorescence analysis was conducted. RAW264.7
cells (1 x 10°) were seeded in a confocal plate and then treated
with various concentrations of DIP. The cells were subjected
to immunostaining blocking buffer (Beyotime, Shanghai, Chi-
na), followed by overnight incubation with rabbit monoclonal
antibody NF-«xB p65 (1 : 200, Beyotime, Shanghai, China) at

4 °C and then with Cy3-labeled goat anti-rabbit IgG (Beyotime,
Shanghai, China) for another hour in the dark. DAPI solu-
tion was used to stain the nuclei for 3 min before the images
were viewed using confocal laser scanning microscopy (CLSM,
Nikon A1, Japan).

Measurement of secretion of IL-6, IL-13, and IL-18
Mature forms of IL-1, IL-18, and IL-6 cytokines were detect-
ed using commercial ELISA kits (Invitrogen, USA). The tests
were conducted according to the manufacturer’s guidelines,
and all experiments were repeated at least three times.

Determination of caspase-1 activation

To determine the activity of caspase-1 enzyme, a commercial
kit (Beyotime, Shanghai, China) was employed following the
manufacturer’s instructions. The cellular extract was used af-
ter incubation with Ac-YVAD-pNA, a substrate of caspase-1,
for 3 h at 37 °C in a 96-well microtiter plate. The absorbance
values of pNA were then measured using a microplate reader at
a wavelength of 405 nm (SpectraMax M5, Molecular Devices,
USA).

Detection of ROS generation

The level of ROS in the RAW264.7 cells was determined us-
ing a commercial kit obtained from Beyotime Biotechnology
(Shanghai, China). This assay was conducted to assess the ox-
idative stress status of cells treated with DIP. The assay was
performed in triplicate to ensure the reliability of the results.

Statistical analysis

The data obtained from this study are presented as means +
standard deviation (SD), which is a standard format for re-
porting experimental results. Statistical analysis was per-
formed using SPSS 23.0 software, which is commonly used for
statistical analysis in biomedical research. To compare the data
between different groups, ANOVA was employed, followed by
a post-hoc test to determine significant differences. A P-value
of less than 0.05 was regarded as statistically significant.
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Results

DIP enhanced TLR4 expression on the surface of
macrophages

Fig. 2 demonstrates the expression of TLR4 on macrophage
surfaces in each experimental group. The fluorescent intensity
was measured to assess TLR4 expression levels in the presence
of DIP at concentrations of 12.5, 25, and 50 pg/ml. The re-
sults indicated a significant increase in TLR4 expression levels

A
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e PE-TLR4 + LPS + ATP
PE-TLR4 + DIP (12.5g/mL)
PE-TLR4 + DIP (25pg/mL)

e PE-TLR4 + DIP (50pg/mL)

3007

compared to the blank control group (P < 0.05). Macrophages
treated with 25 pg/ml DIP showed the highest fluorescence in-
tensity among the cells treated with DIP. Moreover, there was a
statistically significant difference in the fluorescence intensity
between the DIP group and the LPS + ATP group (P < 0.05).
These findings suggested that DIP potentially stimulated the
expression of TLR4 on macrophage surfaces, which is an es-
sential receptor involved in the recognition of pathogen-asso-
ciated molecular patterns and initiation of the immune system
response.
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Fig. 2. The effects of DIP on expression of TLR4 in RAW 264.7 macrophages. (A) The expression of TLR4 in the cell surface was detected by flow
cytometry. (B) Relative fluoresence intensity. Different lowercase letters indicated statistical differences (P < 0.05).

