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Abstract

Macrophages inflammation from variety of risk factors is critical in the rupture of atherosclerotic(AS)
plaques. Trimethylamine oxide (TMAOQ), a dietary metabolite that depends on Gut microbiota, exerts
strongly pro-inflammatory effects on Atherosclerosis. Nowadays, mounting research showed that NLRP3
inflammasome activation is essential for the pathogenesis of AS. The present study was to investigate
the effect of TMAO on ox-LDL-induced NLRP3 inflammasomes activation of THP-1 cells, and to explore
the potential mechanism. Used Cell Counting Kit-8 assay, LDH assay to evaluate the changes of
macrophage activity under TMAO and ox-LDL, respectively, to clarify the appropriate dosage. Proteins
related to NLRP3 inflammasomes, NF-kb and ERS were determined via Western Blot. Inflammatory
cytokine secretion was then examined via ELISA. PCR detected gene levels of inflammatory markers, and
caspase-1 activity assay was utilized to detect intracellular caspase-1 activity. The results showed that
TMAO could activate NLRP3 inflammasome in ox-LDL-induced THP-1 macrophages and accelerate
inflammatory factor release. In addition, TMAO can further activate the expression of ERS-related
proteins( including BiPIp-PERK) and NF-KB pathway. NLRP3 inhibitor MCC950, NF-kb inhibitor JSH-23,
and ER stress inhibitor 4-PBA reversed TMAOQ's promoting effect in ox-LDL-induced macrophage. Given
these data, we conclude that TMAO promotes NLRP3 inflammasomes activation via the ERS/NF-kb
pathway in ox-LDL induced THP-1 macrophages. Reducing the TMAO levels may be a viable approach to
prevent atherosclerosis plaque development.

Introduction

With its intricate pathogenesis and high mortality rate, Atherosclerosis, one of the leading causes of
cardiovascular and cerebrovascular diseases (CCVDs), seriously endanger the health of humans1,

2]. Plaque deposition caused by excessive intake of ox-LDL is the basic pathological feature of
atherosclerotic diseases and understanding how it develops is crucial to preventing atherosclerosis and
improving the health of the whole people. Of which the macrophage inflammatory response, a crucial
factor in accelerating plaque formation and plaque instability, could expand the lipid corellaccelerates
plaque rupture and promotes cardiovascular and cerebral vascular accidents development [3].

Nod-like receptor protein 3(NLRP3 )inflammasome, a multi-protein complex composed of NLRP3,
apoptosis-associated speck-like protein containing a CARD(caspase-1 recruitment domain)lASCE, and
pro caspase-1, play a major role in inflammation, innate immunological responses, and cardiovascular
disease (CVD) progression [4-6]. Hyperlipidemia has been regarded as an important risk factor for
atherosclerotic plaque formation. Growing research show that with stimulated by excessive ox-LDL,
NLRP3 is initiated through some pathways such as the NF-kb signaling pathway, then the N-terminal
pyrin domain (PYD) of NLRP3 assembles with the N-terminal PYD of ASC; the C-terminal CARD of ASC is
mainly responsible for raising pro caspase-1, which compose the NLRP3 inflammasome and turn on the
activation process. Locally high concentrations of pro-Caspase-1 in cells undergo auto-cleavage and
become caspase-1 with activity. The latter can catalyze the cleavage of interleukin (IL)-18 and IL-18
precursors to IL-1b, IL-18 mature, and achieve the process of cellular inflammation. This sterile
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inflammation, mediated by the NLRP3 inflammasome and inflammatory cytokine release, permeates the
entire process of atherosclerosis development, promotes the progression of atherosclerotic plaques, and
raises the danger of atherosclerotic plaque rupturel[7].

Recently, accumulating studies have found that the occurrence of CCVDs is commonly accompanied by
the imbalance of intestinal flora and changes in the levels of metabolites [8]. TMAO, one of the most
extensively researched metabolites, has been shown closely linked to the increased risk of
Atherosclerosis[9]. Mechanistic investigations have demonstrated that TMAQ's pro-atherosclerotic effect
is partly due to changing lipid metabolism, activating platelets, and causing vascular
inflammation[10].Among them, vascular inflammation induced by NLRP3 inflammasome activation, as
the key mechanism of plaque, has become a hot spot in the field of the relationship between TMAO and
atherosclerosis. However, most of the research mainly focused on endothelial cells (EC)and smooth
muscle cells (SMC) fields, with less attention paid to macrophages. This study chiefly focused on the
connection and mechanism between TMAO and NLRP3 inflammasome activation in macrophage
induced by ox-LDL, which provided a novel viewpoint for illuminating the molecular pathways by which
TMAO fosters the development of atherosclerotic disease.

