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Introduction: Chronic inflammation plays a critical role in the pathogenesis of atherosclerosis (AS), and involves a complex interplay between blood components, macrophages, and arterial wall. Therefore, it is valuable in the development of targeted therapies to treat AS.
Methods: AS rat model was induced by atherogenic diet plus with lipopolysaccharide (LPS) and then treated by anti-malarial artesunate (Art), a succinate derivative of artemisinin. The arterial morphology was observed after Oil red O, hematoxylin—eosin, and Masson’s staining. The arterial protein level was detected by immunohistochemistry or immunofluorescence. The expression level of mRNA was determined by PCR array or real-time PCR.
Results: Herein, we showed that Art possessed a dose-dependently protective effect on AS rats. In detail, Art showed a comparable inhibitory effect on arterial plaque and serum lipids compared to those of rosuvastatin (RS), and further showed a better inhibition on arterial lipid deposition and arterial remodeling comprised of arterial wall thicken and vascular collagen deposition, than those of RS. The improvement of Art on AS rats was related to inhibit arterial macrophage recruitment, and inhibit nuclear factor κB (NF-κB)-related excessive arterial inflammatory responses. Critically, Art showed significant inhibition on the NLRP3 inflammasome activation in both arterial wall and arterial macrophages, by down-regulating the expression of NOD-like receptor thermal protein domain associated protein 3 (NLRP3) and apoptosis associated speckle-like protein containing CARD (ASC), leading to less production of the NLRP3 inflammasome—derived caspase-1, interleukin-1β (IL-1β), IL-18, and subsequent transforming growth factor β1 (TGF-β1) in AS rats.
Conclusion: We propose that Art is an anti-AS agent acts through modulating the arterial inflammatory responses via inhibiting the NF-κB – NLRP3 inflammasome pathway.
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HIGHLIGHTS
•Artesunate protects atherosclerotic rats induced by an atherogenic diet plus lipopolysaccharide.
•Artesunate modulates arterial inflammatory responses.
•Artesunate inhibits the NF-κB–NLRP3 inflammasome pathway.
INTRODUCTION
Atherosclerosis (AS) is a fundamental cause of cardiovascular diseases (CVDs), accounting for about 50% of deaths worldwide (Libby et al., 2019). As a well-studied chronic disease, AS is characterized mainly by the formation and development of lipid and immune-cell containing plaques in the inner lining of the arteries (Libby et al., 2011; Schaftenaar et al., 2016). The pathogenesis of AS is complicated and involves numerous etiological factors, wherein lipid deposition and inflammatory response have been proposed to play key roles in the process of plaque development (Schaftenaar et al., 2016). It is quite attractive to unveil the regulatory mechanism of arterial lipid deposition and inflammatory response and develop promising therapy for AS treatment.
Arterial lipid deposition and inflammation form a complicated regulatory network during AS. Deposited lipids induce a series of arterial responses, including induction of inflammation, intimal accumulation of lipids, and foam cell formation, which play an essential role in AS, especially in the initial stage (Chistiakov et al., 2017). Arterial macrophages, differentiated from circulating monocytes, are responsible for clearance of deposited lipids to prevent cytotoxicity, tissue injury, inflammation, and metabolic disturbances (Chistiakov et al., 2016). Macrophages use pattern recognition receptors (PRRs) and subsequently initiate signaling cascades that lead to the transcription of pro-inflammatory cytokines and chemokines to manage lipid internalization (Grebe and Latz, 2013). However, excessively accumulated macrophages are also associated with chronic inflammation of vascular walls, which is strongly related to the initiation, growth, and rupture of arterial plaques, and vascular remodeling (Xu et al., 2019).
As a well-studied transcription factor, nuclear factor κB (NF-κB) is activated by pathogen-associated molecular patterns (PAMPs) or cytokines and then primes transcription of a series of genes encoding cytokines and chemokines in macrophages (Hu et al., 2021). In the past 3 decades, NF-κB has been regarded as the most critical player in AS because the genes it primed are involved in all phases of AS (Li et al., 2022). In addition, NF-κB also primes mRNA expression of NOD-like receptor thermal protein domain-associated protein 3 (NLRP3) and apoptosis-associated speckle-like protein containing CARD (ASC), which form NLRP3 inflammasome to cleave pro-caspase-1 into caspase-1, by which it converts pro-interleukin 1β (pro-IL-1β) and pro-IL-18 to mature forms (Baldrighi et al., 2017; Grebe et al., 2018). NLRP3 inflammasome has been considered a link between lipid metabolism and inflammation in AS (Li et al., 2016). As a critical pathogenic factor involved in all stages of AS, cholesterol crystals are one of the most potent activators of NLRP3 inflammasome to initiate and exacerbate AS via IL-1β and IL-18, which are well-known as the pro-atherogenic cytokines (Sharma and Kanneganti, 2021; Takahashi, 2022). In addition, reports indicated that NLRP3 expression was upregulated in the aorta of patients with coronary AS, and the aortic NLRP3 expression was correlated with the severity of disease (Afrasyab et al., 2016; Paramel Varghese et al., 2016). In various AS animal models, high NLRP3 levels were observed in monocytes and macrophages (Karasawa and Takahashi, 2017). Therefore, numerous reports have suggested that the NF-κB–NLRP3 inflammasome pathway is a possible target for future drug discoveries and clinical settings (Parsamanesh et al., 2019).
Previously, we reported that anti-malarial artesunate (Art) could protect AS in an apolipoprotein E-knockout (ApoE-/-) mice model via inhibition of the release of chemokines including IL-8 and C–C motif chemokine ligand 2 (CCL2) (Jiang et al., 2016). In addition, recent reports also showed that Art possessed similar anti-AS activity in an ApoE-/- mice model (He et al., 2020; Wang et al., 2022). However, an ApoE-deficiency model which possesses the APO-dysfunction phenotype cannot fully account for the pathogenic factors, especially complicated inflammatory responses which have been regarded as the critical trigger during the AS process (Ross, 1999). Moreover, the detailed anti-AS mechanism of Art has not been well elucidated yet. In this study, we further evaluated the anti-AS activity of Art in a normal rat model induced by an atherogenic diet supplemented with lipopolysaccharide (LPS), which consisted of both a high-fat pathogenic factor and pro-inflammatory pathogenic factor that are widely used for accelerating the progression of AS (Wiesner et al., 2010; Yin et al., 2013), and the possible mechanism was also discussed from the perspective of inflammation controlled by the NF-κB–NLRP3 inflammasome pathway.