DIP up-regulates pro-inflammatory cytokine gene
expression

Fig. 3 presents the results of qRT-PCR analysis, which meas-
ured the expression levels of target genes in each experimen-
tal group. The mRNA expression levels of IL-1P and IL-6 were
significantly higher in the DIP-treated groups compared to the

blank control group (P < 0.05). Among the DIP-treated groups,
macrophages exposed to 25 pg/ml DIP exhibited the highest
expression levels of both IL-1p and IL-6. These findings sug-
gested that DIP was capable of up-regulating the expression of
pro-inflammatory cytokines IL-1p and IL-6 in macrophages.
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Fig. 3. The relative mRNA expression of IL-1f and IL-6 in

the presence of DIP in RAW 264.7 cells detected by qRT-PCR



Liu et al. / J Appl Biomed 27

DIP promotes transcriptional activation of NF-«xB

The NF-kB signaling pathway plays a prominent role in the
regulation of immune responses, inflammation, and phys-
iological processes. Fig. 4 depicts the effects of DIP on the
NF-«B signaling pathway in macrophages. In unstimulated
cells, NF-kB remained in an inactive state by binding to its
inhibitor protein IkBa and staying in the cytoplasm. How-
ever, DIP activation of TLR4 potentially led to phosphorylation
of IkBa, resulting in the degradation of IkBa and subsequent
nuclear translocation of NF-kB. Fig. 4A and 4B illustrate that
DIP treatment significantly raised the level of phosphorylat-
ed IkBa in the intracellular of macrophage compared to the
blank control group, and the maximum effect was observed at
25 pg/ml DIP concentration.

In Fig. 4C, macrophages treated with DIP displayed a re-
markably enhanced nuclear NF-xB (p65) localization in a
dose-dependent manner, particularly at a concentration of
25 pg/ml. Furthermore, Fig. 4D shows that DIP treated mac-

A

rophages demonstrated higher IL-6 gene expression, which
was also regulated by NF-kB.

DIP induces priming step of NLRP3 inflammasome
activation

Fig. 5 reports the effects of DIP on the expression of NLRP3
and pro-caspase-1 in macrophages. Fig. 5A and 5B demon-
strate that the expression of NLRP3 was significantly up-reg-
ulated in the intracellular of macrophages stimulated with
DIP (12.5, 25, and 50 pg/ml), particularly at a concentration
of 25 pg/ml, similar to observations in the positive control
group, where LPS induced a significant increase in the expres-
sion of NLRP3 compared to the blank control group. Nonethe-
less, DIP did not affect the expression of pro-caspase-1 in the
supernatant (Fig. 5A and 5D), which suggested that DIP might
be adequate to modulate the first step of NLRP3 inflammas-
ome activation, i.e., priming.
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DIP has no effect on the second step of NLRP3
inflammasome activation

The NLRP3 inflammasome and its downstream inflammato-
ry mediators, including caspase-1, IL-1p, and IL-18, play cru-
cial roles in the innate immune responses and inflammation
(Elliott and Sutterwala, 2015). Fig. 6 illustrates the effects of
DIP on the secretion of caspase-1, IL-1P, and IL-18 in mac-
rophages. The level of IL-1p in the supernatant was detected
using western blot and ELISA, while sup-IL-18 level was de-
tected using ELISA. Despite DIP activating the NLRP3 in-
flammasome priming step, the results suggested that DIP had
no significant impact on the secretion of caspase-1 (Fig. 6C),
IL-1pB (Fig. 6B and 6D), and IL-18 (Fig. 6E), indicating that the
second step of NLRP3 inflammasome activation was unaffect-
ed by DIP.

DIP has no effects on ROS production

The second step of NLRP3 inflammasome activation involves
the recruitment and activation of precursor caspase-1 by
the active NLRP3 inflammasome, leading to the generation
of mature cytokines and exacerbating the inflammatory re-
sponse. ROS have been implicated in NLRP3 inflammasome
activation. Fig. 7 shows the effect of DIP on ROS production
in macrophages. The results suggested that DIP had no signif-
icant effect on ROS production compared to the blank control

group.