Materials And Methods

Materials

TMAO was purchased from Sigma-Aldrich (#317594, USA), and oxidized low-density lipoprotein (ox-LDL)
was purchased from Yi yuan biotechnology (YB-002, Guangzhou, China). Phorbol-12-myristate-13-acetate
(PMA) was bought from Sigma (USA). Primary antibodies: pro-caspase-1(1:1000, ab207802) 0IL-18
M1:500, ab207324N10INF-kb(1:5000, ab76311)0pro-IL-1b(1:1000,ab216995)0B-actin(ab8226,1:10000) and
GAPDH(1:5000, ab181602) were bought from Abcam(USA) ; NLRP3(1:700, D4D8T) was purchased from
CST(USA); ASC(1:1000, WL02462)0IL-1b mature(1:500, WL00891)lcaspase-1p20(1:1000, WL02996a)0p-
NF-KB(1:1000, WL02169)IGRP78/Bip(1:1000, WL03157)0p-PERK(1:1000, WL05295) were purchased
from Wan lei Bio (Shenyang, China). While secondary antibodies: Goat Anti-Rabbit IgG HRP conjugate
11:10000, S0001, AffinityllJiangsu)lGoat Anti-Mouse IgG HRP conjugate (1:10000, Abcaml
ab205719,USA). NLRP3 inhibitor MCC950lHY-12815A,25uM,4hlland NF-KB inhibitor JSH-23{HY-
13982,30uM, Thiwere purchased from MCE (Shanghai, China), ER stress inhibitor 4-PBA (SML0309,
5mM@E30min) was obtained from Sigma ( USA).

Cell culture and treat

THP-1 cells were grown in RPMI1640 with 10% fetal bovine serum (FBS) and then incubated at 37°Cin a
CO2 incubator. Cells with suspension state in the logarithmic growth phase were transferred to 6-well or
96-well plates and then were induced to differentiate into adherent MO macrophages by stimulation with
100 ng/mL PMA for 48 h. Cells were separated into several groups at random, including the TMAO-

induced group, ox-LDL-induced group, ox-LDL added TMAO group, MCC950 group, JSH-23 group, and 4-
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PBA group. The TMAO-induced group and the ox-LDL-induced group were used to determine the dosage
of TMAO and ox-LDL.

Cell viability assay

THP-1 cells in the logarithmic growth phase were sown in 96-well plates, and 100ul cell suspension with
2% serum and PMA was added to per well.10uL CCK-8(C0005, Target MOI) solution was subsequently
added per well in the dark and measured the absorbance at 450nm wavelength after being cultured for 1-
2 h.

Detection of LDH release

After the respective treatment of cells, the supernatant was collected, the appropriate LDH reagent was
applied to each well in accordance with the manufacturer's instructions (A020-2-2, Jiancheng Biology,
Nanjing), and absorbance was measured at 450 nm wavelength.

Western blot (WB)analysis

Cells were lysed using RIPA lysis buffer (Beyotime, P0013B, China) containing protease inhibitor PMSF
(Solarbio, P0100, China) and phosphatase inhibitor (BL615A, Bio sharp, China) after treatment, BCA
protein detection kit (Solarbio, China) was used to measure the protein concentration per samples after
collecting. Polyvinylidene fluoride (PVDF) membranes were used to transfer the proteins after sodium
dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) separated them (ISEQ00010, Merck).
After being blocked with 5% nonfat dry milk, the PVDF membranes was incubated in the appropriate
primary antibody solution at 4° for an overnight period, rinsed with PBST, and then incubated with the
corresponding secondary antibody for an hour at room temperature. After adding the ECL luminescent
agentilP10100,NCML, exposure and development were conducted, and the quantitative analysis of gray
value was performed by using ImageJ software.

Enzyme-linked immunosorbent assay (ELISAR

The levels of IL-1B and IL-18 were measured according to the manufacturer's instructions of ELISA kit
(JLC6380, JLC6382, Jingkang Biological, Shanghai) after being handled appropriately and harvested
supernatants.