MATERIALS AND METHODS
Animal experiments
All animal experiments were performed in accordance with the National Guidelines for Animal Care and Use (NIH Publication No. 85–23, revised 1996) and approved by the Ethics Committee for Animal Experimentation of Army Medical University (License No. AMUWEC20181680). All surgeries and sacrifices were performed in a manner to minimize animal suffering.
Female Wistar rats (6–8 weeks old; 190 ± 20 g) were supplied by the Experimental Animal Center of our university and were housed under a pathogen-free condition (License No. SCXK-2017002). All rats were raised on a 12-h light/dark cycle with free access to water, and the temperature was 20°C ± 2°C with a humidity of 50 ± 5% following a 7-day acclimatization period. The inflammatory immune method was used for the animal model (Wiesner et al., 2010; Fu et al., 2017). A total of 70 rats were given 70,000 U/kg of vitamin D3 (i.p.; Sigma, St. Louis, MO, United States) three times in the first week, and 0.15 mg/kg of LPS (i.m.; Sigma) was given six times every week. These rats were fed with the atherogenic diet (1.25% cholesterol, 15% fat, and 0.5% cholic acid) for 8 weeks to induce acute AS. The rats used as a control (n = 10) were fed with a standard chow diet. At the end of the 8th week, 10 atherogenic diet rats were used for detecting serum biochemistry and observing histological changes of the aortic arch vessel. The rest were randomly divided into six groups (n = 10) for a further 8-week treatment. These rats were fed with the atherogenic diet containing normal saline (AS group), 4.5 mg/kg of Art (bid, H-bid group; qd, H-qd group; Guilin Pharmaceuticals, Guilin, Guangxi, China), 1.5 mg/kg of Art (bid, L-bid group; qd, L-qd group), or 4.8 mg/kg/day of rosuvastatin (RS group; Pfizer Inc., NY, United States). Art was dissolved in 5% sodium bicarbonate and was diluted in normal saline. All drug solutions were prepared at room temperature before use.
Samplings
At the end of experiments, all rats were anesthetized with isoflurane and sacrificed. The abdominal aorta, full-length aorta, and peripheral blood were harvested, respectively. Serum samples were prepared using peripheral blood by centrifugation (3000 × g/min for 5 min) and then were used for detecting serum biochemistry. The thoracic aortas were quickly excised and collected for extracting total RNA or fixed with paraformaldehyde (4%; m/v) for 48 h and then embedded in paraffin for subsequent histological observations.
Serum biochemistry and ELISA
The serum levels of total cholesterol (TC), triglyceride (TG), high-density lipoprotein cholesterol (HDL-C), and low-density lipoprotein cholesterol (LDL-C) were estimated using commercial kits (Boster, Wuhan, Hubei, China). The serum levels of caspase-1 and IL-1β were measured using corresponding enzyme-linked immunosorbent assay (ELISA) kits (Boster).
Histological observations
Oil red O staining was performed to observe atherosclerotic lesions. Briefly, the heart and entire aorta were dissected free from the rats, and photographs were captured. The whole thoracic aortas from the same position of each sample were opened longitudinally and stained with Oil red O (Beyotime, Shanghai, China). The paraffin sections were stained by hematoxylin–eosin (HE; Boster, Wuhan, China), Masson’s trichrome (Boster), and Oil red O according to the user manuals. All section images were captured under an Olympus BX51 light microscope (Tokyo, Japan). The lesion-positive staining (%) values and the collagen-positive staining (%) values were analyzed using ImageJ (Schindelin et al., 2015).
Immunohistochemistry
Immunohistochemistry (IHC) was performed using an IHC kit (Boster) according to the user manual. Briefly, the paraffin sections (n = 5) were probed with the primary antibodies (Cell Signaling, Beverly, MA, United States) against NF-κB p65 subunit (1:200 dilution), NLRP3 (1:200 dilution), ASC (1:200 dilution), collagen I and III (Col-I and Col-III; 1:200 dilution), IL-1β (1:200 dilution), IL-18 (1:200 dilution), and transforming growth factor β1 (TGF-β1; 1:200 dilution). The IHC images were captured under a light microscope (Olympus, Japan). Images were analyzed using the ImageJ packages (Schindelin et al., 2015).
Immunofluorescence
Arterial immunofluorescence was performed (n = 5) as described previously (Zhuang et al., 2019). In summary, macrophages were probed by the F4/80 (Cell Signaling; 1:200 dilution) antibody, vascular smooth muscle cells were probed by the smooth muscle actin α (α-SMA; Cell Signaling; 1:200 dilution) antibody, and NLRP3 expression was probed by the NLRP3 antibody (Cell Signaling; 1:200 dilution). These proteins were then stained by the secondary antibody conjugated with Alexa Fluor 488 (Sigma; green; 1:400 dilution) or Alexa Fluor 555 (Sigma; red; 1:400 dilution) as indicated, followed by DAPI staining (Sigma; blue) for visualizing nuclear DNA. The images were captured under a Zeiss LSM780 confocal microscope (Jena, Germany) and were analyzed using ImageJ.
PCR array
In accordance with the user manual, total RNA was extracted from the arterial samples from the control group, the AS group, and the Art treatment (H-bid) group (n = 3) using a TRIzol reagent (Takara, Dalian, Liaoning, China) and was reverse-transcribed afterward using PrimeScript™ RT Master Mix (Takara). Then, mRNA expression was detected using Cytokines and Chemokines PCR Array (Wcgene Biotech, Shanghai, China). All primers used are listed in Table 1. Data were analyzed with the comparative Ct method normalizing to GAPDH and β-actin. The heatmap was analyzed using an online server Heatmapper (www.heatmapper.ca/expression/). Rat peritoneal macrophages (RPMs) were isolated and cultured as described previously (Chen et al., 2020). RPMs grown in 12-well plates (5 × 105 cells/well) were treated by LPS (10 ng/mL) plus soluble cholesterol (CHO; 100 μg/mL) with or without the presence of Art (20 μg/mL) for 1 h (n = 5). Similarly, total RNA of rat PMs was extracted and analyzed by Cytokines and Chemokines PCR Array as described previously.
TABLE 1 | Primers used in this study.
[image: Table 1]Real-time PCR
Total RNA extraction and reverse transcription were performed similarly to the aforementioned PCR array procedure. Subsequently, real-time PCR was performed using SsoAdvanced SYBR Green Supermix (Bio-Rad, Hercules, CA, United States) with primer pairs listed in Table 1. The mRNA levels (fold change) were calculated by normalizing to β-actin using the 2−ΔΔCt method (Livak and Schmittgen, 2001).