Liu et al. / J Appl Biomed 29

A
Sup-IL-1B - - . e

GAPDH *"sss SS GHENS SEmmms e

LPS (Ipg/mL) — + — — -
DIP (ug/mL)  — - 12.5 25 50
ATP (5mM) - + — - —
B C
304
a
25 3
T = z %
> ©204 >z =
9 = s =
- = S 32
(--N =] 154 < 9
i = 8
- o 2 o
== = < z
2 = 10 e =
== @ =14
n < S
54 & =
b b b b
0 04
LPS (Ipg/mL) — - = — LPS (Ing/mL) — + - - =
DIP (ug/mL) — 125 25 50 DIP (ug/mL) — - 12.5 25 50
ATP (5mM) — - - - ATP (5mM) — + - - -
D E
a 2004
a
150 4
150 4
) =)
&0 100 4 ?1)
£ £ 100+
Q.
= z
2 o =
504
0- 1 0
LPS (1pg/mL) - LPS (Ipg/mL) — + - - -
DIP (ng/mL) — - 12.5 25 50 DIP (ngmL) — - 12.5 25 50
ATP (SmM)  — + - - - ATP (SmM) — + - - -

Fig. 6. Effects of DIP on the second step of activation of the NLRP3 inflammasome. (A) IL-1f protein level in supernatant. (B) Protein semi-
quantifications were shown for supernatant IL-1p. (C) Analysis of caspase-1 activity using Ac-YVAD-pNA. (D, E) Secretion of IL-1f and IL-18
was detected by ELISA. Different lowercase letters indicated statistical differences (P < 0.05).

A B

DCFH-DA
s DCFH-DA + LPS + ATP
DCFH-DA + DIP (12.5p¢/mL)

DCFH-DA + DIP (25pg/miL)

4004 = DCFH-DA + DIP (50pg/mL) 4

w
1

3004

Count

2004

1004

Relative fluoresence intensity
(fold of control)

T T U
v 1 LPS (Ipg/mL) — + =
FLI-A:FTCD-A DIP (ng/mL) — - 12.5 25
ATP (SmM) = + -

1 &1

Fig. 7. Effects of DIP on ROS generation. (A) ROS generation in different DIP dose groups detected by flow cytometry. (B) Relative fluoresence
intensity. Different lowercase letters indicated statistical differences (P < 0.05).



30 Liu et al. / J Appl Biomed

Discussion

Inflammation is a complex process that is involved in the de-
velopment of many human diseases (Martinez-Micaelo et al.,
2015). DIP has gained attention due to its promising anti-
oxidant, anti-inflammatory, and anti-cancer properties (Deng
et al., 2013; Fu et al., 2015; Han et al., 2017). However, the
mechanisms underlying the ability of DIP to modulate the im-
mune response and its effects on the NLRP3 inflammasome
are poorly understood. The present study aimed to investigate
the impact of DIP on the NLRP3 inflammasome activation
process.

The NLRP3 inflammasome is a crucial component of innate
immunity, which senses pathogen invasion signals and cellular
damage (Schroder and Tschopp, 2010). Upon activation, the
NLRP3 inflammasome mediates the processing of precursors
of IL-1P and IL-18 into mature forms, leading to an increase
in inflammatory responses. The NLRP3 inflammasome is com-
posed of the NLRP3 protein, ASC protein, and pro-caspase-1
zymogen. NLRP3, functioning as a receptor protein, can sense
various stimuli both inside and outside the cell, such as bac-
teria, viruses, oxidative stress, and decreased intracellular po-
tassium ion concentration. Upon activation, it recruits down-
stream adaptor proteins like ASC, subsequently regulating the
activity of caspase-1, promoting the maturation of cytokines,
triggering inflammatory responses, and mediating cellular
pyroptosis (Janeway and Medzhitov, 2002; Sutterwala et al.,
2014). However, the mechanisms underlying NLRP3 inflam-
masome activation remain largely unknown. One proposed
mechanism is that NLRP3 inflammasome is activated by a
common pathway of ROS, which is closely linked to mitochon-
dria. A separate avenue of activation is seen through P2X7R
channels, which permit external flow of K ions and require
agonist ATP to activate NLRP3 inflammasome (Kanneganti et
al., 2007; Liu et al., 2014; Pelegrin and Surprenant, 2006).