Caspase-1 activity detection

Caspase-1 activity assay kit (C1102iBeyotime, Shanghai) was used to measure the activity levels of
caspase-1 This assay was based on the ability of caspase-1 to catalytic acetyl-Tyr-Val-Ala-Asp p-
nitroaniline (Ac-YVAD-pNA) to the yellow formazan product p-nitroaniline (pNA) .A standard curve for pNA
was drawn by measuring the OD values in 405nm. The production of pNA in the test sample indicates the
activation level of caspase 1.

Reverse transcription-quantitative PCR (QRT-PCR)R
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Use of the Trizol reagent extracted total RNA from the THP-1 cells. The reverse transcription kit
(RRO36A,Takara, Harbin, China) was used to synthesize cDNA, and the target gene was amplified by the
SYBER Green methodlRR820A,Takara, Harbin, Chinall. NLRP3-related primers came from the remaining in
our research group, Bip and PERK primers sequences were designed from Rui Biotech (Beijing, China).
The relative expression of the target gene was shown as CT value, the targeting gene's mRNA level was
standardized to GAPDH, and calculated by the formula x=2-AACT (Table 1).

Table 1: primer sequences of gene

Target gene  primer sequences

GAPDH F TCGGAGTCAACGGATTTGGT
R TCGGAGTCAACGGATTTGGT
IL-18 F ACTGGTTCAGCAGCCATCTT
R  TGCAGTCTACACAGCTTCGG
IL-1b F CCTGCAGCTGGAGAGTGTG
R TGTGCTCTGCTTGTGAGGTGC
NLRP3 F CTTCCTTTCCAGTTTGCTGC
R  TCTCGCAGTCCACTTCCTTT
Caspase-1 F GCCCAAGTTTGAAGGACAAA
R GGTGTGGAAGAGCAGAAAGC
GRP78/Bip F GAACGTCTGATTGGCGATGC
R TCTTTGGTTGCTTGGCGTTG
PERK F CCAGTTTTGTACTCCAATTGCA
R  CAGATACAGCTGGCCTCTATAC

Statistical analysis

GraphPad 9.0 software was used for statistical analysis, and all data were reported as mean + SD. A t-test
or one-way analysis was utilized to analysis differences, which were deemed statistically significant
when p < 0.05.

Results

1 Effects of TMAO on cell survival and NLRP3 inflammasome expression inTHP-1 cells
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To investigate the cytotoxicity of TMAO towards THP-1cells, we first measured the cell viability after
being exposed to TMAO at different concentrations (0/50/100/200/400/800uM TMAO) and durations
(400uM for Oh/4h/8h/12h/24h/48h). CCK-8 results showed that the concentration and duration of TMAQ
had no discernible impact on the cell survival (figure1 A, B). We further explored the effect of TMAO on
macrophage inflammation, results of Western Blot showed that pro IL-1b, IL-18, ASC, and NLRP3 protein
expression was increased by TMAO in THP-T macrophages in a dose- and time-dependent manner, while
pro-caspase-1 expression was decreased—most significantly at 400uM TMAO over 24 hours (figure1C,
D).We concluded that TMAO had no significant effect on macrophage activity, possibly affected cellular
function by affecting cellular inflammation .Combined with CCK-8, we determine 400uMTMAO treatment
for 24h as the subsequent experimental condition.

2 TMAO accelerates IL-1b0IL-18 secretion by activating the NLRP3 inflammasome in ox-LDL-induced
THP-1 cells.

Inflammation induced by excessive phagocytosis of ox-LDL in macrophages is critical for atherosclerotic
plaques development. To explore the relationship between TMAO and ox-LDL induced inflammation in
THP-1 cells, we firstly treated THP-1 macrophages with different concentrations of ox-LDL to determine
the concentration of ox-LDL in following experiment. LDH results showed that ox-LDL promoted the
release of LDH in THP-1 cells, decreased cell viability in a concentration-dependent manner
(Fig2A).Western Blot also showed that gradually increased expression of NLRP3 indicators and IL-18[IL-
1b(Fig2B), which was consistent with the earlier results[11]. Considering the strong cytotoxicity of 75-
100ug/ml ox-LDL to macrophages, we decided to use 50ug/ml ox-LDL in the following studies.
Subsequently, we examined the inflammation and viability effect of TMAQO on THP-1 cells under 50ug/mi
ox-LDL. After treating with 50ug/ml ox-LDL for 24h, added TMAO to continue treatment for 24h,
according to the results of CCK-8, none concentration of TMAO had significant effect on the survival of
ox-LDL-induced macrophages(Fig2C), while the results of WB and PCR indicated that TMAO can
significantly promote the expression and mRNA levels of IL-1blIL-18 in the ox-LDL-induced THP1
cells(Fig2 D, E). Additionally, ELISA results showed that TMAO also promoted the IL-1blIL-18 secretion
(Fig.2F).