Statistical analysis
Data are presented as the mean ± standard deviation (S.D.). Differences were analyzed using Excel by the one-way ANOVA method for multiple comparisons (weight and feed intake) and by Student’s t-test method for comparison between individual groups. p < 0.05 was considered to be statistically significant.
RESULTS
Art ameliorates AS in atherogenic diet–LPS-induced rats
During the animal experiment (Figure 1A), no mortality was observed in any group. Compared to the control, the AS group, the RS-treated group, and all the Art-treated groups showed no significant influence on body weight and food intake of rats (Figures 1B,C). At the end of in vivo experiments, the heart and entire aorta were harvested, and the general observations showed that only the AS group demonstrated abnormal aortic morphology (Figure 1D).
[image: Figure 1]FIGURE 1 | Art ameliorates AS in atherogenic diet–LPS-induced rats. (A) Procedure of the animal experiments. (B) Body weight of AS rats (n = 10). (C) Feed intake of AS rats (n = 10). (D) General observation of the heart and entire aorta. (E–F) Oil red O staining of aortas (n = 5). (G) Serum level of lipids (n = 5). (H–I) Oil red O staining of arterial sections. Paraffin sections were stained using Oil red O and then observed under a light microscope (Bar = 50 μm). The bar graph shows lesion-positive staining % (n = 5). *p < 0.05; **p < 0.01; #p > 0.05.
Subsequently, Oil red O staining was applied to observe the atherosclerotic lesions of the aorta. Compared to the control group, the AS group possessed large and deep red lesions (75.2 ± 8.9%); however, those were markedly attenuated by Art or RS (Figures 1E,F). Among four groups of Art treatment, low-dose Art (1.5 mg/kg) showed lower positive staining (%) of 30.8 ± 10.6 (bid) and 65.5 ± 6.37% (qd), whereas high-dose Art (5.0 mg/kg) showed further lower positive staining (%) of 16.0 ± 5.8 (bid) and 26.2 ± 6.1 (qd). Critically, twice-daily Art groups, in spite of high or low dose, showed a significant difference compared to the AS group (p < 0.01). Moreover, the high-dose Art with twice-daily (H-bid) group showed lower positive staining (%) than the RS group (p < 0.05). These results demonstrate that Art attenuates the progression of AS in the rat model in a dose-dependent manner and can better protect the aorta AS than RS.
Hyperlipidemia is widely recognized as the most important risk factor for AS development (Libby et al., 2019). Therefore, the blood samples harvested at the end of in vivo experiments were used to detect serum lipids. The levels of serum Tch, TG, HDL-C, and LDL-C markedly increased in the AS group compared with those in the control group (Figure 1G). However, Art or RS treatment decreased all of these variables including Tch, TG, and LDL-C. In addition, the lipid-reducing capacity of Art showed no significant difference compared with that of RS. Therefore, our data suggest that Art possesses a strong antihyperlipidemic effect. Moreover, arterial paraffin sections were used to observe whether Art affected lipid deposition within plaques using Oil red O staining. Similar to the results of serum lipids, lipid deposition remarkably increased in the AS group but decreased by the use of RS or Art (Figures 1H,I). Interestingly, lipid deposition in the H-bid group was much lower than that in the RS group, which was very similar to the data from aortas (Figure 1F). Taken together, these findings indicate that Art shows similar inhibition on hyperlipidemia compared to RS and better inhibition on lipid deposition within plaques in the AS rat model.
Art attenuates arterial remodeling in AS rats
Arterial remodeling, characterized predominantly by arterial wall thickening and vascular collagen deposition, is also a crucial alteration in AS (Evans et al., 2022). HE staining was performed to detect morphological changes in arteries. Compared to the control, arterial wall thickness of the AS group significantly increased, while that with RS or Art treatment was markedly declined (Figures 2A,B). The results indicate that Art shows inhibition on the arterial wall thickening similar to RS.
[image: Figure 2]FIGURE 2 | Art attenuates arterial remodeling in AS rats. (A) HE staining, Masson’s staining, and IHC staining of arterial sections. Paraffin sections were stained using HE, Masson’s trichrome, or were probed by antibodies against Col-I and Col-III using the IHC method and observed under a light microscope (Bar = 50 μm). (B) Thickness of the arterial wall. (C) Collagen-positive staining (%). (D) Col-I-positive staining (%). (E) Col-III-positive staining (%). (F) Col-III/Col-I ratio. n = 5; **p < 0.01; #p > 0.05.
Collagen is a major component of the vascular intima and wall; hence, collagen deposition is considered to be along with the volume growth of these intimal lesions (Libby et al., 2019). Masson’s trichrome staining was applied to detect morphological changes in collagen deposition (Figure 2A). The AS group manifested massive collagen accumulation within the vascular smooth muscle layer, whereas treatment by RS or Art could alleviate collagen deposition induced by AS (Figures 2A,C). Consistently, IHC staining also indicated that the expression of Col-I and Col-III, the main members of interstitial collagen, was remarkably increased in the AS group but lessened significantly by RS or Art treatment (Figures 2A,D,E). Moreover, the Col-III/Col-I ratio, which indicates arterial stiffness and plaque stability, was also calculated herein. The Col-III/Col-I ratio was significantly increased in the AS group, whereas it was decreased by the treatment of only Art, not RS (Figure 2F). Critically, Art could restore collagen deposition and Col-III/Col-I ratio because there was no difference between the control group and the H-bid group (p > 0.05). In addition, Art showed better activity on decreasing AS-induced collagen deposition than the RS group (p < 0.01, as shown in Figures 2C–F). Taken together, the aforementioned findings suggest that Art can inhibit AS-induced arterial remodeling.
Art attenuates arterial inflammation in AS rats
Arterial macrophages, differentiated from circulating monocytes, are the main contributors responsible for lipid clearance, inflammatory responses, and arterial remodeling of AS (Libby et al., 2019). IF staining was applied to observe the influence of Art treatment on the recruitment of macrophages (F4/80+; green) by the arterial wall (α-SMA+; red) in AS rats. Our results showed that the macrophage number within plaques increased in the AS group while remarkably decreased by Art (Figures 3A,B). These findings indicate that Art inhibits, rather than increases, the recruitment of macrophages by arterial plaques in AS rats, which provides further evidence that Art inhibits arterial inflammation. Therefore, we detected whether Art affected the level of the NF-κB p65 subunit, which strictly regulated the inflammatory responses (Li et al., 2017), in aortas of AS rats using IHC staining. Not surprisingly, p65 was markedly upregulated in the AS group, especially within the plaques, but downregulated by Art (Figures 3C,D), indicating that Art shows an anti-inflammatory effect on the AS artery which is consistent with its inhibition of arterial macrophage recruitment.