In our previous study, each experimental group was treat-
ed with LPS, providing an inflammatory stimulus, and ATP
was added to each group, fully activating the macrophage in-
flammasomes, resulting in an inflammatory response. In this
context, the investigation focused on the anti-inflammatory
effects of DIP (Wang et al., 2019). In this study, LPS served as
a positive control group, while in the experimental group, DIP
was exclusively added for comparative analysis of its impact on
inflammasome activation. The results demonstrated that DIP
activated NLRP3 inflammasome priming, which involved en-
hancing TLR4 expression, phosphorylating IkB-a, and trans-
locating the NF-kB p65 subunit into the nucleus. Additionally,
DIP increased IL-6 secretion, a biomarker of inflammation
that is regulated by the NF-kB pathway. However, DIP did
not significantly affect the second step of NLRP3 inflammas-
ome activation in RAW264.7 macrophages. This was primari-
ly manifested by the inability of DIP stimulation to promote
the secretion of pro-caspase-1, IL-1P, and IL-18. These find-

ings suggested that DIP might enhance the immune response
through the modulation of the NF-kB pathway and NLRP3 in-
flammasome priming without causing excessive inflammation
or cellular damage. Further studies are required to determine
the precise molecular mechanisms involved in the immunos-
timulatory effects of DIP on the NLRP3 inflammasome.

Interestingly, our results indicated that the immunos-
timulatory effect of DIP was better at a concentration of
25 ug/ml compared to a concentration of 50 ug/ml. This may be
associated with the complexity of the interaction between poly-
saccharides and the immune system. The immune activity of
polysaccharides is influenced by a variety of factors, and their
mechanisms may involve complex networks of cellular and
molecular interactions, such as receptor saturation effect, bi-
phasic effect, and changes in bioavailability. Immune receptors
may reach saturation at a certain concentration, meaning that
further increases in polysaccharide concentration may not re-
sult in additional immune stimulation. Once receptors are sat-
urated, higher concentrations may not induce a proportional
immune response (Pizzuto et al., 2019). Some polysaccharides
exhibit immune-stimulating effects at low concentrations
but may demonstrate immune-suppressive effects at higher
concentrations, creating a biphasic response. This dual effect
could arise from diverse interactions between polysaccharides
and different types of immune cells or molecules (Ruan et al.,
2022; Zanoli and Zavatti, 2008). Furthermore, as the concen-
tration increases, the bioavailability of polysaccharides may
change, altering their accessibility or interaction within cells
(Du et al., 2016). This complexity underscores the need for a
nuanced understanding of the relationships between DIP and
the immune system for the development of effective immuno-
modulatory strategies.

There are some limitations in this work. We focused on the
detection of NLRP3 and caspase-1 due to their pivotal roles
within the inflammasome, where ASC primarily functions as a
bridging element. Given its more intermediary role, we chose
to de-emphasize the detection of ASC in this investigation. Fu-
ture studies and analyses could delve into the involvement of
ASC to provide a more comprehensive understanding of the
activation of inflammasome by DIP.

Conclusion

Through our investigation, the data we have collected distinct-
ly demonstrate that DIP can facilitate the priming of NLRP3
inflammasome activation by enhancing TLR4 expression,
phosphorylating IkB-a, and translocating nuclear factor kap-
pa B (NF-kB) p65 subunit. On the other hand, it has been ob-
served that DIP is incapable of mediating the second step of
NLRP3 inflammasome activation. These findings, for the first
time, provide compelling evidence of the immunomodulatory
effects of DIP through the regulation of NLRP3 inflammasome
in RAW264.7 macrophages (Fig. 8).
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