To verify whether the increased secretion of IL-18 and IL-18 under TMAO stimulation attribute to
activation of the NLRP3 inflammasome, we further examined the effect of TMAO on NLRP3
inflammasome activation under ox-LDL. Results of Western Blot showed that TMAO can promote the
protein expression of NLRP3, ASC, and caspase-1 p20 in ox-LDL-induced THP-1 cells and reduce the
protein expression of procaspase-1 (figure2G). The PCR results were consistent with it (figure2H).
Similarly, the caspase-1 activity assay demonstrated that TMAQO can promote the enzymatic activity of
caspase-1 in ox-LDL-induced THP-1 cellslifigure2IX, which revealed the possible role of NLRP3
inflammasome activation in TMAO pro- inflammation. To further clear the role of NLRP3 inflammasome
in the secretion of IL-1b and IL-18 induced by TMAOQ, We pretreated with the NLRP3 inhibitor MCC950
after 24 hours of treatment with 50ug/ml ox-LDL, followed by TMAO treatment and found that MCC950
significantly reversed the synergistic promotion of TMAO on ox-LDL-induced expression of NLRP3, ASC,
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and caspase-1 p20, which means the MCC950 is effective, subsequently, in ox-LDL-induced macrophages
;the prolL-1b, IL-18 expression upregulated by TMAO was also inhibited by MCC950(figure2J). ELISA and
PCR results indicated that MCC950 could decrease the mRNA level and release of IL-1b and IL-18
(figure2K, L), which all suggest that TMAO can promote the activation of NLRP3 inflammasome in ox-
LDL-induced macrophages, and then accelerate the release of IL-1b and IL-18.

3 TMAO promotes ox-LDL-induced NLRP3 inflammasome initiation and activation via the NF-KB pathway
in THP-1 cells

Next, we aimed to explore the molecular mechanism by which TMAO regulated NLRP3 inflammasome
activation during ox-LDL-induced THP-1 macrophage. WB showed that phosphor-NF-kB p65 protein
levels and the ratio of p-NF-KB/T-NF-KB were increased in ox-LDL-induced THP-1 in response to TMAO
Hfigure3AN, which indicates that NF-kB pathway maybe one of the mechanism by which TMAO activates
the NLRP3 inflammasome in ox-LDL-induced macrophages.

To further verify the above speculation, the NF-kB p65 nuclear translocation inhibitor, JSH-23, was added
before TMAO. Our results indicated that JSH-23 treatment prevented TMAO-induced increases in NF-kB
p65 phosphorylation in ox-LDL-treated THP-1macrophage, moreover, increased NLRP3IASC and IL-10IL-
18 production was also subsequently reversed by JSH-23 (figure 3B).In addition, increased IL-1B, IL-18,
NLRP3, and caspase-1 mRNA levels induced by TMAO were prevented by JSH-23 treatment in ox-LDL-
treated macrophage, and ELISA results were consistent with it. (Figure3 C, D). Caspase-1 activity assay
also indicated that JSH-23 significantly reduced the activity of caspase-1 | in foam cells induced by
TMAO. (Figure3 E). All these results demonstrate that TMAO promoted the initiation of NLRP3 via the NF-
kB pathway in ox-LDL-induced macrophages and accelerated the activation of the NLRP3
inflammasomes.