[image: Figure 3]FIGURE 3 | Art attenuates arterial inflammation in AS rats. (A–B) Immunofluorescence staining of arterial sections. Paraffin sections were probed with antibodies against F4/80 (green) or α-SMA (red), followed by DAPI (blue) staining. Confocal imaging was performed using a confocal microscope, and the F4/80+ cells (macrophages) were measured using ImageJ (Bar = 50 μm; n = 5). (C–D) IHC staining of arterial sections. Paraffin sections were probed by antibodies against the NF-κB p65 subunit using the IHC method and observed under a light microscope, and the percentage of NF-κB p65-positive staining was calculated using ImageJ (Bar = 50 μm; n = 5). (E) mRNA levels of a class of inflammatory cytokines and chemokines of aortas from atherosclerotic rats detected by PCR array (n = 3). (F) PCR array analysis of RPMs treated by water-soluble cholesterol (CHO; 100 μg/mL) plus LPS (10 ng/mL) with or without the presence of artesunate (Art; 20 μg/mL) for 1 h (n = 3). **p < 0.01.
Macrophage-derived pro-inflammatory cytokines and pro-inflammatory chemokines, operated by NF-κB, are responsible for arterial inflammation and plaque progression (Li et al., 2017). Therefore, the arterial mRNA levels of a class of cytokines and chemokines were detected via PCR array. As shown in the heatmap (Figure 3E), numerous genes were downregulated or were upregulated in the AS group, while the genes were restored in the H-bid group. Notably, we found several NF-κB-primed pro-inflammatory cytokines, including IL-1β, IL-6, IL-18, and TNF-α as well as NLRP3 and ASC, which encoded the NLRP3 inflammasome-related proteins, were upregulated in the AS group, while those were downregulated by Art. To further confirm the findings from AS rats, we also performed similar PCR array experiments using RPMs. Similar to in vivo findings, we found that mRNA levels of IL-1β, IL-6, IL-18, TNF-α, NLRP3, and ASC were significantly upregulated by LPS plus CHO, whereas those were declined by Art (Figure 3F). Taken together, our data suggest that the protective effect of Art on AS rats is related to the decrease in inflammatory responses.
Art inhibits arterial NLRP3 inflammasome activation in AS rats
The NLRP3 inflammasome serves as a platform to activate caspase-1, thereby activating IL-1β and IL-18, which ultimately results in extensive collagen production and arterial remodeling (Grebe et al., 2018). Similar to mRNA expression of IL-1β and IL-18, that of NLRP3 and ASC is also operated by NF-κB (Hoseini et al., 2018). Therefore, we further determined whether Art regulated mRNA expression of NLRP3 and ASC in AS rats. It was shown that NLRP3 and ASC mRNA expression was upregulated in the AS group but were downregulated by Art (Figure 4A). Moreover, the serum level of caspase-1 p10, which is an indicator of the activation of the NLRP3 inflammasome, was also determined. The results indicated that the serum level of caspase-1 p10 significantly increased in the AS group while decreased by Art (Figure 4B). Consistently, we found that the serum IL-1β level also remarkably increased in the AS group, whereas it decreased in the H-bid group (Figure 4B). Combining these findings, we can conclude that Art inhibits arterial NLRP3 inflammasome activation in AS rats.
[image: Figure 4]FIGURE 4 | Art inhibits arterial NLRP3 inflammasome activation in AS rats. (A) mRNA expression of NLRP3 and ASC in aortas from AS rats detected by real-time PCR (n = 4). (B) Serum levels of caspase-1 and IL-1β in AS rats detected by ELISA (n = 5). (C) Immunofluorescence staining of arterial sections. Experiments were performed as described in Figure 3A, using antibodies against F4/80 (green) or NLRP3 (red), followed by DAPI (blue) staining. The white arrows indicate the macrophages co-located with NLRP3. (D–E) Confocal images were analyzed by ImageJ; the arterial NLRP3 expression and colocalization of macrophages with NLRP3 were calculated, respectively (n = 5). *p < 0.05; **p < 0.01.
However, whether Art inhibited NLRP3 inflammasome activation of macrophages or arterial walls was still unclear. Here, we observed NLRP3 expression with the indication of macrophages by F4/80 using immunofluorescence staining and found that NLRP3 was significantly upregulated in the arterial wall of the AS group, whereas it was downregulated by Art (Figures 4C,D). Critically, NLRP3 was significantly upregulated in arterial macrophages of the AS group, but it was downregulated by Art (Figures 4C,E). Collectively, aforementioned data suggest that Art inhibits NLRP3 inflammasome activation of both arterial wall and arterial macrophages in AS rats.
Art inhibits the arterial NLRP3 inflammasome–TGF-β1 pathway in AS rats
We further determined the main members and effectors of the NLRP3 inflammasome pathway in the arterial plaques of AS rats by IHC staining again. The results showed that the protein levels of two closely related inflammasome members, namely, NLRP3 and ASC, as well as two cytokines indicating inflammasome activation, namely, IL-1β and IL-18, were remarkably increased in the AS group, especially within arterial plaques; however, those were significantly decreased by Art (Figures 5A,B). Moreover, the expression of TGF-β1, a downstream AS effector of the NLRP3 inflammasome related to collagen production, was also upregulated in the AS group while downregulated by Art (Figures 5A,B). Thus, the protective effect of Art on AS rats is also related to its inhibition of the arterial NLRP3 inflammasome–TGF-β1 pathway.
[image: Figure 5]FIGURE 5 | Art inhibits the arterial NLRP3 inflammasome–TGF-β1 pathway in AS rats. (A) IHC staining of arterial sections. IHC experiments were performed by using antibodies against NLRP3, ASC, IL-1β, IL-18, and TGF-β1 (Bar = 50 μm). (B) Percentages of positive staining (n = 5). **p < 0.01.