4 TMAO promotes ox-LDL-induced NLRP3 inflammasome activation by ERS/NF-kb pathway in THP-
1cells

We next investigated whether ERS regulated the activation of NF-KB and NLRP3 inflammasomes
promoted by TMAO in ox-LDL-treated macrophage cells. Western blot results showed that TMAO further
promoted the upregulation of Bip and p-PERK expression mediated by ox-LDL treatment in THP-1 cells
(Figure 4A). Furthermore, we found that treatment of ox-LDL-induced macrophages with an ERS inhibitor
(4-PBA) prior to TMAO significantly suppressed p-PERK and Bip expression compared with ox-LDL mixed
with TMAO treatment. We also verified that the increases in p-NF-KB, NLRP3, caspase-1 p20, IL-1, and IL-
18 expression mediated by TMAO in ox-LDL-induced macrophages were also reversed by 4-PBA(Figure
4B). PCR results showed that compared with the TMAO added ox-LDL group, 4-PBA group exerted the
decreasing mRNA levels of PERK, Bip/GRP78il NLRP3, IL-1b,and IL-18. (Figure 4C). In addition, evidence
from ELISA and caspase-1 activity assay also showed that inhibition by 4-PBA decreases the activity of
Caspase-1 and the release of IL-18, and IL-1b (Figure4D, E), which all indicate that TMAO promoted the
release of IL-18 and IL-1b in ox-LDL-induced THP-1 cells by activating the ER stress/NF-KB/NLRP3
pathway.
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Discussion

Data obtained in this study demonstrated that although there was no effect on macrophage viability,
TMAO remain activated the macrophage NLRP3 inflammasome in a dose-dependent manner, which
mainly provided a dose reference for the study of TMAQ in the foam cell model. Moreover, ox-LDL dose-
dependently triggered NLRP3 inflammasome activation, and secretion of IL-18 IL-1B in macrophages,
and we regard 50 pg/mL ox-LDL for 48h as the optimum concentration. On this basis, we clarified the
effect of TMAO on ox-LDL-induced activation of the NLRP3 inflammasome in macrophages. Notably, this
study identified a pro-inflammatory process of TMAO associated with ERS and the NF-kb pathways.
Therefore, these results may support a novel role of TMAO in ox-LDL-induced NLRP3 inflammasome
activation in macrophages by activating the ERS/NF-kb axis, which provides a new perspective for
elucidating the mechanism by which TMAO promotes atherosclerosis.

It has been established that the risk factors for enlarging the necrotic core and quickening the process of
plaque rupture are the activation of the macrophage inflammasome and the cell death that follows it in
vulnerable plaques during the development of atheromatous plaques|[3]. NLRP3 inflammasome, the most
widely studied inflammasome, has been identified as a multi-protein complex composed of NLRP3, ASC,
and procaspase 1. NLRP3 binds and activates pro caspase into active caspase-1 through ASC when cells
are activated, which expedites the release of IL-18 and II-1B8[12]. Accumulating studies have reported the
relationship between excessive ox-LDL and the activation of NLRP3 inflammasome in macrophages,
those shown that ox-LDL activates the NLRP3 inflammasome by enhancing oxidative stress and other
pathways, and then activates caspase-1, on the one hand, which cleaves the formation of GSDMD into
pyroptotic marker GSDMD-N triggers pyroptosis, and on the other hand, induces pro-IL-18 and Pro-IL-1p to
become IL-18 and IL-1B mature bodies, leading to the inflammatory response [13, 14]. Similarly, our study
also proved that 50ug/ml ox-LDL treatment for 48h can promote the expression of NLRP3, ASC, IL-18,
and IL-1B and reduce cell viability in THP-1 macrophages. Zeng et al demonstrated that treatment with
the NLRP3 inhibitor MCC950 significantly reduced plaque burden and intraplaque macrophage content,
which was associated with reduced IL-1B and IL-18 lysates production and pyroptosis in macrophage as
well as aortic researched by vitro experiments[15]. This undoubtedly affirms the critical role of
macrophage NLRP3 inflammasome activation in the progression of atherosclerosis.

Although part of studies has identified elevated TMAO levels in various inflammatory diseases including
diabetes and chronic kidney disease, studies still mainly focus on exploring the relationship between
TMAO and atherosclerotic disease currently[9, 16]. Many previous studies have found that most patients
with atherosclerotic disease are often accompanied by elevated plasma TMAO levels [17]. Some studies
have also affirmed the role of prebiotics, probiotics, and other substances in promoting the growth of
beneficial gut microbiota, reducing TMAO levels and cardiovascular disease risk [18]. In addition, some
evidence has demonstrated that resveratrol [19]IDMB[20] reduces the level of TMAO commonly
accompanied by obvious anti-inflammatory and interventional effects on the progression of
atherosclerosis. Recently, part of the research has shown that high levels of TMAO can activate NLRP3
inflammasome by ROS-TXNIP, NF-kb, and MAPK in endothelial cells (EC) and smooth muscle cells (SMC)
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to participate in vascular inflammation and vascular calcification and accelerate plaque formation and
rupture. [21, 22], which not only confirms the close link between TMAO and atherosclerosis but also
emphasizes the relationship between this process and the NLRP3 inflammasome activation in cells.
However, at present, most studies mainly focus on EC and SMC fields. This study highlighted the
relationship between the NLRP3 inflammasome activated by TMAO in macrophages and atherosclerotic
plaque progression, which not only activated the NLRP3 inflammasome in macrophages in a time- and
concentration-dependent manner, TMAO but also promoted the role of ox-LDL synergistically. In the foam
cell, TMAO treatment can promote the protein expression and gene expression of NLRP3 indicator in ox-
LDL-induced macrophages, increase the activity of caspase-1, and release inflammation factors. In
summary, data was gathered to demonstrate that not only in macrophages but more importantly in a
foam cell model, TMAO had a synergistic effect on ox-LDL in activating the NLRP3 inflammasome, which
filled the gap between TMAO and foam cell NLRP3 inflammation and enriched the network of
mechanisms by which TMAO promoted vascular inflammation and accelerated atherosclerotic plaque
formation.

Studies has reported that NLRP3 can be activated through multiple pathways including NF-kb[23]0
ERS[24]1IROS[25]and MAPK][26]. Among them, NF-KB has been widely recognized as the canonical
pathway of NLRP3 activation. Consistent with most studies, our experiment found that JSH-23, NF-KB
pathway inhibitor, inhibited the phosphorylation of NF-kb and following reverse the effect of TMAO on
activating NLRP3 inflammasome, which demonstrated the regulatory role of NF-kb in this process.
Notably, this study was the first to identify the role of ER stress in the above process. While ERS was an
adaptive mechanism, sustained or excessive ERS induced inflammation, apoptosis, and tissue damage.
Studies had shown that ERS a common mechanism by which various risk factors participated in the
development of atherosclerosis, and the use of the inhibitor 4-PBA ER stress process and then reversed
atherosclerotic vascular calcification and foam cell formation aggravated by ox-LDL and Hcy[27], which
had also already been confirmed by vivo experiments in ApoE-/- Mice [28]. Recently ,a study
demonstrated that TMAO can directly bind and activate PERK in hepatocytes to induce endoplasmic
reticulum stress and lead to metabolic disorders, Which making it clear that PERK can act as a TMAO
binding target and involve in the metabolic disorders [29] .In addition, a study by feeding hyper choline
mice with TMA inhibitor DMB found that DMB treatment can significantly reverse TMAO-induced
inflammasome expression thereby reducing vascular remodeling, and treating atherosclerosis,
mechanistic studies suggest that this may be related to its regulation of endoplasmic reticulum stress in
smooth muscle cells[20]. Based on this, we speculated whether the pro-inflammatory effect of TMAO in
ox-LDL-induced macrophages also involves the ERS pathway. In the following experiments, we did
observe that TMAO promoted the expression of GRP78, p-PERK induced by ox-LDL in macrophages,
adding 4-PBA reversed TMAO-induced phosphorylation of NF-kb and subsequent activation of NLRP3 in
foam cells, suggesting that ERS and NF-kb signaling pathway are linked in macrophage NLRP3
inflammasome activation.

In conclusion, as shown in Fig. 5, TMAO promoted ox-LDL-induced activation of the NLRP3
inflammasome and release of IL-1B and IL-18 in THP-1 macrophages via ER stress and the NF-kb
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pathway. It is undeniable that our conclusions will be completer and more reliable if this study can fill the
gap about lacking vivo study, which is what we seek in our future studies. Our findings suggest that the
ERS/NF-kb axis plays an important role in the NLRP3 inflammasome activation and IL-18 UIL-18 release
in ox-LDL-treated macrophages promoted by TMAO, which may be useful for targeting gut microbiota
points to a new direction for the clinical prevent of atherosclerosis.
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Figure 1

Effects of TMAO on cell survival and NLRP3 inflammasome expression in THP-1 cells. Cells were
respectively treated with different concentration and duration of TMAO. (A, B) Cell viability was measured
by using CCK-8 detection kit ; (C, D)Results of Western blot about the level of NLRP3 inflammasome
related indicators treated with different TMAQ dosages. Values are shown as mean + SD.n=3. Statistical
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significance compared to unstimulated groups is denoted by asterisks (*p < 0.05, **p < 0.01, ***p < 0.001,
****p < 0.0001)
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Figure 2