DISCUSSION
In this study, we reported that Art showed comparable protective activity on AS rats induced by the atherogenic diet plus inflammatory stimulation compared to RS and further showed a better inhibition on arterial lipid deposition and arterial remodeling than RS. The protective effect of Art was to inhibit arterial macrophage recruitment and NF-κB-related excessive arterial inflammation, especially the NLRP3 inflammasome activation that leads to less production of caspase-1, IL-1β, IL-18, and subsequent TGF-β1. In conclusion, Art protects AS rats by modulating the arterial inflammatory responses via inhibition of the NF-κB–NLRP3 inflammasome pathway.
Since R. Ross raised the theory that “AS is an inflammatory disease” in 1999, a consensus of the pathogenesis of AS has been reached that inflammation plays a critical role and participates in the effects of many other risk factors for the development and complications of AS (Ross, 1999; Libby et al., 2011). It is well studied that some pathogens like Chlamydia pneumoniae, Helicobacter pylori, and cytomegalovirus are associated with AS, and the acute rise of C-reactive protein (CRP), which indicates infection, shows a strong positive correlation with AS (Stone and Kazil, 2014). Except these infectious factors, common CVDs, such as hypertension, hyperlipidemia, and diabetes, can stimulate the production of various inflammatory factors and thus affect the development of AS (Libby et al., 2011). Nowadays, the principles of immune response in experimental murine AS have been well addressed, and the efficacy of anti-inflammatory therapy in human AS has been confirmed in the clinical trials (Wolf and Ley, 2019). Collectively, inflammation has been validated as a critical mechanism in the pathogenesis of AS, and anti-inflammatory therapy has shown excellent clinical application value.
However, inflammation is indispensable in the pathological process of AS, responsible for waste clearance, vascular metabolic homeostasis, immune response, and repair of impaired vessels (Rosenfeld, 2013; Taleb, 2016). Therefore, researchers have to confront a contradictory challenge of finding a drug with a moderate anti-inflammatory effect while preserving the immune function of immune cells. During the complicated immunity and inflammation of AS, macrophage plays a central role by contributing to the maintenance of local inflammatory response, propagation of plaque development, recruitment of immune cells, and promotion of thrombosis (Barrett, 2020). In detail, macrophages are vital for the clearance of lipids and apoptotic cells; cytokines and chemokines released from macrophages are associated with subsequent recruitment of immune cells, maintenance of the vascular microenvironment, and matrix degradation which may lead to plaque instability (Taleb, 2016). Taking these into consideration, antimalarial Art, which possesses a moderate anti-inflammatory effect and immunomodulatory effect reported by our laboratory previously (Jiang et al., 2016; Kuang et al., 2018), comes into our sight.
Previously, we have showed that Art conferred a protective effect on the ApoE-/- mice AS model by declining release of IL-8 and CCL2 (Jiang et al., 2016). Reports from other groups have reported similar protective activity of Art in the ApoE-/- mice model in recent years (He et al., 2020; Wang et al., 2022). However, a typical ApoE-/- model confers a significant increase in the TC level and spontaneous AS lesions, due to the increased serum level of very low-density lipoprotein (VLDL) caused by ApoE-deficiency (Veseli et al., 2017). To our knowledge, ApoE function is normal in most human patients with AS. Meanwhile, the ApoE-deficiency model cannot fully account for other pathogenic factors, especially inflammation that lies in the center of AS. Therefore, we employed an AS model using normal rats fed with the atherogenic diet plus LPS, which comprised both the high-fat pathogenic factor and pro-inflammatory pathogenic factor. In this study, Art was administered at an antimalarial dose and showed a good protective effect on AS rats because the occurrence of AS lesions and the serum lipid level were almost completely restored by Art (as shown in Figure 1). Dramatically, Art not only showed comparable activity against AS similar to a potent statin drug, RS, but also showed a stronger inhibition on arterial lipid deposition and vascular remodeling than RS. Moreover, our previous report also indicated that Art showed a synergistic effect with RS against the ApoE-/- mice model (Jiang et al., 2016). These findings suggest that Art monotherapy and Art–RS combination therapy have a certain potential for future clinical application.
Considering that Art was more effective than RS in inhibiting lipid deposition and vascular remodeling and had a synergistic effect with RS, we proposed that Art might function through a different mechanism compared to RS. In combination with our previous reports, indicating that Art was an inflammatory modulator in infectious diseases, and the consensus that inflammation played a central role in AS, we began to explore the mechanism from the perspective of inflammation. Art showed a moderate inhibition of arterial recruitment of macrophages. As the dominant producer of cytokines and chemokines, excessively infiltrated macrophages within arteries would probably lead to hyperinflammatory and hyperimmune states, which might result in an increased plaque number in the initiation stage and a higher risk of plaque rupture in the pathological process of AS (Colin et al., 2014). Therefore, this feature of Art might be the basis for its anti-AS activity. In contrast, it is not surprising that hydroxychloroquine, which possesses a strong anti-inflammatory activity, has failed in the treatment of AS, unless AS is accelerated in systemic lupus erythematosus and chronic kidney disease, because patients with autoimmune disorders are in the hyperinflammatory stage which requires treatment with a potent anti-inflammatory agent (Shukla et al., 2015; Floris et al., 2018).
NF-κB is considered the most critical transcription factor, and it controls the transcription of cytokines, chemokines, matrix metalloproteinases, and adhesion factors, which contribute to the pathogenesis of AS (Evans et al., 2022; Li et al., 2022). NF-κB-targeted therapy using inhibitory NF-κB decoy oligodeoxynucleotide in a LPS/high-fat diet-induced AS mice model, which was very similar to our model, has exhibited protective activity on AS mice (Kim et al., 2010). In this study, we showed very consistent findings in a similar rat model using Art, confirming that NF-κB-targeted therapy is a promising strategy for AS treatment. Moreover, NF-κB-targeted therapy reduced pro-inflammatory cytokines, TNF-α and IL-1β, and inflammatory markers, vascular adhesion molecule (VCAM)-1 and intercellular adhesion molecule (ICAM)-1, in AS mice (Lee et al., 2013). In more detail, we showed the alterations of the inflammatory gene profile regulated by NF-κB in AS arteries and further exhibited changes of those in macrophages treated with CHO plus LPS. Art treatment attenuated AS-induced inflammation by declining production of pro-inflammatory cytokines, including TNF-α, IL-1β, IL-6, and IL-18.
Particularly, we found that mRNA expression of IL-1β, IL-18, and TGF-β1 was downregulated by Art compared to the AS group in vivo and in vitro. Although the transcription process of these genes was operated by NF-κB, their protein level was tightly regulated by the activation of NLRP3 inflammasome (Baldrighi et al., 2017; Grebe et al., 2018). In brief, NLRP3 and ASC, the two core members of the NLRP3 inflammasome which were also primed by the NF-κB signaling, form an intact inflammasome with pro-caspase-1, and then mature caspase-1 cleaves pro-IL-1β and pro-IL-18 into IL-1β and IL-18, which in turn initiate TGF-β1 release and Smad activation that culminate in the production of collagen (Mangan et al., 2018). As suggested in recent studies, NLRP3 inflammasome is the main PRR for sensing cholesterol crystals in AS lesions and is essential for vascular inflammation and the progression of AS (Karasawa and Takahashi, 2017). Therefore, the NLRP3 inflammasome is widely recognized as the relevant target for AS treatment, and several NLRP3-targeted studies have confirmed the validity of this viewpoint (Kong et al., 2016; Parsamanesh et al., 2019; Zhang et al., 2019). Here, Art treatment indeed inhibits activation of the NLRP3 inflammasome, thereby reducing TGF-β1 production and decreasing arterial collagen deposition, ultimately leading to better protective activity in AS rats than RS.
Conclusively, Art possesses a good protective activity in AS rats and functions through inhibiting the NF-κB–NLRP3 inflammasome pathway. However, this study still has certain limitations. Although the protective effect of Art is well addressed, the relationship between the activity and the NF-κB–NLRP3 inflammasome pathway needs to be further investigated in NF-κB/NLRP3-deficiency animal models. Moreover, the influence of Art on arterial remodeling in AS rats should be observed more elaborately, such as the relationship between the time point of intervention and arterial remodeling. However, in consideration of the safety records of Art in treating malaria in the past 2 decade and its effectiveness in AS rats herein and ApoE-/- mice reported previously, we propose Art to be a promising agent for AS treatment.
DATA AVAILABILITY STATEMENT
The original contributions presented in the study are included in the article/Supplementary Material; further inquiries can be directed to the corresponding author.
ETHICS STATEMENT
The animal study was reviewed and approved by the Ethics Committee for Animal Experimentation of Army Medical University.
AUTHOR CONTRIBUTIONS
YC and XP conceived the experiment; YX, HT, and RQ collected the data; QY analyzed the data; YC and XP wrote and reviewed the manuscript.
FUNDING
This study was supported by the Natural Science Foundation of Chongqing, China (No. cstc2020jcyj-msxmX0055), the National Natural Science Foundation of China (No. 81872911), and the Excellent Talents Pool Project of Army Medical University.
ACKNOWLEDGMENTS
The authors thank Fangfang Zheng of the Department of Foreign Language of our university for her kind support in English writing.
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.
REFERENCES
 Afrasyab, A., Qu, P., Zhao, Y., Peng, K., Wang, H., Lou, D., et al. (2016). Correlation of NLRP3 with severity and prognosis of coronary atherosclerosis in acute coronary syndrome patients. Heart. Vessels 31, 1218–1229. doi:10.1007/s00380-015-0723-8
 Baldrighi, M., Mallat, Z., and Li, X. (2017). NLRP3 inflammasome pathways in atherosclerosis. Atherosclerosis 267, 127–138. doi:10.1016/j.atherosclerosis.2017.10.027
 Barrett, T. J. (2020). Macrophages in atherosclerosis regression. Arterioscler. Thromb. Vasc. Biol. 40, 20–33. doi:10.1161/ATVBAHA.119.312802
 Chen, D., Zuo, K., Liang, X., Wang, M., Zhang, H. H., Zhou, R., et al. (2020). Functional mechanism of AMPK activation in mitochondrial regeneration of rat peritoneal macrophages mediated by uremic serum. PloS One 15, e0235960. doi:10.1371/journal.pone.0235960
 Chistiakov, D. A., Bobryshev, Y. V., and Orekhov, A. N. (2016). Macrophage-mediated cholesterol handling in atherosclerosis. J. Cell Mol. Med. 20, 17–28. doi:10.1111/jcmm.12689
 Chistiakov, D. A., Melnichenko, A. A., Orekhov, A. N., and Bobryshev, Y. V. (2017). How do macrophages sense modified low-density lipoproteins?Int. J. Cardiol. 230, 232–240. doi:10.1016/j.ijcard.2016.12.164
 Colin, S., Chinetti-Gbaguidi, G., and Staels, B. (2014). Macrophage phenotypes in atherosclerosis. Immunol. Rev. 262, 153–166. doi:10.1111/imr.12218
 Evans, B. R., Yerly, A., van der Vorst, E. P. C., Baumgartner, I., Bernhard, S. M., Schindewolf, M., et al. (2022). Inflammatory mediators in atherosclerotic vascular remodeling. Front. Cardiovasc. Med. 9, 868934. doi:10.3389/Fcvm.2022.868934
 Floris, A., Piga, M., Mangoni, A. A., Bortoluzzi, A., Erre, G. L., and Cauli, A. (2018). Protective effects of hydroxychloroquine against accelerated atherosclerosis in systemic lupus erythematosus. Mediat. Inflamm. 2018, 3424136. doi:10.1155/2018/3424136