TMAO accelerates the release of IL-1B0IL-18 by activating the NLRP3 inflammasome in ox-LDL induced
THP-1 cell. (A)Results of LDH release under different ox-LDL concentrations was performed by LDH
detection kit ; (B) Western blot was performed to determine the level of NLRP3, ASC, pro-caspase-1, pro-IL-
1b, and IL-18 induced by ox-LDL; (C) The effect of TMAO on the viability of 50 ug/ml ox-LDL cells
detected by CCK-8 ;(D) The expressions of IL-1BIIL-18 in ox-LDL-induced macrophages by TMAO were
detected by WB, TMAQ:400uM treat 24h.ox-LDL:50ug/ml treat 48h; (E, F) ELISA and PCR were used to
determine the secretion and mRNA level of IL-1B and IL-18; (G) Western blot results of NLRP3, ASC,
caspase-1 in response to TMAO ;(H) PCR results of NLRP3 and caspase-1 mRNA level; (I) caspase-1
activity assay in response to TMAO in ox-LDL-induced THP-1cells. (J) Results of Western blot about IL-
18,IL-1b and NLRP3 expression under MCC950. (K) PCR results of IL-18 and IL-1 in response to MCC950;
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(L) ELISA results treated with MCC950. Values are presented as mean + SD. Asterisks signify statistical
significance (*:p < 0.05, **:p < 0.01, ***:p < 0.001, ****:p < 0.0001.)
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Figure 3

TMAO regulated the initiation and activation of NLRP3 via NF-kB pathway in ox-LDL-induced
macrophage (A) P-NF-kb, T-NF-kb levels were measured by western blot; (B) WB result of NF-kb ,NLRP3
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,ASC,caspase-1 p20 ,IL-1b,IL-18 treated with JSH-23(30uM,1h).(C) mRNA level of IL-1b,IL-18,NLRP3,and
caspase-1 in response to JSH-23 were detected by gRT-gPCR. (D) The secretion of IL-1b and IL-18 was
measured by ELISA. (E) caspase-Tactivity assay was utilized to calculate the caspase activity
intracellular under JSH-23. Data are presented as mean = SD. Asterisks denote statistical significance. N
= 3 in each group. (*p < 0.05, **p < 0.01, ***p < 0.001, ****p < 0.0001.)

A

Bacin | ——— KD

[Bip/peuctin

relative level of Bip

relative level of p-P'ERK
p-PERK/P-actin

oelDL - +

™y - - +

B

:
]

rebative bevel of p-PERK
pPERK GAFDIE

welative levil of Bip
BipGAPDH
&
|

PNFD | o i

2 & 0=
2 i

NLRPS | o e i e

Caspase-1 p20 [—w _ L 0y [t

GAPDH | ————

L1 e

s (S |

GAPDH M |_‘"‘
i ]

OxIDL -  +
™MAO - - %
4PBA - - - %

SLRPN GAPIH

relative hevel of NLRIS

A% GAPDI
caspase-] pIY GAPIMI

rrlative lovel of 1118
H
ralative bevel of cuspane- bl

C:

n

;

o Rl
s ;:_e‘? E FESE
p Ky

iy af e
8 &

Figure 4
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TMAO promotes ox-LDL-induced NLRP3 inflammasome activation by ERS/NF-kb pathway in THP-1 cells.
Use of ER stress inhibitor 4-PBA inhibits ERS pathway and NF-kb phosphorylation and NLRP3
inflammasome activation. (A) Bip, p-PERK expression and analysis data were performed by WB and
ImageJ;(B) IL-1B,IL-18, NLRP3, casp1 P20, p-NF-KB, Bip and p-PERK levels were detected by Western
blotting;(C) IL-1B, IL-18, NLRP3, Bip, and PERK levels were detected by qRT-PCR;(D) ELISA detect the
concentration of IL-18 and IL-1B in supernatant (E)Result of caspase-1 activity in response to 4-pBA.
Values are expressed as the mean + SD (n = 3). (*p < 0.05, **p < 0.01, ***p < 0.001, ****p < 0.0001)
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Figure 5

The proposed schematic: TMAO activated NLRP3 inflammasomes in ox-LDL-induced THP-1 cells by
activating NF-kb and ERS, TMAO activates the NLRP3 inflammasome and accelerates the release of IL-
1B0IL-18, endoplasmic reticulum stress and NF-kb pathway activated by TMAO regulated the degree of
NLRP3 activation and IL-1B [IL-18 production induced by ox-LDL in THP-1 macrophages.
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