 Fu, W. J., Lei, T., Yin, Z., Pan, J. H., Chai, Y. S., Xu, X. Y., et al. (2017). Anti-atherosclerosis and cardio-protective effects of the Angong Niuhuang Pill on a high fat and vitamin D3 induced rodent model of atherosclerosis. J. Ethnopharmacol. 195, 118–126. doi:10.1016/j.jep.2016.11.015
 Grebe, A., Hoss, F., and Latz, E. (2018). NLRP3 inflammasome and the IL-1 pathway in atherosclerosis. Circ. Res. 122, 1722–1740. doi:10.1161/CIRCRESAHA.118.311362
 Grebe, A., and Latz, E. (2013). Cholesterol crystals and inflammation. Curr. Rheumatol. Rep. 15, 313. doi:10.1007/s11926-012-0313-z
 He, L. H., Gao, J. H., Yu, X. H., Wen, F. J., Luo, J. J., Qin, Y. S., et al. (2020). Artesunate inhibits atherosclerosis by upregulating vascular smooth muscle cells-derived LPL expression via the KLF2/NRF2/TCF7L2 pathway. Eur. J. Pharmacol. 884, 173408. doi:10.1016/j.ejphar.2020.173408
 Hoseini, Z., Sepahvand, F., Rashidi, B., Sahebkar, A., Masoudifar, A., and Mirzaei, H. (2018). NLRP3 inflammasome: Its regulation and involvement in atherosclerosis. J. Cell. Physiol. 233, 2116–2132. doi:10.1002/jcp.25930
 Hu, D., Wang, Z., Wang, Y., and Liang, C. (2021). Targeting macrophages in atherosclerosis. Curr. Pharm. Biotechnol. 22, 2008–2018. doi:10.2174/1389201022666210122142233
 Jiang, W. W., Cen, Y. Y., Song, Y., Li, P., Qin, R. X., Liu, C., et al. (2016). Artesunate attenuated progression of atherosclerosis lesion formation alone or combined with rosuvastatin through inhibition of pro-inflammatory cytokines and pro-inflammatory chemokines. Phytomedicine 23, 1259–1266. doi:10.1016/j.phymed.2016.06.004
 Karasawa, T., and Takahashi, M. (2017). The crystal-induced activation of NLRP3 inflammasomes in atherosclerosis. Inflamm. Regen. 37, 18. doi:10.1186/s41232-017-0050-9
 Kim, S. J., Park, J. H., Kim, K. H., Lee, W. R., Lee, S., Kwon, O. C., et al. (2010). Effect of NF-κB decoy oligodeoxynucleotide on LPS/high-fat diet-induced atherosclerosis in an animal model. Basic. Clin. Pharmacol. Toxicol. 107, 925–930. doi:10.1111/j.1742-7843.2010.00617.x
 Kong, F., Ye, B., Cao, J., Cai, X., Lin, L., Huang, S., et al. (2016). Curcumin represses NLRP3 inflammasome activation via TLR4/MyD88/NF-κB and P2X7R signaling in PMA-induced macrophages. Front. Pharmacol. 7, 369. doi:10.3389/fphar.2016.00369
 Kuang, M., Cen, Y. Y., Qin, R. X., Shang, S. L., Zhai, Z. X., Liu, C., et al. (2018). Artesunate attenuates pro-inflammatory cytokine release from macrophages by inhibiting TLR4-mediated autophagic activation via the TRAF6-beclin1-PI3KC3 pathway. Cell. Physiol. biochem. 47, 475–488. doi:10.1159/000489982
 Lee, W. R., Kim, K. H., An, H. J., Park, Y. Y., Kim, K. S., Lee, C. K., et al. (2013). Effects of chimeric decoy oligodeoxynucleotide in the regulation of transcription factors NF-κB and Sp1 in an animal model of atherosclerosis. Basic. Clin. Pharmacol. Toxicol. 112, 236–243. doi:10.1111/bcpt.12029
 Li, B., Li, W. H., Li, X. L., and Zhou, H. (2017). Inflammation: A novel therapeutic target/direction in atherosclerosis. Curr. Pharm. Des. 23, 1216–1227. doi:10.2174/1381612822666161230142931
 Li, W., Jin, K., Luo, J., Xu, W., Wu, Y., Zhou, J., et al. (2022). NF-κB and its crosstalk with endoplasmic reticulum stress in atherosclerosis. Front. Cardiovasc. Med. 9, 988266. doi:10.3389/fcvm.2022.988266
 Li, W. L., Hua, L. G., Qu, P., Yan, W. H., Ming, C., Jun, Y. D., et al. (2016). NLRP3 inflammasome: A novel link between lipoproteins and atherosclerosis. Arch. Med. Sci. 12, 950–958. doi:10.5114/aoms.2016.61356
 Libby, P., Buring, J. E., Badimon, L., Hansson, C. K., Deanfield, J., Bittencourt, M. S., et al. (2019). Atherosclerosis. Nat. Rev. Dis. Prim. 5 (1), 56. doi:10.1038/s41572-019-0106-z
 Libby, P., Ridker, P. M., and Hansson, G. K. (2011). Progress and challenges in translating the biology of atherosclerosis. Nature 473, 317–325. doi:10.1038/nature10146
 Livak, K. J., and Schmittgen, T. D. (2001). Analysis of relative gene expression data using real-time quantitative PCR and the 2(-Delta Delta C(T)) Method. Methods 25, 402–408. doi:10.1006/meth.2001.1262
 Mangan, M. S. J., Olhava, E. J., Roush, W. R., Seidel, H. M., Glick, G. D., and Latz, E. (2018). Targeting the NLRP3 inflammasome in inflammatory diseases. Nat. Rev. Drug. Discov. 17, 688–606. doi:10.1038/nrd.2018.149
 Paramel Varghese, G., Folkersen, L., Strawbridge, R. J., Halvorsen, B., Yndestad, A., Ranheim, T., et al. (2016). NLRP3 inflammasome expression and activation in human atherosclerosis. J. Am. Heart. Assoc. 5, e003031. doi:10.1161/JAHA.115.003031
 Parsamanesh, N., Moossavi, M., Bahrami, A., Fereidouni, M., Barreto, G., and Sahebkar, A. (2019). NLRP3 inflammasome as a treatment target in atherosclerosis: A focus on statin therapy. Int. Immunopharmacol. 73, 146–155. doi:10.1016/j.intimp.2019.05.006
 Rosenfeld, M. E. (2013). Inflammation and atherosclerosis: Direct versus indirect mechanisms. Curr. Opin. Pharmacol. 13, 154–160. doi:10.1016/j.coph.2013.01.003
 Ross, R. (1999). Atherosclerosis--an inflammatory disease. N. Engl. J. Med. 340, 115–126. doi:10.1056/NEJM199901143400207
 Schaftenaar, F., Frodermann, V., Kuiper, J., and Lutgens, E. (2016). Atherosclerosis: The interplay between lipids and immune cells. Curr. Opin. Lipidol. 27, 209–215. doi:10.1097/Mol.0000000000000302
 Schindelin, J., Rueden, C. T., Hiner, M. C., and Eliceiri, K. W. (2015). The ImageJ ecosystem: An open platform for biomedical image analysis. Mol. Reprod. Dev. 82, 518–529. doi:10.1002/mrd.22489
 Sharma, B. R., and Kanneganti, T. D. (2021). NLRP3 inflammasome in cancer and metabolic diseases. Nat. Immunol. 22, 550–559. doi:10.1038/s41590-021-00886-5
 Shukla, A. M., Bose, C., Karaduta, O. K., Apostolov, E. O., Kaushal, G. P., Fahmi, T., et al. (2015). Impact of hydroxychloroquine on atherosclerosis and vascular stiffness in the presence of chronic kidney disease. PloS One 10, e0139226. doi:10.1371/journal.pone.0139226
 Stone, P. A., and Kazil, J. (2014). The relationships between serum C-reactive protein level and risk and progression of coronary and carotid atherosclerosis. Semin. Vasc. Surg. 27, 138–142. doi:10.1053/j.semvascsurg.2015.04.002
 Takahashi, M. (2022). NLRP3 inflammasome as a key driver of vascular disease. Cardiovasc. Res. 118, 372–385. doi:10.1093/cvr/cvab010
 Taleb, S. (2016). Inflammation in atherosclerosis. Arch. Cardiovasc Dis. 109, 708–715. doi:10.1016/j.acvd.2016.04.002
 Veseli, B. E., Perrotta, P., De Meyer, G. R. A., Roth, L., Van der Donckt, C., Martinet, W., et al. (2017). Animal models of atherosclerosis. Eur. J. Pharmacol. 816, 3–13. doi:10.1016/j.ejphar.2017.05.010
 Wang, X., Du, H., and Li, X. (2022). Artesunate attenuates atherosclerosis by inhibiting macrophage M1-like polarization and improving metabolism. Int. Immunopharmacol. 102, 108413. doi:10.1016/j.intimp.2021.108413
 Wiesner, P., Choi, S. H., Almazan, F., Benner, C., Huang, W., Diehl, C. J., et al. (2010). Low doses of lipopolysaccharide and minimally oxidized low-density lipoprotein cooperatively activate macrophages via nuclear factor kappa B and activator protein-1: Possible mechanism for acceleration of atherosclerosis by subclinical endotoxemia. Circ. Res. 107, 56–65. doi:10.1161/CIRCRESAHA.110.218420
 Wolf, D., and Ley, K. (2019). Immunity and inflammation in atherosclerosis. Circ. Res. 124, 315–327. doi:10.1161/CIRCRESAHA.118.313591
 Xu, H., Jiang, J., Chen, W., Li, W., and Chen, Z. (2019). Vascular macrophages in atherosclerosis. J. Immunol. Res. 2019, 4354786. doi:10.1155/2019/4354786
 Yin, K., Tang, S. L., Yu, X. H., Tu, G. H., He, R. F., Li, J. F., et al. (2013). Apolipoprotein A-I inhibits LPS-induced atherosclerosis in ApoE(-/-) mice possibly via activated STAT3-mediated upregulation of tristetraprolin. Acta. Pharm. Sin. 34, 837–846. doi:10.1038/aps.2013.10
 Zhang, L., Lu, L., Zhong, X., Yue, Y., Hong, Y., Li, Y., et al. (2019). Metformin reduced NLRP3 inflammasome activity in Ox-LDL stimulated macrophages through adenosine monophosphate activated protein kinase and protein phosphatase 2A. Eur. J. Pharmacol. 852, 99–106. doi:10.1016/j.ejphar.2019.03.006
 Zhuang, T., Liu, J., Chen, X., Zhang, L., Pi, J., Sun, H., et al. (2019). Endothelial Foxp1 suppresses atherosclerosis via modulation of Nlrp3 inflammasome activation. Circ. Res. 125, 590–605. doi:10.1161/CIRCRESAHA.118.314402
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.
Copyright © 2023 Cen, Xiong, Qin, Tao, Yang and Pan. 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.
OPS/images/fphar-14-1123700-g005.gif
H-bid.

Positve staining (%)

ASC L1

TGF-p1

ey G i (RN
g o S I T [
o 0
o 5 o
s
s s s
. . o
N o o y
SoF LS SoF LSEP LEF





OPS/images/fphar-14-1123700-t001.jpg
Gene GenBank accession no. Forward primer (5'—3') Reverse pri
NLRP3 NM_001191642 TGGATAGGTTTGCTGGGATA CCACATCTTAGTCCTGCCAAT
AsC AB053165 GCACAGCCAGAACAGAACAT TACAGAGCATCCAGCAAACC
INF-a BC107671 ATGAGCACGGAAAGCATGATCCGAG CTCGGATCATGCTTTCCGTGCTCAT
IL-1p BCO91141 GCTTCAAATCTCACAGCAGCAT GCAGGTCGTCATCATCCCAC
L6 RATILG TTCTTGGGACTGATGTTGTTG TACTGGTCTGTTGTGGGTGGT
7 AF367210 GATTGCCCAAATAATGAACC TGTGCCGTCTGAAACTCTTA
IL-10 RATIL10X GCACTGCTATGTTGCCTGCTCT CCCCAAGTAACCCTTAAAGTCCTG
IL-12a NM_053390 CTGAAGACCACGGACGACAT AGATGCTACCAAGGCACAGG
17 NM_001106897 ACCTCAACCGTTCCACTTCA CACTTCTCAGGCTCCCTCTTC
IL-18 AY258448 GCCATGTCAGAAGAAGGCTCT GCTCCGTATTACTGCGGTTGT
s AY055379 TTCTCCGTTCCAAGATCCTTC CTCAGTCAGAGTTGCTGCTCC
27 XM_039101198 CTGTTGCTGCTACCTTTGCTT GTGGACATAGCCCTGAACCTC
TGF-p1 BCO76380 AACAATTCCTGGCGTTACCTT GCCCTGTATTCCGTCTCCTT
ccL1 NM_001191092 TGCTGCTTGAACACCTTGGA TAGCAGGGCTTCACCTTCTT
ccL-2 XM_039101198 CCCCCAATGTTTCCCTGACCT TGAATCCTACAGCCAGCACC
CCL-5 NM_031116 GACACCACTCCCTGCTGCTT GTTGATGTATTCTTGAACCCACTT
ccL-11 NM_019205 GCCACTTCCTTCACCTCCCA TCAGCGTGCATCTGTTGTTG
ccL-17 NM_057151 TGTCACTTCAGATGCTGCTCC TTCCCTGGACAGTCTCAAACA
ccL-21 NM_001008513 CTACAACATTGTCCGAGGCTAC CCTTCCTTTCTTCCCAGACTTA
cxeLt NM_030845 CAGTGGCAGGGATTCACTTCA GGGACACCCTTTAGCATCTTTT
GM-CSF FGDFAD TATACAAGCAGGGTCTACGGG ATGAAATCCTCAAAGGTGGTG
IENp [ NM_019127 TGCCATTCAAGTGATGCTCC CACCCAAGTCAATCTTTCCTCT
Bractin NM_031144 CCGTAAAGACCTCTATGCCAACA CGGACTCATCGTACTCCTGCT
GAPDH NM_017008 CAAGTTCAACGGCACAGTCAA GATCTCGCTCCTGGAAGATGG
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